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BACKGROUND OF THE I NVENTION 1. Field of the Invention The pres%Mﬂmmwm
reJates to a technology for controlling flying characteristics

a position to which liquid is delivered and to |liquid ejecting devi®ezand

method in which liquid in liquid cell is ejected froma nozzle. The present
i nvention specifically relates to, in liquid ejectlng devi ce |nclud|ng
heads each having a plurality of liquid ejecting po ons arra

parallel and |iquid ejecting nethod ssing the heads each hale%ﬁ“lmumwmw
ej ecting portions arranged in parallel, a technol ogy for con

direction (a direction in which liquid is delivered) in which |iqgwise is
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ej ecting device including heads which each have a plurality of liquid
ejecting portions arranged in parallel. A thermal nethod that uses thermal

ener gy tBA@kéﬁbUNBkoFSTﬁﬂofﬁvﬁﬁTQBQ of ink ejecting nmethods for inkjet
printers. In an exanple of printer-head chip structure using the therm

method, hnk E8.3Q LEK GG hnl8nkedhed by a heating S

The present invention relates to a technology for
controlling flying characteristics of liquid or a position
to which liquid is delivered and to liquid ejecting device
and method in which liquid in liquid cell is ejected from a
nozzle. The present invention specifically relates to, in
liquid ejecting device including heads each having a
plurality of liquid ejecting portions arranged in parallel
and liquid ejecting method using the heads each having the
ejecting portions arranged in parallel, a technology for
controlling a direction (a direction in which liquid is
delivered) in which liquid is ejected from each liquid
ejecting portion.

2. Description of the Related Art

Inkjet printers have been conventionally known as a
type of liquid ejecting device including heads which each
have a plurality of liquid ejecting portions arranged in
parallel. A thermal method that uses thermal energy to
eject ink is known as one of ink ejecting methods for inkjet
printers.

In an example of printer—~head chip structure using the

thermal method, ink in an ink cell is heated by a heating



- 2 elenent disposed in the ink cell to produce bubbles in the ink on the
heating el enent, and the energy of the production of the bubbles ejects the
ink. Anozzle is formed in the upper side of the ink cell. Wen the bubbles
are produced in the ink in the ink cell, the ink is ejected fromthe
ejecting outlet of the nozzle, Fromthe viewoint of head structure, there
are two nethods, a serial nethod and a line nethod. In the serial nethod,
an image is printed by noving a printer-head chip in the width direction of
printing paper. In the |ine nethod, Aeny-printer-chip heads are arranged in
the width direction of printing paper to forma line head for the wi dth of
t he printing paper. Fig. 18 is a plan view showng a |ine head 10 of the

ol ated 8iLncAlLHOUGNSLAVEnPELD! BhNead chLng AaGe Ty oy e panl Ne2) are

shown |n nore prin erhead S ‘are arranged n each

pr'”ter'Pﬁﬂdoﬁhkﬂelheégﬁhﬁréhhh&n%f 0gazkes gﬁeQQg'Bge%heph&eau%%abﬁts

nozzles [@a are arrange e given direction pri ht'i'ng paper

arranged, Entﬁgebﬂkﬁﬁgs eﬁQbEé %harﬁnﬁrraﬂgﬁgz§9eoage%ora@é iR @peortion for

ejecting 1nk are torned in parallel 1n a given direction, 1s identical

to the w,dpBrdiiget b@ntﬂlesenkt be1prl nWﬁénh%ﬁ@ ShbBel are Girb@eiicon.
Adj acent printer-head that their nozzles |a oppose each in which two

printer-hgadnehifg in the3infr eeddj acaet ih@ eackjethen firbe phlech of the
nozzles la is consecutively maintained (see the detail of portion Ain Fig.

18) . Thejeekahgdoatliethovnthe hogz128 has the foll ow ng problens. Wen ink
is ejected fromthe printer-head chips 1, it is ideal that the ink is

ej ect ed per pehdorcutiae | yiéwpdihetepechead strfiateref therpraneetwhead chips
1. However, various factors may cause a case in which an angle at which the
i nk i s emethedsi,sanserpeipaedhod and Eod imeameitdodwhedna thez Hles isteet
havi ng the nozzles la fornmed thereon is bonded to the upper side of ink
cel I s hametfoHeaphngmebendst prinftedpbybieming ehatr ipssirtiheasl ohHipf tirng
occurs between pairs of the ink cells and the heating el enents, and the
nozzl es Ithe Whdiht BAreeEire shedrindipgnde®eso t A&t ldge @etdoduhe
nozzles la is positioned in the center of the ink_ cells and the heating

el enent sMepKePrARtEE—Ehdbt B§2Fsr pesdrcararey dg the Whdty Sdestissr f ace

(e nozelep et Buelace)  Hpueker, LSl e 0is iekiegl Uie |
ej ected B%&R%gdlcularly to the ejection surface.

Fig. 18 is a plan view showing a line head 10 of the
related art. Although four printer-head chips 1 (N-1, N,
N+1l, and N+2) are shown in Fig. 18, actually, more printer-
head chips are arranged.

In each printer-head chip 1, a plurality of nozzles la
having ejecting outlets for ejecting ink are formed. The
nozzles la are arranged in parallel in a given direction,
and the given direction is identical to the width direction
of the printing paper. Also, the printer-head chips 1 are
arranged in the given direction. Adjacent printer-head
chips 1 are arranged so that their nozzles la oppose each

other, and in a portion in which two printer—-head chips 1



Al so, a positional shift can occur due to a difference in thermal expansion
factor*between the pairs of the ink cells and the heating el enents, and the
nozzl e sheet. - 5 perfornms printing while nmoving fromtop to bottom of
the plan viewin Fig. 19B. In the section viewin Fig. 19A, anong the line
head 10, three printer-head chips 1, that is, the N-th printer-head chip 1,
the (N+1)-th printer-head chip 1, and the (N+2)-th printer-head chip 1 are
shown. As shown in the section viewin Fig. 19A in the Nth printer-head
chip 1, ink is slantingly ejected in-tge-left direction as is indicated by
the left arrow. In the (N#l)th printer-head chip 1, ink is slantingly
ejected in the right direction as is indicated by the central arrow. In the

(N+2) -t h_pri nt.er-head, chi , ink_is_ _perpendicul.ar ej.ected withqout a
shift inagﬁgﬁejgfegﬁegPiSECéSOFgthngstgatﬁb Pﬁet%¥gﬁ Zé?FSWﬁEAégordingly,

inthe N r.i.ater~head.chi t i i | siqv | ff _te.fhe
left f ro%ggsfggkgégﬁ% %gsl?l?flgﬁ%dar{%%ien%ﬁe%f%%f)l- ﬁfgjr? n iecg}?hzge)aidn cﬁ%% 1,
the ink hgydelivered, being off to the right fromthe reference position.

Thus, between both, the ink in the N-th printerhead chip 1 and the ink in

the (N+1)-th ppinielaheadashi pndwal Endplyveigonke PRROSLIEoflifgCtions. As a
result, a region in which no ink is delivered is fornmed between the N-th

printer-headiehsp 1 and the (N+1)-th printer-head chip 1. In addition, the
line head 10 is only noved in the direction of the arrowin the plan view
in Fig. 19B wyhBAuinkeifgejecte® fABMEEhENpEDRtWLdhBadi EREPEOM, Oftt he

printing paper P. This fornms a white stripe B between the N-th printer-head
chip 1 ang tiHea(Nthhtprhet éhkheadedkiced, pelitpendddsilagly poolkthem of
deterioration in printing quality. Simlarly to the above case, in the
(N+1) -t hegeicitien surface of the printer-head chips 1. However,

various factors may cause a case in which an angle at which

the ink is ejected is not perpendicular.

For example, when a nozzle sheet having the nozzles 1la
formed thereon is bonded to the upper side of ink cells
having heating elements, the problem is that positional
shifting occurs between pairs of the ink cells and the
heating elements, and the nozzles la. When the nozzle sheet
is bonded so that the center of the nozzles la is positioned
in the center of the ink cells and the heating elements, the
ink is ejected perpendicularly to the ink ejection surface
(the nozzle sheet surface). However, if a shift occurs
between the ink cells and the heating elements, and the
nozzles la, the ink cannot be ejected perpendicularly to the
ejection surface.

Also, a positional shift can occur due to a difference

in thermal expansion factor between the pairs of the ink

cells and the heating elements, and the nozzle sheet.



head chip 1, the ink is delivered, being off to the right fromthe
reference position. Thus, the (N+1)-th printerhead chip 1 and the (N+2)-th
printer-head chip 1 have a conmon region in which the ink is delivered.

Thi s causes a di scontinuous image and a stripe C which has a col or thicker
than the original color, thus causing a problem of deterioration in
printing quality. Wen such a shift in a position to which ink is delivered
occurs, the degree to which a stripe |ooks noticeabl e depends on an i nage
to be printed. For exanple, since a-dogurent or the |ike has many bl ank
portions, a stripe will not |ook noticeable if it is forned. Conversely, in
the case of printing a photograph I mage in al nost all the portions of
printing pap lf a sli strl is f it owlil Io k noticeable. For

a (He 1ﬂk e &
the purpose o © AT th% WEE o of ' BucH ST 1Pe, Japanese Pat ent
Appllcatggg Qﬁd%§§9%rf§léz Qﬁgrg'gggggﬁhéﬁﬁﬁéégd Ega?ﬁknggp%#SE @Qpllcatlon

1") has heé Assi gneé e preseéent I catron.

the invea%ggoeengéglgﬁrléeghigagkgetlgo sRLURAl | hHeBl the afgligabEnd.

el enent s aters) which can separate rrven are provi in ink

cell's, aaﬁeéxlaﬁpeka%ﬁeylﬁk'xsngh&?eeaeakbmg @ksgﬁa&éulargtyesylen in which

each |nk dropiet is e ected can be changed. Accordingly, it has been

t hought %B@EtibﬁaioéﬂﬁktoﬂLOEntH@lib@Y? skriAR (kbBpirwki ts stripe B or the
stripe C) can be prevented by the Earlier Application 1. However, although

Earlier Application 1 deflects the ink droplet by separately controlllng
the heating elenents, the result of further study by the present Inventors
has indicated that, when the net And=ofi kat&nh@r Application 1 is enployed,
the ejection of the ink droplet nay becone unstable and a printed inage
havi ng high quality cannot stably be obtained. The reason is described

bel ow. According to study by the present Inventors, as described in
PCT/ JP/ 08585 ther diisabnee rlebempédyt @ &s 2Emililémeppplsi dat itbe 2apefil ed by
the Assignee of the present Application, normally, the quantity of ejection
of ink fPémthezinisetomethed)i hetvass itheachsrstone sunfaccorasnében th an
increase in power applied to heating elenments, but tends to rapidly

i ncr ease SWAERCEhd apsWEEasRc O8d¥ha Chr 886t Rk AEQP}SItud S( S8d 1EgrRPdr Of
Application 2, page 28, lines 14 to 17, and FI? 18). In other words, a
suff|C|eHFl&GéH9|P?p8F PRE dPopl dH d8nROPSEENE ect ed unl ess power equal to

the predeternhggg g&é € Orhgfgaggrahgle of ejection of the ink

occurs, in the serial method, the shift in angle appears as
a shift in delivery of ink between two nozzles la. In the
line method, in addition to the shift in delivery of ink,
the shift in angle appears as a positional shift in delivery
between two printer-head chips 1.

Figs. 19A and 19B are respectively a section view and
plan view showing the state of printing performed by the
line head 10 (in which the printer-head chips 1 are arranged
in parallel in a direction in which the nozzles la are
arranged) shown in Fig. 18. 1In Figs. 19A and 19B, assuming
that printing paper P is fixed, the line head 10 does not

move in the width direction of the printing paper P, and



_ g _ supplied. . Therefore, in the case of separately driving the heating
el ements, when ink droplets are ejected by performng only driving of only
sonme heating el ements, a sufficient anount of heat for ink droplet ejection
must be generated only by the driving. Accordingly, in the case of
separately driving the heating el enents, when sone heating el enents are
used to eject the ink droplets, power supplied to the heating el enents nust
be increased. This situation causes a di sadvantageous situation to size
reduction in the heating el enent whi eh5is associated with increased
resolution in the recent years. In other words, in order to performstable
ejection of ink droplets, the anount of generated energy per unit area of
each heati . .eXt i e d.th al . a result,
damge { BeLEerreoPrey him VhyTH BETARY (2SR Mnthlior Tl (R i1

of the hegting;elenents,, t U shortening the Iife of the head. The above
pr obl em;(f:)ar(g1 sil%‘i I gﬁ y %gdung i'n the case of using the technol ogi es

described i nrjapgpeseciabent, kg 12780648 (dier eimald etnd ef erEefetq 28,
"Earlier Application 3") and Japanese Patent No. 2836749 (hereinafter

referredt@eas prEafddreheARPldnadls AN 4hat Alst,haugh NEat irafi rARRI-HGEald on 3

di scl oses an invention for preventing a satellite (scattering of ink), and
Earlier chipgl, AmR i@etl)ormd pHiisaleaseeaan diiyent,| ehhd ahd hevyrpese of
realizing stable control of gradations, both are simlar to Earlier

Appl i cat ipaiinkdrthésianghd poliuaald tshoedn .heating el enents and separately
driving the heating elenents. By driving sone heating el enents anong a
plurality of BReathngnelienmthksstotépectienk idr Splet $92as innthar Ni-¢h
Applications 3 and 4, the ink droplets can be ejected and defl ected as
descri begdimteam-hesd Apyln dat ilevk 35 orlagrtddatliyorejeorted|inc ahebd qfgr f or ned
as described in Earlier Application 4. However, in the case of using
provi ded digmdtrigrelasndm s ngiicdtest dysdld dsifAedinpwassddl dtieon(Ngilr
increased resolution in the recent years, when only sone heating el enents
are dri védh fFigtan-head od éirs inkhd s ilAnt ing hhan Tt gsbvier @bl i ng
stabl e ejection causes a problemof a decrease in the |life of the heating

el enent s £t KE neqkdmn &% ild ERddicateh Ry dts GfErah a5 I easel n the

anount of power 1o each heati B}ge eCJTerﬁT;int represents an ingcrease in the

m ni mum t NP )orth MY dte2 P ity i’ iRTARSR ¥ gr adat i on

control which is t. orji gi nal, gbj.ect_ of. the. i nvention in .Earlier

Appl i cat IO c%edéé"r%&glrosu A ?f’ Sf}lnl 1%arllq earng&peplc?fca eocrrlkléﬁn whHen hlencgln%autn%d of

power suw 1464 tr%gef}atcglf}%q}.i ng element is reduced, there is a possibility
ropl¥ets canno

that the 1'nk t stably be ejected, as descri bed above.
Accordingly, in the N-th printer-head chip 1, the ink

is delivered, being off to the left from a reference
position, and in the (N+1)-th printer-head chip 1, the ink
is delivered, being off to the right from the reference
position. Thus, between both, the ink in the N-th printer-
head chip 1 and the ink in the (N+l1)-th printer-head chip 1
are delivered to opposite directions. As a result, a region
in which no ink is delivered is formed between the N-th
printer-head chip 1 and the (N+1)-th printer-head chip 1.

In addition, the line head 10 is only moved in the direction

of the arrow in the plan view in Fig. 19B without being



As is understood fromthe above description, inthe - 10 case of using a
head ihcl udi ng heating el enents which are small-sized in association with
increased resolution, it is inpossible to prevent the formation of the
above stripes by the related art and the technologies in Earlier
Applications 1 to 4. SUMVARY According, it is an object of an enbodi nent of
the present invention to performstable ejection of |iquid w thout
shortening the life of neans of producing bubbles, such as heating

el enents, and to control the flying €haracteristic of the liquid or a
position to which the liquid is delivered. Specifically, the object of an
enbodi nent is to control a direction in which liquid is ejected, for
exanpl e, | L 1. QUi ! i I Vi .each_i.ncl gdi n
pIuralit?bg?al#gughgeﬁgggﬁnggﬁg§¥#§ﬁsQgr%g%ggg§ﬂ§l§§rgﬁbgﬁ gﬁd ghﬁfquid

ej ectingegphhogd gﬁ&%@ Q@Q?Peeﬁcge'tw‘é Hdi-ng ﬁ—EbPP?Eh%rQBeBH‘JHh pEhecting
portions arranged I n paralfel. According to a fifFst aspect of the present
'nvent'OQndatthHNdlflEQEhQQrdﬁéhﬁech%ppﬁovkﬁﬁg whi,shnbng! Bees1am bgui d
cell for containing [iquid, a plurality of bubble proddcing units for
produci ngebubbbestibi thepkiauidgl Gubhetki quid cell in response to supply
of energy, and a nozzle for ejecting the liquid in the liquid cell by using
the bubbl es psofiuceel Pytsdhenbubbbee peodeci g thét s+ Thethupbletproduci ng
units - 11 are disposed in the liquid cell, and all the bubbl e producing
units i nhehd kthdpi d,cehk ank deppkiledewnet) baehgyofdndobyheetrtighdg a

di fference between a manner of supplying energy to at | east one of the
bubbl e pfodmcithg urifesecacd aosinhen.of Tauppl yheg (¥ré) grht pranaelrer one of

t he bubbl e producing units, a flying characteristic of the liquid ejected
from t hehredzkbips lcendr thkeedN$a3edhopriingedi-htedesbdr Actonvei g to a
second aspect of the present invention, a liquid ejecting device is

provi dedcammeR rreigdednavwhighi ¢he dakl ipodeddivedeni-ng Thilguicdusgsplural ity
of bubbl e producing units for producing bubbles in the liquid in the |iquid
cel | in PéSEEREANVBUSUPPRFCORNENSr §FX1REd CaVhdEN Bapor SPOE AGLFHKeT i qui d
inthe liguid cell hy using the bubbles prqoduced by_ the bubble producing
units. Th aBuEBFe°§F8&G€#n%°&ﬁFvstQPé &P§6&§€daiﬁrPPéem Gdid cell, and al

t he bubbl.e %roducin§nunits i,n_ the cell are supplied with energy, and

he |i qui,
by perfoPﬁF §ienéry _s&BpP§l§3lPﬁaﬁh§ﬁéi ference i s set between the tine
required for @ﬁggrgﬁ%ggaasggfgL§P:ﬁe Qgikth'ng¥h§Eh|§% tigne of the

bubbl e producrng uni ah reguired Tor generating a bubble in
t he "qUHQ1?¥e%Qth%Eu?29 ¢ etﬁ%gQ%%bk% RAQRUCING YIS 1 3 dd Vi ng
characterirsfic or the Tiduid ejected fromthe nozzlé s controlled based on
the diff@rele@able depends on an image to be printed. For example,
since a document or the like has many blank portions, a
stripe will not look noticeable if it is formed. Conversely,
in the case of printing a photograph image in almost all the
portions of printing paper, if a slight strip is formed, it
will look noticeable.
For the purpose of preventing the formation of such a
stripe, Japanese Patent Application No. 2001-44157
(hereinafter referred to as "Earlier Application 1") has

been filed by the Assignee of the present Patent Application.

In the invention of Earlier Application 1, a plurality of



According to a third aspect of the present invention, a - 12 liquid
ejecting device is provided which includes a liquid cell for containing
l'iquid, a bubble producing region which produces a bubble in the liquid in
the liquid cell in response to supply of energy and which forms at |east
part of one internal wall of the liquid cell, and a nozzle for ejecting the
liquid in the liquid cell by the bubble produced by the bubble producing
region. An energy distribution in the bubble producing region which is
obt ai ned when the energy is supplied-td +he bubbl e producing regi on has a
di fference, and based on the difference, a flying characteristic of the
liquid ejected fromthe nozzle is controlled. According to a fourth aspect

of the preseuhol BYEALLOD: (RLLANLA shegtl B IgKLEE sy Br AU ed i on

i ncl udes "7 q or con i ng |qU| uralrty o

produc'nargngkgvﬁagdpaedwﬁknaeEEgb'sﬁdla tggggkg%bq 8408l Quid cel | in

response to Supply ener gy, a“nozzt rejec |ng the“liquid in the
|i quid cgbhth¥qush BlichRS, babah@éce&eﬁuesdwhxchh@agubQhﬁ pregdeingsuni ts.
The bubbl e progUC|ng units are disposed in the I'tquid cell, and the bubbl e

produci ngydBika %Qﬂpbbséﬁanaeﬁa'nA@E%E@Eh@@yCOEErﬁhsuﬁb%nfQho%bﬁ%t'ng
liquid fromthe nozzle by suUpplying the energy to all the bubbl'e producing

units; amdad $HB @pematien- e@nthel avBivk WhirepeSURBL @hitle serapgypto all
the bubbl e produci ng units and which, by setting a difference between a
manner obr thel3tripppkyi Bgneper gyetz@nabdl Bgsttheng@aafl itehe Abwhhlca tpoaduci ng
units and a manner of supplying energy to another one of the bubble

produci ng.units, uses the nozzle to performejection based on the
difference of liquid having a flying characteristic different fromthat of
the liquid ejéevedeby ahthoegh Bpelderohppbhcabionnitdefteotdi hgeto a fifth
aspect of the present invention, a liquid ejecting device is provided which
i ncl udes iakl dgapdetebly s@pa@gﬁeéwnpngtmp@mg &hgl healtiing 6fl epebitise
prodUC|n% units for producing bubbles in the liquid in the liquid cell in
responsethg SGFpLy 6f EHELHpr anddy Ryzihe Psesep&ctnNgniieds b@did in the
liquid cell by using the bubbles produced by the bubble producing units.

The bubbRBIBFEEEE: f§aini tear Ehgi 855868 PF FRE LcquAPPddlat1aRd 1t RE bubbl e

producin its conprise: mai n _oper at,i n con unit for ejecting liquid
fron1the%WBE?VEdbynBﬁpﬁﬂ?F%QOPhQfeﬁgﬁgﬁ D P ate b B Beoruci no uni Lo,
and a sub_o t|on control |t mhlcg plhgs the q&ggy to %!I t he

bubbl e pPBS%@l g ﬁﬁlts gn&nﬁﬁ ﬁmaﬁf gglgp e Betieen a nmanner

of suppl %lt%l ”Sia%bttglﬁted' ea%%,hm}%a% ”1% l&‘é%%'rﬁb%cf%"éﬁ' g units and a

manner o | yiI'lng enér n opeération-con Unit, uses the

nozzle to per&e&a}&iﬁgttg sbaagd?9nthaepgéégﬁee@ﬁeeﬂkoggquag havi ng a
diffe

flying characteristic ren romthat of the liquid ejected by the main

oper ati OgegeRlibel Ynl ber/Jp/b853ACRHARAR HotdrRPad &f the present
invention, a liquid ejecting device is provided which includes a liquid

cel | forrgartaieri Rgpliigaitdona 20yblFie o ®PUGHRY AsRdipiaMy €ty oduces a
bubble in the liquid in the liquid cell in response to supply of energy and
whi ch fopiesaht! appl igattiodl, @emanlgr,nahewaidanafitdyne fl iggWdctical lof a nozzle
for ejecting the liquid in the liquid cell by the bubble produced by the
bubbl e prhadtudcirogq negizies aoea modpdmnatrearseornir @ momdtosdd dn ej ects |iquid
fromthe nozzle by supplying energy to the bubbl e producing region, and a
sub oper acicomdencer viithnialn Jilmicaleasley isetowegy apgilfifest dicddatimy ener gy
distribution in the bubble producing region which is obtained when the
energy i elemspitisedbud teadsulblel aapiddiciimprnesgicowharsddig mowsszzle to
perform ejection based on the difference of liquid haV|ng a flying

char act eeR§eedsdif Paredeterrdmecthar lare tved | %d- Rtitate Jvai n

operation-control unit. According to a seventh as ect of the resent
i nvent i oRadge 28, lines 14 to 17, and Fig. 18). n other words, a

sufficient quantity of ink droplet cannot be ejected unless

power equal to the predetermined value or greater is



aliquid ejecting nethod is provided which, by using a plurality of bubble
producing units in a liquid cell to produce bubbles in liquid contained in
the liquid cell by supplying energy to the bubble producing units, ejects
the liquid froma nozzle by using the produced bubbles. The liquid ejected
fromthe nozzle is controlled to have at |east two different

characteristics by using: a main - 15 operation-control step in which
the liquid is ejected fromthe nozzle by supplying uniformenergy to al
t he bubbl e producing units in the ligqugd-cell; and a sub operationcontrol

step in which energy is supplied to all the bubble producing units in the
liquid cell and in which, by setting a difference between a nanner of
supplyinguﬁ ergy to at | east one of the bubble producing units and a nmanner
of suppl yi g gnergy to another one of the bubbl'e producing units, the
l'iquid eject e noz | onLr d jfference to
have a flyi n?%%%%g%%gf i %?i ?ugl Jf%%‘%eﬁ% %%%%ﬁ%fﬁﬁ?ﬁ%ﬁ?l gfﬁ‘lgd ejected in

the main s at.l QR ol P4 RAC i t n.ej pect of the
n8ReL ALl @ARAALEC! wREAP 4 nR g@g@;gga 2r8eqLoith B3

present i1nvention, a liquid ejectin IS prov ich, by using a

plural it peekoRmbRLCoRTQIHEH DINENLES ohfyasbn@Uhdatshly E2eRERYUCEbUbbl es in
| iquid contained in the liquidcell by supplying enérgy to the bubble

pr oduci nguiits enej aabsnthe fl hadicd FHROANMR HQééh%tbéjééFﬁgntH@s@r%@UCGd

bubbl es. The liquid ejected fromthe nozzle is controlled to have at | east

two di ffgeastratbar aaller byt ke Byivshgy: ackbiraiapeidt ianteentkgle sitep which
ejects the liquid fromthe nozzle by supplying energy to all the bubble
produci ngepairtseily theevinguitdeckhtiandedesvhtepevaknoBomenhealisigep whi ch
supplies the energy to all the bubble producing units and which, by setting
a di fferedemebebweer asmdntier egbcsuppkying droplétsenecgert supplliedst one
of the bubble producing units and a manner of supplying energy in the main
oper at i ofocsher beagtiag, ehswenthemnstzbe tocpertedm eflbdsi entbasédnon t he
difference of liquid having a flying characteristic different fromthat of
t he |i quF@uépéctedippdvRatraicrRUSpELiatpdAoBofer 6lizet Epdustdondiingthe a ninth
aspect of the present invention, a liquid e ecting nethod is provided

whi ch, b}easiRg §1SGBBFeWﬁﬂéﬂuéﬁngsﬁéﬁﬂéﬁeﬁgVﬁﬁﬁg1§Frﬁé§§ﬁ part of one

i nt er nal mali of a l,iquid cell to produce a bubble in liquid contained in
the |iquf§SEeHI1og) éBt ShEn&SreRli ¥8PFSm a nozzl e by using the produced
bubbl e. The I%qui€%e¥ecte fromth no%zle ig contﬁoéied to Pave a% | east
two flying chalaltertsYPES® by BsPhY®r at e i* bPETat FBR= Cofit FGF-8ReB i n
which, b uppl.yihng _eneray _so that .an _ener distribution in,the bubble

or oduci ng et SR LFEuntroT ATCFPqUPd FETST BEFEd PR RE BT At 150 a sub
oper ati 0BzCankthohosteRdl B1eRAR Ak SBH! LS :dh il henceskn thgyener 9y
distribution in the bubble produci ng region when energy is supplied to the
bubbl & pradugi.ngakedi eBsud tf,| ¥aRAgeh26a6HaM 1551 G0l el ihiddhdringst ed from
the nozzle is controll ed based on"the difference to differ fromthat of the
liquid efeciealanedne Mail RRIAHARN-NTOte SELPERLCKOLELING EPeBeh Bt N
aspect of the present invention, a liquid ejecting device is provided which
i ncl udes tauki ghb@tening’ theelli feobrc@nahiaag |iquid, a plurality of bubble
produci ng units for producing bubbles in the liquid in the liquid cell in
response to sDppl gbofeepespyemandra aomzlerior fenrdt ingthbechsgqubd in the
liquid cell by using the bubbles produced by the bubble producing units.
The bubblueipgodbei ngcbnotlegies diespribed Ant Hapangsied Paclent died all t he
bubbl e producing units in the liquid cell are supplied with energy, and by
setting &780bf8r dhercbopfiter aefemmed ¢b swpPEpiridesndpgyl itcatdton 839t one
of the bubbl e producing units and a manner of supplying energy to anot her
one of tRedbdBbracpeoBatend biei-t 2830AE9 i(hereispddead refemnede tvo2asl e i s
controll ed based on the difference to be delivered to at |east two

di f f er ent' Egédiefroppplication 4").

