: =9
LI QUID EJECTI NG HEAD, LI QUSH BOEEH &G v cE AND LI EEECEHEETSTHOR:
FIELD OF THE | NVENTI ON AND FHIMECOfY 5 1'%" g‘f‘esem Eﬁt :40058
relatesto a liquid ejecting head for ej'ecting e &iption :paiged Li‘. .ntp paged ..0....
generation of a bubble by applying thermal ener pe Jéalﬂ Cﬁt&ﬁiﬁd ‘f
cartrldge u5|ng the liquid ejecting head, a |iqULd eJ.ectin d VLce‘yﬁg )
the same, a 10 nmnufacturing method for~ lne liq Prawingls); ; U|d"
ej ecting nethod, a recording nethod, and a pri nfQmbstractied: mpﬂg---t' h@ P?Q%ﬂl g

ejecting fethod. It further relates to an ink.jBt d—ic-t—econt-arnrngtie

liquid ejection hegdoy, 13 gy TINGn%@iB pﬁ‘f%\'ﬂfﬂ'ﬁﬁkémh& bﬁ{li‘&ﬁs to a liquid

ej ecting . head haV|ng a nnva er frov éneratton or a bubbl e,

and a head cartridge using iAgs Li@ﬂiﬁ BhREPINE ?ﬁ@ﬁODand liquid ejecting

devi ce using.the same. It further ates to a liquid ejecting 20 nethod
and recording method for ejection the liquid by

FIELD OF THE INVENTION AND RELATED ART

5 The present invention relates to a liquid
ejecting head for ejecting desired liquid using
generétion of a bubble by applying thermal energy to
the liquid, a head cartridge using the liquid ejecting
head, a liquid ejecting device using the séme,'a

10 manufacturing method for the liquia ejecting head, a
liquid éjecfing method, a recording method, and a
print prdvided using the liquid ejecting method. It
further relates to an ink jet head kit containing the
liquid ejection head. |

15 . A More particularly, it relates to a liquid
ejecting head having a movable member movable by
generation of.a bubble} and a head cartridge using the
liquid ejecting head, and liquid ejecting device using
the same. It further relates to a liquid ejecting

20 method and recording method for ejection the liquid by
moving the movable member using the generation of the

bubble.

The present invention is applicable to_f.

equipment such as a printer, a copying machine, a

25 facsimile machine having a*communiéafion system, a
word processor having a printer rtloﬁ 9; thenli*é,.'ﬁﬁ

i’«". : ‘ ; ¥ ér’; ne ..‘S'E .
and an 1ndustr1a1 recording device comblned with -

181241 Gﬁf
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novi ng the novabl e nmenber using the generation of the bubble. The present

I nvention is applicable to equi pnent such as a printer,

a copyi ng machi ne,

a 25 facsim | e machi ne having a conmuni cation system a word processor

having a printer portion or the |ike, and an industrial

recordi ng device

conbined with vari ous processing devige or processing devices, in which
the recording is effected on a recordi ng“material such as paper, thread,

fiber, textile, leather, netal, plastic resin mat eri al ,

gl ass, wood, 5

cerami c and so on. In this specification, "recording” means not only

formng an | Ma¢:8hs! prblbssthghEvlke! BE birlBalBtLI0 ARE,C dgeant ngs,
orﬁl %age 0 # P 5 sﬂéhlflc

but al so |ncIu ng an a pattern no

meani ng. which the recording is effected on a recording

meterial such as paper, thread, fiber, fexfile,

leather, metal, plastic resin material, glass, wood,

5 ceramic and so on.

In this specification, "recording" means not

.only forming an image of letter, figure or

the like

having specific meanings, but also includes forming an

image of a pattern not having a specific meaning.

10 An ink jet recording method of so-called

bubble jet-fype is known in which an instantaneous

state change resulting in an instantaneous

volume

change (bubble generation) is caused by application of

energy such as heat to the ink, so as to eject the ink

- 15 through the ejection outlet by the force resulted from

the state change by which the ink is ejected to and

deposited on the recording material to form an image

formation. As disclosed in US patent No.

4, 723,

129, a recording device using the bubble jet recording

20 method comprises an ejection outlet for ejecting the

ink, an ink flow path in fluid communication with the

ejection outlet, and an electrothermal transducer as

energy generating means disposed in the ink flow path.

With such a recording method is advantageous

25 in that, a high guality image, can be recorded at high

speed and with low noise, and a'pluraiif§-of such

ejection outlets can be posited at high density, and

SR R4



10 An ink jet recording nethod of so-called bubble jet type is
known in which an instantaneous state change resulting in an instantaneous
vol ume change (bubbl e generation) is caused by application of energy such
as heat to the ink, so as to eject the ink 15 through the ejection outlet
by the force resulted fromthe state chapge by which the ink is ejected to

and deposited on the recording material”"to forman i nage formation. As

disclosed in US patent No. 4, 723, 129, a recording device using the bubble
jet recording 20 nmethod conprises an ejection outlet for ejecting the ink,

an ink flow Qréf‘oi-éHiQm&ff‘@fi&%é&&r&iﬁ?nﬁ%%% iSQ%QH%é%f and an

el ectrothermal transducer as energy generat ans di sposed in the ink
flow path. Wghoetging &CkPGR PEsHPEPDPEN | SaRINENHAGPPESA25and £H8br @ high

quality inmage, can be recorded at high speed and with | ow noise, and a
plurality of shsfles] €ahipe eaéirystenneds PPRétefoné, htBE Bapsiéy, and
jet recording method is now widely used in pfinters,

5 copyiné machines, facsimile machines or énother office
equipment, and for industrial systems such as textile
ﬁrinting device or the like.

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

10 thereon, recently.

Fof exémple, an improvement in energy use
efficiency is demanded. To meet the demand, the
optimization of the heat generatiﬂg element such as
adjustment of the thickness of the protecting film is

15 investigated. This method is effective in that a
propagation efficiency of the generated heat to the
liguid is improved.

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

20 the ink ejection speed is increased, and/or the bubble
generation is stabilized to accomplish better ink
ejection. As another exampl?: from the—standpoint of
increasing the recording speed, flow passage
configuration improvements have been proposed by which

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

Japanese Laid Open Patent Application No.



therefore, small size recording apparatus capable of providing a high

resol ution can be provided, and color imges can be easily.forned.
Therefore, the bubble jet recording nethod is now widely used in printers,
5 copying nachines, facsinile machines or another office equipnent, and for
I ndustrial systens such as textile printi,ng device or the like. Wth the

i ncrease of the wide needs for the bubbié jet techni que, various denands
are inposed 10 thereon, recently. For exanple, an inprovenent in energy use
efficiency is demanded. To neet the demand, the optim zation of the heat

generating el GHORE35190972 PYbPEEELHL o phi8abll ctitttnibs! U8 Profect!ng
filmis 15 investigated. This nethod is effecfive In that a propagation
ef ficiency of diselgsedr anegtigage 19 (B9 hhaui(8)i,s foreauipdle.

The liquid path or passage structﬁre of a
manufacturing method therefor are proposed from the

5 standpoint of the back wave toward the liquid chamber.
This back wéve is considered as energy loss since it
does not contribute to the liquid éjection. It
pProposes a valve 10 disposed upstream of the heat
generating element 2 with respect to the direction of

10 general flow of the liquid, and is mounted oﬁ the
ceiling_of the passage. It takes an ihitiai position
wherein it extends along the ceiling. Upon bubble
generation, it takes the position ﬁherein it extends
downwardly, thus suppressing a part of the back wave

15 by the valve 10. When th valve is generated in the
path 3, the suppression of the back wave is not
practically significant. The back wave is not
directly contributable to the ejection of the liquid.
Upon the back wave occurs in the path, the pressure

20 for directly ejecting the liquid already makes the
liquid ejectable from the passage.

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

25 ‘therefore, a burnt material is deposited on the
surface of the heat generating element due to kogation

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



In order to provide high inmage quality inmages, driving conditions have been
proposed by which 20 the ink ejection speed is increased, and/or the bubble
generation is stabilized to acconplish better ink ejection. As another
exanple, fromthe standpoint of increasing the recording speed, flow
passage configuration inprovenents have_gﬁpn proposed by which 25 the speed
of liquid filling (refilling) into the liquid flow path is increased.
Japanese Laid Open Patent Application No. -4- SHO 63-199972 propose fl ow
passage structures as disclosed in Figure 1, (a) and (b), for exanple. The

liquid path ombeassage da(}iéiﬁiu{ge ot thduteGidrd r r@id1othit hejefor are

proposed fromthe 5 standpoint of the back wave toward the |iquid chanber
this occurs, the ink ejection becomes unstable.

Additionally, even when the liquid to be ejected is
the one easily deteriorated by heat or even when the

5 liquid is the one with which the bubble generation is
not sufficient, the liquid is desired to.be ejected in
good order without property change.

Japanese Laid Open Patent Application No.

SHO~-61-69467, Japanese Laid Open Patent Application

10 No. SHO-55-81172 and US Patent No. 4,480,259 disclose
that different liquids are used for the liquid
generating the bubble by the heat (bubble generating
liquid) and for the liquid to be ejected (ejection
liquid). In these publications, the ink as the

15 ejection ligquid and the bubble generation liqﬁid are
completely separated by a flexible film of silicone
rubber or the like so as to prevent direct contact of
the ejection liquid to the heat generating element
while propagating the pressure resulting from the

20 bubble generation of the bubble generation liquid to
the ejection liquid by the deformation of the flexible
film. The prevention of the deposition'of the
material on the surface of the heat generating element
and the increase of the selecfion latitude of the

25 ejection liquid are accomplished, by such a structure.

However, with this structure in which the

ejection liquid and the bubble generation liquid are



Thi s back wave is considered as energy |oss since it does not contribute to
the liquid ejection. It proposes a valve 10 di sposed upstream of the heat
generating elenent 2 with respect to the direction of 10 general flow of
the liquid, and is nounted on the ceiling of the passage. It takes an
initial position wherein it extends along the ceiling. Upon bubble
generation, it takes the position wherei 7t extends downwardly, thus
suppressing a part of the back wave 15 by the valve 10. Wen th valve is
generated in the path 3, the suppression of the back wave is not

practically signifi ' i i butable to the
ej ection of the ilﬁﬁ"?"'(}s’ 6&%%‘%?%%52%%\?\?3%%&%% ???rﬁléq%étlﬁ t he Elresfsure
20 for direct | 1 ; rgbg e en%b ; isquy.ck ej ectable from
t he passage. gén?r%gg%rl@hgn , :élr?%teaaert%ﬁg%ﬁ e J%t%til%?orlé%#&%rret hod, the

_heEti ngdi S I epgodghiithe dipahediondedRitdbictd ofl AEFIrnfilcaCord viid h the
e A flexible film, and therefore, the pressure is absorbed
5 by the flexible film to a quite high degree. 1In
addition, the deformation of the flexible film is not
so large, and'therefore, the energy use efficiency and
the ejection force are deteriorated although the some

effect is provided by the provision between the

10 ejection liquid and the bubble generation liquid.

'SUMMARY'OF THE INVENTION

Accordingly, it is a principal object of the
present invention to provide a structure for a movable
15 member in a liquid ejection using the movable member.
It is another object of the present invention
to procide a liquid ejection principle with which the
generated bubble is controlled in a novel manner.
It is a further object of the present
20 invention to provide a liquid ejecting method, liquid
ejecting head and so on wherein heat accumulation in-
the liquid on the heat generéting elemeﬂt is
significantly reduced, and the residual bubble on the
heat generating element is reduced, while improving
25 the ejection efficiency and the ejection pressure.
It is a further object of the present

invention to provide a liquid ejecting head and so on



25 therefore, a burnt material is deposited on the surface of the heat
generating el enent due to kogation of the ink. However, the amount of the
depositi on may -5- be large depending on the materials of the ink. if
this occurs, the ink ejection becones unstable. Additionally, even when the
liquid to be ejected is the one easily degferiorated by heat or even when
the 5 1liquid is the one with which the bubble generation is not sufficient,
the liquid is desired to be ejected in good order wi thout property change.
Japanese Laid Open Patent Application No. SHO 61-69467, Japanese Laid Open

oas " 70 e Mo SR £ AR S Ul (RSSO 55100
heat (bubbl e @R}t idi%ection due to back wave is suppressed, and
simultaneously, a degree of retraction of a meniscus
is reduction by a valve function of a movable member
5 by which the refilling frequency is increased, thus
permitting high speed printing.
| It is a further object of the present
invention to provide a liquid ejecting hgad and so on
wherein deposition of residual material on the heat
10 generating element is reduced, and the range of the
usable liqﬁid is widened, and in addition, the
ejection efficiency and the ejection fprce are
significantly increased.
It is a further object of the present
15 invention to provide a liquid ejection method and a
liquid ejection head, wherein excessive vibration is
regurated within a desired range, and the durability
of the movable member is improved.
It is a further object of the present
20 invention to provide é liquid ejecting method, a
liquid ejecting head and so on, wherein the choice of
the liquid to be ejected is Tade greatef.
It is a further object of the present
invention to provide a head kit for permitting easy
25 refuse of the liquid ejecting head.
According to an aspect of the present

invention, there is provided a liquid ejecting method



liquid) and for the liquid to be ejected (ejection liquid). In these
publications, the ink as the 15 ejection liquid and the bubble generation
liquid are conpletely separated by a flexible filmof silicone rubber or
the like so as to prevent direct contact of the ejection liquid to the heat
generating el ement while propagating the pressure resulting fromthe 20
bubbl e generation of the bubble generati®T liquid to the ejection liquid by
the deformation of the flexible film The prevention of the deposition of
the material on the surface of the heat generating el enent and the increase

Such & st ruct GO HeEidE Tl by Gebiatian B ) BbeiR T octfon' 11 dui d
and the bubbl @ gSANL" JrePdrdnd’ @ head®comprising an ejection
outlet for ejecting the.liquid, a bubble generation
region for generating the bubble in the liquid, a
5 movable member having a fulcrum and a free end
portion; and displacing the free end of said movable
member by pressure produced by the generation of the
bubble in said bubble generating portion, wherein the
free end of said movable member is restrained from
10 entering the bubble generation region beyond a first
position which is taken by the free end of said
movable member before generation of the bubble.
According to another aspect of the present
invention, there is provided a liquid ejecting method
15 for ejecting a liquid droplet through-.an ejection
outlet disposed at a position not faced to a bubble
generation region and downstream of the bubble
generation region with respect to a liquid droplet
ejection direcfion, by generation of bubble in the
20 bubble generation region, wherein providing a movable
member having-a free end portion for substantiaily
sealing an ejection outlet side region éf said bubble
generation region relative to said ejection outlet and
a surface portion extending from the free end portion
25 to a fulcrum portion which is disposed away from the
free end in a direction away from said ejedtion

outlet; moving said free end from it substantial



conpl etely separated, the pressure by the bubble generation is propagated
to the ejection |iquid-through the expansion-contraction deformation of the
flexible film and therefore, the pressure is absorbed 5 by the flexible
filmto a quite high degree. In addition, the deformation of the flexible

filmis not so large, and therefore, thgggnergy use efficiency and the
ejection force are deteriorated although”the sone effect is provided by the

provi sion between the 10 ejection liquid and the bubble generation |iquid.
SUMVARY OF THE | NVENTI ON Accordingly, it is a principal object of the

present invengealihg Bb%!tdénab?IbBﬁEQ%ﬁlkﬁro@ @E&?@dﬁb&%) In a

liquid ejection using the novab . 1's anot he j ect SP t he
present invensagd babplecigdfedaltion Feiion! iton thd %le@ﬁdﬂ Jutach the

generated bubble is controlled in a novel manner. is a further object of
t he present 2m0|ageat|mhetm1gumdldeoplbtquwﬁeepﬂ@twm@ FRide0@nd iogui d
said movable member is restrained from entering the
3 bubble generation region beyond a first position which
is taken by the free end of said movable member before
generation-of,fhe bubble.
' According to a fufther aspect of the present
invention, there is provided a liquid ejection
10 recording method wherein recording liquid is ejection
by generation of a bubble to effect recording,
comprising: supplying the recording liquid along a
heat generating element disposed along a flow path
from upstream of the heat generating element; and
15 applying heat generated by the heat_generating element
to the thus supplied liquid to generate a bubble, thus
moving a free end of a movable member having the free
‘end adjacent the ejection outlet side by pressure
produced by the generation of the bubble, to eject the
20 liquid to the recording material, said movable member
being disposed faced to said heat generating element,
wherein the free end of said movable meﬁber is
restrained from entering the bubble generation region
beyond a first position which is taken by the free end
25 of said movable member before generation of the

bubble.

According to a further aspect of the present



: : : : : o the heat
ej ecting head and so on wherein heat accumulation in the liquid on
ggnerat?ng element is significantly reduced, and the residual bubble on the
heat generating elenment is reduced, mhile i nproving 25 the ejection

i Ci ' [ f the present
efficiency and the ejection pressure. is a further object o
invention to provide a liquid ejectlng h§1d and so on -7- wherein
inertia force in a direction against |iquid supply direction due to back

i ' i f retraction of a
wave is suppressed, and sinultaneously, a degree o )
meni scus is reduction by a valve function of a novable nmenber 5 by which

the refilling ifnvesHtarsmy, 't&xér@ri%aiﬁ‘:@vfdélas 97 \Hd égtglt}liql%qamo%i nting.

It is a further object of the present |nvent|on to provid
ej ecti ng head fand esjeatiing liquid by generation of a bubble,

comprising: preparing a head including a first liquid
flow path in fluid communication with a liquid

5 ejection outlet, a second liquid flow path having a
bubble generation region and a movable member disposed
between said first liquid flow path and said bubble
generation region and having a free end adjacent the
ejection outlet side; and generating a bubble in said

10 bubble generation region to displace the free end of
the movable member into said first liquid flow path by
pPressure produced by the generation of the bubble,
thus guiding the pressure toward the ejection outlet
of said first liquid flow path by the movement §f the

15 movable member to eject the liquid; wherein the free
end of said ﬁovable member is restrained from entering
the bubble generation region beyond a first position
which is taken by the free end of said movable member
before generation of the bubble.

20 According to a further aspect of the present
invention, there is provided a liquid ejecting head
for ejecting liquid by generation of buﬁble,
comprising:'an ejection outlet for ejecting the
liquid; a bubble generation region for generating the

25 bubble in the liquid; a movable member having a
fulcrum and a free end; wherein the free end of said

movable member moves from by pressure produced by the



wherei n deposition of residual material on the heat 10 generating el ement

I s reduced, and the range of the usable liquid is w dened, and in addition,
the ejection efficiency and the ejection force are significantly increased.
It is a further object of the present 15 invention to provide a liquid

ej ection method and a liquid ejection hegq, wherein excessive vibration is
regurated within a desired range, and the~durability of the novable nenber
is inproved. It is a further object of the present 20 invention to provide
aliquid ejecting nmethod, a liquid ejecting head and so on, wherein the

choi ce of thegéh&?&@i&ﬂ B9 £h&chi bié;”ﬁﬂg g&%@?ﬁﬁni P meafls! $olher obj ect
It or

of the presenl Tnvention to provide a head permtting easy 25
refuse of therbkgPh@nehgCthadsPaadendcoe’ dhid ’f?o?lﬂg%%@%‘ihg‘)fthhhe present

i nvention, there is provided a liquid e ecting ne
bubble generation region beyond a first position which
is taken by the free end of said movable member before
5 generation of the bubble. |
According to a further aspect of the present

invention, there is provided a liquid ejecting head
for ejecting liquid by generétion of bubble,
éomprising: a first liquid flow path in fluid

10 communication with an ejection outlet; a second liquid
flow path héving bubble generation region for
generating thé bubble in the liquid by applying heat
to the liquid; a movable member disposed between said
fifst liquid flow path and said bubble generation

-15 region and having a free end portion adjacent the
ejection outlet, wherein the free end of the movable
member is displaced into said first liquid flow path
by pressure produced by the generation of the bubble,
thus guiding the pressure toward the ejection outlet

20 of said first liquid flow path by the movement of the
movablé member to ejecf the liquid; and restraining
means for restraining the frge end of séid from
entering the bubble generation region beyond a first
position which is taken by the free end of said

25 movable member before generation of the bubble.

According to a further aspect of the present

invention, there is provided a liquid ejection



-8- for ejecting liquid by generation of a bubble, conprising: preparing a
head conprising an ejection outlet for ejecting the liquid, a bubble '
generation region for generating the bubble in the liquid, a 5 novable
menber having a fulcrumand a free end portion; and displacing the free end
of said novabl e nenber by pressure prOdUCﬁd by the generation of the bubble
in said bubble generating portion, wher 8"t he free end of said novabl e
menber is restrained from 10 entering the bubbl e generation region beyond a
first position which is taken by the free end of said novabl e nenber before

generation of LAg Ry} 'ﬁegﬁﬁﬁgEfJ% éBie:J?i‘H tQEEoi‘ﬁ?ﬁ%l?@u}:@fD resent

invention, there i s™provr de ! ecting me jecting a
l'iquid dfop'ebehEEQ%QBnaneheﬁﬁbBﬂe to effect recording,

comprising: preparing a head comprising an ejection
outlet for ejecting the recording liquid, a bubble
5 generation region for generating the bubble in the
liquid, a movable member having a fulcrum and a free
end; and displacing the free.end of said movable
member by pressure produced by the generation of the
bubble in said bubble generating portion, wherein the
10 free end of said movable member is restrained frem
entering the bubble generation'region beyond a first
position which is taken by the free end of said
movable member before generation of the bubble.
According to a further aspect of the present
15 invention there is provided a head cartridge
comprising: a liquid ejecting head as defined above;
and a liquid container for containing the liquid to be
supplied to the liquid ejecting head.
-According to a further aspect of the present
20 invention there is provided a liquid ejecting
‘apparatus for ejecting recording liquid by generation
of a bubble, comprising: a lzquid ejecting head as
defined above; and driving signal supply means for
supplying a driving signal for ejecting the liquid
25 through the liquid ejecting head.
According to a further aspect of the present

invention there is provided a liquid ejecting



outl et disposed at a position not faced to a bubble generation regi on and
downstream of the bubble generation region with respect to a |iquid dropl et
ej ection direction, by generation of bubble in the 20 bubbl e generation
regi on, wherein providing a novabl e nenber having a free end portion for
substantially sealing an ejection outlet %Ide regi on of said bubble
generation region relative to said eJect} n outlet and a surface portion
extending fromthe free end portion 25 to a fulcrum portion which is

di sposed away fromthe free end in a direction away fromsaid ejection

outlet; nDV'nﬂpﬁé&&tﬁéefofngjééﬁﬂigtré&@f&?ﬂé'ﬂiquld By §§ﬁék5918ﬁs't'on by
generatlon of the bubble to open said bubble genération region to
ej ection outlef &obebBré, t Bembiisisly dropl equiahesetih§enba@cagnd Of
defined above; and'recording material transporting
means for feeding a recording material for receiving
5 the liquid ejected from the liquid ejectin§ head.
According to a further aspect of the present
invention there is provided a recording system
comprising: a liquid ejecting apparatus as defined
above; and a pre-processing or post-processing means
10 for promoting fixing of the liquid on the recording
material after the recording.
According tp a further aspect of thé present
invention there is provided a head kit comprising: a
liquid ejecting head as defined above; and a liquid
15 container containing the liquid to be supplied to the
liquid ejecting head.
According to a further aspect of the present
invention there is provided a head kit compriéing: a
ligquid ejecting head as defined above; a liquid
20 container for containing the liquid to be supplied to
the liquid ejecting head; and liquid filling means for
filling the 1iqu;d into the liquid contéiner.
According to a further aspect of the present
invention there is provided a recorded material
25 characterized by being recorded by ejected ink through

a liquid ejection recording method as defined above.

According to the present invention, the



sai d novabl e menmber is restrained fromentering the 5 bubble generation
regi on beyond a first position which is taken by the free end of said
novabl e member before generation of the bubble. According to a further
aspect of the present invention, there is provided a liquid ejection 10
recordi ng met hod wherein recording |iQUIg IS ejection by generation of a
bubble to effect recording, conprising: 3pp|y|ng the recording liquid

al ong a heat generating el enent disposed along a flow path from upstream of
t he heat generating elenent; and 15 applying heat generated by the heat

generating el gagektt st hﬁlbhussSleepbbedlhéqt&h@ ts%r%%&%ta cyppke, thus.

noving a free end of a novabl e nenber having the free end adj acent the

ej ection outl ebovedeilywasepoEsEbReoduCptelBnthensc#eeal kna ofF he bubble,
to eject the 20 liquid to the recording material, said novabl e nenber being

di sposed facemovdngamdmheat fyomemaving t¢heoethe hhbb&engbherhtienend of
sai d novabl e nenber is
region (toward the heat generating member) far beyond
5 the first position; therefore, the durability of the
moving member could be improved.

_ With the liquid ejecting method and the head
using the novel ejection principle, a synergistic
effect is provided by the generated bubble and the

10 movable member moved thereby so that the liquid
adjacent the ejection outlet can be ejection with high
efficiency, and therefore, the ejection efficiency is
improved. For example, in the most desirable type 6f
the present invention, the ejection efficiency is

15 increased even to twice the conventional one.

In anofher aspect of the present invention,
even if the printing operation is started after the
recording head is left in a low temperature or low
humidity condition for a long term, the ejection

20.failure can be avoided. even if the ejection failure
occurs, the normal operation is recovered by a small
scale recovery process including a preliminary
ejection and sucking recover;.

In an aspect of improving the refilling

25 property, the responsivity, the stabilized growth of
the bubble and stabilization of the liquid droplet

during the continuous ejections are accomplished, thus



restrained fromentering the bubble generation region beyond a first
position which is taken by the free end 25 of said novabl e nenber before
generation of the bubble. According to a further aspect of the present’
-10- invention, there.is provided a liquid ejecting method for ejecting

|l iquid by generation of a bubble, conprLZ%gg: preparing a head including a
first liquid flow path in fluid comunication with a liquid 5 ejection
outlet, a second liquid flow path having a bubbl e generation region and a
nnvable menber di sposed between said first liquid flow path and said bubble

generation regeeRittdnBaKiBg & e dhgcent the ejection outlet side;
and generatlng a bgban |nBsa|pIaéa Béggra neratlon region to displace the

free end of In this spec1f1cat10n, "upstream" and
"downstream" are defined with respect to a general
liquid flow from.a liquid sﬁpply source to the

3 ejection outlet through the bubble generation region
(movable member).

| As regards the bubble per se, the
"downstream" is defined as toward the ejection outlet
side of the bubble which directly function to eject

10 the liquid droplet. More particularly, it generally
means a downstream from the center of the bubble with
respect to the direction of_the general liquid flow,
or a downstream from the center of the area of the
heat generating element with respect td the same.

15 : . In this specification,_"substantially sealed"
generally means a sealed state in such a degree that
when the bubble grows, the bubble dées not escape
through a gap (slit) around the movable member before
motion of the movable member.

20 In this specification, "separation wall" may
mean a wall (which may include the movable member)
interposed to separate the region in difect fluid
communication with the ejection outlet from the bubble
generation region, and more specificélly means a wall

25 separating the flow path including the bubble
generation region from the liquid flow path in direct

fluid communication with the ejection outlet, thus



the novabl e nenber into said first liquid flow path by pressure produced by
the generation of the bubble, thus guiding the pressure toward the ejection
outlet of said first liquid flow path by the novenent of the 15 novable
nmenber to eject the liquid; wherein the free end of said novable nenber is
restrained fromentering the bubble generation region beyond a first
position which is taken by the free end ©f°sai d novabl e nenber before
generation of the bubble. 20 According to a further aspect of the
present invention, there is provided a |iquid ejecting headjf?rfejectln?_ .
liquid b en ' e 11 on 0 Qr ejectin
thg | quiyd;g aet{)ﬁdbﬁfg{agnglﬁgﬁ‘%ﬁ regi ginesfloq%ug%]éefijﬁ%e phle&{ééfbfdbod“f e in the
l'iquid;, a novadthgenber having a ful crumand a free end; wherein the free
end of said novabl e nenber noves from by pressure produced by the

These and other objects, features and

advantages of the present invention will become more
5 apparént upon a consideration of the following

description of the preferred embodiments of the

present invention taken in conjunction with the

accompanying drawings.

10 BRIEF DESCRIPTION OF THE DRAWINGS

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

Figure 2 is a schematic sectional view of
examplelof a liquid ejecting head of an embodiment of

15 the present invention.

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

Figure 4 is a schematic view of pressure

20 propagation from a bubble in a conventional head.

Figure 5 is a schematic view of pressure
propagation from a bubble in;a head accérding to an
embodiment of the present invention.

Figure 6 is a schematic view of a liquid flow

25 in an embodiment of the present invention.

Figure 7 depicts the essential portion of the

liquid ejection head in the first embodiment of the



generation of the bubble; and restraining nmeans for restraining the free
end of said fromentering the bubble generation region beyond a first
position which is taken by the free end of said novabl e nenber before 5
generation of the bubble. According to a further aspect of the present

I nvention, there is provided a |liquid eLﬁgting head for ejecting |iquid by

generation of bubble, conprising: a firs

Fiquid flow path in fluid 10

comuni cation with an ejection outlet; a second liquid flow path having
bubbl e generation region for generating the bubble in the |iquid by

appl yi ng heatpEQSEBS Ehgghﬁﬁggrnvvable menber di sposéd between said first

liquid fl ow path an

sal e generation 15 region and having a free end

portion adjacent the epeghir@Ngolk! 8t schBmbeie Wrawinge fyd of the novable
menber is displaced into said first liquid flow path by pressure produced

by the gener ateser@bihbethebpréncipal operation of the liquid '

ejection head during the contraction-vanishment of the

5 bubble.

10

15

20

25

Figure 9 depicts the essential portion of the

liquid ejection head in the second embodiment of the

present invention.

the

the

the

the

Figure 10 depicts the essential portion of
liquid ejection head in the third embodiment of
presenf invention.

Figure 11 depicts the essential portion of
liquid ejection head in the fourth embodiment of
present invention.

Figure 12 is a cross-sectional view of the

liquid ejection head (second liquid passage) in the

fourth embodiment of the present invention.

the

the

the

the

the

the

Figure 13 depicts tﬁe essential portion of
liquid ejection head in the fifth embodiment of
present invention.

Figure 14 depicts the essential portion of
liquid ejection head in Ehe sixth eﬁbodiment of
present invention.

