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LIQUID EJECTING METHOD WITH.MOVABLE MEMBER 
:7·· 

BACKGROUND OF THE INVENTION 

Field of the Invention· 
.· : . .·. . . . ... : ·. .. . . ·.· 

'. .· . 

··The present inv:ention relates to a.liquid 

. ~jectinQ' head for· ej°ebting · a desired. liquid, utili_zi:ng 

format:i,on of bubble, a.head cartridge usi1:1g the liquid' 

ejecting head, a liquid ejecting apparatus,_ a liquid 

ejecting method, a recording method, and a head U$ed in 

10·' these methods. 

More·partic\.iiarly,· tl'l.e present invention 
' ' 

. relates to a liquid ej (i!Cting metho.d antj . a recording 

method using a 1'1quid. ej ectinQ' head with a movable 

member arranged t:o be. displaceable making use of 

15 generation of bubble •. 

The present invention is applicable.to. 
' ' 

' ' 

equipinent such as a printer, a· copying machine,. a 

facsimile machine having a communication system, a word 

. processor having a printer po::i':'tion or the like, .· and an 

20 industr.ial recording devic"e. c:ombined wi.th one or more 

·of. ~arious processing devices, with which recording is 

effected on a recording medium such as paper, thread, 

fib~r~ textile, leather, metal, plastic ma"t(erial, 
.. .. 

glass, wood, ceramic.material, and :so on. 

25 ·In this· _specf·ficatiori, "r~cording" means not 
.·.. . 

·only. forming an. image. Of letter, figure,. or .. the. like .. 

having specif_ic meai1.ing, .·· but also forming an image · o.f a 
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patte·rn having no specific. meaning. 

-Related Background Art 

A conventiona~_ly known ink jet ~~cording inethod 

5 is-the o~e in which ·a state of ink is changed ta·cause 

an. instantaneous volume _change . (generation of bubble),.· 
. ·. . ....... :. ·. 

so as to eject the ink through an ejection outlet by 
. . .. . .. . . . 

acting force resulted from ·tile ~tate cha~ge,· whereby . 
. . . 

the.ink is deposited on the recording medium to form·an 

10 ·image thereon. . As disclos~d,· far ~x~ple, .in united 

States Patent No. 4,723,i.29; a recording . .device using 

·th.is ·:recording method usually comprises .an ejection · 

outlet for ejecting.the .iilk,·an lrik flow path in.fluid 

ooJ;Dlnunication with. the ejection outlet, and an. 

15 electrothermal transducer as an ener9l7·generating 

means, disposed in the~ink ·flow path, for ejecting the 

ink. 

By this recording method a high.quality image 

can be recorded at high speed and with low noise and . 

20 such· ejection outlets for eject:in:g the ink may be 
· ... · 

arranged in high·derisity i~a.head for performing· this 

recording method.· Therefore, the.recording method has 

a·1at of.excellent points; ·far example, the device 
., 

compact in si·ze can obtain a.Il image recorded in high 

25 resolution and:can.also readily obtain a·calor_image. 

Because.of it, the.ink. jet ~ecor~ing'inethod is now 

widely used in p'.d.nte;rs, copying machines,· facsimile 

.. · •'. 
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machines, or other o.ffice equipment, and even in 
·. .· · .. 

industrial systems. such_ as a textiie printing.device or 

.the like. 

witir spread of use of the i_n)c_ jet technology. in 
. . . . . : . . . 

5 produ¢ts .in wide fields I'. a va:i:;ietr of demands described 

below a·re increasing these years. . . 
. . : . . 

. For example, an·· example of. investige!;tion to 

meet the demand to· improve the ene~gy use efficiency is .. 

optimization of the heat· .gener~ting element such as 
. . . . . ' . 

. . 10 adjustment of. the thickness of a protec:::ti.on -fiim.. This 

technique ~s effective to an ·improvement.in transfer 

efficienqy of hea~ generated· into the ·liquid •. · 

·rn_order to. prov:i.de.h:Lgh-quality_images, 

proposed. were· <:ir.iving conditions :fo_r realiz~ng ·the 

15 liquid ejection method or the like capaJ:>le of 

·performing good :L~ ejection based on high.:..speed 

ejection. of ink and ~-table generation. of bubble. From 

the standpoint of .high-speed recording, proposed was an 

.. improvement in a c9nf.igu~ation. of flow passage in order 

20 to obtain a liquid.ejecting~head.with hig~ filling 

(refilling) ·speed of the liquid ejected, into the 

liquid flow path. 
; ·. . 

Ainqng this. con.figura1:iori of 1-iquid, passage, the 

publication of Japanes~ Laid-o~e11: Patent Application·. 

25 No. · 63~199972 or the like describes ·-the flow passage .. 
. . ·. . . 

. structure as shoWn :in . Figs. iA and . lB. T.he flow· 

passage structure' and the head producing meth.oci 

. . : . 

. ·:. 

· ..... 

: . · . 
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· · · described in this ·publication concern, the invention 

accomp~ished noting _'l:he back wave occurring ~ith. 
generation of bubble ( i ·• e .. ~ the pressu~e directed in . 

. . 

the· opposite direction to the direction toward the 

5 ejection outlet, which· is the pressure .directed to a 

· 1iquid c~amber · 12 > .~ . This back wave ·is known as loss 

·energy,. because it.is not.energy directed in the 

E!Jection direction •. · 
:- . 

. The invention shown in Figs. lA.and.lB 

10 discloses a valve 10 loqate9 apart from a bubble 

. generation region formed .·by a . heat generating element 2 

and on the.opposite side to the ejection ou,tlet 11 with. 

respect to the heat g~nerating element 2. 

In Fig. lB,. this valve io is iilustrated a~ 

15 ~eing produced by.the producing method making use of a 
. . ~ .. 

. . 

p;i.ate. material 'oi the iike, having ari ini tia·i position. 
. . .. ·.. '. ., . 

where it is stuck to the ceiling.of the flow path 3,· 
.· . ' 

and droppirig into the flow path 3 with generation of. 

bubble. This invention.is disclosed.· as the one for 

20 supp;ressing the energy losses:by controlling a part of 

· .. the back wave.by .. the.valve 10 •. 
. : . . . 

However, as_c;i.pparent from investigation on the 

case where·a bubble· is geJ:lerated.inside.the flow path 3 
. . . . . . . . . . ~ ... 

as retciining tJ:le liquidt() be. ejected.in this 
. . . . ., .. 

·25 structure, to. regulate a part of tne back wave by the 

valve 10 is not practical f~r ejection of liquid~ 

The: back wave itself or~ginally has no direct: . 
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relation with ejection,. as· discussed previously. At" 
. · ... · 

the point when the back wave appears ~Ii-theftow path 
. . 

3, as shown in Fig. lB, the pressure dlrectiy related 

-to ejection out of the-bubble is already ?:e~dy to _eject. 
. . . . : . . . ... . . ~ 

· 5 the liquid f,roni the flow _path 3 •.. · It. is thus clear tha:t 

to regul_ate the back wave, more accurately, to regulate 
.. . 
.· . . . .. 

a part thereof, canriot give a great effect on ejection. 
. . . . 

In the bubble jet recording method utiliz:f.ng ·_· · · . 

the bubble generated by the heat generating element, on 
. . .· ' . 

10 .. tile" other haria,·heating is repeated while the heat 

.•. generating. element is in contact with ttie· ink, which 

forms a deposit du~ to scorch of ink on"the. surface of 

the heat generating element. . A la~ge amount of the 

"deposit could be formed depending \J.ponthe type. of_ ink, 

15 whl.Ch could result in unstable geilerat:i.o.n of bubbie and 

·which could make it d~fficult to" eject the _ink in good 

order. It has been desired t~ _.achieve a method for 

well ej acting· the·. liquid without· changing the property 

of the liquid to be ejected even . if "the liquid.· to be . 

20 ·. ejected is th~ C)ne . easily deteriorat~d by. heat. or even 

if·th.e liquid is the·one not easy to achieve adequate 

generation of bubble .... 

25 

·From this viewpoint·, ·another _propo*al was made 

to provide a.method to employ different type-s of 

·-liquids, a iiquid (bubble generat.ion·liquid) for 
... 

generatl.ng a bubble by.heat and a liquid: (ejection 

liquid) to be.ejected, airanged.to_tZ:allsinit the 

·· .... 

. ·· .. ·. 
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pressure· upon generation of bubble to.the eje~tion 
.. liquid and. to· eject· the ~ject.ion ;tiquid .. thereby, · for.·· 
. . . . -~ . 

example· as disclose~·· in J"apan~se Lai4-open·~Patent 

· ·Applicat:.ions ·No. 61.:_·6.946i 13.nd No. 55_:81172, .United 

5 States Patent No. 4;·480, 259; . and. so on~ In ·these 

publications, the ink as the ejection liquid is. 

· ·j;>erf_ectly separated ~rom the· bubble generation liquid 

by a flexible fiim such as silicone rubber so as,· to 

keep the ejection _liquid fr.om directly ·contacting the 
. . ·.· . 

10 ·heat ~enerating element., arid.the pre~sure upon . 

. · generation of .. bubbl,.e . in the bubble generation I°iquid :is 

tran~ferred to· the ejection·. liquid ·thr9u,gti deformation 
. . .. . 

of the flex.ible fil~. · e:Y. this structure, the method· 
·. · .. ·' . . . 

ac.hieved prevention. of the deposit on th~ surface of 
. . . : 

is· the.heat_generating'element, ·an improvement in freedoµi 

·of selection .of the ejection liquid, _and so on.· 

SUMMARY OF THE INVENTION 

The present··invention provides a novel .·ejecti1:1-g 
.. · ; . 

20 ·method capable of achi.~ving.basic ejecting properti.es 

25 

. ·:.: 

which have never been achieved by the fundamentally .. 

conventional methods: arrangE!d ·to ~j ect · the liquid as·· 

.. forin:in~ a bubbie ( especiaily,. a bubble caU$ed by. film 

boiling) in a liquid flow·path. 

The pr~sent. invention provides · a liquid.·· 

-~ject:i.rig .condition that is effective to adequately. 

respond to.a d:ispersion· factor in an ·ejection outlet 

... · · .... 
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:·· . . 

portio:n,. wh:i.ch has been t,msolved by the conven1:ioI1a~ . 

liquid .ejecting prinqiple, arid that can achieve an 
; . . .· 

excellent ejection efficien~y~ Particularly, .. the 

present invention : provides a · _li~uid ej ectirig. method 

5 effective to the dispersion :factor in producing a 

·.plurality of such ·ejec"t'.~on outl~t ·portions •. 

F'.urther, the pre~ellt invention also provides a 

l:i.quid ej ec;:;ting head th~t can realize more qertain. and . 

m~re.reliabie effect~ 'of the ejectip.g :method according 

10 to the. present invention •. ·· 

This .·head accor<f:Lng to ·the present ·invention· is 

the o:ne obtained by technically develop:Lng.the 
. . . . . . . 

knowledge gained in a prio~ application~ ·bas~d.on a new 

standpo:i..nt. · The. $Ummary of· this prior applicat:i..ori :i.s 

15 given . in the following •. 

As dis~losed 1~·· the prior· app~ication,. a 

movable membe~ is provided· :Ln a flow path, ·and the 

fulcrum and free end of the. movable member are arranged 
. . . . . . . . 

. in.such a positional relation that th~ free e~d is 
. . . 

20 ·located on .the eject:i()n outi¢t side,. that is, o·n the 

···.· :··.·. . . 

25 

downstream side. Further, theinovablememberis· 

arranged :to face a heat.gen~rating element or a bubble. 

generation region •. ·This·: established the utte~ly novel 

. teqhnology th.at the· bubble is positively· con~roii~d by 
.. . .· 

. . . 

this arrangement. 
· .. 

.. · . 

Next, :i.twas:fou~d thCit, considering the·energy 

gi:ven to' ejection by the bubble itself, a inaxinu.i111·· 

·".": 

:, ... 

. . . 
. .. . . · :· 
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. faptor to considerably improve the ejection.properties 
.... 

wa,s to take acco·unt of .a . down;;t~eam growi:ng component 

· .. ·.. . ·. 
. . 

of the bubble. Namely, .it was also clarified tha:t :the 
. . 

. . . . 

··.. . . . .· . . 

ejection efficiency and ejection. rate were improved by 

5 effectively.aligning. the direct.ion ·of the downstream 
. . . .· ... . _, . 

. grow.ing component· of "tl'le bubble with the ejec~ion.· 

. d:i:rection. . This ied· some of· the pres·ent inventors · tq 

. an extremely high technical level, .as compared wi~h the •· 

conventional technical level~ that the downstream . 

10 growing compdnen.t df the bubble is pasitivel.y moved to 

. . 

the free erid side of the movable member. 

Further, it was .. found that. it was. also 

p~eferred ·.to take ·account of structural· elel11erits such 
. . 

a~ the :movable mellJber, .the liquid flow.path, and so on 
. . .. . 

. 15 • related to growth of bubble on the downstream side in 

2o 

the heating region for forming the bubble," foi: example,· 

pn the downstream side.from the center line passing the 

center of the area of theelectrothermal transducer in 
. . . . . 

tl'le d.irectio~ of flow of·liquid.or on the downstream 

. . 

sid~ · from the center of the area of a surface · 

con~ributing to ·bubble generation· . 

. .. :tt . was furthei: . found that the refiiiing rate . 

was able to be grea.tly improved taking account of the. 
. ·. 

lo.cation ... of · the movable member and the structure of the 

·. 25 liqui(i supply passage. 
. . 

In particular',· the present . inv~ntion · was 

· . · ~pcomplished noting ·.th(it ·variations. in an ej ectiori · . 

.. ·. 
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state riccurredhe~ause ofa dispersion· factor in 

mal)ufacturing the configu~ation:: o:f ejection_ outlet. 

Then . the inventors finall,y_ derived. the_ epoch::..making .. · 
... 

techrtology to stabilize the _ejection state as further 
.• ·, ·. ;. 

5. improving the ejection efficiency_ Of liquid by.taking· 

account of a. reiationship·· betw19en a displacement angle 

of .· t;he movable· member _.and ·an al)gle· of · a line ·connecting 

a fulcrum portion of the movable member with an· ·· 

i~tersecting point of· a cente~ axis of an ejection 

·10 . outlet w.i th a su.rfa~e "(connection surface) of an 

ejection outi~t portion 9onriected ·. to a liquid flow path 
. . . . . . 

and as also utilizing the epoch-making liquid ej ecti.on 

method. and. principle in. the prior application •. · 

Main objects of ·the present invention are.as 

15 . · · follows. .·· 

A first obj(act of the present_ invention is to 

provide· a· liquid· ejectirig:·inethod,. a liquid ejecting 

head, and so on that.can achieve a more· stabilized 

ejection state by maintaining in a predetermined: range, 

20 with respect to the r~ference at a _positio_n : of a 

reference surfac~ . Of the movable member_,. the 

re·lationship between the :angle of the axis connecting 

tne fulcrum portion of .. the movabl~ mei:nber with the 

intersecting point df the center axis ·of the ejection 
. . . ~ . . 

. . 

25 outlet with the surface of th~ ejection outlet. "p()~tion· 

connected to the ··liquid fiow. path a_nd the· displacement·· 

angle upon maximum .·displacement of the movable member 



· ... ·. 
.:10··.~· 

. ... 

provi¢1.ed with the free ehd .for controlling a_ bubble 

generated· (the ang·1e. of .·m~udmum di.spiacement) ~ 

A second object.of· the presen,t invention is to 

. -provide a l_iquid. ejecting_ method, a liquid ejecti:ng 

5 head, and so "on that can.iargeiy decrease accumulation 

of. heat in:the.liquid above the heat generating.element. 
. . . .. . 

a.~· improving the.ejection efficiency an<j ejection .fbrce 
.. ., . : .· . . . 

in . addition to th~ .fi~st .·object .. and. t~at can perform 
. . . . . . . . 

good l~qu.id ejection'by decrea~iilg residual bubbles 

10 above tne heat generating eiement. 

·. A third obj"ect of the · pres·ent invention is to 

provide a. liquid ej ed~ing head etc·~ enhanced in· 

refilling frequency ~rid.improved in print speed or .the 

like by suppressing the action of inertial. force in the 

15 opposite ... direction to the liquid supply direction due 

to the bi;t.Ck wave_and .decreasil?-g a meniscus back amount 

by avalve function of the movable member. 

20 

25. 

Add~ tionally, a f·ourth object of the . present 
. . .. 

invention is to provide a liquid ejecting method, a· 

liquid ejecting head;. and so on that reduces a deposit 
. . . 

.. on the heat generating el~ent, that cari broaden the 
. -. . . . 

application range·of the ejection 1:i.quiQ., and.that can 
. . 

demonstrate co~siderably "h.igh ejecti.on effi.ci.ency and . 

ejection. force. 

· A fifth object of the present ··inventioii is to 

·provide a liquid ejecting method, a liquid ejecting 

·. h~ad, ·and so on having increased degrees of 'freedom· of· 

· ... · 
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selection of the liquid t~be ejected. 

Typical f~atur~s of the present invention for 

achieving the ·above _objects are· as follows.· 

·According · to·· :an ~s·pect ·· of the ·present 

5 inv~ntion, there. is provided a· li(.IUid ejecting method 

for.ejecting a liq\l.id~ comprising: 

. · --10·· 

. . 

using a -liquid ejecting head having an ejection 

outlet portion".having .an ejection outlet for ejecting 

the.liquid, a liquid flbwI>ath_in_fluid cominunication 

wi.th·the ejecti.on O\iti~t-portion, a bubble generation . 

region for generating a bubble in the liquid,and a 
. . . . . 

. . .. · . ·. 

movable.· member. disposed .to face the bubble geil.er.ation 

·region·and·provided·with·a.free end closer to the 
. . . . ·' . 

. ej ecti.on outi~t I>ortio1i ·than a fulcrum ·I)ortion thereof, 

.15 and displacing the .. movable member. by a pressure based 
·. . . .. . '• . . 

· ori generation of the bubble. fioin ·.a position· of · a 

reference s·urface . tc:» a: position. of a maximum 
. . . . . . .. .. ' .. 

displacement, thereby.ejeCting the liquid, 

wherein · a reiation of 20E · - . 5 ° s. ·a" s 2aP: + 5 ° 

.·. 20 is satisfied where, t4-ith. a ·reference of the reference 

surface; a~· is an angle of the movable member·:· at the . 

. maximum displacenient.the:reof about·the fulcrum portion 

and 0E is.an angle.bfaria~iS COnrl~Cting. the fulcrum 
. . . . . . . . .... , 

. . 

po:tti.onWith_an i~te:tsectirtg point. of a center axis Of 
. . . 

25 the ·ejection. outlet wi.th a connecting surfa~e-·of the· 

eJe6tion ·outlet po~tio.1:1 t~>"-the liquid flow path, and 

wherein a~ is an acute . angle .. 

·, 

': ... 

· .. 
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According to another aspect_ of the present. 
. . . ·.· . . .. 

invention, there i$ provided a liquid ejecting method 
. . . . .. . ·. .· . . 

· c:omprising: . 

using a iiquid E!jecting head having an ejection 

outlet portion havi.ng art ejection o"utl.etfor.ej"ecting.a 

liciuid, a first liq~id f.lQW path in fluid communication 

with th,e ejection outlet portion, a ~econd iiquid flow" 
.· . , . . . . . 

. pathhav:lng a· bubble gE!nerat:lon·regi.on, and a.movable. 

_member disposed to face the bubble· generation reg:lon 
.. . . . . . . . .. .· 

. . . 

and provided with a _free end closer to the ejection 

~utlet portion than a. f~lcrum .port:lon :thereof,· 

. ge.nerat:lng a bubble in the_ bubble generation region,. 

and d:lsplacing the· movab_le member by a pressure based 

. on generation a·f the bubt>le from a position of a 

. . · ..... 
15 reference surface "to a"posi.tion of. a maxi.mum 

·disp.lacement·, thereby ejecting the i_iquid, 

wherein. a r~lation of 29E - 5 ° s e" ·s 29E + 5 ~ 

is satisfied where,. with a-reference ·of the reference 

Surface, . 0H is an angle. Of "the movable member. at the 

20 maximum displacement.· thereof_ about the . fulerum. portion 

·and 0g is-an angle Of arl a;xis Ca°rtnecting the·f~lCJ:Um 

·portion w.ith an intersecting point of a centera~is _of 

the ejection outlet· with a c9imecting· sur~a,,ce of the 

_ej~ction outlet pcirtioii. to.the iiquid_flow.path., and 

25 Wherein eH iS an. acute angl~. 

_According to another·aspect of.the ·present 

invention,. there.is provided a.liquid.ejecting.method 

.-.· ... 

. ·· ... 

. ~-

·.· .:· 

. . ·: ~ 
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for' ej~cting a liquid, comprising-: 

u~ing _a· liq~id eje6ti.ng head having an ejection 

outlet portion having an ejection outiet for ejecting_ 
. ·. ... ·. . 

the liquid,· a liqu.id -_£1ow path in fluid coll11Dunication 

5: with the ejection outl~t portion, a bl,lbble'generation 

region for generating a bubble in the'liquid, and:a· 

movable member disposed to· face the bubble generat.ion 
. . 

regian·andprovidedwith a free end closer to the 
.. 

ejection outlet portion than a fulcrum portionth.ereof'.,-

10 -.. 'and· _displacing the .. movabl~. member. by a pressure based 
. . . 

- on generation_ of the bubble.from a pos~tion·of a 

referen_ce ·surf ace to a position of a maxim\.im 

. displacement, thereby ejecting the ligUid, -.· 
. -

Wherein. B ,relation Of 20E _.;. 7.0 S 0M S 20E + 7 ° 

. 15 ·. is satisfied. where, with a reference of the reference 

surfa_ce, e" is an_ angle of. the mova}J].e member at ·the 

maximum displacement thereof a~otit the fulcrum portion 

arid eE_is an angle of a:ri a~i~ connecting· the.fulcrum 

. portion with an .- inte:ts'ecting point of a center axis of 

20. . the ejection outlet with a connecting· surface of the 
- . . 

. ejection outlet porti~n ·to the liquid flow.path, and 

.. wherein e~ is an acu_te angle •. 

