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“1-F A LI QU D DI SCHARG NG METHOD, A LI QUI D | 5} Lj’

HEAD, AND A LI QU D DI SCHARGE APPARATUS BACKGROUND OF THE" | NVI yﬂ%gfs
5 Fleld of the.lnvention : - The present.sinvention rel ates
. UIbLHdTglng met hod, ‘a liquid jet head, and aCFPql2d77 Bs
-dlscharg Hs'for dlscharglng a desired I|qU|d usi ng--ai r:
b y the application of thermal 10 energy that acts upon
th partlcularly, the invention relates to a liquid
di u ' e at ys ded with a
anabIe nenber andFon;Bngggghiﬁgggg y Bﬂﬁb H Lth%
i spl aceabl e by ISfsiAeE AAD ohw P Bt uityibl SSaAiie adon 6553, )
The present invention is also a | cabl e ~ TYoT T TIT
on a recording medi um such as paper, thread R SHEBERS | eafRer
pl astic, glass, wood, or ceram cs, as wel asesaﬁmohoq,lag@;_pg!@05@951_9-9."
20 machi ne, EACKEERIUND @FeayE TVENTTON ded Wi Clalm(s) COW ...... ed H@
systens, a word processor and ot her appalf ¢ isesin @ylggg ......
unit thersef or Fileld ke ,the Inver¥qi esent i nverpq,[bs{éctapp Eo """""
recordi ng system for industrial use, whi s conple H% 25““]
Wi th various proceshenprgymmrtatitsention relates Hey & JI:J@itder m "recordl ng"
referred to in the description of the present invention nmeans not
only the digghargioyg afethades Halquigl detr deast s, argd aphliigpyidr

discharge apparatus for discharging a desired liquid
using air bubbles created by the application of thermal
10 energy that acts upon the liquid. More particularly,
the invention relates to a liquid discharge head and a
liquid discharge apparatus provided with a movable
member and/or a movable sepération film which is
displaceable by the utilization of the air bubbles thus
15 created. |
The present invention is also applicable to a
printer for recording on a recording medium, such as
paper, thread, fabric, cloth, leather, plastic, glass,
wood, or ceramics, as well as applicable to a copying
20 machine, a facsimile equipment provided with
communication systems, a word processor and other
apparatuses having a printing unit therefor. Further,
the present invention is épplicab;e to a recording -
system for indﬁstrial use, which is complexly combined
25 with various processing apparatuées.
Here, the term ﬁrecording" referred to in the
déscription of the present invention means not only the

provision of images having characters, graphics, or

THIS SHEET HAS BEEN
REPLAGED




- 2- ot her neani ngf ul rebresentation but also, it nmeans the

provi sion of those inmages, such as patterns, that do not present any
parti cul ar neani ng. Rel at ed Background Art .5 There has been
known t he so-called bubble jet reeoRdirng nethod, which is an ink jet
recordi ng net hod whereby to forminages on a recordi ng nmedi um by

di scharging ink from di scharge openi ngs by neans of acting force
exerted by the change of states of ink 10 brought about by the abrupt
vol um nal chaqg creation of air bubble “% when t her mal energy or
the like is %??Wf%ﬁ%???ﬁ%%%‘?%ceb t#?%co’r*ﬁh‘h@a‘%ﬁ’g

For the recording apparatys _that uses the eco dlng
nethod, it is %%?%??9 %gaf??%%dlm323815suc c#%égﬁr?% tFEP do
speC|f|cat|ons t nd ot hers, that the
apparatus is prgélékgge € §H§mf?ﬁt%ﬁUf%Zscﬁarge openi ngs that di scharge

ink; the ink ga3 te@aégngPBQH&tA¥€ly connected to the discharge openings;
and el ectrothermal trans Ing elenents arranged in 20 each of the ink

paths as geans for grageahh89p88RT MMown the §8LclPehap@bblel
In accordance with such recording nmethod, it is possi b e to record

hi gh quality isegesdahghingbhs@sedBich is awi ifikajéessetonddngt methoai ses.
At the sane tinme, the 25 head that executes this recordi ng nmethod nekes
it posswheeeby @or fogm ifhagdssohaageeopedingsmédium by di schargi ng
ink in high density, with the excellent advant age, anong many
ot hers, that |dagebangéngndsk from discharge openings by means of
acting force exerted by the change of states of ink
10 - brought about by the abiupt voluminal changes (creation
of air bubbles) when thermal energy or the like is
applied to ink in accordance with recording signals.
For the recording apparatus that uses the bubble jet
recording method, it is'generally practiced, as
15 disclosed in the specifications of U.S. Patent
4,723,129 and others, that the apparatus is provided
with the discharge openings that discharge ink; the ink
paths conductively connected to the discharge openings:;
and electrothermal transducing elements arranged in
20 each of the ink paths as means for generating energy
for discharging ink.

In accordance with such reco:ding method, it is
possible to record high qﬁality images at high speeds
with a lesser amount of noises. At the same time, the

25 head that executes this recordihg method makes it
possible to arrange the discharge openings for

discharging ink in high density, with the excellent

advantage, among many others, that images are made



- 3- recordabl e in high resol ution, and that col or | mages are

easi | y" obt ai nabl e by use of a smaller appar.atus. In recent years,

therefore, the bubble jet recording met hod is wi dely adopted for many

kinds of office 5 - equipnent, such as3 printer, a copying nachine, a
~facsim |l e equipnment. Further, this recording nethod is utilized even

for industrial systens, such as a textile printing, .anong sone

ot hers. Al so, in order to obtain high quality |nages

l'i quid dlschaﬁﬁ dablis, dphighe Tgspdution, and, execut e
croati on that are S cilaingpie WIZ iR & sedatt BopkiBh, P00 €
15 with a view to m%ik' ng,.Ni ghgy %Qfed' heP Bl 5 e g‘i:ordm ~ has been

proposed an i pa’h con i'gurdtion I'n order to oObtain a

l'i quid dischar Qﬁlnﬁiﬂ% forrlfhd kiRRId YmFEdiicgher refillin
of liquid at eac ¢ hﬁldér?'?ll [ qLPt(?di ) od| schgtr ged. One exanple of such 28

proposal s dighlgsethe N dltth Sed ficaitar) o chiAirRSeachine, Ratent

Appl i cation Lé?%lopen No. 63-199972. The i nvention thus disclosed is
such that the faedmVes, equipment\hi Furttemertdriat erbaimting e thagation of
the air bubbl e (the pressure exerted in the opposite direction 25
of the di schangeihipgsd ngven hedr | industeriplessystens, suchligea dextilee
l'iquid chanber 1012), are arranged to reside in the initial position
whi ch is away primcimg, among some others.

t here has been proposed a dr|V|n%.co d|t|on for Eﬁ& |S|on of a
I ycﬁgogb %P

Also, in order to obtain high quality images,

10 there has been proposed a driving condition for the
provision of a liquid discharging method or the like
that may be able to execute excellent ink discharges on
the basis of the stabilized air bubble creation that
enables ink to be discharged at higher speeds. Also,

.15 with a view to making higher recording possible, there
has been proposed an improved flow path configuration
in order to obtain a liquid discharge head that may be
able to perform a higher refilling of liquid at each
time liquid is ﬁischarged. One example of such

20 proposal is disclosed in the specification of Japanese
Patent Application Laid-open No. 63-199972. The
invention thus disclosed is such that the backwaves,
which are generated along the creation of the air
bubble (the pressure exerted in the‘opposite direction

25 of the discharge opening, that is, the pressure
directed to the liquid chamber 1012), aré arranged to

reside in the initial position which is away from the



-4- air bubble creation area fornmed by each of the heat

generat’i ng devices. Then, the valve, which is positioned on the side
opposite to the discharge opening with respect to the heat generating
device, is 5 postured as if to attach 4o-the ceiling by the presence

of such backwaves.- This valve is then allowed to hand down into the
flow path along wth the creation of each of the air bubbles. This

i nvention is to suppress the energy |loss by controlling part of such

speci fication ®f t VESRHQTL ARER ¥, each of &3+ t he ot her

hand, there have been. dIS | osed in the peC|f| ans of Japanese
Pat ent Appl i caﬁ?’b?i%'p eVlceS‘ope'W% lb’a?t%.ésle Pat ent

Application L Qﬁ#? &g%b anong sone
ot hers, a net ?P%Jf or |sc arg| ng I qul cgs engf)‘:%Jl ng 1 pressure
exerted by bubty&n OEg & HER %é;ﬂa@@ ﬁ‘@rﬁﬁé%eat %en e d@délﬁl&l schar ge

liquid, while arranging to nake - use of (bubbl € generating
liquid) tdhat pgésturdd ead o5f s DERBIESEDYeRd PG By AhOfph@sdncand the
liquid that perfornms discharging (discharge |iquid) . Separately. In

t he specifi catoPrswéh th@Slewaves. Thil iwflveonts then idkldwed Geri@sdas the
di scharge - liquid and the bubble generating liquid are conpletely 25
separated by nidcws ita tineablow gepth clang fwith foierstreation &f eadh cone
rubber or the like. Thus, the discharge . liquid is not allowed to
contact the heaf He@epiripypbles. This invention is to suppress the

backwaves by 10 of the valve in such manner. as sclosed in the
Bl e

energy loss by controlling part of such backwaves by

10 use of the valve in such a manner as disclosed in the
specificétion of the above-mentioned application.

On the other hand, there have been disclosed in
the specifications of Japanese Patent Application Laid-
open No. 61-69467, Japanese Patént Application Laid-

15 open No. 55-81172, and USP 4,480,259, among some
others, a method for discharging liquid by enabling the
pressure exerted by bubble generationlto be carried
over to the discharge liquid, while arranging to make
use of the liquid (bubble generating liquid) that

20 creates air bubbles by the applicétion of heat, and the
liquid that performs discharging (discharge liquid)
separately. In the specification of these
publications, the ink that serves as the discharge
liquid and the bubble generating liquid are completely

25 separated by means of a movable separation film formed
by silicone rubber or the like. Thus, the discharge

liquid is not allowed to contact the heat generating



- 5- devices directly. Here, at the sanme tinme, the structure

is arranged so that the pressure exerted by - t he bubbke generation of

t he bubbl e generating liquid is carried over to the discharge |iquid
by utilizing 5 the deformation of the5mevabl e separation film Wth
structure thus arranged, it is attainable to prevent the deposit from
bei ng accunul ated on the surface of ~each of the heat generating
devices, as well as to nake t he sel ection of discharge |iquids nore
freely. 10 | n_addi tjon, the structure t hat uses %Ilarge film

for separatrrmF?YkF%§t¢+¥F%BH@ of HeX P R i ThY TR (HHLS- part and

| ower part thergof js disclosed in.the p. cation of anese
Pat ent  Appl i cat FoRCTArg- dpeprranged g that 2%1}%08 S%éuﬁaar%xee i %?

di sclosed is typ |d flow
pat hs. {88 tnRe gafltatith 4P HaABILNLINLG iy
preventing i qygdéatfeeab@teg ea,xeﬁevmecﬁafeeotbemarby utilifhggtwo flow

pat hs t hus provi ded. | so, there is disclosed in Japanese

Patent 2§ éﬁ@laéebrﬂattahdoﬂpeﬂeNﬁov5b289§8§aiae16ﬁrﬂﬁlmre woeker
whi ch, while providing special features for -a bubble generating

I|qU|d i tsel f, sthiietlrqutHussansengad, ait is attaiwabbeiténgreeent t han
that of a discharge liquid in order to maintain the bubble
generati on chathet depesitsfrém being sachmuilgbted. onThbheesusfatgoofhe
structure that uses a conductive liquid as a bubble generating
liquid as eacli of| tbedheatJgenerstingt davipesl i aat vehl Lasdtopaakelo.

the selection of discharge liquids more freely.

10 In addition, the structure that uses a large film
for separating the entire body of a head into the upper
part and lower part thereof is disclosed in the
specification of Japanese Patent Application Laid;open
No. 59-26270. The large film thus disclosed is nipped

15 aby the two plate memberé that form liquid flow paths.
The plate members are provided for the purpose of
breventing'liquids from being.mixed with each other in
the two flow paths thus provided.

Also, there is disclosed in Japanese Patent

20 Application Laid-open No. 5-229122 the structufe under
which, while providing special features for a bubble
generating liquid itself, this liquid is used at a
lower boiling point than that of a discharge liquid in
order to maintain the bubble generation characteristics

25 'of such liquid. ~ There is also the structure that uses
a conductive liquid as a bubble generating liquid as -

disclosed in Japanese Patent Application Laid-open No.



- 6- 4-329148. However, since the head that separates

t he di scharge liquid and the bubble generating liquid

conpl etely as descri bed above is structured to carry 5 over the
pressure exerted at the tine of bubbl.e = © = generationto the discharge
liquid by nmeans of the def ormati on of. the novabl e separation film

t hat may result fromits expansion, a considerable anount of

bubbl e generatlon pressure is absorbed by the novable 10 separation
filmeventually f% g0, the amount of ' def ormati on cannot be made

| ar ger enough erefore, al though it is possible to separate the

di scharge . |1 dyl,dvand E?ﬁc@“@ﬁé%&&&e{:ﬁ&ngebéﬂé!{:é's there is a
possibility that the energy effrciency and di scharge force are
made | ower aftaiséhhrge liquid ShYMARY ShbBiE ééﬂg¥3¥£hb liquid The
present invention is designed fromthe point views not taken into
consi deration templtBtelzOas dessyebedoabbveris stfuCﬁurée tai capbyecti ves
of the invention is to enhance the basic discharge
charact er Bsti.cever the peebsdrehekerteli gtii thestime of bubbher ged
fundanmental ly by thé conventional formation of air bubbles in the
liquid flom/pagﬁgetp&npn@gl&hBydlgshargﬁhéIQPedtbﬁnméﬁnal?fbﬁbgle fol | owi ng
each film boiling), which is elevated to such _a hl%h standard

that has never dS@@ﬁ“‘éFt’-QPn&lfl &hgy mpNabdgpErParAsACRf film that may

result from its expansion, a considerable amount of
bubble generation pressure is absorbed by the movable
10 separation film eventually. Also, the amount of
deformation cannot be made larger enough. Therefore,
although it is possible to separate the discharge
liquid and the bubble generating liquid, there is a
possibility that the energy efficiency and the

15 discharge force are made lower after all.

