_q- METHOD FOR DI SCHARGE OF LI QU DIBOIIES -O

AND LI QUI D DI SCHARGE HEAD BACKGROUND COF THE | NVENTI NS Field
of the Invention This inventign_relates to a A @ us SC
di schar ge of aliquid wished to be discharged and a liquid -
di scharge head which resort to generation of bubbles by means of

t hermal energy, for exanple, and nore 10 particularly to a nmethod for

t he discharge of a liquid and a liquid discharge head which rely on
the use of a novabl METHOD FORPISSHARGE: QR JalgUTof ef f ecti ng

di spl acenent of its own in consequence of the generation of bubbl es.
15 The term "record" a3NBsBHOUEP cPRSGHARGE nBEARerel y t he
action of inparting inmages such as characters and figures which have
meani ngs to a recordi ng nedi um but al so W rting
figures such as patterns which are desti il g} t he
recor di ng rrediQﬁ'FE)KGwD R AE B Sha Art REPLACEDhe ;% cal | ed

bubbl e | recor di iu . e.. t he vefsrorm—of—TTK j et recording
oSS e sy

met hod ormati on of an inmage on a recordi ng nmedi um

by exert | N9 it SNRifln RAard XM thoP EAN diflindie ther eby
- State

causing the ink to produce a change o acconpani e

vol unetric chapge (UERREIALIQYhed to B UMHAYPedNhd heralyuenabl ing the
force of action
discharge head which resort to generation of bubbles by
means of thermal energy, for example, and more

10 particularly to a method for the discharge of a liquid
and a liguid discharge head which rely on the use of a
movable separation membrane capable of effecting
displacement of its own in consequence of the
generation of bubbles.

15 ' The term "record” as used herein means not merely
the action of imparting images such as characters and
figures which have meanings to a recording medium but
also the action of imparting figures such as patterns
which are destitute of meaning to the recording medium.

20 Reiated Background Art

The so-called bubble jet recording medium, i.e.
the version of ink jet recording method which effects
the formation of an image on a recording medium by
exerting the energy of heat, for example, on an ink

25 thereby causing the ink to produce a change of state
accompanied by an abrupt volumetric change (generation

of bubbles) and thereby enabling the force of action

This Sheet Has Been Relilaoed

L

an abrupt .



- 2- due to this change of state to discharge the ink

t hrough a discharge port and all ow ng the di scharged I nk to adhere
to the recording nedium has been - heretofore known to the art. The
recordi ng device 5 which utilizes this bubble jet recording nethod, as
di sclosed in JP-B-61-59911 and JP-B-61-59914, is general l'y furnished
with a discharge port for allow ng the di scharge of ink, an ink flow
pat h conmuni cati ng with the discharge port, and a heating el enent

10 (el ectro@iher el thosvehahgg efegeaty dbsgaseHarget bhei hkk flow
path and adapted as an energy generating neans for effecting the

di scharge of itkrough a discha¥ge pecrtrandgakbowddgdeber dbedhabged enj oys

many fine features such as permtting easy production of 15
recorded i mageinkngof adhpee E@I6h9|ﬁ8§€§dbﬂghm§ﬁlum' has, BeBPut i on by the

use of a small_ device because this 8 gﬁthod enabl es i mages
of high qualit}ergtgiore knOWPeEBrHEE ﬁfthlgﬂh§p€€ OFALRY| 8&VAGPse and t he

head m d t hod mts. h t 20
for the dPschabBLohr SEhEEPRLERoE LBURPLPoSEl TRONFGRTS SSChOGergriy The
bubbl e j et 1 ecgs g-0g08! BR0spLBEEPIBHE1) ana selBSEEORBolg bggutilized in

recent years 1 n nunerou evli ces sucn as pri ht ers, COpyI ng

devices, and general 2¢SE-hesHEY! §£En staiécﬁefgenpabé ¥8£9§195w£hadln9
25 utlllty |n |n3ug?r|a appﬁlcatlons such as™for printing
devi ce. the dis8hhPgeCORVERki 083! iRkbEY8w] ﬁétf:%@ﬁuﬂhﬂﬂcﬁ’éih@d
with the discharge port, and a heating element
10 {electrothermal converting element) disposed in the ink
flow path and adapted as an energy generating means for
effecting the discharge of ink.
The recording method deécribed above enjoys many
fine features such as permitting easy production of
15 recorded images and furtﬁer color images of high
resolution by the use of a small device because this
recording method enables images of high quality to be
recorded at high speed with low noise and the head
embodying this recording method permits discharge ports
20 for the discharge of this ink to be disposed in high
density. The bubble jet recording method, therefore,
has come to be utilized in recent years in numerous
office devices such as printers, copying devices, and
facsimile devices. It is now on the verge of finding
25 utility in industrial apﬁlications such as for a
printing device.

In the conventional bubble jet recording method,



- 3- since the heating elenent held in contact with the ink
repeats application of heat to the ink, it has the possibility of
scorching the ink and form ng on the - g Surface thereof a deposit of
scorched i nk. Wen the 5 liquid wi shed to be discharged is apt to be
deteriorated by heat or it is not.easily allowed to f oam
sufficiently, there are tines when the formation of bubbl es by
direct heating with the heating el ement menti oned above will fail to
bri ng about perdigsie e hedtsnivaredensnt elld gu contact with thEhdnk esent
appl i cant has proposed in JP-A-55- 81172 a nethod for effecting

di scharge of a nfipgaksa gopjication [gfgdhiegatoyd ddhe dgk hdtbhdss ehgener ati ng
liquid with a .. thermal energ applled thereto t hrough the nedium of a
15 f1 exi bl ea?ér?&rbaﬂel%aft éi?qr& apghicrming on gdeer at i ng

liquid and the dlschar I.n ui Thi s constructed such

thgt the flexi %550 cof'd e&’r?(?’tthé’fblﬁ?& %MI ndPEY R are

di sposed i pant; 0zz| ast on tructlon using a

| ar ge 20§I i ur?'ed é"'alﬁgﬁ rJ>f %’s%e;&alrsa | nérét &?3: S enti rety

I nto an upper I SCls P- 270. This
pPer aed il Z:ﬁz[ ﬁe%td 014594 lr{&t‘] ed(%lﬁ.?ro a:LJ.owedt %%b

| arge menbrane I's aine ath

i nterposed bet wegm téﬂfﬂi'c?ﬂé@xtly, thm%‘és t&ﬂ{é&%&@ﬂ%@t e iR | N9
| i qui ds held back 25 by the two plate nenbers frommngling with each
. ot her. of bubbliedcdy didedtaheatangy #afthl the beatady @dement '
properties which are characteristic of bubble
mentioned above will fail to bring about perfect

10 discharge of the liquid.
The present applicant has proposed in JP-A-55-
81172 a method for effecting discharge of a discharging
liquid by foaming the bubble generating liquid with a
thermal energy applied thereto through the medium of a
15 flexible membrane adapted to separate the bubble
generating liquid and the discharging liquid. This
method is constructed such that the flexible membrane
and the bubble generating liquid are disposed in part
of a nozzle. In contrast, a construction using a large
20 membrane capable of separating the head in its entirety
into an upper and a lower part is disclosed in JP-A-59-
26270. This large membrane is aimed at enabling é
liquid flow path to be interposed between two plate
members and consequently preventing liquids held back
25 by the two plate members from mingling with each other.
As ideas that take consideration of foaming

properties which are characteristic of bubble



-4- generating liquids thensel ves, an invention of JP-A-05-

229122 which uses a liquid having a | ower boiling point than a

di scharging liquid and an invention of JP-A- 04- 329148 whi ch uses an
el ectroconductive liquid as a 5 bubbl e generating liquid have been al so
known to the art. The conventional nethod for discharge
of liquid by the use of a separation nenbrane has not reached a

| evel of feasibility because it is constructed solely 10 for the
separation of geheirhiténgensyatidsgthenselves] an inventibacbar gerg-bsqui d or
Is intended only for inproving t he bubbl e generating liquid itself.

The present ink¥dBildR2swhich psesuadliguiddhavinghe lower bdiidhgr geiaf
liquid drops by the use of a separator, 15 wth enphasis on the liquid
drops subj ect ethgp a dlSChérgeharénqgldaﬁadhauelDUﬁsﬁqgenDEyJPeAeBéd a
concl usi on that the discharge_of |iquid brought about by the
formation of babBiLé8 WP?ﬁhtHﬁeFhéﬁnﬁie€ﬁ§P§9nﬁa§tFH§ liquid affaci ency

t her eof dggrad rou h th .interventi e a of the
separatioﬁ nﬁ?gﬁg nﬁ5§ fpg {igul gaveb?@ﬁnr€a§8eﬁn9gnp%8cFP§e.
The present inyentors, therefore, have initiated a study in search
of a nethod for |scharge of liquid and a device therefor mhich can

by e e | = 48 cffyencloRE | RBusbaseae hbomnbie! Ut SeRLAL LY
level . The pregrat us8VePt 40Bepataibfli HehBLah8 hBE not reached a
level of feasibility because it is constructed solely

10 for the separation of a bubble generating liquid and a
discharging liquid or is intended only for improving
the bubble generating liquid itself.

The present inventors have pursued a study on the
discharge of liquid drops by the use of a separator,

15 with emphasis on the liquid drops subjected to
discharging, and have conseqguently reached a conclusion
that the discharge of liquid brought about by the
formation of bubbles with the thermal energy has the
efficiency thereof degraded through the intervention of

20 the aging of the separation membrane and has not yet
been reduced to practice.

The present inventors, therefore, have initiated a
study in search of a method for discharge of liquid and
a device therefor which can utilize the effect the

25 function of separation by the separation membrane and

meanwhile exalt the discharge of ligquid to a higher

level. The present invention has originated in the



- 5- course of this study and is directed to providing an

epochal nethod of discharge and a device therefor which can i nprove
the efficiency of discharge of liquid dnpgﬁ__ and can stabilize and
exalt the volune of liquid drops 5 to be discharged and the speed of

di scharge of liquid drops. Specifically, this invention resides in a
| i quid charge head furnished with a first flow path used for a

di scharging liquid and adapted to comuni cate with a di scharge port,
a second flow paulrsel®f thiadaptedyt anduipl girectednsbepravhghhgeagenerating
liquid and enbrace a bubbl e generating region, and a novabl e

separ ati on nenbpasbaflometbpdr afi dgsthergier end a deviaedthbreforowtithow
path, which features the ability to i nprove the efficiency of

di scharge. 15Can improye sheseffiraeeavors, dparhpegrarfyliauédr dragst he

i quid di scharge _head disclosed in JP-A:5-229122, have . . .denonstrated
that a smal| efpfyCepafteRilizReanfoe¥altothe volume afligridy@repst i ng

' | Sdi .th i.de _of. . i sch | at i
Lo the 20 BOrEe PARCER-ORE PriachP APRSCRA, GLAGRRRD Y LhaMidne

bubbl e ge”eratﬁgﬁgﬁﬁgi?ﬁg?iﬁﬁéél?ﬁge£Xigainﬁ%ﬁgigﬂeresid s ¥£dth and | ength

as a heating e € generatrng r%gion emts

bubbl es, - a Tl exigliea chargeR8RAPErhIsHbaPUER‘aPY 1 EDE 9885  BhiAN Of the

bubbl es 25 conly in the vertica Irection relative to o
direction of diusedaree af at86nai§ehg" 9igdili 448Jadapfea to that the liquid
di scharge head consequently entarls the

communicate with a discharge port, a second flow path

10 adapted to supply or transfer a bubble generating
liquid and embrace a bubble generating region, and a
movable separation membrane for separating the first
and the second flow path, which features the ability to
improve the efficiency of discharge.

15 The present inventors, particularly concerning the
liquid discharge head disclosed in JP-A-5-229122, have
demonstrated that a small empty space destined to serve
as a bubble generating region is disposed on the
upstream side of a discharge port relative to the

20 direction of the flow of a discharging liquid, that the
bubble generating region itself barely has the same
width and length as a heating element, that when the
bubble generating region emits bubbles, a flexible
membrane is displaced by the generation of the bubbles

25 only in the vertical direction relative to the
direction of discharge of the discharging liquid, and

that the liquid discharge head consequently entails the



- 6- probl em of producing no sufficient discharging speed

and performng no efficient discharging notion. The I nvent ors,
regardi ng the cause for this problem haves - taken notice of the fact
that the sanme bubble 5 generating liquid al ways uses repeatedly the

cl osed smal|l enpty space and have ultimately realized the
production of an efficient discharging notion by virtue of the
present invention. The present invention has been produced in
the 10 | i grrobilephefp psbideminge donsufddcipnthdiprhergdny apeed

menti oned above. The first object of this invention is to provide,
in a construct P9 psriorpingnppapfficient disghpaging, mptéporabMhpeperfect|y
separating, a di scharging liquid and a bubble generating |iquid by
15 neans of énWBF§BF§'s€ﬁgg§FFBH YBRpFange foxethds pspblem, hayge

di scharge of |d an .a liqu di_schar Lch, while the
force generate tﬁg nggg EHSffaCt t aﬁuggﬁe§aW§ Heggﬁﬁ1ng t he novabl e
separatiog nme t r r i schar gi ng
20 Tiquid, ”ﬁ%?a aring, 1i3ata RNSYE LhRE HBeREEATY! Enbociated, UM 1
upstrean15|de Qﬂhl@'éﬁpﬁy'Qﬁabaeaﬁaeﬁﬁvéeuielmatel EQQlQE%&C%hgn of the

di scharge port and give rise to a |sc arging force wthout a
sacrifice of thOductloneéflﬁheéﬁfleieﬂtSahééﬁéﬁglnahﬁoéﬁéﬁnﬂyobth&eOf
this 25 invention is to provide a nethod for the discharge of

l'i quid and a | ofjutbedpsekanyeiheadtibhch, owing to the constructi on

descri bed above, allow a decrease in the
The present invention has been produced in the

10 light of the problem encountered by the prior art as
mentioned above. The first object of this invention is
to p;ovide, in a construction for substantially
separating, preferably perfectly separating, a
discharging liquid and a bubble generating liquid by

i5 means of a movable separation membrane, a method for
the discharge of liquid and a liquid discharge head
which, while the force generated by the pressure of
bubbles is deforming the movable.separation membrane
and transferring the pressure to the discharging

20 liguid, not only prevent the pressure from escaping
toward the upstream side but also guide the pressure in
the direction of the discharge port and give rise to a
high discharging force without a sacrifice of the
efficiency of discharging. The second object of this

25 invention is to provide a method for the discharge of
liquid and a liquid discharge head which, owing to the

construction described above, allow a decrease in the



-7- anount of a deposit suffered to pile on a heating

el emrent and permt efficient discharge of liquid w thout inflicting
a thermal effect on the discharging - 7 Liquid. The third object of this
i nvention is to 5 provi de a nmethod for the discharge of liquid and a
|'i quid di scharge head whi ch enjoy broad freedom of sel ection w t hout
reference to the viscosity of the di scharging liquid or the
conposition of the material thereof. 10 - Specifically, the
maj or obj ect cimauits afeertdpmsit sufferssi des pidepraviadibegtanget hod for the
di scharge of liquid and a liquid discharge head which, besides

ful filling thelsgent and nemidd efifdrdentesiisghange of liqufidration of the
novabl e separation nmenbrane during the 15 extinction of bubbles, effect

stabl e di schaff&hgiftodgifdicting s Fhanpads aff@Gty omtdre Adsshengiadr operty
of refillin .. QU RY OF THE | NVENTI 20 The
neans whi ch tﬂé'%’r]%sentﬂ}%mi%o%&?ﬁ o% 35’15 inve %}.‘qq 4S 7§ t he objects
ment i oned above wi.J be esGLi b I - met hod for
t he di sc%ar ge BCYa 98 c?uim(fté’(?gorf%rn&he %Q%a%\&%iosf ilnl ul’:lltdl oarrllyg(;%rrpri ses a

Step of "eff ectsifh 9 sorl3eh Nl sl yfy Bl Frddachi s N0 2

novabl e separation nbrane whi ch constantly keeps in

substanti al | y srapat3idi wittHout? ddfetlerlded WP aine ddiRd ty of the

discharging liquid or the composition of the material
thereof.

10 Specifically, the major object of this invention
resides in providing a method for the discharge of
ligquid and a liquid discharge head which, besides
fulfilling the objects mentioned above, repress the
vibration of the movable separation membrane during the

i5 exfinction of bubbles, effect stable discharge, promote
supply of.liquid,'and improve the property of

refilling.

SUMMARY OF THE INVENTION

20 The means which the present invention adopts for
fulfilling the objects mentioned above will be
described below.

The method for the discharge of a liquid according

to this invention comprises a step of effecting

25 discharge of a liquid aimed at by causing a movable
separation membrane which constantly keeps in a

substantially separated state a first flow path adapted



- 8- to discharge a liquid and communicate with a discharge

port and a second flow path provided with a bubble ~ generating
region for generating bubbles in a |liquidga be displaced with the
bubbl es nenti oned above on the 5 upstream si de of the discharge port
menti oned above relative to the flowof the liquid in the first

flow path, which nmethod is characterized by restraining the

meni scus of the liquid fromretracting relative to the di spl acenent
of the novabl eteefirahpsgenenbianidi and gommunigapensithoat itsehprgei on
contraction of the bubbles by means of a regul ating nmenber.

The method is PBFFhéPdcﬂa§%E?%¢|§%ﬂwb93th PrOVlﬁﬁéovbﬁhaﬁlhﬁbbhethe process
for the retraction o nmeni Scus Steﬁb? i nt erposing the |iquid

bet ween the 1%°7€h éﬁ? %%ﬁ%?af?ﬁﬁgﬁ%ﬂﬁ?ﬁhﬁgaﬂ %%Sr%@u?a}+%ﬁlﬂ§?2$ron
e a

mebr ane and- 158 nospRERGREfEE [l FBREE MREIRHET Frave op BEFT o1 ae

for restragini ngydpfean s1ded6fp£ﬁ&e &?%ég%c}eac dfioded 2HNE in whi ch

they 20 are separated at [east part The

method is furthela€haé acd etha O£ &Y éﬁp@i@tiﬂﬁnd in tﬁ@ef{%/@b%fov?epar ati on

menbrane and a novabl e nenber, regul at1 ng nenber nenti oned

above, duUring pdieh, which RMEKGT!iOrIiradeebibl a5y NREEANA% APOMS. t her eby

25 i nducing intrusion of the Iiquid therebetwen and al I owi ng
them to retur rmenisdwes roficthe poisqiidnfrom retracting Thel aeivoded Sthalr t her
- characterized by effecting
displacement of the movable separation membrane in
10 response to the expansion+.contraction of the bubbles by
means of a regulating member.
The method is further characterized by
incorporating in the process for the retraction of the
meniscus a step of interposing the liquid between the
15 movable separation membrane and the regulating member
held in contact with a displacing region of the movable
separation membrane and furnished with a free end on
the discharge port side for restraining the
displacement while they are in a state in which they
20 are separated at least partly from each other.
The method is further characterized by separating
the movable separation membrane and a movable member,
i.e. the regulating member mentioned above, during the
contraction of the bubbles mentioned above thereby
.25 inducing intrusion of the liquid therebetween and

allowing them to return to their home positions.

The method is further characterized by effecting



-9- the intrusion of the liquid between the novabl e

separati on nenbrane and the novabl e nenber nenti oned above by neans
of a liquid intrusion pronoting reghani sm provi ded for the novable
menber . 5 Incidentally, as a device for specifically

executing the step of displacenent,-i.e. one of the characteristics
of this invention nentioned above, the construction which will be
descri bed herein bel ow may be cited. Ot her constructions which are
enbraced in 1the intsusdehnb€athediiquidt hptweanetheomowatilare capabl e of

acconplishing the step of displacenent are included in t he present
i nventi on. SeParatloWh@eFEFﬁ?eréﬁﬁlEP?nﬂ°ﬁ§ﬁ%§rmemh?ﬁhmﬁPFFoﬁéd

ment i oned herelg bel m/enbraceg gat[u%tlon of the £ novabl e
separati on menBP3hE PYsBFP EsBtnla 1qy IDTIUSLQ RpPRC fﬂ% di stribution

of modul us of gl éﬁfgﬁ\ypéagmed 5%, Do CAOVLARLT AngL 2 def or bl e

el ongati ng par or ap par addi ti ve nmenber

adapted tg ﬁc%eﬁﬁlwv@%e aSgegiaLi QBrngﬁééi‘i’fcaj?%%t A

construction of the first ow pat or a varying i nation

t her eof . executingethé Ogtép db8ChPEFLabEMENECCOL 8l NEné Ook hthe
invention conprises a first flow path adapted to di scharge a liquid

and communi catéhstrabteristibarge tRbs inpention meavienéd oabpeé) treni shed
wi th a bubble generating region for generating bubbles in a I|qU|d
~and a novabl e cepatatctionenbichewidbl béfdescnijbed herein below may
be cited. Other constructions which are embraced in
10 the technical idea of this invention and are capable of
accomplishing the step of displacement are included in
the present invention.

The term “"regulating member” which will be

mentioned herein below embraces the construction of the

i5 movable separation membrane itself (such as, for
example, the distribution of modulus of elasticity and
the combination of a deformable elongating part and a
nondeformable part) or an additive member adapted to
act on the movable separation membrane, or the

20 construction of the first flow path, or a varying
combination thereof.

The liquid discharge head according to this
invention comprises a first flow path adapted to
discharge a liquid and communicate with a discharge

25 port, a second flow path furnished with a bubble
generating region for generating bubbles in a liquid,

and a movable separation membrane for effecting



- 10 - substanti al separation between the first and the second

flow path and operates to effect discharge of the l'iquid by

di spl aci ng the novabl e separati on nenbrangg - wi th the bubbl es

menti oned above on the upstreamside 5 of the discharge port relative

to the flow of the liquid in the first flow path, which liquid

di schar ge head is characterized by being provided with a

regul ati ng nenber for restraining the retraction of the meni scus of

the liquid rel gubgtansiphesepsphidonehetykenlithe finstnendbitbesspevati on
menbrane in response to the growt h and contraction of bubbles.

The ljquid dis@EﬁWgBaﬁBaénﬂSOPﬁrﬁﬁéﬁ traedéecti dégcharge ofytbei ng provi ded

with a regulat 8 nper held in contact with a displacing region of

t he novabl e i ugEeBXrQFFBﬁaﬁéﬁSrﬁhé ﬁ%ﬂﬁpéﬁeGGBBB§§18ﬁdeBPﬁﬁ§ﬁed with

a free end on th d ort side f estrain

di spl acenent t%e?eo guggégvi%gn#ﬁ?n?gs?ﬁgvﬁl 8 LR upsFﬁﬁaﬁnﬁﬁﬂ? of

relative §Dt'ggf°£héh§1§EK§P% Cégp?rg%%ggiV?hto tﬂg §8Qe gn ghihe

regul ati ng nme I n consequ ere ron- of ﬁe meni scus.
The liquid di schgnse hﬁaéhé0§9£§t Ng16R f,Qtﬁ which weéﬂf.‘&'aﬂ 88&95.’8565 a

novabl e separati on nenbrane f ubsfantially 8eparating a bubbl e
generating regheadf 0s charactéﬁﬂﬁé@tbﬁgbéﬂh@ﬁﬁoirﬂdéd'dwﬂ’éhdaand a liquid
di scharge 25 regi on conmuni cating with a discharge port for

di schargi ng a regulating meebgy HeneréstnginengCthé OFetracti@8NEt athdd
bubbl es in the bubbl e generating region
meniscus of the liquid relative to the displacement of
10 the movable separation membrane in response to the
growth and contraction of bubbles.

The liquid discharge head is further characterized
by being provided with a regulating member held in
contact with a displacing region of the movable

15 separation membrane mentioned above and furnished with
a free end on the discharge port side for restraining
the displacement thereof and a device for restraining
the amount of relative motion of the movable separation
membrane and the regulating member in consequence of

20 - the retraction of the meniscus.

