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DESCRI PTI ON LI QUI D EJECTI NG APPARATUS AND LI QUI D
EJECTI NG METHOD Technical Field The present invention
relates to a liquid ejecting apparatus which has a
head including a plurality of liquid ejecting parts
j uxtaposed to array nozzles in |line and which applies
droplets ejected fromthe nozzles of the liquid 10
ej ecting parts onto a drqplft | andi ng obj ect t hat
nmoves relative to the head perpendicularly to the
array direction of the nozzles, and to a liquid
ej ecting nmethod which uses a head i ncluding a
plurality of liquid ejEEICRHPPECES having nozzles and
juxtaposed to array the nozzles in line and 15 which
applies droplets ejected fromthe nozzles of the
liquid ejecting parts onto a droplet |anding object
LIQUH@tEJﬁﬁﬁégGréPQﬁB@@UﬁoANHeLE@HéDpEHBQﬁaNﬁuMEFHQDto
the array direction of the nozzles. Mre
specifically, the present invention relates to a 20
technlque that allows droplets ejected froma
Techndeali £y <3 nozzles with a time difference to | and
t he sane ead a

| ARRF BTGB Rkt LRBSECTeR ST VR TD CRatnibitE GUATREY he
PP oWH 58 FEdura e BotPAg LCkgaraP0RbETOFoRE 19 pB1d
B byt R v PHr bt e
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 ligquid ejecting parts having
nozzles and juxtaposed to array the nozzles in line and
which applies droplets ejected from the nczzles 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 cbject move relative to

each other during the time difference.

Background Art




10

15

20

25

onto printing paper while noving the head in the wdth
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 which has a
i ne head extending along the entire wdth of
printing paper, which feeds only the printing paper
~perpendicularly to the width direction 10 thereof, and
whi ch applies ink droplets éjected fromthe |ine head
onto the printing paper. The head includes a plurality
of nozzles for ejecting ink droplets. In the |ine
typekiehepnbzites are kypivnakbyligeidaeiayednyn |ine
in the width direction of the printing 15 paper. For
appeaxcapises nézzhes tape -ar Kagyoad iakia§ rrihherinéhithade a
wi th respect to the feeding direction of printing
sergadert YPgs Whd Clfi spPdded iLHX]dFakesé SURSRERE ﬁe drpat enhead
Application Publication No. 2002-36522. Mor
Ont§p§@1P¢é§HIFaP§§ YhawR FRVERG. t@®oh®§§péﬁe§@e yadth

U tent | i cat Pybl
e R N

ol B PR PRLAFOY ERokchy T %'éréé%' “8Hah FrRcEFipcing

- P laggffaoégﬁ%”@%&é’“%é%?zﬂg‘%iﬁ bpeR 5EekbGInpyatons

the”%?nzc'l?c% Wk RHE o2 £2398d rign P%pt@:%egrh%ﬂ ‘?.%%B' ”'oBQyt @he

he ri ght Wit h respect Fection shown by
prlbﬁ%n%n%a%%E p%E@deﬁbﬁgarI@et%o%é|9%16%% anr-apgedni n

bove manner
thereof, and which applles ink droplets ejected from the
line head onto the printing paper.

The head includes a plurality of nozzles for ejecting
ink droplets. In 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. 2002-36522Z,

nozzles 31 are not arranged straight perpendicularly to 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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following reason: 5 Fig. 11 is a view show ng the

positional relationship between the arrangenent of

nozzles 1 to 4 of liquid ejecting parts, and dots

formed 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 the X-direction is

defined as a Y-direction. erefore, 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
theYxdighécwiloh (dowawdr dp. thar dngeptinhi apwhhbypichat ong-dot

paper is continuously fed 15 in the Y-direction.
cha(idoinwer.d) in the figure. Sinultaneously, ink

droplets are ejected fromthe nozzles 1 to 4 of the

| | opdnepeéepngrpanrsandgad ianthenaberee pramieingieapdie

Ink droplets are ejected fromthe nozzles 1 to 4 of
foldpwing geirgo8jecting parts at a plurality of different

times, and, 20 all the liquid ejecting parts are, not_ .

si Fuft ahbobd1 § BEVeRROovbRe) ehe Poki bt optot sl af + ProviytP

a plurality of liquid ejecti parts are . : .
betlieln threB5Er) IaMENEN OTaaPGEATHG 1 FRuiid OTefldiAgeecting

arts_are naot .selected as.liquid ejecting parts ha
pard 2 ar Pe i e SRERG oy Pry B Lo sa MRoPRREFy, | LRK ‘dPopidrs he
noz@ﬁ%ssgn%bt§n39%85¥r%h%%%?angggk'(#n a Bk%gﬁbhkylgge) in

I'Tquird ejecting parts.” Liquideecting parts~ to be
a h38lect egskn dti%'ﬁ%t‘i%%e 1 %3%&%]%8 Lromone dqg%%tﬁ%nt,oand a

. ropl et

sonme extent en an ink 0] I's ejecte rom one
direc@Yicgh 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 to 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

to eject ink droplets. Although a plurality of liquid

ejecting parts are simultaneously driven, adjoining liquid

_ ejecting parts are not selected as liquid ejecting parts

that are simultaneously driven.

Normally, ink droplets are simultaneously ejected from
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ej ecting part, vibration caused by the ejection is 5
transmtted to an i nk chanber and an ink channel, and
has an influence on the adjoining liquid ejecting
part. This influence appears as a change of a neni scus
(position of an ink surface in the nozzle). If an ink
droplet is ejected in a state in which the neniscus is
10 changed, the size of a_|anding dot changes. In
order to avoid this situation, control is executed so
that, when an ink droplet is ejected fromone |iquid
ejecting part, an ink droplet is not ejected from an
a rddjreilditng dfi quiaiie] egrictgngpettent i [Litwédckdargeiofy parts
the nmeniscus is renoved. As liquid 15 ejecting parts
to teatsedieniedarieoddliy epeet arrk apropl érsm ohiegandther to
ej ecting parts disposed at separate positions are o
somgg| d.- Widen @it dndpdeesligice isj edeedepy from one liquid
~sinultaneously driving all the liquid ejecting parts,
& qHe Nidn PEE Y aVe e LgoMe caPg o RYuURPE 60 S 1ent Eenel y
Therefore, such driving i not perforned.

hi . Fi g.
Erapp Rl onen HERICUSIEES APd SPmapkarBeuory. apdciag an
) th - d | 1t 4. Nb ,

L b M A rE Bt aEi R S Smgs g

i al_ i d f h | ) i
b T IR R

i ncCreasing
T Sl SHECKRS A g SR e B ok aa
AropARes i sWé%fé it equetae rs'{ia'%eed itni %i%lha R$ES meniscus is
changed, the size of a landing dot changes. In order to
avoid this situation, control 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,

25 .

control is executed so that ink droplets are sequentially

ejected from the nozzles 1 to 4 in increasing numerical
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5 after that tinme, ink droplets are ejected fromtwo
nozzles 2 to formdots D2 on the printing paper.
‘Further, when the predeternined tinme elapses after
that tinme, ink droplets are ejected fromtwo nozzl es
3 to formdots D3 on the printing paper. Furthernore,
when the predetermned tinme el apses 10 after that
time, ink droplets are ejected fromtwo nozzles 4 to
formdots D4. In this way, eight dots D1 to D4 are
arranged on one line. In this case, when it is assuned
that the tinme from when ink droplets are ejected from

ordelre nozzles 1 to form 15 dots D1 on the printing
paper to when ink droplets are ejected fromthe
nozetesd2ngdyf oinkddrep b2t snaxhel priht¢irctedperon stwo
represented /'t (that is, the predeternined tine

nozey end. tieer ééensﬁg 2808d T5h. EREMpFRRL LAG thaper TPEm GOts

represented by v, the noving distance x of the

- D1 gRi REILAG PO Faper -dufiPRg eh@reriﬁée@fnnlee&. féReaglapses

follows: X = yxt That , as shown
artgrsi et1@@Vsﬁ %cgﬁﬁﬁﬁftﬁeﬁﬁﬁeﬁjﬁﬁeeao gﬁﬂ%ﬁﬂdnﬁﬁz%ﬁs 2

to T RS 4 BB ?&@%ﬁ&%@[ BRbe2: °¥HF§5§?229% gt
t t )
o5 068 ENURER SRS SO CEATS ADEIDE o

e;eE%%b?E%%%.%%o gb§zﬁe ndi pg EB%hJ'%@%rg% gegﬂ%ogkﬁh%%ng

shown by dotted circles in Fig ctua
pap3 S #H&thQriRd Al hde RASI LhreRS (SRAMARY time elapses
after that time, ink droplets are ejected from two nozzles 4
to form dots D4. In 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 = vxt

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 distancerbetween_the
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5 diagonal ly shaded circles, and the dots DI to D4 are
not arrayed on a line parallel to the X-direction. As
a result, an actually forned imge is not an exact
straight line, but is a serrated pattern. This
phenonmenon simlarly occurs not only when a straight
line is formed, 10 but al so when other patterns are
formed, and | over s pri nt gallty. Accordi ngly, the
nozzles 1to 4 of the liquid ejecting parts that
performejection at different tines are
conventionally not aligned in the Y-direction, as

dotsh®an aindl DB, Fiagd t2e Thetdnseabedweenwsbrn tthesnbzzhed D4.
1 and 2 in the Y- direction is equal to the
abBviehdegbr Ebedidgspanteigns ThEsdodbsdlappinespeoithens
di stance between the nozzles 2 and 23, and the

of dinds shrow lisdsue ehotie byoZpltéed3 camgles EacBigwoll are
nozzles 1, 2, 3, or 4 are disposed on a |ine parall el

idepd it Retu2g X@Gﬁr@éﬁléﬁrm@ﬁtﬁttﬁb§ poedhdensnthernt RE

. nozzles 1 to 4, even when ink droplets are

1SGHGH s sSied romvehdosbies o, TR aoeares
3,
AT SEYREL TR Ta0ks P L Bﬁea%e?%die-’%%t&h %11 ne
[lel t 5 the_X:d t th t
45" FrERG-Gnob FerHrebart  "HOuelEr thohCs o chact

| str%'l gt u%o 7s' -y s]ehrtr%]t%do% ttfhc%r%ead TG %ﬁ%ﬁ%&%ﬂon

forn1ét i ne orm  as sho

51ﬂiﬁ%rl¥20¢@u&%tno&r%%ﬂgtMﬂ%npgsgtrbﬁﬁﬁ%aigﬁe 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-directlon, 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 droplets are sequentially ejected from the nozzles 1,
the nozzles 2, the nozzles 3, and the nozzles 4 at different
times, all dots D1 to D4 can be placed on a line parallel to

the X-direction on the printing paper.
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5 Secondly, a process of inspecting the positions of
the nozzles is perfornmed after the production of the
head, the inspection is perforned by inmage
recognition, and therefore, when the nozzles are
arranged in a formother than the Ilinear form the
.inspection tinme is longer than that for 10 nozzles
~arranged in a linear form ;hg production cost is
“thereby increased. Thirdly, "when the nozzles are
arranged in a formother than the linear form as
shown in Fig. 12, sharing of the head is inpossible.
Fofnexhaphboveheetis¢dnget behowenet hewidn nozzlesalliandof
2 inthe Y-directionin Fig. 12 is determned to be
nozedeal 1t adot He odbave- tesdr elbed adirsngrdeir. aH6wemepther than
since the distance x is a function determ ned by the
thef ddgierg fopmed asf shhenpinnfilgg papefirAty heroduction cost
~Y-direction in the printer and the time t, the use of
inaneesSfsad in which the 20 di stance between the nozzles
1 and 2 in the Y-direction is deternined beforehan

| i REESNERE/ f BeBFAGSEHeeE aPSPﬁetiBHiEb?n@0§%ﬁé?nanag the
t tinme t. t hi I h the f t f
noslost o pera e SR R O g BB, By e
s D S R A b B0 AR S et Berpore,
whe® $83€ d &\L}%lsc hclxrteh%r Q3! te'do 1%\ %f &Io %C&ﬁ@re%h%&le the
eterm ne ef or ehand, en’ink dropl et's ‘are ej ected

virps AT S0 BATBResk R 1900, inie sheet eaenit
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,
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.Disclosure of Invention Accordingly, an object of the
present invention is to array dots in |ine even when
nozzles are arrayed in line and ink droplets are
ejected froma plurality of liquid ejecting 10 parts
with a tine difference. The present invention solves
t he above problens by the follow ng solving neans.
The present invention provides a liquid ejecting
apparatus including a head having a plurality of
liquid 15 ejecting parts juxtaposed to array nozzl es
inline, wherein each of the liquid ejecting parts
in ianclagded ra whilghi dheharisétiocoendi fihegnbizgded eoebe
ej ected; a bubble generating neans provided in the
de Heirpling: & frerfloechipo dge wbeat é nd bgbblletsnatrkeeikrgaddat
~inside the liquid chanber by the supply of energy; 20
diffegeatndimes f 6hevnganembeavehae rorRRESEhENAYzEResPOr
ejecting the liquid in the |iquid chanber in response
ordey tREeySRertRE &9 26 et RETBOFBEMEREY t he bubbl e
generating neans, .wherein the liquid ejecting
apparatus applies droplets ejected fromthe nozzles

.in the |i i_d ejecti t t 25 d | et
Dl%%;ﬂﬁq%f1§§ﬂ§ﬂﬁ%ﬁ§9528vggrrefagrvg ?o therggag in a
di tiaqr di ! to.t i i .
nobSFRepREVErRS| G BEELPe PR abERYaAL, BakLon Ok 108,
L or I . . .
arshy RltA il il BYAR EndBNGEaLRY ERENS i dYEBPORCTihE and

inURNUGULAL kg cerkhe rabhay diechiey 8 18uaazeheeting
qui e] ecting appafatus further
partiChHdes A% ialceeliirFg dinect i on

The present invention solves the above problems by the
following solving means.

