- 1- LI QU D EJECTI NG HEAD, LI QUI D EJECTI NG DEVI CE AND LI QUI D Ef@éffﬁ@{f Lp R
METHOD BACKGROUND COF THE | NVENTI ON 5 Field of the Invention The\ppesent
invention relates to a liquid ejecting head for ejecting desired

| i qui d-usi ng generatlon of a bubbl e by 1applying thermal epeogyidsltde

‘liquid, a head cartridge usrng the liquid ejecting head, a liquid
ejectlnggdev1ce using the-s&he,' a liquid ejecting nethod and a recgpdkng

method. It further relates to an |nk jet head kit contalning the liquid
ej ection head. re particul arl.y, relates to a Iiguid ej ecting 15
head having a no aMLiQHiﬂmﬁJEﬁT§§Fa@§BPe B}Qyéﬁeﬁéﬁp iNGf DEVBEBbl e, and a

head cartridge using the iqu|d ej.ecting head, and |i aU|d ej ecting device
using the sanme. It furthe¥ rePaPedlQVIR FP&GTaNéjﬂgFﬁ B nethod and

recording nethod for ejection the liquid by noving 20 t he novabl e nmenber
usi ng the generation of t'he bubble. The present invention is applicable to

equi pnent suc .ﬂ“ L el cmachlne a facsimle machi ne havi ng
a communi cati _ ' i%ﬁﬁ%%@éﬁr—haV|ng a printer portion or the
like, andgan ipdusirdflene Invention

The present invention relates to a liquid ejecting

¢ 3

'head“fbrﬁéﬁecting desired liquid using generation of a
bubble by applying theimal energy to the liquid, a head
cartridge using the liquid ejecting head, a liquid
10 ejecting device using the same, a liquid ejecting
method, and a recording methbd. It further relates to
an ink jet head kit containing the ligquid ejection
head.
More particularly, it relates to a ligquid ejecting
15 head having a movable member displacable by generation
of a bubble, and a head cartridge using the liquid
ejecting head, and liquid ejecting device using the
same.- It further relates to a liquid ejecting method
and recording method for ejection the liquid by moving
20@ the movable member using the generation of the bubble.
The present invention is applicable to equipment
such as a printer, a copying machine, a facsimile
.machine having a communication system, a word processor
.. having a printer portion or the like, and an industrial
25 ¥ recording device combined with various processing
dévide or processing devices, in which the recording is

effected on a recording material such as paper, ‘thread,
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25 recordi ng device conmbined with various processing device or
processi ng devices, in which the recording is effected on a recording

mat eri al such as paper, thread, -2- fiber, textile, leather, netal,
plastic resin material, glass, wood, teé¥amic and so on. In this
specification, "recording" nmeans not only formng an i nage of letter,
figure or the like having 5 - specific neanings, but also includes formng
an i mage of a pattern not having a specific neaning Related Background Art

20§ nst ant ancofebeta: BBt Te” HEREEST oGt Ty RIRSIS HERIR ARGTETol e

change (bubbl e r at ) EHE Y I cation of energy such as heat

to the ink, so? ggggb e?@@t %%%gl i%ﬁ?odghlihe ej ection outlet by the force

resulted fromthe s{At gf\ﬂfg}%t herd dterd P e,gaeg tng,ta%gi,l&S
erla

deposited on the recor ng orm an | mage formation.
di sclosed in U@oﬂﬂiﬁ@ta indgd 25f W tér | i brdteC a i mﬁvtlh@ bubbl e
j et recording nethod :
5 specific meanings, but also includes forming an image
of a pattern not having a specific meaning.

Related Backaround Art

An ink jet :ecording method of so-called bubble
jet type is known in which an instantaneous state
10 change resulting in an instantaneous volume change
(bubble generation) is caused by application of energy
such as heat to the ink, so as to eject the ink through
the ejection outlet by the force resulted from the
state change by Which the ink is ejected to and
15 deposited on the recording material to form an image
formation. As disclosed in US patent No. 4,723,129, a
recording device using the bubble jet recording method
generally comprises an ejection outlet for ejecting the
ink, an ink flow path in fluid communication with the
20 ejection outlet, and an electrothermal transducer as
energy generating means disposed in the ink flow path.
With such a recording method is advantageous in
that, a high quality image, can be recorded at high
speed and with low noise, and a plurality of such
25 ejection outlets can be located at high density, and
therefore, small size recording apparatus capable of

providing a high resolution can be provided, and color



generally conprises an ejection outlet for ejecting the ink, an ink flow
path in fluid conmunication with the 20 ejection outlet, and an

el ectrot hermal transducer as energy generating neans di sposed in the ink
flow path. Wth such a recording nethed3is advantageous in that, a high
quality image, can be recorded at high speed and with | ow noise, and a

plurality of such 25 ejection outlets can be |ocated at high density,
and therefore, small size recordi ng apparatus capable of providing a high
resol ution can be provided, and col or -3- _inmages can be easily formed.

Therefore, theiBagBfeCpBtPeeBFilNgtAENeRdd i Therftchite fhaudtPbl® gatnt ers,
copyi ng machi nes, fggsinile n&chines or qfther fjice,%g¥i ment, and for
i ndustrial sysFERETILRE Betha:1Fenev widelnysrf Jdv vk “he like. Wth

t he i ncrease of the w de eds for the, bubble jet techni que, vard.ous
demands. are | nEBRPERBREDRRCP e ERPP PR B e, St PR AR
energy use 10 oou8bhbfiteNENa' Fof IBALEE 1 a1 Gy Eiind MudE T Gexddlb e
5 printing device or the like.
| With the increase of the wide needs for the bubble
jet technigue, various demands are imposed thereon,
recently.

For example, an improvement in energy use

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

15 liquid is improved.

In order to provide high image gquality images,
driving conditions have been proposed by which the ink
ejection speed is increased, and/or the bubble
generation is stabilized to accomplish better ink

20 ejection. As another example, from the standpoint of
increasing the recording speed, flow passage
configuration improvements have been proposed by which
the speed of liquid filling (refilling) into the liquid
flow path is inbréased.

25 Among the configurations of the flow path Japanese
Laid~Open Patent Application No. 63-199972 discloses an

arrangement of the flow path as shown in Figs. 1A and



optim zation of the heat generating el enment such as adjustnent of the

t hi ckness of the protecting filmis investigated. This nmethod is effective
in that a propagation efficiency of the generated heat to the 15 l'iquid
is inproved. In order to provide high-igage quality inages, driving

condi tions have been proposed by which the ink ejection speed is increased,
and/ or the bubble generation is stabilized to acconplish better ink 20
ejection. As another exanple, fromthe standpoint of increasing the
recordi ng speed, flow passage configuration inprovenents have been proposed
by which the spBed &tcpbrddng tpl thagarrapgeneny)of reke tHkov iRakR andw path
IS increased. 25 Anong the configurations of the flow path Japanese
Lai d- Open Pat eft "&sprAc dProRaRgfagiuIdng 7o head| R ALsGloFednengi® of the
flow path as shown in Fi

of the flow paFﬁfSH&“&elng?:hBaléﬁgggnﬁnﬂ%é%f%g?ﬁfggég%%ég%‘%%&é‘gn?ﬁrr?ﬂte
reference it hL%Sb%gbiega?%hgﬁggeggg§gdigyag§9§ég'igg'opposite to a
5 direction to the ejection outlet, namely to the liquid
chamber 12). The back wave is know as an energy loss
since the wave is not-directed to the ejection
direction.

The arrangement as shown in Figs. 1A and 1B

10 includes a valve 10 lbcated at a position which is
spaced apart from a bubble generation region formed by
the heat generating element 2 and opposite to the
ejection outlet 11 with respect to the heat generating
element 2.

15 In Fig. 1B the valve 10'haé an initial position as
if it is adhered to a ceiling of a flow path 3 by a
method using a plate-like material and the wvalve 10
depends down into the flow path 3 upon the generation
of the bubble. According to the arrangement, a part of

20 the back wave is contrelled by the valve 10 so that the
energy loss is controlled.

However, considering the generation of the bubble
in the flow path 3 for keeping the liguid to be
ejected, it.is not practical to control the part of the

25 back wave for the liquid ejection.

The back wave itself is not directly concerned

with the ejection. When the back wave is generated in



of bubbles (the pressure in a direction opposite to a 5 direction to the
ejection outlet, nanely to the |iquid chanber 12). The back wave is know as
an energy loss since the wave is not directed to the ejection direction.
The arrangenment as shown in Figs. 1A an8@ 4B 10 i ncl udes a valve 10

| ocated at a position which is spaced apart from a bubbl e generation region
formed by the heat generating elenent 2 and opposite to the ejection outlet
11 with respect to the heat generating elenment 2. 15 In Fig. 1B the

I 10 h initial [ foi
éitx% by hne;clned 'e?:ng%%ﬁ' Bt BNE RECRRVER T of i THRSLE "ﬁi%”%se‘;fenﬁs“"w
own to t he
b ar r angenenfiEacR Ty coptBRRel" i PRTEAS" LI0:Lloh kil he LEEGRATI, | 0

10 so that 't he gngeokiLataa' Tr6ANLhA! E20y é@}éﬁ\’@rascque{ﬁ”ﬁléhem.

generation of t ein t e flow pat keeping the liquid to be

the I qui d e Z@??%ﬁmﬁwéié"é&‘,aé‘éaf D R B Y erhed i th
the ejectison. WeR-lHecBaeheWrYBn SudtaL! atRE &flection is not greatly
influenced.-

On the other hand, in the bubble jet recording
method, the heating is repeated:'with the heat
generating element contacted with the ink, and

10 therefore, a burnt material is deposited on the surféce
of the heat generating element due to kogation of the
ink. However, the amounf of the deposition may be
large depending on the materials of the ink. If this
occurs, the ink ejection becomes unstable.

15 Additionally, even when the liquid to be ejected is the
one easily deteriorated by heat or even when the liquid
is the one with Which the bubble generation is not
sufficient, the liquid is desired to be ejected in good
order without property change.

20 Japanese Laid-Open Patent Application No.
61-69467, Japanese Laid-Open Patent Application No.
55-81172 and US Patent No. 4,480,259 disclose that
different liguids are used for the liquid generating
the bubble by the heat (bubble generating liquid) and

25 for the liguid to be ejected (ejection liquid). In
these publications, the ink as the ejection liquid and

the bubble generation liquid are completely separated



-5- the flow path 3, the pressure of the bubble which is directly concerned
with the ejection causes the liquid to be ejected fromthe flow path 3 as
shown in Fig. 1A Accordingly, even the_back wave or the part thereof is 5
controlled ejection outlet, the ejectfoﬁ Ts not greatly influenced. On the
ot her hand, in the bubble jet recording nmethod, the heating is repeated
with the heat generating elenent contacted with the ink, and 10

therefore, a burnt nmaterial is deposited on the surface of the heat

generating el egg,g% FY8x4 1509§‘Hu08f0£iii‘éoﬁé‘kmmv&f1tﬁé1¢1ﬁ£@% £ the

deposi ti on may | arge depending on the materials of the ink. If this

occurs, the inkgoepeet/eft BeEBRRSCHNELAE! 6 dRe ejdiglidi aNajuda wyathavhen
the liquid to be ejected is the one easily deteriorated by heat or even

when the |iqui dea® GBacPACingt B18MEED WHELOUPLbEa@eriiA it pr=giire
sufficient, the liquid is desired to be ejected in good order w thout
property changeesdQting fromJahanbsbblai gefigeantat el tApplbukdiieon No.
5 generation liquid to the ejection liquid by the
deformation of the flexible film. The prevention of
the deposition of the material on the surface of the
heat generating element and the increase of the
selection latitude of the ejection liquid are
10 accomplished, by such a structure.

However, with this structure in which the ejection
liquid and the bubble generation liquid are completely
separated, the pressure by the bubble generation is
propagated to the ejection liquid through the

15 expansion-contraction deformation of the flexible film,
and therefore, the pressure is absorbed by the flexible
film to a guite high degree. In addition, the
deformation of the flexible film is not so large, and
therefore, the energy use efficiency and the ejection

20 force are dete;iorated although the some effect is
provided by the provision between the ejection liquid

and the bubble generation liquid.

SUMMARY OF THE INVENTION
25 Under the above circumstances, returning to the
principle of ejection of a liquid droplet in the bubble

jet technology, the inventors intensively and



61- 69467, Japanese Lai d-Qpen Patent Application No. 55-81172 and US Pat ent
No. 4,480, 259 disclose that different liquids are used for the liquid
generating the bubble by the heat (bubble generating liquid) and 25 for

the liquid to be ejected (ejection liqu/dy. In these publications, the ink
as the ejection liquid and the bubble generation liquid are conpletely
separ at ed -6- by a flexible filmof silicone rubber or the like so as to

prevent direct contact of the ejection liquid to the heat generating

el ement whil e propagating the pressure resulting fron1éhe bubbl & generation
of the bubbl e Bxtengdyely: sdndieduid &8 PRESE) &8t PEAVETQUR "BVt he

deformation of the flexible film . The_preveptiqn of the deposition of the
material on thehé%‘r’#a@é'e&t emﬁé:g‘f)gggﬁgr 8t F’ﬁage}‘g%%%tg% dg?ﬁlléééhcrease of
the sel ection | at.ist. f . e] ' i quid ar C ' d, b
such a structuPgﬁjﬁ%%g§gP?%&&Phb?ﬁ%ggg%%bgghgegi%eéﬁ}gho?hgﬂgF%E§?§h Iiéuid
and the bubbl e RNl QR rld Fuha2bGtCRRILELRLY e§EERIBACEorEDE Pressure by

t he bubbl e generation iIs
5 ejection efficiency, and so on could be greatly
improved by controlling the direction of growth of
bubble by a movable merber provided in the liquid flow
path an& further that such arrangement permitted good
ejection of even a liquid that was hardly ejected by
i0 the conventional technology.

In addition to the above epoch-making effects, the
inventors reached a very high level, including ejection
stability and an improvement in recording speed in the
bubble jet technology as well as an improvement in

15 durability of the movable member and heat generating
element by controlling a liquid flow above the heat
generating element in the novel ejection principle as
discussed above.

Principal objects of the present invention are as

20 follows.

A first object of the present invention is to
improve the durability of the movable member and heat
generating member as also improving the ejection
efficiency and ejection pressure, based on a novel

25 liquiad ejecfing method for controlling the growing
direction of a bubble generated, and on a novel liquid

ejecting head.



propagated to the ejection liquid through the 15 expansi on-contraction
deformation of the flexible film and therefore, the pressure is absorbed
by the flexible filmto a quite high degree. In addition, the deformation
of the flexible filmis not so large, afid"therefore, the energy use

efficiency and the ejection 20 force are deteriorated although the sonme
effect is provided by the provision between the ejection liquid and the
bubbl e generation |iquid. SUMVARY OF THE | NVENTI ON 25 Under the

above circunmstances,, IRy 8% tt B¢ EEE“FEQESnefiE§€ﬁ€18ﬂ of g liquid
Yy, e

droplet in the bubble jet techHoIog nventors intensively and -7-

extensively studiffldd 4 niender liechify feth Aove!l 11 §Qud de pbOELAGY et hod
and a head usi#gkﬁﬁé nethg ) utfPigingggrommﬁ of bub%le. %i a r%sult of

the study, the HdaEnteie dPownd Quprblal thetBkeatrapiivtgeass ej ection
efficiency, and so on could be greatly inproved by controlling the
direction of grdiddusfed dilave.by a novabl e nenber provided in the liquid
low 5 A third object of the present invention is to
provide a liquid ejecting method, a liquid ejecting
head, and so on, realizing stabilized ejection of
1iquid'and improved recording speed.
A fourth object of the present invention is to
10 provide a liquid ejecting method and a ligquid ejecting
head realizing good quality of recording image withouf
unstable ejection or ejection failure by removing a
bubble separating out in a bubble generation ligquid
path.
15 Typical features of the present invention for
achieving the above 6bjects are as follows.
According to an aspect of the present invention,
there is provided a liquid ejecting head comprising:
a first liquid flow path in fluid communication
20 with an ejection outlet;
a second liguid flow path having a heat generating
element for applying heat to a liquid to generate a
bubble in_the_liquid, and a SUpply path for supplying
the liquid to above said heat generating element from
25 an upstream side of said heat generating element in a
direction éldng said heat generating element;

a movable member disposed as facing the heat



path and further that such arrangenent permtted good ejection of even a

liquid that was hardly ejected by 10 t he conventional technol ogy. In
addition to the above epoch-making effects, the inventors reached a very
hi gh level, including ejection stability and an inprovenent in recording

speed in the bubble jet technology as well as an inprovenent in 15
durability of the novabl e nenber and heat generating elenent by controlling
a liquid fl ow above the heat generating elenent in the novel ejection

principle as ;ﬁﬁ%né%g% E%%g ggghaggh %ts of.. geogrggggtfig¥gntlon

are as 20 Pe8efit “Tnvention 1s to | nprove
the durabii'!ly addif £Te%a fg,'aechm%‘%% 0l Bepl-oG80PLALLAGrIBOR Y nén Al SO
i mproving the eJe ion e |C|ehc ej ectfon press ased on a novel
25  liquid ejgpld ma&etg*é%zfa% poahtealehvcngst aﬁleéﬁvv' aﬂddhaefﬁg of a
bubbl e generated, and on~a novel Tiquid ejecting head A second obj ect
of the present grpaeeina@N any t O

5 ‘a guide path for flowing the liquid above said

heat generating element in said second liquid flow
path.

| According to another aspect of the present
invention, there is provided a liquid ejecting head

10 comprising:

a first liquid flow path in fluid communication
with an ejection outlet; a second liquid flow path
provided with energy generating means for generating a
bubble for ejecting a liquid;

15 a movable member disposed as facing a bubble
generation region of said energy generating means,
displaced to a side of said first liquid flow path,
based on a pressure of the bubble, and having a free
end{ and

20 a guide path for flowing the liquid in said bubble
generation region in said second liquid flow path.

According to a further aspect of the present
invention, there is provided a liquid droplet ejecting
head for ejecting a liquid droplet through an ejection

25 outlet, based on é bubble generated by film boiling,
comprising:

a first liquid flow path in direct fluid



provide a liquid ejecting nmethod, a liquid ejecting head, and so on,

i nproved in the durability as discussed above. 5 A third object of
the present invention is to provide a liquid ejecting nethod, a liquid

ej ecting head, and so on, realizing stalff|ized ejection of liquid and

| nproved recording speed. A fourth object of the present inventionis to 10
provide a liquid ejecting nethod and a liquid ejecting head realizing good
quality of recording image without unstable ejection or ejection failure by

renovi ng a bubbl e se rating o n a bub ] e ge [ tion liquid path. 15
Typi cal featur@gmﬂ?ng b?%s%ﬁﬁh h@%n??%ﬁl*?ﬁ ALHIEVi ng the above objects

are as follows. Accgrgéggn&olfgufgpgféwoé]a{}tueh&qéer% | q‘{}%ﬁgﬂ% ion, there is

provided a liquid e[ectrng h conpri si Iom/path in
fluid connun|c§ gg atPon r&%ignan ejection outlet; a second liquid flow
pat h having a generating el enent for applylng heat to a liquid to

generate a bubble ig ﬁ.Beable%&nbéﬁ%a?vwr& VeRed ferdprasspidodd oy hee | i qui d
to above said heat generating elenment from 25 an upstream si de of said
heat genegati ngeg8k€NBNbubBlé@ portion having a pressure component
directly acting for ejection of a liquid droplet and
guiding the bubble portion of the bubble having said
.pressure component toward said ejection outlet by
displacement of the free end: and
10 a guide path for flowing the liquid in the bubble
generation region in said second liquid flow path.
According to a further aspect of the present
invention, there is érovided a liquid ejecting head for
ejecting a liquid by generation of a bubble,
15 comprising:
a first liquid flow path in fluid communication
with an ejection outlet;
a second liquid flow path having a heat generating
element for applying heat to the ligquid to generate a
20 bubble in said 1iquid; and a supply path for supplying
the liquid to above said heat generating element from
an upstream side of the heat generating element in a
direction along said heat generating element:
a movable member disposed as facing the heat
25 generating element, displaced to a side of said first
ligquid flow path, based on a pressure generated when

said heat generating element is driven, and having a



direction along said heat generating el enent; a novabl e nenber disposed as
facing the heat -9- generating elenent, displaced to a side of said
first liquid flow path, based on a pressure generated when said heat
generating element is driven, and havrng a“free end; and 5 a guide
path for flowing the |liquid above said heat generating elenent in said
second liquid flow path. According to another aspect of the present

i nvention, there is provided a liquid ejecting head 10 conprising: a
first liquid fk?@épgkg,ign | uid conmmuni cation with an ejection outlet; a
second liquid ow path provided with energy generating neans for

generating a bubb|eafgﬁiabeﬁékﬂgfér!&9H&Qia@§ng the 1igui®P\addwe NRRer
di sposed as facing a bubbl e generation region of said energy generating

means, di spl acedatogansirdeiff sdbfleht! $h L4041 SeddRiv PRIt belsrd on a
pressure of the bubgle, and having a free
path.

5 Accdrding to a further aspect of the present
invention, there is provided a liquid ejecting method,
using a head having a first liquid flow path in fluid
communication with an ejection outlet, a second liquid
flow path having a heat generating element for applying

10 heat to a liquid to generate a bubble in the liquid,
and a supply path for supplying the liquid to above
said heat generating element from an upstream side of
said heat generating element in a direction along said
heat generating element, and a movable member disposed

15 as facing the heat generating element and having a free
end, comprising:

flowing the liquid above said heat generating
element in said second 1iquid flow path, using a guide
path in fluid communication with said second liquid

20 flow path; and

displacing said movable member to a side of said
first liquid flow path, based on a pressure generated
when said heat generating element is driven, thereby
ejecting the liquid.

25 According to a further aspect of the present
invention, there is a liquid ejecting method, using a

liquid ejecting head having a first liquid flow path in



end; and 20 _ a guide path for flowing the liquid in said bubble
generation region in said second liquid flow path. According to a further
aspect of the present invention, there js provided a liquid dropl et

ej ecting head for ejecting a liquid d?ob?et t hrough an ejection 25

outlet, based on a bubble generated by filmboiling, conprising: a first
liquid flow path in direct fluid - 10 - communication with the ejection
outlet; a second liquid flom/path havi ng a bubbl e generation region; a

movabl e nenber haV| ng2,k5 egoﬁmgng%ggigﬁevq actl% ?tj{&asgu@é}ybtge

portion haV|ngdé ngssure cofponent drrectt or ejection of a

l'i quid drOplets%E?n?“ig?Qth? ngﬁ Rggiﬁgnaoguggmb *ating ng said

pressure conponen sal ction outTet by displacenent of the free
end; and 10  rogion? GHEAS mawbi@rmém@fnaiép@séaoagdfmﬁgwesmbm e

generation region 1 n sald second liquid flow path

bubble generation region, compr181ng displacing the

5 movable member provided with_a free end displaceable by
at least a bubble portion having a pressure component
directly acting for ejection of a liquid droplet, -
thereby guiding the bubble portion of said bubblg
having said pressure component toward said ejection

10 outlet; and flowing the liquid in the bubble generation
region in said second liquid flow path, using a guide
path in fluid communication with said second liguid
flow path.

According to a further aspect of the present

15 invention, there is provided a liquid ejection
recording method, using a head having a first liquid
flow path in fluid communication with an ejection
outlet, a second liquid flow path having a heat
generating element for applying heat to a liquid to

20 generate a bubble in the liquid, and a supply path for
supplying the liquid to above said heat generating
element from an upstream side of the heat generating
element in a direction along said heat generating
element, and a movable member disposed as facing the

25 heat generating element and having a free end,
comprisiﬁg: flowing the liquid above said heat

generating element in said second liquid flow path,



According to a further aspect of the present invention, there is provided a
liquid ejecting head for ejecting a |iquid by generation of a bubble, 15
conprising: a first liquid flow path in_fluid comunication with an
gjection outlet; a second liquid flow ggtﬁ havi ng a heat generating el enent
for applying heat to the liquid to generate a 20 bubble in said |iquid,
and a supply path for supplying the liquid to above said heat generating

el enent from an upstream side of the heat generating elenent in a direction

al ong said hegf, %Jagtu}}i% %{aed“f?% A JTey 2R aureBher ofi Gpesedass facing the

heat 25 generatl ng el enent, displaced to a side of said first liquid
flow path, baﬁ&r& a R ESS W YRSt ethaveezplacdngeabigenevablag el enent
a

is driven, and having a free end; and a guide path for circulating the
liquid above sgighdieato Gensiad idy Rli@mHilrsit 19audds €towdpathyi Hasédw pat h.
5 According to a further aspect of the present

on a pressure generated when said heat generating
5 element is d:iven, thereby ejecting a recording liquid.

According to a further aséect of the present
invention, there is provided a head cartridge having
either one of the foregoing liquid ejecting heads and a
liquid container for containing a liquid to be supplied

10 to the liquid ejecting head.

According to a further aspect of the present
invention, there is provided a liquid ejecting
apparatus having either one of the foregoing liquid
ejecting heads, and driving signal supply means for

15 supplying a driving signal for ejecting a liquid from
said liquid ejecting head.

According to a further aspect of the present
invention, there is provided a liquid ejecting
apparatus ﬁaving either one of the foregoiﬁg liquid

20 ejecting heads, and recording medium carrying means for
carrying a recording medium for receiving a liquid
ejected from said liquid ejecting head.

According to a further aspect of the present
invention, there is provided a system having the above

25 ligquid ejecting apparatus, and a pre-processing or
post-procéssing apparatus for promoting fixation of

said liquid on the recording medium after recorded.



invention, there is provided a liquid ejecting method, using a head having
a first liquid flow path in fluid comrunication with an ejection outlet, a
second liquid flow path having a heat generatlng el enent for applying 10
heat to a liquid to generate a bubble” i h4the liquid, and a supply path for
supplying the liquid to above said heat generating element froman upstream
side of said heat generating element in a direction along said heat
generating el enent, and a novabl e nenber disposed 15 as facing the heat

generating el ement i@@f,@axhggta bregcend: SOPBEL SbAYind |auddind he 1 qui d

above said heat generati | ement 1n sard second |iqui ow path, using a

gui de path in fliedeGRATIRHEE 08 Prbbiaghtaskean delt dich:Hbratiigpw path;

and di spl aci ng~sai d novable ne to a side of said first liquid flow

path, based Oneatl%esm@eogeraﬁéatagevwmqamdeﬁn@@elwmﬁspgami ament is
driven, thereby ejecting the liquid. 25 According to a further

aspect of the R&Eﬂ@@iddﬂ%%ﬁhb@nfokhebﬁtainﬁnblQU1ﬁb@4®Ctormprﬂnppinedwlng a
liquid ejecting head having a first liquid flow path in
5 to said liquid ejecting head.

The present invention attained the following
effects by the structures and methods asdescribed
above.-

First, the invention remarkably enhanced the

10 ejection effect in the conventional bubble jet
technology and improved the durability of the movable
member.

Second, the invention achieved the considerable
durability against a breaking mode of the heat

15 generating element due to cavitation in the
conventional bubble jet technology.

Third, the invention achieved a great improvement
in response frequency by improving the principle of the
drive frequency limit in the conventional bubble jet

20 technology.

Fourth, the invention achieved suppressing a
temperature rise of the head, which could be a factor
to make ejection of 1iquid unstable, by high drive
frequency with multiple nozzles ready for high-speed

25 recording.
Fifth, the invention achieved a great improvement

in reliability of liquid ejection by effectively



- 12 - direct fluid communication with an ejection outlet, a second liquid
fl ow path having a bubbl e generating region, and a novabl e nenber di sposed
as facing said bubble generation region, conprising: displacing the 5
novabl e menber provided with a free én&sdrsplaceable by at | east a bubble
portion having a pressure conponent directly acting for ejection of a
liquid droplet, thereby guiding the bubble portion of said bubble having
sai d pressure conponent toward said ejection 10 outlet; and flow ng the

0w i e SRR SEN IR ol Sk 5oeatyLbashdptta pal

O Wth said sec I Tquid flow

pat h. Accordi _ . _ . ond 1 Tquid 1o
Und G HH1) S RAREE o j0cB Bogsabl 38 1sglimuenil on, Lhere

is provided a i ng nmethod, using a head having a first
liquid flow pajdkidbild W k&a@AiNi cation with an ejection outlet, a second
liquid fl ow path having a heat generating elenent for applying heat to a

liquid to 20 gengic it Wi tsh dfhehkei guiedengndneeatpphywpal hbéor
supplying the liquid to above said heat generating el enent from an upstream
si de of tHe hasid@eneial ifrpm the description of the preferred
embodiments.
In the specification, the terms "upstream" and
"downstream" are defined with respect to a general
liguid flow from a liquid supply source through the
10 ligquid flow paths through the bubble generation region
(or the movable member) to the ejection outlet or are
expressed as expressions as to the direction in this
structure.
Further, a "downstream side" portion of the bubble
15 itself represents an ejection-outlet-side portion of
the bubble which directly functions mainly to eject a
liquid droplet. More particularly, it means a
downstream portion of the bubble in the above flow
direction or in the direction of the above structure
20 with respect to the center of the bubble, or a bubble
appearing in the downstream region from the center of
the area of the heat generating element.
In this specification, "substantially sealed"
generally means a sealed state in such a degree that
25 when a bubble grows, the bubble does not escape through
a gap (slit) around the movable member before motion of

the movable member.



element in a direction along said heat generating element, and a novabl e

menber di sposed as facing the 25 heat generating el enent and having a
free end, conprising: flowing the Iiquid above said heat generating el ement
in said second liquid flow path, - -136- -using a guide path in fluid

communi cation with said second liquid flow path; and displacing said
novabl e menber to a side of said first liquid flow path, based on a
pressure generated when said heat generating 5 el enent is driven,
thereby ejecting a recaordin i qui,d. According to,a,furth ect of the
present invention, Hﬁbﬂgls§%%W%%%ﬁiﬁﬁ &°Heaé CE?FFFﬁbEnhgﬂf# gYh@?a%ne of

t he foregoing |iqui j.ectin heads a UId ontal Der for containing a
liquid to be s gilgd% ich ﬁlﬁgqlu &I 8YP h@%ﬂ ﬁ&cordlng to a

further aspect ,qf ué&%gs&k?%%Pt Ve Qe %QS?Sn'§n959¥%ggdfguiéqu'd

ej ecting appara ving elt one o oregoing Trquid ejecting

heads, and dr"&dﬁhdﬂﬂﬁﬁﬂldﬂ“%@ﬁh m%@n%jéekléﬁ out3HEPE¥LATtRe dbibIg Si gnal
for ejecting a liquid from

5 generation region, and more specifically means a wall
separating the liquid flow path including the bubble
generation regibn from the liquid flow path in direct
fluid communication with the ejection outlet, thereby
preventing mixture of the ligquids in the respective

10 liguid flow paths.

