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- 1 - DESCRI PTION LI QUI D EJECTI NG APPARATUS AND LI QUI D
EJECTI NG METHOD 5 Technical Field The present
invention relates to a liquid ejecting apparatus

whi ch has a head including a plurality of liquid

ej ecting parts juxtaposed to array nozzles in line and
which applies droplets ejected fromthe nozzl es of
the liquid 10 ejecting parts;onto a droplet |anding
obj ect that noves relative to the head
perpendicularly to the array direction of the
nozzles, and to a liquid ejecting nethod which uses a
head including a pIuraI@E@é%¥PTIaHid ej ecting parts
having nozzles and juxtaposed to array the nozzles in
l'ine and 15 which applies droplets ejected fromthe

I e iLquid ejectin arts _onto a droplet
LrF fiEbhine: nekaftiiiisvadt LRSoRE: e chuatBn
perpendicularly to the array direction of the
nozzl es. More specifically, the present invention

TeEﬁh?%S% %Qeﬁd 20 technique that allows droplets
ej ecte roma plurality of nozzles with a tine

di fohyes g?ﬁg%%?tl anRgeons dhe - spne.Lipg ?;?:ﬂggwggj gcpﬁﬁg

and a _ | andi'ng obj ect nove re eac
wPQHRRC gLkt Bl o BESTERRZS, BARKAOMNI i
ejecting parts juxtaposed to array nozzles in line and which
applies droplets ejected from the nozzles of the liquid
ejecting parts onto a droplet landing object that moves
relative to the head perpendicularly to the array direction
of the nozzles, and to a liquid ejecting method which uses a
head including a plurality of liquid ejecting parts having
nozzles and Jjuxtaposed to array the nozzles in line and
which applies droplets ejected from the nozzles of the
liquid ejecting parts onto a droplet landing object that
moves relative to the head perpendicularly to the array
direction of the nozzles.

More specifically, the present invention relates to a

technique that allows droplets ejected from a plurality of

" nozzles with a time difference to land on the same line even

when a head and a droplet landing object move relative to

each other during the time difference.

Background Art
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appar atuses of one type. Known inkjet printers include
a serial type which applies ink droplets ejected from
a head onto printing paper while noving the head in
the wwdth 5 direction of the printing paper and which
feeds the printing paper perpendicularly to the width
direction of the printing paper, and a |line type
whi ch has a |ine head extendpng along the entire
wi dth of printing paper, which feeds only the
printing paper perpendicularly to the wdth direction
10 therepf, and which applies ink drgplets ejected
oM EREE PFh%gﬁEEdasﬁtggPHE BSi At P SAEFT 1M head
l.ncludes a plurality of zz|l es for ejectin i.nk
=PEAGHIGEES PR PHE IWVRE -t yBEoThd R 68 Hetsy dicdude 2
agrayed-i.n.li in_the wdth direction o he
seB a1 B it PBB e, Map Loh 0T &) S, Andfyqy head
al,ong ;a i ' ' W respect .to the feedin
Ongi r g%tl?lgrlfh f p{i‘ :%%Jt il"q%gqepg{ﬁgfrl,ngggﬁf% hﬁ%%llo%et g n"‘”\{vhﬂ'l
di2@R2ABHE N XRMHRSE R4 | £ 30199, R LA O i nt 5
o G5 55 e S Pre e,ls%ggaﬁé?gﬁﬂycf%Ja{{sl%ghofv(%‘%sﬁa‘[ﬁ{eg.rbréntmg

papbr] peapeseicdlabhoxad red PAARH AMIIGYH Y the printing
Publicati on No. 2002-36522, nozzles 31 are not

pagetranged st nanhehtyper ReAGH Waay |y 1tigd M ad @8HAHing along
direction of a sheet 14 (in a direction shown by a

thenenddirechadidihl iofe prinftiigg pafe Japaniege tdnexamdliegd the
Patent Application Publication No. 2002-36522). The

priinting paperseeepehdiardlas BEarthanwiangediredtion
direction declining to 3

thereof, and which applies ink droplets ejected from the

line head onto the printing paper.
The head includes a plurality of nozzles for ejecting
ink droplets. 1In the line type, the nozzles are typically

not arrayed in line in the width direction of the printing

paper. For example, nozzles are arranged along a line

inclined with respect to the feeding direction of printing
paper, as is disclosed in Japanese Unexamined Patent
Application Publication No. 2002-36522.

More specifically, as shown in Fig. 6 of Japanese
Unexamined Patent Application Publication No. 2002-36522,
nozzles 31 are not arranged straight perpendicularly ﬁo the
feeding direction of a sheet 14 (in a direction shown by a
one-dot chain line in Fig. 6 of Japanese Unexamined Patent
Application Publication No. 2002-36522). The first to

seventh nozzles 31 are arranged in a direction declining to
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the right with respect to the direction shown by the
one-dot chain line. The nozzles are arranged in the
above manner for the following reason: 5 Fig. 11 is a
vi ew showi ng the positional relationship between the
arrangenment of nozzles 1 to 4 of liquid ejecting
parts, and dots forned on printing paper. In Fig. 11,
the nozzles 1 to 4 are arranged in line (in a
straight line) in a head. This direction is defined
as an X—direction and a 10 direction perpendicular to
th_the g %# is defined as .a Y-direction.
Phar-ahbr 81 hEeﬁPF‘-ﬁFu fG phfediiteatéan Fhome Yy the one- -dot
oh |re§t|on In Fig. 11, the head is fixed, and only the
8 paper is fed in the Y-direction (domnmard)

in the printi,n e s conti nuou
PodThg REL DY LR B R b S CRrBRE Ry Gp¥, the
| n I ink dro Iets are ejected fromthe
fo?%?? Bg %8#§ ‘of the IPquid eject{ng parts, and | and

on £{§. pf.inféng @f@v@rshéﬁkngr Eﬂgeﬁ,gs@&?ogﬁc'}%ﬁl 1%9?ship

t he nozzles ej ectrng par

beplidkal khy afsrght;fa%%t oif fﬁ%sazlaé},d 1 3Q gir' of rﬁc%dﬂ}“é;;ectlng

ej ecting parts are not sinultaneously iven

- paiik,deapl @bss Abiheuobna giliWalHd paQfed | auid EeigeCtllng the

parts are sinultaneously driven,” adjoining [iq
noegéesti Ngtpadt arar arftahqgeel get G__Cin%s (1o %@ﬁi}ﬂ@%lne) in

parts that are sinultaneously drlven 25 Normal |y,
a hrkddr ophétsdarectiion tianeriSineejected f+Divection, and a
direction perpendicular to the X-direction is defined as a
Y-direction. Therefore, the printing paper is fed in the Y-
direction. In Fig. 11, the head is fixed, and only the
printing paper is fed in the Y-direction (downward).

During printing, the printing paper is continuously fed

in the Y-direction (downward) in the figure. Simultaneously,
ink droplets are ejected from the nozzles 1 fo 4 of the

liquid ejecting parts, and land on the printing paper.

Ink droplets are ejected from the nozzles 1 to 4 of the

liquid ejecting parts at a plurality of different times, and

all the liquid ejecting parts are not simultaneously driven

25

torejectink droplets. Although a plurality of Tiquid
ejecting parts are simultaneously driven, adjoining liquid
ejecting parts are not selected as liquid ejecting parts
that are simultaneously driven.

Normally, ink droplets are simultaneocusly ejected from
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4 a plurality of liquid ejecting parts. Liquid
ejecting parts to be selected in this case are apart
fromone another to sone extent. Wen an ink dropl et
is ejected fromone liquid ejecting part, vibration
caused by the ejection is 5 transmtted to an ink
chanber and an i nk channel, and has an influence on
the adjoining liquid ejecting part. This influence
appears as a change of a neniscus (position of an ink
surface in the nozzle). If an ink droplet is ejected

2 BlyBad it i b Brgs PR Gr deh L fald dis g warts
toskguati%%tec ntrg!.is execut ed so that, mhen an ink

dr SpPet Sid %oé& G EM6nEHS QR o) ¥ P HANORET to
sl ex RO, el i Ui St PE A S A€ 11quia

. d ligyi.d 15 eject h ion i
eIEBTRUGILAS | WA B BELIRD A, OB o s ng

si mul taneously "eject 1nk

trBakhs t@kePesedrati nie %%?rﬁaeerpgﬁl'b& iaqpsilﬂ{ echasxﬁ'lﬁelf/t &%d has an

When ink droplets are ejecte y sI nul't aneous

ingthghee ol ltHhediawiteiaching é)jaéé@inc% %rtf. _
I nst ant aneous power 20 consunption is extrenely high.

Therief or én£3uehcdr bpbBErkSasnatl dpek MBd.a Hdhisths
shows that ink droplets are sinultaneously ejected

(pbedmMithne cFarer nurkbened awez 2lrehle trio Az 1Mr eoveran ink

control is executed so that ink droplets are
drepdeéntisaldjected in a state in which the meniscus is
changed, the size of a landing dot changes. In order to
avold this situation, contrel is executed so that, when an
ink droplet is ejected from one liquid ejecting part, an ink
droplet is not ejected from an adjoining liquid ejecting
part until the change of the meniscus is removed. As liquid
ejecting parts that simultaneously eject ink droplets,
liquid ejecting parts disposed at separate positions are
selected.

When ink droplets are ejected by simultaneously driving
all the liquid ejecting parts, the instantaneous power
consumption is extremely high. Therefore, such driving is
not performed.

Fig. 11 shows_that ink droplets are simultaneously
ejected from the same-numbered nozzles 1 to 4. Moreover,

control is executed so that ink droplets are sequentially

ejected from the nozzles 1 to 4 in increasing numerical
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25 ejected fromthe nozzles 1 to 4 in increasing
nunmerical - 5 - order. Accordingly, ink droplets are
first ejected fromtwo nozzles 1 (the first and fifth
fromthe left) to formdots D on printing paper.
When a predetermned tinme el apses 5 after that tine,
ink droplets are ejected fromtwo nozzles 2 to form
dots D2 on the printing papek. _-Further, when the
predeterm ned tine el apses after that tine, ink
droplets are ejected fromtwo nozzles 3 to formdots
on the printing paper. Furthernore, when the
Orgggdeternined time el apses 10 after that time, ink
dr%glets are. ejec fro wo nozzles 4 to formdots

ted .
D4. ‘F%O{ﬂ%%%}éy,g%}%gﬂroa BSSDRI fofpEShr 83 egFpEngEATORYO
0P LSt FortEMindn Sk HPbAorD TS O OF 1rlom LR dots
T R i

aff.@i‘”\:HQE,S tPReOn ihRe g&%gﬂte!t%g gr{éla% red;ts%({ Nisoeriy g{]v{]oquobzyzles 2

(that is, the predetermne ) "and

tof egdhnacereed Oh tthe Rty RARR | S mAsESenied, e

v, the moving distance x of the printing 20 paper
préduetsgminedt tiRet el 8p8e¥en 2% Ana@WtineX JiXtartilets are

is, as shown in Fig. 11, the distance (displacenent)
ejbetudeNrbhe tdot siollz1ard 3DZd Fdhe d6td MECtdrPthe printing
paper. Furthermore, when the predetermined time elapses
after that time, ink droplets are ejected from two nozzles 4
to form dots D4. 1In this way, eight dots D1 to D4 are
arranged on one line.

In this case, when it is assumed that the time from

when ink droplets are ejected from the nozzles 1 to form

dots D1 on the printing paper to when ink droplets are

ejected from the nozzles 2 to form dots D2 on the printing
paper is represented by t (that is, the predetermined time
is t) and the feeding speed of the printing paper is
represented by v, the moving distance x of the printing
paper during the time t is given as follows:

X = wyxt

That is, as shown in Fig. 11, the distance
{(displacement) between the dots D1 and D2 in the Y-direction
(feeding direction of printing paper) is equal to the above

distance x. This also applies to the distance between the
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(feeding direction of printing paper) is equal to the
above 25 distance x. This also applies to the distance
between the - 6 dots D2 and D3, and the distance

bet ween the dots D3 and D4. Al though formng
positions of dots (landing positions of ink droplets)
shown by dotted circles in Fig. 11 are ideal, actua
dots are forned at the positigons shown by 5 diagonally
shaded circles, and the dots D1 to D4 are not arrayed
on a Iine paraIIeI to the X-direction. As a result, an

ct II [ e ot an _exact straight I|n
aoft B3, Bha B e a0t TR, BTt ot Haasontic. it I3 1And D4
occyl is forned 10 but

aIsoiﬁ%%%g%?ﬁ%¥mbﬁ?PE?ﬁ%EQP@%fSFhQQtSaH&aPQ%EHSpﬁﬁ%ﬁﬁons
di th 1 to 4 of_ .the |l d
ofgr i PorARER CS B BT %”c} A iy vl B
1d€'a@esa@'i:ﬁalcgig\ﬁ§n 'rgn%lor F_atalﬂ nedolsﬁg:ié;insst ésﬁ{?é«m by

|rect|on as snown 1 n

oshgnan, el an g g 1380 45, v

equal to the above ance

ar@ppeiesnt @ 1haedpsianae beiywaen the;nezales, 2 and 23,
and the distance between the nozzles 3 and 4. Each two

nozzses Resdlt3, afladtah@1¢ $BORRA Qﬂa%elhgene%réhl@xact
to the 20 X-direction. Wth this arrangenent of

- stpeighéslinep BHutevenaws@rradtdd PLMAhS, artis phenomenon

sequentially ejected fromthe nozzles 1,
similarly occurs not only when a straight line is formed,

_but also when other patterns are formed, and lowers print

quality.

Accordingly, the nozzles 1 to 4 of the liquid ejecting
parts that perform ejection at different times are
conventionally not aligned in the Y-direction, as shown in
Fig. 12. The distance between the’nozzles 1 and 2 in the Y-
direction is equal to the above-described distance x. This

also applies to the distance between the nozzles 2 and 23,

and the distance between the nozzles 3 and 4. Each two

nozzles 1, 2, 3, or 4 are disposed on a line parallel to the
X-direction. |

With this arrangement of the nozzles 1 to 4, even when
ink dfoplets are sequentially ejected from the nozzles 1,
the nozzles 2, the nozzles 3, and the nozzles 4 at different
times, all dots Dl to D4 can be placed'bn a line parallel to

the X-direction on the printing paper.
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the nozzles 2, the nozzles 3, and the nozzles 4 at
different tines, all dots DI to D4 can be placed on a
line parallel to 25 the X-direction on the printing
paper. 7- In the above related art, however, when a
plurality of nozzles 1 to 4 of the head are arranged
in a formother than the linear form as shown in
Fig. 12, first, production-cgst- increases. 5
Secondly, a process of inspecting the positions of the
nozzles is performed after the production of the head,

the_ i ection is rformed by image recognition, and
t het 8f EEE ai’%ﬁ&nrﬁﬁg%ﬁgzﬂ% g’ﬂ"é”eé’rerrang‘@dfq i P¥gEaRity of
r. than the . l.inear form the inspection tine is
no?%ﬁ%é”r T R 4 R TG PRGhGs 8 EATORRG i GOTT rgher than
OF uctld st, i s.. thereby_increased :
thf'?hilr e}!}evﬁgﬁgt F]aeé %c?)lzoz eslnafFel%‘r rgﬁ(ge%llf%t’a R Mot cost

inthan e linear form as shown in Fig. 12, sharing of
the head is inpossible. For exanple, the distance

bet 1 | 1. - di tJ.on i
Pry oS 8 pReskss BRI RA DY EHSHURNS b e

noaldees- des Pt nics A1 Xhd I WRYBiot ik € {h€ head, the
di stance x is a function determ ned by the feeding

inspeedioh tike pesrifdiriR@ PAPEMAJE &gt &AL Ohd Neid¥efore,
printer and the time t, the use of the head in which
whehe t2@ diostzdrce dret weemridiel Nz z4 esodm adthed | thikethe

Y-direction is determ ned beforehand limts the

lineedi Agrspeddicofinspection time is longer than that for

nozzles arranged in a linear form. The production cost is

thereby increased. |
Thirdly, when the nozzles are arranged in a form other

than the linear form, as shown in Fig. 12, sharing of the

head is impossible. For example, the distance between the

nozzles 1 and 2 in the Y-direction in Fig. 12 is determined

to be equal to the above-described distance x. However,

since the distance x is a function determined by the feeding

speed of the printing paper in the Y-direction in the

printer and the time t, the use of the head in which the
distance between the nozzles 1 and 2 in the Y-direction is

determined beforehand limits the feeding speed of the

printing paper and the time t.

Fourthly, although the four types of nozzles 1 to 4 are
arranged so that the nozzles of each type are aligned on the

same line in the X-direction in the example shown in Fig. 12

r



printing paper and the tinme t. Fourthly, although the
four types of nozzles 1 to 4 are arranged so that the
nozzl es of each type are aligned on the 25 sanme |ine
in the X-direction in the exanple shown in Fig. 12, s-
in a case in which the positions of the nozzles are
det er m ned bef orehand, when ink droplets are ejected
at different tines, they can-always be ejected only
_ in the order ~based on the nozzle arrangenent.
1N APl oslr BREFR| BhenPPEAtERBAPPE EhBoTPABAES 6an array
g dot s iEinne even when nozzles are arrayed in line
cteghedibat opeleecar BhePedhkdIFPBARESpRERARPE EFLadf at
. iqujd_ ejecti arts with a tinme.difference. .In
dlffaﬁ%%#d%%% Sm&Fﬂeg ??Ps%ﬁggﬁéc SofJERESHr 8BéNt in the order
basefWEMAONo L 0T &, L3, Loy fed a Tl dui d ejecting
apparatus conpri sing €ad” including a plurality of
liquid ejecting parts juxtaposed to array nozzles in
line, wherein each of the liquid ejecting parts
Discléshydest anlkgdidnchanber containing liquid to be
ej ected; bubble generating nmeans provided in the
L amib T chapbeiméNrgeBghaberay BYBBI eni DihBe lbguien nozzles
inside the liquid chanber by the supply of energy;
-are arwhyetzie Iotenagd nbbedrdfbdtd o8 d et @I Zdsm fOIplurality
ejecting the liquid in the |liquid chanmber in response
of liguidesjgunoratpartofwibe bubbhe hyrrbechubhl e
generating neans, wherein the liquid ejecting
Hppararudanpd | wikh d2 obl ettt efpetedof ronethecsanzziesention,
in the IL%Pid ej ecting parts onto a droplet |anding
- there is provided a 'liquid ejecting apparatus comprising a head

including a plurality of liquid ejecting parts juxtaposed to
array nozzles in line, wherein each of the liquid ejecting parts
‘includes: a liquid chamber containing liquid to be ejected; bubble
generating means provided in the liquid chamber to generate a
~bubble in the liquid inside the liquid chamber by the supply of
~energy; and nozzle forming member that forms the nozzles for
ejecting the liquid in the liquid chamber in response to the
~generation of the bubble by the bubble generating means, wherein
the liquid ejecting apparatus applies droplets ejected from the
- nozzles in the liquid ejecting parts onto a droplet landing

object that moves relative to the head in a



obj ect that noves relative to the head in a 8a
direction perpendicular to the array direction of the
nozzl es, wherein the bubble generating nmeans incl udes
a plurality of bubble generating neans juxtaposed in
the liquid chanber at least in the direction
perpendi cular to the array direction of the nozzles,
and wherein the liquid ejecting apparatus further
conprises: ejecting-direction changi ng neans for
changing the ejecting direéd@ on of the droplets
iy ekected fromthe nozzles to a plurality of different
1reql -elt PERECRAINY efe B FEEL PEF apSigasdiian &f e he
ay, directj.on ,of the nozzles. by supplyin t he )
nozz BLE S SO RE SPHTE BRee st o sTe Ry HorLBies ot R herality
[ b nerating. ans, . which are
ot R b P kR T LA R B oAt BuFar Sy Tfgnanber ot
leas@r EAY+HLr 8¢LbeR; 8L Lhe eHS%éEE% '@otQﬁelhgglg ghambet .\ o¢
in different manners; ?IHE- i Fference eJec? on means
the HOEzCOBY T Qhhi PHeeLeRt LRB . 0f odraPkeks 1FKO AN
liquid ejectingeggsﬁ,tgg ?Egg%?u%g%ﬁfikgfgF?a%%aag further
compef €65t ngipatifg-andeatr $660RHahbdHyImehgst FBY PAEhging the
different from the first liquid é ecting part so"that
-ejechidgopietctsorj e€t eHef dooplebe sgeenddl irguindtBEesbiAles to a
part when a predeternmined tinme elapses after a
plurgtbbyecfi diffecend fioarthensi adbnki gueddiepeetbag
part; and ejecting-direction control neans for
perpep@ifelaingot hecepetay onivéct hendpbptbesnbroirethby supplying
first liquid ejecting part and the second |iquid
the ep@EFYngopakt leysthenti ard aifiepshcenefbeti onemeféinthe
at _the ejecting direction of the

