LIQUID EJECTI NG HEAD LIQUID EJECTI NG DEM|

EIECTING METHOD | FHIELD 'O THE | WENT NN REDREEES 558

The present

invention relates to a liquidp Descrﬁhd?\c'fpdggd headtd‘&(geej..e.@l.l ng

desired liquid using ‘generat.ion .of g y|ng t | energy
to the ligui-d, a-:head cdrtridge usm% G '%BQ é'b'f'l' F\ag&% m?"ﬁ'é d, a
l'iquid ejecting deV|ce usi ng the-sane, aj W%EW% - 1PeR398E For the

i quid ejectiing head, a | i gdi d ej ectj bstachoct pc.ged thi pagedeT ho
pri nt prOV|Qed usi ng t he I'i quild—ejesti~rg—at-hod I

further rel ates tq@uinieisdTheadiEdD, cond@ini BIRtPeNe pEvicgui d € ecti on

and a

head. 15
5
10
15
20
25

Mre particularly, it relates to a liquid
AND LIQUID EJECTING METHOD

.
FIELD OF .THE INVENTION AND RELATED ART
‘The present invention relates to a liquid

ejecting head for ejecting desired liquid using

. géneration of a bubble by applying thermal energy to

the liquid, a head cartridge using the 1iquid ejecting
head, a liquid ejecting device using the same, a
manufacturing method for the liquid ejecting head, a
liquid ejecfing method, a recording method, and a
print provided using the liquid ejecting method. It
further relates to an ink jet head kit cqntaining the
liquid ejection head.

More particularly, it relates to a liquid
ejecting head having a mbvable member movable by
generation of a bubble, and a head cartridgé usihg 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 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 recording device combined with



ej ecting head having a novabl e nmenber novabl e by generation of a.

bubbl e, and a head cartridge using the l.iquid ejecting head, and
l'iquid ejecting device using the sane. It further relates to a liquid
ejecting 20 nethod and recording nmethod for ejection the |iquid by

movi ng the novabl e menber using the gengyation of the bubbl e.

The present invention is applicable to equi pnent such as a printer, a
copying machine, a 25 facsimle machine having a communication system a
word processor having a printer portion or the Iike, and an industrial .
recordi ng deyaggousprdRésdily device or processing devices, in -2-
vari ous processing device or processing devices, in whi ch the recording

is effected phighr eher didtprding is effected on a recording
material such as paper, fhread, fiber, textile,
leather, metal, plastic resin material,lglasé, wood,

5 ceramic and so on.

In this specification, "recording" means not
only forming an image of letter, figure or the like
having specific meanings, but also includes forming an
image of a pattern not having a specific meaning.

10 An ink jet recording method of sq-called
bubble jet fype is known in which an instantanepus
state change resulting in an instantaneous volume
change (bubble generation) is caused by'application of
energy such'as heat to fhe ink, so as to eject the ink

15 through the ejection-outiet by the force resulted from
the state change by.which the ink is ejedted to énd
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

20 method comprises an ejection outlet for ejecting the
ink, an ink flow path in fluid.communication.with the
ejection outlet, and an electrothermal éransducer as
energy generating means disposed in the ink flow path.

With such a recording method is édvantageous //

25 in that, a high quality image, can be recorded at high
speéd and with low noise, and_a plurality of such /

ejection outlets can be posited at high density, and



material such as paper, thread, fiber, textile, | eather, metal, plastic
resin material, glass, wod, 5 ceram c and so on. In this
speci fication, "recordi ng" neans not only formng an i mage of letter,
figure or the like havi ng specific nmeani ngs, but also includes formng
an i mage of .a pattern not having a_specific nmeaning. 10 An

I nk jet recording nethod of so-called bubble jet type is known in which
an i nst ant aneous state change resulting in an instantaneous vol une
change (bubbl e generation) is caused by application of energy such as
heat to the théregores ismadjledizehaactrdilfy tdppamgdtisecapableonfout| et by
the force resulted from the state change by which the ink is ejected
to and pepuidied anhilgh resolditigpnmdasy ibd provicdded anandagelor
formation. As disclosed in US patent No. 4, 723, 129, a recording

devi ce usi ngimhgebsubiBne beceasddyr dorgped2) Mherafareprikesbubbieect i on
outlet for ejecting the ink, an ink flow path in fluid communication
wi t.h the jetj zecpading: methoghdsomaw sededohaisnd in Primtersas

5 copying machines, facsimile machines or another office
equipment, and for industrial systems such as textile
printing device or the like. ”

With the increase of the wide needs for the
bubble jet technique, various demands are imposed

i0 thereon, recently..

Fof example, an imprpvement in energy use
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

15 investigatéd. This method is effectivé in that a |
propagation efficiency of the generated heat to the
liquid is improved.

In order to provide high image quality
images, driving conditions have been proposed by which

20 the ink ejection speed is increased, and/or the bubble .
generation is stabilized'to accomplish better. ink
ejection. As another exampie, from the‘standPOint of
increasing the recording speed, flow passage

configuration improvements have been proposed by which

25 the speed of liquid filling (refilling) into the
liquid flow path is increased. /

Japanese Laid Open Patent Application No.



energy generating nmeans disposed in the ink flow path.
such a recording nethod is advantageous 25 in that,

Wth
a high quality inmage,

can be recorded at high speed and with | ow noise, and a plurality of
such ej ection outlets can be posited at high density, and '
- 3- therefore, small size recordigg apparatus capabl e of

provi ding a high resolution can be provided, and col or

| mges can be

easily fornmed. Therefore, the bubble jet recording nmethod is now

wi dely used in printers, . 5 copying nachines, facsim

| e machi nes or

anot her of fi &#0-63-¥399 T2eptopose fbowi passageaktsyustaressash as textile
printing device or the like. ~ Wth the increase of the w de
needs for theisclosmdbire Figurechni @k, andr(bds Hownesemple.i nposed

The liquid path or passage structure of a

manufacturing method therefor are proposed from the

5 standpoint of the back wave toward the liquid chamber.

_This back wave is considered as energy loss since it

does not contribute to the liquid ejection. It

proposes a valve 10 disposed upstream of

the heat

10

generating element 2 with respect to the direction of
general'flow of the liquid, and is mounted on the
ceiling of fhe passage. It takes an initial position
wherein it extends along the ceiling. Upon bubble
generation, it takes the position_wherein it extends

downwardly, thus suppressing a part of the back wave

15 by the valve -10. When th valve is generated in the

path 3, the suppression of the back wave

is not

practically significant. The back wave is not

directly contributable to the ejectioh of the liquid.

Upon the back wave occurs in the path, the pressure

20 for directly ejecting the liquid already

liquid ejectable from the passage.

makes the

On the other hand, in thé bubble jet

recording method, the heating is repeated with the

heat generating element contacted with the ihk, and

25 therefore, a burnt material is deposited

on the

surface of the heat generating element due to kogation

of the ink. However, the amount of the deposition may



10 thereon, recently. For exanple, an inprovenent in energy
use efficiency is demanded. To neet the demand, the optim zation
of the heat generating el ement such as adj ust mrent of the thickness of
the protecting filmis 15 investigated. This nmethod is effective in that a
propagation efficiency of the generated_ggat to the liquid is inproved.
In order to provide high image quality | mages, driving conditions have
been proposed by which 20 the ink ejection speed is increased, and/or the
bubbl e generation is stabilized to acconplish better ink

ej ection. As paldfe cdepen®ing 'om the mheadRalst o¢f the inkCrgasi ng the
recordi ng speed, flow passage configuration inprovenents have been

proposed by whidh ocdduidle tieeinkfejéationf bebbhgs( bakitableg) into the
liquid flow path is increased. Japanese Lai d Open Patent
Application Midditionally, even when the liquid to be ejected is
the one easily deteriorated'by heat or even when the
5 1liguid is the one with which the bubble generation is
not sufficient, the liquid is desired to be ejected in
good order without property change. |
Japanese Laid Open Patent Applicatioq No.
SHO-61-69467, Japanese Laid Open Patent Application
10 No. SHO-55-81172 and US Patent No. 4,480,259 disclose
that differént liguids are used for the liquid
generating the bubble-by the heat (bubble generating
liquid) and for the ligquid to be ejected (ejection
liquid). In these publications, the ink as the
15 ejection liquid and the bubble generétion,liquid are
completely separated by a flexible film of silicone
rubber or the like so as to prevent direct contact of
the ejection.liquid to the heat generating element
while propagating the pressure resulting from the
20 bubble generation of the bubble generation liquid to
the ejection 1iquid'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
25 ejection liquid are accomplished, by such a structure.
However, with this structure in which the

ejection liquid and the bubble generation liquid are



-4- SHO 63- 199972 propose fl ow passage structures as di sclosed in
- Figure 1, (a) and (b), for exanple. The liquid path or passage
structure of a manuf act uri ng et hod therefor are proposed fromthe 5
st andpoi nt of the back wave toward the |iquid chanber. Thi s back wave
is considered as energy |loss since it _g_does not contribute to the liquid
ejection. It proposes a val ve 10 di sposed upstream of the heat
generating elenent 2 with respect to the direction of 10 general fl ow of
the liquid, and is nounted on the ceiling of the passage. It takes an

initial positomipleteld HePdrdtiedX i prdsiard sy cené i Bgobilon bubbl e
generation, it takes the position wherein it extends downwar dl y, thus

suppr essi ng geperatdfon s dpavated o the tdjectdor Idgquidhen th valve is
generated in the path 3, the suppression of the back wave is not ,

through the expansion-contraction deformation of the

flexible film, and therefore, the pressure is absorbed

5 by the flexible film to a quite high degree. In

addition, the deformation of the flexible film is not

so large, and therefore, the energy use efficiency and

the ejection force are deteriorated although the some

effect is,provided by the provision between the

10 ejection liquid and the bubble generation liquid.

SUMMARY OF THE INVENTION

Accordingly, it is a principal object of the

present invention to provide a liquid ejection
15 principle with which the generated bubble is
controlled ip a novel manner.

It is another object of the present invention
to provide a liquid ejecting method, liquid ejecting
head and so.on wherein heat accumulation in the liquid

20 on the heat generating element is significantly
reduced, and the residual bubble on the heat ..
generating element is reduced, while iméroving'the
ejection efficiency and the ejection pressﬁre.

It is a further object of the present'

25 ijinvention to‘provide a.liquid ejecting head and so on

wherein inertia force in a direction against liquid

supply direction due to back wave is suppressed, and



practically significant. The back wave i s not directly contributable to

the ejection of the |iquid. Upon the back wave occurs in the path, the
pressure 20 for directly ejecting the liquid al ready makes the l'iquid
ej ectabl e fromthe passage. On the other hand, in the bubble
] et recordi ng nethod, the heating ig_repeated with the heat
generating elenent contacted with.the ink, and 25 therefore, a burnt
material is deposited on the surface of the heat generating el enent
due to kogation of the ink. However, the anount of the deposition may
- 5- bes il Iteartepesty Noa aleditee NBf eréttracbiohhefi akmenfiscus this
occurs, the ink ejection becones unstabl e. Addi tionally, even when the

liquid to be is§ emduxction by a valve function of a movable member
by which the refilling frequency is increased, thus
permitting high speed printing.

5 It is a furthér object of the present
invention to provide a liquid ejecting head and so on
wherein deposition of residual material on the heat
generating element is reduced, and the range of the
usable liquid is widened, and in addition, the

10 .ejection éfficiency and the ejection force are
significantiy increased.

It is a further object of the present
invention to provide a liquid ejecting method, a
liquid ejecting head and so on, wherein the choice of

15 the liquid to be ejected is made greater.

It is a further object of the preseﬁt
invention to provide a manufacturing method for a
liguid ejecting head with which such a liquid ejecting
head is easily manﬁfactured.

20 It is a further object of the present
invention to provide a liquid ejecting head, a
printing apparatus and so on which can ﬁe easily
manufactured because a liquid introduction path for
supplying a plurality of liquids are constituted with

-25 a small number of parts. it is an additional object to
provide a downsized liquid ejecting head and device.

It is a further object of the present



the one easily deteriorated by heat or even when the 5 liquid is the one
with which the bubble generation is not sufficient, the liquid is
desired to be ejected in good order w thout property change.

Japanese Laid Open Patent Application No. SHO 61- 69467, Japanese Laid
Qpen Patent Application 10 No. SHO 55-84172 and US Patent No. 4,480, 259

di scl ose that different liquids are used for the liquid

generating the bubble by the heat (bubble generating | iquid) and for
the liquid to be ejected.(ejection liquid). In these publications, the

ink as the Invesjtddn o Iprpviliard dgosd bpbbhe genehaimagel tgting ane
conpletely separated by a flexible filmof silicone rubber -or the |ike
SO0 as to prewvbovedidescribhed ajecfion methddej ection liquid to the heat
generating el enent whi | e propagating the pressure resulting fromthe
20 bubbl e generation dft tise subidtherebiecbnofi thedpresent the ejection
liquid by the deformation of the flexible film The prevention of the
deposi ti on ofinveation tgyirmavided thrad kitctobiPerpiktinggeasyati ng

el ement L . .
' 5 refuse of the liquid ejecting head.

According to an aspect of the present
invention, there is provided a liquid ejeqting method
for ejecting liquid by generation of a bubble,
comprising: preparing a head comprisihg an ejection

10 outlet for ejecting the liquid, a bubble generation
region for Qenerating the bubble in the liqguid, a
movable member disposed faced to said bubble
generation region and displaceable between a first
position and a seéond position further from said

15 bubble generation region than the first position; and
displacing said movable member from said first
position to said second position by pressure produced
by the generation of the bubble in said bubble
generating portion to permit expansion of the bubble

20 more in a downstream side nearer to the ejection
outlet than in an upstream side.

According to another aspect of‘the present
invention there is provided a liquid ejecting method
for ejecting liquid by generation of a bubble,

25 comprising: supplying the liquid along a heat
generating element disposed along a flow path from

upstream of the heat generating element; and applying



and the increase of the selection latitude of the 25 ejection liquid are
acconpl i shed, by such a structure. However, with this
structure in which the ejection liquid and the bubbl e generation
liquid are ' - 6- conpl etely
separated, the pressure by the bubble _g_generation is propagated to the
ejection liquid t hrough t he expansion-contraction deformation of the
flexible film and therefore, the pressure is absorbed 5 by the flexible
filmto a quite high degree. In addition, the deformation of the
flexible fil Hea® Geherated® byargRe huut tdemefaring téemeret gyyo uskeef fi ci ency

and the ejection force are deteriorated although the sone effect is
provi ded by thespsappliied . ldiguich tiohgenkiradjee @ imbbleui thes dnovingubbl e
generation |iquid. , .
a free end of a movable member having the free end
adjacent the ejection outlet side by pressure produced
5 by the generation of the bubble, said movable member
being disposed faced to said heat generating element.
According to a further aspect of the present
invention there is.provided a liquid ejecting method
for ejecting liquid by generation of a bubble,

10 comprisiné: preparing a head including a first liquid
flow path in fluid communication with a liquid
ejection outlet, a second liquid flow path having a
bubble generation region and a movable member disposed
between said first liquid flow path and said bubble

15 generation region and havihg a free ehd adjacent the
ejection outlet side; and generating a bubble in said
bubble generation region to displace the free end of
‘"the movable member into said first liquid flow path by
pressure produced by the generation of the bubble,

20 thus guiding the pressure toward the ejection outlet
of said first liquid flow path by the movement of. the
movable member to eject the liquid. '

According to a further aspect of the present
invention there is provided a liquid ejecting head for

25 ejecting liquid by generation of bubble, comprising:
projection outlet for ejecting the liquid; a bubble

generation region for generating the bubble in the



SUMVARY OF THE | NVENTI ON

of the

Accordingly, it is a principal

ej ecting nmethod, liquid ejecting heag?and so on wherein heat
accunulation in the liquid 20 on the heat generating elenent is
significantly reduced, and the residual bubble on the heat

generating elenent is reduced whil e i nproving the ej ection efficiency

and the ej ectiiQfuid £S8Uiévable member dispbsé8 faésdt Ber sabiesubsiel he -

present 25

invention to provide a liquid ejecting head and so on

obj ect

present invention to provide a liquid ejection 15 principle
wi th which the generated bubble is controlled in a novel manner.
It is another object of the present invention to provide a liquid

wher ei n i ner igendxuition Nregibn eid o sybadeablé gbétween augprgtdi rection
due to back wave is suppressed, and

10

15

20

25

position and a second position further from said
bubble generation region than the first position;
wherein said movable member moves from said first
position to.said second position by pressure produced.
by the generation of the bubble to permit expansion of
the bubble more in a downstream side nearer to the
ejection outlet than in an upstream side.

According to a further asbect of the present
invention there is provided a liquid ejecting head for
ejectiﬁg liquid by generation of bubble, compfising:
an ejection outlet for ejecting the liquid; a heat
gene:ating element for generating the bubble in the

liquid by applying heat to said liquid; a liquid flow.

. path having a supply passage for supplying the liquid

to said heat generating element from upstream thereof;
and a movable member disposed faced to said heat
generating element and having a free end adjacent said
ejection outlet, the free end of said movable member
being moved by pressure produced by the generation of
the bubble to guide the pressure toward said ejection
outlet.

According to a further aspect of the present
invention there is provided a liquid ejecting head for
ejecting liquid by generation of bubble, comprising:

an ejection outlet for ejecting the liquid; a heat



-7- si mul t aneously, a degree of retraction of a meniscus S

reduction by a valve function of a novabl e nenber by which the
refilling frequency is increased, thus permtting high speed printing.
5 It is a further object of the present i nvention to provide
a liquid ejecting head and so on wher.ei n deposition of residual

mat eri al on the heat generati ng eleﬁéht I s reduced, and the range of

t he usable liquid is widened, and in addition, the 10 ejection
efficiency and the ejection force are significantly increased.

It is afurt ﬁggeggjt?ﬁb @f e tP£23C Penerat IHE RO HEBLPEOYhdgna | i quid

ej ecting met hod, l'iquid ejecti'ng head and so on, wherein the choice
of 15 the |iggi,9a! ByPappi19anRd HeatM e dHiRRIBiquid; a liquid Floks a

further object "of the present i nvention to provide a manufacturing
met hod for apath having a supply passage for supplying the liquid
to said heat generating element from upstream thereof;
5 a movable member disposed faced to said heat
generating element andlhaving a free end adjacent said
ejection outlet, the free end of said movable member
being moved by pressure produced by the generation of
the bubble to guide the pressure toward said ejection
10 outlet; and a liquid passage for supplying the liquid
to said heaf generating element from upstream along
such a side of said movable membér as is nearer to
said heat generating element.
According to a further aspect of the present
15. invention tﬁere is provided a liquid ejecting head for
ejecting liquid by generation of bubble, comprising: a
first liquid flow path in fluid communication with an
ejection outlet; a second liquid flow path having
bubble generation region for generating the bubble in
20 the liquid by éﬁplying heat to the liquid; a movable
member disposed betﬁeen said first liquid flow path
and said bubble generation region .and having a free
end adjacent the ejection outlet, wherein the free end
of the movable member is displaced into said first
25 ligquid flow path by pressure produced by the
generation of the bubble, thus guiding the pressure

toward the ejection outlet of said first liquid flow



liquid ejecting head with which such a liquid ejecting head is easily

manuf actured. 20 It is a further object of the present

i nvention to provide a liquid ejecting head, a printing apparatus and
so on which can be easily manuf act ured because a liquid introduction
path for supplying a plurality of Iligpuids are constituted with 25 a
smal | nunber of parts. it is an additional object to provi de a

downsi zed |iquid ejecting head and devi ce. It is a further
obj ect of the present . - 8-

i nvention topgatlisie theanovanemt of tie i mogablei mgmbher to &jeockt descri bed
ej ection net hod. It is a further object of the present

i nvention tofeoiidmiz@head kit for permtting easy
| Accordiﬁg to a further aspect of the present
invention there is provided a liquid ejecting heaa for
5 ejecting liquid by generation of bubble, comprising: a
grooved member integrally having a plurality of
ejection ocutlets for ejecting the liquid, a plurality
of grooves for forming a plurality of first liquid
flow paths in direct fluid communication with said
10 ejection outlets, and a recess for forming a first
common liquid chamber for supplying the liquid to said
first liquid flow paths; an element substrate having a
plurality of heat generating elements for generating
the bubble in the liquid by épplying heat to the
15 1iquid; and a partition wall disposed between said
grooved member and said element substrate and forming
a part of walls of second liquid flow paths
corresponding to said heat generating elements, and a
moQable member movable into said first liquid flow
20 paths by pressure produced by the generation of the
bubble, said movable member being faced to said heat
generating element. ‘
According to a further aspect of the present
invention there is provided a head cartridge
25 comprising: a liquid ejecting head as defined above;
and a 1iquid.container for containing the liquid to be

supplied to the liquid ejecting head.



5 refuse of the liquid ejecting head. According to an aspect

of t-he present I nvention, there is prOV|ded a liquid ejecting nethod
for ejecting liquid by generation of a bubble, conprising: preparing a
head conprising an ejection 10 outlet for ejecting the liquid, a bubble
generation region for generating thgfwbble in the liquid; a

novabl e nmenber di sposed faced to said bubble generation region and

di spl aceabl e between .a first position and a second position further

fromsaid 15 bubble generation region than the first position; and
di spl aci ng sai d novablaecordisrg froora FurkHer sispect pofi thenpteseatd second

position by pressure produced by the generation of the bubble in said
bubbl e génsenttion piherieonds Ernerided exgamiich efectingpubble 20 nore in
a downstream side nearer to the ejection outlet than in an upstream

si de. apparatnsc fodi et insimagonding tliguididypragererationi nventi on
there is prOV|ded a_liquid ejecting nethod for ejecting I|qU|d by

generation oPfadpbmpbde., comprising: a liquid ejecting hea

5 defined above; and driving signal supply means for
supplying a driving signal for ejecting the liquid
through the liquid ejecting head.

According to a further aspect of the present

invention there is provided a liquid ejecting

10 apparatus for ejecting recording liquid by generation
of a bubble; comprising: a liquid ejecting head as
defined abdve; and recording material transporting
means for feeding a recording material for receiving
the liquid ejected from the liquid ejecting head.

15 According to a further aspect of the present
invention there is provided a recording system
comprising: a liquid ejecting apparatus as defined
ébove; and a pre-processing or post-processing means
for promoting fixing of the 1iquid oh the recording

20 material after the recording.
| According to a further aspect of the. present
invention there is provided a head kit éomprising: a
liquid ejecting head as defined above; and a liquid
contéiner containing the liquid to be supplied to the
25 1liquid ejecting head. '
According to a further aspect of the present

invention there is provided a head kit comprising: a



25 conprising: supplying the liquid along a heat generating el ement

di sposed along a flow path from upstream of the heat generating

el enent; and appl yi ng -9- heat
generated by the heat generating elenent to the thus supplied liquid to
generate a bubble, thus noving a freeq4end of a novabl e nenber having
the free end adj acent the ejection outlet side by pressure produced 5
by the generation of the bubble, said novable nenber bei ng di sposed
faced to said heat generating el ement. According to a further
aspect of thejyesdnejectingveeadoastf@efined pboveded dikuddi d ej ecting

nmet hod for ejecting liquid by generation of a bubble, 10 conprising:

preparing a eertaimendfoy eontatringqthe liquidokophehsuppligdd to
connunlcatum;ggt{;;hiéqgégcting héad; and liquid filling means for
filling the liquid into the liquid container.

5 According to a further aspect of the present
invention there is provided a recorded material
characterized by being recorded by ejected ink through
a liquid ejection recording method as defined above.

According to a further aspect of the present
10 invention there is provided a high speed liquid
filling method for a liquid ejecting head comprising:
a liquid ejecting head for ejecting liquid by
generation of bubble including an ejection outlet for
ejecting the liguid; a heat generating element for

15 generating the bubble in the liquid by aﬁplying heat
to said liquid; a liquid flow path having a supply
passage for supplying ﬁhé liquid to said heat
generating element from upstream thereof; a movable
member disposed faced to said heat generating element

20 and having a free end adjacent said ejection outlet,
the free end of said movable member being moved by
pressure produced by the generation of éhe bubble to
guide the pressure toward said ejection outlet; and
supplying the liquid to said heat generating member

25 along said heat generating element from upstream

thereof.

According to a further aspect of the present



ejection outlet, a second liquid flow path having a bubbl e generation

regi on and a novabl e nenber di sposed between said first liquid flow
path and said bubble 15 generation region and having a free end adjacent
t he ej ection outlet side; and generating a bubble in said bubbl e
generation region to displace the free epgl of t he novabl e menber into
said first liquid flow path by pressure produced by the generation of

t he bubble, 20 thus guiding the pressure toward the ejection outl et of
said first liquid flow path by the novenent of the novabl e menber to

eject the |iguivention there is ASFoVildéd 4 méthodtFer 28mevingl the present
I nvention there is provided a liquid ejecting head for 25 ejecting liquid

by gener ati oresfidudib|syblslenin sa Mjiquid @je¢tihgoheadt tompkasiagecti ng the
| i quid;, a bubble generation region for generating the bubble in the
_ preparing a liquid ejecting head including an ejection
outlet for ejecting the liquid; a heat generating
5 element fbr generating the bubble in the liquid by
applying heat to said liquid; a liquid flow path
having a supply passage for supplyihg the liquid to
said heat generating element from upstream thereof; a
movable member disposed faced to said heat generating
10 element and having a free end adjacent said ejection
outlet, the'free end of said movable member being
- moved by pressure produced by the generation of the
bubble to guide the pressure toward said ejection '
outlet; and supplying the liquid to said heat
15 generating member along said heat generating element
from upstream thereof to remove the residual bubble on
said heat generating means.
According to a further aspect of the present
invention theré.is provided a manufacturing method for
20 a liquid ejecting head wherein: the liquid ejecting
head including a first recess for forming a first
liquid flow path in fluid communication Qith an
ejection outlet, a partition wall having a movable
member movable to the first recess, a second recess
25 for forming a second liquid flow path for containing
the liquid for moving the movable member, and an

ejection energy generating means disbosed



-10- i quid; a novabl e nenber disposed faced to said bubble
generation region and di spl aceabl e between a first position and a
second position further fromsaid bubbl e generation region than the
first position; 5 wherein said novable nenber noves fromsaid first
position to said second position by presggre produced by the generation
of the bubble to permt expansion of the bubble nore in a downstream
side nearer to the ejection outlet than in an upstreamside. 10
According to a further aspect of the present I nvention there is
provi ded a | icptirbspoamding twachd second erecéssg isquanubsicyapedabiyon of
bubbl e, conpri si ng: an ejection outlet for ejecting the liquid; a heat
generati ng elfommind @& wahlerfar niprmind ubie eséeondiered8ssi qui enby appl yi ng
heat to said liquid; a liquid flow path having a supply passage for
suppl yi ng t helementy substxate, AnMtEher feunting o chenber, Bavipgt ream
t her eof ; and a novabl e menber disposed faced to said heat
the partition wall and the first recess to the element

5 substrate having the second recess.

According to a further aspect of the present
invention there is provided a manufacturing method for
a liquid ejecting head wherein: the liquid ejecting
head including a first recess for forming a first

10 1liquid flow path in fluid communication with an
ejection ocutlet, a first member integrally having a
partition wall having a movable member movable to the
first recess, a second recess for forming a second
ligquid flow path for containing ligquid for moving the

15 nmovable member of the partition wall, and an ejection
energy generating means disposed corresponding to the
second recess, is manufactured by: forming a wall for
forming the second recess on an element substrate
provided with the ejection energy generéting means;

20 and then ﬁounting the first member having the first
recess.

According to a further aspect of the present
invention there is provided a ligquid droplet ejecting
method for ejecting a liquid droplet through an

25 ejection outlet by a bubble generated by film boiling,

comprising: providing a movable member having a

movable surface and a free end; and moving the free



generating el enent and having a free end adjacent said 20 ejection outlet,

the free end of said novabl e nenber bei ng noved by pressure produced by
t he generation of t he bubble to guide the pressure toward said ejection
outl et. According to a further aspect of the present 25

i nvention there-is provided a liquid ej-«xtd4ng head for ejecting liquid
by generation of bubble, conprising: an ejection outlet for ejecting
the liquid; a heat generating el enent for generating the
bubbl e in the liquid-by applying heat to said liquid; a liquid flow

path havi ng &ndupyl ¢ parfagf faobublide wWrayiding iatieast ao sai d heat

generating elenent fromupstreamthereof; 5 a novable nenber di sposed
faced to sai BrRSsuure component directly contributable to the

liquid droplet éjection to guide said part toward the
ejection outlet.

5 According to a further aspect of the present
invention there is provided a 1iqﬁid droplet ejecting
method for ejecting a liquid droplet through an
ejection outlet disposed at a position not faced'to a
bubble generation region and downstream of the bubble

_10 generation region with respect to a liquid droplet
ejection difection, by generation of bubble in the
bubble Qeneration region, wherein Providing a movable
member having a free end portion for'substantially
sealing an ejection outlet side region of said bubble

15 generation region relative to said ejection outlet and
a surface portion extending from the free end portion
to a fulcrum portion which is disposed away from the
free end in a direction away from from said ejection
outlet; Moving said free end from it substantial

20 sealing position by generation of the bubble to open
said bubble generation region to the ejection. outlet -
to eject the liquid droplet. '

With the liquid ejecting method and the head
using the novel ejection principle, a synergistic
25 effect is provided by the generated bubble and the
movable member moved thereby so ﬁhat the liqguid

adjacént the ejection outlet can be ejection with high



generating el enent and having a free end adj acent said ej ection outlet,
the free end of said novabl e nenber bei ng noved by pressure produced by
t he generation of t he bubble to guide the pressure toward said ejection
10 outlet; and a liquid passage for supplying the liquid to said heat
generating el ement from upstream al ong -18-such a side of said novable
menber as is nearer to sai d heat generating el enent.

According to a further aspect of the present 15 invention there is
provided a liquid ejecting head for ejecting liquid by generation of
bubbl e, conmfifSiciegnay, anditheréefomed thewepethion effdidiemeyurdiscati on
with an ejection outlet; a second liquid flow path havi ng bubbl e
gener ati on r dgipnevest. gdiar 21amplee baubbhe mast2desprabilguityriey ofppl yi ng
heat to the liquid, a novable = nenber disposed between said first liquid
f1 ow path thﬁu?@ﬁﬁ&?ﬁnﬁﬂﬂ%?%k?ﬁwéﬁh%neﬂésgbﬁnaﬁﬁfhﬁéﬁﬁgya1ﬁree end
adj acent the ejection outlet, wherein the free end of the novabl e

menber is di dRCKeAPehyehitP rtvice YBe| copvertisRApaPRey pressure

produced ?y the In another aspect of the present invention,

even if the printing operation is started after the
recording head is left in a low temperature or low
humidity condition for a long term, the ejection
failure can be avoided. even if the ejection failure
10 occurs, the normal operation is recovered by a small
scale recovéry process including a preliminary
ejection and sucking recovery.
In an aspect of improving the refilling
property, the responsivity, the stabilized growth of
15 the bubble and stabilization of the liquid droplet
during the continuous ejections are accomplished, thus
permitting high speed recording.
In this specification, "upstream™ and
"downstream" are defined with respect to a general
20 liquid flow from a liquid supply source to the
ejection outlet through the bubble generation region-
(movable member). | ‘
As regards the bubble per se, the
"downstream" is defined as toward the ejection outlet
25 side of the bubble which directly function to eject
the liquid droplet. More particularly, it generally

means a downstream from the center of the bubble with



generation of the bubble, thus guiding the pressure toward the ejection

outlet of said first liquid flow -12-
path by the novenent of the novabl e nenber to eject the liquid.
According to a further aspect of the present I nvention there is
provided a liquid ejecting head for 5 gyecting liquid by generation of
bubbl e, conprising: a grooved nenber integrally having a plurality of
ejection outlets for ejecting the liquid, a plurality of grooves for
formng a plurality of first liquid flow paths in direct fluid

communi cat i oresipettsadial the) & mesttioon oof| the, gendralr ddqgud df dlowor m ng a
first common |iquid chanber for supplying the liquid to said first

liquid fl ow wat las doawmsdireamtf somsthatcenterngfathe area of the
‘heat generating element with respect to the same.
In this specification, "substantially sealed"
5 generally means a sealed state in such a degree that
when the bubble grows, the bubble dées not escape
th;ough a gap (slit) around the movable member before
motion of the movable member.
In this specification, "separation wall" may
10 mean a wall (which may include the movable member)
interposed to sgparate the region in direct fluid
communication with the ejection outlet from the bubble
generation region, and more specifically means a wall
separating the flow path including the bubble
15 generation region from the liquid flow path in direct
fluid communication with the ejection outlet, thus
preventing mixture of the liquids in the liquid flow
paths.
These and other objects, features and
20 advantages of the present invention will become more
apparent upon a consideration of the following
description of the preferred embodimenté of the
present invention taken in conjunction with the
accompanying drawings.
25
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a sectional view of a liquid flow



plurality of heat generating elenments for generating t he bubble in the
liquid by applying heat to the 15 liquid; and a partition wall disposed
bet ween sai d grooved nenber and said el enent substrate and form ng
a part of walls of second liquid flow paths correspondi ng to said heat
generating elements, and a novabl e sRober novable into said first
liquid flow 20 paths by pressure produced by the generation of the
bubbl e, said novabl e menber being faced to said heat generati ng
el enent . - According to a further aspect of the present
i nventi on t h@ath oHravenventienal chiguidgejeetivgmpeiadi.ng: a |iquid
ej ecting head as defined above; and a liquid container for containing
the liquid to be SEWIF%dthSt%eg'Fhﬁ'!}?Hl@j sectigngdayiew of
- 13- _ '

example of a liquid ejecting head of an embodiment of

the present invention.

5 Figure 3 is a partly broken perspective view
of a liquid ejecting head according to an embodiment
of the present invention.
Figure 4 is a schematic view of pressure

propagation from a bubble in a conventional head.

10 Figure 5 is a schematic view of pressure
propagatioﬁ from a bubble in a head according to an
embodiment of the present invention.

Figure 6 is a schematic view of a liquid flow
in an embodiment of the present invention.

15 Figure 7 is a partly partly broken
perspective view of a liquid ejecting head according
to a second embodiment of the present invention.

Figure 8 is a partly broken perspective view
of a liquid ejecting head according to a third

20 embodiment of the present invention.

Figure 9 is a partly broken perspective view
of a liquid ejecting head according to é fourth of the
present invention.

Figure 10 is a partly broken perspective view

25 of a liquid ejecting head according to a fifth

embodiment of the present invention.

Figure 11 is a sectional view of a liquid



According to a further aspect of the present Invention there is
provided a liquid ejecting apparatus for ejecting recording liquid by
generation of a bubble, conprising: aliquid ejecting head as 5

defi ned above; and driving signal supply neans for supplying a driving
signal for ejecting the liquid throggh the Iiquid ejecting head.
According to a further aspect of the present I nvention there is
provided a liquid ejecting 10 .apparatus for ejecting recording |iquid by
generation of a bubbl.e, conprising: a liquid ejecting head as

defined abovesjettirc et N2 BL6w i path) aaeporbing to amedmsaH or feeding a

recording nmaterial for receiving the liquid ejected fromthe liquid
ej ecti ng headmbddiment of the qoresemttbneehtibher aspect of the present
i nvention there is provided a recording system conprising: a liquid
ej ecting apparatus as Rigured2 is abpartlunbrokpnepprspectiive oriew
post - processi hg neans for pronoting fixing of the liquid on the
recor di ng of a liquid ejecting head according to j a sixth
5 embodiment of the present invention.
Figure 13 is an illustration of an operation
of a movable member.
Figure 14 is an illustration of a structure
-of a second liquid flow path and a movable member.
10 Figure 15 is an illustfation of a structure
of a liquid flow path and a movable member.
Figure 16 is an illustration of another
configuration of the movable member.
Figure 17 is an illustration of a relation
15 Dbetween the area of the heat generating element and
the ink éjection amount.
Figure 18 is an illustration of a positional
relation between a movable member and a heat
generating element.
20 Figure 19 is an illustration of a relation
between a distance between an edge of the heat
generating element and the fulcrum and é movement
distance of the movable member.
Figure 20 shows a positional relation between
25 the heat generating element and the movable member.

