- 1 LIQU D EJECTI NG METHOD AND LI QUI D- EJECTI NG APPARATUS BACKGROUND OF
THE I NVENTION 1. Field of the Invention The present invention relates to "a
l'i qui d-ejecting apparatus having a head with a plurality of ' ' '
liquid-ejecting units, each unit having a nozzle, and a liquid-ejecting
met hod. 2. Description of the Related Art As an exanple of a.

| i qui d-ej ecting apparatus having a head with a. plurality of

li qui d-ejecting units, each unit having a nozzle, an inkjet-type recording
apparatus has been known. The inkjet-type recording apparatus such as an

i nkj et printer has been wi dely used im view of high-speed recording,

i nexpensi ve runni ng cost, and easy colorizing, so that techniques for

form ng high-resolution and high-quality printed i mages have been

devel oped. EdQU&ERaBPEETINReMBTHOD aABPrLBOUIPPEIRCTANGhRREARATHEI ch while a
print head is reciprocated in the full-width direction of a recording
medium ink is ejected froma liquid-ejecting unit arranged in the print
head so as to formprinted inmages. In the serial-type print head, a

mul t i pRAFESGRABIR i QF R oPBENTIN nul tipath is a systemin which when ink
is ejected so as to formprinted i mages_ during the reciprocation of the
print Head Fi¥gd gie theerpvention -

The present invention reiatés to a liquid-ejecting
apparatus having a head with a blurality of liquid—ejecting
units, each unit having a nozzle, and a liquid-ejecting
method.-- | |
2. \Description‘of the Relatéd Art

As an example of a liquid-ejecting apparatus having a
head with a,pluralityvgf liquid-ejecting units, each unit.
having a nozzle, an inkjet-type recording apparatus has been
known. The inkjet-type recording apparatus such as an
inkjet printer haé been widely used in VieW"oflhigh—speed
reco;ding, inexpensive funning cost, and easy colorizing, so
that techniques fpr-forming high-resolution and high~quality
printed images have been developed. | '

For example, there is a serial—fype print head in which
while a print head is reciprocated in the full-width
direction of a recording medium, ink is ejected from a

'liquid—ejecting ﬁnit arranged in the print head so as to
form priﬁted images. In the serial—type print head, a
- multipath sygtem is employed. The mulfipath is a system in
which when ink is ejected so as to form printed imagés: o

during the reciprocation of the print head, for one line




constituting printed images, ink is ejected froma plurality of

| iquid-ejecting units. Thereby, fluctuations in an ejecting direction and
an ejection amount of ink ejected fromeach |iquid-ejecting unit are able.
to be inconspicuous. Also, in the inkjet printer, a pulse nunber nodul ation .
(a nmethod for formng one pixel by a plurality of ink droplets so-called
PNM has been known. Fig. 20 is an explanatory view illustrating the pul se
nunber nodul ation (PNM systen). In this nmethod, within one pixel region,

. ink droplets are continuously ejected plural tinmes. It is not wuntil the
ink droplet landed at first is absorbed (perneated) into a photographic
sheet that the next ink droplet is landed so that at |east part of a
region is overlapped with another region. Fig. 20 shows exanples from .an

exanpl %Wﬁﬂﬂ@l@ﬁ%@tiﬂﬁ%%n% ogsce‘eﬁﬁeo(% apron?ﬁgmla% ere ink

droplets are | anded five tines. IS not he 1n 1¥8nded at

first iox absprhed;ddereaitds | Nte, & t ﬁﬁ@hi sheet. that the next ink
droplet is Ianded,J o) tdk%t a psl urality of’ ?%k roapc)ﬁlegt}lss are “inited so as to

form org darigry RiRlctiBitard art he M S BnotustEMik whi gh. by adjusting
t he nunber of ink droplets ejected fromeach I1quid-ejecting unit, the
di amet éronf e chpiiefuiePRSIdSHilNg il Pl ahlidTRGL Hes A AN Yoo rol I ed so

as to express gradation. In order to formhigh-quality printed Inages

usi ng such AIENwliysthﬁlihkjbs i infeert anbuldse! number modulation
(a method for forming one piXel by a plurality of ink
droplets so-called fNM) has been known. Fig. 20 is an
explanatory viéw illustrating the pulse number modulation
(PNM system). In this method; within one pixel region, ink
droplets are continuously ejected plural times. It is not
until the ink droplet landed at first is ;bsorbed |
(pérmeated) into a photographic sheet tﬁat the next ink
droplet.is landed so that at least part of a region is
overlapped with another region. "Fig. 20 shows examples from
an'example where an ink droplet is landed once up to an |
example where ink droplets are landed five times. It is not
until the ink droplet landed at first is absorbed
(permeated) into a photographic sheet that the next ink
droplet is landed, so that a plurality of ink dropleté aré
united so as to form one large pixel. That is, the PNM is a
system in which by adjusting the number of ink droplets
ejected from each liquid-ejecting unit, the diameter of a
pixel constituting a printed image is variably éontrolled S0

as to express gradation. 1In order to form high—quality

printed images using such a PNM system, it is an importént




3 object to stabilize the ejection anmobunt of an ink droplet ejected from
each liquid-ejecting unit. As a technique relating to such an object, it
is disclosed that during continuously ejecting ink, the anpunt of an ink
droplet is stabled (Japanese Patent Publication No. 3157945 (page 3,
Figs. 5 and 8) for exanple). The techni que described in Japanese Patent
Publication No. 3157945 relates to a technique in that a plurality of
i ndependent ink droplets for one pixel are defined as a ink droplet group
and a pulse interval is set for a pulse signal for ejection fromthe sane
ejecting unit. Specifically, in a fréquency band in which with increasing
the pulse interval, the ejection anbunt per one droplet increases, the
pul se interval is established so that the anpbunt of each ink droplet of
the in [(MoTell I is 1 Z ith t. of. an jnk.droplet when a
si ngl el&ibﬁls%é&r %tp?l %tt%%glleszjeggc?%d.%%g\#ggly,ah{a)ﬁlg%lf;eaq n I%r \}iariOpflc')erJC equal i zi ng
the apgudtcaf @3ah dadh drepliet Ofedhag M 1q oply ,agrt%tagme_g&%%t ed ,
continuously is selected froma graph between a drive requency and ink
ej ecti erlamBunt teharret eh Sijiewt and tiaedi%@%fedofth%%cﬁdﬂ%gdrOp' et can be
constant using the selected pulse interval. However, this pulse interva
is unicquelyudeseymeiedtisg tihal, ithehamonal bBeeRranbikt Gkt §st ablished.
Incidentally, in response to the serial-type print head,

stabled (Japanese Patent Publication No. 3157945 (page 3,

Figs. 5 and 8) for example).

The technique described in Japanese Patent Publication
No. 3157945 relates to a technique in that a plurality of
independent ink droplets for one pixel are defined as a ink
d;oplet group and a pulse interval is set for a pulse signal
for ejection from the same ejebting unit. Specifically, in
a frequency band in which with increasing the pﬁlsé interval,
the ejection amount per one droplet increases, the pulse
intervél_is established so that the amount of each ink
droplet of the ink dfoplet groﬁp is equalized with the
amount of an ink droplet when a single ink droblet is
ejected. -Thereby, the pulse interval for equalizing the
amount of each ink droplet of the ink droplet group ejected
continuously is selected from a graph between a drive
frequency and ink ejection amount cﬁaracteristics, and the
amount of each ink droplet can be constant using the
selécted pulse interval. However, this pulse interval is
uniquely determined, so that it has not been arbitrarily
established.

Incidentally, in response to the serial-type print head,




4 there is a line-type print head having a nunber of head chips arranged
corresponding to the entire wwdth of a recording nedium If the line-type
print head is applied to the technique described. in Japanese Patent
Publ i cation No. 3157945, along with increase in the nunber of I|iquid-
ejecting units, the electric power applied to a heating elenment provided
in each liquid-ejecting unit may concentrate. In this case, the voltage of
a power supply for supplying electric power to each heating el ement
fluctuates, and as a result, high-quality inages may not be forned (a
first problen). Also, in the technigde described in Japanese Patent
Publ i cati on No. 3157945, even if the pulse interval for equalizing the
anount of each ink droplet of the ink droplet group ejected from each

| i qui dt@jeeet i1Rg UNiithd-% etied ey t q?g nk, ej ection
anount characteristics, }éﬁi tﬁe effectdﬁ%équctua ons o eaéh conmponent in

“the meRYHAC awriane %&&%s?)fonrdl[%gorﬂd“tﬂée%tq £Lhanges ¢ 4 tenperature in

use, the amount of each ink droplét is liable to change, SS that it has

“been dirktoeudling mestiaki.l i ze the 1amurt,f Kach %%%ddr%mdﬂ?fﬁ ed hg 1 nk
droplet group ejected from each I|qU|g'eject|ng unit . cond problem.

Si nce thetheehhﬂqabyﬂesnmubbdheﬁdJa@a&%@@r@h&@n%e@b%ﬁhcb%l%BV%@.relat'Ve|y
to the print head only in a direction perpendicular to the |ongitudinal
direct Bdh78f5t, helpngntvith increase in the number of liguid-

' ejecting units, the electric power applied to a heating
element provided in each ligquid-ejecting unit may
concentrate. In thie case, the voltage of a power supply
for supplying electric power to each heating element
fluctuates, and as a result, high-quality images may not be
formed (a first problem);

Also, in the technique described in Japanese Patent
Publication No. 3157945, even if the pulse interval for
equalizing the amount of each ink droplet of the ink dropietu
group ejected from each liquid—ejecting unit is selected
from the graph about the ink ejection amount characterlstlcs
by the effect of fluctuatlons of each component in the
manufacturing process of the print head or changes in
tempefature in use, the amount of each ink droplet is liable
to change, So that it has been difficult to stabilize the
amount of each ink droplet of the ink droplet group ejected
from each liquid-ejecting unit (a second problem) .

Since in the line-type print head, a recording medium

is moved relatively to the print head only in a direction

perpendicular to the longitudinal direction of the print




5 head so as to formprinted images, the nmultipath system cannot be
applied thereto. Therefore, fluctuations of each |liquid-ejecting unit in
the ejecting direction get lined-up along the imaging direction. If a head
with fluctuations in the ejecting direction is used, although the printing
must be actually perforned as shown in Fig. 19B, there has been a problem
of printed i mages with streaks and unevenness as shown in Fig. 19A (a
third problen). On the other hand, while the third problem being sol ved,

in a liquid-ejecting apparatus having a head (line head) wth a plurality
of liquid-ejecting units arranged théreon, a technique enabling the PNM
system in which while liquid ejecting direction is controlled

(defl ected), one pixel is formed by landing ink droplets on one pixel

regi on SANGA a Py atdty of ;s AL gz el ecti uni ta be enpl oyed _
thereinto is proposed in %lpan%%jeﬂ@egsﬁ’t *%gepﬁi“é%’%s%%%’&éo%&%%%zs, whi ch

i s assicmedd gd an®y agsdangs. aspidse ARpl i Lon.. However, in formng
one pixel by Iangﬁﬁg'ink dropl et's _ué%%%fa dld?g%f @ﬁEﬁQW?dﬁ{d¥§?écting

uni ts, 1Siquael-2 i i ©fif hend It Sieeting. Ul s, Ty aspend, to the
one pixel, signal processing for ejection execution i conp i cHted.

Furt heaone, the fiading Aie-ddw@n by & Rl Waald ty; af fl%tprja[ﬁpd ers, ejected -
froma plurality of liquid-ejecting units, as shown in Fig. fi,:?he

di spl ackreet] eict ingndiingqudsirt iiGNSised, although the printing must

be actuglly performed as shown in Fig. 19B, there has been a
problem of printed images with streaks and unevennéss as
shown in Fig. 19A (a third problem).
On the other hand, while the third problem being sblved,
in a liquid-ejecting apparatus haﬁing a head (line'head)ﬁ
with a plurality of liquid-ejecting units arranged thereon,
a technique enabling the PNM System, in which while liquid
ejecting direction is controlled (deflected) , one pixel is
formed by landing ink droplets on one pixel regionhusing a
plurality of liquid-ejecting units, to be employed theréinto
.is proposed in Japanese Patent Application 2002-161928,
which is assigned to the same assignee as this application. N
However, in forming one pixel by landing ink droplets .
using a plurality of ligquid-ejecting units, since a
plurality of the liquid—ejectihg units correspond to the one
pixel, signal processing for ejection execution is
complicated.
Furthermore, in forming one pixel by a plurality of ink
droplets ejected from a plurality of liquid-ejecting units,

as shown ip Fig. 21, the displacement in landing positions




6 of the ink droplets ejected fromeach liquid-ejecting unit tends to

i ncrease. Therefore, as shown in Fig. 21, when dots fornmed by a plurality
of the ink droplets a xa united so as to formone pixel, the shape of the
pi xel is not approximated to a circle, and this may result in inmage-
quality deterioration (a fourth problem. SUMVARY OF THE | NVENTI ON
Accordingly, in order to solve the first and second problens, it is an

obj ect of the present invention to provide a |liquid-ejecting apparatus and
a liquid-ejecting nethod capable of stabilizing the ejection amount of
each liquid droplet of a liquid-droplet group continuously ejected toward
one |l anding point froma nozzle of a liquid- ejecting apparatus having a
head with a plurality of liquid- ejecting units, each unit having the

nNozzl e;rCOREECSRRNELRE1cEQ a5 W f cegpe b _as [ | (a first
object?. Furthernnre? ?n or%§$g§8 so?@eg%%g ?Eﬁ?gha%&QFgﬁg hh%g?oblens, it

i's anot8glsobbeshcebakBe praseBkckBVERLi QRoLE ihMRhgVeshmagggual ity by
reduci ng di splacenment in landing positions betweena plurality of liquid

dropl edstéofotREH Bg aOpeudalis9 88 tRel HRKOWRoph@+doL rguahktygwaen the one
dot is formed froma plurality of the liquid droplet using a head capable

of defaectbngotheonpeptiksy, diheckhapeobs! igui @ixdnopkehst(a second object).
7 ‘ :
approximated to a circle, and this may result in image-

guality deterioration (a fourth problem).

SUMMARY OF THE INVENTION

Accordingly, in order to solve the first and second
problems, it is an object of the present invention to
provide a liquid-ejecting apparatus and a liquid—ejecting
method capable of stabiliiing the ejection amount of eaéh
liquid droplet of a liquid-droplet group continuously
ejected toward one lénding péint from a nozzle of a liquid-
ejecting apparatus havipg a head with a plurality of liquid-
ejecting units, each unit ha&ing the nozzle, corresponding
to a wide frequency band of a pulse signal (a first object) .

Furthermore, in order to solve the third and fourth
problems, it is another object of the present invention to
improve image quality by reducing displacement in landing
positions between a plurélity of liquid droplets for forming
one dot so as to improve the dot quality when the one dot is
formed from a plurality of the liquid droplet using a head
capable of deflecting. the ejecting direction of liquid

droplets (a second object).




Accordingly, the present invention solves the objects described above by
the following "solving neans. In order to achieve the first object, a
liquid-ejecting method according to the present invention conprises the
steps of replenishing a liquid chanber, which is forned corresponding to a
nozzle for ejecting liquid therefrom wth liquid; and ejecting liquid
contained in the liquid chanber as continuous |iquid-droplet groups from
the nozzle by feeding a pulse signal to ejecting-energy generating: mneans
di sposed within the Iiquid chanber, wherein the ejection anount of each
liquid droplet of the liquid-droplet7 group continuously ejected fromthe
nozzl e toward one |anding point by the pulse signals is fixed or

approxi mated at constant corresponding to a predeterm ned frequency band

of the pul sg.sj nd.{ i qujd.is, ej.ected. i abl c ing a drive
frequency O$C§%%@%%?%g’gF%%a.£€%% Fr#é?%ﬁ¥%$%d%g%%§gbg%%. ' égt%h a net hod,

the ?iSQEE?@béHDHBBv8fF9a%Re'EGthwiﬁﬁogbﬁ%iH& hBgnki qui d-dropl et group

continuously ejected romthe [1quid-ejecting hole toward one | andi ng

point by the pHhse 6b09Rchscgenehat ed-by et S£- 51 GRAL-G5BEERLGNG  NMRaNS
is fixed or approximted at constant corresponding to a predeterm ned

frequepeynbandcebrih8gPubsensi ghakendntnvbhaubfl Esmpreskedthy variably
controlling a drive frequency of the pulse signal within the frequency
band, §er§abftbép8enishing a ligquid chamber, which is formed
corresponding to a nozzle for ejecting liquid therefrom,
with liquid; and ejecting liquid contained. in' the liquid
chamber as continuous liquid-droplet groups from the nozzle
by feeding a pulse signal te ejecting—-energy generatiﬁg
means disposed within the liquid chamber, wherein the
ejection_ameunt'of each liquid droplet of the liquid-droplet
group continuously ejected from the nozzle.toward one
landing point by the pulse signals is fixed or approximated
at constant corresponding to a pfedetermined frequency band
of the pulse signal, and liquid is ejected by variably
cohtrolling a drive frequency of the pulse signal within the>
frequency band.
By such a method, the ejection amount of each liguid
droplet of the liquid—dreplet groupvcontinuously ejected
from the liquid-ejecting hole toward one landing point by
the pulse signals generated by the pulse-signal generating
means is fixed or approximated at constant corresponding to
a predetermined frequency band of thelpulse signal, and
liguid is ejected by variably controlling a drive frequency

- of the pulse signal within the frequency band, so that the




ej ection anount of each liquid droplet of the continuously ejected

| i qui d-droplet group can be stabilized corresponding to a predeterm ned
frequency band of the pulse signal. In order to achieve the first object, a
i quid-ejecting apparatus according to the present invention conprises a
nozzl e nenber having a nozzle for ejecting liquid-therefrom . . a liquid
chanber forned corresponding to the nozzle; ejecting-energy generating
means di sposed within the. liquid chanber for generating energy for
ejecting liquid contained in the liquid chanber fromthe nozzle as a

| i qui d-droplet group; and pul se-s+gsal generating neans for generating a
pul se signal for feeding it to the ejecting-energy generating neans,
wherein the ejection amount of each liquid droplet of the |iquid-droplet

[ I jected th l.e .t | andi int i
71 xed 60 2cpiPo RtuPleG AT Sashc STk L8, APERIGRadlg T Aopraderiiavned
f d,of.. t ' , d.Liquid.i jected b i_abl
contr oPPERGErnd SO PPEaEsneroar FRE B S-BigNare Gt ReRPPR Peoquincy

band. S U L e .ecti ch.liquid droplet of
the Ii Eﬁ‘i 3 %?SS‘FZF%‘?%EE gg%?:ﬁﬁﬁggshéggj St ggte ?’fr“cl)%n%t ﬁégﬁg%ui d- ej ecti ng
hol e towar dr RNgrhandi 59, PR Bfe Pine t PErpUI 564 SLONAL Slgng\gf&@éjggcégn he

f at “tonst ant

pul se-signal generating neans Is fixed or approxi mat i
correspppdirAdukOacadortedst ebmnedpytegauensyvRandoaf chhgrpuksessignal, and 9

nozzle member having a nozzle for ejecting liquid therefrom;
a liquid chamber formed corresponding to the nozzle;
ejecting-energy generating means disposed within the liquid
chamber for generating energy for ejecting liquid contained
in the liquid chamber from the nozzle as a liquid-droplet
group; and pulse-signal generating means for generating a
pulse signal for feeding it to the ejecting-energy
generating means, wherein the ejection amount of each liquid
droplet of the liquid-droplet group continuously ejected
from the nozzle toward one landing point is fixed or
approximated at constant corresponding to a predetermined -
frequency band of the pulse signal, and liquid is ejected by
variably controlling the drive frequency of the pulse signal
within the frequency band.