In the specification, a "free end portion"” of the
movable member means a portion including a free end,
which is a downstream-side end of the movable member,
and neighboring regions, and also including a portion

15 near the downstream corners of the movable member.

Further, a "free end region" of the movable member
means the free end itself of the downstream side end of
the movable member, a region including the side ends of
the free end, or a region including both the free end

20 and the side ends.

BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1A and 1B are drawings for explaining a
liquid flow path structure of the conventional liquid
25 ejecting head;
Figs. 2A to 2D are drawings for explaining the

liquid ejection principle as a basis of the present



said liquid ejecting head. According to a further aspect of the present

I nvention, there is provided a liquid ejecting apparatus having either one
of the foregoing liquid 20 ej ecting ads, and recordi ng nedi um carrying
means for carrying a recording nmediumfor receiving a liquid ejected from
said liquid ejecting head. According to a further aspect of the present

I nvention, there is provided a system having the above 25 liquid

ej ecting apparatus, and a pre-processing or post-processing apparatus for
promoting fixajje8neiofsai d liquid on the recording nedium after recorded.

- 14 - According to a further aspect of the present invention, there is

provided a head kitpigcosposadi pare€ly eroldte prirdpetahey &ilawqeitdaej ecting
heads, and a liquid container for containing a liquid to be supplied 5

to said |iquidiegecsi 8gebenty Héed psLsEiys BrerdridEat tai ned the fol | owing
effects by the structures and net hods as descri bed above.

Fig. 4 is a drawing for explaining pressure

5 propagation from a bubble in the conventional liquid
ejecting head;

Fig. 5 is a drawing for explaining pressure
probagation from a bubble in the liquid ejection
principle as a basis of the present invention;

10 . Fig. 6 is a drawing for explaining a flow of a
ligquid in the liquid ejection principle as a basis of
the present inventiocn;

Fig. 7 is a sectional view of a liquid ejecting
head according to an embodiment of the.present

15 invention;

Fig. 8 is a partially broken perspective view of a
liquid ejecting head according to an embodiment of the
present invention;

Fig. 9 is a sectional view for explaining a

20 circulation path in which second liquid flow paths of
the present invention are connected in series;

Fig. 10 is a schematic drawing to show a series
connection state of the second liquid flow paths;

Figs. 11A and 11B are schematic drawings for

25 explaining the operation of the present invention:;

Fig. 12 is a sectional view for explaining another

circulation path in which second liguid flow paths of



First, the invention remarkably enhanced the 10 ejection effect in the
conventional bubble jet technol ogy and i nproved the durability of the
novabl e menber. Second, the invention achieved the considerable durability
agai nst a breaking node of the heat 15 18 generating el enent due to
cavitation in the conventional bubble jet technology. Third, the invention
achi eved a great inprovenent in response frequency by inproving the
principle of the drive frequency limt in the conventional bubble jet 20

t echnol ogy. Fourth, the inyention achieved suppressing a. tenperature rise
of the head, wﬁ%@hPEEEPthéngeP§&98raf% ﬁ%ﬁﬁe§?%§t*?) 1%%ui d unst abl e,
by high drive frequ Yy Wit | {1 z r Y, | gh- speed 25
recording. Fifth, t g&i'n\\ygn?ﬁgﬁ g%ﬁ%ge{e}gza&g%’éa @ﬁ%&%&%% reliability

of 1Tauid el eClQraKe3bhepblehChi whicnlBecohd PYyiih e RIPHYLLRER at i Ng
out in the liquid path, .
the present invention are connected in parallel;
5 Fig. 14 is a schematic drawing to show a parallel
connection state of the second liquid flow paths;
Figs. 15A to 15D are schematic drawings for
explaining the operation of the present invention;
Figs. 16A to 16D are schematic drawings for
10 explaining the operation of the present invention;
Fig. 17 is a schematic drawing for explaining an
example having two pumps in a guide path;
Fig. 18 is a schematic drawing for explaining an
example including heat conversion means in a guide

15 path; |

Fig. 19 is a schematic drawing for explaining an
example including a bubble reservoir in a guide path;

Fig. 20 is a schematic drawing for explaining a
configuration having liquid storing portions;

20 Fig. 21 is a schematic drawing for explaining a
configuration in which liguid storing portions are
detachable;

Figs. 22A to 22C are drawings for explaining a
positional relation between a second liquid flow path

25 and a movable member;

Fig. 23 is a perspective view for explaining a

configuration of the second ligquid flow paths;



and possibly causing ejection failure of liquid or unstable ejection. The
ot her effects of the present invention wll be 5 understood fromthe
description of the preferred enbodinents. In the specification, the terns
"upstreant and "downstreant are defined #Pth respect to a general |iquid
flow froma liquid supply source through the 10 l'iquid fl ow paths

t hrough the bubbl e generation region (or the novable nenber) to the
ejection outlet or are expressed as expressions as to the direction in this

structure. Further, giédo?gzﬁgegnh§ggf%?pgg%}g¥¥£g¥éiﬁﬁbeble 15 itself

represents an ejecti onvdou ~srde portro e which directly

functions nainIEoggigh?%gigaL%ﬁukgedgﬁgggﬁb%e rﬁ%a?{ W pH@ddy, it neans a

downstream portion 0O e In the Irection or in the

direction of the aboygyStpgchiurg d8hemavi&har&epesicd GsHAE Hedaimpfe t he
bubbl e, or a bubble appearing in the dowmstreamregion fromthe center of

the area of thegeat pgessuakbi BBs6LBIRYt metRahbém; Speci fication,
"substantially sealeg" generally neans a sealed state in such a degree that
25 whensa bubbl e ghigus26t he Bubbhemdbes @vdwisgape showugiother

example of the pressure absorbing mechanism;

Figs. 27A to 27B are drawings for -explaining
configurations of movable members;

Figs. 28A and 28B are longitudinal sectional views

10 of a liquid ejecting head according to the present
invention;

Fig. 29 is a schematic drawing to show a form of
drive pulse;

Fig. 30 is a drawing for explaining a supply path

15 of a liquid ejecting head according to the present
invention;

Fig. 31 is an exploded, perspective view of a
liquid ejecting head according to the present
invention;

20 Fig. 32 is a drawing to show a liquid ejecting
head cartridge:;

Fig. 33 is a schematic, structural drawing to show
a liquid ejecting appératus;

Fig. 34 is a block diagram of an apparatus;

25 Fig. 35 is a drawing to show a liquid ejection
recording system;

Fig. 36 is a drawing for explaining a liquid



a gap (slit) around the novabl e nenber before notion of the novabl e nenber.
- 16 - Inthis specification, a "partition wall" may nean a wall (which may
i ncl ude the novabl e nenber) interposed to separate the region in direct
fluid conmunication with the ejection‘o%?lét fromthe bubble 5

generation region, and nore specifically nmeans a wall separating the |iquid
flow path including the bubble generation region fromthe liquid flow path
in direct fluid communication with the ejection outlet, thereby preventing

m xt ure of theclgﬂﬁ?g%ibﬂ Eggwr g;gglg;g%ﬁ%%gn%%aé#m;d flow paths. In the

speci fication, end portiron e nmenber means a portion

including a free eng;whoh;LSaaqdQNsg " LA Skftea AlthPfa gy abl e member
and nei ghboring regions, and also including a portion 15 near the

downstream cor gergudbtiba FR¥RbbersEabEscoFaddier, a "free end region" of
t he novabl e nenber neans the free end itself of the downstream side end of
t he novabl e nenber, rFagr egBolisi aclrgiving t hier sexiel ®irdingfa liquid
5 circulation flow after recording;
Figs. 39A and 39B are drawings for explaining

liguid circulation flows upon recording operation; and

Fig. 40 is a schematic drawing of a head Kkit.

10 DESCRIPTION OF THE PREFERRED EMBODIMENTS

(Explanation of the principle)

The ejection principle applicable to the present
invention will be explained with reference to the
drawings.

15 Figs. 2A to 2D are schematic cross-sectional views
of the liquid discharge head taken along the direction
of the liquid flow path and Fig. 3 is a partially
broken perspective view of the liquid head.

The liquid ejecting head as shown in Figs. 2A to

20 2D comprises a heat generating element 2 provided on an
element substrate 1 (a heat generating resistor of 40
pm x 105 pm in Fig. 3) as the ejection energy
generating element for supplying thermal energy to the
liquid to eject the liquid, and a liquid flow path 10

25 formed above the element substrate 1 correspondingly to
the heat generating element 2. The liquid flow path 10

is in fluid communication with a discharge port 18 and



the free end, or a region including both the free end 20 and the side
ends. BRI EF DESCRI PTION OF THE DRAW NGS Figs. 1A and 1B are draw ngs for
explaining a liquid flow path structure of the conventional |iquid 25

ej ecting head; Figs. 2A to 2D are draWﬁﬁﬁ%'Tor explaining the liquid
ejection principle as a basis of the present - 17 - invention; Fig. 3 1is
a partly broken perspective view of a liquid ejecting head of Figs. 2A and
2B; - Fig. 4 is a draw ng for explaining pressure 5 propagation froma

bubbl e in the conyghtionpl ,%i(gué}?larﬂ,&ct C{]‘eaﬁ’#ﬁh’q‘ﬁgsth% 3iduaw rg for

expl ai ni ng pressure propag on on1a i qui d ejection
principle as a % iéré’iiéfeo@rmtlidw:ﬁi‘tﬂ% pHths 10 whibh0isbihs a

drawing for explaining a Tlowof a liquid in the liquid ejection principle
as a basis of theupdesSfthuhivE&Md®ith a plurality of the ejection
outlets 18.

5 Above the element substrate 1 in the ligquid flow
path 10, a movable member or plate 31 having a planer
portion in the form of a cantilever of an elastic
material such as metal is provided faced to the heat
generating element 2. One end of the movable member 31

10 is fixed to a foundation (supporting member) 34 or the
like provided by patterning of photosensitivity resin
material on the wall of the liquid flow path 10 or the
element substrate 1. By this structure, the movable
member 31 is supported, and a fulcrum 33 (fulcrum

15 portion) is constituted.

The movable member 31 is so positioned that it has
a fulcrum 33 (fulcrum portion which is a fixed end) in
an upstream side with respect to a great flow of the
ligquid from the common liquid chamber 13 toward the

20  ejection outlet 18 through the movable member 31 caused
by the ejecting operation and that it has a free end
(free end portion) 32 in a downstream side of the
fulcrum 33. Accordingly, the movable member 31 is
faced to the heat generating element 2 with a gap of

25 15pum approx so that it covers the heat generating
element 2. A bubble generation region is constituted

between the heat generating element and movable member.



Fig. 7 is a sectional view of a liquid ejecting head according to an

enbodi nent of the present 15 i nvention; Fig. 8 is a partially broken
perspective view of a |liquid ejecting head according to an enbodi nent of
the present invention; Fig. 9 is a settf®dnal view for explaining a 20
circulation path in whi ch second liquid fl ow paths of the present invention
are connected in series; Fig. 10 is a schematic draw ng to show a series
connection state of the second liquid flom/paths Figs. 11A and 11B are

schemat i dr avigs cf8L, 2Bonr: SHPLELOL G LhSs SPRLRILNAL i, Present

I nvention; Fi 4 sec Vi e plraining anot circulation

path T whi ch 5engadel hgubdehbl 82t bts dhovants Hapddd PiRe Nl | On

are connected Fn series I's a sectional view for explalning a

circulation path *tHeWBhEQ asgeeébéa%&él %@%ﬁé}ﬁ B dHdhgee st dngvention

are connected in parallel; 14 is schematic drawi ng to show
a parallel as the growth of the bubble and the propagation of the
5 pressure can be controlled. For the purpose of easy

understanding of the flow of the liquid which will be
described hereinafter, the liquid flow path 10 is
divided by the movable member 31 into a first liquid
flow path 14 which is directly in communication with

10 the ejection outlet 18 and a second liquid flow path 16
having the bubble generation region 11 and the liquid
supply port 12.

By causing heat genération of the heat generating

element 2, the heat is applied to the liquid in the

15 bubble generation region 11 between the movable member
31 and the heat generating element 2, by which a bubble
is generated in the liquid by the film boiling
phenomenon as disclosed in US Patent No. 4,723,129,
The bubble and the pressure caused by the generation of

20 the bubble act mainly on the movable ﬁember, so that
the movable member 31 moves or displaces to widely open
toward the ejection outlet side about the fulcrum 33,
as shown in Figs. 2B and 2C or in Fig. 3. By the
displacement of the movable member 31 or the state

25 after the displacemeﬁt, the propagation of the pressure
caused by the generation of the.bubble and the growth

of the bubble per se are directed toward the ejection



connection state of the second liquid flow paths; Figs. 15A to 15D are
schematic draw ngs for explaining the operation of the present invention;
Figs. 16A to 16D are schematic draw ngs for 10 expl ai ning the operation
of the present invention; Fig. 17 i s~a23chematic drawing for explaining an
exanpl e having two punps in a guide path; Fig. 18 is a schematic draw ng
for explaining an exanpl e including heat conversion means in a guide 15
path; Fig. 19 is a schematic drawi ng for explaining an exanple including a
bubbl e reservoirf na gui de path; Fig. 20 is a schematic drawi ng for

expl ai ni ng a EHH%

i'guration having liquid storing portions; 20 Fi g.

21 is a schematic dfau ng, Orofe)&Bbf'iifﬁhHQmén‘EQﬂ]fé%éh?ﬁiéz@rpi‘mdﬁbl}és| i quid
storing portions are détachable; Figs. 22A to 22C are draw ngs for

expl ai ning a ppsiticiale Q) aHcopragtweeindenetonduligubel désur add. 25
and a novabl e er; Fig. 23 is a perspective view for explaining a
confi guration gfe td¥e isffortdnd guitcibowspatthshis invention is that
5 the movable member disposed faced to the bubble is
displaced from the normal first position to the
displaced second position on the basis of the pressure
of the bubble generation or the bubble per se, and the
displacing or displaced movable member 31 is effective
10 to direct the pressure produced by the generation of
the bubble and/or the_growth of the bubble per se
toward the downstream in which the ejection outlet 18
is located.

More detailed description will be made with

15 comparison between the conventional liquid flow passage
structure not using the movable member (Fig. 4) and the
present invention (Fig. 5). Here, the direction of
propagation of the pressure toward the ejection outlet
is indicated by VA, and the direction of propagation of

20 the pressure toward the upstream is indicated by VB.

In a conventional head as shown in Fig. 4, there
is not any structural element effective to regulate the
direction of the propagation of the pressure produced
by the bubble 40 generation. Therefore, the direction

25 of the préssure propagation of the bubble 40 is normal
to the surface of the bubble as indicated by V1-vV8, and

therefore, is widely directed in the passage. Among



- 19 - Fig. 24 is a drawing for explaining a configuration of the second
liquid flow paths; Fig. 25 is a schematic drawing to show an exanple of a
pressure absorbi ng mechani sm 5 Fig. 26 is a schematic drawing to
show anot her exanpl e of the pressure ab<8r bi ng mechani sm Figs. 27A to 27B
are drawi ngs for explaining configurations of novable nmenbers; Figs. 28A
and 28B are |ongitudinal sectional views 10 of aliquid ejecting head
according to the present invention; Fig. 29 is a schematic drawing to show

a formof drive Pl fdtichl | $rsll 8 Mol BroXplkal progagatitil y path 15

of a liquid ejecting hea accoﬂding to the present invention; Fig. 31 is an
expl oded, perspgGld \Zl%é”}f‘é/i@fpo%dilo@hub(i ehecbuBgl8eatoaegotdi tiget 0 the
ig.

present invention, 32 is a drawing to showa liquid
ej ecting head cydgifaeiodtiept 31949 nebemhicprassuceucampdnemisngino show
the VA direction which is most effective for the liquid
5 ejection. This portion is important since it directly
contributable to the liquid ejection efficiency, the
liquid ejection pressure and the ejection speed.
Furthermore, the component V1 is closest to the
direction of VA which is the ejection direction, and
10 therefore, is most effective, and the V4 has a
relatively small component in the direction VA.

On the other hand, in the case of the present
invention, shown in Fig. 5, the movable member 31 is
effective to direct, to the downstream (ejection outlet

15 side), the pressure propagation directions V1-V4 of the
bubble which otherwise are toward various directions as
shown in Fig. 4 and to direct to the pressure
propagation direction VA so that the pressure of the
bubble 40 is directly and efficiently contributable to

20 the ejection.

Further, the growth direction per se of the bubble
is directed downstream similarly to the pressure
propagation directions V1-v4, and bubbles grow more in
the downstream side than in the upstream side. Thus,

25 the growth direction per se of the bubble is controlled
by the movéble member, and the pressure propagation

direction from the bubble is controlled thereby, so



a liquid ejecting apparatus; Fig. 34 is a block diagram of an apparatus; 25
Fig. 35 is a drawing to show a liquid ejection recording system Fig. 36 is
a drawing for explaining a liquid - 20 - circulation flow after supply
of power; Fig. 37 is a drawi ng for extﬂ%§rﬁng aliquid circulation flow
before recording; Fig. 38 is a drawing for explaining a liquid 5
circulation flow after recording; Figs. 39A and 39B are draw ngs for
explaining liquid circulation flows upon recordi ng operation; and Fig. 40

s a schenatiE§g%§ﬁ%$g0%5%st?ﬁgqeg%{ci%ﬁég, | T lE NG sTHE PREFERRED

EMBCDI MENTS  ( _ e princi e ejection principle
applicable to E?Sc{?iS'@fgéeé&ZVSPttﬁé' Pikd bhe enpldideed iy skpkeveace to the

drawi ngs. 15 A to 2D are schematic cross-sectional views of
the Iiquid di schar grebgpfihgkesc! ehFide. dX e6d i2W) the ejecting
operation of the liquid ejecting head applicable to the
5 present invention will be described in detail.

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

10 31 is so positioned as to be faced at least to the
downstream portion of the bubble generated by the heat
generation of the heat generating element. In other
words, in order that the downstream portion of the
bubble acts on the movable member, the liquid flow

15 passage structure is such that the movable member 31
extends at least to the position downstream (downstream
of a line passing through the center 3 of the area of
the heat generating element and perpendicular to the
length of the flow path) of the center 3 of the area of

20 the heat generating element.

Fig. 2B shows a state wherein the heat generation
of heat generating element 2 occurs by the application
of the electric energy to the heat generating element
2, and a part of of the liquid filled in the bubble

25 generation region 11 is heated by the thus generated
heat so that a bubble is generated as a result of film

boiling.



of the liquid flow path and Fig. 3 is a partially broken perspective view
of the liquid head. The liquid ejecting head as shown in Figs. 2A to 20

2D conprises a heat generating el enent. 3gprovided on an el enent substrate 1
(a heat generating resistor of 40 [err]mx 105 [err]min Fig. 3) as the

ej ection energy generating elenent for supplying thermal energy to the
liquid to eject the liquid, and a liquid flow path 10 25 for med above
the el ement substrate 1 correspondingly to the heat generating el ement 2.
The liquid flow pat Atl&his itimk, UittheCc mOWEDLeahbAbeir B Bs dd Sspibdged port 18

and - 21 - a common liquid chanber 13 for supplying the liquid to a
plurality of sudon ithe difrdstwppatitdohOtahitbe secondfposiit tommbwmitai on with
a plurality of the ejection outlets 18. 5 Above the el enent

substrate 1 i n pressurguipdoduerdphivh the, genspatbbe afnbke kubipleit40 330 havi ng
a planer portion in the formof a cantilever of an elastic material such as
nmetal is provi d&d toa@addeo thige PFEREOGEABRAPENGDE| BERPFUTS ChethBid of the

novabl e nmenber 31
5 bubble 40 toward the ejection outlet. It should be

noted that, as described hereinbefore, the free end 32
of the movable member 31 is disposed in the downstream
side (ejection outlet side), and the fulcrum 33 is
disposed in the upstream side (common liquid chamber

10 side), so that at least a part of the movable member is
faced to the downstream portion of the bubble, that is,
the downstream portion of the heat generating element.

Fig. 2C shows a state in which the bubble 40 has

further grown. By the pressure resulting from the

15 bubble 40 generation, the movable member 31 is
displaced further. The generated bubble grows more
downstream than upstream, and it expands greatly beyond
a first position (broken line position) of the movable
member. Thus, it is understood that in accordance with

20 the growth of the bubble 40, the movable member 31
gradualiy displaces, by which the pressure propagation
direction of the bubble 40, the direction in which the
volume movement is easy, namely, the growth direction
of the bubble, are directed uniformly toward the .

25 ejection outlet, so that the ejection efficiency is
increased. When the movable member guides the bubble

and the bubble generation pressure toward the ejection



10 Is fixed to a foundation (supporting nmenber) 34 or the |ike provided
by patterning of photosensitivity resin material on the wall of the liquid
flow path 10 or the el ement substrate é By this structure, the novable
menber 31 is supported, and a ful crum % (ful crum 15 portion) is
constituted. The novabl e nenber 31 is so positioned that it has a ful crum
33 (fulcrumportion which is a fixed end) in an upstream side with respect
to a great flowof the liquid fromthe conmon |iquid chanber 13 toward the

20 . eiection, quiet &]\fﬁﬁl{dﬁ.&g%btstigqu\éaBL%g%g@%n Sdnd@ AYBSRRY dAe

ej ecting operéfl dn has a free en free end portion) 32 in a

downstream si Q:ear?fefﬂ%jféﬂtﬁ.y@o%?troéc‘ﬁﬁéd%)ﬁgbﬁga{:bsnn@iﬁ?@é@icﬁ@@ﬁr 31 is

faced to the heat generati el enent 2 wi a gap of 25 “15[ err] m appr ox

so that it cougs ghasdipdd HRNend gidweheaerbcRiod bobthe aisIation region
I's constituted between the heat generating el enent and novabl e nenber. -

22 - The type,adst¥didetit/h @hepdaigtreenodf theepheasugener ating el enent or
t he novabl e menber is not limted
5 Fig. 2D shows a state wherein the bubble 40
contracts and extincts by the decrease of the pressure
in the bubble, after the film boiling.
The movable member 31 having been displaced to the
second position returns to the initial position (first

10 position) of Fig. 2A by the restoring force provided by

the spring property of the movable member per se and
~ the negative pressure due to the contraction of the
bubble. Upon the collapse of bubble, the ligquid flows
back from the upstream (B), namely the common liquid

15 chamber side as indicated by VDl and VD2 and from the
ejection outlet side as indicated by Vc so as to
compensate for the volume reduction of the bubble in
the bubble generation region 11 and to compensate for
the volume of the ejected liquid.

20 In the foregoing, the description has been made as
to the operation of the movable member with the
generation of the bubble and the ejecting operation of
the liquid. Now, the descriptioh will be made as to
the refilling of the liquid in the liquid ejecting head

25 of the present invention.

When the bubble 40 enters the bubble collapsing

process after the maximum volume after the state of



to the ones described above, but may be changed as |ong as the growth of

t he bubbl e and the propagation of the 5 pressure can be controlled. For
t he purpose of easy understanding of the flow of the liquid which will be
descri bed hereinafter, the liquid flow $&th 10 is divided by the novabl e
menber 31 into a first liquid flow path 14 which is directly in

comuni cation with 10 the ejection outlet 18 and a second liquid flow
path 16 having the bubble generation region 11 and the liquid supply port
12. By causing_heat _generatjon of _the heat nerating el enent 2. the heat
is applied to FAE-| ?gui 8 Vﬂh“ﬂ% 9§ 1r:]hebﬁb‘ﬁ)‘l‘ggge'er?'fé‘fg:ﬂi FERBIPAE bet ween
t he novabl e nenber 31 and,the. he erati erellis % | ch a bubble
is generated i ofhgg?iﬁﬁgﬁa8§l?ﬂ2£?$$g%%%iY?%ﬁﬁ%henoﬁ%ﬁgﬂgigﬁg%sclosed in
US Pat ent No. 1 bhLe; Séﬁé[ SRR tihe
generation of Bgﬁetﬁgnﬁgggf%{a%gﬁgﬁgf%%nﬂﬁe ‘%a’b e nmenber, so that

t he novabl e nme eg; di spl, pge1 Lelel a Qe Ararihd he ej ection
outl et side ab%ggétég Fﬁ%crﬁﬁ$§3, g% shoﬁ%ﬁi%éFigs. 2B and 2C or in Fig. 3.

By the digpl aceprfibnOlifieaneNakber "edh6f Bde Oedditd Stidhi R ¥low gfdwH the
di spl acenent, the propagation of the pressure caused by the generation of
t he bubbl e andishe growt h

In the case of conventional liquid flow passage- -
structure not having the movable member 31, the amount
of the liquid from the ejection outlet side to the

10 bubble collapse position and the amount of the liquid
from the common liquid chamber, are based on the flow
resistance of the portion closer to the ejection outlet
than the bubble generation region and the portion
closer to the common liguid chamber. (Based on the

15 flow resistance and the inertia of the liquid.)

Therefore, when the flow resistance at the supply
port side is smaller than the other side, a large
amount of the liquid flows into the bubble collapse
position from the ejection outlet side with the result

20 that the meniscus retraction is large. With the
reduction of the flow resistance in the ejection outlet
for the purpose of increasing the ejection efficiency,
the meniscus M retraction increases upon the collapse
of bubble with the result of longer refilling time

25 period, thus making high speed printing difficult.

According to this arrangement, because of the

provision of the movable member 31, the meniscus



of the bubble per se are directed toward the ejection - 23 - outlet.
Here, one of the fundanental ejection principles applicable to the present
i nvention will be described. One of |nportant principles of this invention
is that 5 t he novabl e nmenber dlspose& faced to the bubble is displaced
fromthe normal first position to the displaced second position on the
basis of the pressure of the bubble generation or the bubble per se, and

t he displacing or displaced novable nmenber 31 is effective 10 to direct

the pressure prQg qﬂ%%maqﬁlgﬂ§> @ﬁ;q%pogl%f SnbEP§|ﬁ09QQiQr éﬁge?romﬁh of

t he bubbl e per “se omnstrean1|n e ejectron outlet 18 is
located. Mre delqidfd @ﬁ%ﬁ{é rmmaw bbos€ 1 BRAGp¥A! @héLScousgg@aéfson

bet ween the conventional liquid fl ow passage structure not using the
novabl e menber ftile 4)ardHi@AFRIENheNBRDLONoEFtBe Diquireo the

direction of propagation of the pressure toward the ejection outlet is
i ndi cated by VAilnd tilutig e iieh actoppopapatli bt 6he flow VD2
5 through the second flow path 16 (Wl is a volume of an
upper side of the bubble volume W beyond the first
position of the movable member 31, and W2 is a volume
of a bubble generation region 11 side thereof). 1In the
prior art, a half of the volume of the bubble volume W

10 is the volume of the meniscus retraction, but according
to this arrangement, only about one half (W1l) is the
volume of the meniscus retraction.

Additionally, the liquid supply for the volume W2
is forced to be effected mainly from the upstream (VD2)

15 of the second liquid flow path along the surface of the
heat generating element side of the movable member 31
using the pressure upon the collapse of bubble, and
therefore, more speedy refilling action is
accomplished.

20 When the refilling using the pressure upon the
collapse of bubble is carried out in a conventional
head, the vibration of the meniscus is expanded with
the result of the deterioration of the image qualitf.
However, in high-speed refilling according to this

25 arrengement, the flows of the liguid in the first
liquid flow path 14 at the ejection outlet side and the

ejection outlet side of the bubble generation region 11



20 the pressure toward the upstreamis indicated by VB. In a
conventional head as shown in Fig. 4, there is not any structural el enent
effective to regulate the direction of the propagation of the pressure
produced by the bubble 40 generati on.- Bferefore, the direction 25 of the
pressure propagation of the bubble 40 is normal to the surface of the
bubbl e as indicated by V1-V8, and therefore, is wdely directed in the

passage. Anmong - 24 - these directions, those of the pressure
propagation fromthe half portion of the bu .cl oser .to the.ejection
outl et (V1-V4)2F2\RMBRELSH %ifp&?’i’é*nt"sl log @ &F‘Fe%‘?f‘éﬁ Which is

nost effective, for,_the ejection. This portion is inportant

IS| ncedl t directy f%‘?fﬁir%fkeacg‘f%eq 0 the liquid ejection efficiency, the
| t h
v s ol beest rort s ¢ bt APl il ShathoehdbtBp RN Gand 8% e o

Is closest to th e ejection direction, and

(1:8 - ther?forﬁh Gﬁré@éﬁt% dSiorBNEH G iYh kpeed &éﬁuumbylgmall
nponent in the rection On the other hand, in the case of the
present g accomplished by the forced refilling to the bubble
generation region through the liquid supply passage 12
o of the second flow path 16 and by the suppression-of
the meniscus retraction and vibration. Therefore, the
stabilization of ejection and high speed repeated
10 ejections are accomplished, and when the embodiment is
used in the field of recording, the improvement in the
image quality and in the redording speed can be
accomplished.
The arrangement provides the following effective
15 function. It is a suppression of the propagation of
the pressure to the upstream side (back wave) produced
by the generation of the bubble. The pressure due to
the common liquid chamber 13 side (upstream) of the
bubble generated on the heat generating element 2
20 mostly has resulted in force which pushes the liquid
back to the upstream side (back wave). The back wave
deteriorates the refilling of the liquid into the
liquid flow path by the pressure at the upstream side,
the resulting motion of the liquid and the inertia
25 force. 1In this arrangement, these actions to the
upstream side are sﬁppressed by the mdvable member 431,

so that the refilling performance is further improved.



i nvention, shown in Fig. 5, the novable nenber 31 is effective to direct,
to the downstream (ejection outlet 15 side), the pressure propagation
directions V1-V4 of the bubble which otherwi se are toward various
directions as shown in Fig. 4 and t o didlect to the pressure propagation
direction VA so that the pressure of the bubble 40 is directly and
efficiently contributable to 20 the ejection. Further, the growh
direction per se of the bubble is directed downstreamsimlarly to the

pressure propagati gﬂ‘.diné%iéelifﬁrg O\Q-W\ﬁ,l g’eréd “‘I%lﬁ%gl,a%;%gr QWelRkRekn the

downstream side th ream si the grom h direction

per se of the bubble L 0Nt rAld St Phrdd P WaEAEBERS, cndothe pressure

propagati on diTfec e I's controlled™t hereby, so - 25

that the ejection efficienny PIRAd M HORRMNG sireehienaspeagemtnthe | i ke
are fundamental |y inproved. Referring back to Figs. 2A to 2D, the ejecting

operation of theslaaiigued esiddigy hrarbayRpl1i2c alavango ahhénkernapr esdt
invention will be described in detail.