: plurgfi%g of bubbie geneérating means, which are juxtaposed in
the direction perpendicular to the array direction of the
nozzles in the liguid chamber, in different manners; time-
difference ejection means for controlling ejection of droplets
from a first liquid ejecting part, of the plurality of liguid

- ejecting parts, and a second liquid ejecting part‘different from
the first liquid ejecting part so that a droplet is ejected from
the second liquid éjectingﬁpart when a predetermined time
elapses after a droplet is ejected from the first liquid
ejecting part; and ejecting-direction control means for
controlling the ejection of the droplets from the first liquid
ejecting part and the second liquid ejecting part by the time-
difference ejection means so that the ejecting direction of the
droplet ejected from the first liquid ejecting part and the
ejecting direction of the droplet ejected from the second
ejecting part are made different by using the ejecting-direction

-changing means, and so that the distance between the landing



droplet ejected fromthe first liquid ejecting part
and the ejecting direction of the droplet ejected
fromthe second ejecting part are made different by
using the ejecting-direction changing neans, and so
that the distance between the |landing - 8b position
of the droplet ejected fromthe first liquid ejecting
part and the | anding position of the droplet ejected
fromthe second liquid ejecting part in the direction
perpendi cul ar to the array&irection of the nozzles
.%S shorteg tgan P rel ative novin% di stance for which
Pos1thaNhahdtaRd it ARl BFopl 8ELrEndr Rl ThBj EéESkeladiidl giecting
nove fromwhen the droplet ejected fromthe first
- part T T el TR Bt 1 GHES. Vo HR G G r o e ) Dt he
om SEc liquid, e.ecting part lLands. In .
secol T 0 e PR b HeBra B baB @B Ferha o BesRendicular to
j t yon reci sy pravided_a.Li gui jecting_method.
the RYEp UBEreLiogr8e) Epl L EEaGer, bRsEh P EbafPaREe 8t ime
moviﬁ@ua@gtaﬂc@ffbtqwhﬂgﬁJEﬁé!Heaeaﬁha tﬁéo&kggﬁ &nlgnagag
onto a droplet |anding object that noves efative to
objetberbeadi ol dbvection PRERCPHECYLBH1EL LhHE-REHAYrom the
direction of the nozzles, the liquid ejecting parts
- firsbeldguiduxjaposed perarlaydsheonpEghesnéndkbfeet ejected
wherein the ejecting direction of the droplets
- fromefleet edcdndm ideidhozdesing yart abhedsto a pluraity of
different directions along the direction
par perdirdange - vothhe secayddiaspetitow foftheherreeritesnvention,
wherein control_ is executed so that, when droplets
- therg s et ted rom Bauid rejett juy drefleed | wyipar éppbiiea droplets
second |liquid ejecting part

ejecte rom nozzles of a pfurality of liquid ejecting parts
provided in a head onto a droplet landing object that moves
relative to the head in a direction perpendicular to the array
direction of the nozzles, the liquid ejecting parts being
juxtaposed to array the nozzles in line, wherein the ejecting
direction of the droplets ejected from the nozzles is variable
to a pluraity of different directions along the direction
perpendicular to the array direction of the nozzles, wherein
control is executed so that, when droplets are ejected from a
first liquid ejecting part and a second liquid ejecting part
different from the first liquid ejecting part, of the pluraity
of liquid ejecting parts, a droplet is ejected from the second
liquid ejecting part when a predetermined time elapses after a
~droplet is ejected from the first ligquid ejecting part, and
wherein, control is executed so that, when the droplets are

ejected from the first liquid ejecting part and the second



different fromthe first liquid ejecting part, of the
pluraity of liquid ejecting parts, a droplet is
ejected fromthe second |iquid ejecting part when a
predeterm ned tine el apses after a droplet is ejected
fromthe first liquid ejecting part, and wherein,
control is executed so that, when the droplets are
ejected fromthe first liquid ejecting part and the
second 9 liquid ejecting part, the ejecting direction
of the droplet ejected fron@the first liquid ejecting
different from .the ejecting direction of the

llqu&?oSPSFtéFchS&tfr5 etﬁée§§&8ﬁdle@&GF@”eF@bﬁPﬁgdﬁépﬁet

h di_st het, th ndi t
3o T R SR 2 R
the ?ﬁchhﬁglaQ LRg;RASLE @) .0f r%Bﬁﬁ oDl%%e% el HoMe cona

cond "€j écting part dPrectT o

'liquESVBﬁQQtQHba ak®, tﬁﬁdagba¥ha@'Eﬁgtaggtgkcghﬁ A G%He

is shorter than a relative noving Pstance for
‘landihg peadtand bﬁetﬂéOEESFlEQnQbBQtQQJ§QEm EﬁEaEH¥§kyejebt1ng
nove from when the droplet ejected fromthe
partlaqdlﬂhejEahdmggp@bb1taﬁdSoE0tﬂ@eﬁrbb§e@r@ﬁbﬁke@J%Qbﬁdthe
fromthe second liquid ejecting part |andS. 10
-secorslampéet enpoganenis, thhedmaéztesnopekb@nh@adla&eto the array
arrayed in a linear form The ejecting-direction
direghipgi v hRansoaklensisdsbpkees tbaheaejethedver asviheg
nozzles in a plurality of different directions
distppepeher cuhafht shenbeadr apddihectiroplet fhedingzzbésct

relatively move from when the droplet ejected from the first
- liquid ejecting part lands to when the droplet ejected from the

‘second liquid ejecting part lands.



Wth the tine-difference ejection neans, a droplet is
ejected fromthe nozzle of the second liquid ejecting
part when a predeterni ned el apses after a droplet is
ejected fromthe nozzle of the first ejecting part.
In exanpl e enbodi nents, the ejecting-direction contro
means executes control such that the ejecting
direction of the droplet ejected fromthe first
liquid ejecting part is different fromthe ejecting
direction of the droplet efetfed. - 11 fromthe

cond liquid ejecting part, and such that the
gf%teghwlg%t%%%&tlﬁ%” Andrag PoErteenchf thaehardppeep arrayed

- j-ec mthe first liquid ejecting part and the . _
e ﬁﬂgﬁqﬁaﬁg fp%%ﬁ?'ti oﬂle ot The T }%?éte}%r&t R theans allows:
drop1sacond, i gul g ef egt | p R, in.the.direction..
Fop perpendicuIafe?%gghgyg?rg§gng§§9F§nlgfatﬁ%urﬁ&ifpégf
di ffdrerthortelcthal the J&latd ye ovi ng, di e b en |
t he head and;L t he I;!(JII:_V.FOE|§[)I et (%an [ ngdJ 0 J%c%%ﬁe?lef%érl%m of ‘the
nozzIltde di spl acenent of the |anding positions of the
droplets due to the relative noving distance between
theh dhdadtheand ffaciicepleiedranti M0, 6 ©ap1Re is
reduced when droplets are ejected with a tine
ejectaid ffarcendathe Brizfe Resaleptdemml 1han X awnasi K %arjt
is an expl oded perspective view of a head of an 5
when iankjmederemired celidpedsaafitqui d aepllichgiappaeattsi Grom the
the present invention is applied. Fig. 2 is a plan
nozzly e dthearf iarddodi jeeritirof @att ne head.

In example embodiments, the ejecting-direction control
means executes control such that the ejecting direction of the
droplet ejected from the first liquid ejecting part is

different from the ejecting direction of the droplet ejected.
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Fig. 3 includes a plan view and a right side sectiona
vi ew showi ng the arrangenent of heating resistors in
the 20 head in nore detail (first enbodinment). Figs.
4A to 4C are graphs showi ng the relationship between
the difference between the ink bubble generation

times of two juxtaposed heating resistors, and the
ejecting angle of an ink-ditbplFet. 25 Fig. 5is a view
expl aining the ejecting direction of - 12 - the ink
droplet. Fig. 6 is a diagramof an ejection contro

' h Fhgrt 7
fréh " étséé‘ 1%% 12 mrg%’jé'&in gFbgrt/ hSdas@kRNtNAEWLhe

exp ai' ni ng 5 ejectlon of ink droplets

dl§%§ﬁ¥éege %e@nttﬂg ?éﬁéfﬂ?n5851€h§ﬁtantHEaﬂﬁopmdta@jected

Irectron control nmeans first enbodi nment)

frgﬁgthé f§r$tpk§&u¥ae¥ﬁSé@hﬁgnpﬁgttBﬁdCQhérmhndﬁng position

ejection o droplets executed by a tine-difference

of 16n8i gebhboBtmeanstandrannejaet iskgoticr edued egetrtding part
means (second enbodinment). Fig. 9 includes a plan

inViBW andeatibghpespdrdsealbandb thieewrshowidigerhdon of the
arrangenent of heating resistors in a head in nore

nodetasl ikt Bhodterbodanenhe. redatiiye roving ddedangs hptween
view and a right side sectional view show ng the

thar haageredt the Heapilry Aedidsngr ©HIeck -head

Therefore, the displacement of the landing positions of
the droplets due to the relative moving distance between the
head and the droplet landing object can be reduced when

droplets are ejected with a time difference.

Brief Description of the Drawings

Fig. 1 is an exploded perspective view of a head of an
inkjet printer to which a liquid ejecting apparatus of the
present invention is applied.

Fig. 2 is a plan view of an embodiment of a line head.

Fig. 3 includes a plan view and a right side sectional
view showing the arrangement of heating resistors in the
head in more detail (first embodiment).

Figs. 4A to 4C are graphs showing the relationship
between the difference between the ink bubble generation
times of two juxtaposed heating resistors, and the_ejecting
angle of an ink droplet.

Fig. 5 is a view explaining the ejecting direction of
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in nore detail (fourth enbodinent). Fig. 11 is a view
showi ng the positional relationship between the
arrangenent of nozzles in a liquid ejecting part 20
and dots formed on printing paper. Fig. 12 is a view
show ng an exanple in which nozzles of liquid
ejecting parts that performejection with a tine
difference are not aligned wth one another in the Y-
direction. 25 - 13 Best Mde for Carrying Qut the
I nventi on An enbodi nent of the present invention wll
be, descri bed be|OM/MAth reference to the drawi ngs. In
thepiak dpgPileitcation, an "ink droplet” refers to a
‘m nyf e amount of proxi mately severa

p|c%&$te§sl%f§ @h?géﬁmqﬂtd ah 8P@€Féaan8ﬁF5°ﬁofiF€ui§ in

e Wﬁ uid ecting part that will be described
' b8|8 PORMEE¢™ i s forned by one ink droplet |[|anding

2 ;7' BobFTARE) b S0 B oo
f h
CSBRETIRCERY Tt BUGPh R ERAA PD c

cobbishraskiny 680 'eﬁ%g"’ﬂ%ﬁ“&%#ﬁ%lﬁﬂ“%@gﬁ%r%élif%ﬁﬁg
(£ @sEl @mbddiRchead 11 includes a plurality of

fig. 8 is a plan view explaining the control of
éjection of ink droplets executed by a time-difference
ejection means and an ejecting-direction control means
{second embodiment).

Fig. 9 includes a plan view and a right side sectional
view showing the arrangement of heating resistors in a head
in more detail (third embodiment).

Fig. 10 includes a plan view and a right side sectional
view showing the arrangement of heating resistors in a head
in more detail (fourth embodiment).

Fig. 11 is a view showing the positional relationship

between the arrangement of nozzles in a liquid ejecting part

. and dots formed on printing paper.

Fig. 12 is a view showing an example in which nozzles
of liquid ejecting parts that perform ejection with a time
difference are not aligned with one another in the Y-

direction.
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liquid ejecting parts arranged side by side. Each of
the liquid ejecting parts includes an ink chanber 12
containing liquid to be ejected, a heating resistor
13 (corresponding 20 to the bubble generating nmeans in
the present invention) disposed inside the ink
chanber 12 to generate a bubble in the liquid in the
i nk chanber 12 by the supplyyof-energy, and a nozzle
sheet 17 (corresponding to the nozzle form ng nenber
in the present invention) having nozzles 18 for 25
B ege tingfthed iguLd fromthe ink chanber 12 in
P s%Bﬂ?e P& FAAYNHe Odndtst iTBW S 4He bubbl e by t he
heati ng resistor 13. . The nozzles 18 in the liquid
ejg%?i%ﬁbﬁaFPgngrg aFP&NPEESPRY FRFENELeta WdddaPght
' ol nozzl.e,she 17 is .stuck opto a barrier .
aepiibeny BRINATTS eeriha 1 S ki ety B this
.manner. i . kg 1. .I.nt head 11, .a _hase
P grré?r%g?g}iig?lﬁc%ﬁldes nk %sj,:é) l@&ndlfceih%errssaﬁoostar PAULS Rpant of

(e_‘ié.?i gbg%xq&ug@éw seRLen Ai%o @Y Jk.ea&f')”%trpgsé B8

orrmed by deposition on “one surface of

e EeRbEONel & nyStd alse o5 o Thenheatd N tiQid §3drst Ctrh_satt will

13 are electrically connected to an externa circu

beViasaredrdueid g PO iy t(Nats Showd Hw\dited 00 dhhiet
sem conduct or substrate 15. The barrier layer 16 is

landdag ber sexawplet Qfandinghelosansidice &/ driztding paper.

rubber resist or an exposure-curable 15 dry film

resist, and is forned by applying the resist onto
(First Embodiment)

Fig. 1 is an exploded perspective view of a head 11 in

an inkjet printer (hereinafter simply referred to as a
"printer™} to which a liquid ejecting apparatus of the
present invention is applied.

(Structure of Head)

Referring to Fig. 1, a head 11 includes a plurality of

| liquid ejecting parts arranged side by side. Each of the

liquid ejecting parts includes an ink chamber 12 containing
liquid to be ejected, a heating resistor 13 (corresponding
to the bubble generating means in the present invention)

disposed inside the ink chamber 12 to generate a bubble in

the liquid in the ink chamber 12 by the supply of energy,

and a nozzle sheet 17 (corresponding to the nozzle forming
member in the present invention) having nozzles 18 for

ejecting the liquid from the ink chamber 12 in response to
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the entire surface of the sem conductor substrate 15
on which the heating resistors 13 are provided, and
then renoving unnecessary portions thereof by a
photol i t hographic process. 20 The nozzle sheet 17 is
provided with a plurality of nozzles 18, and is
formed by, for exanple, electroform ng of nickel. The
nozzl e sheet 17 is stuck on the.barrier |layer 16 so

" that the nozzles 18 are aligned with the heating
resistors 13, that is, so that the nozzl es 18 oppose

the 25 h at n i or - 15 The i nk chanbers 12
the Gefars é&%% Fhe SRR thE DYt a5 Shak o -
naozzl e sheet 17 so as.to surround the

Thﬁe?&P.Z%g SPedis HHE G LIGHEVHE AT e (e apged in
ll§§nq?he£ég¥¥l ottqntmal!s of the ink chanbers 5

arrler ayer 16 deflnes side walls of the ink

chager sty Biphbey sone s shaec AT aelings sl
Th%h?a@%%rl% %e’% qhque%l{o%\m ans 4o é)%}_ﬁ% d&i]tmatr{ {]%1 fﬂ dfelg 1.

of Fig. 1, an open  regi ons comvuni cate W

i nkigheRaehebAOL15haWBhse1BiRR NEad 11k 190Reral Iy
i ncl udes hundreds of ink chambers 12 and heating

sefi@8batiakcs ok3 si@srecideyaly HaPasedsi 1 ddie dPkother
chanbers 12. By conmands froma control unit of the

mapeirités, anide heealiinlg deSissiafs 18 e Mpidiedyition on

selected, and the ink in the ink chanbers 12
oneosugspordiofg the tdemiselrehidhr substrate 15. The heating
resistors 13 are electrically connected to an external
circuit via a conducting portion {(not shown) provided on the
semiconductor substrate 15.

The barrier layer 16 is made, for example, of a
photosensitive cyclized rubber resist or an exposure-curable
dry film resist, and is formed by applying the resist onto
the entire surface of the semiconductor substrate 15 on
which the heating resistors 13 are provided, and then
removing unnecessary portions thereof by a photolithographic
process.

The nozzle sheet 17 is provided with a plurality of

nozzles 18, and is formed by, for example, electroforming of

nickel. The nozzle sheet 17 is stuck on the barrier layer

16 so that the nozzles 18 are aligned with the heating

resistors 13, that is, so that the nozzles 18 oppose the

heating resistors 13.
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15 heating resistors 13 can be ejected fromthe
nozzl es 18 opposing the ink chanbers 12. That is, the
i nk chanbers 12 are filled with ink supplied from an
i nk tank (not shown) coupled to the head 11. By
passing a pul se current through the heating resistor
13 20 for a short tinme, for exanple, 1 to 3 sec, the
heating resistor 13 is rapiiy-heated. As a result,
an ink bubble in vapor phase is generated at a
portion in contact with the heating resistor 13, and
expansi on. of . the ink Eubble p%§hes away a_certain

vol 5PXi iRTPRES hk BERI SPIleshsbqudha passsmepper 14,
e b e e %103l 1 AR D e e er 15 @ o
{ t ed !
4 T o LA e
th%aﬁg's%gm%%%‘it 19U A% JY WU g, RARel. {0 forma}fhcgqambers

hi's specification,

J_.zl | QUdpaires i ARRN § f&ézfa'p%% ]5812 Ane P L g!‘@eﬂlé

defined as an -direct as s own 1n
chdinbeeki on, paHPend leblz%qe( %'Hfééngﬂﬂaefﬂléé“%:enm walls
X—dlrectlon is defined as a "Y-direction". In This

ofenhediif@nthatbRiry alz.t y wafcheadss, 1k %n]@fér?d?&?éikssm have
as to be connected in the X-direction (wid

opéhr eegionsobnt i@ epriiahitn F rRapery)i de dlﬂl’lsi[qt L[!,e #nd i1 open
head in which nozzles 18 of the heads 11 are arranged
reghnohisneommunicate with an ink channel (not shown) .

One head 11 generally includes hundreds of ink chambers
12 and heating resistors 13 respectively disposed in the ink
chambers 12. By commands from a control unit of the printer,
the heating resistors 13 can be uniquely selected, and the
ink in the ink chambers 12 corresponding to the selected
heating resistors 13 can be ejected from the nozzles 18
opposing the ink chambers 12.

That is, the ink chambers 12 are filled with ink
supplied from an ink tank (not shown) coupled to the head 11.
By paésing a pulse current through the heating resistor 13
for a short time, for example, 1 to‘3 usec, the heating
resistor 13 is rapidly heated. As a result, an ink bubble
in vapor phase isAgenerated at a portion in contact with the
heating resistor 13, and expansion of the ink bubble pushes
away a certain volume of ink (the ink boils). Consequently,

ink, which lies at an ink portion in contact with the nozzle
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Fig. 2 is a plan view of an enbodi nrent of a |line head
10. 15 Wile four heads 11 (N1, N, N+1, and N+2) are
shown in Fig. 2, nore heads 11 are arranged so as to
be connected. In order to formthe Iine head 10, a
plurality of portions (head chips), each obtained by
renmovi ng the nozzle sheet 17 fromthe head 11 in Fig.
1, are first arranged side- 2€ by side. Then, one
nozzl e sheet 17 provided with nozzles 18 |ying
directly above heating resistors 13 of all the heat
Chiﬁf IS stuck on the upper sides of the head_chips to

18 5PN TA%e 9 iR s P T VDS 11 S vEPdume ef | the pushed-
is f. d f le, - 17 i
S A eI R R L PR

OF t ie di t)] . .above the. heating resistors, 13
angy 13" e B AR AT TR 105 e AT paper
17 whi e sitioning the head chips. 5 Wile the line
t .
ohegg%lg'fgﬁpone color is shown in Fig. 2, a plurality

of thnenheadslQ sy thenpr ¢ :egggrrtéag:ttfié%gr[“&?ms%{ﬂoioc{%eﬂﬂé“e

head that supplies inks of

1likjunet eijeé@cﬁxﬂg)-opﬂeﬁsﬂ fidwy headss )11, 8L %ﬁéﬂ&%&dignd@ﬁfned

side and the 10 ot her side of one ink channg

asexendi-iy. ddtt ien's- dig egidun in andy t he, heads 135 Qb0

side and the head 11 on the other " side are arranged
pregpeosddul@areagir idiginalhafo ithe gaadi he@tlion is defined as
a "Y-direction™.

In this embodiment, a plurality of heads 11 are
arranged so as to be connected in the X-direction (width
direction of the printing paper) to constitute a line head
in which nozzles 18 of the heads 11 are arranged in line.
Fig. 2 is a plan view of an embodiment of a line head 10.
While four heads 11 (N-1, N, N+1, and N+2) are shown in Fig.

2, more heads 11 are arranged so as to be connected.

In order to form the line head 10; a plurality of

portions (head chips), each obtained by removing the nozzle

sheet 17 from the head 11 in Fig. 1, are first arranged side
by side.