The liquid discharge head according to this
invention comprises a movable separation membrane for
substantially separating a bubble generating region for
generating bubbles in a liquid and a liquid discharge

25 region communicating with a discharge port for
discharging a liquid, an energy generating device for

generating bubbles in the bubble generating region



menti oned above, and a novabl e menber furnished wth a free end in
the direction of the discharge port opposed to the bubbl e generating
regi on through the medi um of t he-npyabl e separati on nenbrane, which
liquid discharge 5 head is characterized by the fact that the novable
separation nmenbrane and the novabl e nenber are separated from each
ot her during the contraction of the bubbl es. The liquid
di scharge head of this invention is 10 further characterized by the
fact that the fhestsionddofbove, andhs movable member Ffurapghesi watbdacl osely
to the di scharge port until it contact the neniscus. The
liqui d di schar §EeRegBdofnt khs fiyestien P§ the discharger Perkr aepeseded by
t he fact that the ree e t he nmpvabl ﬁ nB ment i_oned %bove S
provi ded on th&® t b“HB%FrQSﬁ?§PHén8frFﬂé°BoF Foyghethpymedive o

di schar ge de _end_of .t he he tin

generating deviPg WBXF?BﬁeﬁeBBBQ ion membran ewﬁécﬁtaﬁﬂﬂlglééﬁﬁﬁagg ead of
this |nvegt|onhégd 9 chaLQE%Q§% %Qaﬁgc%ﬁé'fggtb¥hgget gc&?gggiethe movabl e

menber nentioned above I'S” provi rusion pronoting
structure for LBgakBtEdAl aamsfrane and ’thQ%QvQBwBﬁamBBf geyabl e separation

menbrane and th novabl e nenber nenti oned above. The .
liquid di schargepa@aéeaf fi'BinSebBMGBi:héf' 86ring thef abh’e@écehaﬁaétethéed by
the fact that the liquid i ntrusion pronoting structure nmentioned

above is a feeBubbles.
The liquid discharge head of this invention is
10 further characterized by the fact that the free end of
the movable member is approximated closely to the
discharge port until it contact the meniscus.
The liquid discharge head of this invention is
further characterized by the fact that the free end of
15 the movable member mentioned above is provided on the
upstream side of the point directly above the discharge
port side end of the heating element, i.e. the energy
generating device mentioned above.
The liguid discharge head of this invention is
20 further characterized by the fact that the movable
member mentioned above is provided with a liquid
intrusion promoting structure for the intrusion of
liquid between the movable separation membrane and the
movable member mentioned above.
25 The liquid discharge head of this invention is
further characterized by the fact that the liquid

intrusion promoting structure mentioned above is a feed



- 12 - openi ng provided in the novabl e nenbers. The

| i qui d di scharge head of this invention is further characterized by
the fact that the liquid i ntrusi onypronoti ng structure menti oned
above is a 5 ti ght adhesion preventing structure for preventing the
novabl e menber and t he novabl e separati on nenbrane from tightly
adhering to each other. The liquid discharge head of this

i nvention is further characterized by the fact that the tight 10
adhesi on preveppengngt pyovidedi énatbenmexapdenmembers. provided in a region
in which the novabl e nenber contacts the novabl e separation

menbr ane. TheTRdauigufdsghasagr headead ShishiBvPRLiAni 88 i s

further characterized by the fact that the tight _15 adhesi on preventing
structure nentFHﬁ@ﬁeﬁb grpetgrized bYIFHGi3agﬁfFBﬂFgFBSVélﬁPb@ided on the

bl [ X . I d f th bl nber .
qﬁ;aligufgpg{2%h§?§51ﬁ€a8r§$g¥%%§eF%%3§FﬁﬁﬁtWgnggggedng$Yﬁ2$scﬁaractgrized
b he fagt that ; ' |s.Letai in a
tited stare i qohtCaBRURELE, pidventiRE-EE-IBRLEL"26: 2B0kFehE ] FhE°
di schar ge headuBhabbSmbfiBeR! bR the movablblLbBEratiBhafibAbLARA Byohhe

fact that a heating enent for emttingt eat for the generation

of 25 bubbtegnht®pt h@RBLEiAGO¥E bScR 8¥hded at a position at whi ch
t he bubbl e generating region I's opposed to the novabl e nmenber.

The liquid discharge head of this invention is

further characterized by the fact that the tight
10 adhesion'preventing structure is a convex point

provided in a region in which the movable member

contacts the movable separation membrane.

The liquid discharge head of this invention is
further characterized by the fact that the tight

15 adhesion preventing structure mentioned above is a
liquid inflow groove provided on the movable separation
membrane side of the movable member.

The liquid discharge head of this invention is
further characterized by the fact that the movable

20 member mentioned above is retained in a tilted state in
the first flow path.

The liguid discharge head of this invention is
further characterized by the fact that a heating
element for emitting the heat for the generation of

25 bubbles mentioned above is provided at a position at

which the bubble generating region is opposed to the

movable member.



- 13 - The I'iquid discharge head of this invention is
further characterized by the fact that the downstream part of the
bubbl es generated in the bubble generat+ng3 - regi on conprises the
bubbl es which are generated on the 5 downstream side fromthe center of
the area of the heati ng el enent nentioned above. The

| i qui d di scharge head of this invention is further characterized by
the fact that the novable menber nentioned above has the free end
thereof 10 nentiShedligeid dbschasgedhend: aé ahégh&ngenpz‘am 8de

fromthe cente of. the area of the_heating el ene The liquid
di schar ge head LPﬁFsc ALRGESHHZ g by thg fﬁ?FhEPaEhEP%C@%VP§EHeBV t he

d haped. | i k | ate.
15 M U PRYERE the rupBESR er S AR cEn TOBK e TE Weheratind Ror ©
characteri ZEd 2 %LQR é&ﬁérlé‘é‘é {?ES qu|%§ which aﬁ&ﬁg&g&g@?(g%n. %nltison

formed of a resi d/ ScR arge

i s 5 Ur tdGym&EAEAt £1dd ol Qﬁ‘é@eﬂf&i"ﬁgd‘f b drda o Stne 20

comon |iquid chanmber for storing a liquid to

flow path and le&€LH e LOMERE ekt Shédabeve . for storing a liquid
for to be fed to the second fl ow pat h. The liquid

di scharge head of tthe 1iweid idisdlsarg® head Wsf hetiis hbivehelor ets by t he
fact that the liquid to be fed to the first flow path and the liquid
to be fed to further whasuwieriieivpntthartack ftaenthe impralslie

member mentioned above has the free end thereof

10 mentioned above positioned on the discharge port side
from the center of the area of the heating element.

The liquid discharge head of this invention is
further characterized by the fact that the movable
member mentioned above is shaped. like a plate.

15 " The liquid discharge head of this invention is
further characterized by the fact that the movable
separation membrane is formed of a resin.

The liquid discharge head of this invention is
further characterized by being provided with a first

20 common liguid chamber for storing a liquid to be fed to
the first flow path and a second cdmmon liquid chamber
for storing a liguid for to be fed to the second flow
path.

The liquid discharge head of this invention is

25 further characterized by the fact that the liquid to be
fed to the first flow path and the liquid to be fed to

the second flow path are different liquids.



- 14 - The Iiquid discharge head of this invention is

further characterized by the fact that the liquid to be fed to the
second flow path excels the liquid to be f&d- to the first flow path
in at | east one of the 5 properties, i.e. |lowess of viscosity, bubble
generating property, and thermal stability. Since this .

I nvention is constructed as descri bed above, the novabl e separation
menbr ane di sposed on the _bubbl e generating region i s expanded by the
pressure 10 pr odbeedigyidnhdigehargei baadr ofubbiesiaventhenndsabl e

menber di sposed on the novabl e separation nenbrane is - di.spl aced
t owar d thepfirgPerﬁﬁ/ﬁﬁ?ﬁaﬁﬁﬁr%ﬁgdn5¥aBP% fact thagpthatliaguidnbrabe s

ded by th ti d ab in the direction of the
G Eenarehor P8 engons, 550, BHER. BRSKTa oL EuACk el
[ fficientl [ | | di | t hrou t he
h?sghaL;;egorgFgléﬁgaggfgtmk%§%2%g?ﬂei§g€gggégggpgé%S?gntﬁ%nbrane go

elongateds  prop8iHids, M. lbimieys O PEsE98LPOShhbBe! N T eSponse 20
to the pressure arising fromthe contraction of bubbles t han t he

movabl e nEnbergeﬁéﬁaﬁiﬁgsﬁf eBtEONaR@! tRErma1 stabilifg, direction of
action, the speed at which the first flow path is refilled wth the

di scharging |iquid $snce thishbhedteied, iandohSerietedcs ofeebriiedneni scus
is 25 controlled. Thus, the discharge of the liquid is stably
obt ai ned even a&bovée Phe movablersapamatt idn anembrane hifdpepeddon the
bubble generating region is expanded by the pressure
10 produced by the generation of bubbles and the movable
member disposed on the movable separation membrane is
displaced toward the first flow path and the movable
separation membrane is expanded by the pressure
mentioned above in the direction of the discharge port
15 on the first flow path side. As a result, the liquid
is efficiently discharged with high discharging force
through the discharge port.
Since the movable separation membrane so elongated
returns more quickly to the home position in response
20 to the pressure arising from the contraction of bubbles
than the movable member, the pressure is controlled in
the direction of action, the speed at which the first
flow path is refilled with the discharging liquid is
heightened, and the retraction of the meniscus is
25 controlled. Thus, the discharge of the liquid is
stably obtained even in the printing performed at a

high speed.



- 15 - Further, since the liquid intrudes itself between

t he novabl e nenber and the novabl e separati on nenbrane during the
extinction of bubbles, the vibration whicis - is generated during the
return of the novabl e nenber 5 and the novabl e separati on nenbrane to
t heir hone positions is di.m.ni shed with accel eration by the

danping effect of the interposed |liquid. Wen the structure for
causing this intrusion of the liquid is di sposed on the upstream
side, the supply ofFehthergusincedOthe liapidnbrtru iteeltfbetvegn
property is ingroved. BRI EF DESCRI PTI ON OF THE DRAW NGS

Figs. 1A, 1B, ‘tke meyahly member apdsthe Speyaple feparation ypemp¥arei ons of

fl th depicted to aid in the, 15

thgwrrg?hod feglr uring the fAHRFEIMRQE Bybblesh Bhe vibEa iR ethifhventi on.
Figs. 2A, 2B, 2C, 2D, _and.2E are cross_section f t he di rections of
f:gm/path depi%?é%ﬁ?%?%&%Pi - the reEﬁ@%r? tfhﬁl?ﬁv?%%e§@% I%Fexanple

of the meghod {0§ +r0 mﬁ%é@%%ﬂ%%%%%%%éﬁ@bw L i PR SENt

i nvention. _ and e cross sections of the
directions of fboitDond L€Pdahsk sRediwith ddGelerationlaserémdion of the
step of displacenent of a novable separation menmbrane in the nethod
for liquid di stdmpDsg &ffect app tiabltdfpodied PLEGEId. | et i e _

Figs. 4A, 4B, 4C, 4D, and 4E are nodel diagranms of Cross sections o
~directions of sgtowctatd for causing this intrusion of the liquid is '

eSfription of the_first,%ﬁanple of
ig

disposed on the upstream side, the supply of the liquid

10 is promoted and the refilling property is improved.

BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1A, 1B, 1C, 1D, and 1lE are cross sections of
the directions of flow path depicted to aid in the
15 description of the first example of the method for
ligquid discharge applicable to the present invention.
Figs. 2A, 2B, 2C, 2D, and 2E are cross sections of
the directions of flow path depicted to aid in the
description of the second example of the method for
20 liquid discharge applicable to the present invention.
Figs. 3A, 3B, and 3C are cross sections of the
directions of flow path depicted to aid in the
description of the step of displacement of a movable
separation membrane in the method for liquid discharge
25 applicable to the present invention.
Figs. 4A, 4B, 4C, 4D, and 4E are model diagrams of

cross sections of directions of flow path for



- 16 - illustrating the first exanple of the liquid discharge

head of the present invention. Figs. 5A, 5B, 5C, 5D, and 5E are
nodel di agrans of cross sections. afg directions of flow path for 5
illustrating the second exanple of the liquid discharge head of the
present invention. Figs. 6A, 6B, 6C, 6D, and 6E are nodel

di agrans of cross sections of directions of flow path for

illustrating the third exanple of the liquid discharge 10 head of the
present inventipiistrating the fHirat emmmpde ofC the Liguid Bigchangke|

di agranms of cross sections of directions of flow path for

i | lustrating theed RF tFheRERfFNHARRNYIQN, d di scharge head of the

present invention. _15 Figs. 8A, 8B, 8C, 8D and 8E are node
di agrans of Tt %pé'ctsl%nsr’qb‘f + &9 GF e mlphAipgrams of

Il lustrating tot}eogsi fé&@f(oanrgaloef glge%q&!éna%bdf ?&s&%aéraq_g}]f% o head of the .

present invention. gs. e nodel

| Tostrat ng che s SEAPRE A, e, Qe T de, (340% bidtheres (o

present inventHedd of the presert GnvEhtipr Nodel diagramof a cross

section of a direction of flow path illustrating the seventh exanple
25 of the |iqui drifgssclen,gsE)edt,ofer, hand S ird Ml Glagrams of
Figs. 11A, 11B, 1IC 11D and 1l E are nodel di agrans of cross sections

of directions cfosd meqididns of directions of flow path for
illustrating the third example of the liquid discharge

10 head of the present invention.

Figs. 7a, 7B, 7C, 7D, and 7E are model diagrams of
cross sections of directions of flow path for
illustrating the fourth example of the liquid
discharge head of the present invention.

15 Figs. 8A, 8B, 8C, 8D, and 8E are model diagrams of
cross sections of directions of flow path for
illustrating the fifth example of the liquid discharge
head of the present invention.

Figs. 9A, 9B, 9C, 9D, and 9E are model diagrams of

20 cross sections of directions of flow path for
illustrating the sixth example of the liquid discharge
head of the present invention.

Fig. 10 is a model diagram of a cross section of a
direction of flow path illustrating the seventh example

25 of the liquid discharge head of the present invention.

Figs. 11A, 11B, 11C, 11D and 11E are model

diagrams of cross sections of directions of flow path"



- 17 - for illustrating the eighth exanple of the |liquid

di scharge head of the present invention. Figs. 12A, 12B, 12C,
and 12D are nodel diagrans of crod¢/ sections of directions of flow
path for 5 illustrating the ninth exanple of the liquid discharge
head of the present invention. : Figs. 13A and 13B are

| ongi tudi nal sections I1lustrating one exanple of the structure of
the liquid schar e head of the present invention; Fig. 13A a 10
di agram i | | ust¥ i3 r’&&iﬂ*‘dé‘b‘%‘i’ﬁ examke Q% khe ligquidenprane and

Fig. 13B a he prot e t|ve menbr ane.
Fig. 14 is a @agramq? I us? rati nglet t?g%fsﬂt :éwen Qwvaveformto be applied

to the heating el efﬁgigagram i QM) ithg 157¢c RS- 123)2%{4‘"{24@1 jdz.i%g[l:nams of

Fig. 15 is a nodel I"'ust’rati g an exa e structure

of the |iquiddichaddaigad &ﬁ"ectlons ﬁﬁw Pt Hd,ON-

Fig. 16 is an expl oded perspective view Il dstrating an exanpl e of

the strudt ure igflddtardtifg &the nlntrﬂle'iﬁi\ﬁﬂgae deathed il PIBSRMNarigavent i on.
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS e nodes of enbodying

t he present i mesad icfh thid Ipredent ibwetddem.bed bel ow with reference to the
acconpanyi ng dr awi ngs. [ Exanpl es applicable to
Enbodi nent of the Figs. 13A and 13B are longitudinal sections
illustrating one example of the structure of the liquid
discharge head of the present invention; Fig. 13A a
10 diagram illustrating a head provided with a protective
membrane and Fig. 13B a head not provided with a
protective membrane.

Fig. 14 is a diagram illustrating the voltage

waveform to be applied to the heating element shown in
15 Figs. 12A through 12D.

Fig. 15 is a model diagram illustrating an example
of the structure of the liquid discharge head of the
present invention.

Fig. 16 is an exploded perspective'view

20 illustrating an example of the structure of the liquid

discharge head of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The modes of embodying the present invention will
25 Se described below with reference to the accompanying
drawings.

[Examples applicable to Embodiment of the



- 18 - | nventi on] Now, two exanples which are
applicable to the enbodi nent of the present invention wll be

descri bed. Figs. 1A to | E thrigigh 3A to 3C are diagrans 5
depicted to aid in the description of exanples of the met hod for

di scharge of liquid which are applicable to the present invention. A
di scharge port is disposed in the termnal area of a first flow
path. On the upstream side of the discharge port (relative to the

10 directiontw¥enrtdgmrbf a discharging liquid in the first flow
path), the displacing region of a novable separ ati on nmenbrane

capabl e of being diNyfacet igxamples vhich RFR ARRLIFARDIRILEP cthejener at ed

are grown. A . second_flow path is adapted to store a bubble 15
generating | i FRRPHTERE 9F | Hhe BHePeHe ’m}ﬁg?‘éwn will benHegsriPed qui d
(preferably adapted,i o p 1t refill r ow_t he, bubbl e generating
liquid to produce gFlé)S' E‘f){“n%c{ ilc;%n)tharr?dlqhs %?‘fﬁ geaal\‘/ﬁt P! e
generating  gepid&fd b aif in the addbdiBth ! !

generating r egieopn1 'S al%?olélatte o#ﬁeﬂupsﬁ%éﬁa&@hﬁ%ﬁh@%i scharge

port . SinfecHod atdyy Qi1 digeati Al PfwHi W ffe tdPpi1icable to
di scharging liquid nentioned above. Moreover, the separati on

menbrane is altmwairdsentvitwergiieai.er A igidharife porthdls HiYPdd atrher nal
conversion el enent formng the bubbl e generating region and is
consequent | y éigoviedrminal ametsh of ro\fldst rfgiwrpath.St @nd @y part (not
shown) upstream side of the discharge port (relative to the
10 direction of flow of a discharging liquid in the first
flow path), the displacing region of a movable
separation membrane capable of being displaced in
accordance as the bubbles generated are grown. A
second flow path is adapted to store a bubble
15 generating liquid or is filled with the bubble
generating liquid@ (preferably adapted to permit refill
or allow the bubble generating liquid to produce a
motion) and is furnished with a bubble'generating
region.
20 In this example, the bubble generating region is
located on the upstream area from the discharge port
side relative to the direction of flow of the
discharging liquid mentioned above. Moreover, the
separation membrane is allowed to have a greater length
25 than an electrothermal conversion element forming the

bubble generating region and is consequently endowed

with a movable region. A stationary part (not shown)



- 19 - I's provided between the upstream side term nal part of

the el ectrot hermal conversion el enent and the common i qui d chanber
of the first flow path relative to the- 19 - direction of flow nentioned
above, preferably in the 5 upstream side term nal part nentioned above.
The range in which the separation nenbrane is allowed substanti al
novenent, therefore, ought to be understood from Figs. | Ato 1E

t hrough 3A to 3C . The state of the npvabl e separati on nenbrane
10 depi ct edlF PYPELEEY bRtuRen rehf diRFtcean | sife teERMRL part ofsyuch as
the elasticity_and #hickn ss _of_  the novapl e tion nmenbrane

itself or the PAt% %PEE??%%EW%} °°“V9r?%?ﬁn%&?mﬁn5§§$${ | CHMRRRt ur es.
Fi t | . Fi ] 1 ' . fi f

G ot onaot Vyqfa champor b%nd St EQTREAER LRGS0 MR’

fi | : t . i i i i h| to thi
vent | aaEunHrdcbi ot SR ey mentionad wibil S WALAG PR | £ 10 111 S

inventions 20 ypstbdm adffe NEdiEva R QA0 thiSn L £ Mlodd'e ?ﬁn&fﬂ%‘? 1A to

i quid di scharge). In thi's exanple as i1llustrat
1E, a fir sthidioVehatdepardt idh idnistdne COSTANI S E® Ssubdthrdtial
di scharge port 11 is filled wwth the first liquid which 25 I's supplied
from a common novgmehithartimre fiol arsight to be semimxhfdav fradoh Pidgy ovi ded
wi th a bubbl e generating region 7 is filled with a bubble generating
liquid 1A to 1lE through 3A to 3C.
The state of the movable separation membrane
10 depicted in these diagrams represents all the elements
such as the elasticity and thickness of the movable
separation membrane itself or the factors derivable
from other additional structures.
(First example)
i5 Figs. 1A to 1lE comprise cross sections of
directions of flow path depicted to aid in the
description of the first example of the method of
liquid discharge applicable to this invention (wherein
the step of displacement contemplated by this invention
20 initiates halfway along the length of the step of
liquid discharge).
In this example as illustrated in Fig. 1A to 1E, a
first flow path 3 which directly communicates with a
discharge port 11 is filled with the first liquid which
25 is supplied from a common liquid chamber 143 and a

second flow path 4 provided with a bubble generating

region 7 is filled with a bubble generating liquid



- 20 - which is foaned on exposure to a thermal energy given

by a heating elenent 2. A novabl e separation nenbrane 5 for
separating the first flow path 3 and the sgcand flow path 4 from
each other is disposed between the 5 first flow path 3 and the second
flow path 4. The movabl e separation nmenbrane 5 and an orifice plate
9 are tightly fixed to each other and they do not suffer t he
liquids in the two flow paths to mngle with each other. 10

The novabl e seplighi ds formednors egposuael ¢ o a thermadi eaergyngisiemect i ona
property while it is being di sp Iaced t he bubbl es- generated in the
bubbl e HInér %%e@l@ﬁlewt ﬂat h@ m separafieon Aembriine

di spl acenent p%55|bly roceeds toward the common |I%UId 15 chanber side
whi ch enj oys h|gﬁ°F%§@%@ﬁP§Fn§|§Bﬁa€éﬁ§ﬁtfl°w path an?hF SeREFPPE, whi ch

has stemmed fr h noti.ce .di rect thls
2k

| f
the oV 3{% 4 5 BaEH Blondd &8nFéﬁBP§F vedetn: wey O °
devi ce fog ConEEQEE'?3 a%hrgchhantﬂk EQ%on%O Loy Bg%hagenegk owhi ch

directly or indirect aratiron embrane 5
itself. This dﬁﬁbﬁﬁlésse aratlaﬂaﬁbﬁgrhﬁecguﬁﬁdtg QEEEE@PEEEQEe(th'On

expansi on, el ongation, etc.) produced Iint novabl e“separati on
menbrane 5 by &ie kubbtes @ xBEOEECHaLR bitfedi haG! 8By 48 notOkukler
di scharge port. In the initial state illustrated in Fig. 1A
t he | i qehd Lhqulidsf insthél ewop&llbw3phather #vnmifngteowek)s bach
other.
10 The movable separation membrane 5 generally

manifests no directional property while it is being
displaced by the bubbles generated in the bubble
generating region 7. Rather, there are times when this
displacement possibly proceeds toward the common liquid
15 chamber side which enjoys high freedom of displacement.
This example, which has stemmed from the
particular notice directed to this motion of the
movable separation membrane 5, contemplates.providing a
device for controlling the direction of the
20 displacement which directly or indirectly acts on the
movable separation membrane 5 itself. This device is
adapted to cause the displacement (motion, expansion,
elongation, etc.) produced in the movable separation
membrane 5 by the bubbles to proceed in the direction
25 of the discharge port.
In the initial state illustrated in Fig. 1A, the

liquid in the first flow path 3 is drawn in closely to



- 21 - the discharge port 11 by the capillary force. In the
present exanple, the discharge port 11 is | ocated on t he downstream
side relative to the direction of flow - 21 -~ of the liquid in the first
flow path 3 with respect to 5 the area in which the heating el ement 2

IS projected to the first flew path 3. In the existing
state, when the thermal energy is applied to the heating el enent 2
(a heating resistor measuring 40 pmx 105 pm in the present node),

the 10 heat % Siggharge perduildkby Ade cardddanye faxceace Iof the t he
Sboona o o EybeSDamenwia) the WoBag Bt 41 1 lobrai cs b
menbrane. | 15 B8 Apererr Fi SRR RS’ Bk BlFer B B Tlomy
Ehrougnout. t he CEntiirs TAUHIEC A 188 1980 A1l BHEEY Wl en respelie o 010

gener at edsat t hih® @ in whichl RRRIRESTiING Elembdtm0oh PLee
t hrough the 20 second H auid in the gegbnd FﬁOM/patﬁ ? aﬁ%kggﬁgxgh t he

novabl e separ atthen favsy @ewSpatht B.t he result that the movabl e
separation nenbrane 5 wll be displaced and the di scharge of the

first liquid in theIh the bkawtiaghstate, when thebehskraaicdnerdy is
As the bubbles 6 generated on the entire surface of the heating
. el enent 2 growappildledy tot itbe heatrnwgt bdement 2sljapheaftiagneebisner( Fi g.
1C). The expansion of the
measuring 40 pm x 105 pm, in the present mode), the
10 heating element 2 is quickly heated and the surface of
the bubble generating region 7 contacting the second
liquid causes the second liquid to be bubbled by the
heat (Fig. 1B). The bubbles 6 thus generated by the
heating are based on such a phenomenon of membrane
15 boiling as is disclosed in U.S. Patent 4,723,129. They
are generated as accompanied by extremely high pressure
all at once throughout the entire surface of the
heating element. The pressure generated at this time
propagates in the form of pressure wave through the
20 second liquid in the second flow path 4 and acts on the
movable separation membrane 5, with the result that the
movable separation membrane 5 will be displaced and the
discharge of the first liquid in the first flow path 3
will be started.
25 As the bubbles 6 generated on the entire surface

of the heating element 2 grow quickly, they assume the

shape of a membrane (Fig. 1C). The expansion of the



- 22 - bubbles 6 by the very high pressure in the nascent

state further adds to the displacenent of the novable separati on
menbrane 5 and, as a result, pronotes the2 - di scharge of the first
liquid in the first flow path 3 5 t hrough t he di scharge port 11.