5 substantially flush with the heat generating element 2
(the surface of the heat generating.element is not
greatly stepped down) at the upstream side of the heat --- -
generating element 2. With this structure, the supply
of the liquid to the surface of the heat generating

10 element 2 and the bubble generation region 1l occurs
along the surface of the movable member 31 at the
position closer to the bubble generation region 11 as
indicated by VD2. Accordingly, stagnation of the
liquid on the surface of the heat generating element 2

15 is suppressed, so that precipitation of the gas
dissolved in the liquid is suppressed, and the residual
bubbles not extincted are removed without difficulty,
and in addition, the heat accumulation in the liquid is
not too much. Therefore, the stabilized bubble

20 generation can be repeated at a high speed. 1In this
arrangement, the liquid supply passage 12 has a
substantiaily flat internal wall, but this is not
limiting, and the liquid supply passage is satisfactory
if it has an internal wall with such a configuration

25 smoothly extended from the surface of the heat
generating element that the stagnation of the liquid

occurs on the heat generating element, and eddy flow is



Fig. 2A shows a state before the energy such as electric energy is applied
to the heat generating elenent 2, and therefore, no heat has yet been
generated. It should be noted that the novabl e nenber 10 31 is so
positioned as to be faced at |east to BRe~downstream portion of the bubble
generated by the heat generation of the heat generating elenent. In other
words, in order that the downstream portion of the bubble acts on the
novabl e nmenber, the liquid flow 15 passage structure is such that the

novabl e menber 31 exte at, .| t ta th LL] d

of a line paséFﬂb d%apﬁ&Y§%%P§F8318$t8%2gg#§ng$g?ﬁ%éﬁgﬁ%&ggﬁgf;[?ﬁg]

elenent and perpendjeulapeho e dhangthudh Lheof taw pashle of the center 3
e he g

of the area of 20 enerating elenment. Fig. 2B shows a state

wherein the h%ﬁ%@?{h i h@gt ceeler #hirBdgR! §"&Ap 2t 0gCside by the

application of" the _ energy to the heat generating element 2, and a
part of of theddwqyd Jd ldnRd ridvable huhbBke 281it gepeastindicLeedrbil is

heat ed by the thus generated heat so that a bubble is generated as a result
of filmbpiliRg1. 1In order to direct the pressure upon the bubble
generation further effectively to the ejection outlet,
a large movable member covering the entirety of the
bubble generation region (covering the surface of the
heat generating element) may be used, as shown in Figs.
10 20A to 20D. Then, the flow resistance for the liquid
between the bubble generation region 11 and the region
of the first liquid flow path 14 close to the ejection
outlet is increased by the restoration of the movable
member 31 to the first position, so that the flow of
15 the liquid to the bubble generation region 11 from VD1
can be prevented. Howevér, according to the head
structure of this arrangement, there is a flow
effectivé to supply the liquid to the bubble generation
region, the supply performance of the liquid is greatly
20 increased, and therefore, even if the movable member 31
covers the bubble generation region 11 to improve the
ejection efficiency, the supply performance of the
liquid is not deteriorated.
The positional relation between the free end 32
25 and the fulcrum 33 of the movable member 31 is such
that the free end is at a downstream position of the

fulcrum as indicated in Fig. 23, for example. With



- 26 - At this tinme, the novable nmenber 31 is displaced fromthe first
position to the second position by the pressure produced by the generation
of the bubble 40 so as to guide the prqfagation of the pressure of the 5
bubbl e 40 toward the ejection outl et Shoul d be noted that, as

descri bed herei nbefore, the free end 32 of the novabl e nenber 31 is

di sposed in the downstream side (ejection outlet side), and the fulcrum 33
i s disposed in the upstream side (common |iquid chanber 10 side), so

that at | east gnparLeolioliteOVAD! RABERSE i fdioeaild O isdauppLaRam

portion of the that s, The downstream portion of the heat

generating e'eﬁ?@&su?é@pr@ﬁéé@?%@nadfféﬁ@idﬂ'éﬂﬁ(ﬂhéfﬁiﬂéﬂﬂldh‘ﬁ¥|ﬁﬁé

further grown. "By the pressure resulting fromthe 15 bubbl e 40

generation, thgraR¢abbe BRELBLLBIe i 6o dtisd| efsl faf dibrletl R Qe e aitrd
bubbl e grows nore downstream than upstream and it expands greatly beyond a

first positionlfkeokan benefpbsiehtly adsursd npabltwherdvbdle Thus, it is
understood that in accordance with 20 the grom h of the bubble 40, the
nmovabl e nénber gdhegaadonl | yAddtpiamably byt pds it thieonale selrd imrogagat i on
direction of the bubble 40, the direction in which the
effective to accomplish not only the function or effect
relating to the ejection but also the reduction of the-
flow resistance through the liguid flow path 10 upon
the supply of the liquid thus permitting the high speed
10 refilling. When the meniscus M retracted by the
ejection as shown in Fig. 23, returns to the ejection
outlet 18 by capillary force or when the ligquid supply
is effected to compensate for the collapse of bubble,
the positions of the free end and the fulcrum 33 are
15 such that the flows Sl1, S2 and S3 through the liquid
flow path 10 including the first liquid flow path 14
and the second liquid flow path 16, are not impeded.
More particularly, in this arrangement, as
described hereinbefore, the free end 32 of the movable_
20 member 31 is faced to a downstream position of the
center 3 of the area which divides the heat generating
element 2 into an upstream region and a downstream
region (the line passing through the center (central
portion) of the area of the heat generating element and
25 perpendiculaf to a direction of the length of the

liquid flow path). The movable member 31 receives the

pressure and the bubble which are greatly contributable



vol une novenent is easy, nanely, the gromh direction of the bubble, are

directed uniformy toward the 25 ejection outlet, so that the ejection
efficiency is increased. Wien the nova he menber gui des the bubble and the
bubbl e generation pressure toward the & ection - 27 - outlet, it hardly

obstructs propagati on and growh, and can efficiently control the
propagation direction of the pressure and the growh direction of the
bubbl e in accordance with the degree of the pressure. 5 Fig. 2D

shows a state yhengl %ef{}g%iﬁ@@fe o0 998 ACKE *Rd 83lhoeisakysidie gecrease

of the pressure inth after the | m boi ling. The novabl e nmenber

31 having beenyli splear @britert Mo sa2aeRd 300% ithenheatugasetatihg initi al
position (first 10 position) of Fig. 2A by the restoring force provided

by the spring rapaity £Ha tie gawi aneerbeceped sheaagethtonegatlet
pressure due to the contraction of the bubble. Upon the collapse of bubble,

the liquid fl eswsddacthds drurddmmamsillyaimpBpyvingnehe ehlectdemon |iquid 15
chanber side as indicated by VD1 and VD2 and fromthe
5 efficiency or the ejection force.

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

Furthermore, it is considered that in the

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

The embodiments of the present invention will be
explained in detail with reference to the accompanyiﬁg

15 drawings.
<Embodiment 1>

The description will be made as to the arrangement
of the liquid ejection head according to the present
invention.

20 The ejection principle for the liquid in this
embodiment is the same as in the foregoing explanation
of the ejection principle. The liquid flow path has a
multi-passage structure, and the liquid (bubble
generation liquid) for bubble generation by the heat,

25 and the liquid (ejection liquid) mainly ejected, are
separated.

Fig. 7 is a sectional schematic view in a



ejection outlet side as indicated by Vc so as to conpensate for the vol une
reduction of the bubble in the bubble generation region 11 and to

conpensate for the volune of the ejected |liquid. 20 In the

foregoi ng, the description has been nade®as to the operation of the novable
menber with the generation of the bubble and the ejecting operation of the
liquid. Now, the description will be made as to the refilling of the liquid
in the liquid ejecting head 25 of the present invention. When the bubble

Stare of |'C BRRcEaaR! SEBRLNGNRI PEERo T Gr O MM SRR 2l T
the Ej"e'c?.pi'n”8u?ﬁab5%”%¥§e@“?°§%%€?'r P19 T Pow parh iy S the 5
comon liquid g Q%ggéﬁtiaeotliéaeoﬁeﬁﬂadliqgmdejé@w&atﬂbaw I'n the case of
conventional |iqui | ow passage structure not having the novabl e nenber
31, the anount In the liquid ejecting head of this embodiment, a
5 second liquid flow path 16 for the bubble generation is
provided on the element substrate 1 which is provided
with a heat generation resistance portion as a heat
generating element 2 for supplying thermal energy for
generating the bubble in thé liquid and an electrode
10 wiring for supplying an electrical signal to the heat
generation resistance portion, and a first liquid flow
path 14 for the ejection liquid in direct communication
with the ejection outlet 18 is formed thereabove.
The upstream side of the first liquid flow path is
15 in fluid communication with a first common liquid
chamber 15 for supplying the ejection liquid into a
plurality of first liquid flow paths, and the upstream
side of the second liquid flow path is in fluid
communication with the second common liquid chamber for
20 supplying the bubble generation liquid to a plurality
of second ligquid flow paths.
However, only one common 1iquid chamber may be
provided in case the bubble generation liquid and the
ejection liquid are the same.
25 Between the first and second liquid flow paths,
there is a separation wall 30 of an elastic material

such as metal so that the first flow path and the



of the liquid fromthe ejection outlet side to the 10 bubbl e col | apse
position and the anmount of the liquid fromthe conmon |iquid chanber, are
based on the flow resistance of the pogkion closer to the ejection outlet
t han the bubbl e generation region and the portion closer to the common
l'iquid chanber. (Based on the 15 flow resistance and the inertia of the
liquid.) Therefore, when the flow resistance at the supply port side is
smal l er than the other side, a large anount of the liquid flows into the
bubbl e col | apsRdeesi tH1ew Pk bhe eeparboadout fattrédeaset bhabe result 20
that the neniscus retraction is large. Wth the reduction of the flow
resi stance i nntihdine edft ithe dubbde generbeipor pdbgeidfandctirasejectien

ej ection efficiency, the neniscus Mretraction increases upon the coll apse
of bubble wi tHitched ehduldobel origémumef ithei igrestnki@sid fhewipatht hés
maki ng hi gh speed printing difficult. According to this arrangenent,
because of thenst dhissisgeord dhiauidyiBpw pefbel63aret peefenpltys - 29 -

retraction stops at the tine when the novabl e nenber
5 isolated by the partition wall. However, when the

mixing to a certain extent is permissible, the complete
isolation is not inevitable.
A portion of the partition wall in the upward

projection space of the heat generating element

- 10 (ejection pressure generation region including A and B
(bubble generation region 11) in Fig. 7), is in the
form of a cantilever movable member 31, formed by slits
35, having a fulcrum 33 at the common liquid chamber
(15 and 17) side and free end at the ejection outlet

15 side (downstream with respect to the general flow of
the liquid). The movable member 31 is faced to the
bubble generation region 11B, and therefore, it
-operates to open toward the ejection outlet side of the
first liquid flow path upon the bubble generation of

20 the bubble generation liquid (direction of the arrow in
the Fig. 7). The movable member is easiler movable at
the fulcrum side than the free end so that the free end
may be followed the growth of the bubble and the bubble
can be directed to the ejection outlet without any

25 loss. 1In an example of Fig. 8, too, a partition wall
30 is disposed, with a space for constituting a second

liquid flow path, above an element substrate 1 provided



returns to the initial position upon the coll apse of bubble, and
thereafter, the supply of the liquid to fill a volume W2 is acconplished by
the flow VD2 5 t hrough the second_f%gw;path 16 (W is a volunme of an
upper side of the bubble vol une W beyo the first position of the novable
menber 31, and W2 is a volune of a bubble generation region 11 side
thereof). In the prior art, a half of the volunme of the bubble volunme W10
is the volune of the meniscus retraction, but according to this

arrangenent, QN oh AP HLaOHe A Srin@lresd sitbe pekeiBnOist HRe NBEAECUS
retraction. Additionally, the liquid supply for the volune W2 is forced to

be effected najdHardtiag dlemand eamd ViZingSelecetolbe Second |iquid flow
path al ong the surface of the heat generating el enent side of the novable
menber 31 usi ngppglheiny ess wiledipdre tignadl ltapsbeohebtbgernerabiing her ef or e,
nore speedy refilling action is acconplished. 20 When the refilling
usi ng the presmsistpopditdanl | apse of bubble is carried out in a
conventional head, the vibration of the nmeniscus is expanded with the
result of5the deterArisy diheofpasidiongde rg¢lartiop. amppgvthe fAl@r@n- speed

refilling according to this 25 arrengenent, the flows of the liquid in
the first 33 and the free end 32 of The movable member 31 and the

heat generating element, are the same as in the
previous example.
In the previous example, the description has been

10 made as to the relation between the structures of the
liquid supply passage 12 and the heat generating
element 2. The relation between the second liquid flow
path 16 and the heat generating element 2 is the same
in this embodiment.

15 Fig. 9 shows the structure of the second flow
paths in the two-flow path structure of the present
embodiment.

Fig. 10 is a perspective view to show the
structure near the heat generating elements in the

20 second flow paths shown in Fig. 9. The movable members
and first liquid flow paths are positioned in
correspondence to their associated heat generating
elements, as described above.

In Fig. 9 showing the present embodiment, the

25 second liquid flow paths 16 provided with respective

heat generating elements 2 are connected in series to

form a zigzag line of liquid flow path.



liquid flow path 14 at the ejection outlet side and the ejection outl et
si'de of the bubble generation region 11 - 30 - are suppressed, so that
the vibration of the nmeniscus is etre By reduced. Thus, according to this
arrangenment applicable to the present plication, the high speed refilling
iIs 5 acconplished by the forced refilling to the bubble generation
region through the liquid supply passage 12 of the second flow path 16 and
by the suppression of the meniscus retraction and vibration. Therefore, the

stabilization of ejreqlirar andehi/gltineedatRPeRleshd Oy seddftions are
acconpl i shed, and when the enbodinent is used in the field of recording;

t he i nproveneniligt /idweletngatiuahi uiaadpatht Per r@eDd thd oclspaednaan be
acconpl i shed. The arrangenent provides tﬁe foll owm ng effective 15
function. |t dux dnswhiscesbodinbnthelpsopagtbhe oot drds ppesshee to the
upstream si de (back wave) produced by the generation of the bubble. The
pressure due tidauid ddewppalthqard chanketed3byi decixpstatior nEssdgs
5 110, thereby constituting a loop liquid circulation

path. In the preseht embodiment the first ligquid

inlet/outlet path 114, the second liquid inlet/outlet

path 115, and the circulation passage 110 compose a

guide path. On the way of the circulation passage 110

10 there is provided a pump 111 as forcible flow means for
flowing the liquid in the circulation passage and
flowing the liquid in the second liquid flow paths 16.

This pump 111 feeds the liquid flowing in the
direction A from the circulation passage 110 through

15 the first liquid inlet/outlet path 114 to the second
ligquid flow paths 16. The liquid flows in a zigzag
line in the second liquid flow paths 16 in order and
proceeds to the second inlet/outlet path 115 to return
through the circulation passage 110 to the pump. Here,

20 the liquid circulation path may be constructed so as to
pass via a second common liquid chamber 17 as described
hereinlater.

Numeral 112 designates a second liquid supply
portion for refilling of liquid to the second liquid

25 flow paths 16 on the way of the circulation passage 110
or in the second common liquid chamber 17, whereby the

liquid can be supplied in a necessary amount into the



bubbl e generated on the heat generating elenment 2 20 nostly has resulted
in force which pushes the liquid back to the upstream side (back wave). The
back wave deteriorates the refilling of the liquid into the liquid flow
path by the pressure at the upstrean1srd%? The resulting notion of the
liquid and the inertia 25 force. In this arrangenent, these actions to
the upstream side are suppressed by the novabl e nenber 431, so that the
refilling performance is further inproved. - 31 - The description wll

be made as 10 asLUphACl1GRARAEhErig! e LRE! MEGuAR 4 Mool agequs ef Tect.

The second i qui ow pa of 'this arrangénent has a li1qu supply
passage 12 havi ggigRti BhetAR! iWekleSting SRSt BiGhad | h Finsemidth the heat

generating elenment "2 (the surface of the heat generating elenment is not
greatly steppedidgwai @hot/hpavnsiream side of the heat generating el enent
2. Wth this structure, the supply of the liquid to the surface of the heat
generating 10 el ewaeh 2Zhendlithedbithbtke gbhestitliguidgilow Patdecwds al ong
t he surface of the novable nenber 31 at the
5 is the same as the liguid in the second liquid flow
paths 16, for. example as shown in Fig. 7, a
communicating portion (not shown) piercing at least a
part of the partition wall 30 may be formed instead of
the second liquid supply portion 112.
10 The present embodiment will be explained in
further detail.
Figs. 11A and 11B are sectional views of a liquid
ejecting nozzle and neighboring portions in Fig. 9
showing the present embodiment.
15 The basic structure is the same as that in Figs.
2A and 2B in the description of the operational
principle, but the second liquid flow paths 16 of Figs.
11A and 11B are constructed in the structure of Fig. 9
as connected on the upstream side and on the downstream
20 side s0o as to form a circulation systemT The movable
member 31 is displaced to the side of the first flow
path 14 by the bubble, as shown in the description of
the previous operational principle. Therefore, when
the movable member 31 is repeatedly operated for a long
25 period, the fulcrum 33 of the movable member 31 will

have strain 4 shown in Fig. 11A, though it is small.

Since this occurs after long-term operation, it could



position closer to the bubble generation region 11 as indicated by VD2.
Accordingly, stagnation of the liquid on the surface of the heat generating
el enent 2 15 I S suppressed, so thategre0|p|tat|on of the gas dissol ved
inthe liquid is suppressed, and the Te%?dual bubbles not extincted are
renoved without difficulty, and in.addition, the heat accunulation in the
liquid is not too nuch. Therefore, the stabilized bubble 20 generati on
can be repeated at a hi gh speed. In this arrangenent the quuid suppl y
passage 12 has a substantial | i nt ey nal ot
limting, and Pﬁeal Pﬁasge?uﬁﬁ%(% b s%%g%x Ee’g%itl\a stda&q \fq fllqu dgs an
internal wall w.th $ Chhga§0n£|8€rf£é n 25 snoot hly extended fromthe
surface of the HggF nerating e & “that the stagnation of the liquid

occurs on the heat r n efBPloe edglyefdi AW dre 1iquid in Not
significantly cause |§ ?&é gﬁﬁ%l g?gfet he 11 %I d1 M suppllqylof lt he Iiquid

into the bubbl %heeesaahaomaéﬂaomaw 26541114 N orohc e FaRwAls ansipdg.portion
of the novable nmenber (slit 35) as |nd|cated by
5 11B, the pressure in the second liquid flow paths 16
becomes lower than the pressure in the first liquid
flow paths 14. This occurs by the same principle as
the operational principle of Pitot tube, and the
movable member 31 is subject to the force acting in the
10 direction P. This force acts in the direction to
correct the strain Q4.

Accordingly, to flow the liquid in the second
liguid flow paths 16 can correct the strain d of the
movable members 31 and can maintain stable performance

15 even after long-term use of head.

By setting a cross-sectional area of the
circulation passage 110 as a guide path larger than a
cross-sectional area of each second liquid flow path 16
and connecting the second liguid flow paths 16 in

20 series in the present embodiment, the flow rate can be
increased in the second liquid flow paths 16 so as to
effectively demonstrate the effect described above.

Thus, the forcible liquid circulation may be
arranged to effect only in the cases where the strain d

25 as discussed occurs.

<Embodiment 2>

Fig. 12 is a drawing to show a modification of the



5 VD1. In order to direct the pressure upon the bubble generation
further effectively to the ejection outlet, a |l arge novabl e nenber covering
the entirety of the bubble generation_rggign (covering the surface of the
heat generating elenment) may be used, aS shown in Figs. 10 20A to 20D.
Then, the flow resistance for the liquid between the bubble generation
region 11 and the region of the first liquid flow path 14 close to the
ejection outlet is increased by the restoration of the novable nenber 31 to

the first positikelctape! Bat rife 6l 8w 86 dénnectith |d@UHE tfeddify bubbl e
generation region 11 from VDl can be prevented. However, according to the

head structurelefutiili §18wr paAgREEDE, wherein stite f1iyuial fHwa/ad @ supply the
liquid to the bubbl e generation region, the supply perfornmance of the
liquid is greacbhpe2@irecthonesdnetheasdcohdrriquid #£lumn pdthshd Grouadl e
‘menber 31 covers the bubble generation region 11 to inprove the ejection

ef ficiency, theespppkytpetherpaattional heelation batwesn ddteerfixgeateadl The
positional relation between the free end 32 25 and the ful crum 33 of the
nmovabl e mBrber 321anhd thehfuharumhd3fefeccach mevahle mawhen dam Pdsiati on of

the fulcrumas indicated in Fig. 23, for exanPIe. Wth
in the present embodiment, the first inlet/outlet path

114, the second inlet/outlet path 115, and the
circulation passage 110 compose a guide path.
There are some cases where a pressure difference

10 occurs between in the first liquid flow paths 14 and in
the second liguid flow paths 16 when they have opposite
flow directions with respect to the positional relation
between the free end 32 and the fulcrum 33 of each
movable member 31, depending upon the configuration

15 therecf. In contrast, the structure of the present
embodiment can effect the same correction for the
strain d of each movable member 31 because the liquid
flow acts on each movable member 31 under the same
condition. This enables to prevent wvariations in

20 ejection performance between the nozzles.
<Embodiment 3>

Fig. 13 shows a modification of the structure of

Fig. 9 as to connection of the second liquid flow paths
16.

25 Fig. 14 is a perspective view of the second liquid
flow paths near the heat generating elements 2 in Fig.

13. The present embodiment is of a parallel connection



- 33 - this structure, the function and effect of guiding the pressure
propagation direction and the direction of the growh of the bubble to the
ejection outlet side or the like can be efficiently assured upon the bubble
5 generation. Additionally, the p'os‘]izt ional relation is effective to
acconplish not only the function or effect relating to the ejection but

al so the reduction of the flow resistance through the liquid flow path 10
upon the supply of the liquid thus permitting the high speed 10

refilling. ~Wep-ibe, mEnoecuSeil odariath M @edt Qhies thawn in Fig.

23, returns to the ejection outlet 18 by capillary force or when the |liquid

supply is eff egﬁs@ré&n COnPENSAt oddia tl*lft%&i(?i | ARRE pafchizulblee cohhiecpeai ti ons
of the free end and the fulcrum33 are 1 such that the flows S1, S2 and

S3 through thetbigacl dtigar paid UKk idmingiraant kd de esidsl itherdoffl awepat h 14
and the second liquid flow path 16, are not inpeded. Mre particularly, in
t hi s arr angenealso asofiesctedetb hesah ke eri ttherslspeectetd 3Reoff 1blwe novabl e
20 menber 31 is faced to a downstream position of the center 3 of the
area whi ch di vofleshe heidrebd tewerditthe) ejection outlets in the second
liquid flow paths. The other portions are the same as
those in the structure of Embodiment 1. A flow path
portion connecting the upstream side ends is the first
inlet/outlet path 114, which is connected to the
10 circulation passage 110. A flow path portion
connecting the downstream side ends is the second
inlet/outlet path 115, which is connected to the
circulation passage 110. The pump 111 as forcible flow
means is provided in the circulation passage 110 to
15 flow the liquid in the second liquid flow paths 16. 1In
the present embodiment, the first inlet/outlet path 26,
114, the second inlet/outlet path 27, 115, and the
circulation passage 110 compose a guide path.
The structure of the present embodiment can also
20 achieve the same effects as in the foregoing
embodiments, but the present embodiment can obtain
particularly effective effect as explained below.
Figs. 15A to 15D show a cycle between generation
and collapse of bubble by the heat generating element 2
25 in the liquid ejection operation, in which the second

flow path 16 exists in the circulation flow path shown

in Fig. 13. A period of from generation of bubble to



element 2 into an upstreamregion and a downstreamregion (the |ine passing
t hrough the center (central portion) of the area of the heat generating
el enent and 25 perpendi cular to a dirgection of the length of the liquid

fl ow path). The novabl e nenber 31 recei V&8st he pressure and the bubbl e

which are greatly contributable - 34 - to the ejection of the liquid at
the downstream side of the area center position 3 of the heat generating
el enent, and it guides the force to the ejection outlet side, thus

fundanental |y i&pf Pyl dH IR i) shown 8l FaGENEY¥COist N8uBLEFL I On force.
Furt her advantageous effects are provided using the upstream side of the

bubbl e, as descippaskimieinbaie and WaideE0@, tbt skdegabstdaiseds) hat in
the 10 structure of this enbodi nent, the instantaneous nechani cal

novenent of theadd eet ethik doiirite o \Faly.e Ifentresidbalcbubblbat €3 érishe
ejection of the liquid. The enbodi nents of the present invention will be
expl ai ned i n deiedt the headf gensoatiog led esevdnBanyThgse bubbles also
5 exist similarly in the conventional bubble jet head,
and are bubbles or the like separating out when gas
solved in the liquid subjected to bubble generation is
heated. The time period before these bubbles dissolve
again into the liguid ranges from several hundred ps
10 even to several ms. It is possible to start the next
liquid ejection operation while the residual bubbles 41
still exist. It is, however, known that with more
residual bubbles 41 there occurs the dispersion in the
size of bubble 40 generated with heat by the heat
15 generating element 2 and the residual bubbles 41 absorb
the bubble generation pressure of the bubble 40. These
phenomena will degrade the ejection stability and
ejection efficiency. However, when £he ligquid in the
second liquid flow path is made to flow in the
20 direction s by the circulation liquid path structure
and pump of the present invention as shown in Fig. 15D,
the residual bubbles 41 above and near the heat
generating element 2 can be removed to bring the liquid
state into the initial state sooner. Thus, even if the
25 time before start of the next bubble generation
operation is shortened, stable ejection performance can

be realized. This effect can also be achieved by the



15 drawi ngs. <Enbodi nent 1> The description will be made as to the
arrangenent of the liquid ejection head according to the present invention.
20 The ejection principle for the liquid in this enbodinent is the
same as in the foregoing expl anati on of4&éhe ejection principle. The liquid
flow path has a multi-passage structure, and the liquid (bubble generation
liquid) for bubble generation by the heat, 25 and the liquid (ejection
liquid) mainly ejected, are separated. Fig. 7 is a sectional schematic view
in a -35- direction along,the_flow path of the |liquid ejecting head of
this enbodi menttrECFI*ES; IilaJc 8r??5?999390?@90ékW§Rﬁ§niR&FvﬁEﬁ/of t he

L2 )t OB ok k' Bk SEhRAAERY £ J0Ur Seba A, o o
el enent substratehoWabGlel 8ePERULAGH YE!BoARLRSR! IRNSTALd I reRdwtance
portion as a heat
the second liquid flow path 16 may be effected
5 immediately after the time of collapse of bubble in
Fig. 15C, but the same effect can be achieved also when
it is effected during the liquid ejection operation
shown in Figs. 15B to 15C. Further, the same effect
can also be achieved by flowing the liquid in the
10 opposite direction to the flow direction s by operating
the pump 111 in the opposite direction.

Particularly, when the flow is made during the
liquid ejection operation, the following effect is
attained.

15 Figs. 16A to 16D show states at the moment of
bubble collapse in the liqguid ejection operation cycle.
Fig. 16A shows a case in which there is no flow in the
second liquid flow path 16 during the liquid ejection
operation. In this case, the position of collapse of

20 bubble is not changed and is located above the heat
generating element 2 in the nozzle structure of the
present embodiment. Accordingly, a damage on the heat
generating element 2 due to cavitation occurring upon
collapse of bubble occurs nearly at the same place.

