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LIQUID EJECTING METHOD WITH MOVABLE MEMBER - i

BACKGROUND oF THE INVENTION'h”-id*’

;h? Field of the Invention 'f

The present 1nvention relates to a liquid

l-eJecting head for ejecting a de51red liquid utiliaing
"formation of bubble, a head cartridge uSing the liquid
-_'eJecting head a liquid eJecting apparatus, a liquid -
.pejecting method ‘a recording method and a head used 1n

Jthese methods._

More particularly, the present 1nvention

-E'relates to a liquid ejecting method and a recording
*-”method us1ng a liquid eJecting head with a movable :
_fmember arranged to be displaceable making use of .

;_'generation of bubble.: o

The present invention is applicable to-

”equipment such as a printer, a copying machine -a
'facs1m11e machine hav1ng a communication system, a word

fprocessor haVing a printer portion or the like and an

industrial recording dev1ce combined w1th one or more :

_wof various process1ng dev1ces w1th which recording is

.-'effected on a recording medium such as paper thread

fiber textile, 1eather metal plastic material

' glass, wood ceramic material and so on.i

In this spec1fication "recording means not

Y

'hav1ng specific meaning,_but also forming an image of a ._1: |
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" pattern having no specific meaning.

'*Related Background Art

A conventionally knowniink Jet recording method B
' is the one 1n which a state ofgink 1s changed to cause
l*an 1nstantaneous volume changef(generation of bubble),.;
?so as to eJect the 1nk throughhan eJection outlet by |

) acting force resulted from the'state change,:whereby
f.the 1nk is deposited on the recording medium to form an
1:image thereon.' As disclosed for example, in United

”fStates Patent No. 4 723 129 a recording dev1ce uSLng'
'this recording method usually comprises an ejection'”
| outlet for eJecting the ink an 1nk flow path in fluid_:'

-communication with the ejection outlet ‘and an

electrothermal transducer as an energy generating

.means, disposed in the 1nk flow path for eJecting the if.“

ink. -

By this recording method a high quality 1mage

'l can be recorded at high speed and w1th low noise and

such ejection outlets for eJecting the 1nk may be

"arranged in high density 1n a head for performing this

recording method. Therefore, the recording method has-"
R a lot of excellent p01nts, for example,_the dev1ce

- 'jcompact in s1ze can obtain an 1mage recorded 1n high B
Hresolution and can also readily obtain a color image.ﬁ

'iiBecause of it the 1nk Jet recording method is now }

'prWidely_used in Prlnters copying mach1nes,_facs1mile'f.ﬂ
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:machines .or other office equipment-.and.even in )

§ industrial systems such as a textile printing device orf
:Tthe like.:hf' _... l ll ”-_.l
With spread of use of the ink Jet technology iniur:
,f_products in Wide fields, a variety of demands describedgy.

_-below are increaSing these years.

_For example, an example of investigation to -.h

'meet the demand to improve the energy use effiCiency lS”_'"-

o optimization of the heat generating element such as:'""":

adjustment of the thickness of a protection film.' This_-

h technique is effective to an improvement in transfer .

"_effiCiency of heat generated into the liquid.“*

‘In order to prOVide high-quality images,“

;proposed were driving conditions for realizing the :
;liquid eJection method or. the 1ike capable of | |
yperforming good ink eJection based on high-speed
yeJection of ink and-stable generation.of bubble.' Fromh'
_the standeint of high—speed recording, proposed was an"

':improvement in a configuration of flow passage in order

to obtain a liquid ejecting head With high filling

'.(refilling).speed of“the_liquid eJected into the o
';.liqUid flow path. | '._ o | o
f Among this configuration of liquid passage the_fnl.

'V::publication of Japanese Laid—open Patent Application

63 199972 or the 1ike describes the flow passage

_structure as- shown in Figs. 1A and 1B. The flow

'-'passage structure and the head producing method
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'7;described in this publication concern the invention pl{' g
-_:accomplished noting the back wave occurring With o
;_-generation of bubble (i e., the pressure directed in‘iftr
:hthe opposite direction to the direction toward the
_eJection outlet which is the pressure directed to a'
fliquid chamber 12) This back wave is known as loss

"energy, because it is not energy directed in the “'

eJection direction. L

The invention shown in Figs. 1A:and"19‘“

discloses a valve 10 located apart from a bubble'f:

r:generation region formed by a heat generating element 2

'wfpand on the oppos1te Side to the eJection outlet 11 With

15
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'respect to the heat generating element 2'1f

In Fig. 1B this valve 10 is illustrated as |

being produced by the producing method making use of a '

gp'plate material or the 1ike, haVing an initial pos1tion itl“:
-'twhere it is stuck to the ceiling of the flow path 3
.and dropping into the flow path 3 With generation of
'bubble.. This invention is disclosed as the one for h.ﬁl
isuppreSSing the energy losses by controlling a part of..?.

ﬁthe back wave-. by the valve 10.p

However as apparent from investigation on the

fcase where a bubble is generated inSide the flow path 3
'as retaining the liquid to be eJected in this P
'-fstructure, to regulate a part of the back wave by the,‘

'."valve 10 is not practical for eJection of liquid.:'f

- The back wave itself originally has no direct



-u*_relation With eJection, as‘discussed preViously.flAt'f'"
iithe point when the back wave appears in the flow path

Qpils ‘as shown in Fig._lB the pressure directly related

" o eJection out of the bubble is already ready to eJectt:.g*?

"the liquid from the flow path 3.5 It is thus clear that _t_'

. to regulate the back wave, more accurately, to regulate“**

10,

©o20

‘a part thereof cannot give a great effect on eJection. . f;

In the bubble jet recording method utilizing

hthe bubble generated hy the heat generating element _on
-:the other hand heating is repeated while the heat |
}:generating element is in contact with the ink which
'fforms a depOSit due to scorch of ink on the surface of
"the heat generating element., A large amount of the ;
}tdeposit could be formed depending upon the type of ink
f_which could result in unstable generation of bubble and ;.
. iwhich could make it difficult to eJect the ink in good |
.lorder. It has been deSired to achieve a method for
.well eJecting the liquid Without changing the property
of the liquid to be eJected even if the liquid to be"

.ueJected is the one eaSily deteriorated by’ heat or even

if the 1iquid is the one not easy to achieve adequate'f

f"generation of bubble-fifiw

From this Vieprint another proposal Was made"”'

to prov1de a method to employ different types of
'fliquids a liquid (bubble generation liquid) for |
- generating a bubble by heat and a liquid (eJection R

l"llqu1d) to be eJected arranged to transmit the
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i_xfpressure upon generation of bubble‘to.the eJection
r]iyliquid and to eject the ejection liquid thereby, for '::h
':fexample as disclosed 1n Japanese Laid-open Patent f" ‘
i”Appllcations No; 61 69467 and No._55 81172 United _'f.“.
_States Patent No. 4 480 259 and so on.g In-these -
1_publications the ink as the eJection liquid lS _f{-f:;"
fperfectly separated from the bubble generation liquid
';fby a flex1ble film such as silicone rubber SO as to o
1'keep the eJection liquid from directly contacting the o
'jheat generating element and the pressure upon . |
Eigeneration of bubble in the bubble generation liquid 1s”j"
' N transferred to the ejection liquid through deformation
- of the flexible film. By this structure, the method |
'achieved prevention of the depos1t on the surface of
-the heat generating element -an improvement in freedom i

:'of selection of the eJection liquid and so on.-

:SUMMARY OF THE INVENTION

The present 1nvention prov1des a novel eJecting |

.-method capable of achieving bas1c eJecting properties

which have never been achieved by the fundamentally

'conventional methods arranged to eJeot the 11qu1d aS' -
“_forming a bubble (especially,_a bubble caused by film

':fb01ling) 1n a liquid flow path. g

The present invention prov1des a liquid

feJecting condition that is effective to adequately

_respond to a disperSion factor in an eJection outlet
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'portion _which has been unsolved by the conventional
h.fliquid eJecting principle, and that can. achieve an
"_excellent eJection efficiency. Particularly,_the '
'lrpresent invention provides a liquid ejecting method
"effective to the disperSion factor 1n producing & ri

7p1urality of such eJection outlet portions,_fr'~'“

L Further, the present invention also prov1des a-'“h

”ﬁfliquid eJecting head that can realize more certain and B
'meore reliable effects of the eJecting method according

-:to the present invention.”

| This head according to the present invention is"

:the one obtained by technically developing the
knowledge gained in a prior application, based on a newii--,__
_j_:standPOint. The summary of this prior applicatlon 1s

.'given in the following.__

:ths disclosed in the prior application .a":'

o ?movable member 1s provided in a flow path and the
fulcrum and free end of the movable member are arrangedi

_nin such a pos1tional relation that the free end 1s

located on the eJection outlet Side, that is, on the

'downstream 51de.; Further the movable member 1s

:arranged to face a heat generating element or a bubble o

"31'generation region.. This established the utterly novel

'ZST,“.this arrangement.

ftechnology that the bubble 1s pOSitively controlled by ”fﬂ

Next .lt was found that conSidering the energy"

'“_given to eJection by the bubble 1tse1f a max1mum
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_.factor to conSiderably improve the eJection properties
jwas to take account of a downstream groWing component

-of the bubble. Namely, it was also clarified that the -

eJection efficiency and eJection rate were improved by

-,effectively aligning the direction of the downstream
',growing component of the bubble With the eJection
3direction. This led some of the present inventors to

':[an extremely high technical 1evel _as compared With thed':f

' conventional technical 1evel that the downstream,

grow1ng component of the bubble is pOSitively moved to

'?:the free end Side of the movable member.

', Further, it was found that it was also

B preferred to take account of structural elements such |

as the movable member, the liquid flow path and so on |

Trelated to growth of bubble on the downstream Slde in
 the heating region for forming the bubble, for example,'
on the downstream Side from the center line paSSing thed-“'

'center of the area of the electrothermal transducer in '

the direction of flow of 1iquid or on the downstream

side from the center of the area of ‘a surface

B contributing to bubble generation. zh”'

It was further found that the refilling rate

'was able to be greatly improved taking account of the

.location of the movable member and the structure of the_

liquid supply passage._, -
In particular, the present invention was

ccomplished noting that variations in an eJection
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_;state occurred because.ofla disperSion factor in
"manufacturing the configuration of eJection outletif
B Then the inventors finally derived the epoch-making

ftechnology to stabilize the eJection state as further -
"imprOVing the eJection effiCiency of liquid by taking

' account of a. relationship between a displacement angle.'

_of the movable member and ‘an angle of a line connecting
T-a fulcrum portion of the movable member With an'f |
7.intersecting pOint of a center axis of an egection a
;outlet With a surface (connection surface) of an
N ejection outlet portion connected to a liquid flow pathf:
'.”and as also utiliZing the epoch—making liquid eJection .

'Qmethod and principle in the prior application.“f

Main obJects of the present invention are as

'ijllOWS.:

A first obJect of ‘the present invention is to

'fprotide a liquid eJecting method a liquid ejecting
"head and so on that can achieve a more stabilized
'ejection state by maintaining in a predetermined range, :
1W1th respect to the reference at a pos1tion of a
'_reference surface of the movable member the

- Qrelationship between the angle of the axis connecting
; p.the fulcrum portion of the movable member With the
.?intersecting pOint of the center aXis of the eJection '
;outlet With the surface of the ejection outlet portion.
chonnected to the liquid flow path and the displacement

"angle upon maXimum displacement of the movable member.”{
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T;provided With the free end for controlling a bubble _.”df

”'generated (the angle of maximum displacement)

' A second obJect of the present invention is to‘if

'VproVide a liquid ejecting method a 1iquid eJecting

' mhead and so on that can largely decrease accumulation
'h'of heat in the liquid above the heat generating element;d'
tas imprOVing the eJection effiCiency and eJection force_:

Tln addition to the first obJect and that can perform""-

'good 1iquid eJection by decreasing reSidual bubbles

'above the heat generating element.

A third obJect of the present invention is to

prov1de a liquid eJecting head etc. enhanced in

-'refilling frequency and improved in print speed or the';
-flike by suppreSSing the action of inertial force in thet K
'doppOSite direction to the liquid supply direction due

iito the back wave and decreaSing a meniscus back amount

'_by a valve function of the movable member. g

Additionally, a fourth obJect of the present

invention is. to prOVide a liquid eJecting method a

liquid eJecting head and so on that reduces a depOSitf

n the heat generating element that can broaden the

: application range of the eJection liquid and that canr'

demonstrate conSiderably high eJection effiCiency and -

teJection force.r

A fifth obJect of the present invention is to )

:_tprOV1de a liquid ejecting method a liquid eJecting

";head and so on haVing increased degrees of freedom ofi""
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'selection of the liquid to be eJected."

Typical features of the present 1nvention for

"achiev1ng the above obJects are as f°1lows,_: :fﬁ'*”

According to an aspect of the present

'?1nvention, there 1s prov1ded a liquid eJecting method

. for eJecting a 11qu1d comprising'

using a liquid ejecting head hav1ng an eJectionl'r

outlet portion having an ejection outlet for eJecting o

:'the 1iqu1d a 1iqu1d flow path 1n fluid communication'-
'with the ejection outlet portion, a bubble generation.
'region for generating a bubble 1n the liquid 'and a .

-_movable member disposed to face the bubble generation_

.hregion and prov1ded w1th a free end closer to the -
'”eJection outlet portion than a fulcrum portion thereof

;and displacing the movable member by a pressure based

'fon generation of the bubble from a pOSition of a

reference surface to a position of a max1mum

_displacement thereby eJecting the liquid

wherein a relation of 29 - 5°- ‘8 29 + 5°.'

'is satisfied where, w1th a reference of the reference ;
{surface, e is an angle of the movable member at the -
"max1mum displacement thereof about the fulcrum portion."”'ﬁ
'}and e is an angle of an ax1s connecting the fulcrum |
'portion w1th an 1ntersecting p01nt of a center ax1s of
_the eJection outlet with a connecting surface of the
peJection outlet portion to the liquid flow path and f'

'i“wherein 9 is an acute angle.
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According to another aspect of the present
'_invention there is prOVided a liquid eJecting method
“compriSing.,i

:b uSing a liquid eJecting head haVing an eJection

outlet portion haVing an eJection outlet for eJecting a [

'”;_liquid a first liquid flow path in fluid communication -

15

20

25 -

;with the eJection outlet portion a second liquid flowi"
ifpath having a bubble generation region and a movable
_member disposed to face the bubble generation region
qand prOVided With a free end closer to the eJection .
rsoutlet portion than a fulcrum portion thereof ,' N
igenerating a bubble in the bubble generation region

and displacing the movable member by a pressure based

zon generation of the bubble from a pos1tion of a

reference surface to a pos1tion of a maximum

"displacement thereby eJecting the liquid

wherein a relation of 26 - 5° e s 26 + 5°

is satisfied where, With a reference of the reference

- surface,_e is an angle of the movable member at the qiﬁ

maximum displacement thereof about the fulcrum portion.

fand e is an angle of an aX1S connecting the fulcrum fif"
'f'portion With an intersecting point of a center axis ofL
"_the eJection outlet With a connecting surface of the |
:,_eJection outlet portion to the liquid flow path and p;"°'“:

__wherein 9 is an acute angle.

According to another aspect of the present

Tinvention there is prOVided a liquid eJecting method
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:'s7for eJecting a 1iquid compriSing.

: us1ng a liquid eJecting head haVing an eJection -

outlet portion having an eJecticn outlet for eJecting_

f_the 1iquid ‘a liquid flow path in fluid communication_d-
) With the eJection outlet portion a bubble generation.
-region for generating a bubble in the 1iquid and ‘a
;movable member disposed to face the bubble generation'i
ffregion and prOVided With a free end closer to the |
:eJection outlet portion than a fulcrum portion thereof
“fand displaCing the movable member by a pressure based
“on generation of the bubble from a position of a
' reference surface to a pOSition of a maximum |

'.'displacement thereby ejecting the liquid

wherein a relation of 29 - 7° 95-5'29 + 75-

.is satisfied where, Wlth a reference of the reference
.surface, e is an angle of the movable member at the"
1max1mum displacement thereof about the fulcrum portion_
'and 6, is an - angle of an aXIS connecting the fulcrum
:h*portion With an - intersecting pOint of a center axis of
'the ejection outlet With a connecting surface of the
_pejection outlet portion to the 1iquid flow path and

waherein e is an. acute angle. o

' According to another aspect of the present

fjinvention there is prov1ded a liquid eJecting method

_FcompriSing.

uSing a liquid eJecting head hav1ng an eJection tf““

'ioutlet portion haVing an eJection outlet for eJecting a |
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3df1iqu1d -a first 11quid flow path in fluid communicationd.ﬁ

;fw1th the eJection outlet portion, a second 11quid flow
l{:lpath haVing a bubble generation region 'and a movable.'
'*member disposed to face the bubble generation region :_
.-and prov1ded w1th a free end closer to the eJection
“foutlet portion than a fulcrum portion thereof
Iulgenerating a bubble 1n the bubble generation region
'V'and displaCing the movable member by a pressure based

'_on generation of the bubble from a position of a '5;

reference surface to a position of a maximum

fdisplacement thereby eJecting the 11quid

wherein a relation of 29 - 7° s e 26 T+ 7°

";1s satisfied where, with a reference of the reference
"“surface, Oy is an angle of the movable member at the
: max1mum displacement thereof about the fulcrum portion
f'-and 8, is an angle of an ax1s connecting the fulcrum_
o portion With an intersecting pOint of a center ax1s of -
"vthe eJection outlet With a connecting surface of the
: ejection outlet portion to the liquid flow path and

”wherein e is an acute angle.

