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It further relates to a liquid ejecting

FIELD OF THE INVENTION AND RELATED ART

The present invéntion relates to a liquid
ejecting -head for ejecting desired.liquid using
generation of a bubble by applying thermal energy to
the liquid, & head cartridge using the liquid ejecting
head, a liquid ejecting device using the same, a
manufacturing method for the liquid ejecting head, a
liquid ejecting method, a recording method, and a
print provided using the liquid ejecting method. It
further relates.to an ink jet head kit containing the
liquid ejection head.

More particularly, it relates to a ;iquid
ejecting head having a movable member movable by
generation of a bubble, and a head cartridge using the
liguid ejecting head, and liqguid 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 generatiqn of the
bubble. |

The present inventian is applicéble 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



20 met hod and recording nmethod for ejection the liquid by noving the
novabl e nmenber usi'ng the generation of the bubble. The present invention is
applicable to equi pnment such as a printer, a copying nmachine, a 25
facsim | e machi ne having a conmuni cati on system a word processor having a
printer portion or the like, and an indusjrial recording device conbined

W th -2- various processing device or processing devices, in which the
recording is effected on a recording naterial such as paper, thread, fiber,
textile, leather, metal, plastic resin material, glass, wood, 5 ceram c and

so on. In thisyamekid iPridddbing Ve ild dr Prtleding devices, in
which the recording is effected on a recording
material such as paper, thread, fiber, textile,
leather, metal, plastic resin material, glass, wood,
5 ceramic and so on. .

In this specification, "recording" means not
only fbrming an image of 1etter,_figure or the 1ike
having specific meanings, but also includes forming an
image of a pattern not having a specific meaning. '

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

15 thrgugh the ejgction outlet by the force resulted from
the state change by which the ink is ejecfed to and
deposited on the recording material to form an image
formation. As disclosed in U.S. 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 ouﬁlet, and an electrothermal transdﬁcer as
energy generating means dispééed in the ink flow path.

With such a recording method is advantageous

25 in that, a high quality image, can be recorded at'high
speed and with low noise, and a plurality of such

ejection outlets can be posited at high density, and



only formng an image of letter, figure or the |like having specific

meani ngs, but also includes form ng an i nage of a pattern not having a
speci fic meaning. 10 An ink jet recording nethod of so-called
bubble jet type is known in which an instantaneous state change resulting
in an instantaneous vol ume change (bubbl e;generation) is caused by
application of enérgy such as heat to the“ink, so as to eject the ink 15
through the ejection outlet by the force resulted fromthe state change by
which the ink is ejected to and deposited on the recording material to form

an inmage forna% h&Pefrdre Ji SpAPHCS 18 #éébr@fﬁﬁ Plratud28apdfileaotecor di ng

devi ce using the bubble’ jet recording 20 nmet conprlses an ejection

outlet for e estoRdaihg ankigRnrésslatvhpeah be brovideaimanacebiop Wwith
the ejection outlet, and an el ectrothermal transducer as energy generating
means d|sposedlmagéhecankbélemsphyhfoﬂme@ suthenefererdthg bebhdd is

advant ageous:
jet recording method is now widely used in printers,
5 copying machines, facsimile machines: or anbther 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 technigue, various demands are imposed
10 thereon, recently.

For example, an improvement in energy use
efficiency is demanded. To meet the demand, the
optimization of the heat generating element_sucﬁ as
adjustment of the thickness of the protecting film is

15 invgstigated. This method is effective in-fhat a
propagation efficiency of the éenerated heat to the
liquid is improved.

In order to provide high image quality
images, driving Qonditions 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 example, from the’standpoint of
inqreasiné the recording spé;d, 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.



25 in that, a high quality inmage, can be recorded at ‘high speed and with
| ow noi se, and a plurality of such ejection outlets can be posited at high
density, and -3- therefore, snmall size recordi ng apparatus capabl e of

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

i mages can be easily

formed. Therefore, the bubble jet recordipg nmethod is now widely used in
printers, 5 copying machines, facsiml|e machines or another office

equi pnent, and for industrial systens.such as textile printing device or
the like. Wth the increase of the wi de needs for the bubble jet technique,

various demandgneLe3l1p9osrd gPopbes ehlow! BaE€6AGY . stRuceupanl 8s an

| nprovenent in energy use

disclosed in Figure 1, (a) and (b), for example.

The liquid path or passage structure of a

manufacturing method therefor are proposed from the

5 'sténdpoint 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

generating element 2 with respect to the direction of .

10 general flow of the liquid, and is mounted on the

ceiling of the 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

i5 by the valve 10. When the 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 ejection of the liquid.

Upon the back wave occurs in the path, the pressure

20 for directly ejecting the liquid already makes the

liquid ejectable from the passage.

On the other hand, in the bubble jet

recording method, the heatiﬁ§ is repeated with the

heat generating element contacted with the ink, 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



efficiency is demanded. To neet the demand, the optim zation of the heat
generating el enent such as adjustnent of the thickness of the protecting
filmis 15 investigated. This nethod is effective in that a propagation
efficiency of the generated heat to the liquid is inproved. In order to
provide high image quality inmages, driving conditions have been proposed by
which 20 the ink ejection speed is increased, and/or the bubble generation
is stabilized to acconplish better ink ejection. As another exanple, from

t he standpoint of increasing the recording speed, flow passage

configuration smﬁw ey RGP NE Y GROEEF DiYs VB Cbhé Sink her gpeed of
liquid filling (refiTling) into the liquid flow path is increased. Japanese
Lai d Open Pat efhié\npetess | Othdoink ejection becomes unstable.
Additionally, even when the liquid to be ejected is
the one easily deteriorated by heat or even when the
5 1liquid is the one with which the bubble geﬁeration is
not sufficient, the liquid is desired to be ejected in
good order without property change.
Japanese Laid Open Patent Application No.
SHO-61-69467, Japanese Laid Open Patent Application
10 No. SHO-55-81172 and U.S. Patent No. 4,480,259
disclose that different liquids are used for the
liguid generating the bubble by the heat (bubble
_generating liquid) and for the liquid to be ejected
(ejection liquid). In these publications, the ink as
15 the ejection liquid and the bubble generation 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
20 the bubble generation of the bubble generation liquid
to the ejectioﬁ liguid by the deformation of the
flexible film. The prevention of the déeposition of
the material on the surface af the heat generating
element and the increase of the selection latitude of
25 the ejection liguid are accomplished, by such a

structure.

However, with this structure in which the



-4- SHO 63-199972 propose fl ow passage structures as disclosed in Figure 1,
(a) and (b), for exanple. The liquid path or passage structure of a

manuf acturi ng nmet hod therefor are proposed fromthe 5 standpoint of the
back wave toward the |iquid chanber. This back wave is considered as energy
| oss since it 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 flow of the liquid, and is nmounted on the
ceiling of the passage. It takes an initial position wherein it extends

along the cei lijagtidpon ibull andcraeabuBBlel Gehdlkat ibhe 10Qwilal @Fenherein it
ext ends downwardly, thus suppressing a part of the back wave 15 by the

valve 10. Wiepnipletedhy scparated,aithe presbureaty The bubblepr essi on of
t he back wave is not

generation is propagated to the ejection liquid

through the expansion-contraction deformatioh of the

5 flexible film; and therefore, the pressure is absorbed

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

10 effect is provided by the provision between the

ejection liquid and the bubble generation liquid.

SUMMARY OF THE INVENTION
Accordingly, it is a principal object of the

15 present invention to provide a structure for a movable

member in a liquid ejection using the movable member.
It is another object of the present invention

to provide a liquid ejection principle with which the

generated bubble is controlled in a novel manner..

20 ' It is a further object.of the present
invention to provide a liquid ejecting metho@, ligquid
ejecting head and so on wherein heat accumulation in
the liguid on the heat generéfing element is
significantly reduced, and the residual bubble on the

25 heat generating element is reduced, while improving
the ejection efficiency and the ejection pressure.

It is a further object of the presernt



practically significant. The back wave is not directly contributable to the
ejection of the liquid. Upon the back wave occurs in the path, the pressure
20 for directly ejecting the liquid already nakes the liquid ejectable from
t he passage. On the other hand, in the bubble jet recording nmethod, the
heating is repeated with the heat generat4ng el ement contacted with the

I nk, and 25 therefore, a burnt material is deposited on the surface of the
heat generating el ement due to kogation of the ink. However, the anount of

t he deposition may -5- be large depending on the materials of the ink.

| f this occursinvértiok €peptoeiddes ohbguidsépdtEtinddniesdoand! yo exen when

the liquid to be ejected is

wherein inertia force in a direction against liquid
supply direction due to back wave is suppressed, and
simultaneously, a degree of retraction of a meniscus

5 is reduction by a valve function of a movable member
by which the refilling frequency is increased, thus
permitting high speed printing.

It is a further object of the present

invention to providé a liqﬁid ejecting head and so on

10 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
ejection efficiency and the ejection force are
significantly increased.

15 It is a further objeét of the present.
invention to provide a liquid ejection method and a
liquid ejection head, wherein excessive vibration is
regulated within a desired range, and the durability
of the movable member is improved.

20 _ It is a further object of the present
invention to provide a liquid ejecting methoq, a
liquid ejecting head and so on, wherein the choice of
the liquid to be ejected is made greater.

It is a further object of the present

25 invention to provide a head kit for permitting easy

refuse of the liquid ejecting head.

According to an aspect 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
Pat ent Application No. SHO 61-69467, Japanese Laid Open Patent Application
10 No. SHO-55-81172 and U.S. Patent No. 4,480, 259 di sclose that different

| iquids are used for the liquid generating the bubble by the heat (bubble
generating liquid) and for the liquid to be ejected (ejection liquid). In
t hese publications, the ink as 15 the ejection liquid and the bubble

generation |i dih¢edt fort MRS Vs SBRGY LAd&E Y1 Bqhi&xepbetingmhebasi|icone

rubber or the like so as to prevent direct contact of the ejection liquid
to the heat gefera¢jagtibh@nEduidiby genergedomgof Bupbkssure resul ting

from 20 the bubbl e generation of the bubble generation liquid to the
ej ection |iquicomprisinglefanm nejectiot owklet for ejecting the
liquid; a liquid path in fluid communication with the
5 ejection outlet; a bubble generafibn region'for'
generating the bubble in the liquid; a movablé‘mémber
having a fulcrum and a free end and disposed faced to
the bubble generation region; wherein the movable
member moves from the first position to the second
10 position by pressure produced by the generation of the
bubble, and a resistance against movement of the
movable member, is smailer adjacent.the free end than
adjacent the fulcrum.
| According to another aspect of the present
15 inyention, thgré is provided a liquid ejecting head
for ejecting ligquid by genération of bubﬁle,
comprising: an ejection outlet for ejecting the
liquid; a liquid péth in fluid communication with the
ejection outlet; a bubble generation region for
20 generating the bubble in the liquid; a movable member
having a fulcrum and a free end and disposed faced to
the bubble generétion region; wherein the moQable
member moves from the first Eosition to the second
position by pressure produced by the generation of the
25 bubble, and a height of the flow path is higher above

the free end than above the fulcrum end.

According to a further aspect of the present



flexible film The prevention of the deposition of the material on the

surface of the heat generating elenent and the increase of the selection
| atitude of 25 the ejection liquid are acconplished, by such a structure.
However, with this structure in which the -6- ejection liquid and the

bubbl e generation liquid are conpletely spparated, the pressure by the
bubbl e generation is propagated to the ejection liquid through the
expansi on-contracti on deformation of the 5 flexible film and therefore,
the pressure is absorbed by the flexible filmto a quite high degree. In
addi tion, the idgfgntiRin Ortidrd hiss ffrosided fa |1 quni daéjectimg dseadnd
therefore, the energy use efficiency and
for ejecting liquid by generation of bubble,
comprising: an ejection outlet for ejecting the
liquid; a liquid path in fluid communication with the
5 ejection outlet; a bubble generation ;égion for
generating the bubble in the liquid; a movable member
having a fulcrum and a free end and ‘disposed faced to
the bubble generation region; wherein the movable
member moves from the first position to the second
- 10 position by pressure produced by the generation of the
bubble, and a height of the flow path is lower at
least in a portion between a position of the free end
and a poéition of the fulcrum than at the positibn of
the free end.
15 According to a further aspect of tﬁe present
invention, there is provided a iiquid ejecting head
for ejecting liquid by generation of bubble,
cbmprising: a first liquid flow path in fluid
communication wifh an ejection outlet; a second liquid
20 flow path having bubble generation region for
generating the bubble in the liquid by applying heat
td the liquid; a movable member disposed betwéen the
first ligquid flow path and the bubble generation
region and having a free end adjacent the ejection
25 outlet, wherein the free end of the movable member is

displaced into the first liquid flow path by pressure

produced by the generation of the bubble, thus guiding



the ejection force are deteriorated although the sonme 10 effect is provided
by the provision between the ejection liquid and the bubble generation

i quid. SUMVARY OF THE | NVENTI ON Accordingly, it is a principal object of
the 15 present invention to provide a structure for a novable nenber in a
liquid ejection using the novable nenber.,Jt is another object of the
present invention to provide a liquid ejection principle wth which the
generated bubble is controlled in a novel manner. 20 It is a
further object of the present invention to provide a liquid ejecting

met hod, |iqui Cthxﬁ hlddihriitaduitd TheP R\ RAHIM iRAletLGRIBHAE ¥EE N t he

liquid on the heat” generating elenent i's significantly reduced, and the
resi dual bubblig it d Fa oW gt HetHenicvenirAiTsE e mesialsie ménber

i mproving the ejection efficiency and the ejection pressure. It is a
further objecttofejdut esdiiguid, wherein a height of the flow
path is higher above the free end than above the
5 fulcrum end.
| According to a further aspect of the present
invention, there is provided a liquid ejecting head
for ejecting liquid by generation of bubble,
comprising: a fifst liquid flow path in fluid
10 communication with an ejection outlet; a second liquid
flow path having bubble generation region for
generating the bubble in the liquid by applying heat
to.the liquid; a movable member disposed between the
~first liquid flow path and the bubble generation
15 region and haviné a free end adjacent the ejection
outlet, wherein the free end of the movable member is
displaced into the first liquid flow path by pressure
produced by the generation of the bubble, thus guiding
the pressure toward the ejection outlet of the first
20 1liquid flow path by the movement of the movable member
to-eject the liquid, wherein a height of the.flow
path is lower at least in a portion between a position
of the free end and a positiSh of the fulcrum than at
the position of the free end.
25 | According to a further aspect of the present
invention, there is provided a liquid ejecting method

for ejecting liquid by generation of a bubble,



-7- invention to provide a liquid ejecting head and so on wherein inertia
force in a direction against |iquid supply direction due to back wave is
suppressed, and simultaneously, a degree of retraction of a nmeniscus 5 is
reduction by a valve function of a novable nmenber by which the refilling
frequency is increased, thus permtting high speed printing. It is a
further object of the present invention to provide a liquid ejecting head
and so on 10 wherein deposition of residual material on the heat generating
el ement is reduced, and the range of the usable liquid is w dened, and in

?gg'r;iggd the ghmstioTng! Ipréparingrd hégd eb6np091h8T 88 e§6cei@ni ficantly
| outlet for ejecting the liquid, a bubble generation
_region'for generating the bubble in the liquid, a
movable member having a free end and a fulcrum and
5 disposed faced to the bubble generation region;
dispiacing the movable member by pressure produced by
the generation of the. bubble in the bubble generating
portion, wherein a resistance against movement of the
movable member, is smaller adiacent the free end than
10 adjacent the fulcrum. |
According to a further aspeét of the present
invention, there is provided a liquid ejecting method
for ejecting liquid by generation of a bubble,
comprising: preparing a head including a first liquid
15 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 the first liquid flow path and the bubble
generation region and having a free end adjacent the
20 ejection outlet side; and generating a bubblq in the
bubble generation region to displace the fféé end of
the movable member into the first liquid flow path by
pressure produced by the genération of the bubble,
thus guiding the pressure tbward the ejection outlet
25 of the first liquid flow path by the movement of the
movable member to eject the liquid, wherein a

resistance against movement of the movable member, is



15 It is a further object of the present invention to provide a
liquid ejection nethod and a liquid ejection head, wherein excessive
vibration is regulated within a desired range, and the durability of the
novabl e menber is inproved. 20 It is a further object of the
present invention to provide a liquid ejgf%ing met hod, a liquid ejecting
head and so on, wherein the choice of the Tiquid to be ejected is nade
greater. It is a further object -of the present 25 invention to provide a
head kit for permtting easy refuse of the liquid ejecting head. According

to an aspect gipdhteP’&FRident tie ffé@rénd)rthéﬁl&ldaaéeﬂ)t oshgled a |iquid
ej ecting head -
fulcrun.
According to a fﬁrther aspect of the present
invention, there is provided a liquid ejection
5 recording method for ejecting recording liquid by
generation §f a bubble to effect recording,
comprising: preparing a head comprising an ejection
outlet for ejecting the recording liquid, a bubble
generation region for generating the bubble in the
10 liquid, a movable member having a free end and a
fulcrum and disposed faced to the bubble generation
reéion; displacing the movable member by pressure
produced by the generation of the bubble in the
bubble generating portion, wherein a resistance the
15 1liquid, against movement of the movable member, is
smaller adjacent the free end than adjacent the
fulcrum.
According to a further aspect of the present
invention there is pfovided a head cartridge
20 comprising: a liquid éjecting head as defined above;
and a liquid container for containing the liquid to be
supplied to the liquid ejecting head.
According to a furtﬁer aspect of the present
invention there is provided a liquid ejecting
25 apparatus for ejecting recording 1iquid by generation
of a bubble, comprising: a liquid ejecting head as

defined above; and driving signal supply means for



for ejectfng liquid by generation of bubble, conprising: an ejection outlet
for ejecting the liquid; a liquid path in fluid conmunication with the 5
ejection outlet; a bubble generation region for generating the bubble in
the liquid; a novable nmenber having a fulcrumand a free end and di sposed
faced to the bubble generation region; whegein the novabl e member noves
fromthe first position to the second 10 position by pressure produced by

t he generation of the bubble, and a resistance agai nst novenent of the
novabl e menber, is snaller adjacent the free end than adjacent the ful crum

According to ageppeyiAgPaCardvihfespERsEnfodSeljereNhgothet hegaids provi ded
aliquid ejecting head for ejecting liquid by generation of bubbl e,
conpri sing: anthreaghothauliqtuifioejercethgnphetlie [iquid;, a liquid path in
fluid conmunication with the ejection outlet; a bubble generation region
for According to a further aspect of the present
invention there is provided a liquid ejecting
5 apparatus for ejecting recording liquid by generatidn
of a bubble, comprising: a liquid ejecting head as
defined above; and recording material transporting
means for feeding a recording material for receiving
the liquid ejected from the liquid ejecting head.
10 According to a further aspect of the present
invention there is provided a recording system
comﬁiiégng: a liquid ejecting apparatus as defined
above; and a pre-processing or post-processipg means
for promoting fixing of the liquid on the recording
15 material after the recqrding.
According to a further aspect of the present
invention there is provided a head kit comprising: a
liquid ejecting head as defined above; and a liquid
container containing the liquid to be supplied to the
20 liquid ejecting head.
According to a further aspect of thg present
invention there is provided a head kit bomprising: a
liquid ejecting head as deffﬁed above; a liquid
container for containing the liquid to be supplied to
25 the liquid ejecting head; and liquid filling means for

filling the liquid into the liquid container.

According to a further aspect of the present



20 generating the bubble in the liquid; a novable nenber having a ful crum
and a free end and di sposed faced to the bubble generation region; wherein
t he novabl e nenber noves fromthe first position to the second position by
pressure produced by the generation of the 25 bubble, and a height of the
flow path is higher above the free end t! above the ful crum end.
According to a further aspect of the preseht -9- invention, there is
provided a liquid ejecting head for ejecting liquid by generation of
bubbl e, conprising: an ejection outlet for ejecting the liquid; a liquid

path in fluld SRR SRRl Ad) B faet] & L db4d Shardr DA e generat i on
region for generatlng the ble"in the liquid; a novable nenber
characterized by being recorded by ejected ink through
a liquid ejection recording method as defined above.
According to the present invention, tﬁe
5 object of which is to provide the structure described
above, it was possible to prevenf the free end of the
moving member from moving into the bubble generation
region (toward the heat generating member) far beyond
the first position; therefore, the durability of the
10 moving member could be improved.
| In this embodiment, the height of liquid flow
path is higher right above the free end than right
above the fulcrum of the movable member, ér it is
lower at least a part between a position faced to the
15 free end and a position faced to the fulcrum than at
the position faced to the free end. By this, the
resistance, by the liquid itself or by the structure
of the flow passage, against the motion of the movable
member is smaller adjacent the free end of the movable
20 member than adjacent the fulcrum, by which the
ejection state of the liquid is stabilized, and the
ejeétion force can be increased.
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 that the liquid

adjacent the ejection outlet can be ejection with high



having a fulcrumand a free end and di sposed faced to the bubble generation
regi on; wherein the novabl e nenber noves fromthe first position to the
second 10 position by pressure produced by the generation of the bubble,
and a height of the flow path is lower at least in a portion between a
position of the free end and a position gfgthe fulcrumthan at the position
of the free end. 15 According to a further aspect of the present
invention, there is provided a liquid ejecting head for ejecting liquid by
generation of bubble, conprising: a first liquid flowpath in fluid

conmmuni cat i on g fitidh@i e HNd Rt Hitd Rire 2 tIRC @ikdtibn i dienepaid having

bubbl e generation region for generating the bubble in the liquid by "

appl yi ng heat imprdived. qEck examplahl emerhee mabts phesssidedlekewvetype het fir st

liquid flow path and the bubble generation region and having a free end

adj acent the djlectpmasent invention, the ejection efficiency is
increased even to twice the conventional one.

5 : " In another aspect of the present invention,
even if the printing operation is started affer 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 recovery process including a preliminary
ejection and sucking recovery.

In an aspect of improviﬁg the refilling
property, the responsivity, the stabilized growth of

15 the bubble and stabilizatioﬁ 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 bubbfe per se, the
rdownstream" 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



25 outlet, wherein the free end of the novable nenber is displaced into the
first liquid flow path by pressure produced by the generation of the
bubbl e, thus guiding -10- the pressure toward the ejection outlet of the
first liquid flow path by the novenent of the novable nenber to eject the
l'iquid, wherein a height of the flom1pair; s hi gher above the free end than
above the 5 fulcrumend. According to-a %rther aspect of the present
invention, there is provided a liquid ejecting head for ejecting liquid by
generation of bubble, conprising: a first liquid flow path in fluid 10

communi cat i on yid el £ oié A AL Rl GF ROkl o {0y PELSWNaVi ng

bubbl e generation region f
or a downstream from the center of the 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 does not escape
through 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 sepaiate the region in direct fluid
communication withlthe ejection outlet from the bubble
genération 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 ouflet, thus
preventing mixture of the liquids in the liguid flow
paths.
The free end portion or region of the movable
20 member may mean the free end edge at the downstream
side of the movable member or may mean the free end
edge and the lateral edges.adjacent the free end.
The resistance edgiést.the motion of the
movable member means the resistance due to the liquid
25 itself or the structure of the liquid passage when the
movable member moves away from the bubble generation

region by the generation of the bubble. The



generating the bubble I N by applying heat to the liquid; a
novabl e menber abBéewg ac&he first liquid flow path and t he bubbl e
generation 15 a free end adjace LI SSSTSNR
wherein the free bl e member is displfjace -1%théEEEN§?
liquid fl ow path by pressure duced by_the genern—_ze____tﬁgfgybblel
guiding the pressure toward the ejection outlet of the first 20
path by the novenent of the novable nenber to eject the liquid, wherein a
hei ght of the flow path is |lower at least in a portion between a position
of the free engesigtanpesmbiyobeotretiiceliubgr protrdingt at kaspssbhcen of the
free end. 25 According to a further aspect of the present
i nvention, thedincilinptdondedsidnti gurdsiéptancegbyephydital ejteppemg |iquid
by generation of a bubble,
using a resistance of virtual stopper with the use of
fluid.
5 The resistance is called herein after
resistance or flow resistance.
These and other objects, features and
advantages of the present invention will become more
apparent upon a consideration of the following
10 description of the preferred embodiments of the
present invention taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINCS

15 Figure 1 is a sectional view of a liquid flow
path of a conventional liquid ejecting head.

Figure 2 is a schematic sectional view of
example of a liquid ejecting head of an embodiment of
the present invention.

20 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.

25 Figure 5 is a schematic view of pressure
ﬁropagation from a bubble in a head according to an

embodiment of the present invention.



conpr|5|ng"‘T?ﬂnn#ﬁﬁ}ﬁ}—head_conpr|S|ng an ejection outlet for ejecting the
liquid, a bubhlsgeegﬁgge&tﬂ egl on for generating_tk Ibble in the liquid,
m di spl aci ng the nov

a novabl e ne
t he bubbl e ge mr
produced by t of t he. bubbl e_jd the beisis -:-- at DArtion

wherein a resistance agai nst novenent of t e novabl e nenber is snall er
adj acent the free end than 10 adjacent the ful crum Accordlng to a further
aspect of the present-invention, there is provided a liquid ejecting nethod
for ejecting |iquid by meferats ois G scHutkdtfc wEProsi Adliqubpaticy a head
including a first liquid 15 flow path in fluid comrunication with a liquid
ej ection outl eitn an semumitheniuiolf fthey grederavimeemt bobbl e generati on
region and a novabl e nenber di sposed

Figure 7 is a sectional view of a liquid

e end and a fulcrunma

ejecting head (2 flow path) aécording to Embodiment 1
B of the present invention.

Figure 8 is an illustration of a stopper
structure for the second liqguid flow path edgiest the
movable member according to a second embodiment.

Figure 9 is a portion partly broken

10 persﬁective view of the liguid eijecting head in the
portion of Figure 8.

Figure 10 is a longitudinal section of a
liquid.ejecting head according to a third embodiment
of the present invention.

15 Figure 11 is a longitudina; éection of a
liquid ejecting head according to a modified example
of the third embodiment.

Figure 12 is a longitudinal section of a
"liquid ejecting head according to a fourth embodiment

20 of the present.invention.

Figure 13 is a sectional view of a major part
of a liquid ejecting head according to a modified
example of the fourth embodiment of the present
invention.