25 After long-term operation, the heat generating element

2 or a protection layer thereof will be finally brocken

at that position. If the liquid in the second liquid



generating elenment 2 for supplying thermal energy for generating the bubble
in the liquid and an el ectrode 10 wiring for supplying an electrical
signal to the heat generation resistance portion, and a first liquid flow
path 14 for the ejection liquid in dire#® tomunication with the ejection
outlet 18 is fornmed thereabove. The upstreamside of the first liquid flow
path is 15 in fluid communi cation with a first common |iquid chanber 15
for supplying the ejection liquid into a plurality of first liquid flow

pat . 200, Lhe S1pgl Leal 9408 -ohhecaor Rl higihd thowsatiiae 0 (v
Do) 9ot o e kO sRo PR 1LY 8 FECPLGEL Bl IRE
Rt Pt L e 806! U, S0 Bl 80l s B0ME sl oo e Tt e
el astic materi aha%ideld.as ragt ah 680shBat bRcekampie fiOWipadh v the - 36
- 5 position of bubble collapse is moved to the downstream
of the flow in the ejection direction by the flow in
the direction s, and Fig. 16C shows an example in which
the position of bubble collapse is moved to the
upstream by the flow in the direction s. As described,
10 the places of bubble collapse can be scattered by
flowing the liquid in the second liquid flow path or
changing the amount or direction of flow by the
circulation passage 110 and pump 111 during the liquid
ejection operation, whereby the damage due to
15 cavitation on the heat generating element 2 can be
scattered so as to lengthen the life of heat generating
element. Further; Fig. 16D shows an example of a
larger flow amount to move the position of bubble
collapse out of the region above the heat generating
20 element 2, thereby eliminating almost all damage due fo
cavitation on the heat generating element 2. This
decreases the breaking mode of the heat generating
element 2 due to the cavitation, thereby greatly
extending the life of heat generating element.
25 <Embodiment 4>
Fig. 17 shows a drawing for explaining Embodiment

4 as another structure of the circulation passage 110.



second flow path are separated. In the case that mxing of the bubble
generation liquid and the ejection liquid should be mninmum the first
liquid flow path 14 and the second liquid flow path 16 are preferably 5

i solated by the partition wall. Howev®®, ~when the mixing to a certain
extent is permssible, the conplete isolation is not inevitable. A portion
of the partition wall in the upward projection space of the heat generating
el enent 10 (ejection pressure generation region including A and B

bubbl ti ' 1) in.Fig. i S.1 , '
ovabl 6 menbednEher BAraRns, cebPechdat "fogi Sitduidfiod fidbede T 0L
| fquid chanber, %%uac%ﬁ b1k %hgesaeﬁgagssmﬁ Mgt Qiamdonputlet 15

side (downstréamwth reSpect to t eneral flow of the liquid). The

movabl e nmemberpdldl %rEa?ﬁﬂptQlﬁaeaﬁébﬁhﬁpgfﬂﬂﬁa@iéﬁbééﬂﬁdﬁlﬂﬁé&sfﬁﬁj
therefore, it operates to open toward the ejection outlet side of the first

liquid flow paieh tweokithe bubBlgogenetapaon 0id24nd on henduhidee generation
liquid (direction of the arrowin the Fig. 7). The novabl e nenber is

easi | er npvablgelecddnd Uhaetpoaitdett pasht De5| reespacitsvelhat Siredree end
may be foll owed the gromh of the bubble and the bubble can be directed to
the ej ecti on ad ettheirt bdwicanye is the same as that of Embodiment
3, the detailed description thereof is omitted herein.
In the present structure, routing of the circulation
passage 110 via the second common liquid chamber 17 can
10 make states of the liquid'in the second liquid flow
paths more uniform. For example, since the heat
generating elements are disposed in the second liquid
flow paths 16, temperature rise is extreme near the
heat generating elements. This temperature rise
15 sometimes changes physical properties including the
viscosity or the like of the ligquid in the second
liquid flow paths 16 so as to make the ejection state
nonuniform. When the liquid in the circulation passage
110 is circulated by the pump l1lla or 11ib, the state
20 of the entire liquid can be made uniform so as to
stabilize the ejection performance, because the volume
of the liquid in the second common liquid chamber 17a
is greater than the volume of the liquid in the second
liguid flow paths 16. The circulation liquid path may
25 be located in the head, or may be formed with a tﬁbe or
the like outside the head.

<Embodiment 5>



25 loss. In an exanple of Fig. 8 too, a partition wall 30 is disposed,
with a space for constituting a second liquid flow path, above an el enent

substrate 1 provided - 37 - with a heat generating resistor portion as
the heat generating element 2 and wiridd el ectrodes 5 for applying an
el ectric signal to the heat generating resistor portion. 5 As for

the positional relation anong the fulcrum 33 and the free end 32 of the
novabl e menber 31 and the heat generating elenent, are the sane as in the

previ ous exanple. In th revi ous ,ex |l e e _de LRI has been 10

made as to the rel a%]*%h%bé;tﬁ\k%’r? t%rpee %?r%ﬁ‘&tﬁ#r%sogf Eﬁhéaﬁbgﬂfcdgéupgﬁy passage
12 and the he e ' a Lhe . _r ' e cQRd
liquid flow pg'%}hegl%@é‘ﬁéd&{}%e tgaﬁ%eﬁgr -agt ?lﬁg%le?g#g%fgghiﬂgﬁtaﬁggsgﬁggﬁﬁ this

embodi nent - 1%, heat corVdksibrd Audibh 15 wakiEalel bheviaeandn! taw paths
in the two-flow path structure of the present enbodi nent.

way of the circulation passage 110 or on the way of the
5 structure of the circulation path. Since the other
portions are the same as in the structure of Fig. 13,
the description thereof is omitted herein.
The present embodiment shows an example of the
heat conversion means, which is a fin 117 haﬁing the
10 heat radiation effect to radiate the heat of the liquid
to the outside. Since the bubble jet head employs the
method for heating the liquid to generate a bubble and
ejecting the liquid by the bubble generation pressure,
the temperature of the heat generating element 2
15 increases the temperature of the head itself and the
temperature of the liquid used for ejection, which
could be a factor to degrade the stability of liquid
ejection, for example to change the ejection amount.
In particular, the recent technological trend is
20 development of multiple nozzle arrangement, high
frequency drive, or the like in order to raise the
printing speed, which will greatly degrade the
stability of liquid ejection. Against such a factor to
promote the temperature rise, the present embodiment
25 employs the circulation passage 110 and pump 111 to
move the liquid near the heat generating elements 2

during the recording operation or immediately before



Fig. 10 is a perspective view to show the structure near the heat
generating elenents in the 20 second flow paths showmn in Fig. 9. The
novabl e menbers and first liquid flow paths are positioned in
correspondence to their associated hea#8generating el ements, as descri bed

above. In Fig. 9 showi ng the present enbodi nent, the 25 second liquid
flow paths 16 provided with respective heat generating elenents 2 are
connected in series to forma zigzag line of liquid flow path. - 38 - A

first inlet/outlet path 114 and a second inlet/outl et pa ( I de_pat h
for guiding tHndi Qf(ihelq?QQHQ§q9ﬂﬁﬂﬁr '1Y§eﬁ?b§ %HSOSﬁggnﬁgnof t he

liquid flom/pathdgég 9@%} cte |rcg%ﬁgkﬁn ?§§sggeag to %éganggereby

constituting &% € present e I ment the

first liquid igletloyt) et ﬁh%@g&%&w | Eyhdal BherkauiLet path

115, and the ssage ose a guide path. On the way of

the circul ati op, passage. kit iy of NAiie PeRvidadyataUTBr§1A1gn forcible
fl ow neans for
5 efficiency in the present embodiment are as follows.

A first point is to move the liquid itself,
particularly the liquid near the heat generating
elements, which was not easy to radiate heat because of
the structure in the conventional heads, directly

10 influencing the ejection characteristics directly to
the fin 117 to radiate the heat. Another point is to
cool the heat generating elements 2 themselves with the
liquid. A further point is to circulate the liquid
also during the ejection operation to radiate the heat.

15 Based on these points, the invention established the
ejection stabilizing technology by heat radiation with
very good efficiency, which was not achieved by the
conventional technology.

Incidentally, the foregoing description concerned

20 the technology of heat radiation of-the head itself,
but the following heating effect can also be achieved
by providing the fin 117 in the same structure with a
heating heater 118. Namely, when the head is used
under a low-temperature environment, there occurs

25 phenomena that the ejection amount decreases on the
contrary and a non-ejecting nozzle occurs. In that

case, the fin 117 is heated by the heating heater 118



flowwng the liquid in the circul ation passage and flowing the liquid in the
second liquid flow paths 16. This punp 111 feeds the liquid flowng in the
direction A fromthe circulation passage 110 through 15 the first liquid
inlet/outlet path 114 to the second | qédBd-fl ow paths 16. The liquid flows
in a zigzag line in the second liquid flow paths 16 in order and proceeds
to the second inlet/outlet path 115 to return through the circulation
passage 110 to the punp. Here, 20 the liquid circulation path nay be
constructed so as to pass via a second common |iquid chapber. 17 as

descri bed her eitfl sigectliyngadisel theqsemgrapturs g@cBﬂ% Y suppl y

portion for refilling of liquid to the second liquid 25 flow paths 16 on
the way of the dinesila contgaderdeoits &he feprBatien At RHFR eﬁE’d i d

charber 11, WISeht Sl K Be° Ta o 4P KA nhd S BgESERRY ST o
amount i n ejexnéf&%éﬁ%%)iﬁﬂéﬁ%h&“thQESEEESEfEEHQEdCQAOMép@%@§ciently
5 attained as the points of effects in the case of heat
radiation as described above. In addition, because the
heating operation is carried out as cirCulating the
liquid, there occurs no bubble due to a local increase
of temperature of the liquid, and the liquid can reach
10 an appropriate temperature within a short time of
period.

In the present embodiment as explained above, the
fin 117 is arranged in a technique for raising the
efficiency, for example in a technique to increase the

15 surface area with fins or with bumps and recesses on
the surface in contaét with the liquid. For moderately
controlling the temperature, the circulation passage
110 or the like may be provided with a temperature
detection element (not shown).

20 <Embodiment 6>

Fig. 19 shows the structure of Embodiment 6.

The present embodiment is provided with a bubble
reservoir 119 and a small-hole portion 118 on the way
of the circulation passage 110 in the structure shown

25 in Fig. 13. The portions in the same structure as in
Fig. 13 are omitted to explain herein..

Bubbles dissolving in the liquid sometimes



When the liquid in the first liquid flow paths 14 5 Is the sane as the
liquid in the second |liquid flow paths 16, for exanple as shown in Fig. 7,
a communi cating portion (not shown) piercing at |least a part of the
partition wall 30 nay be formed insteadP®f~ the second Iiquid supply portion
112. 10 The present enbodinent will be explained in further detail.
Figs. 11A and 11B are sectional views of a liquid ejecting nozzle and

nei ghboring portions in Fig. 9 showi ng the present enbodi nent. 15

The basic structure is 5??0%§F@rafe£pg#%]@ r%lljit&.tﬁ% LM ZBd A ibein

description of S?Rgrgpera princi e second liquid flow paths

16 of Fios. 11pandsidBadparhonslouctad i e Ualdiia Hldi athsds

connected on t upstrea e and on the downstream 20 side so as to

forma circul a?Bgntﬁgsgg&ndﬂggmmaﬁ@{@r@%mb@r i2% digiplikeed to the side
of the first flow path 14 by the bubble, as shown in the description of the

EfeeVi ous OperaEEQBﬁhaEibﬂCFQEQa%JhEI@fOr@n SE ddeadimeah| enentieuidl is
peatedly operated for a long 25 period, the fulcrum 33 of the novabl e
menber 31swi || jBaverstilateddisheme ¢irdubatildn padeageh 110 it smal | . Since
this occurs after long-termoperation, it could
transport the bubbles separating out to the
predetermined place to trap them, which can prevent-
ejection failure or disturbance of ejection due to the
bubbles. The bubble reservoir 119 and small-hole
10 portion 118 (filter) function to trap the bubbles. The
bubbles appearing in the second liquid flow paths 16
are circulated by the pump 111 to be transported to the
small-hole portion 118. The size of small holes 118 is
determined so as not to give an unstable effect on the
15 ejection and so as to let small bubbles pass. Bubbles
are trapped in the bubble reservoir 119. The bubbles
stored in the bubble reservoir 119 can be taken out of
the head by a known method. The present embodiment
reduces a number of disposal times to wastefully
20 dispose the liquid as much as possible, and enables to
maintain a good ejection state.
<Embodiment 7>
Fig. 20 shows the structure of another embodiment
of the present invention.
25 The present embodiment shows an example for

connecting two liquid storing portions 150 to the

respective inlet/outlet paths without using a



- 40 - be a problemonly if an extrenely-long-life liquid ejecting head is
desired. When the punp 111 of Fig. 9 flows the liquid in the second liquid
flow paths 16 like the flows in Fig. 5 11B, the pressure in the second
liquid fl ow paths 16 becones | ower thandthe pressure in the first liquid
flow paths 14. This occurs by the same principle as the operational
principle of Pitot tube, and the novable nenber 31 is subject to the force
acting in the 10 direction P. This force acts in the direction to

t th t . A di
1 ow pat hselél Isi%%efe,awé§%°%a'agée¥a. For oPremlan it & il HYL, ¢
maintain sta g ggr or%a ¢e e95§£t§ PRG: terdn use ﬂf weaaf. By
B 8o Bogr 1B} E:

setting a cros e C|rcu I'on passage 110 as a guide

o or9ST PR GERTR. SEBEL A bRt eanols0achy 65t A 44 o path 10
present enbOd'%%QEibl@ef&bﬁmhéﬂﬁg,Céﬁdbgt this time the liquid flows
5 in each second liquid flow path 16 from the side of the
inlet/outlet path 115, 27 to the side of the
inlet/outlet path 26, 114.
When the liquid in the liquid storing portion 150A
becomes zero or little, the operation of the pump 111
10 is switched so as to make the liquid reversely flow
from the liguid storihg portion 150B toward the ligquid
storing portion 150A.
Fig. 21 is a drawing to illustrate an improved
form of the present embodiment, in which the liquid
15 storing portions 150A and 150B as described above are
arranged as detachable from connecting portions 151.
Accordingly, after the liquid in the liquid
storing portion 150A is moved to the liquid storing
portion 150B, the storing portions 150A, 150B can be
20 detached and exchanged. This arrangement permits the
liquid to flow always in one direction.
Examples applicable to the present invention will
be explained.
<Configuration of second liquid flow path>
25 Figs. 22A to 22C are drawings for explaining the
positional relation between the mcvable member 31 and

the second liquid flow path 16 as explained above,



I ncreased in the second liquid flow paths 16 so as to effectively
demonstrate the effect described above. Thus, the forcible liquid
circulation nmay be arranged to effect ogﬁy in the cases where the strain d

25 as di scussed occurs. <Enbodi nment

Fig. 12 is a dramng to show a

nodi fication of the - 41 - structure of Fig. 9 as to connection of the
second |iquid flow paths 16, wherein the liquid flows in a same direction
in the second liquid flow paths 16 with respect to the positional relation

bet ween t he fr%%e§g9n5

Al'so in the present e nment, the fits
inlet/outlet pathi1%p, Rd hBGabLECHEAbES 3 DASERYCLHLY

path. There are sone cases where a pressure difference 10

n,gci)gi.:”%zﬁ”gst Qe}:&}' ?Ié‘r‘i” viewlofagle skl

Inlet/outlet path 114, the second

lte gpeber 31.

mgs de
occurs bet ween

in the first |iggy dobow Raphplif @newi Of( Hike Sescntt | 1igpiid f1low patts 16
when they have opposite flow directions with respect to the positional
rel ati on betweam t/enf ke padt3Riendwabe isl takem 38vayf, eavh Fig. 22C

5 a drawing to schematically show the positional relation

between the movable member 6 and the second liquid flow

path 16 as overlaid. In either drawing,

the ‘bottom

side is the front side where the ejection outlet is

positioned.

10 The second liquid flow path 16 of the present

embodiment has throat portions 19 near the end of the

heat generating element 2 closer to the ejection outlet

and near the opposite end thereto, thereby forming such

a chamber (bubble generation chamber) structure that

15 the pressure upon generation of bubble can be prevented

from readily escaping to the upstream side of the

second liquid flow path 16.

In the case of the convention head wherein the

flow path where the bubble generation occurred and the

20 flow path from which the liquid was ejected, were the

same and wherein a throat portion was provided so as to

prevent the pressure generated by the heat generating

element toward the liqﬁid chamber from escaping into

the common liquid chamber, it was necessary to employ

25 such a structure as the cross-sectional area of a flow

path in the throat portion was not too small, taking

sufficient refilling of the liquid into consideration.



novabl e menber 31, dependi ng upon the configuration 15 thereof. 1In
contrast, the structure of the present enbodi nent can effect the sane
correction for the strain d of each novabl e nmenber 31 because the liquid
flow acts on each novabl e nmenber 31 undeB the sanme condition. This enables
to prevent variations in 20 ej ection performance between the nozzles.
<Enbodi nent 3> Fig. 13 shows a nodification of the structure of Fig. 9 as
to connection of the second liquid flow paths 16. 25 Fig. 14 is a
per spective view of the second liquid f|0m1% t hs near . the, heat generating

elements 2 in Fig. ITEYeHRF prds ERS6dPRe it FseBPOdiBEP Lt | BYR Phect i on

- 42 - structure of f,Low pat f.iguration, in which the, upstream ends of
second liquid f %ﬁ&ﬁ% H%“%F%ﬁ%%ﬁﬁggﬁg lFolgagHeo?ﬂ%?%éﬁé ?ﬁiuﬂ%wﬁgtream

e e e ol YEral TGN gHphne o thE bl el 1) o
paths. The ot her; ford i QD s &ddeRdSaTBudd flow path having the heat
5 generating element is not consumed much, so that the
£illing amount of the bubble generation liquid to the
bubble generation region 11 of the second liquid flow
path may be small. Therefore, the clearance at the
throat portion 19 can be made very small, for example,
10 as small as several um to ten and several um, so that
the release of the pressure produced in the second
liquid flow path upon generation of bubble can be
further suppressed and the pressure may be concentrated
onto the movable member. The pressure can be used as
15 the ejection pressure through the movable member 31,
and therefore, the higher ejection efficiency and
ejection force can be accomplished. The configuration
of the second liquid flow path 16 is not limited to the
one described above, but may be any if the pressure
20 produced by the bubble generation is effectively
transmitted to the movable member side.

Fig. 23 is a perspective view to show the
structure of throat portions given to the second liquid
flow paths constituting the circulation liquid flow

25 path.
Fig. 24 shows an example of dimensions of the heat

generating elements and the circulation system, but it



those in the structure of Enbodinment 1. A flow path portion connecting the
upstream side ends is the first inlet/outlet path 114, which is connected
to the 10 circul ation passage 110. A flow path portion connecting the
downstream side ends is the second i nFePAont! et path 115, which is
connected to the circul ati on passage 110. The punp 111 as forcible flow
nmeans is provided in the circul ati on passage 110 to 15 flowthe liquid
in the second liquid flow paths 16. In the present enbodinment, the first

nletioutlet pabiy 26 pAldodhe ESONe! BLELASURAS! SRS BoRd ol S0 the

circulation passage 0ose a StI’UC e pr esent

enbodi ment can l?theS%o%Ollml%G' e h@e éQHﬁﬁffef eChs e '&ﬂ{&f‘a{yg o9

enbodi ment s t he present enbodi nment btain particu

effect as expl %{éiﬁ%eb@x%‘ﬂtr%'rgiy aaeemla.é@ 850%Ag Cy6| endet ween gener at i on
and col | apse of bubble by the heat generating elenent 2 25 in the liquid

ej ecti on oper atdogi¥iguratiionh cahe ste6pOoRHef rele sk hod 6Ll pissdurd hen
circulation flow path shown in Fig. 13. A period of from generation of
bubble to5 the horizontal direction with respect to the surface of
heat generating element, can readily transmit the
bubble generation pressure in the vertical direction,
and can permit easy refilling of the bubble-forming
liquid.

10 For example, portions narrower than the width of
the heat generating elements may be tapered on the
flow-in side and on the flow-out side of the second
liquid flow path so as to facilitate refilling of the
bubble-forming liguid, or the configuration inside the

15 second liquid flow path may be so oval as to match with
the shape of the bubble.

As explained, because the present embodiment is
arranged so that the flow path configuration of the
second liquid flow path near the end of the heat

20 generating element 2 closer to the ejection outlet and
near the opposite end is narrower than the other
portion of the flow path, it becomes easier to transmit
the bubble generation pressure to the movable member
and possible to raise the ejection efficiency. It is

25 noted that the configuration of the second liquid flow
path 16 is not limited to the above structures, but may

be any as long as the pressure produced by generation



- 43 - coll apse of bubble as shown in Fig. 15C is usually approximtely ten
and several [err]s to several tens [err]s, and at the point of Fig. 15C
resi dual bubbl es 41 exist near the heat_generating el enment 2. These bubbl es
also 5 exist simlarly in the conven??oﬁal bubbl e jet head, and are
bubbl es or the like separating out when gas solved in the |iquid subjected
to bubbl e generation is heated. The tine period before these bubbl es

di ssol ve again into the liquid ranges fromseveral hundred ps 10 even to
several ns. f I%i%' Rf %Qfa&%ibewebge&aﬁém&&@&tmp RRAIAL on
while the re5| “Bubbl €5 4T Still exist I's, however, known that with

nore residual m@m@e Alet here occurs the dispersion in the size of bubble
40 generated with heat by the heat 15 generating elenent 2 and the

resi dual bubbl es 41 masabbvehenbubbl pogeiehat aoa pressged s ddecdubbl e 40.
These phenonena will degrade the ejection stability and ejection
ef ficiency. Houmeate when thirealti gortdionst be sacrooued i tuithd | ow path is nade
to flowin the 20 direction s by the circulation liquid path structure
and punp & thampeegenentndérecthons $howhich £he. pIsfal thubblsi dua
bubbl es 41 above and near the heat generating el enent 2 can be renoved to
bring the ||qug@neratlon flow paths are arranged, at the positions
corresponding to the vicinity of the start ends and to
the vicinity of the terminal ends of ejection flow
paths, but they may be located at positions before and
10 after the vicinity of the heat generating elements 2 in
the flow path direction. The length of the bubble
generation flow paths between the throat portions 19 is
desirably approximately 1.5 to 2 times the length of
the heat generating elements 2 in the liquid flow
15 direction. Further, a preferred degfee of narrowing of
the throat portions 19 is approximately a quarter to a
half of the width of the bubble generation flow paths.
In this embodiment it is 10 pm, but it is by no means
liﬁited to it, of course. Further, the throat portions
20 19 may be narrowed in the direction perpendicular to
the arrangement direction as discussed above.
<Pressure wave absorbing mechanism>
Next explained is an example provided with a
pressure wave absorbing mechanism on the upstream side
25 of the second liquid flow path in order to facilitate

refilling as suppressing transmission of the pressure

produced by generation of bubble in the second liquid



state into the initial state sooner. Thus, even if the 25 time before
start of the next bubble generation operation is shortened, stable ejection
performance can be realized. This effect can also be achieved by the -
44 - structures of the foregoing enbodi REnfs, but the structure of the
present enbodinent is very effective in the sense of freedom of control

The liquid flowin the second liquid flow path 16 nay be effected 5

i mMedi ately after the tine of collapse of bubble in Fig. 15C but the sane

effect can be | eve 1,50 en it i e ri L & Ud pection
operation sho |?VFgékﬁLﬁﬁé%?%QT%%Pléﬁﬁghe?%ggﬁggsgﬁgsg§§etﬁgc%%c§T§o be
achi eved by flow ‘é'?idd‘ﬂﬁé%ﬁ n the 10 opposite direction to the flow

direction s by operating the punp 111 in the opposite direction.
Particularly, when tgg flowis Smdachatieg teetibfal dveprcto oshopesnt i on,

the followng effect i's attained. 15 Figs.. 16A to 16D show states
at the nonent odxdmgid &£ aHapaedsurehaavieqabgdoebtnyi necbgeisani onlmycl e.
5 the drawing, the arrow represents a direction of
propagation of the pressure. Further, reference
numeral 30 designétes a valve, and 31 a stopper for
stopping the valve from rotating about a fulcrum
thereof at the fixed end, located at a predetermined
10 position. |

Materials for the above valve 30 and stopper 31
may be selected from any materials with solvent
resistance, more specifically materials with some
stress resistance for the valve 30 while matérials with

15 impact resistance against an impact by the valve for
the stopper 31. Specific examples of these materials
include nickel, gold, aluminum, silicon, glass,
polysulfone, and quartz. Further, a method for
producing thém should be selected according to the

20 material and configuration out of appropriate methods
such as plating, etching, patterning, and so on.

When the valve and stopper are formed in the
second liquid circulation system in this manner, they
can absorb surplus pressure in the horizontal direction

25 with respect to the surface of heat generating element,
which stops influence thereof on the adjacent heat

generating elements and on the liquid chamber.



Fig. 16A shows a case in which there is no flowin the second liquid flow
path 16 during the liquid ejection operation. In this case, the position of
col | apse of 20 bubbl e is not changgd5 nd is | ocated above the heat
generating element 2 in the nozzle struCture of the present enbodi nent.
Accordi ngly, a danage on the heat generating elenent 2 due to cavitation
occurring upon col |l apse of bubble occurs nearly at the sane place. 25

After long-term operation, the heat generating elenent 2 or a protection

layer thereof will kegfinal by Brekpematithate@obbhaDwidd tdiashdwui d in the
second liquid - 45 - flow path 16 is nmade to flow during the ejection
operation by thaohey tkimpliei 6fFthe. ptéSsiive 1Gdye tdlesqudsing on of bubbl e
col | apse as di scussed above can be changed. Fig. 16B shows an exanple in
which the 5 mecbianiism.of Ibubbkedravingsethe apvew represenisviche eam of
the flowin the ejection direction by the flowin the direction s, and Fig.
16C shows an edamgicEion affii phoppgapbent pHnthe pressereol IR PTESSHRRI to

the upstreamby the flowin the direction s. As described,
5 wave absorbing mechanism of this embodiment is

different from the previous embodiment in that a
flexible film 32 likely to absorb the pressure-partly’
covers the upstream side of the second liquid flow path
with respect to the heat generating element. Specific

10 examples of a material for this film include
polycarbonate resin, polyvihyl fluoride resin,
.polyvinyl chloride resin, polyvinyl fluoride resin,
tetrafluoroethylene resin, ethylene-vinyl acetate
copolymer resin, polyurethane resin, silicone rubber,

15 natural rubber, SBR, thiol rubber, NBR, chloroprene
rubber, neoprene rubber, and so on.

This structure can absorb the surplus pressure in
the horizontal direction with respect to the surface of
heat generating element and eliminate the influence on

20 the liquid chamber and the adjacent heat generating
elements.
<Movable member and partition wall>
Figs. 27A to 27C show another examples of the
movable member 31, wherein reference numeral 35
25  designates a slit formed in the partition wall, and the
slit is effective to provide the movable member 31. In

Fig. 277, the movable member has a rectangular



10 t he places of bubble coll apse can be scattered by flowing the liquid
In the second liquid flow path or changi ng the anount or direction of flow
by the circul ati on passage 110 and punpsélg during the liquid ejection
operation, whereby the danage due to 15 cavitation on the. heat
generating element 2 can be scattered so as to lengthen the |ife of heat
generating elenent. Further, Fig. 16D shows an exanple of a larger flow
anount to nove the position of bubble collapse out of the region above the

heat generatingod@igur8teBBNt add LACFERY 2¥B M NRtidhatrdaedr ald wamage due
to cavitation on the heat generating elenent 2. This decreases the breaking

mode of the hegulgensr aitagtel pagnit 2inkteedsed htowiavdyatidforchd her eby
greatly extending the life of heat generating elenment. 25 <Enbodi nent 4>
Fig. 17 shows aotsdlengemberexphdi hn nBidgnb2l et Masas anddrerfudioruet ur e of
the circul ati on passage 110. - 46 - In the present enbodi nent the
circul ati on pasddgetolenhsnceuthe durabhbl bty cehdhs maiedlieguemberanber 17.

5 The configuration'narrowed and arcuated at the fulcrum
side is desirable as shown in Fig. 22A, since both of
easiness of motion and durability are satisfied.
However, the configuration of the movable member.is not
limited to the one described above, but it may be any

10 if it does not enter the second liquid flow path side,
and motion is easy with high durability.

In the foregoing embodiments, the plate or f£film
movable member 31 and the separation wall 5 having this
movable member was made of a nickel having a thickness

15 of 5pm, but this is not limited to this example, but it
may be any if it has anti-solvent property against the
bubble generation liquid and the ejection 1iquid, and
if the elasticity is enough to permit the operation of
the movable member, and if the required fine slit can

20 be formed. |

Preferable examples of the materials for the
movable member include durable materials such as metal
such as silver, nickel, gold, iron, titanium, aluminum,
platinum, tantalum, stainless steel, phosphor bronze or

25 the like, alloy thereof, or resin material having
nytril group such as acrylonitrile, butadiene, stylene

or the like, resin material having amide group such as



There are punp 11l1a and punp 111b di sposed on the side of the first
inlet/outlet path 114 and on the side of 5 the second inlet/outlet path
115, respectively. Since the other structure is the sane as that of

Enbodi nent 3, the detailed description®héreof is onmtted herein. In the
present structure, routing of the circul ation passage 110 via the second
comon |iquid chanber 17 can 10 make states of the liquid in the second
liquid fl ow paths nore uniform For exanple, since the heat generating

elements are disfnftd bl Mhe 9aRA0 @il nbleiRa! RavifRy LapBekaiure rise

is extrenme ne eat generating el ements. This tenperature rise 15

someti mes changgs, MY YRd)cdiRRidd oF ithel Udkdy tBeiwi meeskiyior the like
of the liquid in the second liquid flow paths 16 so as to nake the ejection

state nonuni f iA%inedl ddydd Geiohp Buche agl poulateealpassege 1likejs
circulated by the punp 11l1a or 111b, the state 20 of the entire liquid
can be nade unddimmnetceasid10 Mvalig istd folne gepapt sanhpesf pohwackfobecause
the volune of the liquid in the second conmon |iquid chanber 17a is greater
than the ¥ol uneesfn tneecdriguli csuah taise 1dguddd criygtad pbdwmeat A the The
circulation liquid path may 25 be located in the head, or may be forned
with a tube orlike |dkehamigiale compomagd thereof; or materials having

durability against the ink, such as metal such as gold,
tungsten, tantalum, nickel, stainless steel, titanium,
alloy thereof, materials coated with such metal, resin
10 material having amide group such as polyamide, resin
material having aldehyde group such as polyacetal,
resin material having ketone group such as
polyetheretherketone, resin material having imide group
such as polyimide, resin material having hydro#yl group
15 such as phenolic resin, resin material having ethyl
group such as polyethylene, resin material having alkyl
group such as polypropylene, resin material having
epoxy group such as epoxy resin material, resin
material having amino group such as melamine resin
20 material, resin material having methylol group such as
xylene resin material, chemical compound thereof,
ceramic material such as silicon dioxide or chemical
compound thereof.
Preferable examples of partition or division wall
25 include resin material having high heat-resistive, high
anti-solvent property and high molding property, more

particularly recent engineering plastic resin materials



<Enmbodi nent 5> - 47 - Fig. 18 shows the structure of Enbodinent 5. In
the structure of Fig. 18 a heat conversion neans having a heat conversion
function is basically provided on the of the circul ation passage 110 or
on the way of the 5 structure of the’tiTculation path. Since the other
portions are the sanme as in the structure of Fig. 13, the description
thereof is omtted herein. The present enbodi nent shows an exanple of the
heat conversion nmeans, which is a fin 117 having the 10 heat radiation

effect to radial,ent Bg B8 i86e | i g8 Fhd b TnLUtd1dRamidgIce the bubble
j et head enpl oys the ngt%%% f%r hebi?é%?%t&?gn quidpﬁzqsgﬁérate a bubbl e and

ej ecting the | pguiydthy1&he bubShRtRENECES! nfl MRS Wesinl kR tlegdpar,at ure of
t he heat generating elenent 2 15 i ncreases the tenperature of the head

itself and thephenptietveeinf épexy irpsih usetkfial ejpedlybartaddlenel coul d be
a factor to degrade the stability of liquid ejection, for exanple to change
t he ej ecti on apolgptirethapes t polyethetdichert=tund e glnigieddieralsulifene,i s
5 polyallylate, polyimide, poly—sﬁlfone, liquid crystal

polymer (LCP), or chemical compound thereof, or metal

such as silicon dioxide, silicon nitride, nickel, gold,

stainless steel, alloy thereof, chemical compound

thereof, or materials coated with titanium or gold.

