#0357 P

LI QU D EJECTICN APPAkATUS AND METHGD FI ELD OF THE | NVENTI ON AND

RELATED ART - * °°  The present |nvent|on‘TETg5ﬁg}ﬁgﬁgjﬁ;gg%%t‘i?—‘““—‘
ej ecting head for ejecting desired liquid usin escr $nerat39 a b(%ble
by applying thermal energy to the liquid, e%ﬁ dﬁ?tm*igé"Ué?ﬁ e
liquid ejecting « head, a liquid ejectjng deyj cé - Rage s-,awé°P d-q; -----
liquid ejecting method. It further relates to IPWI?"“giﬁ - paged {E 40 Rpged ...
containing the'liquid ejection head. Absiisete pal?aSF‘Eu?‘ar‘Py?geldt ---------
relates to a liquid ej ecting head havlng bD AT aOF eREERIATT ... ovabl.e..by......

generation of a bubbl e gifin? HARY IGN tAPEIGATSS D MeTHOD |1 QUi d ej ecting
head, and liquid ejecting device using 15 the sane. It further relates to

a liquid ejecting nmet hod and recording method for ejection the liquid
by novi ng the novabl e nmenber using the generation of the bubbl e.
FIELD OF THE INVENTION AND RELATED ART

The present invention relates to a liquid
5 ejecting head for ejecting desired liquid using
generation of a bubble by applying thermal energy to
the liquid, a head cartridge using the liquid ejecting
head, a liquid ejecting device using the same, and a
liquid ejecting method. It further relates to an ink
10 jet head kit containing the liquid ejection head.

More particularly, it relates to a liquid
ejecting head having a movable member movable by
'generation of a bubble, and a head cartridge using the
liquid ejecting head, and liquid ejecting device using

15 the same. It further relates to a liquid ejecting
method and recording method fbr ejection the liquid by
moving the movable mémber using the generation of the
bubble.

The present invention is applicable to

20 equ&pment such as a printer, a copying machine, a
facsimile machine having a communicatlon system, a
word processor having a printer portion or the like,
and an industrial recording device combined with
various processing device or processing devices, in

25 which the recording is effected on a recording

material such as paper, thread, fiber, textile,
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The present invention is applicable to 20 equipnment such as a printer, a
copyi ng machi ne, a facsiml e machi ne having a conmuni cati on system a
word processor having a printer portion or the like, and an industrial
recordi ng device conbined with vari ous processing device or processing
devices, in 25 which the recording is gjfected on a recording
mat eri al such as paper, thread, fiber, textile, | eat her, netal,
plastic resin material glass Goods
- 2- ceram c and so on. In this specification,
"recordi ng" nesexrsamict and swmlgnform ng an image of letter, figure or the
i ke havi ng specific neanings, but also includes formng an 5 inage of
a pattern not having a bpethis cspecificgation, "recordirg"im&apstnotcordi ng
. met hod of so-called bubble jet type is known in which an instantaneous
- only forming an image of letter, figure or the like
having specific meanings, but also includes forming an
5 image of a pattern not having a specific meaning.
An ink jet recording method of so-called
bubble jet type is known in which an instantaneous
state change resulting in an instantaneous volume
change (bubble generation) is caused by application of
10 energy such as heat to the ink, so as to eject the ink
through the ejection outlet by the force resulted from
the state change by which the ink is ejected to and
deposited on the recording material to form an image
formation. As disclosed in U.S. patent No. 4,723,129,
15 a recording device using the bubble jet recording
method comprises an ejection outlet for ejecting the
ink, an ink flow path in fluid communication with the
ejection outlet, and an electrothermal transducer as
energy generating means disposed in the ink flow path..
20 . 3 With such a recording method is advantageous
in fhat, 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
therefore, small size recording apparatus capable of
25 providing a high'resolution can be provided, and color
images can be easily formed. Therefore, the bubble

jet recording method is now widely used in printers, - T
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st-ate change resulting in an instantaneous vol une change (bubbl e
generation) is caused by application of 10 energy such as heat to the
ink, so as to eject the ink through the ejection outlet by the force
resulted from the state change by which the ink is ejected to and
deposited on the recording material to foym an inmage formati on. As
disclosed in U S. patent No. 4,723,129, 15 a recording device using the
bubbl e jet recording nmet hod conprises an ejection outlet for ejecting
t he ink, an ink flow path in fluid conmunication with the

ej ection outl eppying aachimels,otfacsinlilly amchitais &sr anotRer@ffDe@er at i ng
nmeans di sposed in the ink flow path. 20 Wth such a recording

met hod i s adveauigeend, and ifion Hadustiiiajh systiens/ suclyas caxtileé ecor ded
at high speed and with low noise, and a plurality of such

ej ection out| Brdngingphdeydsier @F Lhehilgkedensity, and therefore snall

si ze recordi ng apparatus capable of 25 providing a high resolution can be
provi ded, and color  Withpthes ingrease. of the wifde) nepds for cthe he bubbl e

i rdin is n i.del inopinters,
jet reco dé gmr{%i)ti%d Jle% t%vc\:lh\{'lmlcci_{% p lilrsa?r Olus FHelmatnedsS are imposed

thereon, recently.

For example, an improvement in energy use
efficiency is demanded. To meet the demand, the
optimization of the heat generating element such as

10 adjustment of the thickness of the protecting film is
investigated. This method is effective in that a
propagation efficiency of the generated heat to the
liquid is improved. |

In order to provide high image quality

15 images, driving conditions have been proposed by which
the ink ejection speed is increased, and/or the bubble
generatiop is stabilized to accomplish bettef ink
ejection. As another example, from the standpoint of
1nc;easing the recording speed, flow passage

20 coﬁ%ﬁguration improvements have been proposed by which
the speed of liquid filling (refilling) into the
liquid flow path is increased.

Japanese Laid Open Patent Application No.
SHO-63-199972 propose flow passage structures as

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

| The liquid path or passage structure of a

manufacturing method therefor are proposed from the



- 3- copyi ng machi nes, facsimle machi nes or another office

equi pnent, and for industrial systens such as textile printing device
or the like. : Wth the increase of the wide needs for the 5
bubbl e jet techni que, various demands are inposed t hereon, recently.
For exanple, an inprovenent in energy use4- efficiency is demanded. To
neet the demand, the optim zation of the heat generating el ement such
as 10 adjustnent of the thickness of the protecting filmis

i nvestigated. This method is effective in that a propagati on

efficiency of standpointitefl bhatbacktwave towkrdutHei 3igmpdochdmber.

In order to provide high inmage quality 15 images, driving conditions have
been proposed Byishpaek wavet ks Corsiferedoassenengyslomsr sanee, idnd/ or the
bubbl e generation is stabilized to acconplish better ink

ejection. As fReHROExEARFEibREGtOHEhe: Ahgpbdnelection. | k&' easing the

recordi ng speed, fIOM/passage .
proposes a valve 10 disposed upstream of the heat

5 generating element 2 with respect to the direction of
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

10 downwardly, thus_suppressing a part of the back wave
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 wéve is not
directly contributqble.to the ejection of the liquid.

15 Upon the back wave occurs in the path, the pressure
for directly ejecting the liquid already makes the
liquid ejectable from the passage.

Orni the other hand, in the bubble jet
. recording method, the heating is repeated with the
- 20 heaf generating element contactedlwith the ink, and
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
_be large depending on the materials of the ink. 1If

25 this occurs, the ink ejection becomes unstable.

Additionally, even when the liquid to be ejected is

the one easily deteriorated by heat or even when the



20 configuration guration inprovenents have been proposed by which t he

speed of liquid filling (refilling) into the liquid flow path is

i ncreased. Japanese Laid Open Patent Application No.

SHO 63- 199972 propose fl ow passage structures as 25 disclosed in Figure 1,
(a) and (b), for exanple. -Be liquid path or passage
structure of a manuf acturing nmethod therefor are proposed fromthe

-4- standpoi nt of the back wave toward the liquid chanber.  This
back wave is considered as energy |oss since it does not contribute to
the liquid ej ddMdA ipt the opeoyddds whigh khel bubibdeo geherattiaamsf t he

heat 5 generatin l.ement 2 with respect to the direction of gener al
flow of the | PR g,“%&ﬁ&lﬁgtrmmﬁe&l&\l%é-s desigeq 1 dfe tqieqhedage. |t

: initi i;tion: in it extends along the ceiling. Upon
Lﬁﬁﬁfea” Inltbghdp8§h%&0aithOugh%&%ber€§ change. 9 9 P

Japanese Laid Open Patent Application No.

5 SHO-61-69467, Japanese Laid Open Patent Application
No. SHO-55-81172 and U.S. Patent No. 4,480,259
disclose that different liquids are used.for the
1iquid generating the bubble by the heat (bubble
generating liquid) and for the liquid to be ejected

10 (ejection liquid). In these publications, the ink as
the ejection liquid and the bubble generation liquid
are completely separated by a fiexible film of
silicone rubber or the like so as to prevent direct
contact of the ejection liquid to the heat generating

15 element while propagating the pressure resulting from
the bubble generation of the bubble generation liquid
to the ejection liquid by the deformation of the
flexible film. The prevention of the deposition of
the‘géterial on the surface of the heat generating

20 eleﬁiﬁt and the increase of the selection latitude of
thé%;aection liquid are accomplished, by such a
stfucture.

However, with this structure in which the
ejection liquid and the bubble generation liquid aré

25 completely separated, the pressure by the bubble
generation is propagated to the ejection liquid

through the expansion-contraction deformation of the



generation, it takes the position wherein it extends 10 downwardly, thus

suppressing a part of the back wave by the valve 10. Wen the valve is
generated in the path 3, the suppression of the back wave is not
practically significant. The back wave i s not directly contributable to
the ejection of the liquid. 15 Upon the-gpack wave occurs in the path, the
pressure for directly ejecting the |iquid already nakes the

liquid ejectable fromthe passage. On the other hand, in the
bubbl e j et recording nethod, the heating is repeated with the 20 heat
gener ating el eiiexiblatfitlred and thérefoke, ablle pressurecisr absarbednt
material is deposited on the surface of the heat generating el enent

due to kogati ¥ the flexiblenfilmobevarquite highindegfeehe ¥mpositi on may
be | arge depending on the materials of the ink. If 25 this occurs, the ink

ej ection becorfddtfikanp ghe deformationaf | yhe cfhexilla fhim igunratio be
elected 1S oo G dl® 38" {NefSESEE " BhE Yetdr gy had < F¥ER: ENSY LAG
5 the eiection force are deteriorated although the some
effect is p:ovided by the provision between the
ejection liquid and the bubble generation liquid.
The present invention is particularly
directed to an improvement of the durébility of a
10 movable member. |
The behavior of movable member at the portion
opposed to the bubble generation region is |
investigated, and the durability of the movable member
is improved while the ejection efficiency and the

15 ejection power are further stabilized.

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

present invention to provide a liquid ejection head

20 andiméthod wherein a movable member is used to control
a generated-bubble, thus improving the ejection
efficiency or the ejection speed of the liquid, and
wherein a change point (inflection pointj is provided
in the displacgment region of the movable member.

25 It is another object of the present invention
to provide a'liquid ejecting method, liquid ejecting

head and so on wherein heat accumulation in the liquid



- 5- liquid is the one with which the bubble generation is not
sufficient, the liquid is desired to be ejected in good order wi thout
property change. Japanese Laid Open Patent Application No. 5
SHO 61- 69467, Japanese Laid Open Patent Application No. SHO 55-81172
and U.S. Patent No. 4,480, 259 di scl-gse that different |iquids are used
for the |l iquid generating the bubble by the heat (bubble

generating liquid) and for the liquid to be ejected 10 (ejection liquid).

In these publications, the ink as the .ejection Iiquid and the bubble

generation |igni #he heair genengtding elementatisd sigrd Fiesatdiye fil m of

silicone rubber or the like so as to prevent direct contact of the

ej ection |i qur@dugedhe aghthee F@sddua] bubbdiee @hithehiheatr opagating t he

pressure resultigg from t he bubbl e generat,ion of the bubhl e generation

li qui d t gepreading edemend, i Efdt“ﬁ%dde% FPTAVIE the "t exiple

film The preventi.on of.t.he depositi of the materjal on the surface

of the heat g?ﬂ&‘%’(lloﬁlge c1‘§n§?¥erﬂndaﬁ:3\e[ r?eiﬂ%tciroéhsper%ﬁsq € selection
latitude °§ It is a further object of the present
invention to provide a liquid ejecting head and so on
wherein inertia force in a direction against liquid
supply direction due to back wave is suppressed, and
simultaneously, a degree of retraction of a meniscus

10 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 p:ovide a liquid ejecting head and so on

15 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.

20 oE It is a further object 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.

25 It is a further object of the present
invention to provide.a liquid ejecting method, liquid

ejecting head or the like wherein the selection



the ejection liquid are acconplished, by such a structure.

However, with this structure in which the ejection liquid and the
bubbl e generation liquid are 25 conpletely separated, the pressure by the
bubbl e generation is propagated to the ejection |iquid t hr ough
the expansion-contraction deformation of_dhe

- 6- flexible film and therefore, the pressure is absorbed by
the flexible filmto a quite high degree. In addi tion, the defornmation
of the flexible filmis not so large, and therefore, the energy use

efficiency andatd thith @it dfcEiny o TaiRd | ¥ Arieraddd@lgh the sone
effect is provided by the provision between the ejection liquid and

t he bubbl e generation lituigl.a further objecthsf ptiss epesenyenti on i s
particularly directed to an inprovenent of the durability of a
invention to provide a head kit with which the liguid
to be supplied to the liquid ejecting head is
5 accomplished. -

According to an aspect of the present
invention, there is provided a liquid ejecting head
for ejecting liquid by generation of a bubble,
comprising: an ejection outlet through which the

10 1liquid is ejected; a liquid flow path in fluid
communication with the ejection outlet; a bubble
generation region for generate the bubble in fhe
liquid; a movable member disposed opposed to the
bubble generation region and provided with a base

15 portibn and a free end portion closer to the ejection.
outlet than the base portion; wherein the movable
member is displaced by a pressure produced by the
bubble generated in the bubble generatidn region to
ejegt the liquid through the ejection outlet; wherein

20 the: movable member has an inflection portion at a
portion opposed to the bubble generation region.

According to another aspect of the present
invention, there is provided a liQuid ejecting head
for ejecting liquid by generation.of a bubble,

25 comprising: an ejectioh outlet through which the
liquid is ejected; a liquid flow path in fluid

communication with the ejection outlet; a bubble



10 novabl e menber . The behavior of novable menmber at the
portion opposed to the bubble generation region is _investigated,
and the durability of the novabl e nenber is inproved while the
ejection efficiency and the 15 ejection power are further stabilized.
SUMVARY OF THE | NVENTI ON Acgordingly, it is a principal
obj ect of the present invention to provide a liquid ejection head 20
and met hod wherein a novabl e nenber is used to control a generat ed
bubbl e, thus inproving the ejection efficiency or the ejection speed
of the liquidgenerationwhegiom for hgemerabe nthéibibbrléi On phént) is
provi ded in the displacenment region of the novable nmenber. 25
It is another Hekd:; i movabieswemben@isposed opposedr boi tihea |iquid
ejecting nmethaqd, liquid ejecting . _head and so on wherein heat
accunulationi9V99ﬁ9|9?ﬂ9¥Ptl°n region and provided with a base -7-
- portion and a free end portion closer to the ejection
5 outlet than the base portion; wherein the movable
member is displaced by a pressure produced by the
bubble generated in the bubble generation region to
eject the liquid through the ejection outlet; wherein
fhe movable member has a portion having a thickness
10 smaller than that at the base portion.
According to a further aspect of the present
invention, there is provided a liquid ejecting head
for ejecting liquid by generation of a bubble,
comprising: an ejection outlet; a first liquid flow
15 path in fluid communication with the ejection outlet:
a second liquid flow path having a bubble generation
region for generating the bubble in the liquid by
applying heat in the liquid; a movable member disnosed
between the first liquid flow path and the bubble
20 generation region and a free end adjacent the ejection
outlet, wherein the free end is displaced into the
first liquid flow path by a pressure produced by
generation of the bubble in the bubble generation
region to direct the pressure toward the ejection
25 outlet of the first liquid flow path; wherein the
movable member has a portion having a thickness

smaller than that at the base portion.



on the heat generating elenent is significantly reduced, and the

resi dual bubble on the heat generating elenent is reduced, while

I mproving the ej ection efficiency and the ejection pressure. 5

It is a further object of the present i nvention to provide a liquid

ej ecting head and so on wherein inergga force in a direction against
liquid supply direction due to back wave is suppressed, and

si mul t aneously, a degree of retraction of a nmeniscus 10 is reduction by a
val ve function of a novabl e nenber by which the refilling frequency is
I ncreased, thus pé¥ith ttheg Thiqiid eefectpingitmeithod and the headlt is a
further object of the present I nvention to provide a liquid ejecting
head and so omsing whe giovelemigction @rinsiplel amynexgisbiche heat
generating elenent is reduced, and the range of the usable liquid is
wi dened, and ieffReh t’-lsorPrQ‘ﬁéied by é}f&tgwlémﬁ‘%ll@m@l%r@@ hehej ecti on

force are [ nlflca i ncr eased is a further
obj ect of theﬂﬁﬂgéﬁﬁ gﬂﬂﬂﬂﬁQ(ﬁP@?ﬁ?ﬂ(ﬁﬂ(ﬁP@FI?Qﬁu%PQﬁh@t|on net hod

and a 5 adjacent the ejection outlet can be ejection with high
éfficiency, and therefore, the ejection efficiency is
improved. For example, in the most desirable type of
the present invention, the ejection efficiency is
increased even to twice the cdnventional'one.

10 In another aspect of the present invention,
even if the printing operation is started after the
_recording head is left in a low temﬁeréture or low

| humidity condition for a long term, the ejection
failure can be avoided. Even if the ejection failure

15 occurs, the normal operation is recovered by a.small
scale recovery process including a preliminary
ejection and suckihg recovery.

In this invention, "change point or portion"
means a point or portion of inflection of the

20 deﬂ%%mation property of the movable member, which
poi;t'or portion may be provided by changing a
thickness, material and/or width or the like.

| In this specification, "upstream" and
"downstream" are defined with respect to a general

25 liguid flow from a liquid supply source to the

ejection outlet through the bubble generation region

{movable member).



liquid ejection head, wherein excessive vibration is regul ated within

a desired range, and the durability of the novabl e nenber is inproved.
25 It is a further object of the present i nvention to provide
aliquid ejecting nethod, liquid ejecting head or the like wherein the
sel ection -11- - 8- | ati tude for
the ejecting liquid is increased. It is a further object of

t he present i nvention to provide a head kit with which the liquid

to be supplied to the liquid ejecting head is 5 acconplished.

According to an aspect p§ t&@aPdSSERé bubbléNyept s8N, theere is provided a
liquid ejecting head for ejecting liquid by generation of a bubbl e,

conpri sing: an"dgwatétoeamttietdébinedhaghtowarlethdOeljeation sutleat ed; a
liquid flow path in fluid
" side of the bubble which directly function to eject
the liquid droplet. More particularly, it generally
5 means a downstream from the center of the bubble with
respect to the direction of the general liquid flow,
or a downstream from the center of the area of the
heat generating element.with respect to the same.
In this specification, “substantialiy sealed"
10 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
15 mean a wall (which may include the movable member)
interposed to separate the region in direct fluid
communication with the ejection outlet from the bubble
generation region, and more specifically means a wall
separating the flow path including the bubble
20 genération region from the ligquid flow.path in direct
fluf& communication with the ejection outlet, thus
preventing mixture of the liquids in the liquid flow
baths. | '
| The free end portion or region of the movable
25 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.



comuni cation with the ejection outlet; a bubble generation region for
generate the bubble in the | iquid; a novabl e nenber di sposed opposed
to the bubbl e generation region and provided with a base 15 portion
~and a free end portion closer to the ejection. outl et than the base
portion; wherein the novabl e nmenber -gg-di spl aced by a pressure
produced by the bubbl e generated in the bubble generation region to
eject the liquid through the ejection outlet; wherein 20 the novable
menber has an inflection portion at a portion opposed to the bubble
generation region. The resistapcerdgainst thet moetiampedt the t he present
I nvention, there is provided a liquid ejecting head for ejecting

| iquid by genemgy¢bheomeabgnbmeens bhecsppistange dueejtocthen laguiic

t hrough whi ch t he uid is ejected; a liquid flow path in fluid.
communi cat i on hF?%lfh%reFBEtFBH“SEFFGtOfatBGbBFQU1d passage when the

- 9- movable member moves away from the bubble generation

5§ region by the generation of the bubble. The
resistance may be reduced by providing a resistance
inclination, using a resistance by physical stppper,
using a resistance of virtual stopper with the use of
fluid.

10 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

'15 description of the preferred embodiments of the

present invention taken in conjunction with the

accompanying drawings.

'BRIFF'DESCRIPTION OF THE DRAWINGS

20 Figure 1, (a) and (b) are schematic views

illuéirating flow passage structure of two liquid
ejecting heads of conventional types.
Figure 2, (a), (b), (c) and (d), are
schematic sectional views illustrating the ejéction_
25 principle in an éxample of a liquid ejecting head.
Figure 3 is a partly broken perspective view

of the liquid ejecting head shown in Figure 1.



generation region for generate the bubble in the i quid; a novable
menber di sposed opposed to the " bubbl e generation region and provi ded
with a . base portion and a-free end portion closer to the ejection 5
outl et than the base portion; wherein the novabl e menber is displaced
by a pressure produced by the bubbLgﬁggnerated I n the bubbl e
generation region to eject the liquid through the ejection outlet;
wherein t he novabl e nenber has a portion having a thickness 10
smal l er than that at the base portion. According to a further

aspect of the present Figurderid & .sditistic seEvisiesh ariéwiui d ej ecting
head for ejecting liquid by generation of a bubble, conpri si ng:

an ej ection outlleistratingtprdspure fpropadidtigmtirem thelibublsheuin cati on
with the ejection outlet; a second liquid flow path having a bubble
generation convegitdenalr ldendrdatejerting thddde in the liquid by

applying heat in the liquid;, a novable nenber disposed bet ween the
first liquid flow path FEehnend tisp schematjig segtionakgri®wWwand a free end
adj acent the ejection outlet, wherein the free end is disgﬂgced into

the f Pr sEHOMIRG BISRFYFER PHSPagFH QN from ihridibiple in

ejection principle usable with the present inventidn.

