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- 1 - /DESCRI PTI ON LI QUI D EJECTI ON APPARATUS AND LI QUID -
EJECTI ON METHOD 5 Technical Field The present
invention relates to a liquid ejection apparatus
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 10 head having at- lleast part of the liquid
ejection part for ejecting ink droplets froma
nozzle, and a liquid ejection nethod using the line
head having a plurality pgfscdrietdnint heads by
juxtaposing a plurality of the unit heads so as to
connect the unit head to the adjacent unit "head, each
unit 15 head having at |east part of the liquid

ej eckiYH pAECTIPN APBRRAHES | ARD dv 6Pt £IECERON NEETHOD
nozzle. In detail, the present invention relates to a
technique in that the ejecting direction of ink

ropl. .S _-L,ndividually set for each unit head so
#%éﬂ%%géérglﬁ%gt heads 20 constituting the |ine head

can eheChrbsn driopR)esliS ohn re%ftggtAirtg ”%nff(ﬁiﬁf E'tj%ﬁz%!i%n

for each” unit head. Backgroun printer

dramrkees kBoVAgas BiheX¥d &rMangl@ bgSjuxtaposing a
liquid-ejecting apparatus. As the ink-jet printer,
plvgred ity2 of havguid enjdattiwm paadisl alf aystemeads adhiah to
while ink droplets ejected froma head noving in the
qoanech] thereeitomeasd t the adjacent unit head, each unit

head having at least part of the liquid ejection part for
ejecting ink droplets from a nozzle, and a liquid 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 liquid 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 known as an example of the

liquid-ejecting apparatus. As the ink-jet printer, there
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recordi ng medium are | anded on the recordi ng nmedi um
nmoving, the recording nediumis noved in a conveyi ng
direction, and 5 a line systemhaving a |ine head
arranged along the entire wdth of the recording
medium so as to nove only the recording nediumin a
direction perpendicular to the lateral direction of
the recording nmediumwhile ink droplets ejected from
the line head are | anded on the recording nmedium 10
Furthernore, as is disclosed Ln Japanese Unexam ned
Pat ent Application Publication No. 2002-36522, the

| ine head has been known to have a structure having a

u It mall _ head chips (referred tqQ .as a unit
naBlohBEh) Bni R Bompedea SVatins £b thriecthilne 1 fropiets
cjbeads togRtheleAt nihehly endsnao)that 194 a:d, of A

ej ection parts, each part being conposed of éach unrt
rebeadindre@iungedalenadt B eAti F&c MLy fedium moving,
phot ographic paper. In the line printer, as is
thdi setoseing meliipemése morax am aedofad eitlg AlRleictabinOnNand
Publ i cation No. 2002-192727, a 20 technique is known
a {pnehaysbsh graiingi Bg léachhepdcarvanged talwingh theheadire
,having a plurality of independently controllable
WlﬂE%t?ﬁgtpggﬁ?ﬁﬂ¥4%QHaH§QéuﬁoFocﬁanEQrﬁPWQM@n%Ye@bﬁng

' O of i.nk, 1en _the ejection, part becones
reQbEaEhE ealin i HRERek NG hS BT O R it &ndote tBFal
diEBec 1O~ 6F eGld A R gD oppl errented wi th, nor nal
ldpts of other ejectioﬁ%pg??§?ﬁ3ﬂyifﬁt%ﬁ§r%59 ?é§§ F§90ted
£rhSEhOSELhd MelaPaReseabRexashnefe P& APRlelG ki, ON

Publ i cati on No. 2001-105584, a technique

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

liquid ejection parts, each part being composed of each unit

~-head,..are.arranged.-along-the-entire width of photographic

20

25

ﬁaper.

In the line printer, as is disclosed in Japanese
Unexamined Patent Application 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 complemented with normal dots of other ejection parts.



10

s

20

25

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 elements while the ink-ejecting directions
are varied at random In Publication, it is described
that the line system nmay be 3 nrcorporated. 10 However,
in conventional. techniques, when the line head is
formed, the, nunber of ejection parts is |arger than

t hat FurBhEbRRoSE] i a6 SysdaBlced hat JApRLOHL e ALdrSieRd
that dispersion in ink-ejection characteristics is

PaterdadepplickribhePebliahtsystiem 260aer1WHE6A4L he technique

i nk-ejection 15 characteristics vary to sone extent,
%Rﬂﬂﬂ|%ﬁgt&aﬁe@ﬁﬁhqaéeC%%9nen$1351sop@pWappﬂnglth at
at dots are arranQ§d so as to overla

%ﬁt s e&rngh’ggﬁn?ﬁaEi‘ﬂ%n%]eenf 5 5P| thet aﬁkg%ﬁgplepts

b
Y TR e e 08 A SRE ol A SO TP B L BN R 0
mloh@ebgvebhepewgn@ &94 QR %gg%ggggsneﬁ %gﬂ&é%nts

recordi ng dots on the once recor ron

whislpercsieOdnkrBgeeBing Ndi Pecte] B 208 RakhicHERBI ASnddh. In
the arranging direction of the ejection parts, so

Ruticatgeobl ém iardsesrived Matatstthiep@ inpeyganes smay be

consplcuous 25 In particular, as is disclosed in
JH%HE%%@ BHexami ned - 4 Patent Application

Publ i.cati on Np. 2002-365522, when the |ine head is

for n%‘awﬁve’éOnh‘%c‘f?‘h‘@erht’pﬂll?rlaltiet:?néfiuﬁﬁr tWheRdhe 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 érranged
s0 as to overlap with dots arranged in advance for filling
up gaps, the dispersion can be made in inconspicudus states.

Whereas, in the line system, since the head is not
moved, the overlapping ejection cannot be pérformed by
recording dots on the once recorded région. Hence,
dispersion inherent in the ejeétion part remains in the
arranging direction of the ejection parts, so that a problem
arises 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 1
(sinply referred to as "heads 1" bel ow) juxtaposed so
as to connect them together etween the heads 1. In
the drawi ng, the upper 10 portion shows the
arrangement of the heads 1 and the ejecting
Bhtreat ip@RS iebtiBk dupplessidm Nd Orfetoo%L@Wﬁstzbe RN the
portion shows the arrangement of dots [ anded on
bt dgresphisc foprpdrbP conpeaning ewpliumat heysafeunsly Bsads
in drawi ngs below). In Fig. 29, three heads 1 of Nth,
E9ga thes ﬁaremi)@hprqlslma@emt dispegnlipnshavnbe
nggy r,. a furthgr e nunmher of the heads 1 are
TEATSEeA™ AOLRE PAERFRPOSH MecHesh Shet ia Cahiadng 1
prac e.,4n; d 1 uid ejection arts
|nclgg§ngzg h%?%le£%§$ avfﬁgﬂgheékggf?%nd ?ﬁ%Qﬂ§ ink
dp1erepLatiS) af t n
oot a5y e RSSO o OO BB im = 1ane
hBaﬂnMa@ﬁngFarpherﬁDIEY éhesrhigadzaksane byﬁ§§90§@£éﬁ%bd to
as to have also a pitch P of joints betmeen t he heads

as 'theedpoil it bebevhepnx tdpodddiuicd a@j eot onnpattthem.
.$05|t|oned at .the right nost of the Nth head 1 and

qfﬁeauPatléj?%Et‘Flé% brads 25 pds ttrn@neluamngheth@mpper

1 th head 1, for 5 - ex

p,&’c i ﬁéf’ﬁ’fs sﬁﬁﬁﬁn??f“?‘—?t@ °f2§hev\ﬁ8ﬁdﬁ nik %Fﬁ%pﬂé? s

' é?é%tlng directions of ink droplets in front view; the lower

portion shows the arrangement of dots landed on photographic
pPaper 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 juxtaposed in the lateral direction of the

drawing in practice. 1In each head 1, liguid ejection parts
(each including a nozzle and having an ejection function of
ink droplets) are arranged at a constant pitch P (about 42.3
Hm 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 liquid ejection part positioned at the right
ﬁost of the Nth head 1 and the liquid ejection part

positioned at the left most of the (N+1)th head 1, for
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ejected fromeach liquid ejection part of each head 1
in arrow direction of the drawing, the entire dots
are arranged 5 at the pitch Pin the width direction
of photographi c paper (arranging direction of |iquid
ejection parts (lateral direction of the draw ng)).
The above-description is the case when the entire
heads 1 are arranged at predeternined positions while
the ejecting 10 direction of ink droplets of each
head 1 is constant. However, in practice, this does

aotmnecessarily happen. For exanple, as shown in Fig.

30, if the Nth head 1 is displaced to a position

cl osaecbedihglyN-d3 tdndwadnl rithezoN nhbgathil diplets are
arranged at a position further than the 15 (N+1)th
¢ientet fHemceachslsboivh éjedHighn PArti BE deepl®ésd 1 in
ejected from the liquid ejection part positioned at
Y [GReckHSE PR Fhe derwiiitg thle ehsifh Hpth deadrranged

excessi vel pproach ipk droplets ejected fromthe
% diea pafet Pon

DhPe Bodhh iWtEFtdenott Reoregraryt naper

rawm.ng . ead 1, .so that _a_ _conspj cuaus
Ll B0t 6 NBF PERE A e O R b i b
detameennt Be eg@dgrgwi@g;pp conveyi ng direction of
phot ogr aphi ¢ paper P (vertical direction in the

dr awrhg) abo Gk vl St ot idiK i6r epketss8) PedL 0 Hd ANdiRR heads
liquid ejection 25 part positioned at the right nost

J mreherdeagkdgabf préde tiimiechgaditiane exibssiivelgfecting
separated fromink droplets ejected fromthe |iquid
ErECion par inpodreptrict off «dvd heptl Apis Censtant.

However, in practice, this does not necessarily happen.
For example, as shown in Fig. 30, if the WNth head 1 is
displaced to a position closer to the (N-1)th head 1, 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-1l)th héad 1l excessively approach ink
droplets ejected from the liquid ejection part positioned at
the left most in the drawing of the Nth head 1, so that a
conspicuous stripe A is unfavorably 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 liquid ejection

part positioned at the right most in the drawing of the Nth
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the drawing of the (N+1)th head 1, so that a
conspicuous white stripe Ais unfavorably produced. 5
Al so, as shown in Fig. 31, although the (NN1)th, Nth
and (N+1)th head 1 are arranged at predeterm ned
intervals, respectively, there may be a head 1 with

an ejecting direction different fromthose of other
heads 1, such that the ejectsi rg direction of ink
droplets ejected fromthe 10 Iiquid ejection part of
the Nth head 1 is inclined to the (N-1)th head 1, for
il @reTBikSebsiPELAUSELIAM 90, Cﬁﬁkaa}:gﬁiﬁé Sected
such as ejecting directions, vary for ever e Heads
Arauehieo lénnodse | actbomf gotturdddgd £ibAelihhs €RSCle@V@Dst in
when every heads 1 is inproved in 15 accuracy, dots
Hre daeangedfi phe héNshneh weadad ,t hosehian &i gonsBlhuse
that a_conspicuous stripe A or white stripe B may be
IH8v SEEBPS PrboiucRERYP-aiy RsgRdary - bet ween t he heads

1 . I bed_ab . Ho oLt
oxt 1BREPy S TTIE (1 3 amprbooat BROS o Fangerdi, NEn

AELUNasy tRf neygry Q@@qérgaégédmgklp%g%tgeggiégarﬁﬂﬁ%ﬁyals,

ej ection characteristics of every-ne: (
det@ectl DR, AcRErd heaphid @ $lhbiPe HiERCRSPI S

Even if it could be possible, there may be a probl em
Gifreconsndei abéyent NEreasebseBBYE! 3chet i RE289S1, ARH Rhat
the techni que disclosed in Japanese Unexani ned - 7

thgt edechbng i hreohi Pun] datki dmopidet2082:d08F 2frommtteie a
l.iquid ejection part becones non-ejective, the dots
%ﬁ%ﬁlge Jection part of the Nth head 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 conspicuous stripe A or white stripe B may be
unfavorably produced in 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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conpl enented with other normal liquid ejection parts.
However, when a line head is formed so as to connect
the 5 heads 1 together, if there is displacenent

bet ween 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, i-nthe technique disclosed

i n Japanese 10 Unexam ned Patent Application
Publication No. 2001-105584, stripe unevenness can be

Bhtevi atped iy tabangupyi the: bhkio £ :ﬁﬁizui@zdbﬁe%h&ﬁ‘ &t
random However, if the ejecting direction fmay be

\ l:mﬂgcédamcmmd@mrtt becomngen@i-d f-tahangese 886s acan be

%gedetern1ned limt. That is, if the ejecting 15
TRAATSH 9% vdfvkngeleat neamiont smiak efieceioceedatbe.
detern1ned [imt, ct pixels cannot be forned. As

eé%%? ed B0 fe 11PF Pﬁ%§1+?m59ﬁﬂﬁﬁlﬁ?'P§rﬁédC§Bn%@¢t¥ﬁe
ronnect d th
O LA AReR 5 B£8 2 Jselrdﬁt E‘L §l§:t geE%%ﬁ%oh?ds 1

characteri'stics nay

df @fecﬂﬂdﬁ%@ﬁﬁ%a&@érﬁg{f&@ atdng d%QsStc hﬁgtuﬁgvg&@eﬁented

by changing the ejecting direction.

Hyhekst me@anuqaéeaﬁesapmseminéa@m@a PEREADSRLSIHUES: i on
by only changing the ejecting direction at random 25

Hyddlaeddion 8b-1 A0eAt1 87787 . Enbodi nents of the present
invention seek to alleviate stripe unevenness for
i npr SYFRGSPRPRRi ntf tiralticchndgueodiectpoed in Japanese

orrespOQQ|n% to each unit head even
nexamlne Patent Application Publication No. 2001-105584,

stripe unevenness can be alleviated by changing the ink
ejecting direction at random. However, if the ejecting
direction may be changed at random, the range of the changes
has a predetermined limit. That is, if the ejecting
direction 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 aé 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 stripe unevenness may not be made
inconspicuous by only changing the ejecting direction at

random.

Disclosure of Invention



when ejection characteristics, such as ejection
directions of ink droplets, are dispersed and when
arrangenent accuracies of unit heads are di spersed.
According to a first aspect of the present invention,
there is provided a liquid ejection apparatus having a
line head arranged by juxtaposing a plurality of
liquid ejection parts of unit Reatls 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 ep@ctNged itk o apleels chbam anvegzz&% sdde 44 quid
ej ection apparatus conprising: principal contro

rediey ipde conipel hnageraehs of ox hJenmcqmrdJ eqre@ttllm
ot e d e e ;
q? Hllgrgb Egr% 85 56’4 %gcon EI eg% ; Fa head even

con nmeans i ng
@m@mleUsctmobecB§E£¢Eﬁklsunaﬂ |&ﬂﬂﬁ asnejébteohidmrections

dif f.er ent omthe ejection irection controlled by
e B0 HePBAF SontF o) ThiBTResd 116 S GgRgement
@idcﬁl&talc@@sOBft eit i kddE & ectd idbapardas; and auxiliary
control execution determ ning neans for individually

settinp er the_auxiliary control neans
execu%ékP?qingeﬁehao?lﬁﬁﬁa%ﬁﬁ FthggdthQMﬁﬁ§F8PEngY?nt1°nf

odi rents qf the present invention described above,

°5° 13 RIEVFRTnddl 1hEh &3 9t CRURPPREF RS STIGY @ line
ﬁeaasah_sang@@%yt ek MoBaghaupi trdead, By EP@J@J)@jeb%&%n

control execution determning nmeans. Herein, when ink
BRBPP 25 Uirid hepdetaq sy tPheopresi e usoAt herd neartde

b&jégén@hﬁﬁk'ﬁ@ad, each unit head having at least part of
the liquid ejection part for ejecting ink droplets from a
nozzle, the liquid ejection apparatus comprising: principal
control means for controlling each of the liguid 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 liquid ejection parts; and
auxiliary control execution determining means for
individually setting whether the auxiliary control means is

exXecuted for each of the unit head.

According to embodiments of the present invention

described above, it.



direction is different fromthat of other unit heads,
the auxiliary control neans is executed. According to
a second aspect of the present invention, there is
provided a liquid ejection apparatus 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 unit9head, each unit head
having at least part of the liquid ejection part for
ejecting ink droplets froma nozzle, the liquid
gjseabt O ARRARMIH GORBET 810011 £HEtdRo1dhESRLT 90
changi ng neans for enabling the e ection direction of
PEGGREAr bt étascheji@dteferfohy t Hee mo¥dlldagl saehre} the
lek Bt tch @) 86t d @ANPRY tndeBsChangeihN ien! 8RSt Woets are
different directions in the arranging direction of
FHECFRAUPY Eeiisrirpar £eRt Bl teferendetlipr etefben
SRkbLBgoeAN Y fGfe riendl Yi-dWal hy: Selddng AR’ RELHENCH, .
principal direction for each of the unit head anong a
prEtatfty entejdciieaRsSdiFet¥s@sedf |iquid droplets
establ i shed by the ejection direction changing neans.
Accortrrr 404 He® AR ashecrecthefetbet PEASENEetRYORCION,

¢hangi g PREPSaLe Provided JiRL+88Rhal L2 WRALavS A4t Bt ine
liquid droplets can be ejected In at 1Teast two
deffleperangedi be¥cihohaprdsinhe alvaagity of ridomiidnepéction

Aeck SbIgko RELAONs dRLL e 0o RN 1o
bdiaeacth wfitt headni ¢adteachity hehd hefaigenae-least part of
the liquid ejection part for ejecting ink droplets from a
nozzle, the liquid ejection apparatus comprising: ejection
direction changing means for enabling the ejection direction

of liquid 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 ejection

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 to the above aspect, the ejection direction
changing 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



direction setting neans. According to a third aspect

of the invention, there is provided a liquid ejection
apparatus 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 |east part of the
liquid ejection part for ejectithig Tnk droplets froma
nezzt«L, the liquid ejection apparatus conprising:
ejection direction changing neans for enabling the

ej ectTm,dlam?cbhenr@feﬁérm@ 9;:19&9@&_@@1@&%%%5?%

t he nozzle of each of the liquid ejection part to
drdagtduallat seéader tSrdioft hengnidi heed brsthe rafisgence-

an-apgl g dickeahi g,qf the liquid ejection parts; and
ej ecting-angle Setting neans for individually setting

l'i qui | s ' y -the, e | ir ion.
ngleiRets, SoLably Spdy cthenl Selgn - eLin.
aboveded pediigquileegpeticmmpgaret tis admchangi Adgne neeas

[ rovided for each liquid ej.ectio art. of .the. unit
EE8RIEY T A ARCG ) BRI e 6f ebteti ] e I5E T ghsparts
toun it fierdantsodiabeeti emnddt tthe aniangay tdi teet k@Macent
I.qui ejection parts. Then, for each unit hea

f ] [ d, |
PRoE ik RECRNGIE diPar RATHRO ditopPeES Barh it GhauRiqyid

sgtchyort R rej e6li e 18R did et sl EromMBaMS221e, the
According to a fourth aspect of the invention, there

L3dupf RAWEdC8 PPHRTICWY SOIPshs Bpphareiars iraviiged ddme
Eﬁégging means for enabling the ejection direction of liquid
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 ejection parts; and
ejecting-angle setting means for individually setting liquid
droplets established by the ejection direction changing means

for each of the unit head.

In the above aspect, the ejection direction changing
‘means is provided for each liquid ejection part of the unit
head, so that ink droplets can be ejected in at least two
different directions in the arranging direction of 1liquid

ejection parts.

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

droplets is individually set by the ejecting-angle setting



arranged by juxtaposing a plurality of liquid ejection
parts of unit heads so as to connect the unit head to
the adjacent wunit head, each unit head havi ng at

| east part of the liquid ejection part for ejecting
ink droplets froma nozzle, the Iliquid ejection
apparatus conprising: ejection direction changing
nmeans for enabling the ejectiqnlqi[ection of liquid
droplets of liquid droplets ejected fromthe nozzle of
each of the liquid ejection part to change in at

| @&38Stwo different directions in the arranging
direction of the liquid ejection parts;

ej ect PEGOERLIE toebt g@igrtﬂfeém?etﬁbmﬁ rréiev i dioer ipns ethdneg is

[ J, ok r.opl: e l;i.sh e.ejection.direction
G ook anl et o, gl 09, st
rgfrengat évlijnstaparings et pluwg Inwgnst f birquindevédiianl parts

setting .one reference principal direction for each of
tO%eurdh?thenaéigdS%n%sng Oacgm?%tr P@? gpLt gTeé]@t tgnthe adjacent
dint echéant)s eathl it chediopd-eiry st abidishedtbyrth 1iquid
%%gg%ion di rection changi ng neans. According to a

THSFESE 6PT tHET APt o oPhete from griavided hhe
hiiguid @'je@“ttibﬁgaﬁ&&%@ﬁsUé&r&t&i%ih'gpeej&%qoﬁf&%qonby

j uxt aposi ng a Elurality of liquid ej'ection parts of
GRPRILME RGNS ot s @b brmedte electivn digadtion tdfeliquid
adbgrent it it cpe A | egs

par? of the Fg%%fgﬂtgﬁgggf%%ckggtﬁg%EQ%feg??%ga?ﬁkéach of
dhepl Brsid rdaTicropraire, t¢ hdhankieqin datejleatt ngraretifiddrent

i Si .the steps of: executin rincipal. control
SEPRe R dholed A Rrduia TGHAPR 9F it Podith2a B
bhetsi qiiettehgedriqin pattingrabhkngoauwddivagyaxienkeeting

ans t b? execut q,for %!ecting_liquid droplets in
ggqyﬁ%é{}op ets established Dy the &jection direction changing
means for each of the unit head; and reference-direction

setting means for individually setting one reference principal

~direction for each of the unit head among a plurality of

ejection directicns of liquid droplets established by the

ejection direction changing means.

According to a fifth aspect of the invention, there is
provided 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: executing

principal control means for ejecting liquid droplets from the

- nozzle of the liquid ejection part; enabling auxiliary control

means to be executed for ejecting liquid droplets in at least
one direction different from that controlled by the principal

control means in the arranging direction of the liguid



one direction different fromthat controlled by the
principal control neans in the arranging direction of
the liquid Ila ejection parts; and individually
setting whether the auxiliary control neans is
executed for each of the unit head. According to a
sixth aspect of the invention, there is provided a
liquid ejecting nethod using a 'Qe_head arranged by
juxtaposing a plurality of liquid ejection parts of
unit heads so as to connect the unit head to the
agjacenn wartshead ieden dusltlvheattivay ivhgtlaer |tdest

- Loui jectli t r._ejecti i nk
qRL Ry SPAsko AU £ Rl b P S nesa-
conpr i, S} i st eps,.of . l he ej ection .
direc??%ﬁg% Fau%d£§%$bSféggpéfggPédl¥§%ﬁﬁ?ﬁé %%%% es
pirovhided isquiiduedeet eoninganéthod chahge a rniiate lleast two
different directions.in the arrangi direction of
PRE=FPEt: Y e EEHIORC I (& P HE TS d4aPES SaPErhgn
paetseber ence peidei fwladiteddiedorcheeaghtohebhBeto the
uni.t head among a plurality of ejection directions of
PAdrandr Bplet Beadcctieh ngto Redveitinasiiecteastt tgt

bRVeREl 9Rquikhey ect SoRproyided,a 44 oul ) £liead idhyTeihod
using a line head arranged by juxtaposing a plurality
éfromi gungzzépecthonl parid afeaming eddodsgomprieing the

SarPohess P Lipe B SR o Ut g a%8aeTon
parpleéors ejecteagftak tith opdetiss faformha ndzzlie, etjpetion
kgg%igoe£§g£5Qgigmggu¥éé§¥ngééﬂJ%%ferent directions in
the arranging direction of the liquid ejection parts; and
~individually setting one reference principal direction for
each of the unit head among-a plurality of ejection

directions of liquid droplets.

According to a seventh aspect of the invention,

there is provided 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: enabling the ejection direction of liquid
droplets ejected from the nozzle of the liquid ejection part

to change in at least two different directions in the
..arranging direction of the liguid ejection parts; and
individually setting one ejecting angle of liquid droplets

for each of the unit head.



the steps of: enabling the ejection direction of
liquid droplets ejected fromthe nozzle of the |iquid
ejection part to change in at least two different
directions in the arranging direction of the liquid
ejection parts; and individually setting one ejecting
angle of liquid droplets for each of the unit head. -
lib According to an eighth aspect of the invention,
there is provided a liquid ejegﬁ ng method using a
line head arranged by juxtapo g a plurallty of

liquid eection rts of .unit heads as. to.connect
the unit é&ﬁﬁf4%?4xﬁg A4 ﬁﬁPﬁcﬁeﬁﬁ Egﬁcﬁn URptLeons
headehawi pgoaidé@astlparid ejecthy! hartidl ejseeli an1pae t
for ejecting ink droplets from.a nozzle the liquid
eratt Pﬁ?%%&ér a%ﬁ%%%w ghelsrapstvel ldAgbe ﬁ@e‘ftfﬂé’n

ej ection directiaqgn of uid droplets ejected from
Pﬁétﬁo%%%u&f hepds| ?‘aLﬁ‘%%éi‘ SOPPERtpERT Wt dkaAgEo; khe

@Hjlﬁ@@ﬁﬁ de @Iefaaersgéh dhd BCHQRS hhHi 4516 AN ARG Bt of
difection of the liquid ejection parts; individually

et Lhguid e acéfierepert pfoncigait idor ek i rerflet sedehmod
g}gngg' tt}hae gqluﬁgogge@tdﬂicé;rn@thgﬁ 8(@ pef gﬁtngoghiel §/teps of:

I'rections o l'et’s dua
seabﬂmggonbee@9a¢t1qy1amgiectﬁonIoﬁnﬂuﬁud@oﬁkepﬂeﬁer

each of hgmu t héeadl Br SCr ian t he

ﬁas EPY. “1°i%°%an %X% % fﬂl l@PeWaGF 4°
beaﬂg@fuamt 1Bks} etw@PrdiRirenfCOL pOFEldnRg ihhehé i SithtLhging
gj,ection a%paratus according to the present
9h€%ﬁ¥%Qﬂ1 the liguid ejectidon parts; individually setting
one reference principal direction for each of the unit head
among a plurality of ejection directions of liguid
droplets; and individually setting one ejecting angle of

liquid droplets for each of the unit head.
. Brief Description of the Drawings

Fig. 1 is an exploded perspective view of a head of an
ink-jet printer incorporating the liquid ejection apparatus

according to the present invention.
Fig. 2 is a plan view of an embodiment of a line head.