10 The thickness of the separation wall is determined
depending on the used, material and configuration from
the standpoint of sufficient strength as the wall and
sufficient operativity as the movable member, and
generally, 0.5 uym - 10 pum approx. is desirable.

15 The width of the slit 35 for providing the movable
member 31 is 2 um in the embodiments. When the bubble
generation liquid and ejection liquid are different
materials, and mixture of the liquids is to be avoided,
the gap is determined so as to form a meniscus between

20 the liquids, thus avoiding mixture therebetween. For
example, when the bubble generation liquid has a
viscosity about 2 cP, and the ejection liquid has a
viscosity not léss than 100 cP, 5 um approx. Slit is
enough to avoid the liquid mixture, but not more than 3

25 pm is desirable.

<Element substrate>

The description will be made as to a structure of



20 ~devel opment of nultiple nozzle arrangenent, high frequency drive, or
the like in order to raise the printing speed, which will greatly degrade
the stability of liquid ejection. Against such a factor to pronote the
tenperature rise, the present enbodi menil 25 enpl oys the circulation
passage 110 and punp 111 to nove the liquid near the heat generating

el ements 2 during the recording operation or inmmedi ately before - 48 -
and after the recording operation, whereby the heat can be efficiently
radi ated by the fin 117 so as to enhance the stability of |iquid. ejection.
Poi nts to real the ehemAnghsubabrate PEIvidedi e ddtS g’r?%'l t%g\%laf %gh 5
efficiency in the present enbodi ment as.follows. Afirst point is to
nmove t he Iiqui91PP§EFfFoﬁaP??EbP%f{§ﬁ§i£§?*?ﬂnd near the heat generating

elements, which vas ol £agv.Lg sadl ke fieals fesause Ao e 1

the conventi onal hegag: e : encing the ejection
o LAk p ek R Tacded g S 4 diltod e s pol
5 present invention. Fig. 28A shows a head with a
protection film and Fig. 28B shows a head without a
protection f£ilm.
On the element substrate 1, a grooved member 50 is
mounted, the member 50 having second liquid flow paths
10 16, separation walls 30, first liquid flow paths 14 and
grooves for constituting the first liquid flow path.
The element substrate 1 has patterned wiring
electrode (0.2 - 1.0 um thick) of aluminum or the like
and patterned electric resistance layer 105 (0.01 - 0.2
15 um thick) of hafnium boride (HfB,), tantalum nitride
(TaN), tantalum aluminum (TaAl) or the like
constituting the heat generating element on a silicon
oxide film or silicon nitride film 106 for insulation
and heat accumulation, which in turn is on the
20 substrate 107 of silicon or the like. A voltage is
applied to the resistance layer 105 through the two
wiring electrodes 104 to flow a current through the
resistance layer to effect heat generation. Between
the wiring electrode, a protection layer of silicon
25 oxide, silicon nitride or the like of 0.1 - 2.0 um
thick is provided on the resistance layer, and in

addition, an anti-cavitation layer of tantalum or the



liquid. A further point is to circulate the liquid also during the ejection
operation to radiate the heat. 15 Based on these points, the invention
establ i shed the ejection stabilizing technology by heat radiation with very
good efficiency, which was not achieVbd”%y'the conventi onal technol ogy.
Incidentally, the foregoing description concerned 20 t he technol ogy of
heat radiation of the head itself, but the follow ng heating effect can

al so be achieved by providing the fin 117 in the sane structure with a

heating heater, L]8. gd,\la{rel Y%Bd‘ﬂﬁﬁptf]ﬁk%ﬂ‘)e% | & ieRd thadebna thoyrbeaper at ur e

envi ronnent , tﬁere ccurs enonena that the ejection anount

decreases on t eCPé‘é{%‘Eé(n@é‘dlé’yé}Pr!:Oﬁ aGtd &7 d¥asulse 1960HES subh Bbat case,
the fin 117 is heated by the heating heater 118 - 49 - to directly raise

the tenperaturgnpf the liquid directly contributing to the generation of
bubbl e and the liquid can be fed up to the heat generating el enents,
wher eby the sane effretpressute aid isticol lwave gensiradiededpes tthe poi nts of
effects in the case of heat
5 bubble generation and collapse is so strong that the
durability of the oxide film which is relatively
fragile is deteriorated. Therefore, metal material
such as tantalum (Ta) or the like is used as the
anti-cavitation layer.

10 The protection iayer may be omitted depending on
the combination of liquid, liquid flow path structure
and resistance material. One of such examples is shown
in Fig. 28B. The material of the resistance layer not
requiring the protection layer, includes, for example,

15 iridium - tantalum - aluminum alloy or the like.

Thus, the structure of the heat generating element
in the foregoing embodiments may include only the
resistance layer (heat generation portion) or may
include a protection layer for protecting the

20 resistance layer.

In the embodiment, the heat generating element has
a heat generation portion having the resistance layer
which generates heat in response to the electric
signal. This is not limiting, and it will suffice if a

25 bubble enough to eject the ejection liquid is created

in the bubble generation liquid. For example, heat

generation portion may be in the form of a photothermal



radi ati on as descri bed above. In addition, because the heating operation is
carried out as circulating the liquid, there occurs no bubble due to a

| ocal increase of tenperature of the liquid, and the liquid can reach 10

an appropriate tenperature within a shéBt-time of period. In the present
enbodi nent as expl ai ned above, the fin 117 is arranged in a technique for
raising the efficiency, for exanple in a technique to increase the 15
surface area with fins or with bunps and recesses on the surface in contact
with the liquid. For noderately controlling the tenperature

circul ation pdgngeupes ghiche IPPRECNET B@gﬁrBB?Be ﬁfTYﬁ?Pi%iéﬁxaihre
Struct ure of MM TRE SPESERE BRBOM JeAT 2o hrav ael Jath 4 bubbl e
paseage 110 1 e G agRe EeBflensy wRv O, "¢ 3 T’ borti ons i che
Z?g‘zoffﬂrﬁgt e as :dl};qﬁflx% %%enﬁnﬁr:e %%E‘t%ﬁtteo1§X9hﬁbﬁibﬁr@1&nex§@§bé@§h
5 as a transistor, a diode, a latch, a shift register and
so on for selective driving the electrothermal
transducer element maf also be integrally built in, in
addition to the resistance layer 105 constituting the
heat generation portion and the electrothermal
10 transducer constituted by the wiring electrode 104 for
supplying the electric signal to the resistance layer.

In order to ejeét the liquid by driving the heat
generation portion of the electrothermal transducer on
the above-described element substrate 1, the resistance

15 layer 105 is supplied through the wiring electrode 104
with rectangular pulses as shown in Fig. 29 to cause
instantaneous heat generation in the resistance layer
105 between the wiring electrode.

In the case of the heads of the foregoing

20 embodiments, the applied energy has a voltage of 24V, a
pulse width of 7 usec, a current of 150mA and a
frequency of 6kHz to drive the heat generating element,
by which the liquid ink is ejected through the ejection
outlet through the process described hereinbefore.

25 However, the driving signal conditions afe not limited
to this, but may be any if the bubble generation liquid

is properly capable of bubble generation.



- 50 - separate out after left for a long time or the like in the liquid
path, i.e., in the second liquid flow paths 16, the second conmon |i quid
chanmber 26, or the circul ation passage glyl0. On such occasions, the liquid 5
is circulated in the circul ati on passage 110 to transport the bubbl es
separating out to the predeterm ned place to trap them which can prevent-
ejection failure or disturbance of ejection due to the bubbles. The bubble
reservoir 119 and small-hole 10 portion 118 (filter) function to trap

t he bubbles. JHeadustihestwppest iDgfliow tgers ectandturgei d fl ow paths 16 are
circulated by the punp 111 to be transported to the small-hole portion 118.
The size of small hbhesddd@riptidet evililndse sImdes asottot @ gitwacanranstabl e
effect on the 15 ejection and so as to let small bubbl es pass. Bubbles
are trapped i nth@el il eejeaingihead withehd@bodds ferensdliquifie bubbl e
reservoir 119 can be taken out of the head by a known nethod. The_present
enbodi nent r ed¥ERsSEPFEAIRYY FURRLIRL AN f eadngecenrd Lyapdd £lgyspose

the Liaud as JUED. 2% RPSHE Sumdll NS ' Be r2ulcBs980%Rhec! ' O
the manufacturing cost can be reduced.

Fig. 30 is a schematic view of such a liquid
ejecting head. The same reference numerals as in the
previous embodiment are assigned to the elements having

10 the corresponding functions, and detailed descriptions
thereof are omitted for simplicity.

In this embodiment, a grooved member 50 has an
orifice plate 51 (not shown in Figs. 28A and 28B as
removed) having an ejection outlet 18, a plurality of

15 grooves for constituting a plurality of first liquid
flow paths 14 and a recess for constituting the first
common liquid chamber 15 for supplying the liquid
(ejection liquid) to the plurality of liquid flow paths
14.

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

25 15. The grooved member 50 also has a second liquid
supply passage 21 extending from an upper position to

the second common liquid chamber 17 through the



Fig. 20 shows the structure of another enbodi nrent of the present invention.

25 The present enbodi nent shows an exanple for connecting two
liquid storing portions 150 to the rQ§Q§§qjve inlet/outlet paths w thout
using a - 51 - circulation passage. For exanple, the liquid in the

liquid storing portion 150A is first made to flowto the liquid storing
portion 150B by the punp 111 as forcible flow neans, and at this tine the
liquid flows 5 in each second liquid flow path 16 fromthe side of the

i nl et/outl et p@éﬁhé&ﬁm@?wépltét? a"‘rldj%(]frc{ & Igtloptbheh pat indé 114.

When the liquid l'iquid storing portion 150A becomes zero or little,

the operation ghodhei PUy 1130 10into ivhivM tHed igaias ceecimbkeethe |iquid
reversely flow fromthe |1 quid storing portion 150B toward the liquid

storing portiothd&idh ddch stcdrid didpal &t il lustrate an inproved form
of the present enbodiment, in which the liquid 15 storing portions 150A
and 150B as descri besl apblmateed by an arrow C in Fig. 30, the first
5 liguid (ejection liquid) is supplied through the first
liquid supply passage 20 and first common liquid
chamber 15 to the first liquid flow path 14, and the
second liquid (bubble generation liquid) is supplied to
each of the second liquid flow path 16 through the
10 second liquid supply passage 21 and the liquid outflow
path 29 as indicated by arrow D in Fig. 30.
In this example, the second liquid supply passage
21 and the liquid outlow path 29 are extended in
parallel with the first liquid supply passage 20, but
15 this is not limited to the exemplification, but it may
be any if the liquid is supplied to the liguid outflow
path 29 through the separation wall 30 outside the
first common liquid chamber 15.
The thickness (diameter) of the second liquid
20 supply passage 21 and the liquid outflow path are
determined in consideration ¢of the supply amount of the
second ligquid. The configuration thereof is not
limited to circular or round but may be rectangular or
the 1like.
25 As for the method of forming this, as shown_in
Fig. 31 which is an exploded perspective view, a common

liquid chamber frame and a second liquid passage wall



arranged as detachable from connecting portions 151. Accordingly, after the
liquid in the liquid storing portion 150A is noved to the liquid storing

portion 150B, the storing portions 1504y 150B can be 20

det ached and

exchanged. This arrangenent permts the liquid to flow always in one
direction. Exanples applicable to the present invention will be expl ai ned.
<Configuration of second liquid flow path> 25 Figs. 22A to 22C are
drawi ngs for explaining the positional relation between the novabl e nenber
31 and the secgpd Fbated of aw he {1160, aarfX R *ich@d nakaed, of a- 52 - wherein
Fig. 22Ais a top plan view of the partition wall 30, the novabl e nmenber
31, and their gebghddrmamser Q. h@2ihe thep separatien eklih€igedond |iquid
flow path 16 when the partition wall is taken away, and Fig. 22C 5 a
drawi ng to schthetetal and stivay e kamgrds isuibmtaia tee|lasiren boededen thie novabl e

menber 6 and the second liquid flow path 16 as overl ai d.

I n either draw ng,

t he bottom si déormingethe osrcendicaopmare igig changerod/| andj he

5 second ligquid flow path 16.

In this example, the element substrate 1 is

constituted by providing the supporting member 70 of

metal such as aluminum with a plurality of

electrothermal transducer elements as heat generating

10 elements for generating heat for bubble generation from

the bubble generation liquid through film boiling.

Above the element substrate 1, there are disposed

the plurality of grooves constituting the liquid flow

path 16 formed by the second liquid passage walls, the

15 recess for constituting the second common liquid

chamber (common bubble generation liquid chamber) 17

which is in fluid communication with the plurality of

bubble generation liquid flow paths for supplying the

bubble generation liquid to the bubble generation

20 liquid passages, and the separation or dividing walls

30 having the movable walls 31.

Designated by reference numeral 50 is a grooved

member. The grooved member is provided with grooves

for constituting the ejection liquid flow paths (first

25 liquid flow paths) 14 by mounting the separation walls

30 thereto, a recess for constituting the first common

liquid chamber (common ejection liquid@ chamber) 15 for



posi tioned. 10 The second liquid flow path 16 of the present

enbodi nent has throat portions 19 near the end of the heat generating

el ement 2 closer to the ejection outlefsyand near the opposite end thereto,

thereby form ng such a chanber (bubbl e generation chanber) structure that

15 the pressure upon generation of bubble can be prevented fromreadily

escaping to the upstreamside of the second liquid flow path 16. In the

case of the convention head wherein the flow path where the bubble

generati on ocGupgEdiany thee e}@ctionl dwgpddh tbr shewajebtioe ligeid was

ejected, were the sane and wherein a throat portion was provided so as to

prevent the préssurpatjenertiteedfinstt Isappdat pgeseoet (ajeetéapnligui@drd t he

|'i qui d chanber from escaping into the common |iquid chanpber, it was

Plecessarﬁ to esr:mml;rzly amssaga R0 forr sUpPlying the eissticnciigni® EPea of a
ow path in the throat portion was not too snall, faking syfficient

refilling of t#Re|figat GNP HHGUdE: SBBReT, apd5§£9 FB&%Q r?u?ﬂf¥he case

passage {ghﬁgie generation liquid supply passage) 21

of this e5rrbodi ment, mu

for supplying the bubble generation liquid to the
second supply passage (bubble generation liquid supply
passage) 21. The second supply passage 21 is connected
with a fluid communication path in fluid communication

10 with the second common liquid chamber 17, penetrating

| through the separation wall 30 disposed outside of the

first common liquid chamber 15. By the provision of
the fluid communication path, the bubble generation
liquid can be supplied to the second common liquid

15 chamber 15 without mixture with the.ejection liquid.

The positional relation among the element

substrate 1, separation wall 30, grooved top plate 50
is such that the moQable members 31 are arranged
corresponding to the heat generating elements on the

20 element substrate 1, and that the ejection liquid flow
paths 14 are arranged corresponding to the movable
members 31. In this example, one second supply passage
is provided for the grooved member, but it may be
plural in accordance.with the supply amount. The

25 cross-sectional area of the flow path of the ejection
liquid supply passage 20 and the bubble generation

ligquid supply passage 21 may be determined in



nost of the ejected liquid is the ejection liquid in the first liquid flow
path, and the bubble generation liquid in the second Iiquid flow path
having the heat 5 generating el enenfgis not consuned nuch, so that the

filling amount of the bubble generation liquid to the bubble generation
region 11 of the second liquid flow path may be small. Therefore, the
clearance at the throat portion 19 can be nmade very small, for exanple, 10

as small as several pmto ten and several pm so that the rel ease of the
pressure prodgeggoir8ibhetseenadstipply daridwvt patsy when quemieriaatdorof bubbl e
can be further suppressed and the pressure may be concentrated onto the
movabl e nenbebf the pressusectiaond: asesl af e flavheadhectihen passure

t hrough t he novabl e nmenber 31, and therefore, the higher ejection

ef fici ency andoeg&dtitingotbe gapoved aremher i Shar thee &S iR £9 on of the
second liquid flow path 16 is not |limted to the one described above, but
may be any if dpWaspeedsure 20 produced by the bubble generation is

effectively transmitted to the novabl e_nenber side. Fig. 23 is.a
per spect Pve vi ew t BSsABRCTARed +RcHR® T OFCINTRn E}ﬁﬁ‘f’f‘%ﬁ&g %Q/éﬁ”tso t he

second 1T qui d £1.08,patls SROSLLESNANGubEy ShSHLgH A5 | A it
second liqguid to the second liquid flow path and the
first supply passage for supplying the first liquid to
the first liquid flow path and liquid outflow path, can
10 be provided by a single grooved top plate, so that the
number of parts can be reduced, and therefore, the
reduction of the manufacturing steps and therefore the
reduction of the manufacturing cost, are accomplished.
Furthermore, the supply of the second liquid to
15 the second common liquid chamber in fluid communication
with the second liquid flow path, is effected through
the second liquid flow path which penetrates the
separation wall for separating the first liquié and the
second liquid, and therefore, one bonding step is
20 enough for the bonding of the separation wall, the
grooved member and the heat generating element
substrate, so that the manufacturing is easy, and the
accuracy of the bonding is improved.
Since the second liquid is supplied to the second
25 liquid common liquid chamber, penetrating the
separation wall, the supply of the second liquid to the

second liquid flow path is assured, and therefore, the



Fig. 24 shows an exanpl e of dinensions of the heat generating el enents and
the circulation system but it - 54 - should be noted that the

di mensi ons and configuration are not |kngbed to this exanple. On the
contrary, they may be arbitrarily determ ned as |long as the configuration
can stop the release of the pressure in 5 the horizontal direction with
respect to the surface of heat generating elenent, can readily transmt the
bubbl e generation pressure in the vertical direction, and can permt easy
refilling of theuppBl empun¥ Ag Bufhieiend so that the stebdigligedortions
narrower than the width of the heat generating el ements may be tapered on
the flowin si d8J8FFioR LReaFFEMPSLER8Ade of the second liquid flow path so

as to facilitate _refilling, of the hubble-formng |iquid, or_the
configuration i f&IGELRR gSquldSQEGnBuPPﬁ%i%e??%%FkﬁﬂP%%ﬁ%FQEaso oval as to

embodi ment. i o arrang88 S5OERAPSEEns FBR, FORROREN | FRBI T the
5 according to the present invention, by the structure
having the movable member described above, the liquid
can be ejected at higher ejection force or ejection
efficiency than the conventional liquid ejecting head.
When the same liquid is used for the bubble generation

10 liquid and the ejection liquid, it is possible that the
ligquid is not deteriorated, and that-deposition on the
heat generating element due to heating can be reduced.
Therefore, a reversible state change is accomplished by
repeating the gassification and condensation. So,

15 various liquids are usable, if the liquid is the one
not deteriorating the liquid flow passage, movable
member or separation wall or the like.

Among such liguids, the one having the ingredient
as used in conventional bubble jet device, can be used

20 as a recording liquid.

When the two-flow-path structure of the present
invention is used with different ejection liquid and
bubble generation liquid, the bubble generation liquid
having the above-described property is used, more

25 particularly, the examples includes: methanol, ethanol,
n-propyl alcohol, isopropyl alcohol, n-hexane, |

n-heptane, n-octane, toluene, xylene, methylene



second liquid flow path near the end of the heat 20 generating el ement 2
closer to the ejection outlet and near the opposite end is narrower than
the other portion of the flow path, it -becones easier to transmt the
bubbl e generation pressure to the novabl'e nenber and possible to raise the

ejection efficiency. It is 25 noted that the configuration of the second
liquid flow path 16 is not |imted to the above structures, but may be any
as long as the pressure produced by generation - 55 - of bubble can

effectively begi¢mnsidd edtixHidanilencErRebnsirede. FfBenabpye t hroat
portions are arranged so as to locate the throat portions 19 narrowed in

the 5 ar r angetEnte thd€Cldidkand) \Wicllohekangl, umelthplbhtetgeagration fl ow
pat hs are arranged, at the positions corresponding to the vicinity of the
start ends ancethyl hecetatia) tacedfoniehe medhyilnelithgddketpnej ewaten, f Pow pat hs,
but they may be | ocated at positions before and 10 after the vicinity of
t he heat generthe nhgiks erand € Miixturee theg®@ofat h direction. The |ength of

t he bubbl e .
5 As for the ejection liquid, various liquids are

usable without paying attention to the degree of bubble
generation property or thermal property. The liquids
which have not been conventionally usable, because of
low bubble generation property and/or easiness of

10 property change due to heat, are usable.

However, it is desired that the ejection liquid by
itself or by reaction with the bubble generation
liquid, does not impede the ejection, the bubble
generation or the operation of the movable member or

15 the like.

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

20 ink of the following ingredient was used as the
recording liquid usable for both of the ejection liquid
and the bubble generation liquid, and the recording
operation was carried out. Since the ejection speed of
the ink is increased, the shot accuracy of the liquid

25 droplets is improved, and therefore, highly desirable

images were recorded.



generation flow paths between the throat portions 19 is desirably
approximately 1.5 to 2 tinmes the length of the heat generating elenents 2

inthe liqu

idflow 15 di rection. Fu§1h§r,

a preferred degree of

narrowi ng of the throat portions 19 is approximately a quarter to a hal f of

the width of the bubble generation flow paths.

pm but it
portions 20

wave abso%b

10

15

20

25

I'n this enbodi nent it

is 10

is by no neans Iimted to it, of course. Further, the throat

19 may be narrowed in the direction perpendicular to the
arrangenent di peetigrR ¥Ssdbseugsef akpve. <Pressure wave absor bi ng
mechani s> Next explained is an exanple provided with a pressure wave
absor bi ng nmechani sm(@nit héco@sblaam 3) déye5
path in order to facilitate refilling as suppressing transm ssion of the
pressure produced byigéhgilaheoglptobubble in the sedbrk. itguid -
flow path to the circul ati on passage outside the second liquid flow path.
Fig. 25 is a schemafhdéo dégiveadl view to show an exani-e ®of the pressure

ing mechanism In
Ethanol

Water

of tieewecaénd |iquid

3 wt. %

77 wt. %

Recording operations were also carried out using

flow

56 -

the following combination of the liquids for the bubble

generation liguid and the ejection liquid. As a

result, the liquid having a ten and several cps

viscosity, which was unable to be ejected heretofore,

was properly ejected, and even 150cps liquid was

properly ejected to provide high quality image.

Bubble generation liquid 1:
Ethanol
Water

Bubble generation liquid 2:
Water

Bubble generation liquid 3:
Isopropyl alcoholic

Waterxr

40 wt. %

60 wt. %

100 wt. %

10 wt. &

90 wt. %

Ejection liquid 1: (Pigment ink approx. viscosity

of 15cP)

Carbon black

5 wt. %

Stylene-acrylate-acrylate ethyl copolymer

(oxide 140, weight average molecular weight 8000)

1 wt. %



5 the draw ng, the arrow represents a direction of propagation of the
pressure. Further, reference nuneral 30 designates a valve, and 31 a
stopper for stopping the valve fromrotpfing about a fulcrumthereof at the
fixed end, located at a predeterm ned 10 position. Materials for the
above val ve 30 and stopper 31 may be selected fromany materials with

sol vent resistance, nore specifically mterials wwth sone stress resistance
for the valve 30 while materials with 15 - inpact resistance agai nst an

i npact by the val vembat-ébRasdéDparinegl. Speci fi ©.26argd.e$ of these
material s include nickel, gold, alumnum silicon, glass, polysulfone, and
quartz. Further, a @kybetifer produci ng them shoule® b&.sél ect ed according
to the 20 mat erial and configuration out of appropriate nethods such as
pl ati ng, etching, pihiedighycohnd so on. Wen the VaMWle &nd stopper are
formed in the second liquid circulation systemin this manner, they can
absorb surplus presBGRan®kK the horizontal directiod - % with respect to
the surface of heat_ generating el enment, which st i nflyence thereof on
the adj ac@nt heat g@%@?ﬁting el ements and on tﬂéﬂﬁﬁhdﬂh hanber .

Ejection liquid 2 (viscosity of 55cP):
Polyethylene glycol 200 100 wt. %

Ejection liquid 3 (viscosity of 150cP):
Polyethylene glycol 600 100 wt. %

10 In the case of the liquid which_has not been
easily ejected, the ejection speed is low, and
therefore, the variation in the ejection direction is
expanded on the recording paper with the result of poor
shot accuracy. Additionally, variation of ejection

15 amount occurs due to the ejection instability, thus
preventing the recording of high quality image.
However, according to the embodiments, the.use of the
bubble generation liquid permits sufficient and
stabilized generation of the bubble. Thus, the

20 improvement in the shot accuracy of the liquid droplet
and the stabilization of the ink ejection amount can be
accomplished, thus improving the recorded image quality
remarkably.
<Liquid ejection head cartridge>

25 The description will be made as to a liquid
ejection head cartridge having a liquid ejecting head

according to an embodiment of the present invention.



- 57 - Fig. 26 is a schendtic, sectional view to show anot her exanpl e of
the pressure wave absorbing nmechanism In the draw ng, the arrow represents
the direction of propagation of the pressure. The pressure 5 wave
absor bi ng nechani sm of this enbodi nent ?i different fromthe previous
enbodinent in that a flexible film32 likely to absorb the pressure-partly
covers the upstream side of the second liquid flow path with respect to the
heat generating elenment. Specific 10 exanples of a material for this

filminclude poIyca%gggsﬁgfnggnacgghgyigygx%%eﬁ d Qoo FG5d b1 RO Y|

chl oride resin, polyv uoride resin, te uor oet'hyl ene resin,

et hyl ene-vi nyl t 946,6APALURRE chefbRa ERHYHEFdANGTRSIdY id i cone
rubber, 15 ﬁgfgrgﬁayggbgb¥ggggé thi%legu%bé%§ NBR, chfg%oprene rubber,

neoprene rubber3ad8ec2hbedhl $qil HUE)8EL S8 ERSOrdnd Nehes Urifuisa pr essur e
in the horizontal direction with'respect to the surface of heat generating

el enent and el igjierdtiont heainthrueptagancafiprisédegenapa iy fmnbisquizhd t he
adj acent heat generating el enents.
5 ejecting head portion 200 and a liquid container 80.

The liquid ejecting head portion 200 comprises an
element substrate 1, a separation wall 30, a grooved
member 50, a confining spring 78, liquid supply member
90 and a supporting member 70.

10 The element substrate 1 is provided with a
plurality of heat generating resistors for supplying
heat to the bubble generation liquid, as described
hereinbefore. A bubble generation liquid passage is
formed between the element substrate 1 and the

15 separation wall 30 having the movable wall. By the
coupling between the separation wall 30 and the grooved
top plate 50, an ejection flow path (unshown) for fluid
communication with the ejection liquid is formed.

The confining spring 78 functions to urge the

20 grooved member 50 to the element substrate 1, and is
effective to properly integrate the element substrate
1, separation wall 30, grooved and the supporting
member 70 which will be described hereinafter.

Supporting member 70 functions to support an

25 element substrate 1 or the like, and the supporting

member 70 has thereon a circuit board 71, connected to

the element substrate 1, for supplying the electric



<Movabl e nenber and partition wall> Figs. 27A to 27C show anot her exanpl es
of the novabl e nenber 31, wherein reference nuneral 35 25 desi gnates a
slit formed in the partition wall, and %Ee slit is effective to provide the
novabl e menber 31. In Fig. 27A, the novable nmenber has a rectangul ar -
58 - configuration, and in Fig. 27B, it is narrower in the fulcrumside to
permt increased nobility of the novable nenber, and in Fig. 27C, it has a
wi der fulcrumside to enhance the durability of the novable nmenber. 5

The conf i gur at £95,0ar £AEAaNdafl CUsh E8k E1pdde F2l RBIEE s desinabl e as

shown in Fig. Since both of easiness of notion and durability are

satisfied. HoweyghsrbBeneenbeNULRS | @8v e t4EadOMMY cHE Haftdifgeotid i mi t ed
to the one descri bed above, but it may be any 10 if it does not enter

the second |i gmbntk@vonathe Sappar@t@sOtion is easy with hi gh durability.
In the foregoing enbodi nents, the plate or fil mnovabl e nmenber 31 and the
separation wall 5 ha@kenpighid ocontdimeirredharonmesimmdhhenfe j@atioel having a
t hi ckness
5 liguid such as ink to be supplied to the liquid
ejecting head and the bubble generation liquid for
bubble generation, separately. The outside of the
liquid container 90 is provided with a positioning
portion 94 for mounting a connecting member for
10 connecting the liquid ejecting head with the liquid
container and a fixed shaft 95 for fixing the
connection portion. The ejection liquid is supplied to
the ejection liquid supply passage 81 of a liquid
supply member B0 through a supply passage 81 of the
15 connecting member from the ejection liquid supply
passage 92 of the liquid container, and is supplied to
a first common ligquid chamber through the ejection
liquid supply passage 83, supply and 21 of the members.
The bubble generation liquid is similarly supplied to
20 the bubble generation liquid supply passage 82 of the
liquid supply member 80 through the supply passage of
the connecting member from the supply passage 93 of the
liquid container, and is supplied to the second liquid
chamber through the bubble generation liquid supply
25 passage 84, 71, 22 of the members.
In this embodiment the liquid is circulated within

the head.