25 Figure 14 is a sectional view of a major part
of a liquid ejecting head according to a modified

example of the fourth embodiment of the present



bubbl e in the
novabl e nenbe st liquid fl ow path by p
generation of the bubble thus guiding the_pressuré : ion
outlet 25 of the first liquid flow path by the novenent of—thed
menber to eject the liquid, wherein a resistance agai nst novenment o
novabl e menber, is -12- smaller adjacent the free end than adjacent the
ful crum AccoumﬁghﬁﬁbﬁxfUrther,aspect of the present invention, there is
prOV|ded aliquid ejection

Figure 15 is a sectional view of a major part

bet ween t he f|r fﬁgﬁlpath and the bubble'generation regi on and
having a fr ﬁiﬁa the 20 ej ection outlet side; and generatlng a

of a liquid ejecting head according to a modified
example of the fifth embodiment according to the
5 present invention. '
Figure 16 .shows a major-part of the liquid

ejecting head according to a fifth.

DESCRIPTION OF THE PREFERRED EMBODIMENT

10 <Embodiment 1>
Réferring to the accompanying drawings, the
embodiments of the present inveﬂtion will be
described.
In this embodiment, the description will be
15 made as to an improvement in an ejection force aﬁd/or
an ejection efficiency by controlling a direcfion of
propagation of pressure resulting from generation'of a
bubble for ejecting the liquid and controlling a
direction of agrowth of the bubble, usable with this
20 embodiment. Figure 2 is a schematic sectional view of
a liquid ejecting head taken along a liguid f;ow path
usable with this embodiment, and Figure '3 is a partly
broken perspective view of tﬁé ligquid ejecting head.
The liquid ejecting head of this embodiment
25 comprises a heat generating element 2 (a heat
generating resistor of 40 ym x 105 pm in this

embodiment) as the ejection energy geherating element



5 recording nethod for ejecting recording liquid by generation of a bubble
to effect recording, conprising: preparing a head conprising an ejection
outlet for ejecting the recording liquid, a bubble generation region for
generating the bubble in the 10 Iiquid, a novable nenber having a free end
and a fulcrumand di sposed faced to the _yghbl e generation region;

di spl aci ng the novabl e nenber by pressure produced by the generation of the
bubbl e in the bubble generating portion, wherein a resistance the 15

l'i quid, against novenment of the novable nenber, is smaller adjacent the

free end than fd au@pl iy fthiermal eheagyditey the d ifquidiero agext of the
present invention there is provided a head cartridge 20 conprising:. a

liquid ejectiruhehdddneisl,dein edemendy substtatd ilqend wviehisaid fheat

containing the liquid to be supplied to the Iiquid ej ecti ng. head.
generating element 2 is provided, and a liquid flow
path 10 formed above the element substrate

5 correspondinglj to the heat generating element 2. The
liquid flow path 10 is in fluid communication with a
common liguid chamber 13 for supplying the liguid to a
plurality of such liquid flow paths 10 which is in
fluid communication with.a plurality of the ejection

10 outlets 18.

Above the element substrate in the liquid
flow path 10, a movable member or plate 31 in the form
of a cantilever of an elastic material éuch as metal
is provided faced to the heat generating element 2.

15 One end of the movable member is fi#ed to a foundation
(supporting member) 34 6r the 1ike provided by
patterning of photosensitivity resin material on the
wall of the liquid flow path 10 or the element
substrate. By this structure, the movable member is

20 supported, and a fulcrum (fulcrum portion) is
éonstituted.

The movable member 31 is so positioned that
it has_a fulcrum (fulcrum poftioﬁ which is a fixed
end) 33 in an upstream side with respect to a general

25 flow of the ligquid from the common liquid chamber 13

toward the ejection outlet 18 through the movable

member 31 caused by the ejecting operation and that it



According to a further aspect of the present invention there is provided a
liquid ejecting 25 apparatus for ejecting recording liquid by generation of
a bubble, conprising: a liquid ejecting head as defi ned above; and driving
signal supply neans for -13-" supplying a driving signal for ejecting the
liquid through the liquid ej ecting head. Accordlng to a further aspect of
the present invention there is provided 41 iquid ejecting 5 apparatus for
ejecting recording liquid by generation of a bubble, conmprising: a liquid
ej ecting head as defined above; and recording material transporting neans

for Teeding aphgcar §irdd ERLCY'r2ke’ Bha' 6TEYLRAY 52° i Widbudistialedth from the
liquid ejecting he

side of the fulcrum 33. the movable member 31 is faced
to the heat generating element 2 with_g-gap of 15um
approx. as if it covers the heat generating element 2.

5 A bubble generation region is constituted between the
heat genérating element and movable member. The type,
configuration or position of the heat generating
elemént or the movable member is not limited to the
ones described above, but may be changed as long as

10 the growth of the bubble and the propagation of the
pressure can be controlled. For the purpose of easy
understanding of the flow of the liquid which will be
described hereinafter, the 1iquid flow path 10 is
divided bY the movable member 31 into a first liquid

15 flow path 14 which is directly in communication with
the ejection.oﬁtlet 18 and a second liquid flow path
16 having the bubble generation region 11 and the
liquid supply port 12.

By causing heat generation of the heat

20 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 generatéﬁ by the £ilm boiling’
phenomenon as disclosed in US Patent No. 4,723,129.

25 The bubble and the pressure caused by the generation
of the bubble act mainly on the movable member, so

that the movable member 31 moves oOr displaceé to



10 According to a further aspect of the present invention there
I's provided a recording systemconprising: a liquid ejecting apparatus as
defi ned above; and a pre-processing or post-processing neans for pronoting
fixing of the liquid on the recording 15 naterial after the recording.
According to a further aspect of the present invention there s provided a
head kit conprising: a liquid ejecting head as defined above; and a |liquid
container containing the liquid to be supplied to the 20 liquid ejecting
head. According to a further aspect of the present invention there is
provi ded a headidely cper Itoward dle liettEertouljdicasides abmutnetheabove; a
|l iquid container for containing the liquid to be supplied to 25 the liquid
ej ecting head;fukerum @3.d &3 |showp dendSigure 134 | (I antk (¢@% 3mto the

| iquid container. According to a further aspect of the £bresent
_ Figure 3. By the displacement of the movable member

31 or the state éfter the displacement, the

5 propagation of the pressure caused by the generation
of the bubble and the growth of the bubble per selare
directed toward the ejection outlet.

Here, one oflthe fundamental ejection
principles used with the presént invention will be

10 described. One of important principles of this
invention is that the movable member disposed faced to
the bubble is displaced from the normal first position
tolthe displaced second position on the basis of the
pressure of the bubble generation or the bubble per

15 se, and the displacing or displaced movable member 31
is effective to direct the pressure produced by the
generation of thé bubble and/or the growth of the
bubble per se toward the ejection outlet 18
(downstream side).

20 More detailed description will be made with
comparison between the conventionél liquid flow
passage structure.not using the movable ‘member (Figure
4) and the present invention” (Figure 5). Here, the
direction of propagation of the pressure toward the

25 ejection outlet is indicated by Vp,, and the direction
of propagation of the pressure toward the upstream is

indicated by Vg.



-14- invention there is provided a recorded nmaterial characterized by being
recorded by ejected ink through a liquid ejection recording nethod as
defined above. According to the present invention, the 5 object of which is
to provide the structure described above, it was possible to prevent the
free end of the noving menber from novingpzgnto the bubble generation region
(toward the heat generating nenber) far beyond the first position;
therefore, the durability of the 10 noving nenber could be inproved. In
this enbodi nent, the height of liquid flow path is higher right above the
free end than right abome &heotwéntional hdadnasashewneibeFigerei 4,is | ower
at least a part between a position faced to the '

there is not any structural element effective to

regulate'the direction of the propagation of the

pressure produced by the bubble 40 generation.

5 Therefore, the direction of the pressure propagation

of the is normal to the surface of the bubble as

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

10 bubble closer to the ejection outlet (V1-V4) have the
pressure components in the Vp direction which is most
effective for the ligquid ejection. this portion is
important since it directly contributable to the
liquid ejection efficiency, the ligquid ejection

15 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
in the direction Va.

20 On the 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-

Vv4 of the bubble which otherwise are toward various

25 directions. thus, the pressure propagations of bubble

40 are concentrated, so that the pressure of the

bubble 40 is directly and efficiently contributable to



15 free end and a position faced to the fulcrumthan at the position faced
to the free end. By this, the resistance, by the liquid itself or by the
structure of the flow passage, against the notion of the novable nenber is
smal | er adj acent the free end of the novable 20 nenber than adjacent the
fulcrum by which the ejection state of 14y liquid is stabilized, and the
ejection force can be increased. Wth the liquid ejecting nethod and the
head using the novel ejection principle, a synergistic 25 effect is

provi ded by the generated bubble and the novabl e nenber noved thereby so
that the |iquighadpseitodhe ej ection outlet can be ejection with high

-15- efficiency, and therefore, the ejection efficiency is
The growth direction per se of the bubble is
directed downstream similérly to to the pressure
propagation directions V1-V4, and grow morxe in the
5 downstream side than in the upstream side. Thus, the
growth direction per se of the bubble is controlled by
the movable member, and the pressure propagation
direction from the bubbie is controlled thereby, so
that the ejection efficiency, ejection force and
10 ejection épeed or the like are fundamentallylimproved.
Referring back to Figure 2, the ejecting
operation of the liquid ejecting head in this example
will be described in detail.
Figure 2, (a) shows a state before the energy
15 such as electric energy ig applied to the heat
generating element 2, and therefore, no heat has vet
been generated. It should be noted tﬁat the movable
member 31 is so positioned as to be faced at least to
the downstream portion of the bubble generated by the
20 heat generation of the heat generating element. In
other words, in order that the downstream po;tion of
the bubble acts on the movable member, the liquid flow
passage structure is such that the movable member 31
extends at least to the position downstream
.25 (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



| nproved. For exanple, in the nost desirable type of the present invention,
the ejection efficiency is increased even to tw ce the conventional one. 5
I n anot her aspect of the present invention, even if the printing operation
is started after the recording head is left in a |low tenperature or |ow
hum dity condition for a long term the gjgction failure can be avoi ded.
Even if the ejection failure 10 occurs, the normal operation is recovered
by a small scale recovery process including a prelimnary ejection and
sucking recovery. In an aspect of inproving the refilling property, the
responsi vity, ddretest Bidf Adib grmest lobfthkb Hewt hydrid xatainy sé bdméntzat i on of
the liquid droplet during the continuous ejections are acconplished, thus
permitting high speed rRigguxé rdy. (b tshows eEtatetvhereinpthe ca@gt and
"downstream are defined with respect to a general
generation of heat generating element 2 occurs by the
application of the electric energy to the heat
5 generating'element 2, and a part of of the iiquid
filled in the bubble generation region 11 is heated by
the thus generated heat so that a bubble is generated
' through the film boiling.
At this time, the movable member 31 is
10 displaced from the first position to the second
position by the pressure produced by the generation of
the bubble 40 so as to guide the propagation of the
pressure toward the ejection outlet. It should be
noted that, as described hereinbefore, the free end 32
15 of the movable member 31 is disposed in the downstream
side (ejection outlet side), and the fulcrum 33 is
disposed in the upstream side (common ligquid chamber
side), so that at least a part of the movable member
is faced to the downstream portion of the bubble, that
20 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
25 is displaced further. The generated bubble grows more

downstream than upstream, and it expands greatly

beyond a first position (broken line position) of the



20 liquid flow froma liquid supply source to the ejection outlet through

t he bubbl e generation region (novable nenber). As regards the bubble per
se, the "downstreant is defined as toward the ejection outlet 25 side of

t he bubble which directly function to eject the liquid droplet. Mire
particularly, it generally neans a downstjgeamfromthe center of the bubble
W th -16- respect to the direction of the general liquid flow, or a
downstream fromthe center of the area of the heat generating elenent with
respect to the sane. In this specification, "substantially sealed" 5
general | y neanfowval5e&!mémiséns e i n such a degree that when the bubbl e grows,

t he bubbl e does not escape
As the movable member 31 gradually moves in
response to the growth of the bubble 40 as described
above, the bubble 40 is controlled so that it grows in
5 +the direction in which the pressure generated by the
bubble 40 can easily escape or be released, and in
which the bubble 40 easily shifts in volumetric terms.
In other words, the growth of the bubble is uniformly
directed toward the free end of the movable member.
10 This also is thought to contribute to the improvement
of the ejection efficiency.
Thus, it is understood that in accordance
with the growth of the bubble 40, the,movéble member
31 gradually displaces, by which the pressure
15 propagation direction of the bubble 40 the direction
in which the volume movement is easy, namely, the
arowth direction of the bubble, are directed uniformly
toward the ejection outlet, so that the ejection
efficiency is increased. When the movable member
20 guides the bubble and the bubble generation pressure
toward the ejection outlet, it hardly obstructs
propagation and growth, and can efficiently cbntrol
the propagation direction of the pressure and the
growth direction of the bubble in accordance with the
25 degree.of the pressure.
Figure 2, (d) shows a state wherein the

bubble 40 contracts and disappears by the decrease of



through a gap (slit) around the novabl e nmenber before notion of the novable
menber. In this specification, "separation wall" may 10 nean a wall (which
may include the novabl e nenber) interposed to separate the region in direct
fluid conmunication with the ejection outlet fromthe bubble generation
region, and nore specifically neans a waldq.separating the flow path

I ncl udi ng the bubble 15 generation region fromthe liquid flow path in
direct fluid comrunication with the ejection outlet, thus preventing

m xture of the liquids in the liquid flow paths. The free end portion or

region of the yHw gressifrdraibahd BB idedlicsr eyl Hstgefimt he
downstream si de of the novable nenber or may nean the free end edge and the

| at er al edges bl laioentpHdnorferem end. The resi stance edgi est the notion of
t he novabl e nenber neans the resistance due to the liquid
. The movable member 31 having been displaced
to the second position returns to the initial position
5 (first position)'of Figure 2, (a) by the restoring
forée 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

10 chamber side as indicated by Vp; and Vp, and from the
ejection outlet side as'indicated by V., so as to
compensate for the volume redﬁction of the bubble in
the bubble generation iegion 11 and to compensate for
the volume of the ejected liquid.

15 In the féregoing, the description has been
made és té the operation of the movable ﬁember with
the generation of the bubble and the ejecting
operation of the liquid. now, the descripfion will be
made as to the refilling of the liquid in the liquid

20 ejecting head usable with the present invention.

Referring to Figure 2, liquid supply
mechanism will be described.

When the bubble 40 enters the bubble
collapsing process after the maximum volume thereof

25 after Figure 2, (c) state, a volume of the liquid
enough tb compensate for the collapsing bubbling

volume flows into the bubble generation region from



25 itself or the structure of the liquid passage when the novabl e nenber
noves away from the bubbl e generation region by the generation of the
bubbl e. The resi stance nay be reduced by providing a resistance
inclination, using a resistance by physical stopper, using a resistance of
virtual stopper with the use of fluid. T? resistance is called herein
after 5 resistance or flow resistance. These and ot her objects, features
and advant ages of the present invention will becone nore apparent upon a
consideration of the follow ng description of the preferred enbodi nents of
the 10 presenthHen\RidtAdn dedN elth 1808 deC biforny i riste JacRE BNOWJ

drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS _
path 14 and from the bubble generation region of the
second liguid flow path 16.
In the case of conventional liquid flowl
5 passage structure not having the movable member 31,
the amount of the liquid from the ejection outlet side
to the bubble collapse position and the amount of the
liqﬁid.from the common liquid chamber thereinto, are
attributable to the flow resistances of the portion
10 closer to the ejection outlet.than the bubble
generation region and the pqrtion closer to the commdn
ligquid chamber.
Therefore, when the flow resistance at the
supply port side is smaller than the other side, a
15 large amount of the liquid flows into the bubble
collapse position from the ejection outlet side with
the result that the meniscus retraction is large.
With the reduction of the flow resistance in the
ejection outlet for the purpose of increasing the
20 ejection efficiency, the meniscus M retraction
increases upon the collapse of bubble with the result
of longer refilling time period, thus mdking high
speed printing difficult.
According to this embodiment, because of the
25 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



Fig. 1 is a sectional viewof a liquid flow path of a conventional Iiquid
ejecting head. Fig. 2 15 is a schematic sectional view of exanple of a
liquid ejecting head of an enbodinent of the present invention. Fig. 3 is a
partly broken perspective view of a liquid ejecting head according to an
enbodi ment of the present invention. Fig-2¢4-is a schenatic view of pressure
20 propagation froma bubble in a conventional head. Fig. 5is a schematic
view of pressure propagation froma bubble in a head according to an
enbodi ment of the present invention. Fig. 6 is a schematic view of a
liquid flow i nbabbkepodndtthenéaiter prebensupplenof ohhe2biqeig. td is a
secti onal V|eM/9f a liquid ejecting head (2 flow path) according to
Enbodi ment 1 ofilheapvetume W2vistafemomplyshedibyakhe| £49vWr ¥ppon of a
st opper
through the second flow path 16 (Wl is a volume of an
upper side of the bubble volume W beyond the first
5 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
volume W is the volume of the meniscus retraction, but
according to this embodiment, -only about one half (Wl)
10 is the volume of the meniscus retraction.
- Additionally, the liguid supply for the
volume W2 is forced to be effected mainly from the
upstream (Vp,;) of thé second ligquid flow path along
the surface of the heat generating element side of the
15 movable member 31 using the pressure upon the collapse
of bubble, and therefore, more speedy refilling action
is accomplished.
When the refilling using the pressure upon
the collapse of bubble is carried out in a
20 conventional head, the vibration of the meniscus is
expanded with the result of the deterioration of the
image quality. however, according to this embodiment,
the flows of the liquid in the first liquid flow path
14 at the ejection outlet side and the ejection outlet
25 side of the bubble generation region 11 are

suppressed, so that the vibration of the meniscus is

reduced.



-18- structure for the second liquid flow path edgiest the novable member
according to a second enbodiment. Fig. 9 is a portion partly broken
perspective view of the liquid ejecting head in the portion of Fig. 8. Fig.
5 10 is a longitudinal section of a liquid ejecting head according to a
third embodi ment of the present inventiqgeFig. 11 is a |ongitudinal
section of a liquid ejecting head according to a nodified exanple of the
third enmbodinent. Fig. 12 is a longitudinal section of a 10 liquid ejecting
head according to a fourth enbodi nent of the present invention. Fig. 13 is

a sectional view of a may, Ridoriiny |idUiKi €] @atiodimdiety tiee aidgng to a
nodi fi ed exanple of the fourth enbodi nent of the present invention. Fig. 14

i's a sectionalgpaewv wdf i Nrjgori spaidcorpla shegliiky efteetfowpddad according to
a nmodi fied exanple of the fourth enbodi ment of the present invention. Fig.
15 is a secti orefiMiewg dfo &the bubble generation region through the
liquid supply passage 12 of the second flow path 16
5 and by the suppression of the meniscus retracfion and
vibration. therefore, the stabilization of ejection
and high speed repeated ejections'are accomplished,
and when the embodiment is used in the field of
recording, the improvement in the image quality and in
10 the recording speed can be accomplished.

The embodiment provides the following
effective function. It is a suppression of the
propagation of the pressure to the upstream side (back
wave) produced by the generation of the bubble. The

15 pressure due to the common liquid chamber 13 side
(upstream) of the bubble generated on the heat
generating element 2 mostly has resulted in force
which pushes the liquid back to the upstream side
(back wave). The back wave deteriorates the refiliing

20 of the liquid into the liquid flow path by the
pressure at the qpstream side, the resulting_motion of
the liquid and the resulting inertia force. 1In this
embodiment, fhese.actions to‘the upstream side are
suppressed by the movable member 31, so that the

25 refilling performance is further improved.

The description will be made as to a further

characterizing feature and the advantageous effect.



maj or part of a liquid ejecting head according to a nodified exanple of the
fifth enbodi ment according to 20 the present invention. Fig. 16 shows a
maj or part of the liquid ejecting head according to a fifth. Fig. 17

depi cts various configurations of the noving nenber. Fig. 18 is a

| ongi tudi nal section of the liquid ejectign head in accordance wth the
present 25 invention. Fig. 19 is a diagramshow ng the formof the driving
pul se. Fig. 20 is an expl oded perspective view of the liquid ejection head
I n accordance with the present invention. Fig. 21 is an expl oded

perspective view of a lpHilighctiRT tliquiteal W rgdtkloss &f oth?2 in a
perspective view of a liquid ejection apparatus, depicting the general
structure therembodimenty. had8 a sl isquhild cupb lag rpas sdge hE2 dpgpat ag uan
| internal wall substantially flush with the heat
generating element 2 (the surface of the heat
5 generating element is not greatly stépped down)'at-fhe
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
10 of the movable member 31 at the position closer to the
bubble generation region 11 as indicated by Vp,.
Accordingly, stagnation of_the liquid on the surface
of the heat generating element 2 is suppressed, so
that precipitation of the gas dissolved in the liquid
15 is supgressed, and the residual bubbles not
disappeared are removed without difficulty, énd 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,
20 the liquid supply passage 12 has a substantially flat
internal wall, but this-is not limiting, and the
liquid supply passage ié satisfactory if it has an
internal wall with such a coﬁfiguration smoothly
extended from the surface of the heat generating
25 element that the stagnation of the ligquid occurs on
the heat generating element, and eddy flow is not

significantly caused in the supply of the liquid.



illustrated in Fig. 22. Fig. 24 is a perspective view of a liquid ejection
recording system Fig 25 is a schematic drawing of a head kit. DESCRI PTI ON
OF THE PREFERRED EMBCODI MENT 10 <Enbodi ment 1> Referring to the acconpanying

drawi ngs, the enbodi ments of the present invention will be described. In
this enbodi ment, the description will beggade as to an inprovenent in an
el ection force and/or an ejection efficiency by controlling a direction of
propagation of pressure resulting fromgeneration of a bubble for ejecting
the liquid and controlling a direction of growh of the bubble, usable with
this 20 enbodi ment. Fi gihet stippdya ofc ohentliiensiel tiimboalthe éwbidlea | i qui d
ej ecting head taken along a liquid flow path usable with this enbodi nent,
and Figure 3 igenexatridn degjloam nayr qeeny hrgugh & 93 3t quigidg ecting
head. portion of the movable member (slit 35) as indicated
by Vpi1. In order to direct the préssure upon the
5 bubble generation further effectively to the ejection
outlet, a large movable member COvering the entirety
of the bubble generation region (covering the surface
of the heat generating element) may be used, as shown
in Figure 2. then, the flow resistance for the liquid
10 between the bubble generation region 11 and the region
of the first liquid flow path 14 close to the ejection
outlet is increased by the restoration of the movable
member to the first.position,_so that the flow of the
liquid to the bubble generation region 11 along Vpj
15 can be suppresséd. However, according to the head
stfucture of this embodiment, there is a flow
effective to supply the liquid to the bubble
generation regidn, the supply performance of the
liquid is greatly increased, and therefore, even if
20 the movable member 31 covers the bubble generation
region 11 to improve the ejection efficiency, the
supply performance of the liquid is not -deteriorated.
The positional relation between the free end
'32 and the fulcrum 33 of the movable member 31 is such
25 that the free end is at a downstream position of the

fulcrum as indicated by 6 in the Figure, for example.

- With this structure, the function and effect of



The liquid ejecting head of this enbodi nent 25 conprises a heat generating
el ement 2 (a heat generating resistor of 40 [err]mx 105 [err]min this
enbodi ment) as the.ejection energy generating el enent
thermal energy to the liquid to eject the liquid, an elenent substrate 1 on
whi ch said heat generating elenment 2 is pgguvided, and a liquid flow path 10
formed above the el ement substrate 5 correspondingly to the heat generating
elenent 2. The liquid flow path 10 is in fluid comunication with a common

|l i quid chanmber 13 for supplying the liquid to a plurality of such |iquid

flow paths 10 ghidbngsthe pressurenpuopagatbonvdikeatpborandt yhef the
ejection 10 outlets 18.

10

15

20

25

direction of the growth of the bubble to the ejection
outlet side or the like can be efficiently assured
upon the bubble generation. Aﬁditionally, 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 liguid
thus permitting the'high speed refilling. When the
meniscus M retracted b the ejection as shown in Figure
6, returns to the ejection outiet 18 by capillary
force or when the liquid sﬁpply is éffected to
compensafe for the collapse of bubble, the positions
of the free end and the fulcrum 33 are such that the
floﬁs Si. 89 and S3 through the liquid flow path 10
including the first liquid flow path 14 and the second
liquid flow path 16, are not impeded.

More particularly, in this embodiment, as
described hereinbefore, the free end 32 of the movable
member 3 is faced to a downstream position of the
center 3 of the area which divides the heat generating
element 2 into an upstream region and a  downstream
region (the line passing through the center (central
portion) of the area of the heat generating element
and perpendicular to a direction of the length of the
liquid flow path). The movable member 31 receives the

pressure and the bubble which are greatly

-20- for supplying



Above the el enent substrate in the liquid flow path 10, a novabl e nenber or
plate 31 in the formof a cantilever of an elastic material such as netal
is provided faced to the heat generating elenent 2. 15 One end of the
novabl e menber is fixed to a foundation (supporting nmenber) 34 or the |ike
provided by patterning of photosensitivityggresin material on the wall of
the liquid flow path 10 or the el enent substrate. By this structure, the
novabl e menber is 20 supported, and a fulcrum (ful crum portion) is
constituted. The novabl e nenber 31 is so positioned that it has a ful crum
(ful crum porti epneibatepie tboxeHeeadecB8Bonnofinthpsiigaddsatdethiet h respect

to a general 25 flow of the liquid fromthe common |iquid chanber 13 toward
t he ej ecti on odbwasti@amhsddehofhtheoaznkheceptiber positioned bf the ej ecting
operation and that it
heat generating element, and it guides the force to
the ejection outlet side, thus fundamentally improving
5 the ejection.efficiency or the eﬁection force.

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

Furthermore, it is considered that in the

10 structure of this embodiment, the instantaneous
mechanical movement of the free end of the movable
member 31, contributes to the ejection of the liquid.
<Embodiment 1>

In the following the description ﬁill be made

15 with an example wherein a first liquid path and a
second liquid path are separated by a separation or
partition wall. However, the present invention is
applicable to the example described in the foregoing.

