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discharge method and a liquid discharge apparatus for
discharging a desired liquid by generation of bubble by
thermal energy or the like and, more particularlyk to a
liquid discharge method and a liguid discharge ’
10 apparatus using a movable separation film arranged to
be displaced utilizing the generation of bubble.
It is noted here that "recording” in the present

invention means not only provision of an image having

meaning, such as characters or graphics,

15 medium, but also provision of an image having no

meaning, such as patterns, on the medium.

Related Background Art

One of the conventionally known recording methods
is an ink jet recording method for imparting energy of

20 heat or the like to ink so as to cause a state change
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on a recorded
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acconpani ed by a qui ck volunme change of ink (generation of bubble),
t hereby di scharging the ink through an di scharge port by acting
force based on this state change, amgl depositing the ink on a
recorded nedium 25 thereby formng an image, which is so called as a
bubbl e jet recording nethod. A recording apparatus using this bubble
jet recording nethod is normally -2-
provi ded, as disclosed in the bulletin of Japanese Pat ent

Publ i cati on No.pfhisl,]1 ag disdlosddulinetthe billetin ofapapeses®at ent
Publication No. 61-59914, with an di scharge port for discharging the"
ink, an ink fl ®eterg& PyldticaticroMeuniédabP8ilwprhinhthedbgthatie ¢brt, and
a . heat - generati ng nmenber (an el ectrothermal transducer) as
ener gy gener at i JRPFREHR Fagrendi Fawpddgefdonnhloir nR1-59914, | $EBRe@Rin the ink
fl ow pat h. ] The above recording nethod permts high-quality 10
i rages to be r HFATFIE BATGh L9 8d SShaTALPE FBR Hoksedn ink "flow | n

addi ti on, because a head for .carryin recordigg} t hod can

out this,.
have. diserr go B dt gommuni Catibol 1 2hi thit hdt sohatgs Pehbs P P hi gh

density, it hasheat-generating member (an electrothermal transducer)
as energy generating means for discharging the ink

located in the ink flow path.
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The above recording method permits high-quality

10 images to be recorded at high speed and with low noise
and in addition, because a head for carrying out this
recording method can have discharge ports for
discharging the ink as disposed in high density, it has
many advantages; for example, high-resolution recorded

15 images or even color images can be obtained readily by
compact apparatus. Therefore, this bubble jet
recording method is used in many office devices
including printers, copiers, facsimile machines, and so
on in recent years and further is becoming to be used

20 for industrial systems such as textile printing
apparatus.

On the other hand, the conventional bubble jet
recording method sometimes experienced occurrence of
deposits due to scorching of ink on the surface of the

25 heat-generating member, because heating was repeated in
a contact state of the heat-generating member with the

ink. 1In the case of the liquid to be discharged being



many advant ages; for exanple, high-resolution recorded 15 | mages or

even col or images can be obtained readily by conpact apparat us.
Therefore, this bubble jet recordlng nethod is used in many office
devi cés i ncluding printers, copiers, fac3|n1le machi nes, and so

on in recent years and further is becom ng to be used 20 for industrial
systens such as textile printing appar at us. On the other
hand, the conventional bubble jet recordi ng nmet hod soneti nes

experlenced occaIrrafetl Basy to deiRAYrbteddfet @oSKOAENGAYs Of 1 kg ON the
25 heat - gener ati ng nenber, because heating was repeated

surface of the

in a contrart eAsyt ecofgererdtents @ejfefliatleﬁg BEBbES, Widdy t he
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-3-
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Against it, the present applicant proposed a
method for discharging an discharge liquid by
generating a bubble in a bubble-generating liquid by -
thermal energy through a flexible film for separating
the bubble-generating liquid from the discharge liquid,
in the bulletin of Japanese Laid-open Patent
Application No. 55-81172. The configuration of the
flexible film and the bubble-generating liquid in this
method is such that the flexible film is formed in a
part of nozzle, whereas the bulletin of Japanese Laid-
open Patent Application No. 59-26270 discloses the
configuration using a large film for separating the
entire head into upper and lower spaces. This large
film is provided for the purpose of being placed
between two plates forming the liquid paths and thereby
preventing the liquids in the two liqguid paths from
being mixed with each other.

On the other hand, countermeasures for giving a
specific feature to the bubble-generating liquid itself
and taking bubble-generating characteristics into

consideration include the one disclosed in the bulletin



Against it, the present 'applicant proposed a met hod for discharging
an di scharge liquid by generating a bubble in a bubbl e-generating
l'iquid by thermal energy through a flexible filmfor separating 10
t he bubbl e-generating liquid fromthe discharge |iquid, in the
bulletin of Japanese Lai d-open Patent Application No. 55-81172. The
configuration of the flexible filmand the bubbl e-generating Iiquid
in this method is such that the flexible filmis fornmed in a 15

part of nozzle,q zg%%%stéméild%@bhnpafceﬁ&pappmchaidn No. 5-229122 Pat ent
Application No. 59-26270 discl oses the configuration using a |l arge
filmfor separaiditg td@ower-boidinigr-eoieadligubduppan Hnel Bailsimgpaces.
This | arge filmis provided for the purpose of being placed 20
bet ween two pl apeint arfrivige tdiesdhiaggied lpgulid, anudt bee etrye discloggdevignt i ng
the liquids in the two liquid paths from being m xed with each

ot her. the Wil leidirotdfe Japanesecbaiteprenstiztent dPREIgaRiQp
specific feature to the bubble-generating liquid itself 25 and taki ng

2

bubbl e- ger®er at iN@y chadZ8dids iustings 8 Adguid havipgsedRFEti®n i ncl ude the one

disclosed in the bulletin ) o - 4-
conductivity as the bubble-generating liquid.

However, the liquid discharge methods using the
conventional separation film as described above afe the
structure of just separating the bubble—generatiﬂé

10 liquid from the discharge liquid or simply an

improvement of the bubble-generating liquid itself, and

they are not at the level of practical use yet.

SUMMARY OF THE INVENTION

15 The present inventors have researched mainly
liquid droplets discharged in discharge of liquid
droplet using the separation film and came to the
conclusion that the efficiency of liquid discharge
based on formation of bubble by thermal energy was

20 lowered because of intervention of change of the
separation film, so that it had not been applied to
practical use.

Therefore, the present inventors came to study the

liquid discharge method and apparatus that achieved the

25 higher level of liquid discharge while taking advantage
of the effect by the separation function of the

separation film.



of Japanese Lai d-open Patent Application No. 5-229122 using a

| ower-boiling-point liquid than the boiling point of the discharge

| i qui-d, and the one disclosed in thesbul l etin of Japanese Laid-open
Pat ent! Appl i cation 5 No. 4-329148 using a liquid having electric
conductivity as the bubbl e-generating |iquid. However, the

| i qui d di scharge nethods using the conventional separation film as
descri bed above are the structure of just separating the
bubbl e- generating 1The prespritd invemttiba tiascbaegeabeaublishedi dptingin

| nprovenent of the bubble-generating liquid itself, and t hey are not
at the level oftipksacitudy amsk pootvides breaktBovMBRY1 OfuTdHEI1 SdfANIgeON 15
The present inventors have researched mainly l'iquid droplets _

di scharged i n diethed pndfapnaggstes that ageopmprovednynt tlee stimghatgm film
and came to the ~ ~ conclusjon that the_efficiency of |iquid discharge
based on for mat$hiorenpicr K\ schergsl céndigyidadropbet andvighatd because

o B! O el IS e v SERELELE AR BANEL 11 120 ™
i nventors Cane‘éfééﬁé%@éélg% the discharge rate.

The present invention can improve the discharge
efficiency in the liquid discharge method and appPratus
using a liquid discharging head comprising a firék

10 ligquid flow path for discharge liquid in communication
with an discharge port, a second liquid flow path
containing a bubble-generating liquid so as to be
capable of supplying or moving the bubble-generating
liquid and having a bubble-generating region, and a

15 movable separation film for separating the first and
second liquid flow paths from each other, and having a
region of displacement of the movable separation film
upstream of the discharge port with respect to a
direction of flow of the discharge liquid in the first

20 liquid flow path.

Particularly, the present inventors found out the
following problem. When the space becoming the bubble-
generating region is a small space, that is, when the
bubble-generating region itself, though being formed on

25 the upstream side of the discharge port with respect to
the direction of flow of the discharge liquid, has the

width and length close to those of the heat-generating



l'iquid discharge nethod and apparatus that achieved the 25 hi gher | evel
of liquid discharge while taking advantage of the effect by the

separation function of the separatiog film
S

-5- Y The present invention h been acconplished during

this study and provides breakthrough |iquid discharge met hod and
apparatus that are inproved in the discharge efficiency for
di scharge of liquid droplet and that 5 stabilize and enhance the

vol ume of quuLQ LAEOR elin generdiSGP NP1l Ba €hachabgerat €.
The present invention can inprove the discharge efficiency in the

l'iquid dischar gﬁeﬁ@%mﬁé%@wﬁr aines movable ¥silpgis Biigpldcddseiangi ng
head conprising a first I|qU|d flow path for discharge liquid in
comuni cati on genera¥idh 6&15hﬁhﬂéuqyaypdmtthe pecperddlicqliad fl ow path
containing a bu%ble-generating l.iquid so as to be capabl e of
suppl yi ng or nogisgethen bubbtree ghinmcitiong of discheirgei dfakblehaving a
bubbl e-generating region, and a 15 nmovabl e separation filmfor
separati ngst he disshawvgel liquid, ssrdméet isydifdcienl gasabargent@B@® ot her,

and having a
cannot be attained. This resulted in the problem that

the efficient discharge operation was not achieved.
Noting that the cause of this problem is that the same
bubble-generating liquid is always used repetitively

10 only in the small space closed, the present invention
also realizes the efficient discharge operétion.

A first object of the present invention is to
provide a liquid discharge method and a liquid
discharge apparatus employing the structure for

15 substantially separating or, more preferably, perfectly
separating the discharge liquid from the bubble-
generating liquid by the movable film, wherein in
deforming the movable film by force generated by
pressure of bubble generation to transmit the pressure

20 to the discharge liquid, the pressure is prevented from
leaking to upstream and the pressure is guided toward
the discharge port, whereby high discharge force can be
achieved without degrading the discharge efficiency.

A second object of the present invention is to

25 provide a liquid discharge method and a liquid
discharge apparatus that can decrease an amount of

deposits depositing on the heat-generating member and



regi on of displacenent of the novable separation film upst ream of

the di scharge port with respect to a direction of flow of the
discharge liquid in the first 20 | i quid,fl ow pat h.

Particularly, the present inventors found out the foll ow ng probl em
When t he space becom ng the bubbl e- generating region is a small
space, that is, when the bubbl e- generating region itself, though
being fornmed on 25 t he upstream side of the discharge port with respect
to the dihgetben @isEhavgof chde dhsthangailgheirdichancyhe

wi dth and | ength close to those of the heat-generating

- 6- PRELEhEGL tRefRAEIwtaPfeetidy e dischasgeubbigaid, by
generating region, the novable filmis displaced with generation of

bubbl e only in the abopenstatédrstructurali rection to the direction of
di scharge of the 5 di scharge liquid, so that sufficient discharge rates
cannot be attained. Fhtbirésobjectt |of tihe mussenh tihyention ist ke ef ficient
di scharge operation was not achieved. Noting that the cause of this
probl em i s5t hat pragidang liquid discharge method and a liquid
discharge apparatus having wide freedom of selection,
irrespective of the viscosity of the discharge liquid

and the formulation of material thereof.

<

For achieving the above objects, the present
10 invention provides a liquid discharge method having a
step of displacing a movable separation filﬁ far always
substantially separating a first liquid flow path in
communication with an discharge port for discharging a
liquid from a second liquid flow path comprising a
15 bubble-generating region for generating a bubble in
said liquid, on the upstream side of said discharge
port with respect to flow of the liquid in said first
liquid flow path,
said liquid discharge method comprising a step of
20 displacing a downstream portion of said movable
separation film toward said discharge port relatively
more than an upstream portion of said movable
separation fiim with respect to a direction of the flow
of said liquid.
25 Here, if the above step is carried out after
midway of a growing process of bubble, a further

increase will be achieved in the discharge amount. If



bubbl e-generating liquid is always used repetitively 10 only in the

smal | space cl osed, the present invention al so realizes the
efficient discharge operation. _ first object of the present

i nvention is to provide a liquid discharge nethod and a |iquid

di scharge apparatus enploying the structure for 15 substantial ly
separating or, nore preferably, perfectly separating the discharge
liquid fromthe bubble- generating liquid by the novable film

wherein in the defrdrigsd he Bavalled bukmebitigueespgner ated by
pressure of bubble generation to transmt the pressure 20 to the

di scharge |i qui ghpdhenrESSISHIF e pheventiedalr stage of theagrowing upstream
and the pressure is guided toward t he di scharge port, whereby high

di scharge forcepgstede of bubblaghisefedtherhéncrdage adihy bdeach el ge
efficiency. A second object of the present inventionis to 25
provi de a |i quiihn dtlsehbisgphangehadgtend a | i quid di scharge appar at us

t hat can decrease an anmount of deposits depositing on the
heat - gener &t i ng nentiEre ghicsplacement of the movable separation film _ 7.

that can discharge the liquid at hi%h efficiency o
can be controlled as desired or as stabilized by
direction regulating means for regulating the
displacement of the movable separation film in thg
above step.

10 Specific structures for carrying out the above
displacing step, which is the feature of the present
invention as described above, include those in the
embodiments described hereinafter. In addition, the
present invention involves all that can achieve the

15 above displacing step by other structures included in
the technological concept of the present invention.

Further, if the shape of the movable separation
film is preliminarily determined or if the movable
separation film is provided with a slack portion, the

20 "movable separation film itself will not need to extend
with generation of bubble, which raises the dischafge
efficiency and which permits the movable separation
film itself to regulate the displacement.

If the displacement of the movable separation film

25 is regulated by regulating the growth of bubble in the
second liguid flow path, direct action will take place

on the bubble itself, whereby the displacement of the



wi thout thermally affecting the discharge liquid, by t he
above-stated structure. A third object of the present invention
i's to 5 provide a liquid discharge method and a Iiquid di schar ge
appar atus havi ng wi de freedom of sel ection, i rrespective of the
viscosity of the discharge liquid and the fornul ati on of materi al

t her eof . For achi eving the above objects, the present 10

i nvention provides a liquid discharge nmethod having a step of

di spl aci ng" a nasebbeeseppaahit®dnf £iDmf 08 PéyEVSted from Hhestiantciall y
"separating a first liquid flow path in comuni cation with an

di scharge port stagediofchaengragian of bubbleuid froma second liquid flow
path conprising a 15 bubbl e- generating region for generating a bubble in
said liquid, on theHepst isam tydiécal ewanple stharige structurgopt Wwheh
respect to flow of the liquid in said first liquid flow path,

said liquid di Sevicgeageer8dngohpr ke ngresentepisfentien. dT86 acing a
downstream portion of said novable . separation filmtoward said

di schar ge Sport "Gdrgeitiepy regulating meangn s tfss hesgirpdnclydest adaid
novabl e separation filmwth respect to a direction of the flow

of said |iqui ddrrapgements ofisthe pevalhie JRRAFakIQN if§18‘a|lftﬁsafozf°£fter

example, distribution of modulus of elasticity, a
combination of a deformably extending portion with a -
non-deforming portion, etc.), all arrangements of the
10 second liquid flow path itself (control of the heat-
generating member or the bubble itself, etc.), an
additional member acting on the movable separation
film, structures of the first liquid flow path, and all
combinations thereof. The typical structure according
15 to the present invention is a liquid discharge
apparatus having at least a first liquid flow path in
communication with an discharge port for discharging a
liquid, a second liquid flow path comprising a bubble-
generating region for generating a bubble in said
20 liguid, and a movable separation film for always
substantially separating said first liquid flow path
from said second liquid flow path,
said liquid discharge apparatus comprising
direction regulating means for displacing said movable
25 separation film on an upstream side of said discharge
port with respect to flow of the ligquid in said first

liguid flow path and for displacing a downstream



m dway of a grow ng process of bubble, a further I ncrease will be
achieved in the discharge anount. |If

-8- - t he above step is carried thopqntinuously

substantially after the initial stage of the grow ng process of
bubbl e, a further increase will be achieved in the discharge rate.

5 The di spl acenent of the novable separation film can be
controlled as desired or as stabilized by direction regul ating nmeans
for regulating gdetion of shsPImsRBIY sebatBeibpvabha separatsepgfilmin

t he above step. 10 Specific structures for carrying out the
above digidcltarge Siept Mliativielyt merbeghdheanf upBeroawsgdttion

i nvention as descri bed above, include those in the enbodi nent s
descri bed hereiofifsaid novahld tdeparattien film wpthseaspeotvetdian i nvol ves
all that can achieve the 15 above displacing step by other structures

i ncluded in diregticon exhrdleodiloa odosedpt lofluifle present invention.
Further, if the shape of the novabl e separation filmis

prelimnar?ly deter ihédepresantic ingentien of the above structure,

the movable separation film provided above the bubble-
generating region is displaced into the first liquid
flow path with generation and growth of the bubble in
the bubble-generating region. On that occasion, the
10 downstream portion of the movable séparation film is
displaced into the first liquid flow path more than the
upstream portion of the movable separation film, so
that the pressure due to the generation of bubble is
guided toward the discharge port of the first liquid
15 flow path. By this, the liguid in the first liquid
flow path is discharged efficiently through the
discharge port with generation of bubble.
In the case wherein the deforming region of the
movable separation film is provided with a slack
20 portion, the slack portion is displaced in a curved
shape with generation and growth of bubble and,
therefore, the volume of the bubble acts more
effectively on deformation of the movable separation
film, thereby discharging the liquid more efficiently.
25 In the case wherein a movable member is provided
adjacent to the movable separation film on the first

liquid flow path side of the movable separation film



separation filmis provided with a slack portion, the 20 novabl e
separation filmitself wll not need to extend w th generation of
bubbl.e, which raises the discharge _efficiency and which permts the
novabl'e separation filmitself to régul ate the displacenent.

I f the displacenent of the novable separation film 25 I's regul ated by
regul ating the growth of bubble in the second liquid flow path,
direct action will take place on the bubble itself, whereby the

di spl acenent ofarddi&herein the movable member has a free end-éh the
novabl e separation filmis regulated fromthe initial st age of

generation of lidWgtream side of abel@sitelmt ¥fgeabf exappteicd fidteing
structure of the devi ce according to the present invention. The 5
"direction regutid inupbissgEhestadtiod regeéon andl adfslalim on the arrangenents
of the novable separation filmitself (for exanpl e, distribution of
modul us of el astpstingam side of thenifireat £pd, othe @bspiagangntexaferidieng
portion with a non-deform ng portion, etc.), all arrangements of the
10 second | ikpNabYe SensadtionsELim Eenthel sepordel ypkd flow path

is suppressed upon collapse of bubble, which prevents

movement of liquid to upstream, thereby improving

refilling characteristics and decreasing crosstalk.
When the shape of the second liquid flow path is

10 one capable of readily guiding the pressure due to the
bubble generated in the bubble-generating region to the
discharge port, the liquid in the first liquid flow “
path can be discharged through the discharge port
efficiently by generation of bubble.

15 When the shape of the first liquid flow path is
such that the height is smaller upstream than
downstream, the downstream portion of the movable
separation film is displaced more into the first ligquid
flow path than the upstream portion of the movable

20 separation film, whereby the pressure due to the
generation of bubble is guided to the discharge port of
the first liquid flow path, so that the liquid in the
first liquid flow path is discharged efficiently
through the discharge port by the generation of bubble.

25 When the movable separation film is formed so that
the thickness thereof on the downstream side is smaller

than that on the upstream side, the movable separation



generati ng nmenber or the bubble itself, etc.), an addi tional nenber
acting on the novabl e separation film structures of the first
liquid fl ow path, and all conbi nati qns _thereof. The typi cal
structure according 15 to the present iMvention is a |iquid discharge
apparatus having at least a first liquid flow path in communi cati on
with an di scharge port for discharging a liquid, a second |liquid

fl ow path conprising a bubbl e- generating region for generating a

bubble in said £2(n peddtl basiitd adTeFIR t6RaraAt tRE disdhdLde Powrys
substantially separating said first liquid flow path fromsaid

second |iquid fyoyh Rfdwth of bubble isditfiel bibblledgendps gEnd ey Bons

conpri si ng direction regul ating neans for displacing said novabl e

25 separ at i ofhdidbRr athearn igpsidr damthied€iobtsaiquild sEhaw geath is port with
respect to flow of the liquid in said first liquid fl ow path and for
di spl aci ng a dodusthazged efficiently through the discharge port. 10-

portion of said novable separation filmtoward said _di scharge port
rel ativel ydnore tharWhen (it mey@bder segaration fipp £3ipromidad evisdpar ati on

filmw th respect to a . . . , o
a convex portion which projects into the second liquid

flow path upon non-generation of bubble and which
projects into the first liquid flow path upon
generation of bubble, the pressure due to generation of
10 bubble in the bubble-generating region is guided to the
discharge port of the first liquid flow path by the
convex portion, whereby the liquid in the first liquid
flow path is discharged efficiently through the
discharge port by the generation of bubble. Further,
15 if the volume inside the convex portion is smaller than
the maximum expansion volume of the bubble generated in
the bubble-generating region, the amount of
displacement of the convex portion will be kept
constant even with dispersion in the expansion volume
20 of bubble due to the discharge characteristics of

liquid, thus realizing good discharge without

dispersion between nozzles.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Figs. 1A, 1B, 1C, 1D and l1lE are cross-sectional
views along the flow path direction for explaining the

first embodied form of the liquid discharge method



direction of the flow of said |iquid. 5 In the present invention

of the above structure, t he novabl e separation fil m provided above
t he bubbl e- generating region is digplaced into the first liquid
flow path with generation and grow h of thé&>bdbbl e in t he
bubbl e- generating region. On that occasion, the 10 downst ream portion
of the novable separation filmis di splaced into the first liquid
fl ow path nore than the upstream portion of the novabl e separation
film so CCII Ao THT-Y eration of bubble is

gui ded toward t?é§§#%% af%% porfﬁbf tﬁ%qfﬁggﬁgﬁﬁéuid 15 flow path. By

this, the liquid inffesfizs! 48 W 2D and bEOWrBabhoks-sbsehenged
efficiently through the di scharge port with generation of bubble.

In the case me{)ﬁéﬂ?ﬂ@l@oxﬁ?fﬂ{éﬁﬂ]@)vf Q@A ddfreth@on for empYabhengepmsation
filmis provided with a slack 20 portion, the slack portion is displaced

in a curved secofda@tbod idd gsrer atfi aheandggidwihsohabgébhetaod,
t herefore, the volune of the bubble acts nore effectively on
defornati o6 of abeondimd! o sdEamratesemt inventfiphm t hereby di scharging the
liquid nore efficiently. 25 In the case wherein a novabl e nenber
i s provided adFE@ent3A,0 3Ehe andy 36 @recFAPAErSACFLIPARbNVIEHS || r st
liquid fl ow path side of the novable separation film
along the flow path direction for explaining steps of
displacement of the movable separation film in th
liquid discharge method of the present invention;
10 Figs. 4A, 4B and 4C are cross-sectional views
along the flow path direction to show the first
embodiment of the liquid discharge method and the
liguid discharge apparatus according to the present
invention, wherein Fig. 4A is a drawing to show a state
15 upon non-generation of bubble, Fig. 4B is a drawing to
show a state upon generation of bubble (upon
discharge), and Fig. 4C is a drawing to show a state
upon collapse of bubble;
Figs. 5A and 5B are longitudinal cross-sectional
20 views each to show a structural example of the liquid
discharge apparatus of the present invention, wherein
Fig. 5A is a drawing to show a device with a protecting
film described hereinafter and Fig. 5B is a drawing to
show a device without the protecting film;
25 Fig. 6 is a drawing to show the waveform of

voltage applied to an electric resistance layer shown

in Figs. 5A and 5B;



- 11- and wherein the novabl e nenber has a free end on the
downstream si de of an upstream edge of a portion facing t he
bubbl e- generating region and a fulcrun1on_tf€ _ upstream si de of the
free end, the displacenent of the 5 novabl e separation filmto the
second liquid flow path I s suppressed upon col | apse of bubbl e, which
prevents novenment of |iquid to upstream thereby inproving

refilling characteristics and decreasi ng crosstal k. When t he

shape of the second Fiigui ¢ fikow pehémadic ldrawitit wARMIWE sOfstir@@tukyl
gui ding the pressure due to the bubbl e generated in the

bubbl e- gener at i egaf@@eodft ehehdiquid dishklsaige gppeoratust lredording ito t he
first liquid flow path can be di scharged through the di scharge port
efficiently by ghecpabsentofintebbien; 15 When t he shape of the
first liquid flow path is such that the height is smaller upstream
t han downst r e&rig -t Beidoansexpbedgdys therspeciive vdeablte show a
separation filmis displaced nore into the first liquid flow path
than the uPstre&vrpoturas efaPpie@lathe ligqprid AdaehaxogroAPPREAtUGher eby

the pressure due to the ) \
according to the present invention;

Figs. 9A, 9B and 9C are drawings to show the
second embodiment of the liquid discharge apparatus
according to the present invention, wherein'Fig.’QA is

10 a cross-sectional view along the flow path direction
upon non-generation of bubble, Fig. 9B is a cross-
sectional view along the flow path direction upon
generation of bubble, and Fig. 9C is a drawing obtained
by observing the first flow path from the second flow

15 path side of the drawing shown in Fig. 9A;

Figs. iOA, 10B, 10C, 10D, 10E and 10F are cross-
sectional views along the flow path direction to show
the second embodiment of the liquid discharge method
and the liquid discharge apparatus according to the

20 present invention;

Figs. 1l1A and 11B are drawings to show
characteristics of the movable separation film used in
the liquid discharge apparatus of the present
invention, wherein Fig. 11A is a drawing to show the

25 relation between pressure f of a bubble generated in
the bubble-generating region and stress F of the

movable separation film against it and Fig. 1l1B is a



generation of bubble is guided to the discharge port of the first
liquid flow path, so that the liquid in the first liquid flow path
is discharged efficiently through_xq% di scharge port by the

gener gti on of bubble. 25 When t he ‘movabl e separation filmis

formed so t
snmal | er
_12_

Wi th growth
liquidint
t hrough the

hat t he thickness thereof on the downstreamside is
than that on the upstream side, the novabl e separation
filmbecones easier to deformtoward the di scharge port
of @H@@ﬁeténsﬁﬂﬁ MR e ayiddd F RBel 8ftress F ofwbreeby the
he first liquid flow path is di scharged efficiently
di spbedsgbe PSsparation film agdiet belmmeabhangepafabubbléi |l mis

provi ded with a convex portion which projects into the second liquid

flow path u
first Iiqui
to generati
t he

convex porb

10

15

20

25

pon showgeiwerBigonllX; bubbl e and which projects into the
d flow path upon generati on of bubble, the pressure due
on of 10Figsbub®d eand k2% angbifirevdagsr &ei AHOVe§POnfPYr Bl ded to
di scharge port of the first liquid flow path by the
i on, emhed&ment hef | thaildquid ié Schezge) pgppgatus according
to the present invention, wherein Fig. 12A is a cross-
sectional view along the flow path direction and Fig.
12B is a top plan view; | .

Figs. 13A and 13B are cross-sectional views along
the flow path direction to show the fifth embodiment of
the ligquid discharge method and the liquid discharge
apparatus according to the present invention, wherein
Fig. 13A is a drawing to show a state upon non-
generation of bubble and Fig. 13B is a drawing to show
a state upon generation of bubble (upon discharge);

Fig. 14 is a perspective view, partly broken, of
the liquid discharge apparatus shown in Figs. 13A and
13B;

Figs. 15A, 15B, 15C and 15D are drawings for
explaining the operation of the liquid discharge
apparatus shown in Figs. 13A, 13B and Fig. 14;

Figs. 16A, 16B and 16C are drawings for explaining
the relationship of location between thick portion 205a
of movable separation film 205 and second liquid flow
path 204 in the liquid discharge apparatus shown in

Figs. 13A, 13B to Figs. 15A, 15B, 15C and 15D, wherein

Fig. 16A is a top plan view of the thick portion 205a,

<



flow path is discharged efficiently through the di scharge port by
the generation of bubble. Further, 15 I f the volune inside the convex
portion is smaller than t he maxi mumygxpansi on vol une of the bubble
generated in t he bubbl e-generating region, the anmount of
di spl acenent of the convex portion wll be kept constant even with
di spersion in the expansion volunme 20 of bubbl e due to the discharge
characteristics of liquid, thus realizing good di scharge wi thout
di spersi on bet wegp, P! 85.a top plan BReRFoPESRE Edt6h QFididd DRAW NGS 25
Figs. 1A, 1B, 1C, 1D and 1E are cross-sectional views along the flow
path direction g£th €2 aiitittmt the movabléi separabboinefliinr20Df are |iquid
di scharge net hod - 13 -
according to theigresshtis rvestthepatic view to sh@wgthe 2yel@Bion®@f 2D and 2E
are cross-sectional views along the flow path direction for
expl ai ni ng t he locatiorsdeivtemiitg &birhr ppstiene20hgyuard drhe Reepndret hod
5 according to the present invention;
5 liguid flow path 204 as superimposed;
Fig. 17 is a schematic view to show a structural
example of the liquid discharge apparatus according to

the present invention;

<

P

Fig. 18 is an exploded, perspective view to show a
10 structural example of the liquid discharge apparatus
according to the present invention;

Figs. 19A, 19B, 19C, 19D and 19E are drawings for
explaining steps for producing the movable separation
film in the liquid discharge apparatus shown in Figs.

15 13A, 13B to Fig. 18;

Figs. 20A and 20B are cross-sectional views along
the flow path direction to show thé sixth embodiment of
the liquid discharge method and the liquid discharge
apparatus according to the present invention, wherein

20 Fig. 20A is a drawing to show a state upon non-
generation of bubble and Fig. 20B is a drawing to show
a state upon generation of bubble (upon discharge);

Figs. 21A, 21B, 21C and 21D are drawings for

explaining the liquid discharge method in a
25 modification of the liguid discharge apparatus shown in

Figs. 20A and 20B;

Figs. 22A and 22B are cross-sectional views along



Figs. 3A, 3B, and 3C are cross-sectional views along the flow path

direction for explaining steps of di spl acenent of the novabl e
separation filmin the l'i quid di scharge nethod of the present
i nvention; 10 Figs. 4A, 4B and 4C are cross-sectional views
along the flow path direction to show the first enbodi nent of the
| i qui d di scharge nethod and the | i qui d di scharge apparatus accordi ng
to the present i nvention, wherein Fig. 4Ais a drawing to show a
state 15 Uphe NPlogepetit d Dre®f i diiY &hdw &hedBeven@hdeaBbaInéAt
show a state upon generation of bubble (upon di scharge), and Fig. 4C
IS a drawi ng tooshothe alsfati® discharge@ppaidtagsacebritihfl €6 the
Figs. 5A and 5B are |ongitudinal cross-sectional 20 views each to show
a structural expnpfentfinventiop, dtherein FdigscRaAgésappdrawisgofot he
present invention, wherein Fig. S5Ais a drawing to show a device
with a protectisagow a state|upeleswniigsharatdonapfebubhderand BRI s22B
drawing to show a device without the protecting film 25
Fig. 6 is a drahfng ¢p2%iRgy ¥nShar & Ghater upon genggptige appbukeleo an
electric resist?nce | ayer. shown in Figs. 5A and 5B

upon discharge):;

Figs. 23A and 23B are cross-sectional views along
the flow path direction to show the eighth embodiment
of the liquid discharge method and the liquid discharge

10 apparatus according to the present invention, wherein
Fig. 23A is a drawing to show a state upon non-
generation of bubble and Fig. 23B is a drawing to show
a state upon generation of bubble (upon discharge):;

Figs. 24A and 24B are cross-sectional views along

15 the flow path direction to show the ninth embodiment of
the liquid discharge method and the liquid discharge
apparatus according to the present invention, wherein
Fig. 24A is a drawing to show a state upon non-
generation of bubble and Fig. 24B is a drawing to show

20 a state upon generation of bubble (upon discharge);

Figs. 2bA, 25B and 25C are drawings to show the
tenth embodiment of the liquid discharge apparatus
according to the present invention, wherein Fig. 25A is
a cross-sectional view along the flow path direction to

25 show a state upon non-generation of bubble, Fig. 25B is
a cross-sectional view along the flow path direction to

show a state upon generation of bubble (upon



- 14 - Fig. 7 is a schematic drawing to show a structural
exanpl e of the liquid discharge apparatus according to t he present
i nventi on; Fig. 8 is an expl odegy perspective view to show a
5 structural exanple of the liquid discharge apparatus accordi ng
to the present invention; Figs. 9A, 9B and 9C are drawings to
show t he second enbodi nent of the |iquid discharge apparatus
according to the present invention, wherein Fig. 9Ais 10 a
cross-sectional aisewagbang &he Figw 26¢ hidig edtawdmg to shoupthe
non- generation of bubble, Fig. 9B is a cross- sectional view al ong
the fl ow pat h dsteatitoneupbnthe secomrieiratidbrilow Ipalthl;e, and Fig. 9Cis a
drawi ng obt ai ned by observing the first flow path fromthe second
flow 15 pat h si dEigé.t BeA derd 2P ArAvctgssFisgctdanal views alongj gs.
10A, 10B, 10C, 10D, 10E and 10F are cross- sectional views along the
fl ow path directhenfliewspath directign ey dMsoslrraPthf erhedirgdEd
di scharge net hod cand_the |iquid discharge a%par at us _accor di ng to the
20 presént i Afefbpohiquid dlscnargq:i“g‘%?hoﬁlﬂé’gn& ¢1B1gHedgPAFFREEIR0 show
characteristics of the novabl e se&)arat lon film gcsed in, ., .
apparatus according to the present invention, wherein
Fig. 26A is a drawing to show a state upon non-
generation of bubble and Fig. 26B is a drawing to show
a state upon generation of bubble (upon discharge);
10 Figs. 27A and 27B are cross-sectional views along
the flow path direction to show modifications of the
liquid discharge apparatus shown in Figs. 26A and 26B,
wherein Fig. 27A is a drawing to show a modification in
which a part of the second liquid flow path wall is
15 formed in a stepped shape and Fig. 27B is a drawing to
show a modification in which a part of the second
ligquid flow path wall is formed in a curved shape;
Figs. 28A and 28B are drawings to show the twelfth
embodiment of the liquid discharge apparatus according
20 to the present invention, wherein Fig. 28A is a top
plan view to show the positional relation between the
second liquid flow path and the heat-generating member
and Fig. 28B is a perspective view of the positional
relation of Fig. 28BA and wherein the discharge port is
25 disposed on the left side in Fig. 284;
Figs. 29A, 29B and 29C are drawings for explaining

the discharge operation in the liquid discharge



the liquid discharge apparatus of the present I nvention, wherein
Fig. 11Ais a drawng to showthe 25 rel ati on between pressure f of a

bubbl e generated in the bubbl e-genejgting region and stress F of the

novabl'e separation filmagainst it and Fig. 11Bis a

- 15 -

novabl e separation fil magai nst vol une change of bubble

graph to show characteristics of the stress F of the
shown in

Fig. 11A Figs. 12A and 12B are drawi ngs to show the fourth 5
enbodi ment of tdppdratiisd shosehdngFigppagdhusn@cees divigerein Fid.o 292
present invention, wherein Fig. 12A is a cross- sectional view al ong

the fl ow pat h dincdatdesn caedsHsgctional vi@Bsislandg A29X|-ark9A eslfown in

Figs. 13A and 13B are cross-sectional views along 10 the flow path
direction to sHo\g.t %84, fRilg. eﬁﬁ@diinghtld% cross-sedieionajuivi eiss aiange
met hod and the liquid discharge

I nventi on,

generatlon5 of bubble and Fig. 13B is a drawing to show

10

15

20

25

cross-sectional views along 29C"- 29C shown in Fig.

28A;

Figs. 30A, 30B and 30C are drawings to show

modifications of the liquid discharge apparatus shown

-

in Figs. 28A and 28B, wherein Fig. 30A is a drawing to

show a modification in which the width of the second
liguid flow path near the heat-generating member
gradually increases stepwise from upstream to
downstream, Fig. 30B is a drawing to show a
modification in which the width of the second ligquid
flow path near the heat-generating member gradually
increases in a curved shape from upstream to
downstream, and Fig. 30C is a drawing to show a
modification in which the width of the second liquid
flow path near the heat-generating member gradually
increases in an opposite curved shape to that.of Fig.

30B from upstream to downstream;

Figs. 31A, 31B, 31C, 31D and 31E are drawings for

explaining the operation of the liquid discharge
apparatus to show the thirteenth embodiment of the.
liquid discharge apparatus according to the present
invention;

Figs. 32A, 32B, 32C and 32D are drawings for

paratus accordi ng to the present
wherdfkh - 29B showg ip3Rigs 38 r adAgFi% 5w padudes upon non-



15 a state upon generation of bubble (upon discharge); Fi g.
14 is a perspective view, partly broken, of the liquid discharge
apparatus shown in Figs. 13A and 13Bp - Figs. 15A, 15B,
15C and 15D are drawi ngs for 20 expl aining the operation of the liquid
di schar ge apparatus shown in Figs. 13A, 13B and Fig. 14;

Figs. 16A, 16B and 16C are draw ngs for expl ai ning the relationship
of | ocation between thick portion 205a of novabl e separation film
205 and second éxplaihin@whe relatpainh cZ04ocattibe bmgngdtHesbaatge
apparatus shown in Figs. 13A, 13B to Figs. 15A, 15B, 15C and 15D,
wher ei n denerd6€ifng stembieap pihen seicowdoflighédt filok pathi oan@0Ba,

- 16 - Fig. 16Bis a top plan view of the second liquid flow

pat h 204 wi t houtovéiel ervserd e slgrafhtlino d ispleceasntarggulating ppgmbarsC i s a
schematic view to show the relation of | ocati on between the thick
portion 205a aniintbke ski@wgl disschangey@pgarrswspahAWR0AN aEig8pettptRed;
Fig. 17 is_a schematic view to show a structural exanpl e of the
liquid di sehar gélBppireeid Fdbr f4ly ifp@ drawing to show the

positional relation between the heat-generating member
and the second liquid flow path, Fig. 32B is a top plan

view of the movable separation film displacement

]

regulating member, Fig. 32C is a drawing to show fhe

10 relation of location among the heat-generating member,
the second liquid flow path, and the movable separation
film displacement regulating member, and Fig. 32D is a
drawing to show displaceable areas of the movable
separation film;

15 Fig. 33 is a cross-sectional view along the flow
path direction to show the fourteenth embodiment of the
liqqid discharge apparatus according to the present
invention;

Figs. 34A, 34B, 34C and 34D are drawings for

20 explaining the operation of the liquid discharge
apparatus shown in Fig. 33;

Fig. 35 is a top plan view of the second liquid
flow path without the movable separation film, which is
a drawing for explaining the structure of the second

25 liquid flow path in the liquid discharge apparatus

shown in Fig. 33 and Figs. 34A, 34B, 34C and 34D;

Fig. 36 is a cross-sectional view along the flow



t he present invention; Fig. 18 is an expl oded, perspective view
to show a 10 structural exanple of the liquid discharge apparatus
accor.ding to the present invention; - 21 - Figs. 19A 19B, 19C 19D
and 19E are drawi ngs for expl ai ning steps for producing the novable
Separation filmin the liquid discharge apparatus shown in Figs. 15
13A, 13B to Fig. 18; Figs. 20A and 20B are cross-sectiona

vi ews al ong the flow path direction to show t he sixth enbodi nent of

the liquid di sopatiyed mddinibrantb tdhd ithiei @iditeeh8hgembodimenBPHAr EleIS
according to the present invention, wherein 20 Fig. 20Ais a drawing to
show a st at e upbiguiah-dischargeyeppaatitos atcbuibhg andthe gpré®dht s a
drawi ng to show a state upon generation of bubble (upon discharge);
Figs. 21A, 21B,invehtinh .2 Mhighe showsi pgstate upon gemspdtiomngfthe |iquid
di scharge nethod in a 25 nodi fication of the |liquid discharge apparatus
shown in byplke: 20A and 20B; Figs. 22A and 22B are

cross-sectional views al on - 17 -
5 Figs. é%A, 37B, 37C and 37D are drawings for

explaining the operation of the liquid discharge
apparatus shown in Fig. 36;
Fig. 38 is a cross-sectional view along the flow-
path direction to show the sixteenth embodiment a% the
10 liquid discharge method and the liquid discharge *
apparatus according to the present invention, which
shows a state upon generation of bubble;
Fig. 39 is a cross-sectional view along the flow
path direction to show the seventeenth embodiment of
15 the liquid discharge method and the liquid discharge
apparatus according to the present invention, which
shows a state upon generation of bubble;
Figs. 40A and 40B are cross-sectional views along
the flow path direction to show the eighteenth
20 embodiment of the liquid discharge method and the
ligquid discharge apparatus according to the present
invention, wherein Fig. 40A is a drawing to show a
state upon non-generation of bubble and Fig. 40B is a
drawing to show a state upon generation of bubble;
25 Fig. 41 is a cross-sectional view along the flow
path direction to show the nineteenth embodiment of the

liquid discharge method and the liquid discharge



the flow path direction to show the seventh enbodi nent of the liquid
di scharge apparatus according to the present invention, wherein Fig.
22A is a drawing to show a state uypgp non-generation of bubble and
Fig. 22B 5 is a drawing to show a state upon generation of bubble
(upon di scharge); Figs. 23A and 23B are cross-sectional views
al ong the flow path direction to show the ei ghth enbodi nent

of the liquid discharge nethod and the |iquid discharge 10 appar at us
accordi ng to thsppumestand dcoerdinn,tovtbecipresent infegti@3A wisichdrawi ng to
show a state upon non- generation of bubble and Fig. 23Bis a

drawi ng to showhows a skissteatuparmpgengeadioni ofi bibbuébl e (upon di scharge);
Figs. 24A and 24B are cross-sectional views along 15 the flow path
direction to show t HBigs nt422er@nsdidABneref cross-seghéonadui Schpmatie ge

met hod and the liquid discharge apparatus according to the present

i nvention, whereigwWs along pthe fioN path éﬁaﬁFﬁgoPot%h%W‘& %t e upon non-

generation_of bubbl e and Fi g 24B is a . dra o] ow 20 tate upon
generation®of LEHANE §HhSPRRGETRDGOF: t che \ﬂqgl& dlﬁ‘"—?@%rg 1-2:5%% 25C

are drawi ngs t ar ge

haw h d d
appar at us th %\&%@ﬁ%’}aﬁg%,agggﬁ?%}lﬁvgﬁ?%% : e%? eﬂl e Ais
a cross-secti Onarlxvevrllteivgnal WL AN fFJ:I.%W Bahh;di £e8{~é‘9{hé %o show a

state upon non-discharge and- Fig. 42B is a drawing to-
show a state upon discharge;’ ’

10 Figs. 43A and 43B are cross-sectional views along
the flow path direction to show the twenty first
embodiment of the liquid discharge apparatus according
to the present invention, wherein Fig. 43A is a
lateral, cross-sectional view and Fig. 43B is a

15 longitudinal, cross-sectional view;

Figs. 44A and 44B are cross-sectional views along
the flow path direction to show the twenty second
embodiment of the ligquid discharge apparatus according
to the present invention, wherein Fig. 44A is a

20 lateral, cross-sectional view and Fig. 44B is a
longitudinal, cross-sectional view;

Figs. 45A, 45B, 45C, 45D and 45E are drawings for
explaining a process for producing the movable
separation fiim shown in Figs. 44A and 44B;

25 Figs. 46A and 46B are cross-sectional views along
the flow path direction to show the twenty third

embodiment of the liquid discharge apparatus according



25 show a state upon non-generation of bubble, Fig. 25B is a
cross-sectional view along the flow path direction to show a state
upon generation of bubble (upon 3 - - 18
- di scharge), and Fig. 25Cis a g{rawi ng to show t he

structure of the second liquid flow path; Figs. 26A and 26B are
cross-sectional views al ong the flow path direction to show the

el eventh enbodi ment 5 of the liquid discharge nmethod and the liquid

di schar ge to afipaftdserat dové@intgong wherpiasEny. i 46Bntsom, wherein

Fig. 26A is a drawing to show a state upon non- generati on of bubble
and Fig. 26B i slatektasly nrdss-dHeowional viawsendeFugond@@nesati on of bubbl e
(upon discharge); 10 Figs. 27A and 27B are cross-sectional views
al ong thbomgmmqmt&i,diqms'-@ﬁcttéoghéwﬁﬁwf i cations of the

| i qui d di scharge apparatus shown in Figs. 26A and_26B, wherein Fig.
27A is a drawi ng to Btaav a&%dﬁﬁ%aﬁﬁ@n 47D and 47BhpEe Frauingsiiohe
second liquid flow path wall is formed. in a ste ed shape and Fi g.
27B is a dPawi ngrpEaining a sﬂﬁﬂﬁeésrré&ﬁ P&"&PPGhngnf'ml'&‘E 2P}art of the

second separation film shown in Figs. 46A and 46B;

Figs. 48A and 48B are drawings to show a like form
of the movable separation film shown in Figs. 4631and-
46B and Figs. 47A, 47B, 47C, 47D and 47E, whereig Fig.

