-1- — Met hod for grgQHQQLlﬁn d and

}L3EK$ICN. | Th&smm}{ ore elmfn?enfﬁiﬁharge read Thi s 1 GRCUND;%{ s
toarrethodfor MS lD of allqw%lwlshedto ‘be di'sc arge

l'iquid ich resort to .generation of bubbles by
nmeans of thernal energy, for exanple, and nore 10 particularly to a
met hod for the discharge of a liquid ' and a liquid discharge head

~which rely on the usMefho@ for DisdR¥Pe oS cREqRid Cindrergwie capabl e of
effecting di spl acenent of its own in consequence of the

generation of bubbles. 15 Tissdlearge rHesad d" as used herei n neans
not- nerely the action of inparting i mages such as characters and
figures which have neanings to a recordi ng nedi um but al so the
action of inpartin ures such as patterns whi ch are destitute of
meani ng to the BRAE E‘P nek THE INVENTIOR| at ed Background Art

The so-called bubble jet recording nedium i.e. t he version of ink
jet record?ng nEi®bd Qfi the freenption the formation of an inmage on a

di di b f f I
ink 25 thereby cBRPPYRR M?glf%f%%%ﬁ{%y%"% R T dipcharge O
accompani ed by ap 2by upl; ¥ U LIELL | £o SHENGPLRERGEF AR o 11qusd’ DUPP! eS)

and thereby en g 20T &tTon
’ discharge head which resort to generation of bubbles by

means of thermal energy, for example, and more

10 particularly to a method forlthe discharge of a liquid
and a liquid 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'bubbies.

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 Related Background Art

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

25 thereby causiﬁg the ink ;o produce a change'of state
accompanied by an abrupt-volumetric change (generation

of bubbles) and thereby enabling the force of action
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t hrough a di scharge port and all owi ng the discharged

due to this change of state to discharge the ink

t he recordi ng medium has been heretgfore known to the art. The

recording device 5 which utilizes this bubble jet recording nethod, as

ink to adhere to

di-scl osed in JP-B-61-59911 and JP-B-61-59914, is general Iy 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
(el ectrot her mal ged e hi EHAGEIIIf dE6s egb ididdisardk the ink fl ow path

and adapted as an energy. generating neans for effecting the
di scharge of

many

use of a small

| Nnkhrough a dischabige rmmot dimi) aleXdwichgl etshes | diesbhergeai enj oys
fine features such as permtting easy production of 15
recorded i magesinindté tadiere co orhe meererdindingdium, hasg dgdnti on by the
devi ce because this recordi ng net hod enabl es i mages

10

of high qualityhexetefore knowncep dehe ATHi giFRSHFHRFWIING AfWHRe and t he

head

for the di%chareieh YHLizek il LupRiRIRL iTeepring method, 85y  The
bubbl e j et di hod, be, utilized i
rgcen'ta {/Sar;e?g‘s’rﬁljﬁg?%%é 15 Jé'rf{)ﬁ%ggg]ole\ﬁ%%ggﬁ'hﬁc@é%pérf% 2’!’slsJ | cijf)si nlgn

devi ces,

28" “Cutitity 9enREEEy SR R d dSedeg] S RS tlon "

devi ce.

and

10

15

20

25

enbodying this recaordi ng nethod permts ﬂischaﬁge ports 20

the diSchdifgd WW ek ONdh SPDE Fou §hatif CHmihith SBEARY
with the discharge port, and a heating element
(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 described above enjoys many
fine features such as permitting easy production of
recordeq images and further 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
for the discharge of this ink to be disposed in high
density. The bubble jet recording method, therefore,
has come to be ufilized in recent years in numerous
office devices such as printers, copying devices, and
facsimile devices. It is now on the verge of finding
utility in industrial applications 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 . 3 Surface thereof a deposit of
scorched i nk. Wen the 5 |l iquid wirshed to be discharged is apt to be
deteriorated by heat or it is not easily allowed to bubbl e
generating sufficiently, there are tinmes when the formation of
bubbl es by direct heating with the heati ng el ement nentioned above
will fail to bragitgce Hhe hedttitig Relldmrait dHeAlhargemitddie wilthlithe ink
The present applicant has proposed in JP-A-55- 81172 a method for
ef fecting di schoeppatd appliicdtdiayi mf heat td ithe dirly, hitbiHas gdeer ating the
bubbling liquid with a thermal energy applied thereto through the
medi um of a 1%ossihichdty ofrsmaarnghdingldhednk ang dionminthermuilig i ng
liquid and the discharging liquid, This nethod is _ . constructed such
that the flexi FF¥FiAShHrdRresfd 8 eposit of, gaanched iiqk-d dmenitdivsed in
part of a nozzle, In, . contrasg,, consjfruction using a | arge nenbrane
Capabl & oy, arighed, Wos hpchenaad df 985 £8 1 an upper
and a | ower parg,_.l .sGlo [ P- A: 29- 70., Thi_s, I e nmenbrane
Is ainmed at enaaoﬁi%énﬁﬁalscﬁ%%ﬁ% ft}%oa\}‘]\l/: 6% %'%‘ %'652 not[ 0 szﬂiyntaelrlp%"segd(’jq:@et ween two
pl at e nmenbers SIS Po's [ Lou Ragds, by the
two 25 plat ?]%Ebrgbeergse? rom %ﬁﬂ%ﬁ t ﬁ dch%o%ﬂéeq;az%s Ciileb As ideas

that take consiggd atdQrhforl Y Kubbles by WSt Hbd¥REi@S tMa ch are
characteristic of

heating element mentioned above will fail to bring

10 abouf perfect discharge of the liquid.
The present applicant has proposed in JP-A-55-
81172 a method for effecting discharge of a discharging
liquid by bubble generating the bubbling liquid with a
thermal energy applied thereto through the medium of a
15 flexible membrane adapted to separate the bubbling
liquid and the discharging liquid. This method is
constructed such that the flexible membrane and the
bubbling liquid are disposed in part of a nozzle. In
contrast, a construction using a large membrane capable
20 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 a liquid flow path
to be interposed between‘two plate members and.
consequently-prevéhting liquids held back by the two
25 platé members from mingling with each other.
As ideas that take consideration of bubble

generating properties which are characteristic of



- 4 - bubbling 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-4-04- 329148 whi ch uses an
el ectroconductive liquid as a 5 bubbling Iiquid have been al so known to
the art. The conventional nethod for discharge of |iquid by

the use of a separation nenbrane has not reached a | evel of
feasibility because it is constructed solely for the separation of a
bubbl i ng |i qui doalbbll ing 1Diquids schemselnes; an doventiomteh diR-Arldy-f or

.1 mprovi ng the bubbling liquid itself. The present

i nventors have p29322dwhich agesra thiquid havipgcaaleenibeibhing RRHRE by
the use of a separator, w th enphasis on the liguid drops subjected
to 15 dischathanga dhechengingkiawtttand ranchrvention Pfisidrp-04-

that the discharge of liquid bro mat i on of

h b b h f
bubbl es with th# ?ﬁ%?n%?i%%e?ﬁﬁskgét?fk§%$9cghé%$¥%%?eﬁ%?ugéé?%d? degr aded
t hr ough thg |ggg&ggg%éan}géﬁ%%dh?%eB&§%$géfgooﬁnéyg égp@ﬁg}épg_nenbrane and

has not ye i Ce” he present

i nventors, thereforeq, aéﬁﬁ%gﬁ£iéﬁ§g_@%5?°d fﬂﬁﬁg?%cﬁ§%§éaéfhlfﬁuﬁd”ﬁﬁhOd

for discharge of |iqui cet r ch can utiliZe the

effect the thel HBE! bPNa OfeSEPAE Bbh Oflehlriheé REBRSEI PBadREdrgane and 25 ~
meanwhi | e exal t tﬁe di scharge of liquid to a higher | evel . The

present inventi payB@sc®r E8h8#bETitY bbGause it £OUEGAsBiutbed sbLEyyand is
directed to providing an _ :
for the separation of a bubbling liquid and a
10 discharéing liquid or is intended only for improving
the bubbling liquid itself.

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

15 discharging, and have consequently reached a conclusion
that the discharge of liquid brought about by the
formation of_bubﬁles with the thermal energy has the
efficiency thereof degraded thfough the intervention of
the aging of the separation membrane and has not yet

20 been reduced to practice.

The present inventors, therefore, haQe initiated a
study in search of a method for discharge of liquid and
a device therefor which can utilize the effect the
function of separation by the separation membrane and

25 meanwhile exalt the discharge of liquid to a higher
level. The present invention has originated in the

course of this study and is directed to providing an



- 5 - epochal nethod of discharge and a device therefor which

can inprove the efficiency of discharge of |iquid drops and can
stabilize and exalt the volune of |iquid dgops to be di scharged and
the speed of discharge of liquid. 5 ar%ps. Specifically, this

I nvention resides in a l'iquid charge head furnished with a first flow
path used for a discharging lI'iquid and adapted to conmmuni cat e
with a discharge port, a second flow path adapted to supply or

transfer a bubldidichdl dhdthad b i sciifelGnd &y o efitsrd iy WIS,
and a novabl e separation nmenbrane for separating the first and the

second flow patdan imploveaths asftiei vy idf dischgrgey eof liquid hErops
efficiency of discharge. The present inventors, particularly
concerni ng the ard can | stabil ke drnd Exdktidthi soolme| of URADSIRESE 22,
have denonstrated that a small enpty space_ destined to serve

as a bubbl e gerfeo dve rdischarged anfl sthe fpeed 1o dischargg 9% chiguidie of a
dischargedgort relative to the direction of the flow of a

di schargi iy | | #FRS ¢ haSPePREicHLLY, it LRBRTIRR FPFHPDMT (Rel f barel y
e e oo i ey b Pl B LB ey e e
Gl oB1 000 DY o 8RG8 ld DO v g ofltod A1 VErLIC
S ey B asag el opmssuenvisu i o (e
adapted to supply or transfer a bubbling ligquid and
10 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.
_ The present inventors, particularly concerning the
15 liquid discharge head disclosed in JP-A-05-229122, 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
direction of the flow of a discharging liguid, that the
20 bubble generating region itself bérely 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
only in the vertical direction relative to the
25 direction of discharge of the discharging liquid, and
that the liquid discharge head consequently entails the

problem of producing no sufficient discharging speed



- 6 - and performng no efficient discharging notion. The

i nventors, regarding the cause for this problem have taken notice of
the fact that the sane bubbling liquid _ _always uses repeatedly the -
closed small enpty space and 5 have ul?inately realized the production
of an efficient di scharging notion by virtue of the present

I nventi on. The present ‘i'iventi on has been produced in the

| i ght of the problem encountered by the prior art as ment i oned

above. The firsin@bh&FtoRhiddiro | dWeitidnt i #isdibrgind mdOrole, THe a
construction for substantially sepdrating, preferably perfectly
separating, a jinventdisSchPegarding dthel cavbe fumbbthig praplenpbyhaxesans of a -
novabl e separation nmenbrane, a nethod for the discharge of liquid
and a liquid disakangeotibesl obhithe fdrtcthale thHe same dpubbljomerhiquidy t he
pressure of bubbles is deformng t he novabl e separati on nmenbrane and
transferring thelways uses ceepgatedly Hehelickogedsmpll RMRLY rRRacem | §nd
pr event the pressure from escaping toward the upstream side, but
al so gui deSt he hreasultinately wRabizednthp RPFRAuGHLON of AN ALLEIGHRT and
give rise to a high discharging force ¥Athout a sacrjfice pf the
efficiency of dischapging fotipn by virtue o e REFP bR HHOR i s
invention is to provjde a, net hod far tqﬁ di sch f.liguid and a
T o5 ° ' Gi ScnaFBe Restenh; Hvention et et Sprfided ip | 4 |
described above 'gﬂ 0 ? C h e é@%ﬁ@@%@ﬁ fhe prior %&PPSAL
suffered to piI]é1 nLa&%Zg ?ngfgﬁg%%ﬂ?ﬁan 69 P
' mentioned above. The first object of this invention is
10 to provide, in a construction for substantially
separating, preferably perfectly separating, a
discharging liquid and a bubbling liquid by means of a
movable -separation membrane, a method for the discharge
of liquid and a liquid discharge head which, while the
15 force generated by the pressure of bubbles is deforming
the movable separation membrane and transferring the
pressure to the discharging liquid, not only prevent
the pressure from escaping toward the upstream side but
also guide the pressure in the direction of the
20 discharge port and give rise to a high discharging
force without a sacrifice of the efficiency of
discharging. .
| The second object of this invention is to provide
a method for the discharge of liquid and a liquid
25 discharge head which, owing fo the construction

described above, allow a decrease in the amount of a

deposit suffered to pile on a heating element and



- 7 - permt efficient discharge of liquid without inflicting

a thermal effect on the discharging |iquid. The third object of
this-invention is to provide a nmet hogl for the discharge of liquid and
aliquid 5 di scharge head which enjoy broad freedom of sel ection

wi thout reference to the viscosity of the discharging liquid or the
conposition of the material thereof. Specifically, the major

obj ect of this invention resides in providing a liquid discharge head
which, 10  besd@est fadfididditg diritiRe tof MERjuidh ed Wivame  indlidtEng
control of the speed of the flowof liquid.in the flow pat h

conmmuni cati ng v tthdimalieaffertgorpditie idischargingprisieqpuiehce of the
contraction of bubbles and the di stribution of speed, stabilizes the
direction of flow TIFhe Wiindeohjaat laf dhigy iigivenptdan fdé tiee pravide qui d

dr ops di scharged, and exalts the quality of a recorded inmage

by decreasi ng tMethedfar the disghange é& dHiquiigs ang a liquidy) 5o resides

in providing a |jiquid dischar head mhicgﬁ? decr eases the amunt of
retractior of & argr hgad Srg‘i enjqy RFqpd iﬁﬁﬁ’eﬁcf’é'& ‘ifﬁeser]éimllon
property, and copes wth hi,gh- f reguency. oscil.l ati.Q .

SUNMARY OF THE TRKISHT Geference to' thg viztosity OF ‘i‘Jhee Ci|olr%%he“‘r%‘ig’i“n‘lxent i on

Geser bed bel oatauid 82 4 IRV IR I S RANRE Meredt, |

according Specifically, the major object of this invention
resides in providing a liquid discharge head which,
10 besides fulfilling the objects mentioned above, allows

control of the speed'of the flow of liquid in the flow
. path comﬁunicating with the discharge port in
consequence of the contraction bf bubbles ahd the
distribution of speed, stabilizes the direction of flow |
15 of the satellites arising behind the main liquid drops
discharged, and exalts the qualitf of a recorded image
by decreasing the amount itself of the satellites. It
also resides in providing a liquid discharge head which
decreases the amount of retraction of a meniscus of the
- 20 liquid, improves the refill property, and copes with a

high-frequency oscillation.

SUMMARY OF THE INVENTION
The means which the present invention adopts for
25 fulfilling the objects mentioned above will be
described below.

The method for the discharge of a liquid according



- 8 - to this invention conprises a step of effecting the

di scharge of the liquid ained at by causing a novabl e separati on
menbr ane whi ch constantly keeps in a substantially separated state a
first flow path adapted "5 to discharge a liquid and comunicate with a
di scharge port and a second flow path provided with a bubble
generating region for generating bubbles in the |iquid to be

di spl aced with the bubbles nentioned above nore on the downstream

side than on thg ugstd eaPaitioNddNprises a idtey afeffedtingy atrirent of
t he novabl e separation menbrane and di scharges the liquid via the

di schar ge dixsHaiye \of ttie dfiguisl dismdicby cHusig rowabiable
separation nmenbrane with bubbles, which nmethod is characterized by

i ncor por ati ng cseparmtion aEmswEng wich oOnstantlwmdidens dfn @ neni scus of
liquid via the discharge port into the first flow path by regul ating
the return subsstanei g0\ g Sﬁpqlfﬁ?%ﬁﬂﬁ"@ FeaieRt o RAthedariet
upstream side to a_l evel higher, than t he return speed of the
novabl e sépar at?%rﬂ*ﬁ?ﬂﬁ% Htigid Apd c %ﬁn"é’r‘ae %f’%ﬁf@% of a

novabl e menber ted ve | concerl he r
di spl acenent ofpor and t%eserﬁﬂﬁ‘ig %P iF5t° ‘ff‘e% hurlb(rallg e return of

consoquence of TH %%"@r?é%f%eé’%‘%%?@%“ e B e

di scharge port é %%acgéc?%ith the Htbbles mentlonedr NSV \ifdid ON 'S

further dlrecte
on the downstream side than on the upstream side within

10 the range of displacement of the movable separation
membrane and discharges the liquid via the discharge
port by virtue of the displacement of the movable
separation membrane with bubbles, which method is
characterized by incorporating a step of repressing the

15 retraction of a meniscus of_liquid via the discharge
port into the first flow path by regulating the refurn
speed (VB) of the movable separation membrane on the
upstream side to a level higher than the return speed
(VB) of the movable separation membrane on the

20 downstream side by the use of a movable member adapted
to move in concert with the range of displacement of
the movable eeparation membrane.during the return of
the movable separation membrane toward the second flow
path'in consequence of the contraction of the bubbles

25 and provided on the discharge port side with a free
end.

This invention_is further directed to a method for



- 9 - the discharge of a liquid, conprising a step of

ef fecting the discharge of the liquid ained at by causi ng a novabl e
separation nmenbrane which constantly keeps in a substantially -
separated state a first flow 5 —-path aaa%téd to discharge a liquid and
comuni cate with a discharge port and a second fl ow path provided
wth a bubbl e generating region for generating bubbles in the
liquid to be displaced with the bubbles nentioned above nore on the

downstream si deghdafy bhd#ife WStd epiwidle coifprigindia & rege of
di spl acenent of the novable separation nmenbrane and di scharges the

liquid via the effectinlt Sehadisdltdrgd o ithelcliuidaiheaplacdaent of the
novabl e separation nmenbrane with bubbl es, which nethod i's
characterized hyalsing ng movhlsle | deparation mensrarse witich caristaxition
substantially symetrized relative to the central line of the

di scharge port keepsginh s isupstantially separated statersabiwstapeowtion
menbrane toward the second flow path in consequence of the
contracti oh of path adapked ¥d|tkseargr aski@iid A grunypifrte st ed to
20 nove in concert wth the range of dis qgenent. f the . tovabl e
separati on ment? HESERATIR) BORE (% /O low pa \%ﬁﬁ‘éi%ee‘bé‘f’aﬁr?o%
nmenbrane toward the second f] ow path, i n_consequ t he
contraction of dl? hRgeReratipe ‘region fox o%%f‘%rna%rfgg &F‘g%%ggrsgeubo?fesi de
with a free end,; This, | ' | ' t t hod
for t he ]d}%‘?: %r%% 1(’)? %1%%%‘1}%%%??%? n%&%ﬁi;%pnq%é%&@d aﬁ‘f%ﬁti ng

the di scharge qfotdechi e SMECrédm WWide than on the upstream side

10 within the range of displacement of the movable
separation membrane ahd disqharges the liquid via the-
discharge port by virtue of the displacement of the
movable separation membréne with bubbles, wﬁich method
is characterized by forming a distribution of meniscus

15 retraction subétantially symmetrized relative to the
central line of the discharge port by regulating the
return of the movable separation membrane toward the
second flow path in consequence.of the contraction of
the bubbles by the use of a movable member adapted to

20 move in concert with the range of displacement of the
movable separation membrane during the return of the
movable separation membrane toward the second flow path
in consequence of the contraction of the bubbles and
provided on the discharge port side with a free end.

25 This invention is further directed to a method for
the discharge of a liquid, comprising a step of

effecting the discharge of the liquid aimed at by

A8



- 10 - causi ng a novabl e separati on nenbrane which constantly
keeps in a substantially separated state a first flow path adapted to
di scharge a |liquid and conmuni cate wi'th 10 - @ di scharge port and a second
flow path provided with a 5 bubbl e generatlng region for generating
bubbles in the liquid to be displaced with the bubbles nentioned
above nore on the downstream side than on the upstream side :
wi thin the range of displacenent of the novable separati on menbrane
and di schar ges ddifsirigld Gnotabld Gepdratich asdudigmepatiidly condiently t he
. di spl acenent of the novabl e separation nmenbrane with bubbles, which
nmet hod | kedps ai & | sk tantfiElilinaepaiasstad mitate aoffimmst sty
retraction substantially symretrized relative to the central |ine of
the di scharge math pdapteshity dischae Ppridgnnick arnd gonmysicaks wigth t he
di spl acenent regi on of t he novabl e separatlon menbrane in the
initial state & discharge ark And A 1seqend dekay Rﬁé'd} @Arorided vt far ge
port al ong the central, Iine of the dischar ort ring t

adghdhe ow

return of R he %%}%ﬁ aftinsh TRAAAUICT ARNSF

e’ an appar ot Lo T s e GEFHEed i she et b”bb'?e%*%ﬁ above
Sbov , bed
above, the st le]““‘fithr S PR S Beioli BRRE nen op UL HERRR St or e

addi tion theretvﬁthm thefz;] e Bf WidPFscdit b &¥ O \idvwishy the

t echni cal dea of IS |nvent|on and whi ch are capabl e of
separation membrane and discharges the liquid via the

10 discharge port by virtue of the displacement of the
movable separation membrane with bubbles, which method
is characterized by forming a diétribution of meniscus
retraction substantially symmetrized relative to the
central line of the discharge port by allowing the

15 presence of at least part of the displacement region of
the movable separation membrane in the initial state in
a substantially projected region of the discharge port
along the central line of the discharge port during the
return of the movable separation membrane toward the

20 second flow path in consequence of the contraction of
the bubbles.

As an apparatus for specifically implementing the
step of displacement which characterizes the present
invention as described above, the structure to be

25 described below may be cited. In addition thereto,
.other structures which are covered by the technical

idea of this invention and which are capable of



acconplishing the step of displacenent are enbraced by this

I nventi on. The term "regul ati on of direction" nentioned

herei n bel ow enbraces the structure of the_novable 5 separati on nenber
itself (such as, for exanple, the “distri bution of elasticity and the
conbi nati on of the def orm ng el ongated part and the nondef or ned
part), the additive nenbers acting on the novabl e separation
menbrane or on the structure of the first flow path, 10  and the

conbi nati ons tr&a&aﬁpllsh%nq the stHlf d£'disgl it UEed b

"novabl e region he movabl e separation nenbrane to be ne3§|oned
herei n bel ow engy{ ¢ epndifeidigli on of di spl acenent and the region in
whi ch the displacenent is allowed. 15 A typical liquid discharge
head according to thife term "retifldtivh afdiissstiod meEntilonedat h
communi cati ng wi th a discharge port for discharging a liquid, a
second fl ow pathemsiyvibEbwidnbradrsihe grmicitureg of the maxgflgre f or
generating bubbles by operating an energ 20 generating el enent on a
liquid, arl a respafation membgmdktaeldh A (FAT KAAN i dihsy
separating the first flow path and the second fIOM/path f(8¥1each

other and eff eddistmibytiomAhelAstiEty Apd the combination of

di spl acenent with the bubbles on the upstr a i de fromthe
di scharge port $fexming (elengateqd \P?ﬁé) rﬂ?qq%ﬁhﬁF?41ﬁﬁﬁ§izrERefIOM/

brth e 1 Gl cive nedbef UKL Bh 'hd n?égbfe“szeepdapavm% ng provi ded
- membrane or on the structure of the first flow path,
10 and the combinations thereof.