Then, one nozzle sheet 17 provided with nozzles 18
lying directly above heating resistors 13 of all the heat
chips is stuck on the upper sides of the head chips to form
the line head 10.

Alternatively, the line head is formed by, for example,
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11 on one side is disposed at a position turned 180
degrees wth respect to the adjoining head 11 so that
the nozzles 18 15 thereof oppose each other (so-called
staggered arrangenent). That is, in Fig. 2, a portion
between a |ine connecting outer edges of nozzles of
the (NN1)-th and (N+1)-th heads 11 and a line
connecting outer edges of nogzles 18 of the Nth and
(N+2)-th heads 11 serves as an ink channel of the line
20 head 10. Furthernore, the heads 11 are arranged so

that .the pitch gft en the}nozzles 18 | ocated at the
PTERACIBE PRE TRddini T Heads PHOvidRd WALH (ed b Val that
oo N R B B o Bd S S aA 13 of
a0 o (D P Ml oD o 08 S v P

of a section
poRetwesn ihenaozzles 48 . the heads 11. Instead of
5

0 S, .
eing arranged in a So-cdlled staggered nmanner,'as

desgri pedraboyenet ResReads 11 %?%%Qggg&fﬁgg%ﬂdwﬁ #%iﬁ%j. 2,

that the liquid ejecting parts r are arrange

a plloealiifyaost nanghthdddien.o That de pidvid i
N-th and (N+2)-th hgads 11£%§§ bexaisﬁbég%qé% égg%éa color

lihachebd thatsamppldicgseaiien &S didtend e 1Yl )rd Rkhe 1ine
and (N+1)-th heads 11. (Ejecting direction Changing

hebHand) .10 The head 11 al so includes an ejecting
direction changi ng neans.

Adjoining heads 11 are disposed on one side and the
other side of one ink channel extending in the X-direction,
and the head 11 on one side and the head 11 on the other
side are arranged opposed to each other, that is, each head
11 on one side is disposed at a position turned 180 degrees
with respect to the adjoining head 11 so that the nozzles 18
thereof oppose each other (so-called staggered arrangement}.
That is, in Fig. 2, a portion between a line connecting
outer edges of nozzles of the (N-1)-th and (N+1)-th heads 11
and a line connecting outer edges of nozzles 18 of the N-th
and (N+2)-th heads 11 serves as an ink channel of the line
head 10.

Furthermore, the heads 11 are arranged so that the
pitch between the nozzles 18 located at the ends of the
adjoining heads 11, that is, the interval between the nozzle

18 located at the right end of the N-th head 11 and the

nozzle 18 located at the left end of the (N+1)-th head 11 in
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Q. .3, .
‘o flebidegdyikl®oROY gt iU W)

In this enbodi nent, the ejecting direction changing
nmeans can change the ejecting direction of ink
droplets ejected fromthe nozzles 18 of the liquid
ejecting parts to 15 a plurality of directions al ong
the Y-direction. The ejecting direction changing
means has the following structure in this enbodi nent.
Fig. 3 includes a plan view mnd-a right side sectiona
view illustrating the arrangenent of heating resistors
13 in 20 the head 11 in nore detail. In the plan view

osi ti oq: of the nﬁzjizglner_%lgisi %51{% tsoho%/\ﬂwe

S s B J LT e ?ﬁplisﬁ%ilﬂer%ﬂ% e The
_ ! in.- 19 -
ook eR LT S8R 0 00 T 0 e
mahB88irSt 85S al3 i ®ed YR b I‘F‘eolﬂéatci.%’]gllogr%eao?eh‘ri%h:—}n%rattrh%%d S0

resistor I n two. en one eating resi

thapl ithel NikWed thedrargt %ér%éqoéhe%&i?%éa%iﬁ in line

width is halved. Therefore, the resistanc

(iheat bngatigatslahel3 i ghdeullsd.iByricpnRectifg N-he, 490
heating resistors 13 in series, the "heating resistors

(N13) -tkahbaliavingmale bdoulil b IRsisd A &0 AR LR E L ame
in series, so that the resistance is nultiplied by

ditegtiohOabntbader ft ahloi (N-tlhe-timkarid (el )i+dh charderii,
(E%gétggg direction Changing Means)

The head 11 also includes an ejecting direction
changing means.

In this embodiment, the ejecting direction changing
means can change the ejecting direction of ink droplets
ejected from the nozzles 18 of the liquid ejecting parts to

a plurality of directions along the Y-direction. The

ejecting direction changing means has the following

structure in this embodiment.

Fig. 3 includes a plan view and a right side sectional
view illustrating the arrangement of heating resistors 13 in
the head 11 in more detail. In the plan view of Fig. 3, the
position of the nozzle 18 is also shown by one-dot chain
lines. |

As shown in Fig. 3, two heating resistors 13 are
juxtaposed in one ink chamber 12 of the head 11 in this

embodiment. The two heating resistors 13 are arranged in
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heating resistors 13 need to be heated by applying a
fixed power thereto. This is because ink is ejected
by energy produced during boiling. Al though a current
to be applied needs to be |arge when the resistance
is low, boiling can be 15 achieved with a snal
current by increasing the resistance of the heating
resistors 13. This reduces.ty® size of a transistor or
the like that applies the current, and thereby allows
space saving. Al though the resistance can be
ed hy reduci ng the 20 thickness of the heating
thPegrgﬁ Qhere is acertain limtation to the
resistor 13,

redyuct.on_in hi.ckness E& t he heatlng
f £ ot FBZ91 B 8.dﬁfn§n§f Bef1ia) hand L argiRtors 13 are
r,ahi ) ected or_.t.he heatin reS|stor 13. For
fogﬁgd %P) ?i S ES QAR D S Hes heat thg-¥esi dign one

he%%lh %%51@ﬁ&§?§ﬁf qytﬁﬁllttln &%%hgﬁ%, du0£%%qﬁg§ls not’

t hi cknéss na case

chb@glkst, Oraﬁdl%h@ %\rlcﬁrkp\fﬂsﬁ v Lne k£ Oa%;f{al 651sq:ance

thé perlods of tine or ‘the Th

off @8eShert ih3 e dieact tihe ;4 eppelatdr euégr é}ﬁ{édﬂ%g} *Ehe

i nk (bubbl e generation tines) 5 are e

twbohks t3hiuidearieqsdsy 100 ﬂm%émshe%ﬂé‘%eé@ﬁh&t%él rs 13,
so that an ink droplet is ejected in the direction

eathehaether thienelcathlidie mezzlantd, |dké“&5ﬂﬁ€3tedwﬁﬂ1ébrles,
difference is provided between the bubble generation
sot thes ahet hestiwd diest iiRg mAYistiors 13y tde-.

In order to boil the ink in the ink chamber 12, the
heating resistors 13 need to be heated by applying a fixed
power thereto. This is because ink is ejected by energy
produced during boiling. Although a current to be applied
needs to be large when the resistance is low, boiling can be
achieved with a small current by increasing the resistancé
of the heating resistors 13.

This reduces the size of a transistor or the like that
applies the current, and thereby allows space saving.
Although the resistance can be increased by reducing the
thickness of the heating resistor 13, there is a certain
limitation to the reduction in thickness of the heating
resistor 13, from the viewpoints of material and strength
(durability) selected for the heating resistor 13. For this

reason, the resistance of the heating resistor 13 is

increased by splitting without reducing the thickness.
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10 i nk does not boil sinultaneously on the two heating
resistors 13. Therefore, an ink droplet is ejected in
a direction deviating (deflected) fromthe direction
of the center line of the nozzle 18. Consequently,
the ink droplet |ands on a position deviating froma
position where the ink 15 droplet |ands when it is

ej ected without deflection 2drigs. 4A and 4B are
graphs show ng the relationship between the
difference in the ink bubble generation tinme between

' ed h
el BeREooand PRACE) GBE| f§oa %@aﬁ%e' Eﬁ‘aﬁﬂzoa@o& erare
PrE RS, e 1 P 7 AL GBI S e
|
cafekeabiat Al 1) atl“ﬂ%%&ﬁ?ﬁ%%%t%ﬂ%aﬁ
teh@%r%rt%f%l% )fo'rsb%lq.' %Cttlh%’] ICG%{Ja ]tgcg{t%l{gnartrla%/n gjslmes

heating resistors per pen
arel eeekilon tofe tikg WIZ].SGSSJ_%]_%MR} hed ﬂ%?v 0 q{]gatlng

the X 21 direction (a direction 1ndicated
rewestbeal 13%i so0xneft dherof apfbp Nt &5 tdY & @&?Slﬂoéhe
mean the horizontal axis of the graph.) CO|nC|des
diweth ibhe odr tay domaeir anm dhehdezzd £5 168 . as
descri bed above. In both the X- and Y 5 directions,
t hefe tenthawh,tWheamaudt fakrdevieat isoprbraMdd®etaR@re the
O in the direction of the center axis of the nozzle
bubpleFiggnesgtsloons idwisa odh tthee twak Haudifilrey genersatden 13, the
time
ink does not boil simultaneously on the two heating

resistors 13. Therefore, an ink droplet is ejected in a

. direction deviating (deflected) from the direction of the

center line of the nozzle 18. Consequently, the ink droplet
lands on a position deviating from a position where the ink
droplet lands when it is ejected without deflection.

Figs. 4A and 4B are graphs showing the relationship

between the difference in the ink bubble generation time
between two heating resistors 13 provided as in this
embodiment, and the ejecting angle of an ink droplet.
Values in these graphs are obtained by computer simulations.
In the graphs, the Y-direction (a direction indicated by the
vertical axis Oy of the graph. Note: this does not mean the
vertical axis of the graph.) is a direction {array direction
of the heating resistors 13) perpendicular to the array

direction of the nozzles 18, as described above, and the X-
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di fference between the two heating resistors 13
actually 10 neasured when the horizontal axis
indicates the half of a difference in current between
the two heating resistors 13 as a deflection current,
and the vertical axis indicates the anount of
defl ection of a |anding position of an ink dropl et
(actual |y measured when the flj stance between the
nozzle 18 15 and the landing position is approxi mately
2 nm as an ejecting angl e of the ink droplet in the
Y- dlrectlon A4C, deflection ejection of an
difaRt dPBpIet deaecg;ao%o ARGt CRRT % A e L ¢ R of

heat n re t or 80 mMA and the deflection
engBFaR | < Toser iids b on Titlo T4 6rtS 20 AR el 1eris of

g %f%%&‘ﬁhic%i%tél@%s{ B3l Sgeeranitn e bt wo
nofBakbNg of eSS LA At 3 OSedOfprf ROE b ety

e ejecting angIe 0 an |n

de@E;FgngﬂSCmt@J T eﬁg%Yg(gll vﬁ'l Qﬁ{é %&5}% o@ ydeQIJtahg]J.oﬁ ni‘(rom the

drop et 25 In rection I ncreases as

- angil&f erencerhet wees -t hen- 0%2theb%ggk%rQQQEEaBTO%h@ > z1e

I ncreases. Accordingly, in this enbodi nent
18ejecting direction of the ink droplet can be changed
to a plurality of directions while executing contro

suchigs 40 $bowsadatdi bherpacenhebweenet BenbwhRlien time
generation tinmes of the two heating resistors 13 by

did@fekencegbeltivecahahacteid Hdatiddatesisholdy 1hangh el 1y

t he amount of current to be applled to the
measured when the horizontal axis indicates the half of a
difference in current between the two heating resistors 13
as a deflection current, and the vertical axis indicates the
amount of deflection of a landing position of an ink droplet
(actually measured when the distance between the nozzle 18

and the landing position is approximately 2 mm) as an

ejecting angle of the ink droplet in the Y-direction. In

- Fig. 4C, deflection ejection of an ink droplet was performed

while a main current of the heating resistors 13 was 80 mA
and the deflection current is superimposed on the current
applied to one of the heating resistors 13.

When there is a difference between the bubble
generation times of two heating resistors 13 Juxtaposed in
the Y-direction, the ejecting angle of an ink droplet is not
perpendicular, and the ejecting angle Oy of the.ink droplet

in the Y-direction increases as the difference between the
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two heating resistors 13. For exanple, when the

resi stances of the two heating 10 resistors 13 are
not equal because of a production error, a difference
is made between the bubble generation tines of the
two heating resistors 13. Therefore, the ejecting
angle of the ink droplet is not perpendicul ar, and
the landing position of thessnk droplet deviates from
a position where 15 the ink droplet should |and.
However, the ejecting angle of the ink droplet can be

e perpen changi ng the anount of current
bu qﬁegg Fig& zhﬁﬂggvipqﬁﬁﬁﬁ%@ resistors 13 in
ord L.Lo congrol bube%p%éneratlon times of the )
heatT Rgt F&8PeYer %’“1 305 BESPRATERte, e EOgC g nds dfrection

ofirE TR Hrllidd Mgt %agrrswi Sfébé’&fér?@“gﬁ%fed
dlE%EFE?LBgl' CVqlhquley eé%cﬁﬂ:rﬁ'{fcéo ro (r)s];l}a © %Surfa & Ofa

printing paper e1n

SRS D00 80 st YUY 1
heajtealy nesdisteatd a c}ztd’celll%rﬁj o £t éhé@a#’@i’i@{fé that

by O fromthe perpendicular direction (Int

is72bgi thehigAfhd R Gmdunt td¥e danding iP&%é'&;BbP{ecﬁh@o Jhe
ink droplet i deviates by AL which is obtai'ned by t

twbohkawing rexfirsaz®isori3.5 AL = HxtanO In this way, mhen
the ejecting direction of the ink
For example, when the resistances of the two heating

resistors 13 are not equal because of a production error, a
difference is made between the bubble generation times of
the two heating resistors 13. Therefore, the ejecting angie
of the ink droplet is not perpendicular, and the landing
position of the ink droplet deviates from a position where
the ink droplet should land. However, the ejecting angle of
the ink droplet can be made perpendicular by changing the
amount of current to be applied to the two heating resistors
13 in order to control the bubble generation times of the
heating resistors 13 to be the same.

Fig. 5 is a view explaining the ejecting direction of
an ink droplet. In Fig. 5, when an ink droplet i is ejected
perpendicularly to an ejection surface (surface of printing
paper P) for the ink droplet i, it is ejected without being
deflected, as shown by the broken-line arrow in Fig. 5. 1In

contrast, when the ejecting direction of the ink droplet 1

A
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droplet i deviates by O fromthe perpendicul ar
direction, the landing position of the ink dropl et
devi ates by AL. The distance H between the tip of the
nozzle 18 and the 10 printing paper P is
approximately 1 mmto 2 mmin normal inkjet printers.
Therefore, it is assuned that the distance His kept
constant to be approximately,2 om The di stance H
needs to be substantially fixed because the |anding
position of the ink droplet i varies if the 15

That wh th k d l et i
deaéf%sﬁd By Ou T Bt ggrﬁmﬁﬁ%%ﬂr&q@%ﬁtéq e 21-

f f the nt| paper P, the | anding position
oF #5 é‘-’e &5{351 Q%efstﬁkﬁ \BR R 1P HekPR 1ef the ink
nge ries lightly. In c trast when the ink
argpIsTer e BEed md 410 N 35 ot 10k G 48 ddsoripbtping
idghe landing position of the ink droplet i
eng%%gﬁs with the change of the distance H  Wien the
print,ingukesgbution is 600 dpi, the pitch between the
N-th pixel Tine and the (N+1)- th pi xel line adjacent

thergtenis @hyenwhknt RRef @ n
25, 40x 1000/ 60b 4503 s hleegnlﬁ%/@)ég:e | né)?ly,Ofl e jnx

drbplejtect deke aitll %@0@|%&ohﬂt%@?pé%beﬂ@iéﬁ%éy'&%?déylon,
in Fig. 5 so that the ink dropl ét [ands

thadlandihgpipweli tliohe o fA HeS 88 BRI Qi’&flaﬁles- H2-AL.

(m 5 1Inthis case, the ejecting angle 0 is set as

fol Thesdistance H between the tip of the nozzle 18 and the
printing paper P is approximately 1 mm to 2 mm in normal
inkjet printers. Therefore, it is assumed that the distance
H is kept constant to be approximately 2 mm,

The distance H needs to be substantially fixed because
the landing position of the ink droplet i varies if the
distance H varies. That is, when the ink droplet i is
perpendicularly ejected from the nozzle 18 onto the surface
of the printing paper P, the landing position of the ink
droplet 1 does not vary even when the distance H varies
slightly. 1In contrast, when the ink droplet i is ejected
with deflection, as described above, the landing position of
the ink droplet i differs with the change of the distance H.

When the printing resolution is 600 dpi, the pitch
between the N-th pixel line and the (N+1)-th pixel line
adjacent thereto is given by the following expression:

25.40x1000/600 ~ 42.3 (pm)
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O =tari 1(AL/H) ~ tan 1(0.021) Fig. 6 is a diagram of
an ejection control circuit 50 that enbodies the

ej ecting direction changing nmeans in this enbodi nent.
10 In this enbodi ment, the ejecting direction changing
means executes control such that the ejecting
direction of the ink droplet changes to at |east two
different directions by chapging the energy supplied
to the two heating resistors 13. 15 Mire
specifically, two heating resistors 13 in the ink

chnger %2 e connect ed |n series, and the ejecting

di rettPo l%ﬂgﬂglﬁﬁ RESRE tRclEd@sE Ahei dadi dremdieng i@ the
smntc elqunt connecteq%betmeen t he heating

H eSFst gr %lff ¢oMnedt éd9n 3619 3% iR right qﬁ%ﬂe‘?t lands

C ui | i t) 20 in this enbodi nent). The
°fa lth% atda%igclgl&%r 9& suplr}lrf gd 416 herehed i My Y stors
@%rgllgﬂ by causing a current to be put
betmeen the he ?ng resistors 13 or taken out from

Tnt REGEDSLNREN cYiea .Gl plgﬁeg{feo g hal i & Slls:

direction of th changes

di f§ exepin25 Mi/mectd e$-120, obhfst, a description wll
be given of elenments used in the ejectlon contro

ci rEdgt 60iand ﬁhﬁg@@ﬂn8§tbﬂge%%%%§%n EB%E%%&\@ﬂE&ult 50
reference to Fig. 6. Resistors Rh-A
theésesbodd ebothehe jaltvierg direction changlng means in this

embodiment:.

In this embodiment, the ejecting direction changing
means executes control such that the ejecting direction éf
the ink droplet changes to at least two different directions
by changing the energy supplied to the two heating resistors

13.

More specifically, two heating resistors 13 in the ink

- chamber 12 are connected in series, and the ejecting

direction changing means includes a circuit having a
switching element connected between the heating resistors 13
connected in series (a current mirror circuit (CM circuilt)
in this embodiment). The amount of current supplied to the
heating resistors 13 is controlled by causing a current to
be put between the heating resistors 13 or taken out from
therebetween via the circuit so that the ejecting direction

of the ink droplet changes to at least two different

directions.
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5 describe two-split heating resistors 13, and are
connected in series. A power source Vh is a power
source for applying a voltage to the resistors Rh-A
and Rh-B. The circuit shown in Fig. 6 includes
transistors M to M1. The transistors M4, M5, M,
MI, M4, M6, M9, and 10 M21 are PMOS transistors,
and the others are NMOS transistors. In the circuit
shown in Fig. 6, for exanple, the transistors M2, M3,
M4, Mb, and M5 constitute a set of CMcircuits, and
four.sets of CMcirecuits are provided in total. 15 In
thi ELEPT €uft SS5CEAPE 18RA W Lir Ben Goerne i kuisitsr uss! in
te of the . transistor M4 are connected. Drains

d.
there3 e IPR, fonttors T Ciid: 1 A6 Gdrih Qe CliRy States

.S th transji stor.ss Mo and Mb are connect ed.
t.hgli'%?g%al‘dgfghagp fleerserfcoe ﬁ‘_tcheEsJoq'he *CMcircuits. 20 Drains

f 1 he. i , M4, and MLO i f
e Py srEP2R oF Lo s R Yh Rt = e ot Lty pove-
deBBEE 80k wble PV i L it ﬁﬁ&cﬁg%%ﬁ r%f;:agree connected

m dpoi nt  between the resistors

inFyethes. the dowdnsishiice N iV .o MRve And M7 Sf?&fe’lﬁa&%ﬁymg

25 constant-current sources for the CMcircuits,
a vbethge 26 tUlAiMnS AR OHEY 4,4 Rigayrces of the

transi stors M3, MB, ML3, and ML8, respectively. The

tr afise st drcMithahowhsidr &if. cannget edelsn ts@H8%t?s M1 to
MZ21. The transistors M4, M6, M9, M11, M14, Mle, M19, and
M2l are PMOS transistors, and the others are NMOS
transistors. In the circuit shown in Fig. 6, for example,
the transistors M2, M3, M4, M5, and M6 constitute a set of
CM circuits, and four sets of CM circuits are provided in
total.