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

showing arrangement of heating resistors of the head in more

detail.

Figs. 4A to 4C are graphs showing the relationship
between an ink bubble-generating time difference between the
heating resistors and the ejecting angle of ink droplets

when the divided heating resistors are provided.



Fig. 2 is a plan view of an enbodi nent of a |line head.
Fig. 3 includes a plan view and a sectional side view
showi ng arrangenent of heating resistors of the head
in nore detail. Figs. 4Ato 4C are graphs show ng the
rel ati onship between an ink bubbl e-generating tine
di fference between the heating resistors and the
ej ecting angle of ink droplets when the divided
heating resistors are provided,.- Ilc Fig. 5is a
drawing for illustrating the d&tfection in the
ejection direction_of ink droplefs. Fig. 6 is a )
dr awi ng gggéngeiﬁnﬁl %W%nﬁhg?glhtHFﬂﬁa%ﬁagiF?%WE?QﬁeCtlon
1K tleopl @tsi dif eliGekteohedr bynprdkgipak . cont rol
means, auxiliary control neans, and auxiliary control
execurign eleieraridvagnieansSan Fitmpld SnatdhaW 8gi0fg an
exanple in that | andin positions of ink droplets are
FOPEELPRE By e dﬁPP%Eig-ﬁafFre antestefelnsorifeipal control
Hexinl), a8 EONPICIRRA0S. Bl { Mg SXihLALY CORLIO)
execution determning means. Fig. 8 is a diraw ng of an
&P o rHatisgmipandi megns.12  positions of ink
droplets are corrected by ejection direction changing
meansTadd éjextd niyaarglheofetniexpnrdansn thag. 18ndsna
i f Yo} le in, that. |landin Qsi.tians
A G Y L s
diongcbil ome ahangilieg anednsd aapdcoditera] eetangg angl €he

settin .
aux1llgry contrcl execution determining means.

Fig. 8 is a drawing of ‘an example in that landing
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means. Figs. 10A and 10B are draw ngs of another
exanple of the ejecting angle setting neans. Fig. 11
is a drawi ng of an exanple in that ink droplets 10
are |l anded on one pixel fromliquid ejection parts

adj acent to each other, respectively, which is set as
even-nunbered ejection directions. Fig. 12 is a
drawi ng of an exanple in that2odd- nunbered ejection
directions are established fromdeflection ejection

15 of ink droplets in both bilateral symmetric

dos Betdrons AAG KA d rpenperds syl %iﬂe&%\@f“%ﬁ)g#k&%}li 0

n.

Fig. 13 is a drawi ng showi ng a process ng each
Plxettiom phetnggmaphieanpaped & ddt ilriqWing 18] 8ettQAgPAEA:Ss .
based  on an ejection execution signal in the case of
t wo- W@ - 28 épeét fsavwieyent munbdred egpmpléonn that landing
dégfgliong)..Fig. 14 is a drawi ng showi ng a process

OF i g e &&h 1T SEPPARTBhRF D F APt Splaper thet A BEELeR

' i.on’ .based__on_an ejection execution signa
?% t %fagaggggglgﬁrgg?ﬁgyan%j ?i%ﬂ?cfé&a-ﬁﬂﬁﬁ%réﬁtéang
®agion directions). 25 Fig. 15 includes plan views
showing a state in that ink - 13 droplets are | anded

at aEygenelmsahd oT0®faM didf8neat ol 2AGLRY: RASIHI NS £
on one pixel region. Fig. 16 is a draw ng show ng
‘Bjeectiestidigr engilense ot ingkneatapl et s usi ng nunber of

pi xel s increasing nmeans.

Fig. 11 is a drawing of an example in that ink droplets
are landed on one 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 liquid ejection parts based
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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5 Fig. 17 is a drawi ng of an exanpl e havi ng second

ej ection control neans in addition to the ejection

di rection changi ng neans and reference direction
setting neans. Fig. 18 is a drawi ng of an exanple
havi ng the second ejection control nmeans in addition
to the ejection direction 10 changi ng neans and the
reference direction setting-means. Fig. 19 is a
drawi ng of an exanple having first ejection contro
means in addition to the ejection direction changing
aeapdcandatel sefey encadi Leet LeY; I g Jreans. ELg-
20 is a drawi ng of an e§§k§ﬁ% Egsﬁﬁggéﬁggflrs%%fgehg
épedingnpesht fols meansd pixddi teghohd the ej ection
direction _changi ng neans and the reference direction
set t | itf neldhsts aFdgawingi shawimawe estoforamiexampbes of ink
Q@g%?gtghe first ejection control means and the second
ejection contd SMEanSt PAxgdai inereadinthaiegnsct i on

di r ecti on ging _neans apd the 20 reference
T aggra””%? ?—fgf?n P deadtAgSBFoR

di rection setting nean
exaspl en hasri g it B hisr Sty 4813861 | control. neans gnd .
the second ejection contrgﬁ %%%%@nt?hﬁgﬁgpﬁg%ﬁoPogfﬁ%Ctlon
ehangimn mharectbingn relfapehny qeABSt AR {8 i LefaLgoce
direction setting neans. 25 Figs. 23A and 23B are
dr awifiige doweng exawphesohauti Ngkamplé hbRenguUIBE’s@fond

| xel s increasing nmeans in addition to the ejection

i TR D IF AN RgaReahs aAdithen gjedttiengjangien direction
gﬁgtin means. Figs. 24A and 24B are draw ngs show ng

exdﬁ%ﬂ Wﬁﬁﬂﬁq&nd the reference direction setting means.

Fig. 19 is a drawing of an example having first
ejection control means in addition to the ejection direction

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 to the ejection direction changing means and the
reference direction setting means.

Fig. 22 is a drawing of an exXample 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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5 the second ejection control neans and the nunber of
pi xel s increasing neans in addition to the ejection
direction changing neans and the reference direction
setting neans. Figs. 25A and 25B are draw ngs show ng
exanpl es having the first ejection control neans and
the nunber of pixels 10 increasing neans in addition
to the ejection direction ehamgi-ng neans and the
reference direction setting neans. Figs. 26A and 26B
are draw ngs show ng exanpl es having the first
Shechie ¢ it [0lxdBABRCrbHE: 5500 S SELIN ¢160NELOL
means, and the nunber of pixels Increasing means in H%
iR tion diocradie ey ebbhgindi neshs 0inghangiNe HBaySs.Adtke
the reference direction setting neans. Fig. 27°is an
e 1D W rol circuit diagram according to an
enbo%LnentQ Ejgs. 28A and 28B are tables show ng the
rel atidfshiff?® 289petherte GravEnast showdhar exgmehendiawgng
| t f.urni.n on/foff states of a first ejection -
oAt Cmslgvietj(%ﬁ ] deeang |andithe pewberonf gpixels
ootsddy angi .djrectiaon of nozzles. . Fig., 29
is adr gv?nh %15% glﬁo?\ngngggig%%l?o%é dtfr}}eec jieé:rzjfslofi’f d?ﬁ?gtﬁ%n
aireoqyielos maths| andi 88e PASFL I QNS |- ARl ets LN, $%ﬁﬁ%'
head - 15 having a plurality of heads 1 juxtaposed SO
as t §igennddd antie2imadel dravifgsadhaneny deathies Faing
30 is a drawng of an exanple in that the (N-1)th
Headiirstarisrgeancrovera ndsmNiancheae. number of pixels

increasing means in addition to the ejection direction
changing means and the reference direction setting means.

Figs. 26A and 26B are drawings showing examples having
the first ejection control means, the second ejection

contreol 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 nozzles.

Fig. 29 is a drawing showing ejection directions of ink

droplets and landing positions ink droplets in a line head
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5 Fig. 31 is a drawing of an exanple in that the
ejection direction of ink droplets ejected fromeach
liquid ejection part of the Nth head is different
fromthe ejection directions of other heads 1. 10
Best Mbde for Carrying Qut the Invention An enbodi nent
according to the present invention will be described
bel ow with reference to the drawings. In this
specification, "ink droplets" represent a m cro-anount
(about several pico-liters) of ink ejected toma
nozzle 18, 15 which will be described later, of a
liquid ejection part. A ~"48t* denotes a | anded
formati on of one ink droplet forned on a recording
medi um such as phot ographic paper. A "pixel" is
havé@ﬁlﬁeﬁlbyaélhyn¢ﬁnmeadﬂtl(juxmapoﬁagesoaasptaeéonnect

gi on” denotes a region for form ng pixels. 20 On one
theppﬁéﬁ Fe@Poﬁheaa?ﬁ%ﬁﬁﬂ%ﬂhﬁaﬂai .-nunber of ink droplets

lurality of droplets) are | anded so
Rals f%&&% g I’P(jfcutanaeaéﬁlpi)%nbﬂsﬂ@t grhed Aii-dn T h
[ r.adati on and a
heag.ig é%kaﬁbé& gﬁﬁra Iﬁ$rﬁ&&§ﬁgghree stép or nore
gr@ﬂét'9?)1s1gmﬁréﬁ%ngz%fogﬁ Qkéﬁﬁl% goa#%ip%gg%lon

to zero, one, or a plurality o §

dlrb&t@ennUHbEﬁkOiréﬁmé%hlﬁjﬁaﬁ%daEgoﬁrEQQHeﬁlﬁﬁldz%]ectlon
recordi ng nmedium so as to formi mages do

pargorfespenithghead tie difaireare fioh €REPEPLEE Yon
contained within the corresponding pixel region, and
dirggfdons @bt ethey headoflf. t he pi xel region.

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
épecification, "ink droplets" represent a micro-amount
(about several pico-liters) of ink ejected tom a nozzle 18,
which will be described later, of a liquid ejection part. A
"dot" denotes a landed formation of one ink droplet formed
on a recording medium, such as photographic papeﬁ. y:\
"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-step gradation), a
pizel with one dot (two-step gradation), and a pixel with a
plurality of dots (three-step or more gradation). That is,

one pixel region corresponds to zeéro, one, or a plurality of
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(Head Structure) Fig. 1 is an exploded perspective
view of a unit head 11 (sinply referred to a head 11
bel ow) of an ink-jet printer (sinply referred to a
printer below) 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 includes an ink chanber 12 for containing |liquid
to be 15 ejected, a heating resistor 13 (equival ent
to bubbl e generating neans or a heating el enent
according to the present t%wvention) arranged wthin
the ink chanber 12 for generating bubbles in the
liquid contained in the ink chanber 12 by supplying

dotgper §husanl barey zhensheetf thede pegulyahentatardyed on
nozzl e-form ng nenber according to the present

a TPROERENGMTeRHENT P oz AeSorg fiseged.t her eon for

ej ecti | i quid operatively associated with the bubble
geﬁé a%‘?qc(ﬁw ng}”rﬁ?@ n§°r BB sPb¥el RrRatady domplesely
' : . 7..1.s bonded on,a 25 barrier
confaned ! B AR CAASph il BN E L0 oAb
dotd 'mayeXpl oged dxk tfhex_éir q\gigqgm.l n the head 11, a

substrate nenber 14 includes a sem conductor

(Hubat satectddbremde of silicon, etc. and the heating
resistors 13 deposited on one surface of the 5

sefi goriduct om supddatiepdbspdbeiheatidig Jesi shak hdaks
11 (simply referred to a head 11 below) of an ink-jet
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 liquid ejection parts. The liguid ejection

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 accdrding to the

present invention) arranged within the ink chamber 12 for

" generating bubbles in the liguid 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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electrically connected to an external circuit via a
conduction part (not shown) forned on the
sem conductor substrate 15. The barrier |layer 16 is
fornmed of a photo-sensitive 10 cyclized-rubber resist
or an exposure curing dry-filmresist deposited on
the entire surface, on which the heating resistors 13
are formed, of the sem conductor substrate 15 so that
unnecessary parts are then renoved by a
phot ol i t hographi ¢ process. 15 Furthernore, the nozzle
sheet 17 having a plurality_of the nozzles 18 is made
by an el ectrocasti ng tecﬁn'aué with nickel, and is
bonded on the barrier |ayer 16 so that positions of
t he nozzles 18 agree with those of the heating
explegliest dps the, drawingt he nozzl es 18 oppose the heating

20 re?%stors 13, respectively. The ink chanber 12 is
cohBt Figt Reedriine sithstrate memhper 144inaheddmra i er

[ r and. the nozzl e sheet 17 so as to surround
Seﬁl%)él’% gét% Pﬁgs}llggpg?%? ﬁ%m tof $iligoppeetdr sapdgiha he

hea_%ﬁ?%t KakeshpBpbeis lée;g@gi@ec} % %%tet %?rf%z:;lﬁsgéi %{get he

i nk "chanber 12; the ‘barrier Tayer wal | s

makondb8tokheubBkrsb@mer I, - t. 17
> fo;nr:B tﬁg toB \/\/]E;II g?iet héﬁ}en%%%ﬁgh e?g%%@q'ﬁ? the

eleictkichanperoidebitsd afo DPRIURGNHEILQRHD: fH LNt right
of Fig. 1, and the opening region is conmuni cated
conguckign paktf (oot pshdwr(notorsteala)y Bhdh€emiconductor

above-nenti oned one head 11 generally includes the
substrate .

The barrier layer 16 is formed of 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

‘photolithographic process.

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 surround the heating resistor 13. That is, in the
drawing, the substrate member 14 forﬁs the bettom wall of

the ink chamber 12; the barrier layer 16 forms side walls of
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i nk chanbers 12 in units of several tens to severa
hundreds and the heating resistors 13 arranged within
each of the ink chanbers 12. By the command from a
control unit of the printer, the heating resistor 13
can be respectively 10 selected so as to eject ink
contained in the ink chanber 12 corresponding to the
heating resistor 13 fromthe nozzle 18 opposing the
i nk 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_aE§I¥ing a pul se electric
current to the heating resiStor 13 for a short tine,
such as 1 to 3 s, the heating resistor 13 is rapidly
heated, resulting in generating gas-phase bubbles in
the qp GHF‘E'E’@irnézt;hénﬁegﬁf MPZFEs stheetl 3 Isdoasst cheusdp
Si me_vol une of ipk (ink is evaporated) by the 20
Walgxé’gﬁs?i%%nl& ERETPRE lﬂagbb@E%SrTﬁé}eewl,k ichkmbeAt b2 thaw an
' t he sane. vol u as that of pushed
opelifig 2 %’é}og‘c%gd%%grtn PEatE e 1l o S theopPeRing
recdnd is kandedieRteAhglO9raphi ag to form
gSots (pi xel s) thereon 9%J??Eg%hg?£$; %@%r PR T e

entbdi apate-haetlbmed head hedd kS geagggﬂggm%]f%ﬁse the

~ plurality of the liquid ejection parts -

inkhghdsbersadangednbys ppaciaieraiplhenal itby sebetle heafsas
11 in_an arranging direction of the liquid ejection

andytheshepdipgngPagsEPFRctd ermehgede wiardhesadB of e ink-

r1ﬁ%pth girection of a recording nediun) so as to
chatiBgfgct“r hePHehfie 8omHandddaHer. cPngro2 heih of arhevi ew

prf%@%@inghgnhggpgggngggiégor 13 can be respectively
selected so as to eject ink contained in the ink chamber 12
corresponding to the heating resistor 13 from the nozzle 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
applying a pulse electric current to the heating resistor 13
for a short time, such as 1 to 3 Hs, the heating resistor 13
is rapidly heated, resulfing 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 dots (pixels) thereon.
Furthermore, according to the embodiment, the line head

is formed to have a plurality of the liquid ejection parts
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a line head 10. In Fig. 2, the four heads 11 ((N-1),
(N, (N+1), and (N+2)) are shown; however, a further
| arge nunmber of the heads 11 are arranged so as to
connect themtogether. In order to formthe |ine head
10, a plurality of parts 10 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
chi ps, one nozzle sheet 17 having the nozzles 18
formed right above each of the heating resistors 13
of the entire head chips ig _bonded so 15 as to form
the line head 10. In Fig. ? the line head 10 with one
color is shown; a plurality of the |ine heads 10 may
be provided so as to supply different color ink for
of &hehherdehdll prsaneadsb (piaring or Mlngad iegl 6F th&cheads
11 Nead. 20 Wi l.e tge heads 11 adjacent to each other are
arr AhgEF TP B Sraettor ehethn Helausiddejerespacpaves y
N .flow-path, the heads 11 on the one side
(axg%%%éégﬁﬁérﬁggé‘s’kl‘if e M Bk Tror f oo tOP. B1Gthhe

dirkeadsnlbragerakhag9ed S044.hat e nozzles 18 oppose
each ot her (a so-cal ed%%%@ge%%%%%%??ﬁﬂﬁ%ﬁeﬁﬁ?.heads

11 Tthakether.i NFEGQ. 22is 8y BOrdd Q. | d_hy 20. line
. = 5 B S SN e Sl

connecti ng external peripheries,

a lioezhesdl80.of Ihhei¢ N-1,) tdhdemshdl heand f§he (h&ﬂ? than
head 11 together and a |ine connecting external’ !
(N+ddpi pREr i(832)) adfacemwito Hdweweaz zlke$ut8he 8 1476 Mdhber -
head 11 and the 5 (N+2)th head 11 together is the ink
of Fﬁgwhﬁgpﬁ ot BRPs2¥¥apged so as to connect them together.

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 on 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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head 10. Furthernore, the heads 11 are arranged so
that the pitch between the nozzles 18 at ends of the
heads 11 adjacent to each other, i.e., in detailed A
portion of Fig. 10 2, the space between the nozzle 18
at the right nost 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 addition, other than the staggered
arrangenent 15 described above, the liquid ejection
parts of each head 11 may also be arranged linearly
(as straight as a Iine).“TﬁQt‘ is, in Fig. 2, the Nth
and the (N+2)th head 11 may al so be arranged
identically to the (NN1)th and the (N+1)th head 11 in
linegonngictéagi exsernal |peFiphedies,hadihgehd ebeehdon
no g%gsl_f each head 11 are arranged substantially in
% £ & Rt ArEn&NThkEapratd L dindethioriNel) thehbseads
; rnatively, the Ijquid ejection parts of each
tO%égg@l%%ﬁaé %én%r‘?%%%‘at% £45et@alspgriphgriest he
adifaic@ht kp EhLE- erqat i , ile the 25 Liquid
jejection EgEtgg%%f%%effkégyi%%%ﬁﬁgd videli e thor
(NH2)ghahiebW 0f B6QuMRSert jJui jection parts, .
bel onging to each gr o{% ﬂryae?/qtl)% grlgg’naaeghi%£atli”r%elme
heagl d8t.ing to the right in Fig. 2. (E ecting-direction
changi ng neans or Principal control 5 neans and
AuRPFFaeymermt ridle iheads) 11 are arranged so that the

pitch between the nozzles 18 at ends of the heads 11
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 ejection parts of each head 11
may also be arranged linearly (as straight as a line). That
is, in Fig. 2, the Nth and the (N+2)th head 11 may alsoc 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

liquid ejection parts of the head 11 are divided into a
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The head 11 al so includes ejecting-direction changi ng
means or principal control neans and auxiliary control
nmeans. According to the enbodi nent, the
ej ecting-direction changi ng nmeans 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 ejection parts. Mre specifically, the
ej ecting-direction changing neans includes the
princi pal control neans for_controlling 15 each of
the liquid ejection parts £d €j ect ink droplets from
the nozzle 18 and the auxiliary control neans for
control ling ink droglets to eject in at |east one
ef + banidh e Fadtdnngadicsestl ongdig to

ca %Eergnk droplets b% the principal control neans of

Thd & PafG¥ngSdPFEZEDN Bt 20 % silipgdiingefecthoncight
in RALL.So According to the embodi ment, the

ej ecting-direction changi ng neans (the principa

(@9RICtQhg-ARABS £ 85 &rh&gaﬂaq ! e?%}g nprol fmeans) is
constructed as follows. F é+ |%%I%5é§cép ?a%o%?%ﬁ%
meadu3d addS A0k DDAy St St ¥ EWe 4 )ShOW ng t he arrangenent

of the heating resistors 13 of the - 22 head 11 in

deThe| hedtiel plarswiiowlofdesi @je3tadgidi podioh Sho)
the position of the nozzle 18 mﬁthgchain I nes. A?ang

neagFoRl PHiPF§Pal comtrdve nrsacs bbhdaecet Ui 8gyt @oht¥ol means.

enpodi nent, wi thin one ink chanber 12, the two divided
5 HEGPFAYY 65 sths Smbpdimenitux the osielt vuy-ebiverct ithe

changing means can change the ejecting direction of ink
droplets ejected from the nozzle 18 of the liquid ejection
part in at least two different directions of arranging
directions of the liquid ejection pafts.

More specifically, the ejecting-direction changing
means includes the principal control means for controlling
each of the liquid ejection parts to ejectqink 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 ligquid ejection parts. According to the embodiment, the
ejecting-direction changing meané (the principal control
means and the auxiliary control 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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arranging direction of the two divided heating
resistors 13 is the arranging direction of the |iquid
ej ection parts. In the two-piece heating elenment 13
formed by |longitudinally dividing one heating el enent
13 into two 10 pieces in such a manner, since the
width is halved while the length is the sane, the
resi stance value is doubled. Wen these two pieces of
the heating el enent 13 are connected in series, the
heating el enents 13 wth doubl ed resistance are
connected in series, resgl%gng i n quadrupling the
resi stance 15 value. In offler to boil ink contained
in the ink chanber 12, it is required to heat the
heating el enent 13 by applying predeterm ned electric
heagovidr 1fodehéiheat Thy olemeniew 3f BegausSeatiietiokai by

jected by.the ener during the boiling. 20 Wen the
snoflel tbBoReE: ESunatr) He moralh gt wamet chainnivased,

hOWNBVEL ol Y; 4 asing t resi stance val ue of the

nont ] R3S Bheet S 12" THb i PEAR B BoFPEAng (vp Fhe
embBAAMLAE , CUHE ERDA - o8l 8BYonAuldANS SLRL fQr passing the

current can al so  be reduced in Size. oresnul RS

heaspagereavsdgrs ReBUgtd Ofudthpoded. N FKPESS. Of %@g
heating el ement 13 increases the resisfance val ue;

arrhp@éeer diracview of the it erivakeaehest ey f PEsifrs 13
heati ng el enent 13 and the strength (durability

s {ther 85Fanging fbrrekion Mt iihesd ighitihes beat bmgpahement

13_has, a predetermined Iimt. Accordingly, wthout

redlicHiy THE® 990 Harédao ehemeesi b ahwmadlge i s
1onb@%ﬁﬁ?ﬁggl9yd9%¥&£%§mkég“%eating element 13 into two

pieces 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 quadrupling 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 tranéistor for passing the current can also
be reduced in size, resulting in sSpace-saving. Reduction in

thickness of the heating element 13 increases the resistance
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heati ng el enent 13. Wen the two-piece heating el enent

13 divided into two is provided within one ink

chanber 12, and if the tine required to reach an

i nk-boiling tenperature (bubble 10 generating tine) by

each piece of the heating elenent 13 is generally

equal ized, ink is boiled on the two heating elenents

13 sinmul taneously, so that ink droplets are ejected

in the axial direction of the nozzle 18. If a tine

di fference between the two pieces is 15 generated in

t he bubbl e generating tiqp%gf the heating elenent 13,

ink is not boiled on thet Reating el ements 13

simul taneously, so that ink droplets are ejected away

the axial direction of the nozzle 18 (deflected).
valiigdr foyeveRe imn P(léP"oBﬁet%e antd irdededecaefosbt i ot

ff I wh k d I
neatlely, BleRen wion ol CHe( T EEATE | (Epsb AR S a0 s,

h ns bet ween the tine
ehefrapio oo AHICAnL RS BE L P g B ne: bRl Bed

diRdleirig ne@snskhors 18 di nent_ and
P25 the gj ecting angl gé‘%%&’{ﬂjir}%r g%tﬁjt%%t fﬁgugﬁl‘ée%h? n

thitdk@ess,. the. resistanc@4vadfARNS i Q&&ea%%ﬁlg§x5699&1qq(ﬁpe

conputer simulations. In these graphs, I TEC
heatting dilemenito@3shown by Ox plotted on an ordinate,
- note: not the abscissa of the graphs) is the
ar VBABi ke dfveceiere dfeatiooneiement 183 (Jivd @0SIAS two

. _direct |g
is provided within one ink chamber 12, and if the time

required to reach an ink-boiling temperature (bubble
generating time) by each piece of the heating element 13 is
generally equalized, ink is boiled on the two heating

elements 13 simultaneocusly, so that ink droplets are ejected

 in the axial direction of the nozzle 18.