Figure 7 shows a first embodiment. In Figure

20 7, A shows an upwardly displaced movable member
although bubble is not shown, and B shows the movable
member in the initial position (first position)
wherein the bubble generatidﬁ region 11 is
substantiall& sealed relative to the ejection outlet

25 18. Although not shown, there is a flow passage wall

between A and B to separate the flow paths.

In the liquid ejecting head of this



-21- has a free end (free end portion) 32 in a downstream side of the

ful crum 33. the novable nenber 31 is faced to the heat generating elenment 2
with a gap of 15[err]mapprox. as if it covers the heat generating el enent
2. 5 A bubbl e generation region is constituted between the heat generating
el ement and novabl e nenber. The type,(uyggguration or position of the heat
generating elenent or the novable nenber 17s not limted to the ones

descri bed above, but nmay be changed as long as 10 the growth of the bubble
and the propagation of the pressure can be controlled. For the purpose of

easy under st angimist Giede d |suudta theyd ia)dibwiiistn vid | £die drscr i bed
hereinafter, the liquid flow path 10 1s divided by the novabl e nenber 31
into a first Ibupb¥e dendrabigratis providdd ion dilie adlemant cCsubBinaté i on

e 1 which is provided with a heat generating element 2
for supplying thermal energy for generating the'bubble

5 in the liquid, and a first liquid flow path 14 for the
ejection liquid in direct communication with the
ejection outlet 18 is formed thereabove.

The upstream side of the first liquid flow
path is in fluid communication with a first common

16 ligquid 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 liguid
chamber for supplying the bubble generation ligquid to

15 a plurality of second liquid flow paths.

The structure of the first path is such that
the height thereof gradually increases toward the
ejection outlet to permit easier moion of the free end
that the fulcrum side.

20 In the case that the bubble generation ligquid
and ejection liquid are the same liquids, the number
of the common liquid chambers may be one.

Between the first and second liquid flow
paths, there is a separation wall 30 of an elastic

25 material such as metal so that the first flow path and
the second flow path are separated. In the case that

mixing of the bubble generation liquid and the



the ejection outlet 18 and a second liquid flow path 16 having the bubble
generation region 11 and the liquid supply port 12. By causing heat
generation of the heat 20 generating elenent 2, the heat is applied to the
liquid in the bubble generation region 11 between the novabl e nenber 31 and
the heat generating elenment 2, by which _gcbubble is generated by the film
boi I i ng phenonenon as disclosed in US Patent No. 4,723,129. 25 The bubble
and the pressure caused by the generation of the bubble act mainly on the
novabl e menber, so that the novabl e nmenber 31 noves or displaces to -22-

wi dely open tg iORe 18igeed 8Roll Be WidgmakQUEHNEifdgtCuguid as shown
in Figure 2, (b) and (c) or in _
flow path 14 and the second liquid flow path 16 are
preferably isolated by the partition wall. however,
when the mixing to a certain extent is permissible,
5 the complete isolation is not inevitable._

A portion of the partitioﬁ wall in the upward .
projection space of the heat generating element
(ejection pressure generation region including A and B
(bubble generation region 11) in Figure 7), is in the

10 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
outlet side (downstream with respect to the general
flow of the liquid). The movable member 31 is faced

15 to the sprface, and therefore, it operates to open
toward the ejection outlet side of the first iiquid
flow path upon the bubble generation of the bubble
genération liquid (direction of the arrow in the
Figure). Thus, since the free end portion is more

20 easily movable, the bubble is directed to the ejection
outlet without waste. A partition wall 30 is
disposed, with a-space for constituting’a secénd
liquid flow path, above an element substrate 1
provided with a heat generating resistor portion as

25 the heat generating element 2 and wiring electrodes
(not shown) for applying an electric signal to fhe

heat generating resistor'portion.



Figure 3. By the displacenent of the novable nenber 31 or the state after

t he di spl acenent.,, the 5 propagation of the pressure caused by the
generation of the bubble and the growh of the bubble per se are directed
toward the ejection outlet. Here, one of the fundanental ejection
principles used with the present inventiep7w ||l be 10 descri bed. One of

I mportant principles of this invention is that the novabl e nenber di sposed
faced to the bubble is displaced fromthe normal first position to the

di spl aced second position on the basis of the pressure of the bubble
generation or the bubbl 8spéer 1thecpoahtional drepatiiPrgamend §praced novabl e
menber 31 is effective_to direct the pressure produced by the generation of
the bubbl e andfslcrae 32oapf bhet fEeguBRfe3dePIstheoRavablre €& on

outlet 18 (downstream side). 20 Mbor e det ai l i i i
be made mﬁgh 31 and the hAat generating element, gge %gedg%%algglgg\mll

the previous example. |
5 In the previous example, the description has
been made és to the relation between the structures of
the liquid supply passage 12 and the heat generating
element 2. the relation between the second liquid flow
path 16 and the heat generating element 2 is the same
10 in this embodiment.
<Embodiment 2>
Figures 8 and 9 are a schematic longitudinal
section of the essential portion of the liqﬁid
ejection head in this second embodiment, and a
15 partially cutaway schematic view thereéf,

" respectively. They depict.one of the principal
concepts of the present invention, and its
characteristics.

Figure 8 schematically illustrates the
20 positioning of the movable member 31 in the liquid
passage; the movable member 31 is disposed directly

-above the bubble generation region 11 of the.éecond
liquid passage 16. Figure 9" is a partially cutaway
perspective view gf a liquid ejection head similar to

25 the one illustrated in Figure 8.
In this embodiment, the first liquid passage

height varies depending on the location. It is



conpari son between the conventional |iquid flow passage structure not using
t he novabl e nenber (Figure 4) and the present invention (Figure 5). Here,
the direction of propagation of the pressure toward the 25 ejection outl et
is indicated by VA, and the direction of propagation of the pressure toward
the upstreamis indicated by V[err]. =33- | n a conventional head as

shown in Figure 4, there is not any structural elenent effective to
regul ate the direction of the propagation of the pressure produced by the
bubbl e 40 generation. 5 Therefore, the direction of the pressure

propagati on of greates askéritli0abbeesthbagreel ehde ofuhihes mdvabld cat ed by
V1-V8, and therefore, is widely directed

member 31 than directly above the supporting portion

of the movable membe: 31 or the adjacencies theréof;

the first liquid passage ceiling portion 53 directly

5 - above the free end of the movable member 31 is higher

than the first liquid passage ceiling portion directly

above the supporting portion of the movabl; member 31

or the adjacencies thereof.

In other words, the configuration of the

10 first liquid passage 16 is such that its resistance
against the motion of the member is smaller near the
free end 32 of the movable member 31 than near the
supporting porfion 33 of the movable member 31.

Therefore, the movement of the free end of

15 the movablé member 31 which moves due to the pressure

- from the bubble 40 generated in the bubble generation
region 11 is not restricted. Consequently, the
pressure from the bubble 40 is effectively transmitted
toward the ejection orifice 18, and also, the growth

20 of the bubble 40 is effectively directed toward the

" ejection orifice 18.

Further, the configuration of the first
liquid passage 14 in this embodiment is such that its
ceiling gradually is lower at least a part between a

25 position faced to the free end and a position faced to
the fulcrum than at the position faced to the free

end.



I n the passage. Anong these directions, those of the pressure propagation
fromthe half portion of the 10 bubble closer to the ejection outlet
(V1-V4) have the pressure conmponents in the VA direction which is npst
effective for the liquid ejection. this portion is inportant since it
directly contributable to the liquid ejecgyon efficiency, the |liquid
ejection 15 pressure and the ejection speed. Furthernore, the conponent
V1 is closest to the direction of VA which is the ejection direction, and
therefore, is nost effective, and the V4 has a relatively small conponent
in the direction V[err]Th@fefore, as thm fiheeoenérpbamhbilpni oft thecase of the
present invention, shown in Figure 5, the novable nenber 31 is. effective to
direct, to themovahternemberj3ttisnmovedcclasecto the glanstede propagation
directions V1- V4 of the bubble which otherwi se are toward various 25
directions. theartiem B3caf the peebhipadi obRabfigupppethe free end

portion of the movable member 31 comes closer to the
5 ceiling portion 54 above the supporting portion, which
is lower than the ceiling portion on the free end
side, the flow resistance between the movable member
~and the ceiling increases, requlating the movement of
the movable member 31 toward the ceiling. Thus, even
10 when there is a certain degree of non-uniformity among
the movable members 31 due to manufacturing error,
that is, even when the ejection characteristié varies
due tb the difference in the shape or material of the
movable member 31, difference in the positional
15 felationship between the movable member 31 and the
bubble generation region 11, or the difference in the
bubble generation caused by the heat generating member
2, the amount of the movable member displacement is
rendered uniform by the ceiling.configuration in this
20 embodiment. As a result, the ejection is drastically
stabilized.

Further, in the case of a head comprising
prlural passages for the liquid to be ejected, the
structure in accordance with the present invention can

25 further improve the uniformity in the ejection
characteristic among the plural liquid passages. In

particular, when it is known that the characteristic



40 are concentrated, so that the pressure of the bubble 40 is directly and
efficiently contributable to -24- the ejection. The growth direction per
se of the bubble is directed dowmstreamsimlarly to to the pressure
propagation directions V1-V4, and grow nore in the 5 downstream side than
in the upstreamside. Thus, the growh dggection per se of the bubble is
controll ed by the novabl e nenber, and the pressure propagation direction
fromthe bubble is controlled thereby, so that the ejection efficiency,
ejection force and 10 ejection speed or the |ike are fundanentally

i nproved. Ref eofi thebat&uid pagsage 2istdifferent ngtopetht sbdeodft bbel i qui d

ejecting head in this exanple
ejection head, the present invention may be applied
only to these specifié regions.
Further, even when non—ﬁniform ejection

5 occurs due to the instability in the bubbie
generation, or the like factors, as the ejection is
repgated, the'employment of the structure in
accordance with the present invention can also
stabilize the ejection characteristic.

10 As described above, in this embodiment, the
resistance against the motion of the movable member by
the liquid is rendered smaller on the side closer to
the free end 32 of the mévable member 31 than on the
side closer to the supporting portion 33, that is, the

15 resistance to thg upward movement of the free end
portion of the movable member is relatively smaller.
Therefore, the ejection is reliably stabilized; the
duration of the repeated ejection is remarkably
uniform, and aiso, the ejection characteristic is

20 rendered extremely uniform across the plural ligquid
passages. Thus, when the liquid ejection head in
accordance with the present invention is empléyed as a
recording head, the amount of image anomaly can be
further reduced, drastically improving image quality.

25 In this embodiment, the flow resistance is
reduced on the free end side compared to that on the

supporting portion side, by modifying the ceiling



will be described in detail. Figure 2, (a) shows a state before the energy
15 such as electric energy is applied to the heat generating el enent 2,
and therefore, no heat has yet been generated. It should be noted that the
novabl e menber 31 is so positioned as to be faced at |east to the
downstream portion of the bubble generaLgﬁ:py the 20 heat generation of
the heat generating elenent. In other words, in order that the downstream
portion of the bubble acts on the novable nenber, the liquid fl ow passage
structure is such that the novable nmenber 31 extends at |east to the

posi tion downsi¢Rai e dHIOMSiEaHR ofiquid Paditasd NY Hdwewwh, tie center 3
of the area of the heat generating el enent and perpendicular to the |length
of the flow pakdy vd Fdduced by other means such as modifying the
structures of the lateral walls of the first liquid
passage; for example, the portion with lower flow.

5 resistance may be created by making the liquid passage
'width greater than the movable member width, and the
portion with higher flow resistance may be created by
making the liquid passage width less than the movable.
member width.

10 Next, the other functions of the structure
illustrated in Figure 8, and the effects thereof, will
be described.

The structure illustrated in Figure 8 is such
that when the movable member 31 is moved, it comes in

15 contact with the ceiling of the first liquid passagé,
at least by a part of the free end portion 32 thereof.
The provision of such a structure can sfabilize the
liquid ejection.as described above, and also can
reduce the mechanical damage of the movable member

20 caused by fhe excessive movement of the movable member
31, improving the durability of the movable member 31.
<Embodiment 3>

Figure 10 is a schematic section of the
essential portion of the liquid ejection head which

25 offers the same effects as the preceding embodiment,.
and depicts the specific liquid passage structure

thereof. The structure in this embodiment is



-25- center 3 of the area of the heat generating elenment. Figure 2, (b)
shows a state wherein the heat generation of heat generating el enent 2
occurs by the application of the electric energy to the heat 5 generating
el enent 2, and a part of of the liquid filled in the bubble generation
region 11 is heated by the thus generatedgheat so that a bubble is
generated through the filmboiling. At this tinme, the novable nenber 31 is
10 displaced fromthe first position to the second position by the
pressure produced by the generation of the bubble 40 so as to guide the
propagat i on ofbasicaklesstlie sammras tthat|idckushirated ein Figeteud be noted
that, as described hereinbefore, the free end 32 15 of the novabl e nenber
31 is di sposedioweyeie dotvithiefrkediment o ieRil bing deetghie)hl seml t he
fulcrum 33 is disposed in_the upstream side (conmon |iquid chanber
the free end side of the movable member 31 is greater
than a ceiling height h2 on the supporting portion
5 side of the movable member 31, and the ceiling section
between the high and low sections forms a straight
slope. With the presence of such a structure, the
movement of the free end portion 32 of the movable
member 31, which is caused by the growth of the bubble
10 40 as illustrated in Figure 10, (b), becomes smoother,
stabilizing fhereby the ejection performance.
<Modified Embodiment>
In this embodiment, the liqguid passages;
which are different in structure from those described
15 above, but are the same in function, are described.
Figures 11, (a), (b) and (c) illustrate such liquid
passages.
Referring to Figure 11, (a), the ceiling
section between the ceiling section 52 on the free end
20 side and the ceiling section 54 on the supporting
portion side forms a convex slope, which descends from
the free end side toward the supporting portion side.
This convex configuration of the sloped
portion of the liquid passage ceiling is designed in
25 order to allow the movable member to flex along the

contour of the ceiling. With the presence of such a

slope, even when the rigidity of the movable member 31



side), so that at least a part of the novable nenber is faced to the
downstream portion of the bubble, that 20 is, the downstream portion of the
heat generating elenment. Figure 2, (c) shows a state in which the bubble 40
has further grown. by the pressure resulting fromthe bubble 40 generation,
t he novabl e menber 31 25 is displaced fud®er. The generated bubbl e grows
nore downstream than upstream and it expands greatly beyond a first
position (broken line position) of the -26- novabl e nmenber. As the
novabl e menber 31 gradually noves in response to the growmh of the bubble
40 as descri beils abmleetivély blish] carid thexefore] | thesmovahlei megbews i n

31 is bent, that is, the free end portion of the
" movable member 31 is bent further upward, the same
effects as those descried above can be obtained. The
5 sloped portidh of the liquid'passage ceiling may be
rendered concave when the movable member 31 is such a
member that deforms in the direction opposite to the
direction described above. |

Figure 11, (b) depicts an example in which

10 the angle of the slope portion illustrated in Figure
10 is rendered steeper.

Figure 11, (c) depicts an example in which
the slanted portion of the liquid paséage ceiling is
stepped. This structure can be easily formed by

15 etching the member to be grooved tmember which
constitutes the ceilihg portion or the like of the
first liquid passage), several times, therefore, it is
easier to manufacture.
<Embodiment 4>

20 Next, referring to Figures 12, 13 and 14, the
fourth embodiment of the present invention will be
described. Since the basic structure in this
embodiment is the same as those illustrated in Figures
10 and 11, the descriptions of the same portions will

25 be omitted.

The structure in this embodiment is to

drastically extend the service life of the movable



5 the direction in which the pressure generated by the bubble 40 can easily
escape or be released, and in which the bubble 40 easily shifts in
volunetric ternms. In other words, the growh of the bubble is uniformy
directed toward the free end of the novable nmenber. 10 This also is thought
to contribute to the inprovenent of the eggction efficiency. Thus, it is
understood that in accordance with the growmh of the bubble 40, the novable
menber 31 gradual ly displaces, by which the pressure 15 propagation
direction of the bubble 40, the direction in which the volunme novenent is
easy, nanely, hémabgrobyhadgressivelpfmodibfpibygl theastrdctureed unifornly
toward the ejection outlet, so that the ejection efficiency is increased.
When the novabdesgaeibed 20 ghedéérsﬁeemhgéi@eaﬁdiPhEhBGBbFéeg@ﬁgﬁhiﬁon

pressure toward the ejection outlet, it _hardly obstructs gro agation and
growth, and camembercignipjechtppysically engage with, or contact,

the ceiling of the first 1;quid passage to prevent the
5 ~excessive displacemenf of the movable member 31.

In the case of the modification illustrated
in Figure 12, (a), the flow resistance in the liquid
passage is rendered smaller on the free end side than
on the supporting'member side, and the movable member

10 is caused to engage with, or contact, the stepped
portion 55 of the ceiling. Thus, the ejection
-characteristic is rendered uniform, and also, fhe
.exceésive movement of the movable member 31 is
prevented, improving its durability.

15 | In the case of the modification illustrated
in Figure 12, (b), a projection 56 projects into the
first liquid passage 14 from the liquid passage wall
22, and therefore, as the movable member is moved,.it
becomes engaged with, or comes in contact with, this

20 projection 56, being thereby prevented from moving
further, that is, being prevented from excessively
moving. This structure can prevent the "excessive
movement of the movable member 31, while allowing the
cross-sectional area of the first liquid passage 14 to

25 be increased to improve the liquid passage recharge

-efficiency.

In the case of the modification illustrated



the propagation direction of the pressure and the gromh direction of the
bubbl e in accordance with the 25 degree of the pressure. Figure 2, (d)
shows a state wherein the bubble 40 contracts and di sappears by the
decrease of -27- the pressure in the bubble, peculiar to the film
boi i ng phenomenon. The novabl e menber 314Baving been displaced to the
second position returns to the initial position'5 (first position) of

Figure 2, (a) by the restoring force provided by the spring property of the
novabl e menber per se and the negative pressure due to the contraction of

the bubble. Upga Fhgueel 1apsecyf Bubbhgagéhenti aordibhoss bsck fromthe
comon |iquid

provided, which regulates the upward movement of the

movable member 31 by coming in contact with the free

end portion 32 of the movable member 31 as the movable

5 member 31 is moved. The provision of this engagement

portioh 57 assures more reliable regulation of the

free end portion 32, further improving the durability

of the movable member.

Figure 13, (a) is a longitudinal section of

10 - the liquid ejection heads in accordance with the
present invention, and Figure 13, (b) is a cross-
section of the same, as seen from the ejection orifice
side. In both drawings, the movable member has been
moved. As is evident from Figure 13,(b), the cross-

15 section of the first liguid passage 14 is trapezoidal,
therefore, the movement of the movable member 31 is
regulated by the lateral walls of the ligquid passage,
at the points above which the distance between the
lateral walls becomes less than the width of the free

20 end portion of the movable member 31, preventing
excessive upward movement.

Figure 14, (a) is a longitudinal section of
the liguid ejection heads inraccordance with the
-present invention, and Figure 14, (b) is a cross-

25 section of the same, as seen from the ejection orifice
side. In both drawings, the movable member has been

moved. As is evident from Figure 14, (b), a stepped



10 chanber side as indicated by V[err] and V[err] and fromthe ejection
outlet side as indicated by V[err] so as to conpensate for the vol une
reducti on of the bubble in the bubble generation region 11 and to
conpensate for the volune of the ejected liquid. 15 In the
foregoing, the description has been nmade_gg_to the operation of the novable
nmenber with the generation of the bubble and the ejecting operation of the
l'iquid now, the description will be made as to the refilling of the liquid
in the Ilquid 20 ejecting head usable with the present invention. Referring

to Figure 2, %SﬂtﬂoﬁU9?|stﬁﬁéﬁﬂdéa1ah|éaéﬁ Uge6rabedal ep obethabbl e 40
enters the bub Il e coll apsing process after the maxi num vol une thereof 25

after Figure 2fifs} 3ique€d payshgerlsf tTkelpresedneaoafhtheseonpensate for
t he coIIapS|ng bubbling volume flows into the bubble generat[on region from
stepped portions 22 renders the width of the first
liquid passage 14 above these stepped portions 22 less
5 than the width of the movablé member, preventing the
. excessive movement of the movable member 31.

With the provision of the structure for
preventing the excessive movement of the movable
member, which was described above, the durability of

10 the movable member can be drastically improved. In
addition, even when the movable member displays
relatively small rigidity, it can be prevented from

- being excessively flexed; therefore, the bubble is
prevented from growing in directions (toward ceiling,

15 or in the upstream direction) different from the
direction of the ejection orifice, and also, the
pressure from the bubble is prevented from being
transmitted in directions other than the direction of
the ejection orifice. As a result, it is possible to

20 prevent the ioss of ejection efficiency.
<Embodiment 5>

Figures 15, (a), 15, (b) and 15, (c) depict
the fifth embodiment of the Eresent invention. Figure
15, (a) depicts the cross-section of the first liquid

25 passage 14, as seen from the ejection orifice side,

and also provides the projected view, as seen from the

ejection orifice side, of the movable member 31 which



-28- the ejection outlet 18 side of the first liquid flow path 14 and from
t he bubbl e generation region of the second liquid flow path 16. In the case
of conventional liquid flow 5 passage structure not having the novable
menber 31, the amount of the liquid fromthe ejection outlet side to the
bubbl e col | apse position and the anmount _@-the liquid fromthe common

| i quid chanber thereinto, are attributable to the fl ow resistances of the
portion 10 closer to the ejection outlet than the bubble generation region
and the portion closer to the comon liquid chanber. Therefore, when the

fl ow resi st anhasabekhne mowed inpor thei dérst dimulidr paswmagehd otdser side, a

illustrated in Figure 15, (b). As is evident from
Figure 15, (a), the contour of the cross-section of
the liquid passage 14 is similar to the contour of the

5 projected view of the movable member 31, that is, both
are trapezoidal. The trapezoidal contour of the
projectéd view of the movable member 31 is realized by
tapering the movable member 31 toward the free end
thereof as shown in Figure 15, (c).

10 : With the provision of such a structure, the
bubble generated by the heating member 2 is prevented
as much as possible from escaping through the gaps
formed between the free end edge and lateral edges of
the movable member, and the corresponding walls.

15 Consequently, the efficiency with which the bubble
acts on the movable member can be improved while
reducing the resistance to the upward movement of the
movable member 31. As a result, the ejection
efficiency is improved.

20 Figure 16 depicts a modification of the fifth
embodiment. In this modification, the contour of the
cross-section of the liquid passage and - the csntour of
the projected view of the movable member as seen from
the ejection orifice side are similar in that they are

25 both rectangular, or square. It should be noted here
that the cross-sectional configﬁration of the liquid

passage and the correspondent configuration of the



15 large anmount of the liquid flows into the bubble collapse position from
the ejection outlet side wwth the result that the neniscus retraction is
| arge. Wth the reduction of the flow resistance in the ejection outlet for
t he purpose of increasing the 20 ejection efficiency, the meniscus M
retraction increases upon the coll apse afggqubble with the result of |onger
refilling time period, thus making high speed printing difficult. According
to this enbodi ment, because of the 25 provision of the novabl e nenber 31,
the neni scus retraction stops at the tine when the novabl e nmenber returns
to the initialmgwabXe qeenmljeon are ot | Jdpsictesd to tlXSse deddribednd
thereafter, the supplg'of the liquid to _
: above; for example, they may be triangular.
<Other Embodiments>
In the foregoing, the description has been
5 made as to the major parts of the'liquid ejecting head
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
10 examples are usable with both of the single-flow-path
type and two-flow-path type without specific
statement.
<Movable member and partition wall>
Figure 17 shows another example of the
15 movable member 31, wherein reference numeral 35
designates a slit formed in the partition wall, and
the slit is effective to provide the movable member
31. In Figure 16, (a), the movable member has a
rectangular configuration, and in (b), it is narrower
20 in the fulcrum side to permit ihcreased mobility of
the movable member, and in (c¢), it has a wider fulcrum
side to enhance the durability of the movable member.
The configuration at the fulcrum side is desirable if
it does not enter the second liquid flow path side,
25 and motion is easy with high durability.

In the foregoing embodiments, the plate or

film movable member 31 and the separation wall 5



fill a volume W2 is acconplished by the flow VD2 through the second fl ow
path 16 (W is a volunme of an upper side of the bubble volume Wbeyond the
first 5 position of the novable nmenber 31, and W2 is a volunme of a bubble
generation region 11 side thereof). In the prior art, a half of the vol une
of the bubble volune Wis the vol unme of 448 nmeni scus retracti on, but
according to this enbodinent, only about one half (W) 10 is the volune of
the meni scus retraction. Additionally, the liquid supply for the volune W2
is forced to be effected mainly fromthe upstream (VD2) of the second
liquid flow paaviagrithishaavatle aesbah wasmadee el A inckelkhaving de of
the 15 novable nenber 31 using the pressure upon the col ]| apse of bubbl e,
and t her ef or e,2 MBHckNRss\OF &F i RPlacdhich is R M ted Lo VRIS t he

refilling using the pressure upon .the col ] apse .of bubbJe is carried out in
a g using tha & S5 RS 'Sy AR 19 DR Sediv

property against the bubble generatiqn liquid and the
5 ejection liguid, and if the élasticity is enough to
permit the operation of the movable nmember, and if the
required fine slit can be formed.
Preferable examples of the materials for the
movable member include durable materials sﬁch as metal
10 sudh as silver, nickel, gold, iron; titanium,
aluminum, platinum, tantalum, sfainless steel,
phosphor bronze or the'like, alloy thereof, or resin
ﬁaterial haviné nytril group such as acrylonitrile,
butadiene, stylene or the like, resin material having
15 amide groﬁp such as polyamide or the like, resin
- material having carboxyi such as polycarbonate or the
like, resin material having aldehyde group such as
polvacetal or the like, resin material having sulfon
group such as polysulfone, resin material such as
20 liquid crystal polymer or the like, or chemical
compound thereof; or materials having durability
against the ink, such as metal such as gold,ﬂfungsten,
tantalum, nickel, stainless Steel, titanium, alloy
thereof, materials coated with such metal, resin
25 material having amide group such as polyamide, resin
material having aldehyde group such as polyvacetal,

resin material having ketone group such as



20 conventional head, the vibration of the neniscus

s expanded with the

result of the deterioration of the inage quality, however, according to

this enbodinment, the flows of the liquid in the first
at the ejection outlet side and the ejection outlet 25

liquid flow path 14
si de of the bubble

generation region 11 are suppressed, so thgt the vibration of the neniscus

I s reduced. -30- Thus, according to this enbodi nent,

t he hi gh speed

refilling is acconpllshed by the forced refilling to t he bubbl e generation
region through the liquid supply passage 12 of the second flow path 16 5
and by the suppogyetheretheibketonescresint materbalahdvingr dmide t herefore,

the stabilization of ejection

group such as polyimide, resin material having

hydroxyl group such as phenolic resin, resin material

having ethyl group such as polyethylene,

resin

5 material having alkyl group such as polypropylene,

resin material having epoxy group such as epoxy resin

material, resin material having amino group such as

melamine resin material, resin material having

methylol group such as xylene resin material, chemical

10 compound thereof, ceramic material such as silicon

dioxide or chemical compound thereof.