SUMMARY OF THE INVENTION
The present invention is designed from the point
of-views not taken into consideration for the
20 conventional art. It is the main objectives of the
invention is to enhance the basic discharge
characteristics of the method wherein liquid is
discharged fundamentally by the conventional formation
of air bubbles in the liquid_flow paths (particularly
25 the creation of air bubbie following each film
boiling), which is elevated to such a high standard

that has neVer been attainable by the application of



-7- . t he conventional art. . The inventors hereof have
ardently studied the fundanental principle of Iiquid droplet

di scharges with a viewto providing a new nethod for discharging
liquid 5 droplets, the head, and the 7T.ike by the utilization of

t he air bubbl es, which cannot be obtained by the application of the
conventional art. Here, while maki ng the studies of the kind, the

i nventors hereof - have conducted a first technical analysis beginning
10 with the gperation.qf the _npvable nenber in each of the liquid
fl ow pat hs, st §%qﬁ?ﬁﬁﬂﬂﬁgeagﬁé principl e of t he mechani sm of the

novabl e menber in‘¥ﬂ§1¥n dgggg Hareo hav%ggﬂgg%%ﬁ§?Qﬁﬁg%ﬁ%?3%%§is'

begi nning with the princip of 1 qui by neans

of the creati Qyngkmentdl ?I{jhngi%qlee%f Q]Q.Q;xﬁd R b 1eRC e St a vy Xﬁ-i’-‘ﬁ‘eat

beginning with the area of t r bubbl e formation for “the
generating deyd GAew &P Préadiiny d Mvidethod fo:b%@&afﬁifmj 11Gluidg

Then, it has been known that in consideration of t he energy given by
t he air Bubbl eirdErids,t aHdhgedimurind the 1liMe Gys iy getilibatiest of
significant factor that contributes to enhancing the discharge
characteri sti dshe air bubbismscahhicls damnaes ginsnitnesbriporehd on t he
downst ream si de of the -air bubble anong those factors 25  taken into
account in thiappldggaition dferthe igonwengtional artywr dieret wihslebeen found

t hat the enhancenent of the - discharge efficiency and di scharge speed
are brought making the studies of the kind, the inventors hereof

have conducted a first technical analysis beginning
10 with the operétion of the movablelmember in each of the
liquid flow paths, such as to analyze the principle of
the mechanism of the mqvable member in the flow path; a
second technical analysis beginning with the principle
of liquid dropletldischarges by ﬁeans of the creation
15 of air bubbles; and a third technical analysis
beginning with the area of the air bubble forﬁation for
the heat generating devices to be used for the air
bubble formation.
Then, it has been known that in consideration of
20 the energy given by the air bubble itself to the amount
of diséharge, the most significant-factor that
contributes to enhancing the discharge characteristics
remarkably is the development component on the
downstream side of the air bubble among those factors
25 taken into account in this respect. Here, in other
‘words, it has been found that the ehhancement of the

discharge efficiency and discharge speed are brought



- 8- about by the effective transformati on of the devel opnent

conponent on the downstream side of the air bubble so that it is
guided in the direction of liquid di scharge. Wth this finding, the

i nventors hereof 5 have acquired an exBrenely high technical standard,
as : conpared with the conventional art, in which the devel opnent
conponent on the downstream side of the air bubbl e can be transferred
positively to the free end side of -the novabl e nmenber. 10

Choul @ be concT RV Ed Y ER BEpetbove “chaibebfiacian, ofokbHai g arca for
the formation ?éVéié ment C?ﬁgggéﬁé oﬁugﬁ?aaoélgstgagmoﬁé&% Ogo%gét gggm si de

of the I ne r nni n center he area Int

direction of thgpbigusd %ﬁateﬁehlgf%abseal ﬁteﬁéheiﬂabtlon of Lig@sducing
devices or with respect to the nova nbers, the flow paths, and

the like, whicli8éRarge. withatRdst eihlen eVQhépﬂHGénQBréhﬁeﬂébbebb|eS on
t he downstream si de of the area cenfer or the like on the 20

surface os whi gRaviubbhaigeacant eatremed{yl AEHHat@8hnical standardl sas with
such structure optimally provided, the ai r bubbl e generating area
and t he novabl eompabed aieh the coawveandedaloata&ceisawhichhéheal ong the
flow paths to make it possible to reduce and elimnate the snaller
25 dr opl et sd(egeiepmengspompponnml pnwithe downsgheanekige of thef mgm t he
majority of the flying ink droplets when these dropl ets and the
remai ni ng i nk Bpkb &tcgnbentrﬁesfeﬁwed positively to the free end

side of the movable member.

10 ‘Further, it has been found preferable that the
structural elements should be considered with respect
to the heat generating area for the formation of air
bubbles, such as the one on the downstreém side of the
line rugning the center of the area in the flow

15 direction of the liquid for each of the electrotherﬁal
transducing devices or with respect to the movable
members, the flow paths, and the like, which are
related to the development of the ai; bubbles on the
downstream side of the area center or the like on the

20 surface on which bubble generation is effectuated.

Also, with such structure optimally provided, the
air bubble genérating area and the movable member are
arranged to face each other along the flow paths to
make it possible to reduce and eliminate the smaller

25 droplets (satellites) which fly With a slight delay
from the majority qf the flying ink droplets when these

droplets and the remaining ink are cut off in the flow



-9- path by the pulling force of the surface tension of ink

in the'vicinity of the di scharge opening. Meanwhile, it is also
found possi bl e to enhance the refilling speed significantly by taking
the 5 structural arrangenent of the-nBvable nenber and the supply
path into consideration. : Wth the know edge and overall view
acquired by such studi es as descri bed above, the inventors hereof
have found the principle of excellent liquid discharge 10 and finally
desi gned the inventjon_taken

in. Th '
OL t he p¥e5ﬁnt PR Y b a?%}fang Eggégf%flfﬁ% surface é@ﬁgﬁé% QPJE%%:YE?
t t h hod,
F|£3fd fet h:a V@ﬂ% QEC%§1Q§O¥|qU| 22 %éqg%para C argaggbrgto? :
i ncreasing the meafiRETE, Oitliguéﬂﬁg'ﬁmgﬁgséiﬂﬂédtéc&%&?cépem ngs,

and enhancing the re ng Speed at the sanme time
anot her obj ect g Eagllmiﬁatéﬁeeaosﬂgﬁyfﬂeaatly by takingdeiéschar gi ng

method, a liquid jet head, "and a 20 | i qui d di scharge apparatus, capable
of enhancing tEEructuraldHfﬁthéhénﬁfofhehﬁbmabaBlGEmbmbeﬁraﬂ@geﬂeIn each
fl ow pat h. I't is still another object of the invention
to provitppayl pgthdifdtecbengidgraeibnd, a liquid jet head, 25

and a liquid discharge apparatus, capable of stabilizing t he

di scharge conditi onWathdrtbpl khewledge and ovensldli yiewr gequprednhy.
such studies as described above, the inventors hereof
have found the principle of excellent liquid discharge

10 and finally designed the invention taken out herein.
The major objectives of the present invention are
as follows:
It is a first objact of the invention to provide a
liquid discharging method, a liquid jet head, and a
15 liquid discharge apparatus, capable of increasing the
amount of liquid discharged from discharge openings,
and enhancing the refilling speed at the same time.
It is another object of the invention to provide a
liquid discharging method, a liﬁuid jet head, and a
20 liqﬁid discharge apparatus, capable of enhancing the
durability of the movable member arranged in each flow
path.
It is still another object of the invention to
provide a liquid discharging method, a liquid jet head,
25 and a liquid discharge apparatus, capable of
stabilizing the discharge condition of droplets from

the discharge openings.



- 10 - It is a further object of the invention to provide

a liqui'd discharging nethod, a liquid jet head, and a liquid

di schar ge appar at us, capable of controlling the amount of

di spl acenent of the novable menbers. 5 10 = Meanwhile, the inventors
her eof have sol ved the probl em that arises when the space should be
made smal ler for the formation of a gap that should becone t he
air bubble generating area. In other words, when the air bubble

shoul d be created in,t [ | e e ratln £ea, such ai ., _bubbl e
Pt Eg g %u?%gg ang?ttﬁg g %n%

is created on the upstrean si i Sch BBnFRGPFRY %ﬂ% f1 ow

di rection of thlggﬁggaﬁggchhg %gﬁg%ﬁ¥8[ Siﬂ&ﬁl&h et hea “”QLH

| ength of the air gener area tself are thé sane as t hose

of the heat gemQﬁaianalséﬁargeuapbarahesnD&éBbSlaea?e&oh%rsmignsl%ﬁéaceable
~only vertical ly by thé creation of each air bubble wth

respect to theaflbufi¢t b&€ndekpl Beeflefiehafyehki Albydble membeFBerefore, it
becomes i npossible to obtain a sufficient di scharge speed for the

ef f ecti ve5di schar geMepawhtiilen. th@0invehitoes hbeepfehane sblesdi ghei S
designed to nmaterialize the efficient discharge operation by giving
attention propdem the¥%r byisest Wbehathet Bpaceushodldwbeckade brought
about by the repeated use of the same bubbl e generating liquid only
in the closed Shallezpfer Fheafprmpfdon of5a gap thathshepddeberpmes st |
anot her object of the invention to provide a |liquid discharging
nethod and a ‘the aifpj bybhlei genergéingparstus IPr QEhereHOrssSseRERt e the

the air bubble should be created in the air bubble

10 generating area, such air bubble is created on the
upstream side of the discharge opening in the flow
direction of the discharge liquid. However, since the
width and length of the air bubble generating area
itself are the same as those of the heat generating

15 unit, the movable member is méde displaceable only
vertically by the creation of each air bubble with
respect to the direction of the discharge liquid.
Therefore, it becomes impossible to obtain a sufficient
discharge speed for the effective discharge operation.

20 Here,.the p:ésent invention is designed to materialize
the efficient discharge operation by giving attention
particularly to the fact that such drawback is brought
about by the repeated usé of the same bubble generating
liquid only in the closed small space at all times.

25 Therefore, it is still another object of the
invention to provide a liquid discharging method and a

liquid discharge apparatus structured to separate the



~di schar,ge liquid and the bubble generating liquid essentially or nore
preferably structured to separate . themconpletely by use of the
novable film which is made capabl e not only of preventing the
pressure from 5 escaping to the upstrieslam si de, but al so, of guiding the
pressure in the direction of the discharge openings so as not to

| ose the discharge efficiency when the pressure is guided in the
direction of liquid discharge by the deformation of the novable film

manner, the arfouRe§res hifdi 3Rt e FEn Tt dhetR LAY Liadid " e

fill h b f th
mvention to. cotenElafli e more, pretrratly FHINEITEN. (o TSR] ot head
15 d al t h
st abi | ?Qat ?onl%ﬁlgé:harge coﬁtalli%énué? fﬁé’%@&&aﬁeaﬂ%ﬁ’gp‘,?ﬂ%hf rom eacﬁ of
the di scharge fa@8i 84able not only d&¥ SPrevéntsnd thE (HRLsORIECErQf the

i nvention to provide a liquid discharging nethod and a Itquid 20
di schar ges appasataping apabtige OlipsEteen Ngi dde BEDWLs®f of guididl €ePOSsit
accunul ated on each of 'the heat generating devi ces %w'the adoption
of the struct upresiseceiimdthe direatibor, ofinthe apbdtitatfe dbpemiigs g | i qui d
i n good efficiency without giving thermally affecting the 25
liquid to be deschetgka.lose the dischargs sffitciendwrwieem g ect of the

I nvention to provide a_ liquid- discharging nmethod and a liquid

- 12 - pressure is guided in the direction of liquid discharge

by the deformation of the movable film by the
10 application of pressure exerted by foaming. In this
manner, the amount of liquid discharge is increased,
and the refilling speed is enhanced.
It is still another object of the invention to
provide a liquid discharging method, a liquid jet head,
15 and a liquid discharge aﬁparatus, capable of attempting
the stabilization of discharge condition of liquid
droplets from each of the discharge openings.
Also, it is a further object of the invention to
provide a liquid discharging method and a liquid
20 discharge apparatus, capable of reducing the émount of
the deposit accumulated on each of the heat generating
devices by the adoption of the structure described
above, and capable of discharging liquid in good
efficiency without giving thermally affecting the
25 liqﬁid to be discharged.
It is still a further object of the invention to-

provide a liquid discharging method and a liquid



di scharge apparatus, having nore freedom of selection of discharge
liquids irrespective of its viscosities and material conpositions.

Al so, it is another object of the invention to 5 provide a liquid

di schargi ng .net hod for discharging - 1biquid using pressure exerted at
the tinme of creating air bubbles in an air bubble generating area for
creating themin the liquid. Here, the two air bubble generati ng
areas are arranged to face each other at 10 | east partly. Then, the
liquid is discharged by use of the pressure exerted in the two air
bubbl e gener atdiggharge appaxgtus, having mors fxeedom ofysetliegtion ect of
the invention to . provide a |iquid discharging nethod for discharging
15 li qui d &f fiigshaegs digudsed rrespectiivife Mistgsities iy
bubbles in an air bubble generating area for creating themin the -
liquid by di sitinfrerifh gampositiongmpuper provided with its free end on

t he di scharge openj ng. side with respect to.its novabl e ful crum
point. 20 Here PSR att IRUIGERRR GEASGHy O e AFYERENRN 6 o

nmenber arge arr d.to . 1N, , set Q i . ot her at | east
partly, asﬁd by a lo%é n%b“[e’h u%%\@lnsoc\?‘a%%l%g %eq:h\%r#egoogrsfhtsghca&%na oser to

each ot her fory (a5 &H press%%é NGedr <l bt r ti]me of %ﬁ&i?rggi S

anot her object of the invention _ provide a liquid arge head
whi ch conpri sesi@tpubbles 1fast @izd'rﬁfﬁlﬂfl%%él%fﬂmd QUred SEg¥ar gi ng i quid;

? creating them in the liquid. Here, the two air bubble
generating areas are arranged to face each.other at
10 least partly. Then, the liquid is discharged by use of
the preésure exerted in the two air bubble generating
areas.
Also, it is another object of the invention to
provide a liquid discharging method for discharging
15 liquid using pressure exerted at the time of creating
"air bubbles in an air bubble generating area for
creating them in the liquid by displacing a movable
member provided with its‘freé end on the discharge
opening side with respect to its movable fulcrum point.
20 Here, the air bubble generating area and the movable
member are arranged to be in two sets to face with
other at least partly, and by allowing the two movable
members to come closer to each other for discharging
the liquid. |
25 Also, it is another object of the invention to
provide a liquid discharge head which comprises at

least a discharge opening for discharging liquid:; a



di scharge liquid flow path provided with air bubble generating area
for creating air bubbles, and conductively connected with the

di schar ge openi ng. Here, the two air bubble generating areas are
arranged 5 to face each other at.leasizpartly. Also, it is
anot her obj ect of the invention to provide a liquid discharge head
whi ch conpri ses di scharge openings for discharging |liquid; discharge
liquid fl ow paths each provided with air bubble 10 . generating area for
creating air bubbles, and conductively connected with the discharge
openi ng; a dlsc§§5§?r&ﬁéuﬁﬁoﬁlGEdPanhPﬁ@H%dgén@%ﬁb|ﬂgrdbvbéé§ éach
arranged in the air buybble generating area generating heat for
creating the aPPRSERLARY; axEFabPE cfgatlﬁﬁnﬁéFsbBHPﬁeﬁro@PGed wthits free

d th id d d h of th
glnsc(r)hgrgeel|quf:8“fir“|5’36f1 3& Benlggdtﬂé%Hegﬁ ggaéggggﬁﬁlgpgggnggeV|cg
f h
T s R o

creation +o0fe cdlch Q%BQEea Hggg p ggt generating device

ae
and the anabIe neﬁb are arrange sets to face each

other at | east parthnso it is anothbr'%bﬁ@%%h%E @Rke¢hvahtiBg iLBvention to
provide a 25 | i quid di scharge head which conprises di scharge

openi ngs for dipreRade &0 ligaddd didchelgedtebdduwhdchl @dmprises pat hs each
provided with air bubble generating area for
-14- discharge openings for discharging liquid; discharge
liquid flow paths'each provided with air bubble
10 generating area for creating air bubbles, and
condectively connected with the discharge opening; a
substrate provided with heat generating devices each
arranged in the air bubble generating area for
generating heat for creating the air bubbles; movable
15 members each provided with its free end on the
discharge opening side, and arranged iﬁ each of the
discharge liquid flow paths to face the heat generating
device. Then, the liquid is discharged from the
discharge openings when the movable members are
20 displaced each by the pressure exerted by the creation
of the air bubble. .Here, the heat generating device
and the movable member are arranged to be in two sets
to face each other at least partly.
It is another object of the invention to provide a
25 liquid discharge head which comprises discharge
openings for discharging liquid; discharge liquid flow

paths each provided with air bubble generating area for

1



creating air bubbles, and conductively connected with t he di scharge
openi ng; a substrate provided with heat generati ng devi ces each
arranged in the air bubble generating area for generating heat for
creating the 5 air bubbl es; novabl e-negbers each provided with its
free end on the discharge opening side, and arranged in each of the.
di scharge liquid flow paths to face the heat generating device. Here,
the liquid is discharged fromthe discharge openi ngs when the novabl e
menbers 10 are di spl aced each by the pressure exerted by the

creation of th€r§RFipgbpLE, PukbBlefse ﬁ§§t°§§ﬁBF§FVﬁ§Y CODHGCHQQiUétBnd t he
novabl e menber _are _arr ed to be in Q allow the novable
menber s thenBer d%ﬁcgagee openlngacﬁ ﬁPﬁﬁFraFelgﬁngﬂﬁptW}th hgat