When the growt h of the bubbles 6 further conti nues, the displacenent
of the novabl e separation menbrane 5 gains in volume (Fig. 1D)

Until the state illustrated in Fig. 1D arises, the novable

separation 10ubhiamehy Fheomemudigh 9@% iigh themaseant he

di spl acenent of, the stream sj de part 5A t her eof and t hat. of the

downst r eam si FEEPE t#‘gré: hete AdgtS é?cg the di pgt?é"ﬁ“}ﬁﬂ af yPheyravatdient i ve to

t he central the n_of t vable se ar ati.on nenbrane
% 3335% tion membr § ta%éf) % resmi A§ lﬁhees

5 15 oppos eat'1 ng & 6men

further grow tcﬁ%rcﬁ‘?é of Hhe fir 't ti] Rl & AMd tfl‘::r:slp\i‘]"i - S&Q’Prsat ion

menbrane 5 I nul ng Its acenent are several aced in

the diregtion t@iréd@ﬁx Ggh%cr@_rggl&geogorrtatﬁer nmore on 20 t he upstream
side part 5A than on the downstréam side part 5B and, as a result,

the first liquid i wHdie the growth of havhHwPlek ies sdirtald y moved in the
direction of the di scharge output 11 (Fig. 1E). The "

ef ficiency of catirgdimarege ithef diilspdacementyed the moveibileg separa®ion
i ncorporation of the step for effecting t he di spl acenent of the
novabl e separ aEmbranenis gadns in volume t(Fdgdi ABOt.i oWndfildithehatmeeon t he
donwstream si de so
illustrated in Fig. 1D arises, the movable separation
10 membrane 5 continues its elongation such that the
displacement of the upstream side part 5A thereof and
that of the downstream side part 5B thereof are
substantially equal relative to the central part 5C of
the region of the movable separation membrane 5
15 opposite the heating element 2.
As the bubbles 6 further grow thereafter, the
bubbles 6 and the movable separation membrane 5
continuing its displacement are severally displaced in
the direction of the discharge output rather more on
20 the upstream side part 5A than on the downstream side
part 5B and, as a result, the first liquid in the first
flow path 3 is directly moved in the direction of the
discharge output 11 (Fig. 1E).
The efficiency of discharge is further improved
25 owing to the incorporation of the step for effecting

the displacement of the movable separation membrane 5

in the direction of discharge on the donwstream side so



- 23 - as to allow direct notion of the liquid in the

direction of the discharge port as described above. The fact that
the notion of the liquid toward the - 2upstream side is decreased
relatively brings about a 5 favorabl e effect on the refill of the
liquid (repl enished fromthe upstreamside) in the nozzle,
specifically the displacing regi on of the novable separati on
menbr ane 5. t he novabl e separation nenbrane 5 itself is
10 di spl ace®S 73 1A% éﬁﬁeéﬁ: e A% Jet PG iy "d&e to

i nduce a chang te f Dto Fig. 1E . lustrated in
the respective gaeé%il%s { %%Ddgﬁf}ﬁrg?e pott asl?,esﬂ?é'b&q‘ Wy of

di scharge and [ fe [ ' d_ab Ve, can be
further inprove dtc tfil’%c%t@1 Otlsoélrréﬁi 14rlr"ee %i%%o ar%f gﬁ scharge can

be exal ted Pstliiédnﬂ@i‘"deng.st ra@aﬁfe%rsefaf rel el hrdhdd Gl 114U

in the region of projection of the heating el enen
flow paths3. favorable effeeddnothePhe)ili0of the liguds 2A tO 2E are

cross sections of the direction of flow path depicted to aid in the
description of (replenisheds€rond theamplstrelan lsd dent Hod ther ndizzakar ge of
liquid whi ch are applicable to the present invention (wherein

the step of di spesd&rieallyorhenglispdacingt megionyexft ithe mdvablestarts from
the initial stage). This exanple is basically identical in
structure SePér?Wé°P|N§Wb§ﬁaﬁpﬁe described above. A first flow

When the movable separation membrane 5 itself is

10 displaced in the direction of the discharge port so as
to induce a change of state from Fig. 1D to Fig. 1E as
illustrated in the respective diagrams Fig. 1D and Fig.
1E, the efficiency of discharge and the efficiency of
refill mentioned above can be further improved and, at

15 the same time, the amount of discharge can be exalted
by inducing transfer of the portion of the first liquid
in the region of projection of the heating element 2 in
the first flow path 3.

(Second example)

20 Figs. 2A to 2E are cross sections of the direction
of flow path depicted to aid in the description of the
second example of the method for discharge of liquid
which are applicable to the present invention {(wherein
the step of displacement contemplated by this invention

25 starts from the initial stage).

This example is basically identical in structure

to the first example described above. A first flow



- 24 - path 13 which directly communi cates with the discharge

port 11 is filled with the first liquid supplied from the first
comon |iquid chanber 143 and a second 4 |24v- path 14 furnished with a
bubbl e generating region 17 is 5 filled with a bubble generating
liquid which emts bubbl es on exposure to a thermal energy supplied
by a heating el ement 12. A novabl e separation nenbrane 15

adapted to separate the first flow path 13 and the |, second fl ow path
14 from each oe#ERr 13 whieh Aierrtiy °°mTHR%E@$P?rﬂ???rgkeféiﬁF €13 and

th d fl th . .14, Th b t] 15 d

ori fice  PRPArLL 88 GFELECAHET SR [ PHedE LES btk Rer B Sh ey oD
t ff the Jiguids,in the t fl t ' ' h

other. 15 oene WiLSy ottty | Louq 8 ERBNE: P4 B e mecong tE1dyeac
Cmilarlvin Fi 1 Uit : | 18 ised

?hnllg;eryl?o é%%hdf%cﬁggﬁééﬁ%#gbﬁﬁb5€e?é$§fé é cﬁ%%l aﬁig#%ﬁc€7lfi {ﬁgn

present exanple;;ihg ¢ieghargsoble gendPitirdd isqhodahetorredies downst ream
side relative to 20 the area in which the heating elenment 12 is

proj ect ed bubbDet henféxsbsitondas tidrmal energy supplié@ lexisting

state, when the thermal energy is given to the heating elenent 12 (a-
heati ng resi sthsating elamastirizg 49 movabld Sseparatiomengmisame hdde), the
25 heating el enent 12 is quickly heated and the surface of t he

bubbl e gener atadaptedi tm sfpavatacthegfinet sEtewdpath 13 andutke causes t he

second liquid to be bubbled by the .
second flow path 14 from each other is interposed

10 between the first flow path 13 and the second flow path
14. The movable separation membrane 15 and an orifice
plate 19 are tightly fixed to each other and they do
not suffer the liquids in the two flow paths to mingle
with each other.

15 In the initial state illustrated in Fig. 2A,
similarly in Fig. 1A, the liquid in the first flow path
13 is drawn in closely to the discharge port 11 by the
capillary force. In the presenf example, the discharge
port 11 is located on the downstream side relative to

20 the area in which the heating element 12 is projected
to the first flow path 13.

In the existing state, when the thermal energy is
given to the heating element 12 (a heating resistor
measuring 40 pym x 115 pm, in the present mode), the

25 heating element 12 is quickly heated and the surface of
the bubble generating region 17 contacting the second

liquid causes the second ligquid to be bubbled by the



- 25 - heat (Fig. 2B). The bubbles 16 thus generated by the

heating are based on such a phenonenon of nenbrane boiling as is
disclosed in U S. Patent 4,723,129. They 25 - are generated as
acconpani ed by extremely high pressure 5 all at once throughout the
entire surface of the heati ng el enent. The pressure generated at
this tine propagates in the form of pressure wave through t he
second liquid in the second flow path 14 and act novabl e

separati on nenBfate(T53-wEBA- thEhFeQHPPleﬁolﬁ tPHﬁtgFﬂ%rﬂﬁ9§bP¥ SBBar ati on

nb 15 d_th h f 1 f t | d
T the " hepEEng| BEPpatRda0 PRCheecPapPRRenon St hehBEape Ty o' 1

bubbl es 16, 9engeatedoon.! be SILLIBsSH1A°0. 5, patoff 1928085000 ghegont 12

grow qui ckly, ey ey et he o Sh ape of " a’ nenbr ane

20). The are §8ﬁ§§é€ﬁd°£st B&cOMBAhsEEq 1ﬁyb¥xwéméf§yh§gﬂ hpPéEﬁﬁ&'ée

I n the nascent st urther adds to the displacenen novabl e

separ ati og m%‘ﬂbiﬁﬂ&t1énaadtha§u%héeﬁu{:he entire Qﬁ?f@éésofhﬁhél scharge of
the first liquid in the first flow path 13 through the discharge

port 11. At tRédting elehéfit. hRenprebbaérscgeneracednatbthne timbas the
downstream si de part 15B of the novabl e regi on thereof di spl aced -
rat her nore thpnopagatest inathsi flerpaocf pbédssure watdetbobughobhéhe initi al
stage as illustrated in Fig. 25 2C. The first liquid in the first flow
path 13, second el dgeidi innthedsecondefiipwchathelpoand lachbtdnhi gh

the movable separation membrane 15, with the result
10 that the movable separation membrane 15 will be
displaced and the discharge of the first liquid in the
first flow path 13 will be started.
As the bubbles 16 generated on the entire surface
of the heating element 12 grow quickly, they eventually
15 assume the shape of a membrane (Fig. 2C). The
expansion of the bubbles 16 by the very high pressure
in the nascent state further adds to the displacement
of the movable separation membrane 15 and, as a result,
promotes the discharge of the first liquid in the first
20 flow path 13 through the discharge port 11. At this
time, the movable separation membrane 15 has the
downstream side part 15B of the movable region thereof
displaced rather more than the upstream side part 15A
thereof from the initial stage as illustrated in Fig.
25 2C. The first liquid in the first flow path 13,

therefore, is moved to the discharge port 11 with high



- 26 - efficiency fromthe initial stage. When t he
growm h of the bubbles 16 further advances thereafter, the

di spl acenent of the novable separation - 26 - nmenbrane 15 is
proportionately enlarged (Fig. 2D) 5 because the displacenent of the
novabl e separation nmenbrane 15 and the growth of the bubbles are
pr onot ed relative to the state illustrated in Fig. 2C '
Particularly, since the downstream side part 15B of the novabl e
region is di spleffdPIRNY 1R the dndfdali@tageyi rection of the discharge
port than the upstream si part 15€&§pd the central part 15C, the

first liquidin en %f g ] ]EH}% lﬂﬁh%étﬁ f‘%ﬁ‘ﬁ&rsﬁq‘wntc;s
I ti it irectiqn of the di ar.ge rt. Since the
i spl acorent o ARSI e fes%&gpésﬁénﬁﬁe o I e RIS 1 he
[ nlbs- [ : [ r [
?gt Lll“r? glr gﬁgz.s’“‘ <HY 1% %g&%&ﬁg&%ﬁﬁl&ieéala'}g(tﬁ?:r(ggﬁ.n tHis exanple,

therefores canpe@uee tHae dispahdetn® UL #RC hovable scbaRadidd Y the
di scharge speed and further can 20 favorably stabilize the refill of

the liquid in wembrane 15n@hd &hangriokahy @furheobubbled 2eapaeshddedui d
dr ops. When the growth of the bubbles 16 further

continues ther eeflliadivet e dhenstatenidldetratedlin #ig. 2c. the central
part 15C of the novabl e separation nenbrane 25 15 are further displaced
and el ongat ed Pertheudisrdyt,i since theofiowhetdieschaide part 16Bpodmahe t he

-effect nentioned above, nanely the inprovenent of the discharge
movable region is displaced more largely in the

10 direction of the discharge port than the upstream side
part 15A and the central part 15C, the first liquid in
the first flow path 13 directly moves with acceleration
in the direction of the discharge port. Since the
displacement of the upstream side part 15A is small

15 throughout the entire process, the motion of the ligquid
in the upstream direction is diminished.

The method of liquid discharge in this example,
therefore, can improve the aischarge efficiency,
especially the discharge speed and further can

20 favorably stabilize the refill of the liquid in the
nozzle and the volume of the discharged liquid drops.

When the growth of the bubbles 16 further
continues thereafter, the downstream side part 15B and
the central part 15C of the movable separation membrane

25 15 are further displaced and elongated in the direction
of the discharge port to promote the effect mentioned

above, namely the improvement of the discharge



- 27 - efficiency and the discharge speed (Fig. 2E)

Particularly, since the shape of the novabl e separation menbr ane 15
in this case is enlarged not only in the 27 - cross section but also in
the sizes of displacenent and 5 el ongation in the direction of width of
the fl ow path, t he operati.ng region for nmoving the first liquid in

t he first flow path 13 is increased and the discharge

efficiency is s¥nerg|st|cally i nproved. Since the shape of the

di spl acenent of fh@lﬂ%QEbﬁ%dsE%%r@%$%PPrQ% SPﬂ%ﬂbGEﬁ% 12EXt this tine

resenbl es the shag of a_hu é rtlcularI%@a
referred to asP®h %%“Iarly' §ﬁ%ﬁ%"thqh%hﬁ8%é° h % T%V? PSRt as
enbr aci ng e, of atter "S" the oint, B

IocaLeddon t he ﬁ%@f?@%nﬁ i H2 F?l?H%a§%|T§a?n£?59%Q E%t stekP position
olde in the | ritoss SEctiSH bUE aizo 1 [hd sfhefl8) 3 SOAIEMSNASHATET |

whi ch té‘foﬂ&é’&iénﬂﬁ“&u@ @:ﬁﬁék@@l&qtk}:f %f&'ihp&ﬁ'éﬁénﬂév? path

|IIustrated in Fig. 1E e of Displacenent applicable to

Movabl e tl%p@ﬁé\fé@ihé/ei%f&@)for moving thé&l 86rs8AIQUABE Bk LK 0SS

sections of a direction of flow path depicted to aid in the

description offihet flow patlepldfisl Mpdresssdtand the dischdrgeseparati on

menbrane 25 in the nmethod of liquid discharge according to this
_invention. efficiencyhis symemgbsticallynitupreovedent®inge sthiescription’

shape of the displacement of the movable separation
10 membrane 15 at this time resembles the shape of a human

nose, it will be particularly referred to as "nose
shape". The nose shape is to be construed as embracing
the shape of the latter "S" in which the point B
located on the upstream side in the initial state

i5 assumes a position on the downstream side from the
point A located on the downstream side in the initial
state as illustrated in Fig. 2E and the shape in which
the points A and B assume equivalent positions as
illustrated in Fig. 1lE.

20 (Example of Displacement applicable to Movable
Separation Membrane)

Figs. 3A to 3C are cross sections of a direction
of flow path depicted to aid in the description of the
step of displacement of the movable separation membrane

25 in the method of liguid discharge according to this
invention.

This example is intended to center its description



- 28 - specifically on the range of notion of the novable
separati on nenbrane and the change in displacenent thereof, it wll
omt illustrating the bubbles, first - 28 £l ow path, and di scharge port.
Al'l the rel evant 5 di agranms, as a basic structure, presune that the
portion of a second flow path 24 which approxi mat es closely to the
regi on of projection of a heating el ement 22 constitutes itself a
bubbl e generating region 27 and the second flow path 24 and a first
flow 10 paspegs ficaldybsnathearppase pir BoEdopy of heaPr¥able

separation nmenbrane 25 constantly, i.e. frog}the . ., Initial stage
through the dufgPRERtIPIMepPEebReARd khe changg dp,displagement (i sposed

he d ' d \ f f.eedi h ' l.Li gui d
on {he Jomnstr Bt 90yhaa, omys, RS hek%erkEUeg igpEst diayd on
h di h ' 22 b ' .
0 @ ermm - Co B8 ey o R AR BTN 22 1L RReDOLIBCE,

present agd foPEQ&E?ﬁs?XQ%Féﬁﬁagﬁﬁ g%?ﬁh%%?e, presuﬁ%l%h%gnthg t he

t he

direction of flow of the I'n the relevant flow path as viewed
fromthe centrgbrRabh 8f a seconlihelbWvpais Rangdiech hPPrGR!ﬂBE@sSepaFatlon
menbr ane. The method using the structure illustrated in Fig. .
3A i ncor por at eglbkengi tof the regibhi bifapretjagtiansbE&pa heatingf di spl acing

a novabl e separation nmenbrane 25 fromthe 25 initial state sequentially
in the order oéléhpnt( 2R, constitutieg (8pedfidanbubbler geheratinge downstream
side than the upstream side and particularly succeeds in

region 27 and the second flow path 24 and a first flow
10 path 23 are substantially separated by a movable
separation membrane 25 constantly, i.e. from the
initial stage through the duration of displacement. A
discharge port is disposed on the downstream side and a
part for feeding the first liquid on the upstream side
15 with the downstream side terminal part {line H in the
diagram) of the heating element 22 as the border line.
The terms "upstream side" and "downstream side" as used
in the present and following examples are meant in
relation to the direction of flow of the liquid in the
20 relevant flow path as viewed from the central part of
the movable range of the movable separation membrane.
The method using the structure illustrated in Fig.
3A incorporates therein from the initial stage a step
of displacing a movable separation membrane 25 from the
25 initial state sequentially in the order of (1), (2),
and (3) and more largely on the downstream side than

the upstream side and particularly succeeds in



- 29 - I nprovi ng the discharge speed because it operates to

exalt the discharge efficiency and, at the sane tine, enabl e the
di spl acenent on the downstreamside to - 29 -inpart to the first liquid in
the first flow path 23 5 such a notion as to be forced out in the

di rection of the discharge port. In the structure of Fig. 3A the
novabl e range nenti oned above is assuned to be substantially fixed.
In the structure illustrated in Fig. 3B, the 10 nmovabl e range of the
novabl e separ atiRRTERG dhe dlischarge spegd fheqpusie &t aprpxateswdral t he

di scharge port in accqordance as the novabl e separati on nenbrane 25

i's di splRAE S shishangs phHeisnmt ;md'( Bt 1B saey tin;e, (3)
in the diagram__|n the.ensyant. form .the vab] e 5 range mentione
above has the L?&%’]eea%lﬁ dﬁstq‘?earcﬁﬂent on @’ﬁ >EJé’d"ns]1‘?F§alﬂ ?"é’ ef fi (rzﬂljency
can be further ; . t QY rat.i.o rane
25 is di’s axz‘:lg}ormtrhg IféLr géeyﬁgﬁﬁthignd%\%mst rgz%ntlesfla%’gﬁtp%f# Or}r?ne

the upstream sigdeH hemRifi AP IAEE fJi%éHJleJte flthe %ﬁrect&rqq‘v%f. n the

direction of the discharge port. n the structure 11lustrated

in Fig. 3C whighe di®charge poab| ars e FtRREBDAFig0 FAnges from
the initial state Eﬁ) to the state shown in (2) inthe diagram the

upstream si de metrabile denge MeNtitndd abdveydd assiimed t& Bl aced or the
upstream side is displaced rather nore | argely than the downstream
side. As the bshlisdmntiallyf fiitxledr. grow from (3) to (4) in the diagram the
in the structure illustrated in Fig. 3B, the
10 movable range of the movable separation membrane 25 is
shifted or enlarged toward the discharge port in
accordance as the movable separation membrane 25 is
ldisplaced sequentially in the order of (1), (2), and
(3) in the diagram. In the ensuant form, the movable
15 range mentioned above has the upstream side thereof
fixed. The discharge efficiency can be further exalted
here because the movable separation membrane 25 is
displaced more largely on the downstream side than on
the upstream side thereof and because the bubbles are
20 grown in the direction of the discharge port.

In the structure illustrated in Fig. 3C, while the
movable separation membrane 25 changes from the initial
state (1) to the state shown in (2) in the diagram, the
upstream side and the downstream side are evenly

25 displaced or the upstream side is displaced rather more
largely than the downstream side. As the bubbles

further grow from (3) to (4) in the diagram, the



- 30 - downstream side is displaced nore |argely than the

upstreamside. As a result, even the first liquid in t he upper part
of the novable region can be noved in - 30 -the direction of the

di scharging port, the discharge 5 efficiency can be inproved, and at
the sane tine, the anount of discharge can be increased.

Further, at the step illustrated in (4) of Fig. 3C, since a certain
poi nt U of the novabl e separation menbrane 25 is displaced nore
toward the di sée¥nstneem sife is displacedsiore Dargedvedham tthe downst r eam
t han the paoint Uin the_initial state, the discharge efficiency

can be further VBSHEAP Hidehe pF @ ORSydt.o@Venokded first ligyddgidschar ge

port in consegyence of the exp Lon. The state consequently assuned
will be referr g’e[ §PRET ?@r% Q%nng:i‘l? IRyFole, Fegdan GRoybepgiored in

The met hods of Li qui. L.Schar I gh _lncorporate t.herein such steps
as descri bed ab%‘\?ewé%g%été%ﬂ c?%gltgét glsc?xargp e POF &< etbe ﬂ\?‘?ﬁ?’laﬁﬁ.e The
conponent g ill alied 1 Fip% 3¢ denot. _al function
I ndependent |y %?&Eg%%gc&gggﬁ gfhér. ¥ﬁ§es%§€%gﬁh%€% %ﬁ@g?%éigfetgﬁbh

conponent s t hebgblind ®f HHaWha@gaPRELC 8R! ¢nkbeehilis. invention. The
step which involves the formation of the nose shape is not limted

to the structure  Furtheld, uatr ahedsitepFigludraktbdcan pa)i Bgokpgrated in
the 25 structures illustrated in Figs. 3A and 3B. For the
nmovabl e separ aBConsipoker aneersadni potihe Bt nfictheemofrable sepagatidA to 3C,
t he possession of expansibility does
membrane 25 is displaced more toward the discharge port
10 than the point D located on the downstream than the
point U in the initial state, the discharge efficiency
can be further exalted by the part thrust out toward
the discharge port in consequence of the expansion.
The state consequently assumed will be referred to as
15 "nose shape" as mentioned above.

The methods of liquid discharge which incorporate
therein such steps as described above are applicable to
the present invention. The compbnents illustrated in
Figs. 3A to 3C do not always function independently of

20 each other. The steps which incorporate such
components therein are likewise applicable to this
invention. The step which involves the formation of
the nose shape is not limited to the structure
illustrated in Fig. 3C. It can be incorporated in the

25 structures illustrated in Figs. 3A and 3B. For the

movable separation membrane used in the structure of

Figs. 3A to 3C, the possession of expansibility does



- 31 - not matter and the preparatory inpartation of slackness

suffices. The thickness of the novabl e separation menbr ane appeari ng
in the diagram has no di nensi onal - 31 gnificance. 5 The
expression "device for controlling direction” as used in the present
specification applies to at | east one of all the nmenbers (neans)

whi ch bring about the "displacenent specified by the present

i nvention, exanpl e, those, stenmin fronithe structure
10 or charaB?Er?%FF%ro?n@hEh%DHE %réE%EYa%WBﬁrF%Fg?%n%f slacknegge) |

h h f bubbl
generating dovPREELpER. e thiliites of Fal ATRBRLS 2%%&?5%?%% renbr ane,

t hose r t i resis f b vicinity
of the bubble g%ﬁ%#a ?n§9§£§F%%§ g%dgééééfgﬁfaﬁ ﬁgéeg% al&%ﬁy or |nd|rectly
on the novabl eg ?gﬂ menbr ane, or those effecting control of

p cenent or

t he dis “el ongation of the novabl e separation

nenbr ane. s The enbodiRENESp-E681 PRI Cdévicd POHI 8bhtYolPdng affdetPénrore) of
such direction controlling devices as nmenti oned above, therefore,
are natural ly ashige@dihythe preséht PpeStficationtapplidéetexatpl es which
w il be cited herein bel ow nake no definite nention of

arbitrary conbleastommefofi llirthe tnenihens r ueans) wikich brimgraboutg
devices. This notw thstandi ng, the present I nventi on does not need

to be linited ¥eettdisplacenent” specifjedpbesthe present invention,

such as, for example, those stemming from the structure

10 or characteristic of the movable separation membrane
itself, those pertaining to the operation or
disposition of the bubble generating device with
respect to the movable separation membrane, those
relating to the fluid resistance offered by the

15 vicinity of the bubble generating region, those acting
directly or indirectly on the movable separation
membrane, or those effecting control of the
displacement or elongation of the movable separation
membrane. The embodiments incorporating a plurality

20 (two or more) of such direction controlling devices as
mentioned above, therefore, are naturally embraced by
the present invention. The examples which will be
cited herein below make no definite mention of
arbitrary combination of a plurality of direction-

25 controlling devices. This notwithstanding, the present
invention does not need to be limited to the following

examples.