Preferable examples of partition or division

walliinclude resin material having high heat-

resistive, high anti-solvent property and high molding

15 property, more particularly recent engineering plastic

resin materials such as polyethylene, polypropylene,

polyvamide, polyethylene terephthalate, melamine resin

material, phenolic resin, epoxy resin material,

polybutadiene, polyurethane, polyetheretherketone,

20 polyether sulfone, polyallylate, polyimide, poly--

sulfone, liquid crystal polymer (LCP), or chemical

compound thereof, or metal such as siliton dioxide,

silicon nitride, nickel, gold, stainless

steel, alloy

thereof, chemical compound thereof, or materials

25 coated with titanium or gold.

The thickness of the separation

wall is

determined depending on the used, material and



and hi gh speed repeated ejections are acconpl i shed, -and when the enbodi nent
is used in the field of recording, the inprovenent in the inmage quality and
in 10 the recording speed can be acconplished. The enbodi nent provides the
following effective function. It is a suppression of the propagation of the
pressure to the upstream side (back wave)syu oduced by the generation of the
bubbl e. The 15 pressure due to the common liquid chanber 13 side (upstream
of the bubble generated on the heat generating element 2 nostly has
resulted in force which pushes the Iiquid back to the upstream side (back
wave) . The bacloniueitin @xineHdaestaidpdintg &0 safftiwidnigui d into the
liquid flow path by the pressure at the upstreamside, the resulting nmotion
of the |iquid sineridich rees he malihemd suithics ent oppmativil mstthe hese
actions to the upstream side are suppressed Qy t he novabl e nmenber 31, so
t hat the movable member, and generally, 0.5 pm - 10 pm approx.
. is desirable.
5 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
10 meniscus between the liquids, thus avoiding mixture
therebetween. For example, when the bubble
generation liquid has a viscosity about 2 cP, and the
_ejection liquid has a viscosity not less than 100 cP,
5 nm approx. slit is enough to avoid the liquid
15 mixture, but not more than 3 mum is desirable.
When the ejection liquid and the bubble
generation liquid are separated, the movable member
functions as a partition therebetween. Howefer, a
small amount of the bubble generation ligquid is mixed
20 -into the ejection liquid. In the case of liquid
ejection for printing, the percentage of the mixing is
practically of no problem, if the percerntage is less
than 20 %. The percentage of the mixing can be
controlled in the present invention by properly
25 selecting the viscosities of the ejection liquid and

the bubble generation liquid.

When the percentage is desired to be small,



25 refilling performance is further inproved. The description will be nade
as to a further characterizing feature and the advant ageous effect. - 31-
The second liquid flow path 16 of this enbodinent has a liquid supply
passage 12 having an internal wall substantially flush with the heat
generating elenent 2 (the surface of the_ggat 5 generating elenent is not
greatly stepped down) at the upstream side of the heat generating el enent
2. Wth this structure, the supply of the liquid to the surface of the heat
generating el enent 2 and the bubbl e generation region 11 occurs along the
surface 10 of tigecanvbkl eegackdr tdl5as, t Berpesainpde,Cbyseasing ShEPSubbl e

generation region 11 as indicated by V[err].
or lower fro the bubble generation liquid and 20 CPS
or lower for the ejection liquid.

In this invention, the movable member has a

5 - thickness of pm order as preferable thickness, and a
movable member having a thickness pf 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 um) of the order of the

10 thickness of the moQable member, it is desirable to
consider the variations in the manufacturing.

When the thickness of the member opposed to
the free end and/or 1afera1 edge of the movable member
formed by a slit, is equivalent to the thickness of

15 = the movable member (Figures 13, 14 or the like), the
relation between the slit width and the thickness ié
preferably as follows in consideration of the
variation in the manufacturing to stably suppress the
liquid mixture between the bubble generation liguid

20 and the ejection liquid. When the bubble generation
liquid has a viscosity not more than 3cp, and a high
viscous ink (5 cp, 10 cp or the likej 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.

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

mixture prevention is assured.



Accordi ngly, stagnation of the liquid on the surface of the heat generating
element 2 is suppressed, so that precipitation of the gas dissolved in the
liquid 15 is suppressed, and the residual bubbles not disappeared are
removed without difficulty, and in addition, the heat accunulation in the
liquid is not too nuch. Therefore, the sisghilized bubbl e generation can be
repeated at a high speed. In this enbodi nent, 20 the liquid supply passage
12 has a substantially flat internal wall, but this is not limting, and
the liquid supply passage is satisfactory if it has an internal wall with
such a confi guRliements Subistinatest ended fromthe surface of the heat '
generating 25 el enent that the stagnation of the |iquid occurs on the heat

gfene[]at: ng elderrent , an@heddesdmptiiometildi de madentas) taksed in the supply
of the Iiquid.

structure of the element substrate provided with the
heat generating element for heating the liquid.

5 Figure 18 is a longitudinal section of the
liquid ejecting head according to én embodiment of the
present invention. |

_ On the element substrate 1, a groéved member
50 is mounted, the member 50 having second liquid flow

10 paths 16, separétion walls .30, first liquid flow paths
14 and grooves for constituting the first liquid flow
path.

The element substrate 1 has patterned wiring
electrode (0.2 - 1.0 pum thick) of aluminum or the like

15 and patterned eieqtric resistance layer 105 (0.01 -
0.2 pm thick) of hafnium boride (HfB;), tantalum
nitride (TaN), tantalum aluminum (TaAl) or the like
constituting the heat generating element on a silicon
oxide film or silicon nitride film 106 for insulation

20 and heat accumulation, which in turn.is on the
substrate 107 of silicon or the like. A voltage is
applied to the resistancellayer 105 through the two
wiring electrodes 104 to flow a current through the
resistance layer to effect heat generation. Between

25 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 resistance layer, and in



-32- The supply of the liquid into the bubble generation region may occur
through a gap at a side portion of the novable nenber (slit 35) as
indicated by V[err].. In order to.direct the pressure upon the 5 bubble
generation further effectively to the ejection outlet, a |arge novable
menber covering the entirety of the bubblLgggeneration region (covering the
surface of the heat generating elenent) nmay be used, as shown in Figure 2.
then, the flow resistance for the liquid 10 between t he bubbl e generation
region 11 and the region of the first liquid flow path 14 close to the

ej ection outl eadddtion: cadednby-chvitationalaperodft fankelam ermdidger to
the first position, so that the flow of the liquid to the bubble generation
region 11 al ondi¥pefP}115 Paf p@ Shipkdsisdformpdy thergepoit® RFotecthe head

structure of this enbodinment, there_ is a flow
the resistance layer 105 from various liquid such as

ink.

5 | The pressure and shock_wave generated upon
the bﬁbble generafion and collapse is so stfong that
the durability of the oxide film which is relatively
fragile is deteriorated. therefore, metal material
such as tantalum (Ta) or the like is used as the anti-

10 cavifation layer.

The protection layer may be omitted depending
on the combination of liquid, liquid flow path
structure and resistance material. one-of such
examples is shown in Figure 19, (b). The material of

15_ the resistance layver not requiring the protectién
layer, includes, for example; iridiﬁm - tantalum -
aluminum alloy or the like. Thus, the structure of
the heat generating element in the foregoing |
embodiments may include onl& the resistance layer(heat

20 generation portion) or may include a protection layer
for protecting the resistance layer.

| In the embodiment, the heat generating
element has a heat generatidh portion having the
resistance layer which generates heat in response to

25 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.



effective to supply the liquid to the bubble generation region, the supply
performance of the liquid is greatly increased, and therefore, even if 20

t he novabl e nmenber 31 covers the bubble generation region 11 to inprove the
ej ection efficiency, the supply performance of the liquid is not
deteriorated. The positional relation beiygen the free end 32 and the

ful crum 33 of the novable nenber 31 is such 25 that the free end is at a
downst ream position of the fulcrumas indicated by 6 in the Figure, for
exanple. Wth this structure, the function and effect of -33- guiding
the pressure prepageampbefli hest i genenstide poretonomapfbehkngtbet h. of the

bubble to the ejection outlet side or the like can be efficiently assured
form of a photothermal transducer which generates heat
upon receiving 1ight such as_laser, or the one which
genefates heat upon receiving high'frequency.wave.

5 _ ~ On the element substrate 1, function elements
such as a transistor, a diode, a latch, a shift
register and so on for selective driving the
electrothermal transducer element may also be
integrally built in, in addition to the resistance

 16 layer 105 constituting the heat generation portion and
the electrothermal transducer constituted by the
wiring electrode 104 for supplying the electric signal
to the resistance layef.
In order to eject the liquid by driving the

15 heat generation p&rtion.of the electrothermal
transducer on the above-described element substrate 1,
the resistance laﬁer 105 is supplied through the
wiring electrode 104 with rectangular pulses as shown
in Figure 18 to cause instantaneous heat generation in

20 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 24 V, a bulse
width of 7 psec, a current o% 150 mA and a frequency
of 6kHz to drive the heat generating element, by which

25 the liquid ink is ejected through the ejection outlet

through the process described hereinbefore. However,

the driving signal conditions are not limited to this,



upon the bubble generation. Additionally, the 5 positional relation is
effective to acconplish not only the function or effect relating to the
ej ection but also the reduction of the flow resistance through the |iquid
flow path 10 upon the supply of the liquid thus permtting the high speed
refilling. When the 10 neniscus M retrag%gg b the ejection as shown in
Figure 6, returns to the ejection outlet by capillary force or when the
liquid supply is effected to conpensate for the coll apse of bubble, the
positions of the free end and the fulcrum 33 are such that the 15 flows

S1, S2 and S3 kbt Ouay bdedhy it dthé Wapsld dénénstidhnyighieafigst |iquid
flow path 14 and the second liquid flow path 16, are not inpeded. Mbre

particul arly, phopérbyesdpabhendf bubblscgehedabiori nbefore, the free end
32 of the novable 20 nenber 3 is faced to a downstream position of the
center 3 of th<Ejectionitiquidiard bhbbheagegenationnyiquid>

As described in the foregoing embodiment,

5 -~ according to the present invenfion, by the structure
having the movable memberldescribed above, the liquid
can be ejected at higher ejection force or ejection
efficiency than the conventional liquid_ejecting'head.
When the same liquid is used for the bubble generation

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

15 condensafion. So, various liqﬁids are usable, if the

. liquid is the one not deteriofating the liquid flow
passage, movable member or separation wall or the
like.

Among su#h liquids, the one having the

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

When the two-flow-path structure of the
present invention is used with different ejection
liguid and bubble generation liguid, the bubble

25 generation liquid having the above-described property
is used, more particularly, the examples includes:

methanol, ethanol, n-propyl alcohol, isopropyl



element 2 into an upstreamregion and a downstreamregi on (the |ine passing
t hrough the center (central portion) of the area of the heat generating

el enent 25 and perpendicular to a direction of the length of the liquid
flow path). The novabl e nenber 31 receives the pressure and the bubble
which are greatly -34- contributable igpythe ejection of the Iiquid at
the downstream side of the area center position 3 of the heat generating

el enent, and it guides the force to the ejection outlet side, thus
fundamental ly inproving 5 the ejection efficiency or the ejection force.
Furt her advantgpeshsl efd-eai-chexangs av+hepitarse ngntdetaps: rextuenele of t he

bubbl e, as descri bed herei nbefore.
xylene, methylene dichloride, trichloroethylene, Freon
TF, Freon BF, ethyl ether, dioxane, cyclohexane,
methyl acetate, ethyl acetate, acetone, methyl ethyl
5 ketoné, water, or the like, and a mixture thereof.

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

10 because of low bubble generation property and/or
easiness of property change due.to heat, are usable.

However, it is desired that the ejection
liqgquid by itself-or by reaction with the bubble
generation liquid, does not impede the ejection, the

15 bubble generation or the operation of the movable
member or the like. |

As for the recording ejection liquid, high
viscous ink or the like is usable. As for another
ejection liquid, pharmaceuticals and perfume or the

20 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-of thé
ejection liquid and the bubble generation liquid, and
the recording operation was carried out. Since the

25 ejection speed of the ink is increased, the shot
accuracy of the liquid droplets is improved, and

therefore, highly desirable images were recorded.



Furthernore, it is considered that in the 10 structure of this enbodinent,
t he i nstantaneous nmechani cal novenent of the free end of the novabl e nmenber
31, contributes to the ejection of the liquid. <Enbodinent 1> In the
followi ng the description will be nmade 15 with an exanple wherein a first
liquid path and a second |iquid path are_ggparated by a separation or
partition wall. However, the present invention is applicable to the exanple
described in the foregoing. Figure 7 shows a first enbodinent. In Figure 20
7, A shows an upwardly displaced novabl e nenber al t hough bubble is not
shown, and B speusihhevipeebitynefib2epin the initial position (first
position) wherein the bubble generation region 11 is substantially seal ed
relative to the ej ¢ctionfootl bliagk 23. dwet hough not sBowl. Bhere is a flow
passage wall between A and B to sefarate t he fIOM/patg%.

diethylene glyco wt. %
‘Thio diglycol 5 wt. %
5 Ethanol ' 5 wt. %
Water 77 wt. %

Recording operations were also carrigd out
using fhe following combination of the liquids for the
bubble generation liquid and the ejection ligquid. As

10 a result, the liquid having a ten and several cps
viscosity, which was unable to be ejected heretofore,
was properly ejected, and even 150cps liquid was
properly ejected to provide high quality image.
Bubble generation liquid 1:

15 Ethanol 40 wt. %

Water 60 wt. %
Bubble generation liquid 2:
Water 100 wt. %
Bubble generation liquid 3:
20 Isopropyl alcoholic 10 wt. %
Water 90 wt. %
Ejection liquid 1:

(Pigment ink approx. 15 cp)

Carbon black 5 wt. %
25 Stvlene-acrylate-acrylate ethyl
copolymer resin material 1 wt. %

Dispersion material (oxide 140,



In the liquid ejecting head of this - 35- enbodi nent, a second liquid
flow path 16 for the bubble generation is provided on the el enent substrate
1 which is provided with a heat generating elenent 2 for supplying thermal
energy for generating the bubble 5 in the liquid, and a first liquid flow
path 14 for the ejection liquid in directsggonmunication with the ejection
outlet 18 is fornmed thereabove. The upstream side of the first liquid flow
path is in fluid comunication with a first conmmon 10 |iquid chanber 15
for supplying the ejection liquid into a plurality of first liquid flow

pat hs, and the upstweighti seenage mobecwhar | welglt)!l ow path is in fluid
communi cation with the second common |iquid

Mono-ethanol amine : 0.25 wt. %
Glyceline ' 69 wt. %
Thiodiglycol | 5 wt. %

5 Ethanol ' 3 wt. %
water 16.75 wt. %

Ejection liquid'z (55¢cp):
Polyvethylene glycol 200 100 wt. %
Ejection liquid 3 (150cp):
10 Polyethylene glvcol 600 100 wt. %

In the case of the liquid which has not been
easily ejected, the ejection speed is low, and.
therefore, the variation in the ejection direction is
expanded on the recording paper with the result of

15 poor shot accuracy. Additionally, variation of
ejection amount occurs due to the ejection
instability. thus preventing the recording of high
quality image. However, according to the embodiments,
the use of the bubble generation liquid.permits

20 sufficient and stabilized generation of the bubble.
Thus, the improvement in the shot accuracy of the
liquid droplet and the.stabilization of’ the ink
ejection amount can be accomplished, thus improving
the recorded image quality remarkably.

25 <Structure of Twin Liquid Passage Head>

Figure 20 is an exploded perspective view of

the twin passage ligquid ejection head in accordance



chanber for supplying the bubble generation liquid to 15 a plurality of
second liquid flow paths. The structure of the first path is such that the
hei.ght thereof gradually increases toward the ejection outlet to permt
easier nmoion of the free end that the ful crum side. 20 In the
case that the bubble generation |liquid arghejection liquid are the sane

| i qui ds, the nunber of the common |iquid chanbers may be one. Between the
first and second liquid flow paths, there is a separation wall 30 of an
elastic 25 nmaterial such as netal so that the first flow path and the
second fl ow paritirehe auedssred. inverthioomasnd hiapidcks nitsfgeherdlbbl e

generation liquid and the - 36-
structure.
The aforementioned element substrate 1 is
disposed on a.supporting member 70 of aluminum or thé
5 like. The wall 72 of the second liquid passage and
the wall 71 of the second common liquid chamber 17 are
disposed on this substrate 1. The partition wall 30,
a part of which constitutes a moving member 31, is
placed on top of them. On top of this partition wall
10 30, a grooved member 50 is disposed, which comprises:
plural grooves constituting first liquid passages 14;
a first common liquid chamber 15; a supply passage 20
for supplying the first'common liquid chamber 15 with
first liquid; and a supply passage 21 for supplying
15 the sgcond common liquid chamber 17 with second
liquid. | '
<Ligquid ejection head cartridge>
The description will be made as to a liquid
ejection head cartridge having a liquid ejecting head
20 according to an embodiment of the present invention.
Figure 21 is a schematic exploded perspective
view of a liqﬁid ejection head cartridge inciuding the
above~described liquid ejecting head, and the liqﬁid
ejection head cartridge comprises generally a liquid
35 ejecting head portion 200 and a liquid container 80.
The liquid ejecting head portion 200

comprises an element substrate 1, a separation wall



ejection liquid should be mninmm the first liquid flow path 14 and the
second liquid flow path 16 are preferably isolated by the partition wall,
however, when the mxing to a certain extent is permssible, 5 the conplete
isolation is not inevitable. A portion of the partition wall in the upward
proj ection space of the heat generating eggnment (ejection pressure
generation region including A and B.(bubble generation region 11) in Figure
7), isinthe 10 formof a cantilever novable nenber 31, formed by slits
35, having a fulcrum 33 at the common |iquid chanber (15 17) side and free
end at the ejegdi 08 §robeédsSmémbétos0staeeomidihingespetagt B0} heigader al

flow of the liquid). The novable nenber 31 is faced 15 to the surface, and
therefore, it sppphyecmenbenp?0 avndaadstpporiingi member| 20.si ®beof the first
liquid fl ow path upon the bubbl e generation of the bubble generation |iquid
(direction of ehementosubstrajee 1 is provided with a plurality of
heat generating resistors for supplying heat to the
5 bubble'generation liquid, as described hereinbefore.
A bubble generation liquid passage is formed between
the element substrate 1 and the separation wall 30
having the movable wall. By the coupling between the
separation wall 30 and the grooved top plate 50, an
10 ejection flow path(unshown) for fluid communication
with the ejection liquid is formed.

' The confining spring 70 functions to urge the
grooved member 50 to the element substrate 1, and is
effective to properly integrate the element substrate

15 1, separation wall 30, groo&ed and the supporting
member 70 which'will be described hereinafter.
Supporting member 70 functions to support an
element substrate 1 or the like, and the supporting
membexr 70 has thereon a circuit board 71, connected to
20 the element substrate 1, for supplying the electric
signal thereto, and contact pads 72 for electric
signal transfer between the device side’when the
cartridge is mounted on the Epparatus.
The liquid container 90 contains the ejection
25 liquid such as ink to be supplied to the liquid

ejecting head and the bubble generation liquid for

bubble generation, separately. The outside of the



Figure). Thus, since the free end portion is nore 20 easily novable, the

bubble is directed to the ejection outlet w thout waste.

A partition wall

30 is disposed, with a space for constituting a second liquid flow path,
above an el enent substrate 1 provided with a heat generating resistor
portion as 25 the heat generating el energa2 and wiring el ectrodes (not
shown) for applying an electric signal to the heat generating resistor
portion. -37- As for the positional relation anmong the ful crum 33 and
the free end 32 of the novabl e nenber 31 and the heat generating el enent,
are the sane dsiquid leonprésineot 90exiamprovidsied with a positioonirayi ous

exanpl e, the description has

portion 94 for mounting -a connecting member for

connecting the liquid ejecting head with the liquid

container and a fixed shaft 95 for fixing the.

5 connection portion. The ejection liquid is supplied

to the ejection liquid supply passage 81 of a liquid

supply member 80 through a supply passage 81 of the

connecting member from the ejection liquid supply

passage 92 of the liquid container, and is supplied to

10 a first common liguid chamber through the ejection

'liquid supply passage 83, supply and 21 of the

members. The_bubble generation'liquid is similarly

supplied to the bubblé generation liquid supply

passage 82 of the liquid supply member 80 through the

15 supply passage of the connecting member from the -

Suppiy passage 93 of the liquid container, and is

supplied to the second ligquid chamber through the

bubble generation liquid supply passage 84, 71, 22 of

the members.

20 In such a liquid ejection head cartridge,

even if the bubble generation liquid and the ejection

liquid are different liquids, the ligquids are supplied

in good order. In the case that the ejection liquid

and the bubble generation liquid are the same, the

25 supply path for the bubble generation liquid and the

ejection liquid are not necessarily separated.

After the liquid is used up, the ligquid



been made as to the relation between the structures of the liquid supply
passage 12 and the heat generating element 2. the relation between the
second liquid flow path 16 and the heat generating element 2 is the sane 10
in this enbodi ment. <Enbodiment 2> Figures 8 and 9 are a schematic
| ongi tudi nal section of the essential porggon of the Iiquid ejection head
in this second enbodinent, and a 15 partially cutaway schematic view
thereof, respectively. They depict one of the principal concepts of the
present invention, and its characteristics. Figure 8 schematically
il lustrates theodbaipesstmayibg stpphiedowibhethenbespéttivet he |iquid
passage; the novable menber 31 is disposed directly above the bubble
generation regidauidsef Tacfaeibhbateqthispgupnri¥.1theriggpédg js a
partially cutaway .
container is desirably provided with a liquid
injection port. The liquid ejecting head and liquid
5 container may be unseparably integrai, or may be
separable.
<Liquid ejecting device>
Figure 22 is a schematic illustration of a
liquid ejecting device used with the above-described
10 liguid ejecting head. In this embodiment, the
ejection liquid is ink, and the apparatus is an ink
ejection recording apparatus. the liquid ejecting
device comprises a carriage HC to which the head
cartridge comprising a liquid container portion 90 and
15 liquid ejecting head portion 200 which are detachably
connectable with each other, is mountable. The
carriage HC is reciprocable in a direction of width of
the recording material 150 such as a recording sheet
or the like fed by a recording material transporting
20 means.
When a driving signal is supplied to the
liquid ejecting means on the carriage from unshown
driving signal supply means, the recording liquid is
ejected to the recording material from the liquid
25 ejecting head in response to the signal.

The liquid ejecting apparatus of this

embodiment comprises a motor 111 as a driving source



perspective viewof a liquid ejection head simlar to 25 the one
illustrated in Figure 8. In this enbodinent, the first |liquid passage.
hei ght varies depending on the location. It is -38- greater directly
above the free end of the novable nenber 31 than directly above the
supporting portion of the novable menber _Fy.or the adjacencies thereof; the
first liquid passage ceiling portion 53 directly 5 above the free end of
t he novabl e nenber 31 is higher than the first liquid passage ceiling
portion directly above the supporting portion of the novabl e nenber 31 or
t he adj acenci efdih&lr€afing rthel helcordidsy mdterdal itpamsportinig tleardd) fir st
| i qui d. passage 16 is such that its resistance
and the carriage, gears 112, 113 for transmitting the
power from the driving source to the carriage, and
carriage shaft 115 and so on. By the recording device
5 and the liéuid ejecting method using this recording
device, good prints can be provided by ejecting the
liquid to the various recording material.
Figure 23 is a block diagram for describing
the general operation of an ink ejection recording
10 apparatus which employs the liquid ejection method,
and the liquid ejection head, in accordance with the
present invention.
The recording apparatus receives printing
data in the form of a control signal from a host
15 computer 300. The printing data is temporarily stored
in an input interface 301 of the printing apparatus,
and at the same time, is converted into processable
data to be inputted to a CPU 302, which doubles as
means for supplying a head driving signal. The CPU
20 302 processes the aforementioned data inputted to the
CPU 302, into printable data (image data), by
processing them with the use of peripheral units such
as RAMs 304 or the like, fofiowing control programs
stored in an ROM 303.
25 Further, in order to record the image data

onto an appropriate spot on a recording sheet, the CPU

302 generates driving data for driving a driving motor



agai nst the notion of the nenber is snmaller near the free end 32 of the
movabl e menber 31 than near the supporting portion 33 of the novabl e nenber
31. Therefore, the novenent of the free end of 15 the novable nmenmber 31
whi ch noves due to the pressure fromthe bubble 40 generated in the bubble
generation region 11 is not restricted. -@gasequently, the pressure fromthe
bubble 40 is effectively transmtted toward the ejection orifice 18, and
also, the growth 20 of the bubble 40 is effectively directed toward the
ejection orifice 18. Further, the configuration of the first |iquid passage
14 in this enwdicemovies theh relcarding sdeeitngngr MIH%ﬂqlﬁﬂr&/\gﬁaﬁ | east
a part between a 25 position faced to the free end and a posjition faced to
the ful crum t Han synchxeniss wigh tthecdmage fatd-ce TRy image data '

and the motor driving.data are transmitted to a head
200 and a driving motor 306 through a head driver 307

5 and a motor &river 305, respectively, which are
controlled with the proper fimings for forming an
image.