Figure 6 is a schematic view illustrating
flow of the liquid in the éjection princiﬁle usable
with the present invention.

10 Figure 7 is a schematic sectional vieﬁ of of
a liquid ejecting head according to a first embodiment
of the present invention.

Figure 8 is a partly broken perspective view
"of a portion of the liquid ejecting head of the

15 present invention.

Figure 9 is a sectional schematic view
showing the operation state of the liquid ejecting
head of the present invention.

. Figure 10, (a), (b) and (c) are top plan

20 vid@s-illustrating structures of a movable member and
a seéond liquid flow path in a liquid ejecting head
according to an embodiment of the present invention.

Figure 11, (a), (b) and (c), are sectional
schematic views of other configurations of the movable

25 member usable with the_present invention.

Figure 12, (a), is a sectional schematic view

illustrating another example of a movable member



generation of the bubble in the bubble generation region to direct the
pressure toward the ejection 25 outlet of the first liquid flow path;

wherein the novabl e menber has a portion having a thickness

smal l er than that at the base portion.

-10- Wth the liquid eject4ng nethod and the head

using the novel ejection principle, a synergistic effect is provided
by the generated bubble and the novabl e menber noved thereby so that

the liquid 5 adjacent the ejection outlet can be ejection with high
ef ficiency, ansabie efidihe théehprgsant onwdntidrencand s(b) isiaproved. For

exanple, in the nost desirable type of - the present invention, the
ej ection effi @chasatic planwi®ewased even to tw ce the conventional one
10 I n anot her_ aspect_ of the present _invention, even if the

printing operation is StF4%R i+ fdthe(b) and (c), are sectional

schematic views illustrating another example of a

5 movable member usable with the present invention.

Figure 14 is a show schematic view
illustrating an example of a cdnfiguration of a
movable member having a change portion of fhe present
invention, and liquid ejecting head shows a stationary

10 state, and (b) shows an operation state.

Figure 15, (a) and (b), are schematic view
illustrating a configuration of a movable member
having a change portion according to an embodiment of
the present invention.

15 Figure 16, (a), (b) and (c), are a top plan
view illustrating a further example of a configuration
of the movable member.

Figure 17, (a) and (b), are sectional
schehatic views illustrating the detail of a section

20 of a:liquid ejecting head. |

Figure 18 is a schematic view illustrating a
configuration of driving pﬁlse S.

Figure 19 is a schematic exploded perspective
view illustrating major structures of a liquid

25 ejecting head of the present invention.

Figure 20 is a schematic exploded perspective

view illustrating a head cartridge having the liquid



recording head is left in a lowtenperature or |ow hum dity condition

for a long term the ejection failure can be avoided. Even if the
ejection failure 15 occurs, the normal operation is recovered by a small
scal e recovery process including a prelimnary ej ection and sucki ng
recovery. In this invention1 "change point or portion"

means a point or portion of inflection of Fﬁe 20 deformation property of
t he novabl e nenber, which poi nt or portion rmay be provi ded by changi ng
a t hi ckness, material and/or width or the |ike. In this
specification,e"é5§i%§aﬁga&ngf the pfa¥Bsat’ AVLneisndefined with respect to
a general 25 ?lqui flow froma ITquid supply source to the ej ection

outlet through the bubbfegapaepat ignar gehefatic peBpabkevEEFRew) -
As regards the bubble per se, the
illustrating example of a liquid ejecting device
capable-of_carrying a liquid ejecting head of the
5 present invention.
Figure 22 is a block diagram illustrating a
‘driving means for driving a liquid ejecting device_
‘usable with the present invention.
Figure 23 is a schemafic perspective view
10 illustrating a structure of an ink jet recording
system using a liquid ejecting head of the present
invention.
Figure 24 is a schematic view illustrating a
head kit having a liquid ejecting head of the present
15 invention.
Figure 25 is a sectional schematic view of a
-side shooter type head using the present invention.
Figure 26 is a sectional schematic view of a
si@g shooter type head of the present invention,
20 whggéin operation state is shown.

o Figure 27 is a sectional schematic view of an
example of a configuration used with a side shooter
type head. |

Figure 28 illustrate a side shooter type
25 head, wherein the movable member has an uniform

thickness.



"downstreant’ is defined as toward the ejection outlet side of the
bubbl e which directly function to eject the liquid droplet. Mre
particularly, it generally 5 nmeans a downstreamfromthe center of the
bubble with respect to the direction of the general liquid flow,

or a downstreamfromthe center of the argg-of the heat generating

el ement with respect to the sane. In this specification,
"substantially sealed” 10 generally neans a sealed state in such a degree
t hat when the bubbl e grows, the bubbl e does not escape t hrough a
gap (slit) ar OESCRIRTION sOF cTHE PREFERRED cEMBODIMENTSN of the novabl e
nmenber . In this specification, separation wall" may 15 nean
a wall (which may incl Uiiegute 2moisbi esckabatjc sectiohalpeted 66 aeparate
the region in direct fluid conmuni cation with the ejection outlet from
t he bubbl e liquitkreiechinghend takempalorgeailiguidyfhownpathwal |
separating the flow path including the bubble 20 generation region from
the liquid fl Pk Whthyi this embodinent, capndRigareod #pta PAEELFecti on

outlet, thuys reventing mxture of the ljquids in the liguid flow
5 d

pat hs. brokéh perspective view of the liquid ejecting head.

' The liquid ejecting head of this embodiment
comprises a heat generating element 2 (a heat
generating resistor of 40 pm x 105 pm in this
embodiment) as the ejection energy generating element

10 for supplying thermal energy fo the liquid to eject
the liquid, an element substrate 1 on which said heat
generating element 2 is provided, and a liquid flow
path 10 formed above the element substrate
correspondingly to the heat generating element 2. The

15 1liquid flow path iO is in fluid communication with a
cdmmon liquid chamber 13 for supélying the liquid to a
plurality of such liquid flow paths 10 which is in
fluid communication with a plurality of the ejection
outlets 18. |

20 ag Above the element substrate in the liquid
floﬁ-path 10, a movable member or plate 31 in the form
of a cantilever of an elastic_matérial such as metal
is provided faced to the heat generating element 2.
One end of the movable member is fixed to a foundation

25 (supporting member) 34 or the like provided by
patterning of photosensitivity resin material on the

wall of the liquid flow path 10 or the element



The free end portion or region of the novable 25 nenber may nean the free

end edge at the downstream side of the novabl e nenber or may nean the
free end edge and the |l ateral edges adjacent the free end.

-12- The resi stance agai nst the notion of the novabl e
menmber means the resistance due to the liguid itself or the structure
of the |iquid passage when the novabl e nmenber noves away fromthe
bubbl e generation 5 region by the generation of the bubble. The

resi.stance may be reduced by providing a resistance inclination, using
a resistance bubsityateal $Syomhdrs structuste)g the amvaible aneniber risal
stopper with the use of flurd. 10 The resistance is called

herein after suppordsidst @k aorfvlamn siwlicanye. portion) is These and
ot her objects, features and
" constituted.
The movable member 31 is so positioned that
5 it has a fulcrum (fulcrum portion which is a fixed
end) 33 in an upstream side with respect to a general
flow of the liquid from the common liquid chamber 13
toward the ejection outlet 18 through the movable .
member 31 caused by the ejecting operation and that it
10 has a free end (free end portion) 32 in a downstream
side of the fulcrum 33. The movable ﬁember 31 is
faced to the heat generating element 2 with a gap of
15pm approx. as if it covers the heat generating
element 2. A bubble generation region is constituted
15 between the heat generating element and movable
member. The type, configuration or position of the
heat generating element or the movable member is not
limited to the ones described above, but may be
changed as long as the growth of the bubble and the

20 :ifggtion of the pressure can be controlled. For

thé;pdfpose of easy understanding of the flow of the
liquid which will be described hereinafter, the liquid
flow path 10 is divided by the movable member 31 into
a first liquid flow path 14 which is difectly in

25 communication with the'ejection outlet 18 and a secend
liquid flow path 16 having the bubble generation

region 11 and the liquid supply port 12.



advant ages of the present invention will becone nore apparent upon a
consideration of the following 15 description of the preferred enbodi nents

of the . present invention taken in conjunction with the

acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS 20

Figure 1, (a) and (b) are schematic vi ewsjg- Il lustrating flow passage
structure. of two liquid - ejecting heads of conventional types.

Figure 2, (a), (b), (c) and (d), are schematic sectional views
illustrating the ejection 25 principle in an exanple of a liquid ejecting:
head. Fi By ecaising heat |gergxrdtion s peloe | eatyi ew of
the liquid ejecting head shown in Figure 1

-13- generatimgelenent 2, sthereat tecapphidd viewthe

liquid in the bubble generation region 11 between the
movable member 31 and the heat generating element 2,

5 by which a bubble is generated by the film boiling
phenomenon as disclosed in US Patent No. 4,723,129.
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 or displaces to

10 widely open toward the ejection outlet side about the
fulcrum 33, as shown in Figure 2, (b) and (c¢) or in
Figure 3. By the displacement of the movable ﬁember
31 or the state after the displacement, the
propagation of the pressure caused by the generation

15 of the bubble and the growth of the bubble per se are
directed toward the ejection outlet.

Here, one of fhe fundamental ejection
principles used with the preéent invention will be
desgribed. One of important principles of this

20 inﬁgntion is that the movable member disposed faced to
the'bﬁbble is displaced from the normal first position
to the displaced second position on the basis of the
pressure of the bubble generation or the bubble per
se, and the displacing or displaced movable member 31

25 is effective to direct the pressure produced by the
generation of the bubble and/or the growth of thé

bubble per se toward the ejection outlet 18



illustrating pressure propagation fromthe bubble in a conventi onal

liquid ejecting head. Figure 5 is a schematic sectional view
5 showi ng pressure propagation fromthe bubble in the ej ection
principle usable with the present invention. Figure 6 is a
schematic view illustrating flow of_ide liquid in the ejection '
principle usable with the present invention. 10 Figure 7 is
a schematic sectional view of of a liquid ejecting head according to a
first enbodi nent of the present invention. Figure 8 is a
partly broken (dowsstateare sddw) . of a portion of the liquid ejecting
head of the 15 present invention. Figure 9 is a sectional
schematic view shdfere dékailad deseriptieon ofilhebéi made withting

head of the present .invention. Figure 10, (a), (b) and (c)
are top plan crmpaxnison ihetweemithe) conventierabiliqubdablewnenber and

a second liquid flow path in a liquid ejecting head according to an

enbodi nent of RARSIFLIAKUGHIESMQH using the ‘movable jmember (Figurep) ang

c), are sectiona
(c) 5 4) and the present invention (Figure 5). Here, the

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

10 In a conventional head as shown in Figure 4,
there is not any structural element effective to
régulate the direction of the propagation of the

. pressure produced by the bubble 40 genefation.

Therefore, the direction of the pressure propagation

15 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
bubble closer to the ejection outlet (V1-V4) have the .

20 preésure components in the Vp direction which is most
éfféétive for the liquid ejection. This portion is
important since it directly contributable to the
liquid ejection efficiency, the liquid ejection
pressure and the ejection speed. Furthermore, the

25 component V1 is closest to the direction of V which
is the ejection direction, and therefore, is most

effective, and the V4 has a relatively small compohent



schematic views of other configurations of the novable 25 nenber usable
with the present invention. Figure 12, (a), is a sectional
schematic view il lustrating another exanple of a novabl e nenber

-14- usable with the present invention, and (b) is a schemati c
pl an vi ew. ' Figure 13, (a),-4¢) and (c), are sectional _
schematic views illustrating another exanple of a 5 novable nenber usable
wi th the present invention. Figure 14 is a show schenmatic

Vi ew illustrating an exanple of a configuration of a . novabl e
nmenber havi ng im cditengh perdiom WY. t he present i nvention, and liquid

ej ecting head shows a statlonary 10 state,

st at e.

illustrating a configuration of a novabl e nenber

FiGnrehd Htied kemd/ bin the casenafitheipuesent

portion accor dinwgntiam &homn fghtFigure 5, the movable member 31 is

10

15

20

25

effective to direct, to the downstream {ejection
outlet side), the pressure propagation directions V1-
V4 of the bubble which otherwise are toward various
directions. Thus, the pressure propagations of bubble
40 are concentrated, so that the pressure of the
bubble 40 is directly and efficiently contributable to
the ejection.

The growth direction per se of the bubble is
directed downstream similarly to to the pressure
propagation directions V1-V4, and grow more in the

downstream side than in the upstream side. Thus, the

growth direction per se of the bubble is controlled by

the movable member, and the pressure propagation
direction from the bubble is controlled thereby, eo
that the ejection efficiency, ejection force and
ejeetion speed or the like are fundamentally improved.

Referring back to Figure 2, the ejecting
operation of the liquid ejecting head in th1s example
will be described in detail.

Figure 2, (a) shows a state before the energy
such as electric energy is_applied to the heat
generating elemeht 2, and therefore, no heat has yet
been generated. It should be noted that the movable

member 31 is so positioned as to be faced at least to

and (b) shows an operation-

havi ng a change



the present invention. 15 Figure 16, (a), (b) and (c), are a top

pl an view illustrating a further exanple of a configuration of
t he novabl e nenber. Figure 17, (a) and (b), are sectional
schematic views illustrating the detail of a section 20 of a liquid

ej ecting head. Figure 18 iszga-schematic viewillustrating a
configuration of driving pul se s. Figure 19 is a schematic
expl oded perspective view illustrating major structures of a liquid
25 ejecting head of the present invention. _ Figure 20 is a
schemati ¢ expl thieddpensbreanvportionvofwthéel babbaei ggnerated ber tthiedge
having the liquid ej ecting head of the present invention

Figure 21 is ahe@hecgenerapitenpefithe healw generating element. In
other words, in order that the downstream portion of
the bubble acts on the movable member, the liquid flow

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

10 center 3 of the area of the heat generating element.
Pigure 2, (b) shows a state wherein the heat
generation of heat generating element 2 occurs by the
application 6f the electric energy to the heat
generating element 2, and a part of of the liquid
15 ., filled in the bubble generation regiqn 11 is heated by
the thus generated heat so that a bubble is generated
through the film boiling.
At this time, the movable member 3; is
displaced from the first position to the second
20 poqifion by the pressure produced by the generation of
the bubble 40 so as fo guide the propagation of the
pressure toward the ejection outlet. It should be-
noted that, as deécribed hereinbefore, the free end 32
of the movable member 31 is disposed in the downstreém
25 side (ejection outlet side), and the fulcrum 33 is
disposed in the upstream side (common liquid chamber

side), so that at least a part of the movable member



Il lustrating exanple of a liquid ejecting device capabl e of carrying a
liquid ejecting head of the 5 present invention. Fi gure 22
is a block diagramillustrating a driving neans for driving a liquid

" ejecting device usable with the present invention.

Figure 23 is a schematic perspective view220 illustrating a structure of
an ink jet recording 'systemusing a liquid ejecting head of the

pr esent i nventi on. Figure 24 is a schematic view
illustrating a head kit having a liquid ejecting head of the present
15 invention. is faced to thejdewrsbream porbienopfil thehbubble, vibatof a

si de shooter type head_using the present invention. Fi gure 26
is a sectionajl%;ﬂﬁﬂﬁu4?WQ$€%@%W portiongspfcthaocheat geoperatingof the

present invention 20 wherein operation state i s shown.
Figure 27 is £%88%%nal schematic viewof an exanpl e of a

configuration used wt i sh er type, head. . . ' Fi gure
28 illustrate a side sﬂ%%¥€$g$%bePgs Shows a $€ate"in which the

5 Bubble 40 has further grown. By the pressure
resulting from the bubble 40 generation, the movable
member 31 is displaced further. The generated bubble
grows more downstream than upstream, and it expands
greatly beyond a first position (broken line position)

10 of the movable member.

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
the direction in which the pressure generated by the

15 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.

Thig_also is thought to contribute to the improvement

20 )} ejection efficiency.

Thus, it is understood that in aécordance
with the growth of the bubble 40, the movable member
31 gradually displaces, by which the pressure
propagation direction of fhe bubble 40, the direction

25 1in which the volume.movement is easy, namely, the

growth direction of the bubble, are directed uniformly

toward the ejection outlet, so that the ejection



25 head, wherein the novabl e nenber has an uniform t hi ckness.

- 16- DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Fi gure 2
is a schematic sectional view of a liquid ejecting head taken along a
liquid flow path usable with this enbodinent, and Figure 3 is a partly
5 broken perspective view of the liquid-g3®cting head. The
liquid ejecting head of this enbodi nent conpri ses a heat generating

el enent 2 (a heat generating resistor of 40 [err]mx 105 pmin this
enbodi ment) as the ejection energy generating element 10 for supplying

t hermal ener gpffdcigaay §§ dnoregsed. When ithe impiablemamkeent substrate

1 on which said heat enerating¥elenent 2 is provided, and a liquid
flow pat ﬁ%‘%ﬁ?@dbﬁaﬂ@ g dhavdmbbla gengration pxgssurendi ngly

O e Dl Oaeedd, M’ T ichi olier” st Whtdhy | uPAL O T Tn fluid
propagation and growth, and can efficiently control
5 the propagation direction of the pressure and the
growth direction of the bubble in accordance with the
degree of the pressure.

Figure 2, (d) shows a state wherein the
bubble 40 contracts and disappears by the decrease of

10 the pressure in the bubble, peculiar to the film
boiling phenomehdn.

The movable member 31 having been displaced
to the second position refurns to the initial position
(first position) of Figure 2, (a) by the restoring

15 force provided by the spring propefty of the movable
member per se and the negative pressure due to the
contraction of the bubble. Upon the collapse of
bubble, the liquid flows back from the common liquid
chamber side as indicated by Vp; and Vp5 and from the .

20 ej&%tion outlet side as indicated by Ve so as to
coﬁﬁénsate for the volume reduction of the bubblg in
the bubble generation region 11 and to compensate for
the volume of the ejected liquid.

In the foregoing, the description has been

25 made as to the operation of the movable'member with
the generation of the bubble and the ejecting

operation of the liquid. Now, the description will be



common |iquid chanber 13 for supplying the liquid to a pluralit
such liquid flow paths 10 which is in fluid conmunication with
plurality of the ejection outlets 18. 20 Above the e
substrate in the liquid flow path 10, a novabl e nenber or plate

the form

of a cantilever of an el astag-material such as netal

provided faced to the heat generating el enent 2. One end of the
novabl e menber is fixed to a foundation 25 (supporting nmenber) 34 o
| i ke provided by patterning of photosensitivity resin materi al
wal | of the | mpded &8 dw pehieh XX ikl ing of crhentliquid in the liquid

-17-
support ed,

substrate. By this structure, the novable nenber is
aneieqting head msahke pokth oti)e ipresentoinventien.

The novabl e menmber 31 is so positioned that

10

15

20

25

Referring to Figure 2, 11qu1d supply
mechanism will be described.

When the bubble 40 enters the bubble
collapsing process after the maximum volume thereof.
after Figure 2, (c¢) state, a volume of the liquid
enough to compensate for the collapsing bubbling
volume flows into the bubble generation region from
the ejection outlet 18 side of the first liquid flow
path 14 and from the bubble generation region of the
second liquid flow path 16.

In the case of conventional liquid flow
passage structure not having the movable member 31,
the amount of the liquid from the ejection outlet side
to the bubble collapse position and the amount of the
liquid from the common liquid chamber thereinto, are
attributable to the flow resistances of the portion
closer to the ejection outlet than the bubble
genération region and the portion closer to the common
ligquid chamber.

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

With the reduction of the flow resistance in the

y of
a .
| enent
31 in
S

r the
on the



5 it has a fulcrum (fulcrumportion which is a fixed end) 33 in an

upstream side with respect to a general flow of the liquid fromthe
comon |iquid chanber 13 toward the ejection outlet 18 through the
novabl e menber 31 caused by the ejecting operation and that it 10
has a free end (free end portion) 32 in azgomnstrean1 side of the
ful crum 33. The novabl e nmenber 31 is aced to the heat generating
elenent 2 with a gap of 15pm approx. as if it covers the heat
generating el ement 2. A bubble generation region is constituted 15

bet ween the hegje&€6h2bubTet! EBF”i:hé”ﬁ %88l 8f increBEiRG thee type,
configuration or position of the a generating el enént or the

novabl e menberejéctdbén effitidhtgy thet hén?BetsdESekikadtiabave, but may be
changed as long as the gromh of the bubble and the 20 propagation of the

pressure can bitncreases|epon the collapBe p#rpabblef withy thedeesuardi ng of
the flow of the liquid which will be described hereinafter, the liquid
flow path 10 isfdlonged bgfihbingvabme pernibod, 3thust making aifhrst |iquid
flow path 14 which is directl conmuni cation with the ejection
outlet 18 and %P%%%ohﬁlntinglgqﬁfacﬂlbm1path 16 having the bubble

generati on
According to this embodiment, because of the

provision of the movable member 31, the meniscus
retraction stops at the time when the movable member
returns to the initial pbsition upon the collapse of

10 bubble, and thereafter, the suppiy of the liquid to
fill a volume W2 is accomplished by the flow VDZ
through the second flow path 16 (Wl is a volume of an
upper side of the bubble volume W beyond the first
position of the movable member 31, and W2 is a volume

15 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 fhe meniécus retraction, but
according to this embodiment, only about one half (W1l)
isﬂEhe volume of the meniscus retraction.

20 Additionally, the liquid supply for the

voiuﬁe W2 is forced to be effected mainly from the
upstream (Vpy) of the second liquid flow path along
the surface of the heat generating element side of the
movable member 31 using the pressure upon the collapse

25 of bubble, and therefore, more speedy refilling action
is accomplished.

When the refilling using the pressure upon



region 11 and the liquid supply port 12.

- 18- By causing heat generation of the heat generati ng
el enent 2, the heat is applied to the liquid in the bubble generation
region 11 between the novabl e menber 31 and the heat generating el enent
2, 5 by which a bubble is generated by_j4ge fil mboiling phenonenon as
di sclosed in US Patent No. 4,723, 129. The bubbl e and the pressure
caused by the generation of the bubble act mainly on the novable
menber, so t hat the novabl e nenber 31 noves or displaces to 10 w dely
open toward th¢he esllapsd bt chubble fHovarided out inlarum 33, as shown in

Figure 2, (b) and (c) or in Figure 3. By the displacenent of the
novabl e menberconven®ilomal thead; atke afibrathendofptheemeniscubeis
propagation of the pressure caused by the generation 15 of the bubble and
the growt h of eipanded|wiberthe result of dthecdeteriomationeco€j tbei on
outlet. image quality. However, according to this embodiment,

5 the flows of the liquid in the first liquid flow path
14 at the ejection outlet side and the ejection outlet
side of the bubble generation region 11 are
suppressed, so that the vibration of the meniscus is
reduced.