Figure 15 depicts the essential portion of
liquid ejection head in the seventh embodiment of
present invention.

Figure 16 depicts the essential portion of



thus guiding the pressure toward the ejection outlet 20 of said first
liquid flow path by the novenent of the novable nenber to eject the liquid;
and restraining neans for restraining the free end of said fromentering

t he bubbl e generation region beyond a first position which is taken by the
free end of said 25 novabl e nenber before generation of the bubble.
According to a further aspect of the pfégﬁht invention, there is provided a
liquid ejection -12- recording method for ejecting recording Iiquid by
generation of a bubble to effect recording, conprising: preparing a head

Corbr L1 63 7 LS YA e s N, A e e
having a ful cthenpyekent '8fvention.

Figure 17 depicts the essential portion of
the liquid ejection head in the ninth embodiment of

5 the present invention.

Figure 18 depicts the moving member and the
second liquid passage structure.

Figure 19 depicts the moving member and the
liquid passage structure.

10 _ Figure 20 depicts various configurations of
the moving hember.

Figure 21 is a longitudinal section of the
liquid ejection head in accordance with the present
invention.

15 Figure 22 is a diagram showing the form of
the driving pulse. |

Figure 23 is an exploded perspective view of
the liquid ejection head in accordance with the
present invention.

20 Figure 24 is an exploded perépective view of
a liquid ejection head cartridge.

Figure 25 is a perspective Vieﬁ of a liquid
ejection apparatus, depicting the generai structure
thereof.

25 Figure 26 is a block diagram of the apparatus
illustrated in Figure 25.

Figure 27 is a perspective view of a liquid



end; and displacing the free end of said novabl e menber by pressure
produced by the generation of the bubble in said bubble generating portion,
wherein the 10 free end of said novable nmenber is restrained fromentering
t he bubbl e generation region beyond a first position which is taken by the
free end of said novable nmenber before gggeration of the bubble. According
to a further aspect of the present 15 invéntion there is provided a head
cartridge conprising: a liquid ejecting head as defined above; and a |iquid
container for containing the liquid to be supplied to the liquid ejecting

head. Accordiggeggignf?égggaiﬁépgggtg the present 20 invention there is
provided a liqtid e ecting apparatus tor ejecting recording liquid by

generation Of_a_bubb!epiggggrhgi@g:aasbhgﬁh@i%jg&hh@ggh%@dagﬁé@aﬂ ned
above; and driving signal supply nmeans for supplying a driving signal for

ejecting the kiguid 25 through the liquid ejecting head.

5 DESCRIPTION OF THE PREFERRED EMBODIMENT
<Embodiment 1>
Referring to the accompahying drawings, the
embodiments of the present invention will be
described.

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

15 direction of growth of the bubble, usable with this
embodiment. Figure 2 is a schematic sectional view of
a liquid ejecting head taken along a liquid flow path
usable with this embodiment, and Figure 3 is a partly
broken perspective view of the liquid ejecting head.

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

25 the liquid, an element substrate 1 on which said heat
generating element 2 is provided, and a liquid flow

path 10 formed above the element substrate



According to a further aspect of the present invention there is provided a
liquid ejecting -13- apparatus for ejecting recording liquid by
generation of a bubble, conprising: a liquid ejecting head as defined
above; and recording material transporting means for feeding a recording
material for receiving 5 the liquid ejegéﬁg fromthe liquid ejecting head.
According to a further aspect of the preSent invention there is provided a
recording system.conprising: a liquid ejecting apparatus as defined above;
and a pre-processing or post-processing neans 10 for pronoting fixing of

the I'iquid 0ncbb?eéﬁéﬁ&ﬂﬁ&ﬂy”ﬁ&efhélh@EEeﬁehgfaifﬁgrthﬂgnécéqrgEQQtt9 a
further -aspect of the present invention there 1s provided a hea |
conpri si ng: aliquid flow path 10 is in fluid communication with a
common liquid chamber 13 for supplying the ligquid to a
plurality of such liquid flbw paths 10 which is in
5 fluid communication with a plurality of the ejection
outlets 18.

Above fhe element substrate in the liquid
flow path 10, a movable member or plate 31 in the form
of a cantilever of an elastic material such as metal

10 is provided faced to the heat generating element 2.
One end of the movable member is fixed to a foundation
(supporting member) 34 or the like provided by
patterning of photosensitivity resin material on the
wall of the liquid flow path 10 or the element

15 substrate. By this structure, the movable member is
supported, and a fulcrum (fulcrum portion) is
constituted.

The movable member 31 is so positioned that
it has a fulcfum (fulcrum portion which is a fixed

20 end) 33 in an upstream side with respect to a general
flow of the liquid from the common liquid chamber 13
toward the ejection outlet 18 through tﬁe movable
member 31 caused by the ejecting operation and that it
has a free end (free end portion) 32 in a downstream

25 gide of the fulcfum 33. the'movable member 31 is faced
to the heat generating element 2 with a gap of 15pm

approx. as if it covers the heat generating element 2.



liquid ejecting head as defined above; and a liquid 15 -contai ner _
cogtainiLg thegliquid to be supplied to the liquid ejecting head. According
to a further aspect of the present invention there is provided a head kit
conprising: a liquid ejecting head as defined above; a liquid 20 conFalner
for containing the liquid to be supplleg ig the liquid ejecting head; and
liquid filling neans for filling the I|q% d into the liquid container.
According to a further aspect of the present invention there is provided a
recorded material 25 characterized by being recorded by ejected ink through

o . : : : . h
present | nvent [t Sene iR g R L B e d TS Fee M itRe et ur e
descri bed heat generating element and movable member. The type,

configuration or position of the heat generating

element or the movable member is not limited to the

5 ones described above, but may be changed as long as

the growth of the bubble and the propagation of the

pressure can be controlled. For the purpose of easy

undefstanding of the flow of the liquid which will be

described hereinafter, the liquid flow path 10 is

10 divided by the movable member 31 into a first liquid
flow path 14 which is directly in communication with
the ejection outlet 18 and a second liquid flow path
16 having the bubble generation region 11 and the
liquid supply port 12.

15 - By causing heat generation of the heat
generating element 2, the heat is applied to the
liquid in the bubble generation region 11 between the
movable member 31 and the heat generating element 2,
by which a bubble is generated by the film boiling

20 phenomenon as disclosed in US Patent No. 4,723,129,
The bubble and the pressure caused by the generation
of the bubble act mainly on Epe movable—member, so
that the movable member 31 moves or displaces to
widely open toward the ejection outlet side about the

25 fulcrum 33, as shown in Figure 2, (b) and (c) or in
Figure 3. By the displacement of the movable member

31 or the state after the displacement, the



above, it was possible to prevent the free end of the moving nmenmber from
noving into the bubble generation region (toward the heat generating
menber) far beyond 5 the first position; therefore, the durability of the
novi ng nmenber could be inproved. Wth the liquid ejecting nmethod and the
head using the novel ejection principle, g_synerglstlc effect is provided
by the generated bubble and the 10 nnvab? nmenber noved thereby so that the
l'iquid adjacent the ejection outlet can be ejection with high efficiency,
and therefore, the ejection efficiency is inproved. For exanple, in the

most desi rabl gréyagaeioh N6z PERS SPEes VLSt LABsel Ny CLAG! §QReSLELGhENCY is 15
? n Anot he

I ncreased even to twi ce the conventional one. ot aspect of the

present invendfotheevebbié al@ Bhé NGIGGLRPSE ALhaNbhBbSEapbedsal hek the
recording head is left in a low tenperature or low humdity condition for a

long term théispetedotowdrd atherejectidne owvided even if the ejection

failure Here, one of the fundahental ejection

_5 principles used with the present invention will be
described. One of important principles of this
invention is that the movable member disposed faced to
the bubble is displaced from the normal first position
to the displaced second position on the basis of.the

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

15 (downstream side).

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

20 direction of propagation of the pressure toward the
ejection outlet is indicated by VA, and the direction
of propagation of the pressure toward tﬁe upstream is
indicated by Vg.

In a conventional head as shown in Figure 4,

25 there is not any structural element effective to

regulate the direction of the propagation of the

pressure produced by the bubble 40 generation.



occurs, the normal operation is recovered by a small scale recovery process
including a prelimnary ejection and sucking recovery. In an aspect of
inproving the refilling 25 property, the responsivity, the stabilized
growth of the bubble and stabilization of the |iquid droplet during the
conti nuous ejections are acconpli shed, £€g§ -1?- pern1tt|pg hi gh speed
recording. In this specification, "upstr ' and "downstreant are defined
with respect to a general liquid flow froma liquid supply source to the 5
ejection outlet through the bubble generation region (novable nenber). As

regards the bnﬁbf@f@ﬁé,Sﬁhetﬁﬁiéé@WEﬁtéfaEﬁeiﬁrggéﬁpgdpgépégggignthe
ej ection outl et
of the is normal to the surface of the bubble as
indicated by V1-V8, and therefore, is widely directed
in the passage. Among these directions, those of the
5 pressure propagation from the half portion of the
bubble closer to the ejection outlet (V1-V4) have the
pressure components in the VA direction which is most
effective for the liquid ejection. this portion is
important since it direqtly contributable to the
10 1liquid ejection efficiency, the liquid ejection
pressure and the ejection speed. Furthermore, the
component V1 is closest to the direction of Vp which
is the ejection direction, and therefore, is most
effective, and the V4 has a relatively.small component
15 in the direction Vp-

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

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

25 The growth direction per se of the bubble is
directed downstream similarly to to the pressure

propagation directions V1-V4, and grow more in the



side of the bubble which directly function to eject 10 the liquid droplet.
More particularly, it generally nmeans a downstreamfromthe center of the
bubble with respect to the direction of the general liquid flow, or a

downstream fromthe center of the area of the heat generating element with

respect to the sane. 15 In this%ipecification, "substantially

seal ed" generally means a seal ed state ifi'such a degree that when the

bubbl e grows, the bubble does not escape through a gap (slit) around the
novabl e menber before notion of the novabl e nenber. 20 In this

speci fi cat i ondownepreani Sideathan ey ﬁﬁénuﬁs%égm(g@agb n@*;uif,,ncggge the
novabl e menber) interposed to separate the region 1n direc rgl .
connunicationgn¢Whhtdbre¢EtmﬁO@eﬁUééeﬁfffﬂé1bﬁﬁbbébbéecgﬁﬂféf%éﬁnb €gion,

and nore specifically means a wall 25 separating the flow path 1 ncfuding
the bubbl e getke dmovrbleghembér prandethé qpieséhos pabpagatibrect fluid
comuni cation_with the ejection outlet, thus
irection from the bubble is controlled thereby, so
5 that the ejection efficiency, ejection force and
ejection speed or the like are fundamentally improved.
Referring back to Figure 2, the ejecting
operation of the liquid ejecting head in this example
will be described in detail.
10 Figure 2, (a) shows a state before the energy
. such as elebtric energy is applied to the heat
gene:ating element 2, and therefore, no heat has yvet
been generated. It should be noted that the movable
member 31 is so positioned as to be faced af least to
15 the downstream portion of the bubble generated by the
heat generation of the heat generating element. 1In
other words, in order that the downstream portion of
the bubble acts on the movable member, the liquid flow
passage structure is such that the movable member 31
20 extends at least to the position downstream
(downstream of a line passing through the center 3 of
the area of the heat generating element_and
perpendicular to the length of the flow path) of the
center 3 of the area of the heat generating element.
25 Figure 2, (b) shows a state wherein the heat

generation of heat generating element 2 occurs by the

application of the electric energy to the heat



preventing mxture of the liquids in the liquid flow paths. These and ot her
obj ects, features and advantages of the present invention will become nore
5 apparent upon a consideration of the follow ng description of the
preferred enbodi nents of the present invention taken in conjunction with

t he acconpanyi ng draw ngs. 10 BRI EF DESQE%ETICN OF THE DRAWNGS Figure 1 is
a sectional viewof a liquid flow path of""a conventional |iquid ejecting
head. Figure 2 is a schematic sectional view of exanple of a liquid

ej ecting head of an enbodi nent of 15 the present invention. Figure 3 is a

partly brokengenespeshigve1¢n8Wtoh, aahiilyi Baghkeol B¢ bpad13¢Eq%di ng to an
enbodi nent
: filled in the bubble generation region 11 is heated by
the thus generated heat so that a bubble is generated
through the film boiling.

5 ' At this time, the movable member 31 is
displaced from the first position to the second
position by the pressure produced by the generation of
the bubble 40 so as to guide the propagation of the
pressure toward the ejection outlet. It should be

10 noted that, as described hereinbefore, the free end 32
of fhe movable member 31 is disposed in the downstream
side (ejection outlet side), an@ the fulcrum 33 is
disposed in the upstream side (common liguid chamber
side), so that at least a part of the movable member

15 is faced to the downstream portion.of the bubble, that
ié, the downstream pdrtion of the heat generating
element.

Figure 2, (c) shows a state in which the
bubble 40 has further grown. by the pressure resulting

20 from the bubble 40 generation, the movable member 31
is displaced further. The generated bubble grows more
downstream than upstream, and it expandé greatly
beyond a first position (broken line position) of the
movable member.

25 As the movable member 31 gradually moves in
response to the growth of the bubble 40 as described

above, the bubble 40 is controlled so that it grows in



of the present invention. Figure 4 is a schematic view of pressure 20
propagation froma bubble in a conventional head. Figure 5 is a schematic
view of pressure propagation froma bubble in a head according to an
enbodi ment of the present invention. Figure 6 is a schematic view of a
liquid flow 25 in an enbodi ment of the psesent invention. Figure 7 depicts
the essential portion of the liquid ejection head in the first enbodi ment
of the -17- present invention. Figure 8 is a schematic drawi ng for
describing the principal operation of the liquid ejection head during the

contracti on- vehé sSiE8ét H6n L1 whieWPte pressure generated by the
bubble 40 can easily escape or be released, and in
which the bubble 40 easily shifts in voiumetric terms.
In other words, the growth of the bubble is uniformly
5 directed toward the free end of fhe movable member.
This also is thought to contribute to the improvement
of the ejection efficiency.

Thus, it is understood that in accordance
with the growth of the bubble 40, the movable member

10 33 gradually displaces, by which the pressure
propagatipn‘direction of the bubble 40, the direction
in which the volume movement is easy, namely, the
growth direction of the bubble, are directed uniformly
toward the ejection outlet, so that the ejection

15 efficiency is increased. When the movable member
guides the bubble and the bubble generation pressure
toward the ejection outlet, it hardly obstructs
propagation and growth, and can. efficiently control
the propagation direction of the pressure and the

20 growth direction of the bubble in accordance with the
degree of the pressure.

Figure 2, (d) shows a state whérein the
bubble 40 contracts and disa;pears by the decrease of
the pressure in the bubble, peculiar to the film

25 poiling phenomenon.

The movable member 31 having been displaced

to the second position returns to the initial position



Figure 9 depicts the essential portion of the liquid ejection head in the
second enbodi nent of the present invention. Figure 10 depicts the essenti al
portion of 10 the liquid ejection head in the third enbodi nent of the
present invention. Figure 11 depicts the essential portion of the liquid
ejection head in the fourth enbodi nent of_the present invention. 15

Figure 12 is a cross-sectional view of 1hE 1 qui d ejection head (second

| i qui d passage) in the fourth enbodi nent of the present invention. Figure
13 depicts the essential portion of the liquid ejection head in the fifth

CoSCLErL (PRSI YA £LRUE P SR RISl oL
invention. Figirce Proleiidd by rhe SBRidRlp AP+ O the movable
member per se and the negative pressure due to the
contraction of the bubble. Upon the collapse of
5 bubble, the liquid flows back ffom the common liquid
chamber side as indicated by Vp; and Vpy and from the
ejection outlet side as indicated by V. so as to
compensate for the volume reduction of the bubble in
the bubble generation region 11 and to compensate for
10 the volume of the éjected liquid.

In the foregoing, the description has been
made as to the operation of the movable member with
the generation of the bubble and the ejecting
operation of the liquid. now, the description will be

15 made as to the.refilling of the liquid in the liquid
ejecting head usable with the present invention.

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

When the bubble 40 enters the bubble

20 collapsing process after the maximum volume thereof
after Figure 2, (c) state, a volume of the liquid
enough to compensate for the-collapsing‘bubbling
volume flows into the bubble generation region from
the ejection outlet 18 side of the first liquid flow

25 path 14 and from the bubble generation region of the
second liquid flow path 16.

In the case of conventional liquid flow



25 the liquid ejection head in the seventh enbodi ment of the present

I nvention. Figure 16 depicts the essential portion of -18- the liquid
ejection head in the eighth enbodi ment of the present invention. Figure 17
depicts the essential portion of the liquid ejection head in the ninth
enbodi mrent of 5 the present invention. Figure 18 depicts the noving nenber
and the second |iquid passage structure™2 i'lgure 19 depicts the novi ng
menber and the |iquid passage structure. 10 Figure 20 depicts
various configurations. of the noving nenber. Figure 21 is a |ongitudinal

section of thgagsage structure not having the movable member 31,
the amount of the liquid from the ejection outlet side
to the bubble collapse position and the amount of the
liquid from the common liquid chamber thereinto, are

5 attributable to the flow'resistances of the portion
closer to the ejection outlet than the bubble
generation region and the portion closer to .the common
liquid chamber.

'Therefore, when the flow resistance at the

10 supply port side is smaller than the other side, a
large amoﬁﬂt of the liquid flows into the bubble
collapse position from the ejection outlet side with
the result that the meniscus retraction is large.
With the reduction of the flow resistance in the

15 ejection outlet for the purpose of increasing the
ejection efficiency, the meniscus M rétraction
increases upon the collapse of bubble with the result
of longer refilling time period, thus making high
speed printing difficult.

20 According to this embodiment, because of the
provision of the movable member 31, the meniscus
retraction stops at the timgiwhen the mévable member
returns to the initial position upon the collapse of
bubble, and thereafter, the supply 6f the liquid to

25 f£ill a volume W2 is accomplished by the flow Vpa
through the second flow path 16 (Wl is a volume of an

upper side of the bubble volume W beyond the first



liquid ejection head in accordance with the present invention. 15

Figure 22 is a diagram show ng the formof the driving pul se.

Figure 23 is

an expl oded perspective view of the liquid ejection head in accordance with

t he present

view of a liquid ejection head cartridge.,
of aliquid ejection apparatus, depicting the general structure thereof.
Figure 26 is a block diagram of the apparatus illustrated in Figure 25.

i nvention. 20 Figure 24 is an expl oded perspective
dﬂ gure 25 is a perspective view

Figure 27 is a perspective view of a liquid -19-

10

15,

20

25

position of the movable member 31, and W2 is a volume
of a bubble generation region 11 side thereof). 1In
the prior art, a half of the volume of the bubble
volume W is the volume of the meniscus retraction, but
according to this embodiment, only about one half (W1l)
is the volume of the meniscus retraction.

Additionally, the liquid supply for the
volume W2 is forced to be effected mainly from the
upstream (Vp,;) of the second liquid flow path along
the surface of the heat generating element side of the
movable member 31 using the pressure upon the collépse
of bubble, and therefore, more speedy refilling action
is accomplished.

When the refilling using the pressure upon
the collapse of bubble is carried out in a
conventional head, the vibration of the meniscus is
expanded with the result of the deterioration of the
image quality. however, according to this embodiment,
the flows of the ligquid in the first liquid flow path
14 at the ejection outlet side and the ejection outlet
side of the bubble generation region 11 are
suppressed, so that the vibration of thé meniscus is
reduced. i

Thus, according to this embodiment, the high
speed refilling is accomplished by the forced
refilling to the bubble generation region through the

liquid supply passage 12 of the second flow path 16

25



ej ection recording system Figure 28 is a schematic drawi ng of a head kit.
5 DESCRI PTI ON OF THE PREFERRED EMBODI MENT <Enbodi nent 1> Referring to the

acconpanyi ng draw ngs, the enbodi nents of the present invention wll be
described. 10 In this enbodi ment, the description will be nade as
to an inprovenent in an ejection force agj/or an ejection efficiency by

controlling a direction of propagation of pressure resulting from
generation of a bubble for ejecting the liquid and controlling a 15
direction of growth of the bubble, usable with this enbodinment. Figure 2 is

a schematic saed igyatnd | Sipriedsidd Wl EIE GddibARR drd P¥Et FPNeh@ |1 qui d

fl ow path usable with this enbodi ment, and Figure 3 is a partly broken
perspective wibt@fidde therefbrd cnd Gt izdrion of ejedtioniquid

ej ecting head of this enbodi nent
and high speed repeated ejections are accomplished,
and when the embodiment is used in the field of
3 recording, the improvement in the image quality and in
the recording épeed can be accomplished.

The embodiment provides the following
effective function. It is a suppressioﬁlof the
propagation of the pressure to the upstream side (back

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

15 (back wave). The back wave deteriorates the refilling
of the liquid into the liquid flow path by the
pressure at the upstream side, the resulting motion of
the ligquid and the resulting inertia force. In this
embodiment, these actions to the upstream side are

20 suppressed by the movable member 31, so that the
refilling performance is further improved.

The description will be made aé to a further
characterizing feature and t;e advantageous effect.

The second liquid flow path 16 of this

25 embodiment has a liquid supply passage 12 having an
internal wall substantially flush with the heat

generating element 2 (the surface of the heat



conprises a heat generating elenment 2 (a heat generati

ng resistor of 40

[err]mXx 105 pmin this enbodinent) as the ejection energy generating

el ement for supplying thermal energy to the liquid to

eject 25 the |iquid,

an el ement substrate 1 on which said heat generating elenent 2 is provided,
and a liquid flow path 10 fornmed above t?g el ement substrate - 20-

correspondingly to the heat generating etenent 2. The
is in fluid communication with a conmon |iquid chanber
liquid to a plurality of such liquid flow paths 10 whi

liquid flow path 10
13 for supplying the
chisinb5 fluid

communi cat i ONgahé Fa®i il Us Bémét Of s thGt Z_itgfé‘étw Qt'éi:ﬁé& &§wnn@2§¥etﬁée

el ement substrate in the liquid flow path 10, a novabl

e ne or plate 31

in the form upstream side of the heat generating element 2. With

this structure, the supply of the liquid
surface of the heat génerating element 2
5 bubble generation region 11 occﬁrs along
of the movable member 31 at the position
bubble generation region 11 as indicated

Accordingly, stagnation of the liquid on

to the

and the

the surface
closer to the
by Vpa-

the surface

of the heat generating element 2 is suppressed, so

10 that precipitation of the gas dissolved i

n the liquid

is suppressed, and the residual bubbles not

disappeared are removed without difficulty, and in

addition, the heat accumulation in the 1i

quid is not

too much. Therefore, the stabilized bubble generation

15 can be repeated at a high speed. In this embodiment,

the liquid supply passage 12 has a substantially flat

internal wall, but this is not limiting,

liquid supply passage is satisfactory if

and the

it has an

internal wall with such a configuration smoothly

20 extended from the surface of the heat generating

element that the stagnation of the liquid occurs on

the heat generating element, and eddy flow is not

significantly caused in the supply of the liquid.

The supply of the liquid into the bubble

25 generation region may occur through a gap at a side

portion of the movable member (slit 35) as indicated

by Vp;. In order to direct the pressure

upon the



of a cantilever of an elastic material such as netal 10 is provided faced
to the heat generating element 2. One end of the novable member is fixed to
a foundation (supporting nenber) 34 or the like provided by patterning of
photosensitivity resin material on the wall of the liquid flow path 10 or
the el enment 15 substrate. By this structure, the novable nenber is
supported, and a fulcrun1(fulcrun1portitﬁB’is constituted. The novabl e
menber 31 is so positioned that it has a fulcrum (ful crum portion which is
a fixed 20 end) 33 in an upstreamside with respect to a general flow of

the i qui i quj i i
ougis h! 1BURBIS SOEReLaSLAGC RS B G BV O IR PR ) 7
120 Ton rovenfthife o LeP04 9RUnTY plpBef bsaseay dhoseisssbeys |1 o
gap of 15[err i gRRr BippRe fénétatP¥R" Pe§ibneabvaeipgathagsaresest 2.
of the heat generating element) may be used, as shown
5 in Figure 2. then, the flow resistance for the liquid
between the bubble generation region 11 and the region
of the first liquid flow path 14 close to the ejection
outlet is increased by the restoration of the movable
member to the first position, so that the flow of the
10 31jiquid to the bubble generation region 11 along Vp;
can be suppressed. However, according to the head
structure of this embodiment, there is a flow
effective to supply the liquid to the bubble
generation region, the supply performance of the
15 1iquid is greatly increased, and therefore, even if
the movable member 3i"covers the bubble generation
region 11 to improve the ejection efficiency, the
supply performance of the liquid is not deteriorated.
The positional relation between the free end
20 32 and the fulcrum 33 of the movable member 31 is such
that the free end is at a downstream position of the
fulcrum as indicated by 6 in‘the Figure; for example.
With this structure, the function and effect of
guiding the pressure propagation direction and the
25 directioh of the growthsof the bubble to the ejection
outlet side or the like can be gfficiently assured

upon the bubble generation. Additionally, the



-21- A bubble generation region is constituted between the heat generating
el enrent and novabl e nenber. The type, configuration or position of the heat
generating el enent or the novable nenber is not limted to the 5 ones
descri bed above, but may be changed as long as the growth of the bubble and
t he propagation of the pressure can be c ﬁﬂtrolled For the purpose of easy
under st andi ng of the flow of the I|qU|d' ich will be described
hereinafter, the liquid flow path 10 is 10 divided by the novabl e nenber
31 into a first liquid flow path 14 which is directly in connunlcatlon with

the ej ection guld®iodd af@h&f&poirgi éf @L‘ﬁé%%&&g@: fg L he bubbl e

generation region 11 and the liquid supply port au5|ng heat
generati on oforilie fieditfunction or effect relating to the ejection

but also the reduction of the flow-resistance through
the liquid flow path 10 upon the supply of the liquid

5 thus permitting the high speed refilling. When the |
meniscus M retracted b the ejection as shown in Figure
6, returns to the ejection outlet 18 by capillary
.force or when the liquid supply is effected to
compensate for the collapse of bubble, the positions

10 of the free end and the fulcrum 33 are such that the
flows 51, Sé and S3 through the liquid flow path 10
including the first liquid flow path 14 and the second
liquid flow path 16, are not impeded.

More particularly, in this embodiment, as

15 described hereinbefore, the free end 32 of the movable
member 3 is faced to a downstream position of the
center 3 of the area which divides the heat generating
element 2 into an upstream region and a downstream
region (the line passing through the center (central

20 portion) of the area of the heat generating element
and perpendicular to a direction of the length of the
liquid flow path). The movable member 3i receives the
pressure and the bubble which are greatly
contributable to the ejection of the liquid at the

25 downstream side of the area center position 3 of the
heat generating element, and it guides the force to

the ejection outlet side, thus fundamentally improving



generating elenent 2, the heat is applied to the liquid in the bubble
generation region 11 between the novabl e nenber 31 and the heat generating
el enent 2, by which a bubble is generated by the filmboiling 20
phenonenon as disclosed in US Patent No. 4,723,129. The bubble and the
pressure caused by the generation of the ggbble act mainly on the novabl e
menber, so that the novabl e nenber 31 nnees or displaces to widely open
toward the ejection outlet side about the 25 fulcrum 33, as shown in
Figure 2, (b) and (c) or in Figure 3. By the displacenent of the novable

rember 31 or the syateish! 8fribeedbgbiCeRBNbckhton fo2Re ProPagation of
the pressure caused by the generation of the bubble and the growth of the
bubbl e per se are diresuedhbevwaddahtagepast egfeettsl are provided
using the upstream side of fhe bubble, as described
hereinbefore. |
5 Furthermore, it is considered that in the
structure of this embodiment, the instantaneous
mechanical movement of the free end of the movable
member 31, contributes to the ejection of the liquid.
<Embodiment 1>
10 Figure 7 shows a first embodiment. In Figure
7, A shows an upwardly displaced movable member
although bubble is not shown, and B shows the movable
member in the initial position (first position)
wherein the bubble generation region 1l is
15 substantially sealed relative to the ejection outlet
18. Although not shown, there is a flow passage wall
between A and B to separate the flow paths.
A foundation 34 is provided at each side, and
between them, a liquid supply passage 12 is
20 constituted. With this structure, the liquid can be
supplied along a surface of the movable member faced:
to the heat generating element side and‘from the
liquid supply passage having'a surface substantially
flush with the surface of the heat generating element
25 or smoothly continuous therewith.

When the movable member 31 is at the initial

position(first position), the movable member 31 is



Here, one of the fundanental ejection 5 principles used with the present

i nvention will be described. One of inportant principles of this invention
is that the novabl e nenber di sposed faced to the bubble is displaced from
the normal first position to the displaced second position on the basis of
the 10 pressure of the bubble generation ar the bubble per se, and the

di spl aci ng or displaced novabl e nenber 3? Is effective to direct the
pressure produced by the generation of the bubble and/or the growth of the
bubbl e per se toward the ejection outlet 18 15 (downstream side). More

detai | ed desciilpeieoRoWolr! c18sBAYE clhlthctadPRbl B0RMAEYESAM RR1G0REeNt i onal
liquid fl ow passage structure not using the novable nenber (Figure 4) and

the present idispbsed @(bwpsteedh olfetbe hbat?gedeiratting edbmanepagati on of
the pressure toward the ejection outlet is indicated by Verr], and the
direction of pndphgati generatiiagpetement sdder dalllle 3Fsdiepdsed at
| the sides of the heat generating element, so that the
5 ejection outlet 18 side of the bubble generation
region 11 is substantially sealed. Thus, the pressure
prodﬁced by the bubble at the time of the ﬁubble
generation and particularly the pressure downstream of
the bubble, can be concentréted on the free end side
10 sidé of the movable member, without releasihg the
pressure,

In the process of the collapse of bubble, the
movable member 31 returns to the first position, and
the ejection outlet side of the bubble generation

15 region 31 is substantially sealed, and therefore, the
meniscus retraction is suppressed, and the liquid
supply to the heat generating element is carried out
with the advantages described hereinbefore. As
regards the refilling, the same advantageous effects

20 can be provided as in the foregoing example.