As for recording medium, to which liquid such
as ink is adhered, and which is usable with a

10 recording apparatus such as the one described above,
the following can be listed; various sheets of paper;
OHP sheets; plastic material used for forming compact
disks, ornamentél plates, or the like; fabric;
metallic material such as aluminum, copper, or the

15 like; leather material such as cow hide, pig hide,
synthetic leather, or the like; lumber material such
aé solid wood,.plywood, and the like; bamboo material;
ceramic material such as tile; and material such as
sponge which has a three dimensional structure.

20 The aforementioned recording apparatus
includes a printing apparatus for various sheets of
paper or OHP sheet, a recording apparatus fof.plastic
material such as plastic matérial used for forming a
compact disk or the like, a recording apparatus for

25 metallic plate or the like, a recording apparatus for
leather material, a recording apparatus for lumber, a

recording apparatus for ceramic material, a recording



-39- Therefore, as the free end portion of the novable nmenber 31 is noved
close to the slanted portion 53 of the ceiling, that is., as the free end
portion of the novabl e nenber 31 comes closer to the 5 ceiling portion 54
above the supporting portion, which is |lower than the ceiling portion on
the free end side, the flow resistance bgggeen the novabl e nmenber and the
ceiling increases, regul ating the novenent of the novable nenber 31 toward
the ceiling. Thus, even 10 when there is a certain degree of non-uniformty
anong the novabl e nmenbers 31 due to manufacturing error, that is, even when

the ejection chppaeheubSEbe ¥YArbasdiieénsfohle detbedengemediumessichpe or
mat eri al of the novable nenber 31, difference in the positional 15
rel ati onshi p baswspongbeorothel dikepber téktihe phénting apparatus
for recording images on fébric, and the like recording
apparatuses.

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

10 Next, an exemplary ink jet recording system

| will be described, which records images on recording
medium, using, as the recording head, the liquid
ejection head in accordance with the present
invention.

15 Figure 24 is a schematic perspective view of
an ink jet recofding system employing the
aforementioned liquiq ejection head 201 in accordance
with the present invention, and depicts its Qeneral
structure. The liguid ejection head in this

20 embodiment ié a full-line type head, which comprises
plural ejection orifices aligned with a density of 360
dpi so as to cover the entire recordablée ranée of the
récording medium 150. It comprises four heads, which
are correspondent to four colors; yellow (Y), magenta

25 (M), cyan (C) and black (Bk). These four heads are
fixedly supported by a holder'1202, in parallel to

each other and with predetermined intervals.



bubbl e generation region 11, or the difference in the bubble generation
caused by the heat generating menber 2, the anmount of the novable nenber
di spl acenent is rendered uniformby the ceiling configuration in this 20
enbodi ment. As a result, the ejection is drastically stabilized. Further,
in the case of a head conprising plural ppgsages for the liquid to be
ej ected, the structure in accordance with the present invention can 25
further inprove the uniformty in the ejection characteristic among the
plural liquid passages. In particular, when it is known that the
characteristic - 40- THedehdadyuiatepalyrdirvgm iin diddporse tad 4t h si de of
the ejection head, the present invention nay be applied
signals supplied from a head driver 307, which
constitutes means for supplying a driving signal to
each head.
5 Each of the four color inks (¥, M, C and Bk)
is supplied to a correspondent head from an ink
container 204a, 204b, 205c or 204d. A reference
numeral 204e designates a bubble generation liquid
container from which the bubble generation liquid is
10 delivered to each head.
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 heads,
15 protecting the heads, and also maintaining the head
performance, during a non-recording period.
A reference numeral 206 designates a conveyer
belt, which constitutes means for conveying the
various recording medium such as those described in
20 the preceding embodiments. The conveyer belt 206 is
routed through a predetermined path by various
rollers, and is driven by a driver roller connected to
a motor driver 305. -
The ink jet recording system in this
25 embodiment comprises a pre-~printing processing

apparatus 251 and a postprinting processing apparatus

252, which are disposed on the upstream and downstream



only to these specific regions. Further, even when non-uniformejection 5
occurs due to the instability in the bubble generation, or the |ike
factors, as the ejection is repeated, the enploynent of the structure in
accordance with the present invention can also stabilize the ejection
characteristic. 10 As descri bedggbove, in this enbodi nent, the
resi stance agai nst the notion of the novable nenber by the liquid is
rendered smaller on the side closer to the free end 32 of the novabl e
nmenber 31 than on the side closer to the supporting portion 33, that is,
the 15 resistast@esp raspépbhbvelypvefrethe oink hpetreecendipgrti on of the
novabl e member is relatively smaller. Therefore, the ejection is reliably
stabilized; thapparatusn alontctheprecendingcnediunscennayruageypPatbtor m
and al so, the ejection characteristic is 20 _rendered _extrenmely uniform
across the pl uFaeseprpgessing apparatuses 251 and 252 process the
recording medium in various manners before or after
5 recording is made, respectively.
The pre-printing process and the postprinting
process vary depending on_the type of recording
medium, or the type of ink. For example, when
recording medium composed of metallic material,
10 plastic material, ceramic material or the like is
employed, fhe recording medium is exposed to ultra-
violet rays and ozone before printing, activating its
surface.
| In a recording material tending to acquire
15 electric charge, such as plastic resin material, the
dust tends to deposit on the surface by static
electricity. the dust may impede the desired
recording. In such a case, the use is made with
ionizer to remove the static charge of the recording
20 material, thus removing the dust from the recording
material. When a textile is a recording material,
from the standpoint of feathering prevenhtion and
improvement of fixing or the like, a pre-processing
may be effected wherein alkali property substance,
25 water soluble property substance, composition

polymeric, water soluble property metal salt, urea, or

thiourea is applied to the textile. The pre-



passages. Thus, when the liquid ejection head in accordance with the
present invention is enployed as a recording head, the anmount of inmage
anonaly can be further reduced, drastically inproving image quality. 25
In this enbodinent, the flow resistance is reduced on the free end side
conpared to that on the supporting portieg9si de, by nodifying the ceiling
-41- structure of the first liquid passage. However, it may be reduced by
ot her nmeans such as nodifying the structures of the lateral walls of the
first liquid passage; for exanple, the portion with lower flow 5 resistance
may be creat edPBpcessing tlise noitqdiidigeds ge thiigt h apde dite magh e tthe novabl e
menber wi dth, and the portion with higher flow resistance may be created by
. one to provide the recording material with the proper
temperature.
On the other hand, the post-processing is a
5 process for imparting, to the recording material
having received the ink, a heat treatment, ultraviolet
radiation projection to promote the fixing of the ink,
or a cleaning for removing the process material used
for the pre-treatment and'remaining because of no
10 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.
15 <ﬂead Kit>
Hereinafter, a head kit will be described,
which comprises the liguid ejection head in accordance
with the present invention. Figure 25 is a schematic
view of such a head kit. This head kit is in the form
20 of a head kit package 501, and contains: a head 510 in
accordance with the present invention, which comprises
an ink ejection section 511 for ejecting ink; an ink
container 510, that is, a liquid container which is
separable, or nonseparable, from the head; and ink
25 filling means 530, which holds the ink to be filled

into the ink container 520.

After the ink in the ink container 520 is



maki ng the liquid passage width | ess than the novabl e nenber width. 10
Next, the other functions of the structure illustrated in Figure 8, and the
effects thereof, will be described. The structure illustrated in Figure 8

I s such that when the novable nenber 31 is noved, it conmes in 15 contact
with the ceiling of the first |iquid passgge, at |east by a part of the
free end portion 32 thereof. The provision of such a structure can
stabilize the liquid ejection as described above, and al so can reduce the
mechani cal danage of the novabl e nenber 20 caused by the excessive novenent
of the novabl ecomphetely, deppetedngthbetdpr 8BDI i(tip d¢het FermpodZblee nenber

31. <Enbodinment 3> Figure 10 is a schemati.c section of the essenti al
portion of thehypgdegmiccoeedhehexdthri diked off dhe dhk fiddimbfects as the

precedi ng enbodi nent,
means is inserted into an air vent 521 of the ink

container, fhe junction between the ink container and
-5 the head, or a hole drilled through the ink cbntainer
wall, and the ink within the ink filling means is
filled into the ink container through this tip 531.
When the liquid ejection head, the ink
container, the ink filling means, and the like are
id available in the form of a kit contained in the kit
package, the ink can be easily filled into the ink
.depleted ink container as described above; therefore,
recording can be quickly reétarted.
In this embodiment, the head kit contains the
15 ink filling means. Hoﬁever, it is not mandatory for
the head kit to contain the ink filling means; the kit
may contain an exchangeable type ink container filled
with the ink, and a head.
Even though Figure 28 illustrates only the
20 ink filling means for filling the printing ink into
the ink container, the head kit may contain means for
filling the bubble generation liquid into the bubble
generation liquid containerf'in addition to the
printing ink refilling means.
25 While the invention has been described with
reference to the structures disclosed herein, it is

not confined to the details set forth and this



and depicts the specific |iquid passage structure thereof. The structure in
this enbodinent is -42- basically the sane as that illustrated in Figure
8. However, in this enbodinment, a ceiling height hl on the free end side of
t he novabl e nmenber 31 is greater than a ceiling height h2 on the supporting
portion 5 side of the novable nenber 31,_¢d the ceiling section between
the high and I ow sections forns a straight slope. Wth the presence of such
a structure, the novenent of the free end portion 32 of the novabl e nenber
31, which is caused by the growth of the bubble 10 40 as illustrated in
Fi gure 10, (b)appEicdesorsi®tiretendddibtd i cover téecieyodibfieatidonsnor
performance. <Modi fied Enbodi nent >

changes as may come within the purposes of the

- improvements or the scope of the following claims.

10

15

20

25



}n thiﬁ enbgdinen;, the liquid passages which are different Tn structure——

romthose described 15 above, but are the sanme in functi

described. Figures 11, (a), (b) and (c) illustrate such | |Iumnwuulmull””m
Referring to Figure 11, (a), the ceiling section between thé& céiltng
section 52 on the free end 20 side and the ceiling section 54 on the
supporting portion side fornms a convex slope, which descends fromthe free
end side toward the supporting portion side. This convex configuration of

the sl oped portion of the |iquid passage ceiling is designed in 25 order
to allow the npua®l esnefRemeborgt ex al ong the contour of the ceiling. Wth

t he presence of such a slope, even when the rigidity of the novabl e nenber
31 1. A liquid ejecting head for ejecting liquid by
generation of bubble, comprising:
an ejection outlet for ejecting the liquid;
5 a liquid path in fluid communication with
said ejection outlet;
a bubble generation region for generating the
bubble in the liquid:
a movable member having a fulcrum and a free
10 end and disposed faced to said bubble generation
region;
wherein said movable member moves from said
first position to said second positioﬁ by pressure
produced by the generation of the bubble, and a
15 resistance against movement of said movable member, is

smaller adjacent the free end than adjacent the

fulcrum.

2. A liquid ejecting head for ejecting liquid by
20 generation of bubble, comprising:
an ejection outlet for ejecting the.liquid;
a liquid path in fluid communication with
said ejection outlet; ~
a bubble generation region for generating the
25 bubble in the liquid;

a movable member having a fulcrum and a free

end and disposed faced to said bubble generation
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-43- is relatively_loma and therefore, the novable nenber 31 is bent, that
is, the free end porti vabl e nmenber 31 is bent. further upward,
the sane effect ﬂmﬁﬂm d above can be obtained. The 5 sl oped
portion of the lm m"m | ing may be rendered concave when the
movabl e nember 3T i § shcht a sterDer t hat gdeforms in the direction opposite
to the direction descri bed above. Figure 11, (b) depicts an exanple in
which 10 the angle of the slope portion illustrated in Figure 10 is
rendered steeper. Figure 11, (c) depicts an exanple in which the slanted
portion of therégiwng passage ceiling is stepped. This structure can be
easily formed by 15 etching the nenber to be grooved (nmenber which

constitutes the celI|ngwmerelmwsandtmnwablﬂemﬁmhak noves fromi gapdssage),
several tinmes, therefore, it is
first p051t10n to said second position by pressure

produced by the generation of the bubble, and a height
5 of said flow path is higher above the free end than

above the fulcrum end.

3. A liquid ejecting head for ejecting liquid by
generation of bubble, comprising: |

10 s an ejéction outlet for ejecting the liquid;

a liquid path in fluid communication with
said ejection outlet;

a bubble generation region for generating the
bubble in the liquid;

15 : a movable member having a fulcrum and a frqe
end and disposed faced to said bubble generation
region;

wherein said movable member moves from said
first position to said second position by pressure

20 produced by the generation of the bubble, and a height
of said flow path'is lower at least in a portion
between a position of the free end and a position of

the fulcrum than at the posi%ion of the free end.

25 4. A head according to Claim 2, wherein the

height continuously increases from a position of the

T

fulcrum to a position of the free end.




easier to nanufacture. <Enbodi ment 4> 20 Next, referring to
Fi gures 12, 13_and~%4-rﬁ"TBGFfﬁ_enbodlnent of the present I nvention wll

be described. Si mm\‘“mtucture in this enbodinment is the sane as
t hose |IIustratéaE“ ‘ nd 11, the descriptions of the sane
portions wll 2 e comttt 8d. S The structwein this enbodinent is to
drastically extend the service |ife of the novable -44- menber by
aggressively nodifying the structure described in the first enbodi ment in

whi ch the novabl e menber is nade to physically engage with, or contact, the
ceiling of the firs: |ikuhehdassxygsling fre\@iainhe, wherein the

height increases rectilinearly.

6. A head according to Claim 4, wherein the

5 height increases curvilinearly.

7. A head according to Claim 3, wherein said
flow path has a low height portion, .functioning as a
top stopper for limiting movement of said movable

10 member.

8. A head according to Claim 2, wherein a
configuration of said flow path as seen from the
ejection outlet is similar to a configuration of said

15 movable member as seen from the ejection outlet when

it is displaced.

9. A head according to Claim 1, 2 or 3, wherein
when said movable member moves, it contacts a part of

20 a wall for forming said flow path.

10. A head according to Claim 1, wherein the
bubble is expanded more toward downstream than toward
upstream with respect to a direction of general flow

25 of the liquid.

11. A head according to Claim 1, 2 or 3, wherein-
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5 excessive ETEBTEEEnEﬁ$~cL,ng_anabIe menber 31. In the case of the

nodi fi cation "Aﬂ Figure 12, (a), the flow resistance in the

| i qui d passag ”uﬂﬂm |l er on the free end side than on the
supporting menber® en e novabl e menber 10 is caused to engage
with, or contact, the stepped portion 55_#sf_the ceiling. Thus, the ejection
characteristic is rendered uniform and al so, the excessive novenent of the

novabl e menber 31 is prevented, inproving its durability. 15 In
the case of the nodification illustrated in Figure 12, (b), a projection 56

projects into dhedt rgéndratint pssamget 1fof rgenéhetingutle ppasbpe ¥8! 1 22,
~and therefore, as the novable nenber is noved, it becones engaged with, or
comes in cont atispesded faced Ap hemovalle Stemiber ngandesabd pubbkeat ed from
moving further, that is, being prevented from excessively noving. This
structure can genrexatiomeregitsis cformed between the movable member

and the heat generating element,

12. A head according to Claim 1, 2 or 3, wherein
the movable member has a fulcrum and a free end at a

position downstream of the fulcrum.

10 13. A head according to Claim 11, wherein said
liquid flow path has a supply passage for supplying
the liguid to said heat generating element from

upstream thereof along the heat generating element.

15 14. A head according to Claim 13, wherein the
liquid is supplied to the heat generating element
along an internal wall which is substantially flat or

smoothly curved.

20 15. A head according to Claim 11, further
comprising a liquid flow path for supplying the liguid
to said heat generating element from upstream thereof

along a surface close to saia heat generating element.

25 16. A head according to Claim 11, further
comprising a liquid flow path for supplying the liquid

to said heat generating element from upstream thereof
_
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novenent of the novabl e nenber 31, while allow ng the cross-sectional area
of the first IiQU|d passagée 25 be increased to inprove the liquid

e T Foure ﬂlﬂgﬂﬂﬂlﬂﬂﬂﬂlﬂﬂl mont porti on 571 provi ded, whigh

-45- in Figure
mbvehert df the nnva?ée menber 31 by coming in contact

regul ates the upwar
with the free end portion 32 of the novab menber 31 as the novable 5

menber 31 is noved. The provision of this engagenent portion 57 assures
nore reliable regulation of the free end portion 32, further inproving the

durability of 1{i6,4oyabhLiiEdbelosé! €8 Saild néat générgemgt&ﬁéﬂéhtsectlon

of

17. A liquid ejecting head for ejecting liquid by
-generatlon of bubble, comprising:
5 _ 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 the
ligquid by applying heat to the liquid:;

10 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 tﬁe movable member is
displaced into said first liquid.flow path by pressure

15 produced by the generation of the bubble, thus guiding
the preséure toward the ejection outlet of said first
liquid flow path by the movement of the movable member
to eject the liquid, wherein a height of said flow
path is higher above the free endlthan above the

20 fulcrum end.

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

a second liquid flow path having bubble

generation region for generating the bubble in the
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10 the ||qU'd ej ection heads in accordance with the present invention, and
Figure 13 |s a cross- section of the same, as seen fromthe ejection

orifice si de ﬂnwmnm‘”ﬁm‘ he m)vabl e nmenber has been noved. As is
evi dent fron1F|g r oss- section of the first liquid
passage 14 is trapezéldal therefore trmqﬁmvenent of the novable nmenber 31
I's regul ated by the Iateral walls of the liquid passage, at the points

above which the di stance between the |lateral walls becones |ess than the
width of the free 20 end portion of the novable nenber 31, preventing

excessi ve upwaritpiiy e rdppving cndakt ta)the Bidwid)j t udi nal section of the
liquid ejection heads in accordance with the present invention, and Figure
14, (b) is a cross- 25 asewtalie gienber stigposed shetwéennsahd £iesti on
orifice side. In both drawi ngs, the novabl e menber has been noved. As is
evi dent from Fiigmid 1flow (pat anxﬁﬁiﬂ bubble generation region and

having a free end adjacent the ejection outlet,

5 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 guiding
the pressure toward the ejection outlet of said first
liguid flow path by the movement of the movable member

10 to eject the liquid, wherein a height of said flow
path is lower at least in a portion between a position
of the free end and a position of the fulcrum than at

the posifion of the free end.

15 19. A head according to Claim 17 or 18, wherein
the height continuously increases from a position of

the fulcrum to a position of the free end.

20. A head according to Claim 19, wherein the

20 height increases rectilinearly.

21. A head according to Claim 19, wherein the

height increases curvilinearly.

25 22. A head according to Claim 18, wherein said
flow path has a low height portion, functioning as a

top stopper for limiting movement of said movable

—_—
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-46- portion 57 is provided on each lateral wall 22 of the first liquid
passage 14. [ﬁgaBL§§§ﬂQg,Qi_Lhese st epped portions 22 renders the width of
the first liquid passage 14 iﬁve these stepped portions 22 less 5 than

the wi dth of tmmml“fﬂ preventing the excessive novenent of the
" novabl e nmenber vi si on of_jdwe structure for preventing the

excessi ve movemént ¢ of" the novabl e nmenber, which was descri bed above, the
durability of 10 the novabl e nenber can be drastically inproved. 1In
addi tion, even when the novabl e nenber displays relatively small rigidity,
it can be prevpsmwerfrom bei ng excessively flexed; therefore, the bubble is
prevented fromgrowing in directions (toward ceiling,
23. A head according to Claim 17 or 18, wherein a
cdnfiguration of said flow path as seen from the
5 ejection 6ut1et is similar to a configuration of said

movable member as seen from the ejection outlet when

it is displaced.

24. A head according to Claim 17 or 18, wherein
10 when said movable member moves, it contacts a top wall

for forming said flow path.

25. A head according to Claim'17 or 18, wherein a

heat generating element for generating the bubble is

15 disposed faced to the movable member, and said bubble
géﬁeration region is formed befween the movable member

and the heat generating element.

26. ' A head according to Claim 25, wherein said
20 second liquid flow path has an internal wall which is
substantially flat or smoothly curved, and the supply
passage is supplied fo said heat generating element

-

along the internal wall.

25 27. A head according to Claim 1, 2, 3, 17 or 18,

wherein said movable member is in the form of a plate.
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15 or in theupstreamdirection) different fromthe direction of the
ejection orific the pressure fromthe bubble is prevented from
bei ng transm ttI@ imHEII ot her than the direction of the ejection
orifice. As ar 2 ety |bIe to 20 prevent the | oss of ejection

ef ficiency. <Enbodi nent 5> Flgures 15, (&9~ 15, (b) and 15, (c) depict the
fifth enbodi ment of the present invention. Figure 15, (a) depicts the
cross-section of the first liquid 25 passage 14, as seen fromthe ejection
orifice side, and al so provides the projected view, as seen fromthe
ejection orifice <8le, fofhedic anpoaidingnhoh@ladim &Y clwhereidy-allabeen

noved into the first |iquid passage 14 as
-effective bubble generation reglon of said heat

generating element is faced to said movable member.

5 29. A head according to Claim 27, wherein a total
area of said movable member is larger than a total

area of said heat generating element.

30. A head according to Claim 27, wherein a
10 fulcrum of said movable member is at a position out of

a portion right above said heat generating element.

31. A head éccording to Claim 27, wherein the
free end of said movable member has a portion
15 extending -in a direction substantially pgrpendicqlar
to the liquid flow path having said heat generating

element.

32. A head according_to Claim 27, wherein said
20 free end of said movable member is disposed at a
position nearer to said ejection outlet than said heat

generating element.

33. A head according to Claim 27, wherein said
25 movable member is a part of a partition wall between

said first flow path and second flow path.
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illustrated in~Figure 15, (b). As is evident from Figure 15, (a), the
contour of the he |iquid passage 14 is simlar to the
contour of the g‘“ﬂ“ﬁlmmmmtf t he novabl e menber 31, that is, both are
trapezoi dal . The trdpezoi 8al ® cohtour of the projected view of the novable
menber 31 is realized by tapering the noygple nenmber 31 toward the free end
t hereof as shown in Figure 15, (c). 10 Wth -the provision of
such a structure, the bubble generated by the heating nenber 2 is prevented
as nmuch as possible fromescaping through the gaps forned between the free

end edge and | ater gl edgefeqli 4B6oraYAY! toneldth, 33ndwheeednr sasgondi ng
wal I's. 15 Consequently, the efficiency with which the bubble acts on the
nmovabl e menber pagtiktonnpadiedswoEl metaliucreginhmatesisfiapre cesamie upwar d
novenent of the novable nmenber 31. As a result, the ejection efficiency is
I mproved. material.

5 35. A head according to Claim 17 or 18, further
comprising a first common liquid chamber for supplying
first liquid to a plurality of such first liquid flow
paths and a second common 1iquid chamber for supplying
second liquid to a plurality of such second liguid

10 flow paths.

36. A head according to Claim 17 or 18, wherein
the liquid supplied to the first liquid flow path is
the same as the liquid supplied to the second liguid

15 flow path.

37. A head according to Claim 17 or 18, wherein
the liguid supplied to the first liquid flow path is
different from the liquid supplied to the second

20 liquid flow path.

38. A head according to Claim 11, wherein said
heat generating element inclades an'electrothermal
transducer having a heat generating resistor for

25 generating heat upon electric energization.

39. A head according to Claim 25, wherein said
:\
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20 Figure 16 depi ct ification of the fifth enbodiment. In
this nodificati o cont our M he cross-section of the liquid passage

and the cont our gﬂﬁl “ w of the novabl e nenber as seen from
the ejection or|f| \ in that they are 25 both

rectangul ar, or square.t |t should be natgrl here that the cross-sectiona
configuration of the liquid passage and the correspondent configuration of
t he -48- novabl e nmenber are not limted to those described above; for
exanpl e, they may be triangular. <O her Enbodi ments> In the foregoing, the
descri pti on hdsedeefermeratfingelendrite irmgNidgsrdar eledtmothetmall ej ecti ng
head and the liquid ejecting nethod according to the

transducer having a heat generating resistor for

generating heat uvpon electric energization.

5 40. A head according to Claim 25, wherein said
second liquid flow path has a chamber-like shape at a
portion where said heat generating element is

disposed.

10 41. A head according to Claim 25, wherein said
second flow path has a throat portion upstream of said

heat generating element.

42. A head according to Claim 25, wherein a
15 distance between a surface of said heat generating

element and said movable member, is not more than 30

pm.

43. A head according to Claim 17 or 18, the

20 liguid ejected through said ejection outlet is ink.

44. A liquid ejecting method for ejecting liquid
by generation of a bubble, camprising:
preparing a head comprising an ejection
25 outlet for ejecting the ligquid, a bubble generation
region for generating the bubble in the liquid, a

movable member having a free end and a fulcrum and
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enbodi nent s 5?‘Tﬁé‘pfesenL‘Lnygption the description will now be nade as to

further detai,ﬂ” ' s usable with the foregoing enbodi nents. The
foll owi ng 10 ble with both of the single-flow path type

and two-fl ow pat ht t wpen specific statenent. <Movabl e nenber and
partition wall> Figure 17 shows anot her egganple of the 15 novabl e nenber
31, wherein reference nuneral 35 designates a slit fornmed in the partition
wall, and the slit is effective to provide the novable nenber 31. In Figure
16, (a), the novable nenber has a rectangular configuration, and in (b), it
i's narrower 2Mispogdi faded uro sSalisd thuhieker genewatbordrepbonity of the
novabl e nmenber, and in (c), it has a wider fulcrumside to enhance the
durability of the novalispiamiarg spid deevakle JmembertbY RIeSFBFAM side is

desirable if it does not enter the second liquid flow path side,
produced by the generation of the bubble in said

bubble generating portion, wherein a resistance
5 against movement of said movable member, is smaller

adjacent the free end than adjacent the fulcrum.

45, A method according to Claim 44, wherein the
bubble is expanded more toward downstream than toward
10 upstream with respect to a directioh of general flow

of the liquid.

46. A method.acéording to Claim 44, wherein the
bubble expands beyond the first position.
15
47. A method according to Claim 44, wherein by
the movement of the movable member, a downstream
portion of the bubble grows toward downstream of the
movable member.
20
48. A method according to Claim 44, wherein the
movable member has a free end at a position downstream
of the fulcrum, and the free end is moved by a
deflection of fhe movable member with the fulcrum

25 fixed.