10 48A is a léteral, cross-sectional view and Fig. 48B is
a longitudinal, cross-sectional view and wherein the
discharge port is located on the left side in the
drawing;

Figs. 49A and 49B are cross-sectional views along

15 the flow path direction to show the twenty fourth
embodiment of the liquid discharge apparatus according
to the present invention, wherein Fig. 49A is a
lateral, cross-sectional view and Fig. 49B is a
longitudinal, cross-sectional view;

20 Figs. 50A and 50B are cross-sectional views along
the flow path direction to show the twenty fifth
embodiment of the liquid discharge apparatus according
to the present invention, wherein Fig. 50A is a
lateral, cross-sectional view and Fig. 50B is a

25 longitudinal, cross-sectional view;

Figs. 51A, 51B, 51C and 51D are drawings for

explaining a process for producing the movable



liquid flow path wall is forned in a curved shape; Figs. 28A
and 28B are drawings to show the twelfth enbodi nent of the liquid

di scharge apparatus according 20 to thegpresent invention, wherein Fig.
28A is a top plan view to show the positional relation between the
second liquid flow path and the heat-generating nenber and Fig. 28B
IS a perspective view of the positional relation of Fig. 28A and
wherein the discharge port is 25 di sposed on the left side in Fig. 28A
Figs. 29A, 29B saph28fGar e idmawhogs fior Fégpl ab@Angnd 50B; amk di scharge
operation in the liquid discharge -

19 - apparkitgss S2dwanidn 5RBgere2eA0aAuSeSBl ok rel 87 it onh A
i ncludes cross-sectional views along 29A - 29A shown in Fig. 28A,
Fig. 29B i ncl udee cflays -paidt iddFgctipensoarbay an appliggtion@x in

Fig. 28A, and Fig. 29C includes 5 cross-sectiopal views along 29C -
29C shown in Fix@'}ereln thezg)g;esent 1nventlopi bga :E.e Ogaaq.m 30C are

shown '8 rrrapsensnt i SeeciaReReRn PPEC ShrpteSs Ot dling to
downstream side of the bubble-generating region so that
the liquid is discharged in the direction perpendicular
to the flow direction of the liquid in the first }iquid
flow path, wherein Fig. 52A is a drawing to show ;

10 state upon non-generation of bubble and Fig. 52B is a

drawing to show a state upon generation of bubble.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The embodiments of the present invention will be
15 described, but, prior thereto, the basic concept of
discharge, which is the basis of the present invention,
will be described with two embodied forms.
Figs. 1A to 1lE through Figs. 3A to 3C are drawings
for explaining embodiments of the liquid discharge
20 method according to the present invention, wherein the
discharge port is disposed in the end area of the first
liquid flow path and wherein the displaceable area of
the movable separation film capable of being displaced
according to growth of the bubble generated is present
25 on the upstream side of the discharge port (with
respect to the flow direction of the discharge liquid

in the first liquid flow path). The second liquid flow



10 show a nodification in which the wdth of the second l'iquid

fl ow path near the heat-generating nenber gradual |y increases
stepwi se from upstreamto downst rea Fig. 30Bis a drawing to show
a v nodification in which the width o?bthe second liquid 15 fl ow
pat h near the heat-generating nenber gradually I ncreases in a curved
shape fromupstreamto downstream and Fig. 30Cis a drawing to show
a nodi fication in which the width of the second |iquid flow
path near the h GBI A G HEE Hi®ble-gadunak-bying0liquidcerasestined
opposite curved shape to that of Fig. 30B fromupstreamto

downst r eam with the Hilflsle-YbherdtBng31CquldD(pndfdt&bhy e capawlwys for
expl aining the operation of the |iquid discharge apparatus to show
the thirteenth efrlissimentefifl tdtke theFewithi gnddmdirechaeferabpyr at us
according to the present I nventi on; Figs. 32A, 32B, 32C

and 32D are dr avapamjsld gpf moving the bubble-generating liquid) and the.
explaining the relation of |ocation anong the heat-
5 second liquid flow path has a generating region of
bubble.

In the present example, this bubble-generating
region is also located in the upstream area of thg
discharge port with respect to the flow directioﬂhof

10 the discharge liquid described above. 1In addition, the
separation film is longer than fhe electrothermal
transducer forming the bubble-generating region and has
a movable area and a fixed portion, not illustrated,
between the upstream edge of the electrothermal

15 transducer with respect to the above flow direction and
a common liquid chamber of the first liquid flow path,
preferably, at the upstream edge. Accordingly, the
substantially movable range of the separation film is
understood from Figs. 1A to 1lE through Figs. 3A to 3C.

20 The states of the movable separation film in these
figures are elements representing all obtained from the
elasticity and the thickness of the movable separation
film itself, or another additional structure.

(First embodied form)

25 Figs. 1A to 1lE are cross-sectional views along the

flow path direction for explaining the first embodied

form (an example having the displacing step of the



generating nmenber, the second liquid flow path, and a novabl e
separation filmdisplacenent regul ating nenber inthe liquid

di scharge apparatus shown in Figs. 3l1Ata 265- 31E, wherein Fig. 32Ais a
drawi ng to show the positional relation between the heat-generating
menber and the second liquid flow path, Fig. 32Bis a top plan

vi ew of the novabl e separation film displacenent regul ati ng nenber,
Fig. 32Cis a drawing to show the 10 rel ation of |ocation anong the
heat - gener at i nge¥esgrt invention Hrogeodggayi qdi the| disphahge agitep heofrovabl e
separation filmdisplacenent regulating nenber, and Fig. 32D is a
drawi ng to shovFke sblt@tchslisdharge oe gegapiéng to theapegsgnton film
15 Fig. 33 is a cross-sectional view along the flow pat h
direction to shbWeMel9burt eenth enbodi ment of the l i qui d di scharge
apparatus according o the presen I nventi on; Figs. 34A,

34B, 34C and 34D ar Nrehf sesleélrtt fogm, .aéxﬁPa‘f’ﬂi ’n’@,‘ﬁ'ﬁésbp]ez} 9 d'rF'of the
U0 9 SN S s AR SR 0B, Bie i 2 i e o
e ation | Lol wisn B AERCEE BB SR e vre o
shown in Fig. 33 @nd¢igsuidtAupptBea34foingi A40: common liquid
chamber 143 and the second liquid flow path 4 having -
the bubble-generating region 7 is filled with thé
10 bubble-generating liquid for generating the bubble as
receiving the thermal energy from the heat-generating
member 2. The movable separation film 5 for separating
the first ligquid flow path 3 from the secdnd liquid
flow path 4 is provided between the first liquid flow
15 path 3 and the second liquid flow path 4. The movable
separation film 5 is fixed in close contact with
orifice plate 9, so that the liquids in the respective
liquid flow paths are prevented from mixing herein with
each other.
20 When displaced by the bubble generated in the
bubble-generating region 7, the movable separation film
5 normally has no directivity or rather, the
displacement thereof sometimes proceeds to the common
liquid chamber with higher freedom of displacement.
25 In the present invention, noting this motion of

the movable separation film 5, the movable separation

film 5 itself is provided with means for regulating the



Fig. 36 is a cross-sectional view along the flow

- 21 - path direction to show the fifteenth enbodi ment of the

| i qui-d di scharge apparatus according to thespresent i nvention, which
shows ‘a state upon generation of bubbl e; 5 Figs. 37A, 37B,
37C and 37D are draw ngs for expl ai ning the operation of the Iiquid
di schar ge apparatus shown in Fig. 36; Fig. 38is a
cross-sectional view along the flow path direction to show the

si xteent h enbodiimentign tdfe dikplacelment, daditsnhatersst hatresel her | i qui d
di schar ge apparatus according to the present invention, which

shows a state upshngatdiat iwhersbybtbel displacement (mévegmerd9, is a
cross-sectional view along the flow gat h direction to showthe
sevent eent h enERGRGHOTf or) Bxtensien) i qui ghai stkel gof neheiowpweatele he | i qui d

di schar ge apparatus according to the present invention, which
shows a state URRPIGEIGO atiidM Sf ByBBAebyY the bubble i3 qiiremiedind 40B are

cross-sectd onal, vi evs Q09 ccharge port.

In the initial state shown in Fig. 1A, the liquid
inside the first liquid flow path 3 is retracted to
near the discharge port 1 by capillary attraction; In
the present form, the discharge port 1 is locatedh

10 downstream of the projection area of the heat-
generating member 2 onto the first liquid flow path 3
with respect to the flow direction of the liquid in the
liquid flow path 3.

In this state, when the thermal energy appears in

15 the heat-generating member 2 (a heating resistor member
having the shape of 40 uym x 105 pm in the present
form), the heat-generating member 2 is heated quickly
and the surface in contact with the second liquid in
the bubble-generating region 7 heats the second liquid

20 to generate bubbles (Fig. 1B). The bubbles 6 generated
by this heating generation of bubble are those based on
the film boiling phenomenon as described in United
States Patent No. 4,723,129 and are generated together
all over the surface of the heat-generating member as

25 carrying very high pressure. The pressure generated at
this time propagates in the form of pressure wave in

the second liquid in the second liquid flow path 4 to



the flow path direction to show the eighteenth 20 enbodi nent of the

| i qui d di scharge nethod and the | i qui d di scharge apparatus accordi ng
to the present i nvention, wherein_Fbg. -40A is a drawing to show a

st at e ‘upon non-generation of bubble and Fig. 40B is a drawing to
show a state upon generation of bubble; 25 Fig. 41 is a
cross-sectional view along the flow path direction to show the

ni net eent h enbodi ment of the | i quid di scharge nmethod and the liquid
di schar ge act on the movable separation film 5, 2fhereby appar at us

according to the present invention, which shows a state upon
gener ati on of blidplecing the movablegsepazatiad fLBnad eand ostartEidd onal |

schemati c views along the flow path direction to show the 5
twenti et h enbodlisghansge afe theqdigsti séauideinetheodfipet liquid tfHeoW  quid
di scharge apparatus according to the present I nvention, wherein Fig.
42A is a draw R Show a state upon non-di scharge and-Fig. 42B is

AL E GO AT

the twenty firsgf the heat-generating member 2 grow quickly, they
become of a film shape (Fig. 1C). The expanéion of the
bubble 6 by the very high pressure in the initial‘stage
of generation further displaces the movable separ;tion

10 film 5, which promotes discharge of the first liquid in
the first liquid flow path 3 through the discharge port
1.

Further growth of the bubble 6 thereafter

increases the displacement of the movable separation

15 film 5 (Fig. 1D). Up to the state shown in Fig. 1D,
the movable separation film 5 continues extending so
that displacement of upstfeam portion 5A becomes nearly
equal to displacement of downstream portion 5B with
respect to central portion 5C of the area of the

20 movable separation film facing the heat-generating
member 2.

After that, with further growth of the bubble 6,
the bubble 6 and the movable separation film 5 having
continuously been displaced are displaced so that the

25 downstream portion 5B is displaced relatively greater

toward the discharge port than the upstream portion 5A,

whereby the first liquid in the first liquid flow path



enbodi ment of the liquid discharge apparatus according to the
present invention, wherein Fig. 43Ais a | ateral, cross-sectional
view.and Fig. 43Bis a 15 | ongi t udi nal ,ocross-sectional view,

Figs. #44A and 44B are cross-sectional views al ong the flow path
direction to show the twenty second enbodi nent of the liquid

di scharge apparatus accordi ng to the present invention, wherein Fig.
44A is a 20 | ateral, cross-sectional view and Fig. 44B is a

| ongi tudi nal , c3o08s-mEeéd oditedtBy,toward the disbhg®gedpdrt4bB(Fi#5C, 45D
and 45E are draw ngs for expl aining a process for producing the
novabl e separation filmshown in Figs. 44A and 44B; 25

Figs. 46A and 46B are cross-sectional views al ong the flow path
direction to show t hBheé wdhsgharge eefficiencyniisdineneagedt fartheni by

di scharge apparatus accordi ng ) ] ) - 23 -
to the present theesteprvhe¥rinitheinpvabds sgparation fiimra|is

cross-sectional view and Fig. 46Bis a Ion%itudinal Cross-sectional
Vi ew, displaced toward the discharge port on the downstream

side so that the liquid is directly moved toward the
discharge port as described above. Further, movement
of the ligquid to upstream is decreased relativelYk
which is effective in refilling of liquid P
10 (replenishment from upstream) into the nozzle,
especially into the displacement area of the movable
separation film 5.
When the movable separation film 5 itself is also
displaced toward the discharge port so as to change
15 from Fig. 1D to Fig. 1E, as shown in Fig. 1D and Fig.
1E, the discharge efficiency and refilling efficiency
described above can be further increased and it causes
transport of the first liquid in the projection area of
the heat-generating member 2 in the first liquid flow
20 path 3 toward the discharge port, thus increasing the
discharge amount.
(Second embodied form)
Figs. 2A to 2E are cross-sectional views along the
flow path direction for explaining the second embodied
25 form (an example having the displacing step of the
present invention from the initial stage) of the liguid

discharge method according to the present invention.



Figs. 47A, 47B, 47C, 47D and 47E are draw ngs for 5 expl aining a

process for producing the novabl e separation filmshown in Figs. 46A
and 46B; Fi gs. 48A and 48B aresgyawi ngs to show a |ike form

of the novabl e separation filmshown in Figs. 46A and 46B and Fi gs.
47A, 47B, 47C, 47D and 47E, wherein Fig. 10 48A is a | ateral,
cross-sectional view and Fig. 48B is a |longitudinal, cross-sectional
vi ew and wherein the di scharge port is located on the left side in

t he drawi ng; The present fangs.al&@AhasdtheBbasicatidgssimitiannal vi ews
along 15 the flow path direction to show the twenty fourth

embodi nent of t$ﬁr¢¢tuﬁ%itﬂsﬁﬂﬁuﬁﬂ?Sﬁnﬁmb@@a§da§@§md|N@ereln ag oshown
present i nvention, wherein Fig. 49A is a ateral, cross-sectional
view and Fig. 49B Figg. 2A to g%‘-’ong"ﬁ%&%&lde el‘fo‘é%esét‘;??’én%ﬂrq%%vﬂo‘ﬁo

Fi gs. 50A and 50B are cross-sectional views alo ﬁﬁ , gg flow ath
direction to s 9?&?t%&ﬂﬂ%?qq?t9?mmunlcatéﬁBoHF nEPe 91 FRNATR

G50 9° 0PaT 3 Yo VL) T v RN ERCPRB Y EBLIRD AL IO

| ongi tudi nal , C%lé&t%&ﬁ&mﬁqu.uf% chamber 143 anglgﬁ égébn% %§:and 51D
are draw ngs for explaiming a process for pro ucing vam

flow path 14 having the bubble-generating region 17 is
filled with the bubble-generating liquid for generating
the bubble as receiving the thermal energy from the

10 heat-generating member 12. The movable separation film
15 for separating the first liquid flow path 13 from
the second liquid flow path 14 is provided between the
first liquid flow path 13 and the second liquid flow
path 14. The movable separation film 15 is fixed in

15 close contact with the orifice plate 19, so that the
liquids in the respective liquid flow paths are
prevented from mixing herein with each other.

In the initial state shown in Fig. 2A, the liquid

in the first liquid flow path 13 is retracted to near

20 the discharge port 11 by capillary attraction,
similarly as in Fig. 1A. In the present form, the
discharge port 11 is located on the downstream side of
the projection area of the heat-generating member 12
onto the first liguid flow path 13.

25 In this state, when the thermal energy appears in
the heat-generating member 12 (a heating resistor

member having the shape of 40 pm X 115 pym in the



- 24 - separation filmshow in Figs. 50A and 50B; and

Figs. 52A and 52B are cross-sectional views al ong the fl ow path
direction to show an application exanple- 31 - wherein the present

i nvention is applied to an 5 arrangenent of the discharge port

di sposed on the downstream si de of the bubbl e-generating region so
t hat the liquid is discharged in the direction perpendicul ar

to the flow direction of the liquid in the first liquid fl ow pat h,
wherein Fig. 52présentdfewmihg the dleav-geneFatingt membapohZnda- eaeedt i on of
bubble and Fig. 52B is a drawing to show a state upon generation of
bubbl e. qupictrl #1¢ RO R EREPERREDAEVBEDERERTE second The
enbodi rents of the present invention will be 15 = described, but, prior
thereto, the basi@uédntRpth@rbubble-geperafingered@aPBnly sSheAES ER®s of the

present invention, ) 11| be describe ith two e di eq forns.
Figs. 1A to 1E Fﬁ?Bﬁ%hlf—‘?‘Q%ﬁ: n 9Fe3é %g’ugpgﬁfnéglg' IEBIS)'fo"i.ﬁk“"t‘expl ai ni ng
embodinentg of (he 1ioud diagharae n?nis FELEOH;GEREELRES %d e present
bubble are those based on the film boiling phenomenon
as described in United States Patent No. 4,723,129 and

are generated together all over the surface of the

[
-

heat-generating member as carrying very high pressure.
10 The pressure generated at this time propagates in the

form of pressure wave in the second liquid in the

second liquid flow path 14 to act on the movable

separation film 15, thereby displacing the movable

separation film 15 and starting discharge of the first
15 liqguid in the first liquid flow path 13.

As the bubbles 16 generated over the entire
surface of the heat-generating member 12 grow quickly,
they become of a film shape (Fig. 2C). The expansion
of the bubble 16 by the very high pressure in the

20 initial stage of generation further displaces the
movable separation film 15, which promotes discharge of
the first liquid in the first liquid flow path 13
through the discharge port 11. At this time, as shown
in Fig. 2C, the movable separation film 15 is displaced

25 from the initial stage so that in the movable area,
displacement of the downstream portion 15B is

relatively greater than that of the upstream portion



di scharge port is disposed in the end area of the first liquid flow
path and wherein the displaceabl e area of t he novabl e separation
fil mcapabl e of being displaced accgpding to growm h of the bubble
generated is present 25 on the upstream side of the discharge port
(wWth respect to the flow direction of the discharge liquid

in the first liquid flow path). The second liquid flow

- 25- path contains the bubble-generating liquid or is filled
wi t h the bubbl a5sreneritiisng fifigiiethtlipr mbeeabthe fapsbl kigquid in dfhébei ng
refilled therewith and nore preferably, capabl e of noving the
bubbl e- gener at ifigrdt quigi)idarfd avh@ath513 tewsvddthe gl schaxge otk Hds a
generating region of bubbl e. In the present exanple,
thi s bubbl e- gerfiren ithe beginninggion is also |ocated in the upstream area

of the di scharge port with respect to the flow directiaon of 10

t he di scharge |i qui ol\fg'c%’?:r’qb@éﬂ ¥pdbe TUTERRR GG PY by, OFf Hhe bubblesdby a1 on
filmis |onger than the el ectrothernal ransducer for.m t he

bubbl e- gerrer at i v g C:ft‘ﬂ?’ﬁagl} £11n 13 %@a%kl‘% %F%"éﬁérﬁgé’uﬁ%d Yorti on,
not ill UStra'tecjpiromot:ed from the state of Fig. 2C, and thus the
displacement of the movable separation film 15 also

increases therewith (Fig. 2D). Especially, the

L3
-

downstream portion 15B of the movable area is displaced

10 greater toward the discharge port than the upstream
portion 15A and the central portion 15C, whereby the
first liquid in the first liquid flow path 13 is
directly accelerated to move toward the discharge port.
In addition, since displacement of the upstream portion

15 15A is not much during the whole process, movement of
the liquid to upstream is decreased.

Therefore, the discharge efficiency, especially
the discharge rate, can be increased and it is
advantageous in refilling of liquid to nozzle and in

20 stabilization of the volume of droplet of discharge
liquid.

After that, with further growth of the bubble 16,
the downstream portion 15B and central portion 15C of
the movable separation film 15 are further displaced to

25 extend toward the discharge port, thereby achieving the
above-stated effect, i.e., the increase in the

discharge efficiency and discharge rate (Fig. 2E).



bet ween the upstream edge of the electrothermal 15 transducer with
respect to the above flow direction and a common |iquid chanber of
the first liquid flow path, preferabhy,. at the upstream edge.
Accordi ngly, the substantially novabl e range of the separation film
S ) understood fromFigs. 1A to 1E through Figs. 3Ato 3C. 20

The states of the novable separation filmin these figures are

el enents representing all obtained fromthe el asticity and the

t hi ckness of t IEspenviadilley seipartitd @hape of thel movebitéef separahiemefilm

addi tional structure. (First enbodied form . 25 Figs. 1A to
1E are cross-serd iiomathis eveseal digpliacement and| eteashori t_cthen for

expl aining the first enbodi ed forn1gan exanpl e having the displacing
step of the width direction of the liquid flow pathoglso increases prgsent

invention fromm dway of the discharge step) of the |iquid discharge
met hod accordir@PtQﬂ&%ﬁ%Qﬂeiﬂyﬁhat shown; Rye khpofross-sectional shapg,

t st et |
present form ac_ shown 10 8% sk hE actidn arbleckiSh dnle s 1S

move the first liquid in the first liquid flow path 13
toward the discharge port, which synergistically

increases the discharge efficiency. Particularly, the

2
-

displacement shape of the movable separation film 15 at
10 this time will be referred to as a nose shape, because
it is similar to the shape of human nose. This nose
shape includes the "S" shape, as shown .in Fig. 2E,
wherein point B, which was located upstream in the
initial state, is located downstream of point A, Which
15 was located downstream in the initial state, and the
shape, as shown in Fig. 1lE, wherein these points A, B
are located at equivalent positions.
(Form of displacement of the movable separation film)
Figs. 3A to 3C are cross-sectional views along the
20 flow path direction for explaining steps of
displacement of the movable separation film in the
ligquid discharge method of the present invention.
In the present form, especially, since description
is given as focusing attention on the movable range and
25 the change of displacement of the movable separation
film, the bubble, the first liguid flow path, and the

discharge port are not illustrated but the basic



comuni cation with the discharge port 1 is filled with a first
liquid supplied fromfirst common |iquid chanber 143 and the second
liquid fl ow path 4 having t he bubquﬂgqnerating region 7 is filled
with the 10 bubbl e-generating liquid for generating the bubble as.
receiving the thermal energy fromthe heat-generating menber 2. The
novabl e separation film5 for separating the first liquid flow path
3 fromthe second liquid flow path 4 is provided between the first

liquid flow 15strpatéire amdeititeseriqid iiguistichl ewapathe4bubbhe-novabl e
separation film5 is fixed in close contact with orifice plate 9, so
that the |iqui dgeneratieng esepeidn VA7 is nead ithel ¢prbjewtpehharaacoprehent ed
fromm xing herein with each other. 20 When di spl aced by

t he bubbl e genehagtdgémet#ibing membeyulss d-rgdiper secagdr égaonrd7fioke novabl e
separation film S normally has no directivity or rather, the

di spl acenent thEBbbf2é0@@@|h®%tpmv%é%%RPQQ)hﬂq@léoﬁﬁﬁw path 24I¢Q@|ﬁh%hanber
wi t h higher freedom of displacenent. In the present invention,
noting thi 8 notf&RSBfliqui f%QﬂaRﬂiﬂﬂﬂ3ea§@péﬂ&?¥§nsppﬁﬁﬁﬁt1§héYanabIe

separati on itself i.s provided th means for requl ating the
P separateg from each other by the movable separation g

film 25, specifically, throughout the period of from
the beginning to the end of displacement. With respect
to the border at the downstream edge (denoted by line H
10 in the drawing) of the heat-generating member 22, the
discharge port is provided on the downstream side while
the supply portion of the first liquid is on the
upstream side. In this form and after, "upstream" and
"downstream” are defined based on the central portion
15 of the movable range of the movable separation film
with respect to the flow direction of the liquid in the
flow path.
The example shown in Fig. 3A has from the
beginning the step wherein the movable separation film
20 25 is displaced in the order of (1), (2) and (3) in the
drawing from the initial state whereby the downstream
side is displaced more than the upstream side.
Especially, it enhances the discharge efficiency and
has such action that the downstream displacement causes
25 such movement as to push the first liquid in the first
liquid flow path 23 toward the discharge port, thus

increasing the discharge rate. 1In Fig. 3A the above



- 27 - direction of displacenent, acting thereon directly or

I ndirectly, whereby the displacenent (novenent, expansi on, or
extension, or the like) of the novable - 35 - separation film5 caused by
t he bubble is directed 5 toward the di scharge port. In
the initial state showm in Fig. 1A the liquid i nside the first
liquid flow path 3 is retracted to near the discharge port 1 by
capillary attraction. In the present form the discharge port 1 is
| ocated 10 Rwaske azangd ishesubstpadtirdAyacensténthe heat -

generating nmenber 2 onto the first liquid flow path 3 W th respect
to the flow directidi dihe Rxampde §PrHnt kB Fig. 3By m%@mwa&akqﬁ 3.

In this state, when the ther.nmal. _ener ears.in th
heat - generatlngﬁ?ﬁﬂﬁﬁﬁlQP(ﬁ%lﬁbgﬁlﬁé 85§Pig8FdnéﬂbB?e order 9§uﬂ%ﬂg t he shape

f . he heat t

erber 51 heatEh AR Ry 15 e Shyeg, cobradler &ﬁﬁ%&% i 'hzgd
d | d t

Taud 20 el STiEatien 3% Tab00s 158 Hhdhdf gl R0

oy this heat | ngyQeielald Yot DURPLR18! EobROffe AE&h side of tk%f' Im

boi l'i ng phenonenon a ribed
above movable range is fixed. In this example, since

the downstream side is displaced more than the upstream
side and since the growth of bubble itself is dirécted

10 toward the discharge port, the discharge efficiency can
be enhanced furthermore.

In the example shown in Fig. 3C, displacement of
the movable separation film 25 is such that the
upstream side and the downstream side are displaced

15 equally or the upstream side is displaced a little
larger from the initial state (1) to the state
indicated by (2) in the drawing, but with further
growth of the bubble as shown from (3) to (4) in the
drawing, the downstream side is displaced more than the

20 upstream side. This can also move the first liquid in
the upstream part of the movable range toward the
discharge port, whereby the discharge efficiency can be
increased and the discharge amount can also be
increased.

25 Further, in the step indicated by in Fig. 3C,
since a certain point U on the movable separation film

25 is displaced toward the discharge port farther than



States Patent No. 4,723,129 and are generated together all over the
surface of the heat-generating nenber as 25 carrying very high
pressure. The pressure generated at _ 3gthis tine propagates in the
formof pressure wave in the second liquid in the second liquid flow
path 4 to - 28 - act on

t he novabl e separation film5, thereby di spl aci ng the novabl e
separation filmb5 and starting di scharge of the first liquid in the
first liquid flggint D, wipbdl was ldvated dowAstirbembthbresf6igetieat ed over
the entire surface of the heat-generating nmenber 2 grow quickly,

t hey becometDdl astaten strapaidehgrgeCeffikéengpansi bmpodvede

bubble 6 by the very high pressure in the initial stage of
generation furtfiertbespbee dsy tthe nofilsteds ppatiphoprojecting|ten Bhe which
pronotes discharge of the first liquidin the first liquid flow path
3 through the ditetaapgepepxt. This phape will be cpllefeFbgrE® of the
bubbl e 6 thereafter ' i ncreases the di splacenent of the novabl e
separation® 15 shape|assdesgribedhabovigy to the state shown in Fig. 1D,

The present invention includes the liquid
discharge methods having the steps as described above,
but it is noted that the examples shown in Figs. ?A to
3C are not always independent of each other and éﬁat

10 the present invention also includes steps having
components of the respective examples. The step having
the nose shape can be introduced not only to the
example shown in Fig. 3C, but also to the examples
shown in Figs. 3A and 3B. The movable separation film

15 used in Figs. 3A to 3C may be preliminarily provided
with a slack portion, irrespective of whether it has
capability of expansion and contraction. It is also
noted that the thickness of the movable separation film
in the drawing does not have specific, dimensional

20 meaning.

Embodiments

The embodiments of the present invention will be
described with reference to the drawings.

The "direction regulating means" in the present

25 specification is directed to at least either one of
means based on the structure or feature of the movable

separation film itself, the action or arrangement



t he novabl e separation film5 continues extending so t hat

di spl acenent of upstream portion 5A becones nearly equal to

di spl.acenent of downstream portion 5B with 37 - respect to central

portioh 5C of the area of the 20 novabl e separation filmfacing the

heat - gener ati ng menber 2. After that, with further
grow h of the bubble 6, the bubble 6 and the novable separation film
5 havi ng continuously been di splaced are displaced so that the 25

downst r eam por t FehasBonsofi She deebbletganerating agems to the mewabdet he
di scharge port than the upstream portion 5A whereby the first
liquid in the fpgggrpphgpdf*}@m,Egﬁrflow resistance relation around

- 29 -
1E) .

the step wherein_the n?xgble separati.on
t he di scharge pdP#+HRC Fo o

3 is npved directly toward the discharge port 1 (Fig.
th?hB“HP%Eh%?@%’%ﬁ%W%F%%Ef”bs% mﬁﬂ€§§e&l%GPEH¥r°By
aced_ toward

fil 5 i 5 . di |
e movable separdfion, E3Tn, (ahd s

directly ngved In%%ﬁ@ég tR€ans) for ASHNAERP AispIBLRRAL BEePOYEion

novenen

Furt her,

10

15

20

25

of the movable separation film, and includes all for
achieving the "displacement" defined by the present
application. Accordingly, the present invention
includes embodiments having a plurality of (two 6&
more) the above direction regulating means, of course.
Although the embodiments described below will not show
an arbitrary combination of plural direction regulating
means clearly, it is noted that the present invention
is by no means intended to be limited to the following
embodiments.

(Embodiment 1)

Figs. 4A to 4C are cross-sectional views along the
flow path direction to show the first embodiment of the
liquid discharge method and the liquid discharge
apparatus according to the present invention, wherein
Fig. 4A is a drawing to show the state upon non-
generation of bubble, Fig. 4B is a drawing to show the
state upon generation of bubble (upon discharge), and
Fig. 4C is a drawing to show the state upon collapse of
bubble.

In the present embodiment, as shown in Fig. 4A,

the second liquid flow path 104 for bubble-generating



of the liquid to upstreamis decreased relatively, which is
effective inrefilling of liquid 10 (repl eni shnent from upstream
especially into the dispBacenent area of the novable

t he nozzl e,

separation filmb5

into

When the novabl e separation filmb5 itself is

al so di spl aced toward the discharge port so as to change 15 from
Fig. 1IDto Fig. 1E, as shown in Fig. 1D and Fig. 1E, the discharge
efficiency and refilling efficiency descri bed above can be further
increased and iligaidess provided mmssubstaptendlPi psevidedi with hert-

proj ection area of the heat-generating nmenber 2 in the flrst I|qU|d
flow 20 patgernaviagl mewbef dOFarge hpaitingt RESiFReF BITRRT tHR th

di schar ge anount S d enbodi,ed fo
are cr ogs sectjln%‘h%ﬂ’e \R%\ﬁso( d%e“lc)oﬁg ]tore{’epg‘ in thFI g%?ﬁﬁ%?ﬁ %‘f‘?‘é@%‘f‘%’?ﬁgfo‘f'o

expl ai ni ng the second enbo

m (an

2A to 2E

di spl aci ng st epdbfingethe é%er“ﬁpefgﬁfgyh5gﬁtPSﬂef?gg??he |n|?#a# s?age) of

t he I|qU|d
- 30 -
10
15
20
25

the d]'.lquiaé,g anrgettrt]loed f}r%%r.dL EglﬁofiQS Bé@ﬁei‘és | gyenti on.

discharge liquid in direct communication with the
discharge port 101 is provided above it. The movable
separation film 105 made of a thin film with elasficity
is provided between the first liquid flow path 165 and
the second liquid flow path 104, so that the movable
separation film 105 separates the discharge liquid in
the first liguid flow path 103 from the bubble-
generating liquid in the second liquid flow path 104.
The movable separation film 105 is disposed as opposed
to the heat-generating member 102 and faces at least a
part of the bubble-generating region 107 in which the
bubble is generated by heat in the heat-generating
member 102. Further provided on the first liquid flow
path 103 side of the movable separation film 105 is
movable member 131 as the direction regulating means
adjacent to the movable separation film 105, and the
movable member 131 has free end 13la above the bubble-
generating region 107 and fulcrum 131b on the upstream
side of the free end 13la.

The free end 13la of the movable member 131 does
not always have to be located in the portion facing the

bubble-generating region 107, but it may be one



The present formalso has the basically simlar structure to the
first enbodied form wherein, as shown in Figs. 2A to 2E, the inside
of the first liquid flow path 13 i-n3@i rect comuni cation with the

di schar ge port 5 11 is filled with the first liquid supplied fromthe
first common |iquid chanber 143 and the second liquid flow path 14
havi ng the bubbl e-generating region 17 is filled wth the

bubbl e-generating liquid for generating t he bubbl e as receiving the
t hermal energy providéed dawnstresm afefadsrivig lddhbend 1arrangrRd kR abl e
separation film 15 for separating the first liquid flow path 13 from
the second |iquindide wxieRion i theomoyadleccrparather £ilm 103 st |iquid

flow path 13 and the_second liquid flow gath 14 I%glnnv bl e
separation fil nta®ard ¥heedisghargse Poftod@lcont'9Ee RFEFETARIYr i T &5 pl at e

19, so that the | iquids . n the spective Ligupd fl pat hs, are
prevent ed from APRPFREA NEMETYERITHE &?é’ﬁli) 5??aratl°g Eilm ﬁ‘]\‘(.’ the Thiti al

s ot ractBd {olHEEF o RATC o bept-gensBetily hEhet fHAT QAR 7 T
s ocat e on ¢ Fa® BuifEhaieher Y B R obabTe LOBeration HLEF IR, T
Jection area of the
heat - gener ati ng,0eghel - J1 eq erridiendiiNe bhrsichigpiy, fipwmath 13.
movable member 131 is arranged so that the free eFd
131a thereof is located at the position opposite %o the
10 movable separation film 105 on the downstream side of 1,
the center of the area of the heat-generating member
102 or the bubble-generating region 107, the movable
member 131 can make expanding components perpendicular
to the heat-generating member 102 concentrated toward
15 the discharge port 101, thus greatly improving the
discharge efficiency. In the case wherein the free end
13la is provided on the downstream side of the bubble-
generating region 107, the discharge efficiency is
improved, because the free end 13la is displaced more
20 greatly so as to displace the movable separation film
105 more toward the discharge port 101.

Now, when heat is generated in the heat-generating
member 102, the bubble 106 is generated in the bubble-
generating region 107 on the heat-generating member

25 102, whereby the movable separation film 105 is
displaced into the first liquid flow path 103. Here,

the displacement of the movable separating film 105 is



25 In this state, when the thermal energy appears in t he

heat - generati ng nmenber 12 (a heating resistor menber having the shape
of 40 pmx 115 pmin the _ _ - 31 -
present fornm), the heat-generating nenber ff i s heated qui ckly and
the surface in contact wwth the second liquid in the
bubbl e- generating region 17 heats the second liquid to generate

bubbles (Fig. 2B). The 5 bubbl es 16 generated by this heating
generation of regulabedbbe BHe ndiesa damatbedn 181 f BlificBothéngopdien@nenon

as described in United States Patent No. 4,723,129 and are generated
t oget her all oveembde B30 fiscepxdviided with theedtregepadalBhy apoverths
carrying very high pressure. 10 The pressure generated at this tine
propagates i n thebble-gendating mmEssurl®wand ithet lfielsevond3lbquid in the
second liquid flow path 14 to act on the novable separation film 15,
t her eby di spl acupgtréam nehemsat, the moyabdeaseparhtianl1tidfdl8patsi ng

di scharge of the first 15 liquid in the first liquid flow path 13.

As the bubbl es désptaeedtRere ¥t thee dawistgeam sidesghpncenofhehe

heat - generati ng nenber 12 grow qui ckly,
g gupstream sié% (ng. 4B9( Namely, the desired

deformation and displacement can be attained on a

stable basis by the direction regulating means fo;

regulating the direction of displacemeﬁt of the m;vable
10 separation film.

In this way, with growth of bubble 106 the
downstream portion of the movable separation film 105
is displaced greater, whereby the growth of bubble 106
is transmitted mainly toward the discharge port 101, so

15 that the discharge liquid in the first liquid flow path
103 is discharged efficiently from the discharge port
101.

After that, the bubble 106 contracts to return the

movable separation film 105 to the position before
20 displacement.

In this case, the movable separation film 105 is
shifted to the second liquid flow path 104 from the
position before displacement by the pressure caused by
the disappearance of bubbles. However, in this

25 embodiment, the displacement of the movable separation
film 105 to the second liquid flow path is restricted

since the movable separation film 105 is integrally



t hey beconme of a filmshape (Fig. 2C). The expansion

of the bubbl e

16 by the very high pressure in the 20 initial stage of generation
further displaces the novabl e separdttien film 15, which pronotes
di schar ge of the first liquid in the first liquid flow path 13

t hrough the discharge port 11. At this tine, as shown

in Fig. 2C

the novabl e separation film15 is displaced 25 fromthe initial stage
so that in the novable area, di spl acenent of the downstream portion
15B i s rptenided yoryridw aoviabde meabest 18he(Fbdt r&am portion

- 32 - 15A. This efficiently noves the fi[;é é%qag

first liquid flow pdherefarswartpe RECFSEERaPyetPBr 1

begi nni ng. After that, with _further gro h
o "B

5 the displ JeeMReE LIl tig hifs tedy tthEeGFERER

0
I

h

th
ts

din the

© B3R t%he

e bubbl e 16,

pronoted fromthe state of Fiq. 2C .and_thus . | cenent of the
movabl e separ aﬁ%’ﬁ@%%ﬁﬁ§§|‘§‘§ mehl%clulsnggegéggr%ﬁte?%vfrg% 5 }il g. 2D).
EspeC|aIIy5 thefefillinék%¥gﬂég%¥g%ngE'QHp}égeﬁt the novable area is

di spl aced

The movable member 131 restricts movement of the

liquid to upstream, thereby achieving the effects

including an improvement in the refilling

¢

characteristics, decrease of crosstalk, and so on.

10 As described above, the structure of the present

embodiment can discharge the discharge liquid, using

the different liquids as the diécharge liquid and as

the bubble-generating liquid. Therefore, the present

embodiment can well discharge even high-viscosity

15 liquid such as polyethylene glycol, which was

insufficient to generate the bubble with application of

heat and which thus had insufficient discharge force

heretofore, by supplying this liquid to the first

20

25

liquid flow path 103 and supplying another liquid with
good bubble-generating property (for example, a mixture
of ethanol : water = 4 : 6 having the viscosity of
about 1 to 2 cP) as the bubble-generating liquid to the
second liquid flow path 104.

By selecting the bubble-generating liquid from
those that form no deposits of scorching or the like on

the surface of the heat-generating member with



10 greater toward the discharge port than the upstream portion
15A and the central portion 15C, whereby the first liquid in the
first liquid flow path 13 is directlgp accel erated to nove toward the
di scharge port. I n addi tion, since displacenment of the upstream
portion 15 15A is not nuch during the whol e process, novenent of

the liquid to upstreamis decreased. Therefore, the discharge
ef ficiency, especially the di scharge rate, can be increased and it
is advampiiebeation ref ihddthg hybblieqgenerationztanahd in 20
stabilization of the volume of droplet of discharge l'i qui d.

After that, witFt3Ritired Ariugrest disehsags eanebe carriedheutownst r eam

portion 15B and centraIH[l)ortion 15C. of t he novabl e separation film

(3 e - .
15 are further displEethel since the stFuctiapdofnthgi diadtde port,

t her eby achi evi t he above-stated effect, i.e., the ,increase in the
di scharge effi c@’g‘er’f&@a]&‘?ﬁd WRARIMFe ar"&f’é‘%&iipgfcozg‘? present invention

21 e Poas A P et A 0008 B IECITON EnseRE" BBl (11
stated embodiment, the liquid such as the high-
viscosity liquid can be discharged at further higher
discharge efficiency and under further higher ejection
force. ’

10 In the case of the liquid weak against heat being
used, if this liquid is supplied as the discharge
liquid to the first liquid flow path 103 and another
liquid resistant against thermal deterioration and easy
to generate the bubble is supplied to the second liquid

15 flow path 104, the thermally weak liquid can be
discharged at high discharge efficiency and under high
discharge force as described above without thermally
damaging the liquid weak against heat.

Next explained is the configuration of the element

20 substrate 110 in which the heat-generating member 102
for supplying heat to the liquid is mounted.

Figs. 5A and 5B show longitudinal, cross-sectional
views each to show a structural example of the liquid
discharge apparatus according to the present invention,

25 wherein Fig. 5A shows the device with a protection film

as detailed hereinafter and Fig. 5B the device without

the protection film.



width direction of the liquid flow path al so increases I n addition
to that shown by the cross-sectional shape, 5 so that an increase of
the action area takes place to noved4Bhe first liquid in the first
liquid flow path 13 toward the discharge port, which synergistically
I ncreases the discharge efficiency. Particularly, the di spl acenent
shape of the novable separation film1l5 at 10 this time wll be
referred to as a nose shape, because it is simlar to the shape of
human nose. This noséove the sigpentnsubgssathel i@ tReER AT PLERGALY n Fig.
2E, wherein point B, which was | ocated upstreamin the ,
ijni tial state, the |sreansd ldanmist faew 8RtholAE, AThGHIRYRPLS SeRRTAT MYt ed
ownstreamin the initial state, and the shape, sho in Fig. 1E
wherein these pbi¥msiof 4 be a Paé’rtétPGBa?’@EllatﬂéﬁJF‘?/‘é?tgi? “ﬂ)edig]% ons. °
(Form of displacenent of the novahle Figs. 3A

eparatj o Il
to I3C are crossl%bctﬁ%élqﬁ%\k&qé’llgnéipﬁepa%b TO%H%?XV\? At WRIEEtion for
expl ai ni ng_st eps qf di.spl acenent _of. _th I e Q. fidd min
tﬂe 5] } qURIRA% At d’é?‘vrﬁg{%h(?d 959°%’ﬁef8;r‘e§‘e’g¥¥‘?§v§?§i€%§ ypdid I'n
the present for es I aldy, .Si esar LpLLon S given as focusin
attention on thg%\fgagﬁ%ealrd%gg%a%g’%w 5§ﬁ k? %'c %n%%do?éhi gpl acenent o1l‘J ![hg
movabl e separation gno e1dudd® sbechHRB! €10t hesfbattetndtuivifdmy path, and

t he

electrodes 110c 0.2-1.0 um thick of aluminum (Al) or
the like and patterned electric resistance layer 110d

10 0.01-0.2 ym thick of hafnium boride (HfB,), tantalum
nitride (TaN), tantalum aluminum (TaAl) or the like
constituting the heat-generating member on silicon
oxide film or silicon nitride film 110e for electric
insulation and thermal accumulation formed on base 110f

15 of silicon or the like. The resistance layer 110d
generates heat when a voltage is applied to the
resistance layer 1104 through the two wiring electrodes
110c so as to let an electric current flow in the
resistance layer 110d. A protection layer 110b of

20 silicon dioxide, silicon nitride, or the like 0.1-0.2
pm thick is provided on the resistance layer 1104
between the wiring electrodes 110c, and in addition, an
anti-cavitation layer 110a of tantalum or the like 0.1l-
0.6 pm thick is formed thereon to protect the

25 resistance layer 110d from various liquids such as ink.

Particularly, the pressure and shock wave

generated upon bubble generation and collapse is so



di scharge port are not illustrated but the basic
- 34 - structure in either figure is such that the bubble-

generating region 27 is near the projecti-ordarea of the

heat - generating nenber 22 in the second liquid flow path 24 and t hat
the second liquid flow path 24 and the 5 first liquid flow path 23 are
al ways substantially separated from each other by the novabl e
separation film25, specifically, throughout the period of from

the begi nning t¥nIng el tofthe shirabdddry. ol therexpdetfilm hard cande bor der
at the downstream edge (denot ed by line H 10 in the drawi ng) of the
heat - gener at i ngFheierelsy, Itargéle is coppidpnphty peeteriommtrdded on the
downst r eam si de_whi | pl ortion of the first liquid is on
the opstt TR, 3 Meis MAGBR ALGSHFRRS s

"downst r eant |ned base on the entr ort. t he novabl e
range of the 'éﬁﬁﬁé' 8 Ppfie erlafmfgﬂ F%%pﬁﬂﬁlT?PY*ﬁ?qﬁQRN

direction of t n the fl ow pat h. The exanpl e
shown in FIQ %’L lg)o":"rhthe begi nning the step wherein the novabl e

separation f|In1 The protection layer stated above may be omitted
depending upon the combination of liquid, liquid flow
path structure, and resistance material, an example of
which is shown in Fig. 5B. ]

10 The maferial for the resistance layer not
requiring the protection layer may be, for example, an
iridium-tantalum-aluminum (Ir-Ta-Al) alloy or the like.
Particularly, since the present invention uses the
liquid for generation of bubble separated from the

15 discharge liquid and being suitable for generation of
bubble, it is advantageous in the case without the
protection layer as described.