In particular, in this embodiment, regulating
means (wall 36 on the downstream side of the heat
generation member, and walls‘along the heat generation
member) are provided, which regulate the downward

25 movement of the movable member so that when the

movable member returns from the second position to the

first position, the movable member is prevented from



i ndicated by V[err]. In a conventional head as shown in Figure 4, 25 there
Is not any structural elenment effective to regulate the direction of the
propagation of the pressure produced by the bubble 40 generation. -23-
Therefore, the direction of the pressure propagation of the is normal to
the surface of the bubble as indicated by Vli-V8, and therefore, is wdely
directed in the passage. Anong these diréctions, those of the 5 pressure
propagation fromthe half portion of the bubble closer to the ejection
outl et (V1-V4) have the pressure conponents in the VA direction which is

most effectivaobablehpaktquhd ejiesti posiBisnPahlli 8AtbEihgPRALANt Since it
directly contributable to the 10 liquid ejection efficiency, the liquid
ej ection bubble generation region. In other words, the
downward movement of the movable member past the first
position, that is, an excessive movement of the
5 movable member is prevented; therefore, the durabiiity
of the movable member is further improved.

Referring to Figure 8, the characteristics of
the embodiment of the present invention will be
described in more detail..

10 Figure 8 is a schematic section of the liquid
passage 10 of a iiquid ejection head, at a point
within the bubble generation region 11. It
sequentially depicts the operation of the liquid
éjection head.

15 Figure 8, (a) depicts the state beforé the
operation begins, in which the movable member is at
the first position (initial position). 1In this state,
the free end portion of the movable member is in
contact with the aforementioned regulating means,

20 .being physically prevented from moving downward.

Figure 8, (b) depicts the state in which the
movable member 31 is being moved by the‘pressure of
the bubble developed by the ;eat from the heating
member. Thereafter, as the bubble contracts, the

25 movable member returns to the first position due to
the negative pressure generated by the contraction of

the bubble, and the elastic resilience of the movable



pressure and the ejection speed. Furthernore, the conponent V1 is closest

to the direction of VA which is the ejection direction,

and t herefore,

nost effective, and the V4 has a relatively small conmponent 15 in the

direction V[err]. On the other hand, in the case of the present

shown i-n Figure 5, the novable nenber 31_is effective to direct, to the
downstream (ejection outlet side), the 5? Ssure propagation directions Vi-
20 V4 of the bubble which otherwi se are toward various directions thus,
pressure propagations of bubble 40 are concentrated, so that the pressure

of the bubbl epd@bes Jitkestly and efficiently contributable to the ejection.
25. The growt h direction per se of the bubble is directed

downstreamsinilarly t@att @nbhgaReetinee RHAPABIMWARA] MoVeeddS o¥l- V4, and

grow nore in the

the free end portion of the movable member is

regulated by the aforementioned regulating means; the

5 free end portion of the movable member is prevented

from moving downward beyond the first position.

The ejection outlet side of the heat

generation region 11 is substantially sealed by the

wall 36 which is located on the downstream side of the

10 heat generating member and also functions as the

regulating means, the walls 37 located along the heat

generating member, and the movable_member 31;

therefore, the negative pressure in the bubble

generation region is increased by the continuous

15 contraction of .the bubble (Figure 8(d)).

However,

this negative pressure is canceled by the incoming

recharging ink, preventing the deformation of the

movable member.

In this embodiment, the foundation 34 for

20 supporting and fixing the movable member 31 is

provided at an upstream position away from the heat

generating element 2, as shown in Figure 3 and Figure

7, and the foundation 34 has a width smaller than the

liquid flow path 10 to supply the liquid to the liquid

25 supply passage 12. The configuration of the’

foundation 34 is not limited to this structure, but

may be anyone if smooth refilling is accomplished.

S

i nventi on,

t he



-24- downstream side than in the upstream side. Thus, the growth direction
per se of the bubble is controlled by the novabl e nenber, and the pressure
propagation direction fromthe bubble is controlled thereby, so 5 that the
ejection efficiency, ejection force and ejection speed or the like are
fundamental 'y inproved. Referring back tg Figure 2, the ejecting operation
of the liquid ejecting head in this exaﬁgpé wi |l be described in detail. 10
Figure 2, (a) shows a state before the energy such as electric energy is
applied to the heat generating elenent 2, and therefore, no heat has yet

been generated. It shog)dehesnghtgdaif é%gthﬁh€0¥§35 aHE&bBétﬁéehsgﬁ8th

positioned as to be faced at |east to e domns ream portron
bubbl e generaﬁedabyethembeat3ﬂeaﬁaa{:henc9éa£9ﬁcée§£ ﬂsﬂﬁré{:wsxe' ement. In

ot her words, in order that the downstream portion o
but the distance may be changed as 1ong as the
pressure produced by the bubble generation is
5 sufficiently propagated to the movable member.

As described above, in this embodiment, the
moving member 31, more precisely, the free end portion
thereof, is restrained or prevented from moving
downward past the first position, by the regulating

10 means such as the wall 36 on the downstream side of
the heat geherating member, or by the walls 37 along
the lateral edges of the heat generating member;
therefore, not only the efficiency at which the liquid
is refilled is increased as described above, but also,

15 the movement of the free end portion of the moving
member is primarily confined to the area above the
first position.

Consequently, the bending stress which is
generated at the supporting portion due to its

20 deformation is rendered unidirectional; therefore, the
durability of the moving member can be drastically
improved. ‘
<Embodiment 2>

Figure 9 is a schematic drawing of the liquid

25 ejection head in this embodiment, depicting the
structure of the liquid passage; Figure 9, (a) is a

plan view depicting the positional relationship among



t he bubbl e acts on the novable nenber, the liquid fl ow passage structure is
such that the novable nenber 31 20 extends at least to the position

downst ream (downstream of a |line passing through the center 3 of the area
of the heat generating el ement and perpendicular to the length of the flow
path) of the center 3 of the area of the geat generating el enent. 25

Figure 2, (b) shows a state wherein the™ Reéat generation of heat generating
el ement 2 occurs by the application of the electric energy to the heat

-25- generating element 2, and a part of of the liquid filled in the bubble

generation regi @frdd liqﬁ?ét | 8dsBuabh f4! NS nBRERE hMNRGAS150 bR @ DUDD ©

i's generated through the f boi T ng e novabl e
nmenber 31 is second liquid passage 16; Figure 9, (b), a sectional

view thereof, at a line VA-VA' in Figure 9, (a); and
Figure 9, (c) is a sectional view at a line VB-VB' in
5 Figure 9, (a). “
The second liquid passage 16 is provided with
a narrow portion or throat 19. This narrow portion 19
is located on the upstream side of the heat generating
member 2, forming a chamber structure (bubble
10 generation chamber) capable of preventing the pressure
generated by the bubble from escaping through the
_ second liquid passage 16. When a narrow portion is
provided in the liquid passage of a conventional
,liquid ejection head without the moving member in
..-15 order to prevent the pressure generated on the common
liquid chamber side of the heat generating member from
escaping toward the common ligquid chamber, the narrow
portion of the liquid passage must be structured so
that the cross-section thereof does not becomes
20 excessively small, in consideration of the efficiency
at which the liquid refills the liquid passage from -
which the liquid has been ejected. —
However, in the case of this embodiment, the
major portion of the liquid to be ejected comes from
25. the first liquid passage 14; the liquid within the
second liquid passage 16 in which the heating member 2

is disposed is consumed only by a small amount.



di splaced fromthe first position to the second position by the pressure
produced by the generation of the bubble 40 so as to gui de the propagation
of the pressure toward the ejection outlet. It should be 10 noted that, as
descri bed hereinbefore, the free end 32 of the novable nenber 31 is

di sposed in the downstream side (ejection outlet side), and the fulcrum 33
I s disposed in the upstream side (comnﬂﬁQTquid chanber side), so that at

| east a part of the novable nmenber 15 is faced to the downstream portion-of
t he bubble, that is, the downstream portion of the heat generating el enent.

the pr essur o 2SS thd LIS B S P8 Gt e, Hei Tadinl o momber
31 1s di spl agnghi 18 (g raiifor Ses e b UG G‘sé’é%.{@%ﬁc?%ééﬁ m t han
upstream and it expands greatly beyond a first position oke i ne
position) of 16 eondmyay etHEedifbunt consumed by the bubble
generation. Therefore, the disténce between the
5 lateral walls of the narrow portion 9 can be rendered
egtremely small, for example, from several microns to
ten-odd microns, so that it becomes possible to
concentrate the pressure from the growing bubble .
generated in the second liquid passage 16 toward the
10 moving member 31, allowing only a small portion of it
to dissipaﬁe ipto the surrounding area. In other
words, the moving member 31 makes it possible to use
the major portion of this pressure as the ejection
pressure; therefore, a better ejection efficiency and
15 a stronger ejection pressure can be obtained.

It should be noted here that the
configuration of the second liquid passage 16 is not
limited to the one described above. That is, any
configuration is acceptable as long as it can allow

20 the pressure from the bubble growth to be effectively
directed toward the moving member.

Referring to Figure-9, (c), thé width of the
heating member 2 is designated by a reference Hl; the
width of the second liquid passage 2, by a reference

25 H2; and the width of the moving member 31 is
designated by a reference H3.

According to the present invention, the



25 As the novable menber 31 gradually nmoves in response to the
grow h of the bubble 40 as descri bed above, the bubble 40 is controlled so
that it grows in -26- the direction in which the pressure generated by

t he bubbl e 40 can easily escape or be released, and in which the bubble 40
easily shifts in volunetric ternms. In O£€§£ words, the growth of the bubble
Is uniformy 5 directed toward the free d of the novable menber. This

al so is thought to contribute to the inprovenent of the ejection
efficiency. Thus, it is understood that in accordance with the grow h of

. ' . ' ich the
DI essurc. propagat on ar rcrs oo or"the hRETe 20 the di rectionin which the
vol ume novenent iB2esasyl »a@®ly, the
When the moving member 31 is at the position
illustrated in Figure 9, (c), it appears as if there
5 is nothing to prevent the downward movement of the
moving member therefrom. However, since the poftion
of the second liquid passage 16, which'is immediately
below the free end of the cantilever type moving
member 31, is tapered, the moving member 31 comes in
10 contact with the walls 23 of the second liquid passage
16, by its free end 32, as it returns to the first
posifion. In other words, the downward movement of
the free end is regulated by the walls 23 of the
second liquid passage 16 which doubles as the
. 15 regulating means. Therefore, the durability of the
moving member is improved, and at the same time, the
ejection efficiency and the ink recharge efficiency
can be improved.
<Embodiment 3>
20 Figure 10, (a) is a plan view for describing
the positional relationship among the aforementioned
first liquid passage 14, moving member 51, and second
~liquid passage 16, and Figure 10, (b) is a sectional
view thereof along a line IV-IV' in Figure 10: (a).
25 In these drawings, the natural position of

the moving member (that is, the position at which the

moving member 31 is not in action) is designated as



grow h direction of the bubble, are directed uniformy toward the ejection
outlet, so that the ejection 15 efficiency is increased. Wien the novabl e
nmenber guides the bubble and the bubble generation pressure toward the
ejection outlet, it hardly obstructs propagation and growth, and can
efficiently control the propagation dirgéélon of the pressure and the 20
growt h direction of the bubble in accordafice with the degree of the
pressure. Figure 2, (d) shows a-state wherein the bubble 40 contracts and
di sappears by the decrease of the pressure in the bubble, peculiar to the

film25 bO"'beF¥¥¥§¥“¥E§Et rmggiég. éﬁgg@zgfen displaced to

the second position returns to the Init a posSI
the first position, at least a portion (a part of the

side portion and a part of the free end in this
embodiment) of thé edge of the moving member 31 is in
5 contact with the liquid passage walls 23 which form
the second liquid passage 16. Therefore, when the
moving memﬁer having moved as indicated by an arrow
mark A from the natural (ihitial) positidn returns to
the natural (initial) position, it does not move into
10 the second liquid passage 16 because it is blocked by
the liquid passage walls 23. Further, in this
embodiment, the moving member 31 is rendered wider
than the heater. In other worﬁs, the relationship
among the width Hl of the heating member 2, the width
15 H2 of the second liquid passage 16, and the width H3
of the moving member 31 is:
H3 > H2

Moreover, when the relationship between H1

and H2 satisfies: H2 > H1, the margin for eomponent
20 positioning error can be increased.

In this embodiment, the returning movement of
the moving member to the iniEial positien is
stabilized by satisfying the above relationships,
making it possible to maintain a far more stable state

23 of liquid ejéction compared to the conventional
system. As a result, it is possible to obtain a

liquid ejection head which is far superior to the



(first posi

tion) of Figure 2, (a) by the restoring force provided by the

spring property of the novable nenber per se and the negative pressure due

to the cont
fl ows: back

raction of the bubble. Upon the collapse of 5 bubble, the liquid
fromthe comon |iquid chanber side as indicated by VD1 and VD2

and fromthe ejection outlet side as indicated by V[err] so as to _
conpensate for the volune reduction of T3 bubble in the bubbl e generation
region 11 and to conpensate for 10 the volunme of the ejected liquid. In the

f or egoi ng,

t he description has been made as to the operation of the novable

menber with t BENEL e Q%gi jhe ejecting operation of the
i quid now, t‘ﬁgn descr%%?tr}?{?éw' JH]E%:E tr;}nagé;figlsg}%n@ﬁea?@fl I1ing of the

liquidint
Referring t

heah#&bi fi®f ecting head usable with the present invention
o] Fidﬁ?% é?yliquid supply mechanismw ||l be described. Wen the

bubbl e 40 ent<Embddibmdnibbde . '

5

10

15

20

25

Figures 11 and 12 depict the fourth
embodiment of the present invention;

Figure 11, (a) is a plan view depicting the
positional relationship among the moving member 31,
the second liquid passage 16, and the heating member
2. Figure 11, (b) is a sectional view thereof, at a
line A-A illustrated in Figure 11, (a), wherein the
moving member 31 is at the initial position.

Figure 12 is a longitudinal sectional view
taken along a line B-B illustratéd in Figure 11, (a),
and depicts the area from the position of the ejection
orifice to the éommqn liquid chamber.

In the liquid ejecting head of this
embodiment, a second liquid flow path 16 for the
bubble generation is provided on the element substrate
1l which is provided with a heat generating element 2
for supplying thermal energy for generating the bubble
in the liquid, and a first liquid flow path 14 for the
ejection liquid in direct cogmunication'with the
ejection outlet 18 is formed thereabove.

The upstream side of the first liquid flow
path is in fluid communication with a first common
liquid chamber 15 for Qupplying the ejeétion liquid

into a plurality of first liquid flow paths, and the



20 col l'apsing process after the maxi mum volune thereof after Figure 2, (c)
state, a volume of the liquid enough to conpensate for the collapsing
bubbling volume flows into the bubble generation region fromthe ejection
outlet 18 side of the first liquid flow 25 path 14 and fromthe bubble
generation region of the second liquid fhgm1path 16. In the case of
conventional liquid flow -28- passage=sfructure not having the novabl e
menber 31, the anmount of the liquid fromthe ejection outlet side to the
bubbl e col | apse position and the anmount of the liquid fromthe common

01§ ChATDCpbREERA"ERdeTE Bndl beLOUATRAELR, iy bt 85! ShonCs of (e
the portion ckpaell E6mhiiAie8¥YBA with the second common liquid
chamber for supplying the bubble geherétion liquid to
a plurality of'second liquid flow paths.
5 In the case that the bubble generation liquid
and ejection liquid are the same liquids, the number
of the common liquid chambers may be one.
Between the first and second liquid flow
paths, there is a separation wall 30 of an elastic
10._material such as métal so that the first flow path and
thé second flow path are separated. In the case that
mixing of the bubble generation liquid and the
ejection liquid should be minimum, the first liquid
flow path 14 and the second liquid flow path .16 are

15 preferably isolated by the partition wall. however,
when the mixing to a certain extent is permissible,
the complete isolation is not inevitéble.

A portion of the partition wall in the upward

projection space of the heat generating element

20 (ejection pressure generation region including A and B
(bubble generation region 11) in Figure 12), is in the
form of a cantilever movable-member 31,’formed by
slits 35, having a fulcrum 33 at the common liquid
chamber (15 17) side and free end at the ejection

25 outlet side (downstream with respect to the general

flow of the liquid). The movable member 31 is faced

to the éurface, and therefore, it operates to open



l'iquid chamber. Therefore, when the flow resistance at the 10 supply port
side is smaller than the other side, a large amount of the liquid flows
into the bubble collapse position fromthe ejection outlet side with the
result that the neniscus retraction is large. Wth the reduction of the
flow resistance in the 15 ejection outlet for the purpose of increasing the
ej ection efficiency, the neniscus M ret T&2Ti on i ncreases upon the coll apse
of bubble with the result of longer refilling time period, thus naking high
speed printing difficult. 20 - According to this enbodi nent,

2
| $4 3 t he niLscus .retraction
gfgggsgtOIhéh??ﬁéeﬁkghg?ﬁgéﬁ%sgﬁFgﬁﬁgé egfagféFnéh?oQ%ﬁg%ih?ﬁP&F posi tion

liquid to 25
upon the col | aps@ 9£tﬁuﬁﬁbﬁ,tﬁédbﬁbﬁiégﬁ%ﬁé)@a%%gnfﬁfpjl:ﬁﬁo%>H.EeJB§e qurd to

fill a volume W2 is acconplished by th roug Sécond fl ow

path 16 (W igenerstioR Digafd (direction of the arrow in the
Figure). 1In an example of Figure 12, too, a partition
> wall 30 is disposed, with a spaée for constituting a
second liquid flow path, above an element substrate 1
provided with a heat generating resistor portion as
the heat generating element 2 and wiring electrodes 5
for applying an electric signal to the.heat generating

10 resistor portionm.

As for the positional relation among the
fulcrum 33 and the free end 32 of the movable member
31 and the heat generating element, are the same as in.
the previous example.

15 - In the previous example, the description has
been made as to the relation between fhe structures of
the liquid suppl§ passage 12 and the heat genefating
element 2. the relation between the second liquid flow
path 16 and the -heat generating element 2 is the same

20 in this embodiment.

In particular, the structure of the moving
member 31 in this embodiment‘is such thét when the
moving member 31 is at the initiallposition, both
lateral edges of the moving member 31, and the entire

25 .edge of the free end portion, are in contact with the
walls of the second 1iqﬁid passage, rendering the

bubble generation region 11 of the second liquid



upper side of the bubble volunme Wbeyond the first -29- position of the
novabl e member 31, and W2 is a volune of a bubble generation region 11 side
thereof). In the prior art, a half of the volume.of the bubble volune Wis
the volune of the meniscus retraction, but 5 according to this enbodinent,
only about one half (W) is the vol une .afgthe neni scus retraction.
Addi tionally, the liquid supply for the volume W2 is forced to be effected
mai nly fromthe upstream (VD2) of the second liquid flow path along 10 the
surface of the heat generating el enent side of the novable nenber 31 using
the pressure RARSAged & Gubpantialilp Hen]l et df tdertieor £ rapr i gpredy
refilling action is acconplished. Wien the refilling using the pressure
upon _ passage 14. With the presence of such a structure,
the downward movement of the moving member 31 is
prevented by all of the edges. As a result, the
bending stress which occurs at the supporting point is
more effectively confined to a single direction.
Consequently, the durability of the moving member is
improved.
Further, since all the edges of the moving
10
member come in contact with the walls 23 which form
the second liquid passage 16, the pressure from the
bubble generation is not allowed to escape into the
first liquid passage through the gap; the pressure is
15 further concentrated on the moving member. Therefore,
it is possible to provide a liquid ejection head with
a far higher ejection efficiency and a far stronger
ejection force.
Further, in the case of a liquid ejection
5 head in which the partitioning wall, a part of which
0 _
constitutes the moving member, is extended through the
common liquid chamber to partition the common liquid .
chamber into two common liquid chambers ‘15 and 17,
different liquids, for exampfe, liquid to be primarily
25 elected, and liquid for primarily generating the
' bubble, can be supplied to the first liquid passage 14
and the second liquid passage 16, respectively. With

this arrangement, even liquid which is difficult to



15. the coll apse of bubble is carried out in a conventional head, the
vibration of the neniscus is expanded with the result of the deterioration
of the image quality however, according to this enbodinent, the flows of
the liquid in the first liquid flow path 20 14 at the ejection outlet side
and the ejection outlet side of the bubble generation region 11 are
suppressed, so that the vibration of t i freni scus is reduced. Thus,

according to this enbodi ment, the high 25 speed refilling is acconplished
by the forced refilling to the bubbl e generation reglondtgrou%h the liquid
suppl assagey 2 of 'qﬂﬁggp f -30-_and by _the suppression
of pltohg geni sé%l;él]ir'e?rizﬁ:‘{hﬁ)n an vlléb%ﬁél%%éﬁ#@r%f% g}}e?ﬁ’e U a%t??llz’:ﬁé)on of

ej ection- liquid, can be ejected in a preferable manner.

Further, when the moving member of this.

embodiment is at the initial position, the first and

5 second liquid passages 14 and 16 are substantially
sealed from each other. In other words, the liquid is
prevented from moving between the two liquid passages;
therefore, the mutual diffusion of the two different
liQuids, which might occur when the liquid.ejection

10 head is not in action, can be prevented.

The major functions and effects as regards'
the propagation of the bubble generatioﬁ preséure‘with
the displacement of the movable wall, the direction of
.the bubble growth, the preventioh of the back wave and

15 so on, in this embodiment, are the same as with the
first embodiment, but the two-flow-path structure is
advantageous in the following points.

The ejection liquid and the bubble generation
liquid may be separated, and the ejection liquid is

20 ejected by the pressure produced in the bubble
generation liquid. Accordingly, a high viscosity
liquid such as polyethylene q}ycol or tﬁe like with
which bubble generation and therefore ejection force
is not sufficient by heat application, and which has

25 not been ejected in good order, can be ejected. for
example, this liquid is supplied into the first liquid

flow path, and liquid with which the bubble generation



and high speed repeated ejections are acconplished, and when the enbodi nent
is used in the field of 5 recording, the inprovenent in the inmage quality
and in the recording speed can be acconplished. The enbodi ment provides the
following effective function. It is a suppression of the propagation of the
pressure to the upstream side (back lon%gﬁg)_prpduced by the generation of
t he bubble. The pressure due to the co l'iquid chamber 13 side
(upstream) of the bubble generated on the heat generating elenment 2 nostly
has resulted in force which pushes the liquid back to the upstream side 15

(back wave). IbeiRaghounyeads! esi 8uppeielents! thbl BacBhat Barhigyid into

the liquid flow path by the pressure at the upstream si the resulting
moti on of thetheqbubbaadgéheratsoht 10guiaerthd £2hkgie! 8¢t fha enbodi ment,

these actions to the upstream side are 20 suppressed by the novabl e nenber
31, so that thubbZéigenegapioholiguid asmistuberliguiaved - 2 cp
approx.) of the anol and water (4:6). by doing so, the
5 ejection liquid can be properly ejected.

Additionally, by selecting as the bubble
generation liquid a liquid with which the deposition
such as kogation does not remain on the surface of the
heat generating elemeﬁt even upon the heat

10 application, the bubble generation is stabilized to
assure the'proper ejections. The abové-described
effepts in the foregoing embodiments are also provided
in this embodiment, the high viscous liquid or the
like can be ejected with a high eﬁection efficiency

15 and a high ejection pfessure.

Furthermore, liquid which is not durable
against heat is ejectable. in this case, such a liquid
is supplied in the first liquid flow path as the
ejectioh liquid, and a liquid which is hot easily

20 altered in the property by the heat and with which the
bubble generation is in good order, is supplied in the
second liquid flow path. by doing so, tﬁe liquid can
be ejected without thermal damage and with high
ejection efficiency and with high ejection pressure.

25 <Embodiment 5>

Figure 13 is a schematic cross-sectional view

of the liquid ejection head in this embodiment, and



The description will be made as to a further characterizing feature and the
advant ageous effect. The second liquid flow path 16 of this 25 enbodi ment
has a |iquid supply passage 12 having an internal wall substantially flush
with the heat generating elenent 2 (the surface of the heat -31-
generating elenment is not greatly steppgg down) at the upstream side of the
heat generating elenment 2. Wth this str 8ture, the supply of the liquid to
the surface of the heat generating elenent 2 and the 5 bubbl e generation
region 11 occurs along the surface of the novable nenber 31 at the position

Accor dingly. oraame i o o P B8, ) 5BBLF S ener ati ng
el ement 2 is shepnesémént SOf the movable member, which is triggered
as a driving pulse is applied; and Figure 13, (b)
depicts the state in which the driving pulse was
5 turned off and the movable membér has returned to the
natural position from the position to which it had
moved. As is evident from thesé drawings, the cross-
section of the movable member 31 is shaped like an
inverted trapezoid. Further, the edge of the
10 partition wall 30, which faces the slit 35, is slanted
to match the cross-sectibn of the movable member 31.
In other words, the width 3la of the mbvable member
31, on the side of the second liquid passage 15, is
'less than the width 31b of the mo?able member 31, on
15 the side of the first liquid passage 14. Conversely,
the width 31b of the movable member 31, on the side of
the first liquid passage 14, is less than the distance
35b between the opposing lateral edges of the
partition wall 30, on the side of the first liquid
20 passage 14, and is greater than the distance 35a
between the opposing lateral edges of the partition
wall 30, on the side of the second liquid passage 16:
35b > 35a.
As the movable member returns to the initial
25 position, it tends to move downward past the initial
position due to the negative pressure within the

second liquid passage and the elastic resiliency of



10 that precipitation of the gas dissolved in the liquid is suppressed, and
t he residual bubbles not disappeared are renoved without difficulty, and in
addition, the heat accunulation in the liquid is not too nuch. Therefore,
the stabilized bubble generation 15 can be repeated at a high speed. In
this enbodinent, the liquid supply pass 12 has a substantially flat
internal wall, but this-is not limting,”and the liquid supply passage is
satisfactory if it has an internal wall with such a configuration snoothly
20 extended fromthe surface of the heat generating el ement that the

UL o Chbiubiatl g MoeNet AuAe ool 0GEAY SRUFRENL 000 00
the liquid i néDantea m@@ﬁﬁ%mééi&ﬂ_fﬁ&iﬁbmi’egﬁ&%efh%ﬂ&%h@ gap at
a side portion of the novable nenber (slit 35) as i1ndicated by err]. In
order to diresdridepqridiysgi <l apted tdierfaces of the partition wall
30 come in contact with each other, regulating the
5 downward movement of the movable member; the downward
movement on the movable member past the initial
position is confined within a range equivalent to the
width of the movable member 31. Therefore, the
durability of the movable member is improved even
10 though the structure of this embodiment is such that
there is no'specific stopper provided for the free end
of the movable member.
It is obvious that when the end surface of .
the free end of the movable member, and the
15 correspondent surface of the partition wall, are
slanted in the same manner as described above, the
same effect as those described in the preceding
embodiments can be obtained.
Further, in this embodiment, the invasion of
20 the movable member 31 into the second liquid passage
14 is prevented by the partition wall 30 itself:;
therefore, the manufacturing steps can ge simplified.
<Embodiment 6>
Figure 14 is a schematic cross-section of the
25 1liquid passage of the liquid ejection head in this
embodiment, and depicts its structure; Figure 14, (a)

depicts the state in which the movable member is ready



-32- bubbl e generation further effectively to the ejection outlet,
novabl e nmenber covering the entirety of the bubble generation region
(covering the surface of the heat generating elenent) may be used,
5in Figure 2. then, the flow resistance for the |iquid between the bubble

generation region 11 and the region of the first

a large

as shown

liquid fl ow path 14 cl ose

to the ejection outlet is increased by tHe restoration of the novable

menber to the first position,

so that the flow of the 10 liquid to the

bubbl e generation region 11 annng[ﬁrr] candbe sgpp{ﬁssed: Fbm?rer,
according to ‘yeture of. this . odi nent, -‘there js, a ow
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14, (b) depicts the state in which the driving pulse

was turned off and the movable member has réturned to
the first position from the position to which it had
moved. The configuration of the movable member in
this embodiment is such that it is flat on the
surface, on the side of the first liquid passage 14,
and has a projection, on the surface on the side of
the second liquid passage 16. The height of this
projection is no greatef than the height H9 of the
partition wall 23.

As a driving pulse is applied, the movable
member 31 with the projection is moved in the
direction indicated by an arrow mark, because of the
bubble generated on the heater 2 (Figure 14, (a)).

' Thereafter, as the driving pulse is turned
off, the bubble vanishes, allowing the movable member
31 to return to the first position where the slit 35
is maintained between the movable member and the
opposing lateral edges of the partition wall 30. At
this moment, the movable member 31 tendg to move into
the second liquid passage 16, due to the negative
pressure generated by the vanishing bubble and the
elastic resilience of the movable member itself, but
its movement into the second liquid passage 10 is

regulated by the projection formed on the movable



region 11 to inprove the ejection efficiency, the supply performance of the
liquid is not deteriorated. The positional relation between the free end 20
32 and the fulcrum 33 of the novable nmenber 31 is such that the free end is
at a downstream position of the fulcrumas indicated by 6 in the Figure,
for exanple. Wth this structure, the function and effect of guiding the

pressure propagation direction and the direction of the growth of the
bubble to the ejection outlet side or the like can be efficiently assured
upon the bubbl e generation. Additionally, the -33- positional relation

s effective rfiuRee I it MRwiiisa i dnditd | e Gidvl1d Gdindd 10 Lhe
ej ection but also the ‘reduction of the flow resistanc roug e liquid
fllow path 10 3pgadthen @lnstoipdditidiuigl confined within the
range- equivalent to the thickness of the movable
member itself (Figure 14, (b)).
5 <Embodiment 7>
Figure 15 .is a schematic, longitudinal
section of the liquid péssage of the liquid ejection
head in this embodiment, and depicts its structure.
This drawing depicts the state in which the movable
10 member 31 is moved by the bubble, which was generated
in the liquid within the second liquid passage by the
heat generated by the heater 2.
The basic structure of the liquid ejection
head in this embodiment is the same as that in the
15 fourth embodiment, except that the free end 32 of the
movable member 31 in this embodiment is extended
beyond the corresponding end of the heat generating
member 2 in the direction of the ejection orifice, and
that plural projections are provided on the liquid
20 passage wall 23 constituting a part of the bottom
surface of the first liquid passage 14, in the area in
which the free end portion of the movabie member 31
makes contact with the botto; surface of the first
liquid passage 14. These projections 14 prevent the
25 movable member 31, which comes in contact with the

liquid passage wall 23, from sticking to the liquid

passage wall 23. Needless to say, the location where



1 tti [ RN [ Mretracted b
S thus permitting the high speed refilling. Wen the neniscus
t he ejegtion as ghomn in Figure 6, returns to the ejection outlet 18 by
capillary force or when the liquid supply is effected to conpensate for the
col | apse of bubble, the positions 10 of the free end and the fulcrum 33 are

iquid flow path
such that the flows S[err], Slerr] and SLgrr] through the Iiqu
10 including the first liquid flow path %i and the second liquid flow path
16, are not inpeded. Mre particularly, in this enbodinent, as 15 described
her ei nbefore, the free end 32 of the novable nenber 3 is faced to a

downst r eam poshésanpebjebeisast 21 §erp6§ft%ﬁé%V\g§ gﬁogi #%@gﬁgﬁggpheat

generating elenent 2 into an upstreamTeglon an owns on (the

[ [ ' f the
I'ine passing theoagéat bercespenaéne té athaOrPOs! 08) pOE+i e8na
hggt genera?ing elgnent and perpendicular to a dlrec?lon Qﬁ ?ﬁe Pength of

the |iquid floovahle)medber Bl abbtherdtsas lareCebogstabe Pressure and the

bubbl e which are greatly _ .
Obviously, they may be provided on the movable member

5 31 itself.