According to another aspect of the present .

_1nvent10n there 1s prov1ded a liquid eJecting method o
'°-_for eJecting a 1iqu1d compriSing. h_
- using a liquid eJecting head hav1ng an eJection'f;t*Tpljf

'[outlet portion hav1ng an eJection outlet for eJecting

'”the 1iquid a 11quid flow path in fluid communication

- fw1th the eJection outlet portion a bubble generation'f'.
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Tﬁéregion for generating a bubble in the liquid -and a
'fmovable member disposed to face the bubble generation--ﬁ'
fregion and prov1ded With a free end closer to the .
'”:;eJection outlet portion than a fulcrum portion thereof t.
:aand displac1ng the movable member by a pressure based |
:l_on generation of the bubble from a pos1tion of a *I
"freference surface to a p031tion of a maximum'i
"gdisplacement thereby ejecting the liquid
wherein a relation of e, __20 + 5° 1s satisfied o
fjwhere 'With a reference of the reference surface, 8, is-t_'
:.an angle of the movable member at the maximum""
-__-displacement thereof about the fulcrum portion and e isffr
E an angle of an axis connecting the fulcrum portion with:_”“
:an intersecting point of a center axis of the ejection
t;outlet with a connecting surface of the eJection outlet_'
: portion to the liquid flow path 'and wherein C™ 1s an o

- acute angle and is not less than an angle of an axis

connecting the fulcrum portion With an uppermost end of'
the eJection outlet portion of the connecting surface.

According to another aspect of the present

'invention there is prov1ded a liquid eJecting method

'for eJecting a liquid compriSing'

using a 1iquid eJecting head haVing an eJection

:outlet portion haVing an- eJection outlet for eJecting
-the 11quid a liquid flow path in fluid communication
:Wlth the ejection outlet portion a bubble generation

'Qiregion for generating a bubble 1n the liquid and a
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-?-movable member disposed to face the bubble generation
.U._region and prov1ded w1th a free end closer to the |
:;jeJection outlet portion than a fulcrum portion thereof -
_gand displac1ng the movable member by a pressure based
flfon generation of the bubble from a pos1tion of a. o
”.-reference surface to a pos1tion of a max1mum p

pmdisplacement thereby eJecting the liquid

. wherein a relation of 29 - 5°'s:é"'s 26 ‘is

;satisfied where With a reference of the reference
:surface, e 1s an angle of the movable member at the :
' max1mum displacement thereof about the fulcrum portion
::and e is an angle of an ax1s connecting the fulcrum

| portion with an intersecting point of a center axis of_l_d.
' the ejection outlet with a connecting.surface of the “

iejection outlet portion to the liquid flow path and ,'
- wherein e is an acute angle and is not less than an, iu.
:-iangle of an axis connecting the fulcrum portion w1th anz
"_ruppermost end.of the_eJection.outlet,portion of_the i |

: 'connecting surface._;

"U According to another aspect of the present

'linvention there 1s provided a liquid eJecting head for:

”eJecting a liquid comprising.

"E an eJection outlet portion haVing an eJection ;

,.outlet for eJecting the 1iquid a liquid flow path in
fﬂ}fluid communication with the eJection outlet portion a .“i_lf
: bubble generation region for generating a. bubble in the ;“

1iquid and a movable member disposed to face the
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';bubble generation region and prov1ded w1th a free endl
:“fcloser to the eJection outlet portion than a fulcrum':

”portion thereof wherein upon displacing the movable :
'ilmember by a pressure based on generation of the bubble .
'j: from a position of a reference surface to a position of "

ufa maximum displacement to eJect the liquid

" a relation of 20 - 5° ' é 29 + 5°:'

'-satisfied where, w1th a reference of the reference -

'surface, e is an angle of the movable member at the

maximum displacement thereof about the fulcrum portion

*fd'and e 1s an angle of an axis connecting the fulcrum o
-portion w1th an intersecting point of a center aXis of
'b'the eJection outlet with a connecting surface of the f

_ 'eJection outlet portion to the liquid flow path and _

wherein 9 1s an acute angle.

. According to another aspect of the present

- invention there is provided a liquid eJecting head

comprising-

" an eJection outlet portion haVing an- eJection

outlet for eJecting a liquid a first liquid flow path

An® fluid communication with the eJection outlet

portion a second lquld flow path hav1ng a bubble '

’;generation region -and a movable member disposed to
:face the bubble generation region and prov1ded w1th a :
;lfree end closer to the eJection outlet portion than a
”fulcrum portion thereof wherein upon generating a

ribubble in the bubble generation reglon and displac1ng”'“
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.25“;fffrom a pos1tion of a reference surface to a pos1tion of

'mfthe movable member bf a pressure based on the ?fﬁﬂf
"'generation of the bubble from a pOSlthn of a reference :
lsurface to a pos1tion of a max1mum displacement to_- |
h‘eJect the liquid -a relation of 29 S~ 5° s 0, < 26 + 5°
'1s satisfied where,_wlth a. reference of the reference :

'surface, 0, is an angle of the movable member at the
'-max1mum displacement thereof about the fulcrum portion ;'
_'and 9 1s an angle of an axis connecting the fulcrum o

-portion with an intersecting point of a. center axis of

the eJection outlet w1th a connecting surface of the

ejection outlet portion to the liquid flow path and

.wherein e 1s an acute angle.

| According to another aspect of the: present

' inventlon, there 1s prov1ded a 11quid eJecting head for_

-eJecting a liquid compris1ng.

an eJection outlet portion hav1ng an eJection '

houtlet for eJecting the liquid a liqud flow path 1n _”
'fluid communicatlon with the eJection outlet portion a'“'
'bubble generation region for generating a bubble in the:.
_liquid and a movable member disposed to face the |
'ibubble generation region and prov1ded w1th a free end '
hcloser to the eJection outlet portion than a fulcrum |
:portion thereof wherein upon displac1ng the movable

h-member by a pressure based on generation of the bubble :

i, a maximum displacement to eJect the 11qu1d

-'a_relation of 28, - 7°'529; 20, + 70'3“



fsatisfied where, With a reference of the reference'

:surface, 8, is an angle of the movable member at the."

ffdimaXimum displacement thereof about the fulcrum portion B
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-.tfand 0, .lS an- angle of an axis connecting the fulcrum |
”portion With an intersecting pOint of a center aXlS of
"the eJection outlet With a connecting surface of the_f

leJection outlet portion to the liquid flow path and

wherein e is an acute angle.
According to another aspect of the present

invention, there is prOVided a liquid eJecting head _'"

'_compriSing.'

an eJection outlet portion haVing an ejection A

"outlet for eJecting a: liquid a first 1iquid flow path

-in fluid communication With the eJection outlet

portion a second liquid flow path haVing a bubble |

f"generation region and a movable member disposed to

face the bubble generation region and prov1ded With a_

.free end closer to the eJection outlet portion than a

"fulcrum portion thereof wherein, upon generating a

bubble in the bubble generation region and displaCing

'the movable member by a pressure based on the

'generation of the bubble from a pos1tion of a reference
'usurface to a pOSition of a maXimum displacement tolﬁ |
feJect the liquid a relation of 29 - 7° sﬂ 29 + 7°:flul

:1S satisfied where, With a reference of the reference

surface, e is an angle of the movable member at the

': maximum displacement thereof about the fulcrum portion L
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'and 6 is an angle of an ax1s connecting the fulcrum

'.-portion w1th an 1ntersect1ng p01nt of a center ax1s of

the eJection outlet With a connecting surface of the ':

feJection outlet portion to the liquld flow path and

wherein e 1s an acute angle.

According to another aspect of the present

'_'1nvention there 1s provided a liquid eJecting head for

: eJecting a liquid compr1s1ng°"'

. an eJection outlet portion haVing an. eJection )

:'outlet for eJecting the liquid a liquid flow path in
: ﬁflUld communication Wlth the eJection outlet portion A'
.bubble generation region for generating a bubble in the
“gfliquid and a movable member disposed to face the |
J.-bubble generation region and provided w1th a’ free end
fpcloser to the ejection outlet portion than a fulcrum
_ portion thereof 1n which the movable member 1s
:displaced by a pressure based on generation of a bubble p

from a pos1tion of a reference surface to a pos1tion of

a max1mum displacement to eJect the liquid
wherein a relation of e 26 + 5°'1s satisfied

where, with a reference of the reference surface e lS

'an angle of the movable member at the max1mum '
:hdisplacement thereof about the fulcrum portion and e is

7an angle of an aXlS connecting the fulcrum portion w1th

an 1ntersect1ng p01nt of a center ax1s of the eJection

-?outlet w1th a connecting surface of the ejection outlet B

nportion to the llqu1d flow path and wherein e 1s an



10

.20

25

_21 o

'T'acute angle and is not less than an angle of an axis o
'-fconnecting the fulcrum portion With an uppermost end of

{ the eJection outlet portion of the connecting surface. '

According to another aspect of the present'

“-invention, there is provided a liquid eJecting head forh
.eJecting a liquid compriSing..
an eJection outlet portion haVing an eJection'fik"

.-5outlet for eJecting the 1iquid _a 1iquid flow path in o

fluid communication With the eJection outlet portion ‘a

jfibubble generation region for generating a bubble in the :fff”q' -

'_-1iquid and a movable member disposed to face the )

bubble generation region and prOVided with a free end
closer to the ejection outlet portion than a fulcrum
portion thereof in which the movable member is

displaced by a pressure based on generation of a bubble

'from a pOSition of a reference surface to a pOSition ‘of.

a maXimum displacement to eJect the liquid

wherein a relation of 23 - 5° s"eu < 29 is

satisfied where, With a reference of the reference

_surface, 6y is an angle of the movable member at the |

'maXimum displacement thereof about the fulcrum portion

and 9 is an angle of an aXis connecting the fulcrum o

'portion With an intersecting pOint of a center aXlS of
- the eJection outlet With a connecting surface of the :
ueJection outlet portion to the liquid flow path and

.wherein 6 is an . acute angle and is not less than an :

' iangle of an aXis connecting the fulcrum portion With an_



".uppermost end of the eJection outlet portion of the SR

_connecting surface. f

According to another aspect of the present

tjinvention there is prOVided a liquid eJecting :"'
_”-apparatus haVing the liquid eJecting head as describedp

f'in either one of the above aspects,_and driVing Signal

| ".;supply means for supplying a driVing signal for

©1s

| 20

- 25 ..

'ejecting the liquid from the liquid eJecting head.

'] According to another aspect of the present

invention there is provided a liquid eJecting

fapparatus having the liquid eJecting head as described B

"in either one of the above aspects, and recording

medium conveying means for conveying a recording medium

'for receiVing the liquid ejected from the liquid R

'eJecting head.

' According to the present invention, the

__ejection state of the liquid was able to be stabilized

_by properly defining the maximum displacement angle at;

the time when the movable member for controlling the

thubble generated is displaced at maXimum by generation:r“w
:eof bubble, With respect to the angle of the line
.Jconnecting the fulcrum portion of the movable member -
dWith the intersecting pOint of the center aXIS of |
feJection port ‘or the area center axis With the surfacer';
7'of the eJection outlet portion connected to the liqu1d :

'.uflow path. :”.“

In addition the liquid eJecting method head _
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'and so on accordlng to the present 1nventlon based on

the very novel eJectlon prlnclple can attaln the

ynerglstlc effect of the bubble generated and the

'movable member dlsplaced thereby, so that the llquld
b'near the ejection outlet can be eff1c1ently eJected

'thereby 1mprov1ng the eJectlon efflclency as compared

w1th the conventional ejectlon methods, heads, and so

1on of the 1nk Jet method. For example, the most
*l.preferable form of the present 1nvention achleved a

'-quantum leap of eJectlon effic1ency two or more tlmes

1mproved.

Wlth the characteristlc structures of the -

present 1nvent10n 'eJection fallure can be prevented

- even after long term storage at low temperature or at

low m01sture, or even 1f eJection fallure occurs, the__y

'ihead can be advantageously returned instantaneously
" into a normal condltlon only w1th a recovery process

_such as prellminary ejection or suctlon recovery

Spec1f1cally, under the long-term storage

-;condltlon to cause ejectlon fallure of almost all of
:eJection outlets 1n the head of the convent10na1 1nk f5'

rfJet method hav1ng 51xty four ejectlon outlets the head
yof the present 1nvent10n showed eJectlon fallure only

'"1n approx1mately half or less of the eJectlon outlets..;

For recoverlng these heads by prellmlnarlly eJectlon

'fseveral thousand prelimlnary eJectlons were requlred

for each eJectlon outlet 1n the conventlonal head
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'reJection._

.'fwhereas a. hundred or.so preliminarily eJections were
'suffic1ent to recover the ‘head of the present

_511nvention._ ThlS means that the present 1nvention can yi:”

'sp”shorten the. recovery period can decrease losses of the:,ynge’f

”-liquid due to recovery, and can greatly lower the'

running cost.

Particularly, the structures for 1mprov1ng the o

'refilling characteristics of the present invention
-:'achieved high responSivity upon continuous eJection
.'stable growth of bubble, and stabilization of 1iquid

idroplet and realized high-speed recording or high—' |

' quality recording based on the high-speed liquid

The other effects of the present invention w11l_

'be understood from the description of the embodiments.

In the spec1fication the terms'"upstream and

."downstream“ are defined w1th respect to a general
.{.liquid flow from a liquid supply source through the
s-bubble generation region (or the movable member) to thei‘“
"_eJection outlet or are expressed as expreSSions as to

:the direction in’ this structure..”

Further a'“downstream s1de" portion of the'

”__bubble 1tself represents an eJection outlet s1de

}portion of the bubble which directly functions mainly

to eJect a liquid droplet.- More particularly, it means7

. a downstream portion of the bubble in the above flow '

"'direction or in the direction of the above structure .
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'dw1th respect to the center of the bubble 3or a bubble__'
I .appearing in the downstream region from the center of

:3_the area of the heat generating element._

In this spe01fication .a "substantially sealed":m

'”state generally means a sealed state in such a degree:
';that when a bubble grows the bubble does not escape :
"_through a gap (slit) around the movable member before_

fmotion of the movable member...ml

In thlS specification a “partition wall“ may _ |

"mean a wall (which may include the movable member)
'1nterposed to separate the region 1n direct fluid
'communication With the eJection outlet from the bubble_gs :
'dgeneration region in a wide sense,_and more:j

'-specifically means a wall separating the liquid flow
lpath 1ncluding the bubble generation region from the

'_liquid flow path in direct fluid communication w1th the

eJection outlet thereby preventing mixture of the

liquids in the respective liqu1d flow paths in a narrow

*_sense. :

In the spec1f1cation - a “free end portion of

'.the movable member means a portion 1ncluding the free
‘end, which is a downstream—side end of the movable
;;member and neighboring regions' and also 1nclud1ng a QL]_“
lfportion near the downstream corners of the movable hpgd

-member.

Further, _'“free ‘end region of the movable L

' ﬁmember means the free end 1tse1f at the downstream—side
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'7__end of the movable member a region including the Side_

fends of the free end or a region including both the

free end and the Side ends.

Further the “fulcrum portion of the movable

”member stated herein means a border portion between all-:“
"_.displaCing portion of the movable member and a portioni'::f
"wsubstantially not displaced,“for example -in the case
:.:of the movable member being formed by a slit in the
T'partition wall it corresponds to the end of the cut ofd
.Sllt which is the position of the root of ‘the movable _-l“':l.

'-;member.'

Further “the "reference'surface" stated-herein |

'means.a surface including the movable member 31 kept lnt'
a natural state Without being displaced as’ being free
Jfrom the external force. This is substantially |
:equivalent to defining the reference surface as a plane 1{
including the fulcrum of the movable member and
'.connecting the partition wall extending on the

edownstream side from the fulcrum to the eJection outlet

With the partition wall extending on the upstream side

'_oppos1te thereto._ If the movable member is deformed

' the latter can be used as the reference surface.

Further the “displacement angle of the

”amovable member stated herein means an angle around the“'
']center of rotation at the fulcrum portion of. the
-'straight line connecting the above mentioned fulcrum_?-

}portion With the free end upon displacement of the d =
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.,_~movable member W1th respect to the reference Of the
-fnaforementloned reference surface._ Espec1ally, the-

']max1mum of thls dlsplacement angle lS deflned as a

'max1mum dlsplacement angle GM.