The term "displacement region" or "movable region"
of the movable separation membrane-to be mentioned
herein below embraces the region of displacement and
the region in which the displacement is allowed.

15 A typical liquid discharge head according to this
invention comprises a first flow path communicating
with a discharge port for discharging a liquid, a
second flow path provided with a bubble generating
region for generating bubbles by operating an energy

20 generating element on a liquid, and a movable
separation membrane for substantially separating the
first flow path and'the seéond flow path from each
other and effects the discharge of thelliquid by
causing displacement with the bubbles on the upstream

25 side from the discharge port :elative to the flow of

the liquid in the first flow path, which liquid

discharge head is characterized by being provided with



- 12 - a direction regulating device for regulating the

direction of the novabl e separation nenbrane during the di spl acenent
of the novabl e separation nenbrane towardji, - the second flow path in
consequence of the contraction 5 of the bubbles. The liquid
di scharge head is further characterized by the fact that the
direction regulating device is a novabl e nmenber opposed to the bubble
generating region across the novabl e nenbrane and provided in the 10
direction of the disedeige psgulating advine efwk aregulating the novabl e
menber and the novabl e separati on nenbrane are joined at least in
part to each otdizrection of the mdwable)sepaiiatinn grenhranefduring ithaention
S further characterized by the fact that a heating 15 el enent
for enitting thdispkacenent rof jeheemevahplefseparation gmrans 1% above

Is provided at a position at whi ch the bubbl e nerating region is
opposed to the the secopd  flow pajh in consequence 'I‘?‘l%g'ﬁ?%lﬁ?fniﬁg%%mrbe head

of this inventiop j.s 2 further characterized by the fact that the
domnstreagg of tﬁﬁtbé#b¥%%'bubbles_generated in the bubbl e generating

region conprises th%%?%%?i%f%ﬁ%{%@%@tf‘% A{lr charact@Wlsdd eam

side fromthe center ar ea eat1 ng el enent nenti oned

?B?Yﬁér gﬁar act%ir’iE%%e%%/égh%ﬁ%gg?%ﬁ%%cﬁ%%%%@&iw%%%béeﬁsm%t i oned
.above has the frefale héfb&Pfopposed to the bubble generating region
across the movable-mémbrane and provided in the
10 direction of the discharge port with a free end and the
movable member and the movable separation membrane are
joined at least in part to each other.
The liquid discharge head of this invention is
further characterized by the fact that a heating
15 ' element for emitting the heat for the generation of
bubbles mentioned above is provided at a position at
which the bubble generating region is opposed to the
movable member.
The liquid discharge head of this invention is
20 further characterized by the fact that the downsfream
part of the bubbles generated in the bubble generating
region comprises the bubbles which are generated on the
downstream side from the center of the area of the
heating element mentioned above. |
25 - * The liquid discharge head of this invention is-
further characterized by the fact that the movable

member mentioned above has the free end thereof



.- 13 - menti oned above ‘positioned on the discharge port side
fromthe center of the area of the heating el enent. The liquid
di scharge head of this invention is - 1gfurther characterized by the
fact that the novable 5 menber nentioned above is shaped |ike a plate.
The li.quid discharge head of this invention is further characterized
by the fact that the novable separation nmenbrane is formed of a
resin. The liquid discharge head of this inventionis 10
further charachriritarshddy dieivey posdHidakarion thef idisicharge por®mEided i qui d
chanber for storing a liquid to be fed to the first flow path and a
second comon |fixgpm cchehadmter of thef @arest afi ruhea headuiingy fedlememthe fed to
t he second fl ow path. 15 The |iquid discharge head of this
i nvention is The tlHguidhdischerigee dhepd ofe this imventilon ldsquid to be
fed to the first- fIOM/path and the liquid to be fed to t he second
flow path are (ﬁqlf@ﬁ?ntc araqterized bY the fapie Yhadyithedmov@ilg@e head of
this |nvent|on |s furt er char erlze%lS Y. the fact that the liquid
to be 5 I’ﬂ? 2Feo0 be fed

to the first f|OMlp h i,n_ at st ,one o ert.ies,, i.

| owness of vi scosi t%%d‘gﬂu&d %q'SChaé‘&?e&ﬁqrdfé)fp t&d‘@r E&”voé’ﬁd'%

stabilit 25 ¢ Shieon |s
further >c/har act er zed: cﬂ%ﬁ'#di% &Qet%%y]ﬁ %39 Hlat! Uiz h{& mlr?al part of
the novabl e Se@ﬂfa&‘ld’ffimﬁﬂé is formed of a resin.

The liquid discharge head of this invention is

10 further characterized by being provided with a first
common liquid chamber for storing a liquid to be fed to
the first flow path and a second common 1iquid chamber
for storing a liquid for to be fed to the second flow
path.

15 The liquid discharge head of this invention is
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 fiow path are different liquids.

The liquid discharge head of this invention is

20 further characterized by the fact that the liquid to be
fed to thé second floﬁ path excels the 1iqﬁid to be fed
to the first flow path in at least 6ne of the
properties, i.e._lowness of viscosity, bubble
generating property, and thermal stability.

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

terminal part of the movable separation membrane is



- 14 - di sposed so that the extension thereof is positioned

above the | ower part of the discharge port and separated fromthe
orifice plate having the discharge rt formed therein. 5

The liquid discharge head of this invenfion is - further characterized
by the fact that a |ower di spl acenent regul ating part allow ng the
novabl e menber to have a width greater than the width of the

second flow path is disposed near the free end of the 10 novable nenber.

The |iquid di sghaiiadiead dhathithd Riinsidn Thereof ifslipdadridhaact erized

by the fact that the novable separation nmenbrane is furnished with a
sl ack part. above the Jicwea ipart iofvdahid @ischargespordt eshdas descri bed

15 = above, the novabl e separation nenbrane di sposed on the bubbl e
generating reglsapamtaqoaﬁmm ord fiices pliede havingrtheu ddgchpndee
generati on of bubbles and the novabl e menber di sposed on the novabl e
separati on nentpowte flioymed thergiigpl aced toward the first flow path and the
novabl e 20 separatlon menbr ane i s expanded by the pressure

menti oned Sabove in tThe difwEd sisahange heath §fydhis drventionyisg ne first.

fl ow path side. As a result the | i eff|C|ent dlscharged
with high di scH&f f$§Q§? ‘“fH%oJﬁﬁ!ﬂﬁﬁﬁﬁ §?¥ .
When t he m)vablde %sq?_pa%é% r[%qla%%d %a‘}rﬁ‘él]‘i%% edef ormation

regi on thereof W qwn(?a: scharge ead is
alloved to acqydfheér to have a width greater than the width of the
second flow path is disposed near the free end of the
10 movable member.

The liquid discharge head of this invention is
further characterized by the fact that the movable
separation membrane is furnished with a slack part.

Since this invention is constructed as described

15 above, the movable separation membrane disposed on the
bubble generating region is expanded by the pressure
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

20 separation membrane is expanded by the pressure
mentioned above in the direction of the discharge port

- on the first flow path side. As a result, the liquid
is efficientlf'discharged with high discharging force
through the dischérge port.

25 When the movable separation membrane is provided
in the deformation region thereof with a slack part,

the liquid discharge head is allowed to acquire a



- 15 - greater di.scharging force nore efficiently because the

vol une of the bubbles acts nore effectively on the deformation of the
novabl e separation nmenbrane owing to ghe pressure generated by the
bubbl es and because the 5 movabl e merbet di spl aces nore |largely toward
the first fl ow path and the npvabl e separati on nenbrane expands

in the direction of discharge while shifting in the direction of

di scharge port. Si nce the novabl e separati on nenbrane so

elongated 10 gréstéf!ddSeKanyind Force HErd B NORALDN Bcd e the
resilient force owned by the novabl e nenber in addition to the

pressure arisi ngolume dhethoribisle®racts more ebfddtively hencemdérol of the
pressure in the acting direction thereof is inproved and the speed
at which 15 dePerhationfodHvitihatmovablefseépaxapionm némbrhne ewinggto
l'iquid is heightened, the discharge of liquid is stably att ai ned
even during thetheipresgure genexpteddeyl. the bubbles angbegause hehenpunt
of satellite discharged can be - decreased and the quality of an inage
printed ca? be movable;Repber AHFPIRACRAT HAPEL t T FRtALFVAENbERS t HLEFE
nmovabl e separation nbrane and. hei hteniﬂgnthe ﬁgeed of return

by the resilient}o8iPehR apdabhe NRvpRkle separat MG FERIRDR of

the action of U8 the\ RErSEEARR hoRbR S THE YORP (bt Ele HhoBean be
i mproved by uni%gfga%iﬁg 6?¢d9é§%££§@t$8Pt9f the flow rate of the °
liquid in the fT'ow path during e .
' Since the movable separation membrane so elongated
10 is returned quickly to the home position by the
resilient force owned by the movable member in addition
to the pressure arising from the contraction of
bubbles, the control of the pressufe in the acting
direction thereof is improved and the speed at which
15 the first flow path is refilled with the discharging
liquid is heightened, the discharge of liquid is stably
attained even during the printing at a high speed.
Further, the amount of satellite discharged can be
decreased and the quality of an image printed can be
20 improved by attaching the movable member to the movable
separation membrane and heightening the speed of return
by the resiliency of the movable member.
Since the shape of deformation of the movable
separation membrane can be regulated by the action of
25 the movable member, the quality'of an image can be

improved by uniformizing the distribution of the flow

rate of the liquid in the flow path during the



- 16 - ' retraction of the meniscus, uniform zing the shape of

the nmeni scus, and stabilizing the direction of the flow of

satellites. 5 BRI EF DESCRI PTI ON OF IEE DRAW NGS Figs. 1A
1B, 1C, 1D and 1E are cross sections of = the directions of flow path
depicted to aid in the description of the first exanple of the method
for | i qui d di scharge applicable to the present invention. 10

Figs. 2A, 2B, 2C, 2D and 2E are cross sections of the direction of

fl ow path depi cledhdci@irf df“ £ meniscuslehli frnik6lg W SRR gxanpl e
.of the nethod for 1 quid dlscharge applicabl e to t he present

i nvention. the menidt\}s, ahd sRbNG AGEArhe dYecREtn O te Hlow 15
direction of flow path depicted to aid in the description of the
step of displ acehesdtelflitamyvabl e separation nmenbrane in the method
for liquid discharge applicable to the present I nventi on.

Figs. 4A, 4B, 4C and 4D are nodel diagrams of cross-section of

direction of flow ath for | IIustratln he first exanple of the
li quid di sthar FRIEF DESGRIRFION (Ofe THE "&i%nt i on. Fig. 5

IS a perspective V|em10f the i quid I.schar ge head showm |n Flgs 4A
to 4D. 25 Figs- dRalP 6B elq (ﬂﬂj fiaRE Fass sifcte

H Igusté'rb\a'; gggegeqm %Be of the t uct a hOfdeap:.ct%LH q:o aid i |t%ceharge heat ;

description.of the first example of the method for
liquid diseharge applieable to the present invention.
10 ' Figs. 2A, ZB,_ZC, 2D and 2E are eross sections of
the direction of flow path depicted to aid in the
description of the second example of the method for
liquid discharge applicable to the present invention.
Figs. 3A, 3B and 3C are cross sections of the
15 direction 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
applicable to the present invention.
Figs. 4A, 4B, 4C and 4D are model diagrams of
20 cross section of direction of flow path for
illustrating the first example of the liquid discharge
head of the present invention.
FiQ; 5 is a perspective view of the liquid
discharge head shown in Figs. 4A to 4D.
25 Figs. 6A and 6B are longitudinal sections
illustrating an example of the structure of a liquid

discharge heat; Fig. 6A representing a head furnished



- 17 - with a protective nenbrane and Fig. 6B representing a

head devoid of a protective nenbrane. Fig. 7 is a diagram
illustrating a voltage waveformtq Qe applied to a heating el ement.

5 Fig. 8 is a diagramillustrating the state of uni on bet ween
a novabl e separation nmenbrane and a novabl e menber. Fi gs.
9A, 9B, 9C and 9D are nodel diagrans of cross section of direction of
flow path for 10 illustrating the second exanple of the liquid

di schar ge witath @Prdtesiws ambrafmntami. Fig. 6B repreddrgiSingl A and
10B are diagranms illustrating the proj ected region of a discharge
port of the |i cheall devoidlicf o tersdive Membrane. Figs. 11A and 11B are
nodel di agrans of cross section of direction of flow path for
illustrating the Fig. thi¥si %)@Hrﬁg@mfi]tlm,sﬁﬁﬁﬁrw @& stHdage head of the
present invention. 12 is a nodel diagramillustrating an.
exanple 20  JfRYRRPTR r"iR:t}?ﬁ eaﬂﬁljt% 19 @ll@ﬁﬁ%zﬁ'lﬁ“%d of this

t Fi | ti
1) tet ratihg an exafii® df ﬁea iR SRR e S8 0 car ge
head of this i nve{l&{ %etw en movablé pnarll‘f%iogﬁ %\erﬁlb;%%nelllatx)'%d ]a4E 14F,

14G, and 14H are agrans to al escriptiron or a process for
t he manufact ur g, Qfa SN & SEParati on nenbrane in the

Figs. QA, 9B, 9C and 9D are model diagrams of
cross section of direction of flow path for

10 illustrating the second example of the ligquid discharge
head of the present invention.

Figs. 10A'and 10B are diagrams illustrating the
projected region of a discharge port of the liquid
discharge head.

15 Figs. 11A and 11B are model diagrams of cross
section of direction of flow path for illustrating the
third example of the liquid discharge head of the
present invention.

Fig. 12 is a model diagram illustrating an example

26 of the structure of fhe liquid discharge head of this
invention.

Fig. 13 is aﬁ exploded perspective view
illustrating an example of thé structure of the liquid
discharge head of this invention.

25 Figs. 14A, 14B, 14C, 14D, 14E, 14F, 14G, and 14H
are diagrams to aid in the description of a process for

the manufacture of a movable separation membrane in the



- 18 - i quid di scharge head of this invention. Fi gs.
15A and 15B are .nodel diagrans of cross section of the direction of
liquid flowillustrating t he node gf; the second enbodi ment of the
l'iquid 5 di scharge head of this invéntion. DESCRI PTI ON OF THE
PREFERRED ENMBODI MENTS The nodes of enbodying the present

I nvention wll ~ be described bel ow with reference to the acconpanying
10 dr awi ngs. [ Exanpl es applicable to Enbodi ment of the

| nventi on] liquid dNRhadded HesETRILScHE Gihwireciagpl i cable to the
enbodi nent of the present invention will be described. 15 Figs. 1A

to 1E, 2A to 2E and Biyd 0 1BA aird diSH)Ia model dilgpianisef crdgs in the
description of exanples of the met hod for discharge of |iquid which
are applicabl e section of tthe pliossotiom\ashtiiguid) flioye Haidps grating

di sposed in the termnal area of a first flow path. On the 20
upstream si de dthe Heodr sehathRe graang reahadirent ahdhe liguig rection of
flow of a dlscharglng I|q¥|d in the first fl ow path), the displacing
regi on of % novdbicharge dthigh IRRREIRN capabl e of being di spl aced

I n accordance as the bubbles generated are grown. A 25 second
flow path is adapted to store a bubbling liquid or is filled with

the bubbling it hi# 'GP PhE PREFERRED EMBODIMENTS

The modes of embodying the present invention will
be described below with reference to the accompanying
10 drawings. |
[Examples applicable to Embodiment of the
Invention]
| Now, two examples which are applicable to the
embodiment of the present invention will be described.
15 Figs. 1A to 1lE, 2A to 2E and 3A to 3C are diagrams
" depicted to aid in the description of examples of the
method for discharge of liquid which are applicable to
the present invention. A discharge port is disposed in
the terminal area of a first flow pafh. On the
20 upstream side of the discharge port (relative to the
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
25 second flow path is adapted to store a bubbling liquid
or is filled with the bubbling liquid (preferably

adapted to permit refill or allow the bubbling liquid



adapted to permt refill or allow the bubbling |iquid

- 19 - to produce a notion) and is furnished with a bubble
generating region. In this ex | e, the bubble generating
region is | ocated on the upstream aréea fromthe discharge port 5
side relative to the direction of flow of the, di scharging |iquid
ment i oned above. Moreover, the separation nenbrane is allowed to have
a greater |length than an el ectrothernmal conversion el enment form ng

t he bubbl go geFrEHEEe NG HicEi &) adish | Bs CARSEDsIgsd lwithdovmibbld Wwith a
novabl e region. A stationary part (not shown) I's provided between

t he upstream sigenéestimgl regidn of t he el ectrothermal conversion

el enent and t he common | i quid chanmber of the first flow path
relative to the In thiscxawpld, fthey bubble geherating pregiombls in the
15 upstream side termnal part nentioned above. The range I n

whi ch t he separie¢atedeonrihe upstreamarey heremithe dischargg \nowpht

t herefore, ought to be understood from Fi o.lE, 2Ato 2E and

. 1A
3Ato 3C. 5 side relgEive £ Wet‘?ljer%eji@?eogeﬁaﬁ"ét‘? hRnbrane 20
depicted in th [ t 1 th | h h
ol hsti oty and AHPeRRra i LfGEd HeRr foned SbSugy Meraover, oS0 7 sol'T
t he fact | L L t
o T % LB maprrodd OB AL AR SHAE S o

directions of f%ﬂ%hpéﬁhef@ﬁ%fﬁfﬁhfﬁhfﬂébﬁ&bféfbn element forming the

bubble generating region and is consequently endowed
10 ° with a movable region. A stationary part (not shown)
is provided between the upstream side terminal part of
the electrothermél conversion_element and the common
liquid chamber of the first flow path relative to the
direction of flow mentioned above, preferably in the
15 upstream side terminal part mentioned above. The range
in which the separation membrane is allowed substantial
movement, therefore, ought to be understood from Figs.
1A to 1lE, 2A to 2E and 3A to 3C.
The state of the movable separation membrane
20 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)
25 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



description of the first exanple of the method of

- 20 - | i qui d di scharge applicable to this invention (wherein

the step of displacement contenplated by b s invention initiates

hal fway al ong the length of the step of | iquid discharge). 5

In this exanple as illustrated.in Figs. 1A to 1E, afirst flow path 3
which directly communi cates with a di scharge port 11 is filled with
the-first liquid which i's supplied froma common |iquid chanber 143

and a seqanifhid @i ditdrge RIipplidaibId to aHi dirvegarivmt(vigrelit
region 7 is filled with a bubbling |iquid which generates a bubble
upon appl i cati cthedfstiep hef rdlspdremement contEmpdratind dyhdatiisng miesrtdmn 2. A
novabl e separati on menbrane 5 for separating the first flow path 3
and t he sigtidrica fesp\hgdafivay) dlang ddeh lsnighh iof dihgpek@p ot ween 15
the first flow path 3 and the second flow path 4. The nmovabl e
separ ati on mentrignEld HRFAAFIRifice plate 9 are tightly fixed to

each other_and they do not suffer ..the liqujds in the two fl pat hs
to mingleith each In this giample A 111““"‘#%@ Mﬁgeg‘se‘"pl\ar% i@y

menbrane 5 generall i fests, no directional praperty while it is
bei ng di%f#%%fd T rPgaq‘Bhﬁgﬂ'&“a’bﬁg’r%ﬁce‘iH Fomminicares itn’ 4
generating region 7. t he t.her t s ' . OH ment
possi bly pr oceeé)sscftba drh‘#et clgim%'ﬁsna#iﬁqlu‘i’l d 2%4]%%#5 setr lsjiqdlel V\hs“lmclﬁ&gn' oys
) oy

hi gh freedom of; i SRl ACEIE¥rom a common 1illifa Vier 14Y @hdas stenmed

~fromthe
second flow path 4 provided with a bubble generating

16 region 7 is filled with a bubbling liquid which
generates a bubble upon application of a thermal energy
given by a heating élement 2. A movable separation
membrane 5 for separating the first flow path 3 and the
second flow path 4 from each other is disposed between

15 the first flow path 3 and the sécond flow path 4. The
movable separation membrane 5 and an orifice plate 9
are tightly fixed to each other and they do not suffer
the liquids in the two flow paths to mingle with each
other.

20 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 timeé when this-
displacement possibly proceeds toward the commoh liquid

25 chamber side which enjoys high freedom 6f displacement.

This example, which has stemmed from the

particular notice directed to this motion of the .



particular notice directed to this notion of the

- 21 - movabl e separation menbrane 5, contenplates providing a
device for controlling the direction of thg _ di spl acenent which
directly or indirectly acts on the novabl e separation nmenbrane 5
itself. This device is 5 adapted to cause the displacenment (notion,
expansi on, - el ongation, etc.) produced in the novabl e separation
menbrane 5 by the bubbles to proceed in the direction of the

di scharge port.povable separdtidr'@ndnbrdrtd 55! @ichtdnpldted erovidiing &lA
the 10 liquid in thefirst flow path 3 is drawn in closely to

the di scharge pudidd for tdntarpilin tHerdiredtidrheof the present
exanpl e, the discharge port 11 is |ocated on t he downstream si de
rel ative to thalidpltemenbiviicdwdirectlnfon Hadinpatly malts dn rthe f | ow
path 3 with respect to 15 the area in which the heating element 2 is
projected to movabldesdpazatigrupgrhnarse 5 itself. This [dRyisg st ng

state, when the thernal: energy is  _. applied to the heating el ement 2
(a heatind resiadapted to cm&%gﬂwﬁ? SRY (FRRtion ]?ﬁpq‘%’t% present

node), the 20 heatjng elenment 2 is I ckly heate nd_t f

t Ee bubbl g lgene?]-gf?’i‘%t* i SHES- k(ﬁﬁ%i‘fcf%g Jtrheei}%é'b%voa%lae Se‘pﬁeﬁ%ﬁ‘;ﬁ g:uges

t he secon iquid.to be bbl ed k) ' i raldie S bbl 6
thus gener at ed BSRRHRE Sy ﬁbeaw“h%&ger% T RPon %1(1{ gtahelp?eln%rrenoér}yof =

menbrane 25 i{ﬁggdf\gcljlgragﬂé;z%&gé_ed in U S. Patent No. 4,723, 129.

They are generat'ed as acconp extrenely high
In the initial state illustrated in Fig. 1A, the

10  1liquid in the first flow path 3 is drawn in closely to.
the discharge port 11 by the capillary force. In the
present example, the discharge port 11 is located on
the downstream side relative to the direction of- flow
of the liquid in the first flow path 3 with respect to

15 the area in which the heating element 2 is projected to
the first flow path 3.