Further, in order to increase the amount of
the movable member displacement without rendering it
excessive,  the liquid passage ceiling level above the
free end portion of the movable member 31 is raised

10 higher than the liquid ceiling level above the
supporting bortion. It should be noted here that the
liquid passage configuration described above is not
limited to this embodiment; the application of this
configuration to other embodiments similarly improves

15 the durability of the movable member.
<Embodiment 8>

.Figure 16 is a schematic plén view of the
liquid passages of the liquid ejection head in this
embodiment, and depicts their structures. 1In the

20 drawing, a reference numeral 2 designates a heat
generating member; a reference numeral 14, a second
liquid passage; a reference numeral 23,'a liquiad
passage wall; and a reference numeral 24 designates a
projection.

25 Also in this embodiment, plural projections
24 are provided on the liquid passage wall 23

constituting the bottom surface of the first liguid



contributable to the ejection of the liquid at the 25 downstream side of
the area center position 3 of the heat generating elenent, and it guides
the force to the ejection outlet side, thus fundanmentally i nproving - 34-
the ejection efficiency or the ejection force. Further advantageous effects
are provided using the upstream side of_%@e bubbl e, as descri bed

|

her ei nbefore. 5 Furt her nore, Ts considered that in the

structure of this enbodiment, the instantaneous mechanical novement of the
free end of the novabl.e nenber 31, contributes to the ejection of the

l'i qui d. <E”b0§é£§‘£§e 1$410in the ar a@ﬂ:ﬁ%ﬂ'?ﬂaﬁ‘ﬁeaf;:ééséngnbom ment. In
Figure 7, A shows an upwardly displaced novable nmenber

portion of the movable member 31 makes contact. The

configuration of the second liquid passage 16 is

affected by the liquid passage wall 23; a narrow

5 portion is formed. Further, a liquid passage wall 19

is partiallf cut away, and a passage 25 is provided to

connect the adjacent second liquid passages 16 at

their downstream side ends. A partition wall (Ni

plate) 30, a paft of which constitutes fhe movable

10 member 31, is laminated onto the liquid passage wall
23 patterned as described above, ¢overing the second
liquid passage 16 in such a manner that the tip of the
movable member 31 makes contact with the liquid
passage wall 23.

15 <Embodiment. 8> Figure 17 is a schematic plan
view of the liquid passage of the liquid ejection head
in this embodiment, and depicts its structure. Also
in this embodiment, a passage 25 connecting the
adjacent second liquid passages 16 as described in the

20 eighth embodiment is provided though it is slightly
different; the passage 25 in this embodiment is made.
to run in zigiag. Therefore, the lengtﬁ of the
connecting passage 25 between the adjacent second
liquid passages 16 becomes longer, rendering the

25 1liquid ejection head more resistant to cross-talk.

As is evident from the preceding embodiments,

according to the present invention, the movement



al though bubble is not shown, and B shows the novable member in the initial
position (first position) wherein the bubble generation region 11 is 15
substantially sealed relative to the ejection outlet 18. Although not

shown, there is a flow passage wall between A and B to separate the flow
paths. A foundation 34 is provided at eagh side, and between them a liquid
supply passage 12 is 20 constituted. Wth this structure, the liquid can be
supplied along a surface of the novable nenber faced to the heat generating
el enent side and fromthe liquid supply passage having a surface

substanti al | y(ddwiatand tdisglactmidntoe oFf the f1ad SRNYBIERY Riwisid 25 or

snoot hl'y continuous therewi th. \Wen the novabl e menber 31 is at the initial
position(firdmemyeyt tfxom thehd imstalpositedrerintb ithe bubble

generation regioﬁ (toward the heat generating member

past the first position) is regulated; therefore, the

-5 stress which occufs in the supporting portion of the

movable member is rendered unidirectional.

Consequently, the durability of thé movable member is

drastically improved.

Further, the meniscus vibration is suppressed

10 to a minimum, and therefore, the negative pressure,
which is generated in the bubble generation region as
the bubble vanishes; is more effectively utilized tb
recharge the liquid passage with liguid. As a result,
the liquid passages can be recharged at a higher

15 frequency.

Further, when the movable member is at the
first pésition, it contacts the regulating means, or
maintains a slight gap therefrom, that is, there is no
gap in practical terms between the movable member and

20 the regulating means; therefore, the generated bubble
does not escape through the gap (slit) between the two
components, fully acting on the movable—member.
Accordingly, it is possible £; produce a liquid
ejection head with a higher ejection efficiency and a

25 higher ejection force.

According to anothe: aspect of the present

invention, when the movable member is at the first



-35- close to or closely contacted to a downstream wall 36 di sposed
downstream of the heat generating elenent 2 and heat generating el enent
side walls 37 disposed at the sides of the heat generating el enent, so that
the 5 ejection outlet 18 side of the bubble generation region 11 is _
substantially seal ed. Thus, the pressure_produced by the bubble at the tine
of the bubble generation and particul arT¥®The pressure downstream of the
bubbl e, can be concentrated on the free end side 10 side of the novable
menber, w t hout releaS|n the pressure. In the process of the coll apse of

le)Jng(t:)![ :aont gﬁt I et SI m]h %g)a%%%r grg%lr%é)aé [ on tr%%?%#\é ﬁoY%bag%btsP:nt ially
seal ed, and trﬁ@ﬂf‘éﬁr %nd hdIoFVf nd LA (At 1 on RS Siskalfill ! e
liquid supply to the heat generating enment 1s carried ou th
advant ages demhibered ¥ PIREP ' Mntact with the corresponding
walls of fhe second liquid passage. This arrangement
5 is extremely useful when it is necessary to fill the
first and second liquid passages each with a different
liquid, since thé downward movement of the movable
member does not mix the liquid in the first liquid
passage with the liquid in the second liquid passage,
10  and the two liquids are prevented from diffusing each
other when.the 1iquid'ejection.head is not in action.

Further, it is also possible to prevent the
movable member from entering the second liquid
passage, by shaping the movable member so that its

15 éross-section forms an inverted trapezoid, or by
providing it with a projection.

Further, the movable member is prevented from
sticking to the liquid passage wall, by placing plural
projections on the bottom surface of the first liquid

20 passage, in the area with which the movable member
make contact.

Further, in the case of the twin liquid
passage structuré in which two liquid passages are
filled with different liquids, the first liquid

25 (liquid to be ejected) is prevented from mixing into
the second liquid (bubble generation liquid);

therefore, the liquid to be ejected is prevented from



regards the refilling, the same advantageous effects 20 can be provided as
in the foregoing exanple. In particular, in this enbodiment, regulating
means (wall 36 on the downstream side of the heat generation nenber, and
wal I s al ong the heat generation nmenber) are provided, which regulate the
downward 25 novenent of the novable nenber so that when the novabl e nenber
returns fromthe second position to t he 317 st position, the novable nenber
is prevented from -36- novabl e past the first position and entering the
bubbl e generation region. In other words, the dowward novenent of the

rovabl e enbSie ifpladdiidd nd Siihg WS pdlSaCootys, TRYETe of
menber is fuddiibld MRS is prevented from sticking to the
partition wall between the first and second liquid
passages. Therefore, it is possible to provide a
5 liquid ejection head, which is éapable of stablé
ejéction, and in which two liquid passages are given a-
different functions.
<Other Embodiments>
In the foregoing, the description has been
10 made as to the major parts of the liquid ejecting head
and the liqhid ejecting method according to the
embodiments of the present invention. the description
will now be made as to fufther detailed embodiments
usable with the foregoing embodiments. The following
15 examples are usable with both of the single-flow-path
type and two-flow-path type without specific
statement.
<Liquid flow path ceiling configuration>
Figure 18 is a sectional view taken along the
20  length of the flow path of the liquid ejecting head
according to the embodiment. grooves for constituting
the first liquid flow paths {} (or liquid flow paths
10 in Figure 2) ‘are formed in grooved member 50 on a
partition wall 30. In this embodiment, the height of
25 the flow path ceiling adjacent the free end 32
position of the movable member is greater to permit

larger operation angle © of the movable member. The



Referring to Figure 8, the characteristics of the enbodi ment of the present
i nvention will be described in nore detail. 10 : Figure 8 is a
schematic section of the liquid passage 10 of a liquid ejection head, at a
point within the bubble generation region 11. It sequentially depicts the
operation of the liquid ejection head. 15 Figure 8, (a) depicts
the state before the operation begins, TR8Whi ch the nmovabl e menber is at
the first position (initial position). In this state, the free end portion
of the novable nenber is in contact with the aforenentioned regul ating

[ ' ' ' __FL .8, (b
depi ot s the sPBeEarEbRTr ool BYTELE ot el Eoe e YR SR e riy 055t ne

depicts the state in whic nova b§nthe

pressure of tBenbudbratdenchePete bytiheLha! o%remat i‘ﬁgﬂng&t kfg‘{:”‘e”ber :
Thereafter, as the bubble contracts, the 25 novable er returns to the
first positiopathg the durability of the movable member and the

bubble generation power or the like. It is desirable

5 <that it moves in the angle range wide enough to
include the angle of the posifion of the ejection
outlet.
As shown in this Figure, thé displaced level

of the free énd of the movable member is made higher

10 than the diameter of the ejection outlet, by which
sufficient éjection pressure is transmitted.. As
shown in this Figure, a height of the liquid flow path
ceiling at the fulcrum 33 position of the movable
member is lower than that of the liquid flow path_

15 ceiling -at the free end 32 position of the movable
member, so that the release of the pressure wave to
the upstream side due to the displacement of the
movable member can be further effectiveiy prevented.
<Positional relation between second liquid flow path

20 and movable member>

Figure 19 is an illustration of a positional
relation between the above—dsscribed moéable member 31
and second liquid flow path 16, and (a) is a view of
the movable member 31 position of the partition wall

25 30 as seen from the above, and (b) is a view of the
second liquid flow path 16 seen from the above without

partition wall 30. Figure 19, (c) is a schematic



t he negative pressure generated by the contraction of the bubble, and the
el astic resilience of the novable -37- menber itself. At the sane tine,

t he downward novenent of the free end portion of the novable nenber is
regul ated by the aforenmentioned regulating neans; the 5 free end portion of
t he novabl e nmenber is prevented fron1an'§g downward beyond the first
position. The ejection outlet side of tﬁ% heat generation region 11 is
substantially sealed by the wall 36 which is |ocated on the downstream side
of the 10 heat generating nmenber and al so functions as the regul ating

means, the waliéw Xt | eatssk ot Qoxai %f@ﬂoﬂ%@fﬁéﬂ&ﬂ@@@%%% d the

novabl e nmenber 31; therefore, the negative pressure in the e
member 6 and the second liquid flow path 16 wherein

the elements are overlaid. In these Figures, the
bottom is a front side having the ejection outlets.

5 ' The second liquid flow path 16 of this
embodiment, as described hereinbefore, has a throat
portion 19 upstream of the heat generating element 2
with respect to a general flow of the liquid from the
second common liquid chamber side to the ejection

10 outlet through fhe heat generating element position,
the movable member position along the first flow path,
so as to brovide a chamber (bubble generation chamber)
effective to suppress easy release, toward the
upstream side, of the pressure produced upon the

15 bubble generation in the second liquid flow path 16.

As shown in Figure 19, (c), the lateral sides
of the movable member 31 cover respective parts of the
walls constituting the second liquid flow path so that
the falling of the movable member 31 into the second

20 1liquid flow path is prevented. By doing so, the
above-described separation between the ejection liquid
and the bubble generation liquid is furéher enhanced.
Furthermore, the release of the bubble through the
slit can be suppressed so that ejection pressure and

25 ejection efficiency are further increased. Moreover,
the above-described effect of the refilling from the

upstream side by the pressure upon the collapse of



generation region is increased by the continuous 15 contraction of the
bubbl e (Figure 8(d)). However, this negative pressure is canceled by the
incom ng recharging ink, preventing the deformation of the novable nenber.
In this enbodi nent, the foundation 34 for 20 supporting and fixing the
novabl e nmenber 31 is provided at an upst ganrpos!tion away fromthe heat
generating elenent 2, as shown in Figure and Figure 7, and the foundation
34 has a wdth smaller than the liquid flow path 10 to supply the liquid to
the liquid 25 supply passage 12. The configuration of the foundation 34 is

not limted tgugblé Sééﬂcﬁgrfhréhgrrgﬁhiﬁbé?yone if smooth refilling is
acconpl i shed. 38- In-this enbodi ment e cl earance between the
In Figure 18, a part of of the bubble
generated in the bubble generation region of the
'second liquid flow path 4 with the displacement of the
5 movable member 6 to the first liquid flow path 14
| side, extends into the first liquid flow path 14 side.
by selecting the héight of the second flow path to
permit such extension of the bubble, the ejectibn
force is further improved as compared with the case
10 without such extension of the bubble. To provide
such extending of the bubble into the first liquid
flow path 14, the height of the second liquid flow
path 16 is preferably lower than the height of the
maximum bubble, more particularly, the second liquid
15 flow path is preferably several pm - 30 pm,. for
example. In this embodiment, the height is 15 pm.
<Movable member and partition wall>
Figure 20 shows another example of the
movable member 31, wherein reference numeral 35
20 designates a slit formed in the partition wall, and
the slit is effective to provide the movable member
31. In Figure 16, (a), the movable meﬁber has a
rectangular configuration, and in (b), it is narrower
in the fulcrum side to permit increased mobility of
25 the movable member, and in (c), it has a wider fulcrum

side to enhance the dQurability of the movable member.

The configuration narrowed and arcuated at the fulcrum



novabl e member 31 and the clearance is 15[err]mapprox., but the distance
may be changed as long as the pressure produced by the bubble generation is
5 sufficiently propagated to the novabl e nenber. As descri bed above, in
this enbodi ment, the noving menber 31, nore precisely, the free end portion
thereof, is restrained or prevented fromjywoving downward past the first
position, by the regulating 10 neans such as the wall 36 on the downstream
side of the heat generating menber, or by the walls 37 along the |ateral
edges of the heat generating nmenber; therefore, not only the efficiency at

which the |iggide iss reddddashd sis NoE eRee! st dRcdd Ntk Ahgsha PUt al so. 15

the novenent of the free end portion of the moving I's primarily
confined to thiawidaEw\watheifdd,Stafdadtivh @ Rt hildie bending

stress which is generated at the supporting portion due to its 20
def ormati on idnradnidartsd. uni directional; therefore, the
In the foregoing embodiments, the plate or
5 film movable member 31 and the separation wall 5
having this movable member was made of a nickel having
a thickness of 5pm, but this is not limited to this
example, but it may be any if it has anti-solvent
property against the bubble genération liquid and the
10 ejection liquid, and if the elasticity is enough to
permit the 6peration of the movable member, and if the
required fine slit can be formed.
Preferable examples of the materials for the
‘movable member include durable maferials such as metal
15 such as silver, nickel, gold, iron, titanium,
aluminum, platinum, tantalum, stainless steel,
phosphor bronze or the like, alloy thereof, or resin
material having nytril group such as acrylonitrile,
butadiene, stylene or the like, resin material having
20 amide group such as polyamide or the like, resin
material having carboxyl such as polycarbonate or the
like, resin material having aldehyde gréﬁp such as
polyacetal or the like, resin material having sulfon
group such as polysulfone, resin material such as
25 liquid crystal polymer or the like, or chemical
compound thereof; or materials having dﬁrability

against the ink, such as metal such as gold, tungsten,



durability of the noving nenber can be drastically inproved. <Embodinent 2>
Figure 9 is a schematic drawing of the liquid 25 ejection head in this
enbodi ment, depicting the structure of the |liquid passage; Figure 9, (a) is

a plan view depicting the positional relationship anong  -39- a first
liquid passage 14, a noving nenber 31, gnd a second liquid passage 16;
Figure 9,(b), a sectional viewthereof, aline VA-VA in Figure 9, (a);

and Figure 9, (c) is a sectional viewat aline VB-VB in 5 Figure 9, (a).
The second liquid passage 16 is provided with. a narrow portion or throat

19. Thi's nar retAn, Ohikkdls |SGATAGSY dtie Pt €aE g da oy Ne heat
generating , _
thereof, materials coated with such metal, resin
material having amide group such as polyamide, resin
material having aldehyde group such as polyacetal,

'3 resin material having ketone group such as
polyetheretherketone, resin material having imide
group such as polyimide, resin material having
hydréxyl group such as phenolic resin, resin material
having ethyl group such as polyethylene, resin

10 material having alkyl group such as polypropylene,
resin material having epoxy group such as epoxy resin
material, resin matérial having amino group such as
melamine resin material, resin material having
methylol group such.as xylene resin material, chemical

15 compound thereof, ceramic material such as silicon
dioxide or chemical compound thereof.

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

20 property, more particularly recent engineering plastic
resin materials such as polyethylene, polypropylene,
polyamide, polyethylene terephthalate, ﬁelamine resin
material, phenolic resin, epoxy resin material,
polybutadiene, polyurethane, polyetheretherketone,

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

compound thereof, or metal such as silicon dioxide,



menber 2, form ng a chanber structure (bubble 10 generati on chanber)
capabl e of preventing the pressure generated by the bubble from escaping
t hrough the second |iquid passage 16. Wien a narrow portion is provided in

the liquid passage of a conventional |iquid ejection head w thout the
novi ng nmenber in 15 order to prevent the pressure generated on the common
| i qui d chanber si-de of the heat generati menber from escapi ng toward the

common |iquid chanber, the narrow portion of the |iquid passage nust be
structured so that the cross-section thereof does not becones 20

excessi vel y qfldcon mLofsddle rﬁ.tdﬁlc ci}lr}f g{dl lﬁéz;bgél Hedf! eéh[f h? liquid

refills the liquid passage from I quil been €] However ,

in the case afhditicE cramshie coffoul Yndi¥ds OO mdtierddi@i d to be
ejected cones from25 the first |iquid passage 14 {Eﬁqu|d wi thin the

second | i qui ccqestssshoel t15 titadiueh dhheydlent i ng menber 2 i s di sposed is
consuned only by a small anount.

The thickness of the separation wall is

5 determined depending on the used, material and
cénfiguration from the standpoint of sufficient
strength as the wall and sufficient operativity as the
movable member, and generally, 0.5 pm - 10 pm approx.
is desirable.

10 The width of the slit 35 for providing the

' movable member 31 is 2 pm in the embodiments. when the

bubble generation liquid and ejection liquid are
different materials, and mixture of the liquids is to
be avoided, the gap is determiped so as to form a

15 meniscus between the liquids, thus avoiding mixture
therebetween. For example, when the bubble
generation liquid has a viscosity about 2 cP, and the
ejection liquid has a viscosity not less than 100 cP,
5 pm approx. slit is enough to avoid the liquid

20 mixture, but not more than 3 pm is desirable.

When the ejection liquid and the bubble
generation liquid are separated, the moééble member
functions as a partitidnltherebetween. However, a
small amount of the bubble generation liquid is mixed

25 into the ejection liquid. 1In the case of liquid
ejection for printing, the percentage of the mixing is

practically of no problem, if the percentage is less



-40- Accordingly, the liquid has to be refilled into the bubble generation
regi on of the second |iquid passage 16 only by the anmpbunt consuned by the
bubbl e generation. Therefore, the distance between the 5 lateral walls of
the narrow portion 9 can be rendered extrenely small, for exanple, from
several mcrons to ten-odd mcrons, so that it becones possible to
concentrate the pressure fromthe grow ng bubble generated in the second

| i qui d passage 16 toward the 10 novi ng nenber 31, allowing only a small
portion of it to dissipate into the surrounding area. In other words, the

novi ng nEnbertﬁ&nhzﬁE§_ifTﬂ@SﬁéE&@nﬁ@géssftEﬁenﬁiginQOEAﬁOBle this
pressure as the ejection pressure; therefore, a better ejection efficiency
and 15 a stroogetrelkediim thessresentniheentichBy. properly

selecting the viscosities of the ejection liquid and

the bubble generation liquid.

5 When the percentage is desired to be small,
it can be reduced to 5 %, for example, by using 5 CPS
or lower fro the bubble generation liquid and 20 CPS
or lower for the ejection liquid.

In this invention, the movable member has a

10 thickness of pm order as preferable thickness, and a
movable member having a thickness of cm order is not
used in usual cases. When a slit is formed in the
movable member having a thickness of pm order, and the
slit has the width (W pm) of the order of the

15 thickness of the movable member, it is desirable.to
consider the variations in the manufacturing.

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

20 the movable member (Figures 13, 14 or the like), the
relation between the slit width and the thickness is-
preferably as follows in consideration 6f the
variation in the manufactu;i;g to stably suppress the
liquid mixture between the bubble generation liquid

25 and the ejection liquid. When the bubble generation

liquid has a viscosity not more than 3cp, and a high

viscous ink (5 cp, 10 cp or the like) is used as the



It should be noted here that the configuration of the second |iquid passage
16 is not limted to the one described above. That is, any configuration
is acceptable as long as it can allow 20 the pressure fromthe bubble
growth to be effectively directed toward the novi ng nenber. Referring to
Figure 9, (c), the width of the heating nber 2 is designated by a

reference Hl; the width of the second ITgurd passage 2, by a reference 25
H2; and the width of the noving nenmber 31 is designated by a reference H3.
According to the present invention, the -41- relationship anong these

widths is: Hejetticn HBidled, e MYLEIraesPeEnd 1y $18L1 508835081 On
suppressed for a long term if W/t £ 1 is satisfied.

The slit providing the “substantial sealing",
preferably has se§era1 microns width, since the liquid

5 mixture prevention is assured. |
<Element substrate> _

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

10 Figure 21 is a longitudinal section of the
liquid éjecfing head according to an embodiment of the
presept invention.

On the element substrate 1, a grooved member
50 is mounted, the member 50 having.second liquid flow

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

The element substrate 1 has, as shown in
Figure 12, patterned wiring electrode (0.2 - 1.0 pm

20 thick) of aluminum or the like and patterned electric
resistance layer 105 (0.01 - 0.2 pm thick) of hafnium
boride (HfBZ), tantalum nitride(TaN), téntalum
aluminum(TaAl) or the like constituting the heat
generating element on a silicon oxide film or silicon

25 nitride film 106 for insulation and heat accumulation,
which in turn is on the substrate 107 of silicon or

the like. A voltage is applied to the resistance



[ rated in Figure 9, (c), it appears as if there 5 is nothing to
Iplrla\ljzat t he downvvgrd m)vegreZ]t of the noving nenber therefrom However,
since the portion of the second liquid passage 16, which is imediately ]
bel ow the free end of the cantilever type noving nmenber 31, is tapered, the
novi ng nenber 31 comes in 10 contact with the walls 23 of the second liquid
passage 16, by its free end 32, as it retUrns to the first position. In

ot her words, the downward novenent of the free end is regulated by the

wal I's 23 of the second |iquid passage 16 which doubles as the 15 regul ating

i ved, and at
means. Ther ef diyes NS uTdugH e Wi wig4! eelri%glfz; &ar 7 ef

the sanme tine, the ejection efficiency and t ci ency can
be inproved. <Hwwdi manireit 2hrough the rdsiWtantd 163k Vi ew for

descri bing the positional relationship anong the aforenentlone |rst
liquid passagdept gemenadioenber Beétweand thecwiting electrode, a
protection layer of silicon oxide, silicon nitride or
5 the like of 0.1 - 2.0 um thick is provided on the
resistance layer, and in addition, an anti-cavitation
layer of tantalum or the like (0.1 - 0.6 mm thick) is
formed thereon to protect the resistance layer 105
from various liquid such as ink.

10 The pressure and shock wave generafed upon
the bubble generation and collapse is so strong that
thé durability of the oxide fi;m which is relatively
fragile is Qeteriorated. therefore, metal material
such as tantalum (Ta) or the like is used as the anti-

15 cavitation layer.

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

20 the resistance layer not requiring the protection
layer, includes, for example, iridium - tantalum -
aluminum alloy or the like. Thus, the‘structure of
the heat generating element in the foregoing
embodiménts may include only the resistance layer(heat

25 generation portion) or may include a protection layer

for protecting the resistance layer.

In the embodiment, the heat generating



| i qui d passage 16, and Figure 10, (b) is a sectional view thereof along a

line IV-1V in Figure 10, (a). 25 In these draw ngs, the natura
position of the noving menber (that is, the position at which the noving
menber 31 is not in action) is designated as -42- the first position.

When the nmoving nmenmber 31 is at the firsti,position, at |east a portion (a
part of the side portion and a part of the free end in this enbodi ment) of
t he edge of the nmoving nmenber 31 is in 5 contact with the |iquid passage
wal I's 23 which formthe second |iquid passage 16. Therefore, when the

novi ng nenberelwnenty HEW & rsat RfbiredH0idyy _@iéz‘?%é‘@{ﬂf?&ﬁé om the natural
(initial) position returns to the natural 6?ﬂft|al) position, it does not
nove into 10 xtewd ssteaoel laypt avipads agpmdfates uset | in | fedbSdEdedy
the electric signal. this is not limiting, and it will
suffice if a bubble enough to eject the ejection

5 1liquid is created in the bubble generation liquid.

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

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

15 layer 105 ponstituting the heat generation portion and
the electrothermal transducer constituted by the.
wiring electrode 104 for supplying the electric signal
to the resistance layer.

In order to eject the liquid by driving the

20 heat generation portion of the electrothermal
transducer on the above-described'glement éubgtrate 1,
the resistance layer 105 is supplied thfough the
wiring electrode 104 with rectangular pulses as shown
in Figure 22 to cause instantaneous heat generation in

25 the resistance layer 105 between the wiring electrode.
In the case of the heads of the foregoing embodiments,

the applied energy has a voltage of 24V, a pulse width



the liquid passage walls 23. Further, in this enbodinment, the noving menber
31 is rendered wider than the heater. In other words, the relationship
anong the width HL of the heating nmenber 2, the width 15 H2 of the second
l'iquid passage 16, and the width H3 of the noving nenber 31 is: H3 > H2

Mor eover, when the relationship betmeen_gg;and H2 satisfies: H2 > Hi, t he
margi n for conponent 20 positioning errof” can be increased. In this

enbodi ment, the returning movenent of the noving nenber to the initial
position is stabilized by satisfying the above rel ationships, naking it

possi bl e to ref Mgééc A 4 auriint S0 50mi Ak 25 ﬂfe'ddéﬁthf St il pn conpared
to the conventional system As a result, it is possibleto obtain a liquid
ej ecti on headtavdrive stierheatpafendrdfindieelement, by which the
liquid ink is ejected through the ejection outlet
through the pfocess described hereinbefore. However,
5 the driving signal conditions are not limited to this,
but may be any if the bubble generation liquid is
properly capable of bubble generation.
<Ejection liquid and bubble generatioh liguid>
As described in the foregoing embodiment,

10 according to the present invention, by the structure
having the movable member described above, the liquid
can be éjected at higher ejection force or ejection
efficiency than the conventional liquid ejecting head.
When the same liquid is used for the bubble generation

15 1liquid and the ejection liquid, it is possible that
the liquid is not deteriorated, and that deposition on
the heat generating element due to heating can be
reduced. Therefore, a reversible state change is
accomplished by repeating the gassification and

20 condensation. So, various liquids are usable, if the
liquid is the one not deteriorating the liquid flow
prassage, movable member or separation wéil or the
like. )

Among such liquids, the one having the
25 ingredient as used in conventional bubble jet device,

can be used as a recording liquid.

When the two-flow-path structure of the



-43- conventional one in ejection efficiency and durability. <Embodinent 4>
Figures 11 and 12 depict the fourth 5 enbodi nent of the present invention.
Figure 11, (a) is a plan view depicting the positional relationship anong
the noving menber 31, the second |iquid passage 16, and the heating member
2. Figure 11, (b) is a sectional viewthereof, at a 10 line A-Aillustrated
in Figure 11, (a), wherein the noving neénbér 31 is at the initial position.
Figure 12 is a longitudinal sectional viewtaken along a line B-B
illustrated in Figure 11, (a), and depicts the area fromthe position of

the ejection goegént! £RvERL1SR £O™UBgalk Bentaffadbene LhobPfoh! 10 ¢

ej ecting head of this enbodinent, a seco I T qui a or the
- liquid and bubble generation liquid, the bubble

generation liquid having the above-described property

is used, more particularly, the examples includes:

5 methanol, ethanol, n-propyl alcdhol, isopropyl
alcohol, n- n-hexane, n-heptane, n-octane, toluene,
xylene, méthylene dichloride, trichloroethylene, Freon
TF, Freon BF, ethyl ether, dioxane, cyclohexane,
methyl acetate, ethyl acetate, acetone, methyl ethyl

10 ketone, water, or the like, and a mixture thereof.

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

15 . because of_low_bubble generation property and/or
easiness of property changefdue to heat, are usable.

However, it is desired that the ejection

.liquid by itself or by reaction with the bubble
generation liquid, does not impede the ejection, the
20 bubble generation or the operation of the movable
member or the like.

