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- 1. . . Liquid Ejectlng Head, Liquid Ejecting Device a7t ¢
quU|d Ej ecting Method - BACKGROUND OF THE | NVENTION 5 Flelq of
the.-l nventign: - *, “The present invention relates to grbl Guhg2 ¥s 5
_ejectlhg ? heaqd for gjecting a desired |liquid using generation of

a bubblie by-applyln t'her mal energy to the liquid, a head carri age
using the liquid e'ectlng head, a liquid 10 ejecting device, a liquid

. ej ecting nethod, recording met hod. It further relates to an

i nk jet head Kiguﬁantyéé&Imgtﬂéadj(nﬂqﬁﬂﬁ @jecngnpeddvice and
“Mor e speci figal |y, tje present invention relates toaliquid
ej ecting hea havingpa novabl e nmeldzaridvBjdcting Meitbodi spl aced usi ng
generation of & bubbie, and a head cartridge using the liquid
eJectlng “head, and -a liquid ej ecting device using the sane. The
Present inventi.on = further ‘relates to a liquid ejecting method and
recordi ng rmef hodBREKGRPUND; @ THB INVENBION (i splacing 20 t he novabl e
menber u5|ng t he generatlon of the bubble. The present invention
can be appl Ped t5iglg. & Ehe Invention

The present invention relates to a liquid ejecting
head for ejecting a desired ligquid using generation of
a bubble by applying thermal energy to the liquid, a
head carriage usipg the liquid ejecting head, a liquid
10 ejecting device, a liquid ejecting method, and a
recording method. It further relates to an ink jet
“head kit containing the liquid ejecting head.
More specifically, the present invention relates
to a liquid ejecting head having a movable member which
15 is displaced using generation of a bubble, and a head
cartridge using the liquid ejecting head, and a liquid
ejecting device using the same. The present invention
further relates to a liquid ejecting method and
recording method for ejecting the liquid by displacing
' 20 the movable member using the generation of the bubble.
L The present invention can be applied to a printer
for performing a recording operation with respect to a
recording medium consisting of, e.g., a paper material,
thread, fiber, textile, leather, metal, plastic resin,
25 glass, wood, or ceramic material, a copying machine, a
facsimile apparatus having a communication system, a

device such as a wordprocessor having a printer unit,



for performng a recording operation with respect to a recordi ng
medi um consi sting of, e.g., a paper material, thread, fiber,

textile, leather, netal, plastic resin, , 25 gl ass, wood, or ceramc
material, a copying machi ne, a fac3| m | e apparatus having a

conmuni cat i on system a devi ce such as a wordprocessor having a
printer unit, -2- and an

i ndustri al recordlng apparatus constituted by a conbi nati on of
various processami atevirchfstrial recordingnappesatpectdnsti twbed "Bgcr di ng”
means not only form ng an i mage having a specific neaning, e.g., a

5 | etter or cprdpinatimat teef (vanivusalprocesslindededbras ng an i mage
havi ng no specific nmeaning, e.g., a pattern. Rel at ed Background Art
An ink jet recordi ngdmditied splecidicaltion, bliseterding” means trype grslknown in
whi ch an instantaneous state 10 change resulting in an instantaneous
vol une change f°rm1n€{ lﬁibﬂi"@gg?eﬁéﬁéﬂgoﬁ) SP§Cé§ﬁ§éﬂe§}'1%EDvplﬁFfﬂa-t4 ¢h of energy
- such as h t SO as to eject the ink throu the ejection

tq t
outl et usi ﬁf?‘iﬁrcé’rr SRS PRETPERe but alsqiip %Q@W%i% t he

ink is eJECtEdiﬁéégugaving no specific meaning, e.g., a pattern.

Related Background Art

An ink jet recording method of so-called bubble

jet type is known in which an instantaneous state

10 . change resulting in an instantaneous volume change
(bubble generation) is caused by application of energy
such as heat to the ink, so as to eject the ink through
the ejection outlet using the force resulted from the
state change by which the ink is ejected to and

15 deposited on the recording medium to from an image. As
disclosed in U.S. Patent No. 4,723,129, a recording
device using the bubble jet recording method comprises
an ejection outlet for ejecting the ink, an ink flow
path in fluid communication with the ejection outlet,

20 and an electrothermal transducer as an energy
generation means disposed in the ink flow path.

Such a recording method is advantageous in that, a
high-quality image can be recorded at high speed and
with low noise, and a plurality of such ejection

25 outlets can be positioned at a high density, and
therefore, a small-size recording apparatus capable of

providing a high resolution can be provided, and color



15 deposited on the recording nediumto froman i mage. As

disclosed in U S. Patent No. 4,723,129, a recording devi ce using the
bubbl e jet recording nmethod conprises _ o _ an ejection outlet for
ejecting the ink, an ink flow patﬁ in fluid conmunication with the
ejection outlet, 20 and an el ectrothermal transducer as an energy
generation neans di sposed in the ink flow path. Such a
recordi ng nmethod i s advantageous in that, a hi gh-quality i mge can

be recorded at hmyesdanth Ayl easily feriedl.owrhersforandtize pfhublkle tjef
such ejection 25 outlets can be positioned at a high density, and

therefore, a smatdcsiding ansiitbddg sapoar atidelyapaedeinfprintersproviding a
hi gh resol ution can be provided, and col or

- 3- i neegyeel repmach foess | fafowiméde Fhpacatusestore gy coffice
recording nmethod is now widely used in printers, copyi ng machi nes,
facsi ni |l e appar aqsignent otdret figfrf jiodustrial sygtepRBnsUCARE fRrtexeilRri al
systens such as a textile 5 printing device or the |ike. As
the bubbl e Jet treinting dpidgredar WitfelyKgsed for products in
various fields, various denandﬁ)hame , .

As the bubble jet technique has been widely used

for products in various fields, various demands have
recently arisen as follows.
-For example, an improvement in energy efficiency

10 is demanded. To meet the demand, the optimization of
the heat generating element such as adjustment of the
thickness of the protection film is studied. This
method is effective in that a propagation efficiency of
the generated heat to the liquid is improved.

15 In order to provide high-quality images, drive
conditions have been proposed by which the ink ejection
speed is increased, and/or the bubble generation is
stabilized to accomplish better ink ejection. As
another example, from the viewpoint of increasing the

20 recording speed, flow path structure improvements have
been proposed by which the rate of liquid filing
(refilling) into the liquid flow path is increased.

Of these flow path forms, the flow path structure
shown in Figs. 1A and 1B is disclosed in Japanese

25 Laid-Open Patent Application No. 63-199972 and the
like. The flow path structufe and the head

manufacturing method disclosed in this publication have



recently arisen as follows. For exanple, an inprovenent in
energy efficiency 10 I s demanded. To neet the demand, the optim zation
of t he heat generating el ement sugh as adjustnment of the

t hi ckness of the protection filmis studied. This method is
effective in that a propagation efficiency of t he generated heat to
the liquid is inproved. 15 In order to provide high-quality

I mages, drive condi tions have been proposed by which the ink

ej ection bgpacdnivenitedr énsednsideraticmedhbHackymayeat(iaon i s
stabilized to acconplish better ink ejection. As anot her exanpl e,
fromthe vi ewpopressiirenprepsgagingeinoan oppesidialidigesidon 0 @R pat h
structure inprovenents have . been proposed by which the rate of
liquid filing ejectippeputileftg)ii@to PFRSFVIRIIRFINGA YIS towardc feased.

O these flow path forns, the flow path structure shown.in Figs. 1A
and 1B i s di scl 44841iAnChaphREsL2) 95 This bae St FOHTH BSc AP85n No.
63-199972 and the li ke. The fl ow q%h structure and the Q&@d
manuf act ur °ng n&Pﬁ6&YdP§EPH§EdtPﬁstﬁ?§r%£b ?%%t'f‘lé:h BrQpgdate in the

-4 ejection direction.

The invention shown in Figs. 1A and 1B discloses a
valve 10 separated from an area where a bubble is
formed by a heat'generating element 2, and located at

10 the opposite side to an ejection outlet 11 with respect
to the heat generating element 2.

Referring to Fig. 1B, this valve 10 is
manufactured by a method using a plate material or the
like such that the valve 10 is adhered to the ceiling

15 of a flow path 3 at the initial position, and hangs
down into the flow path 3 upon generation of a bubble.
This invention is disclosed as a technique of
suppressing the energy loss by controlling part of the
above back wave using the valve 10.

20 As is apparent from consideration of a case
wherein a bubble is generated in the flow path 3
holding a liquid to be ejected, in this structure,
suppression of part of a back wave by means of the
valve 10 is not practicable in terms of liquid

25 | ejection.

As described above, a back wave itself is not

directly associated with liquid ejection. As shown in



been invented in consideration of a back wave (a pressure
propagating in an opposite direction to an ejection outlet, i.e.,
pressure propagating toward a | Lagi d chanmber 12). This back wave is
known as | oss 5 energy because this energy does not propagate in the
ej ection direction. The invention shown in Figs. 1A and 1B

di scl oses a val ve 10 separated from an area where a bubble is

formed by a heat generating elenent 2, and |ocated at 10 t he opposite
side to an ej ectHign A&, | ethehl thiishbaekpeate is gendmatdde imeaihegeﬁi@vati ng
el ement 2. Referring to Fig. 1B, this valve 10 is

manuf act ured by rathetho®asdi nd &hslRresﬁur%rg%ﬂefﬁtqqu?y a bubblige such that
the valve 10 is adhered to the ceiling 15 of a flow path 3 at the

initial p03|t|oﬁﬁuéﬁdlﬁa§@§e°tly asﬁﬁﬁhaFﬁ@dW¥¢RaQJQﬁﬁﬁﬁﬂl¥Q§ @d&eady

generation of a hubble [ vention |s_disclosed as a_ tecghni que
of suppr €§§1°r‘t’§"dt ﬁé‘eeljréfl{ﬂ'dl Egsgﬁyei:%‘ﬁ*f?‘%lﬁ’i% % tfqﬂ” g
above back wave u3|n t he val ve

par nt rff
consi der at i%on of*Sa 1f;4@PaTENt, ﬁﬁ%{‘ﬁfﬂrﬁ b%‘ﬁ%‘l’%eﬁ%md’er? 9 tt%‘? f1 ow
path 3 heJ %?{"%fa%el QE' dpbe 8%3& g;fy%:lfde?h%é“esje%tri%g ure,

suppressi on of pa wave . . valve 10 i s not
practicable in ter”BOQfthhqgkﬁerzﬁandgjfﬁttﬁngubble jet recording

method, heating is repeated with the heat generating
element contacting the ink, and therefore, a burnt

10 material is deposited on the surface of the heat
generating element due to scorching of the ink.
However, the amount of the deposition may be large
depending on the kind of ink. If this occurs, the ink
ejection becomes unstable. Additionally, even when the

15 liquid to be ejected is the one easily degraded by heat
or even when the liquid is the one with which the
bubble generation is not sufficient, the liquid is
desired to be properly ejected without any property
change.

20 Japanese Laid-Open Patent Application
Nos. 61-69467 and 55-81172 and U.S. Patent
No. 4,480,259 disclose that different liquids are used
for the ligquid generating the bubble by the heat
(bubble generation liquid) and for the liquid to be

25 ejected (ejection liquid). In these publications, the
ink as the ejection liQuid and the bubble generation

liquid are completely separated by a flexible film of



As descri bed above, a back wave itself is not directly associ ated
with liquid ejection. As shown in -5-
Fig. 1A, when this back wave is generateg in the flow path 3, part
of the pressure generated by a bubble which is directly associated
W th ejection has already allowed the liquid to be ejected fromthe
flow path 3. 5 As is apparent, therefore, suppression of part of the
back wave does not greatly influence ejection. On the ot her
hand, in the buldillddotie rembed ®3 the likaesbods bteaprewents dipesi ed with
t he heat generating el ement contacting the ink, and therefore, a
burnt 10 mateemitact bednpees tthe ejetihie¢oauliquid odnd hehdndedat
generating el enent due to scorching of the ink. However, the anount
of the depositi genempticd slgment whildepbadbPrngsowre eesukeing fngm | f this
occurs, the ink ej ection beconmes unstable. Additionally, even when
the 15 | i quithe dubbls genegatiophefofbechubble RRpORRLLMY Hemid
or even wh the liquid is the one with whjch %Qe bubbl e generation
's not suf i ci cRECRANETRS, 500 the Siectiopol fauld by phe ARRATRRE AR
W thout any proRSﬁg%lexible film. With such a structure, deposition

on the surface of the heat generating element is

prevented, or the degree of freedom in selecting an

ejection liquid is increased.

10 However, with this structure in which the ejection
liquid and the bubble generation liquid are completely
separated, the pressure by the bubble generation is
caused to propagate to the ejection liquid through the
expansion-contraction deformation of the flexible film,

15 and therefore, the pressure i1s absorbed by the flexible
film to a quite high degree.

In addition, the deformation of the flexible f£ilm
is not so large, and therefore, the energy efficiency
and the ejection force are degraded although the some

20 effect is provided by separating the ejection liquid
from the bubble generation liquid.

As a gradation recording method, Japanese Patent
Publication No. 62-48585 discloses a method of changing
the size of an ink droplet to be ejected by driving a
25 plurality of heat generating elements, which are

arranged in one liquid flow path to be driven

independently, at desired timings.



change. 20 Japanese Lai d- Open Patent Application Nos.

61- 69467 and 55-81172 and U.S. Patent No. 4,480, 259 di scl ose t hat
different |iquids are used for the Liquid generating the bubble by
the heat (bubbl e generation liquid) and for the liquid to be 25
ejected (ejection liquid). |In these publications, the I nk as the
ejection liquid and the bubble generation liquid are conpletely
separated by a flexible film of - 6-

silicone rubber or the ke $RIcatiPheVERd Hés€Cdenerating Gliaacntzet ween
the ejection liquid and the heat generating el enent while the
pressure resultidxe farafanged in dhe Kabkl pagbnto abe adwrigferk he bubbl e
generation liquid 5 propagates to the ejection liquid by the

def ormati on of indeperidemtfllyexi kine thillsnca®et hwhem hthe stkerantise, axfeposi ti on
on the surface of the heat generating elenent is prevented, or the
degree of freedamiversatedihengame timing, ethet resultapk Pykbligidiasise 10

However, with this structure in which the ejection . ngyid aqg t he
bubbl e gene¥ ati dte¥impm yolu@mexonPiSeftBpy timings are shifted from eac

other, the volume decreases. With changes in the size
of an ink droplet, gradation is obtained.
SUMMARY OF THE INVENTION
In analyzing the current situation of the
10 conventional gradation recording techniques, the
present inventors gave their atténtion to an image
constituted by relatively large and small dots.
Theoretically, desired dots should be formed at
designated positions. In practice, however, the image
15 includes an "offset" which is small but large enough to
be visually recognized, or "dot disturbance" which can
be seen at a magnification of about x50.
Similarly, when the present inventors examined a
smoothing technique using relatively large and small
20 dots, they found an "offset" and "dot disturbance”.
Upon analyzing the fundamental instability factors
for the conventional large/small dot forming
techniques, the present inventors found the following
two problems.
25 The first problem is that when a bubble is
generated by an electrothermal transducer means {(e.qg.,

a plurality of heaters) for generating bubbles having



separated, the pressure by the bubble generation is caused to

propagate to the ejection liquid through the expansi on-contraction
deformation of the flexible film 15 _ gand therefore, the pressure is
absorbed by the flexible filmto a quite high degree. In
addition, the deformation of the flexible film Is not so |large, and
therefore, the energy efficiency and the ejection force are degraded
al t hough the some 20 effect is provided by separating the ejection
liquid f reen 4 bievdsp i i fpreertatdicesl, | ghiedgeneration of #sea gradati on
recordi ng nmet hod, Japanese Patent Publ i cati on No. 62-48585 discl oses
a met hod of chargiblgle is disthetsidzendf the vokugeopfeantejected cbiauidy
driving a 25 plurality of heat generating elenents, which are

arranged i n one {(dxppket) cvhanuds Beasrddnol¥nwith varpaehensielr| the at
desired tim ngs. -7- . In
this publicati oren{igrHeantaje fonditieng fpgnithe bubblegeneratioRgd in one
flow path to be driven i ndependently. In this case, when the

el ements ar® Tegidfti ven at the sanme timng, the resultant bubble has the

The second problem is that, in addition to the
first problem, when the ejected state (in particular,
the ejection rate) of an ejected liquid (droplet) for
forming an image, varies due to the causes and the like

10 " in the first problem, the ink landing precision
deteriorates, resulting.in relatively low image
quality. The second problem is the fundamental problem
for the gradation recording methods and the smoothing
techniques using large and small or large,

15 intermediate, and small dots, and.is known more
popularly than the first problem.

The principal problem of the present invention is
to provide a head which can solve the problem of the
disturbance of an ejected liquid, and a gradation

20 recording method, a smoothing method, or a pre-ejection
(ejection performed by using a signal other than a
recording signal to improve the condition in the head)
method using the head.

It is anbther object of the present invention to

25 solve the first problem and provide a head which has a
structure as a characteristic feature in which a

movable member having a free end on the downstream side



5 maxi mum vol une. As the timngs are shifted from each ot her, the
vol unme decreases. Wth changes in the size of an ink droplet,
gradation is obtained. SUMVARY O 9HE | NVENTI ON I n

anal yzing the current situation of the 10 conventi onal gradation
recording techniques, the present inventors gave their attention to
an i nmage constituted by relatively |large and small dots.
Theoretically, desired dots should be forned at desi gnat ed
positions. In prandiZeurRARsag mﬁﬂbﬁnnﬁﬁethfS“PStFﬁémuﬂégeaﬁlt%ffset"

which is small but |arge enough to be visually recognjzed, or "dot
di st urbance" whi¥eseest to theirgction of apgRiIPFLY %Poﬁug?egbbﬁt x50.

Si I [y, wh h

d i”‘ng";‘i el t Lé&%ﬁw&eéﬁﬁog eSS ST idpnear mraRd ety 2o T ana
"dot distur "

ractors s lenktvat SRR LAY, hAGthunaRERGiane ! apial! 11t
Lechni ques, ¢ the PO SFEUL 4 WA it (b LBl Bla can " schiip1 prgbl ems.

25 he fi I'em1’s en a 'S gener ated by
an el ectrot her %% &S HS dftdlt droplet tB Bl HE8itéd €51HE36KT S)
for generating bubbl es havi ng

the basis of the balance between the growth of a bubble
and the displacement of a movable member, withlthe
structure, even if the environmental conditions of the

10 bubble generation region slightly vary, and a method
and apparatus using the head.

It is still another object of the present
invention to solve the second problem. In solving the
second problem, when bubbles having different sizes are

15 to be generated by the bubble generation heat means,
preferable conditions are found with respect to the
function of the movable member itself. That is, the
movable member itself further changes the growth of the
bubble itself to further stabilize the volume of the

20 ejected liquid. In addition, the ejection speed of the
ejected liquid can be increased and stabilized.

It is, therefore, still another object of the
present invention to provide a head which can supply a
liquid having a desired volume toc a desired position

25 with high precisidn by increasing the ejection

efficiency and the ejection rate upon attaining



- 8- relatively different sizes, the generation of the

bubbl e is disturbed and the volune of an ejected liquid (dropl et)

changes accordingly with variations in_t{§ _ envi ronnment al conditions
for the bubbl e generation 5 region. The second problemis
that, in addition to the first problem when the ejected state (in

particular, the ejection rate) of an ejected liquid (droplet) for

form ng an inmage, varies due to the causes and the like

10 in the first

probl em the inkstawdi gy psEBbles havingddidfereatesizessuandng in

relatively | ow imge quality. The second problemis the fundanental
pr obl em foethdd gmddaipaors truse arsdingg tinet hedd-and t he snoot hi ng
techni ques using large and small or large, 15 i nternedi ate and snmal |

dots, and is known noPeher objeqighnfarihpe @ﬁ&ﬁepﬁe1PV9§FiﬁPo%+%%1 e

The pr|n0|pal probl em of the present__invention is

whi ch can sol ve @PE@{#Q&H%ﬁﬁmﬁtHQKfoll°Wingdﬁ?FéFB&ﬁc@eﬁ?raﬂt
d dat t hod,
ore- o gctioh O coniyasbin git BT m%&fﬁfr & RobadtngRt

grovlde a head
PRctRd 1iquid,
hod, or a

F-other than a

recording signal to 'ﬁ%%é“§5é£¥%1c5¥1 Ee E@ %ﬁ?oﬁﬁ%@% of the g@é@gﬁtUSIng

t he head.

invention to provide a liquid ejecting head capable of

ejecting liquids in different conditions,

ejection outlet for ejecting a liquid, a

comprising an

liguid flow

10 path for supplying the liquid to the ejection outlet,

the liquid flow path having bubble generation heat

means used to eject the liquid and capable of

selectively generating bubbles having different sizes,

and a movable mechanism having at least one movable

15 member arranged to face a bubble generation region

formed in the liquid flow path by the bubble generation

heat means, the movable member having a free end on a

downstream side with respect to a direction of the

ejection outlet, and a supporting member

on an upstream

20 side, and being displaced in a direction to separate

from the bubble generation region in accordance with a

bubble generated by the bubble generation heat means.

It is another object of the present

invention to

provide a liquid ejecting method of ejecting a liguid

25 upon generation of a bubble, comprising the steps of

using a liquid ejecting head including an ejection

outlet for ejecting a liquid, a liquid flow path having



It is another object of the present invention to 25 solve the first

probl em and provide a head which has a structure as a characteristic
feature in which a novabl e nmenber 1having a free end on the
downstream si de - 9- and a
supporting nmenber on the upstreamside with respect to the direction
of an ejection outlet is arranged for a bubble generation heat neans
for sel ectively generating bubbles having different sizes 5 to
face a bubbl e geRehgBtogepegpsinganlienent sfemigenarating & kpublkdlryd® of an
ejected droplet to a_desired value on t he basis of the bal ance

bet ween the growtheofigupdphpRd a movahle (PRMRRL agraRarGy 61 e

menber, with the ure, even if fhe environ onditi ons of

|
the 10 " bubbl o fGERetRE: BRSFCBPBRTSFIRM PYRRTG, Satl BF faFRAced - and
appar at us us'ng.Bg%whg%da firsF Bo§ﬁti$ﬁ ééd%é'é%ﬁ&ﬂ&nqggiﬁg e%%r%%eghe
O SsOolv em n e

present |nvenFlon t € second pro solving t

second problgem ‘f’g%@ QHQ%&éthg&Qgﬁéiﬁé%ﬂlﬁeﬁ 4Sarfithe %irstto be
generated by the bubbl e generation heat™ neans, preferable conditions
are found with regpe¢ich? hH8 has a free end, and displacing the
movable member using a pressure based on generation of
the bubble to cause_the bubble to expand more greatly
at a downstream sidé-than at an upstream side with
10 respect to a direction of the ejection outlet, and to
change a displaced state of the movable member, thereby
changing an ejection amount of the liquid.
It is still another object of the present
invention to provide a pre-ejecting method for a liquid
15 ejecting head, comprising the steps of using a liquid
ejecting head including an ejection outlet for ejecting
a liquid, a liquid flow path for supplying the liquid
to the ejection outlet, the liquid flow path having
bubble generation heat means used to eject the liquid
20 and capable of selectively generating bubbles having
different sizes, and a movable mechanism having at
least one movabie member arranged to face a bubble
generation region formed in the liquid flow path by the
bubble generation heat means, the movable member having
25 a free end on a downstream side with respect to a
direction of the ejection outlet, and a supporting

member on an upstream side, and displacing the movable



function of the novable nenber itself. That is, the novabl e menber
Itself further changes the growth of the bubbl e itself to-further
stabilize the volune of the 20 ejectad liquid. In addition, the

ej ection speed of the ejected liquid can be increased and
stabilized. It is, therefore, still another object of the
present invention to provide a head which can supply a | i qui d having
a desired volune to a desired position 25 wth high precision by

i ncreasi ng the ejmambesn in a direfcftiionefoyseparabe £Feetthm bubksleipon

attaining - 10 - stability of
bubbl es havi ng digenaraftiosn negiognd farming a hargest Hibipafatthe using the
head. Ot her objects of the present invention will be

appar ent from t h@uRRYesniviy e CaM 08 8@§@?§p‘?¥oﬁ‘? nb“b}?:le g%l?rﬁ'ct}'r?'&’} on with
of the present  hea ”‘?q%@m S0 £5UF1001 RSIPYERID T i 1D e o
gjf ection oﬁjt gt If geﬁ ec(tjol dl ff%ﬁgn gegg‘la’tlld&fq ;%{elrsébnat h for
supplying the li(B£f¥&f%ﬂﬂgeaP%E%LbSQc@EBheErocess from the ejection
outlet.
It is still another object of the present
invention to provide a recording method of performing a
10 gradation recording operation using a liquid ejecting
head for ejecting a liquid, comprising the steps of
using the liquid ejecting head including an ejection
outlet for ejecting a liguid, a liquid flow path for
supplying the liquid to the ejection outlet, the liquid
15 flow path having bubble generation heat means used to
eject the liquid and capable of selectively generating
bubbles having different sizes, and a movable mechanism
having at least one movable member arranged to face a
bubble generation region formed in the liquid flow path
20 by the bubble generation heat means, the movable member
having a free end on a downstream side with respect to
a direction of the ejection outlet, and a supporting
member on an upstream side, and displacing the movable
member in a direction to separate from the bubble
25 generation region in accordance with each of the
bubbles having the different sizes, and causing the

movable member to guide the bubbles to the ejection



the liquid flow path having bubbl e generation heat means used to
eject the liquid and capabl e of sel ectively generating bubbl es
havi ng di fferent sizes, and a mvahl e nechani sm having at |east one
novable 15 menber arranged to face a bubbl e generation region

formed in the liquid flow path by the bubble generation heat neans,
t he novabl e nenber having a free end on a downstream side with
respect to a direction of the ej ection outlet, and a supporting
menber on an upstouadret 20 as sodéprandroplags diaplng cthe Mif fdnesdtion to
separate fromthe bubble generation region in accordance with a
bubbl e gener at ed siygeshdnbalcicosdganer witbntheasizesmf the bubbles, |t s
anot her object of the present invention to . provide a liquid ejecting
net hod of ej ecti gexebyqwedforning apgragahiPRtFFPTHING KBSAE1¥onpri si ng

the steps of using a liquid ejecting, head including an ejection
outlet for ejecting all &8 &tL 1IP&B&BGFIBgﬂiﬁﬁrﬁfuéh?ufrééent o a
heal DSNera 19 <l STl 0T SENC 20N 2alUBRLS: Huenon of Wi Ad £ @
element, can be gﬁﬁ%ﬁ%&%% operation using a liquid ejecting head
capable of ejecting droplets having different sizes,
cohprising the steps of using the liquid ejecting head
including an ejection outlet for ejecting a liquid, a
10 iiquid flow path for supplying the liquid to the
ejection outlet, the liquid flow path having bubble
generation heat means used to eject the liquid and
capable of selectively generating bubbles having the
different sizes, and a movable mechanism having at
156 least one movable member arranged to face a bubble
generation region formed in the liquid flow path by the
bubble generation heat means, the movable member having
a free end on a downstream side with respect to a
direction of the ejection outlet, and a supporting
20 member on an upstream side, and displacing the movable
member in a direction to separate from tﬁe bubble
generation region in accordance with each of the
bubbles having the different sizes, causing the movable
member to guide the bubbles to the ejection outlet so

25 as to supply the droplets having the different sizes

corresponding to the sizes of the bubbles to a boundary



between a first position and a second position farther 5 fromthe heat

generating elenent than the first position, and has a free end, and
di spl aci ng the movabl e nmenber usih§ a pressure based on generation
of t he bubble to cause the bubble to expand nore greatly at a
downstream si de than at an upstreamside with 10 respect to a direction
of the ejection outlet, and to change a displaced state of the
novabl e nmenber, {hereby . changi ng an gj ection _amunt _of the |iquid.

It is still anotR&F“eBfedR b’f'a%ep%’rg‘é’s‘ghta“de a non-i{Rage; Bﬁ’rgbc’Br ovi dg a

pre-ejecting netgggrég§ 8%%%%?+%@9#§5§M¥ﬁ%%%%{%%eg%%QanonpriSing the steps

of using a liqui an ¢ejection outlet for

ej ecti ng a | i agdyacli gl ghddiok RAILOL YRR Pragehte |1 quid

to the ejection outle I 'qui ow pat’h havi ng

generation heat ﬂﬁé\aﬁtﬂ%ﬁdﬁ.g@ﬂ% ie t41f 1yt rf%@oraiﬁgddea@aal fs@hg

sel ectively generating b avi ng different sizes, and a novabl e

nmechani sm hgvi ngaat iquid ejé@’é‘ﬁﬁ? Head R R e catingoedquedtata a
bubbl e generation region formed in the liquid flow path by the

bubbl e gener at i oaibearefitasdondi tiron®)y aldmpriRyihey shavung pdbtionaohree end
on a downstreamside with respect to a direction of the ejection

outlet, and a suph@ehi BRe liquid nejdretiran Meadidst meamteiddethendidizgdl aci ng
the movable ejecting head including an ejection outlet for ejecting
a liquid, a liquid flow path for supplying the liquid
10 to the ejection outlet, the liquid flow path having
bubble generation heat means used to eject the liquid
and capable of selectively generating bubbles having_
different sizes, and a movable mechanism having at
least one movable member arranged to face a bubble
15 generation region formed in the liquid flow path by the
bubble generation heat means, the movable member having
a free end on a downstream side with respect to a
direction of the ejection outlet, and a supporting
member on an upstream side, and being displaced in a
20 direction to separate from the bubble generation region
in accordance with a bubble generated by the bubble
generation heat means, and drive condition selection
means for supplying the bubble generation heat means of
the liquid ejecting head with an electrical signal

25 corresponding to a recording signal corresponding to a

liquid to be ejected.