In this circuit, a gate and a drain of the transistor
M6 and a gate of the transistor M4 are connected. Drains of
the transistors M4 and M3 are connected; and drains of the
transistors M6 and M5 are connected. This also applies td
the other CM circuits.

Drains of the transistors M4, M9, M14, and M19 and
drains of the transistors M3, M8, M13 and M18, constituting
parts of the CM circuits, are connected to the midpoint
between the resistors Rh-A and Rh-B.
| Further, the transistors M2, M7, M12, and M17 serve as

constant-current sources for the M circuits, and their
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the resistor Rhi-B so that it is turned ON to pass a
current 5 through the resistors Rh-A and Rh-B when an
ej ection execution input switch A becones 1 (ON). In
this enmbodi ment, when an ink droplet is ejected from
one liquid ejecting part, the ejection execution input
swwtch Ais set at 1 (ON) only for a period of 1.5 s
(1/64), 10 and power is supppsed fromthe power source
Vh to the resistors Rh-A and Rh-B. For a period of
94.5 s (63/64), the ejection execution input switch A
CEF), _and .t hj period is used to replenish ink
draslt“% RS G é?ées’mlzs%%rce%eoﬁ i e et s paEd, M8,
ro the ink .dro Iet has been 15 ejected.
Ml&lt plﬁ’t\épt[\ﬁ i AT AND Ygat es X to X9 are connect ed

warhRpseahEgalhe e HEANTLE O ﬁ%cynf*ﬁﬁéeﬂmngée&les to
thélr%%lé%d%r%hQ% EYe Ehreeﬁggtléyg r??% Z&hfoﬁ%g% %n%urrent

8 and X9 are of a |npu

th@f)ulgﬁp Wh ol QI8 iNAS OiRHE AN g 08 %?\n %ts jom,

connected to the ej ection executl on | npu

exkbouaddint iaputorReiekn MPWedL(dd nal gppf, XNOR gat es X10,
X12, X14 and X16 is connected to a

defIﬁcthoﬁ-dhb@@@h@ﬁt25wﬁ@heéhiH&ksﬁkb?ﬁe@'i%n@j%E%ed from
other input termnals are - 27 connec

ongeflliguiidorjeattingl pewith ches khderikh Axd@@bn input

ej ection-angle correction switch S.
switch A is set at 1 (ON) only for a period of 1.5 us (1/64),
and power is supplied from the power source Vh to the
resistors Rh-A and Rh-B. For a period of 94.5 us (63/64),
the ejection execution input switch A is 0 {OFF), and this
period is used to replenish ink into the ink chamber 12 of
the liquid ejecting part from which the ink droplet has been
ejected.

Output terminals of AND gates X1 to X9 are connected to

the gates of the transistors M1, M3, M5, M8, M10, M13, M15,

~ Ml18, and M20, respectively. The AND gates X1 to X7 are of a

two-input type, and the AND gates X8 and X9 are of a three-
input type. At least one of input terminals of the AND
gates X1 to X9 is connected to the ejectlion execution input
switch A.

In addition, one of input terminals of XNOR gates X10,
X12, X14 and X16 is connected to a deflection-direction

selecting switch C, and the other input terminals are
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The defl ection-direction selecting swwtch Cis a
swtch used to select a side in the Y-direction to
which the 5 ejecting direction of the ink droplet is
deflected. That is, the switch Cis a switch used to
switch the ejecting direction between the
Zl-direction and the Z2-direction in Fig. 5 Wen the
defl ection-direction selectipg switch C becones 1
(ON), one of the inputs to the XNOR gate X10 10
becomes 1. The deflection control switches J1 to J3

cofefeIed 3 SRS G Ve T o $or73 ox to an
ej%%%qBB @ﬁ%y%mé recflectloqﬁﬁﬁo trol switch J3

becone one t$'to the 15 XNOR gate

of The SReReghi ot EREEe s e °u§€° Lo qriten
uska ere Lfi dhe '}Hl&e dﬁ&rﬂﬂéﬁ% SdPrece@L o r}tjoc Nq‘eh%f

gates X2, X4, X6, and S 1S connec

ke iingpldt; zte%rtrmdaﬁlo% 0;
s, 1£$p and X9 vi a AE#K§Z§Q§Q£T§QF§§ léﬁgﬁéﬁg 17"

thebsedteh e of siWiedmpided a;rantscrpftr@céaéHm{&e
AND gates X8 and X9 is connected to an eject’ion-angle
dicectdon brtsmicdrchhé ZAWdNGIIDI®h #hd the Z2-direction in
defl ection-anplitude control termnal B 25 is a
Flgerﬁlnamﬂhm’hhﬁ(ﬂeﬁhﬂdu;ddﬂﬁﬁﬁﬁﬁtidﬂkSéIééEEhg switch C

That is,

becomes 1 (ON), one of the 1nputs to the XNOR gate X10
becomes 1. |

The deflection control switches Jl1 to J3 are switches
used to determine the amount of deflection of the ink
ejecting direction. For example, when the deflection
control switch J3 becomes 1 (ON), one of the inputs to the
XNOR gate X10 becomes 1.

Further, each of the output terminals of the XNOR gates
X10, X12, X14, and X16 is connected to one of the input
terminals of each of the AND gates X2, X4, X6, and X8, and

is connected to one of the input terminals of each of the

AND gates X3, X5, X7, and X9 via NOT gates X11, X13, X15,

and X17. Moreover, one of the input terminéls of each of
the AND gates X8 and X9 is connected to an ejection-angle

correction switch K.

Furthermore, a deflection-amplitude control terminal B

is a terminal for determining the amplitude in one
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defl ection step, and for determ ning current val ues of
the transistors M2, M/, ML2, and ML7 serving as the
constant- current sources for the CMcircuits, and is
connected to the gates of the transistors M, M,
ML2, and ML7. By setting 5 the termnal at 0 V, the
currents of the constant-current sources becone 0, a
defl ection current does not $g4ow, and consequently,
the deflection anplitude can becone 0. That 1is, an
ink droplet is ejected in the direction shown by the

oo ST SH B LG B e ST PP
eSO MOS8 T LGP0 L A
gt e & ML MRt e §efdarian o the
oo38 SRR U AL, P LAY 8y et
e R T SV e

soagresnNPeasmeN® ,C N Hed e UIde My rTUHC &R, d OF
circuits are connected to the éﬁound (GN5§F1£QQQﬁ§QTm?nd

coabevacnafi, guhas idE] dvtmalsd 1t (NT Hecdne &
50)" parent hesi zed and added E% each of the céme G: hat

istransiskodsoletto I kjamebant e PaFadt 8n shown by the
conditions of elenents. For exanple, "x1" (M2 to

brypken-iladecareow Hat Big.stianddd el ierePeideovi0ed, to the

and "x2" &NV to M) indicates 25 that an el enent
SugdareaPénttheo pmi tsitnan ek relfenentsy gradually increasing
the voltage, the current value gradually increases, much
deflection current can flow, and the deflection amplitude
{the angle_@ in Fig. 5) can also increase. That is, the
deflection amplitude can be appropriately controlled by the
voltage applied to the terminal.

The source of the transistor Ml connected to the

resistor Rh-B and the sources of the transistors M2, M7, Ml2

r

and M17 serving as the constant-current sources for the CM

circuits are connected to the ground (GND).

In the above configuration, numerals in "xi (N =1, 2,
4, or 50)" parenthesized and added to each of the
transistors M1l to M21 represent the parallel conditions of
elements. For example, "x1" (MI2 to M21) indicates that a
standard element is provided, and 7L (M7 to M1ll) indicates

that an element equivalent to two standard elements
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29 connected in parallel is provided. In the
follow ng, "xN' indicates that an el enent equi val ent
to N standard el enents connected in parallel is

provi ded. Accordingly, since the transistors M, M,
ML2, and ML7 5 have "x4", "x2", "x1" and "xI"
respectively, when an appropriate voltage is applied
bet ween the gate of each of s2$hese transistors and the
ground, the ratio of their drain currents is 4:2:1:1.
Next , the operation of the ejection control circuit 50

be descr.i.b a description will be
COé%&@% €St TomAF %ﬁh§13%5n9¥ﬁﬁtd%%nsttﬁLﬁ%% L keming, "xN"
The ejection

t
1ng)r%g%u%ltel%o%rh|ar¥pun I%%%ﬂA Ebcé% ent t@\l)N %ti,ﬁuyjmne]_wents
Co%" |o|olt't%e‘g“to|§3qu 8]55faf‘1rele’&a”p' oqggn A=1 B=25V

?he output fromthe
XNOR- d s
o PR Ko PR Y Ty P tore Wl B MG amet 07
hatD rgate XZoins ¥,qThe O, ,Jh I
aturned %N % th% th%%gUtput f%gﬁlgh l&ﬁ%& g%%enxfﬁ
apbsobritite ewipige flrsorﬁ%itﬁétplbéﬂﬁ@er?(l@hé fﬁaocteo o%eeaxﬁb of

Therefore, this output d A=1 are inp
thgatke tXansensequentd Yhd g-QuiPUtthd rloel"ﬂltch%f(\%egff Crain

X3 is 0, and the transistor Mo is turned
currents is 4:2:1:1.

Next, the operation of the ejection control circuit 50
will be described. First, a description will be given of
only the CM circuit constituted by the transistors M3, M4,
M5, and Mé6.

The ejection execution input switch A becomes 1 (ON)
only when ink is ejected.

For example, when A = 1, B = 2.5 V (applied), C = 1,

and J3 = 1, the output from the XNOR gate 10 is 1, and this

output 1 and A=1 are input to the AND gate X2, so that the

output from the AND gate X2 is 1. Therefore, the transistor
M3 1is turned ON.

When the output Ffrom the XNOR gate X10 is 1, the output
from the NOT gate X11 is 0. Therefore, this output 0 and
A=1 are input to the AND gate X3. Consequently, the output
from the AND gate X3 is 0, and the transistor M5 is turned

OFF.

Since the drains of the transistors M4 and M3 are



10

15

20

25

25 Since the drains of the transistors M4 and M3 are
30 connected and the drains of the transistors M6 and
Mo are connected, when the transistor M3 is ON and
the transistor M is OFF, as described above, a
current flows fromthe transistor M4 to the

transi stor M3, but no current flows 5 fromthe
transistor Mo to the transisggr-Mo. In addition,
because of the characteristics of the CMcircuit, when
no current flows through the transistor M, no

current, flo t hyough the transistor M4. Further,
CORFEL < ﬁ?ﬁ@% 3 o e garesbiteme M6 aanrd Hbrare

, cprrespondi ng current 10 flows only fromthe
co e W e s A i T o QY L OF SONBAEa WSS N St
he transi stor in the above case. Since the
ME’ggiS eb% t %es tcfezf'ncsrlls &t Y GEFPYERMF s 598 e Eofp the

et I t hrough the transistar M5, and no

tr%&rsrlentoél@o il g:rv\%et rouy S’f%]ésbﬁ’a%?il%t%‘? Frr st bi hews
(e 1} il . sane rrent shoul d

R s e S, N B SR o SR o,

begag 0o ft R MRS Uri B ds N 113l ;&g\?icgi]f%{&irtemw en no

val ue determ ned by the transistor el ou

cufrtrertt e omsd RO PEMRE s FHS1/S et S r%‘cﬁrz%é}gc Ry Bis
a

via the transistor M3, it is added only to

theoukgdgntt hfel mﬁam@itsitroeugi_n 1 h@‘ﬁ]ﬁ@ﬁéﬁﬁ@ﬁcﬂ"'ﬂS V is applied
Therefore, the following relationship is provided:

tol RheAdgadier mehttHd dwiangs iidtcaugip t he dast S$indnd) crrent
Im B (current flow ng through the resistor Rh-B)
flows only from the transistor M3, among the transistors M3

M4, M5, and M6, to the transistor M2 in the above case.
~ Since the gate of the transistor M5 is OFF in this

state, no current flows through the transistor M6, and no
current also flows through the transistor M4 serving as a
mirror thereof. While the same current should flow through
the resistors Rh-A and Rh-B, when the gate of the transistor
M3 is ON, since a current value determined by the transistor
M2 is taken out from the midpoint between the resistors Rh-A
and Rh-B via the transistor M3, it is added only to a
current flowing through the resistance Rh-A. Therefore, the
following relationship is provided:

Ipn-a (current flowing through the resistor Rh-A) > Ip .
(current flowing through the resistor Rh-B)

The above description is given in the case in which C =

1. Next, the following description will be given in a case



The above description is given in the case in which C
= 25 1. Next, the follow ng description will be given
inacase - 31 in which C=0, that is, only the
input to the deflection- direction selecting switch C
is changed (A =1, B=2.5V applied, and J3 = 1,
simlarly to the above). Wien C =0 and J3 = 1, the
output fromthe XNOR gate _53X10 is 0. In this case,
the inputs to the AND gate X2 are (0, 1 (A=1)), so
that the output therefromis 0. Consequently, the
. transistor is turned OFF. In addition, when the
ot fr Gmirhé Pat@P I Fhepeidnitls 00 e deflration-
di]}rom.the F:Fé:gcate X11 becones 1, so 10 that the
CR5GtS™ & ANY o Gris (@hanggd B 15)1, dhd e V
I I stor i_s turned ON.. When the transjistor Mo is
apé%l?%?’cﬁglfier'\ﬁét% fT dws THPOFHY t9e HeardPeYet- M6, and a

cur | so,fl hroygh the transistor M because
of I{ﬁﬁggcﬁar act ggﬁ:fjlgcs_ g‘f’ the %Efﬁtciﬁr@m fthe XNOR gate
x1bhecefore . our,ce .Vh passes Cc nt
t hr %ugh tIﬁeI%?lelga‘l)\é%Sres’R%% J;ﬁPe“pﬁ' a %i@f%w,g?ﬁ?ﬁ %herre
(ot ranginston V6. 5T t t f1.ow rough the
resi §t or R%Vg\ esr?t %ty HTIfeel %\L/%{strpt%ﬁr éhgﬁ?%%é (I;&ssl stor

CoBeBubskigs khe hans ol MR i 20,CFFy hp ourrent

flowm ng out of the resistor Rh-Ais not _ra'nched to
thelsialedbtidhe WhaRsksbobuMBhit. flBmAddid kDR gta{i% X10
y

current flow ng through the transistor M4 entire
betbows 0, the output from the NOT gate X11 becomes 1, so
that the inputs to the AND gate X3 are (1, 1 (A = 1)), and
the transistor M5 is turned ON.

When the transistor M5 is ON, a current flows through
the transistor M6, and a current also flows through the
transistor M4 because of the characteristics of the CM
circuit.

Therefore, the power source Vh passes a current through
the resistor Rh-A, the transistor M4, and the transistor Mé6.
Then, the current flowing through the resistor Rh-A entirely
flows through the resistor Rh-B (since the transistor M3 is
OFF, the current flowing out of the resistor Rh-A is not
branched to the side of the transistor M3). 1In addition,
the current flowing through the transistor M4 entirely flows
into the resistor Rh-B becatuse the transistor M3 is OFF.
Further, the current flowing through the transistor M6 flows

intQ the transistor M5.
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into the resistor Rh-B because the transistor M3 is
OFF. Further, the current flow ng through the
transistor Mb flows 25 into the transistor Mb. 32
From the above, when C = 1, the current fl ow ng
through the resistor Rhi-A is branched to the resistor
Rh-B and the transistor M3. On the other hand, when C
= 0, not only the current_fgewing through the
resistor Rh-A, but also the 5 current flow ng through
the transistor M4 flows into the resistor Rh-B. As a
resplt %Fe cgrrents flow ng through the resistor
Rh- A 8Hd *Ffie 2PBEFst BheBh SR arle itha arEMtolileying through
rel ati.onship;, LRh-A < Im_B 10 The ratios of the
they rrreesrhsgcoarr %‘%‘M R RE WeR nth er eakEtonH B ard jthe

. C=.0 B ti th t
o SIS S ST S, % 0 PHLSELL RIS SRS
iff t i . di ff b
el o oy SUNGL . o onge can be
culkealith F 1R8I} Yo s %gé#(ﬁﬁt%ﬁep l(lav(r]sk into the

ej ecting direction. reover, ectl ng

re@iilseetd ®h-gan be swWidehed:, t9,d e, sy rff@%'n% ngough

positions in the array direction of the nozzle

theetrwedrstidie KAge ahe e ol ANk the ®ase where, £ f%)ﬂlowing
e

= 0. Wile the above description has been given of
redaseonship:

Ign-a < Ipn-s
The ratios of the currents are symmetrical between the case
where C = 1 and the case where C = 0.

By setting the currents flowing through the resistors
Rh-A and Rh-B to be different in the above manner, a

difference can be made between the bubble generation times

on the two heating resistors 13. This can deflect the ink

ejecting direction.

Moreover, the ink deflecting direction can be switched

to the symmetrical positions in the array direction of the

nozéles 18 between the case where C = 1 and the case where C
= Q. |

While the above description has been given of the case
in which only the deflection control switch J3 is turned
ON/OFF, the currents flowing through the resistors Rh-A and

Rh-B can be more finely set by also turning the deflection

control switches J2 and J1 ON/OFF.
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in which only the deflection control switch J3 is
turned ON OFF, the currents flow ng through the
resistors Rh-A and Rh-B can be nore finely set by
al so turning the deflection 25 control swtches J2 and
J1 ONVOFF. - 33 That is, the currents flow ng through
the transistors M and Ms can be controlled by using
the deflection control switgh J3, while the currents
flowi ng through the transistors M@ and M| can be
controlled by using the 5 deflection control swtch
J2. Eugther,E%he currents flow ng through the
tranSfst bPs VB SHATRDS Sc &t e ndoritsiugdd the tusinmgstors
M4thedp$g ecti?$ control switch J1. As described above,

t FEdrsl ir et W pag sewing hilbeghe fhection control

. sistors .i;n the ratio of transistors M4 and 10
SWH)E:%?l r é]ﬁ“)’s’ i s"‘isholrlse I\'fg‘ear?dlﬁ\ﬁelrﬂ‘? ahsPetied stidugihdtivae =

AN [ Il o t.he ink deflection direction to be
tr%ﬁ%&égg%yﬁgﬁsaél of thr e 51§ CH P HHed LY refiRHethe

BRI ) FES ol 0018 S0P

- theBugh the trhnstQrs (14 Gndm1e 124 Je Lo ? r%gféjd by

(1, 1, 1). In addition, since the currenis can

usGhanged By riehandmedhe-yo! ﬁ%ﬁéha l'ied between the
gates of the transistors M, ) and ML7 and the

groﬂsddebh?ibddfhB@&éQntﬁ%oﬁﬁhiﬁe%qu%niga%%np%@ ?%ssed
changed while 20 maintaining the ratio of the drain
theongentthef [towineg SH@UGH the ratio of transistors M4 and
M6:transistors M9 and Mll:transistors M14 and M16 = 4:2:1.
This allows the ink deflection direction to be changed by
use of three bits of signals from the deflection control
switches J1 to J3 in eight stages of (J1, J2, J3) = (0, O,
), (0, 0, 1), (0, 1, 0}, (0, 1, 1}, (1, O, 0), (1, 0, 1),
(1, 1, 0), and (1, 1, 1).

In addition, since the currents can be changed by
changing the voltages applied between the gates of the
transistors M2, M7, M12 and M17 and the ground, the

deflection amount per one stage can be changed while

maintaining the ratio of the drain currents flowing through

"~ the transistors at 4:2:1.

The deflection direction can be switched symmetrically
in the Y-direction by using the deflection-direction
selecting switch C, as described above.

As shown in Fig. 2, a plurality of heads 11 are
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the transistors at 4:2:1. The deflection direction can
be switched symmetrically in the Y-direction by using
the deflection-direction selecting switch C, as
descri bed above. 25 As shown in Fig. 2, a plurality of
heads 11 are - 34 arranged in the X-direction in the
line head 10 of this enbodinent, and the heads 11 are
arranged in a so-called staggered manner. In this
case, when a common signal is sent fromthe

defl ection control switches J1 to J3 to the 5 two

adj acent heads 1#_ t he deflection direction is
angb §ean gg?v\ée HRetiRg dd) dbentd imeadead 1ot tiis
ﬁson in hﬁt% %Podlnent the defl ection-direction
e‘“%% &8Fthy 8 Rechieadsyldyiaged AF SFRfeL I calsg-called
t eflec ion.direction in one head 11. 10
Sté\%gggd Hg €hhen I ahdéaﬁaﬁ?rofwbﬁé)a&s COMBET SHGBR S s
a d r.ed manner .to con tute the |ine
sefit  BEah’ Hl?h SERRELER RO Reide s i oS 1D ithe
W h e 0+Gan the sa settl
twbNBdybBEn BeRMacl) 1987 e TROS :%hrgev? heig e rsed
betRekh a t ad
egleangtﬁg Eg?tﬁﬁagce%§ h@%ﬁﬁ;ﬁg (yﬁ ere E%%ds%n this

embddihbat, |ﬁhetH@fQ@t%hohhdl&utgh&ﬂhselec %Rg#%ﬁkc is

Vil e the ej ection-angl e correction SMAt
pravedsdntbaSymmetthdQﬂbe%th&hCQﬁbr@efT@dﬂ¥8ﬁ5d&kéﬂ%lon in

J3 in
one head 11.

