; opgre3eU<R$p, 6T<k V - 1 LI QU D EJECTI NG METHOD AND LI QUI D- EJECTI NG
APPARATUS BACKGROUND OF THE I NVENTION 1. Field of the Invention The present-
i*nvention relates to '"a liquid-ejecting apparatus having a head with a
plurality of liquid-ejecting units, each unit having a nozzle, and a

| i qui d-ejecting nethod 2. Description of the Related Art As an exanple of a
| i qui d-ej ecting apparatus having a head with a plurality of |iquid-ejecting
units, each unit. having a nozzle, an inkjet-type recordi ng apparatus has
been known. The inkjet-type recording ppparatus such as an inkjet printer
has been wi dely used in view of high-speed recording, inexpensive running
cost, and easy colorizing, so that techniques for form ng high-resolution
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.BACKGROUND 0F" THE INVENTION
1. Field of the Invention

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 ligquid-ejecting
method..-

2, LDescription of the Relatéd Art

As an example of a liquid-ejecting apparatus having a
head with a plurality of liquid-ejecting units, each unit
having a nozzle, an inkjet-type recordiné apparatus has been
known. The inkjet-type recording apparatus such as an
inkjet printer has been widely used in view of high-speed
reco;ding, inexpensive funning cost, and easy colorizing, so
that techniques for'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 imaées. In the serial—type print head, a
multipath system is employed. The mulfipath is a system in
which when ink is ejected so as to form printed images

during the reciprocation of the print head, for one line




whilg 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 nmultipath systemis enployed. The nultipath is a systemin which when ink
i's ejected so.as to formprinted i mages during the reciprocation of the
print head, for one line - 2 constituting printed imges, ink is ejected
froma plurality of liquid-ejecting units. Thereby, fluctuations in an
ejecting direction and an ejection amyunt of ink ejected from each ’
liquid-ejecting unit are able to be inconspicuous. Also, in the inkjet
printer, a pul se nunber nodul ation (a nethod for form ng one pixel by a
plurality of ink droplets so-called PNM has been known. Fig. 20 is an
expl anat @?%s Vi ek iy IR et ¢ glndae pul Tk nigrbete ety ftdmore ([ENMaslistyen) . | n
this nmethod, w thin one pixel region, ink droplets are continuously ejected
plural tPhebiayidiel eptinmtinithne | Terrlipl efluchthidions fin sn s absor bed
- (per neat edg into a photographic sheet that the .next ink droplet is landed
so that ST Parechion Qi Th ¢t apputrwiah irotdiacteasyi on. Fig.
20 shows_exanpl es from an exanpl e where an ink droplet, is |landed once up to
an exanpt &M AU SPT LRSS bt 3R ¢ i RS IinGanicumts 1t he
ink droplet landed.at first i.s absarhed (perneated) |nto a photaqgraphic

sheet that theSext™ MUrgPiI&t BEiided 2 SR EOsFUPRANLR TP nk
dropl ets, ar ite o-as 1o formone rge pixel. That is, the PNMis a
system i h£vﬁ?%#%yg%%j E%]frfllnrbgt%%e rﬁj%eejlr %o‘? ?r&f(%aolpjtté{ s°éej3é’(¥t ed from each
| i qui d- ej i it i t j constitufyng a printed i mage
is vari %ﬁéic@o% tﬁ(}!r Iceadﬂs](‘;(;d g%ﬁb?)g f%(%?ge%% Q‘Er‘g‘%%{h on.lq.‘n%dr cf‘gsr a[rg form
hi gh- quad 48 5 P14 k- d 4 LR ' R it J npor t ant
- 3 obj ecl% ato sta%i I zeﬁ%%%%h%%w%‘%ls&a‘%mleni%dgrd}p]]aaer}[meq})ect ed from
each |i quinh ed@otdmg. Unid - +1Ss and@cdt] GuecH B add 'tééls%%h;[' objgct, it is
di scl osed that}%duri ng conti nusf)usl y ejecting ink, tq)hle anoun ng,f, g!rfﬁfnk
dropl et dmostetd etdrd Japanaseo sl Ruddd Gt Nomedl57945 i(Paear 3. Fi gs.
5 and 8) for exanple). .

until the ink droplet landed at first is absorbed

(permeated) into a photographic sheet that the next ink
droplet is landed so that at least part of a region is
overlapped with anoéher regicn. Fig. 20 shows examples from
an example where an ink droplet is landed once up to an
exanple 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 are
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 controlled so

as to express gradation. In order to form high-quality

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



The techni que described in Japanese Patent Publication No. 3157945 rel ates
to a technique in that a plurality of independent ink droplets for one

pi xel are defined as a ink droplet group and a pulse interval is set for a
pul se signal for ejection fromthe sane ejecting unit. Specifically, in a
frequency band in which with increasing the pulse interval, the ejection
anount per one droplet increases, the pulse interval is established so that
t he amount of each ink droplet of the ink droplet group is equalized with
the amount of an ink droplet when a sifigle ink droplet is ejected. Thereby,
the pul se interval for equalizing the anount of each ink droplet of the ink
droplet group ejected continuously is selected froma graph between a drive
frequency and ink ejection anount characteristics, and the anmount of each

i nk dropPlieehntpestalpstbme Bee ngl el el aeewrt puf san i inlerdedpldonever,
this pulse interval is uniquely determned, so that it has not been

ar bi tr ar 1 §ce8¢ abremheach | higgedral egting wekbondks td te@hmiegial - type print
head, - 4 there is a line-type print head having a nunber of head chips
arr anged 867 FE_Poheli FECh 02 R HePERETr el ti 1R HbickesE ottt wedtam 1f the
Iine-type%ﬁrint hefd IS agglied to the technique described in Japanese

Pat ent = PORFFEREPBA RoST SF 579451281 oHe ViR h o e 19K tHePRAFberS of

| i qui dej ect | units, the electri wer applied o ati ng el enent

bt ovi deut b Lo tradentes; Sebrhh SupPlias FEEME I DAY adik Lace the
vol t age p SUpp for_su ying electric power to each heating

el enent ?i%%tugr%%? %ﬁd£%§ %g?%%§$i: hi gh-quality i mages may not be forned

fi 1 ‘ i A i i i .Pat 1
bt | cati on PR pdlifdd hddi SRENLAUR O] batddl MRANGESER PN
anmount oy, eaghs §ks dropl kg oéotgetéaﬁnﬁi@gl £l -%ﬁg% ﬁfﬂfﬂ# rgm each

t a e ln

liquid-ejecting unit is selected fromthe grap out™ t ej ection

anount chaaaséeabsti o8k BYopheref festond Fimct uatd onsrpie®ach Lonponent in
t he manufacturing process of the print head or changes in tenperature in
use, "t hedaspuat @foeachindnk HuDpéeintsr¥aBbie d6t chawnge, piSosd hatgridl has
been difficult to stabilize the anmount of each ink droplet of the ink
dropl et fooug] efecdedt fomntleachahe ged el gt wmyt LNi $pd@i Sacorndy priabl en) .
Since in the line-type print head, a recording nmediumis noved relatively
to the p2ifhretieadcynbgnidnin dhiebt wonhpénperdsdubatheoptilee dngietrudilnal
direction of the print - 5 head so as to formprinted images, the
mul ti pat Bheyei eat camnamowet appri edle t heeri ot Meredsre, fheiqwlkds ons of each
liquid-ejecting unit in the ejecting direction get |ined-up along the
i magi ng #REREYEbnis | eshahbhanoft o f iRt UBRE HEOYRE the @3 detimy direction is
used, al though thg grinting'nusi be actually perfornmed as shown in Fig.

n

19B, t heTERaSt bR © ptBbI SReBtehr PRPE g 19 StiaKkE®®ind unevenness
h in Fig. .19A third | . On t t.h hand, while the third
s Show N0 I (AL pLoBlan onLpe piber Jand, piile the (T
i ne-h L L h it f_liguid-gejecti it th ,
Lechni que BB ngr PSRk o8t S8 SRR ER L N PAE g i r et on

s contrghbed (deflech ety @PSLPLECL:! fud ORI AN, g duapiets on

one pixel region using a p Ity o quid-ejecting units e enpl oyed
ther ei nt @oih 81 PHOROEEUL b Ns JBPAREG € Fath €0t o ARPY 1 168E} 08 20027141928, which i's

assigned to the sanme assignee as this application.
frequency and ink ejection amount characteristics, and the
amount of each ink droplet can be constant using the
seléqted 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,



However, in formng one pixel by landing ink droplets using a plurality of
liquid-ejecting units, since a plurality of the liquid-ejecting units
correspond to the one pixel, signal processing for ejection execution is
conplicated. Furthernore, in form ng one pixel '"by a plurality of ink
droplets ejected froma plurality of liquid-ejecting units, as shown in
Fig. 21, the displacenent in | anding positions - 6 of the i nk droplets
ej ect ed fromeach |iquid-ejecting unit tends to increase. Therefore, as
shown in Fig. 21, when dots forned Qy4a_plurallty of the ink droplets are
united so as to forn1one pi xel , the shape of the pixel is not approxi mated
to acircle, and this may result in imagequality deterioration (a fourth
probl em). SUVMMARY OF THE | NVENTI ON Accordingly, in order to solve the first
"~ and secdHtens ol ensling-tiyparprwbjedteasdt hawiny esentmbawerntt ihmad o provi de a
l'iquid-ejecting apparatus and a |iquid-ejecting nethod capabl e of

st abi | i Zgpa h?erlef}remd s araRmndinegdeh thequind-idreopiisttiofofa d i qui d- dr opl et
group contlnuously ej ected toward one | anding point froma nozzle of a

|'i qui dejeRIqHTH: C!a’tlﬁ% haldi & Hewt tdReh by ipttuhiad yisofannldgdddjcect i ng
units, each unlt haV|n t he nozz| e, corresponding to a w de frequency band
of a pul'd¥ ‘ﬁﬁp$§f?%FH&%&BJﬁmWﬁﬁﬁW@n FSHder iens doe t he

third a robl eng, i s anot her object of the present invention to
i mpr ove%ﬁg‘{iru iR By }ed]db‘?’??ga% St ddhemhsT 1odndi J15105| tions between
a plural it af ddr lets for. formn dof ,so as toq . nprove the dot
qual ity %‘2}/ L0t 1% ?];‘?Cﬁerd“? r%orﬂeargpﬁgﬁ% C{ f? 430GLi d dr opl et

using a cPJd dl)e{ leea%lj}l\ccot he e ieccttlﬁ{% di r ct| on of liquid

dropl ets a sec j ect prnelseH{ I nvention sol ves

the ob] aghs.daserd eped abae; by.ddie fald QNG 30134 10 g TS o ibagy der Lo

achi eve the first obj ect, i qui d-ej ecting t hod he present

| nvent i of,C oIy 3&% F@lé&@p& Yowes &N S i Shapber, which s
formed corresponding to a nozzl'e for ejecting I1quid therefrom wth

liquid; mndejacdd ngaﬂd%chcz%ﬁﬂﬁledulgfh—téﬁ%ll 116k v 3ptCoY | nuous
l'iquid-droplet groups fromthe nozzle by feeding a pul se si gnal to

ej ect i ngEcemmerd)y (& efiier it | gagpieams. di sposed within the |iquid chanber,

wherein the ejection anount of each liquid droplet of the |iquid-droplet
group conti nadssl,y iej etteed daharhotiee deszzli®edovar dapaaeckandangnpoi nt by t he
pul se signals is fixed or approxi mated at constant corresponding to a

pr edet erfHinleid-driequainy baritd 4, tdeepul Getlsd gnalse dnd-drvgli dars ej ected by -
vari ably control ling a drive frequency of the pulse signal within the

f r equenSAWEE ‘(g’lﬁha@lﬁe’% Mol 2ade EHeddiaml adhmuntthsf ledkc ifnopdtd

group ejected from each liguid-ejecting unit is selected
from the graph about the ink ejection amount characteristics,
by the effect of fluctuations of eacﬁ component in ther
manufacturing preocess of the print head or changes in
tempeﬁature 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



droplet of the I|iquid-droplet group continuously ejected fromthe

| i qui d-ejecting hole toward one | andi ng point by the pul se signals
generated by the pul se-signal generating neans is fixed or approximted at
constant corresponding to a predeterm ned frequency band of the pul se
signal, and liquid is ejected by variably controlling a drive frequency of
the pulse signal within the frequency band, so that the _ 8 ejection
anount of each liquid droplet of the continuously ejected |iquid-droplet
group can be stabilized correspondi ng %q_a predet erm ned frequency band of
the pulse signal. In order to achieve the first object, a |liquid-ejecting
apparatus according to the present invention conprises a nozzle nenber
having a nozzle for ejecting liquid therefrom a liquid chanber forned

cor r espoheladgs b oag htonbezhepreptedi ilgagaer gyhgeanel aipath nepasedi sposed
within the liquid chanber for generating energy for ejecting liquid

cont ai ne@annpothiee| sppi dedhbhbeetdr onThbeefiore| ef hscanatjoms- of opheh group;
and pul se-signal generating neans for generating a pul se’'signal for feeding
it to thbélepedrehgcehedgyngbnérathageheahingwhbretniomeget etinod-woount of
each liquid droplet of the |iquid-droplet group continuously ejected from
t he nozzPECRPweRE HReIiBfdiREEpbiaR. i sTfixclead whbih okl wateat Bensohst ant
correspongin%_to a predeterm ned frequency band of the pul se signal, and
liquid i5"e) eteehiBy FEFRabEOR chht FoPTi niyl Eeuglh i Viee fpetieiey st he pul se
signal within thf frequgnc gand. By such a structure, the ejection anount
of each PFqdf U Pl BEE ?r¥ﬁ ??qﬁ?%wﬂrbﬁl%%ggrB%%rCB%%?%U%%%I@Q%?e%ted
fromthe liguid-eiLecting hole toward one | andin oi nt by the pul se signals
generatellc)llr%gil‘?lﬁeopuEI)E:'éI-1 £9n Ta%%ﬂeVbY?n@tﬁ%%5§ %%gf?§%¥ﬁ e$Pptdxi mat ed at

constantsﬁg&ﬁefﬁﬁgg%nglég ?apﬁggg%sépggfggfrequency'band of the pulse

signal, and d s ejec vari y controlling a drive frequency

of the puls i | ¥ L i e e ] j ection, anount
of each quSFg1%?%p?%?é€fﬂ? %’c%%??%uggélgﬂgggc?gabﬁgéukgﬁggtﬁﬁéﬁfﬁ#oup can

be st abilhzed £QuL@sOPBEL NGyt Sofa Phedel el et e CIEY DAL &f " the pul se
signal. Furthernore, 1n order to achieve the second object, a
|'i qui d- e £EH | £10p BPPAT BEYSo ACLOGHEL dde Oct ey PELSEN 2 4 PVEH O CAIRL | Ses a
head having a plurality of lining |liquidejecting units,” each having a
nozzl e; ®jeethmiyydérecsbdingetheceimgsy®eas, fon whef diecii e theqeigcting
direction of a liquid droplet ejected fromthe nozzle of one |1 quidejecting
unit so ehattime digecdideopsetonsréhheldd(dtibeposd) | ah®rpitel hissvicinity -
of the position where the liquid droplet fromthe nozzle of another
| i qui d- efeenedgoviniandpeat dek i dremkes cdmiye afizdle epidn qus theejaEct i ng
unit is | anded w thout deflection, and ejection-controlling neans for
cont r ol 1PHgFhEtRj @t 1 BEUEG-¢hast ide umkies pi kelbe¢ serfprometl byhe zeidity a
plurality of quui% droplets so that at | east part of |landing regions are
over | appet Bf PRCRECH Bt hdPan et BAtemb RBe e ey BRI TP iR & direction
perpendi&g] r to the.arrgngin direction of the liqujd-ejecting units is
formed by - pltF aTFIYERFdrdp ?ssﬂ%c?%lqrﬁ%‘?nﬁ‘%etih’oszzﬂ@%fc%n-
| i qui d-ejecti nit while the other pixel .is formed hQy.a plurality of
dropl ets ej eg{bg]fq?errtdmltrhé‘%nr&lﬂge of° tpﬁlé{qﬁi & BSOS r’rékuﬁ]irtOPdieftlser ent from
the One'&éfﬂﬁlkeﬁfﬁ4éfgky 6f1£ﬁqﬁgﬁlejecting units, since a