According to another aspect of· the present 
.. '. 

inven1;ion, there-is provided a liquid ejecting method 

25 comprising: 

··using a . Ii.quid ej eating . head having an ejection 
.. -

outlet portion-having an ejection outlet for_eject"iri.g a 

. ·; ... 
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. ·1iquid, . a· first ·liquid ·flow path· in fluid communic·a:tion 

. with the·. ej ecti<?rt outlet". port:i.on, a . second liquid flow 

path having a bubble generation. region,·· and. a_ .. movable 

. ·.·member disposed to f a6e the bubble generation l:-egi6~ .. 
. . .. . . . 

. . . · .. 

· outiet . poi-tiori than a fu:I.crum porti~n ther~of, .· · 

Qenerating a· bubble in the bubble generation region, 

and d::i.spla~ing the movable member by ~ pressure based 

on generation of ti:ie.bubble from a position of a 
. . . . . . 

'10 reference surface 1;0 a position of a maximum 

. displacement, thereby ejecting the.liquid, 

Wherein a relation Of. 20E . - 7 ° . S. 0M S 20E + 7 ° 

.. is. satisfied_ where, with a ~eference of the. refer~nce 

.surface·, eM is an_ angle .of the ~ovable ·member_ at the. 
. . . 

15 maximum displacement. thereof· about _'the fulcrum portion 

· and. SE iS an angle . Of . all aXiS C~nn~Cting the . fUlCrUm . 
. . 

portion with an intersecting point ofa center-axis of 

the ejection outlet with a connecting_ surface of the 

ejection outlet portion to the liquid flow.path, and 

20 wherein 0M is an aCUte angle·. 
. : . . . 
. . .. 

According t() .another aspect_ of the present 
. . . . . 

invention",. there is . provi.dE!d a liquid ' ej eating. i:nethod . 

for ejecting. a liquiO.r _coi:nprising: 

using a liquid ·ej.ecting head having: an ·ejection · 

25 . outlet I>"Ortion having_. i;in -~j ection outlet for . ej~cting. · 

the 1.iquid, a liquid £iow. path in fluid 6ommuh·1c~:tic:>n 

with the ejec;:tiort qutlet po-~t:i.on, a bUbble g·eneration 
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-·is 

-re9.~on for gene;rating ·a bubble in the.liquid, and a 

movable member Q.ispo~ed ·to face tt).e bubble generat.;i.on 

·region arid provided with.a free end closer to the 

_ejection outlet port;i..on than a fulcrum portion_ther.aof, 
. . . . ~ . . . . . 

5 and d:i.splacing the movable me111ber by"a press1.1re based 

on generation Of the bub:bie fr.om a position .of a 

reference s.urfac~ t.o a position .of a maximwri 

displacement; thereby ~jecting the l:i~quid, 

Wherefn a ·relation Of 011 .S 20g .+ 5_0 
.. iS satisfied 

10 Where; With a reference Of the reference Surface, .011 iS 

an.angle of_ the movab'i~ member at the maximum 

displacement thereof abOUt th~ fulcrum portion arid 0g is 

an angl.e of an axis"c;:Qnnecting the-ful.crum. portion with 

an intersecting poihtof a center axis of the ej~ction . 

. 15 .outlet with a conri~C::ting surface·. of .. the ejection_.outlet 

portion to the iiquid fiow ·path, and wl1er~in. e11 
·is ·an· 

20 

. ' . : . 

acute angle and is not lesi; than an angle .. of an axis · 

connecting the fulcrum portiC!n with an.uppermost end of 

the "ejection outlet portion bf the.connecting surface. 

According_ to another aspect of the present 

invention, there i$" pi;-ovided:a liquid ejecting method 

fqr eject.ing a l!quid, : c<:>mp~ising: 
. . . . 

using ··a l.iql.d.d ejecting head · havil),q . an ej action 
. ..· 

'outl.e~ portion hav;ing an·· eje~tion "outlet _for ejecting 

25 the liquid, a liquid flow path in fluid.communi.cation 

. with the· ejection outlet portion·, a bubble. generation 
. . 

region for· generat_ing a bubble in the liquid, and a 
.. 

·:.·,. 
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movable member disposed to face the bubble generation 

region and· provided with a free end closer to the 

.ejection outlet portion than a fulcrum portiqn tll.ereof, 

·.· and . displacing the mova.ble member by a pressure ·based 

5 · . on generation o'f the .bubble from a· posi tioh of a . 

. reference. surface to a .Posi ti.on of a maximum .· 

displacement, the.reby ej eating the liquid, .· 

... Wherein a relation Of.· 29E - . 5 ° S 9M S 29E iS 
. . 

.satisfied where, with'· a reference of .the· reference 
. . . . . .. . l . . 

10 "surface, e~ i.s an angle ot •ttie movable meinbe~ a~ the 

maximum.displacement: thereof about the fulcrum portion 

. and 9E ;J..S . an angle Of an axis '?tlnnecting the . fu.lcrum. 
. ·. . . : ·. ·.. . . 

portion .with an inters~cting point of a center axis of 

the. ejection·01Jtl:et with a connecting surface o~ the 

15 .. ej_ection outlet portion to the liquid. flow. path; .and 

Wherein SM iS an. acute . angle. . and. iS. not leSS than an .• 

angle of an axis connecting .the fulcrum portion with an 

20 

.. ·. .· 

uppermost end of the ejection outlet portion of the 

connecting surface • 

. :.~ .. 
. · According to. another aspect of the present 

invention, there is provided.a liquid ejecting head ~or 
. . 

ejecting ·a ·liquid, comprising! 
~ . . . . 

··an ejection qutlet portion having qn ej_ection · 

outlet for ejecting the liquid, a ii.quid.flow path in 

25 .·fluid C:ommunicatiori with tbe eject:l.on outlet .portion, a 

bubble generation· regi.o.n for·. generating· a bubble in the 

liquid, and a movable memb~r disposed.to face the 
.•: 

_.··,·· "\ 
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. . ... : ·. 

bubble generation region a.i:id provided with a free end 

ctoser ·to the ejection outlet· portion th~n a fulcrum 

portion thereof,. wherein, upon di'splacing the niovabie 
. - . . . . 

member by-a pressure ·b~sed.an·g~neration of the bubble 

5 · ;from a position a·f a referenc~ su~:face to. a: position of 

a maximum . displacement to eject the iiquid,. 
' . . . . . . . 

a relation of 20~ -. - 5~ s a"· s·· 20E + 5° ·.is 

satisfied .where, .·with a reference of .:the reference 

surf(i~e~. e~ is an angle of the .movable lllember at t.he. 
. ·. .. . . 

10 maximwn displacemerit'thereof about the fulcrum.portion 
. . . . . 

. . . . 

and eE.is.ari:·angle. of an axis.connecting the fulcrwn. 

portion with . an .. intersecting pC>int of a center a~is of 

. the. ~j.ection outlet wlth a connecting surface of the 

ejection outlet portiori tb the liquid flow path, and 
. . . . . . ....... ..- . . . · .. 

15 Wherein ~M iS an acute angle. 

According to another aspect of .the.present 

invention, ... there .is provided a liquid ejecting hea(l 

comprising: 

an ej ecti.on ·:outlet portion having an · efection 

20 outlet for ejecting aliquid, a first liquid flow·path 
. ·. . . . 

in fluid communication with the ejection outlet 

portion •. "a second liquid flow ·path having a bubble 

. generation. regfori,, ·.•· and a movable member . di~posed . to . 

faqe the·bubble genera1;:i.oQ region and provided· with a 

25 ·free end closer. to't~e eje~tion outlet portion than· a 

fulcrum portion thereof~ wherein, "upon generating a 

bubble in the.· bubble generat.ioii region . arid ·.displacing 
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. .. ·· ·. : 

the movable member by_a·pressure based on the· 

generation of the bu.bble ·.from a posi ti.on. of a ·:reference 

surface to a position of. ~ maximum displacement to 

eject the liquid, a relati6n Of 20g - 5° S 0M S 20E. + S0 

5. is satisfied wh~re, with a reference of.thereference 

. Surface, 0M i$. an angle Of .the. mOVBbl~ member at: the. 

maximum.displacement thereof about the fulcrum portion 

and eE is_ an angle Of anaXiS COnnecting.the fulcrum 
. . 

portion with an intersect:f.ng_point of a center axis of 

10 the ejection ·outlet With a ·connecting surface Of the 

ejection·outlet portion.to.the liquid flow.path, and 

. wherein. · eM. is an acute.· angle • 

. According . to another aspect of the·· present , 
.. 

invention, there _is provided. a l'iqui·d ejecting ·head fo;r 
. . 

15 . ejecting a liquid, comprising: 

an ejection outlet portion having an ejection 

outlet for ejecting the liquid·; a l.iquid fl.ow path in 

·fluid communication with the.ejection outlet· portion, a 

bubble generation region.for generating a bubble in the· 

20 liquid,· and. a movableme~er disposed to face the 
. . . 

bubbl.e generation region.and provided.with a free end 

closer to the ejection:6utlet portion than a ful·crum· 

portion . thereof,· wherein, upon 'displacing. the· . movaple 
. .. . ..... · .. 

·member by a pressure· based on generB:tion of the bubble 
.. 

2.5 from a pos;i tion a~· a r.eference surface to a posit.i.011 o:t 

a max.;i.inum dis;placement· to eject the liquid, 
. . ·. . . . . . , .. 

S relation Of 20E - · 7° S 0M .S 20E. + 7°· iS 
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. . . . . . . 

satisfied where, w:ith·a reference of the reference 

surface, eM _is an angle of the movable member at ~he 

·maximum. displacement th~reof ·about the fulcrum- ·portion .. 
. . . . . . . . . . 

and . 0E iS an angle o:e an axis 9onneCting the. fulcrum . 
. ' 

. 

5 portion w:i,.th ap intersecting po~nt of a center a:s::i.s_~f 

the ejection outlet with a connecting surf ace of. the ·· 

. . . 

ejection outlet poi;"ti.on to the liquid flow path, and 

. . . ,· .• .. 

where~n e" is.an:·acute angle~ 

According _to another aspect.of the present 

10 invention, there is pr~vided'a liquid ejecting head 

comprising: 

an ejection outlet portion having ari ejection··. 

· outlet for ~j ectiQg- a, liquid., a first liquid flow path 

in fluid communication with the ejection outlet 

15 portion~ a second liquid,flaw·path having a bubble' 

20' 

.· . . . .· . 

' generation region, and a movable member dispos'ed .to 
.. .. . . 

face the .bubble generation region and provided· with a 

free end closer to the ejection outlet portion than a 

fulcriun portion thereof, wti:ereiri~ upon·generating·a 

bubble in the bubble ·generation. ·region arid displaci~g · 
. . . . . . . . .. . . . . 

the mC>Vable member by a'preslsure based on 'the 
. ' 

generation of the bubbie from a .·posi ~ion of' a reference 

·surface.to a positlon of a maxiin~Iildisplc;!C~ent to 

eject the liquid, a reiation of 20E -· .7 ° ~ e" ~ 20E + · 7 ° 
. . . . : ,. .·· . . ., . : .. . . 

25. . is satisfied where, with a reference· of ttie re:t;erenc~ ·. 

surf~ce, 0" .is an angie. 'Of the movable member. at the 

maxiinum.~ispiacem¢nt thereof about the fulcrl,lm port:ion 

... ·. 
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and. 0E ·iS an angle Of an axis connecting.the fulcrum 
: . . . . 

pcirtion with an inters~ct'ing point of a centei:- axis :of .. 

t~e ejection outlet ·with ·Ci connecting surface of the 

··. ejection outlet portion t~· the liquid flow path, and 

Wherein.0M iS.ail _aC~te :S.ngle~ 

According to another aspect of the present 

invention, there is provided a li9uid.ejecting head for 
. . . 

ejecting a liquid, comprising:· 

·an _ejection .·outlet portion• having an ejection 

. 10 outlet for ejecting.th~ liquid, a·iiquid flow·path in 

fluid communication with the ejecti~ri. outlet portion, a 
. . 

bubble generation ·region. f·or generating a bubble in. the 
. : . . .. ·. : . 

·1iquid, and a movablemember disposed to face the 

bubble generation~region and provided with a free·e;nd 

15 ·. closer ·to the ejection outlet· portion than· a fulcrum 

20 

. .. · .. :, ·. ... . .. 

portion thereof, in which the· movable merttber.is 

displaced by a pressure. b~sed on generation.of a bubble 

from a position of a reference surfac~ .to a positi.on of 
. . . . .. . . 

a maximum displacement to. eject the liquid, 

wherein a relati:on of aM s; 2eE + 5 ° is ~atisf .i.ed 

Where, With a ref.erence Of the refer~nce SUJ:face; .. 0M. i.S 

an -angle 'of the movable.member at the maximum 

.. displacement thereof. ab.OUt the fulcrum por"t:iOn and eE is· 

an ·ar:igle Of an axis qonnecti.ng th.e fulcrum portion with 
. . . . . 

25 . an intersecting. poi.nt of a center axis of the eject:ion 
. .. .. .. . . 

. outlet. ·~i th a COi:inecting .. surface Of .the ejection QUtlet . 

portion to the'liqui.d flow path, arid wherei.n eH is an 
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ac;ute angle and is not ·1ess···t:han an angie of an .axis.· 

. . . 

connecting the f~lcrum portion with an uppermost ·end of 

the ejection outlet portion o:E° the connecting Surface . 
. ·. .' . ·. . . 

. According to another aspect of the present 

5 invention, there i.s provided a li.q~id ejecting head for 

10 

.ejecting a liquid, comprising: 

. an ej eat.ion out.let portion having an ejection 

·outlet for ejecting.the liquid~ a iiquid flow-path. i~ 

fluid communication with the ·ejection.outlet.portion, a 

bubble ge:ne:i:atio~ region. · for · generating a· bubble in the 

liquid, and -~·· movab1e memb~r .disposed to face the 

. . . 

bubble_g~nerati6n regi.on.and provided with a free end· 

closer to the ejection outlet portion than a fulcrum· 
- . . . . 

porti.on thereof,· in which the movable member is 

15 displaced by·a p;ressure·based on generation of a bubble 
. . 

from a position of a reference surface to a position.of 

a maximtJ.m d·i.splacement to eject the liquid, 

Wherein a rela~iOn Of 20E - 5 o S 0M S 20E iS· 

satisfied where~ ·. wi. th a refe~ence of the reference 

· 20 sur_face, 0~ is .. _an angie Of the·mova:t:>le.~ernber at the. 

ma:Kimum . displ~cement · thereof. about the. fulcrum ·portion .. 

and . 0.: is an angle of ari ·. a~is .· connect.:i.ng the·. fulcrum 
. . . 

portion with an intersecting point of a·eenteraxis of 

the ejection cnitlet. :with . a connecting surf ace of . the 

25 ejection outlet portion to· the liquid· flow path, and·. 

wherein, 0M iS Sn acute angle·and iS n.~t.le~S thSf1 an 

angle of an ax·is <?onD.$ctirig. the fulcrum portion·l'Ji.th an 

:·._.·. 
. ~ -

... · 
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uppermost end. of the ej ect_io~ outlet. portion of the 

connecting surface· .. 

. According to another c;ispect of the preserit 
. . 

i~~ehtion, there ·is ~r~yided ·.a iiqu:i.d. 'ejecting . 

apparatus haying: .the iiquid ej eating head as d.e$cribed 
. . . 

in e.i ther one of tb.e" above i:tspects,. and ·a.r:Lving ·.signal 
. . . . . . . 

supply means- for supplying: a driving signal .for · 

·ejecting the liquid from ·tile liquid ejecting head~ 

Accordingto.ano.ther·aspect of.the present 

10 invention,. there is provided_ a liquid ejecting 

appara~us. having. the . l:i.qtii~ ·.ejecting: head as described 

.in.either·ane of the S:boyeaspects, and recording 

mediuin . conveying .. means for . conveying a recording medium 

:for rece.iving.the.-l.iquid ejected froni. the liquid_ 

15 · ejecting head. 

According to the present invention, the 

_ejec_tion state· of the liqui·d was able to be ·stabilized 

by properiy_defining 'the maximum displacement angle at 
. . . . 

the time when the ~ovable memb.er for controlling the 

20 . bubbl~ generated is c;Usplaced ·at maxim~ by generation 

.·of bubbie, with respect to the angle of the line· 
. . . . 

.. connecting the . f_ulcrum portion of the movable member 

with the intersecting'. point "of: the cente:r ~xis of .. 

ejection port'. ·or the az:ea ~ente~ axis with the surface 
.. . 

25 of the ejection outlet portion.connected to the liquid 

flow path . 
.. . 

In addition, .the ·liq~id ejecting method,.head, 

: ... ' 

·· .... 



- 23 

and 'so on according tothe present invention~ based on 

the very novel· ej.ection· principle, can attain the 

synergistic .. ef feet of the bubble generated and the 
. . . . ·' '• . 

·mC>vable member displaced thereb;, so_that·the liquid 

·5 nea~ the ejection outlet ·can be efficiently ejected, 

thereby ;improving the ejection efficiency as" compared 

with·· the ·conventional ejection methods, heads,_ and. so 

on of the· .ink jet ·method. For example, t~e inost 

preferable· form of the present invention achieved a 

10 quantum leap of.ejectionefficiency two or more times 

improved. 
. . ..· ·. . 

With the character;Lstic strucbires of the· 

present inven:ti()n, ejection failure can.be .preveQted 
. ·'. . 

even after.long-term storage at.low temperature or at 

15 low moisture, or, even.' if . ejection f ailU:re . occu.rs, the 

"head can be advantageously returned instantaneously 

into a normal condit.:f,.on onlt with a recovery' proce-ss 
. . ··.. . . 

such·as preliminacy ejection or suction recovery. 
. . 

Speci.ficail.y, u_~der the long"'.:"term. storage 

20 condition to.cause ejection failure of almost ·a11 of 
. . 

·ejection.outlets in the head.Of.the.conventionC11 ink. 

jet method. having· sixty four ejecti.on 9utlets, ·the head 

of the_ present invention sP,owed ejection fq.ilure only 
. . 

in approximately half or ~ess of the ejection o.tit"iets. 
. . ... ,. . . 

25 For recovering thes·e heads. by· preliminarily ejection,.·. 
. . ~ . .·.. . . . . . ·. . . 

severa1:thousand"preliininaey ejections were required 
:' . . •. . . . . . . . .. · . 

for each.ejec~ion outlet in· the.conventional head, 

.· .. 
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wherea:s a hundred or. so .· preliminar~ly ej actions' were 

sufficient to recov~r the head.of the present· 
.· : .· . . : .. ·· '. . 

invention.· This means ·th.at ·the present invention can 

shorten the recovery period,. can decrease losses "Clf the. 
. . 

5 . liquid du~ ta· recovery, and oa~ greatly lower the 

running cost. 

Particularly,.- the: structures for improving.the 

refilling·characteriStics of thepres~nt invention 

achieved high respo11~ivity upon conti~uous ejection, 

l.P st_ab~e growth of bubbl~, ·.and. stabi.iization ~£ liquid 

droplet and realized high-~peed recording or high­

quc;ili ty recording· pased on the high-speed liquid · 
.. 

ejection. 

The other ,ef feats. d.f. the present invention will 

1.5 be understood from. . the description of the ei:nbodiments. 

In the. specification, .the terms "upstream" and 

"downstream" are. defined with respect to a genera·! 

liquid flow fr()m a liquid supply source through_ the 

bubble; generation region (oi; the movable member) to the 

20 ejection outlet or are expressed as expressions as ·to 

the direction in this structure. 
.. . ..... . 

Further, a·"downstream side11 portion of the 

bubble itself represents an·ejection-outle:t:-side· 

port:Lon of the bubble whicij directly functions mainly 

25 to eject a .l.;i.quid d~ople.t ~ . More particularly, it. means 

a downstream port_ion of the bubble in the aboye flow 

·airecti.onor in.the direction of .the above structure 

... :-.. .. 

... 
··. 



- 2s·· 

. . 

··with respect to the center of the bubble,· or a· bubble . 

. appearing in the downstream region from the"c;::enter of 

the area of the he~t· geriera.t.ing element •. ·. 

In this · specif iccitiori, .. a "substanti~i1y· sealed" .· 

s· state generally means ·a· sealed.state in such .a.degree. 

that, when a bubble grows~ .the bubble does not escape 
~ . . . . . . 

10 

through a g:ap ·(slit) ~round the movable member before 

motion of the movable member • 
.- . . . · ... ·;.··. .· .. · · .. 

. . . 

_In this specif:f:,ca1:ion, a "partition wall i•· m~y . . . . . 

mean a wall. {which may· include the m:ovable membei•) 

interposed.to.separate the.region in direct fluid 
. . . . ·' 

·. . . .· . . . 

communication with the _ejection outlet· from the· bubble 

·generation region ina wide sense, and more 

specifically means a i-lall ·. separating the liquid flow 

15 _path inc;:ludi"ng the bubble generation region from the 

20 

25 

. . . 

liquid flow path in.· direct flµ;t_d communication with ·the 

ejection outlet, thereby preventing mixture of the 

liquids in the res;pective liquid flow paths in a narrow 

sense. 

In the specii~icatioJ;i,. a 11 free end. p0:ttion" of 

the movable· member m~ans·a·portion _inclu~ing the free 

end, which is a downstream.;;.side end of the movable. 

nteillber, and neighboring regions, and·. also including a 
. . . . . . ~ . ·. . . . . . 

portion .·near the dowm~tream corners of. the . movable. 

-member.· 

·Further, a '.'free end region," of ·the movable 

·member means the free end it:;elf. at the doWnstream-side 

· .. ·. 

.·.:.·. 
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·:· .. 

ertd of the movable member~ .a region including the side 
~· . . . . . 

.. ends of the free end, or a reg:i.on. incl\lcUng both . the. 

free"eridand tJ::ie side ends. 

Further, ·the "fulcrum portion"· of the movable 
. . . . . . ; 

5 member s·tated. _·herein means a· border portion·· between· a 

disp~acing portion. of· the· ni.ovabie member and a porti·on 

substan,tially not di.splaced; fo~ example, _in t_he case 

of the moyable ritember_being formed·by a.slft in the 

·partition wall, it corresponds to tne end of tne cut of 

10 sli:t, .. which is th~ position of the root of the movable 

· .. ·me_mber. 

Further, ·th,e "reference surface" stated herein 

means a surf ace including the movable member 31 kept in 

a natural state without being dispiaced as being free 
.. . .· 

15 ·from the external force. This.is substantially 

equivalent to· defining the reference surface as a plane 

including the fulcruin·of the movable member anci 

.connecting the P!3.rtition wall extending on the 

downstream side from the ;fulcrum, to the eject.ion outlet 

20 ~ith the partition wall extending on the upstream side 

opposite thereto. If the movable member.is def9rined., 

the latter.can be used· as the"reference .surface. 