Figure 21 is a longitudinal section of a

liquid ejecting head according to an embodiment of the



20 material after the recording. According to a further aspect
of the present I nvention there is provided a head kit conprising: a
liquid ejecting head as defined above; and a liquid cont ai ner
containing the liquid to be supplied to the 25 liquid ejecting head.
According to a further aspect of the preggnt invention there is
provided a head kit conprising: a _
-14- liquid ejecting head as defined above; a liquid cont ai ner
for containing the liquid to be supplied to the liquid ejecting head;
and liquid fidddsehtheiamsed®ion. filling the liquid into the liquid
container. 5 According to a further aspect of the present
invention there is pr@®dgieck 22 etoraleschematial view of a
configuration of a driving pulse.
Figure 23 is a sectional view of a supply
5 passage of a liquid ejecting head in an embodiment of
the present .invention.
Figure 24 is an exploded perspective view of
a head of an embodiment of the present invention.
Figure 25 is a process chart.of manufacturing
10 method of a liquid ejecting head in an embodiment of
the present.invention.
Figure 26 is a process chart of a
manufacturing method of a liquid ejecting head
according to an embodiment of the present invention.
15 . Figure 27 is a process chart of a
manufacturing method of a liquid ejecting head
according to an embodiment of the present invehtion.
Figure 28 is an exploded perspective view of
a liquid ejection head cartridge.
20 Figure 29 is a schematic illustration of a
liquid ejecting device.
Figure 30 is a blockdiagram of an apparatus.
Figure 31 is a schematic view of a liquid

ejection recording system.

25 Figure 32 is a schematic view of a head kit.

DESCRIPTION OF THE PREFERRED EMBODIMENT



characterized by being recorded by ejected ink through aliquid

ej ection recording nethod as defined above. According to a
further aspect of the present 10 invention there is provided a high speed
l'iquid filling nmethod for a liquid ejecting head conpri sing: a
liquid ejecting head for ejecting |iquid2by generati on of bubble

I ncl.udi ng an ejection outlet for ejecting the liquid; a heat generating
el enent for 15 generating the bubble in the |iquid by applying heat to
said liquid; aliquid flew path having a supply passage for supplying
the liquid tcxBuwalimentt 1> generating el enent fromupstreamthereof; a
novabl e menber di sposed faced to said heat generating elenment 20 and
having a free end adj Refersing 9 cthe¢ opcoompanying drhwingse d&b¢ of said
novabl e menber bei ng noved b pressure produced by the generation of

t he bubbl e t @mbodigRenfes ¢f %§Bnﬁ%ﬁﬁﬁwb¥ﬂeﬁﬁiﬁneWééiibﬁ outlet; and

supplying the liquid to said heat generating nenber 25 along said heat
generating elC8RGHIR8Dm upst r eam t her eof .

5 ' In this embodiment, the description will be
made as to an improvement in an ejection force and/or
‘an ejection efficiency by controlling a direction of
propagation of pressure resulting from generation of a
bubble for ejecting the liquid and controlling a

10 direction of growth of the bubble. Figure 2 is a
schematic éectional view of a liquid ejecting head
taken along a liquid flow path according to this
embodiment, and Figure 3 is a partly broken
perspective view of the liquid ejecting head.

15 The liquid ejecting head of this embodiment
comprises a heat generating element 2 (a heat
generating resistor of 40 pym x 105 pm in this
embodiment) as the ejection energy generating element
for supplying thermal energy to the liquid tq eject

20 the liquid, an element substrate 1 on which said heat
generating element 2 is provided, and a liquid flow
path 10 formed above the element substréte
correspondingly to the heat generating element 2. The
liquid flow path 10 is in fluid communicafion with a

25 common liquid chamber 13 for supplying the liquid to a
plurality of such liquid flow paths 10 which is in

fluid communication with a plurality of the ejection



According to a further aspect of the present .
- -15- i nvention there is provided a nethod for renoving r esi dual
bubble in a liquid ejecting head conpri si ng: preparing a liquid
ej ecting head including an ejection: outlet for ejecting the liquid; a
heat generating- 5 elenent for generati+@4+he bubble in the |iquid by
applying heat to said liquid; -a liquid flow path havi ng a supply
passage for supplying the liquid to said heat generating el enment from
upstreamthereof; a rnovabl e menber di sposed faced to said heat
generating owtdledswe#t8.and having a free end adjacent said ejection
outlet, the free end of said novabl e nenber being nmoved by pressure
produced by the gener &g dihe [plement, gppetratguinethfelpauidure toward
said ejection
' J - flow path 10, a movable member or plate 31 in the form
of a cantilever of an elastic material such as metal
5 'is provided faced to the heat generatihg element 2.
One end of the movable member is fixed to a foundation
(supporting member) 34 or the like provided by
patterning of photdsensitivity resin material on the
wall of the liquid flow path 10 or the element
10 substrate. By this structure, the movable member is
supported, and a fulcrum (fulcrum portion) is
constituted.
The movable member 31 is so positioned that
it has a fulcrum (fulcrum portion which is a fixed
15 end) 33 in an upstream side with respect to a general
flow of the liquid from the common liquid chamber 13
toward the 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
20 side of the fulcrum 33. the movable member 31 is faced
to the heat generating element 2 with a gap of 15pm
approx. as if it covers the heat generating element 2.
A bubble generation region is constituted between the
heat generating element and movable member. The type,
25 configuration or position of the heat generating

element or the movable member is not limited to the

ones described above, but may be changed as long as



outlet; and supplying the liquid to said heat 15 generating nenber al ong
sai d heat generating el enent fromupstreamthereof to renove the
resi dual bubbl e on sai d heat generating neans. Accordi ng
to a further aspect of the present i nvention there is provided a
~manufacturing nmethod for 20 a liquid eiggting head wherein: the liquid
ej ecting head including a first recess for formng a first liquid
flow path in fluid comunication with an ejection outlet, a partition
wal | having a novabl e . menber novable to the first recess, a second
recess 25 f @hd arrowith cof etive cbublbjLe dahd otheaphopagatbohabifi the t he
liquid for noving the novabl e nenber, and an - ejection energy generating
means di spos@ressure can be controlled. For the purpoge- of easy
understanding of the flow of the liquid which will be
described hereinafter, the liquid flow path 10 is
5 divided by the movable member 31 into a first ligquid
flow path 14 which is directly in communication with
the ejection outlet 18 and a second liquid flow path
16 having the bubble generation region 11 and the
liquid supply port 12.
10 ' By causing heat generation of the heat
generating element 2, the heat is applied to the
liquid in the bubble generation region 11 between the
movable member 31 and the heat generating element 2,
by which a bubble is generated by the film boiling
15 phenomenon as disclosed in US Patent No. 4,723,129.
The bubble and the pressurée caused by thé generation
of the bubble act mainly on the movable member, so
that the movable member 31 moves or displaces to
widely open toward the ejection outlet side about the
20 fulcrum 33, as shown in Figure 2, (b) and (c¢) or in
Figure 3. By the displgcement of the movablehmember'
31 or the state after the displacement, the
propagation of the pressure caused by the generation
of the bubble and the growth of the bubble per se are
25 directed toward the ejection outlet.

Here, one of the fundamental ejection

principles according to the present invention will be



corresponding to the second recess, is manufactured by formng a wall
for formng the second recess on an el enent substrate, and then
nounting a nenber havi ng the partition wall and the first recess to the
el ement 5 substrate having the second recess. According to a
further aspect of the present i nventpgn there is provided a

manuf acturing nethod for a liquid ejecting head wherein: the liquid

ej ecting head including a first recess for formng a first 10 liquid
flow path in fluid comunication with an ejection outlet, a first

menber i nt egdRidoribad.ng Ohe of panpottanmt varinbapleg efmbhdkl e nenber
novable to the first recess, a second recess for -formng a second

l'i quid fl ow Havenftdiorcdrs dihathgthe quovabbe membey dhsposeédnfagiede toenber of
the partition wall, and an ejection energy generating nmeans di sposed
corr espondi ngheo bupble issatigrlace@stropsthennen®alr E4T6§: PPSLELAR a wal |
for form ng the second recess on an el enent substrate provided with
the ej ecti ontendhgy dERiagethForWPR PosbtipR ePReRPRORABLEgOEHEDS I st

nmenber having the first
5 %ressure of the bubble generation or the bubble per

se, and the displacing or displaced movable member 31
is effective to direct the pressure produced by the
generation of the bubble and/or the growth of the
bubble per se toward the ejection outlet 18

10 (downstream side).

More detailed description will be made ﬁith
comparison between the conventional 1iquid flow
passage structure not using the movable member (Figure
4) and the present invention (Figure 5). Here, the

15' direction of propagation of the- pressure toward the
ejection outlet is indicated by Vp,, and the direction
of propagation of the pressure toward the upstream is
indicated by Vg.

In a conventional head as shown in Figure 4,

20 there is not any structural element effective to
regulate the direction of the propagation of the
pressure produced by the bubble 40 geneéation.
Therefore, the direction of the pressure propagation
of the is normal to the surface of the bubble aé

25 indicated by V1-V8, and therefore, is widely directed
in the passage. Among these directions, those of the

pressure propagation from the half portion of the



recess. According to a further aspect of the present
I nvention there is provided a |liquid droplet ejecting nmet hod for
ejecting a liquid droplet through an 25 ejection outlet by a bubble
generated by film boiling, conprising: providing a novabl e nenber
havi ng a novabl e surface and a free-gpd; and noving the free
-17- end by a part of a bubble providing at |east a pressure
conponent directly contributable to the liquid droplet ejection to
gui de said part toward the ej ection outl et. 5 According to
a further aspeiibldE ¢lmser csenthe ejectient cohléehe(V1i-V4)r haveedha | i quid
droplet ejecting nmet hod for ejecting a liquid droplet through an
pressure components in the V, direction which is most
effective for the liquid ejection. this portion is
important since it directly contributable to the
5 1liquid ejection efficiency, the liquid ejection
pressure and the ejection speed. Furthermore, the
component V1 is closest to the direction of Vp which
is the ejection direction, and therefore, is most
effective, and the V4 has a relatively small component

10 in the direction V. | |

Onithe other hand, in the case of the present
~invention, shown in Figure 5, the movable member 31 is
effective to direct, to the downstream (ejection
outlet side), the pressure propagation directions V1-

15 V4 of the bubble which .otherwise are toward various
directions. thus, the pressure propagations of bubble
40 are concentrated, so that the pressure of the
bubble 40 is directly and efficiently contributable to
the ejection.

20 The growth direction per se of the bubble is
directed downstream similarly to to the pressure
propagation directions V1-V4, and grow more in the
downstream side than in the upstream side. Thus, the
growth direction per se of the bubble is controlled by

25 +the movable member, and the pressure propagation

direction from the bubble is controlled thereby, so

that the ejection efficiency, ejection force and



ej ection outlet disposed at a position not faced to a bubbl e
generation regi on and downstream of the bubble 10 generation region wth
respect to a |iquid droplet ej ection direction, by generation of
bubbl e in the bubbl e generation region, wherein Providing a novable
menber having a free end portion for subggantially sealing an ejection
outlet side region of said bubble 15 generation region relative to said

ej ection outlet and a surfacé portion extending fromthe free end
portion ~ to a fulcrum,portion which is disposed away fromthe free
end in a diregecticawapdad ol rihe shike caret fundamentallyt impbuirad.sai d
free end fromit substantial 20 sealing position by generation of the
bubbl e to open saiRefemhing deaak dto diigexe od, tthe heje¢gtingon outl et

to eject the liquid droplet. Wth the liquid ejecting nethod
and the headoperaisiony ahdhpidauid @iepting kead elnagthiergistic 25
effect is provided by the generated bubble and the novabl e menber noved
t hereby so t REPOdidentyWidl be Agseiihed hn Jekaibn outlet can be ejection

wi th high . :
5 Figure 2, (a) shows a state before the energy

such as electric energy .is applied to the heat
generating element 2, and therefore, no heat has yet
been generated. It should be noted that the movable
member 31 is so positioned as to be faced at least to
10 the downstream portion of the bubble geﬁerated by the
heat generation of the heat generating element. 1In
other words, in order that.the downstream portion of
the bubble acts on the movable member, the liquid flow
passage structure is such that the movable member 31
15 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 the heat generating element.
20 Figure 2, (b) shows a state wherein the heat
generation of heat geherating element 2 occurs by the
application of the electric energy to tﬁe heat
generating element 2, and a part of of the liquid
filled in the bubble generation region 11 is heated by
25 the thus generated heat so that a bubble is generated
through the film boiling.

At this time, the movable member 31 is



-18-

efficiency, and therefore; the ejection efficiency is

| nproved. For exanple, in the nost desirable type of t he present

i nvention, the ejection efficiency is

i ncreased even to twi ce the

conventional one. 5 I n anot her aspect of the present invention,
even if the printing operation is startegoafter the recording head is
left in a lowtenperature or |ow hum dity condition for a long term
the ejection failure can be avoided even if the ejection failure 10
occurs, the normal operation is recovered by a small " scal e recovery
process incl vdisplacedefromnthe firstepesiitdenatd dhskisgromtovery.

In an aspect of inproving the refilling property, the responsivity, the

stabilized greegitben by the pressure produced by the generation of

10

15

20

25

the bubble 40 éo as to guide the propagation of the
pressure toward the éjection outlet. It should be
noted that, as described hereinbefofe, 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 sidel(common liquid chamber
side), so that at least a part of the movable membef
is faced to the downstream portion of the bubble, that
is, the downstream portion of the heat generating
element.

Figure 2, (c) shows a state in which the
bubble 40 has further grown. by the pressure resulting
from the 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 the growth of the bubble 40, the
movable member 31 gradually displaces, by which the -
pressure propagation direction of the bﬁbble 40, the
direction in which the volume movement is easy,
namely, the growth direction of the bubble, are
directed uniformly toward the éjection outlet, so that
the ejection efficiency is increased. When the

movable member guides the bubble and the bubble



15 the bubble and stabilization of the liquid dropl et
continuous ejections are acconplished, thus . permtting high speed

during the

recor di ng. In this specification, "upstream and
"downstreant’ are defined with respect to a general 20 liquid flow from a
l'iquid supply source to the ej ecti onggutl et through the bubble
generation region (novabl e nenber). As regards the bubble

per se, the

"downstreant’ is defined as toward the ejection outlet

side of the bubble which.directly function to eject the liquid
dropl et. Mr ggmetatidrrpyessirgebawarldythe ejeeamenaodu\l/ett,r é&am fromt he

center of the bubble with

respect to t hanilrobstretts eropagation gpddgrpwih, and can

10

15

20

25

efficiently control the propagation direction of the
pressure and the growth direction of the bubble in
accordance with the degree of the pressure.

Figure 2, (d) shows a state wherein the
bubble 40 contracts and disappears by the decrease of
the pressure in the bubble, peculiar to the film
boiling phenomenon.

The movable member 31 having been displaced
to the secohd position returns to the initial position
(first position) of Figure 2, (a) 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 liquid flows back from the common liquid
chamber side as indicated by VDl and VD2 and from the

ejection outlet side as indicated by V. so as to

‘compensate for the volume reduction of the bubble in

the bubble generation region 11 and to compensate for
the volume of the ejected liquid.

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 '
opefation of the liquid. now, the description will be
made as to the refilling of the liquid in the liquid

ejecting head of the present invention.

-19-

25



or a dowmstreamfromthe center of the area of the heat generating

el enment with respect to the sane. In this specification,
"substantially sealed" 5 generally neans a sealed state in such a degree

t hat when the bubbl e grows, the bubbl e does not escape t hrough a
gap (slit) around the novabl e nenber befgje notion of the novable
nmenber . In this specification, "separation wall" may 10 nean
a wall (which may include the novabl e nenber) i nt erposed to separate
the region in direct flui.d conmuni cation with the ejection outlet from
t he bubbl e gener aRebarring ot Bhgurer 2, shequidcsupplyeans a wal |-
separating the flow path including the bubble 15 generation region from
the liquid f i mechanisnwilll doe describedd comruni cation with the ejection

outlet, thus preventing m xture of the liquids in the liquid flow
pat hs. TWher thel bubkle ot centerscthgr bybbhe 20 advant ages
of the present invention wll becone nore appar ent upon a

consi der at i ofH13PRiNG | PERFRES after the maximum volume thereof

5 after Figure 2, (c) state, a volume of the liquid
enough to compensate for the collapsing bubbling
volume flows into the bubble generation region from
the ejection outlet 18 side of the first liquid flow
path 14 and from the bubble generation region of the

10 _second'liquid flow path 16. |

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 bubble collapse position and thé amount of the

15 ligquid from the common liguid chamber thereinto, are
attributable to the flow resistances of the portion
closer to the ejection outlet than the bubble
generation region and the portion closer to the common
liquid chamber.

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

25 With the reduction of the flow resistance in the
ejection outlet for the purpose of increasing the

ejection efficiency, the meniscus M retraction



description of t he preferred enbodi nents of the present invention

taken in conjunction with the acconpanyi ng draw ngs. 25 BRI EF
DESCRI PTI ON OF THE DRAW NGS ‘Figure 1 is a sectional view of a
liquid fl ow - 20- path of a
conventional liquid éjecting head. - -32- Figure 2 is a schematic
sectional view of exanple of a liquid ejecting head of an enbodi nent

of the present invention. 5 Figure 3 is a partly broken

per spective view of .a liquid ejecting head according to an enbodi nent

of the presenintpe@sésotpon the collapseFbfubabblieswd ticbididesulitew of

presstre of longer refilling time period, thus making high
speed printing difficult.

According to this embodiment, because of the
5 provision of the movable member 31, the meniscus
retraction stops at the time when the movable member
returns to the initial position upon the collapse of
bubble, and thereafter, the supply of the liquid to
£fill a volume W2 is accomplished by the flow Vp, -

10 through the second flow pafh 16 (W1 is a volume of an
upper side bf 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). In
the prior art, a half of the volume of the bubble

15 volume W is the volume of the meniscus retraction, but

according to this embodimeht, only about one half (Wl)

is the volume of the meniscus retraction.
Additionally, the liquid supply for the
volume W2 is forced to be effected mainly from the

20 upstream (VDZ) of the second liquid flow path along
the surface of the heat generating element side of the
movable member 31 using the pressure upén the collapse
of bubble, and therefore, more speedy refilling action
is accomplished.

25 When the refilling using the pressure upon
the collapse of bubble ié carried out in a

conventional head, the vibration of the meniscus is



propagation froma bubble in a conventional head. 10 Figure 5is

a schematic view of pressure propagation froma bubble in a head
according to an enbodi ment of the present invention.

Figure 6 is a schematic view of a liquid flow in an enbodi ment of the
present invention. 15 Figure_33Ls a partly partly broken
perspective view of a liquid ejecting head accordi ng to a second
enbodi ment of the present invention. Figure 8 is a partly

br oken perspective view . of aliquid ejecting head according to a third
20 enbodi nentefpanded pweERNthény¥@stil€nof the deterioraltiow ©f9 the a partly
br oken perspective view of aliquid ejecting head according to a

fourth of theimage guaikthy.ihoweveopn. according to thisgemboiimenta partly
br oken perspective view 25 of a liquid ejecting head according to a fifth
enbodi ment ofthénefowsenf theehiguhd in the first lfgydde £low pathsecti onal
view of a liquid
14 at the ejection outlet side and the ejection outlet
5 side of the_bubble generation region 11 are
suppréésed, so that fhe vibration of the meniscus is
reduced.
Thus, according to this embodiment, the high
speea refilling is accomplished by the forced
10 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, fhe stabilization of ejection
and high speed repeated ejections are accomplished,
15 and when the embodiment is used in the field of
recording, the improvement in the image quality and in
‘the recording speed can be accomplished.
The embodiment provides the following
effective function. It is a suppressibn of the
20 propagation of the pressure to the upstream side (back
wave) produced by the generation of the bubble. The-
pressure due to the common liquid chambér 13 side
(upstream) of the bubble generated on the heat
genérating element 2 mostly has resulted in force
25 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



-21- ejecting head (2 flow path) according to a sixth

enbodi nent of the present invention. Figure 12 is a partly

br oken perspective view of aliquid ejecting head according to j a
sixth 5 enbodi ment of the present invention. - Figure 13 is an
il lustration of an operation of a ogyabl e menber. Fi gure
14 is an illustration of a structure of a second liquid flow path and
a novabl e nenber. 10 ' Figure 15 is an illustration of a structure

of aliquid flow path and a novabl e nenber.

il lustrati on pfesswtdeat the upstrgamaside, oththeesuithhg methien of

Figure 17 is an illustration of a relation

generating eltérerntigmid and the resulting inertia force. In this

10

15

20

25

embodiment, these actions to the upstream side are
suppressed by the movable member 31, so that the
refilling performance is further improved.

The description will be made as to a further
characterizing feature and the advantageous effect.

The second liquid flow path 16 of this
embodiment has a liquid supply passage 12 having an
internal wall substantially flush with the heat |
genefating'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 element 2 and the
bubble generation region 11 occurs along the surface
of the movable member 31 at the position closer to the
bubble generation region 11 as indicated by Vpa-
Accordingly, stagnation of the liquid on the surface
of the heat generating element 2 is suppressed, so
that precipitétion of the gas dissolved in the liquid
is suppressed, and the residual bubbles‘not
disappeared are removed without difficulty, and in
addition, the heat accumulation in the liquid is not
too much. Therefore, the stabilized bubble generation
can be repeated at a high speed. 1In this embodiment,

the liquid supply passage 12 has a substantially flat

Figure 16 is an

15 between the area of the heat



the ink ejection anmount. Figure 18 is an illustration of a

posi ti onal rel ati on between a novabl e nenber and a heat

generating elenent. 20 Figure 19 is an illustration of a
relation bet ween a di stance between an edge of the heat

generating el enent and the ful crum and a3ﬁgvenent di stance of the
novabl e nenber. Figure 20 shows a positional relation between
25 the heat generating el ement and the novabl e nenber. Fi gure
21 is a longitudinal section of a liquid ejecting head according to an
enbodi ment ofiAHE€rnal wall, but this is not limiting, and Z&e

present invention. Figure 22 is a schematic view of a

liquid supply passage is satisfactory if it has an
internal wall with such a configuration smoothly
extended from the surface of the heat generating

5 element that the stagnation of the liquid occurs on
the heat generating element, and eddy flow is not
significantly caused in the supply of the liquid.

The supply of the liguid into the bubble

generation region may accur through a gap at a side

10 portion of the movable member (slit 35) as-indicated
by Vp;. In 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 geheration region (covering the surface

15 of the heat generating element) may be used, as shown
in-Figure 2. then, the flow resistance for the ligquid
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

20 member to the first position, so that the flow of the
liquid to the bubble generatidn region 11 along Vp,
can be suppressed. However, according éo the head
structure of this embodiment, there is a flow
effective to supply the liquid to the bubble

25 generation region, the supply performance of the
liquid is greatly increased, and therefore, even if

the movable member 31 covers the bubble generation



conflguratlon of a driving pulse.
view of a supply 5 passage of a liquid eJectlng head i n an enbodi nent of
i nventi on. Figure 24 is an expl oded perspective

t he present
vi ew of

Figure 25 is a process chart of manufactydng 10 nethod of a liquid

a head of an enbodi ment of the present invention.

ej ecting head in an enbodi nent of t he present invention.

Figure 26 is a process chart of a
ej ecting head . according to an enbodi nent of the present invention.
Figure 27 is pegigfic3l ¢baimpove the egwtfmi WG iEidipd the @ | i quid
ej ecting head according to an enbodi nent of the present invention.
Figure 28 is sippipl pdedopmanpecofvethe ddguid is nbt idutiar Ryeetedn head
20 Figure 29 is a schematic illustration of a
liquid ejecting devi ceThe positional zﬁlgm:@rﬁmemearblthé(cﬁm andf an

cartridge.

appar at us.

10

15

20

25

32 and the fulcrum 33 of the movable member 31 is such

that the free end is at a downétream position of the
fulcrum as indicated by 6 in the Figure, for example.
With this structure, the function and effect of
éuiding the pressure propagation direction and the
direction of the growth of the bubble to the ejection
outlet side or the like caﬁ be efficiently assured
upon the bﬁbble generation. Additionally, the
positional relation is effective to accomplish not
only the function or effect relating to the ejection
but also the reduction of the flow resistance through
the liquid flow path 10 upon the supply of the liquid

thus permitting the high speed refilling. When the

meniscus M retracted b the ejection as shown in Figure

6, returns to the ejection outlet 18 by capillary
force or when the liquid supply is effected to
compensate for the collapse of bubble, the positions
of the free end and the fulcrum 33 are such that the’

flows Sl' SZ and S3 through the liquid flow path 10

including the first liquid flow path 14 and the second

ligquid flow path 16, are not impeded.

More particularly, in this embodiment, as

described hereinbefore, the free end 32 of the movable

member 3 is faced to a downstream position of the

Figure 23 is a sectional

manuf acturing nmethod of a liquid

15



Figure 31 is a schematic view of a liquid ej ection recording system

25 Figure 32 is a schematic view of a head kit.

DESCRI PTI ON OF THE PREFERRED ENMBODI MENT

-23- <Enbodi nent 1> Referring to the acconpanyi ng
drawi ngs, the enbodi nents of the prggent invention will be
described. 5 In this enbodi nent, the description will be
made as to an inprovenment in an ejection force and/or an ejection
efficiency by controlling a, direction of propagati on of pressure

resul ting: frameneratéontké frea whiehbdevieesetnet hagtt Genkiratisigand
controlling a -

: ’ element 2 into an upstream region and a downstream
region.(the line péssing through the center (central
portion) of the area‘of the heat generating element

5 and perpendicular to a direction of the length of the
ligquid flow path). The movable member 31 receiQes the
pressure and the bubble which are greatly
contributable to the ejection of the liquid at the
downstream side of the area center position 3 of the

10 heat generating element, and it guides the force to
the ejecfioh outlet side, thus fundamentally improving
the ejection éfficiency or the ejection force.

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

15 hereinbefore.

Furthermore, it is considered that in the
structure of this embodiment, the instantaneous
mechanical movement of the free end of the movable
member 31, contributes to the ejection of the liguid.

20 <Embodiment 2>

Figure 7 shows a second embodiment. .. In
Figure 7, A shows a displaced movable mémber although
bubble is not shown, and B shows the movable member in
the initial position (first position) wherein the

25 Dbubble generation region 11 is substantially sealed
relative to the ejection outlet 18. Although not

shown, there is a flow passage wall between A and B to



10 direction of growmh of the bubble. Figure 2.is a schemati c
sectional view of a liquid ejecting head taken along a liquid flow
path according to this enbodi ment, and Figure 3 is a partly broken
perspective view of the liquid ejecting head. 15 The |'i quid
ej ecting head of this enbodi nent coppLi ses a heat generating element 2
(a heat generating resistor of 40 [err]mx 105 [err]min this
enbodi ment) as the ejection energy generating el enent for supplying
thermal energy to the liquid to eject 20 the liquid, an el ement substrate
1 on whi ch s®@egpharestie the fjenermdths). el enent 2 is provided, and a |liquid
flow path 10 fornmed above the el enent substrate correspondi ngly
to the heat generatindg dicamsiation 3¢ is provided atoeepht Bide,i @ndn fluid
comuni cation with a 25 comon liquid chanber 13 for supplying the liquid
to a pl Hedmeen dhemcla | 1A suRP byt P8S$8g&hLEéhibs in fluid
communi cation with a plurality of the ejection L.
. constituted. With this structure, the liquid can be
5 supplied along a surface of the movable member faced
to the heat generating element side and from the
liquid supply passége having a surfape substantially
flush with the surface of the heat generating element
or smoothly continuous therewith.
10 When the movable member 31 is at the initial
position(fifSt position), the movable member 31 is
close to or closely contacted to a downstream wall 36
disposed downstream of the heat Qenerating element 2
and heat generating element side walls 37 disposed at
15 the sides of the heat generating element, so that the
ejection outlet 18 side of the bubble generation
region 11 is substantially sealed. Thus, the pressure
produced by the bubble at the time of. the bubble
generation and particularly the pressure downstream of
20 the bubble, can be concentrated on the free end side
side of the movable member, without releasing. the
pressure.
In the process of the collapse of bubble, the
movable member 31 returns to the first position, and
25 the ejection outlet side of the bubble generation

region 31 is substantially sealed, and therefore, the

meniscus retraction is suppressed, and the liquid



- 24- outlets 18. Above the el enent substrate in the

liquid flow path 10, a novable nenber or plate 31 in the form of
a cantilever of an elastic material such as netal 5 is provided faced to
t he heat generating el enent 2. One end of the novable nmenber is fixed
to a foundation (supporting nenber)3g4 or the |ike provided by
patterni ng of photosensitivity resin material on the wal | of the
liquid flow path 10 or the elenent 10 substrate. By this structure, the
novabl e menber is supported, and a fulcrum (ful crumportion) is

constituted. supply to the Héatnpeabratimgbeleménitsisocpasiieidoat t hat
it has a fulcrum (ful crumportion which is a fixed 15 end) 33 in an
upstream si dewintht hthe sgpdeantages gdescuibed hetémmbeforbe | Bgui d fron1the
comon |iquid chanber 13

regards the refilling, the same advantageous effects

can be prévided as in the foregoing embodiment.

5 In this embodiment, the foundation 34 for
supporting and fixing the movable member 31 is
provided at an upstreaﬁ position away from the heat
generating element 2, as shown in Figure 3 and Figure
7, and the foundation 34 has a width smaller than the

10 liquid flow path 10 to supply the liqguid to the liquid
supply passége 12. The cohfiguration of the
foundation 34 is not limited to this structure, but
may be anyone if smooth refilling is accomplished.

In this embodiment, the clearance between the

15 movable member 31 and the clearance is 15pm approx.,;

| but the distance may be changed as long as the
pressure produced by the bubble generation is
sufficiently propagated to the movable member.
<Embodiment 3>

20 Figure 8 shows one of the fundamental aspects
of the present invention. Figure 8 shows a positional
relation among a bubble generation regién, bubble and
the movable member in one liquid flow path to further
describe the liquid ejecting method and the refilling

25 method according to an aspect of the presentl
invention.

In the above described embodiment, the



toward the ejection outlet 18 through the novabl e menber 31 caused by

the ejecting operation and that it has a free end (free end portion)
32 in a downstream 20 side of the fulcrum 33. the novable nmenber 31 is
faced to the heat generating element 2 with a gap of 15pm appr ox.
as if it covers the heat generating el eagpt 2. A bubbl e generation
region is constituted between the heat generating el enent and novabl e
menber. The type, 25 configuration or position of the heat generating

el ement or the novable nmenber is not limted to the ones descri bed
above, but napressupenhgdthe pengrated bubble is concentrated on

- 25- the gromh of the bubble and the propagation of the

pressure can bhecfneeoenddof tbe mhwapliepmembefr &aspccomplistertheandi ng of

the flow of the liquid which will be
quick movement of the movable member and the

concentration of the movement of the bubble to the

5 ejection outlet side. In this émbodiment, the bubble
is relatively free, while a downstream portion of thé
bubble which is at the ejeétion outlet side directly
contributable to the droplet ejection, is regulated by
the free end side of the movable member.

10 More particularly, the projection (hatched
portion) fdnctioning as a barrier provided on the heat
generating element substrate 1 of Figure 3 is not
provided in this embodiment. The free end region and
opposite lateral end regions of the movable member do

15 not substantially.seal the bubble generation region
relative to the ejection outlet region, but it opens
the bubble generation region to the ejection outlet
region, in this embodiment.

In this embodiment, the growth of the bubble

20 is permitted at the downstream leading end poftion of
the downstream portions having direct function for the
liquid droplet ejection, and theréfore,'the pressure
component is effectively used for the ejection.
Additionally, the upward pressure in this downstream

25 portion (component forces Vg2, Vg3 and Vpy4) acts such
that the free end side portion of the movable member

is added to the growth of the bubble at the leading



descri bed hereinafter, the liquid flow path 10 is 5 divided by the novable
menber 31 into a first liquid flow path 14 which is directly in
comuni cation with the ejection outlet 18 and a second liquid flow

pat h 16 havi ng the bubble generation region 11 and the - l'iquid
supply port 12. - 10 By causing%ﬁeat generation of the heat
generating elenent 2, the heat is applied to the liquid in the bubble
generation region 11 between the novabl e nmenber 31 and the heat
generating el enent 2, . by which a bubble is generated by the film

boiling 15 phfgordoms tlhcardfses, ithd/ e feéeién Nefficiedcy29s The

bubbl e and the pressure caused by the generation of the bubbl e act

mai nly on thdmproakice simiilarlscto the tiwteddtngoamboaimenes. 3Asnoves or
di spl aces to wi dely open toward the ejection outlet side about the 20

ful crum 33, xompaned iwitl dgthe enbgdimemtd, (thisrembodimenti igre 3. By the

di spl acenent of the novabl e nenber 31 or the state after the

di spl acenent betiter in Yheymepnangiwity Hko prhe sdrivingsesi bhet heagenerati on
5 generating element.

The structure of this embodiment is simple,
and.therefore, the manufacturing is easy.

The fulcrum portion of the movable member 31‘
of this embodiment is fixed 6n one foundation 34

10 having a width smaller than that of the surface of the
movable member. Therefore{ the liquid supply.to the
bubble generation region 11 upon the collépse of
bubble occurs along both of the lateral sides of the
foundation (indicated by an arrow). The foundation

15 may be in another form if the liquid supply
performance is assuréd.

In the case of this embodiment, the existence
of the movable member is effective to control the flow
into the bubble generation region from the upper  part

20 upon the collapse of bubble, the refilling for the
supply of the liquid is better than the conventional
bubble generating structure having only'the heat
generating element. The retraction of the meniscus is
also decreased thereby.

25 In a preferable modified embodiment of the
third embodiment, both of the lateral sides (or only

one lateral side) are substantially sealed for the



of the bubble and the growh of the bubble per se are 25 directed toward
the ejection outlet. Here, one of the fundanental ejection
princi ples according to the present invention will be

- 26- descri bed. One of inportant principles of this i nvention
is that the novabl e nmenber disposed facegyto the bubble is displaced
fromthe normal first position to the displaced second position on the
basis of the 5 pressure of the bubble generation or the bubble per

se, and the displacing or displaced novabl e nenber 31 is effective to

direct the prinsashie gemsitgtionyrédifon 11.JeWetRAt 5G8h0ok kleulthitles and/ or
the gromh of the bubbl e per se toward the ejection outlet 18 10
(downst r eam sthie)pressure toward the lateral side of the movable
member is also directed to the ejection outlet side
end portion, so that the ejection efficiency is
5 further improved.
<Embodiment 4>
In the following embodiment, the ejection
fofce for the liquid by the mechanical displacement is
further improved. Figure 9 is a cross-sectional view
10 of this embodiment. In Figure 9, the movable member
is extended such that the position of the free ehd of
the movable member 31 is positioned further downstream
of the heat Qenerating element. By this, the
displacing speed of the movable member at the free end
15 position is further increased, so that the generation
of the ejection pressure by the displacement of the
movable member is further improved.
In addition, the free end is closer to the
ejection outlet side than in the foregoing embodiment,
20 and therefore, the growth of the bubble can be
concentrated toward the stabilized direction, thus
assuring the better ejection. '
In response to the growth speed of the bubble
at the central portion of the pressure of the bubble,
25 the movable member 31 displaces at a displacing speed
Rl. the free end 32 which is at a position further

than this position from the fulcrum 33, displaces at a



More detailed description will be made with conpari son between the
conventional liquid flow passage structure not using the novable
menber (Figure 4) and the present invention (Figure 5). Here, the 15
direction of propagation of the pressure toward the ejection outlet is
I ndi cated by VA,. and the direction Qfzpropagation of the pressure
toward the upstreamis I ndi cated by V[err]. In a
conventional head as shown in Figure 4, 20 there is not any structural

el ement effective to . regulate the direction of the propagation of the

pressure produggHebyspbadbrlh! e THisgerticAtirde end 3T hescHarfcal D
direction of the pressure propagation of the is normal to the surface

of the bubbl eaets 8h thdi tageddbatVe Wi ghex dsgeadito endreasaetye di rect ed
in the passage. Anong these directions, those of the pressure
pr.opagati on fepecthenheffigdenicom of the

The free end configuration is such that, as

5 is the same as in Figure 8, the edge is vertical to
the liquid flow, by which the pressure of the bubble
and the mechanical function of the movable member are
more efficiently contributable to fhe ejection.
<Embodiment 5> |

10 Figure 10, (a), (b) and (c) illustrate a
fifth embodiment of the present invention.

As is different from the foregoing
embodiment, the region in direct communication with
the ejection outlet is not in communication with the

15 "liquid chamber side, by which the structure is
simplified. |

The liquid is supplied only from the liquid
supply passage 12 along the surface of the bubble
generation region side of the movable member 31. the

20 free end 32 of the movable member 31, the positional
relation of the fulcrum 33 relative to the ejection
outlet 18 and the structure of facing te the heat
generating element 2 are similar to the above-
described embodiment.

25 ' According to this embodiment, the
advantageous effects in the ejection efficiency, the

liquid supply performance and so on described above,



-27- bubbl e closer to the ejection outlet (V1-V4) have the

pressure conponents in the VA direction which is nost effective for
the liquid ejection. this portion is i mportant- since it directly
contributable to the 5 liquid ejection efficiency, the liquid ejection
pressure and the ejection speed. Furtherédre, the conponent V1 is

cl osest to the direction of VA which Is the ejection direction, and
therefore, is nost effective, and the V4 has a relatively small
conponent 10 in the direction V[err]. On the other hand, in
the case of t3re pecewplished; parnticonlaskywnthe reggaction: pE tbeabl e
menber 31 is effective to direct, to the downstream (ejection

outl et side) MeHSPIR s IRRERRIRA I PN RcEPFERd YRF1l18n9418f the bubble
o o e gt LSS 1B peethoSTE. SBTe! BHR pHESARLELSVLC
the upon the collapse of bubble.

