;e3e<p™ 6@AS LI QU D EJECTI NG DEVI CE AND LI QUI D EJECTI NG METHOD BACKGROUND
OF THE INVENTION 1. Field ,of the Invention *~c~~cn* The present invention
relates to a liquid ejecting device including a head in which a plurality
of liquid ejecting portions each having nozzles are arranged in parallel,
and a liquid ejecting nmethod using a head in which a plurality of liquid

ej ecting portions having nozzles are arranged in parallel. The present
invention also relates to a technology that forns j M or a pixe
by deflecting droplets ejected fromthe-nozzle ofim%mmmmummmmwejecting
portion, and using a plurality of different liquid equ@&gg portions in

adj acent positions. 2. Description of the Related Art net hod that uses an
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gray-scal e nethod, an inage is deconposed into pixels of the mnimzed size
and is represented by points of colors. A halftone gradation nethod and a
‘of "the area ratio

ar ay- sc o ERER KD Bk AR IeN e et ers of ke pouting const ant
thi cknegs ag eq_:ﬁaggeqh whihlenkBohhe latter, dot dgmgmmmmmmmmt area is
changed, with the dot 8laneter mai ntai ned to be c nt . - 2 Inkjet

printers_al spdsgras Bt hogvshfibar répatde BHOYE Arean T&tdor Gigy-scal e
met hod. The nethod is divided into the follow ng three types dependi ng on

the heade$t rHCEHECuAngaghheBK ¢h REiBheR. pklhga1i8yi bEustgates a nmethod by
superinposition, whichis a first exanple of the related art. In Fig. 18, a

head foeffecdohg pBE@iphisntadld Rapehgbyoereeki AgedaophiedWahl e noving in
the arrow direction (the direction fromleft to right). At first, in the
first npaeakhel(i addcat @dgbydt bgedathgdmkithedi nsEhg. alB¢adf ihhehbead, the
head forns dots al and a2 by ejecting droplets so that regions in which the
dots al aapdusdlatg bdérdeduidnejeetriap wotrhieashhevhng. nbnzibe seeond
novenent (indicated by the solid [ine in Fig. 18) of the head, the head
forms dersaagedndnapakyplépedcti Ajedpspbens dpvenatonnhaldot sedstapdtasd can
respectively overlap with the dots al and_a2 fornmed in the first novenent
and so BhheChRelagysthatad@rrs, awki&RlaFelyBPatEnd Ph%XEhePKead novi ng
directiag can wi. th eac descr%bed above, _one ﬁgxe

.overl a h qt her. , ,
conpose gieFﬁéngoGFOE&F§SaF?e&??da§F°§n§ﬁ84nP§Z §r AEd2¢hi $1 88 Trati on of
one pixeLef%oH1therfogr dota %I.to 34 an ﬁxgres ng@ ?ra aﬁLon
includiﬁb Fha gagg 3%_90 (o) ._ﬂﬁ?g, b? Prigréadi iR ?ﬁ S 88l$ o 69 t he
dOt'forQﬁQSQQﬁthBQ%ébﬂst@% L5 SheARdp38G R0 A0VEMENt S, a high quality
I mage ca € oDbt al ned.

2 Description of the Related Art

A method that uses an area ratio gray-scale method to
represent an image has been known as a typical half-toning
method in printing technology. In the area ratio gray-scale
method, an image is decomposed into pixels of the minimized
size and is represented by points of colors. A halftone
gradation method and a dithering pattern gradation method
are known as types of the area ratio gray-scale method. 1In
the former, the diameters of dots having constant thickness

are changed, while in the latter, dot density in a unit area

is changed, with the dot diameter maintained to be constant.



Fig. 19 illustrates a nethod by droplet amount, which - 3 is a second
exanple of the related art. In the second exanple, a head can swtch the
anount of droplets for ejection to three |evels. The head forns a pixel by
using any of a small dot bl, an internediate dot b2, and a |arge dot b3. It

is said that this nethod can increase printing speed. Fig. 20 illustrates a
met hod by the nunber of dots, which is a third exanple of the related art.
In this nethod, dots cl, c2,..., whose dianeters are snmaller than a dot

pitch are consecutively ejected. In-agdi-tion, before a first fornmed dot is
absorbed by (infiltrates) printing paper, the next dot is fornmed so as to,
at least, overlap with the first deIivered dot. In the exanple in Fig. 20,

f he d 1 fi f d,c |
For med bet or ST e 15T ors 2058 BEA By TEERPR Felvaer ERethEI ABPRG paper.
This for JIB. .2 I Aarger ]%jo# £ al((al grfegtglod casg,. qﬁ,‘t O?joﬁ%r rd%_%g%r}e%s an: Qone pi xel ).

The above exanp es O r art have owng proble In the
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phot ogr ae%h:rprir;ﬁ%g ié&eiﬁ"ﬂéxc.h has many gradations requires a |onger printi ng
time, conpared wth the case of printing a docunent. Also, although sone

nunber of gradatiaps ;qamRe RlsaiNedtnblehe sSperimphsition, which
is a first example of the related art. In Fig. 18, a head
forms dots onto printing paper by ejecting droplets while
moving in the arrow direction (the direction from left to
right). At first, in the first movement (indicated by the
dotted line in Fig. 18) of the head, the head forms dots al
and a2 by ejecting droplets so that regions in which the
dots al and s2 are formed can overlap with each other. 1In
the second movement (indicated by the solid line in Fig. 18)
of the head, the head forms dots a3 and a4 by ejecting
droplets so that the dots a3 and a4 can respectively overlap
with the dots al and a2 formed in the first movement and so
that the dots a3 and a4, which are adjacent in the head
moving direction, can overlap with each other.

As described above, one pixel composed of the four dots
al, a2, a3, and a4 is formed. This formation of one pixel
from the four dots al to a4 can express five gradations,
including the case of no dot. Also, by increasing the
precision of the dot-formed positions in the first and
second movements, a high quality image can be obtained.

Fig. 19 illustrates a method by droplet amount, which



alimtation in increasing the nunber of gradations. In the second exanple,
it is difficult to accurately control the quantities of ejected droplets.
This causes variations in the quantities of ejected droplets, and it is
difficult to obtain stable image quality. Also, in order that plural types
of droplet quantities may be ejected, the head structure becones
conplicated, thus causing a high cost. Mireover, if droplet quantity can be
changed, the nunber of types is limted to about three. In addition, when

t he head has an ink ejecting portion ghat does not eject droplets, or an
ink ejecting portion that ejects droplets of insufficient quantities, inmge
quality deteriorates. Accordingly, printing using superinposition as in the
first exanple nmust al so be used, This causes a problemof a |l ong printing
time. |AStReSERONG EXaMPILE ©&f the JFdprefsazfte efBctBE 8REBMHA tine is
required to fill the ink ejectin rtions with ink for the ejected ink.
Thus. o CemEden andoRC GRT S FD RBEIBUOURL: P o BREPACERORCET dr op et 5.
Specifically, for exanple, a certain amount of time iis required from

ej ecti offI6F t-HE &Poé%@?efaFvFaning%thgﬁgtf8FmFoaePé§?ﬁoﬁyostﬂg dr opl et
for form.n h t .G2., AS resul, i epgnt h d in one
The i nomldce's %%n%tlﬁog?ti r’%ﬁdngﬁpil§§|e%8r°‘%gttlgo§8¥e§?on‘,”‘glét bPgaBsed 0 Fs
formth (o] c2,:,C3, c lsiver. D t t he
f ormed ?8& % 'isIgbggr%%gdbéh?¥n$$ﬁfrgfgg%dtﬁgnpﬁpgggﬁégp 52§£9i§so, t he
nmovenmentgspged of the head is very small when the head is noved so that,
after the ink ejecting portions are filled with ink, in one pixel formation

region, the gogs 68, i¢Bus@Pdted SaMeLRobObPRENOCh GRSt herf@spRd dot cl is
absorbed by (infiltrates) the printing paper. Accordingly, this case is not

practi cahichs idescririad igkdni d igSttexargilfcantAthe tin reh exandieod 2

nmet hod that forns one dot a5 so that the dots al to a4 overlap with one
anot her doard ca ,mef2had .t,hahoker dd aniee edat ace smafllhatr thendat dotl to c4
overlap with one another are characteristic in a serial nethod in which the
head ej pittshi miredrcoplsers tilvielly egeicigdbacknanddfitibh,i hedokkene direction
(the direction perpendicular to the traveling direction of the printing
paper) . fAxsdr diomyled dot tise akwyrhsd 2V i Hianfiekldrairse pieknit g thawezannot
move in the line direction since nozzles are arranged in parallel in a

wi dt h dithectiest dgtmdthd@rgeh s@s achdori A&t LeRakpl EVEFr1eRe WL kir §hexanpl e
cannot substantially be enployed. This is_because, since the |ine head does
not novd st ReLLveEesi fotti on? the E*PEPl&nd™ itPd éRanpifé€rciAfot cope
with a sjituatiqn in which so 0zzl es have a_defect such as _no_ejection of
dr opl ot SO TSOMARY TOE SR EOFRIGENTREGS £21s Can BBPoGE BF St REIBFRERAL ¥ nvent i on

to perf@fned before the dot cl is absorbed by (infiltrates) the

printing paper. This forms a larger dot ¢5 (in this case,
dot ¢5 corresponds to one pixel).

The above examples of the related art have the
following problems.

In the first example, the dots al to a4 must be formed
in one pixel formation region a plural number of times (four
times in the first example). Thus, a photograph or the like
which has many gradations requires a longer printing time,
compared with the case of printing a document. Also,

although some number of gradations can be obtained, there is



- 6 printing of a high definition inmage having an increased nunber of
gradations wi thout conplicating a head structure and to provide a structure
adapted for a |ine head. According to an aspect of the present invention, a
Tiquid ejecting device having at |east one head including a plurality of
liquid ejecting portions each having a nozzle is provided. The liquid

ej ecting device includes an ejection deflector for ejecting a droplet with
defl ection fromthe nozzle of each of the plurality of liquid ejecting
portions in a plurality of directions4 and an ejection controller for
controlling ejection so that, by ejecting droplets in different directions
fromat |east two different liquid ejecting portions in adjacent positions

among ¢ he sralir o liuid ShecthaonRaptions wbihecushog the el ection

def |l ector, e 48 Vered na Si ngl o forma pixe

¢ol um, or tg @LQp's,@hénér &9&#&&46%9 L0 é‘lgf{‘%ftp%‘eéc&%%}ig@eﬁo forma

pi xel . According to the preSent hvention, by ejecting dr

di T erents di/ACtiNgy arn%t%s' %%Stejtewee' tﬂsweftsl ' q&'h@.'sebQGEéQg portions

in adj acent positions, a pixel coldm or a prxel is formed. For exanple, by

ej ecti ng AriQiRhn% fioPrRdIRGeRT thileqUibd ebeeftbagdeebubeas al.nanﬂt(b%l) the
droplets can be delivered in a single pixel region or a single pixel-region

col um. dfFariehare tod dpivsain @ftadlll X@lageohuamigan baikerned bByder Using
different liquid ejecting portions. According to anot her aspect of the

present thatefliuial aypeduiot ejrepllieftgqiavicéeibavinag bt bgasteanethead
including a plurality of liquid ejecting portions each having a nozzle is
provi dedheathes Hrugptivck eejlegtdmeg dewnipdd datadydeshuen agweciticora defdreatawt f or
ejecting a droplet with deflection fromthe nozzle of each of the plurality
of |i quiMdrejosetri,ng fpoinopdres smanttattyt kendbepkbesgade dbei nemkdrt ofpositi ons
to which droplets ejected fromthe nozzle of either adjacent |iquid

ej ect i nGypest ilen ldmd ted itveedouli thaee .bei ng defl ected, or the vicinity

t hereof, and_an ejection controller in which, when a pixel colum or a

pi xel is for hBd28¢igéPPvelPRR 8hephead Bas(#atink ¢S RRPIEEI s to

whi ch the droplets are delivered can overla each other, by using at
| east tﬁgaﬁlﬁp§ﬁeﬁ9q FéﬁQ§ EreBLEhG - p8FtPBng %%e38F§&8ﬂth5§FPPons anong

h I i h
der | bct oo SaRete AR e it RrBOErAEirBn Frati AL FRast TBHE of the two
di fferenf, lyis é%é%yange%ort%%Q%rdagglglxg%lﬁgkﬂﬁgunoz he pi xel can be

f or med. ccorgl(al to the présent 1Tnvéen rom | e of each of

liquid %&%@&h%@o@%& l®N%s ah E%%S%l @% dyapbet &ﬁ@tbﬁlgbeBEeréhthOUt bei ng

defl ecte and "t he droplets can be 't vered so that the droplets are
del i ver @gh;ts0 RRSIEL GNHricH 19k ©F grqgh@t§rgheghgdt&mgn1the nozzl e of another

adj acent

In the third example, after droplets are ejected once,
a time is required to fill the ink ejecting portions with
ink for the ejected ink. Thus, a certain amount of time is
needed until re—ejection of droplets. Specifically, for
example, a certain amount of time is required from ejection
of the droplet for forming the dot cl to ejection of the
droplet for forming the dot c2.

As a result, during a movement of the head in one line

in a serial method, in one pixel formation region, it is

difficult to form the dots c2, c3, and c4 by delivering



g _liquid ejecting portion are delivered wthout being deflected, or the
vicinity thereof. For exanple, in a case in which droplets are ejected from
adj acent liquid ejecting portions N and (N+1), when positions to which
‘droplets ejected fromthe liquid ejecting portions N and (N+1) are
delivered wi thout being deflected are respectively represented by positions
N and (N+1), the liquid ejecting portion N can eject and deliver the
droplet to the position N without deflecting the droplet, and can eject and
deliver the droplet to the position-(Bt+1) by deflecting the droplet.
Simlarly, the liquid ejecting portion (N+1) can eject and deliver the
droplet to the position (N+1) w thout deflecting the droplet, and can eject

d deli t | et t iti N.b fl ect. the d let. W
Bl el OIS HAAEE By dd IR 1 ropliat 8700 CoPuM, or a pixel s
f d by l.i i | et. t h (! t ot ' which th
ormed, gSliNa0 GaPels d el (RS, MR ARLBRRGLOHRNED L0°,,
that, by 9 ilad 935t o HAheLER, Ichlubdaf 96! BAEROLET gASclN adi acent
by deflecting roll e r e

I
positions an pl et's eject om at ast one 6f the

liquid g i L ; j%8el; I s 1t isxel . f For
exanpl e%fglﬁfeﬁglfogrnéép%@%ﬁ%mg ?g%&og%d%?é ?\}elrlreé? ?Irlé% tlhg'l ?é{]? eej ecting
portion N 4n themRASidH G, held Rrisngodefdzected a deapbet is ejected
and delivered fromthe liquid ejecting portion (N+1) _ g _to the

posi ti orEd¥mad e fdredaflee HthedTRREIAr 85 RYsbYHRG Biyf flehent thhauid

ej ecting portions, a pixel colum or a pixel can be forned. According to
anot her taspentirtfiddedpeasentaddosiindglyy, aliguidse] Bsthndrg pRidotkasi ng at
| east one head including a plurality of liquid ejecting portions each
havi ng a no2sl deissrpbed ded.ther djlmits exanpdjeecdred] thomhiwd nezatl ®f each
of the plurality of liquid ejecting portions with deflection in a plurality
of direet mathodaridhaly fejroet iomg dodplast soi ehaitf fréuweeiotdi récttboad from at

| east two different liquid ejecting portions in adjacent positions anong

t he pl ucaldnlproijthgeing @nedtiary Fac isorethore tdedplfergisapaeddPitvePed in a
single colum to forma pixel colum, or the droplets are delivered in a

si ngl e FixéRatedifen Aod=f Silmte G @verdéPomditiy oP¢ FRGEREr &%Bect of the
resent invention, g liquid ejecting nethqd usi,ng at | east. one head
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when a pixel is formed by delivering oplets so that at least two regions

in whiCheaad whdsd Meadl eRirelivral@nitd wRied isarnevarhdp dwrkbtgaah ot her, by
using at least two different liquid ejecting portions in adjacent positions

anmong t ka ndelmlzAlesOfardd GliirRjerrtin@apenliedndn anikthdafireeting, droplets
ejected fromat |east one of the two different liquid ejecting portions,
t he pi xal nmealhoth sarch faes piheelfirst @xaegle or the third example

cannot substantially be employed. This is because, since

the line head does not move in the line direction, the first

and third examples cannot cope with a situation in which

some nozzles have a defect such as no ejection of droplets.

SUMMARY OF THE INVENTION

It is an object of the present invention to perform



BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is an expl oded perspective view
showi ng a head of an inkjet printer to which a liquid ejecting device of
the present invention is applied; Fig. 2 consists of a detailed plan view
‘and si de sectional view show ng the arrangenent of heating resistors; Fig.
3 consists of graphs showi ng the relationship obtained in the case of each
separate heating resistor 13 as in this enbodi nent between a difference in
bubbl e producing tinme of ink and the ejection angle of ink droplets; Fig. 4
is a side sectional view show ng the pelationship between nozzles and
printing paper; Fig. 5 is a conceptual circuit diagramshowing a circuit in
whi ch the difference I n bubble producing tinme of bisected heating resistors
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number of gradations without complicating a head structure
and to provide a structure adapted for a line head.

According to an aspect of the present invention, a
liquid ejecting device having at least one head including a
plurality of liquid ejecting portions each having a nozzle
is provided. The liquid ejecting device includes an
ejection deflector for ejecting a droplet with deflection
from the nozzle of each of the plurality of liquid ejecting
portions in a plurality of directions, and an ejection
controller for controlling ejection so that, by ejecting
droplets in different directions from at least two different
liquid ejecting portions in adjacent positions among the
plurality of liquid ejecting portions while using the
ejection deflector, the droplets are delivered in a single
column to form a pixel column, or the droplets are delivered
in a single pixel region to form a pixel.

According to the present invention, by ejecting
droplets in different directions from at least two different
liquid ejecting portions in adjacent positions, a pixel
column or a pixel is formed. For example, by ejecting
droplets from adjacent liquid ejecting portions N and (N+1),
the droplets can be delivered in a single pixel region or a
single pixel~region column.

Therefore, a pixel or a pixel column can be formed by



I nvention and the rel ated net hod; - 11 Fig. 7is an illustration of the
nunber of tines (the time required for dot formation in each pixe

position) which is required to formdots in pixel positions; Figs. 8A 8B,
‘and 8C are illustrations of a "preset format" for controlling the ejection
selector and a "format conformng to the preset format for the ejection
selector” for controlling the ejection determner; Fig. 9 is an
illustration of the formati on based on the above format of dots on printing
paper; Fig. 10 is an illustration congisting of plan views show ng an
exanple of a line head; Fig. 11 is a circuit diagram show ng an ejection
controlling circuit including an ejection deflector in a

using different liquid ejecting portions.

According to another aspect of the present invention, a
liquid ejecting device having at least one head including a
plurality of liquid ejecting portions each having a nozzle
is provided. The liquid ejecting device includes an
ejection deflector for ejecting a droplet with deflection
from the nozzle of each of the plurality of liquid ejecting
portions so that the droplets are delivered to positions to
which droplets ejected from the nozzle of either adjacent
liquid ejecting portion are delivered without being
deflected, or the vicinity thereof, and an ejection
controller in which, when a pixel column or a pixel is
formed by delivering droplets so that at least two regions
to which the droplets are delivered can overlap with each
other, by using at least two different liquid ejecting
portions in adjacent positions among the plurality of liquid
ejecting portions and by using the ejection deflector to
eject droplets with deflection from at least one of the two
different liquid ejecting portions, the pixel column or the
pixel can be formed.

According to the present invention, from the nozzle of
each of liquid ejecting portions, at least one droplet can
be ejected without being deflected, and the droplets can be
delivered so that the droplets are delivered to positions to

which droplets ejected from the nozzle of another adjacent



second enbodi nent of the present invention; Fig. 12 is an illustration of
an exanple in which ink droplets are delivered fromink ejecting portions
adjacent to a pixel; Fig. 13 is a front view showi ng directions in which
ink droplets are delivered from adjacent heads in an alternate pattern
arrangenment; Fig. 14 is an illustration of an exanple of setting an odd
nunber of directions for ejection by using deflected ejection of ink
droplets in right and |l eft symetric directions and directly-bel ow ej ection
of ink droplets; Fig. 15 is an illustgation of a process of formng - 12
pi xel s on printing paper by ink ejecting portions based on

ej ection-executing signals in the case of two-directional

liquid ejecting portion are delivered without being
deflected, or the vicinity thereof. For example, in a case
in which droplets are ejected from adjacent liquid ejecting
portions N and (N+1l), when positions to which droplets
ejected from the liquid ejecting portions N and (N+1l) are
delivered without being deflected are respectively
represented by positions N and (N+1l), the liquid ejecting
portion N can eject and deliver the droplet to the position
N without deflecting the droplet, and can eject and deliver
the droplet to the position (N+1l) by deflecting the droplet.
Similarly, the liquid ejecting portion (N+1l) can eject and
deliver the droplet to the position (N+1l) without deflecting
the droplet, and can eject and deliver the droplet to the
position N by deflecting the droplet.

When a pixel column is formed by delivering droplets in
column, or a pixel is formed by delivering droplets so that
at least two regions to which the droplets are delivered
overlap with each other, ejection is controlled so that, by
using at least two different liquid ejecting portions in
adjacent positions and by deflecting droplets ejected from
at least one of the liquid ejecting portions, the pixel
column or the pixel is formed. For example, after a droplet
is ejected and delivered from the liquid ejecting portion N
to the position N without being deflected, a droplet is

ejected and delivered from the liquid ejecting portion (N+1)



ej ection (the nunber of directions for ejection is even); Fig. 16 is an
illustration of a process of formng pixels on printing paper by ink

ej ecting portions based on ejection-executing signals in the case of
‘three-directional ejection (the nunmber of directions for ejection is odd);
Fig. 17 is a circuit diagramshow ng an ejection control circuit in a third
enbodi nent of the present invention; Fig. 18 is an illustration of a nethod
by superinposition, which is a first exanple of a related nethod; Fig. 19
is an illustration of a nethod by dropl et anount, which is a second exanpl e
of the related nethod; and Fig. 20 is an illustration of a nethod by the
nunber of dots, which is a third exanple of the related nmethod. DESCRI PTI ON

OF THE RRERERRER ANEQR NENIR A 18 Lol et

Therefore, by using different liquid ejecting portions,
a pixel column or a pixel can be formed.

According to another aspect of the present invention, a
liquid ejecting method using at least one head including a
plurality of liquid ejecting portions each having a nozzle
is provided. Droplets are ejected from the nozzle of each
of the plurality of liquid ejecting portions with deflection
in a plurality of directions, and by ejecting droplets in
different directions from at least two different liquid
ejecting portions in adjacent positions among the plurality
of liquid ejecting portions, the droplets are delivered in a
single column to form a pixel column, or the droplets are
delivered in a single pixel region to form a pixel.