plurality of the liquid-ejecting 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 liguid-ejecting units,

as shown in Fig. 21, the displacement in landing positions
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According to the present invention, while a liquid droplet fromthe nozzle
of each liquid-ejecting unit can be ejected w thout deflection, by
deflecting the ejecting direction, a liquid droplet can be |landed at a
position or in the vicinity of the position where the liquid droplet from
t he nozzle of another liquid-ejecting unit located in the vicinity of the
one liquid-ejecting unit is landed wi thout deflection. For exanple, when
liquid droplets are ejected froma neighboring liquid-ejecting unit x and a
liquid-ejecting unit (x+1), Ianding_p%sLtions when liquid droplets are
ejected without deflection fromthe liquid-ejecting unit x and the
liquid-ejecting unit (x+1) are defined as a |l anding position x and a

| andi ng position (x+1), respectively. The liquid-ejecting unit x can eject
a |iqui edridie dminiddmnite tefdiestliesh fsomeaadh B dudnded eatt inige undridi ng
position x, and also it can land a liquid droplet at the |anding position
(x+1) byredets d&t idFadns ) edhanpidinsctisoshemnt Ha [Figui & ldr oplest .
Simlarly, the liquid-ejecting unit (x+1) can eject a li.quid dropl et :
wi t hout WY QMY &Y & R]dnt?guitelh e did (Cnemled-spédics Vad ted+ 8P, and
“also it can land a liquid droplet at the |anding pasition x by deflecting
the ej e@d P HFEE1Ih Bt he ThegAlERF G 60 FRERL WfeROF pi xel is formed

by landing a pluraljty of ., - 11 1liquid droplets so that at |east part of
| Andi ng TRFBHEHRE R G (ARD A Sofiier Ferlity dd8P8Er ng uni t used
for formng .the pixel. i s .anl ne. | i qui d-ejectiing unit. For form ng ot her
pixels|%ﬁ%%ﬁﬁ%i¢%f?ﬁ%%f%ﬁ¥g t%b&ﬁﬁﬁ' lﬂﬁdgmﬁﬂ)Tc)the arrangi ng direction
of the liquidejecting units, a liquid-ejecting unit different fromthe one
| i quid-ejecting unit, such as one of other liquidejecting units neighboring

in the aandnGdis@ctivanefrde |iquid-ejecting units, is used. BRIEF
DESCRI PTI ON OF THE DRAWNGS Figs. | A and 1B are schematic views of an

enbodi ment  ofcaoklwigdye] aGt bRgeretBod a¢eordbngit-a+t BRqPLESEAY | Nventi on,
showi ng a state that ink contained in an ink chanber is ejected froma

nozzl e asrcylednik, GHOPLtarldBiEcidE thd prReReASPAeRIdME cpakdl al |y broken
away view of a specific enbodinent of an inkjet printer as an apparatus

di rect | ypuusedid ra tihieydinpleetiiald epmfrdtes lamuid-1gjeadidteg smeiihgd accor di ng
to the present invention; Figs. 3A and 3B are explanatory views show ng the
st ruct umetdfodh daped Irearf faraloiie Tiolorthpr ejieded am anteeingr ioft each

liquid droplet of a liquid-droplet group continuously

ejected toward one landing p;int from a nozzle of a liguid-

ejecting apparatus havipg a head with a plurality of liquid-

ejecting units, each unit haﬁing 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 gquality 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).
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head, shown in Fig. 2, wherein Fig. 3Ais a plan viewand Fig. 3Bis a
bottomview, Fig. 4 is an enlarged view of an essential part of the line
head shown in Figs. 3A and 3B; - 12 Fig. 5is a sectional view at the
line of V-V of Fig. 3B, Fig. 6 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 |ine head
shown in Fig. 5 Fig. 8 is a graph show ng the rel ati onship between the
drive frequency of a pulse signal and the ink-ejection amount when the
hei ght of an ink flow path shown in_Fhg. 7 is 11 um Fig, 9 is a graph
showi ng the rel ationship between the drive frequency of a pulse signal and
the i nk-ejection amunt when the height of an ink flow path shown in Fig. 7
Accordingly, the present invention solves the cbjects
described above by the following solving means.
In order to achieve the first object, a ligquid-ejecting
method according to the present invention comprises the
steps of replenishing a liquid 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 to ejecting—energy generatiﬁg
means disposed within the ligquid chamber, wherein the
ejection amount of each liguid droplet of the liguid-droplet
group continuously ejected from the nozzle toward one
landing point by the pulse signals is fixed or approximated
at constant corresponding to a predetermined fregquency band
of the pulse signal, and liquid is ejected by variably
controlling a drive frequency of the pulse signal within the
fregquency band.
By such a method, the ejection amount of each liquid
droplet of the liquid-droplet group continuocusly 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 the pulse signal, and

liquid is ejected by variably controlling a drive freguency

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



is 7.um Fig. 10 is a graph show ng the rel ationship between the drive
frequency of a pul se signal and the ink-ejection anbunt when the negative
pressure of a spring nmenber shown in Fig. 5is set at -30 mH20 Fig. 11 is-
a graph showi ng the relationship between the drive frequency of a pul se
signal and the ink-ejection anbunt when the negative pressure of the spring
menber shown in Fig. 5is set at -150 mmH20; Fig. 12 is an expl oded
perspective view of a head of an inkjet printer applied to a
| i qui d-ej ecting apparat us according_;% anot her enbodi nent; - 13 Fig. 13
Is a plan view of a |line head according to the enbodi nent; 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
show ng ¢jectsdrataronshi p bHetawden iidhel d idromdidtf erfertde afontik vousilye ‘
generation of twodivided heating resistors and the ink ejecting angle, and
Fig. 15CGhiwwed nelapurdditmletofgntdum tdare W fStebdide e dorkedsypslniddng
generation in the two-divided heating resistors;

to a predetermined frequency band of the pulse signal.

In order to achieve the first object, a ligquid-ejecting

apparatus according to the present invention comprises a

nozzle member having a nozzle for ejecting ligquid therefrom;

a liquid chamber formed corresponding tec 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 liguid-droplet group continuocusly ejected

from the nozzle toward one landing point is fixed orx

approximated at constant corresponding to a predetermined -

frequency band of the pulse signal, and liguid is ejected by

variably controlling the drive frequency of the pulse signal

within the frequency band.

By such a structure, the ejection amount of each liguid

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



Fig. 16 is a sectional side view show ng the relationship between the

i nk-ejecting unit and a photographic sheet; Fig. 17 is a conceptual diagram
.showing a structure in which tine difference of the bubble generating can
be set between the two-divided heating resistors; Fig. 18 is an expl anatory
view for illustrating the pixel position and the ink droplet-ejection
executing timng in formng i mages; Figs. 19A to 19C are draw ngs show ng
the pi xel arrangenent when one pixel is formed with three ink droplets;
Fig. 20 is an explanatory view for iléustrating t he pul se nunber

modul ation; and Fig. 21 is a drawi ng showi ng an exanple of large - 14

| andi ng positional displacenent of ink droplets when the pul se nunber

modul ation is performed. DESCRI PTION OF THE PREFERRED EMBODI MENTS An

enbodi miiigqudccdrdieigctted: beg presablyi pvantoatingl b Heidescrehadnbel ow with
‘reference to the drawings. In the description below, an inkjet printer

(si mpl y ofeftérey ealtse &sgaapr watteinbéhewf riesuereppbrhdedsasthatexanpl e of a

| i qui dej ecting apparatus according to the present invention. In the

speci f i edeicdionagmoumk difopkeh” liguridf drppdettoods thentontiamousiy(sever al
picoliter, for exanple) of ink (liquid) ejected froma nozzle 18 of a

| i qui d- &ieectthasy ldaiid-wrioph el Dirobp ¢escbebéedabatéredArssregprondingnmeans a
substance formed on a recording nmedi um such as a phot ographic sheet by one
link drd§l & PrEREEE T HEcebA reAdrnREr RoPe, o0& thexBPisfe8AdPalni ni num unit of
an image, and a "pixel region" is defined as a region for formng a pixel
thereon. On BHELPRXKEPTReglBnOraehr Bt ERAFiBdERGNDRFORE PPYEFH, 2

liguid-ejecting apparatus according to the present invention
comprises a head having a plurality of lining liguid-
ejecting units, each having a nozzle; ejecting-direction
deflecting means for deflectipg the ejecting direction of a
liquid droplet ejected from the nozzle of one liguid-
ejecting unit so that the liguid droplet is landed at a
position or in the vicinity of the position where the liguid
droplet from the nozzle of another liguid-ejecting unit
located in the vicinity of the one liguid-ejecting unit is
landed without deflection; and ejection-controlling means
for controlling the ejection so that when one pixel is
formed by landing a plurality of liguid 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 liquid-ejecting units is
formed by a plurality of droplets ejected from the nozzle of
one liguid-ejecting unit while the other pixel is formed by

a plurality of droplets ejected from the nozzle of the

liguid-ejecting unit different from the one liquid-ejecting



droplets are landed so as to (with one-step gradation) or of dots (wth
. three-step or one pixel region, zero, one, image is fornmed by arranging
rFecordi ng medium forma pixel without a dot a pixel conposed of a
plurality nore gradation). That is, to or plural dots correspond. An a
nunber of these pixels ona - 15 1In addition, a dot corresponding to a
pi xel does not necessarily fall within its pixel region conpletely, and it
may protrude off the pixel region. A "principal scanning direction” is
defined as a conveying direction of_a'ghgtographic sheet in a line-type
printer having a |line head nounted thefeon. Wereas 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
conveyi mgndirecti on of a photographic sheet, i.e., a direction

per pendi cular to the principal scanning direction, is defined as a
"secondary sdameinggrdi rtecttiben'bresengi delvengwon, s vhéfler eediguid pi xel group
lining in the principal scanning direction. Therefore, in the |inetype
print er, deeplxel fxpouphe iteamle Pl e donia it aligeaidinomrgit £3shdteogr aphi ¢
sheet denotes the "pixel row'. Wereas in the serial-type printer, a pixel
group | i%lagtedh ThErewvi RE B ¢ekan orPwideHe Hedty ridir esiafitsinthe " pi xel
row'. A "pixel line" denotes_a direction perpendicular to the pixel row

For exanptBSCHPR het | H8GRF R F20 e 437091y & e G" °F

liquid-ejecting unjts (or_nqzzles),is referred to as th i ne. An

ertod; er P G RE RS e dtosh Bt SHeTd s daHLS AATRI i 11 be
describeg bel aw. Fi?s Iﬁ%and_ég ar .sch;palib yiems.q{ an qﬂgpdinent of

- 16 a Tl H% R FHY FetHOA AT o tH Ry 10 The- 15 e¥bnt 1957RT ot Thi s

| i quid-ejecting. hod. i or. ejectli | O al ned i qui d chanber
as conti%}E%u%fﬁg}lgﬁ%-%ﬁo%‘?%té%go%b@?(?ﬁ%é%loziﬂg%l%gfsgrlra{hn%cio Figs. 1A
and 1B, g p0zzi eqdebet; 9, which will be described later, is provided with
a nozzle 20 fornmed therein, and an ink chanmber 21 formed corresponding to

the nozzle 2Gd:s dupmided Wdh 18 P ISPIRHS R 18 2ftangedyt Rerein. In
such a state, ink contained in the ink chanber 21 iS ejected as a

cont i nuokisi gt tngr D@l d-96 Pepr By @it - x -arfd an 1heu iz e ihdy feeding a
pul se signal to the heating resistor 18. According to the |iquid-ejecting
met hod ofinihe(prEsenlandientpositides eyiest | biywiduntomfetencdrd i qui d dropl et
of the liquid-droplet group 30, 30, ... continuously ejected fromthe
nozzl e 2€j¢ohed dvibeobtndéfibepoiot Hrom thee of Hiwigl-séestt Pidyurciontd nuous
pul se signals is fixed or approximated at constant corresponding to a
pr edet erahd@ethé r bygehdyebandind whet p(ksb) sdxpmadef et iak 4 slasjdidied by
variably controlling a drive frequency of the pulse signal within the
frequenchOBRREON Thatnils2 1#edink R nogxtk) ¢ erfﬂ@ﬁ’%%’e‘tﬁlv/ﬁ{ h Thfe
liquid—ejeéting unit x can eject a liquid droplet without
deflection 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 ligquid
droplet. Similarly, the liquid-ejecting unit (x+1) can
eject a liguid droplet without deflection so as to be landed
at the landing position {x+1), and also it can land a liquid
droplet at the landing position x by deflecting the ejecting
direction of the ligquid droplet.

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



sanme, anount of ink as that of the ink droplet ejected fromthe nozzle 20 in
a predeterm ned frequency band of the pul se signal. The degree of negative
pressure applied to ink in the ink chanber 21 in a predeterm ned frequency

band of the - 17 pulse signal is the sanme as under that the surface
(meni scus) of ink in the nozzle 20 is not drawn back toward the ink chanber
21. Structures for achieving these will be described later in detail. Fig.