- 12 - menber in a direction to separate fromthe bubble
generation region, formng a | argest bubble of the bubbl es whi ch can
be formed by the bubbl e generation - 15 heat neans, and causing the
novabl e menber to gui de the 5 | ar gest bubble to the ejection outlet,

t her eby perform ng a pre-ejection process fromthe ejection

outl et. It is still another object of the present

i nvention to provide a recording nethod of performng a 10 gradati on
recordi ng operation ubtnisastiljuiahadjhent iobgject of theapréeésentj ecting a

liquid, conprising the steps of using the liquid ggecting head
i ncl udi ng an ej ethvemtion to pravidef @s @ aerengractigatdieadt iguid flow
path for supplying the liquid to the ejection outlet, the liquid 15

flow path havi nglbawbl eereping ingrthompabdnoiuedacting 1iauids et the
g:??;?eﬁ?ds??g2Pé§ﬂ§;5§§%3%%%¥8%%¥%§2?%ﬁ&kqging.ﬁﬁv?géeg%g$e£§¥i%£ef%%vable
R e R e e e
menber havi g fa f £ 88w Pk et LUPIY16ReRLIL 1 Yit8 £6SPRET O
ejection outlet, and a second liquid flow path having
bubble generation heat means used to eject the liquid
and capable of selectively generating bubbles having
10 different sizes, and a movable mechanism having at
least one movable member arranged to face a bubble
generation region formed in the second liquid flow path
by the bubble generation heat means, the movable member
having a free end on a downstream side with respect to
15 a direction of the ejection outlet, and a supporting
member on an upstream side, and being displaced by
generation of the bubble in a direction to move the
free end in a substantially sealed state with respect
to the first liquid flow path and to open the bubble
20 generation region to the ejection outlet.

As described above, according to the ejecting
method, liquid ejecting head, and the like of the
present invention, which have a plurality of heat
generating elements and movable members with respect to

25 a liquid flow path, gradation images with high

stability and high ejection direction precision can be



a direction of the ejection outlet, and a supporting menber on an
upstream si de, and di splacing the novabl e menber in a direction to
separate fromthe bubble 25 generati®n-region in accordance with each
of the bubbl es having the different sizes, and causing the

novabl e menber to guide the bubbles to the ejection

- 13 - outlet so as to formdroplets having the different

sizes in accordance with the sizes of the bubbles, .. thereby
perforning a grxealisads canddinggeparih oiery high quality; cpp EFiII anot her
obj ect of the present 5 invention to provide a recording nethod of
perfg{nin? a  obtaisgpgoPNiRg E%e?%&i%ﬁ?ﬁﬂﬁqKTgﬁaﬁr id ejecting head

capabl e of ejecting droplets havipg different sizes, . . conprising the

?teps of using the FPgu Gagj%€¥F¥¢ﬁbﬁﬁﬁg the prﬁsﬁﬁﬁhdpﬁﬁngﬁoéjection out | et
or ejecting a liquid, a 10, . Liguid flow, far.,s i L. qui d

to the eFQg'PFEJﬁeﬁu?I gf‘?“’f%eg:’ “r‘%ﬁ‘r%“ }’ﬁega\?\}t rpéast %eﬁ:a\%i% %lg%bl%gﬁfjgg th
gener at i on _heat aps,used,to_eject Q% | QLK -q@%. GaRakhe of

selectivel? gengg§fﬁné %gb%%eg %a%i%% t éaéuﬂé%l iffg}gﬁp sizess and a
movabl e mechani §qpyhayi g L supplied to said liquid ejection head.

The liquid ejection apparatus of the present
invention comprises a liquid ejection head as set forth
either in claim 1 or 35 and a drive signal supplying

10 means for supplying a drive signal for causing said
liquid ejection head to eject the liquid.

The recording system of the present invention
comprises a liquid ejecfion apparatus as set forth in
claim 40 and an additional process device for promoting

15 the fixation of the liquid on the recorded recording
medium.

The recording system of the present invention
comprises a liquid ejection apparatus as set forth in
claim 40 and an preliminary process device for

20 promoting the fixation of the liquid on the recorded
recording medium.

In addition, gradation is realized by ejection
amount modulation, and excellent ejection
characteristics such as refilling characteristics can

25 be maintained.
Furthermore, with the above effects, images such

as curves and oblique lines can be realized with smooth



15 | east one novabl e nenber arranged to face a bubble generation
region formed in the liquid flow path by the bubbl e generation heat
nmeans, the novabl e nmenber havi ng - 1 free end on a downstream side
with respect to a direction of the ejection outlet, and a supporting
20 menber on an upstream si de, and di spl aci ng the novabl e menber
in a direction to separate fromthe bubble generation region in
accordance with each of the bubbl es having the different sizes,
causi ng t he novabines, and thenimelidygofdémapes bsith ess tahatactgrstangh
outlet so 25 as to supply the droplets having the different sizes
correspondi ng t @Raphig patternsheapubBl évproved boundary

- 14 - bet ween an i mage portion and a_non-image portion,

t hereby perforning aSifidarilyg (‘J’ﬁé"F‘anﬁn?bQ"e effects, |§inGe h] | anot her
obj ect of the presen ntion to provi de%(?n i nk jet recording

device using §Jecé?"an (ﬁﬁl&agﬁr’]‘égtt?nﬁaﬁeaﬁ CEREBY & ofP % ‘?‘?'Tgl‘:lr} quids in
cj ect 1 ng. hed | STHBHAE % K2 PEguPaBe it Sber SRt T Fan AP R an
ej ection outlet wfiQ:rh % %tri}ﬁ%mall number of times of liquid ejection

within a short period of time.

Other features and advantages of the present
invention will be apparent from the following

10 description in conjunction with the preferred
embodiments.

In this specification, "upstream" and "downstream”
are defined with respect to a general liquid flow from
a liquid supply source to the ejection outlet thréugh

15 the bubble generation region (movable member) or with
respect to the structural direction.

With regard to a bubble itself, "downstream"
mainly represents the ejection outlet side of the
bubble which directly functions to eject a liquid

20 droplet. More specifically, it generally means the
downstream side of the center of the bubble with
respect to the direction of the general liquid flow or
the structural direction, or a bubble generated in a
region on the downstream side of the center of the area

25 of the heat generating element.

In this specification, "substantially sealed"

generally means a sealed state in which when a bubble



aliquid, aliquid flow path for supplying the liquid 10 to the
ejection outlet, the liquid flow path having bubbl e generation heat
means used to eject the liquid anggcapabl e of selectively generating
bubbl es havi ng different sizes, and a novabl e mechani sm havi ng at

| east one novabl e nenber arranged to face a bubble 15 generation region
formed in the liquid flow path by the bubbl e generati on heat neans,

t he novabl e nenber havi ng a free end on a downstream side with
respect to a  growsdi thet buhbde dors giattdsnapsutthsoughng gapuppditing
menber on an upstream side, and_being displaced in a .20 direction to
separate from t REOHDEbEBegBAvRRle JRetkey dipfore it iis ddeplasade with a

bubbl e generated by the bubble generation heat neans, and drive
condi tion selection In this gpacifiratiPpl yindg Hitdocpubpid g@ﬁXrQFPBnaheat

f e ead an _electri nal
gﬁ?szgondlng tHaQI(i égn g %ﬂ%fu£ rqéé%ﬁﬁﬂﬁh@eﬁ exr) 1“terb F88|8°to be
ej ect ed. i's

still anotﬁer oﬁ?géfag? ?h%uBP%%e%ﬁneratlon ﬁ%ﬂi%n 5ﬁ°Fo pFSgﬁae as a nore

practi cal head’d@rectly communicating with an ejection outlet, and

more specifically means a wall separating a flow path
including a bubble generation region from a liquid flow
path directly communicating an ejection outlet to

10 prevent mixing of the liquids in the respective
regions.
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A and 1B are views for explaining the
liquid flow path structure of a conventional liquid

15 ejecting head;

Figs. 2A to 2D are sectional views for explaining
the liquid ejection principie on which the present
invention is based:;

Fig. 3 is a partly cutaway perspective view of a

20 liquid ejecting head in Figs. 2A to 2D;

Fig. 4 is a sectional view for explaining the
propagation of a pressure from a bubble in a
conventional liguid ejecting head;

Fig. 5 is a sectional view for explaining the

25 propagation of a pressure from a bubble in the liquid
ejection principle on which the present invention is

based;



liquid ejecting head capable of ejecting liquids in di fferent

condi tions, conprising an ejection outlet for 5 ejecting a liquid, a
liquid flow path including a first - 1914 quid flow path for supplying
the liquid to the ejection outlet, and a second liquid flow path
havi ng bubbl e generati on heat neans used to eject the liquid

and capabl e of selectively generating bubbles having 10 di fferent sizes,
and a novabl e nechani sm havi ng at | east one novabl e nenber arranged
to face a bubble Fig gdndsatd Geatdgned véeweghowintetRchinrl 1I9%@ d f1 ow
pat h by the bubbl e generation heat neans, .the npvabl e nenber

having a free enti@hid b Adanisi @deftingr Bepdcenghialy the prasent i on
of the ejection outlet, and a supporting menber on an upstream side,
and bei ng di spl atREH fon is bﬂﬁ%?eratlon of the bubble in a direction to

th f t . t t
[0 the Tirst 1iquid A0 fackt 3d Pa oHaRnE Zg%‘aﬁb?riafzwew %feéfei?fon

the o cctiny - EUff o hesa of ehe BRell ‘Eriﬁﬁ?fﬁ e o the 0 °
present invention, i Nae Pl Al )éertJ.Bﬁéi views ldting
el enrents and anabIe ers MAt respect to qU| fIOM/pat

gradation i mages,yidfanffi¥ of the amablehbxtaa@ Q'x@&z&éf‘ét:ﬁé?ﬁbéi* it | on

preci sion can be
two heat generating elements in the first embodiment of

the present invention;
10 Fig. 9 is a sectional view showing a driven state
of the liquid ejecting head of the present invention;
Fig. 10 is a sectional view showing a driven state
of the liquid ejecting head of the present in&ention;
Fig. 11 is a sectional view showing a driven state
15 of the liquid ejecting head of the present invention;
Fig. 12 is a graph showing the relationship
between the ejection amount and the reflection density;
Figs. 13A and 13B are views for explaining liquid
ejection directions in a conventional liquid ejecting
20 head; |
Figs. 14A and 14B are sectional views for
explaining an example of the arrangement of a movable
member and three heat generating elements in the second
embodiment of the present invention:;
25 Figs. 15A and 15B are sectional views for
explaining an example of the arrangement of a plurality

of movable members and a plurality of heat generating



- 16 - realized, and inmages wth very high quality can be

obt ai ned owi ng to the novabl e nenbers. The head cartridge of the
present invention conprises a ki @oid ejection head as set forth
either in 5 claiml or 35 and a liquid container for containing

liquid to be supplied to said liquid ejection head. The liquid
ej ection apparatus of the present I nvention conprises a liquid

ej ection head as set forth _either inclaiml or 35 and a drive

si gnal suppl yi nglemgnts gpatbet Shizdppmbodiment9f, &hg §r&SePdr causing said
liquid ejection head to eject the |iquid. The recordi ng system
of the present iiMYEREILGR’ conprises a liquid ejection apparatus as

set forth in cl.aim4Q_and_ap_additional pracess device for pronoting
15 the fixation ofi8fe Fgﬁuﬁﬂdoﬂsgh%r?e%ﬁﬁ%ﬁé%éiaﬁh%ﬂsngbr medi um
The recordi ng system.of. the sent . | nvent | . .S liquid

ej ection apparatﬁ?ﬁ§§n§89 PBB%ﬁanéxamp e %fthquﬁf§§#§€§%ﬁ§r§?i%inary

process dew ce (4ra20.cy 0B ARLLDE hlfibbtd A 1.l slbWiednaact e

recor ded recor |Xg ﬁEﬁlUﬁl I'n &'ltlon, gragatlon S

realized by ejegdh@Rating elements in the fourth embodiment of the
present invention;

Figs. 17A and 17B are sectional views for
explaining still another example of the arrangement of

10 a plurality of movable members and a plurality of heat
generating elements in the fifth embodiment of the
present invention;

Figs. 18A and 18B are sectional views for
explaining an example of the arrangement of a plurality

15 of movable members, a plurality of heat generating
elements, and a partition wall in the sixth embodiment
o% the present invention;

Figs. 19A to 19C are views for explaining a
smoothing effect in the present invenfion;

20 Fig. 20 is a flow chart for explaining a
pre-ejection sequence in the present invention;

Figs. 21A to 21C are views for explaining the
positional relationship between a movable member and
heat generating elements;

25 Figs. 22A to 22C are view for explaining the

shapes of movable members;



anount nodul ation, and excellent ejection characteristics such as
refilling characteristics can 25 be mai nt ai ned.
Furthernore, with the above effects, impges such as curves and
oblique lines can be realized with snooth
- 17 - lines, and the quality of images such as characters and
graphic patterns can be inproved. SSmlarly, with the above
effects, since the ejection reliability can be inproved,
pre-ejection 5 iFgadi 283al ynlefdBeare promyiopdinal greddPnsd yders ned
with a very small nunber of tinmes of liquid ejection . within a short
period of tine. of the liquidOefjectiedtbead afdthRl\RFRSRSs VAT Present
invention will be apparent fromthe following 10  description in
conj unction with the Rigef &4 d§ a schemaghedy Hewt¥howing the wavefprm,; o
speci fication, "upstreanf and "downstreant are defined with respect
to ? genﬁral i B fArgwindopulse; a liquid supply source to the ejection
outlet through 15 t he bubbl e ner at i : ' . i
sg Fig. 25 is a g’i‘\ew ?olrogxéfgig{]n né)vsa\pgl’pelyneprg{%r )1nor W th
the liquid ejecting head of the present invention;
Fig. 26 is an exploded perspective view of the
liquid ejecting head of the present invention;
Fig. 27 is an exploded perspective view of a
10 liquid ejecting head cartridge;
Fig. 28 is a perspective view showing the
structure of a liquid ejecting device;
Fig. 29 is a block diagram of the device;
Fig. 30 is a view showing a liquid ejection
15 recording system; and
Fig. 31 is a schematic view showing a head kit.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

<Operation Principle>
The basic operation principle of the present
20 invention will be described below with reference to the
accompanying drawings.

Figs; 2A to 2D are schematic sectional views of a
liquid ejecting head taken along a liquid flow path,
and Fig. 3 is a partly cutaway perspective view of the

25 liquid ejecting head.
The liquid ejecting head in Figs. 2A to 2D

comprises a heat generating element 2 (a heat



respect to the structural direction. Wth regard to a bubble

Itsel f, "downstreant mai nly represents the ejection outlet side of

t he bubbl e which directly funct+@ms 40 eject a liquid 20 dropl et .
More specifically, it generally nmeans the downst ream si de of the
center of the bubble with respect to the direction of the general
liquid flow or the structural direction, or a bubble generated in a
region on the downstream side of the center of the area 25 of the heat
generating el engggnerating resistor Ofi 40spackf LAt PBnin"EiGSt ot &0 | y

seal ed" generally nmeans a sealed state in which when a bubble

- 18 - 2B} A% A LIRBIOR §HETIN0TSBEERHENINELERF S 2D (slit)

Speci 11 cation, “BRTTITh SR maaperdyn 2 the 11ayin) touBIRFE BF | nel ude a
froma rogion  +TaSLgy R dipnegt suraRRRE & Bn ARG BRO AT et - and
e Seenebce) Ao BlaifY 3 Pogfehl M qusa 10N =
10 formed above the element substrate correspondingly
to the heat generating element 2. The liquid flow path
10 is in fluid communication with a plurality of the
ejection outlets 18 and a common liquid chamber 13 for
10 supplying the liquid to a plurality of such liquid flow
paths 10. The liquid flow path 10 receives, from the
common liguid chamber, a liquid in an amount
corresponding to the amount of liquid diécharged from
the ejection outlets 18.
15 Above the element substrate in the liquid flow
path 10, a movable member or plate 31 in the form of a
cantilever of an elastic material such as a metal is
provided facing the heat generating element 2. One end
of the movable member 31 is fixed to a foundation
20 (supporting member) 34 or the like provided by
patterning of a photosensitive resin material on the
wall of the liquid flow path 10 or the glement
substrate. By this structure, the movable member is
supported, and a fulcrum (fulcrum portion) 33 is
25 constituted.
The movable member 31 is so positioned that it has

a fulcrum (fulcrum portion which is a fixed end) 33 in



path directly conmmunicating an ejection outlet to 10 prevent m xi ng of

the liquids in the respective regi ons. BRI EF DESCRI PTI ON OF
THE DRAW NGS Figs. 1A and 1Bmre views for explaining the
liquid fl ow path structure of a conventional liquid 15 ej ecting head;
Figs. 2A to 2D are sectional views for explaining the liquid

ej ection principle on which the present I nvention is based;

Fig. 3is a partly cutaway perspective view of a 20 liquid ejecting
head in Figs. 2AanoupStream side witlringspedts te sedargrafloveqf f Bhe
expl ai ni ng the propagation of a pressure froma bubble in_a

conventional |igliauéfelyi Bhe rRirpting operationpfgomsthe gomEeR; LHEHid ew
for explaining the 25 propagation of a pressure, f bubbl e in the
PUELRE tHvEREPIAT Ene

i quid ej e€pPBREHr 1A cFPFRF D hfhiSFIR e D PHA § _
g:if?éna| vi ew sAOVRRLE 1 PemRen 3 hang that it'Res a free end (fref'dng® '® @

5 portion) 32 in a downstream side of the fulcrum 33.
The movable member 31 is spaced apart from the heat
generating element 2 by a distance of about 15 pm as if
it covers the heat generating element 2. A bubble
generation region is constituted between the heat

10 generating element and movable member. The type, shape
or position of the heat generating element or the
movable member is not limited to the ones described
above, but may be changed as long as the growth of the
bubble and the propagation of the pressure can be

i5 controlled. For the purpose of easy understanding of
the flow of the liquid which will be deséribed
hereinafter, the liquid flow path 10 is divided by the
movable member 31 into a first liquid flow path 14
which is directly in communication with the ejection

20 outlet 18 and a second liguid flow path 16 having a
bubble generation region 11 and a liquid supply path
12.

By causing heat generation of the heat generating
element 2, the heat is applied to the liquid in the

25 bubble generation ;egion 11 between the movable member
31 and the heat generating element 2, thereby

generating a bubble on the basis of the film boiling



liquid in the liquid ejecting head on which the present I nvention is
based; Fig. 7 is a longitudinal sectional view of the 5
liquid ejecting head of the present i+avaat+on; Figs. 8A and 8B
are sectional views for explaining an exanpl e of the arrangenent of
a novabl e nenber and two heat generating elenents in the first

enbodi nent of the present invention; 10 Fig. 9is a
sectional view showing a driven state of the liquid ejecting head of
the present invBhehemenon as discloggady im@.Ss Zatesti HRal 4v?é€véﬁ%wi ng a

driven state of the liquid ejecting head of the present invention;
Fig. 11 is a sefhpohubbieeandhbhf rRyessge, sruses: by 15e geBP?Fﬁ\‘eOPia%i d
chowi ng_the-rel SbPoRERPEe act DY GRAEEAIY EeEPRoOXABAR: "RACE neod
reflection density; Fi gs. A _and _13B ar ' i ni
Liqgid er%FiBﬂed??g%?}%wﬂgéh$€1 0 fghsi%ﬁa?lgPéégggeﬁggyﬁﬁgiQESIng
ead; Fi d e ' ' f
explainingsan e?gﬁﬁlggg?%#ﬁgﬁgr?éégg%%hfﬁgﬁk%p%%bggkgwﬁt the ﬁ%ﬁ%gymand
three heal genengligg ghoWR"is #fyd NpeaRNdC or in #IROIBIENEyOLNENE

present invention, 1gs. 15A and 15B are sectional views for
expl ai ning an e&§§BhﬁcgﬁeﬁheofffﬁQgﬁm%Blémm§M£kUBa|bEYthe state
after the displacement, the propagation of the pressure
caused by the generation of the bubble and the growth
10 of the bubble per se are directed toward the ejection
outlet. |
Here, one of the fundamental ejection principles
which is applied to the present invention will be
described. One of the important principles in the
15 present invention is that the movable member positioned
facing the bubble is displaced from the first position
in the steady state to the second position of the
displaced movable member on the basis of the pressure
of the bubble generation or the bubble per se, and the
20 displacing movable member 31 is effective to direct the
pressure and/or the bubble per se toward the ejection
outlet 18 (downstream) upon generation of the bubble.
A more detailed description will be made with
comparison between the conventional liquid flow path
25 structure not using the movable member (Fig. 4) and the
present invention (Fig. 5). Here, the direction of

propagation of the pressure toward the ejection outlet



of novabl e nenbers and a plurality of heat generating

- 20 - elenments in the third enbodi nent of the present

i nventi on; Figs. 16A and 16E%are sectional views for

expl ai ni ng anot her exanple of the arrangement of a 5 plurality of
novabl e menbers and a plurality of heat generating elenents in the
fourth enbodi nent of the present invention; Figs. 17A

' Vi f | ai ni still anot her ,exanpl e of
the arrangenent b et Wl v, e B0 BRI od FEGRBSE Pl o1y o
' ' I.f ] I hent o e
B?Ztsent inveg'ta Pgt?]ﬁé e gﬂ?@&d@s&%%Skbgﬁge%ggfar%r.l&s'le%ﬁeoé]gy v‘{‘évxs for
eXplaining an exanpl &ply i AR ALAE" a8 SAHA 1d Yridd g, thaerl{&l)Vﬁb' e

nmenbers, a plurality of heat generating elenents, =an tion
wall in the sixtiy Q@Q?Hr{}e@tructuralpfa_lé}ﬂén'er§§%tiweé?:{]!t‘¥§u%%te the
Figs. 19A to 19C are views for explaining a snoothing effect 1n the

present inwenti @irection of the propagation of the pressure produced

by the bubble 40. Therefore, the directions of the
pressure propagation of the bubble 40 are normal to the
curved surface of the bubble as indicated by V1 - V8.
Among these directions, those of the pressure

10 propagation of a portion closer to the ejection outlet
(V1 - V4) with respect to almost the half of the bubble
have the pressure components in the V, direction which
is,mosf effective for the liquid ejection. This
portion is important since it is directly contributable

15 to the liquid ejection efficiency, the liquid ejection
force, and the ejection speed. Furthermore, the
component V1 is ciosest to the direction of V, which is
the ejection direction, and therefore, is most
effective, and the V4 has a relatively small component

20 in the direction V,.

On the other hand, in the present invention, as
shown in Fig. 5, the movable member 31 is effective to
direct, to the downstream (ejection outlet side), the
pressure propagation directions V1 -~ V4 of the bubble

25 which otherwise are toward various directions. Thus,

the pressure propagations of the bubble 40 are



20 Fig. 20 is a flow chart for explaining a pre-ejection
sequence in the present invention; Figs. 21A to 21C are views
for explaining the positional rehbationship between a novabl e menber
and heat generating elenments; 25 Figs. 22A to 22C are view
for explaining the shapes of novabl e nenbers;

- 21 - Figs. 23A and 23B are | ongitudi nal sectional views
of the liquid ejecting head of the present invention; Fig. 24
is a schematic woAvefboated, t 86 thaefthenpressureobfattiei biuhhlpull@eis 5
Fig. 25 is a view for explaining a supply path in the liquid

ej ecting head ofiirbetpyessdteffi/eiently contributableFitg. the ejeghierpl oded
per spective view of the liquid ejecting head of the_ present

i nventi on; The Fggowdh diregitinplpatedep&fspbet bubbipedsof a 10
liquid ejecting head cartridge; L. Fig. 28 is a perspective view
showi ng t he diregtedcdovasbrean | st peda fpedeypegure Fig.

29 is a block diagram of the, device; ,
5 propagation directions V1 - V4, and grow more in the

downstream side than in the upstream side. Thus, the
growth direction per se of the bubble is controlled by
the movable member, and the pressure p:opagation
di;;;tion from the bubble is controlled thereby, so

10 that the ejection efficiency, ejection force and
ejection speed or the like are fundamentally improved.

Referring back to Figs. 2A to 2D, the ejecting
operation of the liquid ejecting head described above
will be described in detail.

15 Fig. 2A shows a state before the energy such as
electric energy is applied to the heat generating
element 2, and therefore, no heat has yet been
generated. It should be noted that the movable member
31 is so positioned as to face at least the downstream

20 portion of the bubble generated by the heat generation
of the heat generating element. In other words, in
order thét the downstream portion of the bubble acts on
the movable member, the liquid flow path structure is
such that the movablé member 31 extends at least to the

25 position downstream (downstream of a line passing
through the center 3 of the area of the heat generating

element and perpendicular to the longitudinal direction



Fig. 30 is a viewshowng aliquid ejection 15 recordi ng system and

Fig. 31 is a schematic view showi ng a head kit. DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS <Qperati on Principl e> The
basi c operation principle of the present 20 i nvention will be described
below with reference to the acconpanyi ng draw ngs. Fi gs.
2A to 2D are schematic sectional views of a liquid ejecting head
taken along a liquid flow path, and Fig. 3 is a partly cutaway
perspective vi ewfofthehdlog5path)i @fii thejcenier) heafd.the area of thghe |jquid
ejecting head in Figs. 2A to 2D conprises a heat generating el ement
2 (a heat heat generating element. - 22 . generating

resistor of 40 [err]mx 105 [errImin Figs. 2A to Zg as the
ej ection energy genefaSi-ngBeFBAER(3rgFate whergip, 4ihg heat,geperatiBigy to
the liquid to eject the Lquid, _an el enent, syhstrate 1 on which the
heat 5 gen§$§PFH§ @Igﬁﬁﬁfage?gh?%ﬁrﬂﬁfnzi r%%ﬁ%* Fhofl§é§path

10 formed %poveehggtgkgngﬂgrayb§5r@ﬁg ﬁégéeﬁ%Hgygﬁgnélelement 2, and a
part of the liquid filled in the bubble generation
region 11 is heated by this generated heat so that a
bubble is generated as a result of film boiling.:

At this time, the movable member 31 is displaced

10 from the first position to the second position by the
pressure produced by the generation of the bubble 40 so
as to guide the propagation of the pressure toward the
ejection outlet. It should be noted that, as described
hereinbefore, the free end 32 of the movable member 31

15 is disposed on the downstream side (ejection outlet
side), and the fulcrum 33 is disposed on the upstream
side (common liquid chamber side), so that at least a
part of the movable member faces the downstream portion
of the bubble, that is, the downstream portion of the

20 heat generating element.

Fig. 2C shows a state in which the bubble 40 has
been further grown. By the pressure resulting from the
bubble 40, the movable member 31 is displaced further.
The generated bubble grows more downstream than

25 upstream, and it expands greétly beyond the first
position (broken line position) of the movable member.

Thus, it is understood that in accordance with the



to the heat generating elenent 2. The liquid flow path 10 is in

fluid conmunication with a plurality of the

ejection outlets 18

and

a comon |iquid chanber 13 for 10 suygplying the liquid to a plurality

of such liquid flow

th

corresponding to the anmount of |iquid discharged from

e

paths 10. The liquid flow path 10 receives,

comon |iquid chanber, a liquid in an anount

outlets 18.
path 10, a novabyeowemief tre ukibde320;, n threnpyphlefmember 31 canti| ever of
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crumportion xed end
outlet, thereby increasing the ejection efficiency.

When the movable member guides the bubble and the
bubble generation pressure toward the ejection outlet,
it hardly obstructs propagation and growth, and can
efficiently control the propagation direction of the
pressure and the growth direction of the bubble in
accordance with the magnitude of the pressure.

Fig. 2D shows a state wherein the bubble 40
contracts and disappears by a decrease in pressure in
the bubble upon film boiling.

The movable member 31 having been displaced to the
second position returns to the initial position (first
position) of Fig. 2A by the restoring force provided by
the spring properties of the movable member per se and
the negative pressure due to the contraction of the
bubble. Upon collapse of the bubble, the liquid flows
back from the common liquid chamber side as indicated
by V,, and V,, and from the ejection outlet side as
indicated by V., so as to compensate for the volume
reduction of the bubble in the bubble generation region
11 and to compensate for the volume of the ejected

liquid.



an upstreamside with respect to a large flow of the

ej ecting operat
ej ection outl et
free end (free
33. The

l'iquid by the

ion fromthe conmmon |iquid chanber 13 toward the
18 t hrough the - @Avable nenber 31 and that it has a

end 5 portion) 32 in a downstream side of the ful
novabl e menber 31 is spaced apart fromthe heat

generating elenent 2 by a distance of about 15 [err]mas if It

covers the heat
constituted bet
The type, shape
novabl e nmenber

wpen PRI Ing. o the dPrnttBFLoR ARV The
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may

be changed as | t h #%g% : ation
of the pressur eé)canla%telg}?ég %Mgor]?t%:ogPF 8“" E%r % ose 0 %’;{ggﬁg
understandi ng Ofpe 1iquid.ne benPWaOEeEEEibtﬂthwﬂ\m % vméde hes des arided

hereinafter, the Tiquid flow path 10 is divided by t novabl e

menber 31 gnto PefiIBing idRithe Ilqwuaat Bnléhe 11quld\/f'éj‘é'b'ttﬁlgjlt{é5& g6 i n
conmmuni cation with the ejection 20 outlet 18 and a second liquid

path 16 havi ng which the prdentgenveation iegapplidawial. a |iquid supply

pat h
generating
bubbl e generati
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By causing heat generation of the heat

elwhmamtthe bubblecdD estapgl tie hubblee dolgapbking t he

on region 11 between the novabl e nenber
process after the maximum volume thereof (Fig. 2C), the

liquid having a volume enough to compensate for the
volume of the collapsed bubble flows into the bubble
generation region from the ejection outlet 18 side of
the first liquid flow path 14 and from the bubble
generation region of the second liquid flow path 16.
In the conventional liquid flow path structure not
having thé movable member 31, the amount of the liquid
from the ejection outlet side to the bubble collapse
position and the amount of the liquid from the common
liquid chamber thereinto, are determined by the flow
resistances of the portion closer to the ejection
outlet than the bubble generation region and the
portion closer to the common liquid chamber (These
amounts are determined based on the flow resistances
and the inertia of the liquid).