Further the "center ax1s of eJectlon outlet“"'

: neans.a rotatlonal ax1s of cyllnder 1n the case of a t:"'
f"cyllndrlcal eJectlon outlet portlon or a stralght llne
;aconnectlng the center of 01rcle of the aperture of the:_
reJectlon outlet portlon on the llquld flow path 51de
";(eJectlon outlet 18) w1th the center of 01rcle of the
'i_eJectlon outlet portlon on, the outer surface (face

r'surface) 51de.

If the eJectlon outlet portlon 1s not clrcular f

the "center ax1s of ejectlon outlet" or the "center
eax1s of the area of eJectlon outlet“lls deflned as a_"n
l_stralght llne connectlng the center of the area on the
ﬁ_llquld flow path s1de w1th the center of the area on-

the_face_surface_s;de;

_BRIEF DESCRIPTION OF THE DRAWINGS .'

= Flgs. 1A and lB are a perspectlve v1ew of a’

convent10nal llquld eJectlng head and a sectlonal view A
-“of a llquld flow path of the convent10na1 llquld f

'eJectlng head'"ﬁ-.”

Flgs. 2A ZB ZC and 2D are schematlc 1

- psectlonal v1ews of an example of a llquld eJectlng headf:

fapplled to the present 1nvent10n,
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Fig. 3. 1s a partly broken perspectlve v1ew of a

ﬂliquid eJecting head applied to tne present invention," f

Fig..4 is’ a schematic v1ew of pressure-

.propagation from a bubble 1n a conventional head,

Fig.'5 is a schematic v1ew of pressure

”f'fpropagation from a bubble in a head applied to the

Vpresent invention,_ﬂ--

Fig._6 1s a schematic v1ew of a 11qu1d flow in '.

' the ejection princ1ple applied to the present '_"-

_'1nvention,

ﬂ Fig. 7 is a partly broken sectional View of a"

:liquid eJecting head according to an embodiment of the o

present 1nvention,

Fig. 8 is a partly broken perspective view of a”f

.11qu1d eJecting head applied to the present 1nvention,

o Figs. 9A QB and QC show a pOSitional relation_f7

between the heat generating element and the movable'

jmember;-

fFig; 10 is a schematic drawing to Show;a first =

"ekample of the relation between By and eE,

"Fig- 11 1s a schematic drawing to Sh°W“a’second””

.example of the relation between e and eE,_’
3F1g. 12 1s a schematic draw1ng tohshow a third’:_fp_

'exampie of the relation between M and SE,:h

_ﬁ"“Fig; 13 1s a schematic draw1ng to shCW.a_fourth_

._e%ample of’ the relation between e and ex,i_

_Figs. “14A’ and 14B are 1llustrations of aﬁ'_*;-
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g operatlon of a movable member,:_ f

. Flgs. 15A 153 and 15C are illustratlons of

_other conflguratlons of the movable member,;

Flg. 16 1s a schematlc draw1ng to show an

:example of a ce111ng stopper for satlsfylng the E'

3Vconditlon of the angle in the present inventlon,“ E

Flgs. 17A and 17B are longltudlnal cross SRR

sectlons of a llquld eJecting head accordlng to an ;:“ .

_fembodlment of ‘the present 1nvent10n,__”.

Flg. 18 is a. schematlc v1ew of a conflguratlon

,of a dr1v1ng pulse,. ?

-Flg. 19 1s a sect10nal V1ew of a supply passage

l_of a 11qu1d eJecting head in an embodlment of the 1'

y present 1nventlon, ,-'””

Flg. 20 is an exploded perspectlve v1ew of a ;u"

_head of an embodlment of the present 1nvent10n,.;_”

Flg._21 is an’ exploded perspectlve v1ew of a

fhllquld eJection head cartrldge,j'

' Fig. 22 is a schematlc 1llustratlon of a 11qu1d

-eJectlng dev1ce,

Flg. 23 is a block dlagram of an apparatus, |

- Flg. 24 is a schematlc v1ew of a 11qu1d _

QeJectlon recordlng system,:and

;E;g. 25 is a. schematlc view of a head klt. '

.QDESCRIPTION OF THE PREFERRED EMBODIMENTS

-(Descrlptlon of prlnciple)
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o The prlnCLple of eJectlon appllcable to the_'

”gfpresent 1nventlon w1ll be explalned referrlng to the

Flgs. 2A to 2D are schematlc sectlonal v1ews ofhff

t”-,a 11qu1d eJectlng head cut along the dlrectlon of the n"n
'_llquld flow path and Flg 3 1s a partly broken

;perspectlve v1ew of the llquld eJectlng head.ﬂ o

The 11qu1d eJectlng head of Flgs. 2A to 2D o

= comprlses an element substrate 1 a heat generatlng

'element 2 (a heat generatlng res1stor in the

1'c0nf1guratlon of 40 um X 105 pm 1n Flg._ ) as an'
';eJectlon energy generatlng element for supplylng
'f_thermal energy to the 1iqu1d to eJect the llquld

"'mounted on the element substrate 1 and a 11qu1d flow

path 10 formed above the element substrate in

Tcorrespondence to the heat generatlng element 2.hhiheh.
'llquld flow path 10 - is in fluid communlcatlon w1th an.
| eJection outlet 18 and w1th a common llquld chamber 13 o
'for supplying the llquld to a plurallty of such llquld'

"flow paths 10 S0 that the 11qu1d flow path 10 recelvespﬁth'
.the 11qu1d 1n an amount equlvalent to the llquld hav1ng l f5“*
.been eJected through the eJection outlet from the | o

_common 11qu1d chamber 13°31r

Above the element substrate and ln the 11qu1d o

flow path 10 a movable member 31 of a plate shape'
nhav1ng a flat portlon 1s formed 1n a cantllever form .

'-j;and of a materlal hav1ng elastlclty, such as’ a metal
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=-movable member. The type, configuration 'and pOSition i’;;l_

llf;so“as to face the abowe mentioned heat generating _
fzelement 2. One end of the movable member is fixed to a
ileoundation (support member) 34 or the like prOV1ded by
;patterning of a photosensitive reSin on the wall of the:f:vz"
.:fliquid flow path 10 or on the element substrate.. This.
'tstructure supports the movable member and constitutes ai-_f'h"

'fulcrum (fulcrum portion) 33.,h..

This movable member 31 has the fulcrum (fulcrum

_'portion' fixed end) 33 on’ the upstream Side of a large
' ;flow of the liquid from the common liquid chamber 13
Fithrough the movable member 31 toward the ejection

foutlet 18, caused by the eJection operation of the
:xliquid and has a free end (free end portion) 32 on the_
-lidownstream side with respect to this fulcrum 33.__The' .
:movable member 31 is so pos1tioned that it is opposed _
i:to the heat generating element 2 With a gap of | | |
l_iapprox1mately 15 um therefrom so as to cover the heat
g'generating element 2.' A bubble generation region is

) defined between the heat generating element and the

'of the heat generating element or the movable member g“'
riﬁare not 1imited +to those described above,_but may be

: arbitrarily changed as long as the configuration and

: pOSition are suitable for controlling the growth of. o
tbubble and propagation of pressure as discussed below.ll
T_For the convenience sake of description of the flow of_

'the liquid discussed hereinafter the 1iquid flow path ,;f
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.if;ld.as described is diVided by the movable member 31
;finto two regions 'l e.; a first liquid flow path 14 in _lr'"“*
ﬁdirect communication With the eJection outlet 18’ and a }b;lfgiiﬂf

”t,second liquid flow path 16 haVing the bubble generation'. |

:fw=region 11 and the liquid supply passage 12.

Heating the heat generating element 2 heat is_-"

'=fapplied to the liquid in the bubble generation region

'fll between the movable member 31 and the heat

generating element 2 whereby a bubble is generated in

the liquid by the film bOiling phenomenon as described

:in the speCification of United States Patent No. |
i4 723 129. The bubble and the pressure raised by thelyh
'i'generation of bubble mainly act on the movable member "
_"so that the movable member 31 is displaced to Widely
. open on the eJection outlet Side about the fulcrum 33
as shown in Figs. ZB and ZC or: Fig. 3._ané
fdisplacement or. the displaced state of the movable-'

”ﬂlmember ‘31 guides the growth of the bubble itself or the S

propagation of the pressure raised With generation of

:gthe bubble toward the eJection outlet.“-

Here, one of the fundamental eJection'_:':

VprinCiples applied to the present invention Will be

explained.. One of the most importance prinCiples in T:

v_the present invention is that With the pressure of the
"bubble or the bubble itself the movable member disposedhfﬁ
n] to face the bubble is displaced from a. first pQSition |

'“in a stationary state to a second pos1tion ina state'f'”
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.f}positioned.

-_after displaced and the movable member 31 thus_*V-‘”V"
:-l_displaced guides the bubble itself or the pressure _9"'
_;caused by the generation of bubble toward the""

l_downstream side where the eJection outlet 18 lS -

This princ1p1e Wlll be explained as comparing

V:Fig. 5 show1ng the present 1nvention With Fig. 4'_
:schematically showing the conventional liquid flow path”i

fﬁstructure us1ng no movable member. Here, V’ represents ”

the direction of propagation of the pressure toward the;bdhh

"eJection outlet while V’ the direction of propagation of:fﬁ

the pressure toward the upstream."

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

'structure for regulating directions of . propagation of'
dthe pressure raised by the bubble 40 generated. Thus,_'-
'-the pressure of the bubble 40 propagates in various

Zdirections normal to the surface of the bubble as shown'f

by Vl V8. Among these components hav1ng the pressure t”

' :propagation directions along the direction V’ most
'feffective to the liquid eJection are those hav1ng the
“directions of propagation of the pressure in the |
1portion of the bubble closer to the ejection outlet

:*ffthan the nearly half point i, e., Vl—V4 which is’ an p-

o gimportant portion directly contributing to the liquid

'beJection efficiency,_the liquid eJection force, the ijf
VeJection speed and so on._ Further Vl effectively

’acts because being closest to the eJection direction Vﬁ,p_V“
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"yand contrary thereto, V4 involves a relatively small

'ycomponent directed in the direction of v .

In contrast with it in the case of the present""

invention shown in Fig._5 the movable member 31 works

,to guide the pressure propagation directions V1 V4 of o
:ybubble,_otherWise directed in the various directions iny.zﬂtﬂ
“the case of Fig. 4 toward the downstream Side (the | |
Nejection outlet Side) so as to change them into the-.
_-pressure propagation direction of Vh,_thereby making thepgi'
'pressure of bubble 40 contribute directly and | | |

' effectively to eJection.

The grow1ng direction itself of bubble is-

';”guided to the downstream in the same manner as the_"'
"'pressure propagation directions Vl-V4 are,.so that the o
Tbubble grows more on the downstream side than on. the '

_ upstream s1de._ In this manner, the ejection

'efficiency, the eJection force, the eJection speed and'

so on can ‘be fundamentally improved by controlling the _ff_’

grow1ng direction itself of bubble by the movable"

member and controlling the pressure propagation

-'directions of bubble.f

Now returning to Figs. 2A to 2D the eJection R

'{-operation of the liquid eJecting head stated above Willf'

' be described in detail

Fig. 2A shows a state before the energy such as::f'

electric energy is applied to the heat generating

.:element 2 which is, therefore a state before the heatl
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'fgenerating element generates the heat. " an importantil;
._JpOint is that the movable member 31 lS-pOSltloned t
| relative to the bubble generated by heat generation of.
ﬁ{the heat generating element so as to be opposed to at
'_1east the downstream side portion of the bubble.fdf |
- Namely, in order to 1et the downstream portion of the lfft”
.bubble act on the movable member the liquid flow |
::passage structure is arranged in such a way that the ”
imovable member 31 extends at least up to a pos1tion
””downstream of the center 3 of the area of the heat
lizgenerating element (or downstream of a 1ine paSSing
. through the center 3 of the area of the heat generating'[':
B element and being perpendicular to the lengthwise

'direction of the flow path)

- Fig. ZB shows a state in which the electric

lenergy or the like is applied to the heat generating

ielement 2 to heat the heat generating element 2 and the

'heat thus generated heats a part of the liquid filling g
..Hln51de of the bubble generation region 11 to generate af

_ibubble in accordance With film bOlllng.

._ At this time the movable member 31 is displaced-'

’frfrom the first position to the second pos1tion by the

pressure raised by generation of bubble 40 so as to

'guide the propagation directions of the pressure of thegp.'h
'.bubble into the direction toward the eJection outlet.'-
“An important pOint here 1S as described above that :

'flthe free end 32 of the movable member is located on the}la-'
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ii.downstream side (or on the eJection outlet Side) while
-'Vthe fulcrum 33 on the upstream side (or on the common.
- liquid chamber Side) ‘'so that at least a part of the 1.'
'{'movable member may be opposed to the downstream portionb;
';b;of the heat generating element that 1S to the ”"

'”downstream portion of the bubble.

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

has further grown and the movable member 31 is further _;1"
uiuudisplaced according to the pressure raised by _
"generation of bubble 40.- The bubble generated grows-
_more downstream than upstream to expand largely beyond.'t:.
~ the first pos1tion (the position of the dotted 1ine) of

ythe movable member. f']'

It is thus understood that a gradual

:displacement of the movable member 31 in response to
'1the growth of bubble 40 allows the pressure propagation-“

'directions of bubble 40 to be uniformly directed toward'f'

the eJection outlet and allows the bubble to grow in a

: direction in. which the volume can be readily changed
'Qi e., in the direction toward the free end thereby ”f

"also increaSing the eJection efficiency. When the,f

movable member guides the bubble and the bubble

'gfgeneration pressure toward the eJection outlet

'~_.rarely obstructs the propagation and growth and can

effiCiently control the propagation directions of the R

'_pressure and the growth direction of the bubble in :..

' :accordance Wlth.the magnitude of the pressureu o
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: propagating.

Fig. 2D shows a state ln which the bubble 40

7ffcontracts and extincts because of a decrease of the _ o
-d"pressure 1n51de the bubble after the film b01ling |

stated prev1ously. R

The movable member 31 having been displaced to-

' the second p081t10n returns to the 1nit1al position_b'
| 'i(the first p051tion) of Fig._ZA by restoring force |
7result1ng from the spring property of the movable
_member 1tself and the negative pressure due to the"
.Vfcontraction of the bubble. Upon collapse of the bubble_'
- the liquid flows 1nto the bubble generation region 11
-'1n order to compensate for the volume reduction of theij'
_”bubble and in order to compensate for the volume of theld
'lliquid ejected ‘as 1ndicated by the flows Vm: VD2 from"
”:the upstream s1de (B) or. the common liquid chamber 51de-r

. and by the “£low V, from the eJection outlet s1de._p:

| The foreg01ng explained the operation of the 'f

movable member w1th generation of the bubble and the '

ejecting operation of the liquid and then the
”._following explains refilling of the liquid in the f :_
.liquid eJecting head applicable to the present

- 1nvent10n._f

After Fig. ZC the bubble 40 experiences a

state of the max1mum volume and enters a bubble e

.collaps1ng process.; In the bubble collap51ng process

-"a volume of the liquid enough to compensate for the' .



10
15
.20
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<38~

';.volume of the bubble haVing collapsed flows 1nto the.“

' :bubble generation region from the eJection outlet s1de j

of the first liquid flow path 14 and from the Side of

'”lthe common liquid chamber 13 of the second liquid flow
'vpath 16. In the case of the conventional liquid flow

passage structure having no movable member 31 amounts

of the liquid flowing from the eJection outlet Slde and

n.j:from the common liquid chamber 1nto the bubble

'_ collapsing pOSition depend upon magnitudes of flow gf.
1res1stances in the portions closer to the eJection
“doutlet and to the common liquid chamber than the bubble
_generation region (which are based on reSistances of -

' flow paths and inertia of the 1iquid).

If the flow resistance 1s smaller on the side'

'near the eJection outlet the liquid flows more 1nto"t
;-the bubble collapSing pos1tion from the eJection outlet.
.s1de so as to increase an amount of retraction of
. meniscus. Particularly,_as the flow res1stance near

;the eJection outlet lS decreased so as to raise“the,

: becomes greater uPon collapse of bubble and ‘the peribdfd“'
of refilling time becomes longer thus becomingiah'

".fhindrance against high—speed printing.