5 Figure 10, (a) shows a state in which the
bubble generation is caused by the heat generating
element 2, and Figuré 10, (b) shows the state in which
the bubble is going to contract. at this time, the
returning of the movable member 31 to the initial

10 position and the liquid supply by S3 are effected.

In Figure 10, (c), the small retraction M of
the meniscus upon the returning to the initial
position of the movable member, is being compensated
for by the refilling by the capillary force in the

15 neighborhood of.the ejection outlet 18.
<Embodiment 6>

The description will be made as to another
embodiment.

The ejection principle for the liquid in this

20 embodiment is the same as in the foregoing embodiment.
the liquid flow path has a multi-passage structure,
and the liquid (bubble generation liquié) fo; bubble
generation by the heat, and the liquid (ejection
liquid) mainly”ejected, are separated.

25 Figure 11 is a sectional schematic view in a
direction along the flow path of the liquid ejecting

head of this embodiment.



bubble 40 is directly and efficiently contributable to the ejection.

20 The growt h direction per se of the bubble is directed
downstreamsimlarly to to the pressure propagation directions V1-V4,
and grow nore in the downstream side than in the upstream side. Thus,
the - growth direction per se of the_kghble is controlled by 25 the '
novabl e nmenber, and the pressure propagati on . direction fromthe bubble
is controlled thereby, so that the ejection efficiency, ejection force
and ejection speed or the like are fundanentally inproved.
Referring back to Figuig €netifgei€Céijé6ting heparoki enief the liquid
ejecting head in this enbodi nent will be described in detail.

embodiment, a second liquid flow path 16 for the
bubble generation is provided on the element substrafe
1 which is provided with a heat generating element 2

5 for supplying thermal energy for generating the bubble
in the liquid, and a first liquid flow path 14 for the
ejection liquid in direét communication with the
ejection outlet 18 is formed thereabove.

The upstream side of the first ligquid flow

10 path is 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

15 ‘chamber for supplying the bubble generation liquid to
a plurality of second liquid flow paths.

In the case that the bubble geheration liquid
and ejection liquid are the same liguids, the number
of the common liquid chambers may be one.

20 Between the first and second liquid flow
.paths, there is a separation wall 30 of an elastic
material such as metal so that the firsé flow path and
the second flow path are separated. In the case that
mixing 6f the bubble generation liquid and the

25 ejection liquid should be minimum, the first liquid
flow path 14 and the second liquid flow path 16 are

preferably isolated by the partition wall. however,



5 Figure 2, (a) shows a state before the energy such as
electric energy is applied to the heat generating elenent 2, and

t herefore, no heat has yet _ been generated. It should be noted that the
novabl e menber 31 is so positioned as to be faced at least to 10 the
downstream portion of the bubble generatgg_by the heat generation of
the heat generating elenent. In other words, in order that the
downst ream portion of t he bubbl e acts on the novabl e nmenber, the
liquid flow passage.structure is such that the novabl e nenber 31 15

extends at | gagh ithd Wi pasd (tora deehtaigadktent §H0pBshisaibak,a |ine
passi ng through the center 3 of the area of the heat generating

el ement and the coapltE cidolation his|sopt inebitablélow path) of the
center 3 of the area of the heat- generating elenent. 20 Fi gure
2, (b) shows a state hagraxtiameofecthe partjthenawadh dh hbet upeaedati ng

el ement 2 occurs by the application of the electric energy to the heat
gener ati ng epaodectiommpace0f Uie dheahegenguating elemepsd in t he bubble

generation region 11 is heated by
(ejection pressure generation region including A and B

(bubble generation region 11) in Figure 11), is in the
form of a cantilever movable member 31, formed by
slits 35, having a fulcrum 33 at the common liquid
chamber (15 17) side and free end at the ejection

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

15 generation liquid (direction of the arrow in the
Figure). In an examble of Figure 12, too, a partition
wall 30 is disposed, with a space for constituting a
second liquid flow path, above an element substrate 1
provided with a heat generating resistor portion as

20 the heat generating element 2 and wiring electrodes 5
for applying an electric signal to the heat generating
resistor portion. ‘ '

As for the positional relation among the

fulcrum 33 and the free.end 32 of the movable member

25 31 and the heat generating element, are the same as in
the previous example.

'In the previous example, the description has



25 the thus generated heat so that a bubble is gener at ed t hrough t he

filmboiling. At this time, the novable nenber 31 is

- 29- di splaced fromthe first position to the second position
by the pressure produced by the generation of t he bubble 40 so as to
gui de the propagation of the pressupg_toward the ejection outlet. It
should be 5 noted that, as described herei nbefore, the free end 32 of
t he novabl e nenber 31 is disposed in the downstream side (ejection
outlet side), and the ful.crum33 is di sposed in the upstream side.
(comon | i qui Heehammbhde as tosithHe) relattibat bettweenstthe pidtuciutde ebvabl e
menber 10 is faced to the downstream portion of the bubble, that IS,

t he downst r eatheol igquhdobsuppdyhpassggeecidt amgl the heat generating
element 2. the relation between the second liquid flow
path 16 and the heat generating elément 2 is the same

5 in this embodiment.

Referring to Figure 13, the operation of the
liquid ejecting head of this embodiment will be
described.

The used éjection ligquid in the first liquid

10 flow path 14 and the used bubble generation liquid in
the second liquid flow path 16 were the same water
base inks.

By the heat generated by the heat generating
element 2, the bubble generation liquid in the bubble

15 generation region in the second liquid flow path
generates a bubble 40, by film boiling phenomenon as
described hereinbefore.

In this embodiment, the bubble generation
pressure is not released in the three directions

20 except for the upstream side in the bubble generation
region, so that the pressure produced by the bubble
generation is propagated concentratedly’on the movable
member 6 side in the ejeétion pressure generation
portion, by which the movable member 6 is displaced

25 from the position indicated in Figure 13, (a) toward
the first liquid flow path side as indicated in Figure

13, (b) with the growth of the bubble. By the



el enent . Figure 2, (c) shows a state in which the bubbl e
40 has further grown. by the pressure resulting 15 fromthe bubble 40
generation, the novable nmenber 31 i s displaced further. The generated
bubbl e grows nore downstream t han upstream and it expands greatly
beyond a first position (broken |ine posiggion) of the novabl e nmenber.
Thus, it is understood that in 20 accordance wth the gromh of the bubble
40, the novabl e mermber 31 gradual Iy displaces, by which the _ _
pressure propagation direction of the bubble 40, the direction in which
t he vol une nooperatios efisfhe movahhel pembée, gtbet Ifidistedtiiqui doff lidwe
bubbl e, are 25 directed-unifornly toward the ejection outlet, so that
the ejection e2thclénandithengecanddliquid fhow pathmibabire denbddegui des
t he bubbl e and the bubbl e, . .
fluid communication with each other, and the pressure
produced by the generation of the bubble is mainly
5 propagated toward the ejection 6ut1et in the first
liquid flow path (direction'A). By the propagation of
the pressure and the mechanical displacement of the
movable member, the liquid is ejected through the
ejection outlet.
10 Then, with the contraction of the bubble, the
movable meﬁber 31 returns.to the position indicated in
Figure 13, (a), and correspondingly, an amount of the
liquid corresponding to the ejection liquid'is
supplied from the upstream in the first liquid flow
. 15 path 14. In this embodiment, the direction of the
liquid supply is codirectional with the closing of the
movable member as in the foregoing eﬁbodiments, the
refilling of the liquid is not impeded by the movable
member.
20 The major functions and effects as regards
the propagation of the bubble generation pressure with
the displacement of the movable wall, the direction of
the bubble growth, the prevention of the back wave and
so on, in this embodiment, are the same as with the
25 first embodiment, but the two-flow-path structure is

advantageous in the following points.

The ejection liquid and the bubble generation



- 30- generation pressure toward the ejection outlet, it hardl y
obstructs propagati on and growth, and can efficiently control the
propagation direction of the pressure and the growh direction of the
bubble in 5 accordance with the degree of the pressure.
Figure 2, (d) shows a state wherein the.g9- bubble 40 contracts and
di sappears by the decrease of the pressure in the bubble, peculiar to
the film boi | i ng phenonenon. 10 The novabl e nenber 31
havi ng been di spl aced . to the second position returns to the initial
position liquidt mpysbei separhtiedyuand the)ejpction rkeixquid nis force
provi ded by the spring property of the novable menber per se and the
negati ve preselieetedebyothiepréssurenpraduaad dn tthe dudibke Upon t he
col | apse of ~ bubble, the liquid flows back fromthe comon Iiquid
chanber side generRatianedigyiq).er Accordivady, aaigh ordsersity ejection
.outlet side as_ indicated by V[err]_ so as tq .
liquid such as polyethylene glycol or the like with
5 which bubble generation and therefore ejection force
is not sufficient by heat application, and which has
not been ejected in good order, can be ejected. for
examplé, this liquid is supplied into the first liquid
flow path, and liquid with which the bubble generation
10 is in good order is supplied into the second path as
the bubble.generation liquid. Anlexample of the
bubble generation liquid a mixture liquid (1 - 2 cP
approx.) of the anol and water (4:6). by doing so, the
ejection liquid can be properly ejected.
15 Additionally, by selecting as the bubble
generation liquid a liquid with which the deposition
such as kogation does not remain on the surface of the
heat generating element even upon the heat
application, the bubble generation is stabilized to
20 assure the proper ejections. The above-described
effects in the foregoing embodiments are also provided
in this embodiment, the high viscous liquid or the
like can be ejected with a high ejection efficiency
and a high ejection pressure.
25 Furthermore, liquid which is not durable

against heat is ejectable. in this case, such a liquid

is supplied in the first liquid flow path as the



conpensate for the volune reduction of the bubble in 20 the bubble

generation region 11 and to conpensate for the volune of the ejected

| i quid. In the foregoing, the description has been made
as to the operation of the novable menber wth t he generation of the

bubble and the ejecting 25 operation o§gthe |iquid, now, the description
w il be made as to the refilling of the liquid in the liquid

ej ecting head of the present invention.

-31- Referring to Figure 2, liquid supply mechani sm

will be descréjpedtion liquid, and\Véebighidbwhiich 48 eoteeastilg bubbl e
col | apsi ng process after the maxi num vol une ther eof 5 after Figure 2, (c)
state, a vol uakrteftedhin| theiproperty by the heat and with which the
bubble geﬁeration is in good order, is supplied in the
second liquid flow path. by doing so, the liquid can
5 be ejected without thermal damage and with high
ejection efficiency and with high ejection pressure.
<Other Embodiments>
In the foregoing, the description has been
made as to the major parts of the liquid ejecting head
10 and the liquid ejecting method according to the
embodiments'of the present invention. the description
will now be made as to further. detailed embodiments
usable with the foregoing embodiments. The following
examples are usable with both of the single-flow-path
15 type and two-flow-path type without specific
statement.
<Liquid flow path ceiling configuration>
Figure 14 is a sectional view taken along the
length of the flow path of the liquid ejecting head
20 according to the embodiment. groowves for constituting
the first liqﬁid flow paths 14 (or liquid flow paths’
10 in Figure 2) are formed in grooved méﬁber 50 on a
partition wall 30. 1In this embodiment, the height of
the flow path ceiling adjacent the free end 32
25 position of the movable member is greater to permit
larger operation angle © of the movable member. The

operation range of the movable member is determined in



enough to conpensate for the coll apsing bubbling volunme flows into the
bubbl e generation region from the ejection outlet 18 side of the first
liquid flow .path 14 and fromthe bubble generation region of the 10
second liquid flow path 16. ' In the case of conventiona

liquid flow - passage structure not haying the novable nenber 31,

the amount of the liquid fromthe ejection outlet side to the bubbl e
col | apse position and the anobunt of the 15 liquid fromthe comon |iquid
chanmber thereinto, are ., attributable to the flow resistances of the

portion ebAstderatibA 6jfctheoBteutitaire! bdN thee 1HGMIE f1ow generation
region and the portion closer to the conmon i quid chanmber. 20

Ther ef ore, whpathhetheodurabiiltisgcefathehmovablesmamberparid siige is smal | er
than the other side, a | arge amount of the liquid flows into the
bubbl e cbiibhpecgenerationf powerhoreitbet idkecut (14t is dtesdzdble t he
result that the nmeniscus retraction is large. 25 Wth the reduction of the
fl ow resi st anthBatpnitpmoves in the angle range wide enough to
5 include the angle of the position of the ejection
outlet.
As shown in this Figure, the displaced level
of the free end of the movable member is made higher
than the diameter of the ejection outlet, by which
10 sufficient ejection pressure is transmitted. As
shown in tﬁis Figure, a height of the liguid flow path
ceiling at the fulcrum 33 position of the movable
~ member is lower than that of the liquid flow path
ceiling at the free end 32 position of the movable
15 member, so that the release of the pressure wave to.
thg upstream side due to the displacement of the
movable member can be further effectively prevented.
<Positional relation between second liquid flow path
and movable member> ' =
20 Figure 15 is an illustration of a positional |
relation between the above—descr;bed movable member 31
and second liquid flow path 16, and (a)‘is a view of
the movable member 31 poSition of the partition wall
30 as seen from the above, and (b) is a view of the
25 second liquid flow path 16 seen from the above without

partition wall 30. Figure 15, (c) is a schematic

view of the positional relation between the movable



ej ection outlet for the purpose of increasing the ej ection efficiency,

t he neni scus Mretraction - 32-

i ncreases upon the coll apse of bubble with the result of | onger
refilling time period, thus making high speed printing difficult.
According to this enbodi nent, because of52He 5 provision of the novable
menber 31, the neniscus retraction stops at the tinme when the novabl e
menber returns to the initial position upon the coll apse of

bubbl e, and thereafter, the supply of the liquid to fill a volunme W
i s acconpl i smembier thand dhe/Fecam thipatth fhewspathdlfl whepein 16 (W is
a volune of an upper side of the bubble volune Wbeyond the first

position of the edemendsmanaodrlaid. w I these Figures, the

bottom is a front side having the ejection outlets.
The second liquid flow path 16 of this
5 embodiment has a throat portion 19 upstream of the
heat generating element 2 with respect.to a general
flow of the liquid from the second common liquid
chamber side to the ejection outlet through the heat
generating eiement position, the movable member

10 position along the first flow path, so as to provide a
chamber (bubble generation chamber) effective to
suppress easy release, towa;d the upstream side, of
the pressure produced upon the bubble generation in
the second liquid flow path 16.

15 'In the case of the conventional head wherein
the flow path where the bubble generation occurs and
the flow path from which the liquid is ejected, are
the same, a throat portion may be provided to prevent
the release of the pressure generated bY the heat

20 generating element toward the liquid chamber. in such
a case, the cross-sectional area of the throat portion
should not be too small in consideratioﬂ of the
sufficient refilling of the liquid.

However, in the case of this embodiment, much

25 or most of the ejected liquid is from the first liquid
flow path, and the bubble generation liguid in the

second liquid flow path having the heat generating



of a bubble generation region 11 side thereof). In the prior art, a
hal f of the volume of the bubble 15 volume Wis the volune of the neniscus

retraction, but according to this enbodi nent, only about one half (W)
"is the volune of the neniscus retraction. Addi tionally, the
liquid supply for the volume W2 is.ggrced to be effected mainly from
the 20 upstream (VD2) of the second liquid flow path al ong t he
surface of the heat generating el enent side of the novabl e nmenber 31
using the pressure upon the coll apse of bubbl e, and therefore, nore
speedy refillekememt i b® not comsamednubichhedo that the fillivien the
refilling using the pressure upon the coll apse of bubble is carried

out in a amamvenef obbé bubldlet genergtionohighidh&onties bubble
"33 | generation region 11 may be small. Therefore, the
clearance at the throat portion 19 cén be made very
5 small, for example, as small as several pm - ten and
several pm, so that the felease of the pressure
produced in the second liquid flow path can be further
suppfessed and to further concentrate it to the
movable member side. The pressure can be used as the
10 ejection pressure through the movable member 31, and
therefore, the high ejection energy usé efficiency
and ejection pressure can be accomplished. The
configuration of the second ligquid flow path 16 is not
limited to the one described above, but may be any if
15 the pressure produced by the bubble generation is
effectively transmitted to the movable member side.

As shown in Figure 15, (c), the lateral sides
of the movable member 31 cover respective parts of the
walls constituting the second liquid flow path so that

20 the falling of the movable member 31 into the second
liquid flow path is prevented. By doing so,. the
above-described separation between the éjection liquid
and_the bubble generation liquid is further enhanced.
Furthermore, the release of the bubble through £he

25 slit can be suppressed so that ejection pressure and
ejection.efficiency are further increased. Moreover,

the above-described effect of the refilling from the



expanded with the result of the deterioration of the I mage quality.

however, according to this enbodi nent, the flows of the liquid in the
first liquid flow path 14 at the ejection outlet side and the ejection
outlet 5 side of the bubble generation region 11 are suppressed, so
that the vibrati-on of the neniscus is _gg4_reduced. Thus,
according to this enbodi ment, the high speed refilling is acconplished
by the forced 10 refilling to the bubble generation region through the
liquid supply passage 12 .of the second flow path 16 and by the

suppr essi on Qipstredi s 56¢/Sby eEheChi@Ss@hE upon ¥h8' abi Apsktherefore, the
stabilization of ejection and hi gh speed repeated ejections are
acconpl i shed,bubihle ancaniiss fietkaboshhanteds used in the field of
recording, the inprovenent in the inmage quality and in | t he recording
speed can be acconpli skedfigure 13, (b) afdecFigboei kd¢ntappavtdes bife

fol |l ow ng effective function. It is a suppression of the

the bubble generated in the bubble generation region

5 of the second liquid flow path 4 with the displacement
of the movable member 6 to the first liquid flow path
14 side, extends into the first liquid flow path 14
side. by selecting the height of the second flow path
to permit such extension of the bubble, the ejection

10 force is further improved as compared with the case
without such extension of the bubble. To provide
suéh extending of the bubble into the first liquid
flow path 14, the height of the second liquid flow
path 16 is preferably lower than the height of the

15 maximum bubble, more particularly, the second liquid
flow path is.preferably several pym - 30 pm, for
example. In this embodiment, the height is 15 pm.
<Movable member and partition wall>

 Figure 16 shows anofher example of the

20 movable member 31, wherein reference numeral 35
designates a slit formed in the partition wall, and
the slit is effective to provide the moéable member
31. In Figure 16, (a), the mdvable member has a
rectangular configuration, and in (b), it is narrower

25 in the fulcrum side to permit increased mobility of
the movable member, and in (c), it has a wider fulcrum

side to enhance the durability of the movable member.



20 propagation of the pressure to the upstream side (back wave)
produced by the generation of the bubble. The pressure due to t
comon |iquid chanber 13 side (upstream of the bubble generated on
generating el enent:- 2 nostly has resulted in force 25 which
pushes the |iquid back to the upstream sige’ (back wave). The back wave
deteriorates the refilling of the Irquid into the liquid flow path by

' - 34- pressure at the
upstream si de, the resulting notion of the liquid and the resulting
inertia forceThel Bohbiguratiofmaadrewal, ahiceaecagte@natt ehehEulRTuneam si de
are suppressed by the novabl e nenber 31, so that the 5 refil
performance i sideribsedesipab¥edas shown in Figufbel8es¢a)pt sdncd | |
as to a further

t he heat

t he

10

15

20

25

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 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
film movable member 31 and the separation wall 5
having thié movable member was made of a nickel having
a thickness 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 liquid, and if the elasticity is enough to
permit the operation of the movable member, and if the
required fine slit can 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,
rhosphor bronze or the like, alloy theréof, or resin
material having nytril group such as acrylonitrile,
butadiene, stylene or the like, resin material having
amide group such as polyamide or the like, resin
material having carboxyl such as polycarbonate or the

like, resin material having aldehyde group such as

he

l'ing
be nade



characterizing feature and the advant ageous effect. The
second liquid flow path 16 of this enbodi nent has a |iquid supply
passage 12 having an 10 internal wall substantially flush with the heat
generating elenent 2 (the surface of the heat generating elenent is
not greatly stepped down) at the upse~eam si de of the heat generating
element 2. Wth . this structure, the supply of the liquid to the 15
surface of the heat generating elenent 2 and the bubbl e generation
region 11 occurs along the surface of the novabl e nenber 31 at the
position cl ospelyacebal or thebbikegenesini materjadnhaving sodifoat ed by
V[err]. Accordingly, stagnation of the liquid on the surface 20 of
t he heat gencdE@uRSerenedtPolysulfoneesredinspaterialhguchr @si pitati on of
the gas dissolved in the liquid i s suppressed, and the_residual
bubbl es not ligquif sehYebabiPel¥MeE@Fclhey LAB8:r arf FhemicRl and in

addition, the heat agc latpon in the liguid is not 25.tQo nuch.
Ther ef ore, trﬁP@R%ﬁﬁgigggr%%tbl%rd®ﬂ5?5%?gﬁ haVIHEaﬁuEQgFéﬁ§Xied at a high
speed. In5thi§§§¥%§¥“€§@tink, such as metal such as gold, tungsten,
tantalum, nickel, stainless steel, titanium, alloy
. thereof, materials coated with such metal, resin
material having amide group such as polyamide, resin
material having aldehyde group such as polyacétal,
10 resin material having ketone group such as
polyetheretherketone, resin material having imide
- groub such as polyimide, resin material having
hydrbxyl group such as phenolic resin, resin material
having ethyl group such as polyethylene, resin
15 material having alkyl group such as polypropylene,
resin material having epoxy group such as epoxy resin
material, resin material having amino gréup such as
melamine resin material, resin material having
methylol group such as xylene resin material, chemical
20 compound thereof, ceramic material such as silicon
dioxide or chemical compound thereof.

Preferable examples of pértitién or division
wall include resin material having high heat-
resistive, high anti-solvent properfy and high molding

25 property, more particularly recent engineering plastic
resin materials such as polyethylene, polypropylene,

polyamide, polyethylene terephthalate, melamine resin



the Iiquid supply passage 12 has a substantially fl at

- 35-

internal wall, but this is not limting, and the liquid

supply passage is satisfactory if it has an internal wall with such a
configuration snoothly extended fromthe surface of the heat

generati ng

5 elenent that the stagnatigfn-of the |iquid occurs on

t he

heat generating el enent, and eddy flow is not significantly caused in

the supply of the Iiquid.

bubbl e

portion of theateridl s phehelifstesinp)epoxyngdesahematerially Verr].
order to direct the pressure upon the bubbl e generation further

ef fectively tpolybubtadienen polyuvethane, apblyvgtheveibeskedoner, covering

the entirety

10

15

20

25

polyether sulfone, polyallylate, polyimide, poly--
sulfone, 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. "

The thickness of the separation wall is
determined depending on the used, material and
configuratibn from the standpoint of sufficient
strength.as the wall and sufficient operativity as the

movable member, and generally, 0.5 pm - 10 pm approx.

'is desirable.

The width of the slit 35 for providing the
movable member 31 is 2 pm 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 the liquids, thus avoiding mixture
therebetween. For example, when.the bubble .
generation liquid has a viscosity éboutJZ cP, and the
ejection liquid has a viscosity not less than 100 cP,
5 pm approx. slit is enough to avoid the liquid
mixture, but not more than 3 pm is desirable.

When the ejection liquid and the bubble

generation liquid are separated, the movable member

In

The supply of the liquid into the
generation region may occur through a gap at a side 10



of the bubble generation region (covering the surface 15 of the heat
generating elenent) may be used, as shown in Figure 2. then, the flow
resi stance for the liquid bet ween t he bubbl e generation region 11 and
t he region of the first liquid flow path 14 close to the ejection
outlet is increased by the restorati on«<§84 he novable 20 nenber to the
first position, so that the flow of the liquid to the bubble
generation region 11 along V[err] can be suppressed. However,
according to the head . structure of this enbodinent, there is a flow
ef fective tofumgHipnsh@s iaqrattidione thderebetwEen gernldoweven. ragi on, the
supply performance of the liquidis greatly increased, and therefore,
even if smad lngmeyint @fhitdhe @Ph?%ﬁﬂQ9RQﬁ?¥iﬂﬂﬂ%1§%h@rh$i@hxed
- 36-
into the ejection liquid. In the case of liquid
ejection for printing, the percentage of the mixing is
5 practically of no problem, if the percentage is less
than 20 %. The percentage of the mixing can be
controlled in the present invention by properly
selecting the viscosities of the ejection liquid and
the bubble generation liquid.
10 When the percentage is desired to be small,
it can be reduced to 5 %, for example, by using 5 CPS
or lower fro the bubble generation liquid and 20 CPS
or lower for the ejection liquid.
In this invention, the movable member has a
15 thickness of pm order as preferable thickness, and a
movable member having a thickness of cm order is not
used in usual cases. When a slit is formed in the
movable member having a thickness of pm order, and the
slit has the width (W mm) of the order of the
20 thickness of the movable member, it is desirable to
consider the variations in the manufacturing..
When the thickness of the member opposed to
"the free end and/or lateral edge of the movable member
formed by a slit, is equivalent to the thickness of
25 the movable member (Figures 13, 14 or the like), the

relation between the slit width and the thickness is

preferably as follows in consideration of the



region 11 to inprove the ejection efficiency, the supply performance
of the liquid is not deteriorated. The positional relation
bet ween the free end 32 and the fulcrum 33 of the novable nenber 31 is
such 5 that the free end is at a downstream position of the ful crum
as indicated by 6 in the Figure, for exapp-e. Wth this structure, the
function and effect of gui di ng the pressure propagation direction and
t he direction of the gromh of the bubble to the ejection 10 outlet
side or the |ike can be efficiently assured upon the bubble
generation. ARKiatien | in the manufackuringatorstablynsuppaessctthee to
acconpl i sh not only the function or effect relating to the ejection
but al so trma#%&H&Q|Wﬁ3%%rQrR?¥W%ﬁFr%ﬁ#é?%h%ketﬁﬁﬁﬁﬁﬁt199 gaguiidqui d f1 ow

ot i1 1ing: Wi (P eJectisn aclmiit o When thel Rubb}ecBRBRTEE Lofown | n-
when the 11 qAliFEUbAISR I8 é?#e 5 Pt RO HRRRaYEPT oPRNE BdSPapse of
bubble, tEel¥¥§édﬁ¥“ink (5 cp, 10 cp or the like) is used as the
ejection liquid, the mixture of the 2 liquids can be
suppressed for a long term if W/t ¢ 1 is satisfied.

The slit providing the "substantial sealing",
preferably has several microns width, since the liquid

10 mixture prevention is assured.

| - The description will be made as to positional
relation between the heat generating element and the
movable member in this head. The configuration,
dimension and number of the movable member and the
15 heat generating element are not limited to the

following example. By an optimum arrangement of the
heat generating element and the movable member, the
pressure upon bubble generation by the heat generating
element, can be effectively used as the ejection

20 pressure.

In a conventional bubble jet recording
method, energy such as heat is applied éo the ink to
generate instantaneous volume change (generation of
bubble) in the ink, so that the ink is ejected through

25 an ejection outlet onto a recording material to effect
printing. in this case, the area of the heat

generating element and the ink ejection amount are



of the free end and the ful crum 33 are such that the - flows S[err],

S[err] and S[err] through the liquid flow path 10 i ncl uding the first
liquid flow path 14 and t he second liquid fl ow path 16, are not

I npeded. 25 More particularly, in this enbodi nent, as

descri bed hereinbefore, the free end 32.g4-t he novabl e menber 3 is
faced to a downstream position of the

- 37- center 3 of the area which divides the heat generating

element 2 into an upstreamregi on and a downstream region (the line

passi ng t hr opglopidre ioarElertd eadl dther. powévew) tihetrdeiaraanoh-t he heat
generating elenent 5 and perpendicular to a direction of the length of the
liquid fl ow pabble-fenematduire regivn noecsovesibweable tortbeure and t he
bubbl e which are greatly
ink ejection. This fact is confirmed from
observation of kogation on the heat geherating
5 element, that is, the non-bubble-generation area S
extends in the marginal area of the heat generating
element. It is understood that the marginal approx.
4 pym width is not contributable to the bubble
generation.
10_ In order to effectively use the bubble
generation pressure, it is preferable that the movable
range of the movable member covers the effective
bubble generating region of the heat generating
element, namely, the inside'area beyond the marginal
15 approx. 4 um width. In this embodiment, the
effective bubble generating region is approx. 4p and
inside thereof, but this is different if the heat
generating element and forming method is different.
Figure 18 is a schematic view as seen from
20 tﬁe top, wherein the use is made with a heat
generating element 2 of 58 x 150 pm, and with a
movable member 301, Figure 18, (a) and é movable
member 302, Figure 18, (b) which have different total
area.
25 The dimension of the movable member 301 is 53

X 145 pm, and is smaller than the area of the heat

generating element 2, but it has an area equivalent to



contributable to the ejection of the liquid at the downst ream si de of
the area center position 3 of the 10 heat generating elenent, and it

gui des the force to the ejection outlet -side, thus fundanentally

| mprovi ng the ejection efficiency or the ejection force.

Further advantageous effects are providegy_ usi ng. t he upstream si de of
t he bubbl e, as described 15 hereinbefore. Furthernore, it
is considered that in the structure of this enbodinment, the

i nst ant aneous mechani cal novenent of the free end of the novable
menber 31, caiid idRfscive IhoBlEecdéneratihfertgihdof 28e RBEROdI ment 2>
Figure 7 shows a second enbodi nent. In Figure 7, A shows a displaced
nmovabl e nenbeferriddiiigh elemerititd) cand thé mbveableamdmBerh30d tilse novabl e
menber in the initial position (first position) wherein the 25
bubbl e gener atiisposesliton ddvers thdsefiféctive bebbid generatliapgi ve to the
ej ection outlet 18. Al though not shown, there is a fl ow passage wal |

bet ween A andeRitam. On the other hand, the dimension of the
5 movable member 302 is 53x 220pm, and is larger than
the area of the heat generating element 2 (the width
dimension is the same, but the dimension between the
fulcrum and movable leading edge is longer than the
length of the heat generafing element), éimilarly to
10 the movable member 301. it is disposed to cover the
effective bubble generating region. The tests have
been carried out with the two movable members 301 and
302 to check the durability and the ejection
efficiency. The conditions were as follows:
15 Bubble generation liquid: Aéueous solution of
ethanol (40%)
Ejection ink: dye ink
Voltage: 20.2 V.
Frequency: 3 kHz
20 The results of the experiments show that the
movable member 301 was damaged at the fulcrum.when
lxlO7 pulses-were applied. The movable‘ﬁember 302 was
not damaged even after 3x 108 pulses were applied.
Additionally, the ejection amount relative to the
25 supplied energy and the kinetic energy determined by
the ejection speed, are improved by approx. 1.5 - 2.5

times.



- 38- separate the fl ow paths. A foundation 34 is
provi ded at each side, and between them a liquid supply passage 12 is
constituted. Wth this structure, the liquid can be 5 supplied along a
surface of the novable nmenber faced to the heat generating el enent side
and fromthe - l'iquid supply passage bgying a surface substantially
flush with the surface of the heat generating el enent or snoothly
continuous therewith. 10 Wien the novable nenber 31 is at the
initial position(first position), the novable nmenber 31 is close to
or closely contacted tPrémdonestrésartsql it3fs unddrspoddd thend r eam of the
heat generating el enent 2 and heat generating elenent side walls 37
di sposed at -movable member having an area larger than that of the
heat generating element and disposed to cover the
portion right above the effective bubble generating
5 region -of the heat generating element, is preferable
from the standpoint of durability and ejection
efficiency.
Figure 19 shows a relation between a distance
between the edge of the heat generating element and
10 the fulcrum of the movable member and the displacement
of the movable member. Figure 20 is a section view,
as seen from the side, which shows a positional
relation between the heat generating element 2 and the
movable member 31. The heat generating element 2 has
15 a dimension of 40x105 um. It will be understood that
the displacement increases with increase with the
distance of 1 from the edge of the heat generating
element 2 and the fulcrum 33 of the movable member 31.
Therefore, it is desirable to determinate the position
20 of the fulcrum of the movable member on the basis of
the optimum displacement depending on the required
ejection amount of the ink, flow passage structure,
heat generating elemenf configuration and so on.
When the fulcrum of the movable member is
25 right above the effective bubble generating region of

the heat generating element, the bubble generation

pressure is directly applied to the fulcrum in



15 the sides of the heat generating elenent, so that the ej ection
outlet 18 side of the bubble generation.

region 11 is substantially

seal ed. Thus, the pressure produced by the bubble at the time of the
bubbl e generation and particularly the pressure downstreamof 20 the-
bubbl e, can be concentrated on the free_ggd side side of the novable
menber, w thout rel easing the pressure. . . In the process
of the coll apse of bubble, the novabl e menber 31 returns to the first

position, and 25 the ejection outlet side of the bubble generation

region 31 is

addist bon | 86 | Yhe est eelss adule t ber ther disphacementnofi $hes

retraction is suppressed, and the liquid
- 39- Jupalyl e onemize heaand etirenefope | thendurabidityeodfothe

10

15

20

25

movable member lowers. The experiments by the
inventors have revealed that when fhe fulcrum is
provided right above the effective.bubble generating
region, the movable wall is damaged after application
of 1x10° pulses, that is, the durability is lower.
Therefore, by disposing the fulcrum of the movable
membef outside the right above position of the
effective bubble generating region of the heat
generating-element, a movable mehber of a
configuration and/or a material not providing very
high durability can be practically usable. On the
other hand, even if the fulcrum is right above the
effective bubble generating region, it is practically
usable if the configuration and/or the material is
properly selected. By doing so, a liquid ejecting
head with the high ejection energy use efficiency and
the high durability can be provided.
<Element substrate>

The description will be made as to a
structure of the element substrate pfovided with the
heat'generating element for heating the liquid.

Figure 21 is a longitudinal section of the
liquid ejecting head according to an embodiment of the
present invention.

On the element substrate 1, a grooved member



w th the advantages descri bed herei nbefore. As regafds the refilling,

t he sane advant ageous effects can be provided as in the foregoing
enbodinent. 5 _ In this enbodi nent, the foundation 34 for
supporting and fixing the novable nenber 31 is provi ded at an upstream
position away fromthe heat generatgqg el ement 2, as shown in Figure 3
and Figure 7, and the foundation 34 has a wwdth smaller than the 10
liquid flow path 10 to supply the liquid to the liquid supply passage
12. The configuration:of.the foundation 34 is not limted to this

structure, bWB0 is mo@Etd®, athe embersPOthavibhdg| seogndslaquadplfisked.
In this enbodi nent, the clearance between the 15 novable nenber 31 and the
cl earance i s geifles r]6y agmparation walbls 30e flisstntiquikli feéowhpagbs as | ong

as the pressure produced by the bubble generation is sufficiently
propagat ed t d4 rndgrogessigrerconstituEmgothenfisst 2dquid flow Figure
8 shows one of the fundanental aspects of the present invention.

Fi gure 8 showathpositional

5- The element substrate i has, as shown in
Figure 12, patterned wiring electrode (0.2 - 1.0 pm
thick) of alumiﬁum or the like and patterned electric
resistance layer 105 (0.0l - 0.2 pm thick) of hafnium
boride (HfB,;), tantalum nitride(TaN), tantalum

.10  aluminum(TaAl) or the like constituting the heat
generatinj.element on a silicon oxide film or silicon
nitride film 106 for insulation and heat accumulation,
which in turn is on the substrate 107 of silicon or
the like. A voltage is applied to the resistance

15 1layer 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 oxide, silicon nitride or
the like of 0.1 - 2.0 pm thick is provided on the

20 resistance layer, and in addition, an anti-cavitation
layer of tantalum or the like (0.1 - 0.6 pm thick) is
formed thereon to protect the resistancé layer 105
from various liquid such as ink.

The pressure and shock wave generated upon

25 the bubble generation and collapse is sb strong that
the durability of the oxide film which is relatively

fragile is deteriorated. therefore, metal material



rel ati on anong a bubbl e generation regi on, bubble and t he novabl e

menber in one liquid flow path to further describe the liquid ejecting
met hod and the refilling 25 method according to an aspect of the present

i nventi on. In the above descri bed. enbodi nent, the

- 40- pressure by the generated hugle is concentrated on ~  the
free end of the novable nenber to acconplish the qui ck novenent of the
novabl e menber and the concentration of the nmovenent of the bubble to
t he 5 ejection outlet side. In this enbodi ment, the bubble S
relatively fseeh Wi tantdumTaompate dikdé ideused asubhéeanbieh is at
the ejection outlet side directly contributable to the dropl et

ej ection, iscasdtatiioh Mayer.
The protection layer may be omitted depending

on the combination of liquid, liquid flow path

5 structure and resistance material. one of such
examples is shown in Figure 5, (b). The material of
the resistance layer hot requiring the protection
layer, includes, for example, iridium - tantalum -
aluminuﬁ alloy or the like. Thus, the structure of

10  the heat geﬁerating element in the foregoing
eﬁbodiments.may ihclude only the resistance layer(heat
generationuportion) or may include a protection layer
for protecting the resistance layer.