Thus, the structure of the heat-generating member
102 in the foregoing embodiment may be that including

20 only the resistance layer 1104 (heat-generating
portion) between the wiring electrodes 110c, or may be
that including the protection layer for protecting the
resistance layer 110d.

In this embodiment, the heat-generating member 102

25 has a heat generation portion having the resistance
layer which generates heat in response to the electric

signal. Without having to be limited to this, any



20 25 is displaced in the order of (1), (2) and (3)

in the

drawing fromthe initial state whereby the downstream side is

di spl aced nore than the upstream side. - 45 Especially, it enhances the
di scharge efficiency and has such action that the downstream

di spl acenent causes 25 such novenent as to push the first liquid in the
first liquid flow path 23 toward t he di scharge port, thus

increasing the discharge rate. In Fi 3A t he above

- 35 - meapgyvuBlé FuhfEces *sigj

t he exanple shown in Fig. 3B, as the novable

di spl aced in th8ischarosf the)discharge kiguigd,q imythe,
novabl e range of the

bist FReAHaS) Wendubkle enough to |

BBB 8o ng, the

5 bl ' film 25
toward the ge“eﬁﬁ§éﬁ§rb§gg%$t.eﬁé?fggéﬁéighnéﬂﬁg%ﬁﬁ§ggv
above movabl e 1 angeLs fh¥Chs 1N LU Se AT & cHloibRnernar rrhiSadoupstr eam

side is displac88 € upstream

BRFerd

expands
8%0f the

e growth

of bubbl e Kt sel [ 8ndhifctefes Heat HRHRLINR NG5 GHBHICSABR! ast N

di scharge éfficirency nce urt

laser, or a heat-generating element having the heat

generation portion which generates heat upon receiving

high frequency wave.

L3

Function elements such as a transistor, a diode, a

10 latch, a shift register, and so on for selectively

driving the electrothermal transducer may also be

integrally built in the aforementioned element

substrate 110 by the semiconductor fabrication process,

in addition to the electrothermal transducer comprised

15 of the resistance layer 1104 constituting the heat-

generating portion and the wiring electrodes 110c for

supplying the electric signal to the resistance layer

110c.

In order to drive the heat generation portion of

20 the electrothermal transducer on the above-described

element substrate 110 so as to discharge the liquid, a

rectangular pulse is applied through the wiring

electrodes 110c to the resistance layer 110d to quickly

heat the resistance layer 110d between the wiriﬁg

25 electrodes 110c. Fig. 6 is a diagram to show the

waveform of the voltage applied to the resistance layer

1104 shown in Figs. 5A and 5B.



In the exanple shown in Fig. 3C, displacenent of t he novabl e
separation film25 is such that the upstream si de and t he downstream
side are displaced 15 equal ly or the.upsgteam side is displaced a
little | arger fromthe initial state (1) to the state

i ndicated by (2) in the draw ng, but with further growm h of the
bubbl e as shown from (3) to (4) in the drawi ng, the downstream side

i s displaced nore than the 20 upstream side. This can al so nove the
first liquidin With hehelpsiqusaindischagiet BppAvaibseofabbe toward t he

di scharge port, whereby the discharge efficiency can be I ncreased
and t he di scharferegping ewhrdirantpe the electgiregigpal was appliedpyrther,

in the step indicated by in Fig. 3C since_a certain point U on
the novabl e sepi®ath®nh¢grgenera lQESWQ$b&FSHPQ@édtPSMEPaéfﬁéoﬁ?écharge

port farther than

poi nt D, which Eﬁ$ YQ%%E%% %&ﬁhsﬂ?@hﬁqﬁﬁgrggptpn7tngc' ihQG?%?fFE&cstate,
pe U seha0e. ShESbSEcyad ol IR B prpuabhl BOHIE' SRINEIE, 1ELLSY, o
the nose whereby the ink as the liquid was discharged through

the discharge port, based on the operation described

above. However, the conditions of the driving si?nal-

in the present invention are not limited to the ébove,

10 but any driving signal may be used if it can properly
generate the bubble in the bubble-generating liquid.

Next described is a structural example of the
liquid discharge apparatus which has two common liquid
chambers, while decreasing the number of components,

15 which can introduce the different liquids to the
respective common liquid chambers while well separating
from each other, and which can decrease the cost.

Although Figs. 5A and 5B and Fig. 6 were described
in the form of Embodiment 1, the structure of the

20 substrate can also be applied to the present invention
including the following embodiments and other forms.

Fig. 7 is a schematic diagram to show a structural
example of the liquid discharge apparatus according to
the present invention, wherein the same constituents as

25 those in the example shown in Figs. 4A to 4C and Figs.
5A and 5B are denoted by the same reference numbers,

and the detailed description thereof is thus omitted



5 shape as descri bed above. The present invention includes
the liquid di scharge nethods having the steps as described above,

but it is noted that the exanples shown imm4Figs. 3Ato 3C are not

al ways' i ndependent of each other and that 10 the present invention also

I ncl udes steps having conponents of the respective exanples. The
step havi ng t he nose shape can be introduced not only to the

exanpl e shown in Fig. 3C but also to the exanples shown in Figs. 3A
and 3B. The nnv%%?%l%eparatlon f|In1 15 used in Figs. 3Ato 3C nay be
prelimnarily provided a sl ack portion, |rresEective of whet her

it has capablT??yg¥ﬁ°¥ﬁ&xﬂﬁ99ﬁ¥'éﬁ& dBntthgctiBRI) §1pEhares

ted that the thick f th bl t .in.th
dravi ng does ﬁo?pﬂa%a%eti%e%mrﬁ it %ﬁ%f’%%%sh%@lﬁaéﬂirngompnsed of

Enbodi Ment's oy gy00 Tl ?h%’ﬁ*r LD AchliggR" 58EL LBYeTiion Wil be

descri bed mnth €T en

regul at i ngs nea@u#&fw 8 S5&veTorniABCR! DGkl 0By i 5 difct ed to at

| east either o ase on t structute or feature of the
novabl e fﬁﬁﬁﬁé“ffﬁhf§AﬁHétfﬁ§,fanbh§ §€&é9§e@rp@f€ﬁﬁﬁeﬂﬁﬂﬂlng

first common liquid chamber 143, communicating in

common with the plurality of first liquid flow paths .

103, for supplying the liquid (the discharge liqdid) to
10 the first liquid flow path 103.

The plurality of first liquid flow paths 103 are
formed by joining the movable separation f£ilm 105, at
least a part of which is bonded to the movable member
131, to the lower part of the grooved member 132. The

15 grooved member 132 is provided with first liquid supply
path 133 running from the top thereof into the first
common liquid chamber 143 and is also provided with
second liquid supply path 134 running from the top
thereof through the movable member 131 and movable

20 separation film 105 into the second common liquid
chamber 144.

The first liquid (the discharge liquid)_is
supplied through the first liquid supply path 133 and
the first common ligquid chamber 143 to the first liquid

25 flow paths 103, as indicated by arrow C in Fig. 7,
while the second liquid (the bubble-generating liquid)

is supplied through the second liquid supply path 134



- 37 - rel ati on of the bubbl e-generating neans to the novabl e
separation film the flow resistance relation around t he
bubbl e- generating regi on, a nmenber directd ¥8oF indirectly acting on
t he novabl e separation film and a 5 menber (means) for regul ating
~di spl acenent or extension of the novable separation film and

I ncl udes all for achi eving the "displacenent” defined by the present
application. Accordingly, the present invention i ncl udes enbodi nent s
havi ng a pl ur aland Bie (3ewPnst common dgiaatic wbapbeveldftr 8t tBA Fegemdti ng
means, of course. Al t hqugh t he enbodinentﬁ descri bed_bel ow wi Il not

r

show an BB SAPve RaihsdiMh &5 prdigrter, BE: RoRoY eQuiRt iy

means clearly, it is noted that the present invention i's by no neans
intended to be Tinmted to the following 15 enbodi nent s.

ends e fol | owi dirents.
the o " Vo pat TR AEITS ipoaeriv. 2F; PEFARRRAGRRL RS, el 7 O

t he fl ow path Gh 1S di of 't

| i quid di sgharg g&]@oﬂ sa]tg;% 19Wa4ndi18Gh3 6081 spf8sed RRPEEAL HFeRCCOr di NQ

to the pregent %%ven ioﬁﬁﬁ' er F%qu éig. 4A}|§ a %ramﬁ%% to show t he

state upon NON-t5 the first liquid supply path 133, but the present
invention is not limited to this. For example, any

arrangement may be applied as long as the second liquid

<
-

supply path 134 is formed through the movable
10 separation film 105 disposed outside the first common
liquid chamber 143 and in communication with the second
common liquid chamber 144,
The thickness (the diameter) of the second liquid
supply path 134 is determined in consideration of the
15 supply amount of the second liquid and the shape of the
second liquid supply path 134 does not always have to
be circular, but may be rectangular.
The second common liquid chamber 144 can be formed
by partitioning the grooved mémber 132 by the movable
20 separation film 105. As a method of the formation, the
second common liquid chamber 144 and the second liquid
flow paths 104 may be formed by making the frame of
common liquid chamber and the walls of the second
liquid paths of a dry film on the substrate 110 and
25 bonding the substrate 110 to a combined body of the
movable separation film 105 with the grooved member 132

to which the movable separation film 105 is fixed.



generation of bubble, Fig. 4Bis a drawing to show the state upon

generation of bubble (upon discharge), and Fig. 4Cis a drawing to
show.t he state upon coll apse of 25 bubBPe - In the present
enbodi nment, as shown in Fig. 4A the second liquid flow path 104 for
bubbl e- generati ng - 38 -

liquid is provided on substrate 110 provided w th heat - generati ng

menber 102 (a heating resistor nenb t he e of n1x 105 pm
in the present embo Ienty J‘fs()r"m exP d&E\n RSrFHQCFﬁ‘é‘Fn’éfe‘%nB‘?g%’

t t he bubbl e t ' he first d fl th
205 for 0 SFSHRGH ITTRIRTS Pl ol BB SORTERE (FRRE T °_W P
di scharge port 101 |é#$) 4(¥§% @gé%n%tlngggtggxable separation film

105 nade of a tATA°Y I'S provided between the
fLrstrauid tlow pahf g enkoepboh@ﬁeﬁecoeﬂe'é%&é'%&ﬁéé&ém S0

that the novabl e aration I'm 105 Separates the di arge liquid

in &he fifét fd&ﬁﬂéh1uf¥ﬂ Babﬁu¥g§1E§08ftQEeé%*g%ﬁérmal generating
liquid in the second l1quid fl ow path 104.

transducers as the heat-generating member 102 for

generating heat for generating the bubble by film

boiling in the bubble-generating liquid as described

above is disposed on support body 136 made of met;l
10 such as aluminum.

Provided above the element substrate 110 are a
plurality of grooves for forming the second liquid flow
paths 104 as made of dry film DF, a recessed portion
forming the second common liquid chamber (common

15 bubble-generating liquid chamber) 144, communicating
with the plurality of second liquid flow paths 104, for
supplying the bubble-generating liquid to each of the
second liquid flow paths 104, and the movable
separation film 105 to which the movable members 131

20 described above are bonded.

The grooved member 132 has grooves for forming the
first liquid flow paths (discharge liquid flow paths)
103 when bonded with the movable separation film 105, a
recessed portion for forming the first common liquid

25 chamber (common discharge liquid chamber) 143,
communicating with the discharge liquid flow paths, for

supplying the discharge liquid to each of the first



The novabl e separation film 105 is di sposed as opposed 15 to the

heat - generati ng nmenber 102 and faces at |east a part of the
bubbl e- generating region 107 in which the 50 - bubble is generated by
heat in the heat-generating menber 102. Further provided on the
first liquid flow path 103 side of the novable separation film 105
is 20 novabl e nmenber 131 as the direction regul ating neans I "
adj acent to the povabl e separation film 105, and _the novabl e menber
1311 has free enjdl‘l‘:‘s’i‘g fgld?}\'/g’alfﬁbg | #irst liquid,sHRPI¥gPRERi on 107 and

ful crum 131b on, the .upstr . | de the_free end 13la. . 25

The free end 134& T HE m‘ﬁl% Sﬁ’é’@é’rp )d&§§ tor SU%.Y%H‘%V.? have to
pe located | n 9e. DELISOM AR %S e £1rst"UBRREAIRIGLEL! QfiSEl On 107,
but it may be one -

provi ded downstygam of4 fég%ﬁlij_%qdagqurl?gggr@g g ubble-%ergég"éj@ir? t ensi on

of the novabl e separation e di scharge port 101.

More prefesabl y;iditid Ssupply psdii03ed RHO4aBpiberRRViRbsI separation film
105 to at 5 ldi[elast uapppe},rtp of the heat-geggrgti ng nenber 102, whereby

t he di spl acemenjemdrd tihgmviahlia Tepahat seBohtl! BbAMSN CBIquid chamber

144. The second liquid supply path 134 is connected
with a communication passage running through the
movable member 131 and the movable separation fii; 105
10 disposed outside the first common ligquid chamber 133,
into the second common liquid chamber 144, and this
communication passage permits the bubble-generating
ligquid to be supplied to the second common liquid
chamber 144 without mixing with the discharge liquid.
15 The positional relation among the element
substrate 110, the movable member 131, the movable
separation film 105, and the grooved member 132 is such
that the movable member 131 is located corresponding to
the heat-generating member 102 of the element substrate
20 110 and the first liquid flow path 103 is disposed
corresponding to this movable member 131. Although the
present embodiment showed an example wherein a second
liquid supply path 134 is provided in one grooved
member 132, plural paths may be provided depending upon
25 the supply amount of liquid. Further, the cross-
sectional area of flow path of each of the first liquid

supply path 133 and the second liquid supply path 134



be controlled efficiently. Particularly, if the novabl e menber 131

is arranged so that the free end 131a thereof is located at the

position opposite to the 10 novabl e se@dration film 105 on the

downstr eam si de of the center of the area of the heat-generating

menber 102 or the bubbl e-generating region 107, the novabl e

menber 131 can nake expandi ng conponents perpendi cul ar to the

heat - generating nmenber 102 concentrated toward 15 t he_di scharge port

&gl, thushgrfalm@Yih%rQﬁ¢¢Eﬂ%¢ﬁ§ in proppTddRRr §O@ &PRi SPBRLY. 2PRUPKe case
erein the free end . 131a is proyided on_the downstre | of the

bubbl e- féﬁén@ﬂ%‘t‘i%t%‘%’g?%?ﬂ%ﬁ?f { é&?&’h&?&g‘ SFPFEi'Eﬁ%g}‘?‘%gf

i nproved, because the free end 13la is displace

;p dLspIace theaﬁ%%abF%es%ﬁﬁﬁeﬁ?QﬁFfﬁqqﬂlngpf%% %6g8%§96a 8R%F3£§
I scharge port 101. : IS generated in the
heat-generatingetc' canTEﬁdﬁﬁrTﬁ%E%%ﬁgﬂbu I}Iq%tdi% Is generated in the
bubbl e- gener ALi g LBl N fuebn dae phedknecabaliinengegber 25

102, mheregy the novabl e Séparation fi'l m 10 I's i splaced into the

first l!qu'd.f|9%%§ﬁ§gd¥9§-tﬁ§¥€%he second N8 qdiigPkappi®npaeh 188 Fevabl e

separating film S - 40 -
supplying the second liquid to the second liquid flow

%Lly SO as

path 104 and the first liquid supply path 133 for
supplying the first liquid to the first liquid fl%w
10 path 103 are formed in the grooved top plate as the
common grooved member 132, whereby the number of
components can be decreased and the number of steps and
the cost can be decreased.
Because of the structure in which the supply of
15 the second liquid to the second common liquid chamber
144 in communication with the second liquid flow paths
104 is carried out by the second liquid flow paths 104
in such a direction as to penetrate the movable
separation film 105 separating the first liquid from
20 the second liquid, only one step is sufficient for
bonding of_the movable separation film 105, the grooved
member 132, and the substrate 110 with the heat-
generating member 102 formed therein, which enhances
ease of fabrication and the bonding accuracy and which
25 achieves good dischargé.
Since the second liquid is supplied into the

second common ligquid chamber 144 as penetrating the



regul ated by the novabl e nenber 131. Since the novabl e menber 131 is
provided with the free end 131a above the bubbl e- generating region
107 and the fulcrum 131b upstream+thereof, the novabl e separation
film205 is 5 di spl aced nore on the downstream side than on the
upstreamside (Fig. 4B). Nanely, the desired def ormati on and

di spl acenent can be attained on a stabl e basis by the direction
regul ati ng neans for regul ating the direction of displacenent of the
novabl e 10 moFaRlgt separataen film 105, the sypRlivBL W& 8B h of
bubbl e 106 the_ . domnstrean1gortion of . the mpvabl e separation film 105
i s displaced grdfUdf tendPepyFerRBAgl bR+ of 19 RS P4 becomesg
transmtted mainly toward the discharge port 101, so . 15 .that the

di scharge |i quiS®H 1Ph@n%iFgF FPag?ﬂl ?5vf¥ﬁﬂf? dmount Can ke i schar ged
efficiently fromthe di scharge A 101, After that, the
bubbl e 106 cont*f¥E ’o%ﬁgfugﬁagzéEQ Stabl?nééiﬁg§§gﬁkualion film105 to

t he position before, 2 L.SRI Nt .. + gt 4hi , the
novabl e sesgar ation fAlsl %efgg‘ilbéﬂ 2bGVE, sPi Tt ed I%eo ﬂeeselsecolng%lnlctgﬁ)?ld fl ow

path 104 from the1oys thePRShiiglrhef of ensl 51 QReRvADL & R JABTIBHE

caused by
film 105 to which the movable member 131 is bonded, the

liquid can be discharged under higher discharge force,
at higher discharge efficiency, and at higher spe;d

10 than by the conventional liquid discharge apparatuss. .
The bubble-generating liquid may be the liquid having
the above-mentioned properties; specifically, it may be
selected from methanol, ethanol, n-propanol,
isopropanol, n-hexane, n-heptane, n-octane, toluene,

15 xylene, methylene dichloride, trichlene, Freon TF,
Freon BF, ethyl ether, dioxane, cyclohexane, methyl
acetate, ethyl acetate, acetone, methyl ethyl ketone,
water, and mixtures thereof.

The discharge liquid may be selected from various

20 liguids, free from possession of the bubble-generating
property and the thermal property thereof. Further,
the discharge liquid may be selected from liquids with
low bubble-generating property, discharge of which was
difficult before, liquids likely to be mﬁdified or

25 deteriorated by heat, and liquids with high viscosity.

However, the discharge liquid is preferably a

liquid without a property to hinder the discharge of



t he di sappearance of bubbl es. However,
di spl acenent of the novabl e separation
flow path is restricted since t
integrally

on the novabl e nenber 131 (Fig. 40
the side of the novable menber
t he retraction of the neniscus
refilling propetigeddarEhe g
restricts novenent of the
effects WHEPHH?nﬁe%%r?F&RQ)

characteristics, d crﬁgge of .crosst

above, the strufPuP¥ TS FET R

i qui and ag Cnet8bPRugh the KRS
%

enbodi nent .can wel |

pol yet hyl ene gl ycol, i ch wa

Qﬁ%ﬁplon Af;g&%%

fic}%ltf"rlq:s%%fogr b%o

e-generating liqurd

c&@ém@vmgumee@w» ¥k &2 thel LoKkédnspche as

25 enbodi nent, the
film105 to the second I|qU|d
he -m®dBabl e separation film 105 is
41 - provi ded

Therefore, the pressure at
131 is limted to decrease so t hat

ted dt
B N

Z%&gsghﬁthergg¥’aggae¥6ng t he

reaction AS described
can di scharge the

Eﬁﬁﬁ&%el guu@@uga.the di schar ge
herefore, the present

in this

ta”tch)

used as the discharge liquid for recording.

Other discharge liquids applicable include liquids

weak against heat such as pharmaceutical products and

-
-

perfumes.

10 Recording was conducted as discharging the
discharge liquid in combinations of the bubble-
generating liquid and the discharge liquid in the
following compositions. The recording results
confirmed that the liquids with viscosity of ten and

15 several cP, discharge of which was difficult by the
conventional liquid discharge apparatuss, were
discharged well, of course, and the liquid even with
very high viscosity of 150 cP was also discharged well,
thus obtaining high-quality recorded objects.

20 Bubble-generating liquid 1

Ethanol 40 wt%
Water 60 wt%
Bubble-generating liquid 2
Water 100 wt%
25 Bubble-generating liquid 3
Isopropyl alcohol 10 wt%
Water 90 wt%



Insufficient to generate the bubble with application of heat and
whi ch thus had insufficient discharge force her et of ore, by supplying
this liquid to the first liquid fd gy path 103 and suppl yi ng anot her
liquid with 20 good bubbl e-generating property (for exanple, a mxture
of ethanol : water = 4 : 6 having the viscosity of about 1 to 2 cP)
as the bubbl e-generating liquid to the second liquid flow path 104.
By sel ecting the bubble-generating liquid from 25 t hose that form no
deposits of scorchipgharge heiquik lor{ pigment tilnk ofr ppprosfimahely 15

heat - generating nenber with - 42 -
application of heat, bubble generati & )an be stabilized and good
di scharge can be carried out. Further, since the structure of
the liquid dFaEReR Jelagihar at us according t3 F&& present invention

5 al so achieves the effects as descrihed.in th bove- st at ed
enbodi nent, the ligq F¥F%Rﬁﬁ??ﬁ?%*ﬁaQﬁﬁﬂ%é%%yl achﬁ?%SsFPQOFYH%Fd can be

char %aSLLiﬁhsnngand.unger further

di scharged at furthglp fONEly naversdd 3304 nd:4h
average molecular weight 8000) 1 wtd
Monoethanol amine 0.25 wt %
Glycerine 6.9 wt% )
Thio diglycol 5 wt% ’
10 Ethanol 3 wt¥ -
Water 16.75 wt%

Discharge ligquid 2 (55 cP)
Polyethylene glycol 200 100 wt#%
Discharge liquid 3 (150 cP)
15 Polyethylene glycol 600 100 wt3
Incidentally, in the case of the liquids
conventionally regarded as not easy to eject, because
of their low discharge speeds, dispersion of discharge
directivity was enhanced so as to degrade the impact
20 accuracy of dot on recording sheet and unstable
discharge caused dispersion in the discharge amount,
which made it not easy to obtain a high-gquality image.
The structure in the embodiment as described above,
however, can generate the bubble sufficiently and
25 stably by using the bubble-generating liquid. This can
enhance the impact accuracy of liquid droplet and can

stabilize the ink discharge amount, so that the quality



10 In the case of the liquid weak agai nst heat being used,

If this liquid is supplied as the discharge liquid to the first
liquid fl ow path 103 and anot her |4 @S & resistant agai nst thernal
deterioration and easy to generate the bubble is supplied to the
second liquid 15 flow path 104, the thermally weak |iquid can be

di scharged at high discharge efficiency and under high di schar ge
force as described above w thout thermal |y damagi ng the liquid weak
agai nst heat. ©0f recorded\wRageGAhiRfedrprovied CERATKEPAYIon of the

el enent 20 substrate 110 in which the heatﬂggneratin nmenber 102

for suppl yi ng heat t¥e¥hede$eRiked anf fbsdcation steps Of; the khaud sp

show | ongi tudi nal, cross-sectional ch.to s a structural

exanpl e of the FFEGEREEGS SPPoTR i AGO PG APuE R BEPEPRY LBV ERE B bsent
I nvention, 25 I’EIthrgl (%Sgéﬁ%%r}%\grzt edg \i:?\ﬂgsﬁgnﬁt ?aﬁr?é%?ﬁéﬁ?n film

as detail ed hereinafterd evice
protectiongfil M, a way that the walls of the second ligfi$a flow
Above the &l emeRt substrate 1&0 there are proviaeg 4
paths were formed on the element substrate, the movable
separation film was attached thereonto, and the grooved

member having the grooves etc. for forming the first |

¢

-

liquid flow paths was attached further thereonto.

10 Alternatively, the device was fabricated in such a way

| that after forming the walls of the second liquid flow
paths, the grooved member to which the movable
separation film with the movable member bonded thereto
was attached was joined onto the walls.

15 Further, the process for producing the second
liquid flow paths will be described in detail.

First, elements for electrothermal conversion each
having the heat-generating member of hafnium boride,
tantalum nitride, or the like were formed on an element

20 substrate (silicon wafer), using the same fabrication
system as that for semiconductors, and thereafter the
surface of the element substrate was cleaned for the
purpose of improving adherence with a photosensitive
resin in the next step. The adherence can be improved

25 further by subjecting the surface of element substrate
to surface modification by ultraviolet-ozone or the

like and thereafter spin- coating the thus modified



the second liquid flow path 104, the novabl e separation film105 to
be a partition wall, the novabl e nenber 131, the first liquid flow
pat h.103, and a grooved 5 menber 132-h&6i rRg a groove for formng the
first liquid flow path 103, as shown in Figs. 5A and 5B.

The el enment substrate 110 has patterned wring el ectrodes 110c
0.2-1.0 pmthick of alum num (Al) or the like and patterned electric
resi stance |ayer 110d 10 0.01-0.2 [err]m.thick of hafniumboride

(H B2), tantal girface, 9% g%RORIPANyithast ALYl Ofi RLARDTa2PYPHING he |i ke
constituting the heat-generating menber on_silicon .. oxide fi r’%or
silicon nitridee997m @ERRLS] Nthon Unicps Af8P) ofibnted nin

accunul ati on forned pqlbase 110f .1 silicon or the like. The

5
resistance | ayeb?y M¥AFHT W1thgﬁﬁﬂggaﬁggoﬁgéf when a voltage is applied to
the rest stancg, Layale MG 0laN Gt REnLMO MK LR, BEESELORS. ayer

110c so as to let a ctric current OW I N resis

110d. A protect LOlL] el éésglﬁnqt 1 112 Q avai1abh €ORrEhOXORFo Ghkd LI (1] de,

or the like 0. 1- I's provided on the resistance | ayer

110d . betpepp theai rdvics 19 oo Qdes 15496ataldoh NtRE dhdhOFendiL _

anti-cavitation layer 110a of tantalumor the |ike 0. 1- 0.6 pmthick

is formed ther egmhdrtcdd Ghvisdeddwe. 25 resi stance | ayer 110d from vari ous

| i qui ds such as ink. Particularly, the pressure and shock wave
Next, photomask PM was placed on the dry film DF.

and ultraviolet rays were radiated to portions td-be
10 left as the second flow path walls in the dry film DF
through the photomask PM. This exposure step was
carried out in the exposure dose of about 600 mJ/cm?,
using MPA-600 available from CANON INC.
Then the dry film DF was developed with a
15 developer comprised of zxylene and butyl cellosolve
acetate (available from Tokyo Ohka: BMRC-3) to dissolve
unexposed portions, so that the portions hardened by
exposure were formed as the wall portions of the second
ligquid flow paths. Further, the residue remaining on
20 the surface of element substrate was removed by
processing it for about 90 seconds by an oxygen plasma
ashing system (available from Alcantec Inc.: MAS-800)
and then ultraviolet irradiation under 100 mJ/cm? was
further carried out at 150 °C for 2 hours to harden the
25 exposed portions completely.
By the above method, the second liquid flow paths

can be uniformly formed with accuracy ih a plurality of



gener ated upon bubbl e generation and coll apse is so

- 44 - strong that the durability of the oxide film hard and
relatively fragile is considerably deteriorsted. Therefore, a neta
material such as tantalum (Ta) or the like is used as a material for
the anti-cavitation 5 | ayer 110a. The protection | ayer
stated above nmay be omtted dependi ng upon the conbi nati on of
liquid, liquid flow path structure, and resistance naterial_, an
exanpl e of heawnrchoa§d§hb@hemﬁntu@Pbsﬁrateﬁﬁ obtalnedng RAvafing for

the resistance | ayer not uir t he rotect| for
exanpl e, an the PPPH?uﬁiﬁéﬁ?ﬁlﬁ {ﬁégl qCIﬁ%QQ Ya|| §g?¥98 D ke.

Particularly, since the prese lon es th I| id for
generation of b& F@rggﬁawaFeﬂuFr % int g%ﬁhfﬁﬁpfchgﬁﬁ and bei ng

UL, 0" SPULELOBeBl g by, S emsécémon}d%%%%%%%“%rb@hra@%y@ﬁze
structure Qf thg NeatgengnALhH80 e 8hich a diamond blade 0.05 mm
thick was attached. Each heater board separated was
fixed on an aluminum base plate with adhesive
(available from Toray: SE4400).
Then the heater board was connected to a prf%ted
10 board preliminarily joined onto the aluminum base
plate, by aluminum wires of the diameter of 0.05 mm.
Next positioned and joined to the heater board
thus obtained was a joint body of the grooved member
with the movable separation film by the aforementioned
15 method. Specifically, the grooved member having the
movable separation film was positioned to the heater
board, they were engaged and fixed by stop springs,
thereafter supply members for ink and bubble-generating
liquid were joined and fixed onto the aluminum base
20 plate, and gaps between the aluminum wires and gaps
among the grooved member, the heater board, and the
supply members for ink and bubble-generating liquid
were sealed with silicon sealant (available from |
Toshiba Silicone: TSE399), thus completing the second
25 liquid flow paths.
By forming the second liquid flow paths by the

above process, the accurate flow paths can be obtained



102 in the foregoing enbodi nrent may be that including 20 only the
resi stance | ayer 110d (heat-generating portion) between the wring
el ectrodes 110c, or may be t hat inclggdi_ng the protection |ayer for
protecting the resi stance | ayer 110d. In this
enbodi nent, the heat-generating nenber 102 25 has a heat generation
portion having the resistance | ayer whi ch generates heat in response
to the electric signal. Wthout having to be limted to this, any
- 45 - witieeuns peesitiarddl chsiigtiion cedatévet e bhébheatensighf t o
di scharge the discharge liquid, in the bubble- generating |iquid.
For exanpl e, theabeabegeerrkoant Partioyderilyn bhuyppelimingeiivrm of a
phot ot hermal transducer 5 whi ch generates heat upon receiving |ight
such as jaseing othey greavese Iy idhefBAt "AEGPHY SERAFREION
generation portion which generates heat upon receiyving hi gh
frequency wave. film in the pIgIHQUSH P tEPe ndhes POGER1GR %9?Y5$%Ys?%h,b%i
di ode, a 10 | at ch, shift regqgister, and s for_selectiyvel
driving the el cERPIRFRS hFTHS éﬁt”ﬁ&yaéﬂé‘&gbg?w baffl' &84 e
movable member. Then stable discharge is achieved by
these high-accuracy fabrication techniques so as to

enhance the quality of print. In addition, since the.

®
-

flow paths can be formed en bloc on the wafer, the
10 devices can be mass-produced at low cost.

The present embodiment employed the ultraviolet-
curing dry film for forming the second liquid flow
paths, but it is also possible to obtain the element
substrate by using a resin matéerial having an

15 absorption band in the ultraviolet region, especially
near 248 nm, curing it after lamination, and directly
removing the resin in the portions to become the second
liquid flow paths by excimer laser.

The first liquid flow paths etc. were formed by

20 joining the combined body of the substrate with the
movable separation film described above to the grooved
top plate having the orifice plate with discharge
ports, the grooves for forming the first liquid flow
paths, and the recessed portion for forming the firsf

25 common liquid chamber, communicating in common with the
plurality of first liquid flow paths, for supplying the

first liquid to each flow path. The movable separation



integrally built in the aforenentioned el enent substrate 110 by the
sem conduct or fabrication process, In addition to the el ectrothernal
transducer conprised 15 of the resistang® 4ayer 110d constituting the
heat - generating portion and the wiring el ectrodes 110c for
supplying the electric signal to the resistance |ayer 110c.

In order to drive the heat generation portion of 20 t he el ectrot her mal
transducer on the_above-descri bed ement substrate 110 so as to

di scharge the | fédmdisafized bYr’é%’t%ngQPr“a‘Fh%I%Ye Saﬁﬁlqoé(& fPBugh t he

W ring el ectrode Oc to the reSJ nce od t ui ck
heat the reS|st§ﬁé§elQVErt%ToﬁeB%?ékiﬁg? QWrﬁf i eIe@Pgodes {10c.

Fig. 6 is adi a%‘ ga})&g ggpar%?[b%ns ilm J}/@’]étg;ﬁ‘%g EEE%YV%I.J agg applied to

the resistance

- 46 - Lt hythes %iﬁBiéﬁ% t s 30k

f or egoi ng enbod?ﬁgﬁFra bﬁgctﬁlﬁggﬂgga pgﬁ‘ 5@ ahd ltgatﬁg

heat - gener%tlngtggngﬁgsggggé Lheeropdidd OAS the grooved top plate.
Preferable examples of the material for the

movable member to be the direction regulating means

include durable materials, for example, metals such as

L3
-

silver, nickel, gold, iron, titanium, aluminum,

10 platinum, tantalum, stainless steel, or phosphor
bronze, alloys thereof, resin materials, for example,
those having the nitryl group such as acrylonitrile,
butadiene, or styrene, those having the amide group
such as polyamide, those having the carboxyl group such

15 as polycarbonate, those having the aldehyde group such
as polyacetal, those having the sulfone group such as
polysulfone, those such as liguid crystal polymers, and
chemical compounds thereof; and materials having
durability against the ink, for example, metals such as

20 gold, tungsten, tantalum, nickel, stainless steel,
titanium, alloys thereof, materials coated with such
metal, resin materials having the amide group such as
polyamide, resin materials having the aldehyde group
such as polyacetal, resin materials having the ketone

25 group such as polyetheretherketone, resin materials
having the imide group such as polyimide, resin

materials having the hydroxyl group such as phenolic



the voltage 24 V, the pulse width 7 psec, the electric 5 current 150

mA, and the frequency 6 kHz to drive it, whereby the ink as the

| i qui d was di scharged through t he disgcharge port, based on the
operatton descri bed above. However, the conditions of the driving
si gnal in the present invention are not limted to the above, 10
but any driving signal may be used if it can properly generate the
bubbl e in the bubbl e-generating |iquid. Next described is a
structural exanpé®ing, thesin matenijaif dayisehihge eapyar SEQYPWATER ARs two
comon |iquid chanbers, while decreasing the nunber of conponents,
15 . whi ch can palyetarieree TRI¥brateniads deving: fbe alkyl Qﬁgggctive

comon |iquid chanbers while wel] separat,in ot her, and

. , from. eac
whi ch can decr e84gRt 38 RoLypropylene, resif %ﬁ5ﬁ§ﬁaﬁﬁggévéﬂ9agae5%?%%% Fig.

6 descri bed in the f f._Embodi f th
20" *subst 1 at TN PUTR BB AR 0 e LAPARO N EAYERE) BReihy End! TNE

0 e { gL g4t B SIS N0 e repin patprigy 0, 7 1S

a schemati Show a Struc I qui d

di schar ge appar C | e nPLes et chBveRLiAr, wherein the
sane ponstituenﬁéyggé g@£Qh 6§g.i:x} e exanﬁ]e ghgwn in Figs. 4A to 4C
and Figs. chefy 88 SEnFoEhdleNHAd P, (ReamabE mbeber aNseshenbes s,

and the detail ed description thereof is thus omtted
silicon dioxide, and chemical compounds thereof.

Preferable examples of the material for the’

10 movable separation film 105 include, in addition to the
aforementioned polyimide, resin materials having high
heat-resistance, high anti-soivent property, good
moldability, elasticity, and capability of forming a
thin film, typified by recent engineering plastics,

15 such as polyethylene, polypropylene, polyamide,
polyethylene terephthalate, melamine resins, phenolic
resins, polybutadiene, polyurethane,
polyetheretherketone, polyether sulfone, polyallylate,
silicone rubber, and polysulfone, and chemical

20 compounds thereof.

The thickness of the movable separation film 105
can be determined in consideration of the material and
the shape and the like thereof from the viewpoints that
the strength as a partition wall should be assured and

25 that expansion and contraction takes place well, and it
is desirably approximately 0.5 upm to 10 pm,

(Embodiment 2)



- 47 - her ei n. The grooved nenber 132 in the liquid
di schar ge apparatus shown in Fig. 7 is schematically conprised of
orifice plate 135 having discharge ports J1Gh -a 5 plurality of grooves
formng a plurality of first liquid fl ow paths 103, and a recessed
portion formng first common |iquid chanber 143, communicating in

common with the plurality of first liquid flow paths 103, for
supplying the liquid (the discharge liquid) to 10 the first liquid flow
path 103. Fighe Phural9€ \axs drhawingisi goi éhbohpasheond3 are
formed by joining the novable separation film 105, at | east a part
of which is bon@BECEEMeRE #H\ERe el sk discharge) gppargtufecfotiR® part of
t he grooved nenber 132. The 15 rooved nenber 132 is provided with first
liquid supply PTresenpipvention,, i fiOhe 2PopSt ReFEBPSTARGTIPRAE | 1 st
comon |iquid chamber. 143 and is als rQvided with second, liquid
supply path 134Vfﬁ%n?%%n$r§hﬁt¢é?%(ﬂé%ﬁjdlr?c?ﬁgpeBPOPhPBBﬁﬂe?ﬁﬁaFHW%bIe
Tenber 1315and gpVBBbELe 2rig. ALY Yhobs BedBEohRl VLT SE5RF %SO ™™
flow path direction upon generation of bubble, and Fig.
9C is a drawing to show a view of the first flow path

observed from the second flow path side of the drawing

R
-

shown in Fig. 9A.

10 In the present embodiment as shown in Figs. 9A and
9C, the second liquid flow path 104 for bubble-
generating liquid is provided on the substrate 110
provided with the heat-generating member 102 (the
heating resistor member in the shape of 40 pm x 105 pm

15 in the present embodiment) for supplying the thermal
energy for generating the bubble in the liquid, and the
first liquid flow path 103 for discharge liquid in
direct communication with the discharge port 101 is
provided above it. The movable member 131 is provided

20 as the direction regulating means, which has the free
end on the downstream side of the upstream edge of the
bubble-generating region 107, and the fulcrum on the
upstream side thereof. The movable member 131 and the
movable separation film 105, provided in an opening

25 portion between the first liquid flow path 103 and the
second liquid flow path 104, are bonded with each other

at bonding portion 131c, which forms a part of the free



chanber 144. The first liquid (the discharge liquid) is

supplied through the first liquid supply path 133 and the first

comon. |iquid chamber 143 to the first ligud - 25 fl ow paths 103, as

i ndi cated by arrow Cin Fig. 7, while the second liquid (the

bubbl e- generating |iquid) I's supplied through the second |iquid 4
- 48 - an

supply path 134 -
the second conmmon |iquid chanber 144 to the second liquid fl ow paths

104, as indi cat 88db§iderel the meyaple member7 131, whereby tmhefprstent

enbodi nent is arranged so that the 5 second |iquid sup E y path 134 is
di sposed in par ALfBLd flow P%EPt%R?fQQ@uthq(ﬁ§Q9n§ugﬂgy1§af 0w3Batbut t he

pr esent invention is not limted to this. For exanp

arrangement maylB8 appIPEEERS $%Pﬁf%£?qtﬁ?§§§§5§&aﬂﬂ§ufaom esth @%bﬁ?y pat h

134 is formed throu t he novapl e epa n film105 di sposed
out side the first cg% “heBt Ak IQ?ﬂﬁ d—“tﬁﬁg 4%35‘??69??1958%% cation

with the sgcond, 1620 1AL AT gaﬁémted in the bupgLdf ckness

(the dianetfer) o?m?%r secon
generating region 107 on the heat-generating member

102. This displaces the movable separation film 105
into the first liquid flow path 103, whereupon the
displacement of the movable separation film 105 i;

10 controlled by the movable member 131. Since the
movable member 131 has the free end above the bubble-
generating region 107 and the fulcrum upstream thereof,
the movable separation film 105 is displaced more on
the downstream side than on the upstream side (Fig.

15 9B).

In this way, the downstream portion of the movable
separation film 105 is displaced greater with growth of
bubble 106, whereby the pressure due to generation of
bubble 106 is transmitted mainly to the discharge port

20 101, thereby efficiently discharging the discharge
liquid in the first liquid flow path 103 from the
discharge port IQ;T Since the movable separation film
does not have to cover the entire surface, the cost can
be decreased.

25 (Embodiment 3)

Figs. 10A to 10F are cross-sectional views along

the flow path direction to show the third embodiment of



supply path 134 is determned in consideration of the 15 suppl y anount
of the second liquid and the shape of the second |iquid supply path
134 does not al ways have to be circ@3ar, but may be rectangul ar

The second common |iquid chanber 144 can be forned by partitioning
t he grooved nenber 132 by the novable 20 separation film105. As a
nmet hod of the formation, the second common |iquid chanber 144 and

the second liquid ... flow paths 10 e forged b Ki the f
of comohh¢i yiyie LR “ﬁé’ﬁ%"% 8:}‘et ﬁgqgééo &slcggrgeel i aﬁlng

paths of a dry filmop the substrate Q. and . l.Ag the substrate
110 to a conbi nBBPBHH u%fa?$&;§3ng t?ﬁ%hﬁﬂ3§9§§%%répygﬁeg#ﬁh1105 with the

grooved nenber 132 InF$%éOé?%%é%hﬁ%ﬁ%ﬁ&%ﬁ§$t€ %%pQBGRhOEnf%£§}1P§AiS fixed.

- 49 - , 'perspective view to show a

he b B, BhebhS L1dute Aplge ampace spmsegeniecetil Lo
substrate 5 5 1;dd03PLoVhASH Md b thldiididskra®k eBechrevheedsdith

the heat-generating member 112 (the heating resistor
member in the shape of 40 uym x 105 um in the present
embodiment) for supplying the thermal energy for
generating the bubble in the liquid, and the firs%

10 liquid flow path 113 for discharge liquid in direct
communication with the discharge port 111 is provided
above it. The movable separation film 115 made of a
thin film with elasticity is provided between the first
liquid flow path 113 and the second liquid flow path

15 114. The movable separation film 115 separates the
discharge liquid in the first liquid flow path 113 from
the bubble-generating liquid in the second liquid flow
path 114. The movable separation film 115 is disposed
opposite to the heat-generating member 112 and faces at

20 least a part of the bubble-generating region 117 where
the bubble is generated by the heat generated in the
heat—generating member 112. Further provided on the
first liquid flow path 113 side of the movable
separation film 115 is the movable member 151 as the

25 direction regulating means, which has the free end 15la
on the downstream side of the upstream edge of the

bubble-generating region 117, and the fulcrum 151b on



transducers as the heat-generating nenber 102 for generating heat
for generating the bubble by film boiling in the bubbl e-generating
liquid as descri bed above is disposegls an support body 136 nade of
metal '10 such as al um num Provi ded above the el ement
substrate 110 are a plurality of grooves for formng the second
liquid flow paths 104 as nade of dry filmDF, a recessed portion
form ng the second conmon |iquid chanber (comon 15 bubbl e- generati ng

| i qui d chanber) thé4upstmeani safdengt the free tdnd HES A wnal iwhyichf isecond
liquid fl ow paths 104, for suppl ying the bubbl e-generating liquid to
each of the disposednadipgent t¢ ovheardrabl sepatatieonmdidm &15.

separation film 105 to which the novabl e nenbers 131 20 descri bed above
are bonded. The movabi}gesgpPapybirpehbet WYY angk theospyabler mepbRIng t he

first quuidfl paths dscha ge liquid flow aths) 103 when
bonded with the vQBVe é bﬁ?g? ofP 1§3Fh ey dt the bP@@é§9eH°§GFPPon for

f ' he fi d 2 I

chamber) 125, 15160 BBRG PEGORRG Ry RHT HE it AaRFe SPPadpher FSREpath

for supPLyLngoLaE1 8 REMBLIE &1 A d & S8 Ahnt NS al! L8t the
bubble-generating region 117). In the movable member

151, a portion between the bonding portion 151c and the

<

fulcrum 151b is a curved portion 1514 curved on the
10 first liquid flow path 113 side.

The liquid discharge operation in the liquid
discharge apparatus constructed as described above will
be described, but, prior thereto, characteristics of
the movable separation film 115 shown in Figs. 10A to

15 10F will be described.