In contrast w1th 1t because this structure

1ncludes the movable member 31 the retraction of B
:h:meniscus stops when the movable member returns to the-

.lnltlal p051tion upon collapse of bubble and thereafter )
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.?lthe supply of the llquld for the remaining volume of W2m-7 :
-;?mainly relies on the liquid supply from ‘the flow VDz :
:efthrough the second flow path 16 where the volume.W of

the bubble lS split into the upper volume Wl beyond theg". o
lf.first p051tion of the movable member and the lower _

fvolume W2 on the Side of the bubble generation region -

11. The retraction of meniscus appeared in the volume

:equivalent to approximately a half of the Volume W of
:bubble in the conventional structure, whereas the above:
'-'structure enabled to reduce the retraction of meniscus -
i'f to a smaller volume, specifically, to approx1mately a

-half of Wl. :

Additionally, the liquid supply for the volume

_j-WZ can be forced using the pressure upon collapse of
-fbbubble along the surface of the movable member 31 on f

'_ the heat generating element side and mainly from the _

o . upstream Slde (Vn) Of the second liquid flow path thus

20

rea11z1ng faster refilling..-

B A characteristic pOint here is as follows. 1f

'refilling lS carried out us1ng the pressure upon
'collapse of bubble in the conventional head V1bration

'of meniscus 1s so great as to result in deteriorating

the quality of 1mage, whereas, refilling 1n this |

--structure can decrease the v1bration of meniscus to an -
5extremely low level because the movable member
'1lrestricts flow of the liquid in the region of the first

311quid flow path 14 on the eJection outlet Side and in
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theiregion on"the'ejectibn cutlet sidelofpthefbubble :

5ffgeneration reglon.ll.'

The above-mentloned structure appllcable to the_ f

:ll'present 1nvent10n achleves forced refllllng of the
'tllquld 1nto the bubble generatlon reglon through the '
.:Hllquld supply passage 12 of the second flow path 16 and
"suppre551on of the retraction and v1bratlon of menlscusdf'"
h'-:as d1scussed above, so as to perform hlgh-speed
‘refllling, whereby 1t can reallze stable eJectlon and B
f_it can also realize an 1mprovement 1n quallty of 1mage
?and hlgh-speed recordlng when employed 1n appllcatlons

of - hlgh—speed and repeated eJectlons or 1n the fleld of

o recordlng. :

20
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The above structure applicable to the present

-rnventlon 1s also prov1ded w1th a further effectlve ' g;
E_functlon as follows. It 1s to suppress propagatlon of
'the pressure ralsed by generatlon of bubble to the
- pstream 31de (the back wave). The most of the .
’ppressure of the bubble on the sxde of the common lquldj
'chamber 13 (or on the upstream 51de) among the bubble

“'generated above the heat generatlng element 2 was

conventlonally the force to push the 11qu1d back to the“:

fupstream s1de (whlch 1s the back wave) ThlS back wave'
1_ralsed the upstream pressure and a llquld movement f-"

“famount and caused inertlal force due to movement of the

llquid Wthh degraded the refilllng of the llquld 1nto“'

s the llquld flow path and also hlndered hlgh— peed
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: dr1v1ng. ThlS structure further 1mproved refllllng
"]performance also by suppres51ng these actlons to the__;'

uupstream 31de by the movable member 31

Next explalned are further characterlstlc

'"_structures and effects.:.

- The second llquid flow path 16 has the lquld

-tsupply passage 12 having an internal wall _whlch 1s T
;substantlally flatly contlnuous from the heat:_ :
dgenerating element 2 (whlch means that the surface of
;:the heat generatlng element is not stepped down too -
-:much), on the upstream s1de of the heat generatlng
'-Felement 2. In thls case, the llquld 1s supplled to thefﬂh
.bubble generatlon reglon 11 and the surface of the heat”
'generating element 2 along the surface of the movable :d
.member 31 nearer to the bubble generatlon reglon 11 as.'

flndlcated by Vn. Thls stops stagnation of the llquld

above the surface of the heat generatlng element 2 and

_ ea51ly removes the so-called residual bubbles whlch are

iseparated out from the gas dlssolved 1n the llquld or'f L

whlch remain w1thout belng collapsed.: Further the o

heat is prevented from accumulatlng 1n the llquld. o

'”~Accord1ngly, stabler generatlon of bubble can be '
"repeated at high speed.d Although thls structure was ff

pﬁexplalned w1th the lquld supply passage 12 hav1ng the

substantlally flat 1nternal wall w1thout hav1ng to be _}f

- llmlted to thls the llquld supply passage may be any

'"g_hav1ng a gentle 1nternal wall smoothly connected to thef
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f"surface of the heat generatlng element as long as 1t 1sl f“

-_'shaped so as not to cause stagnatlon of the 11qu1d

above the heat generatlng element or great turbulent'“

_'flow in. the supply of llquid.1

There occurs some supply of the llquld 1nto the:

j::_-'-bubble generatlng region from Vm through the 51de of
“;_the movable member (through the s11t 35) In order to hyh"
'f guide'the pressure'upon generatlon of bubble more | o
'effectlvely to the ejectlon outlet such a movable
';member as to cover the whole of the bubble generation
'ﬂreglon (as to cover the surface of the heat generatlng.l
5-"e1ement), as shown 1n Figs..ZA to 2D may be employed.
.:When the movable member 31 returns to the flrst
jtpositlon 'in that case, the flow res1stance of the
“11quid is so great 1n the bubble generatlon reglon l1
:fand 1n the reglon near the eJectlon outlet of the flrst

: llquld flow path 14.' In such cases, the lquld is

restrlcted from flow1ng from V1 as descrlbed above

- toward the bubble generatlon reglon 11._ Slnce the head
f'structure 1n thls structure has the flow VDz for 1 |
:supplylng the llquld to the bubble generatlon reglon
l lt has very hlgh supply performance of the llquld.__f
zz-Thus the supply performance of the 11qu1d can be "'._..
| malntalned even in. the structure w1th 1mproved eJectlon
”'-efflclency in whlch the movable member 31 covers the |

"fbubble generatlon reglon 11.

' Incldentally, the pos1tlonal relatlon between g]'wl
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"Jthe free end 32 and the fulcrum of the movable memberif‘
f531 is defined in such a manner that the free end 1s
":flocated downstream relative to the fulcrum for example '

_fas shown in Fig. 6. ThlS structure can efficiently o

alize the function and effect to guide the pressure h

.propagation direction and the grow1ng direction of
':bubble to the eJection outlet upon generation of t”
'bubble, as discussed prev1ously. Further, this .

ipos1tional relation achieves not-only the function and i-
:effect for eJection,_but also the effect of high-speed |
7'ref1111ng as decreasing the flow re31stance against the.ihpa
 ‘llqu1d flow1ng 1n the liquid flow path 10 upon supply
'-:of 1iqu1d.' This lS because,_as shown in Fig. 6 the

' pfree end 32 and fulcrum 33 are pOSitioned so as not to

resist the flows Sl 52 SS flow1ng 1n the liquid flow

path 10 (1ncluding the first liquid flow path 14 and
"~ the, second liquid flow path 16) when the meniscus M at
a retracted position after eJection returns to the

deJection outlet 18 because of the capillary force or

when the liquid lS supplied to compensate for the |

collapse of bubble.'f

Explaining 1n further detail _1n this structure‘[i'
"(Figs. 2A to ZD) the movable member 31 extends relative

li.to the heat generating element 2 so that the free end

32 thereof lS opposed thereto at a downstream pos1tion

w1th respect to the area center 3 (the line pass1ng

o through the center of the area of the heat generating
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hhelement (through the central portion) and being
| perpendicular to the lengthWise directlon of the liquid' :Jff
'-flow path), separating the heat generating element 2
”:1nto the. upstream region and the downstream region as'"i
hdescribed prev1ously._ ThlS arrangement causes the '
movable member 31 to receive the pressure or the bubblelh'h
'r'occurring downstream of the area center pos1tion 3 of
':hthe heat generating element and greatly contributing toiy

-gthe eJection of liquid and to guide the pressure and

bubble toward the eJection outlet thus fundamentally

_improv1ng the ejection effic1ency and the ejection ;'

:forqer'

Further many effects are attained as also'

utilizing the upstream portion of the bubble 1n

ﬂ'addition._ It 1s presumed that effective contribution:
'to the eJection of liquid also results from

ur_instantaneous mechanical displacement of the free end j'

of the movable member 31 in this structure.“h

pf(Embodiment 1)

The embodiments of the present invention w1ll o

._;7be explained With reference to the accompanying

'-_draw1ngs.

“The- present embodiment also employs the same

: _main principle of eJection of liquid as described :“
;above._ Each embodiment to follow w1ll be explained ;1
B u51ng a head 1n which the first liquid flow path 14 and

o the second 11quid flow path 16 are separated by the
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'h;partltlon wall 30 as 1n the follow1ng descrlptlon but:'

it is noted that w1thout hav1ng to be’ llmlted to thlS.
‘dn;the present 1nventlon can be s1m11ar1y applled to the o
;heads 1nc1ud1ng that 1n the above descrlptlon of the:'

_ pr1nc1ple._“:’

Flg. 7 is a schematlc sectlonal v1ew, taken

' ialong the dlrectlon of flow path of the llquld

_eJectlng head in the present embodiment._ o

The llquld eJectlng head of the present

31nvention has an element substrate 1 and a’ heat e
-;'generatlng element 2 mounted thereon, for supplylnp
wj:the thermal energy for generatlng a bubble in the
:illqu1d and above the element substrate 1 there are li
'Jprovided a second 11qu1d flow path 16 for bubble f .
f_generation liquid and a flrst liquld flow path 14 for b
l'eJectlon 11qu1d 1n dlrect communicatlon w1th an o
HeJectlon outlet portlon 28 hav1ng an eJectlon outlet
;“dlsposed above the second llquld flow path.p:A'
'partltion wall 30 made of a materlal hav1n§l
'elastlclty, such as. a metal .1s dlsposed between the -
'flrst 11qu1d flow path 14 and the second llquld flow
”path 16 ‘and . separates the eJectlon llquld 1n51de the -
'rflrst llquld flow path 14 from the bubble generatlon

: 11qu1d 1n the second llquid flow path 16.. Here a same

11qu1d may ‘be used as the ejectlon llquld and as the '

H';bubble generatlon 11quid .s1m11arly as 1n the

;descrlptlon of pr1n01p1e stated previously. In that
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. case. a.communication.portion (not shown) mav be formedgf,
ﬁtin at 1east a part of the partition wall 30 so that the;-
:l;liquid may flow between a. first common liquid chamber |
"lilS communicating With the first flow path and a second
'common liquid chamber 17 communicating With the second B

F;flow path 16.

The eJection outlet portion 28 has an opening f

i_zfportion of a small diameter (eJection outlet 18) o
i'f through which a liquid droplet is eJected from the headff.
'and an aperture portion of a large diameter as a N
_fpconnecting portion w1th the first liquid flow path 14.
.-The center axis and an extens1on thereof perpendicular

to the eJection outlet 18 are nearly aligned w1th the':h

center axis. C along a direction in which the liquid

_.droplet flies after eJected.' Further' S represents an
| intersecting p01nt between the above center ax1s Cc and_i;
ta surface corresponding to the connecting portion |
:_between the eJection outlet portion 28 and the first

cliquid £low path 14.

Similarly as in the above-description of o

princ1ple, a Sllt aperture portion (a slit -see Fig;

9A) 35 is formed 1n the partition wall 30 at a portion g

"f,located in a progection space above the surface of heat:'_'”n

generating element (which w1ll be referred to as an

_eJection force generating region .1nclud1ng the region ;"
L_'of A and the bubble generation region of B in Fig..7)

:ifThe movable member 31 is provided as being capable of
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'substantially sealing this slit 35. Specifically,~the,

”-_imovable member 31 1s a member shaped in a cantilever.
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h':form hav1ng a free end on the eJection outlet 18 s1de
h3(or on the downstream Slde of the flow of liquid) and a-;;
-dy-fixed end on the first/second common liquid chamber B
: (15 17) 51de and being rotatable about a fulcrum |
'1 portion 33 of the fixed end.; As shown in- the draWing, ':.
”'ithe movable member 31 faces the bubble generation'“ o

’fregion B and rotates in the direction of arrow O about-;'

the fulcrum portion of the movable member as being

':pushed up toward the first liquid flow path Side w1th
s;generation of bubble in the bubble generation liquid
' _as described hereinafter. This rotation displaces the

: movable member 31 to the first flow path s1de.'”‘

Fig. 8 is a perspective v1ew to show the hfh. i

3;schematic structure of the 1iqu1d eJecting head
.gaccording to the present invention. From this figure.;
it is also understood that the partition wall 30 1s"

5-located through the space constituting the second
liquid flow path 16 above the substrate 1 prOV1ded w1thfi”_';;:
'the electrothermal transducer (electrothermal B |
'iltransducing element) as a heat generating element 2 andl:
"p_w1r1ng electrode 5 for applying an electric s1gnal to' o

.:_the electrothermal transducer. f, 51

Figs. 9A to QC are draw1ngs for explaining the

',positional relation between the movable member 31 and

'f,the second 1iqu1d flow path 16 as described above,- -



hwherein Fig. 9A lS a v1ew of the movable member 31
'aobserved from the 31de of the first flow path 14 .d'
"fFig. 9B a v1ew of the second lquld flow path 16 o
"'observed from the side of the first flow path 14 as _
: taking the partition wall 30 away.c Further Fig. 9c. 1s':

.'a perspective v1ew to schematically show the pOSltlonali

relation between the movable member=31 and the second

:“liquid flow path 16 in an overlaying state.i In either o

_draw1ng the direction toward the free end 32 of the rl

movable member 31 corresponds to the direction to the S

_-location of the eJection outlet 18.- The fulcrum s
) portion stated above 1s the end of the slit 35 for o
T"iiforming the movable member (or the root of the movable'

'jmember)

The second liquid flOW'path 16 1s formed 1n'

'fsuch a chamber (bubble generation chamber) structure as‘:‘z
to have throat portions 19 before and after the heat

.generating element 2 and thereby to restrict the

pressure upon generation of bubble from escaplng

through the second liquid flow path 16. In the case of lﬁ

_'the conventional head uSing a common flow path serv1ng '

'-f;as a flow path for generation of bubble and also as, ‘a

'._?flow path for eJection of liquid and 1n order to
'prov1de the head w1th such a throat portion as toli;i
h:prevent the propagation direction of the pressure?lf-;

:i;generated on the liquid chamber 51de of the heat

ifdgenerating element from being directed toward thelfi -



gcommon 1iquid chamber s1de 'it was necessary to employ ;f

';Va structure not to narrow the cross sectional area of

flow path too much in the throat portion taking

:g_lrefilling of the liquid eJected into full :.*

.conSideration.,

In contrast the present embodiment is arrangedg

”in such a structure that the most 1iquid eJected is the 'i?

f', eJection liquid in . the first liquid flow path 14 and
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'hlittle bubble generation liquid is consumed in the -
1second liquid flow path 16 in which the heat generatingl

h:element 2 is provided. Therefore, only a small fillingb

| pamount is necessary for supplying the bubble generation; ;_i'fi
:1iquid into the ejection pressure generating portion of'l

the second liquid flow path 16.' In the cases uSing the_f”
'structure of less consumption of the bubble generation-5

"liquid the clearance in the throat portions 19 ‘can be ll

3set to be very narrow, for example several um to ten"*

and several pm, so that the propagation direction of_',

'i”the pressure upon generation of bubble in the second]'
:-liquid flow path 16 can be concentrated toward the '

_ movable member 31._ As a result the propagation ”'f
'direction of the pressure can be guided to the eJection,_'
Iloutlet by the movable member 31 thereby achieVing |

'yhigher eJection effiCiency and higher eJection:ifhpfih

-pressure.;"'

It is noted here that the configuration of the_:

3,second liquid flow path 16 is not limited to the above "”if
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_;'structure but may be any configuration as 1ong as it__""
'l_can effectively transmit the pressure upon generation7

'of bubble to the movable member.'

.i The displacement angle of the movable member

.'stated below indicates a displacement of the movable B
"member 31 With respect to the reference at the
,reference surface stated preViously._ Let us define e

'_as a maXimum value of the displacement angle of the

movable member and e ‘as an angle of displacement of a'

7jtstraight line (axis) D connecting the above
',Lintersecting pOint S With the fulcrum portion 33 of thef7
ibnmovable member With respect to the reference surface of. o

fthe movable member (see Fig. 7).3

A specific example of a method for specifying

:;the displacement angle of the movable member is a'

method for forming the ceiling of the first 1iquid flow”'

path of a transparent material or replaCing it With a

' transparent member optically measuring a height of the_
”free end portion when the movable member is displaced
'(a height from a non-displaced pos1tion), and

:“calculating the displacement angle from the pOSition of

the free end portion and the pos1tion of the fulcrum to'p

S specify it. df,

.25

Fig. 10 shows a schematic cross section taken o

along the direction of flow path of the liquid _l{

”eJecting head of the present embodiment and is a

ff_draWing to show a relation among the maXimum value e of .



=.?.1°5=?