15

20

25

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 without
deflection.

Figs. 4A and 4B are graphs showing the relationship
between the time difference in ink-bubble generation 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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5 of the heating resistors 13), and a Y-direction (the
di rection shown by Oy plotted on the ordi nate, note:
not the ordinate of the graphs) is the direction
perpendi cular to the X-direction (conveying direction
of photographic paper). In X- and Y-directions
together, Ox and Oy are shown as 10 shifted angl es
when they are zero when wi t hout deflection.
Furthernore, Fig. 4C shows neasured data, in which
half of the current difference between the two pieces
of the divided heating el enment 13 as the
bubbl e- generating tine Ji?#erence is plotted on an
absci ssa as a deflection current 15 while a deflection
at a | anding_position of an ink droplet (neasured
grﬂﬁﬁrb‘ﬁw Atre TEiSSL&Rc ErpRt deeputdle sonrlatibhsandThhehese

|_andi osj.tion.is about 2 mm is plotted on an
IT e i nate X drlﬁeEF@.OfMéth? ML ERAT et edhasinebyi B plotied on
an wmln%%,%%te?aﬁghfﬁ%og{%%%z%“ of gqphgigzgpagﬁeis the

defl ection curren
ar iindd deheteRbnlds Wher e} rigqci.pal _current, of |
the heating el ement 13 was {g%%;&éjﬁﬁugtﬁPﬁélﬂgf Brefiden
of hdtenvbenting kweiptesesiis, Hrner atled. L th bbl e
_ generating tinme of the heating e|§%§ﬁ?t&§$ ?ﬁ%ﬁ
dlﬂ%&@ephnghawglbyo@yipﬁbuﬂéaﬂdatih@eggggﬁagQ} OBl .y
so that the ejection angle Ox of the ink droplets s -
ordignatenefesBedIRrPIS ] Ny ddsi my Hewhilon- geppeadiaed 44 N8B,
th d%rference. Then, according to the enbodi nent,
Ut FRZPRGI PRI §CORRY Y dHinsditéont wé  dhut dedagient igiper) .
e ts_ re. provi ded, and by changing a current
. gas§5§g§té?%gﬁﬁlé%%rF%%eﬁﬁ%§r B ¥ By "are shown as
shifted angles when they are zero when without deflection.

Furthermore, Fig. 4C shows measured 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 nozzle 18 and the
landing position 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 thorough
one 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 ejecting angle of ink droplets becomes not

normal, so that the ejection angle Ox of the ink droplets is
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5 heating resistors 13, the two heating resistors 13

are controlled for producing a tine difference in the

bubbl e generating time so as to change the ejection

of ink droplets in a plurality of directions.

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 bubbl e-generating

time difference is produced between the two pieces of

the heating el enent 13, thg ej ecting angle of ink

dropl ets deviates fromthe Rormal, so that the 15

| andi ng position of the ink droplets is deflected from
. their original position. However, by changing the
1ngﬁ?ﬁ§§ﬁtWl&%pé@?¥9a$%n%éb@Mhﬂé1g¢narathagdtymde@&f&éﬁéﬂ&b.

el nt 13 so.. as to control the bubble-generating

ti MESBf BETH Pt dDithe wabgidimgal, hetil ring arem 13,
c ing time 20 be matched with h
chagg%tggggkgcgeggéq%gaﬁﬁgig%ggt can _be nmatched wi eac

ot her 50 as’to nm g ©15RERES oF 3 i #ke provided,
dAdEQPLaLENRE NRI ' js..a drawing. for illustrating
" thgpdefl gct?on ?%ﬂﬁte%eﬁl%c%ggéﬁgﬂﬂlg%t PRR™ o‘?’qyit'ntiée

headfiopl etsisReter 13 NGRSO FlP hedt L oplet i
is ejected normally to an ink-éﬁ c??ﬁ%gEér$ég% of° t he

conitmloldedpket préducimee afirphetiggeaBhke PAPELY LAl
the ink droplet i is ejected without deflection as the

gengragdnIshomp By aiotted dharge rthel gjebtiMheseamk idrd@ts
ej ectin direction of the ink droplet i is deflected

in §op9H5F%§EY of ettigrfionfl-e deviates fromnormal by 9

r Z2 directian
(Zﬁogeover, 1fare81stance values 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 pieces 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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5in Fig. 5), the landing position of the ink droplet
i is deflected by: AL = H x tang. In such a manner,
if the ejecting direction of the ink droplet i is
defl ected so that an ejecting angle deviates 10 from
normal by 9, the landing position of the ink dropl et
is deflected by AL. Wierein the distance H between
the end of the nozzle 18 and the surface of the
phot ographi c paper P is generally about 1 to 2 mm so
that the distance is assunmed H = about 2 15 nm In
addition, the reason to nmaintain the distance H
substantial |y const ant i § t4%ar when the distance H
changes, the landing position of the ink droplets
al so changes. That is, when the ink droplets i are
thepjidtk & FHerh tthé snedzbec@OwiBhowt nid #1:dtQ ohhBsSHRE a5 ow
shéﬁ hye§P otogtapth aper P, even if the distance H
ChhAge S TGS dtBetPefitd -t he |Whelionp, pdsicheoniottihe
. .dro I .does_not change. Wereas, when ink
diz ropjlquent gf%ﬁe%ﬁe@%ﬁiﬁhh Herdefdiadedasodsbati drd
e IOy I I ogi.tion of the in roplets i )
S hanges Fecdrt F589.8, 5*%%015% % o {20 8P4 ateas ton
in 249.AI55Q, tWaenahhenge ' he.head_11.is 600

DPlI, the space between the nozzles
defdscitegt g is: 25.40 x 1000/ 600 ~ 42.3 ().

(Auxiliary control execution determ ning nmeans)
AL = H x tanb.

In such a manner, if the ejecting direction of the ink
droplet i 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 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 assumed H = about 2

mim ..

In addition, the reason to maintain the distance H

substantially constant is that when the distance H changes
r

| 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 i are ejected with deflection as described
above, the landing position of the ink droplets i changes

differently with changes in the distance H.



10

15

20

25

thedF

5 According to the enbodi nent, the line head 10 in a
first node includes the auxiliary control execution
determining neans in addition to the principal contro
means and the auxiliary control nmeans. The auxiliary
control execution determ ning neans is 10 for

i ndividually determ ni ng whether the auxiliary contro
nmeans i s executed for each head 11. Fig. 6 is a
drawi ng of an exanple in that the |landing position of
ink droplets is corrected by the principal contro
nmeans, the auxiliary contrg# nmeans, and the 15
auxiliary control executiofi’determn ning neans. The
upper portion of the drawing is a front view show ng
ejecting directions of ink droplets ejected from each
heBlsq P Wichrasajuitd cej ect kba pead 11n ithesdo merT,
head 10 mhereiﬂ%aarroms show the entire ejecting

d
8EFI BREVETY t Hee gro#ici il 2@ 95 amensl toreemsh antthetrhe s «
25.%Bxk|iébg/g&9ggqf ggq?sj when ink droplets are

J %1 qu”@

ejected fromthe €j ection parts of each head
(Alxi FUBEROESDE L1 NBAMY 1 BETQL 1 08; AL T oWs show the
selepted?ejecting direcfion??%$ﬁégﬁﬁﬂ%ﬁﬁﬁﬁF§ion_of t he
dr avtoering adlde n@Was Rewk N0 &e St %{ee_ﬂegdt hat ;i nk
droplets 25 ejected from each ['Tqui d ejection par? are
firpsndedeont¢held8 tiphetwgndphic cpapesl RLdQld QM ng
drawi ngs being displayed in the same way). In the
dete¥Ripiey SHOWS iim Ridgliteontiol ehinkr O S @90l means
si ppl eiepted fromliquid ejection parts of each head
andliggy _

xiliary control means.
The auxiliary control execution determining means is
for individually determining whether the auxiliary control

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
arrcws show the entire ejecting directions by the principal
control 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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5 using only the principal control nmeans, by using the
auxiliary control neans as well, ink droplets are
ejected in the ejecting direction different fromthat
by the principal control nmeans, specifically in two
different directions on both [ateral sides in the
drawi ng, respectively. That is, 10 each liquid
ej ection part has one ejecting direction by the
princi pal control neans and four ejecting directions
by the auxiliary control means, five ejecting
directions in total. Wen_nk droplets are to be
ejected fromliquid ejecfigﬁ parts of each head 11
directly underneath (in the 15 substantially nornma
direction on the photographic paper P), it is
PROSGHARNE PEPER ¥ d§@lgh@ip=HiMVpiaigscdlmtﬂr@l die@NsSyed in
thgmggﬁgnwgz e auxiliary control neans. However, when ink
drop et'$¥dre ejected fromthe entire heads 11 using
onl Lnck pal, control_neans, if _one head 20 11
hagylatt %ng%égﬁ%gs%?§%%arl&F§blgieﬁﬁﬁ@eréP5t¢V@P¥QﬁS are
si lejReads ¥logueihQspositiongl ernaor of th ead 11,
Iﬁlgehgad 11 is coﬁ%gélel %%é‘lfo AdFoEt St R Fé‘ﬁgi Haad 11 by
usipesidnlen thei pgihbepadusbhiAsy KNS O 1S
addition to ?he erncipaI c&%trols'nggggggég ?Resuch a
auwgidsaryi wndropl mbanar es eyell ed il @D L2893 ENLELEreq in
heads 11 using only the principal control nmeans so as
the, gifctdngedirpatienndi f ferexamics, taad bhetnei i 8fcipal
result is read by an_image reading device, such as an
cORRY em§€ﬁﬁneFPec?ﬁéﬁ?l¥Yomﬁtqﬂ@ dédderesul direbeions on

boﬂﬂ“f%%%%glogiﬁgg anghéldrawing, respectively. That is,

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

When ink droplets are to be ejected from liquid
ejection parts of each head 11 directly underneath {in the
substantially normal direction on the photogfaphic paper f),
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 one head
11 has a landing positional displacementrrelative 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 in addition to the principal control

means.

In such a case, ink droplets are ejected from the
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5 having the | anding positional displacenent relative
to other heads 11 nore than a predeterm ned value is
detected. If the head 11 with the | anding positiona
di spl acenent relative to other heads 11 nore than the
predeterm ned value 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 contro
means. Fig. 6 shows an exanple in that anong the heads
11, the Nh head 11 is arranged closer to the (N-1)th
head 11, so 15 that the'sﬁgcé bet ween 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
entifreg desdd) 11| Hsthpsopa¥ethe her prdineilpalonteBllr RbaRBaRS as
rjﬁ% onl% sed,_for the (N-I)th head 11 and the (N+1)th
Prifiad 1P55oPRLtEEN: 2EOEcPeRIPIhe atwhithal pejieceingesult is

| k .0 ng. the fiye egjecting directions. \Wereas,
re'@oﬁo (?’ftr?lc? %{“ﬁgﬁegaa%{lgt%%w frxi UG P Sc Mt ABRIARAGRNIST .
hedSed o addi i inhcipal  contr ans so as
Thasgedecn, S48 Hoan HesLle AL cRO0 b BALS i

to eject ink droplets.

‘havimat thek 1dhaphet soaf eishectedd e d._25
a O ot e AR R Sl s o s

ejecting direction fromthe ri

heads Suchiogenahanra poeddterint: LL10avia0abbeciohnt i110
position manufactured substantially as designed, tHhe

theyhiere pal wébht Fbe hewting pasied osa1agikpl8-86bnt NK
drog]ets. Wereas, for the head 11 having the

re%ﬁi&i?iGﬁaptaﬁgphﬁﬁﬁﬁm%ﬁ more than the predetermined value

is detected, the displacement is further 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-1l)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, the principal control means is only used
for the (N-1)th head 11 and the (N+1}th head 11 so as to
select the central ejecting direction among the five
ejecting directions. Whereas, for the Nth head 11, the
auxiliary control means is used in addition to the principal
control means so as to eject ink droplets. The example in
Fig. 6 shows that ink droplets are ejected in the second

ejecting direction from the right in the drawing.
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5 relative to other heads 11, by changing the ejecting
direction of ink droplets with the auxiliary contro
nmeans, the landing position is adjusted to agree with
that of the head 11 manufactured as designed. 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_lLiquid ejection parts of
each head 11. Fig. 7 is a'd?gmfng of an exanple in
that the landing position of ink droplets is

corﬁected b% the principal 15 control neans, the
auxitfi PGRcBnPRBRCTeaiRt ifd heeel ldukibiagytteomawiting

4 i Lmni,ng neans in the same way as in
pégﬁyy%?.%P#%%%gFu5?dag?%%ﬁﬁﬂF%QﬂgﬁéﬁFhﬁﬁﬁﬁéﬁ?ésph%%
Ml ' tant_ differentl rom
P hat i E E!&gl.trgsalgﬁa&%oi%x%%}fesc? %S HGT PR Tt iﬁ{‘ {Frplets.

Whejreetsi, nFoi raet headof 1 the, Md tiheard st ig i t
from ot her heads 11 due tc%t e di pgfsﬁgﬁa?néégég N e

rediadriaet ¢oi sthes headearth, headnkhginghenexaspbeiigy Fig.
7 shows that the ejecting direction of thée Nth head
dirgqtdogepifedniddrepidies eifth 26 luxtihisr¢aseatidl Beans,
thgsin% only the principal control - 31 neans, ink
§r SEPELDIaPESEF LRk etf fasti ushederiol parheadsti lthatwhif ehe
fromt 1)th head 11 and the (N+1)th head 11, ink
heggogpeﬁgnégéc PERE e iFF S5t anti al |y normal

di v 86t bl Osn LS SW,T 58 ghatle,RROLogr aphi ¢ papsr P
positions of ink droplets ejected from the liquid ejection
parts of each head 11 can be thereby made constant
substantially the liquid 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. &, an
example 1s shown in that the ejecting direction of the Nth
head 11 is different from other heads 11 due to 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, if by using only the principal control
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5 11, ink droplets are ejected in a direction
deflected in the left. Hence, as shown in Fig. 7, the
Nth head 11 is controlled to eject ink droplets in
the second ejecting direction fromthe right in the
draw ng using the auxiliary 10 control neans together
with the principal control neans.
(Reference-direction setting neans) According to the
enbodi nent, the head 11 in a second node includes
reference-direction settihgdlneans in addition to the
ej ecting-direction changi ng neans descri bed above. 15
The reference-direction setting neans is for

meangd vidkadigplsdis ieng fedecéadh fheathd leoniere efeadande ,
principal direction anong a plurality of ejectin

whalpeErPBrEhe ofiHINPGpFets ang tbet fe+l) th head %.1 ink

dlrectlo chan nmeans. _In this case
dr?hg ﬁa Tl SRS %Hggéa%laé%rmwa&n dl&fqtﬁém to
ehg] SEELR0: o ?%*%?ﬁgﬁ%'}%ﬂ%fe 2BSx Far el bmy Bge

1191 $ARr @REp ¢ LGHIORS 2% 3N IWN 5 alEéstléin 1 RAEPLG: the
Then, the reference-direction setting neans first sets

leﬁﬁ.the central ejecting direction anong the five
ejecting 25 directions as the principal direction. -
32 Hiesd, am sthioensaneFngy as tie tieh dleavde-ldederi ption,
Erlntlng a test pattern, and the presence of the
copsaglizd BawiRFt Hak airx@pdgtgosnt Fbaateaingh|aesdmg
nore . thap a .H{edetern1ned value is detected. If such
dlaeﬁgéan ir?% e right in the drawing using the auxiliary
control means together with the principal control 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 changing means.
In this case, in the same way as in the above-
description, by the ejecting—direction changing means, each
head 11 is also 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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5 detected, the principal direction is changed
relative to other heads 11 in accordance with the
detected result. As shown in Fig. 6 for exanple, it is
assuned that the Nh head 11 have the | andi ng
positional displacenment nore than a predeterm ned
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

| anding positional displacéfent 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
cl oNexst, t ont blee reamlwadi reec tiinohieo abbree - @t nigrtapi, C by

aper P; however, it is not necessarily to be set in
- Prgcng

frafRSt. PERBFeBXamf @, the nresenkeads the head 11
jority) are displaced jn ejecting directions to

nel B e aREfeS S PR CHE AR eTS0 T HEaHS 190 chn
A [ : t n | jng - direction is.sel at
P f&?EﬁgﬁﬁgfﬁaP§é§§e%%?%ﬁggﬁ%%ﬁ tﬁ%?Fﬁgé %j%%??ngi 8

dedielteldl, ORBeapriAEi PL1 NG AL s Gt | t d
1f. For o?hgf heggi 11, sJ@%hgggtﬁgg?gé%)? l%%%ﬁp%%

otaiest hleeds( MNt1)hhabeschdics hawn itheFiugtedied NeeSecONd
ejecting 25 direction fromthe left is set at the
pri Agi phbvwdi irciion.6 £33 exSabllengit nisundsEnatanid@r the
can make the landing pitch of ink droplets

Ntdy heegntilabryecbhrt rding nasd tdeniafledheptiscanent mpre

this cas the.principal direction of the head 11 is
thath & BEPARFCERINTA YT BIF oI dlosthito tLRE, nBPRRI the second

ej®cE§%5i9@rE8t£Q§ 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 closest to the normal directicn 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 shpwn in Fig. 7, the central ejecting direction is
set 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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5 phot ographi ¢ paper P; however, there is no problem
(Ej ecting-angl e setting neans) Furthernore, according
to the enbodi ment, the head 11 in a third node
i ncludes ejecting-angle setting neans in addition to
the ejecting-direction changi ng neans described 10
above. The ejecting-angle setting neans is for
individually setting for each head 11 the ejecting
direction of ink droplets g e to the
ej ecting-direction changi ng”reans. Fig. 8 is a draw ng
of an exanple in that the landing 15 position of ink
droplets is corrected by the ejecting- direction
chagﬁFEbnﬁe%%ss%ﬁhi%tﬂ@nﬂ&anﬂamgmakglEhselaﬁdmngrpﬂﬁah of
|e in that anong the heads 11,

. Fiag. 8
B T B0, e o, 1.
1 th het t Nt 11
T e garRe 1 FER hobhe i) PRERIEE DEnbhepated o wseriot
sdthetNahgheadt 1dn aflod &g (N 91039139 g[lrieé tcl}e.r eby
fopl et SCar e i de

increased). In this case, If I'nk S

pHotorraanhc beper 14; asowdi@dr ardhekonst g Mophgad 11,
ink droplets are 25 ejected in arrow ditections shown
HEjekitanpraegle sdretingd4nedran)di ng space is reduced
between the ink droplets ejected fromthe right-nost
| i gERBEtReERITON JRaardingt e dhawemigodfmertthe thN- etk 11

: hea%hll and the ink droplets ejected fromthe

10 8 B PG U RF BT i DIPGTARe —RRIL Res et il guesing e

adHﬁQion to the ejecting-direction changing means described
above.

The ejecting-angle 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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5 head 11. Hence, in this case, the ejecting-angle
setting neans of the heads 11 other than the Nth head
11 controls ink droplets at ejected w thout changi ng
the ejecting angle. \Wereas, the ejecting-angle
setting neans 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 drqglets in arrow directions
shown by heavy lines in T he draw ng. Thereby, the
| anding pitch of ink droplets for the entire heads 11
can be nade 15 substantially constant, so that the
13P3ﬁ89n§P§6§|%?o?ﬁﬁucﬁﬁshﬂtm@gmemheoﬁnkn&r@bxaﬂsﬂeaected

c s_iLngc Fig. 9 shows anot her exanple
d S ?ﬁgt THRRET | %l' ﬁ]gl%ﬂ t‘%J@ﬁtéPrﬁ RRT8r bpl the drawing of

thgogfq6§5€ﬂ BYad S i L s e atd e G ne

t he eJec I ng- angl e Set't}

legttRosghlife; @rdanasENt, §Qa§% Qﬁg"‘ﬁ%%ﬂt_{‘equ%ds N;H:x

is constant differently from that
heedahple is shown in that the ejecting dlrectlon of the
Nth head 11 is different fromother heads 11 due to

t helXEeali sipertdiion casegj ehéi ofle bk @iy lieStslets 1 £9" mEARY
head 11. - 35 This exanple shows that the ejecfing
°de1P%c]P%@F (bt rfbendithest the Bhbwhedy IThecdritizollsi nek of

arl g E« { ead 11 js  deflected in the left. In this
QRLTF A r&;%ﬁﬁﬁQ\Mi}hggtuﬁhﬁpglns théeejecting angle.
Whereas, the ejecting-angle 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 directicns 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 settiﬁg
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

dispersion in ejection characteristics for each head 11.
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5 ejecting-angle setting neans of the Nth head 11
entirely shifts the ejecting angle, of ink droplets
to the right by the predeterm ned angle so as to
eject ink droplets in a substantially nornal
direction to the photographic paper P. Figs. 10A and
| OB are draw ngs showi ng anot her exanple - 10 of the
ej ecting-angle setting neans. In Fig. 10A it is
assunme that while each hegd3 1 can eject ink droplets
ina plurality of ejecting directions, when the
central ejecting direction is selected, the entire
T.heads 11 can e%ect ink droplets in a substantially
DS FEPTHT P eBEPBR ERRE Hehal B isiedtiogr dphect papetafrow
M N e, the Liquid ejection parts of each head
dl%%C%Qéﬁnﬁ%bgnp?gr%F?t%ﬁ%ﬂ Tein&dt Phgther Bk bead thes

dedngkecdeihnede byrthe left-nost ejecting direction in
t he draw ng and t%e right-nost ejecting direction is

set Iattlais afie h the R time, it:is assyned that
Wwhile the ejecting angleh%f%? eé%ﬁin]§%4? ﬁgai' 1 be

elentingghegle asedesignedind ke ehechtndheédd! £1 Hfc NSy
Nt h head 11 be the angle a (< y) and the ejecting

shafgFetle elrciivd)anglvead fhkbdrtpeeangte €% (FPight by

th\Ahen a gaxinun1ejecting angle is different in such a
SoPHEARETIMIRA NW tfed® BF ite saect oinhoimasiettchdn a

R B AT LRI ) LT i e 5
e e RO
ofedher &jéeaisg-lhgle setting means. 1In Fig. 10A, it is
assume that while each head 11 can eject ink dfoplets in a
plurality of ejecting diréctions, when the central ejecting

direction is selected, the entire heads 11 can eject ink

15

20

25

droplets in a substantially 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 diréction is set at an angle Y. At this
time, it is assumed that while the ejecting angle of the (N-
1)th head 11 be the angle Y as designed, the ejecting angle
of the Nth head 11 be the angle o (< ¥) and the ejecting
angle of the (N+1)th head 11 be the angle B (> y).

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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5 including the Nth head 11 and the (N+l)th head 11
can be set to have the maxi num ejecting angle y. By
adj usting the maxi num ej ecting angle in such a
manner, the | anding position can be corrected to the
range 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 ncl udes the ejecting-$ngle setting neans and
the reference-direction set ?n@ means in addition to
the ejecting-direction changi ng neans descri bed
above. 15 That is, for each head 11, while the
CIEFELTPNGNERY! 55PN thik atrads! &t £d Shendingildupl . y sdetilhyly,

th ' ing-angl e, setting nmeans, one reference
thﬁrﬁﬁgﬁggﬁ g%?@c?#ohsi%?tiﬁﬂﬂRﬁQH%%|§Pes@ﬁXb®um+ﬁﬁecting
er, -gdirect] tting neans anong a pluralit
e e S EAAEY B Raapr Er's, 20 For -

exaftib £ebPACHs Naashnl Ly $iget 18k aphe LB

droplets in a plurality of ejecfing dire&ctions.
inchediphuthaéi Wyh ofief et igh dheqilonsn H88: 0 & n be set
defined by the l|eft-nost ejection direction and the
tor hghe- hbst maj bown ngf ealiirec tinan e( faXi mum def | ect i on
angle) is assuned at the angle 25 y in the sane way as
t heBalRAiEstiny the, megisumastectingtanglasisumsedht @

mahave nghlaﬂding% positional displacenent in the Nth
RBSE" 110° 1 6P ReRAhPIS 1 tinmi cant he epeteried aigltde range

: S i.n f.the Nth head 11 pmintains the .
o (e RIo R g, SIS tRE PRESKHOPE Fod H th changing

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. BAmong the
plurality 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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5 reference-direction setting neans sets up the
central ejection direction anong a plurality of
ejection directions as the principal direction.
Whereas, it is assuned to have a | andi ng positiona
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 naxi num defl ection angl e
at an angle other than the ﬁggle y, the
reference-direction setting ans sets up any one of
directions anong a plurality of ejection directions
as the rincipal direction. The | andi ng position of
i nk 195 g‘llépFéts§'ejL§c%*édl~"r raAutes (th+bpvk heathddiean
pé%l‘?%ﬁ@ 1s at fromthe Nth head 11 in such a
nmanner . B ﬁge&eggt ?‘?\gt}é‘?]gq]@"‘ |r§%éﬂgeéoreﬁaﬁmmee,t 0
wHatiher a the ref erence_principa
%l:ég&rﬁeg%%%s%tée gmiﬁﬁan opt MM el &he Ygh hea 11
nmadeseriinked nabawe i mtie tional
T T

di spl acenent can be correcte

refEntengle B aRSLibHr 8t 1Y Gre AL HiNG QhEhSentral
enbodi nent, using the head 11 |nclud|ng

eJgcddiann gldrred phoamena g plgurEans, o e‘j@@t@éh N&iRAHtions
control .neans_and the auxiliary control neans, 25 and

aﬁI%?er@FéP&ﬁEéldﬁFé%@F%%Psett|ng means or the ejecting
%Ie sgttl@g means, the ink droplets ejection
i s coﬁf? Pred §§§9?deF€cPﬁHﬁ eoheRingrEzyes. tdonal

f<ol he. .f t Cl.i trol _means i s the neans
dl éﬁgggenﬁeggtkggr ﬁi;ﬁ 31 ild eftcthodn pire,, Wiiileg

thbh%j%bﬁﬁhbngngle setting means of the (N+l1)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 among a plurality of ejection directions
as the principal direction. The landing position of ink
droplets ejected from the (N+1)th head 11 can agree with
that from the Nth head 11 in such a manner.