Further,· th~_·. ·.,d_isplacement angle" of the 

·· · mova~le member f;tated h~rein means ·an angle a:round _the 
. . .. . 

25 center of .rotation.at thefulcr:um portion, of.th~ 

stra.ight line connec.t:i,.ng the above-mention.ad fulcrum 
·. . . .. • . . 

. . .:· ·. . . . . 

_portion.with the fre·e _eI)d upon displacement of the 

.. 

•'. 
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inovable.member,.with resp~ct to the.reference of the' 
. . . . . . . . . 

aforementioned reference· surface. Especially, the 

maximum of this d.isplapement angle is def irted as a 
' . . . . . . 

maxi.mum di.spladement . angle. e~. 

Further, ·th~ ''center· axis of . ej ~ct.ion ·~:nitlet '' 

means a rotational axis of cylinder in. the.· case of . a 

cylindrical ejection outlet portion or a straight line 

cormecting the center of circle . of the ape'r_ture, of the·.· 

ejectionoutlet.;portion on tl:le 'iiquid_flow path side 

10 ( ej act.ion OU tiet 18 )° With the . center Of cirC].e Of th~ 

ejection· outlet portion c;:m the outer sur:fa(je (face. 

surface) side. 
. . .· .. 

If the ·ejection .outlet portion is not circular;· 
. . . 

the "center. axis of ejection outlet" or t~e ,;center 
. ~ . . 

15. axis of the area of. ejection outlet 1; is .defined as a 

straight line connecting the center Of·the area on the 

liquid flow path side with the center.of the area on 

the face surface side. 

20 BRIEF DESCRIPTION.OF.THE DRAWINGS 

_Figs. lA and lB are a perspectiye. view of a· 

conventional liquia··ejecting.· head and a sectional view 

of a liquid flow path. of_ the conventional liquid 
. . 

· eJecrt:iI'lg head: . · · · 

Figs. 2A, 2B; ZC, arid 2.D are schematic 

sectional vie~s of. an . exam~:l~ of a liquid ejecting head 
. •. : . . 

· applieO. to the present inyention; 

.. ' .. 
. . 

.·, 



5 

.Fig. 3 . is a partly broken perspective ·view of a 

·.liquid ejecting head applied .to the present inveiit:i.on; 

F'ig .. 4 is·. a schem~tic view of pressur~ 

. propagation from a bµbble·~n. ~conventional .bea.d; 
.. 

... · Fig •. 5 is ·a ~c~ematic view. of pressure. 

propagation from a b\.ibbl~ in a bead appli~d to the 

present ·invention; 
... · . .. 

Fig ... 6 is ~ schematic view of a . iiqU-.id flow in 

the ejection·princi:r;>le appl:Led to the· present 

10. invention; 

Fig. 7 is a pa~tiy broken sectional view of. a · 

liquid ejecting head.according to an ~bodiment of the 

pr~sent invention; 
·. . . . 

Fig. 8 is ·a partly broken perspective view of a 
. . 

15· liquid ejecting head-applied to the present_ invention; 

Figs •. 9A, . 9B, and . 9C show a positional relation 

bet~een the heat generating element and the movable 

·member; 
· ... 

Fig. 10 is a scnematic drawing to show•· a first 

20 example Of the relation between SM and 0E i 

25 

· Fig. 11 is. a· schematic drawing to show a second · ·. 

example Of the relatiO~. :between 0M and 0E;. 
. . . 

.. . . : . 

Fig. · .12 .is . a scn~atic dra"lillg. to ~how a third 

example Of the relation between. 0M and 0E; • 

Fig~ 13 .. is ?.· schematic:: d~awing to show. a fourth 

example .of·. the· relation between eM and SE; 

Figs .. t4Aand 14:8 are illustrations of an 

'. 

. ··'.· 
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.· . 

operation of a movable member; · .. 
.·· .• 

Figs. 15A,· 15a,·and 1sc are illustrations of· 
. . 

other configurations of the mov.able member;.· 

Fig. 16 is a schematic drawing· ~o s~ow an. 

5 .· example of ·a . ceifin~. stopper. for satisfying the 

10 

15 

· .·. condition of the angle in the present invention; 

Figs. 17A and 17B are longittidinaicross 

sections o:e a liquid ejecting'head. according to an 

embod;i.ment of the present invention; 

Fig •. 18 is.· a.schematic view of a configuration. 

of a.driving pulse; 
.. . . 

·Fig. 19 isa sectional view of a.supply passage. 

of· a liquid ejecting head in an embodimentc;>f the 

present. inventi.on; 

Fig. 20 is an explo.ded perspective view of a 

head of an embodiment of the present invention;· 
... · · .. · ·.· ·. ,.· . .· :· 

- Fig. 2i is an· exploded perspective view of a 

liquid ejection head ca.rtridge; . 

Fig. 22 is a schematic i11.ustra:tion of a. l.iquid 

20 ·ejecting device; 

25 

Fig. 23 is ·a b'iock diagram of ·an. apparatus; 

Fig •. 24 is a schematic.view of .a·liquid 

· · ·. ejection ~ecording ·system;·· and. 

·Fig. 25 ·is a schematic view of.a.head kit.· 

DESCRIPTION OF THE PREFERRED E:MBODIMENTS 

(Pe~criptipn of principle) . 

. :·· 
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The principle:: ()f ·ejection. applicab_le. to the 

pr~sent inventio~ will be explained referr'..ing to the 

· ore9.wirigs . 

. Fi.Q'S:• 2A to ·:20 .are ... schematic sectional views of · ·. 

a·1iquid ejecting head~_out. along .tne.directio~ of the 

liquid fl,.ow p~th;and Fig. 3 i~ a partly broken, 
. . .. ·. 

·perspective view of. the '1±quid ejecting.head .. 

The liquid ·ejecting -head. .·of Figs. 2A ·to ··20 · 

compr,tses an element ·subs.trate l, a heat . genera.ting 

10 · element 2 (a h~at' ge~erating :i::es·istor :ln the 
. . ., .· 

qC::mfigtiration· of 40 µin· x 105 µm in Fig. 3) as an 

.· ej·ection. energy: generating element fdr supplying 

thermal energy to the l:Lquid to eject the li,quid, 

mounted on the element substrate 1, and a liquid flow 
. . 

.15 path 1.0 · formed above ·the ·element·· substrate il1. 

correspondence· to.the· heat generating el~ment.2 .. The 
. . . 

liquid flow path lO·i~ :Lri fluid communication.with an· 

e,jection ou1:let 18 and_ with a common liquid chamber 13 

for·supI?lying the_ l.iqui.d.to a pluraij_ty of such Li.quid. 
,, .. . . . . 

20 flow paths 10; so that· the liquid flow path 10 receives 

· .. · .· 

the liquid in an amount equivalent to the liquid hav_ing 

.been ejected through.the ejection outlet from the 

common liquid chamber 13 • . 

Above the el·ement· substrate and in the liquid 

· 25 ·fiow path iO a movable .. member 3i of a plate shape 
. ... . . . . . 

. . ·. 

having a flat portion ·is formed ·in . a canti:Lever form 

. and of . a materi~l _having . eiai;t:lci ty, such" as a inetai", . 



. 31. 

so as to face the abqve-mentioned· he~t ···generating· 

element.2. One end of the movable member is.fixed to a 

foundation .(support member) 34 or the like provided by_ 

patterning of a· photosent:d tive resin on •the wall of the 

.5• .liquid. flow.path 10 or ori the element substrate.· This 
. . . . .. 

structure supports .. the movable member and . constitutes a .. 

:fu1C:r\lm· ( fulcrum .Portion) .· 33 ... 

·This movabie.member 31. has the fulcrum (ful:crum 

portion: fixed erid) 33 on ·the . upstream. side ·. of a · lc;trge 
. . . . . . 

. lo. . flow of· the liquid from the common liqui!i chamber. 13 

·.through the movab.i"e . member. ·31 toward. the ej action·. 

outlet 18, caused by.the ejection operation of the 

. Li.quid, and has ·a free end (free end por.tion) 32 oii. the 

:downstream side wit~ .respect to this fulcrum 33. The 
. . 

15 movable member 31.· is so positioned that it is· opposed 

.· .. to, the heat gen_erating . element 2 with a gap of 

approximately 15 µm 1;:heref:tom so as.tocov~rthe heat 
. . . . . . . . 

. . . 

·generating element 2.· A.bubble generation region is 

defined between the heat ·generating element and.the 

20 ·movable member. The .. type, configurat·ion, ··and position 

o:f the heat generat;i.ng element or the movable member 

are ·not iim.i ted to those desc .. r~bed a:bove.; but. m~y be 

arbi trar.:i.ly ·cJ:iariged ·as. long ·as the · configurat.ion and · 

:position are suitable for ·controliirig. the growth of. 

25 · . bubble arid propag·ation of pressuz:-~ as· discus·sed below. 
. . . 

For the cohvenfe.nce 1 s.ake of· description· of the. f1ow of 
. . . ~ . 

the liquid discu$sed hereinafter, the iiquid flow path 

.·_., 

. ·. ·. 
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. . .· . ·'· 

10 as described. is divided by the movable member 31. ·· 

.·'into two regions, :i.·.e., a first iiquid flow path 14 in 

direct commtinication.w:Lth 'the ejection outlet·1a·and.a 

second liquid flow.i?a~h.i6·h~virigthe bubble generation 

5 region 11 and the Tiquid supI>lY passage 12. 

Heating the heat" generating element 2,· heat is 

B:PPlied ·to the liquid in the bubble generation region· · 
. . . 

11 between the movable member ··31· and the heat. 
. . 

. . . . . . 

generating element 2, whereby a bubble is generated· in 

10 the liquid . by the . "film boiling_ phenomenon . as . described 
. •'• . . . 

i·n the specification. of United States.· Patent· No. 

4,723,129 .. The bubble and the pressure ·raised by the 

generation of bubble m~inly. abt on ~~e .movable m~mber~·· 

sci that the movable member 31 is· displaced to widely .. · 

15 open on the eject.ion outlet side about .the ftilcrurn 33,. 

as shown in Figs. 2:8 · and 2C or·. Fig.. 3. The 

disI_>lacement · or the· displaced st~te of the movable· 

member·31 guides the growth of the bubble itself or the 

propagation of. th~ .. i,>ressure raised with generation of 

. 20 . the. bUbble toward the ~j ection outlet~ . 

Here, one of the.fundamental ejection 

principles applied to th:e present. invention will be· 
. . . 

explained. One of the.most .importanc~ ·priljciples in 

.the present invention is that· with the pressure of the 
. . . . . . . . . . . . 

2!f . bubbi~ or the bubbi~ itself. the movabie member disposed ... 

to ·face the :bubble is displaced .. froin a. ·first position·· 
. . . 

··in a stationary state t6 a sec6nd posit.ion in a state. 

;• .·. 

· .. ·· 
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.. .· .. 

af~er.displaced:and the movable member 31 thus 
.. · . 

displaced guides the '.bubble :i,tsetf or .the . press~re •... 

caused by. the.generation of bubble toward the 
. . . . 

downstream side· w:here the. ~.:jecti<?n outle1;: 18 is 

5 ·positioned. 

10 
. .-· 

·. This p:tip.ciple ·will be , explained. as comparing 

Fig.. 5 showing . the pr~.s~~t. inv~ntion with. Fig~ . 4 

schematically showing theconvention~l liquid flow path. 
. . . . . . . . . . . 

. . . 

.. structure using rio ~ova~le ·m~ber. · Here, VA represents 
. . . . . ~ 

the direction.·· of propagation of the. pressure toward t~e . 

.ejection outlet .. wh~le. vs• tl:t~ direction: of propagation of 

the.pressure towar4.the upstream. 

The conventional head shown.in Fig. 4. has no 

structu:re fo_~· reguiating. di.rections o.f. propagation of 

15 the pressure ri;li'!=led .b;y the bubble ·4a··generated. Thus, 

the pressure of ·the. bubble.· 40. propagates in various 

directions normal to the surface Of the bubble as.sh~wn. 

by v1-va.·· Ainong these~ components.· having the. pressure 

p~opagation directions along th¢ di?:"ection: VA most 

20 effective to the. lfq~i.d ej:ecti..6n: are those having the 

· directions CJf propagatio0:. of. t:he pressure _in the 

.po:i::t'iort of_ .the bubble close:r;· to the, ejection outlet 

. than the 'nearly half"point,. i.e., Vl-V4, which is an 
. .· ." .. ., . . . 

.· .·important portion directly contributing tb ·. tl:ie liq\lid . 

25 ejecti:on efficiency, the ii_quid ejectio~ force, the. · 
. . . . 

ejecti.on speed, and so on. Further, .. Vl effectivel_y 

· acts because being closest to the ejection di?:"ection v A; 

. . ... 
.. . . ~ . . . ;:: 

.·· .. 

•' ... 
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and,· contr~ry _thereto, v4 involves a relatively small __ -
.. ·. .: . . : . . . . .. 

component directed in_ the dfrect.:f..on Of VA• 

In contrast with ft; -in the case of :the present 

invention shown in Fig. __ 5, the· movable memb_er 31 wC)rks 

_ s __ -to guide the pressure propagatiort directions Vl~V4- of 

-bubble, ·otherwise-directed in the various directions_- in 

the-case of Fig. 4, toward the downstream side (the 
. ·' . .· 

ejection outlet side) so as to change them into the 

pressure_ propag~tion direction of VA, __ thereby _making· the 

·10 pressure of bubble 40 contribute directly and 

effectively to ejection. 

-The growing d;Lrection itself o_f bubble is -

-guided-to· the_ downstream ill the_ same manner as the· 
- -

pressure_ propagation directions Vl-:-V4 are, _so that the 

15 · -bubble-grows more.on the_downstream side than on. the 
. . . : . . . 

upstrl:!am side~ -In t~is- manner, the ejection 
- -

efficiency, the ejection fo;rqe, ·the ejection speed~-and 
- -

- --

so on can be fundamentally improved by _controlling the 
- - -

growing direction itseif of bubble by the movable_ 

20 member and controlling the pressure propagation 
. ·;. . 

directions of -bubble. 
. ' . . 

·Now r~turning- to Figs.- 2A to 20·, the ejection 

operation of the ii quid ej ectirig" -head stated above -will 

be described in detail. _ · 

25_ Fig. 2A.shows a _state before.the energy such.as 

electric energy-is ai;>plied tci-the heat· generating 

-element 2<, -wh.:i.ch is~_- there":fqre, a state before the heat 
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. . 

· g·enerating element generates· the heat. ·. Ari important· · 
·~. .. .. 

point is that the movable memb.ei: 31 is positioned 
. ··. 

relative : to the ]:nibble:, generated by heat ~~nerati_ori of 
. ~ . ' 

t_he heat genera.ting element so as -to be opp<?sed to· at· 
·. . .. . . 

. 5 least the. downstream side portion of the .. bubble • 
. · .. ,·. . •' . 

Namely, in 6rde~ to let the downstream. portion of. the 

bubble act on the movabl~ member, the liquid·: ~low 

passage structure is arr,anged in such a_ wciythat; the 

_movab.le member 31 extends at lea.st up to a, position 
. ·. . 

ro dc:)wnstream of the c::::enter' 3.of the area of the heat 

15 

generating element· (or. downstream of a·· 1ine passing 

through the center 3 of th~·area·af the heat.generating 
·. · ... ··.· ·.. : .- . . ·, . ·. 

element ·and, being perpendicular.to the lengthwise 

direction of the flow pa:t:h). 
. . 

_Fig. 2B shows_ a state-in which the electric. 

energy or the like i"s_ applied to the heat generating 

element 2 to hea:t the heat generating element 2 and the 

. heat thus generated h:eats a part of the liquid.filling 

· inside o·f the bub~le generation region 11 to generate a 
. . . 

_· 2·0 bubble in accordance w:i._th _film boiling. 

At this tim.e the. movable ·member. 3.1 is_ displaced 

. from the first positi_on _to· the. second. position by ··the· 

pressure raised by' Q..eneration of bubble 40 .so as to 

. guide -.the propagation directions of . the pressure . of the 

25 bubbie into the". directio_n toward _:t;h.e _eJectio~ out+et. 

·Animportant :Point here.is;·a,s described above, that 
.. •, . 

.. the free end 32 of the movable member ii;;'located, on the 
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. . . .. 
. . 

downstream si(ie ·car on the ejection outlet side) .while 

·, the . fulcrum 33 . oh the .. upstream. side (or on the common 
. .. . . .. . ... 

liquid ·chamber side)· 'so that ·at least a part of the 

movabiemember may be opposed totll.e downstream: portion 

s . of the heat generating element,· that is, to tP.e 

· dowristreain .. portion of ·the btibbl~. 

· .. Fig.· 2C shows· a. statla ill which the .bubble .4o· ·. 
has furth~r ~ro~ . a~d t.be mov:abl.e. inember 31 is further 

·displaced.acc~rding to.the pressure.raised by 

10 generation of bubble 40~ The ·bubble generated ·.grqws 

more. downstream than up.stream to expand largely. beyond 

the first posi.tion·c"the position of the dotted line) of 

the movable merDber. 

It· .is thus. understood that .a grad\lal 
. . . 

15 . displacement of the·. movable member· 31 in re.sponse ta 

the growth of bubble 40 allows the pressure. propag'ation 

directions of bubble 40 to be uniformly directed toward 

the ejection outlet .. and aliows th~ bubble to grow in_ a 

direction in which the volume can be' .r~adily changed, 

20 . i.e. , · in the direction.· toward the free end, there})y 

·also increasing tJ:l.e ejection efficiency .. When the.· 

movable member gu.:,.des 1'.he bubble and the bubble 

·generation .pressure tow?trd ·.the ejection out~e~, ·it 

r!3rely obstrU:ets . the. P:~opagat:l.~n and. growth and can 

2.5 . ef fi°ciently control . the·. pr6pagation directions. of the . 

pressure and the growth direction of° the bubble in .. · 

accordance with the·magnitude of the pressure 

::· .:··.· 

,···· 
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propagating .. 

Fig~ .2D shows a state in which . the bubble 40 · 

· ·: contracts and extinc~s becaus~ of a decrease of the 

pressure inside the bubJ:>le ·after ttie film boiling 

stated prev:iou~ly. 
. . . 

The movable member 3.1 llavi_iig been displaced to .. 

the ·second position returns to the in.i tial position 
. . . .· . . ·. 

(the . first positic;m) of Fi·g. 2.A by restoring ·force 

. reslllting f~om the spring prop~rtyaf· the movable. 

10 member itself and the negative _pressur~ due t() the 

· . contraction. of the b.\lbble. · Upon_ c~llapse ·of .the buJ:>ble. · 

the liquid· .• flows: ii).to the. bubble generation region 11 

. in order to comp~Ilsate for the _volume reduction of.the 

bubble· and in order to compensate". ~or "the volume of the 

15 . liquid ejected, ·as ·inciica"t:ed by the flows Vn1 , Vn2 from· 

the . upstream· s.ide (B) o~ . the common . liquid chamber side 

and by the flow Ve from_ the ejection outlet· side~ 

·The ~oregoing explained the operation of the 

movable meinber with generation of .th~ bubbie and the 

20 ej acting . operation of th.e liquid, . anci then the 

following explains refilling of the liquid in the 
.: .. · ... 

liquid. ej~cting. head:, . _applicable to the present 

:i..rivention. · 
. ·:· 

After· Fig.. 2C, the bubble 40 e:Jr:pe.riences a 

2.5 state of the maximum. volume and enters a bubble 
. . 

collapsing_ process •. :i:,n th~ b~bble collapsing.process, 

a "volwrie·of .the liquid ~nough. to compensate ":for the 

~· . . 

'···. 
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volume of the.bubble. having collapsed.flows into the.· 

bubbl°e generation region from·· the. ej_ec.tic:m _outlet side 

of the first.liquid flow.path i4 and from the sid~ of 

the common liquid chamb~~ 13 •. of . the s~cond liquid .. flo~ 
5 path. 16~ In the case of .the conventional liquid flow 

passage" str\I<?ture having" no movable member 31, amounts 

of.the liquid flowing from ·the ejection outlet.side and 

·from the ·aolninon· liquid .. chamber into the bubble 

collapsing. p'osi tion .depend·· upon magni tlides. of . flow 

10 ·resistances in the portions closer to the ejection 
. ... . . .. : . . 

ou·tlet and to the common liquid, chamber than the. bubble 
. . . 

_gerteratfon region (which are based.on resis;tances of 

flow paths,; and inertia.of the.liquid). 

·If. ·the flow re!sistance ·is smaller on the .. side 

15 near the ejection outlet, .the 1.iquid.flo~s·moreinto 

the bubble ~al.lapsing.position from the ejectio:n outlet 
. . . 

side so as to increase an.amount of retraction of 

meniscus. Particularly,: as the · flow resistance near 

.the ejection outlet·i~ decreased so as to :ra:.i~~ the 
. .. . . .· . ·. ,. 

·. . ·. ·.: . . 

20 ejection effic.i,ency-; the. retract~on of meniscus M 

becomes greater upon coliapse.of bubble and the ·period 
. . . . . . . . . . . 

Of refilling time beC::omes longer, thus becoming a .. 

· ·. h~JJ.drance against_ high~_speed _printing •. 

·.In ~contrast with it, bec;::ause this structure· 

25 inc1uaes·the movab1e.R1ember 3l., the.retractiari o:e 
. _meniscus stops wh,en :the movable menlber returns to the". 

initial position upon qOilapse of bubble and thE!.reafter 
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. . . . 

: the· supply of the iiqui,d for the remaining <voiume of W2 . 

"mainly relies o~ the" liquid suppiy from the flow· VD~ 
. . ·. . ·. 

through the. secorid. flow. path 16, . where the. vol_ume w of . 

:the bubbi~ is ·split· into .. the upp~r volume Wl beyond the 

. . . . 

first position of the movable member and.the-lower 

··volume W2 on the side ·of th~-b~bb"ie. generation region 

11. The retraction of-meniscus appeared in thevoiume 
. •. .. - : . . . 

equival~nt to approximately a.half of the volui:ne.w of 

bubble.in the conventional structure, whereas.the· above· 

10 structure . enabled to· -~educe· the retraction of meniscus 

to· a smaller volume, ··specifically,· to ·approximately a 

haif of wt. 