Al'so, it i £ th hod f
i Schar gi ng f‘i”ﬁén%rfﬂ%#le?ésﬁaFéﬁﬁaégﬁeg%rgﬁsaﬁ 400505 8hPabRRRIs rovabl o

parh O ofbnerptipd BERACELE ¥nBRRTLAH MR BoRCERCAR pGTERS ) O
di schargi gg |'QﬂkdbuBBQe§ bHBQEBlgeﬁEhBEEQQe%bﬂubgo§H8&h with ikath
provided with an air [e generating area creating air bubble

in the liquid EE@E‘éﬁﬁhoﬁtQﬁé aEscharﬁe 8bknlingeeias, taﬁduﬁ§kéﬁﬁghsiﬁe t han
t he di scharge opening side with respect to thé liquid flowin the

25 di schar geakbhquicd theowigahBrgeHeiguihe1a pathll o face tH@nNerating

area, the bubble generating quuig fl ow pat h, and the novable

separation fil heategeneaagtfgt device. Here, the liquid is discharged - 15-
from the discharge openings when the movable members

10 are displaced each by the pressure exerted by the
creation of the air bubble, and the heat generating
device and the movable member are.arranged to be in two
sets to allow the movable members themselves to face
each other at least partly.

15 Also, it is another object of the invention to
provide a method for discharging liquid for discharging
liquid by displacing a mévable separation film
substantially separating a discharge liquid flow path
gonductiveiy connected with a discharge opening for

20 discharging liquid, and a bubble generatihg ligquid flow
path provided with an air bubble generafing area for
creating air bubble in the liquid from each other at
all times on the upstream side than the discharge
opening side with respect to the liquid flow in the

25 discharge liquid flow path. Here, the air bubble

| generating area, the bubble generating liquid flow®

path, and the movable separation film are arranged to



be in two set to allow the novabl e regions of the novabl e separation
films to face each other at |east partly with the discharge liquid
fl ow path being sandwi ched between them and the two novabl e
separation 5 filnmse are displaced tolbore cl oser to each other.

Also, it is another object of the present I nvention to provide a

| i qui d di scharge head for a | i qui d di scharge apparat us whi ch

conpri ses di scharge liquid fl ow paths conductively connected with

di scharge 10, qpenings for discharging |iquid; bulble nerating
l'i quid rom1p5Fh§%b§@P StV P @ OFh%bﬁémﬁﬁ% fegions BF dBRerating area

for creating ailr bbl es in.t.he .. | i qui ds; heat generatin evi ces
each arrangedWQY4ﬁ%§ separation ﬁm&&%at e%%%h Fﬁ& aﬁggefoa%e%g g%e heat for
15 creatin EQQ e €Sy vahl £ s raf i fhl for
separating th%a I sﬁﬁlﬁyw&?&sﬁ%%ﬁ%aﬁﬁﬁr}??ﬁﬁ pdtn bl?gg‘gl e generating
liquid flow patd, Qﬁ%ﬁpt N Bm 1§RE 1 eBldephl Her e,
the liquid is o |séﬁgégﬁﬁifronftﬁgmhischg?gtmgégﬁ%ngsegy |58Pacing

20 the novahligns B ald@bilddd® toy ddife RIIGEEY e eidedtner. ~ the
creation of the air bubbles, and the liquid di scharge head is

provided with the hbajo geReriad idipther objet @F tHe predeint generati ng
liquid flow path, and the novabl e separation filmbeing arranged to
be in two 25 invegstion dcaldmwisle |z dsiqyial tdhissdhadge heasblfiorr anges of
t he novabl e separation filnms to face each other with t he di scharge
liquid flow patigwisd bischdarge apparatus which comprises discharge - 16 -
In accordance with the present invention
liquid flow paths conductively connected with discharge
10 openings for discharging liquid; bubble generating
liquid flow paths each provided with the air bubble
generating area for creating air bubbles in the
liquids; heat generating devices each arranged in the
air bubble generating area to generate heat for
15 creating the air bubbles; and moéable separation films
for separating the discharge liquid flow path and the
bubble genefating liquid flow path substantially from
‘'each other at all times. Here, the liquid is
discharged from the discharge openings by displacing
20 the movable separation films by the pressure exerted by
the creation of the air bubbles, and the liquid
discharge head is provided with the heat generating
device, the bubble generating liquid flow path, and the
movable separation film being arranged to be in two
25 sets to allow at least parts of the movable ranges of

- the movable separation films to face each other with

the discharge liquid flow path between them.



structured as described above, a set of a heat generating device
arranged in the air bubble generating area for generating heat to
create air bubbles, and a 5 novabl e member provided with its free end on
t he dlscharge openi ng side, are ark@nged in the discharge

liquid flow path to face the heat generating device, and then, the
two sets of themare arranged to face - each other at l|east partly so
that two novabl e nenbers 10 are displaced to cone cl oser to each ot her

al ong the creation of the air. bupble ssuned that the
structure thus arrﬁﬂg@GCPB?aH?EcﬂéFﬁ FﬁelPﬁ%?ﬁnFanﬁ%ntlon di schar ge

liquid fIOM/pa e disc Is the optinmal

th
structure, mﬁuﬁh Er?ga gﬁgcrlbﬁﬂdag %odatﬁﬁF ? enlgg 5tions of such
t t d.| f
She or osent | HOBRFRKAng bel188 SERSRLASCIRCHAE S1F RLBRLY HLA-LREASCODE ©
makes it regogg bSH%98Qiﬁ§2ﬁé9% kbqﬂkgakgyéﬁﬁ QhﬁﬁﬂéégeathH'g 20

fl ow path from eac | Schar ge openi ngs means

di spl acegent spgfabhe h@ﬂb&?vabbelaeabﬁi%h its free eh8, ohhenefore, possible
to increase the anount of |l iquid discharge nore, as well as to

enhance the dischafigeabpehingokifbe BR¥abireafigeticin &hecaipahatdgel th the
25 case where the displacenent is perfornmed by one novabl e

nmenber . liquid Allew, peht ftbofbicegther heaits ggaeeastiag devike,
- 17 - portion sandw ched between two novabl e nenbers when
: and then, the two sets of them are arranged to face
each other at least partly so that two movable members
10 are displaced to come closer to each other along the
creation of the air bubble. It is assumed that the
structure thus arranged for discharging liquid in the
discharge liquid flow path from each of the discharge
openings is the optimal structure, but it is to be
15 understood that the variations of such structure which
will be described 1ater are also within the scope of
the present invention.
The example of the optimal structure makes it
possible to discharge liquid in the discharge liquid
20 flow path ffom each of the dischérge openings by means
of the displacements of the two movable members. . It
is, therefore, possible to increase the amount of
liquid discharge more, as well as to enhance the
durability of the movable members as compared with the
25 case where the displacement is performed by one movable

member.

Also, thé floating force is generated on the



each of the air bubbles is expanded to the maxi mum This floating

force contains the conponent perpendicular to the liquid flowin the

di scharge 5 liquid flow path. Therefore, it becones possible to

enhance the refilling speed when the novakhke_nmenbers return to the

original positions before displacenent. Also, if the two

novabl e nenbers are arranged to be in contact with each other at

| east partly when each 10 of the air bubbles is expanded to the naxi mum

it is possible to inplement the stabilization of the anmpunt

of liquid dischrergdenf semderdcihedf betwegins diwar govable membexisnghen

Also, with the adjustnent of the area ratio 15 bet ween the two heat

generating devi . gf thec @das bubbles gas sixpanded dontthel maFdimaount  of
fromeach of the discharge openings.

| i qui d di scharged
A: gch)I if the s&?’d‘ﬁ Fleatding Lorged coprtains (e componendyapl e nenbers are

di splaced at tim.n sinffereB%afron1,20, éﬁgfh,otq§{, .t becones possible
to suppress th@STPeNAiGar, g fhe digndd flow in the, 31§ he
refillingg 1i‘ﬂ}&i€¥$#i ath ere dN soﬂé f Epe str%fturé_i arranged
so that one of —9 Y B oy AF SRS L ke Sy D ma] | acenent
25  of the olhgsdmyahle i YheRBF Uiln 1R Mdvanle medil €S 1S

o stabilize he di'sc

expanded, it becones possible arges.

- 18 - return b A%l dAYidd1e pddiUSidHE Herdt'd G atenithtl.0
provi de the heat generating device arranged in the air
Also, if the two movable members are arranged to
be in contact with each other at least partly when each
10 of the air bubbles is expanded to the maximum, it is
possible to implement the stabilization of the amount
of liquid discharged from each of the discharge
openings.
| Also, with the adjustment of the area ratio
15 between the two heat generating devices, it becomes
possible to control the amount of liquid discharged
from each of the discharge openings.
Also, if the structure is arranged so that two
movable'memberé are displaced at timings different from
20 each other, it becomes possible to suppress the
regression of meniscus, while promoting the refilling
of liquid.
Also, if the structure is arrénged so that one of
the two movable members can regulate the displacement
25 of the other movable member when each of the air
bubbles is expanded, it becomes possible to stabilize

the discharges.



bubbl e generating area for generating heat to create them the bubble
generating liquid flow path provided 5 -with the air bubble generating

area; and the novabl e separation filmthat separates the discharge
l'iquid fl ow path and the bubble gengrating liquid flow path
substantially fromeach other at all tines in two sets to face each
other with the discharge liquid flow path 10 between them Here, then,
if the two novable separation filns are displaced to cone closer to
each other, it is made possible to discharge liquid in the

di scharge |iquid fﬁ@waﬂéﬂﬁippon¢§acﬁt6PCFH€edF§cﬁ§F§§Qed SO agpéRi ngs, as
well as to increase the anmount of uid 15 di scharge .nore as conpared
with the casePRo¥ide ffhe heat g d8Fe AEVise FFééPQ&ge&nb§hﬁs€le one

bl film fl f
gg\rllgr atGed on HI‘Z’%e'ar ge On@?‘:lllII 9n %&Haﬁ%@&“ﬁéﬁ&é&ﬁ P\?Btngggbg §§Lg$altlson
films ‘3@?: Qa@i‘erfbutblﬂﬁeta'}%n%%l%llﬂé 'ﬁq%)iﬁa'}q_ Bs (5} ?a: vided {rﬁ)e( I mum

Thi s floatln or e confai ns

[ quid Tlsow T qitdhe e Al dfpnre fgelr{ér%'{:'l% 3“@!\?7“61%?1{1 The' lQupael t becomes

possible to ance t Ing s en the novabl e nmenbers 25
return to the udHat8lorP St %:%tb@céij’a%a@e%o't%‘éera&%bharge liquid The '

structure is arranged so .that when the novable séparation filns are
d|5p|aC9d to tfhewligednaif WHilighbble generating liquid flow path - 19
flow path side along the creation and devel opnent of each

of t he air bulshibestartthisaligr tirom @admheti@raldte all times in two sets
to face each other with the discharge liquid flow.path
10 between them. Here, then, if the two movable
separation films are displaced to come closer to each
other, it is made possible to discharge liquid in the
discharge liquid flow path from each of the discharge
openings, as well éé to increase the amount of liquid
15 discharge more as compared with the case where the
disp;acement is effectuated by use of one movable
separation film.
.Also, the floating force is generated on the
portion sandwiched between two movable separation films
20 when each of the air bubbles is expanded to the
maximum. This floating force contains the cbmponent
perpendicular to the liquid flow in the discharge .
liquid flow path. Therefore, it becomes possible to
enhance the refilling speed when the movable members
25 return to the original positions before displacement.
The structure.is arranged so that when the movable

separation films are displaced to the discharge liquid



.separation filmon the downstream side is displaced | arger to the
di scharge liquid flow path side than the 5 portion thereof on the

upstream side. Therefore, it beconmes possible to discharge liquid in
t he di scharge liquid flow path from®ach of the di scharge openings
efficiently by the creation of each of the air bubbles in the

di scharge liquid flow path. 10 In the case where neans for

regul ating direction, which is provided with its free end on the
downstream side .t han _the_end rtion_of the agir _bubble generating
area on the upggpgaPP§hd§lgﬁdaﬂP§gfEﬁﬁrﬁﬁﬁﬁgFﬁP Bﬁgtﬂgve °Pmegﬁs?Fean1side

th th f Lo f .on, t 15 discharge Liguid flo ath side
ofa?he ﬁnsag{gaghg °%e§8%2§éfi8HE§%Fﬁr Fggpgéﬁf%g y?fa gemﬂPgﬁg?g arranged
adj acent to thgomayall: n§%&?hfhh0%hkiEﬁgnEErQSﬁOEEﬁe is.disP??éEﬁle to

suppress the displacenent o € nova separation mto the

bubbl e gener at i Aggleird¥d tﬁ»\ﬁ] Riséfargeiequiife rabl BHRRI sibe ¢akaarmd, and

al so, to inplenent e enhanCenent” of the refilling characteristics
and 5 t he pordden Ahedeod’ @nSithkkapstream side. WBBrardaagedtportion
I's provided for each of the novabl e separation filns, which extrudes
to the bubbl e bazomesy@osisibilegtbh qilsdhbrgy ldghidi de &het Aesthaegef non-
foam ng, and extrudes to the discharge liquid flow path : side at the
time of foam ndiquidddomwe pathsfrivinceboch of the discharge openings

- 20 - gui de the pressure exerted by the creation of each air

bubbl es in t he efificigniily dandhet crgadieon of each of thei edirabgbbdpeni ng
side of the discharge liquid flow
in the discharge liquid flow path.

10 In the case where means for regulating direction,
which is provided ﬁith its free end on the downstream
side than the end portion of the air bubble generating
area on the upstream side and its fulcrum point on the
upstream side than the aforesaid free end on thé

15 discharge liquid flow path side of the movable
separation film, respectively, and which is arranged
adjacent to the movable separation film, it becomes
possible to suppress the displacement of the movable
separation film to the bubble generating liquid path

20 when the air bubble is defoamed, and also, to implement
the enhancement of the refilling characteristics and
the reduction of crosstalks.