15

20

25

.the displacement angle of the movable member, the
.af,displacement angle e of the straight line D connecting."
.the intersecting p01nt S w1th the fulcrum of the
lmovable member w1th respect to the reference surface of:a

*.;the movable member and an angle e of the center axis c

in the direction of the droplet flying upon eJection of_]

--droplet w1th respect to the reference surface of the -
lmovable member._ The liquid eJecting head of this |
fembodiment 1s so arranged that the max1mum displacement'fa-“'
:angle 9 of the movable member lS determined in the B
| _range of 29 —17? < e < 26 FaTs with respect to the
-'angle ()8 of the straight line D connecting the o '
.'intersecting p01nt S with the fulcrum portion of the o
Efmovable member from the reference surface of the
-Lmovable member by adJusting the thickness of the
.meovable member or adJusting the height of the ceiling
i of the first liquid flow path. The present embodiment
-'shows an example in which 0 = 14° and e, is thus”s

"between 35° and 21°

In the arrangement shown herein where the

-movable member is displaced by the pressure based on"_

the bubble generated in the bubble generation region 11”

-5by the heat generating element 2 and the movable memberi
'.31 guides the pressure toward the ejection outlet

'1s very 1mportant in respect of the liquid eJection
:ifcharacteristics to efficiently direct the pressure

'}s,based on the bubble from the portion of the free end 321 .



l;fdisplaced of the movable member 31 toward the aperturepi
'iportion of the eJection outlet 18 on the side of the | |
'_,first liquid flow path 14 as shown by Vl-V4 in Fig.'si;;;ﬂﬁftﬁ'
'?fby taking account of the relation between the .

ﬂ-_displacement angle of the movable member 31 and the

aperture portion on the side connected to the first '

..-1iquid flow path 14._

: Namely, if the relation near 9 = 26 isg

_'fsatisfied the flow path configuration of the portion a

100

20

-ibetween the movable member in the maximum displacement o
. state and the reference surface becomes of line
'.symmetry With respect to a symmetry aXis of the
:astraight line D so that the central portion of
".”propagation of the pressure by the bubble is directed
dstraight to the center S of the aperture portion of thed“
-rejection outlet 18 on the flow path Side. This ‘
establishes propagation of the pressure and liquid flow’ﬁw'
.:caused thereby Without turbulence along the center aXis-h
C of the eJection outlet portion whereby the direction :_;"?'

-pof the liquid ejected through the eJection outlet 18 le.-F e

maintained in the very stable direction along the'

'direction of the center ax1s C._ The stability of the
“'ﬁeJection direction is thus remarkably improved by
:satisfying the relation near By 295; whereby the shot
_accuracy is enhanced on a printing sheet and

fidisturbance of quality Of image 1S greatly reduced._

o Here, the connecting portion between the .



eJectlon outlet portlon and the llquld flow path means

”a portlon of a. tubular portlon (1n the conflguratlon of '
a cyllndrlcal straight tube a tapered tube, or a
';_ curved tapered tube 'whlch w1ll be referred to as an f,_'

Z:eJectlon outlet portlon) formlng the eJectlon outlet

'“3:-port10n closest to the llquld flow path out of the
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-”tubular portlon formlng the eJectlon outlet or a R
portlon near 1t. :"'” o

Taking account of the varlatlons or: the llke of S

the configuratlon of the ejectlon outlet when formed by”'

'Tlrradlatlon or the like with laser the condltlon near S
8y _—-26 is determined to 1nclude the range of 26 ~7e.
“.js'agﬁs 26 +7° A more preferable conditlon to enhance--'
1”the effect of the stabllity of the eJectlon dlrectlon f,_-

: dlscussed above 1s 26 '— 5° < 6 < 29 + 5°7

In addltlon to the above condltlon, the max1mum:'

dlsplacement angle e of the movable member 1s equal to
or’ more than the angle of the stralght llne connectlng L
* the fulcrum portlon with the uppermOSt end of the
h;aperture of the eJectlon outlet portlon connected to f:
Hfthe llquld flow path 14 wh1ch is a preferable '
'icondltion for smooth propagatlon of pressure of . the-
'1bubble 40 and smooth flow of the llquld caused thereby.f“"“ -

Further e 1s preferably determlned w1th1n the __?”'"

-range of acute angles, cons1der1ng dlstortlon or the

:gllke of the fulcrum portlon 33 of the movable member

'._31 and more preferably,'ls not more than 35° ' These 3'3?
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stipulations of the upper limit and the lower llmlt ofp__-“
5_6 are also applied to the other embodiments from the
'f'same reasons.

-f:(Embodiment 2)

Next Fig. 11 shows a schematic cross section

taken along the direction of flow path of the liquid t Lg_]ifl"
'_eJecting head of the present embodiment and is a__" o
'”:draWing to show a relation among the maximum value e of
withe displacement angle of the movable member the |
jdisplacement angle e of the straight line D connecting‘ .frf;;fg
.the fulcrum portion 33 of the movable member w1th the :

g intersecting p01nt S w1th respect to the reference f"

surface of the movable member,'and the angle X of the o

'center ax1s Cin the direction of the liquid droplet *-
’flying upon eJection of 11qu1d droplet with respect to__.'
;tlthe pos1tion of the reference surface of the movable |
;member. Here the pos1t10n of the fulcrum portion 33
?1s located near the cut end of the slit 35 in Figs. 9Aewf

9cC, s1milarly as’ defined hereinbefore.

In this embodiment the max1mum displacement

'_angle Oy of the movable member was determined to be 15°
'by forming the movable member 1n the configuratlon
'w1dened to the end 1n the fulcrum portion as shown 1n'fl

“Fig..lsc 250 um (+5 pm) long, 36 Hm w1de and 5 pm

thick and made of Nl.. Further the height of the first

jlfliquid flow path 14 was in the range of 40 um to 60 pm

g :and the height of the second liquid flow path 16 was 15
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:pm in.the.present embodiment.. However Flg 11 showsal
-"an example in which the height of the first flow pathiﬂhfhl'
.'lS 40 . pm. When the eJection outlet 1s formed by t i
'lirradiatlon w1th laser, the displacement angle e of the"
'-5stra1ght line D connecting the fulcrum of the movable
“':member w1th the 1ntersect1ng p01nt S with respect to j“
'.sthe reference surface of the movable member 31 1s ?“f
tdefined w1th1n the range of 5° to 7. 5° (preferably 6° <
._9 s 6 5 ). and it is formed to satisfy the relations ofiti’
.Q = 29 and 20 < e 26 +. 5.: In this embodiment thej
"angle 9 of the center axis C 1n the direction of the |
_ liquid droplet flylng upon eJection of droplet w1th
'.respect to the non-displaced p051t10n of the movable
hﬁmember 31 was determined to be 10° a The dr1v1ng o

'conditions of the head were the voltage of several V to
“'several ten.V the electric current of approx1mately B
0.1 to 0 2 A, and the pulse w1dth of 1.5 to 10 usec,'uiﬁ:'i.
"and the 1ength L of the ejection outlet portion Was Y

_determlned between 30 and 50 um.

To satisfy the condition near e '— 26 1s also a'

'-_very 1mportant factor for stabilization of egection '
| direction 1n the present embodlment s1m11arly as in
" the prev1ous embodiment. o

As a further method\for maintaining thls state" SR

in the eJection operation period for a longer time the

:'movable member 31 may be operated so as to exceed e

':satisfying_e = 293. Arranging to satisfy the relation “'”'h
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Of 26 < 8, s 26, + 5°".this arrangement attained
'istabilization of eJection direction and stabler'

';3eJection effiCiency.. Further this also 1mproved .fd
.stabilization of eJection state against variations of

Vfithe configuration of eJection outlet as discussed ;-

'previously._f-;:'

A further preferable condition 1s to satisfy
the condition near the center of the relation of 20, <.

26 + 5 (6° sié 6 5° in the present embodiment)

_'Another means for satisfying this relation of 26 %_Qﬁf

is. to provide a part of the wall of the first flow path_

3;14 with a control portion 57 of the maximum'.'g
fdisplacement angle e as shown in Fig. 16. |

"(Embodiment 3)

Fig. 12 shows a schematic cross section taken

.:along the direction of flow path of the liquid
?eJecting head of the present embodiment similar to
qthose of Embodiments 1 and 2 and 1s a draw1ng to show
_a relation among the maXimum value 9 of the |
j_displacement angle of the movable member the

_ displacement angle 6 of the straight line D connecting :
=the fulcrum of the movable member with the 1ntersecting
*:'point S w1th respect to the natural p051tion of the.37
T;”movable member and the angle 6 of the center axis C ini
_;the direction of the liquid droplet flying upon o §
heJection of droplet With respect to the natural

' pOSition of the movable member. The liquid eJecting ﬁf“'
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ffhead of this embodiment has the structure 51milar to -
- [that of Embodiment 1 but the maximum displacement
, angle 0y of the movable member is determined to be
o approximately 20° by decreas1ng only the thickness of '
'_h?the movable member 1n the preVious embodiment to 3.5
2 pm.l The displacement angle e of the straight line D
-;connecting the fulcrum of the movable member with the
iintersecting pOint S w1th respect to the natural L
- p031t10n of the movable member is determined w1thin the
trange of 10°-to 12 5° (preferably 11°'s e s 12 ) upon'f
lfformation of eJection outlet by the aforementioned if
:'method and it is arranged to satisfy the relation of e :
= 20, or 26, > ¥ > 29 - 5._ In this embodiment the =
'h;angle e of the center axis C in the direction of the?
pdroplet flying upon ejection of droplet With respect to f'“':.
.'uthe natural position of the movable member was | -
“determined to be 259 (the value of L 1s the same as. in
b.Embodiment 1). Further the height of the second
' liquid flow path 16 was the same as ‘in preVious
-Embodiment l and the height of the first flow path was.b
,between 40 pm and 80 um in the present embodiment. _f'fl
*{iHowever Fig. 12 shcws an example 1n which the height
E -of the first liquid flow path 14 1s 60 pm.i The driv1n§
_-conditions are also the same as those 1n the preVious'

”embodiments.'

When the relation of 9 26 is satisfied in

'ithe present embodiment the stability of eJection
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.3_flow path 14 With

':direction is’ ‘also improved Similarly as in Embodiments S

11 2 stated above.p.f*

Also in the case of the relation of 29 > e

29 -—=5 being satisfied the effect is attained to

stabilize the eJection state caused by variations orff--:”
Tthe like of the configuration of ejection outlet as-

-described preViously.l:'

A preferable condition to further improve such o

H-ﬁfan effect is to satisfy the condition near the center
:gof 29 >.e : 20 - 5°ﬂ(11°'< et s 12°[1n the present ifh:l
;uembodiment) . Also in the case of the present | .
hembodiment another means for satisfying the relation of

79 and e is to provide a part of- the wall of the first

'control portion 57 of maximum

:displacement angle e as shown in Fig.-16._r'

| Further e is determined in the range of acute :"

angles, conSidering the fulcrum portion 33 of the

'--movable member 31. Fig. 13 shows an example in which 6,
is 28° and e is 14°. which achieved the same effects as&"

'described above.

As shown in- each embodiment described above

.'the free end can be smoothly displaced by setting the
llheight of the ceiling of the flow path communicating o
s With the eJection outlet higher on the free end Slde of:"

the movable member than on the fulcrum Side_'fw

Each of Embodiments 1 to 3 described above has f'.

f;the configuration of the bubble generation flow path
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8 shown in Figs..9A to QC where the throat portions 19 ”

narrowed in the direction of arrangement of a plurality

e of bubble generation flow paths arranged in parallel
'fare pos1tioned near the upstream end and the downstreamf
'iend of the second liquid flow path but they may be_:
: located near the upstream end and the downstream end of7

”the Vicinity of the heat generating element 2. A

The heat generating element 2 is an

'electrothermal transducer in the configuration of 40 x
_105 um and the movable member 31 is pOSitioned so as to'
'd'cover the aforementioned chamber in which the heat

'generating element 2 is disposed. The size, -th

configuration and location of the heat generating o

3element 2 or the movable member 31 are not limited to'“
g”these, but the configuration and location may be

'determined Within the range where the pressure upon

generation of hubble can be effectively utilized as an.'

f-eJection pressure. The heat generating element may be
'an element for generating heat when irradiated With '
'laser light as well as the electrothermal transducer.;l

_(Other embodiments)

In the foreg01ng, the description has been made"

;T[“as to the embodiments of the maJor parts of the liquid e
"feJecting head and the liquid eJecting method according
_:to the present invention. Further SpelelC examples.‘fE
*fpreferably applicable to these embodiments Will be

'explained With reference to the drawings.” Although thei"'
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.“follow1ng examples w111 be explained w1th either an :
.;embodiment of the s1ngle-flow—path type or an
ﬁytembodiment of the two-flow—path type described o |
--;prev1ously, it should be noted that they can be applied .
;;to the both. embodiments unless otherwise stated.._7' .

.__.(Movable member and partition wall)

Figs. 15A ISB and 15C are. plan Views to showpf{f

.:gother configurations of the movable member 31 wherein
_reference numeral 35 deSignates the slit formed in the._r
.-partition wall and this slit forms the movable member ;i_-;w-=
“31._ Fig. 15A illustrates a rectangular configuration fg
yrFig. 1SB a configuration narrowed on the fulcrum side '
5lto facilitate the operation of the movable member and
EFig. 1SC a configuration widened on the fulcrum Slde to'h_prH”:m
:.enhance the durability of the movable member.i The_ |
'h]configuration of. the movable member may be any L
-_.configuration readily operable and excellent in the:

;durability.

In the foreg01ng embodiments, the plate movable .

:member 31 and the partition wall 30 hav1ng this movableih
:'member were made of nickel in the thickness of 5 pm
”Wbut :w1thout having to be limited to this, the y

-:;materials for the movable member and the partition walli_*y.

'may be selected from those haVing anti solvent property.”'

iagainst the bubble generation liquid and the eJection_

m"_;liquid hav1ng elasticity for assuring the satisfactory'ljw“”

uoperation of the movable member _and permitting -
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: formation of fine Sllt._

Preferable examples of the material for the"

”Qmovable member include durable materials for example ;;;l;_':“

o “metals such as s1lver nickel gold 1ron titanium

20

y'25y"” materials hav1ng the alkyl group such as polypropylene :

'*Q'aluminum, platinum tantalum stainless steel or-
.phosphor bronze, alloys thereof res1n materlals’ for"*'"
.{”example, those hav1ng the nitryl group such as

5 acrylonitrile, butadiene, or styrene, those hav1ng the

;icarboxyl group such as polycarbonate, those hav1ng the
tJaldehyde group such as polyacetal those haVing the
':fsulfone group such as polysulfone, those such as 11quid
_ycrystal polymers and chemical compounds thereof° and

: materials hav1ng durability against the 1nk for |
”example, metals such as gold tungsten tantalum,..
;jnickel stainless steel titanium alloys thereof

f_materials coated with such a metal reSin materials

haVing the amide group such as polyamide resin H

materials haVing the aldehyde group such as polyacetal

; res1n materials haVing the ketone group such as
ipolyetheretherketone, reSin materials haVing the imide
'fgroup ‘such as polyimide,:re31n materials hav1ng the :
':hydroxyl group such as phenolic res1ns reSin materials_

o haVing the ethyl group such as polyethylene _re51n

”[yre51n materials hav1ng the epoxy group such as epoxy "

S ;esins res1n materials haVing the amide group such as



725-d'_movable member 31 is determined to be 2 pm in the

melamine reSins, reSin materials haVing the methylol
.,;group such as xylene reSins, chemical compounds
'_fthereof ceramic materials such as Silicon dioxide and ,*'

;:chemical compounds thereof.

Preferable examples of the material for the

' partition wall include reSin materials haVing high |
jfheat reSistance high anti solvent property,_and good-
':moldability, typified by recent engineering plastics,_._q”hh .
__:'such as polyethylene, polypropylene, polyamide,d" .
lpolyethylene terephthalate melamine resins phenolic_-fi" .
:reSins, epoxy reSins, polybutadiene,""": o _H
'lpolyetheretherketone, polyether sulfone, polyallylate,:wf.
zpolyimide polysulfone, liquid crystal polymers (LCPs);
,lchemical compounds thereof Silicon dioxide, Silicon;
ipnitride metals such as nickel gold or stainless
':fsteel alloys thereof chemical compounds thereof or

materials coated With titanium or gold.'“ﬁ

The thickness of the partition wall may be

' rdetermined depending upon the material and

configuration from such standeints as to achieve the

zl:fstrength as a partition wall and to well operate as a
'movable memher 'and a deSirable range thereof is

apprOXimately between 0 5 pm and 10 um.__y;"

' The Width of the slit 35 for forming the

' present embodiment.: In the cases where the bubble o

tygeneration liquid and the eJection 1iquid are mutually
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'?dlfferent 11qu1ds and mlxture is prevented between the'

lpclearance to form a menlscus between the two llqulds sof'
'as to av01d communlcation between the two llqulds. dFor"'
:wexample, when the bubble generatlon llquld 1s a llquld
"fr'hav1ng the v1scos1ty of about 2 cP (centipolses) and o
“P_,the eJectlon llquid 1s a llquld hav1ng the v1scos1ty ofi
=5100 or more cP a Sllt of approx1mately 5 um 1s enough d
@:to prevent the mlxture of the llqulds, but a des1rab1e

?Sllt is 3 or less um

In the present invention the movable member 1s

r“lntended to have a thickness of the pm order (t um),

but 1s not 1ntended to have a thlckness of the cm -

horder.d For the movable member 1n the thlckness of the
':fum order 1t is desirable to take account of the _
*f"varlatlons in fabrlcation to some extent when the Sllt

lw1dth of the pm order (w um) is. targeted. -

The slit of such several pm order 1s surer to_

"accompllsh~the "substantially sealed_state“_ln the fihp]

;present 1nvent10n._

In the case of the funct10na1 separatlon 1nto

the bubble generatlon liquld and the eJectlon lquld as |

cidescrlbed above the movable member 1s a substantlally ;"
o separatlng member for separatlng them. When th1s __hf

_movable member moves w1th generatlon of bubble, a small

- “amount of the bubble generatlon lquld appears m1x1ng

o 1nto the eJectlon llquld. Consrderrng_that.the B
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S fea-

'_eJectlon 11qu1d for formlng an 1mage 1s usually one:

ihav1ng the concentratlon of colorlng materlal ranglng
'hc approx1mately 3 % to 5 3 1n the case of the 1nk Jet |
."_recordlng, a great change 1n the concentrat:on w1ll not”'“

. be resulted even 1f the bubble generatlon 11qu1d 1s

ontalned 1n the range of 20 or less % 1n a droplet of

_:the ejectlon llquld.“ Therefore, the present 1nvent10n_ -
| s 1ntended to involve mlxture ‘of the llqulds between
_1the bubble generatlon 1iqu1d and the eJectlon liquld as3

_long as the mlxture is llmlted withln 20 % of the H'

."liquld.