Additionally, -the liquid ·supply for the.volume 

.w2 can be forced, using the pressure upon cpilapse of 
. . 

15 · · bubble,· along the surface ·of the movable niember 31 on 

the heat. generating .. element s.1de and ma1nly from the 

upstream side (Vnz> of the second liquid flow path, thus 

realizing faster ref ill1ng_. 

A characterist1c· po1nt nere 1s . as follows:. if 

20 ref1lling is carried .out · us1ng the pressure upon·. ·. 

collat>se of bubble in the" conventional head, vibrat1·on 

. of meniscus is .. sp great as to result· in deteriorat1tlg 

t_he ,qual1ty of iinage;_ whereas, "ref1lling 1n this 

structure can decrease.the vi:brat1on of .meniscus to an 
.. . 

25 extremely low level becatise the.movable member 

restricts flow of" ttie liquid .. in the region of the first 

liqui<;I flow path 14 on the.ejection outlet side ·afid in 
,. .. ; 
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the region on the ejection outlet side of the bubble 

- . 

· · · • · generation region 11. 

-The -~bove_-'mentioried structure -applicable to the 
.. •, 

present invention achieves . forced refilling of . "the . 

-5 .· liquid into · the bubble g:enez-ation r_egiori through the 

liquid sup~ly passage.12 of the second flow path 16_and 
.· ·. . . . . . . . .. 

suppression of th~retr~ction:·and vibration of.meniscus 

-· as discussed above,: i;o as: to perform high-speed -
. . . . •., ·. 

-refilling, __ whereby-it can realize stabl.e eje~tion and 

10 it can,alsoreal.ize_ari:improv0iµell.t in quality of ;image' 

arid high~speed"r~cordi~g-when employed"i:n applications 

of high~speed ana·repeated ejections or in the field of 

recordi~g ~' 

-· Tll,e above structur~ applicable to ·_the present 

15 invention is _also _provided with a further -e.ffective 
.. . . · .. 

functiohas_ foll.ows. _It is ~o suppress- propagation of 

the pressure raised by'generation of bubble to' the 

upstream side (the back _wave). ·The: most of the-. 

-, pres23ure of· the bubble -on the side bf the Common·liquid_ 

20 chainber _ 13 --(or _·on ~he -upstream side) amo~g the bubbl.e 

generated above the heat_ g~nerating elemen:t 2 was 

25 

. ,. .. 
. . ·. 

convent:Lonally the force_ to push "the liquid back to 'the 
. .· .·· . 

upstream-· side - (which : :is -the·. back wave). • This back wave 

rc;iised the upstr~am'pr~ssure anaa: liquid-movement 

amount anci caused inei-tiai force due to-movement of the 

liquid, - which_ deg:r_a~ed- t:h~. refill.ing of the :liquid into 

the 1-iquid . flow path and also h~ndered high-speed 
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.. · .· : 

driving. This structure further j;mproved refilling 

. performance also ·by ·suppressing: these act:i,.ons to the 
. . . . 

upstream . side by. the movable member 31 .. 
~ . . . 

. . . 

. N~xt ~xplained ar~ . furth.er . cnara·cterist:i.c 

5 struct"ures and ef facts ... 
. . . 

· · · The second · 1:iquid flow patJ:i 16 has. the liqu.id 
. . 

supply passage ·12 having _an internal wall,. which is 

·substantially flatly co.ritintious from the heat. 
· .. 

generating. element·· 2 (which means that tl'le surf ace of 

10 the heat generating ei~ent is not .stepped down·· too 

much), on.the upstream" side of the heat generating 

·element 2. .In this case,· the liquid is supplied to the 

bubble generation region il. and tJ:le·su+faceof the heat 

generating element 2along the surface of the movable 
. . . . 

· 15 member 3;1. nearer to tile bubble generation region· 11,·as. 

indicated by v02 • . This :stops st8.Qrtation ~f the iiquid 

above the surface of · the .. heat generating element ·2 and · 

easily.removes the so-called residual bubbleswhich"are 

. separated "out fr()m . the gas dissolved in "the liquid. or .· . 

20 which. remain without be_ing col+apsed. ... Further, .. the 

heat is.prevented from acct.unt.llatirig_i:n the liquid. 

·-Accordingly, stabler generation of bubble can be. 
. . 

repeated at high speed.· Although this structure-was 

explained, with the· liqu.itl Stipply passage · i2 having. the 
.. . . . . - . . .. 

25 .. -substall.tially flat internal wall~ without.having to be 

limited to t]:i.is, the" -liquid. supply. passage ma.Y. be- any 

having a gentle internal·· wall smoothly connected to ·the-

. . . : 
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surface of the heat gene~ating element as 1ong·as it is 

shaped so as riot. to cause ~tagnati6~. of·. the 1iquid 
. . 

above the h.eatgenE!ratingelement or great turb~ient 

flow in.:the stipply of liquid~ 

There.occ~rs some.supply of·the·liquid into the 

b_ubble generating re!gi·on from v 01 t~rough the side of : .· 
. . . 

the movable member (through the slit 35) ~ In order· to. 

guide the pressure upon generation· of.· bubble Dior~ 

effectively to the.ejection outlet, such, a movable 
: . . . . . . 

.· 10 member· as to cover the whole of the bubble gerteration 
. .. . 

.. region (as ·ta ·cover the ·surface of the . heat generating 

. element), as .shown in Figs. 2A to 20,, may be employed. 
. ·. ;. . .. 

. . 

"When.the movable membe~ 3i returns"to the first 

positiqri in that case, · the flow ·resistance o_f ·the 

15 ·.liquid is so great iri the bubble generation region 11 

and"in the region near the ejection outlet of the first 

liquid flow path 14. In such cases, the· liquid is· 

restricted from. flowing from VDl as described above 
. - . . 

toward the bubble g~era_t:i.ori· region li. Since theheaq 

20 . structure in this structure has the flow V02 for 

~upplying the liqu_id to· the bubble generation regioil., 

it h.(!S very high supply. per.forniance of the liquid. 
. . 

·Thus, the supply p~r:formance •Of the iiqu'id~ 6ari :be· 

maintained even. in the structure wit:h :improved ejection· 

25 effici·ency -in which" the ·movable member ·31 covers· the 
.· . . . : . . . . . 

bµbble generation ·r~gioh 11 .. 

incidentally~ . the positional rela:t:iori . between 

.. 

. .. ·. 

.. 
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.. .· . 
. ··.. . . 

the free. end 32 and the fulcrum of the movable mem:ber 
.. .. . .. 

. . 31 is defined in SU.Ch a mariner that the free· end is 
. . . . . ~ 

· located :downstream. relative to the fulcrum,· for ex:ample 

· as shown in Fig~ 6. This structure cari efficiently 

·. 5 realize the func-t;:ia~·and· effect to guide the pres.sure . 
. . : . . 

. . 

propagation· directidn and .·the· growing direction of 

. bubble to the. ·ejectio_n outlet upon generation Of 

bubble, as discussed .previously. ·Further·, . this . 

. .· 

positional relation achi~ves not only the functio~ and 

.10 ef :fect for ej e~tion, . ·but . also the ef f~ct of high"'.'."speed 

refilling as decreasing the.flow resist~nce against the 

·liquid flowing in the-liquid flow path 10 upon supply 

of liquid. This is:because, ·as shown inF.i.g.6, the 

free end32 arid fulcrwn 33 are.positioned. so as riot to 

15 resist the flows Sl, s2, ·s3 flowing in the liquid flow 

path, 10 (including the :fii:-st li_quid flow path 14 and . 

. the. second liquid flow · i;>ath i6 f when the meniscus . M- at 

a retracted. position. after· -ejection .. returns· to ·the 

·eje6~ionoutlet iS_because.of the capillary force or 

20 wheri" the liquid is supplied to compensate for the 

collapse of bubble~ 
. . ... 

:Ex:plain.i,i'lg in ·further detail, in . thi.s structure 

.(Figs. 2A to 2D) the mC)v.able member 31 ~lttends reiative ··· 

•. to the heat generating eleineartt 2 so tl)at. the . free end .. 

25 32 thereof is.opp6sed•thereto-at a downstream position 

with respect to the area ce:oter 3 (the . line passing·.· 

through the center of the area· of the heat generating 

· .. ·. 
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element.(through. thecentr~l-portion). and being 

perpendicular to the.lengthwise .direction (jf tne liqu~d 

flow path),·~eparating the· heat·generatin9 ~lement·2 
.in~o the upstream regi~on arid. the d6wI1stream region; as 

. s · described previ_ously. . ·This arrangement causes . the 
. . .· . . 

movable member 31 to receive· the pre~sure or the bubble 

occurring downstream of the area center position 3 of 

the hee.t_generating element.and.greatly contributing to 

.. the ej ec:::tion of liquid and to guj.de the pressure and· 
. .· . 

10 bubble toward the ejection outlet,: thus fundamentally. 

15 

20 

improving the eject=i:on.efficiency and the ejection 

force. 

Further, many effe9ts are attained.as also 

utilizing.the µpstream-portion of the bubble in 

addition~. lt is presU,med that effective contribution 

to the ejection of liquid .. also results from · 

instantanec:ms mechanical disptacement of the free erid 

of the .movable member 31 in this structure. 

(Embodimentl) 

The. embodiments of thepresent.inyention will 

.be explained with, refe~ence to the accompanying 

drawings. 

The·pr~~ent.em:Qodime~t also employs the same 
.. . . . 

main principle o:f ej eat.ion . of ·liquid· a~· .described 

25 :above. ·Each ¢mbC>diment _to follow will_be !a~plained 
·. .·. 

. ·. :. 

using a head in which the.first .liquid flow.path l4 and 

the second liquid flow p_ath 16 are . ~eparated by the .. 

···· .. · 
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partition wall 30 as in t:ne following description, . but : 
. . . 

it is noted that, without having to be limited to this; 
. .... . .. 

. the present· invention .can be.similariy applied to the 

·heads.including.that:· in the above description of the 

5· principle. 

Fig~ 7 is a schematic.sectional view; taken 

·. along the direction· of flow pat.h, of· th~ . liquid 

ejecting head in the present embodiment~ 

~he.· liquid ejecting head ·of· the present 

·. 10 invention has an element substrate · 1 and. a ·heat 
. . .. 

· • · ·generating · element. · 2, . mounted thereon, for . supplying 

the thermal energy for generat:i.ng a bubble in the 
. . . 

.. liquid~ and . above the element substrate 1 there are 

.. provided· ·a second liquid· "flow path t6 for bubble. 

·15 generation.liquid and·a first liquid fiow path 14 for 

ejection liquid in direct communication with an· 
. . .. 

ejection· outlet ·portion 28. having ~n ejection outlet, .... 

disposed above the second liquid flow path .. A 

partition. wall 30, mad.e of a mate.rial having 

2·0 elast:i.ci ty, s{ich ··as ·a inetci,.1, is d:i.sposed· betw~en the 

.first liquid fl"ow.path 14 anQ. the second liquid £iow 

· path 16 ·and separates the ej·ectio11 liquid ins:i.de the 
. . .. 

. · · first· liquid flow path 14: from the bubble Qeneration · 

l:i.quid in the secc)i:ld li•quid flow path i6. Here, a same. 

25. liquid may be u~ed as.th~ ejection liquid and as the 

· · . bubble generat.1011 l:iql!id,. s:i.mil.arly as ·1n the·· 

• description of.·· prinbiple stated previously. In ·that. 
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. . . . . . · .. ·: .. _ .. 

case, a communication p~rtion (not.shown) may be formed 

.. in at least a part of the partition wail .. 30 . so ·.that the 

liquid i:nay flow between a: first common'liqui~ chamber 

15 communicating with the first flow pa1:n and a second 

5 . common liquid chamber 17 . communicating with the second . 

. £iow path 16 .• .· ... 
. . . 

The ejection .outlet portion" 2s· has. ·an opening 

·portion.- of' a s~all d:f.~eter. (ejection otitlet 18") 
' . . . 

through which a· liquid droplet·is ejected front.th~ head 

10 and an aperture portion·of 'a large.diameter as a 

comi.ecting portion with the first. liquid. 
0

f low patll. 1.4. 

The· center axis and ·.an . extensi.on thereof . pe~peildiculai: 
. . .· 

to the ejection·: outlet 18 are nearly. aligrled. with the . 

center axis c ·along. a· di·rection. in which the liquid.· 

15 droplet flies a·fter ejected. Further, S represents an 

20 

.. 

intersecting point between the.above center axis c and 

·a surface corresponding·to the·connecting portion 

between the.ejection outlet portion·2a and the .first 

liquid flow path 14. 

Simiiarly as in·the above:..description of 

principle, · a · slit a.-perture po:c:tion -(a slit, . se.e Fig. 

9A) 35 is formed in the partit;ion wall 30 'at a portion 

.located ina projection space above tile surface of heat 

generating element "(which will be referred to. a~ ·.~n 

25 e.jection fo"i:ce .gener.ating. region; . inpludln.g the r~gion. 
of ~·and the bti:t;>ble generation region ~f B in Fig. 7). 

The movable member 31. is provided.as being capable of 

,' .·. 

.· .. :·. 

·. ·: 
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smbs-t;:antially sealing. this sl·i t 35 ~ . SJ?eCifically, the . 

·movable member 31 fs a member shaped in a''cantiiever 

form having a fre~ end, on the ejection_ outlet is .side 
. . .. 

(or on the d:owristre~ni . side of . the flow. _of 'liquid) and a 

fixed end on the first/second comm(>n liquid-chamber 

. .· . . . 

( ·15, 17) side and _being rotatable about a fulcrum· 

portion 33 of the f ix,ed. e~d. ·.·. _As shown in -~he drawing~ 

the· movable member ·31 faces ·. the bµbble generation ·· ' 
. : .· . 

region 1;1,, ··and. rotates in. the direction of arrow · o· a:bo:ut 
. . . . 

· .. · 10 the fulcrum portion· ~f ·the· movable member as being 

.pushed up'toward the first liquid flaw· pa:tn side with 

·._generation of. bubble· in the bubble ·generation liquid, 
. .. 

as Q.escribed hereinafter-~ . . This rotation displaces the 
. . ·. . . .· . 
. . 

movable member 31 . ta: 'the first fl.aw• path side.· 

Fig. _8 is a persp~ctive view to show_ the 

schematic structure of . the_. ·iiquid ejecting. head 

-according to t:he present invention. :From this figure 

it is also uriderS;tood1;:hat the partition wall 30 is 

located through· the space constituting the second 

. - . 

20 liquid flow ·path. 16 .~bove _t,l'le substrate 1 p~ovided with 

25. 

the. electrothermal -transducer· ( eiectI::othermat .. 

transducing element>' as a. heat generating element 2 and. 

wiring electrode 5 for applying an electric signal to 

. the ei~~trothermai transd\lcer. 
. . , 

Fig·s. 9A to 9c. ar~ . drawings · for explaining the 
- . 

. positional relation between the 'movahi$_ member 3.1 and 
. : . . . 

the second· liq\lid fiow. path !°6 as described a})ove, . 

. . 

. ... · .·. 

· __ · .·· 

. .·.-. 

. · . 
.. ·· 

,- ... · .. 

.· .. ·:·· .. ··· 
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. -
· wherein Fig. 9A is .·a view ·of the movable member 31, · 

·· .. obseried from· the side of the first· flow path 14, · and 
. . . . 

Fig. 9B a view o~ the second liquid .flow path 16, · 
. ·. . . 

obserVed from the side of th,e ·first flow path 14 as. 

5 taking the part:f.tion wall.SO away.·. further, Fi.g. 9C is 

a persp~ctive view. to. ·schematically .show t'he. positional 

relation between th~ movable member.31.and the second.. 

··· 10 

15 

·. liquid 'flow path 16 in an overlaying sta"t;e •... In either 

drawing the direction_ toward the free end 32 of the 
.. . . 

movable . member 31 corresponds ·to the direction to the 

·location of the_ ejection outlet 18 ~ · The fulcrtim 

portion stated above is · the end of the slit 35 · .for 

for~ing the movable membet (or the root of the.movable 

. member.) ~ 
. . . 

The· ·second liquid flow path 16 is ·formed.· in·. 

. such a chamber. (bubbie generatiotl chamber) .structure as· 

to have throat portioni; 19_ before and after the heat 

. gener·ating element 2 . and thereby to restrict the 

pressure . upon. genera.tion. of bubble from escaping 

20 through the second liquid ft()w path 16. In the case of 

the·conventional head using·a common flow path serving 

·· as a flow path. for generation of ·bubble and aiso as ·a 

flow path . for . ~j $ctio~ of.· liquid and. 11.1 orc;3.er to 

provide the head· _with such. ~ . throat po~ti.on ·as . to .. 

25 . prevent' the propag:atiori direction of tJ;le pressure •. 

. ge1.1erated on the. liquid chamber side . of· the h~at 

·· generating . eleme~t from _being .di.rected to:Ward the. 
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. . . 

common liquid chamber s.ide., · it was necessary to·. employ 

·a structure.not to narrow the cross-sectional area of 

flow Pc:lth too m\,lch in the throat portion, taking 
.·· ... . .· 

refilling of the li~uid ejected into: full 

5 consideration~· 
·. . 

.. In· contrast~· .. the-1;)':resent embodiment is arranged . 
. . 

i.n . such a structure that. the most liquid ejected is the 

ejection.·. iiquid in th~ fir.st. liquid f_low path. 14' and 

little bubble generation liquid is ~onsumed.in the· 

10 .. second· liquid. flow path .. 16·. ii) which. the -heat ··Q"enerating 
. . 

element 2 is provided~ . Th_erefore, oniy a ·smali filling 

amount is necessary for supplyingthe bubble generation 

. liqui,d into the ejection ·pressure. generating portion o.f 
'· . . . 

. . 

the second °liquid flow path_ i6.· .. In ~he cases using the 

15 . structure.of less consUm.ption of the bubbl~ generation 

liquid; the· clearance in.the throat portions 19 can b~ 

. set to be very. narro:W, for example seve~al µm. to . ten .· 

and several. µm, so·that_ the propagation dii;-~ction of 

the pressure upon generation of bubl>l.e.in the second 
: . . . . . . . . 

. 20 liquid flow path 16 can 't>a concentrated.' .. toward . the 

movable member 31. · As a resul.t ~ the propagation 

direction of the pres~ure can be guided to.· the . ~jection . 

outlet by t'he movable. m~inber ·31, thereby- achieving. 
. . -· . 

higher ej action efficiency and . higher ej action . 

25 pressure. 

It is not~d here that· the 'conf ~guration of the 

.. second liquid flow pa'tii' 16 :i.s 'not .. limited to the. above 

' ·.·. 
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. ·.· . . . 

structure, but ma:y ·.be any configuratio~ as long as it 

can effectively transmit the pressure. upon generation 

of bubble to the moyable ·member. 

The. d_isplacemept angie of. the movable .member 
.· . 

stated below indicates a d_ispiacement .Of the· movcible 

member ~1 with respect to the reference .at the 

reference surface .stated previously. ·Let US de~irte ·aM 
. . . . .· 

a:s. a max.imum value o.f the P,i~piacemen.t angle! of the 

movable member and eE as an angleo~. dispiaceme1.1t Of a 
. . . . . . ·. : 

straight "line. (axis) ··a.· conn~cting . the above 

.. · intersecti.rig point s with the. fuicrum. po~tion 33 of the 

.movable member with respebt to.the reference surface"of 

·.the movable member , (See: Fig •. 7 > .. · · 

A specific e_xample o·f a method for specifying 

.15 the displacement angle Of the movable member is a 
. . . 

method for forming the Ceil"ing of the first liquid flow 

path of _a transparent material or replacing it with.a· 

transparent.member, _optically measuring a height of the 

. free end portion when.'the movable_ member_. is displaced 

20 .. ( a height from·. a non-dtsplaced J;>OSition) , Elnd . 

25 

· · calcul~ting . the c:ii.spl.aqemen1:. a'.ngl~ ~rom the! ~~si tion of 

the free.end portion and the.position. of the fulcrum to 

specify· it.· 
. , .. ·. 

Fig~ 10 shows a· schematic cros:s. sec_tion,, taken· 

along the direction of ":e_:J.ow pa1;:h~. of :the "liquid 

. ejecting h~ad of the. :preserit embod.:iment, arid is a 

drawing to show a :r:elation amox:ig -the inaximum value eM of 

... :.:" 

'· .. ·: 
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the displacement anglf3_6f the movable member,· the 

.displacement angle eE .Of.the Straight line·D .COI\necting 

the intersecting point :5 with. the fa~lc:c"um df the 

movable member w:l th . respect:· to the .reference surface of. 
. . - . . 

. 5 . the movable· memb~~, and an angle ec of the center axis c 

in the direction o~ the droplet f lyiI?-g upon eject_ion. of 

droplet with _respect. to the. reference surface .. of the 

movable· member~ ·.The liquid ej ecttng head of this 

·embodiment is so ·arranged·that. ~he maximum displacement 

10 . . . : angle E)it of the movable member . is·. determined .in thf! . 

range Of 208 - 7 o :$; 0M S. 20g + 7 ~ With. respect tci the 

angle ·.08 Of the Straight l·ine··p COnnectirig the . 

intersecting point· s with.the .fulcrum portion of the· 

15 

20 

.. ·. 

·movable member f roin the reference surface of the 

movable member by adjust:1~ the thickness of the 

movable· member or adjusting the height of the ceiling 
. . 

of the fir~t liquid flow· path. The presentembodiment 

. ShOWS an example in Which 0g E! . 14 ° ~nd 0H iS thUS . 

. between 35° and 21°. 

In the arrangement shown herein where the.·. 

. ·.. . 

movable ·member is displaced by the·pressl,ire based. on 

the but>bie generated in the bubble ·generation reg:L6n 11 

. by :t;he heat. "gene.rating element 2 and the movable member .. 

. 31 guides the pressure toward the ~jection outlet, it 

25 .is very important l,nree;pecit of the liquid ejection 

.... · 

·characteristics to efficiently direct the pressure 
• • • • • •• • • 

> • • • 

· · based on the bubble :from the portion of;· the free end .32 

· .. · .. ·.; 

· ... : 

···.· 

· .. ,,·· 

: .. : : 

.·· ... 
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- -dfspiaced~ o'f the movable m~mber 31 toward.the aperture 

portion of the ejection outlet 18 on the· side c)£" the 

--- first liquid flow path . l4, as . Sh()Wn by Vl~V4 in Fig. 5, 

by taking account. of' . the relation between the . 
. - -. . .. . 

displacement a:n91e o;f the movable meinber 31 and the 

apert;:ure portion on the.side connec1;ed to the first 

liquid flow path 14. 
- - -. . - , 

Na~ely, . if the· relation near e" _ = 2eE is _ 
. . . . 