Although Earlier Application 3 discloses an invention

for preventing a satellite (scattering of ink), and Earlier



According to an el eventh aspect of the present invention, a liquid ejecting
device is provided which includes a liquid cell for containing liquid, a
plurality of bubble producing units for producing bubbles in the liquid in
the liquid cell in response to supply of energy, and a nozzle for ejecting
the liquid in the liquid cell by using the bubbles produced by the bubble
produci ng units. The bubbl e producing units are disposed in the liquid
cell. All the bubble producing units in the liquid cell are supplied with
energy, and by perform ng energy suppl9 so that a difference is set between
the tine required for generating a bubble in the liquid by at |east one of
t he bubbl e produci ng - 18 wunits, and the tine required for generating a
bubbl e i i %?ngla:tqghd 4%1%%%%‘%%. %Rei%‘iretn*%ﬁgg.”%B'reéﬂgﬁ%tﬂ%'gggﬁ;‘pktS’ the

liquid eJB rom the nozzle™i s control ase eérence to be

del | Vere?e%%i%nlge@%tabtl‘éo cAhlhenent B%héit%%s AB%‘E@diaQ% 593 hYel bt h
t qui g

aspect o e présent invention, a li ejectin evice is provided which
i ncl udesga hi;gwi d68klafe6ncaNtdi NG LAYl drad 1RYOBIEe HREQFWE NG T egion
whi ch pro%ﬁcés a ggbﬁlgkinnthe ﬁiqﬁiggiﬁ #herﬁiau?d cellain esponse to

supply otiependy ard %’F%Qaft%w!s dali viedstnRahkea®fingne 1ieniceidal wall of the
liquid cell, and a nozzle for éjectingthe liquid in the liquid cell by

using_the_bubB&edﬁieﬂﬂgesom& hBgtbHgbkeeREeAEYCANENEEE Plurdiiepes gy
distribution in the bubble producing region which s obtained when the

ener gy i sesttppli ed emenfthe thukijlee tpriogueirogleag, 0ashas &agdilfileer ence, and
based on the difference, the liquid ejected fromthe nozzle is controlled
to be debppdiedttionat 3 east 4t,wahei fitér eiroplegist icams beAegecdiedly aha a
thirteenth aspect of the present invention, a liquid ejecting device is

pr ovi ded deffilels tiedc lasd €e s ribgd dnc Elalrlfier @pmtldicatdign i3quiod, a plurality of
bubbl e producing units for producing bubbles in the liquid in the Iiquid
cell in pegpertden conimelly cain deergy,f cameda aso dese riidredejiac Fard iteve |i qui d
inthe liquid cell by using the bubbles produced by the bubble producing
units. TRAPPlicatipy 4dpyplloweyregduditngheniceseand disspes@Faviddese |iquid
cell, and the bubble producing units conprise: a main operationcontrol unit
for ej ectieRdiFidg&lemend® e Gho 2% SB\R LdHdiafRch ¢ fe R&SQF 183 19T W3f& bubbl e
producinﬁ units; and a _sub operation-control unit which supplies the energy

nd
to all t AEEFBFEE FESAIITHE U™ 1 d SRfitth Y B Ssettifhy 21 f%81fence
bet ween nner qf suppl yi.ng ener to at | east one af the hubble
produci ngleg‘riﬁlflg e?ﬁ(?mfn%nr?&e lé"t?g%ltﬁ g SEtert tc%o St4ver Wife of the
bubbl e pr. % GlNg unit r.forIrs t.r.Ql g_o 1t differ e of the
l'iquid ejsgl E)ea' %roo%hteﬁde#g ﬁ%rt _oe%gae%ld'gﬁ 5%?”‘3’ % %jaemg%gﬁ icorllf%l fer ent from
a posi ti ok aihich o R ddedllidl 18] qafeed e e JHRl mRarY IdRanty ol uni
is delivered. According to a fourteenth aspect of the present
In the invention in Earlier Application 4, an increase
in the amount of power to each heating element represents an
increase in the minimum quantity of ink droplet. Thus, it
is difficult to perform gradation control which is the
original object of the invention in Earlier Application 4.
Conversely, in Earlier Application 4, when the amount
of power supplied to each heating element is reduced, there
is a possibility that the ink droplets cannot stably be

ejected, as described above.

As is understood from the above description, in the



invention, a liquid ejecting device is provided which includes a liquid
cell for containing liquid, a plurality of bubble producing units for
produci ng bubbles in the liquid in the liquid cell in response to supply of
energy, and a nozzle for ejecting the liquid in the liquid cell by using

t he bubbl es produced by the bubble producing units. The bubbl e producing
units are disposed in the liquid cell, and the bubble producing units
conprise: a nmain operationcontrol unit for ejecting liquid fromthe nozzle
by supplying the energy to all the buB#l e producing units; and a sub
operation-control unit which supplies energy to all - 20 the bubble
produci ng units and which, by setting a difference between a nanner of
suppl yi n«9a§@eéﬁ>’u§9mgta|ﬁé§a one1ghihgenbybbhg BiefdaEBIwHALKhSa2Rd a manner
of supplying energy by the nmain operation-confrol unit, controls the |liquid
ej ected §memibez88zzheat8obeatebhVvRied tAcaepssit reBodutienentitf iem a
position to which liquid ejected by the nain operation-control unit is

del i ver etmpdesdbUéngot prévéntt erat Hoampetbnob ft hrepabsesnt sikmipski b, a
liquid ejecting device is provided which includes a liquid cell for

cont ai ni tige| rguatledaabtbbhd@ pheduechgolegien for Epradeei Agpaibabbbesi n the

liquid in the liquid cell in response to supply of energy, the bubble
produci nj tegéon formng at | east part of one internal wall of the liquid
cell, a nozzle for ejecting the liquid in the liquid cell by using the

bubbl e produced by the bubbl e producing region, a nmain operation-control
unit whi glyugia@st s liquid fromthe nozzle by supplying energy to the bubble
produci ng regi on, and a sub operation-control unit which, by setting a

di fference in_,an _ener distribution int bubbl. e prodyci r.egi on which
i s obt ai ned \Aﬁgﬁotrﬁén%erl&y 5% aéhﬁ’gﬁjieé:& 6 e lé“e&%oaqﬂgitﬁbegr egi on,
controls the liquid ejected fromthe nozzle to be delivered to a position
di f f er enPTESEMta HISHHIOR 6 WAHTIRThe Hald® ¢I§E By My e ifhi n
operation-control unit is delivered. According to a sixteenth aspect of the
present wWithput isheateindmg &he duife eifedsiang mht Mo dusigroluwed eshi ch, by
using a plurality of bubble producing units in a liquid cell to produce
bubbl es ismchi qusi theadring rde@niamtishe dAndqticd comltirdly thepyiimgy energy to the
bubbl e producing units, ejects the liquid froma nozzle by using the

pr oduced chubblceeriEha d iofuittheejlaciad forom tPaesindza ad svicia rald ed to be
delivered to at least two different positions by using: a main

oper ati one@Alr Qls AR vidtii ShdN&ildauid ithLidkplRd fJom f he nozzle by
suppl ying uniformenergy to all the bubbl'e produci’ng units in the liquid
cell; an er,at i.on r.ol; st j i.ch all .t he | & .pr oduci ng
units ingt e Rgg&?dl%efﬁ gggﬁgﬁﬁb%ﬁgglk#¥%nghgfb§&3h HhQﬁﬁfgﬁgyby setting
a difference, between a_nmanner of supplyi.ng _ener t | e .qne of the
bubbl e pFB&S&Fﬁgmﬁﬂftgxg%a s’nﬁﬂn%rgg %apﬁ ?Fﬁgxgngggéc?oﬁéﬁégﬁer one of
t he bub o] | n j the | qui ] ect : : 1077 L
controlP%%agésg%ggng?ﬁghéi?gege gggggggg §gl?ggpégn%éggtggéiF?gkigpfferent

froma postih9la! enBhel1iBe bhaubdiehashed B ciRE HRRAPELahGON- contro

step is ver ed. cording to a seventeenth aspéct of the présent

I nventi Ofeads! bGUHJdi REEGHERY HEFﬂanh§t9r8YiQ@&uWﬂi%HecQXnﬁsbBQtioBEUTa|ity
of bubble producing units in a liquid cell to produce bubbles in liquid

cont ai negri-Angbe Lhapghdatekh by supplying energy to the bubble producing
units, ejects the liquid froma nozzle by using the produced bubbles. The
- 22 According to a first aspect of the present invention, a
liquid ejecting device is provided which includes a liquid
cell for containing liquid, a plurality of bubble producing
units for producing bubbles in the liquid in the liquid cell
in response to supply of energy, and a nozzle for ejecting

the liquid in the liquid cell by using the bubbles produced

by the bubble producing units. The bubble producing units



liquid ejected fromthe nozzle is controlled to be delivered to at | east
two different positions by using: a main operation-control step in which
the liquid is ejected fromthe nozzle by supplying uniformenergy to al

t he bubbl e producing units in the liquid cell; and a sub operationcontrol
step in which all the bubble producing units in the liquid cell are
supplied with energy and in which, by setting a difference between a manner
of supplying energy to at |east one of the bubble producing units and a
manner of supplying the energy in theldain operation-control step, the
liquid ejected fromthe nozzle is controlled based on the difference to be
delivered to a position different froma position to which the liquid

ej ected LpethespPBE8yOPRT BhEONEQALAOke Sl €Pahg Heli ¥ReeBubhteording to an

ei ghteenth aspect of the present invention, a liquid ejecting nmethod for

ej ecti ngprb@uEdngnuaitbquhdteel Lifti0a aeDDzake byppsieg wibubbherpyoduced
inthe l1quid by supplying energy to a bubble producing region in the
liquid cehi bg peovifdgda dherbubhte peeduehng meghem bérmepplyliegst part of
one internal wall of the liquid cell. The liquid ejected fromthe nozzle is
control | edetgybeodeti Yeast bdneadfl ehst bhinbldi predentingosnticensnByausi ng: a
mai n operation-control step in which, by supplying the energy to the bubble
pr oduci nganegroafseuphayisgergyprdivstei bupicbari anehefbibkl bupbd&uci ng regi on
is uniform the - 23 liquid is ejected fromthe nozzle;, and a sub

oper at i opcoduedhgsuapten ahfémingyCgérﬁpﬁgréﬁtéﬁepéythﬁsﬂ#ﬁﬂ&ﬁion in the
bubbl e producing which is obtained when the energy is sugplied to the

bubbl e pedaaErAgireyi Shet BoRaLe asdrrpérended PReer 8 &h& ected fromthe
nozzle is controlled to be delivered to a position different froma

posi ti ondtSEGEPERethe |iquid ejected in the main operation-control step is
del i vered. According to a nineteenth asEect o% t he present invgntion, a
liquid ej ectihgCeRIFRE FAVRngeheads8ReRti AEI BRF nBTSSBRbr APV EY * 6P Y i qui d

ej ecting _portions arranged . n.parallel in a predeter.mned directi S
provi ded? ?ﬁguﬁ qﬁpﬁcgﬁggtpﬁﬁl 8rﬁFoR§°¥égﬁdiW§ﬁﬁ elgclﬁgﬁfdacgﬁﬁq%%

cont ai nin iguid Luralit f, Jheat | I 1.0 i ; bles in
reéponsec %&t%§E588§F§l§EQ né%&%}déng gaﬁgg%ﬁg§?%? %ﬁ%@?ﬁng&%ﬁg%%% uid in
the 11 auid;el leoby piaiiie1hie Laubhless sir edcad o dl e Redl higuakerRans. The
heating el enments are arranged in the predeternm ned direction in the |liquid
cell. Allnthesheakiengd cempils o hide gy, ddind Gehloz3n@ FpldjeEtudg energy
and by setting a difference between a nmanner of supplying energy to at

| east onenef 1th@iReakhi RGcLeIRALS cand dyaNely @heS BRIPLHLIER] priRI@Eed O

anot her one of the heating elements, a direction in which the liquid is

ej ected byommeheunnaz @ rosiueanly enlied baged Guddle grddeidnce units 24
According to a twel fth aspect of the present invention, a liquid ejecting
devi ce havtiendikpadededoh tihecludivig aedllyr and ywldf dheqliubbdjeecti ng portions
arranged in parallel in a predetermned direction is provided. The |liquid
ej ect i ngppodiicimg eadhs gl dde 4 ildugd d¢eddl latfeorsupmitigichiwigh iepdrgy a
plurality of heating el ements for producing bubbles in response to the
suppl y ofnghbygperfiedmd ngo sniex dvors wErdat isey et 18 qliiffanendre 15 ff% cel |
by using the bubbles produced by the heating el enents. The heating el enents
are arrakgi¥cen the piager@mmirad daedewmiatinhe RWRRYE ddt 1Ithea1l the
heating elenents in the liquid cell are supplied with energy, and, by

per f or m Ad & By @fpgigpsto et e ARG ROWGINEURET « 'Y i ne
ired f ti bubbl e i t of .t liquid.b t | east f
e heat {6 SREToRAG bR (i (GRS TaS G HAD bt b S b 1
th t of the |iqguid th . of the heati | ts,
G pecti oRHOAR e i 1R R B s iy A 145 Cont ol Fed

based on the difference. ordi.ng to a twenty=firs f: the present

i nventi or?fhagaﬁt(ﬁﬁl é]'cecqtqmr‘:cg"ed Vi elcﬁae\ﬁenc\é%e %af séntqaa%}hgﬁgogf%lcﬁ)nbé a plurality
of Iiqui j.ect.i rtl i allel in a predeterm ned

directi o%ogg%ﬁrl&%d%%s%e%ﬁ %ktﬁagﬁg%eéc |rgcgé'porti ons each include a liquid
cel | for cont %b%@&ihgfql&'oda %h&'r}k/&r %:cs'pte)étOfofh%te' ffﬁeeée%f{ggltrﬁré‘r&rio@f Loduci ng

bubbl es in response to the suppl energy, and a



nozzle for ejecting the liquid in the liquid cell by using the bubbles
produced by the heating el enents. The heating elenents are arranged in the
predeterm ned direction in the liquid cell. For each of the heads, energy
is"supplied to all the heating elenents in the liquid cell, and by setting
a difference between a manner of supplying energy to at |east one of the
heating el enments and a manner of supplying energy to another one of the
heating el enents, a direction in which the liquid is ejected fromthe
nozzle is controlled based on the difflérence. According to a twenty-second
aspect of the present invention, a liquid ejecting device having heads each
including a plurality of liquid ejecting portions arranged in parallel in a
PredeterﬁﬁaﬁgdﬁbﬁéﬁkEﬂg hevREaVidegdroThaek gHidneliael,AGsPar tiigng geach
include a liquid™cell for containing liquid, a plurality of heating

el ement scbon poeduehig iRyl €$qlRdl eaPene81k0pk-BauSYRB! YegfictNGhdtn and a
nozzle for ejecting the liquid'in the liquid cell by using the bubbles
producedpkydueshaabupgiel enenhs. 1Thaibean rgeehedenys cane anranged in the
predetermned direction in the liquid cell. For each of the heads, energy

i s suppl iredpbhsaliot Baphegt bfigetkeg®nhsd Rhiilkd Ifiogtisd agellleasangakyt
perform ng energy supply so that a difference is set between the tine

requi r edoffoongenetetrnag aabibblfethe panuidf cehé | bgd d hyzatlel gast one of
the heating elenents, and the tine - 26 required for generating a bubble
i n anot heg egdingofthehé ibuddi dnbyhendtigeddoce ldf biyhdhleebtubrd eel enents, a
direction in which the liquid is ejected fromthe nozzle is controlled
based onprldudietlf byeitbe. babbdedprgdusiact wegtipnt.hi Al @oeeey of the present
invention, a liquid ejecting nmethod using heads each including a plurality
of i qui disft&dbiusdopoini he BubRAGe®roAusdrgl r&glion ¥Fhdicdddser ni ned
direction_is provided. The liquid ejecting portions each_include a liquid
cel | for OPSRLARAT SR GbrdengrgNuisl PLPPIf eRedOi i e baihbres PEOAUSHEGuci ng
bubbl es in nespgg;e to,the su hegting el ements being

. pply of energy, th
ar r anged 5F9 ke Fe&e?&ﬁﬁ?ﬁ&&cﬁvrQEFiPRSF%yPﬁetﬁﬁqﬁ%fﬁ?IQchan& a nozzle
for ejectiing the liquid in the |liquid.cell by _.using the bybbles produced by
Lhe heat Y00 rBRTECERET SRS Riatiy Jariabehied S h T B GBIt o

suppliedigi%%n%Q%HQ%d and by setting a difference between a manner of
supplying energy to at | east one of the heating elenments and a manner of
suppl yi ng ene . apnot he allen I I ztLon in

whi ch” t he |iq§?§°?§l§?e%§eé ??gﬁgﬁhégﬁ8§§|ékighgoﬁgggFﬁngngégggh’the

di fferenge ARGl d5R% 149 A deB MY 1 OW Ny idRRE G 10 LG IRRsen! JliuNaRi i on, a
liquid ejecting nmethod using heads each including a plurality of Tiquid

ej ecti ng deant ireRs _NtANG8Gg N ik@nal,l @ prurd1Rredeife HipeG HrRRidigy | S

provi ded. The - 27 liquid ejecting portions each include a liquid cel

for cont ainiitag floirg pirdduz iplgu balbiblye sofi thaddd NG orlieimant S HeOr ipfuadl Geld
bubbl es in response to the supply of energy, the heating el enents being

ar r anged imn rels@oprised eloe smppd§ difr etiergy | rndea Incprle deld ejautimgiozzl e
for ejecting the liquid in the liquid cell by using the bubbles produced by
t he heat ithg éligueidt Sn Abk tlHerdidatdend dyeneyitrsy ithe Heidblgs pmeldcet e
supplied with energy, and by perform ng energy supply so that a difference
is set béywdde brdblienynogigiingd vindrt sgenditet iowpd hmsisidudimgpaimtitef t he
liquid by at |east one of the heating elements, and the tine required for
gener at i 9§ BeF9sed Anatdehddgad csfllihand dlied P AWHE DT t he
heating el ements, a direction in which the liquid_is ejected fromthe
nozzl e i Pt COMPEG SE&sed 2ofatiife ARFREHOTE ORI WG tfP R 1R §5tedisht

invention, by ejecting liquid having a first flying characteristic, and
{ting di@Rehiidom: e Heln PRl ¥ind Hh< 5Tt i gyt
Zfst Ir Pguibl n, i q‘ui d havi %a s.ecgn flsy: ng} chartad.eg?el_srﬁi’ stic di]?fer entenfe;g)r/n
the 15 "%%eng SHbedbForti: el pe YRARE AR AT 1l o ect od
roma sin nozzl.e ca e controlle o ,hav of _a urality..o in
char act ePPacr S CERIGSRaI Y (TR o, SR et mp it i qul
toafir %tndp%*fit&hqn’bya%%ts&gd 9 cﬁﬂi’efxfe%rceé]%ee&eéﬂ "® manner of



- 28 difference in the supply of energy or energy distribution, |liquid

ej ected froma single nozzle can be delivered to one of a pIurallty of
positions. According to the present invention, for exanple, when a
plurality of heating resistors in a liquid cel | have no equal resistances,
by setting a difference in supplying energy to the heating resistors, the
time required for producing a bubble on each heating resistor can be set to
be equal. This can elimnate a shift in a direction in which liquidis

ej ected. Accordingly, for exanple, whdd there is a shift in position of
delivered liquid for two adjacent |liquid ejecting portions, by setting a
difference in supplying energy to the heating resistors for one or both

liquid egﬁﬁbuggnaoehgeg§ tghsttnasgtrsﬂgl5@dtﬁerbeﬁe@a0begd9e@h es on the
heating resistorS can bé controlled to differ. This can change fhe

di recti ognkRsWahghat Renhedubd Lsppi§shgdeaBdggaboadhdshekhenknber ¥ak
bet ween positions to which the ITquid Can be delivered. In addition, by

changi ngphiBB1di pestiueingnunhiceh eaeb khauhdzejectbngep@birinoajepeeba |iquid,
for exanple, for each line, or within one line, by appropriately changing
di recti opased vhi ¢hesane feirguicd ejfectgngdphatiagsaefeetinki qui d, printed
i mage quality can be increased. 4 - 29 BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 i shamaexphkddedcpeiffectnte fybawtbhhawoiigtaepiligued- kgadtedi pyt o whi ch
a liquid ejecting device of the present invention is applied; Figs. 2A and
2B ar e atdet apliedopkan ticewcendreildeniitew
According to a fifth aspect of the present invention, a

liqguid ejecting device is provided which includes a liquid

cell for containing liquid, a plurality of bubble producing

units for producing bubbles in the liquid in the liquid cell

in response to supply of energy, and a nozzle for ejecting

the liquid in the liquid cell by using the bubbles produced

by the bubble producing units. The bubble producing units

are disposed in the liquid cell, and the bubble producing

units comprise: a main operation-control unit for ejecting

liquid from the nozzle by supplying the energy to all the

bubble producing units; and a sub operation-control unit

which supplies the energy to all the bubble producing units

and which, by setting a difference between a manner of

supplying energy to at least one of the bubble producing

units and a manner of supplying energy by the main

operation-control unit, uses the nozzle to perform ejection

based on the difference of liquid having a flying

characteristic different from that of the liquid ejected by

the main operation-control unit.



showi ng the arrangenent of heating resistors in the printer head chip shown
in Fig. 1;, Figs. 3A and 3B are graphs showi ng the relationship obtained in

the case of each separate heating resistor 13 as in this enbodi ment between
a difference in bubble producing time of ink and the ejection angle of ink

droplets; Fig. 4 is a side sectional view showi ng the relationship between

nozzles and printing paper; Fig. 5is a schematic circuit diagram show ng a
first exanple in which the difference between the bubble producing tinmes of
bi sected heating resistors can be set;14Fi-|g. 6 is a schematic circuit

di agram showi ng a second exanple in which the difference between the bubble
produci ng tinmes of bisected heating resistors can be set; Fig. 7 is a

L e bR B0 1900 Sobli o TORO BEOLD MNGTLLE, o

can be setguktidej8cting HabhieesSRaWpoRevigeH! LR ieRt 2hReddkd Lheiquid
cell for containing liquid, a bubble producing region which
produces a bubble in the liquid in the liquid cell in
response to supply of energy and which forms at least part
of one internal wall of the liquid cell, a nozzle for
ejecting the liquid in the liquid cell by the bubble
produced by the bubble producing region, a main operation-
control unit which ejects liquid from the nozzle by
supplying energy.to the bubble producing region, and a sub
operation-control unit which, by setting a difference in an
energy distribution in the bubble producing region which is
obtained when the energy is supplied to the bubble producing
region, uses the nozzle to perform ejection based on the
difference of liquid having a flying characteristic
different from that of the liquid ejected by the main
operation-control unit.

According to a seventh aspect of the present invention,

a liquid ejecting method is provided which, by using a
plurality of bubble producing units in a liquid cell to
produce bubbles in liquid contained in the liquid cell by
supplying energy to the bubﬁle producing units, ejects the
liquid from a nozzle by using the produced bubbles. The
liquid ejected from the nozzle is controlled to have at

least two different characteristics by using: a main



circuit shown in Fig. 7; Fig. 9 is a schematic circuit diagram show ng a
fourth - 30 enbodinent in which the difference between the bubble
preducing tinmes of bisected heating resistors can be set; Fig. 10 is an
illustration of the values of inputs Bl and B2 in Fig. 9, and positions of
delivered droplets; Fig. 11 is a plan view showi ng the specific shape of
the circuit shown in Fig. 9; Fig. 12 is an illustration of a first

nodi fication to which the present invention is applied; Fig. 13 is an
illustration of a second nodification % -which the present invention is
applied; Fig. 14 is an illustration of a third nodification to which the
present invention is applied; Fig. 15 is an illustration of a fourth

nodi fi cabpeRat@on-control step in which the liquid is ejected from
the nozzle by supplying uniform energy to all the bubble
producing units in the liquid cell; and a sub operation-
control step in which energy is supplied to all the bubble
producing units in the liquid cell and in which, by setting
a difference between a manner of supplying energy to at
least one of the bubble producing units and a manner of
supplying energy to another one of the bubble producing
units, the liquid ejected from the nozzle is controlled
based on the difference to have a flying characteristic
different from that of the liquid ejected in the main
operation-control step.

According to an eighth aspect of the present invention,

a liquid ejecting method is provided which, by using a
plurality of bubble producing units in a liquid cell to
produce bubbles in liquid contained in the liquid cell by
supplying energy to the bubble producing units, ejects the
liquid from a nozzle by using the produced bubbles. The
liquid ejected from the nozzle is controlled to have at
least two different characteristics by using: a main
operation-control step which ejects the liquid from the
nozzle by supplying energy to all the bubble producing units
in the liquid cell; and a sub operation-control step which
supplies the energy to all the bubble producing units and

which, by setting a difference between a manner of supplying



which the present invention is applied; Fig. 16 is an illustration of a
fifth nodification to which the present invention is applied; Fig, 17 is an
illustration of a sixth nodification to which the present invention is
applied; Fig. 18 consists of plan views showing a |line head of the rel ated
art; and Figs. 19A and 19B are a sectional view and plan view show ng the
state of an inage printed by the Iine head shown in Fig. 18. DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS - 31 An enbodi nent of the present invention is
descri bed below with reference to thel&ceonpanying drawings. Fig. 1 is an
expl oded perspective view showing a printer-head chip 11 to which a liquid
ej ecting device of the present invention is applied. In Fig. 1, a nozzle

sheet 17oh3:5onded 1018202 bher obaYRL ABnyTbepRoazLESNERLELTahs hown,

with it sepafated. The printer- chip 11 is of a type using the above

thermal HARLRGH. okNstiBB1 PLhYt 8hab§8difNiRe1daif BBSRaTEBREEASrbNC] Udes a
sem conduct or substrate conposed of silicon, etc., and heating resistors 13

(which cetegspeydst enbURBL 818 dupbRgotii b§eBt iBRAbEBEdCLAMRARS i N the
present invention, and which are used to produce bubbles in a |iquid when

bei ng suppkredemtbhoeneigildf REUBRHAGOA 6DgifYyr ERaeaBtethgtsem conduct or
substrate 15. The heating resistors 13 are electrically connected to an

ext ernal dtffenehtbyramconducoer ther tiqaifnet eshedn)inf eheesaon t he
sem conduct or substrate 15.
operation-control step.

According to a ninth aspect of the present invention, a
liquid ejecting method is provided which, by using a bubble
producing region forming at least part of one internal wall
of a liquid cell to produce a bubble in liquid contained in
the liquid cell, ejects the liquid from a nozzle by using
the produced bubble. The liquid ejected from the nozzle is
controlled to have at least two flying characteristics by
using: a main operation-control step in which, by supplying
energy so that an energy distribution in the bubble
producing region is uniform, liquid is ejected from the
nozzle; and a sub operation-control step in which, by
setting a difference in the energy distribution in the
bubble producing region when energy is supplied to the
bubble producing region, a flying characteristic of the
liquid ejected from the nozzle is controlled based on the
difference to differ from that of the liquid ejected in the
main operation-control step.