In carrylng out the above structural examples,_'f

. _dthe mlxture was at most 15 % of the bubble generatlon_"
'11qu1d even w1th changes of the v15c051ty, and w1th theﬁ
'bubble generatlon llquld of 5 or 1ess cP the mlxture :_.

- rate ‘was at most approx1mately 10 % though dependlng __f_’

upon the dr1v1ng frequency.

Partlcularly, as the v150051ty of the eJectlon__”f'
'illquld 1s decreased below 20 cP the mlxture of the
h'd.llqulds can be decreased more (for example down to 5

. or. less %)

(Element substrate)

Next explalned is. the conflguratlon of the d -

:'element substrate ln whlch the heat generatlng element e

f-for supplylng heat to the llquld 1s mounted._'

Flgs.'17A and 17B show longltudlnal sectlonal ff3



hpv1ews of the llquld eJectlng heads accordlng to the
| .present 1nventlon whereln Flg. 17A shows the head w1th _
protectlon fllm as detalled herelnafter and Flg._17B'hh_.5t“

fthe head w1thout a protectlon fllm._

o Above the element substrate 1 there are g

pplprov1ded the second liquld flow path 16 the partltlon"u

o .wall 30 the flrst 11qu1d flow path 14 land a grooved f.'

25

"member 50 hav1ng a. groove for formlng the f1rst 11qu1d'_=

'”]flow path

The element substrate 1 has patterned w1ring

'Ffelectrodes (0 2- 1 0 pm thlck) of alumlnum (Al) and
'Ji_patterned e1ectr1c res1stance 1ayer 105 (0 01 0 2 um |

'.-thJ.ck) of hafn:l.um boride (HfBz), _tantalum nJ.tride (TaN),'-

tantalum alumlnum (TaAl) or the 11ke constltutlng the

,iheat generatlng elements on a sillcon ox1de fllm or iﬁ'
hl s1llcon n1tr1de f11m 106 for electrlc 1nsu1atlon and”
: thermal accumulatlon formed on the substrate 107 of |
':s1llcon or. the llke as shown 1n F1g. 8._ The-' |
"d res1stance layer generates heat when a voltage 1s.
Iapplled to the res1stance 1ayer 105 through the two “
ﬁﬁbw1r1ng electrodes 104 so as to let an electrlc current
."flow in the res1stance layer.. A protectlon layer of

"fS102,.SlN or the llke O 1 2. 0 um thick is prov1ded on

the res1stance 1ayer between the w1r1ng electrodes,pand

_1n addltlon _an ant1-cav1tat10n 1ayer of tantalum or:
”ffithe llke (0 1 0 6 um thlck) is formed thereon to

':_protect the re51stance 1ayer 105 from varlous 11qu1ds o
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:-layer.

_,reSistance layer.

o such as ink. _"

Particularly, the pressure and shock wave l__'

figenerated upon bubble generation and collapse is so-;
:;strong that the durability of the oxide film hard and
'relatively fragile is conSiderably deteriorated.yf‘°

'g'Therefore, a metal material such as tantalum (Ta)lor-

rfthe like is used as a material for the anti caVitation .

The protection layer stated above may be

f'omitted depending upon the combination of liquid

liquid flow path structure, and res1stance material an,"

':-example of which is shown in Fig. 17B.f The material
;for the resistance layer not requiring the protection ,
. layer may be for example, an iridium—tantalum-aluminum

'(Ir Ta-Al) alloy or the like.

Thus the structure of the heat generating

element in each of the foreQOing embodiments may

' include only the reSistance layer (heat generating
' portion) between the electrodes as described or_mayf

include a protection layer for protecting the ff'

-

In this embodiment the heat generating element'

-has a heat generation portion haVing the reSistance |
layer which generates heat in response to the electric tﬁ
--Signal. Without haVing to be limited to this any

: means well suffices if it creates a bubble enough to

"'T'eJect the eJection liquid 'in the bubble generation
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bliquid.'.For example the heat generation portion may-.
.:ibe in the form of a photothermal transducer which
- generates heat upon receiv1ng light such as laser or a
.ﬂheat generating element haVing the heat generation
_portion which generates heat upon receiving high

'frequency wave. ”f'

Function elements such as a tranSistor a S

- diode, a latch a shift register 'and so on for_
'_selectively dr1v1ng the electrothermal transducer may '
':also be integrally built in the aforementioned element-

' substrate 1 by the semiconductor fabrication process

in addition to the electrothermal transducer comprised

'of the res1stance layer 105 constituting the heat
generating element and the wiring electrodes 104 for' |

'supplying the electric s1gnal to the resistance layer. -

In order to drive the heat generation portion

_.of the electrothermal transducer on the above described
felement substrate 1 so as to eJect the liquid
f'rectangular pulse as shown 1n Fig. 18 is appliedl. B

' through the wiring electrodes 104 to the aforementioned T;5fu«-;
ireSistance 1ayer 105 to quickly heat the resistance |
'layer 105 between the wiring electrodes.ﬁ With the:“

'hjheads of the foregoing embodiments the electric signal

was applied to each at the voltage 24 V the pulse

:1width 7 psec, the electric current 150 mA and theiﬁ

.frequency 6 kHz to drive the heat generating element

K fwhereby_thegink_as‘a_liquid-was ejected“through_then' Y
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'leJection outlet based on the operation described

. above.; However the conditions of the driVing Signal
“ﬂare not limited to the above but any driVing Signal
'gpmay be used if it can properly generate a bubble in the'-yipf* £y

“bubble generation liquid._

(EJection liquid and bubble generation liquid)

Since the present invention employs the

'structure having the aforementioned movable member as
.discussed in the preVious embodiments, the 1iquid -
_jeJecting head according to the present invention can.
feJect the liquid at higher eJection power .at higher T
:’_eJection effiCiency, and at higher speed than the .'
”?conventional liquid eJecting heads can.. In the cases
' “of the same liquid being used for the bubble generation_
“liquid and the eJection liquid in the present |
.:embodiment the liquid may be selected from various ﬁl
llquldS as long as it is unlikely to be deteriorated by.df.'nf:f
Ithe heat applied by the heat generating element it is‘:w
'unlikely to form a depos1t on the heat generating ”
-felement With application of heat it is capable of
| dundergoing reverSible state changes between : |

V'fgaSification and condensation With application of heat

o and it is unlikely to deteriorate the liquid flow

.25

.paths the movable member the partition wall and so

' Among such liquids the liquid used for N __?

"'recording (recording liquid) may be one of the ink
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jfliquids of compositions;dsed'inzthefconventional bﬁbblet'

'GJet dev1ces.

When the two-flow-path structure of the present'-'

:finyention is used w1th the eJection liquid and the o
B bubble generation 11qu1d of different liquids, the
'ybubble generation 1iqu1d may be the liquid hav1ng the
'above-mentioned properties' spec1fically, 1t may be
';selected from methanol ethanol n—propanol
"“1sopropanol _n—hexane, n—heptane, n—octane,_toluene,p'
'i-xylene .methylene dichloride, trichlene, Freon TF |
H.ﬂFreon BF ethyl ether dioxane,.cyclohexane .methyl..
.i.acetate, ethyl acetate, acetone, methyl ethyl ketone,_g'

’j'water and mixtures thereof

The eJection liquid may be selected from

:h-various liquids, free from possess1on of bubble
“;“generation property and thermal property thereof..y
'Further the eJection liquid may be selected from
_11qu1ds w1th 1ow bubble generation property,-eJection.
.“fof which was difficult by the conventional heads,
ji_liquids 1ike1y to be modified or deteriorated by heat .

'jand liquids With high v1scos1ty.

i However the ejection liquid is preferably a"

fliquid not to. hinder eJection of liquid generation of

bubble,_the cperation of the movable member and 80 on:.

'because of the eJection 1iquid 1tse1f or because of a

r_reaction thereof With the bubble generation 11qu1d.,

For example,'a high-Viscos1ty 1nk may be used
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"jas the eJectlon llquid for recordlng Other éjédticﬁp
-;llqulds appllcable 1ncludes llqulds weak agalnst heat )

jsuch as pharmaceutlcal products and perfumes.

In the present 1nventlon recordlng was carrled y

out us1ng the ink llquld 1n the follow1ng compos1t10n_” '

as - a recordlng llquid usable for the both eJectlon

311qu1d and bubble generatlon llquld. Slnce the'

eJection speed of 1nk 1s 1ncreased by an 1mprovement 1n'f

the eJectlon power the shot accuracy of liquld

fdroplets 1s 1mproved Wthh enables to obtaln very goodf'".

f_recordlng 1mages.

Compos1t10n of dye 1nk (visc051ty 2 cP)

%'(c.'I, hood black 2) dye ,f7:,'”Tﬁ,pg"féhwt%""""

B Dlethylene glycolf__ . -?:;'_ ;Tﬁﬁ}fy““lQ_Wt%

.'hThlo d191Ycol W_ﬁ-l'}.,af i..i,a_fl-':i'?stﬁf% :
Ethanol . X . ' 5 Wt% o
lWater :; ;_:;;“]:- 5 i:.-p ;;i:fli:l7iywt%fy:”

Further recordlng was also carrled out w1th BRI

i comblnatlons of llquids in the follow1ng comp051tlons o

for the bubble generation lquld and the eJectlon

{hu:llquid. As a result the head of the present 1nvent1on
..was able to well eject not only the llquld w1th the -
::v1scos1ty of ten and several cP Wthh was not eJected'
.by the conventlonal heads, but also even a lquld w1th
“ a very hlgh visc051ty of 150 cP thus obtalnlng hlgh-J

-”yquallty recorded objects.

Comp051t10n of bubble generatlon llquld 1
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-_welght 8000)

Ethanol .' ; = - 40W‘t%
Comp051tlon of bubble generatlon 11qu1d zfj':“'ﬁ;,;;“
Water -__t:ﬁrsig_;;ff”ﬁj_ 100 wt%hiy o
éombos1tlon.of bubble geheratlon lquld 3
| Q Isopropyl alcohol f;f-f*{ o 10 wt%lyl“
Comp031tlon of.glgment 1nk of eJectlon llquld 1
(v1scos1ty approx1mate1y 15 cP) o |
o Carbon black '[lj; i;tﬂj'fytg; 5 wt% N
: Styrene acryllc ac1d-ethyl acrylate copolymer:-
| S wt% e

(ac1d value 140 and welght average molecular i'f"

Monoethanol amlne ”? hfy f?}“izo 25 wt %
Glycerlne yr_'lf_'L'i'.r_hiyf:GQ wt%
; Thlo dlglycol _T_Th.f: t': L'*S.Wt%“;y
Ethanol f{- 7’_[,;:} ra-{r-'_S.Wt%ih'
. Water.;"_}”;ff-:f: o .';l6?75'Wt%?.
| Compos1tloh of eJectlon llquld 2 (v1scos1ty 55 cP)i
Polyethylene glycol 200 ff 100 wt%
Compos1tlon of eJectlon llquld 3 (v1sc031ty 150 cP):

" Polyethylene glycol 600 : 100 wtg

Incldentally, w1th the llqulds conventlonally“'ff”v'ﬁ””
;cons1dered as not readlly be eJected as descrlbed
-uabove the shot accuracy of dots was poor on the

'recordlng sheet because of the low eJection speed and, ,;_{
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dlncreased varlatlons 1n the eJectlon dlrectlonallty,:h.f.

-and unstable eJectlon caused varlatlons of eJectlon :
'fvamounts _whlch made 1t dlfflcult to obtaln hlgh quallty'
"{images;: Agalnst lt the structures of the above
":embodlments reallzed satlsfactory and stable generatronl'nfft'dl
dlof bubble us1ng the bubble generatlon lquld. This T’t
:'hresulted in. an 1mprovement in the shot accuracy of o
.droplets and stablllzatlon of 1nk eJectlon amounts
"thereby remarkably 1mprov1ng the quallty of recordlng '
.lmages‘ : _ - S e _

'(Structure of head of two—flow-path type)

-"'Flg. 19 and Flg. 20 are a sectional V1ew and an;“

:fexploded perspectlve v1ew,.respect1vely, to show the
_ Structure of the whole of the head of the two flow-path-h'
"type out of the llquld ejecting heads of the present

. 1nventlon.

The aforementioned element substrate 1 1s

mounted on a support 70 of alumlnum or the llke. On

h“the substrate there are prov1ded walls 16a of the

second llquld flow path 16 and walls l7a of the second

': common llquld chamber 17 on whlch the partltlon wall
30 hav1ng the movable member 31 is mounted.ﬁ On thlS f
'ii_partltlon wall 30 there 1s prov1ded a grooved member 50

‘?hav1ng a plurallty of grooves constltutlng the flrst

lquld flow paths 14 the flrst common llquld chamber"i
i'15 a supply passage 20 for supplying the flrst llquld

o to the first common lquld chamber 15 and a supply _“
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”sfgpassage 21 for supplying the second llqu1d to the'l“

'1second common liquid chamber 17.P The liquid eJecting.u
T;}ihead of the two-flow-path type 1s constructed 1n this ;
:;structure.::- o |

: (Liquid eJection head cartridge)

Next explained schematically 1s a liquid

fegection head cartridge 1ncorporating the 1iquid

eJecting head according to the above embodiment.

Fig..21 1s a schematically exploded

-perspective v1ew of the liquid ejection head cartrldge_’y:t'uﬂi'i
d_iincorporating the liquid ejecting head as described
.fabove. ‘The liquid eJection head cartridge is generally?'-'
--g:composed mainly of a liquid eJecting head portion 200

tand a 1iqu1d container 90._ 3

The liquid eJecting head portion 200 comprises

an element substrate 1 a partition wall 30 a grooved "__;
'member 50 a presser bar spring 60 a. liquid supply |
' member 80 and a support member 70.ﬂ The element

;'substrate 1 lS prov1ded With a plurality of arrayed ]”

heat generating resistors for supplying heat to the

.hbubble generation liquid as described previously._
'“dFurther there are prov1ded a plurality of function.'“

1elements for selectively driv1ng the heat generating:p'
:3iresistors.' Bubble generation liquid passages are
ftformed between the element substrate 1 and the |
'.aforementioned partition wall 30 having the movable.::

'f'walls thereby allow1ng the bubble generation liquid t0'



":flow therein., This partition wall 30 is JOlned Wlth
Tgfthe grooved member 50 to form eJection flow paths (not.3
'fp_shown) through which the eJection liquld tO be eJeCted;i

ﬁflows._

The presser bar spring 60 is a member which ._:ﬂ

'_:acts to exert an urging force toward the element
'isubstrate 1 on the grooved member 50 'and this urging o
"force properly incorporates the element substrate 1 .T

.ﬁlthe partition wall 30 the grooved member 50 and the .

.isupport member 70 detailed below._.'

The support member 70 is a. member for i;__'

;“supporting the element substrate 1 etc.; Mounted on

this support member 70 are a Circuit board 71 connected'

Zrto the element substrate 1 to supply an electric Signall'
'thereto, and contact pads 72 connected to the apparatus_
.:Slde to effect communication of electric signals With |

'_the apparatus Slde. ,

The liquid container 90 separately contains the'

'eJection liquid such as ink to be supplied to the _
'_iliquid ejecting head and the bubble generation liquid 3
-_ifor generation of bubble inside., OutSide the liquid
'_container 90 there are a pQSitioning portion 94 for -

.::apos1tioning a connecting member for connecting the .
"1iquid ejecting head With the liquid container, and a
.fixed shaft 95 for fixing the connection portion.' Thé;j-:ﬂf"
"feJection liquid is supplied from an ejection 1iquid |

";_supply passage 92 of the 1iquid container through a'_



'”supplf passage.of the connecting member to an eJection _”':'TF'
'liquid supply passage 81 of the liquid supply member 80 ;.
3¥and then is supplied through eJection liquid supply | -
'.gfpassages 84 61 20 of respective members to the first
fcommon liquid chamber. The bubble generation liquid isi;d
=Similarly supplied from a supply passage 93 of the |

: liquid container through a supply passage of the o

'il'_connecting member to a bubble generation 1iquid supply
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"passage 82 of the liquid supply member 80 and then is"_ B

supplied through bubble generation liquid supply '

passages 84 61 21 of respective members to the secondt_"

r'liquid chamber.l S

The above liquid ejection head cartridge was

lexplalned w1th the supply mode and liquid container ;ii'

permitting supply of different liquids of the bubble 1

.generation liquid and the ejection liquid but if the'
:ejection liquid and the bubble generation 1iquid are ofphl
Tthe same 1iquid there is no need to separate the S
fsupply passages and container for the bubble generationeﬁlii_hF:

”'liquid and the ejection liquid.