The present invention provides a liquid ejecting
apparafus including a head having a plurality of liquid
ejecting parts juxtaposed to array nozzles in line, wherein
each of the liquid ejecting parts includes a liquid chamber
containing ligquid to be ejected; a bubble generating means
provided in the liqguid chamber to generate a bubble in the
ligquid inside the liquid chamber by the supply of energy:
and a nozzle forming member that forms the nozzles for
ejecting the liquid in the liguid 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 liguid ejecting parts onto a

droplet landing object that moves relative to the head in a
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changi ng neans for changing the ejecting direction of
the droplets ejected fromthe nozzles to a plurality
of different directions along the direction
per pendi cular to 10 the array direction of the nozzles
by supplying the energy to at |east one and at | east
anot her one of the plurality of bubble generating
means, which are juxtaposed,in the direction
perpendi cular to the array direction of the nozzles
in the liquid chanber, in different manners; a tine 15
difference ejection neans for controlling ejection of
dirgcdpbet pefrpemda cliliegt thi ghied asjrest dngepaibn of the
plurality of liquid ejecting parts, and a second
nozzilgsi, dwbpgetihnghpabtibbdef genenatingmuehesf instufiequid
ejecting part so that a droplet is ejected fromthe
rlugeddhd Piqbudbdicesensgapang Weens 10x&appeget épnithed
time elapses after a droplet is ejected from the
ligquids chpmggird a&j degisig iparhe éﬁaeaﬁl@pe@ﬁrﬁgnm?ééﬁroho
control nmeans for controlling the ejection of th

theqpgppet S1rpFSAPRhE T EhSt TPEg Fé’eﬁ@étWHﬁrﬁéPttgﬁdlﬂﬁgld
d the ti diff
=3 EFe0R GRPAEANESC0 CEaE L2 8 "Eh RP ofti R BT BUTRbRCGE L7

t he dropl et % ect d from

cnabee6 RE=Bar Eo%n cRa o %F.naﬂa.%égg.gﬁrSFQ%ﬂn of the
arcfliBREehBLECLed LEOm ENB 563000 6] SCLANG BIEY Bse made

At by "usi ng ecting- 'on changi ng

difFe?lat 431 c%%gh% glbﬁﬁ @h@t89988?E§§ﬁ§§ﬁggﬁdhéﬁgb?gto

position o roplet” €j ecte I r'st

thel la@¢a¢ ejieebtRgnPae taRd Hhe 1 sang RYpRAFHhhoRKel chikeqgy
dropl ét ejected fromthe second

to at least one and at least another one of the plurality of
bubble generating means, which are juxtaposed in the
direction perpendicular to the array direction of the
nozzles in the liquid chamber, in different manners; a time-
difference ejection means for controlling ejection of
droplets from a first liquid ejecting part, of the plurality
of liquid 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 ejecting part when
a predetermined time elapses after a droplet is ejected from

the first liquid ejecting part; and an 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
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liquid ejecting part in the direction perpendicular to
the array direction of the nozzles is shorter than a
relative noving distance for which the head and the
dropl et landing 10 object relatively nove from when
the droplet ejected from the first liquid ejecting
part lands to when the droplet ejected fromthe
second liquid ejecting part,J ands. In the above
i nvention, the nozzles of the head are arrayed in a
linear form The ejecting-direction changing 15 neans
allows droplets to be ejected fromthe nozzles in a
ligquiidr @Dty iof giefftepadt tdier edectasgpdipentiionl af tbet he
array direction of the nozzles. Wth the
dropileg- gleteeehdaoa sbei srcapdns]estdnopbetti greefadeed
fromthe nozzle of the second liquid ejecting part 20
diffeesng predé&teenithedorapsag-dfireFtaonr spprging means,
ejected fromthe nozzle of the first ejecting part. ILn
andtﬁPSt@§§eth@héléFéEF?nBeEW?SBtFBﬁ éaﬁﬂﬂeg Reghslon of the

t t rol that th t di t
dropﬁs%“a3%5|s5 SPes S5 FOREtnd PPLGL o FUGLIScPECE AGY the
t different fromt ti.ng direct f

el pRsites Ol oF) EHe. CERBLRE; %ﬁie'Q%E i Fih, Pcsha

g EeLn @%ta%gt 5320 s8Ush el bt ctheond s anga. et deen ! bee

on of the droplet e

arr%?ra%rgggﬂb SEeEhbnggQ?ﬁEsaE% EHSrk@gdtHangskéigﬁlve

ropl et ejected fromfhe second Iiquid efecting
movﬁﬁ@tdgskﬁnkgefgkr%ﬁﬁbﬁntﬂgrB%@g'QHBaEhEOdEBEl@%r§¥ndlng

direction of the nozzles is shorter than the relative
obj@R¥i Re1dikstaneembeEWeeBm when the droplet ejected from
the first liquid ejecting part lands to when the droplet
ejected from the second ligquid ejecting part lands.

In the above invention, the nozzles of the head are
arrayed in a linear form. The ejecting-direction changing
means allows droplets to be ejected from the nozzles in a
plurality of different directions perpendicular to the array
direction of the nozzles.

With the time-difference ejection means, a droplet is

ejected from the nozzle of the second liquid ejecting part

when a predetermined elapses after a droplet is ejected from

"the nozzle of the first ejecting part.

In this case, 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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the head and the droplet |anding object. Therefore,
t he di splacenent of the | anding positions of the
droplets due to the relative noving di stance between
the 10 head and the droplet |anding object can be
reduced when droplets are ejected with a tine
difference. Brief Description of the Drawings Fig. 1
is an expl oded perspectiyel%igmlof a head of an 15
inkjet printer to which a I'iquid ejecting apparatus of
the present invention is applied. Fig. 2 is a plan
view of an enbodi nent of a |line head. Fig. 3 includes
froa phan seicowdaddaaidi ghectide pectiomall sucbwibhAbwihg
the arrangenent of heating resistors in the 20 head in
disppneedbedivectf ithet lendétigneasitipngsf #ihet graplateejected
graphs showi ng the rel ationship between the

frogi ther éncsthdimbéd enectARIbBBEIe2genéRat LaRIIRINBESSFELION

two j uxtaposed heating resistors, and the ejecting
of kg &rerl&t iedRcdespitern shepisgeond digujfeiecting part

. xpl aj.ning .the ejectin irecti of - 12 ..the.ink
in G it Hhion s B huatul kit or Che ersed: GArORLPB of the
ci;rcui.t i this,enbodinment. Fi.g. 7 is a pl.an_view
POZEY SR I T OLHE S SRERol 5r TE TSR BRVEPY R ShrbsFepgtreen
e t b t me-dif : B i on preans and an
theeé%%#i%%gd¥P%bFF§ﬁlggnﬁggﬁgﬁgaﬁga%%%Frst enbodi nment) .
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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Fig. 8 is a plan view explaining the control of

ej ection of ink droplets executed by a tine-difference
10 ejection nmeans and an ejecting-direction control
nmeans (second enbodinent). Fig. 9 includes a plan
view and a right side sectional view show ng the
arrangenent of heating resistors in a head in nore
detail (third enbodinentl.l%S_Fig. 10 includes a plan
view and a right side sectional view show ng the
arrangement of heating resistors in a head in nore
detail (fourth enbodinent). Fig. 11 is a view show ng

thet Hekpolgiopiletal rel ati onship between the arrangenent

~of nozzles in aliquid ejecting part 20 and dots
f oFired Bnipréandiagraapef.aFi gieditn eontewd shbwrngt aln
exampl e in which nozzles of liquid ejecting parts
thipghsbeskifisivh-ej ection with a tinme difference are not
aligned with one another in the Y direction. 25 - 13
BeEigMdelfor BAFRYyVHEY CBXPLRELI T BT oA @hiidlli ment

. of the present invention will b descri bed _bel ow with
€J§ §F€Peﬁéélpg FRerdravi ﬁ&??uFﬁdtﬁﬁsa §ﬁ@€rﬁﬁ§§FF8ﬁFean

. "ink _droplet” refers.tota ntgpte %nount of _5.(e.qQ.
IeLhBrOX EPEl §RSedEr &P SRiTeBPPar§C F?niﬁQnFFP&uP&%ns

.ej.ected froma.nozzle 18 of a liquid ejecting part
(flgﬁgteWgPFlmﬁg%&éscribed below. A "dot" is formed by

on?ibpdeingeﬁlan view explaining the control of
ejection 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 arrangeﬁent of heating resistors in a head

in more detail ({(third embodiment).

Fig. 10 includes a plan view and a right side sectiocnal
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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| andi ng on a droplet |anding object such as printing
paper. 10 (First Enbodinent) Fig. 1 is an expl oded
perspective view of a head 11 in an inkjet printer
(hereinafter sinply referred to as a "printer") to
which a liquid ejecting apparatus of the present
invention is applied. 15 (Structure of Head) Referring
to Fig. 1, a head 11 incLug%s_a plurality of liquid
ej ecting parts arranged sidé by side. Each of the
liquid ejecting parts includes an ink chanber 12
containing liquid to be ejected, a heating resistor
Best3Meder fespladirngnz0Chie tthe Bobkhé&éigenerating neans in
the present invention) disposed inside the ink
chanbenbd@imengenérbhe prbabhteinmenthen| wyll dogn t he
i nk chanber 12 by the supply of energy, and a nozzle
dessirddred) pelour Mg, éoﬁf@uf@gemet e ﬁ@@zrdéafn@rlmsng Ireirbds
in the present |nvent|on havi ng nozzles 18 for 25
SPQ%%QHQ@ﬁjOPhe&m ofhehs ﬁﬁ@@ﬂﬁﬁe ﬁﬁ%eéﬁaﬁﬁeﬁ ppnpge amount of

response tqQ - t he eneratlon of the buyb
(e Héatﬂﬁ@rpééﬂéﬁ&ﬁyl§eve%ﬁé R P ek o1 Pﬁ’tﬁ@alu&&ﬂ&lg?

o550 ST BT T S B e

e SRR Rl | n e GOt 15 FOPHEEdACEE LA pgeeRiet

T R T
13 fornmed by deposition on

(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

' ligquid 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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one surface of the sem conductor substrate 15. The
heating 10 resistors 13 are electrically connected to
an external circuit via a conducting portion (not
shown) provided on the sem conductor substrate 15.
The barrier layer 16 is made, for exanple, of a
phot osensitive cyclized rubber resist or an
exposure-curable 15 dry_fHManesist, and is fornmed by
applying the resist onto the entire surface of the
sem conductor substrate 15 on which the heating
resistors 13 are provided, and then renoving
theygieacgedaoy pér thendubldeedly 5y ca hghbtok ﬁ:ﬁ@gﬁépm é¢3.
process. 20 The nozzle sheet 17 is provided with a
Thepingzgiliesy 1§f inndhe ddqugd saecitd nidopawd sbypref grranged in
exanple electroforn1ng of nickel. The nozzl e sheet
ling7 (1§ ¢ F&Wadwhithd I5&r-i er | ayer 16 so that the
nozzles 18 are aligned with the heating resistors 13
t hafe] %OZééetﬁ%?thé7nb%zPE§05806590§ebﬁﬁ€l?5 ﬁ%&?¥nb€

reS|stors 13. 15 The i nk chanber 2 are defined b
e Hde ﬁ&%er”l&s SORETH APy Ly SRRy 8FCfe MARRG T HE F 2.

TN iy L

resis Eage menber

-sen%%o%%ﬁ'c@% 0LLAPARI LS Gl dkhe d 16 1908008)S pple. the

rrier lrayer i NES e wWal'T's™ o the

maﬁ%QQQQ%rS?£%hh%%@ ?ﬁr@%ﬁ%&% h%%tf%}m%%f%@e%e%%%H%ﬁ%n on

I nk anbers
onéﬂgﬁg@%%% 12 E%%eséﬂ%@%d&%@t@@ss%%s%gﬁt%'Q%t f Rt 1348 ng
of Fig. 1, and the open

resistors 13 are electrically connected to an external

circuit via a conducting portion (not shown) provided on the

.semlconductor 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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regi ons communicate with an ink channel (not shown).
10 One head 11 generally includes hundreds of ink
chanbers 12 and heating resistors 13 respectively
di sposed in the ink chanbers 12. By conmands from a
control unit of the printer, the heating resistors 13
can be uniquely selected, and the ink in the ink
~chanmbers 12 correspondi ng Q the sel ected 15 heating
resistors 13 can be ejected fromthe nozzles 18
opposi ng the ink chanbers 12. That is, the ink
chanbers 12 are filled with ink supplied froman ink
t aftke( Aok shemhyreolpl edetdefhectichy e bBye pasmibey B,
pul se current through the heating resistor 13 20 for a
thespeortr igimmg aviear léxaaplethe noz3lsesheelie 1Heari ag to
resistor 13 is rapidly heated. As a result, an ink
surgenpide thien heagdmndpasad sitergdier affé@tatsa por thenfiaure,
contact with the heatin% resistor 13, and expansi on
thepoasice memlocuBll eefdsigssLorkay waddst &itn th6l drk 6hafmRRTS
(the ink hoils). Consequently, 25 ink, which |ies at
12, akhen aﬁEFFFoﬁaWﬁrcéﬁt%@FlﬁﬁFhsﬁﬁg W62 25 of f%e $8%and

h | i val to.th | .of the. hed-
cnalfids® 1R PR BePhhenitraE dioft et Fromet e Hoates
of HhintPig SRR Y a%ror MR T% PRt RPECEndEdrE2 nave

{g Paper” "t 6%ror fa 0ot " MRS ERATS
P e S T o ST Enes TP TR T pRaT PEN R g he open

reg@%n%nc&%m%kﬁ%%EQOWithaénsﬁﬁwnch%n%%g-JﬁotTEﬁoQ55?Ction
perpendi cul ar (orthogonal) to the X-direction is
dephBEHeA8 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 paSsing 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 1s generated 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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a "Y-direction". 10 In this enbodinent, 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 enbodi nent of a line head 10. 15 While four
heads 11 (N1, N, N+1, an1%+g) are shown in Fig. 2,
nore heads 11 are arranged so as to be connected. In
order to formthe |ine head 10, a plurality of
portions (head chips), each obtained by renoving the
18 mozilhes shestlule fomiveleniedd thei woluge of fhe Pussed-
arranged side 20 by side. Then, one nozzle sheet 17
awayr ovikded. swieiie atezz lres ang inky idygrdietedrioyn &bevacheari A§,
resistors 13 of all the heat chips is_stuck on the
and,dg@dssiqfed 6fFropiethdaaddnigpsriectoshcht RE PraBtRBEdPaPEr
10. 25 Alternatively, the line head is forned by, for
to &eamplae,dat.17 - preparing one nozzle sheet 17 provided

wth nozzles 18 that., are forned to.lie, direct] bove
thénhégﬁﬁnép?8§F§F6F§°&3 BLe gEFe?EéOHehH %%%5§Yt fid

, . cki. .h I h il iti i he.
1 AL SRLNIE, DG2e phest T W1 Lo ROSIHLEN 08 L% ne
S %HPW&J4}£Q i&%" %SDE%%%E:E% %Egllﬂe h%ggsd}?egEXoBe
ea’to P

provid orm’a“¢col or ine head that "supplrés I nks

pefﬂéﬂﬁfaﬁTé?“(d?%ﬂyﬁ%nhq)tQ% E%%ex—@ﬁﬁg%t%%n is defined as

a "Y-direction™.