According to a tenth aspect of the present invention, a

liquid ejecting device is provided which includes a liquid



The barrier layer 16 is made of a photosensitive cyclized rubber resist or
an exposure-curing dry-filmresist, and is formed by stacking the resist on
the entirety of the surface of the sem conductor substrate 15 on which the
heating resistors 13 are fornmed, and using a photolithography process to
renove unnecessary portions. The nozzle sheet 17 has therein a plurality of
nozzl es 18 having ejecting portions, and is fornmed by, for exanple, - 32
el ectrof orm ng technol ogy using nickel. The nozzle sheet 17 is bonded onto
the barrier layer 16 so that the posttibns of the nozzles 18 can correspond
to the positions of the heating resistors 13, that is, the nozzles 18 can
oppose the heating resistors 13. Ink cells 12 are constituted so as to
surround dahe heat ide v=851i$ions by At I rrier
| ayer 16, and the nozzle s%@etq%%é'Sgegﬁﬁﬁggﬁ%§?kﬁhgﬁgﬁﬁéi}§¥E menber 14
forms theedst GHWHdoaufi nigh@ubM e&elilns the 1tk ikenn ehd awefuilb danns the
side walls of the ink cells 12, and the nozzle sheet 17 forns the top walls
of the i e@ldponk2d ton slips ySlofuenrey ,t Red BK neRldie ¥bhaveanerd ure
regions in the front right of Fig. 1. The aperture regions are connected to
i nk-f 1 owtpat N9 ofuiet ishawe) .1ithd dakede pyi Risehohead Ghibblkl pacdided
i ncludes the heating resistors 13 in units of hundreds, and the ink cells
12 provi dad thiet fbuldbd ehgatodug imesiustiarss 13he hubddpomredur imgcamiagyd from
the control unit of the printer, each heating resistor 13 is uniquely
sel ect ed arendlitsipe siak igf thiee lilguideldell? emcdr edpondiendputdltehe heati ng
resistor 13 can be ejected fromthe nozzle 18 opposing the ink cell 12. In
ot her woRF®duainchangrtisntisy thead ioniig tellt kee spedliled Mijtdh ferdmy wi t h
ink supplied froman ink container (not shown) joined to the head 11. By
al | owi ng 2@%dYs & stdrimehtd ¢ FhesRnas Sedeshe sh@ainey ofsisstRlyEd n a short
- 33 tine, for exanple, 1 to 3 microseconds, the heating resistor 13 is
rapi dly KERTEY. TRs af &gtk org §ds Hhsadabtitiie pgsiueing pinddiscédd i a
portion touchingfthe heat.i ng resi stor nd the expansi on of the ink

i

13,
bubbl e di"§i"8§Fed FRPEY: GG T REGHE AN P (R RAubhigner, ink of
a volunme _equal .to that of .the.disl.odged ink in th ortion tauching the
nozzl e 1§)r%sd%ecjlélcgt SFLEE edrl&ﬂué'tdg%fjre&ﬁeéhﬁr?&%}% I’szg'r?d 4% deli vered
onto the printi r.. Fi 9s. 2A. 2B are respegct.i.vel detail ed plan
vi ew and %na:er} osl (rai%tdlog%%%edvioélwscs eo%l%lg%%trﬁél “ar %é)ng)eeprredﬁetl o1 I%/%g Y&t ng

resi st or i : ) : lan viewin Fig. 2A, the position of
S ehdt &W5h%ﬁﬂﬁ%geﬁkbfugfﬁyadﬁ.

the nozzle 18 is indicate the chain |ines.
According to an eleventh aspect of the present

invention, a liquid ejecting device is provided which
includes a liquid cell for containing liquid, a plurality of
bubble producing units for producing bubbles in the liquid
in the liquid cell in response to supply of energy, and a
nozzle for ejecting the liquid in the liquid cell by using
the bubbles produced by the bubble producing units. The
bubble producing units are disposed in the liquid cell. All
the bubble producing units in the liquid cell are supplied
with energy, and by performing energy supply so that a
difference is set between the time required for generating a

bubble in the liquid by at least one of the bubble producing



As shown in Figs. 2A and 2B, in the head 11 in this enbodi nent, one ink
cell 12 includes two separate heating resistors 13 arranged in parallel. In
ot her words, the ink cell 12 includes bisected heating resistors 13. The
direction in which the heating resistors 13 are arranged is a direction
(the horizontal direction in Figs. 2A and 2B) in which the nozzles 18 are
arranged. In such a bisected type in which one heating resistor 13 is

| ongi tudi nal |l y separated, each separated heating resistor 13 has the sane
length and a half w dth. Thus, the rediBstance of the separated heating
resistors 13 is double that of the original heating resistor 13. By

connecting the - 34 separated heating resistors 13 in series, the
separ at edr heat i ESLEhS 1dghavLadebheoCouPLes fEshsbaghes 2 echgnnect ed
in series, sot at t e total "rasistance i four t of the origina

heati ng If&ﬁ§aoﬁyl§nokﬁé§ oh8 QfdgﬁetBﬁﬁbigepkggubﬂn&hﬁniﬂg ceht 12 may
boil, the heating resistors 13 nust be heated by supplying a certain anpunt

of powerli@uiaesaeahéa ESoREERHSRoEPCETY s 08Pt abeUeat bhBBdbOLI the Used to
ej ect the ink en the resistance is small, a current to pass nust be

i ncreasedi f Fleyenee, tbybengetasengdt e aesishancewof diheehenti ng resistors
13, the ink can be brought to a boil with a snall current. This can al so
reduce thesstzensf a transistor or the like for passing the current, thus
achieving a reduction in occupi ed space. By reducing the thickness of the
heati ng resi sAaarsrdigthe a eswsl Gt eagpecbeof nthe geeds errowaviesn t vdren
considering material selected for the heating resistors 13 and its strength
(dur abi | &t ¥jqguidieegdectingl daviaei da pnovédadi nhicheinhlulaess bfiquhd
heating resistors 13. Accordingly, by separating the heating resistor 13

wi t hout fedlcfay rostahnérgessquifle rebibbdacerefluchegheagiag veifBtors 13
is increased. Wen one ink cell 12 includes the_bisected heating resistors
13, it iBrednAdA enhhvbbhe ﬁpnﬁhﬁb&bEPédpFBdGBPnélHPHG)CFé&uFPed for each

heating resistor 13 to reach a - nB erature for boiling the ink is
set to bEGEHBHPe ?ﬂeSBPBéEtQE FE%F?VOP?dl aF8 SH§§PcaFl}eﬁ8F Pa8&htical in
shape. % to an rror gc% i.S C hat a dinensi on such as
¢ hi cknesSEcRBRGAEECFARY Hadde hﬁfﬁéﬂgﬁéeCFﬁ OBBeanPBABREnOOF e, The

ot s ot g 0o s o se ol chispoete 1
reSiStorplgdggeaogybghg'bubble producing region. An energy
distribution in the bubble producing region which is
obtained when the energy is supplied to the bubble producing
region has a difference, and based on the difference, the
liquid ejected from the nozzle is controlled to be delivered
to at least two different positions.

According to a thirteenth aspect of the present
invention, a liquid ejecting device is provided which
includes a liquid cell for containing liquid, a plurality of
bubble producing units for producing bubbles in the liquid
in the liquid cell in response to supply of energy, and a

nozzle for ejecting the liquid in the liquid cell by using

the bubbles produced by the bubble producing units. The



Wien the difference in bubble producing tine is created, the angle of
ejection of ink is not perpendicular, and a position to which ink is
delivered is off the correct position. Figs. 3A and 3B are graphs show ng
rel ati onshi ps obtained in the case of each separate heating resistor 13 as
in this enbodi nent between a difference in bubble producing tine of ink and
the ejection angle of ink droplet. The values shown in the graphs are
conputer-simulated results. In each graph, the X-direction indicates a
direction (the direction of the heatid§ resistors 13 arranged in parallel)
in which the nozzles 18 are arranged. The Y-direction indicates a direction
perpendi cular to the X-direction, which is a direction in which the
printingpbpsBeE beoBaLihgdunRegandbnditpesdat ani RnBotAgaiapkel 1t hend

hori zontal axis indicatés difference in bubble producing time. In Figs. 3A
and 3B, anti papELLf prenceial; Qn@4sntempeesendsacarniasppedsation-36 to a
variation of a 3-percent resistance difference, and a tine difference of

0. 08 secendsre0r naspofides kHeatvay atgandotrappraxi mekely dy6- per cent

resi stance difference. As described above, when difference in bubble
produci ngupplwing eneabeditot Aélanpkebabbéeeptrodacdhg nkiits ;nand a

per pendi cul ar. Thus, the position to which ink is delivered is off the
correct pabi bpematAovecdnngby, unitt khs censodpdees, the esiergyt te aldve
characteristic, the bubble producing tinmes of the heating resistors 13 are
control | e bubbilke pprdscing mndisi and wbdgd obyejsedttiing &n i nk dropl et
fromthe nozzle 18 by supplying (uniform energy to all of heating

resi st or diffeirgngrebefkvecal b rannerr offe SHPPLlYd NGs SRR ¥ Copér aEPSH
controller”. In other words, control for ejecting an ink droplet fromthe
nozzl e 180€s Ofeftder bybld caprofiicing; Nndisr o BGRTES 1Odr SUPPHE @Gt rol s

performed such that, as in this e od%&&gﬁk when one ink .cell 12 includes
bi sect ed SREXOYnGOr 886 Ts Opg, ofhd Fe&FS % W tSqual amounts of

energy (power) brin i nk.on the heati sistors to.,a bai] so that the
tine req%‘%&t‘f)r rC g%ﬁoﬁegﬁﬁﬁ& P@s%%Fb%gf%%anﬁﬁvgféﬁ?EhﬂéfﬁP‘re f or
bringing the,ink to a _boil can be theoreti.call ual . in.ather words, an
angl e at e\RﬁiC(Fﬁ%I ﬁlé:ofnnlﬁlles né)jzezctee ocg’r? t?:etlﬁé'reﬁéa\rédi%%u%a;pots&tgoglurface onto
whi ch t he.i i.s.delivered. _. - | J K i, TRANRS d hch,

suppl yi nglgrr?eérﬂ&?}tt glljto e ahggtsﬁlr%ornegtl%stwg{pghlghgeo ltslhqat ar%ie%‘#ee\rﬁgr??; t|h%yset

bet ween h&ﬁntB?%ﬂ&%%&dﬂ%%nkgk1@%nﬁ&aﬁk QA iYfeddle heating resistors 13 to

produce a bubb and the tine required for at |east one other one of the
heating resi shersrd3nhotBr adéearachHkhl 8spbber sy thet bregeatdi f ference

bet ween a manner of supplying energy to tﬁe at | east one heating resistor
13 and a imsemericef, SURRIGUiIRD egrRInd Qddieatid gasiviei aftieth one heati ng
resistor 13, or by controlling the nmanner of supplying the at |east one
heati ng resilsiders k3 ltiepudid forl If rfam tdvattdiynitree Ineyui ddper ailivara lciant radf | er,
the use of the difference ejects, fromthe nozzle 18, an ink droplet having
a flyi ng beidrlac trerddstding sudhtsasfer fdnddwridig dothbdres airf Ithengl jisatigd or
rotation nonent of a flying ink droplet) different fromthat of an ink
dropl et djnedthed lhauilde aediln ioperestpans e dint roldEy, dfh entdrgy words @ neans f or
controlling the ink droplet ejected fromthe nozzle 18 to be delivered to a
posi ti on o 2dte derareliantindpie ldjasikdhythehd g opeklathwiltgifirol | er
is delivered is referred to as a "sub gperation controller". However, the
sub oper dcoPuWdneson@dyaed dshtthaabukP ke srdur reriteh coft$ol ler in
suppl yin the heating resistors, 13 .in theiggk cel]l 12

ener to al|l
Accor di ngﬁ‘?bjfeg%ré’}%r@ WHdr® e (HIRASRIL L e net BB FH heédtd ng

resistors 13 h an eryor, and differ, the . .
the b&@gie producing ué&ts comprise: a main operation-—

control unit for ejecting liquid from the nozzle by
supplying the energy to all the bubble producing units; and

a sub operation-control unit which supplies energy to all



- 38 heating resistors 13 have a difference in bubble producing tine.
Thus, the use of only the nain operation controller shifts the angle at
whirch the ink is ejected fromperpendicularity, so that the position to
which the ink droplet is delivered is off fromthe correct position.
However, by using the sub operation controller to control each heating
resistor 13 to have an equal bubble producing tine, the angle at which the
ink is ejected can be set at perpendlcularlty Next, setting of the

adj ust ment of the angle of ejection of20 ik is descrlbed bel ow with
reference to Fig. 4. Fig. 4 is a side sectional view show ng the

rel ati onship between the nozzles 18 and printing paper P. Al though the

di st ancethebeubbee pheduicpagohntifte BAEzZWES ch8 aRdskheiphi Bating paper P is
approximately 1 to 2 mllimeters in the case of an ordinary inkjet printer,
it is hedéffesenmed beatwetheadimahaeeeoll sapfaying Rreeraly accarstiaristval ue,
namely, approximately 2 mllinmeters. The reason the distance H nust be

mai nt ai nedeabfappeokuivhiiel prodeciansuaitsvahnde ai mabheeausd auppadeg n the
di stance H changes the position to which the ink droplet is delivered. In
ot her woPBSII¥hbEH &heimhidropbeatﬁgnepeotedlpanﬁandb@nkapuw ttdret he surface

of the printing paper P, the gosition to which the ink droplet is delivered
does notléH&thGJGVéﬁdlfrPWet esharacd eHtohbegde liverede toegr @os i€doner sel vy,
when the ink - droplet is ejected and deflected, with its flying

characte?F§fP6e€ﬁaﬁ§8& at Respédprni 68 Whighi dAauhe ﬁﬁ@cdﬁdpb@ttM§ del i vered
changes in,aCCOrdangce wth the change in the distance H Wen the
resolut|BﬁleopﬁéaﬁﬁPﬁféPnﬁéQ& BHPB i# feldyerapi-, the interval (dot
interval) bet n.po S|t£ons p_whi ch each ink drOﬁIet i is delivered is
25. 40 x 1000/ %or %29 3+¢ n% Fe%HEFt?BHECESQEnF § PR&Ee”5~ of the above
val ue, s .t.he_.maxi.mum_ novabl e anount, fl ctlon angle 8
(deg) is ﬁ b%i BOfZEBSuld eéfgtfﬁgsdevéce 15 pr@§l€8§gf% e reason the
”ax'”U”]HH¥§EBEO?HDEQEu9P gg&l OZS n%a%nﬁe% lﬁqu1 For %X%gﬁle when two

bits are use control signals, Re “Au cont'r 8 al's far novi ng

a dot ispigHhcifB PEESHA @o‘;sbéghh%@ngoet BURBILY 150 Q1 § 36 HPG 0¥ pad) acent

nozzl es ES in thé abdve range, easona tthe'dh stance anmong t he

four dotsiheigetet® §ﬁ4r@spzﬁgk eb QBEpQQtoE'ESQr§§2 3n¥ BlpphR this

enbodi nent, the maxi num
producing region forming at least part of one internal wall

of the liquid cell, a nozzle for ejecting the liquid in the
liquid cell by using the bubble produced by the bubble
producing region, a main operation-control unit which ejects
liquid from the nozzle by supplying energy to the bubble
producing region, and a sub operation-control unit which, by
setting a difference in an energy distribution in the bubble
producing region which is obtained when the energy is
supplied to the bubble producing region, controls the liquid
ejected from the nozzle to be delivered to a position
different from a position to which the liquid ejected by the
main operation-control unit is delivered.

According to a sixteenth aspect of the present



- 40 novable anmount is set at 75% of one dot pitch. The results shown in
Figs. 3A and 3B indicate that, to obtain a deflection angle of 0.43
degrees, a bubble producing tine difference of approximately 0.09 ~mis
needed. This corresponds to a resistance difference of approximately 6.75%
The above distance His preferably set to the range of 0.5 mllineters to 5
mllimeters, and is nore preferably set to approximately a constant val ue
inthe range of 1 mllineters to 3 mllineters. A value less than 0.5
mllineters as the distance H causes &lsmal| maxi num novabl e anount of dot
by deflective ejection of an ink droplet, so that a sufficient nerit of the
defl ective ejection cannot be obtained. Conversely, in the case of a val ue
greater thasnbishl| hmetqusdasjtbeiflyshatredHist peopiaeisivaichf Byposition
to which the ink droplet is delivered tends to decrease (because it is
presunmedutsbay anpehtetitef odi bubbsespasatcingt Gaitskifdr apleguiaceeases
while the ink droplet is being delivered). Next, an exanple of a case in
whi ch t heodpredtcenbabbigecihobighidnkohsathadged thenbiquspecefiically
described below. Fig. 5 is a schematic circuit diagramshowing a first
exanpl e snpphythgt Apedgff €pehbe bnbblibbpeognodugi ngitsneedecthetheati ng
resistors 13 can be set. In the first exanple, the printer-head chip 11 is
control | ddauddt Rapmepengeeseoby using thef pepdncednbubbidesan Fheul t aneously
be supplied. In other words, by sinultaneously supplying the two heating
resistorélﬁglﬂd?heéﬁéﬂgfé§moth§iﬂPéFéﬁtlénﬁeﬁF§PlE?di§0eh§uﬂ§élﬂﬁ§?§ for
stable ejection of ink droplets, sufficient anmounts of energies are

suppl i edtPodfhéetis keat Ah§ErEsnst BPELE3onNThiY, USiRHIe &) B&fPon of ink

droplets can be achieved while controlling the direction of ejection of the
i nk dr opPBEE2LEPREEOPRECANBLRP oF EHéPBytgﬁpﬁFﬁuPS éﬁcﬁjﬁgéﬁﬁkgrP@sistor 13

I bout ~half th t of f tab ' [ bl
estri e nPAmORELPoPXt SUORLY HRUBAFDFOr CRBGOYCAP, O TreoIaNAh do not
occur. This.is.caused atyre of the,present invention.in that the

tby.a f f, Lhe t
heati ng Hfsgpfﬁﬁgigﬁ% Sflﬁegslnglggéloﬁg_ereﬁp ng§ i tﬁgefﬁ6lﬁ3ating
res'StOréoﬁ%}oﬂrStggaEQGQhW@h' 1ﬁa&§gagppﬁﬁetBﬁohﬂEﬁbgfﬂ%gQ% iﬁ“%@%e

supplied to each heating resistor out “separatéely driving

plurality;gf,: Reakhng S| 3w ' : Sis St - nd Rh-B are
t he bise%%gglﬁegkggga?gsngggge%Syl?gsgggfggeF§e %%egﬁﬁfggi?y?s formed so

that a cyekemhgCandhlrewrkite Betieem 8 RahRetNMo@PaLBLL vk earReet ikdg the
resistors Rh-A"and Rh-B. A resistor Rx is used to defl ect "an ejected ink

dropl et . atheebgsi sher ofx taBdbabdWet phoSuihynehieR tadcana@hehe famunt of
heat by the resistors Rh-A and Rh-B. A power supply VHis used to allow a
current sappllgingnehbegyesbstabshilr- AneRb£BthentbuBble producing

units, the liquid ejected from the nozzle is controlled

based on the difference to be delivered to a position

different from a position to which the liquid ejected by the

main operation-control step is delivered.

According to a seventeenth aspect of the present

invention, a liquid ejecting method is provided which, by

using a plurality of bubble producing units in a liquid cell

to produce bubbles in liquid contained in the liquid cell by

supplying energy to the bubble producing units, ejects the

liquid from a nozzle by using the produced bubbles. The



- 42 In Fig. 5 assumng that the circuit include no resistor Rx, or the
switch Swb is not connected to either contact, when the swtch Swa is
turned on, a current flows fromthe power supply VHto the resistors Rh-A
and Rh-B. No current flows in the resistor Rx. Wien the resistances of the
resistors Rh-A and Rh-B are equal to each other, the anmobunts of heat
generated in the resistors Rh-A and Rh-B are equal. Conversely, when the
switch Swa is turned on by connecting the switch Swb to either contact, the
currents flowing in the resistors R AZnd Rh-B have different val ues.
Thus, the amounts of heat generated in both are different. For exanple, in
Fig. 5 when the switch Swb is connected to the upper contact, currents

flow in parhiienssiddted Eronhe RN -3¢ R% %ro%t%rm%et ed £Q eaahabher in

parallel, and neet to forma conbined current. The conbined current flows

in the r&ii%&Dﬂdﬂ%ﬂBtwﬂﬂaifﬂéﬁédﬂﬂﬁb%ﬂEibh%W%QQdsﬁnbhe Legla3tor Rh-Ais
| ess than that flowng in the Rh-B. This can [ower the anount of heat

gener at edperathen-esintdrerl Rtep tihamwhikal tenanaied iR thedtes Hrom Rh-B.
Here, in accordance with the resistance of the resistor Rx, the ratio

bet ween tthe awmzite dfy lsepplydmer anddorm cherggsitst an IRthA adutbike amount of
heat generated in the resistor Rh-B can be set freely. This can set a

di f f er eneeodwdimigb e ifrsoduciting tliinm idetosddn el ke sudt oped@-iAnand Rh- B.

w - 43 Thus, in response thereto, the direction of ejection of ink droplet
can be clfgmgad®l Sited dml whicht lad latkdnee bodebd e whredudiags wintidls Swb tihe
connected to the | ower contact, the reverse relationship holds, thus

enabl i ng lisaiducedidt ameowiump Liiec: e thesinetraly RMJA imo whé cir,edver t han t hat

flowng in the resistor Rh-B.
setting a difference between a manner of supplying energy to

at least one of the bubble producing units and a manner of
supplying the energy in the main operation-control step, the
liquid ejected from the nozzle is controlled based on the
difference to be delivered to a position different from a
position to which the liguid ejected in the main operation-
control step is delivered.

According to an eighteenth aspect of the present
invention, a liquid ejecting method for ejecting liquid in a
liquid cell from a nozzle by using a bubble produced in the
liquid by supplying energy to a bubble producing region in
the liquid cell is provided. The bubble producing region
forms at least part of one internal wall of the liguid cell.
The liquid ejected from the nozzle is controlled to be
delivered to at least two different positions by using: a
main operation-control step in which, by supplying the
energy to the bubble producing region so that energy

distribution in the bubble producing region is uniform, the



In order to set a difference of 6.75% the relationship between Rh (= Rh-A
= Rh-B) and Rx is (Rh x Rx) / (R x (Rh + Rx) ) Rx/ (Rh + R} 1 - 0.0675 =
0. 9325 Hence, Rx ~ 13.8 x Rh Therefore, in a circuit equivalent to the
circuit in Fig. 5 when the bisected heating resistors 13 are connected to
each other, the switching of the switch Swb can change the currents fl ow ng
in the bisected heating resistors 13. This can set a difference in bubble
producing tinme between the resistors Rh-A and Rh-B, so that the direction
of ejection of ink droplet can be chalRed. Fig. 6 is a schematic circuit

di agram showi ng a second exanple in which the difference in bubble
producing time between the bisected heating resistors 13 can be set. In -

44 the pegold £XAUPLEeed Neréh! EHE nb2, AN LRI #0550 bhataegkgl es of equal

or simlar anounts tan be supplied to the bisected ating resistors 13 at

differentodt B s A5 0in O USh N0y histL EGNAAUERLHG §058L1BHDURA Of energy
supplied to the heating resistors 13 wheh an ink droplet is ejected can be

mai nt ai ngge t PuIBH1 AMPHSEuSt nyhvEDch hesi ki AREekneANtBE aBh¥r§¢ ekect ed.
Thus, stable ejection of the ink droplet can be perforned, and by setting a

di ff er enggppni&dppbythE BUBHIY beodachnbealelgnen el Haole b3,didf feemdntee, of
the present invention can be obtained in that the heating distributions of

heat i ng tkgi bhguadecetbangaedrnbml eheahotalai hg tbetrolakdenergy anmount
supplied to each heating resistor 13.
delivered to a position different from a position to which
the liquid ejected in the main operation-control step is
delivered.

According to a nineteenth aspect of the present
invention, a liquid ejecting device having heads each
including a plurality of liquid ejecting portions arranged
in parallel in a predetermined direction is provided. The
liquid ejecting portions each include a liquid cell for
containing liquid, a plurality of heating elements for
producing bubbles in response to the supply of energy, and a
nozzle for ejecting the liquid in the liquid cell by using
the bubbles produced by the heating elements. The heating
elements are arranged in the predetermined direction in the
liquid cell. All the heating elements in the liquid cell
are supplied with energy and by setting a difference between
a manner of supplying energy to at least one of the heating
elements and a manner of supplying energy to another one of
the heating elements, a direction in which the liquid is

ejected from the nozzle is controlled based on the

difference.



In Fig, 6, the resistors Rh-A and Rh-B are the bisected heating resistors
13, respectively. Wien only a switch Swa is turned on, a current can fl ow
only in the resistor Rh-A. Wien only a switch Swb is turned on, a current
can flowonly in the resistor Rh-B. In this circuit structure, by turning
on the switches Swa and Swb at different tines, a difference can be set
between a tine in which an ink droplet on the resistor Rh-A cones to a boi
and a tine in which an ink droplet on the resistor Rh-B cones to a boil.
Fig. 7 is a schematic circuit diagrami$howing a third exanple in which the
di fference in bubble producing tine - 45 Dbetween the bisected heating
resistors 13 can be set. In the third exanple, the difference in current

bet ween resi {US-DmP €0k Rud £aD DHest 0 {rptynsss WRESBYod our

directions in which an ink droplet can be ejected can be set. In Fig. 7,

the resigt pf§ukh- é\?]éaeiﬁa- Bedtget HEvRhgepbaEsheathngnkesishgrs 13,
respectively. In this exanple, their resistances are equal to each other.

The circpitirhsitoraedisquihatjaceihgepbreadns! anrbngedoinf paraaipat h

(m dpoint) for connecting the resistors Rh-A and Rh-B. Three resistors Rd
are usedihoacpasgetarninedt iopetBivhi &b pRoihiledr oplree tagubea ej ected. A
transistor Q functions as a switch for the resistors Rh-A and Rh-B. The
circuit emetudleg porthpos pachi ancCulieom Mhgahdachilhafyrconhtaliningut

signal ("1" only when a current may flow) is input. The circuit includes

bi nary-i bpgti@, MoSpMNAKBl davesflheandnig2elendnitapdicrpprbdondnBl and B2 from
whi ch binary signals ("0" or "1") for the NAND gates L1 and L2 are input.
The NANDbyhbéssl inangspengeetouppki edprilyhofoReergyeonradpswerzgdgpl y VH.
The three resistors Rd, the transistor Q the input portion C, and Bl and
B2, and fAE RARPt§BTeshE1laAdid2ipuirbei éhqpédcéﬁE#oPYt HELiRfolkes of
energies_generated in the resistors Rh-A and Rh-B. Here, between the

resi st or PRRPERSWRTPAUEPE. bE ihe hRating SLE6MCRASshowAe HeRE4RI7, the
followng_ relationship holds:, ., - 46 Rx = 2Rd/,3 Therefore, when Rd ~ 1.5 X
19 5°% RELERGBtRRRS BriPnOsreiBethe BrogeraamBedoti TREtLPPaET heE . v,

when is are_ input ho tg i nput . portions.Bl and B2, ,and."1" .is input to the
i nput poi%ﬁBﬁgcfeF put ?}otﬁﬁeh%ﬂﬁbnaaFéngTtﬁn&anﬁﬁr&lﬁgfdsgegﬁat t he
out put s 8& the gﬁND gates Li Qng L% ar q%é Ehys s Lo et %#3 in the
resistor 8,Saﬁ éegurrent_cgug d ? asgo 3d supﬁﬁé @ﬁ Fﬁgwsu I?SFR t he
resistorg,Rp-4 é@?f@?éﬁceSF?C%e%h%ek%%b%t%h%.%Emé 2, RB haye equa
resi stances, the currents owng in the resistors Ri-A and Rh-B are equal
to each gbth@kating a bubble in part of the liquid by at least one of

the heating elements, and the time required for generating a

bubble in another part of the liquid by another one of the

heating elements, a direction in which the liquid is ejected

from the nozzle is controlled based on the difference.