49. A method according to Claim 44, wherein at

\
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25 and notion i

the plate or film and the separation wall 5 - 49-
having this mvabl‘mm i of a nickel having a thickness of 5 pm
hi

but this is not

$ exanple, but it may be any if it has

anti-sol vent property agalnst t he bubbl e_ggneration liquid and the 5

ej ection |iquid,
t he novabl e nenber

pl ati num

18astustichsaspéreionnofkethe pubblei hawingi aaprassuzkun num

tantal um stainless steel,

10

15

20

25

component directly contributable to the ejection of
the liguid is guided by said movable member MOved by

the pressure component.

50. 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
betweén said first liquid flow path and said bubble
generation'region ahd 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
liguid flow path by the movement of the movable member
to eject the liquid, wherein a resistance against
movement of said movable member, is smaller adjacent

the free end than adjacent the fulcrum.

51. A method according to Claim 44 or 50, wherein
said movable member constitutes a part of a partition

wall, wherein a part of said movable member is

rability. In the foregoi ng enbodi nents,

and if the elasticity is enough to permt the operation of
and if the required fine slit can be forned. Preferable
exanpl es of the materials for the nobvabl e nenber
such as netal

i ncl ude durable material s
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phosphor bronze -er——the—+ike,~ all oy thereof, or resin material having nytri

group such as acr b Hﬁ “Lene, stylene or the like, resin materia
having 15 amde 1 niﬂ“ﬂ& “ r&ﬂ amide or the like, resin material having
carboxyl such as pelycarbonates or the like, resin material having al dehyde
group such as polyacetal or the like, regyn material having sulfon group
such as polysul fone, resin material such as 20 liquid crystal polyner or
the like, or chemcal conmpound thereof; or materials having durability
against the ink, such as netal such as gold, tungsten, tantalum nickel,
stai nl ess st econtacted at) lebkty at bartobf satidr pairditdamealilt lpthesh netal ,
resin 25 material having am de group such as polyam de, resin material

havi ng al ﬁehyctélayr aupogidonaofpsajidc pratition wald: congtifmkedy bt one

roup such as
? P said movable member to restrain said movable member

from entering said bubble generation region.

52. A method according -to Claim 51, wherein a
free end portion héving a free end of said movable
member is contacted to at least a portion of said
partition wall.

10

| 53. A method according to Claim 51, wherein
lateral end portions of said movable member are
contacted to at least a portion of said partition
wall.

15

54. A method according to Claim 44 or 50, wherein
the free end of said movable member is restrained by
restraining means for engagement to the free end or a
portion of said movable member adjacent to the free

20 end.

55. A method according to Claim 54, wherein the

free end of said movable memﬁer is in a sealed state.

25 56. A method according to Claim 54, wherein
lateral ends of said movable member is in a sealed
state.

—_—
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- 50- polyetheretherketone resin_material having imde group such as
polyimde, resin avi n iﬁroxyl group such as phenolic resin

resin material havi ““M ch as polyethylene, resin 5 materi al
havi ng al kyl group mm

| ene, resin material having epoxy group
such as epoxy resin mat érital " resin nateUg%_ havi ng am no group such as
nmelamne resin material, resin material having nethylol group such as

xyl ene resin material, cheni cal 10 conmpound thereof, ceramc material such
as silicon dioxide or chem cal conpound thereof. Preferable exanples of

partition or divisispn wal mdthld@Rdodihg Id1dinh B4 NGvHE L heat -
resistive, high anti-solvent property and high nolding 15 property, nore

particul arly refiow rygistemden@adiarsnic a eovwinqipsitiors uwh tise free
pol yet hyl ene, pol ypropyl ene,
end is smaller than that adjacent the fulcrum.

5 58. A method according to Claim 44 or 50, wherein
the free end is restrained from entering the bubble
generation region by limiting movement of a free end

portibn including the free end.

10 59. A method according to Claim 44 or 50, wherein
a 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 -

60. A method according to Claim 50, wherein a
part of the bubble generated expands into the first
liguid flow path with movement of the movable member.

20 61. A method according to Claim 59, wherein a
part of the bubble generated expands into the first
liquid flow path with movement of the hbvable member
by film boiling. B

25 62. A method according to Claim 59, wherein the

liquid is suppliéd to the heat generating element

along an internal wall which is substantially flat or

\
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pol yan de, polyethylene terephthal ate, nmelamne resin material, phenolic
resin, epoxy re pol ybut adi ene, pol yuret hane,

pol yet her et her ket ﬁﬂmﬁﬂm sul fone, polyallylate, polyimde,

pol y-- sul fone, m‘ “ ymer (LCP), or chem cal conpound thereof,
or netal such as cort di%oxi*de. silicop gLtride, nickel, gold, stainless
steel, alloy thereof, chem cal conpound t%ereof or materials 25 coated

with titanium or gold. The thickness of the separation wal | is determ ned
depending on the used, nmaterial and -51- configuration fromthe

st andpoi nt of §H66t§19néu§$é@ngth as the wall and sufficient operativity as
t he novabl e nenber and generally, 0.5 pm- 10 pm appr ox.
63. A method according to Claim 50, wherein the
liquid supplied to the first liquid flow path is the
5 same as the liquid supplied to the éecond liquid flow

path.

64. A method according to Claim 50, wherein the
liquid supplied to the first ligquid flow path is
10 different from the liquid supplied to the second

liquid flbw path.

65. A method according to Claim 50, wherein the
liquid supplied to the second liquid flow path has at

15 least one of lower viscosity, higher bubble forming
property and higher thermal stability than the-liquid

supplied to the first liquid flow path.

66. A liquid ejection recording method for

20 ejecting recdrding liguid by generatioh of a bubble to

effect recording, comprising: |
preparing a head comprising an ejection

outlet for ejecting the recd}ding liquid, a bubble
generation region for generating the bubble in the

25 liquid, a movable member having a free end and a
"fulcrum and disposed faced to said bubble generation

region;
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is desirable. 5 _ Thewdth-of the slit 35 for providing the
novabl e nmenber 31Ji "”ﬂﬂ"]' odi nrents. when the bubbl e generation
liquid and ejecti ,m»’m,mnfgrent materials, and m xture of the
liquids is to be avoi ded" the sgap Is determned so as to forma 10
meni scus between the |iquids, thus avoi digg_m xture therebetween. For
exanpl e, when the bubble generation liquid has a viscosity about 2 cP, and
the ejection liquid has a viscosity not |less than 100 cP, 5 pm approx. slit
is enough to avoid the liquid 15 mnixture, but not nore than 3 pmis
desi rabl e. When the ej eg¢isphatingi slabddnd¥abbebhémrbgenbyapirassticgui d are
separated, the novabl e nenber functions as a partition therebetween.
However, a snaprodmoedtbwfthéecgbuebatigrenef athenbubhliedinssaided 20 into
the ejection liquid. In the case of liquid ejection for printing, the
per cent age of bmbbhexgggergting portion, wherein a resistance the

liquid, against movement of said movable member, is

5 smaller adjacent the free end than adjacent the

fulcrum.

67. A head cartridge comprising: a liquid
ejecting head as defined in Claim 1, 2, 3, 17 or 18;
10 and
a liéuid container for containing the liquid

to be supplied to the liquid ejecting head.

68. A head cartridge according to Claim 67,
15 wherein said liquid ejecting head and said liquid

container are separable from each other.

69. A liquid ejecting apparatus for ejecting
recording liquid by generation of a bubble,
20 comprising: a liquid ejecting head as defined in Claim
i, 2, 3, 17 or 18; and
driving signal supply means fotr supplying a
driving signal for ejecting %he liquid through the
liquid ejecting head.
25
70. An apparatus according to Claim 69, wherein

ink is ejected from said liquid ejecting head to

_\
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practically qirgg_pLQDLﬁnL_LL_Lhe percentage is less than 20 % The
per cent age of e mxin controlled in the present invention by
properly 25 e“m“\“ug ﬂ “im ﬂ sities of the ejection liquid and the
bubbl e generati

he percentage is desired to be small
-52- it can be reddce to 5 % for exanmplgg— by using 5 CPS or |lower fro the
bubbl e generation liquid and 20 CPS or lower for the ejection liquid. In
this invention, the novable nenber has a 5 thickness of [err]morder as
preferabl e thickness, and a novabl e nenber having a thickness of cm order
IS not used i deponsit cAsesn reddhmhimg Paper s Hexrtnklde | npladnset oo visdod in nenber
havi ng a thickness of [err]morder, and the
material, metal, wood or leather to effect recording

thereon.

5 71, An apparatus according to Claim 69, wherein
liguids of different colors are ejected to effect

color recording.

72. An apparatus according to Claim 69, wherein
10 a plurality of such ejection outlets are disposed over
a width of ‘a recordable region of the recording

material.

73. A recording system comprising: a liquid
15 ejecting apparatus as defined in Claim Gé; and
. a pre-processing or post-processing means for
promoting fixing of the liquid on the recording

material after the recording.

20 74. A liquid ejecting.apparatus for ejecting
recording ligquid by generation of a bubble,
comprising: a liquid ejecting head as defined in Claim
1, 2, 3, 17 or 18; and -

recording material transporting means for

25 feeding a recording material for receiving the liquid

ejected from the liquid ejecting head.
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slit has the wwdth (Wpm of the order of the 10 thickness of the novable
menber, it is desirable to consider the variations in the manufacturing.
VWen the thi ckumml(mmmr"mm opposed to the free end and/or |ateral
edge of the no Med by a slit, is equivalent to the thickness
of 15 the novabl e ‘nefbel (Figures 13, 14591 the like), the relation
between the slit width and the thickness is preferably as follows in
consideration of the variation in the manufacturing to stably suppress the
liquid m xture between the bubble generation liquid 20 and the ejection
l'i quid. When the7§beieféﬁﬁﬁﬂfﬁéCg&éﬂé&ﬂébﬁé?ﬁéﬁﬁéﬁcosity not nore than
3cp, and a high viscous ink (5 cp, 10 cp or the like) is used as the
ejection liquid, the matliguid ¢jecting cappsratils bas sappinsedeinfor a | ong
termif Wt [err] 1 is satisfied. 25 The slit providing the

"substantial SEkhimgClaimelér amd has several mcrons wdth, since the
l'i quid ' :

a pre-processing or post-processing means for
5 promoting fixing of the liquid on the recording

material after the_recording.

76. A liquid ejecting apparatus according to
Claim 69, wherein recording is effected by ejecting
10 the ink from the liquid ejecting head to recording

paper.

77. A liquid ejecting apparatus according to
Claim 74, wherein recording is effected by ejecting
15 the ink from the liquid ejecting head to recording

paper.

78. An apparatus according to Claim 69, wherein
liquids of different colors are ejected to effect

20 color recording.

79. A head kit comprising: a liquid ejecting head
as defined in Claim 1, 2, 3,~17 or 18; and
a liquid container containing the liquid to

25 be supplied to the ligquid ejecting head.

80. A head kit comprising:

—_—
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m xture preVenti_ILiijﬁﬁuuiiL————~53- <El enent substrate> The description
will be made as to a str he el ement substrate provided wth the
heat generating eI H“m l‘“yﬂm the liquid. 5 Figure 18 is a
| ongi t udi nal seCtl eJecting head according to an enbodi nent
of the present invention. On the el enent_gghstrate 1, a grooved nmenber 50

I s nounted, the nenber 50 having second liquid flow 10 paths 16,
separation walls 30, first liquid flow paths 14 and grooves for
constituting the first I|qU|d flow path. The el ement substrate 1 has

patterned wring a ligquid ejecting head as defined in Claim 1,
2, 3, 17 or 18; |

a liquid container for containing the liquid
to be supplied to the liquid ejecting head; and

5 - liquid filling means for filling the liquid

into the lidquid container.

81. A method according to Claim 65, wherein said

higher bubble forming property is lower boiling point.

10
82. A head according to Claim 1, 2, 3, 17 or 18,
wherein said free end has a free end edge facet to an
ejection outlet side.

15 83. A method, according to Claim 44, 50 or 66,
wherein said free end has a free end edge facet to an
ejection outlet side.

20

25

\
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electrode (0.2 - 1.0 [err]mthick) of alumnumor the |like 15 and patterned
electric resistance layer 105 (0.01 - 0.2 [err]mthick) of hafniumboride
(HfB[err]), tantalumnitride (TaN), tantal um alum num (TaAl) or the |ike
constituting the heat generating elenent on a silicon oxide filmor silicon
nitride film2106 for insulation 20 and_geat accumul ation, which in turn is
on the substrate 107 of silicon or the ITke. A voltage is applied to the
resi stance | ayer 105 through the two wiring electrodes 104 to flow a
current through the resistance layer to effect heat generation. Between 25

the wiring el gggtrRfeT orprateptsonoserer of silicon oxide, silicon nitride
or the like of 0.1 - 2.0 pmthick is provided on the resistance |ayer, and
[n - 54- A liquid ejecting head for ejecting liquid by
generation of bubble includes an ejection outlet for
ejecting the liquid; a liquid path in fluid
5 communication with the ejection outlet; a bubble
generation region for generating the bubble in the
liquid; a movable member having a fulcrum and a free
end and disposed féced to the bubble generation
region; wherein the movable member moves from the
10 firstlposition to the second position by pressure
produced by the generation of the bubble, and a
resistance against movement of the movablé member, is
smaller adjacent the free end than adjacent the

fulcrunm.

15

20
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addition, an anti-cavitation |layer of tantalumor the like (0.1 - 0.6
[errfmthick) is formed thereon to protect the resistance |ayer 105 from
various liquid such as ink. 5 - The pressure and shock wave
generated upon the bubbl e generation and collapse is so strong that the
durability of the oxide filmwhich is relatively fragile is deteriorated

t herrefore, netal material such as tantalum (Ta) or the like is used as the
anti- 10 cavitation |ayer. The prote 66hf | ayer may be omitted dependi ng
on the conbination of liquid, liquid f path structure and resistance
material one of such exanples is shown in Figure 19, (b). The material of

15 the resistance |ayer not requiringAMN protection |ayer, includes, for
exanple, iridium- tantalum - al unatlm=addediNor the |ike. Thus, the
structure of the heat generw\ 1€l ereat Ne foregol@g

(b)

%‘%////

W//

FIG. |
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enbodi ments may include only the resistance |ayer(heat 20 generation
portion) or may include a protection |ayer for protecting the resistance

| ayer. In the enbodi nent, the heat generating el enent has a heat generation
portion having the resistance |ayer which generates heat in response to 25

the electric signal. This is not limting, and it wll suffice if a bubble
enough to eject the ejection liquid is created in-the bubble generation
l'i quid. -55- For exanple, heat generation prtion nay be in the form of

a photothermal transducer which generate$Oheatr upon receiving |ight such as
| aser, or the one which ¢8n hi gh3f r equency wave.
myftgs

5 On the elene_p
B
18 Wi -/
(c) -VaA —V8
A O, B
=_+‘-I
/TN
3 Wz 2
14 .
IB\ M ) I /
(b) ~ve 35 ' [~V |
A 40— . —= B
45 : /_=<Voz —__
{ \
3/ 2 12
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such as a transistor, a diode, a latch, a shift register and so on for

sel ective driving the electrothermal transducer el enent may al so be
integrally built in, in addition to the resistance 10 |ayer 105
constituting the heat generation portion and the el ectrothermal transducer
constituted by the wiring el ectrode 104 for supplying the electric signal
to the resistance layer. In order to eject the liquid by driving the 15
heat generation portion of the electrothernmal transducer on the
above-descri bed el enent substrate 1, the resistance |layer 105 is supplied
through the wiring electrode 104 with rectangul ar. pul ses as shown in Figure
18 to cause instantaneous heat generation in 20 ‘the resistance |ayer 105
between the wiring electrode. In the case of the heads of the foregoing
enbodi ments, the applied energy has a voltage of 24 V, a pulse yfdth of 7
psec, a current of 150 mA and a frequency

FIG 3
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of 6kHz to drive the heat generating elenment, by which 25 the liquid ink
Is ejected through the ejection outlet through the process described

her ei nbef ore. However, the driving signal conditions are not linmted to.
this, -56- but nmay be any if the bubble generation liquid is properly
capabl e of bubble generation. <Ejection |liquid and bubbl e generation

| i qui d> As described in the foregoing enbodi nent, -5 according to the )
present invention, by the structure having t}j@ novabl e menber descri bed
above, the I|qU|d can be ejected at hlgher Jectlon faorce or ejection

ef ficiency than The conventTomat—tTourd c, etHng—heat—her—the-same |iquid
is used for the bul\We generation 10V4i q | qygand the e ectlovd lquid, It is
possi bl e that ——s——— \£

Vs | S——
V2 |

i r———

l8/ —{ 3?\ ™ S2

‘gggggggl‘f —— 54\G33 i::
= = \l \
I 2 16 \33
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the liquid is not deteriorated, and that deposition on the heat generating
el ement due to heating can be reduced. Therefore, a reversible state change
i s acconplished by repeating the gassification and 15 condensation. So,
various liquids are usable, if-the liquid is the one not deteriorating the
liquid fl ow passage, novable nmenber or separation wall or the |ike. Anong
such liquids, the one having the 20 ingredient as used in conventi onal
bubbl e jet device, can be used as a recording |iquid. Wen the

two-flow path structure of the present invention is used with different
ejection liquid and bubble generation liquid, the bubble 25 generation -

| iquid having the above-described property is used, nore particularly, the
exanpl es includes: nethanol,  ethanol, n-propyl alcohol, isopropyl

FIG. 7
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-57- al cohol, n- n-hexane, n-heptane, n-octane, toluene, xylene, nethylene

dichloride, trichloroethylene, Freon TF, Freon BF, ethyl ether, dioxane,
cycl ohexane, nethyl acetate, ethyl acetate, acetone, nmethyl ethyl 5
ket one, water, or- the like, and a m xture thereof. As for the ejection
liquid, various liquids are usable w thout paying attention to the degree
of bubbl e generation property or thermal property. The |iquids which have
not been conventionally usable, 10 because of | ow-bubbl e generation
property and/or easiness of propergy change due to heat, arjg usable.
However, it is desired that the g Lon |ig@d by itself for by reaction
with the bubble generatio i qui s g)tl_rrp t f-eetion, the 15
T ﬁ nmovab

bubbl e generation or tygp L
' : N L 30 14(33/-
T
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menber or the like. As for the recording ejection liquid, high viscous ink
or the like is usable. As for another ejection |liquid, pharnmaceuticals and
perfunme or the 20 like having a nature easily deteriorated by heat is
usable. The ink of the foll ow ng ingredient-was used as the recording

i quid usable for both of the ejection liquid and the bubble generation
liquid, and the recording operation was carried out. Since the 25 ejection
speed of the ink is increased, the shot accuracy of the liquid droplets is
i nproved, and therefore, highly desirabl e i mages were recorded. -58- Dye
I nk viscosity of 2cp (C. 1. food black 2) dye 3w. %

(a)

(b)
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di et hyl ene gl ycol ' 10 wt. % Thi o diglycol

5wm. %5 Et hanol 5 wm. % Water

77 wt. % Recor-ding operations were also carried out using the follow ng
conmbi nation of the liquids for the bubble generation liquid and the
ejection liquid. As 10 aresult, the liquid having a ten and several cps
viscosity, which was unable to be ejected heretofore, was properly ejected,
and even 150cps liquid was properly ejected to provide high quality inage.

Bubbl e generation liquid 1. 15 Et hanol - 40
wt. % \Wat er ‘60 wt. % Bubbl e generation |iquid
2: Water 52 ]4.00 wt. % Bubbl e generation liquid 3:
20 | sopropyl al coholic

W %
53 3 84

(a)

(b)
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Wat er 90 wt. % Ejection liquid 1: (Pignent

I nk approx. 15 cp) Carbon bl ack 5w. %25
Styl ene-acryl ate-acryl ate ethyl copolyner resin materi al 1 w. %
Di spersion material (oxide 140, -59-- wei ght average nol ecul ar wei ght)
Mono- et hanol am ne 0.25 wt. % dyceline
69 wt. % Thi odi gl ycol 5w. %5 Et hanol

3 w. % Water 16.75 wt. % Ejection liquid 2
(55cp):

(a)

(b)
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Pol yet hyl ene gl ycol 200 100 wt. % Eection liquid 3 (150cp): 10
Pol yet hyl ene gl ycol 600 100 wt. % In the case of the liquid
whi ch has not -been easily ejected, the ejection speed is |ow, and
therefore, the variation in the ejection direction is expanded on the
recordi ng paper with the result of 15 poor shot accuracy. “Additionally,
variation of ejection anbunt occurs due to the ejection instability, thus
preventing the recording of high quality inage. However, according to the
enbodi nents, the use of the bubble generation liquid permts 20 sufficient
and stabilized generation of the bubble. Thus, the inprovement in the shot
accuracy of the quw(jﬁyoplet and the stablllza£|03 of the ink ejection
anmount can be acconplb b thus inproving the reéblded i mage quality

remar kably. 25 <Structure of Twin Liquid Passage Head>
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Figure 20 is an expl oded perspective view of the twin passage |iquid

ej ection head in accordance -60- with the present invention, and depicts
its general structure. The aforenentioned el enment substrate 1 is disposed
on a supporting nmenber 70 of alum numor the 5 like. The wall 72 of the

second liquid passage and the wall 71 of the second common |iquid chanber
17 are disposed on this substrate 1. The partition wall 30, a part of which
constitutes a noving negfer 31, is placed on toF of them On top of this
partition wall 10 Bd,a grooved nenber 50 i's d Q sed, whi.ch conpri ses:

plural grooves constituting first liquid passa?es 14; a first comon liquid
chanber 15; a supd : 3

(c)
2 31
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for supplying the first comon liquid chanber 15 wth first liquid; and a
supply passage 21 for supplying 15 the second common |iquid chanber 17
with second li-quid. <Liquid ejection head cartridge> The description wll
be made as to a liquid ejection head cartridge having a liquid ejecting
head 20 according to an enbodi nent of the present invention. Figure 21 is
a schemati c expl oded perspective view of a liquid ejection head cartridge

i ncl udi ng the above-described liquid ejecting head, and the liquid ejection
head cartridge conprises generally a liquid 25 ejecting head portion 200
and a liquid container 80. The liquid ejecting head portion 200 conpri ses
an el enment substrate 1, a separation wall’ i

(a) - (b) : (¢c)

=Ly
S 0 I el B

FIG. 17
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-61- 30, a grooved nenber 50, a confining spring 70, liquid supply nenber

90 and a supporting nenber 70. The el enment substrate 1 is provided with a
plurality of heat generating resistors for supplying heat to the 5 bubble
generation liquid, as described hereinbefore. A bubble generation Iiquid

passage is forned between the el enent substrate 1 and the separation wal l

30 having the novable wall. By the coupling between the separation wall 30
and the grooved top plate 50, an 10 ejection flow path(unshown) for fluid
conmmuni-cation with the ejection liquid iidaarned. The confining spring 70
functions to urge the grooved nenber 50 t/he el enment substrate 1, and is
effective to properly int gra e the el '
30, grooved and thegs
herei nafter., Suppor N
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el ement substrate 1 or the like, and the supporting nmenber 70 has thereon a
cirecuit board 71, connected to 20 the el enent substrate 1, for supplying
the electric signal thereto, and contact pads 72 for electric signal
transfer between the device side when the cartridge is nmounted on the
apparatus. The liquid contai'ner 90 contains the ejection 25 |iquid such as
ink to be supplied to the liquid ejecting head and t he bubbl e generation
liquid for bubble geMeration, separately. The outside of the -62--liquid
container 90 is provhded with a positioning portion 94 for nounting a
connecting nmenber fof connecting the liquid ejecting head with the liquid
container and a fixef shaft 95 for fixing the '
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5 connection portion. The ejection liquid is supplied to the ejection

| iquid supply passage 81 of a |iquid supply nenber 80 through a supply
passage 81 of .the connecting nmenber fromthe ejection |iquid supply passage
92 of the liquid container, and is supplied to 10 a first comon liquid
chanber through the ejection liquid supply passage 83, supply and 21 of the
menbers. The bubbl e generation liquid is simlarly supplied to the bubble
generation liquid supply passage 82 of the liquid supply nenber 80 through
the 15 supply passage of the connecting nenber fromthe supply passage 93
of the liquid eontainer, and is supplied to the second |iquid chanber

t hrough the bubbl e generation liquid Eﬁfply passage 84, 71, 22 of the
menbers. 20 ~In such a liqu ej ection head cartridge, even if

t he bubbl e generation liquid and the fejection liquid are different |iquids,
the liquids are gupplied]

200

R
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I'n good order. In the case that the ejection liquid and the bubble
generation liquid are the sane, the 25 supply path for the bubble
generation liquid and the ejection liquid are not necessarily separated.
After the liquid is used up, the liquid -63- containers- nay be supplied
wth the respective liquids. To facilitate this supply, the liquid
.container is desirably provided with a liquid injection port. The liquid
ejecting head and liquid 5 container may be unseparably integral, or may
be separable. <Liquid ejecting device> Figure 22 is a schematic -
illustration of a liquid ejecting device used with the above-described

FI1G. 22




10 liquid ejecting head. In this enbodinment, the ejection liquid is ink,
and the apparatus is an ink ejection recording apparatus. the liquid

ej ecting device conprises a carriage HC to which the head cartridge
conprising a liquid container portion 90 and 15 liquid ejecting head
portion 200 which are detachably connectable with each other, is nountable.
The carriage HC is reciprocable in a direction of wdth of the recording
materi.al 150 such as a recording sheet or the like fed by a recording
material transporting 20 neans. \When a driving signal is supplied to the
liquid ejecting nmeans on the carriage fromunshown driving signal supply
nmeans, the recording.-liquid is ejected to the recording material fromthe
liquid 25 ejecting head in response to the signal. The liquid ejecting
apparatus of thig ' 1 ' VT gour ce

303 | . - >
-] ROM
302
’d
3°Q\RAM< | >1 CPU
 MTR
MTR DRVR _
306 305 ﬁ
| 30!