Figs. 11lA and 11B are drawings to show the
characteristics of the movable separation film used in
the liquid discharge apparatus according to the present
invention, wherein Fig. 11A is a drawing to show the

20 relationship between pressure f of the bubble generated
in the bubble-generating region and stress F of the
movable separation film against it and Fig. 11B is a
graph to show the characteristics of the stress F of
the movable separation film against volume change of

25 bubble shown in Fig. 11A.

As shown in Figs. 11A and 11B, the stress of the

movable separation film exponentially increases with



- 50 - liquid fl ow paths 103, first liquid supply path

(discharge liquid supply path) 133 for supplying the di schar ge
liquid to the first common |iquid chanber- 65 - 143, and second liquid
supply path (bubbl e-generating 5 i qui.d supply path) 134 for supply

t he bubbl e- generating liquid to the second comon |iquid chanber
144. The second liquid supply path 134 is connected wth a '
comuni cati on passage runnin% t hrough t he novabl e nmenber 131 and the
novabl e separ at ioareasangosolune V, @fspbechubbie; ae fAE #F ke RE | i qui d
chamber 133, into the second conmon IiguLd,chafbeE 144, and this
conmuni cati on p¥ssafethrerhiiile He EMetleigetbfaiPhal Stadeifid to be
supplied to the second conmon liquid -, chamber 144 wi thoyt. m xing with
the di scharge | Pgapgaties of bUbbqumeqﬁﬁﬂtWQﬁﬁ; %§835F38H-8gnﬁﬁbgkg el enent
substrate 110, the abl e nenber 131, the bl . S ation film
105, and the gr 68Fe lﬁ@nﬁgigﬁﬁﬁs?s° U mOJggfazﬁaPafﬁglﬁgvgg?é menber 131
i's |located_correspondin Neals S lbisNGedRBRer ¢Qgs0f the

el ement subst ragsgoﬁﬁs gm%?beﬁn%n? h%}t%ei rst ﬁslg%{% 8 Isowepat h 103 | 2’ di sposed

cor respondi ng t%aEhE%rEEﬁJIEléfr\}ﬁe@eée&?é'asiﬂgé h@4gh th8ching a BELE&DH

enbodi nent showed an exanp erein a secon
inflection point.
Now returning to Figs. 10A to 10F, the liquid

discharge operation in the present embodiment wiii be
10 described.

When heat is generated in the heat-generating
member 112, the bubble 116 is generated in the bubble-
generating region 117 on the heat-generating member
112, whereby the part of the movable separation film

15 115 below the curved portion 151d of the movable member
151 starts extending (Fig. 10B).

With further growth of the bubble 116, the movable
sepafation film 115 further extends to start being
displaced into the first liquid flow path 113 (Fig.

20 10C).

After that, with further growth of the bubble 116,
the movable separation film 115 becomes about to be
displaced further into the first liquid flow path 113,
but because the upstream side is fixed by the fulcrum

25 151b, the displacement is restricted there, so that the
downstream side being the free end 15la side is

displaced greater (Fig. 10D).



liquid supply path 134 is provided in one grooved menber 132, plural
pat hs may be provi ded dependi ng upon 25 the supply anmount of 1iquid.
Furt her, the cross- sectional area &6 f4 ow path of each of the first
liquid: supply path 133 and the second liquid supply path 134

- 51 - may be determned in proportion to the supply anount.

By such optim zation of the flow path cross-sectional area, the
conponents form ng the grooved nmenber 132 etc. can be further

conpactified. 5 In thiaswascihdddpyrdirean ROrFiesert EhBolPHahte s
arranged so that the second |iquid supply path 134 for | sugglying t he
second |iquid t8ePAEatbeRNHLIM gt Y #§ i splaced greptegswith gRevwEp,ef

|l iquid supply path 133 for S lying the first liquid to the first
liquid flow 10the %’P‘H{%oél% et The | &sﬁ'PE&v@Het 8§ 6H3te as the
common grooved nenber 132, er t nunher of . o] can be
decr eased and tﬂ%nﬁﬁﬁB%?no?¥2?%§§%%&' S rap%glgggp gg%ggg ggg%ggsed.

Because of _t he u ' ' e . e jquid to
pase O 5en m%%éﬁ%%{é}ﬁa%%%zﬁ@ 1he SHRRI%OE eeinienthPea38ERARAG LG
the discharge liquid in the first liquid flow path 113

from the discharge port 111.
In this state the stress on the movable separation
film 115 is maintained at point C in Fig. 11B on ;he
10 upstream side because of restriction of extension and
at point E in Fig. 11B on the downstream side because
of the more enhancement of extension. In the stress
distribution over the whole of the movable separation
film 115, therefore, the stress on the upstream side is
15 greater than that on the downstream side.

With contraction of the bubble 116 thereafter the
movable separation film 115 becomes about to return to
the position before displacement (Fig. 10E), whereupon
because of the stress distribution as described above,

20 the contraction speed is fast on the upstream side of
bubble 116 while the contraction speed is slow on the
downstream side. Thus, the stress distribution over
the whole of the movable separation film 115 makes such
a shift as to gradually decrease the stress on the

25 upstream side and as to gradually increase the stress
on the downstream side.

Because of the negative pressure upon collapse of



144 in communi cation with the second liquid flow paths 104 is

carried out by the second liquid flow paths 104 in such a direction
as to:-penetrate the novabl e separati@n 41l m 105 separating the first
liquid from 20 the second liquid, only one step is sufficient for
bondi ng of the novabl e separation film 105, the grooved menber 132,
and the substrate 110 with the heat - generati ng nenber 102 forned

t herei n, which enhances ease of fabrication and the bondi ng accuracy

and which 25 b“&?ﬂ?ev§§egﬁgﬁtﬂ?%C%%IER9 movable separgitios fhédmsddbnd

liquid is supplied into th second conmon |iquid chanber 144 as
penetrating theg QOW the curved portion 1514 of the movablgzmember 35: o
o the

f th
Second 1 aura T PORPBRPREL BesR H® the” secel TifNnyciaw eabhi LPan
suppl y amount ngsgethe %o?hesé%”§%¥ éé“ﬁi%ﬁiaq$me%t5tagle ?%SChargce

As descri bed ab SI'nc presen I NVe

conf1 gur al 5on NayLng,hea TBYARI g SN Y7 Uhe movapib lna?nﬂs&‘f 191“’“' ch the

novabl e menber 131
prov1ded, the reduction of pressure is suppressed on

the first liquid flow path 113 side, which suppresses
back of meniscus and improves the refilling
characteristics (Fig. 10F).

10 Further, the movable member 151 restricts movement
of the liquid to upstream, thereby achieving the
effects including the improvement in the refilling
characteristics, the reduction of crosstalk, and so on.
(Embodiment 4)

15 Figs. 12A and 12B are drawings to show the fourth
embodiment of the liquid discharge apparatus according
to the present invention, wherein Fig. 12A is a cross-
sectional view along the flow path direction and Fig.
12B is a top plan view.

20 The present embodiment, as shown in Figs. 12A and
12B, is different from the first embodiment in that the
movable member 161 is formed in such a trapezoid shape
as to decrease the width toward downstream where the
free end 16l1a is located, and the other structure is

25 the same as in the first embodiment.

In the liquid discharge apparatus constructed as

described above, since the movable member 161 is formed

K4



| i quid can be di scharged under hjgher discharge force, at hi gher

di scharge efficiency, and at higher speed 10 than by the conventi onal

l'i qui d di scharge appar at uss. The hulgy e-generating liquid nmay be the
| i qui d-havi ng t he above-nenti oned properties; specifically, it my
be sel ected from net hanol, ethanol, n-propanol, I sopr opanol

n- hexane, n-heptane, n-octane, toluene, 15 xyl ene, nethyl ene dichloride,
trichlene, Freon TF, Freon BF, ethyl ether, dioxane, cycl ohexane,

met hyl atet ateh at bydpenetdtshape etorm, oy tbehylidkbt baeard

wat er, and m xtures thereof. The di scharge liquid may be

sel ected from vdownasre@d, theimpralsle fmambenr diblpdsseasiooofefarm

bubbl e- generati ng property and the thermal property thereof.

Furt her, anfethe sepvrlpEe | SRRATP TGP He 18100t & AESRMIPFEYi ds with

| ow bubbl e-generating property, discharge of_ which was difficult
before, |iqui dseffkeE§NELY Py nthf FRERFBITe 2F bud&éﬁegﬁBPE?Eﬁdb§nhﬁg?, and
|l iquids with high viscosity. . X wever, the discharge liquid is
pr ef er abl y°a ubbl?T%%?%¥$F%Tﬁuﬁe%%%ﬂ rty to hinder the discharge of

- 53 - Therefore, the present embodiment can achieve

enhancement of discharge efficiency and increase of

discharge amount.

R

-

The above-stated effects can be enhanced fufther
10 if the free end 1l6la in the present embgdiment is
arranged, more preferably, as located on the upstream
side of the center of the heat-generating member 102.
(Embodiment 5)
Figs. 13A and 13B are cross-sectional views along
15 the flow path direction to show the fifth embodiment of
the liquid discharge method and the liquid discharge
apparatus according to the present invention, wherein
Fig. 13A is a drawing to show a state upon non-
generation of bubble and Fig. 13B is a drawing to show
20 a state upon generation of bubble (upon discharge).
Fig. 14 is a perspective view, partly broken, of the
liquid discharge apparatus shown in Figs. 13A and 13B.
In the present embodiment, as shown in Figs. 13A
and 13B and Fig. 14, similar to Embodiment 1, the
25 second liquid flow path 204 for bubble-generating
liquid is provided on the substrate 210 provided with

the heat-generating member 202 (the heating resistor



| iquid, the generation of bubble, the operation of the novabl e

separation filmand the novabl e nenber, and so on by the discharge
liquid itself or by reaction t hereofeam+ h t he bubbl e- generati ng

l'i quid. 5 For exanpl e, high-viscosity ink or the Iike nmay be

used as the discharge liquid for recording. O her di scharge

| i qui ds applicable include |iquids weak agai nst heat such as

phar maceuti cal products and perfunes. 10 _ Recor di ng was
conduct ed as di embegi 4y the shape ofj4QhHuR ge 1qwm i thenPiregendns of the
bubbl e- generating liquid and the discharge liquid in the

fol | owi ng conpo@F‘PPSPr&‘.en%ﬂefPéc%‘l‘Hﬁ’H&’P%s‘iﬂq thermal engXoy, 4@ that the

liquids with viscosity of ten an 15, several., cP, di scharge of which was
di?ficult by thgenera 1“80ﬁ9%n??€9%? in Jdhe iR §8 a§§§r§36§§, wer e

di scharged wel |, .of ,course, apd iquid en wi,th .. . ery, high
v;scosi?y.of 1561851§ag ars8® s%ﬁ%ﬁégg%wﬁq?érgéMllquﬁﬁy§n08¥5?§Fnég
high-qual iy reeghdad; BRESERSusphOne aisdiilYe pUERCRRA1 09 blBYLded

60 wt % abgugbkgigeﬁgfﬁﬁéPQ %ﬂé“ﬂd%é%le separationvéﬁgﬁ 205

100 wt %

made of a thin film with elasticity is provided between
the first liquid flow path 203 and the second liquid
flow path 204. The movable separation film 205

10 separates the discharge liguid in the first liquid flow
path 203 from the bubble-generating liquid in the
second liquid flow path 204.

Here, the movable separation film 205 in the

portion located in the projection area above the

15 surface of the heat-generating member 202 has thick
portion 205a as the direction regulating means, facing
opppsite to the heat-generating member 202 and having
the free end on the discharge port 202 side, and slack
portion 205c on the discharge port 201 side of the free

20 end. As described below, the movable separation film
205 operates so that the thick portion 205a is
displaced into the first liquid flow path 203 with
generation of bubble in the bubble-generating liquid
and so that deformation on the discharge port 201 side

25 becomes greater because of the slack portion 205c (Fig.

13B). Since the present embodiment does not need to

expand the movable separation film because of provision



25 Bubbl e-generating liquid 3 | sopropyl al cohol

10 vt % Wat er 90 Wm %

- 54 - Di scharge liquid 1 (pi g®ent ink of approximtely 15
cP) Car bon bl ack 5 wm %

Styrene-acrylic acid-ethyl acrylate copol yner 5 separating
material (acid value 140 and wei ght aver age nDIecuIar wei ght
8000) 1 W% Monoet hanol_ am n 25 wt %
d ycerine of the slack porigian , he dlscharge efﬁ}818p5¥y%%ﬁ be

5 w% 10 hErt]ha ol 3 W% Wat er
16.75 wt % T thar ge I|qU|d 2 (55 cP) Pol yet hyl ene

| ycol 200 100 har, [ 5
go%lyet hyl ene gl ycol %%cggss POIHPR %9%% E9%ckhdl n t‘é%n?%‘lg%lté t%e case
of the liquids o the &MQQ%M zqu%@ﬁdraépae£ £8S¥nd Ocgi @6t . because

5 portion 205a of the movable separation film 205 and is
a hinge portion for facilitating the displacement of
the thick portion 205a. The recess portion 205b may be
omitted depending upon the thickness or the material of
the thick portion 205a, if the thick portion 205a%is

10 easy to displace.

However, the recess portion 205b is the portion
functioning as fulcrum 2054 upon displacement of the
thick portion 205b, and thus the fulcrum 205d is formed
as a place to become a starting point of displacement

15 even in the case of the structure without the recess
portion 205b.

The thick portion 205a is located the distance of
approximately 10 to 15 um apart from the heat-
generating member 202 so as to cover the heat-

20 generating member 202 at the position opposite to the
heat-generating member 202, while having the fulcrum
2054 on the upstream side of flow of the liquid,
flowing from the common liquid chamber (not
illustrated) through the thick portion 205a to the

25 discharge port 201 by the discharge operation of
liguid, and the free end on the downstream side of this

fulcrum 205d. The space between the heat-generating



of their | ow discharge speeds, dispersion of discharge directivity

was enhanced so as to degrade the inpact 20 accuracy of dot on
recordi ng sheet and unstabl e di scharge -caused di spersion in the

di scharge anount, which nade it not easy to obtain a high-quality

| mage. The structure in the enbodi nent as descri bed above,

however, can generate the bubble sufficiently and 25 stably by using

t he bubbl e-generating liquid. This can enhance the inpact accuracy
of liquid dropl sembad 282 and thestkiﬂkiygitﬂﬂaiZﬂ@adﬁ§cW§ﬁgéggﬁéant, SO
that the quality - 55 - of
recorded i mage genepatingroeeton e kably. Next described are
fabrication steps of the liquid di scharge apparatus acg¢ording to the

present invention. When heat iggIRpABAIRE AN ey Pephs o8RG 8E1REs

fabricated in 5 such a way that the walls %f %ge secondtLiguid flow
paths were for nBETBAT A2 | ERR ARG THOD Fe PHEPAFrEeneratinga nar ati on

filmwas attached th reon%o a q%the rooved . Bge Lng % e
grooves etC. forrfBith iy the ?## %e'gé%eraﬁﬁqﬂnqﬁgﬁpgaﬁp th%@&éégaF gched
further thereon%gick portion 205a of the movable separation film 205

and the heat-generating member 202, thereby generating

the bubble based on the film boiling phenomenon in the

L
-

bubble-generating liquid. The pressure based on the
10 generation of bubble preferentially acts on the movable
separation film 205, and the movable separation film
205 is displaced so that the thick portion 205a opens
greatly to the discharge port 201 about the recess
portion 205b, as shown in Fig. 13B. By this, the
15 pressure due to the bubble generated in the bubble-
generating region 207 is guided to the discharge port
201.
Further, in the case wherein a bellows portion is
provided in the movable separation film on the side of
20 the direction regulating means, the free-end-side
movable separation film of the direction regulating
means swells more toward the discharge port by the
pressure upon generation of bubble because of less
limitation on swelling than in the case of the movable
25 separation film being also provided on the side. Thus,
such an arrangement can achieve higher discharge

efficiency and higher discharge force.



10 Alternatively, the device was fabricated in such a way t hat

after formng the walls of the second liquid flow pat hs, the grooved
menber to which the novable separatizm il mw th the novabl e nmenber
bonded t hereto was attached was joined onto the walls. 15
Further, the process for producing the second liquid flow paths wll
be described in detail. First, elenments for el ectrothermal
conver si on each havi ng the heat-generating nmenber of hafnium bori de,
tantalumnitride, or IPhEREEKESRr SvlIQR s ractdoansegulaging mepssrat e
silicon wafer), _usin he,sa abrication system as that for
geniconductors?ignﬁ ?gﬁéeaF?%?Eé ws portiqn ofc &hsr MPNebdPenent substrate

was cl eaned for . rpose .of iymproving_ adherepce with

phot osensi ti ve sgﬂgrat%%%i?##@f%ﬁm? eﬁﬁd?%ﬁéﬁtéﬁﬁiaggﬁeB@ﬁ@@téﬁﬁf£%'inproved
25 further b LECl f.ace Aaf_ el nt .substrate to
surface nndificg??ggbgyéﬁgg?%%féﬁﬂi}g%%ﬁgigﬁ §%§Uld ¥r°mI?§% 8R8°%Rer eaf t er
spin- coatsng theqhies "@idd e first liquid flow path walls can e
- aﬁ% 5 or BP p?lng

surface, for exanple, wth qui ane cou
agent (avail abl prévem NHWprddigdie AP gdnktb®dohNot Blbble from
leaking through the side of the direction regulating
means to the outside upon displacement of the movable.
separation film, the discharge efficiency and dié%harge
10 force are not degraded in comparison with the case
without the bellows portion.

The discharge operation of the liquid discharge
apparatus constructed as described above will be
described in detail.

15 Figs. 15A to 15D are drawings for explaining the
operation of the liquid discharge apparatus shown in
Figs. 13A and 13B and Fig. 14.

In Fig. 15A, energy such as electric energy is not

applied to the heat-generating member 202 vet, so that

20 no heat is generated in the heat-generating member 202.
The thick portion 205a is located at the first position
nearly parallel to the substrate 201.

An important point herein is that the thick
portion 205a is provided at the position where it faces

25 at least the downstream portion of the bubble generated

by the heat in the heat-generating member 202. Namely,

for the downstream portion of the bubble to act on the



by wei ght with ethyl alcohol. Then the surface was cl eaned and

an ultraviol et - 5 sensitive resin film (avail able from Tokyo Ohka: dry
film Odil SY-318) DF was | am nated on theymdherence- enhanced
substrate. Next, photomask PM was placed on the dry film DF
and ultraviolet rays were radiated to portions to be 10 left as the
second flow path walls in the dry film DF t hrough t he phot onask PM
Thi s exposure step was carried out in the exposure dose of about 600
ml/cnierr], thichspagtirn- 3092 aviehe diitick mantdaNOA0SRCis placed at  Then
the dry filmDF was devel oped with a 15 devel oper conprised of xyl ene
and butyl cellodepgE up to theecpesktiqn dqwsteepmo@iTékRPoCeRkET BRFRC-3) to
di ssol ve unexposed portions, so that, the portiqns hardened by

exposure vere f&PRe@T88 PhethRl PediurdsnaTatdns HEmSeLokd2 (downstreaid f1 ow

ths. Further, th i d ini 20 th f f el t
Substrate vas | Bhofelithy Dassing he by af £4P 2866t 090 PUBCBRRE by an
I hi t i |.abl e fr. Al t | nc. .. MAS- 800
andthen uptr avPEPErFFPadIaRTeh da t GO AT OIERAS LY TRt TerE e
carried out at 1p0 égfééé%é@H%gggggggﬁ%ﬁﬁgg&dﬁgokg atﬁg ?n exposed portions

conpl etely. e con Iquid flow paths
structure of liquid flow path.

Here, when the electric energy or the like is
applied to the heat-generating member 202, the héét-

10 generating member 202 generates heat and part of the
bubble-generating liquid filling the inside of the
bubble-generating region 207 is heated thereby, thus
generating the bubble 206 by film boiling. When the
bubble 206 is generated, the slack portion 205c of the

15 movable separation film 205 is extended so that the
thick portion 205a is displaced from the first position
to the second position so as to guide propagation of
the pressure of bubble 206 toward the discharge port,
by the pressure based on generation of bubble 206 (Fig.

20 15B).

An important point herein is that the free end of
the thick portion 205a of the movable separation film
205 is positioned on the downstream side (on the
discharge port side) and the fulcrum 205d is located on

25 the upstream side (on the common liqﬁid chamber side)
whereby at least a part of the thick portion 205a faces

the downstream portion of the heat-generating member



can be uniformy forned wth accuracy in a plurality of

- 57 -

heat er boards (el enent substrates) obtained by dividing

t he above silicon substrate. Specifically, #se silicon substrate was
cut and divided into the respective heat er boards by a dicing
machi ne (avail able from Tokyo 5 Sei m tsu: AWD-4000) to which a dianond
bl ade 0.05 mm thick was attached. Each heater board separated was
fixed on an al um num base plate with adhesive (avai |l abl e from Toray:

SE4400) .

202, iTpen the dewnstremmmpikioncofnbubbdet 804, pasnted 10

board prelimnarily joined onto the al um num base pl ate, by al um num

wires of the di 4REFELIPSE 3PP M

t he heater

nmenber
net hod.

Next positioned and joined to
board us. obt ai ned was a joi.nt body of the grooved

with t%%tl?r:) WhHReS Grvth GF AYPRLSy 208e” £P6r EREREi oned 15

separatioﬁpffiL$§g££%%s#$$%grgqﬁggfﬁggﬁgéiggégggtgggbéé}ﬂ,nggggagse .
e a8 By PP ' P pPAcdunro tne AORLETTLEaHRRLY EHDSOS [OF. NK

and bubbl e- gener

base

10

15

20

25

I'ng 'd were joined a al um num

according to the pressure upon generation of bubble.
With this, the free-end-side slack portion 205c swells
greatly in the discharge direction while the fulcrum-.
side slack portion 205c is pulled by swelling for;e of
the thick portion 205a toward the discharge port, thus
assisting the shift thereof. As a result, the bubble
206 thus generated grows more downstream than upstream,
so that the thick portion 205a moves greatly over the
first position (Fig. 15C).

In this way, the thick portion 205a of the movable
separation film 205 is gradually displaced into the
first liquid flow path 203 according to the growth of
bubble 206, whereby the bubble 206 grows to the free
end side so as to inflate the slack portion 205c
greatly toward the discharge port, and the pressure due
to generation of bubble 206 is directed uniformly
toward the discharge port 201. This enhances the
discharge efficiency of liquid through the discharge
port 201. The movable separation film 205, while
guiding the bubble-generating pressure toward the
discharge port 201, becomes little hindrance against

transmission thereof, and thus the propagation



20 pl ate, and gaps between the al um num w res and gaps anong the

grooved nenber, the heater board, and the supply nmenbers for ink and
bubbl ez generating |iquid were sealedygvith silicon sealant (avail able
from ° Toshi ba Silicone: TSE399), thus conpleting the second 25
liquid flow paths. By formng the second |iquid flow paths by

t he above process, the accurate flow paths can be obtai ned

- 58 - wi t hout positional deviation relative to the heaters of
each heat er boarddreraioncafaprgsshye pard | thengrdwing diregtdiomi o t he
grooved nenber with the novabl e separation filmin the previous
step, the posit ibywpbdec dPlcFanahe beontmolled hifdad apdilve SePeRaingr ¥poni qui d
flow path and the . mpvabl e menber. Then stabl e discharge is achieved
by t hese HiegRagri frdeyof abhe RATHH IR ARIRFFELiNg -as to

enhance the quality of print. In additio i.nce the fl ow pat hs can
be formed en bl oc ongfﬁgr %@F: when ﬁkfrku 00 Egﬁtﬁécﬁ§s§9produced at
low Cost. 5 44 sappedl®hBEEREE of RS T le TP LY § cb0GAY! blBYLELE! -

of bubble characteristic to the film boiling phenomenon

described above, the thick portion 205a of the movable

separation film 205 displaced up to the second position

*
-

returns to the initial position (the first position)

10 shown in Fig. 15A because of the negative pressure upon
contraction of bubble 206 and the restoring force based
on the spring property of the movable separation film
205 itself (Fig. 15D). Upon collapse of bubble, in
order to compensate for the volume of the liquid

15 ejected, the liquid flows into the space from upstream,
i.e., from the common ligquid chamber side as indicated
by V,, V,, and from the discharge port 201 side as
indicated by V..

As described above, since in the structure of the

20 present embodiment the direction regulating means
provided in the movable separation film lets the
pressure propagate efficiently toward the discharge
port, the liquid weak against heat, the high-viscosity
liquid, or the like can be discharged at higher

25 discharge efficiency and under higher discharge force.

Figs. 16A to 16C are drawings for explaining the

relationship of location between the thick portion 205a



curing dry filmfor formng the second liquid flow paths, but it is
al so possible to obtain the el enent substrate by using a resin
naterLgI having an 15 absorption band ifgthe ultraviolet region
especially near 248 nm curing it after lamnation, and directly
renoving the resin in the portions to becone the second liquid flow
pat hs by exciner |aser. The first liquid flow paths etc. were
formed by 20 j oining the conbi ned body of the substrate with the

novabl e separ at bdnthel modablei Hephedboiven tHi Inhe@0f amndedhe secontiop pl ate
having the orifice plate with discharge ports, the grooves for
formng the firdtiguiquEdiokl path 204 irpathes, ligudd ldd schezgeecdpparatoa for
forming the first 25 comon |iquid chanber, conmunicating in common with

t he pl ur ashpynofinf Figs. | 13fiand | 68 muchFidgser 198psPyilAB. t he
first liquid to each flow path. The novabl e separation )
- 59 - whereini Eigi xk8R bls i tRp mifdhademy ofhithegitBdekd t op

pl ate and the second liguid flow path walls. Th . vapl e separation

filmis noP fixBa=5hPY 2858ncFia- Foe dinet o Pl Vi) FReoreghia

positioned and Ekéggdtglow path 204 without the movable separation
film 205, and Fig. 16C is a schematic view of the
positional relation between the thick portion 205? and
the second liquid flow path 204 as superimposed. PIn

10 either view the discharge port 201 is located on the
bottom side.

The second liquid flow path 204 has constricted
portions 209 before and after the heat-generating
member 202, thereby being formed in such chamber

15 (bubble-generating chamber) structure as to prevent the
pressure upon generation of bubble from escaping
through the second liquid flow path 204. In the
present invention, since the bubble-generating ligquid
is separated completely from the discharge liquid by

20 the movable separation film 205, consumption of the
bubble-generating liquid is equal to substantially
zero. However, the bubble-generating liquid, though a
little amount, is replenished for the purposes of
compensating for vaporization of the bubble-generating

25 liquid under circumstances of physical distribution and

storage and of removing bubbles remaining in the

bubble-generating chamber after long-term continuous



5 the substrate after fixed to the grooved top plate.

Pref erabl e exanples of the nmaterial for the novabl e nmenber to be the
di rection regul ati ng neans i ncl ude_d@yabl e materials, for exanple,
met al s Jsuch as silver, nickel, gold, iron, titanium alumnum 10
plati num tantalum stainless steel, or phosphor bronze, alloys
thereof, resin materials, for exanple, t hose having the nitryl group
such as acrylonitrile, but adi ene, or styrene, those having the am de
group sucipexatponyanhdeprdhngly havhe gwamelre disoodnsprdgeduch 15

as pol ycarbonate, those having the al dehyde group such as

pol yacet al , tho®ertiensg2PAecanl bongehrRRy aIra, severalpymy£gl tene,

t hose such as liquid crystal polxners, and chem cal conpounds

thereof; and maf&d §P¥CRaYi HY the DIRRFYIR |YRGP LPAGTSTiORe ofnkubpde
cxarmple, Metals oeh 35 20, cne 08LSsd VAN el EM AN, ) Bkel postal e
e e LGRSl B LG A 1 UR WMER. soopsoslBRYBLAC,
TR e 805" 6 OB e i QSRS 3 ) MEKUBLERTREHS! 208,
material s havingnkhe; BYdlaoxy! +98 OEP-SIC @S PIARR igath 203 can be
discharged at high efficiency and under high discharge
force by the displacement of the thick portion Zdéa of
10 the movable separation film 205 into the first liquid
flow path 203 by this pressure. Here,lthe downstream
constricted portion 209 of the bubble-generating
chamber of the second liquid flow path 204 is a flow
path for extracting bubbles remaining in the bubble-
15 generating chamber therefrom.
The shape of the second liquid flow path 204 is
not limited to the above-stated structure, but it may
be any shape that can effectively transmit the pressure
upon generation of bubble to the movable separation
20 film.
The present embodiment is arranged so that the
heat-generating member 202 is the one having the shape
of 40 uym x 105 pm and the movable separation film 205
is provided in such a state as to cover the bubble-
25 generating chamber in which the heat-generating member
202 is provided, but without having to be limited to

these, the size, shape, and location of the heat-



- 60 - resins, resin materials having the ethyl group such as

pol yethyl ene, resin materials having the al kyl group such as
polypgopylene, resin materials having the epoxy group such as epoxy
resing, resin materials having the 5 am de group such as nel am ne
resins, resin materials havi ng the nethyl ol group such as xyl ene
resins, chem cal conpounds thereof, ceramc materials such as
silicon dioxide, and chem cal conpounds thereof. Preferabl e
exanpl es of thgemeratiag membehe202 0and ngvaieyadsasgepags thionmE1d8 i ncl ude,
In addition to the af orenenti oned polyimde, resin materials having
hi gh he@05r é8i $hgnPEesaPfhinyRRtY) Ran Hﬁ(ﬂﬁ%ﬁ?wlngéo

nol dability, elasticity, and capability of formn thin film

typified by re@éﬁﬂt€ﬁ§Fﬁ¥efFﬁ@ f#%@ﬁ?(ﬂ?d %E?athﬂﬁsﬁyé§hﬂﬁpyépﬁylene
pol ypropyl ene,. pol yan de, et er epht hal at, | am ne
resins, phenol PEeSSUTe upgR;g %neféﬁkéhj qgﬁilﬁa % Ei &d
polyether therk . Iyeth s lf ne al.yal | Iate silicone
rubber, a d poFy% %6X§?Yanﬁ QIzﬁﬁp Iyg%ﬁ%bunds t her eof .

The thickness of th?anKébﬁfeé@@@réﬁﬂéHlJéAﬂan%5flow path walls for

forming the second liquid flow path 204 are formed by
laminating the photosensitive resin (dry £ilm) 15‘pm :
thick on the substrate 210 and patterning it, but’the

10 present invention is not limited to this. As in
Embodiment 1, the material for the flow path walls may
be any material that has solvent resistivity against
the bubble-generating liquid and that can readily form
the shape of flow path walls.

15 Next described is a structural example of the
liquid discharge apparatus that has two common liquid
chambers, that can introduce the different liquids to
the respective common liquid chambers as separating
them well from each other, and that can be made at

20 reduced cost, while decreasing the number of
components.

Fig. 17 is a schematic view to show a structural
example of the liquid discharge apparatus according to
the present invention, wherein the same constituents'as

25 those in the example shown in Figs. 13A and 13B to
Figs. 16A to 1l6C are denoted by the same reference

symbols, and the detailed description thereof is



can be determned in consideration of the material and t he shape and

the like thereof fromthe viewpoints that the strength as a
partitjon wall should be assured and 25 - 7%9hat expansi on and contraction
takes gl ace well, and it is desirably approximately 0.5 pmto 10 pm
(Enmbodi nent 2) - 61 -

Figs. 9A to 9C are drawings to show the second enbodi nent of the

i quid di scharge apparatus of the present invention, wherein Fig.

9A i s a cross- s@ditdRg herein. yjew along the flow path direction upon

non- gener ati on 5 Qf bubbl.e, Flg, 9B is a cross-secti | .vi al ong
the low pat ASatPeEPPOHEh herthb e e BHes L 4B Fhe

9C is a draw ng.t.o show. ' o] LS 0 . . observed from
t he second flowlﬁgtuﬁgsgégc}é? g&ﬁegaég%%%é éh‘mn er{s)%% ilr? ﬁisg. 9A. 10

[ Tquid 11 ow pat FoT0I=FRpebig,fabsed o dne MHifhnge portis SFATAIEd on
the substrate 119.ce 235, PROYLERM MY o NerdiRAls FRNRHAY Y pTRERES £J02 (the
of first liquid flow paths 203, and a recessed portion
for forming the first common ligquid chamber 243,
communicating in common with the plurality of first
liquid flow paths 203, for supplying the liquid fthe
10 discharge liquid) to each first liquid flow path 203.

The plurality of first liquid flow paths 203 are
formed by joining the movable separation film 205 to
the lower portion of this grooved member 232 so that
the inside thereof generally faces the heat-generating

15 member. The grooved member 232 is provided with the
first liquid supply path 233 running from the top
thereof into the first common liquid chamber 243 and
also with the second liquid supply path 234 running
from the top thereof through the movable separation

20 film 205 into the second common liquid chamber 244.

The first liquid is supplied through the first
liquid supply path 233 and through the first common
liquid chamber 243 to the first liquid flow paths 203,
as shown by arrow C in Fig. 17, while the second liguid

25 (the bubble-generating liquid) is supplied through the
second liquid supply path 234 and through the second

common liquid chamber 244 to the second liquid flow



heating resistor nmenber in the shape of 40 pmx 105 [err]m 15 in the
present enbodi nent) for supplying the thernal energy for generating
the bubble in the liquid, and the figet-liquid flow path 103 for

di schafge liquid in direct communication with the discharge port 101
IS provi ded above it. The novable nmenber 131 is provided 20 as
the direction regul ating neans, which has the free end on the .
downst ream si de of the upstream edge of the bubbl e- generati ng regi on
107, and the fuP&® 8R4thas shown bypsareewnBiite Rigr ddf.. The novabl e

menber 131 and the . novabl e separation film 105, provided in an
opening 25 porti EA9pelfedf BReckpPieded; RAXFHGV VieatvieroToastovwha
second liquid flow path 104, are bonded with each other at bondi ng
portion 131c, WSEHCEYFAL §*pEP{eoPfHee t}iid discharge apparatus
- 62 - end .side, of the novabl e nmenber 131, whereby the first
liquid fl ow pat RET65%ARY Fﬁetéﬁc%ﬂ%S?Q%uﬁQY?qﬁﬁﬁﬁnurlVm ) 104 are almaysd
ted bstantia fi C ) . e eat is generate
?ﬁp?L2 ﬁea§9angpatih%¥o ggnkﬁgnagég%ﬁﬁhe@?ﬁ?ﬁﬂﬁﬁﬁ’etTGGe?§m§8%erated in the
bubbl e- 86BEL2hL892169H L0 A8da Ay {'% RARI-4915 B AdaREDer

generating members 202 is provided on the support body

236 made of the metal such as aluminum as in Embodiment

<

-

1.

10 Provided above the element substrate 210 are a
plurality of grooves for forming the second liquid flow
paths 204 constructed of the second liquid path walls,
the recessed portion for forming the second common
liquid chamber (common bubble-generating liquid

15 chamber) 244, communicating with the plurality of
second liquid flow paths 204, for supplying the bubble-
generating liquid to each of the second liquid flow
paths 204, and the movable separation film 205 having
the thick portion 205a described above.

20 The grooved member 232 has the grooves for forming
the first liquid flow paths (discharge liquid flow
paths) 203 when joined with the movable separation film
205, the recessed portion for forming the first common
liquid chamber (common discharge liquid chamber) 243,

25 communicating with the discharge liquid flow paths, for
supplying the discharge liquid to each of the first

liquid flow paths 203, the first liquid supply path



102. This displaces the novabl e separation film 105 into the first
liquid flow path 103, whereupon the di spl acenent of the novabl e
separation film105 is 10 control |l ed byt he novabl e nenber 131. Since
the novabl e menber 131 has the free end above the bubbl e-

generating region 107 and the ful crum upstreamthereof, t he novabl e
separation film 105 is displaced nore on t he downstream si de than on
the upstreamside (Fig. 15 9B) . In this way, the downstream
portion of the (diabherge liquidpsuppinmrdtitm2835 for supplidied gheater with
growt h of bubbl e 106, whereby the pressure due to generation of
bubbl e 106 is tdaashargedlnﬁvhdytqcﬁhQkaﬁsiﬂﬂﬂmw@npéﬂﬁulgoCham?@I t her eby
efficiently discharging the discharge quid in the first liquid
flow path 103 f%ﬁhth@d the segprd tgbldpérltowmfthsﬂF?G@b%ﬁégﬁﬁeﬁﬁlténg
separation film es not have to cover he ent S ace, the cost
can be dééﬁéh@eﬁuppé$ path} ﬁ%%%ﬁﬁ§h§QQP ying the bug%ﬁ S. 10A to 10F

?L?rgrgﬁgogfﬁéhggggrgkfﬁg fiqu%ﬁ to thé'E%JJA%”é’ nqﬁg %&hoggggbggow/the

244 . The second liquid supply path 234 is connected to
a communication passage communicating with the second
common liquid chamber 244 as passing through the‘
movable separation film 205 disposed outside therfirst
10 common liguid chamber 243, so that the bubble- v
generating liquid can be supplied to the second common
liquid chamber 243 through this communication passage
without mixing with the discharge liquid.

The pésitional relation among the element

15 substrate 210, the movable separation film 205, and the
grooved member 232 is such that the thick portion 205a
is located corresponding to the heat-generating member
202 of the element substrate 210 and that the first
liquid flow path 203 is provided corresponding to this

20 thick portion 205a.

Next described is the process for fabricating the
movable separation film having the thick portion
described above.

The movable separation film having the thick

25 portion is made of a polyimide resin and is produced by
the following process.

Figs. 19A to 19E are drawings for explaining



the liquid discharge nethod and the quuid'discharge appar at us

according to the present invention.

In the present enbodi nent,

as shown in Fig. 10A, the second l+g@2d-flow path 114 for

bubbl e- gener ati ng 5 liquid is provided on the substrate 130 provided

t he heat-generating nenber 112 (the heating resistor

menber in the shape of 40 pmx 105 pmin the present enbodi nent) for

w th

supplying the thermal energy for

generating the bubble in the

liquid, and theflbrdcation stppgupf thevneraie spranatdion Hadde in dhed in

di rect

communi cation with the discharge port_111 is provi ded

above it. The mdvawid €4pahargenaPPRRRTYS Shew ofn Figs. 134 @0 fA3Bm with
elasticity is provided between the first liquid flow path 113 and
t he second |iquit® FREw Bgth 15 114. The novabl e separation film 115

separates the

d id | he fj | i
The bubbFSEBEnaPoPAREOt | HRFer | T (bl S i il

from
path 114.

e

I scharge,li ui.d flom%fath 113
10NS
W

vabl e separation fi | [ . o] o) ite to
the heat - geher atngfefiber 1T Saﬂ% %g%éég‘é%&‘%ogeo&sﬁ%%éﬁn A3 vt ohe
bubbl e- gener at | 19.ef ﬁlgldgno}ll%e)e’gfrgr resin, tf'g c,bc!r%égc? wisuﬂgn%ife%@,eby the
€ nmenber u

heat generated int

on the

10

15

20

25

. o heat - gener ati ng 112. rther provided
figyaht! badi ¢nbrawepalhid18s séde;itdd1ad¥AR @oating

with liquid polyimide resin described above to form a

4
-

film approximately 3 pm thick (Fig. 19B).

Then this film is cured by ultraviolet irradiation
and thereafter it is subjected to further spin coating
to form another layer.

., Next, the second resin layer is subjected to
exposure in the portion to become the thick portion
205a and development is carried out (Fig. 19C).

This forms the thick portion 205a on the thin film
(Fig. 19D).

After that, this film is peeled off from the
mirror wafer and is positioned and attached onto the
substrate in which the second liquid flow path
described above is formed, thereby making the movable
separation film on the substrate (Fig. 19E).
(Embodiment 6)

Figs. 20A and 20B are cross-sectional views along
the flow path direction to show the sixth embodiment of
the liquid discharge method and the liquid discharge

apparatus according to the present invention, wherein



separation film 115 is the novabl e nenber 151 as the 25 di rection

regul ating nmeans, which has the free end 151a on the downstream si de
of the upstream edge of the bubbl e-g@®®r-ati ng region 117, and the
ful crum 151b on - 64 - t he
upstream side of the free end 151a and which is di sposed adj acent to
t he novabl e separation film 115. The novabl e separation film 115 and
t he novabl e nenber 151 may be bonded to each other at the bonding

portion 5 I5gc, 20hi tH dedoawing farshayf a lsdatecPORdNPBta si de of
t he novabl e nenber 151 (on the upstream side of the
bubbl e- gener at i ggnesgtien 1a7)buhble ndrfigy 9o drawingiie shoWqrtj on
bet ween the bondi ng portion 151c and the fulcrum 151b is.a curved
portion 151d cupvedas® vh@n_sfp§ra?%9%n?ﬁi§ﬂhq}%w(Hﬁ°Bagth 379Fde.
Ihe 11 QU 0 scharge oper ol o0 | DRl S snomn JoSFIRLIcaBROgHA
D B S Legrati o fl v aBAY Ak B8 ddochgow I
direction regulating means, whereas the direction
regulating means in the example shown in Figs. 13A and
13B was a part of the movable separation film Zlilfor
separating the first liquid flow path 213 from tﬁe
10 second liquid flow path 214.

Since in the present embodiment the dire?tion
regulating means and the movable separation film are
separate members, the slack portion is provided on the
opposite side to that in the previous embodiment. As

15 for the direction of the slack portion, there is no
specific limitation on the direction as long as the
pressure upon generation of bubble can inflate the
slack portion toward the discharge port.

The movable separation film 215 is formed in

20 uniform thickness by the similar process to that in the
fifth embodiment described above.

The movable member 231 to be the direction
regulating means was fabricated by electroforming of
nickel.

25 The supply of the discharge liquid and the bubble-

generating liquid may be the same as that in the fifth

embodiment. In the case of the liquid discharge



Figs. 11A and 11B are drawi ngs to show t he characteristics of the
novabl e separation filmused in the liquid discharge apparatus
according to the present i nvention, wherein Fig. 11Ais a drawing to
show the 20 rel ati onship between pressgye f of the bubble generated

I nthe bubbl e-generating region and stress F of the novabl e
separation filmagainst it and Fig. 11Bis a graph to show the
characteristics of the stress F of t he novabl e separation film

agai nst vol une change of 25 bubbl e shown in Fig. 11A As
shown in Figs. abpArands1dB, theepsesest afbadigient, thepagipaaradepdedyion film
exponentially increases with - 65 -

i ncreasi ng vol wife tipedifectioheregbbiting meanmipddfe ongl GREP to they[err]

of the bubble is small in the initial stage of generation of bubbl e.
Wth total expasseshlahgbobbtess as CO@W#‘?I%"{%%S%‘ e fd frbvabl e
separation film becones smaller and the stress becqnes meagﬁﬁ

5
Thus, t pebedimeaty yPHE FBed%%P%a%ﬁﬂ%ga%Tfal'&e"}eéhfcm §hg Terve

lnflectlon pOIQLparation film E?g/ u{hlrghgé%é?éﬁsreg'&é%%n%gﬁea ge liquid

can decrease the cost per component and, effectively
utilizing the spring property of nickel, the movable
separation film inflated can be returned efficiently to
the original position.

10 In the present embodiment the movable member 231 .
was made of nickel, but the present invention is not
limited to nickel. The material for the movable member
‘231 may be any material having elasticity for assuring
good operation as the movable member 231.

15 Figs. 21A to 21D are drawings for explaining the
liquid discharge method in a modification of the liquid
discharge apparatus shown in Figs. 20A and 20B.

In the present modification as shown in Figs. 21A
t& 21D, slack portion 325a is disposed on the

20 downstream side of the movable separation film 305
facing the heat-generating member 302 and the upstream
side of the movable separation film 305 facing the
heat-generating member 302 has the function of the
direction regulating means.

25 In Fig. 21A, the energy such as the electric
energy is not applied to the heat-generating member 302

yvet, so that the heat is not generated in the heat-



di scharge operation in the present -enbodinent will be 10 descri bed.
When heat is generated in the heat-generating menber 112, the bubble
116 is generated in the bubble- generating region 117 on the

heat - gener ati ng nenber 112, wherebygg he part of the novable
separation film 15 115 bel ow the curved portion 151d of the novable
menber 151 starts extending (Fig. 10B). Wth further
grow h of the bubble 116, the novable separation film 115 further
extends to start being di splaced into the first liquid flow path 113
(Fig. 20 1@Enerating member AB@2y t¥Imtthig tstartignt Hbe §L8GKh of the
bubbl e 116, t he novabl e separation film 115 becones .about to be

di spl aced furt pertinno3Rha L&rsiackensd an dhgpfaropds 1iquid £1gYt pecause
the upstreamside is fixed by the fulcrum 25 151b, the displacenent is
restricted thep@thsgifiRat the downstream si de being the free end

151a side is di spl aced gr eat i 0. )
- 66 - Here? when ghe efgcéglé)eﬁg¥gy or the like is

5 applied to the heat-generating member 302, the heat-
generating member 302 generates heat and part of the
bubble-generating liquid filling the inside of the
bubble-generating region 307 is heated by the heat,
thus generating the bubble 306 by film boiling. When

10 the bubble 306 is generated, the slack portion 325a of
the movable separation film 305 is displaced from the
first position to the second position on the first
liquid flow path 303 side so as to guide propagation of
the pressure of the bubble 306 toward the discharge

15 port, by the pressure based on the generation of bubble
306 (Fig. 21B).