In the existing state, when the thermal energy is
applied to the heating element 2.(a heating resistor
measuring 40 pm x 105 um, in the present mode), the

20 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

25 boiling.as is disclosed in U.S. Patent No. 4,723,129.
They are generated as accompanied by extremely high

pressure all at once throughout the entire surface of



pressure all at once throughout the entire surface of

- 22 - the heating elenent. The pressure generated at this

time propagates in the formof pressure_wgye_t hrough t he second
liquid in the second flow path 4 and acts on t he novabl e separation
menbrane 5, with the result that 5 . the novabl e separation nenbrane 5

w Il be displaced and the discharge of the first liquid in the first
fl ow path 3 will be started. As the bubbles 6 generated on

the entire surf@ee heating &ldndmtheatrhey prlessuitie Jeperated altl thishey
_assune the 10 - shape of a nenbrane (Fig. 1C). The expansion of the
bubbl es 6 by theEimeeprdpagatesedsurthe farime ofapressure waves tthroughr t her
adds to the displacenent of the novable separation nmenbrane 5 and,
as a result, provetsscaide liquid igi ddieaspeosd How pagh 4 @Rdd aatrs e fr st
flow path 3 15 t hrough the discharge port 11. \When 't he
growth of the Hishmeyvablke gepraration memhaangdy, Wik dhemesldnth&t t he

novabl e separation menbrane 5 gains in | u Fig, 1D) . til, the
State IS moahie panar o hemtang, & iy e Sishiecet ang,
menbrane 5 contj.nues, its el ongation such t t di_spl nt of
the upstream si'd¥® dfi‘ﬁctk?quﬁ (ﬁhearf"&rsm .lq%}ut%(gﬁnofthteheﬂ%losv%mos (ri)gga si de
part 5B t hereof e |l |y equal relative to the central part
5C of ttPeaaéheg% (ynilo]’f ﬁ%%ﬁ%\?aén‘#e'separ ation nenbrane 5 25

opposite the heating£l§{BBurbles 6 generate drl&cHY @Y durfdey grow

t hereafter, the .
of the heating element 2 grow quickly, they assume the

10 shape of a membrane (Fig. 1C). The expansion of_the
bubbles 6 by the very high pressure in the nascent
state further adds to the displacement of the movable
separation membrane 5 and, as a result, promotes the
discharge of the first liquid in the first flow path 3

15 through the discharge port 11.

When the-growth of the bubbles 6 furthér
continues, the displacement of the movable separation
membrane 5 gains in volume (Fig. 1D). Until the state
illustrated in Fig. 1D arises, the movable separation

20 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'movabie separation membrane 5

25 opposite the heating element 2.

As the bubbles 6 further grow thereafter, the

bubbleslﬁ and the movable separation membrane 5



bubbl es 6 and the novabl e separati on nenbrane 5

- 23 - continuing its displacenent are severally displaced in
the direction of the discharge output ratf&ej _hore on t he upstream
side part 5A than on the downstream side part 5B and, as a result,
the first liquid in the first 5 flow path 3 is directly noved in the
direction of the di scharge output 11 (Fig. 1E). The

ef ficiency of discharge is further inproved owing to the

i ncorporation odétneinp {18 @fdErdddifent are tdwveitsTlpcRiEslacda tiie

novabl e separati on nenbrane 5 1 in the direction of discharge on the
downst ream si detls® directids ¢ the adisth@rde nmitput ofather Inapre o n t he
direction of the discharge port as described above. The fact that
the notion of ttiee | upstredmveaide tpert 5A thampsn cthe donstreqn rstded
relatively brings about a 15 favorable effect on the refill of the

l'i quid (papt 5B sandl, famm treswbbt reken 1Ry 1iguid ipthe first
specifically the displacing_réﬂégn of the npvabl e aration

_ se
nenbr ane 5 flow path\§ ks (Fereptin moerd in e drRs Pt ERRf s

20 di splaced in the direction e di arge port so as to
i nduce a changedbFoRIEIR ?VEPH?H{ﬁ é%é?b ﬁﬁgf 1E as illustrated in

i schar go.and t he. o TG enyoifndy ‘of | Sracharae 1 sbithdy LEbAIA
be exal ted i +4 iehe ineotpErdBltn o Cend AT Qe S T
the displacement of the movable separation membrane 5
10 in the direction of discharge on the downstream side so
as to allow direct motion of the liquid in the
direction of the discharge.port as described above.
The fact that the motion of the liquid toward the
upstream side is decreased relatively brings about a
15 favorable effect on the refill of the liquid
(replenished from the upstream side) in thé nozzle,
specifically the displacing region of the movable
separation membrane 5.
When the movable separation membrane 5 itself is
20 displaced in the direction of the discharge port so as
to induce a change of state from Fig. 1D to Fig. 1lE 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
25 the same time, the amount of discharge can be exalted
by inducing trahsfer of the portion of the first liquid

in thé region of projection of the heating element 2 in



in the region of projection of the heating elenent 2 in

- 24 - the first flow path 3. (Second exanpl e)

Figs. 2Ato 2E are cross sections of the Qhrgction : of flow path
depicted to aid in the description of the™5 second exanple of the

met hod for discharge of liquid whi ch are applicable to the present

I nvention (wherein the step of displacenent contenplated by this

i nvention - starts fromthe initial stage). This exanple is

basi cal | y i dentiyedlfiirkt5te1¢Ri Wath B to the first exanpl e described.
above. A first flow path 13 which directly communicates with the

di schar ge por t( Sekcoril feddmpdadi th the first liquid supplied from

the first common |iquid chanber 143 and a second flow | path 14

furni shed with a bulitigs.g@fertat i2R) arnegianese’ sectiphs off iYhee diviedtion
bubbling liquid which emts bubbles on exposure to a thernmal energy

suppl i ed by a Matflay path depighed toe aid dgy i deseription adhtiene 15
adapt ed to separate the first flow path 13 and the second fl ow
path 14 frfom ediﬁ?%‘ﬁ@anﬁ’li%t@r m&‘%ﬂéeﬁ?’ft e sqhange 8 Ligwigy path 13
and e, 520ond Lotk BELD s S TR, remen SRRRPHLITR, TR, 19 2
ST hE oo g e M P g Yo
starts from the initial stage).
This example is basically identical in structure
10 to the first example described above. A first flow
path 13 which direqtly communicates with the discharge
port 11 is filled with the first liquid supplied from
the first common liquid chamber 143 and a second flow
path 14 furnished with a bubble generating region 17 is
15 filled with a bubbling liquid which emits bubbles on
exposure to a thermal energy supplied by a heating
element 12. A movable separation membrane 15 adapted
to separate the first flow path 13 and the second flow
path 14 from each other is interposed between the first
20 flow path 13.and the second flow path 14. The movable
separafion membrane 15 and aﬁ orifice plate 19 are
tightly fixed to each other and they do not suffer the
liguids in the two flow paths_to)mingle with each
other. |
25 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



simlarly in Fig. 1A the liquid in the first flow path 13 is drawn
in closely to the discharge port 11 by the

- 25 - capillary force. In the p£§sent exanpl e, the discharge
port 11 is located on the downstream side“relative to - the area in
whi ch the heating elenment 12 is projected to the first flow path 13.
5 In the existing state, when the thermal energy is given to
the heating elenent 12 (a heating resistor measuring 40 pmx 115 pm

in the present JpqdehartN@orce. &ﬁakhggpﬁhggﬂﬁte%&m?iegukﬁ5|ﬁiE@ﬁh@éeﬁnd
t he surface of t he bubbl e generating region 1/ contacting the second

10 liquid cpezes 11hgsSaerateld on dheodbenktkbhmdshyet Felative leat (Fig.
2B) . ‘The bubbl es 16 thus generated by the heati ng are based on such a
phenonenon of mmebeTea in whikhi thegheatiagdedemestdl2nil. grofecert No.
4,723, 129. They are generated as acconpanied by extrenely high 15
pressure all attoorthe tfimsigHfdow pachedBi.re surface of t he heati ng

el enent. The pressure generated at this tineﬁgropggates in the form

of pressuBe wave thdsudie existinge s¥@tendvwheguitde; cBBRFIW| & pat h
14 and acts on the novabl e separation_nenbrane 15, with the result
20 that the SHSpIt® dheaheatdmonedsment 12 A pepding resiztof aced and
L1 CLener 9% Sl B, il la” s an, e, BT b L
g];] atpge OP e:t hgg&%lgﬁ:geﬁleé%%wlﬂhg |q¥1’ictla§ry hRRe anlaY the® surfdeausE the
the bubble generating region 17 contacting the second
10 liquid causes the second liquid to be bubbled by the
~heat (Fig. 2B). The bubbles 16 thus generated by the
heating are based on such a phenomenon of meﬁbrane
boiling as is disclosed in U;S. Patent No. 4,723,129.
They are generated as accompanied by extremély high
15 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 second liquid in the second flow path 14 and acts
on the movable separation membrane 15, with the result
20 that the movable séparation 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 qdickly, they eventually
25 assume the shape of a membrane (Fig. 2C). Thé
expansion of the bubbles 16 by the very high pressure

in the nasceht state further adds to the displacement



expansi on of the bubbles 16 by the very high pressure I n the nascent
state further adds to the displacenent

- 26 - of the novabl e separation jgenbrane 15 and, as a result,
pronotes the discharge of ‘the first. liquidin the first fl ow path 13
through the discharge port 11. At this time, the novabl e separation
menbrane 15 has the 5 downstream si de part 15B of the novabl e region

t her eof di spl aced rather nore than the upstream side part 15A

thereof fromthgei '@ﬁéilﬁ&véﬁf@es?afé{i% dmblrate F1%.and, as 2. rdéelt] rst
liquid in the first flow path 13, therefore, is noved to the

di scharge port pdombtdshtnd didchargé fofi eheyfirsm 1iguidiin athst fifjest
When the growt h of the bubbles 16 further advances thereafter, the
di spl acenent of flée pavhbl® tepoughithme dischargeripeme 1b. | sAt this
proportionately enlarged (Fig. 2D) because the displacenent of the
novabl e separ attbme, 1the mevieble cseparationmepRTRRL ol S s bH®| es are

pr onot ed relative to the state_ illustrated in Fig. 2C.

Particul arPy, sfpwRstreamcsiHde RartsleR %%thQEEP%?b%%égegl°n thereefe
region is displaced_nore largely in the direction, of the djsgharge
port than the uﬂ%??%%ﬁ?giﬂitgﬁﬁ mor%ag?aESEP%nﬂp?ﬁﬁe%%n?}g? Rt ﬂ%ﬁ; t he
first liquid in he flyst.flow pa LT it

accel eration ‘hereph %ﬁ%mdtﬁ%c%ﬁﬁﬁl%g %E%&%i%%hgg%%¥5€$¥éés¥%c€l?he

I i Lt s
i's dim nished. therefore, is moved to the discharge port 11 with high
10 efficiency from the initial stage.

When the growth of the bubbles 16 further ad&ances
thereafter, the displacement of the movable separation
membrane 15 is proportionately enlarged (Fig. 2D)
becaﬁse the displacement of the movable separation

15 membrane 15 and the growth of the bubbles are promoted
relative to the state illustfated in Fig. 2C.
Particularly, since the downstream side part 15B of the
movable region is displaced more largely in the
direction of the discharge port than the upstreém side

20 part 15A and the central part 15C, the first 1iquid 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
throughout the entire process, the motion of the liquid

25 in the upstream direction is diminished.

| The method of liquid discharge in this example,

therefore, can improve the discharge efficiency,



The nethod of liquid discharge in this exanple, t herefore, can
I nprove the discharge efficiency, . - 27
- especi al l'y the discharge speedyand further can favorably
stabilize the refill of the liquid in the - - nozzle and the vol une of

t he di scharged |iquid drops. When the growt h of the bubbles 16
further 5 continues thereafter, the downstream side part 15B and

the central part 15C of the novabl e separation nenbrane 15 are

further displ agepediidlayonrtet adscharge @peed and furtheaf cahe di scharge
port to pronote the effect nentioned above, nanmely the inprovenent of
t he di scharge fh¥oradillyl etabd)]l ized thiee reifidiaodge theeddglidg in?2Ehe
Particularly, since the shape of the novabl e separation -menbrane 15
in this case i nozilar gad rvbe wvollypmenofhdhe dischgxrged ddauidndpepsal so in
the sizes of displacenent and el ongation in _the direction of wdth
of the flow path, ¥hen thec ogpuith ofy thegibybbles o iENFHRE first |iquid
in the first flowpath 13 is increased and theGQisch

gffifiencﬁ i s Spdrguas dherpatiere, dpe Soypstapem side P?H%Lg%éraPﬁe
[ t of .th | ' . ' '
; 'efignﬁ fgg“" Che i et ol frit 18 ¥ the, movaliey SRER-EE B InbinbriE®
t " n . H N
crbracing o 158 surther? (iRPIack AR SIMEALAS ) (A CIRLICH a9

| ocated on the dpséﬂee%ﬂsﬂﬁé‘idhéqﬁdi% ity Prdimoticdithe effectisiaWbnadPosi tion
on the downstream side fromthe 25 point A |located on the downstream
side in the iniddile, namely the improvement of the discharge

10 efficiency and the discharge speed (Fig. 2E).
Particularly, since the shape of the movable separation
membrane 15 in this case is enlarged not only in the
cross section but also in the sizes of displacement and
elongation in the direction of width of the flow path,

15 the operating region.for moving the first liquid in the
first flow path 13 is increased and.the discharge
efficiency is synergistically improved. Since the
shape of the displacement of thé movable separation
membrane 15 at this time reéembles the shape of a human

20 nose, it will be particularly referred to as ﬁnose
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
assumes a position on the downstream side from the

25 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



state as illustrated in Fig. 2E and-the shape in which the points A
and B assune equival ent positions as -

- 28 - illustrated in Fig. 1E_ 28 - (Exanpl e of

Di spl acenment applicable to Mvable - geparation Menbr ane)

Figs. 3Ato 3C are cross sections of a direction 5 of flow path
depicted to aid in the description of the step of displacenent of

t he novabl e separati on -nmenbr ane in the nethod of Iiquid discharge

according to thil3ustrated ANEPHGQAN1E. This exanple is intended to
. center its description 10 specifically on the range of notion of the
novabl e Sepan Exiamplee oifr diepldademeatc hppddcablei $pl Nogable

thereof, it will omt illustrating the bubbles, first . fl ow path, and
di schar ge port Sefalratiien Membaane ) di agranms, as a basic structure,
presune that the 15 portion of a second flow path 24 which approxi nmates
closely to the regi §igs PRojtecBCoRrrer cxossaserfions of g diggction
constitutes itself _a bubble generating .. . region 27 and the second flow
path 24 aRd a P fLom path depicked,tezaide iy Aesgriptienarit &Bepy a

bl 20 [ nb 2 L l.e. . fr h
rovable 20 eReRCY HBTSIRRANG 57 SRESHADEhYR, eereioR Wiberars. nor:
s disposed On (e, JoRAIHLEAReShdGudNT A scharge Blkbrlihof §80AIL e T st

liquid on the dUpstream si stream srde term nal part

(litne Hin theinvention.

This example is intended to center its description

10 specifically on the range of motion of the movable
separation membrane and the change in displacement
thereof, it will omit illustrating the bubbles, first
flow path, and discharge port. All the relevant
diagrams, as a basic structure, presume that the

15 poftion of a second flow path 24 which approximates
closely to the region of projection of a heating
element 22 ccnstitutes itself a bubble generating
region 27 and the second flow path 24 and a first flow
path 23 are substantially separated by a movable

20 separation membrane 25 ¢onstant1y, i.e., from the
initial stage through the dufation of displacement. A
discharge port is disposed on the downstream side and a
parf for feeding the first liquid on the upstream side
with the downstream side terminal part (line H in the

25 diagram) of the heating.element 22 as the bordér line.
The terms "upstream side" and "downstream side" as used

in the present and following examples are meant in



25 di agran) of the heating el enent 22 as the border I|ine. The
ternms "upstream side" and "downstream side" as used I n the present
and foll ow ng exanples are neant in - 29 -
29 - relation to the direction ofzflow of the liquid in the
rel evant flow path as viewed fromthe central part of t he novabl e
range of the novabl e separati on nefrbrane. The nmet hod using the
structure illustrated in Fig. 5 3A incorporates therein fromthe
initial stage arsl®£Pion to tHe diidcticly of Mt ef SthEmrkhiquid nirnbetane 25
fromthe initial state sequentially in the order of (1), (2),
and (3) and noreelewaret yfow tethl cve stieseerd sfxian tthen central hamipsif eam
side and particularly succeeds in 10 “inproving the discharge speed
because it operthesnewable range|af tthe mevakie seraration ymeghrang. t he
sanme tine, enabl e the displ acenent on the downstream side to .
inpart to the first Theuethed ¢ing e istrpguse skllustratggnin Figi on as
to be forced oquin t he di

f Fi'Y.

rectiqn of, 1 the dj scharge port. 1In the
Structure Ipcorpprates thegein rom the ARfTIRE stage 2 <8R\ ned
to be substantially fixed. Int ctiy e. | r at ed
o By 3p (ndf Elibflcdng |4 avante separatidh MR 1Y Selod L 21 O

is 20  shift -Q{afbr%@g.gg%é%%én{%diﬁ Qlf‘rsé@ftof'“(:Ld), (2),

accordance as- the novable separ rane _ 1'sp aced
sequential ly inggde 35 dgka gflofé)lafg?ély Y the dowr(s?eréeﬂn tdeadliggdram I n
e

the ensuant form the nova range nentioned above has the upstream
side thereof +the upstream side and particularly succeeds in :
10 improving the discharge speed because it operates to
exalt the discharge efficiency and, at the same time,
enable the displacement on the downstream side to
impart fo the first liquid in the first flow path 23
such a motion as to be forced out in the direction of
15 the discharge port. In the structure of Fig. 3A, the
movable range mentioned above is assumed to be
substantially fixed.
In the structure illustrated in Fig. 3B, the
movable range of the movable separation membrane 25 is
20 shifted or enlarged toward the discharge port in
accordance as the movable separation membrane 25 is
displaced sequentially in the order of (1), (2), and
(3) in the diagram. In the ensuant form, the movable
range mentioned above has the upstream side fhereof
25 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



25 fixed. The discharge efficiency can be further exalted here

because the novabl e separation nenbrane 25 is di spl aced nore largely
on the downstream side than on _ 30 - - 30 -
t he upstream side thereof and because the Bubbles are grown in the
direction of the discharge port. In the structure illustrated in
Fig. 3C, while the nmovabl e separati on menbrane 25 changes fromthe

initial 5 state (1) to the state shown in (2) in the diagram the
upstream si de b tjas QMRS IR tHalR T arfl Dddsuse thedibupibaesd aife t he

upstream side is displaced rather nore - largely than the downstream
side. As the bywis in the fdirdtarion @f fuhendi¥charget)pant.t he di agram the
10 - downstream side is displaced nore |argely than the upst ream
side. As a result, darerthehestinuctiude gulildistrated in Fdaup@§, pddtlepfthehe
novabl e regi on can be noved in the direction of the dischar in%_port,
t he. di scharge movablsf fsepanatiqmmenbrans Ak ¢hangesatfnomne -témreiqﬁgfﬂ'@, t he
15 anount of discharge can be increased. Further, at the

Cstep illudirat étate (@) do he state shewn dimd2); g dipgnam.y e ¢ ne

novabl e separati on . nbrane 25 i s di spl ace t dth

di schar ge port upstreanm rﬁgtlrf{%er?é‘%(ﬁ}ﬁ qé"f”cﬁ:qé? Gt ﬁqgr%oﬁ?v\éar{lé’am '?han t he

20 point Uip the initial _.state. the di . i.Cj b

further exal tedi]’tﬁph'l[ar%e%a‘?? e HERS R %\%‘f%af&g%legglltaf?ee d%ac%ha%%e'noﬁo?? i ﬁ

consequence of {fie, SKPAIIOhne acwns Wb dlide CONRPARIHapARAHTSA Wi 11 be
nose shape

‘referred to as as nenti oned above.
further grow from (3) to (4) in the diagram, the

10 downstream side is displaced more largely than the
upstream-side. As a result, even the first liquid in
the upper part of the movable region can be moved in
the direction of the discharging port, the discharge
efficiency can be improved, and at the same time, the

15 amount of discharge can be increased.

Further, at thé step illustrated in (4) of Fig.
3C, since a certain point U of the movable separation
membrane 25 is displaced more tbward the discharge port
than fhe point D located on the downstream than the

26 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 consequéntly assumed will be referred to as
"nose shape" as mentioned above.

25 | The methodé of liquid discharge which incorporate

therein such steps as described above are applicable to

the present invention. The components illustrated in



25 The net hods of |iquid discharge which incorporate therein
such steps as described above are applicable to . t he present
invention. The conponents illustrated in 4

- 31 - ~ Figs. 3A to 3C do not almeys “function i ndependent |y of

each other. The steps which incorporate such conponents therein are

| i kewi se applicable to this I nvention. The step which invol ves the
formation of 5 - the nose shape is not |linmted to the structure

illustrated inpfiigs. 33 dd IR0t elwaysatfmdtidmdndependeintilst wes
illustrated in Figs. 3A and 3B. For the movabl e separati on menbrane
used in the staniictdr. The [Etgps hitch IBcardpornatesessibon of
expansibility does 10 not matter and the preparatory inpartation of

sl ackness - compyirferdss . thEwe inh iagien dddenfi seh @ppihvigigibd o digartdrdison
menbrane appearing in the diagram has no di nensi onal significance.
The expr essi on inuaptdon.or Thentsten wich dapalyies the f°§¥?§k9919@1the
pr esent speC|f|cat|on applles to at , east one of the menber s
(means) wii ch Bhe@offoihapre 1s ngf, ig iﬁﬂJa sﬁf by t he

pr esent invent| such,.as, r anpl e, the
structure cir}d‘\’s%treaﬂ:t%’r Hrs’tq C J§ ﬁ)% %}1 "% sepa %{Q(?r?twne rane

i tself, those p%ﬁ@ﬂf&t%wﬁ%@t 'nPfiri s. 34 and!I3H0S IFd 0 Y the

bubbl e generatlng evice t he novabl e separati on

menbrane, thosg, vable Ald b %&Méﬁé'&é&wt&@%ﬁfdﬁmwthe

vicinity of the generating region, those acting
Figs. 3A to 3C, the possession of expansibility does

10 not matter and the preparatory impartation of slackness
suffices. The thickness of the movable separation
membrane appearing in the diagram has no dimensional
significance.