- HOST }300
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-64- for driving the recording material transporting neans and the
carriage, gears 112, 113 for transmtting the power fromthe driving source
to the carriage, and carriage shaft 115 and so on. By the recording device
5 and the liquid ejecting nmethod using this recording device, good prints
can be provided by ejecting the l'iquid to the various recording material.
Figure 23 is a block diagramfor describing the general operation of an ink
ej ection recording 10 apparatus which enploys the liquid ejection nethod,
and the liquid ejection head, in. accordance with the present invention. The
recordi ng apparatus receives printing data in the formof a control signal

froma host
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15 conputer 300. The printing data is tenporarily stored in an input
interface 301 of the printing apparatus, and at the sane tine, is converted
into processable data to be inputted to a CPU 302, which doubl es as neans
for supplying a head driving signal. The CPU 20 302 processes the

af orenenti oned data inputted to the CPU 302, into printable data (inmage
data), by processing themw th the use of peripheral units such as RAMs 304
or the like, following control progranms stored in an ROM 303. 25

Further, in order to record the.inmage data onto an appropriate spot on a
recordi ng sheet, the CPU 302 generates driving data for driving a driving

not or -65- which noves the recording sheet and the recordi ng head
510 520
] b2l

N 7\
T
Co e . \ .
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500

\

This Sheet a

T



data are transmitted tofa heaf: 2QQ:zand a giriv|r Pesedpticaomaged oudh regedad
driver 307 5 and a notdrdriver—38b—+tespect
‘with the proper timngs for fornming an .i mge. |42 WoritEgormed. Jrrédlpatgpd ﬁ
whi ch liquid such as'ink i's adhered, an8lwhi ch-&T.usall e "vywigmﬂ 10 paged =

in synchronismwith the fi Fi§e€HIat a: AsTBEETge dat BERIACEMENESTHRETS, | v SHg

8| Gntinip) chv paged Gort@ rigedd.

recordi ng apparat us Sugi mmﬁprMWMIlow g gan be }.
li sted; various sheets™of- DERCTING MEHGE) ok B E8bT uﬁgﬂ'F

form ng corrpact dl SkS -Or narre.rc at ates,—or—theTrTRe: -f-ait |\.,, et cu |1 T
materi al sudBSERA( 7)) PHE HES OE Ethe 15 |ike; |eather material such

~as cow hide, pi g hi ddﬁ synt hetlc Jeather, or the Iike; |unber materi al suc_h

“as solid wood, plywodd, 1isid RieckingphaadofrE: eArStinge ldFuidi%r | al
-such as ] égefgﬁat”féﬁfsé'bsb%feasnéfsags Ah' Ehebiioh bl ol
o eJecting the liquid' a liquid path in fluid . o
5 -communication with the. ejection outlet"a bubble -
generation region for generating the bubble in the
hlliquid, a movable member hav1ng a fulcrum and a free
fend ‘and disposed faced to. the buhble generation
region, wherein the movable member moves from the
10 ifirst pos1tion to the second posxtion by pressure
'produced by the generation of the hubble,'and a
,reSistance against movement_of the movable memher,iis'

' smaller adjacent the free end than adjac_e'nt the

" fulcrum.
15
'Fnjue 10
20
25
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20 ' The af orenentioned recordi ng apparatus includes a printing
~apparatus for various sheets of paper or OHP sheet, a recording apparatus:
ffor- plastic material such as plastic nmaterial used for formng a conpact .
disk or the like, a recording apparatus for. 25 netallic plate or the like, "
‘a ‘recording appar at-us for | eat her materi-ad, a. recordi ng apparatus ‘for
lunber, a recording apparatus for ceranmc: naterlal. a recording © -66-
apparatus-for three dinmensional recordlqp medi um such as sponge.or the . -
like, a textile-printing apparatus for recordlng i mages on fabric, -and the

like recordi ng apparatuses. 5 - As for the liquid-to be used mnth.:F-ﬁ

._these I|qu|d ejectlon apparatuses g i S usable as

3 _

//

\\f/ .: —~Io."

"////

fh@fstﬁareﬂaéeméptsheefl

Daua'f ‘1!’”Nrﬂ!§§
E2 Ay o5



~ aforementioned liquid ejection head 201|

~long as it is conpatible with the enpl oyed recordlng nedi um and the
recordi ng conditions. <Record|ng System» 10. . - ~ 'Next, an exenplary

iznk jet recording systemw |l be descr.ibed;: whi ch records i mges - on - 0
recordlng medi um - usi'ng, .as the- recordlgg_head the liquid EJECtIOH head in @ -

“accordance with the present i nvention Figure 24 is a. -

.schemati.c per spective view of an ink jet -recor |ng system enpl oying the

ac& dance with the present o
./The I'iqyid j?CtIOI’l head in -

-‘ead- whi ch gonpyises plura

~ S0 és to cover the

0. It co rlses-four'

|OM/(Y) genta -

.eneral

- invention, and depicts it
this 20 enbodlnent i s |ih
ej ection orifices allgned
entire recordable Qange o

"~ .heads, whi.ch are corresp

ThlS |s the replacement sheet
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.éé (M, cyan (C) and black.(Bk). These four heads are fixedry suppOrted:
by a holder 1202, in parallel to each other and with predetermn ned '

isnterval s: -67- "These heads are driven .in response to the signals
.~ suppliied froma head driver 307, mhich-cogstitutes means for supplying a.
driving signal to each head. 5 - . - = ‘=Each of the four color inks (Y,

M C and Bk) is supplied to a correspondent -head froman ink container -
204a, 204b, 205c or 204d. A reference nuneral 204e designates a bubble
generation Iiquid.container fromwhich-the bubble generation liquid is 10
~delivered to each head. Bel ow each head, a head cap 203a, 203b, 203c

This is the replacement shegt
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or 203d is disposed, whi-ch contains an ink absorbing nmenber conposed of

- sponge or the like. .They cover the. ejection orifices of'the,corresponding
‘heads, .15 protecting the heads, and al so nai ntaining the head performance,
'durlng a non- recordlng perlod A referenge nurer al 206 deS|gnates a . :

" .conveyer belt, which constitutes neans f®f conveying the various recordlng
~medi um such as those described-in 20 the prec&&:ng ‘enbodinents. - The .
caonveyer. bel't- 206 is rout ed t hrough a. pr edet ned path by various _

rollers, and is driven-by.a driver roller qéﬁnected to a notor: drlver 305

The .ink jet T ecdrur g —SySTEM I N1 s 25 éﬁﬁﬁdlnent conprises a pre-printing Nt

processi ng apparatuaA251 and a ostpM tlrmﬂiroce53|ng apparMBus 252, . whi ¢h
-_are dlsposed on4Hmy+ﬁEHrean1aH@iSomm _ Ve S




‘68 si des, respect|Ver, of .the ink jet. recording apparatus, al ong the

recordi ng nedlunlconveyance path. These processing apparatuses 251 and 252 R

‘process the recordlng medi um i n various.nmanners before or. after 5
- recording i's nade, respectlvely The pre prlntlng process and the

‘postprinting-process vary dependi.ng on type of recording medium or . thefl |

type of .ink. For exanple, when recordlng nedlun1conposed of metallic -

- material, 10 plastic material, ceram.c material or the like is enpl oyed,
~ the recordlng medi um i-s exposed to ultra- violet rays and ozone before
prlntlng,_actlvatlng its surface.  In a recording materi al tending to" .
. acquire 15-electric charge, such as plastlc resin- mat eri al , t he dust tends R
‘to dep03|t on the surface by statlc : . '

'mhmmemmmMMMsma
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" electricity the dust nmay inpede the desired recording. In such a case, the
use is made with ionizer to renopve the static charge of the recording 20 . ..
"raterial, thus renoving the dust fromthe recording material. Wen a
textile is a recording material, fromthg standpoint of .feathering :
prevention.and inprovement. of -fixing-or-the.like, a pre-processing may be
effected wherein al kali property substance, .25 water seol ubl-e property .
" subst ance, conposition polyneric, V\%’[ er sol uble property. r’rEfsl-l salt, urea, -
or- thi.ourea is-applied tojthe t__e‘xt5_ e. The giS- .processing is not
Jlimted to this, and it np 40 \BR to pFevide the ding material
wWith the proper tenperat 1¢ .0t h&3 hand, < ostl’processing is a
3 . ,8 ‘ - 33..b... o
1/ /) :
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5° process for inparting, to the recordlng naterlal havi ng received the.
-ink; a-heat treatment, ultraviolet radiation projection to promote the :
fi xing of the ink, or a cl eaning for removing the process material used for
~the pre-treatnent and renuining.because f'no 10 reaction. In this o
enbodi.ment, the head-is a full line head~ but the: present invention is of:
cour se appllcable to a serial type mhereln the head IS noved al ong: a MAdth
of the recording material. 15 <Head Kit > Herei nafter, a head kit will be

descri bed, which conprises the Iiquid ejection head in accordance with thef; -

present- invention. Figure 25 is a schematic vi.ew of such a head kit. This

" head kit is inthe form20 of a head kit package 501, and contalns a “head |

- 510 in accordance with the present invention, mhlch c@nprlses an |nk
eJectlon sectlon 511 for eJectlng |nk an |nk

the rep\acement sheet .
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cont ai ner 510, that is, aliquid contalner which is .separable, or

nonseparable, fromthe head; and ink 25 filling neans 530, which hol ds the :

lknk to be filled into the. i nk. contai ner 520. After the ink'in the ink - -

contai ner 520 is- - 70- conpletely depl gted, the tip 530 (in the formof. a

hypoderntc needle or the like) of the i fiII|ng nmeans i.s inserted into an -
cair vent: 521 of the I nk contai ner, -the junction between the ink cont ai ner

and 5 ‘the head, or:a hole. drllled t hr ough the ink-: conta|ner wal 1, and thé.

ink within the ink filling neans is filled into the-ink container t hrough -

“this tip 531. Wien the liquid ejection head, the I nk cont ai ner,, the |nk
. fllltng neans, and the. ke argd2 _l4 - : - -

‘mmsmemmmNMMme |
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'10. available in the formof a kit contained in the kit package, the. ink'
can be easily filled into the ink depleted ink container as descrlbed :
. above; therefore, recording can be" qU|ckIy restarted In this enbodi nment,

‘the head kit contains the 15 i.nk filling nmeans. However, .it is not
~mandatory for the head kit to contain ths ink filling neans; the kit may
- contain an exchangeabl e type ink container filled with the |nk and a head.
- Even though Figure 28 illustrates only the 20 ink filling nmeans for
filling the printing ink into the ink container, the head kit may contain
- means fior filling the bubble generatlon liquid into the bubbl e generation
- liquid container, in addition to t3d prlntlng ink refilling means. 25

55 referencdd4o the structures’
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-71 application is |ntended to cover such nDdlflcatlons or changes: as may.

.-come Wi thin the purposes of the inpravenents or the scope of the follow ng

¢laims. 5 10 .15 20 25 WHAT IS CLAIMED IS --1. A liquid eJectlng head
for ejectlng I|qU|d by generatlon of bubee conpr|3|ng ' o -

40 2 1 B

C_Fl1G. 14
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an’ EJECtIOI’l outlet for ejecting the liquid; a f|OW|IC]UId path in qund
communi cation with said ejection outlet; a heat generating el enent for
generatl ng the bubbl e i n the liquid: a bubbl e generation region where the

" bubbl'e i.s generated; a nmovabl e menber a rq_[ivabl e menber having a ful crum and:
"a free end which is downstream-of the ful&rumw th respect to a direction -
of flow the the liquid toward the -ejection outlet, the novabl e menber being -

di sposed faced to the Igat generating el enent , an@a portion of the novabl e'". .'

menbér corresponding to-an area center of the heat ge'neratl'ng'el enment being
~di spl aceabl e betwem a firgg position and a segpnd positign which is rmre
renote from said buRble generation region: than/the fl rst /QOSltlon and

wherei n sai d novabl efirenb¥r noves f msard ?

l('-
st
N 40 2 1 16
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\ :_
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-first position to said second position by pressure produced by the
‘generation of the bubble, and a resistance agai nst novenment of said novable .
nenber, is smaller adjacent. the free end than adjacent the fulcrum -2. A -
liquid ejecting head for ejecting l'i qui dypy generation of bubbl e, o

conprising: an ejection outlet for ejectisg the liquid;, a Liquid’roWLpath_'-!:

influid comunication with said ejection outlet; a bubble generati-on .
- region for -generating the bubble in the liquid; a nbvable nmenber having a
fulcrumand a free end and disposedjfaced to said. bubble generation'region;

N /4ﬂ5.;

../;./3.
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73 wherein said novabl e menber noves fromsaid first position to said
second position by pressure produced by the generation of the.bubble, and a
hei ght of said liquid flow path is higher above the free end t han above -t he .
fulcrumend. 3. Aliquid ejecting head-f 4 ejecting liquid by generation of-
bubbl'e, .conprising: an ejection outlet féF ejecting the liquid; a liquid
flow path in fluid conmunication with said ejectlon outl et; a bubble
generation region for generating the bubble in:the liquid; a novable menber -
having a fulcrumand a free end and di spos@d faced to said bubbl e ™
-generatlon region; wherein said-: anabIe
'p05|t|on to sald second p; it

102) 104] 106
103 105

...F;.'(;. li;
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' produced by the generation of the bubbl e, and a hei ght of said Irqur d flow
“path i's Tower at least in-a portion between a position of the free end and .
‘@ position of the fulcrumthan at the Pos ‘inron of the free end. 4. A head ’
-according to Caim2, -wherein the height ntinuously increases froma '
position of the fulcrumto a position of the free end. '5. . A head
~.according to Claim4, wherein the height increases rectrlrnearly 6. A
- head according ta CIW m 4, wherein the hei ght i ncreases curvili nearly 7.
A head according to jlaim3, wherein said liquid flow path has a | ow hei ght

por tion, functronr nglas a top stopper for Irmtrng novenent of sai-d rmvable

merrber

Thrs |s the replacement sheet
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"74 - 8. A head according to Claim 2, wherein. a conflguratlon of sald
”Iqu|d flow path as seen fromthe ejection outlet-is simlar to a- -
~configuration of said novabl e menmber as seen fromthe. ej ection outlet when. .
it it displaced. 9. A head according t- <Claim1, 2 or 3, wherein when '
'said novabl e menber noves, it-contacts a=part. of a wall.for forn1ng said.
fl.ow path. 10. A head accordlng to Claim1, wherein the bubble is _
expanded nmore toward downstreamthan toward upstreamw th respect - to a
directi-on of general flow of the liquid. 11. A head according to Cla|n11 2
cor 3, wherein a heat generating el enent for generating the bubbl e is- '
_dlsposed faced to the novabl e nenber 85? sai d bubbl e generatlon reglon s

formed between the novabl e nember _ _

FiG. 21
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and the heat generating elenent. 12. A head according to Claim1, 2 or 3,
- wherein the novabl e nmenber has a fulcrumand a free end at-a position _
downstream of ‘the fulcrum 13. A head according to Caim1l, wherein said -
liquid flow path has a supply -passage foj, supplying the liquid to said heat
~ generating eIénent'fr0n1upstrean1thereoﬂfhlong]the heat generating el enent. -
=275 - 14. A'head according to Caim13, wherein the liquid is:supplied to
-the heat generat.ing el enent along an internal wall -which is substantially .-
“flat or snpothly curved. 15. ‘A head according to Caim 11, further o
conprising-a supply passage for supplying the. |iquid DR

FIG. 22
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_to sai d heat generatlng elenent fron1upstrean1thereof along a surface close
~to said heat -generating element. 16. Cancel. 17. A liquid ejecting head.
fsor ejecting I'i qui d by generation of bubble, conprising: a first liquid ,
flow path in fluid communication with anjgjection outlet; a.second liquid
f1 ow pat h havi ng -bubbl e. generation regi or—f or generating the bubble-in the’
| iquid by applying heat to the l'iquid; a novable nmenber dlsposed bet ween
~said first liquid fl ow path and said bubble generatlon regi-on ‘and having a
- free end adj acent the ejection outlet, wherein the free end of the novable
menber is displaced into said first I|qU|d fIOM/path by -pressure - produced
by the generation of ‘the bubble, thus guiding.the pressure toward the
- ejection outlet of_said. t|rst Liquid flowpath by the onvenent of.the -
- novabl e nenber ' S . :

e 200
T‘r 307
.. Jale
HD DRVR -
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td eject the liquid, wherein a height of said flow path is higher above the
free end than above the fulcrum end. 18. Aliquid ejecting head for

g ecting liquid by generation of bubble, conprising: a first liquid flow

path in fluid-comunication with an-ejectigon outlet; a second liquid flow
~pat h having bubbl e generation réegion for-generating the bubble in the
l'iquid by applying: heat to the |iquid; a novable nmenber disposed-betvieen
'said first liquid flow path and said bubbl € generation regi-on and having a .
free end adjacent. the ejection outlet, wherein the free end of the novable

- menber -i's dﬁp&&e@d—hﬂ(—e—&a‘ﬂ £ rclf_wl i OI|.|i fal -fll..lil-.nm-_'rv\a- t al b“ p; G_S_ s T

FIG. 24
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ptoduced by the generation of the bubble, thus guiding the pressure toward
the ejection outlet of said first liquid flow path by the novenent of the.

povabl e menmber to eject the liquid, wherein a height of said flow path is
“lower at least in a portion between a- pogbtion of the free end and a .~
‘posi tion of 't he ful crumthan at the posi tfon of .the free end. 19. A head

according to Claim 17 or 18, wherein the height continuously increases from- .

a position of the fulcrumto a position of the free end. 20. A head :
according 'to Caim19, ‘wherein the: hei ght increases rectilinearly. 21. A -

head accordlng to Cla|n119 wherein the helght increases curvilinearly.
77 - | ST _ AN
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Jhérght.portiOn
.aovable nenber

simlar to a conflguratlon of said anabIel‘ P om P HRAEES

outlet when it i's displaced. 24. A head accr i Stﬁ“ot a alr%f’%? dp paged ..
. wherei n when -said novabl e nenber anes

gontacts a top mall N I
'said flow path. 25. A head accordin C%a:n{&ﬂ? IPi‘. n;?§¢i§[ 91
gener ating eIeneﬁ?s*ﬁﬁaﬁﬁﬂuﬂéﬁlnﬁgrﬁ GSG ‘ ' o .

Tovabl o monber afie +i€'ﬁ%ﬁbé’eﬁgﬂ%§%€%§5='é?9ﬁé§?'%éﬁﬁ %éﬁ%?%“%eﬂg‘?i |

daim 25, “here'ﬂsfﬁéQa reeistance of virtual stopper with the use of

ifluid._ The resistanee is called herein after
5 resistance or !low resistance. i_ | |
| These ana other objects, featnres and
adventages of the preoent invention will become more
.apparent upon a oonsideretion of the following
ldescription of the preferred emhodiments of the
o310]_present invention taken in conjunction with the
ecoompanying drawings.i
'f_-gRIEF DESQBIPZ;ON OF THE Dggu;ugg
- Fig. 1 is a seetionnl view o: a liquid flow
'ﬁ?patn of a conventional liquid ejecting head. Fig. 2
15 is a schematic sectional view of example of a liquid
: "ejecting head of an embodiment of tha present inventicn._
1Fig. 34s a partly broken perspective view of a liquid
: eJeoting head aeoording to ‘an embodiment of the present
'-invention.ﬂ Fig. 4 is a schematic view of pressure
‘20 propagation from a huhble in a conventional head. Fig.
5 is a schematic view of pressnre propagation from a
| buhble in a head aocording to an embodiment of the )
present invention. Fig. 6 is a schematie view of a
fliquid flow in an embodiment or the present invention.'
'25; Fig. 7 is a sectional v1ew of a liquid ejecting head o
(2 flow path) according to Embodiment 1 of the present . |

invention. ?:lq. 8 is an illusttation or a stoppar
"meﬁémm®QMMSmaf
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~ second liquid fl ow path has an internal wall which.is sub§ ”Jc' @%!éé/s{légg or

smoot hly curved, and the supply passage is supplied to sa
el enent along. the internal wall. A head according to Clalnll 2, 3, 17
or 18, wherein said novable nenber |s |n the form of -a plate 78 .- 28.
A head’ according-to Caim27, wherein all’ olBEffectlve bubbl e generatlon
region of.said heat generating elenent is faced to said nmovabl e nenber: "29.
A head according to Caim27, wherein a total -area of said -novable nenber '

oberger than e hebabegbe el G Saiih SPURIALET HF Hawiby 20

:stitionlout of movable member ‘according to a second emhodiment. Fig.

9 is. a portion partly broken perspective view of the
| liquid ejecting heed in the portion of Fig. 8. Fig. .
5 10 is a longitudinal section o! a liquid ejecting heed
- eccording to a third embodiment of the present invention.-
Fig. 11 is a 1ongitudinal section of a liquid ejecting

'{ head according to e mcdified exemple of the third.

. enbodiment._ Fig. 12 is a 1ongitudinal section of a
r10 'liquid'ejecting_heed according to_e.fourth embodiment'
'u__ of tne present inrention. _Fig.ria-ie a sectional éiew"

.'ot.e'mejorlpart of a liquid'ejecting,nead eccording_to

a modiried_exemble,of the fourth embodiment of the |
'present inrention. Fig; 14 is'e'sectionel“vier'of a
.,_15_mejor part of a liquid ejecting head eccording to a
-modified exemple of the fourth embodiment of the o
present inwention. _Fig, 15 is a sectional view of'a:

major part of a liquid ejectinc nead according to a _
”modified example ot the :ifth emhodiment eccording to
2°,the present invention. Fig. ls_snows a major part of

-tne liquid ejecting-nead adcording toa fifth. Fig.

17 dapicts vericue configdretions of thc'moving

"memberi Fig. 18 ie a 1ongitudina1 eection of the _

'liquid ejection head in eccordence with ‘the preeent

. 3? invention.- Fig. 19 ie a diegrem ehowing the form of

.. the driving pulse. Fig. 20 is an exploded perspective

:fview of the liquid ejection head in’ eccordance witn

ThlS is the replacement aheei :. '
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& portlon ri ght above said heat generatlng el enent. 31. A head accordlng to
- O aim.27, wherein the free end of said novabl e nember hasRepLaseTeninSheet
: extendlng in a direction substantially perpendicular to the liquid flow -
‘pat h having-sai d heat. generating el ement. 32. A head according to-C aim 27,
- Wwherein said free end of said novable. nmexher i s di sposed at. a position:-
~nearer to said ejection . outlet than said heat:generating el enent. 33. A
‘head accordlng to Caim27, wherein said novable menber i's a part of a: S
partltlon wal | bet ween said’ first liquid flow path and second I|qU|d flow .
path. 34. A hea¢hacvwaaang inWQDti0n4$3Fauheﬁé|ﬁssandepalﬁdeﬁon wall - is-of

netal ‘resin materral ceram c nateri al
. - perspective view of a 1iquid ejecticn head cartridge.

- Fig. 22 is a perspective view of a liquid ejecticn

t_ffapparatus, depicting tne general structure tnereot.

5 Fig. 23 is a ‘block diegram of the apparatus

-:illuetrated in Fig. 22. Fig._24 is a perspective view

lof a liquid ejectinn recording system.' Eig. 25'15 a

_ svhematic drawing of a head kit.,

DESCRIPT OF THE PREFERRED mom_' N
- 10 <Embodiment 1>_ - o _ | _ |
. B Referring to the accompanying drawings, the
} embodimentS'of the present invention will be -
B _described.. )
'. _ In this embodiment the description will be
' .15 made as to an imprcvement.in an ejecticn force and/or
- ;un ejection erficiency by controlling a direction of
- propagation et preeeure resulting from generation of a
bubbla for ejecting tha. liquid and contro:l.ling a |
| '-directicn of grewth of the bubble, usable with this
: Bt emhodiment. Figure 2is a schematic sectional view of
. a liquid ejacting head ‘taken. a].cng a liquid ncm ‘path
: "usable with this emboaimem:, and Figure 3 is a partly "
'-broken perspective view of the liquid ejecting head.'
_ The liquid ejecting' head of this emhodiment o "
“ i25.'comprisee a heat generating eiement 2 (e heat
o generating resistor oi 40 um x 105 pm in tnis

:embodiment) ae the ejection energy generating element

Tms is the rep\acement sheet .
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5 Ahead accordln to d aj : Ot TeTCUNPT TSIy & {1 Tst
qui d R/Tn ?"Q?“ITI‘? gﬁ‘?d&%{ﬁ?‘ a plurality of such
qui d flow pat hs and a seco“ld comon |iquid chanmber for supplying
liguid to a plurality of suth second ljiquid flowpaths 36 A head

| |01§;THESB§H}RA¢Tor 18, wherein the |IC]UId supplled to the first

gqurd—tow pattrTs—the Sane—das tte IILIUI d—supptiedto thesecomd—tiqurd

fll ow path. 37. 1d_a 0 ] 3 Mthellqwd

upplied to the=Pés L i : e liquid
“gupplied to the second I|q' QUID SELAING MBIHOW ead according to daim 11,
erein said

A liquid ejecting head for ejecting liquid by generation of bubble (40) includes an ejection
outlet (18) for ejecting the liquid; a liquid path (10) in fluid communication with the ejection
outlet (18); a bubble generation region (11) for generating the bubble in the liquid; a movable
member (31) having a fulcrum (33) and a free end (32) and disposed faced to the bubble
generation region; wherein the movable member (31) moves from the first position to the
second position by pressure produced by the generation of the bubble, and a resistance against
movement of the movable member, is smaller adjacent the free end than adjacent the fulcrum.

Fig. 10 REPLACEMENT SHEET
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generatlng resi g heat upon_ele e—~¢
nead accordi ng ¢ mm\mmmmc. n"'sai o hoRT  CRPBALTNE
an el ectrot her mal* t ransduter® havi ng a heat emé'ﬁ%smﬂ'@m"r Sk b
generating heaf” upon electric energization. claBos)  A0P2BKH qg drd;ng
to Caim?25, wherein said second liquid flo paphmha§$h BHAND %J kedshapg
at a portion where said heat generatingZ@l e @gﬂhswdmspoﬁéé’ 7). k ead
according to Caim?25, wherein said second f§ ow path has a thgwu[l i on
upstream of said heat- generating elenent -
WHAT IS CLAIMED IS

-----

g oy WRIE TP weasase
DA ey .