-- satisfied, the f1ow path. configuration of the portion 
. .. ... . . . . . ·· .. ·· " . . ., 

10. -- betwee~ the movable ·member in_ the maxi~um dispi~cement -
·: . 

st~te .and the reference -f?~rface·· becomes of_ line 

symmetry with reslpect . ·to a .sYfllinetry axis of the 

___ straight line o·, so that the cE:lritral porti~n of 

propagation of.thepressureby the bubble is dire¢ted 

15 straight to the centers of the, aperture portion of-the 

ejection outl~t 18 on the flow path side. This 

estabiishes propagation qf the pressure ·arid -liquid flow·· 
. ·. ·. . 

. . . . 

caused there:t>y without -turbulence a"long the center axis 
- -

c of the-ejection outietportion, whereby-the direction 

20 -of the liquid ejeqted. th:rough the. ejecti()n outlet 18 is --

maintained ·in the.very-stable. direction along-the 
. . . . . . . . . . . 

- -
d.i~ectian· of the center axis c. The sta.b:i.lity 6£. the 

ejecti()n direction is·:thus 'remarkably improved b~_ 

sati.sfying the relation -ne~r· e" -=.~av whereby_ the shot 

25 accuracy is enhanced Ori a print:i,.ng sheet ang 
- - -

-disturbance -of quali t;y -of. image is g~eatly redu_ced. 

- Here, the corinect:i11g· ·portion between the 
· .... 

·.·· · ... ··.· 

,._. 

· .... : 

. - -



- •!)3 

ejection outlet portion and the liquid flow.pathmeans 

a portion of a tubular.port:i;on (in the configuration of 

a cylindrlcal straight 't:tibe, a· tapered bibe,· or a 

curved tapered tube,· which.will be referred to as an 
. . . . .. . . . . . . 

5 ej ectiori outlet. portion) . farming . the eject.ion outlet 

. . . 

portion closest ·to.the liquid flow path out of the 
. . . 

tubular portion forming the ejection outlet; or a 

portion near it. 

Taking account of.thevariation~ or the like.of 

·10 the configuratic;>n·af the ejection outlet when forllied by 

irradiation Or . the like with laser, . the Condi ti~n near .. 

eM ;,. 2eE is det~rlllined ·ta include the range of 2eE - ·· 7 ° • 

s eM s 20E + 7 ° • A more preferable coildi tion to enh~nce 

.. the.ef£e61: of the.stability of the e.:iectian·direction 

· 15 discussed. i;ibove.·is 2eE ~ 5° s _·eM s 2aE· + 5° .. 

In. addi.tion . t.o the above Condition, the maxi.mum 
.· . . . . . 

displacement angle eM·af. the movable member:is equal to 

. or·inare than the.angie of the straight line connecting 

.· the fulcrum portion . with the uppermost:· end of the 

20 . aperture . of the ejection outlet portion connected to 
. ·.· . 

25 

. . . .· .. 
. . .. 

the liquid flow.path 14, which i~ a_prefe~able . 

. condition for smooth propagation of pressure of .the 

. bubble . 40 and . smooth . fiow of the liqu·i.d caused . thereby .. 

F.urther, eM is p~eferably deterltiin~d Within the 

range of acute.· :angles, . consideri~g distortion or th:e 
. .· . . . .· . 

. like of tbe . fulcrum . po:(tioxf. 33 .of the movable inember . 

31; · ·and .ihore preferabiy, is n.ot 111c:>re ·than 35°. These 

· .. · 

~ : . . 
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stipulations of .the upper limit and the lower· liinit of 
·.. . . : . ·.···. . 

.a" are also applied _to the othe~ embodiments from· the 

same reasons. 

(~mbodiment2) 
. . . 

Next, Fig. 11 shows:· a ··sohemati~· dross sectj.on, 

taken along the direction of· flow· 'patn, ()f the lic;ruid. 

ejecting head of the present ·embodiment and is a 

.. drawing tO ,ShOW a relation . aniong _the maximum. Value 0M Of 

·the displacement angle of the moyable member~ the_ 

10 : dfsplaCement angle 0E Of~ .the · St:i:alght· li~~ ·o Connecting. 
. . .. . ·: ·' .. . . 

the fµlcrum . portion 33 of . t.he movable member with the 
. . .· . .. . . . ·. 

inters_~ct:f:ng point 5· .w:J. th respect to the refe~ence . 
. . .. . . . . ' . 

. . .. . ..... 

surface of the movable. member, and the angle ·Sc of the. 

center axis c·in the direction of the.liquid droplet 
.· . 

15 .flying upon ejec"1:ion of l.:i.quid d.roplet. with respect to 

20 

:the ·position.of the reference surface of the movable. 
. ~ 

. . . . . 

member. Here,_ the position. of the fu.lcruin portion 33 

. is. located near the cut end of the slit 35in Figs. 9A-

9C,_ simil.c:lrl.y as· def.i,ned · hereinbefore .. 

In this embodiment, the maximum displacement 

angle 0M Of the inOVable nl~beJ: WaS determined to be: 15° 

by forming the rriovabla··_·member in the :configuration 

widened. to the end in -the fulcrlim portion, as sh.own, in . 
~ .. . . 

. . . , . . 

Fig~· 15C, 250 µm (±5: µm:) long, 36 µm wide; and 5 µm 

25 thick and made of Ni. ·.· . Further~ .. the .height of the: first.· 

liquid flow path 14 was.· in the range of 4o µm, to 6_0 µm 
. ' . . . . .· .. . .. . .. 

and:the height of the second l.i.qui.d·fiow path ·15 was ts 

-:. ·' 
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µm in the present ~mbod:i.~ent ~ However, Ff g .. 11 shdws .. 

an example in which the·. height of the first. fl-ow path 

is 40 µm. When the ejection out:t.et i.s :fbrme·d. by 

irrac;liatiOil With· 1ae;;er,·· the d:i_splacement angle 0E Of the 

stra;ight line D connedtiilg
0 

~he fulcr~· of tbe movable 

member· with the :int~rsecting.point s with respect to 
. ··. 

the reference surface of the. movable member 31 i•s: .. 

q.efine.d within the rarige of 5°. to. 7 .5° (p~efer~bly· 6° s 

0E s· 6 • 5 ° ) and it : is ~(?rmed to. Sa:tisfy '.the relations Of 

10. aH·,;. .?eE and 20~ <'. e~ s ·20~· "+. 5.. In this embodiment the 
.. ·:: 

angle 0i;:_ of the center·axis c in.the direction ·of the. 

liquid droplet flying.upon ejection·of droplet.wit:ti 

respect to the . non-displaced posit.ion of . the movable: 

memI?er 31 was deter~ined:to be 10°. The driving 

· 15 · conditions of. the head wei:e . the· voltage of· severai ·. v · to' 

20 

several ten v, the ele_ctric curre~t of approximately 

0.1 to 0.2 A, and the pulse width of 1.5.to 10 P,sec", 
. . . . 

and the l"ength .L of the ejection outleat portion was 

determined between 30 ~nd·so µm. 

'l'o sati.sfy the con.di tion near e" · = 20E . is also a 

very important factor for'stat;>:l.lizatio~ of ejection 

directior) in the .. present embodiment~. similarly. as in. 

the previm1s embodiment: • 
.. 

-As a further.method for.maintaining this·state · 

25 iri the ejection oper~tibn period.· for a. .. longer· time~· . the 

movable . member 31 ·inay be operated So as to. el[ceed eM .. · . 

satisfying 0M '= 20E~ .. -Arranging .to ·sati51fy the. rela.tion 

'·,. 
·· .. · 

,· 
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· Of 20!;. < 0M S ~0E + 5 o·, .this arJ:;ang~ment attained 

stabil_ization .. of:. ejection. directio~ and stabler 
.. ·. . .. 

·.ejection efficiency. ~u~_ther, this also i~proved 

·. stabilizati()n of' E!jection state agail')st. var~ations of 

· 5· ·the coil.figuration Of ejectio11 ·outlet as· dis~Us~ed 

previously • 

. A further p"I:·eferable condition is to satisfy 
.. ·. . ·:. . . . . ,: .. ··.·· ... 

the COndition near thf3 Cen-t:er·of.the relation.Of 20E <. 

eM s 2eE + 5. · f 6 ° s ·aE s .6. 5 ~ in the 1>resent embodimen.t) . 

. . . 10 . . Another ineans f~r satisfying ttiis. relation o"f 2eE = eM· . 

is . to·· provide . a _part of the wall of the· first flow path 

.· ·. 14 with a. control portion 57 of . the maximum 

displacement angle e" as shown in Fig. 16. · 

(Embodiment 3) 
. . . 

15 Fig. 12 shows a schematic cros·1;; section, taken 
. . . 

along the direction Of flQW path, of the liquid . 
. . ., . 

. ej eating head of the. present. embodiment~ simi.lar to 

.those of Embodiments 1and2, and isa _drawing to,show 
. . 
. . . . . . ~ 

a reiation among_ the .max:imum Value .. 9M Of the 

20. displacement angle of .the nio~abie m~ber, toe 
' . . . . . 

displacement . angle eE of" the . $traight line D connecti:rig .· 

·. the fulcrum of the movab.ie mE!mber with the intersecting 

· point s with respect to' th«a natural· positiqn oi ·the 
. . . . . . . . . ' . 

movable member, arid.the angle_ec "of tp.e·center axis. c iri 

25 .· . the directi.ori o~ the. liquid dro.piet fiying upon 

ejection of droplet w'i th :·:r~~pect to the' natu~ai 

posi. tion of the m.ovable member. The liquid ejecting · .. 

··· .. 
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head of this embodimen:t has the structure similar to 

that of Embodiment l, butthe:maximum displacement 

angle 0M Of the_mOVable ntember.iS determined t"o be 

approximc:lt~ly 20 °· by decreas_i·ng only· the thickness of 
. .. . . . . .. 

s. the movable member in. t}le_.previou~. embodiment to ~-· 5·· . 

µm . The {iisplaceinent ~ngle GE.· ~f the .. ·· straight line D 

. connecting the :f_uicrum qf the movable member_.with the . 

intersecting .. point s. wit~ resp·ect to . the natural 
. . 

position of the movable ~emb~r is determined within the 

10 range ()f 10° t·o 12~s 0 (pref~rably 11° s eE s.·12°) upon· 

formation "c)f ej~ction outlet by the afqrementioned .. 

inethod, ·and it. iS arranged.· tO. Satisfy the relatipn O_f 0H 

. :. 20E. Or . 20E > 0M ~ 29g - . 5· • l~. this embodiment the . 

. angle e~ of the center axi~ c in the direction _of the 

15 · droplet . flying·. up~Ji ~j ect_ion · of droplet with r$spect to 
. . 

· .the natural position .of ·the movable membe~ was. 

··. d~te~ined to be 25 ·0 
. (.the· value of L is the saine ~s in 

. . . . . 

Embodiment . 1) ~ Further, .. the . height of. the second 

liquid flow path 16 was the same as in previous 
' . . 

20 Embodiment 1. and.the.height of the first flow.path was 
. . 

be.tween ·40 llm and 80 µm: ·in the. prese~t embodiment~ 

However," Fig. 12 shows a~ example in which the height 

of the first liquid flow path 14 is. ·60 µm.. The driving· 
. . . . . ~ . 

condi;f:.i,ons arealSO the sam~ as those in. the previous 

25 embodiments.· 

When the relation of. eM = 20g is.satisfied in 
. ·. ·. ' 

the present embod:Lment, the stability of ej ectio.n . · 

·.: ·.· 
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direction ·is· also improved· similarly as in Embodiments 

l, 2 stated above. 

Also . in the. c::ase· of : the relation of 20E. > el'!· -~ 

20~. -·. 5 being satisfied, _.th~: eff~c.t is attained to 

s·tabilize ·the ejection state daused by var·iati.ons or. 
. . .. 

the like_of the configuration of ejection outlet as 
·. . . . ·. 

described previously. 

·. A p:ref~rabl$ condition to further improve .S\lCh 

. an ef feet is to . satisfy the. ·oond.i tion . near . "the center 

10 Of 20E > . 0H ~ 2~E - 5 ° (11 ° S 0E S 12 °. in the present 
. . ·. . 

. embodJ.:merit) ·. Also in the case of the present .. 
. . . . . 

embodiment another means foi- satisfying.the r~.l.ation.of· 
. . . . : 

·aE. arid. 0H iS. tO prO~ige a part of· the Wali Of the first 

flow path 14 with a, controi portion. 57· of niax,imum 

15 ·ciisplacemei:it angle eH as shown .in Fig. 16. 

Further, eH.·is determine~ in _the range of acute 

angles, considering the_:fuicrlim portion 33 of_the 

movable member·31. ~ig.".13.ShOWS a~ examp1E:l in Which 0H 

iS .28° cl:Ild.0E iS 14°, WhlchachievE!d-the Same effects as. 

20 described above. 

As sh,own in: each embodiment described above, .. 
. , ... ·. . . . 

·the free ·end can be smo?thly .displaced by setting the 
;: . 

. height of the ceiling 6£ the f iow ·.path. co~unicating 

with the ejection outlet ..ti:i.gher on the free end. side of 

25 the movable me~ber . thart ~n .· the fulcrum side. 

· Each of . E:mbodim~nts ·1 to: 3 · described above has 
. . . .' . . 

.the configurati.on of the bubble ~gerteration_flow.path 

- .... 
.. ~-
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shown in Figs .. 9A to 9C where the thr.oat portio"ns 19 

narrowed iri the direction of ·.arrangement of a plµrality 

of bubble generation fiow: paths arranged·. in p_araliel 
. .·. . .. •,,. 

are positioned.near the up~tream.end and the downstream· 

. end. of the second l~qu_id flow. pc;tth," put they may be 

located near the upstrearta end and th~downstream end of 

the vicinity of the .heat·generating element 2 • 

. Th.e heat ·generating element 2 is an 

electrothermai t~ansducer inthe conf:i.gurat:i.on of 40x 

16 105 µni a~d the movabie:~elni>er·a"i· is.positioned.so as to 

cover ·the aforeinentio~ed ··chamber in ·which the heat ·· 

15 

generating.element2· is disposed. The size;· 

config\l~ation, and iocation'of"theheatgenerating 

element 2 or the mov~ble member 31 are not li.mit~d to 

these, but thecorifiguration and location may be 

. determined within the range wher.e the. pre_ss\lre upon 

generation ·of bubble .can b~· _effectively utilized as an 

-e"j ection pressure. The· heat generating element. may be 

an element for generati~g heat when"lrradiated"with 
. . . 
. . . 

· 20 laser ii.ght,_ as· weii . as. the el.ectrottiermal transducer. 

{Other embodiments>.· 

rn the foregoing, the descript:i.ori"has been made 

as to , the embodiments of the major parts of .the liquid .. 

. ejecting_ head ~and. the liquid ejecting method accord.iri~l 

25 ·. to the. present -invention .. "li'urthe.r specific exampl_es . 

•, ·:.·· 

preferably applica:Qle to these.embodiments will be 
.. . . 

expia;i.nedwith ·reference to the drawings~. J.\ithough the 

:. ·. 
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.··.· .· 

'following.examples will ba expiained with either an 
,. 

' embodiment qf the singie.;,;flow-'path type or an 
. ·. . 

' embodiment of the' ,two-£ low-pCitQ. type described 

previously~ it shoul,.d be not~d that·they cart be applied 

5 ·.· tC> the both embodim~nts unless 'otherwise stated~ ' 

(Movable member and. par.ti tion Weill ) 

10 

', · 15 .· 

. . ... ·.·. . . . 

Figs. 15A,.1SB,· 8.nd lSCar(i! plan views to show 

other configurations. of' the, movabie melllber 31.~' .wherein 

reference numeral. 35 _d~signat~s-the· slit ~ormed in the 

.~artition wali .arid' this slit 'forms tht=i movable member 

31.. . Fig. 15A illustrS,te~· a rectangular configuration, .... 

Fig. ·· 15B a configuration narrowed on the fulcrum side 
. . . . . . 

to facilitate the -.operation of the movable member~and 

Fig. 15C aconfigurationwidenedon the fulcrum side to 
. . ~ . 

enhance· the ·durability of.the movable member~ The 

' cionfigur~tion of the ~ovS:ble member rilay be any.· . 

. configuration .. readily operable and excellent in . the · 

durability. 

·.: ·. 

' ' 
.. ··.·· 

In the foregoing embodiments, the plate movable · : · 

20 .member 31 and the partition wall 30 having thiEi movable 

member were made, of ri:[ckel in th~th.ickness of 5 µm,' 
. , . . . . . . 

but., without having to be · l:i,mi ted to this,. the 

materials for 'the mo.vable µ.ember ' and the partition wall 
. ·.~ .. 

. .. . . 

may' be $.elected frotn those{ having a~ti~solvent propertY 
' ' . . . . 

25 against the bubble. generationiiquid and the ejection 
' ' 

' li.quid',' haying elasrt,::i.city' for c:tssuring ,the' satisfactory ' 
. . ·. . 

operation of the movable· member, 'arid permitting · 

· .. :...-
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fe)rmation of fine slit . 

. Pref~rabl_e ElXampies of the mater:i.ai .fo~ the 

movable member include dur.able lliater.ials_; .. -J:or example_, 

. met"-ls such as .. silver, ~ickel,· gol.d,. iron,. titanium, .. 
. ':.·., 

!5 aluminum, platinum, tantalum,.· s'tainless steel, ·or. 

phosphor .. bron~e, alloys thereof, resin iµaterial·s, for 

exampi~,· those having the nitryl group such as 

acryioni trile, butadiene, or styren~, tho_~e having the 

.··· 10 

15 

. . . . 

alJli,de group _such as poly~mid~, .those h~ving .·the 

barboxyl group such as.polycarbonate,· those haviri~the 

aldehyde·group such as polyacetal, thqse havillg.the_ 

·. sulfone group such a~ poiysulfone, thos·e su~h as liqui.d 
. . . . .· . .·. . 

_qrystal polymers, and chemical compounds thereof; and 

mater!ais having durability against th~ iD.k, for· 
•"; :· 

example, metais such as g_old, tungsteQ.,· · tahtalum, 

nickel, stainless steel,. i;:itallium, alioys thereof, 

materials coated with such._·a ·metal, resin materials 

having the a.Inide group s\.u;:h · as polyamide, resin 
. . . . 

ma'terial;s having: the aldehyde group such as polyacetal, 

20 resin materiais hav;ing the·ketone_g:roup_suc~_as 

polyetheretherketone;_ resi~ materials having. the imide 
.. . . . . . '··.. . . . . ... 

··. group such as polyimide, . resin· materials having the 

hydroxyl group·such as· phenolic resins, re~in _m~terials 

having the ethyl group :.such as po_iyethyl~ne, ·resin 
. - . . . 

25 mate:r:ials havin,g. 'the aikyi group·· such a~ _·poiytlrop;ien$, 

resin materi~ls having .. the. epoX::Y group such as. epoxy 

res.:(ns, . resin. materials having . the·. amide group . such as 

.... 
··: . 

,•.•'. -

.. ·. '· 



.;.. 62 ·-

melamine resins, re·sin"materials havin~ .the in«athyl.ol 

group such as xylene resins, chemi·cal compounds . 

thereof, _ceramic materiais such as silicon dioxide, arid 

chemical.c6mp6unds thereof. 

Preferable exEilllpi:es ·.of the ma.teriai . for the 

partition wall include resin materials.having hi~h 

heat-resistance, high anti~solvent property, and gooc;i . 

. moldab:i.li.ty, typified. 'by .recent engineering plastics,.· 

such as polyethylene·, :(>Olypropylene, polyamide,. 

10. ·polye~hylene terephtP.aiate, m~la~ine resips, pheiiloliC:: 

resins,· epoxy resins~ pOlybutadierie, ... 
. ·. . ·: 

. . . 

. polyetQeretherketone, polyether sulfone, polyallylate, .· 

polyimide, _·poiysulfone, liquid ccystal ·polyiners (.LCPs), 

· che~ical compounds .. thereof, silicon di~xide, .·silicon: 

15 nit:r;-ide, IUet~ls ~UC~ as riickel, gold, or sta:Lnle.ss 

. · steel, alloys thereof, chemical compounds thereof, or 

materials coated, wi.th . titanium or gold ••.. ·· 
·.· . . . . : ..... 

The thickness of the pat:tition.wali.may be 

. determined deperiding .upon· the m~terial and · 

20 con£:iguration from such standpoints as to. achieve the 

strength as·a. partition wa11· and to .weJ..1 operate ·a.s a·· 
. . . . ,. . . 

movable 'member, .. and a desi:r:able. range thereof is 

approximately between.0.5 ·µm and iOµm. 
. . : . . . 

.. '· 

·The :~idth of ·the slit 35· for. forming. the 

25 movable· member 31 is det~rmined· to .. be 2 ·µm :in the. 
·. . . . 

.. .:. .. •. 

present embodiment~ . · Iri the cases where the bubble 

·· . generation lfquid _an~ the ejection liquid are mutually 

.· .. ··' 

... 
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different liquids and mixture is·~revented between· the 

two liquids, the slit width may be d~termined. to be a 

clearance to form . a . me.niSbus ·between the two liquids. so 

as to .avoid· c6mmunicat.ion between the two .l:i.q~ids.; .. For 

5 example, when thebtibble generation liquid is a liquid 
•' . . . 

having .the visc::osity of .about 2 cl? (centipoises) and 
·.· .. 

. tne ejection liquid is·· a li~uid having the viscosity of.· 

100 or more ci?, a ·slit of apprbltimately 5 µ:m i~ eno~gh 

to prevent ·the. mi~ture of the liquids, but ·.a . desirable 

io ·slit is :3 or ~ess µm.· 

in the present.inventionthe.m~vable member.is 

intended to have a_thic}<ness of _the µlil ·order.(t·µin), 
. .. . . .. . .· ·. 

but is not intended to have· a thickness.· of the cm 
. . 

order. For the movable memb~r fn·the thickn$ss of the 

15 µm order, it is desirable to.take.account of the 
... . ·' . . 

variations.in fabrication to some 0-l[tent when the slit 

·width of the µm order (W µni) is targeted. 