By such a structure, the ejection émoﬁnt of each liquid
droplet of the liquid-droplet group continuously ejected
from the liquid-ejecting hole towafd one landing point by
the pulse signals generated by the pulse-signal generating
means is fixed or approximated at constant corresponding to

a predetermined frequency band of the pulse signal, and




liquid is ejected by variably controlling a drive frequency of the pul se
signal within the frequency band, so that the ejection anmount of each
liquid droplet of the continuously ejected |iquid-droplet group can be
stabilized corresponding to a predeterm ned frequency band of the pul se
signal. Furthernore, in order to achieve the second object, a '

| i'qui d-ej ecti ng apparatus according to the present invention conprises a
.head having a plurality of lining Iiquid- ejecting units, each having a
nozzle; ejecting-direction deflecting nmeans for deflecting the ejecting
direction of a liquid droplet ejeet®edfromthe nozzle of one |iquid- .
ejecting unit so that the liquid droplet .is |landed at a position or in the
vicinity of the position where the liquid droplet fromthe nozzle of
anothgi ted i i Cl f .t he one
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liquid-ejecting unit different fromthe one |iquid-ejecting - 10 --
Furthermore, in order to achieve the second object, a

liquid-ejecting apparatus accofding to the present invention
comprises a head having a plurality of lining liquid-
ejecting units, each having a nozzle; ejecting-direction
deflecting means for deflecting the ejecting direction of a
liquid droplet ejected from the nozzle of one liguid-
ejecting unit so that the liquid droplet is landed at a
position or in the vicinity of the position where the liquid
droplet from the nozzle of another liquid-ejecting unit
located in the vicinity of the one liquid-ejecting unit is
landed without defleétion; and ejection-controlling means
for controlling the ejection so that when one pixel 1is
formed by landing a plurélity of liquid droplets so that at
least part of landing regions are overlapped‘with each other,
one of two pixels neighboring in a direction perpendicular
to the arranging direction of the liqﬁid—ejecting units is
formed by a plurality of droplets ejected from the nozzle of
one liquid-ejecting unit while the other pixel is formed by

a plurality of droplets ejected from the nozzle of the

liquid-ejecting unit different from the one liquid—-ejecting




unit. According to the present invention, while a liquid droplet fromthe
nozzl e of each liquid-ejecting unit can be ejected w thout def|ection, by
deflecting the ejecting direction, a liquid droplet can be | anded at a-
position or in the vicinity of the position where the liquid droplet from
the nozzle of another liquid-ejecting unit |located in the vicinity of the
one liquid-ejecting unit is landed wthout deflection. For exanple, when
liquid droplets are ejected froma neighboring liquid-ejecting unit x and
aliquid-ejecting wunit (x+l), landing positions when liquid droplets are
ej ected without deflection fromthe 10 quid-ejecting unit x and the
liquid-ejecting unit (x+l) are defined as a landing position x and a

| andi ng position (x+l), respectively. The liquid-ejecting unit x can eject
a liquid.droplet without deflection so as to be Ianded at the |anding
position'x,” and also it can land a liquid droplet at the Ianding posi tion

(x+l) by dei%ss%anggtés ejgc kQQeQ ; Fﬁglgk thgsh! qg'g fgp'et-

Simlarly, rqurd ejectl g uni can ejec dr opl et.

th%&ﬁ%%%&%@g%ﬁe@%%1%3%@%%%%ﬁ”@%%”)am

also it can land a |iqui roplet at the ng position X efl ecting

the ej gstiRgq ebllrt%httoae@flefct&gow ,Aukd @raRlRlngTheR, e g Pl xel s formed
by | anding a plural

direction, a lquld droplet can be landed at a position or
in the vicinity of the position where the liquid droplet
from the nozzle of another liquid—ejeéting unit located in
the vicinity of the one liquid-ejecting unit is landed
without deflection.

For example, When liquid droplets are ejected from a
‘neighboring liquid-ejecting unit x and a liquid-ejecting
unit (x+1), landiﬁg positions when liquid droplets are
ejected without deflection from the'liquid—ejecting unit x
and the liquid-ejecting unit (x+1) ar; defined as a landing
position‘x and a landing position (x+1), respectively. The
liquid—ejeéting unit x can eject a liquid droplet without
defléction so as to be landed at the landing position x, and
also it can land a liquid droplet at the landing position
(x+1) by deflecting the ejecting direction of the liquid
droplet. Similarly, the liquid-ejecting unit (x+1) can
eject a liquid droplet without deflection so as to be ‘landed
at the landing position (x+1), and also it can land a ligquid
droplet at the landing position x by deflecting the ejecting
direction of the liquid droplet.

Then, when a pixel is formed by landing a plurality of




liquid droplets so that at |east part of |anding regions are overl apped
with each other, a liquid-ejecting unit used for formng the pixel is only
one liquid-ejecting unit. For form ng other pixels neighboring in a
direction perpendicular to the arranging direction of the liquid- ejecting
units, a liquid-ejecting unit different fromthe one liquid-ejecting unit,
such as one of other liquid- ejecting units neighboring in the arranging
direction of the Iliquid-ejecting units, is used. BRI EF DESCRI PTI ON OF THE
DRAW NGS Figs. | A and 1B are schematic views of an enbodi nent of a

| i qui d-ej ecting method according to Yhe present invention, showi ng a state
that ink contained in an ink chanber is ejected froma nozzle as an ink
droplet group; Fig. 2 is a perspective partially broken away view of a

speci f i1g @odi-wpNk+af san tnakj elr AlRteh3% 3% ARRRNAMS e HidifChlng used in
the inplenentation of the liquid-ejecting nethod according to the present

i nvent beRr1Epged dAtandaB @Ft@l,e@splaan%%rm—\é!j@é@ti%@own&& theq shructure of
a line head for one color provided in the print héad showmn in Fig. 2,

wher ei folrtndng3AhieS paxphan svVicewyaraeFildquidBelieca ibet ttomwview, Fig. 4 is an
enl arged view of an essential part of the |ine head shown in Figs. 3A and
3B; 12Foki Gorming atbeet panall svinewghbothegl ihe a0tiYe¥tabon Fi g.

perpendicular to the arranging direction of the liquid-

ejecting units, a liquid-ejecting unit different from the

one liquid-ejecting unit, such as one of other ligquid-

ejecting units neighboring in the arranging direction of the

liguid-ejecting units, is used.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A and 1B are schematic views of an embodiment of
a liquid-ejecting method accordiﬁg to the present invention,
showing a state that ink contained in an ink chamber is
ejected from a nozzle as an ink droplet group;

Fig. 2 is é perspective partially bfdken away view of a
specific embodiment of an inkjet printer as an apparatus
directly used in the implementation of the liguid-ejecting
method according to the present invention;

Figs. 3A and 3B are explanatory views showing the
structure of a line head for one color provided in the print’
head shown in Fig. 2, wherein Fig. 3A is a plén view and Fig.
3B is a bottom view:

Fig. 4 is an enlarged view of an essential part of the

line head shown in Figs. 3A and 3B;




3B, Fig. 6 is a sectional viewat the line of VI-VI of Fig. 3B, Fig. 7is
an enl arged view of an essential part of a |ine head shown in Fig. 5; Fig.
8 is a graph showi ng the relationship between the drive frequency of a
pul se signal and the ink-ejection anount when the height of an ink flow
path shown in Fig. 7 is 11 m Fig.. 9 is a graph show ng the relationship
between the drive frequency of a pulse signal and the ink-ejection anopunt
when the height of an ink flow path shown in Fig. 7 is 7 m Fig. 10 is a
graph showi ng the relationship between the drive frequency of a pul se
signal and the ink-ejection anount Wwhen the negative pressure of a spring
menber shown in Fig. 5is set at -30 mH2O Fig. 11 is a graph showi ng the
rel ati onship between the drive frequency of a pulse signal and the

- ink-ej ect i op; gampupg. »hggc{b@ngfg\%éw aéprgﬁéuwngf obNg_SPLENG; flenber shoun
nmHZG, o]

in Fig. 5is Set at - i s an expl oded perspective view of
a headszgf an inkjet prlnter applled to a |liquid-ejecting apparatus
accordlng to another enbodinent; 13 Fig. 13 is a plan view of a |line head

according teighes is a sectional view at the line of VI-VI of Fig;
3B;

Fig. 7 is an enlarged view of an essential part of a
line head shown in Fig. 5; |

Fig. 8 is a graph showing the relationship betwéen the
drive frequency of a pulse signal and the ink-ejection
amount when the height of an ink flow path shown in Fig. 7
is 11 Km;

Fig. 9 is a graph showing the rélationship between the
drive frequency of a pulse signal and the ink-ejection
amount when the height of an ink flow path shown in Fig. 7
is 7 um;

Fig. 10 is a graph showing the relationship between the
drive frequency of a pulsé signal énd the ink-ejection
‘amount when the negative pressure of a spring member shown
in Fig. 5 is set at -30 mmH,0; |

Fig. 11 is a graph showing the relationship between the
drive frequency of a pulse signal and the ink-ejection
amount when the negative pressure of the spring member shown
in Fig. 5 is set at -150 mmH,0;

Fig. 12 is annexploded perspective view of a head of an

: inkjet printer applied to a liquid-ejecting apparatus

according to another embodiment;




enbodi ment; Figs. 14A and 14B are a plan view and a side sectional view
showi ng an ink-ejecting unit of the head in nore detail, respectively;
Figs. 15A and 15B are graphs showing the relationship between the tine
di fference of ink bubble generation of two- divided heating resistors and
the ink ejecting angle, and Fig. 15C shows neasured data of the tine
difference of ink bubble generation in the two-divided heating resistors;
Fig. 16 is a sectional side view showing the relationship between the
ink-ejecting unit and a photographic sheet; Fig. 17 is a conceptual

di agram showi ng a structure in whidR tine difference of the bubble
generating can be set between the two-divided heating resistors; Fig. 18
is an explanatory view for illustrating the pixel position and the ink-

dropl et - ej ¢1 | gglfxecuak |08k 9100 of M T PN N ddAESord1 95 £d Ohd 0 19C are

dr awi ngs showt he™ pi ar rangenent en one pixel is fornmed with
three |n dg&gggets Fig. 20 is an explanatory view for illustrating the
pul se n Glation; and Fig. 21 is a drawi ng showi ng an exanpl e of

large 14 'ﬁf&ér'gl@&%ﬁa opgh gisphaseiedial dmk £ronietsembiesndhe

view showing an ink—ejecting unit of the head in more detail,
respectively;

Figs. 15A and 15B are graphs showing the relationship
bétween the time difference of ink bubble generation of two-
divided heating resistors and the ink ejecting angle, and
Fig. 15C shows measured data of the time difference of ink
bubble generation in the two-divided heating resistors;

Fig. 16 is a sectional side view sﬁowing the
relationship between the ink-ejecting unit and a
‘photographic sheet;

Fig. 17 is a conceptual diagram‘Showing a structure in
which time difference of the bubble generating can be set
between the two-divided heating resistors;

Fig. 18 is an explanatory view for illustrating the
pixel position and the ink droplet-ejection executing timing
in forming images;

Figs. 19A to 19C are drawings showing the pixel
arrangement when one pixel is formed with three ink
dfoplets;

Fig. 20 is an explanatory view for illustrating the
pulse number quulation; and

Fig. 21 is a drawing showing an example of large




pul se nunber nodul ation is performed. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS An enbodi nent according to the present invention will be
described below with reference to the drawings. In the description below,
an inkjet printer (sinply referred to as a printer belomb is exenplified
as an exanple of a liquid- ejecting apparatus according to the present
invention. In the specification, an "ink droplet” is referred to as a

m cro anount (several picoliter, for exanple) of ink (liquid) ejected from
a nozzle 18 of a liquid-ejecting unit, which will be described |ater.
Al so, a "dot" means a substance f-oried-on a recordi ng nedi um such as a
photographic sheet by one link droplet |anded thereon. Furthernore, a

"pi xel" nmeans a mnimumunit of an inage, and a "pixel region" is defined

f th I i Qn,
gfegeigghggggo Ogig;%ﬁ%H|d&%léac§P§§&g?s éfb fghé§‘§? WQE%{EE%b?n]a pi xe
mﬁthoug ?Sgo m% IIQD%%§a§H%B qrag a pi xel conposed of a plurality

of dot ree-step or nore t|o . That is, to one pixel region
zero, one, or plural dots correspond. An image is formed by arranging a-
nunber of these pixels on a recording nedium 15 |In addition, a dot

corresgg@dhmth_c@Nao@* Yol SREFERRED BREOPIMENTS fall within its pixel region
conpl etely, and

An embodlment according to the present 1nvontlon will
be described below with reference to the drawings. 1In the
description below, an inkjet printer (simply roferred to as
a printer below) is exemplified as an example of a liquid-
ejecting apparatus according to the present invention.

In the specification, an "ink droplet" is referrednoo
as a micro amount (several picoliter, for example) of ink
(liquid) ejected from a nozzle 18 of a liquid-ejecting unit,
which will be described later. Also, a "dot" means a
substance formed on a recording ﬁedium such as a
photographic sheet by one link droplet landed thereon.

Furthermore, a "pixel" means a minimum unit of an image,
and a "pixel region" is defined as a region for forming a
pixel théreon.

On one pixel region, a predetermined number of liquid
droplets are landed so as to form a pixel without a dot
(with one-step gradation) or a pixel composed of a plurality
of dots (with three-step or more gradation). That is, to
one pixel region, zero, one, or pluralwdotsvcorrespond. An
image is formed by arranging a number of these pikels on a

recording medium.




may protrude off the pixel region. A "principal scanning direction" is
defined as a conveying direction of aphotographic sheet in a |line-type
printer having a |line head nounted thereon. Wiereas in a serial-type
printer, the noving direction of a head (the wdth direction of the

phot ographic sheet) is referred as a "principal scanning direction" and a
conveying direction of a photographic sheet, i.e., a direction

perpendi cular to the principal scanning direction, is defined as a
"secondary scanning direction". A "pixel row' is referred as-a pixel group
lining in the principal scanning direction. Therefore, in the |line- type
printer, a pixel group lining in the conveying direction of a photographic
sheet denotes the "pixel row'. \Wereas in the serial-type printer, a pixel
group linin Argdé.e.nnvingidirection of the head represents the "pixe

row' A "pixel” 139" FEhote Y FIERIRAPDEID xR iare cledre ngt xel row.

For ex in.the-ljne-type printer, the |ining direction of
Iiquid%g%%%%?%gl%ﬂig%i?dwlﬁﬁﬁgléﬁ? P%xeie¥%$+%@ trRseEREY )| ard Ih

enbodi i evi first.object of the present invention will be
descriggg;ggﬁgﬁﬁg |d§#f%ﬂ%§ﬂ%lﬁ%}af JIE%hemati c views of an enbodi ment of 16
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conveying direction of a_photographic sheet in a line-type
printer having a line head mounted thereon. Whereas in a
serial-type printer, the moving direction of a head (the
width direction of the photbgraphic sheet) is referred as a
"principal scanning direction" and a conveying direction of
a phOtographic sheet, i.e., a direction perpendicular to thev
principal scanning direction, is defined as a "secondary
scanning direction".

A "pixel row" is referred as a piXel group lining in
the principal scanning direction. Therefore, in the line-
type printer, a pixel group lining in the conveying
direction of a photographic sheet denotes the "pixel row".
Whereas in the serial-type printer, a pixel group lining in
-the moving direction of the head represents the "pixel row".

A "pixel line" denotes a direction perpendicular to the
-pixel row. For example, in the line-type printer, the
lining direction of ligquid-ejecting units-(or.nozzleS) is
referred to as the line.

An embodiment for achieving a first-objecﬁ'of the

present invention will be described below.