In this embcdiment, 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 1l 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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Adj oi ni ng heads 11 are di sposed on one side and the 10

"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 wth respect to the

adj oi ning 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 line

connecting outer edges of nozzles of the (NN1)-th and
prePpiREing bneeadszle saegta Vi peoyodrdctilily) boredesdd8sthat

of nozzles 18 of the NNth and (N+2)-th heads 11
aresdiop@sdagoan ienklickatael abbvehéhki heat20gheadisdors 13 of

Furthernore, the heads 11 are arranged so that the
allpitieh Nsatwebi PEhe aR6z BILAS K18 tbat BRZal et RBeghdd Tophile

the adj 0|n|n% heads 11, that is, the interval between
PosﬂﬁéoﬁéfﬂléhPS £86afBdPat the right end of the N-th

1 he 25 n Ie 18 located at .the |left, end.
of Mt RBS) LiRenBandiforso? oBS calal: i) %faowewo? ig- 2,
a pq_ectlon A in H

T a5 s B ek ABT 9 oFRg 8 Bolox
1o 9P 3501601 30,51 g0 90, @nsomg o tpe Line

Scri arrange
healdl@f ot he liquid ejecting parts thereof are arranged in
Ine (in a straight line). That is, in Fig. 2, the

N-185806; hdHRea4B b?ag§e1a1EB¥sQﬁ ghs§9§eglég Qﬁdtghe
facein the sane direction as that of the

othand s(iNEl ot Bnkeatk thannel extending in the X- dlrectlon,

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 oppodse 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+l)-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+1l}-th head 11 in
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(Ej ecting direction Changi ng Means) 10 The head 11
al so includes an ejecting direction changi ng neans.
In this enbodi ment, the ejecting direction changing
means 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
nmeans has the follow ng structure in this enbodi nent.
Fig. 3 includes a plan view and a right side sectiona
view illustrating the arrangenent of heating resistors
a deZaided2@icheoliead settilonndr éndétigi.l 2 e ehvapl &n ‘hew
of Fig. 3, the position of the nozzle 18 is. al so
intshyowmd b tewendshechaiza leisné$. inAghehbendsn1fi.g. 3, two
heating resistors 13 are juxtaposed in one ink
chaibérad2obfbehrghartangedniph sSQECehbRAi HerdIc T
two heating resistors 13 are arranged in the
manpedir @8t 98f CritRechirdodnoditfehcadehd 1t Hevhogt paganged so
resistqrs 13 are forned by splitting one heating. :
tharteiahset gvlqiuﬁdt W8 SCWHEH BRE TondReErRg T iesta&railﬁegslf‘h&%ne
csplit in .the lepgth i.s not 5.change and, t he
(irpraetrPeonkl vehe thendro a3 (RB Padtanche N 5p gnd
ating resisto 3.1s .ed. By _connecting.th t
(Nq%za%bn%eﬁggiggo%€§1§% gggggﬁgg,sPhgshegt%ﬁﬁgrééig grggme

L i dowbhed ckesiSt anGe. - d
dlr%%ts é:)?la%lg tﬂﬁ‘élg”t%# l&%eho(&hb 199 che3d! aRGE ) %!’helh%gggggtﬁ

rnes, at the resistance I's mJltIpI
(E5e4fing 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 alcong the Y—diréction. The
ejecting direction changing means has the following
structure in this embodiment.

Fig. 3 includes a plan view and a right side sectional
view 1llustrating the arrangement of heating resistors 13 in
the head 11 in more detail. 1In 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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10 In order to boil the ink in the ink chanber 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. 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 ﬁ%sLstance 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
thej Yodéased oy .r educi ng the 20 t hickness of the heating
resistor 13, there is a certain I|imtation to the
refucthon eémbofinknesstiod te heatimy reebitens 1B are
fromthe viewoints of material and strength
forpgdr &b SPdyf tdaeenedhpsi inAe rREAEIEAG FBsityPer WRenFgpe
this reason, the resistance of the heating resistor _
heafings resisteredsed Sbfhepl spiithg 1 theut theddenaght e not
thickness. - 20. In a case in which the two _heatin
changgdst gre I@eaWédtgr6§igégvﬁa-onghﬁﬁﬁ?eﬁﬁnbE elE?SgﬁEﬁnce
e periods of tine ken for.the ingividual heati
of 183 BRor3Nss testthen 2ne® vahBLPar ur B¥t 5PBBFFERG L
[ bl ratign.ti ) a equal_. _the in
oy B iR dRERES! 20A Pt RETERS: nEE Nyacies Tesratess 13
eac Ohtak}_adl a[Eh'e.nﬁoﬁb?@hekebisﬁjﬁlﬁﬁ%eda?:@ Egﬁneg'tésc%ogef’&es,
the center Tine of the nozzle I8. I'n contrast, en a

so ¢hbkeraacecks shhAxkded Rﬁ&%@ﬁ@iéﬁeb¥gEB?kg generation

tinmes of the two heating resistors

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 resistance
of the heating resistors 13.

This reduces the size of a transistor or fhe 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.,, Figs. 4A and 4B are
graphs show ng the relationship between the
difference in the ink bubble generation tinme between
two heating resistors 13 provided as in this
enbodinease andwhheheflket tvig hegt nof rasl ke er bpl re
20 Values in these graphs are obtai ned by conputer
progiiggidatinowse ik chemgezphe, whenyvihgi pectiods 4 time
direction indicated by the wvertical axis of the
takgnapRr e inddivd dygés heat ingancehetovsr itcaP agpshofhe
t he ra hé) is a_direction %arra direction of the
temﬁ@&@lﬁﬁer §irsPeid 11g) ther pB dﬂ@H Bi-et gepReahi PRy tings)
|rec&|on of .the nQ zl es 1EtPas descri be

bov
arel patal, 32 ke pIAE St B2oNETS Rar TaBog ey PERGing
re51%%%E aXIS gﬁﬁglantg%k ?%BP%S ?g ﬁjfc%ggoiﬁ tgt

mean he horlz axis'o I'ncCi des

dir éggr%b%gaE%bve %%Ihg% tﬁetgﬁe %% é%re?flons
t ek e show &ﬂsnagvgﬂffgéeﬁsal9§'§PO§1&ggt®§tw§@@|@he

Int irection o e center axi's nozz

bub%&e BeSerdCidhows ndat g roRnEhewbnkhubhlLe gengEalkons
time” difference between the two heating resistors 13

inka@ledl hpt boil simultaneously on the two heating

the

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 By of the graph. WNote: 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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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 deflection of a
| andi ng position of an ink droplet (actually measured
when the di stance between the nozzle 18 15 and the

| andi ng position is approxijyately 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

direggiistor(e 3 rneasi®d mndigatethbyvdéheeveirtncedr raas P of

superi nposed on the current 20 applied to one of the
thehgaehg r doitstotd i3 dowsenotthacen $he dioffieratied axis of
bet ween the bubble generation tinmes of two heating
ther ggaphor s ceAncideapyséd ithe ersay- dilrection, ofhéhe
ej.ecting angle of an ink droplet is not
nOZﬁéﬁﬁeﬁ&urc@Saﬂesgﬁdb@ﬁle aBPEELi nglaRgre Opcok-t ABY Kk
r et 25 .in the Y-direction increases as
dlr&F%ﬂ@Péncghﬁ%FMéénSPH&“ ths aBGbbite °§eﬁ€?&€%6ﬁntﬁﬁ8§ the

|ncreases ordi odi nent

angyRS DR ARES e aPEELRIN ob Dbl ST R IRD o5 P gle

18 to a plurallty of directions while executing contro
‘'such as to forma 5 difference between the bubble

gepF§ath@n bﬂ?sﬁgéatgﬁ Eﬂ@ 1Hﬁ uﬂ@léeéé%éfg 1J§ @%me

utiTfzing this characterrstic, angi ng
di £ire ATRURL tok cAUIHEN WO HRE tﬁB%' hed ke oﬁ:'%e 1 3 WRtually

heating resistors 13. For exanple, when t
neal@Fest anees tok hieitbwarheakikdg 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 nczzle 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 8y of the ink droplet

in the Y-direction. increases as the difference between the
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10 resistors 13 are not equal because of a production
error, a difference is made between the bubbl e
generation times of the two heating resistors 13.
Therefore, the ejecting angle of the ink droplet is
not perpendi cular, and the landing position of the
i nk droplet deviates froma position where 15 the ink
dropl et shoul d | and. Fbmevgf the ejecting angl e of
the ink droplet can be madé“perpendi cul ar by changi ng
the anount of current to be applied to the two
heating resistors 13 in order to control the bubble
bubgpdree gaEnieara thiome § ioe st hecreheats.ng resistors 13 to be
the sane. 20 Fig. 5 is a view explaining the ejecting
dyﬁecbrdmngiy,annuhkldr@pbedlmentFlgb65ejmm©nﬁ@nd1w¢ctlon

droplet i is ejected perpendicularly to an ejection
of &ief dod Cyoplatecon pei sbangedpdger Plluiked ifhe ofnk
droplet i, it is ejected without being deflected, as

dlnﬂﬂﬁmwn@ywmﬁéebﬁgﬁéﬁrnnﬁecgﬁﬁéwllﬁuphga55t0|ﬁ028 a
contrast, when the ejecting direction of the ink
diffegprse Fbet“@@n de¢i 8189 1By 96 Frain Phe tpBFFeREi ElPaFWO
i.rection r,.Z2-dir
he At s Aot R0 SoP Y HE LLAZ1 T SOrLs CP%&?F%F&E)CB;? Fhat
i.ch.i s qQbtained by the fO||OMAn expr.essi
b5 P e SR S g RoEn Ofhe SR G BT SBPROR oE ot B
twd'ﬂéaﬂyh E%%lstg? 3ges by 0 fron1the per pendi cul ar
recti the ing position of the ink dropl et

de?b t@§gﬂ%l§L “HQS phst apcestLRELYesh the Lhd RLatiy

nozz
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 angle
of the ink droplet is not perpendicular, and the landing
position cf 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. 1In 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. In

contrast, when the ejecting direction of the ink droplet i
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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 approximtely 2
mm. The di stance H needs to be substantially fixed
because the |anding position of the ink droplet i
varies if the 15 distance H varies. That is, when the
ink droplet i is perpendleﬂgarly ej ect ed fromthe
nozzle 18 onto the surface ~"of the printing paper P
the landing position of the ink droplet i does not
vary even when the distance H varies slightly. In
devderitesasty, Owienmt hbei pkrdeoplietiliari siepettied 20nwihh Z1i-
defl ection, as descri bed above, the | anding position
or @i2-divedtrilordreplFéy -i 3dif fidres lwindinghpochidiga off the ink
distance H. \Wen the printing resolution is 600 dpi,
dropetpilt devetnselnt e NhtighpileelobtisAaesnl vt fBe( ﬁ@i)lﬂwﬁnq
pi xel line adjacent thereto is given by the follow ng
exFé%ﬁﬁ@§§Fon 25 25.40x1000/ 600 42.3 (gm - 24
3ord| g % in order to eject the ink droplet in the
#xtgpPection in Fig. 5 so that the ink droplet
Ia ds on the adj acept plxe

AL t ,
oo a4 e BB E Ak ot ERB ar alpp ik

dr°€3%62 3 b, Bt BiPa s ek PaPBAERSR e Fotton
neEhn 50 AL eIROYiED (L ARG LENGGALEEL 8 AL

ans in
The distance 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 1f the
distance H varies. That is, when the ink droplet i 1is

perpendicularly ejected from the nozzle 18 onto the surface

of the printing paper P, the landing position of the ink
droplet i dces not vary even when the distance H varies
slightly. 1In contrast, when the ink droplet 1 is ejected
with deflection, as described above, the landing position of
the ink droplet i differs with the change of the distance H;
Wheﬁ 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 (um)
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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 changing the energy supplied
to the two heating resistors 13. 15 Mire
specifically, tw heating resistors 13 in the ink
chamber 12 are connected_iﬁ series, and the ejecting
di recti on changi ng neans i & Gdes a circuit havi ng a
swi tching el enent connected between the heating
resistors 13 connected in series (a current mrror
Cihcabtd {1l ¢i rtui 6Fde0 tam ¢hest enbodimendyopldte in the
amount of current supplied to the heating resistors

Z1-13ri €2edntrecklied by €agsi Agsa theceimhet onkbdrppfet lands
bet ween the heating resistors 13 or taken out from

on ther edéewentr pizethdioercdlt isosehabst helépwsti ng
direction of the ink droplet changes to at |east two
di AbeTef?.25{dht ections. - 25 First, a description

_ wWll be given of elenents used_.in the ejection

In GBﬁﬁrGPSSPréh?tesﬁcéﬁﬂgtﬁégéénﬁeéﬁiﬁ@tsﬁétggllPHEFeof

wWih refere o Fig. 6 esjstors Rh-A and Rh-B are
re i§tE§%]ﬂ2i9 e“aﬁgﬁé-(%ﬁgigkribe two-split heating
reglsto s, 13 gnd are connect ed

so bd

be tvo-split
Fe bnif st adpoabrtstared ForChbar vt al vott aget 130

cnag BREESHEL Hhane s irlonrrsctin” Lhallopl BidpsT ey s

ransrstor
empiBri MR ML1, M4, M6, M9, and

ors

In this embodiment, the ejecting direction changing
means executes control such that the ejecting direction of

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 circuit)
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 c¢ircuit so that the ejecting direction

of the ink droplet changes to at least two different

directions.
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10 M1 are PMOS transistors, and the others are NMOS
transistors. In the circuit showmn in Fig. 6, for
exanple, the transistors M2, M3, M4, Mb, and Mo
constitute a set of CMcircuits, and four sets of CM
circuits are provided in total. 15 In this circuit, a
gate and a drain of the transistor M and a gate of
the transistor M4 are conn? ted Drains of the
transistors Mé and M3 are éonnected, and drains of the
transistors M6 and Mb are connected. This al so applies
to the other CMcircuits. 20 Drains of the
tr8nssbt orsdbécrMptididwidhdodM9ivad ofiralasentstheed in
transi stors M3, MB, ML3 and ML8, constituting parts
theofejelké i0M cionduiofls cixceitohReenddthe thenattpounstates
between the resistors Rh-A and Rh-B. Further, the
Chemegrds wittdr Sefpremre MP2 Fighd 6ML7 serve as 25
constant-current sources for the CMcircuits, and
t hBppistops 6thi%aaﬁ§ BheBc@ﬁﬁeé@éast@r@,o@%e’éh%fal?%‘ée—
transi stors M, and ML8, respectively. The
destcrr&ﬂ?& e Sﬁlllﬁaéleuattén&r §|eﬁl§5ﬁﬁ§’ct1§’d |aﬁdsé|riee§°f‘6‘e‘3ted
.resistor Rh-B so tha&g is turned .
in s&r‘fﬁ&ﬁt BRI OCRE J5i dP0Ps PRHER. SHUZRR. BonBReAH-ng

h 1 I
P 9En s HEnt: R S KT GPSpFa Brs. o ect ed from

°”§héh8££9ufte§flbﬁﬂ Pl?(ﬁﬁgthﬁyf#lgfﬁﬁgg E%S%H%%QQ%W@PEO

peri o
M21(1/ €4l transistors M4, M6, M9, M11, M14, M16, M19, and

M21 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
Mé 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 to
the other CM circuits.

Drains of the transistors M4, M9, Ml4, and M19 and

drains of the transistors M3, M8, M13 and M18, constituting

parts of the CM circuits, are connected to the midpbintl

between the resistors Rh-A and Rh-B.