2 is a perspective partially broken away view of a specific enbodi nent of
an inkjet printer as an apparatus dj_r?ft_ly used in the inplenmentation of
the liquid-ejecting nethod according o the present invention. This inkjet
printer is for. formng printed i mges by ejecting ink in the ink chanber 21
fromthe nozzle 20 as ink droplets so as to accrete the ink droplets on a
r ecor di ni ghebtdomcorsdisw thedi Bl | least inddtudds lansliagt negdpne, agkeet
feedi ng neans 3, sheet transferring neans 4, an electrical circuit unit 5,
and a provarlmned writtampedh iathetast Ag WMidred asdsingg uniits ugeo£or ke body
accommodati ng structural_ conponents of the. inkjet printer therein, and is
formed iFPENIEE IRy e boly FHaheORT drl BUANFIEC TN Y& -end bei ng
provided with a tray gateway |la for, mounting the sheet tray 2, which wll
be descrited It amenittrete I WIP DG FHARFEE™Wi t h a sheet exit

1b for discharging a printed recording sheet P . Wthin.the.casing |, the
sheet tr%%/rféeq‘glc&%c%ﬁnﬁfﬂa?}b%.afﬁ?é‘ télt’?eéi/tlé’nc é%lceor‘]rﬁ‘@d‘dtdg a plurality,
of recording sheets. P in A4 size in piles, .for.. | e, d t | eadi ng
edge si oeej‘?%e]rré%ful?lstsfbrarre KN se%eocﬁ%ru&%tai%lﬁ%n&egg%& rchgl%sheet P.
The - 18 sheet. tray 2. i . .be t it hi i 1 fromthe tray
gat eway a alflr%unlg%oé ]oé/nca?z)lnﬂeée%rg“\?hce %P afe%eomcéagfggéé%%rgg%\%g’ the | eadi ng edge

si de of ’éﬁnﬁt gﬂg}gg@%}g@t Ik ther GRp : edi ng
means 3 éljs@cpro dggé%h%es eet eedlﬁgﬂﬂr?eaa{r}gr3 |sﬂ?£odglrs%dp%03?%gttt%%
‘recordi ng sheet acompdated i fdes sheet tray 2 to the sheet
transferring rre%jr:l‘% 4, Wwhi ch %\i |1 be described later, and includes a feeding
roller 7 and a feeding notor 8. The feeding roller 7 is fornmed in a
substantial sem circular cylindrical shape, for exanple, so as to feed only
t he top sremy dIgrshestor of The prRoaING$1g sheets P piled on thesheet tray
2 toward the sheet transferring neans 4. The feeding notor 8 is for
rotating the Fiesdi g raold B &And & geaes inotiesisows) anardbadiargédodbove t he
feeding roller 7, for exanple. Al so, below a print head 6, which wll be
descri bedl 1baerd-eirctinpinethodfaeedrdimpdis Whe Prgyegddviantdadirecti on
supplying the recording sheet P by the sheet feedjng means 3. The sheet
transf erdhonimahss @ te Fort chmk ey? bR YIRA et i FY sHEEtPST Sifpplied by the
sheet feeding neans 3 toward the sheet exit |b di sposed on the other end .
face of $HECEeRiHeP™, 2 S Fhe | BV & B rSEOR Y HFP P ler 9 and a second
feeding roller, 11. The first feeding roll.er .9 is for conveying the

recordi ng shéet P Zudppld QFIRPIHE ¢h &t Héedivn §5RESis agatyo&éle% 8% &edi ng

gui de jigpéggkic embodiment of an inkjet printer as an apparatus

directly used in the implementation of the ligquid-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. 3R is a plén view and Fig.
3B is a bottdm view;

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

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



- 19, rotates pinching the recording sheet P between a pair of roller
menbers contacting each other in the vertical -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 fornmed in a
flatpl ate shape and arranged bel ow the print head 6 spaced at a
predeterm ned interval. Furthernore, the second feeding roller 11 is for
conveying the recordi ng sheet P guided by the feeding guide 10 toward the
sheet exit |b disposed on the othe{_gﬁp_jace of the casing 1, and rotates
pi nching the recording sheet P between a pair of roller nmenbers contacting
each other in the vertical direction. Furthernore, above the sheet tray 2,
the electrical circuit unit 5 is arranged. The electrical circuit unit 5is
for controll Edg.t heleper accanocoflt idewhett theedling nEaWsV3o&nbBighe sheet
transferring neans 4, and constitutes pul sesignal generating neans for
generatid® a pul se signal for ejecting ink froma liquid-ejecting unit (not
shown) arranged in the print head 6, which will be described later,

i ncl udi ng anFagi-t Bmési @ esctisneh HseW pdweheshppkycfol IgBherht Fhg-
continuous pul se signals and a CPU or a nenory for storing various
correctidl data, for exanple. Above the sheet transferring nmeans 4, the
print head 6_i.s arranged. The print head 6 is for eLecting Iiguid i nk by
making it infd9dr dpi&t 8PsEP48THEYf YERT aChr PRt BASPREGRLLYATE 9528 spraying
the ink droplets on the recordi sheet P, having a PNMtype nodul ati on
functioﬁjfﬁgé¥ﬁ¥h§§“ﬂVhdé{FBﬁnggchanging t he di aneter of a pi xel

constituting_the priinted image..The print head, 6 acco dat es_four-col or

i nk of yello%lgj ﬁaégn?agﬁﬁpgySHO&fngnEHBIgggaﬁ}ogﬁglﬁggegwﬁﬁﬁegﬁgad (see
Figs. 3A;a ject ] t_he f.qur - (S £ Y far color. In
addi ti o'r??laﬁqﬂe '?%aqujeeglc(‘&i % én ué%oléw,s(i%]ﬁ%lprai%nlat %ﬁléaaggg i eé::tg%:l]ll bed as a

| i ne-typendiauigis 66id el Mol ShOWH Af RGeS HeRhT 65P@d ng to the
overall wdth of the recording sheet P. In the specification, "a portion
constituted byispne i nk chamber 21, the heating resistor 18 arranged within
the i nk chanber 21, and the nozzle 20 arranged above the heating resistor
18 is referregdgassans” angraepBCkhBgidl theegunvalenthip bbBewkkfuiHeej ecting
unit according to the present invention)". That is, a’line head 12 may be
an el emsdtihavimgreerpiwrad id pudfsd e gnadt apesathd nlokejedadtignuni ts. The
print head 6 will be described belowin detail. Figs. 3A and 3B are

expl anatamounti evers hdwt feitdie st wot umk §fl avhedtimehoead 112 Fiigr. dne col or
Pprovided in the print head 6 shown in Fig. 2. The line head 12 is for

ej ectingtd nk Haf; each color by making it into mcro |iquiddroplets, and

i ncludes an ejecting unit (nozzle) directed downward, an_external casing 13
having a | engt -cdPr éSpSn@iraght ShOHePEY &SI FOhPFLRRSPIPhBSEEEBRFRE sheet P
21 shown_in Fig. 2 so as to cover the line hea %ﬁ@? shown in Fig. 3A and

el ect ri G rTIRAYEAS rh ge PUrRfe s ¥ e @t ﬁ:g!el ifg ©F31%Phe el ectri cal

wring 14 is co necttd to the electrical cg;cuit unit 5 hownﬂ n Fig. 2 for
recei vi " ECEhti sSBulEERT YRR Pidtic &d i e tE &ﬁnﬁalegals EPcuit unit
5 so as to0 feed the pulse si I .a head chip 17, which will be
descri bed" | a]t%'r .gALsS s%eo%matl n Fi gﬁm%@' on the bottom surface of the line
head 12, a |li r .he fr 5 vipded.. A, sk it ol BK- d.opepipg 16 is
formed to exgg d éﬁoﬁg Fh%q%g%gfbé ?hglkg%rggtﬁéﬁoof tﬁeﬁﬁgaggprghg 15. A
plural i tyr ofe thS ARMLE PS L1 isi A Aderial alnk-AyRrged on right and
left sides of the inkfeeding opening16. On the bottom'surface of each head
chip 17, amouirbgfePfridien gt 119 (Bl SRS I8 B Ariangednidr GeRemat i ng,
energy for ejecting ink fromthe nozzle 20, which will be described later.
Fig. 4 isnhamenhlargedas ey ofisn eggential part of the Iine head 12 shown
in Figs. 3A and 3B. Referring to Fig. 4, the nozzle nmenber 19 is bonded on
a barrier |ayarg.282 drd snhexpusdeel perbeectivies vskawarby hakdngfi knapart.
The head chip 17 is fornmed of a sem conductor substrate

inkjet printer applied to a ligquid-ejecting apparatus

according to ancther embodiment;



22 made of silicon and having the heating resistor 18 (equivalent to energy
generating neans according to the present invention) deposited on one
surface of the sem conductor substrate 22. The heating resistor 18 is -
22 electrically connected to an external circuit via a conduction unit
(not shown) formed on the sem conductor substrate 22. The barrier |ayer 26
is made of a photosensitive cyclized rubber resist or an exposure curing
dry-filmresist, and formed to have a predeterm ned thickness H by
depositing the resist on the entirg_agr[ace of the sem conductor substrate
22, on which the heating resistor 187i"s fornmed, and then by renoving
unnecessary parts therefrom by a photolithographic process. The thickness H
of the barrier layer 26 becones equivalent to the height H of the ink '
chanber 21 (Bkeg.Fi§.16)a pbaroveey ¢fHiea nbizzé ehembibmrcdidmviingthee plural ity
of the nozzles 20 formed thereon, is made of nickel by electrical casting,
for exaspbedimsdtbonded on the barrier |ayer 26 so that the position of the
nozzle 20 corresponds with that of the heating resistor 18, i.e., so that
the nozzl e 2Digppotéd and heéBtang 2eblan origy. amhed nvid S eafic 19 may
al so be plated with palladiumor gold for preventing corrosion due to ink.
The noz¥levnehesring ans igkori@sd 1Rc mnd th pfbdh o hadte MoMATEs FBFFidrmed
al ong the longitudinal direction. Werein, the nozzles 20 are arranged so
as to h&PEPRCHEYSHYEi on of 600 dpi, for exanple, of printed i mages forned
on the recordlng s?get P' igomn in Fi t he _nozzl es 2q1 arranged
T e

2. 1 f. [
so as to havE'd Bgand Pu?F%ngB?g%%OS%‘i’,n%tQﬁ?dlf%laz%]a‘? %réjape, ... of
th h d i | 26 g d i mat el t i nt |
o 45 B RER, R e B 0B IR LR SRR B e A o g
to th , t, i i i d. of A 2 the b
| oyer2B63 A HRLEILCOMec 2 00MPAREC AL BoR BSLERLAGTRABEE, Panat e DAL 1

18. ThatFii%s.’ 18% gﬁx%w%eh{éﬁtﬁ%eﬁr AWiRg o £t taﬁgsg%%r a&@lfg@aﬁee 82 §ARstitutes

t he bottom wal | chanber 21; arrier layer 26 constitutes the

si dewal k01N dndl-aghamban 2h. and-khe1neazhearenBeret9seonstitutes the
top wall of thé ink chanber 21. Thereby, the ink chanber 21 has opening

regions disppsgd 1B tBeaf keAtidhalhgifbghie®i sRowingi the4, and the opening
regions are conmuni cated with an ink-flow path (not shown). Such a

secti onalelsttiucisiie ofetwern ithe Headeiz2cwihkh beidesesi bed with reference to
Figs. 5to 7. Fig. 5is a sectional viewat the line of V-V of Fig. 3B; and
Fig. 6 phodogeephdmalshdegwy at the line of VI-VI of Fig. 3B. As shown in

Fig. 5 or Fig. 6, at the position corresponding to the nozzle 20 (see Fig. -
3B) fornmed oRighel&héet al ckecapZrbd dibAbearm18hovhad| Aks EHaRere 24n| s

formed. Fromthe ink-feed opening 16 (see Fig. 3B), ink is supplied to the

i nk chambéchy £imes dHERT T iaf. q’%‘,e bethden JeReTekiesn&RcRSi AGt13 (see

Fig. BA% and a bag nmenber, 24 having ,ink contained therein, a

etween 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 modulation; and

Fig. 21 is a drawing showing an example of large



- 24 spring nenber 23 is provided. The spring nenber 23 functions as
negati ve pressure generating neans for preventing ink from spontaneously

| eaking fromthe nozzle 20 by applying the negative pressure to the ink
repl eni shed within the ink chanber 21 so as to outward extend the bag
menber 24. The spring nenber 23 can freely establish the negative pressure
applied to ink by adjusting the force exerted to outward extend the bag
menber 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 acconmmodsted in. the bag nmenber 24. Owming to
the filter 25, the dirt, etc., mxed in ink cannot drop toward the ink-feed
openi ng 16, preventing the nozzle 20 from cl oggi ng. One of the head chips
17 is genefaldy go=omidect Wdisdihe dnda laahens dbpilrtk0@heneees, each ink
chanber 21 having the heating resistor 18 arranged therein. By a conmand
froma qonigelnumbidr afoduies tpramtiar peagtdrmefd t hese heating resistors 18 is
uni quely selected so as to eject the ink contained in the ink chanber 21
corresponding to this heating resistor 18 fromthe -nozzle 20 opposing this
i nk. chanber 21. That is, the ink chanber 21 is filled with ink fromthe
bag mend&sSCRI U QR JITHD RAEFHRIED &dBeffiNp 16 via the i nk-feed openi ng
16. Then, by passing pul se current through - 25 the heating resistor 18
for a short Anmembpdigedts@ccofrdingx&mpltée PReskast ingenesPatvills is
rapidly heated. As a result, vapor-phase ink bubbles are generated in a
porti on RoMeEtiiRed el refiansica do &t sratiedskpardsi dcof the ink
bubbl es, ,certain volunme of ink is displaced (ink .. cones to a boil).

Ther eby, W4HE ‘R RURY ofth iERISTatEd HrE R WS /B2 56138 &t a8f t he

above- nentioned displaced ink is ejected fromthe nozzle 2Q.as.ink droplets
S0 as t G IR GH (i Photch TR Wit 3= GPRTRY % Cdof GRS, That i s,

as shown in _ Fig. 7. th ul se signal .generated by .the electrical circuit
unit 5 (e eeecﬁr% aﬁp re%% t%cec%re%tnl%g& &lestpoxfes ormed on the surface of

the head chig, 17,90 28 4G ;d %R'o%ceatnhaiinﬁlkd‘?c%?tléit“e%i Rekg LRk ghanber 21
g5 “h ting i i nk

by bubbl es generated”in the heatéd ink, resu n ejecting an

dropl et 30 f rpmthenazzd e L0, SR bedanded: kA Rgt @G aphi ¢ sheet
for formng a dot thereon: Then, as shown by arrows J, the ink chanber 21

is repl epiisgdiwidfedida tivauah ddwelidk-d egd Hperfuie-1§ 22 iay L@ iggol the
heating resistor 18, resulting in elimnating the bubbles by the cooling.
I n the efeiciy iwidll Ge cdddderibdd 5 {isee Figls?) ,.a coitdnNuasmspwl se signals are
generated so as to supply themto the heating resistor-18 (see Fig. 7).
Ther eby,sw@ss tshmown fiornkedy.onl A redombintcaineeti um duwh jaxk achanber 21 is
ejected fromthe nozzle 20 toward one pixel D on the recording sheet
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 deots (with three-step or more gradation). That is, to
one pixel region, zero, one, or plural dots correspond. An

image is formed by arranging a number of these pixels on a

recording medium.
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- 26, P as a continuous ink-droplet group 30, 30, . The inkdroplet group
30, 30, ejected on the recording sheet P, as shown in Fig. 1B, extends in
directions of arrows Sto formthe one pixel D. At this tinme, by adjusting
the nunber of times of form ng the pul se signal so as to adjust the nunber
of the droplets 30 ejected fromthe nozzle 20, the dianeter of the pixel D
bonded on the recording sheet P is changed, expressing gradation. In the
| i qui d-ej ecting apparatus according to the present invention, as shown in
Figs. | A and 1B, the ejection anmount of each liquid droplet of the
| i qui d-dropl et group continuously ejeéPed toward one | andi ng point by the
continuous pulse signals is fixed or approximated at constant correspondi ng
to a predeterm ned frequency band of the pulse signal, and liquid is
ej ected by vari alidawiosit ) o IddWg cbrdstddiegpancy ¢fidhe Rsse ot gnal
wi thin the frequency band. Specifically, in the ink chanber 21 shown in
Fig. 7, thecopening fasposethim 1He pinkef epslyneh sédiptacdne idiy chamber 21
is formed to have a hei ght capabl e of passing the sanme anbunt of i1nk as
t hat of mdte pPnktdndel eff grtiveipp el Ibsgi@pected fromthe nozzle 20 in a
predeterm ned frequency band of the pul se si.gnal. For exanple, the height
of the ink cHanheriZlipdl ecanischelightctdcof" tike dedrticelr alsager 26 is be 11
o um 27 The reason why the height H of the ink chanber 2'1 is 11 umw ||
be descrfdpeEyith deferehere ¢0 Finet@rmaph: #Hiept 81 s d igreaptyhowi ng t he
rel ati onshj p between the drive frequency of the pul se signal and the :
i nk- ej eck¥ UA-SFOMAT13% 4 hblrasteahereuntrd hdiggrorH ofWhteeadskichanber 21
shown in Fig. . 7 is 11 um Also, Fig. 9 is a graph showing the relationship
bet ween T%g?ilrﬁﬁép? rREARFRY: ofhe HEO PG edisreaiom et tehdrdatk- @hect i on anount
in the cas V\/ngre the height H of the ink chanber 21 is 7 um Referring to
Figs. 8 Hrad, SHhenti% ‘?égtﬂ? NP REAR G fshart)s prs e fferassy a3 ashown i n
Fig. 5is8,2150. 20,1 nk-ejection anmpunt, characteristics are indicated by
circul ar s%@%ﬁ%%s;c%%ﬁnq hcglﬁee‘fﬁt‘?rg‘e) BESEFRVEY ik HFecigFedfer 23
shown in, Ei 1S +6 O ink-ejection amunt characteristics are
i ndi cat 2% %1}%31-?%%%%]%1[1 aérH@s-%tnboJI'e('O) & v%lernecf%leo%é)gearﬁ € 'S he
Spring nephesy show 4 4 F | S, - 30, R0, 4 nk- ¢j ection ampunt '
char act reE?i st ilclgéslare i ndii]rg%ltde:L eb%%‘f‘? ’a:rgllgsul ar g'lyer%or}‘\l<S ‘(?‘Jer r e.coﬁsd%éﬁ%\/\n in Fig.
8, in thagasgghereddashei ght H of the ink chamber 21 (see Fig. 7) is 11
um the ejection amount of the ink droplet ejected fromthe nozzle 20 can
be fixed or apppdyaIntes "ati sCHRFleaedCall gsggg@iln%rggpal%gggf Egquency band
of the pul se signal of approximately 1 KHz to 10 KHz. WereaS, as shown in
Fig. 9, the theirosigsm Weraend iy heighdtidrof theddierehanbkerhdl 1iigeZ um the
i nk-ej ection - 28 amount tends to decrease as the drive frequency of the
pul se sitgiRg nmicreases foiomls gidnp fldmiexanpl ehelThenvedsery i s that in the
case where the height H of the ink chanber 21 shown in Fig. 7 is small as 7
um t he diflecHRmbat 21 photdidfanila sheystenlegiank sagaien "wiitde 1t kewsane anount
of ink as that of the ink droplet ejected fromthe nozzle 20 in a high
drive frERISTS BarddofsaHe ivne finiidier | @ whixelcgsoupsilicénghénanount of
i nk replenishing the ink chanber 21 again is reduced, the ink-ejection
anmount i S YRFERE HI TP CoRTan s dhavhsRd rersasentisetaet e ielvgoii'equency
of the pul seAsi,,%naI li ﬁ[.l ower, than 5 KHz. Therefore, it is_preferable that
the hei ght Hof PtREY ARPENafFBPTSE BedikertasBdresrendimplasr texthpl e. In