The ~lit of such several µm order is surer to 
. •' . . . . . . 

accomplish the "s~bstantialiy sealed state" in th~ .· 

20 present invention .. 

In the case· ()f · the _func.1:ional separaticfo. into 

the ·bubble generat:i.ori liquid and the eject,ion · 1iquid· ·as 
. . . . . .·. : . 

· descr~bed abov~, ··the. ~ovable meinl:Jer is a s~bstari.tially. 
separating member .for separating thein. · When this 

25 movable member moves . with .. generation .. of. bubble, . a srirall 

amount. of th,e btibble generation _liquid appee1rs Iilix,i.rig 
,. ·.·· .. 

irito the ejection liquid~· considering that the 

:_. 

~ . ; 
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~j ection liquid for :forming an. image is usually one : 

·hav~ng the co:ncel)tration of cqloring material ranging 

api;>roximately ~ %. to 5 % ·in the case of the ink jet 

recordit:ig, a: ·great· challge in·'the conc;:·entrati.on w.:j,11 not 
. . ' . . . . . . 

. . . ' . 

·5 be resulted even if the bubble generation liquid is;' 
. . .. . . 

corita:i,ned in the ran~e of 20 or less· % in a droplet of 
. . - . . . . .· . 

the ejection liqu:f:.d.· ·· · Therefore, the present invention .·· 
·. . · .. ·.... . . ·. . .· .. · . . 

is intended t~ involve mix~ure:ofthe liq~i"ds_between 

the bubble.generation·liquid and the ejection•iiquid as· 
. ·.. . . . . . .. . 

10 . · . iong. as· the. mi.xture 1:s: l_imi ted within 20 % of· the . 

··.bubble generat:i.o~ liqui4 in the d.ropie·t of the· ejection. 

liquid • 

. In carrying out the above structural examples, 

the mixture· was at. most. 15 % of the bubble generation · .. 
. . . . . ... . .· . 

15 liquid even with changes of the viscosity,· and with the 
.. 

bubb.ie_generati~n liquid·of 5 or· less cP the mixture 

rate.was ·at most approximately 10 %, though depending 

upon the d:t'.ivirig frequency~ 

Particularly, ·· as the· viscosity o_f t.he ejection 
. .. . 

· 20 · · liquid is decreas~C;l ·· below · 20 cP, the mixture of the 

. liq.uids can be decreased'• more ( for "example, down to 5 

or ·1ess %") • .· 

(Eiement substrate}. 

. ~- :' .. ·. 

Next·e~plained i,s the configux-atiohof the 

25 ' element substrate in "which "the heat generating 'e"lemerit ' 

. for supplying . heat to' the .iiq~id i~ mounted. 
.. . . . . . . . .· .. 

Figs. l7A and 178 show longitudinal sectional.· 
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·views_of the liquic1 ejecting_ heads according to the 

present invention; l'lherein F:lg. •- l 7A _Shows_- the head with 

-a -protection film as detailed her~i~after and Fig. -11B -

-- the ·head witho\lt- a·· protect.ion film~· 

Above t.he · ~lemeht substrate T there are 

provided. the_ secgnd liquid fio~ path 16, the p~rti.tion 

_ wall 30, the :first liqufd flow path __ 1_4; and a grooved 

member 50 having a groove for forming the £:i.rst liq11id 

-- ·flow path. 

·The element substrate· i has.pattern~d 'wi:t'.irig 

electrodes (0.2-1.0~ thick). of.aluminum (Ai)- and 
."'· . :. . : . . 

p~tterned electric resistance- layer 105-(0.01-0.2 _µin-

- . thick) of hafnium ·_borid~ ( HfB2), tantalum nitride ( TaN), 
. -

tantalum-aluminum:(~aAl) o~ the li~e constituting_ the. 

15 hea"t_. generating elements on a silicon oxid_e -;fiim or 

silicon nitride ~i1m 106 for .electric-_ insulation and 

thermal accumulation· formed on the substrate 107 of 

siiicon or the like,. as Shown in Fig.-8. The 

resistance layer.genera'tes.heatwhetj a voltage is 
. -

20 appl~ed to.the resistance layer 105.thiougti·the tw<;> 

wiring electrodes id4 .so as tc:> let an electric current 
. . ·. . 

·flow_in_the resi~tanoe layer. A protection layer of 
. .. . ·. 

:sio2 ,· SiN, or the liite°t>.i.-2.0 µm thick is provided on 

the resistaI).oe- ·layer -between the wiring electrodes, _ and 
. . . . ' . . .. ·. . 

25 in addition,· an- anti~oavitation. layer of tantaium or 
. . .·. . . 

--_--•-the like· (0.1~0.6 µm thipk) :i.~ f6rmedthereon to. 
·: . :: .· .- .·, . . : .·. . : . 

protect the resistan.ce layer-105 ftom various liquids 

··.···: 

. ·-... 
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such as ink. 

-strong that_ the dura~i:iity of t-he oxide _ film· hi3.rd -a~d 

5 relatively fragile· is_: con~iderab,ly deteriorated~ 

There:fore, a metal material -_such as -tantalum (Ta) or 
·: ·... . . ··:. 

the like is used as a· .material_ -for the anti-cavitation 

layer. 

The protectiqn layer stated above may be 
-- -

10 omitted d~pending-upcin the qombinatian of liquid, 
·.· . . . 

liquid flow path str~ctu;re,- arid -resistance material; an 

example- of which is shown in Fig_~ 17B. - The mat_erial 
. . . . . . 

for the resis_tance layer not requ-ir:i.ng the protection 

layer -may b~, for eltampl~, -an iridium-tantalum-aluminum 

15 ( I:r;-Ta-Al) alloy or the like. 

Thus,- the st~cture of the heat generating 

element i~ each of tP.e -fo~egoing embodiments _-may 

include orilythe resistance layer (heat generating 

portion) between the_- electrodes a·s described; or· -may -

20 include- ·a, protection layer for protecting- the 

___ resistance layer~ 
- - -

-In this embodiment, the heat _geI.lerating:element 

-has a heat gene~atio:i;i portion having-the r~sistance 

layer which- generates -- heat in responsca to "the electric 

25 signal-. -Without haviO:g to- be limited to this, any 
... ·· . . .. . ··. 

means-well, suffices: if it_creates a bubble enougll to 

-ej ec~ the ejection liqu_id, --. in the bubble generation _ 
- - -
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liquid. For example; · the heat . ·generation portion m~y · 

.be in the form of· a phototherma1· tran·sducer· which 

generates heat upon. receiving light SU.Ch as laser, or a 

heat gerier.ating element· haying tl:ie he_at generatia·n . · · 

5 portioriwhich generates; heat upon receiving high 
: ·. . . . . . . . .. 

frequency wave. 

Functi.on elements such as a. t·:ransistor, a 

diode, a latch, a shif_t register, and so on fo~r 

· selectively driving the electrothermal transducer may 

.. 10 also" be i"ntegralii built . in the afcirenieiltioned element 

substra.te· 1 . by the semiconductor fabrication process, 
. . . 

in additionto the eiectrothe:rinal transducer comprised. 

of the; resistance layer·ios constituting.the he~t . . . . . . . . . . . . ~ . . . 

generating element. _and the wiring electrodes· 104 for ·· 

15 supplying the electric signal to the resistance iayer. 
. . 

In qrder to drive the heat generation po;rtion 

of the electrothermal .transducer on the above-described. 

·el.ement.Substrate_lso as to eject th,e l.iqUid,,a. 

rectangular pu:l~e as shoWn in Fig·. 18 is ·appl.ied .• 

. 20 through_ the wiring"electrodes·104 to _the aforementioned" 

.·resistance layer 105 . to quickly heat the resistance 

layer ios between the ·wiring electro<ies .. With the· .. 
. .. . . . . .·· .· . .· 

. heads of the foregoing ~bc)diment~·, the electric . signai" 

was applied to eacl). at the voltage 24 .V, the purse.· 

.· 25 . width 7 . µsec, the electiic current 150 mA, and the . 

frequency 6 .kHz.to drive the heat generatingelem~nt, 

. whereby the ink as a liquid was ejected· .. through the. 
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ejection_ outlet, based. on t.h~ operation. descr~bed ·. 

above .. However,· ·the conditions _of tne driving signal 

.. are not limited to the above,, .. but any d~i ving -signal 

may be used ·if it can_properly generate a bubble in the 
. :-.: 

5 · bubble generat~ori · liquid~. 

10 

( Ej ectiO"n liqu.id and . bubble _generation liquid) 

s"ince the pi'ef;ent. invention ~ploys the 

struqture having the·· aforelJlentioned movaJ;>le memb.er· as. 

discussed in. the previous embodiments, the liquid · 
. . . . . . . . . . . . 

. .· . . . 

·eJecting head according. to.the present inve~tion can 
.. · . 

eject the liquid at.higher ejection power, at hfgher 

ejection efficiency,· and ·at :~igher speed than the. 

·. conventional ·liquid ej ~cting. heads can. In the cases 

of the same·. ;Liquid being used for the bubble·. generation 

1.5 liqu.id and the ejection. liquid in the. present. 

20 

25 

embodiment, the liqui.(j .: ·may be selected from v~rio4s ·. 

·.liquids as long as it is unlikely_· to be deteriorated by 

the heat applied by the.heat generating element, it is 

· unlikely to form a.· d~posit·. on· the· heat generating. 

and it is unlikely t~ ·det7i-1oi-Ct.te. the· liquid flow ... 

. paths, the movable member,. thepartit:1,on wall, _arid so 

on. 

: · .. Among such·· liquids, the. liqu"id used ·for 
.... 

recording(repording liquid) m~y be. one oftJ:ie ink 

:: ~ 
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liquids of composit:i.ons·used in the c9nveritiorial bubble 

·.jet devices. 

When. the .two-:flow.-path structure. qf the present 

· inyerition is used .W:i.th: the ejeqtion liquid· and_ the 
. . .· 

bubble· generaticm liquid of d~fferent liquids, the 

bubble . generation, liqu:i.d. · ~ay ·bE:l the· liquid . having -the. · ,· 

above.,-mentiorted properties: specifically, it ~ay be 

selected from thethan~l ,· "ethano·l, -n-propanol,. 
. . ~ . . 

isopropanol, ~-hexan~/ n~·heptane, · n~octane, toluene, 

.10 .xyien.e·, ~ethylene .dichloride., trichlene, Freon. TF, · 

Freon BF, ethyl ether,.d:i.oxane, cyclohexan~, methyl 

acetate~ ethyl acetate,.acetone, .methyl ethyl k~torie, 

water, and mixtures thereo:;f. 
. . . 

. . The· ejection :1fquid may be ·selected· from 
. . . . . : . . . . . . . 

15 va:rious liquids, free from possession of bubble 

20 

geileration p~operty' and thermal . property thereof~ . 

. Further,_.· the· .ejection ·:1iq~id. _may be .selected from. 

iiquids wi.th low bubble . generation property,. ej action 

of which was difficult by the conventional heads, 

liquids.likely.to be modif~ed or deteriorated.by heat, 

and liquids with . high v'iscosi ty. 

However,. toe ejectic;m. liquid is pref~ra:bly a 

liquid not to.hinder ejection of liquid,· 9eneratio11 of 

bubble, the operation.of the.movable member, and so on 

25 · ·:because of the ejection ii.quid, itseif or because of a 

react.ion thereof with the bubbie ge11:eration liquid .• ·. 

For exam:r;>le ~ a high-viscos·i ty ink may be used 

·. ;-_ . 
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as the ejection liquid for recordi11g. . Other ej e~tion . 
. . . . 

:liquids_~pplicable_includes liquids weak-against heat 
'· . . 

sµch ·as pharmaceutical· products and perfumes.~ ·· 

In. "th~ p:tesent in'\Tention recording was . carried 

out using the ·.ink iiqtiid. in the following composi tidn 

as a. req~rding . iiq~id usable. for the both ejection" . . . 
. ... .·. 

liquid . and bubble gen.era'tion liquid. Since the· 

ejection speed of ink is in6reased bf an improvement ··in 

the.· ej ectfo"n . power; . the shot accuracy of liquj_d 

._· 10 d_rqplets i~ .. improv~d, · which .enables tq obtaiJ:l . ~ery_. good .· 

recordi~g .:i..ntages . 

15 

. Composition' of dye ink (viscosity 2 cP) 

(C. I. hood blaqk 2) dye 3 .w·t% 

bi ethylene glycol. 10 wt% 

Thio diglycol 5 wt% 

Ethanol ·s wt% 

Water 77 wt% 

Further, recording·was also carried out with 

dombinations of ._liquids in the following compo~i t:i.o~~ 

. 20 for. the bubble generation liquid and "the ej ectiori . 

li.quid. As a res~lt, the h~ad o:f the. present inve~tio~ 

was able to well eject not only the liquid .with tJie 

viscosity· of ten arid. ~ev~i-c:ti . cP ,_ . which w'as. not ej acted. 

by the conventional heads, . but_ a1s6 ·~ven a. liquid with 

25 a very high.:viscosity ~f 150 cP, thus obtaining high-

qu~ii tY I:'ecorded object~ •. . . . 

. · cc)~posi t:ion of bubble generation liquid 1 

. ': . ·~ 
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. ,· 

···Ethanol ·40 wt% 

Water ~o wt% 

Composition of bubbie_generatio~ liquid_2 

Water · 100 wt% 

5 Cqniposition of bubble.generation_liquid 3 

io 

15 

· .. Isopropyl· alcohoi 

water 

10 wt% 

9Cf--wt%· 

Composition of-pigment.ink of. ejebtian·liquid 1 

(vis~osity-approxirtt~t~ly 15 cP) 
.· ·.· .· 

carbon black·· 5 ·wt% . 

'. Styren~--a~ry1:i.c acid~ethyl acrylate. cdpolYmer 

l wt% 

(acid·value.140 and weight averag~ molecular 

weight 8000) 

Mono.ethanol· amine 

. Glycerin~ · · 

Thia diglyco1· 

Ethanol 

Water 
. . -· 

.. . . . ·.·· ··. o. 25 .wt. %. 

.69 wt% 

5 .wt% 

3 wt% 

16.75 wt% 

·20 Composition of ejec~idp: liquid 2 (visc6Siity 55 cP) 

Polyethylene· gly901· 2qo ·iOO wt%. 

·composition of.ejection liquid 3 (viscosity 150 cP) 
.. . ·.·. . ·. ·. . : 

.·Polyethylene gly~oi _ 600. · 100 wt.% 

Incidentally; with. the liquids conventionally 

25 considered a$ ._not r~adily be. ejected as desc:i:ib~d . 
.. . • • '1 • 

above, the shot. accuracy .of de>ts was poor ori the. . 

rec:::;ord_ing sheet because of the low. ejection speed. and 

: .· :·. __ .:. 
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. . 

increased variati.ons ·in the ejection _dl~~C::tional_ity; 

anq unstable ejection ·cat1sed variations.· of. ejectio·n . 
. · . . .·. . . 

. . . . . . ·.. . ... · .. 

amounts, which made ·it. di£ficultto obtain high.-quality 

images~ Against it, the structures of.the. above· 

5. . embodiments real.ized satisfactory and stcible generation. 

of bubble· using the bµbble generation liqti:i:d~ This 
.. . 

. . . . .. · 

resulted in---an improvemep.t. in the shot ·q.ccuracy of 

droplets and stal:)ilization of ink ejection amounts,· 

·thereby remarkably improving the quali.ty of reC::ordi.ng 

10 · i.mages. 

(Structure of h~ad of .twq-flow.-path type) 

Fig. 19 and F'ig. 20 are a~ectional view and an 

exploded, perspacti~e .. view, . respectively, to show the.··. 

structure of the who"le of the head of the two.-flow-path 

15 type out of the. liqui.d eject;in~ heads of the.present 

inventi.on. 

The aforementioned element substrate 1 is· 

mounted on ci.· ·support 7o of altimi.num. or th.e like. On 

· tlie substrate there. ·are. provi.ded walls 16a of the 

20 second liquid flow pa-t::h.16 and -walls l.7a of the secqnd 

common liqui.d chamber 17~on which the parti.t.iori wall 
. . 

30 havi.ng the movabiemember 31 ·is.mounted~. On this 

partit~on wall 30 there· ~s provided.a grooved memb~r-50 

. havirig a pll.iralit; o:i. gro6ves c6nsti tuti.ng the f irs"t 
.; 

. 25 li.quid flow paths 14:; _th:e first common_ l.i.q\ii.a c·hamber. 

15, a.supply passage 20.for $upplyi.ng.the :eirst li.qU:id 

to the fi.rst_c~~on :Liquid. chamber is, and a supply 

• ..... 

.. .. 



· .. passage 21 ·for· supplying the second liquid to the 
. . . 

. . ~ . . 

·. second c9mmon liquid· qhamber 17. ·· The .liqu'id ej ect.ipg 

head of the two~fle>w-::·Pat~ type is constructed in this 

·structure. 

·. 5 (Li<IUid . ej action bead dar;tridge) 

. 10 

15 

20 

.: :· .· 

Next explained schematically is: _:a ~:l.qu:Ld 
... ·· .. 

ej e~tion head cartridge incorpor·ating_ the liquid 
: . . . . 

ejecting head according to the ·above embodiment. 

-Fig. 21. is a schematically exploded, 

perS;pecti ve ·view . of .. the. l"fquid ejection ~ead cartridge .. 

·. inqo~porating. the ·.1iqofd 'ejecti~g _head a:s .. described 

. above •. _The liquid ejection· head cartridge ·is ~enerally. 

ccnnposed. main.ly of :a ·Ii-quid ejecting bead· portion 200 · 

and a liquid c6ntaitier· 9o .. 

The liquid ejecting head portion·200_comprises 

an element substrate 1, a· partition wal.f 30~ a grooved 

member 5_0, a presser ._bar: spring 6-0, a liquid supply 

member 80, ·and a sup_port membe.r 70. ·. The element 

substrate 1 is provi~ed with a plurality of arrayed 

heat generating·:CesiE!tors·for supplying he~t to the 

· .. 'bubble gene.ration. liquid_, . as. described.· previously·~ 
.. Further, there are provided· a plurality of function . 

. . elements. for selectively dri.vi~g the heat generating 

•resistors. Bubble gener·ation liquid passages are· 

·. · .. 

25 ·. formed ·bet~een- the ~lertte~t substrate· 1 and the 

af o:r;ementioned. partition wali · 30 having _the . m()vable _.·. · 

walls, thereby ail.o~in~· the bu~bl~ _:gen~ra:tion liquid: "to 



flow therein .. Thi·s .Pa:c-tition wall 30 .:i..s joined ·with.· 

t:Qe gr~oved member so.to form eject°ion flow paths·(not 
. . . . . 

. . .. shown) through ·which the ejection l.iqtiid to be ejected 

.•flow~. 

T.he presser bar spring. ·60 · is i3. . member. which 

·acts to exel:t an urging force toward the. element~ 
. . . 

·. substrate 1 on the, grooved membeX' 50, and this urging 

force properly incorporates. the eleme.nt substrate l; 

· the partition wall 30, the.grooved melllbe+ 50~ an,d the 

· ·. · 10·. ·· $~pport ·m~ber· 70 ··aetai.1ed below. 

15 

Th,e support. tjleiilbeJ:• 70 is a member. for ' 
. - ~ . 

·. supporting the element substrate 1 etq. Mounted on 
. . 

this support member 70. are a· circu.it board· 71 connected 

to the element substr~te 1 to supply an electric signal 

·thereto,· and contact pads 72 connec.ted to the apparatU:$ 

side to effect communication of electric· sig.nals with 

the · appa~atus side~·· . 

. The . liq'l.lid 'container 90 separately contai"i1s. the . 

ej"ection liquid s\,ich as inJ< to be: supplied to the 
. . 

20 . liquid ejecting head. and .the b~bble gener;~tion l.iquia·· 

for generation of bu:t:>bie ins.ide. . Outside the liqui~ .· 

contai11:er 90 there a:re a· p~sitioning pO-:C~ion 94 for 

positioning a connecting m~er for· connecting the. 

liquid ej.ecting.head.with the liquid.coQ~airier,. and.·a 
·' . .• 

fixed ·shaft 95 for .fixing .ttie connection portion. The 
. . . . 

ejecti~nliqtiid ·is supplied from an· ejection ·liquid 
.' . . 

supp.ly passage 92 of the liquid co~ti:i:i.11.er through. a ·. 

·· ... _·. 

. ... · ., 
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supply passage.of. the connecting member.to an ejection· 

liq\li:d supply pa~sage. 81 of the liquid sup.ply member 80 

. -and then is supplied th.rough ejedt.ion liquid. supply· 
.. ; .. : 

'passages' 84, '61; 20 o( respective members to the first 

5. · c.ormnon .. ,liq~id chainber. The. bubbie generatiqn liquid ··is 

·similarly supplied :from a supply passage 93 of. the 
. . . . 

liqu:i,d container- through a supply passage of .the 

conriecting member tb a bubble' generation liquid supply 
. . . . ··. .· . . . 

passage 82 of the l.iquid supply member .80 and then is· 

.10 ' ' supplied through 'bubb].e generatio.ri ·. liquid supp~y. 

passages84~ 61, '21·of respective members to the second 

liquid cbamber •. 

. ·.The above liquid ejection hea.d cartr~dge was 
. . . . 

explained with the· suppl¥ inode and liquid container 

15 ' permitting suppl.y of different liquids. of .the bubble 

generation liqu;i.d a~d the ejection liquid, but, if .the 

ejection liquid and· the.bubble·generati~n liquid are.of. 
. ·. . . · ... ·· 

the same liquid, there" _is rio need to separate the 
' ' 

.. supply passages ·.and container for the bubbl.e generat:ioil 

20 liquid and tµe. ejec:ti9n·liqtiid. 

This l.iquid-9ontainer ma17.be refilled ·with a· 
' . . . . . 

· .· liquid after ·either liquid is used up. For this 
' ' ' 

purpose, ... the liqui4 .container is desirably_ prqv:lded. ·· 

with a iiquici in.:fec~ion port.. The liquid ejecting head . 

. 25. may ·be arranged as. integral with or separable from the 

liquid container~ 

(Liquid ejecti.ngdevfceJ 

. ' 

·,· 
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. Fig~ .· 22 shows the schematic st;ructure of the 

liquid ejecting dev~de incorpo:iating the liquid· 

ej eating hea.d described. previously. · _ The ~resent 

e111bodiiµent .will be explained especially with . an ·.ink 

.·ejection recording. apparatus using . the . ink as : the 

... ejeCtion. liquid. 
. ·' · ... 