In the embodiment, the heat generating

15 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 bubble enough to_eject the ejection
liquid is created in the bubble generation liquid.

20 For example, heat generation portion may be in the
form of a photothermal transducer which generates heat
upon receiving light such as laser, or éhe one which
generates heat upon receiving high frequency wave.

On the element substrate 1, function elements

25 such as a transistor, a dipde, a latch, a shift
register and so on for selective driving the

electrothermal transducer element may also be



the free end side of the novable nenber. 10° More particularly,
the projection (hatched portion) functioning as a barrier provided on
t he heat generating el enent substrate 1 of Figure 3 is not

provi-ded in this enbodinent. The free end regi on and opposite | ateral
end regions of the novable nmenber do 15 .pot substantially seal the bubble
generation region relative to the efection outlet region, but it opens
t he bubbl e generation region to the ejection outl et region, in this
enbodi ment . . I'n this enbodinent, the growth of the bubble 20

is permtted jgitd Iiymﬁﬁifﬁnlheaﬂh”Sd&ﬂél@ﬁrEboﬂh@fresisthh%eﬂomﬂStream
portions having direct function for the | iquid droplet ejection, and

therefore, theaye©SH0B econstit@tPagcthei heatf gehevalkyousporitaon kd
ej ecti on. - Additionally, the upward pressure in this downstream 25

portion (conihendléctrethéfmal | traheduteandonbtithtedcby theh t hat
the free end side portion of the novabl e nenber Is added to the gromﬂh
of the bubbl eviatindeelectifode 104 for supplying the electric signal
. 5 to the resistance layer. '
In order to éject fhe liquid by driving the
heat generation portion of the .electrothermal
transducer on the above-~-described element substrate 1,
the resistance layer 105 is supplied through the
10 wiring electrode 104 with rectangular pulses as shown
in Figure 22 to cause instantaneous heat generation in
the resistance layer 105 between the wiring electrode.
In the case of the heads of the foregoing embodiments,
the applied energy has a voltage of 24V, a pulse width
15 of 7psec, 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. However,
the driving signal conditions are not limited to this,
20 but may be any if the bubble generation liguid is
properly capable cof bubble generation.
<Head structure of 2 flow path Stfuctu:e>
The description will be made as to a
structure of the liquid ejecting head with which
25 different liquids are separately accommodated in'first

and second common liquid chamber, and the number of

parts can be reduces so that the manufacturing cost



-41- end portion. therefore, the ejection efficiency is

i nproved simlarly to the foregoi ng enbodi nents. As conpared with the
enbodi ment, this enbodinent is better in the responsivity to the
driving of the heat 5 generating el enent. The structure of
this enbodi nent .is sinple, and therghare, the manufacturing is easy.
The ful crum portion of the novabl e nenber 31 of this enbodinent is

fi xed -on one foundation 34 10 having a width smaller than that of the
surface of the novabl e menber. Therefore, the liquid supply to the
bubbl e gener agaanbeecge@icad.upon the col | apse of bubbl e occurs al ong
both of the lateral sides of the foundation (indicated by an arrow).

The foundation 15 mayFbgure 2Boikea schematitheikwgofd ssuabplay
liquid ejecting head. The same reference numerals as
in the preVious'embodiment are assigned to the

5 elements having the corresponding functions, and
detailed descriptions thereof are omitted for
simplicity. |

In this embodiment, a grooved member 50 has
an orifice plate Si having an ejection outlet 18, a

10 plurality of_g;ooves for constituting a plurality of
first liquid flow paths 14 and a récess for
constituting the first common liguid éhamber 15 for
supplying the liquid (ejection liquid) to the
plurality of liquid flow paths 14. A separation wall

15 30 is mounted to the bottom of the grooved member 50
by which plurality of first liquid flow pafhs 14 are
formed. Such a grooved member 50 has a first liquid
supply passage 20 extending from an upper éosition to
the first common liquid chamber 15. The grooved

20 member 50 also has a second liquid supply passage 21
extending from an upper position to the second common
'1iquid chamber 17 through the separatioﬁ wall 30.

A s indicated by an arrow C in Figﬁre 23, the

first liquid(ejection ligquid) is supplied through the

25 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



performance i s assured. In the case of this enbodi nent, the
exi stence of the novable nenber is effective to control the flow

into the bubble generation region fromthe upper part 20 upon the coll apse
of bubble, the refilling for the supply of the liquid is better than

t he conventi onal bubbl e generating_ggructure having only the heat
generating elenent. The retraction of the neniscus is al so decreased

t hereby. 25 In a preferable nodified enbodi mrent of the

third enbodi nent, both of the |lateral sides (or only. one |l ateral side)

are subst ant i¢hd Ysseon@®dL i@iid "Elow path 16 through the second
-42- bubbl e generation region 11. Wth such a structure, t he
pressure towdrigui® supmlvl passmgef21 handothél second common liquid
chamber 17 as indicated by arrow D in Figure 22.
In this example, the second liquid supply
5 passage 21 is extended in paraliel with the first
liquid supply passage 20, but this is not limited to
the exemplification, but it may be any if the liquid
is supplied to the second common liquid@ chamber 17
through tﬁe separation wall 30 outside the first
10 common liguid chémber 15.

The (diameter) of the second liquid supply
passage 21 is determined in consideration of the
supply amouht of the second liquid. The configuration
of the second liquid supply p55sage 21 is not limited

15 to circular or round but may be rectangular or the
like. | |

The second common liquid chamber 17 may be

. formed by dividing the grooved by a separation wall

30. As for the method of forming this, as shown in

20 Figure 24 which is an exploded perspective view, a
common liquid chamber frame and a second liquid
passage wall are formed of a dry film, énd a
combination of a grooved member 50 having the
separation wall fixed thereto and the element

25 substrate 1 are bonded, thus forming the second common

liquid chamber 17 and the second liquid flow path 16.

In this example, the element substrate 1 is



menber is also directed to the ejection outlet side end portion, so
that the ejection efficiency is 5 further inproved. <Enbodi nent 4>
In the foll owi ng enbodi ment, the ejection force for the liquid by the
mechani cal displacenment is further inproved Figure 9 is a _
cross-sectional .view 10 of this enbodi . In Figure 9, the novable
menber . 1s extended such that the p05|t|on of the free end of t he
novabl e menber 31 is positioned further downstream of the heat
generating elenent. By this, the di spl aci ng speed of the novable

menber at thecaﬁé%&@@eiea%%ﬁ&i&{h@%ﬁerwﬁomﬁsaﬁeﬁb@ 70hds the

generation of the ejection pressure b di spl acenent of the

nmovabl e nenbeket#l fsuidieds | ADERSEm with a p1ura11{:9 -agdi tion, the free end
is closer to the ejection outlet side than in the foregoing

enbodi ment, Iectrbthermdbrerandsduceovelenénticabuhbht genelrating
concentrated toward the stabilized direction, thus - assuring the better
ej ecti on. elements for generating heat for bubble generation
5 from the bubble géneration liguid through film
boiling.

Above the eleﬁent substrate 1, there are
disposed the plurality of grooves constituting the
liguid flow path 16 formed by the second liquid

10 passage Qalls,,the recess for constituting the second
commoﬁ 1iqﬁid 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

15 generation 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

20 paths (first liquid flow paths) 14 by mounting the
separation walls 30 thereto, a recess for constituting
the first common liquid chamber (cbmmon ejection
liquid chamber) 15 for supplying the ejection liquid
to the ejection liquid flow paths, the first supply

25 passage (ejection 1iquid'supp1y passage) 20 for
supplying the ejection liquid to the first common

liquid chamber, and the second supply passage (bubble



In response to the growth speed of the bubble at the central portion

of the pressure.of the bubble,

25 the novabl e nenber 31 displaces at a

di spl aci ng speed R1. the free end 32 which is at a p05|t|on further
than this position fromthe ful crum 33, displaces at a

-43-

hi gher speed R2. Thus, the_Lﬂﬁp end 32 mechanically
on the liquid at a higher speed to increase the

acts .

ej ection efficiency.

The free end configuration is such that, as 5is the sane as in Figure 8,
the edge is vertical to . the liquid flow, by which the pressure of the

bubbl e

26t henherd dupisly Yasdadd’e 2D VESE SsuBpPPing' €he

eff|C|entIy contributable to the ejection. <Enbodi nent 5>

10

15

20

25

bubble generation liquid to the second supply passage
(bubble generation liquid supply passage) 21. The
second supply passage 21 ie connected with a fluid
communication path in fluid communication with the
second common liquid chamber 17, penetrafing through
the separation wall 30 disposed outside of the first

common liquid chamber 15. by the prevision of the

- fluid communication path the bubble generatlon liquid

can be supplied to the second common 11qu1d chamber 15
without mixture with the ejection liquid.

The positional relation among the element
substrate 1, separation wall 30, Qrooved top plate 50
is such that the movable members 31 are arranged
correspondihg to the heat generating elements on the
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 memher, but it may.'

be plural in accordance with the supply amount. The
cross—-sectional area of the flow path of the .ejection
liquid supply passage 20 and the bubble'generafion
liquid supply passage 21 may be determined in
proportion to the supply amount. By the optimization
of the cross-sectional-area of the flow path, the

parts constituting the grooved member 50 or the like

can be downsized.

nor e



10 Figure 10, (a), (b) and (c) illustrate a fifth enbodi nent
of the present invention. As is different fromthe foregoing
enbodi ment, the region in direct comunication with the ejection
outlet is not in comunication with the 15 liquid chanber side, by which
the structure is simplified. The liquid is supplied only
fromthe liquid supply passage 12_396ng the surface of the bubble
generation region side of the novable nenber 31. the 20 free end 32 of the
novabl e menber 31, the positional relation of the fulcrum 33 rel ative

to the ejection ' guthebotfyandshNens! FGklony, baRidHG s e heat
£ ordizh d

generating elenent 2 are sim to the above- esc odi nent .
25 tﬁfﬁoéﬂbaalhﬁnfh'ﬁhé”géébﬁanbupbh? passage’ Fyrageous effects in
y

the ejection efficiency, th l'iquid supp performance and so on
descri bed abgipplying the second liquid to the second liquid flow
‘path and the first supply passage for supplying the
5 first liquid to the first liquid flow path, can be
provided by a single grooved top plate, so that the
number of parts can be reduced, and therefore, the
reduction of the manufacturing steps and therefore the
reduction qf the manufacturing cost, are accomplished.
10 Furthermore, the sqpply of the second liquid
to the secohd 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
15 "first liquid and the second liquid, and therefore, one
bonding step is 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 6f the bonding
20 is improved.

Since the second liquid is supplied to the
second liquid common liquid chamber, penetrating the
separation wall, the supply of the second liquid to
the second liquid flow path is assured, and therefore,

25 the supply amount is sufficient so that the stabilized
ejection is éccomplished.

<Ejection liquid and bubble generation liquid>



-44-
meni scus i's

substantially thoroughly using the pressure

bubbl e. 5

are acconplished. particularly, the retraction of the
suppressed, and a forced refilling is ef fected

Figure 10, (a) shows a state in which the

upon the coll apse of

bubbl e

generation is caused by the heat generatjng el ement 2, and Figure-10,
(b) shows the state in which the bubble is going to contract at this

time, the

position and the |iquid supply by S3 are effected.

returning of the novable nmenber 31 to the initial 10

In Figure

10, (c), the small retyad t#?ég in hér¥§£5§5 qguggglﬁggtfeturnlng to

the initial

position o nnvab

el ng conpensat ed

for by the r%fdédfdmé%& %é%éééﬁﬁ/ jfrﬁférﬁtidh”l?y dife et gbeabe0d of the
ej ection outlet 18. nbodi ment 6>

10

15

20

25

having the movable member described above, the liquid
can be ejected at higher ejection force or ejection

efficiency than the conventionai liquid ejecting head.
When the same liquid is used for the bubble generation

liquid and the ejection liquid, it is possible that

the liquid is not deteriorated, and that deposition on

the heat generating element due to heating can be

reduced. Therefore, a reversible statg change is

accomplished by repeating the gassification and
condensation. 8o, 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 liquids, the one having the
ingredient as used in conventional bubble jet dévice,
can be used as a recording liquid.

When the two-flow-path structuré of the-
present invention.is used with different ejection
liquid and bubble generatioﬁ liquid, the bubble
generation liquid having the above-described prbperty
is used; ﬁore particularly, the examples includes:
methanol, ethanol, n-propyl alcohol, isopropyl
alcohol, n- n-hexane, n-~-heptane, n-octane, toluene,
xylehe, methylene dichloride, trichloroethylene, Freon

TF{ F:eon BF, ethyl ether, dioxane, cyclohexane,



The description wll

be nmade as to anot her enbodi nent .

The ejection principle for the liquid in this 20 enbodinment is the sane as

in the foregoing enbodi nment. the liquid flow path has a nmulti-passage
structure, and the liquid (bubble generation |liquid) for bubble
generation by the heat, and the liquid (&} ection l'iquid) mainly

ej ected, are separated. 25 Figure 11 is a sectional schematic
viewin a direction along the flom/path of the liquid ejecting

head of this enbodi nent. -45-

In the |iqui GeairgAl 'é&é@?@' Athi SacetatE DA EERE, AetREPNdthiygui d flow

path 16 for the
ketone,

bubbl € generation is provided on the el enent substrate
water, or the like, and a mixture thereof.

As for the ejection liquid, various liquids

are usable'without paying attention to the degree of

5 bubble generation property or thermal property. The

liquids'which have not been conventionally usable,

because of low bubble generation property and/or

easiness of property change due to heat, are usable.

However, it is desired that the ejection

10 1liquid 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 the like.

As for the recording ejection liquid, high

15 wviscous 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 ink of the following ingredient was used

as the recording liquid usable for both bf the

20 ejection liquid and the bubble generation liquid, and

the recording operation was carried out. Since the

L4

ejection speed of the ink is increased, the shot

accuracy of the liquid droplets is improved, and

therefore, highly desirable images were recorded.

25 Dye ink wviscosity of 2cp

(C.I.

food black 2) dye 3 wﬁ. %

diethylene glycol 10 wt. %



1 which is provided with a heat generating elenent 2 5 for supplying
thermal energy for generating the bubble in the liquid, and a first
liquid flow path 14 for the ejection liquid in direct comrunication
with the ejection outlet 18 is forned thereabove. The
upstream side of the first liquid flow_10 path is in fluid communication
wth a first conmon | i qui d chanmber 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 conmunication

with the second aePRilgigpedl 15 chanber for supplyigg,¢ hegbubbl e
generation liquid to - a plurality of second Iiquid flow paths.

In the case that gthandibbl e generation |iquid amgl g ecgion liquid are
the same |iquids, the nunber of the common 1iquid chanbers may be one.
20 Bet watert he first and second liquid fl oy wt. paths, there is
a separation wall 30 of an elastic mat eri al such as netal so that the
first flow path and Recoriddngeopetatiionsgatdraral sepactbsd outt he case
that 5 wusing the following combination of the liquids for the
bubble generation liquid and the éjecfion 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 1iquid was
10 properly ejected to provide high quality image.
Bubble genefation liquid 1:
Ethanol . 40 wt. %
Water : 60 wt. %
Bubble generation liquid 2:
15 Water 100 wt. %
| Bﬁbble generation liquid 3:
. Isopropyl alcoholic 10 wt. %
Water 90 wt. %
Ejection liquid 1:
20 (Pigment ink approx. 15 cp)
Carbon black 5 wt.- %
Stylene—acrylate—acrylate ethyl '
copolymer resin material 1 wt. %
Dispersion material (oxide 140,
25 weight average molecular weight)

Mono-ethanol amine 0.25 wt. %

Glyceline 69 wt. %



m xi ng. of the bubble generation liquid and the 25 ejection liquid should

be mninum the first liquid flow path 14 and the second liquid flow
path 16 are preferably isolated by the partition wall. however,

-46-- when the mxing to a certain extent is permssible, t he
-conpl ete isolation is not inevitable. A portion of the
partition wall in the upward prOJecP'on space of the heat generating
elenent 5 (ejection pressure generation region including A and B

(bubbl e generation region 11) in Figure 11), is in the formof a
cantil ever rmvablrglga fornmed by slits 3% favighg a ful crum 33
at the common |i qui chanber (15 17) side and free end at the ejection

10 outl et side (gewampbreamwi th respect to the genera wt. &

Water _ 16.75 wt. %l
Ejection liquid 2 (55cp):
5 Polyethyleng glycol 200 100 wt. %
Ejection liquid 3 (150cp):
Polyethylene glycol 600 100 wt. %
‘In the case of the liquid which has not been
easily ejectéﬁ, the ejection speed is low, and
10 therefore, the variation in the ejection direction is
expanded on'the recording paper with the result of
poor shot éccuracy. Additionally, wvariation of
ejection amount occﬁrs due to the ejection
instability, thus preventing the recording of high
15 quality image. However, according to the embodiments,
- the use of the bubble generation liquid permits
sufficient and stabilized generation of the bubble.
Thus, the improvément in the shof accuracy of the
liquid droplet and the stabilization of the ink
20 ejection amount can be accomplished, thus improving
the recorded image quality remarkably.
<Manufacturing of liquid ejecting head>
The description will be made as to the
manufacturing step of the liquid ejecting head
25 according to the present invention.
In the case of the liquid ejecting head as

shown in Figure 3, a foundation 34 for mounting the



flow of the liquid). The novable nenber 31 is faced to the surface,
and therefore, it operates to open toward the ejection outlet side of
the first liquid fl ow path upon the bubbl e generation of the bubble
15 generation liquid (direction of the arrowin the Figure). In an
exanple of Figure 12, too, a partition_4._ wall 30 is disposed, with a
space for constituting a second liquid fl ow path, above an el enent
substrate 1 provided with a heat generating resistor portion as 20

t he heat generating element 2 and wiring el ectrodes 5 for applying an

electric sighidlvdiid MediRd NCRY Pdtterned 4RS! fdAhedObh i Che
As for the positional relation anpong the ful crum 33 and the free end

32 of the npGAkmentEustrdte3ll ,anhd thd aldvasie ménbgr eBenest, are the
sanme as in t he previous exanpl e. In the previous
exanpl e, the bteried pin erelldtesl on the foundation 34. Then, a

érooved member having a plurality of grooves for

5 constituting the liquid flow pafhs 10, ejection outlet
18 and a recess for constitutinghthe common liquid
chamber 13, is mounted to the element substratel with
the grobves and movable members aligned with each
other.

10 The description will be made as_to a
manufacturiﬁg step for the liquid ejecting head having
the two-flow-path structure as shown in‘Figure 11 and
Figure 24.

~Generally, walls for the second liquid flow

15 paths 16 are formed on the element substratel, and
separation walls 30 are mounted thereon, and then, a
grooved member 50 having the grooves for constituting
the first liquid flow paths 14, is mounted further
thereon. Or, the walls for the second liquid flow

20 paths 16 are formed, and a grooved member 50 having
the separation walls 30 is mounted thereon.

The description will be made as to the
manufacturing method for the second liquid flow path.
Figures 25, (a) - (e), is a schematic

25 sectional view for illustrating a manufacturing method

for the liquid ejecting head according to a first

‘manufacturing embodiment of the present invention.



-47- been nade as to the relati on between the structures of t he

liquid supply passage 12 and the heat generating el ement 2. the

rel ati on between the second liquid flow path 16 and the heat
generating element 2 is the same 5 in this enbodi nent.

Referring to Figure 13, the operation Qfs4he liquid ejecting head of
.this enbodinment will be descri bed. _ The used ejection
liquidin the first liquid 10 flow path 14 and the used bubble generation
liquid in the second liquid flow path 16 were the same water base
i nks. | - Burd éhilte dimbpigieited 4% SHGwmh etk Ef%@fétzﬂg _ _

el ement 2, the bubble generation liquid in the bubble 15 generation region

in the seconda)i,qeléndnbs [Faizh elect@himisls cobedbsfordOhatyngi | m boi |l i ng
phenonenon as descri bed herei nbefore.

heat generating elements 2 of hafnium boride, tantalum
nitride or the like, afé formed, using a manufacturing

5 @evice as in a semiconductor hanufacturing, on an
element substrate (silicon wafer) 1, and thereafter,
the surface of the element substrate 1 islcleaned for
the purpose of improving the adhesiveness or
contactness with the photosensitive resin material in

10 the next step. In order to further improve the
adhesiveness or contactness, the surfaée of the
element subétrate is treated with ultraviolet-
radiation-ozone or the iike. then, liquid comprising a
silane coupling agent, for example, (Al89, available

15 from NIPPON UNICA) diluted by ethyl alcoholic to 1
weight % is applied on the improved surface by spin
éoating.

Subsequently, the surface is cleaned, and as.

shown in Figure 25, (b), an ultraviolet radiation

20 photosensitive resin film (dry film Ordyl SY-318
available from Tokyo Ohka Kogyo Co., Ltd.) DF.is
laminated on the substratel having the éhus improved
surface. |

Then, as shown in Figure 25, (c), a photo-

25 mask PM is placed on the dry film DF, and the portions

of the dry film DF which are to remain as the second.

flow passage wall is illuminated with the ultraviolet



In this enbodi nent, the bubble generation pressure is not released in
the three directions 20 except for the upstream side in the bubble

generation ‘region, so that the pressure produced by the bubble
generation is propagated concentratedly on the novabl e menber 6 side
in the ejection.pressure generation _gortion, by which the novable
menber 6 is displaced 25 fromthe position indicated in Figure 13, (a)

t owar d the first liquid flow path side as indicated in Figure 13,
(b) with the growth of the bubble. By the

- 48- QR 13t 1¥%h Fhidifgiouad | ghotshisisk t e, f'Tﬁé ékﬁHéQrE'OW

path 14 and the second liquid flow path 16 are in w de
conmmuni cat i O?I\Mdébseaﬁ's WdeFiedsht REs M@ IWPKL600, avamiuamd b!‘oinhe

.generation of the bubble is mainly
CANON KABUSHIKI KAISHA), and the exposure amount was
approx. 600 mJ/cmZ.

5 ' Then, as shown in Figure 25, (d), the dry
film DF wés developed by developing liquid which is a
miked 1i§uid'of xylene and butyl Cellosolve écetate
-(BMRC—3 available from Tokyo Ohka Kogyo éo., Ltd.) to
dissolve the unexposed portions, while leaving the

10 exposed and cured portions as the walls for the second
liquid fiow-paths 16. Furthermore, the residuals-
remaining on the surface of the element substrate 1 is
removed by oxygen plasma ashing device (MAS-800
available from Alcan-Tech Co., Inc.) for aﬁprox. 90

15 sec, and it is exposed to ultraviolet radiation for 2
hours at i50°C with the dose of 100 mJ/cmy to .
completely cure the exposed portions.

By this method, the second liquid flow paths
can be formed with high accuracy on a plhrality of

20 hgater boards (element substrates) cut out of the
silicon substrate. The silicon substrate is.cut into
respective heater boards 1 by a dicing éachine'having
a diamond blade of a thickness of 0.05 mm (AWD-4000
available from Tokyo Seimitsu). The separated heater

25 boards 1 are fixed on the aluminum base plate 70 by

adhesive material (SE4400 available from Toray),

Figure 20. Then, the printéd board 71 connected to



5 propagated

di spl acenent
ej ection out
t he nmov
13, (a), and
the ejection

toward the ejection outlet in the first liquid fl ow path
(direction A). By the propagati-on of the pressure and the nechani cal

of the novabl e nmenber, the liquid is ejected thro
let. 10 Then, with the contraction of the bu
abl e menber 31 returns to t4®9-osition indicated in
correspondi ngly, an anount of the i quid correspo
liquidis supplied fromthe upstreamin the first

flow 15 path 14. 1In this enbodinent, the direction of the I

supply is co
the foregoin
by the novab
as regards

t he displ ace
growt h, the
are the sane

5

10

15

#hee @l aum ibase pladiepdithdafiorehand is goaneeteder
g .enbodi nents, the

ugh the
bbl e,

Fi gure
nding to
l'iquid

i qui d
as in
| npeded

refilling of the Ijqujd js not
wdth the hegter board 1 by al qﬂﬂ?ﬂr?L&R9# °§ﬂg effects
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preventi O{Aﬁgfshto% Q.%Cli“l%\é:% ai?, (e), S f&niﬂg_tﬂéﬁthbOdi ment,

as with
of the grooved member 50 and separation wall 30 were

positioned and connectedlto the heater board 1. More
particularly, grooved member having the separation
wall 30 and the heater board 1 are positioned, and are
engaged and fixed by a confining spring. Thereafter,
the ink and bubble generation liquid supply member 80

is fixed on the ink. Then, the gap among the aluminum

wire, grooved member 50, the heater boardl and the ink

and bubble generation liquid supply member 80 are

sealed by a silicone sealant (TSE399, available from

Toshiba silicone).

By forming the second liquid flow path

- through the manufacturing method, accurate flow paths

20

25

without positional deviation relative to the heaters
of the heater board, can be provided. By coupiing the
grooved member50 and the separation wall 30 in the
prior step, the pésitional accuracy between tpe first
liquid flow path 14 and the movable member 31 is
enhanced.

By the high accuracy manufacturing technique,
the ejection stabilization is accomplished, and the
printing quality is improved. Since they are formed

all together on a wafer, massproduction at low cost is



25 first enbodiment, but the two-flowpath structure is advant ageous"

in the foll ow ng points. The ejection liquid and the bubble
generation - 49- liquid may be
separated, and the ejection liquid is ej ected by the pressure produced
in the bubble - generation |iquid. Eprdlngly, a high viscosity

i quid such as pol yethylene glycol or ffe 1ike with 5 whi ch bubbl e
generation and therefore ejection force is not sufficient by heat
application, and which has not been ejected in good order, can be
ejected. for pgganple, this liquidis supplied into the first Iiquid

fl ow path, ahas quu d with which the bubble generation 10 is in good order
is supplied into the $gceRdsPaBodiment, i Rdd!i® GRIRS ahi@ 4hquid. An

exanpl e of the

ultraviolet radiation curing type dry film for the
formation of fhe second liquid flow path. But, a

5 resin material having an absorption band adjacent
particularly é48 nm (outside the ultraviolet range)
may be laminated; it is cured, and such portions going
to be the second ligquid flow pafhs are directly
removed by.eximer laser.

10 ' Figure 26, (a) -(d), is a schematic sectional
view for iliustration of a manufacturing method of the
liquid ejecting head according to a second embodiment

~of the present invention.
In this embodiment, as shown in Figure 26,

15 (a), a resist 101 having a thickness of 15 pum is
patterned in the shape of the second liquid flow path
on the SUS substrate 100.

Then, as shown in Figure 26, (b), the SUS
subétrate 20 is coated with 15 pm thick of nickel

20 layer 102 on the SUS substrate 100 by electroplating.
The plating solution used comprised nickel
amidosulfate nickél, stress decrease material (zero
ohru, available from World Metal Inc.), boric acid,
pit prevention material (NP-APS, available from World

25 Metal Inc.) and nickel chloride. As to the electric
field upon electro-deposition, an electrode is

-connected on the anode side, and the SUS substratel(0



bubbl e generation liquid a mxture liquid (1 - 2 cP approx.) of the
anol and water (4:6). by doing so; the ~ejection liquid can be properly
ej ected. 15 Additionally, by selecting as the bubble

generation liquid a liquid with which the deposition such as kogation
does not remain-on the surface of the _gq_heat generating el enent even
upon the heat application, the bubble generation is stabilized to 20
assure the proper ejections. The above-descri bed effects in the-

f oregoi ng enbodi nents are al so provided in this enbodi nent, the high

vi scous |i quigl rfadyPatterniddk e s doiiectati€s ¥hé heathbdl, ehaat LtaB
efficiency and a high ejection pressure. 25 Furt her nore,

| i qui d whi ch tiempetatdirealdf the plagrimspisdetion £se50aPte. ahd thes case,
such a liquid i's supplied iq t he firs% liquid flow path as the
current temperature is 5 A/cm”.
Theﬁ, as shown in Figure 26, (c), the SUS
5 substfate 100 having been subjected to the plating is
subjected then to ultrasonic vibration to remove the
" nickel layer 102 portions from the SUS substrate 100
to provide the second liquid flow path.
On the other hand, th; heater board having
10 the elements for the electrothermal conversion, are
formed on-é silicon wafer by a manufacturing device as
used in semiconductor manufacturing. The wafer is cut
into heater boards by the dicing machine similarly to
the foregoing embodiment. The heater board 1 is
15 mounted to the aluminum base plafe 70 already having a
printed board 104 mounted thereto, and the printed
board 5 and the aluminum wire {not shown) are
éonnected to establish the electrical wiring. On such
a heater board 1, the second liquid flow path provided
20 through thé foregoing process is fixed, as shown in
Figure 26, (d). For this fiking, it may not be so
firm if a positional deviation does not'occur upon the
top plate joining, since the fixing is accomplished by
a confining spring with the top plate having the _
25 separation wall fixed thereto in the later step, as in
the first embodiment.

In this embodiment, for the positioning and



.- 50- ejection liquid, and a liquid which is not easily . altered
in the property by the heat and with which the . bubbl e generation is in
good order, is supplied in the second liquid flow path. by doing so,
the liquid can 5 be ejected w thout therhal damage and wi th high

ejection efficiency and with high ejectign pressure. <O her

Enbodi nent s> In the foregg' t he description has been

made as to the nmgjor parts of the liquid eJecting head 10 and the liquid
ej ecting method according to the enbodi ments of the present invention.

the descriptdRing thbl beBOWaRemBAS it Guf WYHiRAvHISIGE | PapEBOGRTON! S

usable with t gol ng enbodi nent s. The follow ng exanpl es are
usabl e with barhngf tipe %Hﬂ@ls&via' fatediRl (amilddie vnd3dow-fl ow path type

wi t hout specific st at ement <Liquid flow path celllng
configurati ogvailable from GRECEUUﬁPhN | andl wAtH aeluMtravieken al ong the
radiation projecting device operated with the exposure

5  amount of 100 mJ/cm2

for approx. 3 sec to complete the
fixing.

Accordiﬁg to the manufacturing methdd of this
embodiment, the second liquid flow paths can be
provided without positionai deviation relative to the

10 heat generating elements, and since.the flow passage
wélls are of nickel, it is durable against the alkali'
property liquid so that the reliability is high.

Figure 26, (a) -(d), is a schematic sectional
view for illuétrating a manufacturing method of the

. 15 liquid ejecting head according to a third embodiment
of the present invention. |

In this embodiment, as shown in Figure 26,
(a), the resist 31 is applied on both of the sides of
the SUS substrate 100 having a thickness of 15 pm and

20 having an alignment hole or mérk 100a. The resist
used was PMERP-AR900 available from Tokyo Ohka Kogyo
Co., Ltd.

Thereafter, as shown in (b), the exposure

operation was carried out in alignment with the
25 alignment hole 100a of'the element substrate 100,
using an exposure device (MPA—GOO available from CANON

KABUSHIKI KAISHA, JAPAN) to remove the portions of the



| ength of the flow path of the Iiquid ejecting head 20 according to the
enbodi nent. grooves for constituting - the first liquid flow paths 14
(or liquid flow paths 10 in Figure 2) are formed in grooved nenber 50
on a partition wall 30. In this enbodi ment, the height of _the
flow path ceiling adjacent the free end 32 25 position of the novable
menber is greater to permt | ar ger eration angle [err] of the
novabl e nmemnber. ‘The - operation range of the novabl e nenber is
determned in : -51-

consi der at i og.o@f; Jh§ ot wﬁtdﬁr Gy gtdgglbdblwlgg f1V secondai fquife durability

of the novable menber and the . l'e generation power_or the like. It
is desirabl efiow paitd. | rHEDWpdsurd) andifite wah BO0VRe/@dugh to 5

i nclude the angle of the position of the ejection _ '

Subsequently, as shown in (c), the SUS
éubstrate 100 having the patterned resist 103 on both

5 sides, is dipped in etching liquid (aqueous solution
of ferric chloride or cuprous chloride) to etch the
portions exposed through the resist 103, and the
resist is removed. |

| -Then, as shown in (d), similarly to the

10 foregoing embodiment of the manufacturing method, the
SuUs substrafe 100 having been subjected to the etching
is positioned and fixed on the.heater boardl, thus
assembling the liquid ejecting head having the éecond
liquid flow paths 4.

15 According to the manufacturing method of this
embodiment, the second liquid flow paths 4 without the
positional deviation relative to the heaters can be
provided, and since the flow paths are of SUS, the
durability against acid and alkali liquid is high,’éo

20 that high reliability liquid ejecting head is
provided.

As described in the foregoing, according to
the manufacturing method of this embodiment, by
mounting the walls of the second liquid flow path on

25 the element substrate in a prior step, the
electrothermal transducers and second liquid flow

paths are aligned with each other with high precision.



out | et. As shown in this Figure, the displaced |evel of
the free end of the novable nenber is nade hi gher than the dianeter of
the ejection outlet, by which 10 sufficient ejection pressure is
transmtted. As shown in this Figure, a height of the liquid flow
pat h ceiling at the ful crum 33 posighon of the novable menber is
| ower than that of the liquid flow path ceiling at the free end 32
position of the novable 15 nenber, so that the rel ease of the pressure
wave to t he upstream si de due to t he di splacenment of the . novabl e

merber can besingé h€rn@nbeEtoF ctecHh@VENGRIA flow pEEAL! heaako&ﬁbatlon
bet ween second liquid flow path and novabl e nenber >

Figure 15 is simiultarséowsipromwfthe pesbétoaté beforécthei eatlaehwgeen the
above-descri bed novabl e nenber 31 and second liquid flow path 16, and
(a) is a viemassproductiomuimbpessihberaBllpewscosbn of the partition wall
30 as seen fromthe above, and (b) is a view of the 25 second liquid flow
path 16 seen fromt he Bt@viignidoejecting head provided through the

5 manufacturing method of this embodiment has the
advantage that the second liquid flow paths and the
heat generating elements are aligned at high
precision,.and therefore, the pressure of the bubble
generation can be received with high efficiency so

lb that the ejection efficiancy is excellent.
<Liquid ejéction head Cartridge>

The description will be made as to a liquid

eﬁection heaa cartridge having a liquid ejecting head
according to an embodiment of the present invention.

15 Figure 28'is a schematic exploded perspective
view of a liquid ejection head cartridge including the
above-described liquid ejecting head, and the liquid
ejection head cartridge comprises generally a liquid
ejecting head portion 200 and a liquid container 80.

-20- The liquid ejecting head portion 200
comprises an element substrate 1, a separation wall
30, a grooved member 50, a confining spring 70, liquid
supply member 90 and a supporting member 70; The
element substrate 1 is provided with a plurality of

25 heat generating resistors for supplying heat to the
bubble generation liquid, as described hereinbefore.

A bubble generation liquid passage is formed between



partition wall 30. Figure 15, (c) is a schematic vi ew of the

positional relation between the novable _ '

-52- menber 6 and the second liquid flow path 16 wherein t he

el enents are overl aid. In these Figures, the bottomis a front side
havi ng the ejection outlets. : The second liquid flow path 16
of this 5 enbodi ment has a throat portion 19 upstream of the heat
generating element 2 with respect to a general flow of the liquid from
t he second connnn l'iquid. chanber side to the ejection outlet t hrough

the heat gelq 9y seataaled’ S idnd bhd @bl éh WRdEr30 10 position

al ong t he flrst ow path, so as to provide a chanber (bubble
generati on chale tolf aoviatid Wwall.. BIPWRIRS cAFVINE RSfeen OfREd t he

upstream si de, of
separation wall 30 and the grooved top plate 50, an
ejection flow path(unshown)"for fluid communication
5 with the eJectlon liquid is formed.

The conflnlng spring 70 functions to urge the
grooved member 50 to the element substrate i, and is
effective to properly integrate the element substrate
1, separatioh Qall 30, grooved and the supporting

10 member 70 which will be described hereinafter.
Subporting member 70 functions to suppdrt an
element substrate 1 or the 1ike, and the supporting
- member 70 has thereon a circuit board 71, connected to
the element substrate 1, for supplying the electric
15 signal thereto, and contact pads 72 for electric
signal transfer between the device side when the
cartridge is mounted on the apparatus.

The liquid container 90 contains the ejection
liquid such as ink to be supplied to the liquid

20 ejecting head and the bubble generation liquid for
bubble generation, separately. The outside of the
liquid container 90 is provided with a positioﬁing
portion 94 for mounting a connecting member for
connecting the liquid ejecting head with the liquid

25 container and a fixed shaft 95 for fixing the
connéction portion. The ejection liquid is supplied

to the ejection liquid supply passage 81 of a liquid



the pressure produced upon the bubble generation in the second liquid
flow path 16. 15 In the case of the conventional head wherein
the fl ow path where the bubbl e generation occurs and the flow path
fromwhich the liquid is ejected, are the sane, a throat portion may
be provided to prevent the rel easeggf the pressure generated by the
heat 20 generating el enent toward the Piquid chanber. in such a case,
the cross-sectional area of the throat portion shoul d not be too small
i n consideration of the. sufficient refilling of the |iquid.