This liquid container may be refilled With a pf-

rpliquid after either liquid is used up. For this

- purpose, the liquid container is desirably prOVided _
_with a. liquid inJection port. The liquid eJecting head“f
Pmay be arranged as integral With or separable from the'
.“_liquid container.':u- | ) o

ff.(Liquid ejecting deVice)



15

25

Fig._22 shows the schematic structure of the'”'

'1iquid eJecting dev1ce 1ncorporating the liquid
Jy'_eJecting head described previously.i The present
'”;:embodiment w1ll be explained especially With an 1nk -
yheJection recording apparatus us1ng the ink as the '

heJection 1iqu1d.a A carriage HC of the llquld eJecting3:

dev1ce carries a head cartridge on Wthh a liquid tank

.portion 90 containing the ink and a liquid eJection
:f_'head portion 200 are detachably mounted and .
”rec1procally moves w1dthwise of a recording medium.lsogfﬁ
3idsuch as a recording sheet conveyed by a recording s

“{medium conveying means.

.t When a driving Signal 1s supplied from a'

'ddriving signal supply means not shown to the liquid

eJecting means on the carriage, the recording liquid 1s

'7eJected from the liquid eJecting head to the recording o

medium in response to this signal
The 1iquid ejecting apparatus of the present :

bodiment has a motor 111 as a driVing source for

:driving the recording medium conveying means and the o
.'carriage, and gears 112 113 and a carriage shaft 115_
Tfor transmitting the power from the driving source to.u
'; the carriage._ By this recording apparatus and 1iquidi'
'r,ejecting method therewith recorded articles With good
g_.images were able to be attained by ejecting the liquid

'to various recording media.'

Fig. 23 is a block diagram of the entire .
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r.apparatus for operating the ink eJecting apparatus to”“"

which the llquld egecting method and liquid eJecting

| head of the present invention are applied.._”

The recording apparatus receives printing

f'information as a control signal from a host computer i:”i
E 300._ The printing information is temporarily stored in i
.an input interface 301 1n31de a printing apparatus,“
3;:and at the same time, lS converted 1nto data B
:gprocessable in the recording apparatus._ This data is-f
.-iinput to a CPU 302 also serv1ng as a head driving
f_s1gnal supply means.g The CPU 302 processes the data B
'fthus received using peripheral units such as RAM 304_'
:T_based on a control program stored 1n ROM 303 in order'

- to convert the data into printing data (1mage data). e

In order to record the 1mage data at an .

H-appropriate pOSition on’ a recording sheet the CPU 302
'-generates driv1ng data for driving the driving motorl.
:for mov1ng the recording sheet and recording head in"
'synchronization with the 1mage data. The image data '
jand motor driving data 1s transmitted each through a'jf;

'head driver 307 and a motcr driver 305 to a head and aj:°

T77"drive motor 306 respectively, which are driven at -p7

25

'respective controlled timings to form an image.'j

Examples of the recording media applicable to

the above recording apparatus and recorded w1th the

| llquld such a8 1nk 1nclude the f°11°Wing‘ various types R

| of paper, OHP sheets, plastics used for compact dlSkS, o
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”ornamental plates, or the like,_fabrics,_metals such as'”

aluminum and copper, leather materials such as cowhide -

"'pigskin and synthetic leather, 1umber materials such
.f-as solid wood and plywood, bamboo material"ceramics
':1such as tile, and three-dimens1onal structures such as

| sponge._“.

The aforementioned recording apparatus 1ncludes

"va printer apparatus for recording on various types of
paper and OHP sheet a plastic recording apparatus for

precording on a plastic material such as a compact disk ”

'a metal recording apparatus for recording on a metal

l'plate, a leather recording apparatus for recording on a_7
ileather material a wood recording apparatus for f_]""
'*recording on wood _a ceramic recording apparatus for';:;:
_*recording on a ceramic material a recording apparatus aﬂ'
gffor recording on a three-d1mens1onal network structure 3

”1.such as sponge, a textile printing apparatus for |

R recording on a fabric and so on.’

The ejection 1iquid used in these liquid

ejecting apparatus may be properly selected as a 1iquid"ﬂ'
_matching with the recording medium and recording |
.,conditions employed.._'

3-(Record1ng system)

Next explained is an example of the ink jet

‘recording system using the liquid eJecting head ‘of the S
- present invention as a recording head and performing

:,recording on a recording medium.yyi
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Fig. 24 is a schematic draWing for explaining _fh

_h-the structure of the ink Jet recording system uSing the
~"-_liquid eJecting head 201 of the present invention

'described above. The liquid eJecting head in the

present embodiment is a full line head haVing a

';plurality of ejection outlets aligned in the density ofh.
“:360 dpi so as to cover the entire recordable range of ,ﬁt
'.the recording medium 150._ The liquid ejecting head _
"_ comprises four head units corresponding to four colors :
iiof yellow (Y), magenta (M), cyan (C), and black (Bk),;_h_a
'?.:Which are fixedlY supp0rted in parallel with each otherzi o

h and at predetermined intervals in the X direction.'

A head driver 307 constituting a driVing Signal_“'

'f;supply means supplies a Signal to each of these head

units to drive each head unit based on this Signal.-_”-j.;

The four color inks of Y M C and Bk are

- rsupplied as the eJection liquid to the associated heads_ .”d

from corresponding ink containers 204a-204d._ Reference.

numeral 204e designates a bubble generation liquid .-"

fcontainer containing the bubble generation liquid from_"

which the bubble generation 1iquid is supplied to each”

'yhead unit.

Disposed below each head is a head cap 203a

.'203b 2030, or 203d containing an ink absorbing member.ﬂl
”7'comprised of sponge or the 1ike inSide. The head caps_('“
o cover the eJection outlets of the respective heads C

'during non—recording periods so as to protect and
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'-zmaintain the head units.

Reference numeral 206 denotes a conveyer belt

o constituting a conveying means for conveying a
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'ﬁy'recording medium selected from the various types.of
media as explained in the preceding embodiments._ The'”""'
"conveyer belt 206 is routed in a predetermined path Vla

:various rollers and lS driven by a driVing roller B

g connected to a motor driver 305.

:l The ink jet recording system of this embodiment

'comprises a pre-procesSing apparatus 251 and a post-'

?f:lprocessing apparatus 252 disposed upstream and _
,downstream, respectively, of the recording medium
hconveying path for effecting various processes on the_

_recording medium before and after recording.'

The pre—processing and post-proceSSing may

:linclude different processing contents depending upon.'_::_'
..the type of recording medium and the type of ink used
.fin recording.g For example,_when the recording medium
. 1s one selected from metals; plastics, and ceramics'
_the pre-processing may be exposure to ultraviolet rays “
'.and ozone to activate the surface thereof thereby
'-llimproving adhe51on of 1nk - If the recording medium is
n-one 11kely to have static electricity such as plastics,ijjfﬂ
'dust is easy to attach to the surface because of thel :
ZStatic electricity, and this dust sometimes hinders'd -
&'good recording._:In that case, the pre-process1ng may“

5 be elimination of static electricity in the recording
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t.medium uS1ng an ionizer, thereby remov1ng the dust from"
.li the recording medium If the recording medium is. a_fﬁb
iﬁfabric, the pre-proces31ng may be a treatment of
ﬂi_application of a material selected from alkaline ;';fia“
;:substances, water—soluble substances, synthetic'r“
Z.polymers, water—soluble metal salts, urea, and thioureaibp::~
':to the fabric in order to prevent blot and to. 1mprove dd

i_ the depos1tion rate.: The pre-process1ng does not have'.-" -
'“;.to be limited to these, but may be any process1ng, for
*example process1ng to adJust the temperature of the o
:recording medium to a temperature suitable for:“ f

‘_recording. '

On the other hand the post-process1ng may be,

” for example, heat processing of the recording medium f_

With the ink deposited fixing processing for promotingf":?.

fixation of the ink by irradiation With ultraViolet

. rays or the 1ike, processing for washing away a
: treatment agent given in the pre-process1ng and

j_remaining Without reacting.;qi_-

The present embodiment was explained us1ng the -

qull line head as . the eJecting head but Without
'ff haVing to be limited to this, the head may be a compact_gd

_head for effecting recording as mov1ng 1n the w1dthw1sel'
V'direction of the recording medium, as described N
- preViously.:' ' | - .

"(Head kit)

:' Next explained is an ink Jet head kit haVing



'Jthe ink Jet head of the present invention.l'Fig;'ZSIis

.a schematic draWing to- show such an ink Jet head kit._i;-

;wThis ink Jet head kit is composed of an ink Jet head li
' _510 of the present invention haVing an ink eJection ;

*portion 511 for eJecting the ink an ink container 520'7f"f T

'”1as a liquid container integral With or separable from.:'

:the head and an. ink filling means 530 containing the_”
.T nk to fill the ink in the ink container housed in a.

i kit container 501. ,?"

After the ink is used up, a part of an

inJection portion (hypodermic needle or the like) 531
- of the ink filling means 530 is inserted into an air

:vent 521 of the ink container ‘a connecting portion to.i'

”-;the ink jet head or a hole perforated through an wallh]i

15

_ of the ink container, and the ink in the ink filling

hffmeans is filled into the ink container through the S

20

_'inJection portion.

Employing the arrangement of the kit houSing

*the ink Jet head of the present invention and the ink
_container and ink filling means in a single kit |

'“,container in this manner, the ink can be readily filled

-ng_in the ink container soon after the ink is used up, and

'x'recording is restarted quickly. ;

25

Although the ink Jet head kit of the present f '

;3embodiment was explained as an ink Jet head kit

'“”'including the ink filling means, it may be constructed X

fwithout the ink filling means in an arrangement of thef
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7'head and the ink container of a separable type filled_iy_ff'

| ~With ink housed in the kit container 510.. o

Fig. 25 shows only the ink filling means for “.“'

: filling the ink into the ink container but another .
'head kit may also have a bubble generation liquid

- yfilling means for filling the bubble generation liquid
yblinto the bubble generation liquid container, in the kit}.

;container as well as the ink container. Jf

'The present invention accomplished the further:

_p_more stabilized eJection state of 1iquid by properly o

-fpwspeCifying the maximum displacement angle when the y

movable member,_fundamentally controlling the bubble

:generated in the liquid flow path is displaced at :_

”'maximum by generation of bubble With respect to the

angle of the. straight line connecting the fulcrum

fuportion of the movable member With the intersecting R
”pOint of the center axis of ejection outlet With the_h_“~3'it
'_ surface of the eJection outlet connected to the liquid
"'flow path from the reference of the standby position of;ip5ij;r
'tthe movable member. Particularly, the present N :

"~:invention solved the problem of variations of eJection

state due to variations of configuration of ejection h

'_outlet between heads or between nozzles caused by the'

factor of manufacturing variations in forming the f:

?eJection outlet With laser or the 1ike, thereby
'-achieVing very high stability. S -

- In addition to the above-described effects, the:';;'
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hliquid eJecting method head -and 'S80 on according.to_',f."
I_:the present invention based on the novel eJection l'
Tprinciple uSing the movable member 'can attain the'i
.synergistic effect of the bubble generated and the

ymovable member displaced thereby, 80 that the liquid f':;]-

. finear the eJection outlet can be effiCiently eJected

”'Lflow mOisture, or,_even if eJection failure occurs, the':"
15
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-thereby imprOVing the ejection efficiency as compared '
hwith the conventional ejection methods, heads, and ‘so - -

:on of the bubble Jet method.

With the characteristic structures of the e

'”a'present invention eJection failure can be prevented

feven after long—term storage at low temperature or at

“fhead can ‘be advantageously returned instantly into a_h
normal condition only With a recovery process such as.:i,'
ipreliminary eJection or suction recovery." With this -
"advantage, the invention can reduce the recovery time |
f'and losses of the liquid due to recovery, and thus canipu

greatly decrease the running cost. . '

Especially, the structures of the present

'.;invention improv1ng the refilling characteristics o

_'attained improvements in responsivity upon continuous

'eJection, stable growth of bubble,.and stability of

“liquid droplet thereby enabling high—speed recording e
",or high—quality recording based on high—speed liquid
;ejection._'.

In the head of the two-flow path structure the'f_
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e;freedom of selection of the eJection-liquid was raised -
_tbecause the bubble generation 1iqu1d applied was a _
.R'liqud likely to generate a bubble or. a liquid unlikely'ﬁ'L'.”':'
\to form a depOSit (scorch or the like) ‘on the heat |
'-ghgenerating element. .It was confirmed that the head of
cnthe two-flow path structure was able to well eJect even:'
'tthe liquid that the conventional heads failed to eJect

cliﬁ the conventional bubble Jet eJection method for

example a high-Viscos1ty liquid unlikely to generate a

rlbubble,_a liquid likely to form a deposit on the heat ;t

'l'zgenerating element an so on..'

. Further 1t was confirmed that the head of the

gitwo-flow path structure was able to eject even a liquid:df'”

weak against heat or the like w1thout causing a :

negative effect on. the eJection liquid.

When the liquid eJecting head of the present

"”invention was used as a liquid eJection recording head ;
' for recording, further higher—quality recording was ’

fjiachieved.

' The invention prov1ded the liquid eJecting

eapparatus, recording system, and so on further 1mproved"
51n the eJection efficiency of liquid or the like, us1ng;-'

"hthe liquid eJecting head of the present 1nvention.

Use or reuse of the head can be readily

':achieved using the head cartridge or the head kit of

sthe present invention.y
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.iWHAT IS CLAIMED IS.

1, A liquid eJecting method for eJecting a

'iliquid compriSing.

us1ng a liquid eJecting head haVing an eJectionf

“outlet portion haVing an eJection outlet for eJecting'_
'.the liquid ‘a liquid flow path in fluid communicationf'

'”With the eJection outlet portion 'a bubble generation* )

region for generating a bubble in the 1iquid and a

:-_movable member disposed to face the bubble generation

;region and prOVided with a free end closer to said

.':g'eJection outlet portion than a fulcrum portion thereof

15"

' and displaCing said movable member by a pressure based
"Ion generation of the bubble from a pOSition of a.
'-_reference surface to a pos1tion of a maXimum

ffdisplacement thereby eJecting the liquid

wherein a relation of 29 - 5°:s:eggs”26 '4 5°-"

_ais satisfied where, With a reference of said reference _
surface, e is an angle of said movable member at said '

maximum displacement thereof about said fulcrum portion )

and 6 is an angle of an aXlS connecting said fulcrum

.*portion With an intersecting pOint of a center aXis of
tsaid ejection outlet with a connecting surface of said
leJection outlet portion to said liquid flow Path and

:wherein e is an acute angle. |

'_:ZQi A liquid ejecting method according to Claim'”'-

"i;w.l wherein the angle - of said movable member at the o



N IIIIIIHIIIIHII/I ] IIII

'}15i-

25

'..maximum dlsplacement 1S set to be not 1ess than an .

3ggangle of a llne connecting said fulcrum portion w1th.an'
1_uppermost end of the eJection outlet portion of said
ﬂ.connecting surface w1th respect to the reference ft

:'_surface._

3. ‘A liquid eJecting method according to Claim

'-,l wherein the angle e of the movable member at the"

f: max1mum displacement is set to be 26 S BH.