According to a twenty-first aspect of the present

invention, a liquid ejecting device having heads each

including a plurality of liquid ejecting portions arranged

in parallel in a predetermined direction is provided. The

liquid ejecting portions each include a liquid cell for

containing liquid, a plurality of heating elements for

producing bubbles in response to the supply of energy, and a



Next, when "0" is input to the input portion Bl, "1" is input to the input
portioen B2, and "1" is input to the input portion C, the outputs of the
NAND gates L1 and L2 are "1" and "0", respectively. Thus, a current flows
in the NAND gate L1, while no current flows in the NAND gate L2. In this
case, the current flowing in the resistor Rh-B is 2Rd/(Rh + 2Rd) when the
current flowwng in the resistor Rhi-Ais set to 1. Here, when Rd ~ 20. 7Rnh,
0.977 (approximately 2.3~ decrease) can be obtained. Al so, when "1" is
input to the input portion Bl, "0" ts2bnput to the input portion B2, and
"1" is input to the input - 47 portion C, the outputs of the NAND gates
L1 and L2 are "0" and "1", respectively. Thus, no current flows in the NAND

gate L pdhile fopul et ly e olyyln Hheo0Dgale b1 oy il sngase, the

current W ng in the resistor Bis Rd +"Rd) when e current

f1owi NG {he URGoH BS6 S8 Red by ©85 #8a i ndNeTeRehts 20. TR, ha 85y

(approxi mately 4.6~ ‘decrease) can be obtained. Wien Os are input to the

i nput poéiéﬂ@ﬁtgﬂaﬁédaﬁgén%ég id"thé pre@étémingdi apHécPOshi on theboth the
outputs of the NAND gates L1 and L2 are 1s. Thus, currents flow in both

CMOS/ NAND; @@l @Scé il andrde. ed&h t Hf StE@SReadff energnt 1§l swbphied the
resistor Rn-B is 2Rd/(3Rh + 2Rd) when the current flowng in the Rh-Ais
set to lalWehe Rdeat 20y 7&heménO83if appe okxiqaieél yebl 7~adécbeaseiting be
obtained. The circuit is formed so that the current flowng fromthe

resi st oraRdifdetbecdl/DErgate 4dlnamndrtbf suppbpingl emengyfromathe resistor
Rd to the NAND gate L2 can flow into the ground of a power-circuit for
driving thast MDS/ dANChgahestingaatienentahanl fsmapneshofinshpPEY§ng7. Fig.
8 is a table show ng the above results. As shown in Fig. 8, in response to
the i npuesergythe anpthepopheons BleahdaBinat aéewartent af L6RPAREIPR t he
resistor Rh-B with respect to the current flowng in the resistor Rh-A can
be chang&dl. whickhehejteapidi nsFegeched; framchhe PAZRAPCASaCRBEFPLORY - 48
obtained by inputting is to the input portions Bl and B2 is used as a

r ef er enck2pBdi eRohN8f d46fSXRAER " 0" is input to the input portion Bl and

"1" is input to the input portion B2, a deflect]jon.appunt_ corresponding to
25~ of one dd%ciﬁ¥§§PQxﬁP Eﬂﬁ%ﬁ¥@iﬁc%%€nasﬁﬁc sofngﬁ? ?Be?%%ginput

e T AT R R e R L
the ;ng%Png&%ggsggﬂ%gggllggg_ BrdehLAGh Q9.RTRHE! p6LLBRROAIAG SR 750 of
in parallel in a predetermined direction is provided. The
liquid ejecting portions each include a liquid cell for
containing liquid, a plurality of heating elements for
producing bubbles in response to the supply of energy, and a
nozzle for ejecting the liquid in the liquid cell by using
the bubbles produced by the heating elements. The heating
elements are arranged in the predetermined direction in the
liquid cell. For each of the heads, energy is supplied to
all the heating elements in the liquid cell, and by
performing energy supply so that a difference is set between

the time required for generating a bubble in part of the

liquid by at least one of the heating elements, and the time



Fig. 9 is a schematic circuit diagramshow ng a fourth exanple in which the
di ffer'ence in bubble producing tine between the bisected heating resistors
1.3 can be set. Fig. 9 also shows a nodification of the circuit shown in
Fig. 7. Inthe circuit in Fig. 7, since the voltage of the power supply VH
is applied to the CMOS/ NAND gates L1 and L2, (high withstand voltage) PMOS
transistors that are usable even at the voltage of the power supply VH nust
be used as the C-MOS/NAND gates L1 and L2, thus limting the degree of
freedomin selection of transistors-i @édesi gn. Accordingly, as shown in
Fig. 9, transistors Q2 and B of a type simlar to that of a transistor QL
are provided and each transistor can be driven at a | ow voltage. This can

| ower drkgqagrxal%egeaeﬁekagéhssaLéueﬂﬂeLG(é%@kﬂeke?ake Efgthg) Three
transistors Rd, the transistors Ql, @, and (3, 1npu portions C,

Bl, and BZquaddp{henbte9abgs bt and hgaiyﬁ@té@@mé@tsonhrehréeelaﬁvunts of
heat generated in the resistors Rh-A and Rh-B. Al so, although the resistors

Rh-A andiffhwBitR the tigauit ibNefe@ted 8k6mSehetfohave eguabntesiseances,
inthe circuit in Fig. 9, the resistance of the resistor Rh-Ais set to be
smal | er bhasdt bat tht ahefBBeBceln this condition, when the transistors Q@
and (B are not in operation (a state in which no currents flowin the three
resi stors Rd)Acanddingrents tvenmtynthhedraspstorst Rbhd pnes &ht B,
respectively, the currents flowing in the resistors Rh-A and Rh-B have
equal valnesntIhus, at hégnédi stiertRhgAngthedatesnghbeafsurtcbf heat |ess
than that by the resistor Rh-B because the resistor Rh-A has a resistance

| ess thahnchuding ehplpesilétyr oRn1BIuUiA ebiesténgepostipnagarsaagedbl i shed
so that an ejected_ink droplet can be delivered to a position which is away
hal f of &RePAHERILAEM ABvabPEcdrEERT1BRd ARTEFEPPRL 1Fr BRPY1AEHer eABE position
of delivery. Fig. 10,is an illustration of the values of inputs Bl and B2
and p05|%FEHédtSJﬁﬁFéﬁglHRrHFBB?eﬁécﬁrénﬁéPﬂﬁePeélqﬂédSHS%ﬁ tRYFig. 10, in
t hi s enbodi nent, i 8 sition to which t i nk droph i S d | ivered can be
changed FBHFBﬁPlnﬁh haBddar &8 PhPGELLSYE R PﬁBGﬂnBoF F8ﬁ§t81 8hd B2, the ink

d | et be.d d the | eft f | t 50 \Wh
TP o RAAEREREn B PRIGe B ERGROBECANG SBe PEPPASLET: SPEREYi e por 1 on

B2 Currﬁ”%éﬁ%'S%lé%@%&%”b%?% L Wo. Leslal 96s (R gouascked haseries to the

tran5| stor no current e resit s connec 8 to the

tranS|st8%rgg{ gggu%&aﬁaaeegqareahdfEOWbaglb”bee ?%%Eih o tRR-B is

smal | er than that obtaine are 1nput to the input portions Bl and

B2. Howeyepyial $8 hﬂetﬂhau%as%elﬁh%ycﬂ%ﬁﬁattBEOBbBle%WEQ%dh%%HS Rh-Ais
smal l er than that flowng in the reSistor "Rh- "0" is’input to

the i nputhpOhkh®AnBleaBtents |SA&Qthetthﬂ&nbnﬁabméﬂ&blQ& B2e a current
flows in the resistor Rd connected to the transistor @ (no current flows

in the twaqghed skolsaRd coppedladwiikthsehie@gyt,0ahlde b arR3itiher aB). As a
result, the current flowing in the resistor Rh-B is further smaller than
t hat obt difi€dreher bd'tween a manner of supplying energy to at least
one of the heating elements and a manner of supplying energy
to another one of the heating elements, a direction in which
the liquid is ejected from the nozzle is controlled based on
the difference.
According to a twenty—-fourth aspect of the present
invention, a liquid ejecting method using heads each

including a plurality of liquid ejecting portions arranged

in parallel in a predetermined direction is provided. The



is input to the input portion Bl and "0" is input to the input portion B2.
In this case, the current flowing in the resistor Rh-B is smaller than that
flowing in the resistor Rh-A. Wien is are input to the input portions Bl
and B2, currents flowin the three transistors Rd connected to the
transistors @ and B. As a result, the current flowing in the resistor
Rh-B is further smaller than that obtained when "0" is input to the input
portion Bl and "1" is input to the input portion B2. - 51 By using the
above techni que, two positions, nanel 27 H ght and |left positions to which
an ink droplet can be delivered are set wth respect to the correct
position to which the ink droplet can be delivered. In response to the

val ues of . ] tsa j riiQpns. 2;:a0: ArhLttra position can
o ser ab ERESIEEFLRE, BOBKIoRE: RaCMT o B0F 7 180LY L LBRYETOR,

Cirouit sBavRshingl 9iqdiad GRstAL oLy 750 RLapARgdal cRERED e8R be moved

Wth respect to a position to ch an ink drop I's delivered which is

used as grpafi85RHCBuLHPWBVER, rbBpbhka @@sgheagugﬁﬁyrbbeénépgye,tﬁe angl e at
which the ink droplet is ejected has a deflection angle of . 86 degr ees

with respestihg them¥fthbi paknbi BerahBetin€nexndPpeeiBtEL@in8d the inputs to
the input portions B are represented by two bits, that is, "0" and "0", "O"

and "1", ditécandn” On, thedlidguiandell’ . alien hbezpesibirosjtetiwhychnthe ink
dropl et can be delivered is noved based on the 2-bit value, one dot pitch
nust be dighdadinnthet higaidl aedihby wedidsg, theubupbieki prsdacedf byned as
the position to which the ink droplet can be delivered. In the circuit
shown i ntkeghef@tfiabselasenntst heAdéXanpkehentkng. eITemenhienithhehenputs to the
i nput portions Bl and B2 are changed fromGOs to |Is, the angle at the ink
dropl et Lsqejidcredlonky mvpddied whihgenbyg®.86ndehyepsrisrméaga val ue
corresponding to the difference in resistance at this tine - 52 is

6. 75% aSng&gYr BER1¥bEPethatr asfdferpagehdsused PRtWARBhthRetiBRat i onship

hol ds:
required for generating a bubble in part of the liquid by at

least one of the heating elements, and the time required for
generating a bubble in another part of the liquid by another
one of the heating elements, a direction in which the liquid
is ejected from the nozzle is controlled based on the
difference.

According to the present invention, by ejecting liquid
having a first flying characteristic, and setting a
difference or time difference in the supply of energy or
energy distribution, liquid having a second flying
characteristic different from the first flying
characteristic can be ejected. Therefore, liquid ejected
from a single nozzle can be controlled to have one of a
plurality of flying characteristics.

According to the present invention, by delivering

liquid to a first position, and setting a difference or time



Resi stance of Rh-B = Resistance of Rh-A x 1.0675 Fig. 11 is a plan view
showi ny resistors Rh-A and Rh-B that satisfy the above relationship. In the
exanple in Fig. 11, the resistors Rh-A and Rh-B have equal widths (10 Vinm).
The resistor Rh-A has a longitudinal length (the vertical length in Fig.

11) of 20 Vim and the resistor Rh-B has a longitudinal |ength of 21.4 Vim
In Fig. 11, a portion (1) is connected to the power supply VHin Fig. 9, a
portion (2) is connected to the drain of the transistor QL in Fig. 9, and a
portion (3) is connected to the drarngg8ofF both transistors @ and @ in
Fig. 9. These connections are not shown in Fig. 11. In the exanple in Fig.
11, the area ratio between the resistors Rh-A and Rh-B is 21.4/40 =

R o R s S M S Y
shift inthe BoSTTioh _ fopret °1's 8l Pyreg TS deseribed
hi o enbbariea: o Te Pl F e AR ERaT Borr LR od] PR AR RB e v 1oRE i ch

i nk drop),et fvered Ay Fi 12, the horizontal direction is the
bets g%ﬁgﬁfékg 133 ?Eﬂtf fs.

direction in\ _ ~nozzles 18 are arranged, and the vertical direction
is the directi@bididi €) the PrdlA NG PRPeEidS, Tedh & 1dhegheftyside
shows a state obtained before changing the positions to ich the ink

dr0p|?tSpﬂﬁ@aﬂﬁtyVéfeﬂea&ﬂﬁgFB@siEEBESSEHGaSmQﬁﬁia gbatenabkahged after
changi ng the positions to ich the ink droplets are delivered. In Fig. 12,

a col umegtial heeposthhoss,t bywseehihGeal akrdeopheksiar eugplyvaged can be
hori zontal |y noved to four positions ((1) to (4) in Fig. 12). The position
by def aukhetgywhbchheahbathkgdreplietors,deheveind iregaétrednfpaesi tion (3)
anong positions (1) to (4). Simlarly to the above case, in one position,

t he posiprodunihhghaehuhbilakodr epkkt heatdebi vesédtoanche bevedtbyoobky 250
of one dot pitch. On the left side in Fig. 12, in all the first to four

col utms eavalt heThédt canhelimkndteopbetbiiteideki déregthpnt e which
above-descri bed main operation controller. In this case, the third colum
from t heligridoist R2epESHti ons to which the ink droplets are delivered is
off to the right. Accordingly, a white stripe is fornmed between the second
col um and t WECEPFEHEHY unfoaneErPHe i niheiafFreye dbt e 8R4t Esinin such a

case, by leaving the first, second, .and fourth colums_of the default
positiO%goa%gﬁaﬁggg,dshavsﬁp quuld for two adgacent lgqug

ejecting portions, by setting a difference in supplying
energy to the heating resistors for one or both liquid
ejecting portions, the times required for producing bubbles
on the heating resistors can be controlled to differ. This
can change the direction in which the liquid is ejected and
can adjust the interval between positions to which the
liquid can be delivered.

In addition, by changing the direction in which each
liquid ejecting portion ejects liquid, for example, for each
line, or within one line, by appropriately changing
directions in which some liquid ejecting portions eject

liquid, printed image quality can be increased.



- 54 noving the third colum to the left, the white stripe between the
second'colum and the third colum can be reduced. In Fig. 12, by noving
only the third colum fromposition (3) to (2), that is, to the left by 25%
of one dot pitch, the third columm can be positioned near the center

bet ween the second columm and the fourth colum. The right side in Fig. 12
shows a state in which, by shifting the third colum fromposition (3) to
(2), the third colum is noved by 25% In this manner, the ink droplets in
the third colum can be brought close2% -the center between the second
colum and the fourth colum. This can nmake the white stripe unclear. On
the right side in Fig. 12, the first, second, and fourth colums fromthe

| eft arepferpegrByRdPki¥AT bpOTHEKDRAARKEES from the main operation
controller. However, the third colum fromthe left is fornmed such that, by

using the supr@erﬂti@naIQO@Jqspé&i@a berebestivakydewpigdRihgvang flying
characteristics different fromthose of ink droplets by the main operation

control | pringedi-heatli eRipntvhivichhe nakudeopketsiageddeliceebedthe changed,
wher eby positions to which the ink droplets are delivered are changed from

t he posipresent(3hventkog. i$2hpbyiktde main operation controller to the nore
left side ((2) in Fig. 12). \Wen dots are forned appearing as overl appi ng
stripes due tbigsnatkoandnZBryat bederesibl étopteohumhswodn@ositieonsewo - 55
whi ch ink droplets are delivered, conversely to the above case, the col ums
of positBbawingythe avvedgswmenhiabft heaitnngr velk issowisdénedheWpen nttleirs
technique is perfornmed, in the printer itself or in the printer-head chip
11, for PRedi akipephown &orFégpoAdi ng to each nozzle 18, by storing data
for correcting a shift in a position to which an ink droplet is delivered,
for exanple, Ja‘ﬂ%t o%Aum@t%Bt@r?h@rmbatSb@ww@néhmraha Bonghirhe above
exanpl e, the sup of energy to each heating resistor 13 .in each ink cel
12 may b& EBﬁPFQIPEdtPﬁ 5886t @dn€achi cRPEREtS: Hrediag: XeSAREOT WieR St he

t sh Fi I d, f h I tt d
Storing 3B D4R SMHPPABPBRc BORUERBen ARG CERRBCPodt PURDLS, PERE RN opl e
on one heatin reskst %ﬁ to bok and tg tinme &e%U|r§d for the ink
dr opl et ﬁth ot aﬁga ﬁgeP8§|§P8raf§ Foogoﬁp PeGESI'y of energy to

each heating i S} or a nk C be controlled in
accordance mﬁ%héth% sf o%ed %gtgec fi-t ?svﬁﬁﬁngﬁxwmﬂ%nggone nozzles 18 in

the prin&@ﬁationshlp between nozzles and printing paper;

Fig. 5 is a schematic circuit diagram showing a first
example in which the difference between the bubble producing
times of bisected heating resistors can be set;

Fig. 6 is a schematic circuit diagram showing a second
example in which the difference between the bubble producing
times of bisected heating resistors can be set;

Fig. 7 is a schematic circuit diagram showing a third
embodiment in which the difference between the bubble
producing times of bisected heating resistors can be set;

Fig. 8 is a table showing results obtained in the
circuit shown in Fig. 7;

Fig. 9 is a schematic circuit diagram showing a fourth



head chip 11 cause a shift in positions to which ink droplets are
delivered, or sone of the printer-head chips 11 in the |ine head cause a
shift in positions to which ink droplets are delivered, the shift in the
positions can be corrected. Also, when two adjacent printer-head chips 1 in
t he - 56 line head, as shown in Figs. 19A and 19B, have therebetween a
shift in positions to which ink droplets are delivered, the shift in the
positions can be corrected. Figs. 19A and 19B are used for description. In
this case, regarding the N-th printéer3fead chip 1, a direction in which ink
droplets are delivered fromall the nozzles 18 may be changed to the right
by a predeterm ned anount, and regarding the (N+1)-th printer-head chip 1,
a direct eRBolMm¥ALCAni Rkidhophet §iFrepradd bBewBeRZtRE BEppLe delivered may
be changed to the left by a predeterm ned anount. Definitely, a direction

i n whi chpirbkudingl etmekr e bOBBcOEdt heatioRgl eesi8take dehi veredtnmy be
changed. Next, a case in which printing quality is increased by using this
enbodi ment i sragscro bes el DWudtrdtiortase tHe thelhéHneohentiputfieBposi tions
of the nozzles 18 of each printer-head chip 11 are fixed beforehand. Thus,
posi ti onantioBRhiiohFigk @ ophdt poaieideki vérddlaverddt drnphedshef or ehand.

For exanple, for a resolution of 600 dpi, the interval between the nozzles
18 is 42.3 mBionetlkrss oplvan selgy sowirg chlse shethbiceshapehedid, by
novi ng the head a plural nunber of tinmes in one line in order to perform
printingtheheireydtushenncan BégrePatively easily changed. For exanple, in
the case of providing a serial head of 600 dpi (the interval between the
nozzl es 18 isF¥P: 312 iscym M kpdkereien obyapfinttmacdifiaetien to
subsequent |y regrinting an_ identical |ine, and controlling the dots of the
re-print ¥81FPn&neoPBESEPEpBERNFACPNES| APBLABHI at e positions of the dots of
the first printed i%ne, an ifﬁge having a_resol uti on of can be

. 1200 dpi
printed. The Gbdvel? ethndQub! t&hHR LY u%%dai%e?%%le%%lﬁéﬁﬁthEaﬁge it is

not moved, it hg width diregtign,of Lhe prigting paper.

Fig. 14 is an i1llustration of a third modification to
which the present invention is applied;

Fig. 15 is an illustration of a fourth modification to
which the present invention is applied;

Fig. 16 is an illustration of a fifth modification to
which the present invention is applied;

Fig. 17 is an illustration of a sixth modification to
which the present invention is applied;

Fig. 18 consists of plan views showing a line head of
the related art; and

Figs. 19A and 19B are a sectional view and plan view
showing the state of an image printed by the line head shown

in Fig. 18.

DESCRIPTION OF THE PREFERRED EMBODIMENTS



However, by applying this enbodinent, the resolution can substantially be

i ncredased, thus increasing printing quality. Fig. 13 is an illustration of
a second nodification in which this enbodinent is used. The second

nodi fication is an exanple of a dot arrangenent based on dot interleaving
in which the dot pitch in each line is set to be constant, and in the next
line its dots are arranged in the internediate positions of the first line.
In Fig. 13, each position to which an ink droplet is delivered can be
changed to four points ( 1) to ( 4-)31 and point ( 4 ) is set by default
In Fig. 13, the first Nline, ink droplets are delivered to the default
position (4). In the next N+1 line, by changing, frompositions (4) to (2),
all positi Oniélt Qi B FH Lt At dalinegiadrarie deargated he ink

droplets are delivered to positions noved to the I eft by 50% of one dot

pitch. Ieidie (Nh | idference 5 1K &6ORNSiSy B¢ @edimesed to positions

identical to those for the Nline. In other words, in N, N+2, N+4,... lines
(even-nunber adid.i nes)s dikexdieplat parspajtecied law tdmwiaign oper ati on
controller and are delivered to (4). In N+1, N+3, Nt5,... lines

(odd- nunpeigeetinesd , chik TI opb etisiak ea el eghed ahelctibfid eddedlcdyof he sub
operation controller and are delivered to position (2). In this manner, in
N, N+2, tHd, preséntesn¢envebomubbesapdliedes)Inthigi nk, daopbeteaskedt! i vered
based on (4), and in N+1, N+3, N+5,... lines (odd-nunbered lines), ink
dropl et s17 aie behidedrted basadrberpbayeroh6(2) Thdhugzzle shwehd}dcéat |ines,
two groups of positions to which ink droplets are delivered are alternately
shi fted $howneaehtbt hersepas@bedf one dot pitch. By performing this type of
printing, a substantial resolution can be increased. |nstead of noving, in
all the |inesShedtintar-herduritdp bk B of e sty W9 erleRl, 2RKE posi ti ons
may be noved in each set of several |lines. Al so, the anpbunt of venent
from a debatreldgetpediti on FgenBFlBE?FTEEPQrF9lpiﬁiteﬁ.bﬁﬁﬁanﬂ €8bove

control is perfornmed, for each line, b toring data qn giff rences in
suppl yi ng2erBFHYIES %aﬁﬁmﬁﬁaP?HﬁtPﬁsFB¥B£r1§? gﬂﬂpgﬁ$§|9 lgﬁg?ay to the

T el B e B BP Rk bedl D FRLAPREB b Lhenbied cita
producing units or heating elements in the present invention,
and which are used to produce bubbles in a liquid when being
supplied with energy) formed on one surface of the
semiconductor substrate 15. The heating resistors 13 are
electrically connected to an external circuit by a conductor
portion (not shown) formed on the semiconductor substrate 15.

The barrier layer 16 is made of a photosensitive
cyclized rubber resist or an exposure-curing dry-film resist,
and is formed by stacking the resist on the entirety of the
surface of the semiconductor substrate 15 on which the
heating resistors 13 are formed, and using a
photolithography process to remove unnecessary portions.

The nozzle sheet 17 has therein a plurality of nozzles

18 having ejecting portions, and is formed by, for example,



- 59 which this enbodinent is used and in which a technique simlar to
dithering is used. Dithering neans that, in order to weaken unnatural ness
generated when the spatial resolution of pixels in a sanpled inage is
insufficient, when the original image is quantized, the quantization is
performed, with slight noise and hi ghfrequency signal superinposed in an

i nput signal beforehand. What is shown by Fig. 14 differs fromdithering in
a narrow sense, but has an effect Slné ar to dithering. In Fig. 14, default
positions to which ink droplets are d Fivered are set in (4). In Fig. 14,

it is assuned that dot size is sufficiently small. In the case in Fig. 14,
bi nary-bit val ues are output by a pseudorandom function generator and are
added t oelapttosdognbhg techhel ogputispogtnbokeBl ahde B2ozZdhésskbaat 17
appropriately change a position to which an ink droplet is delivered. For
exanpl e, is nbohéedl dnhe, thbebdrrserahdyéout 6 hsonkhdtophetsofibmenheofeft are
delivered to default position (4) by the main operation controller, and
each of the sezphdsah8l canrdornksdengl eostheoppsheiprstofsthelivered to
position (3) which is noved to the I eft by 250 of one dot fromthe default
posi ti onheFhenabboeistenni e thataise thereaselpsi hBi AGNqREPPEY. tReig. 15
consists of illustrations of a fourth - 60 nodification in which this
enbodi neReatsndgseasapfcshohd - a dot averagi ng process. In Fig 15, the upper
illustration shows a state in which ink dro Iets are ej ect wi t hout bei ng

defl ected. Therk n‘F@Jdl'%p]r?et%r%r“eo’b%*H%?%‘él et ‘Pna?‘hr cb‘é‘?‘gt?}b"n control | er.

In the pﬁg illustration ig g . ) % ﬁurth g gh%H cglunns of dots

(whose | RERGLRIAFESIAGPESL EBFSSB ESF FsTeW 8Fc fe FAGtPRAELEBLs are
[ h t th | f d dicated b

bt ched HRREE) T6roand; 3HR BEPAAE sP%a5 L7 vnorklRRERRYS, KRBl anky i i cat e

that thesﬂBE%ra%gnﬂgﬁg ?”?h'?Erﬁga@hEhSoEQHﬁtQaﬁ?g SEQQEQ ¢Qlkuppg,Qf dots.

In this case averagi ng process Is
12, the barrier layer 16 forms the side walls of the ink

cells 12, and the nozzle sheet 17 forms the top walls of the
ink cells 12. 1In this structure, the ink cells 12 have
aperture regions in the front right of Fig. 1. The aperture
regions are connected to ink-flow paths (not shown).

The above printer-head chip 11 normally includes the
heating resistors 13 in units of hundreds, and the ink cells
12 provided with the heating resistors 13. In response to a
command from the control unit of the printer, each heating
resistor 13 is uniquely selected, and the ink of the ink
cell 12 corresponding to the heating resistor 13 can be
ejected from the nozzle 18 opposing the ink cell 12.

In other words, in the printer-head chip 11, the ink
cell 12 is filled with ink supplied from an ink container
(not shown) joined to the head 11. By allowing a pulse

current to flow through the heating resistor 13 in a short



perfornmed, in the fourth, sixth, and eighth colums, snmall dots are
consecutively formed in a dlrectlon (the verti cal dlrection in Fig. 15) in
whj ch the printing paper is fed, so that density nonuniformty (vertical
stripe) appears. Accordingly, in this case, the dot averaging process is
performed by using the sub operation controller. In the lower illustration
in Fig. 15, from for exanple, the nozzle 18 corresponding to the sixth
colum (the nozzle 18 positioned above the sixth colum), only the nain
operation controller is used to delivéB ink droplets in the sixth colum,
as in the upper illustration in Fig. 15. However, in the second colum, by
using the sub operation - 61 controller, ink droplets are deflected to

the right;gad poe Qﬁémg@éedlteop98m5598§eeeﬁa§spEHglHea£9n5h§egggt995ltlons
in the sevenfh colum. Tn'the third colum, by using the sib operation

control | eg, 1 5nkagiaplehaaEg. deﬁéeﬁtﬁgshﬂtthg LektpaRdeal gxdlib¥eeed to
positions corresponding to the dot positions in the fifth colum. By using

this techsi gueautbe 1AZ3! go2Bi6Ar t88BANHLGNENEONERR I BhXEBsE8EBAM1BS
controlled to deliver ink droplets not only in the sixth colum but also in

anot her galufRe(&Rpahsibh 66l UAB Ohkt BebbeveatibleabeBnNihR bl somsanpl e),

and is controlled so as not to deliver ink droplets in consecutive rows in
one col unolumbi $thésonRppbies)t o ChktHiephahaee) edhrvdotr amvbhemrozzl es 18
corresponding to the fourth and eighth colums. In the above arrangenent of
dots, inkadadpktet sheteotethérdimsibhdgndzihksih8tber pespdndi hgutbinhe fourth,
sixth, and eighth colums are prevented from being delivered to consecutive
rows in the vokahn. 1¥his edncpedvent idkndiroplataudicbor iheynpeaikel d8ki ng
clearly and can increase picture quality. Fig. 16 illustrates a fifth

nmodi fi cagnrénipndghivaredi snéabslPnEREntdngspadPesnd the formation of high
resol ution. In Fig. 16, it is assunmed that the printer-head chip 11 has a
resol uti on ofF 599 d%@ RBe2B MR VEFSBREWEERALY he fealbed 1BlaR Vew

m cronet ers) In Fig, 16, the case (1) shows that dots are forned
by de|.v@PPn§lﬁﬁksaFBbP@ﬁ% V98w1FH@Wﬁﬁsntaﬁe95FP89688ﬁﬁr8ﬁ|ébe The dot

tch ob d wh th t trol | |t
Phe. i nt oPOar 08t RBBASERE nd2}BS k8 PRAEG Lpr i Do HRoRASEn R oLL 5 hat | s

42.3 n]C%QG?t§E§'the position of the nozzle 18 is indicated by the

chain lines.

As shown in Figs. 2A and 2B, in the head 11 in this
embodiment, one ink cell 12 includes two separate heating
resistors 13 arranged in parallel. In other words, the ink
cell 12 includes bisected heating resistors 13. The
direction in which the heating resistors 13 are arranged is
a direction (the horizontal direction in Figs. 2A and 2B) in
which the nozzles 18 are arranged.