When a sagged portion is provided for each of the
movable separation films, which extrudes to the bubble

25 generating liquid flow path side at the time of non-
foaming, and extrudes to the discharge liquid flow path

side at the time of foaming, it becomes possible to



path st.ably. Hence, liquid in the discharge liquid 5

fl ow path can be

di scharged from each of the discharge openi ngs by neans of the
created air bubble efficiently and stably. BRI EF DESCRI PTI ON
OF THE DRAWNGS 10 Figs. 1A, 1B, 20C- and 1D are the
Ccross-sectional views which illustrate one structural exanple of a

| i qui d di scharge head in accordance with the present I nvention

Fig. 2 is a partially broken perspective view 15 whi ch shows the liquid
di scharge head represented in Figs, 1A, 1B, 1C.and 1D. .

Fig. 3is a crgggggéiﬁfbﬁgﬁs§95ﬁ ﬁﬁ@fﬁeghgﬁéthe creatdongfi ezchy adfe
propagati on of fr, n_air bubhl.e createdq in.the _
conventional | Pg@?’%geﬁ“hé%n %lfo ubble geﬁegr_al%&qgs L& §&s <€t i onal view
whi ch shows

disch%&%%ﬂ%%%%&%#ysgﬁg %&OQ%%??E%%h%Eg%f§§§§ﬁ _EﬁgﬂbfPhair

bubbl e created in the”l

scharge he anc

present inventiggith stably. Hended: l@.q{ufidai‘hr e QEdnRYe Mig ‘ﬁ('ghi ch
e flo

illustrates 25 schematically th

w of liquid in the I['1dul

di schar geshead filowapahd@age bel Gl sohRrgeds $Hom each Jf @Rl i@Rcharge

- 21 -

Figs. 6A, 6B, 6C, 6D, 6E, and 6F are cross-

t he

sectional vi ewspsinicigss tiye melainsaldfy thel tieatied it bubbld ieFfididntakar ge
head in accordance with a first

10

15

20

25

and stably.

BRIEF DESCRIPTION'OF THE DRAWINGS

Figs. 1A, 1B, 1C, and 1D are the cross-sectional
views which illustrate one structural example of a
liquid discharge head in accordance with the present
invention. |

Fig. 2.is a partially broken perspective view
which shows the liquid discharge head represénted in
Figs. 1A, 1B, 1C and 1D.

Fig. 3 is a cross-sectional vieﬁ which shows
schematically the propagation of pressure from an air
bubble created in the conventional liquid jet head.

Fig. 4 is a cross-sectional view which shows
schematically the propagation of pressure from an air
bubble created in the liquid discharge head in
accordance with the present invention.

Fig. 5 is a cross-sectional view which illustrates
schematically the flow of liquid in the liquid
discharge head in accordance with the present

invention.



enbodi nent of the present invention. 5 Fig. 7 is a cross-sectiona

vi ew whi ch shows schematically the liquid discharge head in

accor dance w th a second enbodi ment of the present invention.

Fig. 8 is a cross-sectional view which-sizaws schematically the

i quid di scharge head in accordance 10 wth a third enbodi nrent of the
present invention.. Figs. 9A and 9B are views which illustrate

t he operation of the liquid discharge head represented in

Fig. 8 Fig. 9A shows the heat signal applied to the heat generating
devi ce of the |iquifigFschinw BN 63 O6E, AL LR RP YWY, 6; and Fig.
9B shows the heat . signal applied to th eaf. generating device of

t he | i RREHPRhar iR Rt %&“éﬁ'ﬁ“’e’f"ﬁ‘ *i’gl.lqés&r&e the Fi gs.

10A, 10B, 100,11;';1%3*%?&%%&@ cré)s%ésgcbi%ﬁ%g%%ﬁqance #@Hﬁavﬂ'f& schematical ly

illustrate the stgnal “shown Tn Fig. 9B is

applied to the mbodime kqgkdt@%Z§f§$?§ﬁh§ﬁgﬁé€¥5&§ented in Fig. 8.

Fig. 11 is a c?oss-secélonal ; schematical ly the
iquid digcharge headyingaggogdapoes-sestiothl Nvieh Oliidn eglighs ment of the
present 1nvention. % Figs. 12A, 12B, 12C, and 12D are
Cross-secti onakchematic¥l EystMbi thigacheanstRalrgy héhdsin adecob@anger ation

of the liquid discharge head represented in Fig. 11
- 22 - with a Eé@ond3enBodimeénty vfi thesphesantcihvgnthoms t he
heat signal applied to the liquid discharge head represented in Figs.

12A, 12B, 12C, and E2§. 8 is a crossigectdonslavieewhhcbhsBaeds one
exanpl e of the
schematically the liquid discharge head in accordance
10 with a third embodiment of the present invention.

Figs. 9A and 9B are vieﬁs which illustrate the
operation of the liguid discharge head represented in
Fig. 8: Fig. 9A shows the heat signal applied to the
heat generating device of the liquid discharge head

15 represented in Fig. 6; and Fig. 9B shows the heat
signal applied to the heat generating device of the
liquid discharge head represented in Fig. 8.

Figs..IOA, 1OB, 10C, and 10D are cross-sectional

views which schematically illustrate the operation when
20 the heat signal shown in Fig. 9B is applied to the
liquid discharge head represented in Fig. 8.

Fig. 11 is a cross-sectional view which shows
schematically the 1iqdid discharge head in accordance
with a fourth embodiment of the present invention.

25 Figs. 12A, 12B, 12C, and 12D are cross-sectional
views which schematically illustrate the operation of

the liquid discharge head represented in Fig. 11.



5. nethod for manufacturing the quuid-diécharge head in accordance

with the present invention. Fi gs. "15A and 15B are vi ews which
illustrate one structural exanple of the liquid discharge head in
accordance with the present invention: -Fi2g. -15Ais a 10 view which shows
it, observed fromthe discharge ' opening side; and Fig. 15B is a
cross-sectional view whi ch shows it, observed in the direction of
the liquid fl ow pat h. : - Figs. 16A, 16B, 16C, 16D, 16E

16F, 16G 16H and 15 161 are cross-sectional views which illustrate the
liquid di schargi ng FedhoeP i4F & ctiatariteich (sehematiqplly showsiddie nent of

Hos 17 17@5{‘7@’{1@&%@@,@ the ARl disgharas peade " PO
oSecor dance dpRActEnll ih 'WGE! IS 108, 1zc, dhdlAh S o Teg ng et o
185, 18C, 18D, and SHE o 8§ oés)stié“g?“M‘{s?"f%%“%i%ﬁ%m%? SE M5t o
the i qu':? di Sn? cgdnﬂor manuf %ﬁ&cﬂ%%ﬂélﬁbf’%é%@gﬁ Nip

enbodi ne presen |nve tron Int rection of

l'i quid accordance with the present invent$on. . fl ow path.
Figs. 19A 198 and 19C are cross-sectional views which illustrate the

li qui d di schargi ng Peg0dL5A and 15BCas dalews Wikitoien Bl ght e eahess ment  of
the present structural example of the liquid discharge head in
accordance with the present invention: fig. 15A is a
10 view which shows it, observed from the discharge
opening side; and Fig. 15B is a cross-sectional view
which shows it, observed in the direction of the liquid
flow path.
Figs. 16A, 16B, 16C, 16D, 16E, 16F, 16G, 16H and
15  16I are cross-sectional views which illustrate the
liquid discharging method in accordance with a fifth
embodiment of the present invention, taken in the
direction of liquid flow path.
Figs. 17A, 17B, 17C, 17D, 17E, 17F, 17G, 17H and
20 171 are cross-sectional views which illustrate the
liguid discharging method in accordance with a sixth
embodiment of the present invention, taken in the
direction of liquid flow path.
Figs. 18A, 18B, 18C, 18D, and 18E are cross-
25 sectional views which illustrate the liquid discharging

method in accordance with a seventh embodiment of the

present invention, taken in the direction of liquid



5 ILnvention, taken in the direction of liquid flow path.

Figs. 20A, 20B, 20C, 20D, 20E and 20F are cross- sectional views
which illustrate the liquid discharging met hod in accordance with a
ni nt h enbodi ment of the present_ipyention, taken in the direction of
liquid 10 fl ow pat h. - Figs. 21A, 21B, 21C and 21D are
cross-sectional views which illustrate the liquid discharging nethod
in accordance with a tenth enbodi nent of the present i nventi on,
taken in the direction of liquid flow path. 15 Fig. 22A and Fig.
22B are viemsfhﬂchathLustrate the di spl acenent timng of the
novabl e separation fi I n accordance with the liquid dlscharglng
met hod |IIu§iS§te895n F?EsanQ1A9CZEBe grgsgndegtibonal views Fi gs.
23A, 23B, 23C, 23? Eg 23E are cross- sectional views which
illustrate a YPFEP dilnpFeake the 1qu1d ﬁFﬁGPGrEF§Eh§9§Fﬁ§ #Bt hod

licable to_th 24A, 23B,
236, 23D and 24ESEiBRGRouath an oiGHER, pRanipentsoftin PRPBeRtal o o

oooon 5! Endlnedin, chen! LAkHeChEEURIN0OEEL DO APBLLG R 1

present B path
cross-sectional vig

which illustrate the gls géeﬁgﬁf %Pgéegggé %PEtﬁnd 20F aﬁ%v%%?@ SSeparati on
filmin accor dageeonkhih gg I d h [ h le to

t he present |nvent?on vidhs hgygn %%l?ﬁtQE?EegP?0298§E?|g%Féggkbiﬁg

Fig. 26A and ﬁé@hoa6Bnaéécbhaﬂﬁcéhhiﬁhlh'HihEﬁtEmbodiment of the
present invention, taken in the direction of liquid

10 - flow path.

Figs. 21A, 21B, 21C and 21D are cross-sectional
views which illustrate the liquid discharging method in
accordance with a tenth embodiment of thé present
invention, taken in the direction of liquid flow path.

15 Fig. 22A and Fig. 22B are views which illustrate
the displacement timing of the movable separation film
in accordance with the liquid discharging method
illustrated in Figs. 21A, 21B, 21C and 21D.

Figs. 23A, 23B, 23C, 23D and 23E are cross-

20 sectional views which illustrate a first example of the
liquid discharging method applicable to the present
invention.

Figs. 24A, 23B, 23C, 23D and 24E are cross-
sectional views which illusfrate‘a second example of

25 the liquid discharging method applicable to the present

invention.

Figs. 25A, 25B and 25C are cross-sectional views



one structural exanple of the liquid discharge head in accordance
with the present invention: Fig. 26A shows it, observed fromthe

di scharge opening side; Fig. 26B is a cross-sectional view which
shows it, observed in 10 the directiopgofl liquid flow path.

Fig. 27 is a view which schematically shows the structure of the

| i qui d di scharge apparatus in accordance with the present invention.
Fig. 28 is a block diagramwhich shows the entire 15 structure of the
apparatus whi ch operates the ink di scharge recording to which are
applied the |iybigh illustypgehshgi ddspdereneatdprheessgai dfdtbeharge head
I n accordance with the present invention. 20 DETAI LED

DESCRI PTI ON CF“T?MEbﬂ'REFERREBtEFJBGﬁP-WEN?B accordance wighotbeddigrifli ng the

enbodi ments spegificall, accordance with the present i nvention,
the descriptio 1s°harg IW95Q°ﬁa&8Pl&FaPAPsF° 6PetH§eﬁ8§F foneatiRRal

structure that bles l,sch r and di scharge efficiency
to be enhanced y coﬁ rggF'% rFﬁ % %398b§8§ i"'ng direction of the

pressure gxerted bypsg 26 QW e«qg.aa% $eIGUELgPURIEnTL 1 265D T al ¢

bubbl e as
liquidis di schaeded hdtdradr daanp1y UI’ he llq,un.dpfﬁgéﬁﬁr VABRKORn

Figs. 1A to 1D are the cross-sectional views wiic PFustrate one
structural exaRicdrdfandes Withlitthe érese%sqm@%lbﬁadpeb tb%Apéﬁéea@.t

Invention. Fig. 2is a
it, observed from the discharge opening side; Fig. 26B
is a cross-sectional view which shows it, observed in
10 the direction of liquid flow path.

Fig. 27 is a view which schematically shows the
structure of the liquid discharge apparatus in
accordance with the present inyention.

Fig. 28 is a block diagram which shows the entire

15 structure of the apparatus which operates the ink
diécharge recording to which are applied the liquid
discharging method and the liquid discharge head in

accordance with the present invention.

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Before describing the embodiments specifically in
accordance with the present invention, the description
will be made, at first, of the most fundamental
structure that enables the discharge force and
25 discharge efficiency to.be enhanced by controlling'the
propagating direction of the pressure exerted by

foaming, and the development direction of air bubble as



partially broken pérspect I ve view which shows the | i qui d di scharge

head represented in Fig. 1. Now, as shown in Figs. 1A to 1D, the
heat generating device 2 (a heat generating resistor of 40 10 pm
x 105 pmfor the present enbodinent) is asranged on an el enent al
substrate 1 as the one adopted for activating thermal energy on
liquid to be discharged fromthe liquid discharge head of the

pr esent enbodi ment. Then, the liquid flow path 10 is arranged 15

on the elenental substrate corresponding to the heat generating

devi ce 2. The wWelduiwhen viqudich 1E) digscharged dgn@FQOTANFe ¥ with the
di scharge openi ng 18. At the sane tine, it is conductively connected
with the pPreggiforinveRkiPthanber 13 fromwhich liquid is supplied 20

to a plurality of liquid flow paths 10, each of which . receives
liquid fromthe cofid#e{ithitP ARG e iciFQa?t?'seCtlo%J’rﬁe"{:sor"ﬁEscgbndi ng
to the anobunt of liquid to be | scharged f eac f - t he di-scharge
openi ngs. illustratg RQpe (FFust a?xasmtfgls rOa{ ce{m\%glr%lgla%h of ‘the 25
liquid flow paths Jds._arr x A Py £ Fig. 2eybel 31 is
arranged fn a %’a%?ﬂi'%é@éer : %‘gﬁ?%n, vmpélﬁé% ¢ at portﬁ%n, which is

formed by an ghastig) (@t 6$%n erspective view which shows the - 26-
such as net al fa-bto %ac?t%e eatpgenperati ng device 2. One end of the

novabl e menbery i guid X@fséRafgdAsead drepresestdPpoin iFg NEmber) 34 or the
li ke, which is forned on t he maJ? of the liquid flow path 10 or on
the elenmental 5 N6Wbhsas agkoly DAtFEgsl NDAtte Ihptdseriseatve resin or the
like. In this manner, the novable nenber is supported,

generating device 2 (a heat generating resistor of 40

10 pm x 105 pm for the present embodiment) is arranged on
an elemental substrate 1 as the one adopted for
activatihg_thermal energy on liquid to be discharged

- from the liquid discharge head of the present
embodiment. Then, the liquid flow path 10 is arranged

15 on the elemental substrate corresponding to the heat
generating device 2. Thg liquid flow path 10 is
conductively connected with the disdharge opening 18.
At the same time, it is conductively'connected with the
common liquid chamber 13 from which liquid is supplied

20 to a plurality of liquid flow paths 10, each of which
receives liquid from the common liquid chamber 13 in an
amount corresponding to the amount of liquid to be
discharged from each of the discharge openings.
| Above the elemental substrate where each of the