However, in shpptashiefibetnBe eABOHGHEA! supplly pissiigd®l of the ej ected
liquid is fromthe first liquid fl ow path, and the bubbl e generation
liquid in theonnectsagomdmbeguidofnl thepetjectaamd ichei chesdppfeyer ati ng
% passage 92 of the liquid éontainer, and is supplied to

a first common liquid chamber through the ejection

5 1liquid supply passage 83, supply and 21 of the _

members. The bubble generation liquid is similarly

supplied to the bubble generation liquid supply |

passage 82 of the liquid supply member 80 through the

supply passage of the connecting member from the

10 supply passage 93 of the liquid container, and is
supplied to.the second liquid chamber through the
bubble generation liquid supply passage 84, 71, 22 of

| the hembers; |
In such a liquid ejection head cartridge,

15 even if the bubble generation liquid and the ejection
liquid are different liquids, the liquids are sﬁpplied
in good order. in the case that the ejection liquid
and the bubble generatibn liquid are the same, the
supply path for the bubble generation liduid and the

20 ejection liquid are not necessarily separated.

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

25 injection port. The 1iquid ejecting head and liquid
container may be unseparably integral, or may be

separable.



el ement is not consuned nmuch, so that the filling anount of ‘the bubble

generation liquid to the bubble generation region 11 may be small
Therefore, the cl earance at the throat portion 19 can be made very 5
small, for exanple, as snmall as several [err]m- ten and several pm
so that the rel ease of the pressure _8 produced in the second liquid flow
path can be further suppressed and ?o further concentrate it to the
novabl e nmenber si de. The pressure can be used as the 10 ejection
pressure through the nmovabl e nenber 31, and therefore, the high

ej ection en gqu#ﬁ& gﬁébgiggcaev1ce>and ej ection pressure can be
acconpl i shed configuration of the second tiquid flow path 16 is
not limted to thegepe PesEsi Hedchbmareichul 1t detivly of alS the
pressure produced by the bubble generation is effectively transmtted
t o the novabl fqdbejestilfy device used wifh thewabove-idpserilbed(c), the

| at eral sides of the novabl e nenber 31 cover respective parts of the

wal | s constiliquid éjectingnbeadqui inf thispemboddimendt, the
5 ejection liquid is ink, and the apparatus is an ink
ejéction recording apparafus. the liquid ejecting |
device comprises a carriaée HC to which the head
cartridge comprising a liquid container portion 90 and
liquid ejecting head portion 200 which are detachably

10 connectable with each other, is mountable. the
carriage HC.is reciprocable in a direction of width of
the recording material 150 such as a recording sheet
or thé like fed by a recording material transporting
means. |

15 When a driving signal is supplied to the
liquid ejecting means on the carriége from unshown
driving signal supply means, the recording liquid is

.ejected to the recording material from the liquid
ejecting head in response to the signal{

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

25 carriage sh&ft 115 énd so on. By the recording device
and the liquid ejécting method using this recording

device, good prints can be provided by ejecting the



20 the falling of the novable nenber 31 into the second liquid flow

path is prevented. By doing so, the above-descri bed separation

bet ween the ejection liquid and the bubble generation liquid is

further enhanced. Furthernore, the rel ease of the bubble through the

25 slit can be.suppressed so that ejeqéi_p pressure and ej ection

efficiency are further increased. Mor er, . the above-descri bed

effect of the refilling fromthe

-54- upstream si de by the pressure upon the coll apse of bubbl e,
14, a

can be fothﬁ&q%ﬂGPQ%ﬁ%gF various recordidd dhd€erdsal (D) and Figure

part of

of

t he e generated 1 n the bubble generation region

5 of

the second liquid flowipmire SonMilsh d 8 IS i AEsF@Rt for de®EriBengovabl e
6 to the first liquid flow path

nmenber

10

15

20

25

the general operation of an ink ejection recording
apparatus which employs'the liquid ejection methqd,'
and the liquid ejection head, in accordance with the
present invention.

The recordinglapparatus receives printiﬂg
data in the form of a control signal from a host
computer 300. The printing data is temporarily stored
in ah input interface 301 of the printing apparatus,
and at the éame time, is converted into processable
data to be inputted to.a CPU 302, which doubles as
means for supplying a head driving éignal. The CPU
302 processes the aforementioned data inputted to the
CPU 302, into printable data'(image data),_b&
processing them with the use of peripheral units such
as RAMs 304 or the like, following control pragrams
stored in an ROM 303. |

Further, in order to record thé imége data
onto an appropriate spot on a recording sheet, the CPU
302 generates driving data for driving a driving motor
which moves the recording sheet and the recording head
in synchronism with the image data.. The image data
and the motor driving data are transmitted to a head
200 and a driving motor 306 through a head drive: 307
and a motor driver 305, respectively, which are

controlled with the proper timings for fprming an



14 side, extends into the first Iiquid fl ow path 14 side. by selecting

the height of the second flow path to permt such extension of the
bubbl e, the ejection 10 force is further inproved as conpared with the
case. wi t hout such extension of the bubble. To provide such
extendi ng of the bubble into the first é qui d flow path 14, the height
of the second liquid flow path 16 |§ preferably | ower than the height
of the 15 maxi mum bubble, nore particularly, the second liquid flow
path is preferably several [err]m- 30 [err]m for exanple.  In this
embodi nent, fhgghei ght is 15 pm <Movabl e nenber and partition wall>

Figure 16 shoms another exanpl e of the 20 novable nenber 31, wherein

reference numeral 35 ag fodeFbeBdiehgd melditunl,0E dHitH %aﬁdlédé}? wal I,

and the slit is effective to provide the nmovabl e nenb In
Figure 16, (ap, ihReigDudhegedtnadd Waich is usadllcaRgWiira Conflguratlon,

and in (b), it is narrower 25 in the fulcrumside to permt increased
mobi lity of recoriiagmapphiretusnisach asdthe ohe ddsdrEbend Wbitare f ul crum
5 the following can be listed; wvarious sheets of'paper;
OHP sheets; plastic materiél used for forming compact
disks, ornamental plates, or the like; fabric;
metallic material such as aluminum,'copper, or the
like; leather material such as cow hide, pig hide,

10 synthetic leather, or the like; lumber material such
as solid wobd, plywood, and the like; bamboo material;
ceramic material such as tile; and material such as
sponge which has a three dimensional-structure.

The aforementioned recording apparatus

15 includes a printing apparatus for various sheets of
paper or OHP sheet, a recording apparatus for'plastic
material such as plastic material used for forming a
compact disk or the like, a recording apparatus for
metallic plate or the like, a recording'apparatus for

20 1éather material, a recording apparatus for lumber, a
fecording apparatus for ceramic materia%, a recording
apparatus for three dimensional recordiné mediﬁm such
as sponge or the like, a textile printing apparatus
for recording images on fabric, and the like recording

25 . apparatuses.

As for the liquid to be used with these

liquid ejection apparatuses, any liquid is usable as



side to enhance the durability of the novabl e nenber.

- 55- The configuration narrowed and arcuated at the ful crum si de
is desirable as shown in Figure 15, (a), since bot h of easi ness of
notion and durability are satisfied. however, the configuration of the
novable 5 menber is not limted to theggne described above, but it may
be any if it does not enter the second I7Tquid fl ow path side, and
notion is easy with high durability. In the foregoing
enbodi nents, the plate or 10 fil mnovable nenber 31 and the separation

wal | 5 hatd'ad Nits P\ @i tRIRe 'wiel® theCefbl8y8aCkebolaYhl a

t hi ckness of 5[errJm but this is not limted to this exanple, but it

may be any ifmddiddds aHd itHe|ne8rding conditions.
<Recording System> '
Next, an exemplary ink jet recording system
5 w111 be described, which records images on recording
medium, using, as the recording head, the liqﬁid
ejection head in accordance with the bresent
invention.

Figure 31 is a schematic perspective view of

10 an ink jet recording system employing the .
aforementi&ned liquid ejection head 201 in accordance
with the present invention, and dépicts its general
structure. The liquid ejection head in this
embodiment is a full-line type head, which comprises

15 plural ejection-orifiées aligned with a density of 360
dpi so as to cover the entire recordable range of the
recording medium 150. It comprises four heads, which
are correspondent to four colors; yellow (Y), magenta
(M), cyan (C) and black (Bk). These four heads are

20 fixedly supported by a holder 1202, in parallel to
each other and with predetermined intervals. .-

These headé are driven ih response to the
signals supplied from a head driver 307, which
constitutes means for supplying a driving signal to

25° each head.

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

is supplied to a correspondent head from an ink



property agai nst the bubble generation liquid and the 15 ejection liquid,

and.if the elasticity is enough to permt the operation of the novable
menber, and if the required fine slit can be forned.

Preferabl e exanples of the materials .for the novabl e nmenber i ncl ude
durable materials such as netal 20 suqb?ﬁ§ silver, nickel, gold, iron,
titani um al um num platinum tantalum stainless steel.,

phosphor bronze or the like, alloy thereof, or resin mat eri al havi ng
nytril group such as acrylonitrile, but adi ene, stylene or the like,
resin materi dofaMintr N AR 2056 USH 264@90! YARNt€deepentle | ike, resin
mat eri al havi ng carboxyl such as pol ycarbonate or the: like, resin

mélfé eri al havimgheddie R daBipriatds a6 bubble generation liquid
o container froﬁ which the bubble generation liquid is
delivered to each head.

5 ~ Below each head, a head cap 203a, 203b, 203c
or 2034 is disposed, which contains an-ink absorbing -
member composed of sponge or the like. They cover the
ejection orifices of the corresponding headé,
proteéting'the heads, and also maintaining the head

10 performance, during a nQn-recording period.

A reference numeral 206 designates a conveyer
belt, which constitutes means for conveying the
various recording medium such as those described in
the preceding embodiments. The conveyer belt 206 is.

15 routed- through a predetermined path by various
rollers,'and is driven by a driver roller coﬁnected to
a motor driver 305.
The ink jet recording system in this
embodiment comprises a pre-printing proéessing
20 apparatus 251 and a ﬁostprinting processing apparatus
252, which are 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
25 recording medium in various manners before or after

recording is made, respectively.

The pre-printing process and the postprinting



pol yacetal or the like, resin material having sulfon group such as
pol ysul fone, resin material such as liquid crystal polynmer or the

i ke, or chem cal conmpound thereof; or materials having durability 5
agai nst the ink, such as netal such as gold, tungsten, tant al um

ni ckel, stainless steel, titanium all oy, - thereof, materials coated
with such netal, resin mat eri al \ﬁ%@ am de group such as pol yam de,
resin mat eri al havi ng al dehyde group such as pol yacetal, 10 resin
mat eri al havi ng ketone group such as polyetheretherketone, resin

material  havigigddidl&ary adféitbinyg'dh e typdi O€, réééfal terial having

hydr oxyl group such as phendlic resin, resin nmaterial avi ng et hyl

group such amgRhie! b4 e tyasd of ik MiEsE ddxAayi8g whéx! group such as
polypropylene ‘resin material having epoxy group such as epoxy resin

material, redetdtdifig aedidif EbnPOsEd GDURetal i @Smaterig®| ani ne resin
naterlal, resin material having nmet hyl ol group such as xyl ene resin
mat eri al , chelastlic Aatexmigiourokrdnere aigtextalni or nbherlikesiish as silicon
5 employed, the recording medium is exposed to ultra-
violet rays and ozone before printing, activating its

surface.

In a recording material tending to acquire

10 "electric charge, such as plastic resin material, the
dust tends to deposit on the surface by static
electricity. the dust may impede thg desired
recording. In such a case,'the use is made with
ionizer to remove the static charge of thé recording

15 material, thus removing the dust from the recording
material. When a textile is a recording material,
from the standpoint of feathering prevention and
.improvement of fixing or the like, a pre-processing
may be effected wherein alkali property substance,

20 water soluble property substance, compositién
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 provide the recording material with the proper

25 temperature.

On the other hand, the post-processing is a

process for imparting, to the recbrding material

having received the ink, a heat treatment, ultraviolet



di oxi de or c¢
partition or
resistive, h
particularly

pol yet hyl ene,
mel am ne res

phenolic res
pol yet hereth

pol y- -

t hereof, or
gol d, “stai nl
mat eri al s

10

15

20

25

hem cal conpound t hereof . Pref erabl e exanpl es of
di vi si on wall include resin material having high heat-

i gh anti-solvent property and high nolding 25 property, nore
recent engineering plastic resin materials such as

pol ypr opyl ene, pol ya_rgsd_(_a, pol yet hyl ene terephthal ate,

I n -57- materi al ,
in, epoxy resin material, pol ybut adi ene, pol yur et hane,

er ket one, . polyether sul fone, polyallylate, polyimde,
sulfone quuid crystal polyner (LCP), or chem cal 5 conpound

Sl U R 4SO f Do tne i8O8 teol O
or a c1ean1ng for removing the process material used
for the pre-treatment and remaining because of no
reaction.

 In this embodiment, the head is a full line
head, but the present invention is of course
applicable to a serial-type wherein the head is moved
along a width of the recording material.
<Head Kit> | |

Hereinafter, a head kit will be described,
which comprises the liquid ejection head in accordance
with the present invention. Figure 32 is a schematic
view of such a head kit. This head kit is in the form
of a head kit package 501, and contaihs: a head 510 in
accordance with fhe present invention, which comprises
an ink ejection sectioﬁ 511 for ejecting ink; an ink
container 510, that is, a liquid container which is
separable, or nonseparable, from the head; and ink
filling means 530, which holds the ink to be filied
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 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



coated with titaniumor gold. The thickness of the separation

wall is 10 determ ned depending on the used, material and

configuration fromthe standpoint of sufficient strength as the wall
and sufficient operativity as the novabl e menber, and generally, 0.5
[err]m- 10 [err] m appr ox. i's desitgal e. 15 The w dth of
the slit 35 for providing the novabl e nmenber 31 is 2 pmin the

enbodi nents. when the bubbl e generation liquid and ejection liquid are
different materials, and m xture of the liquids is to be avoi ded, the

gap is determined so as to forma 20 neniscus between the liquids, thus
avoi di ng m xtfilded intiohd¢hebdnke eontadmexxdiitcughvhaii s heipubbl e
generation liquid has a viscosity about 2 cP, and the ejection liquid
has a viscosity not | ¥bent lthe 10Qudil ejectior dreddn appe akmkslit i s enough
to avoid the liquid 25 mxture, but not nore than 3 pmis desirable.

Wien the ej e€onéaipegui #hendnkh&iddimge means gand dhenlikeuareare

separated, the novabl e nenber
available in the form of a kit contained in the kit
5 .

package, the ink can be easily fil;ed into the ink
depleted ink container as described above;.therefore,
recording can be quickly restarted.
In this embodiment, the head kit contains the
ink filling means. However, it is not mandatpry'for
10 the head kit to contain the ink filling means; fhe kit
may contéin an exchangeable type ink container filled
with the ink, and a head.
Even though Figure 32 illustrates only the
ink filling means for filling the printing ink into
' the ink container, the head kié may contain means for
filling the bubble generation liquid into the bubble
generation liquid container, in addition to the
printing ink refilling means.
While the invention has been described with
20 reference to the structures disclosed herein, it is
not confined to the details set forth and thié
application is intended to cover such modifications or

changes as may come within the purposes of the

improvements or the scope of the following claims.
25 '



-58- functions as a partition therebetween. However, a smal |

anount of the bubble generation liquid is m xed into the ejection
liquid. In the case of liquid -ejection for printing, The percentage
of the mxing is 5 practically of no problem if theTRe§aMH 88, RSHdESS
than 20 % The percentage of the m xi ngggan be .CO i E
present invention by properly sel ecting the vi scosi"_Mﬂ I uﬂm .
ejection liquid and t he bubbl e generation |iquid. When
the percentage i's desired-to be small, - it can be reduced to 5 % for
exanpl e, by wsaT I's GAAIMED 18: | ower fro the bubble generation liquid and
20 CPS or lower for the ejection |iquid. In this

i nvention, the nivabl & reidwd kjecting method for ejecting liquid
by generation of a bubble, comprising: '
preparing 5 head qomprising an ejection
5 outlet for ejecting the liquid, a bubble generation
region for gemerating the bubble in fhe liquid, a
movable member diéposed faced to said bubble
generation region and displaceable between a first
position and a second position furthe; from said
10 bubble generation region_than the firsf position; and
diéplacing said movable member from said
first position to said second position by pressure
produced by the géneration of the_bubble in said
bubble generating portion to permit expansion of the
15 bubble more in a downstream side nearer to the

ejection outlet than in an upstream side.

2. A method according to Ciaim 1, wherein the
bubble expands beyond the first positioﬂ and moves the
20 movable member to the second position.
3. A method according to Claim 1, wherein by the
movement of the movable mgmber, a downstream portion
of the bubble grows toward downstream of the movable

25 member.

4. A method according to Claim 1, wherein the

* ¢ L M s %




15 thickness -of pmorder as preferable thickness, and a novabl e nmenber
havi ng a thickness of cmorder is not used 1 n.usual cases. Wen a
slit is forned in the novabl e nenber haV|ngmﬁﬂkhﬂnknﬁﬁkqmﬁabn1order
and the slit has the wwdth (Wpn) of the or thlckness of
t he novabl e nenber, it is desirable to - consjwl“ |on's in the
manuf act uri ng. When t he thlckness opposed to
the free end and/or | ateral edge of the novabl e menber forned by a
slit, is equivalent to the thickness of 25 the novable nenber (Figures 13,
14 or the |i kRkablee member Had iOFdeR WA dther Pdditish haswaslst beamhi ckness
IS preferably as follows in consideration of the

- 59- odr ithie Fulictun)e and Whe fida @rid i adved Upprass t he

deflection of the movable member with the fulcrum

fixed.

5. A liquid ejecting method for ejecting liquid
by generation of a bubble, comprising:
supplying the liquid along a heat generating
element disposed along a floW’path from upstream 6f
10 the heat generating element; and
aéplying heat generated by the heat
generating element to the thus supplied liquid to
generaté a bubble, thus moving a free end of a movable
member having the free end adjacent thé ejection
15 outlet side by pressure produced by the generation of
the bubble, said movable member being disposed faced

to said heat generating element.

6. A liquid ejecting method.for ejecting liquid
20 by generation of a bubble, comprising:
preparing a head including a first liquid

flow path in flﬁid communication with a’liquid

ejection outlet, a second liquid flow path having a -

bubble generation region and a movable member disposed
25 between said first liquid flow path and said bubble

géneration region and having a free end adjacent the

ejection outlet side; and

A



l'iquid mxture between the bubble generation |iguid and—the—ej ecti on
|l iquid. Wen the bubble generation quuid,@g§§éﬁ¥$§§£ k%xmgpt nor e

than 3cp, and a high 5 viscous ink (5 cp, 10 cp r| i S ed as
t he ejection liquid, the mxture of the 2 1i jﬂlﬂﬁmﬁd " g
suppressed for a long termif Wt [errlg;_is sati ! -I* ' ‘The
slit providing the "substantial sealing”, preferably has several

m crons width, since the liquid 10 m xture prevention is assured.

The description will be made as to positional rel ati on between the
heat generating el eneginapgeif§ a bubBP¥aRhesEREDBubLE Henditddon The
configuration, di mensi on and nunber of the novable nenber and the 15
heat gener atid\gh 6h ePBN4iSpLalet the"k+ed bAdt BE the mo¥ablw mempeanple. By
an opti mum arrangenent of the heat generating el enent and the novabl e

nmenber, the into $4£8SH £stPPIqhi@DERogepatat ben pgsisiren pafodymest at i ng
el enment, can be effectively used as the ejection 20 pressure.
I n a conventbpnthe bydhéeaibdnrefothengubble, thus guiding the
5 pressure toward the ejection outlet of said first
liquid flow path by the movement of the movable member

to eject the liquid.

7. A method according to Claim 1 or 6, wherein a
10 heat generating element for generating the bubble.is
disposed faced to the movable member, and said bubble
generation region is formed between the movable member

and the heat generating element.

15 | 8. A method according to Claim 7, wherein the
downstream portion of the bubble is generated by a
downstream portion of an area center of the heat

generating element faced to the movable member.

20 9. A method according to Claim 5 or 6, wherein
the free end is disposed downstream of a center of an

area of the heat generating element with respedt to a

flow direction of the liquid.

25 10. A method according to Claim 7, wherein the
free end is disposed downstream of a center of an

aread of the heat generating element with respect to a
[

LT



met hod, energy such as heat is applied to the ink to generate

instantaneous—ve+Uﬁﬁ—thange—tgéﬁeration of bubble) in the ink, so that
the ink is eje g €j ection outlet onto a recording materia
to effect I'S case, the area of the heat generating
el emrent and. -t h:[bﬂm “ ﬂ':E nmount are _

- 60- pr op ch ot her. gﬁbmever there is a non-

bubbl e-generation region S not contributable to the i nk ej ection.

This fact is confirmed from observati on of kogation on the heat
generating ?16heﬁﬁﬁbctﬁﬁﬁtoESthbhilﬁ%Hdebb|e generation area S

extends in the margi nal area of the Heat generating el enent . It is
understood that the nargi nal approx. 4 pmw dth is not contributable

to the bubbl e
11. A method according to Claim 6, wherein a

part of the bubble generated expands into fhe first

5 liquid flow path with movement of the movable member.

12. A method accordiné to Claim 1 or 5, whérein

a state of contact of the bubble with the movable
member occurs during movement of the movable member.

10

. 13. A.mefhdd according to Claim 5,'wherein the
bubble is generated by a film boiling caused by
transferring heat generated by a héat generating
element tq the ligquid.

15 :

- 14. A method according to Claim 7, wherein the
bubble is generated by a film boiling caused by
transferring heat generated by a heat generating
element to the liquid. '

20
15. A method according to Claim Sﬁ wherein the
liquid is supplied to the heat generating element -
along an internal wal which is substantially flat or
smoothly curved.
25
16. A method according to Claim 7, wherein the

liguid is supplied to the heat generating element

A A




generati on. —10 Ln order to effectively use the bubble
generation pressure, Is preferable that the novabl e range of the

novabl e nenber Sﬂheﬂbbheﬂtlve bubbl e generating regi on of the
heat generatl 'I nanely, t he inside area beyond the margi nal
15 approx. hIS enbodiggent, the effective bubble
generati ng reglon S approx and I nside thereof, but this is

different if the heat generatlng elenent and forn1ng met hod is
different. Figure 18 is a schematic view as seen from 20 the

top, wherei naiaﬁguzsﬁ iAtERda) Vbl 1awheeh is sulbRrl i 410 | Er@to2 of 58 x
150 pm and with novabl e nmenber 301, Figure 18, (a) and a novabl e

nenber 302, §mggf31§8cufb§dwhlch have di fferent total area. 25
The dlnension of the novable nenber 301 is 53 X 145 pm and is smaller
than the area of the heat generating elenent 2, but it has an area
equi valent to
17.. A method according to Claim 6, wherein the
5 1liquid supplied to the first liquid flow path is the
same as the liquid Supplied-to the second liquid flow

path.

18. A method according to Claim 6, wherein the
10 1liquid supplied to the first liquid flow path is
different from the liquid supplied to the second
liquid flow path. p
19. A method according to Claim 6, wherein the
15 1liquid supplied to the second liquid flow path has at
least one of lower viscosity, higher bubble forming
property and higher thermallstabilify than the liquid

supplied to the first liquid flow path.

20 20. A liquid ejecting head for ejecting liquid
by generation of bubble, comprising:
an ejection outlet for ejecting the liquid;
a bubble generation region for generating the
bubble in the liquid;
25 a movable member disposed faced to said

bubble generation region and displaceable between a

first position and a second position further from said

* c L M s *




-61- the effective bubble generating region of the heat
generating el enent 2, and the movabl e nenber 301 is di sposed to cover
t he effectlve1mu@n§gHgQ@§{ hi2g region. On the other hand, the

di mension of th nmber 302 is 53x 220pm and is |arger than
the area of theﬂmm&m ulFlg ‘el ement 3ot he width di nrension is the
sane, but the d en t he ful crum and novabl e | eadi ng edge

is longer than the l ength of the heat generating elenent), simlarly
to 10 the novable nenber 301. it is disposed to cover the effective
bubbl e generiabbyer gghepatiohheehedhns thane the £iQHN gositshout with the
two novabl e nenbers 301 and 302 to check the durability and the
ej ection ef fi ci enhgreinThaidomdivhbiles metbernindvdd OFEom éé:.d
Bubbl e generation |iquid: Aqueous sol ution of

first position to said second position by pressure

produced by the generation of the bubble to permit
5 expansion of the bubble more in a downstream side
nearer to the ejection outlet than in an upstream

side.

21. A head according to Claim 20, wherein a heat
.10 generating element fo; generating the bubble is
disposed faﬁed to the movéblé member, and said bubble
generation region is formed between the movable member

and the heat generating element.

15 22. A head according to Claim 20, wherein by the
movement of the movable member, a downstream portion
of the bubble grows toward'downstream of the movable

member.

20 23. A head according to Claim 20, wherein the
movable member has a fulcrum and a free end.at a

position downstream of the fulcrum.

24. A head according to Claim 21, wherein the
25 movable member has a fulcrum and a free end at a

position downstream of the fulcrum.

N O A




et hanol (40% Ej ection ink: dye ink Vol t age:

20.2 V. Frequency: 3 kHz 20 The results of the
experiments show that the novabl e menber 301 was danagedmammahﬁsﬁwnmwhwd
ful crum when 1x10[ err] pul ses were applied. The novable ' _

not damaged even after 3x 108 pul ses Welf i\ppl I ed. Add-itmmn" []M"

ej ection anount relative to the 25 supp ?ed energy and the ki '

determ ned by the ejection speed, are inproved by approx. 1.5 - 2.5
tinmes. -62- From t he

results, it is ungerst gpddiftadcordingO¥aDEEatRTRS] (AKEAIRARRAT €2 | ar ger
than that of the

free end is disposed faced to said heat generating

element and downstream of a center of the bubble.

5 26. A head according to Claim 20, wherein said
liquid flow path has a supply passage for supplying
the liquid to said heat generating element from

upstream thereof along the heat generating element.

10 - 27. A head according to Claim.26; wherein the
liquid is supplied to the heat genefating element
along an internal wall which is substantially flat or

smoothly curved.

15 28. A head according to Claim 25, wherein said
liquid flow path has a supply passage for supplying.
-thé liquid to said heat generating element from

upstream thereof along the heat generating element.

20 29. A head according to Claim 28, wherein said
liquid flow path has an internal wall which is
substantially flat or smoothly curved, and the supply
passage is supplied to said heat generating element
along the internal wall.

25

30. A head according to Claim 20, further

comprising a liquid flow path for supplying the liquid
[ A — .
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heat generating el enent and di sposed to cover the portion right above
the effective bubble generating 5 region of theThicSeet mRépheede| enent ,
is preferable fromthe standpoint of durabili n
efficiency. ' Figure 19 shows a relati i-stance
between the edge of the heat generating glement and 10 the fulcrumof the
novabl e nmenber and the di spl acenent of the novable nenber. Figure 20
is a section view, as seen fromthe side, which shows a positional

rel ati on between the heat generating elenent 2 and the novabl e nmenber

e negl, & g%f Hd9 g%r?ét’{a;éldi?gs E@g%%én%] tﬁ:&h NgpstPEam! tAB¥&BE PM

w Il be understood that I ncreases with increase with
the di shapny o shdiffiB idKoslato Obaidendeet geivaratihglelementl enent 2
and the fulcrum 33 of the novabl e nenber 31. Therefore, it is
desirable to determ nate the position 20 of the fulcrumof the novable
menber on the basis of t he opti num di spl acenent dependi ng on.the
required ej aat.i on mmesd adcaidingkto fChaimpadSagfusthert ure,

5 comprising a liquid flow path for supplying the liquid
to said heat generating element from the upstream
thereof along a side of said movable member faced to

said heat generating element.

10 32. A liquid ejecting head for ejecting liquid
by generation of bubble, comprising:
an ejection outlet for ejecfing the liquid;
a heat generafing element for generating the
bubble in the liquid by applying heat to said liquid:
15 a liquid flow path having a supply passage
for supplying the liquid to said heat generating
element from upstream thereof; and
a movable member disposed faced to said heat
generating element and having a free_end adjacent said
20 ejection outlet, the free end of said movable member
being moved by pressure produced by the generation of
the bubble to guide the pressure toward said ejection

outlet.

25 33. A liquid ejecting head for ejecting liquid
by generation of bubble, comprising: '

an ejection outlet for ejecting the liquid;

* ¢ L M _-§




heat generating el ement conflguratlon and so on. When t he
ful crum of the novable-nrerber—s—25 right above the effective bubble
generating region of h h Qgenerating el ement, the bubble
generation pre y -applied to the fulcrun1|n

- 63- addltlo mﬁi@ due___tl(b _he di spl acenent of the

novabl e nenber, and durabilTity of the novabl e nmenber

| owers. The experinments by the i nventors have reveal ed that when the
fulcrumis 5 provided rijght above the effective bubbl e generating

region, the novable wgl hekt Q@ﬂ@@ﬁ%ﬁﬁj@ﬂeﬂ@ﬂﬁ‘?ﬁﬂ neratitg eddl err]

pul ses, that is, the durability is |ower. Theretore, by disposing the
ful crum of thgppPEabhethe 1iGRTiEe byodipP194 nideddtdio alwme Poguiapn of the

a liquid flow path having a supply passage

for supplying the liquid to said heat geﬁerating'
5 element from upstream thefeof;

a movable member disposed faced to said heat
generating element and having a free end adjacent said
ejection outlet, the free end of said movable mémber
being moved by pressure produced by the generation of

10 the bubble to guide the pressure toward said ejection
outlet; and |

a liquid passage for supplying the liquid to
said heét generating element from upstream along such
a side of said movable member as is nearer to said

15 heat generating element. .

34. A head according to Claim 32, wherein said
liéuid flow path has an internal wall which is
substantially flat or smoothly curved,'énd the supply

20 passagé is supplied to said heat generating element

along the internal wall.

35. A liquid ejecting head for ejecting liquid
by generation of bubble, comprising:
25 a first liquid flow path in fluid
communication with an ejection outlet;

a second liquid flow path having bubble

*NURY )




10 effective bubble generating region of the heat generating el enent,
a novabte—renber—of—a  configuration and/or a material not providing

very BlAREdIdcEy can be practical ly usable. On the ot her
hand, ev un1|s right above the 15 effective bubble
generat| g@ F‘mm s practically gusable if the configuration '
and/or t properly seﬁected By doing so, a liquid

ej ecting head with the high ejection energy use efficiency and

the high durability can.be provided. 20 <Elenent substrate>

The descri ptgéﬁéﬂtioaere%ﬂsnaﬁofoganeratlﬁbr ¢heUbabbiel e &Rent
substrate provided with t heat generating elenment for heating the

| i quid. ‘liquid by &pplyenglhéatatbotpet Mdigaad;section of the 25
liquid ejecting head according to an enbodi ment of the pr esent
I nventi on. a movmbléemehnberndispbsedabetveen gadd e renber

liquid flow path and said bubble generation region and
5 having a free end adjacent the ejection outlet,
wherein the free end of.the movable member is
.displaced into said first liquid flow path by pressure
produced by the generation of the bubble, thus Quiding
the pressure toward the ejection outlet of said first
10 liquid flow path by the movement of the movable member

to eject the liquid.

36. A head according to Claim 35, wherein a heat
generating element for generating the bubble is
15 disposed faced to the movable member, and said bubble
generation region is formed between the movable member

and the heat generating element.

37. A head according to Claim 36, wherein said
20 second liquid flow path has. an internal wall which is
substantially flat or smoothly curved, and the supply
passage is supplied to said heat generaéing element

along the internal wall.

25 38. A head according to Claim 36, wherein the
free end is disposed downstream of a center of an

aread of the heat generating element with respect to a

* [ L M S *




- 64- ————~——5€—+s—ﬂeun%edy the nmenber 50 having second liquid flow

pat hs 16, e Sha 't on first liquid fl ow paths 14 and grooves
for constl I|qU|d fl ow path. 5 The

el ement ‘su m i i as shown in Figure 12, patterned wiring

el ectrode rjm thlck118§ alum numor the |Iike and
patterned electric resi stance layer 105 (0.01 - 0.2 pmthick) of

haf ni um boride (Hf B2), tantalumnitride(TaN), tantalum 10

al um num(TaAl) or the like constituting the heat generating el enent on
a SI|ICOn(Dﬂfkbﬁld{gé&tfﬁﬁlaﬁnthe 1ighiglde film 106 for insulation and
heat accunul ati on, in turnis on the substrate 107 of silicon or
the |ike. A voltage i's app1|ed to the resistance 15 layer 105 through
the two wiring el ectrodes 104 to flow a current through the '

resi stance | ayer 39. ef fectiead according to Claim 20, 32, 33 or 36,

wherein said movable meﬁber is in the form of a plate.

5
40. A head according to Claim 39, wherein all of
effective bubble generation region'of said heat
generating element is faced to said movable member.
10 41. A head according to Claim 39, wherein all of

the surface of said heat generating'element is faced

to said movable member.

42. A head according to Claim 39 or 41,. wherein

-15 a total area of said movable member is larger than a

total area of said heat generating element.

43. A head according to Claim 39, wherein a
fulcrum of said movable member is at a ppsition out of

20 a portion right above said heat generating element.

44, A head according to Claim 39, wherein the
free end of said movable member has a portion
extending in a direction substantially perpendicular

25 to tﬁe liquid flow path having said heat generating

element.
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heat generation. Between the wiring el ectrode, a protection |ayer
of silicon oxide, silicon nitride or the like of 0.1 - 2.0 [err]m
thick is provided on the 20 resistance |layer, and in addi tTHSheefiHas Been Replaced

anti-cavitation | ayer of tantalumor the like (0.1 - O
thick) is formed thereon to protecigghe resistance |ay
wav

fromvarious liquid such as ink. The pressure e
generated upon 25 the bubble generation and collapse is so strong that

the durability of the oxide filmwhich is relatively fragile is
deteriorated, thasfora H&idlac®ddid to Claim 39, wherein said

- 65- such as tantalum (Ta) or the like is used as the anti -

cavitation | #yee end of said movialElermémmmdr ois | dyeposag at anmitted
dependi ng
position nearer to said ejection outlet than said heat

generating element.

5
46. A head according to Claim 39, wherein said
movable member is a part of a partition wall between
said first flow path and second flow path.
10 - 47. A head according to Claim 46, wherein said

partition wall is of metal, resin material or ceramic

material.

48. A head according to Claim 35, further
15  comprising a first common liquid chamber for supplying
first liquid to a plurality of such first liquid flow
paths and a second common-liquid chamber for supplying
seéond'liquid to a plurality of such second liquid
flow paths. .
20
49, A liquid ejecting head for ejecting  liquid
by generation of bubble, comprising: |
a grooved member integrally having a
plurality of ejection outlets for ejecting the liquid,
25_ a plurality of grooves for forming a plurality of
first liquid flow paths in direct fluid communication

with said ejection outlets, and a recess for forming a

* £ L M s * -




on the conmbination of liquid, liquid flow path 5 structure and resistance
material one-ef—sueh——— exanples is shown in Figure 5, (b). The

mat eri al of he reS|stance | ayer not requiring the protection
| ayer, includes, fmhwﬂdlunl- tantal um - al um num al | oy or
the |ike. Thu of 10 t heat generating elenment in the
f or egoi ng |nclude the resistance | ayer(heat

. generation portlon) or nay i nc ude a protection |ayer for protecting
t he reS|stance | ayer . , In the enbodi ment, the heat generating
15 el ement g 2 eimm@EN 951D RRAHBEP F SphIPing théeiaahaace | ayer
whi ch generates heat I n response to the el'ectric signal. this is not:

limting, angd lsaid lfirst 1SWdild Fidw oY) e enough to ej ect the ejection
liquid is created in the bubble generation liquid. 20 For exanple, heat

generation portion maanbeliehmente substiatentdvinghat pliealetyt b&nsducer
- whi ch generates heat upon receiving light such as |aser, or the one
whi ch : ghaamagendnaﬂan@p@damanmsnﬁqrrgqﬂefatnpgwmyemhubble in
5 the liquid by applying heat to the liquid; and
a partition wall disposed between.said
grooved member and said element subsfrate and forming
a part of walls of second liquid.flow paths
corresponding to said heat generating elements, and a
10 movable member movable into said first liquid flow
paths by pfessure produced by the generation of the

bubble, said movable member being'faced to said heat

generating element.

15 50. A head according to Claim 49, wherein said
- grooved member has a first introduction'path for
supplying the liquid to said first common liquid

chamber and a second introduction path for supplying

the liguid to said second common 1iquid'chamber.