'4; A llqu1d eJecting method according to B

?l_either one of Claim 1 Claim 2 and Claim 3 wherein bylifr
H'displacement of the movable member said bubble is’ .
f'expanded more downstream than upstream in a direction

f_directed toward the eJection outlet thereby eJecting -

cthe 11qu1d. -

_5,_ 11quid eJecting method compr1s1ng.

us1ng a liquid eJecting head having an’ eJection5

outlet portion hav1ng an eJection outlet for eJecting a_TL't

'lfliquid a first 11qu1d flow path in fluid communicationt_ih'ﬁ

”jw1th said eJection outlet portion, a second liquid flow -
.path hav1ng a bubble generation region iand a movable'f

'_'member disposed to face said bubble generation region E

and prov1ded w1th a free end closer to the eJection _'“

L outlet portion than a fulcrum portion thereof

generating a bubble in said bubble generation region.
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“rand displacing said movable member by a pressure based o
-on generation of the bubble from a pOSition of a.
h:reference surface to a position of a. max1mum_l

e displacement thereby ejecting the 1iquid

wherein a relation of 29 - 5°' 9 26 + 5°

'f_ is satisfied where,,With a reference of said reference 7_:
_surface e is an angle of said movable member at said S
_ maXimum displacement thereof about said fulcrum portion
:fand 6 is an angle of an aXlS connecting said fulcrum
{portion With an intersecting pOint of a center aXlS of_iiV:T
'rjsaid eJection outlet with a connecting surface of said
seJection outlet portion to said liquid flow path and

-wherein 8, is an- acute angle. i

6. A liquid ejecting method according to Claimf_j:H“
-:g:5 wherein the angle 0y of said movable member at the :
ilmax1mum displacement is set to be not less than an
Hangle of a line connecting said fulcrum portion With an.
"duppermost end of the ejection outlet portion of said
connecting surface with respect to the reference'a" .

."usurface.-'

;fﬁ A liquid eJecting method according to Claim

*7_.5 wherein the angle e of the movable member at the'

_hmaXimum displacement is set to be 29 _GM.'

'EEB;g}A 1iquid”ejecting'method'according.to“iil'-"
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'i.'either one.of Cla1m 5 Claim 6 and Claim 7 wherein"ﬁz g
f“%the head used 1n said method eJects the 1iquid by S
fexpanding said bubble more downstream than upstream.in .
ia direction toward the eJection outlet by displacement

'h;of the movable member.*ipf

“'_j9. A 11qu1d eJecting method for eJecting a

jliquid comprising-'

- us1ng a liquid eJecting head haVing an eJection"

_outlet portion hav1ng an ejection outlet for eJecting;_
;the liquid a liquid flow path in fluid communication."
lb_w1th the eJection outlet portion, a bubble generation
iiregion for generating a bubble in the liquid and a
fmovable member disposed to face the bubble generation; e
"region and prov1ded with a free end closer to said -
neJection outlet portion than a fulcrum portion thereof K
. and displaC1ng said movable member by a pressure based
on generation of the bubble from a pos1tion of a
ureference surface to a poSition of a max1mum'-*:f

;displacement thereby eJecting the liquid

"wherein a relation of 26 :- 7°"s e 29 + 7°

, lS satisfied where,.with a reference of said reference S

o surface, e is an angle of said movable member at said '

maximum displacement thereof about said fulcrum portion

and e 1s an angle of an axis connecting said fulcrum .
Tportion with an 1ntersecting p01nt of a center axis of

g”said ejection outlet With a connecting surface of - said f."'



15
20

s surface, 6 is an angle of said movable member at said _

.

'tiejection outlet portion to said 1iquidtf;¢WﬁP?th;.aﬁdfi_

'_.‘;-where_'inl'eM isdan acute'angle;L

| jlol A liquid ejecting method compriSing.

using a liquid eJecting head haVing an eJection:

?outlet portion having an eJection outlet for eJecting aif'”7
J"liquid a first liquid flow path 1n fluid communication_
zw1th said eJection outlet portion ‘a second liquid flow
fnpath hav1ng a bubble generation region, and a movable o
Qi”member disposed to face said bubble generation region_if}
.3'and provided w1th a free end closer to the ejection :'l.
;outlet portion than a fulcrum portion thereof |
'generating a bubble in said bubble generation region

'and displac1ng said movable member by a pressure based

on generation of the bubble from a pOSition of a

reference surface to a positibn of a maximum

fdisplacement thereby ejecting ‘the liquid

wherein a relation of 29 - 7°'s 0y s 26, * 7°'

-'1s satisfied where, with a reference of said reference f'

maximum displacement thereof about said fulcrum portion-_

-and 9 is .an angle of an axis connecting said fulcrum _fs'
"'jportion with an 1ntersecting p01nt of a center aXlS of

?said eJection outlet with a connecting surface of said:

;;eJection outlet portion to said liquid flow path and l o

o _wherein e lS ‘an acute angle.."""'
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:ilg A llqu1d eJecting method according to o

“fClaim 10 -wherein a liquid supplied to said first f.
gtliquid flow path and a 1iquid supplied to said second :”' '

anllquid flow path are a same liquid._lf

fiflz.h A liquid eJecting method according to

'f;p]Claim 10 .wherein a liquid supplied to said first

T R

‘;llqu1d flow path and a liquid supplied to said second

'_”liquid flow path are different liquids.;j

-~13ﬁ A liquid eJecting method according to .

'”'either one of Claim 9, Claim 10 Claim 11 _and Claim

"512 wherein the angle e of said movable member at the

=_Ajmax1mum displacement is set to be not less than an-

15
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iangle of a line connecting said fulcrum portion With an“'
_uppermost end of the eJection outlet portion of said

-connecting surface with respect to the reference -

surface.

B "14.- A liquid eJecting method according to

-;either one of Claim 9 Claim 10 Claim 11 and Claim
.:.12_ wherein the angle e of the movable member at the |

- max1mum displacement is set to be 262__ eH._.’V'

":-15.d A liquid eJecting method according to

__either one of Claim 9 Claim lO Claim ll and Claim-"'.

'12- wherein by displacement of the movable member said
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bubble is expanded more downstream than upstream 1n a
_:-direction directed toward the eJection outlet thereby U

'eJecting the_liquid..

" 16. A'liquid_ejecting_method for ejecting'a'

"'liquid compr1s1ng."'

_ 'us1ng a liquid eJectlng head hav1ng an eJection -

J-_outlet portion hav1ng an eJection outlet for eJecting-;
?the liquid a liquid flow path in fluid communication'
rWith the eJection outlet portion, a . bubble generationaﬁf

'f'region for generating a bubble 1nlthe liquid and a ::J
: movable member disposed to face the bubble generation
,_region and prov1ded with a free end closer to said o
“'eJection outlet portion than a fulcrum portion thereof
":and displaCing said movable member by a pressure based f
1on generation of the bubble from a pos1tion of a |

-f reference surface to a pos1tion of a max1mum ”f

'Zdisplacement thereby eJecting the liquid

wherein a relation of e s 20, + 5° is satisfied

'_where, With a reference of said reference surface, e 1S
_an angle of said movable member at said maximum

- displacement thereof about said fulcrum portion and e
'ilS an angle of an ax1s connecting said fulcrum portion :
.“With an intersecting point of a center axis of said
'eJection outlet With a connecting surface of said

:eJection outlet portion to said liquid flow path and _tp

wherein 6 is an acute angle and is not less than an
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'Vangle of ‘an axis connecting Sald fulcrum portion W1th N
'_an uppermost end of the ejection outlet portion of said

'3_connect1ng surface..*

.f”sf-_h__b-.-;f17; A 1iquid ejecting method for eJecting a

_”1iquid compr151ng. ___;':

' uSing a liquid eJecting head haVing an eJection'l o

'-loutlet portion hav1ng an eJection outlet for eJecting.
the liquid _a liquid flow path in fluid communication_
};lefdﬁwith the eJection outlet portion -a bubble generation?ff
- region for generating a bubble in the liquid and a o
fmovable member disposed to face the bubble generationf_id
:'region and proVided w1th a free end closer to said
"deJection outlet portion than a fulcrum portion thereof
| lSﬂe and displacing said movable member by a pressure based
o on generation of the bubble from a p051tion of a_.
reference surface to a pOSition of a max1mum |
“displacement thereby ejecting the 1iquid
. wherein a relation of 26 - 5° s_enfs'ze .isl'.
'3.20 _-;satisfied where, With a reference of said reference
| T_:surface, 0, is an angle of said movable member at said
}maXimum displacement thereof about said fulcrum portion
_1and e 'is an angle of an axis connecting said fulcrum"

fportion w1th an 1ntersecting point of a center axis of

f251fpisaid eJection outlet With a connecting surface of saidp o

eJection outlet portion to said liquid flow path and

'-f'wherein 6 is an acute angle and 1S not less than an
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angle of an. ax1s connecting Sald fulcrum portion w1th
Lan uppermost end of the eJection outlet portion of said

J_,connecting surface.

_5. :_;f;:f flé;_ A liquid eJecting method according to 1'3”
.'either one of Claims l 5 9 and 10 wherein 8 height jf

- of a ceiling of the 1iquid flow path in fluid ,li- .
';communication With said eJection.outlet portion above
:'said free end 1s higher than that above said fulcrum

_ld;'whportion.i_':.

.":lQ; A liquid ejecting method according to
g_ieither one of Claims 1 5 9 and 10 wherein a heat.
.:generating element for generating a bubble 1s disposedh
-lSif”-on a Slde opposed to said movable member and a space
‘-Lbetween the movable member and the heat generating

‘element is the bubble generation region.a

. 20. A liquid ejecting head for eJecting a 'l
- .de __liquid, comprising.zi_hl L o
-: an ejection outlet portion having an ejection

toutlet for eJecting the liquid a liquid flow path in

b fluid communication w1th said ejection outlet portion -

a bubble generation region for generating a bubble in o
"‘25 3~_the liquid and a movable member disposed to face the
1“lbubble generation region and provided with a free end

f'closer to said eJection outlet portion than a fulcrum
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“_portion thereof wherein _upon displaCing said movable
-member by a pressure based on generation of the bubble
lifrom a pos1tion of a reference surface to a pOSition of_‘

':“a maximum displacement to eJect the liquid

| a relation of 26 = 5°-< e < 29 +: 5° is:'

-T;satisfied where,TWith a reference of said reference
gpsurface, O is an.angle of said movable member at said
.'maXimum displacement thereof about said fulcrum portion'
'iand e is an angle of an axis connecting said fulcrum ”_f:'
uiportion with an intersecting pOint of a center aXlS of o

| isaid eJection outlet With a connecting surface of said p o
' eJection outlet portion to said liquid flow path and

-wherein,e is an acute angle.'

-'i 21[ A liquid eJecting head compriSing°-”

an eJection outlet portion haVing an eJection

' ;outlet for eJecting a liquid a first 1iquid flow path
~ in fluid communication With the ejection outlet _
: portion, a second 1iquid flow path haVing a bubble ;
_*generation region, and a movable member disposed to :
3i;face the bubble generation region and prOVided With a a
jfree end closer to the ejection outlet portion than a’
7bffulcrum portion thereof :wherein upon generating a |
“f_ bubble in said bubble generation region and displacing
"said movable member by a pressure based on the -
”~rlgeneration of the bubble from a position of a reference

B surface to a pOSition of a maXimum displacement to
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”:'eJect the.lquld. a relation of 26 - 5°:s”é 20, + 5°__
'jlis satisfied where, with a reference of said reference i
“gsurface,_e is an angle of said movable member at said
'_maximum displacement thereof about said fulcrum portion_*flf
c'jand 9 is an angle of an aXlS connecting said fulcrum -
'1iportion With an intersecting pOint of a center aX1S of
fsaid eJection outlet With a connecting surface of said ,_f“-fik-“
deJection outlet portion to said liquid flow path 'and .

“V_wherein .0y is’ an acute angle.f,-"

”;22}' A liquid ejecting head for ejecting a :

' 1iquid compriSing._;

an eJection outlet portion haVing an eJection

foutlet for eJecting the 1iquid a liquid flow path in |

fluid communication With said eJection outlet portion

”-:;a bubble generation region for generating a bubble in _:
dhthe liquid and a movable member disposed to face the
.1ibubble generation region and provided With a free end u
fcloser to said ejection outlet portion than a fulcrum
'_portion thereof wherein, upon displacing said movable

'a:”member by a pressure based on generation of the bubble. - f“

from a. pos1tion of a reference surface to a pos1tion ofl'

lia maximum displacement to eject the 1iquid

a relation of 29 - 7° < e e 26 e 7°7'

fsatisfied where With a reference of said reference
“surface, e is’ ‘an" angle of said movable member at said

'fimaXimum displacement thereof about said fulcrum portion'i.'
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'1and 6 .is an angle of an.ax1s connecting said fulcrum ;pfuf
'f.portion With an 1ntersect1ng p01nt of a center aXis ofi'
::f Sald ejection outlet With a connecting surface of saidf;"'
.;lejection outlet portion to said liquid flow path and

' wherein 6 is an acute angle.

'1-23. ‘A liquid eJecting head compri51ng' _7

an eJection outlet portion hav1ng an eJection'

outlet for eJecting a liquid ‘a first liquid flow pathhl_bf
'7:in fluid communication w1th the eJection outlet f:i_' |
:portion a second liquid flow path having a bubble :
-generation region and a movable—member disposed to
"face the bubble generation region and provided w1th a
ffree end closer to ‘the ejection outlet portion than a fﬁis
--fulcrum portion thereof _Wherein, upon generating a ?“ti
.?. bubble in said bubble generation region and displac1ng_”:
_ said movable member by a pressure based on the

generation of the bubble from a position of a reference _

surface o a pos1tion of a maximum displacement to

:_.eject the 1iqu1d a relation of 20 - 7° < 8, s ze + 7°-w
.lS satisfied where With a reference of said reference |
-surface 6 is an angle of said movable member at said
fmax1mum displacement thereof about said fulcrum portion
‘and e is an’ angle of an axis connecting said fulcrum
'rportion with an intersecting pOint of a center axis of
tsaid eJection outlet w1th a connecting surface of said

7eJection outlet portion to said liquid flow path and
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wherein_ea iSian acuteﬂangle,

_f24;' A liquid ejecting head for eJecting a
-liquid comprising'ff - ' | :

an eJection outlet portion hav1ng an ejection |

°outlet for eJecting the liquid a liquid flow path in

fluid communication w1th said eJection outlet portion

f'a bubble generation region for generating a bubble in ’3'”
-fthe liquid and a movable member disposed to face the
;bubble generation region and prov1ded w1th a; free end
.fﬁcloser to said ejection outlet portion than a fulcrum'i
;portion thereof 1n which said movable member is : -
_.displaced by a’ pressure based on generation of a bubble'”
:ﬁ;from a pos1tion of a reference surface to a pos1tion of

:a max1mum displacement to eJect the 11qu1d

' 'wherein a relation of e 29 + 5° is satisfied'

-where, w1th a reference of said reference surface; Oy is
,,an angle of said movable member at said max1mum -
f;:displacement thereof about said fulcrum portion and e
;1s an angle of an axis connecting said fulcrum portion
'with an 1ntersecting pOlnt of a center axis of said '
leJection outlet With a connecting surface of sa1d
' ieJection outlet portion to said liquid flow path and
b_wherein 0, is an acute angle and is not 1ess than an-
'angle of an axis connecting said fulcrum portion with
.*an uppermost end of the eJection outlet portion of sald

-connecting surface. -
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25L. A 1iqu1d ejecting head for eJecting a
liquid comprising..." B S '

> an eJection outlet portion having an eJection

foutlet for eJecting the liquid a liquid flow path in
'fluid communication w1th said eJection outlet portion
;a bubble generation region for generating a bubble in
o the liquid and a movable member disposed to face the
'ibubble generation region and provided With a free end .

' closer to said eJection outlet portion than a fulcrum

portion thereof in which said movable member 1S _31f

-:displaced by a pressure based on generation of a bubble
_from a position of.a reference surface-to.a position of

ra_maXimum displacement to ejectithe'liquid,"

wherein a relation of 26, - 5‘ <0, < 206, is"f

.satisfied where, w1th a reference of said reference

'surface, e is an angle of said movable member at said

max1mum displacement thereof about said fulcrum portion

_'and e 1s an angle of an axis connecting said fulcrum ;h
jportion with an 1ntersecting point of a center axis of :
'said ejection outlet with a connecting surface of said
' eJection outlet portion to said liquid flow path and
'wherein e is an acute angle and 1s not less than an
}angle of an . axis connecting said fulcrum portion ‘with

'3an uppermost end of the eJection outlet portion of said

connecting surface.

. 26. A liquid ejecting'head7according to either
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fOne of Claims 20 21 22 23 24 and'25 Wherein'at'l
l height of a ceiling of the liquid flow path in fluid o

- communication With said eJection outlet portion above”'
'said free_end-is higher_than that_above said_fulcrum

~‘portion.

27, A liquid eJecting head according to ‘either

K lone of. Claims 20, 21 22 23, 24 and 25 wherein a’

'_heat generating element lS disposed on a side opposed _

to said movable member and a space between the movable'

imember and the heat generating element is the bubble

-'generation region.

-7.28;- A liguid”ejecting apparatus for ejecting a
11quid by generation of a bubble, compriSing. o

the 1iquid eJecting head as set forth in either

~ one of Claims 20 21 22 - 23, 24 _and 25; and

driving s1gnal supply means for supplying a

'”der1ng Signal for ejecting the liquid from said liquid

'feJecting head. -

'h*29 A liquid eJecting apparatus for ejecting a_

_-liquid by generation of a bubble, compriSing-

. the liquid eJecting head as set forth in either_”

':one of Claims 20 21 22 23 24 and 25,.and

recording medium conveying means for conveying

a recording medium for receiVing the 1iquid eJected

“-ﬂfrom said liquid eJecting head.