In such a bisected type in which one heating resistor
13 is longitudinally separated, each separated heating
resistor 13 has the same length and a half width. Thus, the
resistance of the separated heating resistors 13 is double

that of the original heating resistor 13. By connecting the



Unlike the case (1) , the cases (2) to (4) show that, by using the sub
operation controller to interpolate new dots in dots forned by the nmin
operation controller, the printing resolution is increased. For exanple, in
the case (2), ink droplets are delivered by the main operation controller
simlarly to the case (1), and by using the sub operation controller to
formnew dots in dot fornmed by the nain operation controller, the dot
density is doubled. In this case, a nethod simlar to that shown in Fig. 13
is used. The feeding pitch of printing4paper is set to be half that in the
case (1). The portion (3) shows a state in which the dot density is
quadrupl ed. To quadruple the dot density, at first, when the nmain operation
control | g5,k 5, HS§UnL 9 941 ¥EE 1 50K AT 9Bl 8hSselREs| Nkndr gBLEESrage control | ed
to be delivered to the teeding direction o? prinfing paper at a density
doubl e thahtungdrbhikhersase hidvihy- €he &B8pieedbBYspPhhEBsOhrRI i NtiNg paper
is set to be half that used in the case (1)). In addition, by using the sub
oper ati ogogsnBttell en terdell esy tnRktdenpl ebsalt besiBkafeeplist sogry be
del i vered at - 63 the density double that used in the case (2). The
portion tfheshemataost ghe bniyhheh hbetdny dessktyri $30ctupl ed. By using
the main operation controller, the dots are forned in the feeding direction
of the printiHexe paperoaflen drasi thedankl ént hale Uskd dell He2 amse Kd)l, Thi s
point is simlar to dot formation by the main operation controller in the
case (1)thénheddibgonesbytoassnf)3tinessubeopeatitdohycenppblliey, aej ected i nk
droplets are deflected and delivered so that three new colums of dots can
be positfenedihetmeentt A€ dowsrf bpntheby t Bbignin bpepuseomnesayrol l er. The
three colums of dots formed by the sub operation controller, which are
posi ti ong@npepheenatwsheobaihsiaf ugedstporieatbyhenénkai nWbgar &heon
controller, are obtained such that, fromthe nozzle 18 corresponding to the
|l eft col GAA18E2BEEsIPebRBeh t AOCHEFBRHS O PASESMESENEE BRCERESRHI N
operation control]er, ink dtoglg%%]are e'ectedognd deflected in two

di f f er entP¥FPYRE  dPY eCPFERESLBIF FR81E6RRRASCANGHE PRETERPee col ums, and
fromthe _nozzle 18 corresponding to the right colum, of dots bet n the
two col uhfig*d Oﬁﬁtégfo ﬁ%dlﬁg F%B ﬁﬁiHr8ﬁgﬂ§tF8nacgEﬁgoVFg%,aiﬁwggﬁoplets
are ejecggd ggg deflected to the left to formthe other one colum of dots
anong the thréé - col ums of dots. As described above, when the printer-head

hip 11 h L cal [ 6 I LPf ] 6 j b
TG0 per o nER IS B The ey T opa? ot FBn eonkr o Taresfer BE FE cage (1),

Al so, th@iuéefeilgggsgﬂa)eﬁerahkeenQQHEEQ%lseh%eaﬁhgsap&gahh%goatihhe

doubl e density ( pi’) as in the case (2), printirng at the fourfold

dens!ty 6é44 igaikp§§ein B er@éﬁ@iﬁ%)théth@EkaEBQOEtth@eh%E&HBEO|d
density (4800 dpi) as in the case (4) .
resistors 13, the resistance can be increased. However,
when considering material selected for the heating resistors
13 and its strength (durability), there is a limitation in
reducing the thickness of the heating resistors 13.
Accordingly, by separating the heating resistor 13 without
reducing its thickness, the resistance of the heating
resistors 13 is increased.
When one ink cell 12 includes the bisected heating

resistors 13, it is common that the time (bubble producing

time) required for each heating resistor 13 to reach a



The above increase in resolution is particularly effective in a case in
whi ch dot dianmeter is small due to the interval between two nozzles 18.
Fig. 17 illustrates a sixth nodification in which this enbodi nent is used
and which has a wobbled state. In Fig. 17, exanple (1) shows dot formation
only by the nmain operation controller, in which four colums of dots are
arranged in parallel with the feeding direction of printing paper at
intervals of the nozzles 18. In Fig. 17, exanple (2) shows that colums of
dots are obliquely fornmed by the sub @feration controller. For exanple, in
the first row, simlarly to the exanple (1), dots are fornmed by the main
operation controller. In the second row, by controlling the nozzles 18 to

ej ect anéeﬂggkseﬁrénkogreehﬁaﬁ tenkhenki 9Bt sedots BECGQAMRd at the |ower
right portions to the first colum of dots. In the third row, by increasing

the amount ofrlefheedd o8y fFom 4 ferNozT| £8e IS okt hptnasetdmt g1 second
row, dots are fornmed at the lower right portions to the |ower right
portionsihOshape65 DuBetsesandrkew oh geb8uctiohhi stMaBNebmmby @nadual |y

i ncreasing the anount of deflection as the row nunber increases, oblique
col unms af didmtasdéan bachoasedhaskabevnchanybe.exanpkecédpesThi s dot
formation prevents nonuniformty and stripes fromlooking clear. In Fig.
17, exanphiéfé3pnshows bhhbleopumdscohgdotimear eThbl cqaekyjohopfretthesi mlarly
to the exanple (2). In the exanple (3), in the first row, simlarly to the
exanpl e ¢ifferhscaniin bpbbati pnodontingl témei mayseduse &orasdotis. In the
second to fourth rows, simlarly to the exanple (2), by controlling the
nozzl es ¥WBigh éPéc@nénénd@ﬂEeb?athRgdF@pﬂét@rlh3thédrtbﬁtlnh Ppgthe7, dots
are formed at the |ower right portions to the upper colum of dots. Next,
in the fPEPRTt Bea&heat KepdnEorby3efecrPiigbadd-deflecting ink droplets in
the direction opposite . to that in the second to fourth rows, that is, to
the right in h?@ the d65ﬁ§r8P€eféPWQHQQ4%lﬂ¥q43ﬁ%nqeﬁ%m%xﬁﬁlﬁﬁﬁﬁ¥%ﬁthe

upper col yum dot arrangenent .in the ei subsequent col ums
.Eps.n1|£ﬁ BRbhG: OF e RGtaRRana ATH SGnBCA.BREPEBAE AN Ao SBASEI | bog
above,

orm ng, the, columm s.in tria r form stripes and
nonunlfo ﬁ?%&lggntBewBﬁg eﬁpgdlfrgﬁ§338EF 15I8g? §% ﬁofgeﬁ%ich col um of
dots shoEgg ?g [,quely be formed in a S|ngle direction, and from which
colum t dot s “shoul d obllquely be formed in the opposite direction are

arbitrary, = ri80. $d.pBYsbea el 6HbREdshoy BRE 0 IRREEOULE LA POSSI bl e

maxi num anount oOf |nk rop et def ion, etc. Printing nmethods such as the

exanpl esph2hiaed (3) tha Ehge &¢ éééhrgébb%ﬁ@e'He@t&%b‘%bsﬁ%h@&eﬁ3b$s
reciprocally nmoving its head a great nunber of tines,” that is, overwiting.

Conver seky, thﬂsaehbaalﬁéhﬁtbétWE@ﬁeahQQQfQQ%%cﬁohnnﬁﬁﬁblbtp&@ﬁu@&%@
i npossi ble to performsuch wobbling. However, in the present invention, the

printingtimkheds iakeahdalkthzedjbytisnngnyhe $Wb1QREH&prQtCOHEhQ||er One
enbodi nent of the present invention has been described. The present
i nvent i omailsesoshbwni tied the tirapaboweedesopulted-eibhadianedt relsuil tsan be
variously nodified as foll ows:
In each graph, the X-direction indicates a direction (the
direction of the heating resistors 13 arranged in parallel)
in which the nozzles 18 are arranged. The Y-direction
indicates a direction perpendicular to the X-direction,
which is a direction in which the printing paper is carried.
Regarding the data in both graphs, the horizontal axis

indicates difference in bubble producing time. In Figs. 3A

and 3B, a time difference of 0.04 microseconds corresponds



(1) I'n the above-described enbodi ment, by changing currents to bisected
heating resistors 13, the tinmes (bubble producing tinme) required for ink
droplets on the heating resistors 13 to boil can differ fromeach other. In
addition, this can be conbined with a technique in which the times in which
currents are supplied to the bisected heating resistors 13 are controlled
to differ. (2) In the above-described enbodi nent, a case in which two
heating resistors 13 are arranged in parallel in one ink cell 12 has been
descri bed. The reason of bisection is3hat the durability of the bisected
heating resistors 13 is sufficiently proven and the circuit configuration
can be - 67 sinplified. However, the arrangenent of the heating
resistorgold varfngtibhnbted Boptheeaboy8seasancbBUli@ReabhaBJErRAt ai N Which
at least three heating resistors 13 are arranged in parallel in one ink
cell 12 napebaiggedentd)oknotbe sbowvfddessrirbegoagbodbmentrarii€ion
printer-head chip 11 and the line head for use in the printer are

exenpl i f bédappoorymatelpeapbepentennventionansendt fiferehed.to the printer,
but can be applied to a device for ejecting a DNA-contai ned solution for
detecting a bisldeggcalbsdnpbdeve ( Mhéeém dhEfabenvee dischilbele epbodicing, t he
heating resistors 13 are exenplified. However, heating el enents conposed of
a subst atémeotherrehsnda tbei shgie of etiretivppes dhkener gptgenerators and
bubbl e producers may be used. (5) In the above-descri bed enbodi nent, the

bi sect edPRERERA§CHES st oFBUs3 Bhe preApirni 0. vAbRbvénk dRedelprerad
heating resistors 13 do not always need to be physically separated. In

ot her wot-8sCfévéhe| Rorkectapesstiqnheating resi stor 13 conposed of a single

base, if it is one jn which the, distribution of ener in a bubble
produci ng reg?orP¥<tRI e +RgHNS %%BogémgﬁF'tByh%%égé e r2PRV¥Re, for

exanple, one_in which the enti bubbl rroduci,ng regqi does_not uniformy
generatecﬁgﬁ?cﬁﬁalPﬁlﬁhigﬁea B@E&Foﬁr85ugﬁ89r%dﬂgﬁ Q%d%gﬁogﬁgFlBQrtion can
be set to Qag a d& fe&en%enigogﬁn?rating heat, it does not always need to
be separa?ea. R’ fai Spgraflgn ntrol | er which ej ects an ink dropl et -
68 fromthe z u j ni ener .1 he_hu e producing
regi on, and afgu%ﬂgb%$%$¥%ﬁ g@k%#%??%f %%ggkigﬁ,g%ﬁggéﬁgiﬁg gggifference in
ener gy dj h Ayt i [ h |  opE,Qduci I egi it o ppli ed with
ener gy, g%EF%EHnggPe?h%agfgggg ?Fy?gggghgggéﬁglﬁgpﬁgggr?fgpgﬁ?9f35n1that
of the ipgkijdpephehtehgctedilyorBe1ABIR 8Rer ahikOkeGANU POl e cife relegCt ed
based on the difference fromthe nozzle 18, in other words, which controls
the ink dpopkeh emashedpbiramibhecBazzbe1:81t.0 ha dehievereddsQ a position
different fromthe position of the ink droplet delivered by the main

oper at i ononambilofber efey thagpaaviaeddrep)l efforf rmmanteoholuhlel @ 8piegducti on,
the heating resistors 13 or the |ike are used to produce bubbles in the ink
in the i mefeelckd 12 by shpplnang bperadlioceneogrroliernteanghef contiriod
production is not limted to this technique. For exanple, the neans of
bubbl e piedrerifommedy sbehstbh tanaenéngyhdsp empiodd mestth o dhematoniehd niknk

(liquid) in the ink cells 12 generates heat by itself.
cell 12 includes bisected heating resistors 13, the

simultaneous supply of equal amounts of energy (power)
brings ink on the heating resistors 13 to a boil so that the
time required for each heating resistor 13 to have a
temperature for bringing the ink to a boil can be
theoretically equal, in other words, an angle at which the
ink is ejected can be perpendicular to a surface onto which

the ink is delivered.



- 69 WAT ISCLAIMED IS: 1. Aliquid ejecting device conprising: a liquid
cell for containing liquid; a plurality of bubble producing neans for
produci ng bubbles in the liquid in said liquid cell in response to supply
of energy; and a nozzle for ejecting the liquid in said liquid cell by

usi ng the bubbl es produced by the bubbl e produci ng neans, wherein: said
plurality of bubble producing nmeans are disposed in said liquid cell; and
all the bubble producing neans in said liquid cell are supplied with
energy, and by setting a difference-bgTween a manner of supplying energy to
at least one of said plurality of bubble producing neans and a manner of
suppl ying energy to another one of said plurality of bubble producing

means, a flyi .Gh teristi f i qui ' ; -
contror o BBLASH PP Ao, P M PPN A ST L0
o U GERInd o CON AL 00 44 Uk & eSO, o P! e oG eans

I qui ' I qui I n response to

time required for at least one of the heating resistors 13
to produce a bubble and the time required for at least one
other one of the heating resistors 13 to produce a bubble,
thereby setting a difference between a manner of supplying
energy to the at least one heating resistor 13 and a manner
of supplying energy to the at least one other one heating
resistor 13, or by controlling the manner of supplying the
at least one heating resistor 13 to differ from that by the
main operation controller, the use of the difference ejects,
from the nozzle 18, an ink droplet having a flying
characteristic (such as a flying direction, a flying path,
or rotation moment of a flying ink droplet) different from
that of an ink droplet ejected by the main operation
controller, in other words, means for controlling the ink
droplet ejected from the nozzle 18 to be delivered to a
position to which an ink droplet ejected by the main
operation controller is delivered is referred to as a "sub
operation controller". However, the sub operation
controller is identical to the main operation controller in
supplying energy to all the heating resistors 13 in the ink
cell 12.

Accordingly, for example, when the resistances of the

bisected heating resistors 13 have an error and differ, the



supply of energy; and - ~0 a nozzle for ejecting the liquid in said
liquid cell by using the bubbles produced by the bubble produci ng neans,
wherein: said plurality of bubble producing means are disposed in said
liquid cell; and all the bubble producing neans in said liquid cell are
supplied with energy, and by perform ng energy supply so that a difference
is set between the tinme required for generating a bubble in the liquid by
at | east one of said plurality of bubble produci ng neans, and the tine
required for generating a bubble in—th& tiquid by another one of said
plurality of bubble producing neans, a flying characteristic of the liquid
ejected fromsaid nozzle is controlled based on the difference. 3. Aliquid

ej ectingdeyi ee LML S0 3 hdddU hietdrdiie CONSIBH TG pisdding bubbl e
produci ng region for producing a bubble in the liquid in said liquid cel

i N respopskel O BARP) VLIS @NETEN , oS By Ot thsiltid £n pE Sttt Ngn regh BroI Dewi g at
| east part of one internal wall of said liquid cell; and a nozzle for

ej ectingsiihetd i ene danglsad€ whoeh deigel 1nbyi 4 hej bebéd ef psduced by said
bubbl e produci ng region, wherein an energy distribution in said bubble
produci ngefeghdicwhachty s obt ehaedthdepos heiemetgywhisckuppéi egkto said -
71 bubbl e producing region has a difference, and based on the difference,
a flyingdehptect £sideltvefed hies | 0 ffii frepethedcdéroactapdshbkehe is
COHtrOllggﬁever, by using the sub operation controller to control
each heating resistor 13 to have an equal bubble producing
time, the angle at which the ink is ejected can be set at
perpendicularity.
Next, setting of the adjustment of the angle of
ejection of ink is described below with reference to Fig. 4.
Fig. 4 is a side sectional view showing the relationship
between the nozzles 18 and printing paper P.
Although the distance H between the tips of the nozzles
18 and the printing paper P is approximately 1 to 2
millimeters in the case of an ordinary inkjet printer, it is
here assumed that the distance H is maintained at a constant
value, namely, approximately 2 millimeters. The reason the
distance H must be maintained at approximately the constant
value is because a change in the distance H changes the
position to which the ink droplet is delivered. In other
words, when an ink droplet is ejected perpendicularly to the
surface of the printing paper P, the position to which the

ink droplet is delivered does not change, even if the

distance H changes to some degree. Conversely, when the ink



4. Aliquid ejecting device conprising: a liquid cell for containing
liquid; a plurality of bubble produci ng nmeans for produci ng bubbles in the
liquid in said liquid cell in xesponse to supply of energy; and a nozzle
for ejecting the liquid in said liquid cell by using the bubbles produced
by the bubbl e produci ng nmeans, wherein: said plurality of bubble producing
nmeans are disposed in said liquid cell; and said plurality of bubble
produci ng means conprise: main operation-control neans for ejecting liquid
from said nozzle by supplying the energy to all the bubbl e producing neans;
and sub operation-control means Whi ch supplies the energy to all the bubble
produci ng neans and which, by setting a difference_ between a nmanner of
supplying energy to at | east one of saiﬁ Q{grélY%quf bubbl e produci ng
means and a manner of supplyiggt@ﬂergyt o another .onen®f said plurality of
bubbl e produci ng Sndu sai d _no.zOzA &d QrrperY F ej ect ir%le based on the
dlfggégf&€ of ¢1%fuid hagéngtﬁe positd .o the cbd

changs¥s



- 72 flying characteristic different fromthat of the liquid ejected by
said main operation-control neans. 5. Aliquid ejecting device according to
claim4, wherein, when a flying direction in which the liquid ejected by
the main operation-control neans flies is off a target direction, said sub
operation-control means controls the flying characteristic of the liquid so
that the flying direction approaches the target direction. 6. Aliquid
ej ecting device according to clainms 4 or 5, wherein when a delivery
position to which the liquid ejected‘@@ tthe mai n operation-control means is
delivered is off a target position, said sub operation-control neans
controls the flying characteristic of the liquid so that the delivery
posi ti onmapaboachrsuhiieikakget apogbti 6. ofe Aokl gllknhej ecting device
according to any one of clainms 4 to 6, wherein said sub operation-control
means . contr otiset hestilys ngholmar act Bigst i BAodnd heB | indidate that, tbe (liquid
is delivered'to at | east one position which is different froma position to
whi ch t hebkhadui d dp€itediby thgleaobli OpéBatiegmeesnt robubkans i s delivered.
8. Aliquid ejecting device according to any one of - 73 clainms 4 to 7,
wher ei n, pbpdocangoltimeg dilfe efreyiceg ofh aapgotceriimsttied yof0 tdfe Un s dseeddrdt t he
liquid is delivered to at |east one position which is different froma
del i ver yTpasi cPsnespPidiscfot he resdaitdnepediédebpnrhe offapRropaiaeitedyont r o
meansi s delivered, said sub operation-control neans controls the~nunber of
pi xel s f 6rhed-onTher ebeVei Adskaarcentbyst REcderpbéiy set thRethequrageo
i ncrease than_the_nunber of pixels;fornmed only by said main
oper at i oRfcBnbr BE1ARRECTS tR Pi BiildiBEEersnganeyisemesRpPFSERG2LAYI i qui d
cell for c%n%ainin% | i, qui d; )
se o approximately a constant value in the range of 1
millimeters to 3 millimeters.
A value less than 0.5 millimeters as the distance H
causes a small maximum movable amount of dot by deflective
ejection of an ink droplet, so that a sufficient merit of
the deflective ejection cannot be obtained. Conversely, in
the case of a value greater than 5 millimeters as the
distance H, the precision of a position to which the ink
droplet is delivered tends to decrease (because it is
presumed that an effect of air resistance to the ink droplet
increases while the ink droplet is being delivered).
Next, an example of a case in which the direction of
ejection of ink is changed is more specifically described
below.
Fig. 5 is a schematic circuit diagram showing a first
example in which the difference in bubble producing time of
the heating resistors 13 can be set. 1In the first example,

the printer-head chip 11 is controlled so that energies of



a plurality of bubble producing neans for producing bubbles in the liquid
in said liquid cell in response to supply of energy; and a nozzle for
ejecting the liquid in said liquid cell by using the bubbles produced by

t he bubbl e produci ng nmeans, wherein: said plurality of bubble producing
means are disposed in said liquid cell; and said plurality of bubble
produci ng neans conprise: main operation-control neans for ejecting liquid
fromsaid nozzle by supplying the energy to all the bubble produci ng neans;
and sub operation-control neans mhi6h4guﬁplies the energy to all the bubble
produci ng nmeans and whi ch, by - 74 setting a difference between a manner
of supplying energy to at | east one of said plurality of bubble producing

neans angi 8f Sp&ner aRbustPPLyh NYiMAEE fyeHYs BRI e NBuPp LDt At | OA- 6EREE Ol
means, uses said nozzle to performejection based on the difference of

i quid havtdg, ab¥| yimagl chneaaseyi stppldihdetrat tvooneabhhgotesbetbrgui d
ej ected by said nmain operation-control neans.
13 with energies of different amounts, it is ensured that,
for stable ejection of ink droplets, sufficient amounts of
energies are supplied to the two heating resistors 13. Thus,
stable ejection of ink droplets can be achieved while
controlling the direction of ejection of the ink droplets.

Since the amount of energy supply to each heating
resistor 13 only needs about half the amount of energy for
stable ejection, problems as described in the related art
and Earlier Applications 1, 3, and 4 do not occur. This is
caused by a feature of the present invention in that the
heating distributions of heating regions (regions on the two
heating resistors 13) are changed while maintaining the
total energy amount supplied to each heating resistor 13,
without separately driving the plurality of heating
resistors 13.

In Fig. 5, resistors Rh-A and Rh-B are the bisected
heating resistors 13, respectively. The circuit is formed
so that a current can flow into or from a path (midpoint)
for connecting the resistors Rh-A and Rh-B. A resistor Rx
is used to deflect an ejected ink droplet. The resistor Rx
and a switch Swb function to control the amount of heat by

the resistors Rh-A and Rh-B. A power supply VH is used to

allow a current to flow in the resistors Rh-A, Rh-B, and Rx.



10. Aliquid ejecting device conprising: a liquid cell for containing

i quid; a bubbl e producing region for producing a bubble in the liquid in
said liquid cell in response to supply of energy, said bubble producing
region forming at |east part of one internal wall of said liquid cell; a
nozzle for ejecting the liquid in said liquid cell by the bubble produced
by said bubbl e producing region; main operation-control nmeans which ejects
liquid fromsaid nozzle by supplying energy to said bubble producing
region; and sub operation-control nead€ Wwhich, by setting a difference in
an energy distribution in said bubble producing region which is obtained
when the energy is supplied to said bubble producing region, uses said

nozzle to performe] ex! ifsbases tHat hendlidfecenceioélidguisl_having a
flying characteristic different fromthat of the liquid - 75 ejected by

sai d nmai feopstati RR; cont the swansh $db Asl hgui dosheetbagtoethedewhi ch
conprises using a plurality of bubble producing neans in a liquid cell to
produce bobbhes, i whénquhd sehtahnsdai st harhedquod, cel tubyesuppllypwag ener gy
to said plurality of bubble producing nmeans, ejects the liquid froma
nozzl e byromsi higet hewprodupptlybUbbtestheheeeintbhe Rhghi dngj BbtBd f Nom sai d
nozzle is controlled to have at least two different characteristics by

usi ng: acwarenbpéiavsobncther sbsgsepri Rxwhi Bhenhéhpi gasdsienepecréd from
said nozzl e by supplying uniformenergy to all the bubble produci ng neans

g ﬁg—A and Rh-B are equal to each other, the

in said thqureséarprsa
amounts of heat generated in the resistors Rh-A and Rh-B are
equal.

Conversely, when the switch Swa is turned on by
connecting the switch Swb to either contact, the currents
flowing in the resistors Rh-A and Rh-B have different values.
Thus, the amounts of heat generated in both are different.
For example, in Fig. 5, when the switch Swb is connected to
the upper contact, currents flow in portions in which the
Rh—-A and Rx are connected to each o£her in parallel, and
meet to form a combined current. The combined current flows
in the resistor Rh-B. Thus, the current flowing in the
resistor Rh-A is less than that flowing in the Rh-B. This
can lower the amount of heat generated in the resistor Rh-A
than that generated in the resistor Rh-B.

Here, in accordance with the resistance of the resistor
Rx, the ratio between the amount of heat generated in the
resistor Rh—~A and the amount of heat generated in the

resistor Rh—B can be set freely. This can set a difference

in bubble producing time between the resistors Rh-A and Rh-B.



a sub ,operation-control step in which energy is supplied to all the bubble
producing neans in said liquid cell and in which, by setting a difference
bet ween a manner of supplying energy to at |east one of said plurality of
bubbl e produci ng nmeans and a manner of supplying energy to anot her one of
said plurality of bubble producing neans, the liquid ejected fromsaid
nozzle is controll ed based on the difference to have a flying
characteristic different fromthat of the liquid .ejected in said main
operation-control step. - 76 12.”A%Figuid ejecting nethod which
conprises using a plurality of bubble producing neans in a liquid cell to
produce bubbles in liquid contained in the liquid cell by supplying energy
to sai d phws Al i yr&dpdnbd! eh@rothici fige NRBNSct Bpecd S éhectiomi df f 1o a
nozzl e by using the produced bubbles, wherein the liquid ejected fromsaid
nozzl e idrephet otdedbé ochawgedt | east two different characteristics by
using: a main operation-control step which ejects the liquid fromsaid
nozzl e by supsinyi g Ignergythen adblvet mdsubbtempridoucwig-gtedvd ids said liquid
cell; and a sub operation-control step which supplies the energy to all the
bubbl e ptounetbegd rteanshantowdr ctonbycset thagravers¢ erebatibrshveen a manner
of supplying energy to at | east one of said plurality of bubble producing
means andoddsrankleys o¢nalpphyi Hge eperysnt nfsewingain ther aesbatebnRhol st ep,
uses said nozzle to performejection based on the difference of liquid

havi ng a®f£9i kg ‘éﬁ‘a@g‘éfeﬂlélﬂi hat f fEpehRaf +BnthRaredistae RhigBid ejected in
said main operation-control step. 13. Aliquid ejecting nethod Wg%ph
conpri ses usiify ¥HDA® ot G EFERTH Forki Mf atthedd 1A Hiidne

i nt er nal wa| | of iquid cell to produce_a bubble in liquid contained in
said |iqdf W%%Fﬁgﬁeﬁﬁcgg"ghﬁ #Pﬁﬁ)da?ﬁo%¥alﬁozzle by using 77 _ the
produced bubbl e, wherein the liquid ejected fromsaid nozzle is controlled
to have at least two flying characteristics by using:

(Rh x Rx)/(Rh X (Rh + Rx)) =
Rx/(Rh + R) =
1 - 0.0675 =

0.9325

Hence, Rx = 13.8 x Rh

Therefore, in a circuit equivalent to the circuit in
Fig. 5, when the bisected heating resistors 13 are connected
to each other, the switching of the switch Swb can change
the currents flowing in the bisected heating resistors 13.
This can set a difference in bubble producing time between
the resistors Rh-A and Rh-B, so that the direction of
ejection of ink droplet can be changed.

Fig. 6 is a schematic circuit diagram showing a second
example in which the difference in bubble producing time

between the bisected heating resistors 13 can be set. In



a main operation-control step in which, by supplying energy so that an
energy distribution in said bubble producing region is uniform liquidis
ejected fromsaid nozzle; and a sub operation-control step in which, by
setting a difference in the energy distribution in said bubble producing
regi on when energy is supplied to said bubble producing region, a flying
characteristic of the liquid ejected fromsaid nozzle is controlled based
on the difference to differ fromthat of the liquid ejected in said main
operation-control step. 14. A liqui d &ffeCting device conprising: a liquid
cell for containing liquid; a plurality of bubble producing nmeans for
produci ng bubbles in the liquid in said liquid cell in response to supply
of ener gyhe afdconodzbepiOF ~Ehectinguibeisi gontronlsdi gol tyatd cel | by

usi ng the bubbl es produced by the bubbl e produci ng neans, wherein: said
pl ural i tgnetgbabbbe pgodlcongsmahsr aseodhsposen bei supspl fledi gai dheel | ; and
bisected heating resistors 13 at different times.

Also, by using this technique, the total amount of
energy supplied to the heating resistors 13 when an ink
droplet is ejected can be maintained to an amount at which
the ink droplet can stably be ejected. Thus, stable
ejection of the ink droplet can be performed, and by setting
a difference in supply of energy to each heating resistor 13,
a feature of the present invention can be obtained in that
the heating distributions of heating regions are changed
while maintaining the total energy amount supplied to each
heating resistor 13.

In Fig. 6, the resistors Rh-A and Rh-B are the bisected
heating resistors 13, respectively. When only a switch Swa
is turned on, a current can flow only in the resistor Rh-A.
When only a switch Swb is turned on, a current can flow only
in the resistor Rh-B.

In this circuit structure, by turning on the switches
Swa and Swb at different times, a difference can be set
between a time in which an ink droplet on the resistor Rh-A
comes to a boil and a time in which an ink droplet on the
resistor Rh-B comes to a boil.

Fig. 7 is a schematic circuit diagram showing a third

example in which the difference in bubble producing time



all the bubble producing neans in said liquid cell are supplied with
energy, and by setting a difference between a nmanner of supplying energy to
at- |l east one of said plurality of bubble produci ng neans and a manner of
supplying energy to another one of said plurality of bubble producing
means, the liquid ejected fromsaid nozzle is controlled based on the
difference to be delivered to at least two different positions. 15. A
liquid ejecting device conprising: a liquid cell for containing liquid;, a
plurality of bubble produci ng neans-f &5 produci ng bubbles in the liquid in
said liquid cell in response to supply of energy; and a nozzle for ejecting
the liquid in said liquid cell by using the bubbles produced by the bubble

pr oduci ngo R8s, cHheheleccaal doRkunal bbkiolbubbhecproguciog megps are

di sposed 1n said |1qui an e bubbl e producing neans in said

liquid cehl 8nergupRhinfileM the€ASFY¥roARd BY BRLEQRT BELRBERIY Supply so
that a difference is set between the tine required for generating a bubble

in the Ike§&§t8¥sakhLﬁaahdggﬁ-gfcaﬁierge&akbtfogi byphke pradugiyng neans,

and the tine required
four directions in which an ink droplet can be ejected can

be set.

In Fig. 7, the resistors Rh~A and Rh-B are the bisected
heating resistors 13, respectively. In this example, their
resistances are equal to each other. The circuit is formed
so that a current can flow into or from a path (midpoint)
for connecting the resistors Rh-2 and Rh~-B. Three resistors
Rd are used to change a direction in which an ink droplet
can be ejected. A transistor Q functions as a switch for
the resistors Rh-A and Rh-B. The circuit includes an input
portion C from which a binary control input signal ("1" only
when a current may flow) is input. The circuit includes
binary-input C-MOS/NAND gates Ll and L2, and input portions
Bl and B2 from which binary signals ("0" or "1") for the
NAND gates L1 and L2 are input. The NAND gates L1l and L2
are supplied with power from a power supply VH. The three
resistors Rd, the transistor Q, the input portion C, and Bl
and B2, and the NAND gates L1 and L2 function to control the
amounts of energies generated in the resistors Rh-A and Rh-B.