A cai:riaQ'e HC of the .. l.iquid . ej eating: 

device carries. a head ·cartri.dge on which. a liq~id tank 
.. . 

.portion 90 containi:ng the inkandaliquid ejection 

head portion 200 are detachabiymounted, and. 

10 reciprocally. mov~s widthw:i.se.·of a rE!cordiqg: m:e9ium 150 .. 

such as a recording sheet qoriveyed.by a .recording 

medium conveyingmea~s. 

When•a driving signal is.sµpplied frojn a. 

driving signal s.upply means not shown to the liquid 

15 ejecting means.on tne carriage, the recording liquid is 
.... · 

ejected from the .. liquid ej eating head to the recording 

medium in response to this signal. 
. . . . . . .. 

The liquid ej:ecting .· apparatus .. of• the . present 
. . . . . . 

embodiment has a motc;>r 111 .. as a driving source for 
. . ' . 

·20 driv:i.ng the recording. med.,iumc6nvey:i.1lg mearis and the 

:25 

. carriage~ and gears ti.2, .J,13 arid--a ca:r:riage shaft 115 

:ear transmitting the power ~rom the dr.:i.ving source .to . 

the ·carriage. i3y ·-this I::e~ording apparatus . a11d l:i.quid · 

.ejecting.method therewith., recorded articles with good 
. . . .· . . . . . . . . 

. images were · abl.e · to b~ ·attained by ej.ecting the liquid 

to .·various· recol:'aing m.edia. 

Fig. 23 ·i.s a block ·ciiagr~ of the entire· 
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apparatus for bp~rating the ink ejecting appar~t11s to 

which the liquid;ejecting method and.:liquid.eject:i,ng 

head of .the present ··inventiori .are. applied.· 
. . . . . .· 

The recording apparatus rec~i ves. printing 

info.rmation as a control signal fr.om a . host computer 
· ... · .. · 

300. The printing· i11:f ormation. is temporarily stored · in . 

an ~nput interfi!ice·301 inside a printing apparatus, 

and, at. the same. time,··· is converted into data 

procee;sabl.e in the ~ecordil}g apparatus. This data is 

10 ·input to a··cpu 302 .. also seiving ·as a head· driving .. · 

15 

s:ignal : supply. means . ., • The CPU S02. · pr~cesse~ the data 

thus received, using peripheral units such ~s RAM 304,. 

based on a. control program stored in ·ROM 303 in .. order 

to convert ·the data ;11to · printing data · (image data)_. 

ln order . to . re~ord the lmage data at ati. 
·.. . . . . 

appropriate position on· a recording s~eet,the CPU 302 

generates· driving data for driving the driving motor 

for moving.the recording· sheet arici recording head in 

synchroni~ati~n with the im8'.ge data. The image data 

20 and moto:r; :driving data :is transmi.tte.d each t:t;irough a 

head driver 307 and .• a motor drivei 305 to a. head and .a 

.. drive motor 306, respectiyely, which are driven at 

respective·d~ntroiled timings to form an :i~~ge. 
. . ·. . . .· 

.Examples of the. recordingmedia.appl:icable to 

25 the above recording. appa~attis and rf3corded with the .· 

liqui:d such as :ink: include the following: vari·ous types 

of paper; OHP sheets; plastics used for compact disks, 
·- ..... 
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ornamental plates; or the· :l_ik_e; fal:>rics; metals such as .· 

aluminum· and copper; leat_h~r · 1naterials. such as co~hide, 

pigskin," and synthetic leather: .. lumbe:r materi"~ls such 

.. as soliq wood "and plywood; bamboo '.material; . ceramics . 
. . . 

· ·such ~s tiie; and three;;.ciim~nsional structures such as 

sponge. 

The af orell)eritioned. reC()rd.ing apparatus includes 

a printer . apparatus for recording on "various t_ypes of. 

paper and OHP sheet,· a. plastic recording apparatus for 

10 ·. recar·ding. on ·a·· :plastid ·.material SUCJl SS a·_cOniJ?8Ct disk,.. . . · .. 

a metal rec'ordiilg apparatus . fa~· recording on a metai 

p·late, a le~the;r ·reborQ.:i.ng apparatus for recording on a 

:leather. material, a wood recording apparatus . for 

z:-ecording on "wood,· a cera~ic recording apparatus.far· 

15 recording an: a· ce:r:amic mat~rial, ~ r~cording apparatus 

. for recording: on a "three~diillens!.onal . netwbrl< structu.r"e 

suc·h. as sponge, . a te~tile. printing apparatus. for 

recording on a fabric,· and so· on.· 
.. . 

·The ejection liquid ·used .. in these liquid 
. . : 

20 eject:i.ng apparatus may_ be properly·~eiected a~ a liquid 

25 

matching with the reco:c-d:Lng_. med.ium and recording 

. condi ti ans emJ?l.oyed ~ . 

(Recording system) · · . 

. · . . N-ext ·exJ?lained ts all ·ex:·amp1e of · the.. ink jet 

rebo;rding system using the liqui~· ejectillg head· of the ... 

p:r:esent _:Lnvention as. a .. recording head. and performing . 

·.recording on a recording medium~· 
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•. ·. · .. ·. .· ... · .... 

. Fig~· 24.is a schematic drawing for explaining 

the structure of the ink jet :recording system_· using the 

liquid .. ejecting head ·201 ·of the present. invention 
. . . .. .. ... . 

described above. The.liquid ejecting head.in.the 

5 present .~inbodiment • "is . a full-line head having a 

·p1uraiity of_ejection·outlets·a1igned in t~e density 6£ 

360 dpi so. as to cov~r. the.· entire recqrdabl~ rc;inge . of . 
... 

the. recording medium 150. The l~qu.id ej·ectin~ head 

comprises four ~ea.d .units corresponding to four colors 

· 10 ,of y~llow ( YJ , ·mage11ta (M) ·' cyan ( c), and Plack (Bk), ·. · . 
... . 

which are fixedly supported in parallel with each othe~ . 

and at predetermined intervals in the·;x~direction~ 
. . .. 

A head driver .:307 cons~i1=uting ·a driving signal 

.supply means supplies a signal to each of·t;hese ·he.ad 

15 units to_drive each head unit, based on this signal. 
•, . . . 

.The four col,or inks.of Y, M> c, and Bk are 

. _supplied as the ejection liquid to the associated head.s 

fr.om· corresponding ink containers 204a-204d. Reference 
. . ·. .· . . .' . . . 

numer8.1 . 204e .desi.gnatei:; a bubble generation liquid .· 

20 container containing: the bubble. gener21:tion i_iquid~ . ~ram 
. .. . . 

which the bubble geperation.1iciu±d·is_supplied ·ta .each· 

head.unit. 

Dispas·ea below E!ach head ls· a head cap 203a, 

· 203b,. 203c, . or 203d ·containing:· an ink ·absorbing ·_member 

. 25 comprised of.sponge or the iike.inside. The head caps 

cover the· ej action outlets. of. "the respective . heads 

during non..:.rec_ord:ing period·s so as '·to pro~e~t. "and·. : ·' 

. ~ .. -:· .. · 
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mairitain tile --head ·uni ts.-

-__ Referepce n:wneral, -206-- denotes· a conVeyer heit 

c~rist:i.. tu ting -- a C:onveyi~g means'_ for conveyi·ng a 

-recording medium selected from the various types of 

---- __ 5 media as _explained in t_he preceding embodiments~ The 
.· . . . . 

conveyer belt 206 is routed -in a predetermined· path via 
. .·.· . . .· .. 

v_arious roller~ and is dri~en b~_ a -dr.ivi_ng _roller 

connected · to· a rrioto+ .. driver 305. -

The-ink jet recording-system of this ei:nt;;odiment 

10 comprises ·a pre-processin$ · apparatus. 251 and a P()E;t~ . 

processing_ apparatus 2.52, disposed-·upstream and 

downstream, -- respedtive·1y, of the recording me:dium 

15 

conveying path, ·for effecting-·various processes Ori the 

recording -medium __ before· and after -re~ording. 

The pre-processing and post~processing may 

iil.ciude dif~erent proce_$sing conten~s depending upon 

the type of recording medium and the type of ink used 

in recording. For e~ample, when ·the recording medium 

is _-one_ selected from metals'· plast.ics, and ceramics~ 
- - - -

~o the pre.:..process:i."ng may ___ be expo_sure· to ultraviolet rays 

25 

and. ozone to activatta.th~-su:¢£a¢e_ thereof,-:thereby · 

improving adhesion_ of irik. _If the. recorc;iing m~a:ium. is -

one l"ikely to have. static el~ctricity- such as plast:i.~s, -

dust· is easy to ~ttach t~ the surface_ because of. the 

static eleptricity, and·this dust sometimes hinders 
. . . . . 

good recqrding. -- In that . ca~e, the· pre-processing. may 

. . . . . . 

be eliminat:lonof statie_electricity in the recording 

., ... 

.. -
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medium using an·ionizer, thereby removing the ·dust frqm 

the· recording medi\Jm. ·. tt the. recording medium is a 
. . . ·. 

fabric, the pre-processing may be a treatment o:f· · 

appticatiqn . of a . ~at.~riai selected from ~lkaLi~e . 

. 5 . substances~ water;..soluble subs_tances, synthetic •. 

poiymers, wate~-solU:ble matalsal:ts,·urea, and,"thiourea 
·. . . . 

·to· the fabric in order.to prevent blot and to.improve 
. . .. . 

the deposition rate. .. The i;>re-proces~·ing -~oes._ not have . 

· · ... to be lirni ted to. these_, but . may be any prpcessing ~ for 

10 . . exainple _processi~g -to -~djust the .temperatui-e ·of .. the 
·. . . ·.· . ·, 

. ·. . . . . ,·. . .. .. .. . .. 

. recording.medium-to a temperature suitable.for· 
. . . 

recording. 

On the other.hand~ the_post-processingmay be, 

for e:Xamp·ie, heat processing of the recc:;>rd:tng medium 

15 witht~e ink depositep., fixin~ processing. for.promoting· 

fixation·of the ink by ir~adiat:i.ori with.ultraviolet 

rays or tne like,_ processing_ for washing away a 
.· . ~ . . 

t:r;eatment agent given in the pre~processing and 
··. ,· .. 

remaining· without . reacting •.. 

. · 20 . ·. The present_ . embodiment was explained using the 
·. .. .... .. . .· ·. ·. '· . 

full-line head as the ejecting head, but, without 

having to ·be.· ·1imi te~ to this.,· th.e· head may :be · a compact 

head for ef _feating recording (!S . moving in the widthwise 

. d.ireption ·of the reco~_ding" ~edium; ·as .described 

· 25 p·reviously. 

caead kit) 

Next explained is an ink jet head kit ·having · 

·.·:· 

.. ·. . : . 



the ink .jet head of ~he pre.sent .imrention~ Fig. 2.5 is 

. a schematic drawing· to sh6w such all ink jet J;lead kit. 

T~is ink jet head k~t :ts composed of an ink jet head 

510 of the pr~sent ·i~vention having· !!n irikejection 

5 _ · portion ·s11 for ejectiri.g the _ink,' an ink. con:t:ainer 52C)° ·· 

. as f3:. liquid container. integral. W.ith o;r separable from ... · 

the head, and an ink filling me~ns . 530 containing the ·. 

ink to £:i..i1 . the ink in t_he ink container, housed . in· a 

kit-container 501. 

·10 After the.in~ is.used up, c:i part-of.an 

in.:iecti.on portion.( hypod~rinic needle or the il:-ke) 531 . 

of the ink fil.ling means .. 530 is insert_ed into an air 

vent .• 521 ·of.· the ink _cont.ain$r, a cc;mnecting portion to 
. . . ·~ . . . . . .. . 

. ·.the ink jet head, or a hqle ·. perforated throl,lgn an wall . . 

15 of the ink. container,· . and the ink ~n .. the .. ink filling 

. means is filled into the ink . cont airier through. the. 

injection portion. 

Employing. the . arrangement of the ·. ki ~.·housing 
. : : . 

'the ink jet _head of the present .invention· and.the ink 

20 container and ink f illi.'ng means in a single kit 

25 

container in this.mar_iner, the ink·can be rec;idiiy'filled 

irt the ink container. scion after the ink is used up,· and' 

recording is restarted.qriickly. 
. . 

Although the_ .. ink jet head kit of the present 

embodiment was· explained as an . ink jet head 'kit' . 

. including the ink fill.ing 'mearis, .·it may be construc~ed 
: ... · . . · .. 

. "without· the irik filling means ·in an arrangement of the 

··:· 

... :._ ... 
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heaq and . tbe ink container of ·~ .. separ~ble . type f ii led 

with. ink,· h()USed. in the kit container ·!:faO. 

· F'ig ~ 25 ~hows oniy the :i.rik fillirig ineans for 

~illing the.;i.nk into the .in~ container,.but 'anC>thf:!r 

. 5 . head kit may also· have a bubble generat_ion liquid 

:filling.· means ·f~r. fil·ling the bubble. geriera:ti.on liquid. 

irtto · tl:ie b\i.bbie gerier.ation· liquid container,·. ir:i the kit 

~onta:iner, as well as· the ink container. 
. . 

·The pre$ent.invention ·accomplisbed.th~ further 

lo · m9re stabi::J..ized e.JE!ction st.ate _of. liquid by prop$r1y 

·specifying the maximum di·~placement an:gle. when ·tne 

1nc:>v.a}?le member, fundamentally cont~olling the bubble 

generated in th.e· liquid.flow path, is displaced at 

max;i.mum by gener~tion· 0£ bubble . wit~ respect td t.he 

. 15 ·. angie·of the straight line"con.necting the fulcrum 

·.portion o.f .. the movable .member .with the interseoting. 

·poi11t of the ~enter.axis of ejection outlet with the 

surface Of the ejec't.ion outlet connected to the, liquid 

flow path·.· from the ref~~ence of the ·standby position of 

.20 the. movable member. Particularly, thepresent 

... ·invention .solved the ~robi~m' ~f variations "of ejec:tion . 

state due tO ,variations . ·of c6n£ iguration Of ej action . 

outlet between.heads or· between nozzi~s caused'by the 

factor o'f manuf actu.ring , v~riat.ions. in. form;Lng •. i;he · .. 
. . 

25· ejection outlet·111ith laser or· the·like, thereby 

achieying vecy high stc:tb:i,lity.· 

.. · .. 

In addition to · the above-described ef feats, tne .. 

·.' .. 

. · .. 
·• 
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iiq\lid ejecting. method, . head, and so. cm acco:r;ding to. 

the present inveritioli,·based on· the novel ejection 

principle µsing the.· movable· member,. can attain' the 
. . : : : ... ·' :····· . · .. 

$yrterg1stic. effect of . the . bubbie generated and· .the. · · · 

·5 .movable member displ~ced 't1lereby, so ·that the 'liquid 

near the ejection outlet can be efficiently.ejected, 

thereby i~provirtg the ~jec'tion effici~ncy as. compared 

:10 

.... 

. with. the. conventional ej ectiori . methods, . heads~ and·. so . 

on of the bubble 'jet 'metho~. 
. . 

With .the ·. cn8.ra6teri.stic · s1:=ructures. o~· the 

pre.sent in:vention, . ej e9ti·on. f'ailure can be prevented 

even af~er lc:mg;,,;,fa~rm storage. at low. temp~rature or at 

. low moisture, or, even if ejection failure occurs,. the 

head can be advantageou-sly J;'.eturned instantly into a . 

15 ncirmal condition:only.with a.recoyery process such as. 

. 20 

preliminary ejection or suction recovery~ .. With this 

advantage, the inve.n:tion can reduce the recovery time 

'and losses of' the liq':lic;i due to recovery, and thus can 

greatl.y decrease the running cost.· . 
. . 

Especially, the • structures of· .the. present . 

invention ·1~pro~ingthe refiiling.characteristics. 

attaiI;led improvementi:; inresponsivity upon conti~uous 

ejection., sta)?le ·g:r9w~n of bubble(. and stai:>"i,iity .of 

. liquid droplet, thereby .e~abling high~speed recording.· 

25 ··.or. high-quality reco~Q.ing b·a.sec;i on high-spe~d. liquid 

ejection. 
. . . . . .. . . , ... 

· · In· the head of' the two-flow path strtict'l,lre ·the 



as· -

freedom of selection of the ejection·I.iquid.was raised. 

because the bubbie gene.ration liquid applied· was a 

liquid likely to generate .a bubble _.or a _liquid ·unlikely 

to.form a depo"sit.(sco:rch cir. the like) .6rt the heat 
. . . . ·.· ·.· . .·. _-:, ·. . 

5 generating element_~ . It was confirmied that the· head of. 

·the two-flow pa-t;:h structure was able· to w(a-~l ~.1ect ·even 

the liquid that.the_c~nventional heads.failed ·to eject_ 
. . 

ih the ·conventional bubble_ jet eject.ion method~ for· 

ex~ple; a high:.:.visc6si ty·. liquid urii'ikely to. generate a 

· 10 bubble,. a· liquid 1i~eiy ·-t_o form. a' depo_sit -.on the heat 

·:gener~ting ·element,. ~n so on.· 

Further, it wasco~firmed that the head of the 

.two-flow path strl.lcturewas able to eject ~ven a.liquid 

wea.k against heat or the like .without causing a 

15 neg_atiye effect OQ the ejection liq\.li(l. 

When the liqui(i ej eating head of the present . 
. . . 

invention was used as a liqu,id ej.ec;tion recording head 
. . . . . . : 

for recording, further higher-qualityrecor4ing ·was 

achieved. 

20 The inventic;m · provideq . the · 1iquid · ejecting 

apparatus, ·recording system,·. and so .on further· improved·· 

· ;ln the ej ectiori eff,tcie~cy of liquid or the like" · using 
. . . ... 

the liquid.ejecting head of the presE!nt.invention. 

use .or :t'.euse at· the head can be readily .. 

25 achieved using the h~ad_ ca_rtridge .or the head kit of. 

the present i_nvention· .... ·· 

I ;. 

·: ... · .. 
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. WHAT IS CLAIMED IS:. . .. ·:.=·· 

1. A liquid ejecting·method for ejecting· a· 

l:iquid, compri~ing: ·• · 

using.a liquid ejecting head having·an ejection 

. 5 outlet . portion. having. an ej ec.tion outl.et .. for eJecting 

the. liquid, ·a liquid :flow path infl~id cominunication 

with the 'eject.ion. outiet portion; a bubble generation. 
. ·. . . 

. . .. 

region for ·generating· a bubble in the °liqtil.d, and a 
. . 

movable member. disposed to face the bubble generation 

i-E!gioil and p~6vide<i ~fth. a free. end closer to s·aic,i .. 
. . . 

ejection ()Utlet portiqn than a fulcrum portion thereof; .· 

and. disp1aci.ng said. movable member i>y · a :pr~$stire base.d 

· · . ·on ·generatiort of the . bubble from a position of a 

. reference ~urfa~.e· t.o ~· .i;>osit.ion of· a max;imum . 

. 15 ·displacement~ thel;eby ejecting the liquid, 
. :·., 

· wherein a·· relation C>f 2eE - ~ 0 .s ·a" s 2eE + 5 ° . 

. is sa~isfied where, ~ith a. reference of sa.id reference 

SU~face,· 0M ;i.S. an a~gle Of ~aid movable member ~t S~id 

maxim~m displacement.thereof about.said fulc~um portion 
. . . .. . . . . . ·. . .. 

2Q and ~E iS an. arigle 0.f·. :8~ a~tf S Connecting Said fulcrum 
. . . . . . . . 

25 

·portion wi tb ·· an intersecting point of a center axis of 

saic;i ~j ectiori outlet . with a connecting surfac·e· of said 

. ejection otit~et :portion to s~id liquid flow· path, ·and 

Wherein 9M is· an BCUte angle .• 

2 ;· A liquid ej acting method -acco;r(iing to Claim 

.1, whe:teJ.n .the angle ·9~ Of said movable me01t>er · at the 

·, . 

: :'. 
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.·87 .- . 
. '· 

maximum displacement i·s · set . to be not less than an . 

angle of a line. connecting .• said fulcrum ·portion with an· 

· . uppermost .end ot th.e· e.:lection outiet portion of. said 

conrtecting surface·with respect t(.) the reference 

·5 surface. 

l,O 

3~ ·A liquid "_ejecting me·thod according to Claiin 

.. 1 ~ . Wherein the angle 0M . Qf the movable me~be~ at the 

maximum displacement. iS Set. to be 28E S 9.;• 
.. '• ·, 

4. A liquid :ejecting -method acc.ording t~ 

either one of Claim 1., Cla.j.m 2, and Claim 3, wherein by 
. . 

displace~ent.of :the mov~ble mefilber said bubble is 
. : . . 

expanded more downstreE!m than ups'tream in.· a. direction 

. l.5 directed toward the ejection outlet, thereby ejecting 

the liquid. 

5. A liquid ejecting method comprising: 
. . . . 

using a liquid ejecting head having_an.ejectioJ:l 

20 outiet portion. havi~g. an _ejection outlet ._for ejecting a 
liquid~ a f~rst liquid flow path in fluid communication· 

. . 

with said ejection> outlet portion, a sacorid liquid.flow 

path having a bu'bt>ie gen~ration regiori, an4 a m~yable. 

member·.· dispos~d to f~ce said bubbie ~enera~ion regio~ 
... ·. .· 

. 25 and provided with _a free end· closer to the eject.ion 
. . . . 

outlet portiqn than· a.·ftil~rum portion :th~_reof '· 

genera:ting a bubble in s·a:ld bul:;>ble generatiqn region, 

~· .. 

. · .... 
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... ~nd displacing said" moval:)le. member "by a pressure based 

.on· generation of the bubble. fro~ a posJition of a 

reference surf ace tp a ppsi ti on of a max·imuiri. 

~isplacement, .thereb,y· ~jecting the liquid, 

· wh~reiri a r~lati~n o·f 20E - 5 ° s eM s "20E + 5 ° .· 
. . 

is satisfied where, :··with. a reference of said. r~ference 

Slirface, .0M·fS an arigle Of Said IDOVal)le·member at Said 

maX:imum displacement thereof-about said fulcr;-u~ pprtion 

. ·and. eE is. an· angle: of·· an ·_ax_is· co~necting said fulcru~ 

... · pototion with ap intel:-secting point·. of a . center axis . of 
. . . . . . . . . . . : . . 

said.ejection ()Utlet.with a connecting surface.Of.said 
' ·.·. . .. 