The expression "device for controlling direction"

15 as used in the present specification applies'to at
least one of all the members (means) which bring about
the "displacement" specified by the present invention,
such as, for example, those stemming from the structure
or characteristic of the movable separation membrane

20 itself, those pertaining to the operation or
disposition of the bubble genereting device with
respect to the movable separation membrane, those
relating to the fluid resistance offered by the
vicinity of the bubble generating region, those acting

25 directly or indirectly on the movable 'separation
ﬁembrane, or those effecting control of the

displacement or elongation of the movable separation -



25 directly or indirectly on the novabl e separation menbr ane, or
t hose effecting control of the di spl acenent or el ongation of the
movabl e separation _ ' - 32 - - 32 - :
menbrane. The enbodi nents incorporating a plurality (two or nore) of
such direction controlling devices as menti oned above, therefore, are
natural |y enbraced by the present invention. The exanples which wll
be 5 cited herein bel ow nmake no definite nention of arbitrary
conbi nati on of nentrsarsdi t yThe ehbatinents incorpopratiold ism@pldseldcsy Thi s
notw t hst andi ng, the present I nvention does not need to be limted to
the foll owing (two axawgrtees.of uch directigncaurtmlisingdefigamsmias
(Exanmpl e 1) Figs. 4A to 4D are nodel di aglrams of the cross
section of dirceentsipngd ahovsy pherefnre. 1ar8 matHlly embrageq kbt

Fia. 4A 1 epr ogcd R RIRNS CL T dhs | Tt b Led iR 4 Reha dur i ng
(1o, 205enc8 o Ll hLSEI NSy majre g Guiffe HgreF S L1 the otate
e ende ST PSR4 41 oo PP S tloganig gt on. and
distinction.  oontrollind ePi&SENt i kbil S AR NRA] @RISH%sent
invention does not need to be limited to the following
examples.
- 10 (Mode of First Embodiment)
(Example 1)
Figs. 4A to 4D are model diagrams of the cross
section of direction of a flow path for iliustrating
the first example of the liquid discharge head of the
15 present invention;.
Fig. 4A represenfing the state of the liquid
discharge head during the absence of 1iqpid discharge,
Fig. 4B representing the state of bubbles 40 grown
to the largest volume,
20 Fig. 4C representing the state of bubbles in the
process of contraction, and
Fig. 4D representing the state of bubbles after
substantial distinction. |
The present'liquid discharge head dauses
25 generation of bubbles in a bubble generating region 30
of the second flow path 4.near the heating element 2

(40 x 105 pm, for example) because this heating element



25 generation of bubbl.es in a bubble generating region 30 of the
second flow path 4 near the heating elenent 2 (40 x 105 pm for
exanpl e) because this heating el enment _ -
3 - 2 which is disposed on the agvice substrate 1 heats the
liquid in the bubble generating region 30 and induces menbr ane
boiling as illustrated in Fig. 4A ' This region and the first
flow path 3 5 comuni cating with the di scharge port 11 are
substantial |y sepMidiedd daspored enhdheyevice@ubsitrate 1 heatar aheon
menbrane 5 and, consequently, the liquid of the first flow path-3 and
that of the seqqm;jfd AW [eh bubble gemexratnings ufeigdioad 300 amdndindugiesh each
ot her. These 10 liquids of the first and the second flow path 3 and 4
may be the sanmmembrdinfe drcdiitingd @se ddilwg taatede ipurFﬂGse4A- of use.
Further, in the case of this invention, a nova nmenber 26 having a
free end provided offftilfe neigicmepd the fizsh fé-lcﬂ'el’laé:hdl%posed opposite the
di spl acenent region - of the novabl e _separatiagn nbrane 5 which is
di spl aced 5 comppniaa tHRgh ity éﬂ@ré’é&ﬂ’qqg%é’%&oﬂ'lﬁ Féner at i ng

region 30. The free end i 0._be p05|t| ned

s preferred t
di scharge port sémi%tafnrfdrﬂ]tlﬁp seRREAt offr &3 © hegr &y Sthet ﬁngjvﬁbﬁte i ng

| t 2 for th f | . )
Iet e|msannot ed01[ r dﬁﬁeq?fsrga eii‘%‘ t%eb'[%zf% bub%ae/,\' %ﬁm ggrsfer at ed'lb%}l tqhe fheat i ng
elenent 2 has gnowne{,Q:d "8 0w path HRHANUHA lof adtcod Wiw Patihe

di spl acenent

4 are not suffered to mingle with each other. These .

10 liquids of the first and the second flow path 3 and 4
may be the same or different, depending on the purpose
of use.

Further, in the case of this invention, a movable
member 26 having a free end provided on the discharge

15 port side is disposed opposite the displacement region
of the movable separation membrane 5 which is displaced
by the bubbles generated in the bubble generating
region 30. The free end is preférred to be positioned
on the discharge port side from the center F of the

20 area of the heating element 2 for the sake of the
movable member 26 itself.

It is noted from Fig. 4B that the bubble 40
generated by the heating element 2 has grown to the
substantially largest volume but the displacement

25 region of the movable separation membrane 5 as a whole
has displaced and elongated.toward the discharge port

because the directions of displacement and elongation



25 regi on of the novabl e separation nenbrane 5 as a whole has

di spl aced and el ongated toward t he di scharge port because the
directions of displacement and el ongation _

- 34 - of the novabl e separati on™nmenbrane 5 are regul ated by

t he novabl e menber 26. Particularly, the displacenent and el ongati on
toward the discharge port is acconpl i shed nore effectively because
the free end of 5 t he novabl e nenber 26 is di sposed on the discharge

port Si deyf 1B sy A0 Hegaritidit nintiraiie i adcaidgilated byl ement
. 2 as descri bed above and the displ acenent regi on of the novable

separ at i on nenbfredandvasie hember 26 .egHatteidwsldisiiygnttte |disgidEdenentl
Wth reference to Fig. 4C, though the bubbles 40 are in the process
of contracti on,ambielahgpsidn ittpward the digalmygesparthpdsate nore qui ckly
fromthe liquid in the flow path 3 because the novabl e nenber 26, by
virtue of acqdmrpXished dwze t ivelghdheepuses dhes frea@nd a@fate 15
t he contraction of the novabl e separation nmenbrane 5 ., .and tends to
draw meni stusesth® snoypble meghex |36 is dispgged, P (e SLFharge Ra%t 11
into the flow path 3, As a result, satellite 3 illustrated in Fig.
4D are SR FERM 1 Hhe cf‘seé“Feetth’ S FARfR %é Ih.ealliﬁé‘g 20

produced i mages,. t herefore ontai.n sugh satellite onl paringly
and enj oy both és%%f't‘?}?ﬁiés_ %%o‘fﬁ%ﬁtﬁf; above aﬁr?ﬁ%r@%‘?lnac%e“ﬁneéi nk
contains m st Ozr']ea(iér?ac;f najxe/’méw;able sepé:cé"éfc% ImeiB¥ e téqecér?(\t?e and the

I nterior of the
regulated substantially wholly.

10 With reference to Fig. 4C, though fhe bubbles 40
are in the process of contractidn, main drops (liquid
drops) 32 separate more quickly from the liquid in the
flow path 3 because the movable member 26, by virtue of
the resiliency thereof, functions so as to accelerate

15 the contraction of the movable separation membrane 5
and tends to draw meniscuses 3la and 31lb quickly
through the discharge port 11 into the flow path 3. As
a result, satellites 33 illustrated in Fig. 4D are
compelled to lose length and volume as well. The

20 produced images, therefore, contain such satellite only
sparingly and enjoy both sharpness and quality.
Further, sinee the ink contains mist only sparingly, it
scarcely smears the face and the interior of the
printer and adds markedly to the reliebility of

25 printing.

| With reference to Fig. 4C, the flow speed of

liquid within the first flow path 3 during the



printer and adds markedly to the reliability of 25 printing.

Wth reference to Fig. 4C, the fl ow speed of liquid within the first
flow path 3 during the 35 - 35 -
attraction of the meniscuses 3la and 31b varies with pl ace.
Particularly, between the nearer side 31b to and the farther side 3la
fromthe novabl e separation menbrane 5 across the center line E of
the discharge 5 port 11, the flow speed is possibly higher on the

nearer side 31lby¥i£dciis Sfoite isisdcules t31d latd 31b varies wiltle bal ance
of shape between the neni scuses 3la and 31b affects.the direction of

the satellites gitace. Partt@ulddi, [HdEwen ithaaiedder sidedlb o tilt
mani fests 10 itself as a deviation of the accuracy of i npingenent of
li quid drops onamxireleerfhrmcheredide 3w fron the mavable sepapatiomuses a
devi ation of inpingenent due to the di fference of direction of the
di scharge of tHheempfane 5 acregpgpcharenry Nelngitk|9f tide Hischarge

consequence is a 15 so-called satel]ite pr h inpairs the qualit
of " % mageport 11, the flgw SpRgdqls |%‘|‘£ ’J'Pl}r)b%]@‘t g‘ﬁ“ e novabl e y
menber 26 and adh ast. 1q the nov e separation ne [ane

5, “however, t he“%?)’é"é’a ?ﬂ‘ l?a"(:tﬁ%h has (§e jgsat%e %%e{?; ation

menbrane 5 is hei ght dt&%bilangee éfséﬂéréQCty?%ween Side than

on the di scharge por contraction speed i%ewr] of

the movable  gnq $EPUARLOHs PR o e 85 L5 45 SH5UL B 655 (34 Si de

When this balance is notably swayed, the tilt manifests
10 itself as a deviation of the accuracy of impingement of
liquid drops oh a recording medium. The lost balance
also causes a deviation of impinggment due to the
difference of direction of the discharge of the main
drops 32 and the satellites 33. The consequence is a
15 so-called satellite print which impairs the quality of
image.
| By causiﬁg tight union between the movable member
26 and adhere fast to the movab1e3separation membrane
5; however, the speed of contraction of the movable
20 separation membrane 5 is heightened by the resiliency
on the opposite side than on the discharge port side,
namely the contraction speed V, of the movable
separation membrane 5 on the upstream side (the side
opposite the diséharge port) of the movablé region is
25 . heightened than the contraction speed V; thereof on the
downstream side (the discharge port side) to satisfy

the relation, V, < V,, with the result that the flow



opposite the discharge port) of the novable region is 25 hei ght ened
than the contraction speed V[err] thereof on the downst ream si de
(the discharge port side) to satisfy the relation, V[err] [err]
V[err], with the result that the flow ~ 36 -

- 36 - speed B on the side nearer to the novabl e separation
menbrane 5 will be restrained fromincreasing excessively, the flow
speed A on the side offering greater resistance to flow w Il be

hei ght ened, an | {2 RIS Tmdvad lleMyd +SiRgeds A and
B Wil | b%ér‘%gq iB§e°£ %é;g#et%qscusgo?%%grﬁ ?f;lb, I:lafti\r%‘erefore, are
symretral i zed igeoidiadite r£halllyad Gddirained M einddeasimgdf the nozzle
and the direction of the satellites 33 is equalized to that of the
mai n drops 10 excikssively, the flou lspeed lfe cof fihe evicle afffapiplgy of |iquid
from t he upstream side can be exalted, the refill property

i nproved, and tdmeaker erexpiceichrices reastibvhwilldi div dweightened, angk thseed of
contraction of the novable separation 15 menbrane 5 on the upstream

si de. 5 simi tandpus conteralpaf ithe ivway oy rpagds, A and B
di scharge head of Figs. 4A to 4D, illustrating substantially the
same state as Myl 4 repliged. The ﬁqmﬁ%e%éﬁ%taéﬁi in, an electric

SUTEN 1S T 0 A 5 " R o e
_is provi ded mﬁtég&{g;f&%%é §¥E¥E£nné%£fgféﬂéifﬁét&¥§ection of the '
satellites 33 is equalized to that of the main drops
10  32. '

Further, the efficiency of supply of liquid from
thé upstream side can be exalted, the refill property
improved, and the drive speed increased by heightening
the speed of contraction of the movable separation

15 membrane 5 on the upstream side.

Fig. 5 is a perspective view of the liquid
discharge héad of Figs. 4A to 4D, illustrating
substantially the same state as Fig. 4B. In the
structure depicted herein, an electric current is fed

20 by a wiring 34 to the heating element 2 as an eiectric
resistor.

Now, the structure of the device substrate 1 which

.is provided with the heating element 2 fulfilling the
role of imparting heat to the liquid will be explained
25 below.
Figs. 6A and 6B are longitudinal sections

illustrating an example of the structure of the liquid



role of inparting heat to the liquid will be explained 25 bel ow.

Figs. 6A and 6B are | ongitudinal sections il lustrating an exanpl e of
the structure of the liquid - 37 - - 37 -

di scharge heat according to this invention; Fig. 6A representing a
head furnished wwth a protective menbrane which wll be described
specifically herein bel ow and Fig. 6B representing a head devoid of
an 5 anti-cavitation layer as a protective nenbrane. As

illustrated in didihaife akhtORcddiRlidRy e this irsdisiiiont;e Fligsed’s a second
flow path 4, a novable . separation nenbrane 5 destined to forma

separation rep¥fddentainy «Hendrefdari sifed avifthr & pdaheqiEvie 3, and a 10
grooved nenber 50 furnished with a groove for form ng . the first flow
path 3. membrade twheiatewidd hehslesanibed spagifiseldy dereinn or
silicon nitride film110e aimng to offer insulation .. and storage of
heat is forned kelew Rrd Bigly 6B grerfesenting § heash dqvaid@f @k, and an
electric resistance |layer ~110d, 0.01 to 0.2 [err]min thickness, of
haf ni um bdti de antl‘ca‘(ﬁfﬁ’é?q]])E}YEE%rﬂ%I%rﬁ‘?ﬁ‘fer‘?‘a‘e"% T“cﬁdl?ralﬂe't ant al.um

and two i ring el ectibdbblinRates otn FIET (6h 41 UF- 30 A4fiifncss, of
ajumnum {or SRBbFATE SURELgSftbona maof IO D IS 1O, The
voltage from separation membrane 5 destined to form a separation
wall, a movable member 26, a first flow path 3, énd a
10 grooved member 50 furnished with a groove for forming
the first flow path 3.

On 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

15 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 aluminﬁm
(TaAl), for example, intended to form a'heating element
and.two wiring electrodes 110c, 0.2 to 1.0 um in

20 thickness, of aluminum, for example, are superposed
thereon by patterning. The electric resistance layer
1104 is incited to emit heat by applying a voltage from
the two wiring electrode 110c to the electric
resistance layer 1104 thereby causing supply of an

25 electric current to the electric resistance layer 110d.
On the electric resistance layer 1104 intervening

between the wiring electrodes 110c, a protective layer



the.two wiring electrode 110c to the electric

resi stance | ayer 110d

t hereby causing supply of an 25 electric current to the electric

resi stance | ayer 110d. _ On the el ectyg ¢ resistance |ayer 110d

i nt erveni ng bet weén the wi.ring el ectrodes 110c, a protective |ayer
- 38 - - 110b, 0.1 to 0.2 [err]min thickness, of silicon oxide or
silicon nitride, for exanple, is fornmed and an anti - ~cavitation

| ayer 110a, 0.1 to 0.6 pmin thickness, of

tantalum for exanple, is

further superposgsb ! Ereots . 2 um ipreiRginddis, e ailiicdressidmnaen | ayer
110d from vari ous l'iquid such as ink. Such a neta
as targxlicor Ta)tride, for examplwl ds ifomwmssl drel arheanti-

anti-cavitation [ayer 110a because the pressure and the shock

mat eri al

whi ch ari se

strong and seriously degrade the durability of rigid and britt
oxide film

tantalum, ey @ranple i HS GWHhegy SURSRPIRSA Hh9xaardt

lic

wav e

1Ccavithtiony taxenikk0e.arfdt kexto fbi6 am gin gisigknesg.e afery

l e
Qn

such a structure by suitably conbjning |iquids,. flow ath | ayouts,
and resi stnce Pﬁﬁ%@?‘él%"%selcﬁf\‘ﬁ%it‘ésr%ﬁest%nce layey ]Céé}} tfaﬁqp b Sas a

nple of this structure is illustrated in

protective |ay

Fig. 6B.

ef. O ex
{1qulé;§9?bi?ﬁLﬁ§kantalun}aluninunlalon, for exanple,

may be cited as a erJdal for £ {i.C resi ggﬁﬁ I r which
has no use for a p?g%%%rfia\‘/em?%?/féi}?c %aegééi_%arf$c€% ar y,m @a)thef%lgke of

this invention

r at her

10

15

20

25

etdifple, is GEEEESr Und Nentf UHH LS IRV ELydY OVETa { O

because the pressure and the shock wave which arise
during the birth and extinction of bubbles are very
strong and seriously degrade the durability of rigid
and brittle oxide film.

Optionally, the discharge head may be formed in
such a structure by suitably combining liquids, flow
path layouts, and resistance materials as obviates the
anti-cavitation layer as a protective layer. One
example of this structure is illustrated in Fig. 6B.

An iridium-tantalum-aluminum alloy, for example,
maj be cited as a material for the electric resistance
layer which has no use for a protective layer.
Particularly, for the sake of this invention, the
absence of the protective layer proves to be rather
advantageous because the bubbling liquid is rendered
fit for bubble generating by being separated from the

discharging liquid.

be

The structure of the heating element 2 in the mode

of the embodiment described above is only required to



advant ageous because the bubbling liquid is rendered fit for bubble
generating by being separated fromthe 25 di scharging |iquid.

The structure of the heating el enent 2 Lnsbhg node of the enbodi nment
descri bed above is only required to - -
39 - have the electric resistance |ayer 110d (heating
el enment) interposed between the wiring el ectrodes 110c. It may
~otherwi se incorporate therein the protective | ayer 110b for
protecting the rRhRCiHe d1RTtTiaNaesiatanced layerlQd0d (heating The present
exanpl e has been depicted as adopting for the heating elenent 2 a
heati ng el enenteYentet®) dnterposed betsiesmnhe MWiydngieleetrodesp 310 .of
emtting heat in response to an electric signal. This invention does

10 not need tit Imay tothHeswiss iingosiponate theyein $he protegtivieul ar
structure but only requires it to be capable .Oof praoducing i.n the
bubbl i ng |i qui d-astesh 1&%@5 arofecting the&lectnia resea'ﬁ-]fér&?% did¥&Far ge
of the dischar%gﬁg liquid. As the heating el enent, such a

phot ot her rPal d.converting device as emits heat on receiving the |ight

|i ke a | aser beam or_.,a heating device furni she ' atin
el ement as enits he&h%ﬁﬁefﬁ%/i%"gﬁe tas ﬁ%ieg'n #’g(ffgr?cfsn%)%g)éaé%gpt ed,g

f . ' '
i T somodBE 5P SRR R P M e i e, 2

whi ch is conpo rrc resistance formng a

heating el eﬁentrééi%tf]a{e}f‘c 1k QIR ade celfible of enfi¥tifigPMedtdrn

electric signal tot electric _
response to an electric signal. This invention does

10 not need to limit the heating element 2 to this
particular structure but only requires it to be capable
of producing in the bubbling liquid such bubbles as are
necessary for causing discharge of the discharging
1iqﬁid. As the heating element, such a photothermal

15 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 heat on receiving a
high frequency may be adopted, for example.

Besides the electrothermal conversion element

20 which is composed of the electric resistance layer 110d
forming a heating element and the wiring electrode 110c
for supplying an electric signal to the electric
.resistance layer 1104, the element substrate 1
mentioned above is allowed to have such functional

25 elements as transistors, diodes, latches, and shift
registers which are used for selectively driving the

electrothermal conversion elements integrally



resistance | ayer 110d, the el ement substrate 1 menti oned above is
al l owed to have such functional 25 el ements as transistors, diodes,

| at ches, and shift regi sters which e used for selectively driving
t he el ectrothermal conversion elenents integrally

- 40 - I ncorporated therein during the process of

sem conduct or producti on. For the purpose of discharging the

i quid by driving the heating el enent provided in the device 5

substrate 1 as {iassFpdrsiead Otford i1t dasing e prtesss of ~ 110d interposed
~between the wiring electrodes . is incited to generate heat pronptly.

by applying a semicorndwedtoy prsdyntintio the el ectric resistance |ayer
110d via the wiring electrode 110c. 10 Fig. 7 is a diagram
depi cting the vol t agiomattesd upose of tdisghaygingdthe kdmuidkdy ng el enent
2 in the form of an electric resistance layer illustrated in Figs.
6A and 6Biving the heating telerent erRekdsdtidy Wie (dvicanpl e
described 15 above, the heating elenment is set driving by the

appl i cati oh t hetEretEAtRN AT HYhAPAC6 R resist er3¥ e
CO 1 onS ! Zada i ShidREs g rn eind S, 217, 10,1,
deser Do 20 inf A ok DAL b a0 1S
signal in this LoventlofaAGEte "EEhAE electric resistance layer 110d

via the wiring electrode 110c.

10 Fig. 7 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. 6A
and 6B.

In the head éontempléted by the example described

15 abdve, the heating element is set driving by the
application thereto of an electric signal at 6 kHz
under the conditions of 24 V of voltage, 7 usec of
pulse width, and 150 mA of electric current and, in
consequence of the operation performed as described

20 above, an ink as a liquid wished to be discharged is
discharged through the discharge port. The conditions
for the drive signal in this invention do not need to
be limitéd to thoée mehtioned above. The drive_signal
is only required to be capable of causing the bubbling

25 liquid to bubble generating perfectly.

In the present example, the movable separation

membrane 5 and the movable 26 are so constructed as to



be limted to those nenti oned above. The drive signal s only
required to be capabl e of causing the bubbling 25 liquid to bubble
generating perfectly. In the present exanple, the novable
separation menbrane 5 and the nnvaﬁ{ 26 are so constructed as to
- 41 - adhere fast to each other while the bubbles 40 are in
the process of contraction as descri bed above. One exanpl e of the
structure consequently formed is illustrated in Fig. 8 which

corresponds to §drgeré[¥aé€ tS cach bthéxXaii e {he PEBEIEE APRAFQLiON

menbrane 5 i s Joined to the free end side of the novabl e nenber 26 at

the adhesive paghe Zﬁﬁoééﬁée@f céNtrdiction as des@nibed abovdie bl e
separation nmenbrane 5 is restrai ned by the rigidity of the novable

menber 26 from&eampldi 6Pl tivedstiificture cvansequeEnttly ofnirmedwipat h by the
contraction of the bubbl es 40. As .a consequence, the
directional ity bilsstedtedetn Fig. 8 desteh zorrespordsreediiag ‘E?(arrpllé can:
be inproved, the amount of satellite decreased to the extent of 15
i nprovi ng $he pthis ¢xampbe; tthe amevabie r%wﬂa‘ﬁ*%éwgbrane Bal ted

wi thout suffering the |lar dlsplacenent of the novabl e separation
nmenbrane 5 towaieiped 'E%c'g‘h% frepy end side of the jivable H&e%nfgo?t

retraction of nenis i . 9A to

9D and Fi gs. 10§P%n38§%§93?epﬂﬁﬁe?sa téere%? é%%n t%r%%%sség%ﬁgh in the

?:;5félon of flgﬁl movable sepgyégioﬁl$éﬁ££§ﬁén§ 1£eré§¥¥EEhé&aGP'€h8f the

rigidity of the.movable member 26 from being displaced

10 toward the second flow path by the contraction of the
bubbles 40.

As a consequence, the directionality of satellites
described in the preceding example can be improved, the
amount of satellite decreased to the extent of

15 improving the print in quality, and the refill property
exalted without suffering the large displacement of the
movable separation membrane 5 toward the second flow
path to add to the amount of retraction of meniscuses.

(Example 2)

20 Figs. 9A to 9D and Figs. 10A and 10B are model
diagrams of cross section in the direction of flow of
liquid, illustrating the second example of the liquid
discharge head of this invention.