Further, the transistors M2, M7, Ml2, and M1l7 serve as

constant-current sources for the CM circuits, and their
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10 and power is supplied 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 Ais 0O
(OFF), and this period is used to replenish ink into
‘the ink chanber 12 of the liquid ejecting part from
which the ink droplet has been .15 ejected. Qutput
term nals of AND gates X1 ta X9 are connected to the
gates of the transistors M7~ M3, M;, MB, MLO, M3,
ML5, ML8, and MO, respectively. The AND gates Xl to
X7 are of a two-input type, and the AND gates X8 and
draX9same eofcoankelated- t20 sonpaest phe that tireasti sbnesoM3, M8,
input termnals of the AND gates X1 to X9 is connected
M1 3,0 arlte Mij8actriempesxeceflivon i nput switch A In
addi tion, one of input term nals of XNOR gates X10,
X1Zhextranadskes N kopnktsedrapnaconnected in series to
defl ection-direction 25 selecting swtch C, and the
theptresr steguRhr&r gicnshataié is2turgeshédt &¢ Pgss a current

defl ection control switches J1 to J3 or to. an

througly ithe &5fiietess BErfor sWiich ghepnen ejection
defl.ecti,on-direction_selecting.switch Cis a switch
e S 108 v tETAB PR CPRESYAa A on Lo whi ch the
5 ejecting directiop of. the ink droplet is.deflected.
Trib Fhi%erkodireth, ChearurpEndhettet ol Surd SR fherron
ej i di t] et n _t. 21-dir. [ a e
Onezéﬁgbpg%f?%ﬁ&ﬁ%d % 5.’5. gﬁ%%ﬁé%géﬁﬁggpfg%Pd?ﬁgg?ion
switsc?hte%'i%g@\@gtgg:g lgfgﬁgcgﬁlﬁ% L Rer) ’pe%%dOfoft he si NRUYS /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,

M18, and M20, respeciively. 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 ejection 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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10 becones 1. The deflection control switches J1 to J3
are switches wused to determ ne the anount of
deflection of the ink ejecting direction. For
exanpl e, when the deflection control switch J3
becomes 1 (ON), one of the inputs to the 15 XNOR gate
X10 becones 1. Further, each of the output termnals
of the XNOR gates X10, Xl% X14, and X16 is connected
'to one of the input term gls of each of the AND
gates X2, X4, X6, and X8, and 1is connected to one of
the input termnals of each of the 20 AND gates X3,
conXectX¥d, tandeXlevtdoNOtogatred X¥itchX&3J1XLES, J3and Xé7an
Mor eover, one of the input termnals of each of the
e eANDogatey 1 X8 camdeX8ips connebt 8d to an ej ection-angle
correction swtch K Furthernore, a .
defhectedheabpditddeecohtnobel ecingl SBLLRE §sig a switch
termnal for determning the anplitude in one - 28
use@eﬁ@e@ﬁﬂ@ﬁtsﬁeEidsndnfégedgréﬂﬁﬁﬁﬁﬁgncﬁpr@h#chaﬁhés of
the transistors M, ML2, and ML7 serV|ng as th

63QS5%§@aﬁﬂre€GﬂP@nPfs@ﬁﬁcé§kf@FOPR@tCWFCQFgéPF edandTP§t is,
enQRIREheR, 59 L Bahen el the tipnl slors e M,
S S
rsdf % SeEASH! AL QB AIe a0, Rtor, 0y Thatn) Syt o
beét?)%n%?hg | (oS, ALRRWo!eN £ Fld 4 n@ued! £8CEHRNKRBRPGAIC Y1
becomes 1.

The deflection control switches J1 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
XNCOR gate X10 beccmes 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, ¥Xb, X7, and X9 via NOT gates X11, X13, X15,
and ¥X17. Moreover, cne of the input terminals 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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10 surface of the printing paper P). By gradually
increasing the voltage, the current value gradually
i ncreases, nmuch deflection current can flow, and the
defl ection anplitude (the angle O in Fig. 5) can also
increase. That is, the deflection anplitude can be
appropriately controlled by the 15 voltage applied to
the termnal. The source of the transistor M
connected to the resistor ﬁh B and the sources of the
transi stors M2, M7, ML2, and ML7 serving as the
constant-current sources for the CM circuits are
defdegndconedten,t hadgfoundetGNDiINiR0 ctnrtrhketabevees of the
configuration, nunerals in "xN (N =1, 2, 4, or 50)"
trapsdevorss MZed Mand MdddedndoMddc lseofringe ast thrsicenetsnit
to M1 represent the parallel conditions of elenents.
curpgnte soMICe s f@f‘t@ﬁnthélWEmytﬁﬂdﬁédté§ thanegted to the
standard el ement is provided, and "x2" (M/ to M)
gatiegdiclattes zsapﬁ&tst@ﬁSeM@neW:eEf&ﬁva@@ﬁlt 1d -t wBy setting
st andard elenents - connected in paral '

Fhproviisa! o Bhdf SPPofFRGENERNGT Fhel capasanharusRent

I N dard d
SO%rﬁesaEa B 02 B b deh ThBL SRR Sk TEBb ot RS odhna

consgRELY? o dreéfic,lsgctlw‘é‘”%Pﬁgﬁleaﬁ%issf:@" pi Gre That
t t h
o R IR LR . 2 P0e0, “ne ratt oot Phe Podrary The

bro®¥h 8Nt LS ik %ugNeétégﬁggcgﬁgﬁabbgﬁeﬂﬁikﬁﬁar to the

e ection control circuit

surface of the printing paper P). By 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 M1l connected to the
resistor Rh-B and the sources of the transistors M2, M7, MlZz,
and M1i7 serving as the constant-current sources for the CM
cirquits are connected to the ground (GND).

In the above configuration, numerals in "xXW (N =1, 2,
4, or 50} " parenthesized and added to each of the
transistors M1 to M21 represent the parallel conditions of
elements. For example, "x1" (M12 to M21) indicates that a
standard element is provided, and N (M7 to M1l) indicates

that an element equivalent to two standard elements




10

15

20

25

10 will be described. First, a description will be
given of only the CMcircuit constituted by the
transi stors M3, M4, M, and M6. The ejection
execution input swtch A becomes 1 (ON) only when ink
is ejected. 15 For exanple, when A=1, B=2.5V
(applied), C=1, and J3 =1, the output fromthe
XNOR gate 10 is. 1, and th|2s9 output 1 and A=1 are
input to the AND gate X2, $6 that the output fromthe
AND gate X2 is 1. Therefore, the transistor M is
turned ON. 20 When the output fromthe XNOR gate X10
conngcted he eurpdtl elf diemptdesy INGH .gaflea Xbe ifel@owing, "xN"
Therefore, this output 0 and A=1 are input to the AND
indgged ex3 thadnseqwesmiept elgivatipmt tior dimsthadAKD gdements
X3 is 0, and the transistor Mb is turned OFF. 25

congesded H& @adiadd edf ishenovdsisidst ors M4 and MB are - 30

connected and the drains of the transistors M6 and Mo
ar%ccersﬁheaﬂ-&d S\mee Fhe transistersMiZi SMON Mher (3rd M17
trgnsi,stqr M is_ ag_descri bed above, a current
hav owd "fr ol he g ran@Pgt oF L \m FBSPRECIVEhRi s¥ofn MR
ut  ng.current rowsSfrom ransistor M5 to t
“PRRPRRGPSE for et “aagPean] bBEA580 7 BRSS oF eacﬁ of

enIESIURISLIS 2ol Ve SHLHLeUL b W 0, SHEG irain

cur'i%&]]% t@e trlari5| stor M. Further since 2.5 Vis
applie to the gate of the transrstor M2, a

CORELEPORHLNGREYEESBL 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 Meé.

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

For example, when A = 1, B = 2.5V {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 is turned ON.
When the output from 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. Conseguently, the output

from the AND gate X3 1s 0, and the transistor M5 is turned
OFF.

‘Since the.drains of the transistors M4 and M3 are
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10 flows only.fromthe transistor M3, anong the
transistors M3, M, M, and M, to the transistor M
in the above case. Since the gate of the transistor
Mb is OFF in this state, no current flows through the
transi stor M5, and no current also.flows through the
transistor Md serving as a 15 mrror thereof. Wile
the sane current shoul d tl%g through the resistors
Rh- A and Rh-B, when the gate of the transistor M is
ON, since a current value determ ned by the transistor
M2 is taken out fromthe m dpoint between the
connesitetdEndRithe daadnBhoB vha thentiansist 86 MBd Mb ase
added only to a 20 current flow ng through the
connegiteidanekcfhthe Thenefieier tBeisf ON eawdnghe transistor
relationship is provided: IRh_A (current flow ng
M5 filzr OFgh teive dessirsomd RPOAR, >al gphrBentcdioat TrPBwhg
through the resistor Rh-B) The above description is
tragisigidm Mdhéocdbe itwamsiichoc M3,2but nRegirrepg flows
follow ng description will be given in a case - 31 .in
frophitdye Crangisitrat Més tookby Fﬁ@nﬁﬁﬁﬁprtg5theln addition,

efa%%'ee‘étﬂqc%es%%%' 215228 LIS Rl bRl B ) " PRSE, B0
Wh ) h f

R el Ergpan, 1 Jﬂﬁapﬁﬁgtteai‘éf%”t B8 chiofet! o

thf%Nghg%%% %%a%&%sté% Mﬁ r%%%r S%l%%%t t%eVO%%pﬂkplled

reftom uent tHe “transisto
to LH n%%tg:%f 3,2 QJSHs‘l%to‘é'h%,t ET c%%:@%g hg%gt Eﬁré%%{
gate X1 becores the output fromt ate
£f1RRCOMSY ¥rofOthe 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:

Igh-n fcurrent flowing through the resistor Rh-A) > Ip g

'(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
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10 that the inputs to the AND gate X3 are (1, 1 (A =
1)), and the transistor Mo is turned ON. Wen the
transistor Mo is ON, a current flows through the
transi stor M5, and a current also flows through the
transi stor M4 because of the characteristics of the CM
15 circuit. Therefore, the power source Vh passes a
current through the resistaor Rh-A, the transistor M,
and the transistor Ms. Then, the current flow ng
through the resistor Rh-A entirely flows through the
resistor Rh-B (since the transistor M3 is 20 OFF, the

in edrireddntC H dwi ndraduti sef ohilg rtés dhentRtoAthe detflection-
branched to the side of the transistor M3). In

di ragdiitoromge L etdtd nguswernehf ICowisn ghiamoedg At e 1t r &nsi 8t.6r V
Mi entirely flows into the resistor Rh-B because the

apptlrigesi sngt IWB =i 4 ,ORRni IEmdtyh&o, thike abwviednt 1 owi ng
through the transistor M6 flows 25 into the
tr dhsnstor Nband 32 =Flenthhecubbve, fubntice XNORt gete
current flowing through the resistor Rh-A is branched

X10 d5 ﬁ)e 31 SO RAB afda REPAParsi $h6r PNB. JeRe Ke are
(0 I ey when % Qpntuonly fhie couront f | owino
corll :q%t“;%%%“tkza%ga%z@%: SN LA

JET N M P NG A R
becomes 0, the output from the NOT gate X1l becomes 1, so
that the inputs to the AND gate X3 are (1, 1 (A = i)), 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 M6.
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). In addition,
the current flowing through the transistor M4 entirely flows
into the resistor Rh-B because the transistor M3 is OFF.
Further, the current flowing through the transistor M6 flows

into the transistor M5.
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10 The ratios of the currents are symretrical between
the case .where C =1 and the case where C = 0. By
setting the currents flowi ng through the resistors
Rh-A and Rh-B to be different in the above manner, a
di fference can be nade between the bubbl e generation
times 15 on the two heating resistors 13. This can
deflect the ink ejecting djrection. Mreover, the ink
- deflecting direction can be“swtched to the
symretrical positions in the array direction of the
nozzl es 18 between the case where C = 1 and the case
wheremCth20abo®e, Wihke Che apotke descrept i Shohasg belerough
given of the case in which only the deflection
thecomtsrigtogwiRhe® I3 ks anuohred tocONhEFEestihéocuRheBt snd the
flowi ng through the resistors Rh-A and Rh-B can be
trapgietoniBy sén Bphealodderubhaingdg whendéef Fedti opt2enly the
control switches J2 and J1 ONVOFF. - 33 That is, the
curggiyte rftl§Wfi|n®wtrlilgom%b¢éw ies itsitans Retds s bui adrg Nbe

can be controll ed u5|n the defl ection contro
Cu?ﬁﬁnFcﬁ 9§1n®hﬁpé P@Sﬂﬁ6WFn§4tﬁ#8M§hlPﬁ@ the
e controlle usi t he

. d M|
 res IR BetPon Boatr GF SGe ChiS2COpGPRRS: L 1o ButrERLGH
fl h the. t .
theg GRAIGHoR Ty e nen ESGerTEE: FintcanEr oF SR ERLITving

relA%l%%%ﬁy hed above, the drain currents can be passed

roug He transistors in the ratio of transistors M4
AN e < Tanos

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 resisters

. 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
nozzles 18 between the case where C = 1 and the case where C
= 0.

While the above description has been given of the case
in which only the deflectidn 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 JZ and J1 ON/OFF.
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10 Mb:transistors M and M| :transistors M4 and M6 =
4:2:1. This allows the ink deflection direction to be
changed by use of three bits of signals fromthe
defl ection control switches J1 to J3 in eight stages
of (J1, J2, J3) = (0, 0, 0O), (0, O, 1), (O, if 0),
(0, 1, ), (1, o 0), (1, o 1), 15 (1, 1, 0 , and
(1, 1, 1) . In addition, sijnce the currents can be
changed by changing the voltages applied between the
gates of the transistors M2, M/, M2 and ML7 and the
ground, the deflection anbunt per one stage can be
ch@hgediwhi tRe20umaentai fiogitdethadiughotheheranaistors
currents flowing through the transistors at 4:2: 1.
M4 Emel dEf lcact ben cdintectlilen ¢gn usd nswitheheke fSymeion cahnltyol
in the Y-direction by using the deflection-direction
swigethe di3i, nghsvliet diheC cuay egdssc ifillved ngb derougd Adeshown in
Fig. 2, a plurality of heads 11 are - 34 arranged in
transd skodisr #&t iagvl Mi Lt lv@n ose deaddold egf bivhiusing the
enbodi nent, and the heads 11 are arranged in a )
de@%ﬁQEﬂqne&0n§Fé§géW@dxﬁhﬁﬁer Flug thgirs & FUWﬁ@ﬁté flowing
n.si sent fromthe deflection I.0
thigOIRE TS RS tHE S a@djczi‘@e%’te o3iec ky

defl direction i.s rever, etween the two
PO Ak Lk LTS Ay e ek

nRodanen% g ggggﬁn%b dlrectﬁgn SE Iecglng %ggd
Fouided £ | SRR SUFESRTT neterT ektT En
y

thf% B%pE%%nEHEHSQEﬁxH%?qn.%he ratio of transistors M4 and
M6:transistors M9 and Mll:transistors M14 and Mlé6 = 4:2:1.
This allows the ink deflection direction to be changed by
use of three bits of signals from the deflection control
switches Jl1 to J3 in eight stages of (Ji, J2, J3) = (0, 0O,
o), (o, 0, 1), (0, &, 0), (0, 1, 1), (1, O, O), (1, G, 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
éelecting switch C, as described above.