25 liquid flow paths is arranged, the plate type movable
member 31 is arranged in a cantilever fashion, with a

flat portion, which is formed by an elastic material,



and provided with a ful crum (supporting portion) 33. The

novabl e menber 31 is provided with the ful crum ‘(supporting portion;
fixed end) 33 on the upstreamside 10 of the large flow that runs from
the common liquid chanber 13 to thgedischarge opening 18 side

t hrough t he novabl e menber 31 by the liquid discharge operation
This nmenber is arranged in a position to face the heat generati ng
device 2 with a gap of approximately 15 pm 15 fromthe heat generating
device 2 to cover_ it so that its free end (free end portion) 32 is

pl aced on the sSuch asqymgkalseckm §pge khenhhpaspgenerating fevécene33. The
gap between the heat generating device and the nmpvahl e menber
becones t he ai PPBuBBfeOdetBralPNgbircRemPRT: iSsL188d to, aspase, (fhe ki nds,
t he configurations nd the arrangenent of the. heat _generating
devi ce and nnvﬁBPgbr%lng MEEREEY e Cfiof ﬁggéggarw Py Pt SHEPE RBse
descri bed a oLt oyl, ghnl £..0only e
configuration gﬁg ggggnagngﬁg #thggfgggg gggH gg Pg %é tb% eleggpga}o
control tRhe de ' : p .L.on..0

B %QBQQQEQE ?%éﬁ%%&%%&gbsoxﬂg bh@toggpﬁlf85§ ?ggﬁbegr fthe

pressure as well. Here, escri above is
di vided into tW9keedi @3S this manner, the movable member is suppofted,

wi-th the novabl e nenber 31 serving as the boundary thereof: that is,
the portion whiagld prov@dedC witdl ¥ fulcrufo&eppestdngepblitiwnt)hathe
di scharge opening 18 is defined as the tirst liquid flow path 14, and

the one 5 which Thepmovalkde wehbeirhdlaiis publoidedemdrcht ithe Fudarum 11
and the liquid supply path 12 as the second liquid
(supporting portion; fixed end) 33 on the upstream side
10 of the large flow that runs from the commoﬁ liquid
chamber 13 to the discharge opening 18 side through the
movable member 31 by the liquid discharge operation.
This member is érranged in a position to face the heat
generating device 2 with a gap of approximately 15 um
15 f;om the heat generating device 2 to covér it so that
its free end (free end portion) 32 is'placed on the
downstream side with reépect to the fulcrum 33. The
gap between the heat generating dévice and the movable
member becomes the air bubble generating area. In this
20 respect, the kinds, the configurations, and the
arrangement of the heat generating device and movable
member are not necessarily limited to those described
above. It should be good enough if only the |
configuration and arrangement thereof are such as to be
25 able to control the development of air bubble and the
propagation of pressure as well. Here, the liquid flow

path 10 described above is divided into two regions



flow path 16. Wth this division, the description wll be nmade of the

liquid flowto be dealt with later. When the heat generating
device 2 is heated, 10 liquid residing on the air bubble generating
area 11 bet ween t he novabl e nenbeyy 31 and the heat generating
device 2 is thermally activated. Thus, the air bubble I's created by
nmeans of the filmboiling phenonenon occurring in liquid as

di sclosed in the specification 15 of USP 4,723,129. The pressure and
air bubbl e exerted and created on the basis of the creation of the
air buebte tbe wpvableecmewbep| 3lneeseingrafckbat papngary

Therefore, the novable nenber 31 is displaced_centering ., _.on the

ful crum 33 astbeseAfinthagsis)pthecposEieRoWRiFR 180condechively, enaple it
to open widely on the discharge | opaming si de, Bx.the gis | acenent of
t he movabl e °°nnecﬁﬁﬁb€Fr§§tg¥ Pithc EBRSHBERRFOR PREVSPEN! glgtate
thereof, the pressure exerted. by . the creation af. ai b S

pr opagat ed todF%énSFséﬁang g&EﬁanlgPa§,%%RH pggﬁ i4al§8§ £ g gégelopnent
of air bybble jtself is_quide . het et ; t he
descri pt Pon wWhFc oY (] nggﬁewéfhtﬁgg gag_gubble gene?atlﬁaeégea

- 28 - 11 GhadaRny3l,Ag %%th%ﬁgQEhdu%CgéfQﬁe whkehd 3ianeki ed

to the presenf invention r the present invention, one of the

nost I "RahANad 118G PhETH thikaldikisibnge thed dekcitiptibn wilavabl e
menber, which 1s arranged to face the air bubbl e generating area, is

preferential | yelinH@eA&E the liduidnfllow fio die desiltt erdthn lElterst ati onary
state to the
When the heat generating device 2 is heated,
10 liquid residing on the air bubble generating area 11
between the movable member 31 and the heat generating
‘device 2 is thermally activated. Thus, the air bubble
is created by means of the film boiling phenomenon
occurring in liquid as disclosed in the specification
15  of USP 4,723,129. The pressure and air bubble exerted
and created on the basis of the creation of the air
bubble act upon the movable member preferentially.
Therefore, the movable member 31 is displaced centering
on the fulcrum 33 as shown in Figs. 1B, 1C, or shown in
20 Fig. 2 to enable it to open widely on the discharge
opeﬁing side. By the displacement of the movable
member 31 or in accordance with the opening state
thereof, the pressure exerted by the creation of air
bubble is propagated to the discharge opening side, and
25 also, the development of air bubble itself is guided

thereto.

Here, the description will be made of one of the



second position after the displacenent by nmeans of the pressure
exerted by air bubble or the air bubble 10 itself. Then, with the
novabl e menber 31 thus di spl aced, the pressure exerted by the
creation of air _ bubbl e and the aipgbubble itself are guided to the
downstream si de where each of the discharge openings 18 I s arranged.
15 Now, this principle of discharge will be described

further in detail with the conparison between Fig. 3 whi ch
schematically shows the conventional structure of . Jdiquid flow path
wi t hout usi ng famdamendisile primedplesng@f dischargg, whighchss@p@ddetcal |y
shows the structure of 20  liquid flow path of the present invention.
_Fig. 3 is a vitewthe oressmndtvVeAWPishows the = pressure propagation

fromthe air bubble in the convent.ional liquid.jet head. Fig. 4 is a
vi ew whi ch o ferddts é’a’qqa?r‘fhd\ﬁé’eln%é‘oﬁ‘r’e%\?r %Lg 3 aﬁ‘&sﬁ:on fromthe 25

air bubble in the Liquid_discharage .he e S i nvention
Here, the di relé‘lq%tag}% r?rrelgﬁhpg'e%r &%a}g’taﬁ{)r?h% e ?(glvt‘\i/aro(f tf*r%lee di schar ge
openi ng is desjgj . . - d to £ th . - 29 -
refer encessmar EA %ﬁzﬁa{?\%ﬁ'hghdﬁhecﬁsl Sn o gﬁar ess?ur é—:\ce : _e ;?rl;pagat I on
toward the upsfy S%é}?eiaasti\ﬂgeréﬂea,, is preferer¥ialgMaiidpikidea 3, the
conventional head Is hot provided with any structure that. regul ates

the 5 Pr op@sksh | €15k Of 1066 | g0 i gH 6156 Ui exeRitishady tdate to tios eat ed
air bubble 40. As a result, the propagating directions of pressure

exerted by thesgtdndubbsEtiiéh after the displacement by means of the

préssure exerted by air bubble or the air bubble

10 itself. Then, with the movable member 31 thus
displaced, the pressure exerted by the creation of air
bubble and the air bubble itself are guided to the
downstream side where each of the discharge openings 18
is arranged.

15 Now, this principle of discharge will be described
further in_detail with the comparison between Fig. 3
which schematically shows the conventional structure of
liquid flow path without using any movable member, and
Fig. 4 which schematically shows the structure of

20 liquid flow path of the present invention.

Fig. 3 is a_view which schematically shows the
pressure propagation from the air bubble in the
conventional liquid jet head. Fig. 4 is a view which
schematically shows the pressure propagation from the

25 air bubble in the liquid discharge head of the present
invention. Here, the direction of pressure propagation

toward the discharge opening is designated by a



becone those of the normal lines on the surface of the air bubbl e as
I ndi cated by the reference nmarks V[err] to V[err], 10 and the pressure
propagation is directed variously. O . these directions, those
designated by the marks V[err] to V[err} 29 - are provided with the
conponents in the pressure propagating directions toward the VA that
particularly affects the liquid discharge nost, that is, the 15
conmponents in the pressure propagating directions nearer to the

di schar ge openin% fromthe position al rost half of the air bubble.
These are in t Reference maghr Vantangbrihe dixegtien ef ipreIswleectly to the
ef fectiveness of discharge efficiency, discharge force 20 di schar ge
speed, and sonBTEPRERYiONCEPWAEH thReupgsream SidgeasyNat ed by the nark
V[err] functions efficiently, because it is nearest in the direction
of V[err]. On the ¢ ﬁtFEPVP in g'lg‘t?le 5he Eggwﬁﬁﬁﬁgﬂagyhﬁﬁg r&Er ROV err]
contains a a Y |.l.directignal ent toward VA. 25
As conpar ed mﬁpﬁoyﬁggeskgﬁétgb Igg?Pgﬁggﬁenﬁ?%t%ggﬁag%gg §bFucture of the.

ﬁ;ﬁ;gptBEQxﬁPE%96p§BQWEnbndEEgct§ohsof press%&%@@&%@t%? 980¥hge the novabl e

functions to | gadalthe ¥aki BUBLRECABUN € AR agmhimg thehprgbaa%ttiia@s V[err]
| 0]

to V[err] of the air bubble shown in Fig. t t he downstream si de

(di scharge opedifectidaks, o&ngrb_ﬁsure ex@eted byl M@ Ao pub®1lr aBsure
propagating direction 5 esignated by the reference mark VA. In this

manner , beeothey ahogeebif thet hermal hulblelse of) thieS @ufr flagealoFO the
directed toward the di scharge opening. Then, the " pressure exerted by
the air bubbl e a4® babides adi iediicpted by the reference marks V, to Vg,
10 ~and the pressure propagation is directed variously. Of
these directions, those designated by the marks V, to V,
~are provided with the components in the pressure
propagating directions toward the V, that particularly
affects the liquid discharge most, that is, the
15 components in the ﬁressure propagating directions
nearer to the discha:ge opening frqm the position
almost half of the air bubble. These are in the
iméortant portions that contribute directly to the
effectiveness of discharge efficiency, discharge force,
20 discharge speed, and some others. Further, the one
designated by the mark V, functions efficiently because
it is nearest in the direction of V,. On the contrary,
the one designated by the mark V, contains a
comparatively small directional component toward V,.
25 As compared with this structural arrangement, the

structure of the present invention shown in Fig. 4 is

arranged to provide the movable member 31 which



contributable to the efficient discharge. Also, the 10 devel opi ng
direction of the air bubble itself is led to t he downstream si de as
in the pressure being propagated in the directions V[err] to V[err].
As a result, the air bubble ' i's dewyd aped larger in the downstream
side than in the upstream si de. Hence, the devel oping direction of
the 15 air bubble itself is controlled by use of the novable

menber, and the pressure propagating direction of the .air bubble is
al so controlled to make it possible to attain the basic enhancenent
of the di scharfienctions t6fleadntle vasidas geréssyre prapagating ge speed,
anong 20 sone ot hers. Now, reverting to Figs. 1A to 1D, the
det ai | ed didestiopsi ¥n wa IV, b€ theeadtr bhbbdesshavgeinpBigti dntof

the |iquid discharge head descri bed above. 1A shows the
condi ti on bef othet Aewagpreant side Q@lSCh@¥g%n@P391n§u%hd%g eaRdt¥Pc energy,
to the heat generating device 2. What is inportant _here is that

t he movabl e neﬁBBVe§E FReBointPoRRE PROSSPFECBIARRIRELRT direction

- 31 - bl e | h he d

si de mnthsrespg%5198a?ﬁg erLﬁﬁbﬁFgef?ggééﬂgﬁ ?ort Al éﬂlt|ﬁ%ﬁé§ggfgaeggl
heat ted i t d h
ool e renbor €38 H89eiEBheHE ISk hAIatr pubhiEThGCsrod1 B IETAYOOMS, LNE

e Denter 2 SFECROSHLSPRR SO sbubsgel Uit hgRT helle
line orthogonaprb@shibe bRBEtbUIbLPakhe air bubble 40 becomes directly
contributable to the efficient discharge. Also, the
10 developing direction of the air bubble itself is led to
the downstream side as in the pressure being propagated
in the directions V, to V,. As a result, the air bubble
is developed larger in the downstream side than in the
upstream side. Hence, the developing direction of the
15 air bubble itself is controlled by use of the movable
member, and the pressure propagating direction of the
air bubble is also controlled to make it possible to
attain the basic enhancement of the discharge
efficiency, dischérge force; and discharge speed, among
20 some others.

Now, reverting to Figs. 1A to 1D, the detailed
description will be made of the discharge operation of
the liquid discharge head described above.

Fig. 1A shows the conditién before the application

25 | of energy, such as electric energy, to the heat
generating device 2. What is important here is that

the movable member 31 is positioned in a place where an



directjon of the liquid flow path, which runs through 10 t he area
center 3 of the heat generating device). : Fig. 1B shows the
condition that electric energy or the like is applied to the heat
generating device 2 to energizedtgy and by the heat thus generated,
a part of liquid filled in the air bubble generating area 11 15

I s heated, hence creating an air bubble following film boi |'i ng.

At this juncture, the novable nenber 31 is di spl aced fromthe first
position to the second position by the pressure exerted by the
creation of tRir yubblejfadpmiat Uash theatpatts.qn exs uihe plopegatddag
direction of the air bubble 40 is guided in the direction toward the
di schar ge operfifif Hsthiccespendy to the aim huhbleyanmeated myorthent here s
that the free en t he novabl e menber 31 is arranged on the

downstream 25PP g‘%ﬁ]‘é"?"ﬂl%ﬁ'};ﬁ%’é BRI HES i) thauhiaas grnematdngn poi nt
T amer 0o bd AL be PO ST Ad® RO USRI emper 31 (MON AT
oo ot I AL UL AT RS 0 8 U,
Condi L1 on t hat the a1 Babbie T s ¢ heast Hie, dhe el BP gl |,

accordance Wi tdrddiecenter PIESSEHE tt&é@gﬂ)eﬁi@éﬁ%g} Ad AU (e creation of
t he ai r bubbl e 40, the novabl e nenber 31 has further di spl aced.

- The created aidovnbhtean ofiessd Atk |largtigonal tdrtHda shynaid@am t han the
upstream At the same tine,
direction of the liquid flow path, which runs through
10 _the area center 3 of the heat generating device).

Fig. 1B shows the condition that electric energy
or the like is applied to the.heat generating device 2
to energize it, and by the heat thus generated, a part
of liquid filled in the air bubble generating'area 11

15 is heatéd, hence creating an air bubble following film
boiling.