Therefore, when the flow resistance on the supply
path side is smaller than that on the other side, a
large amount of the liquid flows into the bubble

collapse position from the ejection outlet side,

fl ow

25



31 and the heat generating elenment 2, thereby generating a bubble on

the basis of the filmboiling - 24 -
phenonenon as disclosed in U S. Patent- 80. -4, 723, 129. The bubbl e and
the pressure caused by the generation of t he bubbl e act
preferentially on the novabl e nenber, so that the novabl e nenber 31
noves or displaces to widely 5 open toward the ejection outlet side
about the ful crum 33, as shown in Figs. 2B and 2C or_in Fig. 3. By
t he di spIZREHEHING AN 1fe MPRISENE FREBRFTEAN ATQURE st Ak af ter

t he di spl acenent, the rggag?tlon of t causeq: the

generation of t FRATH 150 &?oﬁf ucggessu# e HnIE T re

di ted t dth iy th
fhaggrrgnt aﬁngr ect? gW%rG%CJﬁL:%}IO@S out18¥' £8 Eh?sp‘élb%?s aoé_‘e”}%e pren ent ©

i nvention will %% |eolnec ﬁf}e{ﬁ%ﬁ’m%gab?hémﬁ er&g %‘tr&ffeg?éﬂr{as in the

15 present I nvén positione facing

the bubble 4 s diSpLAGKES LB MR Eb33aPES! b Ofhe bubbld ! AN M St at &

to the second p03|t|on I Spl aced novabl e nenber on e basis
of the pressure z jonger refilling time period, and making hlgh-speed

printing difficult.
According to this structure, because of the
presence of the movable member 31, the meniscus

10 retraction stops at the time when the movable member
returns to the initial position upon collapse of the
bubble, and thereafter, the supply of the liquid in an
amount'corresponding to the volume W2 is accomplished
by the flow V,, through the second flow path 16. In the

15 prior art, a half the bubble volume W is the wvolume of
the meniscus retraction, but according to this
embodiment, only about 1/2 the volume W1l smaller than
1/2 the volume W is the volume of the meniscus
retraction.

20 Additionally, the liquid supply for the ﬁolume W2
is forced to be effected mainly from the upstream (V)
of the second liquid flow path along the surface of the
heat generating element side of the movable member 31
using the pressure upon collapse of the bubble, and

25 therefore, a more speedy refilling action is

accomplished.



of the bubble generation or the bubble per se, and the 20 di spl aci ng
novabl e nmenber 31 is effective to direct the pressure and/or the
bubbl e per se toward the ejection - 31 gutl et 18 (downstream upon
generation of the bubble. A nore detail ed description wll be
made with conpari son between the conventional liquid flow path 25
structure not using the novable nenber (Fig. 4) and the pr esent

oressur 6 1t owkrd he @eéﬁmeéﬂﬁel&dw' ei=1ng Ehe pressufd WRHFICTLPed B2

the pressure to“%if'rsd’l‘%%’l %}3‘% & L?r]ﬁg, %gt egg‘gn ' r@f&ﬁaﬁ” ad’ prgat! on 0

conventi onal hea‘%xf'aosc ?egu 't@ne':h\gnlégutsh@égreases té Sd rl%%"% rtlll'&t ur al

el ement ef fective ate t rection of the propagation of
the pressure prgdige Q{’ ualit bﬁo%@eQUbQJ:@of'an%h@é ef1f £ et RS | Ons  of

t he pressure propagation of thé bubble are normal to the

curved surdace e thgullfd gnas 1llqéllaa&ﬁdtaa Wirst VBiquid flowApath these

directions, those of the pressure propagation of a portion closer to
the ejection ould &n the ejelc¥lion ‘éﬁ)cwct Bisesaretth® &smsiod mtlald of the

pubble side of the bubble generation region 11 are suppressed,
so that the vibration of the meniscus is minimized.
Thus, according to the above structure applied to
10 the present invention, the high-speed refilling is
accomplished by the forced refilling to the bubble
generation region thorough the liquid supply path 12 of
the second flow path 16 and by the suppression of the
meniscus retraction and vibration. Therefore, the
15 stability of ejection and repeated high-spéed ejections
are accomplished, and when the embodiment is used in
the field of recording, the image quality and
high-speed recording can be improved.
The above structure also has the following
20 effective function. It is suppression of the
propagation of the pressure to the upstream side (back
wave) produced by the generation of the bubble. O0Of all
the bubbles generated on the heat generating elements
2, most of the pressure of the bubble on the common
25 liquid chamber 13 side (upstream) becomes a force which

pushes the liquid back to the upstream side (back

wave). The back wave causes the pressure on the



have the pressure conponents in the V[err] direction which I S nost
effective for the liquid ejection. This portion is inportant since

it is directly contributable 15 tot¥Fediquid ejection efficiency, the

liquid ejection
conmponent VI is
ej ection directi

t he ot her hand
novabl e menber
(ejection outlet
of the bubble

- 26 -
directly and eff

force, and the ejection speed. Furthernore, the
closest to the direction of V[err] which is t he

on, and therefore, is nost effective, and the V4 has

a relatively S”HIHFLECO onent t‘ﬁ%r?vé" Er,ang LEgSEA o \@r?ér@ amount and o

|s effectlvercteoof the lg[g(‘ggtmo{,gméxlp@ dé}l(m%ége@d‘a

ressur

e bubbl e 40 are

EEN G RbureD tﬂh@tset hetpbASSUECtiné dpetdudbl«idt) is
|C|ently contributable to the ejection. The

growt h diregti oy Rerssighrdsddie tittihet Movable membér €81 gdsalovinest reeem

simlarly to the pressure 5 propagation directions V1 - V4, and grow

nore in the

10

15

20

25

refilling performance is further improved.

A description will be made for a further
characteristic feature and the advantageous effect.

The second liquid flow path 16 has a liquid supply
path 12 having an inner wall substantially flush with
the heat generating element 2 (the surface of the heat
generating element is not greatly recessed) on the
upstream side of the heat generating element 2. With
this structure, the liquid is supplied to the surface
of the heat generating element 2 and the bubbie
generation region 11 along the surface of the movable
member 31 at the position closer to the bubblie
generation region 11 as indicted by V,,. Accordingly,
stagnation of the liquid on the surface of the heat
generating element 2 is suppressed, so that
precipitation of the gas dissolved in the liquid is
suppressed, and the residual bubbles not disappearing
are removed without difficulty, and in addition, the
heat is not excessively accumulated in the liquid.
Therefore, the stable bubble generation can be repeated
at a high speed. In this structure of, the liquid

supply path 12 has a substantially flat inner wall, but

On

propagati on directions Vl - V4

e 0 Th
the pressure propagaﬁ%nlgﬂ'g %“‘Mh% 1(’1?;%1& VYaEd ¥REI Digufd rexdv gissh. Thus,



downstream side than in the upstream side. Thus, the grow h
direction per se of the bubble is controlled by t he novabl e nenber,
and the pressure propagation dirrd8t+on fromthe bubble is controlled
t hereby, so 10 that the ejection efficiency, ejection force and

ejection speed or the like are fundanentally inproved.

Referring back to Figs. 2A to 2D, the ejecting operation of the
liquid ejecting head described above ~ wll be described iR det ai |
15 Fig. 2R SRéwdimisedt EOpEhtFe and iR ld@uwid supply path ifeciric

' lied to the heat ti , I t d theref ,
n0 heat  has. yel SFEATACEOTY GENCF ohER, i (LRR MF Ko TORSALh AT PR o abi o
nb 31 | L d tq f. t | t t 20
por Cton of the BBE SGORFAPED B TN MY GainAr, clenaRt 5" ERR, O
ti I t. i N,
por i on of the EUBbPEAGEPETeR BE (Ehe ' fiauta on M bedt o REaE A | T ow

path structure i§ement, afiiCH t0AbuldicdMANR: RERANY 3 eXeehdgual | east

to the 25 position downstream (downstream of a I'ine passing
through the cenlggr n3t0bcklig. area of the heat generating el ement and
perpendi cul ar to the | ongitudinal direction

The liquid is supplied into the bubble generation
region through a gap at a side portion (slit 35) of the
movable member as indicated by V,,. In order to direct

10 the pressure upon the bubble generation further
effectively to the ejection outlet, a large movable
member covering the entire bubble generation region
(covering the surface of the heat generating element)
may be used, as shown in Figs. 2A to 2D. When the flow

15 resistance to the liquid between the bubble generation
region 11 and the region of the first liquid flow path
14 close to the ejection outlet is increaéed upon
returning the movable member to the first position, the
flow of the liquid to the bubble generation region 11

20 along V,; can be suppressed. However, according to this
head structure, since there is a flow V,; effective to
supply the liquid to the bubble generation region, the
supply performance of the liquid is greatly increased,
and therefore, even if the movable member 31 covers the

25 bubble generation region 11l to improve the ejection
efficiency, the supply performance of the liquid is not

deteriorated.



- 27 - of the flow path) of the center 3 of the area of the

heat generating el enent. Fig. 2B shows a state wherein the heat
generati ng el ement 2 gener at es- t8fat- upon application of the 5

el ectric energy to the heat generating elenent 2, and a part of the
liquid filled in the bubble generation region 11 is heated by this
generated heat so that a bubble is generated as a result of film

boi l'i ng. At this tine, the novable nenber 31 is dlsplaced 10
fromthe first p03|tTQﬁ1HQ?#H%@“@écéﬁ&aﬁegpﬁhbﬂ btween the fr%ﬁ

produced by the generation of the _bubble 40 s as gui de the
propagati on of 3heait & FMLCHNE 33t RE the movélj’%%t’i‘%?\t’%‘[lﬁ]etls 1§uSEhoul d be

noted that, as descrlbed her ei nbefore, the free, end

rmvialbl e nenber @At jEhe free (ﬁf“éipc}§e8toﬁ FﬂgnﬁBﬁﬁglf‘(rj%%?ﬁE’rh%%%fejt&ﬁ i on

3
g?éeeﬁ commn |Iﬁgﬁ#%gﬁﬁ) ug%aug% ?ﬁgt gt nggg?x%?pfe'e W%‘r %:)P_fs t he
novabl e ‘ng qgﬁp§h§§%gbﬁ05 hogffec % ﬁ?qggie that is,

t he domnstrean1por I on df geénera

Fig. 2C shows g, slahfrd fbﬁe@a@at&tsﬁ EEAPQE&&Q Qﬁé the dué}&%& Ye Rgle grown.
By the pressure resul ti rom-t bubbl e 40, the novabl e nmenber 31
is displaced fgtdi@h of the bubble to the ejection outlet side or the
like can be efficiently assured upon the bubble
generation. Additionally, this positional relationship
10 is effective to accomplish not only the function or
effect related to the ejection but also the reduction
of the flow resistance of the liquid flowing through
the liquid flow path 10 upon the supply of the liquid,
thus permitting the high-speed refilling. When the
15 meniscus M retracted by the ejection as shown in
Fig. 6, returns to the ejection outlet 18 by capillary
force or when the liquid is supplied to compensate for
collapse of the bubble, the positions of the free end
and the fulcrum 33 are located not to interfere with
20 the flows S,, S, and S, through the liquid flow path 10
including the first liquid flow path 14 and the second
liguid flow path 16.
More particularly, in this structure, as described
hereinbefore, the free end 32 of the movable member 3
25 faces the downstream position of the center 3 of the
area which divides the heat generating element 2 into

an upstream region and a downstream region (the line



The generated bubble grows nore downstreamthan 25 upstream and it
expands greatly beyond the first position (broken |ine position) of
t he novabl e nenber. Thus, it is_ugderstood that in accordance with

t he . - 28 - growt h of the
bubbl e 40, the novabl e nenber 31 gradual |y di splaces, so that the
pressure propagation direction of the bubble 40, the direction in
whi ch t he vol une easily changes, nanely, the growmh direction of 5
t he bubbl e, ar e pdis=dioigethoougbr thg tembex] (dentejadctpicartion) of ¢l et

t hereby increasing the ejection efficiency. When t he novabl e nenber
gui des the bubblarean@ft #8e heat gpngbating rekemndrih and penpendd@adart he

ej ection outlet, it hardly obstructs propagation and _growh, and can
10 ef fici ent [5p ddet AONIikEdinahghreshian raftihen ldaudde £10w pathdassure
and the gromh direction_of the bubble in accordance with.the

magni tude of thdhsr 8S¥FPde member 31 reggiyes Fhe, REESFULaPEWEPei n t he
DUDD1 o 40, Sypon PSS SR e 5 RRREES o iSRRG, W SRR 12,
di spl aced to th%f the liquid at the downstream side of the area center
position 3 of the heat generating element, and it
guides the force to the ejection outlet side, thus
fundamentally improving the ejection efficiency or the
10 ejection force.

Further advantageous effects are provided using
the upstream side of the bubble, as described
hereinbefore.

Furthermore, it is considered that in this

15 structure, the instantaneous mechanical movement of the
free end of the movable member 31 contributes to the
ejection of the liquid.

(Embodiment)

Fig. 7 is a sectional view of a liquid flow path

20 of a liquid ejecting head according to the first
embodiment of the present invention. Fig. 8A is a
sectional view showing a sectional structure taken
along a line 8A - BA in Fig. 7 and viewed from a
direction A. Fig. 8B is a sectional view showing a

25 sectional structure taken along a line 8B - 8B in

Fig. 7 and viewed from a direction B.



second position returns to the initial position (first posi tion) of

Fig. 2A by the restoring force provided by the spring properties of
t he novabl e nenber per se and 20 thggnegative pressure due to the
contraction of the bubbl e. Upon coIIapse of the bubble, the liquid
fl ows back fromthe common |iquid chanber side as indicated

by V[err] and V[err] and fromthe ejection outlet side as I ndi cat ed
by V[err] so as to conpensate for the volune 25 reducti on of the bubble

in the bubble gener atAddsHRG 9 Figs. 71doa8d, tﬂxétolrmﬁﬂﬁiitege‘dﬂl@e vol une
of the ejected l'i quid. 29 -

I n the foregoi nheddh@flagwy ipiieisenthafvésehonttes a&n element Gubstrayer at i on
of the novable nmenber with the generation of the bubble and the

ej ecting operatilomiwhich a plhealityi df (owp in desics iquhiagingnt) be made as
to the 5 refilling of the liquid in the liquid ejecting head to

whi ch the presemleatmathesmals tzppsiuvaers. (to be referrafhdip @se hegdbl e 40
enters the bubble coIIapS|n% process after the naxi mum vol une

t hereof (Fi%y. 2@enemating elemengsi Beﬁﬁiﬁmét%ri/o?ﬂrma%&r@w @R %onpensat e

for the wiring electrodes 5-1, 5-2, and 5-3 are formed. "Heat

means" comprises a plurality of heat generating
elements corresponding to one ejection outlet. This is
the same in the other embodiments as shown hereinafter.

10 The heat generating elements are arranged in the
ejection outlet array direction and used to apply
thermal energy tc a liquid to generate bubbles. At
least one of the heat generating elements can be driven
independently. The wring electrodes serve to apply

15 electrical signals to the heat generating elements. A
second liquid flow path (bubble generation liquid flow
path) 16 is arranged above the element substrate 1, and
a first liquid flow path (ejection liquid flow path) 14
directly communicating with an ejection outlet 18 is

20 arranged above the second liquid flow path. The
upstream side of the first liquid flow path 14
communicates with a first common liquid chamber 15 for
supplying the ejection ligquid to a plurality of first
liquid fiow paths. The upstream side of the second

25 liquid flow path 16 communicates with a second common
liquid chamber 17 for supplying the bubble generation

liquid to a plurality of second liquid flow paths. A



10 vol une of the coll apsed bubble flows into the bubble generation
region fromthe ejection outlet 18 side of the first liquid fl ow
path 14 and fromthe bubble genejation region of the second Iiquid
fl ow path 16. In the conventional liquid flow path structure not 15
having the novabl e mermber 31, the anount of the liquid fromthe
ejection outlet side to the bubble coll apse position and the anount
of the liquid fromthe conmon | i quid chanmber thereinto, are

determned by therfie¥bn wall IEHcisAEANgObst Ba pdastbe mavsetalo the
ej ection 20 outl et than the bubble generation region and the

portion closer g@achhgscormeral ignd hasHagher moVebie member Jhofexmedr e
determi ned based on the flow resistances and the inertia of the

l'i quid). thereofl his edorangathdreteery (they £45ESt éﬁ@es%@P%qﬁel%‘il‘ﬁny 25
path side is smaller than that on the other side, a e_anount of
the liquid fl onwElowtpathe tebigrarate thQuﬂJﬁ§§é@np6§9P%6nl?rEmgtﬁ%r%fect|on

outl et side, sul ting
in a nenisbus riiguédi Shownpath 14 from the E&PP%@ugﬁPerﬁFfﬂ“t%%QY%guction

of the flow resistance
in the second liquid flow path 16. When the bubble

generation liquid and the ejection liquid are not to be
mizxed with each other, the first liquid flow path 14 is
preferably separated from the second liquid flow path
10 16 as perfectly as possible by using this partition
wall. If, however, the bubble generation liquid and
the ejection liquid are the same, or no problem is
pqsed when the liquids are mixed with each other to
some extent, the partition wall need not have a perfect
15 separation function. Referring to Fig. 7, a grooved
member 50 is a member obtained by integrally forming
the wall of the first liquid flow path 14 and the
ejection cutlet 18. The grooved member 50, the element
substrate 1, and the partition wall 30 constitute the
20 liquid ejecting head.

A portion of the partition wall located in a
projection space (to be referred to as an ejection
pressure generation region hereinafter; a region A and
a region B as a bubble generation region 11 in Fig. 11)

25 above the surfaces of the heat generating elements 2-1
and 2-2 serves, with a slit 35, as the movable member

31 in the form of a cantilever, which has a free end on



in the ejection outlet for the purpose of increasing the ejection

efficiency, the nmeniscus Mretraction 5 I ncreases upon the col |l apse of
the bubble, resulting in a longersgefilling time period, and nmaking
hi gh- speed printing difficult. According to this
structure, because of the presence of the novable nmenber 31, the
meni scus 10 retraction stops at the tinme when the novabl e nenber
returns to the initial position upon collapse of the bubbl e, and
thereafter, the shpmijecfidrheutler d¢ide dthe downstrmamtsiche raGpdheli ng to
the volune W2 is acconplished by the flow V[err] through the second
flow path 16. | nEldwe ofl¥he Iggudd £lpwiagh&bf théecepedblen v@ltulat MY iand he
vol une of t he neni scus retraction, but according to this

embodi ment, onl ya dhskaruy 33 iea \Lbley FOMPENS kagnAd @lh@wber (15, &%) tsHdsy0l ume
Wis the vol ume of the neniscus retraction,

Addi tional Iy, tHehe Aawstresm side Pheths| Ghevw et the llQ¥$q(ﬁ%Rﬂ}q9) be
effected mainly fromthe upstream d I| flow

path al ong T he sift & Peaifen out e%ﬁeatsbﬁﬁ%rﬁ?fﬁdW%N Lihe
rovanl e Menber Sl aprapatsh ik HET BRI SRS Mol
acconpl i shed. (B), the member operates to open toward the ejection
outlet side of the first liquid flow path upon
generation of a bubble (in the direction indicated by
10 the arrow in Fig. 7). 1In this case, by changing the
drive conditions for the heat generating elements 2-1
and 2-2, the state of the bubble generated by the
elements and the displacemen; amount of the movable
member are chénged, and hence the liquid ejection
15 amount can be changed.

The structural relationship between the liquid
supply path 12 and the heat generating element 2 has
been described above. This structural relationship is
the same as that between the second liquid flow path 16

20 and a heat generating element 2 in this embodiment. In
this embodiment, the second liquid flow path 16 comes
to a dead end on the downstream side from the heat
generating elements.

The operation of this head will be described next

25 with reference to Figs. 9 to 11. One of the

characteristic features of the operation of the head of



- 31- When refilling using the pressure upon col |l apse of

the bubble is carried out in a conventional head, the vi bration of
t he neni scus increases to deteriorate-the - i mage quality. However
according to this enbodi nent, 5 the flows of the liquid in the first
liquid fl ow path 14 on the ejection outlet side and the ejection
out |l et side of the bubble generation region 11 are suppressed,

so that the vibration of the neniscus is mnimzed. Thus,
accordi ng to thé&hiboesbedimentiris apipt egradatio;h comi@odr esenbei nventi on,

t he high-speed refilling is acconplished by the forced refilling to
t he bubbl e per§er@eat i on regi on thorough the liquid supply path 12 of
the second flow path 16 and by the_ suppressjon of the nmeni scus
retraction and vi br aFPBnthehedks Rk edsy ungerstandding of §PecPERFEBhR and
repeat ed hi gh-speed ej ections are accomml i shed, and when the

enbodi ment is uggaepﬁion, thet?ﬁ@?i%ﬁ???ﬁbQ§ﬁdniﬂkhdF Pﬁ?grﬁﬁgﬁnquality and

O pee et oL L8 SR PR LITE Y mvmmied o Rl BB T BHEATERE ' >0
PR Lon o AESPLESEHA bl A AR o be sutElaPodices
to the second liquid flow path 16.
Fig. 9 shows a state wherein both the heat

generating elements 2-1 and 2-2 are OFF. In this case,

10 the movable member 31 formed on the partition wall 30
undergoes no deformation, and the ejection amount:is
zero.

Fig. 10 shows a state wherein only the heat

generating element 2-1 of the heat generating elements

15 2-1 and 2-2 is set in the ON state upon application of
a driving signal (pulse) with a voltage 24 V and a
pulse width of 5 pus. The film boiling as disclosed in
Japanese Patent Publication No. 61-59914 is caused by
making the heat generated by the heat generating

20 element 2-1 act on the bubble generation liquid filling
the second liquid flow path 16, thereby generating a
bubble. The movable member 31 is raised by bubble
generation energy (pressure) at this time, so that the
movable end of the movable member 31 displaces in the

25 first liquid flow path 14 by an amount Hl. The bubble
enters the first liquid flow path 14 filled with the

ejection ink through a gap corresponding to the amount



t he bubbl es generated on the heat generating elenents. 2, nost of the
pressure of the bubble on the comobn 25 i quid chanmber 13 side
(upstream beconmes a force which - gBushes the liquid back to the
upstream si de (back wave). The back wave causes the pressure on the

- 32 - upstream side, the resultant |iquid novenent anount and

the inertia force of the liquid novenent, and degrades the refilling
of the liquid into the liquid flow path. In this structure, these
actions to the Hipst Ama@a sedalt) tharbulbbermsssshlyy wawe madixdlye nmenber 31,
so that the refilling performance is further inproved. A
descri ption wi lgrdpgagades frowazdf thehejection Qutkettsidestdic theatfirstand t he
advant ageous effect. The second liquid flow path 16 has a liquid
supply 10 padauiz £3erngagh LAnEe QFeFt sUrR kMt ik (3P finks RM@LRY

the heat generating elenent 2 (the surface of the heat generati ng

el ement is not Wreatly recessed) on the upstream si de of the heat
generating el enent 2.,

gerer 2l g el ToN 2 L1 shpwgoh e P A B A e S0P o9 10
generating elemenﬁé 2-1 and 2-2 are set in the ON state
upon application of the same driving signal as that
described above so as to heat the ink and generate a
bubble. The bubble generation energy is larger than

10 that in the case shown in Fig. 10. This bubble
generation energy gcts to raise the movable end of the
movable member 31.by an amount H2. The displacement
amount of the movable member 31 becomes the maximum
amount. The bubble generated in the bubble generation

15 region enters the first liquid flow path 14 filled with
the ejection ink through a gap corresponding to the
amount H2 to eject-the ink by a maximum ejection amount
v2.

Although not shown, when the heater sizes of the

20 heat generating elements 2-1 and 2-2 are changed, and
only the heat generating element 2-2 serves to generate
a bubble, since the displacement amount of the movable
member 31 is different from the amounts H1 and H2, an
ejection amount different from the amounts V1 and V2

25 can be obtained.

As described above, according to the present

invention, by changing the number or positions of heat



generation region 11 along the surface of the novable

nmenber 31 at

the position closer to the bubble generation region 11 as indicted
by V[err]. Accordingly, stagnatiop of the liquid on the surface of
the heat 20 generating elenent 2 is ghpbressed, so t hat

precipitation of the gas dissolved in the liquidis suppressed, and
t he residual bubbl es not disappearing are renoved w t hout

difficulty, and in addition, the heat is not excessively accumul at ed

in the Iiquid. é%n%r%?g'ﬁgfﬁ&“fﬁﬁ ﬁ]a}p_:l %ﬂ%p,l’etggngg?%'%&:geﬁ@ﬁtbe

repeat ed spee I's structure of,

I qui d

supply path 12 hggageSypstr@tmctdyid Indmdeinen Wel.y. ,béhe displacement

- 338 - Is not limted to this, and the liqu

d supply path is

satisfactory if hholiRg, alsi diighigedl to smaithildgeriieadeglets in fromthe

surface of the heat generating el enent so that

the stagnation of the

liquid on the heaifgenenttamgunts. elenment, and a turbulence in the supply
of the liquid do not occur. ~ The liquid is supplied into
t he bubbl e Generati onIn the presgmn invenikjiora ¢he dnkacandeepeieebad(slit

35) of the
with higher ejection energy efficiency

and a higher

ejection pressure than in the conventional head owing

to the above principle that the displacement of the

movable member guides a bubble to the ejection outlet

10 and the synergistic effect of such phenomena.

As described above, with a plurality of heat

generation elements arranged for one nozzle or movable

member, and a combination of ON and OFF operations of

the respective heat generating elements, the

15 displacement amount of the movable member 31 can be

controlled.
With this operation, the ejection

from the first liquid flow path 14 can

amount of ink

be controlled.

As a result, recorded information can be expressed with

20 gradation.

With a plurality of heat generating elements,

therefore, gradation expression can be

attained.

Table 1 shows the relationship between the

ejection amount and a combination of ON and OFF

25 operations of the respective heat generating elements

of the head of this embodiment.



novabl e menber as indicated by V[err] In order to direct 10 t he
pressure upon the bubbl e generation further effectively to the
ejection outlet, a | arge novabl e éﬁfnber covering the entire bubble
generation region (covering the face of the heat generating

el enent) may be used, as shown in Figs. 2A to 2D. Wien the flow 15
resistance to the |iquid between the bubble generation region 11 and
the region of the first liquid flow path 14 close to the ejection
outlet is increased ST 0N e e STager=Tg ] first
position, the %ﬁ%gv%l&uﬁdheeﬂa%c%% ggg{ah%ggﬁﬁﬁgtgeneragé%éﬂér}%i on 11
20 along VIeryd Gan B SHRRIESHCF19sHOWEYET 11 ACORKLM Nbdd Hd @

head structure, since there is a flow V[err] effective to supply the
liquid to the bubil,g196RLGH idadtd@n0ButiBes, each Kapimy Paifamamnce of
the liquid is greatly increased, and therefore, even if the novable
menber 31 cover of B b ardanyelde ageaepatchnof e of . t CCherdreate t he

.~ ejection efficiency, the supply performance of the liquid is not
deterioratesl. generating elements 2-1 and 2-2 had-tigs same size of 18 The

positional relationship between the free end
pm x 100 um. The drive conditions were: a voltage of

24 V, a pulse width of 5 ps, and a driving frequency of
200 Hz. 1In obtaining an ejection amount, the total
amount of ink ejected 20,006 times in the driving mode
10 of each heat generating element was divided by the
number of times of ejection to obtain an average value.
In this embodiment, the same water-based ink was used

as a bubble generation liquid and an ejection liquid.