According to qnother aspect of the present invention, a
liquid ejecting method using at least one head including a
plurality of liquid ejecting portions each having a nozzle
is provided. At least one droplet is ejected from the
nozzle of each of the plurality of liquid ejecting portions
with deflection so that the droplet is delivered to a
position to which a droplet ejected from the nozzle of
another adjacent liquid ejecting portion without being
deflected is delivered, or the vicinity thereof, and when a
pixel column is formed or when a pixel is formed by

delivering droplets so that at least two regions in which



A first enbodi ment of the present invention is described below wth
reference to the acconpanying drawings. In this Specification, an "ink
droplet” is a mnute quantity (e. g., several picoliters) of ink (liquid)

ej ected - 13 froma nozzle 18 (described later). A "dot" is a spot
formed such that one ink droplet is delivered onto printing paper or the
like. A "pixel" is the snmallest unit of an inmage. A "pixel region"” is a

region in which a dot is formed. By delivering a predeterm ned nunber of
(zero, one, or plural) droplets toa pdxel region, a pixel (with one
gradation) having no dot, a pixel (wth tw gradations) conposed of one
dot, or a pixel (with three or nDre gradations) conposed of plural dots is
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applied.” In Fig. 1, a nozzle sheet” 17 i's bondéd to a barrier layer 16, and

the nozzwge schfeeﬁheﬂtwos cﬁmér{t an fxRl AR tiolgMpdritihe head pixea

substrate nenber 14 includes a seniconductor substrate 15 conposed of
silicon @1unie dit kthe pixed iaankbheaiing resistors 13 (corresponding to

energy generating elenents or heating elenents in the present invention)
fornmed on one surface of the sem conductor substrate 15.
BRIEF DESCRIPTION OF THE DRAWINGS

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

Fig. 2 consists of a detailed plan view and side
sectional view showing the arrangement of heating resistors;

Fig. 3 consists of graphs showing the relationship
obtained in the case of each separate heating resistor 13 as
in this embodiment between a difference in bubble producing
time of ink and the ejection angle of ink droplets;

Fig. 4 is a side sectional view showing the
relationship between nozzles and printing paper;

Fig. 5 is a conceptual circuit diagram showing a
circuit in which the diffgrence in bubble producing time of
bisected heating resistors can be set;

Fig. 6 is a table illustrating two methods (Method 1

and Method 2) for an ejection controller in the present

invention and the related method;



The heating resistors 13 are electrically connected to an external circuit
by a conductor portion (not shown) fornmed on the sem conductor substrate
15. The barrier layer 16 is forned by, for exanple, an exposure-hardening
dry filmresist, and is fornmed by stacking the resist on the entirety of
the surface of the sem conductor substrate 15 on which the heating
resistors 13 are formed, and subsequently renovi ng unnecessary portions in
a photolithography process. The nozzle sheet 17 has a plurality of nozzles
18 therein, and is fornmed by, for exddple, electroformng technol ogy using
ni ckel . The nozzle sheet 17 is bonded onto the barrier |ayer 16 so that the
positions of the nozzles 18 can correspond to the positions of the heating

resistors 13ps4hay 18 ohhe) 10221285 I8 SANAPAASHENG DAAHAD (gl stors 13

Ink cells 12 afe constituted so as to surround the heating resistors 13 by

the substpat ecpBaben $4r hBe BaLhheiohayYR' edbn piMel hSodPEZbS) Sheet 17.
Specifically, the substrate nenber 14 forns the bottomwalls of the ink

cel I's 1gnitheibareh@hrbayes ¥Brioabest bg pideiwsblstobndhe ink cells 12,
and the nozzle sheet 17 forns the top walls of the ink cells 12. In this

structure, tihegsnksael$s, 1Z2ndage are IDlusPeitibms rePiongddedthe front
right of Fig. 1. The aperture regions are connected to ink-flow paths (not
shown) . fokmagbo¥erheadttdinanoakthy enetudes tbkettlrcehd sa 12fdtmamni t s of
hundreds, and the heating resistors 13, which are disposed in the ink cells
12. I n cesfomseéngota tbemamdsktofivrmetcborr bheuajecbionh hgebecte't, each
heating resistor 13 is uniquely selected, and the ink of the ink cell 12
corr espéndi agntyothénhgeshengiresionodet8rvanebe ej ected fromthe nozzle 18
opposing the ink cell 12. In other words, the ink cell 12 is filled with
ink suppliedfigon?ahsiak tbhealretiomorf sHmnoFea hkar thpagte dfeddiell, By
allowing. a pulse current to flow through the heating resistor 13 in a short
tine, fBPO¥Rakpr@atiofodatysi SPoRELBRIRY PARSKeating resistor 13 is rapidly

heat ed, As result,.a gas:phase ink bubble is, produced in a portion in
contact w tﬁ‘:’r%e Léa’t‘? n%“r%&r%fB’Fa'i‘S?n a‘ﬁ%nﬂl%“ég%a?f}slﬁgr?rbfv‘t € i nk bubbl e
di sl odges i nk _of sone vglun¥ %t&e inE bﬁ{ls). In this manner, ink of a
vol une” &40YF"PoPhaf e8P En&*dfs 688e Ak in the portion touching the

el a0 Sl oL 020 0L 1Bl L W | el vered
Por!| ancBRRplsshethecane Lakisalhylhs bikobes Bbcrsstatotn 1y o sposed o
an "inksgkeahi BabBELheAR Ol @Hedpek8ehtNInPertion) " -
Fig. 12 is an illustration of an example in which ink
droplets are delivered from ink ejecting portions adjacent
to a pixel;
Fig. 13 is a front view showing directions in which ink
droplets are delivered from adjacent heads in an alternate
pattern arrangement;
Fig. 14 is an illustration of an example of setting an
odd number of directions for ejection by using deflected
ejection of ink droplets in right and left symmetric

directions and directly-below ejection of ink droplets;

Fig. 15 is an illustration of a process of forming



- 16 Specifically, the head 11 has a plurality of ink ejecting portions
arranged in parallel. E ection Deflector The head 11 includes an ejection
deflector. In this enbodi nent, the ejection deflector deflects an ink
droplet ejected fromone nozzle 18 so that the ink droplet can be delivered
to a position to which an ink droplet from another adjacent nozzle 18 can
be delivered wthout being deflected, or the vicinity thereof. The head 11
has the following structure. Fig. 2 consists of a detailed plan view and

si de sectional view showi ng the arranigzment of the heating resistors 13 in
the head 11. In the plan viewin Fig. 2, the position of the nozzle 18 is

i ndicated by the chain lines. As showmn in Fig. 2, in the head 11 in this
enbodi el i j t ti Si s 13 arranged
in par gﬁ?}é)f?i)#hoeﬂ %%%%%%?A#%:bgﬁ%tnﬁéeseﬁ(eéé:f\tﬂﬁ%e%ggﬁgfégsb%%gr (e)illar ranged
isadir I 1 i i i i | Qy I_y s whj nozzl es 18
are arr aﬁ%%%@ﬂ?é] %ﬁ%ﬁ%ﬂ'ﬁg%%ne%% ?g{a t?ln% \ﬂ%s?h%gngzhﬁegtl}éﬁg%?gé?gt or 13 has

l'ongi t udi @4 Yoibi 8864 R | 911,880 FRPHA! @F N8ALNNG s @Fkah or 13 has
the sanme 1Tength and a half width. Thus, the resi'stance of the bisected

heating resi gtiQf s 183 iisS an 11hGstdaubbe blkak probBEsObEJEAahiAgat i Ng
resistor 13. By connecting the bisected heating resistors 13 In series, the

separ at el Xerd i 61 525h 619 e hpt NGK ke edaiiblee gordiishandesedr enconnect ed
in series, so that the total resistance is four tinmes that of the original
heat i ng ¢pscisiari-ddeciieiry digmalderin hadie tdasd RIE ithricke dirlectdbhal? may
boil, the heating resistor 13 nust be heated by supplying a certain anount
of powerejectiion Thilse i suriszause dineraghi ogendicat ed eatt itolme ilsoioddi)s used to

ej ect the ink. When the resistance is small, a current to flow nust be

i ncreased. HdWaverl,7 By iancdeasiitg dihgramssboanse ofh ehechéaning resi stor
13, the ink can be brought to a boil wth a small current. This can al so
reduce tPRNETOe @Freutt alisiastPiing ahodiment Gf JAesiPA§sERE current, thus
achieving a reduction in occupi ed space. By reducing the thickness of the
heating &Rt 7113, the resistance can be increased. However, when

considerin terigl .sel ect, for the heating resi,sfor 13 and its strength
(durabilits)gﬁﬁheﬁg TR o B 6 Pgdﬁc%ﬁﬁgPﬂegyhickness of the °

heating resistor 13.. Accor.di ngly, by..separating the heating resistor 13
wi thout PRSP TTEL P CRIedE 28 & FEE S, 5 E5283°When one 1 nk

cell 12 jogl ydes the bisected heating resistors 13, if the tinme (bubble
producing Tine) required for each heating resistor 13 to reach a

tenperature fi@Qfy. 19 is an illustration of a method by droplet
amount, which is a second example of the related method; and
Fig. 20 is an illustration of a method by the number of

dots, which is a third example of the related method.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

First Embodiment
A first embodiment of the present invention is
described below with reference to the accompanying drawings.
In this Specification, an "ink droplet" is a minute

quantity (e.g., several picoliters) of ink (liquid) ejected



- 18 boiling the ink is set to be equal, the inks boil on two heating
resistors 13 and an ink droplet is ejected in the central axis direction of
the nozzle 18. Conversely, when there is a difference between the bubble
producing tinmes of the bisected heating resistors 13, portions of the ink
do not boil on the bisected heating resistors 13 at the same tine. This
shifts the direction of the ink droplet fromthe central axis direction of
the nozzle 18, and the ink droplet is ejected and deflected. This delivers
the ink droplet off a position to whil@h~the ejected ink droplet can be
delivered wi thout being deflected. Figs. 3A and 3B are graphs show ng the
relationship obtained in the case of each separate heating resistor 13 in
t hi s enhodi ment betwe dif ce_l ubbj en dugcd i of ink and
the eje FPEnaaﬁﬁféagf%?nadgﬁg%?éga $ﬁ%gggfueé s %ﬁhuﬁiq?ﬁﬁkgfaphs are
conput er-si mul ated lts.. Lo F e I i tdves gt 1reet i on
ggrggﬁ gucg &ﬁ%% bie YRk h?ﬁ8§§t iﬁ)d%igbéﬁﬁﬂ O & thhes ot 11ef

i ndi cat vertic axi s Ax of rap note that the X-direction does

not nea r nt gk .axi § of; nQgE ap i gdhcotes endireeta®n (the
directigﬁ¥%? ?%ekﬁgagﬁﬁg'regiSF3%§§13igr?2ﬁggﬁ in parallel) in which the
nozzl es ;18 are grmgﬁg%q.rg oxrdisegt kegibhhendihechi #ndodicat ed by
vertical axis Ay of Fig. 3B) (note that the Y-direction does not nean the
verti calgsaxled .0f the graph) indicates a direction perpendicular to the
X-direction, which is a direction in - 19 which the printing paper is
carried. In BothetheeXdhyeat poadanerhieed- simeet i oh, (zarangine atomhi ch no
defl ection occurs is represented by zero degrees, and a shift fromthe zero
degr ees gluraldi ecatgd.ets ¢o 3Cpized gegphnshewphyeactwdthyoReasured data. A
defl ection current (We use a half of a difference current between the

bi sect edyreRiting )r ésivsitrgr 1ol 8loitn B ix8d) (WéthngrveageadatiaPfterence in
bubbl e producing tine between the bisected heating resistors 13 by the

hor i zontcimpmdes|, cfhdren dotournr &f Pderlediildh CBEEBaPFy™AESsur ed when the
di stance between the nozzle and a position to ich inins gglivered was
set at ayEdRtirmsl yeonaned wi kdussdi Geds &6 FAFER: nkIPsC8Ffvered is

i ndicated as the angle (X-direction) of %je tiaon ofokngegg Ege verti cal

axi s. FiMPrEc 4r Rt L GoF "RTPER “5with °ffe fai iccurrent of the
heating resistors 13 set to 80.mA . the d i current _was superi nposed
on one &% t?{élattsi 'ngspfrés’i“ﬁ%er slslfoé:rrl“%dt %y i%%}(rag %ﬁgj’eggea and defl ect ed.
When there is..atime.diffe J i f <bulb PYpkhe heati ng
resi st arﬁeecoﬁhbr}gsenéet%ﬁhlt’n a{%‘%ﬂr glg?[{b%%u%trf %hqix%ﬁsng?zlbggcw are arranged

the angle of E%JC%CHog;“ YA onf1RGL tBeEPBAdbeUhay BRgtihge angbe trer] x of
ejection of ink in direction in which the nozzles 18 are arranged increases

in propiiion tyidie i ffQencng e tealibl i priedudinng hiel péxel region.

Head Structure

Fig. 1 is an exploded perspective view showing a head
11 of an inkjet printer (hereinafter referred to simply as a
"printer") to which a liquid ejecting device of the present
invention is applied. 1In Fig. 1, a nozzle sheet 17 is
bonded to a barrier layer 16, and the nozzle sheet 17 is
shown in an exploded form.

In the head 11, a substrate member 14 includes a

semiconductor substrate 15 composed of silicon or the like,



- 20 Accordingly, in this enbodinment, by using this feature, that is, by
provi ding the bisected heating resistors 13, and supplying different
currents to the bisected heating resistors 13, a difference is set in
bubbl e producing tinme of the heating resistors 13, whereby the direction in
which ink is ejected is changed. Wen the resistances of the bisected
heating resistors 13 are not equal to each other due to, for exanple, a
production error or the like, the heating resistors 13 have a difference in
bubbl e producing tinme. Thus, the angllet of ejection of ink is not

per pendi cular, so that the position to which the ink is delivered is off
fromthe correct position. However, by supplying different currents to the

heating r%?ﬁﬁa J§§é%€8 st%%@tﬁglucggr%ggPRHQPbetBrQHHE gg&h aQIn ach

heat i ng GFSsisto ual’, the an ej ection can be set at

per PN o SRRl enieh s eRROMEERR: wvgﬁwsn;hl s feature an

angl e at an | I's ej ected can be changed by setting the

bi sect e figrld R IR SRR cES otfoth%V%eﬁlébaaﬁr:%egesuBsleyaleée19r oduci ng
time. Next, how much the angle of the ejected ink droplet is changed is

descri quaebqiéawlmgt hdaf@ioenrcast arkl @lettrkcd11¢ t&naecstde €gcihonal view
showi ng the rel ationship between the nozzles 18 and printing paper P. In

Fig. 4, aatddiough dieuditsttanee cdndelcteen pbit€ ibhpgnot showril féheedozzles 18
and the printing paper P is approximately 1 to 2 mmin the case of an

or di nar yon thjeetsguiiduneiuctor issbderatasddned that H = 2 nm That the

di stance H nust be nmaintained to be al nbst constant is because a change in
t he di stanceTHechasesea thmagelbnithéopmsdtbyn for wkampkachan nk droplet is
delivered. In other words, when one nozzle 18 ejects an ink dropl et

per pendiexpcane-the nden ingr dave faflm resgsitnt PRg papéprmedtRE position to
which the ink droplet is delivered does not change, even if the distance H
i s sligtiackdmghdd® Tesrivdr 981 jEhe enthaetys@fokhBeFPstarAgoiethect ed

ej ection of an ink droplet, as described above,  the 505|t|on to which the

i Nk dr ofISB GARANT tQFe SPSHTAEr 45 P dBdCHahbE BERRLIBICRERGELPRSt hd

di stance H.
are formed, and subsequently removing unnecessary portions

in a photolithography process.

The nozzle sheet 17 has a plurality of nozzles 18
therein, and is formed by, for example, electroforming
technology using nickel. The nozzle sheet 17 is bonded onto
the barrier layer 16 so that the positions of the nozzles 18
can correspond to the positions of the heating resistors 13,
that is, the nozzles 18 can oppose the heating resistors 13.

Ink cells 12 are constituted so as to surround the
heating resistors 13 by the substrate member 14, the barrier
layer 16, and the nozzle sheet 17. Specifically, the
substrate member 14 forms the bottom walls of the ink cells
12, the barrier layer 16 forms the side walls of the ink
cells 12, and the nozzle sheet 17 forms the top walls of the

ink cells 12. In this structure, the ink cells 12 have



When the resolution of the head 11 is set to 600 DPI, the interval between
adj acent nozzles 18 is 25.40 x 1000/600 ~ 42.3 (gym) Here, in the present
invention, the direction in which ink droplets are ejected fromthe nozzles
18 is changed to 2J different directions by using a control signal
represented by J bits (where J represents a positive integer), and the

di stance between farthest positions of two delivered ink droplets anong the
2J directions is set so as - 22 to be (2 - 1) tines the interval

bet ween two adj acent nozzles 18. Wiaed5i rRk droplets are ejected fromthe
nozzl es 18, any one direction is selected fromthe 2J directions. For
exanpl e, when a signal in which J =2 (bits) is used as the control signal

the nunggeé%}fgygsal% sL0g £pa E%n?'gfagyéffﬁ ihatris.a %t@?s<g:, ok

(1, 0) e direc n an e cted in

3, A sorchend a&enesnﬁsa%@ante Eﬂfiwsﬁaﬂﬁ’ésgi{%;%%wﬂec“on occurs s

((2J3 - tinmes the interva etween two a ent nozzles 18. \Wenever

t he Control §h9n§$o§gaﬂgﬁé ip ﬂ&&mé&ly(fhci@deézkhénunﬁﬂﬂ$ﬁfb 1D) it he
position of a delivered ink droplet can be noved by the interval between

adj acentini@gzbeshiBdrkAst hgnabere RXaEDhE, réssudrg fhatwhien taipl e of the

interval (42.3 Vim between adjacent nozzles 18, that Is, 126.9 ~mis the

di st ancdibebweanihwehkatihRegkldst $2When response to a command from
the control unit of the printer, each heating resistor 13 is
uniquely selected, and the ink of the ink cell 12
corresponding to the heating resistor 13 can be ejected from
the nozzle 18 opposing the ink cell 12.

In other words, the ink cell 12 is filled with ink
supplied from an ink container (not shown) joined to the
head 11. By allowing a pulse current to flow through the
heating resistor 13 in a short time, for example, 1 to 3
microseconds, the heating resistor 13 is rapidly heated. As
a result, a gas-phase ink bubble is produced in a portion in
contact with the heating resistor 13, and the expansion of
the ink bubble dislodges ink of some volume (the ink boils).
In this manner, ink of a volume equal to that of the
dislodged ink in the portion touching the nozzle 18 is
ejected as an ink droplet from the nozzle 18, and is
delivered onto the printing paper, thus forming a dot.
In this Specificatién, a portion constituted by one ink

cell 12, the heating resistor 13 disposed in the ink cell 12,

and the nozzle 18 disposed thereon is referred to also as an

*ink ejecting portion (liquid ejecting portion)".



defl ection occurs, a maxi num defl ection angle 2A (deg) is tan20 =
126. 9/ 2000 ~ 0.0635 Thus, 2A ~ 3.6 (deg) Next, the nethod that deflects the
ejected ink droplet is nore specifically described bel ow. - 23 Fig. 5is
a schematic circuit diagramshowing a circuit in which the difference in
bubbl e producing tinme of the bisected heating resistors 13 can be set. In
this exanple, by using a control signal in which J =2 (bits) so that the
difference in current flowng in resistors Rh-A and Rh-B can be set to four
types, the ejected ink droplet can helset to have four directions for
ejection. In Fig. 5 the resistors Rh-A and Rh-B correspond to the

resi stances of the bisected heating resistors 13, respectively. In this

enbodi megite wfcéleﬁst%%égd the Ha&Siy Squurglil'%y' 2£58hk @5Religgs than that

of the reS|stor resistors “B have a junction

(i nt er meslh At £oR01 M Aard QT ehetyyeen ifg1om which a deflection current can flow
Three resistors Rd are used to deflect an ejected ink droplet. Al so,

transistors Ql, @@, and @B function as switches for the resistors Rh-A
Rh-B, and Rds. The circuit in Fig. 5 includes an input portion C for a

bi nary copédé®ion mutlsdiyral (whose state is "1" only when a current flows).
It includes binary-input AND gates L1 and L2, and input portions Bl and B2

for binary sigealhead @1 ahclbdesf ah ehecAhNbngdeesettoand IR. thbst his case,
when the input portion is supplied with "1", and both input portions Bl and
B2 are senipbditemt t htHed"ssjeadrilon tded ltecamsi stedil eQL soper dnds daoglelie
transistors 2 and B do not operate (no currents flowin the three

ejected from one nozzle 18 so that the ink droplet can be

delivered to a position to which an ink droplet from another

adjacent nozzle 18 can be delivered without being deflected,

or the vicinity thereof. The head 11 has the following

structure.

Fig. 2 consists of a detailed plan view and side
sectional view showing the arrangement of the heating
resistors 13 in the head 11. 1In the plan view in Fig. 2,
the position of the nozzle 18 is indicated by the chain
lines.

As shown in Fig. 2, in the head 11 in this embodiment,
one ink cell 12 includes bisected heating resistors 13
arranged in parallel. The direction in which the heating
resistors 13 are arranged is a direction (the horizontal
direction in Fig. 2) in which the nozzles 18 are arranged.

In such a bisected type in which one heating resistor
13 has longitudinally bisected portions, each separated

heating resistor 13 has the same length and a half width.

Thus, the resistance of the bisected heating resistors 13 is



- 24 resistors Rd). At this time, when current flows in the resistors Rh-A
and Rh-B, the currents flowing in the resistors Rh-A and Rh-B have equal

val ues. Because the resistance of the resistor Rh-Ais less than that of
the resistor Rh-B, the heat value of the resistor Rh-Ais |less than that of
the resistor Rh-B. In this condition, the ejected ink droplet is delivered
to the nost left in this enbodinent (Fig. 5. In addition, the position to
which the ejected ink droplet is delivered is set to be a position
(including its vicinity) to which an lnk droplet ejected froma nozzle 18
(ink ejecting portion) left froma reference position with one nozzle 18

t herebetween is delivered without being deflected (Fig. 8B). In this case,

when NGdip AL 0 Gid SraWIRbhed il doss800:ths [ gyt portions Bl

and B2 are supplied mnt I nput’s a current flows also in two

resi st or b SORRL A al%e%ecre'de%etamaerggégﬁb%oa3Q§n( BOr§UET ephefl OWs in

the resistor Rd connected to the transistor (). As a result, a current

that fl drb et HeRS P r B oS h@saabhaébkhatdebbaen@ésm@eaneeg i nput
portions Bl and B2 are supplied with "0"s wever, also in this case, the

resi st oradd-cdrirei@iq i, hata e ,heat thakuenkessthhapeshatantet he resistor
Rh-B. In this case, the p05|t|on to which ejected ink droplets are

del i ver efburs tSeded acHt aMasiet o@ngliaadhhehtinly residbordLspl ets ejected
fromthe adjacent left nozzle 18 are delivered w thout being deflected.
Next, when Heeei, nfut opaletr aha€ ithesupfl iied thiet Hnkl'celdnd 2 ey ripatl porti ons
Bl and B2 are supplied with "0" and "1", a current flows in the resistor Rd
connect eéthe qaaie ng arsiisttor O3 @m@tcberhaaseﬂle/bupphzinmoaresistors Rd
connected in series to the transistor As a result, the value of the
current qariE@im ewount fe powsirstter iRh- BT ésf ket herapeeseppsayt hat obt ai ned
when the input portions Bl and B2 are supplied with "1" and "0". In this
case, tHENRIEtadb s ReADRid RS- BSedntBecdgrtt hRatBki deWPPRathReat val ues.
This ejects the ink droplets wthout deflection. \Wen the input portion C
i s supplieSdafance: s s&ﬁ&lbotahcluﬁﬁﬁf‘thPt Fgﬂg BESEmBe ?nﬁFﬁa GBplied with
"1" and 0", currents flow,in the three tranS|g gﬁ gonnected to the

f “P'He"CH

transi store éﬁ”aﬁ§'6§cﬁﬁ?§&npé Gt TePRETIRFEe° FBHt that floms in
t he resgiﬁﬁy E& 52 S furt% rd S%e E@EBbH%t 8?& 59?9 ?ﬂgﬂ ghgmgﬂ

portions ‘are suappl i I's case,
resi stor, RAd s set to have a heat val ue nore than that of the reS|stor
Rh-B. In this case, the position to which ejected ink droplets are

delivered isragb £anbg180PeElLEANLhE Wi&hot Nk EFOPL£I S0k SELERefrom the
adj acent right nozzle 18 as an ink ejecting portion are delivered w thout
bei ng defilkectred pAssdescrnkeduaiene, @huenatheetefigshaneaacBioAd iRh- B by
occupied space. By reducing the thickness of the heating
resistor 13, the resistance can be increased. However, when
considering material selected for the heating resistor 13
and its strength (durability), there is a limitation in
reducing the thickness of the heating resistor 13.
Accordingly, by separating the heating resistor 13 without
reducing its thickness, its resistance is increased.
When one ink cell 12 includes the bisected heating

resistors 13, if the time (bubble producing time) required

for each heating resistor 13 to reach a temperature for



- 26 heating condition, Rd may be set so that, whenever the inputs to the
i nput portions Bl and B2 change to (0, 0), (1,0), (0, 1), and~(1, 1), the
position to which the ejected ink droplets are delivered can nove at each
interval between the nozzles 18. This can change the position to which the
ejected ink droplet is delivered to four positions, that is, in addition to
the position to which the ink droplets ejected (perpendicularly to the
surface of an object, such as printing paper, onto which an ink droplet is
delivered) fromthe nozzle 18 w thoutlbet ng defl ected can be delivered, a
position (including its vicinity) to which an ink droplet ejected fromthe
nozzle Z8 (ink ejecting portion) left froma reference position with one
nozzl e ther ebet ween is. del.ver i ut i etl ected, position to
whi ch a#g?Jﬁtlﬁ o%%tl@f ekt &F ¥ rom %h\gqg“%ﬁqdcécﬁt% qufklg %(c))g;il §q1§a8an be

del i ver 1 i f , A i.gh.an.knk dropl et

ej ect ed ?%‘n%ﬁ?%%féa{(}grns?elr% %ﬁ{de%élz%%g( ?ggg)ge%nq{gn%(jg}eggtﬁi r%g E)::})lrgti on can be
del i vere 1 i | ect | G . 1lgn response to the input

val ues t%%%@%ﬁ%@p%ﬁls&%ﬁr%@&,m??g ilr?k' dropl et can be delivered to
an arbi trary Residdsan yamngnt Rc2B0Y8 HOWK rpesbhEENBetiEE8n 8B - Ej ection
Control |l er - 27 Thé enbodi nent described thus far also includes an

ej ecti onpgitd Prfducitte €I 1N WRNYiGldRledC tlRERANY e ilabmat ign of ink
droplets (dots) in such a manner that, by using the ejection deflector,
when i nkpsitopded SoBrthdelriveicechdi Haine dmalthesbiisecithe seseihew) to form a
dot columm, or ink droplets are delivered to formone dot in a formin

whi ch atrésbstorsones regitdns semededimeer ed’hdrso plhdtfs sotéiel dp reicttho@aolf ot her,
at least two different ink ejecting portions adjacently positioned are used
and i nk thepirt dxjrted foomle dedstalomeist dilkedtidlenejodcttiveg portions are
deflected by the ejection deflector to forma pixel colum or pixel. Fig. 6
is a tabrezile ukd r aandgthewol Hetdrepd qividish &d ectedd amst Bed L2rtegr t he
ejection controller in the present invention and a method of the related
net hod. Frys SHISFrsHoWR e dud &ff Hfdr f M sditd opi @ why-c&r t&%gi ng i nk
droplets jn colum so that at |east sope regiops of deljver daﬂro | ets
overl ap ™ ERERAUH bt FEPPLIRE 37 she #BtHbEE i%lﬁ?lo%&gﬂﬁrégiﬁe ?‘Eﬁe‘?he

pOs1 110010 Wl L pnels ohaled LA eachy b koS eEbLagROr on 2re,
o e Sl U510 S Y I 0 ISR gk | ok
dropl et sty 05 adhb Mt (Bkiderf P diedEh Y deldurde priddieiingds 1 and

time of ink and the ejection angle of ink droplet. The

values shown in the graphs are computer—-simulated results.