With further growth of bubble 306, the slack
portion 325a of the movable separation film 305 is
férther displaced into the first liquid flow path 303

20 according to the pressure upon generation of bubble
(Fig. 21C).

After that, when the bubble 306 contracts to
disappear because of the decrease of internal pressure
of bubble characteristic to the film boiling phencmenon

25 described above, the slack portion 305a of the movable
separation film 305 having been displaced up to the

second position returns to the initial position (the



In this way, the downstream portion of the novable separation film
115 is displaced greater with growth of t he bubble 116, whereby the
pressure due to the generation of bubble 116 is transmtted mainly
t owar d 5 the discharge port 111, ther efficiently discharging

the discharge liquid in the first liquid flow path 113 fromthe

di scharge port 111. In this state the stress on the novabl e
separation film11l5 is maintained at point Cin Fig. 11B on the 10
upstream si de because of restriction of extension and at point Ein

Fig. 11B on thgidewnpbEeanbal by beg@usEstoring Mrdeh@uere eneancement of
extension. In the stress ‘di stribution over the whole of the novable
separation negaftike ptesstiherepor ecortracst ias DHOMUbhbd euBO6r @am si de i s
15 greater than that on the downstream side. Wth
contraction of theespuhbpyeptdépetberetiftiee ndwable separmtdioine f4dpaBlbi on fil m
115 becones about to return to the position before displacenent

(Fig. 10E), whertsepdn(Fig. 21Because of the stress distribution as

descri bed above, 20 the contraction speed is fast on the upstream side
of Subbl(Embedimante7dhe contraction speed is slow on the

downstream side. Thus, the stress distribution over, . the whole of the
novabl e separati on FiEfr123AnaREes24Rcire cross—gagfianads igwgr 24erel v

Idﬁg; gg:g E Eg :ttﬁ'%: 31891 E)Q%h gJS.rect:lLJ r? t{oe as c?vlv ch\eansctiavaesntho e%ﬁ)%gli%leln
of the liquid discharge apparatus according to the
present invention, wherein Fig. 22A is a drawing to

10 show a state upon non-generation of bubble and Fig. 22B
is a state upon generation of bubble (upon discharge).
In the present embodiment, as shown in Figs. 22A
and 22B, the second liquid flow path 304 for bubble-
generating liquid is provided on the substrate 310
15 provided with the heat-generating member 302 (the
heating resistor member in the shape of 40 uym x 105 um
‘» in the presen£ embodiment) for supplying the thermal
energy for generating the bubble in the liquid, and the
first liquid flow path 303 for discharge liquid in
20 direct communication with the discharge port 301 is
provided above it. The movable separation film 305
made of a thin film with little elasticity is provided
between the first liquid flow path 303 and the second
liquid flow path 304 and the movable separation film
25 305 separates the discharge liquid in the first liquid
flow path 303 from the bubble-generating liquid in the

second ligquid flow path 304.



on the downstream side. Because of the negative pressure upon
col | apse of - 67 -

bubbl e, the portion of the novable separation film 115 bel ow t he
curved portion 151d of the novabl e nmenber gibl becones di spl aced
into the second liquid flow path 104 past the position before

di spl acenent. However, since 5 the curved portion 151d of the novable
menber 151 is provi ded, the reduction of pressure is suppressed on
the first liquid flow path 113 side, which suppresses back of

meni scus and i npr ovearéhethef mbvable separaticimarfadive30st iios thei g. 10F) .

10 Further, the novable nenber 151 restricts novenent of the
liquid to upstpeamiohhtoebyedcimevhagprdiection arngef @boye #deudi ng t he

i mprovenent in the refilling characteristics, the reduction of
crosstal k, andssofene of the lEabugererating megber 302 prpojectErAniAd 128
are drawi ngs to show the fourth enbodi nent of the |liquid discharge
appar at us accotBengecond liggidhEley R3H 3Qﬁuﬂﬂqqmﬂ°qmﬁﬁﬁﬁﬁ%tFP6.°f2A is a

cross- bubble and distance L of projection from reference
surface 305B of the movable separation film is longer
on the downstream side, which is the discharge port 301
side of the first liquid flow path 303, than on the
upstream side, which is the common liquid chamber (not

10 shown) side, as shown in Fig. 22A. Thus, this shape is
inverted in Fig. 22B, thus achieving the displacing
step as stated in the present invention. Namely, since
the shape of the movable separation film is
preliminarily defined, desired displacement can be

15 achieved stably. Further, the simple structure is
achieved, because the direction regulating member is
the movable separation film itself.

The maximum volume (the sum of volumes made by the

péojecting portion at each position of Fig. 22A and

20 Fig. 22B) caused by the displacement of convex portion
305a being the projecting portion is determined to be
larger than the maximum expansion volume of the bubble
generated in the bubble-generating region 307.

The distance between the surface of the movable

25 separation film 305 where the convex portion 305a is

not formed, and the surface of the heat-generating

member 302 is set to approximately 5 to 20 um. The



sectional view along the flow path direction and Fig. 12B is a top

pl an view. 20 The present enbodi nent, as shown in Figs. 12A and
12B, is different fromthe first enbodinment in that the novabl e
menber 161 is formed in such a trapezoi d fHwype as to decrease the

wi dth toward downstream where the free end 161a is |located, and the
ot her structure is 25 the sanme as in the first enbodi nent.

In the liquid discharge apparatus constructed as descri bed above,
since the novabl e nmenber 161 is forned

- 68 - bubbhe sgehenatingevadibrs 3 ixs ded inedr betwhenwkdéeh t oward
downstream the novable nenber 161 is easy to deform and t he novabl e

separation fil hratsgenesatprgdeember 302 @nd dihencopvey phetpors3dfa. of

bubbl e generated in the 5 bubbl e- generating regi on 107.
Therefore, the presd®feentofh nEift LLBCLEG GReTaY or thghahkendat of
di schar ge efficie£%¥%and i ncrease of discharge anpun

t.
The above- st at B8P cte 2% PRAGHENRTAFinG MeEPer1602, theiheatree end

16la in tge pr&%ﬁ&%a EQSQ$£ﬁggr|§b2 generates heat and part of the

bubble-generating liquid filling the inside of the
bubble-generating region 307 is heated by the heat,
thus generating the bubble 306 by film boiling. When
the bubble 306 is generated, the convex portion 305a of
10 the movable separation film 305 is displaced from the
first position to the second position on the first
liquid flow path 303 side so as to guide propagation of
the pressure of the bubble 306 toward the discharge
port, by the pressure based on the generation of bubble
15 306.

In the present embodiment, since the movable
separation film 305 is formed so as to be displaced
into the first liquid flow path 303 by displacement of
tﬁe convex portion 305a, the energy upon generation of

20 bubble contributes more efficiently to the displacement
of the movable separation film 305, as compared with
the arrangement wherein the movable separation film 305
extends with generation of bubble to be displaced into
the first liquid flow path 303. Thus, the present

25 embodiment can achieve efficient discharge. Further,
since the convex portion 305a of the movable separation

film 305 is formed so that the maximum displacement



arranged, nore preferably, as |located on the upstream side of the
center of the heat-generating nenber 102. (Enbodi nent 5)

Figs. 13A and 13B are cross-sectional views along 15 the flow path
direction to show the fifth enbodi nent aof gg - the |iquid discharge

met hod and the liquid discharge apparatus according to the present

I nvention, wherein Fig. 13Ais a drawng to show a state upon non-
generation of bubble and Fig. 13Bis a drawing to show 20 a state upon
generation of bubble (upon discharge). Fig. 14 is a perspective
view, partly bwvokeme thetdef becomed igpdatedi sblaar gbeappaimtms shown in
Figs. 13A and 13B. In the present enbodi nent, as shown in Figs.
13A ande&ﬁ@nahanVglumm-O%ithaahunhieEmB@@rnEnﬁ in the bgbBble-second
liquid fl ow path 204 for bubbl e-generating quid is provided on the
substrate 210 geperdbingregion 07&Iﬁ@ngﬁpwﬁén@ﬁaPPHQlﬁehﬁePOQOZ (the

heating resistor
nenber in the 5RERLaBEA s2nPriuC ey HhGicieRe Fiesbarae can b%nbodlnent) f or

supplylng t he ggeiggéd?nergy for

In the present embodiment, since the movable
separation film 305 is preliminarily projected into the
second liquid flow path 304, the displacement amount
becomes greater when the movable separation film 305 is

10 displaced from the first position to the second
position so as to guide propagation of pressure of
bubble 306 toward the discharge port, by the pressure
based on the generation of bubble 306, which increases
the discharge efficiency of liguid from the discharge

15 port 301. Since the distance L of the convex portion
305a of the movable separation film 305 is longer on

. the discharge port 301 side than on the common liquid
chamber side, it is easy to transmit the pressure based
oé the generation of bubble 306 to the discharge port

20 301 in the first liquid flow path 303 for discharge
liquid, which increases the discharge efficiency of
liquid from the discharge port 301.

After that, when the bubble 306 contracts to
disappear because of the decrease of internal pressure

25 of bubble characteristic to the film boiling phenomenon
described above, the convex portion 305a of the movable

separation film 305 having been displaced up to the



generating the bubble in the liquid, and the first liquid fl ow path-
203 for discharge liquid in direct 5 conmmuni cation with the discharge
port 201 is provided above it. Further, the novable separation film
205 made of a thin filmwth elastiggty is provided between
the first liquid flow path 203 and the second liquid fl ow path 204.
The novabl e separation film 205 10 separates the discharge liquid in the
first liquid flow path 203 fromthe bubbl e-generating liquid in the
second liquid flow path 204. Here, the novabl e separation film
205 in the secopdr poshtionareturms tte thejisdttiial posdtdbovéthRe 15
surface of the heat-generating nenber 202 has thick portion 205a as
the direction fégstappajtiennsbyftled mestoring dgres due §ot he
heat - generati ng nenber 202 and havi ng the free end on the discharge
port 202 side, ngga@tivacRressure wpeR | GRREARLIAD Ofe BYPEdRaBH8 BBAt 201 side
of the free 20 end. As descri bed bel ow, .the nmovabl e segarat%ﬁg film

o]

205 operates s&heh&PTERE PRPERT BYref ofhediyvakle separafion iidg t he
first liquid fLOM/E th 203 with generation of bubble in the
bubble-geﬁeratilﬁﬁe rquid and so that deformation on the discharge

port 201 side 25 becones greatgr because of t sl gck . partion 205c
(Fig. 13B) . §Pﬁ§§efhes ?Cé%eﬁ}t‘e eTodt nEnt og:sh engtll&r‘fé'gd to

expand the movable,senar ahhopafil PSS e WHviirilon also

achieves the effects as described in the foregoing
embodiments, the liquid such as the high-viscosity

10 liquid can be discharged at further higher discharge
efficiency and under further higher discharge force.
(Embodiment 8)

Figs. 23A and 23B are cross-sectional views along
the flow path direction to show the eighth embodiment

15 of the liquid discharge method and the liquid discharge
apparatus according to the present invention, wherein
Fig. 23A is a drawing to show a state upon non-
generation of bubble and Fig. 23B is a drawing to show
a;state upon generation of bubble (upon discharge).

20 In the present embodiment, as shown in Figs. 23A
and 23B, in addition to the structure shown in Figs.
22A and 22B, the movable member 331, capable of being
displaced, for regulating displacement of the movable
separation film 305 is provided between the movable

25 separation film 305 and the first liquid flow path 303,
and the other structure is the same as in Figs. 22A and

22B. The movable member 331 is made by electroforming



- 70 -

enhanced.
to the discharge port 201 with respect to the thick 5 portion 205a of
t he novabl e separation film 205 and is - g1 - a hinge portion for

facilitating the displacenment of
portion 205b nay be

of the slack portion, the discharge efficiency can
Recess portion 205b is formed on the opposite

om tted dependi ng upon the thickness or t

be
si de

he

mat eri al of the thick portion 205a, if the thick portion 205a is
easy to displ ace. However, the recess portion 205b is the
portion of untckehi nglhe SubRivumDORe dperhargpl déenedt apd Flh%

thick portion 205b, and thus the fulcrum 205d is forned pl ace

to becone a stbﬁbbh@ $Eﬁ$ﬁa¥ﬁn3h¥ﬁﬁ W& bepghe Sé@@naFnd?ﬁ%rt%%% of the
structure without the recess POFtIOﬂ 205b. The th

portion 205a i3P| oAt SRVeHER fR

i ck

approximately 10 to 15

the thick portion 205a. The recess

10

[err] m apart fronlthe e at - E;qﬁ{]eratln nenber 202.s0 _as.to cover the

heat -

10

15

20

25

e liquid di arge apparatus constructéd as
described above, a large displaceable amount of the
movable separation film 305 upon generation of bubble
can also be assured stably. Further, the movable
member 331 can reinforce the action for guiding the
displacement of the movable separation film 305 toward
the discharge port. Since the movable separation film
305 is projecting into the second liquid flow path 304
upon non-generation of bubble, the liquid above the
projecting portion can also be guided to the discharge
port 301 upon generation of bubble.

The movable member 331 also helps the projecting
force of the convex portion 305a of the movable
separation filmﬁ305 into the second liquid flow path
304.
’ The present embodiment used nickel for the movable
member 331, but the present invention may employ any
material without having to be limited to it, if the
material has elasticity enough to assure good operation
as the movable member 331.

(Embodiment 9)
Figs. 24A and 24B are cross-sectional views along

the flow path direction to show the ninth embodiment of

the liquid discharge method and the liquid discharge



20 generating nmenber 202 at the position opposite to the

heat - generati ng nenber 202, while having the ful crum 205d on the
upstream side of flow of the |iquid, flowng fromthe conmmon liquid
chanber (not illustrated) through tdpe 4 hick portion 205a to the 25
di scharge port 201 by the discharge operation of liquid, and the
free end on the downstream side of this ful crum 205d. The space

bet ween the heat-generating - 71 -
menber 202 and the thick portion 205a is the bubble- generating
regi on 207. apparatus i¥beorfiteg tc gJengmssnht dnvieatheat - gbezeani ng
menber 202, the heat acts on the bubbl e-generating 5 liquid in the
bubbl e- gener at iFdg.r @¢Rohs287dbavimente khow a statle alPoporPRon 205a of the
movabl e separation film 205 and the heat-generating nenber 202,

t her eby gener agengration of heubple| and kg AR HE & PFAWAPE §§ SReHonenon
in the bubbl e-generating |iquid. The pressure %aseg on the 10
generation of BuBkB&ESpHEPBr RREEFF{PRRS Qﬂpéiﬁa(ﬁ§Pgb ¢SChargelqeparati on

film 205, and the novabl e. separation film Q5 . s displ aced so that
t he thicksportion zyggnoﬁgﬁsgfectrlc energy is apﬁaled %o t%% %ea%—

generating member, the heat-generating member generates
heat and part of the bubble-generating liquid filling
the inside of the bubble-generating region is heated by
the heat, thus generating the bubble by film boiling.

10 On that occasion, the maximum expansion volume of
bubble is not always constant because of dispersion
elements due to the fabrication process, environmental
conditions, etc. or it may differ nozzle by nozzle.

Thus, the present embodiment, as shown in Figs.

15 24A and 24B, is arranged so that the maximum
displacement volume of the convex portion 315a of the
movable separation film 315 is smaller than the maximum
expansion volume of the bubble 316 generated in the
bébble—generating region 307.

20 Specifically, since the dispersion of expansion
volume of bubble 316 due to the discharge
characteristics of liquid is +10 %, the maximum
displacement volume of the convex portion 315a of the
movable separation film 315 is arranged to be 80 % or

25 less of the maximum expansion volume of the bubble 316
generated in the bubble-generating region 307.

This arrangement always keeps constant the



greatly to the discharge port 201 about the recess portion 205b, as
shown in Fig. 13B. By this, the 15 pressure due to the bubble generated
i n the bubbl e- generating region 207 is guided to the discharge port
201. Further, in the case wherggn a bellows portion is

provided in the novable separation filmon the side of 20 the direction
regul ating neans, the free-end-side novabl e separation filmof the
direction regul ating means swells nore toward the di scharge port by
t he pressure upon generation of bubble because of |ess

linitation on gisplangmehfnanounheof ashe ofonvax mordidion 315a ofsEpgrati on
filmbeing also provided on the side. Thus, such an arrangenent can
achi eve hi gher mgvebher geparation ef $1mj 3 }uRan SAnGTations &faPybPLsr ce.

- 72 - In this case, when the directiaon regul ati ng neans

i s closed, theelenl withpdispersiPntee Hhs Mransion Volélé'&agét PHHbgPI mis

cl osed substantially herneticall t hereb ,shut%lngggg the first

liquid fromthél8e8BRdto the disgﬁarge characteristics o
5 whereby the discharge amount of the discharge liquid
becomes constant, thus achieving good discharge without
dispersion among nozzles.
(Embodiment 10)
Figs. 25A to 25C are drawings to show the tenth

10 embodiment of the liquid discharge apparatus according
to the present invention, wherein Fig. 25A is a cross-
sectional view along the flow path direction to show a
state upon non-generation of bubble, Fig. 25B is a
cross-sectional view along the flow path direction to

15 show a state upon generation of bubble (upon
discharge), and Fig. 25C is a drawing to show the

s configuration of the second liquid flow path.
In the present embodiment, as shown in Figs. 25A
td 25C, the second liquid flow path 404 for bubble-

20 generating liquid is provided on the substrate 410
provided with the heat-generating member 402 (the
heating resistor member in the shape of 40 pm x 105 pm
in the present embodiment) for supplying the thermal
energy for generating the bubble in the liquid, and the

25 first liquid flow path 403 for discharge liquid in
direct cammunication with the discharge port 401 is

provided above it. The movable separation film 405



5 liquid. Since the first liquid flow path walls can prevent
the pressure upon generation of bubble from | eaki ng t hrough the
side of the direction regulating means to the outside upon

di spl acenment of the novable separajg an film the discharge
efficiency and discharge 10 force are not degraded in conparison with

t he case w t hout the bellows portion. The di scharge
operation of the liquid discharge apparatus constructed as descri bed
above will be described in detail. 15 Figs. 15A to 15D are
drawi ngs for explei 6fng then film wigereltasiricdiftyt e pirguidedi behwege

appar atus shown in Figs. 13A and 13B and Fig. 14. I n
Fig. 15A, ener ghesfithstislibgetd rfoenmaty 403 mod the secapgd| léduid the

heat - generati ng nmenber 202 yet, so that 20 no heat is gener ated in the
heat - gener at i n§lawnbath2604, and thertrovahlex SePRERGHOROEA1Ms4P5cat ed at the
first position nearly parallel to the substrate 201.

i mpor t ant p0|nﬁenérétﬁsl§h?h%}5@¢EF99nkﬂGU1d in the figstodsguid 5}%V|ded at

the position where it faces at least the d vynstream rtion of the
bubbl e geRer at Bgth 403 f’E)?th}ée Hkbler 9enenfddrggendtat Ag %gﬁber 202.

Nanel y, sgggn&hflquygsgigﬁu%é¥ktddﬂl of the bubble to act on the

When the heat-generating member 402 generates
heat, the heat acts on the bubble-generating liquid in
the bubble-generating region 407 between the movable

10 separation film 405 and the heat-generating member 402,
thereby generating the bubble based on the film boiling
phenomenon in the bubble-generating liquid. The
pressure based on the generation of bubble
preferentially acts on the movable separation film 405,

15 so that the movable separation film 405 is displaced so
as to develop greatly toward the discharge port 401.
This guides the bubble generated in the bubble-
generating region 407 toward the discharge port 401.

d In the present embodiment the second liquid flow

20 path 404 is formed up to a further downstream position
over the bubble-generating region 407 located
immediately above the heat-generating member 402,
whereby flow resistance on the downstream side becomes
smaller than that immediately above the heat-generating

25 member 402, so as to make it easier to guide the
pressure due to the bubble generated by heat in the

heat-generating member 402 to downstream. Therefore,



- 73 - thick portion 205a, the thick portion 205a is placed at

| east up to the position downstream of the center of the area of

t he heat-generating nenber 202 (downstream of a line passing the
center of the area of the heat- 5 genagmtd ng nenber 202 and
perpendi cul arly intersecting the direction of the length of flow
path) in the structure of liquid flow path. Here, when
the electric energy or the like is applied to the heat-generating
menber 202, the heat- 10 generating nmenber 202 generates heat and part
of the tshiebmovgbher aepagaticmi £l ¥ 4Qhd = d sondigelarethe
bubbl e- generating region 207 is heated thereby, thus | eperating the
bubbl e 206 by towarBothengisoparge Heort 401, é‘%@vilé’ggé‘%gr‘at ed, the
sl ack portion 205c of the novabl e, separation film 205 is extended so

15
that the digphakgporffoniensy #_d High HLSFEAGR TREFirst position

to the second position so_as to gujde propagati on .of . t he, pressure of
bubbl e 206 toward tR&PEPsEREPGE %ﬁ#f?ﬂ o PehE (Aﬁ%g ArEsddy §° aggd on

generation of b%ﬁ Eggéggggggg?laggng ggg%%h of bubble in 2Rhel EBRLHAN POI Nt

herein is*hat %
liquid flow path, the effect appears from the initial

stage of generation of bubble.
Further, since the movable separation f£ilm 405
quickly returns to the position before displacement by
10 the pressure upon contraction of bubble 406 as the
bubble 406 contracts, the refilling speed of the
discharge liquid into the first liquid flow path 403 is
enhanced in addition to the control of the acting
direction of pressure, thereby achieving stable
15 discharge also in high-speed printing.
(Embodiment 11)

Figs. 26A and 26B are cross-sectional views along
the flow path direction to show the eleventh embodiment
og the liquid discharge method and the liquid discharge

20 apparatus according to the present invention, wherein
Fig. 26A is a drawing to show a state upon non-
generation of bubble and Fig. 26B is a drawing to show
a state upon generation of bubble (upon discharge).

In the present embodiment, as shown in Figs. 26A

25 and 26B, the wall of the second liquid flow path 411 on
the discharge port side of the heat-generating member

402 is formed in such a tapered shape as to expand



the thick portion 205a of the novable separation film 205 is
positioned on the downstream side (on the di scharge port side) and
the fulcrum 205d is |located on 25 t he upstream side (on the conmon

| i qui d chanber side) whereby at |le é a part of the thick portion
205a faces t he domnstrean1portiod'g$ the heat - generating nenber

- 74 - 202, i.e., the downstream portion of bubble 206, as
descri bed above. Wth further growmh of bubble 206, the thick

portion 205a of the novable separation film205 is 5

further displaced

into the first Jig 'dthgog&ge§§fﬁgfa?€t' wh@&O8F HHY £10uW R Altandee UpoON

generation of bubble. . hi's, the free-end-side slack portion
205c swells 5 an@r g@hkYth8 biiSbObssheesec g afddith WU7 @edieakelscr um

side slack portion 205c is pulled by swelling force of

10

the thick

portion 205a tQuwang ithe diswhpage powardtthes dischardgsgicatt,ngot he shift
thereof. As a result, the bubble 206 thus generated grows nore
downst r eam t hamalgstiteaasier to gsibdé hthe tireeddink qbiubibie2@34% noves

greatly over the first position (Fig. 150).

5 generated by heat in the heat-generating member 402

toward the discharge port, thus achieving high

discharge efficiency and high discharge force,

similarly as in the tenth embodiment.

Figs. 27A and 27B are cross-sectional views along

10 the flow path direction to show modifications of the

liquid discharge apparatus shown in Figs. 26A and 26B,

wherein Fig. 27A is a drawing to show a modification in

which the part of the second liquid flow path wall is

formed stepwise and Fig. 27B is a drawing to show

15 another modification in which the part of the second

liquid flow path wall is formed in a shape with a

T certain radius of curvature.

In the modification shown in Fig. 27A, the wall of

-

the second liquid flow path 424 on the discharge port

20 side of the heat-generating member 402 is formed in

such a stepped shape as to expand toward the discharge

port and in the modification shown in Fig. 27B, the

wall of the second liquid flow path 434 on the

discharge port side of the heat-generating member 402

25 is formed in such a shape with a certain radius of

curvature as to expand toward the discharge port. In

either case, the flow resistance in and near the



15 In this way, the thick portion 205a of the novable

separation film205 is gradually displaced into the first liquid

fl ow path 203 according to the growh of bubbl e 206, whereby the
bubble 206 grows to the free end sigﬁ_§o as to inflate the slack
portion 205c 20 greatly toward the di stharge port, and the pressure due
to generation of bubble 206 is directed uniformy toward the

di scharge port 201. This enhances the di scharge efficiency of liquid
through the discharge port 201. The novabl e separation film 205,
uhile 25— Oyflio LUAcRURRLE PERPEALAON BEPUUChdMMY dokded the

di scharge port 2 , bécones [1Ttle hindrance agai nst transm ssi on

thereof, and t%ﬂ%gh%% Br pBagat k@Nas to make it easier to guide the
- 75- |rec?|on of pressure and the grow ng direction of

bubbl e 206 can heseortr olfl 8dpBlei geastyedaperniiaty itpahe heat- the
magni t ude of the pressure propagating. After that, when the

bubbl e 206 conigeaetrating memberdéd®2ppeathdettarsemange tdrtdedhe@se of
i nternal pressure of bubbl e characteristic to the filmboiling
phenomenors achieving high discharge efficiency and high discharge
force, similarly as in the embodiment shown in Figs.
26A and 26B.
(Embodiment 12)
Figs. 28A and 28B are drawings to show the twelfth
10 embodiment of the liquid discharge apparatus according
to the present invention, wherein Fig. 28A is a top
plan view to show the positional relation between the
second liquid flow path and the heat-generating member
and Fig. 28B is a perspective view of the arrangement
15 shown in Fig. 28A and wherein the discharge port is
located on the left side in Fig. 28A.
- As shown in Figs. 28A and 28B, the second liquid
flow path in the present embodiment has such a shape
téat the width of the second liquid flow path 444
20 gradually increases from upstream to downstream near
the heat-generating member 442, as compared with that
shown in Figs. 25A to 25C.
The discharge operation in the liquid discharge
apparatus constructed as described above will be
25 described in detail.
Figs. 29A to 29C are drawings for explaining the

discharge operation in the liquid discharge apparatus



descri bed above, the thick portion 205a of the novable separation

film 205 displaced up to the second position returns to the initial
position (the first position) 10 shown in Fig. 15A because of the
negative pressure upon contraction 3; bubbl e 206 and the restoring
force based on the spring property "t he novabl e separation film
205 itself (Fig. 15D). Upon coll apse of bubble, in order to
conpensate for the volune of the I|qU|d 15 ejected, the liquid fl ows
into the space from upstream i.e., fromthe comon |iquid chanmber

s1de as indicatgdun gg \*éir%nd\ﬂéﬁrleE%&i%r%Egthégﬂ'iﬁéﬁﬁﬁésport 201

si de as I'ca ed escri bed above, since

in the S”UCtUE%o.Q,%-%QStlaﬂal PGS entorfyToad meniat Beodh eat Feg.regul ating
means provi I'n tthe novabl e separation filmlets the

pressure propagghe eifichent iNcioues bidis dextionge views aPehy, the liquid
weak agai nst heat, the high-viscosity liquid, or the |ike can be

di scharged at blggher 2985showdi s6Rige 26K, amh@igandsendaclhdgber di scharge
force. Figs. 16A to 16C are drawi ngs for explaining the
rel ati onslsi p oktrbeeakteonibraleehewdicaldnig 9t i26¢ 206an in Fig.
e 28A.

(I) in Figs. 29A to 29C, the electric energy is
not applied to the heat-generating member 442 yet, so
that no heat is generated in the heat-generating member

10 442. The movable separation film 445 is located at the
first position nearly parallel to the substrate 420.

Here, when the electric energy is applied to the
heat-generating member 442, the heat-generating member
442 generates heat and part of the bubble-generating

15 liquid filling the inside of the bubble-generating
region 447 is heated by the heat, thus generating the
> bubble 446 by film boiling ((II) in Figs. 29A to 29C).

The heat by the.heat—generating member 442 guickly
g;ows the bubble 446 thus generated, whereupon, because

20 of the shape of the second liquid flow path 444 shown
in Figs. 28A and 28B, the central portion of the bubble
grows large on the upstream side while the both end
portions therecof grow large on the downstream side,
thereby displacing the movable separation film 445

25 therewith ((III) in Figs. 29A to 29C).

With further growth of bubble 446, the central



of the novabl e separation film 205 and the second

liquid flow path

204 in the liquid discharge apparatus shown in Figs. 13A and 13B and
Figs. 15A to 15D, wherein Fig. 16A is a top plan view of the thick

5 portion 205a, Fig. 16Bis a top plan vjew of the second l'iquid
flow path 204 without the novabl e separati - film 205, and Fig. 16C
Is a schematic view of the positional relation between the thick
portion 205a and the second liquid flow path 204 as superinposed. In
10 either view the discharge port 201 is |ocated on the bottom

si de.

portions 209 bgPore an

t her eby being E%HE@réamSEsbt%ﬁﬁ@@rthéﬁnovaﬂlmlt&ap%ﬁaﬂ@rnatﬂlm @hanber)

structure as to prevent t pressure upon generation of bubble from

rtiBR gs&agféréaxﬁ U Fodd o Red e 2Qsh ias d@.%%ifabb%t %ﬁe

after the heat-generat’i ng 02,

escapi ng grehreygl(the secpigs|izpa dedlzaepath 204. In the

present invention, since the bubble-generating liquid I S separated
conpl etely fron1theAﬂterhahge | wisen dtlsy bdiible 44te comtislcgsseégpar ation film
205, consunption of the bubbl e-generating liquid is equal to

substanti &l | y disappeaer becébsevef , théeddnmagrse gehdihet ilaferngdi d, t hough a

littl e anobunt,

10

15

20

25

i's replenished for the purposes of
pressure of bubble characteristic to the film boiling

phenomenon described above, the movable separation film
445 thus displaced returns to the initial position by
the restoring force due to the negative pressure upon
contraction of bubble 446 and the spring property of
the movable separation film 445 itself ((V) in Figs.
29A to 29C).

As described above, the pressure occurring with
generation of bubble 446 gradually becomes directed to
downstream, i.e., toward the discharge port.

This gradually decreases the flow resistance in
and near the bubble-generating region 447 toward the
discharge port, so as to make it easier to guide the
p;essure of the bubble generated by heat in the heat-
generating member 442 toward the discharge port, thus
achieving high discharge efficiency and high discharge
force, similarly as in the tenth embodiment. This can
also transport the first liquid in the projection area
of the heat-generating member 442 to the discharge
port, thus increasing the discharge amount.

Figs. 30A to 30C are drawings to show

modifications of the liquid discharge apparatus shown



conpensating for vaporization of the bubbl e-generating 25 | i qui d under

ci rcunst ances of physical distribution and storage and of renoving
bubbl es remaining in the bubbl e- generating chanber after |ong-term
cont i nuous - 100 - -77- oper ati on.
Accordingly, the gap in the constricted portions 209 can be set very
narrow, several pmto ten and several pm the pressure upon
generation of bubble occurring in the second liquid flow path 204

can be 5 directed as concentrated to the novable separation film

205 with littlqesggre bBArepl £9n! hgnste IO NBOA arda drawingheol i quid
in the first liquid™flow path 203 can be di scharged at high

ef ficiency and gieglea Woahrdbaehangen which fis aeidnh tdfe tdies plemoadent of the
thick portion 205a of 10 the novable separation film 205 into the first
l'i quid fliguidatho®0Bakby hbas phesisese-gdiems tinge molest r eam
constricted portion 209 of the bubbl e-generating chanber of the
second |iquid fgradupaflly 204ressesf tbepwise fromtupstareaskthoacti ng bubbl es
remai ning in the bubble- 15 enerating chanber therefrom

The shape Sof t ldowsstordm,i figd PPBwipad H%Q@ZF'UP% to show a

modification in which the width of the second liquid
flow path near the heat-generating member gradually
increases at a certain radius of curvature from
‘upstream to downstream, and Fig. 30C is a drawing to

10 show a modification in which the width of the second
liquid flow path near the heat-generating member
gradually increases at the opposite radius of curvature
to Fig. 30B from upstream to downstream. In either
drawing the discharge port is located on the left side

15 in the drawing.

Since in the modification shown in Fig. 30A the
width of the second liquid flow path 454 near the heat-
generating member 442 gradually increases stepwise from
u;stream to downstream, since in the modification shown

20 in Fig. 30B the width of the second liquid flow path
464 near the heat-generating member 442 gradually
increases at the certain radius of curvature from
upstream to downstream, or since in the modification
shown in Fig. 30C the width of the second liquid flow

25 path 474 near the heat-generating member 442 gradually
increases at the opposite radius of curvature to Fig.

30B from upstream to downstream, the flow resistance in



not limted to the above-stated structure, but it may be any shape
that can effectively transmt the pressure upon generation of bubble
to the novabl e separation 20 film The present enbodi nent
is arranged so that the heat - gener 6'ng menber 202 is the one having
t he: shape of 40 pmx 105 pm and thg %Dvable separation film 205

I's provided in such a state as to cover the bubble- 25 generati ng
chanber in which the heat-generating nenber 202 i s provided, but

wi thout having to be limted to t hese, the size, shape, and | ocation

of the heat- ap4 pear the bubble-generating region gréfually
generating nenber 202 and the novabl e separation film 205 in the

present invent ggRrBB¥eSetERhLd MMt ischargedipdirtt’ Al by theemcabapesoand
| ocations by which the pressure upon generation of bubble can be

utilized 5 asetbefibkyely @sside b gphiategecher geessare of the In the
present enbodi nent the flow path walls for formng the second |iquid
flow path 204 aubblergedebyted by héainiimattiheg head-groess&Angt me@bessin (dry
frim 15 %n] 442 toward the discharge port, thus achieving high
discharge efficiency and high discharge force.
{Embodiment 13)
Figs. 31A to 31E are drawings for explaining the
operation of the liguid discharge apparatus to show the
10 thirteenth embodiment of the liquid discharge apparatus
according to the present invention.
In the present embodiment, similar to each of the
previous embodiments, the second liquid flow path 504
for bubble-generating liquid is provided on the
15 substrate 510 provided with the heat-generating member
502 (the heating resistor member in the shape of 40 pm
. x 105 uym in the present embodiment) for supplying the
thermal energy for generating the bubble in the liquid,
aéd the first liquid flow path 503 for discharge liquid
20 in direct communication with the discharge port 501 is
provided above it. Further, the movable separatibn
film 505 made of a thin film with elasticity is
provided between the first liquid flow path 503 and the
second liquid flow path 504 and the movable separation
25 film 505 separates the discharge liquid in the first

liquid flow path 503 from the bubble-generating liquid

in the second liquid flow path 504. A further feature



thick on the substrate 210 and patterning it, but the 10 pr esent
invention is not limted to this. As in Enbodi mrent 1, the materia
for the flow path walls may be any material that has sol vent
resistivity against the bubbl e-genggpgtLng liquid and that can
readily form the shape of flow path walls. 15 Next
described is a structural exanple of the | i qui d di scharge appar at us
that has two common liquid chanbers, that can introduce the
different liquids to the respective common |liquid chanbers as
separating of theepreekhtf enabveatdnot herthaind tratabden separaddoat 20
reduced cost, while decreasing the nunber of conponents.

Fig. 17 is a sdiamtieplacementshegubatimgotemtzdr 531 havdxgnpaine of the

i quid di scharge apparatus according to t he present invention,
wherei n the sampendngt pputhbs mear2the bublbe-denanatinamsigdothd®T i n Fi gs.
13A and 13B to Figs. 16A to 16C are denoted by the sane reference
symbol s, and t ledderarhgdddsecreptrbat t ftprbacement of the movable

- 79 - om tted herein. ) o
5 separation film 505 is provided on the first liquid

flow path 503 side of the movable separation film 505.

The discharge operation of the liquid discharge
apparatus of the present embodiment will be described
in detail with reference to Figs. 31A to 31lE.

10 In Fig. 31a, the energy such as the electric
energy is not applied to the heat-generating member 502
yet, so that no heat is generated in the heat-
generating member 502. The movable separation film 505
is located at the first position nearly parallel to the

15 substrate 510.

An important point herein is that the center of
the opening portion of the movable separation film
displacement regulating member 531 is located
déwnstream of the center of the heat-generating member

20 502, which locates the center of the movable area of
the movable separation film 505 on the downstream side
of the center of the heat-generating member 502.

Here, when the electric energy or the like is
applied to the heat-generating member 502, the heat-

25 generating member 502 generates heat and part of the
bubble-generating liquid filling the inside of the

bubble-generating region 507 is heated by the heat,



As in Enbodiment 1, the grooved nenber 232 in the | i qui d di scharge

apparatus shown in Fig. 17 is schematically conposed of the

di scharge ports, orifice 5 plate 235, a plurality of grooves formng a
plurality of first liquid rom1pgtf§3293, and a recessed portion

for formng the first common |iquid chanber 243, communi cating in
common with the plurality of first liquid flow paths 203, for
supplying the liquid (the 10 di scharge liquid) to each first liquid

fl ow path 203. The plurality of first liquid flow paths 203 are
formed by joi nifgst §endPyebhg BRPaAH1RN 506 By2@51m0boiling. t heiheser
portion of this grooved nenber 232 so that t he inside thereof

general |y faceshthgehest - @enei@tndighblld aremeifethe fbeapgleoved nenber 232
is provided with the first liquid supply path 233 running fromthe
top t heg@phrationt helhi 563 iorimwatedydodnskarber o248hendenter al so
with the second liquid supply path 234 running fromthe top thereof
t hrough t he nowébtbeskeatagénera2ing menben 202 ,i the mp¥abdeond common

| i qui d chanber 244. The first liquid is supplied through the

first 5 | bgpadatipn| §ibat$0RITcones Ragugn thebpri AdsPEaARBON
| iquid chanber 243 to the first liquid flow paths 203, as_shown by
arrow C in Fi gthe7doypsteeamesidr il theyliedt-gsrerating BEBBLE- 88%er ati ng

liquid) is supplied through $"Se bubbie 506 (Fig. 31B).

With further growth of the bubble 506, the movable
separation film 506 is further displaced into the first
10 liquid flow path 503 according to the pressure upon
generation of bubble. As a result, the bubble 506
generated grows greater downstream than upstream, so
that the movable separation film 505 moves greatly over
the first position (Fig. 31C).
15 After that, as the bubble 506 contracts because of
the decrease of internal pressure of bubble
- characteristic to the film boiling phenomenon described
above, the movable separation film 505 having been
displaced up to the second position gradually returns
20 to the initial position (the first position) shown in
Fig. 31A by the negative pressure upon contraction of
bubble 506 (Fig. 31D).
When the bubble 506 is collapsed, the movable
separation film 505 returns to the initial position
25 (the first position) (Fig. 31E). Upon collapse of
bubble, in order to compensate for the volume of liquid

ejected, the liquid flows as indicated by V,,, V,, from



second liquid supply path 234 and t hrough the second comon |iquid
chanber 244 to the second liquid flow

- 80 - pat hs 204, as shown by arrow D in Fig. 17

Fig. 18 is an expl oded, perspective vieg1&84sbom1a ~structural
exanple of the liquid discharge apparatus according to the present

I nventi on. 5 Al'so in the present enbodi nent, the el enent
substrate 210 provided with a plurality of heat- generati ng nmenbers
202 is provided on the support body 236 made of the netal such as
al um num as i nupgbedsMEni.e., from lthe Hdmmon 1iqubtovhdrHedRONR4thE el enent
substrate 210 are a pTurallty of grooves for formng the second
liquid flow indic@8éisby0d, Fawsl kuet @dsehat§e secosbl i quid fatdh wal | s,
the recessed portion for form ng the second comron l'iquid chamber
(comon bubbl etfmagrathog thepwe dvaslSche cdlanber) 1244idceponntEat hagtwith the
plurality of second liquid flow paths 204, for supplying the bubbl e-

gener ati ng | i qgederating mefbehd G dmddvingtiréafl gwo the dipahdsg@04, and
t he novabl e separation fil m 205 having
port), the flow of V,, V,, is greater, which is useful
to increase of refilling speed and decrease of
retracting amount of meniscus.. |
Since the opening portion of the movable
separation film 531 is rounded in the thickness
10 direction as shown in Figs. 31A to 31E, stress
concentration on the movable separation film 505 in
this portion is relieved, so as to decrease degradation
of strength, thus improving durability.
Next described is the structure and fabrication
15 process 0of the liquid discharge apparatus described
above.
Figs. 32A to 32D are drawings for explaining the
positional relation among the heat-generating member
562, the second liquid flow path 504, and the movable
20 separation film displacement regulating member 531 in
the liquid discharge apparatus shown in Figs. 31A to
31E, wherein Fig. 32A is a drawing to show the
positional relation between the heat-generating member
502 and the second liquid flow path 504, Fig. 32B is a
25 top plan v@ew of the movable separation film

displacement regulating member 531, Fig. 32C is a

drawing to show the positional relation among the heat-



the thick portion 205a descri bed above. 20 The grooved nenber 232
has the grooves for formng the first liquid flow paths (discharge
liquid flow pat hs) 203 when joined with the novabl e separation film
205, the recessed portion for formng tbelé'r§t common l'iquid
chanmber (common di scharge |iquid chanber) 33, 25 comuni cating with

t he discharge liquid flow paths, for suppl ying the discharge liquid
to each of the first liquid fl ow paths 203, the first liquid supply
pat h - 81 - (di scharge

liquid supply gahB}aedrgfRémSewPioi hakHdi&second liduiah&loe baghi 804p the
first common |iquid chanber 243, and the second liquid flow path

(bubbl e- gener aghAgthe movabidlUshatmpion palln dA3plheeneappkyggogathegbubbl e-
5 generating liquid to the second comon |iquid chanber 244. The

second |liquid memppey PaLh &3d Figc@BRecied tdrawing toasbownthecati on
passage communi cating wth the second common |iquid chanber 244 as
passi ng t hrougBithkaceable apsad|ef sdpamavaidef iSepazesiansfdd®do8ht si de the

first 10 comon |iquid chanber 243, so that the bubble-
5 and wherein in either drawing the discharge port is

located on the left side of the drawing.

As shown in Fig. 32D, the present embodiment is
arranged so that the downward displaceable area of the
movable separation film 505 where the movable

10 separation film 505 can be displaced downward is the
area surrounded by the wall of the second liquid flow
path 504, so that the upward displaceable area of the
movable separation film 505 where the movable
separation film 505 can be displaced upward is the area

15 in the opening portion of the movable separation film
displacement regulating member 531, and so that the

“n center of the movable area of the movable separation
film 505 is located downstream of the center of the
héat-generating member 502.

20 As shown in Fig. 32B, the four corners of the
opening portion 53la of the movable separation film
displacement regulating member 531 are rounded, soO as
to prevent the movable separation film 505 from being
broken thereby, thus improving the durability.

25 The second liquid flow path 504 is provided with
constricted portions 509 for the same purposes as in

the fifth embodiment, before and after the heat-



generating liquid can be supplied to the second comon | i quid chamber
243 through this conmuni cati on passage w thout mxing with the
di scharge |iquid.

substrate 210,

The positional relation anong the el enent 15

t he novabl e separation fil 05, and the gr ooved

menber 232 is such that the thick portion 5a I's | ocated

correspondi ng to the heat-generating nenber
substrate 210 and that the first

202 of the el enent
liquid flow path 203 is provided

corresponding to this 20 thi ck portion 205a. Next descri bed

is the process gbfrbadhiCAkhBErt 562, and a My esperRarial igiveln lom havi ng
the thick portion
separation fil pnaaviggnkiget pogk 58D sid@osf ithe ireamdemairatipg yi m de
resin and is produced by the foll ow ng process. ' Fi gs.
19A to 19E ar e mémdeicngg2f.or expl ai ni ng

-82-

descri bed above. The novabl e

fabrication steps of the novable separation filmin the

| i qui d di schar ge appar dessrshednabovéi gsindgAmesudRture of the to Fig.

18.

5 present embodiment is such that the center of the

10

15

20

25

movable area of the movable separation film is located
downstream of the center of the heat-generating member
whereby the movable separation film displaced according
to the pressure upon generation of bubble grows on the
downstream side, the liquid weak against heat, the
high-viscosity liquid, or the like can be discharged at
high efficiency and under high discharge pressure. In
addition, a further increase of discharge amount is
achieved by the transport action of the liquid in the
first ligquid flow path.