Figs. 1A and 1B are schematic views of an embodiment of




in a liquid chanber as continuous |iquid-droplet groups from a nozzle.
Referring to Figs. 1A and 1B, a nozzle nenber 19, which will be described
later, is provided with a nozzle 20 forned therein, and an ink chanmber 21
formed corresponding to the nozzle 20 is provided wth a heating resistor
18 arranged therein. In such a state, ink contained in the ink chanber 21
is ejected as a continuous |iquid-droplet group 30, 30, fromthe nozzle
20 by feeding a pulse signal to the heating resistor 18. According to the
l'i quid-ejecting nethod of the present invention, the ejection anmount of
each liquid droplet of the |Iiquid-drfoptet group 30, 30, continuously
ejected from the nozzle 20 toward one | andi ng point on a recordi ng sheet
P by continuous pulse signals is fixed or approxi mted at constant

corresgondiig gt @42 chy %Geh%EHbBchEBEHHﬁBC¥ band gkesgn% Bubgﬁtgbgn and

ink is ejected by variably controlling r|ve requency o ulse
Slgna|TWhEhﬂ&qu@ treayengymekaBd. 1 Ihearlégeemgnbn&l&néabgangélhéd
repl eni shed wi'th thé sane anmount of asS that "of the ink droplet ejected

from theanozzghie@d2@nkAnarpugdebatihisdsl 1eguencurband: ghobps pubse
signal . The degree of negative pressure applied to ink in he i nk chamber

21 in a poedeker nragdriiaguescyifandinf ahhe187 apubselsi fiBabekS1bhe sane as
under that the surface (meniscus) of ink in the nozzle 20 is not ‘drawn
back t@h@bﬁ will be described later, is provided with a nozzle 20

formed therein, and an ink chamber 21 formed corresponding

to-thevnozzle 20 is provided with a heating resistor 18

arranged therein. 1In such a state, ink contained in the ink

chamber 21 is ejected as a continubus ligquid-droplet group

30, 30, --- from the nozzle 20 by feeding a pulse signal to

the heating resistor 18.

According to the liquid-ejecting method of the present
invention, the ejection amount of eacﬁ liguid droplet of the
liquid-droplet group 30, 30, --- continuoﬁsly ejected from
the nozzle 20 toward one landing point on a recording sheet
P by continuous pulse signals is fixed or approximated at
constant corresponding to a predetermined frequency band of
the pulse signal, and ink is ejected by variably controlling
a drive frequency of the pulse signal within the frequency
band.

That is, the ink chamber 21 is replenished with the
same amount of ink as that of the ihk droplet ejected from
the nozzle 20 in a predetermined frequency band of the pulse

signal. The degree of negative pressure applied to ink in

the ink chamber 21 in a predetermined frequency band of the




t he ink chanmber 21. Structures for achieving these wll be described |ater
in detail. Fig. 2 is a perspective partially broken away view of a

speci fic enbodi ment of an inkjet printer as an apparatus directly used in
the inplenentation of the liquid-ejecting nethod according to the present
invention. .This inkjet printer is for formng printed i mages by ejecting
ink in the 1ink chanber 21 fromthe nozzle 20 as ink droplets so as to
accrete the ink droplets on a recording sheet (recording nedium, and

i ncludes a sheet tray 2, sheet feeding nmeans 3, sheet transferring neans
4, an electrical circuit unit 5 and7a-print head 6. arranged in a casing
1. The casing 1 is a box-like body acconmmodati ng structural conponents of
the inkjet printer therein, and is forned in a rectangul ar body shape, for

exanpl e, it @i;yh%,l %&?(ﬁ%\ﬂr&%%\g degd; ttElaﬁ tray S%%E;ea\\%a hI a for nounting

the sheet tra € describe ater, the other end

bei ng EI%WJ‘QS%SW to'f "_iLn%h?L%t t%)g tnolé%lf ol Odii%Cl}l;%rtgidI}%w% %raicrkt g%w;al%%or di ng

sheet PP. Wthin the casing 1, the sheet tray 2 i s acconio The sheet

tray 2§anh ;i accommpdat 12 ployraldit o Of e i P.j:n A4 size in
pil es, forléxanple, and the Ieaé?ﬁgegdggré%géqF&nggﬁﬁ%gﬁe?%gﬁég so as to

upwar d dedicse Heltie 1:86eF dihngesheqt. P. The 18 sheet tray 2 is to be nounted
within the casing 1 fromthe tray gateway |a arranged on one end face of

the casing fig. 2 is a perspective partially broken away view of a
specific embodiment of an inkjet printer as an apparatus
directly used in the implementation of the liquid—ejecting
method according to the present inventioﬁ. This inkjet
printer is.for forming printed images by ejecting ink in the
ink chamber 21 from the nozzle 20 as ink droplets so as to
accrete the ink dropléts on a recording sheet (recording
medium), and includes a sheet tray 2, sheet feeding means 3,
sheet transferring means 4, an electrical circuit unit 5,
and a print head 6 arranged in a casing 1.

The casing 1 is a box-like body accommodating
structural components of.the inkjet printer therein, and is
formed in a rectangular body shape, for example, with one
end being provided with a tray gateway la for mounting thé
sheet fray 2, which will be described later, and with the
other end being provided with a sheet exit 1b fof
discharging a printed recording sheet P'. Within the casing
1, the sheet tray 2 is accommodated. The sheet tray 2 canv
accommodate a plﬁrality_of recording sheets P in A-4 size in
piles; for example, and the leading edge side thereof is

formed so as to upward raise the recording sheet P. The




Above the | eading edge side of the sheet tray 2 accommodated in the casing
1, the sheet feeding neans 3 is provided. The sheet feeding neans 3 is for
supplying the recording sheet P accommbdated in the sheet tray 2 to the
sheet transferring neans 4, which will be described later, and includes a
feeding roller 7 and a feeding notor 8. The feeding roller 7 is fornmed in
a substantial semcircular cylindrical shape, for exanple, so as to feed
only the top recording sheet P of the recording sheets P piled on the
sheet tray 2 toward the sheet transferring neans 4.. The feeding notor 8
is for rotating the feeding roller- Agvi-a gears (not shown), and arranged
above the feeding roller 7, for exanple. Also, below a print head 6, which
will be described later, the sheet transferring nmeans4 is arranged in a

di t I di h by.th heet feed 3.
Th;eghegneﬁgggs errﬁﬁg%ﬁegﬁg&ghgg ao§$%96ﬁv¥9|n%aéﬁggrécéggWhgg§ﬂggPsP

I d 3t t t Lbd d
ther ofhal” ghigralets %%%n925.§§a§ﬁeaﬁ88“%epa 8% 308 Faftpbeding rorler 9
and a seco%$$§@dtg i8£&ﬁ QT§H$IFS fee?%gg%Ee [ler.9 is for

conveyi ng the recor ing s supp ie by t2Y e2di ng neans 3

tover daacglagedui fe chl caggngsp <! ghes Plching Lhe recording sheet P

bet ween a pair of contacting eac e'Vertica
provided. The sheet feeding means 3 is for supplying the

recording eheet P accommodated in the sheet tray 2 to the
sheet transferring means 4, which will be described lateé,
and includes a feeding roller 7 and a feeding motor 8. The
feeding roller 7 is formed in a substantial semicircular
cylindrical shape, for example, so as to feed only the tep
recording sheet P of the recording sheets P piled on the’
sheet tray 2 toward the sheet transferring means 4. The
feediﬁg motor 8 is for-rotating the feeding roller 7 via
gears (not shown), and arranged above the feeding roller 7,
for e%ample.

Also, below a print head 6; which will be described
later, the sheet transferring means 4 is arranged in a
direction supplying the recording sheet P by the sheet
feeding means 3. The sheet transferring means 4 is for
conveying the recording sheet P supplied by the sheet
feeding means 3 towafd the sheet exit 1b disposed on the
other end face of the casing 1, and includes a first feeding
roller 9 and a second feeding roller 11. The first feeding
roller 9 is for conveyiﬁg the recording sheet P supplied by

- the sheet feeding means 3 toward a feeding guide 10, and




direction. Also the feeding guide 10 is for guiding the recording sheet P
conveyed fromthe first feeding roller 9 to the second feeding roller 11,
and it is formed in a flat- plate shape and arranged bel ow the print head 6
spaced at a predetermined interval. Furthernore, the second feeding

roller 11 is for conveying the recording sheet Pguided by the feeding
guide 10 ‘toward the sheet exit |b disposed on the other end face .of the
casing 1, and rotates pinching the recording sheet P between a pair of
roller menbers contacting each other in the vertical direction.
Furthernore, above the sheet tray 2,12he electrical «circuit unit 51is
arranged. The electrical circuit unit 5 is for controlling the operation
of the sheet feeding neans 3 and the sheet transferring neans 4, and
consti U - 1Sl I P for generating .a pul se signal

f or e}rgf:ttglscr?% :"EE‘CF‘?%‘%]?’]&?%?{&%%% irgr?\%%ﬁcn-ipt B n&ee%&vr]f%lraror nged in the
print Q%@.qe@ m%b%l}swclo#xtg%tq%# re'at&%d olt%te%r in 't@l(\él %%r%caaq arit hmat Ic unit
such as a power supply for generating continuous pul'sé Ssignals and a CPU
or a ngAR Bar skhakipn arg I [ it &, : l,e. Above the
sheet traﬁgfé%?inghgggngh%,fkﬁggggﬁgﬁgﬁgég@6qgigogiggﬁgéggpfﬁg print head 6
is forreieetiing khawidpl Bknbyymkirae ithel B4 ¢l SFAS O forma
printed image by 20 spraying the ink droplets on the recording sheet P,

havingta tRMVskypadnBdetahigORofluRet 10N bAGEXRr €8S rRradal 1N P¥1at-

plate shape and arranged below the print head 6 spaced at a
predetermined interval. Furthermo?e, the second feeding
roller 11 is for conveying the recording sheet P ‘guided by
the feeding guide 10 toward the sheet exit 1lb disposed on
the other end face of the casing 1, and rotates pinching the
recording sheet P between a pair of roller members |
contacting each other in the vertical direction.
Furthermore, above the sheet tray 2,»the electrical
" circuit unit 5 is arranged. The electrical circuit uﬁit 5
is for controlling the operation of the sheet feeding means
3 and the sheet transferring means 4, and constitutes pulse-
signal generating means for generating a pulse signal for
ejecting ink from a liquid-ejecting unit (not shown)
arranged in the print head 6, which will be described later,
including an arithmetic unit such as a power supply for
generating continuous-pulse signals and a CPU or a memory
for storing varidus correction data, for example.
Above the sheet transferring means 4, the print head 6
is arranged. The print head 6 is for ejecting liquid ink by

making it into droplets so as to form a printed image by




changi ng the dianeter of a pixel constituting the printed image. The print
‘head 6 accommopdates four-color ink of vyellow Y, magenta M cyan C, and
black K, and has a line head (see Figs. 3A and 3B) ejecting the four-color
ink of YMXK for each color. In addition, in the description below, the
print head 6 is described as a line-type liquid-ejecting unit (not shown)
arranged corresponding to the overall width of the recording sheet P. In
the specification, a portion constituted by one ink chanber 21, the
heating resistor 18 arranged within the ink chanber 21, and the nozzle 20
arranged above the heating resistol018 is referred as an "ink-ejecting
unit (equivalent to the Iiquid-ejecting unit according to the present
invention)". That is, a line head 12 may be an elenment having a plurality

of thesprxy aRGSEHe DKrCHLEH] BFs UD t She TRE-PFLDEGNERL: D ﬁ@lhapgngeécribed
bel ow i n detarl Figs. 3A and 3B are explanatory views show ng~the

st r uctpine- 8fpé heobii DetheadsdRcf 0on ORS &%Qés@r(?i‘&éiséiw ppe print head 6
shown in Fig. 2. The line head 12 is for ejecting ink of  each col or by

maki ngchdng @ ther@ibnguéd-odropatsl dWstehHoes e epBChERg unit
(nozzle) directed downward, an external casing 13 having a |ength _
cor r espongk Ng Tlee t heiovehahd 6V £idomeioddies ¢ eeor 8+ pg1 Sheehk Po21  shown in

Fig. 2 so as to cover the line head 12 as shown in Fig. 3A and electrical
Wi ri nydWl ew rangesigemderMt heyan C, and black K, and has a line

head (see Figs. 3A and 3B) ejecting the four-color ink of

YMCK for“eaéh color. In addition, iﬁ the description below,

the print head 6 is described as a line-type liquid—ejecting.

unit (not shown) arranged corresponding to the overall width

of the recording sheet P.

In the specification, a portion constituted by one ink
chamber 21, the heating rgéistor 18 arranged within the ink
chamber 21, and the nozzle 20 arranged above the heating
resistor 18_is referred as an "ink-ejecting unit (equivalent
to the liquid-ejecting unit according to the present
invention)". That is, ailine head 12 may be an element
having a plurality of the juxtaposed ink-ejecting units.

The print head 6 will be described below in detail.

Figs. 3A and 3B are explanatory views showing the
structure of the line head 12 for one color provided in the
print head 6 shown in Fig. 2. The line head 12 is for
ejecting ink of each color by making it into micro liquid-
droplets, and includes an ejecting unit (nozzle) directed

downward, an external casing 13 having a length

corresponding to the overall width of the recording sheet P




external casing 13. The electrical wiring 14 is connected to the
electrical circuit unit 5 shown in Fig. 2 for receiving continuous pul se
signals produced in the electrical circuit unit 5 so as to feed the pul se
signals to a head chip 17, which will be described later. As shown in

Fig. 3B, on the bottomsurface of the |line head 12, a linear head frame 15
is provided. A slit ink-feed opening 16 is formed to extend al ong the

| ongi tudi nal direction of the head frame 15. A plurality of the head chips
17, 17; are alternately arranged on right and |eft sides of the ink-

f eedi ng opening 16. On the bottomsuftace of each head chip 17, a nunber
of the heating elenents 18 are arranged for generating. energy for
ejecting ink fromthe nozzle 20, which wll be described later. Fig. 4 is

an enl afgach ViewiQf . an fssantilcRant e thge I hea 4 n Figs.
3A and 3B. Referﬂ%%g to Fig. 4,(:the nof%le ﬁ%nber 19 %géégﬁ ed 5% a

barri erriqpyeIa 2Gn@nd eddve 20236 RMDEr 223 HngShaMudy dking it apart.

The head chip 17 is formed of a sem conductor substrate 22 made of silicon
and hawdxigdha heatimg resi sty ch&cHra@d1valignthndg a #2ney Bo[eNerat i ng neans

according to the present invention) deposited on one surface of the
sem consuattoyr esidestriateg 22 rcle hedtd 59 shesinstier Fig.i © 2% el ectrical ly
connected to an external circuit via a conduction unit (not shown) forned
on t he memicdmductcortinuous pulse signals produced in the
electrical circuit unit 5 so as to feed the pulse signals to
a head chip 17, which will be described later. As shown in
Fig. 3B, on the bottom surface of the line head 12, a linear
head frame 15 is provided. A slit ink-feed opening 16 is
formed to extend along the longitudinal direction of the
head frame 15.A A plurality of the head chips 17, 17,
are altermately arranged on right and left sides of the ink-
feeding opening 16. On the bottom surface of each head chip
'17, a number of the heating elements 18 are arranged for
generatinglenergy for ejecting ink from tﬁe nozzle 20, which
will be described later.
fig. 4 is an enlarged view of an essential part of the
line head 12 shown in Figs. 3A and 3B. Referring to Fig. 4,
the nozzle member 19 is bonded on a barrier layer 26, and
the nozzle member 19 is shown by taking it apart.
The head chip 17 is formed of a semiconductor substrate
22 made of silicbn and having the heating resistor 18
(equivalent to energy generating means according to the

present invention) deposited on one surface of the

semiconductor substrate 22. The heating resistor 18 is




. substrate 22. The barrier layer 26 is nade of a photosensitive cyclized

rubber resist. or an exposure curing dry-filmresist, and fornmed to have a
predeterm ned thickness H by depositing the resist on the entire surface

of the sem conductor substrate 22, on which the heating resistor 18 is
formed, and then by renoving unnecessary parts therefromby a

phot ol i t hogr aphi ¢ process. The thickness H of the barrier |ayer 26 becones
equi valent to the height H of the ink chanber 21 (see Fig. 6). Moreover,

t he nozzl e menber 19, having a plurality of the nozzles 20 forned thereon,

is made of nickel by electrical castd ng, for exanple, and bonded on the ;
barrier layer 26 so that the position of the nozzle 20 corresponds wth -
that of the heating resistor 18, i.e., so that the nozzle 20 opposes the :

heatlnglee%&gb@&1§8cazm%cQ%ézk% aﬁega%@r%%rﬁ§ﬁfﬁﬁ%{ kg aPlated with

pal | adi um or gold for - preventing corrosion e to Ink. ahe nozzl e menber

19 is cBhavldednWiubi t2 (RbFbenoh)t e rReazles +2Q fimTed dheng,t he
| ongi tudi nal direction. Werein, the nozzles 20 are arranged so as to have

a resokubkera®t 60Q dpi,.for exanple, of printed inmages forned on the
recording sheet PP shown in Fig. 2. If the nozzles 20 are arranged so as

to have a 2BherpspkueioDapbr 696 UpimadéedrdaapRE8osehdit@iet he conb- shaped
barrier layer 26 are arranged approxi mately at an

cyclized rubber resist or an exposure curing dry-film resist,

and formed to have a predetermined thickness H by depositing

the resist on the entire surface of the semiconductor

substrate 22, on which the heating resistor 18 is forméd,

and then by removihg unnecessary parts therefrom by a

photolithograﬁhic process. The thickness H of the barrier

layer 26 becomes equivalent to ‘the héight H of the ink

chamber 21 (see Fig. 6).