In Fig. 3A, the X-direction (the direction indicated by

vertical axis 0x of the graph) (note that the X~direction

does not mean the horizontal axis of the graph) indicates a

direction (the direction of the heating resistors 13

arranged in parallel) in which the nozzles 18 are arranged.

The Y-direction (the direction indicated by vertical axis Oy

of Fig. 3B) (note that the Y-direction does not mean the

vertical axis of the graph) indicates a direction

perpendicular to the X-direction, which is a direction in



28 _2in Fig. 6, the arrangenents of dots are not shown straight. This
shows that the dots are ejected froma plurality of ink ejecting portions.
In Fig. 6, pixel nunbers in the direction of ink ejecting portions (the
nozzles 18) are indicated by N, (N+1), (N+2), and (N+3). Also, ink ejecting
portions fromwhich ejected ink droplets are delivered to pixel nunbers N,
(N+1), (N+2), and (N+3) without being deflected are referred to as N, (N+1)
, (N+2) , and (N+3) , respectively (E ecting portions are not indicated in
Fig. 6). Wen the nunber of gradati-on® is 2, ink droplets are ejected from
the ink ejecting portions N, (N+1) , (N+2) , and (N+3) wi t hout being
defl ected, and are delivered to pixel nunbers N, (N+1 ) ( (N+2 ) , and
(N+3 ) to . formdots corresponding to pixels. A case in whjich no ink
droplet§%&F%'g%@bf@&“&&Pﬂé@BBﬁasgﬁocﬁ Eé?g'inIﬂhgeﬁhtﬁgenﬁﬁber of
gradations is.l. VWen_ the nunber of gradations is 3..in addition to the ink
dr opl et &% %ﬁ@@ ﬁﬁ%nt%ﬁeYnéﬁﬁgFt6Pngrﬁaaﬁpgﬂg Fi EPlFE BPxel number N, an
ink dro i S .eject nd _del i ver frromthe in jectin ortion (N1)
wni oh + Hetddet TR SR Rot e SbkERRR LR Bl PR 1eBE8Eh: Pl Bac od (0 Al .
6, E ecty p 1.0 [ [ LI ope : of (N1) is (N2),..., and
S R e PsURREh 2RnEpdienRhly

so on), wth it I'xel "nu , an ink droplet is ejected

and del { ver e ot be Lk BRCLABGng~adtha PO LhoRbtkodi alicat Gl ected.

To pixel nu , an“1nk droplet™is ejected and delivered fromthe ink

ej ecti NgaFaddtQRn( MtkkrenW el Lisdeh! geliedorTa Ri¥ebrBHBEREELEMERY, an ink
droplet is ejected and delivered fromthe ink ejecting portion (N+2), with

it defl eelteden Rhet BekewReds hewhengt besnyebers 08 ghadayi ons)i gs3, in each
pi xel , a dot having a dianeter |larger than that obtai ned when the nunber of

gr adat i dnsliicat2d asf difeerebenihhbubbiibeprofiugiagatimasbeswédeni fhaddi ti on
to the ink droplets when the nunber of gradations is 3, to pixel nunber N,
an i nk ddsglogted heejtecgedesisnpirbeldnkyejtbet hngipontadnaghs?) andi &h it

defl ected, and is delivered. To pixel nunber (N+1), an ink droplet is

ej ect ed amoymtt lod idelf lecddoinnd aptpeildn pRasyredi whent thef Héstadceand i s
delivered. To pixel nunber (N+2), an ink droplet is ejected fromthe ink
ej ect i n§efFeeroth], nerehe endep| peségionngoi whiehi ¥vkeds ®elpvrERdnunber
(N+3), an ink droplet is ejected fromthe ink ejecting portion (N+1), with
it defl ¥@Sefetadd PPPIeKivetedy Pn™Bt héP WBRdIBOSHWReARt ke WOABBr 1Bk

7o ar gdF ARIAVERED 2Bt 4PHAESRAEn P nEnRUADEr SOl “GRARREEGRE T 6%, When the
raber B eUAUE LOnR By g ORI B! Ao IB! SRR IShNE B 0
portionc%§é3hna%ﬁichﬂ §ch the main current of the heating

resistors 13 set to 80 mA, the deflection current was

superimposed on one of the heating resistors 13 and the ink

was ejected and deflected.

When there is a time difference in production of

bubbles by the heating resistors 13 bisected in the

direction in which nozzles 18 are arranged, the angle of

ejection of ink is not perpendicular, and the angle O0x of

ejection of ink in the direction in which the nozzles 18 are

arranged increases in proportion to the difference in bubble

producing time.



defl ected and delivered to pixel nunmber N. To pixel nunber (N+1), ink
droplets ejected fromthe ink ejecting portion (N-2) are deflected and
delivered. To pixel number (N+2), ink droplets ejected fromthe ink
ejecting portion (N-1) are deflected and delivered. To pixel nunber (N+3),
ink droplets ejected fromthe ink ejecting portion N are deflected and
delivered. In other words, when the nunber of gradations is 5, an area
occupied by dots in the pixel region is larger than that obtained when the
nunber of gradations is 4. By using tdwe -above technique, in any of cases in
whi ch the nunber of gradations is 3, 4, and 5, ink droplets ejected
consecutively froma single ink ejecting portion are prevented from bei ng
delivered in_the pixel region of a single pixel nupber, Thus, if the

quant 1y of | AGECARINEMYS LPomhany STRRILEEE: nGY pOPLRENtNLS) REBHFTE T ant, a
difference ,in the areas ,occupied by dots .can _be reduced. Methqd 1 shows a
L bt ol &5 1 P Eror L o, Doy Doatine, ¥ Seg SESREr OBt ABSpos t1 on
to which ink . ejectj. ortions are delivered, each i j;ecting portion can
del i ver ?9ﬁ§%¥1n%ﬂéﬁ#ﬁa§§Wﬁaﬁﬁife§%sz%ﬁoiﬁfi%ﬁ?eggegeﬂ?3§%€§ droplet. In

this ca -eoalgcg_.' ej ¢l 1% RAL e | I : L.t haut
defl ect iS]'_(’E‘)EnS,l an éc;inlg ’dle i%{}er tI%glcl n%%d%%gl g'{ns%ﬁjgfbglépg’ggghgt%%}g\gt&ﬁfgch an

ej ect ed d ik vl GRIAL AT RS )rsv 91ed hiemgn +3d) B4Rtk heghig - 31
portion. In this enbodinent, an ink droplel is ejected fromthe ink

ej ecting oritd iy Md hauterhgigag .defl ected, and can be delivered to a
position to which an ink droplet is ejected and delivered fromthe ink

ej ecting porthen ¢NelrewhikhadtebebRgtHel bestededShaktanbyrboitherabove,
pi xel nunbers in a direction in which the ink ejecting portions (the

nozzl es 11B,arg erit rRGRQr tHoo RS iy © thelr idudi ¢at,edoirn eklaghp1@), are arranged are
indicated by N and N+1. Also, ink ejecting portions that deliver ink

dr opl et praalymitdein mmeer © N thed 1iKel,) thieeheejtén mgstilséoinsk 18r bplvet s

wi t hout deflection are referred to as N and (N+1), respectively. Wen the
nunber of djrffkatanges dins bbbk pdodpicdng dimesj edthad . f ithe emglienkfej ecti ng
portions N and (N+1) without being deflected, and are delivered to pixel
nunber s 8Y &fd A P& ¢ orkd 293 PErPedsicuddtreSpoidiatg the PRE1§AgAat | on
nunmber 2. Wien .t he nunber, of gradations is 3 in addition to the ink

dr opl et SUSHIRY ddramidrk tlﬁedr?aﬁfi‘.‘f@lregf 1§r 84t ifERY it&e2 corgechke pixel number

o T s o SR L OB NG Lok e R I D) ey el ccted
e om e SRR Yo e Bl YRR B e of
of grad%ﬂh&ﬂ%f’%é@h heating resistor 13 to be equal, the angle of
ejection of ink can be set at perpendicularity.
Accordingly, in this embodiment, by using this feature
an angle at which an ink droplet is ejected can be changed
by setting the bisected heating resistors 13 to have a
difference in bubble producing time.
Next, how much the angle of the ejected ink droplet is
changed is described below with reference to Fig. 4. Fig. 4
is a side sectional view showing the relationship between

the nozzles 18 and printing paper P.

In Fig. 4, although the distance H between the tips of



- 32 to the pixel nunmber N, ink droplets are ejected fromthe ink ejecting
portion N without being deflected, and is delivered. To the pixel nunber
(N+1), ink droplets are ejected fromthe ink ejecting portion (N+1) w thout
bei ng deflected, and is delivered. Mreover, when the nunber of gradations
is 5in addition to the ink droplets delivered when the nunber of
gradations is 4, to the pixel nunber N, ink droplets ejected fromthe ink
ejecting portion (N-1) are deflected and delivered. To the pixel nunber
(N+1), ink droplets ejected fromtheJink ejecting portion Nis deflected
and is delivered. By using the above techni que, for the nunber of
gradations required, in the pixel corresponding to one pixel nunber, a dot
can be fqrnmed such at the sane.ink ejecting_portion _does_not deliver ink
el diy pdoch B

dr opl et SHEMSEAIE Sy iy 3PS fHENPE APy BWB2PPReE) TS TRBBTCALPALRYE Fn the dot

for each | ej ecting portiaon can _be.reduced, .Alsq, . nif,the quantity of
an ink BFBE¥§F{FfbﬁF%n§aSF P%eaPnQrgfgéanénﬁaFFi§ﬁ%g¥§rrn%5f%§cient, a
vari ati .élé :%ﬁﬁﬁ 2QC ugi?dmRy dots of pixels can be reduced.

art,

Conversely, in e relate r I'n any one of pixel nunbers N and N+1, if

the number of,gragdgli 8F§t£H8%g$.5xﬁ§sti rﬁéﬁﬂ%ﬂ%&i £5t6d é%ﬂ?ﬁ%/fche same ink

ej ecting portion are always ivere each pixel is fornme dots froma

singl e constdint N VeRGlisBIaPRhELER) 1nAEREr HiBghYceVRCRaLBRsHaNt ity of an
ink droplet fromany of the ink ejfecting portions is insufficient, a change

i n dropl@far@éantd thd pos233es Waenayeh thennyakeurepigiadati ons increases.
Next, an image form ng nmethod regarding a pixel position in imge printing
and i nk-dH1GRieatede] eQin @thexeadirdey twhehngnesndeztei hedehekdw. ahnikkg. 7,
the vertical direction represents an arbitrary tinme domain, and the

hor i zontddopdiete glerpenddjpuéaentys tan taebsurdangedb$t aheepriheiagbpapary ti ne
domain corresponds to timng with which the ejection of ink droplets in
accor darke thiet Ipastie ionntier wofichr atiet ioksdiropérécasedelanérededaebitrary

di stance corresponds to a pixel position corresponding to the direction of
ar r angedatorhaggelg even dfhdhewdigsanregt Isshréwghthy shapeedof tines
(i.e., the time required for dot formation in each pixel) an ink droplet is
ej ect ed Ve sied Yred®i t8§ Fosef BEnPRGLQrRSNT HeEALKtEPAxED FE4PRi 8A. In Fig.
7, lines (which are forned durin% a first (the sane%,scannin .term in the
directi G dfkadroRdEdF n852A6SCTaPLYr 2PRECp XBEsPRFE tdePi hed™ %Cgixel li nes.

Anong t i.xel lines, an Li.ne_and .a Mt1) line are vertically shown.
For eacﬁgﬁfi@ﬁ;dgoﬁg ﬁﬁﬁﬁ]g%}lFSFe xgﬁ%F%FSPEPnECSPESFEFg gé%%bg ej ect ed.
Thus, e j xel 90K |l et-ejection timng 1 to ink-droplet-ejection
timng %%QQ%% Sﬁegg%apggﬁgé?%aﬁéd by tine slots. In other

When the resolution of the head 11 is set to 600 DPI,

the interval between adjacent nozzles 18 is
25.40 x 1000/600 = 42.3 (pm)

Here, in the present invention, the direction in which
ink droplets are ejected from the nozzles 18 is changed to
2’ different directions by using a control signal
represented by J bits (where J represents a positive
integer), and the distance between farthest positions of two

delivered ink droplets among the 2’ directions is set so as



- 34 words, in each pixel, a dot is fornmed by a maxi numof P ink droplets
(i.e., the maxi mum nunber of gradations is P + 1 including no droplet). The
first to Nth pixel positions are horizontally indicated in Fig. 7.

Accordi ngly, the nunber of the nozzles 18 in the arrangenent direction is
also N In Fig. 7, to pixel nunber 1 in the Mth line, an ink droplet is
ejected four tinmes and the four ink droplets forma dot for the pixel
nunber 1. To the pixel nunmber 1 in the (Mtl)-th Iine, an ink droplet is

ej ected three tinmes, whereby three-regi ens occupied by the dots are forned
in the pixel region corresponding to the pixel nunmber 1 in the (Mt1l) |ine.
Here, the pixel nunber 1 in the Mth line and the pixel nunber 1 in the
(M) -t e, gfe liVvere post, i.n th el Pixels in
ot her pP‘)?eFQ ér%rbers arteﬁf';;l sgoa%n an%éllrrlﬁ la(r%D ?{Eﬁar{ péé‘;r% a?@%?eglcmpl bed above, a

pi xel EBg‘E?e tqp! Xe{ﬂ SOEHE“%i Q;gﬂ?@é g‘retﬁg 'é&d'vﬂ&[\ptﬁé'nr% edy one or

nore in roplets, a pl xe rnmed at I xel umm nunber 1 and the

(M+1) -1 ge Qﬁyoaﬁeoﬁlggéglbﬁ'klgrﬁ@i@&@e@rﬁrgﬁltl}(@rﬁ‘d ARt drfy the same
colum, "1h this ermbodi men IS case, one ink e ecting portions for
ej ecting thepdirstarpie drapdeta ta fam thenpisels i £ heMdh dd ne, and one
of the ink ejecting portions for ejecting the first ink droplet to - 35
form thasptixgk tRetBentMl)sifnbinetE@mbabepnstotypestor diider from each
other. By using this technique, for exanple, in the case of form ng a pixel
by one toktdodpketnaliois fourpdthytthbe, same Onk epgectj pg(pproi prarde not
delivered in consecutive positions in the sane colum. Simlarly, in the
case of (Lorim ng ahpsxethéydnseoglanfeﬁ/émddjeoﬂa@einbfdrwﬁaehcmﬂeﬁs t he
sanme ink ejecting portion which is first used to formthe dots should be
used al tefnat dlyowi theodhetsnani béiteaen deve veartoest tdothevlsame pi xel
colum. Accordingly, for exanple, when a pixel is formed, and the ink
dropl et defhaetipe @F@E?%dlﬁué(go'cﬂdggﬂné(ﬁlmQﬁfMFkéqﬁﬁﬁﬂﬂi|nk ej ecti ng
portion, the use of the same ink_ejecting portion continuously nmakes it
inpossiE?EWFEnfBWﬂ1ﬂ%@%c?ﬁttﬁa¥zbﬁ?t?%ular pi xel colunn Fbmever by usi ng

t he above techni uch si tuatjon can be avoi de i nk
ej ecting por eg" %}earﬁﬂﬂﬁlipjbes“s%}ae]ct rtﬁef?ertq h t e a@ 'echnl que.

One of 2??L§y egeg T?O?Prt $|%§£%%96$}p %ﬁg vern thgkwgt ilne and an

ink eje por rop nlng t he dot
inth h t he dot
the (M %P%'e“gn b 213?;‘?*.-”%%* ﬁéﬁ%%*‘“?%ﬂ?f’é&%%?.%@ﬁz %ﬁé’gt e

dr Op' et for fx?r{Hé‘gaﬁcRﬁ‘e A0t arkgh d e dMikdnd Wﬂd@ecﬂ@ytﬁ%lcé)@f QHeed so as
not to be always the sane.

interval (42. 3 pm) between adjacent nozzles 18, that is,

126.9 um is the distance between two farthest dots when

deflection occurs, a maximum deflection angle 20 (deg) is

tan20 = 126.9/2000 = 0.0635

Thus,

26 =~ 3.6 (deq)

Next, the method that deflects the ejected ink droplet

is more specifically described below.



- 36 Ink-ejecting-portion Selector and Ej ection-direction (deflection)
controller In this enbodinent, the ejection controller includes an

i nk-ej ecting-portion selector and an ejection-direction controller. Based
on a preset format (manner or pattern), the inkejecting-portion selector
selects one or nore ink ejecting portions for ejecting ink droplets from
anong a plurality of ink ejecting portions. The ejection-direction
controller determ nes an inkdroplet ejecting direction based on a fornat
conform ng to the above fornmat set 4 &3 i-nk-ej ecting-portion selection by
the ink-ejecting-portion selector. The "preset format"” for controlling the
i nk-ejecting portion selector and the "format conformng to the fornmat set
for ink-ejecting-portion_s i Qn Lhk- el ecty t i o tor" for
controlling %ﬁg'e?eéfi8n§8ﬁ%§§ #%ncgﬁﬁ§$§|?£$g§§§ %ggggﬁﬁe% %%ﬁ%&?ﬁjth
reference (9 :ih9Sn S0 R 86 b%b%‘le8?rbbh%§hbatt§§1ehgw afel Mage signal
as an ejéction executing signal is sent t0 ink e ecting portions. For
exanpl e, a8, Mot i re%ést%&sehgpkhﬂpb%x%%%t!nQnSEﬁﬂ§|eRQmpﬂ§E”!n9 a
dot for pixe is supplied to ink ejecting portion N (an ink ejecting
portion ﬂahq}sﬁigg%t St dd1K sdigerhet of ynlickels N whemithe epoeehbenths not

defl ect ed) - 37 and ink ejecting portions (N-1), (N+1), and (N+2) which
are adj aGeHe e ddk rei8GIHaME FAWiRy Nl resheteysl ®hef andbrhep aad d. In
the cycle of a, b, ¢, and d, a dot for one pixel is fornmed. In the exanple
in Fig. pAsdtheejmiid yp@eeCwhien@jsicgral itk Kespdrds cho &e seigé&osi gnal in
whi ch the maxi mum nunber of gradations is 5. O course, this invention can
form a didfferfonir rEbdeathonsnifer efj egrididat.i ons. For exanple, 2 cycles of a,
b, ¢, d can forma maxi num nunber of gradations 9. 1.5 cycles can forma
maxi mum nunbé@n &figgr Adathense®is@oBscRbdsasdnRhoPnrarkaf’Paith kanber of
gradations 3 , etc. The above is the concept, of the "preset format" for
cont r ol Ithey newi Staoagectf diepdritsasateskeheatdnyd Ne&LstoFé "1Ber mat conformi ng
to the format set for inkejecting-portion selection by the

i nk- e ectesREYGMaloh sditedihgre Hmtrtol 1578y Havd SFRGS &F- decti on

2327 éol):creer(fjisstodreslfl'{—iAbeids bseeltov%o Aﬁse Slheosvg] gh%nFigiats%f it%eacrce%ri%%%%e wi th the
Rh-B. The resistors Rh-A and Rh-B have a junction
(intermediate point) therebetween from which a deflection
current can flow. Three resistors Rd are used to deflect an
ejected ink droplet. Also, transistors Q1, Q2, and Q3
function as switches for the resistors Rh-A, Rh-B, and Rds.

The circuit in Fig. 5 includes an input portion C for a
binarf control input signal (whose state is "1" only when a
current flows). It includes binary-input AND gates L1 and
L2, and input portions Bl and B2 for binary signals ("0" or
"1") for the AND gates L1 and LZ2.

In this case, when the input portion is supplied with
"1v and both input portions Bl and B2 are supplied with

"0"s, only the transistor Q1 operates and the transistors Q2

and 03 do not operate (no currents flow in the three



b, ¢, and d, the ejection-direction controller deflects the ejection in the
cycle of a, b, ¢, and d. Specifically, an ejection executing signal
inputted with timng "a" in the cycle of a, b, ¢, and d is sent to the ink
ejecting portion (N-1) in Fig. 8A, and fromthe ink ejecting portion (N1),
an ink droplet is ejected and deflected to the direction a targeted to the
pi xel position Nin Fig. 8B. Thus, fromthe - 38 ink ejecting portion
(N-1), an ink droplet is ejected and deflected to the region of pixel N
Control of the ink ejection is perfolAed based on the signals Bl and B2.
Correspondences between signals Bl and B2 as 2-bit signals, and the cycle
of a, b, ¢, and d are shown in Fig. 8C. Next, Fig. 9 is used to describe

the forgeLigp,bases) on Aleetﬁngeu%@r%eﬂfcgpiénenf%mmgup@per Fig. 9

shows t process of the formation, based on ejection executing signals

sent in-pafalbes ke-Ahgnherd Al tl?é GOt BehOf PioelSy Oth PER LI Ng paper by
ink ejecting portions. The ejection executing signals correspond to the

i mage sig88kfors RANE SXARhEBI Ra¥é JeqPal tPe1neEbers&awdadaid ons of the
ej ection executing signal for the pixel Nis set to 5, the nunber of

gradat i pasiotahbe &f echéOneSXSESE i Rg-Ri galeéorthide phaelof Nidg is set to
2, the nunmber of gradations of the ejection executing signal for the pixel
(N+2) i Beststdp Hh-Bpdthbehasytobeslwé gf athhé i pasistot NEh-e) erd i besexecuti ng
signal fox the pixel (N+3) is set to 3. As described above, the ejection
si gnal tbanetibht poKethesreshttdéo RaeB. prEnletlei s oeuditkore] eche ng portion in
the cycle of a, b, ¢, and d, and in the sane cycle, each ink ejecting
porti onekfeted iek|@corbet nks ddepleesedatd nghe mogyclefbfim, thisc, and d.
The periods a, b, ¢, and d correspond to tine slots~a, b, ¢, and d,
respectﬁWbP?lmgmﬁ bhegcyel e ofnagd@itionanthe Po? heiometalothieh ohe pi xel .
- 39 For exanp in the period a, an _ejection executing signal for the
pi xel h?ﬂ%cg%%tl%% {FePtak éfe@?%h@eﬁ%?t+%nS?F+ﬁ9 bea et P execut i ng
signal for IS sent to,the ink e ¢ Ctlf portlon N, an

1
ejectloﬁlﬁﬁt%giﬁéglg?gﬁh l?be}hE°§V§%?h(iR2}n¥s c1ReEehk ej ecting

portion ] J 00 ex cutin i gn f he plxel (N+3) is sent
to the F% ejec g po t? (%ﬁ%ﬁ l%?oﬁgfﬁ gnﬁkl%?%c |ng portlon (N-1), the

| nk droPé?éréﬁc&{ﬁ&éﬁleﬂ PE‘]RI ogérﬁ&kﬂé‘ Y‘btt‘hQP&&E&%ﬂ‘ 1@nd is delivered

to the posrtion printing paper fromthe ink
ejectln@epggéfg@ &ﬁgﬁ§@%|3glg o&é ieb@e&l?ﬁlﬁd gg%the a- dlrectlon Wi th
deflection, and is

vered e position of the pixel (N+1) on the

printing papsf -trAlsSQadd OMHdie ﬁlrﬂak ‘it 17 ion  Nubpi itdie Wik dropl et

is ejected in the a- direction with deflection, and is delivered to the
positi omiof ihe¢ pheelnfidpobbidhe PIiHhdny2 paﬁél’sulﬁﬂ)BDedeDmt he ink
ejecting portion (N+2), the ink droplet is ejected in the a-direction with
def | ectimputantl? sami@| { 0ey eal tortémet pbSovsoaled imetyd xeds{AYys oRdt he
printing paper.

connected in series to the transistor Q3 (no current flows

in the resistor Rd connected to the transistor Q2). As a

result, a current that flows in the resistor Rh-B is less

than that obtained when the input portions Bl and B2 are

supplied with "O"s. However, also in this case, the

resistor Rh—-A is set to have a heat value less than that of

the resistor Rh-B.

In this case, the position to which ejected ink

droplets are delivered is set to be a position to which ink



This delivers, to pixel positions on the printing paper, ink droplets
corresponding to two gradations. This forns a dot in the pixel (N+1) since
t he nunber of gradations is 2 in the ejection executing signal of the pixel
(N+1). A simlar process is subsequently repeated for the tine slots - 40
a, b, c, and d. As a result, in the pixel N, a dot corresponding to the
nunber of gradations being 5 is fornmed. In the pixel (N+1), a dot
correspondi ng to the nunber of gradations being 2 is forned. In the pixel
(N+2), a dot corresponding to the nupber of gradations being 4 is forned.
In the pixel (N+3), a dot corresponding to the nunber of gradations being 3
is formed. Deflection controller In this enbodi nent, the ejection

troll i n¢lud | ectj trol t d ] whet her th
o] oot | ofiFORL FEE B SREPR cET e Haei P AP OB ol S by KL B 1 Fbri the nozsl es 18,
I th ds, .i d, of t ' he ink ejecti ti t
cf cot RO RPLt 8 W OR derT B4 FOR-eREE8H on prihting condi i ons such s an

obi ect 10 bay gl niae Ang pri.fi |G, SRR d Ls £an i (I8 Srpad ahet her the

ej ected ink 6%1 Sare de C or exdnple,” by providing d printer

operal i QhgUBhL ShohBepbLELoMk B a8l BECLEONGAIL 10N | Rl cn & P4 1! User can

switch tween operatTon nodes depending on a purpose of use. By way of
exanpl ep1in @ £AREehD POLKE: iMDERe POED: 8t IPCRAEASnROELE@NLANEh& Phot ograph

(i mage) portion are
transistor Q2 (no currents flow in the two resistors Rd
connected in series to the transistor Q3). As a result, the
value of the current that flows in the resistor Rh-B is
further less than that obtained when the input portions Bl
and B2 are supplied with "1" and "0". 1In this case, the
resistors Rh-A and Rh-B can be set to have identical heat
values. This ejects the ink droplets without deflection.