- 32 - (Exanpl e 1) Figs. 4A to 4E are node

di agrans of the cross section of direction of a flow path for
illustrating the first exanple of 8&e-liquid discharge head of the

5 present invention; Fig. 4A representing the state of the liquid
di scharge head during the absence of |iquid di scharge and Figs. 4B,
4C, 4D, and 4E representing the sequential steps of liquid discharge
in the order nmenti oned before the resunption of the state of absence
10 of liquid di schBxkgepde Pﬂg 4A. The 1iquid discharge head
of this invention [

t nb 5
substantial ly Flﬁ@paﬁé?? 5 ?F?ST°$Fngb§8%£§SL§£nﬁ cé?ggﬁ with a
di sch t 11 f di,sgh d d,.1 fl th 4
furni shed wi t nS8SBHER) 8%@?@%‘2{‘1’*%‘5 Pl ok lof"Batn3B0R0 1 LB rarthg" Dol 2
40, heat f b 40
the bubbie | E8"ERksE pRhmpie of EAHS116y90"4586hERGE nbid GEOBHES ] 1"
across t hg rmvg?la,geﬁep%@éﬁfeﬂoﬁwieian%ﬁ Ee?i‘aﬁeﬁﬂpﬁéethgostatgeﬂfrat' ng

region 30 and Turni shed free“ferm na in the direction of
the di scharge gpéet1igiid §P8charge h8B¥aBLeifigP8hat aBBenBEDHANEI GuaAd t he
novabl e nmenber 26 so adapted to be kept apart during the contraction .
of t he dibbhasgdOand2Bigs. 4B, 40,t 4D, pandecdE espnpsentihg theabl e
menber is opposed to the heating elenent 26 and the free term nal
28 i s di sposedsedauentialabtepstbf Higuhdrgispbargei iim the order

mentioned before the resumption of the state of absence
10 of liquid discharge of Fig. 4A.

The liquid discharge head of this invention
comprises a movable separation membrane 5 substantially
separating a first flow path 3 communicating with a
discharge port 11 for discharging a liquid and a second

15 flow path 4 furnished with a bubble generating region
30 for generating bubbles 40, a heating element 2 for
causing generation of the bubbles 40 in the bubble
generating region 30, and a movable member 26 opposed
across the movable separation membrane 5 to the bubble

20 generating region 30 and furnished with a free terminal
28 in the direction of the discharge port, with the
movable separation membrane 5 and the movable member 26
so adapted to be kept apart during the contraction of
the bubbles 40.

25 In the present example, the movable member is
opposed to the heating element 26 and the free terminal

28 is disposed directly above the discharge port side



- 33 - term nal of the heating elenment 2 across the novabl e
separ ati on nenbrane 5. Wth reference to Fig. 4B, when the
heat i ng element 2 incites the bubbBg generating region 30 to 5
generate the bubbles 40, the bubbles 40 expand the novabl e
separati on nenbrane 5 and di spl ace.the free termnal 28 |argely
because the novabl e nenber 26 has a fulcrum 27 thereof on the
upstream side and the free term nal 26 thereof on_the downstream

side. The 10 termls@ﬁarogfet@er iheaddag ed emeptoZe @aFessu dbe Revab sl e

separation nmenbrane 5 is largely ex anded toward the di scharge port
as controlled ﬁ?ﬂﬂﬁ??ﬁ%@é‘ rane dlsplacenent of the novabl e menber 26.

Fig. 4Cillustrates praocess of .th contractlon of t he bubbl es 40
unti | expinction *hgsb &fe&ce to % %H%ﬁﬂﬁh? P R i on of
bubbl es | mredi %1 emént 2 indi4ess s/ hegbub ﬁ%‘ gg%%%% klg‘)%e@%w e 1N the

direction of t extlnctlon 0] time, since

the novablse ”E@Q‘?xbr%@:eh%iesWe@ @iodi 1;l:!’xe %Qxbble%s 400 ERpasd Wheh the

novabl e separaf’i on nenbrane 5, th : novabl e menber “26 di spl'aces

sl ower than thaxo%m@ %eparanoi;eﬂ@wﬁa% e RENGARA spiakd ihe mRwabl e
separati on nbrane 5 and the novabl e nenber 26 are separated from

each ot her and 'b%r’uilﬁialld 2B5Qargelyt tepavesd htievwerwrable mémberm26ablas a
separati on nenbrane 5 and the novabl e nenber 26. This liquid 150

~drags in a nenifsdesuid27 adhgelepf on thebepsiseamthesigecandr ther ttreleer eof i s

supplied fromthe
terminal 26 thereof on the downstream side. The

10 discharge efficiency is improved because the movable
separation membrane 5 is largely expanded toward the
discharge port as controlled by the shape of
displacement of the movable member 26.

Fig. 4C illustrates the process of the contraction

15 of the bubbles 40 until extinction. The pressure
arising from the extinction of bubbles immediately
pulls the movable separation membrane 5 in the .
direction of the extinction of the bubbles 40. At this
time, since the movable member 26 has strong rigidity

20 as compared with the movable separation membrane 5, the
movable member 26 displaces slower than the movable
separation membrane 5 and the movable separation
membrane 5 and the movable member 26 are separated from
each other and a liquid 150 is interposed between the

25 movable separation membrane 5 and the movable member

26. This liquid 150 drags in a meniscus 141 largely

because the greater part thereof is supplied from the



- 34 - free term nal side of the novabl e nenber 26.

Particularly, the 'neniscus of the region close to the heati ng

el enent 2 which needs the supply of the 4i3fi< in a large volune is
dragged in conspi cuously. 5 Fig. 4D illustrates the process in
whi ch the novabl e separation nmenbrane 5 di splaced by the pressure
of extinction of bubbles nore toward the heating el enent side than

the h t t dtoth t VWiile th
movabl 6 separ al FER® RERBRLRL 5100 OF dFap MRERb B BREPEhctheal | ng el rent

d t t { t he, bilit
Tnducing P s%%ﬁ%mﬁ% RSl Lot ST et | H ol os
[ | asticity. [ ' th
moni seus. 141 a P ER T heitn % (RN HESS Bhe Wil o ene LA he
unstabl e. = Thi Siﬁnaei%fgél FORHhE S s ara%gé&el&péaﬁ@ppé&aﬁéﬁl on produced by

t he novabl e separ ati on nenbrane be danped nore "‘qui ckly by

causing the liquid 1pfg] ndr vENiSErdesseere t Heoddya e which tiseparation
menbrane 5 and the novabl e nenber 26 to 20 function as a danper or

cushion. | n theowdlsbendeparatiore xmentbrans i fodispladedcby etie nateLSund t he
novabl e menber 26 is disposed directly above the di scharge port N
side term nal off témctimation of dubbles auosstowrard the hembiakg e separation
menbrane 5, the liquid 150 25 functioning as the danper and covering

the greater parelement side tthamuths|komepost tion rebrefermeder? fHes a

conspi cuous effect of curbing the sprlng oscil] ation.
home position. While the movable separation membrane 5

10 displaced toward the heating element side returns to
the home position, it has the possibility of inducing
the phenomenon of a damped oscillation when it abounds
in elasticity. Tﬁis oscillation has the possibility of
shaking the meniscus 141 and rendering the subsequent

- 15 state of discharge unstable. This invention enables
the spring oscillation produced by the movable
separation membrane 5 to be damped more quickly by
causing the liquid 150 intervening between the movable
separation membrane 5 and the movable member 26 to

20 function as a damper or cushion. - In the present
example, since the free terminal 28 of the movable
member 26 is disposed directly above the discharge port
side terminal of the heating element 2 across the
movable separation membrane 5, the liquid 150

25 functioning as the damper and covering the greater part
of the movable separation membrane 5 manifests a

conspicuous effect of curbing the spring oscillation.-



- 35 - As a result, the shift of the state of Fig. 4D through

that of Fig. 4Eto the initial state of Fig. 4Ais allowed to
proceed quickly and, at .the sane time, 4185 - unst abl e notion of

di scharge due to the spring 5 oscillation of the novabl e separation
menbrane 5 can be precl uded. (Exanpl e 2)

Figs. BAto S5E illustrate a nodification of t he first exanple

ef fected by haV|ng the free termipal 2 pova menber

di sposed cl os Ein ?or?‘ﬂ'élt the ghith o ﬂb%r?tate L 689 Fig- B?N rF'l""‘?‘éﬁi‘lér ence
to Fig. 5B, nthe el eent. 2 _causes era on_of the
bubbl es 40 |n gbulg%ltéogiéth%rﬁ‘ﬁ’ga]r e%?a e@fgj"te bJrc‘és 40 expand

the 15 nov nce,. t e Member
26 has the fu%%ﬁ%@%ﬁeﬁa égdgb%osedﬁ%n !t§F1 S ' Hife T upﬁ?%r eam SI e and t he
free term nal @sé%ﬁ[@%oﬂ&?%ﬁddlschar%&@é@'ﬁ’otﬂmé I“g‘p,_dgjé%harge port 11

on the downstream side, the free Term nal can argely

di spl aceds 2Qgcili@t b CHErEiee ahdv b S Coepdrd fiton | phrahs o atge head

i s exal ted because the novabl e separation nenbrane 5 is | i kew se
expanded | ar gepyedDudedl. t he di scharge port as controll ed by the
shape of displacenent of the novable menber 26. 25 Fig. 5C .
il lustrates the proCEssmmple eX}inction of t he bubbl es 40 by
shrinkage. Oning to the defoamn ng pressure, the novabl e separation
menbrane 5 i s Figs. 5A to BE illustrate a mod1f1q§¢1on of the
first example effected by having the free terminal 28
10 of the movable member 26 disposed closely to the
discharge port.
With reference to Fig. 5B, when the heating
element 2 causes generation of the bubbles 40 in the
bubble generating region 30, the bubbles 40 expand the
i5 movable separation membrane 5. Since the movable
member 26 has the fulcrum 27 thereof disposed on the
upstream side and the free terminal 28 thereof disposed
closely to the discharge port 11 on the downstream
side, the free terminal 28 can be largely displaced.
20 The discharge efficiency of the liquid discharge head
is exalted because the movable separation membrane 5 is
likewise expanded largely toward the discharge port as
controlled by the shape of displacement of the movable
member 26.
25 Fig. 5C illustrates the process of extinction of

the bubbles 40 by shrinkage. Owing to the defoaming

pressure, the movable separation membrane 5 is



i mediately pulled in the direction of causing extinction of the
bubbl es 40 and the novabl e separation menbrane 5 and the novable
menber 26 are separated from eaclr 86her and the liquid is interposed
bet ween t he 5 novabl e separation nmenbrane 5 and the novabl e nmenber
26. This liquid drags in a neniscus 141 |argely because the greater
part thereof is supplied fromthe free termnal side oflthe anaEIe
nenber 26. The .part.. of. .t he .nmeni scus 14%§jn t he regi.on close to the
Iheati ng I 10 ;&x;?mt?_ymﬁu&ﬂ' edds Hhﬁl e%&&ﬁﬁ i ;’ilf ;ﬁtﬁqq%dﬁgd : 2 ?he

arge vol une i 139993 A QRSP :

present exanple, sincet gfﬁenlsgﬁggﬁ%fyébn%a?ts © ab}ﬁésﬁqﬁﬁﬁﬁﬁfnbf t he

free term nal 2@mpfrahiae sTAKALkRe movabl@ﬁﬁgﬁ5§%626tQ%e”gé%?gthEUQQQm?G

di vi des the neniscus 15 into the upper and the | ower , entraps the
liquid eatneotnehe anay ahke 1360364 50AnFRIPHRA BetRdehNEne
novabl e nmenber 26, and enables a |iquid 142 to persi st t her ebet ween

in an indspendmptrabllat @eparation membiagie SDahll kbl aboableemBmBeess in
which the 20 novabl e separation nmenbrane 5 di splaced toward the
heati ng el emen6si d@hfisoditgnédhdmagposint Bomendiscasutdeédlargely to t he hone

position by the defoam ng pressure. The return to the home position .
of the novabl ebecpusst ithe greaternpaptatbeSenifi s Buppbéed direpl &bed t owar d
the heating 25 el enent _si de possibly gives rise to a danped

osci | | ati on wh&ReEh&eKBIABLeSidpaPAL thR MENBPARemEmber 26aholhespant
?Igiticity. Ato%i%ga’mgﬁggcggcihkaahoghe region close to the heating
10 element 2 which needs the supply of the liquid in a
large volume is dragged in conspicuously. Particularly
in the present example, since the.meniscus 141 contacts
the vicinity of the free terminal 28 of the movable
member 26, the movable member 26 divides the meniscus
15 into the upper and the lower side, entraps the liquid
between the movable éeparation membrane 5 and the
movable member 26, and enables a liquid 142 to persist
therebetween in an independent state.
Fig. 5D illustrates the process in which the
20 movable separation membrane 5 displaced toward the
heating element side from the home position is feturned
to the home position by the defoaming pressure. The
return to the home position of the movable separation
membrane 5 which has been displaced toward the heating
25 element side possibly gives rise to a damped
oscillation when the movable separation membrane 5

abounds in elasticity. At times, this oscillation



shakes the neniscus 141 and renders unstable the subsequent state of
di scharge. In the present exanple, . the oscillation generated in the
novabl e separati on menbrane 5 i s-ddfped with very high efficiency
because 5 the liquid 142 interposed between the novabl e

separation nmenbrane 5 and the novable nmenber 26 forns a meni scus,
functions as a danper or cushion, and precl udes the novabl e
separation nmenbrane 5 fro ' illations and other simlar

mtti
fine notions. Shgkes Fhetﬂ%nb?ﬁgﬁnf4%xﬁl ?Egné?ﬁﬁeuPﬁEa? e™®r ni nal 28 of

t he novabl e nenb

side term nal g?ﬁguﬁggt?h %Fggeﬁ égﬁgége?bog%rggg PRESRBY aﬁféggi%:rg?{gn
menbrane S, th@n& 8ubihlation dégeyBECl LHNELLOHSvAB1E JAPRELLELnCUShI ON

covers the 15 grea part e anab e separation rane 5 and,
therefore, mangigsland §r9§1 a&a%e&f&feﬁ varﬁunbgﬁgefhfclenc bSE&LEE
oscillation. As a result, the shift of state of Fig. 5D through
that of Fsg. 5Ehéolﬂjﬂiﬁn142ainterposeﬁtﬁéﬁw@énFtﬁe mévabial | oned to
proceed quickly and, at 20 the sane tinme, the unstable notion of

di scharge due geparationtfembpanagsoand| théi movablé heembenb2e sepasaii on
menbrane 5 can be precluded. (Exanpl e 3) Figs. 6A .
to 6E ill ustranenisoodj f Functbonsfashe dadper 6rreushionmpl@nédffected by
having the free term nal 28 of the novabl e nenber 26 di sposed on the

upstream si de precludesobheaoviable spgpapetion| gembrane ndl £uemt he heating
- 38 emitting oscillations and other similar fine motions.
10 In the present example, since the free terminal 28 of
the movable member 26 is disposed directly above the
discharge port side terminal of the heating element 2
across the movable separation membrane 5, the ligquid
142 which functions as a damper or cushion covers the
i5 greater part of the movable separation membrane 5 and,
therefore, manifests a prominent effect in curbing the
spring oscillation. As a result, the shift of the
state of Fig. 5D through that of Fig. 5E to the initial
state of Fig. 5A is allowed to proceed quickly and, at
20 the same time, the unstable motion of discharge due to
the spring oscillation of the movable separation
membrane 5 can be precluded.
(Example 3)
Figs. 6A to 6E illustrate a modification of the
25 first example effected by having the free terminal 28
of the movable member 26 disposed on the upstream side

from the discharge port side terminal of the heating



el enent 2. Fig. 6B illustrates the state assuned during the
generation of bubbles. The bubbles 40 Iar%FIy grow in the direction
of the discharge port fromthe center of the area of the heating

el ement 2 fromwhich the novabl e menber 26 is absent. As a result,

t he di scharge efficiency is. exalted because the novabl e

separati on nenbrane 5is also allowed to expand toward t he di scharge
port. 10 6C illustrates the process of extinction of

t he bubbl es 40eby §hr|&kage CMnng to the defoam ng pressure, the

novabl e separation r e hgp@ﬂg eI I iLn.t dlrectlon
of causing e?ﬁl nct on o tnra% sbtﬁ €s erfdg\()aarmgsehfr ation
15  nenbrane yepd-dion b piRmer i %ru%bi%%aw %Jrgr row meach

other and the lI'iquid 150 is caused to intrude I ndeed,

t he greater parthedfditreictilondwsd the dlschéQghsp%&&pwf@m'%HaﬂdQM%dF

termnal side of the novabl e nmenber 26. Since the free ternlnal 28
of the 26 nuheblesrese ifetha hbaltingoreliehmentp 2t reom whdehf rbw t he

di scharge port side term nal of the region of the novabl e separation
menbr ane 5 oppooyéble membesalZibngs absents| edenia 2eismltthe gheesent exanpl e,
the supply of the l'iquid 150 for the downward displacement of the
movable 25  disphazgeoeffisieasy 3si exghped bereused theomovable

upstream side and the retraction of the nmeniscus 141 is conse%gently
decreased. TheS 18powgppyane 5 is also allowed to expand towa

the discharge port.

10 Fig. 6C illustrates the process of extinction of
the bubbles 40 by shrinkage. Owing to the defoaming
pressure, the movable separation membrane 5 is
immediately pulled in the direction of causing
extinction of the bubbles 40 and the movable separation

15 membrane 5 and the movable member 26 are separated from
each other and the liquid 150 is caused to intrude
therebetween. Indeed, the greater part of this liquid
150 is supplied from the free terminal side of the
movable member 26. Since the free terminal 28 of the

20 movable member 26 falls on the upstream side from the
discharge port side terminal of the region of the
movable separation membrane 5 opposed to the heating
element 2 in the present example, the supply of the
liquid 150 for the downward displacement of the movable

25 separation membrane 5 is amply effected from the
upstream side and the retraction of the meniscus 141 is

consequently decreased. The refill property,



therefore, is exalted nore in this exanple than the pr ecedi ng
exanpl e. Fig. 6D illustrates the process in which the

nmovabl e separation menbrane 5 di spl aced «t &fard the 5 heat i ng el enent
side fromthe hone position is returned to the hone position by the
def oam ng pressure. The return to the hone position of the novable
separati on menbrane 5 which has been displaced toward the heating

el enent si de PaSs ves ris danp 0ScC t.i on en the
Péf’o S 5éxael1§ed ore tl’hlselea}%?? Cfl al: i)[’itpﬁe

novabl e separatlon ne | pr esent
exanpl e, ’Eﬁ‘ ging oscillation of the rmvabl e
separati on nenbrane 5 can anped qui ckly and the shift of the

state of Fig. 6D thiough éhats lsFkedRnd brocdsh LiP il alngt at e of

Fig. 6A can be effected because i quid 150 intervenes between

t he novabl e movakﬂ@&f@dﬁtm&ﬂﬁ'aﬁx@@ ditp s Wi ahe6 and the
liquid 150 is enabled to function as a danper or cushion. Thus, the

unst abl e ot i ohesfticigs clamgmtc anidee £12h theptomntpekition is retudde@npl e
4) Figs. 7TAto 7E illustrate a nodification of the first

exanpl e ef f ect & hehdamey pediituond byntthes idefoaming g::rasmtdmg Sheuct ure
formed on the fulcrumside of the 25 novabl e nenber Wth _

reference to FRETUrB thdie hemepasigion of @W@lﬁmmt i on of

t he bubbles 40 in_the 40 -
embrane 5 which has been displaced toward the heating

element side possibly gives rise to a damped

10 oscillation when the movable separation membrane 5
abounds in elasticity. In the present example,
however, the spring oscillation of the movable
separation membrane 5 can be damped quickly and the
shift of the state of Fig. 6D through that of Fig. 6E

15 to the initial state of Fig. 6A can be effected because
the liquid 150 intervenes between the movable
separation membrane 5 and the movable member 26 and the
liquid 150 is enabled to function as a damper or
cushion. Thus, the unstable motion of discharge can be

20 prevented.

(Example 4)

Figs. 7A to 7E illustrate a modification of the
firstaexample effected by having a liquid intrusion
promoting structure formed on the fulcrum side of the

25 movable member 26.
With reference to Fig. 7B, when the heating

element 2 causes generation of the bubbles 40 in the



bubbl e generating region 30, the bubbles 40 expand the novabl e
separation nenbrane 5. Since the novable menber 26 has the ful crum
27 thereof disposed on the upst r eadPsi-de and free terninal 28
thereof on the 5 downstream side, the free term nal 28 on being

di spl aced | argely causes the novabl e separation menbrane 5 to be

di splaced in conformty wth the di spl aced shape of the novable

menber 26 and expanded | argely t rd.th L scharge port.. The

di scharge 10 b“é’%’fjiecig@r?(%ﬁaqil?& 5%(9’15’,“ %&e@% g’d‘%& £ ARG FREs

40 are | argel ui ded toward_ t.he di scharage .porf.. Fig. 7C

il lustrat eg t%é'%ﬁ'lag@?ssse&arm°ﬁcﬁegﬁrgf‘% s. ts:"t"I%:((a'3 Emﬁggaf&egy

shri nkage. CMAQ% h f 0gRi_n I aration
menbrane 5 is %Iiiri%‘rgl |Sateeygff)lt:j'lclré%fl izﬁr ﬁ%w(?ﬁfegl%gﬁ%\oé?bgglusﬁ%g

extinction of the il &3 at0 Aad frae vl 1S SR thler@df on theTENMbrane 5

and the novabl e nenber 26 are separated from each other and the
liquid 156 is igewelipaseh kagesertchEree termimaab28 sopaedingon menbrane 5
and t he novabl e menber 20 26. This liquid 150 is supplied also from
feed opeiispiachid lardeldt calusels fohiemmolvabllieq siegharattiosi on
pronoting structure intended to be provided on the ful crum si de of
t he novabl e nemembrahendd tohbesdijsiplacied in conflegmiftyuwd thr dimet he free
term nal side of the novable 25 menber 26 is curbed by the presence of
the novable  displasedeshzpe /f Fhecggvieblenhaembeir 26ppsdepepandedyal t ed

because the retraction of the neniscus is decreased. .
- 41 - largely toward the discharge port. The discharge

10 efficiency, therefore, is exalted because the bubbles
40 are largely guided toward the discharge port.

Fig. 7C illustrates the process of extinction of
the bubbles 40 by shrinkage. Owing to the defoaming
pressure, the movable separation membrane § is

15 immediately pulled in the direction of causing
extinction of the bubbles 40 and the movable separation
membrane 5 and the movable member 26 are separated from
each other and the liquid 150 is interposed between the
movable separation membrane 5 and the movable member

20 26. This liquid 150 is supplied also from feed
openings 145 and 146 which form the liquid intrﬁsion
promoting structure intended to be provided on the
fulcrum side of the movable member 26 and the supply of
the liquid from the free terminal side of the movable

25 member 26 is curbed by the presence of the movable
member 26. As a result, the refill property is exalted

because the retraction of the meniscus is decreased.



Fig. 7D illustrates the process in which the novabl e separation
menbrane 5 di spl aced toward the heating el enent side fromthe hone
position is returned . to the home- @¥sition by the defoamnm ng pressure.
The 5 return to the hone position of the novabl e separation

menbrane 5 which has been di spl aced toward the heating el enent side
I nevitably suffers occurrence of a danped oscillation when t he

e e, "5 hone " Bhe e et A Pt S bty et o Prosen
nb I id 150
i ah i nter verRO R ARl (AL REARER Vonora the TG | he.

novabl e membery, %% rggg f 5HE .gggﬁ QoGS n

a 15 resul t, ié%hle?me?{a é;%%ée}n ﬁ g?o% roug t%ate &

Fig. 7E to thed nisd dlomd aéc?s:?tfz.d:ﬂ by 7‘&;&%:@%m1n CFrégélﬁ.Gé ed g, at t he
sane tine, the unstable notion of di scharge due to the spring

osci |l atimpn ofrdtieriosdbiiee home pSEPRicH O tR@rsas e dpdaticyent ed.
The printing 20 of an image of high quality at a high speed, therefore,

can be reali zewbmbrane 5 whichlilteagrssgntdisplnptal t@svaint cthddeeatiowe, can

exal t the effect of curbing the retraction of the neniscus
141, inprovi nekerentefside pgingeitablysufkens ng:qumre!m of gz danpad on of
the novabl e separation nenbrane. (Ex | e 5) Fi gs.