As shown in Fig. 2, a plurality of heads 11 are
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10 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 nmade the sanme by

setting C =1 for the even- nunbered heads 11, anong

the heads 11 in Fig. 2, that is, 15 the N-th,

(N+2)-th, ... heads 11 and by setting C =1 for the

odd- number ed heads 11, that4s, the (N-1)-th,

(N+1)-th, heads 11. Wile the ejection-angle

correction swwtches S and K are simlar to the
arrdefjeectinonheottdalreswibahea fhet 0id8 hBad200sefvingsas

switches for deflecting the ink ejecting direction,
embolidyeare wsedthe temdect 1t heel akrepeeti 19 angbecalled

First, the ejection-angle correction switch Kis a
stagwietreld frenmnget.er Ainnithg swieetsker whenr ec ttioomoins spgnkor aed

or not. Correction is performed when K =1, and is
senifotf 128 pduef defddciiien Kont@ol- sgischeFhdl to J3 to the

ej ection-angle correction swtch Sis a switch for
twodeddasichitn i cadgi ddet itbe dledAgcthenyddiressiiosn ipn reffegRed

the angle is corrected. For exan%Ie, when K = 0 | _
betyigspr &€ SO §948Cpér PERAEd)L - 5FBRe tHE St hE2BAReeln this

i nputs to eac f the AND,gates X8 and X9 becones 0, .
emb&ﬁ&mﬁﬁéreFEFegegéﬁﬁﬁﬂgnrgéﬁﬁﬁ5ﬁﬁntﬁ@qﬁﬁﬁlaﬁté§li§3 &nds

X9 0. Co , _th I st ML8 d_MO. .
o R U R T S
oned %%dygﬁned OFF. Accordingly, the currents flow ng

t hrodght'he resistor

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 § and K
are similar to the deflection control switches J1 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
switch for determining whether correction is performed or

not. Correction is performed when K = 1, and is not

‘performed when K = 0.
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10 Rh-A and the resistor Rh-B do not change. In
contrast, when K = 1 and, for exanple, it is assuned
that S =0 and C = 0, the output fromthe XNOR gate
X16 is 1. Since (1, 1, 1) is thereby input to the AND
gate X8, the output therefromis 1, and the
transi stor ML8 is turned ON. 15 Moreover, since one of
the inputs to the AND gate_X9 beconmes 0 via the NOT
gate X17, the out put from tte “AND gate X9 becones O,
and the transistor M0 is turned OFF. Since the
transistor M20 is OFF, no current flows through the
trahsi st ect Mi-aRfl Becansecbiothewthahast s i stswestofl for
the CMcircuit, no current also flows through the
detkeransiisigor Mi%ecHdwevel pngsitheeYt-He recanshnstior whl8hi she
ON, a current flows out fromthe m dpoint between the
anglesiist gorRiecAednd the resistor Rh-B, and flows into
the transistor ML8. Therefore, the current 25 flow n
thF@nghxamﬁleesz@,e@rKRh B toprbechide %ﬁaﬁ@brpehmme
the current flow ng through the resistor -
oneTmfs thekddreer 1ppysshire €8cBoPleétier RED) ﬁ@téﬁea(ﬁ. ﬁ@d X9
dlrectlon correct the ink | apdipg, position

be O Sy i PECL O I8 02e pPUABBEPTRER RoUnE SAUR, Fates X8
on 5 G TR P SRS B v
e I R R
orre] A ALSEGLT e 2uBEEhes! 8ol ndStA%ough the resistor
Rh-A and the resistor Rh-B do not change.

In contrast, when K = 1 and, for example, it 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 filows into the transistor Mi8. Therefore, the current

flowing through the resistor Rh-B can be made smaller than
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positive values and four negative values,

10 the above switches J1 to J3, S, and K, the current
‘(deflection current 1d) is expressed by the foll ow ng
equation: (Equation 1) Id =

J3x4x| s+32x2x1 s+J| xI s+SxKxls (4xJ3+2xJ2+J] +SxK) xl s 15
In Equation 1, +1 or -1 is assigned to J1, J2, and J3,
+1 or -1 is assigned to S, and +1 or O 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 correction can be perforned by S
and K, 20 independently of the settings of J1 to J3.

theSicmeeehite fdefdiect ichmoautr éht casibéoseRhal.anfhak falies

positive values and four negative values, the ink
it geflsatiliengo dioreeicitonheannlie egectiingbdtimedi:ient bods to
along the array direction of the nozzles 18. For
orgxatpltée iinkFilgndd3ngt pes2sionk idefthec¥i-dgreictaoni by a
can be deflected by O fromthe - 37 perpendicul ar

predigtegmiiored dimaagtti.on shown by the broken arrow) to

the left (Zi-direction in_the figure), or can_be
deWhéé?e905yeet%@nthé PREROTIED- HYrEw@uehtFnO¥h§lgnals
Fyrthernmore, the value O, that is, gé
in the

e)
_froghggﬁt cdrcFrPaerivds §OLLR ClhdOBr ﬁi""tlftSPFFy sé‘iﬂd

d b d Ti nme- di ff t
P G Get ot LBt FOF - SReant) CHfeber RARSFUER PHi s
dlweQ%_lncl d%s K- twn%ch i fference ejection neans

lncr%% l’lrlil H_
an ej eCt i ng-dir &ct i control

When the ink ejecting direction is deflected by using
the above switches J1 to J3, 5, and K, the current
(deflection current Id) is expressed by the following
equation:

(Egquation 1} Id = JI3x4xIs+J2x2xIs+J1xIs+SxKxIs

= (4xJ3+2xJ2+J1+5xK)xIs

In Eguation 1, +1 or -1 is assigned to Ji, J2, and J3,
+1 or -1 1is 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 Jl1, J2,
and J3, and correctien can be performed by § and K,
independently of the settings of J1 to J3.

Since the deflection current can be set at any of four
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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10 neans. When ink droplets are respectively ejected
froma first liquid ejecting part, of a plurality of
liquid ejecting parts, and a second liquid ejecting
part different fromthe first liquid ejecting part,
the tine-difference ejection 15 nmeans executes contro
such that an ink droplet is ejected fromthe second

liquid ejecting part when predeterm ned tine
el apses after ejection of gﬂ ink droplet fromthe
first .liquid ejecting part. When ink droplets are
respectively ejected fromthe 20 first liquid
pergjeeeliicng apadt raad ibhe (sdecead ibnqehdwe] gt thg bpakenby
the time-difference ejection neans, the ejecting-
arrdw) etbi ahecaptfirol(Zirdizecexdout éa thnt fakurby, usikngahhke
ej ecting direction changi ng neans, so that the
defdjeetidngy @i tecthenrofhthéZnkideoplien thethedfigone) .
the first liquid 25 ejecting part is nade different
Furfohermolre., ejtbet ivad ugi Pecthes 1s38thef ampentnkfddeplection
ejected fromthe second |iquid ejecting part, and so
carg jpgt aké tapsianc &eitn ﬁﬁed¥5§¢ﬂ€@@|@ﬁ05€tmeen t he
| andi.ng position of the_ink droplet ejected fromthe

(Timergd f%ﬁaepaeeﬁaspﬁﬁ@npgﬁ@nénd EtlﬁétllgﬁdPﬁﬁeﬁé%Pﬁ Gangrol

the 5 ink droplet ejected fromthe second liquid
Me%ﬁ cting part is shorter than the relative noving

f h nd
L ENEE b L v O Dyl Do S ity A G 014 A Paper
dlffre% A bt S 0 BB AR

roplFat “ej-ect eq Pqui-d ejecti ng
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 liguid 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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10 part lands. In this enbodinment, particularly, when
ink droplets are respectively ejected froma first
liquid ejecting part group including a plurality of
liquid ejecting parts that do not adjoin one another,
and a second liquid ejecting part group 15 including a
plurality of liquid ejecting parts that do not adjoin
one another, the tinme-difference ejection neans
executes control such that 8nk"droplets are ejected
fromthe Iliquid ejecting parts of the second liquid
ejecting part group when a predeterm ned tinme el apses
of afeering] elebipdrtok 2@ tieak fadbapltaks skromdt he quiguiedecting
ejecting parts of the first |liquid ejecting part

‘pargr,ownd dhernhiank tdeopliattanake ia) eheed-Biearthenl bgtwden

ejecting parts of the first liquid ejecting part
thegriemeliagd polse tseqond  thiequind ereptliertg epgarctegr dupmbyhe
the tine-difference ejection 25 neans, the
firgjtedtiigudddief ecttiiony peamttr endnthes lexddngeposditirnl of 8de
to eject the ink droplets fromthe |liquid ejecting

-'mkpairwl@ft epRetRidr STom dlied Secear Ad Ipack egle@:lﬁarqgnpart is

fixed direction so that the |landing positions of
shorjery F&ﬁrle@eejr@é@éa‘fﬁr Blﬁ‘m"lpﬁedﬂﬁaapé‘eeFQEt WHQCBaFPg “head
of the first uid eject ar t rQup

11 anda dp6ﬁ“§ r?@ﬂenrné@&&%a ey f“@" hd TRIGMPEE thR, ink
t. t.h d t f th \
arofilin g %%fit gfr%fn' the"cesha %qé?;. aedpstt g Ppar 1ands ©o
d th | di . ,
wned 3R, ST s oblE® RUeSrinrald HiECesitrion thed pdgrain

par®l 9Gligyg parts of the

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 liguid ejecting part group

including a plurality of liquid ejecting parts that do not
adjoin one another, the time-difference ejection means
executes control such that ink droplets are ejected from the
liquid ejecting parts 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 liquid 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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10 second liquid ejecting part group are arranged on a

second |ine parallel to the X-direction. By using the

ej ecting direction changi ng neans, the

ej ecting-direction control neans executes contro

such that the ejecting direction of the ink droplets

ejected fromthe liquid ejecting parts of 15 the first

liquid ejecting part group_s made different from the

ej ecting direction of thé'F%%'Uroplets ej ected from

the liquid ejecting parts of the second |iquid

ej ecting part group, and such that the distance in
to tdiect dieedhikoridagtiween £ rvhe thier $ti giide cded ttihg spacasdof

line is shorter than the .20 relative noving distance
thef dirsti didiel kgadtihgapdrtheroppi anhi ag fpapdr direction so

relatively nove fromwhen the ink droplets ejected
thaftr dilnet Hendiqyi gosjiddbnsgopaths dhkt Heobilest kijgeiteéd from

ej ecting part group land to when the ink droplets
thegjldened eljfecdmnchearitguiod dhectfilng tparitmicf efiketdagopdrt

l'iquid ejecting 25 part group land. - 40 Fig. 7 is a
ITOMPaRTF SWIERIcAl ing SR réénilisle eRreRd elejtecthenXof

ink droplets by the tinme-difference ejection

AiTEEE i0Re G (oh G e R0 Do REPBIL SFBARE oMY B §-apid

S e kel oo b b gira o dipection of ih,
cin BT SO0 e LR SO an 0 e i
] AUk, PG N9 DI LESARELLYE) L BRL0N0L 1A ©
secb%ﬁfqiqﬁﬁ%.kﬂ%%kqnhi%QE@ 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 directioﬁ 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 liquid ejecting parts of the second liquid ejecting

part group land.
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10 ejecting part groups are arranged in this order
fromthe left side in the head 11 (in actuality, nore
~liquid ejecting parts are arranged). Dots D1 to D4
are formed by ink droplets ejected fromthe liquid
ejecting parts of the first to fourth liquid ejecting
part. groups. 15 In Fig. 7, the head 11 is fixed, and
the printing paper is noved in the Y-direction in the
figure. While the printingpaper is being noved in
the Y-direction in the figure, ink droplets are
ejected fromthe liquid ejecting parts of the head 11
t oFfigr n7dats aDblta BdeonckpBaphingi 6§ c@ftpapesf the
First, when an array of the nozzles 18 of the head 11
ejddtdsrom i iind (dioplas ss gt hien thing:-di(fferdnte @rjepliabs
are ejected fromthe liquid ejecting parts (the first
meagred and tihe fejemtting ddéfrietafont lnenftinodt megei.d ej ecti ng
part group to 25 formdots DI on the printing paper.
Thén| Fggi.d’ej &bei Rgdirdattiparrsfeftst he fhesarkayuid
ejectlngiPart group simul taneously eject ink
die meE 4l difopildigh @lecédmed P e and the
,ane dlrectlon fromthe liquid e ecting parts of the
Y- diregtion dﬁﬁf@réj &6t i"ﬁ'& G& l&ﬂo&’}lér SFhdCT 8T PEAPFOPTi s
execut ed 5.the ectin dlrectlon control _nmeans, so
parga; 4@ 9% i oS ofs de A ecplbeg 1Taua

spectiv ect d fro e ui_d 'ectln parts
3 SGFIRRE Haths, F R Y Y q&P@&E e e difiga second,
al ot eXd|rect| n that
thl% fl T‘thcl)lr rreé1 rk‘%;c’t ﬁc’éectondql |t(5161 ‘ej ec(:jz [ r?élrpart S qoufldt he
ejedﬂfﬂ@ part groups are arranged in this order from the

~left side in the head 11 {in actuality, more liquid 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 D1 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 droplets are
ejected from the liquid ejecting parts (thé first and fifth
from the left) of the first liquid ejecting part group to

form dots D1 on the printing paper. The liquid ejecting
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10 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. 15 In the above description, the
ejecting direction of an ink droplet can be nmade
per pendi cul ar to the surface of the printing paper
(no defl ection) by settiﬁ@‘@hé‘voltage applied to the
defl ection-anplitude control termnal Bat O Vin the
ej ection control circuit 50. Wien ink droplets are 20
paréjseetfed her @nrishe 1hig0uidd egjeettingg ppatt §rofipt Bemhilesheously
liquid ejecting part group in Fig. 7, the
e eejte dinkngirdipiettsi, 0andC @Rl A KTRARD 1eXecutres egent-edl iby the
setting Bat 0 Vso that the ink droplets are ejected

. sameeierditdwharfirpnt ahiehé isuritdaed ectfi nicheaptisnbiftnghpaperst

25 When a predeternmned tinme el apses after the dots D1
licpriel 43 efcdrimed py tt heolipqui dhejtedtsi ngoparbd of ehecuted by
first liquid ejecting part group, ink droplets are
theejeécﬂCéémgr@mrﬁﬁélomu gond rojledwiang Far thasf thige leaddng
quid ejecting part group to formdots D2, as shown
poalﬁqun@ of( Bpk SreRdftehecsPeditiarhinedecting Erapssse
cafter formation of the dots D1 (when the dots D2 are
lquthéﬂFCtﬂﬁé PREAS Rd tﬁébéﬂ‘?@‘#éﬂeFFéﬁﬁlPﬁét(ﬂyouP lie

in Fi ) & shown _j.n F E
on wﬁ&n@h@agﬁﬁéﬁi Fo kBen oot etiaot o0 Fign MiAb CRPUE,that
dot’s $1 Hofhed B dhQPLELS jare 6 goted fromile ¢ ine 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 O
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

~ contreol 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 D1 are
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10 liquid ejecting parts of the second liquid ejecting
part group to formdots D2. Under the control of the
ej ecting- direction control means, 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 from
the liquid ejecting parts of the first liquid
ej ecting part group. As shd#¥n7in Fig. 7(b), the array
of the nozzles 18 lies on line (1) when ink droplets
are ejected fromthe liquid ejecting parts of the
FforgReOmE ltheuidqeiackhagthagt pgi-edpofByhd0rsekti ngqgtihe
ejecting direction of ink droplets ejected from the

ejddtquicd pejrechird@ppaihk efrothetseeerd elieattcd great ithe

part group to be the sane as the ejecting direction
lidwiametiret inigquadte) edt ithg. pacbadofl ighd dakdeetdescpebed
first liquid ejecting part group at this tine, dots
groDp dre fogmnedtat D25 aisr chesn showighy 7dbtted |ines in
Fig. 7(b). Inthis case, - 43 the dots D2 are forned
th@hpneab@epﬁeﬁ@aermh@edftéme ecbrpacsonfbert Rerdatson of
and consequently, the landing positions of the

-thed@b§so@1ar (eheHi £heqdohst RE Frai FOEmPahsf LB pﬂ-’ﬁétlng

| andi ng positions of the dots D by a distance
Pap@%iﬂés%@ﬁdﬁﬁﬁmtélpﬁe(ﬂéeépﬁﬁndﬂ§t§h6e 8ﬁaﬁh§°pﬁﬂﬁ?|ﬁ§
t he ej ect direction