Table 1
15 ON/OFF Operations of Heat Ejection Amount
Generating Elements (ng)
2-1 2-2

(a) OFF OFF 0

(b) ON OFF 40

(c) ON ON 80
20 (a) When both the heat generating elements 2-1

and 2-2 were OFF, the displacement amount of the
movable member 31 was 0, and hence the ejection amount
was also O.
(b) When only the heat generating element 2-1 is
25 ON, the ejection amount was 40 ng.
(c) When both the heat generating elements 2-1

and 2-0 were ON, the displacement amount of the movable



32 and the fulcrum 33 of the novable nmenber 31 is such that the free
end is at a downstream position of the fulcrumas indicated in Fig.
6, for exanple. Wth this 5 structung, -the function and effect of
gui di ng the pressure propagation direction and the direction of the
grow h of the bubble to the ejection outlet side or the | i ke can be
efficiently assured upon the bubble generation. Additionally, this
positional relationship 10 is effective to acconplish not only the
function or mentfdre@l malsatledgbe thanetkati antdiriedivien Hhe eddat i on

of the flow resistance of the liquid flow ng through the liquid fl ow
path 10 upon t he tuppleatofgeriesaltingi dlement 2-1 fwas @ niand fde he

hi gh-speed refilling. Wien the 15 meni scus Mretracted by the ejection
as shown in ejaeitg.orng amoangr west 80t hg-ej ection outlet 18 by capillary
force or when the liquid is supplied to conEensate f or . col | apse of

the bubble, the positiReferainghéor Fég-chd, the images formed 4n,fustl 5re

| ocated not to interfere with 20 the flo [.err Slerr]..and Slerr]

t hrough t he ¥i quitiSIdRpAMPuUnFs are rePﬁ%Fﬁ%??fg ‘Biﬁe*l’ﬁ r‘[s‘%efrﬁ‘gl"cﬁjﬁ%g‘ f| ow pat h
14 and the second . liquid fl ow path 16. Mor e
particularly,i|149ﬂ§?%ﬁ¥hcture, as descri bed her ei nbefore, the free

o002 5o e S TR oo SR Tehbef N ARG B0 of (e
Into the ejection amount of ink, if the ejection amount of
ink can be changed in four steps by combining ON/OFF

10 operations of the two heat generating elements,
reflection densities corresponding to four gradation
levels can be obtained, as shown in Fig. 12.

In the present invention, with the movable
members, since the liquid ejection efficiency and

15 ejection force are higher than those of the
conventional liquid ejecting head as described above,
even if small droplets are repeatedly ejected, stable
ejection can be performed in a gradation recording
operation performed by changing the ejection amount.

20 In addition, as described above, since high speed
refilling can be accomplished by the operations of the
movable members, the liquid ejecting head of the
present invention can be driven at a high speed.
Furthermofe, in the conventional liquid ejecting head,

25 when heat generating elements are driven independently,
the ejection direction may change. Figs. 13A and 13B

show such a state. Fig. 13A shows a case wherein the



an upstreamregion and a downstreamregion (the |ine

- 35 - passi ng through the center (central portion) of the

area of the heat generating el enent and %grgendicular to the

| ongi tudi nal direction of the liquid flow path). The novabl e nenber
31 receives the pressure and the 5. bubbl e which are greatly
contributable to the ejection of the liquid at the downstream si de
of the area center position 3 of the heat generating elenent, and it

gui des the fOrce ybg! BenBir8tihgnebhbAl 51f%n LHS right sibundammntally
I mproving the ejection efficiency or the 10 ej ection force.

Further advantageQupehl @et $har 8 jeEe¥bACGutBetIdis driver.he tpghieam si de of
t he bubbl e, as descri bed %ereinbefore. Furthernore, it

i s considered thaasen thesligbid istefjetted, fidne thesicjricaieausundeltanbcal
novenent of the free end of the novable nenber 31 contributes to the
ej ection of the Ithgeuldft side. (Bsbsbowent) Fig. 13B, wheR ¢ghe7hegta
sectional view of a liquid flow path
5 generating element 2-2 on the left side with respect to
the ejection outlet is driven, the liquid is ejected to
the right side. 1In the liquid ejecting head of the
present invention, with the movable member 31, even if
heat generating elements are driven independently, the
10 bubble generation power is guided to the center of the
ejection outlet to stabilize liquid ejection in terms
of ejection direction regardless of the position of a
heat generating element with respect to the liquid flow
path. As described above, according to the present
15 invention, since small droplets can be stably ejected
at a high ejection frequency, high-quality gradation
recording can be performed at a high speed.
Figs. 14A and 14B are sectional views of a liquid
ejecting head according to the second embodiment of the
20 present invention taken along the same directions as
those of Figs. 18A and 18B described above
(illustration of wiring electrodes is omitted in
Figs. 14A and 14B). In the second embodiment, in order
to eject smaller droplets, the two heat generating
25 elements in the first embodiment have different shapes.

In this embodiment, the size of a heat generating

element 2-1 on the right side with respect to the



20 of a liquid ejecting head according to the first enbodi nent of
the present invention. Fig. 8Ais a sectional view show ng a
sectional structure taken along_aygsine 8A - 8Ain Fig. 7 and viewed
froma direction AL Fig. 8B is a sectional view showing a 25
sectional structure taken along a line 8B - 8B in Fig. 7 and vi ewed
froma direction B. - 36 -

As shown in Figs. 7 to 8B, the liquid ejecting head of the present

i nvention has anedeetanh suksktrtaig set to He QI3 wim ch 1D kv, alainkly aohegttwo i n
thi s enbodi nent) el ectrothermal transducers (to be referred to as
heat 5 gener genegatliiegeriembptenaf orrfhe-lefdndizle? widihd respect Wori ng
el ectrodes 5-1, 5-2, and 5-3 are forned. "Heat means" conprises a
plurality of heatthgemrdesgtiipg outlet sepehtto dwg i phdi A§0t Bmene ToRdct i on
outlet. This is the sane in the other enbodi nents as shown

hereinafter. 101is., the heat geperating elemenl Omrtherighfe§i0s e

ej ection outlet array direg¢tion and used to apply thermal energy to
a liquid toZgeneffite tBubBl d8rogr than the .ong "Ed)hérl?f lafd ﬁé(;@'ge‘ﬁ@rt&ti ng

elements can be %khie%he size of each movable member is set to be 40 pm

x 210 pm..

With this structure, in addition to the effects of

the first embodiment described above, the ejection

10 amount obtained when only the heat generating element
2-1 is driven decreases, and hence smaller droplets can
be ejected. Since the difference between the ejection
amount obtained by the heat generating element having a
larger area énd the ejection amount obtained by the

15 heat generating element having a smaller area is large,
a larger gradation expression range can be obtained.

In this embodiment, the two heat generating
elements are used, but three or more heat generating
elements may be arranged along the ejection outlet

20 arrangement direction. Figs. 15A and 15B show the
third embodiment of the present invention in which two
heat generating elements of a liquid ejecting head are
arranged along the direction of the flow of a liguid
flowing to the ejection cutlet with respect to a

25 movable member 31. Fig. 15A is a sectional view
equivalent to Fig. 14A. Fig. 15B is a sectional view

equivalent to Fig. 14B. In this embodiment, two heat



I ndependently. The wing el ectrodes serve to apply 15 el ectrical

signals to the heat generating elenents. A second liquid flow path
(bubbl e generation liquid flow path) 16 is arranged above the

el ement substrate 1, and a firsr quﬁid flow path (ejection liquid
flow path) 14 directly conmunicating with an ejection outlet 18 is
20 arranged above the second liquid flow path. The upstream si de
of the first liquid flow path 14 comuni cates with a first common

| i quid chanmber 15 for . su in e_gj.act |0 | qui 0 ural ity
Iof first Bre&‘t?r'r"&tflf’gweﬂiﬁ?‘ﬁgg’rh%a%%s?fe"g?nldsl} g’é go tsﬁghs g?o% EI%S

iquid flow path _16.co 15C Sy Ehs e SRHERR hraiqdac hanmber
17 for supplyingxt 8 Hﬁg% g géﬁeP§1§gﬁ93§ I qui d 38 grglgraliF$ of

second liquid fl COL‘H Ra4B3uid flow path, and the movable member 31- hd¥ing

partition wall 30 consisting of an elastic material such as a netal
and having a novablsg  geaeno3inl @r 080 um is dhedRAd itheawimngednbehieen the
first and second |iquid flom/pat%s to separate the ejection liquid in

the first 5  lnboddmbh®yw phbhhédtfmeans hel s bivmpmisess @&t pdnralddyd
in the second liquid flow path 16. \Wen the bubble
of heat generating elements. In the embodiment as
well, the deformation amount of the movable member 31
can be controlled by a combination of ON and OFF
operations of the respecti%e heat generating elements,
10 and hence the ejection amount of ink can be controlled.
Recorded information can therefore be expressed with
gradation. In the embodiment, the heat generating
elements are arranged along the direction of the flow
of a liquid flowing to the ejection outlet. Owing to
15 such an excellent layout, even if the width of the
liquid flow path decreases with an increase in density
in the liquid flow path, high—dénsityngradation
recording can be realized at a high speed.
In this embodiment as well, if the heat generating
20 elements are made to have different shapes, the
difference between the maximum and minimum ejection
amounts can be increased, thereby further expanding the
gradation expression range.
In addition, in this embodiment, the number of
25 heat generating elements is set to be two. However,
the present invention is not limited to this, and three

or more heat generating elements may be arranged along



generation liquid and the ejection liquid are not to be m xed with
each other, the first liquid flow path 14 is preferably separated
fromthe second liquid flow path 10 16 as perfectly as possible by
using this partition wal | . If, howe#&r- the bubble generation liquid
and the ejection liquid are the sane, or no problemis posed
when the liquids are m xed with each other to sone extent, the
partition wall need not have a perfect 15 separation function.
Referring to Fig. 7, a grooved menber 50_i s a_nepber obtai ned by
integral 'y form nghe directipn off ithe filew offr 8t 1Eayid f +P R atN B and the
ejection outlet 18, The grooved nenber 50, the el enent substrate 1,
and the partiti one:f/%cl’*fl%‘g P&t ute the 20 liquid ejecting head.

A port ion of the part Iﬁ.‘t{ oy V}PAA aln%ca%%ds%)gwathe f?ur&rxoélﬁgééﬂﬁeéipqgf‘l (tO be

referred to as an eject|Qﬁf pressu generatrron region heréinafter; a
region A and ' 4 ubhle . 88RAM 3t L P L EPEP b A Indduidy- 11)
25 above the QHF?§€§%Q%PPREE ggfabeﬁgrgt?%g glgnents 5?1 and 2-2

serves, withsa sljdmiors a1 (1 HMARNRIRIRE" respect 83 ork tHErd®r m of a
cantil ever, which has a free end on - 38
- liguid flow path and one ejection outlet. Fig. 16A is
a sectional view‘equivalent to Fig. 15A. Fig. 16B is a
sectional view equivalent to Fig. 15B. In this
embodiment, two heat generating elements, each of which
10 has a size of 18 um x 160 pm and can be driven
independently, are arranged in parallel, and two
movable members 31 as moving mechanisms, each having a
size of 20 uym x 210 um, are arranged at positions
corresponding to the heat generating elements. In this
15 embodiment, the heat means also comprises a plurality
of heat generating elements. In addition, a partition
wall is arranged in a second liquid flow path to
separate the bubble generation regions formed by heat
generating elements 2-1 and 2-2 from each other,
20 thereby separating the second liquid flow path into two
‘second liquid flow paths 16-1 and 16-2. When a bubble
is generated in the liquid in the second liquid flow
path in which the heat generating element 2-1 is
driven, the movable member 31-1 is greatly displaced
25 toward the first liquid flow path by the pressure
generated upon generation of this bubble. As a result,

the bubble grows toward the ejection outlet, and a



the ejection outlet side (the downstream side of the flow of the
liquid flowwng to the ejection outlet), and a fulcrum 33 on the
comon |iquid chanber (15, 17) side - 48 tthe downstream side of the flow
of the liquid flow ng 5 tothe ejection outlet). Since this novable
menber 31 is arranged to face the bubble generation region 11

(B), the nmenber operates to open toward the ejection outl et side of
the first liquid flow path upon generation of a bubble éin t he

di rection indi capeddbyerhfinedt amoant cof | Hidiigd ip ejecikedhifsomasbe py
changi ng the drive conditions for the heat generating el enments 2-1
and 2-2, the staedectibheobtbetebyebee meessire Hransferregd) EReftP€ and t he

dlsplacenent anount of the novable menber are changed, and, hence the
liquid ejection £i5st Afguhd ééﬂwbéaﬁhandﬂﬁﬂ‘bOth the heat,geppratififa)

| at hi p bet the | d th 1 d.the heat
égngrgﬁrzglgleﬁegﬁggeﬁﬁg I%ugndb%e% %@%ggﬁﬁéﬁpa inﬁF% ?ﬁru§$ural

| at hi t d fl th
16 20" “and o nedeStiney awnate?intﬂquiﬁe#“ﬁ tw&%s G phidfhea o pe
thi s enbodi nent, hgdégggngh %éﬁgy&@&*&) -1 is d-9vandead end

on the domnstrea eneratlng el enent s.

The operation of th mnll be described next 25 with reference to
Figs. 9 to 11. E% bﬁFQ?ﬁgd'

Table 2 shows the average ejection amounts

obtained by using the liquid ejecting head of the

10 second embodiment under the following conditions:
driving signal: voltage 24 Vv
pulse width 5 us

driving frequency 200 Hz
using the same water-based ink as a bubble
15 generation liquid and an ejection liquid.

In obtaining an ejection amount, the total amount
of ink consumed when liquid ejection was performed
20,000 times in the driving mode of each heat
generating element was divided by the number of times

20 of ejection to obtain an average value.



characteristic features of the operation of the head of

- 39 - this enbodinent is that gradation control can be

per f or med. For the sake of —eagy-understandi ng of the present

i nvention, the same water-based ink is used as an 5 ejection liquid to
be supplied to the first liquid flow path 14 and a bubbl e generation
liquid to be supplied to the second liquid flow path 16. '
Fig. 9 shows a state wherein both the heat generating elenents 2-1
and 2-2 are OFF. In this case, 10 t h&alwdeaRl e nmenber 31-formed on the
partition wall 30 under goes no defornmation, and the ejection anount
S zero. g 0_sh at.e whefei, I at
generating el enent 2-1 DEZgggngﬁ rgﬁ fg&f%éseeqtenent 3%355%90}42%\8353 -2
is set in the ONfjstate e -6H-rof ' a—e i'vrng signal (pulise)
with a voltage 24 V and{a 2-1pul se idth @25 ps.|The fil mboiling |as
di sclosed in Jappnese Patent Publji cat1 gn_No. -59914f|§ caused lby
maki ng t he heat ]pr(@r)a'r od by t BE¥ heat gdner at PBE

=4

(b) ON : OFF 40
5 {c) ON ON 80

In this embodiment, two different amounts of
liquid could be ejected in a very stable state as
compared with the prior art, and ternary gradation

10 recording could be performed with good gradation
characteristics at a high speed.

In addition, in this embodiment, since the second
liquid flow path is divided into the two second liquid
flow paths 16-1 and 16-2, when the heat generating

15 elements are driven independently, escaping of the
bubble pressure toward the second liquid flow path wall
(two sides) can be prevented, thereby more efficiently
displacing the movable members 31-1 and 31-2.
Therefore, the ejection efficiency and the ejection

20 force are further improved. As a result, the gradation
stability can be further improved.

Since the bubble generation region formed by each
heat generating element is partitioned off by the
partition wall 38, bubble generating operations

25 performed by the respedtive heat generating elements do
not interfere with each other. For this reason, a

bubble generation pressure loss caused by a slight



20 el ement 2-1 act on the bubble generation liquid filling t he
second liquid flow path 16, thereby generating a bubbl e. The novabl e
nmenber 31 is raised by bubble gengpaLi on energy (pressure) at this
time, so that the novabl e end of the novable nmenber 31 displaces in
the 25 first liquid flow path 14 by an anmount Hl. The bubble

enters the first liquid flow path 14 filled with the ej ection ink

t hrough a gap corresponding to the anount

- 40 - pibb14S gankeatlibn theify bt fset aesusedvye bukbilkey
propagates toward the ejection outlet side of the first liquid flow
path 14 to eject geherathiohyeatinokianoimtthe bubblg jet Hcheme of Fjig 11
shows a state wherein both the heat generating el enents 2- 1 and 2-2
are set in the Olrsiressing/decrgpshnapphe cR¥eFHLSF AhENePEIRE Pfng si gnal
as that descri bed above so as_to heat the ink and generate a
bubbl e. The bubblsevgxadr #si &8 §ﬁ§?§91|§eP%rb%} yhem the t w%1:E‘ ql:ln t he case
A EARAR E N PC M £ T S
di spl acement reduced, and the uniformity of ejection characteristics
between nozzles or in ejection by each nozzle can be
improved.

In this embodiment, the two heat generating

10 elements have the same size. However, these elements
may have different sizes.

In addition, in this embodiment, the two movable
members have the same size. However, these members may
have different sizes.

15 Furthermore, in this embodiment, the respective
movable members and heat generating elements are
located at the same distance from the ejection outlet.
However, these members may be located at different
distances from the ejection outlet.

20 Figs. 17A and 17B show the fifth embodiment of the
present invention, in which a plurality of movable
members 31 are arranged with respect to one first
liquid flow path and one ejection outlet, and two heat
generating elements are arranged along the direction of

25 the flow of a liquid flowing to the ejection outlet in

correspondenée with the respective movable members.

Fig. 17A is a sectional view equivalent to Fig. 16A.



amount of the novabl e nenber 31 becones the maxi num amount. The
bubbl e generated in the bubble generation 15 region enters the first
liquid flow path 14 filled with t ej ection ink through a gap
corresponding to the anount H2 to “ej éct-the ink by a maxi num

ej ection anount V2. Al t hough not shown, when the heater
sizes of the 20 heat generating elenents 2-1 and 2-2 are changed, and
only the heat generating elenment 2-2 serves to generate a bubbl e,

since fhe di splagepnt AMuNa QediiBndlV 3Rl equivaldiibes Mgl sL6B] fer ent

fromthe anounts H2, an ej ection anount different fromthe

anmounts V1 and VZ, 29,is &fbdigne? aith®dmovable member#S3lessddivathiiiny e,
according to the present i nvention, by changi ng the nunber or

positions of heats gize of 20 pym x 210 um, are arranged-idla-liquid flow
generating elements to be driven, the displacenent state of the
nmovabl e nenber 3lpatth gin gdmldiedpwdchnErspect to theudiredsiarhafethe o
eject liquid droplets in di fferent anounts.
5 flow of a liquid flowing to the ejection outlet, and
two pairs of heat generating elements, each having a
size of 18 um x 50 pm, are arranged along the direction
of the flow of a liquid flowing to the ejection outlet
in correspondence with the respective movable members.

10 A partition wall 38 is arranged to separate the
two pairs of heat generating elements (2-1 and 2-2, and
2-3 and 2-4) arranged with respect to the respective
movable members, and a common slit is formed between
the respective movable members.

15 With this structure, similar to the fourth
embodiment, when each heat generating element is
driven, escaping of the pressure to the second liquid
flow wall (two sides) can be prevented. Therefore,
there is no pressure loss caused by a bubble generation

20 timing offset when the respective heat generating
elements are simultaneously driven, and hence movable
members 31-1 and 31-2 can be displaced more efficiently
and stably.

In addition, with the two paris of heat generating

25 elements arranged for the respective movable members,

better gradation characteristics can be obtained.



5 In the present invention, the ink can be ejected wth

hi gher ejection energy efficiency and a hi gher ej ection pressure than
in the conventional head ow ng toLtgf.gbove principle that the

di spl acenment of the novabl e menber Qqui des a bubble to the ejection
outlet 10 and the synergistic effect of such phenonena. As
descri bed above, with a plurality of heat generation el enents
arranged for one nozzle or novabl e menber, and a conbi nati on of ON

and OFF operations of purthermdi®, GERECHHEE cBRAbNISNEE Abétigedh Etat S, the
15 di spl acenent anount of the novable nenber 31 can be controll ed.

Wth this operatifgspddiei v essvaleamemberef, nokable membensnddre e r st
liquid flow path 14 can be controll ed. As a result, recorded

i nformati on can beErsamyedssetd avttilgh Aensityr addt menufactured more Wth a
plurality of heat generating el enents, therefore, gradation
expressi on can besasily ned. ' Table 1 shows the relationship
bet ween t he ej ection anount and a conbi nation of ON and OFF 25

operations of the respettiiis [pmhodjaeatat ithg EWenpeat generatifigt he head of

t hi s enbodi nent. . .
elements are used with respect to the respective

movable members. However, three or more heat

generating elements may be used. Alternatively, the

number of heat generating elements for the respective
10 movable members may be changed, as needed.

Figs. 18A and 18B show the sixth embodiment of the
preSent invention, in which one movable member is
arranged for one first liquid flow path and one
ejection outlet, and two heat generating elements are

15 separated from each other by a partition wall.
Fig. 18A is a sectional view equivalent to Fig. 17A.
Fig. 18B is a sectional view equivalent to Fig. 17B.
In this embodiment, a movable member having a size of
40 pm x 210 um is arranged, and two heat generating

20 elements, each having a size of 18 pm x 100 pm, are
arranged in the direction in which ejection outlet are
arranged. In addition, a partition wall is arranged in
a second liquid flow path to separate'heat generating
elements 2-1 and 2-2 from each other, so that the

25 second liquid flow path is divided into two second

liquid flow paths 16-1 and 16-2.



- 42 - The liquid ejecting head used in this enbodi nent

Is the one shown in Figs. 7 to 11. This head had a plurality of
ejection outlets, each having a diameter g5 _ of 34 pm arranged at a
pitch of 70.5 pm The heat 5 generating elements 2-1 and 2-2 had the
sane size of 18 pm x 100 pm The drive conditions were: a voltage of
24 V, a pulse width of 5 [err]s, and a driving frequency of 200 Hz.

I n obtaining an ejection anount, the total anount of ink ejected
20,000 tines in the drgmmochmdestri@ture)f seathahesd tenefaidtty el ement was
di vi ded by the nunber of tinmes of ejection to obtain an average

val ue. | N énihesd iamdrotd | et r i bielde abare , wahen - askedheatk gerenstuichg

as a bubbl e generation liquid and an ejection |iquid.
Table 1 15 element BFVAHNepeegcRpAngopfHERE Pregaute crPwewsrithe

Generating El enents (ngt) 2-1 2-2
(a) OFF second lgguid flow path wapl (two stiﬁ) can be

OFF 40 N oN 80 20
(a) Wen bR h t@@f@lt%ﬁe&@q%&r@ﬁe%ﬁ?@ﬁ&d the likgy each pov@kds

t he di spl acenent ampunt of the nd hence

. nmovabl e mepber. 31 s 0
the ej ection anoJigmper 31 capn by éid's@laceg egﬁcggﬂ@o‘f %V%r?%ﬁ‘ﬁ the heat

generating el ement 2-]W£€h the movable member 31, even when the heat
generating elements are driven independently, the
bubble generation power is guided to the center of the
10 ejection outlet, thereby stabilizing liquid ejection in
terms of ejection direction.

Each of the first to sixth embodiments of the
present invention has exemplified the liquid ejecting
head'having a two-flow-path structure including the

15 first and second liquid flow paths. However, the
present invention is not limited to this. As is
apparent, the present invention can be equally applied
to a liquid ejecting head having a single flow path
structure in which a flow path is not divided by a

20 partition wall as in the structure shown in Figs. 2A to
2D, 3, 5, or 6.

In the liquid ejecting head of each of the first
to sixth embodiments, the liquid ejection efficiency
and the ejection force are higher than those of the

25 conventional liquid ejecting head. In addition, the
ejection characteristics are stable, and the ejection

direction precision is high, as described above. This



25 ON, the ejection anount was 40 ng. (c) Wien both the heat
generating elenents 2-1 and 2-0 were ON, the displacenent anount of
t he novabl e - 54 - - 43 - menber 31
was | arger than that obtai ned when the only t he heat generating

el ement 2-1 was ON, and the ej ection anmobunt was 80 ng.

Referring to Fig. 12, the inmages forned in such 5 ej ection anpunts are
represented by the reflection densities. Si nce the
reflection densiteffiecipriep@pplded tboa smoothihg/eeestdinyg aremhrtigqfe iafk, |if
t he ejection anmount of i nk can be changed in four steps by conbining
OV OFF 10 opemgirtanhgoftiehguiala tiheaff ftnerdtawingsd arghttthe like so
reflection densities corresponding to four gradation | evel s can be
obt ai ned, as shows ite Rieplike a higher smoothingieepfestent HFigredt3Pn, with

t he novabl e . menbers, since the liquid ejection efficiency and 15
ej ection force arshavwsyyifestuadghthddeeorecqeded with cEhg AN RISTHIQR d

ej ecting head as descri bed above, even .if sma]l droplets are
repeat edl y e? ect @oulity,| Figs. 19B and 19C show straight lines recorded

with two different ejection amounts (large and small
dots) and three different ejection amounts (large,
intermediate, and shall dots), respectively. By using
two and three different ejection amounts, smoother

10 straight lines an be recorded/expressed. It is
difficult for the conventional liquid ejecting head to
eject small droplets stably and properly at desired
positions. In contrast to this, the liquid ejecting
head of the present invention can stably ejection

15 several different amounts of liquid, and have high
precision in terms of ejection amounts and desired
positions. For this reason, an effective smoothing
operation can be performed.

With this effect, character and graphic pattern

20 edges can be smoothly and reliably reproduced to
improve the print guality.

In addition, since the liquid ejecting head having
the structure according to each of the first to sixth
embodiments has a plurality of heat generating

25 elements, a pre-ejection operation, which is performed
before a print operation to improve the print

reliability, can be effectively performed. Fig. 20 is



ej ection can be performed in a gradation recording operation
performed by changing the ejection anmount. 20 In addition, as
descri bed above, since high speed - ¢efilling can be acconplished by

t he operations of the novabl e menbers, the liquid ejecting head of

t he present invention can be driven at a high speed.

Furthernore, in the conventional |iquid ejecting head, 25 when heat
generating el enents are driven independently, the ejection direction
may change. Figs.al8fownchdBB showing shakqenkea fsbat 8. pFigt d¢8Arthbesaa
case wherein the - 44 - heat
generating el emenprat endtie thghtigiidk ejedting headrefptbe fiérshe
ejection outlet is driven. In this case, the liquid is ejected from
the ejection out|embediment. WhﬁnIQﬁRr¥ﬂﬁk§taﬁ§i§§oﬁhgpﬂlF%a OEgEPtmh%n t he
heat 5 generating elenent _2-2 on the left side with respect . {o

the ej ection out|@tPFEnEr$HARADY PN IFHD i & Precedgetion o erth%nr+@ht

de. In the_l d t do t th th
Tovabl ¢ memnr SIPCEERRTd  TReteqkeAt o BEH PR BTAbSLar BERT FORN

| ndependently, thfn order to prevent nozzles which are not currently
used from clogging, a pre-ejection operation is
performed even while a print operation is.performed. A
pre-ejection operation is performed several times to

10 several thousands times at driving frequencies of
several 100 Hz to several kHz in accordance with the
envirpnment. In the present invention, the heat
generating elements 2-1 and 2-2 are simultaneously
driven while these pre-ejection operations are

15 performed to realize a highly reliable print operation
without any ejection failure and the like even with a
smaller number of times of ejection than in the prior
art. Therefore, more reliable print quality can be
efficiently achieved.

20 As described above, according to the ejecting
method, liquid ejecting head, and the like of the
present invention, which have a plurality of heat
generating elements and movable members with respect to
a liquid flow path, in addition to the structure based

25 on the new ejection principle, gradation images with

high stability and high ejection direction precision



10 bubbl e generati on power is guided to the center of the ej ection

outlet to stabilize liquid ejection in terns of ejection direction
regardl ess of the position of a _heat _generating elenment with respect
tothe liquid fl ow path. As described above, according to the
present 15 I nvention, since small droplets can be stably ejected

at a high ejection frequency, high-quality gradation recordi ng can
be perforned at a high speed. Figs. 14A and 14B are sectiona
views of a |iqui Gan be reR18¢EdNJaR@adnages Wiy Fary Nei e iyl isgpbednrent
of the 20 present invention taken along the sanme directions as

those of Figs. 1%A apvtaiBBddestéhgbed 8heviiovable mdnbdxnsstrati on of wiring
el ectrodes is omtted in Figs. 14A and 14B). In the second

enbodi nent, in order In additdoejegradatioerisirogalizsd thye ejesthent
generating 25 elements in the first enbodi mrent have different shapes.

In this enbodi nemmounite nodudagfion, hand gerelignfhpjection el enent 2-1 on the
right side with respect to the . o - 4
el ection oufd et ichayactegisdics purh) Afxrebbling |Fhezarteriifddics can

generating element 2-2 on.the left side wth respect to
be maintained. )

Furthermore, with the above effects, images such
as curves and oblique lines can be realized with smooth
lines, and the quality of images such as characters and

10 graphic patterns can bé improved.

Similarly, with the above effects, since the
ejection reliability can be improved, pre-ejection
immediately before a print operation can be performed
with a very small number of times of liquid ejection

15 within a short period of time.
<Other Embodiments>

In the foregoing, the description has been made as
to the major parts of the liquid ejecting head and the
liquid ejecting method according to the embodiments of

20 the present invention. A description will now be made
as to further detailed embodiments usable with the
foregoing embodiments. The following examples are
usable with both of the single-flow-path type and

two-flow-path type unless otherwise specified.



the ejection outlet is set to be 23 pmx 100 pm That I's, the heat
generating elenent on the right side is 5 set to be larger than the
one on the left side. Note t hat tg; si ze of each novabl e nmenber is
set to be 40 pm x 210 [err]lm Wth this structure, in
addition to the effects of the first enbodi nent descri bed above, the
ejection 10 anount obtai ned when only the heat generating el enent

2-1 is driven decreases, and hence snaller droplets can be ej ect ed.