When the ejecting angle is changed relative to other
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 éontrol means and the auxiliary control means,

and the reference-direction setting means or the ejecting-
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5 direction changi ng nmeans, controls |iquid-dropl et
ejection so as to formone pixel line or one pixe

using at least two different liquid ejection parts
arranged in the vicinity by neans of ejecting ink
droplets in different directions from at |east two
different liquid ejection parts arranged in the 10
vicinity so as to land ink droplets on the sane pixel
line or by nmeans of |anding jnk droplets on the sanme

pi xel region so as to form% pi xel . According to the
present invention, the first ejection control neans
aIianKa first node nmakes the ejection direction 15 of

Pk FOp1 et MEPBET elher dRkedtppholzy e ctd ivar iabkentAolled
b@ £0 : .even-nunbered directions with a J-bit
%on%goq eerj%%tﬁgfl fﬁl:'lg% i BPIRS| 7% ekfr)ewswhi | e sets up

t he msRage rshet . L he |.andi ng positions of ink
dropl ets bei ngy\@%n%l?e%(% ]f%%néefa% o hERe JepRe othat at
lehisteqtdrans t @hbel aheul £2cc20.5 tiges that between
the two nozzl es 1geadj ac%%(t: t%ne%%%' g?ﬁ%?.e}?‘ﬁeﬁ?e%ﬁ’?
dirfctdroplcteagane w¢ans pdcdieraide iRRAELE ol Bat @ g

of the 2' directions is selected. l%?ltZier ngﬁg’ve]&ygy‘?%%on
5S¢ iFSsttejfesmi one cohke bl 1 imansr idhed pi%et0nd; APIL: MPKES: two
d't:fke e%%chi,on_di rection of ink droplets 25 ejected

Froh e AB2Y| @9t 1o iRdits iardadiged 1h dhé fetentity by

-nunbered. directions wth a (J + 1)-bit control

me%?‘g‘“*n g’l(}d e?ﬁ@b‘&%i %’?’%e TORERET )i WHififerset sdime ¢ hicomspateon
athatasrenttneqgs k I N sitiogns of ink droplets

bei ng renot eétf\%%?n@diela%ﬁf%;er?eqpt&ﬁﬁnﬁaf% armanged in the
vigiiraet QBSaEOt@el;ﬁ—hpL{iIn]g dgdﬂﬁ%s on the same pixel line

or by means of landing ink droplets on the same pixel region

50 as to form a pixel.

According to the present invention, the first ejection

i5

20

25

control means in a first mode makes the ejection direction
of ink droplets ejected from each nozzle 18 variable in 2
different even-numbered directions with a J-bit controi
signal (J: positive integer), while sets up the space
between the two landing positions of ink droplets being
remotest from each other among 2J_directions to be about (27
- 1) times that 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 (27 + 1) different
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5 that between the two nozzles 18 adjacent to each
other. Then, when ink droplets are ejected fromthe
nozzle 18, any one of the (2J + 1) directions is
sel ected. For exanple, in the first node, if it is
assuned to use a 2-bit control signal (J = 2), the
nunber of ejection 10 directions is 2' =4
(even- nunbered). The space between the two | anding
positions of ink droplets bging renotest from each
ot her anong 2' directions i Jabout three times that of
the two nozzles 18 adjacent to each other ((2' - 1) =
Cg%' In this exanple, if three-fold of the space
Y5t tede dirschépRrEeditly adf Acerit) kd teachtebbesignal
42 .3 .M. when . the resolution of the head 11 is 600
(“(Dpl%fosul%."elié‘.t@g%h: File sl Fhenepaicst hateeen the

_ t i renot est. from _each ot her
R BT oS O, LN o Promac dpmpbpes. rom

dearshetrthamdel! eet ion jangl LS. n_.20 = s

*7126.91 26000 G635, hdn s eibis €0 harone TrobEes 1

that kbetayesnmetet ewdSRogz Bedills LIk gbgggkh(gEﬁég)’
1 + =

t he nunmber of ejection directions is

Thesdd viverbénédiirofhet s paoe djeiomen e tWe hapsi a0 25 any
positions of ink droplets being renotest from each

Ongt Ivdr theqd2” ahong directiensdiseselemseds four tines
that_of the two  nozzles 18 adjacent to each other (2J
= 47 ORI M Wik G tnBpEespiEi it chd | as e 1g use

2 N85 cCLBALLER GLLREHT AL o) 1 R ILORLELS e Us/ g @

directions is 2 = 4 (even-numbered) . The space between the

~two landing positions of ink droplets being remotest from

each other among 2’ directions is about three times that of

the two nozzles 18 adjacent to 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
resclution of the head 11 is 600 DPI, i.e. 126.9 um, is
assumed to the distance between two dots being remotest from

each other during deflecting by the first ejection control
means, the deflection angle 6° is:
tan 26 = 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

g —
2 + 1 = 5 (odd-numbered). The space between the two landing

positions of ink droplets being remotest from each other
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5 control signal (J = 1) in the first node. In the
first node, the ejection directions of ink droplets
can be set in a bilateral symetry in the arranging
direction of the nozzles 18. Wen the space between
the two (2J = 2) landing 10 positions of ink droplets
bei ng 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 pixe
region, ink droplets can be4Canded from the respective
nozzles 18 of liquid ejection parts being adjacent to
each 15 other. That is, as shown in Fig. 11, the
aneftrg afife +bét wetnecpiored redicans theiesgtREE a6£Nthd awRACh
other Is (23 - 1) x X ((2J -1) x X=X in the
éiEWGWﬁQQ$tFFQ cagh othere(2’he 45pace between
the nozzl.es.,18 i§ denoted as X. In this case, the
| andit¥g Pdsifi snér%‘fl‘?%l&“‘ﬁ?%p?!@%lféﬂéllzosh@@:am@othe

| 1
}s)éér;em fi céh%ﬁgﬁéweﬁf ?ﬂk ?%%?tr%ﬁ”h?ﬁnr rél??vtlmpgn§ S’Pel}ﬁkt
coH O et gMaan (yskng) a; L Wor Di £ - LONEJR S'g”%he(gl . mode,

in the second nDde In the second node hé " éj ectT on

thh reepddtang @hrb&klsﬁgpbﬁtﬁnﬁf&&BﬁﬂE%SZ%aﬁ05é|QétlﬁnQ§n
be set to have odd- nunbered directions.

bwﬂﬁﬂa;ahwaﬁmmemmysunnDUe,atfmngﬁngﬂdﬂﬁécduBQCbEoaﬁeQﬁozzles
ink droplets can be set to have bilateral symetric
en- nunbered directions in the arranging direction

zzles 18, further using a + one-bit contro
Eﬁ spacé between the two (27 = 2) landing

S|g
pOSlthHS of ink droplets being remotest from each other is
set to be one-fold ((27 - 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 landed from the respective
nozzles 18 of liquid ejection parts being adjacent to each
other. That is, as shown in Fig. 11, the distance between
pixel regions being adjacent to each other is (27 - 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. 1In the second

mode, the ejection directions of ink droplets from the

nozzles 18 can be set to have odd-numbered directions. That
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5 droplets can be ejected just underneath fromthe
nozzles 18. Hence, by both the ejection of ink
droplets in bilateral synmetric directions (ejection
in adirection and ¢ direction shown in Fig. 12) and
the ejection just underneath (ejection in b direction
shown in Fig. 12), the ejection can 10 be set to have
odd- nunbered directions. In the exanple shown in Fig.
12, the control signal has tw bits so that the
ejection has three (2' + t)4different odd-nunbered
directions. Anmong three (2' + 1) ejection directions,
t he space between two | andi ng positions being 15
im,embtidst ihr oheedthsot hede) Scisele R tliOnbE; 8RO  ons of ink
two-fold (2') that (X in Fig. 12) between two nozzles
drpplgéisngaadpacent to hawelbiotdteral2'sykmXrria &rgn- 12),
and en.ink droplets are ejected, any one of three
n"(‘g’frf &léFEEELPBﬁ Hitr Blae | drRniod ngs diwetsdon 20f T eby,
to a pixel region N

ip Fig,. 12..in addition. _ _
R IR0 Pnbtler Beind A1 ersotsto Rk B GREbe dnk

| . i xel i N-1) and a pi xel
oiAnetkosehel 2002008 0. iS00 HLE) B0, B

regi on position o

Henegl, OByNooTherhangh idd ' r opl se
FRg OBy bholhbehale) socfgeidr Ak roplked 90 51 fa AON

symaetei cofiivschfohie(epadtidn isi @nak redtibgasiy tyno
liquid ejection parts (the nozzles 18) |located in the
diyegitarnyshawn| ZmdFigk R opiet sheneqecteast ju®hainderneath
i.dentical pixel region. Wien the pitch of |iquid
(ejection in b direction shown in Fig. 12), the ejection can
be set to have odd-numbered directions.

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 (2%
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;(N+1) positioned on both sides of the pixel region N.

The landing positions of ink droplets oppose the

nozzles 18.
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5 ejection parts in their arranging direction is
especially X as shown in Figs. 11 and 12, each liquid
ej ection part can eject ink droplets at positions of
(1/2 X X) x P(P: positive integer) about the center
of its own liquid ejection part in the arranging
direction of liquid ejection 10 parts. Fig. 13 is a
drawing for illustrating a pixel formng nethod
(bidirectional ejection) using a one-bit contro

signal (J=1) in the first “nBde~(ink droplets can be
ejected in different even-nunbered: directions) of the
first ejection 15 control nmeans. Fig. 13 shows the

pr oéeddeeckibaiingbeach Ipf xelnome rpla@t gL aphiige RARAIrJIY
aliquid e ection part with ejection execution

: S%ﬁ%ﬁ%al§tfé&aﬁﬁ EHPaiF@Plﬁoel¢ﬁiiﬂnﬂparts Thee eperiems)

cutlontglgna corresponds to an imge signal. 20 In

e Sk Al F’lﬁﬁaltfisca?hlea%mﬂé? dsopdesy seatbslafst

°ﬂeh ursPREER B EXECRLE0,D i N KB Bt t P
ejﬂdﬂﬂﬁn %Br%sphﬁekheiﬁhé%ré %ﬂgacQﬁoﬁuggeéségc£gfi

scal es of the ejection execut on signha

as( Nhdumi Sn2Figh.The gh&ciz OneArInala Qb 836h PLX aftc‘ [can
fed to a - 43 predetermned liquid ejeCtion part

ejerd énkadapglbtehit epodtoimenddt |4 @Quidxeikeck i o :part
ink droplets are ejected at the cycles a and b. The
PQﬁﬁ9%§§ &néﬁeeﬁ)c@b©@§p%MQ centtgmef ditet swa ahgubd A

anl % of ,dots, which correspond to the
ejec ion part in thé arranging direction of liquid ejection

parts.

Fig. 13 is a drawing for illustrating a pixel forming
method (bidirectional ejection) using a one-bit control
signal (J=1) in the first mode (ink droplets can be ejected
in different even-numbered directions) of the first ejection
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 execution signal corresponds to an image signal.
In the example of Fig. 13, the number of gray scales of the
e@jection 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 of gray scales of the ejection
execution signal of a pixel (N+2) is 2.

The ejection signal of each pixel is fed to a
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ispded dRdddec

.5 nunber of gray scales of the ejection execution
signal, are formed within one pixel region at cycles
a and b. For exanple, at the cycle a, the ejection
signal of the pixel N is fed to the liquid ejection
part (N-1) and the ejection signal of the pixel (N+2)
is fed to the liquid ejection part 10 (N+1) . Then,
fromthe liquid ejection part (N-1), ink droplets are
ejected with deflection in a direction a so as to |and
at the position of the pixef3N-on the photographic
paper. Also, fromthe liquid ejection part (N+1), ink
droplets are 15 ejected with deflection in the
Préidedctingmesl ddqusdt o éantbmtpatheipesicieana0fnd he while
pi xel ggHZ) on the ghotographic paper. The ink
fropp fiastts 1doMies ponat hep trrtthe minishropdetgr aye sepp@sd at
crare Q:ereby I nged gﬁ each pi xel position on the
5h S ap A é‘nga er e tFEEtTer At bacosrageondieto time
f, .20 gr les o e ejectjon execution
TS B Phe LR A L maiekerotRrsond to the
numpREeRE L ey re._i epeat ed hy
“the ti negggfggéfeg (g%rtzzpé,eul(%!r tﬁgolﬁpi%i{ef%ukhg% S(':lo%bags’eaare
foaineldhevintibebne (b0 1 fifeses ' 0,t mb f
gray scales 3, o% dotééQgZS %ﬁgsggséga? gﬁﬁn%f ﬁﬁgp
exampder, oft ghaycschd o5, e &jedtdonPisighal €8f Ofhe pixel N
corresponding.to|one_pixel nunber, ink droplets are
hEhhd R ot {awipee t n(Na 1) owpdf tioen ¢ e tsiasre
s.Ii idggj ction gart for, formng a pixel, so that
1§P8pedi R PoFetvEBZ ) ilduitedjtectthen lpanid eterton part
(ngqQ i nconspi cuous. '

Then, from the liquid 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, from the liquid ejection part (N+1), 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
photographic 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+42) 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 to the number of gray scales 3, of dots.

Thereby, at any of the number of gray scales, on a
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5 Also, if the ejection anount of ink droplets from

any one of liquid ejection parts is insufficient, for

exanpl e, dispersion in an occupied area with dots of

each pixel can be reduced. Furthernore, when a pixel

conposed of one, two, or nore 10 dots in an Mh pixel

line and a pi xel conposed of one, two, or nore dots

inan (M1)th pixel line are aligned al ong:

substantially the sane Iine, for exanple, it is

preferable to control that he |iquid ejection part

used for formng the pixel in the Mh pixel line or

used for ejecting first 15 ink droplets for form ng
PRl gisgion wormeshhdphgekol ome ieke dinif@eent ihkoBgYbhEets

liquid ejection part used for formng the pixel in
a%g“‘i dhCoBLLIPPRESAY (E6HCE oin @ aomi) ngrbiur she sake

t.S r formng th ixel in the (Mtl)th pixel

lﬁlgig% eeﬁﬁecfrtgﬁf}, p\?ﬁgnggrp%gﬁnl?% F dtimed roFCoRBaotiispersion
fh2-S¢ a LOE xanpl.e, pixel,s (dots

for rreegﬁb;%t ugasggn%be%au%%%%e%aﬁ)@ﬁ ZFF ¢BARRBPPHEuCLS -
ABd gnied taleoRgebR€cfafRohhPCor i hiyvel n.a

pixel is for Tod v th thehgn%flﬂn{?‘org%le\gg ég?‘\é\bg?%eone of
tiqujd ejejoedbhopapast $susesuf OfcRiRGt ifdg ELhabiei Nk

droplets for formng the pixel cannot be always 25
dispansieal ial sngochepsadeatémeni b doteebebyachgizel can
b‘isJiLF)c(?gs conposed of one dot are arranged al ong

Ufi-al Iy the same line, for exanple, if ink

dr o&hfg%gegragrnot e% ected fromthe liquid ejection part
for The"Bikeél Bl CPRgOPRaneHI eRfyi Hgioetar, more

ormng
adhe iR é%lMth pixel line and a pixel composed of one, two,

or more dots in an (M+1)th pixel line are aligned along
substantially the same line, for example, it is preferable

to control that the liquid ejection part used for forming
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25

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 ejection part used for forming the
pixel in the (M+1l)th pixel line or used for ejecting first
ink droplets for forming the pizel in the (M+1)th pixel line.

Thereby, when a pixel is formed of one dot (2-step
gradation), 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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5 would not be forned all through in this pixel |ine

if the sane liquid ejection part were used. However,

by adopting the above-nethod, such a problem can be

solved. Ot her than the above-nentioned nethod, a

liquid ejection part may al so be selected at random

Also, it may 10 be preferable that the liquid

ej ection part used for formng the pixel in the Mh

pi xel line or used for ejecting first 1ink droplets

for formng the pixel in thé>Mh pixel |line be always

different fromthe liquid ejection part used for

formng the pixel inthe (M1)th pixel line or used

f or ThSTepEet Yhgn fpisels ndomproplets bae &6f aAY 4h@&inged

pixel in the, gw%llth pi xel line. Furthernore, Fig. 14
afonY, sEPRlPRELRALY| FRastrme i Wiper fsirxekafipl e niyf nethod

i-directional .ejectign) using a two- bit contro

déﬁt%lﬁéﬁ BFE1 FOF 07 RECER cORAM righe iaw ddroptbi en 205t rfor
£€1Qy dpi: i I dd- nunbered directions) of,

e e et o EELnd o AHOoSTRE: { B it ng bt Goiees
waafld hetpbsekoshomnain & 4 i .he_sa s that in

Fig. 13 descri bed abovéﬁﬂggﬁ%ﬁggtpag p%éggr?h??oﬁgiEPe
sapd titlgdidl ajsuthon parnererdal N S %Hq .
“the ink-droplet ejection canlﬁgm%on??g?ﬁgﬁ'E%Q?Qa §§
theo apsvaTrBAEhPHE K e$uth e wrokdnen piaxebeUsbDgedl | east two

diffeéent liquid ejection parts located in the

vi cPhiey hen tihe shryawnpnad onadthetisod sta rModmidsi ng
ej%%%iEhrBEr€J§§§'éHEo‘%£“§é¥e532%n§£ 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)th pixel line or used for
éjecting first 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 control means.

The forming process of the pixel shown in Fig. 14 is
the same as that iﬁ Fig. 13 described above, zo that the
dgscription is omitted. In such a manner, alsc in the

second mode, the ink-droplet ejection can be controlled so



5 (Second ejection control neans) Mreover, according
to the enbodi nent, using the head 11 including the
ej ecting-direction changi ng means, or the principa
control nmeans and the auxiliary control means, the
reference-direction setting nmeans, and the
ej ecting-angle 10 setting neans, the foll ow ng
ej ection control of ink droplets is carried out by
second ejection control neans. The second ejection
control neans is ink-dropref®ejection control neans in
that when ink droplets are |anded on a pixel region,
for every ink-droplet ejection froma 15 |iquid
asgjtectfiogn paet piaay biwe ofr Mt ffiseaniusiagdafgicast two
aiP itioni_%M_ integers of 2 or nore), at |least part of
iSCERY S HEHEAUBRBCTHE emiRR T e Ysicadledr égi bhe vicinity in
etermned as a anding position (precisely, target
-tq%anS | n@gwsgsfitsi 6H)Jd6‘? hﬂg@t d#¥H érsd npn thRef d¥sarrjignfion
cdHideat (Ranef liquid ejection parts 20 in the pixe
region so that the ejection is controlled so as to

| @rdonbech Bkt deRPtot St g et ernined position. In
particul ar, according to the enbodi nent, the second

ej eMbkem@ﬁntd@om&@_t@?ttﬁén'%ﬁ%§dﬁﬂé(n9,n%£ﬂcn the head
different |anding positions at random (irregularly or

1lnilprdyding Faguebedting-dineng ivar cadfgdel efiddnl NGr the
nmet hods at random - 47 there is a nethod for
PIAOCIPRINFABT ARY BrrnDfand dibef ement iakandomgrq@osidanens the
re%%kgg %_rgndoglnunber, ener at or, exangle.‘ Also,
ACESTErng F 8 T heR eiftidd MearShe 2RA| Bheli eie posid-aoe e
se%%%n%'RQBEQQ @ﬂetfgif%%¥%% %q%%thgnaggg%rgihgéﬁiggua
droplets is carried out by second ejection control means.

The second ejection control 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
liquid 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 direction of liquid ejection parts
in the pixel region so_that the ejection is controlled so as
to land the ink dropleté at the determined position.

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

regularity). Among various determining methods at random,
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5 arranging pitch of liquid ejection parts (the
nozzles 18). Fig. 15 is a plan view of a state in
that ink droplets are |anded at any one of the M
different |anding positions on one pixel region,
conparatively show ng conventional |anding states
(left in the drawing) and the I anding states 10
according to the enbodinent (right in the drawing). In
Fig. 15, square regions surrounded by broken lines
are pixel regions. Also ciféutar regions are |anded
ink droplets (dots). First, when an ejection conmand
is 1 (two-step 15 gradation), in a conventiona
thetientiisng, methodr §plketistarminiranded; et be i ¥ekEr&agion
_so that the ink droplets are substantially included
1af4iMoh Pofd toRs| UPéalon 133 qumber gehersiee, ofxample.
Ian? goink droglets i s_denoted by the size inscribed
in tha°pi REFCFELTINYC D \WIbS4Eense cbhai Ngl ardine
&had [ lets e _landed_at any one_ of the
PN di??gfgkf FEEH?%§8p§Ei¥§%n$ A5 & éFrgﬁaFﬁglfh of the
axdiarRGhigopieknt Be Mo Se{dB:t ! X e Fl g
G hig0 B i@k g8L & ?%%tj]cﬁk&%r%tg Q'EPKL. nog{zles 8108) .

15, a state is shown in opl et's aré"tand

at @ng.deseisi aesl POSTidwbaABDRYaM (8) LRI N gropiets
positions on 25 one pixel region (7 different Ian& ng

ansodianideds adr eny 48e sfibstan idlfiferehownahacaysgoone dfs
8 positions corresponds to no landing) (in the
OTHCAR Rd*Sdi FEPésns hewPasatsioldly Ishewsnagdenotent henal

14ﬁ$ikFi°% er? igk gro lets are landed in practice

g EPEFEs (SRb By skavimdiesndefibeelonting states
according to the embodiment (right in the drawing). 1In 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

r

the size of landed ink droplets is denoted by the size
inscribed in the pixel region).

Whereas, according to the embodiment, ink droplets are
landed at any one of the M different landing positions in
the arranging direction of the nozzles 18. TIn 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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5 landing positions). In this exanple where the
ejection comand is 1, the second position fromthe
left in the drawing is determ ned, and a state that
ink droplets are |landed at the determ ned position is
shown. When the ejection conmand 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 feedingBof photographic paper.
When the ejection conmmand is 2, in a conventional 15
nmet hod, second ink droplets are | anded on
subshahanbilay | yhodre beedesd idiee (04 8hpBei dispt aEEPBNMpdrils
a lateral direction) as that of tﬁe ink droplets
to ardédnding) r §in Wi rdssyiranc aridicigst shoime leybol irbritines
as described, above, first ink droplets are |anded at
depréep it PoRt PoRatha s gtk sirapdedenpre ukanded sietond
i_nk.droplets are also. | anded_at the_position
oraBaFh Rd S e T dhedgose tRest | FStotaRieg
It j nd % .0 first ink . droplets).
Lo Bt o I o Merec She e TS
coi@ngeeand, i fike dropl L4 %ﬁiecﬂo%n;%?‘cgmafché hfeﬁ@”}_xggtrpé

the 25 pixel region ina latera Irection. -

driawi hjet sDdetettinamy ahern iete) eaht0MnkONFEHIki$ 3-d S
the sane as that when the ejection conmand is 2

laggedr pbethe abovermimed wonivdnrin dsakhaehhod, three
droplets are |anded wth no displacenent in a latera
dirQE??oﬁheP%ﬂﬁﬁﬁﬁqn command is 2, ink droplets are

further landed on the pixel region one on top of the other.
In the example of Fig. 15, in the pixel region, a state
displaced downward by one 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 second ink droplets are also
landed at the position 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 the center of the

pixel region in a lateral direction.
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5 according to the enbodinent, third ink droplets are
also landed at the position determ ned regardl ess of
the first and the second | andi ng position. Wen ink
droplets are | anded in such a manner, in overlaying
dots in pile so as to forma pixel, stripes due 10 to
di spersion in characteristics of l'iquid ejection parts
can be elimnated, so that the dispersion would not be
noticed. That is, the regularity in |Ianding positions
of ink droplets is elimapnajed and each ink dropl et
(dot) is 15 arranged at random and hence the
arrangenent is mcroscopically non-uniform but is
r at hgf j j I ¢, macroscopi cal ly, sq that
he o S ot S o¥ort U EnaT PR R GG g o 1o
thishisameoaf | ghe atwidh hase fcfi gt 0, | .he
i nk-dropl et dispersion ﬁ%ﬁéggcféﬁﬁ‘?&%lﬂ%%%b&d .
abejvect | on Pardrsver fictotls ratBAQt thaldomt ¥ AN ANGRH 1 anded
the entire dots are arranged in a regular pattern, so
witRapoadipptacenerdi sitturbilederhé dégetatony imowever,
noticeable. In tittle in particular, color shading is
ACERPPEEE P By rPrhasi meati o thE ref imk dotopint @ draselso
rtion not covered with a dot); with - 50
lalgjﬁ%rie%gi WY R R y o acfe el tagmat dhet Hdrst
anBasge gg@bn&hfgggﬁﬁgﬂﬁgggggggg noti ceabl e. Wer eas,

when dots are ran y arranged wi thout the

regwthe 1itnk d%@%l@&%pgkéiQQnéédcggfgd%H b &3nggr, in

noti ceabl e |
overlaying dots in pile so as to form a pixel, stripes due

to dispersion in characteristics of liquid ejection parts
can be eliminated, so that the dispersion wouid not be

noticed.