10 Thus, according to this embodiment, the high
speed refilling is accomplished by the forced
refilling to the bubble generation region through the
liquid supply passage 12 of the second flow path 16
and by the suppression of the meniscus retraction and

15 wvibration. Therefore, thé 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
the recording speed can be accomplished.

20 fj The embodiment provides the following
effeétive function. it is a suppression of the
propagation of the pressure to the upstream side (back
wave) produced by the generation of the bubble. The
pressure due to the common liquid chamber 13 side

25 '(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



Here, one of the fundanental ejection principles used with the present

i nvention will be descri bed. One of inportant principles of this 20
i nvention is that the novabl e nmenber disposed faced to the bubble is
di spl aced fromthe normal first position to the displaced second
position on the basis of the presswxrof the bubble generation or the
bubbl e per se, and the displacing or displaced novable nmenber 31 25
is effective to direct the pressure produced by the - generation of the
bubbl e and/or the growmth of the bubbl e per se toward the ejection
outlet 18 (back wave). The back wave deteriai®tes the reffdlbimgam

si de). More detailed description will be made with

conpari son bePfedhe dd Ry, diytionthe (Ligwigd rilow patipdswathe structure not

i he nmovabl e menber (Figure 5 4) and the present invention (Figure
g;lngbﬁee t hePressure at %hégupstreaJ side, théjresulting motion of

the liquid and the resulting ineftia force. 1In this
5 embodiment, these actions to the upstream side are
suppressed by the movable member 31, so that the
refilling performance is further improved.
The description will be made as to a further
characterizing feature and the advantageous effect.

10 The second liquid flow path 16 of this
embodiment has a liquid supply passage 12 having an
internal wall substantially flush with the heat
generating element 2 (the surface of the heat
generating element is not greatly stepped down) at the

15 upstream side of thg heat generating element 2. With
this structure, the supply of the liquid to the
surface of the heat generating element 2 ahd the
bubble generation region 11 occurs along the surface
of the movable member 31 at the position closer to the

20 bublBle generation region 11 as indicated by Vp,.

Acéﬁfdingly, stagnation of the liquid on the surface
of the heat generating element 2 'is suppressed, so-
that precipitation of the gas dissolved in the liquid
is suppressed, and the residual bubbles not

25 disappeared are removed without difficulty, and in
addition, the heat accumulation in the liquid is not

too much. Therefore, the stabilized bubble generation



direction of propagation of the pressure toward the ejection outlet is
I ndi cated by VA, and the direction of propagation of the pressure
toward the upstreamis i ndicated by VB. 10 In a
conventional head as shown in Figure 4, there is not any structural

el ement effective to regul ate the dipgction of the propagation of the
pressure produced by the bubble 40 generation. Therefore, the
direction of the pressure propagation 15 of the is normal to the surface
of the bubble as i ndi cated by V1-V8, and therefore, is widely directed

in the passagecad\"Ba@drépesatedi £€Chi Al§h bpeea.of thNehis emPoBifment,

propagation fromthe half portion of the
outlet (VI-V4)thaveighed 2lpplespassagennanhassai Bubbtavididllgcifilat whi ch

i S nost

| nportant sincénternalewaly, cbutrthisalbsendt Lhmiting,| ianpd ¢hej ecti on
the liquid ejection pressure and the ejection speed.
Furthernore, thtqud suppdMepaswhagesisl sesisfactomy difr dtt has @n VA whi ch
and therefore, is nost effective, and the

efficiency,

is the ejection direction

effective for the liquid ejection. This portion is

V4 has a rd ati0Eeynakaypllowpbhefinch a configuration smoothly

10

15
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extended from the surface of the heat generating
element that the stagnation of the liquid occurs on
the heat generating element, and eddy flow is not
significantly caused in the supply of the liquid.

The supply of the liquid into the bubble
generation region may occur through a gap at a side
portion of the movable member (slit 35) as indicated
by Vpi. In order to direct the pressure upon the
bubble generation further effectively to the ejection
outlet, a large movable member covering the entirety
of the bubble 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
begyeen the bubble generation region 11 and fhe region
ofighe first liquid flow path 14 close to the ejection

outlet is increased by the :estoration of the movable

member to the first position, so that the flow of the

liguid to the bubble generation region 11 a;ong Vp1
can be suppressed. However, according to the head
structure of thié embodiment, there is a flow
effective to supply the liquid to the bubble

-generation region, the supplylperformance of the

bubbl e closer to the ejection



- 20- in the direction VA ' On the other hand, in the case
of the present I nvention, shown in Figure 5, the novable nenber 31 is
effective to direct, to the downstream (ejection 5 outlet side), the
pressure propagation directions V1- V4 of the bubble which otherw se
are toward vari ous directions. Thus,_sjighe pressure propagations of

bubbl e 40 are concentrated, so that the pressure of the bubbl e 40
is directly and efficiently contributable to 10 the ejection.

The growm h direction per se of the bubble is di rected downstream

simlarly to Lagulid psegreatly inchreagedit and dheaddfores évafit ifind grow
nore in the downstream side than in the upstreamside. Thus, the 15
growt h directitbe meowvabdeomemberbdiblooviesrsc der divubbd eb\generation novabl e
menber, and the pressure propagation direction fromthe bubble is
controll ed thgegbyp dd to improve the ejection efficiency, the
supply performance of the liquid is not deteriorated.
5 The positional relation bétween the free end
32 and the fﬁlcrum 33 of the movable member 31 is such
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
10 guiding the pressure propagation direction and the
direction of the growth of the bubble to the ejection
.outlet side or the like can be efficiently assured
upon the bubble generation. Additionally, the
pbsitional relation is effective to accomplish not
15 only the function or effect relating to the ejection
but also the reduction of the flow resistance through
the liquid flow path 10 upon the supply of the liquid
thus permitting the high speed refilling. _When the
meniscus M retracted b the ejection as shown in Figure
20 6,_%éturns to the ejection outlet 18 by éapillary
forc;;or when the liquid supply is effected to
compensate for the collapse of bubble, the positions
of the free end and the fulcrum 33 are suqh that the
flows S;, S; and S3 through the liquid flow path 10
25 including the first liquid flow path 14 and the second
liquid flow path 16, are not impeded.

More particularly, in this embodiment, as



that the ejection efficiency, ejection force and ej ection speed or the

| i ke are fundanentally inproved. 20 Referring back to Figure 2,

~the ejecting operation of the liquid ejecting head in this exanple
will be described in detail. - Figure 2, (a) shows a state
before the energy such as electric eggLgy is applied to the heat 25
generating elenent 2, and therefore, no heat has yet been gener at ed.
It should be noted that the novabl e menber 31 is so positioned as to
be faced at least to -21- t he
downst r eam pordescribed hrebeblibefgracr thedfbget brd 32 oliethegmoeoadllieon of
the heat generating elenent. In other words, in order that the

downst r eam pormémpenf3 is fabedbtibbaedawnhstveamhposhtibheofether, the
liquid flow 5 passage structure is such that the novabl e nenber 31
extends at | eaxgentertiheofothei anedowhichedivides thewheategeneraiingne

passi ng through the center 3 of
element 2 into an upstream region and a downstream

5§ 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

10 contributable to the ejection of the liquid at the
downstream side of the area center position 3 of the
heét generating element, and it guides the force to
the ejection outlet side, thus fundamentally improving
the ejection efficiency or the ejection force.

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

J Furthermore, it is considered that in the

e

strycture of this embodiment, the instantaneous
20 meéiaﬁical movement'of the free end of the movable
" member 31, contributes to the ejection of the liquid.
The ejection principle and the structure of
the present invention are subétantially the same,_but
the present invention provides é further improvement.
25 The embodiments of the present invention will be
described.

In the descriptions of the embodiments, the



the area of the heat generating el enent and per pendi cul ar to the

| ength of the flow path) of the 10 center 3 of the area of the heat
generating el enent. Figure 2, (b) shows a state wherein the
heat generation of heat generating elenment 2 occurs by the

application of the electric energy to thgyheat generating el enent 2,
and a part of of the liquid 15 filled in the bubble generation region 11

i s heated by the thus generated heat so that a bubble is generated

t hrough the filmboiling. . At this tine, the novable nenber 31
is di spl eresit fIDguidefiowspathsidi @ndt ehehsesenantdiqa@dpgiow on by the
pressure -produced by.the generation of t he bubble 40 so as to guide

t he propagat ipatifl16 hare separatedrbyt avaegaratiencwaldn30ut bat. the shoul d
be noted that, as described hereinbefore, the free end 32 of the
nmovabl e nenbeprédent imventioni istwsabbenwitbawar2dusi trpesj oft itbe out | et
side), and the fulcrum33 is, di sposed in the upstream side (conmon

li qui d chanbepead desegpibedsin:fhe £0regainda part of the novabl e nenber

5 (Embodiment 1)
Figure 7 shows a first embodiment. In Figure
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)
10 wherein the bubble generation region 11 is
substantially sealed relative to the ejectiqn outlet
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
15 embodiment, a second liquid flow path|16 for the
bubble generation is_proiided on the element substrate
1 which is provided with a heat generating element 2
(40x100 pm) for supplying thermal energy for
generating the bubble in the liquid, and a first
20 liqﬁid flow path 14 for the ejection liquid in direct
coﬁhunidation 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
25 liquid chamber 15 for supplying the ejection liquid
into a plurality of first liquid flow-paths, and the

upstream side of the second liquid flow path is in



-22- Is faced to the downstream portion of the bubble, that IS,
t he downstream portion of the heat generating - el enent .
Figure 2, (c) shows a state in which the 5 bubble 40 has further grown. By
the pressure resulting fromthe bubble 40 generation, the novable
menber 31 is displaced further. The geneLgped bubble grows nore
downstream than upstream and it expands greatly beyond a first
position (broken line position) 10 of the novabl e nenber. As
t he novabl e menber 31 gradually noves in response to the gromh of the
bubbl e 40 as dEexid beommunicabion, witlk thébsecdfidi commohr bifgaddso that it
grows in the direction in which the pressure generated by the 15
bubbl e 40 can c¢hanber cEenpsupplying cthesbubbledgenerationhiliquitietbubbl e 40
easily shifts in volunetric_terns. I n other words, the growth of the
bubbl e is uni fdredyrality f eeeend chi@uidhElewepaths.of the novabl e
member. The structure of the first path is such that

5 the height thereof gradually increases toward the

ejection outlet.

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

10 Between the first and second liquid flow
paths, that is, at the position with a space for
constituting a second liquid flow path, above an
element substrate 1 provided with a heat generating
resistor portion as the heat generating element 2 and

15 wiring electrodes (not shown) for applying an electric
signal to the heat generating resistor portion, there
is a separation wall 30 of an elastic matérial such as
metal so that the first flow path and the second flow

path are separated. In the case that mixing of the

20 byl

. e generation liquid and the ejection liquid
sﬁs dfbe minimum, the first liquid flow path 14 and
the second liquid flow path ;6 are preferably isolated
by the partition wall. However, when the mixing to a
certain extent is permissible, the complete isolation

25 1is not inevitable.

A pprtion of the partition wall in the upward

projection space of the heat generating element



This also is thought to contribute to the inprovenent 20 ofAe ejection
efficiency.

Thus, it is understood that in accordance

with the gromh of the bubble 40, the novabl e nenber 31 gradual ly

di spl aces, by which the pressure propagation direction of the bubble
40, the direction 25 in which the volungeggovenent is easy, namely, the
grom h direction of the bubble, are directed uniformy toward the
ejection outlet, so that the ejection

- 23- efficiency is increased. \Wen the novabl e nenber gui des
the bubbl e and(éjecbibhl prgesarat genepation’ egion hiawdiudinke Acjael iBON
outlet, it hardly obstructs propagati on and growth, and can
efficiently co(bubble5geherptdpagzegdondillgctinoFighrehd )pr dssume thed t he
grow h direction of the bubble in accordance with the degree of the

pressure.

10

15

20

25

form of a captilteger(wpvehdesmembest 31uhdormed by
slits 35, having a fulcrum 33 at the common liquid
chamber (15 17) side and free end at the ejection
outlet side (downétream with respect to the general
fiow of the liquid). The movable member 31 is faced
to the surface, and therefore, it operates to open
toward the ejection outlet side of the first liquid
flow path.upon the bubble generation of the bubble
generation liquid (direction of the arrow in the
Figure). |

The movable member 31 of this embodiment has
a portion with a smaller thickness between the base
portion'or fulcrum 33 and the free end 32 than at the
fulcrum portion. 1In other'words,'the change portion
is continuous in the movable member. In this
embodiment, the fulcrum portion 33 has a thickness of
5 pm, and the thickness continuously or gradually
deéhases toward thé free end having the thickness of 2
um; With such a structure, displacement of each
portion of the movable member in response to the
bubble formation by the heat generating element 2 is
larger toward the free end side, as compared with thé
case of uniform or constant thickness. As shown in
Figure 9, the larger displacement can be provided at

each portion of the movable member with a larger



bubbl e 40 contracts and di sappears by the decrease of 10 the pressure in

t he bubbl e, peculiar to the film - boi | i ng phenonenon. The
novabl e menber 31 havi ng been di spl aced to the second position returns
to the initial position (first position) of Figure 2, (a) by the
restoring 15 force provided by the spripg-property of the novable

menber per se and the negative pressure due to the contraction of the
bubbl e. Upon the col |l apse of bubble, the liquid flows back fromthe
comon |iquid chanber side as indicated by VD1 and VD2 and fromthe.

20 ej ection oumaxtmun ddisplacement cat byhe/cfxeeaendp as compapedswithf or the
vol unme reduction of the bubble in t he bubbl e generation region 11 and
to conpensate ¥Re movab%%emth%ﬁeh@vlngetbgeeneaorquhuckness. so I n

t he fore90|ng, the description has_been 25 nmade _as to the operation of the
novabl e nenbert Ythe PresgurR ARd: the grovkh BﬁbBPE hrgbleecupPBCct i ng

operation of the I Laylfs genérapfbgeégﬁlgélnglClengfy directed.

5 The stress occurring in the movable member at
the fulcrum portion at this time is distributed widely
by the change of the thickness, and therefore, is
smaller than that with the uniform thickness.
Therefore, the durability qf the movable member can be

10 significantly improved. Thus, the ejection efficiency
and the ejection pressure can be improved, and
simultaneously, the durability of the movable member
is improved.

As shown in Figure 8, the change point of the

15 movable member 31 is at such a position as is opposed
to the heat generating element 2.

Figure 10 illustrates the positional.relatibn
between the movable member 31 and the second liquid

flow path 16, wherein (a) is a view of the movable

ol Wr 31 as seen from the top, and (b) is a view of

% o

théVSecond liquid flow path as seen from the top with

20

the separation wall 30 removed. 'In the same Figure;
(c¢) schematically shows the positional relation
between the movable member 31 and the second liquid
25 flow path 16.
In the same Figure, (d) shows an embodiment

wherein a change point or portion (inflection point or



- 24- made as to the refilling of the liquid in the liquid

ej ecting head usable with the present invention. Referring to
Figure 2, liquid supply mechanismw || be described. 5 When
t he bubble 40 enters the bubble col | apsi ng process after the maxi num
vol une ther eof after Figure 2, (c) sigite, a volunme of the liquid
enough to conpensate for the coll apsi ng bubbling ~volune flows into the
bubbl e generation region from 10 the ejection outlet 18 side of the first
liquid flow path 14 and fromthe bubbl e generation region of the

second | i qui d gorbicie) lofl&he movable membdi iSpEGSEIOA BPMSThGonal
liquid flow passage structure not having the novabl e nmenber 31, 15

t he amount of ditfEfdrent dndtexddhevhel bettlom thidletess dbs constantherbubbl e
col | apse position and the anpbunt of the liquid fromthe comon |iquid
chanmber t her eiumiform.e The chandepeint can the providedi leafloem:.nQ t he
portion closer. to the ejection outlet than the bubble
a smaller thickness portion as described above and
5 then planting, into the portion, a material having a
smaller elastic modulus or rigid (more eaSily bending
materiel) than the material of the movable member.
The thickness and/or width may be reduced to further
piovide the change point. The structure shown in (4)
10 of the same portion also provides the stress
~ dispersion effects described in conjunction with
Figures 7 - 9, and therefore, the same advantageous
effects are provided.
In this embodiment, the thickness of the
15 .movable member is.smaller toward the free end side
from the fulcrum portion, and therefore, the free end
side of the movable member even more displaces when
the movable member is displaced or deflected.
Similarly to the above-described, the durability of
20 hq-fulcrum portion is enhanced, and simultaneously,
the ejection efficiency and the ejection power is
further improved.
(Embodiment 2)
Figure 11 shows other examples wherein the
25 free end side of the movable member is smaller than at

the fulcrum portion. In (a) and (b) of this Figure,

there are shown longitudinal sections of the heads



20 generation region and the portion closer to the conmon l'iquid

chanber . Therefore, when the flow resistance at the

supply port side is snaller than the other side, a | arge anount of the
liquid flows into the bubble 25 collapse position fromthe ejection outlet
side with the result that the nmeniscyg-retraction is |arge. W th
the reduction of the flow resistance in the _

- 25- ej ection outlet for the purpose of increasing the ej ection
efficiency, the neniscus Mretraction I ncreases upon the coll apse of
bubbl e with tediasent movablef membgrssefilling tine period, thus nmaking
high 5 speed printing difficult. According to this

enmbodi ment, because of Thge structures vthenithar the apdeabbebeemBér t he
meni scus retractiqQn stops at the time when the novabl e nmenber

returns to thél A58 Hubsiantisd ipdrhe reane)|as Fmbediment 1, and

therefore, the detailed description thereof is omitted

5 for simplicity. 1In Figure 11, (a), the thickness of
the movable member 31 stepwisely decreases from the
fulcrum portion toward the free end side, so that a
plurality of change portions are provided. In this
example, there are a region having a thickness of 2 pm

10 adjacent to the free end portion 32, a region of a
thiéknéss of 3 pm through a change portion, a region
of 4 ym through a change portion, and a separatipn
wall region having a thickness of 5 pm at the fulcrum
portion.

15 With_such.a'structure, the displacement state
of the movable member is such that the degree of the
displacement stepwisely changes with the maximum
changing rate at the free end side. The movable
member configuration of the structure shown ih Figure

20 11,3(a) provides a stepwise change of the thickness as
compared with the movable member configuration in the
foregoing embodiment, so that the boundary portion-
where the thickness changes provides the change
portion (inflection portion), and the manufacturing is

25 easier.

In Figure 11, (b),'the thickness of the

movable member is reduced by one step from 5 pm (the



10 bubbl e, and thereafter, the supply of the liquid to fill a volune
W2 is acconplished by the flow V[err] through the second flow path 16
(W is a volunme of an upper side of the bubble volune Wbeyond the
first position of the novable nmenmber 31, and W2 is a volune 15 of a
bubbl e generation region 11 side thereof)z7Ln the prior art, a half of
t he vol une of the bubble - volume Wis the volune of the neniscus
retraction, but according to this enbodi ment, only about one half (W)
is the volunme of the neniscus retraction. 20 Addi tional ly, the
l'iquid supply fukcxtume portiom! thitckifess) f 06 C2duho(bRe cffeet eldmai nly from
t he upstream (VD2) of the second liquid flow path al ong t he
surface of thepdrtionyctickness k) cabnd chamrgibhgtpesitionnBiRbheagenber 31
using the pressure upon the collapse 25 of bubble, and therefore, nore
speedy refil | ifkpmcherfulcrum portiom| tewerd the free end siMlen sbe
refilling using the pressure upon
9 éL ﬁ) dlsplacement at the free end is further
5 increased. The boundary portion where the thickness
is changed; provides the change portion, and the
change portion is on the bubble generation region so
that the ejection efficiency can be increased. The
manufacturing is further made easier.
10 In Figure 11, (c), the thickness of the
movable member is reduced from 5 pm to 2 pm toward the
free end side, but the thickness is slightly increased
adjacent_the free end portion. With this decreasing.
and then increasing thickness structure, the degree of
15 displacement of the movable member as a whole is
larger at the portiohs except for end portion. With
such a structure, the displacement at the portion
- (change portion) where the thickness increases,
decrgases to suppress excessive displacement at the
20 freﬁﬁend portion. As compared with the first
embodiment, the displacement is smaller, but the
increased mass at the free end portion of the movable
member permits deflection of the movable member like a
whip so as to enhance the transmission of the pressure
25 Dby the mechanicai displacement of the movable member.

Thus, the free end region is controlled such that the

growing direction of the bubble is slightly directed



- 26- the col |l apse of bubble is carried out in a conventi onal
head, the vibration of the neniscus is expanded with the result of the
deterioration of the i mage quality. However, according to this
enbodinent, 5 the flows of the liquid in the first liquid flow path

14 at the ejection outlet side and the ejzgtiion outl et side of the
bubbl e generation region 11 are suppressed, so that the vibration of
the neniscus is reduced. 10 Thus, according to this

enbodi ment, the high speed refilling is acconplished by the forced
refilling to thewandiihe ggestbitamputdgtorside ough whicch the | éjedticwppl v
passage 12 of the second flow path 16 and by the suppression of the
neni scus retr &ffiigienqy i fumiher atabilciagdr e, Théneduralbilittptison of

ej ection .and hi gh speed repeated ej ections are acconplished, and
when t he enbodMPFHAV i insany % fdqure dbf (a) tq @} disknce Hehe npr ovenent

L5 111 TR0 QUL O ot ST RS e eSSBS
5 be scattered or dispersed.
(Embodiment 3)

Figure 12 is a schematic view illustrating
another configuration of the movable member, wherein
Figure 12, (a) is a iongitudinal sectional view of the

10 head adjacent the movab}e member, and Figure 12, (b)

~ is a schematic view of the movable member as seen from

the top of Figure 12, (a). In this embodiment,
similarly to the first embodiment, the fulcrum portion
has a thickness of 5 ym and a thickness of 2 pm at the

15 free end portion 32, and the width of the movable
member at a position upstream of a position faced to
the heat gehérating element (upstream of the bubble
generation region) is smaller (30 pm) than the other
portion thickness 40 pm. With such a structure, the

20 displacement of the movable member is made further
easiér so that the ejection efficiency is further
improved, and the displacement is further increased.