(Embodiment 14)

Fig. 33 is a cross-sectional view along the flow
path direction to show the fourteenth embodiment of the
1£quid discharge apparatus according to the present
invention.

In the present embodiment, as shown in Fig. 33,
the second liquid flow path 604 for bubble-generating
liquid is provided on the substrate 610 provided with
the heat-generating member 602 (the heating resistor
member in the shape of 40 um x 105 um in the present
embodiment) for supplying the thermal energy for

generating the bubble in the liquid, and the first



First, a mrror wafer of silicon having portions - 5 to becone

sl acks of the novable separation film which are nmade of neta
or resin, is coated with a rel ease agent and thereafter it is
subj ected to spin coating th Liquid polyimde resin described
above to forma f|In1apprOX|n&Pgly 3 pmthick (Fig. 19B).

10 Then this filmis cured by ultraviolet irradiation

and thereafter it is subjected to further spin coating to form
anot her | ayer. Next, the second resin layer is subjected to

exposure in theg pol %rlhl o&op?§ﬁ°€8i9?§ r L@ Sk Y d 110%{uia ;thl ct205a and

devel opnent is“carried out forns t he

thick portion B chieohNidthi A2 disch AFigh1 42D ded
After that, th%@ﬁgm HFIS Bee l'ed off fr%%?t?fge po n???gﬁ ﬁafer and

i's p05|t|0ned adbvat iachegduerhert hehe movarlk sepdisdiio €iilm \6isch t he
second liquid flow path descri bed above is formed, thereby

meking the novafade of a thin f£iSMPRIGhi eladtidiwn idheravidedabetiBey. 19E).
(Enbodi nent 6) Fi gs. 20A and 20B are cross-sectional views
al ong 5 25the tfhest] adgpatihfllowepatibne@d albveheheesiondh 1eginddi nent of
the liquid discharge nmethod and the |iquid discharge appar at us
accordi ng to tHdowr patht 6DAvendi the mpeakle separation film 605
separates the discharge liquid in the first liquid flow
path 603 from the bubble-generating liquid in the
second liquid flow path 604.
10 When the heat-generating member 602 generates
heat, the bubble is generated based on the film boiling
phenomenon in the bubble-generating liquid. Here, the
flow resistance R, downstream of the center of the area
of the heat-generating member 602 is greater than the
15 flow resistance R, upstream thereof in the second liquid
flow path 604, whereby among the pressure based on the
generation of bubble, components downstream of the
center of area of the heat-generating member 602
péeferentially act on the movable separation film 605
20 while upstream components act not only on the movable
separation film 605 but also on the upstream side.
Thus, as the bubble grows continuously, the
movable separation film 605 is displaced greater toward
the discharge port 601. This guides the pressure due
25 to the bubble generated in the bubble-generating region
607 to the discharge port 601.

The discharge operation of the liquid discharge



- 83- Fig. 20Ais a drawing to show a state upon non-

generation of bubble and Fig. 20B is a drawing to show a state upon
generation of bubble (upon discharge). The present enbodi nent,

as shown in Figs. 20A and 5 20B, has a %parate menber of novabl e nenber
231 as the direction regul ating nea&? whereas the direction

regul ating neans in the exanple shown in Figs. 13A and 13B was a part
of the novabl e separation film 215 for. separating the first liquid
flow path 213 fromthe 10 second liquid flow path 214.

Since in the prg ??%%t%@ﬁ@h%?hc%@@ 8k §&tbPIbed abovel@ihat ieg neans and

t he novabl e separation filmare separate nenbers, the slack portion
is provided onddi@ribeda iBPBRAEREE.Side to that in the previous enbodi nent.
As 15 for the direction of the slack portion, there is no

specific limtati onragsthg4pli tecBipnans dpagimgs tfr explainimgsiee upon
generation of bubble can inflate the slack portion toward the

di scharge port operation of thbelimquad| éiselpargd iappdrdtms? Ehown fior med in
20 uni formthickness by the simlar process to that in the

5 Fig. 33.

In Fig. 34A, the energy such as the electric
energy is not applied to the heat-generating member 602
yet, so that no heat is generated in the heat-
generating member 602.

10 Here, when the electric energy or the like is
applied to the heat-generating member 602, the heat-
generating member 602 generates heat and part of the
bubble-generating liquid filling the inside of the
bubble-generating region 607 is heated by the heat,

15 thus generating the bubble 606 by film boiling. When
the bubble 606 is generated, the pressure based on the
generation of bubble 606 starts displacing the movable
separation film 605 from the first position to the
second position with propagation of bubble 606 (Fig.

20 34B).

An important point herein is that the flow
resistance on the downstream side is greater than that
on the upstream side so that the pressure components on
the downstream side (on the discharge port side) of the

25 center of area of the heat-generating member 602
preferentially act on the movable separation film 605

in the second liquid flow path 604, as described above.



fifth enbodi ment described above. The novabl e nmenber 231 to be
the direction regul ating nmeans was fabricated by el ectrof orm ng of
ni ckel . 25 The supply of the discharge liquid and the bubbl e-
generating liquid may be the same as thatlbg the fifth enbodi nment .
In the case of the liquid discharge - -

84 - apparatus of the present enbodi nent, the separate body

of the direction regulating neans adds one step to the assenbl i ng
process as conpared with that in the fifth enbodi ment, but the

separate arrangemeniy;af, EecHRYabLS1D of HERAREI fihemeks z8Rdalhe

direction regul ati ng nmeans can decrease the cost per conponent and,

effectively  complhbhtai BattHE €1 | e ORAN Ybr@fs Stirek @ompbAenievabl e
separation filminflated can be returned efficiently to t he ori gi nal

position. 10 pecome diBetbBeapupserd ssrimglineudjeetmeakihe nenber 231
was made of nickel, but the present invention is not limted to
ni ckel . The natewngkrtam Ebewnpyabdéeammshiscribed above. This makes
5 the most of the downstream pressure components

preferentially act on the movable separation film 605,

thereby further displacing the movable separation film

605 into the first liquid flow path 603. With this,

the movable separation film 605 is inflated greatly

10 toward the discharge port 601 (Fig. 34C).

Since the bubble 606 grows to downstream so as to
inflate the movable separation film 605 greater toward
the discharge port with gradual displacement of the
downstream portion of the movable separation film 605

15 into the first liquid flow path 603 according to the
growth of bubble 606 as described above, the pressure

T - upon generation of bubble 606 is directed uniformly

toward the discharge port 601. This enhances the
discharge efficiency of liquid from the discharge port

20 601. 1In guiding the bubble-generating pressure to the
discharge port 601, the movable separation film 605
rarely impeaes transmission of the pressure, so that
the propagating direction of pressure and the growing
direction of bubble 606 can be controlled efficiently

25 according to the magnitude of the propagating pressure.

After that, when the bubble 606 contracts to

disappear due to the decrease of internal pressure of



231 may be any material having elasticity for assuring good operation
as the novabl e nenber 231. 15 Figs. 21A to 21D are draw ngs for
expl ai ni ng the | i quid di scharge nmethod in a nodification of the
liquid di scharge apparatus shown i Elgs 20A and 20B

In the present nodification as shown in Flgs 21A to 21D, sl ack
portion 325a is disposed on the 20 downstream si de of the novabl e
separation film 305 faci ng the heat-generating nmenber 302 and the
upstream side of the novable separation film 305 facing the

heat - generat'nﬂugﬁmgeéhgggcgé§1éfﬁbftﬁ“%ﬂé”fﬁﬂh1ﬂaillng pheglioieaibinon
regul ating neans. 25 In Fig. 21A, the energy such as the electric

energy is not appkiredelioabbte ) Cthe Rteillled NppEEEON3Ed 1m 605 hpetingso t hat
the heat is not generated in the heat-

- 85 - begandlspiagedeapeto 3tk decdrd portiatieon tilse dilspdlaced
portion 325a is slackened on the second liquid flow pat h si de.
Here, when theieltecthecsencengylbquidefldkepdatth 604 over the first
5 position because of the negative pressure due to the
contraction of bubble 606 and thereafter it returns to
the initial position (the first position) shown in Fig.
34A (Fig. 34D). Upon collapse of bubble, in order to
compensate for the volume of liquid ejected, the liquid
10 flows into the region as indicated by V,, V,, from
upstream, i.e., from the common liquid chambers and as
indicated by V, from the discharge port 401. The liquid
also flows into the region from upstream in the second
liquid flow path 604.
15 The structure of the liquid discharge apparatus
described above will be described.

* Fig. 35 is a drawing for explaining the structure
of the second liquid flow path 604 of the liquid
discharge apparatus shown in Fig. 33 and Figs. 34A to

20 34D, which is a top plan view of the second liquid flow
path 604 without the movable separation film 605. The
discharge port is located on the bottom side in the
drawing.

The second liquid flow path 604 is provided with

25 constricted portions 60%a, 609b for the same purposes

as in Embodiment 5, before and after the heat-

generating member 602, thus forming such chamber



5 applied to the heat-generating nmenber 302, the heat- generati ng

menber 302 generates heat and part of the bubbl e-generating liquid
filling the inside of the bubbl e- generating region 307 is heated by
t he heat, t hus generating the bubblﬁ 06 by filmboiling. Wen 10
the bubble 306 is generated, the slack po tton 325a of t he novabl e
separation film 305 is displaced fromthe first position to the
second position on the first liquid fl ow path 303 side so as to
gui de propagation of the pressure of the bubble 306 toward the

di scharge 15 . : R& € QY ateQanef +Bdbbl e
306 (71 9. 218 (BB Re G e b e 300 " he 51 ack

portion 325a of LheuwBVapbh §eRaratieN # |BusKke ifrom escaplingt her di splaced
into the first liquid flow path 303 20 according to the pressure upon

generation of Rubbugh the se€bh@.12d63dd flow path 604Aft elerehatthewhen the
bubbl e 306 contracts to di sappear because of the decrease of

i nternal pressdbfstrictedopobubbhe €0%E aAcE@Ib dfi cthHeo seloenfdi Migoadl i ng
phenomenon 25 descri bed above, the slack portion 305a of the novable
separati ol fil mld@5ph&ni Af4bera foupedcese tmt chehepening pogdded Position
returns to the initial position (the
the downstream side (on the discharge port side) is
narrower than the opening portion on the upstream side
(on the common liquid chamber side). By making the
opening portion narrower on the downstream side as
10 . described, the flow resistance in the second liquid
flow path 604 can be made larger on the downstream side
and smaller on the upstream side. This makes the
downstream components of the pressure caused by the
generation of bubble effectively and preferentially act
15 on the movable separation film 605, so as to displace
the movable separation film 605 into the first liquid
e flow path 603, whereby the liquid in the first liquid
flow path 603 can be discharged at high efficiency and
u;der high discharge force. The downstream constricted
20 portion 609a of the bubble-generating chamber of the
second liquid flow path 604 is a passage for extracting
bubbles remaining in the bubble-generating chamber.
The shape of the second liquid flow path 604 may
be determined in any shape that can effectively
25 transmit the pressure upon generation of bubble to the
movable separation film 605 without being limited to

the above shape.



- 86 - first position) by the restoring force-due to the
negati ve pressure upon contraction of bubble 306 and the spring
property of the novable separation film 305 itself (Fig. 21D). 5
(Enbodi ment 7) Figs. 22A and 22B are cross-sectional views

al ong the flow path direction to~shd® The seventh enbodi nent

of the liquid discharge apparatus according to the pr esent

i nvention, wherein Fig. 22Ais a drawing to 10 show a state upon

non- gener ati on of bubble and Fig. 22B is a state upon generation of

bubbl e (upon dlscha ge £ Fenbs @peshown in
Figs. 22A Zéﬁfcfﬁgege%%%ﬁe1Pﬁ&ﬂgaPIOM/path 304 for bubbFe-

generating | wg&%ﬁgg@%&(@@ﬁge the BURFLFAE e Hounski@uinded vi th ¢ he

heat - generatin heating resistor nmenber in the shape

of 40 pm x 105¢pR center b® thE Ar&seht €D KEAIEYendrAititgppeypbeg tbe
t her mal energy for generating the bubble in the |iquid, and the

first liquid fl@waratrhtRAR tRatdipstrsge thepdak iin e sectindedtiquid
conmmuni cation with the discharge port 301 is
5 flow path whereby the movable separation film displaced
by the pressure upon generation of bubble grows to
downstream, the liquid weak against heat, the high-
viscosity liquid, or the like can be discharged at high
efficiency and under high discharge pressure.
10 (Embodiment 15)

Fig. 36 is a cross-sectional view along the flow
path direction to show the fifteenth embodiment of the
liquid discharge apparatus according to the present
invention, which shoﬁs a state upon generation of

15 bubble.
In the present embodiment, as shown in Fig. 36,
> the second liquid flow path 704 for bubble-generating

liquid is provided on the substrate 710 provided with
tﬁe heat-generating member 702 (the heating resistor

20 member in the shape of 40 pm x 105 um in the present
embodiment) for supplying the thermal energy for
generating the bubble in the liquid, and the first
liquid flow path 703 for discharge liquid in direct
communication with the discharge port 701 is provided

25 above it. Further, the movable separation film 705
made of a thin film with elasticity is provided between

the first liquid flow path 703 and the second liquid



provi ded above-it. The novabl e separation film 305 made of a thin
filmwith little elasticity is provided between the first liquid

fl ow path 303 and the second liquid fl ow path 304 and the novabl e
separation film 25 305 separates the q charge liquid in the first
liquid flow path 303 fromthe bubbf-é generatlng liquid in the
second liquid flow path 304. - 87 -
Here, the novable separation film 305 in the portion located in the
proj ection area above the surface of the heat-generating nmenber 302

Droj ects L0 g10u obldf 58408Mal LAU! Ao LAOYS NI DA RPOBENEY al | On of

5 bubbl e and Bice [ of projection fromreference surface 305B

of the novable s%‘f)%%ra%@soritnte' hﬁbbﬁaf@@gﬂqum in Gfhd e MeSigueamslote,
which is the disCharge port side of the first liquid flow path

303, than on thath 703 ¥Rshr eaal BuBBle Wésdrd tirnda ixpnmonn ithei d chanber
(not 10 shown) side, as shown in Fig. 22A. Thus, this shape is

inverted in Fi gecdal, ltihusdathoevpaghthed di spl aci ng step as stated
in the present invention. Nanely, since
5 The most significant feature of the present

embodiment is that the height of top plate 709 forming
the first liquid flow path 703, i.e., the height of the
first liquid flow path 703 in the projection area of
the heat-generating member 702 is higher on the

10 downstream side where the discharge port 701 exists
than on the upstream side where the common liquid
chamber (not illustrated) exists.

In the liquid discharge apparatus constructed as

described above, when the heat-generating member 702

15 generates heat, the bubble 706 is generated thereby
based on the film boiling phenomenon in the bubble-
generating liquid. Here, the movable separation film
705 is displaced into the first liquid flow path 703
with generation of bubble 706, but, because the height

20 of the first liquid flow path is higher on the
downstream side than on the upstream side, the movable
separation film 705 is displaced into the first liquid
flow path 703 greater on the downstream side than on
the upstream side. This guides the pressure due to the

25 bubble 706 generated in the bubble-generating region to
the discharge port 701.

The discharge operation of the liquid discharge



t he shape of the novable separation filmis prelimnarily defined,
desired di spl acenent can be 15 achi eved stably. Further, the sinple
structure is achi eved, because the direction regulating nenber is

t he novabl e separation filmitself. 4 The maxi mum vol ume (the sum
of volumes made by the proj ecting portion at each position of Fig.

22A and 20 Fig. 22B) caused by the displacenent of convex portion

305a being the projecting portion is determ ned to be | arger than

t he maxi num expansion volune of the bubble generated in the

bubbl e- gener at la’gg; Ar@¥ueN c3Bétructed as desdPibdl Hbyae wigtnern the surface
of the novabl e 5 separation film 305 where the convex portion 305a is

not forned, andidded-ipedl agedetalilne heat - generating menber 302 is set
to approximately 5 to 20 pm The -
88 - bubblreggenarat tog3v7pgane dbawirggslefameckdictindary tthe
heat - generati ng nenber 302 and the convex portion 305a. Her e,
when t he el ect dperartdogy ofr thhellighédi discharge gpugratus shewn in
heat - gener ati ng nenber 302, the heat-

5 Fig. 36.

In Fig. 37A, the energy such as the electric
energy is not applied to the heat-generating member 702
yet, so that no heat is generated in the heat-
generating member 702. The movable separation film 705

10 is located at the first position nearly parallel to the
substrate 710.

Here, when the electric energy or the like is
applied to the heat-generating member 702, the heat-
generating member 702 generates heat and part of the

15 bubble-generating liquid filling the inside of the
bubble-generating region 707 is heated thereby, thus
» generating the bubble 706 by film boiling. This
totally displaces the portion of the movable separation
film 705 facing the bubble-generating region 707 into
20 the first liquid flow path 703 (Fig. 37B).

With further growth of bubble 706, the movable
separation film 705 is displaced further into the first
liquid flow path 703 up.to the second position
according to the pressure upon generation of bubble,

25 whereupon, because the height of the first liquid flow

path 703 is greater on the downstream side than on the

upstream side, the movable separation film 705 is



5 generating nmenber 302 generates heat and part of the

bubbl e-generating liquid filling the inside of the bubbl e- generating
region 307 is heated by the heat, t hus generating the bubble 306 by
filmboiling. Wen t he bubble 306 is generated, the convex portion
305a of 10 the novabl e separation fi1m305 is displaced fromthe

first position to the second position on the first liquid flow path
303 side so as to gui de propagation of the pressure of the bubble
306 toward the discharge port, by the pressure based on the

generation of b 1bsl%)|leace%5 moreBQLg‘to th;rai F:ﬁqr5651+<gh3%&1ef%f%h SR Yrent

since the novable Séparation ornmed so as to be

di spl aced thd Ylhrldtrely Slick! @b bhO¥hoks SabYs BisRIAGRIENt of

the convex portion e energy upon generation of 20 bubbl e
contributes Ubﬁfggff"ﬁﬁaPéfﬁrEQ bheudiaplageBBdise in thofdildeharyeabl e
separation fil m'305, as conparéd wth t he arrangenent wherein the
novabl e separ atd &} Jildri®8,3@an be achesi:eads W th generation of bubble to be
di spl aced into the first liquid flow path 303. Thus, the present 25
enbodi nents can achi esaeaf fihaitenvhdnsehar pebbl&EUTOhetontracts tsi nce the
convex portion 305a of the novabl e separation film305 is fornmed so

t hat the maxi mnglipgpiaac@mentto the decrease of internal pressure of
bubble characteristic to the film boiling phenomenon
described above, the movable separation film 705 having
been displaced up to the second position gradually

10 returns to the initial position (the first position)
shown in Fig. 37A by the negative pressure due to the
contraction of bubble 706 (Fig. 37D). Upon collapse of
bubble, in order to compensate for the volume of the
liquid ejected, the liquid flows into the area from

15 upstream, i.e., from the common liqguid chamber side and
from the discharge port 701 side.

ks This can prevent the meniscus from being retracted
by the decrease of volume of liquid due to the
displacement into the first liquid flow path 703,

20 caused when the movable separation film 705 is
.displaced back to the second liquid flow path 704.
Therefore, the refilling time can be decreased.
(Embodiment 16)

Fig. 38 is a cross-sectional view along the flow

25 path direction to show the sixteenth embodiment of the
liquid discharge method and the liquid discharge

apparatus according to the present invention, which



- 89 - vol une t hereof becones greater than the maxi num
expansi on vol une of the bubble generated in the bubbl e- generati ng
region 407, the grow h of bubble is not regul ated and further
efficient discharge can be 5 achieve? In the present
enbodi nent, since the novable sepa &Pion film305 is prelimnarily
projected into the second liquid flow path 304, the displ acenent
anount beconmes greater when the novable separation film305 is 10
di splaced fromthe first position to the second position so as to

gui de propagat isph.Qf apg%é%lérﬁg&tx %eneratﬁl'pbﬂe vibioward the di scharge

port, by the pressure ased on the generation of bubble 306, which

i ncreases t hendi sehaeae ehbbeimiwy 0f difpdrddy @rckhehditscharge 15
port 301. Since the distance L of the convex portion 305a of the

novabl e separ atdhefn§ 1hnF385 B6 LAnges sitape of tHehecai pdlaaregdlpert 301 side
than on the common |iquid chanber side, it is easy to transmt the
pressure basedi.e., inomrhehehgpeeofittiom &f rdtubbleiDE liow paghdi’7dé8har ge port
20 301 inthe first liquid flow path 303 for discharge l'i quid,
whi ch i ncreaseast khotinsthaFgg. e88| cambicyhefother structure is the
same.
The top plate 719 in the present embodiment is
formed so that the height of the portion upstream of
the space above the heat-generating member 702 is
10 smaller than that of the other portions.
Here, the movable separation film 705 is displaced
into the first liquid flow path 713 with generation of
bubble 716, but, because the height of the first liquid
flow path 713 in the portion upstream of the area above
15 the heat-generating member 702 is smaller than that of
the other portions, the movable separation film 705 is
displaced more into the first liquid flow path 713 on
the downstream side than on the upstream side. This
gdides the pressure due to the bubble 716 generated in
20 the bubble-generating region to the discharge port 701.
Since the flow resistance in the first liquid flow path
713 is higher upstream than downstream, the discharge
efficiency is increased and the supply characteristics
from upstream in the first liquid flow path are good,
25 thereby further improving the refilling

characteristics.

(Embodiment 17)



liquid fromthe discharge port 301. After that, when the bubble
306 contracts to di sappear because of the decrease of internal
pressure 25 of bubbl e characteristic to the film boiling phenonenon
descri bed above, the convex portion 305a 9&7tbe novabl e Sseparation
film 305 having been displaced up to the

- 90 - second position returns to the initial position (the

first position) by the restoring force due to the negative pressure
upon contraction of bubble 306 and the spring property of the

movabl e SeDaration_%EPU]§95is a cro$§§§%étional view alond’ R’ f1plnce the
structure of the |iqurd di scharge apparatus of thé present invention

al'so achiaened i rBetebheed Ssiow JaSSddirthiderithe chdoRARent of
enbodi nents, the liquid such as the high-viscosity 10 l'iquid can be

di scharged at fuet hequhiobesclasgdatidnod and wid ilGigRiAdy dasdnhargder further
hi gher di scharge force. (Enbodi nent 8) Figs. 23A and 23B
are cross-sect appalratuenwacabpdng to the present invention, which

5 shows a state upon generation of bubble.

The present embodiment, as shown in Fig. 39, is
different from that shown in Fig. 38 in that the
movable separation film 729 comes to contact the low-
height portion of the top plate 719 upon generation of

10 bubble and the other structure is the same.

Here, the movable separation film 725 is displaced
into the first liquid flow path 723 with generation of
bubble 736, but, because the height of the first liquid
flow path 723 in the portion upstream of the area above

15 the heat-generating member 702 is smaller than that of
the other portions, the movable separation film 725 is

- displaced more into the first liquid flow path 723 on

the downstream side than on the upstream side. Then
with further growth of bubble 736 the movable

20 separation film 725 displaced into the first liquid
flow path 723 comes to contact the low-height portion
of the top plate 719 of the first liquid flow path 723,
whereby the movable separation film 725 is deformed as
depressed by the top plate 719. This further displaces

25 the downstream portion of the movable separation film
725 greater into the first liquid flow path 723,

thereby guiding the pressure due to the bubble 736



the flow path direction to show the ei ghth enbodi rent 15 of the liquid

di scharge nethod and the |iquid discharge appar atus according to the
present invention, wherein Fig. 23Ais a drawing to show a state
upon non- generation of bubble and i%ﬂ”‘ZBB is a drawing to show

a state upon generation of bubble (upon di arge). 20 In the
present enbodi nent, as shown in Figs. 23A and 23B, in addition to
the structure shown in Figs. 22A and 22B, the novabl e nenber 331
capabl e of being di spl aced, for regul ating displacenent of the

novabl e ' [ hS_ ' e t able 25
separation fil rﬁ%@%ﬁéfﬁh@ éﬂ@r ?t%f’ﬁ%u%ﬁﬁrgagﬁgt ﬁé\gg%h b oRY and t he
other structur ey SoidiQes P1ay01N Fedhce22Reaplrt of th&2Ep PEat®vabl e
menber 331 is made by “el ectrof orm ng

- 91 - 70§ sdrideRits Hhe papRl YrokhkhRodhBrdasgeatatibe Bith t he
bubbl e-generating liquid nmay be the sanme as descri bed i n the seventh
enbodi nent . 725, the flirsthdilguqdi dldivsphahg22apparsepsraonstintd ed as 5
descri bed above, a | arge displ aceabl e anobunt of the

5 two on either side of the contact portion, which

prevents crosstalk and which prevents the pressure upon
generation of bubble from escaping to upstream, thus
increasing the discharge efficiency.

(Embodiment 18)

10 Figs. 40A and 40B are cross-sectional views along
the flow path direction to show the eighteenth
embodiment of the liquid discharge method and the
liquid discharge apparatus according to the present
invention, wherein Fig. 40A is a drawing to show a

15 state upon non-generation of bubble and Fig. 40B is a
drawing to show a state upon generation of bubble.

The present embodiment, as shown in Figg. 40A and
40B, is different only in the movable separation film
715 from that shown in Fig. 38 and the other structure

20 is the same.

As shown in Figs. 40A and 40B, the movable
separation film 715 in the present embodiment has slack
portions 715a, 715b upstream and downstream of the
bubble-generating region 707 for generating the bubble

25 on the heat-generating member 702, thus forming the
structure with spring property.

Here, the movable separation film 715 is displaced



novabl e separation film 305 upon generation of bubble can al so be

assured stably. Further, the novable menber 331 can reinforce the
action for guiding the di spl acenent of the novable separation film
305 toward 10 the discharge port. Stnﬁﬁ t he novabl e separation film
305iis projecting into the second liquid 8w pat h 304 upon
non-'generation of bubble, the liquid above the projecting portion can
al so be guided to the discharge port 301 upon generation of bubble.
15 The novabl e menber 331 al so hel ps the projecting force of

the convex por4iQR, %@k@aﬁfrstthﬁigﬁiabkfow path PEPIFAEH QerddddRidd Jent 0 the
second liquid flow path 04. The present enbodi nent used

ni ckel for the @Akl ©2620putTepBBaus8 lthdUieidits FESQY fiveantiigmiaay
enpl oy any material w thout having to be limted to it, if the

mat eri al has elfshi @atth gngugh theapsttfogogsktedmtiodrthe regiam t he
novabl e nmenber 331. (Embodi nent 9) 25 Figs. 24A and 24B are
Cr oss-sect i onalaboventhal hegt-generatingfhembgatT02li ¥ectiavwar tihaphdvatthe
ni nt h enbodi nent of the liquid discharge nethod and the liquid
di scharge 5 of the other portions, the movable separation film 715
is displaced more into the first liquid flow path 713
on the downstream side than on the upstream side. This
guides the pressure due to the bubble 726 generated in
the bubble-generating region 707 to the discharge port
10 701. Since the flow resistance in the first liquid
flow path 713 is higher on the upstream side than on
the downstream side, the refilling characteristics are
improved. Since the present embodiment employs the
structure wherein the movable separation film 715 is
15 provided with the slack portions 715a, 715b upstream
and downstream of the bubble-generating region 707
whereby the movable separation film 715 has the spring
property, the movable separation film 715 becomes
e;sier to be displaced by the pressure upon generation
20 of bubble, thus increasing the discharge efficiency.
(Embodiment 19)

Fig. 41 is a cross-sectional view along the flow
path direction to show the nineteenth embodiment of the
liguid discharge method and the ligquid discharge

25 apparatus according to the present invention, which

shows a state upon generation of bubble.

In the present embodiment, as shown in Fig. 41,



- 92 - apparatus according to the present in
Fig. 24Ais a drawng to show a state upon non-

and Fig. 24Bis a drawing to show a state upon
(upon discharge). 5 When the ele é i c energy
heat- - generating nenber, the heat- 3

heat - and part of the bubble-generating liquid filling
t he bubbl e-generating region is heated by t he

t he bubbl e by filn1boiling 10 On that occasion,

vention, wherein
generation of bubble
generation of bubble
is applied to the

erating menber generates

t he inside of
heat, thus generating
t he maxi num expansi on

vol ume of byBhbal 35 eidakwsp&aw@mtf&emeafge%%a%&a on

el ement s due to the rlca | on process, environnental

condi ti ons,

etc. or it WHYIQhBE@r1§0é%belg¥dngﬁzfﬁé substrate 7ldT@&%Nlﬂ@@ Riepent

enbodi nent, as shown in Figs 24A and 24B, is

arranged so that the

maxi mum tHheS ﬂbaeegeaéraeiugan@ﬁbéf\a@pmme pddioy FEeasebrt he
novabl e separation film 315 is snmaller than the nmaxi num expansi on

vol unme of the hehbke 3h6thenshapedof M@ hem x 105 poukin ehgepeeatkintg regi on

307. 20 Specifically, since the dispersion o

f expansi on

vol unme of Sbubbleebdd@émdnt )t 6ot hseupptyhey gehe thermal energy for

generating the bubble in the liquid, and the first

liquid flow path 733 for discharge liquid in direct

communication with the discharge port 701 is provided

above it. Further, the movable separation film 735

10 made of a thin film with elasticity is provided between

the first liquid flow path 733 and the second liquid

flow path 704 and the movable separation film 735

separates the discharge liquid in the first liquid flow

path 733 from the bubble-generating liquid in the

15 second liquid flow path 704. 1In the first liquid flow

path 733 the movable member 751 having a free end in

o the area above the heat-generating member 702 and a

fulcrum upstream thereof is disposed nearly in parallel

-

to the movable separation film 735 and at a

20 predetermined distance from the mowvable

separation film

735. The distance between the movable member 751 and

the movable separation film 735 is set to be such a

separation that the free end of the movable member 751

is pushed up by the movable separation film 735 when

25 the movable separation film 735 is displaced into the

first liquid flow path 733 by the pressure upon

generation of bubble.



characteristics of liquid is 10 % the maxi num di spl acenent vol une
of the convex portion 315a of the novabl e separation film315 is
arranged to be 80 %or 25 | ess of the maxi mum expansi on vol unme of the
bubbl e 316 generated in the bubble-ggnerating regi on 307.

Thi s arrangenent al ways keeps const ant fhé -

- 93 - di spl acenent anount of the convex portion 315a of the
novabl e separation film 315 upon generation of bubble even with

di spersi on of the expansion volune of bubble 316 due to the discharge

characteristics of hEBHLdthe5movaﬂﬁ§r§$?hf5%idﬂﬁ%&h§fQQSaﬁE“ﬂH flatbe
di scharge liquid becones constant, thus achieving good di scharge

Wi t hout iQkSPehsi @Drae0Ddqiod ZEBSy path 703 Wildigedeiratdbn of
Figs. 25A to 25C are drawings to show the tenth 10 enbodi nent of the

| i qui d di schar ggpapparabus @666r thé&Oupstream pbrithieorIoss ahie movabllieon,
wherein Fig. 25A is a cross- sectional view along the flow path
direction to slkepyagation filhatemespoto nueareneriatiomcaitdotbhlich Ehg. 25B is
: 5 movable member 751 with displacement of the movable
separation film 735 into the first liquid flow path
733, the movable member 751 restricts the displacement
of the upstream portion of the displaced portion of the
movable separation film 735, so that the movable
10 separation film 735 is displaced more into the first
liquid flow path 733 on the downstream side than on the
upstream side. This guides the pressure due to the
bubble 746 generated in the bubble-generating region to
the discharge port 701.
15 Since the present embodiment is arranged so that
the action of the movable member 751 prevents excessive

displacement of the movable separation film 735 and so

that the movable member 751 and the movable separation

»

film 735 are located the predetermined distance apart
20 from each other upon non-generation of bubble, there is

no resistance in the initial stage of displacement of

the movable separation film 735, thus making reaction

quickert

The fifteenth to nineteenth embodiments described

25 above were achieved noting the flow resistance of

liquid above the movable area of the movable separation

film and in the first liquid flow path.



cross-sectional view along the flow path direction to 15 show a state
upon generation of bubble (upon di scharge), and Fig. 25Cis a
drawi ng to show t he configuration of the second liquid flow path.
In the present enbodi nent, as shown in Fi 25A to 25C, the second
liquid flow path 404 for bubble- 20 _ggzgréting liquid is provided on
the substrate 410 provided with the heat-generating nenber 402 (the
heating resistor nenber in the shape of 40 [err]mx 105 [err]m in
the present enbodi nent) for supplying the thermal energy for

generating the(EHBPhﬁmégtt§6)|iqUid, and the 25 first liquid flow path
n

403 for discharge lrquid i direct communication with the discharge

port 401 is Pig¥l dadaahRyesdss . add ecrBnalder epailgt isehelalic405
- 94 - made Oof a thin filmwth elasticity is provided between
the first |iquivdelkowipaghtd@3rand paeh setswskidmuiad show thiel ow path 404,
and the novabl e separation film 405 separates the discharge liquid in
the first |iquittheht@wth EBmbofsihén¥03f ftiwen Xiveu izl shilsshgager aeithgdl rgdi d i n
the 5 the liquid discharge apparatus according to the present
invention, wherein Fig. 42A is a drawing to show a
state upon non-discharge and Fig. 42B is a drawing to
show a state upon discharge.
In the present embodiment, as shown in Figs. 42A
10 and 42B, the second liquid flow path 804 for bubble-
generating liquid is provided on the substrate 810
provided with the heat-generating member 802 (the
heating resistor member in the shape of 40 pm x 105 um
in the present embodiment) for supplying the thermal
15 energy for generating the bubble in the liquid, and the
first liquid flow path 803 for discharge liquid in

direct communication with the discharge port 801 is

provided above it. The movable separation film 805

-
kd

made of a thin film with elasticity is provided between
20 the first liquid flow path 803 and the second liquid

flow path 804 and separates the discharge liquid in the

first liquid flow path 803 from the bubble-generating

liquid in the second liquid flow path 804.

Here, the movable separation film 805 is made so

25 that the thickness of the downstream side from the

center of the heat-generating member 802 is smaller

than the thickness of the upstream side therefrom in



second liquid flow path 404. . When t he heat-generating nmenber
402 generates heat, the heat acts on the bubble-generating liquid in
t he bubbl e-generating regi on 407 between the novable 10 separation film
405 and the heat-generating nmenber 402, t hereby generating the
bubbl e based on the filmboiling 'pﬁ%ﬁoﬁenon i n the bubbl e-generating
liquid. The pressure based on the generation of bubble
preferentially acts on the novable separation film 405, 15 so that the
novabl e separation film 405 is displaced so as to develop greatly

toward the disghar i i ' t hehulBLG0fR8r ated in
t he bubbl e- tha gggggé\}ét #ﬁ%atr:%%llo% %ﬁog; éﬁﬁ%&?ﬁe%fschar gg port 401.

In the presentsﬁg?ggénsﬁttﬁ@ehéé$xﬁghéﬁé¥ﬂdb1Hémﬂer2@02, RAkLRedP4 is formed
up to a further downstream position over the bubbl e-generating

regi on 407 |ocgpgdating to! SBESHRIMbYe awuhd lda skpatrggeperat BOY apsher 402,
wher eby fl ow resi stance on the downstream si de becones smal | er than

that i nmmredi at ehgnaba¥eohhef hisabbDenEriag i LB )25 menber 402, so as to nmke
it easier to guide the pressure due to the bubble generated by heat
in the 5 heat - graeshépagofiette rmaktib e stparsittieoamtiTheB8bomay
be any shape that can direct the pressure upon
generation of bubble toward the discharge port
efficiently, without having to be limited to that shown
in Figs. 42A and 42B.
10 The bubble-generating region 807 is defined
between the heat-generating member 802 and the movable
separation film 805.
When the heat-generating member 802 generates
heat, the bubble is generated thereby based on the film
15 boiling phenomenon in the bubble-generating liquid.
The pressure based on the generation of bubble
- preferentially acts on the movable separation film 805,
so that the movable separation film 805 is displaced
g;eater toward the discharge port 801, as shown in Fig.
20 42B. This guides the pressure due to the bubble
generated in the bubble-generating region 807 to the
dischaxrge port 801.
As described above, since the structure of the
present embodiment is such that in the projection area
25 above the surface of the heat-generating member in the

movable separation film the thickness of the downstream

side from the center of the heat-generating member is



- 95 - - t he novabl e separation film405 is al so di spl aced

toward the discharge port 401, thus achieving high di schar ge

ef ficiency and high di scharge force. Since direct action of the
bubble itself can be 5 utilized by req Iatlng grow h of bubble in the
second liquid fl ow path, the effect appears fromthe initial

stage of generation of bubble. Further, since the novable
separation film 405 qui ckly returns to the position bef ore

di spl acement by 10 t he pressure upon contraction of bubble 406 as the

bubbl e 406 contdragtier than ¢hk! khigk8868 0o of thd Qupstream &iseharge |iquid
into the first liquid flow path 403 is enhanced in addition to the

control of the tMdrg¥dom, the Pre8strONpOSiPIESHHISstd [trl ahe atliinevi ng
stable 15 di scharge al so i n high-speed printing. (Enbodi nent 11)

Fi gs. 26A and 2oztdion dhothesmovabhal seperstidronfilm displidved loywtbhat h
direction to show the el eventh enbodi nent of the liquid discharge
met hod and t he gregsiudtediupohaggeer@bion appaubhlis, aor @ity ind gt present
I nvention, wherein Fig. 26Ais a drawing to show a state upon non-
gener ati orb of biishimeovabdeFegprazeBien Hibmavpwrrd cchsheldéscharge port,
whereby the liquid can be discharged at high discharge
efficiency and under high discharge pressure.
(Embodiment 21)
Figs. 43A and 43B are cross-sectional views along
10 the flow path direction to show the twenty first
embodiment of the liquid discharge apparatus according
to the present invention, wherein Fig. 43A is a
lateral, cross-sectional view and Fig. 43B is a
longitudinal, cross-sectional view. In the drawing the
15 discharge port is located on the left side thereof.
The movable separation film 815 in the present
- embodiment gradually decreases its thickness from
upstream toward downstream where the discharge port is
péovided. The movable separation film 815 is made of
20 urethane resin.
The process for fabricating the movable separation
film 815 in the present embodiment will be described.
First, the release agent is applied onto a mirror
wafer of silicon, thereafter it is subjected to spin
25 coating with liquid urethane resin to form a film

approximately 3 pm thick, and then solvent therein is

evaporated to make the film thinner.



a state upon generation of bubble (upon discharge). In the
present enbodi nent, as shown in Figs. 26A 25 and 26B, the wall of the
second liquid flow path 411 on t he di scharge port side of the

heat - gener ati ng nmenber 402 is fo[nfgsip such a tapered shape as to
expand - 96 - toward the

di scharge port, whereby the flow resi stance I n and near the
bubbl e- generating region 407 decreases along the flow path toward the
di scharge port, so as to make it easier to guide the pressure of

bubble 416 5 gengphahednby Peah i g e rggiomatdneg mivber 402
toward the discharge port, thus achieving high di scharge efficiency

and hi gh di schgrgg,f OtRE, rear endi (ipStdaans theddee tienthxedabodiaent .
Figs. 27A and 27B are cross-sectional views along 10 the flow path

direction to shqw gugktigeki oRsweich hthe second ilqujud difdowapgehappar at us
shown in Figs. 26A and 26B, wherein Fig. 27Ais a drawing to show a
nodi fication i Bescribedwabobiet he Parnedf theresefiemd thieqdfildmf Lew path wal |
S formed stepwi se and Fig. 27B is a drawing to show
5 pulled toward the discharge port so as to make the
thickness of the tip portion of film equal to 1 pm, and
the film is bonded to the substrate, thus forming the
movable separation film on the substrate.
By making the movable separation film 815 in this
10 way, the movable separation film 815 naturally deforms
toward the discharge port with growth of bubble, so
that the discharge force can be used for discharge of
liquid efficiently. Since the movable separation film
815 in the present embodiment is excellent in response
15 to the growth of bubble, it can also be applied to
high-speed discharge. Since high position accuracy is

not required in bonding of the movable separation film

815, fabrication of the liquid discharge apparatus

-
¥

becomes easier.

20 Another fabrication process of the movable
separation film 815 in the present embodiment will be
described.

First, the release agent is applied onto the
mirror wafer of silicon, thereafter the mirror wafer is

25 immersed in the liquid urethane resin, and it is lifted
up slowly. The film thickness can be increased

gradually by gradually decreasing the lifting speed of



15 anot her nodification in which the part of the second l'iquid
flow path wall is fornmed in a shape with a certain radius of
curvat ure. In the nodification shown in Fig. 27A, the wall of
the second liquid flow path 424 on the diiagarge port 20 side of the
heat;- generati ng menber 402 is formed in~ " such a stepped shape as to
expand toward the di scharge port and in the nodification shown in
Fig. 27B, the wal | of the second liquid flow path 434 on the

di scharge port side of the heat-generating nenber 402 25 is formed in

such a shape wi ;2 COLIRALNLAdLEE Bfcasion. CAFMEA WiRataS the @R3aat! oward
the di scharge port. In elther case, the flow resistance in and near

the is evaporated to make the film finmer. _
bubbl e- generating region 407 thus decreases toward the di schar ge

port, so as to make pnenadnlier fidmyikdgeébed off frureswig eniafrarubbl e
generated by heat in the heat- generating nenber 402 to the discharge

port, thus 5 yafRahi atenFilinghsdpsshaigeedfdn cttencyulsatt-atieghindiwbdledr ge
force, simlarly as in the enbodi nent shown in Figs.

5 the second liquid flow path described above is formed,
and it is bonded to the substrate, thus forming the
movable separation film on the substrate.

By fabricating the movable separation film 815 in
this way, the movable separation film 815 naturally

10 deforms toward the discharge port with growth of
bubble, so that the discharge force can be used for
discharge of liquid efficiently. Since the movable
separation film 815 in the present embodiment is
excellent in response to growth of bubble, it can also

15 be applied to high-speed discharge.

(Embodiment 22)

Figs. 44A and 44B are cross-sectional views along
the flow path direction to show the twenty second
e;bodiment of the liquid discharge apparatus according

20 to the present invention, wherein Fig. 44A is a
lateral, cross-sectional view and Fig. 44B is a
longitudinal, cross-sectional view. In the drawing the
discharge port is located on the ieft side thereof.

As shown in Figs. 44A and 44B, the movable

25 separation film 825 in the present embodiment is formed
so that the thickness of the downstream side thereof is

smaller than that of the upstream side thereof with



26A and 26B. (Enbodi nent 12) Figs. 28A and 28B are
drawi ngs to show the twelfth 10 enbodi nent of the liquid discharge
appar at us accordi ng to the present invention, wherein Fig. 28A is a
top pl an view to show t he positiqna57rglation bet ween t he

second liquid flow path and the heat-generating nenber and Fig. 28B
Is a perspective view of the arrangenent 15 shown in Fig. 28A and
wherein the discharge port is | ocated on the left side in Fig. 28A
As shown in Figs. 28A and 28B, the second liquid flow path in the

present enbodi Feiipekds toUEReab6PARE at a priéd@terdmithad Pdsididnhensecond
liquid flow path 444 20 gradual ly increases fromupstreamto downstream

near t haheedowpeneeain sgdegenhere 4dhe @BsEY e tily t hat
shown in Figs. 25A to 25C. The di scharge operation in the
| i qui d di schar grovided, &ppar dhesceontst raft tk deadegmndredt iagowenbiell be
25 described in detail. Figs. 29A to 29C are draw ngs for
expl ai ning the802. Thei moiabye spprwationifilheB35 dis dadiescifarthe appar at us
5 polyimide resin.
The fabrication process of the movable separation
film 825 in the present embodiment will be described.
Figs. 45A to 45E are drawings for explaining the
fabrication process of the movable separation film 825
10 shown in Figs. 44A and 44B.
First, the release agent is applied onto the
mirror wafer 871 of silicon as shown in Fig. 45A and
thereafter it is subjected to spin coating with liquid
polyimide resin to form a film thereof approximately 2.
15 pm thick (Fig. 45B).
Then the film 872 is cured by ultraviolet

K irradiation and resist 873 10 um thick is patterned

thereon (Fig. 45C).

<
¥

Next, further spin coating is carried out to form
20 film 874 2 um thick of the polyimide resin (Fig. 45D).
After that, the film 874 is cured by ultraviolet
irradiation, the films 872, 874 thus formed are peeled
off from the mirror wafer 871, then they are positioned
on the substrate in which the second liquid flow path
25 described above is formed, and the films are bonded to
the substrate, thus forming the movable separation film

on the substrate (Fig. 45E).