Since the differ enpgsbet ¥RED ﬁ@fa@i&?éﬂﬂﬂ between 88BHAL obgaiaediby the
heat generating el ement having a | arger area and the ejection anount

obt ai ned by the #5th ah@atiogehes alenilgere enent having a snmaller area is

| ar ge, a larger gradation expression range can be obt ai ned.

In this enbodi nent, theigsw 2Fattgaeil aitendllustrateébaseaf saapesisionabut
three or nore heat generating el ements may be arranged al ong the
ejection outlet gfélatianshipdnetwest ridw iabove-Aegsribed movahbs memberhe
third enbodi nent of the present invention in which two heat
generating ePenmendd @mda5$¢Qmﬁcﬂ¥94iﬂ|ﬁk9Wua§§ha#é in whighrEkged2bh oy t he
direction of the flow of a |liquid |l owing to the e ectlon out | et
with respect to a? view oﬁﬁyﬁﬁﬂgmﬁﬂﬁB%F@@Per ﬁlgp°§53?9§ £5ER®i onal view

vt L0 Soattititn el sl soa 'R0 chhove, an§UHLYE SHE 1
is a view of the second liquid flow path 16 seen from
the above without partition wall 30. Fig. 21C is a

10 schematic view of thé positional relationship between
the movable member 6 and the second liquid flow path 16
wherein the elements overlap each other. In Figs. 21A
to 21C, the lower side of each drawing indicates a
front side where the ejection outlets are formed.

15 The second liquid flow path 16 of this embodiment
has a throat portion 19 on the upstream side of a heat
generating element 2-2 (this upstream side is the
upstream side in a large flow of the liquid from the
second common liquid chamber side to the ejection

20 outlet through the heat generating element position,
the movable member position, and the first flow path)
so as to provide a chamber (bubble generation chamber)
effective to suppress easy release of the pressure
produced toward the upstream side upon the bubble

25 generation in the second liquid flow path 16. A

similar structure is obtained in Fig. 17 described



- 46- generating el enents, each of which has a size of 40 pm

X 50 pm and can be driven independently, are arranged inaliquid

fl ow path, and the novabl e nenber 31 havifg - a size of 40 pmx 210 pm
is arranged therein. In this 5 enbodinent, the heat neans al so conprises
a plurality of heat generating elenents. In the enbodi nent as

wel |, the deformation anmount of the novable nenber 31 can be
controlled by a conbination of ON and OFF operations of the
respective heat gahevaiiagdecprpergam and downgideRfntbroRE BPEELPBR LRount
of ink can be controll ed. . - Recqrded infornﬁtion in thS efore be
expressed with are formed:innthe PRIRAIMANTetISt hé4htSt éenerating

el ements are artanged gl op! 05, UACELLY e WELQY tne 0! paehi U d
Wi ng j i : X :

if th i dt h I gul : ' '
cuen 11 Lhe W OB e pupepd UL LUK L0 doGhRRsES LD gachnerease
recording cag be ff@&'%ﬁgcﬁitﬁbrﬂ%ﬁkﬁf@%fgﬁgcted are aha Ehhe eQﬁ?? nent

as well, if the heat generating nts are made to have er ent
shapes, the throat portion is provided to prevent the release of

the pressure generated by the heat generating element
toward the liquid chamber, the cross-sectional area of
the throat portion should not be too small in

10 consideration of the sufficient refilling of the
liquid.

However, in this embodiment, most of the liquid to
be ejected can serve as a liquid from the first liquid
flow path, and the bubble generation liquid in the

15 second liquid flow path having the heat generating
element is not much consumed, so that the filling
amount of the bubble generation liquid to the bubble
generation region 11 may be small. Therefore, the
clearance at the throat portion 19 can be made very

20 small, for example, as small as several um to ten-odd
um, so that the release of the pressure produced in the
second liguid flow path can be further suppressed and
to further concentrate it on the movable member side.
The pressure can be used as the ejection force through

25 the movable member 31, and therefore, a high ejection
efficiency and a large ejection force can be

accomplished. The shape of the second liquid flow path



di fference between the maxi nrum and m ni mum ej ecti on anounts can be

I ncreased, thereby further expanding the gradati on expression range.
In addition, in this enbodi nent, the ngnggr_of 25 heat generating
elements is set to be two. However, t he present invention is not
limted to this, and three or nore heat generating el enents may be
arranged al ong - 47 - t he
direction of the flowof aliquid flowing to the ej ection outlet.

Figs. 16A and 16BgshawnhRe:fauebl £gPode neid ddscribed abb@ep’ 8a&Nhay
I nvention, in which a plurality of novable 5 menbers 31 are arranged

With respect to gaeahir $€ the prebédié dpfddieqniy amhe @adbipection outlet.
Fig. 16Ais a sectional view equivalent to Fig. 15A Fig. 16Bis a

sectional view egeneahenbnt @sFegfedbBrely tidarsmitted tentvbei mowablewo heat
generating el ements, each of which 10 has a size of 18 [err]m x 100
[err]mand can beedbeveside. I ndependently, are arranged in parallel,
and two novabl e menbers 31 as novi ng nechani sns, each having a
size of 20 Perr]m x 24e pbewm iarEigyrakgedths sislas qfndhe movable

member 31 cover respective parts of the walls
constituting the second liquid flow path so that the
falling of the movable member 31 into the second liquid
flow path is prevented. By doing so, the

10 above-described separation between the ejection liquid
and the bubble géneration liquid is further enhanced.
Furthermore, the release of the bubble through the slit
can be suppressed so that ejection pressure and
ejection efficiency are further increased. Moreover,

15 the above-described effect of the refilling from the
upstream side by the pressure upon collapse of the
bubble can be further enhanced.

In Figs. 10 and 11, a part of the bubble generated

in the bubble generation region of the second liquid

20 flow path 4 with the displacement of the movable member
6 to the first liquid flow path 14 side, extends into
the first liquid flow path 14 side. By éelecting the
height of the second flow path to permit such extension
of the bubble, the ejection force is further improved

25 as compared with the case without such extension of the
bubble. To extend the bubble into the first liquid

flow path 14, the height of the second liquid flow path



corresponding to the heat generating elenments. In this 15 enbodi nment ,

the heat neans al so conprises a plurality of heat generating
elements. In addition, a partition - ggvl |l is arranged in a second
liquid flow path to separate the bubble generation regions formed by
heat generating elements 2-1 and 2-2 from each other, 20 t her eby
separating the second liquid flow path into two second liquid flow
paths 16-1 and 16-2. \When a bubble is generated in the liquid in the
second liquid fl av¢ is prefEatdbliyn lnwech thee tbat hgbgiet a0 f nthe|marsiunp- 1 | s
driven, the novable nmenber 31-1 is greatly displaced 25 toward the
first liquid flovyede bynhe ly severalgumetat3@ whorfqener ation of
this bubble. As a result, t he bubbl e grows toward the ejection

outlet, and a example. In this embodiment, the_hq&ght is 15 pm.
Phe prossur e t randesade cfpmties and FSEELLIOR WAlE 11 ow path. Vien both the
5 Sfectioh amount dR9I AR Hodeot RAEE PHATE GHTAMARE SF e onry
the heat genereﬂiﬂgbéﬂfgnﬂghséilshg %55¥Egncggference numeral 35
designates a slit formed in the partition wall, and the
slit is effective to provide the movable member 31. In
Fig. 22a, the movable member has a rectangular shape,
10 and in Fig. 22B, it is narrower in the fulcrum side to
facilitate the operation of the movable member, and in
Fig. 22C, it has a wider fulcrum side to enhance the
durability of the movable member. The shape narrowed
and arcuated at the fulcrum side is desirable as shown
15 in Fig. 22A, since both of operational facilitation and
durability are satisfied. However, the configuration
of the movable member is not limited to the one
described above, but it may have any shape if it does
nof enter the second liquid flow path side, and
20 operational facilitation with high durability is
achieved.

In the foregoing embodiments, the plate or film
movable member 31 and the separation wall § having this
movable member was made of nickel having a thickness of

25 5 uym, but is not limited to this example, but it may be
any if it has anti-solvent properties against the

bubble generation liquid and the ejection liquid, and



be obt ai ned. Table 2 shows the average ejection anounts
obt ai ned by using the liquid ejecting head of the 10 second enbodi nent

under the follow ng conditions: - 61 -driving signal: voltage

24 V pul se wi dth 5 [err]s

driving frequency 200 Hz usi ng the same water-based ink as a
bubble 15 generation liquid and an ejection |iquid. I n
obtai ning an ejection anount, the total anount of ink consuned when
liquid ejection iasthperébasieitity is €2@ud0 toi pesmih the @PeTRBECRRE of
each heat generating el ement was divided by the nunber_of tines 20
of ejection to obhaimowebls aremenqland if the required fine slit can

- 49 - Table 2 ON OFF
Operations of Hel® formed ection Anpunt Generating El ements
égg) 0 Prefé%%@ﬁe exampleqj%fzthe materggiiFfor tthF 40
gnbodinéﬁ%,stmo %?Y%%#%wﬁe%ﬁﬁﬁnﬁ%F%ﬁai highly durabl8%materials suchadhis

a metal such as silver, nickel, gold, iron, titanium,
aluminum, platinum, tantalum, stainless steel, or
phosphor bronze, an alloy thereof, a resin material
having a nitrile group such as acrylonitrile,

10 butadiene, or styrene, a resin material having an amide
group such as polyamide, a resin material having a
carboxyl group such as polycarbonate, a resin material
having an aldehyde group such as polyacetal, a resin
material having a sulfone group such as polysulfone, a

15 resin material such as a liquid crystal polymer, and a
compound thereof; and materials having a high
resistance to ink, such as a metal such as gold,
tungsten, tantalum, nickel, stainless steel, or
titanium, an alloy thereof, a material coated with such

20 a metal, a resin material having an amide group such as
polyamide, a resin material having an aldehyde group
such as polyacetal, a resin material having a ketone
group such as polyether ether ketone, a resin material
having an imide group such as peclyimide, a resin

25 material having a hydroxyl group such as phenolic
resin, a resin material having an éthyl group such as

polyethylene, a resin material having an alkyl group



liquid could be ejected in a very stable state as conpared with the
prior art, and ternary gradation 10 recordi ng could be perfornmed with
good gradation characteristics at hi gh speed. In
addition, in this enbodinment, since the s¥tond liquid flow path is
divided into the two second liquid flow paths 16-1 and 16-2, when
the heat generating 15 el enents are driven independently, escaping of
t he bubbl e pressure toward the second liquid flow path wall

(two sides) can bg,gtey %%&%%M}izijﬂ% my %fﬁfﬂ"i gﬁb’EQHXl havm%déx%péﬁ&*?g

t he novabl e nenbers erefore, the ejection

efficiency and ”?r&hﬁcédé}ﬂ‘ as?fépoxyf Y8l @ frlééiﬂ%at@?i@l/%vu?é &n
result, the grada stabi I'ity can be further inproved

Since the bubbl e genes ajioup ragoRs aicTeMibs eashn, a resheahageresnting

elenment is partitioned off by the partition wall 38, bubble
gener ati ng oper athawnbng 2o methpaidlogredipbgucheasespkene veedial generati ng
el enents do not interfere with each other. For this reason, a

bubbl e gener@ti orcouEmsnd ethasof,awseeriania sbtghial such as silicon
- o0 dioxide, and a compound thereof.

Preferable examples of the partition or division
wall include resin materials having a high heat and
solvent resistance and high molding properties, and

10 more particularly recent engineering piastic resin
materials such as polyethylene, polypropylene,
polyamide, polyethylene terephthalate, melamine resin,
phenolic resin, epoxy resin, polybutadiene,
polyurethane, polyether ether ketone, polyether

15 sulfone, polyarylate, polyimide, polysulfone, a liquid
crystal polymer (LCP), a compound thereof, a metal such
as silicon dioxide, silicon nitride, nickel, gold,
stainless steel, an alloy thereof, a compound thereof,
and a material coated with titanium or gold.

20 The thickness of the separation wall is determined
depending on the material used and shape from the
viewpoint of sufficient strength as the wall and
sufficient operability as the movable member, and
generally, about 0.5 pm to 10 um is desirable.

25 The width of the slit 35 for providing the movable
member 31 is 2 um in the embodimenfs. When the bubble

generation liquid and ejection liquid are different



bubbl e generation timng offset (caused by bubble

generation/extinction in the bubble jet schene of

i ncreasi ng/ decreasing the pressure on the_order of several ps to
several tens ps) when the two heat 5 ~ éénérating el ements are

si mul t aneously driven can be reduced, and the uniformty of ejection
characteristics bet ween nozzles or in ejection by each nozzle can be
| mproved. In this enbodi nent, the two heat generating 10

elements have !NGa3a¥3a35?Cana MIRYAL. ok NERE AIGIRI S5 to be WRLLGRUS

different sizes. on, In I's enbodi nent, the two

movabl e MepReaphake sbhaetapRifbd Cas HY O M d MRYA sERED BT wdRN
have different sizes.” 15 Furthernore, in this enbodi nent, the

respective th@DYaguedeeMBRnS aPdifeRd RBARA NG betfioRNS arFor
| ocated at the same distance fromthe ejection outlet. However ,

t hese nmenbers magxhapllecaivhdnathdi biibbPatgeneratiah Stiayudes hsom t he
ejection outlet. 20 Figs. 17A and 17B show the fifth enbodi nent of
t he pr esentiscoedtyi ofi, abauth2 ctips, pind ailiq \ejeicthonaBliquid has a
menbers 31 are arranged with respect to one first liquid fl ow path
‘and one ej ectionvégepsityanf 108 a@pator more, gerfdiidt iafg aboubedt ymade
arranged along the direction of 25 the flowof a liquid flowng to the
ej ection outlet PRough to gypidspBAdbhEeidinixing Mpecm eTndess ds

nmenbers.
desirable.

If a slit on the order of several um is used as
10 the slit for providing a substantially sealed state in
the pfesent invention, a more réliable structure can be
obtained.
<Element Substrate>
A description will be made for the structure of an
15 element substrate provided with a heat generating
element for heating a liquid.

Figs. 23A and 23B are longitudinal sectional views
of a liquid ejecting head according to the present
invention, in which Fig. 23A shows a head with a

20 protection layer (to be described later), and Fig. 23B
shows a head without a protection layer.

Figs. 23A and 23B show the longitudinal section of
the embodiment shown in Figs. 8A and 8B and the 1like,
and only one of a plurality of heat generating elements

25 is illustrated on the longitudinal section.
On the element substrate 1, a grooved member 50 is

mounted, the member 50 having second liquid flow paths



Fig. 17A is a sectional view equivalent to Fig. 16A.

- 51 - Fig. 17Bis a sectional view equivalent to Fig. 16B

In this enbodi nent, two npvabl e nenbers_3é4 each havi ng a size of 20
pmx 210 pm are arranged in a liquid flow path in parallel with
respect to the direction of the 5 flowof aliquid flowng to the

ej ection outlet, and two pairs of heat generating el enents, each
havi ng a size of 18 pmx 50 pm are arranged along the direction

of the flow of a iquishdtom sl walIheB(g Edtrisen lagulidt flow paths 14,
correspondence with the respective novable nenbers. 10 A partition
wal | 38 is arrangeddtgroepss afdr tdunstitutingwehpaifisstf 1bgatd géhew at i ng

el enents (2-1 and 2-2, and 2-3 and 2-4) arranged with respect to the
respective patlvabl e nenbers, and a common slit is fornmed between

t he respective novable nmenbers. 15 Wth this structure, simlar to
the fourth enbdthereetenenie pubatrateatl §ofcPaPpheEnederiring

& tee) con il o ataptioda s Gra 0 ' S53%0)' o8 afuntnun of & "Elke (110

and a patterned electric resistance layer 105 (0.01 to
0.2 pm thick) of hafnium boride (HfB,), tantalum nitride
(TaN), tantalum aluminum (TaAl) or thg like
constituting the heat generating element on a silicon

10 oxide film or silicon nitride £film 106 for insulation
and heat accumulation, which in turn is on the
substrate 107 of silicon or the like. A voltage is
applied to the resistance layer 105 through the two
wiring electrodes 104 to flow a current through the

15 resistance layer to effect heat generation. Between
the wiring electrodes, a protection layer of silicon
oxide, silicon nitride or the like of 0.1 to 2.0 um
thick is provided on the resistance layer, and in
addition, an anti-cavitation layer of tantalum or the

20 like (0.1 to 0.6 pm thick) is formed thereon to protect
the resistance layer 105 from various liquids such as
an ink.

The pressure and shock wave generated upon the

bubble generation and collapse is so strong that the

25 durability of the oxide film which is relatively

fragile is deteriorated. Therefore, a metal material



there is no pressure | oss caused by a bubble generation 20 timng

of fset when the respective heat generating el enments are

si mul taneously driven, and hence novablegs _ menbers 31-1 and 31-2 can
be di spl aced nore eff|C|entIy : and stably. I n addition,
with the two paris of heat generating 25 el ements arranged for the
respective novabl e nenbers, better gradation characteristics can be
obt ai ned. - 52 -

Furthernore, w tkuche agoraptashmt (Dad weenuééua as the argdpeawiitatiownabl e
menbers, novabl e menbers can be arranged at a high density and
nanufactured nor dayer. easily. 5 In this enbodi nent, the two
heat generating el ements are used with respect to the respectlve
nmovabl e nmenbers. Fbme@@ﬁ prntegteannbazehemny be omitfeeedgperngisPef®Bnt s may
be used. Alternatively, nunber of heat neratln el enents for
the respective Iie C°ﬂ9&&§¢é°ﬁeﬁﬁeiéqhﬁ9 bl Ehith d%d’ theEfEycture

Figs. 18A and 18B show the sixth enb ment of g RLe esent h

i nvention, ion whiadd 5@§1§5935Femﬁ§ﬁ5§? i g One of such examples is shown

in Fig. 23B. The material of the resistance layer not
requiring the protection layer, includes, for example,
iridium-tantalum-aluminum alloy or the like. Thus, the
structure of the heat generating element in the

10 foregoing embodiments may include only the resistance
layer (heat generation portion) or may include a
proteqtion layer for protecting the resistance layer.

In the embodiment, the heat generating element has

a heat generation portion having the resistance layer

15 which generates heat in response to the electric
signal. The element is not limited to this, and it
will suffice if a bubble enough to eject the ejection
liquid is created in the bubble generation liquid. For
example, the heat generation portion may be in the form

20 of a photothermal transducer which generates heat upon
receiving light such as a laser beam, or the one which
generates heat upon receiving high-frequency wave.

On the element substrate 1, functional elements

such as a transistor, a diode, a latch, and a shift

25 register for.selectively'driving the element may also
be integrally built in, in addition to the resistance

layer 105 constituting the heat generating element and



arranged for one first liquid flow path and one ej ection outlet, and
two heat generating elenents are 15 separated from each other by a
partition wall. Fig. 18A is a sectdgonal view equivalent to Fig. 17A
Fig. 18B is a sectional view equivalent to Fig. 17B. In this

enbodi nent, a novabl e nenber having a size of 40 [err]mx 210 [err]m
I s arranged, and two heat generating 20 el enents, each having a size of
18 pmx 100 pm are arranged in the direction in which ejection

outlet are  ¢ry r aRERG tuteddBiyt k8B, warpagt blé@frydd 1106 o anged in
a second liquid flow path to separate heat generating el enments 2-1

and 2-2 from eachupigiing @nehallethteic2Bignaketonthd i s ibtdrme datsed.s

di vided into two second liquid fl ow paths 16-1 and 16- 2.

- b3 - IW tordielti tosejectuthe 3iquidrby cdrtiheriguriteh heat
enbodi nent descri bed above, when each heat generating el ement is
driven, escapi ng generiationepoartdono®dr theheon the akeseriesgxiiad f | ow pat h
wal | (two sides) can be 5 prevented. Wth this effect. and the |ike,
each novabl & elemenihsubstrais Be dheprasistange davpy \iChdsstably.

supplied through the wiring electrode 104 with
rectangular pulses as shown in Fig. 24 from a drive
selection means 150 to cause instantaneous heat
generation in the resistance layer 105 between the

10 wiriﬁé electrodes. In the heads of the foregoing
embodiments, the applied energy has a voltage of 24 V,
a pulse width of 7 usec, a current of 150 mA and a
frequency of 6 kHz to drive the heat generating
element, by which the liquid ink is ejected through the

15 ejection outlet through the process described
hereinbefore.

Referring to Figs. 23A and 23B, "31la" and "31b"
indicate how the movable member is displaced upon
generation of a bubble by the above bubble generation

20 unit.

The movable member 31 can be displaced by
different amounts by selectively driving the heat
generating elements 2-1 and 2-2, as indicated by "3la"
and "31b". With this operation, the ejection state

25 such as the ejection amount can be changed. In

addition, the ejection state can be changed to a



Wth the novabl e nenber 31, even when the heat generating el enents

are driven independently, the bubbl e generation power is guided to
the center of the 10 ej ection outlet_,thereby stabilizing liquid
ejection in terms of ejection direction. Each of the
first to sixth enbodinents of the present invention has exenplified
the liquid ejecting head having a two-flow path structure including
the 15 first and second liquid flow paths. However, the pr esent

i nvention is not E!r% ddag Q' Ey fBah@ing the SR eRiivel bendiesent,
i nventi on can be equa pli to a liquid ejecting head having a

single flow pathj ., that {;H@EH@@ hd Whe ol dd amgaa.h is not divided by a
20 partition wall 'as in the structure shown in Figs. 2A to 2D, 3,

5, or 6. <Head! Bthethigubd Biectisy Hetadssof each of the first
to sixth enbodinents, the liquid ejection efficiency and the
ejection force are hlghdésbhaptihnseirﬂ bdramnad®s for e@ompkamctongl ofi &hed
ejecting head. 1In addition, the ej ection characteristics are

SLabl e, andsthe djiqoiforjecting headcwith whieh Sififareny diauidsyaTer i bed
above. This 54 -
separately accommodated in first and second common

liquid chambers, and the number of parts can be reduced
so that the manufacturing cost can be reduced.

Fig. 25 is a schematic view of such a liquid

10 ejecting head. The same reference nume;als as in the
previous embodiment are assigned to the elements having
the corresponding functions, and a detailed description
thereof is omitted for simplicity.

In this embodiment, a grooved member 50 has an

15 orifice plate 51 having an ejection outlet 18, a
plurality of grooves for constituting a plurality of
first liquid flow paths 14 and a recess for
constituting the first common liquid chamber 15 for
supplying the liquid (ejection liquid) to the plurality

20 of liquid flow paths 14.

A separation wall 30 is mounted to the bottom of
the grooved member 50 by which plurality of first
liquid flow paths 14 are formed. Such a grooved member
50 has a first liquid supply path 20 extending from an

25 upper position to the first common liquid chamber 15.
The grooved member 50 also has a second liquid supply

path 21 extending from au upper position to the second



effect is applied to a snoothing/recording techni que of | mpr ovi ng
the quality of line drawings and the |like so as to realize a higher
snoothing effect. Fig. 19A shows, ggstraight line recorded with the
sanme ejection 5 anount. Figs. 19B and 19C show strai ght |ines

recor ded with two different ejection amunts (large and snall

dots) and three different ejection anmounts (Il arge, I nternmedi ate, and
smal | dots), respectively. By using two and three different ejection
amounts, smoot hergorkibn 1igui@d @Hanberes 7arhboughctheeskpamaessedallt is
d|ff|cult for the conventional liquid ejecting head to ej ect small
droplets stably aul properly at desired positions. In contrast to
this, the liquid ejecting head of the present invention can stably
ej ection 15 sever ds dirfdierasied dyoant ergbw| CqmndFlandZ%av"éh?u%?FSt
precision in terns of ejection ampunts and desire ositions. For
this reason, an effacid Ve jsatvom dgquid) lSoEBPE%?%ﬁ E%ﬁp pEre

Wth this effect character and graphlc pattern 20 es c

smoot hl'y andb r el i bbstyid éwmaiiﬁho and figgtoGempeR H’ dq%é?’i‘%?/r

I ddi t he | d h
a(r:]cgrd: nlgo'?o Zi’i(r:]ﬁle%} ‘?ehgllqg:%js‘fs gﬁtﬁl%ﬁ’%hrﬁgw pg\(‘éng%dl%ﬂtgh%ass&%é LlrJ;Fi ty
of heat generating 2% (miPYctie Adlch $h§61h9"18PE0AH1 P8 %'Eﬁéi S

per f or med
second liquid flow path 16 through the second liquid

supply path 21 and the second common liquid chamber 17
10 as indicated by arrow D in Fig. 25.

In this example, the second liquid supply path 21
is extended in parallel with the first liquid supply
path 20, but is not limited to this, but it may be any
if the 1liquid is supplied to the second common liquid

15 chamber 17 through the separation wall 30 ocutside the
first common liquid chamber 15.

The (diameter) of the second liquid supply path 21
is determined in consideration of the supply amount of
the second liquid. The shape of the second liquid

20 supply path 21 is not limited to be circular or round
but may be rectangular or the like.

The second common liquid chamber 17 may be formed
by dividing the grooved by a separation wall 30. As
for the method of forming this, as shown in Fig. 26

25 which is an exploded perspective view, a common liquid
chamber frame and a second liquid path wall may be

formed of a dry film, and a combination of a grooved



before a print operation to inprove the print reliability, can be
effectively perfornmed. Fig. 20 is - 55 -
a flow chart showi ng a sequence froma-pggnt start to a print end in
the liquid ejecting head of the first enbodi ment. Wen a print
starting signal is output in a print standby condition, a
pre-ejection operation is 5 performed. Thereafter, a print operation
is started. In order to prevent nozzles which are not currently

used from cl oggi mgmbar pfe- kaeing octhe mapwriadiionswall fixpdr thenetioeged whil e
a print operation is perfornmed. A pre-ejection operation is

perf ormed sever athei ekement s@bstrake dr alan heudbandedt i Fhusafogpingnghe
frequenci es of several 100 Hz to several kHz in accordance with the
envi ronment. | n S&eopd egenron nyigrid chamhemddr and the gereRd: thguifenent s
2-1 and 2-2 are sinultaneously driven while these pre-ejection
operations are §xow P%EFfB?ned to realize a highly reliable print

OPST o1 B or "t NEA" PO, GAGRAET i G phfpetuts 15, @
Therefore, nore 58£é€9£3t85i6§ ﬁ%ggiéfﬁéx¥%ep%upporting member 70 of a
metal such as aluminum with a plurality of elements as
heat generating elements for generating heat for bubble
generation from the bubble generation liquid through
10 film boiling.

Above the element substrate 1, thefe are disposed
the plurality of grooves constituting the liquid flow
path 16 formed by the second liquid path walls, the
recess for constituting the second common liquid

15 chamber (common bubble generation liquid chamber) 17
which is in fluid communication with the plurality of
bubble generation liquid flow paths for supplying the
bubble generation liquid to the bubble generation
liquid paths, and the separation or dividing walls 30

20 having the movable walls 31. |

Designated by reference numeral 50 is a grooved
member. The grooved member is provided with grooves
for constituting the ejection liquid flow paths (first
ligquid flow paths) 14 by bonding the separation walls

25 30 thereto, a recess for constituting the first common
liquid chamber (common ejection liquid chamber) 15 for

supplying the ejection liquid to the ejection liquid



efficiently achieved. 20 As descri bed above, according to the

ej ecting met hod, liquid ejecting head, and the |like of the

present invention, which have a pluralitymf- heat generating el enents
and novabl e nmenbers with respect to aliquid flow path, in addition
to the structure based 25 on the new ejection principle, gradation

I mges with hi gh stability and high ejection direction precision

- 56 - can be realized, and images with very high quality can

be obtai ned ow ngflaw tdethmy aihlee fitwsttesspply path (ejedticmidiiquid
gradation is realized by ejection anount nodul ati on, and excel |l ent
ejection 5 chuprlct @adtt) @& forhsapplEing| they efegbionriiquid tan

be mai nt ai ned. Furthernore, with the above effects, inages such
as curves and oblﬁfkﬁlequ%§%‘i’%élﬁé‘&ﬂl shamkerh aRPothe second |FYRRLY ang

Lhe quality of Tiogsy (el IR oo, 2t 0uem 8t SDLF AL can be
ej ection relé abi |4 ;}/plyaiqlgb%hen% %\fﬁg gg SrSJtESI\ i)_{'quid to the second
supply path (bubble generation liquid supply path) 21.
The second supply path 21 is connected with a fluid
communication path in fluid communication with the
second common liquid chamber 17, penetrating through

10 the separation wall 30 disposed outside the first
common liguid chamber 15. By the provision of the
fluid communication path, the bubble generation liquid
can bé supplied to the second common liquid chamber 15
without mixing with the ejection liquid.

15 The positional relationship among the element
substrate 1, separation wall 30, Qrooved top plate 50
is such that the movable members 31 are arranged
corresponding to the heat generating elements on the
element substrate 1, and that the ejection liquid flow

20 paths 14 are arranged corresponding to the movable
members 31. In this embodiment, one second supply path
is provided for the grooved member, but it may be
plural in accordance with the supply amount. The
cross-sectional area of the flow path of the ejection

25 liquid supply path 20 and the bubble generation liquid
supply path 21 may be determined in proportion to the

supply amount.