Figure 13, (a), (b) and (c), further show
other examples of the configurations of the movable

25 membef. In Figure 13, similarly to the first
embodiment, the thickness of the movable meﬁber

gradually decreases from the fulcrum portion 33 toward



effective function. It is a suppression of the propagati on of the
pressure to the upstream side (back wave) produced by the generation
of the bubble. The pressure due to the common |iquid chanmber 13 side
25 (upstream of the bubble generated on the heat generating el enent 2
nostly has resulted in force whi ch pgghes the liquid back to the
upstream si de -27- (back
wave). The back wave deteriorates the refilling of the liquid into the
liquid flow path by the pressure at the upstreamside, the resulting
mot i on of theefregueddapdrtlionr 32ul t Bigcenthei widkhceof Ithethis 5
enbodi nent, these actions to the upstream side are suppressed by the
movabl e menber ngvabie mﬁaberhés largexf git| the fudcoumportion @3 her

| mpr oved. description wll _be made as to a further
character|2|ngthﬁﬁtﬂFetaﬁdfFﬁﬁ ehdaRPELdONs 3¢i f the durgbility of the

second Iiquid flogbggtg egf1sh1mproved and a larger displacement

5 of the movable member is accomplished, thus increasing
the ejection efficiency and ejection efficiency.
Particularly, as shown in Figure 13, (c), by
- the provision of the reduced portion in the movable
member; the_displacement of the movable member can be
10 increased further without increase of the stress at
the fulcrum portion.
(Embodiment 4)
Figure 14 shows another configuration of the
movable member, and in this embodiment, the change
15 portidn 100_is,provided by a thinner portion of the
| movable member 31 at a position Qpposed to the heat
generating element (position faced the bubble
generation region) (Figure 14, (a)).

With such a structure, as shown in Figure 14,

20 (bféﬁthe displacement of the movable member at the
frég end portion 32 side is madé easier so that the
bubble generation power is directed more toward the
ejection outlet side. At this time, the stress at the
fulcrum portion is reduced very much as compare with

25 the case without the change portion, so that the
durability of the movable member is improved.

In Figure 14, designated by S is a stopéer



enbodi nent has a liquid supply passage 12 having an I nternal wall
substantially flush with the heat

generating elenent 2 (the surface of

t he heat generating elenment is not greatly stepped down) at the 15
upstream si de of the heat generating elenent 2. Wth this structure,
the supply of the liquid to the surfgce of the heat generating el enent
2 and t he bubbl e generation region I occurs al ong the surface of

t he novabl e nenber 31 at the position closer to the

region 11 as indicated by V[err]. Accordi ngly, stagnation of the

SO

suppressed,

-28-
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wi thout difficulty, and in tion, the heat accu
liquid is not

[ation I n the

20 bubbl e generation

liquidon the éHfﬁéﬁﬁondlng t@ﬁehQQE 93@ Emngfe%%. @Hda(fif%pppressed

t hat precipi

uppertQQmﬂHChheﬁthéfﬁthleEb%EﬁQbh'%ﬁ@ Rafalilge gener ation

portion 100 and the fulcrum 33 displaces. In this
embodiment, the stress is further scattered by the
stopper S, and the direction of the growth of the
bubble is further shifted to the ejection outlet side.
The change portion 100 is opposed to the central
portion of the heat generating element 2 for bubble
formation, so that fhe downstream portion of the
bubble growth mainly contributable to the ejection can
be directed to the first liquid floﬁ path 14 side with
high efficiency by the large displacement of the
leading end portion including the free end 32.
Therefore, in this embodiment, a higher
efficiency ejection state can be érovided by the
stopper S and the change portion 100. 'The structure
of this embodiment without the stopper S, and the
structures of the other embodiment with this stopper
s, are usable as embodiments of the present invention.
Figure 15 shows embodiments wherein the
above-described change portion 100 is provided
upstream of a ppsition opposed to the heat genérating
element 2, wherein the displacement of the movable
member 31 can be increased from a portion closer the
fulcrum 33 as compared with the structure of Figure

14, In Figure 15, (a), the change portion is provided



can be repeated at a high speed. In this enbodinent, the Iiquid supply

passage 12 has a substantially flat internal wall, but this is not
limting, and the | i quid supply passage is satisfactory if it has an
5 internal wall with such a configuration snoothly extended fromthe
surface of the heat generating el ement that the stagnation of the

| i quid occurs on t he heat generati ngtlet enent, and eddy flow is not
significantly caused in the supply of the liquid. 10 The supply
of the liquid into the bubble generation region may occur through a
gap at a side ortion of the novable nmenber (slit,  35) as indicated

by VD1. In or @81¥% Gtjiong Pasitign IRFtreah Pk o PositinhPRPORESR tRi on
further eff ec%el %Fo gter}xee e't%o%ﬁ%tou% éj[r?#sg‘g]g‘? Nﬁg/?bbgénenber h.
covering the ‘9 _ o) C ting the
surface t r afl el . own I n
F:Jgur e 2. The%],het %#@W#&lﬁs@;n%% ﬁ%‘%%ﬁ gg"&s&gj%leﬁv%%% t he bubb: e
gener ati on 1 et rla it 1At R Hbodila e Ihdst ddsbidelhgw path 14

close to the ejection outlet Is Increased by t restoration of the
novable 5 element and at the position opposed to the heat

generating element. In Figure 15, (b), the
displacement at the free end side can be made larger
than in Figure 15, (a).
| In this embodiment, the thickness at the
10 change portion of the movable member is 3 pm, and the
thickness at the other portion is 5 pm.

In Figure 15, (a) and (b), the degree of the
growth of the bubble and the displaéement state of the
movable member are-shown by broken lines to provided

15 clear comparison.

In.Figure 15, (a), the change portion 100 is
not opposed to a larger part of the bubble generated
by the heat generating element 2, and therefore, the
portion of the movable portion between the free end

20 portion 32 and the change portion 100 can be displaced
more. Therefore, the entirety of the bubble can be
guided to the free end side withnhigh efficiency. i

As compared with the structure of Figure 15,

(a), the structure of Figure 15, (b) is such that an
25 @additional change portion 1001 is provided at a
position opposed to the heat generating element in the

fulcrum portion 33 side of the movable member 31



member to the first position, so that the flow of the liquid to the

bubbl e generation region 11 along V[err] can be suppressed. However,
according to the head 25 structure of this enbodinment, there is a flow
effective to supply the liquid to the bubble generation region, the
supply performance of the - 29- '
liquid is greatly increased, and thereforé2-even if t he novabl e nenber
31 covers the bubble generation region 11 to inprove the ejection
efficiency, the supply performance of the liquid is not deteriorated.

?ulcrum:%B(ﬁrkﬂqu%v Ongjﬁéﬁggilégrgggéﬁ§h°%h hetﬁﬁP%tﬁ@nﬁfgéﬁéﬁgn?stgs a
dounst e Poshibilpfl 2 IFin posbl:FL U0, el EYR0FSaREsEr Brl Wi 51"
guiding the prff&&i&'PiaﬁaﬁééhP” Fhéeéhéﬁaeaﬁﬂr£98n 1001 is
effective to quickly and assﬁredly_direct, in the
5 ejection direction, the groﬁth of the center region of
the bubble in addition to a downstream half_of.the
bubble which is directly contributable to the ejection
by the larger displacement at the free end side of the
movable member so that the ejection efficiency is
10 further inc;eased, and the latitude of the head design
is increased. |
Therefore, in Figufe 15, (b), the function of
the change portion 1001 is added to the function of
the change portion 100 as in Figure 15, (a), so that
15 the ejection is synergeticaly improved.
The change portion 1001 may be added to any
of the foregoing embodiments, and it may_be removed
from the structure of Figure 15, (b).

In the foregoing embodiment, the head is in

20 f’ﬁform of an edge shooter type, but the present
invention is usable with a side shooter type head.

In the foregoing embodiﬁents, end in the .
foliowing embodiments, the stress can be scattered so
that the durability of the movable member can be
25 improved.

(Other Embodiments)

In the foregoing, the description has been



direction of the growh of the bubble to the ejection outl et side or
the like can be efficiently assured upon the bubbl e generati on.
Additionally, the positional relation is effective to acconplish not
15 only the function or effect relating to the ejection but al so the
reduction of the flow resistance through the liquid flow path 10 upon
the supply of the liquid t hus perm taghag the high speed refilling.
When t he meni scus Mretracted b the ejection as shown in Figure 20 6,
returns to the ejection outlet 18 by capillary force or when the
liquid supply is effected to conpensate for the coll apse of bubble,
the positions made a8 tocthe cmaior paxtsheffbher LigB8daegectithgt headt he
flows S1, S2 and_S3 through the liquid flow path 10 25 including the first
liquid fl ow paand 1khenligaid sejerting methed; acepsdipat tolsheare not
I npeded. Mor e particularl¥, in this enbodi nent, as
-30- embodiments of the present invention. The description
will now be made as to further detailed embodiments
5 usable with the foregoing embodiments. The following
examples are usable with both of the single-flow-path
type and two-flow-path type without specific
statement. _
<Movable member and partition wa11>
10 Figure 16 shows another example of the
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
15 rectangular configuration, and in (b), it is narrower
in the fulcrum side to permit increased mobility of
the movable member, and in (c), it has a wider fulcrum
side to enhance the durability of the movable member.
The: configuration at the fulcrum side is desirable if
20 it does not enter the second liquid flow path side,
and motion is easy with high durability.
In the foregoing embodiments, fhe plate or
film movable member 31 has the thickness and
configuration as described, and the separation wall 5
25 having this movable member was made of a nickel having
a thickness of 5 pm in the area not as the movable

part, but this is not limited to this example, but it



descri bed hereinbefore, the free end 32 of the novable menber 3 is
faced to a downstream position of the center 3 of the area which

di vi des the heat generating elenment 2 into an upstreamregion and a
downstream 5 region (the line passing through the center (central
portion) of the area of the heat generating el enent and per pendi cul ar
to a direction of the length of the -4 Yuid flow path). The novabl e
menber 31 receives the pressure and the bubble which are greatly 10
contributable to the ejection of the liquid at the downst ream si de of

s des theToer 28 Ul gF Fe by anes YR LSRR S0 Dha Bfe)
| mprovi ng &ﬂﬁélg%x%éf%{’cﬁzf 1Cuﬁﬂfd/dé}Idd it eéuiééﬂ)é}hfﬂ%? crle;% d. 1o o

Furt her advantageous "effects are provi

the bubble, agsqe 'él%tlciti‘%rse'émﬁiﬂ &0 permit the opé:i"é{f'&'inafe it

is considered that in structure of this enbod ment,

i nst ant aneous thD mmlmmibémveimtlpftn@eréq@ﬁr@mdfﬁietélhﬁwaﬁl e
menber 31, contributes to the ejection of the I|qU|d
5 be formed.

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

10 Phosphor bronze or the like, alloy thereof, or resin
material having nitrile group such as acrylonitrile,
butadiene, stylene br the like, resin material having
amide group such as polyamide or the like, resin
material having carboxyl such as polycarbonate or the

15 like, resin material having aldehyde group such as
polﬁacetal or the like, resin material having sul fone
group such as polysulfone, resin material such as
liquid crystél polymer or the like, or chemical
coupound thereof; or materials having durability

20 agq&nst the ink, such as metal such as gold, tungsten,
tantalum, nickel, stainless steel, titanium, alloy
thereof, materials coated with such metal, resin
material having amide group such as polyamide,_resin
material having aldehyde group such as polyacetal,

25 resin material having ketone group such as
polyetheretherketone, resin material having imide

group such as polyimide, resin material having



The ejection principle and the structure of t he present invention are

substantially the sane, but the present invention provides a further

| nprovenent. 25 The enbodi nents of the present invention will be '
descri bed. In the descriptions of the enbodi nents, the

- 31- first liquid flow path 14 and the second liquid flow pat h
16 are separated by a separation wall 30G48ut the - present invention is
usable with various types of the head described in the foregoing. 5
(Enbodi ment 1) Figure 7 shows a first enmbodinment. In Figure
7, A shows an upwardly displ aced novabl e nenber al t hough bubbl e is not

shown, and B HWéxOxyHe aroWiv|such as phengliq neainiresin geaterival (fir st
position) 10 wherein_ the bubble generation region 11 is
subst anti al | y hé¥dmgy &ty igroun such gRqlyediriene, resin

material having alkyl group such as polypropylene,
resin material having epoxy group such as epoxy resin

5 material, resin material having amino group sdch as
melamine resin material, resin material having
methylol group such as xylene resin ﬁaterial, chemical
compound thereof, ceramié material such as silicon
dioxide or chemical compound thereof.

10 Preferable examples of partition or division
wall include resin material having high heat-
resistive, high anti;solvent property and high molding
property, more particularly recent engineering plastic

.~ resin materials such as polyethylene, polypropylene,'

15 polyamide,; polyethylene terephthalate, melamine resin
material, phenolic resin, epoxy resin material, |
polybutadieﬁe, polyurethane, polyetheretherketone,

| polyether sulfone, polyallylate, polyimide, poly-
sulgone, liquid crystal polymer (LCP), or chemical

20 coﬁéoﬁnd thereof, or metal such as silicon dioxide,
silicon nitride, nickel, gold, stainless steel, alloy
thereof, chemical compound thereéf, or ﬁaterials .
coated with titanium or gold.

| The thickness of the separation wall is

25 determined depending on the used, material and

cqnfiguration from the standpoint of sufficient

strength as the wall and sufficient operativity as the



18. Al though not shown, there is a flow passage wal | between A and B
to separate the flow paths. In the liquid ejecting head of
this 15 enbodinment, a second liquid flow path 16 for the bubbl e
generation is provided on the el ement substrate 1 which is provided
Wi th a heat generating el enent 2 (40x100 [err]m for supplying thermal
energy for generating the bubble in-#ke [iquid, and a first 20
liquid flow path 14 for the ejection liquid in direct comuni cati on
with the ejection outlet 18 is forned t her eabove. The
upstreamside of the first liquid flow path is in fluid comunication
with a first cBevishleomember; jardagererailyer OsBppmyind Ot M @P®IG¥on | i qui d
into a pIuraIitg 8f fir i liquid fl ow paths, and the upstream si de of
the second |iqb®d ?Fbﬁ?% Bhisin
- 32- The width of the slit 35 for providing the
movable member 31 is 2 pm in the embodiments. When
5 the bubble generation liquid and ejection liquid are
different materials, and mixture of the liquids is to
be avoided, the gap is determined so as to form a
meniscus between the liquids, thus avoiding mixture
therebetween. For example, when the bubble generation
10 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 mixture,
but not more than 3 pm is desirable.
<Element substrate)>
15 ' The description will be made as to a _
structure of the element substrate provided with the
heat generating element for heating the liquid.
Figure 17 is a longitudinal section of the
liquid ejecting head according to an embodiment of the
20 present invention.
On the element substrate 1, a grooved member
50 is mounted, the member 50 having second liquid flow
paths 16, separation walls 30, first liquid flow paths
14 and grooves for constituting the first liquid flow
25 path.
The element substrate 1 has patterned wiring

electrode (0.2 - 1.0 pm thick) of aluminum or the like



fluid comunication wth the second common |iquid chanber for

suppl ying the bubbl e generation liquid to a plurality of second liquid
fl ow pat hs. The structure of the first path is such that 5

t he hei ght thereof gradually increases toward the ejection outlet.

In the case that the bubble generation |iquid and ejection liquid are
the sane |iquids, the nunber of the-d@8mmon |iquid chanbers may be one.
10 Bet ween the first and second liquid flow pat hs, that is,
at the position with a space for constituting a second liquid flow
pat h, above an el enment substrate 1 provided with a heat generating

resi stor porti%ﬂdaEaFFErﬂﬁﬂtebﬁﬁﬁFéFiﬁﬁséﬁéﬁﬁﬁﬁ dayey 1905 (i-Oilng
gener at i ng osdstorobpifhy 8F BrEfith Bpziyecigapad ot aAtAL S0 of an
cLastc, e ALeRHRg PRany , cHELEhoRO0tIBLabe (RS REOBERYIAR e
Cher 28" o e B gy e GhBRab U, Gemons”HH ) A B T
preferably d sop#i&€ film or silicon nitride film 106 for insulation
and heat accumulation, which in turn is on the
substrate 107 of silicon or the like. A voltage is
applied to the resistance layer'105 through the two
wiring'electrodes 104 to flow a current through the
10 resistance layer to effect heat generation. Between
the wiring electrode, a protection layer of silicon .
oxide, silicon nitride'or the like of 0.1 - 2.0 pm
thick is provided on the resistance layer, and in
addition, an anti-cavitation layer of tantalum or the
15 1like (0.1 - 0.6 pm thick) is formed thereon to protect
the resistance layer 105 from various liquid such as
ink.
The pressure and shock wave generated upon
tn%;buhble generation and collapse is so strong that

20 y durability of the oxide film which is relatively

fragile is deteriorated. fherefore, metal material
such as tantalum (Ta) or the like is used as the anti-
cavitation layer.
The protection layer may be omitted depending
25 on the combination of liquid, liquid flow path
structure and resistance méterial. One of such

examples is shown in Figure 19, (b). The material of



by the partition wall. However, when the mxing to a certain extent is

perm ssible, the conplete isolation 25 is not inevitable. A
portion of the partition wall in the upward proj ection space of the
heat generating el ement : - 33-
(ejection pressure generation region including A and B (bubbl e
generation region 11) in Figure 7), is |Rr48re formof a cantilever
novabl e menber 31, forned by slits 35, having a fulcrum 33 at the

. common liquid 5 chanber (15 17) side and free end at the ejection
outl et side (downstreamw th respect to the general flow of the

liquid). The nth8bFesistspceslayer; potd requining fhes prataction therefore,’
it operates to ward the ejection out]et side of the first

liquid 10 f!oav_gﬁg?n_ &B&Pr_t b & at i S eI
generation li qgi%gghﬁe%&llggr %fr tttgl% il’lli‘%V:l ! L}'htuge, the structure of

the heat generating element in the foregoing
5 embodiments may include only the resistance layér(heat
generation portion) or may include a protection layer
for protecting the resistance layer.
In the embodiment, the heat generating
element-has a heat genéfation portion having the
10 resistance layer which generates heat in response to
the electric signal. This is not limiting, and it
will suffice if a bubble enough to eject the_ejeétion
liquid is created in the bubble generation liquid.
For example, ﬁeat generation portion may be in the
15 form of a photothermal transducer which generates heat
upon receiving light such as laser, or the one which
generates heat upon receiving high frequency wave.
On the element substrate 1, function eléments
such as a transistor, a diode, a latch, a shift
20 ré&ibter and so on for selective driving the
electrothermal transducer element may also be
integrally built in, in addition~to the resistance
layer 105 constituting the heat generation portion and
the electrothermal transducer constituted by the
25 wiring electrode 104 for supplying the electric signal
to the resistance layer.

In order to eject the liguid by driving the



Fi gure). The novabl e nmenber 31 of this enbodinent has a
portion with a snmaller thickness between the base 15 portion or ful crum 33
and the free end 32 than at the ful crumportion. In other words, the
change portion i's continuous in the novable nenber. In this
enbodi nent, the fulcrumportion 33 has a thickness of 5 [err]m and
the thickness continuously or gradually -39-deceases toward the free end
havi ng the thickness of 2 [err]m Wth such a structure, displacenent
of each portion of the novable nenber in response to the bubbl e
formati on by the heat generating elenent 2 is | arger toward the free
end side, as chephrgenaretionepozsionsofothenelectrothesmailant t hi ckness.
As shown in Figure 9, the larger displacenent can be provided at
each portion off28REAREQELPR KRRbLEPOYPrAegcribgdr element substrate 1,
- 34- the resistance layer 105 is supplied through the
wiring electrode 104 with rectangular pulses as shown
5 1in Figure 18 to cause instantaneous heat generation in
the resistance layer 105 between the wiring electrode.
In the case of the heads of the foregoing embodiments,
the applied energy has a voltage of 24 V, a pulse
width of 7 usec, a current of 150 mA and a frequency
10 of 6kHz to drive the heat generating element, by which
the liquid ink is ejected through the ejection outlet
through the process described hereinbefore. However,
the driving signal conditions are not limited to this,
but may be any if the bubble generation liquid is
15 properly capable of bubble generétion.
<Ejection liquid and bubble generation iiquid>
As described in the foregoing embodiment,
according to the present invention, by the structure

haying the movable member described above, the liquid -

20 cf;%_ ejected at higher ejection-force or ejection
efficiency than the conventional liquid ejecting head.
When the same liquid is used for“the bubble generation
liquid and the ejection liquid; it is possible that
the liquid is not deteriorated, and that deposition on

25 the heat generating element due to heating can be
reduced. Therefore, a reversible state change is

accomplished by repeating the gassification and



maxi mum di spl acenent at the free end, as conpared with t he novabl e
menber having the uniformthickness, so that the pressure and the
growt h of the bubbl e upon t he bubbl e generation can be efficiently
directed. 5 The stress occurring in the novabl e nmenber at

the fulcrumportion at this tinme is distributed w dely by the change
of the thickness, and therefore, is -5@el | er than that with the uniform
t hi ckness. Therefore, the durability of the novabl e nenber can be 10
significantly inproved. Thus, the ejection efficiency and the ejection
pressure can be inproved, and si mul taneously, the durability of the
novabl e menbercondengatign. o 8q, various liquidgsazmowgabderi & &b® the
change point of, vabl e nenber 31 .is at such a_position as is

the 15 . Q0S|
opposed t 1?Hédhé§t¥53n8PﬁtPﬂ§ getpriprating the liquid flgw e 10 |
illustrates th | 1iopal | atio bet ween.t he nopyabl e nber 31 and
t he second quﬁ?gggg&’ ﬁsgﬁﬁgﬁtﬂeTg?rmﬂgrE?Raf3¥19§ HggxeﬁroF e novabl e
20 nmenber 31 fﬁké?en fromthe top, and (b) is a view of t he second
liquid fl ow path as seen fromthe top with t he separation wall 30

renoved. I the same Fi gibRg such liquids, the one having the
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

10 liquid and bubble generétion liquid, the bubble
generation liquid having the above-described property
is used, more particularly, the examples includes:
methanol, ethanol, n—pro§y1 alcohol, isopropyl
alcohol, n-hexane, n-heptane, n-octane, toluene,

15 xylene, methylene dichloride, trichloroethylene, Freon
TF, Freon BF, ethyl ether, dioxane, cyclohexane,
methyl acetate,'ethyl acetate, acetone, methyl ethyl

| ketone, water, or the like, and a mixture thereof.
Aé for the ejectioh liquid, variouslliquids

20 aréfusable without paying attention to the degree of
bubble generation'property or thermal property. The
liquids which have not been convéntionaily usable,;
because of low bubble generation pfoperty and/or
easiness of property change due to heat, aré usable.