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

25 like having a nature easily deteriorated by heat is
usable. The ink of the following ingredient was used

as the recording liquid usable for both of the



bubbl e generation is provided on the el enent substrate 1 which is provided
with a heat generating elenment 2 20 for supplying thermal energy for
generating the bubble in the liquid, and a first liquid flow path 14 for
the ejection liquid in direct conmunication with the ejection outlet 18 is
fornmed thereabove. The upstream side of i&e first liquid flow 25 path is in
fluid conmunication with a first comon 19Yquid chanber 15 for supplying the
ejection liquid into a plurality of first liquid flow paths, and the _
-44- upstream si de of the second liquid flow path is in fluid communication

ith th ec %éﬁ] 3HRES, eration
}N: qui d '?osa %al Ity of seco I qwbdjtﬁ %f%xbelwa %@t he case

that the bubkiie ge@rdim) dgetdtdion was carried out. Since the
ejection speed of the ink is increased, the shot
accuracy of the liquid droplets is improved, and
5 therefore, highly desirable images were recorded;

Dye ink viscosity of 2cp

(C.I. food black 2) dye .3 wt. &
diethylene glycol 10 wt. &
Thio diglycol 5 wt. &
10 Ethanol | 5 wt. %
Water 77 wt. %

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

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

20 Ethanol 40 wt. %

Water . 60 wt. %
Bubble generation liquid 2: '
Water 100 wt. %
Bubble generation liquid 3:
25 Isopropyl alcoholic 10 wt. %
Water 90 wt. %

Ejection liquid 1:



and ejection liquid are the sane |liquids, the nunber of the common |iquid
chanbers may be one. Between the first and second liquid flow paths, there
i's a separation wall 30 of an elastic 10 material such as netal so that the
first flow path and the second flow path are separated. In the case that

m xi ng of the bubble generation quuid_gﬁq the ejection liquid should be
mnimm the first liquid flow path 14 d the second liquid flow path 16
are 15 preferably isolated by the partition wall however, when the m xing
to a certain extent is permssible, the conplete isolation is not

I nevi t abl e. ngyﬁédy1ﬂﬂiig@§ﬁgyjiﬂg<a§ywﬂI i n the upward projection space
of the heat generating elenent 20 (ejection pressure generation region

i ncluding A and Rarbdmbibaagkneration region 11) in Fisgype B2), is in the
formof a cantil ever novabl e nenber 31, formed by slits 35, having a

ful crum 33 at th&tydlemesacryliatechkariydatelethyl side and free end at the
ej ection ' '

J copolymer resin material 1 wt., %

5 Dispersion material (oxide 140,

weight average molecular weight)

Mono-ethanol amine - 0.25 wt. %
Glyceline ' 69 wt. %
Thiodiglycol 5 wt., &

10 Ethanol 3 wt. %
Water 16.75 wt. %

Ejection liquid 2 (55cp):
Polyethylene glycol 200 100 wt. %

Ejection liquid 3 (150cp):
. 15 Polyethylene glycol GOQ 100 wt. %

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

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

25 sufficient and stabilized.generation of the bubble.
Thus, the improvement in the shot accuracy of the

liquid droplet and the stabilization of the ink



25 outlet side (downstreamw th respect to the general flow of the |iquid).
The novabl e nmenber 31 is faced to the surface, and therefore, it operates
to open . -45- toward the ejection outlet side of the first liquid flow
path upon the bubble generation of the bubble generation liquid (direction
of the arrowin the Figure). In an exanp of Figure 12, too, a partition 5
wal | 30 is disposed, with a space for cofsTituting a second liquid flow
pat h, above an el enent substrate 1 provided with a heat generating resistor
portion as the heat generating elenent 2 and wiring electrodes 5 for

PP Vnpan, IS R Uy MSLBISIAT L BRI 70 [,
nmovabl e nenbefhe recorded 1mage.qua11ty remarkably.
<Structure of Twin Liquid Passage Head>
. Figure 23 is an exploded perspective view of
5 the twin passage liquid ejection head in accordance
with the present invention, and depicts its geﬁeral-
structure. | |
The aforementioned element substrate 1 is
disposed on a supporting member 70 of éluminum or the
10 liké. The wall 72 of the second liquid passage.and
the wall 71 of the second common ligquid chamber 17 are -
disposed on this substrate 1. The partition wall 30,
a part of which constitutes a moving member 31, is
placed on top of them. On top of this partition wall
15 30, a grooved member 50 is disposed, which comprises:
plural grooves constituting first liquid passages 14;
a first common liquid chamber 15; a supply passage 20
for supplying the first common liquid chamber 15 with
first liquid; and a supply passage 21 for supplying
20 the second common liquid chamber 17 with second
liquid.
<Liquid ejection head cartridge>
The description will be made as to a liquid
ejection head cartridge having a liquid ejecting head
25 according to an embodiment of the present invention.
Figure 24 is a schematic exploded perspective

view of a liquid ejection head cartridge including the



31 and the heat generating element, are the same as in the previous
exanple. 15 In the previous exanple, the description has been
made as to the relation between the structures of the liquid supply passage
12 and the heat generating elenment 2. the relation between the second
liquid flow path 16 and the heat generating element 2 is the same 20 in
this enbodinent. In particular, the strutfure of the noving menber 31 in
this enbodi ment is such that when the noving nenber 31 is at the initial
position, both |ateral. edges of. the noving nmenber 31, and the entire 25

edge of the fssevecdesoribad 1 0601d efOBEAY HALY, Ufia Bhb %1 fuifle Second
| i qui d passage, rendering the bubble generalion reglion 0 e secon
liquid -46ejection head cartridge comprises generally a liquid
ejecting head portion 200 and a liquid container 80.
The liquid ejecting head portion 200
5 comprises an element substrate i, a separation wall
30, a grooved member 50, a confining spring ?o, liquid
supply member 90 and a supporting member 70. The
element substrate 1 is provided with a plurality of
heat generating resistors for supplying heat to the
10 bubble generation liquid, as described hereinbefore.
A bubble geheration liquid passage is formed between
the element substrate 1 and thé separation wall 30
having the movable wall.. By the coupling between the
separation wall 30 and the grooved top plate 50, an
15 ejection flow path(unshownj_for fluid communication
with the éjection liquid is formed.

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

20 1, separation wall 30, grooved and the supporting
member 70 which will be described hereinafter.

Supporting member 70 functions'to support an
element substrate 1 or the like, and the supporting
member 70 has thereon a circuit board 71, connected to

25 the element substrate 1, for supplying the electric
signél thereto, and confact pads 72 for electric

signal transfer between the device side when the



passage 16 substantially sealed fromthe first liquid passage 14. Wth the
presence of such a structure, the downward nmovement of the noving nenber 31
is prevented by all of the edges. As a result, the 5 bending stress which
occurs at the supporting point is nore effectively confined to a single
direction. Consequently, the durability ﬁf the noving menber is inproved.
Further, since all the edges of the novi 6“10 menber cone in contact with
the wall's 23 which formthe second |iquid passage 16, the pressure fromthe
bubbl e generation is not allowed to escape into the first |iquid passage

Ther efor e, 1000 FtreogS E¥ofigotea b bk SPARRLLE. T P00 Nead wi th a far
hi gher ejection efficioney188di@ £8hta81h8P98D contains the ejection
liquid such as ink to be supplied to the liquid
ejecting head and the bubble generation liqﬁid for
5 bubble generation, separately. The outside of the
liquid container 90 is provided with a positioning
portion 94 for mounting a coﬁnecting member for
connecting the liquid ejecting head with the liquid
container and a fixed shaft 95 for fixing the
" 10 cdnnecfion portion. The ejection liquid is supplied
to the ejection liquid supply passage 81 of a liquid
supply member 80 through a supply passage 81 of the
connecting member from the ejection liquid supply
passage 92 of the liquid container, and is supplied to
15 a first common liquid chamber through the ejection
liquid supply passage 83, supply and 21 of the
members. The bubble generation liquid is similarly
supplied to the bubble generation liquid supply
passage 82 of the liquid supply.member 80 through the
20 supply passage of the connecting member from the
supply passage 93 of the liquid container, and is
supplied to the second 1iqui§ chamber tﬁrough the
.bubble generation liquid supply passage 84, 71, 22 of
the members.
25 In such a liquid ejection head cartridge,
even if the bubble generation liquid and the ejection

liquid are different liquids, the liquids are supplied



ejection force. Further, in the case of a liquid ejection head in which the
partitioning wall, a part of which 20 constitutes the moving nmenber, is
extended through the conmmon |iquid chanber to partition the comon |iquid
chanber into two common |iquid chanbers 15 and 17, different |iquids, for
exanple, liquid to be primarily elected,_and liquid for primarily
generating the 25 bubble, can be suppliet®tTo the first liquid passage 14
and the second |iquid passage 16, respectively. Wth this arrangement, even
liquid which is difficult to -47- boil, liquid which is susceptible to

heat, or the iikgobd dtder 3ih DEng 5480 ehdl 2 RE ©L L8PL 8n "RIGE a
and the bubble generation liquid are'the séme, the
supply path for the bubble generation liquid and the
ejection liquid are not necessarily separated.

5 After the liquid is used up, the liquid
containers may be supplied ﬁith the respective |
liquids. To facilitate this supply, the liquid
container is desirably provided with a liquid
injection port. The liquid ejecting head -and liquid

10 container may be unseparably integral, or may be
separable.
<Liquid ejecting device>

Figure 25 is a sqhematic illustration of a
liquid ejecting device used with the above-described

15 1liquid ejecting head. 1In this- embodiment, the
ejection liquid is ink, and the apparatus is an ink
ejection recording apparatus. the liquid ejecting
dgvice comprises a carriage HC to which the head
caftridge comprising a liquid container portion 90 and

20 liquid ejecting head portion 200 which are detachably
connectable with each other, is mountable. the
carriage HC is reciprocable En a direction of width of
the recording material 150 such as a recording sheet
or the like fed by a recording material transporting

25 means.

When a driving signal is supplied to the

liquid ejecting means on the carriage from unshown



Further, when the noving nenber of this enbodinent is at the initial
position, the first and 5 second |iquid passages 14 and 16 are
substantially sealed fromeach other. In other words, the liquid is
prevented from novi ng between the two |iquid passages; therefore, the

mut ual di ffusion of the two different ijgﬂds, whi ch m ght occur when the
liquid ejection 10 head is not in action, can be prevented. The nmjor
functions and effects as regards the propagation of the bubble generation
pressure with the displacenment of the novable wall, the direction of the

bubbl e gr owt larivithd reny 1 %ﬁﬁhw ek W%@é&éﬂ@olf&hjh%rhé hi's

enbodi nent, are the sane as with the first enbodi nent,” but™t

two- f | ow pat fejictet We tife ABEUHAIR Watdride f1dm AMdA Rpisd s The
ejection liquid and the bubble generation liquid nay be separated, and the

ej ection |iqejedtsin®) hgaet tied despdrsepries sthee girgathiiced i n t he bubbl e
generation liquid. Accordingly, a high viscosity
. The liquid ejecting apparatus of this

5 embodiment comprises a motor 111 as a driving source.
for driving the recording material transporting means
and the carriage, gears 112, 113 for transmitting thé
power from the driving source to thé carriage,.and
carriage shaffllls and so on. By the recording device

10 and the liquid ejecting method using this recording
dévice, good prints can be provided by ejecting the
1;quid to the various recording mateiial.

Figure 26 is a block diagram for describing

the general operation of an ink ejection recording

15 apparatus which employs the liquid ejection method,
and'the liquid ejection head, iﬁ accordance with the
present invention.

The recording apparatus receives printing

data in the form of a control signal from a host

20 computer 300. The printing data is temporarily stored
in an input interface 301 of the printing apparatus, -
and at the same time, is converted into'processable
data to be inputted to a CPU‘302, which doubles as
means for supplying a head driving signal. The CPU

25 302 processes the aforementioned data inputted to the

CPU 302, into printable data (image data), by

processing them with the use of peripheral units such



l'iquid such as polyethylene glycol or the Iike w th which bubble generation
and therefore ejection force is not sufficient by heat application, and

whi ch has 25 not been ejected in good order, can be ejected. for exanple,
this liquidis supplied into the first liquid flow path, and liquid wth
whi ch the bubbl e generation -48- is ij, good order is supplied into the
second path as the bubble generation |igquid. An exanple of the bubble
generation liquid a mxture liquid (1 - 2 cP approx.) of the anol and water
(4:6). by doing so, the 5 ejection liquid can be properly ejected.

O 5 : A Lo it h
Wi Ch The. depeer tmn et e oot Haadd (kA b todrand ! ace of 't he
heat gener at istpreld i tare\ROM 0P t he heat .
Further, in order to record the image data
ontolan appropriate spot on a recording sheet, the CPU
5 302'generates'driving data for driving a driving motor
which moves the fecording sheet and the recording head
in s&nchronism with the image data. The image data
and the motor driving data are transmitted'to a head
200 and a driving motor 306 through a head driver 307
10. and a motor driver 305, respectively, which are
controlled with the proper timings for forming an
image.
As for recording medium, to which liquid such
as ink iﬁoadhered, and which is uéable with a
15 recordin§ apparatus such as the one described above,
the following can be listed; various sheets of paperf
OHP sheets; plastic material used for forming compact
disks, ornamental plates, or the like; fabric:
metallic material such as aluminum, copper, or the
20 like; leather material such as cow hide, pig hide,
synthetic leather, or the like; lumber material such
as solid wood, plywood, and ?pe like; béﬁboo material;
ceramic material such as tile; and material such as
sponge which has a three dimensional structufe.
25 The aforementioned recording apparatus

includes a printing apparatus for various sheets of

paper or OHP sheet, a recording apparatus for plastic



-_—

10 application, t msmma%ﬁﬁaiﬁfg on is stabilized to assure the proper

ej ections. The abo fects in the f oregoi ng enbodi nents are
al so provided in taIHﬂEMj
be ejected with a

the high viscous liquid or the like can
fficiency.15 and a high ejection
pressure. Furthernore, liquid which is lyg_durable agai nst heat is
ejectable. in this case, such a liquid i's supplied in the first liquid flow
path as the ejection liquid, and a liquid which is not easily 20 altered in
the property by the heat and with which the bubble generation is in good

order, is sUpEtidl duth 0 Pihdt 1Winghtd: LU P dea Bod ¥y dhe |iquid

can be ejected without thernal damage and with.high ejection e flciehpy and
with high ej esdnpactréisitiicr tie RO Jidecoraimg Hpbdratdss Fehemati c

cross-sectional view of the liquid ejection head I1n this enbodi nent, and

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

5 recording apparatus for ceramic materiél, a recording
apparatus for three dimensional recording medium such
as sponge or the like, a textile printing apparatus
for recording images on fabric, and the like recording
apparatuses.

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

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

20 Figure 31 is a schematic perspective view of
an ink jet recording system employing the
aforementioned liquid ejection head 201'in accordance
with the present invention, ;nd depicts its general
structure. The liquid ejection head in this

25 embodiment is a full-line type head, which comprises
plural ejection orifices aligned with a density of 360

dpi so as to cover the entire recordable range of the



-49- depicts the structure thereof; Figure 13, (a) depicts the nmovement of
t he novabl e nenber, which is triggered as a driving pulse is applied; and
Figure 13, (b) depicts the state in which the driving pul se was 5 turned
off and the novabl e nmenber has returned to the natural position fromthe
position to which it had noved. As is eyjdent fromthese draw ngs, the
cross- section of the novable nenber 3T 4% shaped |i ke an inverted
trapezoid. Further, the edge of the 10 partition wall 30, which faces the
slit 35, is slanted to match the cross-section of the novable nmenber 31. In

Second |1 qui doeorRg mel 1507 TR NPT, by BRadk MUETe monber
31, on 15 thare ¢oree denfsSted ifq,wrd_ogﬁﬁge y%ﬁ-lo@ﬁ%r,sﬂé@en%e w dt h
31b of the novable nmenber 31, on the side o
(M), cyan (C) and black (Bk). These four heads are
fixedly supported by a holder 1202, in parallel to
5 each other and with predetermined intervals.

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

10 - Each of the four color inks (Y, M, C and Bk)
is supplied'to a correspondent head from an ink.
container 204a, 204b, 205c or 204d. A reference
numeral 204e designates a bubble generation liquid
container from which the bubble generétion liquid is

15 delivered to each head.

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

20 protecting the heads, and also maiﬂtaining the head
performance, during a non-recording period.

A reference numera1_206 designétes a conveyer
belt, which constitutes means for conveying the
various recording medium such as those described in

25 the preceding embodiments. The conveyer belt 206 is
routed throuéh a predetermined path by wvarious

rollers, and is driven by a driver roller connected to



the first liquid passage 14, is less than the distance 35b between the
opposing | ateral edges of the partition wall 30, on the side of the first
liquid 20 passage 14, and is greater than the distance 35a between the
opposing | ateral edges of the partition wall on the side of the second
| i qui d passage 16: 35b [err] 35a. As thg%gnvable nmenber returns to the
initial 25 position, it tends to nove ddwhward past the initial position
due to the negative pressure wthin the second |iquid passage and the

el astic resiliency of . -50- the novable nmenber itself, but in this

embodi nent, thepStsptEsidét eigd . surfaces of the novable nember and the
correspondlng sl ant'ed surfaces of the partition wall 30 cone in contact

with each other, reguleid nthi et recording system in this
embodiment comprises a pre-printing processing
apparatus 251 and a postprinting processing apparatus

5 252, which are disposed on the upstream and downstream

sides, respectively, of the ink jet recording
apparatus, alohg the recording medium conveyance path.
These processing apparatuses 251 and 252 process the.
recording medium in'various manners before or after

10 recording is made, respectively.

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

15 plastic material, ceramic material or the like is
employed, the recording medium is exposed to ulfra—
violet rays and ozone before printing, activating its
surface.

In a recording material tending to acquire

20 electric charge, such as plastic resin material, the
dust tends to deposit on the surface by,statié
electricity. the dust may impede the desired
recording. In such a case, the use is made with
ionizer to remove the static charge of the recording
2 material, thus removing the dust from the recordiﬁg
material. When a textile is a recording material,

from the standpoint of feathering prevention and



5 downward novenent of the novable nenber; the downward novenent on the
novabl e nmenber past the initial position is confined wthin a range
equi valent to the width of the novabl e nmenber 31. Therefore, the du
of the novable nenber is inproved even 10 though the structure of t
enbodi nent is such that there is no spg§hfic stopper provided for t

end of the novable nenber. It is obviou

t hat when the end surface

free end of the novable menber, and the 15 correspondent surface of
partition wall, are slanted in the same nanner as described above,
effect as those described in the precedi ng enbodi nents can be obt ai ned.

Further, in 4kpyovemesitTe®! £ikhag BY¥athan19ke20 at B%e%&%@e%msgﬁ@?ef

the second liqui.d passage 14 is prevented by the partition

30

rability
hi s

he free
of the

t he

t he sane

31 into
itsel f;

therefore, tmayrbeubffectiedgwhbepinCalkag ispipbelited suberaadaent 6>

10

15

20

25

-water soluble property substance, composition

polymeric, water soluble proéerty metal salt, urea, or
thiourea is applied to the textile. The pre-
procéssing is not limited to this, and it may be the
oné to provide the recording material with the proper
temperature.

On the other hand, the posf—procéssing is a
process for imparting, to the recording material
having received the ink, a heat treatment, ultraviolet
radiation projection to promote the fixing of the ink,
or a cleaning for removing the process material used
for the pre-treatment and remaining because of no
reaction. |

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

Hereinafter, a head kit will be.descfibed,
which comprises the liquid ejection head in accordance
with. the present invention. Figure 28 is a schematic
view of such a head kit. This head kit is in the form
of a head kit package 501, and contains: a head 510 in
accordance with the present invention, which comprises

an ink ejection section 511 for ejecting ink; an ink



Figure 14 is a schematic cross-section of the 25 |iquid passage of the
liquid ejection head in this enbodinent, and depicts its structure; Figure
14, (a) depicts the state in which the novable menber is ready -51- to
nove into the first liquid passage as a driving pulse is applied to the
heati ng menber 2; and Figure 14, (b) deghéts the state in which the driving
pul se was turned off and the novabl e nenBér has returned to 5 the first
position fromthe position to which it had noved. The configuration of the
novabl e menber in this enbodinent is such that it is flat on the surface,
on the side of the first 'liquid passage 14, and has a projection, on the

surface on thgoftdenef é@oth@n&@@ﬁd.aiﬂf' 18385/08148x wHEcfeight of this

projection is no greater than the héight
separable, or nonseparable, from the head; and ink

filling means 530, which holds the ink to be filled
into the ink container 520.
After the ink in the ink container 520 is
completely depleted, the tip 530 (in the form of a
hypodermic needle or the like) of the ink filling
means is inserted into an air.vent 521 of the ink
container, the junction between the ink container and
10 the head, or a hole drilled through the ink container
wall, and the ink within the ink filling means ;s
filled into the ink container through this tip 531.
When the liquid ejection head, the ink
container, the ink filling.means, and the like are
= available in the form of a kit contained in the kit
package, the ink can be easily filled iﬁto the ink
depleted ink container as described above; therefore,
recording can be quickly restarted.
In this embodiment, the head kit contains the
20 ink filling means. Howe?er, it is not mandatory for
the head kit to contain the ink filling,meané}.the kit
may contain an exchangeable type ink container filled
with the ink, and a head.
Even though Figure 28 illustrates only the
25 ink filling means for filling the printing ink into

the ink container, the head kit may contain means for

filling the bubble generation liquid into the bubble



partition wall 23. As a driving pulse is applied, the novable nenber 31
with the projection is noved in the 15 direction indicated by an arrow
mar k, because of the bubble generated on the heater 2 (Figure 14, (a)).
Thereafter, as the driving pulse is turned off, the bubble vani shes,

all owi ng the novable nmenber 31 to return _to the first position where the
slit 35 20 i s maintai ned between the my¥H1 e nenber and the opposi ng

| at eral edges of the partition wall 30. At this nonment, the novabl e nenber
31 tends to nove into the second liquid passage 16, due to the negative
pressure generated by the vani shing bubble and the 25 elastic resilience of

the movabl e R {cPhiiuld dotJIREETOUln o) 135 SF QL |1 aui d passage

10 is regul ated by the projection formed on the no
printing ink refilling means.

While the invention has been described with

reference to the structures disclosed herein, it is

5
not confined to the details set forth and this
application is intended to cover such modifications or
changes as may come within the purposes of the
improvements or the scope of the following claims.

10

15

20

25



-52- nmenber 3% —the-—downward novenent of the novabl e nenber 31 past the
first positi ned within the range equivalent to the thickness of
t he novabl e”mmpﬂg Wllﬂ'r gure 14, (b)). 5 <Enbodiment 7> Figure 15 is a
schematic, |onge ion of the liquid passage of the liquid _

ej ection head in this enbo iment, and dgpjcts its structure. Thi s draw ng
depicts the state in which the anabIe 10 menber 31 is noved by the bubble,
which was generated in the liquid within the second |iquid passage by the
heat generated by the heater 2. The basic structure of the liquid ejection

head in thisWHATOJISTOLATIMED [Ig:same as that in the .15 fourth enmbodi nent,
except that the free end 32 of the novable nenber 31 in this enbodinent is

ext ended beyond tlhe cér ldgudddiejgockitgomethod grir geRrtaing g ikpid@Er 2 in
the direction of the ejection orifice, and
by generation of a bubble, comprising:
preparing a head comprising an ejection
5 outlet for ejecting the liquid, a bubble generation
region for geherating the bubble in the liquid, a
movable member having a fulcrum and a free end
portion; and
displacing the free end of said movable
'10 member by pressure produced by the generation of the
bubble in said bubble generating portion, wherein the
free end of said movable member is restrained from
entering the bubble generation region beyond a first

position which is taken by the free end of said

15 movable member before generation of the bubble.

2. A method according to Claim 1, wherein the
bubble expands more toward downstream than toward
upstream with respect to a direction of general flow

20 of the liquid.

3. A method according to Claim 1,'wherein the
bubble expands beyond thé fi;;t position and moves the
movable member to the second position.

25
4, A method according to Claim 1, wherein by the

movement of the movable member, a downstream portion
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that plural projections are provided on the liquid 20 passage wall
constituting a part of the bottom surface of the flrs%TLngLg_ggggage_l4T
in the area in which the free end portion of the novable nenber 31
contact with the bottomsurface of the first liquid pasﬁmmm“ ilj
projections 14 prevent the 25 novable poggber 31, which

with the liquid passage wall 23, fromsticking to the |i&uid passage wal |
23. Needless to say, the location where -53- these projections 24 are
positioned is not limted to the area correspondent to the free end portion
of the novabl efntheebuBhleoghews atewarardéownsepeahl 6f €hei mughplet hey may
be provided on the novable nmenber 5 31 itself. Further, in order to

i ncrease t he mewber. of

5. ° A method according to Claim 1, wheréin the
5 movabié member has a free end at a position downstream
of the fulcrum, and the free end is moved by a
deflection of the movable member with the fulcrum

fixed.

10 6. A method according to Claim 1, wherein at
least such a portion of the bubble having a pressure
component directly contributable to the ejection of
the liquid is guided by said movable.member moved by
the pressure component. |

15.

7. A liquid ejecting method for ejecting a
liquid droplet through an ejection outlet disposed at
a position not faced to a bubble generation region and
downstream of the bubble generation region with

20 respecf to a liquid dfoplet ejection direction, by
generation of bubble in the bubble generation region,
wherein providing a movablé member haviﬁg a free end
portion for substantially sé;ling an ejection outlet
side region of said bubble generation region relative

25 to said ejection outlet and a surface portion

extending from the free end portion to a fulcrum

portion which is disposed away from the free end in a
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t he novabl e nmenber di splacenment without rendering it excessive, the liquid
passage ceiling | evel above the free end portion of the—ﬁﬁvabe‘WﬁﬁﬁéF_§T—

is raised 10 higher than the liquid ceiling |evel above t m\ﬂ M“mlm“‘
portion. It should be noted here that the Iliquid passage
described above.is not limted to this ggodinment; the ap |Gatwon“of tHis
configuration to other embodinents simlarly inproves 15 the durability of
the novabl e nmenber. <Embodinment 8> Figure 16 is a schematic plan view of
the liquid passages of the liquid ejection head in this embodinent, and
depi cts t hei rdisteaiciian emay fridre s2id &RMHIHN DU L M IHY N plg 2

desi gnates a heat generating nenber; a reference nuneral 14, a second

| i qui d passadeeen engt d?mmdmmmsuarﬂ:iala sSeajuing passiagondy ; and a
reference nuneral 24 designates proj ection. 25 : Also in this
enmbodi ment , Fgeme&[at&,qﬂ &qg,% bubble to open said bubble

generation region to the ejection outlet to eject‘the
5 'liquid droplet; wherein the free end of séid movable
member is restrained from entering the bubble .
generatioh region beyond a first position which is
taken by the free'end of said movable member before
generation of the bubble.
10
8. A liquid ejection réqording method wherein
recording liquid is ejection by generation df a bubble
to effect recording, comprising:
supplfing fhe recording liquid along a heat
15 generating element disposed aldng a flow path from
upsfream of the heat generating element; and
applying heat generated by the heat
geherating element to the thus supplied liquid to
generate a bubble, thus moving a free end of a movable
20 member having the free end adjacent the ejection
outlet side by pressure produced by the generation of
the bubble, to eject the liquid to the fecording
material, said movable membe; being disposed faced to
said heat generating element, wherein the free end of
25 said movable member is restrained from entering the
bubble generation region beyond a first position which

is taken by the free end of said movable member before

_—
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24 are provided on the liquid passage wall 23 constituting the bottom
surface of the first liquid -54- passage 14, in the area with which the

free end portion of the novable nenber 31 nakes contaCLLdIQSS;gSLLQH%gLLQD
of the second liquid passage 16 is affected by the |

a narrow 5 portion is forned. Further, ge.}l qui d passage w“m“““\
partially cut away, and a passage 25 is provided to conn

second liquid passages 16 at their downstream side ends. artptlbn wal
(N plate) 30, a part of which constitutes the novable 10 nenber 31, is

| anmi nat ed ontgendwaticniskE pass agebyed] 23 patterned as described above,
covering the second |liquid passage 16 in such a manner that the tip of the
novabl e menber 31 nakes contact mﬁth_the liquid
9. A liquid ejecting method for ejecting liquid
by generation of a bubble, comprising: |
5 preparing a head including a first liquid
flow path in fluid communication with a liquid
ejection outlet, a second liquid flow path having a
bubble generation region and a movable member disposed
between'said first liquid flow path and said bubble
10 generation region and having a free end adjacent the
ejection outlet side; and
generating a bubble in said bubble generation
region to displace the free end of the movable member
into said first liquid flow path by pressure produced
15 by the generation of the bubble, thus-guiding_the
pressure toward the ejeétion outlet of said first
liquid flow path by the movement of the movable member
to eject the liquid; wherein the free end of said
movable member is restrained from entering the bubble
20 generation region beyond a firsf position which is
taken by the free end of said movable member before

generation of the bubble.

10. A method according to Claim 1, 8 or 9,
25 wherein said movable member constitutes a part of a’
partition wall, wherein a part of said movable member

is contacted at least a part of said partition wall
_—
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passage wal |l 23. 15 <Enbodi nent 8> Figure 17 is a schematic_plan
view of the liquid passage of the liquid ejection head in this enbodi nent,

and depicts its structure. Also in this enbodinent, a passfﬂﬂlﬁﬂl!,tmmml"ﬂﬂ
the adjacent second |iquid passages 16 as described in the " i
enbodi nent is provided though it is sligyly different; the passage'bS in
this enbodinent is made to run in zigzag. Therefore, the length of the

connecting passage 25 between the adjacent second liquid passages 16
beconmes | onger, rendering the 25 liquid ejection head nore resistant to

cross-tal k. Ather ataieHaild aivviadbd P maddin ¢ Tt A safgcording to the
present invention, the novenent -55- (downward displacenent) of the free
end of the nowasbde member from entering said bubble generation

region.

5 11. A method according to Claim 10, wherein a
free end portion having a free end of said movable
member is contacted to at 1éast a portion of said

partition wall.

10 12. A method according to Claim 10, wherein
lateral end portions of said movable member are
contacted to at least a portion of said partition

wall.

15 13. A method according to Claim 1, 8 or 9,
wherein the free end of said movable member is
restrained by restraining means for engagement to the
free end or a portion of said movable member adjacent
to the free end.

20

14. A method according to Claim 13, wherein the
free end of said movable member is in a_sealed state.
15. A method according to Claim 13, wherein
25 lateral ends of said movable member is in a sealed

state.