When the input portion C is supplied with "1", and both
input portions Bl and B2 are supplied with "1" and "O",
currents flow in the three transistors Rd connected to the
transistors Q2 and Q3. As a result, the value of the
current that flows in the resistor Rh-B is further less than
that obtained when the input portions Bl and B2 are supplied
with "0" and "1". In this case, the resistor Rh-A is set to
have a heat value more than that of the resistor Rh-B.

In this case, the position to which ejected ink
droplets are delivered is set to be a position to which ink
droplets ejected from the adjacent right nozzle 18 as an ink
ejecting portion are delivered without being deflected.

As described above, given the resistances Rh-A, Rh-B by



printed, black ink is only used to print the docunent - 41 portion

w t hout gradation, and in the case of requiring high speed even for
printing a photograph, the normal node is set (as the operation node, and
ink droplets are ejected as usual so that positions to which the ink
droplets are delivered respectively correspond to ink ejecting portions
(i.e., the ink droplets are ejected w thout being deflected). Conversely,
in the photograph node, as described in this enbodinent, a plurality of
different ink ejecting portions are-uggd-to formone pixel, and at | east
one ink ejecting portion is controlled to eject and deflect an ink dropl et
to forma pixel. The above printing control enables efficient printing. The
pr esent |nvent|on can_be ap ed to a serial, head ch |n lLudes a single
head 11 BRYCHH9 wFeR Y+ﬁ? éﬁiqﬁyFﬁﬁf§ﬁﬁm? ritHR W1\%%ﬁ ehg inthe line
dlrectlon t o, ne head s 11 are ged in
paraIIeI %ﬁ? fe d|q%ct}%%uofp?¥Fl?niq%¥g%(?%g?g%}I} %' ﬁﬁé %QO consi sts of
pl an vie g 0. 0 0 ry heads
11 (N1, Y\ﬁréﬂﬂ\iwan%’nmﬁ‘@p% %)rmxlfﬂhge‘f%%gh%nacfo':ﬁ a pltﬁ{ga}gﬁtef%%fd heads
11 are t i 1P fedche head
11 in Fla‘:g;r‘i]@?&{3 F%fn%?ﬁ%%ﬁé‘f %%9“‘%9 %%ﬁ]dllg{}e(rg;rﬁ o)bte%e e:eglp of the
heads 1lyn@ N9ZZ1 & siyget 17 in mhlch nozzl es 18 axe formed in positions
corresponding to the ink ejecting portions of the heads 11, - 42 the
line head 11 1S i Ghdryd ReeL 33 idfi dhad whe cheatel@s e%%iéh hard 11
cannot nove in the line direction. Thus, when a dot conposed of a plurality
of gradadi®plet sid ddEvetde t&! Bdefl pcsstlﬁﬂrys f aivae a sdotirbyadriiadianng i nk
froma single ink ejecting portion. However, by appl yi ng the present

i nventi oty thelpwadtign ofo adphclenthali fdlerdrdplets ejesttieny portions are used
to forma dot conposed of plural gradations. Also, in the case of the line
head Z0, (méwependkcufrapl et 5o cemotubaes exf exh orbjdwdy,e swharss nk ej ecting
portion that ejects insufficient ink, in a pixel colum.corresponding to

t he ink RY¥Eeting papey oty kWi ep| &R sink erpnled ea @ieldtverer) drahe ink

droplets are hardly ejected. Thus, no dot is fornmed to _appear_as a vertical

white st¥iperozhis Jd%t“éﬁlb?‘a'% WWW’R%%P‘F%&%&W %ﬁllllkﬁﬁé\%r 2 by usi ng

t he present, |nvent|on instead of, the, | ting portion th t cannot
ej ect sHITLHERR (HCIWEHRY ’aJ%Ff a‘éje?&n%*rik ‘{ed”f%}‘rfgl p’g}t iighd & ect ink

ironl . 661 chopl v, a0 vert e, e e B, el al e gt
a reference position with one nozzle 18 therebetween is
delivered without being deflected, a position to which an
ink droplet ejected from the adjacent left nozzle 18 can be
delivered without being deflected, and a position to which
an ink droplet ejected from the adjacent right nozzle 18 as
an ink ejecting portion can be delivered without being
deflected (Fig. 8B). 1In response to the input values to the
input portions Bl and B2, the ink droplet can be delivered
to an arbitrary position among the above four positions (Fig.

8B) .

Ejection Controller



Second Enbodi nment Next, a second enbodi nent of the present invention is
descri bed below. In a second enbodi nent of the present invention, the -
43 ejection deflector in the first enbodinment is disclosed as a nore
specific exanple, the direction of an ink droplet ejected fromthe nozzle
18 can be nore variously set conpared with the first enbodi ment. |In other
words, the first enbodi nent has four directions in which an ink droplet is
ej ected fromthe nozzle 18, as shown in Fig. 8 However, the present
invention is not limted to the dire@ions of ejection shown in the first
enbodi ment. Accordingly, the second enbodi ment describes an exanple in

whi ch an ink droplet can be ejected in eight directions (conposed of equal

mb f righ d.left d h d
ozt e 16 WER PEERRELTCD CRECRMRILF AR oE5 = IR HISUME® B0 (1 ik o ect  ng
POr L1 9N o S e BBLI A 1Bt e i el RUIOCI R LBLE P, 8f chpe second

enbodi escriptions of dent 1¢al 0se 0 |rst

e”bOd'”%BEmﬁE§o% Lt 64l EF%€1£%SSQ9W%s§”1%J%g&hﬁgoggﬂhé9' ﬁhEC”b

i ncluding an ejection tor in the'secon I ment n the second

e”bOd'”%@Engbkﬁ%c%ﬁéckg%hsH%Eie%%o&re%h%hoﬁﬁkRBrépQB@sRQrg in Fig. 11) in

the ink cell” 12 aré connected in series. The resistances of the resistors

13 are getiterle ahmsheequamose aachnat Rame TBUWS. tBY rsvRPhYHBY i denti cal
anounts of current to the resistors 13 connected to each other in series,

an ink doophat, eanih@& dropdétseiaget adlfikeretiheon@dzineoh8 Wwbthontabei ng
deflected. A current-mrror circuit (hereinafter referred to as a "CM

Ci rcui t 'tprims iaorhachedtt A epishe somdpaientionk blefiel Wwelhedt Hngplessstors 13
connected to each other in series. By using the CMcircuit to allow a
cur r ent overflepwwiitho eacht othleaw aut lersm awpuddfifemeot tthk hédatitingg
resistors 13, a difference is set in the amounts of currents flowing in the
heat i ngppgsiionsr adidceBidyd pos itthongdf aeetised epdctinkndkepréensrol | ed so
that an ink droplet ejected fromthe nozzle 18 can be deflected in the
di rect i g0 e6ftephé ram aitgd@ansz 2nes ofg thei Arkepliecting portiensg yre

deflected by the ejection deflector to form a pixel column

or pixel.

Fig. 6 1s a table illustrating two methods (Method 1

and Method 2) for the ejection controller in the present

invention and a method of the related method. Fig. 6 also

shows the case of forming one pixel by arranging ink

droplets in column so that at least some regions of

delivered droplets overlap with each other.

At first, Method 2 is an example in which the position

to which ink droplets ejected from each ink ejecting portion

are delivered can be selected from among four positions, as

described above. In other words, by using J = 2 (bits) to

control the position to which ink droplets are delivered,

each ink ejecting portion can deliver the ink droplets to

any one of (2° =) 4 positions of delivery. In Methods 1 and



The use of the above structure in the second enbodi ment can nore flexibly
set a direction in which an ink droplet is ejected, conpared with the first
enbodiment. In Fig. 11, a power supply Vh is used to apply a voltage to the
resistors Rh-A and Rh-B. The ejection-control circuit 50 in Fig. 11

i ncludes transistors ML through to M21. The transistors M4, M5, MD, ML1,
ML4, ML6, ML9, and M21 are PMOS transistors, and the other transistors are
NMOS transistors. Pairs of the transistors Md and M5, MD and ML1, M4 and
ML6, and ML9 and M21 constitute CM—ci28cw ts, respectively. The

ej ectioncontrol circuit 50 includes four CMcircuits. For exanple, in the
CMcircuit conposed of the transistors M4 and M5, the gate and drain of the

t ransi stor, - 45 M .,are connected to ate_ of i r . Thus,
equal vél tBgES%ar & c TG f}ﬁﬁaﬁfgaeﬂ‘befn%esd Qtti)rlf%t%‘ tasraenschsi{]gsr}‘}sgﬁwﬂséaﬁ%ﬂl\%ﬂ,%and

al nost yal currents . can flow._i h LS £Shin La ppLiesrt enkhe ot her
CM ci rcﬁ%ﬁé. S%ﬁé’st rtilr?g’l 3?‘& sd%ﬁlf %r% I%g]ef%%gt F%hmaé g%ﬁ?ren% switch circuit
by whi ch .aeﬁ%urre%&r&%%%%rated by M2) is controlled either to flowinto the

resi st ofs SRT-A% t'hrough the CM circuit conposed of the transistors

M and MB, Opyl@;fl oW OBli«bioRURBErbURG! LRE @irébeionsosionk RN A and Rn-B
via transi stor “'Srhifarly, pairs of the transistors M3 and MLO, M3 and

MLS, andsML§ ; gMZLOﬁ I 6SREGHd Y8l s SERONEk Wit gl erens s(f-er) the CM
Ci rcuitgjfk\é?gér%r%?s1 y t le r|Fo$ai rs of the tsransi stors M@ and ML1, M4 and ML6,

and M9 @19,MLnd (N9 CMoemosietk efj ddidnigr positdbass tibmantivB, and the
swtching elenent fornmed by the transistors MB and Mb, the drains of the
transi siglestMdl anhtk M e tonnest éell vesat htotiierel amanbéres d¥ ai ME+DbX . t he
transistors Mo and Mb are connected to each other. This shape al so applies
to all qmnhen swirnd hiNg)elveinerdst (beirtchide fdeeddidmame) refiga réfaitls 86f t he
transistors M4, M, M4, and M9 which are parts of the current-mrror
circuitay, andihe N4dns asfd t QeI aregsnastdved.y NEI At nda k@ THES™Sr e
connected to the mdpoint of the resistors Rh-A and Rh-B. The drain
current s ndte indirestadrin LI MA) ML2, and - 46

When the number of gradations is 2, ink droplets are
ejected from the ink ejecting portions N, (N+1), (N+2), and
(N+3) without being deflected, and are delivered to pixel
numbers N, (N+1), (N+2), and (N+3) to form dots
corresponding to pixels. A case in which no ink droplets
are ejected corresponds to a case in which the number of
gradations is 1.

When the number of gradations is 3, in addition to the
ink droplets ejected when the number of gradations is 2, to
pixel number N, an ink droplet is ejected and delivered from
the ink ejecting portion (N-1) which is positioned at left
of N in Fig. 6 ((N-1) is not indicated in Fig. 6, Ejecting
portion which is positioned at left of (N-1) is (N-2),...,
and so on), with it deflected. To pixel number (N+1), an

ink droplet is ejected and delivered from the ink ejecting



ML7 are used as constant current sources for the CMcircuits, and their
drains are respectively connected to the sources and backgates of the
transi stors M3, MB, ML3, and ML8. The drain of the transistor ML is
connected in series with the resistor Rh-B. It is turned on when an

ej ectionexecuting input switch Ais in the state "1" (ON), and allows a
current to flowin the resistors Rh-A and Rh-B (sinultaneously). In other
words, the transistor ML serves as a switch to supply current to the
resistors Rh-A and Rh-B. The out put perainals of AND gates X1 through to X9
are connected to the gates of the transistors ML, M3, Mb, etc. The AND
gates X1 through to X7 are of a two- input type, and the AND gates X8 and X9
are of a three-jinput ty eas of t e nal s of t he AND
gat s >@°¥ﬂ+%glﬂ Pt PE aghimctst. £of 2kt B g At "o t oh

A X10, X12, X14, ~and. X16 it | t ed
fo a actree f?anla.%%ﬂ% i %lere-a% i Xﬁha”u'fﬂﬁ%‘i S nal s of the.

qui 1 chebSSIeR: R  HoE ang SHhfre ?Bﬂleéﬁ%élﬁofﬂﬁi% {f*mc LS
respect]yel gy ;;n(gg%df_i.' LEp0adits ééPi‘veﬁf]\%rC%;:I&\'&éJ L the

di rection ro I e/ ection in el rection or t he sane control

si gnal )pd A i Cntde, n@gg$e§tl§e§igcgé&anged When the deflection-direction
switch Cchanges - Its state ("0" to "1" or "1" to "0"), input logic

(provided wiih J9gdas wUrcishr QHth the Bl rS)o Ofg AR talher ilsnpuUt $n0f the
XNOR gate X10, X12, Xi4, and X16 are inverted. The deflection-control

swi t chesadil $1%6Ugha t @t 3n v engisedd{ Smeles €1 T ge ANt I UHa ! def | ection for
changing the direction of ink-droplet ejection. For exanple, when the input
term nabbtdined i whéhetlsé ahembdr ¢ONjraddtienanod heris nfarmend. t he same gate
connected to the switch Cis "1", the output of the XNOR gate X10 is "1".
The out put tWvan nale ofumdsoh of griead HNOR sgatsest X0, .additidd ite ddwenected to
one input term nal of each of the AND gates X2,..., X8 and is connected by
way of EaehdedpNOTs gaker i numbel}(qutq)rmtimtl?e e} mitrlpigfeleach of the
AND gates X3,..., X9, One input termnal of each of the AND gates X8 and X9
i conrRIEERRK N, A1 ef Bkt HBPP Al +S o1 T nfF I teh ok plecting

the 1 ARASIO s 'mtw?e "l 7t e Letted i LR S U o5 Tor the
e, . B te‘?l et REPLESI FRat Por S IRe Bbr Shrt are VTR U (V) to the
defl 4 e anpl Sy SRl ! SILACL abRRLLEH, SR e ERgLg 00 (V69
drain C$Ot$§&éia§é&ﬁépr§Nb@);'an ﬁﬂf droplet is ejected from the
ink ejecting portion N, with it deflected, and is delivered.
To pixel number (N+3), an ink droplet is ejected from the
ink ejecting portion (N+1l), with it deflected, and is
delivered.
In other words, when the number of gradations is 4, an
area in the pixel region which is occupied by the dots is
larger than that obtained when the number of gradations is 3.
When the number of gradation is 5, in addition to the

ink droplets delivered when the number of gradations is 4,

ink droplets ejected from the ink ejecting portion (N-3) are



- 48 In the above configuration, the parenthesized representation "XN' (N
=1, 2, 4, or 50) in each of the transistors ML to M21 represents a
parall el state of elenent. For exanple, the representation "X1" (MZ2,...,
M21) represents a standard el enment. The representation "X2" (M7,..., M1)
represents an el enent equivalent to one in which two standard el enents are
connected in parallel. In other words, the representation "XN' represents
an el ement equivalent to one in which N elenents are connected in parallel.
The transistors M2, M/, M2, and M7 Iave the representations "X4", "X2",
"X1", and "X1", respectively. Thus, by applying an appropriate voltage
across the gate and ground of each transistor, their drain currents are in
the rati f 4. 2:1; T iy Rl g f the,sa .€-.50 ol t age
RO SR M Bt TR S NSt SR S S e S o

transi st Qe M, .inxy Mdpid R{?H)co{etd : mtt"i‘ml\?tll*’i‘?&e lég,jr%g%% :pS%rttq.%n

par ent heses.  The source of the transistor whos connected to

the resi gi.0f) RlrB aditkd iy S GRS e A 1 MNYiNAr Siiber - (n+M7 Which are

used as constant current supplies for the CMcircuits are connected to the
ground (@W)drofests SPaatal NGrdrh e HPamd I8t i dh @ oRita &l qm—qgmarx@l - 49

circuit 50, at first, the current-mrror circuit conposed of the

transi stad 51 ddcan thid, deindy 4 e 1 1 anes ipghitxd1s rbaid (Mer3ysednks a switching

el ement therefor are described below. Only when the ejection-executing

i nput swdiadl ftdasjddicedtBten "the (I@AY ,ejartimy ghoopliein NS agjeected. In this
enbodi nent, when an ink droplet is ejected fromone nozzle 18, the

ej ecti omeieated@Endpdel swertexh. A is set to be in the state "1" (ON) during
a period of 1.5 m croseconds (1/64), and the power supply Vh (approxi mately
9 V) suppli esmpowden yords r ediest ghe RumRezngfRgrBdagiopsniigr §seabnds
(63/64) are assigned to a period in which an ink cell 12 having ejected an
i nk dropi®ga iecqutied ey At ik, thR i XHe EHEN dif dREERT HdaPnput switch
A set to be in the state "0" (OFF) . For exanple, when the

ej ecti ont@fe&mw%ﬁme%vm%mwber of gradations 1is 4.

By using the above technique, in any of cases in which
the number of gradations is 3, 4, and 5, ink droplets
ejected consecutively from a single ink ejecting portion are
prevented from being delivered in the pixel region of a
single pixel number. Thus, if the quantity of ink droplets
from any ink ejecting portion is insufficient, a difference
in the areas occupied by dots can be reduced.

Method 1 shows a l-bit example. 1In other words, by
using J = 1 (bit) to control the position to which ink
ejecting portions are delivered, each ink ejecting portion
can deliver the ink droplets to (27 =) 2 positions of
delivered droplet. 1In this case, each ink ejecting portion
can eject ink droplets without deflection, and can deliver
the ink droplets to a position to which an ejected ink

droplet can be delivered from an adjacent ink ejecting



isin the state "1", the deflection-anplitude control termnal B has the
vol tage Vx (analog voltage), the deflection-direction swtch Cis in the
state "1", and the deflection-control switch J3 is in the state "1", the
out put of the output of the XNOR gate is "1". Thus, this output "1" and the
state "1" of the ejection-executing input switch A are input to the AND
gate X2, and the output of the AND gate X2 is 1. Hence, the transistor M
is turned on. Wien the output of the XNOR gate is "1", the output of the
NOT gate X11 is "0". Thus, this outpwudl"O" and the - 50 state "1" of the
ej ection-executing input switch A are input to the AND gate X3, so that the
out put of the AND gate X3 is "0" and the transistor Mo is turned off.
Accordi ngl y,. since. t drains aof the transistors.Md and M3 ar gnnected to
cach ot (Rt S 1 et a1 16 B fr T e rars SREPARG 18 & BEBAnSerhd 1o

each_othgy eiwg’leghérbrece%r{&ﬁ%féi%r 'i@diﬁcﬂo’&toﬁe%gt gﬁ_%zgtctggﬁhgéﬁaskéhor VB 1S

in OFF sta WS ron1t e resisto fansi stor M3,
but N0 Gl TRis S, Q0B P 4 B AN SPlRrdus Lt e PIEcsigte of the
transi stor Mb. so, when no current flows to the transistor Ms, no current

al 50 {1 Qe did hind IANSIRIRIG MEGHIG HeO sk JhRraskepbetien Qfi+ihe

currentmrror circuit. Since the transistor M2 is’in ON state, in the above

case, aRERhde Bdiapiddectdy. M4, Mb, and M5, a current only flows from
the transistor MB to M2. In this state, no current flows in the transistors

M4 and M5. Sinagélardyr kentheaabblew phkeughuihbersr 8Asa SdDredMBiom Lwirrent
passi ng through the resistor Rh-A branches off to the transistor M3 and the
r esi st owhEe!B.thihe rirejendt ipas siorg ifldwsoughet he zzlassilst, OEjMBtpagses t hr ough
the transistor M2, which is in ON state, and is led to the ground. The
current pEedsiong taneougit tiwlireediest dm RH-gB passes blrrenglkdt heet ransi stor ML,
which is in ON state, and is led to the ground. Thus, the relationship in
f1 owi ng ia@icatteddyinvdemishtNt Ir.esiPdtser,s link lefREtARg>PofRAOBS, there - 51
the representation "I (XX-X)" represents a current flow ng through XX. A
case i n AfHiicteR HekSaRs oh-tomirsil swmbersd ead {Nthe ¥h8Re 1 has been

descri bed. Under the ahove conditiaons, .
ejecting the ink droplets without deflection are referred to

as N and (N+1), respectively.

When the number of gradations is 2, ink droplets are
ejected from the ink ejecting portions N and (N+1) without
being deflected, and are delivered to pixel numbers N and
N+1 to form a pixel (dot) corresponding to the gradation
number 2.

When the number of gradations is 3 in addition to the
ink droplets delivered when the number of gradations is 2,
to the pixel number N, ink droplets ejected from the ink
ejecting portion (N-1l) are deflected and is delivered. Also,
to the pixel number (N+1), ink droplets are ejected from the
ink ejecting portion N and are delivered.

When the number of gradations is 4 in addition to the

ink droplets delivered when the number of gradations is 3,



a case in which the deflection-control switch J3 is in the state "0", that
I's, the deflection-control switch J3 has a different input (while swtches
A and C are set to be in the state 1 simlarly to the above), is as
follows: In this case, the output of the XNOR gate X10 becones "0". This
causes the AND gate X2 to have "0" and "1" as inputs, so that its output is
"0". Thus, the transistor M3 is turned off. Wen the output of the XNOR
gate X10 is "0", the output of the NOT gate X11 is "1". Thus, the inputs of
the AND gate X3 are "1" and "1", thug2tuwrning on the transistor M. During
the ON state of the transistor Mo, a current flows in the transistor M,

whi ch causes a current to flom/also in the transistor M4 because of the

h f.th Th i d and flows i
Cho. o8t SPerRiAeL RETEF Aty StBFs dmgiﬁa%g?ﬁgﬁ?ﬁdﬁﬁﬁﬁ Lot VhOW,SAI:n

t he curr nttR% 5|%gt3%ro%gh

(the current passi ng i roughﬁﬁ%grse;?gord%$1 &oés Hgfé%% Ivsé’;Ii‘%’rdto t he
tranSIS&grtM% EEQ%% hhmb%r'QN+l), ink droplets are ejected from the
ink ejecting portion (N+1l) without being deflected, and is
delivered.

Moreover, when the number of gradations is 5 in
addition to the ink droplets delivered when the number of
gradations is 4, to the pixel number N, ink droplets ejected
from the ink ejecting portion (N-1) are deflected and
delivered. To the pixel number (N+1), ink droplets ejected
from the ink ejecting portion N is deflected and is
delivered.

By using the above technique, for the number of
gradations required, in the pixel corresponding to one pixel
number, a dot can be formed such that the same ink ejecting
portion does not deliver ink droplets consecutively
(sequentially two times). Thus, a change in the dot for
each ink ejecting portion can be reduced. Also, even if the
quantity of an ink droplet from any of the ink ejecting
portions is insufficient, a variation in the areas occupied
by dots of pixels can be reduced.