20
51. A head according to Claim 50, wherein said
second introduction path penetrates said partition
wall to supply the liquid to said.second common liquid
chamber.
25
52. A head according to Claim 35 or 49, wherein

the liquid supplied to the first liquid flow path is
-

A



On the el enment substrate 1, function el ements —25such -as-a-transistor, a
di ode, a latch, a shift regi ster and so on for sel ective dr|V|ng the
el ectrothermal transducer el enent nmay al so be  This Sheet Has Been Replaced

- 66- integrally built in, in addition to tH“lI"EI“I | ayer
105 constituting the heat generatlon por. |on and ot her mal
transducer constituted by the W i e ectrode 104 for suppl ying the

electric signal 5 to the resistance |ayer. In order to eject
the liquid by driving the heat generation portion of the

el ectrother ngy, HANEHCes gaa ! %@%ﬁ%%@%@éﬁw eifstrate 1,
t he reS|stag§eelg?g$ %%5 ?E s&&%lle% rough the 10 wring e ?ectrode 104
with rectanggigy pdbaes as shown

53. A head according to Claim 35 or 49, wherein
5 the liquid supplied'to the first liquid flow path is
different from the liquid sﬁpplied to the second

liquid flow path.

54. A head according to Claim 20, 32, 33, 36 or
10 49, wherein said heat generating element includes an
electrothermal transducer ﬁaving a heat generating
resistor for generating heat upon electric

energization.

15 55. A head according to Claim 54, wherein on
said element subsfrate, there are wiring for
fransmitting an electric signal to said electrothermal
transducer, and a function element for seiectively

" applying an electric signal to said electrothermal

20 transducer.

56. A head according to Claim 49, wherein said
second liquid flow path has a chamber-like shape at a
portion where said heat generating element is

25 disposed.

57. A head according to Claim 49, wherein said
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in Figure 22 to cause instantaneous heat generation in t he resistance

| ayer 105 bet ween—the—wiriTmg el ectrode. In the case of the heads of
the foregoing eﬁgggiﬁgpﬁéfhmﬂkmh&me appl i ed energy has a voltage of 24V, a

pul se width 15 nt of 150mMA and a frequency of 6kHz
to drive the heat Eﬁ B“l“ﬂg‘ﬁl“‘j’ent Q)ﬁdq:_l ch the liquid.ink is
ej ected through th et - t'hrough the process descri bed

her ei nbef ore. However, the driving signal conditions are not |imted
to this, 20 but may be any if the bubble generation liquidis
properly capaelcond favhbipatiieheisdid @hroat poiHensh UpsEieaR 6F dafilgow path

structure> The description wll be made as to a

struct ure of helat lgenerdtdnecelementad with which 25 different liquids are
separately accomodated in first and second comon |iquid chamber, and
t he nunber of parts can be reduces so that the manufacturing cost

58. A head according to Claim 33, wherein a
5 distance between a surface of said heat generating
element and said movable member, is not more than

30pm.

59, A head according to Claim 33, the 1iqﬁid

10 ejected through said ejection outlet is ink.

60. A liquid ejection recofding method wherein
-recording liquid is ejection by generation of a bubble
to effect recording, comprising:

15 ' preparing a head including an ejection outlet
for ejecting the recording liquid, a bubble generation
region for generating the bubble in the liquid, a
movable member disposed faced to said bubble
generation region and displaceable between a first

20 position and a second position further from said
bubble generation region than the first position:

wherein said movable member mers from said
first position to said second position by pressure
produced by the generation of the bubble to permit

25 expansion of the bubble more in a downstream side
nearer to the ejection outlet than in an upstream side

to eject the recoring liquid.

NI



-67- ‘can be reduced. Figure 23 is a schematic view of

such a liquid ejecting head. The sane reference nunerals as I n

t he pLe¥+eus—eﬁbedfﬂEﬁt—are assigned to the 5 elenents having the
corres |n functlonﬁ and detail ed descriptions thereof are omtted
for a"e In thig.embodiment, a grooved menber 50
has ate 51 having an €jection outlet 18, a 10 plurality
of groo uting a plurality of first liquid flow paths 14
and a recess for constituting the first conmmon |iquid chanber 15 for
supplying the liquid (ejection liquid) to the plurality of liquid flow
paths 14. A separation wall 15 30 is nmounted to the bottom of the grooved
~menber 50 bgiwhi cla pliwidld tejedftifon Bedoriing fhovheat hhetdinr e

formed. Such a grooved nember 50 has a first liquid
recording liquid is ejection by generation of a bubble

to effect recording, comprising:

5 supplying the recording liquid along a heat
generating element disposed along a flow path from
upstream of the heat generating element; and

applying heat generated by the neat
generating element to the thus supplied liquid to
10 generate a bubble, thus moving a free end of a movable
member having the free end adjacent the ejection
outlet side by pressure produced by the generation of
the bubble, to eject the liquid to the recording
material, said movable member being disposed faced to

15 said heat generating element.

62. A liquid ejection recording method wherein
recording liquid is ejection by generation of a bubble
to effect recording, comprising:

20 preparing a head including a first liquid
flow path in fluid communication with a liquid
ejection outlet, a second liquid flow path having a
bubble generation region and a movable member disposed
between said first liquid flow path and said bubble

25 generation region and having a free end adjacent the
ejection outlet side; and

generating a bubble in said bubble generation

* c L M - *




supply passage 20 extending from an upper position—te the—first
| i quid chanmber 15. The grooved 20 nenber 50 al so.h ans e%&g lLquid
' nd

conmmon

ction

supply passage 21 . extending froman upper posiTWs -

common | i quid chanber 17 through the separation

A s indicated by an arrow C in Figure 23;{he fi

liquid) is supplied through the 25 first liquid supply passage 20 and
first conmmon liquid . chanmber 15 to the first liquid flow path 14, and
t he second |iqui d(bubble generation liquid) is supplied to

- 68- ey ioec el dilspliate [the Faide knd oo ughe thovabiensember | i quid

supply passage 21 and the second conmmon |iquid chanber 17 as indicated
by arrow D i infigwadi@Xirst liquid flow rpath sbexpressurehpredouced | i quid

supply

10

15

20

25

by the generation of the bubble, thus guiding the
pressure toward the ejection outlet of said first
liquid flow path by the movement of the movable member

to eject the recording liquid to a recording material.

63. A head cartridge comprising: a liquid
ejecting head as defined in Claim 20, 32, 33, 35 or
49; and

a iiquid container for containing the liquid

to be supplied to the liquid ejecting head.

64. A head cartridge according to Claim 63,
wherein said liquid ejecting head and said liquid

container are separable from each other.

65. A head cartridge according to Claim 63,
wherein said liquid container is filled with the
liquid.

66. A head cartridge comprising: ; liquid
ejecting head as defined in Claim 35 6r 49;

a liquid container for containing first
liquid to be suﬁplied to the first liquid flow path

and second liquid to be supplied to the second liquid

* [ L M s *
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5 passage 21 is extended in parallel with the first l'iquid supply

passage 20, but this is not limted to the exenplification, but it may
be any if the LLquLd~ﬂ————Fs—SUﬁp%ied to the second common |iquid chanber
17 t hrough the se arati ma | 30 outside the first 10 common |iquid
chanber 15. This Shee ¥as |aneten) Pj_the second liquid supply
passage 21 is det e”l]“ﬁmu |derat|on of the supply anount of the
second liquid. The of the second liquid supply passage

21 is not limted 15 to circular or round but may be rectangular or the
i ke. The second comron |iquid chanber 17 may be f or med
by dividing the grooved by a separation wall 30. As for the nethod of
forming this, aseghowna 1igdddriefectity vdpparatuanfexpedaetipgr spective
view, a comon |iquid chanber franme and a second |iquid passage
wal | are formedoxfiiagddyguildmbyagneratiorombi mabubblef a grooved nenber
50 having the separation wall fixed thereto and the el enent

comprising: a liquid ejecting head as defined in Claim

5 20, 25, 32, 33, 35 or 49; and
driving signal supply means for supplying a
driving signal for ejecting the liquid_through the

liquid ejecting head.

10 . 68. An apparatus according to Claim 67, wherein
ink is ejected from said liquid ejecting head to
deposit it on recdrding paper, téxtile, plastic resin

material, metal, wood or leather to effect recording

thereon.

15

69. An apparatus according to Claim 67, whérein

liquids of different colors are ejected to effecp
color recording. |

20 70. An apparatus according to Claim 67, wherein
a plurality of such ejection outlets are disposed over
a width of a. recordable region of the recording
material.

25 71. A recording system comprising: a liquid

ejecting apparatus as defined in Claim 67; and

a pre-processing or post-processing means for

_

A O D i



25 substrate 1 are bonded,—thus formng the second conmon l'iquid

chanber 17 and t he second liquid flow path 16. In this

exanpl e, ate 1 is

- 69- y providing the supporting nmenber 70 of nmet al
such as al lurality of _jiglectrothernal transducer

el enents as heat generating el enents for generating heat for bubble
generation 5 fromthe bubble generation liquid through film

boi I'i ng. ' Above the el enent substrate 1, there are

di sposed t he podict iy ffxidHP VEStESONBidqiidi 68 the recoramgl d flow path 16
formed by the second liquid 10 passage walls, the recess for constituting

the second materd/AI0 @ fteaptithe hasderdimgnon bubbl e generation liquid

72. A recording systemlcomprising:
5 a liquid ejecting apparatus as defined in
Claim 73; and
a pre-processing or post—processing means for
promoting fixing of the liquid on the recording

material after the recording.

10
73. A liquid ejecting apparatus for ejecting
- recording liquid by generation of a bubble,
comprising: a liquid ejecting head as defined in Claim
20, 32, 33, 35 or 49; and
15 . ) recording material transporting means for

feeding a recording material for receiving the liquid

ejected from the liquid ejecting head.

74. A liquid ejecting apparatus adcording to
20 Claim 67 or 73, wherein recording is effected by
ejecting the ink from the liquid ejecting head to

recording paper.

75. An apparatus according to Claim 73, wherein
25 ink is ejected from said liquid ejecting head to
deposit it on recording paper, textile, plastic resin

material, metal, wood or leather to effect recording

AT




chanmber) 17 which is in fluid conmunication with the plurality of
bubbl e generation liquid flow paths for suppl yi ng t he bubbl e
generation liquid to the bubble 15 generation |iquid passages,
separation or di viding walls 30 having the novabl e wmkbﬁmﬁk

Desi gnated by reference nuneral 50 is a-334- grooved nenb

menber is provided with grooves for constituting the wH ’, Fmrﬂ
flow 20 paths (first liquid flow paths) 14 by nounting t

separation walls 30 thereto, a recess for constituting the first
comon | i qui dhdwedrer (conmon ej ection | i quid chanber) 15 for
supplying the ejection liquid to the ejection liquid flow paths, the
first supply 25 passage (ejection liquid supply passage) 20 for
supplying the ejection liquid to the first conmon | i qui d chamnber,
the second suppl y¥8assdde appasstaus according to Claim 73, wherein

10

15

20

25

liquids of different colors are ejected to effect

color recordlng.

77. An apparatus according to Claim 73, wherein
a plurality of such ejection outlets are disposed over
a width of a recordable region of the recording

material.

78. A recording system comprising:
a liquid ejecting apparatus as defined in
Claim Claim 73; and |
a pre-processing or.post-processing means for
promoting fixing of the liquid on the recording

material after the recording.

79.. A head kit comprising: a liquid ejecting
head as defined in Claim 20, 32, 33, 35 or 49; and
a liquid container containing the liqguid to

be supplied to the liquid ejecting head

80. A kit according to Claim 79, wherein the

liquid is ink for recording.

81. A head kit comprising:

and
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- 70- | generation I|qU|d supply passage) 21 for supplying the

bubbl e generﬁfTﬁﬁ‘TTqurﬂ-%e—%he_second supply passage

(bubbl e

connected with

t he

second
separation wall

chanber 17,1 pgenetrating through t he

15. by the provision of the fluid conmunication path, the bubble

generation liquid

15

suppl y

o wilthout M xt ur @ Wildhildhe Ricitiiphead|uasl. defined in Claime
posi ti ona
grooved top iogt 825033, 35 caucky;t hat the novabl e nmenbers 31 are arranged
15 <corresponding to the heat generating el enents on the el enent
substrate 1, -and that a Hd @jisktdantdings dfd¥ oppontaipingsthe ddgudidr anged
correspondlng to the novabl e menbers 31. In this exanple, one second

10

15

20

25

rel ati on anong t he el enent substrate 1, separation wall

to be supplied to the liquid ejecting head; and
liquid filling means for filling the liquid

into the liquid container.

82. A recorded material characterized by being
recorded by ejected ink through a liquid ejection

recording method as defined in Claim 60, 61 or 62.

' 83. A high speed 1iquid filling method for a
liquid ejecting head comprising:

a liquid ejecting head for ejecting liquid by
generation of bubble including an ejection outlet for
ejecting the liquid; a heat generating element for
generating the bubble iﬁ the liquid by applying heat
to said liquid; a liquid flow path having a supply
passage for supplying the liquid to said heat
generating element from upstream thereof; a movable
member disposed faced to said heat generating element
and having a free end adjacent said ejeétion outlet,
the free end of said hovable member being moved by
pressﬁré produced by the generation of the bubble to
guide the pressure.toward said ejection outlet; and
supplying the liquid to said heat generating memﬁer

along said heat generating element from upstream

* c L M H *

generation |i ok YRR!pY Ssﬁﬁﬁ) 21. The second supply passage 21 is
ﬂﬂ'ﬁ nication path in fluid comunication with

utside of the first common |iquid chanber

10 can be supplied to the second conmon |i quid chanber

30,



passage is provided for the grooved nenber, but it 20 be plural in
accordance with the supply anount. The cross-sectional a :
flow path of the ejection i quid supply passage ZthsﬂxﬂﬂngHQbhe
generation liquid supply passage 21 may be deternir cpraced
proportion to the supply anount. By the.ppgim zation - 2% g Il MU
cross-sectional area of the flow path, the parts ce |
grooved nenber 50 or the |ike can be downsi zed.
-71- As described in the foregoing, according to .this
enbodi nent, heree@nd supply passage for supplying the second |iquid
to the second liquid flow path and the first supply passage for
suppl ying the 5 first liquid to the first liquid flow path, can be
84. A method for removing residual bubble in a
liquid ejecting head comprising: preparing a liquid
5 ejecting head including an ejection outlet for
ejecting the liquid; a heat generating element for
generating the bubble in the liquid by applying heat
to said liquid; a liquid flow path having a supply
passage for supplying the liquid to said heat
10 generating element from upstream thereof; a movable
member disposed faced to said heat generating element
and having a free end adjacent said ejection outlet,
the free end of said movable member being moved by
pressure produced by the generation of the bubble to
15 guide the pressure toward said ejection outlet; and
supplying the liquid to said heat generating member
along said heat generating element from upstream
thereof to remove the residual bubble on said heat
generating means.
20
85. A manufacturing method for a liquid ejecting
head wherein:
the liquid ejecting head including a first
recess for forming a first liquid flow path in fluid
25 communication with an ejection outlet, a partition

wall having a movable member movable to the first

recess, a second recess for forming a second liquid
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provi ded by a single grooved top plate, so that the nunber of parts
can be reduced, and therefore, the reduction of the manufacturing
steps and t herBiisBhest Hiv@Been Replade@duct i on of the manufacturing cost, are

acconpl i shed. _ thernmore, the supply of the second |iquid
to the second c [ 1anber in fqlqu d comuni cation with the
second liquid f y ef fected through the second liquid flow

pat h which penetrates the separation wall for separating the 15 first
liquid and the second |iquid, and therefore, one bondi ng step is
enough for thecRopdithd fofr ldoditaininyRtallidfuidfor thsvIigomesd nenber and
t he heat generating el enent substrate, so that the manuf act uri ng
i s easy, andmbirabaecwmemberqf anide awordiattict) emerap rgamsirating

Since the second liquid is supplied to the second liquid comon |iquid
chanber, penméeaasi ddsposed corgwespoadiony o [the ecopb| secdéss heisecond
liquidto the second liquid flow path is assured, and therefore, 25

the supply amdunfactugedf byl dermiag aiwalde famfiorming the second

5 recess on an element substrate, and then mounting a
member having the partition wall and the first recess

to the element substrate having the second recess.

86. A manufacturing method fbr a liquid ejecting
10 head wherein:
the liquid ejecting head including a first
recess for forming a first liquid flow path in fluid
communication with an ejection outlet, a first member
integrally having a partition wall having a movable
15  member movable to the first recess, a second recess
for-forming a second liquid flow path for containing
liquid for moving the movable member of the partition
wall, and an ejection energy genérating means disposed
corresponding to the second recess, is manufactured
20 bpy:
forming a wall for forming the second recess
on an element substrate provided with the ejection
energy generating means; and then
mounting the first member having the first

25 recess.

87. A liquid droplet ejgcting method for
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ejection is acconplished. <Ej ection liquid an u

|'i qui d> - 72- As
described in the foregoi ng enbodi nent, accordinISShCCt gs.B td:

i nvention, by the structure havi ng the novabl e ?’Hm&” iifjed above,
the liquid can be ejected at highetfﬂégnion fo f [ 5
efficiency than the conventional |iquid’€ecting head. When t he sane
liquid is used for the bubble generation. liquid and the ejection
LIQUId, it is possible that the liquid is not deteriorated, and that
eposi tion 0piactihle aN9algd Ur¥P1Mt HButn Wie & fedetdh Guesatbe 10

r educed. Therafgré,gzaievgﬁsibléﬁéiale change is ﬁéacconplished by

ngg?é' "9 t [‘ﬁggasshi:ma iehe¥ited by FIIRNLBiDihg SCcompri@itgli qui ds are
providing a movable member having a movable
surface and a free end; and
5 ‘moving the free end by a part of a bubble
providing at least a pressure component directly

contributable to the liquid droplet-ejection to guide

said part toward the ejection outlet.

10 88. A liquid droplet ejecting method according
to Claim 87, wherein a leading edge region including
the free end of said movable member is hovable between
a first position wherein the bubble generation region
for generating the bubble through the film boiling is

15 substantially sealed relative to said ejection outlet,
and a second position wherein the bubble generation

region is opened relative to said ejection outlet.

89. A method according to Claim 87, wherein
20 opposite lateral end regions of said movable member is
" moQable between a first position wherein the bubble
generation region for generating the bubble through
the film boiling is substantially sealed relative to
said ejection outlet, and a éecond position wherein
25 the bubble generation region is opened relative to

said ejection outlet.

A



liquid is the one not deteriorating the liquid flow
menber or separation wall or the 15 1iKke.
s, the one having the

' i ce, can be used as a recording |iquid.
two-flow path structure of the 20 presepfginvention is m}

liquid
j et de

ej ect i

generation liquid having the above-described property
particul arly,

al coho

xyl ene,

et hyl
-73-

Vi ce

on

| i quid and bubbl e generation I|qU|d -the

t he exanpl es incl udes: met hanol , et hanol, n-propyl

assage, novabl e
Anong suc

i ngredi ent as used |nTlmﬂhvathmaai’ eplktabl e

the
erent

is used, nore

|, isopropydo, 25 &l sefRba SccHdrlengneo cia«mt e, vfhé&?éﬁi‘esai@' uene,

et her,

10

-15

20

25

BHEBle, mé&isé pNEy afiéved also by a pressure component

not acting in a liquid ejecting direction.

g91. A liquid droplet ejecting method for
ejecting a liquid droplet through an ejection outlet

disposed at a position not faced to a bubble

' generation region and downstream of the bubble

generation region with respect.to a liguid droplet
ejection direction, by generation of bubble in the
bubble generation region, wherein providing a movable
member havihg a.free end portion for substantially
sealing an ejection outlet éide region of said bubble
generation region relative to said ejection outlet and
a surface portion extending from thehﬁree end portion
to a fulcrum portion which is disposed away from the
free end in a direction away from from said ejection
outlet; moving said free end from it substantial
sealing position by generation of the bubble to open
said bubble generation region to the ejection outlet

to eject the liquid droplet.

92. A method according to Claim 91, wherein the
bubble generated in said bubble generation region is

guided by said free end portion toward said ejection

T

outlet side.

nmet hyl ene dichloride, trichloroethyl ene, Freon TF, Freon BF,



met hyl acet ate;—ethyl _acetate, acetone, nethyl ethyl ket one, water, or
the like, and a H1xture t her eof . As for the ejection liquid,
vari ous quuids] Smw“ Berlasedni t hout paying attention to the degree of
5 bubbl e generat ﬁ r thermal property. The |'i qui ds which
have not been co able' -1Rgcause of |ow bubble generation
property and/ or eaS|ness of property change due to heat, are usable.
However, it is desired that the ejection 10 liquid by itself or by
reaction with the bubble - generation liquid, does not inpede the

ejection, the  oubbl @ gRRGIcH iddto¥aile €PCPLiRODf WheraDuabl e _
menber or the I|ike. As for the recording ejection liquid, high

15 vi scous i nkppostite lidtersl whrblegidnd of awidaiovablejmenbep | i quid,
phar maceuti cals and perfune or the | i ke having a nature easily
deteriorated byehemtvabde betwssl e fihmsst Hositidre whetreimnthengredi ent was
used as the recording liquid usable for both of the

bubble generation region for generating the bubble

> through the film boiling is substantially sealed
relative to said ejection outlet, and a second
position wherein the bubble generation region is

opened relative to said ejection outlet.

10 94. A method according to Claim 19, wherein said

higer bubble forming property is lower boiling point.

95. A method, according to Claim 4, 5 or 6,
wherein said free end has a free end edge facet to an

15 ejection outlet side.

96. A head according to Claim 32, 33, 35, 38,
44, 45, wherein said free end has a free end edge

facet to an ejection outlet side.

20

97. ‘A method, according to Claim 87, 88, 91,
wherein said free end has a free end edge facet to an

ejection outlet side.

" KA RN O
* c L M s *




20 ejectioh liquid and the bubble generation |iquid, and t he recording

operation was carried out. Since the ej ection speed of the ink is

i ncreased, the shot accuracy of the liquid droplets is inproved, and
therefore, highly desirable i mages were recorded. 25 Dye ink viscosity of
2cp (C. 1. food black 2) dye -121- 3 wm. % di et hyl ene
gl ycol : 10 wt. %

-74- Thi o diglycol 5wm. %

Et hanol Sw. % ' Wat er

77 Ww. % ABSTRACT GEKIHEMQE&QEQ& ons were also carried out 5 using
the follow ng combination of the liquids for the bubbl e generation

liquid and the ejecti o |iignifl efecting method for ejecting liquid

by generation of a bubble includes preparing a head
comprising an ejection outlet for ejecting the liquid,
5 a bubble generation region for generating the bubble
-in the liquid, a movable member disposed faced to the
bubble generation region and displaceable between a
first position and a second position further from the
bubble generation region than the first position; and
10 gisplacing the movable member from the first position
to the second position by pressure produced by the
generation of the bubble in the bubble generating
portion to permit expansion of the bubble more in a
downstream side nearer to the ejection outlet than in

15 an upstream side.

T
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aresult, the liquid having a ten and several cps vi scosity, which was

unabl e to be ejected heretofore, was properly ejected, and even 150cps
liquid was 10 properly ejected to provide high quality imge. Bubbl e
generation liquid 1: Et hanol 40 wt. %
Wat er 60 wt. % - Bubbl e generation |iquid
2: 15 Wt er ‘ (a) 100 wt. % Bubbl e
generation liquid 3: | sopropyl al coholic 10wm. %
Wat er 90 WA Ejection liquid 1. 20

(Pignent ink approx. 15 cp) arbop>R| ack : 5
w. % - Stylene-acrxtgte- . ] J2copol ymer resin
mat eri al 1 N J>Spersi on (oxi de 140, 25

wei ght average nol ecul (34 Abno- et hangl_ am ne

0.25 wm. %

(b)

3

// ' A

W///

FIG. |
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Gl'ycel I ne 69 wt. %

- 75- ' Thi odi gl ycol 5w. %
Et hanol 3w. % Wat er
16.75 wt. % Ejection liquid 2 (55cp): 5 Pol yet hyl ene gl ycol 200
100 wt. % Ejection liquid 3 (150cp): Pol yet hyl ene gl ycol 600
100 wt. % In the case of the liquid which has not been
easily ejected, the ejection speed is |ow, an 10 therefore, the variation
in the ejection direction is expande e recording.-paper with the
result of poor shot cur-acy. Add| ti aI I Y, varl?t i opp Bf ej ection
anount occurs due to the %tlon . /
35 32 3I 33
M‘ -
q:z/ ‘) |
2 16 12 1

] .\—’VB —
{ b Y O\
40 3 2 12

(c) -—VA —VB
Al g Y=, B
e s s wad
VR
3 Wz 2
4
8} M o /

g T sy
(b). C?A- . Vc; / mJ > ;
45 m /" \Voz —
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instability, thus preventing the recording of high 15 quality inmage.

However, according to the enbodi nents, the use of the bubble
generation liquid permts sufficient and stabilized generation of the
bubbl e. Thus, the inprovenent in the shot accuracy of the liquid
droplet and the stabilization of the ink 20 ejection anbunt can be
acconpl i shed, thus inproving the recorded inage quality remarkably.
<Manuf acturing of liquid ejecting head> The description wll
be made as to the manuf acturing step of the liquid ejecting head 25
according to the present invention. : In the case of the liquid
ej ecting head as shown in Figure 3, a foundation 34 for nounting the
-76- .

FIG. 3
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novabl e nmenber 31 is patterned and forned on the el enent substrate 1
and the novabl e nenber 31 is bonded or wel ded on the foundation 34.
Then, a grooved nenber having a plurality of grooves for 5
constituting the liquid flow paths 10, ejection outl et 18 and a recess
for constituting the common |iquid chanmber 13, is nmounted to the .

el ement substratel with t he grooves and nnvable'nenbers aligned with
each - other. 10 The descrlptlon |1 be made as to a

manuf acturing step for the liquid ejecting di havi ng t he
two-fl ow path structure as shown in Figure and Fiqure 24

Cenerally, walls Tor tne second [ 1 qui flqw 15 paths 16 are fornmed on the

el enent substratel, sepg/, ti oM¥wal | ¥830 are nounted M&reon, and
then, a groovefkﬂtmher 50 haﬁigg the gr foves Y®r consFTfuflnﬁ t he
first liquid flow paths 14,V2s noint t hepeon. , the walls

hs 16 are fo

g# and d‘gTﬁﬁVEd menber

Vg ————

for the second HﬂmnTrfTom/ ZU\
50 havi ng

—-—V

Y

18 | X . 1>_
S — \S3

1 2 16 33
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t he separation walls 30 is nounted thereon. ' The description
will be made as to the manuf acturing nmethod for the second liquid flow
pat h. Figures 25, (a) - (e), is a schematic 25 sectional
view for illustrating a manufacturing nmethod for the liquid ejecting
head according to a first manuf act uri ng enbodi nent of the present

I nventi on. -77- - In
this enbodi ment, as shown in Figure 25, (a), elenments for

el ectrot hermal conversi on having heat generating elenents 2 of hafnium
bori de, tantal um nitride or the like, are formed, using a '

manuf act uri ng 5 device as in a sem conductor manufacturing, op

el enent substrate (silicon wafer) 1, and theféa(terJ() t he Syg#ace of
N

the el ement substrate 1 is cleaned for/,/’ _ o

FIG 7
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t he purpose of inproving the adhesiveness or contactness with the
phot osensitive resin material in 10 the next step. In order to further

i mprove the adhesi veness or contactness, the surface of the

el ement substrate is treated with ultraviolet- radi ati on-ozone or the
like. then, liquid conprising a silane coupling agent, for exanple,
(A189, available 15 from NIPPON UNICA) diluted by ethyl alcoholig to 1
wei ght %is applied on the inproved surface by spin goat iNg.
Subsequently, the surface is cleaned, and as spown A'n E¥gure 25, (b),
an ultraviolet radiation 20 photosensitive resin il ny(dryANim O dyl

SY- 318 avai | abl e from Tokyo -Chka Kggyo Ko., /Ltd D5 |§;“‘ | am nat ed
on the substratel having the thus inpro‘-d /surtf age I3 Then
as shown in Figure 25, (c), a photo- , 25\/fask/PM i/s-placed”op the dry film
DF, and the portions of the dryAiln /hi of S in as the

second fl ow passage wall i ilfu 1 it s et

FIG. 8
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- 78- radi ati on through the photo-mask PM The exposure process
was carried out using MPA-600, available from CANON KABUSHI KI

KAl SHA), and the exposure anpbunt was approx. 600 miJ/cnferr]. 5

Then, as shown in Figure 25, (d), the dry fil mDF was devel oped by
developing liquid which is a m xed liquid of xylene and butyl

Cel | osol ve acetate (BMRC--3 avai | a?l e .from Tokyo Onka Kogyo Co., Ltd.)
to di ssol ve the unexposed portion ,O\Nni |l e | eaving the 10 exposed and
cured portions as the walls fqQthe conci,b l'iquid flow paths 16.
Furthernore, the residuals ng h the surface of the el enent
substrate 1 is renoved |b ' ashi ng devi ce,( MAS- 800

avai | abl e from Al can-T€CT w

—
12 13
2 40
(b)
10
[ 3
O [J' L) /
18 -3 <——-——Ss§
2 40 13
(c)
o,
) / ]
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2 | I3
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15 sec, and it is exposed to ultraviolet radiation.for 2 hour s at

150[err]C with the dose of 100 mi/cnR to conpletely cure the exposed
portions. By this method, the second liquid flow paths

can be fornmed with high accuracy on a plurality of 20 heater boards

(el ement substrates) cut out of the silicon substrate. The silicon
substrate is cut into respective heater boards 1 by a dicing nachine
havi ng a di anond bl ade of a thickness of Q. 05 mm (AWD- 4000

4

avail abl e from Tokyo Seimtsu). The separat_edI -éter_ 25 boards 1 are fixed

on the al um num®pa8s s e e NTR

from Toray), ' \ NOBORIN RN ROS

-79- t he QNOBRPNONSH AN Y
I8

3l .. E
\\k, S 33
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with the heater board 1 by alum numw re (not shown) having a di amet er

of 0.05 mm As shown in Figure 25, (e), a joining nenber

of the grooved nmenber 50 and separation wall 30 were positioned and
connected to the heater board 1. Mre particul arly, grooved nmenber
havi ng the separation wal | 30 and the heater board 1 are positioned,
and are engaged and fixed by a confining spring. Thereafter, 10 the

i nk and bubbl e generation |iquid supply ment®§ 80j | |gs fixed on the ink.
Then, the gap anong the al um num wire, @rooved 0, the heater

boardl and the ink and bubble.generatlo . -upply menber 80 are
sealed by a silicone seal agf ¢TSE399, ‘avaiia . TosP ba
silicone). 15 By ‘f-erm ng theé. ‘s¢cong I|oU|d fioM/pagE?

t hrough t he manufac{@)ng net : Vvamxwvw\ \\\ce§s\xsn

positional deviation relative
be provided. By coupling the
30 in the prior step, the posityonal

akiihEsheat er board, can
and t he separation wall
ary bet ween the first .

{

acc

(b)
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liquid fl ow path 14 and the novable nmenber 31 is enhanced.
By the high accuracy manufacturing technique, 25 the ejection

stabilization is acconplished, and the printing quality is inproved.
Since they are forned all together on a wafer, nmassproduction at |ow
cost is - 80- possi bl e.
In this enbodi nent, the use is made with an ultraviolet radiation
curing type dry filmfor the formati on of the second |iquid flow path.
But, a 5 resin mater{igl) having an absqript)i on band adj acefig)
particularly 248 nm (outside the ultraviol et range) may be | am nat ed.
it is cured, and such- portions going tog be the second |iqgyid flow paths
are directly
19
16
-35
-3 1}-2
N—""
(a) (b) (c)
L35 )) k \\ //
35 35
—3I
/'*-/3' /-1-/3l

FIG. 16
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removed by exinmer |aser. 10 Figure 26, (a) -(d), is a schematic

secti onal view for illustration of a manufacturing nethod of the

liquid ejecting head according to a second enbodi nent of the present

i nvention. In this enbodi nent, as shown in Figure 26, 15

(a), a resist 101 having a thickness of 15 pmis patterned in the shape
of the second liquid flow path on the SUS substrate 100.

Then, as shown in Figurle 26, (b), the SUS substrate 20 is coated with
15 pmthick of nickel [20 layer 102 on the SUS substrate 100 by

el ectropl ati ng. The pl ati ng sol uti on used/conpri sed ni ckel

anm dosul fate ni ckel tress decrease materi
fromWorld Metal Ing) boric acid, '
avail able fromWrlg 2p Metal Inc.) an

(zero ohru, avail abl e
prevention material (NP-APS,
chloride. . As to the

electric field n|l elsectro-deposiplion, an electrode is connect ed
on the anode side, [ he SUS subst pat e100 '
L
xS
=g
S HEATEA AREA

FIG 17

(a) (b)
1301 _1l-302
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i RS
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al ready patterned is connected to the cathode, and t he t enper ature of

the plating solution is 50 [err]C, and the current tenperature is 5
Alcnerr]. Then, as shown in Figure 26, (c), the SUS 5
substrate 100 having been subjected to the plating is subj ected then
to ultrasonic vibration to renove the ni ckel | ayer 102 portions from
t he. SUS substrate 100 to provide the second liquid flow path.

On the other hand, the heater board having 10 the elenents for the

el ectrot hermal conversion, are formed on a silicon wafer by a
manuf act uring devi ce as used.in sem conductor manufacturing. The wafer
s cut i nto heater boards by the dicing nachine simlarly to t he

f oregoi ng enbodi nent. The heater board 1 is 15 nounted to the al um num
base plate 70 already having a

50 -
) .
GwE 40}
=83
oS 30}
<1Cﬂ”
S m
L== 20}
Ny,
Fate}=
10}
. [] 1 1
o 50 100 IS0  (um)

DISTANCE OF PIVOT OF MOVABLE
MEMBER FROM HTR EDGE (£)
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printed board 104 nounted thereto, and the printed board 7 and the

alumnumw re (not shown) are - connected to establish the electrical
wiring. On such a heater board 1, the second liquid flow path provided
20 through the foregoing process is fixed, as shown in Figure 26, (d).
For this fixing, it may not be so firmif a positional deviation does
not occur upon the top plate joining, since the fixing is acconplished
by a confining spring with the top plate having the 25 separation
wal | fixed theréto in the |ater step, as |n the first enbodi nent.

In this enbodinent, for the p05|t|on|ng
- 82- fixing, the use was nade W

curing type adhesive t exy al on

I8

1104106 |
2 102 /104106 6 !
103 105
l) )
107
(b)

2 1335 105 106 IIG 1

FIG. 21
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avai | abl e from GRACE JAPAN, and with an ul traviol et ~radiation
projecting device operated with the exposure 5 anount of 100 ml/cnferr]
for approx. 3 sec to conplete the fixing. According to the
manuf acturing nethod of this enbodi nent, the second liquid flow paths
can be provi ded wi-t hout positional deviation relative to the 10 heat
generating elenents, and since the flow passage wal |l s are of nickel, it
i s durabl e agai nst the al kal i property liquid so that the reliability

i s high. Figure 26, (a) -(d), is a schematic sectional

view for illustrating a manufacturing nmethod of the 15 liquid- ejecting
head according to a third enbodi nent of the present invention.

In thi.s enbodi nent, ?s shown in Figure 26, (a), the resist 31 is
applied on both of the sides of the SUS substrate 100 having a

t hi ckness of 15 [errfmand 20 having an alignnent hole or mark 100a. The
resi st used was PMERP- ARO00 avail abl e from Tokyo Ohka Kogyo Co.
Ltd.

>
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I'TI71111111111111111111 g /
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Thereafter, as shown in (b), the exposure operation was carried out in
alignment with the 25 alignnment hole 100a of the el enent .substrate 100,

usi ng an exposure device (MPA-600 avail able from CANON -~  KABUSH K

KAl SHA, JAPAN) to renove the portions of the

- 83- resi st 103 which are going to be the second |iquid flow
path. The exposure anmount was 800 mid/cnferr]. Subsequently, as
shown in (c), the SUS substrate 100 having the patterned resist 103 on
both 5 sides, is dipped in etching liquid (aqueous sol ution of ferric
chl oride or cuprous chloride) to etch the portions exposed through the
resist 103, and the resist is renoved. Then, as shown in

(d), simlarly to the

This Sheet Has Been Replaced

A

THIS SHEET HAS BEEN
REPLACED




10 foregoi ng enbodi nent of the manufacturing nethod, the SUS substrate

100 having been subjected to the etching is positioned and fixed on the
heat er boardl, thus assenbling the liquid ejecting head having the
second liquid fl ow paths 4. 15 ' According to the manufacturing
met hod of this enbodi nent, the second liquid flow paths 4 w thout the
positional deviation relative to the heaters can be provi ded, and since
the flow paths are of SUS, the durability against acid and al kal

liquid is high, so 20 that high reliability liquid ejecting head is

provi ded. As described in the foregoing, according to t he
manuf acturing nmethod of this enbodi nent, by nmounting the walls of the

second liquid flow path on 25 the el enment substrate in a prior step, the
el ectrot hermal transducers and secon?a iquid fl 0};\2 pat hs are aligned
with each other with hfgh) precisiqn
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- 84- . Since a nunber of second liquid flow paths are forned
si nul taneously on the substrate before the cutting, massproduction is

possi bl e at | ow cost.