S
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menber fromthe first position into the bubbl e generation_region (toward
t he heat generating nenber past the first position) is regulated;, ————————

therefore, the 5 stress which occurs in the supporting por”Mﬁﬂmt"m
novabl e menber is rendered unidirectional. Consequently, t ! | ’",”Hm
the novabl e nenber is drastically inmprogyl Further, the meni s€us tvi brasion
i's suppressed 10 to a mninum and therefore, the negative pressure, which
is generated in the bubble generation region as the bubble vanishes, is
nore effectively utilized to recharge the liquid passage with liquid. As a

result, the |iquilé.passagsthotbradsordieiprgeCliaing 18 Jhieddid requency.
Further, when the novable nenber is at the first position, it contacts the
regul ati ng mfdew nesistiance @sljaceEntgla mpindeefitton tdBtthes £rdere is no
gap in practical terns between the novabl e nenber and 20 the regul ating
means; ther efé®% is Howahdhanedhadbi@ddacent the fulcrum.

5 17. A method according to Claim 1, 8 or 9,
wherein the free end is restrained from entering the
bubble generation region by limiting movement of a

free end portion including the free end.

10 18. A method according to Claim 1 or 9, wherein a
heat generafing element for generating the bubble is
disposed faced to the movable member, and said bubble
generation region is formed betﬁeen the movable member

and the heat generating element.

15
19. A method according to Claim 9, wherein a part
of the bubble generated expands into the first liquid
flow 'path with movement of the movable member.

20 20. A method according to Claim 8, wherein the
bubble is generated by a film boiling caused by
transferring heat generated by a heat génerating
element to the liquid.

25 21. A method according to Claim 18, wherein the

bubble is generated by a film boiling caused by

transferring heat generated by a heat generating
— L ¢ “men gererat
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does not escape through the gap (slit) between the two conpenents fuIIy
acting on the novable nenber. Accordingly, it is possibl e m‘gv duce a

liquid ejection head with a higher ejection efficiency an "p,”mm’\m"l

ejection force. According to another aspect of the present «
t he novabl e nmenber is at the first - _position, both |atera
portions of the novable nenber, and the free end edge portion of the
novabl e mermber, are placed in contact with the corresponding walls of the
second |iquid passage. This arrangement 5 is extremely useful when it is
necessary to dldmerithetd it lanrfhisecond |iquid passages each with a

different liquid, since the dowmward novenent of the novabl e nenber does
not mx the liquid in the first liquid
22. A method according to Claim 8, wherein the
liquid is supplied to the heat generating element

5 along an internal wall which is substantially flat or

smoothly curved.

23. A method according to Claim 18, wherein the
liquid is supplied to the heat generating element
10 along an internal wall which is substantially flat or

smoothly curved.

24. A method according to Claim §, wherein the
liquid supplied to the first liquid flow path is the
15 same as the liquid supplied-to the second liquid flow
path.

25. A method according to Claim 9, wherein the
liquid supplied to the first liquid flow path is
20 different from the liquid supplied to the second
liquid flow path.
26. A method according to Claim 9, wherein the
liquid supplied to the second liquid flow path has at
25 1least one of lower viscosity, higher bubble forming
property and higher thermal stability than the liquid

supplied to the first liquid flow path.
_—
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passage with the liquid in the second Iiquid passage, 10_and the two
l'i qui ds are prevented fromdiffusing each other when the Tig Lon

head is not in action. Further, it is also possible to pm vabl e
menber fromentering the second |iquid passage, by shapi _” ””W
member so that its 15 cross-section formgjan inverted trapgezeidi

providing it with a projection. Further, the novable nenber is prevgnted
fromsticking to the liquid passage wall,. by placing plural projections on
the bottom surface of the first liquid 20 passage, in the area with which
the novabl e nenber nmeke contact. Further, in the case of the twin Iliquid
passage structure_in which two |iquid passages are.f!I[ed m&th di fferent
liquids, the firse7+ighi 41981iQ| pjerting beadj forcdjertipgetéquéd byom

m xing into the secgnd Ii?uid bubbl e generation liquid); therefore, the
liquid to be SPBEFRELPR Bt chubblie. ffemPrising:

an ejection outlet for ejecting the liquid;
5 a bubble generation region for génerating the
bubble in the liquid;
a movable member having a fulcrum énd a free
. end;
wherein the free end of said movable member
10 moves from by pressure éroduced by the genération of
the bubble; and
restraining means for restraining the free
end of said from entering the bubble generation region
beyond a first position which is taken by the free end
15 of said movable member before generation of the

bubble.

28. A head according to Claim 27, wherein wherein
the bubble expands more toward downstream then toward
20 .upstream with respect to a direction of general flow
of the liquid.
29. A head according to‘Claim 27, wherein a heat
generating element for generating the bubble is
25 disposed faced to the movable member, and said bubble
generation region is formed between the movable member

and the heat generating element.
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-57- being scorched and sticking to the heater. Al so, t+he _novable nenber is
prevented fromsticking to the partition wall between t flrs t—and-second
l'iquid passages. Therefore, it is possible to provide aM ction
head, which is capable of stable ejection, and in which ges
are given a different functions. <C1hen_§@bod|nents> In thé féreg
description has been 10 nmade as to the nmajor parts of the liquid eJectlng
head and the liquid ejecting nethod according to the enbodi nents of the
present invention the description will now be nade as to further detailed
enbodi nents usable with the foregoi ng enbodi nents. The follow ng 15
exanpl es are usable with both of the single-flowpath

30. A head according to Claim 27, wherein the

movable hember has a fulcrum and a free end at a

position downstream of the fulcrum.

31. A head according to Cléim 29, wherein said
liquid flow path has a supply passage for supplying
the liquid to said heat generating element from
upstream thereof along the heat generating element.

10 |

32. A head according to Claim 31, wherein the
liquid is supplied to the heat generating element
along an internal wall which is substantially flat or
smoothly curved.

15

33. A head according to Claim 27, further
comprising a liquid flow path for supplying the liquid
to said heat generating element from upstream thereof
along a surface close to said heat generating element.

20

34. A head according to Claim 29, wherein said
liquid flow path has a supply passage fér supplying
the liquid to said heat generating element from |
upstream thereof along the heat generating element.

25

35. A head according to Claim 29, wherein said

liquid flow path has a supply passage for supplying

—_—
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type and two-flowpath type without specific statenent. <Liquid flow path
ceiling configuration> Figure 18 is a sectional view taken arbn e 20

|l ength of the flow path of the liquid ejecting head accor

enbodi nent grooves for constituting the first liquid ro

liquid flow paths 10 in Figure 2) are fogfed in grooved nenber A”
partition wall 30. In this enbodinent, the height of 25 the flom/patﬁ
ceiling adjacent the free end 32 positlon of the novable menber is great er
to pernmit larger operation angle [err] of the novable nenber. The - 58-
oper ati on rartjze ofiqunixd roy ad 5d reexble rgerse xket g eélbsinemt chremder ati on of the
structure of the liquid flow path, the durability of the novabl e nenber and
t he upstream thereof along such a surface of said movable

member as is nearer to said heat generating element.

5 - 36. A head according to Claim 34, wherein said
liquid flow path has an internal wall whicﬁ is
éubstantially flat or smoothly curved, and the supply
passage is supplied to said heat generating element
along the internal wall.

10

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

15 : a second liquid flow path having bubble
generation region for generating the bubble in the
liquid by applying heat to the liquid;

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

20 having a free end portion adjacent the ejection
outlet, wherein'the free end of the movable member is
displaced into said first liquid flow péth by pressure
produced by the Qeneration oE the bubble, thus guiding
the pressure toward the ejection outlet of said first

25 liquid flow path by the movement of the movable member
to eject the liquid; and

restraining means for restraining the free
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bubbl e generation power or the like. It is desirable 5 that it moves in the

angl e range wi de enough to include the angle of the posY”!Mg he —T—
ejection outlet. As shown in this Figure, the displaced!/l //ﬂ/éljlﬂ ” e
~end of the novable nmenber is nmade higher 10 than the di anet®er wofy mﬁ

ej ection outlet, by which sufficient ejegjion pressure is transmtt&d.* As
shown in this Figure, a height of the liquid flow path ceiling at the
fulcrum 33 position of the novable nmenber is |ower than that of the liquid
flow path 15 ceiling at the free end 32 position of the novable menber, so
that the rel ek af daiad pimss WrEtewisy thd MBUBHIES [ REHB Fd Bfosl Ufed ot Ne

di spl acenent of the novabl e nenber can be further effectively prevented.
<Posi ti onal resyondma bikrstepasidoioh (whiichl {8 ovakeai Mby? Oclee OF yaw abh @ nmenber >

Figure 19 is an illustration of a positional relation between the
above- descri ¥ sAihMvaklsdender before generation of the
bubble.
5

38. A head according to Claim 27 or 37, wherein
said movable member constitutes a part of'a partition
wall,_wherein a part of said partition wall other than
said movable member functions as said restraining

10 means.

39. A head according to Claim 38, wherein a free
end portion having a free end of said movable member
is contacted to at least a portion of said partition

15 wall,

40. A head according to Claim 38, wherein lateral
end portions of said movable member are contacted to
at least a portion of said partition wall.

20

41. A head according to Claim 27 or 37, wherein
wherein the free end of said movable meﬁber is
restrained by restraining megﬁs for engagement to the

free end or a portion of said movable member adjacent

25 to the free end.

42. A head according to Claim 41, wherein the
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and second liquid flow path 16, and (a) is a view of t he"movabie—trefrber—31—

position of the partition wall 25 30 as seen fromthe abognmmm ,”mi Ei'

view of the second liquid flow path 16 seen fromthe abov A " H
S *

artition wall 30. Figure 19, (c) is a schematic -59- Vi éw of 8l
Bositional rel ation between the novabl e_ggober 6 and the second liquid flow
path 16 wherein the elenents are overl aid. In these Figures, the bottom
is a front side having the ejection outlets. 5 The second liquid

flow path 16 of this enbodi nent, as described hereinbefore, has a throat
portion 19 upfreeaemdfof heabdatogsbbe aheNBes! £8E0L & BbhiefCapath [0 @

general flow of the liquid fromthe second common |iquid chanber Side to
the ejection 10 outlet through the heat generating el enent position,
43. A head according to Claim 41, whereiﬁ lateral

ends of said movable member is in a sealed state.

44. A head according to Claim 27 or 37, wherein
the free end is restrained from entering the bubble
generation region by said restraining means limiting
movement of a free end portion including the free end.

.10

45. A head accordipg to Claim 27 or 37, wherein

said restraining means restrains movement of a free

end portion including the free end.

15 .46. A head according to Claim 45, wherein said
wall constitutes a side wall of a second liquid flow

path.

47. A head according to Claim 45, wherein said
20 wall constitutes a top wall of a second liquid flow
path.
48. A head according to-Claim 45, wherein at
least a part of said wall or at least a portion of
25 said movable member contactable to said wall has a

roughened surface.

______~______~___~__
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t he novabl e nenber position along the first flow path, so—as to provi de—a-
chanber (bubbl e generation chanber) effective to suppres

toward the upstream side, of the pressure produced upon mll W I'
generation in the second liquid flow path 16. As shown |n |gure , S

the lateral sides of the novable member_gd cover respective parts of the
wal I's constituting the second liquid flow path so that the falling of the
novabl e menber 31 into the second 20 liquid flow path is prevented. By

doi ng so, the above-described separation between the ejection liquid and

the bubbl e generatd on A inpad dccdraimpreetrGeds Fuldesiprg, the rel ease
of the bubble through the slit can be suppressed so that ejection pressure

and 25 ejectieastefd iparhof aaid wdllcror ray dassst a péxiedEof t he
above-described effect of the refilling fromthe upstream side by the
pressure uporfaif wa@;ggnember contactable to said wall has a

projection.

50. A head according to Claim 38, wherein said

movable member has a trapezoidal cross-section.

51. A head according to Claim 27 or 37, wherein a
10 resistance against a motion of said movable member
adjacent a moving position of the free end is smaller

than that adjacent the fulcrum.

52. A head according to Claim 37, wherein a heat
15 generating element for generating the bubble is
disposed faced to the movable member, and said bubble
generation region is formed between the movable member

and the heat generating element.

20 53. A head according to Claim 27 or 37, wherein
said restraining means includes a projection formed on
said movable member faced to said bubblé generation

-

region.

25 54. A head according to Claim 52, wherein the
liquid is supplied to the heat generating element

along an internal wall which is substantially flat or
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-60- bubble, can be further enhanced. In Figure 18, a part of of the bubble
generated in the bubble generation region of the second'+Tfﬁﬁ+}444nm4xﬂjl:i_
with the displacenent of the 5 novable nmenber 6 to the f| fl ow
path 14 side, extends into the first liquid flow path 14 oJ” ﬂ"g
t he height of the second flow path to pggyit such extensi on

the ejection force is further inproved as conpared with the case 10

wi t hout such extension of the bubble. To provide such extending of the
bubbl e into the first liquid flow path 14, the height of the second Iiquid
flow path 16 smogtklerebryedower than the height of the maxi mum bubbl e,
nore particularly, the second liquid 15 flow path is preferably several pm
- 30 pm for exanple. In this enbodi ment, the height is 15 [err]m

<Movabl e nenber and partition wall>
55. A ‘head according to Claim 27, 34, 35 or 52,

wherein said movable member_is in the form of a plate.

5.

56. A head according to Claim 55, wherein all of
the surface of said heat generating element is faced
to said movable member.

10 57. A head according to Claim 55, wherein a total

area of said movable member is larger than a total

area of said heat generating element.

58. A head according to Claim 55, wherein a
15 fulcrum of said movable member is at a position out of

a portion right above said heat generating element.

59. A head according to Claim 55, wherein the
free end of said movable member has a portion
20 extending in a direction substantially perpendicular
to the liquid flow path having said heat generating

element.

60. A head according to Claim 55, wherein said
25 free end of said movable member is disposed at a
position nearer to said ejection outlet than said heat

generating element.
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Figure 20 shows another exanple of the novable nmember 31, whereinreferenee—
nurmeral 35 20 designates a slit forned in the partition wal I Mmlmm'mm'l'"

is effective to provide the novable menber 31. In F|gure ""
novabl e member has a rectangul ar configuration, and in , it Fs har¥over »
in the fulcrumside to permt increased_?ggillty of. 25 the npvable menber,

and in (c), it has a wder fulcirumside T0 enhance the durability of the
novabl e menmber. The configuration narrowed and arcuated at the ful crum

-61- side is desirable if it does not enter the second liquid flow path

side, and notion is easy with high durability. In the foregoing

enbodi nents, the plate or 5 fil mnovabl e nenber 31 and the separation wal
5 61. A head according to Claim 55, wherein said
movable member is a part of a partition wall between

Said'first flow path and second flow path.

5
62. A head according to Claim 61, wherein said
partition wall is of metal, resin material or ceramic
material.
10 63. A head according to Claim 37, further

comprising a first common ligquid chamber for supplying
first liquid to a plurality of such first liquid flow
paths and a second common liquid chamber for supplying
second liquid to a plurality Qflsuch second liquid

15 flow paths.

64. A head according to Claim 37, wherein the
liquid supplied to the first liquid flow path is the
same as the liquid supplied to the second liquid flow

20 path.

65. A head according to Claim 37, &herein the
liquid supplied to the first liquid flow path is
different from the liquid supplied to the second

25 liquid flow path.

66. A head according to Claim 27, 34,'35, or 52,
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havi ng thi s novabl e nenber was nmade of a nickel having a thirekness of 5pm____

but this is not limted to this exanple, but it may be any yiskmi
anti-sol vent property agai nst the bubble generation |iqui d”w'mumiﬂy”ﬂl"uﬂ
ejection liquid, and if the elasticity is enough to permt thecope

the novabl e nmenber, and if the required.g¢ne slit can be formed. Preferable
exanpl es of the materials for the novabl e nenber include durable materials
such as netal 15 such as silver, nickel, gold, iron, titanium alum num

pl ati num tantalum stainless steel, phosphor bronze or the |ike, alloy

t hereof, or rwkereimisaid|héatvigenewdting gelement Cin@budss Yagnitril e,
but adi ene, stylene or the like, resin material having 20 am de group such
as pol yani de ¥Fecieothemmalk deransncer having gy heabaenesatings

pol ycarbonate _or_the |Ijke, resin material having al dehyde group such as
pol yacet al orFSHS IR LOT Qgnerakiag heatawprp Ridachrig oup such as

ol ysul fone, resin. terial such as
poly energlrg%f%n.

67. A head according to Claim 52, wherein said
second liqﬁid flow path has a chamber-1like shape at a
portion where said heat generating element is
disposed. |
10
68. A head according to Claim 52, wherein said
second flow bath has a throat portion upstream of said

heat generating element.

15 69. A.head according to Claim 52, wherein a
distance between a surface of said heat generating
element and said movable member, is not more than 30

am.

20 70. A head according to Claim 37, the liquid
ejected through said ejection outlet is ink.
71. A liquid ejection réﬁording method for
ejecting recording liquid by generation of a bubble to
25 effect recording, comprising:
preparing a head comprising an ejection

outlet for ejecting the recording liquid, a bubble
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25 liquid crystal polyner or the like, or chem cal corrpound m ﬂm"m
nater?als hazing durability against the ink, such as netal ” I Mﬂ,””ﬂ
t ungst en, -62- tantalum nickel, stainless steel titani um aIIb

thereof, materials coated with such nmetal, resin naterlal havi ng anlde

group such as polyam de, resin material hgyj.ng al dehyde group such as

pol yacetal, 5 resin material having ketone group such as -

pol yet her et herketone, resin material having imde group such as polyim de,
resin material having hydroxyl group such as phenolic resin, resin material

havi ng et hyl @engraticn aegioy didy Igeirrdiasid tHd rmi]ﬂ{]_éﬂnbat\_ﬂélg al kyl
groupgsuchyas pol ypropyl ene, resin material having epoxy group such as

epoxy resin nétd@uisd, a exivabist memblerhhavingard Enlg @i S afree
end; and
displacing the free end of said movable
5 member by pressure produced by the generation of the
bubble in said bubble generating portion, wherein the
free end of said movable member is restrained from
entering the bubble generation region beyond a first
position which is taken by the free end of said

10 movable member before generation of the bubble.

72. A head cartridge comprising: a liquid
ejecting head as defined in Claim 27 or 37; and
a liquid container for containing the liquid

15 to be supplied to the liquid ejecting head.

73. A head cartridge according to Claim 72,
wherein said liquid ejecting head and said liquid
container are separable from each other.

20

74. A head cartridge comprising: a liquid
ejecting head as defined in Claim 37; '

a liquid container }or containing first
liquid to be supplied to the first liquid flow path
'25 and second liquid to be supplied to the second liquid

flow path.
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nel amine resin material, resin material having nmethylol group such-as————

xylene resin material, chemcal 15 conpound thereof, ceram M,m ﬂ

as silicon dioxide or chenical conpound thereof. Preferabl u{ '"
partition or division wall include resin material having high Keat-
resistive, high anti-solvent property angyfigh molding 20 property, nDre
particularly recent engineering plastic resin materials such as

pol yet hyl ene, pol ypropyl ene, polyani de, polyethylene terephthalate,

mel amine resin material, .phenolic resin, epoxy resin material,

pol ybut adi ene, po?&uramh]anpuwcéj@é-tha@t&@é(ﬁﬂm £8P pbyeihg’ sul fone,

polyal 'yl ate, polyimde, poly-- sulfone, liquid crystal polymer (LCP), or
cheni cal conpererirding ebiquini betgenerstias of |4 aubsliexi de, - 63-
' comprising: a liquid ejecting head as defined in Claim
27 or 37; and
5 driving signal supply means for supplying a

driving signal for ejecting the liquid through the

liquid ejecting head.

76. An apparatus according to Claim 75, wherein
10 ink is ejected from said liquid ejecting head to
deposit it on recording paper, textile, plastic resin
material, metal, wood or leather to effect recording

thereon.

15 77. An apparatus according to Claim 75, wherein
liquids of different colors are ejected to effect

color recording.

78. An apparatus according to Claim 75, wherein a
20 Pplurality of such ejection outlets are disposed over a
width of a recordable region of the recdrding,

material.

79. A recording syétem comprising: a liquid
25 ejecting apparatus as defined in Claim 75; and
a pre-processing or post-processing means for

promoting fixing of the liquid on the recording
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silicon nitride, nickel, gold, stainless steel, alloy thereof, chem cal

conpound thereof, or materials coated with titaniumor gold. |
of the separation wall is 5 determ ned dependi ng on the useﬂ!ﬁﬁ“ﬂﬁ'“ﬂ“&iﬁl“‘
configuration fromthe standpoint of sufficient strength.as c *
sufficient operativity as the novable ngfg?g, and generally, 0.5 pm- 10 pm
approx. is desirable. 10 The wdTh of the slit 35 for providing

t he novabl e nenber 31 is 2 pmin the enbodi nents when t he bubbl e generation
liquid and ejection liquid are different nmaterials, and m xture of the

liquids is tonsstenval defitet hEhgabetsSrdPhgr M ned so as to forma 15 neniscus
between the |iquids, thus avoiding m xture therebetween. For exanple, when

t he bubbl e generation liquid has a viscosity about 2 cP, and the ejection
liquid has a viscosity not less than 100 cP, 5 [err]m.approx. slit is
enough to avoid tm%-likuﬂxHUid ejecting apparatus for ejecting

recording liquid by generation of a bubBle,
5 comprising: a liquid ejecting head as defined in Claim
27 or 37; and
recording material transporting means for
feeding a recording material for receiving the liquid
ejected from the liquid ejecting-head.
10
81. A recording system comprising:
a liquid ejecting apparatus as defined in
Claim C;aim 80; and
a pre-processing or post-processing means for
15 .promoting fixing of the liquid én the recording

material after the recording.

82. A liquid ejecting apparatus according to
Claim 75, wherein recording is effected by ejecting
20 the ink from the liquid ejecting head to recording
paper.
83. A liquid ejecting apparatus according to
Claim 80, wherein recording is effected by ejecting
25 the ink from the liquid ejecting head to recording

paper.
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20 m xture, but not nore than 3 [err]mis desirable. en—fhe—e+ecLLQ______

|l iquid and the bubble generation |iquid are separated, nber
functions as a partition therebetween. However, a small uﬂum
bubbl e generation liquid is mxed 25 into the eJectlon |IQUI

of liquid ejection for printing, the perLggatage of the n1X|ng |s )
practically of no problem if the percentage is |ess -64- than 20 % The
percentage of the mxing can be controlled in the present invention by
properly selecting the viscosities of the ejection liquid and the bubble
generation |liqui d845 An apparatienatkergéngetoagain 8@si Wwhdrednbe small,

It can be reduced to 5 % for exanple, by using 5 CPS or |lower fro the
bubbl e generaﬂFGﬁlﬂFqQﬁddaﬁéezenCPsolorS are ejected to effect

color recording.

5 - 85. A head kit comprising: a liquid ejecting head
as defined in Claim 27 or 37; and
a liquid container containing the liquid to

be supplied to the liquid ejecting-head.

10 86. A head kit comprising:
a liquid ejecting head as defined in Claim 27
or 37;
a liquid container for containing the liquid’
to be supplied to the liquid ejecting head; and
15 liquid filling means for filling the 11qu1d

1nto the liquid container.

~87. A method according to Claim 26, wherein said

higher bubble forming property is lower boiling point.

20
88. A method, according to Claim 5, 8 or 9,
wherein said free end has a free ehd edge facet to an
ejection outlet side.
25 89. A head according to Claim 37 59 or 60,

wherein said free end has a free end edge facet to an

ejection outlet side. -
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or lower for the ejection liquid. In this invention, the nber has
a 10 thickness of pmorder as preferabl e thickness, and aTﬂﬂﬂBﬁﬁ& nﬂfu"m
having a thickness of cmorder is not used in usual cases.% oINS
formed in the novabl e nenber having a thickness of [err]morder, and the
slit has the width (Wpn of the order ofpihe 15 thickness of the novable
menber, it is desirable to consider the variations in the manufacturing.
When the thickness of the nenber opposed to the free end and/or |ateral

edge of the novable nmenber fornmed by a slit, is equivalent to the thickness
of 20 the novable nmenber (Figures 13, 14 or the like), the relation between
the slit width and the thickness is preferably as follows in consideration
of the variation 90.t hkt methddctaccording stabtyaimppy astetdin | saiad m xture
bet ween the bubbl e generation liquid 25 and the ejection |iquid. When

t he bubbl e gefeeatenh haga df¥es endiedgsifacebitorar efectBmp, and a hi gh

outlet side.

10
15
20

25

—_
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viscous ink (5 cp, 10 cp or the like) is used as the -65- ejection
liquid, the mxture of the 2 liquids can be suppressed for a long termif
Wt [err] 1 is satisfied. The slit providing the "substantial sealing”,
preferably has several mcrons width, since the liquid 5 m xture prevention
is assured. <El enent substrate> The desc b tion will be nmade as to a
structure of the elenent substrate provided with the heat generating
el enent for heating the liquid. 10 Figure 21 i's a | ongitudina
section of the liquid ejecting head according to an enbodi nent of the
present invenABSTRACE OReTHEEDESCLOSURErate 1, a grooved menber 50 is
nmount ed, the nenber 50 having second liquid flow
A liquid ejeqting method for ejecting liquid
by generation of a bubble includes preparing a head
comprising an ejection outlet for ejecting the liquid,
5 a bubble generation region for generating the bubble
in the liquid, a movable member having a fulcrum and a
free end portion; and displacing the free end of the
movable member by pressure produced by the generation
of the bubble in the bubble generating portion wherein
10 the free end of the movable member is restrained from
entering the bubble generation region beyond a first
position which is taken by the free end of the movable

member before generatioﬂ of the bubble.

15

20

25
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15 paths 16, separation walls 30, first liquid flow paths 14 and grooves
for constituting the first liquid flow path. The el ement substrate 1 has,
as shown in Figure 12, patterned wiring electrode (0.2 - 1.0 [err]m 20
thick) of aluminumor the like and patterned el ectric resistance |ayer 105
(0.01 - 0.2 [err]mthick) of hafniumboride (HB2), tantalumnitride(TaN),
tantal um al um num(TaAl) or the |like constituting the heat generating

el ement .on a silicon oxide filmor sil'%fﬂ 25 nitride film 106 for

i nsul ati on and heat accunul ati on, whic turn is on the substrate 107 of
silicon or the like. A voltage is applled to the resistance -66- | ayer
105 through the two wiring el ectrodes o flow a current through the
resi stance | ayer to effect

(b)

s,

<_ \\\f/

W/

FIG. |

10
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heat generation. Between the wiring el ectrode, a protection |ayer of
silicon oxide, silicon nitride or 5 the like of 0.1 - 2.0 [err]mthick is
provi ded on the resistance layer, and in addition, an anti-cavitation |ayer
of tantalumor the like (0.1 - 0.6 pmthick) is formed thereon to protect
the resistance | ayer 105 fromvarious liquid such as ink. 10 The
pressure and shock wave generated upon the bubble generation and coll apse
is so strong that the durability of the oxidejg|mwhich is relatively
fragile is deteriorated therefore, netal Rterial such as tantalum (Ta) or
the like is used as the alBj} 15 caV|tat on . Tfe pd@ection | ayer

may be onitted depending o . quid flow path
t t and N | h Fi
To ‘Chy The mat of Chl ot 20 h?é‘g?es’%n?’! f CB8plos 15 Show 0 Figure
protection |ayer, includes, [@ ; = " tantal um -
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alum numalloy or the like. Thus, the structure of the heat generating
el enent in the foregoing énbodi nents may include only the resistance

| ayer (heat 25 generation portion) or may include a protection layer for-
protecting the resistance layer. In the enbodi nent, the heat generating
-67- elenent has a heat generation portion having the resistance |ayer
whi ch generates heat in response to the electric signal. this is not '
limting, and it will suffice if a bubble enough to eject the ejection 5
liquid is created in the bubble generation liquid. For exanple, heat
generation portion may be in the formof a photothermal transducer which
gener ates heat upon receiving |ight such as |laser, or the one which
gener at es heat upon receiving high frequency wave. -

_
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10 . On the elenent substrate 1, function elenments such as a
transistor, a diode, a latch, a shift register and so on for selective
driving the electrothermal transducer elenent may al so be integrally buiilt
in, in addition to the resistance 15 |layer 105 constituting the heat
generation portion and the el ectrothermal transducer constituted by the
wiring electrode 104 for supplying the electric signal to the resistance.
layer. In order to eject the liquid by drivipdQthe 20 heat generation
portion of the electrothermal transducer on/the above-described el enent
substrate 1, the Tesrstance rayer 1051 ' rTing
el ectrode 104 with Aggtangul ar Wﬂ sesVds sh¥gn in Figure 22 \7 cause
I nst ant aneous hest—gere+ati on i 5 the resistancdgl ayer ,LQS—Eet-.ween t he
wiring electrode. In the.ca¥2 of \he for\ffoi ng enbodi nents,
W .

the applied energy—tras—a vol th\qe —

T AN - S2
18 ——}— ' k
R —— —\S3 >_
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-68- of 7psec, a current of 150mA and a frequency of 6kHz to drive the heat
generating elenent, by which the liquid ink is ejected through the ejection
outl et -t hrough the process described hereinbefore. = However, 5 the driving
signal conditions are not limted to this, but nay be any if- the bubbl e
generation liquid is properly capable of bubble generation. <Ejection
1iquid and bubbl e generation-1iquid> As described in the foregoing

enbodi nent, 10 according to the present invention, by the structure having
t he novabl e nenber descri bed above, the liquid can be ejected at higher

ejection force or ejection efficiency than the conventional |iquidsejecting
head. When the sane liquid is used for the’pubble gqafration 17 grii d and
the ejection liquid, it is possible that #fie |Myyid s not Adpf g#&forat ed,
and that deposition on 7 ~ :
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the heat generating el enment due to heating can be reduced. Therefore, a
reversi ble state change is acconplished by repeating the gassification and
20 condensation. So, various liquids are usable, if the liquid is the one
not deteriorating the liquid fl ow passage, novabl e nenber or separation
wal |l or the |ike. Anbng such liquids, the one having the 25 ingredient as
used in conventional bubble jet device, can be used as a recording |iquid.
When the two-fl ow path structure of the -69- present invention is used
with different ejection liquid and bubble—gergration |iquid, the bubble
generation |liquid having the above-deg y is used, nore
particul arly, the exanples includes:

(a)

(b)

(c)