--1. A liquid ejecting head for ejecting liquid by
generation of bubble, comprising:
an ejection outlet for ejecting the liquid;
a flow liquid path in fluid communication
with said ejection cutlet: '

a heat generating element for generating the

bubble in the liquid;
a bubble generation region where the bubble

is generated:

a movable member a_movable member having a
fulcrum and a free end which is downstream of the
fulcrum with respect to a direction of flow the rhe

iguid towar h ct outlet, the movable member

enerating element

and a portion of the movable member corresponding to
an area center of the heat generating elsement baing
displaceable between a first position and a second
position which is more remate from said bubble

generation region than the first position:; and
wherein said movable member moves from said

first position to said second position by pressure
produced by the generation of the bubble, and a
resistance against movement of said movable membar, is
smaller adjacent the free end than adjacent the
fulcrum. |

eing disposed faced to the he

2. A liquid ejecting head for ejecting liquid by

generation of bubble, comprising: '

an ejection outlet for ejecting the ligquid;

a liquid flow path in fluid communication
with said ejection outlet;

a bubble generation region for genarating the
bubble in the liquid;

a movable member having a fulcrum and a free

end and disposed faced to said bubble generation ¢
Tegion; This is the replacement shee
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42.° A head according to daim?25, wherein a distance between a surface of

sai d heat generat el enent _and sai d novabl e nenber, is not nore than 30
[err] m 43. A”“Huﬂﬂg “I mQIEo Caim17 or 18, the | qui d ej ected through

sai d ejection
l'iquid by generatlon o]

A liquid ejecting nmethod for ejecting
a bubbl e, conprising: preparing a head conprising

an ejection outlet for, ejecting the Ii UId a heat generating elenment for
generating the bubbl es in the liquid’™ 3babbl e generation region for
generating the bubble in the liquid, a novable nenber having a ful crum and
a free end which is downsitiersirofsdite mbwbblemantdr meseacttron aaildrection

ygggg gnnber bei ng

of flow the the Ifliqﬁlrdg %I\P{cg, the sﬂiﬁckkpgnglﬁéﬂr(}&nh%g”p

di sposed faced t eneratin

Ion O

t he novabl e

menber correspon(ﬂrﬁ&ut’-‘édahyaﬁ?‘t%l Q%’fﬂrélnBﬂ of the bubble' and a height
of said liquid flow path is higher above tha free end

than abaove the fulcrum end.

3. A liquid ejecting head for ejecting liquid by

generation of bubble, comprising:

" an ajection outlet for ejecting the liquid;

a liquid flow path in £luid communication

with said ejection outlet;

a bubble generation region for generating the

bubble in the liguid;

a movable member having a fulcrum and a free
end and disposed faced to said bubble generation

region;

wherein said movable member moves from said

first position to said second position by pressure

produced by the generation of the bubble, and 3 height
of said liquid flow path is lower at least in a
portion between a position of the free end and a

position of the fulcrum than at the position of the

free end.

4. A head accordlng to Claim 2 whereln the

height continuously increases from a position of the

fulcrum to a position of the free end.

5. A head according to Claim 4, wherein the

height increases rectilinearly.

6. A head according to Claim 4, wherein the

height increases curvilinearly.

7. A head according to Claim 3, wherein said

ligquid flow path has a low height portion, functioming
as a top stopper for limiting movement of said movable

member.

This is the replacement sheet
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thé heat generating—elenent bejng di spl aceabl e between a first positi-on and

;a second positi | s pore renote from said bubbl e generation region
than the first ,m ‘IE ' Im!m'ﬂ di spl aci ng said novabl e nenber by pressure
produced by the' O e bubble in said bubble generating portion,

wherein a resistance agai nst novenent of said novable nmenber, is snaller

adj acent the free end than adjacent the fulcrum 45. A method according to
Clai m 44, wherein the bubble is expand® more toward downstream than toward
upstreamwi th respect to a direction of general flow of the liquid. 46. A

method according tp O aima4, wherein the craim 2, wherein a

configuration of said liguid flow path as seen from
the ejection cutlet is similar to a conﬁiguraticn of
said movable member as seen from the ejection outlet
whan it is displaced.

9. A head according to Claim 1, 2 or 3, wherein
when said movable member moves, it contacts a part of

a wall for forming said flow path.

10. A head according to Claim 1, wherein the
bubble is expanded more toward downstream than toward
upstream with respect to a direction of general flow

of the liquid.

11. A head according to Claim 1, 2 or 3, wherein

a 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 eiement.

12. A head according to Claim 1, 2 or 3, wherein
the movable member has a fulcrum and a free end at a

position downstream of the fulcrum.

13. A head according to Claim 11, 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.

This is the-replacement sheet

pate: £ 0 NOV 1897



bubbl e expands beyond the first position. 47. A nethod according to C aim
A4, wherein by t ﬁ novenment of the novabl e nmenber, a downstream portion of

t he bubbl e grows ﬂ" of the novabl e nenber. 48. A met hod
according to d ai novabl e menber has a free end .at a
position domnstrean1of the fulcrun1 and the free end is noved by a
defl ection of the novable nenber with the fulcrumfixed. 49. A nethod
according to O aim44, wherein at |easf3such a portion of the bubble having
a pressure conponent directly contributable to the ejection of the liquid
I's guided by said novabl e nenber noved by the pressure conponent.

14. A head according to Claim 13, wherein the

liquid is supplied to the heat generating element
along an internal wall which is substantially flat or
smoothly curved.

15. A head according to Claim 11, further

comprising a supply passage for supplying the liquid
to said heat generating element from upstream thereof

along a surface close to said heat generating element.

156. Cancel.

17. A liquid ejecting head for ejecting liquid by
generation of bubble, comprising:

a first liguid flow path in fluid
communication with an ejection outlet:;

a second liquid flow path having bubble
generation region for generating the bubble in the
liguid by applyving heat to the ligquid;

a movable member disposed between said first
liquid flow path and said bubble generation region and
having a free end édjacent 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 guiding
the preséure toward the ejection outlet of said first
ligquid flow path by the movement of the movable member
to eject the liquid, wherein a he;ght of said flow
path is higher above the free end than above the

fulcrum end.

This is the replacement sheet
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- 82 - 50. Aliquid ejectin hod for ejecting liquid by generation of a
bubbl e, conpn+s+ngf’ﬁ?§5§??%ﬂﬂ§Lhead including a first liquid flow path in
fluid conmuni caks “‘“m“f “i d ejection outlet, a second liquid flow
pat h having a s\wﬂwmg regi on and a novabl e nenber di sposed

bet ween said filsteli gui f1ow path and said bubbl e generation regi on and
having a free end adjacent the ejection outlet side; and generating a
bubbl e in said bubble generation regroﬁstd di spl ace the free end of the
novabl e menber in{@ said first liquid flow path by pressure produced by the
generation of thet$ubt? etiqdid W%Wt%%r&%ﬁ@@%%ﬁdliwél@jlé!t i on

outlet of said first.liquid flow path by the novenent of the novabl e nenber
to eject. the ??rﬁ%]f%l%]'%gé%e%u?olree'si%? HYhi nst novenent of said novabl e

menber, is smaller adjacfNist 1iquid flow path in fluid

communication with an ejection outlet;
a second liquid flow path having bubble

generation region for qggégg;}ng 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
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, wherein a height of said flow
path is lower at least in a portion between a position

" 0f the free end and a position of the fulcrum than at

the position of the free end.

13. A head according to Claim 17 or 18, wherein
the height continuously increases from a position of

" the fulcrum to a position of the free end.

20. A head according to Claim 19, wherein the

height increases rectilinearly.

21. A head according to Claim 19, wherein the

height increases curvilinearly. sxherePWSG“mntsheet
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the free e | nt_the fulcrum 51. A nethod according to C aim44
or 50, mhere d novabl e menber constitutes a part of a partition wall,
wherein a pa I’E ’Lwﬂame menber is contacted at |east a part of sai d. -
partition wa ortion of said partition wall constituted by
sai d novabl e nenber to réstfain said novabl e nenber fromentering said

bubbl e generation region. -83- 52. égnethod according to C aimb51,
wherein a free end portion having a fT end of said novabl e nenber is
contacted to at least a portion of said partition wall. 53. A method

according to Caimb51, wherein lateral end portions of said novabl e nenber
are

22. A head according to Claim 18, wherein said
liquid flow path has a low height portion, functioning
as a top stopper for ligiting movement of said movable
member.

23. A head according to Claim 17 or 18, wherein a
configuration of said liguid flow path as seen from

the ejection outlet is similar to.a configuration of
said movable member as seen from the ejection outlet
when it is displaced.
24, A head according to Claim 17 or 18, wherein
when said movable member moves, it contacts a top wall

for forming said flow path.

25. A head according to Claim 17 or 18, wherein a
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.

26. A head according to Claim 25, wherein said
second 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.

27. A head according to Claim 1, 2, 3, 17 or 18,

wherein said movable member is in the form of a plate.

This is the replacement sheet
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contacted to af—Fease—a—poLLLg__pf said partition wall. 54. A method
;according to 50 mhereln the free end of said novable nenber is
restrai ned by Hﬂh@@, for engagenent to the free end or a portion
of said novabl e« to the free end. 55. A method according to
Cl aim 54; wherein the free end of said novable menber is in a sealed state.
56. A nethod according to C ai m54, mhﬁreln | ateral ends of said novable
menber is in a sealed state. 57. A nEt Bd'according to Claimb54, wherein a
fl ow resi stance adjacent a noving position of the free end is snaller than

that adjacent the28ul cRunead according to Claim 27, wherein all of
effective bubble generation region of said heat

generating element is faced to said movable member.

29. A head according to Claim 27, wherein a total
area of said movable member is larger than a total

area of said heat generating element.

30. A head according to Claim 27, wherein a
fulcrum of said movable member is at a position out of

a portion right above said heat generating element.

31. A head according to Claim 27, 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.

32. A head according tb Claim 27, wherein said
free end of said movable member is disposed at a
position nearer to said ejection outlet than said heat
generating element.

33. A head according to Claim 27, wherein said
movable member is a part of a partition wall between

said first ligquid flow path and second liquid flow
path.

34. A head according to Claim 33, wherein said
partition wall is of metal, resin material or ceramic

material. This is the replacement sheet
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- 84 - 58. A nmethod according to aim44 or 50, wherein the free end is
restrained fromentering the bubble generation region by |imting novenent
of a freelﬂ““ﬂﬂ“\“lﬂnllumlludi ng the free end. 59. A net hod according to
Claim 44 Allheat generating el ement for generating the bubble
i s di sposed f&cel t'b the "novabl e nember, and sai d bubbl e generation region
Is fornmed between the novabl e nenber and the heat generating el enent. 60.

A met hod aecording to O aim50, whereif®a-part of the bubble generated
expands into the first liquid flow path with novenent of the novable
menber. 61. A nmet hod according to Caim59, wherein a part of the bubble

generated expands into the first liquid flow path with novenent of the
novabl e nmenber- by filmboiling. 62. A nmet hod according to C aimb59,

wherein the 35. A head according to Claim 17 or 18, 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 supplving
second liquid to a plurality of such second liquid

flow paths.

36. A head according to Claim 17 or 18, wherein
the liquid'supplied to the first liquid flow path is
the same as the liquid supplied to the second liquid

flow path.

37. A head according to Claim 17 or 18, wherein
the ligquid supplied to the first ligquid flow path is
different from the liguid supplied to the second

liquid flow path.

38. A head according to Claim 11, wherein said
heat generating element includes an electrothermal
transducer having a heat generating resistor for

generating heat upon electric energization.

39. A head according to Claim 25, wherein said
heat generating element includes an electrothermal

transducer having a heat generating resistor for

generating heat upon electric energization.ﬂ'

This is the replacement sheet

pate: 2 0 NOV 1997



liquidis suplemeinghe heat generating el enent along an internal wall
which is substantially flat or snoothly curved. - 85 - 63. A net hod
accordlngto , umﬂumlnthe liquid supplied to the first liquid flow
path is the s supplied to the second liquid flow path. 64.
A net hod accordlng to Cfa|n15 wherein the liquid supplied to the first
liquid flow path is different fronlthe | iquid supplied to the second liquid
fl ow path. 65. A nmet hod accordi ng to & & m 50, wherein the liquid

supplied to the second liquid flow path has at | east one of | ower
viscosity, higher BObbl3 headi agcording to Claim 25, wherein said

second liquid flow path has a chamber-like shape at a
portion where said heat generating element is

disposed.

41. A head according to Claim 25, wherein said

second flow path has a throat portion upstream of said

heat generating element.

42. A head according to Claim 25, wherein a
digtance between a surface of said heat generating
element and said movable member, is not more than 36

pm.

43. A head according to Claim 17 or 18, the

liquid ejected through said ejection outlet is ink.

44 . A liquid sjucting method for ejecting liquid
by generation‘of a bubble, comprising:
preparing a head comprising an ejection
outlet for ejecting the liguid, a heat generating
gelenent for generating the bubbles ip the ligquid, a
bubble generation region for generating the bubble in
the liquid, a movable member having a fulcrum and a

free end which is downstream of the fulcrum with
respect to a direction of flow the the liguid toward
the ejaction outlet, the movabhle member being digposed
faced to the heat generating element, and a_portion qf
the movable member corresponding to an area cepter. of
the heat generating element being displaceable between
a first position and a second position which is more
remote from said bubble generation region than the

first position
This is the replacement sheet
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property and higher thermal stability than the liquid supplied to the first
I'iquid flom/pé?%fﬁﬁﬁf_”‘ﬁﬁ‘rnk—efection recordi ng nethod for ejecting
recordi ng quuuﬂ“ﬂn ' f a bubbl-e. conprising: preparing a head
conprising an '"ﬂﬂ’lmm"”mlﬁr ej ecting the recording ink, a heat

generating el emént °f oF geneyats ng the bubble in the ink, a bubble

generation region where the bubble is gﬁderated, a novabl e nenber having a
fulcrumand a free end which is downsStTeamof the fulcrumwith respect to a
direction of flowthe the liquid toward the el ection outlet. the novable
menber bei ng di sposed f ddedlaoisdesdishimogante ahenigelwngiriessangd a portion

of the novable ﬁgggq?édcg&rgﬁgogguéﬁﬁéfﬁgagfagﬁg & 19f g heat

generating el engnt. bein disglace etween a Tirst_position and a second
posi tion whi ch PEPRKS SRERAELRS (RAF LAY HHBERER R RS @RSRegi on than t he

againgt movement of said movable member, is smaller
adjacent the free end than adjacent the fulcrum.

45. A method according to Claim 44, wherein the
bubble is expanded more toward downstream than toward

upstream with respect to a direction of general flow

of the liquid.

46. A method according to Claim 44, wherein the

bubble expands beyond the first position.

47. A method according to Claim 44, wherein by
the movement of the movable member, a downstream
portion of the bubble grows toward downstream of the

movable member.

48. A method according to Claim 44, wherein the
movable member has a free end at a positioﬁ downstream
of the fulcrum, and the free end is moved by a
deflection of the movable member with the fulcrum

fixed.

49. A method according to Claim 44, wherein at
least such a portion of the bubble having a pressure
component directly contributable to the ejection of

the liquid is guided by said movable member moved by

the pressure component.
’ - ? This is the replacement sheet
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first positian; - 86 - displacing said novabl e menber by pressure

produced by ' f the bubble in said bubble generating portion,
wherein a rt‘!ﬂﬂ@i}ﬁiﬁuﬂn!ﬂw d, agai nst novenent of said novabl e nenber,
is smaller S end than adjacent the fulcrum 67. A head
cartridge conprising: a liquid ejecting head as defined in Claim1l, 2, 3,
17 or 18; and a liquid container for cquntaining the liquid to be supplied

to the-liquid ejecting head. 68. A cartridge according to C aim 67,
wherein said liquid ejecting head and said liquid

50. 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 ligquid
ejection outlet, a second liquid flow path having a
bubble generation region and a movable member dispaséd
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 towafd the ejection outlet of said first
liquid flow path by the movement of the movable member
to eject the liquid, wherein a resistance against
movement of said movable member, is smaller adjacent

the free end than adjacent the fulcrum.

51. A method according to Claim 44 or 50, wherein
said movable member constitutes a part of a partition

wall, wherein a part of said movable member is

contacted at least a part of said partition wall other
than a portion of said partition wall constituted by
said movable member to restrain said movable member

from entering said bubble generation region.
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contai ner are separable fromeach other. 69. A liquid ejecting apparatus
for eJectlng—FEEBFa“‘g*+rqu+d-by generation of a bubble, conprising: a

I|qU|deJect|r’m |nCIa|m1 2, 3, 17 or 18; and driving
signal supply ﬂmﬁ ﬂm ng a driving S|gnal for ejecting the liquid
t hrough the I|qU|d efecti : An apparatus according to C aim 69,
wherein ink is ejected fronlsald I|qU| ej ecting head to deposit it on
recordi ng paper, textile, plastic resi 3raterial, metal, wood or leather to
effect recording thereon. - 87 - 71, An apparatus according to Claim
69, wherein
52. A method according to Claim 51, wherein a
free end portion having a free end of said movable
member is contacted to at least a portion of said

partition wall.

53. A method according to Claim 51, wherein
lateral end portions of said movable member are
contacted to at least a portion of said partition
wall.

54. A method according to Claim 44 or 50, wherein
the free end of said movable member is festrained by
restraining means for engagement to the free end or a
portion of said movable member adjacent to the free

end.

55. A method according to Claim 54, wherein the

free end of said movable member is in a sealed state.

56. A method according to Claim 54, wherein
lateral ends of said movable member is in a sealed
state.

S7. A method according to Claim 54, wherein a
flow resistance adjacent a moving position of the free

end is smaller than that adjacent the fulcrum.
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li qui ds of different cotors—are ejected to effect color recording. 72. An

appar at us accrun”u ' 9, wherein a plurality of such ejection
outlets are di g"ﬂﬂ" dth of a recordable region of the recording

material. 73. * Afreeorndi ng system conprising: a liquid ejecting apparatus
as defined in Claim®69; and a pre-processing or post-processing nmeans for
pronmoting fixing of the liquid on the recording material after the
recordi ng. 74. A liquid ejecting app%ﬁalus for ejecting recording liquid
by generation of a bubble, conprising: a liquid ejecting head as defined in
Claim1, 2, 3, 17 or 18; and recording material transporting neans for
feeding a recordi mat erial for receivin% t he Ii%yid ejecteqxfrqn1the
liquid ejecting d. A mgt od according to Claim 44 or '50, wherein

the free end is restrained from entering the bubble

generation region by limiting movement of a free end

portion including the free end.

59. A method according to Claim 44 or 50, wherein
a 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.

60. A method according to Claim 50, wherein a
part of the bubble generated expands into the first

liquid flow path with movement of the movable member.

61. A method according to Claim 59, wherein a
part of the bubble generated expands into thg first

ligquid flow path with movement of the movable member

by film boiling.

62. A method according to Claim 59, wherein the
liquid is supplied to the heat generating element
along an internal wall which is substantially flat or

smoothly curved.
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75. A recordin systen1co rsing: a liquid ejecting apparatus as defined
in daim CI 'ﬁ mum”m e- processi ng or post-processing neans for
pronDtlng r HMUId on the recording material after the

recor di ng. M 76. Aliquid ejecting apparatus according to C ai m69,
wherein recordlng Is effected by ejecting the ink fromthe liquid ejecting
head to recording paper. 77. Aliquid eéecting apparatus according to Caim
74, wherein recording is effected by~ e cfing the ink fromthe liquid

ej ecting head to recordi ng paper.

63. A method according to Claim 50, wherein the
liquid supplied to the first liquid flow path is the
same as the liquid supplied to the second liguid flow

path.

64. A method according to Claim 50, wherein the
liquid supplied to the first liquid flow path is
different from the ligquid supplied to the second

- liquid flow path.

65. A method according to Claim 50, 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 tﬁe liquid

supplied to the first ligquid flow path.

86. An ink sjection racording method for ejecting
recording liquid by genmeration of a pubble.
comprising:

Preparing a head comprising an ejection
outlet for ejecting the recording ink, a heat
 generating element for generating the bubble in the
ink, a bubble generation region whare the bubble isg
generated, a 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 ejection movable m r be )

faced to the heat generating element, and 2 portion of

the movable me I correspondin 0 an area center of

the heat rating element being displaceable bestween

a first position and a second position which is more

remote from said bubble gunaration region than the

Z11lrst position; : s
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78.  An apparatus according—to-C ai m 69, wherein liquids of different colors
are ejected ecording. 79. A head kit conprising: a liquid
ej ecting heélmummnmamﬂﬂlb aiml, 2, 3, 17 or 18; and a liquid container
containing tHe I qbidvtos be supplied to the liquid ejecting head. 80. A
head kit conprising: a liquid ejecting head as defined in laim1l1, 2, 3, 17
or 18; a liquid container for containing the liquid to be supplied to the
liquid ejecting head; and liquid filli 8§ means for filling the liquid into
the Iiquid container. 81. A nethod according to C aim65, wherein said

hi gher bubbl e forni ng gispdrcngssabharodtniile] ngnpernby pressure

~produced by the generation of the bubble in said
bubble genarating portion., wherein a rasistance the
liguid, against movement of said movable member, is
smaller adjacent the free end than adjacent the

fulcrum.

67. A head cartridge comprising: a liquid
ejecting head as defined in Claim 1, 2, 3, 17 or 18;
and

a liquid container for containing the liquid

to be supplied to the liquid ejecting head.

68. A head cartridge according to Claim 67,
wherein said liquid ejecting head and said liguid

container are separable from each other.

69. A ligquid ejecting apparatus for ejecting
recording liquid by generation of a bubble,
comprising: a liquid ejecting head as defined in Claim
1, 2, 3, 17 or 18; and

driving signal supply means for suppiying a
driving signal for ejecting the liquid through the
liquid ejecting head.

70. An apparatus according to Claim 69, 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.
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- 89 - 82. A head accordingte-—caiml, 2, 3, 17 or 18, wherein said free

.end has a free end 0 an ejection outlet side. 83. A nethod,
according to C]Jﬁl‘mz‘ﬂgiw@ﬁiﬂm wherein said free end has a free end edge
facet to an ejé s e. 84. A head according to Caim1, wherein
wherein said heat generating el enment and said novabl e nmenber are di sposed
faced to each other with said heat generation region therebetwen, and
wherein the fulcrumis upstream of theBhrea center of said novabl e menber,

and the free end is downstreamthereof. 85. A head according to Claim2, 3,

17 or 18, wherei gisai d a0 \udRlad sRIED @l dot dlnP 2L E1f3GE 6 4,0 wiidi kb heat
generating elenent for generating a bubble i'n said bubble generation
regi on, and Wigjidias dfp@ilfifetent colors are ejected to effect

color recording.

72. An apparatus according to Claim 69, wherein
é plurality of such ejection outlets are disposed over
a width of a recordable region of the recording

material.

73. A recording system comprising: a liguid
ejecting apparatus as defined in Claim 69; and
a pre-processing or post-processing means for
promoting fixing of the ligquid on the recording

material after the recording.

74. A liquid ejecting apparatus for ejecting
recording liquid by genefation of a bubble,
comprising: a liquid ejecting head as defined in Claim
1, 2, 3, 17 or 18; and

‘recording material transporting means for
feeding a recording material for receiving the liquid
ejected from the liquid ejecting head.

75. A recording system comprising:

@ liquid ejecting apparatus as defined in
Claim Claim 74; and

a4 pre-processing or post-processing means for
promoting fixing of the liquid on the recording

material after the recording. )
’ This is the replacement sheet

Date: 2 0 NOV 1997



of "t he novabl e e nding to an area center of the. heat

,generatingwﬁ ' Lspl aceabl e. 86. A head according to Caim2, 3,
17 or 18, mm’mﬁHﬂWI e menber is disposed faced to said heat
generating elerfentt fear ge ating a bubble in said bubble generation

region, and wherein the fulcrumis upstreamof the area center of said heat
generating elenent, and the free end is downstreamthereof. 87. A net hod

according to Cl aim50, wherein sai d &A1 e nenber is di sposed faced to

sai d heat generatng al eigiiaf eqeserfgbppdratRub iR diaisd dpubbl e
generation region, and wherein a portion of the novabl e nenber

corr espondi ngledmallar ehetedhereebrditighdat eFeReytaid Ny & R¥Eindei ng
di spl aceable. - - 90 -
the ink from the liquid ejecting head to recording

paper.

77. A liquid ejecting apparatus according to
Claim 74, wherein recording is effected by ejecting
" the ink from the liquid ejecting head to recording

paper.

78. An apparatus according to Claim 69, wherein

liquids of different colors are ejected to effect

color recording.

79. A head kit comprising: a liquid ejecting head
as defined in Claim 1, 2, 3, 17 or 18; and
a liquid container containing the liquid to

be supplied to the liquid ejecting head.

80. A head kit comprising: ,
a liquid ejecting head as defined in Claim 1,

2, 3, 17 or 18;
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.

81. A method according to Claim 65, wherein said

higher bubble forming property is lower boiling point.
This is the replacement sheet
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88." A net hod according to Claim®66, wherein said head is noved relative to

a recordi n%lllﬂ'ﬁ"l“el““tlﬂllr"mi)rd an image on the recording materi al . '

- 89 -

82. A head according to Claim 1, 2, 3, 17 or 18,
wherein said free end has a free end edge facet to an

ejection outlet side.

83. A method, according to Claim 44, 50 or 66,
wherein said free end has a free end edge facet to an

ejection ocutlet side.

2384, A head according to Claim 1, wherein wherein
said heat generating element and said movable neuber
are disposed faced to each other with said heat
generation region thersbetween, and wherein the
fulcrum is upstream of the area center of said movable
member, and the free end is downstream thereof.

8s. A head accarding ta Claim 2, 3, 17 or 18,
wherein said movable member is disposed faced to said
heat generating slement for generating a bubble in
- sald bubble generation region, and wherein a portion
of the movable member corresponding to an area center
of the.heat generating element being displaceable.

. 86. A head according to Claim 2, 3, 17 or 18,
wharein said movable member is dispose&:faced to said
heat generating element for generating a bubble in
said bubble generation region, and wherein the fulcrum
is upstream of the area center of said heat generating
element and the free end is downstream thereof.

87. A method according to Claim 50, wherein said
movable member is disposed faced to said heat
generating element for generating a bubble in said
bubble generation region, and wherein a portion of the
movable member corresponding to an area center of the

heat generating element being displaceable.
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88. A method according ta Claim 66, wheréin said
head is moved relative to a recarding material to

record an image on the recording material.””
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