Accordingly, when a plurality of heads 11 arranged in a
so-called staggered manner to constitute the line head 10,
the deflection directions of the heads 11 in the line head
10 can be made the same by setting C = 1 for the even-
numbered heads 11, among the heads 11 in Fig. 2, that is,
the N-th, (N+2)-th, ... heads 11 and by setting C = 1 for the
odd-numbered heads 11, that is, the (N-1)-th, (N+1)-th,
heads 11.

While the ejection-angle correction switches S and K
are similar to the deflection control swifches Jl to J3 in
serving as switches for deflecting the ink ejecting
direction, they are used to correct the ink ejecting angle,

First, the ejection-angle correction switch K is a
switgh for determining whether correction is performed or
not. Correction is performed when K = l, and is not

performed when K = 0.



10

15

20

25

20 serving as switches for deflecting the ink ejecting
direction, they are used to correct the ink ejecting
angle. First, the ejection-angle correction switch K
is a switch for determ ning whether correction is
performed or not. Correction is performed when K = 1,
and is not 25 perforned when K= 0. - 35 The
ej ection-angle correction sww¢ch Sis a switch for
determining a direction along the Y-direction in which
the angle is corrected. For exanple, when K =0
(cotﬁect|on s not performed), 5 one of the three
i nput'§ ?8e85&ﬂnoﬁn9 § ARBIGATEOXSHAEIXS Isecormes toh for
deind therefore uts fron1both the AND gates X8 and

5 B qry 2 XN tirhmsY st bFacihien ainl Wech the

OFF,. and the transistors M9 and M1 are

angpso %urne% 5&9‘ Accordlngly, the currents flow ng

thr Si A and the resistor Rh-B do
notﬁg aﬁ%gﬁpFE c%h Past Rhéﬁoﬁrecf1§WUlsf6¥’ %%ﬁﬁﬁQ¥mEd

it of out
o efiﬁgsgg‘?%exf %ﬁlﬁlfo S nce tq?l Zg}fDl%a eﬁ“':er y-’md X3

betBRYE 1) Gha %N@r%%@cexs’oﬁﬂ%ﬁltso%a%ﬂﬁ %eéﬂeomﬁﬁ Jates X8

and the transistor ML8 is turned reover
angi Heeagee 0Qf (RRsiipieht 140 e AND gat i
via the NOT gate iﬁg; thgpoutput fronfﬁhe A%%’ gate %%O are
tubredmesF), amdd thke tinaansissiars MO isnd L}!z’@daﬂ:':alﬁ NC€rned
the transistor M0 is OFF, no current flows through

OFfhe Accordingly, the currents flowing through the resistor
Rh-A and the resistor Rh-B do not change.
In contrast, when K = 1 and, for example, 1t is assumed

that S = 0 and C = 0, the output from the XNOR gate X16 is 1.

' Since (1, 1, 1) is thereby input to the AND gate X8, the

output therefrom is 1, and the transistor M18 is turned ON.
Moreover, since one of the inputs to the AND gate X9 becomes
0 via the NOT gate X17, the output from the AND gate X9
becomes 0, and the transistor M20 is turned OFF. Since the
transistor M20 is OFF, no current flows through the
transistor M21.

Because of the characteristics of the CM circuit, no
current also flows through the transistor M19. However,
since the transistor M18 is ON, a current flows out from the
midpoint between the resistor Rh-A and the resistor Rh-B,
and flows into the transistor M18. Therefore, the current

flowing through the resistor Rh-B can be made smaller than
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transi stor M21. 20 Because of the characteristics of
the CMcircuit, no current also flows through the
transi stor ML9. However, since the transistor M8 is
ON, a current flows out fromthe mdpoint between the
resistor Rh-A and the resistor Rh-B, and flows into
the transistor ML8. Therefore, the current 25 fl ow ng
through the resistor Rh-B cafybe made smaller than -
36 the current flow ng through the resistor Rh-A
This makes it possible to correct the ink ejecting

di rection %nd to correct the ink landing position in

EhEhEUTr §tedt PO Ny TR BT dther mafsics kot Ut-A 5 With® makes

.tcorrecéion iséﬁfrforned by two bits of signals from

1T RESELBIEI &R- aPgIE Cortectingn ssifatehng & rarwt ¥on randeto
Qv odi t finer correction can be achieved

CO%?eC?nEE‘%agF%SWWW%wm Y e Hel gmiby 2

' ' direction is deflected by using 10 the above
pr%%??%k@%n f’@@?f@&'s, and K, the current (deflection

(Eafte C4rk B eLBE TS Mok hea By B Sud 6 sTtnats
2 ti + -1s.
e ot T g, Forgt R (S dendd Llard B e

ab&veaBibsdiflen? | & 33819044 K i o A4S ndenstaad by

from Equati on {, "t he def I'ecti on
increasing the number of switches.

When the ink eje.cting. direction is deflected by using
the above switches J1 to J3, S, and K, the current |
(deflection current Id) is expressed by the following
equation:

(Equation 1) Id = J3x4xIs+J2x2xIs+JlxIs}SxKxIs

= (4xJ3+2xJ2+JT1+8xK)xIs

-In Equation 1, +1 or -1 is assigned to J1, J2, and J3,
+1 or -1 is assigned to S, and +1 or 0 is assigned to K.

As is understood from Equation 1, the deflection
current Id can be set in eight stages by settings of J1, J2,
and J3, and correctien can be performed by S and K,
independently of the settings of J1 to J3.

Since the deflection current can be set at any of four
positive values and four negative values, the ink deflecting
direction can be set in both directions along the array
direction of the nozzles 18. For example, in Fig. 5, the

ink deflecting direction can be deflected by 6 from the
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current Id can be set in eight stages by settings of
J1, J2, and J3, and correction can be perfornmed by S
and K, 20 independently of the settings of J1 to J3.
Since the deflection current can be set at any of four
positive values and four negative values, the ink
deflecting direction can be set in both directions
along the array direction of;the nozzles 18. For
exanple, in Fig. 5, the 25 ink deflecting direction
can be deflected by O fromthe - 37 perpendicul ar
dire tioE di rection shown by the broken arrow) to
PeFREBALFELEF] SFESEosh (o TR HamyARgwn dry delie Bisoken
defhegteghby 0 to the right (Z2-direction in the
BLEPYlr &9, ThELAERSr idile difre iarud o, thandti qugelmer can be

t of daflection 5 n b rbitrarily set, as
deggggg.egegyaﬁo& . ttthT'rrrJr@% i f(f@r%&e@%@a ii8h Hgartd gure) -

' | ng-Di rection Control  Means) The printer_of this.
Fugﬁggg%“rgr%ﬁf iq:%’cel Ut gélea%_t’i %él—atdilfsf’e)rt&?cémgﬂ% i%dn dﬁ‘é;%tlon
caANBeal Bl 8¢LIN9AIdQCt IQn LRIl 4 19, gans. Wien i nk

droplets are re pectlvéal y €] ectec?q’ron?a first liquid

(Tehechl Agepahte @ﬁe@tﬂbﬁrﬁ.éﬂéfﬁEféé%ﬁﬂﬁfﬁﬁﬁééﬂﬁé% Control

parts, and a second liquid e ecti'ng par eren
Mekfhem the first liquid ejecting part, the
time-difference ejection 15 neans executes contro

Sucﬁhéh@&i@ﬂefn&fdtﬁpbebmbéd@h@ﬁﬁe§ncﬁﬁagbtQet§ﬁ€°nd

liquid ejecting part when a predeterm ne
difference ejection means and an ejecting-direction control

means.

When ink droplets are respectively ejected from a first
liquid ejecting part, of a plurality of liquid ejecting
parts, and a second liquid ejecting part different from the
first liquid ejecting part, the time-difference ejection
means executes control such that an ink droplet is ejected
from the second liquid ejecting part when a predetermined
time elapses after ejection of an ink droplet from the first
liquid ejecting part.

When ink droplets are respectively ejected from the

first liquid ejecting part and the second liquid ejecting

part by the time-difference ejection means, the ejecting-

- direction control means executes control, by using the

ejecting direction changing means, so that the ejecting

direction of the ink droplet ejected from the first liquid

.ejecting part is made different from the ejecting direction
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time el apses after ejection of an ink droplet fromthe
first liquid ejecting part. Wien ink droplets are
respectively ejected fromthe 20 first liquid
ejecting part and the second liquid ejecting part by
the time-difference ejection neans, the ejecting-
direction control neans executes control, by using the
ej ecting direction changi ng pgans, so that the
ejecting direction of the ink droplet ejected from
the first liquid 25 ejecting part is nmade different

oTel 2R a% Sl AT (i SFectiserd phbedTan sering
o R S8 T 1S (He 1R Obl B o) LG ¥ ereen
e e Gl L BT (i The LE ohi T e trom The
e A R e A A R el PhL B e e
inkeldaioipaelty efea: dd aromahd hee ddiks ﬁ{@ﬁidpgt%jgég%@% Rart is

fromthe first liquid ejecting part [ana: _ ¢
shbmkedr dhlaet téjee aiedd thrv@Mmuidie, rie ot dri i €521 @8t d % he head

10 part lands. In this enbodinment, particularly, when
11i phdditdel eirsindnieg respactialed ti wiBe et d roMR dhéstthe ink
liquid ejecting part group including a plurality of
drppdeitd egjesdeich d npar tthet Hatrdo Iniafui Adjjaidt ione @0t Meinds to
and a second liquid ejecting part group 15 including a
whgnyitaei dykotdriopdeitd egjeedtcich o uart ttshet hatcadal Motquid ejecting
part lands.

In this embodiment, particularly, when ink droplets are
respectively ejected from a first liguid ejecting part group
including a plurality of liquid ejecting parts that do not
adjoin one another, and a second liquid ejecting part group
including a plurality of liquid ejecting parts that db not
adjoin one another, the time-difference ejection means
executes control such that ink droplets are ejected frém the
liquid ejecting pérts of the second liquid ejecting part
group when a predetermined time elapses after ejection of
ink droplets from the liquid ejecting'parts of the first
liquid ejecting part group.

When ink droplets are ejected from the liguid ejecting
parts of the first liquid ejecting part group and the second
liquid ejecting part group by the time-difference ejection

means, the ejecting-direction control means executes control
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adj oin one another, the tinme-difference ejection nmeans
executes control such that ink droplets are ejected
fromthe Iliquid ejecting parts of the second liquid
ej ecting part group when a predeternmined tinme el apses
after ejection of 20 ink droplets fromthe |iquid
ejecting parts of the first 1liquid ejecting part
group. Wien ink droplets aresejected fromthe liquid
ejecting parts of the first liquid ejecting part
group and the second Iliquid ejecting part group by

and th i part"ar

Co RSN rC FARPASIT P e s exebiik ity Bases of
i t N . i , | f t h | " . . . t . .

k0 a6l g nksdconlet s Lnomthe 10U dgleetingocion o

thhitX e di1 a6t i Qi thihats t " ositi,ons of th
i nk dr oplaetéL gjjng?t (:eL(ij;lfrosmor?ﬁtehée@%nidlqlrﬂ(ig é%éLcettlsngejp%Crtf%g from

thef 1tikeild eStedtioy jfectd ré. roup are. .
arranged oeﬁ a fli rléls%al i ne pa%ﬁeﬁlﬁo ?]hled{&%i r %Cf‘if:blﬁ? part

grang t@ecjaettaniRe iohk drapiAt 5 ffomihe 1d AWl the x-
ej ecting parts of the second liquid ejecting part

digeetponn and itved jdicteatHeon o dh1dihe fandidie 1iquid
positions of the ink droplets ejected fromthe liquid

ejefcgdnigngapast s fothehee@rseddnrshild @iicttgiRCHANS: RFdup in a

group are arranged on a second |line parallel to the
fixedi ddeeicdaonBpouthag tie djzectimy pa irteiatr o ro £ hetngi Dgk

means, the ejecting-direction control means executes
drephetsl edgsh echdromhdhej dotduigl di jeadtiiran mwfrtd hef i tike

dropl ets ejected fromthe liquid ejecting parts of
second liquid ejecting part group are arranged on a second
line parallel to the X-direction. By using the ejecting
direction changing means, the ejecting-direction control
means executes control such that the ejecting direction of
the ink droplets ejected from the liquid ejecting parts of
the first liquid ejecting part group is made different from
the ejecting direction of the ink droplets ejected from the
liquid ejecting parts of the second liquid ejecting part
group, and such that the distance in the Y-direction between
the first line and the second line is shorter than the
relative moving distance for which the head 11 and the
printing paper relatively move from when the ink droplets
ejected from the liquid ejecting parts of the first liquid
ejecting part group land to when the ink droplets ejected

from the liguid ejecting parts of the second liguid ejecting

part group land.
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15 the first liquid ejecting part group is nmade
different from the ejecting direction of the ink
droplets ejected fromthe |iquid ejecting parts of
the second liquid ejecting part group, and such that
the distance in the Y-direction between the first
line and the second line is shorter than the 20
relati ve noving distance forgmhich the head 11 and the
printing paper relatively nove fromwhen the ink
droplets ejected fromthe liquid ejecting parts of

rt, group |and to when the

R ool ot 8 BaeD S erh e i & By o (e
35t BR, BE N I G ol S Bei b Perbrns copctien
neShSCRROY thle b AR T AR ST i tont o

SoarR et B the Ko Kol i N oty i o

dizedttibe of diHeGld on Jefey S(fjg%%ﬂgb%geg&ﬁg%é]‘?%m%%d the

of printing paper, as descr] ass

Y-tihatchigu deRiRctiNg RArtced8spestide! ¥bel f 'Eﬂgt
the first, second, third, fébr h, first? g%cg%%, fﬁb

pabhir; dasamit ity ldopiiad. 100 €] 86td HoRad tLigh PUPST &
arranged in this order fromthe Ileft side in thé head

ejettling petrual ingspemirierdliyWal @ieiaig NG PRELBiAEL, second,

arranged). Dots DI to D4 are forned by ink droplets
thayrdet dgufntdm thHe dti,quiet@jdctimgrpardsd ofotifenfl1gtid
ejecting part groups are arranged in this order from the
left side in the head 11 (in actuality, more ligquid ejecting
parts are arranged). Dots D1 to D4 are formed by ink
droplets ejected from the liquid ejecting parts of the first
to fourth liquid ejecting part groups.

In Fig. 7, the head 11 is fixed, and the printing paper

is moved in the Y-direction in the figure. While the
printing paper is being moved in the Y-direction in the

figure, ink droplets are ejected from the liquid ejecting

parts of the head 11 to form dots DI to D4 on the printing

paper.

First, when an array of the nozzles 18 of the head 11
lies on line (1), as shown in Fig. 7(a), ink droplefs are
ejected from the liquid ejecting parts (the first and fifth
from the left) of the first liquid ejecting part group to

form dots Dl on the printing paper. The liquid ejecting
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to fourth liquid ejecting part groups. 15 In Fig. 7,
the head 11 is fixed, and the printing paper 1is noved
in the Y-direction in the figure. Wiile the printing
paper is being noved in the Y-direction in the

figure, ink droplets are ejected fromthe liquid
ejecting parts of the head 11 to formdots DI to D4
on the printing 20 paper.-First, when an array of the
nozzles 18 of the head 11 lies on line (1), as shown
in Fig. 7(a), ink droplets are ejected fromthe

Li.qui.d e ectd. ts (the fi d fifth f h
Pt PP LTI U i (9 By 1 pneously
o 4 h inti .. The liquid \

e et ng o pf ks PR e P PPEOR i g el eeate the
sa iyl | .6t i nk. | et d the ink.

SOl rldHY A GUYS tgqe? ﬁﬂj?ﬁ_gld 2(%3 gétg.)ll}(gc{fsa}%thasnf?%nﬁ%gglrst

drop!ets_are_ejecte _ ectl _ _
1ikuqu @j%lc%@%%%a‘i?c&g%oqj Thepfir i Clucliogr#%oyfgie%c}qel;‘gpgcuted by

part group. control i's ex€

thej eglelctgndi-daeidan FOHIR! rJB S, 59 e%cg] atpdh etllléanf".ju{@ing

positions of ink droplets respectively ejected from

postié iohisquifd iejkectriond epar trs sHfe dthierd 1 W 1h 8 &E NG, Patd
group lie on a line parallel to the X-direction. Fig.
ligpay sHewtinapardet o DitHormegihy dhe-t iy ld4 dyroup 1ie

ejecting parts of the first 10 liquid ejecting part
ongpodpnei page liliede toltheakaldieledtaidhe Pegli reed)i Ghows that
doIQeDH'%%}%eSJEFtEEQ Q?rt§30f-the flrs} l'iquid eJectlng.
vy e two liquid ejecting parts of the first
liquid ejecting part group lie on line {1) parallel to the
X-direction.

The liquid ejecting parts of the first liquid ejecting
part group are controlled to eject ink droplets
perpendicularly to the surface of the printing paper.

In the above description, the ejecting direction of an
ink droplet can be made perpendicular to the surface of the
printing paper (no deflection) by setting the voltage
applied to the deflection-amplitude control terminal B at 0
V in the ejection control circuit 50. When ink droplets'are
ejected from the liquid ejecting parts of the first liquid
ejecting part group in Fig. 7, the ejecting-direction

control means executes control by setting B at 0 V so that

‘the ink droplets are ejected perpendicularly to the surface

of the printing paper.

When a predetermined time elapses after the dots Dl are
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part group are controlled to eject ink droplets
perpendicularly to the surface of the printing paper.
15 In the above description, the ejecting direction of
an ink droplet can be nade perpendicular to the
surface of the printing paper (no deflection) by
setting the voltage applied to the

defl ection-anplitude controlstecmnal Bat 0O Vin the
ejection control circuit 50. When ink droplets are 20
ejected fromthe liquid ejecting parts of the first

i quj jecti.ng part group in Fig. 7, the
to F%%{gﬁb- QW%ﬂéa%¢ S5t Io1Y rRadfiss exde ciiee sficowit riol qbid
.se%;in B %; O Vso that the ink droplets are ejected
©I5& pléﬂ’?gip&ﬂ ALPUHRy tiRE HrFREets iAre 1R eeted | Fgomapee .
lfﬁﬁi@h 3 3, QFdeternine time el apses, after the dots D
e~ AFCHTER Y (He Phuittordclinyipariaching neart
first liquid . ejectin art group,_Jink droplets are
gr&h cttégd f?)rlfénmdtoﬁces ﬁtzi’q?ﬂsg Sé}oé’g} iJn‘g %]a‘}'t s’ 81 the second
i gyhdnefecti group.tao fqrmdots , shown
| EneLaE) bRaRREin BB IS elered Mt apuEe ton of
thaf Wer sf ermat,in ( he ,dots D2 are
for rrec?) , {Tﬁe %?ﬂ %{hieng&ﬁ’ggjezf %e ff,e%%%r&c)m Ithllneesfilij)ntlrlg
paplewd sl Fed Frof akinko (1)N&HAN iﬁ-{‘%"{b,i R (Eai)g-tg(%ne (2)
ie on in

When the array of the nozzles 18 i ne (

shBivg. i%(B)ig.i MTKogr.ophmies aite eiected 4 ram the, A0 4 1 i fh o

ejgcting parts of the second liquid ejecting part
ongidwe t(a)f dnmidet.s 70%) Undef dhspXond rbe Afyddi€ed from the

li%h?%tgg%;ting parts of the second liquid ejecting part
group to form dots D2. Under the control of the ejecting-
direction control means, the liquid ejecting parts of the
second liquid ejecting part group eject ink droplets in a
direction different from the ejecting direction of the ink
droplets ejected from the liquid ejecting parts of the first
liquid ejecting part group.