Conversely, in the related art, in any one of pixel
numbers N and N+1, if the number of gradations increases,
ink droplets ejected from the same ink ejecting portion are

always delivered (each pixel is formed by dots from a single



OFF state). All the current passing through the transistor - 52 M flows
into the resistor Rh-B since the transistor M3 is in OFF state. The current
passi ng through the transistor M6 flows into the transistor Mb.
Accordi ngly, when the deflection-control switch J3 is in the state"1", the
current passing through the resistor Rh-A branches off to the resistor Rh-B
and the transistor M3. Wen the deflection-control switch J3 is in the
state "0", not only the current passing through the resistor Rh-A, but also
the current passing through the transd3stor Md flow into the resistor Rh-B.
As a result, the relationship between the currents flowing in both
resistors is represented by | (Rh-A) < I(Rh-B). The ratio is symetrical in
bot h cases (the deflectian-control_ sw. J3_hS. i t . d,n0"). By
setting %ﬁ‘e TGS &° T h et sAﬂCSﬁwﬁé’%iEX’t ﬁ@%?eg,h%t gﬁlgﬁﬁﬁ% gﬁdarﬁh- Bto
differ i,n.the above nner i.hfer.ence i [ bbl e producin
tinme betmr?{elior?gebti s%?mece? e%tt?r%ler égﬁ&sfggfgt%%ae‘%ﬁﬁgqgg% gﬁange a direct igon
in which_ an. d . l et | jected @%rkAswli ch the
defl ect ilonﬁs-ucfo{r%ﬁlg%nocg’w c%rl%j)?el gitnl (rérgt%g%\gg%fh&gﬁgaio a direction in which
an ink i f [ I riingaldaseswi t ched in position to
the di rg@%oeﬁ}?ﬂn%vﬁc*ﬁtgiﬂrﬁ%%?%%e arranged. Accordingly, by
adj usting theaql t age 1¥aqel romidel heehbanragakdingeacpnkedl terninal B,
the interval - 53 between two positions to which an ink droplet is
del i ver gths ihedh the defdeadonaontamel sl-tohplet-ejievtioe state "1" and
that of the deflection-control swtch J3 is in the state "0", can be equa
to the diadancenhdetmeialy tiw bl @cidodd ibdloey.ecting portions (the nozzles
18), and ink droplets can be delivered in a pixel region fromthe nozzles
18 of adj acemtn imiky.ej7ectthey vigarttiicarls diaxscliign r2pPsRSRELSTARs case differs
fromthat of the first enbodinment in that the positions to which the ink
dr opl et sazvetcety vietree dgosini aandftip e r g iims ) BEbme t he ni dpoi nt
of the nozzles 18. The above description applies to a case in which the
represents an arbitrary distance. he arbitrary time domaln

corresponds to timing with which the ejection of ink
droplets in accordance with the number of gradations is
executed, and the arbitrary distance corresponds to a pixel
position corresponding to the direction of arranged nozzles
18. In other words, Fig. 7 shows the number of times (i.e.,
the time required for dot formation in each pixel) an ink
droplet is ejected which is required for forming a dot in
each pixel position. 1In Fig. 7, lines (which are formed
during a first (the same) scanning term) in the direction of
arranged nozzles 18 for the pixels are defined as pixel
lines. Among the pixel lines, an M line and an (M+1) line
are vertically shown. For each pixel, a maximum of, for
example, P ink droplets can be ejected. Thus, each pixel
has ink-droplet-ejection timing 1 to ink-droplet—-ejection

timing P, and these are indicated by time slots. In other



defl ection-control switch J3 only is switched on or off. If switches J2 and
J1 are al so engaged m xedly with J3, the anmounts of the currents flowing in
the resistors Rh-A and Rh-B can be set with a finer step. Mre
specifically, by using the deflection-control switch J3, the current
flowwng in the transistors M4 and M6 can be controlled. By using the

defl ection-control switch J2, the current flowng in the transistors M and
ML1 can al so be controlled. Further, by using the deflectioncontrol swtch
J1, currents flowng in the transi st34s-ML4 and ML6 can be controlled. As
descri bed above, drain currents can be supplied to the transistors M4 and
M6, the transistors M and ML1l, and - 54 the transistors M4 and ML6 in
the ratio of 4:2:1. Therefore usin e.pits Yo £ L€
deflectW@ﬁgﬁntﬁ8legﬁptgﬁéggdlat§¥53}st 8£§%§e% i%ﬁm?ﬂ iC ft%ﬁ“ﬁ%k dr opl et
is deflecte an he changed tg.eigh S.kN hehs - e, Y2-state,
J3-stat °Pq(ec%,s dt-6 -, t?&, mB?Ql%“g, hk’@%’gg, OB) g%%?l%’?&l’;&?ﬁ(l,go, 0 , (1,
0, 1) (.,(1,.1..0 _, 1, : hapoibgnt I apps i ed bet ween
t he gaté&c&P%ﬁﬁg)PPaﬁgggééF%'Nﬂ%hﬁvfg%ﬁg,egng %&7Bgﬁ39t ggg$ound, t he
amounts .of, 1S iGUianhy 4AAiRereRaRAeesgThys, ABcBERUALIP] deélection in
one step can be changed by changing the drain currents in those transistors
whi | e maj ph Al nigIg e inl 2%akls0 185 14 2hd. abeaapdinegkydinbesienecsion of ink
droplets I's deflected to an even nunber of 2J different directions by using
a contr@ly ) gnal represented by J bits (in the second enbodi nent, by J1,

J2, and J3 bits, the distance between the two farthest positions of the
dots delivered Fagm thetsapexebknepbeti hgipotbeon-tks IPde, a) inkes that of
t he di stance between two adjacent ink ejecting portions (the nozzles 18).
(J = 1 casmliex showndatdd goul?)tifless anidn thiee foage ink dhepdegsnform

enbodi nent, any one of the 2J directions for ejection of ink droplets can
be sel ect etbtantbr rihedpdpedt suodrerbd .delTiov&hed bigednpusherof arghbepi xel
regions in the direction of the arranged nozzles 18. -_ 55 The

def | ect i @h-langite ldove e@n rigks WinoEied 3 sad ek t&Ce TR AAMES t he

defl ection-Control switches J1 to J3 jn switch for cha&gin% the direction
of i nk- aftRNeRY ditas Fieginms gt s h&hsu e 35F dSEFR &8r F8&ting the

angl e of ejection of ink droplet. it.ches .S and K.can.be_c rolled
i ndepend@ritsly If‘"r%‘rﬁnsﬁqrc‘?f’e?o%.dﬁw t%ﬁ st%eenﬁjld‘lear;er?tu,mbte\%o 1bieitnsc&&ﬁ%i ch formthe
def | ectipﬁha)nglliené:orrecti ng switches S and K are used for correction.

Here, the pixel number 1 in the M-th line and the pixel
number 1 in the (M+1)-th line are delivered almost in the
same (pixel) column. Pixels in other pixel numbers are also
in a similar situation.

as described above, a pixel formed at pixel (column)
number 1, and the M-th pixel line by one or more ink
droplets, and a pixel formed at the pixel column number 1
and the (M+1l)-line by one or more ink droplets are delivered
almost in the same column, in this embodiment. 1In this casé,
one of ink ejecting portions for ejecting the first ink
droplet to form the pixel in the M-th line, and one of the

ink ejecting portions for ejecting the first ink droplet to



The ejection-angle correcting swtch Kis used to determ ne whether or not
correction is perforned. The ejection-angle correcting switch Kis set so
that correction is performed when its state is "1" and no correction is
performed when its state is "0". The defl ection-angle correcting switch S
is used to determine in which the correction of the direction on the
arranged nozzles 18 is perforned. For exanple, when the ejection-angle
correcting switch Kis in the state "0" (no correction is performed), both
the outputs of the AND gates X8 and_X9sare "Os" since at |east one input of
each of the AND gates X8 and X9 is "0". Thus, the transistors M8 and MO
are turned off, which turns off the transistors ML9 and M21. This causes no
change in the currents flowing in the resistors Rh-A and _Rh-B. Conversely,

when t hef@FBcEreneimgt ei%oFlF%gW‘th) sH 1K GaR iRe (R EECAIED 1O whil e the

deflectignfgngl correctin - 56 switch Sisinthe state "0", and the
def | ect i ShFHEF T PBreRAR tCHP®Tis in the state "0", the output of the XNOR
gate X16 is "1". Thus, ,all three inputs of the AND.,gate X8 are fed by "1"s,
Thi oh makes iH% HLAIEIS CACIELAUR ShF CHAHPLSn the LPAREEEOF MBS nce

f i f i "oy h , th
one o PEERIRS BLbl RO At At Sed i O dapg 07 e
Ther ef Orfﬂkt@f‘é%{f}&%ﬁ%@%ﬁ nt r[e%:ﬁi[%(?.sdéfﬂfe%% SRUSER MuiGWd ent to flowin

the transisto ar ac i cS of current-mrror circuit cause

no_curr ePhst oy Lhow Al 80e i Safdcd TART ] SLOIm MY 1 ovay Ale tiSMsstate of the

t ransi stor 8 causes current t l ow fromthHe m dpoint of the resistors

Rh- A ands &amBn Nk Opif'éltﬁ?%éﬁ@ra'\@& lduts), dibborrdeninid HAdpa J1Rsi st or
Rh-B can be reduced than that in the resistor Rh-A Accordingly, the angle

of ejecttRs OiménknHropbeting HOFt£6H ephodtd 1der pasi hiswd t wWaireh the ink
droplet is delivered can be corrected by a predeterm ned anount in the
di rect i otthé ndehs céhdlied Nog zh€sd 18] Geenatre angedth Tdrehedxowh icdr reaat | on i S
performed in units of ink ejecting portions or in units of heads 11. It is
comon tdelidereddtonsoi thehsathe i mikxelk opdlaimn are ej ected fromthe ink
ej ecting portions of one head 11 are not always constant but fluctuating.
Nor mal | y, therqeargingly hefar raxanflleuctiben enplixelddsi fedmedndanden each
direction (position - 57

the ink droplet cannot be ejected due to clogging or the

like in the ink ejecting portion, the use of the same ink

ejecting portion continuously makes it impossible to form

dots in that particular pixel column. However, by using the

above technique, such a situation can be avoided.

In addition, ink ejecting portions may randomly be

selected other than the above technique. One of an ink

ejecting portion for forming the dot in the M-th line and an

ink ejecting portion for ejecting the first ink droplet for

forming the dot in the M-th line, and one of an ink ejecting

portion for forming the dot in the (M+l)-line and an ink

ejecting portion for ejecting the first ink droplet for

forming the dot in the (M+1)-th line may be controlled so as

not to be always the same.



to which an ink droplet is delivered) of ejection of ink droplet is wthin
a predetermned range, the direction is treated as normal. However, for
exanple, a shift in the direction in which an ink droplet is ejected from
one ink ejecting portion becones too |arge conpared with the other ink
ejecting portions, the uniformty of an ink-droplet delivery pitch
deteriorates, appearing in the formof a stripe. To correct such a
positional shift, correction for each ink ejecting portion is perforned
(the direction of ejection is changed). Regarding the correction of the
direction of ink droplet ejection, © a correct position to which an ink
droplet is delivered is obtained within the predeterm ned range, the anopunt
of correction does not need to be readjusted unless the characteristics of
the direction of ejection change with tinme. Accordingly, it is necessary to
determ ne for which of the ink ejecting portions of one head 11, correction
must be Ip&rfedremtdngepofrai onhisSel eettotthendeBdectioncai rection nmust be
performed, and how rmuch correction is needed in the case which requires
correct i(deflegtivat clkiongrofidegdet er mi ned correction, the deflection-angle
correcting switches S arid K may be turned on or off. As described above,
by setting the teiseembodidertettba siectho contiwkleamn impuided arhe state
"1" or "0", the - 58 deflection direction can be symetrically changed

i n posi &P&nelRCthBIdPPESLPSN SeA effiPEhanleanogiPetiog-atreatianged. In the
line head 10 in the second enbodinent, as in exanple in Fig. 10, the heads
11 (haviREt*@dh€itcal specifications or structures) are arranged in the

wi dth directjon gf grinting Eager and are arranged in a repeated pattern so
that two adj2R8Ht ARaUsPITSRantOPPose B Pt PerPR e ots Head 11 is

di sposed.with it rotated 180 %e rees wth respect to the adéacent head 11).
In this dase; “WhERTERBnftS egiagaFeigcgén?n?o 51™Phfotgh 9595129 the two
dj 1 A i.ons t ol i tches, th I [

i oot BRarang FREr STEEATSEC R EPRISPE' FRbRCHbSNNE BN TRERGT 1 n the

second ggﬂoggggggngbﬁogkgghging the sane status ("1" or "0") to the
defl ection-direction switch C of every other head chip, the direction of

defl ection itnéhe;estise-headciiofkaloRersBOey Vididdhided dgntigal to the
comon signal given at J1 through to J3. Accordingly, when a line head is

formed byoptieangijegtihg Headstidni BabBe bRpgateEmPet E&Rforhi®y to
defl ectiondirection swtch Cis set to be in the state "0" for heads N,

N+2, N+theetboyef 6prmaanpke, fom the-eyeothngbpoedipnsséionsianong t he heads
11, and the deflection-direction switch Cis set to be in the state "1" for
t he oddthenbskediheadsgNpdrties, shiBeterc., whereby the direction of
defl ection in each - 59 head in the Iine head 20 can be set to be
virtual |y cohdeafpresey. fammat" af ¥ oprniiel Movithey dik-edteadrigign whi ch i nk
portion selector and the "format conforming to the format
set for ink-ejecting-portion selection by the ink-ejecting-
portion selector" for controlling the ejection-direction
controller are described below with reference to Figs. 8A,
8B, and 8C. Fig. 8A illustrates how an image signal as an
ejection executing signal is sent to ink ejecting portions.
For example, as shown in Fig. 8A, an ejection executing
signal for forming a dot for pixel N is supplied to ink

ejecting portion N (an ink ejecting portion that ejects an

ink droplet to pixel N when the ejection is not deflected)



droplets are ejected from adjacent heads 11 arranged in the repeated
pattern. The adjacent heads 11 are referred to as heads N and N+1,
respectively. If the deflection-direction switch Cis not provided in this
case, by setting each of the heads N and N+1 to deflect the direction of

i nk-droplet ejection by A from perpendicularity, as Fig. 13 shows, both
heads have such symmetrical directions of ejection that the direction of
ejection fromthe head Nis changed to direction Z1 and the direction of
ej ected fromthe head N+1 is changed {p direction Z2 because the heads N
and N+1 are positioned so that every other head is di sposed which it
rotated 180 degrees with reference to the othex. However, as in the second
enbodi ment, by providing the deflection-direction switch C and, for

exanpl e, ansbtifikn @ iant ider Ineartiionsdi Medti-or N v cBng {¥+Be Whitheaseate " 0"
for the head N and setting the deflection-direction swtch Cto be in the
state " PIFRGEhd hedk RIECHRY dorddorol df &hecEvsher PénfthB hEad N can

be changed,to direction Z1 and the _direction of ejection fromthe_ head N+1
can be gar{éjné’ed 1 e @OE 25 215t Fat 2R 9di PeBPToRO8f OBFeBEFBh can be

set to be c nstg{}t i ttg%pdi rection i%.v\,hi %g thgl nozzl es 18 are arranged.
As descrihedAl55ve, IBS/ SAARG S d&ntitCal Sdef F8E: PERCT1OP60 signals for
t he ot herx svvitt.chess .and ck}:anrqj n oorclilgy the i nﬁlut of .t he. defl egti gniﬁgrecti on
switch CXTHEHT S 6Hs GF 1§ B En Hr 8M £RE9R2497T1 4Pr AR3SE Fh®t he

repeat eqd, patt &l NL&RHL LS # t'acﬁlolr%é }%t .5 A case in which ejection of an ink
droplet 1s set to an even nunber 0 " "different directions has been
descri bed. | gt e glsect ‘tﬂri“sC@H(rEH!tiSPrEHht fﬁpm defﬂ‘éf t LR€x smum

defl ection-anplitude control termnal B to have values of zero or Vx (DC
val ue i munldr idF Id¥a08%0)s. €irest idXanflean 2l By cdeapbet af r gm thegnozzl e 18
can be set to have an odd nunber of directions. In other words, by setting
the def leat i frma s rdittint oiinbr o irddatBohe bave1Vs, cgsldeserhbed above,
ejection of the ink droplet is set to have an even nunber of directions
conposedam equalx imubensabefr rofghiragiad iloafst 7di r @cti epelies the doekacti on of
the arranged nozzles 18. In addition, by setting the defl ectionanplitude
control & erarimaim Bunbdraveed zpragatdronsnid dr eflcet can be ejected directly

bel ow with no defl ection which delivers the droplet out of the nozzle 18.
Therefore, bfhgsikbkgveectbetbedcenpeepritonfothehbrraketr bprwatt oferyual nunbers
of right and left directions, and ejection of the ink droplet with no

def | ect iR tEH IOdR® Hhfbemioreifitdg B tion Sfd€CItS/ -can be real i zed (see

Fig. 14). In_this case, a control signal is represented b J (2') +1

bi ? s, a)nd thgeﬁﬁmb?é?‘eo?'f&irf“@&t FBRECFBATE) &Rt F’Bg ?%r‘aﬁt S?¥6§°rgh‘aﬁﬁunb)er of
(23 + 1)_di ftf.ere_nt q;in.r%cti ns, iHeij i,nK drn?(p_leet jection may be set so

t hat , byejae(ﬁ ustd r?gont R AUE T Fh ydefThIee&tl o & PEuRe E3RProl ternminal B
(= W), t he + 1) dir. i9ns,. st he .di s

farthest posi ﬁlgnsf(otzfc]) cmjtcrr?qalrlﬁl I}% roﬂleré]:tq:lgglnnggggﬁﬁéﬁggt%gﬁigwi mes (2'

X X whersg Kz chGAf S shown in Fig. 14) the distance (x in Fig. 14) that
is the distance between two ink ejecting portions (the nozzles 18), and

when an ink dgoph@kni $neFeet edn,any aBeoPhahBE (2dnttdd &y EeEtéPns, may be
set. This makes it possiblé to deliver ink droplets not only to a pixel

regi on M pas; tirener, umieresidia i dia il cahte oo eddidagerttBi xgk regi ons
N-1 and N+1 on both sides thereof. Also, each position to which an ink
dr opl et diedigldnvdredrorayedpords a,n How,t iamd o especidizkel$8. an

ejection executing signal inputted with timing "a" in the

cycle of a, b, ¢, and d is sent to the ink ejecting portion

(N-1) in Fig. 8A, and from the ink ejecting portion (N-1),

an ink droplet is ejected and deflected to the direction a

targeted to the pixel position N in Fig. 8B. Thus, from the



By using the above ejection deflector instead of the ejection deflector in
the first enbodi nent, setting of the direction of ejectionis facilitated
conpared with that in the first enbodi nent, and various direction of

ej ection can be set. Figs. 15 and 16 respectively show processes in which,
in the two-directional ejection case (the nunber of directions for ejection
is even) and in the threedirectional ejection case (the nunber of
directions for ejection is odd) where pixels are formed on printing paper
based on an ejection-executing signal sent to the head 11 by - 62 ink

ej ecting portions, which correspond“téBFFg. 9 of the first enbodinent.

Si nce the pixe

formng processes in Figs. 15 and 16 are simlar to that

described using Fig. 9, descriptions thereof are omtted. As described
above, bynusengcthagepeetion driipctor ifk tdveoesond efeadigenring as Fi gs.
15 and 16 show, various fornms of ejection-executing signals sent to the
head 11 datfilbetsdt tonthbBerpyghersst byitde NNk yreataIng fparid dmsk of form ng
each pixel on the printing paper. Third Enbodi nent In the second

enbodi nert echyosefisi pgrfbhemedpoéséd ohetloefsspidlon-Bngind |\Pe contr ol
termnal Bto zero so that an ink droplet is ejected w thout being
def | ect eBorResppREACRA| bAtYARE siegraloBlomd &2 ias fadiil tsdigedliss the

ej ecti oncontrol

circuit 50A shown in Fig. 17. Although th%KEJeCtlon contro

circuit 8bdj fhej gycie of a, b, ¢, and d are shown in Fig

Next, Fig. 9 is used to describe the formation based on

the above format of dots on printing paper. Fig. 9 shows

the process of the formation, based on ejection executing

signals sent in parallel to the head 11, of dots for pixels

on printing paper by ink ejecting portions. The ejection

executing signals correspond to the image signals.

In the example in Fig. 9, the number of gradations of

the ejection executing signal for the pixel N is set to 35,

the number of gradations of the ejection executing signal

for the pixel (N+1) is set to 2, the number of gradations of

the ejection executing signal for the pixel (N+2) is set to

4, and the number of gradations of the ejection executing

signal for the pixel (N+3) is set to 3.

As described above, the ejection signal for each pixel

is sent to each predetermined ink ejecting portion in the

cycle of a, b, ¢, and d, and in the same cycle, each ink

ejecting portion ejects deflected ink droplets having the

cycle of a, b, ¢, and d. The periods a, b, ¢, and d

correspond to time slots-a, b, ¢, and d, respectively, and

one cycle of a, b, c, and d forms one dot for one pixel.



i ncludes four CMcircuits, the ejection-control circuit 50Ain Fig. 17
includes only a single CMcircuit (conposed of transistors M3l and M32),
whereby sinplification of the entire circuit structure is achieved. In the
four CMcircuits in Fig. 11, the transistors Mi and M6 are represented by
"X4" (nunber of transistors in parallel), the transistors M@ and ML1 are
represented by "X2", and the transistors M4 and ML6 and the transistors
ML9 and M21 are - 63 represented by "X1", in the ejection-control

circuit 50Ain Fig. 17, devices represented by "X8" are used for the
transistors M31 and M32 so as to draigy current capacities of those
transistors equal to the sumof the drain current capacity of all the above
transistors in the ejectioncontrol circuit 50. Wien "X8" devices are used
as the ransisto&s M31 %gg MB2, i,t | ooks theg.require targe space on the

si | i conFOHoREFEP LSt 1Pn&1Gi BEALCOFr AnsPBt 67 §ChF 87 dFEPOREH Y i* 1 Sane
circuit, eight w.ring termnals_ are needed for. each transistor.since it has
a drain?°§ g ﬁr@é?egtg.lﬂcESP&iﬁalgyeaén oﬁ%g?gﬁn%AP%rﬁﬁ ncggel%f di sposi ng
ei ght indi vi l, trangsi n sQcl.a i LLhg e. ca f,. enpl oyi ng
" XS si%gléjgggﬁgﬁstgrcg%géglylgggécggkt%ggré%%%?eENB;gal$o$g?ﬁéb§ntirety,
even if e.transi i : _QCcGuUPLEes .k Lyve e .edherefore,
by Tor miag A AJre P PPEGPRaE R R CEPLoN pte Bur QT ERREE £ 07

Fi 0. 17cneNBigRll (1)1 GUl bedll w6l Uhe AR BFELIRLI foptioRerhptying sim |ar
functions to those in the ejection-control Circuli Oin Fig. 11. The
SWﬁtChlBﬁdehﬁ”ﬁgbc&igﬁoﬁﬁe%W%ﬁﬁﬂlBQgﬁhQ”@B? €RaPpi RE1 W3 f i {1stssmt t ching
by transistor ) of this current-mrror circuit only consists of

transi ster $hB3nandj&E4ingnpeickeonwandg) .f our sets of the second sw tching
el enents as seen in Fig. 11 are not provided in the third - 64

enbodi nent, BAdmOothy OHNR spécding hposeromd(wilt chitng FEilendripliex prsovi ded
instead. In Fig. 11, the transistors M3 and Mo are represented by "X4", the
transi segest®B andthi0 aaddreepriesentietl dpflx2tionndanfieisrdabiveed ML3,
ML5, ML8 and M20 are represented by "X1". On the contrary, devices

r epr esefitedhigy poxgtigne ofsgtief pixeheNt pAnshet BPrENVERBI ap@P®B4 sALI®, t o
provi de with enough drain current capacity equal to the sumof those of all
t he aboiéoﬂréﬁ§i§P6r§3ﬁﬁtFP@.PPfﬁlTﬁeNsoG%éelﬁhddBQEkQBtbso$3??kﬁqransistor
ML are gonnected to the ground. The sources of the _transistors 3 and M34
are conﬁ@cFSE PGdPHECG&HgDH1$PréﬁﬁﬁeeﬁﬁPPenanoﬁFc@?ifﬁeﬁﬁ d@%d&g%ed | at er,

Gat es PSS Bhd RE3PARE caNTadt 88 FOoURE-BLIRE BPPhe (ARSI stors ML
g?féu??§r¥R4th%eER%C%E%%EXngTB%r%EgﬁtRR@i??”EEQ'iﬁkrﬁyéﬁléQA&é”C'Udes a

ejected in the a-direction with deflection, and is delivered

to the position of the pixel (N+2) on the printing paper.

Also, from the ink ejecting portion (N+2), the ink droplet

is ejected in the a-direction with deflection, and is

delivered to the position of the pixel (N+3) on the printing

paper.

This delivers, to pixel positions on the printing paper,
ink droplets corresponding to two gradations. This forms a
dot in the pixel (N+1l) since the number of gradations is 2

in the ejection executing signal of the pixel (N+1). A

similar process is subsequently repeated for the time slots



i ncluding current-source unit for supplying currents to the transistors M3
and M34. The circuit includes a first control termnal Z, second control
termnals D1, D2, and D3, and transistors M6l through to M66. The
current-source unit consist of three current-source elenents. In other

wor ds, by connecting, in parallel, (1) the current-source el enent conposed
of the transistor Ms2, which has a (current) capacity represented by "x4",
(2) the current-source el ement conposed of the transistor M4, which - 65
has a (current) capacity represented by "x2", and (3) the current-source

el enent conposed of the transistor -MB®, -which has a (current) capacity
represented by "xI", the currentsource unit is formed. ' Also, transistors
(the transistors M6l, M63, and M65) having identical current capacities to
those ofy the trangjssigors constituting the current-source el enents are
connected as the switching el enents of the current-source. The second
control ternhBahsrP3ulfroughthe Plxal enCconnest ecbtfedhthdidipstPitHde
transistors formng the switching el enents. The resistors -A and Rh-B,
the tramsnbledr oYl grada tibesepethgos- exeeytnBd. SWLACBhA pigeidemical to
those shown in Fig. 11. In the ejection-control circuit 50Ain Fig. 17, an
ej ecti or- @xec tori@ sipdpidi ngMtioCkh® nafbe bEggrhdathiogscbédngcdnyeni ence of
the IC design in the third enbodi mrent. Hence, in activating ejections, "0"
i S i nputfotrmetdhe gnedhicopdxedut(Nrg)i, nputioswcbchedpoAdtngdtagtiye when "0" is
input to the ejectionexecuting input switch A, and OGs are input to a NOR
gat e X2humbeg oft gutadeadomss belhg #has formedg olnt hketparsls{B+3ML. When
the input of the ejection-executing input switch Ais "0", by inputting "O0"
to the poldarti cpraiesPeRdswict e bbe butheirnpfit gradathenfdRegaged X2 are "0"s,

t he out put of X22 - 66
formed.

Deflection controller

In this embodiment, the ejection controller includes a
deflection controller that determines whether the ejection
deflector deflects the ink droplets ejected from the nozzles
18.

In other words, instead of controlling the ink ejecting
portions to always eject ink droplets with deflection, based
on printing conditions such as an object to be printed and
printing speed, it can be determined whether the ejected ink
droplets are deflected. For example, by providing a printer
operation unit or the like with a deflection controller, a
printer user can switch between operation modes depending on
a purpose of use.