15 of 5pm but this is not limted to this exanple, but it may be any if
It has anti-solvent property against the bubble generation liquid and the
ejection liquid, and if the elasticity 48 enough to pernmit the operation of
t he novabl e nmenber, and if the required fine slit can 20 be forned.
Preferabl e exanples of the materials for the novabl e nenber include durable
mat eri als such as netal such as silver, nickel, gold, iron, titanium

al umi num platinum tantalum stainless steel, phosphor bronze or 25 t he
li ke, alloy thereof inosueRsanl ighed i & edoddilhedd ddrigridige s everad £
acrylonitrile, butadiene, stylene or the like, resin material having am de
group such as the- btBblepgéyanatitonrlideid idmd thesigjewdtiom dligudd ng

car boxyl such as pol ycarbonate or the like, resin material having al dehyde
group such as poeydiéferent iihguidke, thesiiguwdssang svwpbligds dinf @eogr oup
such as pol ysul fone, 5 resin material such as liquid crystal polynmer or
the like, or cREAREal &BnHBANERSRRAF : ﬂ%ﬁ mcé'rlroé} 3%%@ nurtdsi ity

agai nst the i nk, such as nmetal such as g
bubble generation liquid &are the same, the supply path

for the bubble generation ligquid and the ejection
liquid are not necessarily separated.
After the liquid is used up, the liquid containers

may bé supplied with the respective liquids. To

10 facilitate this supply, the liquid container is
desirably provided with a liquid injection port. The
liquid ejecting head and liquid container may be
unseparably integral, or may be separable.
<Liquid ejecting device>

15 Fig. 33 is a schematic illustration of a liquid
ejecting device used with the above-described liquid
ejecting head. In this embodiment, the ejection liquid
is ink, and the apparatus is an ink ejection recording
apparatus. The liquid ejecting device comprises a

20 carriage HC to which the head cartridge comprising a
liquid container portion 90 and liquid ejecting head
portion 200 which are detachably connectable with each
other, is mountable. The carriage HC is reciprocable
in a direction of width of the recording material 150

25 such as a recording sheet or the like fed by a
recording material transporting means.

When a driving signal is supplied to the liquid



tungsten, tantalum nickel, stainless steel, titanium alloy thereof,
materials coated wth such netal, resin 10 mat eri al havi ng am de group
such as pol yam de, resin nateri al haviﬁ% al dehyde group such as pol yacetal ,
resin material having ketone group such®as pol yet her et herketone, resin
materi al having imde group such as polyimde, resin material having

hydr oxyl group 15 such as phenolic resin, resin material having ethyl
group such as polyethylene, resin material having al kyl group such as

pol ypropyl ene_,en{eedsr%ir}l e r{sa!onh@ﬁ'e‘ng:a%g@ééeg@gﬂﬂ SHERoRR &PE¥¥ngesin
material, resin materd al” having am no grodp such as nelamne resin 20

material, residy galerd glpiiadah ey ebcdir@ifgSushudd x¥! &yectssdi fo
mat erial, chem cal conpound thereof, ceramc material such as silicon

di oxi de or chefi& dedsriIGiy hatearieal frBneiaeabliguedagpeesing paadiinon or

di vision wall 25 i nclude resin material having high heat-resistive, high
anti-sol vent presirise ag dheglsigwladi.ng property, nore particularly recent
engi neering plastic resin materials - 60 -

5 The liquid ejecting apparatus of this embodiment

comprises a motor 111 as a driving source for driving
the recording material transporting means and the
carriage, gears 112, 113 for transmitting the power
from the driving source to the carriage, and carriage
10 shaft 115 and so on. The device further comprises a
circulation pump 114 for supplying the liquid to the
head and receiving the liquid from the head to
circulate the liquid and a tube 115 for connecting the
head and the pump 114. By the recording device and the
15 liquid ejecting method using this recording device,
good prints can be provided by ejecting the liquid to
the various recording material.
Fig. 34 is a block diagram for describing the
general operation of an ink ejection recording
20 apparatus which employs the liquid ejection method, and
the liquid ejection head, in accordance with the
present invention.
The recording apparatns receives printing data in
the form of a control signal from a host computer 300.
25 " The printing data is temporarily stored in an input
interface 301 of the printing apparatus, and at the

same time, is converted into processable data to be



such as pol yet hyl ene, pol ypropyl ene, pol yam de, pol yethyl ene terephthal ate,
nmel am ne resin material, phenolic resin, epoxy resin material,

pol ybut adi ene, pol yuret hane, pol yet her e?rpe_r ket one, pol yether sulfone, 5

pol yal Iyl ate, polyimde, poly-sulfone, liquid crystal polynmer (LCP), or
chem cal conpound thereof, or netal such as silicon dioxide, silicon
nitride, nickel, gold, stainless steel, alloy thereof, chem cal conpound
thereof, or materials coated with titaniumor gold. 10 The '

thickness of thgpaeranatbon vRL! 303, ek BEn dwebxiependinegren fidre used,

mat eri al and conPi guration fromthe standpoint of sufficient strength as
the wall and sgipptiy2Aly apreadi driying $hgnabyabite GRbE02 prbogesesal |y,
0.5 pm- 10 [err]mapprox. is desirable. 15 The width of the slit
35 for providi tpet B€oremahkeonedbédatd linputédrig mthen GHk odinknt s. When
t he bubbl e generation liquid and ejection liquid are different materials,
and ni xture of prietebdei detes(ivage dabrHedy tPROREFINY ddrad Wikdy so as to

forma neni scus between 20 the |iquids, thus avoi di xture
t her ebet wden. ther useamfl BerhRBAT8heURLbD| SuGR T m%‘gﬂrd W a
viscosity about 2 cP,_ and the ejection |iquid has a viscosit o é_ess t han
100 cP, 5 pm appKex. fSF-FPWil§geﬁ8{}§ﬁ°£opﬁ‘a YE HEEPTRfLi rﬁ%(t%)rvg, %t not
more than 3 Further, in order to record the image data onto an
appropriate spot on a recording sheet, the CPU 302
generates driving data for driving a driving motor

10 which moves the recording sheet and the recording head
in synchronism with the image data. The image data and
the motor driving data are transmitted to a head 200
and a driving motor 306 through a head driver 307 and a
motor driver 305, respectively, which are controlled

15 with the proper timings for forming an image. The CPU
302 outputs a signal for dfiving the pump to circulate
the liquid to a pump driver 309 and the.pump is driven
in Eesponse to the driving signal to circulate the
liguid.

20 As for recording medium, to which liquid such as
ink is adhered, and which is usable with a recording
apparatus such as the one described above, the
following can be listed; various sheets of paper; OHP
sheets; plastic material used for forming compact

25 disks, ornamental plates, or the like; fabric; metallic

material such as aluminum, copper, or the like; leather

material such as cow hide, pig hide, synthetic leather,



25 pmis desirable. <Elenment substrate> The description will be made as
to a structure of - 61 - the elenent substrate provided with the heat
generating el enent for heating the quut Fig. 28A and 28B are

| ongi t udi nal sections of the liquid ejetting head according to an

enbodi nent of the 5 present invention. Fig. 28A shows a head with a
protection filmand Fig. 28B shows a head without a protection film On the
el enent substrate 1, a grooved nmenber 50 is nounted, the nmenber 50 having

second |iquid GrownBahhgelO1ympdf ma8€ERAL AT | SlcN@dd Ss3id fdcd, |1 quid flow
paths 14 and grooves for constituting the first liquid flow path. The

el ement substr@tl bolags apat taenediet r badbes edterta)0.cerantid [err] mthick)
of al um num or e like and patterned electric resistance |layer 105 (0.01 -

0.2 15 [err]mhtbmdbl elichabsi uiiborand &k&R)al tsudtalagnspdrgede (TaN),
tantal um al um num (TaAl') or the like constituting the heat generating
el enent on a swhicbnhas a three dimensional structure.

5 The aforementioned recording apparatus includes a
printing apparatus for various sheets of paper or OHP
sheet, -a recordiné apparatus for plastic material such
as plastic material used for forming a compact disk or
the like, a recording apparatus for metallic plate or

10 the like, a recording apparatus for leather material, a
recording apparatus for lumber, a recording apparatus
for ceramic material, a recording apparatus for three
dimensional recording medium such as sponge or the
like, a textile printing appératus for recording images

15 on fabric, and the like recording apparatuses.

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

20 <Recording System>

Next, an exemplaryvink jet recording system will
be described, which records images on recording medium,
using, as the recording head, the liquid ejection head
in accordance with the present invention.

25 Fig. 35 is a schematic perspective view of an ink
jet recording system employing the aforementioned

liquid ejection head 201 in accordance with the present



oxide filmor silicon nitride film 106 for insulation and heat

accurul ation, which in turn is on the 20 substrate 107 of silicon or the
like. A voltage is applied to the re§i§bance | ayer 105 through the two
wiring electrodes 104 to flow a current “thiough the resistance |ayer to

ef fect heat generation. Between the wiring el ectrode, a protection |ayer
of silicon 25 oxide, silicon nitride or the like of 0.1 - 2.0 [err]m
thick is provided on the resistance layer, and in addition, an

anti-cavitati Oﬁéxﬁfg{iﬂ, =50 @e?gg@'s the gen'erﬁi stiukeufd. 1 7hd. 6 pm

thick) is forne reon to pro t the résistance |ayer 105 from vari ous

liquid such as jiHuid ke dHE@THINRaANAnS kALK WAMEd IRERE 81 €da UPEIM 1 hEnd
bubbl e generation and coll apse is so strong that the durability of the

oxi de fil m whi ciydes Herl@t iwtdlch doagirlisesspllarali fateton Thet £icse, net al
material such as tantalum (Ta) or the like is used as the anti-cavitation
| ayer. 10 aligied pridirect idemsidyepfn8¢0bdpidnsotad te peonengtiom
5 entire recordable range of the recording medium 150.

1t comprises four heads, which are correspondent to

four colors; yellow (Y), magenta (M), cyan (C) and

black (Bk). These four heads are fizxedly supported by

a holder 1202, in parallel to each other and with

10 predetermined intervals.

These heads are driven in response to the signals
supplied from a head driver 307, which constitutes
means for supplying a driving signal to each head.

Each of the four color inks (Y, M, C and Bk) is

15 supplied to a correspondent head from an ink container
204a, 204b, 204c or 204d. A reference numeral 204e
designates a bubble generation liquid container from
which the bubble generation liquid is delivered to each
head.

20 Below each head, a head cap 203a, 203b, 203c or
203d is disposed, which contains an ink absorbing
member composed of sponge or the like. They cover the
ejection orifices of the corresponding heads,
protecting the heads, and also maintaining the head

25 performance, during a non-~recording period.

A reference numeral 206 designates a conveyer

belt, which constitutes means for conveying the various



the conbination of liquid, liquid flow path structure and resistance
material. One of such exanples is shown in Fig. 28B. The nmaterial of the
resi stance | ayer not requiring the protgction |ayer, includes, for exanple,
15 iridium- tantalum- alum numalloy or the like. Thus, the structure
of the heat generating elenent in the foregoing enbodi nents may incl ude
only the resistance |ayer (heat generation portion) or may include a
protection |ayer for protecting the 20 resi stance |layer. In the

embodi ment, t heoDeahs A5NREA L0s LR c9gs diRatitgEnaiAten porti on
havi ng the resistance Tayer which generates heat in response to the

el ectric signahredBi$nySeBbdindhts Ny, T boriverdd alftf 206 ik roRfed
bubbl e enough to eject the ejection liquid is created in the bubble
generation |i qghgoufhr acpnepeterhiatd geareh My orempious aolheyrsheand e form
of a phot ot her nal - 63 - transducer which generates heat upon receiving
| i ght such as Haseen by ahdriverwhotleyecernraetedd® aup@iored&iVeKg hi gh
frequency wave.
5 305. The liquid is circulated by the pump connected to
the pump driver 309.

The ink jet recording system in this embodiment
comprises a pre-printing processing apparatus 251 and a
postprinting processing apparatus 252, which are

10 disposed on the upstream and downstream sides,
respectively, of the ink jet recording apparatus, along
the recording medium conveyance path. These processing
apparatuses 251 and 252 process the recording medium in
various manners before or after recording is made,

18 respectively.

The pre-printing process and the postprinting
process vary depending on the type of recording medium,
or the type of ink. For example, when recording medium
composed of metallic material, plastic material,

20 ceramic material or the like is employed, the recording
medium is exposed to ultra-violet rays and ozone before
printing, activating its surface. In a recording
material tending to acquire electric charge, such as
plastic resin material, the dust tends to deposit on

25 the surface by static electricity. The dust may impede

the desired recording. In such a case, the use is made

with ionizer to remove the static charge of the



On the el enment substrate 1, function elenments such 5 as a transistor, a
diode, a latch, a shift register and so on for selective driving the

el ectrot hermal transducer elenment nay al so be integrally built in, in
addition to the resistance layer 105 c&dstituting the heat generation
portion and the el ectrothermal 10 transducer constituted by the wring
el ectrode 104 for supplying the electric signal to the resistance layer. In
order to eject the liquid by driving the heat generation portion of the

el ectrothermal transducer_on the Qve-descr. he I t te 1, th
SRRl L e R T

resi stance 15 TECPH G W'ring el ectrode 104

generation in TRETId IR A, L g ARRsL BN A ) PREBEREAED S, T

generation in I ance Tayer tween the wring e rode. In the

case of the h9@3§3§£?$heff egl NG #flipointTeRdiceRtherihfepaBpehedosner gy

has a vol tage a pul'se width of 7 psec, a current of 150mA and a

frequency of 6ihli {RpAbvifed e fedilxiGR@ratdhed 1ekeneat preypwbtebsihg | i quid
ink is ejected through the ejection outlet through the process descri bed

herei nbefgre. RSy be HonENESEed tWiterliiyidlkaliigpalopeettsi subssaace, not |inited
to this, but may be any if the bubble generation liquid is properly capable
of bubbl e genewatédnsoluble property substance, composition

polymeric, water soluble property metal salt, urea, or

thiourea is applied to the textile. The pre-processing

is not limited to this, and it may be the one to

10 provide the recording material with the proper

temperature.

On the other hand, the post-processing is a
process for imparting, to the recording material having
received the ink, a heat treatment, ultraviolet

15 radiation projection to promote the fixing of the ink,
or a cleaniné for removing the process material used
for the pre-treatment and remaining because of no
rééction.

In this embodiment, the head is a full line head,

20 but the present invention is.of course applicable to a
serial type wherein the head is moved along a width of
the recording material. |

Next explained is the sequence for circulating the
liguid to the second liguid flow paths when the liquid

25 ejecting head'of the present invention is used as a
recording head as supplying ink thereto. Fig. 36 to

Figs. 39B show flows for the circulation sequence of



- 64 - <Head structure of 2 flow path structure> The description will be
made as to a structure of the liquid ejecting head with which different

i quids are separately supplied in first and second liquid flow 5 pat hs,
and the nunber of parts can be reduces &0 that the manufacturing cost can
be reduced. Fig. 30 is a schematic view of such a liquid ejecting head. The
sane reference nunerals as in the previous enbodi nent are assigned to the
el enents having 10 the correspondi ng functions, and detail ed

descriptions t nltted for |an| I s enbodi nent, a
gr ooved rrenbergg% %man OI’IF %esepﬁ dslgf notf)is?r"foﬁﬁttp’n Figs. 28A and 28B

Const i tut i hg a. plorat i3 i dibq " shle P BheBless, epsdan S, |
cons 1170 LB A5t ygerenp dicy et g (e 11
separation waldi A% 1St iy nérd 1Qudike Reld ¥MePfrecording operation.

5 Fig. 36 shows the sequence between the time when the
power supply of the main body of the recording
apparatus is turned on and start of recording. The
power supply is turned on at step 301, and the pump is
turned on at step 302 to circulate the liquid for a

10 predetermined period in order to even states of the
liquid in the second liquid flow paths in the head.
Then the drive of the pump is turned off (at step 303),
and the recording operation is started (at step 404).
This sequence achieves a good state of the liquid in

15 the second liquid flow paths before start of recording
and start of stable recording operation.

Fig. 37 shows the sequence for circulating the
liquid during standby between recording and recording.
Receiving a recording signal (at step 310), recording

20 is carried out (at steps 311, 312) and the pump is
turned on (at step 313) to effect circulation of the
liquid for a predetermined period (at step 314). The
next recording can be better performed by circulating
the liquid during standby for recording in this manner.

25 Fig. 38 shows the sequence of circulating the
liquid@ for a predetermined period (at steps 321, 322)

after end of recording (at step 320), thereby achieving



t he grooved nenber 50 by which plurality of first liquid flow paths 14 are
formed. Such a grooved nenber 50 has a first liquid supply passage 20
extending from an upper position to the first common |iquid chanber 25

15. The grooved nenber 50 also has a $&cond |iquid supply passage 21
extending froman upper position to the second common |iquid chanmber 17

t hrough the - 65 - separation wall 30 and a liquid outflow path 28 (not
shown in Fig. 30) into which the liquid cercul ated through each second
liquid path. As indiLgcated by .an arrow C in Fi 30, the first 5 liquid
(ej ection Iiqufd§ ?‘tg%‘ffbp?% e‘%ilst"fﬁsosueéiryqq'?glﬂdrsg?'l i qui d supply passage 20
and first comon |iguid cham ld Sequbibkd sblkow path 14, and
the second liquid (%%%1 e gen%da@o%%#%iﬁéi sqlgl%gpl ied to each of the

second |iquid Gtﬁcl)fﬁ&gh-é hfuriQg theeceperbiayi 6pevapiynpassage
21 and the qu%#ga\%gﬁﬁ%lv path 29 as indi gat ed by a;:rowgD Fn Fi g.n30. In

this exanple, £hg. sggRNGhwSlUiKe Stplendiassasmih ane bhbapl Eguidraedl ow
path 29 are extehded in

5 on (at step 341) between reception of the recording

signal (at step 340) and start of recording (at step
342) to perform recording as circulating the liquid in
the second liquid flow paths (at step 343) and
thereafter the pump operation is ended (at step 344).

10 On the other hand, Fig. 39B shows the sequence in
which the operation of the pump is made on (at step
350) prior to reception of the recording signal (at
step 351) and recording is carried out as circulating
the liquid (at step 353).

i5 By circulating the liquid in the second liquid
flow paths during recording in this manner, the liquid
subject to the heat generated during recording can be
changed in order and the effect as discussed previously
can be achieved.

20 The flow amount and rate of the liquid may be set
variable in each sequence.
<Head Kit>

Hereinafter, a head kit will be described, which

comprises the liquid ejection head in accordancewith

25 the present invention. Fig. 40 is a schematic view of
such a head kit. This head kit is in the form of a

head kit package 501, and contains: a head 510 in



parallel with the first liquid supply passage 20, but 15 this is not
limted to the exenplification, but it nay be any if the liquid is supplied
to the liquid outflow path 29 through tgg separation wall 30 outside the
first comon |iquid chanber 15. The thigknéss (di aneter) of the second
l'iquid 20 supply passage 21 and the liquid outflow path are determ ned
in consideration of the supply anount of the second liquid. The
configuration thereof is not Iimted to circular or round but may be

rectangul ar or e ld-kee 93th thﬁoprééeﬁeriﬁ@énE@%JEKMﬂﬁcﬁ(Haﬂﬁﬂlééﬂ s, as

shown in Fig. 31 which is an exploded perspective view, a conmon |iquid

chamber frame apdiakSegeReibhddbdtR8as8le ¥6t!ejectifP iniey &ad Gred of a
dry film and a conbi nati on of a grooved nenber 50 having the separation

wal | fixed theceh®aandrt Beogl enaat isybat Iageid esetdnisiedvhidnisis orming the
second common |iquid chanber 17 and the 5 second liquid flow path 16. In
this exanpl e, separhblent osuhshsaperdbls, from the head; and ink
5 filling means 530, which holds the ink to be filled
into the ink container 520.

After the ink in the ink container 520 is
completely depleted, the tip 530 (in the form of a
hypodermic needle or the like) of the ink filling means

10 is inserted into an air vent 521 of the ink container,
the junction between the ink container and the head, or
a hole drilled through the ink container wall, and the
ink within the ink filling means is
filled into the ink container through this tip 531.

15 When the liquid ejection head, the ink container,
the ink filling means, and the like are available in
the form of a kit contained in the kit package, the ink
can be easily filled into the ink depleted ink
container as described above; therefore, recording can

20 be quickly restarted.

In this embodiment, the head kit contains the ink
filling means. However, it is not mandatory for the
head kit to contain the ink filling means; the kit may
contain an exchangeable type ink container filled with

25 the ink, and a head.

Even though Fig. 40 illuétrates only the ink

filling means for filling the printing ink into the ink



constituted by providing the supporting nmenber 70 of metal such as al um num
with a plurality of electrothermal transducer el enents as heat generating
10 el enents for generating heat for bubble generation fromthe bubble
generation liquid through filmboiling.83Above the el ement substrate 1

there are disposed the plurality of grooves constituting the liquid flow
path 16 fornmed by the second liquid passage walls, the 15 recess for
constituting the second common |iquid chanber (common bubbl e generation
l'iquid chanmber) 17 which js in fluid comunicatjion with the pluyrality of
bubbl e gener at FBRA*R+GGF d H’%V\P%%‘% ﬁ?g? dFa% SRy "ﬁ?é‘smft&ﬂ Jp g?f@lgat i on
liquid to the bb] e neration,_ 20 | iguid S d ration
or dividing vva?ﬁ? éﬁbﬁg i%??ﬁ%tlr’r%r\l/aﬁ%uﬁlJlnstocg%%%sulbgbﬁ'a%t g&bﬁeﬁ et erence
nunmeral 50 is a, v . ey % e JrS Qe degk Wi th grooves
for constituti%g{‘ﬁg gjg%g%?ig%f“]dui d&?’?%vﬁﬁgaﬁs (fidrst 429 7 quid flow
paths) 14 by npdpiidgnghResg@aration walls 30 thereto, a recess for
constituting the first conmon |iquid chanber (common ejection liquid
chamber) 85 for While the invention has been described with

reference to the structures disclosed herein, it is not

confined to the details set forth and this application

is intended to cover such modifications or changes as

may come within the purposes of the improvements or the
10 scope of the following claims.

As detailed above, the following effects were
achieved by providing the head structure for displacing
the movable member with the free end by the bubble
generated, with the guide path for flowing the liquid

15 in the bubble generation region.

Namely, the ejection efficiency was improved, and
the durability of the movable member and heat
generating mémber was greatly improved. Further, the
invention achieved the improvement in the response

20 frequency and stability, which the conventional bubble
jet technology failed to achieve. Further, the
invention achieved the effect of effectively removing
the bubbles in the flow path and the improvement in the
reliability of ejection of liquid.

25 Since these effects were attained without
wastefully consuming the liquid in the second liquid

flow path, the running cost was largely curtailed.



- 67 - supplying the ejection liquid to the ejection liquid flow paths,

t he

first supply passage (ejection liquid supply passage) 20 for supplying the

ejection liquid to the first common |iquid chanber
passage (bubbl e generation |iquid suppl §6passage) 21 for supplying the
bubbl e generation liquid to the second supply passage (bubbl e generation

and the second supply 5

| i quid supply passage) 21. The second supply passage 21 is connected with a
fluid conmmunication path in fluid conmunication 10 with the second

liquid chanber 17. . ' he, ' ] 30
G sposed out si de.of 1PnaaPtPEP nbAY) PROTH-dRAREHIT o P W Wi si on of

the fluid co

to the second COMTD
ej ection |iqui qh&)ggeggﬁlt gﬁoaht%ﬁg?ebggeawﬂ%ﬁé%@&me rate

I'S such that t he novabl e nenbers
tRet REVABPE AEMSEA! | dh ORIt str the 20

separation wal |
31 are arrangegrgacipirondiA

er 15wt ure th the

., grooved top

el enent substrate 1, and thaft the ejection liquid flow paths 14 are

arranged &orrespoagigigtie biccsbvebl ehaebiishbe 3dendratdd aekathd e, one
second supply passage is provided for the grooved nenber, but it may be

10

15

20

25

movable member displaced thereby, so that the liquid

near 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 bubble jet method.

With the characteristic structures of the present
invention, ejection failure can be prevented even after
long-term storage at low temperature or at low
moisture, or, even if ejection failure occurs, the head
can be advantageously returned instantly into a normal
condition only with a recovery process such as
preliminary ejection or suction recovery. With this
advantage, the invention can reduce the recovery time
and losses of the liquid due to recovery, and thus can
greatly decrease the running cost.

Especially, the structures of the present
invention improving the refilling characteristics
attained improvements in responsivity upon continuous
ejection, stable growth of bubble, and stability of
liquid droplet, thereby enabling high-speed recording
or high-quality recording based on high-speed liquid

ejection.

TTLERH BIGERS g UERBH LSO TR O | GMLcL Rl i, Supol



plural in accordance with the supply anount. The 25 cross-sectional area
of the flow path of the ejection liquid supply passage 20 and the bubbl e
generation liquid supply passage 21 nay be determined in - 68 -
proportion to the supply anmount. By thes8gptim zation of the cross-sectional
area of the flow path, the parts constituting the grooved nenber 50 or the

| i ke can be downsized. 5 As described in the foregoi ng, according
to this enbodi ment, the second supply passage for supplying the second
liquid to the second liquid flow path and the first supply passage for

suppl ying the first In dlied heed o€ fhestwpr§iry PPBQ/%EE%C wee | tRRi d out fl ow
path, can 10 be rOV|ded by a single grooqved, top_ plat so that the

nunber of partsf Pk Gl FESEF ELI9RD OFh ERBY 6#’@“?‘13@ ?‘éﬁ?ﬂ: | B3 of 2t

fact d.th t h d t th fact t,
v 6" acconpl | ShaeeaAA a”mﬁu@r fb(iﬁe]g%%ah 366r L ERu%8 BREPR RS €0 19 L he
second CO”"?Q g%%g g'%h 3htﬁ N gbhdbd +EOTTHRLERE! 8P W 110§ S&FORsh 1 quid

fl ow pat h,
5 to form a deposit (scorching or the like) on the heat

generating element. It was confirmed that the head of
the two-flow path structure was able to well eject the
liquid, that the cohventional heads failed to eject in
the conventional bubble jet ejection method, for

10 example, a high-viscosity liquid unlikely to generate a
bubble, a liquid likely to form a deposit on the heat
generating element, and so on.

Further, it was confirmed that the head of the
two-flow path structure was able to eject a liquid weak

15 against heat or the like without negative effect due to
heat on the liquid.

When the liquid ejecting head of the present
invention was used as a liquid ejection recording head
for recording, further higher-quality recording was

20 achieved.

The invention provided the liquid ejecting
apparatus, recording system, and so on further improved
in the ejection efficiency of liquid or the like, using
the liquid ejecting head of the present invention.

25 Use or reuse of the head can be readily achieved
using the head cartridge or the head kit of the present

invention.



t he second Tiqurd—ftow-path—-whi ch penetrates the separation wall for
separati ng mm," e nd the second liquid, and therefore, one
bondi ng st epillk ﬂ“ﬁ""#ﬂ'u Ffor t he Sﬁpding of the separation wall, the
grooved nenber dndlt he heat» generatindg“el™enent substrate, so that the
manuf acturing is easy, and the accuracy of the bonding is inproved. Since

the second liquid is supplied to the second 25 |l iquid conmon |iquid
chanber, penetrating the separation wall, the supply of the second |iquid

to the secondwéA@u&$ cLOMRRIfEd S assured, and therefore, the - 69 -
suppl y anount urfirclen that the stabilized ejection is

acconpl i shed. <Ejegtion iic?.uiidi Nt WP R L Feratijaktihguidguda descri bed
in the foregoing enbodinment, 5 —~ according to the present invention, by
the struct ur egdmartaei dri eo My dilkb e Mempiasdnigeed above, the |iquid can be

ej ected at higher ejection force or ejection efficiency than the
conventional |iquial #£fiest ihigrhishdEldshgathhdns£imidi gomdundcasédnf or t he
bubbl e generation

5 with an ejection outlet;

a second liquid flow path having a heat generating
element for applying heat to the liquid to generate a
bubble in said liquid, and a supply path for supplying
the liquid to above said heat generating element from

10 an upstream side of said heat generating element in a
direction along said heat generating element;

a movable member disposed as facing the heat
generating element, displaced to a side of said first
liquid flow path, based on a pressure generated when

15 said heat generating element is driven, and having a
free end; and

a guide path for flowing the liquid above said

heat generating element in said second liguid flow

path.
20
2. A liquid ejecting head according to Claim 1,
wherein a cross-sectional area of a portion of said
guide path is larger than a cross-sectional area of
said second liquid flow path.
25

3. A liquid ejecting head according to Claim 1,

wherein a plurality of such second liquid flow paths



10 liquid and the ejection liquid, it is possible that the liquid is not
det eri orated, and t hat dep05|t|on on the heat generating el enent due to
heat i ng m\“mu m ﬂﬁlj herefore, a reversible state change is

acconpl i t he gaSS|f|ta§90n and condensation. So, 15
various |i*qui‘ds‘ar'e dsable, if the liquid is the one not deteriorating the
liquid fl ow passage, novabl e nenber or separation wall or the |like. Anong

such |iquids, the one having the ingredient as used in conventional bubble

t d b r di i qui d. Wy two- f th
Livucture o C?Egeﬁpéé%a@e& R FRRT £ o T 6 i S B ol

and bubbl e geney t|on UId i
above- descri be Wb ar y Ps* usegglnore ég%fg*lcu ar y,rnﬁg%%géﬁfes
i ncl udes: net han {1 dekm?ﬁegatﬂ Bh&P¥he aéﬁ%‘lplend PP &P hRlcond hexane,

n- hept ane, n- oct ne xyl ene, nethyl ene - 70 - dichloride,

trichloroethyl enguif’ 98w Thathl £8NiBFe1@idYdomiliticatticixaiiah @wiliahexane,
nmet hyl acet at e,

5 another second liquid flow path.