Similarly in the first example, Fig. 9A

25 illustrates the state of the liquid discharge head
during the absence of discharge of liquid and Fig. 9B

to Fig. 9D illustrate the state thereof in the presence



di scharge head of this invention. -Simlarly in the first
exanple, Fig. 9A 25 ‘illustrates the state of the Iiquid discharge head
during the absence of discharge of quuLd4§nq Fig. 9B to Fig. 9D
illustrate the state thereof in the presencCe

- 42 - of liquid discharge. In the first exanple, the
| eading term nal part of t he’ novabl e separation nenbrane 5 is
positioned bel ow - the |l ower part of the discharge port 11 so as to 5
contact or apprXiinghfdlasRinardge.an orifice plate 51. In the present
exanple, it is disposed such that at | east part of the displacenent
regi on of the novablm the fiyenleianplelertihenedding itesniimali parst atfe
occurs in the substantial projected region H of the discharge 10
port 11 al ong ttte aentabld isepdradfiar eegibasng §e isopositioned] belmhwe rest
of the structure is the sane as in the first exanple.

Thi s structure thertowery part oft e discharge port lleah@@se, tQ:onst i tutes
itself one:-exanple of decreasing 15 t he resi stance. of fl at h and
hei ght eni iRy t heaMAFt or appxEddateycdesely é?qéa "tﬁlf&ﬁgr:ﬁ tHe

novabl e nmenber on the side farther frojy vabI eparati on
menbrane 4 and ¥hethe (ﬂﬁ%ﬁﬁ-ﬂe‘a %i‘a}%eeage r% £ at

consequently, ttalihn!%aﬁ gétagj ed (fontlra% of the(,%'i'%q'b of fﬂh%wnﬁana‘i%. S A and B.

As a result, theFHen e synmetrized 1n shape

relative to the eparat:.&r? Herdrd'S E.LrWiéé‘%.rﬁ.én.%”&%ﬂ@ "Jecklrdith t he

the substantlal.projected region H of the discharge

10 port 11 along the center line E of the discharge port
11. The rest bf the structure is the same as in the
first example.

This structure, contrary to that of the first
example, constitutes itself one example of decreasing

15 the resistance of flow path and heightening the flow
speed B when the effect of operating the movable member
on the side farther from the movable separation
membrane 4 and the flow speed A increases excessively-
and, consequently, aftaining balanced control of the

20  flow speeds A and B. As a result,'the meniscuses 3la
and 31b can be symmetrized in shape relative to the
central line E of the discharge port 11 and the
direction of the satellites can be equalized to that of
the main drops 32. Incidentally, the projected region

25 of the discharge port 11 along the central line E of’
the discharge port 11, as illustrated in Fig. lOA,

embraces the projected region 1 of the flow'path side



direction of the satellites can be equalized to that of the main
drops 32. Incidentally, the projected region 25 of the discharge port
11 along the central line E of - the g scharge port 11, as illustrated
in Fig. 10A, enbraces the projected region 1 of the flow path side

- 43 - openi ng. Even when the central line E of the discharge

port 11 forns an angle with the flow path as illustrated in Fig. 10B,
this invention can be applied " to the structure under discussion by
the principle J&peniisgcribesh atttere tie | cewtzsl thinel i B ofrge phisclidrdal | s
on the downstream si de of the displacenent region of t he novable -
separation menbpexrte Bl forms an angXeéxaigh cthly flow path asFjgs. 11A and
11B are nodel diagrams of cross 10 section of the direction of flow

path illustratihbleskrated intFigq HBatRisrinyRNEiQR, ARG IRRREL®ad of

[ the di rect | ofb oFoF | SR EFHGrAGeT, Shsepae i X e prEReiglel |
Flos 198 "' ddaBEinea dRove o Jordh ob RS NSRS oty 41 et 11

respect that a &Rmﬁégﬁ%ﬁg%$€§%5@2§{§@t6§jQﬂ@gﬁfgﬁiaégmént_re?f&@ﬂﬁple of

all ow ng the novab ave a greater wi dth than the

second f1 ow pating hsvghF@0sEfardeion Weibidie s ee end of the movabl e
menber 26 and that the "~ novabl e separation nenbrane 5 and t he novabl e

nmenber 26 ar e(ERampefayt to each other at the adhesive part 26a.
Figs. 11A and 11B are model diagrams of cross

10 section of the difection of flow path illustrating the
third example of the liquid discharge head of this
invention; Fig. 11A representing a cross section taken
in the direction of flow path and Fig. 11B a plan view
of the direcfion of flow path.

15 The present example, as illustrated in Figs. 11A
and 11B, differs from the first example solely in
respect that a lower displacement restraining part 26b
capabie of allowing the movable mémber 26 to have a
greater width than the second flow path 4 is disposed

20 near the free end of the movable member 26 and that the
movable separation membrane 5 and the movable member 26
are joined fast to each other at the adhesive part 26a.

" The rest of the construction is the same as that of the
first example.

25 In the'liquid discharge heat produced in the
structure described above, when the movable separation

membrane 5 and the movable member 26 tend to displace



The rest of the construction is the sane as that of the first
exanple. 25 In the liquid discharge heat produced in the
structure described above, when the novabl,g separation menbrane 5
and the novabl e nenber 26 tend to displace

- 44 - toward the second flow path 4 in consequence of the
contraction of the bubbles (not shown), the novable separati on
menbrane 5 also is restrained by the - adhesive part 26a from
di spl aci ng t owayclydrte RC Wiborid £1dW @atmiA ih ketmesmernte lofivthe
di spl acenent restraining part 26b prevents the novabl e nmenber 26 from
di spl aci ng cor it drh & 5 aten bubblwsp Ao t! shrosm ), hecheosiaviakd eassuned
before the displacenent. As a result, the retraction of the
meni scuses 10 sepdvathicrs nemismheprSo@dsd dmmastuained bedihease of the
volunme of the liquid due to the displacenment on the flrst flow path 3
si de when the rashesivennary 26 from dfispiaging (teuard e S8R | ow pat h
4 can be repressed and the refill_ tinme can be curtalne
The | ower i splEkBhRAth dsBegansg) the dowgr displagruan qﬂ’rﬁ)‘\fb""rﬁay be

in such a structure rtial

di spl acenent t RRFY %aﬂetpreeventsse%cf‘cr‘{%epé‘lwaﬁprﬁSaﬁ?m ?{lsé)[}'saﬁlnq he )
di spl acement towaré e secrg %%W(;IA&W&%%L@ ST A % osi é]h %r qui d

present exanpl e xanpl e o he structure

di scharge head H@f&ﬂa |{@r&ﬂﬁ£eﬂ%_comn liquid

As a result, the retraction of the meniscuses

10 which is caused proportionately by the decrease of the
volume of the liquid due to the displacement on the
first flow path 3 side wheh the movable membef 26
displaces toward the second flow path 4 can be
repressed and the refill time can be curtained.

15 The lower displacement restraining part 26b
mentioned above may be in such a structure as to effect
partial repression of the displacement toward the
second flow path 4 insfeaa of causing the displacement
towafd the eecond flow path 4 completely as in the

20 present example.

Now, an example of the structure of the liquid
discharge head which incorporates two common liquid
chambers without sacrificing the effort to decrease the
number of component parts, allows efficient.

25 introduction of different iiquids to the common liquid
chambers as perfectly separated, and further permits a

reduction in cost will be described below.



chanbers wi thout sacrificing the effort to decrease the

nunber of

conponent parts, allows efficient 25 I ntroduction of different |iquids

to the comon liquid chanbers as pegrf ectly separated,

permts a reduction in cost will be described bel

OoW.

and further

- 45 - Fig. 12 is a nodel diagramillustrating an exanple

of the structure of the | i qui d di scharge head of this
this diagram |ike conponent parts illustrated in

I n
Fi gs.

vention. In
1A to 1E

through Figs. 11A angiglB2 55 alndddde dieitftad il ddteatrigios s campiRy al s.

These conponent parts will be omtted fromthe fol

| owi ng

specific descrigitie structure offtheyritiapeid rEdmharge iheadef it

di scharge head illustrated in Fig. 12 is roughly conposed of the 10
orifice plate Snventpional ity wisrdiagranlestikedcanponent paxfism a
plurality of first flow paths 3, and a recess destined to forma

first conmmon |itfiustratadringigs. 1A cambhithaquah Fi96 4 Hddlanhi 1B of

first flow paths 3 and_ suppl ying a_liquid (dischargi
the 15 S5firsi¥} &g signpted by like IEfef%Fﬁ)l‘{]F‘}ﬁ‘ﬁqf’of n‘fq"f

hs 3 f db | oi N h |
Phe Tower ~  conperiens: peryd (rfL the SRtV OB 0 e Tl

menber 50 is furnishfd it h a,firé% liquid feeding path 20
frriy :

fromthe upper TEﬁ?l

liquid) to

8 f| ow

qprane 5to
Ve
20 ext endi ng

?cf%PYﬁma interior of the first common

i quid chanber 48 anghg grooved SREASSE 'S GRS 1 REtd: Sy from

t he upper

illustrated in Fig. 12 is roughly composed of the

10 orifice plate 51, a plurality of grooves destined to

form a plurality of first flow paths 3, and a recess

destined to form a.first common liquid chamber 48

communicating with the plurality of first flow paths 3

and supplying a liquid (discharging liquid) to the

15 first flbw paths 3.

The plurality of first flow paths 3 are formed by

joining the movable separation membrane 5 to the lower

side part of this grooved member 50. The grooved

member 50 is furnished with a first liquid feeding path

20 20 extending from the upper part thereof

to the

 interior of the first common liquid chamber 48 and a

second liquid feeding path 21 extended from the upper

part thereof to the interior of a second common liquid

chamber 49 through the movable separation membrane 5.

25 The movable member 26 joined'tightly to the upper

side of the movable separation membrane 5 mentioned

above is disposed to confront the bubble generating



part thereof to the interior of a second comon liquid chanber 49

t hrough t he novabl e separation nenbrane 5. 25 The novabl e nenber
26 joined tightly to the upper '~ siLdggol the novabl e separation
menbrane 5 nentioned above is disposed to confront the bubble-
generating - 46 - regi on 30
with the free end thereof pointed in the direction of the discharge
port. The free end of the novabl e menber is positioned on the

di scharge port r@éigion 30 with ahevdree end dhereofoboindedr éan dhet he heating
.5 el ement 2. The first liquid (discharging liquid) is

suppl i ed diirectierf iafstthe diischiaage perFat h The fixeet eadf ofstthe

comon |iquid chanmber 48 to the first flow path 3 as i ndi cated by an
arrow mark C i movajplel memhern H@ posditdoned on I%ldd-sPB’@EEﬁ ROTY §H0® i s
supplied via the second fluid feedin at h second common
“liquid ) aeddtdverdq Fhencendedn % It&ﬁg[?%ﬁ‘? ét?ﬁen&eég?‘ &8¢ by an
arrow mark D in _Fi Wil e the present exanple is depicted
as di sposi’hg e&%ﬂﬁé%kecond l'i quid feedlng path 21 and tﬂg flrst |PQUId

f eedi th 20 h
o nesd 1o use [ nedeh et (TR aordB i ity 15 SYIISET Dot
i ncorporated i Quaanyth f:l.rstar%g.cgf (ﬁaé_q{?t g?%ou%w a3 ttlilfey figrgtrate the

novabl e 20 separa i'on e tside the first comon

Llhg.lrjﬂli)gl’ CZg”ber i 1&Qjﬁﬂaﬂld}?anﬁ:é&1 td‘s tﬂ&e HBRC QNG st flow GAVRB ldsui d

indicated by an arrow mark C.in Fig. 12 and the second
10 liquid (bubbling liquid) is supplied via the second
fluid feeding path 21 and the second common liquid '
chamber 49 to the second flow path 4 as indicated by an
arrow mark D in Fig. 12. |
While the present exampie.is depicted as disposing
15 the second liquid feeding path 21 and the first liquid
feeding path 20 parallelly to each other, the present
invention does not need to use these paths in this
particular layout. They may be incorporated in any
arbitrary layout so long as they penetrate the movable
20 separation membrane 5 disposed outside the first common
ligquid chamber 48 and communicate with the second
common liquid chamber 49.
The thickness (diameter) of the second liquid
feeding path 21 is fixed in consideration'of the émount
25 of the second liquid to be supplied. The cross section
| of the second liquid feeding path 21 does not need to

be a circle but may be a rectangle, for example.



The thickness (dianeter) of the second |iquid feeding path 21 is
fixed in consideration of the anmount 25 of the second liquid to be
supplied. The cross section of thgesecond liquid feeding path 21
does not need to be a circle but may be a rectangle, for exanple.

- 47 - _ The second common |iquid chanber 49 can be forned

by properly partitioning the grooved nenber 50 with the novabl e
separati on nenbrane 5. Specifically, the second common |iquid chanber
49 and the second fl¥h secorhidomiciblilgmich cHanbered?d faan deafurmedy
formng a comon |iquid chanber franme and a second fl ow path wal |
with a dry fil royrprtdpenayipesr tsithsiviaige theygradwed memberp$ iwigh dhene
devi ce substrate 1 the union obtained by conbi ni ng .t he novabl e

separ ati on nmenmenablse Gepprafdon membraney &t SRS HEFLily ndhee novabl e
separation menbrane 5 in posjtion. Fig. 13 is an expl oded
per spective vi égcond comqmskm%@m@%ﬁp@%ft%é%ﬁ%tf&%’ of ltohe
liquid di scharge head of this .invention. _ 1 I n the present
mode.  t he Hevi @F QU aY b8 construgtady e %at“}?i?'plba’r F95og @ P

el ectrother mal COMGISION1a chamfih? dnd o NRRIID0 AKISHG 20

generati ng the © nhecessary fTor the generation
LU 00, 1 S R 0 Yl ARG B iy T 1
On the device sylstig] eed the Qié{ff&é taupdtrH#R0VIESthe union obtained by
' combining the movable separation membrane 5 with the
10 grooved member 50 fixing the movable separation
membrane 5 in position.

Fig. 13 is an exploded perspective view
illustrating one example of the structure of thg liquid
discharge head of this invention. N

15 In the present mode, the device substrate 1
furnished with a plurality.of electrothermal conversion
elements, i.e. heating elements 2 for generating the
heat necessary for the generation of bubbles in the
bubbling liquid bf membrane boiling as described above

20 is formed on a éupporting member 70 which is formed of
such metal as aluminum.

On the'device substrate 1, a plurality of grooves
destined to form second flow paths 4 defined by second
flow path walls, a recess for forming the sécond common

25 liquid chamber (common bubbling liquid chamber) 49
communicating with a plurality of second flow paths 4

and feeding the bubbling liquid severally to the second



destined to formsecond flow paths 4 defined by second flow path
walls, a recess for formng the second cormon 25 | i qui d chanmber (conmon
bubbling liquid chanber) 49 comunpggating with a plurality of second
fl ow paths 4 and feeding the bubbling liquid severally to the second
- 48 - flow paths 4, and the novabl e separation nmenbrane 5

furni shed with the novabl e nenber 26 are provi ded. The grooved
menber 50 is provided with a groove adapted to formthe first flow
pat h (di schar gifngw ipatthé 45 andf lthe methplé seperaiipat membwanke She novabl e
separation menbrane 5, a recess for formng the first common '
| i qui d chanber furndsined eiithhihgi mgviebde aepberbdbspregprovidedemuni cati ng
with the discharging liquid flow path and suppl yi.ng the di scharging
liquid several |y toThiee grogved membert BywigaProvidedhwith, & grPeyRd f eedi ng
pat h (discharging liquid feeding path) 20 faor. supplyin he .

di scharging |i &Gia@f@% % fﬂrf"sttht?omﬁ%l tGQ! dpéﬁ&ngér‘fcgg 1n84§,1qé1‘ﬁ6‘ t he
second liquid feedin th (bubbling_Liquid. f eedi or
suppl vi ng X he BISH FRIRY duid Soneigatidh bish she BERABLY REkdFeEishoe:
49. The secong bl 5, a reb2dl 19,P3bbnihg tnE0RIECE Eohfichne

conmuni cati ng 5§?h penétrates t novabl e separati on nenbrane

5 di spos u?%t Sl f(idoRinonO IR Halrgding qhgm% ABmbRds) 48

comuni cates W t e second common liquid chamber 4 and, owing to
this communi caldgpgmipaldating %13% e @ischargingPnhyulibe fieabipats kingui d to

“the second common |iquid chanber 48 without being mxed with the
di schar gi ng supplying the discharging liquid severally to the
10 first flow péths 3, the first liquid feeding path
(discharging liquid feeding path) 20 for supplying the
discharging liquid to the first common liquid chambers
48, and the second liquid feeding path (bubbling ligquid
feeding path) 21 for supplying the bubbling liquid to
15 the second common liquid chamber 49. The second liquid
feeding path 21 is connected to the communicating path
which penetrates the movable separation membrane 5
disposed outside the first common liquid chamber 48 and
communicates with the second common liguid chamber 49
20 .and, owing to this communicating path, is enabled to
supply the bubbling liquid to the second common liquid
chamber 48 without being mixed with the discharging
liquid. |
As régards the relative layout of the device
25 substrate 1, the movable separation membrane 5

furnished with the movable member 26, and the grooved

member 50, the movable member 26 is disposed'



l'i quid. " "As regards the relative |layout of the device 25
substrate 1, the novable separation nenbrane 5 furnished with the
novabl e menber 26, and the grooved - 4genber 50, the novabl e nmenber 26
i s di sposed - 49 -

correspondingly to the heating el enent 2 of the device substrate 1
and the first flow path 3 is disposed correspondingly to the novabl e
menber 26. Though the present enbodi nent is depicted as having the
second 5 | | cpircespenidinglxat to 2theligatking @lemantyrdofdhedeyice

60, this invention allows incorporation of a plurality -of _such second
li qui d feedi ng pabsierate depandli the ofizsie flow pahyhiisrdisrosed evant
liquid to be supplied. The cross-sectional areas of the first liquid
feeding path 1ePrrespondinglke R R MoRPIL fRRhery 22t h TOYER e fi xed

proportionately to the amounts of |i supplied. Th

I d, .
conponent part SPHSeRE ﬁ%ﬁ?%n’nﬁrqé“ ége‘?ea%anﬁ‘b’en%ﬁ?%ﬁﬁ?%‘g by :
tim zi th . p £ |
mode, ¢ he Funber i GrEEcrReRiad Hase 21 afbb8lea 9F ope wmaoifl BERBLECCT.
operation Short@@Edthisdi?%%ﬁﬁﬁkﬁrﬁﬁ 6@% HcOPSE AL O DYplheaipey that

t he second’ | I'qui g pat 1 for supplying the second

liquid to the S&f%ﬁ!%@aahlf%@ml tdsaing spathe 21 addendih@esh ngndat h
20 for supplying the first liquid to the first flow path 3 are

formed of - one safBugt 06 eehé Ofelevant DPl@iid atotbe gupplied rertise 50 as
descri bed above. : _ _
cross-sectional areas of the first liquid feeding path
10 20 and the second liquid feeding path 21 may be fixed
proporfionately to the amounts of liquid to be
supplied. The component parts of the grooved member 50
can be miniaturized by optimizing these cross-sectional
areas. |
15 In the present mode, the number of component parts
can be decreased, the process of operation shortened,
and the cost of operation cut'by the fact that the
second liquid feeding path 21 for supplying the second
liquid to the second flow path 4 and the first liquid
20  feeding path 20 for supplying the first liquid fo the
first flow path 3 are formed of one same grooved top
plate as the grooved member 50 as described above.
.The supply of the second liquid to the second
common liquid chamber 49 which communicates'with the
25 second flow path 4 is écgomplished by means of the
second flow path in the direction of piercing the

movable separation membrane 5 which separates the first



The supply of the second liquid to the second comon |iquid chanber
49 whi ch conmuni cates with the 25 second flow path 4 is acconplished by

means of the second flow path in thggdirection of piercing the
novabl e separati on nenbrane 5 which separates the first

- 50 - and the second liquid fromeach other. Since the

process of pasting the novabl e separation nenbrane 5 and the grooved
menber 50 to the device substrate .1 ~having formed therein the heating
el ement 2, therehdrthe Secondnlbgupdr foemeeach| othernceSinge thee of

manuf act ure is exalted, the accuracy_ of union by pasting inproved,
and the discharg§09¢5$iqﬁiEaatiagnﬁhes@9Y§¥£Et§?P?§§t1°n membraneghe suppl y

of the second liquid to the second is effected £nfal|ib|y

fl h 4
beﬁguse the sec8hd Ehguggooyed mevee§8%@|Fedt¥§?%ﬁ§%°%h%UHﬁsﬁﬁF% epar ati on
5 t i gui h .~ Th '
of nrggied, ( her BRBI8' Foraed Fhesein,bhe, BEeFHE0ERSont 2 EnfrafaRLoc
. O t h [ ' |
movabl e sefar at POR RErBraRerSelnfad RHCOHRS. BG4, pabe' EmbARERLRuERE (2,
tightly to the Egpgg?Z%Qﬁ,tgﬁéfgéca§acX of uﬂféﬁrﬁyeﬂa§@9ﬂ§’ihﬁfpbéﬁyid

di scharge head 0 . nventioh causes discharge of liquid wth
hi gh di sghar ¢h89ai8rRErgaUoki Bilqliachetaensdf satessucesdilg)
qui ckly as conpared with the conventional liquid di scharge head..

The bubbling |iquid thebguppt¢ 6BYythe setonidi Jighid to the second flow
path 4 is effected infallibly because the second liquid
10 is supplied through_the movable separation membrane 5
to the second common liquid chamber 49. The discharge
of liquid, therefore, is stabilized because the supply
is amply secured.
| Owing to the structure incorporating therein the
15 movable separation membrane 5 which has the movable
member attached tightly to the upper side thereof as
described above, the liquid discharge head of this
invention causes discharge of liquid with high
discharging force and high discharge efficiency and
20 quickly as compared with the conventional liquid
discharge head.

The bubbling liquid to be uéed may be a liquid of
such qﬁality as specified above. As concrete éxamples
of the bubbling liquid fit for use herein, ﬁethanol,

25 ethanol, n-propanol, isopropanol, n-hexane, n-heptane,
n-octane, toluene; xylene, methylene dichloride,

triclene, Freon TF, Freon BF, ethyl ether, dioxane,



such quality as specified.above. As concrete exanpl es. of the
bubbling liquid fit for use herein, nmethanol, 25 et hanol , n-propanol,
i sopropanol, n-hexane, n-heptane, - Bjoctane, toluene, xylene,

met hyl ene di chl ori de, triclene, Freon TF, Freon BF, ethyl ether,
di oxane, : - 51 - cycl ohexane,
net hyl acetate, ethyl acetate, acetone, net hyl et hyl ket one, water,
and m xtures thereof may be cited. As the discharging

liquid, a varyicjgloh@kathejamerhylS acetate, wetthglt aceftartencacedobebbl e
generation properties and thermal properties. Even a liquid of poor
bubbl e g eethytliediinydr dedoniess wadelr, q@ind mdxturesddherectt agyobe
deteriorated by heat, or a liquid of unduly high vi scosity which has
not been easirpimeﬁaharged by the 10 . conventional discharge head can be

effectively ~utilized t he qual i er for an
di schargi ng |iqui d As the qlﬁt?b&r&i'ﬁ‘& d1’1%‘ildi'q|§ Hafgl\é@p k%é

Dbl gerfior at MRFhM MR FeTsranst &b Sutle Senedh t%fmd'ﬁ%q’%%%ar@%t Con
menbrane or the bl e t

with the bubbl i%@)ﬂﬁhﬁﬁ“@q&m%e%{é% Oé}éﬁ‘e adllsl&mard;?’%l ﬁe’éﬁl éib?”ieown o
recording, a h'q@ﬂw -ation ps p%(i:%i%é n? R o] ‘iré&dlz.l‘i)ddeiéﬁerate or

Besi des, such | |C|nes an unes whi ch are vul nerabl e

}?qnfgts g?yt Eg d&'ﬂéffcﬁciated by heat, &U@)'lﬂﬂlid @f dmand diigdhar gi ng

viscosity which has not been easily discharged by the
10 conventional discharge head can be effectively
utilized.