the spring Senher 2%qsrhoe\é{na{rig)r]ieﬁi(q{nn%;t]i#%_gsw%%ggrshed t hat the degree of

negati ve pressure applie ! _ 191 &NBr edet er ni ned
ik ChanaR e i P sk B M. PRk ERatge) 55, For o o
The Feacon Sy R R O cur e of "t he spring member 3 is set at 30
20 wi || bgndesebiuRednM &R, achieving a first object of the

present invention will be described below.

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



reference to Figs. 10 and 11. Fig. 10 is a graph show ng the relationship
bet ween the drive frequency of the pul se signal and the ink-ejection anount
when the negative - 29 pressure of the spring nenber 23 is set at -30
mH20O, and Fig. 11 is a graph showing the relationship between the drive
frequency of the pul se signal and the ink-ejection ambunt when the negative
pressure of the spring nenber 23 is set at -150 mmH20O. Referring to Figs.
10 and 11, when the height H of the ink chanmber 21 shown in Fig. 7 is 7 um
i nkej ecti on anmount characteristics_@rqstdicated by triangular synbol (D);
and when the height H of the ink charfber 21 is 11 um i nk-ejection anount
characteristics are indicated by rectangul ar synbol (O. As shown in Fig.
10, in the case where the negative pressure of the spring nmenber 23 (see
Fig. 4) a disptidatee30 imyHaE thod tloeolreiight tH ¢het hbgespktchambetilh.is 11
Vim the ejection anount of the ink droplet ejected fromthe nozzle 20 can
be fixeddrs dgprdxd-regtesdt iag owtdcantiscdrrespending Loguidi dentrégaedncy band
of the pul se signal of approximately 1 KHz to 10 KHz. \Wereas, as shown in
Fig. 11,in @ tlHaudahehaimder tife apagdniupesplegsdfledsPPire gpPPRY AEABer 23
(see Fig. 5) is set at -150 mtH20, in any of when the height H of the ink
chanber @Ppqzele . ymEaf@iHew it F9Fr dh 2PRe l1Pnkej BEEROR BABUARE ténmds to
decrease _as _the drive frequency of the pul se signal ,decreases_snaller than
5 Kiz, FBTk dhiphle DeTIRE SAUARGR (16 teiat 1Fn PERY LERSe ihbr 8 DREZAEQAPI ve
pressure_of the _spri.ng nmenper 23 shown_ in Eig. 5 is large as _-150 nmmtH20,
Phe: ur EAR@Est ISR it HEh G, Lo 0 AFabera Bl og el COrieaBOraRt back
toward the ,i.nk chanber, 21 in _a_l.ow dri. frequency band of t pul se

S onal . T IR e 28 e R R 4By o RRUREBtenSReRgr A8 [hk chanber
21 again | t.he ink-ejegtio unt, i s d:iLn i son
wth therél JJcx;as‘f{ege e%g&geﬁ%lgl dr %ee%‘u%glq&e%g%q%f’ %Lﬁl?a{ Sgﬁgéﬁgggnék itglgﬁgker t han
5 KHz. THERBIOr 61 iile 5 UERILTADIL dAal 3R sN8g 3L ¥e aREBT BYr §xBlipt N SpPring
menber 23 be set small "as at -30 nmH20O, for exanple. In"the above
descriptin,3d¢ he -heighin Rif ddgiidkchgmeeadhg s %%1@@ sapdatiheonegative
pressure of the spring nenber 23 is set at -30 mMH20O however, the present

i nventi othd heitidg MdLkida tlss, and the height H of the ink chanber 21
may be enough as long as the height is capable of replenishing the chanber
w th the samacamedihgofiol nkeadighati-efjethéngnkedhogl ef gneuprd8enBO,
ejected fromthe nozzle 20 in a predeterm ned frequency band (high

f requencyvenftidre puliseiiqgran Bpegitf icdaldagh tlheuhie giropReits odettbenm ned by
t he space between the ctenidia 26a of the conb-shaped barrier |ayer 26,

whi ch i sLidieidudnarlet tdroumid haifber 21 csidumuonsiivg elgctedafrios, the fl ow
pat h resistance. Accordingly, when the space between the ctenidia 26a of

t he bar rihd nagfere 8 oW 8T rledifiely BRigrden fo IeRprev-edi mget
resolution, it is necessary to jinprove the flow path shape so as not to

i ncr ease e FIUWHRYE R S] @2 IA Iohd HEhEd, 3PRE OKeMGHEdHast the ink

- 31 chanber_21 be ine. d._ Al t he .negat f _th
Spring HETEIEDS GO HAPITHGA ¢ RICIRHDOL T drRaIGeRy Pore fidy be

enough | ang, as the surface .(meni scus) .of. ink _jn.t nozzl .L.S not
Srond" e Bhae it ' LIPTSWRe Al KRGl MeREcE sk Ot |

f requency)s.of ;4 he Sl S5 B alne Nittve 1AGMACTANKIY Fhe! B glithely printer
structured I n
band.
That is, the ink chamber 21 is replenished with the
same amount of ink as that of the ink 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



such,a manner as a liquid-ejecting apparatus will be described. First,
referring to Fig. 2, the recording sheet P accommbdated in the sheet tray 2
s supplied toward the sheet transferring nmeans 4 by the sheet feeding
means 3 so as to pass through under the print head 6. At this tine, the
print head 6 ejects four-color ink of YMCK fromthe ejection unit (see Fig.
3B) as ink droplets so as to formprinted i rages on the recordi ng sheet P.
The printed recording sheet PP is discharge fromthe sheet exit |b di sposed
on the other end face of the casing 1,_The operation of the print head 6
will be described. First, as shown intFig. 7, the ink chanmber 21 .fornmed
corresponding to the nozzle 20 is replenished with ink, and continuous

pul se signals are generated in the electrical circuit unit 5 (see Fig. 2)
and fed pelidesihgedl nps rese séae 18 dispasecthad tdian ddrefadek chanber 21 so as
to repeatedly heat the heati-ng resistor 18. Thereby, as shown in Fig. 1,

i nk cont &needs ¢uns t het | hkk chanties 2dz4ke € kciechdiy aindwe back 3dbwarakzl e 20
as an ink-droplet group 30, 30, As described above; the height H of the

i nk chanblee Rdikichdfbenm 2 or xanpieres hiaremchissrisiovirthdne arirldwde), t he

i nk chanmber 21 is replenished again wth the same anount of ink as that of

i nk dr oplleser gpedt baltey oim tdetabzzl e 20 in a predeternined frequency band
(high frequency) of the continuous pul se signals. Al so, the negative
pressure of tH& sprilfy afFarezdive gartdn LLyo bxelzo, avwely &igmplé. aTher eby,
by the negative pressure of the spring nenber 23 applied to ink contained
wit hin tfReFhkliehampriinmant of 2 ridei et RTgH9% Sfuait PRPRR {USOw
frequen%z of the contjnuous ﬁﬁl?se signa,l s, the surface of ink in the

nozzl e 28 TENtHe Peleht et r R LRSI 0t Back s o H- 41/ ST "hanber  21.
Therefore, by.the continupus pul se signals, the ejection . amunt of each ink
dropl et BFERIE THRRCHIGHT o0 GROuD: S TS0 LB Hiroust s oi DUCERF f om ¢ he
nozzl e rd, on ixel D i fi fi xed or .appr.oxi nated at
onat ant P FEE pbarol FStnb AR RR et e By I SR, P G
Specific y LS 4{dj Y, ' s_%gp i ' by
correspo%lld}!( n%h%gb%ﬁpérg e%%ﬁ%%%dm%ir%%%si{sbanv ?:larpC(roepij‘rélqagtﬂel%yS %CkHz to 10
KHz, for,exaapledndfitheqapithsersi ghal ,récf@r&ir?ték%b'@‘%ofﬁirﬁj’wh i nk

. droplet 30 can be stably fixed or approximated at constant (5 to 4.8

pi col i t emeaf@r) exan®l lc1dhes, a Widdh they W desHdLOURNGYing medhs BANd,
liquid can be ejected by variably controlling a drive frequency of the

pul se signadt Thetiebyrrihg mkive 4 egpesyciofiddie eontiinuaitsi pw se signal s
can be arbitrarily set, so that printed i nages can be forned by dispersing
t he pul sendignatriforhsagpb yargaiged hen heatasicng €si stor 18 (see Fig.

The casing 1 1is 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 the
sheet tray 2, which will be described later, and with the
other end being provided with a sheet exit 1b for
discharging a printed recording sheet P'. Within the casing
1, the sheet tray 2 is accommodated. The sheet tray 2 can
accommodate a plurality of recording sheets P in A-4 size in
piles, for example, dnd the leading edge side thereof is

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



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 amount of ink droplets ejected from each
nozzle 20 can be stabilized, resulting in form ng excellent inmages 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 the manufacturing process of the print head
or tenperature changes in use, so that the ejection anmobunt of ink droplets
ej ected from each nozzle 20 can be stabiTized, resulting in forning
excel l ent inmages by recording with inproved gradation. In the above, an
exanple applied to the inkjet printer has been described; however, the
present shenttioay iz nottd ike trethrited Mikshiand -0 al USJrRYHRe
incorporated as long as it ejects liquid in aliquid flowpath froma

l'i qui d- efet igegdvalye s drmptigbdiraplaies eddrfxamd eheakadstmge-1f.or m ng
apparatus such an inkjet-type facsimle or copying machi ne can be

i ncor por at ed AbAlveo than lappldnat esigeos ide- 034 thej ehtkngtaagobuti on cont ai ni ng
DNA (deoxyri bonucleic acid) for detecting a biological material nay be

appl i ed.acfHuuprdaitechelad Hes dsssingldscribsedhasta fladend rigy peanisovever , t he
liquid ejected froma nozzle is not Iimted to ink, and any liquid may be
enough #&rIHieds tHee |Shiftd fepding dqusadscRarserfars sajpepdiydéagashe qui d
droplets. Furthermore, the spring nmenber 23 has been described as

negat i ve-§iEERE YuiRd & iarFematatest i@ppiihe wdeete treyatdi o phessure to
ink in the ink chﬁgggr 21; however, the present invention is not linmted to
this, antfSHy JERATETE DI Drbordied 44 floks sesicripesydrted.i quid in a
l'i quid chapher from spont aneously | eakjng froma nozzle. For exanple, it
may al s& 'be lanncjaurcfeasn rgerﬁd}ﬁg trﬁze/ulfdfg n@%‘t@era SRS Rt nieng iITHE and t he
i nk-f eed- Qnan| Jhe heat | esistor.18 has heen descrihed as

ej ecti ngf- ene;H gg{/]gcg%lgeerra{]f nl} ?réeoapnn%% or & éa’cutbisgrémiacﬁﬁqdrsc‘?ﬂ'llé"tléf CPBSW\ an ej ecting

QL hRMElar A MESRIY AW QNI d S 06! W (R B SpliB e

ej ecti ng-‘energy generating nmeans any device Tn

|1 quid Tdoumally isheaiea off bhdmalddgdiby lhd b @crg digplets by an

el ect romechani cal conversion device, for “exanple odi nment

accor di nhdex theapreseaddeid isitet 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_é 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 1lb 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



for achieving a second object of the present invention will be descri bed.
The object of this enbodinent is that when one dot is fornmed with a

plurality of liquid droplets by - 35 wusing a head capabl e of deflecting
the ejecting direction of the liquid droplet, the dot quality is inproved
by reducing the | anding positional displacenent between plural liquid

droplets for forming the one dot, resulting in inproving i mage quality.
According to the enbodi nent descri bed above, the heating resistor 18 has
been descri bed as that one heating reiéstor 18 is arranged for each ink
chanmber 21. \Wereas, according to this’ enbodinment, a plurality of
energygenerating el enents are arranged for each ink chanber, as wll be
described later. In this enbodi ment, although not described, the

above- descydthed Eimuodinge ihe are frdioly Sshdea @ platecdeno at piag remifodi nent. The
description of structures comon to the above-described enbodi nent is '
om tt ed.rdlHead ndtmhsotsurentfa gt ink? daschamtédwepd ddedheevspedicade vi ew of a
print head 31 of an inkjet printer (sinply referred to as a printer bel ow),
whi ch i Sliexesriplad | edhlas ald (isagtigjeauiny dfpdsativs goddrigionghieo t he
present invention. In Fig. 12, the nozzle nenber 19 is bonded on the

barri er fegardizgy ishadle Bamuenedasion the dhigwd descdingedoddeadionent .