. . .. 

ejection .outlet portion to said liqu:i,d flow path, arid 

wh.ere:i_n · eM is an · acµte . angle. 

6 ~ A liquid. ej eating methbci according to Claim ·· 

5, Wherein. theangle9M Of Said movable.member at the 
. . . ~ . . . . 

max~mum displacem~nt is set to be not.less th~n an 

angle of a line connecting. said fulcrum portion with an 
·' . . . . 

·uppermost end: of the.ejection outlet·portion of said. 

20 connecting surface w,ith respect to the reference 

surface. · · 

7. A liquid ejecting method a.ccording.to Claim 

. 5, . wherein the ang!e e~. of the .. movable member . -at: the 
... 

25 maximum displacement _is set to be ·2aE -~ eM . 
.. . • . . 

.8. ·A l:lquid' ejecting method· a_ccordirig. to 
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either one of Claim ·.·5, cia.im 6; and Claim 7, wherein 

·.the. head u:sed in ·said method· ejects the liquid by 

.·expa~ding said bubble. more downstream _than .upstream. in 

a direction toward ttie· ejection ·outlet·· py:displacement .. · 

. ·.·. . 

5 of the movable member. 

·9. A liquid ejecting inethod for 'ejecting a 

liquid~ comprising: 

:using a liquid ej eating head · havii:ig an. ejection · 

10 .• . outlet .. po~tion having an ~j ecti.on butiet fo.r ej eating 
... 

. the liquid, a liquid fiow.path in fluid.communication 

wit:h the ejection ·outlet portion,·. _a· ·bubble gener~t.i.on 

region for genera.ting a·-:·bubbl~ in the liquid, and. a 

movable member disposed.to face the bubl:;>le generation· 
. . 

15 .... region ·and provided with ·.a· free eild .clos~:t to said 
. . . . . 

·ejection outlet portion than a fulcr\.im portion thereof~ 
. . 

and .displacing said in6.va:ble member by a pressure. based . 

on generation of the bubbie from apo~ition of a 
. . . . ~ 

reference. surface to a .posi t:ion of a max:imwn ... 

20 displacE:\ment,_ thereby ejecting.the liquid, 
. . . . . . . : . 

· wherein. a relation o"t: 29~ - 7 ° s e~ s 291: + 7 ° 

is satisfied ~here~ with a reference of .said reference 

surface, e" is an angle. of said. movabl_e member at; said ... 

maximum displacement thereof . about: said. fulcrum portion .· 
. . . . . . . . . . . . . . . . . . 

25 and 9g· is an angle of an .axis connect_ing said fulcrum . 

p<>rtion w·ith. an inter$ec1::ing •. point of ·a · center ~xis of 
. : : .. 

said ejection outlet with a·conriecting·surface·of Said. 
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ejection outlet port.i.ori to, said liq~id flow: path, and 

:wherein eM is an acute angle. 

: . . . 

10. ,::_A ·1iq.uid ejecting method .comprising: 

·.using a liquid .ej eating .head haying an· ejection 
. .· .. . ·. . . . .. 

outlet pOJ:tion h~v.ii:ig an ej ectiori ~U::tlet for ej eating a 
. . . . . . .. - . . . . 

·liquid, a_ first liquid .. fiow path in fluid communication 

with said eject.ion outlet portion·, ·a· secc:md llqU:id flow 
' :· 

. path ·h~ving a bU:bb1e._generation region; and a movab:I.e 

io · member disposed to face ·said bubble 9~neratic>n r_egion · · 

. ·and . provided with ~ free end closer. to the . e~ ection. 

outlet portion than a f~lcrum·portion the,reof, 

generating a bubble.in said bubble generation region, 
- . . 

· arid. displacing said· m6vable • member by a pressure bas~d .· 

15 on generation Of the bubble. from a positicm of a 
. . . . ·. 

reference . surface: t~ ·. a po~i tibn of a . maximum·. 

displacement; thereby ejecting the liquid, 

. ·wherein a relation 9£'. 20E. - 7 ° . s . er-i s 29E + 7 ° 

is satisfied.where, l4itha reference of said reference 

20 surfa~e, 91'1 is an a,n~le Of said movable member at. said 

maximtirn·displacern~nt.thereof aboitt said fui'crtim portion 
. ··- ··: . . . 

and 9E iS . an angle Of an a~iS . COnriecting Said fulcrum .. 
. . . . . . ·. . . . . . .. ·, . 

. . 

. portion .with .an .intersecting point of a· center a~is of . 

·said ejection.outlet.with a connectirig"surface of: said 

25 .. ejectipn out.let portion to . said -liquid flow path, ahd . 

Wher.ein 01'1 is an acute angle. 

·· .. 

···': 

''-": . 
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. 11.. A. liquid ejecting· method ·according t:o 

.Claim 10, wherein a:· liquid supplied ··t:o said first 

liquid. flow path and a·.iiquid supplied to said second 

liquid flo:w path ai;-e ~ same· liquid._ 
. ·. 

12. A liquid ejecting method ·according to· · 

Claim to,. wherein· a liquid su1;>plied to said f:i.rst 
.. 

liquid flow path and a_ liqui_d supplied. to said second 

__ liqui.d flow path are different liquids. 

·.·. .. ' 

13 -~ · A. liquid ej acting_ method according to 

· ei. ther o~e: of Claim 9, .. 'claim 10, ciai.m 11, and. Clai~ 

·12, wherein· the.· angle e" of s~icf mov~:t:>le member. at the 

. maximum displacement . is·. set to be not less than an 
. . .· . .. . .. . 

angle of a. ;Line connecting· said . fulcrum portion with an- ·. 

uppermos:t . end of . the ·.ejection. outlet. portio~ of sai.d 

connecting surface'with reeipect to"the reference 

surfaqe • 

.. 14. A li.qu:i.d ej acting·: method. according to 

. either- one of c1aim 9 ~ · c1c:iim lo,· ciaim i 1,• · and ·c1a.im . 
. . . . . 

12, Wherein the. angle BM()f the movable·meinber at.the 

maximum ·displacement is set to b.e 2.ez s e". 

•. 15.. A. liquid ·ejecting method according to· 

ei the:r; e>ne. of Claim 9, ' cia±i.rt 10 ,. c_iairt1 11, arid: Claim · ·· · 
. . .· 

· ·· < · 12_, wherein by .·displacement of the movable. ineinber said .· 

. ••;'. 
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bubble is_expancjed more downstream than upstream. in a 

direction·. directed toward . the ej ectiori . outlet, .thereby · 

ej eating the liquid •. 

16 .. .A ·1.iquid ejecting method for ejecting a 

liquid,.cainprising: 
. . . . . . . 

. using a· 1iquid"ejecting head h;aving .. an ejectipn 

outlet portion havi~g an ejection outlet·for ejecting 

the· liquid, a: liqu:l.d fie~ path in fluid .communication 

.... 

.· 10 · with ·the eje~.tio11 outle_t p9rtion, a bubQ.le :gene.ra:tion 

region.for generating a bµbble in the liquid,· and a· 

movable member. d~s-posed. to f~ce the bubble. gene:i:-ation 

regiqn and provided with· a free erid closer to said 

ejec1:ion out~et portion 'than a fulcrum portion :thereof, .. 

15 and. displacing said movable member by a pr.assure based 

on generation. of the bubble from a position o"f a 

reference. surface to. a pos·i tion "of a maximum 

displacement, therebl'eje~tingthe liquid, 

. Wherein a re.latiO.n. Of 0~ S 208 + . 5 o iS . siatiSfied 

2Q Where, With a reference Of Sai4. reference SUrface, 0M iS. 

an angle of said inovable member at said maximum 

diSp~aCement thereof about Said fUlCrunl.pOrtiOn and 0E · 

is. an angie. of an axis connecting said: fUl.crwri _portion 

wi.th · an intersecting po~nt of a cent~r. axis. of. said. 
. . . .. 

25 ·ejection 6utlet wi.th .. a co~necting surface of sai~ . 
.. · . . 

·.ejection outlet portion. to said liquid flC)w path; and. 
. . . 

Wherein 0H iS an.a9ut~·angl.eand iS IlOt l.eSS than an 

.. 

.. ·. ·. 
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. . .... • .. 

. . angl.e of an axi$ connectiti,g" said fulcrum . portion with 

ari "uppermost end of the._ejection outlet portion of s.aid 

connecting surf ace~- ·· 

.1. 7 •· A liquid ej ecti~g _method. for ej eating a · 

liquid, comprising: 

U.si:ng·a liquid ~jectillg head :having an·~jecti~p. 

outlet portion having all ~j~ctio~ outlet ·far· ·~jecting 

the liquid, ·a liquid flow path in.fluid communication 
·. ·:· . ·. . ·:. · .. ··· .. ·. 

with th.e · ejection otitl.et portion, : a . bubb~e . gellera:tion .·_. 
,·, 

region for ~en~r~ti.ng a bubbl.e in the._ l.iquid, and, a· 
·~.· . ~~ 

moval>le _member disposed to face the bubbl.e generc;ition 

region. aild provided. wi_th a. free end closer. to. said 

ejection outl.e~ portion than.· a ftil.cr\Jm J?O~tiori thereof, 
. . . . 

15 . and displ.Cicing said movable member _by a. press-tire . based 

on_ generation of the_bubblE! from a poedtion ·of a 

~eference ~urface_to. ~- positioilo£ a maximum 

displ.acement, thereby ejecting the liquid, 

wherein a rel.ation ·of 208 - 5 ~- s eM ·s 292 i_s 

20 satisfied where, with. c::{reference of said reference 
... . . . . ·.··. . .· 

Surface, SM. i.S an angle Of Safd. movabJ.e. lliember · at Said.·. 
. . . . . . . . 

·.maximum displacement thereof.· about said ·fulcrum porti()Ii 

and 0g .. is ari angle . Of . i:ln . axis connecting Said fulcruni 
: ·. . . . . . .. . 

portion with. an intersecting point of ·a ce.rit~.r axis. of . 
. · . 

25 . said ejection ··outlet_ With a ~onnecting surface of said 
. . . . . ..· . 

. ejection outlet portion to· said J.iquiq ~l:ow p_ath, . and 

wherein 0M is.an acttteartgJ.e and.is not leSS than an 

~ .· . 
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angle t)f an axis connect:i~g said fulcrum portion with. 

an uppermost end of the ejection outlet port.io"n of sai.d 

connecting surf.ace. 

18. A liquid ejecting method according to 

e;i. ther _one of· Claims 1 ~ 5, .9 ," .and 10, wherei11- .. c:i he~ght 

of a ceiling of the liquid flow path in .fluid 
·, . . . . .. · . ·. 

communication with said ejection outlet portion above 

said :free end is higher than that above said fulcrum 

. 10 ··. port~on. 

19. A liquid.ejecting method ·according.to 
. . . 

· e:ither one of Claims: ·1, .5, 9, and 10, wherein. a· heat 
. , .. 

·generating element· ·far· gep~rating a b~bble ·is· disposed 

·15 ·.on a side_opposed to· said movable member aJ1d a space 

betwe~n the movable. member .. arid the heat . generating .. 

element is the bubble.gene:r(ition region~-

20· 

20. A liquid.ejecting head for ejecting a 
. . . . . . 

. liquid, comprising:: 
'.· 

an _ej ectio.n. outlet portion having a11:. ejection 

outlet for ejecting ttie liquid; a liquid flow path in 

fluid communication" w.l,.th said .. ejection. o~tlet .p()rt:lon, 
.·. . .. 

a bubble.generation reg"i.ori'for generating a bubble in 

. 25 .the liquid, and a. mo~a~le mein~~r dis~osed to". face the. 

· · .... buJ;:>ble gerier_at.ion region ·arid. provided. with a _free end ·. 
·. .... . ,: _.. . 

·closer to .. said ·ejection outlet portion than. a fuicrum 
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: 20 

portion .the·reof, wherein, · upon displacing said movable 

meinber by a pressure. "based'. on: generation of° the .bubble 

from a pos.:i. ti on of a: . reference surf ace to a .•position of 
. . . . . .· . . . .. 

··· a maximum displacement to eJect the· liquid, 

a rela.tion of . 2eE :-" 5 ° s eM: s 2eE + : 5 ° is 

satisfied:Where, wi..tha refere]lCe Of· said reference 

surface, . eM is.· an· angi~ ot" said· iitovable. member at said . · 

maximum.displacement thereof .abput -said_fuicrum portion 

. arid 8E is an angle Of . an· axis CC:mnecting Said .. fulcrum 

i;>ortior1 w.ith ari intersecting point of a· _center a.xis of 
.. 

·said ejection outlet with a connecting surface of said 

ej ec_tioh outlet po~tiox:i ~·to sa_id liquid flow: path, and . 

wherein-SM is an ·acute· C!:ng1e:. 

21. A· liqu;id .. ~Jecting head co111prising: · 

an ejection outlet portion havin~ c:in·ejection 

outlet for ejectirig ~-liquid, a first liquid flow path_ 

in fluid communication _with_ the e"jec~ion outlet 

portion, a second liqµ~d flow pa~h having a bubbie 

·generation region, and a movable member disposed to 

·. face the. bubbl.e geherat:i.on .. reg:i..Qn and . provided with a 

free end closer to the_~jecti.on outlet portiori thari a 

.. fulcrum. pbrtion "til~:feof, .. ~he~'ein, upon generating a 
. . . 

b\J.p}?le in Said . bubbl~· ~eneratfori ·. region and di.splaci.ng 

25 . . .. said. movable . member by. ·a pressµre based on· the 

_generation of :the .bub:bl.e. ;from a positi~n of a reference 
. . .. '• . . . 

surface to .a position of a maximum displacement to 

. . > ., 

.• 
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eject the liquid, a relation ()f 20E - 5° S 0M S 20g + 5° 
. . 

is satisfied where, with a reference 6£ Said reference 

surfac~, . ·aH is . an.· angle . of said movable member _at said 

.. maximum: di.spl,acement' thereof about said . fulcrum portion 

5 ·.and . 0g iS aif ~ngle ~.f , an. ·aXiS COnneCting . sl!id . fUlCrU.m 

10 

. '.· ·. 

portion wi.th·an inters~cting point of a·ce:rtter axis of 

said eje~tion o~tiet. with. a connecting' su~face.· of' said 

ejection outlet porti:on -t;o· said liquid flow path, and 

wherein eM is· an acut~ a11gle. · 

.. 22. A liquid :e.jecting· head .f()r ejecting a· 
. . '. 

liquid, comprising·: .. · 

an ·ejection ·.outlet. portion .having an ejection 

outlet for ejecting. the liquid, a liquid ~low p.atfr in 
. . . . ' . . . . . 

15 fluid communtcation with. said ejection.outlet portion, 

.. a bubble gene_ratio1;1 region. for generating a . bubble ·in 

. · .. the.· l:i-quid, and .a movable member disposed to face the . 
. ' . . 

bubble generation region and provided with a free end 

closer.to i:;aid.eject~ori-outlet pdrtion than a fu:I.crum 
' . 

20 portion· thereof, wherein~ .. upon displacing . si:lid movable 

member by a pressure· b~sed on . generation. of . the · bubbie . 

from a position of a ref~ren:C::e . ·surf ace ·to. a_ position of . 

. a maximum displacement to eject the Liquid, 
.. ·'· .. . . 

a rela1:_ion of .2eE ~ 7 ~ s e~ s 20!: + ·7 ° is 

25 . 13atisfied where,· wi.th. a· r~f~re~ce a~· said ref~rence 

.. SUrfc;iCe, eM iS. an angle Of sa;Ld movable. mel1lber at Said 
. . . •' . .,_ '·' .· . .. 

-·maxi.mum displapE!ll\ent ~hereof about said fulcrum portion 

·· ... 

· ... 
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·and 08 
is an angle Of an ax.is COnnedting Said fulcrum 

portion with.an intersec"J:;ing point Of ·a center. a.Xi$. Of 

said ejection outl~t.with.'a connecting surface of said 

-·. ej.ection outlet po:ttiop to sa;d liquid flow path, '•and 

5 Wherein 0H iS an acute ailgle • 

10 

· · 23. ·. A liquid ej eating. head comprising: 

an ejection o~tlet portion.having an ejection 

outlet for ejecting a liquid, a first liquid flow path 

in fluid cortununi~ation with.the ~ject;ton outlet 

portion, a second liquid flow path h~ving a bubble 
' . . ~ .· . . 

·generation.region, ·and a.movable member disposed to 
. .. .. . 

faqe.thebUbble generation region and provided with a: 

free end closer to the ejection.outlet. portion than a 

· 15 fuicrum portion·:thereof; wherein, upon generating a 

bubble in said bubble generation region and displac~ng 

said ino~able member by a pres~ure based on' the 
. . . 

generation of the bubble from·a position of 8. reference 

surface· to a position of a· maximum displacement to 

·- 2Q . eject the liqUid, 8 ~elation. Of 20!: "".° ·?o S SH S 208 + 7'o 

i$ satisfied where, with-a reference of said reference. 

- SUrface,. ~H iS an angle. Of Said movable ·memb~r at. Said 

25 

·. -maxi~um displacE!ment · t:herec;>f about said- fulcrum p9rti(>ti 

and 08 iS an· angle Of. an aXiS Connecting Said fulcrum 

port:i.on.with.an.interseqtin$1 point of a center axis of 

·said ejection outlet.with a connecting surface of said 

ejection outlet portion to sai.d liquid flow path, and· 

, .... .-
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wherein eM is an acute .. angle. 

24. A iiquid ·ejecting head for ejecting a 

l_iqtiid,, co.mpri.sing: 
. . 

. :5 an ejection 6utiet portion h~ving an . ej ecti6n 

. outlet for ejecting the liquid,. !li l:_iquid flow path in 

fluid communication ·with said ejection outlet portion,_ 

·a bubble.· generation region for. generating. a bubble· in· 

.. the liquid, and a movable member disposed. to face the 
. . . 

.. 10 . l>ubble gen(9ration reg.ion ahd. pro,:,i_qed with. a. free .end 

close:i;- to· said ejecti.oil outlet portion· than a ·fulcrum 

.. portion thereof; · i.n which said movable member is 

displaced by a pres$'1re based on generation of a bubble 
. . . . . . . : . ·. . . 

from.a. position of a reference· surface to· a position of 

15 .· a maximulli displacement t~ eject the .liquid, .. 

Wherein a relation Of· eM S . 20E + 5 o iS SatiSf iec;i 

Where, with a rafereil,Ce Of Said reference SUrf.aCe, 0M iS 

. a11. ang.le of .said movable member. at said maximum 

diSp.l.acement thereof about. Said . fUlCrUm .portion and 0E 

20 is an angle Qf . an. ~xis connecting said fulcrum port.ion 

with an intersecting point of a centerax;i.s of. said 
. . . . . . 

. . . . -

ej~ction outlet.with a .connecting s_urface of said 

. ej action outlet. portion to s~id liqUtd flow path, and 
. . . . . . . . . . 

wherein ·eM is ·an. aciite · i:lngle and is not l_ess .than an 

25 . angle .o.f ari axis .ccmnecting: said . f~lcrum portion with 

. ar1 uppermost end of the ejection. outlet po:r;.tion of. said. 

connecting ···surf ace. 
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25. A liquid ejecting head: for eJecting a 

liquid, comprising: 

an ejection·outlet·portion having an ejection 
: . . 

outlet for ejecting t~e liquid," a liquid flow path in 

5 flt1.id communication.with said ejection: outlet_ portion, 

a·bubble gene~ation·region for generating a bubble in 

the liquid·, an(! a movabl~ member "disposed to face the. 

·bubble . generation region ·and provided with .. a free end . 

closer to said.ejection outlet. portion than a fulcrum· 

10 portion thereof, in which said movable m·em.be.r is 

. 'displaced by a. ~ressure .basea. on generation of a bubble 

from a· position of.a reference surface to. a position of 

a niax:imum displacement. to _eject the liq~id, 

wherein a relation: of 20E · - 5 ° s · e" s 20i;: is · 

15 .satisfied where, with a re_ference of said reference 

surface, e~ is an angle of sa"id movable membe·r at said 

~a~imum displac0ment thereof about; said .fulcrum portion 

and 0g is an angle Of an axis COnnecting Sa.id fulcrum . · 

·portion with ari intersecting point.of a_ center axis of 

· 20 said ejection· outlet with a connecting s~rfC'ice of said 

ejection outlet_p_ortion to .said liquid flow path, and 

wherein e" is an acu.te angle and is not ·less than an 

. angle of an . ax.is connecting sC'iid fulcrum p~rt;ion wi. th 

_an.· uppermost· end of the . ejection outlet; portion_ of said 
. . . 

25 connecti~g surface. 

26. A liquid ejecting head accordiog to either 
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one of Claims 20, 21, 22, 23, 24, ·and 25, wherein a ·· 

height at" a ceiling.of the l:i.quid flow.path in fluid 
. . . 

communication with said eject~on outlet portiori above 
.· 

said free end ·is higher than that above said . ·fulcrum 

5 portion. 

27. A.liquid ejecting head acco:r;ding to either 
. . 

one· of. Claims 20, · 21, 22, 23,_· 24~ ·and 25, wherein a 
. . . . . : . . . 

heat generating element •is disposed.on.a. side opposed 
. . 

10 to sa_id. ~ovable melllber. and a space ·between the movable 

member ~nd the hea_t: generating element is · the_ bubble 

·gener_ation region. 

. .. 

28. A liquid.ejecting appa'.t"atus for ejecting a 

15 liquid by genera,tion of a bubble, comprising: 

.the liquid eject:lng head as set forth in .either 
. . 

one of Claims 20, · 2J,., 22, 23, .· 24, and 25;. and 

driving signal supply ineans for supplying a 
. . 

driving s1gnal for .ejecting the liquid from said liquid 

20 .ejecting head. 

29. A liquid ejecting apparatus .-for ejecting a 

liquid by genera:t:ion af·a bubble,· comprising: 

the ii.quid ej ectin~f head as set forth in either 

25 ·one of Claims 20, 2i_, 2.2~ 23, 24, and 25; and 

recording medium conveying means for conveying 

. a rec::ording med_:ium -for receiving the liqllid. ejected· 

from said liquid-ejecting head.· 