As the quality proper for any discharging liquid,
the discharging liquid to be used herein is preferred
to avoid interfering with the action of discharging or

15 bubble generating or with the operation of the movable
separation membrane or the movable member owing fo the
reaction of its own or ﬁith the bubbling liquid.

As the discharging liquid for recording, a highly
viscous.ink-may be utilized._

20 Besides, such liquids as medicines and perfumes
which are vulnerable to heat may be utilized. |

Bubbling liquids and dischafging liquids of the
following compositions were used in varying
combinations to effect disdharge of the discharging

25 liquids and produce records. A review of the records
reveals that not only liquids of a viscosity of ten-odd

cp which were not easily discharged with the



foll owi ng conpositions were used in varying. conmbi nations to effect
di scharge of the discharging 25 . liquids and produce records. A review
of the records reveals that not anlgg l.i quids of a viscosity of

t en- odd cp which were not easily discharged with the

- 52 - conventional head but also |iquids of such very high
viscosity as 150 cp could be discharged satisfactorily to produce
records of high image quality. Bubbling liquid 1 - Ethanol 40
Ww. % 5 conventional head but \Adisw l8@uitds ®E such very Bulgh i ng
liquid 2 - Water 100 wt. % Bubbling liquid 3 - Isopropyl alcohol
10 wt. % viscosity as 150 cp could \hg disghaggedsatisfactorily
Discharging liquid 1 - Carbon black 5 wt. % 10 . (Pigment ink
about 15 cp) gﬂ/rm% yecords of highyimage aualith-e copol yner
Soopersion agent g g W Y0 A B6°AGe 0! oy ar el nt

Monoet han amne 0.25 wt. % 15 ' dycerin 6.9
w. % 2 | TR0 s dn . w
Et hanol 3 w. % A oAt K. 75 wm. %
) : : . 1 d 2 - Wat 1l .
Di scharging liquid f‘t%?i&% -1q% aver Pol yet hyl ene

glycol 200 100 Wt . %upbling liquid $harGidirdpyllidl coHPAC Rt .- &
Pol yet hyl ene gl ycol 600 100 wt. %
Water 90 wt. %
Discharging liquid 1 - Carbon black 5 wt. %

10 (Pigment ink about 15 cp) Styrene-acrylic
acid-ethyl acrylate copolymer dispersion agent
(oxidation 140, wéight average molecular weight 8000)

1 wt. &
Monoethanol amine.0.25 wt. %
15 ' Glycerin 6.9 wt. %
Thiodiglycol 5 wt. %
Ethanol 3 wt. %‘
Water 16.75 wt. %
Discharging liquid 2 (55 cp) -
20 Polyethylene glycol 200 100 wt. %
Discharging liquid 3 (150 cp) -
Polyethylene glycol 600 100 wt. %
Incidentally, in the case of a liquid heretofore
held to be dischafged only with difficulty, fhe low
25 discharge speed aggravated the dispersion of the
| directionality of discharge and impaired the precision

of landing of dots on a recording paper and the



Incidentally, in the case of a liquid heretofore held to be
di scharged only with difficulty, the low 25 di scharge speed aggravated

t he di spersion of the di rectionaki 68 ef di scharge and inpaired the
preci si on of | anding of dots on a recording paper and the

- 53 - unstability of discharge resulted in dispersing the

anount of discharge and consequently rendering difficulty the
production of an inage of high quality. In the structure accordlng to
the node of enbmsitahility ofjddacheageng@sal ted \died WS@@% on of
bubbl es could be attained anply and st abl yy use of the

bubbl i ng i qui @mopsts ofy &isghagged 3t "\é:fl I’f@n ©ring,r eci si on of

| andi fol d t ab t unt f k
i scharge and EHEEICIRILIRE 55 'Juq%n?@efd%@wa 4, BRt et

Llim:gﬁar ge head Rl W%Ovséﬁéﬁ\% | on%%al{ﬁbe& 3:% sgh%b%gﬁeogfm n%%ﬂde‘i%‘ d
Broadly, tge éy%1 éq] ,Sﬁﬂg atiBn d¥ Hdidag the wal |
pat e dev I'ce

of a second fl ow substrate, fitting thereon the

novabl e separatdqifia ve atﬂarﬁér@%ﬂw Rirfd @ftadliyh Byheh@ukd ofaileer, and
fitting further thereon the grooved nenber containing a groove

for form ng theyfbpising |1Mpudat.h. THikerfdcae aliliowssts ingrovengintaiote dhay
formng the wall of the second flow path and then joining onto the

wal | the grooveasreigicon of landimg xf flitgueid tdmpa @rndh e tabidblzatsiepar at i on
'nenbrane of the amount of 1nk discharge and conspicuously
10 improved the quality of a recorded image.

Now, the process for the production of the liquid
discharge head of this invention will be described
below.

Broadly, the manufacture of the head was effected

15 by forming the wall.of a second flow path on the device
substrate, fitting thereon the movable separation
membrane furnished with the movable member, and fitting
further thereon the grooved member containing a groove
for forming the first flow path. Otherwise, it was

20 attained by forming the wall of the second flow path
and then joining onto the wall tﬁe grooved member
having fitted thereto the movable separation membrane
furnished with the movable member.

The methdd for manufacturing the second flow path

25 will be described more specifically below.

First, the electrothermal conversion element

furnished with the heating element made of hafnium



furni shed with the novabl e nenber. The met hod for manufacturing
the second flow path 25 w Il be described nore specifically bel ow
First, the electrothernmal conversion el engat - furni shed with the
heati ng el enent made of haf ni um - 54 -
boride or tantalumnitride was forned on the device Substrate
(silicon wafer) by the use of the sane device of manufacture as that
used for a sem conductor and then the surface of the device substrate
was ¢l eaned 5 borifde drhdantalewe ndftride sidshFarmed iqghtthedidesiiee of the
surface to a photosensitive resin in the subsequent step. For, further
i nprovi ng the tsulmtrateedisiiiqan wafer)shy ithes use ofjtde@ safe daHGS of

t he device substrate to a treatnment th uItraV|oIet | i
oregion and 1% m%‘ﬂé?%ﬁ%/ a5, thad t“rsé‘é’(g? lgt?é‘[qang a

sol ution obt ai y .diluti a ne couplin en by N hon
Uni ca K K. and ’ﬁ'tﬁrh fd‘r?desr ﬂfldﬁ} device csg'@esq; teAf?G? c%(en%%% Y
concentratd on Q o 1\%% % mp _q; t})ﬂg l'feto Jarﬁhesn.on ofTh\ﬁ{é t he

of i
resul tant “surf and a et sensitive resin

film (nmade by %ﬁ@k& a lghotdééﬁSﬂﬁdreSQ}éjsﬂf‘@Q{ ﬁl’ﬂ? SRR

desi gnati on of I'mOdil SY-318") DF was | am nated on the

substrate ép.w et NuAtHEY apiesiiaiy t'thfé’ agifghitmaanesion, 2Q t
Subsequent |y, a phot omask PM was laid on the dry filmDF and the

portion of the gliffiddsntd sulsjeciccdtie surface refetihe alevw cee s ttate pat h
‘'wal | was exposed to the _
to a treatment with ultraviolet light and oregion and

10 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
code of "Al89") to a concentration of 1 wt. % with
ethyl alcohol.

15 Then, the resultant surface was cleaned and an
ultraviolet-éensitive resin film (made by Tokyo Ohka
K.K. and sold under the trademark designation of "Dry
Film 0dil SY-318") DF was laminated on the substrate
having the tight adhesion thereof improved.

20 Subsequently, a photomask PM was laid on the dry
film DF and the portion of tﬁe'dry film DF required to
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 iﬁstrument

25 (made by Canon Inc. and sold under the product code of

"MPA-600") with an exposure of about 600 mJ/cm?.

The dry film DF was then developed with a



ultraviolet light through the photomask PM This step of exposure
was effected by the use of an instrunent 25 (made by Canon Inc. and
sol d under the product code of _ "MPAs600") with an exposure of about
600 m}/cnferr]. The dry filmDF was then devel oped with a

- 55 - devel oper (made by Tokyo GOhka K K. and sold under the
product code of "BWVMRC-3") fornmed of a m xture of xylene wi th butyl
cel |l osol ve acetate to dissolve out the unexposed part and obtain the
exposed and haddseddpear t(male byaFokiye Whkle KaKt ehdt seldeuoderf ltbe pat h 4.
The residue still persisting on the surface of the device

substrate 1 waprodwctec¢ode ofol!BMBO-3Edokezmedr o4t AeRixture ofj gylgng asm
ashi ng device (produced by Arukantec Inc. and sold under the product

code of "MAS- sodth butyl cellosglyer pgedakgs touFisgadve Pusxfbed to the

ul traviol et | ight projected. at .a rate of 10Q ni/.cpiers t _150[err]C
for two Wﬂﬁﬁﬂ?%%? R%E# ﬁnﬂePP§€éPyt§ﬁee§£88? d? ngerehe% ph2? Thé
second fl qw paths coul d.he faor hth _hi Ci,Si 0 niformy on a
olural ity Sof hé% sPesmk S P et %évis%ggggbgtlrogt REER 42 PIREL as cut

fromthe silicQRgigue sﬁ%ﬂ.skhﬁgaégin onRhROd9eack Bed thROWRvice

Speci fically, the silicon substfrate was cut 1 nto the individual

heat er boards Lutidtratee 10ias"GefRidd &y ERdatbpoTerends' treS®mdnitsu K K
and sol d under the product code of "AWD- 20 4000") fitted with a

di amond pl at e, 3.t35 apliddma ashinghideiviiess (prdvdusedabyt adukenttec Iner.ds 1
were fixed with an adhesive agent (nmade by Toray Industries, Inc.
and sold under the prpduct code of "MAS-800"). The
10 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.
The second flow paths could be formed with high
precision uniformly on.a plurality of heater boards
15 (device substrates) fabricated as cut from the silicon
substrate by the method described above. Specifically,
the silicon substrate was cut into the individual
heater boards 1 with the dicing machine (made by Tokyo
Seimitsu K.K. and sold under the product code of "AWD-
20 4000") fitted with a diamond plate, 0.05 mm in
thickness. The separafed heater boards 1 were fixed
with an adhesive agent (made by Toray Industries, Inc.
and sold under the product code of "“SE4400") on an
aluminum base plate. .
25 Then, the print substrate joihed-in advance to the

aluminum base plate and connected to the heater boards

with an aluminum wire, 0.05 mm in diameter.



and sold under the product code of "SE4400") on an al um num base

plate. 25 Then, the print substrate joined in advance to the

al um num base plate and connected to the Iggater boards with an
alumnumwre,- 0.05 nmin dianeter. _ -
56 - Subsequently, the unions resulting fromjoining

t he grooved nenbers joined to the novabl e separation menbr anes were
joined as aligned to the heater boards obt ai ned as descri bed above.
To be specific, the Subsequesthidar rdhvhawsiong meshdding HEnafe Jaivdie
separation menbranes and the heater boards were aligned to each

other and j oi ndtheargraaved) mamhers it Yo dihe mosipble separation

i nk[ err] bubbling liquid feedi ng nmenbers re joined.an fix on the
al um num base ﬂ?%!té%@neﬁ]é”%s’g%%é?ﬁ gnéqoﬁ'é’ %ti?m S5 tbé"’frg%d t he

gaps between th rooved nber . the heat er . and.,t '

i nkl[ err] bubbl zrfg’%jtﬂﬁ" as .desqr%cﬁga%v ’ergl%vv:bree%&?z’iﬁzfd'% t héz;esi | i cone

seal er oS éﬂg; :

pr oduct cosde QW %W% c%odr#p %{@tﬁlﬁ%ﬁﬁd&@@% ation B

formng the Sem@%ﬁ%ﬁ %{d‘slhﬁé‘ KLU BYedrds were Uiligrdie 88 idsh of
cribed above, t

production des e flow - paths can be obtained with high
precision w t hQth@"Yand joindPdrd FBted Q¥ #H I DrdBURd Nedreat efrferdf the
heat er boards nent1 oned above. Particularly by having the 20
grooved menber si@nchdbisl Imy abi guise pfsed iy nenbsrsaere joingdiamsdl i n
advance to each other in the precedi ng step, t he positional

preci sion of theited son ftheyv ghuminumdase plates. The gaps between

10 the aluminum wires and the géps between the grooved
member, the heater boards, and the ink+bubbling liquid
feeding members were sealed with a silicone sealer
(made by Toshiba Silicone K.K. and sold under the
product code of "TSE 399") to complete the manufacture.

15 By forming the second flow paths in accordance
with the method of production described above, the flow
paths can be obtained with high_precisioh without.any
positional deviation from the héaters of the heater
boards mentioned above. Particularly by having the

20 grooved members and the movable separation membranes
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

25 discharge of liquid and improves the quality of print.

Further, the fact that the component parts are formed



t he novabl e nenbers can be exal ted. The hi gh-precision

producti on

techni que descri bed above stabilizes the 25 di scharge of liquid and
t hat the conponent

i nproves the quality of print.- - Furgher, the fact
parts are formed S . -
collectively on the wafer permts quantity production
di scharge heads at a | ow cost.

57 -

of the liquid

The present node of enbodi nent

has been depi cted as using an ultraviolet hardening type dry filmfor
the 5 f or metaldreatfi velly oncdhe Waderp peirai tsOguentiidy, prigduction

formati on of the second fl ow paths may be attained by

adopting a

resin having amfaidwer giignidsdigohenge heads at ajlowa@Eositet regi on,
particularly a region of 248 nm | am nating the resin, hardening the

resul tant | ani nate, Theo presgnf glodec afy embadimegt hasyheenydepietedyi nat e
w shed to formthe second flow path w.,th an excgjner..lasers. :
Now, the netho®s &Sk 3% é&fdﬁ"d‘r‘?lﬁt ?’t‘i‘é" A9 &¥pe ary 438 derofhe

menbr ane furni \%oerq‘%\d fh tq'%:/%%l_‘:%fﬁ@[ig’rwl paths; S RRHAL

diragrans

descri bed “bel ow.

ab will be
53pﬁ%%ed to aid

in the qesGidd! 'norbfaft&eh%hegfﬁa;?ﬁ.ﬂ@w Baly!' e @ ttdined by

movabl e separat’ion nenbrane in t i'schar ge

head accordi ng

to this inventifhpting a resin Havisy AnViddsord i vatleasaragd s

applied on 20 a mrror wafer (sil1con wafer) 35 of silicon as
il lustrated i nfiradidiet HGich, ipittlidullarly @ region ofe948 dastined to
formthe novabl e separation nmenbrane I s deposited by spin coating to

forma film (muadilrating the resin, hardening the resultant laminate,

10 and directly removing the part of the laminate wished

to form the second flow path with an excimer laser.

Now, the method for the production of the movable

separation membrane furnished with the movable member

specified above will be described below.

15 Figs. 14A to 14H are diagrams depicted to aid in

the description of the process of manufacturing the

movable separation membrane in the liquid discharge

head according to this invention.

To begin with, a mold release agent is applied on

20 a mirror wafer (silicon wafer) 35 of silicon as

 illustrated in Fig. 14A. Then, a liquid polyimide -

resin destined to form the movable separation membrane

is deposited by spin coating to form a film (movable

separation membrane) 5, about 3 pum in thickness, as

25  illustrated in Fig. 14B.

On the film, a metal thin film 36 is deposited as

by sputtering in a thickness of 0.1 pm as illustrated



separation nmenbrane) 5, about 3 pmin thickness, as 25 illustrated in
Fig. 14B. Onthe film a netal thin film36 is deposited as
by sputtering in a thickness of 0.1 pm assgl Lustrated

58 - in Fig. 14C. This netal thin film36 is coated with a
f|In1 about 5 pmin thickness, as by plating as - illustrated in Fig.
14D. On the last fornmed filmis formed a pattern of resist 38 as
illustrated in Fig. 5 14E. . Then, the netallic part of the
resul tant | am dat #ig. 14Csxcdidisngertiad thdns £138 36 geecogted aithi By as
illustrated in Fig. 14F and the resist 38 is reaned as il lustrated
in Fig. 14G film, aboutriSham \in thdckness.ce8 b Pledipgdsé& of the
movabl e separation nmenbrane and the anabIe nenaﬁst S ormed fgigled off the

silicon wafer 33laustnatgsd da @d-q nllﬁng the) M MSde of
Second Enbodi nent 15A d 15 re.,no di agr.ans of
Cross 5&‘2"@9 & qaa:é:e&‘lnrg |r8ﬁ1§ft O\ﬁspg'[]‘ﬂ"ﬁtlr 3:{-: atihg e

node of t QQP enbodi ment of the liquid discharge head accordi ng
to this i entlo Fig. 15A representing the state of the liquid

di schar ge head duri Aghdrdie 1120 meteAleNGhid! df del dstahuide 13 158

the state t her uring the presence of |iquid discharge.
In the present diRgpHtifiPPhdHdsistBBERNG PHel1d® by etchidigspesed

respectlvely in the former and the latter part
illustrated in Fig. 14F and the resist 38 is removed as
illustrated in Fig. 14G. |

10 Finally, the one-piece unit composed of the
movable separation membrane and the movable member is
peeled off the silicon wafer 35 as illustrated in Fig.

- 14H.

(Mode of Secdnd Embodiment)

15 " Figs. 15A and 15B are model diagrams of cross
section.of the direction of flow path illustrating the
mode of the second embodiment of the liquid discharge
head according to this inventidn; Fig. 15A representing
the state of the liquid discharge head during the

20 absence of liquid discharge and Fig. 15B the state
thereof during the presence of liquid discharge.

In the presént mode, slack parts 28a and 28b are
disposed respectively in the former and the latter part
of the.movable separation membrane 28. Sin&e the

25 pressure generated by the formation of bubbles extends
the slack parts 28a and.28b, the volume of the bubbles

40 can be effectively utilized for the deformation of



of the novabl e separation nenbrane 28. Since the 25 pressure generated
by the formation of bubbl es extends the slack parts 28a and 28b, the
vol ume of the bubbl es 40 can be efgectively utilized for the
def ormati on of - 59 - t he
novabl e separation nmenbrane 28. The di scharging force of greater
magni t ude can be attai ned nore - efficiently, therefore, because the
novabl e nmenber 26 is displaced nore largely toward the first flow
path 3 5 cordhequavable stpardtien membyaneh@8s| adhep fdssheggingd
28b i nposes no specific restriction because the . pressure generated in
consequence of fioree efrgreatess magnitude,Gags bes aghained fior&d to expand
the slack parts 28a . and 28b-in the direction of e di schar ort.
The “10 " ' es @ LRt AR TS, qBRCRUEe in TOVEbI MERbEE 26 ©
I nvolved in the e qf t first enbqdi nent. T . I eparati on
”%s g.qcéar% &ﬂfﬁ’ agﬁe(ly BeWard Q-?xe X fd'lrsSth 'H\S@P é) £33

nenbrane 28 is %h exalte charge I ciency by

L gy, 6 A S R o e

present T S not norane 1ts possess
expansibility. >gp imposes nB'@HEMHE r2RAGRIIUR BuddaRe ti i s formed in
a . uni formthi nessfby the sanme procedure as in the node of
the first enbogireydurde Yerdiefte® e contiéquence ofl the@ainlatidiriess 26 is
manuf act ured by el ectrically casting nickel. The method of

manuf act ure bubbles tile arllgctrequalreshtio rxpandhithee|slemkpipayds &84 yi ng

a resist on a substrate of SUS in a thickness of 5 pm

’ and 28b in the direction of the discharge port. The

10 rest of the structure is identical with the sﬁructure
involved in the mode of the first embodiment. The
movable separation membrane 28 is enabled to acquire an
exalted discharge efficiency by being furnished with
such slack parts as mentioned above. The present

15 example does not require the membrane itself to possess
expansibility.

The movable separation membrane 28 is formed in.a
uniform thickness by the same procedure as in the mode
of the first emquiment described above.

20 The movable member 26 is manufactured by
electrically casting nickel. The method of manufacture
by the electrical casting of nickel comprises applying
a resist on a subétrate of SUS in a thickness of 5 pm
and then patterning the deposited resist in fhe shape

25 of a row of continued comb teeth so as to facilitate

the assemblage of a plurality of movable members

adapted to correspond to the flow paths and continue



and then patterning the deposited resist in the'shape 25 of a row of

continued conb teeth so as to facilitate t he assenbl age of a
plurality of novabl e nenbers adapt ggb t-0 correspond to the fl ow paths
and conti nue . - 60 - Wi t hin
the common |iquid chanbers. Then, the SUS substrate is
electrically plated with a nickel layer, again 3 pmin thickness. The
plating liquid used in this case is conposed of nickel 5 sul fofmte, a
stress all ayi ngvigein {hadsoimovskiguid champerg. K. K. and sol d under the
trademar k designation of - "Zeroall"), boric acid, a bit preventive
(made by World -  Themrglthe SUSRMRSIERAGTF IRCHFRALLY ted ' NP-

APS"), and nickel chloride. The application of an 10 electric field in
the el ect r odepd®t¥h b RiCkRt AR¥RF pyAgaLn 3 W3R U"adfré?%%‘antﬁé? ectrode on

Sde S b it vt T B et b Gp el "o

and fixing.the nsj t ) f he SUS
substrate_%as b%‘g#%ﬁg?g% aés élt@éséspéd"cfefsgcfzi:fé)%da %%rg'\:/e(,mﬁei%fcﬁeﬁﬁleg of the
part of nickel wetal k!RYCAn®YsSIRONEEr L h@NtHhddmel dePEghad L A6h OFE

Consequent |y, the.anabIe nmenber wi shed to be obtained I s produced.
20 - Meanwhbigal B NeabEFid0ae1d hay | Bt epLSvEwEvs NBhade b){ World
conversion el enents superposed thereon is forned on a Si

by the use of tMet&BNR.Kkacahdtyokd under therpeddyctisesié af a"NP- con vl er.
-sem conductor. On the wafer, the '
APS"), and nickel chloride. The application of an

10 electric field in the electrodeposition is effected by
setting a relevant electrode on the anode side, fitting
the patterned SUS substrate on the cathode side,
keeping the plating liquid at a temperature of 50°C,
and fixing the current density atISA/cmz.

15 After the SUS substrate has been plated as
described above, it is deprived of the part 6f nickel
layer by exposure to an ultrasonic oscillation.
Consequently, the movéble member wished to be obtained
is produced.