I nmedi ately before a print operation can be perfornmed with a very
smal | nunber of tinmes of liquid ejection 15 within a short period of
tinme. <Qt her Enbodi nent s> - 71 - In the foregoing, the
description has been nade as to the major parts of the liquid

ej ecting head and the liquid ejecting nethod according to the
enbodi nents of 20 the present invention. A description will now be
made as to further detail ed enbodi nents usable with the

f or egoi ng enbodi nenBy. thaecopbinbma higprexafinthe cpass-sectionsdbbgedi P bot h

of the single-flow path type and two-flow path type unl ess otherw se
speci fi ed. the flow path, the parts constitutimg the grooved <«pgsijti onal

Rel ati onshi p between Second Liqujd Flow Pat h and Movabl e Menber >
Figs. 21A to 2memges 5@|%ﬂ%@?¥:ﬁ§ed¥% bey dqvnsiiged .- rel ationship
bet ween t he above-descri bed, noyabl e .menber 5 31 a second. l.iquid flow
path 16, in which F§. d9AriRed in the fanegaing., AqroFanre %é’n%&‘ﬁssl
203 1 81 nioqtnep 7 thL IR S BRRP AUAT AP RN B 7 O
second liquid to the second liquid flow path and the
first supply path for supplying the first liquid to the
first liquid flow path, can be provided by a single
grooved top plate,.so that the number of parts can be
10 reduced, and therefore, the redﬁction of the
manufacturing steps and therefore the reduction of the
manufacturing cost, are accomplished.
Furthermore, the supply of the second liquid to
the second common liquid chamber in fluid communication
15 with the second liquid flow path, is effected through
the second liquid flow path which penetrates the
separation wall for separating the first liquid and the
second liquid, and therefore, one bonding step is
enough for the bonding of the separation wall, the
20 grooved member and the heat generating element
substrate, so that the manufacturing is facilitated,
and the accuracy of the bonding is improved.
Since the second liquid is supplied to the second
ligquid common liquid chamber, extending through the

25 separation wall, the supply of the second liquid to the

second liquid flow path is assured, and therefore, the



t he above without partition wall 30. Fig. 21Cis a 10 schematic view of
the positional relationship between t he novabl e nenber 6 and the
second liquid flow path 16 wherei,n _the el ements overlap each other.
In Figs. 21A to 21C, the lower side of each drawi ng indicates a
front side where the ejection outlets are formed. 15 The second
liquid flow path 16 of this enbodi nent has a throat portion 19 on

t he upstream side of a heat generating elenent 2-2 (this upstream

side is the  gupplyPabea® $kd8uiFRridikAtgsof twat othd hetabIpiejdanin he
second common |iquid chanber side to the ejection 20 outl et through the

heat gener ati ngselagniplpenketi.on, t he novabl e nmenber position, and
the first flow path) so as to provide a chamber (bubble generation
chanber) <Hidotdibny &igoiduppdeBabbiesyGentrationf Lideigdy essur e
produced toward the upstream si de upon the bubble 25 generation in the
second |iquid flow pat deseribad in thesfaregeingrembedimenrt obtained in Fig.
17 descri bed - 58 - above,
and upst r &am a®¢ceFiiagr &@nither paespptrt iBHentdon, by the SERGEES N the

enbodi ment of Figs. 14 to 20. .
hé%ing +t+he movable member described above,; the liquid

can be ejected at higher ejection force or ejection
efficiency than the conventional liquid ejecting head.
When the same liquid is used for the bubble generation

10 liquid and the ejection liquid in each of the
embodiments described above, it is possible that the
liquid is not deteriorated, and that deposition on the

- heat generating element due to heating can be reduced.

Therefore, a reversible state-change'is accomplished by

15 repeating evaporation and condensation. So, various
liquids are usable, if the liquid is the one not
deteriorating the liquid flow path, movable member or
separation wall or the like.

Among such liguids, an ink having the ingredient

20 as used in conventional bubble jet device, can be used
as a recording liquid.

When the two4flow-path structure of the present
invention is used, different liquids can be used for
the ejection and bubble generation liquids. It is

25 possible to eject a liquid which is difficult to eject,
by using bubbles of the bubble generation liquid. 1In

this manner, when different ejection liquid and bubble



In the conventional head wherein the flow path where the bubble

generation occurs and the flow path 5 fromwhich the liquid is
ejected, are the sane, and a - threat _portion is provided to prevent
t he rel ease of the pressure generated by the heat generating el enent
toward the liquid chanber, the cross-sectional area of t he throat
portion should not be too small in 10 consi deration of the sufficient
refilling of the | i quid. However, in this enbodi nent,
most of the |iqgetteration lighedepeet ededantberhublale geanapatidn omt he
first liquid flow path, and the bubble generation liquid in the 15
second |iquid flldguddt hakdngnghehsbhavatrdgeneibed eroperties|igmifed s not
much consuned, so that the filling amount of the bubbl e generation
liquid to the baepd more partgendpalyenthegesdmalieseingdsfs |"!et%?é16€f'or e,
t he cl earance at the throat portion 19 can he nmade ver

n 20
smal |, for exangit®angd,sRaProRangdyeiEPPFEPRNPLo REMEXANE n'REPRQQ%ﬂrn o)
that the rel ease of the pressure produced in _th . econd liquid flow
path can be furPﬁQPt§&ﬁpr&?i@&nﬁndxygene' T%t?%f%?ﬁwd%ﬁﬂékﬁﬁr%ﬂe it on the

T "SI Hetnmorgesndnbe;” S1EKATRS SRebEpiTc b By NpmErt o0 Torce
g;fiﬁgegggoﬁgdl%&E%%%%Vg%&%&%ﬁgxggégem&@ﬂy?eacetate,qgfﬁ&ﬁ”éégﬁﬁke;rhe shape

acetone, methyl ethyl ketone, water, and a mixture
thereof.

10 As for the ejection liquid, various liquids are
usable without paying attention to the degree of bubble
generation property or thermal property. The liquids
which have not been conventionally usable, because of
poor bubble generation property and/or easiness of

15 property change due to heat, are usable.

However, it is desired that the ejection liquid by

itself or by reaction with the bubble generation
liquid, does not impede the ejection, the bubble
generation or the operation\of the movable member or

20 the like.

As for the recording ejection liquid, a highly

viscous ink or the like is usable. As for another
ejection liquid, phamaceuticals and perfume or the like
having a nature easily deteriorated by heat is usable.

25 The ink of the following ingredient was used as

the recording liquid usable for both the ejection

liguid and the bubble generation liquid, and the



- 59 - 16 is not limted to the one descri bed above, but may

be any if the pressure produced by the bubble generation is
effectively transnmitted to the novable_. 74 - nenber side. 5 As
shown in Fig. 21C, the sides of the novable menber 31 cover
respective parts of the walls constituting the second liquid flow
path so that the falling of the novable nenber 31 into the second
liquid flow path is prevented. By doing so, the 10
above- described separatihgnopeiraeeont hesetectiah dutgui $ince theand the
bubbl e generation liquid is further enhanced. Furthernore, the
rel ease of the beljelctibhr eagk dlietbéi ink is ingreadsd,sddsr 6856&d so t hat
ej ection pressure and ejection efficiency are further increased.
Moreover, 15  adomrabyvefdsber Lbeuidfdreplets tifk impmaviedag 3Pfom t he
upstream side by the pressure upon _coll apse of the buhbl e can be
further enhancedtherefore, highgyrfgsirableiades y¥§kg FeFPTERE -bubbl e
gener at ed in the bubbl e %enera%ion region of the second liquid 20
flow path 45wt hDife 1dKs¥LgCOFENY B8F £nEPFovabl e menber
(C. I. hood black 2) dye 3 wt¥
diethylene glycol 10 wt%
Thiodiglycol _ 5 wt%
Ethanol 3 wtd
10 Water 77 wt%

Recording operations were also carried out using
the following combination of the liquids for the bubble
generation liquid and the ejection liquid. As a
result, the liquid having a viscosity of ten-odd cps,

15 which was unable to be ejected heretofore, was properly
ejected, and even a 150-cps liquid was properly ejected
to provide a high-quality image.

Bubble generation liquid 1

Ethanol 40 wt¥

20 Water 60 wt%

Bubble generation liquid 2

Water 100 wt%

Bubble generation liquid 3

Isopropyl alcohol 10 wt%

25 Water 90 wt%

Ejection liquid 1

(pigment ink approx. 15 cps)



6 to the first liquid flow path 14 side, extends into the first

liquid flow path 14 side. By selecting t he hei ght of the second fl ow
path to permt such extension he bubbl e, the ejection force is
further inproved 25 as conpared mnt% the case w thout such extension of
t he bubbl e. To extend the bubble into the first liquid fl ow
path 14, the height of the second liquid flow path
- 60 - 16 is preferably | ower than the height of the nmaxi num
bubbl e, and preferably sevgrsdn rddkmto 30 [err]m for exanpte. In
this enbodi nent, the height is 15 pm <Movabl e Menber and Partition
vall> 5 Figs. 22Aitene?2C 180 i@) hevidexaaprgiaté ehnbyl
novabl e menber 31, wherein reference nuneral 35 designates a slit
formed in the partition wdpolymat t(fexidation 40, mvezbfjecmplecudaprovi de
t he novabl e nenber 31. In Fig. 22A, the novabl e nenber has a
rectangul ar shape, 10 weight BAIQ). 22B, it is narrower in the ¥ ¥ um
side to facilitate the operation of the novable nenber, gg?
Fig. 22C, 5t has a w der NepegthanQlaning enhance the S dl? I"(’%%/ of
t he novabl e menber. The shape nar r oned
Glycerin 69 wt%
Thiodiglycol - 5 wt%
Ethanol 3 wt¥
Water : 16.75 wt%
10 Ejection liquid 2 (55 cps)
Polyethylene glycol 200 100 wtd

Ejection liquid 3 (150 cps)
Polyethylene glycol 600 100 wt¥%
In the case of the liquid which has not been
15 easily ejected, the ejection rate is low, and
therefore, the ejection direction varies with the
result of poor dot landing accuracy on the recording
paper. Additionally, an ejection amount varies due to
the ejection instability, thus disabling recording of a
20 high-quality image. However, according to the
embodiments, the use of the bubble generation liquid
permits sufficient and stabilized generation of the
bubble. Thus, the improvement in the landing accuracy
of the liquid droplet and the stability of the ink
25 ejection amount can be accomplished, thus improving the
recording image quality remarkably. According to the

present invention, good gradation recording can be



and arcuated at the fulcrumside is desirable as shown 15 in Fig. 22A

since both of operational facilitation and durability are satisfied.
However, the configuration of thg,novable nenber is not linmted to
t he one descri bed above, but it may have any shape if it does

not enter the second liquid flow path side, and 20 oper at i onal
facilitation with high durability is achi eved. In the

f oregoi ng enbodi nents, the plate or film novabl e nmenber 31 and the

separation wal ladhiwmdiGeddt Sin use ofmheblapoverbescrabednleqgaiani ckel
havi ng a thickness of 25 5 pm but is not limted to this exanple, but
It may be whizgly id diffiaailantio senventtiphapéyt egectaigai nst t he

bubbl e generation liquid and the ejection liquid, and

- 61 - <Liduid & jscsianciHead Cagtadgdigeto pernit the operation of

t he novabl e nmenber, and if the required fine slit can be forned.
Pref er abl e exanpl es Aofdeseriptiian alidlf e made For amdpigbié ededbionncl ude

hi ghly durable nmaterials such as a nmetal such as silver, nickel
gold, irom tithgddfartridge having a liquid ejecting head according

to an embodiment of the present invention.

Fig. 27 is a schematic exploded perspective view
of a liquid ejection head cartridge including the
above-described liquid ejecting head, and the liguid

10 ejection head cartridge comprises generally a liquid
ejecting head portion 200 and a liquid container 80.

The liquid ejecting head portion 200 comprises an
element substrate 1, a separation wall 30, a grooved
member 50, a counter spring 70, a liquid supply member

15 90, and a supporting member 70. The element substrate
1l is provided with a plurality of heat generating
resistors for supplying heat to the bubble generation
ligquid, as described hereinbefore. A bubble generation
liguid path is formed between the element substrate 1

20 and the separation wall 30 having the movable wall. By
joining the separation wall 30 and the grooved top
plate 50, an ejection flow path (not shown) for fluid
communication with the ejection liquid is formed.

The counter spring 70 functions to urge the

25 grooved member 50 to the element substrate 1, and is
effective to properly integrate the element substrate

1, separation wall 30, the grooved member 70, and a



al um num platinum tantalum stainless steel, or phosphor bronze, an
alloy thereof, a resin materi al having a nitrile group such as
acrylonitrile, 10 but adi ene, or styrﬁze, a resin material having an

am de group such as polyanide, a fésin material having a

car boxyl group such as polycarbonate, a resin materi al havi ng an

al dehyde group such as polyacetal, a resin mat eri al having a sul fone
group such as polysul fone, a 15 resin material such as a liquid crystal

polynmer, and a gyupportfRgPR&mSe: NAY aplicrnd MBI iRlseidedng a hi gh

resi stance to ink, such as a nmetal such as gold, tungsten, tantalum
ni ckel, stainl egersifggftedt titanium an alloy thereof, a materi al
coated with such 20 a nmetal, a resin material having an am de group
such as pol yamhdesuppoesing memrer| 7t funug: ismsa lude lsypgpogtotrpe

such as pol yacetal, a resin material having a ketone group such as
pol yet her et herekement, substsate nhter ithe like, and/ithg swpPerddngr oup such
as polyimde, aresin 25 mat eri al having a hydroxyl group such as
phenolic 5 megben, 76 hesi thereen | &l cirauity haanst Ml conoestedckoas

pol yet hyl ene, a resin material having an al kyl group ) .
- 62 - the element substrate 1 to supply the electric signal

thereto, and contact pads 72 for electric signal
transfer to the device side when the cartridge is
mounted on the apparatus. .

10 The liquid container 90 contains the ejection
liquid such as an ink to be supplied to the liquid
ejecting head and the bubble generation liquid for
bubble generation, separately. A positioning portion
94 for mounting a connecting member for connecting the

15 liquid ejecting head with the liquid container and a
fixing shaft 95 for fixing the connection portion are
disposed outside the liquid container 90. The ejection
liquid is supplied to the ejection liquid supply path
81 of a liquid supply member 80 through a supply path

20 81 of the connecting member from the ejection liquid
supply path 92 of the liquid container, and is supplied
to a first common liquid chamber through the ejection
liguid supply paths 83 and 21 of the members via the
circuit board 71. The bubble generation liquid is

25 similarly supplied to the bubble generation liquid
supply path 82 of the liquid supply member 80 through

the supply path of the connecting member from the



such as pol ypropylene, a resin material having an epoxy group such
as epoxy resin, a resin material having an am no group such as
mel am ne resin, a resin nateri al - 7Baving a nethyl ol group such as
xylene resin, a 5 conmpound thereof, a ceramic material such as silicon
di oxi de, and a conpound t hereof. Preferabl e exanpl es of the
partition or division wall include resin materials having a high
heat and sol vent resistance and hi gh nolding properties, and 10
nmore particul ar syppdgepatbngBneérthg piawid ccontdiner, and p@ evipplldeduch as
pol yet hyl ene, pol ypropyl ene, pol yam de, pol yethyl ene terephthal ate,
nel ami ne resin, to the SQﬁQh@IléQFb@lﬂha%®%Ryth QF Ehﬂ)ﬂﬂh?%ﬁ ene,

pol yur et hane, polyether et her ketone, et her ne,

pol yaryl at e, pog?Pﬁi‘-’ééloﬁoF-§'§HF’rioﬁ\éPP]aYIP% e 84 and Q@rﬁ‘% S SIBAREFS( LCP)
a conpound thereof § T g as silicon dioxide, silicon
nitride, nickel Vigolthe gifu? 97Ffel- steel, an alloy thereof, a conpound

her eof d g at ed_yi .
oo s of 1o Ta BB BLAPA o 40 M Bl Rl s
material used a%ﬂesﬁﬁBﬁ;LE Qgh%? tion 1T.c[1|¥i<‘?“£¥?d Hhdle vﬁﬁéﬂo‘ﬂ tqu&fcf ength as

the wall and per abi as the no

general ly, abou%rg'élk@EEhﬁktgl&Qlﬁgfr{ﬁé'fi&%%ﬂéfﬂﬂélsupplled.1n good
order. In the case that.the ejection liquid and the
bubble generation liquid are the same, the supply paths
10 for the bubble generation liquid and the ejection
liquid need not be separated.

After the liquid is used up, the liquid containers
may be supplied with the respective liquids. To
facilitate this supply, the liquid container is

15 desirably provided with a liquid injection port. The
ligquid ejecting head and liquid container may be
integral, or may Se separable.
<Liquid Ejecting Device>

Fig. 28 is a schematic illustration of a liquid

20 ejecting device used with the above-described liquid
ejecting head. In this embodiment, the ejection liquid
is an ink, and the apparatus is an ink ejection
recording apparatus. The liquid ejecting device
comprises a carriage HC to which the head cartridge

25 comprising a liquid container portion 90 and liquid
ejecting head portion 200 which are detachably

connectable with each other, is mountable. The



25 The width of the slit 35 for providing the novabl e menber

3l is 2 [err]min the enbodi nents. Wen the bubble generation liquid
and ejection liquid are different - 79 - - 63
- materials, and mxing of the liquids is to be avoi ded,

the gap is so determned as to forma neniscus between the |iquids,

t hus avoi di ng m xi ng therebetween. For exanpl e, when the bubbl e
generation liquid has a 5 viscosity of about 2 cps, and the ejection

liquid has a carriagedisiiy nsfcig@cgbd eodinnbhe, wadthiwisef dapeatiGnpmis
enough to avoid the liquid mxing, but 3 [err]mor less is

desirabl e. of the rggoxrgdigqlg majienigd dPfesush 3sver BECPRILBIUSRRERSs 10
the slit for providing a substantially sealed state in t he present

i nvention, a not®e the iMie Q9 Bt & FeCordgeg materigh frapgporting

<El ement Substrat e> A description will be made for the

structure of af"®&%- elenent substrate provided with a heat generating

Fgﬁ”?nt fog heaiiﬂg ﬁbé&ggnékiving signal igigﬁppg§éda@g %ﬁg fi&uid
gi tudi nal sectional ™ views
ejecting means on the carriage from a driving signal
supply means (not shown), the recording liquid is
ejected tco the recording material from the liquid
ejecting head in response to the signal.

10 The liquid ejecting apparatus of this embodiment
includes a motor 111 as a driving source for driving
the recording material transporting means and the
carriage, gears 112 and 113 for transmitting the power
from the driving source to the carriage, and a carriage

15 shaft 115. By the recording device and the liquid
ejecting method using this recording device, good
prints can be provided by ejecting the liquid to the
various recording materials.

Fig. 29 is a block diagram describing the general

20 operation of an ink ejection recording apparatus which
employs the liquid ejection method, and the liquid
ejectionlhead, in accordance with the present
invention.

The recording apparatus receives printing data in

25 the form of a control signal from a host computer 300.
The printing data is temporarily stored in an input

interface 301 of the printing apparatus, and at the



of aliquid ejecting head according to the present I nvention, in
which Fig. 23A shows a head with a 20 protection |layer (to be described
| ater), and Fig. 23B shows a headgvt hout a protection |ayer.

Figs. 23A and 23B show the | ongitudinal section of t he enbodi nent
shown in Figs. 8A and 8B and the Ilike, and only one of a plurality
of heat generating elenents 25 Is illustrated on the |ongitudinal
section. On the elenment substrate 1, a grooved nenber 50 is
mount ed, the nendsme Sfintegyiiny ceomrdted duitd plromepaahie data to be

- 64 - 16, separation walls 30, first liquid flow paths 14,

and grooves for igmstteditiong tGRY 83025t whilghi d1eposerves aspatpeans for

The el ement substrate 1 has a patterned wirin 5 el ectrode (0.2 to 0.1
pm thick) of al supRANINY tthddad@riving Ségaag-pail‘berﬁ% 3Pecprpeesses

resi stance | ayer 105 (0.01 to 0.2 pmthick) of hafniﬁg%boride

(HiBlerr]), tantEliAintenerioned da@?aﬂ??“?&ﬁ@aFBnFaFuﬁ?ﬁu. tTa§or the
11 m B IS, iR TR SR 955 BB 8 EhhCRLen 10
the use of peripheral units such as RAMs 304 or the
. like, following control programs stored in a ROM. 303.
Further, in order to record the image data onto an
appropriate spot on a recording sheet, the CPU 302
10 generates driving data for driving a driving motor
which moves the recording sheet and the recording head
in synchronism with the image data. The image data and
the motor driving data are transmitted to a head 200
and a driving motor 306 through a head driver 307 and a
15 motor driver 305, respectively, which are controlled
with the proper timings for forming an image. Note
that a signal representing a specific combination with
which a plurality of heat generating elements are used
is also supplied from the CPU 302 to the head 200
20 through the head driver 307 in order to achieve
gradation recording.
As for a recording medium, to which a liquid such
as an ink is applied, and which is usable with a
recording apparatus such as the one described above,
25 the following can be listed; various sheets of paper;
OHP sheets; a plastic material used for forming compact

disks, ornamental plates, or the like; fabric; a



and heat accunul ation, which in turn is on the
silicon or-the like. A voltage is
105 t hrough the two

substrate 107 of
ge applied to the resistance | ayer
Wi ring el ect8lodes 104 to flow a current through

t he

the 15 resi stance layer to effect heat generation. Between

wiring electrodes, a protection |layer of silicon oxi de, silicon
nitride or the like of 0.1 to 2.0 pm thick is provided on the

resi stance |ayer, and in addition, an anti-cavitation |ayer of
tantal um or thenetZllic nakerizll such0ag PAMPLANPhPEKFOPBEF or AetteHa®®eon to
pr ot ect the resistance layer 105 fromvarious |iquids such as

an ink. materige SHALAF €04 Bi8Roc PLdabdIfentF aPeBYDHBR T fie

bubbl e generation and collapse is so stron hat the, .25 durability of
ey, mpterial’ ek Bk, SPT1dcPertor 4

the oxide fil mi@RHIREs 3 &

Ther ef or e,

such as tantal

The protFﬁ%ion 'a€f¥ef”§$é“%:ﬂgﬁﬁgiild%B%ﬁdgﬁgsBBnge whichhfagogbi nation of

l'i quid,

10

15

20

25

a

ne

r 3t ed.
t al i gl . . . - .
Lﬁ"rﬁ("‘i%ﬁ fg 3’55(5'1?0&)5 mateTindi. . GeFaPigmaterial, 3‘;%? ?és

e

uid ?IOM/ﬁat str

three-dimensional structure.

The aforementioned recording apparatus includes a
printing apparatus for various sheets of paper or OHP
sheet, a recording apparatus for a plastic material
such as plastic material usea for forming a compact
disk or the like, a recording apparatus for a metallic
plate or the like, a recording apparatus for a leather
material, a recording apparatus for a lumber material,
a recording apparatus for a ceramic material, a
recording apparatus for a three-dimensional recording
medium such as sponge, a textile printing apparatus for
recording images on fabric, and the like.

As for the liquid to be used with these liquid
ejection apparatuses, any liquid is usable as long as
it is compatible with the employed recording medium,
and the recording conditions.
<Recording System>

Next, an exemplary ink jef recording system will
be described, which records images on a recording
medium, using, as the recording head, the liquid

ejection head in accordance with the present invention.



5 and resistance material. . One of such exanples is shown in Fig.

23B. The material of the resistance |ayer not requiring the
protection |ayer, includes, for examl go - i ridiumtantal umal um num
alloy or the like. Thus, the structure of the heat generating
element in the 10 f oregoi ng enbodi ments may i nclude only the resistance
| ayer (heat generation portion) or may include a protection |ayer
for protecting the resistance | ayer. In the enbodi nent, the

heat generating el enapf, 3@s is a schemheat penspatiive patdw onf haviimk t he
resistance layer 15 which generates heat in response to the electric
signal . The el ejentrdcdrdding isyistten empihy$ngatbei aforementignedsuffice if a
bubbl e enough to eject the ejection liquid is created in the bubble
generation |iquiiduikbrejection deadpPBl theaneardgpeerat tRnthRrBFFPHay be
in the form 20 of a photothermal transducer_which generates heat upon
recei vi ng | i ghtinvestion,a angs depdesm 165 greesad Shregture. ThRnerates
heat upon receiving high-frequency wave, . , On_the nt
substrate 8, fdi@uichfieatdntead in th%ﬁcﬁmggdém??ﬁn%?s?o’f‘?b:yg’r‘b%e; a
| atch, and a shift 25 register fqQr selectiyely driving.the | ement may
al so be F¥R%dieady Whdiahy qow,pr?»ﬁeﬁdaﬁyrs ?ie?ﬁéo?e‘gfﬁ %?1%%
layer 105 constifuting 108, Ne¥er259¢" 8% B90°hBI05 80%o cover the -
entire recordable range of the recording medium 150.
It comprises four heads, which are correspondent to
10 four colors; yellow (Y), magenta (M), cyan (C) and
black (Bk). These four heads are fixedly supported by
a holder 202, in parallel to each other and with
predetermined intervals.
These heads are driven in response to the signals
15 supplied from the head driver 307, which constitutes a
means for supplying a driving signal to each head.
Each of the four color inks (Y, M, C and Bk) is
supplied to a correspondent head from an ink container
204a, 204b, 205c or 204d. A reference numeral 204e
20 designates a bubble generation liquid container from
which the bubble generation liquid is delivered to each
head.
Below each head, a head cap 203a, 203b, 203c or
2034 is disposed, which contains an ink absorbing

25 member composed of sponge or the like. The caps cover

the ejection orifices of the corresponding heads,



- 66 - the constituted by the wiring el ectrode 104 for

supplying the electric signal to the resistance |ayer. I n order
to eject the liquid by driving the heatg3 - generation portion of the on
t he above-descri bed 5 el enent substrate 1, the resistance |ayer 105 is
supplied through the wiring electrode 104 with rectangul ar pul ses as
shown in Fig. 24 froma drive sel ecti on neans 150 to cause

I nst ant aneous heat generation in the resistance | ayer 105 between
the 10 wiri greteactimgeshe Haadshe andadd sof alhewf npdgbengnce of the
enbodi nents, the applied energy has a voltage of 24V, a pulse width
of 7 psec, a cureais dirirgD ankaprdegording pprdégdency of 6 kHz to drive the
heat generating el ement, by which the liquid ink is eLected t hr ough
the 15 ej ect i on dEeFATANGH RIPeMRd $08c desigpatpFpRyconveyor

her ei nbef ore. ., . Referring to Figs. 23A and 23B, "31a" and "31b"
i ndi cate hom/trR?*ﬁhﬁﬂﬂ%?qnﬁﬂﬂﬁtﬁqgiﬁ%ﬂa E@?&su%8ﬁ conveyiﬁ%néﬁ%tion of a

bunble by 11 SHRYEMILC SR A, b o tihes,pessribet AT RS
driving the heegreceding embodiments. The conveyor belt 206 is routed
through a predetermined path by various rollers, and is
driven by a driver roller connected to the motor driver
305.

10 The ink jet recording system in this embodiment
comprises a pre-printing processing apparatus 251 and a
postprinting processing apparatus 252, which are
disposed on the upstream and downstream sides,
respectively, of thé ink jet recording apparatus, along

15 the recording medium conveyance path. These processing
apparatuses 251 and 252 process the recording medium in
variocous manners before and after recording,
respectively.

The pre-printing process and the post-printing

20 process vary depending on the type of recording medium,
or the type of ink. For example, when recording medium
composed of a metallic material, plastic material,
ceramic material or the like is employed, the recording
medium is exposed to ultraviolet rays and ozone before

25 printing to activate its surface, thereby improving the
ink adhesion properties. When a recording medium made

of a plastic material or the like which tends to cause



generating elenents 2-1 and 2-2, as indicated by "3la" and "31b".
Wth this operation, the ejection state 25 such as the ejection anpunt
can be changed. In addi tion, t.hggejection state can be changed to a
- 67 - certain degree by changing the above drive conditions,

i.e., the voltage and the pul se w dth. <Head Structure of Two Fl ow
Pat hs> A description will be nmade for a structure of the 5
liquid ejecting head with which different |iquids are separately
acconmodat ed i nskatit ehdcsetohtly chbsmused, dust |[fepdsd trhadbers tand tshe
nunber of parts can be reduced so that the manufacturing cost can be
reduced. surfacgj jecagsesofl theectatic vleewficitoh ad iDFPPer 10
ejecting head. The sanme reference nunerals as in the previ ous
enbodi ment are ASSPYALHIt BPERATEPRNBRY SNPaRePerformed hecapsee Sfondi ng
functions, and %hdetailed description thereof is omtted for,

sinplicity. is dusty, FRFStREBELHEOR, 3P GFYVASF Mhhée sFehd™an 15

orifice plate 51 having an eiection outlet 18 a l,urality of
gr ooves fos con%PﬁtBf?nﬁréng#ﬁga?Y?ﬁe%ﬁ £0 retove the static

electricity from the recording medium, thereby removing
the dust from the medium. In addition, when a textile
medium is used as a recording medium, it suffices to
perform a pre-printing process of applying a material

10 selected from the group consisting of an alkaline
material, a water-soluble material, a synthetic
polymer, a water-soluble metal salt, urea, and thiourea
to the textile medium so as to prevent blurring and
improve the adhesion properties. The pre-printing

15 process is not limited to this. For example, a process
of setting the temperature of a recording medium to a
temperature suitable for a recording operation may be
performed.

The post-printing process includes a heat

20 treatment for a recording medium to which an ink is
applied, a fixing process of fixing the ink by
ultraviolet irradiation or the like, a process of
cleaning an unreacted agent left after the pre-printing
preocess, and the like.