As shown in Fig. 7(b), the array of the nozzles 18 lies

on line (1} when ink droplets are ejécted from the liquid

ejecting parts of the second liquid ejecting part group. By

-setting the ejecting direction of ink droplets ejected from

the liquid ejecting parts bf the second liquid ejecting part
group to be the same as the ejecting direction from the
liquid ejecting parts of the above-described first liquid
ejecting part group at this time, dots D2 are formed at

circles shown by dotted lines in Fig. 7(b). In this case,
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direction control neans, the liquid ejecting parts of
the second liquid ejecting part group eject ink
droplets in a direction different fromthe ejecting
direction of the ink 15 droplets ejected fromthe
liquid ejecting parts of the first 1liquid ejecting
part group. As shown in Fig. 7(b), the array of the
nozzles 18 lies on line (d1)4when ink droplets are
ejected fromthe liquid ejecting parts of the second
liquid ejecting part group. By 20 setting the ejecting

di recti of ink droplets ejected from the |liquid
thg; de Fn&gpaﬂ%@s %rn}eﬁg %&#QQW@%}%CﬂW q;%irq;r
£ %ro%p to ?? heéfane as the ejecting direction from
Offfa " 1PPg Gitd e &ty War b Catie aigviel wesrs beanding
fLest Ligu ej ecti art group at this tinme, dots
popgtibatt B ey 3 B byt i di 19 Heactipn from
Ei h). In.this case, .- 4 the dots D2 are forned
tnf Janfilly H i R e ot iR G SHRR et o
: uqnt t dj.n osi tii,ons of the
cobLost AP e difd NP NS AN paper.
| anglb AOLROSI ea8snOf +hhe ggE%'Q —%ﬁr%c%ﬁ%%ﬁ%%%ﬁ%ol means
ng di St ance of X

corresponding to the fee g e printing

expapeks cbartridl SuU@RIAN.td RS e%@qﬂlﬁ%%éf&é g@ior? e

control nmeans executes control suc 0o €

liduogl efechrion thetd icfuithe]RAINY Pakl & of5 dbe; seqond:

liquid ejecting part group at the ejecting angle
grdupf etenhefl romdtie ejaeeilien@ikE anglte Bior hevd Wecting

droplets fromthe liquid ejecting parts of
angle of the ink droplets from the liquid ejecting parts of
the first liquid ejecting part group so that the ink
droplets land on line (2) in Fig. 7{b) to form dots D2. The

ejecting direction of the ink droplets from the liquid

ejecting parts of the second liquid ejecting part group is

-controlled by setting the voltage applied to the deflection-

amplitude control terminal B in the ejection contfol circuit

50 and turning the deflection control switches J1 to J3

ON/OFF, as described above.

All the liquid ejecting parts of the second liquid

‘ejecting part group are controlled to eject ink droplets in

the same ejecting direction. This allows all dots D2 formed

by the liquid ejecting parts of the second liquid ejecting

part group to lie on line (2) parallel to the X~direction.
Subsequently, when a predetermined time elapses after

formation of the dots D2, ink droplets are ejected from the
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the first liquid ejecting part group so that the ink
droplets land on line (2) in Fig. 7(b) to formdots
D2. The <ejecting direction of the ink droplets from
the liquid ejecting parts of the second |iquid
ejecting part group is 15 controlled by setting the
vol tage applied to the deflection- anplitude contro
termnal Bin the ejection cpptrol circuit 50 and
turning the deflection control switches J1 to J3
OV OFF, as described above. Al the liquid ejecting
he second |iquid 20 ejecpin%ﬁgart group are
il au

.parts of
ll%%}ﬁfir SPFSEFPQ BPEt Pk teofbeizs o igje aanty

d|re n gﬁ al|.ows all dots D2 formed by the
grfmaw 0 % Q@t'saﬁf s eidorith 94 qUicd e ect i ng

t | Ilel to the
e i akke :Jgnll?l%u% LEhE §otihe ag‘?’sr Easrerni hoe prHEting
ft 2 f t t D2
paﬁ%gp?efs%ar g&gfnegt e%rf 8lmol?h ig 427 (dal ?ﬁﬂ d“é}legcﬁ)ngln Fig.
t t t t

(88t s Thar nePoid slmiudt COIR IR i Ay e R

noQ@lésD@8a'i§ 8%'1%@0&3&9 oFPlr 'l'ltll!eng()l )pq’?ﬂe:rFllgS fge(?:(f o

line (1) in Fig. 7(a) line in
a MeRnerkisi ghsal &Heﬁh€h@b8¥%s Eaef?ﬁr§gﬁﬁgdtgg jectlng

nozzles 18 is positioned on I1ne

inkhéisopases whem the dalmildB &k tfi1d e A5 %@CEHéWQ:hlrd
ink droplets fromthe liquid ejecting parts of

lighiddejkbtind epett ghgupdr ot iGORLIQ éﬁ%dﬂﬁ%ﬁ so that
executed so that
the dots D3 are formed on line (3} in Fig. 7{(c), in a manner
similar to that in Fig. 7(b). Therefore, the ejecting-
direction control means executes control to eject ink
droplets from the liquid ejecting parts of the third liquid
ejecting part group at the ejecting angle different from the
ejecting angle of the ink droplets from the liguid ejecting
parts of the second liquid ejecting part group so that the
ink droplets land on line (3) in Fig. 7(c) to form dots D3.
When the angle (angle corresponding to the angle 8 in
Fig. 5) formed by the ejecting direction of ink droplets
from the liquid ejecting parts of the N-th liquid ejecting
part group (N = 1, 2, ...) with the direction perpendicular

to the printing paper is represented by 8(N), the following

condition is satisfied:

B(1) = 0 (that is, direction perpendicular to the

printing paper)
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10 the dots D3 are fornmed on line (3) in Fig. 7(c), in
a manner simlar to that in Fig. 7(b). Therefore, the
ej ecting- direction control means executes control to
eject ink droplets fromthe liquid ejecting parts of
the third Iiquid ejecting part group at the ejecting
angle different fromthe 15 ejecting angle of the ink
droplets fromthe liquid ejegting parts of the second
liquid ejecting part group so that the ink droplets
land on line (3) in Fig. 7(c) to formdots D3. Wen
the _angle (angle corre pondlng to the angle O in Fig.
5) M%Fgrﬁﬁefgy ?rﬂﬂé) epRet PRY* 41 r e&ei dn bhei Arllpophet s
reig frow&_he liquid ejecting parts of the NNth liquid
g ®drt group (N =1, 2, ...) with the direction

er u 0 the pr|nt|ng paper is represented by
N?ﬁeﬁhe ¢Q$T% condition is satisfied: 0(1) =0

th t di | to th 25 t
gapﬁg%gbagﬂ%?zoceenpsa%;Bgs?%ﬂgzm%ea.rgspﬁcpﬁgeﬂy'
| l; N+ A
f}:Bﬂekﬁ}éyln E’g&%g g#“éﬁgfe r esp F|)"’§/rett ;(F% )%7(9288&91 ?@% Hpid
ejbcthnki gare %Jye‘%‘ﬂen&ﬂﬁ%ud gﬂ%ﬁé}%é Nt < { Al e

eJectlng part “by the ef ence 6] ect |on nead

ejtBeingl-agthddhn eehite 10N, cont 6,0l
such that the angle O(N+1) #g%ﬁggﬁﬁézgﬁe ejec %répéﬁ)that

thdi negllieod (mh 1) h€oiréd by the ejecting direction of the ink

droplets from the (N+1)-th liquid ejecting part with the

~direction perpendicular to the printing paper is larger than

the angle 8(N) formed by the ejecting direction of the ink
droplets from the N-th liquid ejecting part with the
printing paper.

In the above-described manner, as shown in Fig. 7(d),
ink droplets are similarly ejected from the liquid ejecting
parts of the fourth liquid ejecting part group to form dots
D4 on line (4) in Fig. 7{(d). One pixel line is printed in
one cycle shown in Figs. 7(a) to 7(d).

From the above, dots D1 to D4 can be arranged in one

~pixel line parallel to the X-direction even when ink

droplets are ejected from a plurality of liquid ejecting
parts at different times. Therefore, a smooth linear image
having no serration can be printed.

When one cycle for ejecting ink droplets from the

liquid ejecting parts of the first to fourth liquid ejecting
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droplets fromthe (N+1)-th liquid ejecting part with
the 10 direction perpendicular to the printing paper
is larger than the angle O(N) formed by the ejecting
direction of the ink droplets fromthe N-th liquid
ejecting part wwth the printing paper. In the

above- descri bed manner, as shown in Fig. 7(d), 15 ink
droplets are sinmlarly ejectgd fromthe liquid
ejecting parts of the fourth liquid ejecting part
group to formdots D4 on line (4) in Fig. 7(d). One

pixel line.is printed in one cycle shown in Figs.
PaT Lo P8R S ShRd v PR EL R 05 Bllechingeink

arranged. i n e 20 pixel, line parallel to the
drﬁio&FF%c%iréJﬁ“ g{}iﬁw ]vatﬂéﬁlcf rﬁa%frﬂcnsﬂp RAT Y 0 Bj Bt eBiTeond Bouid
nl.ueal. f liquid ejectin arts at different
IRl Bhrtodn b 3 SRRRIP Trodaos Hagehs nae e Ho Fio.
rratp rinted., When one cycle for ejectin )
7R AR 03 NP ten one aveke Lot S S, i
a ahsler! @ ihAULN 4 QUi Qheshi NG, -p 40 PAFL) Oroups s

conpl eted, an operation of ejecting dropl ets from

theAé!Q@inﬁﬁéﬁEi@Qoﬁa@ﬁ%.oﬁ,t@%ﬂHfEE fg(ﬂgq% so .that the
ejecting part group is pérfofmed agai-n, as Shown in

prEhging’peperThdvdsS oK Hf Qﬁi@téo@ﬁﬁt‘&j: Ghgdh t oMy
a 1 Q.

dots D, in 5 a manner S|njlar to that shownin
fréfrafheAd iiguieVied@tt iOPAitE: o BRI tFNgd S SQjecting

that the printing paper noves only by one dot pitc
pawhegrejpectisoperformed again after one cycle for ejection
from the first to fourth liquid ejecting part‘groups.

When operating the ejecting—directioﬁ control means, as
described above, the ON/OFF states of the deflection control
switches J1 to J3 corresponding to the N-th liquid ejecting
part group are stored beforehand, and ON/OFF control of the

deflection control switches Jl to J3 is executed according

- to the stored contents.

In this case, since the ejecting direction can be
changed in eight stages by using three bits of signals from
the deflection control switches J1 to J3 in the ejection
control circuit 50, for example, it can be changed in four

stages in the Zl-direction in Fig. 5, and in four stages in

" the Z2-direction.

Accordingly, the ejecting direction can be changed in
three stages, as shown in Fig. 7, by using three of the four

stages in one of the directions. 1In this case, the voltage
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fromthe liquid ejecting parts of the first liquid
ejecting part group is perfornmed again after one
cycle for ejection 10 fromthe first to fourth liquid
ej ecting part groups. Wien operating the
ej ecting-direction control neans, as described above,
the ONV OFF states of the deflection control swtches
J1 to J3 corresponding to thgyN-th liquid ejecting
part group are stored beforehand, and OV OFF contro
of the 15 deflection control switches J1 to J3 is

ap ecu %F cormﬁi to the stored contents. In this
ga sih (SQHQR;%ﬂR%kﬁWQﬁ1QQﬂi¢ﬁi tetamigedl (B is

three bits of signals from the

I g st a usi n
Seuef lr%&l 8‘%1 rcﬁo ﬁ%“crﬂé&ﬁr%&%@slwmh@@e@mubme (2)
tr it 50, r exa it can be changed
frl%%l ?tg%r Q_Jra ges tﬁlet ﬁ]énﬁ S r e %pﬁjcﬁf:q’ch F glime é:hh iR Fig.
u e Z2-direction. Accordingly, the
e?e%?fng |ﬁg |on & ﬁ!qélg% FHPD 11 Bt HgrEE - as

shown in Fig. 7, by using three of the four 25 stages
in one of the directions. In this case, the voltage -

(sé¢ondpphbedik@nthe deflection-anplitude contro
termnal Bis set, for exanple, so that ink droplets

C?nFignd80F3|hnﬁléﬁ)v15%°€kbﬁ?1ﬁrggy %Et&gg B?Z%h%s 18
placed on line (1) in Fig b)
ejepeabnngfduhecﬂtoplbmsomgr%IQﬁ%@iﬁﬂf¥§¥ﬁﬂééag¥gﬂﬂﬁﬂﬁ)means
and an ejecting-direction control means in a second
embodiment of the present invention.

In the second embodiment shown in Fig. 8, similarly to
the first embodiment shown in Fig. 7, ligquid ejecting parts
of first to fourth liquid ejecting part groups are arranged,
and two liquid ejecting parts are provided for each of the
liquid ejecting part groups. In the second embodiment shown
in Fig. 8, control is executed so that ink droplets are
ejected from the fourth liquid ejecting part group, the
first liquid ejecting part group, the second liquid ejecting
part group, and the third liquid ejecting part group in that

order.

In the second embodiment shown in Fig. 8, the ejecting

‘directions (ejecting angles) of ink droplets ejected from

the liquid ejecting parts of the first to fourth liquid

ejecting part groups are different from those in the first

embodiment shown in Fig. 7.



10

15

20

25

Fig. 8 is a plan view explaining control of the
ejection of ink droplets by a tine-difference ejection
nmeans and an ejecting-direction control nmeans in a
second 10 enbodi ment of the present invention. In the
second enbodi nent shown in Fig. 8, simlarly to the
first enbodi nent shown in Fig. 7, liquid ejecting
parts of first to fourth +igaid ejecting part groups
are arranged, and two liquid ejecting parts are

provi ded for each of the 15 liquid ejecting part

. h di in Fig. 8,
dontFoTibe Lot PRSI Tl Moes dre! Yestese
: t th .l i ' ti t , t fi t.
IR e eal ey P SRS BEEGs P T e d el
' y ’ PO Lot | ¢
SRR PR P ST S e th S TP tRoR:

Fiogp(B) +he ghecbirg <dgqﬁggkons (ej ecting angles) of
ink droplets ejected from the liquid ejecting parts

of Ihecdhtehsty fiaurtily.| BQuicte &8G1LAY %E%%ﬂgﬂEﬁﬁis set:
5 enbodi nent

are different fromthose in the first
shohli r=FDg.672) 48 6(B) Fig(ay,=thg(®j ecting angle
O(N) of ink droplets ejected fromthe Iiquid ejecting
partabfishewhehhahi quirdy ejfe@idzZ¥d <arts AriQ4P on line (2),
satisfies the following condition: 0(1) = 0 and O(N) <
asopleR 81| Figontri@dt, ik MmppBstd herd of 1:09¢ Ngjected from
condition is set:
the liquid ejecting parts of the fourth liquid ejecting part
group so as to land on line (1). Dots D4 are thereby formed
on line (1}.

In this case, the ejecting directibns of the ink
droplets is symmetrical with respect to the ejecting
direction of ink droplets from the liquid ejecting parts of
the second liquid ejecting part group in Fig. 7(b) (the
angle with respect to the direction perpendicular to
printing paper is the same).

Next, ink droplets are ejected from the liquid ejecting

parts of the first liquid ejecting part group when a

predetermined time elapses after ejection of the ink

droplets from the liquid ejecting parts of the fourth liquid

| ejecting part group. After the bredetermined elapses, line

(2) on which the dots D4 are formed lies directly below the
array of the nozzles 18, as shown in Fig. 8(b). Therefore,

when the ink droplets are ejected from the liquid ejecting
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0(1) =0, 0(2) <0(3), 0(4) =-0(2) That is, when an
array of nozzles 18 lies on line (2), as shown in
Fig. 8(a), ink droplets are first ejected from the
liquid ejecting parts of the fourth liquid ejecting
part 10 group so as to land on line (1). Dots D4 are
thereby formed on line (1). In this case, the
ejecting directions of the-ia& -droplets is
symetrical with respect to the ejecting direction of
ink droplets fromthe liquid ejecting parts of 15 the

[ b Qui j:ectid no in Fig. 7(b th
paZREORE e AT QB PN e AL RLut Seodb oliitey rape
Tl i Fod.S.t .. ink drople are.
oIBELRE 19, PRI LB 70 ARt HCERREA o o
| . ](Cl . . . , s d .
ths dull] RIRAU0 MR PR SIS METEAELT fFfne first

lilghe d it i9ie @A g pants of e, TpuLth nggi g?épses

ej ecting part group.” After the predetermne

'pekb&adi@ﬁﬂaﬂlyMﬂdﬂtHéﬁpﬁKﬁﬁiﬂ¥1ﬁﬁﬁéfprnﬁgtéiﬁ§ are thereby

directly below the array of the nozzles 18, as shown
former gn (e (Peref ovtelcrRSchdhedotdend nkrdrepbel 8ed/f €as

ejected fromthe liquid ejecting - 49 parts of the
shpwhstinl Fggi-d 8efdct i ng part group, they are ejected in

the sane direction as the ejecting direction of the

i nk3dpepreestivenetketioguiod éjnéeidmgp lpard sfafm the 1iquid

first liquid ejecting part group in Fig. 7(a), that
eJpsting parts of the second liquid ejecting part group (Fig.

8(c)) and ejection of ink droplets from the liquid ejecting
parts of the third liquid ejecting part group (Fig. 8(d}))
are performed in a manner similar to those shown in Figs.
7(b) and 7{(c). That is, the ejecting direction of the ink
droplets from the liquid ejecting parts of the second liquid

ejecting part group is the same as the ejecting direction of

‘the ink droplets from the liquid ejecting parts of the

second liquid ejecting part group in Fig. 7(b) (or is
symmetrical with respect to the ejecting direction of the
ink droplets from the liquid ejecting parts of the fourth
liquid ejecting part group in Fig. 8(a)). The ejecting
direction of the ink droplets from.the liquid ejecting parts
of the third liquid ejecting part group is the same as the
ejecting direction of the ink droplets from the liquid

ejecting parts of the third liquid ejecting part group shown

in Fig. 7(c¢).
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5 perpendicularly to the printing paper. Dots D are
thereby fornmed on line (2) on which the dots D4 are
provi ded, as shown in Fig. 8(b). Subsequently,
ejection of ink droplets fromthe liquid ejecting
parts of the second liquid ejecting part group (Fig.
10 8(c)) and ejection of ink droplets fromthe liquid
ejecting parts of the third bbDguid ejecting part group
(Fig. 8(d)) are perforned in a manner simlar to
those shown in Figs. 7(b) and 7(c). That is, the i
ej egty di Is f ' roplets.,fromthe,
| ] qﬁ?“d%%ee??iﬁﬁ’gl%%%l?s S%‘P’%{Iﬁl&%eﬁglo% f’i qs"&hed S R i P e

Wil tr U IS t he. e ing,direction of
the i nk drogﬁésgﬁ%rgkwtﬁé?#i%b?%gg}%%tf%br%% 8% f the
egeead dulgs &&j i Op. | L 9ind( ar |

i symretri cal mﬁtﬁﬁgiéﬁg%?g%% ?Eeeg?e§¥¥%gl%§r§%?%gﬁ 8? the

inkheirdplktd optat scHd am dibeg | éﬂé‘bgingj %&ftggog%flé ot rst
the fourth 20 liquid ejecting part group in Fig.

1igfie)d e jRwet Higaidmy grbiuectiienclf £1 her | Pk 85 ARk eLSection,
fromthe liquid ejecting parts of the third liquid

s egjueattilng lpariingremged sluthieng afite aspéhetich esti fle time-
direction of the ink droplets fromthe Iiquid

didifegensg waractioh meerthi r din i the derdheEInagE PelidwE OHPFig.
shown 25 in Fig. 7(c). -50- In the enbodi nent shown

8/i kb §Jertimige dgjresttiiom alwhilre ot idn Esgeatdiaulde to the
ugjectin direction (direction perpendicular to the

sSug s € Tof- heh @ Gimitimich g angier Jobfthéeink droplets from the

.liquid ejecting parts of the first liquid ejecting part

group, which performs ejection second, serves as the
reference.

Control may be executed in any of the manners shown in
Figs. 7 and 8. For example, when the ejecting direction of

the ink droplets from the liquid ejecting parts of the

liquid_ejecting_part group near the center in one cycle is

set to be perpendicular to the surface of the printing paper
during operation of the time-difference ejection means, as

shown in Fig. 8, the maximum ejecting angle (angle 0 in Fig.
5) relative to the direction perpendicular to the surface of

the printing paper can be set small.

{Third Embodiment)

A third embodiment of the present invention will next

be described.
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ink droplets fromthe liquid ejecting parts of the
first 5 liquid ejecting part group, which first
perfornms ejection, sequentially increases during the
operation of ‘the time- difference ejection neans. In

t he enbodi nent shown in Fig. 8, the ejecting
direction (direction perpendicular to the surface of
the printing paper) of the-ipk droplets fromthe 10
liquid ejecting parts of the first liquid ejecting
part group, which perfornms ejection second, serves as

t hep; refgr Cant_r ol .be executed in any_ of the
MAnhEr S ghg\%\lﬁ%%PdesF dg&lap g’ 8.2 2 et & 1dthetP¢hional

t 15 th k d lets, f th
ik ciﬁlﬁeg'a?}rwe&?efﬁheeﬁ'%ﬁ%{ﬁ IRTH PR 19 in @
he@HO Wi '%?1@ &£ ane; Cyn(l:(%lﬁ%lcg@f%ﬁhgc%lélb%§pond1ngly

per pendi cul ar to the s ace of

todifiigNg 0RYIALIRD e }__Iikleré%n&?iﬂéé grence ej ection

means, as shown in naX|nun1eJect|ng angl e

(angl Befdi BeFir@e %Ql@i reﬁlb%td'ﬂn%ntto 118 YL 6L a‘%‘ln&

per pendi cul ar to the surface of the pr|nt|ng

recastbessat smaldngeddlhin dHbodi B b thd din the first
enbodi nent of the present invention wll next 25 be

m@@deﬁﬂ%@M@ﬁM&&@ﬁ%ﬁ%&@%%%%ﬁ
side sectional view show ng the arrangenent of

dipegtiion résirshoder3 in a head of the third

enbodi nent in nore detail, correspondingly
Two heating resistors 13 arranged in the Y-direction

are controlled in a manner similar to that in the first
embodiment. In the third embodiment, two heating resistors
13 arranged in the X-direction are controlled by an ejection
control circuit 50 that is similar to that in the first
embodiment and is separate from an ejection control circuit
50 to which the two heating resistors 13 arranged in the Y-

direction are connected.