- According to this enbodinent, a line head is also fornmed by arranging a

pl ur al i t§° ofhe Hegmchtt R FPiien Hd wiadch idi Aecthicgrest 1® ghdilédraphic
sheet. Fig. 13.is a plan view of a |line _head 33 according to the

enbodi et geps and EFrangfRghPFIGN T M ifdadeasy 6 sRaped & a " N1”
and "N+2"). Wien the line head 33 is forned, a. plurality of head chips,

each chiff FEHRFERAYAERTIR + nd Wit Iodse 3% feE5% HEST9RS e nenber 19
nosale mTHST 10 TN PR st s B on R AR el iRy O
co 1o Pas ted L ALEH P Ui Fnd IR A 3 flbed B O e
1T er ont T (o T he oy ebor Thod  rba: ot e oY e e
descri be}.elem&iﬂ%@ Sedal p BdGfeenl 4A NG B A8 & Rlbadlsew and a side

sectional view of a detailed ink-ejecting unit of the print head 31,
respect iagidactingy ddbh shawsr tie oy atear-AGan tdy dasti-gdot ted |ines.
Furthermore, above the sheet tray 2, the electrical
circuit unit 5 is arranged. The electrical circuit unit 5
is for contrelling 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 various 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



As shown in Figs. 14A and 14B, according to the enbodi nent, w thin one ink
chanber 21, a heating resistor 32 divided into two is arranged. 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 |ongitudinally dividing one heating
resistor 32 into two in such a nmanner, since the length is the sane and the
width is hal ved, the resistance - 37 of the heating resistor 32 is
doubled. If the two-divided type-heﬁtkpg_resistors 32 are connected in
series, the resistance is quadrupl ed because the heating resistors 32 with
doubl ed resi stance are connected in series. In order to boil ink contained
withinthe ink chanmber 21, it is necessary to heat the heating resistor 32
by supplSpnsy imoe ddeerimiknddoplletsr b pbeererorthagheheengPr ebasiog 82. By
t he energ%%guring the boiling, ink is ejected. If the resistance is snall
t he cur FeWtvere peskilegichr dugetika Keackngepespradatloni byneeded to
i ncrease; by increasing the resistance.of the heating resistor 32, ink can
be boi | EdafiH R R ddgmedmr. ofhér ebyelt Renstisusing £hanBrinsedf or passing
the current therethrough can al so be reduced, resulting in space-saving. In
addi ti onM3g%-hodg® B Ttedicdfafcéccanmpdatrer £988acPiothénkhPékness of the
heati ng resi st 32 is reduced, in vie the _material sele¢ted for the
hoat | ng Yedicst g 3RARHE Ao CPENGe h ATHUBIBFR Ky) SoPhEePeRuLEiEn | 1
"t hi ckness _of the ating.,resistar 32 has a predetermned limt. Therefore,
Lhe 1 oo TRETh 55 B ok P Y Sa6Ftin0 EhEnEPRACEATEY ARG Bfng |
wi t hout ing t t hi-ckness._t her.eof.. _In.th ase_where.a_heating
resisto?ﬁggyﬁhgggg'%ﬁﬁ¥g%%ﬁo ?g §§92%888'wﬁ%hgﬁgoﬁgsfﬁkpg §ﬁb§?aﬁ?f if the
tinme to ; t ure hai-king LN b e AN [ AN - 38
of eachtﬁgi iﬁgnfé§§§?§{q%éd%§gggh§Pi?Sdg,ﬁgﬁg %ﬁp?hggéa%hth%Fgghgesistors
32 is siyld aneAUsnNGRY 18953 éﬁh%hrk9§p658@h§F%anﬁeeb€€E§§1'QiH@ﬁ axi al
direction of the nozzle 20. ereas, if time difference of the bubble
gener at ig¥0 Hid"edco qariedueed hetpween the two-divided heating resistors 32,
ink on the two heating resistors 32 is not simultaneously boil ed. Thereby,
the ejectingidi rieet spacaficakidhophebsrtsonutonstathgadedy ahéhitbe axi al
direction of the nozzle 20, so that the ink droplets are ejected with
def | ect icdmmbEre2df ortde theatiimlg dreeplseébri 38| andedgatt aipbsnt ktbe dnipl aced
fromthe position, at which an ink droplet is | anded w t hout deflection.
Fi gs. 15%Aaaierl®8 aredyridishaioziidw 2§ ekeangkdt cbnyhki phbetwetanghe ti ne
di fference of ink bubble generation of the two-divided heating resistors 32
and t he 488k sjoactlithd sadfifernme @ afe "fakuefscltism esiputlegudvabkrati on.
Referring to these graphs, the X direction (ordinate Ax of the graph, note:
not absdi%s &% 4 GrrARPtindd V@dite §CCRE AdPFak§i HGSIPEEEEREN of the nozzl es
not e: . not absci ssa of

20 whil e the Y direction (ardinate Ay of t raph,

the grapf’ §Hdi%Ht es g%ﬁﬁ%ﬁﬁﬁéh @Fb?ﬁ&ﬁcHﬁa%aFoEFhénXea?PEBFion
(transferri.ng directian of hot agraphi ¢ _sheet). .Fig. 15C shows neasured
data i n ATl 00 S Rerits QYT OrEnaE Benaet P LHBH U heat | ng
resi Sto.r'ﬂle?’g:;fi%ﬂplhcga{[de% 'ledﬁb%Cé WA AIokepth T% il hgkgace of ink bubble
generation of the two-divided
: 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



- 39 heating resistors 32 while the deflecting anobunt (neasured by
assum ng the di stance between the nozzle 20 and the | anded position to be
appropriately 2 nm at the |anding position of an ink droplet is plotted in
ordinate as the ejecting angle of the ink droplet (X direction). In Fig.
15C, the deflection ejection of ink droplets. is perforned when the
principal current of the heating resistor 32 is set to be 80 mA, and the
defl ecting current is superinposed on one heating resistor 32. Wen the
time difference of ink bubble generatipn 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
alignnment with the vertical direction, and the ejecting angle 8x of the ink
dropl et $mowhelarFiangi Agdiaectad armwfr tiie noze éds=aRD liha=eagesmaliong with
the tinme difference of ink bubble generation. Then, according to the

enbodi neRig. b3A utdnd z¢kerithiessl ohiariag érd strmengachamsliesr hs ovi ded

two-di vided heating resistors 32, wherein the tinme difference of bubble
gener at | SAL$BNPF CRRERD bl weetn e el a6l enl g iesilsh orss Ipngeted :
differentiating the electric current passing over one heating resistor 32
from t hat® oWd® HRCHEHeRL Mt Tt rEsistors o md 4D defiddct the ejecting
angl e of ink droplets (ejecting-angle deflecting neans). - 40 If the

r esi st ant@SE b Ih NI A U R HatI I G LS IRIBIEESD df FMfot the sane by
errors in manufacturjng,. for_ ex | e, since . the tinme difference of bubbleée
gener at i BH°F 5F Pravbuek F RN the®? Vi hte%t’?eﬁ‘;gcfrté'bq ﬁ'glrsse IS di%cti ng
angle of _an ink dro t i.,s. gut of. alignment..w t.he vertical dir.ection, so
Chat “the® A g Hosl 11 o Chelt e droer et T et (S HE or gl nal -
posi ti Ong. as_ by. ano e i r t.qiff b t.he
tmn-div?%% 'ﬁ%gtfﬁg ?ggistdggnﬁ%sg%ﬁégﬁﬁﬁb?ggdgﬁg%gﬁ%ﬁgqs?n§¥g$§§§%

heating geshStpLnd2isi coptERld&d and df; ¢ hehuhble genenal ing d me for the
two-di vided heating resistors 32 i1s equalized, the ejecting angle of an ink
dropl et gaimde 8 i gpeshyi éibﬁdﬁ%ﬂe?riér@i'tmiﬁlt iPedOloSXfMRRe 1N the
line head 33, by deflecting the ejecting angle of ink droplets ejected from
speci fi chese Oram®res of Ahslendliiey pif thdaashSlcHigymihe 101 gi-nal ejecting
angle, the ejecting angle is corrected in the print head 31 in which the

i nk dr ophe¢ zhtemizbele]#ct@tyed dimeridihitecdndnqet peintbcwartieo idke- | andi ng
surface of a photographic sheet by errors in manufacturing, and the ink
droplet sfeadibe epecied 16. t Hen viere iettan rectfore f sssch rhemk grimt head
31, only the ejecting angle of the ink droplet ejected fromspecific one or
nmor e i nkk] ecd i mgnl@r t 8f nilye beeafein@cekanents tHe ajeaimmngayleonf the ink
droplet ejected froma specific ink-ejecting unit in - 41 one print head
31 is. noPeRerphind| eretPyY hEehee g ettt higih gt &P thfh 1A kR off £ B dhot her

i nk-ej ect| unit, for ex le, only the ejecting angle of the ink dropl et
{FE 571 desrtnsdal b

from t he"SpecPfi s n G- unit is deflected so as to align it in

paral el WUk Alo PLESLIG 008 Pl LK L RS amanathgy kel oot no
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 silicon and having the heating resistor 18
(equivalent to energy generating means according to the
preéent invention) deposited on one surface of the

semiconductor substrate 22. The heating resistor 18 is



............ R

is an ink-ejecting unit incapable of ejecting ink droplets or an
ink-ejecting unit insufficiently capable of ejecting ink droplets, the ink
dropl ets cannot be or hardly be ejected on the pixel row (in the direction
per pendi cular to the arranging direction of ink-ejecting units)
corresponding to the ink-ejecting unit, so that dots are not forned,
degrading image quality with |longitudinal white streak. \Wereas according
to the enbodi ment, by another. ink-ejecting unit located in the vicinity, an
i nk droplet can be ejected instead ofzghe ink-ejecting unit insufficiently
capabl e of ejecting ink droplets. Nkk%,’ihe degree of deflection of the
ejecting angle of ink droplets will be described. Fig. 16 is a sectional
side view showi ng the relationship between the ink-ejecting unit and the
recor di rg esitedical.] yRefosindcngd acFiag. ex@ertnhd distandevilabet ween t he edge -of
the ink-ejecting unit (the nozzle 20) and the recording sheet Pis

gener al lgpriduak i2mmardgpriowt atebwy) iforedassurmbg semi'cpRductolye H = 2 nm (H
is substantially constant) here. Al so, when the resolution of the print
head 31 subsdg=suheed2.0 be 600 dpi, the space between adjacent ink-ejecting
units (the nozzles 20) is 25.40 x 1000/600 ~ 42.3 (um. The :

ej ecti ng- di r 8&ej bardébredéevyay ABahs Bederafng PBOtRABCBABSYVAent is for
deflecting the ejecting direction of an ink droplet ejected from one

i nk- ej e@¥Gig-ansl trulRPathatesifd iGik M oPFRISHES | At ot T % bosPt FBRL8F in the
vicinity of the position where the ink droplet from another inkej,ecting

uni t | octed aunatheitavs @& Pirdate BHEShRSLEENSTS dhiy IC€RCEAded % t hout
1P G A0 ST 0 B 1 2
whiTo ¢ PR e ot I o i ol el sty ' %
cphce. bt 1, A ble b d P Harid AR don Bl M e when
the ink ;ﬁ{&éﬁleftﬂégr%i;ﬁﬁltceqnfamst.he PHIK 18] 1884IRG WNids 3 e i@fr the

directions of 2'" 1s selected. Wien two bit signal (J = 2) is used as a
control 15venal2 § Me @D yu il SHETREYY 10fe IigHAl Bigmals i our of (0, .
0), (0, 1), (1, 0), and (1, 1), and the ejecting directions of ink droplets
are fourcHzsber 41 Hwe diisd arge between two - 43 dots separated nostly
during deflection is three tines the space between two adj acent

i nk-ej ecti ngMotidosre(r2 -thk) noz3leThembeevadly hameénphe pdmtredlityi gffal changes
as it is (0, 0),, (0, 1), (I, 0, and (1, 1), the landing position of the

i nk dropitet raot)es s2hofaedndsy therspacea hatadserp fadjiadent bk ej ecting
units. In the above exanple, if the distance between two dots separated
nost | y dieaigr oed) exasdoind s fams e nle betthkandsded tHhe Jeeeetq2. 3 un)

bet ween two adj acent ink-ejecting units, i.e. 126.9 um the deflecting
layer 26 so that the position 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 mayv also be plated with palladium or gold for
preventing corrosion due to ink. The nozzle member 19 is
provided with a number of the nozzles 20 formed along the
longitudinal diréctioﬁ. 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



angle(err)(deg) is: Tan 2A = 126.9/2000 ~ 0.0635 then, (err) ~ 1.8(deq).
Next, the method for deflecting the ejecting direction of ink droplets wll
be described in nore detail. Fig. 17 is a conceptual diagram show ng a
structure in which time difference of the bubble generating tine can be set
bet ween the two-divided 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 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 resist@ances of the two-divided heating
resistors 32, respectively; according to the enbodi nent, the resistor Rh-A
is set smaller than the resistor Rh-B. Froma - 44 connection path (an
i nt er mediegtod wdiont o fh&iWeelpit, heteasditol 6BRR- A6and "t-heorlfeshst comBh- B, a
current can be taken out. Mreover, three resistors Rd are for deflecting
t he ej ecthapgddibeegutieon lefyean Zibnkreér eplrengeBupppecmimetelyansdi stors Ql, Q2,
and @B functions as switches for the resistor Rh-A and the resistor Rh-B.

interval of 42.3 pm.

The ink chamber 21 {(equivalent to the liguid chamber

according to the present invention) is composed 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

constitutes the bottom wall of the ink chamber 21; the

barrier layver 26 constitutes the sidewall of the ink chamber

21; and the nozzle member 12 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

path (not shown).

Such a secticonal structure of the line head 12 will be

described with reference to Figs. 5 to 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 Flg. 5 or Fig. 6, at the position corresponding to the

nozzle 20 (see Fig. 3B) formed on the sheet-like nozzle

member 19, the ink chamber 21 is 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



An ipput unit Cis for entering a binary control signal ("1" only when
passing a current). Furthernore, synbols LI and L2 denote binary entry AND
gates, and synbols Bl and B2 denote input units for entering a binary
signal ("0" or "1") of the AND gates L1 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 (B1, B2) _ (0, 0) are entered, only
the transistor QL is operated while the transistors 2 and B are not
operated (current is not passed through the three resistors Rd). In this
case, if a current is passed through fie"resistors Rh-A and Rh-B, the
currents respectively passing thorough the resistor Rh-A and the resistor
Rh-B are the sane. Accordingly, the heating value of the resistor Rhi-Ais
smal | er #fwdnd hdmipdr tIe 1eshsdwiddd- B, THecaShd hentesd Siaance of the
resistor Rh-Ais smaller than that of the resistor Ri-B. In this state, it
i S est abfusdietbidads atedgatki v qptedsuse |ganoechtoimdg heeand rivyre | eft. The
| andi ng position of the ink droplet at this tine is set to be the position
(i ncl udimgetdreting 4bk fran mpontdereofly ateathirgh fidven itie drogdlet 2for om t he
ink ejecting unit located in the second row of the units ahead on the left
i s | andéey inthoringefheciemrt iwharassude awp vgld lask (BRhldBd)shedq 1, 0) are
entered, the current is also passed through the two resistors Rd that are
connect el Elpin Hehe rHns| ghambeB 37 serdestq thiebwand entaisesheotbad ow t hr ough
the resistor Rd connected to the transistor %). As a result, the current
f1 owi ng REPRRIGHE ¢ he Theai SRHINRIBRST r£H Ut BSragierestedn ishatthshen (B1,
B2) - (0, 0) is entered. However, also in this case, it is established that
the heat?$RF i QPTISTHES rapkied -0k L% A St mERh O t he resi st or
Rh-B. The landing posjtion of the ink droplet at this tine is set to be the
posi tion cht ~ejectting unit |ocate
Ut onSEEH P LR THE (PR Prom ARt Te At ; ng uni t 1 ocat ed
adj acent on | eft is |anded w thaut defl ectd.qn. t,. en . C=_1 as well
2o (B By s ipdke HMEET AT B i sne 2y e PRIGRS 8
resistor ﬁgl‘i [ 0 t t ' led e G t, does not
flow thr%ug IPt eet;f\/\no]grgés]?cgtcgg%ﬁ%dé Ejgesnn%a%[%% % %%%%%ns@g%faq& in
seri es) .o fSrdgd@SUbt 14100 S SN {4 Qg Y auah the Jesipia Ry B is
reduced further smaller than that when (Bl, B2) _ (1, 0) is entered. In
this casen. theisa@shabdshed thabididecdeatd ngi vad e pf dihe Jiesd stor Rh-Ais
the sanme as that of the resistor Rh-B. Thereby, the ink droplet at this -
46 caseests, gjetted Wt howtcsieidecdion. cdwdtdetiorink whend Gpenkims wel | as
(B1, B2) _ (I, 1) are entered, the current is passed through the three
resi st orsé Ribtdraén oty commecd 22l ¢ o2 @ herdm anseggiorgs. 2 and B. As a result,
the current flowing through the resistor Rh-B is reduced further smaller
t han t hat whémg Bif BE) head),chli)ps gl 7eritsergrdherat yhipg ovdsled wtths the
established that the heating value of the resistor Rh-A is |arger than that
of the r¥skstioamipers 2Then | BiRimeposi tearh ofnl ihamherrBpltaviaig this tine
is - _
the heating resistor 18 arranged therein. By a command from
a contrel 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 o this
heating resistor 18 from the nozzle 20 opposing this ink.
chamber 21.
That is, the ink chamber 21 is filled 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