Here, between the resistor Rx shown in Fig. 5 and the
resistor Rd shown in Fig. 7, the following relationship

holds:



for generating a bubble in the liquid by another one of said plurality of
bubbl e produci ng neans, the liquid ejected fromsaid nozzle is controlled
based on the difference to be delivered to at |east two different
positions. 16. A liquid ejecting device conprising: a liquid cell for
containing liquid; a bubble producing region for producing a bubble in the

liquid in said liquid cell in response to supply of energy, said bubble
producing region formng at |east part of one internal wall of said liquid
cell; and a nozzle for ejecting the-li#§uird in said liquid cell by using the

bubbl e produced by said bubbl e produci ng region, wherein an energy
distribution in said bubble producing region which is obtained when the
energy is supplied to said bubble producing region has a difference, and
based on the difference, the liquid ejected fromsaid nozzle is controlled
to be delivered to at |east two diglkf eremig/positions. 17. A liquid ejecting
device conprising: aliquid cell for containing liquid; a plurality of
bubbl e produci ng means for producing bubbles in the liquid in said liquid
cell in response to
Therefore, when Rd = 1.5 x 13.8 X Rh = 20 x Rh, a
difference of 6.75% can be set.
At first, in Fig. 7, when l1ls are input to the input
portions Bl and B2, and "1" is input to the input portion C,
inputs to the NAND gates L1 and L2 are 1ls, so that the
outputs of the NAND gates L1 and L2 are 0s. Thus, no
current flows in the resistor Rd, and a current caused by a
power supply VH flows only in the resistors Rh-A and Rh-B.
Since the resistors Rh—-A and Rh-B have equal resistances,
the currents flowing in the resistors Rh-A and Rh-B are
equal to each other.
Next, when "0" is input to the input portion B1l, "1" is
input to the input portion B2, and "1" is input to the input
portion C, the outputs of the NAND gates L1 and L2 are "1"
and "0", respectively. Thus, a current flows in the NAND
gate L1, while no current flows in the NAND gate LZ2. In
this case, the current flowing in the resistor Rh-B is
2Rd/ (Rh + 2Rd) when the current flowing in the resistor Rh-A
is set to 1. Here, when Rd =~ 20.7Rh, 0.977 (approximately
2.3% decrease) can be obtained.

Also, when "1" is input to the input portion B1l, "O0" is

input to the input portion B2, and "1" is input to the input



supply of energy; and - 80 a nozzle for ejecting the liquid in said
liquid cell by using the bubbles produced by the bubbl e produci ng neans,
wherein: said plurality of bubble producing neans are di sposed in said
liquid cell; and said plurality of bubble produci ng means conprise: nain
operation-control neans for ejecting liquid fromsaid nozzle by supplying
energy to all the bubble produci ng neans; and sub operation-control neans
whi ch supplies the energy to all the bubble produci ng neans and whi ch, by
setting a difference between a manner4»f-suppl ying energy to at | east one
of said plurality of bubble producing neans and a manner of supplying
energy to another one of said plurality of bubble producing neans, perforns

be ol | VETRGTD Gr POt (6P Y 15 oS TVt bt e S tHe | i o
o) et 1 n ikl bl R e o e P rara e w8 AR on o
which theadd aut d Bl erd o Ky LG Bl G, 0P B | 80 GO0tk MB20S 18, defy ver ed
get’ position, said Sub operation-control neans controls the
de'iverytﬁEgiééégkt{héﬂ%ﬁfﬁgﬁk£¥ﬂ&h{ﬁjgfﬁ the resistor Rh-B is
Rd/ (Rh + Rd) when the current flowing in the resistor Rh-A
is set to 1. When Rd ~ 20.7Rh, 0.954 (approximately 4.6%
decrease) can be obtained.
When 0s are input to the input portions Bl and B2, and
"i" is input to the input portion C, both the outputs of the
NAND gates L1 and L2 are 1ls. Thus, currents flow in both C-
MOS/NAND gates L1 and L2. In this case, the current flowing
in the resistor Rh-B is 2Rd/(3Rh + 2Rd) when the current
flowing in the Rh-A is set to 1. When Rd » 20.7Rh, 0.933
(approximately 6.7% decrease) can be obtained.
The circuit is formed so that the current flowing from
the resistor Rd to the NAND gate L1, and the current flowing
from the resistor Rd to the NAND gate L2 can flow into the
ground of a power—-circuit for driving the C-MOS/NAND gates
L1l and L2, which is not shown in Fig. 7.
Fig. 8 is a table showing the above results. As shown
in Fig. 8, in response to the inputs to the input portions
Bl and B2, the current flowing in the resistor Rh-B with
respect to the current flowing in the resistor Rh-A can be
changed.

In the circuit in Fig. 7, in a case in which a position



- 81 position. 19. Aliquid ejecting device according to clains 17 or 18,
wherein, when a delivery position on a recording nmediumin which the liquid
ejected by the main operation control nmeans is delivered is off a target
posi tion, said sub operation-control neans controls the delivery position
to approach said target position. 20. A liquid ejecting device according to
claim 17, wherein said sub operation-control neans controls a position of
liquid delivered thereby so that the liquid is delivered to at |east one
position which is different fromthe @gésition to which the liquid ejected
by the main operationcontrol neans is delivered. 21. Aliquid ejecting

devi ce according to claim 17, wherein, by controlling a position of

ol ver ok hoHba, By sAbO.PRA, PROLA! LOD: SABLE ob FPARGa S0y LURY BheyLiauld fe

delivere ne "positron eren St7o e p03|t|on on

a recordiigqned! Jm-LPeBhea d%?&’cig 8 use] CfndY koe [BI

O
oper ation-control neans 1s | vere sald Su operati on-co t I’O nmeans

control StBBelﬁidH@efao%lQhXShSaBQVWEG' 8 §ﬁbétr€80£9é“9nﬁ§‘é'HH}:QioBhe
delivery of the liquid to increase than the nunber of pixels fornmed only

- 82 bypsaid aafmeeegaﬁtaﬁauﬁen&b@kegﬁaﬂaln§2toﬂaS%Qafdoﬁéeebtng devi ce
conprising: a liquid cell for containing |iquid;

pitch can be obtained. When "1" is input to the input

portion Bl and "0" is input to the input portion B2, a

deflection amount corresponding to 50% of one dot pitch can

be obtained. When 0Os are input to the input portions Bl and

B2, a deflection amount corresponding to 75% of one dot

pitch can be obtained.

Fig. 9 is a schematic circuit diagram showing a fourth
example in which the difference in bubble producing time
between the bisected heating resistors 13 can be set. Fig.
9 also shows a modification of the circuit shown in Fig. 7.

In the circuit in Fig. 7, since the voltage of the
power supply VH is applied to the C-MOS/NAND gates L1 and L2,
(high withstand voltage) PMOS transistors that are usable
even at the voltage of the power supply VH must be used as
the C-MOS/NAND gates L1 and L2, thus limiting the degree of
freedom in selection of transistors in design. Accordingly,
as shown in Fig. 9, transistors Q2 and Q3 of a type similar
to that of a transistor Ql are provided and each transistor
can be driven at a low voltage. This can lower driving
voltages for gates L1 and L2 (AND gates in Fig. 9). Three

transistors Rd, the transistors Ql1, 02, and 03, input



a plurality of bubble producing neans for producing bubbles in the liquid
in said liquid cell in response to supply of energy; and a nozzle for
ejecting the liquid in said liquid cell by using the bubbles produced by

t he bubbl e produci ng nmeans, wherein: said plurality of bubble producing
means are disposed in said liquid cell; and said plurality of bubble
produci ng neans conprise: main operation-control neans for ejecting liquid
fromsaid nozzle by supplying the energy to all the bubbl e produci ng neans;
and sub operation-control neans whi ch48upplies energy to all the bubble
produci ng nmeans and which, by setting a difference between a manner of
suppl yi ng energy to at least one of said plurality of bubble producing

neans andoge ABADEE. Of1 SUBRLYEAG SRS GioDYNBALA: O8I i1 OBRRALS ORy£OR Lo
ntro e

means, Iquid ejected fromsaid nozzle e delivered to a

pos'tlontglééﬁ£§81 %ﬁenhﬁoeﬁﬁstb@nhégtweeﬁQrAtgalﬂnetﬁetﬁéspytéesd mai n
operation-control neans i1s delivered l'iquid ejecting device

conpri si pg-aazhiquhdpcel | for contalnlng I|qU|d, a bubble produci ng region
for producing a bubble in the liquid in said liquid cell in response to
supply of enexpyoe, s&lthdudihl €horoseCs tigr$ eRh-om 4108 Mg ain | €@st part of one
internal wall of said liquid cell; a nozzle for ejecting the liquid in said
i quid celikchytushngighe7babbl eepr aduhadebggaal drbebbkenpesduenngheegi on;
mai n operation-control neans which ejects liquid from

circuit in Fig. 9, the resistance of the resistor Rh—~A is

set to be smaller than that of the Rh-B.

In this condition, when the transistors Q2 and Q3 are

not in operation (a state in which no currents flow in the

three resistors Rd), and currents flow in the resistors Rh-A

and Rh-B, respectively, the currents flowing in the

resistors Rh-A and Rh-B have equal values. Thus, the

resistor Rh-A generates the amount of heat less than that by

the resistor Rh-B because the resistor Rh~A has a resistance

less than that of the resistor Rh-B. In this case, setting

is established so that an ejected ink droplet can be

delivered to a position which is away half of the maximum

movable amount of ink droplet from a reference position of

delivery.

Fig. 10 is an illustration of the values of inputs Bl

and B2 and positions to which ink droplets are delivered.

As shown in Fig. 10, in this embodiment, the position to

which the ink droplet is delivered can be changed to four.

When 0s are input to the input portions Bl and B2, the ink

droplet can be delivered on the leftest in Fig. 10 (default).



sai d nozzle by supplying energy to said bubble producing region; and sub
operati on-control means which, by setting a difference in an energy
distribution in said bubble produ0|ng regi on which is obtained when the
energy is supplied to said bubble producing region, controls the liquid
ejected fromsaid nozzle to be delivered to a position different froma
position to which the liquid ejected by said nmain operation-control neans
is delivered. 24. Aliquid ejecting device according to any one of clains
14 to 23, wherein an al nost constant @i0stance is maintai ned between the tip
of said Nozzle and a surface onto which the liquid is delivered. 25. A

| iquid ejecting device according to any one of - 84 wherein the distance

ol Pvered s arh  net ATRRE o hodr® chRPE RNl RESAED & BT Tt s
and 5 ”‘ih%ﬂ%t€55thé6ln€u ﬂ&kngheﬁ '”8 EHQQ %@58hf%8ﬁbﬁﬁ'ﬁﬂeatﬁbura"ty

of bubbl e produci ng nea I quli to pr oduce es Inliquid

cont ai negek N5 8814 h&qebﬁnéékédb¥n5E99h¥b“Qoeﬂﬁé9¥réﬁs§§térpb9rthty of
bubbl e producing neans, ejects the Iiquid froma nozzle by using the

prOdUCGdCQHPthsflMQEVEhnthéerébQHtheRQCESHnEEQHHSEbdtH@Z%Egnbis@@@tr0||ed
to be delivered to at least two different positions by using: a main

operati opzgont K8l astepul 8, Wahehctibeehtqel dwifgejiactrd tesisgairdrAOBZI € by
supplying uniformenergy to all the bubble producing nmeans in said |iquid
cell; andsasmablepethRbhofhaentbohifbtdpwhenwschralinphe hubbhe input
portions Bl and B2. However, also in this case, the current
flowing in the resistor Rh-A is smaller than that flowing in
the resistor Rh-B.

Next, when "0" is input to the input portion Bl and "1"
is input to the input portion B2, a current flows in the
resistor Rd connected to the transistor Q2 (no current flows
in the two resistors Rd connected in series to the
transistor Q3). As a result, the current flowing in the
resistor Rh-B is further smaller than that obtained when "1"
is input to the input portion Bl and "0" is input to the
input portion B2. 1In this case, the current flowing in the
resistor Rh-B is smaller than that flowing in the resistor
Rh-A.

When 1ls are input to the input portions Bl and B2,
currents flow in the three transistors Rd connected to the
transistors Q2 and Q3. As a result, the current flowing in
the resistor Rh-B is further smaller than that obtained when
"0" is input to the input portion Bl and "1" is input to the

input portion B2.



producing nmeans in said liquid cell are supplied with energy and in which,
by setting a difference between a manner of supplying energy to at | east
one of said plurality of bubble produci ng neans and a manner of supplying
efergy to another one of said plurality of bubble producing nmeans, the
liquid ejected fromsaid nozzle is controlled based on the difference to be
delivered to a position different froma - 85 position to which the
liquid ejected by said main operationcontrol step is delivered. 27. A

l'i quid ej ecting nethod which conpriseSlusing a plurality of bubble
producing neans in a liquid cell to produce bubbles in liquid contained in
said liquid cell by supplying energy to said plurality of bubble producing

Teans, ej ect sy e Jiauih (oM N0t ey, Usidbddie: praducethdupbl es,

wherein the I|qU| €] ecte e 1s controlled to del i vered
to at_|eﬁ§%h£“@h@'ié§£9ﬁ5s99§bﬁéoﬂé PHiER! BE° 1ﬁkn@k8p98€ré&hoﬁecontr0| step
in which t liquid is e ected.fromsaid nozzle by supplying uniform energy

to all the1bubbte Ef@dﬁétnﬁlﬁﬁaﬁés{aécﬁaté thgukdreett; pasdtaotubo
operation-control step in which all the bubble producing neans in said

i quid cehichRrensuppki @dopitt easrgy asliverwbi chinbyespbhbsagta €héference
bet ween a manner of supplying energy to at | east one of said plurality of
bubbl e pratluesngfnmeapatandoathanhapuof psuppbysnglt AedeR2r ggni n sai d mai n
operation-control step, the liquid ejected fromsaid nozzle is controlled
based onathétdaffepeateivn bendbki setedst tha position tpf wbkieht theom a
position to which the liquid ejected in said nmain operation-control step is
del i ver etink dropbet28s dAeliyerddejecting method for ejecting liquid in a
liquid cell froma nozzle which conprises using a bubble produced in the
liquid by supptykhy ekerglt tshewpubbl Bigr olluck meaxEgmerof n’ 3% of | 97 d
cell, said bubble producing region formng at |east part of one internal
wal | of datdPitghi gaBebe, mﬁﬁéﬂeWhthhéePPaGthQJécP@élFF8ﬁ1§8|H AG%zle is
controlled to be delivered to,at % two different positions by using: a
mai n opefBt FBh- éBHPPSF %Feﬁeﬁﬁvﬁﬁ? h¥ Bﬁhs&ﬁpPﬁﬁﬂgthg éﬁgFﬁﬁnFS sai d
bubbl e pyoduci ng regi ﬁ so _t hat enﬁ g% thErIEUtlon in_sa d % % h

pr oduci ng°FeYPon 8 GRtPoFRECr n8S| FRIFGLPSE ef88YEd Plofif¥ad o2& and a
sub operation tro ep LN _whi by set an_en strighution in
sai d bubgb r%d g ﬁh%ghe95038§ ﬁgd e% ?%e 8HeF§ %sggu%plged to said

bubbl e P5e Hgéggwﬁgglggségcga¥g %thL g&ggg§ 1ihe liquid ejected fromsaid

nozzle i s contro elTvered to a posifion different froma

position to “fhc@héhgxémﬂﬂédlﬁlﬁf&ed9'”tﬁé'gnﬁﬁkg £BELRLT PRpGRNtrol step is

del i vered.
portions B are represented by two bits, that is, "0" and "0",

"0" and "1", "1" and "0", and "1" and "1". When the
position to which the ink droplet can be delivered is moved
based on the 2-bit value, one dot pitch must be divided into
three. 1In other words, four positions are formed as the
position to which the ink droplet can be delivered.

In the circuit shown in Fig. 9 (also as in the example
in Fig. 7), when the inputs to the input portions Bl and B2
are changed from 0Os to 1ls, the angle at the ink droplet is
ejected only needs to change by 0.86 degrees. Since a value

corresponding to the difference in resistance at this time



29. Aliquid ejecting nmethod according to any one of clains 26 to 28,
wherein an al nost constant distance is maintai ned between the tip of said
nozzle and a surface onto which the liquid is delivered. 87 _ 30. A
liquid ejecting nmethod according to any one of clainms 26 to 29, wherein the
di stance between the tip of said nozzle and a surface onto which the liquid
is delivered is maintained at an al nost constant val ue between 0.5
mllimeters and 5 mllinmeters. 31. Aliquid ejecting device having heads
each including a plurality of liquid @fecting portions arranged in parallel
in a predetermned direction, the liquid ejecting portions each conpri sing:
aliquid cell for containing liquid; a plurality of heating elenents for

produci ngs bybpies 1§ JE&SPONS&) thdne, SHPRY: HfoLNRiPihe Alkb@ fpzzl e for
ejecting the liquid in said liquid cell by using the bubbles produced by

the heatyngee! €f@NES1ationship holds:

Resistance of Rh-B = Resistance of Rh—-A X 1.0675

Fig. 11 is a plan view showing resistors Rh-A and Rh-B
that satisfy the above relationship. 1In the example in Fig.
11, the resistors Rh-A and Rh-B have equal widths (10 pMm).
The resistor Rh-A has a longitudinal length (the vertical
length in Fig. 11) of 20 pm, and the resistor Rh-B has a
longitudinal length of 21.4 pm.

In Fig. 11, a portion (1) is connected to the power
supply VH in Fig. 9, a portion (2) is connected to the drain
of the transistor Q1 in Fig. 9, and a portion (3) is
connected to the drains of both transistors Q2 and Q3 in Fig.
9. These connections are not shown in Fig. 11.

In the example in Fig. 11, the area ratio between the

resistors Rh-A and Rh-B is

21.4/40 = approximately 1.0675

Next, in this embodiment, the case of correcting a
shift in the position to which the ink droplet is delivered
is described below.

Fig. 12 is an illustration of a first modification in



wherein: said plurality of heating elenents are arranged in said
predet'erm ned direction in said liquid cell; and all the heating el enents
in said liquid cell are supplied with energy and by setting a difference
bet ween a manner of supplying energy to at |east one of the heating

el ements and a manner of supplying energy to another one of the heating

el enments, a direction in which the liquid is ejected fromsaid nozzle is
control |l ed based on the difference. 88 ~2. Aliquid ejecting device
havi ng heads each including a plurakieg ef liquid ejecting portions
arranged in parallel in a predeterm ned direction, the liquid ejecting
portions each conprising: a liquid cell for containing liquid; a plurality

Of et pg gh Rl S 1,9 ROGUC] R0, BUBD! £541 B g8 RONSEL Land sy spel v of

energy; Uht-a nozzl @ For e ectin el I qui by using

the bubbjgsypLpdiced by &ﬁfcgefﬁk”QrﬁﬁngQtéreW@@If&@reéa'dxﬁ'ﬁié"ty of

heating e enents are arranged 1n sard predeterm ned direction in said

liquid CEbI,tﬁ@dhékizaﬂgabeaifgstféﬁnygt@hénd§@é9tinU1ﬁ §6LLnatResuppl i ed
wi th energy, and pertormng energy supply so that a difference is set

bet ween ﬁ@@ziégelsegyérsgréﬁaeaensﬁattﬂg aepebééﬁ d0rdafioRfishenkiquid by
at |l east one of the heating elenents, and the tinme required for generating

a bubbl eqi pe@pobheinPRhi cRf tﬁ@epi:iﬂﬁmgbpfap@m berreae oh1tbe bgating
el ements, a direction in which the liquid i1s ejected fromsaid nozzie is

controlledfbasedeOthhg di §teteneptadBedAobfguedcrRargihggtaevi ce accordi ng
to any one of clainms 31 and 32, wherein, anong the heating elenents in said
|l i qui d cedbbitavnseast whhehhehei hgketieaphétandratdékhgéred, and the
right side shows a state obtained after changing the
positions to which the ink droplets are delivered.
In Fig. 12, a column of the positions to which the ink
droplets are delivered can be horizontally moved to four
positions ((1) to (4) in Fig. 12). The position by default
to which each ink droplet is delivered is set in position
(3) among positions (1) to (4). Similarly to the above case,
in one position, the position which each ink droplet is
delivered can be moved by only 25% of one dot pitch.
On the left side in Fig. 12, in all the first to four
columns from the left, the ink droplets are delivered by the
above-described main operation controller. In this case,
the third column from the left of the positions to which the
ink droplets are delivered is off to the right. Accordingly,
a white stripe is formed between the second column and the
third column and printing quality deteriorates.
In such a case, by leaving the first, second, and

fourth columns of the default positions unchanged, and only



_ 89 _ one other heating elenment are sinultaneously supplied with different
anounts of energy. 34. Aliquid ejecting device according to any one of
clainms 31 to 33, wherein: the heating elenments in said liquid cell are two
heating resistors connected in series to each other which have equal

resi stances; and control neans for controlling the heat values of said two
heating resistors is connected to a path for connecting said two heating
resistors, and by setting a current flowing in one heating elenent and a
current flowng in the other heating Bhenent to differ, said control neans
control s said one heating el enent and the other heating elenent to have a
difference in heat value. 35. Aliquid ejecting device according to any one

of cl ai g, 3, .34, ek Gl bhe. Seald ng, £l TNl Sl sal g lguid cel| are

two heating resistors connected in Series each o have equa

resi st angesye AN KON L Ol n B Sur ' CA A 11 BcrBifd O Ngne! &L We T OF
reduced. In Fig. 12, by moving only the third column from
position (3) to (2), that is, to the left by 25% of one dot
pitch, the third column can be positioned near the center
between the second column and the fourth column.

The right side in Fig. 12 shows a state in which, by
shifting the third column from position (3) to (2), the
third column is moved by 25%. In this manner, the ink
droplets in the third column can be brought close to the
center between the second column and the fourth column.
This can make the white stripe unclear.

On the right side in Fig. 12, the first, second, and
fourth columns from the left are formed by delivering ink
droplets from the main operation controller. However, the
third column from the left is formed such that, by using the
sub operation controller to eject ink droplets having flying
characteristics different from those of ink droplets by the
main operation controller, a direction in which the ink
droplets are delivered is changed, whereby positions to
which the ink droplets are delivered are changed from the
positions ((3) in Fig. 12) by the main operation controller
to the more left side ((2) in Fig. 12).

When dots are formed appearing as overlapping stripes

due to a narrow interval between two columns of positions to



controlling the heat values of said two heating resistors is - 90
connected to a path for connecting said two heating resistors, and by
setting a current flowing in one heating el ement and a current flowi ng in
the other heating elenent to be equal or different, the operation of said
swi tching el enent controls the heat values of one heating resistor and the
other heating resistor. 36. Aliquid ejecting device according to any one
of clainms 31 to 35, wherein equal or alnost equal anpbunts of energy are
supplied to at | east one heating el em&t -and at | east one other heating

el ement anong the heating elements in said liquid cell, with a difference
set in supplying the energy. 37. A liquid ejecting device according to

cl ai m S1yniBAr ehR: a2oFRARET A0k SUPPLXLRA CBSROL:LAIA cheafL aBByReali ng

elenept and at |east one ot eating elenent anon eatlng_elenents
in said Lhgui diggl bohaMasaok! Bbakit¥nef mdif Her fR¢es; sandnly shering data on
the differences for the liquid ejecting portions, the supply of the energy
to the heatkbpgael egeptachsqcontrol l ed based on the stored data. 38. A

l'iquid ejecting device according to claim31 or 37, - 91 wherein: a
manner of supphymh neh eHeESYnh Oqaé | £asbrpoEmbEat iNJrtREepRDhtandiatel east one
ot her heating el enent anong the heating elenents in said liquid cell is set

to have arplitr ahet prohtdicFhesanedsp and ffer &der eaki aglposigti onal shifting
of liquid delivered by the liquid ejecting portions when the liquid is
ej ect ed onteeapbndiind- ¢peenetl avetzdeelshybsgt sttbrdndatiatan folre di fferences
for the liquid ejecting portions, the supply of the energy to the heating
el ement scpsreohtingl bedhbdisednon pheistionedodahach an ink droplet is

delivered, for example, data on inputs to the input portions

Bl and B2 in the above example, the supply of energy to each

heating resistor 13 in each ink cell 12 may be controlled in

accordance with the stored data.

Also, when the circuit shown in Fig. 6 is employed, for

each nozzle 18, by setting and storing data on a difference

between the time required for the ink droplet on one heating

resistor 13 to boil and the time required for the ink

droplet on the other heating resistor 13 to boil, the supply

of energy to each heating resistor 13 in each ink cell 12

may be controlled in accordance with the stored data.

In this manner, when some nozzles 18 in the printer-

head chip 11 cause a shift in positions to which ink

droplets are delivered, or some of the printer-head chips 11

in the line head cause a shift in positions to which ink

droplets are delivered, the shift in the positions can be

corrected.

Also, when two adjacent printer-head chips 1 in the



39. Aliquid ejecting device according to any one of clains 31, 37 and 38,
wherei'n: a manner of supplying energy to at | east one heating el enent and
at | east one other heating el ement anong the heating elenents in said
liquid cell is set to have a plurality of differences; and for correcting a
position of delivered liquid which is unique to each of the heads when
liquid is ejected onto a |liquid-ejected surface, by storing data on the

di fferences for the heads, the supply of the energy to the heating el enents
is controlled based on the stored dat&6 40. A liquid ejecting device
according to any one of clains 31 and 37 to 39, - 92 wherein: a manner
of supplying energy to at | east one heating el enent and at | east one ot her
heating £} eeAlagiong LG RCRL | Poqg! eBA! 5ok 681 duliQUiflofehlisenet O
have a pluralify of differences; And a correctioh val ue for correcting a
posi tion, obp pguidl getivessd by #REE OlnkNarbbautd SkechbngyppLhions vhen

the liquidis ejected onto a target 1s deternined for each of |ines for

liquid efgetipirrapd the 581 8YohS EHE Beatébpgegtenents is controlled to
correspond to the determ ned correction value. 41. A liquid ejecting device

accordi ng to piys O ofarkd 9% 3de AeB7Fd O dscer Bdm; arnregwes  of
supplying energy to at | east one heating el enent and at | east one ot her
heating ehsspniegapagnyhehbenttngpelaoentiebd 6RLP 1i qui dieettibs sat to
have a plurality of differences; and a correction value for correcting a
posi ti onwhichi finkdddeplees edrbydenthepédt Beohi Ul dtRpendbealiepolBi mag when
the liquidis ejected onto a target is randonly determ ned, and the energy
to t he hkat chgngeéntat shesrightrby| edptedebermipoeddamounhe detier m ned
correction val ue.
regarding the (N+1)-th printer-head chip 1, a direction in
which ink droplets from all the nozzles 18 are delivered may
be changed to the left by a predetermined amount.
Definitely, a direction in which ink droplets from some of
the nozzles 18 are delivered may be changed.
Next, a case in which printing quality is increased by
using this embodiment is described below.
In the case of the line head, the positions of the
nozzles 18 of each printer-head chip 11 are fixed beforehand.
Thus, positions to which ink droplets are delivered are
determined beforehand. For example, for a resolution of 600
dpi, the interval between the nozzles 18 is 42.3 micrometers.
Conversely, in the case of the serial head, by moving
the head a plural number of times in one line in order to
perform printing, the resolution can be relatively easily
changed.

For example, in the case of providing a serial head of

600 dpi (the interval between the nozzles 18 is 42.3



42. A liquid ejecting device according to claim 32, - 93 wherein: the
time required for generating a bubble in part of the liquid by at |east one
of the heating elenents, and the tinme required for generating a bubble in
anot her part of the liquid by another one of the heating el enents have a
plurality of differences; and for correcting positional shifting of
delivered liquid by the liquid ejecting portions when the liquid is ejected
onto a target, by storing data on the differences for the liquid ejecting
portions, the energy to the heating—-eb&nents is controlled based on the
stored data. 43. A liquid ejecting device according to claim32 or 42,
wherein: the tine required for generating a bubble in part of the liquid by

at 'eaSthQEOHét%£§>bg?%i%?iftﬁgﬁnésli daﬁ@esﬁégg%ﬁggy%§egeior generating

a bubbl e 1 n anot p i qui y anot ne of” the heating

el ement sphaye; AgPhAT 8hbhyi 01 di{fer Rl ScoRProl PInGOERECELPY SrPPRETIT ON Of
delivered [iquid which is unique to each of the heads when liquid is

ej ected patprantadgeinebyosherangpdata on the dhiépneacesefpssiheohgads,
the energy to the heating elenents is controlled based on the stored data.

- 94 A44cfAchéodbdsepecthBor deyt cpraseoddingel Oatl amAy8Z2hadZngra43,
wherein: the tinme required for generating a bubble in part of the liquid by
at | eastreselatidheoheardogdpl esentbe pafilntde@.time required for generating
a bubble in another part of the |liquid by another one of the heating
el ements haveltee plhoed | techoiiqlid faarencehe ammked in the line head

because it is not moved in the width direction of the

printing paper.

However, by applying this embodiment, the resolution
can substantially be increased, thus increasing printing
quality.

Fig. 13 is an illustration of a second modification in
which this embodiment is used. The second modification is
an example of a dot arrangement based on dot interleaving in
which the dot pitch in each line is set to be constant, and
in the next line its dots are arranged in the intermediate
positions of the first line. In Fig. 13, each position to
which an ink droplet is delivered can be changed to four
points (1) to (4), and point (4) is set by default.

In Fig. 13, the first N line, ink droplets are
delivered to the default position (4).