Moreover, the nozzle member 19, having a plurality of
the nozzles 20 formed thereon, is made of nickel by
electrical casting, for example, and bonded on the barrier
layer 26 so that the positipn of the nozzle 20 corresponds
with that of the heating resistor 18, i.e., so that the
nozzle 20 opposes the heating resistor 18. The nozzle
member 19 may also be plated with palladium or gold for
preventing corrosion due to ink. The nozzle member 19 is
provided with a humber of fhe nozzles 20 formed along fhe
longitudinal diréctioh. Wherein, the nozzles 20 are
arranged so as to have a resolution of 600 dpi,. for example,

of printed images formed on the recording sheet P' shown in

Fig. 2. 1If the nozzles 20 are arranged so as to have a




interval of 42.3 gm The ink chanber 21 (equivalent to the |iquid chanber
according to the present invention) is conposed of a substrate renber 22,
the barrier layer 26, and the nozzle nenber 19 so as to surround the
heating resistors 18. That is, as shown in the draw ng, the substrate
menber 22 constitutes the bottomwall of the ink chanber 21; the barrier
| ayer 26 constitutes the sidewall of the ink chanber 21; and the nozzle
- nmenber 19 constitutes the top wall of the ink chanber 21. Thereby, the ink
chanber 21 has opening regions disposed in the front of the right side in
" Fig. 4, and the opening regions aré&Xommuni cated with an ink-flow path
(not shown). Such a sectional structure of the line head 12 wll be
described with reference to-Figs. 5to 7. Fig. 5is a sectional view at

the |i =\ ,0f, £Fi ;oa kg 65l ecti.Qnal: view the line of
viovi 6f S§F§¥l§§. Bﬁs%gﬁox%ﬁl’i gqﬁ%glg 263, 8.636,' ot E ev%%sicfbutmgn

Co”eSQHQEEBglroEQrEQQ 1892%! §629r@8s%r'éhge??@i)pge&%gt%ﬂ#e he sheet-like

nozzle nmenber 19, the ink chanmber 21 1S forne From't ink-feed opening
16 (seenkk@vadBhs upksigmsupplied to the ink chanber 21. As shown in Fig.
5, between the external casing 13 (see Fig. 3A) and a bag nenber 24 having

i nk cont ai negle t hek ebibmider 24 (SPEiVG EBFDES 23 i Biph PN drgmpdhe spring

menber 23 functions as negative pressure generating neans for
according to the present invention) is compqsed of a
substrate member 22, the barrier layer 26, and-the nozzle
member 19 so as to surround the heating resistors 18. That
is, as shown in the drawing? the substrate member 22
constitufes the bottom wall of the ink chamber 21; the
barrier layer 26 constitutes the sidewall of the ink chamber
21; and the nozzle member 19 constitutes the top wall of the
ink chamber 21. Thereby, the ink chamber 21 has opening
regions disposed in the front of the right side in Fig. 4)
and the opening regions are communicated with an ink-flow
prath (not shown).

Such a sectional structure of the line head 12 will be
described with reference to Figs. 5 fo 7. Fig. 5 is a
sectional view at the line of V-V of Fig. 3B; and Fig. 6 is
a sectional view at the line of VI-VI of Fig. 3B. As shown
in Fig. 5 or Fig. 6, at the position corresponding to tﬁe
nozzle 20 (see Fig. 3B) formed on the sheet-like nozzle
member 19, the ink chamber Zlbis formed. From the ink-feed
opening 16 (see Fig. 3B), ink is supplied to the ink chamber

21. As shown in Fig. 5, between the external casing 13 (see

Fig. 3A) and a bag member 24 having ink contained fherein, a




preventing ink from spontaneously |eaking fromthe nozzle 20 by applying
the negative pressure to the ink replenished wthin the ink chanber 21 so
as to outward extend the bag nenber 24. The spring nmenber 23 can freely
establish the negative pressure applied to ink by adjusting the force
exerted to outward extend the bag nenber 24. Referring to Fig.- 5 or Fig. 6,
a filter 25 is bonded to cover the ink-feed opening 16 so as to filtrate
dirt and aggregate of ink ingredients mxed in the ink acconmodat ed _
in-the bag menber 24. Oning to the filter 25, the dirt, etc., mxed in ink
cannot drop toward the ink-feed opertthg- 16, preventing the nozzle 20 from
cl ogging. One of the head chips 17 is generally provided with the ink
chanbers 21 in 100 pi eces, each ink chanber 21 having the heating resistor

1° 211 3003 LBl 8 SO Oy SO oy he prInEreach

of the Ing Tresistor i'S uni que to eject the ink

contai@gqckqoﬁgef%ngﬁﬁggﬁg%rF%%Sgg&%e%%%%ggggn%gF&%%%%1?§gting resistor 18

fromthe nozz sing this ink nber S, the ink chanber

21 is EEEb%ﬂtthﬂéhﬁkf&%ﬂphggﬁtagggug%gbﬁ%ﬁ%ﬁn&ﬁ%Q%ﬁ?%%e!%o%@ﬁeiEhffeed

opening 16 via t I nk-feed opening , by passing pul'se Current

t hroughy23 pﬁ?@n@?%ﬁ%n%eb%%ﬁ%%ogrégSEQE,%OSQ9ﬁ§ ﬂﬂﬂn%&?kéﬂ35%e%ec’ for
exanpl e, tﬁe eating resistor 18 is rapidly heated. a »
within the ink chamber 21 so as to outward extend the bag
member 24. The spring member 23 can freely establish the
negative pressure applied to ink by adjusting the force

exerted to outward extend the bag member 24.

Referring to Fig. 5 or Fig. 6, a filter 25 is bonded to
cover the ink-feed opening 16 so as to filtrate dirt and
aggregate of ink ingredients mixed in the ink accommodéted
in.the bag member 24. Owing to the filter 25, the dirt,
etc., mixed in ink c§nnot drop toward the ink-feed opening
16, preventing the nozzle 20 from clogging.

One of the head chips 17 is generally provided with the
ink chambers 21 in 100 piebes, each ink chamber 21 having
the heating résistor 18 arranged therein. By a command from
a control unit of the printer, each of these heating
resistors 18 is uniquely selected so as to eject the ink
contained in the ink chamber 21 corresponding to this
heating resistor 18 from the nozzle 20 opposing this ink.
chamber 21.

That is, the ink chamber 21 isbfilled with ink from the

bag member 24 connected to the ink-feed opening 16 via the

ink-feed opening 16. Then, by passing pulse current through




[ [ tion contacting the
apor - phase ink bubbles are generated in a por , _
ngg:;b Yegistgr 18, and by the expansion of the ink bubbl es, CertalCqune
volune of ink is displaced (ink comes to a boil). Thereby, thg Zgnelaced
of ink l'ocated on the nozzle 20 as that of tre above-nePglorgnd gﬁpthe
i i j ink droplets so as : _
ink is ejected fromthe nozzle 20 as in ( ] on ! ,
i dot thereon. That is, as shown in Fig.
o o gonl wonorat ot by 2 | ectrical circuit unit 5 (see Fig. 2)
t he pul se signal generated by the electric 1 2)
i i he surface of the head chip
heats the heating resistor 18 formed on the |
i ' i he i nk chanber 21 by bubbl es
so as to displace the ink contained ijy tl _ _ ok o on'et 50 from
d in the heated ink, resulting in ejecting an ;
?ﬁge;gigle 20 so as to be landed on a photographic sheet for fornlnghaddot
shown arrows J, the ink chanber 21 is replenishe
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j , | D on the recordi ng sheet
ej ectedodfom1 zzl e 20 toward one |§e . .
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ejecpedjﬂﬁ ikhe Beaordl ng. sheet, volume of ink is displaced (ink

comes to a boil). Thereby, the same volume of ink locatéd
on the nozzle 20 as that of the above-mentioned displaced
ink is ejected from the nozzle 20 as ink droplets so as to
land on the photographic sheet for forming a dot thereon.

That is, as shown in Fig. 7, the pulse signal generated
by the electrical circuit unit 5‘(see Fig. 2) heats the
‘heating resistor 18 formed on the surface of the head chip
17 so as to displace the ink contained in the ink chamber 21
byvbubbles generated in the heated ink, resultiﬁg in
ejecting an ink droplet 30 from the nozzle 20 so as to be
landed on a photographic sheét for forming a dot thereon;
Then, as shown by arrows J, the ink chamber 21 is
replenished with ink through the ink-feed opening 16 so as
to cool the heating resistor 18, resulting in eliminating
the bubbles by the cooling.

In the electrical circuit unit 5 (see Fig. 2), -
continuous pulse signals are generated so as to supply them
to the heating resistor 18 (see Fig. 7).. Thereby, as shown
in Fig. 1A, ink contained in the ink chamber 21 is ejectedl

from the nozzle 20 toward one pixel D on the recording sheet




as shown in Fig. 1B, extends in directions of arrows Sto formthe one

pi xel D. At this tinme, by adjusting the nunber of times of formng the
pul se signal so as to adjust the nunber of the droplets 30 ejected from
the nozzle 20, the dianmeter of the pixel D bonded on the recording sheet P
is changed, expressing gradation. In the |iquid-ejecting apparatus
according to the present invention, as shown in Figs. 1A and 1B, the
~ejection amount of each liquid droplet of the |iquid-droplet group
continuously ejected toward one | andi ng point by the continuous pul se
signals is fixed or approxi mated at 2&onstant corresponding to a
predeterm ned frequency band of the pulse signal, and liquid is ejected by
variably controlling a drive frequency of the pulse signal within the

freque cy _ban i ficall |n t e ink Qﬁfb 21 sho in F| 7, the
2 éls e §B%%toﬁs o bc i'de™t o t'hgjol mk ch\g% s formed to
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with reference to Figs. and
of times of formlng the pulse 51gnal so as to adjust the

number of the droplets 30 ejected from the nozzle 20, the
diameter of the pixel D bonded on the recording sheet P is
changed, expressing gradation.

In the liquid-ejecting apparatus according to tﬁe
present invention, as shown in Figs. 1A and 1B, the ejection
amount of each liquid droplet of the liguid-droplet group
continuously ejected toward one landing point by thé
continuous pulse signals is fixed or approximated at
constant corresponding to a predetermined frequency band of
the pulse signal, and liquid is ejected by variably
contrglling a drive frequency of the pulse signal within the

'frequency band. | |

Specifically, in the ink chamber 21 shown in Fig. 7,
the opening disposed in the ink-feeding side to the ink
chamber .21 is formed to have a height capable of passing the
same amount of ink as that of the ink—dropletvgroup 30, 30,

ejected from the npzzle 20 in a predetermined frequency
band of the pulse signal. For example, the height of the
ink chamber 21, i.e., the height H of the barrier layer 26

is be 11 pum.




8 is a graph showing the relationship between the drive frequency of the
pul se signal and the ink-ejection amount in the case where the height H of
the ink chanmber 21 shown in Fig. 7is 11 m Aso, Fig. 9 is a graph
showi ng the relationship between the drive frequency of the pul se signal
and the ink-ejection anbunt in the case where the height H of the ink
chanmber 21 is 7 .Lm Referring to Figs. 8 and 9, when the negative
pressure of the spring nenber 23 shown in - Fig. 5 is -150 mrH20, :
i nk-ej ection anount characteristics are indicated by circular synbol (0);
when the negative pressure of the-spring nenber 23 shown in Fig. 5is -60
nmtH20, 1 nk-ej ection anbunt characteristics are indicated by rectangul ar
synbol (0); when the negative pressure of the spring nenber 23 shown in
nt_characteristics are indicated by

Fig. 5is - mMmH20O, i nk-ej.ecti on nmu

tlriga_ngul ar gfglﬁbgleaignsl‘fg%]tﬁﬁ Iﬁegl.g}%, 5 i Hcades iiiddheheightl H of
0r opl ot o AaTe S S b D (et 10 B O B mmem At
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Fig. 7 is 11 pm. Also, Fig. 9 is a graph showing the
relationship between the drive frequency of the pulse signal
and the ink-ejection amount in the case where the height H
of the ink chamber 21 is 7 um. Referring to Figs. 8 and 9,
when the negative pressure of the spring member 23 shown in
Fig. 5vis —-150 mmH20, ink-ejection amount characteristics
are indicated by circular symbol (O); when the negative
pressure of the spring member 23 shown in Fig. 5 is =60
mmH,0, ink-ejection amount characteristics are indicated by
rectangular symbol (O); when the negative pressure of the
;pring member 23 shown in Fig. 5 is -30 mmH»O0, ink-ejection
amount characteriétics are indicated by triangular symbol
(4) .

As shown in Fig. 8, in the case where the heigﬁt H of
the ink chamber 21 (see Fig. 7) ‘is 11 pm, the ejection
amount of thé ink droplet ejected from the nozzle 20 can be
fixed or approximated at constant cofresponding to a wide
frequency band of the pulse signal of approximately 1 KHz to

10 KHz. Whereas, as shown in Fig. 9, in the case where the

height H of the ink chamber 21 is 7 pm, the ink-ejection




shown in Fig. 7 is small as 7 m the ink chanber 21 is difficult ‘
repl eni shed again with the sanme anount of ink as that of the ink droplet
ej ected fromthe nozzle 20 in a high drive frequency band of the pulse
signal. In this case, since the anount of ink replenishing the ink chanber
21 again is reduced, the ink-ejection anount is decreased in conparison
wi th the case where the drive frequency -of the pulse signal is |ower than
5 KHz. Therefore, it is preferable that the height H of the ink chanmber 21
be increased to 11 m for exanple. In the spring nenber 23 shown in Fig.
5, it is established that the degre28of negative pressure applied to ink
in the ink chanber 21 in a. predeterm ned frequency band of the pul se
signal is the sanme as under that the surface of ink in the nozzle 20 is

not_dr aeubacl aalih I ddile ShAMETe s JOTe XAl e Lfie e %V%emy t he

pressure of the spring nmenber 23 is set at
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described with reference to Figs. 10 and 1 Fig. TT}%.()J"Be(‘lj1 graph showi ng
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i nk-ej ection anount when the negative 29 pressure of the spring nember 23.
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between the drive frequency of the pulse signal and the ink-ejection
difficult replenished again with the same amount of ink as

that of the ink droplet ejected from the nozzle 20 in a high
drive frequency band of the puise signal. In this case,
since the amount of ink replenishing the ink chamber 21
again is reduced, the ink-ejection amount ie decreased in
comparison with the case where the drive freguency of the
pulse signal is lower than 5 KHz. Therefore, it is
preferable that the height H of the ink chamber 21 be
increased to 11 pm, for example.

In the spring member 23 shown in Fig. 5, it is
established that the degree of negative pressure applied to
ink in the ink chamber 21 in a. predetermined frequency band
of the pulse signal is the same as under that the surface ef
ink in the nozzle 20 is not drawn back toward the ink
chamber 21. For example, the negative pressure ef the
spring member 23 is set at -30 mmH,0.

The reason why the negative pressure of the spring
member 23 1is set at -30 mmH,0 will be‘described with
reference to Figs. 10 and 11. Fig. 10 is a graph showing

the relationship between the drive frequency of the pulse

signal and the ink-ejection amount when the negative




anount when the negative pressure of the spring nenber 23 is set at -150
nmtH20. Referring to Figs. 10 and 11, when the height H of the ink chanber
21 shown in Fig. 7 is 7 gm ink- ejection amount characteristics are

i ndi cated by triangular synbol (A); and when the height- H of the ink
chamber 21 is 11 gm ink-.ejection anbunt characteristics are indicated by
rectangul ar synbol (0). As shown in Fig. 10, in the case where the negative
pressure of the spring menber 23 (see Fig. 4) is set at -30 mH20 and the
hei ght H of the ink chanber 21 is 11 gm the ejection anount of the ink
droplet ejected fromthe nozzle 20 gagn-be fixed or approxi mated at
constant corresponding to a w de frequency band of the pul se signal of
approximately 1 KHz to 10 KHz. v%ereas as shown in Fig. 11, in the case

where t (Y ressur e of t pring nmenber 23 (see Fig. 5) is set at
-150 %?ggﬁéanﬁ o € when® ?%ém tiiiﬁh fhe 2% mSCHEMRSY, 2Rds 7 gm and

when i tgp g ectlo t tends, to decrease as the drive
frequencfs A #e sé S|gnaVI'lI(lj%c %srees %‘h‘a?l? 1R AT RHERS or exanpl e.

The re [ e, Ihe egative pressure of the spring
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menber 23 shown In Fig. Iarge as'd
| ow dr e Fr ey band oT the é’ﬁ‘se Xigna °Y$ﬁ%£%b' o el the
anDuntsQH:Eﬂk—ﬁﬁﬁjQﬂh%bLngRb?%rE@%gcangﬁbszl169358 &i, when the |
| height H of the ink chamber 21 shown in Fig. 7 is 7 Um, ink-
ejection amount characteristics are indicafed by triangularA
symbol (A); and when the height H of the ink chamber 21 is
11 pm, ink-ejection amount chafacteristics are indicated by
rectangular symbol (O).
As shown in Fig. 10, in the case where the negative
pressure of the spring member 23 (see Fig. 4) is set at -30
mmH,0 ang the height H of the ink chamber 21 is 11 pm, the
ejection amount of the ink droplet ejected from the nozzle
20 can be fixed or approximated at constant cofresponding to
a wide frequency band of the pulse signal of approximateiy 1
KHz to 10 KHz. Whereas, as shown in Fig. 11, in tﬁe case
where the negative pressure of the spring member 23 (see Fig.
'5)'is set at -150 mmHﬂ), in any of when the height H of the
ink chamber 21 is 7 pum and when it is 11 Hm, the ink-
ejection amount tends to decrease as the drive frequency of
the pulse signal decreases smaller than 5 KHz, for example.
The reason is that in the case where the negative pressure
of the spring member 23 shown in Fig. 5 is large as —iSO

mmH>0, the surface of ink in the nozzle 20 is liable to be




reduced, the ink-ejection anount is decreased in conparison wth the case
where the drive frequency of the pulse signal is higher than 5 KHz.
Therefore, it is preferable that the negative pressure of ‘the spring
menber 23 be set small as at -30 MmH20, for exanple. In the above
description, the height Hof the ink chanber 21 is-11 m and the negative
pressure of the spring nenber 23 is set at -30 MmH2O however, the present
invention is not limted to this, and the height H of the ink chanber 21
may be enough as long as the height is capable of replenishing the chanber
with the sane anount of ink as thatamf-the ink-droplet group 30, 30,
ejected fromthe nozzle 20 in a predeterm ned frequency. band (high
frequency) of the pulse signal. Specifically, the height H is determ ned
by the space,be en the ctenidia,26a of the conb-shaped barrier |ayer 26,
whi ch FEBRE PRI OB hd o R AR T 2 S Howr 11 V£ that is, the
flowp resistance. aordi naly,. .when the_space between .the tenidi a
26a of%%%guggg i%%nﬁgfgﬁ iFs? EgﬁﬁgPagéduggﬁq?ngé¥H§? £ A5 &\e i mage
resol utj [ e I | Rr.0 th L ow path shape so as not to
ahBfind! b, SoRCSEIIU hind TR YR 0 Gd. 2t REHE Gt H of the ink
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long agithetsdr £aG@ where the drive frequenéy of the pulse signal

is higher than 5 KHz. Theréfore, it is prefefable that fhe.

negative pressure of the spring member 23 be set small as at

=30 mmﬁzo, for example.