By way of example, in a case in which, when both a
document portion and a photograph (image) portion are

printed, black ink is only used to print the document



becones "1". This turns on the transistor M3. In the above case (the

ej ection-executing input switch Ais in the state "0" and the

pol arity-change switch Dp is in the state "0"), as the inputs of a NOR gate
X23 are "1" and "0", the output becones "0", thus turning off a transistor
MB4. In this case, no current flows fromthe transistor M32 to M34, so
based on the characteristics of the CMcircuit, no current flows to the
transistor MB1l. In this state, when the voltage of the resistor power
supply Vh is applied, since a current flows in the transistor M33, a
current flows froma point between Rh4A and Rh-b to transistor M33. As a
result of fact, a current of Rh-Ais increased, and a current of Rh-b is
decreased. The current passing through the transistor M33 is sent to the
gr ound. r RS 4 hathhe;heshat Ls&sB § r theq9r ound
t hr ough }%gj%$gh§¥@%or NE&ggﬁgégH?hghgu%ﬁeE?g ?%rgﬂgﬁ t%gwfegﬁgtogg Rh- A
and Rh- B hasd flnllfen Iiat%ﬁl QRBhA)co?rhﬁﬁih:Bﬁe ¥Bemal Omohe i9pserto the

ej ection-éxecuting input switch A and "1" Is input to the polarity-change

swi tch Drs holeh opaatts odf molae ,NRqgahe A2épakes"Ors &isttad! yst@stde
previ ous case, therefore, the output of X21 becomes "1", thus turning on

t he transicstiiatMposAltionsSitBC@htiiBR itApULAkOBrbpRetORagat @eX2Pepe® " 1" and
"0", its output becomes "0", thus turning off the transistor - 67 MB3.
Si nce botdespemitivedly iche rdeRogdt €eoX2B8kaegetfing postboanpuiiis. ) 1thet hus
turning on the transistor MB4. During the ON state of the transistor M34, a
current findwsiropdedsh atrlee efeatsdswothiyB4, bahdot delétbadbf the current and
the characteristics of the CMcircuit allow a current to flow also in the
transi st Gonversetler dhothe phosgdirapbnmpget hascdepenibpdsinnghisir ough t he
resistor Rh-A, the current passing through the transistor MBl flows into
the resi SMPPIRERt Ae RlpEadity ePheddffrEAPtt ARBUBHCERENY BPEEHPRS Rh- A and
that of the Rh-B have a rel ationship IéRh-A < | (Rh-B).. Accordingly,

si nilar | #5€o USRE &PedPIBNOBENPESELei PRI £E56SRRATFPES 11K ERECEIRPent

Coai st o B ard FRABZOMESc/ Ce e R cOtr BFELPRRFE. SOA TROPIGL B9

differs f hat. _.of. the circuit 50 in Fig. 11 in the following points: In
t he ejecfﬁ%n-%oﬁéﬁgﬂ'circuit 50A, by inputting "1" or "0" to each of the

second cont r oy teLgipal r%%Qg%%ﬂ%gﬁFﬂé%aeﬁé%iéﬁ“ef%ﬁ nf A4,

current-source units ca . y changi ng a voltage app |é%'to t he
first control cher paabng, 1868ht 16n Ofadh NSe OMbPLE e & WS BNt A0 1oty be

arbitrarily performed. Therefore, by applying an appropriate voltage VX
aCross which includes a single head 11 and in which the head 11
performs printing while moving in the line direction, and
also to a line head in which heads 11 are arranged in
parallel in the direction of the ink ejecting portions.
Fig. 10 consists of plan views showing an example of a
line head 10. Fig. 10 shows four heads 11 (N-1, N, N+1l, and
N+2). To form the line head 10, a plurality of heads 11l are
arranged each of which is formed by the portion (chip) of
the head 11 in Fig. 1 excluding the nozzle sheet 17.
By bonding, onto the top of the heads 11, a nozzle

sheet 17 in which nozzles 18 are formed in positions

corresponding to the ink ejecting portions of the heads 11,



- sa the first control termnal Z and the ground, and separately operating
the control termnals D1 through to D3, the output current val ue can be
controlled in eight steps fromO (Id) to 7 (1d), with the drain current Id
used as a step (when the value of Dp is naintained at sone fixed |evel).

Mor eover, since a change in the applied voltage Vx can change the drain
current Id (of all transistors associated with Vx), the entire current can
al so be changed proportionally. Al so, since a polarity-change switch Dp is
provided in addition to the three second control termnals D1, D2, and D3,
the total nunber of bits is four. The#2fere, the ejection-control circuit
50A in Fig. 17 takes fifteen output current values from-7 to +7 (x Id) in
increnents of 1 with one overlap at Id = 0 that happens when all J1 through

to J3 bi {feafSneOneadnNdychanges differently fromthe ejection-contro
circuit 50ein Eeg.eﬁl. %hus, tﬁg nunmber of settable output current val ues

IS odd, inclughnghZefd Mr dgid 8GO Mead a00r @8l Yeatin1iNeangeend
enbodi ment, by setting the anal og i nput val ue of the deflection-anplitude

control feh8l NAl tBet DiRET@irdcid & Ithud LalReh i) dtl Conpodddk girqpl et is
ej ected without being deflected. In the third enbodinent, an ink droplet is

ej ected patpoutthebnogaeddecsdes Ldes meant rile afeldtdsecandmagnt r ol
termnals D1, - 69 D2, and D3, and the polarity-conversion switch Dp,

W th thefoppst avabyebpfeideting sinkofidmla teimyglalink rEjigtitdinged at sone
appropriate level. Also, in the ejection-control circuit 50Ain the third
enbodi nepbrthbynal wayseseppl lyy ngpb Iyel rse cidred poederdl iraremitriadn DB (LSB) wit h
the input "1" (the case of the second control termnal Dl being "0" is

el i m natetprat by nofibed] afewut pid fexgntenink &jest igwn deg tdemnst @xen even
nunber. The enbodi ments of the present invention have been described.
However ,usaé peefenn @ ndehtsompesed bef rUls|gradatiifansd as shown bel ow

wi t hout beinqAIinited to the enbodi ments described herein.
lso, in the case of the line head 10, when ink

droplets cannot be ejected or there is an ink ejecting
portion that ejects insufficient ink, in a pixel column
corresponding to the ink ejecting portion, ink droplets are
not ejected at all, or the ink droplets are hardly ejected.
Thus, no dot is formed to appear as a vertical white stripe,
thus deteriorating printed image quality. However, by using
the present invention, instead of the ink ejecting portion
that cannot eject sufficient ink, other adjacent ink
ejecting portions can eject ink droplets. Accordingly, an
advantage obtained by applying the present invention to the

line head 10 is larger than that of the serial head.

Second Embodiment
Next, a second embodiment of the present invention is
described below.

In a second embodiment of the present invention, the



(1) For exanple, in the first enbodi nent, by using a control signal
represented by J bits, an ink droplet is deflected in an even nunber of 2J
different directions, and the distance between the two farthest positions
to which the ink droplet is delivered is set to (2 '-1) times the interva
bet ween two adj acent nozzles 18. However, the setting is not limted
thereto, but by using a control signal represented by J+K (bits), the ink
dropl et can be deflected in an even nunber of 2~J+x~ different directions,
t he di stance between the two farthest positions to which the ink droplet is
delivered can be set to (2J-1) times #Be-interval between two adjacent
nozzles 18, and the position to which the ink droplet is delivered can be
- ~0 changed at intervals of 1/2K of the interval betmeen tmo adjacent
nozzl es 18 as_a_cont r.ol éggﬂ %ﬁ ec

b
other }Nor CJC_wﬁgn @Ilggggg f'}&tglﬁ%rﬂe a%?%bo%q or correc H‘ﬁ;}seaI p05|at |O|onalh

t t t
Sosi 1 i onTseuRPERLEEE' RRRRIE P ThE, ALERHATE I ol Bedil® it er val o
of 1/2K (a*e?:ltég el ohNEnkNLELY R P@t(‘f\ﬁﬁrbé%féjlvaa&%@uﬂ%zéeeé 18. By

supplylng a K- control signal e internal nenori'es of each ink

ej ectingcpRphrel WAEN PAYCE:LSti Bhbd@henBSUPPIA &hndOhwdPTPlighe the ink
ejecting portion can eject an ink droplet, based on the K-bit control

si gnal weieBti mB8HimBntNEa SEEABE T €81 PO IWis CiangRd W NGPdrdg  pl us
the Jbit control signals which are supplied in accordance with ink dropl et
ej ectionscefuBBdd €2dml Bhéhgoii1st1®hosli swvin @an mxxaNMd e ofowkver? case
(in Fig. 6, J =1 and 2) has been described so that the functions of J-bit
control shgnpkesantbénveneishods. ndt Iimi satond e atlirertiionan ekanpl e of J
= 3 has been described, where control signals of J = 3 or nore may be used.
Thi s si mefactyoapphoes in the fiaset odmbddirsdrove Rdudrdiomlnol tdiegnal . (3)
In the above enbodi nents, by changi ng the bal ance of currents flowing in

t he bi segeednfdeambodimnentsdescrildes tde exarenlq bubiwhd gy ;dudinkg ti ne)
required for_the ink droplets - m to boil have a difference. The present
i nvent i oATPBLABL CRRNPE et ehbeet B7 HLANE | M FRALIARS WHRPSad dhts are
supplied to bisected heating resistors 13 havuﬁg}equal reS|stances may be

set to dPERR:. PEBPCERaRDI ELIBY IV ho VIRF M Neat id S SEi=RTr ™3 wi th
t h d,t tch with i ff

time, eaf%é FEEATPEY For2I PR D} ELDh TRUTHY oS oc}e%%a T can |

di ff f t

and the Sot FRRGhorEP AR LS PG el o " R R %G T r can

be used {p.gpnbination. (4) The above enbodi nents show a case in which two

heating resistors 13 are arranged in a single ink cell 12. The reason of

bi section is #haind & Bl AMBY He B i3RI ildd bﬂ‘%%eb%%'&ofﬁ'df tekn%'o@'ih'e)‘xt
denonstrated and the circuit” configuration can also be sinplified. However,

the presgdéct iyerdhoNof Spiptidhdl i@shteiPtn thwsargangrmeiirdtn paral | el
of at least three heating resistors 13 (energy generating elenents) in a

singl e iekbeelhed? sa8 aritised. (5) In the above enbodi nents, the heating
resistors 13 are shown as energy generating elenents of a thermal type.
However, heatRing rldsisstors agomyesed aof-@rdutrdt aviceudtthe® tihed vdingsi st or
may be used. The energy generating elenents are not limted to heating
resi storan éliecbidrerdefbecstof bmethy reendtemizpdinandnts may be used. For

exanpl e, energy generating elenents of an el ectrostatic ejection type and a
In the second embodiment, bisected resistors 13

(resistors Rh—-A and Rh-B in Fig. 11) in the ink cell 12 are
connected in series. The resistances of the resistors 13
are set to be almost equal to each other. Thus, by
supplyving identical amounts of current to the resistors 13

connected to each other in series, an ink droplet can be



- 72 piezoelectric type can be used. The energy generating el enent of the
el ectrostatic ejection type includes a vibrator, and two el ectrodes
provided to the | ower side of the vibrator, with an air |ayer provided

t her ebetween. A voltage is applied across both el ectrodes, thus causing the
vibrator to warp downward, and after that, by changing the voltage to zero
volts, electrostatic force is released. Then, el astic power generated when
the vibrator returns to the original state is used to eject an ink droplet.
In this case, in order for the generation of energy in each energy
generating element to differ, for exaaple, when the vibrator is returned to
the original state (electrostatic power is released by changing the voltage
to zero volts), two energy generating elenents nay have a difference in
time, or_.th pplied vol t age be . set. . to differ n the energy
generaii%ﬂf%a%é#gﬂﬂg t¥ﬁen§%§§83? eHéFggPﬁgggf%%eﬁ?fggépgg'piezoelectric

type has a 'ﬁygg\ggeﬁEiHEE%ﬁSP@ﬁ«gﬁ ér&r@%ﬁ%%f'@%&fe | girefd having

el ectrodes on surfaces ereo a Vi applying a voltage to

the el eG'td»P%%c@F{tbc)’t RS rofn‘ﬁ%%g;e fﬁéh?tﬂgeﬁ98#855£i felcﬁgf”‘cwoa

pi ezoel ectric effect produces endi ng nonent 1 n the vibrator, so that the

Vi br at omaipiip 308 sst 038! 95MREAnntBE8adeborEBhi GEnbs YAcdekoes] echyan ink

dropl et . - Also, in this case, simlarly to the above, in order for

the gengiatiOrnef cenNei@kuliR @3CR18BRr 8Y cHererat tBIrebRMBALot 8rdibfer, when
the voltage is applied to the el ectrodes on both el ectrodes, two

pi ezoel eqicw outl eFent & ARYcReoaoBEr ehkelebh@iRaveeaidibter eBgeain tine, or
the applied voltages nay be set to differ for the two piezoelectric
el ement i fifereneet ie alkavdanerhedanmenhss dliecunkedtopfowtag be deél ected in
a direction in which the nozzles 18 are arranged. This is because the
heat i ng heediistooresid tdinsi d8d | Baskd dinr tbei daffarenceh efiechberl| &s 18 are
arranged are arranged in parallel. However, the direction in which the
nozzl es codtacd 1gcr segddiadndnt Aakddreplednedected| ésenngheheokrkedtBpl et do
not al ways coincide with each other. Even if both have sonme shift, an
advant agarc®¢ sefdesdedednwithehdigesthoranfi Al ryarsangpdanceslefelase of
conpl et e cqi nci dence between the nozzles 18 are arranged and the direction
of def| dfi*nGIERe ik PLSHLEE) -Accordingly, there is no problemif the
above enbodi nen head 11.for. use in a

shift occurs %&% [ n %h ts,.th
printer are SRASWHSSs® xgﬂﬁlﬁg9v?h%tﬁ%% 419 ot fhﬁa?ﬁ%%ﬁﬁneT?ﬁ'+ﬁ?%% is not
limted cta% En%%eprf'lré&%’lﬁp%tetcgnfg&e%%hegnt nYeh! QHSibkqakggﬂ%‘%%“g
devi ces.” For "exanpl e, tHe head can al'so be applred to a device for
ej ecti ngq JINACORLALG SAlul kAR ForsdebRbbiRfeAt Dl Ol ogi cal sanple.
In Fig. 11, a power supply Vh is used to apply a
voltage to the resistors Rh-A and Rh-B.
The ejection-control circuit 50 in Fig. 11 includes
transistors M1l through to M21. The transistors M4, M6, M9,
M11l, M14, M16, M19, and M21 are PMOS transistors, and the
other transistors are NMOS transistors. Pairs of the
transistors M4 and M6, M8 and M11, M1l4 and M16, and M19 and
M21 constitute CM circuits, respectively. The ejection-
control circuit 50 includes four CM circuits.

For example, in the CM circuit composed of the

transistors M4 and M6, the gate and drain of the transistor



74 _ According to the present invention, by using a plurality of different
liquid ejecting portions, a pixel or a pixel colum can be formed. Thus,
differences in the quantities of ink droplets fromthe liquid ejecting
portions can be mnimzed, thus preventing a decrease in printing quality.
If there is a liquid ejecting portion fromwhich an insufficient ink
droplet is ejected or an ink droplet cannot be ejected due to dirt, dust,
etc., the influence can be mnimzed. This can increase printing quality by
a head that should normally be regarded as defective to a normal head

| evel. In addition, instead of providiébhg-a backup head, even if there is a
liquid ejecting portion that cannot eject a droplet, another adjacent
liquid ejecting portion conpensates for the defective liquid ejecting
portion @EdaSQ”cghﬁgiEté‘dde{ﬁ% %A‘Fé & Plen FehEe tan M€ GAfg of formng
a pixel by usrng a praralrty o roplets, thé dropl ets can be del i vered so
as to ov h 1 i : uther tinmes
(wi t hout gg’é??o{r?%fﬁg&%%aﬁﬁ? \rll\%&gg%{l%ﬂ gr}%}r%eér}?g% ﬁ%gﬂ% S caanlhncr ease
the prinkhaomEPesEd almod® efhdd Miirdends |dLi€h &i ool i fiedlevies dhavi ng at

| east one head including a plurality of liquid ejecting portions each
having asfnRzzheiysSapgiliéduisl ehecstidr dayi cer&OMy | Sing: ej ection

defl ecting nmeans for ejecting a droplet with deflection fromthe nozzle of
each of said pldiraddrigistfodd g Rl oH iIfG AN @RS al Rud rRind ahiittyhof
directions; and ejection control nmeans for controlling ejection so that, by
ej ecti ngcilropl etbyiwhith f £r €t rehh t ecdémasafadbatMd )eaisd dowot b f fest ent
liquid ejecting portions in adjacent positions anong said plurality of

i qui d epithengtpofiowniniii tiee usesnisisar sl RY-etaroh RiefB edtroughedns, t he
droplets are delivered in a single colum to forma pixel colum, or the
dr opl et sCHreidetivercoupdsed of nthe pramd isteyioid arddith a @i Xt . flow A
liquid ejecting device having at | east one head including a plurality of

li quid epatt fagmpbihei barceben dhvikr eabyres R and B &a& i ng devi ce
conpri si ng:

transistor M3.
Similarly, pairs of the transistors M8 and M10, M13 and
"M15, and M18 and M20 are respectively second switching
elements for the CM circuits formed by the pairs of the
transistors M2 and M11l, M14 and M16, and M19 and M21.

In the CM composed of the transistors M4 and M6, and
the switching element formed by the transistors M3 and M5,
the drains of the transistors M4 and M3 are connected to
each other, and the drains of the transistors M6 and M5 are
connected to each other. This shape also applies to all
other switching elements (in this embodiment).

The drains of the transistors M4, M9, M14, and M19
which are parts of the current-mirror circuits, and the
drains of the transistors-M3, M8, M13, and M1l8 are connected
to the midpoint of the resistors Rh-A and Rh-B.

The drain currents of the transistors M2, M7, M12, and



ej ection deflecting nmeans for ejecting a droplet with deflection fromthe
nozzl e of each of said plurality of liquid ejecting portions so that the
droplets are delivered to positions to which droplets ejected fromthe
nozzl e of either adjacent liquid ejecting portion are delivered w thout
bei ng deflected, or the vicinity thereof; and - 76 ejection control
means for controlling ejection so that, when a pixel colum or a pixel is
formed by delivering droplets so that at |east tw regions to which the
droplets are delivered can overl ap mn each other, by using at |east two
different liquid ejecting portions |n dj acent positions anong said
plurality of liquid ejecting portions and by using said ejection deflecting
nmeans to eject droplets with deflection fromat |east one of said two

di ffereny17igee dugé@cCid NngopotdnOhsursantl ppuetesofenmtive €Mi dipexétscan be
formed. 3. Aliquid ejecting device according to claim1, wherein said

ej ecti onagieft19el it Nfrateen sa sy asdspadtda varlgplosnneditield def Itdet isomriaest he
direction in which the nozzles of said plurality of liquid ejecting

por t i onsamd ebackgangesl. oA the [tmpnisd ssjoast M¥g ¥Bui &8 3acERAUMF to claim 1,
wherein: said ejection deflecting nmeans is set so that the droplets ejected
with defl ectite fdwmnt g ridez teansisson Y LHecPryarged é8t SRFLESrti ons are
delivered in an even nunber of different directions, represented by 2',
based orwatkothe ofesisrrr R esdh d Hyprnast @ Wil &1 $I&FESMt s a
positive integer, and the distance between the two fa nestlf sitions to
whi ch t hexelewpieg sinphn Wet%farfb iR Ehg etateliVer e 2J

directions, can be ZJ ( times the intervall j acent
nozzl es é#i%‘ﬁ@ %h‘éuﬁ’c’)%‘ﬂe'%o %lrﬁf’sjd?ot &9 c)an:ﬁbVXB ans sel ects one of

th 2 di t wh th |.et t h of
ai a pl ulBEFELERReTRaIrt o) BLT TG pRPEnane odfllddl IERER, each ©

as a switch to supply current to the resistors Rh-A and Rh-B.

The output terminals of AND gates X1 through to X9 are
connected to the gates of the transistors M1, M3, M5, etc.
The AND gates X1 through 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 the input terminals of the AND gates X1 through to X9
is connected to the ejection-executing input switch A.

XNOR gates X10, X12, X14, and X16 each have an input
terminal connected to a deflection-direction switch C, and
the other input terminals of the XNOR gates X10, X12, X14,
and X16 are connected to deflection-control switches Jl
through to J3 and a deflection-angle correcting switch 8§,
respectively.

The deflection-direction switch C is used to switch the
direction of ink-droplet ejection in either direction (for
the same control signal) in which the nozzles 18 are

arranged. When the deflection-direction switch C changes



5 A liquid ejecting device according to wherein: claimZ, said ejection
deflecting neans is set so th at the droplets ejected with deflection from
the nozzl e of each of said plurality of |i uid g ejecting portions are
delivered in an odd nunber of different directions, repres ented by (2" +
1), based on a control signal represented by (J + 1) bits, where J
represents a positive integer, and the di stance between the two farthest
positions to whi ch the droplets, are delivered fromthe sanme nozzle in the
directions, can be 2' tinmes the interval between two ad-a 7 cent nozzles
anong the nozzles; and said ejection coht+ol neans selects one of ,r the (Z
+ 1) directions when the droplets are ejected f romthe nozzle of each of
said plurality of liquid ejectin g portions. Aliquid ejecting device

accordin {0, wWher gl new @ @i, Sai §lealhqn deflgctiay maRdigeset so th
with nodes J1 through to J3 and S) of the other inputs of
the XNOR gate X10, X12, X14, and X16 are inverted.

The deflection~control switches J1 through to J3 are
used to determine an amount of deflection for changing the
direction of ink-droplet ejection. For example, when the
input terminal J3 is in the state "1" (ON), while another
input of the same gate connected to the switch C is "1", the
output of the XNOR gate X10 is "1".

The output terminal of each of the XNOR gates X10,...,
X16 is connected to one input terminal of each of the AND
gates X2,..., X8 and is connected by way of each of NOT
gates X11,..., X17 to one input terminal of each of the AND
gates X3,..., X9. One input terminal of each of the AND
gates X8 and X9 i1s connected to an ejection-angle correcting
switch K.

A deflection—amplitude control terminal B is used to
determine a current for the transistors M2,..., M1l7 used as
the constant current supplies for the CM circuits, and is
connected to the gate of each of the transistors MZ,..., M17.
Since the application of an appropriate voltage (Vx) to the
deflection-amplitude control terminal B supplies a gate-
source voltage (Vgs) to all the gates of the transistors

M2,..., M17, currents flow in each drain of the transistors

M2,..., ML7.



at the - 78 droplets ejected with deflection fromthe nozzle of each of
said plurality of liquid ejecting portions are delivered in an even nunber
of different directions, represented by 2~J+x~ based on a control signal
given by (J + K) bits, where both J and K represent positive integers, and
so that the distance between the two farthest positions to which the
droplets fromthe sane nozzle are delivered, in the 2J directions, can be
(23 - 1) times the pitch of the nozzles, and the position to which the

ej ected droplets are delivered can be chosen at 1/2x times the pitch of the
adj acent nozzles; and said ejection cot& ot means sel ects one of the 2~J+x~
directions when the droplets are ejected fromthe nozzle of each of said
plurality of liquid ejecting portions. 7. Aliquid ejecting device
according to cliai #im¢, a¥beEeLBnrsghidati6st i GRedghleathogi pEaANS is set so
that the droplets ejected with deflection fromthe nozzle of each of said
plurality mfpddsiisithQjectvixhy Q& = Qns2ar & ,delri veyedni Baah eddtRamber of
different directions, represented by (2~J+x) + 1), based on a control

si gnal remessiisaddzy M1J to 2d Dedddsentdher il el aghde represandnt .
positive integers, and so that the di stance between the two farthest

posi ti ons Rox whiampltehe tieoplepiresiendamttioe $Xi¥ ndi2l,e .areMdeébi vered, in -
79 the (2J + 1) directions, can be 2J tinmes the interval between two

adj acent meEeserdrioRg stthadasdz ledemeartd t FbepospriesentetiwbhnciXgHe ej ect ed
droplets are delivered can be chosen at 1/2x tinmes the pitch of the

nozzl es; aM .sai-d ¥lldctriepresentsobnreassesd egus vepensf teheng2ind+x> + 1)
directions when the droplets are ejected fromthe nozzle of each of said
pl ural ity ¥l diiod séjeedairtly egerensss arg. CRIPEGled dPeberadlaéyvi cén
according to claiml1, wherein, when a pixel formed by delivering at |east
one dropl &tHST MeEa%t (F1e FePsesgndpigrs C§Nunﬁepﬁe§ﬁ8téiPECFFS%GBF t he

arranged |iquid.ejecting_portions, ere Mrepresents a positive integer,
and a pi x@qWﬁ}g&%b§°dg’lﬁ%éPi Hg‘l W&eﬁ m&ﬁgsdfa(’fﬁl SPnPRCERg &M+ 1)-th
line of s %@ ﬁh%qle pi xel columm are arranged, said ejection control neans
controls jegtlon'so that a liquid ejecting portion anong said plurality of

[1qui d_ej ecti ngpoLtLARs . hLeMubs Heedulor Lhe fitsShagbephion to form the
t na a

pi xel in the I'i ne, "a Iquid ejecfing portion anong said plurality

of 11 qui d Qisdehd RAckhisONK Wi GRoins ugqd fapdt h&lﬁ'i,r%sgieg%&b@myt.o form
the pixel inthe (M+ 1)-th line shall be different. 9. liquid ejecting

devi ce acaui@d Nyt eppl3iifigl anvagbeiohbr iwhen valkayel akbeoeedthy gekevenhing at
| east one droplet in the Mth line in a single pixel colum in a

ground of each transistor, their drain currents are in the

ratio of 4:2:1:1.

Thus, in Fig. 11, for the same gate-source voltage (VX)
given to the deflection control node, the drain current of
each transistor M2,..., M17, is proportional to those
numbers in the parentheses.