The liquid ejecting head provided

t hrough t he 5 manufacturing nethod of this enbodi nent has the
advant age that the second liquid flow paths and the heat generating

el enents are aligned at high

preci sion, and therefore, the pressure of

t he bubbl e generation can be received with high efficiency so 10
that the ejection efficiency is excellent. <Li qui d ejection head

The description wll be nade as to a liquid

ej ection head cartridge having a liquid ejecting head according to an

cartridge>

enbodi mrent of the present

expl oded perspective
i ncl udi ng the

invention. 15 Figure 28 is a schematic

view of a liquid ejection head cartridge

(a)

(b)

(c)

(d)
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above-described liquid ejecting head, and the |iquid ej ection head
cartridge conprises generally a liquid

ej-ecting head portion 200 and a

l'iquid container 80. 20 The liquid ejecting head portion 200
conprises an el enent substrate 1, a separation wall 30, a grooved
menber 50, a confining spring 70, liquid supply menber 90 and a
supporting nenber 70. The el ement substrate 1 is provided with a
plurality of 25 heat generating resistors for supplying heat to the
bubbl e generation |iquid, as described hereinbefore. A bubbl e
generation liquid passage is forned between

- 85- the el enent substrate 1 and the separation wall 30 havi ng
the novable wall. By the coupling betmeen t he separation wall 30 and

t he grooved top plate 50, an

(a)

(b)

(c)

(d)

103 100
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ej ection flow path(unshown) for fluid communication 5 wth the ejection
liquid is forned. The confining spring 70 functions to urge

t he. grooved nenber 50 to the elenment substrate 1, and is ef fective
to properly integrate the el ement substrate 1, separation wall 30,
grooved and the supporting 10 menber 70 which will be descri bed

herei nafter. Supporting nmenber 70 functi'ons to support an

‘el ement substrate 1 or the |like, and the supporting menber 70 has
thereon a circuit board 71, connected to  the elenent substrate 1, for
supplying the electric 15 signal thereto, and contact pads 72 for
electric signal transfer between the device side when the cartridge
is mounted on the apparat us. 82 The liquid container 90 contains
the ejection liquid such as ink to/be supplied to the liquid 20

ej ecting head and _the bu bubbl e generati on,
separately. The optside r 90 is provided with a
posi tioni ng p -ecting menber for

2001

FIG. 28
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connecting the liquid ejecting head with the lIiquid 25 container and a
fi xed shaft 95 for fixing the connection portion. The ejection liquid
is supplied to the ejection liquid supply passage 81 of a liquid
-86- supply menber 80 through a supply passage 81 of the
connecting nmenber fromthe ejection liquid supply passage 92 of the
liquid-container, and is supplied to a first comon |iquid chanber
t hrough the ejection 5 liquid supply passage 83, supply and 21 of the
menbers. The bubbl e generation liquid is simlarly supplied to the
bubbl e generation liquid supply passage 82 of the |liquid supply nenber
80 t hrough the suppl y passage of the connecting nmenber fromthe 10
supply passage 93 of the liquid container, and is

FIG. 29
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supplied to the second |iquid chanber through the
liquid supply passage 84, 71, 22 of

a liquid ejection head cartridge,

and the ejection
supplied I n

" bubbl e generation liquid and the

separ at ed.

this supply, the
25 injection por
be unseparably in

liquid are di

t he nenbers.

bubbl e generation

I n such

15 even if the bubble generation |iquid

fferent |iquids,

good order. in the case that the ejection liquid
~ the bubble generation liquid are the sane, the

the liquids are

and

supply path for the

After the liquid is used up, the liquid
containers may be supplied with the respective

liquid cont ai

t. The liquid ejecting head and liquid

feqral or_nay he

20 ejection |iquid are not necessarily

liquids. To facilitate
ner is desirably provided with a liquid
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- 87- <Liqui d ejecting device> Figure 29 is a schematic
i.llustration of a liquid ejecting device used with the above-descri bed
liquid ejecting head. In this enbodinment, the 5 ejection liquid is ink,
and the apparatus is an ink ej ection recording apparatus. the liquid

ej ecting device conprises a carriage HC to which the head cartridge
conprising a liquid container portion 90 and liquid ejecting head
portion 200 which are detachably 10 connectable with each other, is
nount abl e. the carriage HC is reciprocable in a direction of w dth of
the recording material 150 such as a recording sheet or the like fed by
a recording -] B T =TaTYaYaTE EWAT=" BB S B ae driving
signal is suppllied tao the Liguid olocting eaRs—on-the caLrifjage from
unshown dr|i vi ng signal supply neans,  the recording 11'%&

-

HD MOVER
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ejected to the recording material fromthe liquid ejecting head in

. response to the signal. 20 ~ The liquid ejecting apparatus of this
enbodi ment conprises a notor 111 as a driving source for driving the
recording material transporting neans and the carriage, gears 112, 113
for transmtting the power fromthe driving source to the carriage, and
25 carriage shaft 115 and so on. By the recordi ng device and the liquid
ej ecting nethod using this recording devi ce, good prints can be
provi ded by ejecting the - 88-
liquid to the various recording nmaterial. Figure 30 is a block
di agram for descri bi ng the general - operation of an ink ejection
recordi ng apparatus which enploys the liquid ejection method,

510 520
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ignvention. -
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~ head dr| ving. SI gnal —Z 32zl ‘
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processi ng - thigRAdh dierms eprSCo su'

"the I'i ke,

( at'-a_:j

S ',‘-T :' . » . |
eral anits such. - -as RAMS 304 or .
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| ,5- a bubble generat:.on reg:.on for generating the bubble o
ﬁin the liquid -a movable member d1sposed faced to the '
'-_bubble generation region and displaceable between a
first posit:l.on and a second position further from the, .
R 'bubble generation region than the first posit:.on,'_ and
| 10 'displac1ng the movable member from the first position-:
to the second pos:.tion by pressure produced by the
'generation of the bubble in the bubble generating
- portion to permit expansion of the bubble more 1n a
. downstream s:.de nearer to the ejection outlet than 1n'
15 "an up_s-tream s1d_e.__- ' |
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ceramc material -such as tile; and nateri al such as spongg
three di mensi onal -~ structure. ~~ The-aforenentioned f|e obql ?4%
apparatus 15 incl udes a printing: appar atus-for various. sheet sj o Y1996
paper or OHP sheet, a recording apparatus for plastic . -~ mtprlal such as. |
pl astic material" used for formnga —- corrpact disk or the Ilfjke, a - .
‘recording apparatus for = - rretalllc plate or the |ike, arec f—eH~Rg- P
apparatus for ‘{eather naterial, a recg rdi j@ appar at us’ for Iunber a
- ‘recording apparat ‘us :for-ceramc material, regording , parat us: for
t hree di nensi-onal ‘récordid edi um such at sponge or lg i ke,
textile printing-apparatus. RN =TTy 5 bric, and the
- like recording: 25 appara’t PS. 35 3l Asggr the liquid to be. used
with these I|qU|d eJ ecAl appes

ejuses; any A1quid is ubbble as -




g

¥ .
-90-- | ong as it is conpatlble Wt h the enployed recordlng . .
medi um and the- recordlng condi tions.. - '<Recordi ng Systen> “-.. ' B
Next, an exenplary i nk j-et recordlng systen1 5 will -be desefrt oeTl
records i mages .on. recordlng . ~medi um) using, as the rec PE}KKQQQWf E$=
liquid - ej ection head: in accor dance-wi th the present . |nvent|on N o
"Figure 31 .is a:schenatic perspective-viewof 10 an ink jet|i uﬂmﬁ@”@96
system enpl oying.the .= . aforenentioned liquid ejectlon heqd 2 1in -
‘accordance . - .with the present |nvent|on and depicts its géner-a -
structure. The I|qU|d ej ection head i'n thIS .~ enbodinment {is a fU||-|InP
type head, which. conprlses 15 pIuraI ejection orifices aligned wth a .
.density of 360 . dpi so’'as-to cover the entire recordable range of ‘the
recordi ng nedi um 150.- |t conprises four heads; mhlch o are corrg spondent e

to four colors; yellow (Y), magenta -




sy
¥

(M, cyan (C-and bl ack (Bk) These four heads are 20 fixedl: /RMMFNT@HEET
-a_hol der 1202, |n paraIIeI - each other .and with predetg llncu:
i‘ntervals. - - These heads are drlven i'n.response to t
signal s ‘suppli ed- froma: head driver-.30%, mhlch ~consti tutps} ngéhyAWwpgé
- supplying a driving signal to 25 each—head, = - - Each bf_the faur
. col or |nks (Y Nl C and Bk) s supplled to a corresponde1t head- fronr
an ink. cont atAer—204a——

204b,  205c or 204d A reference :'“J umer al O4e designates a. bubble o C
generatlon [T QU Ol . Rkt e—io _ |qU|d is
~delivered to each hevl&l - @ oweggh head_;-_ a. head Vap 203a L

~203b, 203¢ -




&

ﬂdr 203d;i5'disposedﬂimhfch-contains an ink absqrbfng' -._nenberfcbhposed of

- sponge or the like. They cover the'-'  ejeCtion.OrifiCes:()RﬁﬁﬁagﬁkﬁmULsHEET.-“;

-t

correspondi ng. heads, ‘protecting the heads, and al so .na
“head 10 performance, during a non-recgrding period. .© . S o _
reference nuneral. 206 desi gnates a comrweyer . belt, which bofd MA936 | |
- nmeans for conveying the - ~.various recordinng nedi umsuch ps{those . :
described in -~ the preceding enbodi nents.: The conveyer bpl 206 15 15 |
routed 't hraugh a predetermned path.by various =~ .  rolleéerp, -and is driven. i -
by a-driver roller:connected-to "~ a -notor driver ‘305. ... ,. The . -
“ink jet recording systemin this @ = eandhngny'conp éﬁes a'pre prApt i ng
processing 20 apparatus 251 and-a. postpri p¥ingproc I.ng -gppar 2 Ts T

252, which are disposed on-the upstreamahd ‘downsdregm -/ gdes, - SN
respectively, .of the ink jet recordipg .= - apparatys_al0nglthe recording -
medi um conveyance path. - ‘Thesg~processi ng apparat A¢s/27] and 252" L
“process the 25 .recording ne?lpﬁfin vafious_nanner‘iwe Of e/ onl after

-




el
o

recording i-s made, respectlvely IR - .The=pre-prtntﬂﬂfhﬁ&ﬂMEﬁTéﬁiﬁm.
the postprinting B ST ~-92- . pr OCes5 . :
Vary dependi ng on the type of - recordlng . medium -or. the type‘ya Mg#19ﬁ§r
exanpl e, when . - recording medi um conmgosed. of netallic matdrifa _
~plastic material, ceramc naterial or_fhe like is 5 enployedg.tb“ —e
- recordi ng nedium:is exposed to ultra-. _ vtotet'rays -and - og4one be ore j*f‘
printing, act.ivating its surface . - jn afe /0

mat eri al tendlng to acquire el ectric charge,. as pla~ resin
“material, the 10 - dust tends to deposit on the arf.'e ‘by c

jelectr|C|ty t.he dust may . |npede the deﬂ(}ed o eco di
case, the 'use is- nade wth - e .

"F;'lcs.es’e_




. =N
]

i oni zer to renove the static charge of the recordlng LACEN&Q@ESHEET o
renovi ng the dust fromthe recording. 15 ‘material. . Wen textrretTsTay |
recording material, .  fromthe standp0|nt of feathering preveg @3¥3§%
i nprovenent “of. f|x1ng or. the. li ke, ‘a pfe-processing. ‘may| 4
‘wherein al kal i property subst.ance, - —water -sol ubl e proper}ty substance..
fConp05|t|on 20 polynerlc wat er’ solub e property netal. galt, urea, .or.
“thiourea is applied'to the textile. ~pre- -~ processilpg—i-s—Rot—
~limted to this, fand it my bel@ on- 0 prOV|de t he. recordlng B e
mat eri al -wi'th_-the. pr oper- tn*pera;L% 4] . On the other - -

~hand, "the post.-processing i 4.4
‘mat eri al having reCei
: {93-_ ' U

eBnent,

| Irtbartl.ngl_-

0 t he recordlng'

ul; raV|oIet




radi ation prOJectlon to pronote the f|X|ng of "the ink,

- for renDV|ng the.process nateri al used - for t he: pre tr
r'emai ni ng because of no. reaction.- 5. - In ot
~the head is a full. Itne ~ head; but gt he: present |nvent|:-
applicable to a serial type mhereln thre-head is npved K
the recording. material . . <Head Kit> 10- °~ - . He na d {-.
kit will be described, _' ~whi ch canprises.thg, I|qU|d eje(tlon head in ‘.j',

accordance = - with the present i-nvention. Fiblre.32 is a
vi ew of ‘such a RS ‘ TN &

glnventlon Wthl
ink; .an ink

separable ?é s

tremati ¢

FIG. Il

- Fle



. cont ai ner 520.- : "After the ink in the i nk cont ai’

i

'f||||ng neans 530 whi ch holds the ink to be f|IIed 20 | |nto the |nk

conpletely’ depleted the tip 530 (|n t he formof .a -~ - hypoqé Eﬁ{%SﬂEET‘
“or the like) of the ink filling- - megans i s i'nserted into dn air vent 521

of the ink 25 - cont.ai ner, the Juncrron bet ween the ink contd r@s MAY.1996 |
‘the head, or a hol.e drilled through the Jnk cont ai ner .,j.- { 1} and the o
ink within the ink filling means is .. - 1. 14 -

-94- . “filled.into the St-a e gt
When t he i qui d ejectlon.head the |nk . pontainet ./ the- Nk f|II|ng PR
..means, and the:like are ,<A aVallabIe rn th: of & klt c&italned |n _;J*

the kit 5. . packa%f t he. |-‘

18-




&

~ depl eted ink cont ai ner as ‘described above;

qui ckly restarted. . : "~ .In-this enbodinent,

therefore,

recordlng can be

‘the h TR =
‘the - ink flIIlng means. Fbmever it is not nandatory f R'RDA ' He ".Er 3

~head kit ‘to contain the ink fikling neags;:
.exchangeabl e type ‘i nk- container filled—

Even t hough Flgure 32" illustrates only the-
filling the pr|ntrng ink into 15.  the/ink container, th
contain neans for: - Q@filling the bubblb generatlon Ilqw

the kit

mnth the thk
ink. f||||n

. generation I|qU|d contalner in addition to-the
nmeans. o Wil e the |nvent|on ha been descrlied Wi h 20 o

h -and is a )
. chaffges as may c
cope\of the followmn

the detalls set f
modi fi cations or .
~inprovenents or the

- »f3?§'_ih

31

clalns

I6

FIG.

9h the pu
25

2

FY&' ontain-an-

nq: @ panay 1996
rmanssfpr o
ekt nuy

Ci'nto the bubble |

printing 1nk refllllng
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95 . CLAI MG : 1. "Aliquid ejectlng nethod for ejectlng
generatlon of "a bubble “conpri sing: - preparing a head
an ejection outlet for- ejectlng the liquid, a  heat generating el
'generatlng the bubble in the I|qU|d ~a1bubbl e generation: reg|CQ
bubbl e is generated, a.novable nenber having a fulcrum and afir
whi ch i's downstream of fhe fulcrun1MAth respect. to a dlrectloiﬂ?
the liquid toward “the ¢lection-outlet, ‘the novabl e nmenber bei '

faced to the heat:genergting el enent, 'and a pogtion of
~corresponding to an areg center of. the heat
. di spl aceabl e. bet wee@®& -alfirst p05|t|on and
renote fromsaid buS%Le generation region
di spl aci ng sai d mov§pl e|nenber’ from sai
posi tion by pressur@&Spjoduced by ;he'
bubbl e -gener ati on péﬁ -¢on to permt"-
dowhstreanlsideﬂnea&gg'to_thet:efe

pansi on. of the-

iiifEW@ﬁ”dE

enent for

._ vwmeMAhewéo |

e end -

T TTowthe——

di sposed:

the nnvab

ﬁs_' | HEATEA AREA

FIG I7

| e nenber

enerating el enent belng
second - posi tion which is nore
han the - first position; and_

/ first position to said second .
eneration of the bubble in said
bubble nore.in a *
|on outlet than in an upstrean15|de

a b
L2 -2
TR

FIG. I8
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2. A net hod accordlng to Clalntl ‘wherein the bubble expands beyond the -
first position and noves the novable nmenber to the second
3 A nethod according to Claim1; wherein the novenent -of t%E?LA&ENE@ﬁ‘SHEET _
menber allows .the domnstreantportlon ofiat he  bubbl'e to grom1co stream o
towards the movabl e menber . : - Graimd: cancel . " - || 04 MAY 1996
=796 - .5, Aliquid ejectlng nethod for ejectlng i qui d R
‘generation of a:bubble, conprising: C -suppl yi ng thejl. i _ SRG—
heat generating el ement ‘di sposed along a flom1path frontup;treantof the .
heat generating el ement; and . appl yi ng heat gener ated by the” neatf
generatlng element to the thus supplied.1iquid:to- generate a bubble, t hus
noving a free-end of a novable menber -havi ng.the free end adjacent the -

ejection outlet side by pressure pr oduced by the generation of " the
bubbl e, said novabl e. r’rsnéeer bei ng . di sposed faced to s_al d heat ‘gener ati ng
el ement, thus. gupding - S . L
- Wwe 40}

ok

OSe 30}

== 20+

=l '

Qo=

. 10F
-0 50 IOO o l50 Cum

DISTANCE OF PIVOT OF MOVABLE
MEMBER FROM HTR EDGE 4

FIG I9

-40
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pressure towar.d the'eJ ection outlet by the novenent of the rmvabl e rrenber o
to elect the liquid. - 6. Allqwd ej ecting rTethodfor ej -
by generation of a bubble,. conpri sing: o - preparing a-f £ Gﬁfi/'gks{?rﬁﬁﬁ?
a first liquid- flowpath in fluid conggnication with a liquigd _e] ECTrom—"=""
‘outlet, a second. liquid flow path- havimg-a .bubbl e generation rlegh gn ?—\?%3&
novabl. e menber di sposed between sai d fi rst 1iquid flow-path ]a d SaIM
‘bubbl e generatlon regi on ‘and having a‘free end adjacent the|
outlet side; and. ~ generating-‘a. bubll e in said bubble| eneratlon
region to displ acé the free end of- the nmovabl e rrenber into sg d TiTst—
liquid flowpath by pressure produced 5 the iQn e bubbl e, -
t hus gwdlngthe d |df|rs|17 I|qU|d

' theI qwd L

102) 104106 L |
- 103 105 N
—

lor

FlG.21
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97 7. A method-according to C aim®6, wherein the et p— :
generating el enent for generating the bubble is  ° disposedjk : MENMH.EET
novabl e menber, .and sai'd bubble  generation region is forpef between.the | |’
“novabl e menber ° and the heat generatiing element. . - | B.04AMM 1908
~according to daiml1,.5o0or 7,  -wheremm a downstream portipnjof the . -
“bubble is generated by a downstream of the area.center-of the treat
generating el enent which faces the novable- -~ nmenber. = - 9.0 A7

4

"nmethod according to Claim5 or .y, wherein. . the free end is . disposed .

. downstream of -the-area center: the heat generating-elenent wth respect -
‘to aflow  direction of the liquid. .. ~10.  Cancel. . -~ 11. - A"
met hod according to ¥l aim6, wherein-a " part of the bubble generated .
expands. into the firgt - liquid fl-ow path with novenent of the novable
menber . - % 12, A nethod according to Claim1 or 5 wherein = a
state of contact ‘of .{he bubbl e with"the novable menber -occurs during
nmovenent of the nopvapl e nenber. S e '

""FJG;22 ,- 

V777777

] _
AT TSI

N/ 1N Loy




13. A nethod-acCordﬁng to.Cllaiml-or Claimb5, wherein the - bubbleis

generated by a filmboiling caused by . transferring heat gerfg T p—
heat generating - ~element to the .liquid. - . - 14. A ﬁethod-acggﬁbﬁﬁgﬁﬁ@ﬁTSHﬁEr
~Caim7, wherein the -bubble i's genergied by.a filmboiling:daysed by . - )
-transfeerring heat generated by the heat—generating ' el enent  tjo |tp4l MAYI906 |
-98- -~ " 15. A nethod according to - Caim5, w liguidis sUpglied to the |
heat generating etenment along an internal wall which is substlantrattyftatr—

or snoothly curved. . - 16. . A nethod-according-to C aim.7

,.wherein the

liquid is supplied .tio-the heat generati-ng.et'ement” along an internal wall -

which i's substantially flat or

.15




&

supplied to the second liquid flow path..

18. A net

daim6, wherein the .liquid supplied g the first liquid ff

different fromthe I|qU|d suppl i ed .to.tfe second
.19. A nethod:according to daimé6,- ‘wher ei n the ..
second I|qU|d flow path has at. |east one of- Iome

Jdiquid fl

r Vvi-scosi t

~forming property and.hi gher thermal” stability than the i

snoot hly curved. . - 17. A net hod aCCodeng'to Claih16 wherein the

liquid supplied to the first quuid_floprath is the same as the I|qU|d

N

R : - .
|LQUId suppl

path

'qﬂ4tﬂﬁﬁhﬁ96 .
hlgher bubble~

t—supptTed—to §

‘the first liquid flow path. ~ 20,0 A I|qU|d ejectlng hi ad for: ejectlng
-l'iquid by generation of a bubble,’ conpr|5|ng o an ejection. o
~outlet for eJectlngthe I|qU|d o '_abubbl&generatlon reglon ‘Where
~the bubble S N ; | _
o~
b e e DF

TR0 A i BN

/T-

FIG 25




$

is generated : S S | - -99- o a heat
generating el enent for ejectlng the |IQUId through the ejectlon outl et by
t'he generation of the bubble in the bubble generation r

11 ..
novabl e nenber having a ful crumand a firkee end which |s§§§mﬁﬁﬁmﬂﬁﬁkﬁﬂﬁﬁﬁ. o

fulcrumwth respect to 'a direction of—flow the the l1ighif toward the
ejection outlet: - . wherei n sai.d.-heat generating- =I=ngqtygnd1§§|d
 novabl e nenber .are dlsposed faced-to each other with. sajd heat generat|0h .
region therebetmeen ~and wherein - a portion of sald movapl .
corresponds.to - an-area-center of said. heat generatlng € enent is.

'di spl aceabl e by the generation of the bubble. =~ - 217 A head !
‘according.-to O aim20, wherein -said bubble generation reglon is formed
bet ween the . novabl e menber and the heat, generating-elenent. =~ . 22, ‘a

‘head according to O aim20, wherein the. novenent-of the novable menber

al l ows .t he domnstreant portlon of the bubble to grOM/domnstreanttomard the
anabIe nenber . : '

VEJOI,;fff: tot

—_~100

102 101 102 101 I02

.:;-:‘:'_.‘-'-

T <~l00
¢ ‘l( l::,:_:l:.. L '—4 _
d  ?§%-,{5ne

FIG. 26



23. - Cancel * .24, Cancel. - -+ 25. a head according to.Claiml1,
wherein the free - end of 'said novabl e nember is di sposed.faced to sald .
hHeat generating el enent and dommstrean1of an area .center o o—heat
_.generating el ement. ~+ 26. - Ahead ggcording to C aim20 RE QEW z

l'i quid flom1path has a supply passage fUT supplylng the i

- el ement. oo 2100- 27' A ehd accord|ng Q;'
to O aim?26, mhereln the I|qU|d is supplied to the heat gehet+ -
al ong an |nternal_mell mhlch_ls substantially flat or_'snDo th curved

103 100

"03 o

10 "2’_3*?”1'_ 103 100 "f__'°.3_.-

100 100 100
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28. 'A head- éccordlng'to Claim25, wherein said iiquid flom/path has.a

supply passage for supplying the liquid to 'sai d heat genérating elenent.”-’ 1-

from upstream thereof al ong t he heat generatlng el enent . 290 A _
head -according to O aim 28, wherein sajgl liquid flow path has:an internal -
wal | which is substantially flat or. smoot hl y. curved,- and the supply ' o
.passage is supplled to said heat generating el enent al greg—tRetterTatom]
wall. . -30. A head according to-Caim 20, further hACE@ﬂ% SﬁEET
liquid flow path for supplying the' liquid to said heat
fron1upstrean1thereof al ong a surface close to said hegt"
-el ement . 31. - A head accordlng to Claim 25, furt
" liquid flow path: for suppl yi ng the I|q52| to sai d heat.
~fromthe upstrean1 thereof along a sjde of sald nnvable

80

erating elenmeft |

OEHE" ANG96 |

~conprising:

e+-at 6 et Ulltnt

mber faced to ;ﬁ_"

2001 °




&

said heat generating elenent. - 32. Aliquid ejecting-head for-
‘ejecting liquid by generation of bubble, conprising:- —— .
-*101- . - an ejection outlet for ejecting-the Ii&uﬂﬂACE ENT S
-heat generating elenent for generatingzphe .-bubble in the |l ifgui el
applying heat tosaid liquid;” =~ -: =~ Taliquid flow path hay suppl
‘passage - for supplying the liquid to said:heat generatingj 'IX%£3¥R¥ﬂQda ]
upstream t hereof; and . - a novabl e nenber di sposed]faeed.tg said
ej ection

heat generating el ement and having -a free end- adjacent. spid
outlet, the free end-of said novable member ~being noved By

produced by the generation of.

FIG. 29




4

- the bubble to guide the pressure toward said ejection outji _
A Irqurd ej ecting head for ejecting Irqurd by generation:jo hr}g{%g?@ENqﬂﬁygﬂT :
conpri si ng: ' - an .ejection outlet for ej ecti-ng the. Irquuf a

heat generatrng ‘el ement. for generating 4she bubblein. t he | ijgu 6~M9N”995
applying heat to said |iquid; - =aliquid fl ow pat H- Having a suppl
passage for supplying the liquidto sai d ‘heat ‘generating| el ement from
upstreamthereof; - . a novabl e nmenber di sposed facdeé—t-e—sai-d-heat -

gener ating elenent and havrng a free end adjacent ‘said . ejection outlet, .
the free end of said novabl e nenber - bei ng noved by pressure produced by-“
t he generation of the bubble to gurde the pressure tomard sard eJectron

outlet; and '

" ,20_'_01

HD DRVR

F16. 30




r

- 102 -
heat. gener at

according to Caim 32, wherein said
“which is substantially flat or: snoothk
supplied to said heat generating el enent _ .
~35. Aliquid ejecting head for ejecting Iiquid by generation of bub

conpri si ng:

an ejection outlet;

generation r

a liquid passage'forfsupplyjng_the'liqu

i ng el enent .from upstream al ong such a side of
renber as is nearer to said heat generating elenent..

T hgui d. fl ow path has 2
curved, and the supj
al ong the internal

an

q

b

REPLACEMENT SHEET

ai[d novabl e’

i nt er nal

34-.04*1@&%“2?9'6_

wal | .-

| y %paa-Sag_c'.'i Gl

e,

-~ a first liquid-flow path in fluid . comunication with

FgTOTT 10T gener at gt e subhte—tm e

HD MOVER

DRVR

o |

NM-- '5 _

| M\ €

oz ||

% £5||=
® B
3 N
=
O

a second 'Ii-quid flow path having bubble

‘F:_|(5;25|-




i quid by appl ying heat to the Iiquid: - a movabl e
between said first 1iquid flow path and sai d bubbl e genetaf

- havi ng a free end adjacent the ejection:outlet, wherein th

the novabl e member is displaced.into gfid first. 1iquidfl

" pressure produced by the generf@ation of"the bubble thus .gu

pressure toward. the ejection outlet of said.first I|qU|d
nmovenent  of ‘the. anabIe menber to-eject-the | i qui d.

- 103 - © 36. - A head according.to C ai-m 35, mherelh a heat
" generating el ement - for generating -the bubble is dlsposed faced to the
‘movabl e nember, -and. sai d- bubbl e generation region is. forned betmeen the

novabl e .member - and the heat generatlng eIenent

S,

"”%téﬁ

b free end of

V. (04 M A 1996
I the

U_vv: parir~byTh

s
sdo
FI1G. 32
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_37-_"’" A head according to Caim36, wherein said secong=trm e
#ds an internal wall which is substantially flat or s EP ﬂ

t he suppl y—passage—is—supptied to said heat generatin ement al ong
internal wall,. 38 Ajead according to C ai m 34, \M?IzeNﬁVtﬂB?
e

d
X

. . ; Been Replaced:

end is di spost fa center of an aread of |t eat genera
.element with r “EH ﬂlom/directbgn_of the Iiquid. 39. A
according to 3-or 36, wherein said novaple nenber is-in
formof a plate. 40. A head according to Caim39, wherein all of
effective bubbl-e generation region of said heat generating elenent is
faced to said novabl e nenber. 41. A head according to Caim 39,
wherein all of

3_"‘""3—j'

-~1. A liquid ejecting wethod for ejecting ligquid
by generation of a bubble, comprising:

preparing a head comprising

an ejection outlet for ejecting the liquid, a
heat generating element for generating the bubble in
the liquid, a bubble generation region wherg the
bubble is generated, a movable member having a fulcrum
and a free end which ig downgtream of the fulcrum with
respect to a direction of flow the the liguid toward
the ejection outlet, the movable member being disposed
faced ta the heat generating element, and a portion of
the movable member corresponding to an area center of
the heat generating element being displaceable between
a first poéition and a second position which is more
remote from said bubble generation region than the
first position: and

displacing said movable member from said
first position to said second position by pressure
produced by the generation of the bubble in said
bubble generation portion to permit expansion of the
bubble more in a downstream side nearer to the
ejection outlet than in an upstream side. -

2. A method according to Claim 1, wherein the
bubble expands beyond the first position and moves the

movable member to the second position.

3. A method according to Claim 1, wherein the
movement of the movable member allows the downstream

portion of the bubble to grow downstream towards the
~movable member. '

Claim 4: cancel.

THIS SHEET HAS BEEN
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v

the surface of said heat generating element is faced to said povable

renber . - 104- 42. A h 9] T
Claim 39 or 41, wherein a total areaggf _said novable nenb ?R(EP?A'GEN%E{M SH@E
than a total area of said heat generating el ement. 3.

A d
according to Caim39, wherein the fulcrumof said novable mgniderd R§9‘3@7
. 44,

di sposed upstream of right above said heat generating el engnt

head according to Caim39, wherein the free end of said ngvabl e nenber
has a portion extending in a direction substantially per periei-ciHai—i-umita@mm

liquid fl ow path having said heat generating elenent. 45.

A head

according to O ai 39, Aidauild eadpating gretdyl diors fijecronabl tawkdber is

di sposed at a by generation of a bubble, comprising:

supplying the liquid along a heat generating

element disposed along a flow path from upstream of
the heat generating element; and MW"

applying heat generated bf.the heat
generating element to the thus supplied liquid to

generate a bubble, thus moving a free end of a movable

member having the free end adjacent the ejection
ocoutlet side by pressure produced by the generation of
the hubble, said movable member being disposed faced
to said heat generating element, thus guiding the

pressure toward the gjection outlet by the movement of

the movable member to eject the liquid.

6. A liquid ejecting method for ejecting liquid

by generation of a bubble, comprising:
preparing a head including a first liquid

flow path in fluid communication with a liquid

ejection outlet, a second liquid flow path having a

bubble generation region and a movable member disposed

between said first liquid flow path and said bubble

generation region and having a free end adjacent the

ejection outlet side; and

generating a bubble in said bubble generation

region to displace the free end of the movable member

into said first liquid flow path by pressure produced

by the generation of the bubble, thus guiding the

pressure toward the ejection outlet of said first

liquid flow path by the movement of the movable member

to eject the liquid.
I
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position nearer to said ejection outlet than said heat generating.elensht—
16. A head according to Claim39, wherein said novable EMENTngEET
of a partition wall between said first flowpath and sec E&v¢nﬁ+ﬁ*‘*
47. A head according to Caim46, whergn said partitio L1 f

metal, resin material or ceramc rraterglefal . 48. Ajlhdac2 &Wdﬁ% fjo

Claim35, further conprising a first common |iquid chanbgr |f or _supplying
first liquid to a plurality of such first liquid flow paths and a second
comon |iquid chanmber for supplying second liquid to a plluLality—ef—stch
second liquid fl ow, pat Q\s.

method according to Claim 4, wherein the
heat generating element for generating the bubble is
disposed faced to the movable member., and said bubble
generation region is formed between. the movable member
and the heat genarating element.

8. A method according to Claim 1, S or 7.

wherein a downstream portion of the bubble is
generated by a downstream of the area center of the

heat generating element which faces the movable
member.

9. A method according to Claim 5 or y, wherein
the free end is disposed downstream of the area center
the heat generating element with respect to a flow
direction of the liquid.

ig. Cancel.

11. A method according to Claim 6, wherein a
part of the bubble generated expands into the first

liquid flow path with movement of the movable member.

12. A method according to Claim 1 or 5, wherein
a state of contact of the bubble with the mowvable

member occurs during movement of the movable member.

13.A method according to Claim 1 or Claim 5, wherein the
bubble is gengrated by a film boiling caused by
transferring heat generated by a heat generating

element to the liquid.

14. A method according to Claim 7, wherein the
bubble is generated by a film boiling caused by
transferring heat generated by the heat generating

T T I ]
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- 105 - 49. Aliquid ejecting head for ejecting|REPUAGEMENT SHEET
generation of bubble, conprising: a grooved rerber~TTt egr al
having a plurality of ejection outlets for ejecting the Ilufg‘; ?\’0\' 97

plurality of grooves for formng a pl-ursd ity of first |li|g ow paths jin
direct fluid communication wth said ejection outlets, r

formng a first common liquid chanber for supplying thejliquid to said ]
first I'iquid flow3at hd method acco&i‘?%@@ﬁ%ﬁatw prurality
of heat generati.ng .el enents for generating the bubble in the liquid by
appl yi ng heatﬁlt%n't%gé'ﬁ isdﬁpé;"eéindm the heatgag%%ﬂ’ﬁtf’i% ekgmerft sposed

bet ween sai d d gﬁgn r.,and .sai d .el. enent _substrate and formng a part
of walls of sael%%g\%%l qiw ﬁa&wwﬁa 5'9’1&9 rlessd:ﬁ‘ﬁ?ﬁ??d‘?’(?]s]aﬁ’ FH2&t%Fener ati ng
el ements, angpotMVARlSv@yTber novable into said first liquid flow paths
by pressure produced by the generation of the

16. A method according to Claim 7, wherein the

liquid is supplied to the heat generating element

along an internal wall which is substantially flat or

smoothly curved.

17. A method according to Claim 6, wherein the
liquid supplied to the first liquid flow path is the
same as the liquid supplied to the second liquid flow

path.

18. A method according to Claim 6, wherein the
liquid supplied to the first liquid flow path is
different from the liquid supplied to the second

liquid flow path.

19. A method according to Claim 6, wherein the
liquid supplied to the second liquid flow path has at
least one of lower viscosity, higher bubble forming
property and higher thermal stability than the liquid

supplied to the first liquid flow path.

20. A liquid ejecting head for ejecting ligquid by
generation of a bubble, comprising: '
an ejection outlet for ejecting the liquid:

albunbla generation region where the bubble

is generated:
* c L M S *




bugble, sai d novabl e nenber being faced to said heat

$50. A head according to Caim49, wherein said groove noer has a fyrg
i ntroduction path for supplying the liquid to said fir#$t chngguimd
| Fqbid t

chanber and a second introduction pathepor suppl ying

thetl i=qli o saidl
second common |iquid chanber. 51. A head according tA—GP&PﬁrSUT"=
wherein said second introduction path penetrates said

supply the liquid to said second comon |iquid
- 106 - 52. A head according to Claim35 or 4

oFREPLACEMENT SHEET

artition wall_t.Q
the liquid supplied

to the first
second | i qui

i quid flaowepait hensratiens afenemitt fer kducdisgpthe ed to t he

(&iﬁdﬁﬂfﬂ%§ﬁngh the eiection outlet by the generaticn

of the bubble in the bubble generation regign;

3 movable member having a fulcrum and 3 free
end which is downstrsam gof the fulcrum with respect ta
a direction of flow the the liquid toward the ejection

outlet;

wherein said heat generating element and said

movable member are disposed faced to each other with
id heat generation region therebetween, and wherein

a portion of said movable member which corresponds to

an area center of said heat generating element is
displaceable by the generation of the bubble.