25 However, it is desired that the ejection
liquid by itself or by reaction with the bubble

generation liquid, does not impede the ejection, the



(c) schematically shows the positional relation bet ween the novabl e
menber 31 and the second liquid 25 flow path 16. In the sane
Figure, (d) shows an enbodi nent wherein a change point or portion
(inflection point or - 35-

portion) of the novable nmenber is provided by using different materi al
whil e the thickness is constant or oAtform The change point can be
provi ded by form ng a smaller thickness portion as descri bed above and
5 then planting, into the portion, a material having a smal l er elastic

dul I g b h h i al of
?ﬁe“nﬁiaﬁ{erh%ép%%éfmgeer‘?gs'ﬁ?ﬂ?é‘ﬁnﬁﬂg GROFEFLGRoPR by BEvPBMccd (o

further e a poi nt. The structure shown in (d) 10 of
t he sane portlon ?goagrgggdggﬁ?he stress di spersion effects described

ggvggtng ;28& Ison Wth  agFEGHM efie 'recSra?hg £§ELe1BhC11LATaS2HRgN

viscous ink or the like is usable. As for another

5 ejection liquid, pharmaceuticals and perfume or the
like having a nature easily deteriorated by heat is
usable. The ink of the following ingredient was used
as the recording liquid usable for both of the _
ejection liquid and the bubble generation liquid, and

10 . the recording operation was carried out. Since the
ejection speed of the ink is increased, the shot
accuracy of the liquid droplets is improved, and

therefore, highly desirable images were recorded.

Dye ink viscosity of 2cp:

15 (C.I. food black 2) dye 3 wt. %
diethylene glycol 10 wt. %
Thio diglycol | 5 wt. %
Ethanol : 5 wt. %
Water .77 wt. %
20 i Recording operations were also carried

- out using the following combination of the liquids
for the bubble generation liquid and the ejection
liquid. As a result, the liquid having a ten and
Severa; cps viscqsity, which was unable to be ejected

25 heretofore, was properly ejected,_and even 150cps
liquid was properly ejected to provide high quality

image.



effects are provided. In this enbodi ment, the thickness of

the 15 novable nenber is smaller toward the free end side fromthe
fulcrum portion, and therefore, the free end side of the novable
menber even nore di spl aces when t he novabl e nmenber is displaced or
def | ect ed. Simlarly to the above-described, the durability of 20
the fulcrumportion is enhanced, and si nmP2aneously, the ejection
ef ficiency and the ejection power is further inproved.
(Enmbodi nent 2) Figure 11 shows ot her exanples wherein the 25
free end side of the novabl e nenger ié fgaller t han at the ful crum
portion. In (d%® (ggneratien Hawid I: there are shown | ongitudinal
sections of the h - 36- :
adj acent novabl e ne %9%; 40 wt. 3
Water 60 wt. %
Bubble generation liquid 2:
5 Water 100 wt. %
Bubble generation liquid 3:
Isopropyl alcoholic 10 wt. %
Water ' 90 wt. %
Ejection liquid 1:
10 (Pigment ink approx. 15 cp)
Carbon black 5 wt. %
Stylene-acrylate-acrylate ethyl
copolymer resin material 1l wt., &
Dispersion material (oxide 140,
15 weight average molecular weight)
Mono-ethanol amine 0.25 wt. %
Glyceline - 69 wt. %
Thiodiglycol 5 wt. %
~Ethanol 3wt. %
20 "*Water | - 16.75 wt. %
Ejection liquid 2 (55cp):
Polyethylene glycol 200 100 wt. %
Ejection liquid 3 (150cp):
Polyethylene‘glycol 600 100 wt. %
25 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



The structures other than the novabl e nenber 31 are substantially the

same as Enbodi nent 1, and therefore, the detail ed description thereof
is omtted 5 for sinplicity. In Figure 11, (a), the thickness of t he
novabl e menber 31 stepwi sely decreases fromthe ful crum portion toward
the free end side, so that a pIuraI|t§ of change portions are
provided. In this exanmpl e, there are33-region having a thi ckness of 2
pm 10 adjacent to the free end portion 32, a region of a t hi ckness of
3 pmthrough a change portion, a region of 4 [err]mthrough a change

portion, and a §83§5§5i83 tﬁg r“%h%dr ggpgaglgﬂh t@e'%é@@ﬁi of 5 pm at

the ful crum portron

di spl acenent sgg&e shot QECBQSFgovaRhﬁlgqu?E1&ﬁes#ﬁga%gat t degree of

t he di spl acenent st epw se changes ™ w changi ng

rate at the er?eéﬂﬂoﬁ'Qﬂouﬁheogeﬁﬁﬂlaue to gﬁgbgéeeggkhguratlon of the

structure shown in Figure 11, (a) provides a Stepw se change of the
t hi ckness as inst&bipatgd ﬂhhb bbév@ﬁ%ihbetK&”Q@EoQﬁEBbgB&aﬂ in the

f oregoi ng enbodi nent, so that the boundary portion where the thickness
changes prgV|dqea1htychmage. However, according to the embodiments,
the use of the bubble generation liquid permits
sufficient and stabilized generation of the bubble.
Thus, the improvement in the shot accuracy of the
liquid droplet and the stabilization of the ink
10 ejection amount can be accomplished, thus improving
the recorded image quality remarkably.
<Structure of Twin Liguid Passage Head>
Figure 19 is an exploded perspective view of
the twin passage liquid ejection head in accordance
15 with the present invention, and depicts its generalh
structure. |
The aforementioned element substrate 1 is
disposéd on a supporting member 70 of aluminum or the
~1like. The wall 72 of the second liquid passage and
20 .théuﬁall 71 of the second common liquid chamber 17 are
disposed on this substrate 1. The partition wall 30,
a part of which constitﬁtes a moéing member 31, is
placed on top of them. On top of this partition wall
30, a grooved member 50 is disposed, which comprises:
25 Pplural 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



portion (inflection portion), and the manufacturing is 25 easier.

In Figure 11, (b), the thickness of the novabl e nmenber is reduced by
one step from5 pm (the _ - 37-

fulcrum portion thickness) to 2 pm(the free end portion thickness),
at a changing position 31P away fromthe fulcrumportion toward the
free end side, so that the displacenBdt at the free end is further 5
i ncreased. The boundary portion where the thickness i s changed,

provi des the change portion, and the change portion is on the bubble
generation region so_. that the ejection efficiency can be increased.
The manuf &t¥8Fi hiapids yppder suBRlEapRssage1@l for supplwing gure 11,
(c), the thickpess of t e nenber is_reduced from5 pmto 2 pm

b
toward the Qﬁ?rggcgﬂaegpﬂggngg¥gpﬁg chepReEsd 7 wikh) §8CORG ncreased
adj acent the f{g&ug&g portion. Wth this decreasing

<Liquid ejection head cartridge>
5 ' The description will be made as to a liquid
ejection head cartridge having a liquid ejecting head
according to an embodiment of the present invention.
Figu:e 20 is a schematic exploded perspective
view of a liquid ejection head cartridge including the
10 above-described liquid ejecting head, and the liquid
ejgction head cartridge comprises generally a liquid
'ejecting head portion 200 and a liquid container 80.
The liquid ejecting head portion 200
comprises an element substrate 1, a separation wall
15 30, a grooved member 50, a confining spring 70, liquid
supply member 90 and a supporting ﬁember 70. The
element éﬁbstrate 1l is provided with a plurality of
heat generating resistors for supplying heat to the
bqule generation liquid, as described hereinbefore.
20 ‘A ééﬁble generation liquid passage is formed between
the element substrate 1 and the separation wall 30
having the movable wall. By themcouplihg between fhe
separation wall 30 and the grooved top plate 50, an
ejection flow path (unshown) for fluid communication
25 with the ejection liquid is formed.
The confining spring 70 functions to urge the

grooved member 50 to the element substrate 1, and is



and then increasing thickness structure, the degree of 15 displacenent of
t he novabl e nenber as a whole is | arger at the portions except for end
portion. Wth such a structure, the displacenent at the portion
(change portion) where the thickness increases, decreases to suppress
excessive displacenent at the 20 free end portion. As conpared with the
first enbodi nent, the displacenent +55snaller, but the i ncreased
mass at the free end portion of the novable menber permts deflection
of the novable nenber like a whi p so as to enhance the transm ssion of
the pressure . 25 by the mechanical displacenent of the novabl e nenber.
Thus, the frecekfRCEEYR oko| RrepRr}ly| integnatet the ehement sybskirpge
direction of the bubble is slightly directed .

- 38- t ohar3eRREALIeR V3 1o§¥PeQrQPHE? gpdykhenspRROEtdRE| on

efficiency is furdler,6 Rl eh%ef11 B 858RibhdYnefeinatter.
Supporting member 70 functions to support an
5 element substrate 1 or the like, and the supporting

member 70 has thereon a circuit board 71, connected to
the element substrate 1, forlsupplying the electric
signal thereto, and contact pads 72 for electric
signal transfer between the device side when the

10 cartridge is mounted on the apparatus.

The liquid container 90 contains the ejection
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

15 liquid céntainer 90 is provided with a positioning
portion 94 for mounting a connecting member for
connecting the liquid ejecting head with the liquid
cohtainer and a fixed shaft 95 for fixing the
coggection portion. The ejection liquid is supplied

20 toﬁiﬁb_ejection liquid supply passage 81 of a liquid
Suﬁply member 80 through a supply passage 81 of the
connecting member from the ejection liqﬁid supply -
passage 92 of the liquid container, and is supplied to
a first common liquid chamber through the ejection

25 .liquid supply passage 83, supply and 21 of the
members., The bubble generation liquid is similarly

supplied to the bubble geheration liquid supply



I nproved in any of Figure 11, (a) to (c), since the stress
concentration can be avoided, or the stress can 5 be scattered or

di sper sed. (Enmbodi nent 3) Figure 12 is a schematic view
illustrating anot her configuration of the novabl e nmenber, wherein
Figure 12, (a) is a longitudinal sectional view of the 10 head adjacent
the novabl e menber, and Figure 12, (b) _gg.is a schematic view of the
novabl e menber as seen from the top of Figure 12, (a). In this

enbodi nent, simlarly to the first enbodinent, the ful crum portion

has a thickness of 5 [err]mand a thickness of 2 [err]mat the 15 free end

portion 32, anshidewgei82 hopfthdel 1GyEd! Supply mEHber 80 EhPesghi SReUPStTeam
of a position faced to t he heat generating el ement (upstream of the

bubbl e gesupply rassagen)f i the nedbhrectBig [ membey £hem the ot her
portion thickness 40 pm Wth such a structure, the 20 displacenent of -the
movabl e nenbersurpliceassageac?3 of thasliquid comtaimerejandi bs ef fici ency
is further iégwoved, and the displacenent is further increased.

(a)SuR

Fi gure 13, ied(te ctherspeord Liguid chamberrthremghethef the
configurati§NE£ufbfém§éﬁg§g%fzn liquid supply passage 84, 71, 22 of
the members.

In such a liquid ejection head cartridge,
even if the bubble generation liquid and the ejection
liquid are different liquids, the liquids are supplied

10 in good order. In the case that the.ejection liquid
and the bubble generation liquid are the same, the
supply path for the bubble generation liquid and the
eﬂection liquid are not necessarily separated.

After the liquid is used up, the liquid

15 containers may be supplied with the-respective
liquids. To facilitate this supply, the liquid
container is desirably provided with a liquid
injection port. The liquid ejecting head and liquid
container may be unseparably integral, or may be

20 separable.
<Liquid ejecting device>

Figure 21 is a schematic illustration of a
liquid ejecting device used with the above-described
liquiad ejectihg head. In this embodiment, the

25 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



25 menber. In Figure 13, simlarly to the first enbodi nent, the

t hi ckness of the novabl e nenber gradual |y decreases fromthe ful crum
portion 33 toward : . - 39- the free
end portion 32. Since the wi dth of the novabl e menber is larger at the
fulcrum portion 33 than at the free end portion 32, the durability of

t he novabl e menber is inproved, and a5%arger displacenent 5 of the
novabl e menber is acconplished, thus increasing the ejection
efficiency and ejection efficiency. Particularly, as shown in
Figure 13, (c), t he provision of the reduced portion in the novable
menber , the(ﬁQﬁﬁ%&%ﬂﬁﬁanNP¥¥ﬁim5v§bl%qﬂ%ﬂbﬂﬁntéhngé pogtianr 8@seudf urt her
wi t hout increase of . the stress at | crum portion ( Enbodi nent

4) 1q¢3%d?%eﬁﬁ?%$dm%a%h6?ﬁE+°ﬁ0%99gHFEFPoﬂrGfdEHQChablﬁnvable

n
member, andlrkégﬂéhé% e w1{h eagﬁ QE& 9 is mountable. The

carriage HC is reciprocable in a direction of width of
5 the recording material 150 such as a recording sheet
or the like fed by a recording material transpdrting
means. |
When a driving signal is supplied to the
liquid ejecting means on the carriage from unshown
10 d:iving signal supply means, the recording liquid is
ejected to the recording material from the liquid
ejecting head in response to the signal.
The liquid ejecting apparatus of this
embodiment comprises a motor 111 as a driving source
15 for driving the recording material transporting means
and the carriage, gears 112, 113 for transmitting the
power from the driving source to the carriage, and
carriage shaft 115 and so on. By the recording device

y.the liquid ejecting method using this recording

20 defwce; good prints can be provided by ejecting the
liqﬁid to the various recording material.

Figure 22 is a block diégram fbr describihg
the general operation of an ink ejection recording
apparatus which employs the liquid ejéction method,

25 and the liquid ejection head, in accordancé with the
presént invention.

The recording apparatus receives printing



15 portion 100 is provided by a thinner portion of the novabl e menber

31 at a position opposed to the heat generating el enent (position faced
t he bubbl e generation region) (Figure 14, (a)). Wth such
a structure, as shown in Figure 14, 20 (b), the displacenent of the
novabl e menber at the .free end portion 32 side is nmade easier so that
t he bubbl e generation power is directd¢ nore toward the ej ection
outlet side. At this.tinme, the stress at the fulcrumportion is
reduced very nmuch as conpare with 25 the case w thout the change portion
so that the dur, abi of the novabl e _nenber .is inproved.

In Figure 14, 8@§Pgﬁ9t§heb ogm of,a;control signal from a host

descri bed her oFRBERORE, 3804 TG PoIE G54 ARHed S emPOT R $597%% unen
the portion bejpegn &Bﬁu%hgﬂggrface 301 of the printing apparatus,
and at the same time, is converted into processable
5 data to be inputted to a CPﬁ 302, which doubles as
means for supplying a head driving signal. The CPU
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
10 as RAMs 304 or the like, following control programs
stored in an ROM 303.
Further, in order to record the image data
-onto an appropriéte spot on a recording sheet, the CPU
302 generates driving data for driving a driving motor
15 which moves the recording sheet and the recording head
in synchronism with the image data. The image data
and the motor driving data are transmitted to a head
200 and a driving motor 306 through a head drivér 307
andgg-motor driver 305, respectively, which are
20 coﬁ%tolled with the proper timings for fo;ming an
image.
As for recording medium; to which liquid éuch
as ink is édhered, and which is usable-with a
recording apparatus such as the one described above,
25 the following can be listed; various sheets of paper;
OHP sheets; plastic material used for forming compacf-

disks, ornamental plates, or the like; fabric:



portion 100 and the fulcrum 33 displaces. In this 5 enbodinment, the stress

Is further scattered by the - stopper S, and the direction of the growh
of the bubble is further shifted to the ejection outlet side. The
change portion 100 is opposed to the central portion of the heat
generating element 2 for bubble 10 formation, so that the downstream
portion of the bubbl e growt h mainl y-89%natri butable to the ejection can
be directed to the first liquid flow path 14 side with hi gh efficiency
by the | arge di spl acenent of the | eadi ng end portion including the
free end 32. 15 Therefore, in this enbodi ment, a higher

efficiency ej aetyilic d?%t%ﬁi'ﬁjc)es‘b?%\ﬁﬂeﬂl‘wl}‘f‘%' °°?P§Fopﬁ§rt and the
change porton 368: RSeRtt EAEhELen outh 40l Eo%ThEdR Bhe bolRY: o 1
SLOPPEr | 20, S AR e REC LIRS Pn o BBSE eSS Blkne port on
B e "5 e 30T ESEAD BB LAATenEOOIRGS hnbS BathrdgagT oL "0
increased §rorgerdificé i mdit&rDEE'sUé® as tile; and material such as
sponge which has a three dimensional structure.
The aforementioned recording apparatus
includes a printing apparatus for various sheets of
paper or OHP sheet, a recording apparatus for plastic
10 material such as plastic material used for forming a
compact disk or the like, a recording apparatus for
metallic plate or the like, a recording apparatus for
leather material, a recording apparatus for lumber, a
recording apparatus for ceramic material, a recording
15 apparatus for three dimensional recording'medium such
as sponge or the like, a textile printing apparatus
for recording images on fabric, and the like recording
apparatuses.

R As for the liquid to be used with these

20 11;$;a'ejection apparatuses,.any liquid is usable as
loné as it is compatible with the employed recording
medium, and the recording-conditions. ' '
<Recording System>

Next, an exemplary ink jet recording system

25 will be described, which records images on recording

medium, using, as the recording head, the liquid

ejection head in accordance with the present



fulcrum 33 as conpared with the structure of Figure 14. In Figure 15,
(a), the change portion is provided

-41- only at one position upstreamof a position opposed to t he
heat generating elenent, and in Figure 15, (b), ~the change portions
are provided at two positions upstream of a position opposed the heat
generating 5 elenent and at the positionﬁﬁpposed.to t he heat

generating elenent. In Figure 15, (b), the di spl acenent at the free
end side can be made | arger than in Figure 15, (a). In
this enbodinentn %h@ hi ckness at the 10 change portion of the novable
menber is 3 pn% 2000 % 3 t hi ckness at the other portionis 5 [err]m

the di'spl acerent. state SHopRS 23°%678, SEptuRLic peRrleeRatn Byotr Bken || nes
to provided gan ink jet recording system employing the

aforementioned liquid ejection head 201 in accordance

5 with the presént invention, and depicts its general

structure. The liquid ejection head in this

embodiment is a full-line type head, which comprises

plural ejection orifices aligned with a density of 360

dpi so as tq cover the entire recordable range of the

10 recording medium 150. It comprises four heads, which
are correspondent to four colors; yellow (Y), magenta
(M), cyan (C) and black (Bk). These four heads are
fixedly supported by a holder 1202, in parallel to
each other and with predetermined intervals.

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

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

20 iskiupplied to a correspondent head from an ink
container 204a, 204b, 205c or 204d. A reference
numeral 204e designates a bubble'generafion liqﬁid-
container from which the bubble generation liquid is
deiivered to each heéd.

25 Below each head, a head cap 203a, 203b, 203c
or 203d is disposed, which contains an ink absorbing

member composed of sponge or the like. They cover the



15 cl ear conpari son. In Figure 15, (a), the change portion 100
S not -opposed to a larger part of the bubble generated by the
heat generating elenment 2, and therefore, the portion of the novable
portion between the free end 20 portion 32 and the change portion 100 can
be di spl aced nore. Therefore, the entirety of the bubble can be

guided to the free end side with high eff®drency. ~As conpared
with the structure of Figure 15, (a), the structure of Figure 15, (b)
is such that an 25 additional change portion 1001 is provi.ded at a

position oppos .Lhe nerating el enent in th ful crum portion
33 side of thegﬂ%%g %ﬂ ﬁggg%Fg§18E Eh@ cgrrggpbndlng %eads,

2%t respoc) PRACEEEAFATLRR) pBBER e B b RLFRGIATHE Bl opa oo
change porti onpdPPdriénce, during a non-recording period.

A reference numeral 206 designates a conveyer

5 belt, which constitutes means for conveying the
various recording medium such as those described in
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

10 a motor driver 305.

The ink jet recording sysfem in this
embodiment comprises a pre-printing processing
apparatus 251 and a postprinting processing apparatus
252, which afe disposed on the upstream and downstream

15 sides, respectively, 6f the ink jet recording
apparatus, along the recording medium conveyance path.
These processing apparatuses 251 and 252 process the
recording medium in various manners before or after
reqn:ding is made, respectively.

20 S The pre-printing process-and the postprinting
proéess vary depending 6n the type of recording
medium, or the type of ink. .For.examplé,_when
recording medium composed of metallic material,
plastic material, ceramic material or the like is

25 employed, the recording medium is exposed to ultra-
violet réys'and ozone before printihg, activating its

surface.



effective to quickly and assuredly direct, in the 5 ejection direction,
the gromh of the center region of the bubble in addition to a

downst ream hal f of the bubbl e which is directly contributable to the
ej ection by the larger displacenent at the free end side of the
novabl e nmenber so that the ejection efflcbgncy is 10 further increased,
and the | atitude of the head design “i ncreased.

Therefore, in Figure 15, (b), the function of t he change portion 1001
is added to the function of t he change portion 100 as in Figure 15,

o that 15 the eggcii e y e The
gﬁ;ngz portion 1001 nayiﬁeéaggggf?%ﬂg ﬁg@éf%éi t%ﬂ8£§§rgaoﬁﬁauengodlnents

and it may be sps@vefc charééor%ﬁéﬁ aérﬂfaafchEeE%HU@stéﬁ D) tn he
In the foregoing enbodi nent, the head is in orn1o an edge

shooter type, Mtttmases@rueposnl6ﬁeﬁhé0§ut§aééai9&es‘efai:hca si de shoot er
t ype head. In the foregoing enbodi nents, and in the

fol | owi ng enboslleetticitic theedastamapeimpefécthd dasired that the
durability of the novable nenber can be 25 inproved.