20 Meanwhile, a heater board having electrothermal
conversion elements superposed thereon is formed on a
silicon wafer by the use of the same facility as
normally used for a'seﬁiconductor. On the wafer, the
second bubbling 1iquid flow path is formed in advance

25 as with dry film similarly in the mode of the first

‘embodiment described above. The wafer is separated

into individual heater boards with a dicing machine.



second bubbling liquid flow path is forned in advance 25 as with dry
filmsimlarly in the node of the first enbodi nent descri bed above.
The wafer is separated into indiv ggal- heater boards with a dicing
machi ne. . _ - 61 - The heater
board is joined to an al um num base plate to whi ch a printed
substrate has been joined preparatorily and the printed substrate is’
connected to an al um num wire togive rise to an electric wiring. 5
The liquid di scites geedissar boamsdl i joinmdhptetad dhuminum hass ip@teeto
novabl e separati on nenbrane 28 on the heater board in the ensuant
state, then al iwmicly a lprinted smhststaterdsbean e RFSRRIALQIELY
procedur e descri bed above to the heating el enent 2 and j oi hin 10
them then settand the pFieted subgerate 1R FIMNRCLed to an aij it to
t he ot her conponent garts al r eady |n g:ate wth the aid of a

retai ni ng sprirﬁﬁre give rlq%o R RS o has been deplcted as -
usi ng

i cke
precl ude wde g:"ﬁb hJe’que eq{r%)%/@?bxlé%%lr@é% %%%E?é @’;rﬁ&“ﬁ{iéj%é F5 onI y
required to po;é %at?lrlé Crl\clt)é(aﬁ‘fé\’eéé“ﬁ’éﬁ(atlcﬁ_h medt¥arfd f24 B ocke

satisfactory o e materials which are

preferably use%é&f:e{' hSoard in €RYOASuAREDSESL NCEREIS SLCdhITRY atite AS

silver, nickel, gold, iron, titanium al uninum platlnun1 tantal um
stai nl ess st ee'mo@é‘ﬁ‘l@hﬁéﬂ?@f %Qﬁﬁﬁxiﬁ&'@tﬁ\r@@%@dthél proceduxkir abi ity and
all oys of these netals, resins such as acrylonitrile, butadiene, and

styrene which h@¥écfibed above to the heating element 2 and joining
10 them, then setting the grooved membe; in position and
| joining it to the other component parts already in
plate with the aid of a retaining spring.
Thouéh the present mode has been depicted as using
nickel in the movable member, thié invention does not
i5 preclude use of other metal instead. The movable
member is only required.to possess elasticity necessary
for affording a satisfactory operation at all.
The materials which are preferably used for the
movable members include such metals as silver, nickel,
20 | gold, iron, titanium, aluminum, platinum, tantalum,
stainless steel, and phosphor bronze which abound in
durability and alloys_of these metals, résins such as
acrylonitrile, butadiene, and styrene which have a
nitrile group, resins such as polyamides which have an
25 amide group, resins such as polycarbonate which have a
carboxyl group, resins such as polyacetal which havé an

aldehyde group, resins such as polysulfones which have



nitrile group, resins such as polyam des which have an 25 am de group,

resins such as pol ycarbonate whi ch have a car boxyl group, resins
such as pol yacetal which have an. - -abdehyde group, resins such as
pol ysul f ones whi ch have - 62 -

a sul fone group, other resins such as liquid crystal pol ymers and
conpounds thereof, nmetals such as gold, . tungsten, tantalum nickel,
stainless steel, and titani umwhich offer high_resistance to inks,

alloys of 5 a sud&omer GroupmPOshes FesdRfcFuEh: AS: RdguifeCEYStaL
alloys for the sake of re5|stance to inks, resin ﬁplyanides
whi ch have an Rvly@Fsoand FQEPH?“?&C frhgreof, e%8ﬁ§a§8F9I§swﬁP& rhave an

al dehyde group, re3|ns such . onether t he nes |ch have a
ket one group, tHRIStensgtantaium, a? i miSrad n@ﬁﬁ % aﬁq mi de group,

(o511 SUCh, 25 Sl SR WBAD BLR BB o snieed WRopieds

ave an e P, resins s Ch as

epoxy resighs Wi h %\éetg"’l% CRAterials codtedP witthS 't'ﬂ%s%.u fatalsmehani ne

resins which have an am no group, resins such as xylene resins which

have a nAhYOlEE A saiké oFTRAUSIEtanRer eof inkk( €0&AMsCSuch
such as si.licon di oxide, and conpounds thereof, for exanpl e.

The material s \¢§ @ol3familde’f shdldhy haved anoamilie g2oup, Mreaiines sepdr als on
menbr anes i ncl ude such engi neering pl astics of the recent

devel opnent as pdiyfacetaid eshich havepany alidehyde grouppr aesiese sughl yam de,
pol yet hyl ene t erepht hal ate, nel am ne resins, phenol resins,
as polyether ether ketones which have a ketone group,
10 resins such as polyimides which have an imide group,
resins such as phenol resins which have a hydro#yl
Igroup, 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 havé an
15 amino group, resins such as xylene resins which have a
methylol group, and compounds thereof, and ceramics
such as silicon dioxide, and compounds thereof, for
example.
The materials which are preferably used for the
20 movable separation membranes include such engineerihg
plastics of the recént development as, for example,
polyethylene, polypropylene, polyamide, polyethylene
terephthalate, melamine resins, phenol resins,
polybutadiene, polyurethane, polyether ethef ketone,
25 polyether sulfones, polyarylate, silicone rubber, and
polysulfones which excel in resistance to heat,

resistance to solvents, and moldability, exhibit



pol ybut adi ene, pol yuret hane, pol yether ether ketone, 25 pol yet her

sul fones, polyarylate, silicone rubber, and pol ysul f ones whi ch excel
in resistance to heat, resi stance- tgg sol vents, and noldability,

exhi bi t - 63 - el asticity, and
permt production of thin filns, and conmpounds of the plastics in
addition to the pol yimdes nment i oned above. The thi ckness
of the novabl e separation nenbrane 5 28 may be decided in consideration
of the materialelasticitghaard pemnibipXeduceifn H€ Fhim fhnsi aRdint of
attaining the strength_proper for_any, separation wall and, pr oduci ng
the actions of GXPRAYNIH '%Edtlé%rm‘%% icH in additign ko the ipQly Ry,
this thickness is preferred 10 - to fall in the approxi mte range of 0.5
to 10 pm mentioned AROYR; s jnvention is constructed as descri bed

above, it manifests the foll.own f S e . npl e,
part of the effect o h?h{‘%lﬁ:‘%\‘/%%gig(;% & mo‘;%]%i‘gt?%?%%%tle%ﬁﬁﬁgﬁﬁgéabsence
of elasticyty DEEANSF pd deciddd £ WénLiilrfioh SoiSatk datdifidp) evant
portion. I? goes W t hout saying that this invention, owng

to its principlgnag@n &ecapptierle tRembfahd Préh +hélWfbwpoint & scharge

head which is provided wth the discharge port at a position
opposi te the suatesendhgt BRe hebténgth 2froper| fOENdny separation walire the

present invention is constructed as descri bed above, it manifests
the foll ow ng eéh@cpsoducing the actidndhef | expansicm dud efdntraction
di scharged with :
satisfactorily. Generally, this thickness is preferred
10 to fall in the approximate range of 0.5 to 10 um.

Since this invention is constructed as described
ébove, it manifests the following effects. In the
present example, part of the effect of this invention
ié attained even in the absence of elasticity because

15 the slack pack 28a is used at the relevant portion.

It goes without saying that this invention, owing
‘to its principie, can be applied to the type of liquid
discharge head which is provided with the discharge
port at a'position opposite the éurface of the heating

20 element. |

Since the present invention is constructed as
described above, it manifests the following effects.

(1) The liquid can be efficiently discharged with
high discharging force through the discharge'port.

25 (2) The speed of refill is heightened and the
- discharge is stably attained even in the printing

performed at a high speed.



hi gh di scharging force through the discharge port. 25 (2) The

speed of refill is heightened and the di scharge is stably attained
even in the printing per fornmed at- #4hi-gh speed.
- 64 - (3) Even when the discharging liquid which is
used happens to be nmade of a material vulnerable to heat, the anount

- of a deposit suffered to pile on the heating el enent can be decreased
and the freedomof 5 sel ection of the discharging |iquid can be
wi dened. (34) Evan yhamtthg diachanaing ddaulidhsthich tife

. discharged i

qui d can be decreased and the inmage ., prodyced by printing
can be inprovedi§af qippRans to be _méde_°’c(53 “‘ﬁ%’iﬁ?&ll . Qﬁr#ﬁ@i ge can be
farther 10 AL S DYomidOldl & LA (USRS 4 P o e

stabi li zi ng t hd*®fTed
- 65 - AT | I X _ HoTeTs R h
%c? eﬁ&f&t@ﬁ %e decrea{seeél Oa*rild ecﬁg szirlI 3:(1:dit sgharge

di scharge of alﬁ_% o conprising as ef
of a 5 |1 i {bdys GRUSE ¥he UG GARPA RRAD JBIBANA D 5
constantly keeps In a substantially separated state, a first flow
path adapted to di schgy g6rre |dtlitk ¥l satellites contained in the
dischargéd liquid can be decreased and the image
produced by printing can be improved in quality.
(5) The quality of the image can be further

10 exalted by uniformizing the meniscuses in shape and

stabilizing the direction of satellites.



communi cate witha discthargeport and a second f[fow _ E@ﬁgvide

wi th a bubbl e 1g£8Rkaiak Bl REFIAN fOr generapingEBhﬁgFgﬁ%ﬁ the quﬁfh .
to be displace ' I d bubbl e norggs an t{H3 Dieeristioncapaged ?’%..tthaggeér-?..:.;
t he upstr mﬂ I{EM n the range of dis ')Zﬁﬁﬁﬁf(ﬁ) of : paged| ©2.. to paged X22..|
novabl e separ ath nd di schargi ng sai df ffj Btdwing(s) : paged 2..L.hepaged.........
di scharge port by virtue of the displacenent of DAbstﬁn@i d npugadl.c... to paged .........
separation menbrane with bubble) which 15 metphod is characterized by -
i ncor porating WHABpPISfCLAIMED rEpr essing the retracti on of a neni scus of
liquid via sai d discharge port into said first flow path by

regul ati ng the returh- speatethes £9r sthel ddrcharge of a glglrid i on nmenbr ane

on the upstreamside to a level 20 i gher than the return speed (VB) of
sai d novabl e  COMPLLRARG:3 FEOR M a?'fep?}%"jt%%’ﬁl IehRaLDHVP t he use

of a novabl e meqber %3%55;%#’%&12%%”3% :Tc%.\g%&fé‘cseééan%g i r}f%bﬁantbe :‘,ﬂ{‘ﬂ&, of

di spl acement of & . rane e rTeturn of

t he novable sep ' qﬁﬂﬁgg i
c_onsequenc% of @,_.f,ﬁé{ _tﬁle;?(‘)en? acérﬁlg%esol* tﬁe’g%iu%%% a pgr%é\ﬁvdée)‘gé%{ sr,hai d

di scharge port §i:.d§tv‘fi$'w}>é€ﬁea ed to discharge a liquid and

- 66 - 2. nmet hod for the discharge of a |liquid, i
conprising a st&hnmhnetd s tvieh S dhi shisefis o€ @#hd a secdndlUXbwy causing
a novabl e separation nmenbrane which constantly keeps in a

substanti al | y sepet apoivided evith & bubble geriexatirag hreaghiogn efbd 0 di schar ge
a liquid and

generating bubbles in the liquid to be displaced with

10 said bubbles more on the downstream side than on the
upstream side within the range of displacement of eaid
‘movable separation membrane and discharging said ligquid
via the discharge port by virtue of the displacement of
said movable sepafation membrane with bubbles, which

15 method is characterized by incorporating a step of
repressing the retraction of a meniscus of liquid via
said discharge port into said first flow path by
regulating the return speed (VB) of said movable
separation membrane on the upstream side to a level

20 higher than the return speed (VB) of said movable
separation membrane on the downstream side by the use
of a movable member adapted to move in concert with_the
range of displacement of said movable separation
membrane during the return of the movable‘separation

25 membfane toward the second flow path in consequence of

the contraction of the bubbles and provided on said

discharge port side with a free end.

| O



conmuni cate with a di scharge port and a second fl ow T path provided
with a bubbl e generating region for generati ng bupid Gedt Alad Heen Ré

to be displaced with sai d bubbl e ;ge on the downst mnﬁr}lmﬂm || on

the 10 upstream side within the range of displacenent.

novabl e separati on nenbrane and di scharges the liquid

di scharge port by virtue of the di'splacenent of sai d novabl e
separation nmenbrane with bubble) which - met hod i s characterized by
forming a distributi2n ofh mébhod fieni thesdischarge opf sybbiawidal |y
symmetrized rel ative to the central line of said discharge port by
regul ating the cemprisbngsai gtepvef| effephingisaid dischaxgerahedt owar d
sai d second flow path in consequence of t he contraction of the
bubbl e by the ubdaeidab¥uoapring2d movakhpcPeRAERtLAN 1BSRBTRE BRIk er ¢

th th f t of . b
\émurljng A0 Rans ERnFhY kS8R (Toh aEnes EabE AT O PRI ErE PR R o
fl h fo.th t] . f d
bbbl o and pr oS 61 0ecPATE HaREE" 16 \§1 6ORAEES o Chiquia and) 220,
3. A method fOrcbﬁﬁuﬂi&ﬁ@éraftﬁfaadiéeﬂég e port and a second flow

- 67 - conprising a step of ectlng sai d dlscharge of a
l'iquid by Caus'?gtﬁ ﬁ?&@bb@dSﬁﬂehaAIBﬁbﬂrabgaﬁerabiﬁ@ reglon gepstant |y
keeps in a substantially separated state a first Tl ow path adapted.

to discharge a gefigrdteng bubblesCoimunecdiguidt boabdidtéplaeedowithnd a
second fl ow
said bubbles more on the downstream side than on the
10 upstream side within the range of displacement of said
movable separation membrané and discharges the liquid
via fhe discharge port by virtue of the displacement of
said movable separation membrane with bubbles, which
method is characterized by forming a distributibn of
15 meniscus retraction substantially symmetrized relative.
to the central line of said discharge port by
regulating fhe.réturn of said movable separation -
membrane toward said second flow path in consequence of
the contraction of the bubbles by the use of a movable
20 member adapted to move in concert with the range of
displacement of said movable separation membrane during
the return of said movable separation membrane toward
said second flow path in consequence of the contraction

of said bubbles and provided on said discharge port

25 side with a free end.

3. A method for the discharge of a liquid,
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path provided with a bubbl e generating region for ' generati ng bubbl e

in the liquid to be displaced with sai d eplaced
downst ream si de than on the upstre@ﬁlslde mnthln

di spl acenent of said 10 novabl e separati on nmenbr ane aid
l'iquid via said discharge port by virtue of the displacenment

of said novabl e separation nenbrane with bubble) which nmethod is
characterized by formng a distribution of meni scus retraction
substantial | y syometirsizeyl a eitep \of elffecting tsad & gliiscllangen®fHfa sai d

di scharge port by allow ng . the presence of at |east part of the

di spl acenent  liquid &y sreusingial mavAtHiee saparadticm nashiant Whidthe
initial state in a substantially, prOJected re i.qn of di scharge .
port al ong the anEtantly keeaps dff @ supstany g"@p&ﬁa(tqﬂ"uﬁq??}et e return

of said novabl e separati o rane rd said second flow path in
consequence of ¥HStMIadd ﬁa%%qg MSé:\f%rge a q'lquj%] AA liquid -
di scharge head co r|5| a fir | Gad i ith a

di schar ge %ort 9 unicate &T%%ha? gdlnSgChaaﬁqé %%&Qaa secon - Iow%&% provi ded
with a HEARI 1OH IbE ALY RIPRe R

- 68 - opg?atlng an energy generatl ng elenent on a liquid, and

a novabl e separdOFh PR BUbIE SbHantiqlid to be disPacdd neiwi d
first flow path and said second fl ow path from each other and

effecting sai d il fore on the downstream side than on the

upstream side within the range of displacement of said

10 movable separation membrane and discharge said liquid
via said discharge port bf virtue of the displacement
‘"of said movable separétion membrane with bubbles, which
method is characterized by forming a distribution of
meniscus retraction substantially symmetrized relative

15 to the central line of said discharge port by allowing
the presence of at least part of the displacement
region of said movable separation membrane in the
initial state in a substantially projected region of
said discharge port along the central line of said

20 discharge port during the return of said movable
separation membrane toward said second flow path in

consequence of the contraction of said bubbles.

4. A liquid discharge head comprising a first
25 flow path communicating.with a discharge port for
discharging a liquid, a second flow path provided with

a bubble generating region for generating bubbles by .

) 0 O O 1



Ilqufd—by—cau5|ng di'spl acenent with the bubble on the ~upstream

Slde from ﬁgﬁﬁ maﬂt relative to the flow of the liquid in
said first l'i quid g scharge head is characterized
by bei ng ﬂw th a direction regulating device for 10

regul ati ng t he novabl e separation menbr ane during

t he dlsplacenent of sald nnvable separation nenbrane toward said
second flow path in consequence of the contraction of the bubble.

15 5. dpérating dan cénetgy penkrating i ebenent|en na 4liquid, andierein
said direction regulating device is a novable menber furnished with
a free end i n taemdvable¢i separfation membianeli fehagykstantiablwsed to said
bubbl e generating regi on across_said novable se aratlon nenbrane and
said 20 noveeparabingrsahd Shrgt rr%ldta‘blnaglep%%w pe

joined fast to each other in at |east %fthe

I:qU|dtd;schargBaﬁ%aﬁr%Eﬁ%?ﬂhdﬁt?%Fc? ecting S%ﬁ%r%&?FEPﬂ%%I?gga

el enen or gen t t h f d
bubre 195 O LG b Casthe ShaptebRtint AR LTRe AR 25*99 o
regi on it 1 d blLe

Fogron obpos <, 5l 8, RS Hre Gipcher PUEE FHRTEETS 90,
WErei n the dOngsLca PRt Pyl BesRUBBLE SEREEOEEGM Path, whidR O DUDDI ¢

generating region are b enerate
liquid discharge head is characterized by being

provided with a direction regulating device for

10 regulating the direction of the movable separation
membrane during the displécement of said'movable
separation membrane toward said second flow path in

consequence of the contraction of the bubbles.

15 5. A liquid discharge head according to claim 4,
wherein said direction regulating device is a movabie
member furnished with a free end in the direction of
said discharge port opposed to said bubble generatihg
region across said movable separation membrane and said

20 movable member and said movable separation membrane are

joined fast to each other in at least part thereof.

6. A liquid discharge head according to claim 5,
wherein a heating element for generating thé heat
25_ required for the generation of said bubbles is
furnished at a position in said bubble generating

region opposite said movable member.

I
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t he downstré&am si de fron1the enter of the area of said 5 heat i ng

el ement. - TmsmwthsBe C°fi qui d di scharge head according to claimé6
‘wherein said as said free68nd ~ positioned on the
dlscharge port center 10 of the area of said heating
el ene . Aliquid discharge head according to claim5
mhereln sai d novabl e nenber I's shaped |i ke a plate. 15 10. A
| i qui d di scharge head according to claim5 wherei n sai.d novabl e

separ ation menbrane 7iss fPodhsp dlscnarg@e?ﬁﬁd a°°°rd1n9 to ciflmA i qui d
di scharge head accor,ding ta clal her co rls .a first
common i quid Bﬁﬁﬁﬁ@P'éﬂ §%@¥Fﬁ§ hPﬁkg SSESBP §hid

i auid to be s SYEEE ferEEting ?%% 0 BT P

di scharge head 3&Ccqy, A0 5 th d@%%é? e Rl iadielad ole0
supplied to Saltgi%fl rst'{glixte%mp Add B‘”é"“h aned the liquid toabe‘-isuppls;:&géli to

sai d second fhygating element. - 70 -
path are different |iquids. ' 13. Aliquid discharge head
according to claim .

iquid

8. A liquid discharge head_according to claim 6 ,.
wherein said movable member has said free end
positioned on the discharge port side from the center

10 of the area of said heating element.

9. A liquid discharge head according to claim 5 ,

wherein said movable member is shaped like a plate.

15 10. A liquid discharge head according to claim 5,
wherein said movable separation membrane is formed of

resin.

11. A liquid discharge head according to claim 5,

~ 20 which further comprises a first common liquid chamber
for storing a liquid to be supplied to said first flow
path and a second common liquid chamber for storing a .

liquid to be supplied to said second flow path.

25 12. A liquid discharge head according to claim 5,
wherein the liquid to be supplied to said first flow

path and the liquid to be supplied to said second flow

* [ L M S %*



12, wherein the liquid to be supplied to said second 5 fl ow path

excels the liquid to be supplied to said first flow path in at |east

one of the qualities, | owness- of -vi7@cesity, bubbl'eé generating

property, and thermal stability. 10 Thik Sheet Has Bedi Replaced

di scharge head according to claimb5, - wherein th I nal

part of said novable separation nmenbrane is di SEMW ! Wt t he

posi tion of the extension thereof |ies above th of

sai d di schar ge gath awel dikferentoriguisdsfice plate in 15 whi ch said
~discharge port is forned. 15. A liquid discharge head

according to claimb5, wherein said novabl e nenber is provided in the

proximty of the free end thereo ith a | ower 0 di spl.acepent
restraining part capabl ed‘%fﬂ(ﬂ*h’té i#gsé}hﬁrcge Vf?ead Zar%cfloarncﬁ'en e‘:SrT'E%{\'LLom assune a
wi dth greater than the w dt f el QE?N ; 16. A
| i qui d di schar ’heWah %%ybrgr |°ﬁgljt%uji: aifén?%éjg va/rr:teor eslanldsasi%cor%%/abl e
separati on Mem¥ARe buf Witehehne 1iquith b bl Ago PRI to said

- 71 - _ b 17. Aliquid dig%harge head according to claim®6
wherein said nopphie FESPPats Shapediddde chedldt ethe qualities,

lowness of viscosity, bubble generating property, and

thermal stability.

10 _ 14. A liquid discharge head according to claim 5,
wherein the leading tefminal part of said movable
separatian membrane is disposed such that the position
of the extension thereof lies above the lower part of
said discharge pdrt and apart from an orifice plate in

15 which said discharge port is formed.

15. A liquid discharge head according to claim 5,
wherein said movable membér is.provided in the
proximity of the free end thereqf with a lower

20 = displacement restraining part capable of enabling said
movable member to assume a width greatér than the width

of said flow path.

16. A liquid discharge head according to claim 5,
25 'wheréin said movable separation membrane is furnished

" with a slack part.
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18. A liquid di scharge head according to claim?7,
novabl e nmenber | '

I's shaped like a plate 19msﬂwb Bdep %ﬁh rge
head according to cl-aim 8, whereu11¥uilnnvable
like a plate.
or e

6,
resin.

10 20. A liquid discharge hea

wherein said novabl e separation nmenbrane is f
21. Aliquid discharge head according to cIa|n17
wherei n sai d novabl e separation nmenbrane is formed of
22. A liquid di schary2. hemdligueid diigcharge dead, accordlng\,hféq G ¥nign| @

wherein said

clalm

resin.

movabl e separation menbrane is formed of 20 - re 23. A
liquid di schar gehematn asaid dronpkle defkeD is shape%’e%lfﬁ P REESrovabl e
separation menbrane is formed of . resin. 25 24. Aliquid

di scharge head according to claim®6

common |iquid chanber

for storing a liqui d'%o bR %%EH&?EQF??P?%H% head ageerding

second co
sai d secon

10

15

20

25

19. A liquid discharge head according

mhich further conprises a first

to %é%#?é%ﬁ a
P | lonﬁl leéélhrcl: haobg rmcg\%bfé Fhéife? is shapéci Gk 10 Peasyppl i ed to

to claim 8,

wherein said movable member is shaped like a plate.