At this juncture, the movable member 31 is
displaced from the first position to the second
position by the pressure exerted by the creation of the

20 air bubble 40 so that the pressure propagating
' direction of the air bubble 40 is guided iﬁ the
direction toward the discharge opening. As described
earlier, what is important here is that the free end 32
of the movable member 31 is arranged on the downstream
25 side (discharge opening side), while the fulcrum point
- 33 is arranged to be positioned on the upstream side

(common liquid chamber side), so that at least a part



10 Its devel opnent becones greater beyond the first position

(position indicated by dotted line) of the novabl e nmenber. In this
manner, the novabl e nenber 31 is gradual ly displaced as the air
bubbl e 40 is being devel oped. Wthgts gradual displacenent, the 15
devel oping direction of the air bubble is guided uniformy in the
direction in which the pressure propagati on and sedi nentary shift of
the air bubble 40 are facilitated, that is, the direction toward the
free end side of the novabl e nenber, and, concelvably, this 20
gradual di spl &ferthe mrablie meambean Si?mdrﬂ:lhﬁ; gliowed to facg e
efficiency. Wien the air bubble and the air bubbl e pressure are

gui ded in t he dYSETEAN RAFEIPD RE the he?ﬁsﬂﬁﬂﬂﬁﬁ?%ﬂﬂa ﬁﬁ}cQ¢u$qﬁﬁable

nmenber does not hi

e t hi s propa at, all can control the
pressure 25 is 'pr'glﬁ&ﬁ"m%t’iﬁar“ecq‘? ‘%hg”{ h‘g"%lé"\‘l‘eq d‘fi‘fl?ﬁl% rection of
the air bubble effigent]y 4,0, accqrdance, Wil WWae a% aig bub%leo_r‘&?sure

to be propagated

Fig. 1D sh ﬁgngi e u | cted due
to the reductlon 0 6é&c{] éd}a&hé# ra%és%%)’r ﬂtﬁcﬁébrt%an??l%%?n%%g
described ear|ifiaa il peing dited &Xféffé th £16n "By alle menber
31 that has been d| sp ace erte t he sevg::'bl}lgg poesfﬁ%% returns to the

initial positigne bubblétm ftmétmmiéqmmﬁé@mlﬁhaﬂm%py the
restoration force exerted by t he negative pressure generated by the
contracti on ofdidglaétéd bubthe eireatd® air bubble is developed larger
on the downstream than the upstream. At the same time,
10 " its development becomes greater beyond the firsf
position (position indicated by dotted line) of the
movable member. In this manner, the movable member 31
is gradually displaced as the air bubble 40 is being
developed. With its gradual displacement, the
15 developing direction of the air bubble is guided
uniformly in the direction in which the pressure
propagation and sedimentary shift of the air bubble 40
are facilitated, that is, the direction toward the free
end side of the movable member, and, conceivably, this
20 gradual displacement contributes to enhancing the
discharge efficiency. When the air bubble and the air
bubble pressure are guided in the direction toward the
discharge opening, the movable member does not hinder
this propagation at all. It can control the pressure.
25 propagating direction an& the developing direction of
the air bubble efficiently in accordance with the size

of pressure to be propagated.



10 spring property of the novable nenber itself as well. Al so,

when defoamng, liquid flows in fromthe upstream side at B, nanely,
the conmon |iquid chanber side, as i ndi cated by the reference marks
Vlerr] and V[err], as well as fropythe di scharge opening side as

I ndicated by the 15 reference mark V[err], in order to conpensate the
contracted vol unme of the air bubble, and also, to conpensate the
vol um nal portion of the liquid that has been di schar ged.

So far, the description has been nade of the 20 operation of the
nmovabl e menber f ol Fdgi.ndDt sbowse&heogonditionpithgty thebpiis BuBPiLre40

di scharge operation of liquid as - well. Hereinafter, the detailed

description wilsi cgatracted guge tof thige redMabiony off i5sqdP@For the i quid

di scharge head applicable to the present, i.nvention., 5 , After the
condi ti on shoR¥ESPULe affer the 534m oiling, §§?$§eénF@F§lFﬁé 8RF nct
process throu%h Its . maxi mum vol um nal condition. Then, liquid flows
in the T is extinct. - 34 - air bubbl e

generating area fr the first i qui I lschar ge
%8 %ﬂe n}ovaasble n!em%%r:g r%flt PMat has ﬁﬁé&uﬂiésﬁigvtcéégaﬁ?s

openi ng si de, as wel he second 16 on

t he common [ ' hear ' [ | sSWHER- 5t e the 5
tshebeéeé#ger% %mo'gé%eﬁ]ﬁ%s €5 ! iR A GYEIAATRH

vol une that ha e conventi onal liquid fl ow path

Structure vher@ o AOMAD!SdRVIe) Shown in i OWA ds cride vol une of
n e

liquid that flows i bubbl e di sappearance position fromthe
di schar ge rePRSFA oS | £8rdd Gatdiecad! 1d negutild teddus in it 10

fromthe comon |iquid chanber side are determ ned by

generated by the contraction of the air bubble and the

10 spring property of the movable member itself as well.
Also, when defoaming, liquid flows in from the upstream
side at B, namely, the-common liquid chamber side, as
indicated by the reference marks V,, and V,,, as well as
froﬁ the discharge opening side as indicated by the

15 reference mark V., in order to compensate the contracted
volume of the air bubble, and also, to compensaté the
voluminal portion of the liquid that has been
discharged. _

So far, the description.has been made of the

20 operation of the movable member following the creation
of.air bubble and the discharge operation of liquid as
well. Hereipafter, the detailed description will be
made of the refilling of liquid for the liquid
discharge head applicable to the present invention.

25 Aftér the condition shown in Fig. 1C, the air
bubble 40 enters the extinct process through its

- maximum voluminal condition. Then, liquid flows in the



the intensity of flow resistance between the portion "~ nearer to the
di scharge opening than the air bubble generating area, and the
portion nearer to the comon | i quid chanmber (that is, brought about
by the flow path 15 resi stance and-t8& Liquid inertia).

Therefore, if the flow resistance is snmaller on the side nearer to
t he di scharge opening, a large anmount of liquid flows in the

def oam ng position from t he di scharge opening side to allow the
regressive 20 amount of nmeniscus to becone larger. Particularly, the
more it is ined¥dbybbdecgrnerating aireahfrgm &hej £isstyliquid flpwnaki ng
the flow resistance smaller on the side nearer to the discharge
openi ng, the @ﬁé@téﬁ S8 $#es dischargenerepdrgsdPofife t R Wedils@fs M at the

time of bubble renmoving., resul t e ref II|n I me takes
| onger Tirom, thor o0 Srﬂﬂéﬁén? Fokeip 43 e she, iRy,
In contrast, LQb

vabl neg? 1
- 35 - * url(‘)isli% (r?('%fe 1’?’h5 Cr uc urev el?‘“engf to S eeélrsgézéal grrlleof

the meni 5c C(Qﬁ‘iﬁnet THL %@: o' @R Y Wh%‘i— @g&%b converQ¥Hy e menber

has returned to the origin position ble renDV|ng, provi ded

that the upperisshiits Qfiow paci Mz(RlcHR Wh‘gret B oD bnisad &l ned as

WL and the air bubbl’'e generating area 11 side as W2 with the first
posi tion of the Mpradiadeigie IFbismie/ 0Ty 1aguidURtRItY flows inAfdRy that,
t he remai ning volum nal portion of the W I s conpensated mainly by

the |iquid supplblsie fdiaggearakte pdadon firom e dischadrgeh fl ows as
i ndi cated by the
opening side and the volume of liquid that flows in it
10 from the common liquid chamber side are determined by
the intensity of flow resistance between the portion
nearer to the discharge opening than the air bubble
generating area, and the portion nearer to the common
liquid chamber (that is, brought about bylthe flow path
15 resistance and the liquid inertia).

Therefore, if the flow resistance is smaller on
the side nearer to the discharge opening, a large
amount of liquid flows in the defoaming position from
the discharge opening side to allow the regressive

20 amount of meniscus to become larger. Particularly, the
more it is intended to enhance the discharge efficiency
by making the flow resistance smaller on the side
nearer to the discharge opening, the greater becomes
the regression of the meniscus M at the time of bubble

25 removing. As a result, the refilling time takes longer
to hinder the implementation of a higher printing.

In contrast, since the movable member 31 is



reference mark V[err]. In this way, while the anount corresponding to

approximately a half of the volume W -of the air bubble has becone the
regressi ve amount of t he neni scus in accordance with the conventi onal
art, 15 it is possible for the presegs invention to suppress t he
regressi ve anount of neniscus to approximately a hal f of the vol une
WL which is already nuch snall er than the regressive anount required
for the conventional art. 20 Further, it is possible to
conmpul sorily conduct the liquid supply for the volunmnal portion of
the W2 PrevARedr £om the sbsucsureshegepdpther regeessdendofi qui d

fl ow path along the vabl e nenber 31 on the surface si.de of the '
heat generatiﬁgedgﬁpggcﬂf FRESS tP) 2a8EOR a5 the pPipk-vwheXestPe exerted at

mmteri al i sed. 18vab1e"RaRbEE nas spsuzbed, (8 ok PFLAMET PERIITORY i
- 36 - xec i .the pressur rt at_the tij. f

deform ng for W{"ﬁg‘ %(‘)1#%2% :‘%o%rq%l%lﬁ'gad%r Néa\%%b%%to%%gf tupplér S&eﬁ% g)cfus
becones great Qﬁgg d | f c ualst

However, %wi t h%ek’%?'g - sgteg’(ft B:e | ﬁgﬁg’%?% ?fgr gc?ff,mfétdﬂr%%eg%s%k’b )é:hteo make
the vibrationagfr idble gendRRtIndS a6kl ATEld aeTRld WD RAYS &He & ihdsqui d

flowis suppressed on the area of the first liquid flow path 14
on the di schapgeicaen vE Thée mR@EbIRE minbaiuldll Gerving @NPRINdagyar ea 11
on the di scharge opening side as 10 wel | . Thus, with the

structure applafisy &htat,t thepresaining voluminal portion of the W2
is compensated mainly by the liquid supplied from the
10 second flow path 16, which flows as ‘indicated by the
reference mark V,,. In this.way, wﬁile the amount
corresponding to approximately a half of the volume W
of the air bubble has become the regressive amount of
the menisqus in accordance with the conventional art,
15 it is possible for the present invention to suppress
the regressive amount of meniscus to approximately a
half of the volume Wl which is already much smaller
than the regréssive amount required for the
- conventional art. |
20 Further, it is possible to compulsorily conduct
the liquid supply for the voluminal portion of the W2
mainly from the upstream.side (Vp;) of the second liquid
flow path along the movable member 31 on the surface
éide of the heat generating device by the utilization
25 of the pressure exerted at fhe time of bubble removing.
As a result, a higher refilling can be materialized.

Here, characteristically, when refilling is



i-nvention, it is possible to attain the conpul sory refilling to the

air bubbl e generating area through the second liquid flow path 16 of
the liquid supply path 15 12, and also, it is possible to attain the

hi gh- speed refilling by suppressigg the regression and vibration

of the meniscus as referred to above. As a result, the stabilized

di scharges and hi gh-speed repetition of di scharges can be perforned
reliably. Al so, when 20 applying it to recording, the enhancenent of

I mage qual ity and hi gh-speed recording can be materialized.

Further, the SEPGEtEAeugipo ERS pressuxe SF@§§§@ at the {tageneifon dual |y
prOV|des t he ffectlve functions as ven below. I n other words, it

i s possibl e tgefszmingg for, the Fﬁ@V&P§§§HPé BFBS&Q&PFOHlPEQEKOWa9€S)
resulting fromthe creiglon of the air strea¥13|de

e
Insi de an air "BUBBIE ScPEOEE oA R ESY dadify' %' Ye degradstion
- 37 - d he . ted by it
on the commonTEgs §m%ha ere\‘ﬂc"Ceé Ebggﬁggﬁﬁg%dgfg “3pde ex%égiénggrge
(the baclg “ﬁvﬁgkebggt1&”3@?%0@%ﬁ£1e makgu%ﬂetglhggtﬂgﬁtE%a%ha'de The

back waves result  not e pressure existing on theé upstream

si de, but meni®dcH® Jxtreh 15 shial11g %@Bﬂ%@ethE'QHhﬁlthPoWHX sbe

caused by them which inevitably exert the inertial orce follow ng
such shift of supptiedsdddwn Uhe area ofPRBeCHFIS st 1&&@&6@&0‘&615:%%11”&)4 al so

produce unfavorable 10 effect on the performance of liquid refilling
into the on ihguidl sdhargeadpenihgneddel Rebd ithet Ad rabudbpecd hi gh-
generating area 11 on thé discharge opening side as
10 well.

Thus, with the structure applicable to the present
invention, it is possible to attain the compulsory
refilling to the air bubble generating area through the
second liquid flow path 16 of the liquid supply path

. 15 12, and also, it is possible to attain the high-speed
refilling by suppressing the regression and vibration
of the meniscus as referred to above. As a result, the
stabilized discharges and high-speed repetition of
discharges can be performed reliably. Also, when

20 applying it to recording, the enhancement of image
quality and high-speed recording can be materialized.

Further, the structure applicable to the present
invention dually provides the effective functions as
given below. In other words, it is possible to

25 suppress the pressure propagation (back waves)

resulting from the creation of the air bubble to the

upstream side. 1Inside an air bubble created on a heat



speed . driving. Here, with the structure applicable to

I nvention, such unfavorable action working upon t
suppressed at first by neans 15 of the novabl e nenbe
made possible to enhance the pecfgynmance of refil
liquid still nore. Now, the descripti
the structure and effects which are nore characte
structure applicable to the present invention. :
liquid flow path 16 of this structure i's provided
suppl y path 19eR&FPitdnghdevice 2,i pasit ﬂélthewﬁﬁﬁésvne e
generati ng devi ce does noqt, fall down |.ar wh

t he present

he upstreamside is
r 31. Then, it is
ling supply of
on wll be nmade of
ristic of the 20

The second
with aliquid
Hersed by thle heat
ichis 25

essential |y c8fndbEFORPOR H@uﬁéthﬁ@PéFaFFﬁ& géPFEEezm side) f|atly on

t he upstream el f such L i qui
bubbl e generatl nS%%reg %?rg d(%h "B&ox' Waves) that g“sge

to the surfacq %Oh% %bgﬁgg%gghnngSV| gesPagkn35§§

surface of the va I'e

generatiBg areaildl idsS the preksl E%abﬁg nbhﬁer%kgrgggﬁr

result, the 5 stagnation o |qU| surf
generating dewiee ,2 ilnS thePRhIFe At AmBRke bl Qi&hﬁa that
deposition of gas remaining in |liquid, as wel | as
remai ni ng bubklaesepebyt @hed, whichdehesiRdbl éﬁerEthé

that the heat 10 accunul ati on on | i qui d becones too
respect, it i fopuesifoldowdngr ebehmstmfe sfabibuiad flow.
bubbl es repeatedly at hi gh speeds.

guggcx to t?eBSlf
ecut ed t he

| o
P FSSFﬁg BPE bubbl e
¥%§rrg As a
pgnove t he

tﬂe so-cal |l ed

hﬁeBQlaQSS'b!|'ty
high. In this

Theeation of air

presence of the back waves may also produce unfavorable

10 effect on the performance of liquid refilli

ng into the

liquid flow paths, hence hindering. the attempted high-

speed driving. Here, with the structure ap

the present invention, such unfavorable act

plicable to

ion working

upon the upstream side is suppressed at first by means

15 of the movable member 31. Then, it is made possible to

enhance the performance of refilling supply of liquid

still more.

Now, the description will be made of the structure

and effects which are more characteristic of the

20 structure applicable to the present inventi

on.