25 In this embodiment, a full-line head is used.
However, the present invention is not limited to this,

and may be applied to a recording form in which a small



first liquid flow paths 14 and a recess for constituting the first
common |iquid chanber 15 for supplying the liquid (ejection |iquid)
to the plurality 20 of liquid flow gaths 14. A separation
wall ‘30 is nmounted to the bottom of t he grooved nenber 50 by which
plurality of first liquid fl ow paths 14 are forned. Such a grooved
menber 50 has a first liquid supply path 20 extending froman 25
upper position to the first comon |iquid chanber 15. The grooved
menber 50 al so haadalsks otk | bitisli desemiBed above igaidonkyedt aidnggtheom au
upper position to the second - 68 -
common |iquid cambetidd éohrwidth tde & epyaxtdiovy weldium. 30.

As indicated by an arrow Cin Fig. 25, the first liquid (ejection
liquid) is suppkHeddt®ibugh the first 5 liquid supply path 20 and first
common |iquid chanber 15 to the first liquid flow path 14, and the
second | i qui dHepebmREtefenct heath Hitgwidl be dessrivgdy owbheh

second liquid flow path 16 through the second |igquid supa&¥hpath 21

and the sefond EOWRBHSES qthe Higwdfielection head in accordance

the present invention. Fig. 31 is a schematic view of
such a head kit. This head kit is in the form of a
head kit package 501 which contains: a head 510 of the
preéent invention, which comprises an ink ejection

10 section 511 for ejecting ink; an ink container 520,
that is, a liquid container which is separable, or
nonseparable, from the head; and an ink filling means
530, which holds the ink to be filled into the ink
container 520.

15 After the ink in the ink container 520 is used up,
the tip 530 (in the form of a hypodermic needle or the
iike) of the ink filling means is inserted into an air
vent 521 of the ink container, the junction between the
ink container and the head, or a hole formed through

20 the ink container wall, and the ink within the ink
filling means is filled into the ink container through
this tip 531.

When the liquid ejection head, the ink container,
the ink filling means, and the like are available in

25 the form of a kit contained in the kit package, the ink

can be easily filled into the empty ink container as



10 as indicated by arrow D in Fig. 25. In this exanple, the
second |iquid supply path 21 Is extended in parallel with the first
l'iquid supply path 20, but is nogglimted to this, but it may be any
if the liquid is supplied to the second common liquid 15 chanber 17

t hrough the separation wall 30 outside the first common liquid
chanber 15. The (dianeter) of the second liquid supply path 21
is determ ned in consideration of the supply anmount of t he second

liquid. The shaprfribed a8698¢ khédedord) recsoipiphy qut fo@lguiskigt linted
to be circular or round but may be rectangular or the |iKke.

The second commaaduaditiedi.chanber 17 may be forned by dividing the
grooved by a separation wall 30. As for the nethod of formng this,
as shown in Fig. 26 I25thiswembhdizeah, ekbeobead ekt RAATHNT iR Htommon
l'iquid chanmber frame and a second |iquid path wall may. be

formed of a dry FillingameansconHPHaVEEn ot &SgRebvagpdatory for the

- 69 - menber 50 having the separation wall fixed thereto and
the el enentd subdeast &it M"@é‘tﬁgﬁd§8? LRBsTE LRGeS’ T & e €' fuf

contain an exchangeable type ink container filled with
the ink, and a head.

Even though Fig. 31 illustrates only the ink
filling means for f£filling the printing ink into the ink

10 container, the head kit may contain a means for £illing
the bubble generation liquid into the bubble generation
liquid container, in addition to the printing ;nk
refilling means.

According to the above liquid ejecting method,

15 head, and the like of the present invention based on
the novel ejection principle using movable members, the
synergistic effect of a generated bubble and a movable
member displaced thereby can be obtained, and the
liquid near the ejection outlet can be efficiently

20 ejected. For this reason, the ejection force and the
ejection efficiency can be improved as compared with
those in the conventional bubble jet ejecting method,
head, and the like. Therefore, even droplets in small
ejection amounts can be stably ejected.

25 According to the present invention, in particular,
a plurality of heat generating elements which can be

driven independently are arranged for one movable



second comon |iquid chanmber 17 and the second |iquid flow path 16.
5 o In this exanple, the elenent substrate 1 is constituted by
provi ding the supporting nmenber 70 of _agy _ metal such as alum numwi th
a plurality of elenments as heat generating el ements for generating
heat for bubble generation fromthe bubble generation |liquid through
10 filmboiling. Above the el enent substrate 1, there are

di sposed - the plurality of grooves constituting the liquid flow

path 16 formed RunbBe, See08dplhsal dtpash m@ldisle tfembers arer acesngedr
constituting the second common liquid 15 chanber (common bubbl e
generation |iquiid shanbeghid7flow patiwh{firsts ligdidiifdoceompabhi)cat WaFhwi t h
the plurality of bubbl e generation liquid flow paths for supplying
t he bubbltRigeserattone| i toe dejectien Ampint ghdrianiighcan be || quid
pat hs, and the separation or dividing walls 30 20 havi ng t he novabl e
wal |'s 31. controlDedi ganded biquid cdeerkeh hawidg 5o GaS1res ooved
menber. The grooved nenber is provided with_grooves onsti.tuting

the ejecti8n |iyatume| ganphensiestedt In addiiipny fefjcﬁﬁt&é{"gé s
Che i1t commbAropiets B qamattnadBarLeR TN &S e Ctia (1010 ARMor) 15
for supplyi 0g E0eCL 8CLh8Npki GHT -4 0 &L% Sl SHdY ddibdtmed at
a high frequency. Therefore, a high-gradation
recording operation can be performed at a high speed.
10 In addition, according to a characteristic feature
of the present invention, even if a liquid ejecting
head is left unused for a long period of time at a low
temperature and a low humidity, a liquid ejection
failure can be prevented. Even if an ejection failure
15 occurs, the head can be quickly restored to the normal
state with only a small number of times of a recovery
process such as pre-ejection or suction recovery
process. Therefore, the recovery time can be
shortened, and the loss of a liquid can be reduced by a
20 recovery process, thus greatly reducing the running
cost.

According to the structure of the present
invention which is designed to improve the refilling
characteristics, in particular, good response

25 characteristics in a continuous ejection process,
stable growth of bubbles, and stabilization of droplets

can be attained, thereby realizing a high-speed



- 70 - flow paths, the first supply path (ejection liquid

supply path) 20 for supplying the ejection liquid to the first
comon |iquid chanber, and the second-sggply pat h (bubbl e generation
l'iquid supply path) 21 for 5 suppl yi ng the bubble generation liquid to
t he second supply path (bubble generation liquid supply path) 21.
The second supply path 21 is connected with a fluid conmuni cati on
path in fluid conmunication with the second connon | i qui d chanber

17, penetratingresosddng eperatine Bepadaen onigdsred dilkpbised outside the
first comon |iquid chanber 15. t he provision of the fluid
communi cati on p&iectire., bBEbPehgéhegﬁﬁib%YlF%ﬁﬁ?ﬁlng operafiiadhe supplied to

t he second common |iquid chanber hout n1X|ng Wi t he eJectlon
liquid. 15 H@npSSFPQHﬁQIw?%?%t?%ﬁé%l Qg%ﬁﬁ
substrate 1, separati

t he movabl e nenbéfs gl wi gP?SRggd gpggléolgn 42%%6&3‘}%1:931}1&1% g‘%?c that
generatinggel e”%%%iw?zng%ggrat éelq@g\r: éﬁ)&g%r&)]elﬂéq\é ha

ej ection I|qU| are a range rresponding to th

rmovabl e TEMehindie an&PéélsﬂbﬂﬁdﬁP&“m% RGN hRHRRY KAt N

two-flow-path structure, the degree of freedom in
selecting an ejection liquid increases. The head of
the present invention can therefore eject even a liquid

10 which is difficult to eject by using the conventional
bubble jet ejecting method, e.é., a high-viscosity
liquid which dces not easily generate bubbles or a
liquid with which a deposition is easily generated on a
heat generating element by using a liquid which easily

15 generates a bubble, or a liquid which tends not to
generate a deposition (e.g., scorching) on a heat
generating element.

Furthermore, a liquid susceptible to heat can be
ejected without any adverse effect of heat on the

20 liquid.

By using the liquid ejecting head of the present
invention as a liquid ejection recording head, an image
with higher quality can be recorded.

In addition, with the liquid ejecting head of the

25 present invention, a liquid ejecting device or
recording system whose liquid ejection efficiency is

further improved can be provided.



is provided for the grooved nenber, but it may be plural in

accordance with the supply anount. The cross-sectional area of the
flow path of the ejection 25 i qu+ dBsupply path 20 and the bubbl e
generation liquid supply path 21 may be determined in proportion to
t he supply anount. - 71 -

By the optim zation of the cross-sectional area of the fl ow path,
the parts constituting the grooved menber 50 or the |like can be
downsi zed. Morguveles ofd thechen haed cordgdiag, andcbh8i Rgadokthis 5
embodi ment, the second supply path for suppl%epgrthe zecond l'iquid
to the second |futhe PRRFESRE HNHRNEIAD, SEnshgpeesSHLY nuFse
supplying the first liquid to the first liquid flow path, can be

provi ded by a s#h@leeused. grooved top plate, so that the nunber of parts
can be 10 reduced, and therefore, the reduction of the

manuf acturing steps and therefore the reduction of the manuf act uri ng
cost, are acconplished. Furthernore, the supply of the second
liquid to t he second common |iquid chanber in fluid comunication



15 with the second liquid flow path, is effected through t he

second liquid flow path which penetrates the separation wall for
separating the first liquid and the - gg -second liquid,

one bonding step is enough for the bonding of themﬂmnm‘mﬂ%ﬂm
the 20 grooved nenber and the heat generating el ement  J#&¢ WAL e,
so that the manufacturing is facilitated, and the accuracy of the
bondi ng is inproved. Since the second liquid is supplied to the
second | WEBAT dT$ (GEEMED (§8:d chanber, extending through the 25
separation wall, the sugfgéiof t he second Iggﬁid to_the _ _second
liquid flow path is hss Lyl qdestdmgr deadhgapable of ejecting

Is sufficient, so that the stable ejection

-72- supply anmount )
is accorrplish_edl.l‘g)‘?l‘¥s I U LR e SBuBMBTEERBPAL i on Li qui d>
po dosoriDed 1 LN 4rERROREIRIEYoc g BER aahe Lhe presen
OO el gkl S TR B MG R gheoR hauanegr el ection
said ejection outlet, said liquid flow path having
bubble generation heat means used to eject the liquid
and capable of selectively generating bubbles having
different sizes; and
10 a ﬁovable mechanism having at least one movable
member arranged to face a bubble generation region
forméd in said liquid flow path by said bubble
generation heat means, said movable member having a
free end on a downstream side with respect to a
15 direction of said ejection outlet, and a supporting
member on an upstream side, and being displaced in a
direction to separate from the bubble generation region

in accordance with a bubble generated by said bubble

generation heat means.

20
2. A head according to claim 1, wherein said
bubble generation heat means comprises a plurality of
heat generating elements at least one of which can be
driven independently.
25

3. A head according to claim 2, wherein said

plurality of heat generating elements are arranged from



Wien the same-ligquid is used for the bubble generation

on the

10 liquid and

the ejection|se@klifl _ f the enbodi ments descri bed above, it
i s possible 4 Mm' E!ﬂﬂﬁ@f l!ﬂl quid is_ngy deteriorated, and that deposition

el ement due to heating can be reduced.
Therefore, a reversible state change is acconplished by

15 repeating

evaporation and condensation. So, various | iquids are usable, if
the liquid is the one not deteriorating the liquid flow path,
novabl e menber an upstreamepidattorn vidwnorrddme diidee with respect taAnong
such liquids, an ink having the ingredient 20 as used in conventional

bubbl e jet devi the dineptionedf said ejectioreciridiaiy |iquid.

When the two-fl ow path structure of the present

invention i s used,

different |iquids can be used for the ejection and bubbl e generation

s difficult to

liquids. It i 25 bl e d h

e}gg;,s t ISby u3|ﬁgpggz%?%§ %FC? ’Hbﬁ%?égg%ﬂ%ﬁg;ﬁ@WHQHﬂuqﬁl dn

t hi , t | d d bbl

13 MRCE WSRuet ARy CRE) FHAF odiere g SiRnati e ararnpeg, sice

by side at a substantially equal distance from said

ejection outlet.

5. A head according to claim 2, wherein said

10 movable mechanism comprises a plurality of movable

members arranged side by side at a substantially equal

distance from said ejection outlet.

6. A head according to claim 4, further

15 comprising a partition wall arranged between said heat

generating elements arranged side by side to suppress

lateral escaping of a pressure.

7. A head according to claim 2, wherein said

20 plurality of heat generating elements have different

areas.

8. A head according to claim 2, wherein said

plurality of heat generating elements have

25 substantially the same area.



i quid having the above-described properties is used, and nore

particul arly, the exanples includes: nethanol, : et hanot™; - propanot,

i sopropanol, n-hexane, n-heptane, 5- gxmn--octane, toluene, lmuﬁmﬂ""mﬂlll Il l"l
met hyl ene di chl ori de, Trichl oroet hyl ene, FreonTF, Fr

et her, di oxane, cycl ohexane, methyl acetate, ethyl acetdte'

acetone, nethyl ethyl ketone, water, and a m xture thereof. 10

As for the ejection liquid, various liquids are usabl e wi t hout
payi ng attention to%-heAdbgade actolbdbbfjeto claimg2newheérain pthpeftge or
thermal property. The |iquids whi ch have not been conventionally

usabl e, becaus&nsf of said peyebpebBrebgeniésalpoated opera ydewngtreamsi ness
of 15 property change due to heat, are usable. However, it
i's desired thattidfe “dithc TeSReEtqiPd2bGenter of the| gerpraied duglh - wi t h
t he bubbl e generation | i qui d, does not inpede the ejection, the
bubbl e generation or the operation of the novable nenber or 20

the like. 10 o8 585l BRCLEGPRY' O SLEfh A7 whdHlLy Sofuon Y

viscous ink or the Ti'ke is usa or ano n |iquid,

hamaceuti cal s el t sily
8eter| orated bf{%é’? |f261?§§%%2 ESméH_‘Qes @ Sﬁéf%lnlggﬂ? é‘kﬁ{éﬁ&[rﬁ%w ng

i ngrtedl ent was aipRg 88id heat hBRerSEPRGI AfehdMti b USEP B, fale PRiduide
ej ection

onto said heat generating element from an upstream side

with respect to said heat generating element.

10
11. A head according to claim 10, wherein said
supply path is a suppiy path having a substantially
flat or smooth inner wall on an upstream side with
respect to said heat generating element to supply the
15 liquid onto said heat generating element along the

inner wall.

12. A head according to claim 2, further
comprising a liquid flow path extending along a surface
20 near said heat generating element of said movable
member to supply the liquid onto said heat generating

element from an upstream side.

13. A head according to claim 2, wherein said
25 liquid flow path comprises a first liquid flow path
communicating with said ejection outlet, and a second

liquid flow path in which a heat generating element for



|l iquid and the bubbl e generation |iquid, and-the

- 74 -

ej ection rate of '[ﬁgoirﬁLn?sOPﬁL?é;gng\ianéa;Ll)amml “I“ mu nluilln of the

liquid droplets is inproved, and
wer e recorded.
bl ack 2) dye

10 wt %
Et hanol
77 Wt %

the foll owi ng combiangedn arfd mhendiquised df povehdeblppber is arrgngedati on

5 Dye ink viscosity of 2 cps (C. I. hood
3 wt% di et hyl ene gl ycol
Thi odi gl ycol 5 wm %

heating the liguid to generate 3 bubbleotherein igater
Recordi ng operations were al so carried out using

liquid and the ejection liquid. As a result, the liquid having a

vi scosity of terPefgtpepssaid Firstygns ﬁﬁé’é’“@n&l&ﬂé‘lflof%“’e}’%@f‘%d her et of or e,
was properly ej ected, and even a 150-cps liquid was properly ejected

to provide a high-quality imge.

Et hanol

5

10

15

20

25

Bubbl e generation liquid 1
. 4% Wt%). . .
14. A head according to claim 1, wherein said

movable member is a plate-like member.

15. A head according to claim 13, wherein said
movable member is arranged as part of a partition wall
arranged between said first and second liquid flow

paths.

16. A head according to claim 15, wherein said
partition wall is made of a material selected from the
group consisting of metal, resin, and ceramic

materials.

17. A head according to claim 13, further
comprising a first common liquid chamber for supplying
a first liquid to said plurality of first liquid flow
paths, and a second common liquid chamber for supplying
a second liquid to said plurality of second liquid flow

paths.

18. A head according to claim 13, wherein the
ligquid supplied to said first liquid flow path is the

same as that supplied to said second liquid flow path.

t her ef or®e, chi ghly desi*rabl e i mages



20 Wat er 60 wt %
e generation |i

Bubbl ; Wt er
S e e

90 wt % Ej éction®| | qU| d1 (pignent ink approx.
15 cps) - 75 -
Car bon bl ack ' 5 wm% Styrene -

acrylic acid - acr]';ﬂ-até‘ fefgl according to claimclo| YhRFeEdXFRRALIi on 140,
average nol ec

1 W% lilquld SQQH{iﬁph§Hb§3ﬁ$ﬁgqut 91q&1d flow path ﬁ§25 Wt %

Gycerln . . 09 wt % . S
Thi odi gl ycol different from that supplleQStaﬁégld second liquid i&qménol

3 Wm% Wat er 16. 75 wt% 10
Ej ection Ilqu?E?(SS cps) Pol yet hyl ene gl ycol 200
100 Wt % ¢ Ejection liquid 3 (150 cps)

20. A head according to claim 2, wherein said heat
generating element comprises an having a heat
generating resistor for generating heat upon reception
of an electrical signal.

10

21. A head according to claim 20, wherein a wiring
pattern for transferring an electrical signal to said
electrothermal transducer, and a function element for
selectively supplying an electrical signal to said

15 electrothermal transducer are mounted on said element

substrate.

22. A head according to claim 13, wherein said
second liquid flow path has a chamber-like shape at a

20 portion where said heat generating element is arranged.

23. A head according to claim 13, wherein said
second liquid flow path has a shape with a throat
portion on an upstream side of said heat generating

25 element.



Pol yet hyl ene gl ycol 600 100 vt % tr—the case of

ow and . therefore. the o ectianogisect INIANBTITARe TS S

result of poor dot |anding accuracy on the recordifig - "™ s paper.

Additionally, an ejection anmount varies due to the ejection
instability, thus disabling recording of a 20 hi gh-qual ity image.
However, according to the enbodi ments, the use of the bubble
generation liquid 24. Apssadtacerding et cdiedmsildhi Whesgigener ati on of
the bubbl e. Thus, the inprovenent in the |anding acguracX of
the |iquid dropfitstamce t feomtasuyfiacefof iwaijd heats genegpEdngoflaRBlht can
be acconplished, thus_inproving the recording image quality

remar kabl y. Acchedsaid teoyafele membexn,ds it MArenthaR, g@oﬁﬁ"gr adati on
recordi ng can be - 76 -

achi eved even in use of the above-described liquid which is

difficult to conventionally eject. . <Li.qui d ,Ej ect i Qn Cartridge>
A descriptPon will %%jng%eﬁé?# %F??Qﬂﬁqge§9aﬁﬁ i Z’SW%EkggaHgggtridge
having a lIqUIdlf&&féléghé%gﬁif%éﬁ"égfglejection outlet is an ink.

26. A liquid ejecting method of ejecting a liquid
upon generation of a bubble, comprising the steps of:
10 using a liquid ejecting head including an ejection
outlet for ejecting a liquid, a liquid flow path having
a heat generating element for generating a bubble in
the liquid, and a movable member which is arranged to
face said heat generating element, can be displaced
15 between a first position and a second position farther
from said heat generating element than the first
position, and has a free end; and
displacing said movable member using a pressure
based on generation of the bubble to cause the bubble
20 to expand more greatly at a downstream side than at an
upstream side with respect to a direction of said
ejection outlet, and to change a displaced state of
said movable member, thereby changing an ejection
amount of the liquid.
25
27. A method according to claim 26, wherein the

displaced state of said movable member changes in



to an enbodi nent of the present invention. Fig. 27 is a
schemati c expl oded perspective view of a liquid e] eet+oen—head

e T a0 56" " o8 on head ar t T G tomart sos Generar 3 THRIILAEERAN N
ej ecting head portion 200 and a |iquid container 80. *  CThée IWqud*

ej ecting head portion 200 conprises an el enent substrate 1, a
separation wall 30, a grooved menber 50, a counter spring 70, a

liquid supply nBoBergardce wid) tifhiahoeHPRE hiad ?EHE%‘CZQQ eJ&geftgNENt

Substrate IS provided wth a plurality of heat generating

resistors for sypplamh N fieatedgeddiad ¢l mogepteahtaBer. liquid, as
descri bed herei nbefore. A bubble generation liquid path is forned

bet ween the el ement substrate 1 20 and the separation wall 30 having
the novable wall. By joining the separation wall 30 and the grooved
t op pl ate 5028 an #&jriguich djeavripat methoti siforefpctdngf auldquid
comuni cation with the ejection liquid is forned. The counter
spring 70 $unctbwrgeneratiyeg tshédukitie, apmeaviedngerber s§epsocfhe el enent
substrate 1, and is _ effective to properly intgg(ate t he el ement
substrate 1, wehrg a i byl ejaetinge hgagdodeglreiber arocigREian

outlet for ejecting a liquid, and a plurality of pairs

of heat generating elements for generating a bubble in

the liquid, and movable members arranged to face said

10 heat generating elements and having free ends each of

which can be displaced between a first position and a

second position farther from said heat generating

element than the first position, said pairs being

arranged for said ejection outlet; and

15 displacing said movable members using a pressure

based on generation of the bubble to cause the bubble

to expand more greatly on a downstream side than at an

upstream side with respect to a direction of said

ejection outlet, and changing an ejection amount of the

20 liquid by changing the number of movable members to be

operated.

29. A method according to any one of claims 26 and
28, wherein the bubble is generated by a film boiling
25 phenomenon caused in the liquid when heat generated by
said heat genérating element is conducted to the

liquid.



-77-

——supporting—renrber 70 which will be descri bed

herelnafter upportlng menber 70 functions to support t
el enent subst lm IIH)“(! and-t®é supporting 5 menber 70 has

thereon a circu

oar cennected to the el enent substrate 1t

supply the electric signal thereto, and contact pads 72 for el ect
si gnal transfer to the devi ce side when the cartridge S _
nount ed on the apparatus The |iquid cont r .90 %ontains t

ej ection
ej ecting head gd
generation, g
connecting nenber

| i g8 d %L@@ﬁ%@ﬁéﬁPqQﬁ@%qgtﬁ9 pPP@d ﬁémﬁi gi gnd

t he bubbl e | i bbl
r a‘t'}é?eﬁe%‘)\ e ﬁ]cg‘frf? ;;"O%cﬁ‘tq%gﬁedf onto 5&‘190?'“ u(rattl ng a

f h h th
liquid contai n%?n%ﬁg{:hggne g’lgel? X1 n'agngshaf%laQés q\ol%’ﬁﬁéhp%e g%gln\émct i Of’l

portion are %le% %asgﬁsgg_é?% téEHé'éE“é%%?Pg%%ﬁn%%n%Qatggﬁ ej ection

liquid is supp

supply megber §Qeﬁgﬁ9ugh a supply path 20

fromthe ejection |
I's supplied

e ej I qul d supp of aliq
I qui d supply path 92 of the liquid container,

to a first common |iquid chanber through the EJECtIOH

|l iquid supply paths 83 and 21 of the nenbers via the

31. A pre-ejecting method for a liquid ejecting

head, comprising the steps of:

using a liquid ejecting head including an ejection

10 outlet for ejecting a liquid, a liquid flow path for

supplying the liguid to said ejection outlet, said

liquid flow path having bubble generation heat means

used to eject the liquid and capable of selectively

generating bubbles having different sizes, and a

15 movable mechanism having at least one movable member

arranged to face a bubble generation region formed in

said liquid flow path by said bubble generation heat

means, said movable member having a free end on a

downstream side with respect to a direction of said

20 ejection outlet, and a supporting member on an upstream

side; and

displacing said movable member in a direction to

separate from the bubble generation region, forming a

largest bubble of the bubbles which can be formed by

25 said bubble generation heat means, and causing said

movable member to guide the largest bubble to said

he

0
ric

he

e

uid

81 of the connecting nenber

and



circuit board 71. The bubble generation liquid is 25 simlarly supplied
to the bubble generation Iiquid supply path 82 of the Iiquid supply

menber 80 through the supply patdgof the H : ﬂl"l" “merﬁL fromthe
- 78 - supply path 93 of the lTiquid co , [ uppl i ed
to the second |iquid chanber through the bubble gener%ti%n l'iquid
supply paths 84 and 22 of the nenbers via the circuit board 71. 5
In such a liquid ejection head cartridge, even if t he bubbl e
generation |iquégflectibn heuelee! i theddbyuipprformingr @ grefejentibnquids, the
i quids are supplied in good order. In the case that the ejection

li qui d and the processubtibme sreitkbretdatidn quitdedr-e t he sanme, the supply
paths 10 for the bubble generation liquid and the ejection

l'iquid need not be separat ed. After the liquid is used up, the
| i quid containers may be supplied with the respective li %Lds. To
facilitate this suppty, AHeegoRiing asiihad,af peripgmingag H&BP% pPBvi ded

with aliquid injection port. The l.i .qui ' [ [ [
Containerqﬂay b@écordingrgperation using a 1i di ‘Ej%%%E%% %%g %Bg liquid

ejecting a liquid, comprising the steps of:
using said liquid ejecting head including an

ejection outlet for ejecting a liquid, a liquid flow
path for supplying the liquid to said ejection outlet,

10 said liquid flow path having bubble generation heat
means used to eject the liquid and capable of
selectively generating bubbles having different sizes,
and a movable mechanism having at least one movable
member arranged to face a bubble generation region

15 formed in said liquid flow path by said bubble
generation heat means, said movable member having a
free end on a downstream side with respect to a
direction of said ejection outlet, and a supporting
member on an upstream side; and

20 displacing said movable member in a direction to
separate from the bubble generation region in
accordance with each of the bubbles having the
different sizes, and causing said movable member to
guide the bubbles to said ejection outlet so as to form

25 droplets having the different sizes in accordance with
the sizes of the bubbles, thereby performing a

gradation recording operation.



i ntegral, or -ray—be-separable. <Li qui d E ecting Device>

Fig. 28 is a seigimtiutas. tion of aliquid 20 ej ecting device used
with the abover ﬁmmﬂ” mﬁg‘ﬁ - ggejecting head. In this enbodi nent,
M s *

the ejection liquid ¢ n ink, and the apparatus is an ink ejection

recordi ng apparatus. The liquid ejecting device conprises a carriage
‘HC to which the head cartridge 25 conprising a liquid container portion
90 and liquid ej ecting head portion 200 which are detachably
connectabl e with 83ch &t mecordingplathpdeof TRRrforming a smoothing

- 79 - carriage HC is_reciprocable in the w dthw se direction

of the recor dORGTR¥EOR BFirgoashifpuid aieetbngirpdfearable of 4 (ne |jke
fed by a recording material trapsporti neans. 5 ., . When a
i ving st onaPIPC A PrBRLebe, REVEPY fhEferent EFERE GomRERRING: ¢ ho
carriage fronlg dgigiggo%Lgnal supply means (not shown), the
recordi ng |iq&I& eep " ejected to the recording material fromthe

liquid g ej eclsi8gN8aqq’ 11568R085EctPnd Nhesd ¥ 1uding an

ejection outlet for ejecting a liquid, a liquid flow
path for supplying the liquid to said ejection outlet,
said liquid flow path having bubble generation heat
means used to eject the liquid and capable of

10 selectively generating bubbles having the different
sizes, and a movable mechanism having at least one
movable member arranged to face a bubble generation
region formed in said liquid flow path by said bubble
generation heat means, said movable member having a

15 ffee end on a downstream side with respect to a
direction of said ejection outlet, and a supporting
member on an upstream side; and

displacing said movable member in a direction to

separate from the bubble generation region in

20 accordance with each of the bubbles having the
different sizes, causing said movable member to guide
the bubbles to said ejection outlet so as to supply the
droplets having the different sizes corresponding to
the sizes of the bubbles to a bdundary between an image

25 portion and a non-image portion, thereby performing a

smoothing operation.