) e positic i i i nk-ejecting unit

set to be the position at which the ink droEIeE BE?F;EP?ohnkAglgger?bed
| ocat ed adj acent on the right is landed w thou oo an Say b Set 50
above, resistance values of the resistors Eh-A, a; : 2ng 0.0 0%
o everydtkne E?e Lﬂpuf xg!gg éggitﬁg% gfaPﬂgsink dropl et idoti i s moved
(0, 1), and (1, , the la ( _ _ ! .
by the space between adjacent |nk-ejgcthng ?nltﬁé Igf[gazhgtpgulaggg??ions:
position of an ink droplet can be swtche y 3 o 0 OpLng Lour pos|
in addition to the position at which aﬁfln ;og hot ogr apht ¢ Sheer): the
deflection (vertically to a I anding-sur ﬁﬁe'ok-e'gcting apn ¢ Shest); 1S
D r oo rhlﬁh th?tlnkhdrgpgﬁttL;OFLEteiLnlanhed wi t hout deflection; the
second row of the units ahea ed w thout oo el
adi acent on The | ot TS T aaded wi PRoTE “HaFFoktiian: Taks Sh=Bhsi £PBn
adj acent ‘on the le is la \ ( ( _ : n a
uhtch  heanildy oBhal nLaSILNECLRKEL £C1 bNGoULL Lok ahed adl aognt on the,
right is |landed w thout deflection. According to L p e ,
(E ol on:cont ot o Reane) Ioutot168ePh LOSBERLRILARCE P EE e by oy o

Ej ection-Controlling Means), _ _ ! Bnt, 1Ter (
e ooty el poian e 0,
means described above, one do _ _ _ _ "
o1 hor ot nunber MmOt o e e e e R ol Tne
ot her (dot nunmber nodul ation), _ on- c( _ _ NTT (
ejectigncg@eﬁhg@ @nb?@l)trofﬁet??ﬂﬁ{ghiﬁgg??Hgﬂtﬁ?fgéfgiéggﬁﬂﬁg ggglcular
‘to the lining direction o e -ejecti _ _ ( _ & e of her
ot s by A pyr o 11y o1 Grop o5 & eet el o Aot LS {1
dot is formed .a plurality ted trof ( o Then &
RN e}%%;%ﬁggh‘?\?’fe‘él! pren e?})e; m?ﬁ];mngz?ﬁ :1nrguhcnrji)ﬁ]2?§3ejr?cﬁﬁontoexecufi ng
F : )riielngp\?uf‘%”tﬁé gcgn g@i‘%? |€Oa$ﬁe%w%f%g%ef% Fxping. a Reftertiengsdmo. Fig. 18,

i - i time axi's and the abscissa
Fopresent s al DR ARy FRSFERCE. File. drbiiiaPlsans aned coneeapends (o
[ﬁpreseg;;o;g@%égifti i ng. of an in d{ opl et, ej ected according to the

el © ' al G neE i}v - W) % the pixel
Ll ik A i LA
ositio e erpesll : ) _
‘Fl)'hat is,rhela:éipgg{(jig%hlos\?cvs tﬁlesanuo & &F &%t S IEE dsest shidquired

17 so as to displace the ink contained in the ink chamber 21
by bubbles generated in the heated ink, resulting in
ejecting an ink droplet 30 from the nozzle 20 so as to be
landed on a bhotographic sheet for forming a dot thereon.

Then, as shown by arrows J, the ink chamber 21 is

replendished with ink through the ink-feed opening 16 so as

to cool the heating resistor 18, resulting in eliminéting
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 ejected

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



for fformng dots at each pixel position (i.e., the tinme 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 Iine and an (Mtl)-th [ine are shown
on the ordinate. In each pixel, 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 showmn in Fig. 8 as the time slot. That is, in
each pixel, dots are fornmed with nanggn1P droplets of ink. In other words,
t he maxi mum nunber of gradations is™ 1. On the other hand, on the

absci ssa, the pixel positions are shown as the first to NNth of the pixel
nunber. Therefore, the nunber of the ink-ejecting units in the arranging
directi oh as N cHetenuong iwkFdgpplld: @rodme3®} t30 ) ine andried irdke- pi xel
position 1, the ink-droplet is ejected four tinmes so as to formdots
conposeddoppieurgdeapl 20 s 3, i nk* atj¢dieedi xel the -rek®rdrosy tstoretl .P Al SO, on
the. (Mtl)-th line and at the pixel position 1, the ink-droplet is ejected
three tiaesshovasinoFior MBotextompostd diredkrensraplatmowd 3 o at t he

pi xel position 1. The pixel position 1 of the Mth |ine and the pixel

posi ti onfarsfth@eopamixeh P nedtarehds raded bybdhmtiag yilon mmdssanme
line. The other pixel positions are the sane. Wen dots formed with one or
nor e i nkO8r bpret sobnf el g t Bh ¢ i Biel o oS HORaL 137 nedl W 13t et dfhsore i nk
droplets on the éN%% -th line are arranged substantially on the sane |line

in such BURRfhe? tArLRLghe B Yorkeared nErghoths mPaH & e ditret i on

per pendi cul ar, to t he, arranpgi irection of the ink-ejecting units, the

B et T oSBT | Thot A aRo et b RS R NPt HEHS CISbl S the

ej ecti oncﬁ%)ntggt etﬂ@erénk.-e' ecjt:ig%éunit used for formng a dot at a specific
pi xel posi PO bf “Fhe " EthT I P 1T s Uit ferentiated fromthe i nk-ej ecting
unit used for ] dot . i f [ iti,on.ef the (Mtl)-th
l'ine. (Liqui Jrreﬁrek{cgt {E%Lg%m tej?eﬁéelglteq %&iﬁ%ﬁ%}ﬁpﬁ%"é’]@gﬁ éc(r%) é%r?_t rolling nmeans
accor di ngrtefHe; eHBRAL IRt 2 & NGl AL Ss h NK: &k €CTA NI | SEl LGt NGk fIRANS
(equivalent to liTquid-ejecting unit selecting neans according to the
present hhyenti On)cioh SELECHI BSogNet NKE) €64 | N tadsorea Pha@l ity of

i nk-ejecting units for ejecting ink droplets.
continuously ejected toward one landing point by the
continuous pulse signals is fixed or approximated at
constant corresponding to a predetermined frequency band of
the pulse signal, and liquid is ejected by wvariably
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-droplet group 30, 30,
 ejected from the npzzle 20 in a predetermined freguency
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 pm.



- 50, In selecting an ink-ejecting. unit by the ink-ejecting unit selecting
nmeans, there may be a nethod according to a predeterm ned pattern or a

ret hod 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 |, 2, N1, and N are | anded
are nunbered as 1, 2, N1, and N, respectively. At this time, in the nethod
according to a predeterm ned pattern, when an ink droplet is ejected at the
pi xel position of the same nunber as that of the Mth line and the (Mrl)-th
line, it may be set that a different #hkejecting unit is selected. For
exanple, for landing an ink droplet at the pixel position x (X is any one
of 1to N) of the Mth line, the ink-ejecting unit x nmay be used, and for
l'andi ng an i AiedreRlseln athyt M8 ePealgHIos Worme Qhit ReakMsL) 2th ilsi e, the
ink-ejecting unit (x+1) may be used. Also, for landing an ink droplet at
the pixglm pESIT i des@mbdk-wei@ctidetitide dispospd ajagent. thag.
ink-ejecting unit x, i.e., the ink-ejecting unit (x+1) or the inkejecting
unit (x-d)is mayghephisetbwiddiethd hedll 4 hiesesH itk G etiddig dHe tdridde
ink-ejecting unit (x+2), the inkejecting unit (x-2), the ink-ejecting unit
(x+3), ofredeenak-ef edie nguine tsi{ged) amy dlsalde-aisettion amdiht in
Furthernore, for landing an ink droplet at the pixel position x of each

i ne; atthdhegpxethqosithomedgiit theoMthe [ime, cidmbami@lejsdustimgirunit X.i s
used; at the pixel position x of the next (Mtl)-th line, the ink-ejecting
unit (xEdgi s/ vsedil dmd atAldre Fiel Dosi td araphfshdvwidarttser next (Mr2)th
line, the ink-ejecting unit x is used, such that the inkejecting unit x and
t he i nk-%feetionpim toghenn feye b e FrRaEneiisdd e e g5 »a&slansdsi ti on x
of each lipe. Alternatively, at the pixel positign x of the Mth line, the
i nk- ej e @tttk §EeGiskRE atodHe IR xEle e iBIESe g e i H Mk1)-th
line, the_ink-ejecting. unit_ (x+1)_is used;_ at the pixel position x of the
further %xft%? r%-ct e, 2t e | hitiej e S EfRF UMY 1" B99 s LS %and at the
pi xel pQsit.i x of the further next_ (Mt3)-th line, .the jnhkejecting unit Xx
s U et A AR AT e TS HoaT € 1ot R Ao, 2 T Rt

u hdt <t “THe Wil oslIoff LR Sack Firte TReHed
e A e o e s e i i P

0 a0 LN 0§ e dd ] @R S 31 WHICR eyl 0928 GiLgliviend |y above the
t'he 1| nK-

pi xel position x, the ink-ejecting unit (x+1) aid ej ecting unit

(x-1), widds@re docaieds o Mg st nip boidvisi dessi gy bes repeatedly used.

Furthernore, at the pixel position x of the Mth line, the ink-ejecting
unit (X-rfHAJCS UGeejaictiied Rimoent)eIalria@it ox ieft ithe arextingMedkathpli ne, the
ink-ejecting unit (x+1) is - 52
rectangular symbol (); when the negative pressure of the
spring member 23 shown in Fig. 5 is -30 mmHz0, ink-ejection
amount characteristics are indicated by triangular symbol
(4) .
As shown in Fig. 8, in the case where the height H of
the ink chamber 21 (see Fig. 7) is 11 pm, the ejection
amount of the ink droplet ejected from the nozzle 20 can be
fixed or approximated at constant corresponding 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



used; and at the pixel position x of the further next (M2)th line, the

i nk-ejecting unit (x-1) is used, such that at the pixel position x of each
line, the ink-ejecting unit x, which is |located directly above the pixel
position-x, may not be used. (Ejecting-direction Determ ning Means) The

ej ection controlling neans according to the enbodi nent i ncludes ‘
ejecting-direction determ ning neans for determning an ejecting direction
of ink droplets ejected fromthe ink-ejecting unit selected by the

i nk-ejecting unit selecting neans. Thg ej ecting-direction determ ning means
determnes the ejecting direction of i Ak —dr oplets fromthe sel ected

i nkejecting unit and the pixel position at which ink droplets are | anded.
For exanple, for landing an ink droplet at the pixel position x, when the

i nk- ej ecamagnuniénds i o s@tectéase ddethakddtopl eiedsetontsdl dres g dand

wi t hout deflection. Wien an ink droplet is to be |anded at the pixel

posi ti onskgranl ihereakes) Bctmng Kz foxr 1@xamspbel eclied, rddworejecti ng
direction is controlled so that the ink droplet is |anded.at the pixel

posi ti onth@brin nthdecaseinheye t tee codidyt défoéBcthacink hehdnbbexraipl et t owar d

the ink-ejecting unit x. Simlarly, for landing an ink droplet at the pixel "

posi ti onSievwmhieh Fi@. i hkiejsealhgani thyix+ihe i snlsethoottek;, 2hels - 53
ejecting direction is controlled so that the ink droplet is landed at the
pi xel pddtifommkt ofepienirhed cagaiy Wik ebiie by fareuioref ek rde dr opl et
toward the ink-ejection unit_x. If an ink droplet is ejected in such a

nmanner , hetheratyel i SropI it PPLPEFe Y r BERit i BIR  nodel 9i3Iin ¢ duret ant | y
formed b acﬁol ral i% of in %}éo | ets ejected fromone inkejecting unit.
Ther ef ore 1%t s%]f%%'é ™ hard o i’g@ep%‘é} ¢ oWIRA L i nkiRrgptetES@n be

m nimzed, 1nproving image_quality.. Alsa,.in the directiqn perpendicular to
the ar ra%lglll%% ik e%r??%lggo?f?h@(iﬁ%@e?léﬁ'%g uHis slr(]f)n&?aﬁ@jes}gr?el line), two
adj acent  pj xel t y: for y i nk-ejecting.units djfferent from
each ot hae% ciscsi)?}gd\%3 %ﬁ?%é ?%%th%]?i ﬁésjc?% Ijér%rll éu%% lasngc‘ilen CEES iy unit

cannol Bedid ANGs ANl Ny SAEL e rd MLOVALG, JUALd rPer% e guire

i mges. Thereby, 1f a specific I nk-e ecting unit canno droplets

by cl oggbuitse eéﬁ%nalf Of s eXSWPE Schdd & hesameridiks#).act ing unit were used, at
pi xel position of this line, dots could not be always fornmed, whereas in

the net hotkflesasidbechaboyiee 1Seitdh Bi dHtRON CACIEuEMOI fede Al SO, the
signal processing for ejection execution. is not conplicated according to
t he enbothomsdseas ts ih e fechmtauele which is shown in Description of the
Rel ated Art of this application, proposed in Japanese Patent Application
2002- 161928, Imhitdte isprdssi gradbarn 2hesame ias$iigned ,ad tt Aiss - 54

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 of

ink in the nozzle 20 is not drawn back toward the ink

chamber 21. For example, the negative pressure 6f the

spring member 23 is set at -30 mmH,0.