8A to 8E il | unisckllatinnlivhemths ravalike separatlon membrane 5
- 42 - abounds in elasticity. 1In the present example,

10 however, the spring oscillation of the movable
separation membrane 5 éan be damped quickly because the
liguid 150 which intervenes between the movable
separation membrane 5 and the movable member 26 is
enabled to function as a damper or cushion. As a

15 result, the shift of the state of Fig. 7D through that
of Fig. 7E to the initial state of Fig. 7A can be
effected and, at the same time, the unstable motion of
discharge due to the spring oscillation of the movable
separation membrane 5 can be prevented. The printing

20 of an image of high quality at a high speed, therefore,
can be realized.

The present example, as described above, can exalt
the effect of curbing the retraction of the meniscus
141, improving the refill property, and damping the
25 oscillation of the movable separation membrane.
{Example 5)

Figs. BA to 8E illustrate a modification of the



second exanple effected by having a liquid intrusion pronoti ng

structure fornmed on the fulcrumside of the novabl e nmenber 26.

Wth reference to Fig. 8B, when the heatifi§ = 5 elenent 2 incites the
bubbl e generating region 30 to generate the bubbl es 40, the bubbles
expand t he novabl e _ separation nmenbrane 5. The free term nal 28 of

t he novabl e nmenber 26 can be Iargely displaced however ,

because the no 6 her of di sposed on
t he upstrean1s% ghgﬁd EEQE}% gheackld Pﬁr § %ﬁgPeéflﬁ $P548T on the

downstream si dggfoting s+RABEQETRLEHeG! ﬁﬁeltxe piBeufll 8588 de RALL. The

di scharge efficiency 1S exalted because t nova separ a

menbrane 5 i s havashy psmsagedgtoward the 15 di scharge port as
controlled by the shape of di spl acenent of the novabl e nenber 26.

Fig. 8Cillustrateswith pegeeeficel toxriigCt BB) @hen the hbheihgbbl es 40 by
shri nkage. OM ng to the defoam ng pressure, the novabl e separation
menbrane 5 i s el@menti Bnédcatesythal babble Hbaedatinyi seghHbnCcaostag
extinction of the bubbles 40 and the novabl e separation menbrane 5
and the novabl generpte khegbubbiesr4Pedtheohubbles expshdothermawdbibe
liquid is interposed between the movabl e separation nenbrane 5 and
t he novabl e nefiBBgradion mEBbraﬂﬁesﬂenT§€u§r§Q1t?§mﬁDﬁle33|ﬁfbébause t he
greater art ff this |gg|d IS iglled frpn1the free term na
Side of the moUaPRRIALABEPeS6Z6 SRR/ be) Fgei¥ ghgplaced, however,
- 43 - bec&is& gﬂetgééagf nBeSbe Egehggetﬂﬁnfﬁfggu14%7C0ntaCtS
10 thereof disposed on the upstream side and the free
terminal 28 thereof disposed on the downstream side as
approximated closely to the discharge port. The
discharge efficiency is exalted because the movable
separation membrane 5 is largely expanded toward the
15 discharge port as controlled by the shape of
displacement of the movable member 26.
Fig. 8C illustrates the process of extinction of
the bubbles 40 by shrinkage. Owing to the defoaming
pressure, the movable separation membrane 5 is
20 immediately pulled in the direction of causing
extinction of the bubbles 40 and the movable separation
membrane 5 and the movable member 26 are separated from
each other and the liquid is interposed between the
movable separation membrane 5 and the movable member
25 26. The meniscus 141 is pulled in because the greater

part of this liquid is supplied from the free terminal

side of the movable member 26. Particularly in the



the vicinity of the free termnal 28 of the novable menber 26, the
novabl e nmenber 26 divides the neni scus 141 into the upper and the

| ower side, entraps the 5 | i qui d bet W&err t he novabl e separati on
menbrane 5 and t he novabl e nenber 26, and enables the liquid 142 to
persi st therebetween in an i ndependent state. In the case of
this exanple, the retraction of the neniscus 141 S decreased and

the refill propg ved C uid is
effected al so dde dggrtohn% af“@ operﬁaﬁegs é‘x lv%l (ﬁ?q‘ garc?ﬁs[ he

I d ful
s: ggr of ! ?Leu%\%ﬁoé&mkt}g& %6{ {réeo Rl suprs){bd 0%1 thhen] | qur % f lrjo%r'tjhme
free term nal sidihedf 2dle th1e5 modm@lnrenm'é@% 28 viudL RIS SR i e

presence of the movabl e member 26. Fig. 8D illustrates
the process in 11 @htdie&che upperTatid thes Qe isiddEBItRHHD thHespl aced
toward the heating el enent side fromthe hone position is returned

20 t o tthe hdneyiahsiHatwedny thee ndsfakde separetsiore membrane 5 and eturn to
t he hone position of the novabl e separation menbrane 5 which has

been di spl aced tthenanayabile weabery 26, and enahdes dilge Igandid|dZgitees ri se

to a danped oscillation when the novabl e separation nenbrane 5 25 -

abounds in el aPar§iSt therebehween Hins ags dindepengent stateshakes t he

meni scus 141 and render t he subsequ state of di scharge unstable.
In the present exa %e case of‘%hls example, the retraction pf the

the oscillati on %.ré%ru%[ e.\l.%l rJ]. I&%cr{_t)e\é%tgde seopq: er}ill property is
10 improved because the supply of liquid is effected also

from the feed openings 145 and 146 which form the
liquid intrusion promoting structure to be disposed on
the fulcrum side of the movable member 16 and the
supply of the liquid from the free terminal side of the

15 movable member 26 is repressed by the presence of the
movable member 26.

Fig. 8D illustrates the process in which the.
movable separation membrane 5 displaced toward the
heating element side from the home position is returned

20 to the home position by the defoaming pressure. -The
return to the home position of the movable separation
membrane 5 which has been displaced toward the heating
element side possibly gives rise to a damped
oscillation when the movable separation membrane 5

25 abounds in elasticity. At times, this oscillation
shakes the meniscus 141 and renders the subsequent

state of discharge unstable. In the present example,



menbrane 5 is danped with very high efficiency because the liquid

142 interposed between the novabl e separation nenbrane 5 and the

novabl e menber 26 forms a 5 meni scus?4 functi ons as a danper or

cushi on, and precl udes the novabl e separation nmenbrane 5 from

emtting oscillations and other simlar fine notions. In the present

exanpl e, since the free term nal 28 of t he novabl e nmenber 26 is

di sposed directly above the 10 | schar ge r ' t ) . of the

heati ng el erren{:h% osmﬁag%?%s%e?%%@%@g’b'?eﬂggp&é?g%g%en %%ﬁanleo%, t he

liquid L che fuNCE L M o | et Y &S
W& DNs 10 &érgéa@d 451 th £ é'isfcan i o tcﬁé&@

grefat er part (0] t e nova sga ratlpn nme ane . . erga ore,
mani fests a progs Neibusd 68 1MtErpoidd Bdred® the SEVAIOSCI | lation.  As

aresult, the shift of the state of Fig. 8D through that of Fig. 8E
to the initialgeparatiéh dhémiofarke 6 Y | théll hevasld andHieee eB6 GebhEdid Ya and,

at the sanme tine, the unstable notion of discharge due to t he
spring ogil | atemiseis i hfumevidne separddamper &0 custeidnanend can be

precl uded. (Exanpl e 6) Figs. 9A to 9E illustrate a
nmodi fi cati on girediktudes the fmowablxsgparatien tnenbwane\d rfremt i ght

adhesi on preventing structure serving to preclude the novable 25
menber from tigmtteineoepiliatione and Dthes pimblapifine moFORF ane 5

di sposed in the region of contact between t he novab] e nenberf26 and

t he novabl e Ség%rgﬁgcgresent example, since the free terminal 2§

mETbrane 8. Tse SAHSLHE GRS et Yol dhdddd SatfiSoery avoldnEion 25 2

10 discharge port side terminal of the heating element 2
across the movable separation membrane 5, the liquid
142 which functions as a damper or cushion covers the
greater part of the movable separation membrane 5 and,
therefore, manifests a prominent effect in curbing the

15 spring oscillation. As a result, the shift of the
state of Fig. 8D through that of Fig. 8E to the initial
state of Fig. 8A is allowed to proceed guickly and, at
the same time, the unstable motion of discharge due to
the spring oscillation of the movable separation

20 membrane 5 can be precluded.

(Example 6)

Figs. 9A to 9E illustrate a modification of the
first example effected by having a tight adhesion
preventing structure serving to preclude the movable

25 member from tight adhesion with the movable separation
membrane 5 disposed in the region of contact between

the movable member 26 and the movable separation



Wth reference to Fig. 9B, when the heating el ement 2 causes
generation of the bubbles 40 in the 5 bubbl e generating region 30, the
bubbl es 40 expand t he novabl e separdtt i-on nmenbrane 5. Since the
novabl e menber 26 has the ful crum 27 thereof disposed on the
upstream side and free term nal 28.thereof on the downst r eam si de,
the free termnal 28 on being 10 di spl aced | argely causes the novabl e
separation menbrgne 5 to be displaced in conformty with the

di spl aced shap&FPLINE %'vaﬁqré"w QRPSYELRYd Y fulfills ddig t owar d
t he di scharge rt...The discharge . . efficiency,. therefore, is exalted
because thegbub Ty as %gl-‘éﬂ{&q Vs il ol (PJ(?W%M FHE S &rar ge port.

Fig. 9C illustrates g tdnet i t Jbubbl es 40 by
shri nkage. Owi ng tov{% S‘r?%&%%ég ES P dE Ynen the he%qﬁl

Tl .
ef'oam ng pregsur 6, the novabl & separation

menbrane 5 iS element MRl ﬁéﬂéﬂaﬁﬁdrﬁ Jf&Hd 1YL Yo GHHY 20

extinction of the bubbles 40. t this tinme, since a plurality of
convex poignts bhbdi Geitratilng!dledion @0, the bubAMNWO@xdatd wdhesi on
wi th the novabl e separation menbrane 5 are di sposed in the region of
t he novabl e movahilenisapaita tdon agimbignehd .ND\GEce IR mdiviaBl menbr ane 5,
25 the separation of the novabl e separati on nenbrane 26 fromthe
nmovabl e nmenber membegsidby hast dheefudicduth@7 theredfi dilispobed ion ithieer posed
bet ween the novabl e separation - 46 -
_nenbrane 5 and UPFETeSMafidengmde £ree tarmineds 28: thefeof on theurability of

t he novabl e se%ar ation nembrane 5 is
ownstream side, the free terminal 28 on being

10 displaced largely causes the movable separation
membrane 5 to be displaced in conformity with the
displaced shape of the movable member 26 and expanded
largely toward the discharge port. The discharge
efficiency, therefore, is exalted because the bubbles

15 40 are largely guided toward the discharge port.

Fig. 9C illustrates the process of extinction of
the bubbles 40 by shrinkage. Owing to the defoaming
pressure, the movable separation membrane 5 is
immediately pulled in the direction of causing

20 extinction of the bubbles 40. At this time, since a
plurality of convex points 147 forming a structure for
preventing tight adhesion with the movable separation
membrane 5 are disposed in the region of the movable
member 26 contacting the movable separation membrane 5,

25 the separation of the movable separation membrane 26
from the movable member is easily attained and the

liquid 150 is interposed between the movable separation



| nproved becau

se the notion of displacenent produced by t he novabl e
separation nenbrane 5 in consequence of the 5 change in pressure during

the extinction of bubbles is no roﬁéer restrai ned. Fi g.
9D illustrates the process in which the novabl e separati on nenbrane
5 di splaced toward the heati ng el enent side fromthe hone position

is returned 1
return to the
whi ch has been

separation ne
exanpl e,

0 to the honme position by the defoam ng pressure. The

h | G th I ' ' 5
HYPEERRR. T BRGChe ReVRELR fpAERR 2600 o s lRET IR D,
suffers il L) ! i%fg%Ep%ae moyab18S e a8 Vhehnrineavall e

rane oun In elasticity. In the present
imBQ%ﬁ%ﬁrbeEE%s%thﬁgmg%ﬁbh|%E'@Bs@ﬁabgﬁeﬂﬁvﬁbbauced b

separation nmenbrane 5 can be danped qui ckly because the l'i qui
whi ch i nt er venghebaiowedl el Bepaputibn membranecgaiat consegubhaecof ahe t he

novabl e nenber
a Besul
Fig. 9E to the

t he unst abl e npoi dengerdreskzagaed.

26 is 20 enabl ed to function as a danper or cushion
thange dhi presburkedsrdng theFegtigbtibnoodhbubbiies is
initial state of Fig. 9A can be effected. Furthe

150

of
r,

As

can be precluded by repressing the

spring oscillation 25 of the novabl e separation nenbrane. The printing -

of an [
be realized.
(Exanple 7)

10

15

20

25

mage &ighi R dddmustyakesa thegRropess, iphwhdrhr dhecan
movable sepagatighpPETHERRe: 81 HAPRRGEd] SoMETd F8 1 cat
heating element side from the home position is returned
to the home position by the defoaming pressure. The
return to the home position of the movable separation
membrane 5 which has been displaced toward the heating
element side inevitably suffers occurrence of a damped
oscillation when the movable separation membrane 5
abounds in elasticity. 1In the present example,
however, the spring oscillation of the movable
separation membrane 5 can be damped quickly because the
liquid 150 which intervenes between the movable
separation membrane 5 and the movable member 26 is
enabled to function as a damper or cushion. As a
result, the shift of the state of Fig. 9D through that
of Fig. 9E to the initial state of Fig. %A can be
effected. Further, the unstable motion of discharge
can be precluded by repressing the spring oscillation
of the movable separation membrane. The printing of an
image of high quality at a high speed, therefore, can

be realized.

i on



of the sixth exanple effected by having a plurality of l'iquid inflow
grooves 148 disposed as a tight adhesion 5 preventing structure on the

novabl e separati on nmenbr.ane si de-o87t ke novabl e nmenber 26. The
plurality of liquid i nfl ow grooves 148 are forned as extended i nward
from the | eading end and the | ateral ends of the novable

menber 26. OmMng to the structure of this sort, the 10 novabl e
separation nmenbrane 5 is easily separated from t he novabl e nenber 26
and the liquid 150 (E*PRPRpded bet ween t he novabl e separation
menbrane 5 and the noyabl.e nenber .26,  The_ qt her aspects of .the
structure anahﬁpéﬁéwpgﬁ gﬁglgFﬁﬁléP F&grhégelﬁfatﬂgsé%%Fﬁtlfg

exarpl e, they el LpBe QUbh! edobiol LigebRbtoM Maving o BE8EALRLLOR, TO the

heati ng el enent’ "2 as an resi stor oppose t he

movabl e nmenber ‘d i NE, abagea; eakr kCtSHhteBEnbsiskPP! i ed
from a %% PﬁS éﬂflggobEBB@@s Q%Eedf%gﬁfghd?schafgg heaghgfl?ﬁe

present exanpl Breventifgs striibtneeBhCithesmebhBibi ¥epukatibhemeRvaahe
separation nmenbrane 5 has a soft surface and the ribs and the

enbossed cont ogigeObft khemvebbtenmehiber2@6ar eThe plugalpitet elfylhgutidad in

t he novabl e separation nenbrane 5. 25 (Exanpl e 8) The
exanpl e depi ct ddfilowFggeovesAlus8 arE ffazmefleas extendedblinwardb&rom6
retained in atilted state in the - 48
- fi the Leedipgt Bnd andi kbeelatpred endmrofighhg mpvehle have
t he novabl e nmenber 26 | argely displaced in consequence of the
expansi on of tmemkB¥aBbe sEWaRgt tenthe structure of this sort, the

10 movable separation membrane 5 is easily separated from
the movable member 26 and the liquid 150 is interposed
between the movable separation membrane 5 and the
movable member 26. The other aspects of the structure
and operation are similar to those of the sixth

15 example, they will be omitted from the following
description. To the heating element 2 as an electric
resistor which is opposed to the movable member 26
mentioned above, the electric current is supplied from
a wiring 34.

20 The liquid discharge head of the present example
has a shape which is effective when the movable.
separation membrane 5 has a soft surface and the ribs
and thé embossed contours of the movable member 26 are
completely buried in the movable separation membrane 5.

25 { Example 8)

The example depicted in Figs. 11A to 11E has the

movable member 26 retained in a tilted state in the



menbr ane 5. 5 Wth reference to Fig. |11B, when the heating

el ement 2 incites the bubble generating region 30 to generate the
bubbl es 40, the bubbles 40 expand the - 48 = novabl e separation nenbrane 5.
Since the free term nal 28 of the novable nenber 26 is retained as
tilted from 10 the fulcrum227 into the first flow path 3, the novabl e
separation nenbrane 5 is displaced so as to conformto the inclined
shape of the npyvabl e

b 2 . I |y, t dth
ohePe: o 1 TEA Sl 5he % W e, xRS SRR 7 LRG0
because t he b%¥§h%%ovg§lgrﬁ€é@%g ﬂg%tﬂ@ﬁé&f J|g{scharge port.

Fig.-11Cillu he” process of extinctl f t he bubbl es 40 by
shrinkage. OwioohdQyidifedeiOaHd Lxpans o' & SHHE md b 180 Gl frSE031 at | on
menbrane 5 is I rmedi ately pulled in the direction of causing 20
extinction of pdpiutdlss 40, the novabl e separation menbrane 5 and

t he novabl e nenber 26 are separated from each other, and the liquid
IS intermsed betwakith heeference nmy ailge. Sk athean thenihtesteidy and t he
novabl e menber 26. Wiile the greater part of this liquid is supplied
25 f rom t helemant & ningiltes ddefbublidergangratimaredi®n 30 to the
supply of liquidis also effected fromthe feed openi ngs 145 and 146.
whi ch are di sfgenarake tthe fhykblas 40, the bubbles 40 expand the - 49

- side of the novable nenber 26. As a result, the .
durability of MOVERS ARRATAFONLMGPEAID e Sinae the fregpfiermidddecause

t he novabl e s rati Qn nenbrane 5
‘5515¥ éhe movaéie member 26 is retained as tilted from

10 the fulcrum 27 into the first flow path 3, the movable
separation membrane 5 is displaced so as to conform to
the inclined shape of the movable member 26 and
expanded largely toward the outlet port. As a result,
the discharge efficiency is exalted because the bubbles

15 40 are largely guided toward the discharge port.

Fig. 11C illustrates the process of extinction of
the bubbles 40 by shrinkage. Owing to the defoaming
pressure, the movable separation membrane 5 is
immediately pulled in the direction of causing

20 extinction of the bubbles 40, the movable separation
membrane 5 and the movable member 26 are separated from
each other, and the liguid is interposed between the
movable separation membrane 5 and the movable member
26. While the greater part of this liquid is supplied

25 from the free terminal side of the movable member 26,
éhe supply of liquid is also effected from the feed

openings 145 and 146 which are disposed on the fulcrum



ceases to curb the notion of displacenent in 5 consequence of the
change of pressure during the . extinction of the bubbles.

Wth reference to Fig. |1D, the return to4®he hone position of the
novabl e separati on nenbrane 5 which has been di spl aced toward the
heating el enent inevitable 10 gives rise to a danped oscillation.
According to this I nvention, however, the spring oscillation of the

bl I b ekl h
F}“éf}gdeﬁESp%?%hagnf@%??é%@oﬁsﬁ%ﬁew%wﬁ%p 8. O O BPEuLEpa B, on merr ane
5 ' | .

Cushion, - hs qlubeBTTIEY 6F chi, novkb1E"BRbARat Ik RERp ARG TR L O

t hat of ; pPovbdFrbBalile thb! halabliat SephrEtdonlhémbaAnkes
effected pronptly. Further, the unstable notion of di scharge can be

precluded by repagesi 86 EliebSphenflot2Bn ofodikblatemanefl ihhe novabl e
separation nenbrane. The printing of an inmage of high quality at a
hi gh spees, consetihenetoo€, thanchangeabfzpessure during theanpl e 9)

The exanpl e depicted in Figs. 12A to 12D concerns 25 a side-shooter
type liquid di esttdangtibsadfh&henjubbles. di scharge port at a position

opposite the heating el emrent, whereas exanples 1 to 8 descri bed
above With reference to Fig. 11D, the_return to thgnhepg

i quid di scharge heads having a discharge port at a_positjon
domnstrean1froﬁPFhEiﬁBannﬁhgl@ﬂﬂﬁ?@e separation RgHPrepg gpwhichohast

di scharge prodgggg QXSLEgged toward the heating element inevitable
10 gives rise to a damped oscillation. According to this
invention, however, the spring oscillation of the
movable separation membrane 5 can be damped guickly
because the liquid 150 which intervenes between the
movable separation mémbrane 5 and the movable member 26
15 is enabled to function as a damper or cushion. As a
result, the shift of the state of Fig. 11D through that
of Fig. 11E to the initial state of Fig. 11A can be
effected promptly. Further, the unstable motion of
discharge can be precluded by repressing the spring
20 oscillation of the movable separation membrane. The
printing of an image of high quality at a high speed,
therefore, can be realized.
(Example 9)
The example depicted in Figs. 12A to 12D concerns
25 a side-shooter type liquid discharge head having a
discharge port at a position opposite the heating

element, whereas examples 1 to 8 described above



head will be described below as contrasted to the 5 operation of the
head of the first exanple. The present |iquid discharge head
illustrated in Fig. 12A has a stru®Oure such that the bubble
generating region 30 near the heating element 2 of the second fl ow
path 4 generates the bubbles 40 when the 10 heati ng el enent 2 di sposed
on the device substrate 1 heats the liquid held inside the bubble

generati ng re n 30, causes &T ra,ne to boil

This region i s ¥ %h%l ’gfia%gﬁﬂ??tr&? at‘ig a"l:g amﬁﬁ:fcﬂr?}%?@pmt ;i ?E
menbrane 5 fro e I Qmuni,cat es w e

di schar ge portrgittl% FIf#l%lgn %‘,}}?%J‘e urfé: nev ?'1 a%ﬁé‘% t?elet"} (ﬂﬁ'd of the

first flow PRdy,3 tre Hdeda 1 Sﬂnt Iyt r&.édh%'iig% %Trotdrﬁ%e%e%gnq:hg.l g\rllvd 4

path 4. The liquids of the first and thé sécon

may be the samheid diififleRNGesdon®d Be1 a@conﬁﬂagﬁ&ar &%Sech%f use.
In the present exanple, the two novabl e nenbers 26 are separated

symretricél |y aperstidne oferibel hadds off the firsithesdimpllear ge port 11

t hrough the medi um of the novabl e separation menmbrane 5 and are
di sposed opposite tThe Presemibiligqujdndisthagrgechead 30 1usitiratielde ity ee
termnals 28 t hereof directed toward the di scharge port.

Wth referenceFig .FilgA hag awsémuciarieesuchgthat the bubble

- 51 - el enment 2 incites the bubble generating region 30 to
generate the bABPEEating rRgipnLACeseay &heaheating elemengpabife the

: e the two novabl e
separati on nenbg%ggdelgbn%ath % generates the bubbles 40 when the

10 heating element 2 disposed on the device substrate 1
heats the liquid held inside the bubble generating
region 30 and causes the membrane to boil

This region is substantially separated by the
movable separation membrane 5 from the first flow path

15 3 which communicates with the discharge port 11. This
structure never allows the liquid of the first flow
path 3 to mingle with the liquid of the second flow
path 4. The liquids of the first and the second flow
path 3 and 4 may be the same or different, depending on

20 the purpose of use.

In the present example, the two movable members 26
are separated symmetrically across the center axis of
the discharge port 11 through the medium of the movable
separation membrane 5 and are disposed opposite the

25 bubble generating region 30, with the free terminals 28
thereof directed toward the discharge port.

With reference to Fig. 12B, when the heating



menbers 26 have their fulcruns 27 di sposed on the 5 upstream si de and
their free termnals 28 on the downstream side, the two free
termnals 28 are largely di spl aced 5dn& t he novabl e separation
menbrane 5 is al so di spl aced so as to conformto the displaced
shapes of t he novabl e nenbers 26 and expanded | argely toward the 10
di scharge port. As a result, the discharge efficiency Is exal ted

because the bubhl es 40 are | ely g (aiﬁ tqward the dbﬁgharge port.