5 recording. In such_a case, the use is made with
ionizer to iemove the static charge of the recording
material, thus removing the dust from the recording
material. When a textile is a recording material,
from the standpoint of feathering prevention and

10 improvement of fixing or the like, a pre-processing
may be effected wherein alkali property substance,
water soluble pfoperty substance, composition
polymeric, water soluble property.metal salt, urea, or
thiourea is applied tb the.textile. The pre-

15 processing is not limited to this, and it may be the
one to provide the recording material with the proper
temperature. | |

On the other hand, the post-processing is a
process for imparting, to the recording material

20 having received the ink, a heat treatment, ultraviolet
radiation projection to promote the fixing of the ink,
or a cleaning for removing the pfocess ﬁaterial uséd
for the pre-treatment and remaining because of no
reaction. _

25 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



(G her Enbodi nment s) In the foregoing, the description has
been - 43- made as to the
maj or parts of the liquid ejecting head and the liquid ejecting method
according to the ‘embodi ments of the present invention. The description
wi Il now be made as to further detailed enbodiments 5 usable with the

f oregoi ng enbodi nents. The fol |l ow ng '5@fanples are usable with both of
the single-flowpath type and two-flow path type without specific
statenent . <Movabl e nenber and partition wall> 10 Fi gure 16

I 119} 1, .wh ference
nuneral 95 | 188 8 RidkHCor cpel BURRLGARE st et 0 U [ ' ng

the slit is efapklivRik9 pProvide the anabIe menber 31. In Figure 16,
(a), the novable nmenber has a

Hereinafter, a head kit will be described,
which comprises the liquid ejection head in accordance
5 .with the present invention. Figure 25 is a schematic
view of such a head kit. This head kit is in the form
of a head kit package 501, and contains: a head 510 in
accordance with the present invention, which comprises
an ink ejection section 511 for ejecting ink; an ink
10 conteiner 510, that is, a liquid container whieh is
separable, or nonseparable, from the head; and ink
filling means 530, which holds the ink to be filled
into the ink container 520.
After the ink in the ink container 520 is
15 completely depleted, the tip 530 (in the form of a
hypodermic needle.or the like) of the ink filling
means is inserted into an air vent 521 of the ink
‘container, the junction between the ink container and
the head, or a hole drilled through the ink container
20 _wail and the ink within the ink filling means is
filled into the ink container through this tip 531.
When the liquid ejection head, the ink
container, the ink filling means, and the like are
available in the form of a kit contained in the kit
25 package, the ink can be easily filled into the ink
depleted ink container as described above; therefore,

recording can be gquickly restarted.



15 rectangul ar configuration, and in (b), it is narrower in the

fulcrumside to permt increased nobility of - t he novabl e nenber, and

in (c), it has a wider fulcrum side to enhance the durability of the

novabl e nmenber. The configuration at the fulcrumside is desirable if
20 it does not enter the second liquid flow path side, and notion is

easy wWith high durability. -64-t he foregoing enbodi ments, the
pl ate or film movabl e menber 31 has the thickness and

configuration as described, and the separatlon wall 5 25 having this
novabl e menber was nade of ni c havi h ness |n t he
area not as the anabIe tﬁi%a.$b°%hTe? t?% ﬂ%?a #ﬁgtga Sipﬁlg 8Xanple

but it ny if it
has antl-solveﬂ? pro%%%?? %3%?%ét gﬂwever, ﬁ bﬁ enagng?g Pon ?lqu?d and the

ng cction |1 Quithe idad kit'to!86n€afd' thb! inkSreTPYAG hBaRB! Mthe! Rit
may contain an exchangeable type ink container filled
5 with the ink, and a head.

Even though Figure 24 illustrates only the
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

10 generation liquid container, in addition to the
printing ink refilling means.

The present invention is applicable to a side
éhooter type as shown in Figures 25 and 26, for
example, as well as to the head of the edge shooter

15 type. Figutes 25 and 26 show a head, and Figure 25
shows the same when the bubble is not generated, and
Figure 26 shows the same when the bubble generation is
effected.

In the liquid ejecting head of the side

20 shooter type shown in Figures 25 and 26, each ejection
outlet is provided with an element substrate 1
provided with a heat generating élement:z for
generating thermal heat energy for generating a bubh;e
in the liquid, and a second liquid flow path 16 is

25 formed above the element substrate 1. Above the
second liquid flow path 16, a first liquid flow path

14 is formed which is directly in fluid communication



t he novabl e nenber

and if the required fine

Pref erabl e exanples of the naterials for the

durabl e materi als such as netal

titani um

bronze or the liKke,
group such as acrylonitrile, _ .
am de group such as polyanm de or the liKke,
such as pol ycarbonate or the 15
pol yacet al

mat eri al
mat eri al
mat eri al
mat eri al

t hereof ; or
net al

mat eri al

such as 5

10

15

20

25

havi ng
havi ng car boxyl
havi ng, al dehyde group
havi

as |IQUId}é gg%

such as gol
titanium aIId@epg&aé%%
havi nge de r

al dehyde group suc s& Qﬁyac

such as

al um num platinum tantal um
all oy thereof, or resin
but adi e66-

such as

slit can 5 be forned.
novabl e nmenber i ncl ude
silver, nickel, gold, iron
stainless steel, 10 phosphor
material having nitrile

stylene or the like, resin
resin
i ke, resin

or the like, resin

§%|F%meeiectlgnoeptbethlasTpg|9snstohequuésthowapa¢ha| such

or .the |ike
glawa& F%?v paph
ste

(0]

r cheni cal conmpound
16 are;ggpazatedebynk, such as

Kk | t eel
a3t %mf. | SR SLaaked Wrfartalnshhars r osi

havi ng

ffqgghy%gs ﬁengigﬁgaFlﬁgéaﬁéiéé?Lne group

path 14 and the liquid in the second liquid flow path

16 are separated, as in the foregoing liquid ejection

head of the edge shooter type.

The side shooter type
edge shooter type, in that the
formed in the orifice plate 51
first liquid flow path.14 at a
the heat generating element 2.

30 between the ejection outlet

generating element 2, there is

movable members, like a double

is different from the
ejection outlet 18 is
disposed-above the
position right above

In the separation wall
18 and the heat |
provided a péir of

door. More

particularly, each of the movable members 31 are in

the form of a cantilever, and the free ends thereof

are opposed to each other and are slightly spaced

apart from each other to form a slit 35 at a position

.right below the center portion

18 when the liquid is not ejected.

of the ejection outlet
At the time of

ejection, the both movable members 31 provxde an

opening to the first liquid flow path 14 side by the

bubble generation of the bubble generation liquid in

the.bubble generation region, as shown in Figure 26.

The first liquid flow path 14, together with

the other first liquid flow paths, is in fluid



pol yet her et her ketone, resin material having imde group such as
polyimde, resin material having

- 45- hydr oxyl group such as phenolic resin, resin materi al havi ng
et hyl group such as pol yethylene, resin mat eri al having al kyl group
such as pol ypropyl ene, resin material having epoxy group such as epoxy
resin 5 material, resin material havi ngb&m no group such as nmel am ne
resin material, resin material having met hyl ol group such as xyl ene
resin material, chem cal conpound t hereof, ceram c material such as

silicon d|0X|de or chen1ca| qpound thereof 10 Pr ef er abl e
exanpl es of pHMRURELRLL Qﬂ\ﬂ’sﬂbna ntainer; (ROt howR) nfofterial havi ng

RN RS e e Nt A B N
such as pol yetfwleng cRghydy Ofy,l €Jfd the second liquid flow path 16,
together with the other second liquid flow paths, is
5 in fluid communication with a container (not shown)
for retaining the bubble generation liquid through a
second common liquid chamber 17. |

The movable member 31 in Figures 25 and 26

has a fhickness whieh graduelly decreases from the
10 fulcrum portion 33 toward the free end 32.

As will be understood from Figure 26, the
bubble 40 generated by the heating of the liquid by
the heat producing member 2, is directed
concentratedly toward the ejection outlet 18 with

15 stability. This is because the neighborhood of the
free end 32 of the movable members 31 is thin, so that
it is easily displaceable toward the ejection outlet
18 by low pressure. .The energy required for '

displacing the movable members 31 is small in the

20 pr%séure propagation direction of the pressure
produced by the bubble 40 and in the direction close
thereto. Therefore,'the growth ef the bubble at the
center can be directed toward the ejection outlet 18.
As regards the pressure component in the propagation

25 direction'significantly different froﬁ the direction
toward the ejection outlet 18, it is more effectively

directed toward the ejection outlet 18 by the thicker



15 pol yam de, pol yethyl ene terephthal ate, nelamne resin materi al ,

phenolic resin, epoxy resin material, pol ybut adi ene, pol yur et hane,

pol yet her et her ket one, pol yet her sul fone, polyallylate, polyim de,

pol y- sul fone, liquid crystal polymer (LCP), or chemi cal 20 conpound
t hereof, or netal such as silicon dioxide, " silicon nitride, nickel,
gol d, stainless steel, alloy t her eoF67cheni cal conpound thereof, or
materi al s coated with titani um or gold. The thickness of
the separation wall is 25 determ ned depending on the used, material and

O o os) e PEEIABToF AACRRTREL BMALLE' 58! mnus® EID TR !
R e R S S T AT
connectlon with the direction of the propagation of
the pressure of the bubble 40, and therefore, the
5 energy loss is minimized, so that a high ejection
efficiency is provided by efficiently using the
entirety of the bubble. |
| Figure 27 shows a modified example of the
above-described embodiment, and a second change
10 portion 1001 is provided in addition to the first
change portion 100. In this embodiment, similarly to
the foregoing embodiment, the pressufe propagation
loss is reduced, and the pressure is efficiently
directed toward the ejection outlet 18, thus
15 ihcreasing the ejection efficiency._ Particularly, the
second change portion 1001 located at a position'not
right above the center of the heat generating element
2 is effective to direct the component of the
expansion of the bubble toward the ejection outlet 18
20 without loss and cooperates with the second change
portion 100 at the.outside of the portion above the
heat generating element 2 increaéing thé displacemént
efficiency to stably and concentratedly direct the
'bubble‘toward'thg ejection outlet 18. This will be
25 understood from the description with respect to Figure

15.

In Figures 25 - 27, similarly to the other



novabl e menber 31 is 2 [err]min the enbodi mrents. Wien 5 the bubble

generation liquid and ejection liquid are different materials, and
m xture of the liquids is to be avoided, the gap is determ ned so as
to forma meni scus between the liquids, thus avoiding m xture

t her ebet ween. For exanpl e, when the bubble generation 10 liquid has a
viscosity about 2 cP, and the ejection =68-|iquid has a viscosity not |ess

than 100 cP, 5 [err]m approx. slit is enough to avoid the liquid

m xture, but not nDre than 3 pmis desirable. <El ement substrate>
15 The descrl |on will be nmade_ as to a .- _structure of the

el enent subst €HDO the iplerrion effigiency is i iFPEPERRntaRdr
heating the I| . _Figur 17 | s a longitudi nal section of

t he li qui %%éﬁﬁ%Wad%e@m ‘#‘ r?%n&%f the 20 present’
I nventi on. t t t 1, a grooved nenber

50 i s nounted de[f}?é:mat %3}0 Fq'%ﬁ/ﬁ]oé;%glcon |éq€| Tl ow pat hs 16,

T T e 7% ot T A 3 A0 orness e B iSRS O
5 member is uniform, and the Figure shows the
displacement state éf the movable member and the
control state of the growth of the bubble. When the
comparison is made between Figure 28 and Figure 26, it
will be understood that the structure of.Figures 26
10 and 27 accomplishes high efficiency ejection.

While the invention has been described with
reference to the structures disclosed herein, it is
not confined to the details set forth and this
application is intended to covér such modifications or

15 chaﬂges as may come within the purposes of the

improvements or the scope of the following claims.

20

25



The el enment substrate 1 has patterned wiring el ectrode (0.2 - 1.0
[err]mthick) of alum numor the |ike

-47- __ﬁ___gﬂQ_QﬁLLELned-electric resi stance |layer 105 (0.01 - 0.2
[err]mthick) of hafniumboride (H B2), tantalum nitride (TaN),

tantal u “\muam“ or the like constituting the heat generating
el ement mm mm Ml oxide filmor si69on nitride film 106 for
L ahd h

i nsul ation ¢ eat accunul ation, which in turn is on the
substrate 107 of silicon or the like. A voltage is applied to the

resi stance Iayg&F#0§stgigg&E£tE§_tmo wiring electrodes 104 to flow a -
current throug . | ayer to effect heat generation. Between
ntride of the Iikdoer B 1uE3E,Sechita Read ok Yiearsol ddGdl e
resi stance Iayééneggqibﬁ of a Bﬁﬂb&h?”coﬁBrQQEEgQaVitati0” | ayer of

tantalumor th
an ejection outlet through which the liquid

5 1is ejected;
a liquid flow path in fluié communication
with the ejection outlet;
a bubble geheration région for generate the
bubble in the liquid;

10 a movable member disposed opposed to the
bubble generation region and provided with a base
portion and a free end portion closer to the ejection
outlet than the base portion;

wherein the movable member is displaced by a

1§ pressure produced by the bubble generated ir the
bubble generation region to eject the liquid through
the ejection outlet;

wherein the movable member has an inflection
portion at a portion opposed to the bubble generation

20 regdion.

2. A liquid ejecting head for ejecting liquid by
generation of a bubble, comprising:
an ejection outlet through which the liquid
25 ‘is ejected;
a liquid flow path in fluid communication

with the ejection outlet:;



15 like (0.1 - 0.6 [erry, | ' med thereon to protect t he
resi stance | ayer 105 frl E ﬁll ﬂild such as I nk.
The pressure and shock seud apon t he bubbl e generati on and

collapse is so strong that 20 the durability of the oxide filmwhich is

relatively fragile is deteriorated. therefore, netal material

such as tantalum (Ta) or the like is uséd%s the anti- cavitation

| ayer. The protection |ayer nay be omtted depending 25 on
t he conmbination of liquid, liquid flow path structure and resistance
material. One of SUCh 5 pypnBRTYefidrat H00 Yadib Y Gekkrdtd trH®

mat eri al of - 48~ e

resi stance | aygbpiel ihete 1Qgulilde Protection | ayer, includes, for
exanple, iridiumtantal um ~alum numalloy or the like. Thus, the
structure of a movable member disposed opposed to the

bubble generation region and provided with a base
5 portion and a free end portion closer to the ejection
outlet than the base portion; |
wherein the movable member is displaced by a
pressure produced by the bubble generated in the
bubble generation region to eject the liquid thfough
10 said ejection outlet; |
wherein the movable member has a portion
having a thickness smaller than that at the base

portion.

15 3. A liquid ejecting head for ejecting liquid by
generation of a bubble, comprising: an ejection
outlet;

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

20 ._ a second liquid flow path having a bubble
generation region for generating the bubble in the
liquid by applyving heat in the liquid; - -

a mofable member disposed between the first
liquid flow path and the bubble genefation region and

25 a free end adjacent said éjection outlet, wherein the
free end ié displaced into the first liquid flow.path

bf a pressure produced by generation of the bubble in-



the heat generating elenent in the foregoing 5 enbodinments nay include

only the resistance |ayer(heat gener at i o mllm L““ I”“I include a
protection | ayer for protecting the reS| In
t he enbodi nent, the heat generating elenent as a heat generatlon
portion having the 10 resistance Iayer\Mych generates heat in response to

the electric signal. This is not limting, nd it will suffice if a
bubbl e enough to eject the ejection liquid is created in the bubble
generation |iquid. For exanpl e, heat generation portion may be in the

roceiving || ont SuPhiEnd) gERRRAEIEH, A RETHYEY 43R pressdiil oo
recei ving hi gh ¢hiageeras ¥eetion outlet of éﬁét€1(§¥ qgﬁg{éﬁqg§£gate L

function el enents such as a transistor, dio a shift 20
regi ster and spaeh;for selective driving the el ectrot hermal transducer
el enrent may al so be integrally built in, in addition to the resistance

| ayer 105 constituting wheredal th@e)aicdiable Riibed) ¥ a portith
el ectrot hermal transducer constituted by the 25 wiring electrode 104 for

suppl yi ng the beving @ thjokness smaller than that at the base

portion.

4, A liquid ejection head according to Claim 2
or 3, wherein the movable member has an inflection
10 portion for changing deformability of the movable

member at a position opposed to said bubble generation

region..

5. A liquid ejection head according to Claim 1
15 or 4, wherein said inflection portion is provided by

locally decreasing a thickness of said movable member.

6. A liquid ejection head according to Claim 2
orf3, wherein the movable member has a thickness which
LR

20 decreases from a base portion toward the free end

portion.

7. A liquid ejection head according to Claim 2
or 3, wherein the movable member has a thickness which
25 decreases stepwisely from a base portion toward the

free end portion.



to the resistance |ayer. _ In order to eject the liquid by

greln\e“r Q?i E)Eeport ion of the el ectrothermal -t rans;jﬁ?:-er Mll"w,lﬁmu"m" I"l

above-descri bed el enent substrate 1, t he resistance Iayer 1b5 1
supplied through the W ring electrode 104 wi th rectangul ar pulses as
shown 5 in Figure 18 to cause i nst ant anebd3 heat generation in the
resi stance | ayer 105 between the wiring el ectrode. In the case of the
heads of the foregoi ng enbodi nents, the applied energy has a voltage

Of 24 e 2 B oe 8 kbl GdECk] S8 hoda YELEP 5] 10TINDY 2
the liquid in f53eJ ﬁ%.}ha%'%wsléhﬁ&ﬂwe ﬂaélsttmcknéaéo fochhe

process described her el ore. However driving signal conditions

?re ngt limteds tioddi By small Ak &Byoder o ﬁﬁsﬁﬁéaﬁu8b|8 BE8EERHHON
iquidis

faced to the bubble generation region.

5
9. A liquid ejection head according to Claim 2
or 3, wherein the movable member has a width which is
smaller than that at the base portion.
10 10. A liquid ejection head according to Claim 9,

wherein the width decreases toward the free end in a

region of said movable member.

11. A liquid ejection head according to Claim
15 11, wherein the movabie member has a width which is

locally small.

12. A liquid ejection head according to Claim 9,
wherein the movable member has a width which is

20 10;_“iy small at a position upstream of a portion

faced to the bubble generation region.
13. A liquid ejection head according to Claim 2
or 3, wherein the bubble is-expanded more toward said

25 ejection outlet.

14, A liquid ejection head according to Claim 2



15 'property cTapabte—of- bubbl e generation. <Ej ection |liquid and bubble

gene As described in the foregoi ng enbodi nent,
acc_:ol I,m m": ,!Hent invention, by the structure havi ng t he

nova bed above, the liquid 20 can be ejected at higher
ejectlon force or ejection efficiency than the conventional liquid
ej ecting head. When t he sane quuid"|§'used for the bubble generation
liquid and the ejection liquid, it is possible that the liquid is not

deteriorated, and that deposition on 25 the heat generating el ement due to
e, o oo, 3 HRLHGEH, AU BB peaFRiTEY Winthd 1Mo

- 50- copgdens 0 I QUS ki g re |.e t

liquid is the §§63n§§5§@%8§.gﬁ§ ?nggtﬁé' Hb 3§ ﬂﬁﬁﬂ% %%%5%% novabl e
mermber or sepapghheB Yehkr@tibRCregion is deflned by said movable

member and said heat generating element.

15. A liquid ejection head according to Claim 14,
wherein the liquid flow path has a supply passage for
supplying the liquid onto the heat generating element
from an'upstream side of said heat generating element

10 along the heat generating element.

16. A liqtid ejection head according to Claim 15,
wherein the supply passage includes a substantially
flat or smooth éurface inner wall at a position

15 upstream of said heat generating element and'supplies
the liquid onto the heat generating element along the

inner wall.

.~17. A liquid ejection head according to Claim 14,

20 ' i;per.comprising a liquid flow path for supplying
thélliquid onto the heat generating elemént from an
upstream side along a surface of'the movable member
closer to the heat generating element.

25 18. A liquid ejection head according to Claim 14,

further comprising a liquid flow path for supplying

the liquid onto the heat generating element from an



like. 5 ' Anong such liquids, the one having the I ngr edi ent

as used in convent devi ce, can be used as a recording
l'i qui d. ““mu“m'nﬂ”mmmf | ow-path structure of the =~ present
invention is used with diff&reft & ection 10 liquid and bubbl e generation

l'iquid, the bubble generation I|qU|dW¥aV|ng t he above-descri bed
property Is used, nore particularly, The exanpl es includes: .

nmet hanol , et hanol, n- propyl al cohol , i sopropyl al cohol , n-hexane,
- n-heptane, n- octane tol uene, 15 xylene nmet hyl ene dichloride

trichl oroet hyllﬁgquéa’ne%de alolly d'Siredde ¥ He Gid\db1d mabEr

cycl ohexane, net hyl acetate, ethyl acetate, acetone, nethyl et hyl

ket one, water cl¥sdied it hEdt JeHetating E¥amdnt . As for the
ejection liquid, various liquids 20 are usable w thout paying attention to
t he degree of bubbl e generation property or thermal property. The

| i qui ds whi ch have not been conventional |y usabl e, because of | ow
bubbl e gener ati on ¥r.opd¥ thicuidl @jectioredwaksscadrdgingets \Crabmg2 due to
heat, are usable. 25 However, it is desired that the ejection

5 or 3, wherein the movable ‘member is in the form of a

plate.

20. A liquid ejection head according to Claim 19,
wherein the whole surface of the heat generating

10 element is faced to the movable member.

21. A liquid ejection head according to Claim 19,
wherein a total area of the movable member is larger
than a total area of the heat generating element.

15 - _

22, A liquid ejection head according to Claim 19,
wherein the base portion of the movable member is
disposed at a position out of a portion right above
the heat generating element. |

20 W
}:23. A liquid ejection héad according to Claim 19,
wherein the free end of the movable member has such a
configuration that it extends substantially
perpendicular to the liquid flow path in which the

25 heat generating eleﬁent is disposed.

24. A liquid ejection head according to Claim 19,



dogs not i mpede the eection, the bublHIIIIII MCLESRURE = onor e

operation of the movable ~ nenber or the liKe. * As for the
recording ejection liquid, high viscous ink or the like is usable. As
for another 5 ejection liquid, pharnmaceuticals and perfunme or the

li ke having a nature easily deteriorated-thP-heat is usabl e. The ink of
the foll ow ng ingredient was used as the recording liquid usable for
both of the ejection liquid and the bubble generation liquid, and 10

the | el s oo PRBERY R RNE" Brel ot o e e, memngrt 4% A |
i nproved, and aty O;:%%rl n ’cllys%r}l *od%%er %%le%ﬂlr@)g%%t rte trhea(inortq?d '

Dye ink viscosi
heat generating element.