Consequently, an ejecting-direction changing means can

‘change the ejecting direction of an ink droplet from a

nozzle 18 to a plurality of different directions along'both
the X- and Y-directions.

By changing the ejecting direction of the ink droplet
to a plurality of different directions along the Y-direction,
the landing position of the ink droplet is controlled by
using a time-difference ejection means and an ejecting-

direction control means, in a manner similar to that in the



10

15

20

25

to Fig. 3 showing the first enbodinment. 5 A head of
the third enbodi nent includes heating resistors 13
arranged in the Y-direction, as in the first

enbodi nent, and heating resistors 13 arranged in the
X- direction thereunder. Two heating resistors 13
arranged in the Y-direction 10 are controlled in a
manner simlar to that inthsefirst enbodinent. In
the third enbodi nent, two heating resistors 13
arranged in the X-direction are controlled by an

.eLectio trol cj.,rcuit 50 that is simlar to that
fl?ﬁ%thg EFF§$H gﬁ&&ﬁﬁﬁﬁﬁtand is separate from an

' ' t I [ it 50 .to which the t
heale L OB EEN Y, cRabSib, FRed ek erBov A igtsdtpoRTatbe ink
-direction

dr%%@@%?%%da %?%yf%ylé@ &Y%ﬁéfégéi: ?ﬁf%ﬁ?%%t?%%n%fthe X

angi ng neans can -change

i kakndr ety fr le 18 tq a plurality of,
Ry nt Chrr asrrany R 1T s B Bgptetin the x-
di¥Yedtig6t LaNsorBeGhang j lgetd | fech]

lt ﬁe i nk dr oploge:tya to agipi{]glrga [ 36/&%% édi%gir%ﬁtéilo&@{on

codirettineassal ong the Y-direction, the |anding
position of the ink droplet is controlled by wusing a

ti nBodi dtanehep ehefit tBBrEEARS NANG 31 28ji86T 11RY e%%ﬁ:tion
t hat

directiqn control means, in a manner simlar to
chpnatherisfig, - stichstasore jxetdnd Rt .in the X-

direction, among liquid ejecting parts in one head, dots D1
to D4 are arrayed in the X-direction at regular intervals on
one pixel line, as shown in Fig. 7(d).

In contrast, in a case in which there are variations in
ejection characteristic, such as ejecting direction in the
X-direction, among the liquid ejecting parts, for example,
when the second dot D2 from the left in Fig. 7(d) is
displaced to the left in the X~direction in the figure, it
is disposed closer to the leftmost dot D1 and away from the
third dot D3 from the left.

When this state continues, an overlapping portion
between the leftmost dot D1 and the second dot D2 from the
left is successively formed in the feeding direction of
printing paper, and a band is produced in the Y-direction
and is sometimes conspiéuous. On the other hand, a space
between the second dot D2 and the third dot D3 from the left

is successively formed in the feeding direction of the
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Mor eover, by changing the ejecting direction of the
ink droplet to a plurality of different directions
along the X- direction, the landing position of the
ink droplet in the X- 5 direction is corrected by
using the ejecting-direction control nmeans. For
exanpl e, when there is no variation in ejection
characteristic, such as ejectitng direction in the X-
direction, anong liquid ejecting parts in one head,
dots D 10 to D4 are arrayed in the X-direction at
I ar intervals on .ane pixel line, as shown in Fig.
pr}§g§5g| RaESkrr &3¢ 5 i (e RAnG i REOTHRAG B cthe Y-
di¥%rk %’ons in_ ejecti.on characteristic, such as

LEFSETPRG ARG & IO H e CORTRTEERRSN, anong t he
i gyl d. electi - f l.e, t.h .
secth o BHEE LB BRI bE enn 8 £ SR Sn - (e eni it o tion
t he hefi. i h - di ' ' he fi , L dt
B R S N Yo SRR IO
therntphid gQEePBf§£°Qk5ﬂ§lE?fE'%@%%nggQE%r%F?EEprinted by

conti nues, an overl apping portio et ween

ejkettimgstinttorBpland trhenseaand dati P f é&ﬂﬁ&%naﬂog Lwithout

I's successively fornmed in the feedi ng directi

coprenting phpekjeattdng BaRddtS HLOBEathd NdihQiroplets in
Y-direction and is sonetinmes conspi cuous. On the

thet Kedimenrdioa,spade theepraen thessacand wolq B, apd theye
third dot D3 fromthe left 25 is successively forned

repdinbeappedangsdisuett aen aof itkRje HHnner. On the basis of
the read result, it is detected whether any of the liquid
ejecting parts ejects an ink droplet that lands on a
position displaced by an amount above a predetermined wvalue
with respect to the other liquid ejecting parts. When a
liquid ejecting part that causes the displacement of the

landing position above the predetermined value is detected,

the degree of displacement is further detected. According

to the detection result, deflection control switches Jl to

J3 of the ejection control circuit 50, to which the two
heating resistors 13 arranged in the Xudiréction are
connected, are subjected to ON/OFF control to correct the
ejecting direction of the ink droplet from the subject
liquid ejecting part so that the dot pitch in the X-
direction is substantially fixed.

Furthermore, ON/OFF states of the deflection control

switches J1 to J3 in each liquid ejecting part (in the X-
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printing paper, and a white band is produced in the Y-
direction and is sonetines conspicuous. In order to
avoid this situation, the landing position of the ink
droplet is also corrected in the X-direction. 5 1In
this case, for exanple, a test pattern is printed by
ejecting ink droplets fromall liquid ejecting parts
wi thout correcting the ejecting directions of the ink
droplets in the X-direction, and the print result is
read by an image reading apparatus such as an inmage

: asis of 10 the read result, it is
d13%%§§%%8 %ﬂ%%ﬁg%gﬁﬁéﬁ% E??ég?? ui dEOBj BXRIRYE paFhe stored
=Y ' t that lands on a position
Cﬁ% sp%gkggxighgﬁigﬁ%%hﬁjg%dﬁ%}%Fiﬁeﬁ%t%?%?ﬁ%% ¥y (@hd the
ONWMcIER r8speat 4o i j quid ejecting. parts._\Wen :
a liquid ejecti n%@pcgérj{he%%éajtoqga%%% r?%es‘%*g R ehbnte J3 in
ea@h tih ugaléyggggb | td o he. predet er mi ned
value%%s detectedqu%%éidgﬁfggw%fidﬁﬁg %gﬁ%%nta%% set.
further detected. According to the detection result,
defl ection control switches J1 to J3 of the ejection
{ Foamttho Embiodduwidnt50, to which the two heating
resistors 13 arranged in the X-direction are 20

configgt el anelsdejseat 8daho vANWORME ANty Qhtt & iR '€t ional
the ejecting direction of the ink droplet fromthe

Viswbjsbowind quial agjrerigargrpards soedthaig thes dotom toh im a
the X- direction is substantially fixed. Furthernore,
hee @Frogiies tof & Weowsefl emtbhadi ment r oh m@Be sié t SHES
JI to J3 in each liquid ejecting part (in the X
correspondingly to Fig. 3 for the first embodiment.

As shown in Fig. 10, the head of the fourth embodiment
includes four heating resistors 13A to 13D.

The heating resistors 13A and 13C, and the heating
resistors 13B and 13D are arranged in the Y-direction. The
heating resistors 13A and 13B, and the heating resistors 13C
and 13D are arranged in the X~direction.

The heating resistors 13A and 13C are connected to a
circuit similar to the ejection control circuit 50 in the
first or second embodiment. That is, in Fig. 6, the
resistor Rh-A corresponds to the heating resistor 13A, and

the resistor Rh-B corresponds to the heating resistor 13C

(hereinafter, the ejection control circuit will be referred

to as an ejection control circuit 50X).

The heating resistors 13B and 13D are connected to a

circuit similar to.the ejection control circuit 50 in the
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- 54 direction) are stored beforehand. For exanple,
the stored contents are read when the printer is
powered on, and the ON OFF states of the deflection
control switches J1 to J3 in each liquid ejecting
part (in the X-direction) are set. 5 (Fourth
Enbodi nent) Fig. 10 includes a plan view and a ri ght
si de sectional view show.ngsihe arrangenent of
heating resistors 13 in a head according to a fourth
enbodi nent in nore detail, 10 correspondingly to Fig.
.3 for the first enbodi nent. As shown in Fig. 10, the
T1Rg5do8t SereTo §ibe ddfsed neitmi Y arel iides tlrirabeae i ngThat is,
resistaors 13A to 13D. The heating resistors 13A and

in8eg-afd the Fesdister RésiAsimarasSmngs aDhe dieating

arranged _in the Y-direction. The _15 heating resistors
re?éﬁ%ﬁ’%dqf?& angyy BRI RF (RRTB eREraseeongndtasphe

e inG CTAC b bR a A S i e ) S PhrC ot T
. ej [ L ' 1t.50 in the. first d. .
R0 ML B e R e gt 67 (R S P P S R penie

50¢9rresponds to the heating resistor 13A, and the
resistor Rh-B corresponds to the heating resistor 13C

(hegshpablieks EQ@cﬁkﬁﬁt%Bnt%%ﬁt%wﬁﬂéﬂégn&fW%%&f%%ﬁ$ion

referred to as an ejection control circult . e
coheabilng iresliH0soxl 3B b 3R ang saanest eghd Os@ne ON/OFF
state when the landing position of an ink droplet in the X-
direction is not corrected.

Thereby, the same current flows through the heating
resistors 13A and 13B. Similarly, the same current flows
through the heating resistors 13C and 13D.

When the same current flows through all the heating -
resistors 13A to 13D, an ink droplet is ejected
perpendicularly to the surface of printing paper. 1In
contrast, for example, when the current flowing through the
heating resistors 13A and 13B is smaller than the current
flowing through the heating resistors 13C and 13D, an ink
droplet is ejected while being deflected in the Y-direction
.(positive direction) in Fig. 10.

This control allows a time-difference ejection means
and an ejecting-direction control means to be opérated, in a
manner similar to that in the first or second embodiment.

In order to correct the landing position of an ink
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25 circuit simlar to the ejection control circuit 50
inthe - 55 first or second enbodinent, simlarly to-
the above. That is, in Fig. 6, the resistor Rh-A
corresponds to the heating resistor 13B, and the
resistor Rh-B corresponds to the heating resistor 13D
(hereinafter, the ejection control 5 circuit wll be
referred to as an ejection-cemtsol circuit 50Y)
Control  is executed so that switches of the ejection
control circuits 50X and 50Y are placed in the sane

R o N M R T
b t, f.l th h t heat | _
cofletable VSR LAl NGy lvaual ol o0 cor
4 t [ | St 3C and_13D. Wh
cobhoen cihcouth v ol 850 St ond 6, RS0 o

sthesisstors 13A to 13D, an ink droplet is ejected
perpendicularly to the surface of printing paper. In

CONFoASéxakpL e EXRABhE +hwhen 448 +C lf&w&hfg E%:é‘g%%#a the

through the heating resistors 13A an

hetliangt hesdetoent 341 | (@w N@d)hrielghdihe hedddGhe current
resistors 13C and 13D, an ink 20 droplet is ejected

flekihg bbirnggtethechedtiimdg e si-gdreatimnod BoFHt W ink
direction) in Fig. 10. This control allows a

drephetdiisf ejentedejbdtlicobeniransie flrgbiafd in the X-direction
ej ecting-direction control neans to be operated, in a

(positive direction) in Fig. 10.

This control allows the landing position of the ink
droplet to be controlled in both the Y- and X-directions, in
a manner similar to that in the third embodiment.

While one embodiment of the present invention has been
described above, the present invention is not limited to the
above embodiment, and for example, various modifications are
possible as follows:

(1) While four liquid ejecting part groups are
provided to eject ink droplets in one pixel line in Figs. 7
and 8, any number of liquid ejecting part groups may be
provided. Liquid ejecting parts that belong to one liquid
ejecting part group may be placed at any positions as long
as at least they do not adjoin one another. Furthermore,
any number of liquid ejecting parts may belong to one liquid

ejecting part group.

(2) During Qperatipn of the time-difference ejection
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manner simlar to that in the first or second

enbodi nent. 25 In order to correct the | anding
position of an ink 56 droplet in the X-direction, as
in the third enbodi nent, control is executed so that
the switches of the ejection control circuits 50X and
50Y are placed in different OV OFF states. 5 For
exanpl e, when the current £l®w Ag through the heating
resistor 13A (or 13C) is smaller than the current
flomﬁng through the heating resistor 13B (or 13D), an

me)?"h& rec |on é( sfchqt/é{jldﬁercé:cf‘?rg%g&lge{ L;‘Eg&tfgsd' Ilz'gl]él'rr]ﬁ%Oplets
maép eIrggtj@téoﬂ e cohﬁrol S p‘%?salt I‘%ﬂe&%‘etgh@md ejecting
paﬁt.@r et 1’%‘@3%?6 s R ST he Biesurzmele,
h'en\é%@dt(?ﬁdq"l‘ﬁr%%%‘lorge q%heaWchgi (%h ét?%%ltpr%r%s of

i nvention s not I|n1t

thend ifresit %6mﬂﬂd}tﬁﬁﬂﬂqﬂﬁﬂ éﬂf@ééﬁ%@%ﬁ%? EQQSE{E%ﬁ%S

as follows: (1) Wiile four 1Tiquid art g

magr be pxevitded devedjset. | Mhadr o etighd Ne Mg idddeion
in Figs. 7 and 8, any nunber of |iqui ejectlng part

frgmouhe MHyqUWRl 20 quttiviglethrdd qif d-1eh eef &g Pﬁﬁﬁfdt@?éctlng
belong to one liquid ejecting part group nay be

Paptagedust mayy hposivnimeis izl onigch ash#t deaske t heyu

not adj oin one another. Furthernore,
ejecting parts of the fourth liquid ejecting part group in
Fig. 7, the ejecting direction from the liquid ejecting

parts of the second liquid ejecting part group may be

- symmetrical with that of the liquid ejecting parts of the

third liquid ejecting part group in Fig. 7, the ejecting
direction from the liquid ejecting parts of the third liquid
ejecting part group may be symmetrical with that of the
liquid ejecting parts of the second liquid ejecting part
group in Fig. 7, and the ejecting direction from the liguid
ejecting parts of the fourth liquid ejecting part group may

coincide with that of the liquid ejecting parts of the first

liquid ejecting part group in Fig. 7.

(3) In this embodiment, all dots caused to land by the

" time-difference ejection means are arrayed on a line

parallel to the array of the nozzles 18. However, the dots
may land near the line parallel to the array of the nozzles

18, and it is not always necessary that all dots should be
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any nunber of liquid ejecting parts may belong to one
liquid ejecting part group. 25 (2) During operation
of the time-difference ejection 57 neans and the

ej ecting-direction control neans, ink droplets may be
ejected in any direction fromthe liquid ejecting
parts of the NNth liquid ejecting part group. For
exanple, the ejecting directgons fromthe liquid
ejecting parts of 5 the first to fourth liquid

ej ecting part groups in Fig. 7 may be exactly

i et RN
OB R I SRRl Rl LR
coftoun hEaid B T, HHR AL AR IR Mo et
B esen Ty s ST R 008 LA b,

us@hguRhien tEin@~dh.f @@l GidRg: 1 'rﬁcat'  fr
l'iquid ejecting partélof Pﬁgg?ﬁﬁi fgﬁ?ﬁifgﬂ%ﬁéh:iﬁ%fn the

dipaehcgr dop why che tseMpRlinitGaly Waded Bdvad 408 i ihe
ejecting parts of the second liquid ejecting part

figstupoitnibi forhedand tiherejtest imgdidocti Onedrpom t he
liquid ejecting parts of the fourth [iquid ejecting
par {4yriduplemyhecbdinei Headi 1h tbatiobnt Be bhgeikdmple in
ejecting parts of the first 20 liquid ejecting part

thgr shpvenembgdiments) [iet hirssemtodinmaitio lideiiso
caused to land by the

applicable to a serial type.

In the serial type, one head 11 is disposed so that
nozzles 18 are arrayed in the Y-direction. Ink droplets are
applied onto printing paper while moving the head 11 in the
X-direction. When printing in the X-direction is completed
by performing the above operation once or a plurality of
times, the printing paper is fed in the Y-direction, and the
next operation of printing in the X-direction is performed.

In the case of the serial type, when the time-
difference ejection means is used during movement of the
head 11 in the X-direction, dots can also be arrayed on a
line parallel to the Y-direction by controlling the landing
positions of ink droplets in the X-direction by the
ejecting-direction control means.

(5) While three bits of control signals of J1 to J3 are

used in the ejection control circuit 50 shown in Fig. 6, the
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time-difference ejection nmeans are arrayed on a line
parallel to the array of the nozzles 18. However, the
dots may land near the line parallel to the array of
the nozzles 25 18, and it is not always necessary that
all dots should be - 58 exactly placed on the |ine
parallel to the array of the nozzles 18. That is, the
effect of the ejecting-direcbpon control nmeans can be
expected by executing control such that the distance
in the Y-direction between two dots fornmed by 5 using

nune ot | ' ' ' [ h h h

e Bt IS R hbBH 1 DR pRETRgt e8E 1P bROWREN
off i 19N & ' f wh th t dot i

cdigof i %er ci%ﬂir*a} tkﬁ‘ér{‘r&ép en e nex ot iIs

formed. ( ine head 10 is given as an
exanph erthntht Be aRRVe %qﬁpdingﬂt t he pr.esent
i nvention is al so 10 applica |e§??ﬁ§%§§%%ﬂ 45 Pqtyeen

theh@es@iod® oify REmed "t%ﬁ@?dfcg%ei@f cdﬁh?cgggfggs S o tn}lj(hgil on the

nozzles 18 are arrayed In I on.
twilr dlagtisiganre s idLd D bt & no; vhi DY :
the head 11 in the X-dﬁ%ﬁﬁ%ﬂ%é%ﬁaﬁ% n%n%fi)goq%ggctlon
(xbisilee genem aits. coorpinglsd Kp dis Paid IR fldile @RPYEnts
operation once or a plurality of tinmes, the printing
thyapeh ithef beratindherdsiditrent i, amtdhetNeXty, two
operation of printing in the X-direction is perforned.
hepfipRe regde tofr st HS dmvialg tiipe, saenrddtes tai@e may be
di fference ejection nmeans is used during novenent of
arppggedy ifesdiel ¥4 wr e Muhateiain omndlotise canPéso ey be

arr.ay

e% on a ) _
applied thereto at different times. For example, when

independent switches are respectively provided for two
heating resistors 13 and the switches are turned on at
different times, a difference can be made between the times
at which bubbles are generated in ink on the heating
resistors 13. Furthermore, changing of the currents flowing

through the heating resistors 13 and making the difference

‘between the current application times may be performed in

combination.

(7} In this embodiment, two heating resistors 13 are

_juxtaposed in the Y-direction or the X-direction in one ink

chamber 12. This is because it is sufficiently verified
that two heating resistors ensure durability and the circuit
configuration can be simplified. However, three or more
heating resistors 13 may be arranged in one ink chamber 12.

(8) While the heating resistors 13 are given as
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line parallel to the Y-direction by controlling the

| anding positions of ink droplets in the X-direction
by the ejecting-direction control neans. (5) Wile
three bits of control signals of J1 to J3 are 25 used
in the ejection control circuit 50 shown in Fig. 6,
the - 59 nunber of bits is not Iimted. Any nunber of
bits of control signals maysbe-used. (6) In this
enbodi nent, a difference is made between the periods
.of time taken for ink droplets to boil on the 5 two

40 SO QRS L APEORL! DLl ¥ B copodinent,
o S AR, LD besl g TSt s 10,
IS T e ST WP qhannn ot
RSN BB S WAL ST oSSR
STaTToront time s g Teranes tadoner el pafluents ey ve
usednes at which bubbles are generated in ink on the

heating 15 resistors 13. Furthernore, changing of the
curkane$ettmmbngtithégéghibheéﬂ@ﬂdyﬂbéﬁgﬁéﬁﬁﬁfe%%ﬁﬁﬂ%

maki ng the difference between the current application
inglidesmay viddrpdrifoor piditien araiivatd actfdded bidVisded

enbodi nent, two heating resistors 13 are
under the vibration plate with an air layer disposed
therebetween. The wvibration plate is bent downward by
applying a voltage between the electrodes, and an
electrostatic force is then released by making the voltage 0
V. In this case, an ink droplet is ejected by using elastic
force produced when the vibration plate returns to its
original state.