21. A head according to Claim 20, wherein
said bubble gesneration ragion is formed betwesen the
movahle member and the heat generating element.

22. 2 head according to Claim 20, wherein the
movement of the movable member allowg the downstream

portion of the bubble to grow downstream toward the
movable member.

23. Cancel.

24, Cancel.

25. a head according to Claim 1, wherein the frae
end of said movable member is disposed faced tg said
heat generating elemant and downstream of an area

n aid h nerating element,

26. A head according to Claim 20, wherein said
liquid flow path has a supply passage for supplying
the liquid to said heat generating element from

upstream thereof along the heat generating element.

= ¢ L M 8§ *



53.~ A head according to Claim35 or 49, wherein the liqg iﬁEPﬂ\ﬁEME&H BHEET
the first liquid flow path-is different fromthe |liquid qupgptredTo TheE

second liquid flow path. 54. A head according to {Clai 33
36 or 49, wherein said heat generat+nboel enent includes gn é??gﬁpg?ﬁglnq
transducer having a heat generating resistor for generatijngheat—upor——
electric energization. : 55. A head according to Cljaim54, wherein

on said elenent substrate, there are wiring for transm t¥fg—ametrectTIC

signal to said el®r!rothens®dd aéteopadHgeto andim hencihareehewpat for
selectively applying an electric signal to said el ectrothermnal
transducer. 1liquid Sis suppkibddateootHenpettt Geaematingwktementsaid second
liquid fl ow path has a chanber-li ke shape at a

along an internal wall which is substantially flat or

smoothly curved.

28. A head according to Claim 25, wherein said
liquid flow path has a supply passage for supplying
the liquid to said heat generating element from

upstream thereof along the heat generating element.

29. A head according to Claim 28, wherein said
liquid flow path has an internal wall which is
substantially flat or smoothly curved, and the supply
passage is supplied to said heat generating element

along the internal wall.

30. A head according to Claim 20, further

comprising a liquid flow path for supplying the liquid

to said heat generating element from upstream thereof

along a surface close to said heat generating element.

31. A head according to Claim 25, further
comprising a liquid flow path for supplying the liquid
to said heat generating element from the upstream
thereof along a side of said movable member faced to

said heat generating element.

32. A liquid ejecting head for ejecting liquid
-

A

by generation of bubble, comprising:



~

portion where said heat generating elenent is disposed. Bfr———pA—he
according to Caim49, wherein said REPLACEMENT SKEET
second flow path has a throat portion upstream of said helAlU Generating

el enent . 58. A head according 101G aim 33, wherejn [

between a surface of said heat generating elenent and saida%ﬂgigﬁgﬂﬁg er
Is not nore than 30[err]m 59. A head accordi ng| t e—G-a+m-33—+He
liquid '

an ejection outlet for ejecting the liquid;

2 heat generating element for generating the
bubble in the liquid by applying heat to said liquid;

a liquid flow path having a supply passage
for supplying the liquid to said heat generating
element from upstream thereof; and

a movable member disposed faced to said heaf
generating element and having a free end adjacent said
ejection outlet, the free end of said movable member
being moved by pressure produced by the generation of
the bubble to guide the pressure toward said ejection

outlet.

33. A liquid ejecting head for ejecting liquid
by generaﬁion of bubble, comprising:

an ejection outlet for ejecting the liquid;

a hgat generating element for generating the
bubble in the liquid by applying heat to said liquid;

a liquid flow path having a supply passage
for supplying the liquid to said heat generating
element from upstream thereof;

a movable member disposed faced to said heat
generating element and having a free end adjacent said
ejection outlet, the free end of said movable member
being moved by pressure produced by the generation of
the bubble to guide the pressure toward said ejection

outlet; and

* [ L M S *



ej ected through said ejection outlet is ink. 60.
srecording nethod for ejecting ink by generation of a b
prepari ng a head conpri sing an ejection outl et
i nk, a heat generating elenent for gens2at< ng the bubb
bubbl e generation regi on where the bubble is generated,
having a fulcrumand a free end which is downstream of {hg fulcrumwith
respect to a direction of flowthe liquid toward the ej gction outlet, the
novabl e menber bei ng di sposed faced to the heat generat ;
portion of the novabl e nenber corresponding to an area center of the heat
generating el enent beRndlgudgd pessside FOrvSPRL¥indtthpsiiqwid &Rl a second
position which s nore renote from_said bgﬁgle eneration region than the

first positi8ftdafifat generating,elements L3R g 1% ai d
first positign sai.d_second ition.h ressure roduced by the
generaltoi on 08 fﬁigebﬁsbﬁglﬁnm?é'i%g & M rggaﬁerlzft iHRHRT (5D perni t

expansi on of ; [ downst ream si de nearer to the ejection
outl et than P%angggggkgéggggﬁg&é%t' - 108 -

61. An ink ejection recording nmethod wherein recording ink is ejected by
generation of a bubble to ef fect recording, conprising:

34. A head according to Claim 32, wherein said

liquid flow path has an internal wall which is
substantially flat or smoothly curved, and the supply
passage is supplied to said heat generating element

along the internal wall.

35. A liquid ejecting head for ejecting liquid
by generation of bubble, comprising:
a first liquid flow path in fluid
communication with an ejection outlet; -

a second liquid flow path having bubble

genefa£ion region for generating the bubble in the
liquid by applying heat to the liquid;

a movable member disposed between said first
liquid flow path and said bubble generation region and
having a free end adjacent the ejection outlet,
wherein the free end of the movable member is
displaced into said first liquid flow path by pressure

fproduced by the generation of the bubble, thus guiding
the pressure toward the ejection outlet of said first
liquid flow path by the movement of the movable member

to eject the liquid.
N
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suppl yi ng the recording ink along a heat generating el é=R(ERLAGEM (IpﬁHEET
.along a flow path from upstream of the heat generatingjelfement; and
appl yi ng heat generated by the heat generating el enent {t¢ the NOV <1997
supplied ink to generate a bubbl e~ teds -noving a free gnd of a novabl e
menber having the free end adjacent the ejection out | et} sTd& Dy pressure
produced by the generation of the bubble, to eject thelink to the _
recordi ng material, said novabl e nmenber being di sposed faced to sai d
heat generating &eementa head adubrdifly itk €} eihi 85, renerdingankeatd
wherein recording ink is elected by generation of a bubble to effect
recordi ng, cgEnerstigg element fqur ap=neratindgetbei bebbdéngsa first ink
flow path in fluid communication with an ink ejection outlet, a second
ink flow pat dilsposey £dndashito tenaenable reegmber andnd fdvdbbPebhbfber

di sposed between said first ink flow path and sai d bubbl e generation
regi on and h&@EneFatiQegaFHPmhd ackormed betyaer; bieofierable| gembgrd |
generating a bubble in said bubble generation region to displace the free
end of the néPbIESIRRT ISMPLELY #1988 Fnk 1 ow path by pressure
produced by the generation of the bubble, thus guiding the pressure
toward the ejection outlet of said first ink flow path by the novenent of

the novabl e nenbey, to fﬂﬁggdtgﬁééfﬁﬂﬁgigg &fgih03g,rgﬁggé&ﬁgsggaerim.
ng: alrqurd

63. A head cartT’idge ‘conpri si ej ecting head as defined in

- Qaim20, 32,5a33ndBA YPuid %160 bath has andiht8¢hd1CABLAI BECchoLs
containing the liquid

substantially flat or smoothly curved, and the supply

passage is Supplied to said heat generating element

along the internal wall.

38. A head according to Claim 36, wherein the
free end is disposed downstream of a center of an

aread of the heat generating element with respect to a

flow direction of the liquid.

39. A head according to Claim 20, 32, 33 or 36,

wherein said movable member is in the form of a plate.

40. A head according to Claim 39, wherein all of
effective bubble generation region of said heat

generating element is faced to said movable member.

41. A head according to Claim 39, wherein all of
the surface of said heat generating element is faced
to said movable member.
[
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to E)e supplied to the liquid ejecting head. \bpgﬂ‘ A?FMENT SHEET

£109- 64. A head cartridge according to Claim 3. n saiid
liquid ejecting head and said liquid container are sepafa l&hirﬁﬁ¥

ot her . 65. A head cartridge acto4ding to Cl ai m63B Said
liquid container is filled wth the |iquid. 66. E
conprising: aliquid ejecting head as defined in Clain105 or 49;

a liquid container for containing first liquid to be supptet—totHe T1rst

liquid flow path and seqpondald @eicdrli@ngetsupphindid oot hel seerkin qui d
a total area of said movable member is larger than a

total area of said heat generating element.

43, A _head according to Claim 39, wherein thae

fulcrum of said movable member is disposed upstream of
right above said heat generating element.

44. A head according to Claim 39, wherein the

free end of said movable member has a portion
extending in a direction substantially perpendicular
to the liquid flow path having said heat generating

element.

45, A head according to Claim 39, wherein said
free end of said movable member is disposed at a
position nearer to said ejection outlet than said heat

generating element.

46. A head according to Claim 39, wherein said
movable member is a part of a partition wall between

said first flow path and second flow path.

47. A head according to Claim 46, wherein said
partition wall is of metal, resin material or ceramic

material.

48. A head according to Claim 35, further
comprising a first common liquid chamber for supplying
first liquid to a plurality of such first liquid flow
paths and a second common liquid chamber for supplying

second liquid to a plurality of such second liquid

*CL'HS*.
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fl ow pat h. 67. Aliquid ejecting apparatus for ejectiin .cou,u.ug
tiquid by generation of a bubble, conprising: a liquid ejjedt £ dﬁﬁﬁ
defined in daim 20, 25, 32, 33, 35 or 49; and qrijvi % yﬁ@h
supply means for supplying a driving 308nal for ejectingjtHe liqujd

through the Iliquid ejecting head. 68. An apparatus a
67, wherein ink is ejected fromsaid li'quid ejecting hea

REPLACEMENT SHEET

cording to Cdaim

anaocl t 1t
LH\JUI <

on recordi ng pape49. texillequpﬁasnﬁetiéglheaﬁaﬁ@Fléﬂecﬁépélllﬁ%c‘ or

| eather to effect recording thereon.

- 110

- by generation of bubble, comprising:

a grooved member integrally having a
plurality of ejection outlets for ejecting the liquid,
a plurality of grooves for forming a plurality of
first liquid flow paths in direct fluid communication

- with said ejection outlets, and a recess for forming a

first common liquid chamber for supplying the liquid
to said first liquid flow paths;

an element substrate having a plurality of
heat generating'élements for generating the bubble in
the liquid by applying heat to the liquid; and

a partition wall disposed between said
grooved member and said element substrate and forming
a part of walls of second liquid f;ow paths
corresponding to said heat generating elements, and a
movable member movable into said first liquid flow
paths by pressure produced by the generation of the
bubble, said movable member beiné faced to said heat

generating element.

50. A head according to Claim 49, wherein said
grooved member has a first introduction path for
supplying the liquid to said first common liquid
chamber and a second introduction path for supplying

the liquid to said second common liquid chamber.
51. A head according to Claim 50, wherein said

second introduction path penetrates said partition

‘wall to supply the liquid to said second common liquid

chanber . VA IR O




69. An apparatus according to Claim&67, wherein liqu
colors are ejected to effect color recording.
according to Claim67, wherein a plurality of such egj

di sposed over a width of a recordabl eLoggi on of the r gggﬂﬂﬁaﬂﬂ'h |

71. A recording systemconprising: a liquid ejecting japgp us as defiji ned
in Claim67, and a pre-processing or post-processt or §
pronot i ng f|X|ng of the liquid on the recording naterl after .the :
recor di ng. 52.72. A heﬁ@b@MQQRykngntﬂanﬁﬁml I/ eE ¢ liquid

ej ecting apparatus as defined in Caim73;, and Bre; processi ng
or post- proé%@%#H@“ﬁ@aﬁ?ﬂﬂﬁleQMﬁﬂnﬁthf¥F§Grkf?ﬁlﬁhgl?VqH?a ofiSt he

recording the same as the liquid supplied to the second liquid

flow path.

53. A head according to Claim 35 or 49, wherein
the liquid supplied to the first liquid flow path is
different from the liquid supplied to the second

liquid flow path.

54. A head according to Claim 20, 32, 33, 36 or
49, wherein said heat generating element includes an
electrothermal transducer having a heat generating
resistor for generating heat upon electric

energization.

55. A head according to Claim 54, wherein on
said element substrate, there are wiring for
transmitting an eléctric signal to said electrothermal
transducer, and a function element for selectively
applying an electric signal to said electrothermal

transducer.

56. A head according to Claim 49, wherein said
second liquid flow path has a chamber-like shape at a
portion where said heat generating element is

disposed.

57. A head according to Claim 49, wherein said

* c + M S *




naferial after the recording. 73. Aliquid eje ﬂﬁﬁhAGENﬁ%HESgEEB

il qdii d

-ejecting recording liquid by generation of a bubble,
ej ecting head as defined in laim 20, 32, 33, 35 or 4
recording material transporting neanslmdr- feeding a r
receiving the liquid ejected fromthe liquid ejectingh .
- 111- 74. A liquid ejecting apparatus according to
73, wherein recording is effected by ejecting the ink
ej ecting head to recording paper.

second flow path has a throat portion upstream of said

Sing: a l
rgggb E%&Eﬁqeﬂ
d

Cl aim67
Iquid

heat generating element.

58. A head according to Claim 33, wherein a
distance between a surface of said heat generating
element and said movable member, is not more than

30pum.

59. A head according to Claim 33, the liquid

ejected through said ejection outlet is ink.

60. An ipk ejecting recording method for ejecting
ink by generation of a bubble. comprising:
preparing a head comprising
an ejection ocutiet for ejecting the ink, a
heat generating element for generating the bubble in
the ink, 3 bubble generation region where the bubble

is generated, a movable member having a fulcrum and a
aa which is downstrsam of the fulcrum with

ragpect to a3 direction of flow the the liguid toward
the ejection outlet, the movable member being disposed
faced to the at generating elemen n rtion of
the movable member corresponding to an area center of
the heat generating element being displaceable between
a first position and a second position which is more
remote from said bubble genecration region than thg
firgt position: and

displacing said movable member from said
first position to said second position by pressure
Rproduced by the geperation of the bubble in said
bubbleg generation portion to permit expansion of the
bubble more in a downstream side nearer to the
ejection outlet than in an upstream side.

I
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75. An apparatus according to Claim73, wherein ink is eje B &L&Gﬁ@ﬁmﬂﬁsHEEr
tiquid ejecting head to deposit it on recording paper, text{lg, plas ——
resin material, metal, wood or leather to effect recording |t e?ez)rw V 1997
76. An apparatus according to C ai mr7898wherein liquids offdjf ered!
colors are ejected to effect color recording. 77. n apparatus
according to Claim73, wherein a plurality of such ejection_gutlets are

di sposed over a width of a recordable region of the recording natertrats

58];_ Adr _ecoz:I di ng syster%miﬁim:ion racordfnd ifldnbdcBalbdg apparatus as
< . . , - ! - in n
For promting fLgons o PHe-teaebeBa bRCIPERG e, OamdoPraP & RE, e
r ecor di ng. atfgct peperding.t cos@Fisdingy: a liquid ejecting head as
defined in O aim 20, 32sufdyidy @hedPecdbding ink along a heat
generating element disposed along a flow path from
upstream of the heat generating element: and
applying heat genaerated by the heat

generating element to the thus supplied ink to
generafe a bubble, thus moving a free end of a movable
member having the free end adjacent the ejection )
ocutlet side by pressure produced by the generation of
the bubble, to eject the ink to the recording
material, said movable member being disposed faced ta
said heat generating element.

62. An_ink ejection recording method wherein
recording ink is ejected by generation of a bubble to
effect recording, comprising:

preparing a2 head including a first ink flow
path in fluid communication with an ink ejection
outlet, a second ink flow path having a bubble
‘generation region and a mavable member disposed
between said first ink flow path and said bubble
generation region and having a free end adjacent the
gjection outlet side; and

generating a bubble in said bubble generation
region to displace the free end'of the movable member 1
into said first ink flow path by pressure produced by
the generation of the bubble, thus guiding the
pressure toward the ejection ocutlet of said first ink

flow path by the movement of the movable member +a
eject the recordiny ink to a recording material.

63. A head cartridge comprising: a liquid
ejecting head as defined in Claim 20, 32, 33, 35 or
49; and

a liquid container for containing the liquid

to be supplied to the liquid ejecting head.

A



a li qui. d container containing the liquid to be suppli PtEPLACEM;ENTu §HPE 1

-ej ecting head. 112 80. AKkit
according to Caim79, whereinthe |liquidis ink for recozgmv 1997 1.
A head kit conprising: a l-i quied -ej ecti ng head las defi ned in {Ciai m
20, 32, 33, 35 or 49; a liquid contai ner for| cenatarmTmg t he

liquid to be supplied to the liquid ejecting head; an

| i qui

filling nmeans for filling the liquid into the liquid tontal ner.

82.

A recorded material characterized by being recorded by ejected ink

through a l'qu'dd%.ECthp%ead cartridge according to Claim 63,

wherein said liquid ejecting head and said liquid

container are separable from each other.

65. A head cartridge according to Claim 63,
wherein said liquid container is filled with the

liquid.

66. A head cartridge comprising: a liquid
ejecting head as defined in Claim 35 or 49;

a liquid container for containing first

liquid to be supplied to the first liquid flow path

and second liquid to be supplied to the second liquid

flow path.
67. A liquid ejecting apparatus for ejecting

recording liquid by generation of a bubble,

comprising: a liquid ejecting head as defined in Claim

20, 25, 32, 33, 35 or 49; and
driving signal supply means for supplying
driving signal for ejecting the liquid through the

liquid ejecting head.

a

68. An apparatus according to Claim 67, wherein

ink is ejected from said liquid ejecting head to

deposit it on recording paper, textile, plastic resin

material, metal, wood or leather to effect recording

thereon.

* [+ L M S *



rec;)rdi ng net hod. as defined in Caim60, 61 or 62. 83 REEAL%EMENBMET

biquid filling nethod for a liquid ejecting head conpri sinp:
preparing a liquid ejecting head including an ejection out]e}] 20 NJW¥4397ng
the liquid; aliquid flow path providdd0w-th a heat generafihg el enent for
generating the bubble in the liquid by applying heat to sajd TTqurd, a

novabl e nmenber di sposed faced to said heat generating el engnt _and having a

free end adjacent said ejection outlet, wherein a portion of said novable
menber correspomﬁqE;t(ﬁQﬂﬁEﬂQﬁ?kﬁ#ﬂ%ﬂc@tdiéﬁlﬁohﬁéalgeﬁénawhﬁgeemenent and
the free end of saijd novable nenber_ bei ng noved by pressure produced by
the gener at ildfiwid %tﬂftﬂﬁﬂﬁ%??%Fgﬂ?h%r?hgrﬁrﬁégﬁFSdt6ﬂaP§ fegti d ejection
outlet; and plying the liquid toward said election outlet and
to the positiSHY EﬁﬁQf +§5¥ generating element by restoration of the
portion and the free end of the novable nenber to their initial position
upon collapse of the bubble. - 113 -

84. A nethod forzgenmoving £.esi g&@% HUbbL&8i1hE Ro chhﬁgﬂ @7¢] Gfldiag phead

conpri si ng: preparln iquid ejecting "defi ne
a plurality of such ejection outlets are disposed over

a width of a recordable region of the recording

material.

71. A recording system comprising: a ligquid
ejecting apparatus as defined in Claim 67; and
a pre-processing or post-processing means for
promoting fixing of the liquid on the recording

material after the recording.

72. A recording system comprising:
a liquid ejecting apparatus as defined in
Claim 73; and
a pre-processing or post-processing means for
promoting fixing of the liquid on the recording

material after the recording.

73. A liquid ejecting apparatus for ejecting
recording iiquid by generation of a bubble,
comprising: a liquid ejecting head as defined in Claim
20, 32, 33, 35 or 49; and

recording material transporting means for

feeding a recording material for receiving the liquid

* [ L M -] *

ejected from the liquid ejecting head



inQaim1 or 10; ' di spl aci ng sai d novabl e nenberREPkABENﬁ%ﬁWSHﬁET
t

-position to the second position by pressure produced by} t fre—gener at 1 on [of
t he bubble in said bubble generatina portion; ret?rzi qgﬁﬂ
novabl e menber from said second pesilylor to said first pofi i Jﬂg§
col | apse of  the bubble; and supplying the |iqti dto—saie—heat

generati ng menber al one said heat generating element fregm upstream §
thereof to renove the residual bubble on said heat genetatTTg—TTEANs.

85. A manufacturing nethod for a liquid ejecting head wherein:

the liquid ejecting head including a first recess for formng a first
liquid flow path 74. fl Adliqeiduejeating abphratusj ectpbodiogt ttet, a
partition wall having a novable nmenber novable to the first recess, a
second recessCidtmi&f PRg7A, sekereini garardipgwigaehtestedoR¥ai ni ng t he
liquid for noving the . novabl e nenber, and an ejection energy generating
means disposé%J%é%¥%%pﬁﬂﬁiﬁﬁktSr?ﬂetgﬁcgﬁauﬁgc§§§FtF§9 H&ﬁ&f%@tured by
formng a wall for.formng the second recess on an el enent substrate, and
t hen nnuntingr%goﬂ%ﬁ%%rpﬂgﬁfng the partition wall and the first recess to
the el ement substrate having the second recess.

75. An apparatus according to Claim 73, wherein
ink is ejected from'said liquid ejecting head to
deposit it on recording paper, textile, plastic resin

material, mgtg;,_wbod or leather to effect recording

thereon.

76. An apparatus according to Claim 73, wherein
liquids of different colors are ejected to effect

color recording.

77. An apparatus according to Claim 73, wherein
a plurality of such ejection outlets are disposed over
a width of a recordable region of the recording
material.

78. A recording system comprising:

a liquid ejecting apparatus as defined in

Claim 73; and
a pre-processing or post-processing means for

promoting fixing of the liquid on the recording
material after the recording.

79.. A head kit comprising: a liquid ejecting
head as defined in Claim 20, 32, 33, 35 or 49; and

a liquid container containing the liquid to

et R | 111111111V AT
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- 114 86. A manufacturing method for a Iiquid ej fREPLACEMENTWOHEET b
the liquid ejecting head including a first recess for{f g a trrstf
liquid flow path in fluid conmunication with an ejectio gu?rleﬂg 189 i}
menber integrally having a partition-wei2 bhaving a noyabl gr nov
to the first recess, a second recess for formng a seg¢o -t path
for containing liquid for noving the novabl e nenber off the partition wakl,
and an ej ection energy generating neans, formed on an‘“etemenmt—SubSITal €,
for generating aggubbl r Is ; d rec | s_manuf act ured
by: forﬁ?ng agmgPF ?gggggﬁﬁghéﬂ%ﬁgggéggﬁg'ngﬁégf%néﬁﬁe el ement
substrate provgded Wt bhnkheog) eetbRaigRer gy generating neans; and then
nounting the first menber having the first recess on the el enment substrate.
87. Aliquid droplet ejecting nethod for ejecting a |liquid droplet through
an ejection outlet by a bubble generated by filmboiling, conprising.
provi ding a head8incl ulli hgad hké&t cgeparistingg el enent for generating a
bubbl e by the filmboiling, and a novabl e nenber having a fulcrumand a
free end which is downgtneagiial efjbetinlg HeaVdd desnesd 19 @1 digection of
flowthe the liquid, the

20, 32, 33, 35 or 49:

a liquid container for containing the liquid
to be supplied to the liquid ejecting head; and
liquid filling means for filling the liquid

into the liquid container.

82. A recorded material characterized by being
recorded by ejected ink through a liquid ejection

recording method as defined in Claim 60, 61 or 62.

83. A high speed liguid filling method for a

liquid ejecting head comprising:

preparing a liguid ejecting head including an
e tion outlet for ejecting the liquid; a liguid flow
path provided with a heat generating element for
geperating the bubble in the liquid by spplving heat
to said liguid; a movable member disposed faced to
said heat generating element and having a free end
adjacent said ejection outlet. wherein a portion of
said movable member corresponding to an area center of
said heat generating element and the free end of said
mov m er being moved b rassure produced by the
generation of the bubble to quide the preassure toward
said ejection outlet: and

supplying the liquid toward said ejection
cutlet and to the position of said heat generating
alement by restoration of the portion and the free end
of the movable member to thairwigitiil.QéikﬁLQn upon

collapge of the bubble.
W




movabl e nenber bei ng di sposed faced to the heat generating elg ,CEMEA,TaSHEET
portion of the novabl e nenber corresponding to an area centerff ¢f the heat
generating el ement being displaceable; and nmovi ng’ t he¢ fr @e2eNOVH9IR
part of a bubble providing at |east a2y fssure conponent dir ¢ctl
contributable to the liquid droplet ejéction to guide said pprt toward tne
ej ection outlet.
REPLACEMENT SHEET - 115 - 88. Aliquid
droplet ejecting nmethod according to Claim87, wherein a | eadi ng edge
region including sithe fxeRtead 6fr SAirdviRYabdsidvANLBGELG e MRVabl e between a

first position ng 85 é{)ﬁ‘.@ugpgg Q5085 qt,_hgn region for generating the

bubbl e t hrough t Subst anti al | seal ed relative to said
ej ection outiet, and a"‘ﬁ?@&ﬁ&gpﬁsli‘t‘ﬁ“dﬁ RASTRNF PR pebHlaEigeer ati on
region is opene&.&éﬁé&&@ﬁ.ﬂ.&al d ejection outlet. 89. A nethod
according to O aim 87, Qicfing O imc@ab 8é afidatberNdro@ AN F i@kt Sai d

movabl e member dfirion to the second pasition by pressure produced
by the generation of the bubble in said bubble

generating vortign:
returning said movable member from gaid

second pasition te said first pasition bv collapse aof

the bubble; and

supplving the liguid to said bheat generating
member along said heat genarating element from

upstrsam thersoi to remove the residual bubble on said
heat generating means.

85. A manufacturing method for a liquid ejecting

head wherein:

the liquid ejecting head including a first
recess for forming a first liquid flow path in fluid
communication with an ejection outlet, a partition
wall having a movable member movable to the first
recess, a seconq recess fo:.ﬁorming a second liquid
flow path for containing the liéuid fof.moving the
movable member, and an ejection energy generating
means disposed corresponding to the second recess, is
manufactured by forming a wall for forming the second
recess on an element substrate, and then mounting a
member having the partition wall and the first recess

to the element substrate haéing the second recess.

0 YA




movabl e between a first position wherein the bubble genera HQPLABENENTTQHEET

generating the bubble through the filmboiling is substantifal

relative to said ejection outlet, and a second position whégr :z @ﬁ

bubbl e generation region is opened relative to said ejectign]o ?e vV 1997
L is. mved

g direction.

90. A nethod according to Caim87, wherein said novable
al so by a pressure conponent not actikytin a liquid ejecti
91. Aliquid droplet ejecting nethod for ejecting a Iiquid
an ejection outl eas di sp.omaduahcaupmg thOhdiforagedi fRi@ Lydbdihggeneration
region and do the bubble generation region with respect to a

l'iquid dropl et eJectlon glrectlon by generation of bubble in the bubble

generation region, conﬁhﬁsﬂh@“bﬁo@j%ﬁtﬁpgihamdabheluénberahéwrmg a free end

portion for suhsicyy ifall !o&ﬂ@hgr@ ma exqtquqa Q%h%aéﬂzdﬁxrﬁgﬂﬁ‘ of said
bubbl e generat | %E rel agé e to said e ection outlet and surface

on re
portion extendHg T %ﬁ\ Re 17 %ﬂdﬁ{ﬁﬁ ﬁ?ﬂ1QH§13tfuPthﬁ?Bd? which is
di sposed away ¥ntearefdyf havinddaipeztidiicactadd hesyngramdvrabiesai d ej ection

outlet, whereigemher movable to the first recess, a second recess

for forming a second liquid flow path for containing
liquid for moving the movable member of thae partition
wall, and an ejection energy generating means, formed

gn_an element substrate, for gepmerating a bubble
corresponding to the second recess. is manufactured
by:

forming a wall for forming the second recess
on the slement substrate provided with the ejection
energy generating means; and then

mounting the first member having the first

recess on the element substrate.

87. A liquid droplet ejecting method for ejecting
a liquid droplet through an ejection outlet by a
bubble generated by film boiling, comprising.

providing a head including a heat
generating slement for genmerating a bubble by the film
boiling, and a movable member having a fulcrum and 3

free end which is downstream of the fulcrum with

respect to a direction of flow the the liquid, the
le m r_bein isposed faced to the heat
generating element, and a vortion of the movable
menber corresponding to an area center of the heat
generating element being displaceable; and

moving the free end by a part of a bubble
providing at least a pressure component directly
contributable to the ligquid droplet ejection to guide
said part toward the ejection outlet.

_—
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- 116 - t he novabl e nmenber is disposed faced to the hea gene QE?I.’:%,CEMENT SHE
el enrent, and a portion of the novable nenber corresponding to pnjarea

center of the heat generating el enent being displaceable; and §o iﬂgZS&Wi 1997
free end fromit substantial sealing-passtion by generation of{the_bubble
to open said bubble generation region to the ejection outlet t¢ eject the
liquid droplet.--88. B2Aiquidedhodlaecerdcigngomctaiod Akc FR}-A-the—— o
bubbl e generated in said bubble generation region is guided by said free
end portion ttowdFlRigmi87 ejwherein aulketiisgdedge regidn iAagirmtdiady accordi ng
to Caim9l, wherein opposite lateral end regions of said novabl e nenber
are novabl e Haieckree ¢4 sef psaidi navahéeemembes ilsublgvebjendrettwamn r egi on
for generating the bubble through the filmboiling is substantially seal ed
relative to ShiftEfeRePhtier | vrerain thecbyhhlepgenerstigmersgiamhe bubbl e
generation region is opened relatij to said ejection outlet. 94.

v
A method acc | (PN 09, e Qﬂgpiﬁntgépth the film boiling is

substantially sealed relative to said ejection outlet,

and a second position wherein the bubble generation

region is opened relative to said ejection outlet.

89. A method according to Claim 87, wherein
opposite lateral end regions of said movable member is
movable between a first position wherein the -bubble
generation region for generating the bubble through
the film boiling is substantially sealed relative to
said ejection outlet, and a éecond position wherein
the bubble generation region is'opened relative to

said ejection outlet.

90. A method according to Claim 87, wherein said
movable member is moved also by a pressure component

not acting in a liquid ejecting direction.

91. A liquid droplet ejecting method for ejecting
a liquid droplet through an ejection outlet disposed
at a position not faced:.to a bubble generation region
and downstream of the bubble generation region with
respect to a liquid droplet ejection direction, by
generation of bubble in the bubble generation region,
comprising providing a movable member having a free
end portion for substantially sealing an ejection
outlet side region of said bubble generation region
relative to said ejeatian cutlet and a surface portion
extending from the free end portion to a fulcrum |
portion which is disposed away from the free end in a
direction away from from said ejection outlet, wherein

* [ L M s *




hi ger bubble forming property is |ower boiling point. RERLACHMENJ?SHEET

according to Claim4, 5 or 6, wherein said free end has a frge end-etage |
facet to an ejection outlet side. 96. A head accorfdijn l\fﬂ\ﬁ!@
32, 33, 35, 38, 44, 45, wherein said free end has a free end e%ég a

to an ejection outlet side. - 116 - 117

97. A net hod accordlng to Cla|n187 88, 91, wherein said free end has a
free end edge 3% ibex: jandisposad fiaged to 9Re COTO Ty

to daims5, wmww dhbh@o@aBLéi on side to

eject the Ilcwgébggldyf%gg 6hA9n8 POSLEion of. said bl'e _nmenber rel ative
to an area cen rngLekghEﬁ%—gg—&wgigﬁigsure pr oduced
by the gener being displaceable; and moving said

free end from it substantial sealing position by

generation of the bubble to open said bubble

generation region to the ejection outlet teo eject the

liquid droplet.--

in
92. A method according to Claim 91, wherein the

bubble generated-in said bubble generation region is.

guided by said free end portion toward said ejection

outlet side.

93. A method according to Claim él, wherein
opposite lateral end regions of said movable member
are movable between a first position wherein the
bubble generation region for generating the bubble
through the film boiling is substantially sealed
relative to said ejection outlet, and a second
position wherein the bubble generation region is

opened relative to said ejection outlet.

94. A method according to Claim 19, wherein said

higer bubble forming property is lower boiling point.

95. A method, according to Claim 4, 5 or 6,
wherein said free end has a free end edge facet to an

ejection outlet side.

96. A head according to Claim 32, 33, 35, 38,

44, 45, wherein said free end has a free end edge

AR

facet to an ejection outlet side.




99. A nethod according to Claim®6, wherein the pressure
‘the ejection side to eject the liquid by displacing a posi
novabl e menber relative to an area center of said heat ge
by the pressure produced by the generatign of the bubble.
according to 20, wherein the fulcrumis~” ngdsed upstream
center of said heat generating elenent, and the free end i

PR ATENENTSHEET

hef ati ng el ement
1902 NOV 185%d
pf{ t he area
5 dI sposed

downst ream of t h&7area®cBRtdCd. acoprding e lkaibordi ng88o

| 91aim 32 or 33

wherein said hea generatin%ld el enrent and sai d novabl e nenber are di sposed

faced to eatReBBHBr SRiLHILH

Ry thafe fortiee end pige faceELEOWRBN, and

wherein a portion,of th%1 V%QIe menber corresponding to an area center of
t he heat geﬁgﬁﬁfﬁﬁﬁ SPemENt igeﬂisplaceable. 102. A head according to
Claim 36, whereiP®8a [fometdedofcrRTdhny att Sl “BeredBohBPng to an area

center of theéﬁggguﬂenﬁ Rfuideachowael the db fgdticrallide tbO8jech head

according to

correspondi ng cén

31 g WP R I8, ROT AT 0. 01, 4G AN fioRBRET

generating elenent is

di spl aceabl e. membé®srelativsgdpepordiepgeentel Hmsedd 8834 62, wherein
sai d head is gRNefafAlPidIeten® By’ 8RO §t8Gsur@ifid@icedobirotiea recor ded

'mage on the Lecordilg, JPEl Busnle.

99. A method according to Claim 6, wherein the

pressure is guided toward the ejection side to e

ject

_the liquid by displacing a position of said movable

member relative tg an area center of said heat

generating element by the pressure produced by the

generation of the bubble.

160. A head according to 20, wherein the fule
disposed upstream of the area center of said hea
generating element, ané the free end is disposed
downstream of the area center.

101. A head according to Claim 32 or 33, wher
said heat generating

rum is
t

ein

element and said movables member are disposed faced to

each other with said heat generation region
therebetween, and wherein a porticn of the movab
member corresponding tc an area center of the he
generating element is displaceable.

102. A head according tn Claim 36, wherein a

le
at

portion of the movable member corresponding to an area

center of the heat gemerating element is displac

103. A head according tu Claim 49, whercein a

eable.

portion of the movable member corresponding to an area
center of the heat generating element is displaceable.

104. A head according to Claim 60, 61 or 62,

wherein said head is moved relative ta a recording

‘material to form a recorded image on the recordi
material.

ng
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ABS ' L

LIQUID EJEC I:mG HEAD, LIOUID EJECTING DEVICE AND
LIQUID EJECTING METHCD -

A liquid ejecting method for ejecting liquid by generation of a bubble (40) includes preparing
a head comprising an ejection outlet (18) for ejecting the liquid, a bubble generation region
(11) for generating the bubble in the liquid, a movable member (31) disposed faced to the
bubble generation region (11) and displaceable between a first position and a second position
further from the bubble generation region (11) than the first position; and displacing the
movable member (31) from the first position to the second position by pressure produced by
the generation of the bubble (40) in the bubble generating portion to permit expansion of the
bt:l:ble (40) morein a downstream side nearer to the ejection outlet (18) than in an upstream
si

Fig. 1 l
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CLAIMS :
1. A ligquid ejecting wethod for ejecting liquid

by generation of a bubble, comprising:

preparing a head comprising

an ejection ocutlet far ejecting the liquid, a
heat generating element for generating the bubble in
the liquid, a bubble generation region where the
bubble is genarated, 2 movable member having a fulcrum
and a free end which is downstream of the fulcrum with
respect to a direction of flow the the ligquid toward

the action outl he movable member being disposed

faced ta the heat generating element, and a porticon of
the movable member corresponding to _an area center of
‘the heat generating element being displaceable between

a first position and a second oosition which is more
ramote from said bubble genaration region than the
firgt position: and

displacing said movable member from said
first position to said second position by p:eSsure
produced by the generation of the bubhle in said
bubble generation portion to permit expansion of the
bubble more in 2 downstream side nearer to the
ejection outlet than in an upstream side.

2. A method.accordiné to Claim 1, wherein the
bubble expands beyond the first position and moves the

movable member to the second position.

3. A method ggqg;ding to Claim 1, wherein the

movement of the movable member allows the downstream

portion of the bubble to grow downstream towards the

vable m ar.

Claim 4: cancel.
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