That is, the regularity in landing positions of ink
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droplets is eliminated and each ink droplet (dot) is
arranged at random, and hence the arrangement i1s
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
liquid 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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5 the arrangenent is slightly changed. Wen a col or
line head is arranged by providing a plurality of the
| ine heads 10 nenti oned above so as to supply
different color ink for each line head 10, the
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 To*@ than those in a single
color. However, as in this enbodi nent, when ink
droplets are arranged at random 15 the noire problem

incseasingr oegebalritesad tilrg lieRvang ARhBerCOF Ofhe base, the
di spersion. Accordingly, inmage degradation due to the
digBpFelieantepecpeeveitietkabdlie.a serial systemin that ink
dropl ets are overlaid by driving the head severa
ti nEReTSASy pHSTtidRds S€8nArREORDY di¥eenderh witheurniche

' p lem.in parti.cul ar; however, the noire is
regﬁégg%thwﬁﬁga&}?Rﬁfé%ﬂﬂeﬁﬁ d?ﬁéﬁ?“ﬁﬁeﬁoaben%@?ﬁﬁFQQiﬁ if
thbapdingq bRk, dr pp! £t 4 s in the enbodi ment

is enpl%yed? t he ﬁ%ﬁ¥ghﬁééﬁg$g%§UIt to be generated,

enabhémta tds dd NETSY Se8A 1 8Kal B4 PLE N1 1R, 08 125

easily achieved. - 51 Furthgrnn?g,apg. |%ﬁ?##%?% a
pldraplieysofit thantom edzeidd ot Renthandingo69 08 ofs tae

ink droplets even the total anmount of ink |anded on
suphéy ogt aphrenpapelor sinkhdosamechsbithaheddel 0,dritieng

time,of the | anded ink droplets can be reduced.
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
required more than those in a single color. However, as in
this embodiment, when ink droplets are arranged at random,
the moiré problem is not produced, resulting in a simple
color dispersion. Accordingly, image degradation due to the
moiré can 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 problem in particular; however,
the moiré is a problem in a line system. Then, when a
method for landing ink droplets at random as in the
embodiment is employed, the moiré is difficult to be
generated, enabling the Iine—system ink-jet printer to be

easily achieved.
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5 Since the.printing speed is larger (printing time is
shorter) than that of the serial systemespecially in
the line system its effect is remarkable. (Nunmber of
pi xel s increasing neans) Mreover, according to the
enbodi nent, using the head- 10 11 including the
ej ecting-direction changi ng neans or the principa
control nmeans and the auxiliary control neans, and
the reference-direction setting neans or the
ej ecting-angle setting neafs,-the resolution is
controlled to increase by nunber of pixels increasing
nmeans. 15 The nunber of pixels increasing neans is the
meaps. 4 K -hoal ' t he _abqgve- menti oned
ej ectirng-rcflﬁrec’t ibisoén Che nglin%ggrﬁ%g% S PG sedends the
1aejeatedahsom eagke | {4k £hecti Qg pa e.controlle
so as to ?and at two or ﬁ%ie_gigggﬁeﬁ%e_gég?fi%ﬂﬁyqtnO%
inkhéaadeanghnghdt s@eApion: YapehgiisdeBibechhon L0 n%ﬁ;t Yhe
so that the number of pixels is increased nore than
dryRag téreed! byhe ahaidwyl iimk droplets &anmbeasduddqui d
.ejection part at one position. For exanple, when the
51865 cENp e kRl B es lies laggeadjpeent it teaeh iet her
i.s,42. 3 ,.the physical resolution 25 (in
3h86‘ﬁ%¥?u%’§?n%n§h%‘f ‘?%é: £6r121i sysbemppspeciady in the
11 \beL whep, e o0zzle 18 s ink droplets at two
'lppsits?g%r% f hégffal?‘{]carzwigsi ﬁamairkgﬁs?on of liquid
QN@@ﬁéﬁnofggiiégéggdg}e%gg guHQgﬁspf plxels I ncreasi ng
means, the printing can B carrred out wth a
r esodtddwEr ,0fack2@@iBfl 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 or the ejecting-angle

setting means, the resolution is controlled to increase by

15

20

25

number of pixels increasing means.

| The number of pixels increasing means is the means in
that using the above-mentioned 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 (Mm}, the physical resolution

(in construction) of the head 11 is 600 DPI.
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5 further, when each nozzle 18 lands ink droplets at

three positions in the arranging direction of |iquid

ejection parts, the printing can be carried out with

a resolution of 1800 DPI. Fig. 16 is a draw ng

specifically showng ejection 10 directions of ink

dropl ets using the nunber of pixels increasing neans.

As shown in Fig. 16, when the space between liquid

ejection parts in the head 11 is X, fromeach liquid

ej ection part, ink droplets®are assuned to be | anded

at three positions in equal intervals, respectively,

in the 15 arranging direction of liquid ejection

par¥serdas t hereroreac hezzpace sbetweeni diheidaditRd at two

position when the Nth liquid ejection part ejects ink
Pogi5pPBEsiPnthfearfagning die ctdoanioniglagdid hejdanidimg

sition when the (Nt1)th liquid ejection part ejects

Pagﬁﬁ QP OPP et RURRRF |F tPive ishd ngirgas gy Means, the

zont r ol 0 be X/3...1n such manner, whil e
prggg%éghég?eégec ?%ﬁ?#ﬁ?ﬁﬁ(Ylﬁﬁ QCFFEHEBE}?%,OﬁrﬂQOO DPI;
fudtaphket snaf e i iR differ directions,,.a

plurali tyé%fefgﬁgqgrﬁ%pllegtls? gjafé]c eg’m‘r GRYRETH 45 dhiree
poejietbhenipathe o€ LRI a : :

intervals in the arranéfng%%Fﬁgg%igg g%q?ﬁgﬁ%ﬁéélon
Pagfect tba prE3timardsn beo dahrati ebheupr whth Y b8 ion of

carried out with a P-fold physical resolution (in
1888nBFEuction) of the head 11. The first ejection

contr ol ans, the second ejection control neans, and
t he 1Y Gt piKardngnepeasfagahbarshowing 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
ligquid ejection part, ink droplets are assumed to be 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 position when the (N+1)th liquid

ejection part ejects ink droplets in the left in the drawing
is controlled so as to be X/3.

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

intervals in the arranging direction of liquid ejection




10

i5

20

25

5 which are descri bed above, can be used in
conbi nation with the ejecting-direction changi ng
nmeans, the reference- direction setting neans, and the
ej ecting-angle setting mneans as follows: (1) The
first ejection control nmeans is provided in 10
addition to the ejecting-direction changi ng neans and
the reference-direction setting neans. (2) The second
ej ection control neans is provided in addition to the
ej ecting-direction changi ngAeans and the
reference-direction setting neans. 15 (3) The first
ej ection control means and the second ejection
Padditr 60 fRahsthe eoprwvimedeam eddialrirdedt Sut heith a p-fold
heé%cting-di ection changi ng means and the reference-
PRYSA&E SRS8ETH Y MearfenWudtHemunethefheidel k.

i nc S| ns .i.s_provide 20 in addition to the

ejegggng?%?#i? ﬁ%ﬁ%cgﬁéﬁﬁﬂﬁﬁﬂn€§ﬁ§sanEP?rﬁ?COHd ejection
corehenenegndi r [ SEldd ns. .(5)_The first

ej ection cgﬁt§§$-ﬁg%ns and fﬂgiﬁﬁﬁ%%rl%?reiﬁ%ﬁﬁsyeans'
whiiRtr @asi 0gs FBAHS altowd, 0\ He0d %s@gdghi O | 3% wi

ej ecting-direction changi ng neans and the re erence%ﬁ?
thei edetritdngseél teaigi areanangihd mekb), Thge SRCANL £iLCt I ON

.control neans and the nunber of pixels increasing
dlﬁ@&ﬁéoaréebFEN@(ﬂﬁﬁHSWzﬁnﬂtﬁh@neﬁecthﬁg—angle setting

gkgcting-girection changi ng neans and the reference-
“drrefti 6ATLR¥E1 ng neans.

{1) The first ejection control means is provided in

m

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 to 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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5 (7) The first ejection control neans, the second

ej ection control neans, and the nunber of pixels
increasing nmeans are provided in addition to the

ej ecting-direction changing neans and the
reference-direction setting neans. (8) The first

ej ection control neans is provided in 10 addition to
the ejecting-direction changi ng neans and the

ej ecting-angl e setting neans. (9) The second ejection
control neans is providedTi A% addition to the

ej ecting-direction changi ng neans and the

ej ecting-angle setting neans. 15 (10). The first
ejed@pO%héoﬁﬁﬁgmdn%ﬁﬁﬁiiﬂniddm&lsﬂﬂﬁﬁdnsehﬁ@ttﬁélnumber of
contral neans are provided in addition to the

PR %ét MMGEEeretri BREAaREE ner oieiates dmd addétion to the

' i NQ- le setting means. (11) The nunber of
ei’%‘{‘%%én i%ﬁ%rggg%f’ﬁgcﬁ%%%gn? smeparlbi/iad@fj thegrefesdaret on to
iR 1oec kbR T §ELLON changing neans and the

ej ecting-angl e setting neans. (12) The first ejection

conunolTHEaﬂﬁri&“%?é&%ﬂBHﬂEﬂthEl ﬁEﬁﬁL? LRcreasing
means are provided in addition to the
eJgjctdonngodirett noanshai@i NthdBARSc2NE £t El@xels increasing
ej ecting-angl e 25 setting nmeans. - 55 13) The secon
NESNSc BrgnPEOHLAed heardddnichrt he nheberecolingt&EtSction
incneasin% means are provided in addition to the
Chgng&pgngg PF e8P obh e e irgasesligeatdonheet ting means.
ej ecting-angle  setti means.
J ?55 Br&NEl S5t EJeC€1 n 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

15
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25

ejecting-angle setting means.

(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-direction 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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5 (14) The first ejection control neans, the second
ej ection control neans, and the nunber of pixels
increasing nmeans are provided in addition to the
ej ecting-direction changing neans and the
ej ecting-angl e setting neans. (15) The first ejection
control neans is provided in 10 addition to the
ej ecting-direction changi ng neans, the ejecting-angle
setting neans, and the reference-direction setting
means. (16) The second ejecPbPon control neans is
provided in addition to the ejecting-direction
changing nmeans, the 15 ejecting-angle setting neans,
and (1 he Tht everwe di Jeattiicon coselrbl NgesRaNSd (HHD nthiBer
flrst ej ection control nmeans and the second ejection
Bﬁf‘reEaF HRahsaatRd prerftlerrd praddidetdonnt addheion to the
ct in dlrectlo changi ng neans, the ejecting-angle
ej%%% gﬁ CRERRR, © ?RE%W&;W%%%ﬁéﬁ@etbﬁrém¢¢twnqmﬁngh@
scTBang- me£&§) The nunber of pixels increasing neans is
provided 1n addition to the ejecting-direction

chapgi Narue &Sy s ieat le setti neans,. and
the reference- di r%?tel or%%%sgtggf:%gg Igean 5 6)~°Pffe

ejbctsbnepecttON Maund Olaeans andpkhe
pi xel s increasing neans are prOV|dedoftg¢§%ﬁ§)lncﬁea51ng

mepRe ap epronidet rigctddm tdlangongheea ﬂé&tiﬁ&Ldlrectlon
he jecting-angle setting neans, and t
c FEPéP%n‘B%afeﬁ rad i B sedtigoreanse 203 iddensanand
elefféoﬁj rol nmeans and the nunber

)" The Iirst 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-direction setting'means.

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

setting means.

(19} The first ejection control means and the number of
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5 of pixels increasing neans are provided in addition
to the ejecting-direction changi ng neans, the
ej ecting-angle setting means, and the
reference-direction setting nmeans. (21) The first
ej ection control neans, the second ejection contro
nmeans, and the nunber of pixels increasing 10 neans
are provided in addition to the ejecting-direction
changi ng nmeans, the ejecting-angle setting neans, and
the reference-direction sepfing neans. Anong the
above-conbi nati ons, some conbinations will be
specifically described. 15 Figs. 17 and 18 are
pigedw Agsrehewnggmeanexanpl er of iddte inCambi BabH Ofo i £18M
(2) .in that the second ejection control neans is
eJ5dvingedirfchdant Forngng eeasacttinegedierethiomgle
angjn nmeans ﬁng%the reference-direction setting
. e

SSreans. "EPES7 197 Rel R et caT Gasnsioni aet g theard h

head,d] 720 L ged .close to the (N-1)th head 11;
Fi g? 1% s OV\Bé%dE]}{C[ 295%&%1(?% ﬁofiﬁfﬁf’atﬂ%érl\ﬁ HeIMb ddiel PURS T
oft Bexeflect heRedsiR¢ hddhs G Lot he (N 1) Eh head
11. In Figs. 17 4 18, i t eog’g%dméi} é%djr W -0 ghe
ejwhitieg-Hi oatensh ¢hLntitheinRGlion tRar L4 h head 11,
ink droplets 25 can be ggj ected in fi%gégfﬁteﬁﬁe
seditiagt meassbyandietles ectiargncdbdirdit €64 i S s .
means, one principal direction is established as a
r ef 8 LhcBe ofinsicieliesadonl cbytrhe mesisr anpesdicoaat i on
.se%ting nmeans, In the exanples of Figs. 17 and 18,
e]ﬁﬁiﬁgntﬁgn Eﬂ%r%ﬁans' and the number of pixels increasing
means are provided in addition to the ejecting-directicon
changing means, the ejecting-angle setting means, and the

reference-~direction setting means.

Among the above-combinations, some combinations will be
specifically described.

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 directicn

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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5 ejection direction is established as the principa
direction for the (NlI)th head 11 and the (N+1)th
head 11, for the Nth head 11, the second direction
fromthe right is established as the principa
direction. Furthernore, using the second ejection
control neans, the |anding directions of ink 10
droplets are assigned within the sanme pixel line at
random for each pixel line. Figs. 19 and 20 are
drawi ngs showi ng an exanpre®df-the conbination item
(1) inthat the first ejection control neans is
provided in addition to the ejecting-direction 15
digtesgiong cireags nandeshs, refermnee-igdledtiirant$ht i §9
means. . Fig. 19 herein shows an exanple in that the
eﬁﬁ@ﬁ’lﬁéﬁadli‘f’ Asrafpanged fnsmdio lele (N Byt bhéead 11;

Fig. 20 shows an exanple in that the Nth head 11 has
retéﬁaee&CSCaFSﬁca?‘PEC??Bﬁm%d‘i‘ﬁW -near the (N-1)th head

11. ;2000 Eb each._liguid ejection part of

each head gl%?p?érz %ﬂ;gﬁ;ﬂgést‘sqgr Qggsgﬁne‘ﬂh’t%t“@ar?%ral

ejelceebaddi RedBiofi { £ eLenly 0 iQns, In_the. (N1)th .
head 11 and the (R#1)th ‘ﬁle%%%‘tlf,% the 85%??%%]%&%%“

fodi teet (MA1fthensgyent handiviRCtingA ykLOALLBe, | ef §or
right) is established as the 55 pRincipa %#?é%’?&ﬁmbﬁth

hegiie 1L ef Ehensecdid edi tartizet tireg MBANSight 58s established
Furthernore, in each liquid ejection part, when ink

asy 8Bl BEsnChPel | dhweet i + hdupithelrmbirag Liotmd ethd Usicond
.under neat h above-nenti oned principal direction

t he
“I°§ Zefetraral TS o) 1 i'6Rddreedirent i vereasinthen
dﬂoBEegEOQLSt§s§{§hé§H%¥¥Lfﬂqthe 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 ejectingndiréction
changing means and the reference-direction setting means.

Fig. 19 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 (Nfl)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 directibns. 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-direction setting means.
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5the left pixel line in the drawing of the pixel line
| ocated just underneath, the third ejection direction
fromthe left is selected. Also, when ink droplets
are landed on the right pixel line in the draw ng of
the pixel line ocated just underneath, the third
ejection direction fromthe right 10 is selected. That
is, inthis exanple, the ejection directionis
establi shed such that ink droplets can be |anded in
the adjacent pixel |ine wier8 he ejection direction
is changed at four steps. Furthernore, in the Nth head
11, the eighth ejection 15 direction fromthe |eft
PR e Sy dit ecchod ifinemh eflectightyard,s veshabhikshedplets

s the incipal direction by the reference- direction
aé&n%?q%faﬁﬂﬂugﬁﬁwﬁ%§ﬁJeﬂ%n?nl@%@?ﬁdiiﬂﬁ&juﬂdeahbanh, the
d- i r.opl. et re | anded on the pixel |ine
alocaf%%¥g¥§ﬁ§a< %&gFﬁggihalf?ﬁﬁ%ﬁﬁnkﬁrﬁﬁ%ﬁqéﬁédas the
efdiGTPA 1 \ASQG ONyhS ected as the ejection
direction. \hereas &héﬁeggﬁﬁ$ﬁéﬁpgi§ﬁ§F@eF§n8§8 oRNEPR on

tHeeflte fiti ydlxeli N8 nien ihhendr gwi f Is L ne
“located just underneath, ?ﬁgﬁggﬁf%%qgﬁ% ﬁ?%% 11A€ 1ocated
Juiitr evdegmetithm the Lkitdisselast ed R2scthg @L&‘ﬁt{&ﬁ left
.direction. Al so, when ink droplets are | anded on the
15 ispectes.pi Rdisol i when ninhealchswitng aet thadpixeh tide
nﬂq&gtedgiugt - 59 underneath, the second ejection

oS B/ tReth gR¥aWing sl ddeedixEhehinéhbocated

pf each head 11 |ands ink

'd'elidée%BESE'O” ar% i i

] gr ogjl ets In %’hetﬁgf hh % éI99tHeT figRetdpawEpom ofhe height
is selected. That is, in this example, the ejectioﬁ
direction is established such that ink droplets can be

landed in the adjacent pixel line when the ejection

direction is changed at four steps.

15
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25

Furthermore, in the Nth head 11, the eighth ejection
direction from the left (the sixth direction from the right)
is established as the principal 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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5 pixel line |ocated just underneath at the first
line. At the next second line, ink droplets are | anded

on the pixel |line located just underneath. At the
further third line, ink droplets are |anded on the
right pixel line in the drawing of the pixel line

| ocated just underneath. 10 Furthernore, at the next
fourth line, the way is the sanme as that at the first
line. In such a manner, ink droplets are sequentially
| anded so that the |iquid ePction part of each head
11 lands ink droplets on the pixel line 1|ocated just
underneath as well as on the adjacent pixel 15 lines
urgleysiEdthsi dds sheppdf o) Ebgson 2di vt 122 3-emdEAW ROSht is
showi ng an exanple of the conbination item (3) in
s§lsfts%e first ejection control neans and the second

eje%%ion %ﬁnt 0l ans are provided in addition to

t he €86t 1 8-%%?%r$i%1?%miﬁﬁgftn@§n§aahdh¢m 0 lands
- Jief ~directjo ttin ans. That is, in Figs.
J‘ﬂﬁ‘?ﬁ %gf,lﬁag %ngeégé?%%%%gﬁﬂF%35§§P§ngﬂaﬁ%n?aﬂgoﬁﬁe
Midihiln nehe csae® i xel j ' dditian t he

P exanpl es of Fi gg. Pﬁéga%%&%%?&ﬁr}gsa%e%ﬁevgﬁ{j?’gRL*%‘?'ri {oR

tHeo rféixgs se2bnanding, ik tdveodNetd) theh o ih
(N+1)th head 11 for exanplé% when Frgﬁgg%%hogi%ﬁ%TF%Xéi

lige lsjcetedonuphrtndémeairtopl atts tavee rhatded onitdeline,

. pixel Line |ocated just underneath (principa

ink CEOPLERF, arn hawdied om the thghceptixal ejeeti®nhe
dfgwa%gyigntéthe,sevenlh direction fromthe left, the
SFiRG PAlI THPr B¥Fbn)ing e sitach Jmstenghehneath.

Furthermore, at the next fourth line, the way is the
same as that at the first line. 1In such a manner, ink
droplets are sequentially landed so that the liquid 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 ejectinghdirection 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,
regpectively.

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

and the (N+1)th head 11 for example, when from each liquid
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5 ejection direction fromthe left is selected at
random When ink droplets are | anded on the left pixe
line adjacent thereto, in addition to the third
ejection direction from the left, the second or the
forth ejection direction from the left is selected at
random Furthernore, when ink 10 droplets are | anded
on the right pixel line adjacent to the pixel |ine
| ocated just underneath, in addition to the third
ejection direction fromthe®fi ght, the second or the
fourth ejection direction fromthe right is selected
at random Simlarly, in the Nth head 11, when ink

eikopiet paate 1hE Haogedtonatdel pad] Jni REe! geaked:jyst
underneath (principal direction), in addition to the

12¢3&9f gjusdt wdedneethi éprinoipal hiimedcghon( princhgal tion
direction), the fifth or the seventh ejection

tQi Yt trlo Al £REL PR gRE Teet hent etihed sevenahddirecihen

j opl et s e landed o he left pixel Iine _
f%ﬁ#é%%%?ﬁg%’t%é?e?ﬁ?n?hp%£d$%¥?ﬁF%Q§JVh@hFoEF¥Eh or eighth

el 8Ctd P86 ELO om, .t eft, the third or the
T R L s R R

WHSNAQR druptiBeENREE, 1 40E8G | HiK &Ieoﬂ]'%e%tts 1808 JerQedeoé‘cent
t he ppxe | nhe

the right pixel line adjacent to
thepostoed inustidiingen neat the i thaddidjeen iba GN88€£97 0 25n

ejection direction fromthe right, the first or the
thehikeft, dhe epeondonr dihectomrh fajamttibe dighétisdn from

selected at random Figs. 23A and 23B are draw ngs
the Mafitg 18n Sexafpee dF ranforontfurdhiesnore envigdd)ink
d§§"¥e§'“3r2uqber gf ﬁixgls _increasin%.neans_is

Brovi ded tn *ABAPE IR RS 1 Hehs ediedgline adjacent to the
pixel line located just underneath, in addition to the third
ejection direction from the right, the second or the fourth
ejection 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 selected 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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5 direction changi ng neans and the ejecting-angle
setting neans. Fig. 23A shows an exanple in that the
Nth head 11 is arranged close to the (NN1)th head 11;
Fig. 23B shows an exanple in that the Nth head 11 has
the ejection direction comng near the (N1)th head
11. 10 In the case of Figs. 23A and 23B, in the sane
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—tolbe ejected w thout
changing the ejecting angle. Wuereas, the
ej ecting-angl e setting neans of the Nth head 11 15
ejestabhi abescejest g ad 68 A tRakel Bkt &y op) ets e
ejected in arrow directions shown by heavy lines in
t heFdgaw 2195 byd 38 ftrengrepéntysnghanphesarofexamiple of
droplets together on the right by a predeterm ned
thgngrebipgEifer Heee, (by time thatbéheohupbse| of imictedasi ng
;peans, 20 each,liqgid, j ection part of each head 11
TCERASPRKTBPBDI €T PR 1B RAAERE (RetRe igikecting-
.dropl et s de n na_nunmber of pixel.s
ai LR Eh0 KON, SuR rd AN EHLIRR BB oY tndle Bg it

meBh¥€l Fhigesoon bRtk Se.lrg%%(atn?)greﬁq_fn’ th&EPegd '_I?’tg} Zpea%p 11 is

that dots are forned so as ave a three

art@agktt EDBse2boi the oNSINUE heRgofiitheiheashd lanowdan
Fi gs. 24A and 24B are draw ngs show ng an exanpl e of

exghpleombi hhat obhe tirh (Bad nlt hats the s¢econibrejEaidddion

control neans and the nunber of pixels increasing
CoReaAsNERE pRevitel) th headdilili-on to the |

eJegglQgédééggté§”%fgg?nggggaggaggB?ngntggz 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 ejected
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 of pixels inbreasing 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-fold resolution

in construction of the head 11.
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5 reference-direction setting neans. Fig. 24A shows an

exanple in that the Nth head 11 is arranged close to

the (N 1)th head 11; Fig. 24B shows an exanple in

that the Nth head 11 has the ejection direction

com ng near the (N-1)th head 11. 10 In Fig. 24A, for

exanpl e, of Figs. 24A and 24B, by the

‘ej ecting-direction changi ng neans, while from each

liquid ejection part of each head 11, ink droplets

can be ejected in a pluralfZy-of different directions

(13 directions in this exanple), one ejection

direction is established for 15 each head 11 as a

ref Bigence2 4 i ared 0BdB Giree Ara@ngEOEho@ X 1€, e fp 1t ® £

(N-1)th head 11 and the (N+1)th head 11, the centra
th§|§@ﬂbéﬁa§ipécttQm (QheuseﬂeﬂthhélBecbndnejécwﬁoﬂlUbntrol

eft) is established as the principal direction.

meﬁ&?tﬁ@?nﬁ?@ HBWb?ﬁeD%éﬁ@ﬁﬂiépéwﬂﬁéﬁln@nm¢@msrﬁ%ﬂuﬂrqw1ded
 n %d%q |t|o the % i nci pal dlrectlon any one of

ree JL(e)f‘ec RS A aPnGh e RS RT iR B lichdhe

t f the | | ect ed
re%g?%ﬁﬁo%ﬂ%‘%?ﬁ%?%%%ﬂ%% FE nuhbst 61 e =

xRN 828 hNEh FEaRSe Nﬁ’l’ﬂ%ddﬂild pgﬂéng&g Jézg@dad ooqil%ehe(N—

| eft pixel line adjacent 25 thereto [

~ 1)thehthilr t1 e BXg i analigientd om fkampie 63y the |@{é Nt head

one of three ejection directions iIncluding the second
1lghaphéhe ol ¢ht eprecdimar diore ctomdngf near ttiee | @f41)ith head

sel ected at random Simlarly, when ink droplets are
1Y-anded on the right adjacent pixel line, in addition

to EQGFEJUréEA, 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 directions in
this example), one ejection direction is established for
each head 11 as a reference principal direction. For
example, for the (N-1)th head 11 and the (N+1)th head 11,
the central ejection direction (the seventh direcfion from
the left) is established as the principal direction.