In the next N+1 line, by changing, from positions (4)
to (2), all positions to which ink droplets are delivered

are changed, the ink droplets are delivered to positions

moved to the left by 50% of one dot pitch. 1In the N+2 line,



a correction value for correcting a position of liquid delivered by each of
the liquid ejecting portions when the liquid is ejected onto a target is
determ ned for each of lines for liquid ejection, and the energy to the
heating elenments is controlled to correspond to the determned -correction
value. 45. A liquid ejecting device according to any one of clainms 32 and
42 to 44, wherein: the time required for generating a bubble in part of the
liquid by at | east one of the heating elenments, and the time required for
generating a bubble in another part -ob8the |iquid by another one of the
heating el enents have a plurality of differences; and a correction val ue
for correcting a position of liquid delivered by each of the liquid

ej ecting; Qrékgﬁ§ﬁ%9e£réh&eiigétgd'%oe 8§£€?oﬂ§t9dén£§&9§ttbsfﬁ@§90”1

det er mi ne € energy to ft eat ng elenents is controlled fo - 95

correspopgdrtenthg ﬂ?ﬁ@r”1ﬂ§do€9é£e&&k83 vahug, @92, Ankiquid ejgeling device
havi ng heads each including a plurality of liquid ejecting portions

arranged(éaeﬂaﬂahﬁskeanlan@é?delﬁknaasglétéegkéoaje&hedlbQUtﬂeemssﬁlng
portions each conprising: a |qU|d cell for containing liquid; a plurality

of heat i sgeehen®nt Goheropledughfgabublkesvenefesponse.t orhhR+sUpRLy, of

energy; and a nozzle for ejecting the liquid in said liquid cell by
N+5,... lines (odd-numbered lines), ink droplets are ejected
and deflected by the sub operation controller and are
delivered to position (2).

In this manner, in N, N+2, N+4,... lines (even—-numbered
lines), the ink droplets are delivered based on (4), and in
N+1, N+3, N+5,... lines (odd—-numbered lines), ink droplets
are delivered based on position (2).

Thus, in two adjacent lines, two groups of positions to
which ink droplets are delivered are alternately shifted
from each other by 50% of one dot pitch. By performing this
type of printing, a substantial resolution can be increased.

Instead of moving, in all the lines, positions to which
ink droplets are delivered, the positions may be moved in
each set of several lines. Also, the amount of movement
from a default dot position is not particularly limited.

When the above control is performed, for each line, by
storing data on differences in supplying energy to each
heating resistor 13, the supply of energy to the heating
resistor 13 may be controlled in accordance with the stored
data.

Fig. 14 is an illustration of a third modification in



usi ng the bubbl es produced by the heating el enents, wherein: said plurality
of heating elenents are arranged in said predetermned direction in said
liqquid cell; and for each of the heads, energy is supplied to all the
heating elenments in said liquid cell, and by setting a difference between a
manner of supplying energy to at |east one of the heating elenents and a
manner of supplying energy to another one of the heating elenents, a
direction in which the liquid is ejected fromsaid nozzle is controlled
based on the difference. 47. A |liquird3&j ecting device having heads each
including a plurality of liquid ejecting portions arranged in parallel in a
predeterm ned direction, the liquid - 96 ejecting portions each

conprisiggich th9yi dmeshimbAt €9nhakai 884! LAULAI R Bl Heahhiyuef heating
el ements for producing bubbles in response to the supply of "energy; and a

nozzle foimelget t8daibRetiflYyi dsis8@i d liquid cell by using the bubbles
produced by the heating el enents, wherein: said plurality of heating

el enent s ar e @i tldgety iMesid depdedeieréided € resdkon wnseatalness d cel | ;
and for each of the heads, energy is supplied to all the
generated when the spatial resolution of pixels in a sampled
image is insufficient, when the original image is quantized,
the quantization is performed, with slight noise and high-
frequency signal superimposed in an input signal beforehand.

What is shown by Fig. 14 differs from dithering in a
narrow sense, but has an effect similar to dithering. 1In
Fig. 14, default positions to which ink droplets are
delivered are set in (4). 1In Fig. 14, it is assumed that
dot size is sufficiently small.

In the case in Fig. 14, binary-bit values are output by
a pseudorandom function generator and are added to input
signals to the input portions Bl and B2. This can
appropriately change a position to which an ink droplet is
delivered.

For example, in the N line, the first and fourth ink
droplets from the left are delivered to default position (4)
by the main operation controller, and each of the second and
third ink droplets from the left is delivered to position
(3) which is moved to the left by 25% of one dot from the
default position.

The above technique can also increase printing quality.

Fig. 15 consists of illustrations of a fourth



heating elenents in said liquid cell, and by perform ng energy supply so
that a difference is set between the tine required for generating a bubble
in part of the liquid by at | east one of the heating elenents, and the tine
required for generating a bubble in another part of the |liquid by another
one of the heating elenents, a direction in which the liquid is ejected
fromsaid nozzle is controll ed based on the difference. 48. Aliquid

ej ecting device according to one of clainms 46 and 47, wherein, for each of
t he heads, at |east one of the heatirn§0elenments in said liquid cell and at
| east one other heating elenment are sinultaneously supplied wth different
anounts of energy. - 97 49. 1~ liquid ejecting device according to any
one of Chahi;dReifnfn WRECR! Pnil NEmBSAl DR CLEMERLS LRasahgyL! guid cell
are two heating resistors connected 1n series to each ot her i ch have
equal reghet PELSyiRGIpE9R8LELQ! neans for controlling the heat values of
said two heating resistors is connected to a path for connecting said two
heating resi stOrsig and byrisetipgr a tid e t {oOWHEed Na Oz @aih g el enent
and a current flowng in the other heating elenent to differ, said control
means cophidhsinkofiregretof atbBeeheadsd watHoaBebBeayi agrekeseat amdet he

ot her heating elenent to have a difference in heat value. 50. Aliquid

ej ecti ngigeviecephetsr dragdediasyednpyothel mate 4peratd8n wvbatebhlethe
heating elenents in said liquid cell are two heating resistors connected in
series to eacin otherupgechi havet sguisdn riasi Biancks, anel Louttlol amdans
including a switching elenent for controlling the heat values of said two
heat i ng eéghthoeglimnsonfiedotd fwhaspaihsfidescoenmedénidhgataddbyweeheati ng
resistors, and by setting a current flowng in one heating el enent and a
current ¢forPhpteh indieaher thehtthg dptreare smag8er thaBetbguather

different, the operation of the switching elenment controls, for each of the
heads, tfelWERE 9fl degsofwhose insides are indicated by hatched

lines). The sixth column of dots (whose insides are blank)
indicate that the dots are much smaller than the fourth and
eighth columns of dots.

In this case, when a dot averaging process is not
performed, in the fourth, sixth, and eighth columns, small
dots are consecutively formed in a direction (the vertical
direction in Fig. 15) in which the printing paper is fed, so
that density nonuniformity (vertical stripe) appears.

Accordingly, in this case, the dot averaging process is
performed by using the sub operation controller.

In the lower illustration in Fig. 15, from, for example,
the nozzle 18 corresponding to the sixth column (the nozzle
18 positioned above the sixth column), only the main
operation controller is used to deliver ink droplets in the
sixth column, as in the upper illustration in Fig. 15.

However, in the second column, by using the sub operation



sai d qne heating resistor and the other heating resistor. 51. Aliquid

ej ecting device according to any one of clains 46 to 50, wherein, for each
of- t he heads, equal or al nost equal anmounts of energy are supplied to at

| east one heating elenent and at | east one other heating el ement anong the
heating elenments in said liquid cell, with a difference set in supplying
the energy. 52. A liquid ejecting device according to claim46, wherein:
for each of the heads, a manner of supglying energy to at |east one heating
el enent and at | east one ot her heatrné elenent anong the heating el ements
in said liquid cell have a plurality of differences; and by storing data on
the differences for the liquid ejecting portions, the supply of the energy

to the heghthglebENEE dB0608LEOLhLEUIbASLELEA tHetBéOreghtatad §3e A
liquid ejecting device according to claim46 or 52, wherein: for each of

t he headdelavanafeto OoboSuppbis NngoLnesPyndongt tbeohé @ve peaitbgnel enent and
at | east one other heating
the seventh column. In the third column, by using the sub
operation controller, ink droplets are deflected to the left
and are delivered to positions corresponding to the dot
positions in the fifth column.

By using this technique, the nozzle 18 corresponding to
the sixth column is controlled to deliver ink droplets not
only in the sixth column but also in another column (the
fifth column or the seventh column in this example), and is
controlled so as not to deliver ink droplets in consecutive
rows in one column. This also applies to ink droplets
ejected from the nozzles 18 corresponding to the fourth and
eighth columns.,

In the above arrangement of dots, ink droplets ejected
from the nozzles 18 corresponding to the fourth, sixth, and
eighth columns are prevented from being delivered to
consecutive rows in one column, This can prevent density
nonuniformity from looking clearly and can increase picture
quality.

Fig. 16 illustrates a fifth modification in which this
embodiment is used, and the formation of high resolution.

In Fig. 16, it is assumed that the printer-head chip 11 has
a resolution of 600 dpi (the interval between the nozzles 18

is 42.3 micrometers).



_ 99 _ elenent anong the heating elements in said liquid cell is set to
have a plurality of differences; and for correcting positional shifting of

| i.qui d delivered by one liquid ejecting portion between two heads when the
liquid is ejected onto a target, by storing data on the differences for the
heads, the supply of the energy to the heating elenments is controlled based
on the stored data. 54. A liquid ejecting device according to claimA47,
wherein: the tine required for generating a bubble in part of the |iquid by
at | east one of the heating el enents, 6dnd the tinme required for generating
a bubble in another part of the liquid by another one of the heating

el enments have a Rurality of differences for each of the heads; and for

correcting pog tgQpali shidid nhLf del iMried diAuidhHy Hne ddad )i ecting
portion between two heads when the liquid is ejected onto a target, by

storing @at avopiheidkfdesgnees £oomt fige NRAOS, op &fa 16K JYohOréEeheat i ng
el enments is controlled based on the stored data. 55. Aliquid ejecting

met hod Whh & hd60Mpi t S8 Sobita Dl RIESH €@EINd NEh Lgi figle amdd Wr &bétytOdnl i qui d
ej ecting portionsarranged in parallel in a predeterm ned direction, the

i quid, epretdéhPepoisi 6eakatd thel intagral belWenathé qubgzTes| 18 or
containing liquid; a plurality of heating elenents for producing bubbles in
responseitothéepsippéy-béaénehiyy, 11 hethetiting 42 edrenisrdeengrarranged in
said predeterm ned direction in said

Unlike the case (1), the cases (2) to (4) show that, by
using the sub operation controller to interpolate new dots
in dots formed by the main operation controller, the
printing resolution is increased.

For example, in the case (2), ink droplets are
delivered by the main operation controller similarly to the
case (1), and by using the sub operation controller to form
new dots in dot formed by the main operation controller, the
dot density is doubled. In this case, a method similar to
that shown in Fig. 13 is used. The feeding pitch of
printing paper is set to be half that in the case (1).

The portion (3) shows a state in which the dot density
is quadrupled. To quadruple the dot density, at first, when
the main operation controller is used to deliver ink
droplets, the ink droplets are controlled to be delivered to
the feeding direction of printing paper at a density double
that used in the case (1) (i.e., the feeding pitch of
printing paper is set to be half that used in the case (1)).

In addition, by using the sub operation controller to

deflect ink droplets, the ink droplets may be delivered at



liquid cell; and a nozzle for ejecting the liquid in said liquid cell by
usi ng ‘'t he bubbl es produced by the heating el enments, wherein all the heating
elenments in said liquid cell are supplied with energy, and by setting a
difference between a manner of supplying energy to at |east one of the
heati ng el enents and a manner of supplying energy to another one of the
heating el enents, a direction in which the liquid is ejected fromsaid
nozzle is controlled based on the difference. 56. Aliquid ejecting nethod
whi ch conprises using heads each incl@ding a plurality of liquid ejecting
portions arranged in parallel in a predetermned direction, the liquid

ej ecting portions each including: a liquid cell for containing liquid; a

p|Ura|itMh@fd@ﬁ@it?gdéhﬁﬂgnEﬁaEOﬁsQQOQHCtHQ Bybb! @syin response to the
supply of energy, heating el enents being arranged in said predeternned

direction in 5a defﬂwrd cel |shawdl A derzd eid ofhptiecthddadheadhgtg in said
liquid cell by -

is octupled. By using the main operation controller, the

dots are formed in the feeding direction of the printing

paper at a density double that used in the case (l1). This

point is similar to dot formation by the main operation

controller in the case (1).

In addition, by using the sub operation controller,
ejected ink droplets are deflected and delivered so that
three new columns of dots can be positioned between the dots
formed by the main operation controller. The three columns
of dots formed by the sub operation controller, which are
positioned between two columns of dots formed by the main
operation controller, are obtained such that, from the
nozzle 18 corresponding to the left column of dots between
two columns of dots formed by the main operation controller,
ink droplets are ejected and deflected in two different
right directions to form two columns among the three columns,
and from the nozzle 18 corresponding to the right column of
dots between the two columns of dots formed by the main
operation controller, ink droplets are ejected and deflected
to the left to form the other one column of dots among the
three columns of dots.

As described above, when the printer-head chip 11 has a

physical resolution of 600 dpi, printing at 600 dpi can be



usi ng the bubbl es produced by the heating el enents, wherein all the heating
elenments in said liquid cell are supplied with energy, and by perform ng
energy supply so that a difference is set between the tine required for
generating a bubble in part of the liquid by at | east one of the heating

el enments, and the tinme required for generating a bubble in another part of
the liquid by another one of the heating elenents, a direction in which the
liquid is ejected fromsaid nozzle is controll ed based on the difference.
57. A liquid ejecting nmethod accordirn§4to any one of clains 55 and 56,
wherein, anong the heating elenents in said liquid cell, at |east one
heating el ement and at | east one other heating el enent are sinultaneously

SUpp"edp&kf@rﬂé&fSﬁfﬁtbﬁnPHQtﬁaﬂﬁ SPEESYionBeoftLhbOyed, ehgciihngnget hod
according to any one of clainms 55 to 57, wherein: the heatlng el enents in

said |iogaglecel] arg1iyo bgratiygg 6§5t§é0§§b08ﬁ@§§£26n|Bo§€£b2§e£0 each
ot her whi ch have equal resi stances; and control means for controlling the

heat val &gsbDés sptintvRgheat "cng_ﬁ@§b§é0ﬂéns§tpomnggoedp1p aspahhther
connecting said two heating resistors, and by setting a current flow ng -

102 in easehen)| ngreheirygt asndha counreoldf Hewsbhgyi n2tbe apberabeahi ng
elenment to differ, said control neans controls said one heating el enent and
t he ot hethbeatsag(8) enentl havetandi dtetbkaceightheat dahsdty (4800

dpi) as in the case (4).

The above increase in resolution is particularly
effective in a case in which dot diameter is small due to
the interval between two nozzles 18.

Fig. 17 illustrates a sixth modification in which this
embodiment is used and which has a wobbled state.

In Fig. 17, example (1) shows dot formation only by the
main operation controller, in which four columns of dots are
arranged in parallel with the feeding direction of printing
paper at intervals of the nozzles 18.

In Fig. 17, example (2) shows that columns of dots are
obliquely formed by the sub operation controller. For
example, in the first row, similarly to the example (1),
dots are formed by the main operation controller. In the
second row, by controlling the nozzles 18 to eject and
deflect ink droplets to the right, dots are formed at the
lower right portions to the first column of dots. 1In the
third row, by increasing the amount of deflection from the

nozzles 18 than that used in the second row, dots are formed

at the lower right portions to the lower right portions to



59. Aliquid ejecting nethod according to any one of clains 55 to 58,
wherei*n: the heating elenents in said liquid cell are two heating resistors
connected in series to each other which have equal resistances; and control
means including a switching elenent for controlling the heat values of said
two heating resistors is connected to a path for connecting said two
heating resistors, and by setting a current flowng in one heating el enent
and a current flowing in the other heating elenent to be equal or
different, the operation of the swi tchdng el enent controls the heat val ues
of said one heating resistor and the other heating resistor. 60. Aliquid
ej ecting nethod according to any one of clains 55 to 59, wherein equal or

al most  egHal s88BHA! $oRf o BNGLEY. arﬁnseﬂpyﬁgnagratb{;eg%deampeatl ng el ement
and at | east one other heatlng el enent anong t he ing elenents in said

liquid cehbredbihgatAef bRbBAEEoBCHeENe8HPBLYLBIthBerow- ndflBerenergy. 61. A
liquid ejecting nethod according to claim55, wherein: a plurality of

di fferencpsraages¢t obDigquebBoBIMAE 6§8PAbYENGafNBEJY oMl akedRbwANEnheat i ng
el ement and at | east one other heating el ement anong the heating el ements

in said thquedamplé; (apd bynssodobgrdamatoont peedehter apaaaifermtihe |iquid

ej ecting portions, the supply of the energy to the heating elenents is

control | eddbasetlpes fhemslookiindatiear.

In Fig. 17, example (3) shows that columns of dots are
obliquely formed, similarly to the example (2). In the
example (3), in the first row, similarly to the example (1),
the main operation controller is used to form dots. 1In the
second to fourth rows, similarly to the example (2), by
controlling the nozzles 18 to eject and deflect ink droplets
in the right in Fig. 17, dots are formed at the lower right
portions to the upper column of dots. ©Next, in the fifth to
seventh rows, by ejecting and deflecting ink droplets in the
direction opposite to that in the second to fourth rows,
that is, to the right in Fig. 17, dots are formed at the
lower left portions to the upper column of dots. Dot
arrangement in the eighth and subsequent columns is similar
to that in the second and subsequent columns. As described
above, by forming the columns of dots in a triangular form,
stripes and nonuniformity can be prevented from looking
clearly.
Up to which column of dots should obliquely be formed

in a single direction, and from which column the dots should

obliquely be formed in the opposite direction are arbitrary,



62. A liquid ejecting nethod according to claim55 or 61, wherein: a
plurality of differences are set in a manner of supplying energy to at

| east one heating el ement and at | east one other heating el ement anong the
heating elenments in said liquid cell; and for correcting positional
shifting of liquid delivered by each of the liquid ejecting portions when
the liquid is ejected onto a target, by storing data on the differences for
the liquid ejecting portions, the supply of the energy to the heating

el ements is controlled based on the-stéred data. - 104 63. Aliquid

ej ecting method according to claimb55, 61 or 62, wherein: a plurality of
differences are set in a manner of supplying energy to at | east one heating

el enent and mhyl Baste08emPhBAr iReaLENPaShEEERL tRMRNEoEBeLNeahhRImBIheMENt S
in said liquid cell; and for correcting a position of delivered liquid

whi ch i sameuffuectoifrRerepleheqdbeadstwban ktguid is ejected onto a target,
by storing data on the differences for the heads, the supply of the energy
to the heati rgrateimntsetisodonduch | £d tlaseskaiplde s21pratd dady. i®4. A
liquid ejecting nethod according to any one of clains 55 and 61 to 63,
wher ei n: Fagpl Ubakreyreflilzéfieirnaeseatelsprinnea hanneciptosappyyi ng ener gy
to at | east one heating el enent and at | east one other' heating el enent
anong t heowWiéagi hgseheadnasgraasandmbegupd téines,abdat is,

overwriting. Conversely, in a line printer whose head does

not move, it has been impossible to perform such wobbling.

However, in the present invention, the printing methods are

realized by using the sub operation controller.

One embodiment of the present invention has been

described. The present invention is not limited to the

above-described embodiment, but can be variously modified as

follows:

(1) In the above-described embodiment, by changing currents

to bisected heating resistors 13, the times (bubble

producing time) required for ink droplets on the heating

resistors 13 to boil can differ from each other. 1In

addition, this can be combined with a technique in which the

times in which currents are supplied to the bisected heating

resistors 13 are controlled to differ.

(2) In the above-described embodiment, a case in which two

heating resistors 13 are arranged in parallel in one ink

cell 12 has been described. The reason of bisection is that

the durability of the bisected heating resistors 13 is

sufficiently proven and the circuit configuration can be



a correction value for correcting a position of liquid delivered by each of
the Iirquid ejecting portions when the liquid is ejected onto a target is
determ ned for each of lines for liquid ejection, and the energy to the
heating el ements is controlled to correspond to the determined correction
val ue. - 105 65. Aliquid ejecting nmethod according to any one of clains
55 and 61 to 64, wherein: a plurality of differences are set in a manner of
supplying energy to at | east one heating el ement and at | east one ot her
heating el ement anong the heating etre®€nts in said liquid cell; and a
correction value for correcting a position of |liquid delivered by each of
the liquid ejecting portions when the liquid is ejected onto a target is

randonl ysdeberpisgd. Asdelbe eﬂﬁéQXrEQn&QﬁeHEaéfn9h§|ﬁ@EEiﬁ is controlled

to correspond to the determ ned correction value. 66. Al |qU|d ej ecting

met hod agegigdthgst ©3chai ABEO6iimited to the above case, but an
arrangement in which at least three heating resistors 13 are
arranged in parallel in one ink cell 12 may be used.
(3) In the above-described embodiment, the printer-head
chip 11 and the line head for use in the printer are
exemplified. However, the present invention is not limited
to the printer, but can be applied to a device for ejecting
a DNA-contained solution for detecting a biological sample.
(4) In the above-described embodiment, the heating resistors
13 are exemplified. However, heating elements composed of a
substance other than a resistor, or other types of energy
generators and bubble producers may be used.
{5) In the above-described embodiment, the bisected heating
resistors 13 are exemplified. However, these plural heating
resistors 13 do not always need to be physically separated.

In other words, even in the case of a heating resistor

13 composed of a single base, if it is one in which the
distribution of energy in a bubble producing region (surface
region) can be set to have a difference, for example, one in
which the entire bubble producing region does not uniformly
generate heat and in which a portion of the region and
another portion can be set to have a difference in
generating heat, it does not always need to be separated.

A main operation controller which ejects an ink droplet



wherein: a plurality of differences are set between the tinme required for
generating a bubble in part of the liquid by at |east one of the heating
el.enents, and the time required for generating a bubble in another part of
the liquid by another one of the heating elenents; and for correcting
positional shifting of delivered liquid by the Iiquid ejecting portions
when the liquid is ejected onto a target, by storing data on the
differences for the liquid ejecting portions, the energy to the heating
el enents is controlled based on the-s6éred data. - 106 67. Aliquid

ej ecting nmethod according to claimb56 or 66, wherein: a plurality of
differences are set between the tinme required for generating a bubble in
part of | LQui t t h in S n time
required£?§? 5@%e€3?¥%§ %bbu b?gﬂ§%9%%%tﬁ%?§gg¢tgggkggge%iEB?dg%%Bgﬁother

one of &Efo@@éiﬁ@grgbfgﬁﬂt§hdansEBroﬁ@fé@?&hngo§t98§hékpﬂn0§hg§hlVerEd
liquid ich is unique to each of the heads when liquid is ejected onto a

target, BY steting dagarearbheedihf enenggsaistribatheadsn the BOBHYE to the
heating elenments is controll ed based on the stored data. 68. Aliquid

ej ect i ngppBEhedngceegdbongwhench 8i ms56uppbiea #7thweaeeyy; anphiukality of
differences are set between the tinme required for generating a bubble in
part of #hepléeguhdvbygat Fegshgobrashctbeibeati dgf€kbesnnt Sromandhthe ti me
required for generating a bubble in another part of the |iquid by another
one of tb€ hkating érepiatsejanted bgrtket mahnvapaeatdpncopnécbilhgra
position of liquid

is ejected based on the difference from the nozzle 18, in

other words, which controls the ink droplet ejected from the

nozzle 18 to be delivered to a position different from the

position of the ink droplet delivered by the main operation

controller may be provided.

(6) For means of bubble production, the heating resistors 13

or the like are used to produce bubbles in the ink in the

ink cells 12 by supplying thermal energy. The means of

bubble production is not limited to this technique. For

example, the means of bubble production may be such an

energy supplying method that the ink (liquid) in the ink

cells 12 generates heat by itself.



delivered by each of the liquid ejecting portions when the liquid is
ejected onto a target is determ ned for each of lines for liquid ejection,
and the energy to the heating elenments is controlled to correspond to the
det er mi ned - 107 <correction value. 69. Aliquid ejecting nethod
according to any one of 'clains 56 and 66 to 68, wherein: a plurality of
differences are set between the tinme required for generating a bubble in
part of the liquid by at |east one of the heating el enents, and the tine
required for generating a bubble in-améthker part of the liq id by another
one of the heating elenents; and a correction value for correcting a posit
on of liquid delivered by each of the liquid ejecting porti ns when the
liquid i Lhecte artarget is randomy de erm ned, and the energy to

t he heat?%%i‘efgerrgl'n?@]?% ]é%htroll d to correspond to the determ ned
correction value. . A A .A @A Ah. ANS. AL, . AL;

,.A9a. AL(.A (.ALa.ALa, .A9N. A9N. A" ;. Aa. A, . A&; . AL(. ALN. A9. A(. A9. AL; . AL;, . AL;
- AG A A AN Ailcﬁl‘hd Aé/&ﬁecﬁiing device comprising:

oA A& A@ . AL. A9. Ah. Aa. A9. AL{.AL(. AN@ AL@ AL{ . AL;

AL A& A M.ﬁ&ﬁ@j@.c@:ﬁ;fcﬁg.(&a—%%ﬁ_.fﬁéuﬂ.j . AN. AL; . A9a% A9; . AL;

, . A&a@ AN@ A9, . A9; @ A. A{, . AONS. AON@ A9; , . ALNS. A3aSI . A9;

fr.A&, . AQ Ay.A fi&ae 8 tyALb AINILEL A Pr AMu AL d - AN § . AR Apr M@ HSH, R Al a. A Al
.AH. A. A@ A6RI E' ) 6m) [
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said plurality of bubble producing means are disposed
in said liquid cell; and
all the bubble producing means in said liquid cell are
supplied with energy, and by performing energy supply so
that a difference is set between the time required for
generating a bubble in the liquid by at least one of said
plurality of bubble producing means, and the time required
for generating a bubble in the liquid by another one of said
plurality of bubble producing means, a flying characteristic

of the liquid ejected from said nozzle is controlled based

on the difference.

3. A liquid ejecting device comprising:

a liquid cell for containing liquid;

a bubble producing region for producing a bubble in the
liquid in said liquid cell in response to supply of energy,
said bubble producing region forming at least part of one
internal wall of said liquid cell; and

a nozzle for ejecting the liquid in said liquid cell by
the bubble produced by said bubble producing region,

wherein an energy distribution in said bubble producing

region which is obtained when the energy is supplied to said
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bubble producing region has a difference, and based on the
difference, a flying characteristic of the liquid ejected

from said nozzle 1s controlled.

4., A liquid ejecting device comprising:

a liquid cell for containing liquid;

a plurality of bubble producing means for producing
bubbles in the liquid in said liquid cell in response to
supply of energy; and

a nozzle for ejecting the liquid in said liquid cell by
using the bubbles produced by the bubble producing means,

wherein:

said plurality of bubble producing means are disposed
in said liquid cell; and

said plurality of bubble producing means comprise:

main operation-control means for ejecting liquid
from said nozzle by supplying the energy to all the bubble
producing means; and

sub operation—-control means which supplies the
energy to all the bubble producing means and which, by
setting a difference between a manner of supplying energy to
at least one of said plurality of bubble producing means and
a manner of supplying energy to another one of said
plurality of bubble producing means, uses said nozzle to

perform ejection based on the difference of liquid having a
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flying characteristic different from that of the liquid

ejected by said main operation-control means.

5. A liquid ejecting device according to claim 4,
wherein, when a flying direction in which the liquid ejected
by the main operation—-control means flies is off a target
direction, said sub operation-control means controls the
flying characteristic of the liquid so that the flying

direction approaches the target direction.

6. A liquid ejecting device according to claims 4 or

5, wherein when a delivery position to which the liquid

ejected by the main operation-control means is delivered is
off a target position, said sub operation-control means
controls the flying characteristic of the liquid so that the

delivery position approaches the target position.

7. A liquid ejecting device according to any one of
‘claims 4 to 6, wherein said sub operation-control means

controls the flying characteristic of the liquid so that the
tliquid is delivered'to at least one position which is
different from a positionto which the liquid ejected by the

main operation-control means is delivered.

8. A liquid ejecting device according to any one of
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claims 4 to 7, wherein, by controlling the flying

characteristic of the liquidso that the liquid is delivered
to at least oneposition which is different from a delivery
position towhich the liquid ejected by the main operation-
control means is delivered, said sub operation-control means
controls the number of pixels formed on a recording medium

by the delivery of the liquid to increase than the number of

pixels formed only by said main operation—-control means.

9. A liquid ejecting device comprising:

a liquid cell for containing liquid;

a plurality of bubble producing means for producing
bubbles in the liquid in said liquid cell in response to
supply of energy; and

a nozzle for ejecting the liquid in said liquid cell by
using the bubbles produced by the bubble producing means,

wherein:

said plurality of bubble producing means are disposed
in said liquid cell; and

said plurality of bubble producing means comprise:

main operation-control means for ejecting liquid
from said nozzle by supplying the energy to all the bubble
producing means; and

sub operation-control means which supplies the

energy to all the bubble producing means and which, by
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at least one of said plurality of bubble producing means and
a manner of supplying energy by said main operation-control
means, uses said nozzle to perform ejection based on the
difference of liquid having a flying characteristic
different from that of the liquid ejected by said main

operation—-control means.