In the above description, the height H of the ink
chamber 21 is -11 pm, and the negative pressure of the spring
member 23 is set at —-30 mmH,0; however, the present
invention is not limited to this, and the height H of the
ink chamber 21 may be enough as loﬁg as the height is
capable of replenishing the chamber with the same amount of
ink as that of the ink-droplet group 30, 30, --- ejecfed
from the nozzle 20 in a predetermined frequency band (high
frequency) of the pulse signal. Specifically, the height H
is determined by the space between the ctenidia 26a of the
vcomb—shaped barrier layer 26, which is the width of the iﬁk
chamber 21 shown in Fig. 4, that is, the flow path
resistance. Accordingly, when the space between the
ctenidia 26a of the barrier layer 26 is further reduced in
order to improve image resolution, it is necessary to

improve the flow path shape so as not to increase the flow

path resistance. As one method, the height H of the ink




(rmeni scus) of ink in the nozzle 20 is not drawn back toward the ink , 7
chanber 21 in a predeterm ned frequency band (Il ow frequency) of the pul se b
signal. Next, the operation of the inkjet printer structured in such a !
manner as a liquid-ejecting apparatus will be described. First, referring
to Fig. 2, the recording sheet P accommobdated in the sheet tray 2 is
supplied toward the sheet transferring neans 4 by the sheet feeding neans
3 so as to pass through under the print head 6. At this tinme, the print
head 6 ejects four-color ink of YMCK fromthe ejection unit (see Fig. 3B)
.as ink droplets so as to form prisated +nmages on the recording sheet P. The
printed recording sheet PP is discharge fromthe sheet exit |Ib disposed
on the other end face of the casing 1. The operation of the print head 6

S P i Sl B S

BT oo Phe HoALT NG 0 dbor o td M Spokad mCnTENE | nk chamber 23 so

55 10 pevastadiyoabaat s, eal NGRS SoplP e THREDL, a5 show 11 Fig,

hanber 51 =Ty o R B o oA B, T B s e
the ink chamber 21 in a predetermined frequency band (low

frequency) of the pulse signal.

Next, the operation of the inkjet printer structured in
such a manner as a liquid—ejecting apparatus will be
described. First, reférring to Fig. 2, the recording sheet
P accommodated in the sheet tray 2 is supplied toward the
sheet transferring means 4 by the sheet feeding means 3 so
as to pass through under the print head 6. At this time,
the print head 6 ejects four-color ink of YMCK from the
ejection unit (see Fig. 3B) as ink droplets so as to form
printed images on the recording sheet P. The printea
recording sheet P' is discharge from the sheet exit 1b
disposed on the.other end face of the casing 1.

The operation of the print head 6 will be described.
First, as shown in Fig. 7, the ink chamber 21 formed
corresponding to the nozzle 20 is replenished with ink, and
continuous pulse signals are generated in the electrical
circuit unit 5 (see Fig. 2) and fed to the heating resistor
18 disposed within the ink chamber 21 so as to repeatedly
heat the heating ;esistor 18. Thereby, as shown in Fig. 1

14

ink contained in the ink chamber 21 is ejected from the




i nk chanber 21 is replenished again wth the same anount of ink as that of
ink droplets ejected fromthe nozzle 20 in a predeterm ned frequency band
(hi gh frequency) of the continuous pul se signals. A so, the negative
pressure of the spring nmenber 23 is set at -30 20O, for exanple.

Ther eby, by the negative pressure of the spring nenber 23 applied to ink
contained within the ink chanber 21, in a predeterm ned frequency band
(low frequency) of the continuous pulse signals, the surface of ink in the
nozzle 20 can be prevented from being drawn back toward the ink chamnber
21. Therefore, by the continuous pul$2 signals, the ejection anount of
each ink droplet of the ink-droplet.group 30, 30, continuously ejected
fromthe nozzle 20 toward one pixel D can be quantifiably fixed or

appr oxipgt.ed 3ty G0 qq{ﬁ_ﬁgggs&o@%% Q) a3\gg de, frequency band of the

pul se signal. Specifica I'sndicatéd by triangular synmbol (A in
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1 KHz to 10 KHz, for exanple) of the pulse signal, €] ection anount of
each iRk dnophet £3@ e3RmAR .St abley-hlyXeqd Ol AR ¢ nat.ed, Aty ¢ tant (5 to
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pul se signal. Thereby, the drive frequency of the continuous pulse signals

can beiakbbkr ahkly oFetinkS@droplets ejected from the nozzle 20 in a
predetermined frequeney band (high frequeecy) of the
continueus pulse signals. Also, the nedative pressure of
the spring member-23 is set at -30 mmH,O0, for example.
Thereby, by the negative pressure of the spring member 23
applied to ink conteined within the ink chamber 21, in a
predetermined frequency band (low frequency) of the
continuous pulse signals, the surface of ink in the nozzle
20 can be prevented from being drawn back toward the ink
chamber 21. _

Therefore,vby the continuous pulse signals, the
ejection amount of each ink droplet of the ink-droplet group
30, 30,--- continuously ejected from the nozzle 20 toward
one pixel D can be quantifiably fixed or approximated at
constant corresponding to a wide frequency band of the pulse

“signal. Specifically, as is indicated by trianguler symbol
(A) in Fig. 8, by Corresponding to a predetermined frequency
band (appropriately 1 KHz to 10 KHz, for example) of tﬁe
pulse signal, the ejection amount of each ink droplet 30 can
be stably fixed or approximated at constant (5 to 4.8

picoliter, for example). Then, within the wide frequency




that printed i mages can be fornmed by dispersing the pulse signal for
supplying to the heating resistor 18 (see Fig. 3B) disposed in the nozzle
20.. In this case, the voltage of a power supply for supplying electric
power to each heating resistor 18 does not fluctuate, so that the ejection
anount of ink droplets ejected fromeach nozzle 20 can be stabilizéd,
resulting in form ng excellent imges by recording with inproved
gradation. Since the drive frequency of the continuous pul se - signals can
be arbitrarily set, there is no effect of fluctuation between products in
t he manufacturing process of the pri3st -head or tenperature changes in use,
so that the ejection anount of ink droplets ejected fromeach nozzle 20
can be stabilized, resulting in form ng excellent inages by recording with

i mprov adat | t boy n exanple applied to the inkjet printer
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material may be applied. The print head h gen destt i BEd RETSE i ne type;
signal for supplying to the heating resistor 18 (see Fig.
3B) disposed in tﬁe nozzle 20. 1In this case, the voltage of
a power supply for supplying electric power to each heating
resistor 18 does not fluctuate, so that the ejection amount
of ink droplets ejected fromveach nozzle 20 can be
stabilized, resulting in forming excellent images by
recording with improved gradation.
Since the drive frequency of the continuous pulse
signals can be arpitrarily set, there is no effect‘of
fluctuation between produéts in the manufacturing process of
the print heéd or temperature changes in use, so that the
ejection amountvof ink droplets ejected from each nozzle 20
can be stabilized, resulting in forming excellent ihages by
recording with improved gradation.
In the above,'an example applied to the inkjet printer
has been described; however, the present invention is not
limited to this, and any apparatus may be incorporated as
.long as it ejects liquid in a liquid flow-path from a
liquid-ejecting hole as liguid droplets. For example, an
image—forming apparatus such an inkjet-type facsimile or

copying machine can be incorporated. Also, an apparatUS for




however, the liquid ejected froma nozzle is not limted to ink, and any
liquid may be enough as long as the liquid in a liquid chanber is ejected
as liquid droplets. Furthernore, the spring nmenber 23 has been described as
negati ve-pressure generating nmeans for applying the negative pressure to
ink in the ink chanber 21; however, the present invention is not [imted
to this, and any device may be incorporated as long as it prevents liquid
inaliquid chanber from spontaneously |eaking froma nozzle. For

exanple, it may al so be an arrangenent of the bag nenber 24 for containing
ink and the ink-feed opening 16. Fheseating resistor 18 has been

descri bed as ejecting-energy generating neans for ejecting ink droplets
fron1an ejecting unit; however, the present inventionis not limted to
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liquid chamber is ejected as liquid droplets.

Furthermore, the spring member 23 has been described as
negative-pressure generating means for applying the negative
pressure to ink in the ink chamber 21; however, the present
invention is not limited to this, and any device may be
incorporated as long as it prévents liguid in a liquid
chamber from spontaneously leaking from a nozzle. For
example, it may also be an arrangement of the bag member 24
for containing ink and the ink-feed opening 16. The heating
resistor 18 has been described as ejecting-energy generating
means for ejecting ink droplets from an ejecting unit;-
however, the present invention is not limited to this, and
the ejecting—energy generating means may be any device in
that liquid in a liquid flow-path is ejected by making the
liquid into micro droplets by an electromecﬁanical
conversion device, for example.

Next, an embodiment according to the presént invention
for achieving a second object of the present invention will

be described. The object of this embodiment is that when

one dot is formed with a plurality of liquid droplets by




droplets for formng the one dot, resulting in inproving image quality.
According to the enbodi nent descri bed above, the heating resistor 18 has
been described as that one heating resistor 18 is arranged for each ink
chanber 21. \Wereas, according to this enbodinent, a plurality of energy-
generating elements are arranged for each ink chanber, as wll| be
described later. In this enbodi nent, although not described, the
above-descri bed enbodi nent can of course be applied to this enbodi nent.
The description of structures comon to the above-described enbodi nent is
omtted. (Head Structure) Fig. 12 is3an-expl oded perspective view of a
print head 31 of an inkjet printer (sinply referred to as a printer

bel ow), which is exenplified as a |iquid-ejecting apparatus according to
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According to the embodiment described above, the
heating resistor 18 has been described as that one heating -
resistor 18 is arranged fér each ink chamber 21. Whereas,
according to this embodiment, a plurality of energy-
generating elements are arranged: for each ink chamber, as
will be déscribed later. 1In this embodiment, although not
described, the above-described embodiment can of course be
applied to this embodiment. The description of structures
common to the above-described embodiment is omitted.
(Head Structure)
Fig. 12 is an explcded-perspective view of a print head
31 of an inkjet printer (simply referred to as a printer
below), which is exemplified as a liquid-ejecting apparatus.
according to the present ihvention. In Fig. 12, the nozzle
member 19 is bqnded on the barfier layer 26 in the same way
as in the above-described embodiment. -
According to this embodiment, a line head is also
formed by arranging a plurality of the print heads 31 in thé

width direction of a photographic sheet. Fig. 13 is a plan

view of a line head 33 according to the embodiment. Fig. 13‘




nozzl e nmenber 19 shown in Fig. 12, are arranged. Then, over these head
chips, a sheet of the nozzle nmenmber 19, on which the nozzles 20 are forned
at positions corresponding to ink- ejecting units of the entire head chi ps,
is bonded so as to formthe |line head 33. This is the same way as the
above- described enbodi ment. Since the ink-ejecting unit according to this
enbodi nent is different fromthe above-described enbodi nent, this point
wi I'l be described nore in detail. Figs. 14A and 14B are a plan view and a
side sectional view of a detailed ink-ejecting unit of the print head 31,
respectively; Fig. 14A shows the noz¥§e-20 with dash-dotted Ilines. As
shown in Figs. 14A and 14B, according to the enbodinment, within one ink
chanber 21, a heating resistor 32 divided into two is arranged. The
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doubled. If the two-divided type-heating resistors 32 are connected in
seriesnotzR@e mefbSrance showauadr yaled1becayse sthe hpat i ngHesi shs 32
these head chips, a sheet of the nozzle member 19/ on which
the nozzles 20 afe formed at positions corresponding to ink-
ejecting units of the entire head chips( is bondea so0 as to
form the line head 33. This is the same way as the above-
described embodiment.

Since the ink-ejecting unit according to this
embodiment is different from the above-described embbdiment,
this point will be described more in detail.

Figs. 14A and 14B are a plan view and a side sectional
view of a detailed ink-ejecting unit of the print head 31,.
respectively; Fig. 14A shows the nozzle 20 with dash-dotted
lines.

As shown in Figs. 14A and 14B, according to the
émbodiment, within one ink chamber 21, a heating resistor 32
divided into two is arfangéd. The arranging direction of
the two divided heating resistors 32 is that of the nozzles
20 (ink;ejecting units) (the right and left direction in Fig.
14).

In the two-divided type made by longitudinally dividing
one heating resistor 32 into two in such a manner, since the

length is the same and the width is halved, the resistance




wi th doubl ed resistance are connected in series. In order to boil ink
contained within the ink chanber 21, it is necessary to heat the heating
resistor 32 by supplying predeterm ned electric power to the heating
resistor 32. By the energy during the boiling, ink is ejected. If the
resistance is small, the current for passing through the heating resistor
32 is needed to increase; by increasing the resistance of the heating
resistor 32, ink can be boiled with small current. Thereby, the size of a
transi stor for passing the current therethrough can also be reduced,
resulting in space-saving. In addit3on;y although the resistance can be
increased if the thickness of the heating resistor 32 is reduced, in view
of the material selected for the heating resistor 32 and the strength

(dur abidd t¥he Hél”é%ifn‘agd‘&cetéi%dr” sdhickpess f the Q?}ae:]iécr&%éﬁ%iﬁzsj}%s% has a

pr edet er m ned Iimt. Therefore, the resistance of istor 32
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case where a heating resistor 32 divi Into two 1§ arranged within one
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generating tine) 38 of each heating resistor 32 I's equalized, ink on the
two  heathngou@giest efcs 132 anteSiamdl aneeuslas 1ol lsed s that ink droplets

are ejected in the axial direction of the nozzle 20.

-In order to boil ink contained within the ink chamber
21, it is necessary to heat the heating resistor 32 by
supplying predetermined electric power to the heating
resistor 32. By the energy during the boiling, ink is
ejected. If the resistance is small, the current for
passing through the heating resistor 32 is néeded to
increase; by increasing the resistance of the heating'
resistor 32, ink can be boiled with small current.

Thereby, the size of é_transistor for passing the
current therethrough can also be reduced, resulting in
space-saving. In addition, although the resistance can be
increased if the thickness of the heating resiétor 32 is
reduced, in view of the material selected for the heating
resistor 32 and the strength (durability), the reduction in
thickness of the heating resistor 32 has a predetermined
limit. Therefore, the resistance of the heating resistor 32
is increased by dividing it without reducing the thickness
thereof.

In the case where a heating resistor 32 divided into

two 1is arranged within one ihk chamber 21, if the time to

reach the temperature boiling ink (bubble generating time)




Whereas, if time difference of the bubble generating tinme is produced

bet ween the two-divided heating resistors 32, ink on the two heating
resistors 32 is not sinultaneously boiled. Thereby, the ejecting direction
of ink droplets is out of alignnment with the axial direction of the nozzle
20, so that the ink droplets are ejected with deflection. Therefore, the
ink droplet is |landed at a position displaced fromthe position, at which
an ink droplet is landed without deflection. Figs. 15A and 15B are graphs
~showing the relationship between the tine difference of ink bubble
generation of the two-divided heati3®g-—resistors 32 and the ink ejecting
angle, which are results fromconputer sinulation. Referring to these
graphs, the X direction (ordinate Ox of the graph, note: not abscissa of

th h d t d of Ie 20 while the Y
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by assumi ng the di stance between the nozzle 20 and the [|an position to
be apppopdiatél yePwewh 8het BRolandifl@d heating resistors 32, ink
on the two heating resistors 32 is not simﬁltaneously boiled.
Thereby, the ejecting direction of ink droplets is out of |
alignment with the axial direction of the nozzle 20, so that
the ink droplets are ejected with deflection; Therefore,
the ink droplet is landed at a position displaced from the
_position, at which an ink droplet is landed without
deflection.