20. A liquid discharge head according
wherein said movable separation membrane is

resin.

21. A liquid discharge head according
wherein said movable separation membrane is

resin.

22. A liquid discharge head according
wherein said movable separation membrane is

resin.
23. A liquid discharge head according
wherein said movable separation membrane is

resin.

24. A liquid discharge head according

to claim 6,

formed of

to claim 7,

formed of

to claim 8,

formed of

to claim 9,

formed of

to claim 6,

which further comprises a first common liquid chamber

(O



5 ' 25. A liquid discharge head according - to claim?7, whi ch
further conprises a first common |iquid chanber Thdy Shadt Has Replacegui d
to be supplied to said first flow - B2tk and a seco I d
chanmber for storing a liquid to be supplied to sai

. path. 10 26. A liquid, discharge head according to claim8,
-which further conprises a first common |iquid chanber for storing a
liquidto be supplied to saidq first flow . path and .a_second._.conmon

li qui d chanber 987 SHOF Ny aa(il%‘id Yo g\ﬁ &“P?lﬂggsﬁﬁplsﬁég reki §19%cond

f | ow pat h.

- 27. i qui d _di.sch ' . [ ,
whi ch further @m A0S ads?ﬁqog& L?g’#’:%)ﬁ’ :ﬁ‘%&?‘r g%ﬁ’%ﬁ%gfa%%r glt%%(#‘ stCaL?: nmgga
liquid to be Sﬁgdigj(#o?r?g%a;s%pfﬂlri%h Hog\l%a&%?gegop@t rh@,(),dggtﬁe_cond comon

| i qui d chamber e supplied to said second

fl ow pat h. 28. A liquid discharge head according to claim

10, which further conprises a first common liquid 25 chanber for
storing agiquid todier supliiRdd @istihrge head actordioy Rt klansh &, ,second
comon |iquid chanber for storing a liquid to be supplied to said
second fl ow patdhich further comprises a first common liquidl chamber

29. A liquid discharge head according to claim®6, wherein the liquid

to be supplied fior stiarifng st lfilquid to be supplied to said first flow
path and a second common liquid chamber for sforing a
liquid to be supplied to said second flow path.
10
26;. A liquid dischargé head according to claim 8,
which further comprises a first common liquid chamber
for'storing é liquid to be supplied to said first flow
path and a second common liquid chamber for storiﬁg a

15 liquid to be supplied to said second flow path.

27. A liquid discharge head according to claim 9,
which further comprises a first common liquid chamber
for storing a liquid to be supplied to said first flow

20 path and a second common liquid chamber for storing a

liquid to be supplied to said second flow path.

28. A liquid dischargé head according to claih
10, which furthef comprises a first common iiquid
25 chamber for storing a liquid to be supplied to said
first flow path and a sedond common liquid chamber- for

storing a liquid to be supplied to said second flow path.
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path and the liquid to be supplied to said second flow ~~  path are

different liquids. 5 30. A liquid di schargg Shetihs Y
claim7, wherein the liquid to be Sfpplied to sai

path and the liquid to be supplied to said second flow
different liquids. 10 31. Aliquid discharg ead according to
cIaLn18, wherein the liquid to be supplied to said first flow
path and the liquid be, s ljed 10 .said second . e
d: fferent |iquids. %‘2 a“I1quid ‘aigergrge Z‘i‘ﬁ a‘i]a?éséc‘%&rlg%g hte%aﬁagc%%?%'u ng to
claimg, wher ej L Qi e‘gﬂggi' ' L &St w
Sath and the Ii‘ﬁlﬁ?lgé%%n%%g&%% |egt<%§)és)a§ ecéocﬁgté F%%vfd df{féépfa%c%]vpare

i fferent 'iqUiﬂét 274 the liquid £ bé susplfedi 66 sd 08 desshacerswli ng to
claim 10, V\%_ere?n t%e Itlnatid to be s%%olied to said first
flow path and thgehi sbé daiPedeerstPPidqeidéo sai d second flow path are
different liquids. 25 34. Aliquid discharge head according to
claim 5 11, wherein the liquid to be supplied to said first
- 74 - flow path and the liquid to be supplied to said second

flow path are differ2at |Aqligeid discharge head according to claim 7,
wherein the liquid to be supplied to said first flow
path'and the liquid to be supplied to said second flow
path are different liquids.

10
31. A liquid discharge head according to claim 8,
wherein the 1iquid to be supplied to said first flow
path and the liquid to be supplied to said second flow
path are different liquids.
15
32. A ligquid discharge head according to claim 9,
wherein the liquid to be supplied to said first flow
path and the liquid to be supplied to said second flow
path are different liquids.
20
33. A liquid discharge head according to claim
10, wherein the liquid to be supplied to said first
flow path and the liquid to be supplied to said second
.flow path are different liquids. '
25
34. A liquid discﬁarge head according to claim

11, wherein the liquid to be supplied to said first

A



35. A I|_UT6"H'schaTge—head—accordlng to claim®6, 5 wherein the
| eadi ng t ek SiRdet HRG Bben REpi d novabl e separation nmenbrane is

di sposed su i on of 7dhe ext ensi on thereof |ies above
t he | ower ,U lﬂ ai d discharge port and apart froman orifice
plate in di scharge port is forned. 10 36. A
liquid dlscharge head according to claim?7, wherein the | eading

term nal part of said novab separ nbr .dj sposed, such
that the positifhPw Path Qﬁd t‘?h? é&%ﬁ&&?&’ﬁe m?'1 "éﬁq'é’o rﬁ% °d't%er par t
of 15 sai d dj schar ort rt, fram.an orifice plate in

whi ch said di scﬂ'ﬁ"@é"b qjg'(‘r]%e'i#)nqt 11quids. 37. A liquid discharge

head according to clain18, wherein the |l eading termnal part of said
novabl e 20 separation nmenbrane i s di sposed such that the position

of the extension thejgol 4l prakp s ddifadqitiedtidoddirding to Sldtmieehar ge

port and apart froman orifice plate in whi ch sai d di scharge port is

formed. 525 yherein 3the Yeddiny Ctekntnldll goadcask angial diovgable cl ai m 9,
wherein the |l eading termnal part of said novable separation

menbrane is di sgserhtsiom nembirdie pwsdisposed such that the position
- 75 - of the extension thereof |ies above the | ower part of
of the extension thereof lies above the lower part of
said discharge port and apart from an orifice plate in
which said discharge port is formed.
10
36. A liquid discharge head according to claim 7,
wherein fhe leading terminal part of said movable
separation membrane is'disposed such that the position
of the extension thereof lies above the lower part of

15 - said discharge port and apart from an orifice plate in

which said discharge port is formed.

37. A liquid discharge héad according to claim 8,
wherein thé leading terminal part of said movable
20 separation membrane is disposed such that the position
of the extension thereof lies above the lower part of
said discharge port and apart from an orifice plate in

which said discharge port is formed.

25 38. A liquid discharge head according to claim 9,
wherein the leading terminal part of said movable

separation membrane is disposed such that the position

* ¢ L M 5 %



sai d discharge port and apart froman orifice plate I n mhlch sa

di scharge port is forned. 5 39. Aliquid dhsé 2t
according to claim 10, wherein the T®adi ng tern1 id

novabl e separation nmenbrane is disposed such tha

of the extension thereof |ies above the | ower part of sald di scharge
port and apart froman orifice plate in 10 whi ch said di scharge port is
f or med. 40. A liquid discharge head accorflng to claim

11, wherein theofe§§¢nextéﬂﬁiﬁﬁltbﬁF?oﬁfléngahBVQbFEe ower papL;gfion

nbrane IS dlsposed such that the t he_exten n thereof

|Ie? abovF t he FBhdrdpsrhagge port gga:%bgggcﬁﬁ?ﬂeaﬁo?flgﬁﬁeaBg?gef?8n1an
orifice t
T AT ura i Sbiahoseadaa TR Fer BOFS HEaERrhbg S ) M hherein the

| eading termnal part of said novable separati on nenbrane is

di sposed such that the position of the extension thereof |ies above
the lower gart of 39  gfahdqHliiachaseRapget naad aeabtaingmanceaiimi ce
plate in whi ch”said discharge port is formed. 25 42. A
l'iquid di schargeoheatiezesflr ¢h8glbadihgi ferminal partwber sandt inevabadi ng
termnal part of said novable _ - 76 -

separ ati on nenbseparationsmembttanechst Qdspobedpsuchi that the position
of the extension thereof lies above the lower part of
said discharge port and apart from an orifice plate in

10 . which said discharge port is formed.

40. A liquid discharge head according to claim

11, wherein the leading terminal part of said movable
separation membrane is disposed such that the position

15 of the extension thereof lies above the lower part of
said discharge port and apart from an orifice plate in

which said discharge port is formed.

41. A liquid discharge heéd according to claim
20 12, wherein the leading terminal part of said movable
separation membrane is disposed such that the position
of the extension thereof lies above the lower part of
said- discharge port and apart from an orifice plate in
which said discharge port is formed.
25
42. .A liqﬁid disgharge head according to claim

13, wheréin the leading terminal part of said movable

R B R



of the extension thereof |ies above the |ower part of—— " said discharge

port and apart froman orifice plate in ' Whi ch BaisHectliRBaa aBlaRart i s
f or ned. 5 43. A liquid di scfér ge head ac i m6,
wherein said novable nmenber is provided in the E H U“I‘Hl! mhe free
end thereof with a | ower di spl acenent restraini e of
enabling said 10 novabl e nmenber to assune a width greater than the

w dt h of said fl ow path. 44. A i quid dischar.ge head
accordi ng to cISgRATAtion "Pe"&?/ﬁ?é}eeiir? SIsPaRsh AUE SRS B0 FOSHEEER i n t he
.15 proximty of .the free .end | Mg | ment
regt Lai ni ng parqfoc eatﬁxeteo Slégr%lat#l{é%e%gail\é!ég] aﬁ)d m\}lgbllgw%n%i(ﬁ ?Fz;ssurre a
w dth greater t t | I T, M i £i 1 in45. A
l'iquid discharge ea%%%%% r?gox{to acrﬁaia%# £ %{\A%errleilr??és)api o?trﬁ)vle;lbl e
nmenber is provigded dNE adischardd Pdrt tis FHorniea free end thereof with a

| ower di spl acenent restraining part capable of enabling said

novabl e neytber to assune a width greater than the width 25 of said flow
pat h. 46. A liquid discharge head according to claim9,

- 77 - 43. A liquid discharge head according to claim 6,

wherein said movable member is provided ih the

proximity of the free end thereof with a lower

displacemént restraining part capable of enabling said
10 movable member to assume a width greatef than the width

of said flow path.

44. A liquid discharge head according to claim 7,

wherein said movable member is provided in the

15 proximity of the free end thereof with a lower
displacement restraining'partlcapable of enabling said.
movable member to assume a width greéter than the width

of said flow path.

20 ' 45. A liquid discharge head according to claim 8,
wherein said movable member is provided in the
proximity of the free end thereof with a lower
displacement restraining part capable of enabling said
movable member to assume a width greater thén the width

25 of said flow path.

46. A liquid discharge head according to claim 9,

R A



wherein sai d Tovabl'e menber is provided in the proximty of the free
end thereof W this ShektQ¥¥6 Been Replaced di spl acenment restraining part capabl e of

enabl ing said nber to asZ@nme a wi dth greater than the
width 5 of . 47. A liquid discharge head
according to cla , wherein said novabl e nenber is provided in

t he proximty of the freeiend thereof with a lower 10
di spl acenent restraining part capable of enabling.said, novabl e
member to assufthersifinysrig é‘%&"@tblﬁé}?“&?é’ \Rz'sdtr‘ﬁ"&”'%ed i% % d f1ow pat h.

48. A liquid dischar he ccarding t | al 1 11, erein said
rrpvzﬁbl eI nmenber BXO 'Ydé%di"ﬁ’et %r ee'end’ t&g&ﬁrgn% '&?Lt(?f % #gw\gr}ee end t her eof
with a | ower . ' qg%ﬁ% . I ’ I : ;0 said
novabl e menber dtloSpalsa;ﬁtfirtegn}Cw _ _%’?‘é’g@ﬁ%ﬁ%ﬁaﬁ e%aglﬁ@ggdsl??d fl ow
path. 20 m(j)vablebzfl%mb%x.l 1@ I FnRe RAREA I Y &t fthet haidth

12, wherein said novable nenber is provided in the proximty of the
free end tgner eqfs Wdiy 1l RHath. di spl acenent restraining part capable
of enabling said 25 novabl e menber.to assune a width greater than the

wi dt h of said flow path. - 78 -

50. A liquid discharge head according to claim
. 47. A liquid discharge head according to claim

10, wherein said movable member is provided in the
proximity of the free end thereof with a lower

10 displacement restraining part capaSle of enabling Said
movable member to assume a width greater than the width

of said flow path.

48. A liquid discharge head according to claim
15 11, wherein said movable member is provided in the
proximity of the free eﬁd thereof with a lower
displacement restraining part capable of enabling said
movable member to assume a width greater than thé width

of said flow path.

20
49. A liquid discharge head according to claim
12, wherein said movable member is provided in the
proximity of the free end thereof with a lower
displacement restraining part capable of enébling said
25 movable member to assume a width greater than the width

of said flow path.
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13, wherein said novabl e nenber i s provided in the————proexim-ty of the
free end thereof with a | ower - di splacenent restrainjn rt capabl e
of enabling said 5 novabl e menber te 8sune a w ﬁﬁﬁ ﬁﬁ ﬁ‘?t he

wi dt h. of said fl ow path. 51. Ali head
according to claim 14, wherein said novable ed in
the 10 proximty of the free end thereof with a | ower :
di spl acenent restraining part capable of enabling said . nmovabl e
nenber to assune a \ﬁ%thpgr]é&‘éﬂpﬂmhﬁ?@%w according &8 FAigw pat h.

15 52. _ A liquid discharge head accordi.ng to claim.6, wherein
sai d novabl e séphr AMSFHeife A Fqvable M is pr%l[d%dg]"é’l € part .

53. A liquid dischar he ccqrding . t | ai M./, .. .20 ein said
novabl e separ atqrﬁ?ﬁ‘?gﬁ?r é’%g J"Tzi"‘se 1(‘¥ i %?eéc; thetebs v’v\ﬁlt‘%“ g Sﬁo‘ﬁ%‘:ﬂ part .

54. A liquid digschar Q_'q?_r i i r}g{gﬂr- ' i

novabl e separ aftdlslog%ﬁrfa%%%n{régﬁg Il%s l?ﬁ'rﬁlg%%a&lgdg‘%bt 3 z?fsleac S'?rg?.s'%&dj

55. A liqy d diggRhaige eHbrr G dlidifhd & GidtH Yreater than the width

- 79 -
of said flow path.

51. A liquid discharge head according to claim
14, wherein said movable member is provided in the
10 proximity of the free end thereof with a lower
displacement restraining part eapable of enabling said
movable member to assume a width greater than the width

of said flow path.

15 52. A liquid discharge head according to claim 6,
wherein said movable separation membrane is furnished

with a slack part.

53. A liquid discharge head according to claim 7,
20 wherein said movable separation membrane is furnished

with a slack part.
54. A liquid discharge head according to claim 8,
wherein said movable separation membrane is furnished

25 with a slack part.

55. A liquid discharge head according to claim 9,

Iy



mherein sai d novabl € separati on menbrane is furnished with a slack
1sShéﬁ-1asBedn| Iiﬁmstddl scharge head according to claim 5

pa

10 mhereln sai d ion menbr &% s furnished with a
sl ack part. I i quid discharge head according to claim
11, wherein said va separatlon menbrane is 10 furnished with a

slack part. 58. A I|qU|d dlscharge head accordlng to claim
12, wherein sal V. separ.at.ion h a

sl ack part. q‘er B Sailf '%%Vab&()? érfPacf%&goc z?edneb Tfesd J'aq"rccr}lo A ci) claim
13, wherein sal V, I on nenbrane S furni shed mnth a

sl ack part. vgjoéw gbéfaég%?gﬁA l'iquid discharge head according to claim
14, wherein said novabl e separation nmenbrane is furnished with a

sl ack part. 61. A liquid discharge head according to claim
25 15, wherein sa6l. Ny i quisE il sthargetidadncdording to faelraiinshed W|th
a slack part. - 80 -

62. Aliqud diBsxhargereigacsaiot owakraljle eparatiin membrane is

furnished with a slack part.

57. A liquid discharge head according to claim
11, wherein said movable separation membrane is

10 furnished with a slack part.

' 58. A liquid discharge head according to claim
12, wherein said movable separation membrane is

furnished with a slack part.

15
59. A liquid discharge head according to claim
13, wherein said movable separation membrane is
furnished with a slack part.

20 60. A liquid discharge head according to claim
14, wherein said movable sepafation membrane is
furnished with a slack part.

61. A liguid discharge head according to claim

25 15, wherein said movable separation membrane is

furnished with a slack part.
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wherei.n said novabl e nenber has said free end positioned on the

di scharge port side fromthe center of the area OfThisdhett
el enent . 5 63. A liquid di-s@@ar~ge head accor ‘
62, wherein said novabl € nenber is shaped |ike a plate.

| i quid di scharge head according to claim 10 62, wherein said novable
separation nenbrane is forned of resin. 65. Aliquid

di scharge head according to claim . 62,  which further conprises a
first common |iquid®25 A kuhshdisghangs hfpd, a9QH r’c%‘??er%?p‘ﬂ?ied to

sai d first flow path and second cqomon_ lJgui d chanper f

stori ngI ali gui"ﬂ‘?‘fﬁ‘t}é IW%‘%FIT%C? %’@’%’ég&ﬁj %ﬁicfgv%ree enr%at h. o 20
66. A liquid discharge head ,accoydi | . , | he

| i qu: d got be sUffptt G At aﬂﬁ r Jtscr}garté)e Cé%)gvcsplﬁ% féﬁ?’?tﬁmﬁ%ﬁ*‘g{# to be
supplie 0 sai r rent |iquids. 25

67. A liquid a‘lgfsiﬁgér)gr%%%a%f asc%io#)mén%é%}})&c%ﬁnéﬁé GIZ?U:/\Inerei n the

| eading tegmnal part of said novable separation nmenbrane is
di sposed such that the position

63. A liquid discharge head according to claim

62, wherein said movable member is shaped like a plate.

64. A liquid discharge head according to claim
10 62, wherein said movable separation membrane is formed

of resin.

65. A liqguid discharge head'according to claim
62, which furfher comprises a first common liquid
15 chamber for storing'a liquid to be supplied to said
first flow path and a second common liquid chamber for
storing a liquid to be supplied to said second_flow

path.

20 66. A liquid discharge head according to claim
62, wherein the liquid to be supplied to said first
flow path and the liquid to be supplied to said second

flow path are different liquids.

25 67. A liquid discharge head according to claim
62, whérein the leading terminal part of said movable

separation membrane is disposed such that the position

.
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of the extensheﬂ—%hereof—+%es above the | ower part of sai d di scharge
port and apart ,lfhr%m el ate in . whi ch said discharge port is
f or med. “NMH |qU|d dlsch%gge head according to claim

62, wherein Sald is provided in the proximty of the
free end t her eof di spl acenent restraining part capable
of enabling said novabl e nmenber to assune a width greater than the
width 10 of said flow path. 69. A liquid discharge head

according to cl@} Mhe exterfiol\Eididbs Al tbaMiti}e BRYAcHdO paEigane i s
furnished with a slack part. 15 70. A liquid discharge head
according to clgdfd discharfe péiet edrd tdieartt gftfain tam herisfip ipsditted dvmi d
second fl ow path excels the liquid to be supplied to said

first flow pat hwhichtsaifhsdisoisarfe tperuis ifomeed. 20 | owness of

vi scosity, bubble generating property, and thermal stability.

71. Aliquid discharge head according to claim 30, wherein the
liquid to be supplied to said second 25 flow path excels the |iquid to
be suppli€® to said 68. A ¥quididisrhaxge ibpad Jeoandine @ ¢lpim

ualities, | owness of vjscosi.t buhbl e ner
? 82 - ' 62, wherein said movableé member :.e ;)eroa\;z'l.é]ech Rf Op%ty, and

en

proximity of the free end thereof with a lower
displacement restraining part capable of enabling said
movable member to assume a width greater than the width

10 of said flow path.

69. A liquid discharge head according to claim
62, wherein said movable separation membrane is |

furnished with a slack part.

15
70. A liquid discharge head according to claim
29, wherein the liquid to be supplied to said second
flow path excels the liquid to be supplied to said
first flow path in at least one of the qualities,
20 lowness of viscosify, bubble generating property, and

thermal stability.

71; A liquid discharge head according to claim
30, wherein the liquid to be supplied to said second
25 flow path excels the ligquid to be supplied to said
first flow path in at least one of the qualities,

lowness of viscosity, bubble generating property, and

I
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thermal stability. 72. A liquid discharge head according to
claim 31, wherein the liquid to be supplied to said second 5
flow path excels the liquid to be supplied.to said first flow path
in at | east one of the qualities, - Plwress of viscosity, bubble
generating property, and thermal stability. ThisSheetHasBeenReﬁiaa.d

A
| i qui d di scharge head according to claim 32, t IMpui d to
be supplied to said second fl ow path excel s twmml
supplied to saighermal stddfiityow path in at |east one of the qualities,

.l owness of viscosity, bubble generating property, and 15 t her mal
stability. 74. A liquid discharge head according to claim
33, wherein the liquid to be supplied to said second fl ow path
excels the liquid tozde appldqeid tdischarge? head fagosirdiingy teatdiaim at | east
one of the qualities, | owness of viscosity, bubble generating
property, and 31, whetreimathetliguidyto be supplied tossaisl |seqpand

di scharge head according to claim 25 34, wherein the liquid to be '
supplied t® saifllewcpath excels fthgy Bauid ke ke (FHPRIIRY +? SHE suppl i ed

to said first flow path in at | east one of the qualiti
- 83 - first flow ggth in at least one of the éhéaitiég%

lowness of viscosity, bubble generating property, and

thermal stability.

10 73. A liquid discharge head according to claim
32, wherein the liquid to be supplied to said second
flow path excels the liquid to be supplied to said
first flow path in at least one of the qualities,
lowness of viscosity, bubble generating property, and

15 thermal stability.

74. A liquid discharge head éccording to claim
33, wherein the liquid to be supplied to said second
flow path excels the liquid to be supplied to said
20 first flow path in at least one of the qualities,
lowness of viscosity, bubble generating properfy, and

thermal stability.

75. A liquid discharge head according to claim
25 34, wherein the liquid to be supplied to said second
flow path excels the liquid to be supplied to said

first flow path in at least one of the qualities,
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| owness of viscosity, bubble generating property, and thermal stability.
This Sheet Has Been Re {i

o - A

lowness of viscosity, bubble generating property, and

thermal stability.
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