The second liquid flow path 16 of this structure

is provided with a liquid supply path 12 having the

inner wall (where the surface of the heat generating

device does not fall down largely), which is

25 essentially connected with the heat generating device 2

flatly on the upstream thereof. 1In such a

liquid supply to the air bubble generating

case, the

area 11 and



Here, the description has been nmade of the liquid supply path 12
having an inner wall, which is 15 essentially flat, but this structure
IS not necessarily limted to such configuration. It should be good
enough if only the liquid supply path asgg snooth inner wal |
connected with the surface of the heat generating devi ce snoot hly,
and is configured so that there is no 20 possibility that liquid is
stagnated on each of the heat generating devices, nor there is a
possibility that any | arge disturbance of flow takes place when
suppl yi ng |i gibdthe surface of Athe, heat gepneratingpdevieethe air bubble 25
generating area is perforned fromthe V[err%kthrough the . si de
portion (slitesspubed; AtongyEReesHERBER. OFoRBeeovable memheyr dérono gui de
the pressure to the _discharge opening, )
e the§igeRPEERF EPythE BhE PRRBLE! IPBSFRHEPIa2FaRgLsPRed
novabl e nmenber i.s_use S own i.n_Figs. 1A tg 1D sq as tq,cover the
ai r bubbl e geﬁ@?é??ﬁagasga%gﬁtF?£F§e?g8 maék 9tzdve stﬁer?ﬁPﬂgbe%gﬁ t he heat
generati gg de&%SSLatﬁén ongiguihfokh%h d6rleScRUGR R tB%P% flow

I qul e r

resi stance of oites greater in the air bu € generating

area 11 and t aReL he odi PERI f s Lhe first
liquid flom/pggﬁa%g?iﬁﬁeagﬁé%go? quﬁﬁggg%%ﬁfa =0 ﬁ?ﬁg éFo?ggé% EFerr]
toward the ai rehilbl %h&eaéﬁébhlﬁgoﬁr 8% gh8 remdlinhinghindesgdia,Nakert hel ess,

t he head structure _ ereof is provided with the flow V[err] for
suppl yi ng welll aguittiet eot-Balaea kehbliaiggndubbileg geeatolberef ore,

defoamed. Also, there is no possibility that the heat

10 accumulation on liquid becomes too high. In this
respect, it is possible to preform more stabilized
creation of air bubbles repeatedly at high speeds.
Here, the description has been made of the liquid
supply path 12 having an inner wall, which is

15 essentially flat, but this structure is not necessarily
limited to such configuration. It should be good
encugh if oniy the liquid supply path as a smooth inner
wall connected with the surface of the heat generating
device smoothly, and is configured so that there is no

20 possibility that liquid is stagnated on each of the
heat generating devices, nor there is a possibility
that any large disturbance of flow takes place when
supplying liquid.

Also, the liquid supply to the air bubble

25 generating area is performed from the V,, through the

side portion (slit 35) of the movable member. However,

in order to guide the pressure to the discharge opening



the liquid supply performance becones extrenely high, and there is
no possibility that the liquid supply 15 performance is | owered even if
the structure is arranged so that the novabl e nenber 31 covers the
air bubbl e generating area 11 fer39he enhancenent of the

diischarge efficiency. Now, . the free end 32 and the ful crum
point 33 of 20 t he novabl e nenber 31 are arranged so that the free end
is relatively positioned on the downstream side than the ful crum
poi nt as shown in Fi for exanple. is a view which
schenatlcalIymPFFu§F%SF§§VelY at gﬁﬁ FFﬂﬂlefffeﬁmiﬁgthé FPHHPdsféﬁdheat in
accordance 25 e _present |nvenh pr esent
enbodi nent istYPB¥FUP88 8% dfolgednas s ownFFB.F%gsmhﬂéhtﬁaigssptaﬁossibIe

to efficientl

net erialize tﬁg FﬁngigReoPiﬁnBuPR&eeF?QEFatﬁnauFaﬁﬁééﬁ%iielyhétﬁressure
propagating dppeet %ﬂeagﬁﬁkgaedg%egﬂa'ﬁgat genengﬁﬁé!ggvﬁkethe air -bubble

in the direction toward arge~openi ng he tinme of
bubbl e ggneraghgR, 3¢ th@ﬁm@%%cﬁbb%@cﬁa%hb%rtheF%&er&esEQ%aB%§'BEO”a|

rel ationship as répresented in Fig. 5 not only presents the function
and effect w jhgugapreeones giéatter in tHeSahar Babblel genegatinges it
p055|ble to make the flow resi stance smaller with respect to the
liquid that &fea 1l ensl ithe Atea faateld ao phehdigchasgel bpenifg @£ S
supplied. Therefore, a high-speed refilling is effectively attained.

This i s possilthe Fdoatsdiguid flow phthe 1dnd thed filoer ofl diguidoifmrdm33 ar e
arranged not to
the aforesaid V, toward the air bubble generating area
10 11.is hindered. Nevertheless, the head structure
hereof is provided with the flow V,, for supplying
liquid to fhe air bubble generating area. Therefore,
the liquid supply performance becomes extremely high,
and there is no possibility that the liquid supply
15 performance is lowered even if the structure is
arranged so that the movable member 31 covers the éir
bubble generating area 11 for the enhancement of the
discharge efficiency.
Now, the free end 32 and the fulcrum point 33 of
20 the movable member 31 are arranged so that the free end
is relatively positioned on the downstream side than
the fulcrum point as shown in Fig. 5, for example.
Fig. 5 is a view which schematically illustrates
the liquid flow in the liquid jet heat in accordance
25 with the present invention.
The present embodiment is structured as shoWn'in

Fig. 5, which makes it possible to efficiently



present any resistance to the flows S[err], Slerr], and S[err] which 15

run in the liquid flow path 10 (including the first liquid flow path
14, and the second liquid flow path 16) when the regressive neni scus
M caused by the di scharge operati4hm +s restored to the discharge
opening 18 by neans of capillary attraction or when the 20 liquidis
supplied at the tine of bubble renoving. To suppl enent the
description of this arrangenent, the free end 32 of the novable
menber 31 is extensively arranged to _face tg at generatlng devi ce
2 as d@§@PFBéaléSrFP@erPFﬁlPBsﬁgc?nﬁotPﬁe ??ﬁ%thpeggﬁ W9 25 in

Figs. 1Ato 1D so that this end i oned an ownstream si de

of the area C§HFePr§SFPHE PFHBaggthg 8?Fﬁ8 6ﬁﬁlaP§ the FSXSg?HaPﬁaI

d f the I|i
f:gﬁfggfﬂ Omht %ePﬁﬁ?ntﬁFOEBﬁ BAE RrBRLgeiPe! ?tﬁéreCtlon ora éltpethe

heat generatipg | %%&g@ baagng' wiides ﬁtghghe timeN8&! bﬁSBQéanBQrﬁ%![bﬁe 2

into the upstream regi on ownstream regl on hi's manner,

the presgure Qi d%scnﬁo%% @lar13¢hb eFﬁFc%ﬁEQd eRe! besdewssbneam si de of the
area center 3-of the heat generating device, whic | argel y

contributes tgdiRfildndHi® @sSeepréSenittd in Figecs wedt bnlyheresealtse
menber 31 to guide this pressure or this air bubble to the discharge
opening 10 th dandtEee aifl e@ffedtz wight hespesitc tenAdguddent of t he

di scharge efficiency and discharge force. Here, in addition,

various effectdisdherdescdur also, makes ddbpessibliee tonimake! ithet ifd®vof t he
upstream si de _ o
resistance smaller with respect to the liquid that

10 flows-in the liquid flow path 10 when the liquid is
supplied. Therefore, a high-speed refilling is
effectively attained. This is possible because the
free end and the fulcrum point 33 are arranged not to
present any resistance to the flows S;, S,, and S; thch

15  run in the liquid .flow path 10 (including the first
liquid flow path 14, and the second liquid flow path
16) when the regressive meniscus M caused by the
discharge operation is restored to the discharge
opening 18.by means of capillary attraction or when the

20 liquid is supplied at the time of bubble removing.

To supplement the description of this arrangement,
the free end 32 of the movable member 31 is extensively
arranged to face the heat genérating device 2 as
described earlier wifh respect fo the structure shown

25 in Figs. 1A to 1D so that this end is positioned on the
downstream side of the area center 3 (the line |

orthogonal to the longitudinal direction of the liquid



of the air bubble. 15 Further, it is conceivable that the

I nst ant aneous mechani cal di spl acenent of the free end of the novable
menber 31, which is performed with the structure arranged as
applicable to the present invention, shol d- contribute effectively
to the execution of liquid 20 di schar ges. Now, with
reference to the acconpanyi ng draw ngs, the description will be nade
of the enbodi nents in accordance with the present invention.

(First Enbodi nent) gs. 6A to 6F are views which illustrate

t he | i §4PH E?EBhaVbbcheﬁﬂ“$ntgﬁ%%ﬁﬂaﬁb% Wren @ertesi(the

nmbodi f th -
a2 T % centeP\SSE o sk Oé'neﬂsa%ga%ewfﬁ%)pmgzn@lmﬁa'mﬁt

' i ded w th di h d | | at
152’ heat gengPaF, RENBEOFEad SRVaTa Boinco ERATinnBEed renton BN el o
substrates laaadalfinstRoan EEIRSAL| VEAYENLD faNASE{NEROTL-SOELOY b A

upon l'iqurd, I'schar |qU|

bubbl e ggner atha0aarepapaia e?ga%éa BRSthEOBBAnkerbafiesige of! BRoheal

- generating devices 2a an creating the . air t he
l'i quid, Wh'ChakéaCeaﬂﬁéklﬁebf th8 heaeogaﬁékselﬂgtaebmeedlﬁﬁhéﬁge openi ng

18; and novabl e menbers 31a and 31b arranged in the di scharge liquid
flow path 15, lQ@?ElEaébﬁﬁriBﬁtééeeoeﬂﬁeom:qubﬂdddiﬁbﬁégge, is opening 18
side, and each o em being arranged to face the respective heat

generatlng devecesved bydtBk. movable member 31 to guide this
pressure or this air bubble to the discharge opening

10 side, hence materializing the basic enhancement of the
discharge efficiency and discharge force.

Here, in addition, various effects also become
obtainable by the initialization of the upstream side
of the air bubble.

15 Further, it is conceivable that the.instantaneous
mechanical displacement of the free end of the movable
member 31, which is performed with the structure
arranged as applicable to the present invention, should
contribute effectively to the execution of liquid

20 discharges.

Now, with reference to the accompanying drawings,
the description will be made of the embodiments in
accordance with the present invention.

(First Embodiment)

25 Figs. 6A to 6F are views which illustrate the

liquid discharge head in accordance with a first

embodiment of the present invention.



15 _The novabl e nenbers 3l1la and 31b are fixed to the el enment al

substrates la and 1b, respectively, through each of the bases 33a
and 33b. Here, a reference . nuneral 18b designates the adhesive |ayer
for fixing the orifice plate 18a.42 20 Now, hereunder, the
description will be nmade of the operation of the Iiquid discharge
head structured as descri bed above. . In the state shown
in Fig. 6A, when the heat generating devices 2a and 2b are heat ed,
air bubbles 25 40a and. 40b are created in the air bubble generating

areas 1la and 11b,A¢cshevriir| Figpy Rake &F. tHae presenprembodimentrted by
the created ajr bubbles

th - 43
Tovabl 6 menbet® BEAVided ith e disphareq, opening 18 aEranded 9% e
di ti L1 t t 1 ti devi 2 d.2b. |
St her words PoRRiGe' Babe 168} near qSSAERELNENESILEE 28 P e 5
di i 1 1 d then, t
dLrecti ons toagPaRbea BRTHAE EPBRGRLEPhubOcERtpPtlting 1y, and NN, to

t he portgéon ' LE 4 a .5h v e ers 3la and
e S 8- R i - L e e L T

Here, when theignyabl eneegschadda 20guddb£abR path 18i AaVaRgdihNithe
~direction to allow themto cone closer to each other, the pressure
waves gener at pdbbyet §eneratingr agbagn1dh and bubbpesisienadt twatedeon the
di schar ge opening 18 side symmetrically at the upper and | ower
the heat generating devices 2a and 2b for creating the

air bubble of the liquid, which is conductively

10 connectéd wifh the discharge opening 18; and movable
members 3la and 31b arranged in the discharge liquid
flow path 15, each having the free end on the diécharge
opening 18 side, and each of them being arranged to
face the respective heat generating devices 2a and 2b.

15 The movable members 3la and 31lb are fixed to the

| elemental substrates la énd.lb, respectively, through
each of the bases 33a and 33b. Here, a reference
‘numeral 18b designétes the adhesive layer for fixing
the orifice plate l8a.

20 Now, hereunder, the description will be made of
the operation of the liquid discharge head structured
as described above. |

In the state shown in Fig. 6A, when the heat
generating devices 2a and 2b are heated, air bubbles

25 40a and 40b are created in the air bubble generating
areas lla and 11b, respecfively. By means 6f the

pressure exerted by the created air bubbles, the



15 parts in Fig. 6B along the discharge liquid flow path 15.

Al so, the novabl e nenbers 31a and 31b are in contact with each ot her
when the air bubbles 40a and 40b are created. Therefore, it is
possible to 20 stabilize the volune g8 Liquid that should be

di scharged fromthe di scharge opening 18. After that, when the
air bubbl es 40a and 40b becone extinct, respectively, the novable
menbers 3la and 31b are restored to the original positions before
25 di splacenent. In this way, a droplet 45 is discharged from

t he di schar gemopahilegmegberse3tagand@CBlbHere, displacedince the flows of
liquid in the discharge_liquid flow :

44 - TBRPRCILVELY, s¢mndhei diregtione gppesifadtbonbe heats in
Fig. 6C, the satellite discharge_is reduced when the droplet 45 is
di schar ged fr fPEREtANGcASVEEeTpéRi Agd18P- In ophep werdshetbeagnat ed

portion Y, there curs the fl.ogti ng force containing the conponent
Ro%aB1S) pephgte; dipqspiodibadrs nisaicedninate

per pendi cul ar €nuat i on

ki ng | posSTBPE te Enfanenapag thel"toCeBnd! Erospr 18’ BRCh P ENPBSpect

making it possible to enhance

Lhe enhanceneghaokneh ol B8 4G Lobtagtopsel bach! senght pbagbkeoby Lhe

suppressi on of the back waves forne _ \ menbsrs 3la and
31b. 6B) .Hene, thhe Baabtqeagrahl@aedﬁskegéng&ﬁﬁgﬁfﬁgged on

bot h sides, upper and | ower, of the discharge |iqui flow path 15 as
shown in Fi gssafdwtiehel, bektweertlthedmbtyable members 31a and 31b, the
stagnated portion Y takes place in the ink flow.

10 Here, when the movable members 3la and 31b are
displaced in the direction to.allow them to come closer
to each other, the pressure waves generated by the

- creation of air bubbles are activated on the discharge
opening 18 side symmétrically at the upper and lower

15 parts in Fig. 6B along the discharge liquid flow path
15.

Also, the movable members 3la and 31b are in
contact with each other when the air bubblés 40a and
40b are created. Therefore, it is possible to

20 stabilize the volume of liquid that should be
discharged from the discharge opening 18.