_Figs. 15A and 15B are graphs showing the relationship.
between the time difference of ink bubble generation of the
two-divided heating resistors 32 and the ink ejecting angle,
which are results from computer simulation. Referring to
these graphs, the X direction (ordinate Ox of the graph,
note: not abscissa of the graph) indicates the arfanging
direction of the nozzles 20 while the Y direction (ordinate
Oy of the graph, note: not ébsdissa of the graph) indicates
a direction perpendicular to the X direqtion (transferrihg
direction of a photographic sheet) . bFig. 15C shows measured
data in that half of current difference between the two-
divided heating resistors 32 is plotted in abscissa as the .

time difference of ink bubble generation of the two-divided




position of an ink droplet is plotted in ordinate as the__ejeptlng angl e of
the ink droplet (X direction). In Fig. 15C the deflection ejection of ink
droplets is performed when the principal current of the heating resistor
32 is set to be 80 mA, and the deflecting current is superinposed on one
heating resistor 32. \Wen the tinme difference of ink bubble generation is
produced between the heating resistors 32 two-divided in the arranging
direction of the nozzles 20, as.shown in Figs. 15A to 15C, the ejecting
angl e’ of "an ink droplet is out of alignnent with the vertical direction,
and the ejecting angle Ox of the +nkodroplet in the arranging direction of
the nozzles 20 increases along with the time difference of ink bubble
generation. Then, according to the enbodi nent, by utilizing these

h kSt .here. ar i_d t wo-di vided heating resistors 32,
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since the tine difference of bubble generation i's pro

ejecting angle of the ink droplet (X direction)f In Fig.
15C, the deflection ejection of ink droplets is performed
.when the principal current of the heating resistor 32 is set
to be 80 mA, and the deflecting current is superimposed on
one heating resistor 32. |

“When the time difference of ink bubble genération is
produced between the heating resistors 32 two-divided in the
arranging direction of the nozzles 20, as shown in Figs. 15a
to 15C, the ejecting angle of an ink droplet is out of
alignment with the vertical direction, and the'ejecting_ A
angle 0x of the ink droplet in the arranging direction of
-the nozzles 20 increases along with the time difference of
ink bubble generation.

Then, according to the embodiment, by utilizing these
characteristics, there are provided two—divided heating
resistors 32, wherein'the time difference of bubble
generation is produced between the two heating resistors 32
by differentiating the electric current passing ovér one
heating resistor 32 from that over the other heating

resistor 32 so as to deflect the ejecting angle of ink

droplets (ejecting-angle deflecting means).




between the two heating resistors 32, the ejecting angle of an-ink dropl et
is out of alignment with the vertical direction, so that the | anding
position of the ink droplet is displaced fromthe original position.
Whereas by changing electric current difference between the two-divided
heating resistors 32, the bubble generating tinme of each heating resistor
32 is controlled and if the bubble generating time for the two-divided
heating resistors 32 is equalized, the ejecting angle of an ink droplet
can be aligned with the vertical direction. For exanple, in the Iine head
33, by deflecting the ejecting angl @oof- ink droplets ejected fromspecific
one or nore of the entire print head 31 fromthe original ejecting angle,
the ejecting-angle is corrected in the print head 31 in which the ink
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fromt e speciddoplet is out of alignment with the vertical

direction, so that the landing position of the ink droplet

is displaced from the original position. Whereas by

changing electric current difference between the two-divided

heating resistors 32, the bubble generating time of each”

heating resistor 32 is controlled and if the bubble

generating time for the two-divided heating resistors 32 is

equélized, the ejecting angle of an ink droplet can be

aligned with the vertical direction.

For example, in the line head 33, by deflecting the

ejecting angle of ink droplets ejected from specific one or

more of the entire print head 31 from the original ejecting

angle, the ejecting angle is corrected in the print head 31

in which the ink drop;et cannot be ejected in the direction

perpendicular to the landing surface of a photographic sheet.

by errors in mgnufacturing, and the ink droplets can be

ejected in the vertical direction.

Also, in one print head 31, only the ejecting angle of
the ink droplet ejected from specific one or more ink-

ejecting units may be deflected. If the ejecting angle of

the ink droplet ejected from a specific ink-ejecting unit in




ink-ejecting unit is deflected so as to alignit in parallel wth the
ejecting angle of an ink droplet from another ink- ejecting unit.
Furthernore, in the case of the line head 33, if there is an ink-ejecting
unit incapable of ejecting ink droplets or an ink-ejecting unit
insufficiently capable of ejecting ink droplets, the ink droplets cannot
be or hardly be ejected on the pixel row (in the direction perpendicular to
the arranging direction of ink-ejecting units) corresponding to the

i nk-ejecting unit, so that dots are not fornmed, degrading inmage quality
with [ongitudinal white streak. Whefkas according to the enbodi nent, by
another ink-ejecting wunit located in the vicinity, an ink droplet can be
ejected instead of the ink-ejecting unit insufficiently capable of

ej ecti nghd @&ﬁf@ﬁlé‘e}fu’\'@g motﬂﬁrﬂ%%rx%gl@l-Qﬁdrﬁcéﬂé)ré_j@‘c%i*}ggl %lgff_f]:[é ng angle

of ink droplets w be described.” Fig. 16 is a sectiona Vi ew

show ng#t ey rigliatd Qs dorb eineRer 1t he i-nkrejEgld Rt Ui troang dnie & ecor di ng
sheet P. Referring to Fig. 16, the distance Hbetween the edge of the

i nk- e eglliyngHinid] ddtimgeagie 20) @ e depredi Mronshert dpdsimeneral ly 1
to 2 mmappropriately; it is assunmed - 42 tobe H=2 mm(His
subst antkaldjecanst antit Her elefAlesred Whemd AR @3@nutiiton rofparha 141 Nt head
31 is assuned to be 600 dpi, the space between adjacent ink-ejecting units
(the with the ejecting angle of an ink droplet from another ink-
ejecting unit.
Furthermore, in the case of theiline head 33, if there
is an ink—-ejecting unit incapable of ejecting ink droplets
or an ink-ejecting unit insufficiently capable of ejecting
ink droplets, the ink droplets cannot be or hardly be
ejected on the pixel row (in the direction perpendicular to
the arranging direction of ink-ejecting units) corresponding
to the ink-ejecting unit, so that dots are not formed,
degrading image quality with longitudinal white streak.
Whereas according to the embodiment, by another ink-ejecting
unit located in the vicinity, an ink droplet can be ejected
instead of the ink-ejecting unit insufficiently capable of
ejecting ink droplets.
Next, the degree of deflection of fhe ejecting angle of
ink droplets will be described. Fig. 16 is a sectional side
view showing the relationship between the ink-ejecting unit
and the recording sheet P.
Referring to Fig. 16, the distance H between the edge

of the ink-ejecting unit (the nozzle 20) and the recording

sheet P is generally 1 to 2 mm appropriately; it is assumed




nozzles 20) is 25.40 x 1000/600 ~ 42.3 (m. The ejecting-direction

defl ecting neans according to the enbodinment is for deflecting the
ejecting direction of an ink droplet ejected fromone ink-ejecting unit so
that the ink droplet is landed at a position or in the vicinity of the
posi tion where the ink droplet from another ink- ejecting unit |ocated in
the vicinity of the one ink- ejecting unit is |anded w thout defl ection.
According to the enbodinent, the ejecting direction of an i-nk dropl et

ej ected from each ink- ejectlng unit is deflected by the control signal
with J (Jis a positive integer) bi%2 im different directions of 2J while
the space between two | anding positions of ink droplets nostly separated
fromthe directions of 2J is set so as to be (2J-1) tinmes the space

bet veep t e gdi-agepk éﬁklgj %ﬁb‘s‘&gn‘ﬂﬁlh§§y(ébﬁstﬂﬁ%¥|ﬁ@rgo) AIQ@H when the
ink droplet is ejected fromthe 1ink-ejecting unit, any one of the

direct;ges @he2dekb81usebachbedtnWgrihwonbhl §lQB§|aé§umea)tbSbésed as a
control signal for exanple, the nunber of control signals is four of (O,

0), (B00l¥pi(1th8)spabd bdiwkkn adgfatbatejgrtingcdingchhoas @thei nk
droplets are tour (2J = 4) The di stance between two 43 dots separated
nmost | ynddkisg defl est bon4osxt honee/6ooes the3 gmare between two adj acent
i nk-ejecting units (2J - 1) = 3. Then, every time the control signal
changes as Theisjddrifgsdirection deflecting means according to

the embodiment is for.deflecting the ejecting diréction of

an ink dropleé»ejected from one ink—ejecting unit so that

the ‘ink droplet is landed at a position or in the vicinity

of the position where the ink droplet from another ink-

ejecting unit located in the vicinity of the one ink-

ejecting unit-is‘landed without deflection.

According to the embodiment, the ejecting direction of

an ink droplet ejected from each ink-ejecting unit is

deflected by the control signal with J (J is a.positive

integer) bit in different directions of 2’ while the space

between two landing positions of ink droplets mostly

separated from.the directions of 27 is set so as to be (2°-1)

times the space between two adjacent ink-ejecting units .(the

nozzles 20). Then, when the ink droplet is ejected from the

ink—ejecting unit, any one of‘the directions of 27 is

selected.

When two bit signal (J = 2) 1s used as a control signal -
for example, the number of controlvsignals is four of (0, 0),

(0, 1), (1, 0), and (1, 1), and the ejecting directions of

ink droplets aie four (27 = 4). The distance between two




(0, 1), (1, 0), and (1, 1), the landing position of the ink droplet (dot)
is noved by the space between adjacent ink- ejecting units. In the above
exanple, if the distance between two dots separated nostly during
deflection is assuned to be three tinmes the space (42.3 gn) between two
adj acent ink-ejecting units, i.e. 126.9 m the deflecting angle(Q(deg) is:
Tan 28 = 126.9/2000 ~ 0.0635 then, 0 1.8(deg). Next, the nethod for
deflecting the ejecting direction of ink droplets will be described in
nore detail. Fig. 17 is a conceptual diagramshowing a structure in which
time difference of the bubble generat3ng tinme can be set between the
two-di vided heating resistors 32. In this exanple, using a 2-bit control
signal (J = 2), the ejecting direction of ink droplets is set .in four

steps laytlsoWedaH8ed afos8h18CH,G QU t di.ffer.ences passing through a
resistor Rh-A and a rggis?gr Rhfﬁth%éﬁagé#ﬁﬂf 'S &%ﬁﬁgli}mFﬁét#ﬁéistor Rh- A
- and_t heparesibsitafecdfhtRoakhe jheeht! anges ot +di vi,ded heating

resistors 32, respectively?aaccording%P%cFﬁggkkﬁgéﬁné,t, tﬂg.“ Pesi st or
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connection path (an internedi ate point) betwee th&%r &%i &for'®'RA2A and the
resistdP,RAIB, (@,copreahdcan,be)tak8B 9Hhding position of the ink

droplet (dot) is moved by the space between adjacent ink-

ejecting units. In the above example, if the distance

between two dots separated mostly during deflection is

assumed to be three times the space (42.3 Hm) between two

3

adjacent ink-ejecting units, i.e. 126.9 pm, the deflecting
angleb (deg) is:

Tan 20 = 126.9/2000 ~ 0.0635

then, 0 ~ 1.8 (deg) .

Next, the method for deflecting the ejecting direction
of ink droplets will‘be described in more detail.

Fig. 17 is a conceptual diagram showing a structure in
which time difference of the bubble generating time can be
set between the two-divided heating resistorsi32. In this
example, using a 2-bit control signal (J = 2), the ejecting
direction of ink drqplets is set in four steps by four types
of electric current differences passing through a resistor |
Rh-A and a resistor Rh-B.

Referring to Fig. 17; the resistor Rh-A and the
resistor Rh-B are resistances of the two-divided heating
resistors 32, respectively; accoraing to the embodiment, the

;esistor Rh-A is set smaller than the resistor Rh~-B. From a




Moreover, three resistors Rd are for deflecting the ejecting direction of
an ink droplet. Furthernore, transistors QL, @, and B fgnctlons.as
switches for the resistor Rh-A and the resistor Rh-B. An input unit Cis
for entering a binary control signal ("1" only when passing a current).
Furthernore, synbols L1 and L2 denote binary entry AND gate§,"and fygbols
Bl and B2 denote input units for entering a binary signal ("0" or "1") of
the AND gates Il and L2, respectively. In addition, to the AND gates LI
and L2, electric power is supplied froma power supply VH In this case,
when C = 1 as well as (Bl, B2) = (0%#40) are entered, only the transistor
QL is operated while the transistors Q2 and (B are not operated (current
is not passed through the three resistoiEHFd).eLEPthls Cafe’relfegtfsé{snt
i s passethidutdegh gdahe resi stires-niniA ~B, urr.e -
pasgi ng thor oug_:;l‘ﬁ1 tﬁr?e re?iﬁstor Rhngg :I%gtii)t he t?esﬁ sto%eqhh{r]fnarfeesjt%o%arre.
Accor diRiglay andheheheatding oralme-wf 4 heresistan B Adis smald er than that
of the resistor Rh-B, because the resistance of the resistorr Rh-Ais

sral | e ethatehafed hesieticsoRRATE. b Uhifd e Hide tid dbdastap! i shed
that- an ink droplet is landed on the extrenme |eft. The [anding position of
the i nklidesplien odt arhiink idreplstset F@theribe epOsirtin@n skidiel ¢di ng the 45
vicinity thereof) at which the ink droplet fromthe ink- ejecting unit

| ocat e@2i-nanHeQ8edund tiowsofst sgitwnhes @#beadhe resistor Rh-A and

the resistor Rh-B.

An input unit C is fo; entéring a binary control signal
("1" only when passing a current) . Furthermdre, symbols L1
and L2 denote binary entry AND gates, and symbols Bl and B2
denote input units for entering a binary signal ("Q" orv”l“)
of the AND Qates L1 and L2, respectivgly. In addition, to
the AND gates L1 and L2, electric power is supplied from a
power supply VH. In this case, when C = 1 as well as (B1,
B2) = (0, 0) are entered, only the transistor Q1 is operated
while the transistors Q2 and Q3 are not operated (current is
not passed through the three resistors Rd). 1In this case,
if a current is passed through the resistors Rh-A and Rh-B,
the currents respectively passing thorough the resistor Rh-A
and the resistor Rh-B are the same. Accordingly, the
heating value of the resistor Rh-A is smaller than that of
the resistor Rh-B, because the resistance of the resistor
Rh~A is smaller than that of the resistor Rh-RB. In this
state, it is established that an ink droplet is landed on
the extreme left. The landing position of the ink droplet

at this time is set to be the position (including the




on the left is |landed w thout deflection. Wien C =1 as well as (Bl1, B2) =
(1, 0) are entered, the current is also passed through the two resistors
Rd that are connected to the transistor B in series (the current does
not flow through the resistor Rd connected to the transistor Q). As a -
result, the current flowing through the resistor Rh-B is reduced snaller
than that when (Bl, B2) = (0, 0) is entered. However, also in this case,
it is established that the heating value of the resistor Rh-Ais smaller
than that of the resistor Rh-B. The | anding position of the ink droplet at
this time is set to be the positien4s -which the ink droplet fromthe
i nk-ejecting unit | ocated adjacent on the left is Ianded W t hout
defl ection. Next, when C =1 as well as (Bl, B2) = (0, 1) are entered,
currentv1§l§§§ eghgpggy hath i that is connected to the
transi st or t he currgn%l dggggﬁoﬁ?lb thPBUGH fRemtwher éskstors Rd
connect@ﬁeéﬁlﬁ euhf 8N$HSLPLG s As a_result, the current
f1 ow ng throug? the resi stoga?{h{}gel%é?% %c]é(awfﬂftﬁ]é‘? apits erhepdn t hat
when (Bbn tiB2)leff lisO0)ah§e@nt L1185, case, it is established that
t he heating value of the resistor R% é;\f‘mjfﬁe r%ame as that of the resistor
Rh-B. Therebher e 4 nk Gy apliat at A SB% @ ej ect ed W t hout
defl ection. Furthernore, when C = 1 ds wel |~ as ( edl)

the current is also passed through the two resistors Rd that

t he

are connected to the transistor Q3 in series (thé current
does not flow through the resistor Rd connected to the
transistor Q2). Aas a result, the current floﬁing.throﬁgh
the resistor Rh-B is reduced smaller than that when (B1, B2)
= (0, 0) is_entered. However, al;o in this cése, it is
established that the heating value of the resistor Rh-A is
smaller than that of the resistor Rh-B.

The landing position of the ink droplet at this time is
set to be the position at which the ink droplet from tﬁe
ink-ejecting unit located adjacent on the left is landed
without deflection.

Next, when C = 1 as well as (B1, B2) = (0, 1) are
entgred, the current is passed through the resistor Rd that
is connected to the transiétor 02 (the current does not flow
through the two resistors Rd connected to the transistor Q3
in series). As a result, the current flowing thrbugh the
resistor Rh-B is reduced>further smaller than that when (B1,
B2) = (1, 0) is entered. In this case, it is established
that the heating value of the resistor Rh~A is the same as

that of the resistor Rh-B. Thereby, the ink droplet at this




are entered, the current is passed through the three resistors Rd that are
connected to the transistors 2 and 3. As a result, the current flow ng
through the resistor Rh-B is reduced further smaller than that when (B1,

B2) = (0, 1) is entered. In this case, it is established that the heating
value of the resistor Rh-Ais larger than that of the resistor Rh-B. The

| andi ng position of the ink droplet at this time is set to be the position
at which the ink droplet fromthe - ink-ejecting unit |ocated adjacent on
the right is landed wi thout deflectjon. As described above, resistance

val ues of the resistors Rh-A Rthf“%ﬁd Rd may be set so that every tine
the input value (Bl1, B2) changes as it is (0, 0), (1, 0), (0, 1), and (1,
1), the landing position of the ink droplet (dot) is noved by the space
bet weeraad] acentj eicitkedejwdahiong - drifiectibareby, the |anding position of an

ink droplet can be switched to the follow ng four positions: in addition
to the posFtitheahowkichhan Cnk Oirapletllsasanded Bej heutl, defl ection
(vertically to a landing surface of a photographic sheet); the position at
whi ch tlre enkerddopltée clureentthési pksepdcthmguahi ttheocated i n t he second
row of the wunits ahead on the left is Ianded w thout deflection; the 47
posi ti ersastamiscRdt hdratniardr gpinste dtregimtichechenkemsgrect s tgrur@2 andoad ed
adj acent on the left is |landed w thout deflection;

As a result, the current flowing through the resistor Rh-B

is reduced further smaller than that when (B1, B2) = (0, 1)

is entered. 1In this case, it is established that the

heating value of the resistor Rh-A is larger than that of

the resistor Rh-B.