4. A ligquid ejecting head according to Claim 1,
wherein a plurality of such second liquid flow paths
are provided and the guide path is in fluid

10 communication in common with each of the second liquid

flow paths.

5. A liquid ejecting head according to Claim 1,
wherein forcible flow means for flowing the liquid in
15 the second liquid flow path is provided in a part of

said guide path.

6. A liguid ejecting head according to Claim 5,

wherein said forcible flow means is a pump.

20
7. A liquid ejecting head according to Claim 1,
wherein heat conversion means is provided in said guide
path.
25 8. A liquid ejecting head according to Claim 7,

wherein said thermal conversion means subjects the

liquid flowing in said guide path to heat radiation.



et hyl aeeLaLe+_ggglgggL‘Eethyl et hyl ketone, water, or the like, and a

m xture -5 As for the ejection liquid, various liquids are
usabl e ng! WM#m ention to the degree of bubbl e generation property
or ther fliquids whi ch #%ve not been conventional |l y usabl e,
because of | ow bubbl® deneration property and/or easiness of 10 property
change due to heat, are usable. However, it is desired that the ejection

liquid by itself or by reaction with the bubble generation |iquid, does not

i rpede the ejectiong thg ngg#grg$%g£gﬁéoH%g@ B QAT Ie 1T t#éﬂbf%fﬂryennvable

menber or 15 the Ti ke, e retording ejection [iquid, high
viscous Ink or wha%ghhkg?&a Haak! ﬁonférée n SROARET s @b St PNeHd AUidhia

pharmaceutical s and perfune or the Iike having a nature easily deteriorated

by heat is usakh@ywihBeidOsaidl gki@é bpaenfebl Reéetndg ngredi ent was used as
the recording liquid usable for both of the ejection Iiquid and the bubble
generation liquid, and the recording operation was carried out. Since the
ej ection speed of the ink is increased, the shot accuracy of the liquid 25
droplets i5s i nprovedQ.and fhgnéficegechinhl headsacedntdingrate Lhaime Iecor ded.

wherein a bubble reservoir for stbring a bubble
different from a bubble formed by film boiling is

provided in said guide path.

10 11. A liquid ejecting head according to Claim 10,
wherein a part of said bubble reservoir has a filter
portion having a plurality of pores and said filter

portion covers at least a part of said guide path.

15 _ 12. A ligquid ejecting head according to Claim 1,
wherein a supply portion for supplying the liquid is

provided in said guide path.

13. A liquid ejecting head according to Claim 1,
20 wherein the liquid is ejected by expanding said bubble
more on the downstream side than on the upstream side

in a direction toward the ejection ocutlet by

displacement of said movable member.

25 14. A liquid ejecting head according to Claim 1,
wherein said second liquid flow path is a liquid flow

path having an internal wall substantially flat or



- 71 -
diethyl
5w. 9
77 W .

conbi nati on
ejection liquid. As a 10 result, the liquid having a ten and several

e I nk V|5005|ty of 2cP (C. I. food black 2) dye 3 w.

Vi scosity,
and even 150cp
Bubbl e generati

wt. % Water

Wat er
| sopr opyl

e T

whi ch was unable to be ejected her et of or e,

10 wt. % Thi o di gl ycol

"mml 91 3 wt. % Water
tlons were also’carried out using the follow ng

t%esI|QU|ds for the bubble generation liquid and the

ui d hanol

%

cps

was properly ejected,
%ﬁlq@IW%%dPBQPQBEYuSBQEESH LoaprerFi seidingugual ity i mage.

40

generatlng element, for SUpplyifigBtive| Eigendred iabove quid 2:

100 wt. % Bubbl e generation liquid 3: 20

al cok@iidc heat generatihg wlemémt along said internal wall.

10

15

20

25

15. A liquid ejecting head according to Claim 1,

wherein said movable member is of a plate form.

16. A liquid ejecting head according to Claim 15,
wherein said movable member is constructed as a part of
a partition wall disposed between said first flow path

and second flow path.

17. A liquid ejecting head according to Claim 16,
wherein said partition wall is of a metal material, a

resin material, or a ceramic material.

18. A liquid ejecting head according to Claim 1,
further comprising a first common liquid chamber for
supplying a first liquid to a plurality of such first
liquid flow paths and a second common liquid chamber
for supplying a second liquid to a plurality of such

second liquid flow paths.

19. A liquid ejecting head according to Claim 1,
wherein said bubble is generated by a film boiling
phenomenon caused by transferring heat generated by the

heat generating element to the liquid.



Wat er 90 wt. % Ejection liquid 1: (Pignment ink

approx. Vvjscosity of—t5c ’scosMyP) Car bon bl ack 5 w. %25

Styl ene- ! ﬂml _ et hyl copol yner (oxide 140, wei ght average
i ki ﬂmfwt % - 72 - Mgmw-—et hanol ami ne 0.25
s *

nol ecul dry
w. %dyceline 69 wt. 9% Thi odi gl ycol

5 w. % Et hanol 3wWm. %5 Wat er )
16.75 wt. % Ejection liquid 2 (viscosity of 55cP): Pol yethylene glycol 200

100 wt. % Ejection liquid 3 (viscosi.ty, of 150cP); Pol hyl ene,gl yco] 600
100 wt. %10  In e _d%ééqb‘idtﬁeﬁ*r’dﬁ geéﬂi%%“%‘%'%pt%pggﬁ_x asi |y
ejected, the ef ectigp pRoed e, liAtng a0l ek cEOLBsoiting! Hakbhola| Fot he
ejection direction i's expanded on {he recor di ng paper with the result of
poor restricting a.pressure from being transferred into the
guide path upon generatlon of & bubble in said second
5 liquid flow bath, said pressure absorbing mechanism

being disposed in sald second liquid flow path.

21. A liquid ejecting head according to Claim 20,
wherein said pressure absorbing mechanism has a valve
10 and a regulating portion for regulating rotation of

sald valve.

22. A liquid ejecting head according to Claim 20,
wherein sald pressure absorbing mechanism is of a

15 flexible film.

23. A liquid éjecting head according to Claim 1
or Claim 2, further comprising a throat portion between

said second liquid'flow path and said guide path.

20 .

24. A liquid ejecting head according to Claim 1,
wherein the liquid supplied to said first liguid flow
path is the same as the liquid supplied to said second
liguid flow path.

25

25. A liquid ejecting head according to Claiam 1,



shot acCuracy—Addi-tionally, variation of ejection 15 anount occurs due

to the e | DN 8 1 lity, thus preventing the recording of high quality
i mage. Mﬂﬂigﬂﬂmw& to the enbodigents, the use of the bubble
generatioh 14 quw dup ' sufficient and stabilized generation of the
bubbl e. Thus, the 20 | nprovenent in the shot accuracy of the liquid
droplet and the stabilization of the ink ejection anount can be

acconpl i shed, thus inproving the recorded i mage quality remarkably. <Liquid

ej ection head GRELLif98Fe 2Diquid supplltedderidalle ¢n k! hiBaiardecgs to a
liquid ejection head cartridge having a liquid ejecting head according to

an enmbodi nent ©dth hes pd ESEsten )\t @he liquid3 supblded32oi saadschematic
expl oded perspective view of a liquid ejection head cartridge including the
above- descri besedondi Migpisdtfgy heady. and the |iquid ejection head
cartridge conprises generally a liquid 5 ej ecting head portion 200 and a
| iquid container 80. The liquid ejecting head portion 200 conprises an

5 26. A liquid ejecting head according to Claim 1,
wherein said heat generating element is a heat
generating resistor for generating heat when receiving
an electric signal, said heat generating resistor being
disposed on an element substrate.

10
27. A liquid ejecting head according to Claim 26,
wherein on said element substrate there are provided
wiring for transmitting an electric signal to said heat
generating resistor and a function element for
15 selectively supplying an electric signal to said heat

generating resistor.

28. A liquid ejecting head according to Claim 1,
wherein said second flow path is shaped in a shape
20 having a throat portion upstream and downstream of the

heat generating element.

29, A 1iquid ejecting head according to Claim 1,
wherein a distance between a surface of said heat
25 generating element and said movable member is not more

than 30 um.



el enent -substrate-1,_a separation wall 30, a grooved nmenber 50, a confining

spring 78, ks ‘i nmber 90 and a supporting nmenber 70. 10

The el ener,uumﬂmnjlmwnlﬂeprovi ded with a plurality of heat generating
resi stors forcSuppiwyi 8 at to the bub®te-generation liquid, as described
her ei nbefore. A bubbl e generation liquid passage is forned between the

el ement substrate 1 and the 15 separation wall" 30 having the novabl e

wal |l . By the coupling between the separation wall 30 and the grooved top
pl ate 50, an ejecti flow, path. (unshown) for.fluid | cati.on with the
ejection liquidis ggrne .lgﬁglgoﬁﬁgﬁ?ﬁ%&s ??%géék9?é}é§i<5ngﬁf8%hﬁge the 20
grooved nenber 50 _to_the el enen L at ' ive perly
i ntegrate the 8’?‘3’ ﬁ?ﬁ § ﬁlgsh rlgf"‘le}1 13'3] %%%%@aﬁ%%u%%é%g%%lvoéd Oté%&' %hc:e
supporting menfer ;4@ which will be described hereinafter. Supporting nenber
70 functions to support an 25 el ement substrate 1 or the like, and the
supporting nenber 70 has thereon a circuit board 71, connected to the
el enent substrate 1, for supplying the electric

5 31. A liquid ejecting head according to Claim 30,

wherein the ink is supplied to said first liquid flow

path.

32. A liquid ejecting head for ejecting a liquid,
10 comprising:

a first liquid flow path in fluid communication
with an ejection outlet;

a second liguid flow path provided with energy
generating means for generating a bubble for ejecting

15 the liquid;

a movable member disposed as facing a bubble
generation region of said energy generation means,
displaced to a side of said first liquid flow path,
based on a pressure of the bubble, and having a free

20 end; and
a guide path for flowing the liguid in said bubble

generation region in said second liquid flow path.

33. A liquid droplet ejecting head for ejecting a
25 liquid droplet through an ejection outlet, based on a
bubble generated by film boiling, comprising:

a first liquid flow path in direct fluid



- 74 -Tsignal—thereto, and contact pads 72 for electric signal transfer

bet men’J‘m ' I de when the cartridge is nounted on the apparatus. The
l'i quid H ;mgﬂﬂ Lainsthe ej ection 5 liquid such as ink to be
supplied td the ki j ecting head -ar%$ t-he bubbl e generation liquid for
bubbl e generation, separately. The outside of the liquid container 90 is
provided with a positioning portion 94 for nounting a connecting nenber for
%Q . Cﬁn?ecggn? ths liquid ejecting head with the Iiquid container and a

i xed shaft or fixing the connection portion. The ejection liquid is
suppl i ed to theomparicaFion ¢ th SIS gLy EE1eSF a |iquid supgl y nenber

80 through a supply passa 81 of .the 15 Qnnectin er fromthe
ejection |iquid sup%l?e‘ﬁ%‘gia]g’eq‘@f oﬁtEQWé)qqhqaﬁla(Ylélgntaalgng%?Qand i s supplied

to a first comon |igyuid chanber through the ejection liquid supply passage
83, supply andg?‘ie’é?gl'?fé He?bEs. The bubble generation liquid is simlarly

supplied to 20 the _bu ty | QUi g2aB2e0ktt he
liquid supply menbef %gvﬁir%urg%ﬁ%%g Hs%ﬁi%%a%se};%wg d?%gﬁgonﬁgc?i ns menber

;;ggh;hfi%3?8'YeQQ%sﬁgeagguﬁﬁlérﬁbféiBﬂ(héﬁﬁﬁgﬂd“ﬁbesﬁmié sofpppened to the
directly acting for ejection of the liquid droplet and,
by being displaced, guiding said bubble portion of the
bubble having said pressure component toward said
ejection outlet; and

10 a guide path for flowing the liquid in the bubble

generation region in said second liquid flow path.

34. A liquid droplet ejecting head according to
Claim 33, wherein the liquid droplet is ejected by
15 expanding said bubble more on the downstream side than
on the upstream side in a direction toward the ejection

outlet by displacement of said movable member.

35. A liquid ejecting head for ejecting a liquid
20 by generation of a bubble, comprising:
a first liquid flow path in fluid communication
with an ejection outlet;
a second liquid flow path having a heat generating
element for applying heat to the liquid to generate a
25 bubble in said liquid, and a supply path for supplying
the liquid to above said heat generating element from

an upstream side of said heat generating element in a



chanber—through the bubbl e generation |iquid supply 25 passage 84, 71,

22 of th . InThis enbodinment the liquid is circulated within the
head. 6”"8 ﬂi’”ﬂ ”’ liquid ejection head cartridge, even if the
bubbl e gene and the ejecti®f® tiquid are different |iquids, the

liquids are supplied’in*good order. In the case that the ejection liquid
and the 5 bubbl e generation liquid are the sane, the supply path for the
bubbl e generation liquid and the ejection |iquid are not necessarily
separated. After the ,liquid is used u the |liguid containers may be

B daaest 3

suppl i ed with CHEEFEIEBCALOBY| PR oJBeT G i F W "t hi s supply, the

liquid container is desirs?éyﬁg&gékgggﬁ§$é%%§a if&ﬁfk.’ﬂﬁg?ﬂéﬁk port. The
u nt ai

liquid ejecting hea&_&ﬁaa _ _ _ y be unseparabl'y integral, or
Ty e, £ St USSR B8R0 10 2 sude B gt
above-describeq ;l\,q4 10w path, based on a pressure generated when
5 said heat generating element is driven, and having a
free end; and
a guide path for circulating the liquid above said
heat generating element in said second liquid flow
path.
10
36. A liquid.ejecting method for ejecting a
liquid by generation of a bubble, comprising:
using a head having a first liquid flow path in
fluid communication with an ejection outlet, a heat
15 generating element for applying heat to the liquid to
generate a bubble in said liquid, a second liquid flow
path having a supply path for supplying the liquid to
above said heat generating element from an upstream
side of said heat generating element in a direction
20 along said heat generating element, and a movable
member disposed as féCing the heat generating element
and having a free end, flowing the liquid above said
heat generating element in said second liquid flow path
using a guide path in fluid communication with said
25 second liquid flow path; and
displacing said movable member to a side of said

first liquid flow path, based on a pressure generated



ej ect i ng—head—+tnA—thi-s—enbodi nent, the ejection liquid is ink, and the

rﬂmmmzmﬁm mgn recording apparatus. The liquid ejecting
ut P%

appar at us
deV|ce co

liquid container porilen 90 and

rrlage HC to whi ch the head cartridge conprising

ejecting head portion 200 which

are det achably connectable with each other I's mountabl e. The carriage HC

Is reciprocable in a direction of wwdth of the recording nateri al

such as a recording sheet or the |ike fed by a recording material

tra.nSpO.rti ng m‘gﬂ%ﬂ ?ﬂtgcl&??{a%l n% Jg‘pal :Llesme &Dplls %(}lklgnt h%hlelrgg d

- ejecting mean

N~ respo e S|gnal 5 The liquid ejecting

112, 113 for transm %] ngat hegpoiesjddiing heethddvifeg egectentoat he
and carri age

carri age,

5

10

i5

20

25

liquid droplet through an ejection outlet, based on a
bubble generated by film boiling, comprising:

using a liquid ejecting head having a first liquid
flow path in direct communication with the ejection
outlet, a second liquid flow path having a bubble
generation region, and a movable member disposed as
facing said bubble generation region, displacing the
movable member having a free end displaceable at least
by a bubble portion having a pressure component
directly acting for ejection of a liquid déroplet,
thereby guiding said bubble portion of the bubble
having said pressure component toward said ejection
cutlet, and flowing the liquid in the bubble generation
region in said second liquid flow path using a guide
path in fluid communication with said second liquid

flow path.

38. A liquid ejecting method according to Claim
36 or Claim 37, wherein the liquid in said second

liquid flow path is circulated.

39. A liquid ejecting method according to Claim

38, wherein a plurality of such first liquid flow paths

150 25

rirvi ng-si ghal” supplfy means,
the recording | C the recordlng material fromthe liquid
ej ecting head |é9géglh§se % ifﬁpfé)

apparatus of this enbodi nent conprises a notor
driving the recording material transporting nmeans and the carriage, gears

76

111 as a driving source for



——

10 Biﬁ"})’ﬂlw an n. The device further conprises a circulation punp

114 fo :Hmumyﬂiquid to the head and receiving the liquid fromthe
head t I iquid and a tubgﬁ}l5 for connecting the head and the

punp 114. By the r%cd?ding devi ce and the 15 |l iquid ejecting nethod
using this recording device, good prints can be provided by ejecting the
liquid to the various recording material. Fig. 34 is a block diagramfor
describing the general operation of an ink ejection recording 20

appar at us whi cir&nph p¥sd tdch i £icidan teidroduchndetBadl Lagidaej ection
head, in accordance with the present invention. The recordi ng apparatus

recei ves printfngw dsdens neddeHeranmisaad prurall itygpdl skeefgalhgaiaconput er
300. 25 The printing data is tenporarily stored in an input interface
301 of the priflowmgpatiparate ssormmattad tite ssamtest wiith eachootvbetredndnt o
processabl e data to be - 77 - inputted to a CPU 302, which doubles as
means for supp$gidchglbawieddt wsyidrny ssighsleconde 1dRUiIG0Z1pwopathesin

5 order.

40. A liquid ejecting méethod according to Claim
38, wherein a plurality of such first liquid flow paths
are paired each with a plurality of such second liquid
10 flow paths and wherein said plurality of second liquid
flow paths are connected in parallel with each other
and said liquid fléws in parallel in said second liquid

flow paths.

15 41. A liquid ejecting method according to Claim
37, wherein the heat generating element is located at a
position facing said movable member and a region
between said movable member and said heat generating

element is said bubble generation region.

20
42, A liquid ejecting method according to Claim
36 or Claim 37, wherein a part bf the bubble generated
extends into said first liquid flow path with
displacement of.said movable member.
25

43. A liquid ejecting method according to Claim

36 or Claim 37, wherein the liquid is ejected by



t he af erernentioned—data—+nputted to the CPU 302, into printable data (inage
data), b _ [ wth 5 the use of peripheral units such as
RAMs 304nmm)mﬂmlluﬂmn | owi ng control, programs stored in an ROM 303.
Further, ®#n ®rder "tosretord the i mage ddta onto an appropriate spot on a
recordi ng sheet, the CPU 302 generates driving data for driving a driving
not or 10 whi ch noves the recording sheet and the recording head in

synchronismwith the i mage data. The inage data and the notor driving data

are transm tted Lo, hpath 200,000 Sdlid V' ¢rilueind@eebiir auab aniRad dri ver

307 and a notor respectively, which are controlled 15 W th

the proper tiningend QfpdQrdidG Alk 1/RGe a1 rBet 16RU3NArautayt sjecsignal for
driving the punp to circulate the liquid to a punp driver 309 and the punp
is drivenin regppege by divpIidandi: YU™alid moviabtel akmbeke |iquid. 20

As for recording nedium to which Iiquid such as ink is adhered, and which
Is usable with a recordi ng apparatus such as the one descri bed above, the
follow ng can be |isted; various sheets of paper; OHP sheets; ‘plastic
material &sed for fé&tn My LippatteStinglimekhodoesgerdiay fPafédimor the

i ke; fabric; netallic material such as alum num_ copper, _or _ the |liKke;
| eat her 41, wherein said bubble is generated by a film boiling

phenomenon caused by transferring heat generated by the

heat generating element to the liquid.

10 45, Alliquid ejecting method according to Claim
41, wherein the liquid is supplied along an internal
wall substantially flat or gently sloped on the
upstream side of the heat generating element, to above
said heat generafing element.

15

46. A liquid ejecting method according to Claim
37, wherein the liquid supplied to said first liquid
flow path is the same as the liquid supplied to said
second liquid flow path.

20

47. A liquid ejecting method according to Claim
37, wherein the liquid supplied to said first liquid
flow path is different from the liquid supplied to said
second liquid flow path.

25

48. A liquid ejecting method according to Claim

37, wherein the liquid supplied to said second liquid



nmateria as_cow hide, pig hide, synthetic |eather, - 78 - or the
like; | mﬂﬂ M ” |" flich as solid wood, plywod, and the like; banboo
mat eri al'y t al such as til and material such as sponge which

has a three dinensional structure. 5 Too™ The af orenenti oned recording

apparatus includes a printing apparatus for various sheets of paper or OHP
sheet, a recording apparatus for plastic material such as plastic materi al
used for form ng a conpact disk or the like, a recording apparatus for

metal lic platgy LAth ikN8 hikeiaambeeossbagapparatas Iaist asmdier
material, a recording apparatus for lunber, a recording apparatus for

cerani ¢ mat er igloped thee? dbRdvaBpasatys Hebblergendiaensg qnedperte) di ng
medi um such as sponge or the like, a textile printing apparatus for

recordi ng i maged Hhermadnskabbilétyandahhehéi kbquid osupplieppe asamds. As
for the liquid to be used with these liquid ejection apparatuses, any
liquid is usalfiesas liguaddaflow patbonpati ble with the enpl oyed recordi ng
medi um and the recordi ng conditions.

5

49. A liquid ejecting method according to Claim
37, wherein the liquid'in said second liquid flow path
is made to flow during a recording operation or during
a non-recording operation.

10

50. A liquid ejection recording method for
ejecting a recording liquid through an ejection outlet
by generation of a bubble so as toleffect recording,
comprising:

15 using a head having a first liquid flow path in
fluid communication with the ejection outlet, a heat
generating element for applying heat to the liquid to
generate a bubble in said liquid, a second liquid flow
path having a supply path for supplying the liquid to

20 above said heat generating element from an upstream
side of said heat genérating element in a direction
along said heat generating element, and a movable
member disposed'as facing the heat generating element
and having a free end, flowing the liquid above said

.25 heat generating element in said second liquid flow path
using a guide path in fluid communication with said

second liquid flow path; and



20 <Recordi ng Systenr Next, an exenplary ink jet recording system wl |l
be described, which records i mages on recording nmediu ﬂm ﬂ

recordi ng head, the liquid ejection hegﬂél n accordancen““I mﬂum IME“‘

i nvention. 25 Fig. 35 is a sch tic perspectivé view of" afl ihk jet
recordi ng system enpl oying the aforenentioned liquid ejection head 201 in

accordance with the present - 79 - invention, and depicts its general
structure. The liquid ejection head in this enbodiment is a full-line type

head, which conpri %ﬁ%;ﬁlawla eheat hBYaBiEl heRBed! t8NEUs YL Nof gensity of
360 dp| so as to cover the entire recordabl e range of the recording

medi um 150. | trigeapniiseS d eubwheadh, BAEEH 8heaCpréssSwoadgdhetatddur
colors; yellow (Y), nagenta (M, cyan (C) and black (Bk). These four heads

are fixedly suppor tsaddnheathgederatifig, elampataisedriveracthatdiey and with
10 predeterm ned intervals. These heads are driven in response to the
si gnal s suppl iegeedtriovp &hlecagcodrdieg 30@uidhi ch constitutes
S
51. A head cartridge comprising:
the liquid ejecting head as set forth in either
one of Claim 1, Claim 33, and Claim 34; and

a liquid container for containing a liguid to be

10 supplied to said liquid ejecting head.

52. A head cartridge according to Claim 51,
wherein said liquid ejecting head is separable from
said liquid container.

15

53. A head cartridge according to Claim 51,

wherein the liquid is refilled into said liquid

container.

20 54. A head cartridge comprising:
the liquid ejecting head as set forth in either
one of Claim 1, Claim 33, and Claim 34; and
a liquid container for contaihing a first liquid
to be supplied to a first liquid flow path, and a
25 second liquid to be supplied to a second liquid flow

path.



means for supplying a driving signal to each head. Eaeh—ef—the four col or

inks (Y, M Cand Bk) is 15 supplied to a corresp n i nk
contai ner 204a, 204b, 204c or 204d. Ar rence numargm'ﬁmim#”!ﬂmps a

bubbl e generation liquid container fromwhich the bubbi ecgenera « 1 quid
I's delivered to each head. 20 Bel ow each head, a head cap 203a,
203b, 203c or 203d is disposed, which contains an ink absorbing nenber

conposed of sponge or the like. They cover the ejection orifices of the

correspondi ng headsggpr OAeﬁééé‘gcéPQrﬂfg?’éigadcéd%ﬁlgs%dT@ﬁtﬁi jing the head 25

performance, during a non-recording peri A reflerence nuneral 206
designates a CQRu¥g¥eh PRbt1iqMEhisonsiidaitfs JEANS gl &C Gorbaingrt.he

vari ous - 80 - recording nmedium such as those described in the preceding
enbodi ments. The conveyer belt 206 is routed through a predeterm ned path
by various rollers, and is driven by a driver roller connected to a notor
driver 5 305. Thé. | iyuhelad scartridgs exbdording pumCladmédt,ed to

5 wherein the liquid is filled in said liquid container.

57. A liquid ejecting apparatus for ejecting a
recording liquid by generation of a bubble, comprising:
the liquid ejecting head as set forth in either
10 one of Claim 1, Claim 33, and Claim 34; and
driving signal supply means for supplying a
driving signal for ejecting a liquid from said liquid

ejecting head.

15 58. A liquid ejecting apparatus according to
Claim 57, further comprising a circulation path for
circulating the liquid to said second liquid flow path

of said liquid ejecting head.

20 59. A liquid ejecting apparatus according to
Claim 57, further comprising forcible flow means for

forcing the liguid to flow in said circulation path.

60. A liquid ejecting apparatus according to
25 Claim 57, wherein ink is ejected from said liquid
ejecting head to be deposited on recording paper,

textile, plastic resin material, metal, wood, or



the punp driver 309. The ink jet recording systemin tqug gnBBHTﬁE

conprises a pre-printing processing apparatus 251 and ﬂﬂﬂ"ﬂﬂ"ﬂgﬂﬂ"

processi ng apparatus 252, which are 10 di sposed on t
downst ream si des, respectively, of the |nﬁ jet recording apparatus along
t he recordi ng medi um conveyance path. These processi ng apparatuses 251 and
252 process the recording nmediumin various manners before or after
recording is nade, 15 respectively. The pre-printing process and the

postprinting prCASRrY oy $gRerRdiregoflihfeth¥peoRf recording nedium or the
type of ink. For exanple, when recording medi um conposed of netallic

material, plastic material, 20 ceramic material or the like is enployed,
the recording mediumis exposed to ultra-violet rays and ozone before
printing, activatingl.tsAsuigadd. efjectingcapdangtuataccetdimndiag to
acquire electric charge, such as plastic resin material, the dust tends to
deposit on 25 cCladile 55yr vhesehy st plicadityt ofcreqordimr@ Jdkm!ldﬁayoﬁ npede
the desired recording. In such a case, the use is nade with ionizer to
renove t hé st atdic figrgnde cofl orise are eJected from said liquid ejecting

head, whereby said recording liquids of different
colors are deposited on a recording medium to effect

color recording.

10 62. A liquid ejecting apparatus according to
Claim 57, wherein a plurality of such ejection outlets
are disposed throughout a total width of a recordable

region of a recording medium.

15 63. A liquid ejecting apparatus according to
Claim 57, wherein the liquid in the second liquid flow
path is made to flow during recording or during non-1

recording.

20 64. A recording system comprising:
the liquid ejecting apparatus as set forth in
Claim 57; and
a pre-processing apparatus or post-processing
apparatus for promoting fixation of a liquid on a

25 recording material after recording.

65. A recording system comprising:



- 81 - recording material, thus renoving the dust fron1the recording
material. Wien a textile is a recording mate m.t he st and
feathering prevention and inprovement of fIXI ng or th umljwll G) Iw
pre-processing 5 may be effected whet@nal kal i
wat er sol ubl e property substance, conposition polynerlc wat er sol ubl e
property nmetal salt, urea, or thiourea Is applied to the textile. The
pre-processing i s not Iinited to this and it may be the one to %0 ]
rovide the recordin terL the proper te On the ot her
Eand t he post - proceggnﬁqué eb?% e ?@# ?ﬁﬁﬁt#gz 6¥igzrcllﬂ%‘ﬂé‘cordlng
naterlal haV|ng %gﬁebgedaﬁge i nk, a heat treatnent, uItraV|oIet 15
radi ati on proj eéction tb pronot e t he fixing of the |nk or a cleanlng for

removi ng the proces ehLt §§ d R 654 #ggfnaycdagg |ning
because of no react?og?élg t e %P%ent the ead iI's a ﬁ i ne head,
20 but the absaeakugnysftp@&meu@é COM SRR b8 A A c3eiindl  type
wherein the head is noved along a width of the recording nmaterial.

5 recording material after recording.

66. A liquid ejecting épparatus for ejecting a
recording liquid by generation of a bubble, comprising:
the liquid ejecting head as set forth in either
10 one of Claim 1, Claim 33, and Claim 34; and
recording medium carrying means for carrying a
recording medium for receiving a liquid ejected from

said liquid ejecting head.

15 67. A liquid ejecting apparatus according to
Claim 66, further comprising a circulation path for
circulating the liquid to said second liquid flow path

of said liquid ejecting head.

20 68. A liquid ejecting apparatus according to
Claim 66, further comprising forcible flow means for

forcing the liquid to flow in said circulation path.

69. A liquid ejecting apparatus according to
25 Claim 57, wherein ink is ejected from said liquid

ejecting head to be deposited on a recording sheet to

effect recording thereon.