Fig. 12Cill ust t?glﬂcd%é %‘e Z&% igshegrating o %s 40 by

monbrang 5 i s benskad f%@b’l%ﬁul 50 5 B 0 SRR g "

extinction of the huhpl ddro bl e
S Pt o SRR it 't o noddRE

menbers 26 and the et'ween nmovab

separation rren‘ﬂrem%r% 3 Hah Rapeab eful%f}umsn@r’ﬁo%s%@sedT% g scus 141 is
| argely dragged in because the greater part of this liquid is
supplied 5 uplstaisan &ildec anidetiieial friede Teinina@ sT28alne vhber s 26.
Fig. 12D illustrates the process in which the novabl e separation
menbrane 5 di sglosnedtrieamwaisd dehe thab twohExielen esrimdmalis 2i8darler Aariged yhone
position is returned to the honme position by the defoam ng pressure.
The r et uddspdaced iapde thes moveblel separabisp sepbpanst Sod.s also

- 52 - menbrane 5 which has been displaced_toward the heating
_elenent side i FAFPLASRY $6f BS FoocORLPEACc&oothe dispdaced shapesciofi ation-
when the nnvabl% se%%%%&gp%eg%gggazs gnd expandgduggigggyekgagggﬁ% e 'n the

pr esent exanpl
10 discharge port. As a result, the discharge efficiency

is exalted because the bubbles 40 are largely guided
toward the discharge port.
Fig. 12C illustrates the process of extinction of
the bubbles 40 by shrinkage. Owing to the defoaming
15 pressure, the movable separation membrane 5 is
immediately pulled in the direction of causing
extinction of the bubbles 40 and separated from the two
movable members 26 and the liquid is interposed between
the movable separation membrane 5 and the movable
20 member 26. The meniscus 141 is largely dragged in
because the greater part of this liquid is supplied
from the free terminal sides of the movable members 26.
Fig. 12D illustrates the process in which the
movable separation membrane 5 displaced toward the
25 heating element side from the home position is returned
to the home position by the defoaming pressure. The

return to the home position of the movable separation



5 however, the spring oscillation of the novable separation
menbrane 5 can be danped qui ckly because the liquid 150 which

i nt ervenes between the novabl e sepakati on nenbrane 5 and the novabl e
menber 26 is enabl ed to function as a danper or cushion. As a 10
result, the shift of the state of Fig. 12D t hrough that of Fig. 12E
to the initial state of Fig. 12A can be effected pronptly. Further,

| | at, f
the movanlc  menSeds. 5. phdpbatr BREn A Bdogrd. Kohead the berd 'ng of
I her ef
oalized o otendnd el ikyTiaBy, B52REE" ag%e%%éeﬁézssvs AeaRBealt
the ef fect of bERGEISLIGAL Qﬁeﬁettfxackbggb?% t8Baration HERLIGHS seNhancing

the refill property, Cl vabl e
separation nen@badfds in elastlclkgc'd?ﬂt%hbypg%ggn%téﬂﬁhﬂigs described in

t he second t hrough ei ghth exanpl es can 't kew se™appl i ed to
the presest exnoWk®er, the springlBgecsilueivheoef thBemBy8p28t exanple, as
described 25 above can effect discharge of a discharging liquid by

using two di f f separatiqni temboanths dancber gamgeli quidkly becaasé %hbubb|e
generating liquid and all owi ng the

53 - 1hguiduilBOawhithgihtenvehesbbbbiveegetbeanowgbdé t he

bubbl e generating liquid to act on_the novable separati on menbrane
5. Thus, even S@EArathpghmembrane S5Syandothe| mquablasmewbert B§| dse gl ycol

I ch has not
whi enabled to function as a damper or cushion. As a

10 result, the shift of the state of Fig. 12D through that
of Fig. 12E to the initial state of Fig. 12A can be
effected promptly. Further, the unstable motion of
discharge due to the spring oscillation of the movable
separation membrane can be precluded. The printing of

15 an image of high quality at a high speed, therefore,
can be realized.

The present example, as described above, can exalt
the effect of repressing the retraction of the
meniscus, enhancing the refill property, and damping

20 the oscillation of the movable separation membrane.

Incidentally, the structures described in fhe
second through eighth examples can be likewise applied
to the present example.

The structure of the present example, as described

25 above, can effect discharge of a discharging liquid by
using two different liquids for the discharging liquid

and a bubble generating liquid and allowing the



5 been sufficiently foanmed and has failed to produce a sufficient
di scharging force in spite of exposure to heat can be di scharged
satisfactorily by feeding this H®Ftto the first flow path 3 and
feeding a liquid capabl e of satisfactorily bubble generating the
bubble 10 generating liquid (a 4 : 6 mxture of ethanol : water,

about 1 - 2 cp) to the second flow path 4. Wien a liquid

i ncapabl e of producu%g a_depos t.he formaf, scor on the

it in
surface of thé arising Eé%rﬁh%*%&eélﬁrfw 9 ected as
the bubble 1 enerating liguid. it b e eratli can be
stabilized ang”{tﬁ’gl%i%eé}?aﬁ%e"ncgdﬁlb%uﬁ%%%cﬂ é’d’g%‘e o sa llesf actorily.
Further, the f °4§§1 of | I et YKhIGAN cause
di schar ge of Zéelr%%gf%r? “h‘%ﬁf Ods' vllltﬁsucéo'sig’[‘g/envmstdﬁhh%h it sc%ﬁar ge
efficiency undglfscbdl AMiquid as PSAGAENIHA dHeE FIY DI /IAWIE Hds hiddgs about
such effects as é%scribegiin tﬁgﬂhndegﬁ%g enbodi nent descri bed
above. 5 been dufAidierdls e ahd iHHE Eadliedh s prddivteald e 25
to heat, this thermally vulnerable liquid is enabled to be
di schar ged wi tduffighi etits chissddmrafifriqifmme undapiltieglof exposuties citar ge
pressure as descri bed above w t hout -
54 - healk arhiby dischenrged sehimfadhorfidadiby feeding dliid as
a discharging liquid to the first flow path 3 and . feeding to the
second flow pigudds kh the ifixst £Law path 3 apd feeding @ dJd@ps ed

t her nal | and is allowed to foam 5 satisfactoril
y capable of satisfactorily bégble generaeéng the bubble

10 generating liquid (a 4 : 6 mixture of ethanol : water,
about 1 - 2 ¢p) to the second flow path 4.

When a liquid incapable of producing a deposit in
the form of scorch on the surface of the heating
element on exposure to heat is selected as the bubble

15 generating liguid, the bubble generating can be
stabilized and the discharge can be implemented
satisfactorily.

Further, the structure of the head of this
invention can cause discharge of a liguid of high

20 viscosity with ﬁigh discharge efficiency under a high
discharge pressure because it brings about such.effects
as described in the modes of embodiment described
above.

Even in the case of a liquid which is wvulnerable

25 to heat, this thermally wvulnerable liquid is enabled to
be discharged with high discharge efficiency under high

discharge pressure as described above without



Now, the structure of the device substrate 1 which is provided with

the heating elenent for applying heat to the liquid will be

descri bed bel ow. Figs. 13A and43B are |ongitudinal sections

10 illustrating one exanple of the structure of the liquid

di scharge head of this invention; Fig. 13A a diagram depicting a
head furnished with a protective nenbrane which wll be specifically
descri bed herein beI w an 13B a di m de |ct|ng a head not
furni shed w 1 h SUEUIBLAS o ﬂtwatla qmqeaﬁ%f freding Jhiq VG R%ne,

As illustrated n deV|c bstyate 1, the
second fl ow patdnrhlf'é(gﬁae q%ﬁ\gdall gq sep:frzﬁ | orfﬁr?e rzf e's#’ dl;tl ned to

path 3. and  pgoeaiy b the Mcon E%fuﬁ’ﬁ%“’ﬁéﬂ% MR 4L ned 1o

function as thedd reﬁs:flf‘ﬁéb‘éd%x%tﬂda ﬁ?fé?:‘fdéi@.qr and is allowédq ddeedlqyi ce

substrate 1, a silicon oxide filmor licon nitride film 110e
ai m ng tosof f ersdtidfatitcyily. and storage of heat is formed on a base
body 110f of 25 silicon, for exanple, and an electric resistance |ayer

110d, 0.01 to 0.2 piNaw) tdheclatessstudfe loeff ihemdesriicde substrateHiBperidh ,

tantalumnitride (TaN), or tantal um al um num

- 55 - is EroMided oﬂt&m deatingnddementt don appdatiingy hadadnent
and two wiring el ectrodes 110c,. 0.2 to 1.0 pmin t hi ckness, of

al um num for &farfbee, Jﬁuédsﬂﬁétlpé’%d‘escribedt bele¥n by patterning. The

el ectric resistance ,a 5 0d is incited to emt heat by applying a
vol tage from 13A and 13B are longitudinal sections

10 illustrating one example of the structure of the liquid
discharge head of this invention; Fig. 13A a diagram
depicting a head furnished with a protective membrane
which will be specifically described herein below and
Fig. 13B a diagram depicting a head not furnished with

15 an anti-cavitation layer as a protective membrane.

As illustrated in Figs. 13A and 13B, on the device
substrate 1, the second flow path 4, the movable
separation membrane 5 destined to serve as a separation
wall, the movable member 26, the first flow path 3, and

20 a grooved member 50 furnished with a groove destined to
function as the first flow path 3 are provided.

In the device substrate 1, a silicon oxide film or
silicon nitride film 110e aiming to offer insulation
and storage of heat is formed on a base body 110f of

25 silicon, for example, and an electric resistance layer
1104, 0.01 to 0.2 pm in thickness, of hafnium boride

(HfB,), tantalum nitride (TaN), or tantalum aluminum



the two wiring electrode 110c to the electric resi stance |ayer 110d
t hereby causing supply of an electric current to the electric

resi stance | ayer 110d. On the el ectd8 ¢ resi stance | ayer 110d

i ntervening 10 between the wiring el ectrodes 110c, a protective |ayer
110b, 0.1 to 0.2 pmin thickness, of silicon oxide or silicon
nitride, for exanple, is formed and an anti - cavitation | ayer 110a,

Cumer poseq | et £ R eltmmtes gt 43 A &%@@q Rismentoq
from various tv]rd %ﬂrfd;céleaétfc{%s 11qc 0 use tb %npt"it allic

mat eri al astaﬁ alum(Ta

anti-cavitationyayeledslOhe a1umiRiEAUSH té}ga ck wave
which arise 20 N duerl ng thea bulnﬁh and extl ngﬁon ofIFebube es are very

strong and ser iyhédaor g FRddiaitiy.abithd 1ot it Fesistancdddydd t] e

oxide film Optionally, the discharge head may be fornmed in
such a stmuct unady isuiitradilted awidgnity Hdatitys agplsng?% voliiide |fyemit s,
and resistance materials as obviates the anti-cavitation layer as a
protective | ayegthe @wo wiring edagirods Itific txt ridet wledtsiid | ustrated in
Flg 13B. - 56 - An
i ridi umtantal Fiesdishanaenlavesy 114Qs "é)@;iﬁhYe causing swppliye off 8d as a
material for the electric resistance | ayer which has no use for a
protective | ay&lectric c‘*\%eﬂ‘bl]:l%rqhs? efltﬁc‘ilﬂé’ Ioed stanaq davieFedtliOsh, the
>  absence of, the PreGilve 1l £l 2Y 9%yt 19 0P M ervening

10 between the wiring electrodes 110c, a protective layer

110b, 0.1 to 0.2 pm in thickness, of silicon oxide or
silicon nitride, for example, is formed and an anti-
cavitation layer 110a, 0.1 to 0.6 pm in thickness, of
tantalum, for example, is further superposed thereon to

15 protect the electric resistance layer 110d from various
liquid such as ink.

Such a metallic material as tantalum (Ta), for
example, is used for the anti-cavitation layer 110a
because the pressure and the shock wave which arise

20 during the birth and extinction of bubbles are very
strong and seriously degrade the durability of figid
and brittle oxide film.

Optionally, the discharge head may be formed in
such a structure by suitably combining liquids, flow

25 path layouts, and resistance materials as obviates the
anti-cavitation layer as a protective layer. One

example of this structure is illustrated in Fig. 13B.



advant ageous because the bubble generating liquid is rendered fit

for bubbl e generating by being separated fromthe discharging

| i quid. The structure of the B@&ating elenent 2 in the node 10
of the enbodi nent described above is only required to have t he

el ectric resistance layer 110d (heating el enent) interposed between
the wiring electrodes 110c. It may otherw se incorporate therein the
protective | ayer 110b for protecting the electric resistance |ayer
15  110d. An 1%@1%9‘5%%1@%5&%@%\4%@b%é%o-*aepfereﬁxagpéaopti ng

for the heating el 2.a heating elerent formed of a. - . resist
| ayer which | SHRRRAE| G15PacAF: b ELRELEL ROT €he o1 SehBis creet ahERFSct I ¢
ignal. This i tion,d 20 d ipig t ti | t 2
Colthis o THIR RiER Bes o nefitetof P et TRrPE e apabl e

f Suci ng | . o o Choh

nechssary for PREEFCUVARLE, OPOE! Bt ek Wk RS Mpvent ol BME] ot he
heating efemenipssHEE 8f €Re probBOLLIiVE’ I8y ef OPMEVES Mo dBY | B8LREreN ts heat

on receiving the light |like a |aser beamor a heating devi ce
furni shed w t hagvghtagbeasi beca&hssethe abubblé Sgenerating liquid is

- 57 - heat on receiving a high frequency nmay be adopted, for
exanpl e. renderedefiticfot heukbblet gehdratihg coyvieetngnsepanaheéd

whi ch is conposed of the electric resistance |ayer 110d 5 formng a

heati ng el enenframdthéedischapgthgctigded. 110c
The structure of the heating element 2 in the mode
10 of the embcdiment described above is only required to
have the electric resistance layer 110d (heating
element) interposed between the wiring electrodes 110c.
It may otherwise incorporate therein the protective
layer 110b for protecting the electric resistance layer
15 110d.
The present example has been depicted as adopting
for the heating element 2 a heating element formed of a
resistance layer which is capable of emitting heat in
response to an electric signal. This invention does
20 not need to limit the heating element 2 to this
particular structure but only requires it to be capable
of producing in the bubble generating liquid such
bubbles as are necessary for causing discharge of the
discharging liquid. As the heating element, such a
25 photothermal converting device as emits heat on
receiving the light like a laser beam or a heating

device furnished with such a heating element as emits



for supplying an electric signal to the electric resi stance | ayer
110d, the el enent substrate 1 menti oned above is allowed to have
such functi onal el ements as transi®Tofs, diodes, |atches, and shift
10 regi sters which are used for selectively driving the
el ectrot hermal conversion elenments-.integrally I ncorporated therein
during the process of sem conduct or producti on. For the
purpose of discharging the liquid by 15 driving the heating_el enent
provi ded in t heedk\PRereceiving ashigh cfHeqUEeRER JiaY ke AfRRted hetor
resi stance | ayer 110d interposed between the wiring electrodes is
incited to geﬁ%?%ﬁ%lﬂeat pronmptly by applying a rectangul ar pulse to
the electric resistance.layer 1 2 | L L de 110c.
ge%:né%?sé t':é:l'lxqeg %‘.ﬁ ctrcig)'!t:léegzéﬁféf‘ é&?v&é %? n%egn?%ﬂg

Fig. 14 is a diagram e Vo Wave e applied to

the heating el gt Psifohpbsed of £10& %Péz%éfié'%éi%&ﬁééiﬂi%?ﬁi@der

illustrated in Figs.” 13A and 13B. n the hea

contenpl a4 ed bioiens XA NeLLIES CEidfiéht and tROWEridd el @tidde el co@Nt i
set driving by the application thereto of an electric signal at 6

kHz for supplying an electric sigidl -to the electiitler the
conditions of 24 V of voltage, 7 psec of pul se wi dth, and 150 mA of .
el ectric curragsisdandce layer 110dhsethensbenént heulsperate oh perforned as
descri bed above, an ink as a liquid wi shed to be discharged is 5

di schar ged t hreegjtioned crbeverb® ablevwed Tk haweli suensfunctiondbr the drive

signal in this invention do not need to
elements as transistors, diodes, latches, and shift

10 registers which are used for selectively driving the
electrothermal conversion elements integrally
incorporated therein during the process of
semiconductor production.

For the purpose of discharging the liquid by

15 driving the heating element provided in the device
substrate 1 as described above, the resistance layer
1104 interposed between the wiring electrodes is
incited to generate heat promptly by applying a
rectangular pulse to the electric resistance layer 1104

20 via the wiring electrode 110c.

Fig. 14 is a diagram depicting the voltage
waveform to be applied to the heating element 2 in the
form of an electric resistance layer illustrated in
Figs. 13A and 13B.

25 In the head contemplated by the example described
above, the heating element is set driving by the

application thereto of an electric signal at 6 kHz



be limted to those nenti oned above. The drive signal s only
required to be capabl e of causing the bubble generating liquid to
foam perfectly. 10 An exanpl e ofS8 he structure of a liquid

di schar ge head whi ch possesses two comon |iquid chanbers, allows

I ntroduction of different liquids as perfectly separated to the
common |iquid chanbers, permts a reduction in cost, and prom ses a

cut in the nunbe onen be des rlbed bel ow.

Fig. 15is a NBH%? dF%@r%ﬂ??*FiEk?é?%ﬁ%g-% °¥MV°1ta%§a | RS¥F The structure
of the liquid dischar head r t ve In this

di agram ﬂlke urse Wg& éﬁ? a?t %W%il %9 £ﬁ€§é§% %ﬁ?through 13A

d 20 13 d
Component par 1250 W’E?‘?@%E‘E%mf ?S%éf%ﬁf&?éﬁow 80 Sas d3fibed
description. apove, an iJl@eagréoﬂf&'u{@'Wféhé& t8) sdeal ddhipdd sgpar ge head

illustrated in Fig. 15 is roughly conposed of an orifice plate 51, a
pluralitysof giDsvesrgesttimesudl® the d:LSéMfQélspdﬂﬂﬂy fHes tcodhdit Pads 3,

and a depressed part destined to forma first conmon |iquid chamber
48 for the drive signal in thisSbhvention do natlaped to

comuni cate sinultaneously wth the plurality of first flow paths 3 .
and supply a |beguiimited to (theseanentipned|iakbve o tThgedeivstSigrml pat hs

3. The plurality of first flow paths 3 are forned by

joining the nﬂ%tﬂ’éﬂée’ﬂ%ﬂ%ﬁ% ke m@k% ehecawwidrg the bubbpip part of

t he grooved nenber 50, The, grooved nenbe
generating liquid to foam perfectly.

10 An example of the structure of a liquid discharge
head which possesses two common liquid chambers, allows
introduction of different liquids as perfectly
separated to the common liquid chambers, permits a
reduction in cost, and promises a cut in the number of

15 component parts will be described below.

Fig. 15 is a model diagram illustrating one
example of the structure of the liquid discharge head
according to this invention. In this diagram, like
component parts shown in Figs. 1A to 1E through 13A and

20 13B are denoted by like reference numerals. These
component parts will be omitted from the following
detailed description.

The grooved member 50 in the liquid discharge head
illustrated in Fig. 15 is roughly composed of an

25 orifice plate 51, a plurality of grooves destined to
form as many first flow paths 3, and a depressed part

destined to form a first common liquid chamber 48



50 is provided with the first liquid feeding path 20 extendi ng from

t he upper part of the grooved nenber 50 into the first common liquid
chanber 48 and also with 10 t he secend®9d i-qui d feeding path 21 extendi ng
fromthe upper part of the grooved nenber 50 through the novabl e
separation nmenbrane 5 into a second common |iquid chanber 49.

On the novabl e separati on nenbrane 5, the novable 15 menber 26hish f
di sposed as opposed to the bubble en ratlng r |on 30 with the free
terglnal 28 tﬁ%ﬂﬂﬂted to Cqﬂﬂqfﬁq?qﬁu§%ﬂ¢i§§ arge port. The

I:Ilrggharge port ‘}ri%llflr é’nH}ﬁeﬁ% biﬁi m%sa%e%?@ftlon %Z%n tlgi’é?( hng
i.s fed, as
ngmnﬁnLth he arrov?crrrle?ﬁ?-‘r%a 1'1'3%3&)13% hQa%? %31 o"} %%t@s 3 path 3

through the first |igga ¢ifigedii Qﬁtl‘f%@@tﬁ&m th ard o l'i quid
chanber 48 and the second Ilqu?%' T (bubble%g%néiatlng I|qU|g; #s fed,

as shown By thgoining aﬁrfeowmm&éé@a@a&iowmemﬂam $eaNdHd Quweat h 4
t hrough the second liquid feeding path 21 and the

- 60 - sidecpart odmhe lgrgoved member 49. The grooved hebRr
present exanple, the second |liquid feeding path 21 is di sposed
parallelly to e ifs psoviided srith the ffdeditng igmtid Feedinigs pathe @0 on does
not need to limt 5 the disposition of the second |iquid feeding path

21 to t exdepsdinge firem theouppert paayt adopheagyoavied: memper 50

into the first common liquid chamber 48 and also with
10 the second liquid feeding path 21 extending from the
ﬁpper part of the grooved member 50 through the movable
separation membrane 5 into a second common liquid
chamber 49.
On the movable separation membrane 5, the movable
15 member 26 is disposed as opposed to the bubble
generating region 30 with the free terminal 28 thereof
laid in the direction of the discharge port. The free
terminal of the movable member is positioned on the
discharge port side from the center of the area of the
20 heating element 2.

The first liquid (discharging liquid) is fed, as
shown by the arrow mark C in Fig. 15, to the first flow
path 3 through the first liquid feeding path 20 and the
first common liguid chamber 48 and the second iiquid

25 (bubble generating liquid) is fed, as shown by the
arrow mark D in Fig. 15, to the second flow path 4

through the second liquid feeding path 21 and the



| ayout in which the second liquid feeding path 21 penetrates the

novabl e separati on nenbrane 5 di sposed outside the first conmon

| i quid chanmber 48 and 10 conmmuni cates_ w4 h the second common |iquid
chanber 49. The thickness (dianeter) of the second liquid
feeding path 21 is decided in consideration of the amount of the
second liquid to be supplied and the shape of the second liquid
feeding path 21 does not 15 need to have a circular cross section but
nmay be in a secon® (EEHifbh Al 1 G LS Scifdfidd® 9 Nst ead. The
second common |iquid chanber 49 may be forned by partitioning the

grooved nenber 50 wilrmh the prasdhe example seflss atecondreliyiie feediSng
respects the nethod for 20 effecting this formation, the second common
liquid @attbe?l 40 atibpdsed quorall 1e iy ded egh nlpst hliqwiad be
formed by formng a comon |iquid chanber frame and a second fl ow
path wal | with £8#84ing eakh (3 s Msis ginvention doemdgfasiged) €@ kimit
substrate 1 the union of the grooved 25 menber 50 serving to fix the

nmovabl e sébar at'iih d1SPosiEAR Hfe theyReGINd olAbiE fesding Rthedbrte 5.

Fig. 16 i | oded py tj i :
e S R iR Al B 1N ROGRY RAKAFRICRIRY | i qui d

di scharge head [ S .1 nvent.i . .Jhe. present I ment
et gt A Yhe pogong ey TR o

contenpl ates pr evic plurality

of 2 elect il Rled AHE i Viib 1Al B 1U: Wb ' aisposed'®at! N0 .

el ement 2 for generating the heat req
outside the first common liquid chamber 48 and

10 communicates with the second common liquid chamber 49.

The thickness (diameter) of the second liquid
feeding path 21 is decided in consideration of the
amount of the second liquid to be supplied and the
shape of the second liquid feeding path 21 does not

15 need to have a circular cross section but -may be in a
rectangular cross section instead.

The second common liquid chamber 49 may be formed
by partitioning the grooved member 50 with the movable
separation membrane 5. As respects the method for

20 effecting this formation, the second common liquid
chamber 49 and the second liquid feeding path 4 may be
formed by forming a common liquid chamber frame and a
second flow path wall with dry film on the substrate 1
and pasting to the substrate 1 the union of the grooved

25 member 50 serving to fix the movable separation
membrane 5 and the movable separation membrane 5.