10
(d) 3
a2 37
2
FIG 8
'\
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5 nmet hanol, ethanol, n-propyl alcohol, isopropyl alcohol, n- n-hexane,

n- hept ane, - n-oct ane, toluene, xylene, nethylene dichloride,

trichl oroet hyl ene, Freon TF, Freon BF, ethyl ether, dioxane, cyclohexane,
met hyl acetate, ethyl acetate, acetone, nethyl ethyl 10 ketone, water, or
the like, and a m xture thereof. As for the ejection liquid, various

| i qui ds are usable wi thout paying atteptipn to the degree of bubble
generation property or thermal propert Clﬁhe | i qui ds whi ch have not been
conventional ly usable, 15 because of |ow bubbl e generation property and/or
easi ness of property chgmge—due—totreat . ver, it is desired
that the ejection liquid by itself or by reaction with the bubbl e
generation |iquid, s [not inpede the ejection, the 20 pubbl e generation
or the operation of eNaovabl e menber or the like. As fpr the recording
ej ection li.quid, high vilscous ink or the |ika32s usable.] As for anot her

VA—t - -

VA1

VB—f-—— -

vBi

(b) -~ (c)

1 -1 Hi
H2
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ejection liquid, pharmaceuticals and perfume or the 25 |like having a nature
easily deteriorated by heat is usable. The ink of the follow ng ingredient
was used as the recording liquid usable for both of the -70- ejection
liquid and the bubble generation liquid, and the recordi ng operation was
carried out. Since the ejection speed of the ink is increased, the shot
accuracy of the liquid droplets is inproved, and 5 therefore, highly
desirabl e i mages were recorded. Dye inkcw)scosjty of 2cp (C. I. food bl ack

2) dye 3 Wm. %diethyl ene glycol 10 . %
Thi o diglycol S W 90 10 EJhano
5 w. % Water 77 Ww. %
30\\
V——- -—+— V1
19
(b)
_ 22
- 14 14 ] 14
| H3 4
30 B - T 31 3l
\\\\\/ rwwé*’/
5,//, ) \/ \
23 2: 6 23 ) 16 23 L 16 23
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\
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H2 )
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Recordi ng operations were also carried out using the foll ow ng conbi nation
of the liquids for the bubble generation liquid and the ejection liquid. As
15 aresult, the liquid having a ten and several .cps viscosity, which was
unabl e to be ejected heretofore, was properly ejected, and even 150cps

liquid was properly ejected to provide high quality imge. Bubble :

generation liquid 1: 20 Et hanol 40 mﬁl %
Water 60 wt. % Bubbl e generation liquid 2:
Wat er 100 Wt % Bubbl e generation liquid 3:
25 | sopropyl al b ic : 110 wt. % Water
90 wt. % Ejection liquid 1: i :
| ) |
| J
| I
I |
| |
| i
| . :
I
1 I
| |
Tanimmt
¥ I 30
I .
i ! ::_ //
H 1
| i
- !l B _
I
f |: i 1
A oo A
[ I -
:L...... I g1
L——--J]| 35
]
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(b)
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30 35 3l 30
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-71- (Pigment ink approx. 15 cp) Carbon bl ack

5 wt.
% Styl ene-acryl ate-acryl ate ethyl copolyner resin materi al 1 w.
% 5 Di spersion nmaterial (oxide 140, weight average nol ecul ar wei ght)
Mono- et hanol am ne 0.25 wt. % dyceline
69 wt. % Thi odi gl ycol Sw. %10 Et hanol
3 w. % Water 16.75 wt. % Eection liquid 2
(55cp): Polyethyl ene glycol 200 100 wt. % Ejection liquid 3
(150cp): 15 Pol yet hyl ene gl ycol 600 100 . % In the case

of the liquid which has not been easily ejected, the ejection speed is |ow,
and therefore, the variation in the ejection direction is

7

FIG. 12
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expanded on the recording paper with the result of 20 poor shot accuracy.
Additionally, variation of ejection anmount occurs due to the ejection
instability, thus preventing the recording of high quality inmge. However,
according to the enbodi nents, the use of the bubble generation liquid
permts 25 sufficient and stabilized generation of the bubble. Thus, the
| nprovenent in the shot accuracy of the I'gﬁ%d droplet and the
stabilization of the ink -72- ejection unt can be acconplished, thus
i mproving the recorded i mage quali i@ remarkably. <Strupgure ojgTw n Liquid
Passage Head> Figure 23] xpl oded perspective vi of 5 fFhe twin
passage liquid ejection head inlaccofgdance wt the/ﬁgm;ent I/nventi on, and
depicts its general

Prete iie g ___35b
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structure. The aforenentioned el enent substrate 1 is disposed on a
supporting nmenber 70 of alum numor the 10 |ike. The wall 72 of the second
i quid passage and the wall 71 of the second conmon |iquid chanber 17 are
di sposed on this substrate 1. The partition wall 30, a part of which
constitutes a noving nmenber 31, is placed on top of them On top of this
partition wall 15 30, a grooved nenber 50 is di sposed, which conprises:

pl ural grooves constituting first liquid sages 14; a first comon |iquid
chanber 15; a supply passage 20 f suppl'yti hg the f|g§$ l'iquid
chanber 15 with first liquid; an supply passage or su ying 20 the
second comon liquid" v W q/’/ =ection head
cartridge> The description will be de as to a I| d ejection head

cartridge having a liquid ejecling head 25 accor{i ngfto an enbodi nent of
the present invention.

0| 1 | | s
\% IHS
2 .

}I
23 6 23
[ |
)
. 1
(b) |
14 22 14
N P
30 31 3<5 30
7 _
7
23 p e 23
/
/
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Figure 24 is a schematic expl oded perspective view of a liquid ejection
head cartridge including the -73- above-described liquid ejecting head,
and the liquid ejection head cartridge conprises generally a liquid

ej ecting head portion 200 and a liquid container 80. The liquid ejecting
head portion 200 5 conprises an el enent substrate 1, a separation wall 30,
a grooved nenber- 50, a confining spring 70, liquid supply nmenber 90 and a
supporting nmenber 70. The el ement substrate 1 is provided with a
plurality of heat generating resistors for supplying heat to the 10 bubble
generation liquid, as described hereinbefore. A bubble generation liquid
passage is fornmed between-the el enent substrate 1 and the separation wall

30 having the novable wall. By the coupling between the
o
M
AN §
44—
T'e.
O
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separation wall 30 and the grooved top plate 50, an 15 ejection flow

pat h(unshown) for fluid comrunication with the ejection liquid is forned.
The confining spring 70 functions to urge the grooved nenber 50 to the

el ement substrate 1, and is effective to properly integrate the el enent
substrate 20 1, separation wall 30, grooved and the supporting nmenber 70
which will be described hereinafter. Supporting nenber 70 functions to
support an el enent substrate 1 or the |ike, and the supporting nmenber 70
has thereon a circuit board 71, connected to 25 the el enment substrate 1,
for supplying the electric signal thereto, and contact pads 72 for electric
signal transfer between the devic@ side wien theg) -74- C?th’i dge is

nount ed on the igparatus

| 23\% | e ,W' : .
;fﬁ 00 ! V- 23

25 -~ ///////////////////////kl
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The liquid container 90 contains the ejection liquid such as ink to be
supplied to the liquid ejecting head and the bubble generation liquid for 5
bubbl e generation, separately. The outside of the 1iquid container 90 is
provided with a positioning portion 94 for nounting a connecting nenber for
connecting the liquid ejecting head with the liquid container and a fixed
shaft 95 for fixing the 10 connection portion. The ejection liquid is
supplied to the ejection |iquid supply passage 81 of a liquid supply nenber
80 through a supply passage 81 of the connecting nmenber fromthe ejection
i quid supply passage 92 of the liquid container, and is supplied to 15 a
first common |iquid chanber through the ejection liquid supply passage 83,
supply and 21 of the nenbers. The bubbl e generation liquid is simlarly
suppl.ied to the bubble generation |iquid supply passage 82 of the liquid
supply menber 80 through the 20 supply passage of the connecting nenber
fromthe

ANANANNNNN

%54

- This Sheet Has Been Reﬂlaced

(WA



supply passage 93 of the liquid container, and is supplied to the second
| i qui d chanber through the bubble generation |iquid supply passage 84, 71,

22 of the nmenbers. 25 In such a liquid ejection head cartri dge,
even if the bubble generation liquid and the ejection liquid are different
liquids, the liquids are supplied -75- in good order in the case that

the ejection liquid and the bubble generation |iquid are the sanme, the
supply path for the bubble generation liquid and the ejection liquid are
not necessarily sepa d. 5 er the liquid ips_ysed up, t he
| i quid containers nagq% supplied mﬁth(ﬁil respective I|4d¢§

facilitate this supply, the liquid containgr is desirably prOV|ded wth a
liquid '

IS
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N
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i njection port. The liquid ejecting head and liquid 10 contai ner may be
unseparably integral, or nmay be separable. <Liquid ejecting device> Figure
25 is a schematic illustration of a liquid ejecting device used with the
above-described 15 liquid ejecting head. |In this-enbodinent, the ejection
liquid is ink, and the apparatus is an ink ejection. recording apparatus.
the liquid ejecting device Gonprises a carriage HC'to which the head

cartridge conprising a liquid container portion 90 and 20 liquid ejecting
head portion 200 which are detachably conoquable wi th each other, is
nmount abl e the carriage HC is reciprocable’in-a direction Qf wgth of the

recording material 150 suc
recording material tjfandpor
to the liquid ejecti means

ed by a
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-76- driving signal supply neans, the recording liquid is ejected to the
recording material fromthe liquid ejecting head in response to the signal
The liquid ejecting apparatus of this 5 enbodi nent conprises a notor 111 as
a driving source for driving the recording material transporting neans and
the carriage, gears 112, 113 for transmtting the power fromthe driving
source to the carriage, and carriage shaft 115 and 'so on. By the recording
device 10 and the liquid ejecting nethod using thiss recording device, good
prints can be providgd by ejecting the liquid to the various recording
material. Figure 26 ils a block diagram for describing the general operation
of an ink ejection rgcording 15 apparatus which enploys the |iquid

ej ecti on nethod, : : : '

"N



and the liquid ejection head, in accordance with the present invention. The
recordi ng apparatus receives printing data in the formof ‘a control signal
froma host 20 conputer 300. The printing data is tenporarily stored in
an input interface 301 of the printing apparatus, and at the sanme tinme, is
converted into processable data to be inputted to a CPU 302, which doubl es
as neans for supplying a head driving signal. The CPU 25 302 processes the
af orenenti oned data inputted'to the CPU 302, into printable data (inmge
data), by processing themw th the use of peripheral units such -77- as
RAMs 304 or the like, followi ng control prograns stored in an ROM 303.
Further, in order to record the inage gﬂéa '

200

FIG. 24
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onto. an appropriate spot on a recording sheet, the CPU 5 302 generates
driving data for driving a driving notor which noves the recordi ng sheet
and the recording head in synchronismwth the i mage data. The inmage data
and the notor driving data are transmtted to a head 200 and a driving

not or 306 through a head driver 307 10 and a notor driver 305,
respectively, which are controlled with the proper timngs for formng an

i mge. As for recording nedium to which liquid such as ink is adhered, and
which is usable with a 15 recording apparatus such as the one described
above, the follow ng can be listed; various sheets.of paper; OHP sheets; -
plastic material used for form ng conpact disks, ornanertal "plates, or the-
like;, fabric; nmetallicec material such as al um num copper, or -the 20 1|iKke;

| eat her material such as cow hide, pig hide, synthetic |eather, or the

i ke; lunmber material such as solid wood, plywod, and the l.ike; banboo

mat eri al ; :

FIG. 25

T
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ceramic material such as tile; and nmaterial such as sponge which has a

three di nensional structure. 25 : The af orenenti oned recording
apparatus includes a printing apparatus for various sheets of paper or OHP-
sheet, a recording apparatus for plastic mat eri'al- such as plastic

material used for form ng a conpact disk or the like, a recordi ng apparatus
for metallic plate or the |like, a recording apparatus for |eather material,
a recordi ng apparatus for lunmber, a 5 recording apparatus for ceram.c _
material, a recording apparatus for three di nensional recording nedi um such
as sponge or the like, a textile printing apparatus for recording i nages on

fabric, and the |ike recording apparatuses. 10 As for the liquid
to be used with these liquid ejection apparatuses, any liquid is usable as
oo 200
T’T 307
L
HD DRVR
303 | |
< rom j>' |
| [ 302
304
N RAMR Soru |
' ' MTR
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long as it is conpatible with the enployed recording nedium and the
recordi ng conditions. <Recording Systenr 15 Next, an exenplary ink
jet recording systemw || be described, which records inmages on recording
medi um using, as the recording head, the liquid ejection head in
accordance with the -present invention. 20 Figure 27 is a schematic
perspective view of an ink jet recordi ng system.enpl oying the

af orenentioned liquid ejection head 201 in accordance with the present

i nvention, and depicts its general structure. The liquid ejection head in

this 25 enbqeh wl-line tyne head. which conprises plura
ej ection oryrrgg;ig;gmgﬂ with g density of 360 dpi so as to c@ver the
entire recofdfbl e range of the ' (o) )
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-79- recording nmedium 150. It conprises four heads, which are correspondent
to four colors; yellow (Y), magenta (M, cyan (C and black (Bk). These
four heads are fixedly supported by a holder 1202, in parallel to 5 each
other and with predeterm ned intervals. These heads are driven in response
to the signals supplied froma head driver 307, which constitutes neans for
supplying a driving signal to each head. 10 : Each of the four
color inks (Y, M C and Bk) is supplied to a correspondent head from an ink
cont ai ner 204a, 204b, 205c or 204d. A reference nuneral 204e designates a
bubbl e generation |liquid container fromwhich the bubble generation Iiquid
is delivered to each head. Bel ow each head, a head cap 203a, 203b, 203c or
203d i s disposed, which contains an |nk absorblng menber conposed of sponge
or the like. They cover the

510 520 | o
) _s2l 530
/ [} \ 1 =
L |
L#. 53)
511
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—
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gjection orifices of the corresponding heads, 20 protecting the heads, and
| so mai ntaining the head performance, during a non-recording period. A
Yeference nuneral 206 designates a conveyer belt, which constitutes neans:

~for conveying the various recording nedium such as those described in 25

t he precedi ng enbodi nents. The conveyer-198+4 206 i.s routed through a

- predeterm ned path by KRUIDUSIECOING HEAD Uil (5:)) ﬂjmn(;tmvgcgjrl ver roller
‘connected to . .-80- & NDIOT GNDVSIOUDH EJECTHENG METHOBL T ECordi ng systemin

t hi s enbodi.nent corrprl ses a pf"e_m‘l"r'ft‘m ng apparatus 251 and a |
postprl nt-i ng & ' SURE which are di sposed on the upstream o

and domnstrean15|des respectlvely of the I nk recordlm%
A liquid eJectlng method or eJectlng 1qu1d

by generatlon of a bubble 1nc1udes preparlng a head
comprrslng.an:eJectlon_outlet for eJectlng_the 11gurd,
5 a bubbie_generation.region.for generating_the.bubble'
.n'in the'liqdid,_e;movable member:having a fdlCrum'end a
"free'end bortien:'and displacing the free end of the
movable member by pressure produced by the generatlon
- of the bubble in the bubble generatlng portlon whereln
10 the free end of the movable member 1s_restra;ned from N
'entering the.bubble'generation region beyond a first
dp051t10n whlch is taken by the free end of the movable

member before generatlon of the bubble

15 Figure 9
20
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\' .
~apparatus, along the recording medi um conveyance path. These processing

- -apparatuses 251 and 252 process the recording nmediumin vari ous manners
Ppefore or. after 10 recording is nmade, respectively. The pre-printing -
-process and the postprinting process vary dependi ng on .the type.of
 recording medium or the type of ink..Bor exanple, when recording medi um
conposed of netallic material, 15 plastic material, ceramc material or the
like is enployed, the recording nedi um j-s exposed to ultra- violet rays and
ozone before printing, activating its sUrface. In a recording material . - -
tending to acquire 20 electric charge, sych as plastic resin naterial, the .
dust tends to deposit ‘on the surface by shNafic electricity the dust may )
i npede the desired recordin o s made with
~ionizer to renove the stati » -
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25 material, thus renmoving the dust fromthe recording material. When a
~textile is a recording material, fromthe standpoint of feathering
~ prevention and - 81- |nprovenent of be|ng or the I'ike, a pre-processing

may be- effected wherein al kali propertyssubstance, water sol uble property

subst ance, .conposi tion polyneric, water soluble property netal salt, urea,
or ‘5 thiourea i's applied to the textile. pre- processing is not

linmted to this, and it may be the one t cz e the recording material '
-_mnth the proper tenperatwhf On the other an the pf //pgpcessrng |s a 10
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process for inparting, to the recording material having. received the i nk, a
heat treatnent, ultraviolet radiation prOJectlon to pronote the fixing of
dhe ink, or a cleanlng for renoving the process material used for the .
.pre-treatnment and renaining because of no 15 reaction. In this embodi nent,

the head is a full line head, but the. p?esent i nvention i's of course
applicableto a serial type mhereln the head i s noved along'a width of ‘the
recording material. 20 <Head Kit>. Hereinafter, a head kit will be

descri bed, which conprises the liquid eJectlon head in accor dance with thea.
" present -invention. Figure 28 is a schematic view of such a head kit. This

head kit is in the forn125 of a head Ki-t package 501 and contalns a head
510 in : : _

FIG. 3

This is the replacement sheet

Date: '.'.'ZMAY 1996



accordance with the present invention, which conprises an ink ejection
section 511 for ejecting.ink; an-ink -82- container 510, that is, a
diquid container which is separable, or nonseparable, fromthe head; and
ink filling means 530, which holds the ink to be filled into the i nk
container 520. 5 After the ink.in the hﬁk cont ai nef- 520 is conpletely
“depleted, the tip 530 (|n the formof a hypodﬁgglc needl e or the 1ike) of
the ink filling nmeans is inserted into an a nt 521 of the ink -
contai ner, the junction between the ink" convy]ner and 10 the head, or a

“hole drilled throughTne Thk contarner. mauV, and the TNk within the ink
f||||ng means i's VA - v4 VS .
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\ .
filled into the ink.container through this tip 531. Wien the liquid
ejection head, the ink container, the ipk filling neans, and the |ike are . _
15 available in the formof a kit contarnhed in the kit package, the ink can-
. 'be easily filled into the ink depleted ink container as descri bed above; - '
"therefore, recording'can be quickly restarted. -In this enbodi ment,” the head .

- kit contains the 20 ink filling nmeans. However, it.is not- mandatory for the

head kit to .contain the ink filling neans; the kit -nmay contain an . = -
exchangeabl e type ink container filled with the ink, and a head. Even

‘though Figure 28 illustrates only the 25 ink"filling means for fi¥ljng the
printing ink into the ink containef, the heath kit np@ contai n/nposfS for
filling the bubble generation |iquid Lgyo’the-b Q!:- _ _

”
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-83- generation liquid container, in addition to the printing ink refilling
-means. VWil e the invention has been described with reference to the

structures disclosed herein, it is 5 not confined to the details set forth - .
and this application is |ntended to cowd such nodifications or changes as

may conme-within the pur poses: of " the |nprovenents or the scope of the
':f0||OMAng clalns 10 15 20 25

' Tﬁié Is the replacement sheet
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- 8 - WHAT IS CLAIMED IS --1. A l'iquid ejecting nethod for. ejectlng

.Iiquid by generation-of a bubble, conprising: preparing a head conprising
~an ejection outlet for ejecting the liqyid,- a heat = generating elenent for
‘generating the bubble in-the | i quid, a-bubbl e generation region where the

- bubble is generated, a novabl e nenber haV|ng a fulcrumand a free end mhlch-'

i s downstream of the fulcrum mhereln sai d movabl e menber s di sposed faced:

to-sai d heat generating el ement, and su@h a portion of. said novable nenber - . -

as is faced to an area center of said- heat generating el ement is

. di spl aceabl e .between a pH+st—post+tt+omrand—as ion further from
sai d bubbl e generation |region than the first p05|t|on and wherein the
free end of said novabl ¢ menber L ' :
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is restrained fromentering the. bubble generation region, beyond a first
position which is taken by the free end of said novabl e nenber before
generation of the bubble. 2. A nethod, according to Claim1, wherein the
"~ bubbl e -expands nore .t oward domnstrean1tﬁan toward upstreamw th respect to

a direction of general flow of the quU|d 3. . Anethod according to daim
1, wherein the bubbl e expands beyond the first p05|t|on and noves the
movabl e menber to the second position. ¢. ‘A met hod according to daim1,

~ wherein by the noverent of the. novabl e menber, a downstream-portion of the
bubbl'e grows toward do

1 5. A nethod
-_accordlng to Ctaim 1, 'ere{n the
30\-
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| 1o
b .
s "L ST\ e
30 '\ 1 3| -3

N
6 23 ) i6 23 3 16 23

I A I
H2 ' o

FIG. 10

- This is the replacement sheet -

 Dater -2 MAY .



novabl e menber has a free end at a position downstream of the fulcrum and
the free end is noved by a deflection of the novable nenber with the
~fulcrumfixed. 6. A nethod according to Claim1, wherein at |east such a

portion of the bubble havi ng a pressure conponent di rectly .contri but abl'e to

" the ejection of the liquid is guided bygsald novabl e menber noved by .t he
pressure conponent, 7. A liquid ejecting method for ejecting a liquid .~
dropl et through an ejection outlet disposed at a position not -faced to-a
bubbl e generation region and domnstrean_gj t he bubbl e generation reglon
with respect to a liq@ d droplet efectipn dilrection, by generation of :
‘bubbl e in the bubbl e generation re%ion whettein prOV|d|ng a ‘novabl e menber
having a free end portion for subs antlallylseallng an ejection outlet side
regi on of said bubble generatlon rbgion,relétlve to said ejectlon outlet

and a surface portlon ' .
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~extending fromthe free end portion to a fulcrum portion which is disposed
away fromthe free end in a direction away fromsaid ejection outlet,
wherein the novabl e menber is disposed faced to the heat generating
‘el enent, and a portion of the novable menber corresponding to an area’ _
center of -the heat generating eIenEnt-béﬂng di spl aceabl e; noving said free
- end fromit substantial sealing position by generation of the bubble'to .
open sai d bubbl e generation region to the ejection outlet to eject the
i quid droplet; wherein the free end of said novable nmenber is restrained

fromentering the bubble generation region beyond a first position which is.”

taken by the free end of said novabl e nmember before generation of the
bubble. . - 86 - : ' '
=~

14

FIG. 12
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8. A liquid ejection recordlng met hod mhereln recording liquidis

ej ection by generation of a bubble to effect recording, conprising:
_supplying the recording |iquid along a heat generating el enent di sposed -
along a flow path from upstream of the heat.generating element; and .-
appl yi ng heat generated by the: heat gedératlng el ement to. the thus supplied
~liquid-to generate -a bubble, thus noving a free end of a novabl e nenber
havi:ng the free end adjacent ‘the eJectlonqoutIet si de by pressure produced-
by the generation of the bubble, L@ ej ect ‘the I|qU|d&ég the cordlng '
material, said anabIe nenber bei hyg di sposed faced ai

el enent, and wherein . of t . ding.to .an _
- area center of the heat generaling pl-enent bein dIS | aceabl e, wherei.n the
“free and of sai‘d novable nenbel is frestrdSted from epteri ng the bubble @ -

" __gener_at_i'on regi on beyond a fir _135) II' i og' | '- s tpken by'the fre_e_ end
| - | 30 R
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~ of said novabl e nenber before generation of the bubbl e. 9. A liquid
ejecting method for ejrecting liquid by generation of a bubbl e, conpri si ng:
preparing a head including a first I|_qu1 flow path in fluid communication.
~withaliquid ejection outlet, a second qui'd flow path having a bubble "
‘generation region and a movabl e member di sposed between said first liquid
flow path and sai d bubbl e generation region and having a free end ‘adjacent -
- ‘the ejection-outlet side; and generating g bubble in sai'd bubbl e generation -
regi on to displace the free end gf t he noYabl e nenbeg Jnto said first '
I'iquid flow path by pressure pro ﬂbed by t he- generat of t ﬂ'bubble

thus QU|d|ng the - ///
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pressure toward the ejection outlet of said first liquid flow path by the
nmovenent of the ‘novable nenber to eject the |iquid; wherein the free end of -
sai d novabl e menmber is restrained fromentering the bubble generation’
" regi on beyond a first position which is_taken by the free end of said
nmovabl e menber before.generation of- thelﬁubble 10. A method according to
Claim1l, 8 or 9, wherein said novabl e member constitutes a part of ‘a
partition wall, wherein a part of said novable menber is contacted at | east
a part of .said partition wall other than said novable nmenber to restrain
sai d novabl e menber fromentering said bubble generation region. 11. A
-~ method according.to Claim 10, wherein a free end portion having a free end _
of "sai d novabl e nenber is contacted to. at least a portion of said- partltlon o

wall . 12, A nethod accordlng to Cla|n110 wher ei n
O
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| ateral end portions of said novable nenber are contacted to at |east a
portion of said partition wall. - 88 - 13. A nethod according to C aim
1, 8 or 9, wherein the free end of said novable nenber is restrained by
restraining neans for engagenent t'o-theljl're'e end or a portion of said
novabl e nmenber adjacent to the free ende=14. A nethod according to O aim

13, wherein the free end of. said novabl e nenber is i-n a .seal ed state. 15. A. .

met hod. according to C-aim 13, wherein |ateral ends of said novable nenber -

is in a sealed state. 16. ‘A nethod according to-Claim.13, wherein a flow
resi'stance adjacent a noving position of the free i o
o - 2 19 31 16
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~end is lower than that. adjacent the fulcrum 17. A nethod according to
.Claim 14, wherein a flow resistance agai nst novenent -of sai d novable nmenber

- dnits displacing direction by the generation of ‘the bubble is smaller at

- the free end than upstreamthereof. 18.,5 A nethod according.to Caim9,
wherein a heat generating el errent for gererating the bubble is disposed

‘faced to the novabl e nenber, and said bubble generati.on region is formed .
bet ween the novabl e nember and the heat - generating el enent. 19. A'method
according to-Claim9, wherein a part of the bubble generated expands into
the first liguid flow path with novenent of the novabl e rrenber - 89 -

- 20. Arrethod accordlngto C|a|m8 Wnerelnthe : C

FIG. 18
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bubbl e is generated by a filmboiling caused by transferring heat generated

by a heat generating elenent to the liquid. 21. A nethod according to daim

€18, wherein the bubble.is generated by a filmboiling caused by :

_5transferr|ng heat generated by a heat erating elenment to the I|qU|d 22

-~ A nethod according to O ai m.38, mherelngﬁge liquid is supplied to the heat

~-generating elenment ‘along an internal wall which is substantially flat.or .

- snoot hl'y curved. "23. A net hod -according to C aim 18, wherein the I|qU|d is .

. supplied to the heatﬂgeneratlng el ement,_al ong an internal wall which is"

_substantially flat o™Msnmoothly curved. 24. A nethod accorG|ng to Caim9,
wherein. the liquid supplied to the fj

the I|qU|d supplied to the second i

AN

r?t liquid flow path is the same as :___

& )) bkL \ c//
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- 90 - 25. A nmethod according to Caim9, wherein the liquid supplied to
the first liquid flowpath is different fromthe liquid supplied to the
second liquid flow path. 26. A method according to Caim9, wherein'the
liquid suppliedto the second liquid flow path has at |east one .of |ower
vi scosity, higher bubble fornng prOpergﬁ and hi gher thernmal stability than

“the liquid supplied to the first liquid flow path. 27. A liquid ejecting

- head for ejecting liquid by generation of bubble, conprising: an ejection - .

outlet for ejecting the liquid; a liquid Eiomrpath in fluid communication

~wWth said ejection outlet: a heat generating el ement for\ge ating the

20 17
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bubble in the |iquid;, a bubble generation regi on where the bubble is

- generated; a novabl e nenber having-a fulcrumand a free énd which is g
“«downstream of the fulcrum wherein said novable nenber is--di sposed faced to .
sai d heat generating element, and -such a portion of said novable nmenber as
. is faced to an area center of_said”heatlﬁeneratjhg el enent . i s displ aceabl e
between-a first position and. a second position further fromsaid bubble -
generation regi-on Lhan the first position; wherein said novabl e nmenber :

moves from-said first position to said second positi-on by pressure proddced_-"

by the generati-on off the bubble; restraining neans for -restraining the free
~end of said from entlering the bubble generation regi on beyond a first o
‘position which is tgken by the free end of said novabl e nmenber before.

generation of the bdbble. B o -

|15
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- 91 - 28. A head according to Claim 27, wherein wherein the bubbl e expands
nore toward downstreamthen toward upstrean1mﬁth respect to a direction of.
general flow of the liquid. 29. A head according to Claim 27, wherein a
heat generating el enent for generating the bubble is dlsposed faced to the
novabl e menber, and said bubble generati%n region is formed between the
nmovabl e .menber and the heat generating el ement. 30. Cancel. 31. A head
according to Claim29, wherein said liquid fl ow path has a supply passage
for supplying the liquid to said heat -generating el ement from.upstream

t her eof -al ong the heat generatlng elenent 32__A head according to Claim ..
_31 mhereln the ' E ' ' -

2004

©“qmis is the replacement sheet
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liquid is supplied to the heat generating el enent along an internal wall
which is substantially flat or snoothly curved. 33. A head according to
Claim27, wherein the liquid flow path extends along a surface close to
- said heat generating elenment. 34. A head,,according to C aim29, wherein -

said liquid flowpath has a supply pass&de for supplying the liquid to said -

heat -generating el enent fromupstreamthereof along the heat generating .
element.  -.92 - 35. A head according to Caim29, wherein said:liquid
~ flow path has a supply passage for supplying the liquid to said heat
generating el enent from upstreamthereof al ong such a surface of said
novabl e menber as is nearer to said heat generating el ement. -

FIG. 25

This is the replacement sheet
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36. A head according to Claim34, wherein said liquid flow path has an
_internal wall which is substantially flat or smpothly curved, and the
supply passage.is supplled to Said heat generating el ement along the
internal wall. 37. - A liquid ejecting hegd for ejecting liquid by generation.
of bubble, conprising: a first liquid f] M/path in.-fluid conmunication with’
an ejection outlet; a second li-quid flow path having bubble gener ation o
-region for generatlng the bubble in the Iiquid by applying heat to the

. liquid; a novabl e nenber dlsposed between said first. [iqui-d fl ow path and

- sai d bubbl e .generation.region and having a free end portion: adj acent the.