The landing position of the ink droplet at this time is
set to be the position at which the ink droplet from the
ink-ejecting unit located adjacent on the right is landed
without deflection.

As described above, resistance values of the resistors
Rh-A, Rh-B, and Rd may be set so that every time the input
value (B1l, B2) changes as it is (0, 0), (1, 0), (0, 1), and

(1, 1), the lahding position of the ink droplet (dot) is
moved by the space between adjacent ink-ejecting units.

Thereby, the landing position of an ink droplet can be
switched to the following four positions: in addition to the
position at which an ink droplet is landed without
deflection (vertically to a landing surface of a
photographic sheet); the position at which the ink. droplet

from the ink-ejecting unit located in the second row of the

units ahead on the left is landed without deflection; the




and the position at which the ink droplet fromthe ink- ejecting unit

| ocated adjacent on the right is |anded w thout deflection. According to
the input value (B1l, B2), the ink droplet can be | anded at any one of
these four positions. (Ejection-Controlling Means) According to the
enbodi nent, there is provided ejection-controlling neans. When using the
ejecting direction-deflecting neans descri bed above, one dot is fornmed by
| anding a plurality of liquid droplets so that at |east part of |anding
regions are overl apped with each other (dot nunber nodul ation) , the

ej ection-controlling neans controts4fhe ejection so that one of two dots
nei ghboring in a direction perpendicular to the lining direction of the
liquid-ejecting units is formed by a plurality of droplets ejected from

one |1 Gu o] &1 0N W |t N QY £l | he (ARG DY Pl el 1y of

dropl et's ej ecte rom ano iquird-ejecting unit erent“fromthe one
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ink droplet-ejection executing timng wll be describ reference to

Fig. 1&ndRafies ridui ¢ ik wiic e Ordinahe Ry 65 Sl A8c-arbitrary
time axis and the abscissa represents an arbitrary distance. The arbitrary
time aXieordesponds dautde adjacent on the right is landed :
without deflection. According to the input value (B1, B2),
the ink droplet can be landed at any one of these four
positions.
(Ejection-Controlling Means)
According to the embodiment, there is provided
. ejection-controlling means . When using the ejecting
direction-deflecting means described above, one dot is
formed by landing a plurality of liguid droplets so that at
}east part of landing regions are overlapped with each other
(dot number modulation), the ejection-controlling means
controls the ejection so that one of two dots neighboring in
a direction perpendicular to the iining direction of the
liquid-ejecting units is formed by a plurality of droplets
ejected from one liquid-ejecting unit while the other dot is
formed by a plurality of droplets ejected from another
liquid-ejecting unit different from the one liquid-ejecting
unit.
Then, a pixel position during image forming and the ink
droplet—ejection executing timing will be described with
reference to Fig. 18.

Referring to Fig. 18, the ordinate represents an




ej ection executing timng of an ink droplet ejected according to the
nunber of gradations, and the arbitrary distance corresponds to the pixel
position according to the arranging direction of the ink-ejecting units.
That is, Fig. 18 shows the nunber of ejections of ink droplets required
for formng dots at each pixel position (i.e., the time required for
formng dots in each pixel). Referring to Fig. 18, the line in the
arranging direction of ink-ejecting units in each pixel is defined as the
pixel line. In the pixel lines, an Mth line and an (Mtl)-th line are
shown on the ordinate. In each pixel48 up to P ink-droplets can be ejected
for exanple. Therefore, each pixel has the ink droplet-ejection executing
timngs 1 to P, which are shown in Fig. 8 as the tine slot. That is, in
n

each p%§ Etrgg.stﬁR% %%g%egpﬁg&Eg”aéggﬁgkﬁ g%?&ka%ﬁ%ﬁgtﬁﬁly%bﬂﬂ}aﬁéﬂgr o

wor ds, thE maxrmim nu r adations iI's e ot her
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pi xel nunber. ” "Therefore, e nu r of the ink-ejecting units in the

arrang%g%cQEBEC%%%BFE§nH-tBﬁ&%@fb@gahoiﬁkgdré%¢é¥1éﬂ&é&&ih line and at the

pi xel osition 1, e i'nk-droplet is ejected four tinmes so as to form .
dots carpes8dngf thovhedhorbels o@f grBkagtiohBe Bn¥el A9 aA%idign 1. Al so, on

the (Mtl)-th Iine and at the pixel” position 1, the ink-droplet is ejected
three HiRRens@ @srt@sponds to the pixel position according to the
arranging direction of the ink—ejecting units. That is, Fig.
18 shows the number of ejections of ink droplets required
for forming dots at each pixel position (i.e., the time
required for forming dots in each pixel).

Referring to Fig. 18, the line in the arranging
direction of ink-ejecting units in each pixel is defined as
the pixel line. In the pixel lines, an M-th line and an
(M+1)—-th line are shown on the ordinate. 1In each pixel, up
to P ink—droplets can be ejected for example. Therefére,r
each pixel has the ink droplet-ejection executing timings 1

to P, which are shown in Fig. 8 as the time slot. That is,
in each pixel, dots are formed with maximum P droplets of
ink. In other words, the maximum number of gradations is P
{ 1. On the other hahd, on the absciséa, the piXel
positions are shown as the first to N-th of the pixel number.
Therefore, the number of the ink-ejecting units in the
arranging direction is N.

Referring to Fig. 18, on the M-~th line and at the pixel

position 1, the ink-droplet is ejected four times so as to

form dots composed of four droplets of ink at the pixel




form dots conposed of three droplets of ink at the pixel position 1. The
pi xel positigﬁ 1 of the Mth line and the pixel position 1 of the (Ml)-th
line are arranged substantially on the sane |ine. The other pixel
positions are the sanme. Wien dots forned with one or nore ink droplets on
the Mth line and dots formed with one or nore ink droplets.on the
(Mtl)-th line are arranged substantially on the same line in such a
manner, that is, when dots are neighboring in the direction perpendicul ar
to the arranging direction of the ink-ejecting units, the

ej ection-controlling nmeans according2to the enbodi ment controls the
ejection so that the ink-ejecting unit used for formng a dot at a
specific pixel position of the Mth line is differentiated fromthe

i nk-ej it, usedsd oro.f de ts f X position of
the (MED - th 1T e, (Lt G o ert g oni 1" & ééﬁlﬁdéeﬁ%aﬂn% ik

ej ect i @osaafitdroll | nghadmBans @eeldi NG 8 ddieg
|Lk ejecting unit selecting neans (eqU|vaIent to |qU| ejeg%§ng unit .

sel ect ifogmTRRRS REGUENG enke PReYARtd Brenthon: fi9e sal.e6ting an ink-
ejecting unit froma plurality of ink-ejecting units for “ejecting ink

dropl epesiffon n.sel ecting an ink-ejectingunit by the ink-ejecting unit
sel ecting neans, there nay be a nethod according to a

The pixel position 1 of the M-th line and the pixe;
position 1 of the (M+l)-th line are arranged substantially
on the same line. The other pixel positions are the saﬁe;

When dots forméd with one or more ink droplets on the
M—-th line and dots formed with one or more ink droplets on
the (M+1)-th line are arranged substantially on the same
line in such a manner, that is, when dots are neighboring in -
the direction perpendicular to the arranging direction of
the ink-ejecting units, the ejection-controlling meané
according to the embodiment .controls the ejection so that
the ink-ejecting unit used for formiﬁg a dot at a specific
pixel position of the M-th line is differentiated from the
ink-ejecting unit used for forming a dot at the specific
pixel position of the (Mf1)~th line.

(Liquid-ejecting Unit Selecting Means)

The ejection-controlling means éccording to the
embodiment includes ink-ejecting unit selecting means
(equivalent to liquid-ejecting unit selecting means
aécording to the present invention) for selecting an ink-
ejecting unit from a plurality of ink-ejecting units for

ejecting ink droplets.




predeterm ned pattern or a nethod of selecting at random The ink-ejecting
units of one print head 31 are nunbered as 1, 2, N1, and N while the pixel
positions at which the ink droplets ejected fromthe ink-ejecting units 1,
2, NI, and N are | anded are nunbered as 1, 2, -N-1, and N, respectively.
At this time, in the method according to a predeterm ned pattern, when an
ink droplet is ejected at the pixel position of the sane nunber as that of
the Mth line and the (Mtl)-th line, it nay be set that a different ink-
ejecting unit is selected. For exanple, for landing an ink droplet at the
pi xel position x(x is any one of ‘15t00_N) of the Mth line, the
ink-ejecting unit x may be used, and for landing an ink droplet at the

pi xel position x of the (Mtl)-th Iine, the ink-ejecting unit (x+l) may be
used. Al so,If welandimy an imk-efoptaigainihepi xgk POBILiOPixy an

i nk-ejecting unit disposed adjacent the ink-ejecting unit x, ite., the

i nk- ej esitngelactifg+hyans, t heerakmey elséi AgneBhbd( ¥cdprdim be wsed. Other
than these ink- ejecting units, the ink-ejecting unit (x+2), the ink-

ej ect i hgedaterpikney , pah‘eernkeq echetigodinef $x¥38rting hherah@&gmej ecting unit
(x-3) may al so be used. 51 Furthernore, for landing an ink droplet at the
pi xel  posiEheornkofi edecing vt tatoft meimxeintpdsedd 031l xamd the Mth

numbered as 1, 2, -**N-1, and N while the pixel positions at
which the ink droplets ejected from the ink-ejecting units 1,
2, **N-1, and N are landed are nuﬁbered as 1, 2, -+*N-1, and
N, respectively.

At this time, in the method according to a
predetermined pattern, when an ink droplet is ejected at the
pixel position of the same number as that of the M—th line
and the (M+1)—-th line, it may be set that a different ink-
ejecting unit is selected.

For example, for landing an ;nk droplet at the pixel
position x.(g is any one of 1 to N) of the M-th line; the
ink-ejecting unit x may be used( andbfor landing an ink
droplet at the pixel position x of the (M+1);th line, the
ink-ejecting unit (x+1) may be used.

Also, for landing an ink droplet at the pixel position
x, an ink-ejecting unit disposed adjacent the ink—ejectgng
unit x, i.e., the ink—ejecting unit (x+1) or the ink-
ejecting unit (x-1), may‘be used. Othér thaﬁ £hese ink-
ejecting units, the ink-ejecting unit (x+2), the ink—'
ejecting unit (x-2), the ink-ejecting unit (x+3), or the

ink-ejecting unit (x-3) may also be used.




line, the ink-ejecting unit x is used; at the pixel position x of the next
(Mtl)-th line, the ink-ejecting unit (x+l) is wused; and at the pixel
position x of the further next (Mt2)- th line, the ink-ejecting unit x is
used, such that the ink- ejecting unit x and the ink-ejecting unit (x+l)
may be alternately used at the pixel position x of each line.
Alternatively, at the pixel position x of the Mth line, the ink-ejecting
unit x is used; at the pixel position x of the next (Mtl)-th line, the
ink-ejecting unit (x+l) is used; at the pixel position x of the further
next (Mr2)-th line, the ink-eject+nglunit (x-1) is used; and at the pixel
position x of the further next (M:3)-th line, the ink- ejecting unit x is
used, such that at the pixel position x of each line, the three
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used. Furthernore, at "the pixel position x of the M
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is used, such that at

th line, the ink-ejecting unit x is used, such that the ink-
.ejecting unit x and the ink-ejecting unit (x+1) may be
alternately used at the pixel position x of éach line.

Alternatively, at the pixel position x of the M—th line,
the ink—ejécting unit x is used; at the pixel position x of
the next (M+1)-th line, the ink-ejecting unit (x+1) is used;
at the pixel position x of the further next (M+2)-th line,
the ink—ejpcting unit (x-1) is used; and at the pixel
position x of the further next (M+3)-th line, the ink-
ejecting unit x is used, such that at the pixel position x
of each line, the three continuously arranged ink-ejecting
units of the ink-ejecting unit x, the ink-ejecting unit
(x+1) , and the ink-ejecting unit (x-1), in other words, in
addition to the ink-ejecting unit x, which is located
directly above the pixel position x, the ink—-ejecting unit
(x+1) and the ink-ejecting unit (x-1), which are located on
neighboring both sides, may be repeatedly used.

Furthermore, at the pixel position x of the M-th line,
the ink—ejecting unit (x-1) is used; at the pixel poéition X

of the next (M+1l)-th line, the ink-ejecting unit (x+1) is




t he pixel position x of each line, the ink-ejecting unit x, which is

| ocated directly above the pixel position x, nmay. not be used.

(Ej ecting-direction Determ ning Means) The ejection controlling nmeans
according to the enbodinment includes ejecting-direction determ ning neans
for . determining an ejecting direction of ink droplets ejected fromthe
ink-ejecting unit selected by the ink-ejecting unit selecting neans. The
ej ecting-direction determ ning neans determnes the ejecting direction of
ink droplets fromthe selected ink- ejecting unit and the pixel position at
which ink droplets are | anded. For ®xanple, for landing an ink droplet at
the pixel position x, when the ink-ejecting unit x is selected, the 1ink
droplet is controlled to | and without deflection. Wien an ink droplet is

to be | anded_at. the_ pixel. sition.x and i nk-ej.ecti unj x-1) is
S\ % afg g, the %&frgcpfggtféncgnfﬁgﬁﬁgﬁqﬁggg ég 4%%§i<ﬂ%2groplet IS
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not be used.

(Ejecting—-direction Determining Means)

The ejection controlling means according to thé
embodiment inclﬁdes ejecting—-direction determining means for
determining an ejecting direction of ink droplets ejected
from the ink-ejecting unit selected by the ink-ejecting unit
selecting means.

The ejectiné—direction determining means determines the
ejecting direction of ink droplets from the selected ink-
ejecting unit and the pixel position at which ink droplets
are landed. | |

For example; for landing an ink droplet at the pixel
position %, when the ink-ejecting unit x is selected, the
ink droplet is controlled to land withqut deflectidn. When
an ink droplet is to be landed at the pixel position x and
the ink-ejecting unit (x-1) is selected, the ejecting
direction is controlled so that the ink droplet is landed at
the pixel position x or in the vicinity thereof by
deflecting the ink droplet toward the ink—-ejecting unit x.
‘Similarly, for landing an ink droplet at the pixel position

X, when the ink-ejecting unit (x+1) is selected, the




deflection the ink droplet toward the ink-ejection unit x. If an ink
droplet is ejected in such a manner, even the inmage is with plural
gradations, one pixel is constantly fornmed by a plurality of ink droplets
ejected fromone ink- ejecting unit. Therefore, displacenment in |anding
positions of ink droplets can be mnimzed, inproving image.quality. Also,
in the direction perpendicular to the arranging direction of the

i nk-ejecting units (on the sane line), two adjacent pixels are constantly
formed by ink-ejecting units different fromeach other. Accordingly,
fluctuations inherent to an ink-ej-ed33ng unit cannot be arranged on the
sane line, inproving quality of the entire inmages. Thereby, if a specific
i nk- ejecting unit cannot eject ink droplets by cl ogging, etc., for
exanple if.the sane, i.nk- 'ectin i
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if thefgabe a8 WAknepeathN9g¥RlLtWohE, 1 BBe pixel is constantly
formed by a plurality of ink droplets ejected from one ink-—
ejecting unit. Therefore, displacement in landing positions
of ink droplets can be minimized, improving image quality.

Also, in the direction perpendicular to the arranging
direction of the ink-ejecting units (on the same lihe), two
adjacent pixels are constantly formed by ink-ejecting units
different from each other.

Accordingly, fluctuations inherent to an ink-ejecting
unit cannot be arranged on the same iine, improving quality
of the entire images. Thereby, if a specific ink-ejecting
‘unit cannot eject ink droplets by clogging, etc., for
example, if the same ink-ejecting unit were used, at pixel
position of this line, dots could not be always formed,
whereas in the method described above, such a situation can
be avoided.