F t
hd &ﬁtelf%ﬁ GonddD) axeBhede tosner Tt (hE fi6oa) 88 Lk tes
on 1538 53, pBANE. g eLoetang parte ot e serpre,
1ldﬁ'ff% %%E EJOE%EQ% %Ee%E!n%econd 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 ejected from the liguid
ejecting parts of the second liquid ejecting part group. By
setting the ejecting direction of ink droplets ejected from
the liquid ejecting parts of fhe 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). 1In this case,
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10 angle of the ink droplets fromthe Iiquid ejecting
parts of 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 fromthe liquid ejecting parts of the second
“liquid ejecting part group is 15 controlled by
setting the voltage applied to the deflection
anpl i tude contr ol termnal “8 in the ej ection contro
circuit 50 and turning the deflection contro
switches J1 to J3 OV OFF, as described above. Al the
thel idQttisd Dej @eti Fgrpapt shef prhacseenndeli gue 2@tejrecting
part group are controlled to eject ink droplets in
foridhe 19ane fejteet idag sdibnecthanconbeguahl-ows ahk dahaibg
formed by the liquid ejecting parts of the second
posdliitquind ejfechienglotpalt greuphtidtkeideianthien&-@2yection from
parallel to the X-direction. Subsequently, when a
theprledetiegmpoesd ttioms elfapbesdattebl BY kodhwmtihormeof the
dots D2, ink droplets are ejected fromthe - 44
connammqmdan@cﬁpn@h§a¢3§d@ﬁ9tﬁésthnﬁe Pifqling présting paper.
par t oup to formdots D3, as shown in Fig. 7(c). At
th50¥|gﬁlﬁhéﬁaﬁﬁé déhs EBeﬁﬁéngo¢h€§Ct#ﬁ€ EPPF?P%gmeanS
paper is fed fromline (1) ig. 7(a) to line (3%
exeruges EO?FEP,|%¥Q§ ﬁénﬁ@reéﬁﬁﬁlépktgr e 350 \+& OmTRES

llq%rfg S REITG FRE ©7ok08, SRRER'E N s BEHEY BAtkd

k d ts f th ti
ook 255 RSP e 8 6 B5eg (5t Broggec2ng
ang(‘i%nt rfo"lzhleS 1%']48%13:%)fﬁ L&t eq”r%% tt?l% 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 liguid

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 control 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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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 ejecting parts of the second
liquid ejecting part gron4§o"that the ink droplets

land on line (3) in Fig. 7(c) to formdots D3. Wen
the angle (angle corresponding to the angle O in Fig.
liqhlidf eneediby thetej ect thg dhhreat 106udll enkcdingl past
20 fromthe liquid ejecting parts of the Nth liquid
gro@peebl Fgriaidotdr o3p 6N =hdwn2in Fily.WitR)the direction
perpendicular to the printing paper is represented by
8(Nk, thhetinkl shkengtheodditi DB ase shbiséd edth®(dyixt Ong
(that is, direction perpendicular to the 25 printing
papeapers) feddFrowbriameer(1)0GN) Fand O((BH1)oadénien (Bhein Fig.
following relationship: O(N < O(N+1) Accordingly,
7 (Qdhenni pk renopsiresdrdlerr déopabei wbbyecej efhedarsayf pgnthe
the N-th liquid ejecting part and the (hHl%-th liquid
nozgjlegt ilfg igaPosifiored: pheldnef diénéd &f8ct i'dR) means,
the ejecting-direction cqntrol_means_executes contgol
suth thaf ceRe/aBeR BRRHIPTEoPAeaTByLPRReE| BEL PAGCTINY

inkﬁh&g&%k§¥égﬁp%g%ﬁ%$51ﬂ%ﬁﬁpkgé%ﬁgkgnbgg SN i g
liquid ejecting part group, control is also executed so that
the dots D3 are formed on line (3) in Fig. 7(c}, in a manner
similaf 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 liquid 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 6 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 6(N), the following

condition is satisfied:

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

printing paper)
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- eJegtgng BEEE. Pih

10 direction perpendicular to the printing paper is
| arger than the angle O(N) forned by the ejecting
direction of the ink droplets fromthe Nth liquid
ejecting part with the printing paper. In the
above-descri bed manner, as shown in Fig. 7(d), 15 ink
droplets are simlarly ejected fromthe |iquid
ejecting parts of the four%h liquid ejecting part
group to formdots D4 on I%né (4) in Fig. 7(d). One
pixel line is printed.in one cycle shown in Figs.
7(a) to 7(d). Fromthe above, dots D1 to D4 can be
arvangedeirn oe) 204 pd xed1) iawe par allelfdld dvheng
X-direction even when ink droplets are ejected froma
relplturoalsitiy:of liquid ejecting parts at different
times. Therefore, a snooth |linear inmage having no
seB (i i ond &@nl be printed. Wien one cycle for ejecting
ink droplets fromthe 25 liquid ejecting parts of the
fi Astordihglyt hwheguidkefloepl ags- 246 rpapechivehg ¢hected
conpl eted, an operation of ejecting ink droplets from
frophéhe duitd diiewtlich¢igatiadoPattre apdy &he j(@igile —th liquid
ej ecting part group.is perforned again, .as shown in
309 &M LATIrBCS A0S Li08 BERG f 6P

dots D, . in 5 a manner _simlar to that shown iin Fi

IR AL B P SRI S PINTERR S PG GO k8 S that

e, B 0B PR VRS QLD 8 00 B e s
dr of | rethrs l(#ﬁ:é%lilnlc %&eée e(?\lg-irir] gjtémg t&llrit {0 lé% e'csc 1@1%" tp%rr%e q' 1392 it'?x e
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 liguid 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 Dl 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 différent 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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10 fromthe first to fourth liquid ejecting part
groups. Wen operating the ejecting-direction contro
- means, as described above, the OV OFF states of the
defl ection control switches J1 to J3 corresponding to
the NNth liquid ejecting part group are stored
bef or ehand, and OV OFF control of the 15 deflection
control switches J1 to J3 is executed according to
the stored contents. In thi® case, since the ejecting
direction can be changed in eight stages by using
three bits of signals from the deflection contro
parsWotrches Jks tomp3eitadt henepeetradi oR0 ofortirakinir dukt
50, for exanple, it can be changed in four stages in
drophetél fdiomecdhieod iicniBi g¢jebtiandpamrtkont $hagésrsh ltiheid
Z2-direction. Accordingly, the ejecting direction can
ejeoe inlgapged iomouphieepstrdgesedasgshownaisnsbEoygh In Byg.
using three of the four 25 stages in one of the
7 (edi.r e@hiagnd 5,1 Ankhidgopdess ehe eokragd to4fprmagprpedl, in
to the deflection-anplitude control termnal Bis
a mgamer grimddggplte, thett sROWnKdEd®-et/'da¢an | and on
line (2) fromthe array of the nozzles 18 Iace
| i g ¢3) SV Adeph. freﬂebgl%y Ehaﬁ@FEbnghéseﬁnéﬂg 2E the
direction in one sta Secon

Prl&tﬁpghpﬁpéﬁ @Qﬁpglﬁgggfp nersl gcgew gplgaegglpﬁk
frqﬁ ggteh Peéﬁﬁgﬁlgénps%|gﬁ§ ﬁj Ct%ggggcgﬁguignejegtlng

par%n%%%E%PQ% %%r%%%m E?%%% n %%%

Qe cycle for ejection
from the first to fourth liquid ejecting part groups.

When operating the ejecting-direction 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 J1 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
céntrol 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. In_this case, the voltage
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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 liquid ejecting part groups
are arranged, and two liquid ejecting parts are
provi ded for each of the 15 liquid ejecting part
groups. In the second enbodi nent showmn in Fig. 8,
control is executed so that _ink droplets are ejected
fromthe fourth liquid ejeétlng part group, the first
liquid ejecting part group, the second.liquid ejecting
part group, and the third liquid ejecting part group
applicdhaio t2@ dedeectlipnthmpiecadd echodbirentrshoah Bnis
Fig. 8 the ejecting directions (ejecting angles) of
setl, Nk odr eagiod €] @ot etlafcr dmk theplliequi daej éahidngnpaine (2)
of the first to fourth liquid ejecting part groups
froar ehdi fafremento If b hbagd eisn 18he lhicedt on25 ipebddi) mént Fig.
shown in Fig. 7. - 48 1In Fig. 7, the ejecting angle
7 (b0 ( Ky cfhangkd ndr dpleetes ecéjlagt dd recéionhénl cgei étejgect i ng
parts of the NNth liquid ejecting part group
satisfies the following condition: 0 (1) = 0 and O (N
O (Nl ) 5 1In contrast, in Fig. 8 the foll ow ng
Se&&ﬁlﬂ% t.EFﬂ&ﬁ@lgle&ét 0(1) =0, 0(2) < 0(3), 0(4) = -0(2)
That is, when an arra of nozzles 18 1] es on_ljne (2),
astﬂomﬁ F—ﬁ B Ea@(‘é}&.ﬁﬁpﬁ%@%ws% rotret J@jl%ct ed

3o e i &&J& 40P ip Y 68 it TARGSHR LEnE Dy 1oPofig=ns
and ana%%é% %%% i&%%%%on 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, liquid 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.
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on line (1). In this case, the ejecting directions of
the ink droplets is symmetrical with respect to the
ejecting direction of ink droplets fromthe liquid

ej ecting parts of 15 the second liquid ejecting part
group in Fig. 7(b) (the angle wth respect to the
direction perpendicular to printing paper is the
same). Next, ink droplets %e_ejected fromthe liquid
ejecting parts of the first liquid ejecting part
group when a 20 predetermned tine el apses after

ej ection of the ink droplets fromthe |iquid ejecting

patesFof -t he tharehettynodanelec (Mg parinkyrdwmgrle¥s er

the predeterm ned el apses, line (2) on which the dots
ejepfegr drbor vbe Lievidi eé@ﬁtynlqepéwtﬁhef aheay-bh {heuid
nozzles 18, as shown in Fig. 8(b). Therefore, 25 when

eJeFﬁénﬁnPaéFoﬂF@F§ éﬁéléFé@ﬁe&hﬁréﬁﬂ@ﬁ@lPHqGPHdéFé@Plng

9 parts. of the first liquid ejecting part group,
th%&lbré 0 eprettN)i i th@Vskme direction as the

t di r ect f the_ink_droplets f th
|. %.%ac? 5%%?291182??@ %fﬁa}égméfé’ RGN Gh0R b Set:

rou s, perpendicularly to
glﬂt?h aper é@ are eﬁégeby formed on

Ii 2 t t royi wh

ol %;gegﬁg%?lézf%ozza (S9! 600, 85 L7RELRa),
as sh%%htﬁﬁ bl U'@(a$le§hk”@r8%ﬁ%§ E{Eh? $&tod eb%gﬁ'@rom

ej ecting part group (Fig. Fc) ej ection
thel NK AR APLSES i hgMpbhe sl beuideelr8alicAg1iquid ejectlng 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 1s symmetrical with respect to the ejecting
direction of ink droplets from the liquid ejecting parts of

the second liguid 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 firét liquid ejecting part group when a
predetermined time elapses after ejection of the ink
droplets from the ligquid ejecting parts of the fourth liquid
éjecting part group. After the predetermined 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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parts of the third liquid 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 ejecting

direction of the ink droplets fromthe liquid

ej ecting parts of the second liquid 15 ejecting part

group is the sane as the ejecting direction of the

ink droplets fromthe liqui,g ejecting parts of the

second liquid ejecting part group in Fig. 7(b) (or is

symetrical with respect to the ejecting direction of

the ink droplets fromthe liquid ejecting parts of the
parftsuptth theo fiirgti diapéct engcpane BrstpIraUPr gthsyayye

The ejecting direction of -the ink droplets fromthe
ejdcitgdl dnejtbet sagepditsctapnt pe ther Jrr§dng eiseciagr of

part group is the sane as the ejecting direction of _.
the 48k ARCBREEFeLfEORy et Ré AVidurdecEiagt PAGtpaPts the first

. the third liquid ejecting part groue shown .25 in Fig.

ligpideplectdng) Rathe 9&HEditRent Ishdwd irn “BRG. 1F/ the

t.i I W th h ' ' di '
poTElFRUELT O | IpEPp St EUNRE TS FRESZar | ROk ob it RE = heLeoy

' inting. f i nk _dropl f Li_qui
fo Ig[}relgg :O!I'ln q_ l%%pﬁé% nt %\}éﬁﬁhlr SI% 85 rd]%faa;ﬁ IE:)E a.&‘%nlp% i dle;ﬁ;;l I gs

ing par o) ej ecting par:

oup, i C hrst perforns ejection, sequentially
Shé%%ﬁghse 'd%#%%g the operation of the time- difference

gﬁbggquEEngréﬁeE9§oﬁn99dEH§nar§5@$ﬁsi@rgﬁgthesliquid

ej
the ejecting ection (direction perpendicular to the
o3 WiFRCS 0k st e RHNHRGRARE 10f ke tiifly $=R! gkup (Fig.

fromthe 10 liquid ejecting parts of the first liquid
8 (B e @ R¥tion 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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group, which perforns ejection second, serves as the
reference. Control may be executed in any of the
manners shown in Figs. 7 and 8. For exanple, when the
ejecting direction of 15 the ink droplets fromthe
liquid ejecting parts of the liquid ejecting part
group near the center in one cycle is set to be
per pendi cul ar to the surfa of the printing paper
during operation of the tinme-difference ejection
means, as shown in Fig. 8, the maximum ejecting angle
(angle Ain Fig. 20 5) relative to the direction
pefpehbecenbedivenheskoviate Big-the pPhrenel agtpageangle
can be set small. (Third Enbodinent) A third
witéniresioesit tof thise epeesdng davenstiion Widiikesdion 25 be
described. - 51 Fig. 9 includes a plan view and a
perpiegrid cyilae §@cttb@n§nlrf@.C@wo%@%en@rtlﬁélaﬂr BipeFenefofthe
heating resistors 13 .in a head of the third
inke doRil RSt ToMdhe dériid e@@ﬁtéé]aomrﬁ@ I theritgrss
showi ng the first embodi ment ad of the t
1 a4 D& deITHERY i M lcrhegA §15%r ?ef§°£i“ﬁsaﬁa§&%lﬁ’n'

seq@h%t1aquy§%%c%%a§efshura rs%pt%”Qﬁ%h”%%‘gp%”%lme-

ing sistor arra in dire

di f%‘%%re%‘é%d c-%% heablig r gﬁl g;%r Embo A eA1d %‘Eo‘w‘i’l Hﬁl,t Fig.