. ejection outlet, wherein the free end of t he novabl e. nenber is di spl aced
~into said first liquid flow path by pressure produced by the generation of .
- the bubbl e, thus gU|d|ng the pressure toward the ejection OUH5E§ of said
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. liquid flow path by the nmoverment of the novabl e nenber to eject the |liquid,
and.restraining neans for restraining the free - 93 - end of said from -
sentering the bubble generation region beyond a first position which is
taken by the free end.of said novable nenber before generation of the -
bubbl e. 5 38. A head according to O aing27 or 37, wherein said novable -
menber constitutes a part of a partition wall; wherein a part of said - .
‘partition wall other than said novable nmenber functions as said restraining
- 10 neans. *39. A head according to Cl aim 38, wherein a free end portion o
- having a free end of said novable nenber L : :
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is contacted to at | east a porti on. of sai d partition 15 wall. 40. A head
accordlng to Claim38, wherein |lateral end portions of said novabl e nenber
~ fare contacted to at least a portion of-said partition wall. 20 41. A head
__accordlng to Claim27 or 37, wherein wherein the free end of said novable
‘menber is restrained by restraining neaﬂi f or engagenent to the free end or
a portion of said novable nenber adjacent. 25.to-the free end. 42. A head.
according to Claim 41, wherein the - 94 - free end of said novable
~menber. is in a sealed state. 43. A head according to Cla|n141 wher ei n
- lateral ends of sald anabIe nenber s in a sealed state

”:L:Jilffﬁlfiftﬁﬂj - 501
. . 500 . . [
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iy M:‘F IGB 28 L

This is the replacement sheet

| Date "'2 MAY m



nmovenment of a free end
accordina to_d

y sai

%ppljcah?nvﬁl]o g@ddisk-?erT ree end I's restraine

estrai ni ng neans
pertion including the free end. 45. A

ax_m_ZLgL_Bl,__uheLeLn_saA-d—pe-sta—nHw—nceans—i—sq—n—t—m
f"EEXT&Fa‘%IAﬂ?SEI?—:RAGTng said second liquid path and effects its restraini

1g.

second 1iquid %%IECTNGP@%

Do

accor.di 'ng to Cl aim45, wherein said wall .

Q)@[ifﬁ‘é&']‘@:(}ﬁﬁ@{g% wherein said

Ttionm by contact of a part of sai d novabl e nenber to the wallT. 46. A hea

constitutes a side wall of a

nal | COI‘ISIItUt Wal-1

TTow pat .

pccording to Cl aim45, wh

Sur face.

generatlon of the bubble.

- Fig. 9

HOUIDEIEL

‘portion of said novable nenber contactable to said wall

wii

S

a.|., of saldvvall

A head
or at least a

has a roughened

A liquid e_]ectmg method for ejecting liquid by generatlon of a bubble includes prepanng a
head comprising an ejection outlet (18) for ejecting the liquid, a bubble generation region (11)
for generating the bubble (40) in the liquid, a movable member (31) having a fulcrum (33) and
a free end portion (32), and displacing the free end of the movable member by pressure
produced by the generation of the bubble in the bubble generating portion (11) wherein the
free end (32) of the movable member (31) is restrained from entering the bubble generation
. region beyond a first position which is taken by the free end of the movable member before
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49 A head according to C aim45, wherein
Nat | east a portion of said novable member
proj ecti on. - 95 - 50. A head according}
movabl e member has a trapezoi dal cross-secdi¥ "aB‘fE“g@ -
daim27 or 37, wherein a resistance aggin$t JaAb#rachn OWMﬁﬂld tRobagst -
menber adjacent a noving position of the fnee end is snalle2 1rﬂﬂv

adj acent the fulcrum 52. A head accordi ng DATH ©OFRECEIPTeL.ci.N..A.heat

generating elenent for generating the bubbl® TS dIrsposed raced to tne
novabl e nenjateraall sacH hsbplasgtoematestalegised iforf dormdngeaneen t he

novabl e nmenber and the heat generating el enent.
compact disk or the like, a recording apparatus for
metallic plate or the like, a recording apparatus for
leather material, a recording apparatus for lumber, a

5 -recording apparatus for ceramic material, a recording
apparatus for three dimensional recording medium such
as sponge or the like, a textile printing apparatus
for recording images on fabric, and the like recording
apparatuses.

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

15 Next, an exemp;a:y-ink_jet ;ecording system
will be described;'which'records images on recording
medium, using, as theurecording head, the liquid

ejection head in accordance with the present

invention.
20 Figure 27 is a schematic perspective view of

an ink jet recording system employing the
aforementioned liquid ejection head 201'in accordance
with the present invéntion, and deﬁicfs its general
structure. The liquid ejection head in this

25 -embodiment is a full-line type head, which comprises
plural ejection orifices aligned with a density of 360
dpi so as fo cover the entire recordable range of the

This is the rep\acement sheet
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53." A head according to Claimi27 or 37, wherein said restraining neans
=includes a projection fornmed on said novabl e nenber faced to said bubble

generation region. 54. A head-accordin% to Claimb52, whereinthe liquidis

supplied to the heat generating el erme along an internal wall which is

substantially flat or - 96 - snmoothly curved. 55. A head according to
Claim?27, 34, 35 or 52, wherein said novable nenber is in the formof a

plate. 5 56. A head according to Cl aim55, wherein all of the surface of

sai d heat gengjit Nfs etEAEMED i BSfaced to said novabl e nenber. 10 57.
A head according to O alm55, wherein a total

--1. A liguid ejecting method for ejecting liguid
py generation of a bubble. comprising: .
preparing a head comprising an e:ecti?n
ocutlet for ejecting the liquid, a_ggg;_ggg%;gglgg
element for generating the bubble in the l?auid, a
bubble generation region ﬂgggg_ggg_pgpgle is
enerated; movable member having & fulcrum and a free
end which is downstream of the fulcrum, wherein said
movable member is disposed faced to gaid he.a1-:
generating element, and such a portion of said movable
r as is faced to an area center of said heat

i first
i + is dis laceabl ctween a
generating e;_______L__Ji——-———emen 2 Lizet
position and a second position further from said
bubble generation raeqion than the first position; and

wherein the free end of said movable member
js restrained from entering the bubble generation
region, beyond 2 first position which is taken Py th:
free end of said movable member before generation o

the bubble. .
2. A method according to Claim 1, wherein the

bubble expands more toward downstream than toward
upstream with reépect to a direction of general flow

of the liquid.

3 A method according to Claim 1, wherein the
bubble expands beyond the first position and moves the

movable member to the second position.

4 A method according to Claim 1, wherein by the

movement of the mo&able member, a downstream portion
of the bubble grows toward downstream of the movable

member p\acemem sheel

This is the ré
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of sai d novabl e nenber

‘aréa of said novable nenber is larger than a total area of said heat
generating el enent. 58:

A head according to Cl aim55, wherein a 15 ful crum

is at a positi out of a portion right above said
é@%rding to Claimb55, wherein the free

heat generating element. 59. A head a

end of said novable nenber has a portion 20 extending in a direction

bstanti al | dic 0 at h havi sai d heat
SganZ?l Ing e%/eﬁgmoeg] I L&aﬁileeéa% acco#%"géjjgnq éﬁvg?ﬁ?'?ﬁ ggé?ﬁns B8 25 free

end of said novghl

rﬁ&ﬁ? %ﬁ% p i nearer .to_ s
ej ection outlet than said eat gener |ng e é%% % 8&519139 dogas@ﬁgﬁ@ad
according to Clg# nemd, fu¥9hil," & dhe free end is moved by a

deflection of the movable member with the fulcrum

fixed.

6. A method according to Claim 1, wherein at
least such a portion of the bubble having a pressure
component directly contributable to the ejection of
the liquid is guided by said movable member moved by
the pressure component.

7. A liguid ejecting method for ejecting a
liquid droplet through an ejection outlet disposed at
a position not faced Lo a bubble generation region and
downstream of the bubble generation region with
respect to a liquid droplet ejection dixection, by
generation of bubble in the bubble generation region,
wherein providing a movable member having a free end
portion for substantially sealing an ejection outlet
side region of said bubble generation region relative
to said ejection outlet and a surface bortion
extending from the free end portion to a fulcrum
portion which is disposed away from the free end in a
directiop away from said ejection outlet. wherein the

movable member is disposed faced to the heat
generating element, and a partion gf the mavahle
member cofresgonding to_an area center of the heat
generating element being disnlaceable; moving said
free end from it substantial sealing position by
generation of the bubble to open said bubble
generation region to the ejection outlet to eject the
liquid droplet; wherein the free end of said mavable
member is restrained from entering the bubble
generation region beyond a first pesition which is
taken by the free end of said movable membur befors

generation of the bubble. This is the replacement sheet
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annvable menber is a part of a partiiion wal | between said first flow path
and second flow path. 5 62. A head according to Caim&61l, wherein said
partition wall is of nmetal, resin mategial or ceramc material. 10 63.
A head according to Caim37, further % nmprising a first common liquid
chanber for supplying first liquid to a plurality of such first liquid flow
paths and a second common |iquid chanber for supplying second liquid to a

plurality of such second liquid 15 flow paths. 64 egfefeaerding to
Cl ai m 37, wherei n8the AjlfpAuwidgigetdant Bg‘t"‘?f'éﬁfqgr i}etﬁcgu?gef I ﬁ‘\%g th is the

sane as the ILéggd}dgﬂgpiiqﬁ&¢cagIaﬁe&s&ondb?igpmiréniﬂﬁ o6 BaP . A head
according to alm37, wherejn the liquid supplied to the first liquid flow

path is diffeteneifesh FoRPTIRA d OMBPIFEF 10 the second

supplying the recording ligquid along a heat
generating element disposed along 2 flow pathh from
upstream of the heat generating element; and

applying heat generated by the heat
generating element to the thus supplied liquid to
generate a bubble, thus moving 2 free end of a movable
menber having the frae end adjacent the ejection
outlet side by pressure produced by the generation of
the bubble, to eject the liguid to the recording
material, said movable member being disposed faced to
gsaid heat generating element, and wherein a portion of

the movable member corresponding to an area center of
the heat gensrating element being digplaceable.

wherein the fres end of said movable member is
restrained freom entering the bubble generation region-
peyond a first position which is taken by the free end
of saifl movable member before gemeration of the

bubble.

9. A liquid ejecting method for ejecting liquid

by generation of a bubble, comprising:

preparing a head including a first liquid
flow path in fluid co@munication with a liquid
ejection outlet, a second liquid flow path having a
bubble generation region and a movable member disposed
between said first liquid flow path and said bubble
generation region and having a free end adjacent the
ejection outlet side; and

generating a bubble in said bubble generation
region to displace the free end of the movable member
into said first liquid flow path by pressure produced

by the generation of the bubble, thus .guiding the
Thils Is the replacement sheet
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.25 liquid flow path. 66. A head according to Caim?27, 34, 35, or 52,

“98 - wherein said heat generating el ement includes an el ectrot her mal
transducer having a heat generating regjstor for generating heat upon
el ectric energization. 67. A head accofding to Caim52, wherein said
second liquid flow path has a chanber-|i ke shape at a portion where said
heat generating elenent is disposed. 68. A head according to Caim 52,
wherein said second flow path has a throat portion upstream of said heat
generating element. 69.. A head according to C aim52, wherein a distance
bet ween a surface of said heat generating

pressure toward the ejection outlet of said first

liquid flow path by the movement of the movable member
to eject the liquid; wherein the free end of said
movable member is restrained from entering the bubble
generation region beyond a first position which is
taken by the free end of said movable member before

generation of the bubble.

10. A method according to Claim 1, 8 or 9,
wherein said movable member constitutes a part of a
partition wall, wherein a part of said movable member
is contacted at least a part of said partition wall
other ghan said movable member to restrain said
movable member from entering said bubble generation

region.

11. A method according to Claim 10, wherein a
free end portion having a free end of said movable
member is contacted to at least a portion of said

partition wall.

12. A method according to Claim 10, wherein
lateral end portions of said movable member are
contacted to at least a portion of said partition
wall.

s the rep\acement sheet
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elenent and sai d novabl e menber, is not nore than 30 [err]m 70. A head
“according to daim37, the I|qU|d ej ected through said ejection outlet is
ink. 71. An ink ejection recording mep od for ejecting recording ink by
generation of a bubble, conprising: preparing a head conprising an ejection
outlet for ejecting the ink, a heat generating elenent for generating the
bubble in the ink, a bubble generation region where the bubble is
generated, a novabl e nenber having a fulcrumand a free end which is

downstream of the fulcrum wherein said nnvable nenber

sai d heat generati el ement, and su port pn, of . s
- 99 - is faced t&%gn aﬁé%?@é‘?ﬂécciﬂrg‘if IRetat?n

is di sposed faced to
nnaable nmenber as

wherein the free end of said movable member is

restrained by restraining means for engagement to the

free end or a portion of said movable member adjacent

to the free end.

14. A method according to Claim 13, wherein the

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

15. A method according to Claim 13, wherein

lateral ends of said movable member is in a sealed

state.

16. A ﬁethod according to Claim 13, wherein a

flow resistance adjacent a moving position of the free

end is lower than that adjacent the fulcrum.

17. , A method according te Claim 14, wherein a

flow resistance against movement of said movable
member in its displacing direction by the generation

of the bubble is smaller at the free end than upstream

thereof.

18. A method according to Claim 9, wherein a heat
generating element for generating the bhubble is
disposed faced to the movabla member, and said bubble
generation region is formed batween the movable member

and the heat generating element.

19. A method according to Claim 9, wherein a part

of the bubble generated expands into the first liquid

flow path with movement of the movable member.

This is the replacement sheet
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_elenment is displaceable between a first position and a second position
"further from said bubble generation region than the first position; and
di splacing the free end of said novabl e nenber by pressure produced by the
generation of the bubble in said bubbl ¥ gener at,i ng portion, wherein the
free end of said novable nmenber is restrained fromentering the bubble
generation region beyond a first position which is taken by the free end of
sai d novabl e nenber before generation of the bubble.-- 72. A head cartridge
conprising: a liquid ejecting head as defined in Claim27 or 37; and a

l'iquid container fxy c%ng@eﬂdw 2di! rg.'lot %1%&@9",}}%&1% the liquid

ej ecting head. 73. A head cartridge acc ng to Caim7/2, wherein said

liquid ej ectinginad jangetl thilddIWyd o el BY1 13y SUIsAld By rom each
other. 74. A head cartridge conprising: a liquid ejecting head as defined
in Caim37, transferring heat generated by a heat generating

element to the liquid.

21. A method according to Claim 18, wherein the
bubble is generated by a film boiling caused by

transferring heat generated by a heat generating
element to the ligquid.

22. A method according to Claim 8, wherein the
liquid is supplied to the heat generating element
along an internal wall which is substantially flat or

smoothly curved.

23. A method according to Claim 18, wherein the
liquid is supplied to the heat generating element
along an internal wall which is substantially flat or

smoothly curved.

24, A method according to Claim 9, wherein the
liquid supplied to the first liquid flow path is the
same as the liquid supplied .to the second liquid flow

path.
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a liquid container for containing fir'st liquid to be supplied to the first
*liquid flow path and second liquid to be supplied to the second liquid flow
path. 75. A liquid ejecting apparatus for ejecting recording liquid

by. generation-of a bubble, conprisiﬁg?QaW iquid ejecting head as defined in
Claim27 or 37; and driving signal supply neans for supplying a driving
signal for ejecting the liquid through the liquid ejecting head. - 100 -
76. An apparatus according to Claim75, wherein ink is ejected fromsaid
liquid ejecting heabdt o Alapahdd idcanrdionprith il quiape?, wisxteire, thpd astic
resin material, netal, wood or |eather to effect recording

liquid supplied to the first liquid flow path is

different from the 1iqﬁid supplied to the second

liquid flow path.

26. A method according to Claim 9, wherein the
liquid supplied to the second liquid flow path has at
least one of lower viscosity, higher bubble forming
property and higher thermal stability than the liquid

supplied to the first liquid flow path. -
27. A ligquid ejecting head for ejecting liquid by
generation of bubble, comprising:
an ejection ocutlet for ejecting the liquid;

a liquid flow path in fluid communication

with said ejection outlet:
’ a heat generating element for generating the

pubble in the liquid:
a bubble generation region where the bubble

is generated; | :
a movable member having a fulcrum and a free

end which is downstream of the fulcrum, wherein said
movable member is disposed faced to said heat

_—_—__—————————_—_—'——__

generating element, and such a portion of said movable
member as is _faced to an area center of said heat
;;;;;;;;ng element is displaceable between a first
position and a second positioa further from said
bubble generation region Lhan the first position;
wherein said movable member moves from said
first position to _said second position by pressure

produced by the generation gf the bubble:
restraining means for restraining the free

end of said from entering the bubble generation region
beyond a first position which is taken by the free end
of said movable member before generation of the

bubble. , _
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thereon. 77. An apparatus according to Caim?75, wherein |iquids of
“different colors are ejected to effect color recording. 78. An apparatus
according to Claim75, wherein a pIura#Lty of such ejection outlets are

di sposed over a width of a recordable gion of the recording material. 79.
A recording systemconprising: a liquid ejecting apparatus as defined in
Claim75; and a pre-processing or post-processing neans for pronoting
fixing of the liquid on the recording material after the recording. 80. A
liquid ejecting apparatus for ejecting recording liquid by generation of a

bubbl e, conprising:,, a liquid ejecti head s def ed.in Caim27 or
and recording nmat é&-al A(&%fr?sdp °rﬁjﬂ%’§a inJ LTI E (rﬂer’r'ﬁlﬁ‘aterl al
for rece|V|ngt QF (ﬂfe expands more toward downstream then toward

upstream with respect to a direction of general flow

of the liquid.

29. A head according to Claim 27, wherein a heat
generating element for generating the bubble is
disposed faced to the movable member, and said bubble
generation region is formed between the movable member

and the heat generating element.

30. Cancel.

31. A head according to Claim 29, wherein said
liquid.flow path has a supply passage for supplying
the liquid to said heat generating element from

upstream thereof along the heat generating element.

32. A head according to Claim 31, wherein the
liquid is supplied to the heat generating element
along an internal wall which is substantially flat or

smoothly .curved.

33. A head according to Claim 27, yngrgié_the

liquid flow path extends along a surface ¢lose to _said
heat generating element.

34. A head according to Claim 29, wherein said

liquid flow path has a supply passage for supplying
the liquid to said heat generating element from

upstream thereof along the heat generating element.
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“ejected fromthe liquid ejecting Head. -101- 81. A recording system
“conprising: a liquid ejecting apparatus as defined in ClaimdC aim80; and a
pre- processi ng or post-processing neans,for .pronoting fixing of the |liquid
on the recording material after the T rding. 82. Aliquid ejecting
apparatus according to Caim75, wherein recording is effected by ejecting
the ink fromthe liquid ejecting head to recordi ng paper. 83. Aliquid

ej ecting appar at 3§.acaohdadgateceddhy 86, ciagmeing I aherdind sasdef f ected by
ejecting the ink fromthe liquid ejecting head to recordi ng paper.

liquid flow path has a supply passage for supplying
the liquid to said heat generating element from

upstream thereof along such a surface of said movable

member as is nearer to said heat generating element.

36. A head according to Claim 34, wherein said
liquid flow path has an internal wall which is
substantially flat or smoothly curved, and the supply
passage is supplied to said heat generating element

along the intermal wall.

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

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

a movable member disposed between said first
liquid flow path and said bubble generation region and
having a free end portion adjacent the ejection
outlet, wherein the free end of the movable member is
displaced into said first liquid flow-péth by pressure
produced by the generation of the bubble, thus guiding
the pressure toward the ejection outlet of said first
liquid flow path by the movement of the movable member
to eject the liquid; and

restraining means for restraining the free

This is the replacement sheet
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{84. An appar atus according to Caim80, wherein |iquids of different colors
are ejected to effect color recording. 85. A head kit conprising: a liquid
ej.ecting head as defined in Gaim27 or 37; and a |iquid container
containing the liquid to_be_suppliediﬁ?t?mequuid ej ecting head. 86. A
head kit conprising: a liquid ejecting head as defined in Caim27 or 37,
- 102 - a liquid container for containing the liquid to be supplied to the
{Lqu:q elgctlng head; and liquid filling means for filling the liquid into
e liquid container. 87. A nethod according to Caim26, wh ' [

end of said from entering the bugble generation rgégbg said

beyond a first position which is taken by the free end

of said movable member before generation of the

bubble.

38. A head according to Claim 27 or 37, wherein
said movable member constitutes a part of a partition
wall, wherein a part of said partitidn wall other than
said movable member functions as said restraining

10 means.

39. A head according to Claim 38, wherein a free
end portion having a free end of said movable member
is contacted to at least a portion of said partition

15 wall.

40. A head according to Claim 38, wherein lateral
end portions of said movable member are contacted to .
at least a portion of said partition wall.

20

41. A head according to Claim 27 or 37, wherein
wherein the free end of said movable member is
restrained by restraining means for engagement to the
free end or a portion of said movable member adjacent

25 to the free end.

42. A head according to Claim 41, wherein the
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hi gher bubble forning property is |ower Boiling point. 88. A nethod,
"according to Caimb5, 8 or 9, wherein said free end has a free end edge
facet to an ejection outlet side. 89. A head according to Claim37 59 or
60, wherein said free end has a free” et edge facet to an ejection outlet
side. 90. A nethod, according to Claim?7, wherein said free end has a free
end edge facet to an ejection outlet side. 91. A nethod according to Caim

1, 7, 8 or 18gr@besRdnosasdi a0MEVAB1 aEfidRberSibasnaal skalad spateeam of the
area center of said heat generating elenent and a free end downstream
thereof. 92. A nethod according to Caim91, wherein said novabl e nenber is
faced to the entirety of said heat generating elenent. 93. A head according
to Claim 37, wher43n sAiHeadvabterdinpetoi €laimedl; owhenedn gaheraling

el enent
ends of said movable member is in a sealed state.

44. A head according to Claim 27 or 37, wherein
the free end is restrained from entering the bubble
generation region by said restraining means limiting
movement of a free end portion including the free end.

45. A head according to Claim 27 or 37, wherein

said restraining means is in the form of a wall

defining said second liguid path and effects its

regstraining action by contact of a part of said
movable member to the wall.

46. A head according to Claim 45, wherein said

wall constitutes a side wall of a second liquid flow

path.

47. A head according to Claim 45, wherein said
wall constitutes a top wall of a second liquid flow

path.

48. A head according to Claim 45; wherein at
least a part of said wall or at least a portion of
said movable member contactable to said wall has a

roughehed surface.

49. A head according to Claim 45, wherein at
least a part of said wall or at least a portion of

said movable member contactable to said wall has a

projection. This is the replacement sheet
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for generating a bubble in said bubble generation region, and a portion of
"the novabl e nenber corresponding to an area center of the heat generating
- 103 - el enment being displ aceabl e. 949 A nmet hod according to Claim 27 or
52, wherein said novabl e nenmber is has>a ful crum upstream of the area
center of said heat generating elenent and a free end downstream t hereof.

-104- 90.

A met hod,

according to Claim7, wherein said free end has a free

end edge facet to an ejection outlet side.

50.

A head according to Claim 38, wherein said

movable member has a trapezoidal cross-section.

51.

A head according to Claim 27 or 37, wherein a

resistance against a motion of said movable member

adjacent a moving position of the free end is smaller

than that adjacent the fulcrum.

52.

.A head according to Claim 37, wherein a heat

generating element for generating the bubble is

‘disposed faced to the movable member, and said bubble

generation region is formed between the movable member

and the heat generating element.

53.

A head according to Claim 27 or 37, wherein

said restraining means includes a projection formed on

said movable member faced to said bubblé generation

region.

54.

A head according to Claim 52, wherein the

liquid is supplied to the heat generating element

along an internal wall which is substantially flat or
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smoothly cufved.

55. A head accofding to Claim 27, 34, 35 or 52,

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

5
56. A head according to Claim 55, wherein all of
the surface of said heat generating element is faced
to said movable member.
10 57. A head according to Claim 55, wherein a total

area of said movable member is larger than a total

area of said heat generating element.

58. .A head according to Claim 55, wherein a
15 fulcrum of said movable member is at a position out of
a portion right above said heat genefating element.
\
59. A head according to Claim 55, wherein the
free end of said movable member has a portion
20 extending in a direction substaﬁtially perpendicular
to the liquid flow path having said heat generating

element.

60. A head.according to Claim 55, wherein said
25 free end of said movable member is disposed at a
position nearer to séid ejection outlet than said heat
generating element.
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61. A head according to Claim 55, wherein said
movable member is a part of a partition wall between

said first flow path and second flow path.

62. A head according to Claim 61, wherein said
partition wall is of metal, resin material or ceramic

material.

63. A head according to Claim 37, further
comprising a first common liquid chamber for supplying
first liquid to a plurality of such first ;iquid flow
paths and a second common liquid chamber for supplying
second liquid to a plurality of such second liquid

flow paths.

64. A head according to Claim 37, wherein the
liquid supplied to the first liquid flow path is the
same as the liquid supplied to the second liquid flow

path.

65. A head according to Claim 37, Qherein the
liquid supplied to the first liquid flow path is
different from the liquid supplied to the second

liquid flow path.

66. A head according to Claim 27, 34, 35, or 52,
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wherein said heat generating element includes an
electrothermal transducer having a heat generating
resistor for generating heat upon electric

energization.

67. A head according to Claim 52, wherein said
second liquid flow path has a chamber-like shape at a
portion where said heat generating element is

disposed.

68. A head according to Claim 52, wherein said
second flow path has a throat portion upstream of said
heat generating element.

69.. A.head according to Claim 52, wherein a
distance between a surface of said heat generating

element and said movable member, is not more than 30

rm. |

70. A head according to Claim 3?, the liquid

ejected through said ejection outlet is ink.

71. An ink ejection recording method for ejecting
recording ink by generation of a bubble, comprising:

preparing a head comprising an ejection
outlet for sjecting the ink, a heat generating element
for geperating the bubble in the ink, a bubhkle
generation region where the bubble is gegerated. a
movable member having a fulcrum and a free end which
is downstream of the fulcrum, wherein said movable
member is disposed faced to said heat geﬁerating
element, and such a portion of said movable member as

This I8 the replacerr;ent sheet
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is faced to an area center of said heat generating
element is displaceable between a first position and a
second position further from said bubble generation

region than the first position; and

displacing the free end of said mevable
member by pressure produced by the genaration of the
bubble in said bubble generating portion, wherein the
free end of said movable member is restrained from
entering the bubble generation region heyond a first
position which is taken by the free end of said
movable member before generation of the bubble.--

72. A head cartridge comprising: a liquid
ejecting head as defined in Claim 27 or 37; and
. a liquid container for containing the liquid

to be supplied to the liquid ejecting head.

73. A head cartridge according to Claim 72,
wherein said liquid ejecting head and said liquid

container are separable from each other.

74. A he;d cartridge comprising: a liquid
ejecting head as defined in Claim 37; ’
a liquid container for containing first
liquid to be supplied to the first liquid flow path
and second liquid to be supplied to the second liquid

flow path.
75. A liquid ejecting apparatus for ejecting

recording liquid by generation of a bubﬁle,

comprising: a liquid ejecting head as defined in Claim

27 or 37; and '
driving signal supply means for supplying a

driving signal for ejecting the liquid through the

liqui 1 .
iquid ejecting head This is the replace
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76. An apparatus according to Claim 75, wherein
ink is ejected from said liquid ejecting head to
deposit it on recording paper, textile, plastic resin
material, metal, wood or leather to effect recording
thereon.

L 4

77. An apparatus according to Claim 75, wherein
liquids of different colors are ejected to effect

color recording.

78. An apparatus according to Claim 75, wherein a
plurality of such ejection qptlets are disposed over a
width of a recordable region of the recording
materi;}. ‘

79. A recording syétem compri;ing: a liquid
ejecting apparatus as defined in Claim 75; and

a pre-processing or post-processing means for

promoting fixing of the liquid on the recording
material after the recorﬁing. |

80. A liquid ejecting apparatus for ejecting
recording liquid by generation of a puhble,
comprising: a liquid ejecting_head as defined in Claim
27 or 37; and

recording material transporting means for
feeding a recording material for receiving the liquid

ejected from the liquid ejecting head.
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8l1. A recording system comprising:
2 liquid ejecting apparatus as defined in
Claim Claim 80; and
-2 pre-processing or post-processing means for
.promoting fixing of the liquid on the recording

material after the recording.

82. A liquid ejecting apparatus according to
Claim 75, wherein recording is effected by ejecting
the ink from the liquid ejecting head to recording

paper.

83. A liquid ejecting apparatus according to
Claim 89, wherein recording is effected by ejecting
the ink from the liquid ejecting head to recording

paper.
84. An apparatus according to Claim 80, wherein

liquids of different colors are ejected to effect

color recording.

85. A head kit comprising: a liquid ejecting head
as defined in Claim 27 or 37; and
a liquid container containing the liquid to

be supplied to the liquid ejecting head.

86. A head kit comprising:

a liquid ejecting head as defined in Claim 27

or 37;
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2 liquid container for containing the liquid
to be supplied to the liquid ejecting head; and
liquid filling means for filling the ligquid

into the liquid container.

87. A method according to Claim 26, wherein said

higher bubble forming property is lower boiling point.

88. A method, according to Claim 5, 8 or 9,
wherein said free end has a free end edée facet to an

ejection outlet side.

89. A head according to Claim 37 59 or 60,
wherein said free end has a free end edge facet to an

ejection outlet side.

90. A method, according to Claim 7, wherein said
free end has a freé end edge facet to an ejection

outlet side.

- 91, A method a@ccording te Claim 1, 7, 8 or 18,
wherein said movable member is has a fulcrum upstream
of the area center.of said heat generating element and
a free end daownstream thereof.

g92. A method according to Claim 91, wherein said
movable member is faced to the entirety of said heat
generating element.

93. A head éccording to Claim 37, wherein said
movable member is faced to a heat generating element
for generating & bubble in said bubble generation
region, and a portion of the movable member
corresponding to an area center of the heat generating
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alamant baeing displaceable.

94, A method according to Claim 27 or 52, wherein
said movable member is has a fulcrum upstream of the
area center of said heat genarating element and a free
end downstream thereof. - -

‘E.‘ft'"
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