Furthermore, by the second ejection control means, in

~addition to the principal direction, any one of three

ejection directions including the sixth and the eighth

ejection direction from 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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5 ejection direction fromthe right, any one of three

ejection directions including the second or the

fourth ejection direction fromthe right is selected

at random In such a manner, by the nunber of pixels

I ncreasing neans, while the resolution is increased,

for each pixel line, landing 10 positions of ink

droplets are randonly assigned within the sane pixe

line. Figs. 25A and 25B are drawi ngs showi ng an :

exanpl e of the conbinati oné8tem (5) in that the first

ej ection control neans and the nunber of pixels

i ncreasi ng neans are provided 15 in addition to the
thy detfitngadir enei ofi thaegi efedEans ARGctRBns including the

reference-direction setting neans. Fig. 25A of Figs.
sesond gRdthsplenstl aheekbmpldiartiat frhe thé hesd fd
sés r%anged lose to the (N-1)th head 11; Fig. 24B

aft e§aﬁ‘§1’%-i nSihbar ke Waem Hekddrerhats téee landed

+ect i ireet| com near .20 the (N-1)th head .
o k2B SIS P T P aHBer LOF e web hixd
1RGHeashng , i qui g .ej ion part,.of each .
“Fead 11 Igggggﬁnigﬂﬁg%‘%??’at*t%%%ega?f?ér%ﬁﬁee €jection

dipesitionnsife1a8ihg thddLassy the hes Lon g
tines. Fo? exan%lg, as shown 25 Fﬁgtgékaﬁ ?éé&ﬁ%ﬁf

difnegrhithefnoh theuidglef ecd iselepakl, akNkanaéd. HORLEES &
are | anded on pixel lines (m1), m and (mtl) ; from
nanREre nky) the | b er B i pancreankngrophed S whitle the
rIagd%d on, pixel lines (m2), (mt3), and (mr4); and
FPoMtRB th- 13t dui iPejeachi saxpar tine nklapdipiet s
péyi igﬁgdgg gﬂkgéggﬁléégugie 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 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. Fig. 25A of Figs. 25A.
and 25B shows an example in that the Nth head 11 is arranged
close to 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-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 50 as to

increase the resolution three times. For example, as shown

in the Nth head 11, from the nth liguid ejéction part, ink
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5 (m4), (m3), and (m2). In this case, by the first

ej ection control neans, from the nth liquid ejection

part, in addition to the above- nentioned three '

positions, ink droplets are | anded on the pixel |ines

(m+2) and (mt3) as well as on the pixel lines 10 (m 3)

and (m2). By such a control, the first ejection

control nmeans and the nunber of pixels increasing

means can be carried out sinultaneously. Figs. 26A

and 26B are draw ngs showng§4an exanple of 15 the

conbination item (7) in that the first ejection

control neans, the second ejection control neans, and
dddpe ertisimaete AfandeidX@hSpiRel eashdl [HRANS %LeaBBOYﬁﬂfp;i om

addition to the ejecting-direction changi ng nmeans an
thehd rdfl dheddauidi rdettoon ettt Noimeatoplkitg. a26A1 &hded on

Figs. 26A and 26B 20 shows an exanple in that the Nth
p 1ipess (@ldngd@+él osend t ontdle (dvd derhehd 1d4+1)th
15794 24B shows an exanEI%ﬁ%n that the Nth head 11 has
e % FdEGT AT PPEL | ORX CHRIRF e T e Hénder PRt Rikghdlines

4 | N Eiags. ng, 26B, in addition to the exanple

(%H%)'ngFFgé.a%?ﬁ(gng)ZSB, by the second ejection

CoONtHOLLMBaARS e [ i ti.ons of 1nk droplet

are further aggfgﬁ%dug?qgfgﬁd%ﬁ%ﬁkgﬁpncgﬁgr%g§¥*bE&elrom
tHe meh Lhiquhel eXagphenobaki gsin 20A @RE 26Brhany,one. of

three ejection directions including ejection
negitdeseidotb réer pegitaoms Ngirk dudpldHeplaels 1hAdENeon the

pixel lines (m+2) 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
simultanecusly.

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. Fig. 26A of Figs. 26A and 26B
shows an example in that the Nth head 11 is arranged close
to 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-1)th 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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5 exanple of Figs. 25A and 25B and | ateral directions

on both sides thereof is selected at random Next, an

ej ection control circuit realizing the present

enbodi nent will be described. According to the

enbodi nent, using the ejection control 10 circuit,

the ejecting-direction changi ng neans controls the

ej ection direction of ink droplets to be ejected in at

| east two different directions by changi ng energy

supply to the heating resig®ior 13. Al so, the
~auxiliary control neans controls ink droplets to be

ejected in a direction different 15 fromthat of the
laindk ngr ppk et Sod est ethiDHARA Rl e%pﬁhrtﬁé’ﬁté&hdﬁ@%t

by supplying energy to the heating resistor 13 a
ra@ripﬁ!ewehhlmayhé romd Eitkedf Ltilme .pr inctpal emmlreolof Figs.

ans. More specifically, while the two heating

2 6|Ae§i“§t 8FB- 137 apearrfed-hiechied ectié opndi cherbers Icdueling

d together in 20 series, there is provided a

ect S
eI&FaGT ShEST PR WO &@n@il@ﬁeﬁﬁ iRkrAroRkP T 1as the

SSUEESTLTHLER! S o i SCRLRI 8 SE Lo

51aesS%ﬁb§§ofTP£0@&&&&6@&5éH Gibm, €l ectric current
supplied to each heating resistor 13 is 25 controlled

by pess; rgh cidctiionbebweeBlt Berbeat i Ak 1188 ingt %é Bbesent
13 or by discharging the current from between the

empedtinagt wiesl hordesk3;ikeal.t hat the ej ecting-direction
changing neans controls the ejection direction of ink
dr opFeesding o tdceembadiment, | embig tike @ijfferient control

directions, or the
circuit, the’'ejecting-direction changing means controls the

ejection direction of ink droplets to be ejected in at least
two different directions by changing energy supply to the
heating resistor 13. Also, 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 enexrgy 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 the ink chamber 12 are 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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5 auxiliary control neans controls the ejection
direction of 1ink droplets to be ejected in a
direction different from that by the principa
control neans. Fig. 27 is a drawi ng of an
ejection-control circuit 50 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 within
the i nk chanber 12 and connected together in series.
The resi stance val ue of eachb heating resistor 13
herein is established substantially identically. 15
Hence, by passing the-sane anobunt of electric current
13t hrobghdt behdeat i g Hee shatrens ¥3os0B8e6LEd dHb %ﬁc_rdt%g
ink droplets can be ejected fromthe nozzle
re%ﬂﬁﬁ@ﬁﬁ @ef$%c¢h¢ﬁ1Qha1amaumNnQrdecécaﬂoﬁfmnuhdlhgameans
ne in Fig. . 5). 20 On the other hand, between
COP% iﬁnt%%a?l?&F%%ﬁn@ﬁﬁﬁQ$lP@ ofohnkctieeblagetttenbd n

- Sy t circuit referred to as a
' ej%?/l{:légr cui £ beefasv\tf) q? @@1@8&?8& dTH?%é’g‘PP% e dte

auﬁh195£§’c£ﬂkf5§§%ﬂﬂlC%&ﬁ%nt be%ﬁ% %%$$E%§%%96%¢10n of

resistors 13 or arging

1nhe&!\6pne£§19t@53@%%téd&dr gsi gt 85% %e 4 e Amount, %rfgl

current passing through 67 eac |ng resi s

that Oyftes entimtigdy]l tdeerteby sBanging the ejection
direction of ink droplets into a plurality of
d|r%%94cﬂ%;hawatﬁeaanngngfngndejémﬁidﬁ%dﬂht&bg R9Zz&hes 50

liquid ejection parts
accordgngqto thé embodlﬂgnt ).

In the ejection 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 value 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 direction 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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5 A power supply Vh is for applying voltage across the
resistors Rh-A and Rh-B. Furthernore, the ejection
control circuit 50 includes transistors M to M9. In
addition, nunmerals (xN) (N=I, 2, 4, 8, or 50)
attached to the transistors M to M9 and encl osed in
par ent heses show 10 j uxtaposing states of el enents.

For exanple, nuneral (xI) (for the transistors M6
and ML9) shows that a standard elenent is included.
Simlarly, nuneral (x2) shows that an el enent

equi val ent to two standard @l ements connected in
parallel is included. Nunmeral (xN) shows bel ow that an
15 el ement equivalent to N standard el enents connect ed

eath hpatahgetesSstidiclimlad dikeckeanshstql MeldHFldn@ATing
as a swtching elenent for turning on/off the current

- thguppegtiontdireasiat afs iRk ArapletRhido Wesl dde idkaod

..of the transistor M is connected to 20 the resistor
AIRRCBIPRS sth | e s namatingedé resténnepEdthimtrozales 18

(lg'ggéigneg ecutioqg;nput switch F, the transistor M
| uFhed o 840 pass current through the

resj - =0-B._In dition,, the ejection

o e Bl 2 Bl Bl DR800 4G Shneane SLEREGhe
reb0stbes epbodi RNt er 2% conuenience of 1 desion s

as to ?nput zero during 5Tiv¥§gbg§’ %é#ﬂ%ﬁ%ﬁ%ﬁ?l ﬁfn%rOI
cideopt e$s el wjectedhs\WeearE #10cbSuent ergd.aqdif8on,

input to an NOR gate Xl is (0, 0), so that the output

nuperahes (Wiso(Nesl,t @,t ¥, N8enothBOt rarsasia Y the

According to the enbodi nent, when ink droplets are
transistors Ml to M19 and enclosed in parentheses show

.juxtaposing states of elements. For example, numeral (x1)

(for the transistors M16 and M19) 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-A and

Rh-B. When the drain of the transistor M1l is connected to
the resistor Rh-B in series so that zero is entered into an
ejection execution input switch F, the transistor M1 is

turned on so as to pass current through the resistors Rh-A

cand Rh-B. 1In 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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5 ejected fromone nozzle 18, the ejection execution
input switch Fis turned O (on) only during period
1.5 gs (1/64), so that electric power is supplied
fromthe power supply Vh (about 9 v) to the resistors
Rh- A and Rh-B. The period 94.5 s (63/64), during
whi ch the ejection execution input switch 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
changi ng switches Dpx and~DP$ are switches for
determining the ejection direction of ink droplets in
any 15 one of the left and the right. Furthernore,
(omilyswhepetnk oirophttol axsidheed®, Phen AN §6: 8N itered,
second ej:ection control swtches DI, D2, and D3 are
th&APPRESTP AR MRRrFR bR L tie (def Dect bonthhenth@koutput
be%ro%glse%s are ejected with deflection. 20 The
transi stof LW And W Yhd-henérepaasterods. M2 and  ML3
fungt : er.at | I lifiers (swtching
el e%té%t s lé}ﬁgf g:?) the. &d?g‘gflf; YR et vBIgpLetsagres,

jehesg Fismnsist d , .and, ML2 and ML3 are for
- Rl A U FeeithliSat

passing the electric current

swRhieA Bnts Rhrdheal o oford5 j r fr
bet ween t he resi st o(; sraRh-&%gHgE%gegp%l-e%&\%';%se (&&@4) !
socitheti eleduricheravene,ist hepblasai 5t6m S . pdWRs r ARGV vi
nd the transistors M4, M5, and M6 are el enenfs’to

(ageua ¢ ol tightthes yrasdmt ogsuRbeAoknd Heh NE cimidligariod 94.5

usr?ggfglf)”ﬂﬁgiﬁgpahich the ejection execution input switch
F is turned 1 (off), is allocated for an ink replenishing
period to the ink chamber 12 of the liquid ejection part
that has been ejected ink droplets.

Polarity changing switches Dpx and Dpy are switches fér
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 ejectidﬁ control switches D1, D2, and D3
are switches for determining the deflection when ink
droplets are ejected with deflection.

The transistors M2 and M4 and the transistors M12 and
M13 function as operational amplifiers (switching elements)
for the CM circuit, respectively. That is, these
transistors M2 and M4, and MI2 and M13 are for passing the
electric current between the resistors Rh-2 and Rh-B or for

discharging the current from between the resistors Rh-A and
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5 respective drains of the transistors M/, M), and M1
are connected to the sources and the back gates of
the transistors M and MA. Simlarly, the respective
drains of the transistors M4, M5, and ML6 are
connected to the sources and the back gates of the
transistors M2 and ML3. 10 Anpong these transistors
functioning as the constant current source, the
transi stor M/ has a capacitance (x8); the transistor
MD has a capacitance (x4); and the transistor M1 has
a capacitance (x2). These~thPee transistors M/, M,
and M1 connected together in parallel constitute a
current 15 source elenment group. Simlarly, the
RhrBafydiastbe PM4chasudt capacitance (x4); the transistor
ML5_has a capaci tance (x2); and the transistor ML6
hasT 8T EBpERPYanclehq Yransiisdon st MieeMo% r andi Mt brandVithe
. .and copnected together in parallel 20
trg%%iF%PﬁFg&?ﬁe %nge?ﬂd (ﬂ¥Qﬂﬁéﬁﬁ%Ptgréepbe a constant

constil

Fuphheg sj st.Qrs M/ ., and ML1 and
“The tr gggiggt %?shﬁ]if,&é %ﬁhﬁcua{%d ﬁf@?e\%ﬁﬁgﬁyﬁr e The
rebyBetioBi B9ads SHMRN L SOWICR SETBN fo THE: v1y Lre

transi stors having the sane current’capé0|?ance &

cohhattef eachhér@%ﬁ&éﬁéﬂadalﬂ%eZ%aE&ag§EéE°5§ M. M8,
and MLO and the transistors M7, M8,

transistors M2 and . M4.. Similarly,. tR@ raBfeMB)e a@ins of
connected. To the gates of the transistors Ms, MB,

Chen§r /61 ahars WAl 4r i s teards MUB7 arhll 8pnaadtad o tie
first e'ectiog control switches D6, D5, and D4 and

soPﬁgegegg dthe ack gates of the transistors M12 and MI3.
Among these transistors functioning as the constant

current source, the transistor M7 has a capacitahce {x8};

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 M1l4 has a capacitance‘(x4);
the transistor M15 has a capacitance (x2); and the
transistor M16 has a capacitance {x1). These three
transistors M14, M15, and M16 connected together in parallel
constitute the current source element group.

Furthermore, to the transistors M7, M2, and Mil and the

‘transistors M14, M15, and M16, which are functioning as

current source elements, the transistors having the same
current capacitance as that of each transistor {the

transistors M6, M8, and M10 and the transistors M17, M18,



ej ection control switches D3, D2, and D are
connected. 5 Accordingly, when the first ejection
control switch D6 is turned on and an appropriate
voltage Vx is applied between an anplitude contro
termnal Z and the ground, for exanple, the
transistor Mo is turned on, so that a current when
the voltage Vx is applied passes through the
transistor 10 M/. In such a manner, the first
ej ection control switches_ , D5, and 64 and the
second ejection control switches D3, D2, and D1 are
controlled to turn on/off, and hencethe transistors
gﬁ to M1 and the transistors M4 to ML9 can be 15
angofif POI #8R TP REFTEDN/ FiF thsi meseshef ntinberrafsistors Ms,

el respectively connected_in arallel to the
Mafr§ﬁ§P% %r%n{kghﬁﬂfr%hﬁf%ﬁqrsaﬂa7th%lgtr%ﬁ%i%&?nwihﬁuiirSt

. 1 oRNGoMLS. ‘s ifferent, .in,Fi 27, in
ejg[r]:gpg?t(?%n tofﬁgu"\?rle%a eis faﬂr?dl §s5éda]|hﬂ 'g%\r%’%‘ii hesess5P he

ej80tioansd st s Mitdis a3d Ml e st

ML4, ML5, and ML6, eIe??ri?béugggn?fp%%ég§§?§%%$ﬁ'e

t r alsttdimgliy,t erhell ther @y §heedd SISt AntYR1t Qwheh De
~fromthe transistor M to MI; fromthe transistor
1sMiprped Mind;arfd gm tédpproparisicet 061 dGe ¥0 ML EipAaned rom

the transistor 12 to ML6. 25 Accordingly, since the
befueen M- ihusdtsicondrelMpernbnal 7 landiitheMdrausd, for

x8 (x4), and .(x2), the ratio of the respective

exé?%%%’c%ﬁ%eﬁﬁ%?ﬁ GOF #6115 tarped aeny, Saithat eheuraens

whgﬁdtlt(lgﬁé’lr@d’bsé S\ftxori% %é’li%spagggs t Grét?gh( thpe’ t(r)é.%)sistor

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 Mil4 to M19 can be

Since the number of elements respectively connected in
parallel to the transistors M7, M9, and Mll and the
transiétors M14, M15, and M16 herein is different, in Fig.
27, in proportion to numerals enclosed in parentheses-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

M11; from the transistor M12 to M14; from the transistor M12

5
10 M7.
15 controlled to turn on/off.
._20
to M15; and from the transistor 12 to M16.
25

Accordingly, since the ratio of the transistors M7, M9,
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the ratio of the respective drain currents Id is
4:2:1. 5 Then, the current flow when the first
ej ection control switches D4, D5, and D6 are noted in
the ejection control circuit 50 in Fig. 27 will be
described. First, when F = 0 (on) and Dpx = 0, the
input to the NOR gate XI is (0, 0), so that the
out put beconmes 1 so as to 10 turn the transistor M
on. The input to the NOR gate X2 is (0, 0), so that
the out put becones 1 so as to turn the transistor M
on. Furthernore, in the abode 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 =
ang Mkl 15 t(8)i,nfetd) 1 hoough) AnciNOkgale o¥4khe respective
Accordingly, the output of the NOR gate X3 is 0O so as
dren (qHirate Idadsi $6dr2.MiSthilatly & hinceaste waitie of
the electric current flows fromthe transistor M3 to

PR R HECRSE St i Y r MSi s @B N@5|§SoﬁﬁﬂrtHé2)2oaeﬂe¢81}c
th& UK 4&Y oqﬂo%%eng‘% gae%\ﬁllﬁr[a(l\)/a] %gg o%#:ﬁarn%ssteg\r%:\.{ss g; 2t ke

(because t he transi stor

Ch@%@ﬁteEhétbﬁ§r@ﬁttgfo£m&§&£ﬁﬂi 1{ra2§5§$8%0§gég?Fﬁél

current does not flow throug

switends iDn, O8I et 86esrBohofiew Al
tranS|stor MB. 25 In tﬁls gtate Jﬁg% Ee%g??a %%SFr?%e

cippvdy Suppl ¥ivh 23 wil2 bappbieshbezi.nce the

transistors M3 and Mb are off so as not to pass a

curFﬂéﬁfCr vhenekt+re ¢omr emd fOows: Ohr ehghihpet to the
Noiefl Rh AOTAB??ugobgggghégg gé?giidbgggmggagsgitggsto
turn the transistor M1 on. The input to the NOR gate X2 is
(0, 0), so that the output becomes 1 so as to turh the
transistor M2 on. Furthermore, 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
the input 1 through an NOT gate X4). Accordingly, the
output of the NORrgate 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 (because the transistor M2 is oﬁ), the
electric current does 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

cgrrent does not flow also through the transistor M3.

In this state, when a voltage of the power supply Vh is
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and Mb. Since the transistor M2 is on, the current
flowng 5 through the resistor Rh-A branches toward
the resistor Rh-B and the transistor M2 so that the
current can discharge into the transistor M2. In this
case, if the entire first ejection control swtches
D4 to D6 are off, since the current does not flow
through the transistors M7/, M3, and 10 MI, 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-B is fed to the ground after flow ng through the
appLafndi stRCHthenimingisthh st M3neddons Mherees,sd fasdthot
N | east one of the first ejection control swtches D6
18283 SO R tre theamsitdtter cvBrenR, fopwillthrowdii dine

: n to . the turned-on first ejection contro
refErEER Pﬁfi‘gﬁt‘&ﬁéodﬂo:‘ﬂra&ﬁgﬂé‘ﬁy tGHATET th et Tanii sy M3

Mys M, g4 [ I s,connected to the forner
antr%%sis?%%%éﬁ§¥@¢%ﬁ%?Q;F%?ﬁr%gd%3n9nﬁ@E T dTHISEE it RRed
thabaye- €8s ered fstidie fH-aSt SheaLLEO Pngﬂﬁlt ’Ehoelt SeV\sni;sﬁ]:%trEgh—B

. r
is on, for exanple, the current oW ng hrou

and eshst orafd-SAdy arches thawaktet RErEERNSEST U5 M a
the resistor Rh-B so as to discha?ge into the a%%e eo

the rapapstarory M2 M InThéns theegul Fetlie fdmniimng dikseugh
.the transistor M is fed to the ground via the
CIEF LS ST My sidchies PHatoi B6 abenofE = <inen)hand

cugpéng éheéfngg gf%%§%h%gggh the transistors M7, M9, and
M11l, the current cannot discharge into the transistor M2
finally. 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 D4 is on, the transistor M6, M8, or M10,
which corresponds tq the turned-on first ejection control
switch, is turned on, and any one of thé transistor 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 D6 is on, for example, the current flowing
through the resistor Rh-A branches toward the transistor M2

and the resistor Rh-B so as to discharge into the transistor
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of the first ejection control swtches D6 to D4 is on,
the 5 entire current passes through the resistor Rh-A
wi t hout branching toward the transistors M3 and Mb,
and then branches toward the transistor M2 and the
resistor Rh-B. Thereby, current | flow ng through the
resistors Rh-A and Rh-B is to be I(Rh-A) > | (Rh-B)
(note: I(**) denotes a 10 current flow ng through
**), On the other hand, when F = 0 (on) and Dpx = 0
are entered, in the sane Wag as the above, since the
input to NOR gate Xl is ('O,7 0), the output is 1 and
the transistor M is turned on. Al so, since the input
to NOR gate X2 is (1, 15 0), the output is 0O and the
MZr afe8r ot PR CPETERENBHoBElg tHRuNIdIE e € raskhs ot he is

' t.1tog NOR gate. X3 is (0, 0), the output is 1 and
fe{dr:g%t Féﬁs?§P8ﬂgwﬁl?st]?%rw’e@%’rﬁtqmer¥7t led Mbansi st or

M PNy ot rrent f]ows through the transistor M
as well as’ Hz%g#r%nsi%t FMETHebREsE BF 1Doat least one
ofchakagt estSkiest 96nt bsy | Loyl by T% S n.a

vol t age of tIF]1e powrtler supp § {Vﬁlﬁctéleésp I%i ansal%u?ri'erﬁhe
enftiows ctihretighpiBse § eshsd@yn RiA 204 LRANSI §tors

M8 and Ms. Then, the entli@;e cur r ent Sft'lggvlehgﬂ Throth
brepehingi sowar@htile | sraesisad iso M3hankefbSt 95q Ry &, 25
b because the transistor M2 is off so that the current
ranghest teyRrrg the cintintaoredi2stat Bhe Ar&9est OIRN-B.
brapch toward the transistor M) . Also, the entire

cur FEHTERY 0V HY ST Judhoving thaswilstdre MR issteass BH-2

anHORBbﬁ {§S£§tﬁg f#ﬁﬁiﬂge%a%%%htg? (note: I(**) denotes a
current flowing through **),
On the other hand, when F =0 fon) 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
output is 1 and the transistor M4 is turned on. When the
transistor M4 is on, the éurrent 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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transistor M is off. 5 Hence, to the resistor Rh-B,
the current flowng through the transistor M3 is
"passed in addition to the current flow ng through the
resistor Rh-A. As a result, current I flow ng through
the resistors Rh-A and Rh-Bis to be I(Rh-A) <
(Rh-B). 10 In-addition, in the above-case, the
transistor MM is required to be on for the current to
flow through the transistor Mb. Wien F = 0 and Dpx =
O are entered as described_above, the transistor M
is on. Moreover, for the Cuffeft to flow t hrough the
15 transistor M4, it is required that at |east one of
the transistors M/, MB, and MI| is turned on. Thus,
flioyipge thgpaghwale alseth%ttowm;i: dods ad Dp%nehOtoward the
tI%%§cr|bed asove necessary that at |east any
f-OrhE2e i rs%‘l%?ec’fli‘%rﬁn@dffﬁ rolrrenitt chewids thrdigh

i S the 20 entire first ejection
coﬁ%%%?ggtgfcﬁ lix??%?%é.%ﬁeFQ%uﬁﬁaisteﬁfthﬁebecause the

tre@inkyatbenyphen e 0 and Dpx = 1 becones identical to
that when F = 0 and Dpx = 0, so that the entire

cur Hente, ftéwwﬂﬁlﬁéyﬂaﬂﬂ& RRe gl el §t8 S Rassed
to the resistor Rh-B. Accordlng ﬁ E?%e #%éﬁs Fance

thyglgh chebbtans het @b MBESJlsSt;SHs%e@WlA 38918{101'5 ts Sit
substantially identical, ink - 75 - droplets are

*CUéFQBFeélﬁﬂth%uthtnﬁqnxnh&nnesﬂatoiuﬂh ~A. NeRsed , raMiilg

j ection execution input switch Fis turned on,

Cufﬁsngoﬁt FOPWRY nfhwpusdy offfe tiesistors Rh~A and Rh-B is to
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 is on.