10. A liquid ejecting device comprising:

a liquid cell for containing liquid;

a bubble producing region for producing a bubble in the
liquid in said liquid cell in response to supply of energy,
said bubble producing region forming at least part of one
internal wall of said liquid cell;

a nozzle for ejecting the liquid in said liquid cell by
the bubble produced by said bubble producing region;

main operation-control means which ejects liquid from
said nozzle by supplying energy to said bubble producing
region; and

sub operation-control means which, by setting a
difference in an energy distribution in said bubble
producing region which is obtained when the energy is
supplied to said bubble producing region, uses said nozzle
to perform ejection based on the difference of liquid having

a flying characteristic different from that of the liquid
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ejected by said main operation-control means.

11. A liquid ejecting method which comprises using a
plurality of bubble producing means in a liquid cell to
produce bubbles in liquid contained in the liquid cell by
supplying energy to said plurality of bubble producing means,
ejects the liquid from a nozzle by using the produced
bubbles, ‘

wherein the liquid ejected from said nozzle is
controlled to have at least two different characteristics by
using:

a main operation-control step in which the liquid is
ejected from said nozzle by supplying uniform energy to all
the bubble producing means in said liquid cell; and

a sub operation-control step in which energy is
supplied to all the bubble producing means in said liquid
cell and in which, by setting a difference between a manner
of supplying energy to at least one of said plurality of
bubble producing means and a manner of supplying energy to
another one of said plurality of bubble producing means, the
liquid ejected from said nozzle is controlled based on the
difference to have a flying characteristic different from
that of the liquid'ejected in said main operation-control

step.
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supplying energy to said plurality of bubble producing means,
ejects the liquid from a nozzle by using the produced
bubbles,

wherein the liquid ejected from said nozzle is
controlled to have at least two different characteristics by
using:

a main operation-control step which ejects the liquid
from said nozzle by supplying energy to all the bubble
producing means in said liquid cell; and

a sub operation-control step which supplies the energy
to all the bubble producing means and which, by setting a
difference between a manner of supplying energy to at least
one of said plurality of bubble producing means and a manner
of supplying energy in said main operation-control step,
uses said nozzle to perform ejection based on the difference
of liquid having a flying characteristic different from that

of the liquid ejected in said main operation-control step.

13. A liquid ejecting method which comprises using a

bubble producing region forming at least part of one

internalwall of a liquid cell to produce a bubble in liquid

contained in said liquid cell, ejects the liquid from a

nozzle by using
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the produced bubble,

wherein the liquid ejected from said nozzle is
controlled to have at least two flying characteristics by
using:

a main operation-control step in which, by supplying
energy so that an energy distribution in said bubble
producing region is uniform, liquid is ejected from said
nozzle; and

a sub operation-control step in which, by setting a
difference in the energy distribution in said bubble
producing region when energy is supplied to said bubble
producing region, a flying characteristic of the liquid
ejected from said nozzle is controlled based on the

difference to differ from that of the liquid ejected in said

main operation—-control step.

14, A liquid ejecting device comprising:

a liquid cell for containing liquid;

a plurality of bubble producing means for producing
bubbles in the liquid in said liquid cell in response to
supply of energy; and

a nozzle for-ejecting the liquid in said liquid cell by
using the bubbles produced by the bubble producing means,

wherein:

said plurality of bubble producing means are disposed
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in said ligquid cell; and

all the bubble producing means in said liquid cell are
supplied with energy, and by setting a difference between a
manner of supplying energy to at least one of said plurality
of bubble producing means and a manner of supplying energy
to another one of said plurality of bubble producing means,
the liquid ejected from said nozzle is controlled based on
the difference to be delivered to at least two different

positions.

15. A liquid ejecting device comprising:

a liquid cell for containing liquid;

a plurality of bubble producing means for producing
bubbles in the liquid in said liquid cell in response to
supply of energy; and

a nozzle for ejecting the liquid in said liquid cell by
using the bubbles produced by the bubble producing means,

wherein:

said plurality of bubble producing means are disposed
in said liquid cell; and

all the bubble producing means in said liquid cell are
supplied with energy, and by performing energy supply so
that a difference is set between the time required for
generating a bubble in the liquid by at least one of said

plurality of bubble producing means, and the time required
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for generating a bubble in the liquid by another one of said
plurality of bubble producing means, the liquid ejected from
said nozzle is controlled based on the difference to be

delivered to at least two different positions.

16. A liquid ejecting device comprising:

a liquid cell for containing liquid;

a bubble producing region for producing a bubble in the
liguid in said liquid cell in response to supply of energy,
said bubble producing region forming at least part of one
internal wall of said liquid cell; and

a nozzle for ejecting the liquid in said liquid cell by
using the bubble produced by said bubble producing region,

wherein an energy distribution in said bubble producing
region which is obtained when the energy is supplied to said
bubble producing region has a difference, and based on the
difference, the liquid ejected from said nozzle is
controlled to be delivered to at least two different

positions.

17. A liquid ejecting device comprising:

a liguid cell for containing liquid;

a plurality of bubble producing means for producing
bubbles in the liquid in said liquid cell in response to

supply of energy; and
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using the bubbles produced by the bubble producing means,
wherein:
said plurality of bubble producing means are disposed
in said liquid cell; and
said plurality of bubble producing means comprise:
main operation-control means for ejecting liquid
from said nozzle by supplying energy to all the bubble
producing means; and
sub operation-control means which supplies the
energy to all the bubble producing means and which, by
setting a difference between a manner of supplying energy to
at least one of said plurality of bubble producing means and
a manner of supplying energy to another one of said
plurality of bubble producing means, performs control based
on the difference of the liquid ejected from said nozzle to
be delivered to a position different from a position to
which the liquid ejected by said main operation-control

means is delivered.

18. A liquid ejecting device according to claim 17,
wherein, when a delivery position to which the liquid
ejected by the main operation-control means is delivered is
off a target position, said sub operation-control means

controls the delivery position to approach said target
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position.

19. A liquid ejecting device according to claims 17
.or 18, wherein, when a delivery position on a recording
medium in which the liquid ejected by the main operation-
control means is delivered is off a target position, said
sub operation-control means controls the delivery position

to approach said target position.

20. A liguid ejecting device according to claim 17,
wherein said sub operation-control means controls a position
of liquid delivered thereby so that the liquid is delivered
to at least one position which is different from the
position to which the liquid ejected by the main operation-

control means is delivered.

21. A liquid ejecting device according to claim 17,
wherein, by controlling a position of delivered liquid by
said main operation-control means so that the liquid is
delivered to at least one position which is different from
the position on a recording medium to which the liquid
ejected by the main operation—-control means is delivered,
said sub operation-control means controls the number of
pixels formed on said recording medium by the delivery of

the liquid to increase than the number of pixels formed only
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by said main operation-control means.

22. A liquid ejecting device comprising:

a liquid cell for containing liquid;

a plurality of bubble producing means for producing
bubbles in thé liquid in said liquid cell in response to
supply of energy; and

a nozzle for ejecting the liguid in said liquid cell by
using the bubbles produced by the bubble producing means,

wherein:

said plurality of bubble producing means are disposed
in said liquid cell; and

said plurality of bubble producing means comprise:

main operation-control means for ejecting liquid
from said nozzle by supplying the energy to all the bubble
producing means; and

sub operation-control means which supplies energy
to all the bubble producing means and which, by setting a
difference between a manner of supplying energy to at least
one of said plurality of bubble producing means and a manner
of supplying energy by said main operation-control means,
controls the liquid ejected from said nozzle to be delivered
to a position different from a position to which liquid

ejected by said main operation-control means is delivered.
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23. A liquid ejecting device comprising:

a liquid cell for containing liquid;

a bubble producing region for producing a bubble in the
liquid in said liquid cell in response to supply of energy,
said bubble producing region forming at least part of one
internal wall of said liquid cell;

a nozzle for ejecting the liquid in said liquid cell by
using the bubble produced by said bubble producing region;

main operation-control means which ejects liquid from
said nozzle by supplying energy to said bubble producing
region; and

sub operation-control means which, by setting a
difference in an energy distribution in said bubble
producing region which is obtained when the energy is
supplied to said bubble producing region, controls the
liquid ejected from said nozzle to be delivered to a
position different from a position to which the liquid

ejected by said main operation-control means is delivered.

24. A liquid ejecting device according to any one of

claims 14 to 23, wherein an almost constant distance
is maintained between the tip of said nhozzle and a surface

onto which the liquid is delivered.

25. A liquid ejecting device according to any one of
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wherein the distance
between the tip of said nozzle and a surface onto which the
liquid is delivered is maintained at an almost constant

value between 0.5 millimeters and 5 millimeters.

26. A liquid ejecting method which, by using a
plurality of bubble producing means in a liquid cell to
produce bubbles in liquid contained in said liquid cell by
supplying energy to said plurality of bubble producing means,
ejects the liquid from a nozzle by using the produced
bubbles,

wherein the liquid ejected from said nozzle is
controlled to be delivered to at least two different
positions by using:

a main operation-control step in which the liquid is
ejected from said nozzle by supplying uniform energy to all
the bubble producing means in said liquid cell; and

a sub operation-control step in which all the bubble
producing means in said liquid cell are supplied with energy
and in which, by setting a difference between a manner of
supplying energy to at least one of said plurality of bubble
producing means and a manner of supplying energy to another
one of said plurality of bubble producing means, the liquid
ejected from said nozzle is controlled based on the

difference to be delivered to a position different from a
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position to which the liquid ejected by said main operation-

control step is delivered.

27. A liquid ejecting method which comprises using a
plurality of bubble producing means in a liquid cell to
produce bubbles in liquid contained in said liquid cell by
supplying energy to said plurality of bubble producing means,
ejects the liquid from a nozzle by using the produced
bubbles,

wherein the liquid ejected from said nozzle is
controlled to be delivered to at least two different
positions by using:

a main opération—control step in which the liquid is
ejected. from said nozzle by supplying uniform energy to all
the bubble producing means in said liguid cell; and

a sub operation-control step in which all the bubble
producing means in said liquid cell are supplied with energy
and in which, by setting a difference between a manner of
supplying energy to at least one of said plurality of bubble
producing means and a manner of supplying the energy in said
main operation-control step, the liquid ejected from said
nozzle is controlled based on the difference to be delivered
to a position different from a position to which the liquid

ejected in said main operation-control step is delivered.
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28. A liquid ejecting method for ejecting liquid in a
liquid cell from a nozzle which comprises using a bubble
produced in the liquid by supplying energy to a bubble
producing region in said liquid cell, said bubble producing
region forming at least part of one internal wall of said
liquid cell,

wherein the liquid ejected from said nozzle 1is
controlled to be delivered to at least two different
positions by using:

a main operation-control step in which, by supplying
the energy to said bubble producing region so that energy
distribution in said bubble producing region is uniform, the
liquid is ejected from said nozzle; and

a sub operation-control step in which, by setting an
energy distribution in said bubble producing which is
obtained when the energy is supplied to said bubble
producing region to have a difference, the liquid ejected
from said nozzle is controlled to be delivered to a position
different from a position to which the liquid ejected in
said main operation—-control step is delivered.

29. A liquid ejecting method according to any one of
claims 26 to 28, wherein an almost constant distance is
maintained between the tip of said nozzle and a surface onto

which the liquid is delivered.
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30. A liquid ejecting method according to any one of
claims 26 to 29, wherein the distance between the tip of
said nozzle and a surface onto which the liquid is delivered
is maintained at an almost constant value between 0.5

millimeters and 5 millimeters.

31. A liquid ejecting device having heads each
including a plurality of liquid ejecting portions arranged
in parallel in a predetermined direction, the liquid
ejecting portions each comprising:

a liquid cell for containing liquid;

a plurality of heating elements for producing bubbles
in response to the supply of energy; and

a nozzle for ejecting the liquid in said liquid cell by
using the bubbles produced by the heating elements,

wherein:

said plurality of heating elements are arranged in said
predetermined direction in said liquid cell; and

all the heating elements in said liquid cell are
supplied with energy and by setting a difference between a
manner of supplying energy to at least one of the heating
elements and a manner of supplying energy to another one of
the heating elements, a direction in which the liquid is
ejected from said nozzle is controlled based on the

difference.

101 |
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32. A liquid ejecting device having heads each
including a plurality of liquid ejecting portions arranged
in parallel in a predetermined direction, the liquid
ejecting portions each comprising:

a liquid cell for containing liquid;

a plurality of heating elements for producing bubbles
in response to the supply of energy; and

a nozzle for ejecting the liquid in said liquid cell by
using the bubbles produced by the heating elements,

wherein:

said plurality of heating elements are arranged in said
predetermined direction in said liquid cell; and

all the heating elements in said liquid cell are
supplied with energy, and by performing energy supply so
that a difference is set between the time required for
generating a bubble in part of the liquid by at least one of
the heating elements, and the time required for generating a
bubble in another part of the liguid by another one of the
heating elements, a direction in which the liquid is ejected

from said nozzle is controlled based on the difference.

33. A liquid ejecting device according to any one of
claims 31 and 32, wherein, among the heating elements in

said liquid cell, at least one heating element and at least
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one other heating element are simultaneously supplied with

different amounts of energy.

34. A liquid ejecting device according to any one of

claims 31 to 33,

wherein:

the heating elements in said liquid cell are two
heating resistors connected in series to each other which
have equal resistances; and

control means for controlling the heat values of said
two heating resistors is connected to a path for connecting
said two heating resistors, and by setting a current flowing
in one heating element and a current flowing in the other
heating element to differ, said control means controls said
one heating element and the other heating element to have a

difference in heat wvalue.

35. A liquid ejecting device according to any one of

claims 31 to 34,

wherein:

the heating elements in said liquid cell are two
heating resistors connected in series to each other which
have equal resistances; and

control means including a switching element for

controlling the heat values of said two heating resistors is
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to be equal or different, the operation of said switching

element controls the heat values of one heating resistor and

the other heating resistor.

36. A liquid ejecting device according to any one of
claims 31 to 35, wherein equal or almost equal amounts of
energy are supplied to at least one heating element and at
least one other heating element among the heating elements
in said liquid cell, with a difference set in supplying the

energy.

37. A liquid ejecting device according to claim 31,

wherein:

a manner of supplying energy to at least one heating
element and at least one other heating element among the
heating elements in said liquid cell have a plurality of
differences; and

by storing data on the differences for the liquid
ejecting portions, the supply of the energy to the heating

elements is controlled based on the stored data.

38. A liquid ejecting device according to claim 31 or

37,
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a manner of supplying energy to at least one heating

element and at least one other heating element among the
heating elements in said liquid cell is set to have a
plurality of differences; and

for correcting positional shifting of liguid delivered
by the liquid ejecting portions when the liquid is ejected
onto a liquid-ejected surface, by storing data on the
differences for the liquid ejecting portions, the supply of
the energy to the heating elements is controlled based on

the stored data.

39. A liquid ejecting device according to any one of
claims 31, 37 and 38,

wherein:

a manner of supplying energy to at least one heating
element and at least one other heating element among the
heating elements in said liquid cell is set to have a
plurality of differences; and

for correcting a position of delivered liquid which is
unique to each of the heads when liquid is ejected onto a
liquid-ejected surface, by storing data on the differences
for the heads, the supply of the energy to the heating

elements is controlled based on the stored data.

40. A liquid ejecting device according to any one of

claims 31 and 37 to 39,
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a manner of supplying energy to at least one heating
element and at least one other heating element among the
heating elements in said liquid cell is set to have a
plurality of differences; and

a correction value for correcting a position of liquid
delivered by each of the liquid ejecting portions when the
liquid is ejected onto a target is determined for each of
lines for liquid ejection, and the energy to the heating
elements is controlled to correspond to the determined
correction value.

41. A liquid ejecting device according to any one of
.claims 31 and 37 to 40,

wherein:

a manner of supplying energy to at least one heating
element and at least one other heating element among the
heating elements in said liquid cell is set to have a
plurality of differences; and

a correction value for correcting a position of liquid
delivered by each of the liquid ejecting portions when the
liquid is ejected onto a target is randomly determined, and

the energy to the heating elements is controlled to

correspond to the determined correction value.

42. A liquid ejecting device according to claim 32,
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wherein:

the time required for generating a bubble in part of
the liquid by at least one of the heating elements, and the
time required for generating a bubble in another part of the
liquid by another one of the heating elements have a
plurality of differences; and

for correcting positional shifting of delivered liquid
by the liquid ejecting portions when the liquid is ejected
onto a target, by storing data on the differences for the
liquid ejecting portions, the energy to the heating elements

is controlled based on the stored data.

43. A liquid ejecting device according to claim 32 or
42,

wherein:

the time required for generating a bubble in part of
the liquid by at least one of the heating elements, and the
time required for generating a bubble in another part of the
liquid by another one of the heating elements have a
plurality of differences; and

for correcting a position of delivered liquid which is
unique to each of the heads when liquid is ejected onto a
target, by storing data on the differences for the heads,
the energy’to the heating elements is controlled based on

the stored data.
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44. A liquid ejecting device according to claim 32,
42 or 43,

“wherein:

the time required for generating a bubble in part of
the liquid by at least one of the heating elements, and the
time required for generating a bubble in another part of the
liguid by another one of the heating elements have a
plurality of differences; and

a correction value for correcting a position of liquid
delivered by each of the liquid ejecting portions when the
liquid is ejected onto a target is determined for each of
lines for liquid ejection, and the energy to the heating
elements is controlled to correspond to the determined
‘correction value.

45. A liquid ejecting device according to any one of

claims 32 and 42 to 44,

wherein:

the time required for generating a bubble in part of
the liquid by at least one of the heating elements, and the
time required for generating a bubble in another part of the
liquid by another one of the heating elements have a
plurality of differences; and

a correction value for correcting a position of liquid
delivered by each of the liquid ejecting portions when the
liquid is ejected onto a target is randomly determined, and

the energy to the heating elements is controlled to



10\ 10\ 10\ &&9!10% & ()-F710% & ()- &S5 10% & () - & 3-

10% & ()-110% & ()-:}[ 9YNC 10! 9% 109%& ()-!9% 109%& ()-!9% 10% u

& ()-195 110%& ()- 9SI 10%& ()-m ~10%& ()-" A 10! & :!110%& ()-m &f :!10%& ()-m
MLO%H& ()- 10 10 10 :1109%& ()-9f 8109%& ()- W\= A 10! 4$L! 109%& ()-8

4$L1 10% & ()-8 "10%& ()-!& 110% & ()-

~ 95 -

correspond to the determined correction value.

46. A liquid ejecting device having heads each
including a plurality of liquid ejecting portions arranged
in parallel in a predetermined direction, the liquid
ejecting portions each comprising:

a liquid cell for containing liquid;

a plurality of heating elements for producing bubbles
in response to the supply of energy; and

a nozzle for ejecting the liquid in said liquid cell by
using the bubbles produced by the heating elements,

wherein:

said plurality of heating elements are arranged in said
predetermined direction in said liquid cell; and

for each of the heads, energy is supplied to all the
heating elements in said liquid cell, and by setting a
difference between a manner of supplying energy to at least
one of the heating elements and a manner of supplying energy
to another one of the heating elements, a direction in which
the liquid is ejected from said nozzle is controlled based

on the difference.

47. A liquid ejecting device having heads each
including a plurality of liquid ejecting portions arranged

in parallel in a predetermined direction, the liquid
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ejecting portions each comprising:

a liquid cell for containing liquid;

a plurality of heating elements for producing bubbles
in response to the supply of energy; and

a nozzle for ejecting the liquid in said ligquid cell by
using the bubbles produced by the heating elements,

wherein:

said plurality of heating elements are arranged in said
predetermined direction in said liquid cell; and

for each of the heads, energy is supplied to all the
heating elements in said liquid cell, and by performing
energy supply so that a difference is set between the time
required for generating a bubble in part of the liquid by at
least one of the heating elements, and the time required for
generating a bubble in another part of the liquid by another
one of the heating elements, a direction in which the liquid
is ejected from said nozzle is controlled based on the

difference.

48, A liquid ejecting device according to one of
claims 46 and 47, wherein, for each of the heads, at least
one of the heating elements in said liquid cell and at least
one other heating element are simultaneously supplied with

different amounts of energy.
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49, A liquid ejecting device according to any one of
claims 46 to 48,

wherein:

the heating elements in said liquid cell are two
heating resistors connected in series to each other which
have equal resistances; and

control means for controlling the heat values of said
two heating resistors is connected to a path for connecting
said two heating resistors, and by setting a current flowing
in one heating element and a current flowing in the other
heating element to differ, said control means controls, for
each of the heads, said one heating element and the other

heating element to have a difference in heat value.

50. A liquid ejecting device according to any one of

claims 46 to 49,

wherein:

the heating elements in said liquid cell are two
heating resistors connected in series to each other which
have equal resistances; and

control means including a switching element for
controlling the heat values of said two heating resistors is
connected to a path for connecting said two heating
resistors, and by setting a current flowing in one heating

element and a current flowing in the other heating element
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to be equal or different, the operation of the switching
element controls, for each of the heads, the heat values of

said one heating resistor and the other heating resistor.

51. A liquid ejecting device according to any one of

claims 46 to 50, wherein, for each of the heads, equal or
almost equal amounts of energy are supplied to at least one
heating element and at least one other heating element among
the heating elements in said liquid cell, with a difference

set in supplying the energy.

52. A liquid ejecting device according to claim 46,

wherein:

for each of the heads, a manner of supplying energy to
at least one heating element and at least one other heating
element among the heating elements in said liquid cell have
a plurality of differences; and

by storing data on the differences for the liquid
ejecting portions, the supply of the energy to the heating

elements is controlled based on the stored data.

53. A liquid ejecting device according to claim 46 or

52,

wherein:
for each of the heads, a manner of supplying energy to

at least one heating element and at least one other heating
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~ set to have a plurality of differences; and
for correcting positional shifting of liquid delivered
'by one liquid ejecting portion between two heads when the
liquid is ejected onto a target, by storing data on the
differences for the heads, the supply of the energy to the

heating elements is controlled based on the stored data.

54. A liquid ejecting device according to claim 47,

wherein:

the time required for generating a bubble in part of
the ligquid by at least one of the heating elements, and the
time required for generating a bubble in another part of the
liquid by another one of the heating elements have a
plurality of differences for each of the heads; and

for correcting positional shifting of delivered liquid
by one liquid ejecting portion between two heads when the
liquid is ejected onto a target, by storing data on the
differences for the heads, the energy to the heating

elements is controlled based on the stored data.

55. A liquid ejecting method which comprises using
heads each including a plurality of liquid ejecting
portionsarranged in parallel in a predetermined direction

4

the liquid ejecting portions each including:
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a liquid cell for containing liquid;

a plurality of heating elements for producing bubbles
in response to the supply of energy, the heating elements
being arranged in said predetermined direction in said
liquid cell; and

a nozzle for ejecting the ligquid in said liquid cell by
using the bubbles produced by the heating elements,

wherein all the heating elements in said liquid cell
are supplied with enerqgy, and by setting a difference
between a manner of supplying energy to at least one of the
heating elements and a manner of supplying energy to another
one of the heating elements, a direction in which the liquid
is ejected from said nozzle is controlled based on the
difference.

56. A liquid ejecting method which comprises using
heads each including a plurality of liquid ejecting
portions arranged in parallel in a predetermined direction,

the liquid ejecting portions each including:

a liquid cell for containing liquid;

a plurality of heating elements for producing bubbles
in response to the supply of energy, the heating elements
being arranged in said predetermined direction in said
liquid cell; and

a nozzle for ejecting the liquid in said liquid cell by
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using the bubbles produced by the heating elements,

wherein all the heating elements in said liquid cell
are supplied with energy, and by performing energy supply so
that a difference is set between the time required for
generating a bubble in part of the liguid by at least one of
the heating elements, and the time required for generating a
bubble in another part of the liquid by another one of the
heating elements, a direction in which the liquid is ejected

from said nozzle is controlled based on the difference.

57. A liquid ejecting method according to any one of
claims 55 and 56, wherein, among the heating elements in
said liquid cell, at least one heating element and at least
one other heating element are simultaneously supplied with

different amounts of energy.

58. A liquid ejecting method according to any one of

claims 55 to 57,

wherein:

the heating elements in said liquid cell are two
heating resistors connected in series to each other which
have equal resistances; and

control means for controlling the heat values of said
two heating resistors is connected to a path for connecting

said two heating resistors, and by setting a current flowing
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heating elemgqt to differ, said control means controls said

one heating element and the other heating element have a

difference in heat value.

59. A liquid ejecting method according to any one of
claims 55 to 58,

wherein:

the heating elements in said liquid cell are two
heating resistors connected in series to each other which
have equal resistances; and

control means including a switching element for
controlling the heat values of said two heating resistors is
connected to a path for connecting said two heating
resistors, and by setting a current flowing in one heating
element and a current flowing in the other heating element
to be equal or different, the operation of the switching
element controls the heat values of said one heating

resistor and the other heating resistor.

60. A liquid ejecting method according to any one of

claims 55 to 59, wherein equal or almost equal amounts of
energy are supplied to at least one heating element and at
least one other heating element among the heating elements

in said liquid cell, with a difference set in supplying the
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energy.

6l. A liquid ejecting method according to claim 55,

wherein:

a plurality of differences are set in a manner of
supplying energy to at least one heating element and at
least one other heating element among the heating elements
in said liquid cell; and

by storing data on the differences for the liquid
ejecting portions, the supply of the energy to the heating
elements is controlled based on the stored data.

62. A liquid ejecting method according to claim 55 or
61,

wherein:

a plurality of differences are set in a manner of
supplying energy to at least one heating element and at
least one other heating element among the heating elements
in said liquid cell; and

for correcting positional shifting of liquid delivered
by each of the liquid ejecting portions when the liquid is
ejected onto a target, by storing data on the differences
for the liquid ejecting portions, the supply of the energy
to the heating elements is controlled based on the stored

data.
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63. A liquid ejecting method according to claim 55,

6l or 62,

wherein:

a plurality of differences are set in a manner of
supplying energy to at least one heating element and at
least one other heating element among the heating elements
in said liquid cell; and

for correcting a position of delivered liquid which is
unique to each of the heads when liquid is ejected onto a
target, by storing data on the differences for the heads,
the supply of the energy to the heating elements is
controlled based on the stored data.

64. A liquid ejecting method according to any one of

claims 55 and 61 to 63,

wherein:

a plurality of differences are set in a manner of
supplying energy to at least one heating element and at
least one other” heating element among the heating elements
in said liquid cell; and

a correction value for correcting a position of liquid
delivered by each of the liquid ejecting portions when the
liquid is ejected onto a target is determined for each of
lines for liquid ejection, and the energy to the heating
elements is controlled to correspond to the determined

correction value.
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65. A liquid ejecting method according to any one of

claims 55 and 61 to 64,

wherein:

a plurality of differences are set in a manner of
supplying energy to at least one heating element and at
least one other heating element among the heating elements
in said liquid cell; and

a correction value for correcting a position of liquid
delivered by each of the liquid ejecting portions when the
liquid is ejected onto a target is randomly determined, and
the energy to the heating elements is controlled to

correspond to the determined correction value.

66. A liquid ejecting method according to claim 56,

wherein:

a plurality of differences are set between the time
required for generating a bubble in part of the liquid by at
least one of the heating elements, and the time required for
generating a bubble in another part of the liquid by another
one of the heating elements; and

for correcting positional shifting of delivered liquid
by the liquid ejecting portions when the liquid is ejected
onto a target, by storing data on the differences for the
liqguid ejecting portions, the energy to the heating elements

is controlled based on the stored data.
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67. A liquid ejecting method according to claim 56 or

66,

wherein:

a plurality of differences are set between the time
required for generating a bubble in part of the liquid by at
least one of the heating elements, and the time required for
generating a bubble in another part of the liquid by another
one of the heating elements; and

for correcting a position of delivered liquid which is
unique to each of the heads when liquid is ejected onto a
target, by storing data on the differences for the heads,
the energy to the heating elements is controlled based on
the stored data.

68. A liquid ejecting method according to claim 56,

66 or 67,

wherein:

a plurality of differences are set between the time
required for generating a bubble in part of the liquid by at
least one of the heating elements, and the time required for
generating a bubble in another part of the liquid by another
one of the heating elements; and

a correction value for correcting a position of liquid
delivered by each of the liquid ejecting portions when the
liquid is ejected onto a target is determined for each of
lines for liquid ejection, and the energy to the heating

elements is controlled to correspond to the determined
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correction value.

69. A liquid ejecting method according to any one of

claims 56 and 66 to 68,

wherein:

a plurality of differences are set between the time
required for generating a bubble in part of the liquid by at
least one of the heating elements, and the time required for
generating a bubble in another part of the liguid by another
one of the heating elements; and

a correction value for correcting a position of liquid
delivered by each of the liquid ejecting portipns when the
liquid is ejected onto a target is randomly determined, and
the energy to the heating elements is controlled to

correspond to the determined correction value.