5 25. A liquid ejection head according to Claim 19,
wherein the movable member constitutes a part of said
separation wall disposed between the first flow path

and second flow path.

10 26. A liquid ejection head according to Claim 25,
wherein the separation wall is of metal, resin

material or ceramic.

27. A liquid ejection head according fo Claim 3,
15 further comprising a.first common liquid chamber f£for
supplying first liquid to a plurality of the first
liquid flow paths, and a second common liquid chamber
for supplying second liquid to a plurality of the
second liquid flow paths.
20

28. A liquid ejection'head according to Claim 3,
wherein the liquid supplied to the first liquid flow
path and the liquid supplied to the second liquid flow
path are the saﬁe liquids.

25

29. A liquid ejection head according to Claim 3,

wherein the liquid supplied to the first liquid flow



15 - (C.I. food black 2) dye

%
0, 20 i NN,

77 wt. % 20 Recor di ng operations were also carried out
using the follow ng conbi nation of the |iguids for the bubble
generation liquid and the ejection Tihuid. As a result, the liquid
having a ten and several cps viscosity, which was unable to be ejected
25 heretofore, was properly ejected, and even |50cps l'iquid was-
properly ejec Wi

Pt B&‘\b%cbtlt%%gene\rﬂaet | On'li\ﬁ{bq%@u ﬂllxed to ﬂﬂ@%}com? liquid flow

40 wt. % path We'di fferent liquids. 60 wt. %

30. A liquid ejection head according to Claim 14,

5 wherein the heat generating element is in the form of

' an electrothermal transducer having a heat generating
resistér for generating heat upon electric signal

- supplied thereto.

10 31. A liquid ejection head according to Claim 3,
wherein the second liquid flow path has a chamber-like
configuration in a portion where the heat generating

element is disposed.

15 32. A liquid ejection head according to Claim 3,
wherein the second flow path has a configuration with
throat portion upstream of said heat generating

element.

20 €f§3. A liquid ejection head according to Claim 2
or 3, wherein a distance from a surface of the heat
generating element to the movable'membef is not more

than 30 um.

25 34. A liquid ejection head according to Claim 2
.or 3, wherein the liquid ejected from the ejection

outlet is ink.



Bubble eneration liquid 2: 5 Wat er 100
Il"mmu"“l H'l m enerat ion liquid 3: | sopropyl al coholic

10 ter O wm. %

Ejectlon |qU|J 1:" 10 (Pignment ink approx. 15 cp) Car bon bl ack

5wm. % Styl ene-acryl ate-acryl ate et hyl : copol ynmer resin

mat eri al I1wm. % Di s@drsi on material (oxide 140, 15

wei ght average nol ecul ar wei ght) Mono- et hanol am ne

0.25 wt. % G yceline ' 69 wt. %

’ 0

ghkfdlggyggl | éaterA liquid ejectiggw%etﬁbd for ejf%&&%@&hiq%id

at o oY GsheRRELoR ot achupPlel beind S Iukiia Rltcting. o1 coo
100 “ﬁ 96 25head hav1ng'Qntgﬁe8@§3nOBuEE3tlEQQ'ngEEQQQPQ§ePOt been

liquid, a bubble generation region for generating the
5 bubble in the liquid, and a movable member provided
with a base portion and a free end at a position
closer the ejection outlet’than the base portion;
| wherein the movable member is displaced by a
pressure produbed by the bubble generated in the
10 bubble generation'region to eject the liquid through
said ejection outlet, wherein the movable member has
an inflection portion for changing deformability of
the movable member at a-position opposed to said
bubble generation regidn.
15
36. A liquid ejecting method for eﬁecting liquid
by generation of a bubble, using a liquid ejecting
head having an ejection outlet for ejecting the
liqpid, a bubble generation region for generating the
26 buh%le in the liquid, and a movable member provided
w1th a base portion and a free end at a position
closer the ejection outlet than the base portion;
wherein the movable member is diéplaced by a
pressure produced by the.bubble generated in the.
25 Dbubble generationlregion to eject the liquid through
said ejection outlet, wherein said movable member has

a portion having a thickness smaller than that at the



easily ejected, th |s | ow, and therefore, the
variation in the ejjﬁ ﬁ [IMIU@BIE
-53- expand g paper with the result of

shot accuracy.

to the ejecti

qual ity imge.
bubbl e generation liquid permts

.of the bubbl e.

l'iquid dropl efq ﬁgd bgelahablllzatlon of the ink 10 ejection anount can be
u

acconpl i shed,
<Structure of
expl oded pers
accor dance

poor

Addi tionally, variation of ej ection anmobunt occurs due
on instability, thus pggventing t he recordi ng of high
However, according to thé‘&@rbodi nents, the use of the

sufficient and stabilized generation

Thus, the inprovenent in the shot accuracy of the

S" 1 nprovi ng the recorded i nage quallty remar kabl y.
Twi n Liquid Passage Head> Figure 19 is an
pecti ve vi ew of the twin passage liquid ejection head in

37. A liquid ejection method according to Claim
35 or 36, wherein the bubble is expanded more toward

said ejection outlet.

38. A liquid ejection method according to Claim

- 36, wherein the bubble is expanded beyond the first

10

15

20

25

position.

39. A liquid ejection method according to Claim
36, wherein the bubble is expanded more toward said

ejection outlet.

40. A liquid ejectioh method according to Claim
36, wherein said heat Qenerating element is disposed
at a position faced to the movable member, and said
bubble generation region is defined by said movable

member and said heat generating element.

.ﬁ41. A liquid ejection method according to Claim
37, wherein a part of the bubble expands into the
first liquid flow path with the displacement of the
movable member.

42. A liquid ejection method according to Claim

40, wherein the bubble is generated by film boiling

5



15 with the present invention, and depicts'i tructurs. '
The aforenenti oned el ement substrate 1 is '|ﬁT “ilm—u supporting
e

menber 70 of al um num or the i ke. The

second liquid

passage and 20 the wall 71 of the second comon I|qU|d chanber 17 are

di sposed on this substrate 1. The partition wall 30, a part of which
novi ng nmenber 31, is pf%ced on top of them On top of

constitutes a

‘this partition wall 30, a grooved nenber 50 is disposed, which
conprises: 25 plural grooves constituting first quuid passages 14;

first common |
first connDn I
- 54_

second conmbn

10

15

20

25

é’%‘%ﬁ‘%“éﬂg‘% ngat q%ﬁgpat\.’ec? 355 %08 BVeat gendratihh' v N the

dagui d; and a supply passage 21 for supplying
%qu|d chamber 17 with second l'i quid.

43. A liquid ejection method according to Claim
40, wherein the 1iquid‘is supplied onto the heat
generating element along an upstream substantially

flat or smooth surface inner wall.

44, A liquid éjection method according to Claim
36, wherein the liquid ejected through the ejection

outlet is ink.

45. A head cartridge comprising:
a liquid ejecting head as defined in Claim 1
or 2; and
a liquid container for maintaining the liquid

to be supplied to said liquid ejection head.

_ 46. A head cartridge according to Claim 45,
whérein the liquid ejecting head and the liquid

container are separable from each other.

47. A liquid ejecting device for ejecting
recording liquid by generation of a bubble,
comprising: a liquid ejecting head as defined in Claim
1, 2 or 3;

driving signal supply means for supplying a

t he

a



<Li qui d ej ect
as to a liqui
according to

20 is a schematic expl oded perspective

cartridge inc
liquid e
ej ecting head
liquid ejecti
separation wa
supply nenber

I on head cartridge> 5 The descri pti ] e
d ej ection head cartridge having a Irqﬁunﬁﬁ“m& I“ EE
an enbodi ment of the present invention. B ot e *

view of -a liquid ejection head

luding the 10 above-described liquid ejecting head, and the

jection head cartridge conﬁﬁ0§es generally a liquid

portion 200 and a |iquid container 80. The

ng head portion 200 conprises an el ement substrate 1, a
L. 15 30, _a.grooved nenber .50, . cqnfinin ri;ng. 70, liquid
asyvifg 2lonBiorBingintriae 2= 1iaudd 'Fhohd Rl Oty o o

is provided wit, .l urality of heat generating resistors for
sBstaply bt

suppl yi ng heaf

her ei nbef or e.
the el ement s

top plate 50,
25 with the

10

15

20

25

‘bubbl e generation liquid, as described

20 A bubbl e generation liquid passage is forned between
ubstrate 1 and the separation wall 30 havi ng the novabl e

wal I. By the couplggng hel Wpparditts accorRMRHWPT1BIN 40 WHbidim ¢ ooved
an ejection flow path (unshown) for fluid communication

plachilefty ofUithe 2jtiveth outlets are disposed
substantially over an entire width of a recordable

region of the recording material.

49, A liquid ejection head according to Claim 1,
further comprising a heat generating element at least
a part of which is faced to said movable member,
wherein said heat generating element produces film
boiling to create a bubble, and wherein said movable
member is.provided'in a range faced to said heat
generating element and in an upstream range of a

center of said heat generating element.

50. A liquid ejection head according to Claim_l
or 49, wherein said movable member substantially
harmetically seal said bubble generation region from
said liquid flow path, and opens the bubble generation

region by generation of the bubble.

51. A liquid ejection head according to Claim 2,
further comprising a heat generating element at least
a part of which is faced to said movable member,

wherein said heat generating element produces film



The Conrlnlng spring 70 functions to urge the grooved nenber 50 to the

el ene nd S - 55-
effect]!!m" ﬂ Immll “ ntegrate the el enent substrate 1, separation

grosvel ahd *t he supporting menber 70 which will be described
her ei nafter. Supporting menber 70 functions to support an 5
el enment substrate 1 or the like, and the‘%hbporting menber 70 has
thereon a circuit board 71, connected to the el ement substrate 1, for
suppl ying the electric signal thereto, and contac&hpads 72 for _
el ectric | t e deyice side whe
cartridge is m)unt ed {&%ggatp%:ér Mbﬂ] id 'gherefin 'ﬁ}%l‘? %b%%nt ai ner

90 contains t td to t he
l'iquid ejh&nﬁéril\l; 1h€%r%%?é$%{tp%€#@e%gﬁae¢%%ﬂ%%c% qui d£+]0$dh bubbl e
generation, sepiiexatdhg Bremutts 43 Ofn td'erange between the base

portion and the portion opposed to said heat

5 generating element.

52. A liquid ejection head, comprising:
a Subétrate having a heat generating surface
for generating heat for generating a bubble in liquig,

10 wherein said substrate is faced to a liquid ejection
outlet; |

a moﬁable member having a free end
dlsplaceable by the bubble, disposed between the heat
generating surface and the ejection outlet:;

15 ~an opposing member, opposed to such a side-of
the'movéble member as is faced to the heat generating
surface upon displacement-of'the free end by the
bubble, said opposing member cooperating with the
movable member upon the displacement to direct the

20 buéﬁ;é toward the ejection outlet.

53. A liquid ejection method, wherein a liquid
fiow path.is formed by opposing a substrate having a
heat generating surface for generating heat for
25 generating a bubble in liquid to an ejectiqn outlet
member provided with an ejection outlet for ejécting

the liquid therethrough, with a movable member having



15 liquid container 90 is p Ssi tioning portion 94 for
nounti ng a connecti ng menbe:”“l n “l“ nlunﬂtl ng the liquid ejecting head

with the liquid contai ner andta ¥ixed*shaft 95 for fixing the
connection portion. The ejection liquid is supplied 20 to the ejection

| i quid supply passage 81 of a liquid supply menber 80 through a supply
passage 81 of the connecti ng nmenber82rom t he ejection liquid supply
passage 92 of the liquid container, and is supplied to a first conmon
| i qui d chamber through the ejection 25 liquid supply passage 83, supply

and 21 of the mbers. The bubble generation liquid is simlarly
supplied to tﬁefEEBbPBdggﬁ§PQFP§ntPPﬁGPthﬁﬁﬁlyWhereln a liquid

20 e o PRIV BRI Ry AR AR TRRRRARS LHCU Sl S0P
liquid Conta'@?ow Eggh §1de surface of said ejection outlet member
are not croséed in said liquid flow path, and wherein
5 the liquiad is ejected by generation of the bubble
through the ejection outlet:;
wherein the free end of the movable member is
disposed downétream side with respect to the supply
direction of the liquid to the ejectioh outlet, in the
10 1liquid flow path; and
wherein the bubble displaces the free end of
the movable member, and in accordance with the
displacement, growth of bubble is permitted toward the
ejection outlet to eject fhe liquid. -
15
54. A liquid ejecting head for ejecting liquid by
generation of a bubble, comprising:
an ejection outlet through which the liquid
is ejected; |
20 | a liquid flow path in fluid communication
with the ejection outlet;
a bubble generation region for-generate tﬂe
bubble in the liquid; |
é movable member disposed opposed to the
25. bubble generation region and provided with a base
portion and a free end portion closer tb the ejection

outlet than the base portion;



supplied to the second |iquid chanber through the eneratlon

liquid supply passage 84, 71, 22 of t he menbalm llLII u L”I I n such

a liquid ejection head cartridge, even if th on liquid
S

and the ejection liquid are different |iquids, t |qu are supplied
10 in good order. In the case that the ejection I|qU|d and the bubbl e
generation liquid are the sanme, the -88pply path for the bubble
generation liquid and the ejection liquid are not necessarily

separ at ed. After the liquid is used up, the liquid 15

contai ners may be supplied with the respective liquids. To facilitate
this supply, the |iquidhereinohhei mevabiedmembelbl yspAdspdededi by a |iquid
injection port. The liquid ejecting head and liquid cont ai ner may be
unsepar abl y iPpreggure Broﬁﬁ9e§ebY28h§ebﬁbbﬁﬂegener3teélqnlahéjectlng

devi ce> e 21 is schematic illustration_ of
| i quid eject|hﬁbaé9|SﬁnﬁgéﬂlﬁPtHegﬁ@na58v§33§§cFPSe&1QU1d FP&GP&hejectlng

rgagn :Ekthlstﬁgbggéggloh ou%le%5 ejectlon liquid is ink, and the apparatus

5 wherein the movable member has a displacement
promoting portibn, provided at a position opposed to
said bubble generating region, for providing
displacement of said movable member, which
displacement is larger than a displacement of said

10 movable member without said displacement promoting

portion.

15

20

25



ej ection recording apparatus. the liquid ejecting device conprises a

carriage HC to which the head -57-
cartridge conprising a |liquid container portion 90 and liquid ejecting
head portion 200 which are detachably connectable with each other, is
nount abl e. The carriage HC is reciprocable in a direction of wi dth of
5 the recording material 150 such as a re8#+di ng sheet or the like fed
by a recording material transporting nmeans. When a
driving signal is supplied to the liquid ejecting neans on the

carriage from unshown 10 driving signal supply neans, the recording
liquidis Ak : D i DepbOBURE material fromthe |iquid
ej ecting head in respo e to the signal. The |iquid ejecting

apparatus of this bR RICHRY shead FRF pieqting higwidiby source

generation of a bubble includes an ejection outlet

through which the liquid is ejected; a liquid flow

5 path in fluid communication with the ejection outiet;
a bubble generafion region for génerate the bubble in
the liquid; a movable member disposed opposed to the
bubbie generation.region and provided with a base
portion and a free end portion closer to the ejection

10 outlet than fhe base portion; wherein the movable
member is displaced by a pressﬁre produced by the
bubble generated in the bubble generatipn region to
eject the liquid through'the ejection outlet; wherein
the movabie member hés an inflection portion at a

15 portion opposed to the bubble géneration region.

1
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15 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
"recordi ng device and the liquid ejecting nethod using this recording
20 device, good prints can be provided by ejecting the liquid to the
various recording material. Figure 22 is a block diagramfor
descri bi ng t he general operation(da)an i nk ejection recording
apparatus which enploys the liquid ejection nethod, 25 and the liquid

ej ection head, in accordance with the present invention.

The recordi ng apparatus receives ppifti=age. :
- 58- data in the fold@ of e corprGT sig
300. The printing dat® is teporarid¥y stored
of the printing apparatus,/” NS {:ﬁh,

sal fromi2 host conput er
i an input interface 301

This Sheet Has:Been Re{il'aced .
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and at the sane tinme, is converted into processable 5 data to be inputted

to a CPU 302, which doubles as means for supplying a head driving
signal. The CPU 302 processes the aforenenti oned data inputted to the
'CPU 302, into printable data (inmage data), by processing themwth the
use of peripheral units such 10 as RAMs 304 or the |ike, follow ng
control prograns stored in an ROM 303. Further, in order
to record the inage data onto an approprlﬁée spot on a recordi ng sheet,
t he CPU 302 generates driving data fﬂé | ing a driving notor 15

whi ch noves the recordin cor/di ng hegd in synchroni sm

sheet and the
with the i mage data. The ;
transmtted to a head
driver 307 {l)a motorv)dri 3§ 3BZ
controlled with the propA
As for recording nmedium to} sz
which is usable with a
above, 25 the follow ng ca

/¢{rivi ng data are
t hrough a head

mhngg are 20

as ink is adhered, and
as the one descrlbed
of paper;
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OHP sheets; plastic material used for form ng conpact di sks,
ornanental plates, or the |like; fabric;

-59- netallic material such as al um num copper, or the like;

| eat her material such as cow hide, pig hide, synthetic | eather, or the
l'i ke; lunmber material such as solid wood, plywood, and the |iKke;
banmboo material; 5 ceramc material such as tile; and material such as
sponge which has a three di nensional structure. The

af orenenti oned recordi ng appar at us i ncludes a printing apparatus for
vari ous sheets of paper or OHP sheet, a recording apparatus for
plastic 10 material such as plastic material used for formng a

conpact di sk or theITw&mw@HﬁﬂEaf m gdappar at us for metallic plate or
the Iike, a recordlng | eat her material, a recording
apparatus for |unber, g apparatus for ceramic magerial, a
recordi ng

FIG. 3



15 apparatus for-three dinensional recordi ng medi um such as sponge or

the like, a textile printing apparatus for recordimg—irages—en—fabric,

and the |ike recording appar at uses. As |d to be
used with these 20 | iquid ejection apparatuses, ’g%rSh eft‘ﬁasé 9,' Y bl e as
long as it is conpatible with the enpl oyed recordi ng”" ,”m I nd the
recordi ng conditions. <Recordi ng Systenv ' ' an
exenplary ink jet recording system 25 will be described, which records
I mages on recordi ng medi um using, as tHW@ recording head, the |iquid
ej ection head in accordance with the presegt
- 60- I NVerrTom: Figlu/w 23 TS a SchematTt Per spective
vi ew of an ink/g et recording sy¥4em’ewgl oyi ng t he Ve

-— V3 Vi —_—




af orenentioned liquid ejection head 201 in accordance 5 with the present

i nvention, and depicts its general structure. The liquid ejection head
inthis enbodiment is a full-line type head, which conprises

plural ejection orifices aligned with a density of 360 dpi so as to
cover the entire recordable range of the 10 recording nmedium 150. It
conpri ses four heads, which are correspondent to four colors; yell ow
(Y), nagenta (M, cyan (C and black (Bk). These four heads are
fixedly supported by a holder 1202, in parallel to each other and with
predetermned intervals. 15 . These heads are driven in response
to the signals supplied froma head driver 307, which constitutes
means for supplying a driving signal to each head. - Each
of the four color inks (Y, M Cand Bk) 20 is supplied to a correspondent
head from an ink cont ai ner 204a, 204b, 205c or 204d. A reference
numer al 204e desi gnhates a bubble generation |iquid container from

whi ch the bubbl e generation liquid'is delivered to each head. 25
Bel ow each head, a head cap 203a, 203b, 203c

. i 1S5
32. %Qi,\\ . L/ ’( . ad

I i /l7

FIG. 7
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or 203d is disposed, which contains an ink absorbing menber conposed
of sponge or the |like. They cover the

-61- ejection orifices of the.correspondi ng heads, protecting
t he heads, and al so maintaining the head performance, during a

non-recordi ng peri od. A reference nuneral 206 designates a
conveyer 5 belt, which constitutes neans for ogWeyi t he vari ous

recordi ng medi um suchnag  DQse\desqi he/precedi ng enbodi nents.