Next explained is the sequence for circulating the Iiquid to the second

liquid flow paths when the liquid 25 ej ecting head“mmmmﬂma H“l
i nvention is used as a recording head as supplying in it Rl Lo 6 to
Figs. 39B show flows for the circul ati-oflG%equence ofs * -82- "thé |1 quid

in the second liquid flow path. As descri bed previousﬁy, t he CPU executes
t hrough each driver the drive control of the punp for circulating the
| iquid, and the recording operation. 5 Fig. 36 shows the sequence

bet ween the tine when the power, supply of the main body of..the_recording
apparatus is turned 6% arfy ]s’tcﬁf’téc%oer‘% ARPATATES, 855 PTEARE T s turned

on 2t step 30L.p0ch ke RURCLS, LIS ) ilecsd SRA02AHA Sipgvbale (he

liquid for a 10 e eri‘od 1¥n ofder to even § es of the

iauid in the secondibd it HOWPUNSddoeadeoEbRIEEdEkVEQDT (he

punmp is turned step 3 e recording operation is started

(at step 404). ;gg? £ CALENEE: AF NiRMRsHr good state of the liquid in 15
t he second liquid ?OM/paths before start of recording
5
71. A liquid ejecting apparatus according to
Claim 66, wherein the recording liguid is ejected from
said liquid ejecting head to be deposited on recording

paper, textile, plastic resin material, metal, wood, or

10 leather to effect recording thereon.

72. A liquid ejecting apparatus according to
Claim 66, wherein a plurality of recording 1iquids of
different colors are ejected from said_liquid ejectiﬁg
15 head, whereby said recording liquids of different
colors are deposited on the recording medium to effect

color recording thereon.

73. A ligquid ejecting apparatus according to
20 Claim 66, wherein a plurality of such ejection outlets
are disposed throughout a total width of a recordable

region of the recording medium.

74. A liquid ejecting apparatus according to
25  Claim 66, wherein the liquid in the second liquid flow
path is made to flow during a recording operation or

during a non-recording operation.



and start of stable recording operation. Fig. 37 shows The sequence fof
circulating the liquid during standby between recordi ngumm mmuﬂm'gu
Receiving a recording signal (at step_S%Q% recordi ng 2 lumt
(at steps 311, 312) and the punp is tur on (at step 313) td ef'feét *

circulation of the liquid for a predeterm ned period (at step 314). The
next recordi ng can be better perforned by circulating the liquid during

st andby for recording in this nmanner. Fig. 38 shows the sequence
of circulating the hiqui d {-Lo24Ph Sin {at steps 321, 322)
after  end of record??g (at §%8 g g §§§E§¢gﬁy ac |£§§ng - 83 - the

effect as di Scussedtaéev.hauihye%&ﬁﬁng?: aPg 39 B s hawe tdsrgequence for
circulating the liquid during the recording operation. Fig. 39A shows the

sequence i n whicghimh@spuapdi s turned 5 on (at step 341) between
reception of the recording signal (at step 340) and start of recording (at
step 342) to perform peeeptbogsasngi appasdtug ohedstrprbaasdimng second
liquid flow paths (at step 343) and

5 apparatus for promoting fixation of the liquid on the

recording medium after recording.

76. A head kit comprising:
the liquid ejecting head as set forth in either
10 one of Claim 1, Claim 33, and Claim 34; and a liquid
container for containing a ligquid to be supplied to

said liquid ejecting head.

77. A head kit according to Claim 76, wherein

15 sajid liquid is ink for recording.

78. A head kit comprising:
the liquid ejecting head as set forth in either
one of Claim 1, Claim 33, and Claim 34;
20 a liquid container for containing a liquid to be
supplied to said liquid ejecting head; and liquid
filling means for filling the liquid into said liquid

container.



thereafter the punp operation is ended (at step 344). 10 On the

ot her hand, Fig. 39B shows the sequence in which the operation of the punp
is made on (at step 350) prior to reception of the recording signal (at
step 351) and recording is carried out a97circulating the liquid (at step
353). 15 By circulating the liquid in the second |iquid flow paths
during recording in this manner, the liquid subject to the heat generated
during recording can be changed in order and the effect as discussed

previ ously can be achlev%g he fl ow anbunt and rate of the
l'iquid may be ce. <Head Kit> Hereinafter, a head
kit will be described, mhich G Se e LLauikdek &t Lop

accordancewi th 25 eA eseé'%t @e?llte%gn £l gagcﬁ% § l&ﬁemat I ¢ view of

such a head kilgerdl bekid dbph,t BBnb2sLLal adchead Ki&uﬂ@ckﬁaﬁ 501,

and cont ai ns: &ﬁgggﬁ g acc%rdance wth the present

I nventi on, “h'ﬁﬁaéﬂ”ﬁH'f%ﬁid communication with an ejection outlet, a

5 second liquid flow path having a heat generating
element for applying heat to the liquid to generate a
bubble in said liquid, and a supply path for supplying
the liquid to above gaid heat generating element from
an upstream side of said heat generating element in a
10 direction along said heat generating element, a movable

member disposed as facing the heat generating element,
displaced to a side of said first liquid flow path,
based on a pressure generated when said heat generating
element is driven, and having a free end, and a guide

15 path for flowing the liquid above said heat generating

element in said second liquid flow path.

e —

Sheet Has Been Replaced

B



an ink ejection section 511 for ejecting ink; an ink container 510, that

is, aliquid container which is separable, or nonseparable, fromthe head;
and ink 5 filling nmeans 530, which holds the ink to be filled into the

i nk container 520. After the ink in the ink container 520 is conpletely
depleted, the tip 530 (in the formof a hypoderm c needle or the |ike) of
the ink filling nmeans 10 is inserted into an air vent 521 of the ink
contai ner, the junction between the ink/30ntainer and the head, or a hole
drilled through the ink container wall, and the ink within the ink filling
means is filled into the ink container through this tip 531. 15

When the fiquid ejection head, the ink container, the ink filling neans,
and the like are available in the formof a kit contained in the kit
package, the ink can be easily fille nk depl eted i nk contai ner
as described above; therefore, recor?FizsganEEﬂq be quickly restarted. In
this enbodinent, the head kit contains the ink filling nmeans. However, it
is not mandatory for the head kil to comfaNg the ink filling means; the kit
may contain an exchangeabl e type Yn} v filled with 25 the ink
and a head.

FIG. 1B
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Even though Fig. 40 illustrates only the ink filling nmeans for filling the

printing ink into the ink - 85 - container, the head kit may contain
means for filling the bubble generation liquid into the bubble generation
liquid container, in addition to the printing ink refilling neans. 5

VWil e the invention has been described with reference to the structures

di scl osed herein, it is not confined to the details set forth and this
application is intended to cover such2¢@ifications or changes as nay cone
Wi thin the purposes of the inprovenents or the 10 scope of the follow ng
clains. As detailed above, the follow ng effects were achi eved by providing
the head structure for displacing the novable z.mﬁth the free end by

t he bubbl e generated, with the guide pa liquid 15 in
t he bubbl e generation regi on. Nanely, 14as i nproved,
and the durability of the anaqhe nber was
greatly inproved. Further, the
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I nvention achieved the inprovenent in the response 20 frequency and
stability, which the conventional bubble jet technology failed to achieve.
Further, the invention achieved the effect of effectively renoving the
bubbles in the flow path and the inprovenent in the reliability of ejection
of liquid. 25 Since these effects were attained without wastefully
consuming the liquid in the second qugkqgflom/path, the runni ng cost was

| argely curtail ed. - 86 - In additi o0 the above-described effects,
the liquid ejecting nethod, head, and so on according to the present

I nvention, based on the novel ejection principle using the novable nenber,
can attain the 5 synergi stic effect of the bubble generated and the

novabl e nmenber di spl aced t hereby, soAIyEE th®liquid near the g on
outlet can be efficiently ejected, thel€by iproving the, ejg ® ‘4
efficiency as conpared with the conventional ejecti vy ) jgs,1gnd

so 10 on of the bubble jet nethod. Wth the

ctur‘€s of
t he present :
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invention, ejection failure can be prevented even after |ong-term storage
at low tenperature or at | ow noisture, or, even if ejection failure occurs,
t he head 15 can be advantageously returned instantly into a nornal
condition only with a recovery process such as prelimnary ejection or
suction recovery. Wth this advantage, the invention can reduce the
recovery tine and | osses of the |iquigsgge to recovery, and thus can 20
greatly decrease the running cost. Especially, the structures of the

present invention inproving the refilling characteristics attained
i nprovenents in responsivity upon continuous ejection, stable growth of
bubbl e, and stability of 25 liquid droplet, thereby enabling high-speed

recording or high-quality recordi ng based on high-speed liquid ejection.

- 87 - In the head of the two-flow path structure the freedom of sel ection
of the ejection liquid was raised 2&2 se &he bubbl e generation liquid
applied was a liquid likely to genér a=¥ubble or a liquid unlikely
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5 to forma deposit (scorching or the like) on the heat generating
elenment. It was confirnmed that the head of the two-flow path structure was
able to well eject the liquid, that the conventional heads failed to eject
in the conventional bubble jet ejection nethod, for 10 exanple, a

hi gh-viscosity liquid unlikely to generate a bubble, a liquid likely to
forma deposit on the heat generating elenent, and so on. Further, it was
confirmed that the head of the two-fl dyyp@th structure was able to eject a
l'iquid weak 15 agai nst heat or the |like w thout negative effect due to
heat on the liquid. Wen the liquid ejecting head of the present invention
was used as a liquid ejection recording head for recording, further

hi gher-quality recordi ng was 20 achi - The i nvention provided the

| iquid ejecting apparatus, recording syEEEGi agg so on further inproved in
the ejection efficiency of liquid or the Iike, using the liquid ejecting

head of the pW f be
readily achiev //ﬁ;;Efff%%fizzzfié;;§;;2§?§>y nt
i nventi on.
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- 88 - WAT ISCLAIMED IS: 1. Aliquid ejecting head for ejecting liquid
by generation of a bubble, conprising: a first liquid flow path in fluid
comuni cation 5 with an ejection outlet; a second liquid flow path
havi ng a heat generating element for applying heat to the liquid to
generate a bubble in said liquid, and a_supply path for supplying the
liquid to above said heat generalirm;&%%%nnt from10 an upstream si de of
said heat generating elenment in a direction along said heat generating

el ement; a novabl e nenber di sposed as facing the heat generating el enent,
di splaced to a side of said first liquid flow path, based on a pressure
gener ated when 15 sai d heat generating elenent is driven, and having a
free end; and a guide path for flowing the |iquid above said heat
generating element in said second liquid flow path. 20 2. Aliquid ejecting

head according to Caiml,
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wherein a cross-sectional area of a portion of said guide path is |arger
than a cross-sectional area of said second liquid flow path. 25 3. Aliquid
ej ecting head according to Claim1, wherein a plurality of such second
liquid fl ow paths - 89 - are provided and wherein one end of each
second liquid flow path is in fluid communi cation with anot her second
liquid flow path and the other end of said each second liquid flow path is
in fluid comunication with still 5 74AB®ther second l'iquid flow path. 4.
A liquid ejecting head according to Claim1, wherein a plurality of such
second liquid flow paths are provided and the guide path is in fluid 10
communi cation in common with each of the second liquid flow paths. 5. A
liquid ejecting head according to Claim1l, wherein forcible flow nmeans for
flowwng the liquid in 15 the second liquid flow path is provided in a
part of said guide path.
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6. Aliquid ejecting head according to Claim5, wherein said forcible flow
nmeans is a punp. 20 7. Aliquid ejecting head according to Caim1l1, wherein
heat conversion neans is provided in said guide path. 25 8. A
liquid ejecting head according to Claim7, wherein said thermal conversion
means subjects the ligquid flowng in said guide path to heat radiation

- 90 - 9. Aliquid ejecting head accgaymg to Caim7, wherein said heat
conversion means subjects the liquid flowng in said guide path to heating.

5 10. A liquid ejecting head according to Claim1l, wherein a
bubbl e reservoir for storing a bubble different froma bubble fornmed by
filmboiling is provided in said guide path. 10 112. Aliquid

ej ecting head according to Claim 10, wherein a part of said bubble
reservoir has a filter portion having a plurality of pores and said filter
portion covers at |east a part of said guide path.
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15 12. A liquid ejecting head according to Claim1l, wherein a
supply portion for supplying the liquid is provided in said guide path. 13.
A liquid ejecting head according to Claim1, 20 wherein the liquid is
ej ected by expandi ng said bubble nore on the downstream side than on the
upstreamside in a direction toward the ejection outlet by displacenent of
sai d novabl e nenber. 25 14. 9A3piquid ej ecting head according to
Claim 1, wherein said second liquid flow path is a liquid flow path having
an internal wall substantially flat or gently sloped on the upstream
side of said heat generating elenent, for supplying the liquid to above
said heat generating elenent along said internal wall. 5 15. A
liquid ejecting head according to Claim1l, wherein said novable nenber is
of a plate form 16. Aliquid ejecting head according to Cl aim15, wherein
sai d novabl e nenber is constructed as a part of 10 a partition wall

di sposed between said first flow path second flow path. 17. Aliquid
ej ecting head according to ClaimlG,F?1 iﬁ? 112 l
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wherein said partition wall is of a metal material, a 15 resin material,
or a ceramic material. 18. Aliquid ejecting head according to Caim1,
further conprising a first comon |iquid chamber for supplying a first
liquid to a plurality of such first 20 liquid fl ow paths and a second
common |iquid chanmber for supplying a second liquid to a plurality of such
second liquid flow paths. 19. A li qui,g)/ﬁg&cti ng head according to Claiml,

25 wherein said bubble is generate a filmboiling phenonmenon caused
by transferring heat generated by the heat generating elenment to the
l'i quid. - 92 - 20. Aliquid ejecting head according to Caim1, further

conprising a pressure absorbing nechanismfor restricting a pressure from
being transferred into the guide path upon generation of a bubble in said
second 5 liquid flow path, said pressure absorbi ng nechani sm bei ng

di sposed in said second liquid flow path. 21. A liquid ejecting head
according to C aim 20, wherein said pressure absorbing nmechani smhas a

val ve




10 and a regulating portion for regulating rotation of said valve. 22. A
liquid ejecting head according to C aim 20, wherein said pressure absorbing
mechanismis of a 15 flexible film 23. Aliquid ejecting head according
to CQaiml1l or Claim?2, further conprising a throat portion between said

second liquid flow path and said guide path. 20. 24. Aliquid ejecting head
according to Caiml, wherein theli(¥ﬂébsupplied to said first liquid flow
path is the sane as the liquid supplie’ o said second liquid flow path. 25

25. Aliquid ejecting head according to Claim1, - 93 - wherein the
liquid supplied to said first liquid flow path is different fromthe |iquid
supplied to said second liquid flow path. 5 26. A liquid ejecting

head according to Caim1l, wherein said heat generatiqg el enent is a heat
’ MR
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generating resistor for generating heat when receiving an electric signal,
sai d heat generating resistor being disposed on an el enment substrate. 10
27. Aliquid ejecting head according to Claim 26, wherein on said el enent
substrate there are provided wiring for transmtting an electric signal to
said heat generating resistor and a function elenent for 15 sel ectively
supplying an electric signal to said heat generating resistor. 28. Aliquid
ej ecting head according to Caim1, ¥é3@in said second flow path is shaped

in a shape 20 having a throat portion upstream and downstream of the
heat generating element. 29. A liquid ejecting head according to Caim1,
wherein a distance between a surface of said heat 25 generating el enent
and sai d novabl e nenber is not nore than 30 pm - 94 - 30. Aliquid
ej ecting head according to aim1, wherein the Liqui dbejected through said
ej ection outl et : 31
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is ink. 5 31. Aliquid ejecting head according to C aim 30,
wherein the ink is supplied to said first liquid flow path. 32. Aliquid
ej ecting head for ejecting a liquid, 10 conprising: a first liquid flow
path in fluid conmunication with an ejection outlet; a second liquid flow
path provided with energy generating ggﬂgs for generating a bubble for
ejecting 15 the liquid; a novabl 3 er disposed as facing a bubble
generation region of said energy generation nmeans, displaced to a side of
said first liquid flow path, based on a pressure of the bubble, and having
a free 20 end; and a guide path for flowing the liquid in said bubble
generation region in said second liquid flow path. 33. A liquid droplet

ej ecting head for ejecting a 25 | iquid droplet through an ejection
outlet, based on a bubble generated by filmboiling, conprising: a first

liquid flow path in direct fluid
FIG. 17 112 l
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- 95 - communication with the ejection outlet; a second liquid flow path
havi ng a bubbl e generation region; a novabl e nenber having a free end

di spl aceable at 5 | east by a bubble portion having a pressure conponent
directly acting for ejection of the Iiquid droplet and, by being displaced,
gui di ng said bubble portion of the bﬂ??kg havi ng sai d pressure conponent
toward said ejection outlet; and 10 a guide path for flow ng the
liquid in the bubble generation region in said second liquid flow path. 34.
A liquid droplet ejecting head according to Caim 33, wherein the liquid
droplet is ejected by 15 expandi ng sai d bubble nore on the downstream
side than on the upstreamside in a direction toward the ejection outlet by
di spl acenent of said novable nenber. 35. A liquid ejecting head for
ejecting a liquid 20 by generation of a bubble, conprising: a first
liquid flow path in fluid communication with an ejection outlet; a second

liquid fl ow path having a heat generatF}gﬁel en7 for applying heatCto the

liquid to generate a . 112
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25 bubble in said liquid, and a supply path for supplying the liquid to
above said heat generating el enent froman upstream side of said heat

generating elenent in a - 96 - direction along said heat generating
el enent; a novabl e nenber disposed as facing the heat generating el enent;
di splaced to a side of said first liquid flow path, based on a pressure
gener ated when 5 sai d heat generati Aig0el ement is driven, and having a

free end; and a guide path for circulating the Iiquid above said heat
generating element in said second liquid flow path. 10 36. A liquid
ejecting nmethod for ejecting a liquid by generation of a bubble,
conprising: using a head having a first liquid flow path in fluid

comuni cation with an ejection outlet, a heat 15 generating el enent for
applying heat to the liquid to generate a bubble in said liquid, a second
liquid fl ow path having a supply path for supplying the liquid to

FIG. 19 I l
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above said heat generating elenent froman upstream side of said heat
generating elenent in a direction 20 al ong said heat generating el enent,
and a novabl e nenber di sposed as facing the heat generating el enent and
having a free end, flowng the |iquid above said heat generating elenent in
said second liquid flow path using a gub&ﬁ path in fluid communication with
said 25 second liquid flow path; dbd spl aci ng sai d novabl e nenber to a

side of said first liquid flow path, based on a pressure generated when
sai d heat generating elenent is driven, thereby ejecting the liquid. 37. A
liquid ejecting nethod for ejecting a 5 | iquid droplet through an

ejection outlet, based on a bubble generated by filmboiling, conprising:
using a liquid ejecting head having a first liquid flow path in direct
conmuni cation with the ejection outlet, a second liquid flow path having a
bubbl e 10 generation region, and a novabl e nmenber di sposed as facing

sai d bubbl e generation region, displaci he abl e nenber having a free
end di spl aceabl e at | east }fyt; 2?2,
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by a bubble portion having a pressure conponent directly acting for
ejection of a liquid droplet, 15 t hereby gui ding said bubble portion of
t he bubbl e having said pressure conponent toward said ejection outlet, and
flowwng the liquid in the bubble generation region in said second liquid
flow path using a guide path in fluid communication with said second Iiquid
20 flow path. 38. A liquid ejectihh/B®thod according to O aim 36 or
Claim 37, wherein the liquid in said second liquid flow path is circul at ed.
25 39. Aliquid ejecting nethod according to Caim38, wherein a plurality
of such first liquid flow paths -98- are paired each with a plurality of
such second liquid flow paths and wherein said plurality of second |iquid
fl ow paths are connected in series with each other and said liquid flows in
said second liquid flow paths in 5 order. 40. Aliquid ejecting nethod

FIG. 21
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38, wherein a plurality of such first liquid flow paths are paired each
with a plurality of such second liquid 10 fl ow pat hs and wherein said
plurality of second liquid flow paths are connected in parallel with each
other and said liquid flows in parallel in said second |liquid flow paths.
15 41. A liquid ejecting nmethod according to Caim37, wherein the
heat generating elenment is |ocated at{@/ppsition facing said novabl e nenber
and a regi on between said novabl e nenber and said heat generating el enent

is said bubbl rata egi on 42. Lgui d epegciing hgd accordi ng
to Caim36 o . m Q?Aerei rt & bubvr{&ne% ext ends
into said first liquid flow path with di'SpT acement o aid | e menber

C

25 43. Aliquid ejecting nethod accofding{to Caim36 dr im37, wherein

the liquid is ejgcted by - 99 - expandijng the bubbl ¢ norg on the
downst ream si de t\\an
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on the upstreamside in a direction toward the ejection outlet, by

di spl acenent of said novable nenber. 5 44, A liquid ejecting

met hod according to Caim4l, wherein said bubble is generated by a film
boi | i ng phenonmenon caused by transferring heat generated by the heat
generating elenment to the liquid. 10 45. A liquid ejecting nethod
according to Caim4l, wherein the IitQ/30i s supplied al ong an internal
wal | substantially flat or gently sloped on the upstream side of the heat
generating el enent, to above said heat generating elenment. 15 46. A liquid
ej ecting nmethod according to Claim37, wherein the liquid supplied to said
first liquid flow path is the sane as the liquid supplied to said second
liquid flow path. 20 47. A liquid ejecting method according to Cl ai m 37,
wherein the liquid supplied to said first liquid flow path is different
fromthe liquid supplied to said second liquid flow path. 25 48. Aliquid
ej ecting nethod according to Claim37, wherein the liquid supplied to said
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- 100 - flow path is a liquid nore excellent in at |east one property of

| ow vi scosity, bubble-generating property, and thernmal stability than the
liquid supplied to said first liquid flow path. 5 49. A liquid ejecting

met hod according to Caim37, wherein the liquid in said second liquid flow
path is made to flow during a recording operation or during a non-recording
operation. 10 50. A liquid ejection recording nethod for ejecting a
recording liquid through an ejection 80fB8t by generation of a bubble so as
to effect recording, conprising: 15 using a head having a first
liquid flow path in fluid communication with the ejection outlet, a heat
generating el enent for applying heat to the liquid to generate a bubble in.
said liquid, a second liquid flow path having a supply path for supplying
the liquid to 20 above said heat generating elenment froman upstream
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side of said heat generating elenent in a direction along said heat
generating elenent, and a novabl e nenber di sposed as facing the heat
generating el enent and having a free end, flowing the |liquid above said .25
heat generating elenment in said second liquid flow path using a guide path
in fluid communi cation with said second liquid flow path; and - 101 -

di spl aci ng said novabl e nenber to - a SZf(jf f said first liquid flow path,
based on a pressure generated when sai ?1 at generating elenment is driven,
thereby ejecting the recording liquid. 5 51. A head cartridge conprising:
the liquid ejecting head as set forth in either one of CQaim1l1, Caim 33,
and Claim34; and a liquid container for containing a liquid to be 10
supplied to said liquid ejecting head. 52. A head cartridge according to
Claim 51, wherein said liquid ejecting head is separable fromsaid liquid
cont ai ner.

FIG. 27A  FIG. 27B  FIG. 27C
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15 53. A head cartridge according to Claim51, wherein the liquidis
refilled into said liquid container. 20 54. A head cartridge
conprising: the liquid ejecting head as set forth in either one of Claiml,
Claim 33, and Caim34; and a liquid container for containing a first
liquid to be supplied to a first liquid flow path, and a 25 second

liquid to be supplied to a second | pguiyg fl ow pat h. - 102 - 55. A head
cartridge according to Caimb51, mhereln the liquidis filled in said
liquid container. 56. A head cartridge according to Claimb54, 5 wherein

the liquidis filled in said liquid container. 57. Aliquid ejecting

apparatus for ejecting a recording |d neration of a bubbl e,
conprising: the liquid ejecting h z; th in either 10 one of
Claim1l, Caim33, and Caim34; an r|V|ng st gnal supply neans for
supplying a
s/
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driving signal for ejecting a liquid fromsaid liquid ejecting head. 15
58. A liquid ejecting apparatus according to Caim57, further conprising
a circulation path for circulating the liquid to said second liquid flow
path of said liquid ejecting head. 20 59. Aliquid ejecting
apparatus according to Caim57, further conprising forcible flow nmeans for
forcing the liquid to flowin said ci@iaéﬁion path. 60. Aliquid ejecting
apparatus according to 25 Cl ai m 57, einink is ejected fromsaid
liquid ejecting head to be deposited on recordi ng paper, textile, plastic
resin material, nmetal, wood, or - ther to effect recording
thereon. 61. A liquid ejecting apﬁé]é?ﬁs_?&?brding to daimb57, wherein a
plurality of recording |iquids of *diffferent colors are ejected from
said liquid ejecting head, whereby said recording liquids of different
colors are deposited o P recordi ng me@dum2p effect col or recording.
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10 62. A liquid ejecting apparatus according to C aimb57, wherein
a plurality of such ejection outlets are disposed throughout a total width
of a recordable region of a recording nmedium 15 63. Aliquid

ej ecting apparatus according to Claim57, wherein the liquid in the second
liquid flow path is nade to flow during recording or during non-1

recordi ng. 20 64. A recordi ngpgyspem conprising: the liquid

ej ecting apparatus as set forth in Caimb57; and a pre-processing apparatus
or post-processing apparatus for pronoting fixation of a liquid on a 25
recording material after recording. 65. A recording system conprising: -

104 - the liquid ejecting apparatus as set forth in Caimé66; and a
pre- processi ng apparatus or post-progﬁaﬁ' g a atus for pronoting
fixation of the liquid on the 5 r dcdrid/.ng erial after recording.

200




66. A liquid ejecting apparatus for ejecting a recording liquid by
generation of a bubble, conprising: the liquid ejecting head as set forth

in either 10 one of Claim1, Claim33, and Caim 34; and recording
medi um carrying neans for carrying a recording nediumfor receiving a
liquid ejected fromsaid liquid ejecting head. 15 67. Aliquid

ej ecting apparatus according to C ai @630 further conprising a circulation
path for circulating the liquid to said second liquid flow path of said
liquid ejecting head. 20 68. A liquid ejecting apparatus according
to Claim66, further conprising forcible flow nmeans for forcing the liquid
to flowin said circulation path. 69. Aliquid ejecting apparatus according
to 25 Claim 57, wherein ink is ejected fromsaid liquid ejecting head to
be deposited on a recording sheet to effect recording thereon. -105 -

70. Aliquid ejecting apparatus according to Caim®66, wherein ink is
ejected fromsaid liquid




ej ecting head to be deposited on a recording sheet to effect recording
thereon. 5 71. Aliquid ejecting apparatus according to Caim66, wherein
the recording liquid is ejected fromsaid liquid ejecting head to be
deposited on recordi ng paper, textile, plastic resin material, netal, wood,
or 10 | eat her to effect recording thereon. 72. A liquid ejecting
apparatus according to C ai m 66, mherzé?ém plurality of recording |iquids
of different colors are ejected from iquid ejecting 15 head,
whereby said recording liquids of different colors are deposited on the
recording mediumto effect color recording thereon. 73. Aliquid ejecting

appar atus according to 20 Cl aim66, wherein a plurality of such ejection
outlets are disposed throughout a total width of a recordable region of the
recording medium 74. Aliquid ejecting apparatus according to 25 Claim

66, wherein the liquid in the second liquid flow path is made to fl ow
during a recording operation or during a non-recording operation.
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- 106 - 75. A recording systemconprising: the liquid ejecting apparatus as
set forth in Claim®66; and a pre-processing apparatus or post-processing 5
apparatus for pronoting fixation of the Iiquid on the recordi ng nmedi um

after recording. 76. A head kit conprising: the liquid ejecting head as set
forth in either 10 one of Caiml1l, Caim33, and aim34; and a liquid

container for containing a liquid to by plied to said liquid ejecting
head. 77. A head kit according to Caim 76, wherein 15 said liquidis
ink for recording. 78. A head kit conprising: the liquid ejecting head as
set forth in either one of daim1, Cdaim33, and Caim34; 20 a
| iquid container for containing a liquid to be supplied to said liquid
ej ecting head; and liquid filling nmeans for filling the liquid into said
l'i quid contai ner.
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FIG. 39A
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FIG. 39B
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LIQUID EJECTING HEAD, LIQUID EJECTING DEVICE

AND LIQUID EJECTING METHOD

BACKGROUND OF THE INVENTION

5 F;eld of ﬁhe Invention

) The present invention relates to a liquid ejecting
head for ejecting desired liquid- using generation of a
bubble by applying thermal energy to the liquid, a head
cartridge using the liquid ejecting head, a ligquid

10 ejecting device using the same, a liquid ejecting
method, and a recording method. It further relates to
an ink jet head kit containing the liquid ejection
head.

More particularly, it relates to a liquid ejecting

15 head haYing a movable member displacable by generation
of a bubble, and a head cartridge using the liquid
ejecting head, and liquid ejecting device using the
same. It further relates to a liquid ejecting method
and recording method for ejection the liquid.by moving

20 the movable mémber using the generation of the bubble.

The present invention is applicable to equipment

such as a printer, a copying machine, a facsimile
machine having a communication system, a word processor
having a printer portion or the like, and an industrial

25 recording device combined with various processing
device or processing devices, in which the reébrding is

effected on a recording material such as paper, thread,
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LIQUID EJECTING HEAD, LI({IH]].)OIZIJ]:J-CTING DEVICE AND
LIQUID EJECTING METHOD
ABSTRACT OF THE DISCLOSURE

A liquid ejecting head for ejecting a liquid by
generation of a bubble, comprises a first liquid flow
path in fluid communication with an ejection outlet, a
second liquid flow path having a heat generating
element for applying heat to the liguid to generate a
bubble in said liquid, and a supply path for supplying
the liquid to above gaid heat generating element from
an upstream side of said heat generating element in a
direction along said heat generating element, a movable
member disposed as facing the heat generating element,
displaced to a side of said first liquid flow path,
based on a pressure generated when said heat generating
element is driven, and having a free end, and a guide
path for flowing the liguid above said heat generating

element in said second liquid flow path.

(Figure 7)