Moreover, for the current to flow through the
transistor M4, it is required that at least one of the
transistors M7, M9, and M1l is turned on. Thus, in the samé
way as that when F = 0 and Dpx = 0 described abeve, 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 D§ to D4 are turned
off, the situation when F = 0 and Dpx = 1 becomes identical
to that when F = 0 and Dpx = 0, so that the entire current
flowing through the resistor Rh-A is bPassed to the resistor
Rh-B. Accordingly, if the resistance value of both the

resistors Rh-A and Rh-B is set substantially identical, ink
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pol arity changing switch Dpx and the first ejection

control 5 switches D6 to D4 allows the current to

di scharge from between the resistors Rh-A and Rh-B or

to be passed between the resistors Rh-A and Rh-B.

Si nce each capacity of the transistors M7/, MD, and M|

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 tohtrol turning on/off the

first ejection control switches D6 to D4 enables the

current flow ng through the resistors Rh-A and 15
drRplBtsoabe efhenged. wiHanas, aMyilletabnappropriate

voltage Vx is applied between the anplitude contro

t er A N3Py aMtpnTRe grbdAg, thiendiebdiah | excapariat Agpuke
Swpglsrktx chan%ing switch Dpx and the first ejection

eohit'r 61 LEwWFEERRS B, ' camdrDd Alirowsg 20n fdiEf | Eredi ng

k11,0 | dropl.e to be individually changed

poBaE P Pn bl AT Gt chPeciron pisation comtrol
swhBFBRAYEhg i L.ta X lied to the

anpl i tude g%n§€g$£%{¥%;€¥% %%F&F%% géf?@%?@?ﬁg?(ﬁrngch
bestvepn €A bes Chanaekna ¢4t RE_Ra i

currents flowing 25 thr gﬁléihﬂtﬁhg %?aﬁélé‘?gﬁ%ﬁ?ﬁﬁ bﬁé“fqeen
thipresBstdts  Rlaril M0 Rhegai ns - 76 - as it is 8:4:2.

Figs. 28A and 28B are tabl es showi ng states of the

pol &F1¥§ eAtdngiamgceswivt of Dpx anans hetdiy $17,epect baa M11

contro -
funcglonlng as current source elements is different, 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 to be changed.

Hence, while an appropriate voltagé Vx 1s applied
between the amplitude control terminal 7 and the ground,
individually operating the polarity changing switch Dpx and
the first ejection control switches D4, D5, and D6 allows
the landing position of ink droplets to be individually
changed at multi-steps for each ligquid ejection part.

Moreover, by changing the voltage Vx applied to the
amplitude control terminal Z2, the deflection for each step
can be changed while the rate of the drain currents flowing

through the transistors M7, Mé, M9, M8, M11l, and M10 remains
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switches D6 to D4, and changes in | anding positions of
dots 5 (ink droplets) in the arranging direction of
the nozzles 18. As shown in the tables of Figs. 28A
and 288, when D4 = O (fixed), if (Dpx, D6, D5, D4) is
(0, 0, 0, 0) as well as (1, 0, O, 0), the landing
positions of dots have no deflection (directly
underneath the nozzle 18) in both the 10 cases. This
is as descri bed above. In such a manner, while the
first ejection control sgﬁggh_D4 is fixed to be D4 =
O, the control with three bi'ls of the polarity
changi ng switch Dpx and the first ejection contro
swi tches D6 and D5 enables the | anding positions of 15
asgatts 1o 8pé:€hanged in steps at seven positions
i ncLudi ng,t he osition wthout deflection. This means
Phcerd

t hat*¢fie 2 R ARG sheviag Beaket @b thwve
- . di ti in Fig. .12, .f
SIS ATRRLAL Al SELL AN A5 AT . EL 2 0 o
swiWichel Bd £40ph0 By Uen XL anotingly: hiyr %Bsﬂ:g&ﬁéo £ dots
control swtch or D5 1is S|mﬁeﬁ%y changed to or

(ihk chopgessit iAStROShEIHNFinPIi®ekhdR SeVERe a6z 8P 18.
enabl ed. Whereas when D4 = 1 (fixed) as shown in Fig.
28Bast hikowh atwli tige potilidsonst @figdot 38Ramnde2@yeninen D4 =
changed at 8 steps. 25 This enabl es the |anding

0 dddixedonsiéf (BB¥s PO, beSdiRd)ddd -(0770,i At 00f oas well as
posj tions arranged on one side and four positions on

(irn@r0PheP) wi Fhet hendig tPoH thiao o detrekavennc

de})%%;%g?)é}l\ﬁ Qreggfyalllr? elt:r?eabteh 6*:rl'{ear.rk%ezdzlteolIf'Bl VEnaboth the
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 threé bits

. of the polarity 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 another first ejection control switch Dé or D5
is similarly changed to 0 or 1, changes at 15 positions
other 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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symetry about the position with the deflection = 0. 5
That is, when D4 = 1 (fixed), the case where the
| andi ng position of dots is directly underneath the
nozzle 18 (w thout deflection) can be elim nated.
This means that the ejection of ink droplets, as
shown in Fig. 11, can be 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 switches7®4-to D6; however, the
simlar control can be also carried out in respect of
the second ejection 15 control switches DI to D3.

inReffour ngodicc g «2Fantbe sRCONE & @Stdan M p8kitions
swtches D3, D2, and DI correspond to the first

on bR tQBIET ot dihes woséhéen Déi tiDsut adef ktion
respectively. The transistors M2 and ML3 connect ed

thege %%W%E’éborﬂ:}ldejaé@ﬂ &R Do eprereRd s theties aDbifetesal

he t t d M4 th d
SRR TE PR DR G iRbnt PR U (Do 5 Be
I h I t
re%ﬁﬁﬁ;Hﬁe %heﬁ %épg frk Q%e an%: %%%n%gﬁgg 5??Ch

further "corresponds to ep Ian

laking Bsiv@hsicH GotsMd 50 MO, § érg{gtaﬁ.gl R CHLLENL

source 25 elenents al so corresponds

18t handiatords Medtd ol 1 cad8be sBERBEIdME! V. THOR hBSHS| H8a ¢
of the second ejection control switches D1 to D3, the -
the g tiiorofof Hatkt danpilstsr M AsHawctiromming as,acan be

set to have even-numbered directions (the case is not

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 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 control
switches D3, D2, and D1 correspond to the first ejection
control switches D6, D5, and D4, respectively. The
transistors M12 and M13 connected to the second ejection
control switches Dl 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 Ml14 to M19 functioning as current source

elements also corresponds to the transistors Mé to M11,
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current source elenent is different fromthat on the

side of 5 the first ejection control switches D4 to

D6. The transistor ML4 functioning as a current source

el enent on the side of the second ejection control

switches D1 to D3 is  set to have a half capacity of

the transistor M6 functioning as a current source

el enent on the side of the first 10 ejection control

switches D4 to D6. O hers are the sane. Hence, on the

side of the second ejection control switches DI to

D3, in the sane way as descif bed above, by '

controlling the second ejection control switches D3 to

DI together with the polarity changing switch Dpy to
rebpettutvety 15 on/off, the current flow ng through the

resistors Rh-A and Rh-B can al so be changed. Changes

i n @hethruraigiet ofakbe bycohd epattioin afontthel setodkes D1

ejection control switches DI to D3 are smaller than
tot Bdselthy tPFitvsfejtbet toanebatenl MEhifugiedd oB4ngoabba
cu;hggt SZg 1t,he_vlalri abl e pidt%E of the | anding positions

of “TRKSAPopt & $7By tRe CORCFBPT of “ Phe-dc GRd tBpegt ABNOL

0 | t.ches D3.is,.fin th th by the
th?i ?%%Q!éj%%%n%%cg?#%?ls%w %é ags Yooaf%& %ﬁ?@ second
tr8hECELOP O Rl-tIWh GRessDy EQrEE%@”%%JJy% 42ment on

polarity changing swtch Dpy are nainly ised Th
thexetdd i 6 the/Sedohe sge08do8] 864+ 881 CORIPLsMBANSo D3 is
Therefore, the control way as shown in Fig. 28B of
seFi gs. h28A anth1Z8Bapayibg ofathenatandistoirg®s 28Ac@nfning
28B herein, the polarity

as a current source element on the side of the first
ejection control switches D4 to D6. 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

- controlliing the second ejection control switches D3 to D1

together with the polarity changing switch Dpy to be turned
on/off, 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 control switches D1 to D3 are smaller than
those by the first ejection control 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 DI to D3 and the

polarity changing switch Dpy are mainly used in executing
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changing swtch Dpx corresponds to the polarity
changing 5 switch Dpy; the first ejection contro
swi tches D6, D5, and D4 correspond to the second
ej ection control switches D3, D2, and D,
respectively. Thus, it is preferable that the
ej ection be controlled with the second ejection
control switch D fixed to be D = 1 (however, the
control 10 corresponding to the table in Fig. 28B of
Figs. 28A and 28B may of course be possible). In the
ej ection control circuit 50%hown in Fig. 27, the
anplitude control termnal Z on the side of the first
‘ejection control switches D4 to D6 is identical to
thehatcord 16 ¢dd i dondfradlheesacondried eetd ) ol @ntrol
switches DI, to D3. Hence, if the voltage Vx applied
way 028 hgh | it Jdd -caf® of Flepni ABh ahd L8 tmay bshed in
rag&eMIgf tﬁflgontr% amount._by the second ejection
oREF 01 sWi t 5 67683 28Bohe skl Ee RH@Ti&di ng
| £l ons: [ he,_control .of the 2Q
ch?ﬂ&iﬁé gwiégh ﬂa& QQ&QE%g%P ¥ Eo EQFtQ?%i%%%%E%Haﬁglng

IFst” e ection control ches

~SW§€éErE@§¥K¥hé”fﬂH¥% Ragi-2:8h %Pﬁt 5&t§%¥%§ﬁgs Eksr%QY’and
ta S

the ejection control "is es I shed 1o have a

D4peefes eydridan releaticensdl Bjbet Weetde A eGlitMes p3, D2
control of ink droplets on the side of the first

angdj Bt i rprEmitivelly25 Shukches D4 ge-ffaaneé thak enet he
.side of the second - 80 ejection control swtches Dl

eJeptER brhupentiroldike wiisbt tha seomd @l eaftiionk conopbet s

swiiroh 8 & 18 G EPnPod on (ARYeTHG St control

corresponding to the table in Fig. 28B of Figs. 28A and 28B

I

may of course be possible).

In the ejection control 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 amount 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 of the first ejection control

switches D4 to D6 and that on the side of the second
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based on the determ ned results, the ejection contro
of ink 5 droplets (the space between the | anding
positions of ink droplets) is determ ned on the other
side. Such a way contributes to sinplifying the
control. However, other than such a way, the
anplitude control termnal Z on the side of the first
ej ection control 10 switches D4 to D6 nay al so be
provi ded separately fromthat on the side of the
second ejection control switches DI to D3. Thereby,
the ejection direction of i ~droplets (the |anding
position of ink droplets) can be established at nore
multi steps. 15 The ejection control circuit 50 shown
ejent . c@risl pridvikdedDiotcensh |imus d if atled @fepalbn
however, the above- nentioned control is perfornmed for
copEpl Hefadiak dramdetiss (thRespaie cheswarin tihe djaadtingn
contr ol CIrCUIt 50 are provided in one for each head
Poiﬁtl%g/st ity qwlefé)s&ﬁté%%rweﬁ for enyhions eide he

d t enti.re i jection, parts within_the
bapEdthr ng S GmuERa rappTeE] it aerﬂe%ifs”ici}‘ GegzoL O ink
ggg;e oLyl f.f one f|r t
drg?ectloﬁj%%ntrofbgﬁﬁf%%an%e ﬁégéqgﬁt ejé€ i nk
drépndtH) S deahasiPRobnt beceptide diguid eJeCt|0n 25
parts of the head 11 are sinultaneously turned on/off.

- SluchAecoayi mghyribyteonts ofdnipglg aehy swet ebntsobe
turned on/off in units of the head 11, the
ej eevgrdi oddeirofhashangfh g wesansher atipé ipndacé@atrol

control neans and the
terminal Z on the side of the first ejection control

switches 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 50 shown in Fig. 27 is
provided for each liquid ejection part; however, the above-
mentioned control is performed for each head 11.

That is, the switches of the ejection control circuit
50 are provided in one for each head 11. By turning the
switches on/off in units of the head 11, the entire liquid
ejection parts within the head 11 are turned on/off
simultaneously. For example, in one 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 simultaneocusly turned on/off.
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auxiliary control neans can be executed. \Wen the
principal 5 control neans and the auxiliary contro
nmeans are executed, the auxiliary control execution
determ ning neans nay store whether the auxiliary
control neans is executed for every heads 11 or not
in a nmenory together with the on/off state of each
switch when the nmeans is executed. Wen the 10
reference-direction setting nmeans i s executed together
with the ejecting-direction changing neans, i.e.,
when a reference principal®lditection 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
Furfidwarnrome 1 voy byhangtngl 1 hey ved drages iV¥ehappl bedttenddie
anplitude control termnal Z, the deflection (ejecting
on %gfeﬁnp%ﬁl?ﬁmPﬂnﬁﬁ§ &&adbélehbhgee eiawtdeection
he'ectinzﬁ- Q%Ie etting neans i s executed, by
COIFIRY i PP Hhe NV dage Wk 1PappFPRbr e b Rarsampl thee
I 1_nal 0.as to 20 establi a desired .
oGP S E R s SastinbS PSR | WhefabBo\RPpoipa
coﬁ{%éﬂ?ﬁéﬁhénﬁhdxiﬁ%tQEQQlEQrg g@HEgé% ﬂ”%?éf%Eét xecute
ej ection control nmeans can be execu ed y ‘controlrrng’

thé heuti IBdre] @HUreN eaBENRt o8 Wi €068 ] BB st RayPBtore
turned on/off. Furthernore, the second "ejection

wheom ¥ oth@Rumidisryanoherexecedes by a@threll By thery
second ejection - 82 control switches D to D3 to be
heads nkl onh/oT% inNsemerhey ntadethef ittelthei poredsi agate

neans i s, further executed, in Fig. 27, the first
ofe?% i%ﬂﬁ%ﬁhﬂWQﬂn §RFt@ﬁ%§s[M5 exeéLted. When the

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 storéd in units
of the head 11 in the same way.

Furthermore, by changing the voltage Vx applied to the
amplitude control terminal 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 angle 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/off. Furthermore, the second ejection control

means can be executed by controlling the second ejection
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to D6 can al so be used to make them serve a doubl e
purpose. 5 When the first ejection control switches D4
to D6 are used as well as the nunber of pixels
increasing neans, it is preferable that the first
ejection control switches D4 to D6 be changed to O or
1 so that the ejection direction be 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 pixels increasing
means and a plurality of @Jectlon directions by the
first ejection control neans is required. In
addition, the first ejection control switches D4 to
COHEIQ%S%W&?Q@@@a@@e@Oiﬁ3papabéetumwed1dﬂﬁbfﬁecond
@@é on control swtches DI to D3 so that the
TorPEORPIBET s tRbesls tcrasstiag nyaehahyi figrther

wi f ches, dt t nS|stors for the nunber of
ex%ﬁ&e 1Y |nc?g§§ 22 n%gﬁs HRY bR SHViBuSOP tEPévFYeBCches D4
S . T 0 of the pre i nvention
toﬁggq%géﬁhxﬁéégriggg Ego%%ﬂgyéggpﬁg§%ht % %}?oﬁufgose'

Whéwttid mihed Qa@ebh@oneggﬁ’ghgfném.ﬁﬁletsh%té \Il? R@ugﬁe used

nodi fi cati ons can be nmade as fol

as corllT als signalumsbeweri ik Us. 1ﬂéréé%i% h@angS et
limted to the nunber of bits exenplified in the - 83

prefmodilremhats hehdi ranye jembioon aforliired eabitbRes D4 to D6
enpl oyed. %2) Accordi ng to the enbodi nent,
bEt%aftﬂe\ﬂ Fod Ohedt inge Ehefreths aRciienpdavedeionane by

changi.n current Ssin
changeéJ é;f% %ages. p%h 8, 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 D1 to D3 so that the ejection control 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 modifications can be made as
fellows:

(1) A J-bit control signal shown in Figs. 11 to 14 is

not limited to the number of bits exemplified in the
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t hrough each of the heating resistors 13, the two
heating 5 resistors 13 are controlled for producing a
tinme difference in the tine reaching the boiling ink
dropl ets (bubble generating tine); the invention is
not limted to this, and two-divided heating el enents
13, each having the sane resistance, may be
j uxt aposed while a difference in period 10 for passing
current may be produced. For exanple, when a swtch
I s independently provided for each of two-divided
heating el enments 13 so as” t® turn each switch on with
~atinme difference, atinme difference in the tine
reaching the generating bubbles in ink may be
empPgdnert: For iy ragyve huabes odnbinat camn e yerg 195ede
enpl oyed of changing the current flow ng through each
of {@é %{%%&%C’dglge?ﬂ@ngﬁﬁ eabafinenty | tipaliviided heating
jfferenge_in the perjod for passing current. (3)
el%é%%?%i % A LR DYaRREREHY & | PRgsing
tht-Batmnt [ €S . 3 j,uxt gposed, , and
PR 0ot O SaR S TS TR e8P €y L% TR Beandns
rebastbeen Suffd it 1REO¥ed. HARg LA S raCl‘Ei'i'neStdrilf%te%regce
can be sinplified. However, ?he Invention 1's no
inl thet ein¢ acddniltsing ame Wollhi AgONEk | dkoehai el bR e
j uxtaposed three or nore heating resistors 13 may be
gepsEdting fige s ddrediimyensibheisnbodi Nenitted e kaaki Ngnd
resistor - 84 13 is exenplified as an exanpl e of
TYELDBY 2GR MR atineg ShelRg tsol3a feel | rayielerobet same
| tively, a.conponent other than a resistor may
=B ENIR it D d T RRER S Sh B et g rence in perida

for passing current may be produced. For example, when a
switch is independently provided for each of two-divided
heating elements 13 so as to turn each switch on with a time
difference, a time difference in the time reaching the
generating bubbles 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 resistors 13 are juxtaposed, and this
is because durability of division into two has been
sufficiently proved, and a circuit structure can be
simplified. However, the invention is not limited to this,
and within one ink chamber 12, juxtaposed three or more
heating resistors 13 may be used.

(4) According to the embodiment, the heating resistor
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el ement, an energy-generating el ement of another type
may be 5 used. For exanple, there may be an
energy-generating elenment of an electrostatic
ej ection systemand that of a piezoelectric system
The energy-generating el ement of an electrostatic
ej ection systemincludes a resonant panel and two
el ectrodes 10 di sposed underneath the resonant pane
with an air space therebetween. The resonant panel is
defl ected downward by appu¥|ng a vol tage between both
the el ectrodes, and then,~ &he voltage is turned to O
V so as to release an electrostatic force. Utilizing
an el astic force produced 15 when the resonant pane
13i ssrexempbif tel tave aor iegianall esbat BubbldkyeeaRIt@hS AkAns
ejected, In this case, in order to produce a
Ord?fiﬁ%?%m% Shenesier gy tgERetavehy, forceaninent other than
| enment, when the resonant panel is

a ?%? Lgﬁ% enert%i%e %P%’Vﬁ&‘l (%\EéovoPF%@é tan ¢ hgatéddt o

| tatic f t
L Er o S SRR B LR th sy tTpe Y pe
us@@nerﬁéfrEké%fﬂ?n%%erQrmggebgogﬁQ%gﬁnggg%F%g%+ﬁed for

two energy-generating elenents

elem@mgyogeﬁﬁkﬂkkﬁgogkﬁﬂﬁﬂte9§c@1@haﬁﬂﬁkﬁp%ﬁﬁptﬁ SLEM 5
25 is made of a conposite conposed ‘of a piezoelectric

pietemkbattri@sysdtawi.ng el ectrodes di sposed on both sides
and a resonant panel. \Wen a voltage is applied to
theﬂ@ EHErodegepArabing elefesniofolt ke pilezoebstatic

enment bendi nonment is
ejectlon éyé%em 1ncques a resonant panel and two electrodes
disposed underneath the resonant panel with an air space

therebetween. The resonant panel is deflected downward by

applyiﬁg 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 original (the voltage
is turned to 0 V 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 piezoelectric system

1s made of a composite composed of a piezoelectric element



10

15

20

25

produced in the resonant panel by a piezoelectric
effect so 5 as to deflect the resonant panel. By
utilizing this deflection, ink droplets are ejected.
Also in this case, in the sane way as above, in order
to produce a difference in energy generating for each
ener gy-generating el enent, when the voltage is applied
to 10 the el ectrodes on both sides of the

pi ezoel ectric element, a tine difference may be
produced between two piezoelectric elenents, or the
vol tage may be changed for &wo piezoel ectric

el ements. (5) According to the enbodi nent, the
ejection direction 15 of ink droplets is enabled to

‘hagehgeete¢tradms atirgngiady ondbbent & ode Hfardd QUi Rjreeki on

parts %$he nozzles 18). This is because the heating
Papgd; stHren 1B WAGasd disn apwd iedr Fanghe g ldiatectdesn oaf both
siliqUig | ection parts are _juxtaposed. However, it is
dst ®ec %&%?%P@{il%t%eéﬁwaﬁﬁi Yy RENHAY SWTERtof s
L Qi ' [ r erfectly agree with the
praapred, S ILRERT BEReTiba s Pttt cavent oo
asWheNasoNE- i I IS +exhipite S t.antially the
sane ef f ect tg’% I%gogfégc?gégiésd%’ﬁa%%\‘j\ghleznmtghé:h%s
dedl eatbrg K etdgiRt@f alrkquld-ebgction parts
perfectly agrees with the deflection direction of ink
25 Arsopliet shiderees, siinhthié segieavays aB0aBHoBl €M or 85
- (6) in the second ejection control neans, when on one
toppRefugeqi oh ffexlengeopheeseage garmtuting dededaah M
differentéquiti ns, Mis not limted to the nunbers

enghgvrdener ting element, when the voltage is applied to
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

. pilezcelectric 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 liguid ejection parts perfectly agree with the deflection
direction of ink droplets, so that even whén some disagree
is gxhibited, substantially the same effect can be expected
as that when the arranging direction of liguid ejection
parts perfectly agrees with the deflection direction of ink

droplets. Hence, such disagree is no problem.



in the enbodi nent, any nunber may be enpl oyed as | ong
as M5 may be positive integers of 2 or nore. (7) In
the second ejection control neans according to the
enbodi nent, the | anding positions of ink droplets are
random y changed for one pixel region so that the
center of landed ink droplets is included within the
pi xel 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 dispersed in nore tHén-the range of the
enbodi ment. (8) In the second ejection control neans
according to 15 the enbodi nent, a random nunber
geneglatior tikse aadwxxdedjastaonn@&MI Qfiedr)dMEEY on one
determ ning the | anding positions of |nk dropl et s;
Pikghevediomnyimetdib iedy boeenphdymbly abahden s M he
.selected | andj ng position has no regularity
dlég?fﬁ%?d%?%ltl%ﬁﬁ%iwnﬁﬁhéﬁtféFmgéﬁ@rbﬁlt@Frqumhmns shown
el Sho éhere are also.a 20 square center nethod, a

lncofr%ruence et o ™Y "SAPFE PRY| R PP HRYSH RS fi6Rg as M.
ma?xﬁgpﬁé%lf¥%éifﬁ%%§% IoggeE Lhap. g random nmethod, a

met hod repeating urallty 0 conblnatlons of

speci)f ith HHETRIICONRUBDEES] HRY, |
exanple. (9) AccoPdlng tolthéxgﬁgﬁgpﬁgﬁgg ggrdln ef°

the semi2&dimeot portad Adnidihg bHbeibeads 1ds ﬂ@%@ﬂﬁyaekgeare
present - 87 inventionis not limted to the prlnter
rag@omlmtcwgmsfon icepei Bpispdcreghomppartatats ahenaynber of
plied. For exanple, the head 11 may al so be applled
lane%nl%%déy%ﬁ%ﬁyq(ﬁs ép@épﬁﬁ@ 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 gene:ating random numbers, there are also a
square center method, a congruence method, a shift resister
method, for example. 2As a method other thaﬁ 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

incorporated into the head 11; however, the present
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a solution including a DNA for detecting a biologica
5 material. Industrial Applicability According to the
present invention, even when a unit head has a
positional displacenent relative to another unit 10
head, or when ejection characteristics such as an
ejection direction are different, stripe
non-uni formty can be nade in inconspicuous states by
correcting the ejection direction of the unit head.
Thereby, printing quality can be inproved. 88 - CLAlI M5
1. Aliquid ejection appar&%s having a |ine head
arranged by juxtaposing a plurality of liquid ejection
parts 5 of unit heads so as to connect the unit head
intenthen aty acentliminet Beadheepehntdd ! Nieadhavhpgoal
| east part of the liquid ejection part for ejecting
ligniddeoptletan farpmratnees| mayt he appljuidl ejrect bQBmple,
ap aratus conprising: principal control neans for
the ‘??% H depse@disoobet pEPlisd| feupel agregtites gart efecting
U oplet nozzl e; auxiliar
@ %%ﬁ?El Aﬂ%%%%l or coﬁpg ?angeF?fﬁﬁQP(ﬂ%ﬂ&PéPglc?g be
nafbfeipd in at least one direction different fromthe
ejection direction controlled by the principal contro
nmeans 15 in the arranging direction of the liquid
ej ection parts; and auxiliary control execution
Indes erimhidpplieans ey individually setting whether
the auxiliary control neans is
According to the present invention, even when a unit