The source of the transistor M1 whose drain is
connected to the resistor Rh-B, and the sources of the
transistors M2,..., M17 which are used as constant current
supplies for the CM circuits are connected to the ground
(GND) .

Next, regarding the operation of the ejection-control



- 80 direction of the arranged |liquid ejecting portions, where M
represents a positive integer, and a pixel fornmed by delivering at |east
one droplet in the (M+ 1)-th line in said single pixel colum are
arranged, said ejection control neans controls ejection so that the sane
liquid ejecting portion anong said plurality of liquid ejecting portions is
not used for the first ejection to formthe pixel inthe Mh line, and for
the first ejection to formthe pixel in the (M+ 1)-th line. 10. Aliquid
ej ecting device according to claim1, wherein said ejection control neans
conprises: liquid-ejecting-portion sefecting neans for selecting, based on
a preset format, at |least one liquid ejecting portion for use in liquid

ej ection fromanong said plurality of liquid ejecting portions; and

ej ecti on.dj [ defepmnin i L N ; ; f.or mat
cgnfprniﬁgk§§£éa?g’p%%s£¥}$%?%%??qﬁﬁgéﬁﬁigiﬁgﬁg{%% ?%?gﬁﬁﬁﬂgﬁﬁ%éﬁid
liquid eLgetingnpostd Py werdi e drapt einel &AL thls M3 lding €] ecting

device according to claim 1, wherein sald ejection control mnmeans conprises

deflecti gedeier &M & o Se i fertet @it dif &9 yetdd e dPibeiahd, €] ection
defl ecti ng means shoul d deflect the droplets - 81 ejected fromthe

nozzl e of eacthiGf Al tH!le3lddth o dxie@ititd n@y &ty sRAfldhoRs hak2+hd | quid
ej ecting device according to claim1, wherein: each of said plurality of
liquid egesté Nyl pordNpNSas ok idesplér ligufeendd. f am cantai ning | quid;
and a plurality of energy generating elenments for generating energy for

ej ecti ngetbedimept d winersaan inlquixbmedt I3 ey ddisediozzdre, orthencerelregy
generating el enents being disposed in said liquid cell; in said liquid

cel |, thek8enthgyepereict+expa@ltimntnpute sritelyad i sdte o dectiron of the
arranged liquid ejecting portions; and first energy generating el enents
conpri si Hge attateastl bnOMf duiinglaregiisd oif eher g3d garaeandsyy el ements in
said liquid cell and second energy generating el enents conprising at |east
anot her 6hé6%Y , taRd cHit® BPRNTHIRHY 81 ef ARR O %2 ek rDI Ve URP LG
ejection deflecting neans to have a dif{ference j enerated energy, so that
The® dr opPRTSE cofh TEe o AR TS G The b2t o 1 drTAA G SHETHERS bn t he

energy d%é§?§fﬁ°§}e assigned to a period in which an ink cell 12
having ejected an ink droplet is refilled with ink, with the
ejection~-executing input switch A set to be in the state "0"
(OFF) .

For example, when the ejection-executing input switch A
is in the state "1", the deflection~amplitude control
terminal B has the voltage Vx (analog voltage), the
deflection-direction switch C is in the state "1", and the
deflection-control switch J3 is in the state "1", the output
of the output of the XNOR gate is "1". Thus, this output
"1" and the state "1" of the ejection-executing input switch
A are input to the AND gate X2, and the output of the AND
gate X2 is 1. Hence, the transistor M3 is turned on.

When the output of the XNOR gate is "1", the output of

the NOT gate X11 is "0". Thus, this output "0" and the



13. Aliquid ejecting device according to claim1, - 82 wherein: each of
the liquid ejecting portions conprises: a liquid cell for containing
liquid;, and a plurality of heating elenments for ejecting the liquid in said
liquid cell fromthe nozzle by using bubbles produced in the liquid in said
liquid cell by the heating elenments in response to the supply of energy; in
said liquid cell, the heating elenents are arranged in the direction of the
arranged liquid ejecting portions; and first heating el enents conprising at
| east one of said plurality of heating elenments in said liquid cell and a
second heating el ements conprising at>Peast another one of the heating

el enments are controlled by said ejection deflecting neans to have a
difference in supplied energy, so that the droplets can be ejected fromthe

nozzl e vsthréed] ecis omdashbOibd-k LR g didfdy eniGecnlh #d i
ej ecting device according to claim1,
to the AND gate X3, so that the output of the AND gate X3 is
"0" and the transistor M5 is turned off.

Accordingly, since the drains of the transistors M4 and
M3 are connected to each other and the drains of the
transistors M6 and M5 are connected to each other, when the
transistor M3 is in ON state and the transistor M5 is in OFF
state, a current flows from the resistor Rh-A to the
transistor M3, but no current flows to the transistor Mé due
to the OFF state of the transistor M5. Also, when no
current flows to the transistor M6, no current also flows to
the transistor M4 due to the characteristics of the current-
mirror circuit. Since the transistor M2 is in ON state, in
the above case, among the transistors M3, M4, M5, and M6, a
current only flows from the transistor M3 to M2.

In this state, no current flows in the transistors M4
and M6. Since a current can flow through the transistor M3,
a current passing through the resistor Rh-A branches off to
the transistor M3 and the resistor Rh-B. The current
passing through the transistor M3 passes through the
transistor M2, which is in ON state, and is led to the
ground. The current passing through the resistor Rh-B
passes through the transistor M1, which is in ON state, and
is led to the ground. Thus, the relationship in flowing

current between both resistors is I(Rh-A) > I(Rh-B), where



wherein the heads are disposed in the direction of the arranged |iquid
ejecting portions to forma line head. 15. A liquid ejecting nmethod using
at | east one head including a plurality of liquid ejecting portions each
havi ng a nozzl e, - 83 wherein: droplets are ejected fromthe nozzle of
each of said plurality of liquid ejecting portions with deflection in a
plurality of directions; and by ejecting droplets in different directions
fromat least two different liquid ejecting portions in adjacent positions
anong said plurality of liquid ejecting portions, the droplets are
delivered in a single colum to form &¥pixel colum, or the droplets are
delivered in a single pixel region to forma pixel. 16. Aliquid ejecting
met hod using at |east one head including a plurality of liquid ejecting

portions ﬁféchr%ﬁzf eécaahﬂ%?uz & (468 e se?ﬁ%t aog%rf}reﬂlﬂ! ?tloiﬂ‘ingl ect ed

fromthe nozzl sal pIuraI| y of liquid ejecting porfions with
def | ecti g g dihatx the droplet is dellvered to a position to which a
droplet ejected fromthe nozzle of another adjacent liquid ejecting portion

is delivered w thaut jBeiRgcHethectiedrcetibhec¥hedit ¥wibenegs; iangyhwhen a
pi xel colum or a pixel is fornmed by delivering droplets so that at |east

two regi aiie igtand ah Hae gledplRisTraedlel vneieed than advek! apnatithonach
other, by using at least two different liquid ejecting portions in adjacent
positions case in which the deflection-control switch J3 i1s in the

state "0", that is, the deflection-control switch J3 has a

different input (while switches A and C are set to be in the

state 1 similarly to the above), is as follows:

In this case, the ocutput of the XNOR gate X10 becomes
"0". This causes the AND gate X2 to have "0" and "1" as
inputs, so that its output is "0". Thus, the transistor M3
is turned off.

When the output of the XNOR gate X10 is "O0", the output
of the NOT gate X11 is "1". Thus, the inputs of the AND
gate X3 are "1" and "1", thus turning on the transistor M5.

During the ON state of the transistor M5, a current
flows in the transistor M6, which causes a current to flow
also in the transistor M4 because of the characteristics of
the CM circuit.

Thus, a current is supplied and flows in the resistor
Rh-A, the transistors M4 and M6 from the power supply Vh.
All the current passing through the resistor Rh-A flows in
the resistor Rh-B (the current passing through the resistor

Rh-A does not branch off to the transistor M3 since it is in

OFF state). All the current passing through the transistor



- 84 anong said plurality of liquid ejecting portions, and by defl ecting
droplets ejected fromat |east one of said two different liquid ejecting
portions, said pixel colum or said pixel can be fornmed. 17. Aliquid

ej ecting method according to claim 15, wherein the droplets are defl ected
in the direction in which the nozzles of said plurality of liquid ejecting
portions are arranged. 18. A liquid ejecting nmethod according to claim15,
wherein: ejection is set so that the droplets ejected with deflection from
the nozzl e of each of the liquid ejgcégng portions in an even nunber of
different directions, represented by , based on a control signal
represented by J bits, where J represents a positive integer, and the

di stance between the two farthest positions to which the droplets fromthe
sane noz#4 ef kgves diglfo efterl, rési s e Rh-B reigtdeorhe dapnsd (tPr M31)istines t he
interval between two adj acent nozzl es anong said nozzles; and one of the 2J
di recti oly QBF seliates ed Thrercutieent g stinartd wgustt ddof rigiansie tegz Mée of
each of said plurality of liquid ejecting portions. 85 _19. Aliquid
ej ect i ngt W hoh e cErli rep ot 2 A5, wherein: ejection is set so that the
droplets ejected wiith _deflection fromthe nozzle of each of said plurality
of liquid ej BEFGIHGLYI offbemn the S&d Lemrien-GrrdirrleP¥AECHi YactFons,

represented by (2J + 1), hased on a control signal represented by (J + Z
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ej ecting portions in an even nunber of different directions, represented by

2~J+x~, {resetbdis o GH-+®] sgnalrdapresateddnaibmsiip bdtseenhere both J
and K represent positive integers, and so that the distance between the two

farthesttiposhinmestd € Mwinty tire whiipl wdsi f1ars tie saime swrzde by e
delivered, in the 2J directions, can be (2J - 1)
I(Rh-A) < I(Rh-B). The ratio is symmetrical in both cases
(the deflection-control switch J3 is in states "1" and "0").

By setting the amounts of currents flowing in the
resistors Rh—-A and Rh-B to differ in the above manner, a
difference is generated in bubble producing time between the
bisected heating resistors 13. This can change a direction
in which an ink droplet is ejected.

Between the cases in which the deflection-control
switch J3 is in states "1" and "0", a direction in which an
ink droplet is deflected can be symmetrically switched in
position to the direction in which the nozzles 18 are
arranged.

Accordingly, by adjusting the voltage Vx of the

deflection—-amplitude control terminal B, the interval



- 86 tines the interval between two adjacent nozzles anong the nozzles,
and so that the position to which the ejected droplets are delivered can be
chosen at 1/2x tinmes the pitch of the nozzles; and one of the 2~"'+x~
directions is selected when the droplets are ejected fromthe nozzle of
each of said plurality of liquid ejecting portions. 21. Aliquid ejecting
met hod according to claim 15, wherein: ejection is set so that the droplets
ejected with deflection fromthe nozzle of each of said plurality of |iquid
ej ecting portions in an odd nunber of different directions, represented by
(2~J+K) + 1) , based on a control signaB represented by (J + K+ 1) bits,
where both J and K represent positive integers, and so that the distance
between the two farthest positions to which the droplets fromthe sane

| o Far thest o vhi oh s from L
of “the neasteett oo mIPHERn, o A Y I R S E R R a1 £ are
del i L j i$sh; of4 ' t
nozel o5, M on GloTRe (o D R T 1 R A e

droplets gfre GhLCtEH {RONULPEPOZSh Ot FEL W ORI S PLaIrad idne Qfeddquid
ej ecting portions. 87 22. Aliquid ejecting nmethod according to claim

15, wher e gy Waeh 1Be Pborh 1 f 06 el byi Sehn &b dewdén | BaStadNRSHiopgt in the
Mth line in a single pixel colum in the direction of the arranged |iquid

ej ecting @p&dtDNG, pahel €ndl (EPE e56PLBed POS| tave irk egespl et Earpivee!
formed by delivering at |east one droplet inthe (M+ 1)-th line in said
pi xel col deiniese=drimangepixedbnte®ion Sfpenfohieadosnlédals aof iajatejtect i ng
portion anong said plurality of liquid ejecting portions which is used for
the firstimkesieoninte porniche, paxeFign 1hesbwh. [ine, and a liquid

ej ecting portion anong said plurality of liquid ejecting portions which is
used for the flhist agsectdicifans fforam ttHapiodelthean filrs Y embodiment iime shal |
be different. 23. A liquid ejecting nethod according to claim 15, wherein,
when a pitkzat fehersPrdpitHens veeiwalak teasinbrdrepbptetars dhelvg%ef | ine of
a single Pixej colum in a direction of the arranged |iqujd ejecting
portions, (RPEFEIMR rebrREEet sCOl WRRS L | FE° | PReYR? , tRAINEIRR Y FhrtRRI by
delivering at. |l e % one droplet in the (M+ 1)-th line of said single

col um ar °%ﬁ%%$3€ : acontrol is perfornmed so that the same liquid

ef ecting por tixgn, agong. saldplurall Lo, 1] Qi 4 eject ing parti gas is not
i e h

used for the first € ection ormte pixel in ine, and for the

20| R S ke oL bencosseil Y iElnd b Nec D) 4h Line
switches J2 and Jl1 are also engaged mixedly with J3, the
amounts of the currents flowing in the resistors Rh-A and
Rh—-B can be set with a finer step.

More specifically, by using the deflection—éontrol
switch J3, the current flowing in the transistors M4 and M6
can be controlled. By using the deflection-control switch
J2, the current flowing in the transistors M9 and M1l can
also be controlled. Further, by using the deflection-
control switch J1, currents flowing in the transistors M1l4
and M16 can be controlled.

As described above, drain currents can be supplied to

the transistors M4 and M6, the transistors M9 and M1ll, and



wherein: based on a preset format, at |least one liquid ejecting portion for
use in liquid ejection is selected fromanong said plurality of liquid
ej ecting portions; and based on a format conformng to said preset formt,
the direction in which the selected liquid ejecting portion perforns
droplet ejection is selected. 25. Aliquid ejecting nethod according to
claim15, wherein determ nation of whether or not the droplets ejected from
the nozzl e of each of said plurality of liquid ejecting portions should be
deflected. 26. A liquid ejecting nmethgd _according to claim15, wherein:
each of said plurality of liquid ejecting portions conprises: a liquid cel
for containing liquid; and a plurality of energy generating elenents for

the transistors M14 and M16 in the ratio of 4:2:1.

Therefore, by using three bits, namely, the deflection-

control switches Jl to J3, the direction in which the ink

droplet is deflected can be changed to eight steps in which

(J1-state, J2-state, J3-state) = (0, 0, 0), (0, O, 1), (O, 1,

oy, (0, 1, &, (1, 0, 0), (1, 0, 1), (1, 1, 0), and (1, 1,

1).

By changing the voltage applied between the gates of

the transistors M2, M7, M12, and M17 and the ground, the

amounts of the currents can be changed. Thus, an amount of

deflection in one step can be changed by changing the drain

currents in those transistors while maintaining their ratio

as 4:2:1.

Accordingly, when ejection of ink droplets is deflected

to an even number of 2’ different directions by using a

control signal represented by J bits (in the second

embodiment, by J1, J2, and J3 bits, the distance between the

two farthest positions of the dots delivered from the same

ink ejecting portion is (27 - 1) times that of the distance

between two adjacent ink ejecting portions (the nozzles 18).

(T = 1 case is shown in Fig. 12) Thus, in the case of the

second embodiment, any one of the 2’ directions for ejection

of ink droplets can be selected and ink droplets can be

delivered in any one of eight pixel regions in the direction

of the arranged nozzles 18.



generating energy for ejecting the liquid in said liquid cell fromthe
nozzl e, the energy generating el enents being 89 disposed in said
liquid cell; in said liquid cell, the energy generating el enents are
arranged in the direction of the arranged liquid ejecting portions; and
first energy generating elenments conprising at | east one of said plurality
of energy generating elenents in said liquid cell and second energy
generating el enents conprising at | east another one of the energy
generating elements are controlled to have a difference in generated
energy, and the droplets ejected from¥he-nozzle are defl ected based on the
energy difference. 27. Aliquid ejecting nethod according to claim 15,
wherein: each of the liquid ejecting portions conprises: a liquid cell for

f?“t?i”ing l!?ﬂéjﬁéﬁyédﬁq@n%%%h?%ycgErQ%ﬁﬁhggsﬁkﬁgﬁ@%SBfﬁﬁdekegkgng the
quid in sai I quid ce rom the nozzl'e by using bubbles
similar to the deflection-control switches J1 to J3 in
switch for changing the direction of ink-droplet ejection,
but differ in the purpose of use in correcting the angle of
ejection of ink droplet. Switches S and K can be controlled
independently from Switches J. 1In this embodiment, two bits
which form the deflection-angle correcting switches S and K
are used for correction.

The ejection-angle correcting switch K is used to
determine whether or not correction is performed. The
ejection—-angle correcting switch K is set so that correction
is performed when its state is "1" and no correction is
performed when its state is "O".

The deflection-angle correcting switch S is used to
determine in which the correction of the direction on the
arranged nozzles 18 is performed.

For example, when the ejection-angle correcting switch
K is in the state "0" (no correction is performed), both the
outputs of the AND gates X8 and X9 are "0s" since at least
ocne input of each of the AND gates X8 and X9 is "0". Thus,
the transistors M18 and M20 are turned off, which turns off
the transistors M19 and M21. This causes no change in the
currents flowing in the resistors Rh-A and Rh-B.

Conversely, when the ejection-angle correcting switch K

is in the state "1" while the deflection-angle correcting



produced in the liquid in said liquid cell by the heating elenents in
response to the supply of energy; in said liquid cell, the heating el enents
are arranged in the direction of the arranged liquid ejecting portions; and
first heating elenents conprising at |east one of said plurality of heating
elenments in said liquid cell and a - 90 second heating el enments
conprising at |east another one of the heating elenents are controlled to
have a difference in supplied energy, and the droplets ejected with
deflection fromthe nozzle based on the energy difference. 28. Aliquid

ej ecting method according to claim 15, 58herein the heads are disposed in
the direction of the arranged liquid ejecting portions to forma |ine head.
. AY. A@ A; F. AN. A
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X1l6 is "1". Thus, all three inputs of the AND gate X8 are
fed by "1"s, which makes its output at "1" state, and turns
on the transistor M18. Since one of the inputs of the AND
gate X9 is set to "0" by the NOT gate X17, the output of the
AND gate is "0'", thus turning off the transistor M20.
Therefore, the OFF state of the transistor M20 causes no
current to flow in the transistor M21.

The characteristics of the current-mirror circuit cause
no current to flow also in the transistor M19. However, the
ON state of the transistor M18 causes a current to flow from
the midpoint of the resistors Rh-A and Rh-B into the
transistor M18. Thus, the current in the resistor Rh-B can
be reduced than that in the resistor Rh-A. Accordingly, the
angle of ejection of ink droplet is corrected and the
position to which the ink droplet is delivered can be
corrected by a predetermined amount in the direction in
which the nozzles 18 are arranged.

The above correction is performed in units of ink
ejecting portions or in units of heads 11. It is common
that directions in which ink droplets are ejected from the
ink ejecting portions of one head 11 are not always constant
but fluctuating. Normally, the range of the error

(fluctuation) is defined, and when each direction (position
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adjusted unless the characteristics’ of the direction of

ejection change with time.

Accordingly, it is necessary to determine for which of

the ink ejecting portions of one head 11, correction must be

performed, or for which of the heads 11, correction must be

performed, and how much correction is needed in the case

which requires correction. For matching the determined

correction, the deflection-angle correcting switches S ard K

may be turned on or off.

As described above, by setting the deflection-direction

switch C to have an input of the state "1" or "0", the
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deflection direction can be symmetrically changed in
position in the direction in which the nozzles 18 are
arranged.

In the line head 10 in the second embodiment, as in
example in Fig. 10, the heads 11 (having identical
specifications or structures) are arranged in the width
direction of printing paper and are arranged in a repeated
pattern so that two adjacent heads 11 can oppose each other
(every other head 11 1is disposed with it rotated 180 degrees
with respect to the adjacent head 11). 1In this case, when a
common signal is sent to Jl through to J3 to the two
adjacent heads 11 from the deflection-control switches, the
deflection directions in either head are opposing to those
of the other head. In the second embodiment, by providing
the same status ("1" or "O0") to the deflection~direction
switch C of every other head chip, the direction of
deflection in the entire head 11 can be made virtually
identical to the common signal given at J1 through to J3.

Accordingly, when a line head is formed by arranging
the heads 11 in the repeated pattern, the deflection-—
direction switch C is set to be in the state "0" for heads N,
N+2, N+4, etc., for example, in the even-numbered positions
among the heads 11, and the deflection-direction switch C is
set to be in the state "1" for the odd-numbered heads N+1,

N+3, N+5, etc., whereby the direction of deflection in each
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head in the line head 20 can be set to be virtually constant.

Fig. 13 is a front view showing directions in which ink
droplets are ejected from adjacent heads 11 arranged in the
repeated pattern. The adjacent heads 11 are referred to as
heads N and N+1, respectively. If the deflection-direction
switch C is not provided in this case, by setting each of
the heads N and N+1 to deflect the direction of ink-droplet
ejection by 0 from perpendicularity, as Fig. 13 shows, both
heads have such symmetrical directions of ejection that the
direction of ejection from the head N is changed to
direction Z1 and the direction of ejected from the head N+1
is changed to direction 22 because the heads N and N+1 are
positioned so that every other head is disposed which it
rotated 180 degrees with reference to the other.

However, as in the second embodiment, by providing the
deflection~direction switch C, and, for example, setting the
deflection-direction switch C to be in the state "0" for the
head N and setting the deflection-direction switch C to be
in the state "1" for the head N+1, the direction of ejection
from the head N can be changed to direction Z1 and the
direction of ejection from the head N+1 can be changed to
direction Z2', so that the direction of ejection can be set
to be constant in the direction in which the nozzles 18 are
arranged.

As described above, by supplying identical deflection
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can be identically set.

A case in which ejection of an ink droplet is set to an

even number of 2 different directions has been described.

In the ejection-control circuit 50, by setting the

deflection~amplitude control terminal B to have values of

zero or VX (DC value in volt in this case), ejection of an

ink droplet from the nozzle 18 can be set to have an odd

number of directions. 1In other words, by setting the

deflection-amplitude control terminal B to have Vx, as

described above, ejection of the ink droplet is set to have

an even number of directions composed of equal numbers of

right and left directions in the direction of the arranged

nozzles 18. 1In addition, by setting the deflection-

amplitude control terminal B to have zero, an ink droplet

can be ejected directly below with no deflection which

delivers the droplet out of the nozzle 18. Therefore, by

using deflected ejection of the ink droplet to equal numbers

of right and left directions, and ejection of the ink

droplet with no deflection, an odd number of directions for

ejection can be realized (see Fig. 14).

In this case, a control signal is represented by (J (27)

+ 1) bits, and the number of directions for ejection is an
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droplet ejection may be set so that, by adjusting the value
of the deflection-amplitude control terminal B (= Vx), among
the (27 + 1) directions, the distance between the two
farthest positions to which an ink droplet can be delivered
is 27 times (27 x % where J = 1 case is shown in Fig. 14) the
distance (% in Fig. 14) that is the distance between two ink
ejecting portions (the nozzles 18), and when an ink droplet
is ejected, any one of the (27 + 1) directions may be set.

This makes it possible to deliver ink droplets not only
to a pixel region N positioned under the nozzle N, but also
to adjacent pixel regions N-1 and N+1 on both sides thereof.

Also, each position to which an ink droplet is
delivered corresponds in position to each nozzle 18.

By using the above ejection deflector instead of the
ejection deflector in the first embodiment, setting of the
direction of ejection is facilitated compared with that in
the first embodiment, and various direction of ejection can
be set.

Figs. 15 and 16 respectively show processes in which,
in the two-directional ejection case (the number of
directions for ejection is even) and in the three-
directional ejection case (the number of directions for

ejection is odd) where pixels are formed on printing paper

based on an ejection-executing signal sent to the head 11 by
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ink ejecting portions, which correspond to Fig. 9 of the
first embodiment. Since the pixel forming processes in Figs.
15 and 16 are similar to that described using Fig. 9,
descriptions thereof are omitted.

As described above, by using the ejection deflector in
the second embodiment, as Figs. 15 and 16 show, various
forms of ejection-executing signals sent to the head 11 can
be set in the process by the ink ejecting portions of

forming each pixel on the printing paper.

Third Embodiment

In the second embodiment, by setting the input to the
deflection-amplitude control terminal B to zero so that an
ink droplet is ejected without being deflected. A form in
which this ejection control is facilitated is the ejection-
control circuit 50A shown in Fig. 17.

Although the ejection-control circuit 50 in Fig. 11
includes four CM circuits, the ejection-control circuit 50A
in Fig. 17 includes only a single CM circuit (composed of
transistors M31 and M32), whereby simplification of the
entire circuit structure is achieved. 1In the four CM
circuits in Fig. 11, the transistors M4 and M6 are
represented by "X4" (number of transistors in parallel), the
transistors M9 and M1l are represented by "X2", and the

transistors M14 and M16 and the transistors M19 and M21 are
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represented by "X1", in the ejection-control circuit 502 in
Fig. 17, devices represented by "X8" are used for the
transistors M31 and M32 so as to drain current capacities of
those transistors equal to the sum of the drain current
capacity of all the above transistors in the ejection-
control circuit 50.

When "X8" devices are used as the transistors M31 and
M32, it looks they require large space on the silicon.

However, if individual transistors are disposed in the
same circuit, eight wiring terminals are needed for each
transistor since 1t has a drain, a source, etc. Accordingly,
as compared with the case of disposing eight individual
transistors and associated wirings, the case of employing
"X8" single transistor greatly reduces the required area for
the entirety, even if the transistor itself occupies
relatively a large space.