- 98 - shown in Figs. 28A and 28B, wherein Fig. 29A incl udes
cross-sectional views along 29A - 29A shown in Fig. 28A, Fig. 29B

i ncl udes cross-sectional views al ong 29B - 29B shown in Fig. 28A,
and Fig. 29C incl udes 5 cross-sectiofpg views along 29C - 29C shown in
Fi g. 28A. (1) in Figs. 29A to 29C, the electric energy
S not applied to the heat-generating nenber 442 yet, so t hat
no heat is generated in the heat-generating nenber 10 442. The novabl e
separation film445 is | ocated at the first position nearly parall el
to the substrate 42the films 872, 8%& maywbenmble eolfecespectieegy is applied
to the heat - generati ng nenber 442, the heat-generating nenber

442 gener at es haber s piiffexfentth nogblglaghgetbeat i ngnother procgssl filling
the inside of the bubbl e-generating region 447 is heated by the
heat, thus geneddtbearranged so thgsblthes£d1py 87| AebBade ngeparayeln Figs.
29A to 290). . The heat by the heat-generating nmenber 442 quickly
grows the bubbfECRABNe Hikl® et Ay threrE@pdRIPBECHLER ea0h Oothgrt he shape

of the second |liquid fl ow path 444 shown ln Fig 28A and 28B, the
central portiohto h%rﬁ?ﬁﬁﬂﬁﬁ%Pg stage §o,RS FﬁraghbﬁVthhﬁpg??%aﬁﬁs%%e whil e

the both end the present embodiment.

By fabricating the movable separation film 825 in
this way, the movable separation film 825 naturally
deforms toward the discharge port with generation of

10 bubble, whereby the discharge force can be used for
discharge of liquid efficiently. Since the movable
separation film 825 in the present embodiment is
excellent in response to growth of bubble, it can also
be applied to high-speed discharge.

15 (Embodiment 23)

Figs. 46A and 46B are cross-sectional views along

. the flow path direction to show the twenty third
embodiment of the liquid discharge apparatus according
té the present invention, wherein Fig. 46A is a

20 lateral, cross-sectional view and Fig. 46B is a
longitudinal, cross-sectional view. In the drawing the
discharge port is located on the left side thereof.

As shown in Figs. 46A and 46B, the movable
separation film 835 in the present embodiment is formed

25 so that the thickness of the downstream side thereof is
smaller than the thickness of the upstream side thereof

with respect to the border at a predetermined position



portions thereof grow | arge on the downstream si de, t her eby

di spl aci ng the novabl e separation film 445 25 therewith ((I11) in Figs.
29A to 290). Wth further growh of bubble 446, the central

- 99 - portion downstream grows,hbgrgest, which displaces the
downstream portion of the novable separation film 445 greatly ((1V)
in Figs. 29A to 290). After that, when the bubble 446 contracts
to 5 di sappear because of the decrease of the internal pressure
of bubbl e characteristic to the filmboiling phenonenon descri bed

above, the novahl enhsepawabtPB8ahi élle where 44fe dikendirgel perd feturns to the
initial position by the restoring force due to the negative pressure

upon 10 coprbaetian efohubhé ecddfenrsk tie SWatIgepetReing dkmber t he
novabl e separation film 445 itself ((V) in Figs. 29A to 29C).
As descri bed aBoReantiheoptkssutlee otltincknews wifi the downsgeweemaside ¢t bubbl e
446 gradually becones directed to 15 downstream i.e., toward the
di scharge port greater than the thickness of the upstream side with
5 respect to the border at a predetermine position on the
further downstream side of the downstream edge of the
heat-generating member 802. The movable separation
film 835 is made of the polyimide resin.
The fabrication process of the movable separation

10 film 835 in the present embodiment will be described.

Figs. 47A to 47E are drawings for explaining the
process for producing the movable separation film shown
in Figs. 46A and 46B.

First, the release agent is applied onto the

15 mirror wafer 871 of silicon as shown in Fig. 47A,
thereafter it is subjected to spin coating with liquid

i polyimide resin to form a film approximately 3 um
thick, and the film is cured by ultraviolet irradiation
(éig. 47B).

20 Then patterned resist 876 was formed over non-
etching portions on the film 875 approximately 3 upm
thick described above. The resist was OFPR800
(available from Tokyo Ohka Sha).

The resist 876 was applied in the thickness of 6

25 pm and pre-baked at 100 °C. Exposure was carried out

using PLAG600 available from CANON INC. and in the

exposure dose of 450 mJ. Development was carried out



This gradual |y decreases the flow resistance in and near the

bubbl e-'generating region 447 toward the di scharge port, so as to
make it easier to guide the pressure of the bubble generated by heat
in the heat- 20 generating menber 442 qtsward the discharge port, thus
achi eving high discharge efficiency and high discharge force,
simlarly as in the tenth enbodi nent. This can al so transport the
first liquid in the projection area of the heat-generating nenber
442 to the discharge 25 port, thus increasing the discharge anount.
Figs. 30A to 3Qfsidige theadeles obersbeWIND-3 (availidblatfimoms Tdkyd@hkaqui d

di scharge appar at us shown - 100 -

in Figs. 28A amhal8Bnawhaeeeafkeg. p88A-bakingreas mprwied out sAtow a

nodi fication in which the wwdth of the second liquid fl ow path near

t he heat - gener dtang Cnéidgr. 47C). gradual |y i ncreases stepw se from upstream
to 5 downstream Fig. 30Bis a drawing to show a nodi fication in
which the wi dth of tThens&benfiflmg8V8 of thefpelyimide magin Hwas

heat - generati ng nmenber gradual ly )
1 etched only by the thickness of 2 uym. The etching was

carried out with MAS-800 available from CANON INC. and
under such conditions as the substrate temperature of
50 °C, microwave power of 500 W, oxygen flow rate of
200 sccm, and pressure of 100 Pa (Fig. 47D).

10 Then, for removing the resist 876, the wafer was
immersed in remover 1112-A (available from Shipley Far
East Ltd.) and ultrasonic wave was applied thereto,
thereby removing the resist 876.

After that, the film 875 of the polyimide resin

15 was peeled off from the mirror wafer 871, it was
positioned on the substrate in which the second liquid
flow path described above was formed, and it was bonded
to the substrate, thus forming the movable separation
film on the substrate (Fig. 47E).

20 By fabricating the movable separation film 835 in
this way, the movable separation film 835 naturally
deforms toward the discharge port with growth of
bubble, whereby the discharge force can be used for
discharge of liquid efficiently. Since the movable

25 separation film 835 in the present embodiment is
excellent in response to growth of bubble, it can also

be applied to high-speed discharge.



I ncreases at a certain radius of curvature from upstreamto
downstream and Fig. 30Cis a drawng to 10 show a nodification in

whi ch the width of the second liquid fl ow path near the

heat - gener ati ng nmenber gradual l'y i gheases at t he opposite radius of
curvature to Fig. 30B fromupstreamto downstream In either

drawi ng the discharge port is located on the left side 15 in the

drawi ng. Since in the nodification shown in Fig. 30A the

wi dth of the second liquid flow path 454 near the heat- generating

menber 442 gradual | yiincr 8asesngt Ml sfefdLMings to WHHW eaBik@ 1dewnst r eam
since in the nodificafion shown 20 in Fig. %OB the wdth of the second

liquid flow patdyrm of thébAch8Blel BEphpatiGeNel Bl idipwiemierigs2 g6adual |y
i ncreases at the certain radius of curvature from upstreamto

downstream or a%idn@@s Andheigedi 47Ratd 047E, wheresiroWig.n 48Ag.is3@C t he w dth
of the second liquid flow 25 path 474 near the heat-generating nenber
442 gradual |y laterali,ncreaseseatitchal oppesiard rRidi U8 isuevature to Fig.
30B fromupstreamto downstream the flow resistance in
- 101 - 5 longitudinal, cross-sectional view. In the drawing the
discharge port is disposed on the left side thereof.
As shown in Figs. 48A and 48B, the thin portion
having the smaller film thickness may be formed every
liquid flow path in the similar form of the movable
10 separation film shown in Figs. 46A and 46B and Figs.
47A to 47E. This arrangement makes the bubble-
generating pressure concentrated toward the discharge
port efficiently.
(Embodiment 24)
i5 Figs. 49A and 49B are cross-sectional views along
the flow path direction to show the twenty fourth
- embodiment of the liquid discharge apparatus according
to the present invention, wherein Fig. 49A is a
l;teral, cross-sectional view and Fig. 49B is a
20 longitudinal, cross-sectional view. In the drawing the
discharge port is disposed on the left side thereof.
As shown in Figs. 49A and 49B, the movable
separation film 855 in the present embodiment is formed
so that the thickness of the downstream side thereof is
25 smaller than the thickness of the upstream side thereof

with respect to the border at a predetermined position

on the upstream side from the center of the heat-



and near the bubbl e-generating region gradually decreases toward the
di scharge port in either case, so as to nmake it easier to guide the
pressure of the bubbl e generated by heat in the heat-generating
menber 5 442 toward the discharge portgsthus achieving high

di scharge efficiency and high discharge force. (Enbodi nent 13)

Figs. 31A to 31E are drawings for explaining the operation of the

| i qui d di scharge apparatus to show the 10 thirteenth enbodi nent of the
i quid di scharge appar at us according to the present invention.

I'n the present LAduTRRL membBirl 802t 8n@36H Bhat hthe thickn@savioduthe
enbodi nents, the secondliquid flow path 504 for bubbl e-generating

liquid is provigifRthsdirdaie sid® thesdbst 18t Paddd thayitted thiitdkridss of
heat - gener ati ng nmenber 502 (the heating resistor nmenber in the shape

of 40 pm the WPsta@annstile pheseof ehbihdresprot ftoy theppogider @ite
thermal energy for generating the bubble in the |iquid, and the
first liquid flue satns3@@amoeddesofiatge héatigenexpting maghes: 802.
comuni cation with the discharge port 501 is provi ded above it.
Further, the ndhebimovedigr sepemation £ilm| 905 maRe AL £hohin filmwith

elasticity is provi ded between the first liquid flow path 503 and
t he polyimide resin and it was fabricated by the same

process as in the twenty second embodiment.
By fabricating the movable separation film 855 in
this way, the movable separation film 855 naturally
10 deforms toward the discharge port with growth of
bubble, whereby the discharge force can be used for
discharge of liquid efficiently. Since the movable
separation film 855 in the present embodiment is
excellent in response to growth of bubble, it can also
15 be applied to high-speed discharge.
The thin portion having the smaller film thickness
- may be formed every liquid flow path in a similar form
of the present embodiment. This arrangement makes the
bibble—generating pressure concentrated to the
20 discharge port efficiently.
(Embodiment 25)

Figs. 50A and 50B are cross-sectional views along
the flow path direction to show the twenty fifth
embodiment of the liquid discharge apparatus according

25 to the present invention, wherein Fig. 50A is a
lateral, cross-sectional view and Fig. 50B is a

longitudinal, cross-sectional view. In the drawing the



second liquid flow path 504 and the novabl e separation 25 film 505
separates the discharge liquid in the first liquid flow path 503
fromthe bubbl e-generating liquid in the second liquid flow path
504. A further feature 33 - 102 -

of the present enbodinent is that a nnvébﬂe separ ati on film

di spl acenent regul ati ng nmenber 531 havi ng an openi ng portion near
t he bubbl e-generating region 507 and arranged to restrict

di spl acenent of the novabl e 5 separation film505 is provided on the

first liquid gjschabh@WpBathis0Bosh€ed Wn tree MumD|sd deeptieaieiodn fil m 505.
The di scharge operation of the |iquid discharge apparatus of the
present enbodi nent wsl khBandescriged 50A and iSOBletwdid muvableef erence to
Figs. 31Ato 31E 10 In Fig. 31A, the energy such as the electric
energy is not gpphiradiba Eh&mheas- gencnatpraserenimrbdinent has get, so that
no heat is generated in the heat- generating nenber 502. The novabl e
separation fil por®3on decreasihgcitedtiickirss jtanagshsgiawWngtneady EFopar al | el
to the 15 substrate 510.
5 the center of heat-generating member 802. The movable
separation film 865 is made of the polyimide resin.
The fabrication process of the movable separation
film 865 in the present embodiment will be described.
Figs. 51A to 51D are drawings for explaining the
10 fabrication process of the movable separation film 865
shown in Figs. 50A and 50B.
First, a part on silicon substrate 877 to be a
matrix mold is masked using silicon oxide 878 of a rod
shape 4 um square (Fig. 51A) and anisotropic etching is
15 carried out thereon (Fig. 51B).
Then the release agent is applied onto the silicon
“x substrate 877, thereafter it is subjected to spin
coating with liquid polyimide resin to form film 879
aéproximately 3 pm thick, and the film is cured by
20 ultraviolet irradiation (Fig. 51C).
After that, the film 879 is peeled off from the
silicon substrate 877, it is positioned on the
substrate in which the second liquid flow path
described above is formed, and it is bonded to the
25 substrate, thus forming the movable separation film on

the substrate (Fig. 51D).

By fabricating the movable separation film 865 in



An inportant point herein is that the center of t he openi ng portion
of the novabl e separation film di spl acenent regul ating nenber 531 is
| ocat ed downstream of the center of the heat-generating nenber 20
502, which |ocates the center of the novallsg area of t he novabl e
separation film505 on the downstream side of the center of the
heat - generati ng nmenber 502. Here, when the electric energy or
the like is applied to the heat-generating nmenber 502, the heat- 25
generating nmenber 502 generates heat and part of the

bubbl e- gener at iydd d waiyi,d thel kbogblBesepardeiot fikm 865 naﬁmﬁdmhy-generatlng
region 507 is heated by t he heat,

103 - ddﬂﬂrm@eﬁ@m&tdnghbhdlbuhhfgeSﬂ@rbywithrgﬁnwﬂhlqﬁ Si nce

the center of the novable area of the novable separation film505 is
| ocat ed downst nediblef, wherebgt &he dischargehéomtca;em atsesy fisanber 502,
the novable 5 separation film505 becones easier to be dlsplaced on

t he downst r eamdsistthagiget loé Béguidendficienthenbedimpp the movgplene pressure

of bubble 506 (Fig. 31B).
5 separatlon film 865 in the present embodiment is

excellent in response to the growth of bubble, it can
also be applied to high-speed discharge.
Also, the thin portion having the smaller film
thickness may be fabricated every liquid flow path in a
10 similar form of the present embodiment. This
arrangement makes the bubble-generating pressure
concentrated toward the discharge port efficiently.
The present invention was described using the
discharge method for discharging the liquid in the
15 direction parallel to the flow direction of liquid in
the first liquid flow path in the all embodiments
e described above, but the present invention, without
having to be limited to the above discharge method, can
aiso be applied to the discharge method for discharging
20 the liquid in the direction perpendicular to the flow
direction of the liquid in the first liquid flow path,
provided that the discharge port is provided downstream
of the region for generating the bubble.
Figs. 52A and 52B are crosé;sectional views along
25 the flow path direction to show an example in which the
present invention is applied to the arrangement wherein

the discharge port is located downstream of the bubble-



Wth further growmth of the bubble 506, the novable separation film

506 is further displaced into the first 10 liquid flow path 503
according to the pressure upon generation of bubble. As a result,

t he bubbl e 506 generated grows ggeﬁggr_domnstreanlthan upstream so
that the novabl e separation film 505 noveS greatly over the first
position (Fig. 31C). 15 After that, as the bubble 506 contracts
because of t he decrease of internal pressure of bubble
characteristic to the filmboiling phenonmenon descri bed above, the

movabl e separ agjeﬁarfaitk.ﬁ'b5géglﬂéﬁi 88 Beefb dischardesRinecad qundt ant kResecond
position gradually returns ~20 to the initial position (the first

position) showgiirBction peFb8ndSddidy tdecHegaidw diffeeadvhne ofpehe
contraction of bubbl e 506 (Fig. 31D). When t he bubbl e

506 is col | apsadqutife iAD¥RBI €irst ligsbpafiadv qgath,| mhsd®inefigns 588 t he
initial position 25 (the first position) (Fig. 31E). Upon coll apse of
bubbl e, in ordas wodeawpagsabeshow & hetad wppromdn-gengration odj ected, the
liquid flows as indicated by V[err], V[err] from
- 104 - 5 bubble and Fig. 52B is a drawing to show a state upon
generation of bubble.
As shown in Figs. 52A and 52B, the same effects
can be achieved by employing the structure of each
embodiment described above in the arrangement wherein
10 the discharge port 901 is located in the direction
perpendicular to the flow direction of the liquid in
the first liquid flow path 903, if the discharge port
901 is located downstream of the bubble-generating
region 907.
15 In the present invention, the liquid in the first
liquid flow path can be discharged efficiently from the
g discharge port with generation of bubble, because the
downstream portion of the movable separation film is
displaced relatively greater toward the discharge port

20 than the upstream portion of the movable separation

film with respect to the flow direction of the liquid.



upstream i.e., fromthe common |iquid chanbers and as I ndi cat ed by

V[err] fromthe discharge port 501. At this time, since there was
the flow of liquid fromthe heat- generating nmenber 502 to
downstream (to the discharge 5 port) he flow of V[err], Vferr] is

greater, which is useful to incréa%% of refilling spéed and decrease

of retracting anount of neniscus. Si nﬁmm]m |
portion of the novable separation filmb531 is rou Hﬁﬂﬂguﬂﬂ"ﬂ
thickness 10 direction as shown in Figs. 31A to 31E, stresst # s =

concentration ol &hgsneﬁQQMEDSngration filmb505 in this portionis
relieved, so as Po ecrease degradation of strength, thus inproving

durability. 1. aNexgufeseiidesrds rdwhod rest wischagghialr acation 15
process of the liquid discharge apparatus descri bed above.

Figs. 32A to 332D5ai8 €havhglHsal@isendligd P e discharpdsgt theal relation
anong the heat-generating nenber 502, the second liquid flow path

504, and the myghke u2@liziAgparpibiele fiy ridipdpicanemanmovapldieat i ng nerber
531 in the |iquid discharge apparatus shown in Figs. 31A to
31E, whersai n FisgpaBdAibs éitmafdbngalwaghcmbsi@ntially seperasanl el ation
bet ween the heat - generati ng nenber 502 and the second |liquid flow
path 504, Fig. £32Bti $iguid flow path in communication with said
discharge port for discharging the liquid from a second
liquid flow path comprising a bubble-generating region
for generating the bubble in said liquid, on the
10 upstream side of said discharge port with respect to
flow of the liquid in said first liquid flow path,
said method comprising a step of displacing a
downstream portion of said movable separation film
toward said discharge port relatively more than an

i5 upstream portion of said movable separation film with

respect to a direction of the flow of the liquid.

2. The liquid discharge method according to Claim

1, wherein said step is carried out after midway of a

20 growing process of said bubble.

3. The liquid discharge method according to Claim
1, wherein said step is carried out continuously
substantially after an initial stage of a growing

25 process of said bubble.

4. The liquid discharge method according to Claim



25 top plan view of the novable separation film - di spl acenent
regul ati ng nenber 531, Fig. 32Cis a drawi ng to -show the positional
rel ati on anong the heat - - 105 -
generating nmenber 502, the second |iquid ﬁé?w_path 504, mem E",Mm
novabl e separation filmdisplacenent regu I ng me A 8 MHHL
32D is a drawi ng to show the di spl aceabl e areas of the movaBles *
separation filmb505 5 and wherein in either drawing the di scharge port
S | ocated on the left side of the draw ng. As shown in

Fig. 32D, the RﬁeﬁﬁgkegﬂbggiaegﬁebScomprisé§réﬂHﬁ%&ﬁ%&ﬁ|¥N3whﬂ@hdﬁmﬂ“ﬁrd
di spl aceabl e area of the novabl e separation fil m505 where the

novable 10  ,3@pPar @bir08afill AbGA61E abeperait gy aash dovbeasd spsatha

area surrounded by the wall of the second liquid flow pat h 504, so
that the upwar ¢rédinsphacaabliel aseatof gtddually expamdablad deparatborhei | m 505
where the novabl e separation film505 can be displaced upward is the
area 15 I ndokkasepeamngigecti on of the novabl e separation film
di spl acenent regul ati ng nenber 531, and so that the

5

5. The liquid discharge method according to
either one of Claims 1 to 4, wherein said step is
carried out by direction regulating means for
regulating a direction in which said movable separation

10 film is displaced.

6. The ligquid discharge method according to Claim
1, wherein said step is achieved by preliminarily

defining a shape of said movable separation film.

15
7. The liquid discharge method according to Claim
1, wherein said step is achieved by utilizing a slack
of said movable separation film.

20 8. The liguid discharge method according to Claim
1, wherein said step is achieved by regulating growth
of said bubble in said second liquid flow path.

9. The liquid discharge method according to Claim

25 1, wherein said step is a step of displacing a

downstream portion relatively more than an upstream

portion with respect to a central portion of a movable



center of the novable area of the novabl e separation filmb505 is
| ocat ed downstream of the center of the heat - generati ng nenber 502.
20 As shown in Fig. 32B, the four corners of the——————opening——

portion 531a of the novable separation fi di spl a
menber 531 are rounded, so as to'prlg?eﬁt t he novabl ngﬂmﬂm mm
505 from bei ng broken thereby, thus inproving the dur

The second liquid flow path 504 is provided with constrict ed

portions 509 for the sanme purposes as in the fifth enbodi nent,

before and aft :Q%EQEQ% id ovable segaration film. T 106 -
generati ng rrenber arge space 1s given on t he di scharge

port 501 side of the heat- generatl ng menber 502. As
descri bed above, since the structure of the 5 present enbodi nent is
such that the centerypf tie 1iquidnB¥abhergeemetihod hecamiricee txepar ati on

filmis | ocated downstream of the center of the heat-generating
nmenber whershy 1 hevheredhl easapavcatbda &éparattismh atieldn aioc aradidng

5 step has a nose shape directed from said second liquid

flow path to said first liquid flow path.

11. The liquid discharge method according to
Claim 10, wherein said movable separation film is
i0 displaced so that a point on said movable separation
film having been located on the upstream side of a
predetermined point on said movable separation film in
an initial state comes to be located on the downstream
side of said predetermined point in said step.
15
12. A liquid discharge apparatus having at least
* a first liquid flow path in communication with an
discharge port for discharging a liquid, a second
liquid flow path comprising a bubble-generating region
20 for generating a bubble in said liquid, and a movable
separation film for always substantially separating
said first liquid flow path from said second liquid
flow path,
said liquid discharge apparatus comprising
25 direction regulating means for displacing said movable
separation film on the upstream side of said discharge

port with respect to flow of the liquid in said first



to the pressure upon generation of bubble grows on the 10 downst r eam
side, the |iqui dweak-agalnst heat, the hi gh-viscosity liquid, or

the |li ke can be dij LAt _ hi gh efficiency and under high

di scharge pr essurmﬁm"@m!@),lﬁﬁmuon, _a 5 rther increase of discharge
amount i s achi ev . ranspor% gction of the liquid in the 15
first liquid fl ow path. (Enbodi nent 14) Fig. 33 is a
cross-sectional view along the flow path direction to show the

fourteenth enbodi nent of the | i qui d di scharge apparatus according to

the present 20iqui&N¥E6ki P&th and for diiyﬂhdﬂﬂé R goemisteaadi ment, as

shown in Fig. 33, the second liquid flow path 604 for

bubbl e- gener at pBgtion of safdlifovab ¥ BEpiat I Fa 1aUkskwaziesall provi ded
W th t he heat-generating nenber 602 (the heating resistor 25
menber in the ahapkanfedfoferreéatiddly [rerrd raham tame upseseain portion
enbodi nent) for supplying the thermal energy for generating the
bubbl e in the bfgasdid mevebhe $éparation film with respect to a

- 107 -
5 direction of the flow of said liquid.

13. The liguid discharge apparatus according to
Claim 12, wherein said direction regulating means is
said movable separation film itself and wherein said

10 movable separation film has elasticity.

14. The liquid discharge apparatus according to
Claim 13, wherein said movable separation film has a
slack portion at least on the downstream side of said

15 bubble-generating region.

" 15. The liquid discharge apparatus according to
Claim 12, wherein said direction regulating means is
said movable separation film and wherein said movable

20 separation film has a plate portion without elasticity

in a portion facing said bubble-generating region.

16. The liquid discharge apparatus according to
Claim 14, wherein said movable separation film has a
25 plate portion without elasticity in a portion facing

said bubble-generating region.



liquid fl ow path 603 for discharge liquid in direct conmuni cati on
with the discharge port 601 is provided above it. Further, the
novabl e Separation fiTm605 made of a thin filmwth elasticity is
provi ded T ; - e first liquid fI w path 603 and t he second

l'i quid l"lmmu)nl MH”! 4 and the movablt 8separ ation film 605

separates thecdischarge kFiquid in the first liquid flow path 603

fromthe bubble-generating liquid in the second liquid flow path
604. 10 When t he heat-generating nmenber 602 generates heat ,

the bubble is generaped ‘?ﬁéeﬂlaﬁléh&ééﬂxé‘%&@'A;Sﬂé&katus acd¥regER@n in the

bubbl e-generating |Iiquid. Here, | ow resistance R err]

downstream of haimenber yAbrbhg gafa dlrecu&{ gzgaxlmtnggm&@t ifRg amenber
602 is greater than the 15 fl ow resistance upstream thereof in the

second |iquid movablefl hembgat 8iEfdsedhad piyeratofty Jaicl movadle based on the
generation of bubble, conponents downstream of the center of area of

t he heat - gener aepagateohefibi2 preferentially act on the novabl e
separation film#605 20 whi | e upstream conponents act not only on the
novable 5 separation film605 but also on the upstream side.
Thus, as the bubble grows continuously, the novabl e separation film
605 is displaced grégter Thewhiguid dischirgeliaRpanafalsyGocogdingThps gui des
t he pressure due

Claim 17, wherein said movable member has a free end on

the downstream side of an upstream edge of a portion

facing said bubble-generating region, and a fulcrum on

10 the upstream side of said free end.

19. The liquid discharge apparatus according to
Claim 17 or Claim 18, wherein said movable member is
disposed on said first liquid flow path side of said

15 movable separation film.

20. The liquid discharge apparatus according to

Claim 17 or Claim 18, wherein said movable member is

-
¥

disposed on said second liquid flow path side of said

20 movable separation film.

21. The liguid discharge apparatus according to
Claim 17, wherein said movable member comprises a
curved portion curved on said first liquid flow path

25 side.

22. The liquid discharge apparatus according to



25 to the bubble generated in the bubbl e-generating region 607 to
t he di scharge port 601. The di scharge operation of the liquid

SLES?Q{ 82 cons“mmmmull”uu H"' bed above i “described in

detail . Figd. S4Ato 34D aré gggmnngs for explaining the
operation of the |liquid discharge apparatus shown in 5 Fig. 33.
In Fig. 34A, the energy such as the electric energy i s not applied
to the heat-generating nenber 602 yet, so that no heat is generated

in the heat- ciajm ane&ﬁéféﬁhrgﬁﬁﬁﬂédyyéd pt¥tion is diepBse¥WNh the

electric energy or the like Is applied to the heat-generating nenber
602, the heat-the upstBEART S dd Db EIHIRS &%L@e@@h&a&lh@a&egmdnpart of the
bubble generating I|qU|d filling the inside of the bubbl e- generati ng
region 607 is heated by the heat, 15 t hus generating the bubble 606 by
filmboiling. Wen t he bubble 606 i s generated, the pressure based
on the 23. The liquid discharge apparatus according to

5 Claim 12, wherein said direction regulating means is
said second liquid flow path and wherein growth of said
bubble is regulated based on a shape of said second

liquid flow path.

10 24. The liquid discharge apparatus according to
Claim 23, wherein said second liquid flow path is
provided up to farther downstream of said bubble-

generating region.

15 25. The liquid discharge apparatus according to
Claim 23, wherein a flow path wall at a downstream end

- of said second liquid flow path is formed so that the
length of the second liquid flow path increases toward

-

sajid first liquid flow path.

20
26. The liquid discharge apparatus according to
Claim 23, wherein the width of the second liquid flow
path becomes gradually wider from upstream to
downstream.
25

27. The liquid discharge apparatus according to

Claim 12,



generation of bubble 606 starts displacing the novabl e separation

firlm®605 fromthe first position to the second poSiTi _
propagati on of bubble 606 (Fig. 20 34B). um" ! | nt
herein is that the flow resi stangelgg t he downstr Hmamg@ﬂw er
t han t hat on the upstream side so that the pressur® conponen

the downstream side (on the discharge port side) of the 25 center of
area of the heat-generating nmenber 602 preferentially act on the
novabl e separation film 605 in the second liquid flow path 604, as
descri bed above. said liquid discharge apparatus having alB8at-

Wth further growh of bubble 606, the horizontal conponents out of

t he downst r eangpnesatirg cospissenfer generdidc@teditr #oredenpwatings bei ng
subj ect to the downstream fl ow resi stance descri bed above. This nakes
5 t he nost séidhkubbiwstataan gosissiore cpposdrrentts said mopabllerential ly
act on the novable separation film 605, t hereby further displacing

t he novabl e sepaparatvhohifidm in saighPubile-gleaeriatdngl irggidnf| ow path 603.
wth thlsS wherein said direction regulating means is a

movable separation film displacement regulating member
disposed on said first liquid flow path:side of said
movable separation film while having an opening portion
formed so as to contain said heat-generating member

10 near said bubble-generating region, said movable
separation film displacement regulating member being
arranged to limit displacement of said movable

separation film.

15 28. The liquid dischargé apparatus according to
Claim 27, wherein an area of the opening portion of
- said movable separation film displacement regulating

member is greater than an area of said heat-generating

-

»

member.
20
29. The liquid discharge apparatus according to
Claim 27, wherein the center of the opening portion of
said movable separation film displacement regulating
memper is placed downstream of the center of said heat-
25 generating member.

30. The liquid discharge apparatus according to



t he novabl e separation film®605 is inflated greatly 10 toward the

di scharge port_6Q1 (Fig. 34C). Since the bubble 606 grows to

downst ream somﬂmm ~Tinftate the novabl e separation film 605 greater
I

toward m,tm rt with gr acigal di spl acenment of the
downst r eam po mble separ at i filme605 15 into the first

liquid flow path 603 adcof di hg to the grow h of bubble 606 as*
descri bed above, the pressure upon generation of bubble 606 is
directed uniformy toward the discharge port 601. This enhances the

di scharge effienaAay28f LkhapbinfERE to8csh SEhaRRE RIing?BortiBilos | N
gui di ng the bubbl e-generating pressure to the di scharge port 601,

the novabl e segafat meabilbNs6PBration £iBk edsgIHRERNt! FAQ&TaEshgn Of the
pressure, so that t he propagating direction of pressure and the

gr ow ng mainbeet i 8NphaceEbibwenSOfe e o berH Hanldredrekhiiai aBkky 25
according to the magnitude of the propagating pressure. Af ter
t hat, when thegkonklbbhéifigbmembéracts to di sappear due to the decrease
of internal pressure of - 110 -
5
31. The liquid discharge apparatus according to
Claim 12, wherein said direction regulating means is
said second liquid flow path and wherein growth of said

bubble is regulated based on flow resistance in said

10 second liquid flow path.

32. The liquid discharge apparatus according to
Claim 31, wherein said second liquid flow path is
formed so that the flow resistance inside thereof is
15 greater on the downstream side than on the upstream

side of the center of said bubble-generating region.

33. The liquid discharge apparatus according to
Claim 12, wherein said direction regulating means is
20 said first liquid flow path and wherein displacement of

said movable separation film is regulated based on a

shape of said first liquid flow path.

34. The liquid discharge apparatus according to
25 Claim 33, wherein flow resistance above a movable
region of said movable separation film in said first

liquid flow path is greater on the uﬁstream side than



bubbl e characteristic to the filmboiling phenonmenon

descri bed

above, the novable separation film 605 having been displaced up to
t he second position is displaced into the second liquid flow path
604 over the first 5 positi on because of the negative pressure due to
t he contraction of bubble 606 and tiféf€after it returns to

the initial position (the first position) shown in Fi g———34A-{Fg—

34D). Upon col | apse of bubble, in order to conmpe
of liquid ejected, the liquid 10 flows into the reg

fromthe co

FCSOMM R >

Vierr], V[err] ﬂ$@%5{g§ i.e.,
and as iéﬁﬁ%&ﬁeﬁ?%ﬁf [err] ?Fonlthe di scharge port 401. The liquid

also flows into the region fromupstreamin the second

liquid flow

path 604. 15 The structure of the liquid di scharge apparatus
descri bed above will3she degcniigedd discharge apfagatdd dccdrdimgnvitey for
expl aining the structure of the second liquid flow path 604 of the
l'i quid disiedde apeaednushehhethght 6f gsaBd® fiwktilgiquitvAliowr 20

34D, which is a top plan view of the second liquid flow

pat h 604

w t hout tHe novysiite isepsaseisofrom ogp0feahto downstxkacharge port is

| ocated on the bottomside in the drawi ng.
liquid flow path 604 is provided with

The second

36. The liquid discharge apparatus according to

Claim 33, wherein said first liquid flow path is formed

so that the height on the upstream side is lower at

10 least at a part than that on the downstream side.

37. The liquid discharge apparatus according to

Claim 36, wherein said first liquid flow path is formed

so that a flow path wall and said movable separation

15 film come to contact at least at a part when said

movable separation film is displaced into said first

liquid flow path.

wé

38. The liquid discharge apparatus according to

20 Claim 36, wherein said movable separation film has a

slack portion at least on the upstream side of said

bubble-generating region.

39. The liquid discharge apparatus according to

25 Claim 12, wherein said direction regulating means is a

movable member disposed nearly in parallel to said

movable separation film with a predetermined gap



25 constricted portions 609a, 609b for the same purposes as in

Enbodi nent 5, before and after the heat- generati ng nenber 602, thus
form ng such chamnber (bubbl e- generati ng chanber)
structure as to prevent the pressuig upon generation of bubble from
escapi ng t hrough the second |iquid ?oﬂlpath 604. Here, the

constricted portions 609a, 609b of the second |iquid—5 Howpath—604

are formed so that the opening portion on the d oy n the
di scharge port side) is narrower than the openi :m“gmﬁuﬁ = lﬁ
. By waki ng the

upstream si de ovidé&ntﬁgfeﬁﬁnnnn | i qui d chanmber side)*

openi ng portioﬁrnarromer on e downstream side as 10 descri bed, the

fl ow resistance in the second |iquid fl ow path 604 can be nade

| arger on the downstream side and smaller on the upstream side. This
makes the doygst r gREn pww@@r@%waﬁw@e aeabeadngytbhe
generation of bubble effectively and preferentially act 15 on the

nmovabl e separ aghgimf 86 M HREref® Hid mdlidlleaa@mber hast he freeabhé on
separation film®605 into the first liquid
5 the downstream side of an upstream edge of a portion
facing said bubble-generating region, and a fulcrum on

the upstream side of said free end.

41. The liquid discharge apparatus according to
10 Claim 39 or Claim 40, wherein said movable member is
disposed on said first liquid flow path side of said

movable separation film.

42. The liquid discharge apparatus according to
15 Claim 12, wherein said direction regulating means is
said movable separation film itself and wherein
o displacement of said movable separation film is

regulated based on the thickness of said movable

-

¥

separation film.

20
43. The liquid discharge apparatus according to
Claim 42, wherein said movable separation film is
formed so that the thickness thereof gradually
decreases from upstream to downstream.
25

44. The liquid discharge apparatus according to

Claim 42, wherein said movable separation film is



flow path 603, ~whereby-the liquid in the first liquid fl ow path 603
ﬂ@flClency and under hi gh di scharge force.

can be discharg .
The downst reamg m ’(ﬂ E porti on 609a of the bubbl e-generating

champgr of the * UId fIOM/ga%p 604 is a passage for
extracting bubbles remaining in th ubbl e- generati ng chanber.

The shape of the second liquid flow path 604 may be determ ned in
any shape that can effectively 25 transmt the pressure upon generation
of bubble to the novabl e separation film 605 without being limted

to- the aR3eSRaP&hat the thickness on the downstream SldelhD 112 -
As descri bed above, since in the structure of the present enbodi ment

the flow resi stsaia0@edOWAah €AELObn the upSEr&amtLiddlwidie AR dhe
heat - generating nenber is greater than that upstreamthereof in the

second |iquid abordelrowtpat prefietebyihdé powiabien separation fil m di spl aced
by the pressure upon generation of bubble grows to downstream the
| i qui d weak agai nst heat, the high-

5 45. The liquid discharge apparatus according to
Claim 12, wherein said direction regulating means is a
convex portion located in a portion facing said bubble-
generating region in said movable separation film so as
to project into said second liquid flow path when no

10 bubble is generated or so as to project into said first

liquid flow path when a bubble is generated.

46. The liquid discharge apparatus according to
Claim 45, wherein said convex portion is formed so that
15 the height of projection on the downstream side is

greater than that on the upstream side.

47. The liquid discharge apparatus according to
Ciaim 46, wherein a maximum volume with displacement of
20 said convex portion is greater than a maximum expansion
volume of the bubble generated in said bubble-

generating region.

48. The liquid discharge apparatus according to
25 Claim 46, wherein a maximum volume with displacement of
said convex portion is smaller than a maximum expansion

volume of the bubble generated in said bubble-



viscosity liquid, or the Iike can be discharged at high efficiency
and under hi gh di scharge pressure. 10 ( Enbodi nent 15) Fig.
36 is a cross-sectional view along the flow path direction to show
the fifteenth enbodi ment of the ngmzd di scharge appar at us according
to the present I nvention, which sh state upon generation
bubbl e. In the present enbodinent, as shomd'“ﬂimlmlmfﬂm"nl'
the second liquid flow path 704 for bubbl e-generating
provi ded on the substrate 710 provided with t he heat-generating
menber 702 (th?egg§gkgggr§§b§égr 20 menber in the shape of 40 [err]mx
105 [err]min The present enbodi nent) for supplying the thernal
energy for generating the bubble in the liquid, and the first
liquid fl ow path 703 for discharge liquid in direct conmuni cati on
with the discharge port Thd isqpidvdidecharfe appsyatas wccoEdihpeto t he
novabl e separation film 705 made of a thin filmwth elasticity is
provi ded betweedaim 47 orh@léaims48] iwhich fiamyvapadvapde asabeke saédnd
l'i quid - 113 -

q 5 movable member comprising a free end on the downstream

side of an upstream edge of a portion facing said
bubble-generating region, and a fulcrum on the upstream
side of said free end and being disposed adjacent to
said movable separation film, on said first liquid flow

10 path side of said movable separation film.

50. The liquid discharge apparatus according to
Claim 12, which has a heat-generating member for
generating heat for generating said bubble, at a

15 position opposite to said movable separation film in

said bubble-generating region.

51. The liquid discharge apparatus according to

Cf;im 31, which has a heat-generating member for

20 generating heat for generating said bubble, at a
position opposite to said movable separation film in

said bubble-generating region.

52. The liquid discharge apparatus according to
25 Claim 27, wherein a downstream portion of the bubble
generated in said bubble-generating region is a bubble

generated on the downstream side of the center of the



flow path 704-and t he novabl e separation film 705 separates the
di schar ge I|qU|d in fﬁé“frrs%—lqu|d flow path 703 fromthe

bubbl e- generat '?HLIMH, second liquid flow path 704. 5
The nost sign ﬂ Wﬂ" f the presefig - enbodi nent is that the
hei ght of top pl dt e 709 for the first liquid flow path 703,

i.e., the height of the flrst liquid flow path 703 in the projection
area of t he heat-generating nenber 702 is higher on the 10
downstream si de where the discharge port 701 exists than on the
upstream si de wiwereofhsatdnneatt+gepsrhting membleanber (not illustrated)

exi sts. In the liquid discharge apparatus constructed as

descri bed above, when the heat-generating nmenber 702 15 gener ates heat,

t he bubble 706 is generated thereby based on the filmboiling
phenomenon in the béBbl eThe 1lQU1§KQﬁﬁQh§ﬁﬁ$ ﬁ@@ﬁ?&tuﬁe?GCOFﬁénﬁnvable
separation film 705 IS Iace into the first uid fl ow path 703
with generatloﬁ“BfOBﬁbe %?EFS lﬁ¥§Qﬂ%%nh§PQ m°§8 € of the first

liquid flew path is_hi n the tream.si de than.on the
upst r eam Si de, SﬁﬁerﬁB%§B| ilm 1s arzanged \ME&aF S?&é 2§38I§BPaced into the
first liquid o) 3. great d t d han on
t he upstrean15|Bere?%ls¥5g|%§%;$ﬁggﬁ§§§§ure gSQ%e 8&%% E?ﬁg‘ék Ent

center of the area of said heat-generating member.

54. The liquid discharge apparatus according to
10 Claim 27, wherein said bubble is a bubble generated by
causing a film boiling phenomenon in the liquid by the

heat generated in said heat-generating member.

55. The liquid discharge apparatus according to
15 Claim 12, wherein the liquid supplied to said first
liquid flow path and the liquid supplied to said second

. liquid flow path are mutually different liguids.

“i

56. The ligquid discharge apparatus according to

20 Claim 55, wherein the liquid supplied to said second
liquid flow path is a liquid more excellent in at least
one property out of a low-viscosity property, a bubble-
generating property, and thermal stability than the
liquid supplied to said first liquid flow path.

25

57. A liquid discharge apparatus according to any



25

di scharge port 701
di schar ge - 114 -

bubbl e 706 generated in the bubbl e-generating region to

t he

The di scharge operation of the liquid

apparatus

Fi e, 37A to 37 arc draw ngs for explanitl the - optWMERIINNIN
| i qui d di scharge apparatus shown in 5 Fig. 36. * ¢/ Flg.s 37A

the energy such as the electric
heat - gener ati ng nmenber 702

heat -

710.

filling the inside of the

energy is not applied to the
yet, so that no heat is generated in the

_ O ¥ R TREDEB, 788. adhe40D ViR Lo S P AL iivddlen 705 10
Is |located at the first position nearly parallel to the
_ sdpiratiwhe Fillhe anlieshidCm6VEbYY membdre irteryraally

applied to the heat-generating nmenber 702, the heat- generati ng
menber 702 generididadecdin aedppast ob the diSappdaddnee gefertst i ng |iquid

t her eby, thus bubble.

5

substrate

bubbl e- generating region 707 is heated

58. A liquid discharge method according to Claim

5, wherein said direction regulation means is a movable

member located adjacent to said movable separation

£ilm.

10

59. A liquid discharge method according to Claim

58, wherein said movable separation film and said

movable member integrally displace in response to the

disappearance of the bubble.

15

60. A liquid discharge apparatus according to

Claim 19, wherein said movable separation film and said

movable member integrally displace in response to the

-

disappearance of the bubble.

20

61. A liquid discharge apparatus according to

Claim 20, wherein said movable separation film and said

movable member integrally displace in response to the

disappearance of the bubble.

25

62. A liquid discharge apparatus according to

Claim 41, wherein said movable separation film and said



generating the bubble 706 by filmboiling. This totally displaces

the portion of The novable se aratlon film705 facing the

bubbl e- gener at i nq‘“ﬂmm\lmmmﬂ the first liquid flow path 703
(Fig. 37B). r gro_wt g°f- bubbl e 706, the novable
separation film 705 i dlspl aced further into the first liquid flow
path 703 up to the second position according to the pressure upon
generation of bubble, 25 whereupon, because the height of the first
liquid flow path 703 is greater on the downstream side than on the
upstream si de mdveblvritibers dpaegradbyf 8iap¥8Ce i tn response to the

- 115 - di spl aced nore into the first liquid flow path 703 on

t he downst r eandissagpeteramoen ofth&hepbubbaen si de (Fi g. 37C). Therefore,
a further increase in the discharge ef ficiency can be achi eved. 5
After that, when the bubble 706 contracts to di sappear due to the

decrease of internal pressure of bubbl e characteristic to the film
boi | i ng phenonenon 63- A liquid discharge apparatus according to

5 Claim 49, wherein said movable separation film and said
movable member integrally displace in response to the

disappearance of the bubble.

i



descri bed above, the novable separation film 705 having been

di spl aced up to the second position gradually 10 returns to the initial
position (the first position) shown in Fig. 37A by the negative
pressure due to the contraction of Jaubble 706 (Fig. 37D). Upon

col | apse of bubble, in order to conpensate for_the volune of the
liquid ejected, the liquid flows into the area froﬁwwk§5 EEPRAS B i .e.
fromthe comon |iquid chanber side and fromthe RAapghge Part 701
si de. This can prevent the neniscus frém-bei-Rg- acte
by the decreasese¥TRAguF afiel Dagicdoduret o the di spl acenent into the
first liquid flow path 703, 20 caused when the novabl e separation film
705 is di spl acad gndak dischhegeemnettod i fou ddfsemafpidy D4iquid
Therefore, the refilling time can be decreased. (Enbodi nent 16)

Fig. 38 is a crdg®ugbcial discharges pbohgfohediscivar@ing thpathigliiidection to
show t he si xteenth enbodi nent of the | i qui d di scharge nethod and the
li quid di scharg&ilizing gppuabbiesbycdbsplaging a heoyalelbe gepanenidron, which
- 116 -

5 film for always substantially separating a first liquid
flow path in communication with said discharge port for
discharging the liquid from a second liquid flow path
comprising a bubble-generating region for generating
the bubble in said liquid, on the upstream side of said

10 discharge port with respect to flow of the liquid in
said first liquid flow path, comprises a step of
displacing a downstream portion of said movable
separation film toward said discharge port relatively
more than an upstream portion of said movable

15 separation film with respect to a direction of the flow

of the liquid.