Q&0
The conveyer belt 20AN UK B WNOQUNNS DT edet epapliRd pat h by
vari ous roIIer SN t\i‘\&‘v rol = ecied to 10 a
mot or driver |§05. \\\ BPFTIR. | et recargyng 542 o7l 2t hi s
embodi ment conpr i sESAPT g apel 75 ) and a

0 A _spaSed Ot he

postprinting prj ¢
& recordi ng

M0 pr ocessfm
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apparatus, along the recording nedi um conveyance path. These

processing apparatuses 251 and 252 process the recording nmediumin
vari ous manners before or after recording is nade, respectively. 20
The pre-printing process and the postprinting process vary dependi ng
on the type of recording medi um or the type of ink. For exanple, when
recordi ng nmedi um conposed of netallic material, plastic material,
ceramic material or the like is 25 enployed, the recording nediumis
exposed to ultra- viol et rays and ozone before printing, activating
its surf ace. - 62-
In a recording material tending to acquire el ectric charge, such as
plastic resin material, the dest tends to deposit on the surface by
static electricity. the dust y inpede the desired
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5 recording. In such a case, the use is made with I onizer to renove
the static charge of the recording material, thus renoving the dust
fromthe recording material. When a textile is a recording material,
fromthe standpoint of feathering prevention and 10 inprovenent of fixing
or the like, a pre-processing may be effected wherein alkali property
subst ance, wat er sol ubl e property substance, conposition

pol ymeric, water soluble property netal salt, urea, or thiourea is
applied to the textile. The pre- 15 processing is not limted to this, and
It may be the one to provide the recording material wijgh the proper

t enperat ure. On the other hand, the post-procgessing js a
process for inpartin&;—;au&be.;ecn&dLngwnnfPrinl 20 __hay [yed the
i nk, a heat treatnment, ultraviolet radi ation projectign to pronote the
fixing of the ink, or a3:%eani ng 3qr renovi ng t process materi al

n

used for the pre-treat and refai ni ng becaus f no reaction.
25 ;his enbodi%gnt, t he ﬁggd is afull line head, but the

present i nvenet fon i s@mm ~
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applicable to a serial type wherein the head is noved

- 63- along a width of the recording material . <Head Kit>
Hereinafter, a head kit will be descri bed, whi ch conprises the |iquid
ej ection head in accordance 5 with the present invention. Figure 25 is a
schemati c . view of such a head kit. This head kit is in the form

of a head kit package 501, and contains: a head 510 in accordance with
t he present invention, which conprises an ink ejectiq section 511 for
ejecting ink; an ink 10 container 510, that is, a liquid nt ai ner whi ch
S separable orL;pnseparabIe fromthe head; and ink( fﬂlling
means 530, which holds the 1nk to be filled Into the Jnk container

520. After the ink in the ink container 520 is 15

conpletely depleted, the tip380 (in the foBjphof a 33
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hypoderm c needle or the like) of the ink filling means i s inserted
‘into an air vent 521 of the ink contai ner, the junction between the

i nk cont ai ner and the head, or a hole drilled through the ink
container 20 wall, and the ink within the ink filling nmeans is

filled into the ink container through this tip 531. ' When t he
liquid ejection head, the ink container, the ink filling neans, and
the like are avai | abl &hi Bheetiilas Begn Replceda kit contained in the kit 25
package, the ink can be easi|l the ink depl eted i nk
contai ner as descri bed abovd; , recordi ng can be quickly
restart ed. _ - 64- In
this enbodi ment, the head kit contains the ink filling nmeans. However,
it is not mandatory for the head kit to contain the ink filling neans;
the kit may contain an exchangeabl e type ink container filled

(a)




5 wth the ink, and a head. : Even though Figure 24 illustrates

only the ink filling neans for filling the printing ink into t he
i nk container, the head kit may contain neans for filling the bubble
generation liquid into the bubble 10 generation liquid container, in
addition to the printing ink refilling neans. The
present invention is applicable to a side - shooter type as shown in
Figures 25 and 26, for exanple, as well as to the head of the edge
shooter 15 type. Fi qUIEH 25 and 26 show a hearil4 and Figure 25 shows

t he sane when the bubble LS not generated, and Fi gure 26 shows the

sane when t he bubbl eygeneration is ef fected & In the

liquid ejecting headLe+-+?g:?+de e Byt a0 B gur es 25 and

26, each ejection utl e 4t§\prOVIded with 4n el enent substrate 1

provi ded with a heat gegeratl nt Z3{or JOQ generating thermal heat

energy for. gene @”ﬂr; a bubbl/" uid, and3& second liquid flow
e elene

path 16 is f-ate 1.) Above the second

I|qU|d f|OMlpath 16, . *j
% 16 i

(a) (b)  (e)

q [~35 ,J klﬁ \ K35
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14 is formed which is directly in fluid comrunication

- 65- with the ejection outlet 11.The first liquid flow path 14
and second liquid flow path 16 are separated by a separation wall 30
of an elastic material such as netal, so that the liquid in the first
liquid flow 5 path 14 and the liquid in the second liquid flow path

16 are separated, as in the foregoing liquid ejection head of the edge
shooter type. The side shooter type is different fromthe
edge shooter type, in that the ejection outlet 18 is 10 fornmed in the
orifice plate 51 disposed above the first liquid flow path 14 at a
position right above t he heat gewgraiing elenment 2. In the separation
wal | 30 between the ejection outle@ h8 and the heat generati ng
element 2, there is provided a pair of 15 novable nenbers, |ike a double

door. More '///5/%// g
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particularly, each of the novable nenbers 31 are in the formof a
cantilever, and the free ends thereof are opposed to each other and
are slightly spaced apart fromeach other to forma slit 35 at a
position 20 right below the center portion of the ejection outlet 18
when the liquid is not ejected. At the tinme of ej ection, the both
novabl e nmenbers 31 provide an opening to the first liquid flow path 14
side by the bubbl e generati on of the bubble generation liquid in 25

t he bubbl e generat¥on region, as shown in Figure 26. ' The
first liquid flow ath 14, together with the other first liquid flow
paths, is in fluid _ - 66-

comuni cation withja container (not shown) for retaining the ejection
l'iquid through a fifrst common i quid chanmber 15, and the second |iquid

f.l ow path 16, [egether—ui-th—the other second liquid flow paths, is

t
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5in fluid communication with a container (not shown) for retaining

t he bubbl e generation liquid through a second comon |iquid chanber

17. The novabl e nmenber 31 in Figures 25 and 26 has a .

t hi ckness which gradually decreases fromthe 10 ful crum portion 33 toward
the free end 32. As will be understood from Figure 26, the
bubbl e 40 generated by the heating of -the liquid by t he heat . produci ng
menber 2, is directed concentratedly toward the ejection outlet 18
with 15 stability. This is because the nei ghborhood of the free end
32 of the novable nenbers 31 is thin, so that it is easily

di spl aceabl e toward the ejection outl et 18 by | ow pressure. The energy
required for di spl aci ng the nova menbers 31 is snall in the 20
pressure propagation direction of the essure produced by the bubble
40 and in the direction close reto. Therefore, the growth of the
bubbl e at the r centdlcan be dif\kcted towagpthe ejection outlet 18.

As regards the pje§@ure gonponent i; gation 25 direction
significantly dif{fere m the diy toward the ejection outlet
18, it is nore effectiv :

200{ >\ 20,21 91

—_—
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directed toward the ejection outlet 18 by the thicker

-67- portion of the novable nmenber 31. Thus, the degrees of
di spl acenents are desirably distributed in connection with the
direction of the propagation of the pressure of the bubble 40, and
therefore, the 5 energy loss.is mnimzed, so that a high ejection
efficiency is provided by efficiently using the entirety of the
bubbl e. : Figure 27 shows a nodified exanple of the
above-descri bed enbodi nent, and a second change 10 portion 1001 is
provided in addition to the first change portion 100. In this
enbodi nent, simlarly to t he foregoi ng enbodi nent, the pressure
propagati on | oss is reduced, and the pressure is efficiently
directed toward the ejection outlet 18, thus 15 increasing the ejection
efficiency. Particularly, the

FIG. 21
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second change portion 1001 |ocated at a position not ri ght above 't he

center of the heat generating el enent 2 is effective to direct the
conmponent of the expansi on of the bubble toward the ejection outlet 18
20 without | oss and cooperates with the second change portion 100 at
t he outside of the portion above the heat generating el ement 2
I ncreasing the di splacenent efficiency to stably and concentratedly
direct the bubbl e toward the ejection outlet 18. This will be 25
understood fromthe description with respect to Figure 15.
In Figures 25 - 27, simlarly to the other
- 68- enbodi nents, the ejection efficiency is inproved, and t he
durability is inmproved by dispersing the def ormati on of the novable
menmber 31. ~In Figure 28, the thickness of the novable
HD I/ZOO
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5 nmenber is uniform and the Figure shows the di spl acenent state of

t he novabl e nenber and the control state of the growmh of the bubble.
When t he conparison is nade between Figure 28 and Figure 26, it
wi |l be understood that the structure of Figures 26 10 and 27 acconpli shes
hi gh efficiency ejection. Whi l e the invention has been
described with reference to the structures disclosed herein, it is
not confined to the details set forth and this application is intended
to cover such nodifications or 15 changes as may cone within the purposes
of the | nprovenents or the scope of the follow ng clains. 20
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VWHAT IS CLAI MED | S: 1. Aliquid ejecting head for ejecting liquid

by generation of a bubble, conprising: an ejection

outl et through which the liquid 5 is ejected; aliquid flow
path in fluid conmmunication with the ejection outlet; a
bubbl e generation region for generate the bubble in the liquid;, 10

a novabl e nenber di sposed opposed to the bubbl e generation regi on and
provi ded with a base portion and a free end portion closer to the

ej ection outl et than the base portion; wherein the
novabl e menber is displaced by a 15 pressure produced by the bubble
generated in the bubbl e generation region to eject the liquid through

the ejection outlet;

510 520 521
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wherein the novabl e nmenber has an inflec
opposed to the bubble generation 20 reg
ej ecting head for ejecting liquid by
conpri si ng: an ejection . ou
I S ejected, aliquid fl ow
with the ejection outlet; [err]

a bubbl e generation region for generate
a novabl e nenber di sposed opposed to the
provided with a base 5 portion and a fr
ej ection outlet than the base porti
menber is displaced by a

)

tion portion at a portion
I on. 2. Aliquid
generation of a bubbl e,
tlet through which the liquid 25
path in fluid conmmunication
-70-
bubble in the |iquid,
bubbl e generation region and
ee_end portion closer to the
wherein the novabl e

t he
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pressure produced by the bubble generated in the bubbl e generation
region to eject the liquid through 10 said ejection outlet;

wherei n the novabl e menber has a portion havi ng a thickness snaller
than that at the base ‘portion. 15 3. A liquid ejecting head
for ejecting liquid by generation of a bubble, conprising: an ejection
outl et; a first liquid flow path in fluid conmuni cati on
with said ejection outlet; 20 a second liquid flow path having a
bubbl e generation region for generating the bubble in the l'iquid
by applying heat in the Iiquid;

.-'e menber di sposed
e generation region
erein the free end

between the first liquid flom/path a
and 25 a free end adj acent sald ejectig
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-71-; t he bubbl e generation region to- dlrect the pressure ﬁﬂﬁﬂva@mard
t-he- eJectlon outlet of the first Liquid flow path

wherein the ~has a portion 5 having a thickness smaller than
that at the . 8 . Aliquid ejection head
according to]d m{ , Wherein 4 he movabl e menber has an
inflection %T6—pe+ 'Aﬁcabr chgngi ng deformability of the novable

menber at a position opposed to said bubble generation regi on.
5. Aliquid ejection head according to Claiml1l 15 or 4, wherein said
i nflection portion is provided by | ocal |y decreasing a thickness of

sda;;:lmmz)vabl e nenber. LIQUID EJECPION Aﬁpmgyg Bl Mehen head according to

ABSTRACT OF THE DISCLOSURE
A liquid ejecting head for ejecting liquid by

generation of a bubble includes aﬁ ejection outlet
through which the liquid is ejected; a liquid flow

.5 path in fluid communication with the ejection outlet;
a bubble generation region for generate the bubble in
the liquid; a movable member disposed opposed to the
bubble géneration region and provided with a base
portion and a freg end portion closer to the ejection

10 outlet than the base portion; wherein the movable
member is displaced b} é preésuré produced by the
bubble generated in the bubble generation region to
eject the liquid through the gjection outlet; wherein
the movable member hés an inflection portion at a

15 portion opposed to the bubble generation region.
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or.3: wherein the novabl e nenber has a thickness which 20 decreases froma

base portion toward the free end portion. 7. Aliquid

ej ection head according to Caim?2 or 3, wherein the novabl e nenber
has a thickness which 25 decreases stepwi sely froma base portion toward
t he free end portion. [err] -72-
8. Aliquid ejection head according to Caim 2. or 3, wherein the
novabl e nenber has a thickness which _l_is locally small at a position
upstream of a-position faced to the bubble generation region. 5

9. Aliquid ejection head according to Caim?2 or 3, wherein the
novabl e menber has a wdth which is gmal ler than that at the base
portion.
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10- = 10. A liquid ejection head according to Caim09, wherein the

Wi dt h decreases toward the free end in a regi on of said novabl e nenber.
11. Aliquid ejection head according to daim 15 11, wherein the novabl e
menber has a width which is locally small . 12. Aliquid

ej ection head according to Claim9, wherei n the novabl e nenber has a
wdth whichis 20 Ilocally small at azposition upstream of a portion
faced to the bubbl e generation region.&_ 13. Aliquid ejection
head according to Claim?2 or 3, wherein the bubble is expanded nore
toward said 25 ejection outlet. j44. Aliquid ejection head
according to Caim?2 18 }0 ( / 13
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-73- . or 3, wherein said heat generating elenent is disposed at
a position faced to the novabl e nenber, and said bubbl e generation
region is defined by said novabl e menber and sai d heat generating
elenment. 5 15. Aliquid ejection head according to C aim 14,
wherein the liquid fl ow path has a supply passage for supplying the
liquid onto the heat generating el enent froman upstream side of said
heat generating elenment 10 along the Beat generating el enent.

16. A liquid ejection head according to C ai m 15, wherein the supply
passage includes a substantially flat or snmooth surface inner wall at
a position 15 wupstream of said heat generating el enent and supplies

the liquid onto the heat generating el enent al ong the i nner wal | .

17. A liquid ejection head according to C aim 14,

F1G. 3



20 . further conprising a liquid flow path for supplying the liquid

onto the heat generating el enent from an upstream si de al ong a surface
of the novabl e nmenber - closer to the heat generating el ement. 25

18. A liquid ejection head according to C aim 14, further conprising
aliquid flow path for supplying the liquid onto the heat generating

el enrent from an -74- upst ream
side along a surface of the novabl e nendfer cl oser to the heat
generating el enent. 19. Aliquid ejection head according to
Caim2 5 or 3, wherein the novable nenber igyin the formof a = plate.

20. Aliquid ejection head according to CI%Vﬁ119,

Va
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wher ei n the whole surface of the heat generating 10 elenent is faced to

t he novabl e nmenber. . 21. Aliquid ejection head according to
daim 19, wherein a total area of the novable nmenber is |arger
than a total area of the heat generating elenment. 15 22. Aliquid
ej ection head according to Caim 19, wherein the base portion of the
novabl e nmenber is di sposed at a p05|t|on out of a portion right above
t he heat generating elenent. 20 _923. Aliquid ejection head
according to Claim19, wherein the free end of the novabl e nenber has
such a configuration that it extends substantially per pendi cul ar
to the liquid flow path in which the 25 heat generating elenent is
di sposed. 24. A liquid ejection head according to Claim19,
\\\
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-75- wherein the free end of the novabl e nmenber is di sposed at

a position closer to the ejection outlet than the heat generati ng

el enent . 5 25. A liquid ejection head according to Claim19, :

wherein the novabl e nenber constitutes a part of said separation wal l

di sposed between the first flow path and second fl ow pat h. 10

26. A liquid ejection head according tao O aim 25, wherein the

separation wall is of metal, resin _bnnterial \gr ceram c. 27.
E r conprising a first
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28.. .Aliquid ejection head accor di ng to daim3, . wherein the liquid

Supplied to the first liquid flow path and the liquid supplied to the
second liquid flow path are the same liquids. 25 29. A
liquid ejection head according to Caim 3, wherein the liquid supplied
to the first liquid flow - 76-

path and the liquid supplied to the second liquid flow path are
different |iquids. 30. A liquid.ejection head according to daim
14, 5 wherein the heat generating elenent is in the form of an

el ectrothermal transducer having a heat generating resistor for
generating heat upon electric signal supplied thereto.
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10 ., 31. Aliquid ejection head according to Claim 3, wherein the

second liquid flow path has a chanber-1i ke configuration in a portion
where the heat generating el enent is disposed. 15 32. Aliquid
ej ection head according to Claim 3, wherein the second flow path has a
configuration with throat portion upstream of said heat generating
el enent . 20 33. Aliquid ejection head according to Claim?2 or
3, wherein a distance froma surface of _8he heat generating elenent to
t he novabl e nenber is not nore than 30 pm 25 34. Aliquid
ej ection head according to Claim 2 or 3, wherein the liquid ejected
fromthe ejection outlet is ink. 14
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-77- . 35. Aliquid ejecting nmethod for ejecting liquid by
generation of a bubble, using a liquid ejecting head havi ng an ejection
outlet for ejecting the | i quid, a bubble generation region for
generating the 5 bubble in the liquid, and a novabl e menber provided

with a base portion and a free end at a position cl oser the ejection
outlet than the base portion; wherei n the novabl e nenber is
di spl aced by a pressure produced by9he bubble generated in the 10
bubbl e generation region to eject the |liquid through said ejection
outlet, wherein the novabl e menber has an inflectionl4ortion for
changi ng deformabil i of t he novabl e nenber at a poéition posed to
sai d bubbl e generation region. 1I5 30, A diuid erecting
met hod for ejecting |iquid by generation of a bubble, using a liquid
ej ecting head having an3gj ection outl &) for e eg i ng the l'i quid,
a bubbl e generatjon regio éior generating/yhe 20 ;u ble in the liquid,
and a novabl e nenbertgrfjgggf y
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W th.a base portion and a free end at a position " closer the ej ection

outlet than the base portion; wherei n the novabl e nenber is
di spl aced by a pressure produced by the bubble generated in the 25
bubbl e generation region to eject the |liquid through said ejection
outlet, wherein said novabl e nenber has a portion having a thickness
smal l er than that at the [err] - 78-
base portion. 37. Aliquid ejléction method according to daim
35 or 36, wherein the bubble is expanded nore toward 5 said ejection
outl et. 38. Aliquid ejection nethod according to Caim 36,
wherein the bubble is expanded beyond the first posi tion.
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10 - 39. Aliquid ejection nmethod according to Caim 36, wherein

the bubble is expanded nore toward said ej ection outlet. 15 40.
A liquid ejection nmethod according to Caim 36, wherein said heat
generating el enent is disposed at a position faced to the novabl e
menber, and said bubbl e generation region is defined by said novabl e
menber and sai d heat generating elenent. 20 41. Aliquid ejection
nmet hod according to Caim 37, wherdiln a part of the bubble expands into
t he first liquid flow path with-the di splacenent of the novabl e
menber. 25 42. i quid ejection netho? according to daim 40,
wherein the bubble is ge?erated by film boiling [err]
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-79: phenonenon by heat generated by the heat generating el enent .
43. A liquid ejection nmethod according to Caim 5 40, wherein the liquid

is supplied onto the heat generating el enent al ong an upstream
substantial ly flat or snmooth surface inner wall. 44, Aliquid
ej ection nmethod according to Claim 10 36, wherein the liquid ejected

t hrough the ejection outlet is ink. 45. A head cartridge
conpri si ng: a liquid ejectildg head as defined in daim1l 15
or 2; and a liquid container for maintaining the liquid to
be supplied to said liquid ejection head. 46. A head cartridge

according to Claim45, 20 wherein the liquid ejecting head and the liquid
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contai ner are separable from each other. 47. Aliquid ejecting

device for ejecting recording liquid by generation of a bubble, 25
conprising: a liquid ejecting head as defined in Claim 1, 2 or 3;
driving signal supply nmeans for supplying a [err]

- 80- driving signal for ejecting the liquid fromthe liquid

ej ecting head. 48. An apparatgs according to Caim47, wherein a
5 plurality of the ejection outlets aré—disposed substantially over an
entire wdth of a fecordable region of the recording nmaterial.

49. A liquid eject%on head according to Claim 1,
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10 ‘further conprising a heat generating el enment at | east a part of
which is faced to sai d novabl e nmenber, wherein said heat generating
el enent produces film boiling to create a bubble, and wherein said
novabl e menber is provided in a range faced to said heat 15 generating
el ement and in an upstreamrange of a center of said heat generating
el enent . 50. Aliquid ejection head according to Claiml or
49, wherein said novabl e nenber substad#ially 20 harmetically seal said
bubbl e generation region from said liquid flow path, and opens the
bubbl e generati on regi on by generation of the bubble. 51. A
liquid ejection head according to Caim?2, 25 further conprising a heat
generating el enent at |east a part of which is faced to said novabl e
menber, wherein said heat generating el ement produces film

[err] ' 82

200+
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-81- . boiling to create a bubble, and wherein said novable-
nenber is provided outside a range faced to said heat generati ng
el enent and in a range between the base portion and the portion
opposed to said heat 5 generating el enent. 52. Aliquid
ej ection head, conprising: a substrate having a heat
generating surface for generating heat for generating a bubble in
| i quid, 10 wherein said substrate idSaced to a liquid ejection
outlet; a novabl e nmenber having a free end

di spl aceabl e by the bubbl e, disposed between the heat generati ng
surface and the ejection outlet; 15 an opposi ng nenber, opposed
‘to such a side of t he novabl e nenber as is faced to the heat
generati ng surface upon displacenent of the free end by the
bubbl e, said opposing nmenber cooperating with the novabl e menber
upon the displacenent to direct the. 20 bubble toward the ejection
outlet. :

FIG. 21
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53.- A liquid ejection nethod, wherein a |iquid
by opposing a substrate having a

generating heat

* C L M

di sposed t herebetween, wherein a |iquid6
substrate and a liquid

flow path is forned
heat generating surface for

for 25 generating a bubble in liquid to an ejection
out | et menber provided with an ejection outlet for ejecting
the liquid therethrough, with a-novabl e nenber having

S*

- 82- a free end

fl ow path side surface of the
flow path side surface of said ejection outl et

menber are not crossed in said liquid flow path, and wherein 5 the
liquid is ejected by generation of the bubble

outl et ;

liquid to the ej

ection outl et,

in the

t hrough the ejection
wherein the free end of the novabl e nmenber is
di sposed downstream side with respect to the supply

direction of the
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wherein the bubble displaces the free

10 li.quid flow path; and
di spl acenent,

end of t he novabl e nenber, and in accordance with the

grow h of bubble is pernmitted toward the ejection outlet to eject the

liquid. 15 54, Aliquid ejecting head for ejecting liquid by

generation of a bubble, conprising: an ejection outl et

t hrough which the-liquid Is ejected,, 20 aliquid flow path in

fluid conmunication with the ejectd outl et; a bubbl e
bubble in the |iquid,

generation region for generate the

a novabl e nenber di sposed opposed to the 25. bubble generation region and

provi ded w th _a base portion and a free end portion closer to the
ej ection outl et thanm TNE DaSTpot-t+6+;
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-83- wherein the novabl e menber is displaced by a

pressure produced by the bubble generated in the bubbl e generation
region to eject the liquid through the ejection outlet; 5

wherein the novabl e nenber has a di spl acenent pronoting portion,
provi ded at a position opposed to sai d bubbl e generating region, for
provi di ng di spl acenent of said novable nenber, which di spl acenent
is larger than a di spl acenent of said vabl e nenber without said

di spl acenent pronoting portion. 15 20
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’ //ﬂ . SEARCH REPORT ' Application No. 9609938-7

TEXT OF THE ABSTRACT

LIQUID EJECTION APPARATUS AND METHOD

A liquid ejecting head for ejecting liquid by generation of a bubble includes an ejection outlet
(18) through which the liquid is ejected; a liquid flow path (10) in fluid communication with
the ejection outlet; a bubble generation region (11) for generate the bubble in the liquid; a
movable member (31) disposed opposed to the bubble generation region and provided with a
base portion (33) and a free end portion (32) closer to the ejection outlet than the base portion;
wherein the movable member (31) is displaced by a pressure produced by the bubble
generated in the bubble generation region (11) to eject the liquid through the ejection outlet
(18); wherein the movable member has an inflection portion at a portion opposed to the
bubble generation region.
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