Therefore, by forming a single CM circuit as in the
ejection-control circuit 50A in Fig. 17, the entire circuit
structure can be simplified, performing similar functions to
those in the ejection-control circuit 50 in Fig. 11.

The switching element (second switching element
compared with first switching by transistor M1l) of this
current-mirror circuit only consists of transistors M33 and
M34. 1In other words, four sets of the second switching

elements as seen in Fig. 11 are not provided in the third
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embodiment, and only one set of the second switching element
is provided instead. 1In Fig. 11, the transistors M3 and M5
are represented by "X4", the transistors M8 and M10 are
represented by "X2", and the transistors M13, M15, M18 and
M20 are represented by "X1". On the contrary, devices
represented by "X8" are used for the transistors M33 and M34
so as to provide with enough drain current capacity equal to
the sum of those of all the above transistors in Fig. 11.

The source and backgate of the transistor M1l are
connected to the ground. The sources of the transistors M33
and M34 are connected to the common circuit (current source)
to be described later, and their backgates are connected to
the ground. Each output of the NOR gates X21, X22, and X23
are connected to the gates of the transistors M1, M33, and
M34, respectively.

The ejection-control circuit 50A includes a circuit
including current-source unit for supplying currents to the
transistors M33 and M34. The circuit includes a first
control terminal Z, second control terminals D1, D2, and D3,
and transistors M61 through to Mé66.

The current-source unit consist of three current-source
elements. In other words, by connecting, in parallel, (1)
the current-source element composed of the transistor M62,
which has a (current) capacity represented by "x4", (2) the

current-source element composed of the transistor M64, which
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has a (current) capacity represented by "x2", and (3) the
current-source element composed of the transistor M66, which
has a (current) capacity represented by "x1", the current-
source unit is formed.

Also, transistors (the transistors M61, M63, and M65)
having identical current capacities to those of the
transistors constituting the current-source elements are
connected as the switching elements of the current-source.
The second control terminals D3 through to D1 are connected
to the gates of the transistors forming the switching
elements.

The resistors Rh-A and Rh-B, the transistor M1, and the
ejection-executing switch A are identical to those shown in
Fig. 11.

In the ejection-control circuit 50A in Fig. 17, an
ejection-executing input switch A uses a negative logic for
convenience of the IC design in the third embodiment. Hence,
in activating ejections, "0" is input to the ejection-
executing input switch A.

Accordingly, when "0" is input to the ejection-
executing input switch A, and 0s are input to a NOR gate X21,
its output becomes "1", thus turning on the transistor Ml.

When the input of the ejection-executing input switch A
is "0", by inputting "0" to the polarity-change switch Dp,

both inputs of the NOR gate X22 are "O"s, the output of X22
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becomes "1". This turns on the transistor M3. 1In the above
case (the ejection—-executing input switch A is in the state

"0" and the polarity-change switch Dp is in the state "0"),

as the inputs of a NOR gate X23 are "1" and "0", the output

becomes "0", thus turning off a transistor M34.

In this case, no current flows from the transistor M32
to M34, so based on the characteristics of the CM circuit,
no current flows to the transistor M31.

In this state, when the voltage of the resistor power
supply Vh is applied, since a current flows in the
transistor M33, a current flows from a point between Rh-A
and Rh-b to transistor M33. As a result of fact, a current
of Rh-A is increased, and a current of Rh-b is decreased.
The current passing through the transistor M33 is sent to
the ground. The current passing through the resistor Rh-B
flows to the ground through the transistor M1l. Thus, the
currents through the resistors Rh-A and Rh-B has a
relationship of I(Rh-2&) > I(Rh-B).

When "0" is input to the ejection-executing input
switch A and "1" is input to the polarity-change switch Dp,
both inputs of the NOR gate X21 are "0"s similarly to the
previous case, therefore, the output of X21 becomes "1",
thus turning on the transistor Ml.

Also, since the inputs of the NOR gate X22 are "1" and

"0", its output becomes "0", thus turning off the transistor
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M33. Since both inputs of the NOR gate X23 are "0O'"s,

its

output is "1", thus turning on the transistor M34. During

the ON state of the transistor M34, a current flows through

the transistor M34, and this flow of the current and the

characteristics of the CM circuit allow a current to flow

also in the transistor M31l.

Therefore, in addition to the current passing through

the resistor Rh-A, the current passing through the

transistor M31 flows into the resistor Rh-B. As a result,

the current through the resistors Rh-A and that of the

have a relationship I (Rh-A) < I (Rh-B).

Rh-B

Accordingly, similarly to the ejection-control circuit

50 in Fig. 11, the current enabling the deflection can
drawn from, or flow into the midpoint of the resistors

and Rh-B.

be

Rh-A

The ejection-control circuit 50A in Fig. 17 differs

from that of the circuit 50 in Fig. 11 in the following

points:

In the ejection-control circuit 50A, by inputting

||1ll

or "0" to each of the second control terminals, the value of

a current output from the current-source units can be

changed. By changing a voltage applied to the first control

terminal 7, scaling of the output current value can be

arbitrarily performed.

Therefore, by applying an appropriate voltage Vx across
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the first control terminal Z and the ground, and separately
operating the control terminals D1 through to D3, the output
current value can be controlled in eight steps from 0 (Id)
to 7 (Id), with the drain current Id used as a step (when
the value of Dp is maintained at some fixed level).
Moreover, since a change in the applied voltage Vx can
change the drain current Id (of all transistors associated
with Vx), the entire current can also be changed
proportionally.

Also, since a polarity-change switch Dp is provided in
addition to the three second control terminals D1, D2, and
D3, the total number of bits is four.

Therefore, the ejection-control circuit 50A in Fig. 17
takes fifteen output current values from -7 to +7 (x Id) in
increments of 1 with one overlap at Id = 0 that happens when
all J1 through to J3 bits are "0", and changes differently
from the ejection-~control circuit 50 in Fig. 11,

Thus, the number of settable output current values is
odd, including zero (no deflection).

Accordingly, in the second embodiment, by setting the
analog input value of the deflection-amplitude control
terminal B to zero, a state is created in which an ink
droplet is ejected without being deflected. 1In the third
embodiment, an ink droplet is ejected without being

deflected under control of the second control terminals D1,
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D2, and D3, and the polarity-conversion switch Dp, with the
input value of the first control terminal Z maintained at
some appropriate level,

Also, in the ejection-control circuit 50A in the third
embodiment, by always supplying the second control terminal
D1 (LSB) with the input "1" (the case of the second control
terminal D1 being "0O" is eliminated), the number of output
current values can be set to an even number.

The embodiments of the present invention have been
described. However, the present invention can be variously
modified as shown below without being limited to the
embodiments described herein.

(1) For example, in the first embodiment, by using a control
signal represented by J bits, an ink droplet is deflected in
an even number of 2° different directions, and the distance

between the two farthest positions to which the ink droplet

is delivered is set to (27-1) times the interval between two
adjacent nozzles 18.

However, the setting is not limited thereto, but by
using a control signal represented by J+K (bits), the ink
droplet can be deflected in an even number of 2“*¥ different
directions, the distance between the two farthest positions
to which the ink droplet is delivered can be set to (27-1)
times the interval between two adjacent nozzles 18, and the

position to which the ink droplet is delivered can be
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changed at intervals of 1/2% of the interval between two
adjacent nozzles 18.

This can use K bits as a control signal for correction.
In other words, when K is set to, for example, 2 for
correcting a positional shift from the correct position to
which the ink droplet is delivered, the position to which
the ink droplet is delivered can be changed at intervals of
1/2% (= 1/4) of the interval between two adjacent nozzles 18.
By supplying a K-bit control signal to the internal memories
of each ink ejecting portion when power is initially
supplied, for example, the ink ejecting portion can eject an
ink droplet, based on the K-bit control signal which is set
in the memories and not changed during printing, plus the J-
bit control signals which are supplied in accordance with
ink droplet ejection command.
(2) In the first embodiment, an example of J = 2 case (in
Fig, 6, J = 1 and 2) has been described so that the
functions of J-bit control signal can be understood. In the
second embodiment, an example of J = 3 has been described,
where control signals of J = 3 or more may be used. This
similarly applies to the case of the above K-bit control
signal.
(3) In the above embodiments, by changing the balance of
currents flowing in the bisected heating resistors 13, the

times (bubble producing time) required for the ink droplets
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to boil have a difference. The present invention is not
limited thereto, but timings with which currents are
supplied to bisected heating resistors 13 having equal
resistances may be set to differ. For example, by providing
the two heating resistors 13 with separate switches, and
turning on each switch with a slight difference in time, the
time required for ink of each heating resistor 13 to boil
can differ. Moreover, changing the current flowing in each
heating resistor 13, and the setting of the durations of the
flows of the currents to differ can be used in combination.
(4) The above embodiments show a case in which two heating
resistors 13 are arranged in a single ink cell 12. The
reason of bisection is that the elements' durability has
been sufficiently demonstrated and the circuit configuration
can also be simplified. However, the present invention is
not limited thereto. The arrangement in parallel of at
least three heating resistors 13 (energy generating
elements) in a single ink cell 12 can be used.

(5) In the above embodiments, the heating resistors 13 are
shown as energy generating elements of a thermal type.
However, heating resistors composed of a substance other
than a resistor may be used. The energy generating elements
are not limited to heating resistors, but other types of
energy generating elements may be used. For example, energy

generating elements of an electrostatic ejection type and a
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piezoelectric type can be used.

The energy generating element of the electrostatic
ejection type includes a vibrator, and two electrodes
provided to the lower side of the vibrator, with an air
layer provided therebetween. A voltage is applied across
both electrodes, thus causing the vibrator to warp downward,
and after that, by changing the voltage to zero volts,
electrostatic force is released. Then, elastic power
generated when the vibrator returns to the original state 1is
used to eject an ink droplet.

In this case, in order for the generation of energy in
each energy generating element to differ, for example, when
the vibrator is returned to the original state
(electrostatic power is released by changing the voltage to
zero volts), two energy generating elements may have a
difference in time, or the applied voltages may be set to
differ between the energy generating elements.

The energy generating element of the piezoelectric type
has a layered structure composed of a piezoelectric element
having electrodes on two surfaces thereof and a vibrator.

By applying a voltage to the electrodes on both surfaces of
the plezoelectric element, a piezoelectric effect produces a
bending moment in the vibrator, so that the vibrator warps
and is deformed. This deformation is used to eject an ink

droplet.
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Also, in this case, similarly to the above, in order
for the generation of energy in each energy generating
element to differ, when the voltage is applied to the
electrodes on both electrodes, two piezoelectric elements
may be controlled to have a difference in time, or the
applied voltages may be set to differ for the two
piezoelectric elements.

(6) In the above embodiments, the ink droplet can be
deflected in a direction in which the nozzles 18 are
arranged. This is because the heating resistors 13 divided
in the direction in which the nozzles 18 are arranged are
arranged in parallel. However, the direction in which the
nozzles 18 are arranged and the direction of deflecting the
ink droplet do not always coincide with each other. Even if
both have some shift, an advantage can be expected which is
substantially identical to the case of complete coincidence
between the nozzles 18 are arranged and the direction of
deflecting the ink droplet. Accordingly, there is no
problem if the shift occurs.

(7) In the above embodiments, the head 11 for use in a
printer are shown as examples. the head 11 of the present
invention is not limited to the printer, but can be applied
to various liquid ejecting devices. For example, the head
11 can also be applied to a device for ejecting a DNA-

containing solution for detecting a biological sample.
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According to the present invention, by using a
plurality of different liquid ejecting portions, a pixel or
a pixel column can be formed. Thus, differences in the
guantities of ink droplets from the liquid ejecting portions
can be minimized, thus preventing a decrease in printing
quality.

If there is a liquid ejecting portion from which an
insufficient ink droplet is ejected or an ink droplet cannot
be ejected due to dirt, dust, etc., the influence can be
minimized. This can increase printing quality by a head
that should normally be regarded as defective to a normal
head level.

In addition, instead of providing a backup head, even
if there is a liquid ejecting portion that cannot eject a
droplet, another adjacent liquid ejecting portion
compensates for the defective liquid ejecting portion and
can eject a droplet therefor.

Moreover, in the case of forming a pixel by using a
plurality of droplets, the droplets can be delivered so as
to overlap one another without moving a head a plural number
of times (without performing scanning a plural number of

times). This can increase the printing speed.
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CLAIMS:

1. A liquid ejecting device having at least one head
including a plurality of liquid ejecting portions each
having a nozzle, said liquid ejecting device comprising:

ejection deflecting means for ejecting a droplet with
deflection from the nozzle of each of said plurality of
liquid ejecting portions in a plurality of directions; and

ejection control means for controlling ejection so that,
by ejecting droplets in different directions from at least
two different liquid ejecting portions in adjacent positions
among said plurality of liquid ejecting portions while using
said ejection deflecting means, the droplets are delivered
in a single column to form a pixel-column, or the droplets

are delivered in a single pixel region to form a pixel.

2. A liquid ejecting device having at least one head
including a plurality of liquid ejecting portions each
having a nozzle, said liquid ejecting device comprising:

ejection deflecting means for ejecting a droplet with
deflection from the nozzle of each of said plurality of
liquid ejecting portions so that the droplets are delivered
to positions to which droplets ejected from the nozzle of
either adjacent liquid ejecting portion are delivered

without being deflected, or the vicinity thereof; and
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ejection control means for controlling ejection so that,
when a pixel column or a pixel is formed by delivering
droplets so that at least two regions to which the droplets
are delivered can overlap with each other, by using at least
two different liquid ejecting portions in adjacent positions
among said plurality of liquid ejecting portions and by
using said ejection deflecting means to eject droplets with
deflection from at least one of said two different liquid
ejecting portiohs, said pixel column or said pixel can be

formed.

3. A liquid ejecting device according to claim 1,
wherein said ejection deflecting means ejects the droplets
with deflection in the direction in which the nozzles of

said plurality of liquid ejecting portions are arranged.

4. A liquid ejecting device according to claim 1,
wherein:

said ejection deflecting means is set so that the
droplets ejected with deflection from the nozzle of each of
the liquid ejecting portions are delivered in an even number
of different directions, represented by 27, based on a
control signal represented by J bits, where J represents a
positive integer, and the distance between the two farthest

positions to which the droplets from the same nozzle are
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an odd nNumber of different directions, represented by (29 +
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droplets ejected with deflection from the nozzle of each of
said plurality of liquid ejecting portions are delivered in

an even number of different directions, represented by 2 LK)

based on a control signal given by (J + K) bits, where both
J and K represent positive integers, and so that the
distance between the two farthest positions to which the
droplets from the same nozzle are delivered, in the 27
directions, can be (27 - 1) times the pitch of the nozzles,
and the position to which the ejected droplets are delivered
can be chosen at 1/2¥ times the pitch of the adjacent
nozzles; and

said ejection control means selects one of the 2%

directions when the droplets are ejected from the nozzle of

each of said plurality of liguid ejecting portions.

7. A liquid ejecting device according to claim 1,
wherein;:

said ejection deflecting means is set so that the
droplets ejected with deflection from the nozzle of each of
said plurality of liquid ejecting portions are delivered in
an odd number of different directions, represented by (2'*®
+ 1), based on a control signal represented by (J + K + 1)
bits, where both J and K represent positive integers, and so

that the distance between the two farthest positions to

which the droplets from the same nozzle are delivered, in
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the (27 + 1) directions, can be 2’ times the interval between
two adjacent nozzles among the nozzles, and the position to
which the ejected droplets are delivered can be chosen at
1/2% times the pitch of the nozzles; and

said ejection control means selects one of the (2'*% +

1) directions when the droplets are ejected from the nozzle

of each of said plurality of liquid ejecting portions.

8. A liquid ejecting device according to claim 1,
wherein, when a pixel formed by delivering at least one
droplet in the M-th line of a single column in the direction
of the arranged liquid ejecting portions, where M represents
a positive integer, and a pixel formed by delivering at
least one droplet in the (M + 1)-th line of said single
pixel column are arranged, said ejection control means
controls ejection so that a liquid ejecting portion among
said plurality of liquid ejecting portions which is used for
the first ejection to form the pixel in the M-th line, and a
liquid ejecting portion among said plurality of liquid
ejecting portions which is used for the first ejection to

form the pixel in the (M + 1)-th line shall be different.

9. A liquid ejecting device according to claim 1,
wherein, when a pixel formed by delivering at least one

droplet in the M-th line in a single pixel column in a
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direction of the arranged liquid ejecting portions, where M
represents a positive integer, and a pixel formed by
delivering at least one droplet in the (M + 1)-th line in
said single pixel column are arranged, said ejection control
means controls ejection so that the same liquid ejecting
portion among said plurality of liquid ejecting portions is
not used for the first ejection to form the pixel in the M-
th line, and for the first ejection to form the pixel in the

(M + 1)-th line.

10. A liquid ejecting device according to claim 1,
wherein said ejection control means comprises:

liquid-ejecting-portion selecting means for selecting,
based on a preset format, at least one liquid ejecting
portion for use in liquid ejection from among said plurality
of liguid ejecting portions; and

ejection-direction determining means for determining,
based on a format conforming to said preset format, the
direction in which the selected liquid ejecting portion

performs droplet ejection.

11. A liquid ejecting device according to claim 1,
wherein said ejection control means comprises deflection
determining means for determining whether or not said

ejection deflecting means should deflect the droplets
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ejected from the nozzle of each of said plurality of liquid

ejecting portions.

12, A liquid ejecting device according to claim 1,
wherein:
each of said plurality of liquid ejecting portions
comprises:
a liquid cell for containing liquid; and
a plurality of energy generating elements for
generating energy for ejecting the liquid in said liquid
cell from the nozzle, the energy generating elements being
disposed in said liquid cell;
in said liquid cell, the energy generating elements are
arranged in the direction of the arranged liquid ejecting
portions; and
first energy generating elements comprising at least
one of said plurality of energy generating elements in said
liguid cell and second energy generating elements comprising
at least another one of the energy generating elements are
controlled by said ejection deflecting means to have a
difference in generated energy, so that the droplets can be
ejected from the nozzle with deflection based on the energy

difference.

13. A liquid ejecting device according to claim 1,
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wherein:
each of the liquid ejecting portions comprises:
a liquid cell for containing liquid; and
a plurality of heating elements for ejecting the
liquid in said liquid cell from the nozzle by using bubbles
produced in the liquid in said liquid cell by the heating
elements in response to the supply of energy;
in said liquid cell, the heating elements are arranged
in the direction of the arranged liquid ejecting portions;
and
first heating elements comprising at least one of said
plurality of heating elements in said liquid cell and a
second heating elements comprising at least another one of
the heating elements are controlled by said ejection
deflecting means to have a difference in supplied energy, so
that the droplets can be ejected from the nozzle with

deflection based on the energy difference.

14. A liquid ejecting device according to claim 1,
wherein the heads are disposed in the direction of the

arranged liquid ejecting portions to form a line head.

15. A liquid ejecting method using at least one head
including a plurality of liquid ejecting portions each

having a nozzle,
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wherein:

droplets are ejected from the nozzle of each of said
plurality of liquid ejecting portions with deflection in a
plurality of directions; and

by ejecting droplets in different directions from at
least two different liquid ejecting portions in adjacent
positions among said plurality of liquid ejecting portions,
the droplets are delivered in a single column to form a
pixel column, or the droplets are delivered in a single

pixel region to form a pixel.

16. A liquid ejecting method using at least one head
including a plurality of liquid ejecting portions each
having a nozzle,

wherein:

at least one droplet is ejected from the nozzle of each
of said plurality of liquid ejecting portions with
deflection so that the droplet is delivered to a position to
which a droplet ejected from the nozzle of another adjacent
ligquid ejecting portion is delivered without being deflected,
or the vicinity thereof; and

when a pixel column or a pixel is formed by delivering
droplets so that at least two regions in which the droplets
are delivered can overlap with each other, by using at least

two different liquid ejecting portions in adjacent positions
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among said plurality of liquid ejecting portions, and by
deflecting droplets ejected from at least one of said two
different liquid ejecting portions, said pixel column or

said pixel can be formed.

17. A liquid ejecting method according to claim 15,
wherein the droplets are deflected in the direction in which
the nozzles of said plurality of liquid ejecting portions

are arranged.

18. A liquid ejecting method according to claim 15,
wherein:

ejection is set so that the droplets ejected with
deflection from the nozzle of each of the liquid ejecting
portions in an even number of different directions,
represented by 2’, based on a control signal represented by
J bits, where J represents a positive integer, and the
distance between the two farthest positions to which the
droplets from the same nozzle are delivered, in the 27
directions, can be (27 - 1) times the interval between two
adjacent nozzles among said nozzles; and

one of the 2’ directions is selected when the droplets
are ejected from the nozzle of each of said plurality of

liquid ejecting portions.
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19. A liquid ejecting method according to claim 15,
wherein:

ejection is set so that the droplets ejected with
deflection from the nozzle of each of said plurality of
liquid ejecting portions in an odd number of different
directions, represented by (2’ + 1), based on a control
signal represented by (J + 1) bits, where J represents a
positive integer, and the distance between the two farthest
positions to which' the droplets from the same nozzle are
delivered, in the (2’ + 1) directions, can be 2’ times the
interval between two adjacent nozzles among the nozzles; and

one of the (27 + 1) directions is selected when the
droplets are ejected from the nozzle of each of said

plurality of liquid ejecting portions.

20. A liquid ejecting method according to claim 15,
wherein:

ejection is set so that the droplets ejected with
deflection from the nozzle of each of said plurality of
liquid ejecting portions in an even number of different

2W* " phased on a control signal

directions, represented by
represented by (J + K) bits, where both J and K represent
positive integers, and so that the distance between the two

farthest positions to which the droplets from the same

nozzle are delivered, in the 27 directions, can be (27 - 1)
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times the interval between two adjacent nozzles among the
nozzles, and so that the position to which the ejected
droplets are delivered can be chosen at 1/2* times the pitch
of the nozzles; and

one of the 2“* directions is selected when the
droplets are ejected from the nozzle of each of said

plurality of liquid ejecting portions.

21. A liquid ejecting method according to claim 15,
wherein:

ejection is set so that the droplets ejected with
deflection from the nozzle of each of said plurality of
liquid ejecting portions in an odd number of different
directions, represented by (2Y** + 1), based on a control
signal represented by (J + K + 1) bits, where both J and K
represent positive integers, and so that the distance
between the two farthest positions to which the droplets
from the same nozzle are delivered, in the 27 + 1)
directions, can be 27 times the pitch of the nozzles, and so
that the position to which the ejected droplets are
delivered can be chosen at 1/2* times the pitch of the two
adjacent nozzles; and

one of the (2Y** & 1) directions is selected when the
droplets are ejected from the nozzle of each of said

plurality of liquid ejecting portions.
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22. A liquid ejecting method according to claim 15,
wherein, when a pixel formed by delivering at least one
droplet in the M-th line in a single pixel column in the
direction of the arranged liquid ejecting portions, where M
represents a positive integer, and a pixel formed by
delivering at least one droplet in the (M + 1l)-th line in
sald pixel column are arranged, control is performed so that
a ligquid ejecting portion among said plurality of liguid
ejecting portions which is used for the first ejection to
form the pixel in the M-th line, and a liquid ejecting
portion among said plurality of liquid ejecting portions
which is used for the first ejection to form the pixel in

the (M + 1)-th line shall be different.

23. A liquid ejecting method according to claim 15,
wherein, when a pixel formed by delivering at least one
droplet in the M-th line of a single pixel column in a
direction of the arranged liquid ejecting portions, where M
represents a positive integer, and a pixel formed by
delivering at least one droplet in the (M + 1)-th line of
said single column are arranged, a control is performed so
that the same liquid ejecting portion among said plurality
of liquid ejecting portions is not used for the first

ejection to form the pixel in the M-th line, and for the
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first ejection to form the consecutive pixel in the (M + 1)-

th line.

24, A liquid ejecting method according to claim 15,
wherein:

based on a preset format, at least one liquid ejecting
portion for use in liquid ejection is selected from among
said plurality of liquid ejecting portions; and

based on a format conforming to said preset format, the
direction in which the selected liquid ejecting portion

performs droplet ejection is selected.

25. A liquid ejecting method according to claim 15,
wherein determination of whether or not the droplets ejected
from the nozzle of each of said plurality of liquid ejecting

portions should be deflected.

26. A liquid ejecting method according to claim 15,
wherein:
each of said plurality of liquid ejecting portions
comprises:
a liquid cell for containing liquid; and
a plurality of energy generating elements for
generating energy for ejecting the liquid in said liquid

cell from the nozzle, the energy generating elements being
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arranged in the direction of the arranged liquid ejecting
portions; and
first energy generating elements comprising at least
one of said plurality of energy generating elements in said
liquid cell and second energy generating elements comprising
at least another one of the energy generating elements are
controlled to have a difference in generated energy, and the
droplets ejected from the nozzle are deflected based on the

energy difference.

27. A liquid ejecting method according to claim 15,
wherein:
each of the liquid ejecting portions comprises:
a liquid cell for containing liquid; and
a plurality of heating elements for ejecting the
liquid in said liquid cell from the nozzle by using bubbles
produced in the liquid in said liquid cell by the heating
elements in response to the supply of energy;
in said liquid cell, the heating elements are arranged
in the direction of the arranged liquid ejecting portions;
and
first heating elements comprising at least one of said

plurality of heating elements in said liquid cell and a
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second heating elements comprising at least another one of
the heating elements are controlled to have a difference in
supplied energy, and the droplets ejected with deflection

from the nozzle based on the energy difference.

28. A liquid ejecting method according to claim 15,
wherein the heads are disposed in the direction of the

arranged liquid ejecting portions to form a line head.