A
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TR
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shows a state upon generation of bubble. The present enbodi nent
is different fromthat shown in Fig. 36 in the shape of the top
plate 719, i.e., in the shape of the first liquid flow path 713, 5
as shown in Fig. 38, and the other structure is the sane.

The top plate 719 in the present enbo??gg?t i's formed so that the
hei ght of the portion upstream of he space above the

heat - generating nmenber 702 is 10 smal l er than that of the other
portions. Here, the novable separation film 705 is displaced
into the first liquid flom1path 713 with generation of3 bubbl e 716,

but, becalFI helfA 955 f qw\%\ %%\e\a 3in the
portion ugst are K ik\tﬁg ea g r tﬁhQ?Te is
smal | er than that of Yhe other portions,” the Tovabie aeparatlon ilm
705 is di spl aced or g into the first liquid fgow path 713 on

t he downstream si de than on he upst neam side. This QUIdeS the
pressure due to the bubble =~HFEN YE
region to the discharge gon
first liquid flow path p

di schar ge efficiency is increased and the supply charfacteristics
fromupstreamin the first liquid flow path are good,
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25 t hereby further inproving the refilling

(Enbodi nent 17)

Fig. 39 is a cross-sectional
show t he seventeent h enbodi nent of

the liquid discharge
which 5
present enbodi nent,

shown in Fig. 38 in that the
hei ght portion of the top platt 719 upon generation

SR N Oy

contact the | ow
ot h

of e
anabIe se ' 725

path 723 with generation of

the first liquid %Lo
above 15 t he heat-ge
t he other portions, the nov

19

FIG. 2B

A

FIG. 2C

11

FIG. 2D

11

FIG. 2E

13

shows a state upon gener
as shown in Fig. 39, is

- 117 -
view al ong the fl ow

of bubbl e.

characteristics.

path direction to
the Iiquid discharge nethod and
apparatuséffggrding to the present inveﬂtion,
e
different fromthat

novabl e separation film 729 comes to

pubbte 736, but, becausethe heig

t he

1f4t30W
of

at h 72%7 n the port|0n1gpstreantof the area

Lng menbgr 702 is smaller than that of

“““‘v“ t‘\v"\\t\\‘m—"\\ AS VAR AU AAR LA R LA R AR ARRRY
»

A/////y/vvééA//{//7

\\\\\\Q\\W

15A
f/

000000 0QQONOBO

,/'///V4//// /{//?

@\\\;;Q\\W

Nl )
u LS TINATS S //{///

12 16
\\\\\\Q N\
15B— 17 ,¢15C/J15A 5

\\\\\\\\\\\\\\\\\

//////y4//////( /s
12 16

\X\\\\Q \W

//////V4// / /(///
12

——144



di spl aced nore into the first liquid flow path 723 on t he downstream

side than on the upstream side. Then with further growth of bubble
736 the novable 20 separation film 725 displaced into the first liquid
flow path 723 comes to contact the | ow hei ght portion of the top
plate 719 of the first liquid fIOM/paq?/Z§3, wher eby the novabl e
separation film725 is deforned as depressed by the top plate 719.
This further displaces 25 t he downstream portion of the novable
separation film 725 greater into the first liquid flow path 723,

t hereby guiding the pressure due to the bubble 736

- 118 - pé:](;; gegSLz;ed i nH he bubbl e-generating region to the

di schar ge r 3. SHCe the part of the %3p pl at e 719 contacts the
part of the novable separation;film ( 25, the first liquid flow path
723 is separated into 5 wo on either :igé of the contact portion,

whi ch prevents crosystal k asaswhich pr énts t he pressure upon

generation of bubble from escapfy {hys 23 i ncreasing the
di scharge efficiency.
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(Enbodi nrent 18) 10
al ong

enbodi ment of the liquid discharge nmethod and the
apparatus according to the present

drawing to show a 15

Fi gs. 40A and 40B are cross-sectional views

i nvention,

the flow path direction to show the ei ghteenth

| i qui d di scharge

wherein Fig. 40Ais a

state upon non-generation of bubble and Fig. 40B

is a drawi ng to show a state udddlyeneration of bubbl e.

The present enbodi ment, as shown in Figs. 40A and 40B, is different
only in the novabl e separation film 715 fromthat shown in Fig. 38
and the oth ctur 20 is the sane. As shown in Figs.
40A and 4087EEz£E;pva§ifq separation film715 in the present

enbodi ment has sl ack portions 715a, 715b upstream and downstream of
t he bubbl e-generating regiqgn 707 for generating thg bubble 25 on

t he heat-generating ngnbelr 702, t A0 fof &g the tructure with
spring property. [ Fbre,(the vabl e separati¢on film 715 is
di spl aced 7 - 119
101~ 1§31 -1?1b
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into the first liquid flow path 713 wth generation of bubbl e 726,
but, because the height of the first liquid flow path 713 in the
portion upstream of the region above the heat-generating nmenber 702
is |lower than that 5 of the other portions, the novable separation film
715 is displaced nore into the_figst liquid flow path 713 on
t he downstream si de than on the upstr@é side. This gui des the
pressure due to the bubble 726 generated in t he bubbl e- generating
region 707 to the discharge port 10 701. Since the flow resistance in
the first liquid flow path 713 is higher on the upstream side than
on the downstream side, the refilling characteristics are

i nproved. Since the present eanffV(Ei enESﬁtE t he structure wherein
t he novabl e separation film 7154 s . vided with the slack portions
715a, 715b upstream and downstream of the bubbl e-generating region
707 wher eby the novabl e separgga on fil-m 715 has the spring

property, the novable separation film 715 becones easier to be

di spl ated by the pre 5}' n 20 of bubbl e, thus increasing
t he di scharge effici [ fig. 41 is a
cross-sectional Wil ction tg show the

ni net eent h enbodi ne arge mnet and the liquid

di schar ge ///
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25 apparatus according to the present invention, which shows a

state upon generation of bubble. In the present enbodi nent, as
shown in Fig. 41, - 120 -
the second liquid flow path 704 for bubbl e-generating liquidis
provi ded on the substrate 710 provide?sf%%h t he heat-generating
menber 702 (the heating resistor nber in the shape of 40 [err]mx
105 [err]min the present 5 enbodi ment) for supplying the thernal
energy for generating the bubble in the liquid, and the first
liquid fl ow path 733 for discharge liquid in direct conmuni cati on
with the discharge port 701 is proyide above it. Further, the
novabl e separation film735 10 fitgg%Pf hin filmwith elasticity is
provi ded between the first * igbroefl path 733 and the second
l'iquid flow path 704 and the novabl e separation film 735
separates the dischayyge liquid in the first liquid flow path 733
fromthe bubble-genéXating liquid in the 15 ° second liquid flow path
704. In the first I#&quid flow path 733 -t he novabl e menber 751
having a free end in
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the area above the heat-generating nenber 702 and a ful crum upstream
thereof is disposed nearly in parallel to the novabl e separation
film735 and at a 20 predet erm ned di stance fromthe novabl e separation
film 735. The di stance between the novabl e nmenber 751- and t he
novabl e separation film 735 is set to7hgasuch a Separation that the
free end of the novabl e nenber 751 is pushed up by the novabl e
separation film 735 when 25 t he novabl e separation film735 is

di spl aced into the first liquid flow path 733 by the pressure upon
generation of bubble. - 121 -

Here, the novable separation film 735 is displaced into the first
liquid flow path 703 with generation of bubbl e 746. Once the upstream
portion of the novable separation filmconmes to near or into contact
with the 5 novabl e menber 751 with di splacenment of the novable
separation film735 into the first liquid flow path 733, the novabl e
menber 751 restricts the displaceTQTZE; é;oT t he upstream portion of the
di spl aced portion of the- .
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novabl e separation film 735, so that the novable 10 separation film 735
is displaced nore into the first liquid flow path 733 on the
downstream si de than on the upstream side. This guides the pressure
due to the bubbl e 746 generated in the bubbl e-generating region to
t he di scharge port 701. 15 $ﬁ§3the present enbodi ment is
arranged so that the action of novabl e nmenber 751 prevents
excessi ve di spl acenent of the novable separation film 735 and so
that the novabl e nenber 751 and the novabl e separation film735 are
| ocated the predeternined di stance apart 20 from each other upon

non- gener ati on JQ)b Aere i's no resistance in the initial
stage of displ t he anabIe separation film 735, thus
maki ng reaction qU|cker The fifteenth.to nineteenth

enbodi nents descri bed 25 ve ti e fl ow resistance
of | i qui d above th 0\e>§fq$:éxﬁ\gy\ghv?\k, separatlon

filmand in the first liq fIOM/pat
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(Enbodi nent 20) Fi gs. 42A and 42B are cross-sectional,

schemati c views along the flow path direction to show the
twenti eth enbodi ment of the |iquid discharge nethod and 5 the liquid
di scharge apparatus according to the present i nvention, wherein Fig.
42A is a drawing to show a staig ggon non-di scharge and Fig. 42B is
a drawing to show a state upon ( har ge. In the present
enbodi ment, as shown in Figs. 42A 10 . and 42B, the second liquid flow
path 804 for bubbl e- generating liquid is provided on the substrate
810 provided with the heat-generating nenber 802 (the heati ng
resistor nmenber _in the shape of 40 pmx 105 pm in the present
enbodi nent) f Iyiﬂ%ﬁi thermal 15 energy for generating the
bubble in thefli d, a first liquid flow path 803 for
di scharge liquid in direct confgunication with the& discharge port 801
‘i's provi ded above it. [Th#5teovabl e $tparatiigidf if m 805 made of
athinfilmwth elasticitp i i be ] 20 t he hgiét liquid
flow path 803 and the second 7 804 an parates the
di scharge liquid in the i ow path 803 fyomthe
bubbl e-generating {11 _+Hquid i : Y Yo 1894.
Here, the novabl e separatijoni S S <frad 114
SN ~—~130
) \117
112
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25 that the thickness of the downstream side fromthe center of

t he heat-generating nenber 802 is snaller than the thickness of the
upstream side therefromin - 123 -
the portion located in the projection area above the surface of the
heat - gener ati ng nenber 802, thereby 10/ 43 operating to deformnore to the
di scharge port 801 upon generation of bubble (Fig. 42B). 5

The shape of the novable separation film 805 may be any shape that
can direct the pressure upon generation of bubble toward the

di scharge port efficiently, without having to be limted to that
shown in Figs. 42A and 42B. 10 The bubbl e-generating region

807 is defined bet e heat-generating nmenber 802 and the
novabl e JE%L(E?JOﬂ%fZDMEQOS. When t he heat-generating
menber 802 generates heat, the bubble is generated thereby based on

the film 15 boi I i ng phengnenon in the bubbl e-generati g |i quid.
The pressure based on the ge er%tion of bubbl e




preferentially acts on the novable separation film 805, so that the

novabl e separation film 805 is displaced greater toward the
di scharge port 801, as shown in Fig. 20 42B. This guides the pressure
due to the bubble generated in the bubbl e-generating regi.on 807 to
t he di scharge port 801. As descri bed above, since the
structure of the pr esent enbod1héﬂ3 is such that in the projection
area 25 above the surface-of the heat-generating nenber in the
novabl e separation filmthe thickness of the downstream side from
the center of the heat-generating nenber is
- 124 - smal l er than the thickness of the upstream side
therefrom the pressure pousF‘Lﬁs on,tTAhin portion in the
novabl e separation f|In1d|spIac he pressure upon generation of
bubble, so as to inflate t he novabl e separation filmtoward the
di scharge port, mhereby the liquid can be discharged at hlgh
di schar ge ef ficiency and under hi gh di scharge pressure.
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(Enbodi nent 21) Figs. 43A and 43B are cross-sectional views
along 10 the flow path direction to show the twenty first

enbodi ment of the liquid discharge apparatus according to the
present invention, wherein Fig. 43Ais a | ateral, cross-sectional
view and Fig. 43Bis a Iongit g%n?i cross-sectional view. In the
drawi ng the 15 di scharge port is | d on the left side thereof.

The novabl e separation film 815 in the present enbodi ment gradual |y
decreases its thickness from upstreamtoward downstream where the
di scharge port is provi ded. The novabl e separation film 815 is nade
of 20 ur et hane resin. The process for fabricating the
novabl e separati on film t he nt enbodi ment will be
descri bed. First, ﬁgﬁkggéase q%? i's applled onto a mrror
waf er of silicon, thereafter it is subjected to spin coating with
liquid urethane resin to forma film apprOX|nater 3 pmthick, and
then solvent therein is evaporated to nake the fil hi nner .
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Then this filmis peeled off fromthe mrror wafer, the rear end
(upstream) thereof is fixed onto the substrate in which the second
liquid flow path descri bed above is formed, thereafter the filmis 5
pull ed toward the discharge port so as to nake the t hi ckness of the
tip portion of filmequal to 1 pm anﬂ%{43 the filmis bonded to the
substrate, thus formng the novabl e separation filmon the substrate.
By maki ng the novabl e separation film815 in this 10 way, the novable
separation film 815 naturally deforns toward the discharge port with
growt h of bubble, so that the discharge force can be used for

di scharge of liquid efficiently. Since the novable separation film
815 in the present enbodinent is excellent in response 15 to the growh

of bubble, it can also beZappiBeftto o hi gh- speed di scharge. Since
hi gh position accuracy isN &N chot required in bonding of the novable

separation film 815, fabprikation of the liquid discharge apparatus
becones easier. 20 H An ar fabr{i,cati on process of the novabl e
separation film815 in the pres@nt enbodifment will be vt descri bed.
First, the release agént is a ﬁhkd onto |t he hf er of
silicon, thereafter® he mrror |!fer is 8
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25 imersed in the liquid urethane resin, and it is lifted up

slowy. The filmthickness can be increased gradual ly by gradually
decreasing the lifting speed of - 126
- mrror wafer on that occasion. After that, the solvent - is
evaporated to make the filmthinner. {14/43 Then this filmis peeled
off fromthe mrror wafer, the filmis positioned on the substrate in
which 5 the second liquid flow path descri bed above is forned, and
it is bonded to the substrate, thus form ng the novabl e separation
filmon the substrate. By fabricating the novabl e separation
film815 in this way, the novable separation film 815 naturally 10
deforns toward the discharge port with growh of bubbl e, so that the
di scharge force can be used for di scharge of liquid efficiently.

Si nce the novabl e separation film818in the present enbodiment is

excellent in response to growth of bubble, §t can also 15 be applied to

hi gh- speed di schar ge. o
o o
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Figs. 44A and 44B are cross-sectional views al ong the flow path

direction to show the twenty second enbodi nent of the liquid

di scharge apparatus according 20 to the present invention, wherein Fig.
44A is a | ateral, cross-sectional view and Fig. 44B is a

| ongi tudi nal, cross-sectional view.ﬂgy?@e drawi ng t he di schar ge
port is located on the left side thereof. As shown in Figs. 44A
and 44B, the novable 25 separation film825 in the present enbodi nent
is forned so that the thickness of the downstream side thereof is

¢ﬂ€r2¢frgqic?g2295®in*

smal | er thaHG of maream S
- 127 - . es o the; b® ition on

t he downstream si de where the di Rar-g bE0vH-ded, fromthe
center of the heat-generatin% refyb ¥, vabl e separation
film825 is nmade of the 5 0 ag The fabricayion

process of the novabl e separatio i (T 1T M 8 he @fbodi ment
wi |l be descri bed. A 95/ ABA o ASE—are-uraw-ngs 1-oL_aggl ai ni ng
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fabrication process of the novable separation film825 10 shown in
Figs. 44A and 44B. First, the release agent is applied onto the
mrror wafer 871 of silicon as shown in Fig. 45A and thereafter it
is subjected to spin coating with liquid polyim de resin to forma
filmthereof approximtely 2 15 [etﬁ']]%@thick (Fig. 45B).

Then the film872 is cured by ultraviol'e irradiation and resist 873
10 pmthick is patterned thereon (Fig. 45C).. Next ,
further spin coating is carried out to form 20 film874 2 pmthick of
the polyimde resin (Fig. 45D). After that, the film874 is
cured by ultraviol et irradiation, the filnms 872, 874 thus forned are

rcthe sust G kA ST OB oo Bl 1B

above is formed, and the filns are bonded to the substrate, thus
form ng the novapte—sepgration film on the substrat p~Hg—45E).
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The filnms 872, 874 may be nmade of respective materials different
fromeach ot her. Another process may be arranged so that the film
872 is made separately fromthe film874 and they are joined with
each ot her 5 in the assenbling stage so as to achieve the formas in

t he present enbodi nent. E?y[@@ricating t he novabl e separation
film825 in this way, the novable separation film 825 naturally
deforns toward the discharge port with generation of 10 bubbl e, whereby
t he di scharge force can be used for di scharge of liquid efficiently.
Si nce the novabl e separation film825 in the present enbodinent is
excellent in response to growh of bubble, it can also be applied to
hi gh- speed di scharge. 15 (Enbodi nent 23) Figs. 46A and 46B
are cross-sectional views al ong the flow path direction to show the
twenty third enbodi mrent of the liquid discharge apparatus according
to the present invention, wherein Fig. 46Ais a 20 | at eral
cross-sectional view and Fig. 465;!1(55 é; ongi tudi nal , cross-sectional
view. In the drawi ng the IS ge 6L is located on the left side -
t her eof . As shown in Figs. 46A and 46B, the novable

separation film835 in the present enbodinent is forned

203

205a




25 so that the thickness of the downstream side thereof is

smal |l er than the thickness of the upstream side thereof W th respect
to the border at a predeterm ned position

- 129 - on the downstream si de where the discharge port is
provided, fromthe center of the heatggeygerati ng nenber 802 and so
that the thickness of the downstreamside is greater than the

t hi ckness of the upstreamside with 5 respect to the border at a
predeterm ne position on the further downstream side of the

downst ream edge of the heat - gener ati ng nenber 802. The novabl e
separati on film835 is made of the polyimde resin. The
fabrication process of the novable separation 10 film835 in the
present enbodi nent will be descri bed. Figs. 47A to 47E are
drawi ngs for expl aining the process for producing the novabl e
separation fil mshown in Figs. 46A and 46B. "~ First, the
rel ease agent is applied onto the 15 mrror wafer 871 of silicon as
shown in Fig. 47A, thereafter it is subjected to spin coating with
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polyimde resin to forma filmapproximately 3 pm t hick, and the
filmis cured by ultraviolet irradiation (Fig. 47B). 20

Then patterned resist 876 was formed over non- etching portions on
the film875 approximately 3 pm t hi ck -descri bed above. The resi st
was OFPR800 (avail abl e fron1ngngChka Sha) . The resi st
876 was applied in the thickness of 2 pm and pre-baked at 100 [err]C
Exposure was carried out usi ng PLA600 avail able from CANON | NC. and
in the exposure dose of 450 mJ. Devel opnent was carried out

- 130 - usi ng the devel oper of MND-3 (avail able from Tokyo Ghka
Sha) and thereafter post-baking was carried out at 120 [err]C (Fig.
47C). Then the film 875 of the polyimnmde resin was 5 et ched
only by the thickness of 2 [err]m The etching was carried out with
MAS- 800 avail abl e from CANON I NC. and under such conditions as the
substrate tenperature of 50 [err]C, mcrowave power of 500 W oxygen
flow rate_of
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200 sccm and pressure of 100 Pa (Fig. 47D. 10 Then, for renoving
the resist 876, the wafer was imersed in renover 1112-A (avail able
from Shi pl ey Far East Ltd.) and ultrasonic wave was applied thereto,
thereby renoving the resist 876. After that, the film875 of
the polyimde resin 15 was peel eppf43fromthe mrror wafer 871, it was
positioned on the substrate in which the second liquid fl ow path
descri bed above was formed, and it was bonded to the substrate, thus
form ng the novabl e separation filmon the substrate (Fig. 47E). 20
By fabricating the novable separation film3835 in this way, the
novabl e separation film835 naturally or toward the di scharge
port with gro 21A]bble whereby th is ge force can be used
for e o0 d efficiently. Si{nce ttﬂe novabl e/ 25
separation f| I m 835 in the present S 7 excerlent in
response to growt h of bubbl e, hb be applied to hlgh speed
di schar ge. 1 - 131 -

N ‘/“304

1 N 310
%02 307

FIG. 21B )

||
L
o~
/
306

FIG. 21C )
=

tL

f44

FIG. 21D /
O -




Fi gs. 48A and 48B are draw ngs to show a sim |l ar formof the novable
separation filmshown in Figs. 46A and 46B and Figs. 47A to 47E,
wherein Fig. 48Ais a | ateral, cross-sectional view and Fig. 48B is
a 5 | ongi tudi nal, cross-sectional view. In the drawing the

di scharge port is disposed on the Ief21fhge t her eof . As shown
in Figs. 48A and 48B, the thin portion having the smaller film

t hi ckness nay be fornmed every liquid flow path in the simlar form of
t he novable 10 separation filmshown in Figs. 46A and 46B and Fi gs.

47A to 47E. This arrangenent makes the bubbl e- generating pressure
concentrated toward the di scharge port efficiently.

(Enmbodi nent 24) 15 Figs. 49A and 49B are cross-sectional views

al ong the flow path directi®@n to show the twenty fourth

enbodi ment of tIig8 quugp di sghar g&?appar at us accor di ng to the
present inventi 8A~wh {n FFY. 49A is a | ateral, cross-sectional
view and Fig. 49B }s a §O | gng{ t ydi nal , cross-sectional yiew. , In the
drawi ng t he d|{ scharge porjt is|di sposed on thejleft si|fde thereof]
As shown in Figs. #9A and [49B/ tihe ngvabl e separation|fil m855 in
the present enbodi frent” i s [formed so that the fthicknegg of the
downstream si de t hereof ig 5 smal l er than the thicknesgjof the
upstream si de thergof
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Wi th respect to the border at a predeterm ned position on the
upstream side fromthe center of the heat-

- 132 - generating nmenber 802 and so that the thickness of the
downstream side thereof is |ager than the thickness of t he upstream -
side thereof with respect to the borqﬁ%/g% t he downstream edge of the
heat - generati ng nmenber 802. The | e separation film 855 is nmade of
t he pol yi m de resin and it was fabricated by the sane process
as in the twenty second enbodi nent. By fabricating the novabl e
separation filma855 in this way, the novable separation film 855
naturally 10 deforns toward the discharge port with grow h of

bubbl e, whereby the discharge force can be used for di scharge of
liquid efficiently. Sincet8he novabl e separation film@855 in the

pr esent enbodlnemt |s,- @ <excek¢ent in response to growh of bubble, it

can al so ap ?tg3hlgh speed di schar ge. The thin
portion haV|ng the fhaf fi{mthickness may, be formed every |jquid
flow path in a sin I (
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of the present enbodi ment. This arrangenent nmakes the

bubbl e- generating pressure concentrated to the 20 di scharge port
efficiently. (Enbodi nent 25) Figs. 50A and 50B are
cross-sectional views al ong the flow path direction to show the
twenty fifth embodi ment of thegjiggid di scharge apparatus according
25 to the present invention, wherein Fig. 50Ais a | at eral
cross-sectional view and Fig. 50B is a | ongi tudi nal ,. cross-sectional
view. In the drawi ng the - 133 -

di scharge port is located on the left side thereof. As shown in
Fi gs. 50A and 50B, the novable separation film865 in the present
enbodi ment has a portion decreasing its thickness toward downstream
from 5 the center of heat-gefrating nenber 802. The novabl e
separation fiEn 865 s mad& of €he pol yi mide resin. The
fabrication pfForess of the“’m)vabe e separation ~ film865 in the
present enbodi mepty wil I} jpe desgcri bed. " HRigs. 51pto 51D arge

drawi ngs for expl aj ni ngt he

302

316

307

FIG. 24A
FIG. 24B



10 fabrication process of the novable separation film 865 shown

in Figs. 50A and 50B. First, a part on silicon substrate 877 to
be a matrix nold is masked using silicon oxide 878 of a rod
shape 4 pm square (Fig. 51A) and anisotropic etching is 15 carried out
thereon (Fig. 51B). Then2ylje}3 el ease agent is applied onto the
silicon substrate 877, thereafter it is subjected to spin
coating with liquid polyimde resin to formfilm 879 approxi mately 3
pmthick, and the filmis cured by 20 ultraviolet irradiation (Fig.
510). After that, the f|In1879 is peeled off fromthe
silicon substrate 877, it is po lzg substrate in which
the second liquid fl ow path scr ove is forned, and it is
bonded to the 25 substrat e, thus form ng the novabl e separation filmon
the substrate (Fig, 51pP). By fabricating the novabl e separation
film865 in - 134 - this
way, the novable sgparption film 865 naturally
—~— 403
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deforns toward the discharge port with growth of bubbl e, whereby the
di scharge force can be used for di scharge of liquid efficiently.
Since the novable 5 separation film865 in the present enbodinent is
excellent in response to the growth of bubble, it can al so be applied
to hi gh-speed di scharge. %g g3 the thin portion having the
smaller film t hi ckness may be fabricated every liquid flow path in a
10 simlar formof the present enbodinent. This ar r angenent
makes t he bubbl e-generating pressure concentrated toward the

di scharge port efficiently. The present invention was descri bed
using the di scharge nethod for discharging the liquid in the 15
direction parallel to the flowdirection of liquid in the first
liquid flow path in the all enbodi ments descri bed above, but the
present invention, wthout having to be limted to the above

di scharge nethod, can al so be applied to the discharge nethod for

di scharging 20 Qhegqufd in the direction perpendicular to the flow
direction of the INquid¥in The firdt liquid flow path, provi ded that
t he di scharge port as provi?ed dowyst r eam of the region for
generating the Qubble. ! Figs| 52A and 52B are drjhss4)secti onal
views along 25 the f|aw iin whi ch the

th directifon to show an exa
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present invention is applied to the arrangenent wherein t he

di scharge port is |ocated downstream of the bubble-

- 135 - generating region so as to discharge the liquid in the
direction perpendicular to the flow direction of the liquid in the
first liquid flow path, wherein Fig. Z82A43 is a dramng to show a state
upon non-generation of 5 bubble and Fig. 52B is a drawing to show a
state upon generation of bubble. As shown in Figs. 52A
and 52B, the sane effects can be achi eved by enpl oying the structure
of each enbodi nent descri bed above in the arrangenent wherein 10
the discharge port 901 is located in the direction perpendi cul ar to
the flow direction of the liquid in the first liquid flow path 903,
if the discharge port 901 is | ocated downstream of the

bubbl e- generati ng region 907. 15 In the present invention,
the liquid in theigst < .cgiquid flow path can be discharged -
efficiently fromQeg Q|g§harge port with é?né?a@%on ofg?ubble,

because the \ { 2 2 IP e
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downstream portion of the novable separation filmis di spl aced
relatively greater toward the discharge port 20 than the upstream
portion of the novabl e separation filmw th respect to the flow
direction of the liquid. : - 136-

VWHAT IS CLAIMED | S: 1. Algfya di scharge nethod for discharging
a liquid through a di scharge port r discharging the liquid
utilizing a bubble by displacing a novable 5 separation filmfor always
substantially separating a first liquid flow path in comrunication
with said di scharge port for discharging the liquid froma second

liquid flow path conprising a b -generating region for generating
t he bubble in said liquid, on t#gjkii m si de of said di scharge
port with respect to flow o e | *n said first liquid flow

pat h, said nethod conprising a step of displacing a

downstream portion of said novable separation film toward said

di scharge port relatively, re than an 15 upstream portion of said
novabl e separation filn1é2 -

29C -
288 J \I_S_/* ' 2?5
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respect to a direction of the flow of the |iquid. 2. The

| i qui d di scharge nethod according to Caim 1, wherein said step is
carried out after mdway of a 20 growi ng process of said bubble.
3. The liquid discharge nethod according to daim 1, wherein said

step is carried out continuously h&gbstantially after an initia
stage of a growing 25 process of:ﬁg ubbl e. 4. The
| i qui d di scharge nethod according to Claim

-137 - 1, wherein said step conprises a duration in which a
range for said novable separation filmto be displaced from an
initial state gradually expands at |least to the downst r eam si de.
5. The liquid ar d ac to eit of 1 to
s werein sl Ge ' 29A “FIG. 29B° 'FIG. " 29C
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carried out by direction regulating neans for regul ating a direction
in which said novabl e separation 10 filmis displaced. 6.
The |iquid discharge nethod according to Claim 1, wherein said step
is achieved by prelimnarily defining a shape of said novable
separation film 15 7. Th?QKhSUid di scharge net hod according to
Caim 1, wherein said step is achieved by utilizing a slack

of said novabl e separation film 20 8. The liquid discharge

met hod according to Caim 1, wherein said step is achi eved by

regul ati ng growth of said bubble in said second liquid flow pat h.

9. The liquid discharge nethod according to aim 25 1, wherein said
step is a step of displacing a downstream portion relatively nore

t han an upstream portion with respect to a central portion of a
nmovabl e - 138 -
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regi on of said novable separation film 10. The liquid
di scharge nethod according to Claiml1l, wherein said novable
separation filmin said 5 step has a nose shape directed from said
second liquid flow path to said first liquid flow path.
11. The liquid discharge nethod acccw?bpg3to Claim 10, wherein said
novabl e separation filmis 10 di splaced so that a point on said novable
- separation filmhaving been | ocated on the upstream side of a
predet ermi ned poi nt on said novable separation filmin an initial
state cones to be |ocated on the downstream gb e of said

12:

predet er m } Nt d step. 15 | i qui d di scharge
appar at us E\%@.at 3fsﬂ i i rgsciati on
with an di schar ge % rt for discharging a liquid, a second

liquid fl ow path conpri si §1a ubbl e-generating region 20 f

generating a bubble in said |ijgu g a novabl e ion film

_for always substantially separ t@@é}q Sard 1rrst iuqurﬂrttomLpaqm5from

said second |iquid flo arn, C
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said liquid discharge apparatus conprising 25 direction regul ating

means for displacing said novabl e separation filmon the upstream
si de of said discharge port with respect to flowof the liquid in
said first- - 139 - liquid fl ow path and for

di spl aci ng a downstream porti g p3sai d novabl e separation film
toward said di scharge port relatively nore than an upstream portion
of said novable separation filmw.th respect toa 5 direction of the
flow of said liquid. 13. The liquid discharge apparatus
according to Claim12, wherein said direction regulating neans is
said novabl e separation filmitself and wherein said 10 novabl e
separation filmhas elasticity. 14. The liquid discharge
apparatus according to Claim 13, mherghg sai d novabl e aration
filmhas a sl ack portion at |east on downst r eam si of said 15
bubbl e- generati ng region. ( %?

)
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15. The liquid discharge apparatus according to Claim 12, wherein
said direction regulating neans is sai d novabl e separation film and
wherein said novable 20 separation filmhas a plate portion w thout
elasticity in a portion facing said bubbl e-generating region
16. The liquid di scharge apparatus aggfyg%ng to Claim 14, wherein
sai d novabl e separation filmhas a | ate portion without elasticity
in a portion facing sai d bubbl e-generating region.
17. The liquid discharge apparatus according to Claim 12, wherein
said direction regulating neans is a novabl e menber di sposed
adj acent to said novabl e separation film 5 18. The
| i qui d di scharge apparatus accordi Claim 17, wherein said
novabl e menber has a free end on fe7(é§ théaﬁgﬁnstreanlside of an upstream
edge of a portion -
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facing said'bubble-generating region, and a fulcrumon 10 t he upstream

side of said free end. 19. The liquid discharge apparatus
according to Claim 17 or Caim 18, wherein said novable nmenber is
di sposed on said first liquid flow path side of said 15 novabl e
separation film 20. T yqui d di scharge apparatus accordi ng
to Claim17 or Caim18, wherein said novable nenber is
di sposed on said second liquid flow path side of said 20 novabl e
separation film 21. The liquid discharge apparatus according
to Caim 17, wherein said novable nenber conprises a 603 curved
portion cury, sai Qufigrxt liquid flow path 25 si de.
22. The ligq IEE;;h £1§aparatus according to /j%/ -
141-
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Claim 21, wherein said curved portion is disposed on t he upstream
si de of said bubbl e-generating region. 23. The liquid

di scharge apparatus according to 5 Claim 12, wherein said direction
regul ating means is said second liquid flow path and wherein growh
of said bubbl e is regul ated b%%]@d :?n a shape of said second

liquid flow path. 10 24. 4 qui d di scharge appar at us
according to Claim 23, wherein said second liquid flow path is
provided up to farther downstream of said bubble- generating region.
15 25. The liquid discharge apparatus according to Cl ai m 23,
wherein a flow path wall at a downstream end of said second liquid
flow path is formed so that the F[ Ien‘gaof the second liquid flow
pat h i ncreases toward said f i flow path. 20

26. The liquid discharge apparatus according to Claim 23, wherein the
wi dth of the second liquid flow path beconmes gradually w der from
upstreamto downst r eam 709 )
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25 27. The liquid discharge apparatus according to Claim
12, - 142 - said

| i qui d di scharge apparatus having a heat - generating menber for
generating heat for generating sai d bubble, at a position opposite
to said novabl e separation fil38)f43sai d bubbl e-generating region,

5 wherein said direction regulating neans is a novabl e
separation filmdisplacenent regul ati ng nmenber di sposed on said
first liquid flow path side of said novabl e separation filmwhile
havi ng an openi ng portion fornmed so as to contain said

heat - generati ng nmenber 10 near sai d bubbl e-generating region, said
novabl e separation filmdisplacenent regul ating nmenber being
arranged to I| p|a§?§?91¥0f sald(nnv separation film

15 28. Th qui arge ap us accyrding t o703 Cl aim 27
wherein an area of the opening portion

/-\/
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sai d novabl e separation filmdisplacenment regulating menber is

greater than an area of said heat-generating menber. 20
29. The liquid discharge apparatus according to Claim 27, wherein the
center of the opening portion of sai d novabl e separation film
di spl acenent regul ating menber lewsaced downstream of the center of
said heat- 25 gener ati ng nenber. 30. The liquid discharge
apparatus according to - 143 - Claim 28, wherein the
center of the opening portion of sai d novabl e separation film
=di spl acenent regul pe=i nmber is placedgigownstream of _the center of
sai d heat - El@; ng3§er. : ¥ 31. The [43uid
“di scharge apparatus according to Cl ai m/12, wherein sai d direction
regul ating means is said second]liq Ad wherein growth
of said bubbl e is regul 3 &€ i gt ance Vgssaid
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10 second liquid flow path. 32. The liquid discharge

appar atus according to Claim 31, wherein said second liquid flow
path is formed so that the flow resistance inside thereof is 15
greater on the downstream side than on the upstream side of the
center of said bubbl e-generating regiaon. 33. The liquid

di scharge apparatus according to 37 /d3i m 12, wherein said direction
regul ating neans is 20 said first liquid flow path and wherein

di spl acenent of sai d novabl e separation filmis regul ated based on a
shape of said first liquid flow path. 34. The liquid discharge
apparatus according to 25 Cl aim 33, wherein flow resi stance above a
region of said novable separation filmin said first

novabl e
liquid flow path is greatgs ongdhg upstrgam si de than
- 144 - 5 88 &
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on the downstream side. 35. The liquid discharge apparatus

according to Cl aim 33, wherein the height of said first liquid flow
5 path increases fromupstreamto downstream 36. The liquid
di scharge apparatus according to Claim 33, wherein said first liquid
flow path is formed so t hat thgng@ght on the upstreamside is |ower
at 10 | east at a part than that on the downstream side. 37.
The |iquid discharge apparatus according to Cl aim 36, wherein said
first liquid flow path is forned so that a flow path wall and said
novabl e separation 15 filmcome to contact at |least at a part when said
novabl e separation filmis displaced into said first liquid flow

pat h. 38. The liquid discharge apparatus according to 20

Cl aim 36, wherei no easeparation fllrn sl ack portion
at | east on theF Qam471 f said ﬁener egi on.
39. The liquid discharge apparatus according to 'Clal mherein
said direction requlating nea is a

% 9 9?5 15

A AR

‘§§§g§§§§§§§gx E?ﬁkﬁ&ﬁﬁ$ﬁﬁﬁgt:i;m

WL 77777777773

FIG. 44A FIG. 44B

825
825

WLl T 7777777 >,

FIG. 46A FIG. 46B

845 845

g §§§j§§§§§§§§§§§> ggé ;g;““““mm”ﬂ;g;faaa;ti:;lz

L L 777777777




novabl e nmenber di sposed nearly in parallel to said novabl e separation
filmwth a predeterm ned gap - 145 -
provi ded t hereto. 40. The liquid discharge apparatus according
to Claim 39, wherein said novable nmenber has a free end on 5 the
downstream side of an upstream edge of3gy gprtion facing said
bubbl e- generating region, and a ful crum on the upstream side of said
free end. 41. The liquid discharge apparatus according to 10
Caim39 or Caim40, wherein said novable nenber is di sposed on said
first liquid flow path side of said novabl e separation film

42. The |iquid discharge apparatus according to 15 Claim 12, wherein
said direction regulating nmeans is sai d novabl e separation film
itself and wherein di spl acenent of said novable separation filmis
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regul ated based on the thickness of said novable separation film

20 43. The |iquid discharge apparatus according to C aim
42, wherein said novable separation filmis formed so that the

t hi ckness thereof gradually decreases from upstreamto downstream

25 44. The liquid dischargg/ggparatus according to d aim
42, wherein said novable separation filmis - 146 -
formed so that the thickness on the downstreamside is smal | er than
that on the upstreamside with respect to a border at a
predet er mi ned position. 5 45. The liquid di scharge apparatus
according to Claim 12, wherein said direction regulating neans is a
convex portion located in a portion facing said bubbl e- generati ng
region in said novabl e separation filmso as to project into said

second |1 G P 7 o
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10 bubble is generated or so as to project into said first l'iquid
fl ow path when a bubble is generated. 46. The liquid

di scharge apparatus according to Cl ai m 45, wherein said convex
portion is forned so that 15 t he hei ght of projection on the-downstream
side is greater than that on th tream si de. 47.
The |iqui d. di scharge apparatus according to Cl aim 46, wherein a
maxi mum vol umre with di splacenment of 20 sai d convex portion is greater
t han a maxi mum expansi on vol ume of the bubble generated in said
bubbl e- generating region. 48. The |iquid discharge
apparatus according to 25 Cl aim 46, wherein a maxi mum volunme with

di spl acenent of said convex portion is smaller than a maxi mum

expansi on bbl e generated i d bub Ie-
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49. The liquid discharge apparatus according to Claim47 or Caim48,
whi ch has a novabl e nenber, said 5 novabl e menber conprising a free end
on the downstream side of an upstream edge of a portion facing said
bubbl e- generating region, and a ful crum-on the upstream side of said
free end and bei ng di sposed adjacent #Q/43 sai d novabl e separation
film on said first liquid flow 10 path side of said novabl e separation
film 50. The liquid discharge apparatus according to

Claim 12, which has a heat-generating nmenber for generating heat for
generating said bubble, at a 15 position opposite to said novable
separation filmin sai d bubbl e-generating region. 51.
The |iquid discharge apparatus according to Claim 31, which has a
heat - generati ng nmenber for 20 generating heat for generating said
bubble, at a position opposite sai d novabl e separation filmin
sai d bubbl e-generating region. 1 52. The liquid_discharge
apparatus according to 25 Cl aim 47 *’187&1dommstreaﬁ?bortlon of the
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generated in said bubble-generating region is a bubble generated on

t he downstream side of the center of the - 148 -

area of said heat-generating nmenber. 53. The liquid discharge
‘apparatus according to any one of Clainms 50 to 52, wherein said
novable 5 separation filmis arranged so that said free end

thereof is |ocated on said discharge43 48 si de of the center of the
area of said heat-generating nmenber. 54. The liquid discharge
apparatus according to 10 Claim 27, wherein said bubble is a bubble
gener ated by causing a filmboiling phenomenon in the liquid by the
heat generated in said heat-generating nenber. 55. The liquid

di scharge apparatus according to 15 Claim 12, wherein the liquid

+ supplied to said first | lWquid . flo th and the liquid supplied to
sai d second liquid flongy re &to y different |iquids.
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56.” The |Iqudmerwp ;ar atus according to 20 Claim55, WHet&iiithg
°

liqU|d suppl p-ee—t-6- nd liquid flow path is a liquid nore
excellent |in at | east one property out of a lowviscosity property, a
bubbl e- 2endat®y prpperty, and thermal stability than the

liquid suppllied to said fiir$t Iiquid flow path. 25 .57. Aliquid
di scharge japparatus accordi g to any
- 149 - one _of jCl ains 18, 39 and 40, wherein said novabl e

separation fil-mand said novabl e nenber integrally di splace in

response to thr’%‘x&d}f’ﬁ%?é A%, Vet AND nglxgt&‘iﬁbb‘igca\zkﬁgg (APPARATUS 58. A

| i qui d di scharge net accordlng to sald direction
regul ati on neans is a novable menber | ocated adjacent to said

novabl e separati on film 10
BACKGROUND OF THE INVENTION

Field of the Invention
5 The present invention relates to a liquid
discharge method and a liquid discharge apparatus for
discharging a desired liquid by generation of bubﬁle by
thermal energy or the like and, more particularly, to a
liquid discharge method and a liquid discharge
10 apparatus using a movable separation film arranged to
be displaced utilizing the generation of bubble.
It is noted here that "recording" in the present
jinvention.means not only provision of an image having
meaning, such as characters or graphics, on a recorded
15 .medium, but:also provision of an imagé having no
mganing, such as patterns, on the medium.
ﬁelated Background Art
One of the conventionally kﬁbwn recording methods
© is an ink jet recdfding-method for imparting energy-of
20 heat or the like to ink so as to cause a state change
accompanied by a quick volume change of ink (generation
of bubble), thereby discharging the ink through an
discharge port by acting force based on this state
change, and depositing the ink on a recorded medium,
25 thereby forming an image, which is so called as a
bubble jet recbréing method. A recording apparatus

using this bubble jet recording method is normally



59.7A liquid discharge nethod according to daim 58, 8 Al Lt
nbvabl e separation film and said novabl e nmenber int aLlé di spl acejt
in response to the di sappearance of the bubble. 15 £2 JUL B0 .
A li'qui d di scharge apparatus according to Claim 19, ein said

novabl e separation filmand said "odvdbl-e nenber intggrally disprace

I n response to the disaopearance of the bubble 20t 61, A
| i qui d di schar T - p CHAR G ]

novabl e separation filmand said novabl e nenber |ntegrally dlsplace
In response to .t ISap f the bubble. 25 62. A
liquid dischardgﬂggﬁﬁ?hgﬁdTQ% @?gEgggﬁRg Claim4l, wherein said
novabl e separation fl thod forf di 2oy 1 myabl e
menber integrally dlqu§®Q%'§§rg?85ﬁgem?o The oz |§2§%€g¥§%ce t he
bubbl e. through a discharge port for discharging the liquid

utilizing a bubble by displacing a movable separation
5 film for always substantially separating a first liquid

flow path in communication with said discharge port for
discharging the liquid from a second liquid flow:path
comprising a bubble-generating region for generating
the bubble in said liquid, on the upstream side of said

10 discharge port with respect to flow of the liquid in
said first liquid flow'path, comprises a step of
displacing a downstream portion of said movable
separation film toward said discharge port relatively
more than an upstream portion of said movable

15 separation'film with respect to a direction of the flow

‘of the liquid.
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63. A'.W di I p aim 49, wherein sai d
OV ol g par at mﬁm@@?ﬁﬁ ‘%\%p&at”&hfo%m? ze?] integral ly displace in

Ry Lo the di sappearance [of the bubbl e.

TEXT OF THE ABSTRACT

LIQUID DISCHARGE METHOD AND LIQUID DISCHARGE APPARATUS

A liquid discharge method for discharging a liquid through a discharge port (1) for
discharging the liquid utilizing a bubble (6) by displacing a movable separation film (5) for
always substantially separating a first liquid flow path (3) in communication with said
discharge port (1) for discharging the liquid from a second flow liquid path (4) comprising a
bubble-generating region (7) for generating the bubble (6) in said liquid, on the upstream side
of said discharge port with respect to flow of the liquid in said first liquid flow path (3),
comprises a step of displacing a downstream portion of said movable separation filin (5)
toward said discharge port (1) relatively more than an upstream portion of said movable
separation film (5) with respect to a direction of the flow of the liquid.

Figure 1A.
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