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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executed for each of the unit head. 2. Aliquid

ej ection apparatus having a |ine head 20 arranged by

juxtaposing a plurality of liquid ejection parts of

unit heads so as to connect the unit head to the

adj acent 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: 25 ejection direction changing neans for

enabling the - 89 ejection direction of liquid

droplets ejected fromthe- 8®%zzle of each of the

liquid ejection part to change in at |east two

different directions in the arranging direction of

the liquid ejection parts¢rateks 5 reference-direction

setting neans for individually setting one reference

principal direction for each of the wunit head anong a

plurality of ejection directions of liquid droplets

st abl L4HRHEA b5 e el @) extiagm taisr beving & hbing ngeadreans.
ar%%n3ed | iguid ejection apparatus having a line head

arFERgedy by 5 R fy B USRARANT 0F bEawi et eient pents

Lt nj eads so as.to, connect the unit head to-

Off%éagdflg%%%téé_ u%? ?cd ecaodfneé:aFc%hﬁnP?lEéé%a%a‘%ﬁ fgi&ardjacent
unli@agbagar 4] j.ectipo rt. faor ejecti ,

i nk dropl éé?cgﬁ fdrljéh?nC 5{ %ﬁz%aé’%ghéltlge%atqﬁ%r ejoeéct%iﬁi?nnguld
eJappaval psr COMMF | ngiing) Q6 ABofi L6 140N CAAINL  che

means for enabling the ejection direction o |qU|5
ligrdgl ef scej ectambdradmst hemprising: '

principal control means for controlling each of the
liquid ejection part to eject liguid 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 liquid 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 apparatus having a line head
arranged by juxtaposing a plurality of liguid ejection parts
of unit heads éo 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, the
liguid ejection apparatus comprising:

ejection direction changing means for enabling the
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nozzl e of each of the liquid ejection part to change
inat Jleast two different directions in the arranging
direction of 20 the liquid ejection parts; and
ej ecting-angl e setting neans for individually setting
~liquid droplets established by the ejection direction
changi ng neans for each of the unit head. 4. Aliquid
ej ection apparatus having a |line head 25 arranged by
juxtaposing a plurality of liquid ejection parts - 90
of unit heads so as to connect the unit head to the
adj acent unit head, eacihr ## t head having at | east
part of the liquid ejection part for ejecting ink °
droplets froma nozzle, the |I|iquid ejection apparatus
ejeonpen sithgectsi @) et ildrudidr aebb et § hagh gl mars thar
enabling the ejection direction of liquid droplets
nogreet @l ¥29m ehethendzzivddotjeathonfpatie 4d qiiathge in at
ection part to change in at |east two different
lea%? et¥? f#ﬁ?ff%rﬁe d&rrre&ﬁgpﬁg #nr el | dFFpiginchailregtidn of

| Jo arts ectln angl e setting neans for
thsng%%ﬁ ua %F%iﬁ?| tSV aﬂgd droplets est abl i shed by

thereeﬂe%%c%naqlﬂe%gabenseegfyg R P

r
unit head; and erence- O Settif

setDohyi shudl dyresfidd REi0RepLET 81 £ s T AG %%Eh of the
direction for each of the 15 unit head anong

unptuh@ddt@mmﬁgeﬂ(pﬂunmlldyreﬁtepﬁﬁtiﬁn|d£&édi1d%%°6ke§§quld
establ i shed by the ejection direction changing neans.
droplets established by the ejection direction changing

means.
3. A liquid ejection apparatus 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 least part of the liquid
ejection part for ejecting ink droplets from a nozzle, the
liquid ejection apparatus comprising:

ejection direction changing means for enabling the
ejection direction of liguid droplets ejected from the
nozzle of each of the liguid ejection part to change in at
least two different directions in the arranging direction of
the liquid ejection parts; and

ejecting-angle setting means for individually settlng

liguid droplets 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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5. The apparatus according to any one of Clains 2 to
4, further conprising ejection control neans for
controlling 20 liquid-droplet ejection so as to form
one pixel line or one pixel using at |east two
different liquid ejection parts by ejecting ink
droplets in different directions, using the ejection
di rection changi ng neans, fromat |least two different
liquid ejection parts arranged in the vicinity so 25
as to land liquid droplets gn the sane pixel |line so
as to - 91 formthe pixel line or by landing |iquid
droplets on the sane pixel region so as to forn1the
h t acgcor, t ny .one of O ains

Per conpri sing &} e

un@@nhéﬁﬁll@Qch5uﬁiﬁﬂﬂé£dnﬁﬁ¥1%b gke EQQ Efg% é%émfgauld

line is forned by ejecting liquid rop

ejdictfienepsrdi fects past P Mndt drbpastst M‘oﬂ' 4 frﬁ;rzeﬁ_t the
l'iquid ejection parts arranged in the vicinity SO as
liggipapdet yemn daplvap tetss comprieiagee pi xel |ine using
the ejection direction changing neans, or the one 10
p. x&l eF iR cﬁflr@f?él@nxéhapglﬂ@rm@@l$)yf¢1ared1amg1hlgqluhel
on the ion so as to formthe

eJS. EEP gﬁ C%ﬁonrgéétl ey &FPP PEAt eT peerd Bjaerttihen
t Th t
noBILS R LA hd 19 el ety s ol part PR iatedn at

according to any one

le%%ﬁ??%ﬁi?ﬂ%fé%{ﬁﬁ(?ﬂ%%%ﬁg%gfcgﬁggg%O%F?gkq%ﬂﬁ dlﬁ?C%éPn of
thei hequsd fof ereth 41y wireet;i ng

ejecting-angle setting means for individually setting.
liquid droplets established by the ejection direction
changing means for each of the unit head; 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 directién changing
means.

5. The apparatus according to any cne of Claims 2 to 4,
further comprising ejection control means for controlling
liquid-droplet ejection so as to form one pixel line or one
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 vicinity so

- as to land liquid droplets on the same pixel line so as to
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liquid droplets in different directions fromat |east
two different liquid ejection parts arranged in the
vicinity so 20 as to land liquid droplets on the sane
pi xel line using the ejection direction changing
means, or the one pixel line or one pixel is forned
by landing liquid droplets on the sane pixel region
so as to formthe pixel using at least two - different
liquid ejection parts arranged in the vicinity; 25
and - 92 second ejection control neans for
controlling liquid- droptegletection in that when
l'iquid droplets are | anded on a pixel region, for
each |iquid-droplet ejection fromthe liquid ejection

forRPhhe BA%eONEinRd M%{ff‘drﬁfﬂnd andiRe arpPsiti ons «Hd

integers of 2 or nore | east part of which is
sanmen@iwegad rabtbhnsd hes pixeformeginen pikgldet ermi ned as a

| andi ng position of liquid droplets in the arranging

&i r tiei eppefatiiguiccefdily ore pant onenofhélpimel 2 regidn

so that the ejection is contraqlled using the ejection
fu?ﬁﬁﬁécFP@ﬁrielﬁﬁaﬁ@??&ﬁ?ﬁ%ﬁﬂ?@ﬁ?la§eﬁﬁsl§HH FPREFtling

s 0Pk L0809 L D, ROSLLLO" 8 T0EcabBRr oy
e R tﬁhg;%lﬂu[é?%l&%s pi%e&f'fé%nreca% 0d-PRaNs fPothg}

usin rection nmeans,
leaCH@R:Im%t alﬁre%ﬁet @gqa&{@r@ dd %Ir@seheggh 84 Pak terd €
controlled so as at two or nore different

vidiasidy @RS alsn tbhEaadirangmﬂg drbplesisi oA @hel bguédpixel

ej ection parts, so that the nunber of
line using the ejection direction changing means, or the cne
pixel line or one pixel is formed by landing liguid droplets

on the same pixel region so as to form the pixel using at

 least two different liquid ejection parts arranged in the

“wvicinity.

7. The apparatus according to any one of Claims 2 to 4,

further comprising: |
first ejection control means for controlling liquid-

droplet ejection in that a pixel line is formed by ejecéing
ligquid droplets in different directicns 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
one 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 wvicinity;

and
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pi xels is increased nore than that forned by |anding
liquid droplets fromeach liquid ejection part at one
position. 20 9. The apparatus according to any one of
Clains 2 to 4, further conprising: nunber of pixels

i ncreasing neans in that using the ejecting-direction
changing neans, liquid droplets ejected from each
liquid ejection part are controlled so as to |land 25
at two or nore different positions in the arranging -
93 direction of liquid ejection parts, so that the
nunber of pixels is increa8ed nore than that forned
by landing liquid droplets fromeach Iiquid ejection
part at one position; and ejection control neans for

conrtkehhi 89ebt Ot Oo S OP) Blne 5 LiBEt Eeﬂt%caliﬂ% 21 Pl e

line is formed by ejecting liquid droplets in

drab¥dteredrictdonedhi ohatf woeh atideas idriop el BeeeDinded on
~liquid ejection parts arranged in the vicinity so as

a pixdlamggibnguifdrdeaph et squid-tdmsane egiexeliohi fieon sting

. the ejection direction changing neans, or the one
1igiddb|edigchd ofr PBRE, pPRE| ©1® 9% ¥ sHifgerspt! Arianal i quid
dropl ets on.the sane ?i el region so_as to formthe .
POH P Sustig TR SPBASt Ot wo O Fi¥rent 2Y 1§aFY BREEtpHhich
! ry i he.yvicinity. 1Q. The apparatus
lsé%%%gllﬁb%?gﬁgﬁygg%e8%¥éﬁj%ﬁ‘MNE 6 E?%QFEEPﬁgraS a

Lok 5981 ohS 0BUTDER; @ ARl s, 1iACkARSRGaARAAS i1

that” using the ejecting-direction changing _
ditécpiich dropligtsdepgetedonfyomLach thieqpidee 865100 so
part are controlled so as to | and
that the ejection is controlled using the ejection direction
changing means so 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 means in that

using the ejécting—direction changing means, liquid 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 liquid
droplets from.each liquid ejection part at one position.

9. The apparatus accorxrding to any cne of Claims 2 to 4,
further comprising:

number of pixels increasing means in that using the

ejecting-direction changing means, liquid droplets ejected
from each liquid ejection part are controlled so as to land

at two or more different positions in the arranging
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at two or nore different positions in the arranging

direction of liquid ejection parts, so that the number

of 20 pixels is increased nore than that formed by

landing liquid droplets fromeach [iquid ejection

part at one position; and ejection control neans for

controlling liquid-droplet ejection in that when

liquid droplets are | anded on a pixel region, for

each liquid-droplet ejection fromthe liquid 25

ej ection part, any one of Mdifferent |anding

positions (M 5 - 94 inté&gers of 2 or nore), at

| east part of which is included wthin the pixe

region, is determned as a landing position of liquid
di ek opl Rt of Nikhe qaerangipg f@§t|§81ﬂﬂéﬂ %ﬂ@'ﬁumber of

ejection parts in the pixel region so that the
pixglertionnarehsedntnook| ebanstingt therrejetld dandingcligmd

changi means so as to land liquid droplets at the
dr%]teé?ﬁnﬁ%"@? gesht léauidie]qeel appaet vs aveopdshgionm; and

any .one.of Cainms 2 to 4, further conprising: nunber

of e§|e>?§|1§’n| FEePELRet rf@e%“arfzoli FAEelddPAglimeldraroplet

idd
I G EEHL A% T eaBRBlaute of et oI bt *APE CCB: 1 BT¥L
5‘591@?5 5 ld@%erghtt W@rgétg&i$ fgcfrr( e eritea@%S Itg\r!ao J.fferent

the arranging direction qui d ejectlon parts, so

lided dhe-tivrbenrek aEkéﬁ&éd'ih'EHH“#%%%%l@?rgotQ@ntérﬁgnd
formed by landing liquid 15 droplets fromeach liquid

ligpittdmplpast cat thaespasi piosn 1ifdd Sisiejgeehboneent &0
nmeans for controlling |iquid-
direction changing means, or the one pixel line or one pixel
is formed by landing liquid droplets on the same pixel
region sco 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, liquid droplets ejected
from each liguid 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 liquid
droplets from each liquid ejection part at one position; and
ejection control means for controlling liquid-droplet
ejection in that when liquid droplets are landed on a pixel
region, for each liquid-droplet ejection from the liguid

ejection part, any one of M different landing positions (M:
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droplet ejection in that a pixel line is fornmed by
ejecting liquid droplets in different directions from
at least two different liquid ejection parts arranged
inthe vicinity so 20 as to land liquid droplets on
the sane pixel line using the ejection direction
changi ng neans, or the one pixel line or one pixel is
formed by landing liquid droplets on the sane pixe
region so as to formthe pixel using at |east two
different liquid ejection parts arranged in the
vicinity, 25 and - 95 se®dénd ejection control neans
for controlling liquid- droplet ejection in that when
liquid droplets are | anded on a pixel region, for
ine@gdird igpuizd-odr eplrel , eheci £9sc fom the wliicauid eheshihog
part, any one of M di ff erent ['andi ng 5 positions (
withﬁregé’ra; rifxed gregione) isateteasingifrds @f 1whideéRg p&sition
included within the pixel region, is determ ned as a
Ofl%&ﬁﬂkﬁ;Qﬁﬁﬂhﬁt@nl@fthﬁqardaQMxmﬂedxraQt1DMeoarﬂaquﬂg
di rection of uid ejection parts in the pixel region
e hat e 15 SHei BRLEL EoR boi 1ot iR RGeS Racer boRi on

PN 10 ch ans so as, to land liquid

cof it et her PP e T R BT oo crapoipggineans so s
to PR alt lklﬁlﬁic‘agrog'lggst thcﬁlé n&é‘telﬁﬂg{]ee n otsqgélgl | quid

ej ection part c rses.

mpormmapp@galtu@uadcbedbﬁg é& a%iye%n%d’ofb@ﬁghﬁs 2 to 4,
generating neans arranged wthin't liquid
further comprising:
number of pixels increasing means in that using the
ejecting-direction changing means, liquid 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 1s increased more than that formed by landing liquid
droplets from each liquid ejection part at one position;
first ejection control means for controlling liquid-
droplet ejection in that a pixel line is formed by ejecting
ligquid droplets in different directions from at least two
different liquid ejection parts arranged in the viginity so
as to land liquid droplets on the same pixel line using the
ejection direction changing means, or the one pixel line or
one pixel is formed by landing ligquid 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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chanber for generating bubbles in |liquid contained in
the [|iquid chanber by supplying energy; and a
nozzl e-form ng nmenber having nozzles forned thereon
20 for ejecting liquid contained in the |Iiquid chanber
in operatively associated wth generation of bubbl es,
and wherein the auxiliary control neans controls
liquid droplets to be ejected in a direction
different fromthat of Iliquid droplets ejected by the
princi pal control neans by 25 supplying energy to the
bubbl e generating neans im% - 96 different way from
that of the principal control nmeans. 13. The
apparatus according to aiml, wherein the liquid
€] esddoail RAkktEBRAPELAEEO] andd (i kb ChAIRCL1N 9hg 11iquia-
accommodating liquid to be 5 ejected; a heating

drep et ] ertrianmgeah wihihi wheheliduid dehader arkolanded on
generating bubbles in the |liquid contained in the

a Pi¥ed dretitanbdomypashpplgnhg-drewlpt agrttdon from the
noz Ie:fonnin% menber havi ng nozzles forned thereon

Liqytd GG BG4ty qaPd bRt of M A i aurant ilgaddnehanber
LN . qperaf.ively associ.ated with generation of bubbles,
po%égtdl %Ser@%'n lgit)élgﬁrr 5 Pt yEo‘f"r tH* Heatd hg S@S¢nBAES §F gvhich

‘isj %M%ﬂﬁl&h%ﬁgggﬁ.géﬂufg?fmnbiesr de‘%etrrrhgnggiregggé ng

direction of the ej ectionf parts, an
las@iieaiad tibh ggethaidi Arssldes.iAnd,enehg;he

auxi i ary cont rol means conprises a circult
direction of liquid ejection parts in the pixel region so
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

- liquid ejection part comprises:

a liquid chamber for accommodating liquid to be
ejected;

bubble generating means arranged within the liguid
chamber for generating bubbles in liquid contained in the
liguid chamber by supplying energy; and

a nozzle-forming member having nozzles formed thereon
for ejecting liquid contained in the liquid chamber in
operatively associated with generation of bubbles, and

wherein the auxiliary control meané 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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having a switching el ement connected between the
heating elenents connected together in series, and
controls the ejection direction of liquid droplets to
be ejected in a 20 direction different fromthat by
the principal control neans by passing electric
current between the heating elenments through the
circuit or by discharging electric current from
bet ween the heating elenents through the circuit so as
to control electric current for supplying to each
heating 25 elenent. - 97- 24 -The apparatus accordi ng
to any one of Claims 2 to 4, wherein the liquid
ej ection part conprises: a |iquid chanmber for
di BlaeDeal Tgoki gHke 60 bee ®FBcigh1 3RYRBh enecans.
generating nmeans arranged within the liquid chanber
¥or Jérsermapamgtbsbbtesrding i il cientiai redrepnt Hige
,liquid chanber by supplying energy; and a
L1y |sdecdipinn §anEnberphasehy nozzl es fornmed thereon
for ejecting liquid contained in the_|liquid chanber in
10aogéﬁﬁﬁgvgpﬁmgggo%?%ﬂ%ﬁfqmqﬂ?aﬁéﬁéréﬁﬂ%hdo¥°Hﬁ%bles,
ejégggdymerein the ejection direction changi ng neans
conpt’i ses: principal control neans for ejecting liquid
dr gp L Er npzz| Yi ner t.o _the
uBbl e andr St Tha < 18 ey wLARLY LR, SRS ordas
forTRANIS @i ngOBLbBN bk NGn | £1681i Ui A1i0P| @R ained in the liquid

chamber by supplying energy; and

a nozzle-forming member having nozzles formed thereon
for ejecting liquid contained in the liquid chamber in
operatively associated with generation of bubbles, and

wherein a plurality of the heating elements are

- juxtaposed in the one liquid 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 liguid 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 to each heating

element.
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to be ejected in a direction different fromthat of
liquid droplets ejected by the principal contro
nmeans by supplying energy to the bubble generating
means in a different way 20 fromthat of the principa
control neans. 15. The apparatus according to any one
of Clains 2 to 4, wherein the liquid ejection part
conprises: a liquid chanber for acconmodating liquid
to be ejected; 25 a heating el enent arranged within
the liquid chanber - 98 for generating bubbles in the
liquid contained in the FH §lilid chanber by suppl ying
energy; and a nozzl e-form ng nenber having nozzles
formed thereon for ejecting liquid contained in the
14 quiThechapheatiuB 8copeadhy Ve Yars e ke Wihh 2 o 4,
generation of bubbles, wherein a plurality of the

whévesitri dieelléqentis edeetipnixpaposesndristlke one | i quid
chamber in the arranging direction of the |iquid
ej éctil@iigafhamnbandf ar eaemectagdngt dgethérts roseri es,
.and 10 wherein ejection direction changi ng neans

ej%éhﬁ)ﬂses a circuit having a swi tching el enent

co ted ween the _heating el enents connected
GAERLEC oRSHITPInd ea X Gineriase e PREREp bkt ohfcutd

to er n serires; a

ond ) _Liqui ) he. .c t d.i
h&HB&CtdQN g%t’l !rrlagyhﬁsﬂlﬁk%%fg S I‘E A & %J e%lt gg%%lg%nla%fthe

| east two directio e ‘ar rangi ng
liduitlidhalbet] BOt EEPPPATAS NeRASSIAG el ectric current

between the  heating elements through the circuit or
by adinsehapgfogning member having nozzles formed thereon
for ejecting liquid contained in the liquid 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 meaﬁs 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 ligquid to be
eje;ted;

a heating element arranged within the liquid chamber
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electric current from between the heating el enents
through the circuit so as to control electric current
for supplying to each heating elenent. 20 16. A
liquid ejecting nethod 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
adj acent unit 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: 9%8 executing principa
control nmeans for ejecting liquid droplets fromthe
nozzle of the liquid ejection part; enabling
fonuxénemmtimpiictllesedns the begexecstrarhfd eheehbngiquid
liquid droplets in at |east one direction different 5
chapley t9iatS WEHOHSID egelgyt hangri nci pal control means in
the _arranging direction of the liquid ejection parts;
and iYdi ieaéagwngew?#%r viet e norelagxitbraes coenewl

i . for _each of the unit, head. 17. A
o e e PR T ng oY e ik CoPkgedn 10
opd¥at HH41BPASING 18 cRRULRLE éegé #f&ﬂdflb%%glon parts of
unit heads so as to connect the unit Nead £8’the

adhﬂﬁﬁﬁﬁnualb;ub&@ﬂty?@ﬁkkﬂgnﬂeé%Q%% Rav0g: 8t 4 ) gast
part of the liquid ejection part for e ecting 1nk
Juxtagsetcs ifr dinea onez 2k quitihehadbapliih ejheChirpgngehhod
_conprising the steps of: 15 enabling the ejection
digeetekan of ¢he ildaibdddedpteion ot ednkr aret bennozzé®

of the liquid ejection part to
together in.%efaeg, and P

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 for supplying
to each heating element.

16. A liquid ejecting method using a line head arranged
by juxtaposing a plurality of liquid éjection 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 -

ligquid ejecting method comprising the steps of:
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change in at least two different directions in the
arranging direction of the liquid ejection parts; and
i ndividually setting one reference principal direction
20 for each of the unit head anong a plurality of
ejection directions of liquid droplets. 18. Aliquid
ej ecting nmethod 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
adj acent unit 25 head, each unit head having at | east
part of the liquid 100 ej &&ion part for ejecting ink
- droplets froma nozzle, the liquid ejecting method
conprising the steps of: enabling the ejection '
di resctduoningf priiquiigatir ophetsl meRtd e kgRLthagN®Z&h &4
of the liquid ejection part to 5 change in at Peast
drembeBf f e rithadincgetlicons thet hegatd anpiatg ordipaeet;i on
of the liquid ejection parts; and individually setting
one* hGU¥AGLETsf CPIETPH mepmsp|ter bef ereenthdofot he
. UNj 19.. A liquid electing nethod using a |ine
=3 POking Dbt o gl forh oL it (oo ot i Farant

' ' f [ h t t th
B P 6 TR S aR PR ELON i datn "GATe RBabine

arhayg gy ali deRAShnPakt tAk 10§14 aH Lot 5§ e%%&%g'pgéﬁ for
th i qui

ejecting ink droplets froma nozzle, _
e eotdinvg dueflhgdseonpng sigridie 1Heepsix@fiiatd €8aPLsNY

the ejection direction of liquid droplets ejected
meapPHm 3 xatede fofr £hehl pfutde ejuect itmadpart to

17. 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:

enabling the ejection direction of liquid droplets
ejected from the nozzle of the liquid ejection part to
change in at least two different directions in the arranging
direction of the liquid ejection parts; and

individually setting one reference principal direction
for each of the unit head among a plurality of ejection
directions of ligquid droplets.

18. A liquid ejecting method using a line head arranged

by juxtaposing a plurality of liguid ejection parts of unit
heads s0 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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change in at least two different directions in the
arranging direction of the liquid ejection parts;

i ndi vidual l'y setting one reference principal direction
20 for each of the unit head anong a plurality of
ejection directions of liquid droplets; and

i ndividually setting one ejecting angle of liquid
droplets for each of the unit head.

- 100 -

ejection part for ejecting ink droplets from a nozzle, the
liguid ejecting method comprising the steps of:

enabling the ejection direction of liquid droplets
éjected from the nozzle of the liquid ejection part to
change in at least two different directions in the arranging
direction of the liquid ejection parts; and

individually setting one ejecting angle of liquid
droplets for each of the unit head.

19. 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:

enabling‘the ejection direction of liquid droplets
ejected from the nozzle of the liquid ejection part to
change in at least two different directions in the arranging
direction of the liquid ejection parts;

individually setting one reference principal direction
for each of the unit head among a plurality of ejection
directions of liquid droplets; and

individually setting one ejecting angle of liquid

droplets for each of the unit head.