Also, the signal processing for ejection execution is
not complicated according to the embodiment as is in the
technique, which is shown in Description of the Related Art

of this application, proposed in Japanese Patent Application

2002-161928, which is assigned to the same assignee as this




ejecting direction being out of alignnment with other ink- ejecting units in
advance, when pixels with plural gradations are arranged, even if the
ejecting direction of this ink-ejecting unit is not deflected for
correction, the displacenent of dot |anding positions can be allowed to be
i nconspi cuous. Figs. 19A to 19C are draw ngs showi ng the dot - arrangenent
when one dot is fornmed by three ink droplets. Both Figs. 19A and 19B show
the pi xels arranged on the sanme |ine (arranged in the direction
perpendicular to the arranging direction of the ink-ejecting units) forned
by three ink droplets fromthe samg4 nk-ejecting unit. For exanple, in the
drawi ngs, the entire pixel on the extrene left is formed by the
ink-ejecting unit |located on the extrene left. In other words, both Figs.
19A and 198 show exanpl es where the ejection controlling means_according

to t heSBRbAAPNARR /i §ondthaksddhe FiPnalo Atwes H k@b shEPEifhed -
ol ect ng-digectl o el PpL LG IR0 Lo Rt ysef uhetein, (b ghecting
A N e e AT R S
L1 951385 e LIRS LAY SErngl FASLARN B35 B mears, the
fro”‘t8§ah§£ﬁoh§ are arranged, even if the ejecting direction of
this ink-ejecting unit is not deflected fo; correction, the
displacement of dot landing positions can be allowed to be
inconspicuous.
Figs. 19A to 19C are drawings showing the dot
arrangement when one dot is formed by three ink droplets.
Botthigsl 19A and 19B show the pixels arranged on the
same line (arranged in the direction perpendicular to the
arranging direction of the ink-ejecting units) formed by
three ink droplets from the same ink-ejecting unit.
For example, in the drawings, the entire pixel on the
extreme left is formed by the ink-ejecting unit located on
the extreme left. 1In other words, both Figs. 19A and 19B
show examples where the ejection controlling means according
to the embodiment is not used.
Fig; 19A shows an example where the ejecting-direction
deflecting means is not used, wherein the ejecting direction
of the fourth ink-ejecting unit from the left is defected to
the left in Fig. 8. In such a case, between the fourth dot

and fifth dot from the left, a region without images exists

as a white streak. Whereas in Fig. 19B, using the ejecting-




deflected to the right in the drawng. By controlling the |anding position
of an ink droplet fromthe fourth ink- ejecting uni't in such a manner, the
white streak can be elimnated. Wereas Fig. 19C shows an exanpl e where
imges are formed using the ejection controlling neans w thout deflecting
the ejecting direction of an ink droplet fromthe fourth ink-ejecting unit
- fromthe left as done in the exanple in Fig. 19B. In the exanple of Fig.
19C, the fourth ink-ejecting wunit fromthe left is used for form ng the
fourth dot from the left at the first line. In the next second line, the
fourth ink-ejecting unit is used foer55ormng the fifth dot fromthe left.
Furthernore, in the third line, it is used formng the second dot fromthe
|l eft. Then, in the pixels forned by the fourth ink-ejecting unit, although
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for

descri bed above, and various nodifications may
exanpl @anding position of an ink droplet from the fourth ink-—

ejecting unit in such a manner, the white streak can be
eliminated.

Whereas Fig. 19C shows an example where images are
formed using the ejection controlling means without
deflecting the ejecting direction of an ink droplet from the
fourth ink-ejecting unit from fhe left as done in the
eXample in Fig. 19B.

In the example of Fig. 19C, the fourth ink-ejecting
unit from the left ;s ﬁsed for forming the fourth dot from
the left at the first line. In the next second liﬁe, tﬁe
fourth ink-ejecting unit is used for forming the fifth dot
from the left. Fufthermore, in the third line, it is used
forming the second ddt from the left.

Then, in the pixels forméd by the fourth'ink—ejecting
unit, although positional displacement is produced in
comparison with other pixels, since the pixels formed by the
fourth ink-ejecting unit cannot be continuously arranged in
the direction perpendicular to the arranging direction of
the ink-ejecting units, the white streak is not produced as
is in the example in Fig. 19A.

The present invention is not limited to the embodiments




(1) According to the enbodinents, two pixels adjacent 1in the direction
perpendi cular to the arranging direction of the ink-ejecting units are

al ways forned by ejection of ink droplets fromdifferent ink-ejecting
units; the invention is not limted to this, and in two nei ghboring

pi xel s, one forned by the sane ink-ejecting unit may exi st. For exanpl e,

at the pixel positions x on the Mth line and the(Mtl)-th 1line, pixels my
be formed by the ink-ejecting unit x while at the pixel positions x on the
(Mt2)-th line and the(Mt3)- th line, pixels may be formed by the
ink-ejecting unit (x+l). Alternativedg/,~at the pixel positions x on the
Mth line to the (M2)-th line, pixels my be fornmed by the ink- ejecting
unit x mhile at the pi xel positions x on the (M:3)- th line to the (M5)-th

l'i ne, e forne t.he uni_t +| (2) Accor di ng
to the e 5 Pe gov?,_a % i g 5%8%5I| éghcﬁslg 3- Bt 8nf%gl §Pgnal ;

altern§5i!gk §Ogog&gﬁkl%|gnal with J 3 or nore may be used. By
i ncreasing t nunb bits of the control signal so as to forma

circuit, th@ Qiéﬁ&i&fﬁ%d fﬁéogﬁb@é ihe£w5Pé£§%§gdadé§%%§%cording to

t he enbodlnents e ti erence drop orlrn bl e
generaﬁho@he'élPEQQFBEdFQ¥peHHEEﬁﬁ§9tkétkﬂg 59§aﬁb§ﬁbr9€f%%EE% t Jpassing

t hrough one of 57 wo-di vi ded heating resistors romthe other t he
inventipe kaxneyebtihbednt@st Birs, aaRdyEWeodinhded BEALKRGn of ink

droplets from different ink—ejectiﬁg units; the invention is

not limited to this, and in two neighboring pixels, one

formed by the same ink-ejecting unit may exist. For exampie,

at the pixel positions x on the M-th line and the (M+1)-th |

line, pixels may be formed by the ink-ejecting unit x while

at the pixel positions x oﬁ the (M+2)-th line and the (M+3)-—

th line, pixels may be'formed by the ink-ejecting unit (x+1).

Alternatively, at the pixel positions x on the M-th
line to the (M+2)-th line, pixels may be formed by the ink-—
ejecting unit x while at the pixel positions x on the (M+3)-
th line to the_(M+5)—th line, pixels may be formed by the
ink-ejecting unit (x+1).

(2) According to the embodiments, J = 2 is exemplified
as a J-bit control signal; alternatively, a control signal
with j = 3 or more may be used. By increasing the number of
bits of the control signal so as to form a circuit, the
deflection directions are further increased.

(3) According to the embodiments, the time difference
of ink droplet boiling (bubble generation) is produced by

differentiating the electric current passing through one of




resistors 32 with the same resistance are arranged and tim ngs passing
through electric current may be differentiated. For exanple,. there are

i ndependently provided switches for each of the two-divided heating
resistors 32, and by turning on the switches with tine difference, the
time difference of bubble generation can be produced to ink.on each of the
heating resistors 32. Furthernore, the conbination of differentiating
current passing through each of the heating resistor 32 and
differentiating timngs for passing through current may al so be nmade. (4)
According to the enbodi ments, the-twYy d&i vided heating resistors 32 are
provided within one ink chanber 21; the inventionis not limted to this,
and within one ink chanber 21, three or nore heating resistors 32 (energy-

' . . . JAlLsQ, ti | st [ de of
ot - di 1 dei oy ket e "R Tah 8 Er sE PSR 32utFEN bcKoThaSe Aol an view
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gener alLOgsHokL 5o ELRCLLATSLAK dLopbebackl a-bhe - Laldhng,Rack portion of

the sw tch-back shape 1s divi Lnto at leas nergy generation of

at Iea@imgﬂesO{Jagegné&?th%h?ﬁi RabcPRLE bardbhkengptpated fromat |east one
of the other principal part, thereby controlling to deflect the _

differentiated. For example,.there are independently
prbvided switches for each of the two-divided heating
resistors 32, aﬁd by turﬁing on the switches with time
difference, the time difference of bubble generation can be
produced to ink on each of the heating resistors 32.
Furthermore, the combination of differentiating current
passing through each of the heating resistor 32 and
differentiating timings for passing through current may also
be made.

(4) According to the embodiménts, the two divided
heating resistors 32 are provided within one ink chamber 21;
the invention 1s not limited to this, and within one ink
chamber 21, three or more heatiﬁg resistors 32 (energy-—
generating means) may be arranged. Also, a heating resistor
is made of one not-divided body while on a substantial
switch-back shape in plan view (substantial U-shape), a
éonductor (electrode) is connected to the foiding back
portion of the switch—back shape, so that a principal part
of energy generating unit for ejecting ink droplets via the
folding back portion of the switch-back shape is divided

into at least two; energy generation of at least one of the




ejecting direction of ink droplets. (5) According to the enbodinents, as
thermal -type energy generating neans, the heating resistor 32 is '
exenplified; alternatively, a heating elenent may be forned of a material
other than a resistor. Also, any other energy generating neans may be used
not limted to the heating elenent. For exanple, there may be an

el ectrostatic ejection systemand a piezoelectric system The

el ectrostatic ejection-type energy generating neans is provided with a
vibrating plate and two el ectrodes di sposed under the vibrating plate with
an airspace therebetween. A voltagesgs-applied between the both _

el ectrodes so as to downward deflect the vibrating plate, and then, the
voltage is adjusted to O V so as to free static electricity. At this tine,

et ur naE TRl TS 5% é%ere%’ﬁfﬂ%i%? T e boted of ik < case.
o1 ot do hdt CREDV BT nor Barey (O BRUN R (0P (U Lo bi P atate

stati g £ (ot is fr : j usting the voltage to be 0 V), tine
( S eeéﬁ%ﬁ lféélr:)érlco%/fod{edgﬁgltr&yée%d%&ets o or voltage

di fference ma WO énergy generating neans,

val ues may e, di htecenligl ed e IhABIAER QL apd applicd to two energy
generating neans. Al so the piezoelectric enérgy generatlggpﬁeans is a :
energy generating means, the heating resistor 32 is
gxemplified; alternatively, a heating element may be formed
of a material other than a resistor. Also? any other energy
generating means may be used not limited to the heating
element. For example, there may be an electrostatic
ejection system and a piezoelectric system.

The electrostatic ejection-type energy generating means
'is provided with a vibrating plate and two electrodes
disposed under the vibrating plate with an airspace
therebetween. A voltage is applied between the both
electrodes so as to downward deflect the vibrating plate,
and then, the voltage is adjusted to 0 V so as to free
static.electricity. At this time, by utilizing an elastic
force produced when the vibrating plate is returned to the
original state, ink droplets are ejected.

In this case, since energy generation difference
between energy generating means is provided, when the
vibrating plate is returned to the original state (static
electricity is freed by adjusting the voltage to be 0 V),

time difference may be provided between two energy

generating means, or voltage values may be differentiated




| ayered product of a piezoelectric elenent having el ectrodes fornmed on
both surfaces -and a vibrating plate. Wen a voltage is applied to the

el ectrodes on both surfaces of the piezoelectric elenment, a bendi ng nonent
is generated on the vibrating plate by the piezoelectric effect so as to
deflect the vibrating plate. By utilizing this deflection, ink droplets
are ejected. In also this case, in the sane way as above, since energy
generation difference between energy generating neans is provided, when a
voltage is applied to the electrodes on both surfaces of the piezoelectric
element, tinme difference nay be proy9ded between two energy generating
nmeans, or voltage values may -be differentiated fromeach other and
applied to two energy generating means. (6) According to the enbodinents, .

th i-nt _head.31 d the li head 33 d f th i.nt ~
exonpl (LPPEEo ot AE anRidat de T h a9 (GRS Y SR and may
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enbodi ment's, 't ~displac _ ing positions et's can be
m ni M 28dmeMOYRG: ITRYGS QY 2 Ali%a by %1%3%5] 60 processing for

ej ection execution is not conplicated so that™ 't gnhal processing can be
sinpli fyhed. a voltage is applied to the electrodes on both surfaces

of the piezoelectric element, a bending moment is generated

on the vibrating plate by the piezoelectric effect so as to

deflect the vibrating plate. By utilizing this deflection, .

ink droplets are ejected.

In also this case, in the same way as above, since
energy generation difference between energy generating means
is provided, when a voltage is applied to the electrodes on
both surfaces of the piezoelectric element, time difference
may be provided between two energy generating means, or
voltage values may be differentiated from each other and
applied to two energy generating means.

(6) According to the embodiments,.the print head 31
and the line head 33 used for the printer are exemplified;
however, the invention is not limited to the printer and may
be applied to various kinds of liquid-ejecting apparatus.
For example, an apparatus for ejecting a solution conteining
DNA for.detecting a biological material may be applied.

As described above, according to the embodiments, the

displacement in landing positions of ink droplets can be

minimized, improving image quelity. Also, the signal




Furthernore, if there is an ink-ejecting unit with the ejecting direction
bei ng out of alignment with other ink- ejecting units in advance, when

pi xels with plural gradations are arranged, even if the ejecting direction
of this ink-ejecting unit is not deflected for correction, the

di spl acenent of dot |anding positions can be allowed to be inconspicuous.

- 61 - WHAT IS CLAIMED IS: 1. A liquid-ejecting nethod conprising the steps
of: replenishing a liquid chanber, which is formed corresponding to a
nozzle for ejecting liquid therefrom w'th liquid; and ejecting liquid _
contained in-the liquid chanber as- &0 conti nuous |iquid-droplet group from
the nozzle by feeding a pulse signal to ejecting-energy generating neans
di sposed within the liquid chanber, wherein the ejection anount of each
l'iquid dr§glet off the.li%uid-dro Igt group continugusly ej ected fromthe
nozzl ePt8%ard*8He Pand? fi§ 68PnFXS§u KT pufsBOSi GRAPs 1cgter %oy theat
approxipjymt ed at.constant.caorrespondin 0.a _.predeterm ned frequency band
of thekgglgéggﬁéngf?cgﬁ PEquRd BFsséﬁBifgaeBy variably controlling a drive

according vo e iRt e,k R ERT i B CHERRETY P LR wlransh®ui th e
same ag?HB%iHB'EEQHEQiQﬁ being out of alignment with other ink- -
ejecting units in advance, when pixels with plural
gradations are arranged, even if the ejecting direction of
this ink-ejecting unit is not deflected for correction, the
displacement of dot landing positions can be ailowed to be

inconspicuous.




that of the liquid droplet ejected fromthe nozzle in a predeterm ned
frequency band of the pulse signal. 3. A nethod according to-Claiml,
wherein the degree of negative pressure applied to liquid in the liquid
chanber 62 in a predeterm ned frequency band of the pulse signal is the.
sanme as under that the surface of liquid in the nozzle is not drawn back
toward the |iquid chanber. 4. A nethod according to Caim1l1, wherein the
ejected liquid-droplet group fromthe nozzle is. pushed by bubbles
generated by heating liquid in the liquid chanber. 5. A liquid-ejecting
apparatus conprising: a nozzle nenbel having a nozzle for ejecting liquid
therefrom a liquid chanber formed corresponding to the nozzle;

ej ecting-energy generating neans di sposed within the |iquid chanber for

generaigﬁgjggpgg¥¥£ﬁﬁ)g§an1ng liquid contained in the liquid chanber from

the no qguid-"dropl et group; and pul se-signal generating neans
for generating a pulse signal for feeding it to the ejecting-energy
generating neans, wherein the ejection amount of each liquid droplet of

the I'iquid-drophet ;group-GaRLh AYOMstHo@I eckpdibiam the seepsl egtoward one
| andi ng point is fixed or approxi mated at constant corresponding to a
predeterm ned. hegquenReYy Randq@id chamber, which is formed
corresponding to a nozzle for ejecting liqﬁid therefrom,
-with liquid; and
ejecting liquid contained in the liquid chamber as a
continuous liquid-droplet group from the nozzle by feeding a
pulse signal to_ejecting—energy generating means disposed
within the liquid chamber,
wherein the ejection amount of each liquid droplet of
the liquid-droplet group continuously ejected from the
nozzle toward one landing point by the pulse signals is
fixed or approximatéd at constant corresponding to a
predetermined.frequency band of the pulse signal, and ligquid

is ejected by variably controlling a drive frequency of the

pulse signal.within the frequency band.

2. A method according to Claim 1, wherein the liquid
chamber is replenished with the same amount of liquid as
that of the liguid droplet ejected from the nozzle in a

predetermined frequency band of the pulse signal.

3. A method according to Claim 1, wherein the degree

of negative pressure applied to liquid in the liquid chamber




the pulse signal, and liquid is ejected by variably controlling a drive
frequency of the pulse signal wWithin the 63 - frequency band. 6. An :
apparatus according to daim5, wherein the Iliquid chanber is forned so as
to have a height capable of replenishing the sane anount of |iquid as that
ejected from the nozzle in a predeterm ned frequency. band of the pul se
signal. 7. An apparatus according to Claimb5, further conprising negative
pressure generating nmeans for applying the sane degree of negative
pressure as under that the surface §£ liquid in the nozzle is not drawn
bhack to the 1iquid chanber to liquid“contained in the liquid chanber in a
predeterm ned frequency band of the pulse signal. 8. An apparatus accordi ng
"to Caim5, wherein the ejecting-energy generating neans is for pushing
and ej €ai iangprddefidmhifrream itweyunarat ednd he@ttiheg e d igigmh o ailed in
the liquid chanber so as to generate bubbl es.

‘ same as under that the surface of liquid in the nozzle is

not drawn back toward the ligquid chamber.

4, A method according to Claim 1, wherein the ejected
liguid-droplet group from the nozzle is pushed by bubbles

generated by heating liquid in the liquid chamber.

5. A liquid-ejecting apparatus comprising:

a noZzle member having a nozzle for ejecting ligquid
therefrom;

a liquid qhamber-formed corresponding to the nozzle;

ejecting-energy generating means disposed within the
ligquid chamber for generating energy for ejecting liquid
contained in the ligquid chamber from the nozzle as a liquid-
droplet group; and

pulse-signal generating means for generating a pulse
signal for feeding it to the ejecting-energy generating
means, |

wherein the ejection amount of each liquid droplet of
the liquid-droplet group'continuouslf ejected from the
nozzle toward one landing point is fixed or approximated at
constant corresponding to a predetermined frequency band of
the pulse signal, and liquid is ejeéted by variably

controlling a drive frequency of the pulse signal within the
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frequency band.

6. An apparatus according to Claim 5, wherein the
ligquid chamber is formed so as to have a height capable of
replenishing the same amount of liquid as thét ejected from
the nozzle in a predetermined frequency band of the pulse

signal.

7. An apparatus according to Claim 5,.further
comprising negative pressure generating means for applying
the same degree of negafive pressure as under that the
surface of liquid in the nozzle is not drawn back to the
liquid chamber to liquid contained in the liquid chamber in

a predetermined frequency band of the pulse signal.

8. @An apparatus according to Claim 5, wherein the
ejecting—energy generating means is for pushing and ejecting
liguid from the nozzle by heating the liquid contained in

the liquid chamber so as to generate>bubbles.