Fig. 16 is an exploded perspective view



inciting the bubble generating liquid to produce bubbl es by nmenbrane

boi li ng and super posed as descri bed . above on a supporting nmenber 70
fornmed of such a netal 10 as alum'num6 On the device
substrate 1, a plurality of grooves = ®hestined to formthe second flow
pat hs 4 defined by second flow path walls, a depressed part destined
to formthe second comon |iquid chanber (conmon bubble 15
generating liquid chanber) 49 comrunicating with the plurality of
second flow patim&s'@i@tiﬁ%déﬁw dXEPLO YL the str@@h@Fatdfdthd igui® the
second flow paths 4, and the novabl e separation nmenbrane 5 Turnished
with the diEviedrt e RedE oL btipst irest ehove are provided. 20

The grooved nenber 50 is provided with grooves destined to formthe
first flow path (di sthmrpresent embodimpnt dormvemplades pmovniading jthaed to
t he novabl e separation nmenbrane 5, a depressed part destined to
formthe first deviem subsfxptdshiwhichdm®re pburalidfycdfrging |iquid
chanber) 48 conmunicating with the di scharge liquid flow paths and

feedi ng the di KIRFErEhermal convrrgion elrmentsiintendediias thethe first
l'i quid , - 62 - _feedi th
(di'schar gi ng | (RRAHASEASREHH)EPD geRerating the hent TRAMEShARI Ny
liguid to the fjrst liquid 48 dth dliquid
L 9 ,t0 the SO, unnre AN IR it ADpARRSET 0N, LA ¢
S rpan®,Dubbl G ESIALL N ddylltlfl (o 1 U LR bea as adddifea

chanber 49. The second qui eeding p
above on a supporting member 70 formed of such a metal

10 as aluminum.

On the device substrate 1, a plurality of grooves
destined to form the second flow paths 4 defined by
second flow path walls, a depressed part destined to
form the second common liquid chamber (common bubble

15 geﬁerating liguid chamber) 49 communicating with the
plurality of second flow paths 4 and feeding the bubble
generating liquid to the second flow paths 4, and the
movable separation membrane 5 furnished with the
movable member 26 mentioned above are provided.

20 The grooved member 50 is provided with grooves
destined to form the first flow path (discharging
liquid flow path) 3 by being joined to the movable
separation membrane 5, a depressed part destinedlto
form the first common liquid chamber (common

25 discharging liquid chamber) 48 communicating with the
discharge liquid flow paths and feeding the discharging

liquid to the first flow paths 3, the first liquid



I s passed through the novabl e separation nmenbrane 5 di sposed out si de

the first comon |iquid chanber 48 and ~ joined to the path

communi cating with the second common 10 liquid chanber 49 and, by
virtue of this conmmunicating pat h, "enabl ed to feed the bubble
generating liquid to t he second common |iquid chanber 48 w t hout
bei ng m xed with the discharging |iquid. As respects the
rel ation of |ayout of the device 15 substrate 1, the novabl e separation
menbrane 5, angedditng path OGNNSRy Pl 24@idOfedditngyth p Z@MSF 26 S
di sposed correspondingly to the heating el enent 2 of the device

substrate 1 anfeédingitisd disvhgeding lsquidted | €he first cmmmaspondi ngly
to the novabl e nenber 26. Wiile the 20 present node of enbodinent is
depi cted as prbiquidgchamber 48, andothe |sepond fligiid) feedimg pathone
grooved nenber 50, it does not preclude provision of a plurality of
such second | itféﬁ‘@bi%eﬂﬁﬂ@ripﬁm,limp@gdfwm tpRth) 21 fopptsrdingl i quid
to be fed. The cross sections of the 25 first liquid feeding path 20
and the s®condthe Rikple genexatipg lifitif 240 e ReRRY MM Dport i onat el y

h f liqujgd wished to be fed. Th
P63 PIRUH iamoenicbd, ool sy SB904 rFasibiilY o thy e

0 d in size b 0T i’ _ e
pachs. e Badld bl " NI i S 1on mepnddie G 2 09
nunber of comﬁéﬁsw&g?% DL EE] £ Cbmddle PLAEES Thamber £ LREration

. shortened, and the cost ‘operation cut
joined to the path communicating with the second common

10 liquid chamber 49 and, by virtue of this communicating
path, enabled to feed the bubble generating ligquid to
the second common liguid chamber 48 without being mixed
with the discharging liquid.

As respects the relation of layout of the device

15 substrate 1, the movable separation membrane 5, and the
grooved top plate 50, the movable member 26 is disposed
correspondingly to the heating element 2 of the device
substrate 1 and the first flow path 3 is installed
correspondingly to the movable member 26. While the

20 present mode of embodiment is depicted as providing the
second liquid feeding path 21 for one grooved member
50, it does not preclude provision of a plurality of
such second liquid feeding paths, depending on the
amount of liquid to be fed. The cross sections of the

25 first liquid feeding path 20 and the second liquid
feeding path 21 may be decided proportionately to the

amounts of liquid wished to be fed. The component



owing to the fact that the second |liquid feeding path 21 for feeding
the second liquid to the second fl ow path 4 and the first liquid.
feeding path 20 for feeding 10 t he flé% liquid to the first flow path
3 are formed by one and the sane grooved top plate as the grooved
menber 50. Since the supply of the second liquid to the

second comon |iquid chanber 49 which conmunicates with 15 t he second
flow path 4 is effected with the second flow path 4 in the direction

piercing the rrpuﬁbheoﬁeﬁnéa%r@aved memb&8BB02NEcP ERBAPRLEI NHalNBef i rSt and
the second liquid, process of pastlng t he nmovabl e Separation

menbr ane reGucédeigr spredbyespeimndPingndhéhersybstesteodshayi ng 20
the heating elenent 2 fornmed thereon can be acconplished all at

once. Thus, ththesgsefeéding pathsbrication is inproved, the precision of
pasti ng enhanced, and the efficiency of discharge exalted.

The supply of the s%@%ﬂ§d1$QUt@ tbetneesenbnuoaeoqf esbodpent 4 theeffected

|nfalllbg% because the_second |i qui is fed through t he novabl e
separ at i mefbWEhReT 50§ (cepeonent Pa%E%dﬁﬂnchﬂn%ﬁc¥¢a%$ rcﬁ%%ﬁBIOQ@SSThe
di scharge of iquid

is attai ned st@blYPHEREHIRR ShoTteRedpl 3o thpecost of ?P%Eﬁ%ﬁ?% %H§ured
merbrane. 5 v RIS BF GG CERGF | FhAT RS fedond ahiquid ieed e estR bed
: ?lbg\lj?d tge Il opq degr feedﬂ'@cﬂ?é e b6RE PLqlih Sed WEOL 00, &3P &5 the '
path 4 and the first liquid feeding path 20 for feeding
10 the first liquid to the first flow path 3 are formed by
one and the same grooved top plate as the grooved
member 50.
Since the supply of the second liquid to the
second common liquid chamber 49 which communicates with
15 the second flow path 4 is effected with the second flow
path 4 in the direction piercing the movable separation
membrane 5 separating the first and the second liquid,
the process of pasting the movable separation membrane
5, the grooved member 50, and the substrate 1 having
20 the heating element 2 formed thereon can be
accomplished all at once. Thus, the ease of
fabrication is improved, the precision of pasting
enhanced, and the efficiency of discharge exalted.
The supply of the second liquid to the second flow
25 path 4 is effected infallibly because the second liguid
is fed through the movable separation membrane 5 to the

second common liquid chamber 49. The discharge of



be di scharged with a higher discharge force or di scharge efficiency
at a hi gher speed than the conventional |iquid discharge head. The
bubble 10 generating liquid to be used gax be a liquid of such

gquality as specified above. As concrete eQ | es of t he bubbl e
generating liquid fit for use herein, met hanol , et hanol, n-propanol,
| sopropanol , n-hexane, n- hept ane, n-octane, toluene, xylene,

nmet hyl ene 15 dichloride, triclene, Freon TF, Freon BF, ethyl ether,

di oxane, cyclohayaia iFebtained! atabl¢! beladee! ahpile supplgae&t%ag

met hyl et hyl ketone, water, and m xtures t her eof cited.
As the dlschargﬁqglhlqulénsaréanylng l'iquid may be 20 used wit hout
reference to foamability and thernal properties. Even a liquid of
poor foamability, aOwing to ithei dtreadure degempoatedngr thetreinotaked by
heat, or a liquid of unduly high viscosity which has not been
easi |y di schar gewabjet sepesation seabrdnechavbdcheds p2bvidedawilth
effectively utilized. As the quality proper for any discharging
liquid, 3 tPﬁem9V§PH§r§PW§eF|q§|§e§§rbéeés °H§ﬁe¢heh§lsﬁéﬂerred
- 65 - to avoid_ interfer with the action of dischar
bubbl e generatpﬁﬁcBPrﬂFtHePﬂe°5p§b&g| JAVERtiRE RBPRAPE the ligw Qrgplon

menbrane or th e_ne reaction of its own or
with the bubblgeggggFg?rﬂﬁgbglt &asﬁer discharge”fgrpRao 8i schar gi ng

liquid for recgsdiAdrgd QEQQEXency at a higher speed than the

conventional liquid discharge head. The bubble
10 .generating liquid to be used may be a liquid of such
quality as specified above. As concrete examples of
the bubble generéting liquid fit for use herein,
methanol, ethanol, n-propanol, isopropanol, n-hexane,
n-heptane, n-octane, toluene, xylene, methylene
15 dichloride, triclene, Freon TF, Freon BF, ethyl ether,
dioxane, cyclohexane, methyl acetate, ethyl acetate,
acetone, methylethyl ketone, water, and mixtures
thereof may be cited.
As the discharging liquid, a varying liquid may be
20 used without reference to foamability and thermal
properties. Even a liquid of poor foamability, a
liquid readily degenerated or deteriorated by heat, or
a liquid of unduly high viscosity which has not been
easily discharged by the conventional discharge head
25 can be effectively utilized.
As the quality proper for any discharging liquid,

the discharging liquid to be used herein is preferred



viscous ink may be utilized. Besi des, such |iquids as nedicines
and perfunes whi ch are vul nerable to heat may be utilized. 10

Bubbl e generating |iquids and di schargi agébi qui ds of the follow ng
conpositions were used in varying conbi nations to effect discharge of
t he di schargi ng | i qui ds and produce records. A review of the records
reveals that not only liquids of a viscosity of ten-odd 15 cp which were
not easily discharged with the conventional head but also |iquids of
such very hi ghto avoidyiistesifeying withcitheoardipe gfsepgrchagging or
satisfactorily to produce records of high inage quality.

Bubbl e generatPﬁ&bﬂﬁqGF&e%aIlEShgﬁoWith4§hﬁt99 Eaféog o8'8ht' kiovanie

Wat er 60

. % . bbl ' i Qi -
bace 00 lgsen penprarioges B Reb IR, B, uani8 e 100

aléohol 10 wt. %

e . . . %h r
% 25 Beactien of fts, oy o Eirh thg bupble gopers §

(Pi gnment %nk alqut,s4p cp) Styrene-acrylic
copol ynmer “di spérsion agent

90 w .

acid-ethyl acrylate
- 66 -

(oxidation 140, wei Gl +hecUaEenaRGEsY A5queiyifor8@@Bbrding, a highly

1 mﬁ.@@ Mbnoet hanol am ne 0.25 wt. %
A ycerin viscou® 9n¥ ma¥% bebutilized. Thi odi gl ycol
5w. % Et hanol 3 w. %

Besides, such liquids as medicines and perfumes

which are vulnerable to heat may be utilized.

10 Bubble generating liguids and discharging liquids

of the following compositions were used in varying

combinations to effect discharge of the discharging

liquids and produce records.

A review of the records

reveals that not only liquids of a viscosity of ten-odd

15 cp which were not easily discharged with the

conventional head but also liquids of such very high

viscosity as 150 cp could be discharged satisfactorily

to produce records of high image quality.

Bubble generating liquid 1 - Ethanol 40 wt. %

20 Water 60 wt. %
Bubble generating liquid 2 - Water 100 wt. %
Bubble generating liquid 3 - Isopropyl
alcohol 10 wt. %
Water 90 wt. %
25 Discharging liquid 1 - Carbon black 5 wt. %

(Pigment ink about 15 cp) Styrene-acrylic

acid-ethyl acrylate copolymer dispersion agent



Wat er 16.75 wt. % _ Di scharging liquid 2 (55 cp)

Pol yet hyl ene gl ycol 200 100 wt. % 10 Di scharging liquid 3 (150 cp)
Pol yet hyl ene glycol 600 100 wt. % - 66 - Incidentally, in the case of
a liquid heretofore held to be discharged only with difficulty, the
| ow di scharge speed aggravated the di spersion of the 15
directionality of discharge and inpaired the precision of Ianding of
dots on a recordln Eaper and t he unstablllty of di schar resul ted

i n di spersi ng ¢eeidation gkfintwekght rRFage %H‘s%l]’éﬁﬁ‘tgf}/t Ying
difficulty the production of an image of high quality. In the
structure according to the node of enbodi nent dé%d? ﬁ%d above
however, the generation of bubble d be att gj and stably

by the use of the bubbl e geﬁ‘é‘?’é‘?‘?‘ﬂbﬂc‘?‘ﬁquﬁ‘ﬁm‘*rhu et 1| wed

I nprovenent of the precision of a@_gi gf liquid dro nd
stabilization of the amount of ink SC arge and H§é%§§blé%ously

i nproved ghe quality of a recordedp{@¥g1yc Nowr+ t he process for
the production of the liquid dlscharge head of this invention will be
descri bed Ethanol - 67 -3 wt. % bel ow.
Broadly, the manufacture of the head was effected by formng the .
wal | of a second flow path on the weséxe subst¥&izs wtitg ng thereon
t he novabl e separation 5 menbr ane furnished with the novabl e nmenber,
and fitting Discharging ligquid 2 (55 cp)
| Polyethylene glycol 200 100 wt. %
10 Discharging liquid 3 (150 cp)
Polyethylene glycol 600 100 wt. %
Incidentally, in the case of a liquid heretofore
held to be discharged only with difficulty, the low
discharge speed aggravated the dispersion of the
15 directionality of discharge and impaired the precision
of landing of dots on a recording paper and the
unstability of discharge resulted in dispersing the
amount of discharge and consequéntly rendering
difficulty the production of an image of high quality.
20 In the structure according to the mode of embodiment
described above, however, the generation of buﬁbles
could be attained amply and stably by the use of the
bubble generating liquid. This fact allowed
improvement of the precision of landing of liquid drops
25 and stabilization of the amount of ink discharge and
conspicuously improved the quality of a recorded image.

Now, the process for the production of the liquid

discharge head of this invention will be described



further thereon the grooved nenber containing a groove for form ng
the first flow path. O herwise, it was attained by formng the wall
of the second flow path and thenjtgiﬂ ng onto the wall the grooved
menber 10 having fitted thereto the noVabl e separati on menbrane

furni shed with the novabl e nenber. The met hod for manufacturing
the second flow path w Il be described nore specifically bel ow
First, the electrothermal conversion elenent 15 furnished with the
heating el ementpdmgle. of haf ni um boride or tantalumnitride was
formed on the device substrate (silicon wafer) by the use of the
sanme device Brd&dllyf ,acthg enaitu fidttures FF filfe heRINva @Ffiatitand

then the surface of the device substrate was cl eaned 20 for the purpose
of inproving the tfgmigdhdes ormldf dfhe second sirdwgattho an pive abenistd | ve
resin in the subsequent step. For further inproving the tight
adhesion, it substrafg, istting tiljexaon tthe mavaldefseparafddrce substrate
to a treatnent with ultraviolet |ight and oregion and 25 then apply to

the treatdd sumiemkrane sturnishad ywith the movahle imaphestaigndt B &Nt i ng

a silane coupling agent made by N hon Unica K. K. and sold under the
product further thereon the grooved membexr;«ontaining a greRev§

"A189" J f W ., %w th hyl .al hal .
Then, % _hteor 233? ogrﬁt éﬁé’%‘g‘g&q}ﬁaiﬁvﬁs&arﬁ#@ﬁt&‘ &tl’é%“’tasreg\?i% H%ensitive
resin film(m yin%%ﬁr Pting thewi1PUE SHS JUMRla iR [RAaer K

desi gnati on of
and then joining onto the wall the grooved member

10 having fitted thereto the movable separation membrane
furnished with the movable member.
The method for manufacturing the second flow path
will be described more specifically below.
First, the electrothermal conversion element
15 furnished with the heating element made of hafnium
boride or tantalum nitride was formed on the device
substrate (silicon wafer) by the use of the same device
of manufacture as that used for a semiconductor and
then the surface of the device substrate was cleaned
20 for the purpose of improving the tight adhesion of the
surface to a photosensitive resin in the subsequent
step. For further improving the tight adhesion, it
suffices to subject the surface of the device substrate
to a treatment with ultraviolet light and oregion and
25 then apply to the treated surface by spin coating a
solution obtained by diluting a silane coupling agent

(made by Nihon Unica K.K. and sold under the product



FilmdQdil SY-318") DF was | am nated on the substrate. havi ng the

ti ght adhesi on thereof inproved. Subsequent |y, a phot omask PM
was |aid on the dry filmDF and thspgrtion of the dry film DF
required to 10 remain as a second flow path wall was exposed to the
ultraviolet light through the photomask PM This step of exposure
was effected by the use of an instrunent (made by Canon Inc. and
sol d under the product code of "MPA- 600") with an exposure of about

600 ml/cnferr] coaddof *a189"NeodhY chbhbEnbra¥asnt ben1dawel gpadtni th a
devel oper (made by Tokyo COhka K K. and sold under the © product code

of "BMRGC-3") fermpd aficaheixture of xylene with butyl cellosol ve
acetate to dissolve out the unexposed part and obtain the exposed
and hardened part 2fien, &het esvaltbnpasurdhceheasecdednedoangagh 4. The
residue still persisting on the surface of the device substrate 1
was renoved byuldbrevielesesengd tiveczesdnt £ilm (maget bya ToKaOnRkShi ng
devi ce (produced by Al ukantec Inc. and sol d under the product code

of "MAS-880"). KfKe apg soldynades £bRa$radevagite AL} IBRSISB Of o "PRE
LTV 0TSt et o BB b, Lo gt e B 11 C O
S on unt 1B RS BEGRE 3B BhebldHp-L0alEd it 1l o"
P honeek,| b SoSGReRBabL O PR eSRHLRTR wop, BMBSLRAAPANDE
into the indivieg4ygdl pr and the portion of the dry film DF required to
10 remain as a second flow path wall was exposed to the
ultraviolet light through the photomask PM. This step
of exposure was effected by the use of an instrument
(made by Canon Inc. and sold under the product code of
"MPA-600") with an exposuré of about 600 mJ/cm®.
15 The dry film DF was then developed with a
developer (made by Tokyo Ohka K.K. and sold under the
product code of "BMRC-3") formed of a mixture of xylene
with butyl cellosolve acetate to dissolwve out the
unexposed part and obtain the exposed and hardened part
20 as the wall part of the second flow path 4. The
residue still persisting on the surface of the device
substrate 1 was removed by about 90 seconds' treatment
with a plasma ashing device (produced by Alukantec Inc.
and sold under the product code of "MAS-800"). The
25 substrate was.subsequently exposed to the ultraviolet
light projected at a rate of 100 mJ/cm®? at 150°C for two

hours to harden perfectly the exposed part.



heater boards 1 with the dicing nmachine (made by Tokyo Seimtsu K K
and sol d under the product code of "AW- 4000") fitted with a di anond
plate, 0.05 mmin thi ckness. The separated heater boards 1 were fixed
10 with an adhesive agent (made by Toray |l ndustries, Inc. and sold
under the product code of "SE4400"). on an al um num base pl ate.

Then, the print substrate joined in advance to the al um num base

pl ate and connected to the heater boards 15 wth an alum numwre, 0.05

nmin diameter. The secondURiedUpaithy, cbligdubBeoEsrineauiiithghigam j oi ning
the grooved nenbers joined to the nbvabl e separation menbranes were

joined as aligpedcigibheuhezbemipoanda plurali&kt sifnheazerdbsatridsed above.
To be specific, the 20 grooved nenbers furnished with the novabl e
separation (derickr sabstaades)e fabateatedands cwér €rahi ghedstidieaoh
other and joined and fixed with a rebound | eaf. Then, I nk bubbl e
generating |i gsubsteetenpynthieemethodedescribedi abgovend Spredfdgaidy,

al um num base plates. The gaps 25 between the alum numw res and the
gaps bet w8en t ¥be silicogré@@@&t#ﬁﬁb@?? £HE ABAPeithBoAPEdVidHaLt he i nk

bubpl e S50 by, R TR Rl At i el

et Lne PLoNEeRtat, Rox SRR LBaBITIRG ekl ppa BRSBTS

. production desibbB@q %9%%%& h&%ﬁfEOWiamond plate, 0.05 mm in
thickness. The separated heater boards 1 were fixed

10 with an adhesive agent (made by Toray Industries, Inc.
and sold under the product code of "SE4400") on an
aluminum base plate.

Then, the print substrate joined in advance to the

aluminum base plate and connected to the heater boards

15 with an aluminum wire, 0.05 mm in diameter.

Subsequently, the unions resulting from joining

the grooved members joined to the movable separation
membranes were joined as aligned to the heater boards
obtained as described above. To be specific, the

20 grooved members furnished with the movable separation
membranes and the heater boards were aligned to each
other and joined and fixed with a rebound leaf. Then,
ink*bubble generating liquid feeding members were
joined and fixed on the aluminum base plates. The gaps

25 between the aluminum wires and the gaps between the
grooved member, the heater boards, and the ink:bubble

generating liquid feeding members were sealed with a



pat hs can be obtained with high precision w thout any posi ti onal
deviation fromthe heaters of the heater boards nenti oned above.
Particularly by having the groove aepbers and the novabl e
separation nenbranes 10 joined in advance to each other in the
precedi ng step, the positional precision of the first flow paths and
t he novabl e nenbers can be exalted. The hi gh-precision producti on

t echni que descri bed above stabilizes the di scharge of liquid and

i mproves the o4l iéon@fsd@didt . (mdd@e by bbsheha $hPidaré KR! 4M@ sergonent
parts are forned coliectively on the wafer permts quantity

producti on undedf thdepltoduict dba€hef JeTSEaB89n) ol Comphste the

The present node of enbodi nent has been depi cted as using an

ul travi ol et hanaslrufagteyee dry filmfor the 20 formati on of the second
flow paths. O herw se, the formati on of the second fl ow paths may
be attained by By foopinggthe rsetondaflog pathdstr ppeoerdamae near t he
ultraviolet region, particularly a region of 248 nm | am nating the
resin, ha? deniWtR hebe éS%l'Fl?%Wg predyetionpsdescribedskeyey Fhaolley t he
part of the |lam nate w shed . to, formthe second flow path with an

exci mer Iaser.pa&'ls can be ghtaiped yith Q&ﬁ%rPEﬁ%}?ﬁ%ﬁéW%Eﬁ§“Es%HYfor the _

gol d, iron, tiPEH LIS FRVERFIB EToHtnEot RATns of t5e HEEtaf cos st el
and phosphor’ Diglags WMLEELGR0 hdve. . PartfUlAHY iy UL Ald Qe Of Lhese
metal s, resins Such as acrylonitriTe,  butad erme, an tyrene which
have a grooved members and the movable separation membranes
10 joined in advance to each other in the preceding step,
the positional precision of the first flow paths and
the movable members can be exalted. The high-precision
production technique described above stabilizes the
discharge of liquid and improves the quality of print.
15 Further, the fact that the component'parts are formed
collectively on the wafer permits quantity production
of the ligquid discharge heads at a low cost.
The present mode of embodiment has been depicted
as using an ultraviolet hardening type dry film for the
20 formation of the second flow paths. Otherwise, the
formation of the second flow paths may be attained by
adopting a resin having an absorption band near the
ultraviolet region, particularly a region of 248 nm,
laminating the resin, hardening the resultant laminate,
25 and directly removing the part of the laminate wished
to form the second flow path with an excimer laser.