10 The liquid ejecting apparatus of this enbodi nent I ncl udes
a notor 111 as a driving source for driving the recording materi al

transporting nmeans and the carrieges aﬂﬂ!“ﬂﬂ"jm "mﬁMP
transmtting the power fromthe driving riage, and

a carriage 15 shaft 115. By the recordi ng device "anll the 1iquid

ej ecting nethod using this recording device, good prints can be
provi ded by ejecting the liquid to the various recording materials.
Fig. 29 is a bl ock 3di.-agPamigés deitbiragoridngedevire voing apki@tidn of an
ink ej ection recording apparatus_ which loys_the liquid ej ectlon
net hod, and t hedeaafuing head cappPdei 85 ﬁé&ﬂthﬂng%%B+@%nﬁ% e present
i nvent i on. The recordi.ng apparatus receives printing data in
25 t he fcnrnQHnQ%ﬁﬁﬂﬂﬁwoFQEP§H§F rom a host conputer 300. The

printing data is terporarily stqred in 29 hneUla 11quial 8] ELEARE AO4OF the

printing apparatus,

b d
SE ™ o S R, OGR! el snciuasigiui (0 10 @

ejection outlet for ejecting a liquid, a liquid flow

path for supplying the liquid to said ejection outlet,
said liquid flow path having bubble generation heat
means used to eject the liquid and capable of

10 selectively generating bubbles having different sizes,
and a movable mechanism having at least one movable
member arranged to face a bubble generation region
formed iﬁ said liquid flow path by said bubble
generation heat means, said movable member having a

15 free end on a downstream side with réspect to a
direction of said ejection outlet, and a supporting
member on an upstream side, and being displaced in a
direction to separate from the bubble generation region'
in accordance with a bubble generated by said bubble

20 generation heat means; and

drive condition selection means for supplying said

bubble generation heat means of said liquid ejecting
head with an electrical signal corresponding to a
recording signal corresponding to a liquid to be

25 ejected.



suppl yi ng a heat—dring—s+gnal—The CPU 302 processes t he

af orenent i oned he CPU 302, into 5 printabl e data
(i mage data), Mqunﬁ ﬂmgﬂwith- 101 - the use of peripheral units
|

such as RAMs 304 or the # ke, follow ng control prograns stored in a

ROM 303. Further, in order to record the inage data onto an
appropriate spot on a recording sheet, the CPU 302 10 generates driving
data for driving a driving notor whi ch noves the recordi ng sheet and
the recordi ng head 35. A ilhgeydcajeatingwhedd t¢apabkrjofigiecting i mge
data and the notor driving data are transmtted to a head 200

‘and a driving nmdigunigdgeinhddfifarentcaandi tiens 3070RRKL NG5 mot or dri ver
305, respectively, which are controlled with the pro er timngs for
form ng an i nage. Nof® eJjectiopphgptlet; ﬁ%le-’i%""p?’e‘%rﬂl ‘gpeci fic

ded O 'S Al so suppPLl Fhoh PrEn e TalRe ¢ HEDRES ST 000 © 71
i ougn g head g et 30210180 Ifhe ! PIAETACHS qoia osdlbell I se0r Al no
e o e, o oUER Lo pont SKASEIY AR et e
R e e S s e
selectively generating bubbles having dlfferent sizes;
and
10 a movable mechanism having at least one movable
member arranged to face a bubble generation region
formed in said second liquid flow path by said bubble
generation heat means, said movable member having a
free end on a downstream side with respect to a
i5 direction of said ejection outlet, and a supporting
member on an upstream side, and being displaced by
generation of the bubble in a direction to move the
free end in a substantially sealed state with respect
to the first liquid flow path and to open the bubble

20 generation region to said ejection outlet.

36. An ink jet recording device according to claim
34, wherein said heat means comprises a plurality of
electrothermal transducers.

25

37. A head cartridge comprising:



- 81 - netallic material such as alum numor copper; a |eather
materi al such as ¢ , or a synt hetic | eat her; a | unber
material such as ml lﬂmu lr"l“ yeod; a banmboo material; a ceranic
mat eri al such as a naterlal such as sponge which has a

t hr ee- di nensi onal structure. The af orenentioned recording
apparatus includes a printing apparatus for various sheets of paper
or OHP sheet, a recording apparatus for a plastic material 10

such as plastic materizllikgAd bgectebrl REad §OMPEEIforth eittheiK if the

| i ke, a recording apparatus for a netallic plate or the like, a
recordi ng appar atdlaiimorl ax 8at:hend material, a recordi ng apparatus
for a |unber material, a recording apparatus for a ceramic nateri al
a 15 recordi ng appaldouddf condatheeefdr neostat@ing ddapdidhgo be
medi um such as sponge, a textile printing apparatus for recordi ng

i mages on fabric suppdiede to s@id liquid ejeciporidreade |iquid to be used
with these |iquid ej ection apparatuses, any liquid is usable as |ong
as 20 it2is compatible with the enpl oyed recording nmedi um

38. A head cartridge according to claim 37,
wherein said liquid ejection head is separable from

said liquid container.

10 39. A head cartridge according to claim 37,

wherein said liquid container is refilled with liquid.

40. A liquid ejection apparatus comprising:
a liquid ejection head as set forth either in
15 claim 1 or 35; and
a drive signal supplying means for supplying a
drive signal for causiné said liquid ejection head to

eject the liquid.

20 41. A recording system comprisingﬁ
a liquid ejection apparatus as set forth in claim
40; and
an additional process device for promoting the

fixation of the liquid on the recorded recording

25 medium.

42. A recording system comprising:



and the recording conditions. <Recordi ng Systenp Next

an exenplary ink jet recording systemwl| be descri bed i
records inmages on a recording 25 medilf§ -usi ng, as thiuu Hﬂ t&“"
the liquid ej ection head in accordance with the pré# ON-

- 82 - Fig. 30 is a schematic perspective view of an Ink
jet recording system enpl oyi ng the aforenenti oned liquid ejection
head 201 in accordance with the present i nvention, and depicts its
general structure. The? Hiquidgip@tiPR ARRAFaIEY % Sl £oghodPnEReiPs a
full-1ine type head, which conprises plural ejection orifices
aligned with a deftSt$%8f 360 dpi so as to cover the entire
recordabl e range of the_recordi ng_ nedi 150. . |t conmpr.i r
heads, which are corre?Boﬁﬁ%%%mfgarﬁOéégg?%ﬁndﬁxﬁqg?g?rygfggﬁ%?$§,Eﬁégenta
(M, cyan (O andg, . _blac ) ur. a L y supported
by a hol derf 1585310%&%;?% Fjé%q‘f%&t%ﬁhgh% ﬁee:&% gﬁ%dwﬁ-t% ﬁBkéﬁﬁb
predet erm ned i nt gE¥aLs- : These heads are driven in response to
the signals




15 supplied fromthe head driver 307, which constitutes a means

for supplying a driving signal to each head. Each of the four
color inks (Y, M Cand BK) is sukptied to a correspondent head from
an ink contai ner 204a, 204b, 205c or 204d. A reference nuneral 204e
20 desi gnates a bubbl e generation liquid container from whi ch the
bubbl e generation liquid is delivered to each héaﬂﬁ'gf“:*ﬁ_
Bel ow each head, a head cap 203a, 203b, 203c or '2é§d"§§dﬂémé

whi ch contains an ink absorbi ng 25 nenber conposed..of... sp@ﬁgﬁh@r t he!

| i ke. The caps ver t he orlflces of the corresﬁbndtwq
heads, and al so al | ow,mai, nt enanc . ad I rdi ng
peri od. A?E%@Péﬁc%Jﬁﬁﬁﬁ? %ﬁ%<ﬁg§§§haﬁg§%ge%%ﬁ%g 1ali6s

bel t, whi ch constit ytes.ae eanéeglaﬁngmmg&e D oj Rl gauaurtﬁegcerd' ng

nedla such as those escrl prece I ng “enbodi nment's

convero bel, ZUheseslety o LiquLlt I ek R BTt o
driver the liquid to said ejection outlet, said liquid flow
path having bubble generation heat means used to eject
the liquid and capable of selectively generating
bubbles having different sizes; and a movable mechanism
10 having at least one movable member arranged to face a
bubble generation region formed in said liquid flow
path by said bubble generation heat means. The movable
member has a free end on a downstream side with respect
to a direction of said ejectioﬁ outlet and a supporting
15 member on an upstream side. The movable member is
displaced in a direction to separate from the bubble

generation region in accordance with a bubble generated

by said bubble generation heat means.
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305. 10 The ink jet recording systemin this enbodi nent

conprises a pre-printing processing apparatus 251 and a post printing
processi ng apparatus 252, which are di sposed: on the upstream and
downst r eam si des, respectively, of the ink jet recording apparatus,
along 15 t he recordi ng nmedi um conveyance path. These processing

appar at uses 251 and 252 process the retdtB ng mediumin vari ous
manners before and after recording, respectively. The
pre-printing process and the post-printing 20 process vary dependi ng on
the type of recordi ng nedium or the type of ink. For exanple, when
recordi ng nedi um conposed of a netallic material, plastic material,
ceramic material or the like is enplo t heyrgcordi ng mediumi s
exposed to ultraviolet rays and ozon fpre }% printing to activate
its surface, thereby inproving the i nk adhesi on properties. \Wen a
recordi ng nmedi um nmade of 12 pl asti€ waterial or the like which tends
to cause 34 - static
electricity is used, dust tends

FIG. 1B
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surface because of the static electricity. A proper recordi ng
operation nmay not be perfornmed because of this dust. For this
reason, an ionizer may be used in 5 the pre-printing process to renove
the static electricity fromthe recording nmedium thereby renoving

t he dust fromthe nmedium In addition, mhen atextile medi umis used
as a recording nedium it suffices toz 23 performa pre-printing process
of applying a material 10 selected fromthe group consisting of an

al kal i ne material, a water-soluble material, a synthetic

pol ynmer, a water-soluble netal salt, urea, and q@loH[ea to the
textile nmediumso as to prevent qurrlng ?% ve t he adhesi on
properties. The pre-printing 15 §1no is. For

exanpl e, a process of sefgin ma(;zfrding medi um
to a tenperature suitable y be

per f or med. /:ZCE’ ;gEAEOSt pripti i des a heat 0
treatnment for a di di um pol it rk—is—— 3 applied, a
fixing process of fixing the ink y _AZZZZggé%égﬁggﬁfL_hgfadLal|on or the
|i ke, a process of cl eaning an_unre | eft after the
pre-printing process, and the like. /25 M this enbodi nent,
a full-line head is used. However, khe P eserlb |kvéat|on i s not
limted to this, and may be applied to recordihg formin which a
smal |

FlG. 28




- 85 - head |i ke the one descri bed above is conveyed al ong the

direction of wwdth of a recordi ng nmedi um <Head Kit>

Hereinafter, a head kit will be described, which 5 conprises the
liquid ejection head in accordance with the present invention. Fig.
31 is a schematic view of such a head kit. This head kit is in the
formof a head kit package 501 83#423h contains: a head 510 of the
present invention, which conprises an ink ejection 10 section 511 for
ej ecting ink; an ink container 520, that is, a liquid container

whi ch is separable, or nonseparabl e, fromthe head; and an ink
filling neans 530, which hold inkyto be filled into t’= nk

contai ner 520. 15 After the in e i nk contai ne :2&/’5 used
up, the tip 530 (in the formof a hypoderm c needl/&/¢ ’ﬁy}é 13

like) of the ink filling means is inserted into 3 ;/ /-){'
the ink container, the junction between the /£ )¢f: daqa t he

head, or a hole formed through 20 e ink
wi thin the ink

‘_VA_. V3 ve & Vs Ve .
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filling neans is filled into the ink container through this tip 531.

When the liquid ejection head, the ink container, the ink filling
nmeans, and the like are available in 25 the formof a kit contained in
the kit package, the ink can be easily filled into the enpty ink
cont ai ner as - 86 - descri bed
above; therefore, recording can be quhﬂa%/ restarted. I n
this enbodi ment, the head kit contains the ink filling neans.
However, it is not mandatory for the 5 head kit to contain the ink
filling neans; the kit may contai n an exchangeabl e type ink
container filled with the ink, and a head. Even t hough
Fig. 31 illustrates only the ink filling neans for filling the
printing ink into the ink 10 co ner y~the head kit may contain a
means for filling t he bubblqrggggraf;on liquid into the bubble
generati on liquid container, in addition to the printing ink
refilling neanj. Accordi ng to thel@bove Ii(ﬂ@ d ejecting t hod,
S 7 i
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15 head, and the |like of the present invention based on t he novel

ej ection principle using novabl e nenbers, the synergi stic effect of
a generated bubble and a novabl e menber di spl aced thereby can be
obt ai ned, and the liquid near the ejection outlet can be efficiently
20 ejected. For this reason; the e ection force and the ej ection
-efficiency can be inproved as conpare Ad3h those in the
conventional bubble jet ejecting method, head, and the |ike.
Therefore, even droplets in snall ej ection anounts can be stably

ej ected. 25 Accordi;g to the pres L I nvention, in particular,

a plurality of heat generati“ plement s mhég, can be dri

i ndependently are arranged for jone anabIe 1 e

- 87 - menber, or Wypljura o m)vaBBe me1y [-s—afe- ar dhged

in one lig 'ﬂé;lo at h (first-- e
structure, ejgpfl ¥e T
havi ng@

| iquid drople

ej ection of small
difficult to pegpgrn1

FIG. 11 w




a high frequency. Therefore, a high-gradation recordi ng operation can

be perfornmed at a high speed. 10 In addition, according to a
characteristic feature of the present invention, even if a liquid

ej ecting head is | eft unused for a long period of tinme at a | ow
tenperature and a low humdity, a liquid ejection failure can be
prevented. Even if an ejection failure/258 occurs, the head can be

qui ckly restored to the nornal state with only a small nunber of
times of a recovery process such as pre-ejection or suction recovery
process. Therefore, the recovery time can be shortened, and the | oss
of a liquid can be reduced by a 20 recovery process, thus greatly
reduci ng the running cost. According to the structure of
t he present i nvention which is designed to inprove the refilling
characteristics, in particular, good response 25 characteristics in a
conti nuous ejection process, stable growt h of bubbles, and
stabilization of droplets can tqsbzg, thereby realizing a

hi gh- speed
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recordi ng operation based on hi gh-speed |iquid ej ection, or a

hi gh-qual ity recordi ng operation. When a liquid which tends to
generate bubbles or a liquid with which a deposition (burnt

material) is not 5 easily generated on a heat generating elenent is
used as a bubble generation liquid in the head having the
two-flowpath structure, the degree of 7#&edomin sel ecting an
ejection liquid increases. The head o t he present invention can
therefore eject even a liquid 10 /&?’ h i ifficult to eject by using

t he conventi onal bubbl e jet eJeClttng hod, e.g., a high-viscosity
| i qui d which does not easjly generate bubbles or a liquid with which
a deposition is easily ge*erated on a heat generating el ement by
using a liquid which easilly 15 generates a bubble, or a liquid which
tends not to gefidr &t e a deposition (e.g., scorching) on a heat
generating el enent. Furthernore, a |iquid susceptible to heat
can be ejectéa W t hedt-amy--adverse-effect--6F-heateon the 20

l'i quid. sBy usiing the liquid ejecting head of:the pr esent
invention as a liquitd eje¢tion recording head, an image ! wi t h hi gher
quality can be reco@Qeg. B In addition, with the liquid ejecting
head of the 25 e é%t invention, a liquid ejecting ¢evice or

i
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recordi ng systemwhose liquid ejection efficiency is further

i nproved can be provided. - 89 -

Moreover, with the head cartridge and the head kit of the present
invention, the head can be easily used and reused.

- 90- VWHAT IS CLAIMED | S: 1. Aliquid ejecting head
capabl e of ejecting liquids in 8¥2B8erent conditions, conprising:

an ejection outlet for ejecting a |iquid, 5 aliquid flow path for
supplying the liquid to said ejection outlet, said liquid flow path
havi ng bubbl e generati on heat neans used to eject the liquid

and capabl e of selectively generating bubbl es having di fferent
sizes; and 10 a novabl e nechani sm havi ng at | east one novabl e

FIG. 14A
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menber arranged to face a bubbl e generation region formed in said

liquid fl ow path by said bubble generation heat neans, said novable
menber having a free end on a downstream side with respect to a 15
direction of said ejection outlet, and a supporting menber on an
upstream side, and being displaced in a direction to separate from
t he bubbl e generation region in 9¢@3r dance with a bubbl e gener ated by
sai d bubbl e generation heat neans. 20 2. A head
according to claim1, wherein said bubbl e generati on heat neans
conprises a plurality of heat generating elenments at |east one of
whi ch can be driven independently. 25 3. A head
according to claim2, wherein said plurality of heat generating

el ements are arranged from -91- an upstreamside to a
downstream side with respect to the direction of said ejection

outlet. F/G 75A
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4. A head according to claim?2, wherein said 5 plurality of heat
generating elenents are arranged side by side at a substantially
equal distance fromsaid ej ection outlet. 5. A head
according to claim2, wherein said 10 novabl e mechani sm conprises a
plurality of novable menbers arranged side by side at a substantially
equal di stance fromsaid ejectidf o231 et. 6. A head
according to claim4, further 15 conprising a partition wall arranged
bet ween sai d heat generating el enents arranged side by side to
suppress " lateral escaping of a pressure. 7. A head
according to claim2, wherein said 20 plurality of heat generating

el enents have different ar eas. 8. A head according to
claim?2, wherein said plurality of heat generating elenents have 25

substantially the sanme area.
FIG. T16A
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- 92 - 9. A head according to claim2, wherein the free

end of said novable nenber is |ocated on a downstream side with
respect to a center of the generated bubble. 5 10. A head
according to claim?2, wherein said liquid flow path conprises a
supply path extending al ong sai d heat generating elenent to supply
the liquid onto said heat gendtZ4238ng el enent from an upstream side
with respect to said heat generating elenent. 10 11. A head
according to claim10, wherein said supply path is a supply path
havi ng a substantially flat or snmooth inner wall on an upstream side
wth respect to said heat generating elenent to supply the 15
liquid onto said heat generating elenent along the i nner wal | .

12. A head according to claim2, further conprising a liquid flow

pat h extending along a surface 20 near sai d heat generating el enent of
sai d novabl e menber to supply i quj deOpit 0 sai d heat generating
el enent from an upstream side. /3 l? /d
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13. A head according to claim2, wherein said 25 liquid flow path

conprises a first liquid flow path communi cating with said ejection
outlet, and a second liquid flow path in which a heat generating

el enent for heating the liquid to generate a bubble
thereinis arranged, and wherein said novabl e nenber is arranged
between said first and second quuid'm&ﬂﬁiaths. 5 14. A head
according to claim1l1, wherein said novabl e menber is a plate-Ilike
menber . 15. A head according to claim 13, wherein said
novabl e nmenber is arranged as part of a partition wall 10 arranged
between said first and second liquid flow pat hs. 16. A
head according to claim 15, wherein said partition wall is nade of a
material selected fromthe 15 group consisting of metal, resin, and
ceramc material s.

FIG. 18A
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d ac o cl her conprisin
anber pl yi firs quid to said
||||| uid f p seco onmon liquid nmb
suppl yi ng ond | idp lity of seco
pppppp 25 . A cording to claim13, wher
pl i d fi liquid 1Bd@3path is the me
dli pat h.
wher lied t
romt i
h. 20. |
wh g enent np
r ge t up
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10 21. A head according to claim20, wherein a wiring

pattern for transferring an electrical signal to said el ect r ot her mal
transducer, and a function el enent for sel ectively supplying an

el ectrical signal to said 15 el ectrot hermal transducer are nounted on
sai d el enent Substrate. 22. A head according to claim
13, wherein said second I|qU|dM%23vpath has a chanber-1Ii ke shape at
a 20 portion where said heat generating el enent is arranged.

23. A head according to claim 13, wherein said second liquid flow
path has a shape with a throat portion on an upstream side of said
heat generating 25 el enent . -95 -
24. A head according to claim 13, wherein a di stance froma surface
of said heat generating el enent to said novable nenber is not nore
than 30 pm

FIG. 20
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5 25. A head according to claim2, wherein the liquid ejected

fromsaid ejection outlet is an ink. 26. Aliquid ejecting
nmet hod of ejecting a liquid upon generation of a bubble, conprising
the steps of: 10 using a liquid ejecting head including an ejection
outlet for ejecting a liquid, a liquid flow path having a heat
generating el enent for generating a b&bKi23 in the liquid, and a
movabl e menber which is arranged to face said heat generating
el enent, can be displaced 15 between a first position and a second
position farther fromsaid heat generating elenent than the first
position, and has a free end; and di spl aci ng sai d novabl e
menber using a pressure based on generation of the bubble to cause
t he bubble 20 ex nore g y a wnst sid n at an
upstream si de mﬁf@esp?{flq) a diFeﬁG._on 27 i d Fﬁ’:iej t7E:1 outl et,
and to change a di spl aced state of sai d novabl e nenber, thereby
changi ng an ej ection anount of {the ljiquid. 25 27. A
met hod according to claimz26, whereinijthe di spl aded stjate of said
novabl e menber c es
‘ 19 19
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accordance with the nunber of heat generating el enments driven with

respect to one novabl e nenber. 28. Aliquid ejecting nethod of
ejecting a liquid 5 by -generating a bubble, conprising the steps of:
using a liquid ejecting head including an ejection outlet for
ejecting a liquid, and a plurality of pairs of heat generating

el enents for generating a bubble in 16/23 the liquid, and novabl e menbers
arranged to face said 10 heat generating el ements and having free ends
each of whi ch can be di splaced between a first position and a
second position farther from said heat generating el enent than the
first position, said pairs being r for said ejection outlet;
and 15 di spl aci ng said nnvé%/éi égg? usi ng a pressure

based on generation of the bubble to cause the bubble to expand nore
greatly on a downstream side than at an upstream side with respect
to a direction of gaid e} ecyiop nu{ s an ejection

anount of the 20
oper at ed.
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29. A nethod according to any one of clainms 26 and 28, wherein the

bubble is generated by a filmboiling 25 phenonmenon caused in the

| i qui d when heat generated by said heat generating elenent is
conducted to the l'i quid. 30. A nethod
according to any one of clainms 26 and 28, wherein the liquidis
supplied onto said heat gener §7i/ B el emrent along a flat or snooth
i nner wal | | ocat ed on an upstream side of said heat generating 5
el ement . 31. A pre-ejecting nethod for a liquid ejecting
head, conprising the steps of: using a liquid ejecting head

i ncluding an ejection 10 outlet for ejecting a liquid, a liquid flow
path for supplying the liquid to said ejection outlet, said
liquid fl ow path having bubbl e generati on heat neans used to eject
the liquid and capabl e of selectively generati ng bubbl es havi ng
different sizes, and a 15 novabl e mechani sm havi ng at | east one novabl e
menber

FIG. 24
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arranged to face a bubble generation region forned in said liquid

fl ow path by said bubbl e generation heat nmeans, sai d novabl e nenber
having a free end on a downstream side with respect to a direction
of said 20 ejection outlet, and a supporting nenber on an upstream

si de; and di spl aci ng said novable nenber in a direction to
separate fromthe bubble generation Fﬁb(BB, formng a | ar gest bubbl e
of the bubbles which can be formed by 25 sai d bubbl e generati on heat
means, and causing said novabl e menber to guide the | argest bubble

to said ej ection outl et,
thereby performng a pre-ejection f:7(3}w edys fromsaid ejection outlet.
32. A recording nethod of performng a gradation 5 recordi ng operation

using a liquid ejectipey head for 20eje2ting a liquid, conprising the
steps of: S ng said | jguid &i§éHdgp head including an
ejection outlet for ' I RN, i i 1 80 ow path for
supplying the liquid N
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10 said liquid flow path having bubbl e generation heat means used
to eject the liquid and capabl e of sel ectively generating bubbl es
havi ng different sizes, and a novabl e nechani sm havi ng at | east one
novabl e menber arranged to face a bubble generation region 15

formed in said liquid flow path by said bubble generation heat

means, said novabl e nenber having a 19/23 free end on a downstream si de
wWith respect to a direction of said ejection outlet, and a
supporting menber on an upstream side; and 20 di spl aci ng
said novabl e nenber in a direction to separate fromthe bubble
generation region in accordance with each of the bubbles having the
different sizes, and causing said rFme Wr to gui de the
bubbles to said ejection outlet sofaglifQ f 25 droplets having the
different sizes in accordance with the sizes of the bubbles, thereby
performng a gradati on recordi ng operation. - 99-

33. A recording nethod of perform ng.a 82oot hi ng operation using a
liquid ejecting hegad c%%able of

2004 20




ej ecting droplets having different sizes, conprising the steps of: 5
using said liquid ejecting head including an ejection outlet for
ejecting a liquid, a liquid flow path for supplying the liquid to
said ejection outlet, said . liquid flow path havi ng bubbl e generation
heat means used to eject the liquid and capable of 10 sel ectively
generating bubbl es having the differepd/23 sizes, and a novabl e
mechani sm havi ng at | east one novabl e menber arranged to face a
bubbl e generation region formed in said liquid flow path by said
bubbl e generation heat neans, said novabl e nenber having a 15 free
end on a downstream side with respect to a- direction of said ejection
outlet, and a supporting menber on an upstream side; and

di spl aci ng said novable nenber in a direction to separate fromthe
bubbl e generation region in 20 agerrdzyce wth each of the bubbl es
havi ng t he different sizes, Qi d novabl e nenber to guide

t he bubbles to said ejection outle t\supply the dropl ets
having the different sizes correspj the sizes of the bubbles
to a boundary between an i nmage Ad a non-inmage portion,
thereby performng a




- 100 - 34. An ink jet recording device using a liquid

ej ecting head capable of ejecting liquids in different condi ti ons,
conpri si ng: a nmount portion on which said liquid ejecting head
5 is nounted, said liquid ejecting head including an ej ection
outlet for ejecting a liquid, a liquid flow path for supplying the
liquid to said ejection outlet, 215428 1iquid flow path having bubble
generati on heat nmeans used to eject the liquid and capable of 10
sel ectively generating bubbles having different sizes, and a novabl e
mechani sm havi ng at | east one novabl e menber arranged to face a
bubbl e generation region formed in said liquid flow path by said
bubbl e generation heat neans, said novabl e nenber having a 15

free end on a dowmnstream side with respect to a direction of said
ejection outlet, and a supporting menber on an upstream side, and
bei ng displaced in a directigﬁzzs'segz te fromthe bubble generation
regi on in accordance with a bu e g ated by said bubble 20
gener ati on heat neans; and drive condition selection neans for
suppl yi ng said bubbl e generati on REQORDMNE's of said liquid ejecting
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head with an electrical signal corresponding to a recordi ng signa

corresponding to a liquid to be 25 ej ect ed. 35. A
liquid ejecting head capabl e of ejecting liquids in different
condi tions, conprising: an ejection outlet for ejecting a
l'i qui d; aliquid flow path including a first liquid flow 5
path for supplying the liquid to sai 22/&8tion outlet, and a second
liquid fl ow path having bubbl e generation heat nmeans used to eject
the liquid and capabl e of sel ectively generating bubbl es having
di fferent sizes; and 10 a novabl e nechani sm havi ng at | east
one novabl e menber arranged to face a bubbl e generation region
formed in said second liquid flow path by said bubble generation
heat nmeans, said{novabl e nmenber having a free end on a downsftream
side with respect| fo—a—15 i+ect+on—of—sal-d—ejectior—out] et, and a
supporting menber on an upstream side, and beingddisp ac&d
generation of thg [bubble in a direction to nove the N °{,\
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free end in a substantially sealed state with respect to the first

liquid flow path and to open the bubble 20 generation region to said

ej ection outlet. 36. An ink jet recording device according to
claim 34, wherein said heat neans conprises a plurality of

el ectrothermal transducers. 25 37. A head cartridge conprising:
102 aliquid ejection Gﬁgﬁ s set forth either in

claiml or 35; and aliq 8 ntainer for containing liquid to
be supplied to said liquid ejection head. 5 38. A head
cartridge according to claim 37, wherein said |liquid ejection head
is separable from said liquid container. 10 . 39. A head
cartridge according to claim 37, wherein said |iquid container is

refilled with Iiquid.
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40 A liquid ejection apparatus conprising: a |Hﬂghﬂq&ﬂ€ttl0n
head as set forth either in 15 claim11 or 35; and a drive
signal supplying means for supplying 4 drive signal for 3 [
liquid ejection head to eject” t T quid. 20 41,75
r ecor di ng Lsqusitiefjectimy iHebdg Licuid Ejecting Davideqandl ej ection appd
forth in claim 40; and an additional procegs;
pronot i ngLidasd Ejectin_g Methiadon of the liquid on the recorded
medi um ﬁﬁl 4Z. A recording system conpri sing: % b7
- 103 - a liquid ejection apparatus as set fo.gh i n: cLalm A
40; and ABS®RABTEbFMrAR! ¥1HEAESIRE devi ce for pronoting : AL
fixation of the Tiquid on the recorded recording 5 medi um X475

A liquid ejecting head capable of ejecting llqufﬁsm

in different conditions comprises an ejection outlet
5 for ejecting a liquid; a liquid flow path for supplying
the liquid to said ejection outlet, said liquid flow
path having bubble generation heat means used to eject
the liquid and capable of selectively generating
\/ bubbles having different sizes; and a movable mechanism
10 having at least one movable member arranged to face a
bubble generation region formed in said liquid flow
path by said bubble generation heat means. The movable
member has a free end on a downstream side with respect
to a direction of said ejection outlet and a supporting
15 member on an upstream side. The movable member is
displaced in a direction to separate from the bubble

generation region in accordance with a bubble generated

by said bubble generation heat means.
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OF THE ABSTRACT

LIQUID EJECTING HEAD, LIQUID EJECTING DEVICE AND
LIQUID EJECTING METHOD

A liquid ejecting head capable of ejecting liquids in different conditions comprises an ejection
outlet (18) for ejecting a liquid; a liquid flow path (10) for supplying the liquid to said ejection
outlet, said liquid flow path having bubble generation heat means (2-1,2-2) used to eject the
liquid and capable of selectively generating bubbles having different sizes; and a movable
mechanism having at least one movable member (31) arranged to face a bubble generation
region formed in said liquid flow path by said bubble generation heat means. The movable
member (31) has a free end (32) on a downstream side with respect to a direction of said
ejection outlet (18) and a supporting member (34) on an upstream side. The movable member
is displaced in a direction to separate from the bubble generation region in accordance with a
bubble generated by said bubble generation heat means.
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