rect are contr In a nmanner

8, g%%tgbgckﬁﬁgfH&%%ctgggoq6€§@Etlbﬁ baepkhish @ular to the

rnent eatlng resistors
surface of the printing paper) of the ink 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 liguid ejecting parts of the
liquid ejecting part group near the center in one cycle is
set to be perpendicular te the surface of the printing paper
during operation of the time-difference ejection means, as
shown in Fig. 8, the maximum ejecting angle (angle 6 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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13 arranged in the X-direction are controlled by an
ejection control circuit-50 that is simlar to that
in the first  enbodinent and is separate from an
ej ection control circuit 15 50 to which the two
heating resistors 13 arranged in the Y- direction are
connected. Consequently, an ejecting-direction
changi ng nmeans can change 1he__ejecting di rection of
an ink droplet froma nozzle 18 to a plurality of
different directions along both 20 the X- and
Y-directions. By changing the ejecting direction of
t hBignkodinpletdest @ nlphuraewt gndfadiigerenide sectional
directions along the Y-direction, the |anding
v1ewb§MDWGmgoﬁheh@rmwmg@m@ptepfubeaﬁmﬂgorEéastyrSuéﬁngnaa
time-difference ejection neans and an ejecting 25
heagl pdcttben t@émdr mﬁ@ntu AnamRERNER LAY | PTEESPRAGINILY
in. the - first or second enbodi nent. Moreover, by

to @H@hg@n@hpﬁéna &S ﬁ@ﬁﬁqw%HQQ9%m@Ptthe ink droplet to
[0t f t. d t t he, X-
digeﬁ{%?s'no¥ Phel bhaFRoopBeHERaHt +n?ﬂ‘é3?%kh%$t>w%t n

d d b
meoi ek g AFrECr N (Bntrs ntangCrAdR ansnpie (indAT ot
'embo%ﬁﬁ. S %%. égln reg %&%%tl%g §%Q§5%% e&h?%h% X-
€ mong

s ejec |ng ection N ction,
diﬂéd%ﬁdﬁ %H% édﬁﬁ rts in one head, dots D 10 to D4

are arrayed in the X-direction at regular intervals on

ong,Bi ¥8hthhhere@3s8hPUNI BN FLOngdd (8} 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 meéﬂs and an ejecting-

direction control means, in a manner similar to that in the
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In contrast, in a case in which there are variations
in ejection characteristic, such as ejecting
direction in the X-direction, anong the liquid
ej ecting parts, for exanple, 15 when the second dot
D2 fromthe left in Fig. 7(d) is displaced to the left
in the X-direction in the figure, it is disposed
cl oser to the | eftnost dq15 and away fromthe third
dot D3 fromthe left. When this state continues, an
over | appi ng portion 20 between the leftnost dot DI and
the second dot D2 fromthe left is successively
£irfsgr wed sieroride efbediingndi.rection of printing paper,
and a band is produced in the Y-direction and is :
soHeren¥ercohyprbanuingChhehejechenghdhtechiepaee the ink
bet ween the second dot D2 and the third dot D3 from
dropiet] ot aplivgadiddedi @élf;feﬁ@lnl%ﬁihr@qm@%@éloﬁ@ the X-

direction of the - 53 rlntlng paper, _and a_whit
dingsrid oms §P@d&@@@lmﬁ PR&1PLog P cFP@nlﬁﬁddF§P%8ﬁeﬂPnE§e X=

.. conspi cyous. . er tq av hi s .si tuat.i t he

AiegToRy lﬁoﬁeﬁr@ﬁeﬁ TR S SGpIeoE e i 00 "B 6t ed

co tn the X-direction. 5 In this case, for exanple, a
nEESL Bgﬁpgrn iIs printed by ejecting ink droplets from

| .
b B PR BACER DR R
cha%é%}é?ﬂgﬂya i e R e%%15%sHh&eb%lo%aan¥h@nXLnage

readi ng apparat us such as an |1 nmage scanner.

diRAHHOf a%LQ)nIQhQ.qu?lQi S8 Wdind bhalrt detedid h%%lt h%rots D1
any of ‘the liquid ejecting parts ejects an ink

to @MOQﬂ@3dHﬁﬂyéda&%§t%% &-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 Dl 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 conspicucus. 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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position displaced by an anmobunt above a predetermn ned
value wth respect to the other liquid ejecting
parts. When a liquid ejecting part that causes the
di spl acenent of the 15 | andi ng position above the
predeterm ned value is detected, the degree of
di spl acenent is further detected. According to the
detection result, defl ectl control switches J1 to
J3 of the ejection control circuit 50, to which the
two heating resistors 13 arranged in the X-direction
are 20 connected, are subjected to OV OFF control to
prigdvimecapes, @bect mipidier demidond soforagaciesk 1ar dpleet -
fromthe subject liquid ejecting part so that the dot
dinsiatdlen mncdhd sX-saiatdaesoroansosigyisignt i al |y fi xed.
Furthernore, OV OFF states of the defl|lection control |
251BwpreREsty1aveig3thhseathuptéard &hectpRgiparPOFLRIon
the X - 54 direction) are stored beforehand. For

of dhenping AR Lsitorled alsonCorre hied rdadhfhéTdifection.
Lnt N d , th ON/ OFF st at f th
Gefl'eEriBnCBoRt r EPT oRiPERbE I3 FES53PFhteEhcks| PEIAEES bY
o3 S5 BT eteb Yl 40 TSPk Y Re o Ba Frghl Brovt

men g. € I ew a

coﬁ%ﬁ%ﬁﬁ%?ngﬂgql'ed%kﬁg %ﬁggc%%gg,eo%r%%%gﬁg%nﬁrgggetst%n

resi stors accor |ng to our

'theg Bfl‘}gfriir'é‘i?%‘i drf) MRIE t@'l%it irlin.tl%éa%gﬁrtes_%_o RALROLY; '891 Fi&qngge

the first enbo nt own in Fig. 10,
red8dd Ypodhe hURHeRROdLMBRge scanner. On the basis of

the read result, 1t 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 value
with respect to the other liquid ejecting parts. When a
iiquid 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 X-direction 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/CFF states of the deflection control

switches J1 to J3 in each liquid ejecting part (in the X-
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.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 15 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 si 4 ar to the ejection

control circuit 50 in the irst or second enbodi nent.

That is, in Fig. 6, the 20 resistor Rh-A corresponds

to the heating resistor 13A, and the resistor Rh-B
dirsortriespords tsdotriesl bedvirepandsi stfor E3emplker dheattered

the ejection control circuit will be referred to as
corgrerdjse @ricory cgghtihehn Chec pirti n3@X) 1isThevkeetdi g, and the

resistors 13B and 13D are connected to a 25 circuit .
ON/QEF Isfraties ofe tdicedeifdrcEdrpy sonéirpdustiisghes Yheto g5 in

first or second enbodinent, simlarly to the above.

eachndiquid gifqtigg arthd ipedhst & oREEATAERT e3FENEETL O

the heating resistor 13B, and the resistor Rh-B

corresponds to the heating resistor 13D (hereinafter,
Ech% e %’ n control 5 circuit will be referred to as
éﬁjéﬁg: PSS rol circuit 50Y). Control is executed

ggg‘igat 16"“i£grﬂﬁéegf iatnﬁﬁﬁﬁj 39&0%}{]71@2%%1:%58 L%égﬁg&al

Oy-aré ace € safe ate

R s S T ot R TS D
. y,” the sanme current

hedd Q&IPS e R3S nbodiment in more detail,

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*difection. 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
résistor Rh-A corresponds to the heating resistor 1334, 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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. resistors 13A and 13B. Simlarly, the same current
flows through the heating resistors 13C and 13D. Wen
the sane current flows through all the heating 15
resistors 13A to 13D, an ink droplet is ejected
perpendicularly to the surface of printing paper. In
contrast, for exanple, when the current flow ng
t hrough the heating resistqrs 13A and 13B is smaller
than the current flow ng through the heating
resistors 13C and 13D, an ink 20 droplet is ejected
whil e being deflected in the Y-direction (positive

firgitr et isepnidn efbgdit@ntThisdmgdatrigl tal tbesakove. That is,
time-difference ejection nmeans and an

in @jiect itngtier sesiienocoRtradl corarsrbodbetopéhat bdatinga
manner simlar to that in the first or second

resdiedi dely. apsl [theorged siterc Shr-Becorespangisngo the
position of an ink - 56 droplet in the X-direction

he@%&ﬁ%ﬂﬁﬁﬁésﬁﬁﬁré3@nﬁ6@Fﬁéﬁ@fteéon¢h6Ieﬂ§cé%@8uF@Ht§81

., that the switches of the ejection cqontrol circuits

cLrga ta it 180 Pear& THTEEEd % afi PlefdfCTERPOERR T EPat E4F BT
50YFor exanpl e, when the current flow ng through the
Héating resistor 13A (or 13C) is smaller than the

fl ow h heat |
1355 %4R% A8 hPohreR P8 biEe!SAHinfee Se N B Tt e
o ST o Bl b the T andt A Bosit L8 SF Ene Y SET

sta%%gﬁkg%%ﬁ%ﬁ??a&%ﬁ%@ogd§iﬁi%nb%%ha%h%ﬁf‘d@&&let 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,ran ink droplet is ejected
perpendicularly to the surface of printing paper. In
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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a manner simlar to that in the third enbodi nent.
Wi | e one enbodi nent of the present invention has been
descri bed above, the present invention is not limted
to the 15 above enbodi nent, and for exanple, various
nodi fications are possible as follows: (1) Wile four
liquid ejecting part groups are .provided to eject
ink droplets in one pixengéu;i n Figs. 7 and 8, any
nunber of liquid ejecting part groups may be 20
provided. Liquid ejecting parts that belong to one
liquid ejecting part group may be placed at any
dropdsitt lonshasXFdngecadoat keash theytddrdoemadiionandne
anot her. Furthernore, any nunber of liquid ejecting
conpanotls isagxigeilutrg o thetl ithei éwidgicbesi ng phet egestipon
25 (2) During operation of the tine-difference
congjredt icdaont t sndaNs aard S0Re agiee Brliggddilre 8L fdprenht 8/ OFF
means, ink droplets may be ejected in any direction
statesm the liquid ejecting parts of the Nth liquid

eom | cti s of the Nt |
ci FoEt FORES Foni'ERb FRaUFO: BFBEt FAGYpAPt br 8 e

i, f Li qui d_ej.ect.i
oo L Tl AL ST BB SR Bk

di. . Liquid ei. . h -
LA Pkt S LA S T RLIaRIAR, e 5
dro&ﬁ%&igse%g%ctbgUMQil%l%%Hh%gd%?gkéFgg.%ﬂeF %ukpﬁirection

cting part group-in : e ejecting

(pdny% iﬁﬁrEkgthneihi%ﬁbq glpecting parts of the

second liquid ejecting part group nmay be
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 dgroups 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 positiéns as long
as at least they do not adjoin one another. Furthermore,
any number of liquid ejecting parts may belohg to one liquid
ejecting part group.

(2) During operation of the time-difference ejection
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symmetrical wth that of the liquid ejecting parts of
the third liquid ejecting part group in Fig. 7, the
ejecting direction fromthe liquid ejecting parts of
the third Iiquid 15 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 f[pqgfhg liquid ejecting parts
of the fourth liquid ejectifhg part group may coi ncide
with that of the liquid ejecting parts of the first 20
liquid ejecting part group in Fig. 7. (3) Inthis
meagrsh adidmihte, eglelctdobs ddaesdd ono coatdobymehas, ink droplets
tinme-difference ejection nmeans are arrayed on a line
maypdrealdjelcted time aanyr ali refcttilon oozl ehel 8 igdowewdrectihg
dots may |land near the line parallel to the-array of
rantse afoiHed-IH 18 guded ejtedts o agitwgyo ubec e $odr pxeRRt e/
all dots should be - 58 exactly placed on the |ine
theygigatdng dirketiongy fapm hbhe Adgrfidseigctihgt PpELst RE
effect of the ejecting-direction control nmeans can be
thegfddstte Fopy ca¥ESULiLAG 160 ISt 18 Rt hraB TOURE distafice’

[ t he Y-di ti t t d f d by 5 i1
may g BRI FEPERGE E] olibn TReands SI8HorPEY REN CEHE
e 1Y (g0 £ TeE HOREA G et Fend LiOR LdGE b &)eeting
i : £
pargy by Figy PR ST B aar e Shotn o Reny e

resent
Vexampl € 1 SV ermbodi men es |
I TR R e Pna Rel 11 OSSR P o o

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
liguid ejecting parts of the sécond liquid ejecting part
group in Fig. 7, and the ejecting direction from the liquid
ejecting parts of the fourth liquid ejecting part group may
coincide witﬁ that of the liguid 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 dois
may lénd near the line parallel to the array of the nozzles

18, and it 1is not always necessary that all dots should be
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nozzles 18 are arrayed in the Y-direction. |nk
droplets are applied onto printing paper while noving
the head 11 in the X-direction. Wen printing in the
X-direction is conpleted 15 by perform ng 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 t@@ -dlrectlon i s perforned.
In the case of the serial type, when the tinme
difference ejection neans is used during novenent of
the .20 head 11 in the X-direction, dots can also be
exaatlyy ed acedacnl ithe panal belkafldeflhéoYtter ectrrgnoliythe
controlling the landing positions of ink droplets in
nozziesX1di.r eGhiadn iy the edjfecti ng- dheeetjieonicgrtiiokction
means. (5) While three bits of control signals of Jl
contaol3meeas 2Bnubed ekpechedepycerenutdnor ebngirpdupticBothat
shown in Fig. 6, the - 59 nunber of bits is not
the idfistedceAdy wineb & A8 sitionobetyerty ¢Mosdgival §0Ffﬁl)¢dbéy
used. (6) In this enbodinent, a difference_ is
usiggh \Wéen timre J3dlies@acsr cuErE LPRKBRARST 18N b’?heFSﬁFeF@PothE

1.2 e BoR Ohaoe ESpereratran e pedf o e
. di ff t t th he t
£ B0 18 F3THRY dPnalibeipe fRgt A iy Peditors 13
havi h . Y-
""Y'ﬁﬁgwfee% gt aﬁﬁéféa”cﬁ%?‘é% iy Ph e 0En Laklfe Yin

thel%?epen %Bo%h&fgk%ntt%b”3§es QL gﬁ@?&k%onwﬁgeglﬁgr t wo

dent “swi t chés “are resgectlve provi
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 pluraility of
times, the printing paper is fed in the Y-direction, and the
next opération 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 Jl to J3 are

used in the ejection control circuit 50 shown in Fig. 6, the .
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- heating resistors 13 and the switches are turned on at
different tines, a difference can be nade between the
times at which bubbles are generated in ink on the
heating 15 resistors 13. Furthernore, changing of the
currents flow ng through the heating resistors 13 and
meki ng the difference between the current application
times nay be perforned in onbi nation. (7)-In this
enbodi nent, two heating resi’stors 13 are 20
juxtaposed in the Y-direction or the X-direction in
one ink chanber 12. This is because it is

numduff ioE edttlsy ieemiofti @dmitlkat. twavheatbey pEsbiter st
ensure durability and the circuit configuration can

conltercdi Blgnfailed malowey ersed.hree or nore heati ng
resistors 13 may be arranged in one ink chanber 12. 25
(8)X6Whihethhe hehoihgentsi a3todiffdBenre g vemdasbetween
- 60 exanples of the bubble generating neans in this

theemioodiodsnof theowt itadesl dwentivkotdep lefksn toebpdtlors wh§
be used. Not only the heating elenents, but also. ,
twoe feady Nge FESAEItRg Selléndmed appsest Rer thppds RayXpeirection
used. For exanple, electrostatic 5 ejection or