The materials which are preferably used for the



nitrile group, resins such as polyam des whi ch have an am de group,

resins such as pol ycarbonate whi ch have a car boxyl group, resins
such as pol yacetal which. have an _al.dehyde group, resins such as

pol ysul fones whi ch have 10 a sul fone group, other resins such as liquid

crystal pol ymers and conpounds thereof, netals such as gold,
tungsten, tantalum nickel, stainless steel, and titani um which
of fer high resistance to inks, alloys of these netals, materials

coated with t hegsrdfleélfenBerslSncliild AifcH atetdles sk &sidfvaresisilange, t o

I nks, resins such as pol yam des whi ch have an am de group, resins

such as dulldaciatdil s tiltenli UiV ealamiaiuheh e tgimnie, taasialunsuch

as pol yether ether ketones which have a ketone group, resins such as
pol yi m des whi cdtdiniesm steeale greliphosithor bwwizes whicih abqirehdin r esi ns
whi ch have a hydroxyl group, resins such as polyethyl enes which have

an et hyl dugraduig, 1 e Aing aslldyaLdigre aa il Shixasing Suah agoxy
group, resins such as mel am ne resjins which have an am no group,
resins such as 3GIEMRPYEHIR MHAitRR FROSLYTRRGWIGIC NS &

conpounds thereo.fﬁ and ceram' CS . uch a solsl | i Rofoly dIhOiXI dei_i %nd
conpounds t her dbf T}t 9TOUP, ISELRSF Such as polyamides w ave an

- 12 - am%?%nﬁﬁ?€§1n%%§ﬁ%}u&%w@tgﬂs ré}ié;é‘%ﬁ%ﬂé’ﬁﬁ?éﬁ h VE:QF

novabl e separat1 0 I'cs of
recent devel op f B2 h TOH ERE 1 qﬁ¥k9Q51
pol yam de, pol yet ycﬁélne d}go " ter epﬂ‘ut hszﬂcat gﬂ ?% ?Q m ne reg‘?lr%ﬁ{ enol

resins, aldehyde group, resins such as polysulfones which have

10 a sulfone group, other resins such as liquid crystal
polymers and compounds thereof, metals such as gold,
tungsten, tantalum, nickel, stainless steel, and
titanium which offer high resistance to inks, alloys of
these metals, materials coated with these metals or

15 alloys for the sake of resistance to inks, resins such
as polyamides which have an amide group, resins such as
polyacetals which have an aldehyde group, resins such
as polyether ether ketones which have a ketone group,
resins such as polyimides which have an imide group,

20 resins such as phenol resins which have a hydroxyl
group, resins-such as polyethylenes which have an ethyl
group, resins such as epoxy resins which have an epoxy
group, resins such as melamine resins which have an
amino group, resins such as xylene resins which have a

25 methylol group, and compounds thereof, and qeramics
such as silicon dioxide, and compounds thereof, for

example.

t he



pol ybut adi ene, pol yuret hane, pol yether ether ketone, pol yet her

sul fones, polyarylate, silicone rubber, and pol ysul f ones whi ch excel
in resistance to heat, resi stance tﬁ solvents, and noldability,
exhibit 10 elasticity, and pernmt prod 2tTon of thin filnms, and
conmpounds of the plastics in addition to the polyimdes menti oned
above. The thickness of the novabl e separation nenbrane

25 may be decided in consideration of the material, 15 shape, etc. of

the menbrane from t BgeVingeRL:ALsOkhich areabkéfatagl§has§argaﬂthherOper for
any separation wall and producing the actions of expansion and

contraction movabiétbébaﬁhﬁithmeﬁBﬁahéé|¥nclhd§ shchkengsnesrpngf erred
to fall in the approximte range of 0.5 - 10 pm 20 Since this
invention i s cpnaktilekedfaghdeseceheddevelopmehtvas, i fornakampls,t he

foll owi ng effects. (1) The liquid can be discharged efficiently
with hi ghlgesbiraegengpbdypeophilengh phiydnsdaar gelperhylene

because the novabl e separation menbrane di sposed on_the 25 bubbl e
gener ati n§ r egtenepbtbrpateedmpyankaepresinse Phenol pegiii€ed in

consequence of the generation of bubbles and t he nnvgble menber
dlsposed on t hEokBbYspdiene, polyurethane, polyether ether ketongg _

t tl dt the first fl
paih {0 Qui do PROVBFBET PULERPERe boLYAEYAAFEe| BoRtGPPPnEuBPEERaPDE port on

EggsrhésthL|OMIgiysulfones %hggh exéel in resggkanééneg ngttlom’path for

resistance to solvents, and moldability, exhibit

10 elasticity, and permit production of thin films, and
compounds of the plastics in addition to the polyimides
mentioned above.

The thickness of the movable separation membrane
25 may be decided in consideration of the material,

15 shape, etc. of the membrane from the viewpoint of
attaining the strength proper for any separation wall
and producing the actions of expansion and contraction
satisfactorily. Generally, this thickness is preferred
to fall in the approximate range of 0.5 - 10 pm.

20 Since this invention is constructed as described
above, it manifests the following effects.

(1) The liquid can be discharged efficiently with
high discharging force through the discharge port
because the movable separation membrane disposed on the

25 bubble generating region is expanded by the pressure
produced in consequence of the generation of bubbles

and the movable member disposed on the movable



di scharging liquid and the flow path for passing the bubbl e
generating liquid are separated from each ot her by the novabl e
separation nmenbrane, the discharging i quid does not flowin the
flow path which is 10 furnished\Mtfft?&aheating el ement. Even when

t he di scharging liquid which is used happens to be nade of a
mat eri al vulnerable to heat, the anmpbunt of a deposit suffered to
pile on the heating el ement can be decreased and the freedom of

sel ection of ”’é‘e@éﬁatioﬂirﬁ&ﬁ@fﬁﬂégiéic%ﬂéb@%@@% sed toward (3)

During the extinction of the bubbles, the novabl e separation
menbrane and t hengoFabse PESPEHatli Cto guide SERarpiesisdroneatie ot her and
the liquid is interposed t her ebetween and allowed to function as a
danper. 20 diwsctide ofcthé adischargs usexit bgn t tiee nbisedt eflow path
separation nmenbrane during the return of the novable separation
menbrane to thesk@®e position can be repressed and the otherw se
possi bl e unstabl e action of dischapg& can be precluded. The printing

of an imag® 25 of2 hi gincal the £1ewRaER ofOX PRERING RS ed.

o oo 1o (it bl OS50 atn sor dELbing"uAL"
oud to be | AUPbEE AENEEERS SR B PR AR SHEp eeletre
t he novabl e rrer%F%}géJerrhggaéf%e%%ééfgi&g membrané’f %b&f&"ﬂ%’fﬁ‘? ted and

the retraction CUS TS repressed. ares he refill
liguid does not flow in the flow path which is

10 furnished with the heating element. Even when the
discharging liquid which is used happens to be made of
a material vulnerable to heat, the amount of a deposit
suffered to pile on the heating element can be
decreased and the freedom of selection of the

15 diécharging liquid can be widened.

(3) During the extinction of the bubbles, the
movable separation membrane and the movable member are
separated from each other and the liquid is interposed
therebetween and allowed to function as a damper.

20 Thus, the oscillation produced by the movable
separation membrane during the return of the movable
separation membrane to the home position can be
repressed and the otherwise possible unstable action of
discharge can be precluded. The printing of an image

25 of high gquality, therefore, can be realized.

(4) When the free terminal of the movable member

falls on the upstream side from the discharging port -



property is inproved enough to ensure stable discharge of liquid
even in the printing perfornmed at a high speed. (5) Wen
the liquid is supplied fromthe liquid _1 _intrusion pronoting structure
provi ded on the ful crum side of the novable nenber, the supply of
the liquid fromthe free termnal side of the novable nenber is
repressed. As a result, the retraction of the neniscus IS repressed
and the refill property is inproved. 15 Further, the oscillation

produced by thegidevairiinal of thRAhdbitihgTerement, ca:heb%u@kﬁ.? o¥PResed
because the regi on of the novabl e nenber whi ch functions as a

danper is |argdiquid poi bei intefrpasedbgtwebnhithle movable(eabairatdiona hi gh
speed, therefore, can be realized. 20 (6) The nethod which
effects the sepembraoe end the movablepwembersdpaiagi chenexitiactiand t he
novabl e menber during the extinction of the bubbles allows the
novabl e ofec pubkilesn ige poRstedo asd dhei rptsaction afi they

because ih avoi ds restrlctlngﬁthe i_nde endent nDtlons 25 __of the novable

separati ofl nenBPRAECH TP hEREEE5RE - Rs aEREYLE, the refill

Aigghérge of apF°§§?§Y lsckép¥5§ﬁS?F§PH8h t?t&BSBFeeFFgE§Fn§l§S trg(faascharge_

Of 10U g DEcERAR0R% OURY BoERRSLE bEDABIRRCUE WLy 5,

pat h adapt ed tgpgéagharge aliquid and
(5) When the liquid is supplied from the liquid

10 intrusion promoting structure provided on the fulcrum
side of the movable member, the supply of the liquid
from the free terminal side of the movable member is
repressed. As a result, the retraction of the meniscus
is repressed and the refill property is improved.

15 Further, the oscillation produced by the movable
separation membrane can be also repressed because the
region of the movable member which functions as a
damper is large. The printing of an image of high
quality at a high speed, therefore, can be realized.

20 (6) The method which effects the separation of
the movable separation membrane and the movable member
during the extinction of the bubbles allows the movable
separation membrane to enjoy improved durability
because it avoids restricting the independent motions

25 of the movable separation membrane and the movable

member.
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retractd on cforsstiathtiignikesmyss in a substantially separated state a -

3. A nethod according to claim 1, wherein said
m)vabl e separ atfigrstrdilisvarpa thh ddaphadifice dimaharge & liquid angjd

return to the

are separated from each other
contraction of cREmurHgshe with @hdiseharge port and jasagank

path provided with a bubble generating region for

generating bubbles in a liquid to be displaced with

said bubbles on the upstream side of said discharge

port relative to the flow of the liquid in said first

flow path, which method is characterized by restraining

the meniscus of liquid from retracting relative to the

displacement of said movable separation membrane in

response to the expansion-.contraction of the bubbles by

means of a regulating member.

2.

A method according to claim 1, wherein a step

of interposing a liquid between said movable separation

membrane and said regulating member contacting the

displacing region of said movable separation membrane

and possessing a free terminal on the discharge port

side restraining the displacement of said movable

separation membrane while said movable separation

membrane and said regulating member are in at least

partly separated state is contained during the process

of retraction of said meniscus.
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honme position. 4. A nmethod according to ' , na -
liquid intrusion pronoting structure disposed in sai dJ E' ﬁgnmbber
enables the liquid to intrude between _ .. _said nov cSEpaAlal *
menbr ane and sai d novabl e menber. 5. Aliquid

di scharge head, conprising a first 15 fl ow path adapted to di scharge a
| iquid and comruni cate with a discharge port, a second flow path
furni shed with a bubble generating region for generating bubble
inaliquid, and a Bpvall fetRE@r abbOPAIRGOEENC1IADL 1, wheré&lhesiigg
substantial separation between said first and 20  said second flow path
and aper ati ng movablecsepassticgemembrane Chnd aa dnbvalid dumséspl ackng said
novabl e separati on menbrane with said bubble on the upstream side of
a di scheaiy@ pegtlating inember | heré | sspafasad dftom ledch other sai d
first flow path, which liquid discharge head is 25 characterlged by

bei ng provi ded?¥F17g athe @ontragtion of nabdrbibblessandi theglideid
retraction of fhe, neni scus of said liquid relative to the

di spl acerm®nt ofS sHiferposed therebetyesn jeg\eRfectthe return to the

- 77- novabl e, gpar ation menbrane in response to the growh
and cont ract i J°BF %Rﬁ&ﬁ%Ln' 6. A liquid discharge head
according to claimb5, 5 which is provided with a regul ati ng nenber

contacting
4. A method according to claim 3, wherein a

liquid intrusion promoting structure disposed in said
10 movable member enables the liquid to intrude between
said movable separation membrane and said movable

member.

5. A liquid discharge head, comprising a first

15 flow path adapted to discharge a liquid and communicate
with a discharge port, a second flow path furnished
with a bubble generating region for generating bubbles
in a liquid, and a movable separation membrane for
effecting substantial separation between said first and

20 said second flow path and operating to effect discharge
of said 1liquid by displacing said movable separation
membrane with said bubbles on the upstream side of a
discharge port relative to the flow of said liquid in
said first flow path, which liquid discharge head is

25 characterized by being provided with a regulating
member for restraining the retraction of the meniscus

of said liquid relative to the displacement of said

This Sheet Has Been Reﬁ a

i



the di splacing region of said novabl e separation
possessing a free termnal on the di schar ge port”“ﬂ mg I i"M{the
exi C

di spl acenent of said . movabl e separga}ion menbrane \and aw

regulating 10 t he amount of relative nbtion of said novabl e

separation nmenbrane and said regul ati ng nmenber. 7. Aliquid
di scharge head conprising a novabl e separati on nenbrane for

substantially separating a 15 bubbl e generating region for generating
bubble in a movabléi&épsratfor héMbiandi 56 NBéghogsd e8b Othe QFFdrtisat i ng
with a discharge port for discharging a liquid, an energy generating
devi ce for caushdgcogeteseation of bubblesbubble in said bubble generating
region, and a novable 20 menber opposed to said bubble generating region
acr oss sai d novabl e separati on nenbrane and furnished with a

free termnal in the direction of said discharge port, which liquid
di scharge head is char abtbiguid discharge head jaecending ate ehAbB| 2,

separation nmenbrane and said 25 _ novabl e penber are separated from each
other dur¥ng t¥eich is prpiyided whthia sEeeuiRibbrg member contacting

- 78 - , mﬁ. | i qui d di sgchar heaq? ccording o claim?7,

wherei n sai d nVaLHEs %ﬁ?gi’ge%%oggds§ggt'ﬁ%‘fa ﬂ% separaqtzr(?rée t er mi nal .

t her eof approxi mat closely to the %i :ﬁgr port..until it contacts

sai d neni scus.mém&éJE nd' and goss?)s.sﬂqi%u?ﬂe |§gc aJr'tg%l h%‘gdt%%cor ding to

claim7, discharge port side regulating the displacement of said
movable separation membrane and a device for regulating

10 the amount of relative motion of said movable

separation membrane and said regulating member.

7. A liquid discharge.head comprising a movable

separation membrane for substantially separating a

15 bubble generating region for generating bubbles in a
liguid and a liquid discharging region communicating
with a discharge port for discharging a liquid, an
energy generating device for causing generation of
bubbles in said bubble generating region, and a movable

20 member opposed to said bubble generating region across
said movable separation membrane and furnished with a
free terminal in the direction of said discharge port,
which liquid discharge head is characterized by the
fact that said movable separation membrane and said

25 movable member are separated from each other during the

contraction of said bubbles.
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wherein said free termnal of said novabl e nenber is n the
upstream side froma point directly above the Huﬂmlimam mrde of
said heating elenent, 10 i.e. said e nng y generati*ngcdevi Ce. s

10. Aliquid dlscharge head according to ¢Faim 7, wher ei n sald
novabl e menber is furnished with a liquid I ntrusi on pronoting
structure for effecting the 15 Intrusion of a liquid between said
novabl e separation menbrane and sai d novabl e nenber.

11. A liquid discharge 'AEQQfﬁ%Ordils!&atxgeclr@da accordiby teheneiim Fai d
liquid intrusion pronoting structure Is a feed opening provided in

sai d novabl e nmgHaglein said movable hémbed iiguidd spiceeldasge thead thecor di ng to
claim 10, wherein said liquid intrusion pronoting structure

is a tight adhesieen teramierili ihesienfc approximabesc laldisedy 2® thet | ght
adhesi on between said novabl e menber and said novabl e separation
menbr ane. discharge port until it contacts sajig meniscus. 13. A

| i qui d di scharge head according to claim 12, wherein said liquid
i ntrusion3ronoting structure is a convex point provided in a region

I n which said anabIe menber contacts sai d novabl e separati 5
menbr ane. 9. A liquid discharge head according to claim

wherein said free terminal of said movable member is
disposed on the upstream side from a point directly
above the discharge port side of said heating element,

10 i.e. said energy generating device.

10. A liquid discharge head according to claim 7,
wherein said movable member is furnished with a liquid
intrusion promoting structure for effecting the

15 intrusion of a liquid between said movable separation

membrane and said movable member.

11. A liguid discharge head according to claim
10, wherein said liguid intrusion promoting structure

20 is a feed opening provided in said movable member.

12. A liquid discharge head according to claim
10, wherein said liquid intrusion promoting structure
is a-tight adhesion preventing structure for precluding
25 tight adhesion between said movable member and said

movable separation membrane.
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14. A liquid discharge head according to claim

liquid intrusion pronoting structure. is a liqui d | mﬂmlm“@eﬂil””m
provi ded on the novable 10 separation nbrane side o

menber . 15. Aliquid discﬁagge head accordlng to claim?7,
wherein said novable nenber is retained in a tilted state within
said first flow path. 15 16. A liquid discharge head according
to claim?7, wherein said |iquid discharge head is a di scharge head

of the type having said S a gg r akeo2ad 183@ixd
di scharge port are 3%posggi?§h§gC§R%F%%Fa 58 oreEng f?.c A net hod

according to chai MyRerdher @aldsaliguid mtmv;abhep&eﬁartahgoat&a&%acae and a
novabl e nmenber, i.e. said regul ati ng nenber, are separated from each

ot her du&sng thavesnpodalti pirovided dnbablalegmnd inhehlichuisdid25 is
I nt er posed therebetween to effect the return to the honme position.

- 80 - movable néfberAcoathotsasadddmpyabdeckbeparaTtionherein a
liquid intrusion pronoting structure disposed in said novabl e
menber enabl esmefnbriahgui d to i ntrude between sai d novabl e
separation nmenbrane and said novabl e 5 menber . 19. A

| i qui d di scharge head according to claim8

14. A liquid discharge head according to claim
12, wherein said liquid intrusion promoting structure
is a liquid inflow groove provided on the movable

10 separation membrane side of said movable member.

15. A liquid discharge head according to claim 7,
wherein said movable member is retained in a tilted
state within said first flow path.

15

16. A liquid discharge head according to claim 7,
wherein said liquid discharge head is a discharge head
of the type having said movable separation membrane and
said discharge port are opposed to each other.

20

17. A method according to claim 2, wherein said
movable separation membrane and a movable member, i.e.
said regulating member, are separated from each other
during the contraction of said bubbles and the liguid

25 is interposed therebetween to effect the return to the

home position.
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wherein said novable nmenber is furnished with a I|qU|d

pronoting structure for effecting the 10 | ntru5| on o I“l"”m immmﬂgﬂt
sai d novabl e separation menbrane and s

20. A liquid discharge head according t& @Pbrnt 19, mhereln sai d
liquid intrusion pronoting structure 15 Is a feed opening provided in
sai d novabl e nenber. 21. A liquid discharge head according to
claim 19, wherein said liquid intrusion pronoting structure

is a tight adhesion ev n for, or udi
[ A Hqulr?e%tnﬁ;égogdg'ngg'tgo A 1 5’?,\ é:eg'epar at I on

adhesi on bet ween sal ‘nova

menbr ane. id 1nt%%ts1%nl r%cwxgﬁzﬂ?ﬁ%d d&%@é@@&x{ %a&'da' m 9,
ur ni sh

wherein said novﬁg'e menber 1S with aliquid 25 I ntrusion

pronoti ng st r Ugidifad Ifed imeibiedC ldn2® 11 the liguild 4Y Amtfude IHediicdrbet ween
sai d novabl e separation menbrane and sai d novabl e nenber.

- 81 - said movahleA depaitiat icdirs alembyanize athda Gadidd mayabdec| ai m

22, wherein said liquid intrusion pronoting structure is a feed
openi ng povi dewmbersai d novabl e nmenber. 5 24. Aliquid

di scharge head according to claim 22, wherein said liquid intrusion
pronoting structure

19. A liquid discharge head according to claim 8,
wherein said movable member is furnished with a liquid
intrusion promoting structure for effecting the

10 intrusion of a liguid between said movable separation

membrane and said movable member.

20. A liquid discharge head according to claim
19, wherein said liquid intrusion promoting structure

15 is a feed opening provided in said movable member.

21. A liquid discharge head according to claim
19, wherein said liquid intrusion promoting structure
is a tight adhesion preventing structure for precluding
20 tight adhesion between said movable member and said

movable separation membrane.

22. A liquid discharge head according to claim 9,
wherein said movable member is furnished with a liquid
25 intrusion promoting structure for effecting the
intrusion of a liquid between said movable separation

membrane and said movable member.
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adhesi on bet voen ai 0 movabl 6 member and said ﬂgvamlglﬂlﬂﬂmlllﬁmluml
ng te@ chalé

menbrane. 10 25. Aliquid giﬁfharge head accor

wherei n said novabl e nenber is retained ihra tilted state within
said first flow path. 15 ..+ 26. A liquid discharge head according
to claim a8, wherein said liquid discharge head is a discharge head
of the type having said novabl e separati on nenbrane and sai d

di scharge port are ggposgd1iquéachigthitge hedd according’to Alrhiguid

di scharge head according to claim?9, wher ei n sai d novabl e nenber is

retained in a 2| tederein sasdalequidhintdasiohi psbmbtongpsthucture -
28. A liquid discharge head according to claim9, 25 wherein said |iquid
di schar ge headissaafdedcbpentngeptovided dh bhedtypeabbsi mgmsard novabl e

separation nmenbrane and sai d di scharge port are opposed to each
ot her. - 82 - 29. A
| i qui d di scharge head according to claim 10, wherein said novabl e

nenber isretained 2f-a £iligyid dischargechepdhpacerdingitatcledw pat h.
5 head, according to claim

_ 30. !iquid,dischgr e head, C : 10,
wher ei n said I?éﬁlﬁhﬁ¥§tﬁa?§% htiauid ingreghgpgeromoting structure
is a tight adhesion preventing structure for precluding
tight adhesion between said movable member and said
movable separation membrane.
10
25. A liquid discharge head according to claim 8,

wherein said movable member is retained in a tilted

state within said first flow path.

15 26. A liguid discharge head according to claim 8,
wherein said liquid discharge head is a discharge head
of the type having said movable separation membrane and

said discharge port are opposed to each other.

20 27. A liquid discharge head according to claim 9,
wherein said movable member is retained in a tilted

state within said first flow path.

28. A liquid discharge head according to claim 9,
25 wherein said liquid discharge head is a discharge head
of the type having said movable separation membrane and

said discharge port are opposed to each other.
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head of the type having said novabl e separation me
di scharge port are opposed to each ot her. mllmm!lmilmﬂlﬂm
l'i quid discharge head according to claim 11, mhereln sal

menber is retained in atilted sTa®® Within said first fl ow pat h.

15 32. A liquid discharge head according to claim 11,
wherein said liquid discharge head is a discharge head of the type
havi ng sai d novabl e separation menbrane and sai d di scharge port are

opposed to each g, Ohhfﬁqulaodlscharge head3acBotigHbdtdi sehamge head
according to claim 2, wherein said novable nenber is retained in a

tilted ibatﬁhékéhhnséﬁadmﬁv&ﬁlefh@Mbéﬂths retdfned in a 841ted
| i qui d di scharge head according to claim 12, wherein said liquid

di scharge headstate ®ishhar gaid firsth€adwopathe type havi ng sai d novabl e
separation - 83- menbr ane
and sai d discharge port are opposed to each ot her. 35.°
A liquid discharge head according to claim 5 13, wherein said novabl e
menber is5retained Bft.a Ai ligdid discharge head according to claim

10, wherein said liquid discharge head is a discharge

head of the type having said movable separation

membrane and said discharge port are opposed to each

other.

10
31. A liquid discharge head according to claim

11, wherein said movable member is retained in a tilted

state within said first flow path.

15 32. A liquid discharge head according to claim
| 11, wherein said liquid discharge head is a discharge
head of the type having said movable separation
membrane and said discharge port are opposed to each
other.
20
33. A liquid discharge head according to claim
12, wherein said movable member is retained in a tilted

state within said first flow path.

25 34. A liquid discharge head according to claim
12, wherein said liquid discharge head is a discharge

head of the type having said movable separation
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state within said first flow path. 36. Ali

head according to claim 13, wherein said liquid di qmmﬁmam‘“m““l
di scharge 10 head of the type having sg d novabl e separati a

menbr ane and sai d di scharge port are oppoSéd to each other.

37. Aliquid discharge head according to claim 15 14, wherein said
novabl e nmenber is retained in a tilted state within said first flow
pat h. 38. A liquid discharge head according to claim

14, wherein sainfnb:@Hd e RADARRMhrige HoHtS AHY & é)o%@d toeadadf the

type havi ng sai d novabl e separation menbrane and sai d di scharge port
are opposed toadrdt. ot her . 39. A liquid discharge head
according to claim 25 15, wherein said liquid discharge head is a
di schar ge head of the type having said novabl e separation
menbrane and said di scharge port are opposed to each ot her .
35. A liquid discharge head according to claim
5 13, wherein said movable member is retained in a tilted

state within said first flow path.

36. A liquid discharge head according to claim
13, wherein said liquid discharge head is a discharge

10 head of the type having said movable separation
membrane and said discharge port are opposed to each

other.

37. A liquid discharge head according to claim
15 14, wherein said movable member is retained in a tilted

state within said first flow path.

38. A liquid discharge head according to claim
14, wherein said ligquid discharge head is a discharge

20 head of the type having said movable separation
membrane and said discharge port are opposed to each

other.

39. A liquid discharge head according to claim

25 15, wherein said liquid discharge head is a discharge
head of the type having said movable separation

membrane and said discharge port are opposed to each

other.
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