In this case, in order to form a difference between
energies produced by the eénergy generating elements, for
example, a time difference is made between the two energy
generating elements or different voltages are applied to the
two energy generating elements when the vibration plate ié
returned to its original state (electrostatic force is
released by making the voltage 0 V).

A piezoelectric energy generating element includes a

laminate composed of a piezoelectric element having

electrodes on both sides, and a vibration plate. When a
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20 juxtaposed in the Y-direction or the X-direction in
one ink chanber 12. This is because it is
sufficiently verified that two heating resistors
ensure durability and the circuit configuration can
be sinplified. However, three or nore heating
resistors 13 may be arranged in one ink chanber 12. 25
(8) Wiile the heating resi-st@rs-13 are given as - 60
exanpl es of the bubble generating neans in this
enbodi nent, heating elenents other than resistors nmay
used. Not .only the heati el enments, but al so
Vogﬁgﬁﬁylﬁeﬁgp&9ﬁﬁgt8lg nfs S %%tﬁkﬁepnt gg &5e of the
. For .exanpl e, el ectrost.atic 5 ejection o .
0143891 eF8Ei B BTBRERY ) Goneratinig TEREHiCS iy dised iy, the
: Lect ti | i_on,ener.qy ratin l,enment. .
viPRaf 80 PR PG, LB Rat TS W R T PRGE R Vibration
1R%ERVide nde | brat] I wi.th an air. |ayer
P di sposeglslg tghgret'efgg%n&en. %&%i%ﬁo l|eotn lpﬁ ate Cltsecg?abﬁf

utﬂ@m@m@@dtﬁ%]dggggﬁh%goédvoltage.betmeen Fhe
el ectrodes, and an electrostatic force is then

rel pasedi Hycavkj ngihhea¥obt age the YookB,t BhS o¢&%e: +3N form
ink droplet is ejected by using elastic force

a fidducedceheati/benvibeai@l Rrafdidet WyTHO drics-ghp
original state. In this case, in order to forma

gedefrhériancelbakween femekgaapipr,odiced hyd e engrided to

generating elements, for exanple, a tine difference
theseimdérbeeseen bbéht wideserafy the two piezoelectric

elements with a time difference, or different voltages are
applied to the two piezoelectric elements.

(9) While the head 11 is applied to the printer as an
example in the above embodiments, the present invention is
applicable not only to the printer, but alsc to various
liquid ejecting apparatuses. For example, the present

invention is applicable to an apparatus that ejects a DNA-

- containing solution for detection of a biological specimen

in the form of a droplet so that the droplet lands on a
droplet landing object.

According to the present invention, in the head

including the nozzles arrayed in line, even when ink

droplets are ejected from a plurality of liquid ejecting

parts at different times, it is possible to reduce

displacement of the landing positions of the droplets based

-on the relative moving distance between the head and the



generating elenents or different voltages are applied
to the 20 two energy generating el enents when the
vibration plate is returned to its original state
(electrostatic force is released by nmaking the
voltage O V). A piezoelectric energy generating
el ement includes a |am nate conposed of a
pi ezoel ectric el ement havi.ngs25 el ectrodes on both
sides, and a vibration plate. Wen a - 61 voltage is
applied to the electrodes on both sides of the
pi ezoel ectric el emrent, a bending nonent is produced in
drpﬁi %vﬁﬁpﬁ?f¥ﬁ1 RIfE by a piezoel ectric effect, and
the vibration plate bends and defornms. An ink dropl et
is ejected by 5 utilizing the deformation. In this
case, simlarly to the above, in order to form a
di ff erence between energi es produced by the energy
generating el enents, for exanple, a voltage is applied
to the electrodes on both sides of the two
pi ezoel ectric 10 elenents with a tinme difference, or
different voltages are applied to the two
pi ezoel ectric elenments. (9) Wile the head 11 is
applied to the printer as an exanple in the above
enbodi nents, the present invention is applicable not
only to the printer, but also to various 15 liquid
ej ecti ng apparatuses. For exanple, the present
invention is applicable to an apparatus that ejects a
DNA- containing solution for detection of a biologica
speci nmen
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in the formof a droplet so that the droplet |ands on
a droplet |anding object. 20 According to the present
invention, in the head including the nozzles arrayed
in line, even when ink droplets are ejected froma
plurality of liquid ejecting parts at different

times, it is possible to reduce displacenent of the

| andi ng positions of the drogiets based 25 on the

rel ati ve noving di stance between the head and the 62 -
dropl et landing object. - 63 - CLAIMS 1. Aliquid

ej ecting apparatus conprising a head including a
plurality of liquid ejecti(n"gzg Fts juxtaposed to array
5 nozzles in line, wherein each of the liquid ejecting
parts includes: a |Iiquid chanber containing liquid to

RE e S R
Nt e o iy
st b She) Sl L T o

ing€naeat:i ng nmeans, wherein the liquid ejecting
appar at us applies droplets 15 ejected fromthe

nozzl esqhndt BRahbaY HoRlk8GHIAY RAGLI OO R ejected;
bubble generating means provided in the liquid chamber
to generate a bubble in the liquid inside the liquid chamber
by the supply of enerqgy; and

nozzle forming member that forms the nozzles for

~ejecting the liquid in the liquid chamber in response to the

generation of the bubble by the bubble generating means,

wherein the liquid ejecting apparatus applies droplets
ejected from the nozzles in the liquid ejecting parts onto a
droplet landing object that moves relative to therhead in a
direction perpendicular to the array direction of the
nozzles,

wherein the bubble generating means includes a
plurality of bubble generating means juxtaposed in the
iiquid chamber at least in the direction perpendicular to
the array direction of the nozzles, and

| wherein the liquid ejecting apparatus further

comprises:

ejecting-direction changing means for changing the
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dropl et | andi ng object that noves relative to the head
ina direction perpendicular to the array direction
of the nozzles, wherein the bubble generating neans
includes a 20 plurality of bubble generating neans
juxtaposed in the liquid chanber at least in the
direction perpendicular to the array direction of the
nozzl es, and wherein the |liqggid-ejecting apparatus
further conprises: 25 ejecting-direction changing
neans for changing the - 64 ejecting direction of the

plets,.ejected fromthe nozzles a plurality of
<GP R BT FHTROEAH Grfs Tl T o r8tqGre £rom the Tozzles
toP&r %ndl uIar éﬁ arr |rect|on of  the nozzl es by,
stppl il St e e re%s@lrectmn

peﬁﬁ%ﬁ%&ﬁiﬁgﬂ%&r P Pl O G 1L
suBgarl?"i?lgf 9:&5' _ar ngegrgh_ﬂ oaralrta a%ltrereg%—% L r5,5er=15 another
onkl @8- ¢hkf %rl%'}%ﬂ s % &l'[o){}ltl# %ejezi e' M lCh are

ej ection 10 of roplets qui

juRGposeld tike thl Widlddns f ﬂéf@’éﬁjdfé@f&f r}T%r PaLd Sar@é‘;?

a second liquid ejecting part different om t he

~ difetstiohi @i dhej eelZN@Pard 180 Tl HAMSL, '§n different

ejected fromthe second liquid ejecting part
mapnedet;er m ned tinme el apses after a droplet is

time-difference ejection means for controlling ejection
of droplets from a first liquid ejecting part, cof the
plurality of liquid ejecting parts, and a secohd liquid
ejecting part different from the first liquid ejecting part
80 that a droplet is ejected from the second liquid ejecting
parﬁ when a predetermined time elapses after a droplet is
ejected from the first liquid ejecting part; and

ejecting-direction control means for controlling the

ejection of the droplets from the first liquid ejecting part

and the second liquid ejecting part by the time-difference
ejection means so that the ejecting direction of the droplet

ejected from the first liquid ejecting part and the ejecting

- direction of the droplet ejected from the second ejecting

part are made different by using the ejecting-direction
changing means, and so that the distance between the landing
position of the droplet ejected from the first liquid

ejecting part and the landing position of the droplet
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15 ejected fromthe first liquid ejecting part; and

ej ecting-direction control nmeans for controlling the
ej ection of the droplets fromthe first liquid
ejecting part and the second liquid ejecting part by
the tine-difference ejection neans so that the
ejecting direction of the droplet 20 ejected fromthe
first liquid ejecting part-aggl the ejecting direction
of the droplet ejected fromthe second ejecting part
are made diff.erent by using the ejecting-direction

ns, and s that the di st ance between the
e3E %&%3%%%1%@1 GIF B ishIste s g eep¥E oln t Bae

uid 25 .ej ct| rt and the | anding position
dlrfec%ﬁsnd?ea T t@be A L SREHeR | PhUFEE

RIS 18 B Ui U rfee%-z% PR i fancs B wnen
N T .
wh@hoﬁh%t d8k citeecd efjreg:rgetc{‘eflfdﬂ S&r{é dﬂf . omed[%cg&i(ﬁ]geoﬁezéglng part

| ands to en the et ejec

1ahbiguice wejeRCting ) étafédfect?ed Therh | G diéé&‘ﬁ&' PMPquid

apparatus according to claim1l, whereln

ejefredhighg=ditr aGlddy control neans executes 10 contro
- such that, when the droplets are ejected fromthe

2.fi Tk Illlqulldl ejectting padaraithd hecacepity ef&ctidtn 1
part by the tinme-difference ejection neans, the angle

whieoened the Ehchﬂnngﬂnpdﬁﬂdﬁﬁddﬂtﬁ&ltﬁéﬁﬁﬁo@k@&utes

ej ected fromthe second
control such that, when the droplets are ejected from the
first liquid ejecting part and the second ejecting part by
the time-difference ejection means, the angle formed by the
ejecting direction of the droplet ejected from the second
liquid ejecting part with a direction perpendicular to the
droplet landing object is larger than the angle formed by
the ejecting direction of the droplet ejected from the first
liquid ejecting part with the direction perpendicular to the
droplet landing object.
3. The liquid ejecting apparatus according to claim 1,
wherein the ejecting-direction control means executes
control such that, when the droplets are ejected from the
first liquid ejecting part and the second ejecting part by
the time-difference ejection means, the angle formed by the
ejecting direction of the droplet ejected from the second

liquid ejecting part with a direction perpendicular to the
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liquid ejecting part with a direction perpendicular to
the 15 droplet |anding object is |larger than the angle
formed by the ejecting direction of the dropl et
ejected fromthe first 1liquid ejecting part with the
direction perpendicular to the droplet |anding
object. 3. The liquid ejecting apparatus according to
claim1, 20 wherein the ejecting-direction contro
means executes control suckt that, when the droplets
are ejected fromthe first liquid ejecting part and
the second ejecting part by the tine-difference
drdJ18a! 10 dBANSbfdte: anglgnfordedyv, thee S1@E i fbmed b
?ﬁ rection of théfdroplet ej ected fromthe g%%%nd 25 d
thd 'é?]lécq:ﬁidgefiii'f@:ﬂaﬂ O thhaa Hdeidd oy der ekl ale tlirst
the 66 roplet |anding object is smaller than the
1iangl & farimoy art Mol agtd ndi wédetdn ope Beddiecdlrapliet the
ejected fromthe first 1liquid ejecting part with the
drdb rectlianiines pasiket) ar to the. droplet |anding
object. 5 4. The liquid ejecting apparatus according
4. t Ol diinnilid eydwrieing tdppajants neachreéig oo cotdimwl 1,
nmeans executes control such that, when the droplets
whegreirej ot eatl debinghdirddtisen [¢oui o bj reanngeparttand
the second ejecting part b the time-difference
corgj ek | Bichednzt , twien difk r%tcmlsew o ofeleciead Brepltare
~ejected fromthe first ejecting part and the _Ianding
fl%ﬁ%ikﬁ%ﬁﬂ%fel?ﬁ¢%ﬁ%dW%¥te?%@t%kﬁf?%ﬁ??ﬁeeé%ﬁﬁhﬂg part by
ej ectin Part are placed on a ling parallel to the

th%”;%ﬂ@— ifference ejection means, the landing position of
the droplet ejected from the first ejecting part and the
landing position of the droplet ejected from the second
ejecting part are placed on a ling parallel to the array
direction of the nozzles.

5. The liquid ejecting apparatus according to claim 1,
wherein, when droplets are ejected from a plurality of
liquid ejecting parts of a first liquid ejecting part group
that are not adjacent to each other, and a plurality of
ligquid ejecting parts of a second liquid ejecting part group
that are not adjacent to each other and do not belong to the
first liquid ejecting part group, the time-difference
ejection means executes control such that the droplets are
ejected from the liquid ejecting parts of the second liguid
ejecting part group when a predetermined time elapses after
the droplets are ejected from the liquid ejecting parts of

the first ligquid ejecting part group,
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direction of the nozzles. 5. The liquid ejecting -
apparatus according.to claim1l1, 15 wherein, when
droplets are ejected froma plurality of liquid
ejecting parts of a first liquid ejecting part group
that are not adjacent to each other, and a plurality
of liquid ejecting parts of a second liquid ejecting
part group that are not adj@rent to each other and do
not belong to the 20 first liquid ejecting part group,
the tine-difference ejection neans executes contro

i B L NI T
e SRR X ARl -
e sheRnl NSk ] 08 P20l P T8 Frerance
esBSSehnRente so, Wit il LA S sl P o

exéb&teéiEB%&Q@Qesu%Ee%Hd¥7ﬂﬁgﬂﬁ%oégg%s are ejected from the
e ectl ng- direction control neans - execut eg Corﬁ ro

liguih eHactihg deoplsets ate gaaed oM Wikctifighre
ejecting parts of the first liquid ejecting part

grgnpupni a & ikexedidigactorond G Ilacaddha i bositions of
positions of the droplets ejected fromthe |71 quid

thej depbdgtparisctd feonf itted liguid €jeatimy Rarts of the
.groug_on_a first line parallel to 10 the array

figptediauadokielrd ingz plaest, gamohgsweh d MErdthatiddearallel to
droplets are ejected fromthe liquid ejecting parts of

theparray direction of the nozzles, and such that that the

droplets are ejected from the liquid ejecting parts of the

-second liquid ejecting part group in a fixed direction to

place the landing positions of the droplets ejected from the
liquid ejecting parts of the second liquid ejecting part
group on a second line parallel to the array direction of
the nozzles, and

wherein the ejecting-direction control means executes
control such that the ejecting direction of the dropiets
ejected from the liquid ejecting parts of the first liquid
ejecting part group and the ejecting direction of the
droplets ejected from the liquid ejecting parts of the
'second liquid ejecting part group are made different by the
ejecting-direction changing means, and such that tﬁe

distance between the first line and the second line in the

‘direction perpendicular to the array direction of the
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second liquid ejecting part group in a fixed direction
to place the landing positions of the droplets
ejected fromthe Iliquid ejecting parts of the second
liquid ejecting part 15 group on a second |ine
parallel to the array direction of the nozzles, and
wherein the ejecting-direction control neans executes
control such that the ejectigg direction of the
droplets ejected fromthe liquid ejecting parts of
the first liquid 20 ejecting part group and the
no%E c%iq% dire%}io of the droplets ejected fromthe ,
FeqGicd 15 EOPTTS Tpat Pl & G tiswe M AP epnes i fyr which
art _graQup, are de different by the .
enf bepd, gV % (BoRARn of 45 Hed rebT S TR TRMREVR to
h-S he.first line and the second line in
eatg ﬁeggg%c%i ?’2%:0 i g"rgletﬁ)jeretpl)leen&frﬁﬁ]a?t? Rl ra r%/”?jidliké%t wid
ab.tihe s s 4.5 shorter. than relative noving
“dista cga?gcrs G\ﬁzlzcheet 12” egf&%%bét%e(g?%ge?a¥5n‘a¥%§p land
£oORhee! tHRY &ircpliadid /&4 - f el & e
dropl ets ejeé?td fro&?%ﬂéﬁﬁﬁgﬂﬁﬁhéé?e%%§%§@§§4%€§%?9 parts

oft hdef isketlorld QUidhie @féd@ir&ﬁrﬁaﬁf O Nty gt 0 when
the droplets ejected fromthe liquid ejecting parts
6.0f Thie 19e@aad die@itith iR d N PArd c AWML & AW Bainl e,
l'iquid ejecting apparatus according to claim1,
whetreriei rthiehdchend ridialdidess pPhtdi Bl t§ Yo Ofhd®@8Sarranged and
arranged and connected in the juxtaposing direction
cogheg:h:edl iiguitthel G vejtepid N Patite SOi@s 3O g M Ephide
ead.
ejecting parts so as to form a line head.

7. The liquid ejecting apparatus according to claim 1,

~wherein the bubble generating means includes a plurality of

bubble generating means juxtaposed in the array direction of
the nozzles in the liquid chamber, and wherein, when the
energy is supplied to the plurality of bubble generating
means juxtaposed in the array direction of the nozzles in
the liquid chamber, the ejecting-direction changing means
changes the ejecting direction of the droplets ejected from
the nozzles to a plurality of different directions along the
array direction of the nozzles by applying the energy to at
least one and at least another one of the bubble generating
means in different manners.

8. A liquid ejecting method which applies droplets ejected
from nozzles of a plurality of liquid ejecting parts

provided in a head onto a droplet landing object that moves
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7. The liquid ejecting apparatus according to claima1,
wherei n the bubbl e generating neans includes a
plurality of bubble generating nmeans juxtaposed in
the array direction of the nozzles in the liquid
chanber, and wherein, when the 15 energy is supplied
to the plurality of bubble generating neans
juxtaposed in the array di¥eggion of the nozzles in
the liquid chanber, the ejecting-direction changing
means changes the ejecting direction of the droplets

' d.f h | 1 pl it f odiff t
releFdbE 55 ool ahe o6 SR ot aa o Re L ehiahorsl g
R LGRS M L.
bedblf SueALIRNenS, £ A I Quid £l peting method whi ch

appl ies dfopl ets ejec of &plurality

of | Quke,ejppati 2 rqovided. i.n a hea nt o .a

dr o%*g?é?%ngﬁ%gbggjcggtgl Bfﬁlé? e%é:\%é)sn é% th a%cipgle?cos {R&cted
frégadhien nd 2311RC LI O R, RarAandicul ar fé}éf%% abfaYifferent

direction of the nozzles, the Iléﬁl ejec¥|ng par%s
dilreingohyx bapase d Heo dNedt M JRAALRE dul 44 NS MRETEIN

the ejecting direction of the droplets ejected 5 from
dirkethonzbes the wazzaklss to a plurality of different

directions along the direction perpendicular to the

ar reyerdinecononodf ishexnenzkeas sowteei, N v Ioglets are

.executed so that, when droplets are ejected froma
elpricetl From ¢ djiecti Ag adrd et tE IgeqE and a second

liquid ejecting part different from the first liquid

ejecting part, of the plurality of liquid ejecting parts, a

droplet is ejected from the second liquid ejecting part when

a predetermined time elapses after a droplet is ejected from
the first liquid ejecting part, and

wherein, control is executed so that, when the droplets
are ejected from the first liguid ejecting part and the
second liquid ejecting part, the ejecting direction of the
droplet ejected from the first liquid ejecting part is
different from the ejecting direction of the droplet ejected
from the second liquid ejecting part, and so that the
distancerbetween the landing position of the droplet ejected
from the first ejecting part and the landing position of the
droplet ejected from the second ejecting part in the

direction perpendicular to the array direction of the.

nozzles is shorter than a relative moving distance for which



10 liquid ejecting part different fromthe first
liquid ejecting part, of the plurality of liquid
ejecting parts, a droplet is ejected fromthe second
liquid ejecting part when a predeterm ned tine
el apses after a droplet is ejected from the first
liquid ejecting part, and 15 wherein, control is
executed so that, when the-drgplLets are ejected from
the first liquid ejecting part and the second liquid
ej ecting part t he ejecting direction of the droplet
d fro he, first uid ejecting part is
théj Breroans B iven é]eéct%aﬁﬁﬂﬂdw R %t o‘fe]tfﬁie‘—‘éﬁ:'oipll’éqve from
e Q_f.rom t.he se d Iiquid ejecting part, and
""h?él t:%‘ dt%ﬁ)é)l g:lﬁgr?&:@‘%é{ qTGhef %’%Fdllﬁgq%m%t@fg part
0 cted fron11he fir ctin art_and,
LapR RS B e IO g et ot e Phg ot L gL
S6¢9 in the dlrectlon perpendicular to
ejthg a%'gb%g%rggilon of the 25 nozzles is shorter than
a relative noving distance for which - 70 the head
and the droplet |anding obj ect relatively nmove from
“when the droplet ejected fromthe first liquid

ejecting part lands to when the droplet ejected from
the second liquid ejecting part |ands.