(bupbd £0 SPEEEAILE O8n drigy Sge ket REFPRGTEI EAdhes by CHEL *H§&d.
An el ectrostatic ejection energy ner ati.ng.el enent
throHgR, dBS BORtHIe 5 TIRES, land Pk SERekirBdds WO
heag:riovi ded i rg)der tx{;z’[ \(fi.br at i on SpI at eevgi.t hC an eaimraé) er
i"{Fod&ES Fﬁéﬁe_ A&y, e 37 r at°61Y Prate 1Y bent
arf%aggga&d Q%e %QPB&!QQd%I%%kH%%E %EEM%%% %ﬂ%rent may be
el'ectr odes, and an
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 1s 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 gilven as
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el ectrostatic force is then rel eased by nmaking the

voltage O V. In this case, an ink droplet is ejected

by using elastic force produced when the vibration

plate returns to its 15 original state. In this case,

in order to forma difference between energies

produced by the energy generating el ements, for

exanple, a time difference |s made between the two

energy generating el enent €%r™ di f f er ent vol tages are

applied to the 20 two energy generating el enents when

the vibration plate is returned to its original state
exa@@ﬂ%@tbﬁst&hl@uk@ﬂ@egb&erhehagsﬁéahﬁ ek ithd st k&bodiment,

voltage O V). A piezoelectric energy generating
heatlienerl cmetlitgdeshar ltaannateiconpesedyobeaused. Not only

pi ezoel ectric el ement having 25 el ectrodes on both
theshdet ingnelamentisat bom pllave envhey gene@itingl tdgmenss of

applied to the el ectrodes on both sides of the
othpire zeplesc turiyc bel ewent., &oberdibngleonmedecitsopteticed in

the vibration plate by a piezoelectric effect, and
ejecihd op Ipraiiier oedlestta lise S8 TIYd qGErGRvE RIAR LiERRNdS0 pleat be

is ejected by 5 utilizing the deformation. In this

useégase, sinmlarly to the above, in order to form a

difference between energles produced by the ene
gefiRr 8t PRETEFERABRESS] £E 1%%%%9%%8??35@95 Lg%?%d

-1nc% t he el.ectrades n bot h %t%es of

142 Se Pedt ré‘tfémeP A s W8 ﬁlﬁgt&i"fifaér BREY1dg¢
dlffgrent volta es .are
ie

un g&FF] §%ﬁF wi%%pgheglgolgggrtAgsposed
therebetween. The vibration 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

‘energiles produced by the energy generating elements, for

example, a time difference is made bhetween the two energy
generating elements or different voltages are applied to the

two energy generating elements when the vibration plate is

.~ returned to its original state (electrostatic force is

released by making the voltage 0 V).
A piezoelectric energy dgenerating element includes a
laminate composed of a piezoelectric element having

electrodes on both sides, and a vibration plate. When a
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(9) Wiile 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 ejecting apparatuses. For
exanpl e, the present invention is applicable to an
apparatus that ejects a DNA- containing solution for
detection of a biological specinen in the formof a
droplet so that the dropret]1éhds on a dropl et
| andi ng object. 20 According to the present invention,
in the head including the nozzles arrayed in |line,

volever WhRerpplk eddrephatks caketepaekednf borhaspbesabitt yhe
of liquid ejecting parts at different tines, it is g

pigresdidite ito dletwte, di 3phadesembrnettt e bandirgd in the f
positions of the droplets based 25 on the relative

vibrating dilsttanby. abetiweerlelot riead fdedtt hend 68Be ELlrdMBion
1. Aliquid ejecting apparatus conprising a head

platrec edidsy anal pletivadnist.y @ linduiddogjledt ilmg efacttsd by
j uxtaposed to array 5 nozzles in line, wherein each of

ut il ingydite aledetisg 4oart s i ncl udes: a |iquid chanber
containing liquid to be_ejected; bubble generating
nedhRsthisvraga i Alrhéariguia ERanBEPVer olfefEfafetq form
bubble in the liquid inside the liquid chanber 10 by

a Gidd eigpsey bel skt GPReTERE SnEF 2R LSy Mivn g RefPEF What

ge%éﬁﬁﬁ%ﬁ%ﬁ%%%éﬁhﬁﬁ &g&b e.e%ﬁgqgﬁég%fgéﬁg QSigp%E%ed to

the electrodes on both sides of the two piezoelectric

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

| (9) While the head 11 is epplied to the printer as an
example in the above embodiments, the present invention is
applicable not only'to the printer, but also 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 plurelity 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



generation of the bubble by the bubble generating
means, wherein the l[iquid ejecting apparatus applies
droplets 15 ejected fromthe nozzles in the liquid
ej ecting parts onto a droplet |anding object that
noves relative to the head in a direction
perpendi cular to the array direction of the nozzles,
wherei n the bubbl e generat%g nmeans i ncludes a 20
plurality of bubble generatlng nmeans j uxtaposed in the
l'iquid chanber at |east in the direction perpendicular
to the array direction of the nozzles, and wherein
drdfiet ilguidd rej edtiiend: .apparatus further conprises: 25
ej ecting-direction changi ng neans for changing the -
64 ejecting direction of the droplets ejected from
the nozzles to a plurality of different directions
along the direction perpendicular to the array
direction of the nozzles by supplying the energy to at
| east one and at |east another 5 one of the plurality
of bubbl e generating neans, which are juxtaposed in -
the direction perpendicular to the array direction of
the nozzles in the liquid chanber, in different
manners; tine-difference ejection neans for
control-ling ejection 10 of droplets froma first
liquid ejecting part, of the plurality of.liquid
ej ecting parts, and a second liquid ejecting part
different fromthe first liquid ejecting part
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so that a dro plet is ejected fromthe second liquid
ejecting part when a predeterm ned tine el apses after
a droplet is 15 ejected fromthe first liquid ejecting
part; and ejecting-direction control neans for
controlling the ejection of the droplets fromthe
first liquid ejecting part and the second liquid
ej ecting part by the tine- lgfgrence ej ecti on neans
so that the ejecting direction of the droplet 20
ejected fromthe first liquid ejecting part and the
ejecting direction of the droplet ejected fromthe
second ejecting .part arcAamie different by using the
ej ecting-direction changi ng neans, and so that the
di stance between the landing position of the droplet
ejected fromthe first liquid 25 ejecting part and the
1. | andiimpishsijtecdnngf appe rdvils amprgsing] ecthedd domlidng
second liquid ejecting part in the direction
a perpdddive wiard iplitheJaatdp adineedts omxderored ez Aréay
is shaorter, than_a relative noving distance for which
nozzle shedd ldm@ t heededy Sadtamdi fdconiied o s0gct gy parts

ve from5 when the droplet ejected fromthe first

inqliug§isd ej ecting part lands to when the dropl et

S SCASHEROMLLIE PSRNt L O selont LIouRert L pnd. |
Y6858l oL BEnELeEL 0050, ECLL 00500 (ol BN BYCH e

to fje%'@r.ta'%% o Hu%‘gyl'ei ?#e@th%lng_“ig;:u;ige Rkt gan .‘Eh‘ehﬁig}%‘i&” Ahamber

ecting pa rence ejection neans,

by e PR f YRGBy Neng

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
direction perpendicular to the array direction of the
nozzles,

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

wherein the liquid ejecting apparatus further
comprises: |

f'ejecting—direction changing means for changing the
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ejecting direction of the droplet ejected fromthe

second liquid ejecting part with a direction

per pendi cular to the 15 droplet |anding object is

| arger than the angle fornmed by the ejecting

direction of the droplet ejected fromthe first

liquid ejecting part with the direction perpendicul ar

to the droplet |anding Obhﬁft' 3. The liquid ejecting

apparatus according to clai‘imiI, 20 wherein the

ej ecting-direction control neans executes contro

such that, when the droplets are ejected fromthe
ejddtrisiy ldiqeicd ieneetti ngepairopderd st kg cseedndrepetchiengozzles

part by the time-difference ejection neans, the angle
to faopimaaiy tivhef eid€ckireg tdidieekitdonaf allbegditbpl direction

ejected fromthe second 25 liquid ejecting part wth a
pe miiemeiGtdudr rpéopdidi ealrary tdo relre i-on66 L dthephetz zllasdiorg

object is smaller than the angle fornmed by the
supgjledmnionghei esetrioyn tof athd edisdplose epdceddlepsim ahether

first liquid ejecting part wth the direction

ongyefpdhd edigalisyt B bupbds genessdilng Bspesy. whigh are

. The liquid ejecting apparatus according to claim]l1,
3u%ﬂﬂ9%§%¢'ﬂﬁeEQ¢e@HFﬁ§F%QQaﬂ%Qﬂ?Wﬂ& i hPafdCeREcatYes
. .control such that, when the droplets_are.ejected.f.rom
LB Ion 1 Hiequied 2 Be g ioart BHid FRETBEendn O1fFerent
oA ejecting part by the tinme-difference ejection neans,
qﬂﬁgﬁ’anding position of 10 the droplet ejected from

he .fi . : and th di g ‘
t %1ﬁétaﬁ£?€§8£E$939aé£1gﬁhmga§s kgp #gﬁ%ﬁ??%gﬁgg?féctlon

the drop eJected”from t he secon

of HRlAGeE A & IAiNgdPanlitl RINQAYE, of the

.plurality of liquid 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 ejecting
part 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 ligquid 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

posgition of the droplet ejected from the first liquid

ejecting part and the landing position of the droplet




10

15

20

25

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 _adjacent to each other and do
not belong to the 20 first 11 quid ejecting part group,
the tine-difference ejection neans executes contro
such that the droplets are ejected fromthe liquid
e’ egjtect ifmgmpdihies selconlde ldewdd eljeqtiidy pjpedt iing thear t
group when a predetermned tinme el apses after the
dirgredgplost peapendievtled toomheherirequidd rejcédbinng fpahes of
25. the first liquid ejecting part group, - 67 .
nozagHErseils, shWesethéhanopl sedasizeejioviad tlisivarse Fpgurdich
ejecting parts of the first liquid ejecting part group
theghgad gadsébendrrrdeitd leapdénongbpact geédapipglivhmove from
tine-difference, ejection neans, the _ | , ]
whegy &ag Agoaileéc iR teONErS: fBansirst, ldgudd: edecbangopart
such that the droplets are ejected fromthe liquid.
Langisc 0 HBePalte GFOPHE b FISC TRy UPa e 86t FRG RSy 1auid
. group in f.ixed direction to place the | anding
ej%é&ﬁ%ﬁ 8ﬁ§%o#an%ﬁé droplets ejected fromthe liquid
ej-ect i r .t he [ li qui ecting .
B R e e a1
I;ectkan noz -1y t h
e Y e A o o S e B R o
conth®1 $ReANEnkiquiglesl €6kl AGoPALLsIRREPcHBCRcH ¥88m the

direction to _ _
first liquid ejecting part and the second ejecting part by
the time-difference ejection means, fhe angle formed by the
ejecting direction of the droplet ejected from the secohd
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
dfoplet 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 f£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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pl ace the |l anding positions of the droplets ejected
fromthe 1liq uid ejecting parts of the second |iquid
ej ecting part 15 group on a second line parallel to
the array direction of the nozzles, and wherein the
ej ecting-direction control neans executes contro
such that the ejecting direction of the droplets
~ejected fromthe liquid g & ting parts of the first
liquid .20 ejecting part group and the ejecting
direction of the .droplets ejected fromthe liquid
ejecting parts of the second liquid ejecting part
drogrledp lane imadebdiddte ienktmby 1klre thepe chiengndileedbirord by
changi ng neans, and such that the distance between
thet ke elditristy dimecandnt bé sheoddobilré enethed25rdinr €bki farst
perpendi cul ar to.the array direction of the - 68
11iquaziz legsdts ngh@etrér wilthn ther diaeickd ompviengetiddéranes tor the
whi ch the head and the dropl et |anding object nove
dropdledt ilvading eddieadt-her from when the droplets ejected
fromthe liquid ejecting parts of the first |iquid
4. ejThet ildgugsr £lgeodpa areasatyswaeROrRaTgr 661 6¢-¢:m 1,
ejected fromthe |iquid ejectin% rts .of the _second

WheHedd 406 GOFGg WAt TFSUpT SRELTEL FRETS Geregutes
corfal SRR IR SC e g el AL Lt L b
o SPISEHR LIS AR08 AT SEELAD. 9008 9 o
e Y I ORI, BRSO Bl 9 BRI Footeion o
théﬂdfgﬂfé%ye%%cted 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 acéording 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 liquid
ejecting part group when a predetermined time elapses after
the droplets are ejected from the ligquid ejecting parts of

the first ligquid ejecting part group,
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bubbl e generating neans 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 direction of the nozzles in the liquid
chanber, the ejecting-direction changi ng neans
changes the ejecting dlreckfon of the droplets ejected
from the nozzles to a plur gllty of different
directions along the 20 array direction of the nozzles
by applying the energy to at |east one and at | east
anehbeeinpewhént heebdbbbiegenerat éngetadansomnthe liquid
different manners. 8. A liquid ejecting nmethod which
e eatiihige padteploat $he ddtred lfigaidnez zkes nof parpl gralpt wnd
of liquid ejecting parts 25 provided in a. head onto a
thedsegioatd |ldmiing edlsjicédnat pat tmgvesp- b§9 theeltampvdiference
the head in a direction perpendicular to the array
ejeditiioot neanst, the rizzitéag-thgeritgand copseringepart s
bei ng juxtaposed to array the nozzles in line, wherei
exeCHE e8] COHAE 1disusdt itha tofhehdrapdpiat 316 sdeegeds fFPBthe

the nozzles is variabhle to a plurality of different

11 G EOSGHAP GG e iPECFieR Spda it SUPEFLPE PRET
ox L% SIS Ul P T LBEED oyl one o
ehecpbunt ST R rolind UGG gt for ene
S N L
Jé??&f“ﬁﬂ?@éff@%E%f 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 droplets

ejected from the liquid ejecting parts of the first liquid

ejecting part group and the ejecting direction of the

droplets ejected from the liguid ejecting parts of the
second liquid ejecting part group are made different by the
ejecting-direction changing means, and such that the
distance between the first line and the second line in the

direction perpendicular to the array direction of the
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a predetermned tine elapses after a droplet is

ejected from the first liquid ejecting part, and is

wherein, control is executed so that, when the

droplets are ejected fromthe first liquid ejecting

part and the second liquid ejecting part, the

ejecting direction of the droplet ejected fromthe

first liquid ejecting part is different fromthe

ej ecting direction of the &@oﬁ]et ej ected 20 fromthe

second liquid ejecting part, and so that the distance

bet ween the | anding position of the droplet ejected
noziznem tike shoikstrejraahi Agrpaatigadmbhenbaddsngnpestdtronhich

of the droplet ejected fromthe second ejecting part
thel hekble aflidr etic dtropkpendnaihar obd eclie nateayedeteeki tn

of the 25 -nozzles is shorter than a relative noving
eaclli sttaece from whiech the7@rophetbeadeatiddt fizonr bheeliquid

| andi ng obj ect relatively nove from when the droplet
e] egjtdoige afrtemotthé hiel fstrsiti ddiodie] edeictdgngapart! gngupt dand

when the droplet ejected fromthe second |iquid,
to shedt ithg gaopledsdseiected from the liquid ejecting parts
of the second liguid ejecting part group land.
6. The liquid ejecting apparatus according to claim 1,
wherein the head includes a plurality of heads arranged and
connected in the juxtaposing direction of the liquid
ejecting parts so as to form a line head.
7. 'The liguid 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 liguid 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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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 plurality of different

directions along the direction perpendicular to the array
direction of the ncozzles,

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 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 liquid 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 ejécted
from the second liquid ejecting part, and so that the
distance between 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
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the head and the droplet landing object 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.