The reason why the negative pressure of the spring
member 23 is 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



et m T

application, so that the signal processing can be sinplified. Furthernore,
if there is an ink-ejecting unit with the ejecting direction being out of
alignnment with other inkejecting 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
| andi ng positions can be allowed to be inconspicuous. Figs. 19A to 19C are.
drawi ngs showi ng the dot arrangenent when one dot is forned by three ink
droplets. Both Figs. 19A and 19B show the pi xels arranged on the sane |ine
(arranged in the direction perpendi cuE&r-to the arrangi ng direction of the
i nk-ejecting units) fornmed by three ink droplets fromthe sane ink-ejecting
unit. For exanple, in the drawings, the entire pixel on the extrene left is
formed byrébeui-akoej €8LT 88 UAl tmbRAGEE esl3 ong t r . 1o ot her

~wor ds, b%t h Figs. 19A angﬁlngsho@vE%xaﬂ%lgsé %%tﬁ%ﬁeﬁzpi’oﬁ%gont rolling
nmeans aceogding 19 &hgrepRodhsRihigi Shdote liselondi O ﬂé%%é%gpa%u§n exanpl e
where the ejecting-direction deflecting nmeans is not used, erein the

ej ecti ngddivectfroquehicy heff onetibul 8K-£i@ed1 NthdiNite fiﬂmé%ﬂﬁﬁ i's
defected to the left in Fig. 8. In such a case, between the fourth dot and
fifth dotméwmm when| ehe, nagaeyronpneshotd o MOGes SxiSi¢ msusehis 6 Streak.
Whereas in Fig. 19B, using the ejecting - 55 direction deflecting neans,
the ej ect¢hgati el imntHgf. aRdfiekemimgpltet Figam tilve ahauntlh whlnejgeti ng unit
fromthe left is deflected to the right in the drawing. By controlling the
| andi ng Po5Rt dh @f e hikk delophleer f2bnshdven fiourRiy i rikejsect immg Wnik- i n such
a manner, the white streak can be elimnated. Wereas Fig. 19C shows an
exanpl e HHRFELPHEYRIURE eCRY AR UL HCe har @) oudiert oty ddtiarguieans

wi thout deflectipg the ejecting direction of an ink droplet fromthe fourth
i nk- ej ecﬂ’ﬁ]@o%nf‘?) f rome t Peet cblie die e H P Herexarpldhambea @1 198 In the
exanpl e ﬁ]éfl 0..19C . the fourth ink-ejecting unit fromthe left is used for
f or m ng Toutth bt Ot PR ef $haFa G IR ¥ 4GS (a4 indi adtechdit second

line, t 1 1 nk-ej.ecti unit is used for formng the fifth dot from
t he Ief?l.ee%%i&;lr%rsé’?@#t e)t'hi rd line, it is used formng the second dot

fromthe |eft, isn t pixel s _faqr by the fourth ink-ejecting unit,
al t hough posi ti -og%g{%ndilglplﬂé et (0 %ng%é‘é“’ i‘“’%e&"& hei BEHSHIR ot hor

pixels, 5iaeg,1 06 1 X6l S prath i 0o g Jikc ghectjnguniy canot e

continuously arranged in‘the direction perpen 0t I ng .
directi aimiob &he ithe dAGHING WH e g WALELS St heakl §1|n$1tﬂ_ pggguced as 1s

in the exanple in Fig. 19A. The present invention Is not mted to the

enbodi mefesction Snount of the ink droplet ejected from the nozzle
20 can be fixed or approximated at constant corresponding to
a wide frequency band of the pulse signal of approximateiy 1
KHz to 10 KHz. Whereas, as shown in Fig. 11, in the case
where the negative pressure of the spring member 23 {see Fig.
'5) is set at -150 mmH,0, in any of when the height H of the
ink chamber 21 is 7 pm and when it is 11 pm, 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 -150

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



descri bed above, and various nodifications my be made as follows, for
exanple. (1) According to the enbodi ments, two pixels adjacent in the

di rection perpendicular to the arranging direction of the ink-ejecting
units are always forned by ejection of ink droplets fromdifferent
ink-ejecting units; the inventionis not limted to this, and in two

nei ghboring pixels, one forned by the sane ink-ejecting unit may exist. For
exanple, at the pixel positions x on the Mth line and the(Mtl)-th . |ine,
pi xel s may be formed by the ink-ejecting unit x while at the pixel :
positions x on the (M+2)-th |ine and @Pue(MFS)th line, pixels may be forned
by the ink-ejecting unit (x+1). Alternatively, at the pixel positions x on
the Mth line to the (Mt2)-th line, pixels may be fornmed by the inkejecting
unit x viikdwn atadibec il 9Osi inonshamdy the ({W3)itdw ldmed o the (M5)-th
line, pixels may be fornmed by the ink-ejecting unit (x+1). (2) According to
t he enbofiie@discy band ¢5 xemlidd edi@gla J-1 triciontda@le Sigidle the
alternatively, a control signal with J = 3 or nore may be used. By

i ncr easiangpirite ofindek odfp bidssioing heheanik adhsigmal2isa@sini dsd orm a
circuit, the deflection directions are further increased. (3) According to
t he enbackdmereds, tiwe inkreeikdfBrrermewit ik dropEateddn icogpEnildere
generation) is produced by differentiating the electric current passing

t hr ough witeh ofhe casy wheree tWpe divivked hepténgy ralitdteonrs: 132 fsigmatlhe ot her
the invention is not limted to this, and two-divided heating resistors 32
W th thelsadnealresshamce Bie arfhaipilehd 1t ishgrefasside tthagughheel ectric
current may be differentiated. For exanple,. there are independently

provi dedPeHR t R PFDTSEER P bf thh SREIBIHINATR]Y HehthhFalesmtldr #82Y and by
turning on the switches with time difference, the tine.difference of bubble
gener at i off 4 PHe FOFIFEETHE i nk on each of the heating resistors 32.

Furthernore, _t he. conbi nation of, differentiati,ng.curren assing through
each of the ﬁélatecihr‘?grg?)éjéﬁestd%rs%%p Fdi %Ih& gﬁﬁgg’{ﬁ #gogi #Eg%“‘?‘or passi ng

t hr ough e y. al made...(4)_ According to.the di nent.s, the two
di vi ded %@%gﬁe@?sﬁ%r@g cya I?icr?etl'éer or\[/el%letdl ‘gﬁ tE%enssouﬁ:ee ioﬁiq%ﬁar%)errmﬁl; t he

| nvent | o0l 111460 10 LY Bl Wolhaone g chamher 21, three or

nore heating resistors ener gygenerati ng means iy be ‘arranged. Also, a
heating #:88d:5¢{ Xn | §s "BYE Ofm O3 N -l vd degdh bodye Wi oM &Syt anti al
swi t ch- back shape in plan view (substantial U shape),” a conductor

(el ectrodey ditarieunert agh§ ood hendwduli g haek PorénoOmafgrihe switch-back
shape, so that a principal part of energy generating unit for ejecting ink

dropl et scapabidenf of b gh bsicknportie arhaibd herisam tite bagle shapat /i vi ded
into at | east two; energy generation of at |east one of the - - 58

princi palnlpaag tlsadidf erlent imt-etrdylomm agrdwgasio orid bf: t-hesjetdierd pri nci pal
part, thereby controlling to deflect the ejecting direction of ink

dropl et strgms)tirecorzli gy 2® ithea embedh pesminedst tdmrarady thpel efisirgdy
generating neans, the heating resistor 32 is exenplified; alternatively, a
heat i ng TR CYRYC bethorpets of s tmat er i e vt hieratlian e dsiighdr H Al so,
any ot her energy generating nmeans may be used not limted to the heating

el ement 1O Rhete® niBAtR RACEHFRIFRBE I FjedioPSydtem and a
piezoel ectifc systom, The, el peliosiatic electi of type, gnergy. generating
chamber 21 shown in Fig. 4, that is, the fiow path
resistance. Accordingly, when the space between the
ctenidia 2Z6a 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



is provided with a vibrating plate and two el ectrodes di sposed under the
vibrating plate wth an airspace therebetween. A voltage is 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 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 neans is

provi ded, when the vibrating plate is returned to the original state
(static electricity is freed by adjusting the voltage to be 0 V), tine

di fference may be provided between two energy generating neans, or voltage
val ues may be differentiated r - 59 fromeach other and applied to two
ener gy Ganefiall NG MANHe AR ddi@di €20 lECIHC nBRRIGYIBRRERLIRYFEARS i
a |layered product of "a piezoelectric elenent having el ectrodes formed on
_both surfrcesramd amendaratiang sphate.1iWier s twol-sagamusoappl ied to the

el ectrodes on both surfaces of the piezoelectric elenment, a bending nonent
i s generAttednertitika Wi ArakaRg ) arugn bhe 1pnezael esbr sargbbect so as to
deflect the vibrating plate. By utilizing this deflection,. ink droplets
are ej ectmethislonsgl f tibks icaste nvzddle @M swaptagrakavBack Re&aener gy
generation difference between energy generating neans is provided, when a
vol t age the dpi ickdintteert 124 dlrect rodele termioid Suefaeasyobanlde (poezoel ectric
element, tine difference may be provided between two energy generating
means, diregmenaye el Uds payd ste sdigifadr.ent i at ed from each ot her and appli ed
to two energy generating means. (6) According to the enbodiments, the print
head 31 and %ﬁéthiﬁbehéﬁéréglegeéfféheth@kbﬁtnpéinbeé ekenprifeedinhowever,
the invention is not limted to the printer and may be _applied to various
ki nds ofSUGHq@ PENER 3%y Capidiacue] aedringk apprEatas ¥ppar &8us for ej ecting
a solution Congﬁinin DNA for_detecting_a biqglogical material may be

appl i ed RS TIEECri béd oy & STETEITE G £3 % hé rerBSdFRERES "Eh&PGREpI acenent
R Ko cte s R R B APA R it e sidget
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 printed
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 resistor 18. Thereby, as shown in Fig. 1,

ink contained in the ink chamber 21 is ejected from the



o

- 60. processing for ejection execution is not conplicated so that the
si gnal processing can be sinplified. Furthernore, if there is an .
I'nk-ejecting unit with the ejecting direction being out of alignment wth
other inkejecting units in advance, when pixels with plural gradations are
arranged, even if the ejecting direction of this ink-ejecting unit is not
defl ected for correction, the displacenent of dot |anding positions can be
al l owed to be inconspicuous. - 61 WHAT ISCLAIMED IS 1. A
l'iquid-ejecting method conprising the,steps of: replenishing a liquid
chanber, which is formed corresponding™to a nozzle for ejecting liquid
therefrom wth liquid; and ejecting liquid contained in,the |iquid chanber
as a continuous |iquid-droplet group fromthe nozzle by feeding a pul se
si gnal ' tee@j ket hgener gynlgeherpte ngyneans3 @i sibsed within the |iquid
chanber, wherein the ejection amount of each |iquid droplet of
As described above, the height H of the ink chamber 21

is 11 pm, for example. Thereby, as shown by arrows J, the

ink chamber 21 is replenished again with the same amount of

ink as that of ink droplets ejected from the nozzle 20 in a

predetermined frequency band (high frequency) of the

continuous pulse signals. Also, the negative pressure of

the spring member 23 is set at -30 mmH,0, for example.

Thereby, by the negative pressure of the spring member 23

applied to ink contained 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, by 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 gquantifiably fixed or approximated at

constant corresponding to a wide fregquency band of the pulse

signal.  Specifically, as is indicated by triangular symbol

(A) in Fig. 8, by corresponding to a predetermined frequency

band (appropriately 1 KHz to 10 KHz, for example) of the

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



the Liquid-droplet group continuously ejected fromthe nozzle toward one
"l anding point by the pulse signals is fixed or approximated at const ant
corresponding to a predeternned frequency band of the pul se signal, and
liquid is ejected by variably controlling a drive frequency of the pulse
signal wthin the frequency band. 2. A method according to Claim1l, wherein
the Iiquid chamber is replenished with the sane anpunt of.liquid as that of
the liquid droplet ejected fromthe nozzle in a predeternined frequency
band of the pulse signal. 3. A nethod %ccorqlng to Gaim1l, wherein the
degree of negative pressure applied‘té lT"quid in the Iiquid chanber - 62
in a predeterm ned frequency band of the pulse signal is the. sane as under
that the surface of liquid in the nozzle is not drawn back toward the

liquid chanBier liduid nethbd ageotddngyteatd &1y lcorvmpiihé he &issd ed
l'i quid-droplet group fromthe nozzle is pushed by bubbles generated by
heati ng Frgavency phetheqputisehaipeal . 5. THetdlsi) deled aftivg BRRAISE
conprising: a nozzl e nmenber having;a nozzl e for ejgptlng |l iquid therefrom
a |iqui d°EnBpBefronbinvdusopnbsponigmgl ¢ occamebaozietrarily set, so

that printed images can be formed 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 amount

of ink droplets ejected from-each nozzle 20 can be

stabilized, resulting in forming excellent images by

recording with improved gradation.

Since the drive frequency of the continuocus pulse
signals can be a;pitrarily set, there is no effect of
fluctuation between produéts in the manufacturing process of
the print head or temperature changes in use, so that the
ejection amount of ink droplets ejected from each nozzle 20
can be stabilized, resulting in forming excellent iﬁages 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
ligquid-ejecting hole as liquid droplets. For example, an

image—forming apparatus such an inkjet-type facsimile or

copying machine can be incorporated. Also, an apparatus for



ej egting-energy generating neans di sposed within the liquid chanber for
generating energy for ejecting liquid contained in the [iquid chanber from
¢ he nozzle as a liquid droplet group; and pul se-signal generating neans for
generating a pul se signal for feeding it to the ejecting-energy generating
means, wherein the ejection anount of each liquid droplet of the

| i qui d-dropl et group continuously ejected fromthe nozzle toward one

| andi ng point is fixed or approxinmated at constant corresponding to a
predet erm ned frequency band of the pulse signal, and liquid is ejected by
variably controlling a drive frequenc34 of the pulse signal within the -
63 frequency band. 6. An apparatus according to Caimb5, wherein the
liquid chanber is formed so as to have a hei ght capabl e of replenishing the

sane amujictding iaqWdd1as drhabontiaaetiad bhamMHRexhedEbautRedPLEI]Y er m ned
frequency band of the pulse signal. 7. An apparatus according to Claimb5,

further fmonaidtsioid nte@abive olfiesIume teenantahk)opeeaps1fies appl ying the sane
degree of negative pressure as under that the surface of liquid in the
nozzl e i s nofhdr aminbhankatiohbkbebkiefguilds 6hapberas oal i ok degat ained in the
|l iquid chanber in a predeterm ned frequency band of the pulse signal. 8. An
appar at dweseor,ditheg tldqdisl mj®ctekdefeiom th@ozzle is not limited to

ipk, and any liquid may be enough as long as the liquid in a

liguid 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
liguid into micro droplets by an electromechanical
conversion device, for example.

Next, an embodiment according to the present 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



ej ecting-energy generating neans is for pushing and ejecting liquid from
the nozzle by heating the liquid contained in the |iquid chanber so as to
generat e bubbles. 9. A liquid-ejecting apparatus conprising: a head having
a plurality of lining liquid-ejecting units, each having a nozzle;
ejecting-direction deflecting means for deflecting the ejecting direction
of aliquid droplet ejected fromthe n - '64 nozzle of one
liquid-ejecting unit so that the liquid droplet is |anded' at a position or
in the vicinity of the position where the liquid droplet fromthe nozzle of
another liquid-ejecting unit |ocated Bh the vicinity of the one
liquid-ejecting unit is | anded w thout deflection; and ejection-controlling
means for controlling the ejection so that when one pixel is forned by
| andi ng as phairaljh § 1QHM r st t..of | i ng

& d¥a Odaphdigtiit Ay £ c?@bﬁéétﬁg%eﬂg% ﬁ\%é%ﬁlﬁ%ecltgjh%n and

regions are overl apped wth each other, S™n oring in a

di rect i ophoer pench Cat@E140, ke aidANgk 1 O ractign Rfed N, |1AH

éﬁ j ecting
.units is forned by a plurality of droplets ejected fromthe noz of one

z
| i qui d- eflestiangd iy tpddi ¢ Bodd1e DLd1eradine t s de g% A F?Llilé%ﬁ%c% ty of
droplets ejected fromthe nozzle of the liquid-ejecting unit different from

the one diopilek®] Bt i Agriind . tHE. o EPPATREUE BGEPTH NG vER M 9,
wherein the ejection-controlling neans conprises: liquid-ejecting unit

sel ecti njnagpansudlortwel ecting a liquid-ejecting unit fromthe plurality of
the liquidejecting units for ejecting liquid droplets so as to forma

pi xel ; and ejfecoindgrdi rtec ttihen ethboerimenitngleseandeetionbdeker whai ng an ej ecti ng
direction of liquid droplets ejected fromthe |iquid-ejecting unit sel ected
by the |RRafn®jeraisipunid has been described as that one heating

resistor 18 is arranged for each ink cﬁamber 21. Whereas,
according to this embodiment, a plurality of energy—
generating elements are arranged for each ink chamber, as
will be described 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.
{Bead Structure)

Fig. 12 is an exploded‘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 invéntion. 1In Fig. 12, the nozzle
member 19 is bqnded on the barrier 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



- 65 selecting neans. 11. An apparatus according to Caim9, wherein the
| iquid-ejecting unit conprises: a liquid chanber for containing liquid to
‘be ej ected; and energy generating nmeans di sposed within the |iquid chanber
for generating energy for ejecting liquid contained in the liquid chanber
fromthe nozzle, a plurality of the energy generating neans being

j uxtaposed in one liquid chanber in the lining direction of the
liquid-ejecting units, or the energy generating neans bei ng made of one
substrate and a principal portion thereof for generating energy for
ejecting liquid being divided. into"a3®lurality of sections, and wherein
the ejecting-direction deflecting neans differentiates the energy
generation of at |east one energy generating neans of the plurality of the
ener gy gemefatidige ieanst inedde 3ane(iN-qui d 'ahvgnbers ifr omrddne xezen gy
generation of at |east one another energy generating nmeans, or the

ej ect i ngrkd etie anirefieand 138 eansnld f er enhiratlest e éreidgyehdeser ati on of
at | east one principal section of the plurality of the principal sections

of the emerlgyclgendsaindgeaeeiansl drtomd dheemarigy: geveet &tli exaefptattleeast one
anot her princtpal section, thereby deflecting the ejecting direction - 66

of |iquimbzlrloplmdrghed 219 AhappadmatRisy .adcor dingy amrafigadn 9, Themer eiviera
plurality of the heads are arranged in the lining direction of the

| i qui d- eflees¢ Mpadielirs hex dmbtcorbtitautiarg iramenifern 19 nerhedd ch
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described embodiment.

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

Figs. 14A and 14B are a plan view and a sidgAsectional
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
embodiment, within one ink chamber 21, a heating resistor 32
divided into two is arranged. 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

cne heating resistor 32 into two in such a manner, since the

length is the same and the width is halved, the resistance
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']10%%&Agéi§tor fﬁ)g{d t(%[gg%é%%éh (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 is arranged within one ink chamber 21, if the time to

reach the temperature boiling ink (bubble generating time)
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of each heating resistor 32 is equalized, ink on the two
heating resistors 32 is simultaneously boiled so that ink
droplets are ejected in fhe axlal direction of the nozzle 20.
Whereas, if time difference of the bubble generating time is
prodgced between the two-divided 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 0x 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 abscissa of the graph) indicates
a direction perpendicular to the X direction (transferring
direction of a photographic sheet). Fig. 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
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heating resistors 32 while the deflecting amount (measured
by assuming the distance between the nozzle 20 and the
lénded position to be appropriately 2 mm) at the landing
position of an ink droplet is plotted in ordinate as the
ejecting angle 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 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 direcﬁion 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
angle 6x 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 over one
heating resistor 32 from that over the other heating
resistor 32 80 as to deflect the ejecting angle of ink

droplets (ejecting-angle deflecting means) .
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If the resistances of the two-divided heating resistors
32 are not the séme by errors in manufacturing, for example,
since the time difference of bubble generation is produced
between the two heating resistors 32, the ejecting angle of
an ink droplet 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 droplet cannot be ejected in the direction
perpendicular to the landing surface of a photographic sheet
by errors in manufacturing, 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. TIf the ejecting angle of

the ink droplet ejected from a specific ink-ejecting unit in
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of an ink drop from another ink-ejecting unit, for example,
only the ejecting angle of the ink droplet from the spedific
ink-ejecting unit is deflected so as to align it in parallel
with the ejecting angle of an ink droplet from another ink-
ejecting unit.
Furthermore, in the case of the line head 33, if there
is an ink-ejecting unit incapable of ejecting ink droplets
or an iﬁk—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 the 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 i1s generally 1 to 2 mm appropriately;‘it is assumed
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to be H = 2 mm (H is substantially constant) here. Also,
when the resolution of the print head 31 is assumed to be
600 dpi, the space between adjaceﬁt ink-ejecting units (the
nozzles 20) is 25.40 x 1000/600 =~ 42.3 {(um).

The eject?ng—direction deflecting means according to
the embodiment is forrdeflecting the ejecting diréction of
an ink drople£ 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 27 while the space
between two landing positions of ink droplets mostly
separated from the directions of 2’ is set so as to be (27-1)
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 2Y is
selected.

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

ink droplets are four (27 = 4). The distance between two
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dots separated mostly during deflection is three times the
space between two adjacent ink-ejecting units (2° - 1) = 3.
Then, every.time the control signal changes as it is (0, O),.
(0, 1), (1, 0), and (1, 1), the landing 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 pm) between two
adjacent ink-ejecting units, i.e. 126.9 pm, the deflecting
anglebf (deg) is:

Tan 20 = 126.9/2000 =~ 0.0635

then, 6 = 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 resistors 32. In this
example, using a 2-bit control signal (J = 2), the ejecting
direction of ink droplets 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:; according to the embodiment, the

resistor Rh-A is set smaller than the resistor Rh-B. From a
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connection path (an intermediate point) between the resistor
Rh—-A and the resistof Rh-B, a current can be taken out.
Moreover, three resistors Rd are for deflecting the éjecting
direction of an ink droplet. Furthermore, transistors Q1,
Q2, and Q3 functions as switches for the resistor Rh-A and
the resistor Rh-B.

An input unit C is fo; entering a binary contrel signal
("1l" only when passing a current). Furthermdre, symbols L1
and L2 denote binary entry AND gates, and symbols Bl and B2
denote input unifs for entering a binary signal ("0" or "1")
of the AND gates L1 and L2, respectivgly. In addition, to
the AND gates'il 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 Q02 and Q3 are not operated (current is
not passed through the three resistors Rd). In 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-B. 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
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vicinity thereof) 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.

When C = 1 as well as (B1, B2) = (1, 0) afe entered,
the current is also passed through the two resistors Rd that
are connected to the transistor Q3 in series (the current
does not flow through the resistor Rd connected to the_
transistor Q2). As a result, the current floﬁing through
the resistor Rh-B is reduced smaller than that when (B1, B2)
= (0, O) is_entered. However, also 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 the
ink-ejecting unit located adjacent on the left is landed
without deflection.

Next, when C = 1 as well as (Bl1, B2) = (0, 1) are
entered, the current is passed through the resistor Rd that
is éonnected to the transistor Q2 (the current does net 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. 1In 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
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case 1s ejected without-deflection.

Furthermore, when C = 1 as well as (B1, B2) = (1, 1)
are entered, the current is passed through'the three
resistors Rd that are connected to the transistors Q2 and Q3.
As a result, the current flowing 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~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-24, Rh-B, and Rd may be set so that every time the input
value (Bl, B2) changes as it is {0, 0}, (1, 0), (0, 1), and

(1, 1), the landing 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
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position at which the ink droplet from the ink-ejecting unit
located adjacent on the left is landed without deflection;
and the position at ﬁhich the ink droplet from the ink-
ejecting unit loéated adjacent on the right is landed
without deflection. According to the input value (B1l, 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 méans. 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-contrelling 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
éjected from one liguid-ejecting unit while the other dot is
formed by a plurality of droplets ejected from another
ligquid-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
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arbitrary time axis and the abscissa represents an arbitrary
distance. The arbitrary time axis corresponds to the
ejectidn executing timing of an ink droplet ejected

according to the nﬁmber 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 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. In each pixel, up
to P ink-droplets can be ejected for example. Therefdre,
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 hand, on the abscissa, 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
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position 1. Also, on the (M+l)-th line and at the pixel
position 1, the ink-droplet is ejected three times so as to
form dots composed of three droplets of ink at the pixel
position 1.

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 means
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 (M+l)-th line.

(Liguid-ejecting Unit Selecting Means)

The ejection-controlling means according 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.
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In selecting an ink-ejecting. unit by the ink-ejecting
unit selecting means, there may be a method according to a
predetermined pattern or a method of selecting at random.

The ink-ejecting units of one print head 31 are
numbered as 1, 2, -*N-1, and N while thé 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
pizxel 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 (x is any one of 1 to N) of the M-th line, the
ink-ejecting unit x may be used, and for 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
%, an ink-ejecting unit disposed adjacent the ink-ejecting
unit x, i.e., the ink-ejecting unit (x+1) or the ink-
ejecting unit (x-1), may be used. Othér than fhese 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 alsc be used.
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Furthérmore, for landing an ink droplet at the pixel
position x of each line: at the pixel position 2 of the M-th
line, the ink-ejecting unit x~is used; at the pixel position
x of the next (M+1)-th line, the ink-ejecting unit (x%l) is
ﬁsed; and at the pixel position x of the further next (M+2)-
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—ejecting 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+1)-th line, the ink-ejecting unit (x+1) is
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used; and at the pixel position x of the further next (M+2)-
th line, the ink-ejecting unit (x-1) is uséd, such that at
the pixél position x of each line, the ink-ejecting unit x,
which is located directly above the pixel position x, may
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 x, when the ink-ejecting unit x is selected, the
ink droplet is controlled to land without deflection. 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 therecf by
deflecting the ink droplet toward the ink-ejecting unit x.
Similarly, for landing an ink droplet at the pixel position

%, when the ink-ejecting unit (x+1) is selected, the
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ejecting direction is controlled so that the ink droplet is
landed at the pixel position x or in the wvicinity thereof by
deflection the ink droplet toward the ink-ejection unit x.

If an ink droplet is ejected in such a manner, even the
image is with plural gradations, one 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 line), 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 line, improving quality
of the entire images. Thereby, if a specific ink-ejecting
unit cannot eject ink droplets by clogging, etec., for
example, if.the same ink—ejecting unit were used, at pixel
prosition 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
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application, so that the signal processing can be simplified.

Furthermore, if there is an ink-ejecting unit with the
ejecting direction being out of alignment with oﬁher ink-
ejecting units in advance, when pixels with plﬁral
gradations are arranged, even if the ejecting direction of
this ink-ejecting unit is not deflected foi 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.

Both Figsl 192 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. In 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. 1In 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-
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direction deflecting means, the ejecting direction of an ink
droplet from the fourth ink-ejecting unit from the left is
deflected to the right in the drawing. .By controlling the
landing position of an ink drbplet from'thé 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 the left as done in the
example in Fig. 19B.

In the example of Fig. 19C, the fourth ink-ejecting
unit from the left }s used for forming the fourth dot from
the left at the first line. 1In the next second line, the
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 dot 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
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described abiove, and various modificatioﬁs may be made as
foliows, for example. |

(1) Accordiﬁg to the embodiments, two pixels adjacent
in the direction perpendicular to the arranging direction of
the ink-ejecting units are always formed by ejection 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 example,
at the pixel positions x on the M-th line and the (M+1l)-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
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the two—divided heating resistors 32 from the other; the
invention is not limited to this, and two-divided heating
resistors 32 with the same resistance are arranged and
timings passing through electric cu;rent may be
differentiated. For example,. there are independently
prbvided switches for each of the two-divided heating
resistors 32, and by turning on the switches with time
difference, the time difference cof 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 embodiments, the two divided
heating resistors 32 are provided within one ink chamber 21;
the invention is 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
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- principal part is differentiated from at least one of the
other principal part, thereby controlling to deflect the
ejecting direction of ink droplets.

(5) According to the embodiments, as thermal-type
energy generating means, the heating resistor 32 is
exemplified; alternatively, a heating element may bg 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 electri;ity. At this time, by utilizing an &lastic
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 vy,
time difference may be provided between two energy

generating means, or voltage values may be differentiated
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from each other and applied to two energy generating means.

Also the piezoelectric energy generating means is a
layvered product of a pilezoelectric element haviné electrodes
formed on both surfaces and a vibrating plate.

When a voltage is applied to the electrodes on both surfaces
of the plezoelectric element, a bending moment is generated

on the vibrating plate by the plezoelectric 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 wvarious kinds of ligquid-ejecting apparatus.
For example, an apparatus for ejecting a solution containing
DNA for.detecting a biclogical material may be applied.

As described above, according_to the embodiments, the
displacement in landing positions of ink droplets can be

minimized, improving image quality. Also, the signal
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processing for ejection execution is not complicated so that
the signal processing can be simplified.

Furthermore, if there-is an ink—éjécting unit with the
ejecting direction 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 allowed to be

inconspicuous.
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WHAT TS CLATMED IS:

' 1. A liguid-ejecting method comprising the steps of:

replenishing a liquid 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 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

pulse signal.within the frequency band.

2. A method according to Claim 1, wherein the liquid
chamber is replenished with the same amount of liguid 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 liguid in‘the ligquid chamber
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in a predetermined frequency band of the pulse signal is the.
same as under that the surface of liquid in the nozzle is

not drawn back toward the liguid 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 ligquid chamber.

5. A liquid-ejecting apparatus comprising:

a nozzle member having a nozzle for ejecting liguid
therefrom;

a liquid Qhamber-formed corresponding to the nozzle;

ejecting—-energy generating means disposed within the
liguid chamber for generating energy for ejecting liquid
contained in the ligquid chamber from the nozzle as a liguid-
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 liguid droplet of
the liguid-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 a drive frequency of the pulse signal within the
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frequency band.

6. An apparatus according to Claim 5, wherein the
liquid chamber is formed so as to have a height capable of
replenishing the same amount of liquid as that 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
Vthe same degree of negative pressure as under that the
surface of liquid in the nozzle is not drawn back to the
liquid chamber to liguid contained in the ligquid 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
ligquid from the nozzle by heating the liquid contained in

the ligquid chamber so as to generate.bubbles.

9. A ligquid-ejecting apparatus comprising:

a head having a plurality of lining liguid-ejecting
units, each having a nozzle;

ejécting—direction deflecting means for deflecting the

ejecting direction of a liquid droplet ejected from the
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| @KhOPRYzzle of one liquid-ejecting unit so that the liquid
droplet is landed at a position or in the vicinity of the
position where the ligquid droplet frbm the nozzle of anothex
liguid-ejecting unit located in the vicinity of the one
liquid-ejecting unit is landed without deflection; and
ejection-controlling means for controlling the ejection
so that when one pixel is formed by landing a plurality of
liguid 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
liquid-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 ligquid-ejecting unit different from

the one liguid-ejecting unit.

10. An apparatus according to Claim 9, wherein the
ejection—contrelling means comprises:

liquid-ejecting unit selecting means for selecting a
liguid-ejecting unit from the plurality of the liguid-
ejecting units for ejecting liquid droplets so as to form a
pixel; and

ejecting-direction determining means for determining an
ejecting directicn of liquid droplets ejected from the

ligquid-ejecting unit selected by the liguid-ejecting unit
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selecting means.

11. An épparatus according to Claim 9, wherein the
liquid-ejecting unit comprises:

a ligquid chamber for containing ligquid to be ejected;
and

energy generating means disposed within the ligquid
chamber for generating energy for ejecting liquid contained
in the liguid chamber from the nozzle, a plurality of the
energy generating means being juxtaposed iﬁ one liguid
chamberlin the lining direction of the liguid-ejecting units,
or the energy generating means being made of one substrate
and a principal portion thereof for generating energy for
ejecting ligquid being divided into a plurality of sections,
and

wherein the ejecting-direction deflecting means
differentiates the energy generation of at least one energy
generating means of the plurality of the enexgy generating
means in the one liquid chamber from the energy generation
of at least one another energy generating meahs, or the
ejecting-direction deflecting means differentiates the
energy generation of at least one principal section of the
plurality of the principal sections of the energy generating
means from the energy generation of at least one another

principal section, thereby deflecting the ejecting direction
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of liquid droplets.

12. An apparatus according to Claim 2, wherein a
plurality of the heads are arranged in the lining direction
of the liquid-ejecting units, the head constituting part of

a line head.