After that, when the air bubbles 40a and 40b
become extinct, reépectively, the movable members 3la
and 31b are restored to the original positions before

25 displacement. In this way, a droplet 45 is discharged
from the discharge opening 18 (see Fig. 6C).. Hefe,

since the flows of liquid in the discharge liquid flow



possi ble to disperse the rectifying flux to the. el enmental substrates
la and Ib fromthe quantity of heat generated on each of the-heat
generati ng devices (see Fig. 6F). 20 (Second Enbodi nent) -

Fig. 7 is a view which shows the |iquid gischarge " head in accordance
wi th a second enbodi nent of the present invention and illustrates it
in a state at the time of air bubble creation. 25 As shown
in Fig. 7, the present enbodinent is different fromthe one
illustrated in Figs. 6A to 6F only in that although the novabl e
menbers 3la apatlB1b5 are symmetrical at the upper and lowerd4parts in

are displaced in the direction to allow themto cone cl oser to each
ot her, the nefibgr s6@r ethet sphetbhtacdischarggi if sadHucedhwhenhthet he air
bubbles 40a and 40b are created. 5 Wth the |iquid discharge
head t hus strﬁE?E}%H 45 is d%ﬁﬁhéﬁﬂﬁﬁcfrBEtRBEnd%ﬁﬁhéFgebBBSPé§g4®§ and 40b
S ronng t the same _tinme, ,it becoHes easier for t hem
to be develop% S?omﬁ?dt ﬁeSHFQEﬁE?GePBBEﬁPHgY18t ere ogryrs the (Third

Enbodi whi ch h t he | d_di h
haoq i e Beror BARBELE: FORCRHPPRLRHRLHE ERE GPmPRASHT betoshdibiiSrre ial Von.

As shown in Fig. fle §06.9a°3¢8Y. °REUL"BALUIR, HRe acdbhligteBh from the one -

illustrated in Figs.
vibration of the movable members 31la and 31b are

promoted, thus making it possible to enhance the
refilling speed. In this respect, the enhancement of

10 the refilling speed is also obtainable by the
suppression of the back waves formed by the movable
members 3la and 31b.

Here, the heat generating devices are arranged on
both sides, upper and lower, of the discharge liquid

15 flow path 15 as shown in Figs. 6A to 6F, thus making it
~possible to disperse the rectifying flux to the
elemental substrates la and 1b from the quantity of
heat generated on each of the heat generating devices
(see Fig. 6F).
20 (Second Embodiment)

Fig; 7 is a view which shows the liquid discharge
head in accordance with-a second embodiment of the
present invention and illustrates it in a state at the
time of air bubble creation.

25 As shown in Fig. 7, the present embodiment is
different from.the one illustrated in Figs. 6A to 6F

only in that although the movable members 3la and 31b



only in that the sizes of the heat generating devices 2a and 2b
differ fromeach other. : Her eunder, the operation of the present
enbodi nment will be described. 20 Figs. 9A and 9B are views
which illustrate the operation af gghe liquid di scharge head
represented in Fig. 8. Fig. 9A shows the heat signals applicable to
-the heat generating devices 2a and 2b of the liquid - di scharge head"
represented in Figs. 6Ato 6F. Fig. 9B 25 shows the heat signals
applicable to the heat generating devices 2a and 2b of the liquid

di schar ge are riiksplagedsumtthe idiregtien to allow them to come

- 46 - For the Iiquid discharge head shown in Figs. 6A to
6F, the si gnalS-IREF nkP tPRER PERR BN TR NeTRSKS A% not i pPnERFLto t he

heat generating, devi ces 2a and 2b, .respectively, as_shown in Fig. 9A
However, for t th?"“’“l?%ﬁ?’&l wher nthe Atk %4%%’—?’@%2 3 9B, the

signal s havinqﬁ%he t%ning whi ch differs from each other are applied
to the heat ge {41 Yy devices 2a and 2b, respectively, as shown in

2B e ne VAL B L8Rl gyt Lol glod e 1

operation when the Si gna d to the

heat ti ' t | g1k da head
oo gt naeiah '8 ppriel YA I,

represented i I g _ 10D are views ich
illustrate the?romotedﬁ)pgﬁ&té@ntﬂ\@egaﬁ@etﬂﬁé;[ $tOP8tomeL 08B 18- FEGr 9B are

15 applied to the heat generating devices 2a and 2b of the l'iquid
di scharge headthéenr €6epéedevr816p8d Boward the discharge opening 18
' side. |
10 (Third Embodiment)

Fig. 8 is a view which shows the liquid discharge
head in accordance with a third embodiment of the
present invention.

As shown in Fig. 8, the present embodiment is

15 _different from the one illustrated in Figs; 6A to 6F
only in that the sizes of the heat generating devices
2a and 2b differ from each other.

Hereunder, the operation of the present embodiment
will be described.

20 Figs. 9A énd 9B are views which illustrate the
operation of the liquid discharge head represented in
Fig. 8. Fig. 9A shows the heat signals applicable to
the heat generating devices 2a and 2b of the liquid
discharge head represented in Figs. 6A to 6F. Fig. 9B

25 shows the heat signals applicable to the heat
generating devices 2a and 2b of the liquid discharge

head represented in Fig. 8.



At first, when the heat signal is applied to the heat generating

device 2b, an air bubble 40b is created . only on the heat generating
device 2b. Then, the 20 novabl e menber 31b is displaced in the

di rection opposite to the heat gemegrating device 2b. Thus,

liquid in the discharge liquid flow path 15 is pushed out fromthe
di scharge opening 18 (see Fig. 10A). After that, when the heat
signal is no longer 25 applied to the heat generating device 2b, the
air bubbl e 40b created on the heat generating device 2b

beconmes def oaned. Tar rhadliguighidbdsclErdes heag ghawn in Figs. 6A to

- 47 - to the original p05|t|on before displacenment. Thus, a

dropl et 45 is & sc® gegdgnhawing shmgdpanirpddining are  Then,
when the heat signal ied to the heat atin evi ce 2a, an
nr bubbl 6 40ABELtaE dedii Kpat Senkrting r?éaa‘fl"ﬁ%%aat Dovi co 28,
Then, the nnvab la is, displa the d|r ti opposite
to -t he He ?pegcéfh ‘f%][mnga%e%f QA (1%1% Ct)%JB) h gfc the creation

f th f °
gorr;[)ulesglrl ly Epjfﬁlﬁé)gi %*1 éield{bé&]l rrt%@rrgﬁ%%} Shete ‘#Cgtqu dy@w path 15 is
ATTer that, wheluddes hedvsnsd 0668 ¢ndy RS a1 fers PRk athdsp igasheat

generating device 2a, the ailr bubbl e 40a created on the heat
generating deVéfé‘ lied to DEKORsa€lfardskiddcadPicdy edmiierasla is
restored 15 e original position before displacement (Fig. 10C

and Fig. 10D). respectlvely, as shown in Fig. 9B.
Hereunder the descriptlon will be made of the
10 operatlon when the heat signals shown in Flg 9B are
applied to the heat generating devices 2a and 2b of the
liquid discharge head represenfed in Fig. 8.

Figs. 10A to 10D are views which illustrate the

operation when the heat signals shown in Fig. 9B are
15 applied to the heat generating devices 2a and 2b of the
liquid discharge head represented in Fig. 8.

At first, when the heat signal is applied to the
heat generating device 2b, an air bubble 40b is created
only on the heat generating device 2b. Then, the

20 movable member 31b is displaced in the direction
opposite to the heat generating device 2b. Thus,
liquid in the discharge liquid flow path 15 is pushed
out from the discharge opening 18 (see Fig. 10A).

After that, when the heat signal is no longer

25 applied to the heat generating device 2b, the air
bubble 40b created on the heat generating device 2b

becomes defoamed. The movable member 31b is restored



Wth the series of operation described above, it beconmes possible to

suppress the novenent of neniscus, and pronote the refilling as
well. 20 Al so, by the adjustnent of the area rati o between

t he heat generating devices 2a and 2b, -i #7becones possible to
control the discharge anmount of liquid in t he discharge liquid flow
path 15. (Fourth Enbodi nent) 25 Fig. 11 is a view which
shows the |iquid discharge head in accordance with a fourth

enbodi mnent of the present invention. .

- 48 - to the °rﬂc§1§ﬁ8vrﬁ°ﬁ’rtFP§ bfforehélﬁpéeeﬁrﬂeeﬁbod#mr Bs
different fro se r pr.es I n Fr 10A to 10D only
in that the h lﬁb%& g?& om gFPFEﬁ@d°RﬁQ%Wﬂw#51

ggzt r)featmhzi de tha he he%gﬁbé:?\%ﬁ%]e:ner ati gé%’e\r/?écglg% tﬁ?e%ﬂ? ﬁe the free

side than tha L w,
her eunder, t é'operatl n of %ﬁ p(esen%gr %%%%Té ﬁ%.ﬁghfreﬁﬁeq)onlyNo
described  1Qn the hedt Yenekahiny HeRidee 24 e""i‘h‘@?ﬂ CRHd dridiAle the

operation of the liquid di'scharge head represented in Fig. 11. Al so,
Fig. 13 is a ‘ficawwamhiah SO dpiadeRlin the didedtalonh appdsAtd ad he heat
generating devices 2a and 2b of the liquid discharge head
represented i rtHd ggeat Yeneraltdhd @detdlle 2a (Fig. 10BMen wilth Resd
generating devices 2a and 2b are heated in a state shown in Fig.
12A, air bubblesatdon of the air bubble 40a, liquid in the discharge

liquid flow path 15 is compulsorily refilled, thus

10 implementing the refilling.

.After that, when the heat signal is no longer
applied to the heat generating device 2a, the air
bubble 40a created on the heat generating device 2a
becomes. defoamed. The movable member 3la is restored

15 to the original position before displacement (Fig. 10C,
and Fig. 10D),

With the series of operation described above, it
becomes possible to suppress the movement of meniscus,
and promote the refilling as well.

20 Also, by the adjustment of the area ratio between
the heat generating devices 2a and 2b, it becomes
possible to control the discharge amount of liquid in
the discharge liquid flow path 15.

(Fourth Embodiment)

25 Fig. 11 is a view which shows the liquid discharge

head in accordance with a fourth embodiment of the

present invention.



and 40b are created in the air bubble generating areas 1la and 11b,
respectively. Then, by the pressure 20 exerted by the creation of each
air bubble, each of the nmovabl e nenber 31a and 31b is displaced in

t he direction opposite to each of 4de- heat generating devi ces
2a and 2b. In other words, .the novabl e nenbers 3la and 31b are

di splaced in the directions to allow 25 themto cone closer to each
other, and then, to be in contact with each other (Fig. 12B). At
this juncture, the portion Y where ink flow is stagnated takes place
- 49 - i n 2heShorei Ha Eigidul Ehethe cpreesnt hembeddnert nbsber s

3la and 31b. E%ég,tmhen t he novabl e menber 3l1a and 31b are .

di spl aced i n tHEEERTERE] othPFR FepERseRted in cftder8 and Figseach
ot her, the pr esgAr creatjon of air bubbles

d h
are activated on tﬁ%mg¥§23§fgg£gt€haggﬁé Fﬁﬁaﬁgg%?%ﬁﬁg§ﬁﬁmﬂ?Y%ﬁﬁl%aat upper
Gener at g’ devis Positioned: pof¥ an chel SebtREad Sad R Tend Bede (han -

generating devic a I's posi

the heat Qener@éﬁéﬁag§H§C§e3Pcea@g;aéﬁ?’aigg, the fré%gg?ﬁnd of, L he movabl e

menber 3la is arranged Trore on he upStream si ANt of the

novabl e menbermsdible membet €141 $8! FELAREHEA HfiotdEofiOY H&%ﬁ%&k 31b is
a.

regul at ed ' by the presence of the ndvable nenber
After that, whebdéhehahrthabbbestdomevdb¥dbmember 3DECORBsSELENGL1y L NE

novabl e menbers 31la and 31b are restored to the original positions
bef ore di spl acenentNow, hereunder, the operation of the present
embodiment will be described.
10 - Figs. 12A to 12D are views which illustrate fhe
operation of the liquid discharge head represented in
Fig. 11. Also, Fig. 13 is a view which shows the heat
signals applied to the heat genérating devices 2a and
| 2b of the liquid discharge head represented in Figs.
15  12A to 12D.

When the heat generating devices 2a and 2b'afe
heated in a state shown in Fig. 12A, air bubbles 40a
and 40b are created in the air bubble generating areas
lla and 11b, respectivelf. Then, b§ the pressure

20 exerted by the creation of each air bubble, each of the
movable member 3la and 31b is displaced in the
direction opposite to each of the heat generating
devices 2a and 2b. In other words, the movéble members
3la and 31b are displaced in the directions to allow

25 them to come 6loser to each other, and then, to be in
contact with each other (Fig. 12B). At this juncture,

the portion Y where ink flow is stagnated takes place



respectively. Then, liquid in the discharge liquid flow path 15 is
di scharged fromthe discharge opening 20 18. However, if a delay tine
is set as shown in Fig. . 13 between the heat signals applicable to

t he heat generating devices 2a andl92h, it becones possible to

nodul ate the anount of liquid discharge (Figs. 12C and 12D). 25
For the present enbodi nent, the description has been made of the
structure where the novabl e menber 3la and 31b are in contact with
each other when the air

bubbl es are ciBatbg, Pegtirp pandvirhegobefypens She fgvable mﬁﬂgﬁﬁﬁe nmenber
3la to regul ate the d| Iacenent of the movabl e menber 31b even if
the novabl e ﬁBeP§d3§ and 31b are not allowed to be in contact wi th

h oth th d
ﬁgfeugdefr t he des QISt?g I B begﬁg &&ﬁ%&? 31a anﬁ alPor nanufacturlng
the Iiquid di 3603nd2eR€3Q the Fl?%%%&%ge@oagﬁﬁﬁg them to comeFclosés IS 2

vi ew whi ch shows~one exanple o for manufacturing the

liquid disscharge nead Gher, the PRosRuEeeHaviedVghb?Bted by the ~ As shown
in Fig. f thlsehgghcﬂsegtrucfhred by . t@% conblnathn of a nmenber

which i's provigedtice dfhair bubbldss e aedivaited svpRhy daeahaggl0?, .
nozzle walls 103, 15 and an el enental substrate 10la; a nenber- provi ded

W t h a cpNiRY |18 Widler ot rida ]l 1ayn sl erppeiralansulloeat part 101b
havi ng el ectric connection pads 122 on it, and nozzle walls 103; an
el ectric connedat ®igl.2Il2B bt this juncture however, since the heat
generating device 2a is positioned more on the upstream
10 side than the heat generating device 2b, and also, the
free end of the movable member 3la is arranged more on
the upstream side than that of the movable member 31b,
the displacement of the movable member 31b is regulated
by the presence of the movable member 3la.
15 - - After that, when the air bubbles 40a and 40b
become extinct, the movable members 3la and 31b are
restored to the original positions before displacement,
respectively. Then, liquid in the discharge liquid
flow path 15 is discharged from the discharge opening
20 18. However, if a delay time is set as shown in Fig.
13 between the heat signals applicable to the heat
generating devices 2a and 2b, it becomes possible to
modulate the amount of liquid disdharge_(Figs. 12C and
12D).
25 . For the present embodiment, the description has

been made of the structure where the movable member 3la

and 31b are in contact with each other when the air



coupled with the electric connection pads 122; novable 20 menbers 131;

and an orifice plate 123. 1In this respect, the orifice plate 123 is
adhesi vel y bonded to the end face of the nozzle walls 103 in

al i gnnent therewith after bondiagsagent (not shown) is applied to
it. 25 - Figs. 15A and 15B are views which illustrate one

structural exanple of the liquid discharge head of the pr esent
invention. Fig. 15A is a view thereof,

- 51 - observed fromthe di scharge opening s|de Fig. 15Bis

a cross- sectiGﬁéplﬁﬁeﬂmﬁh@F@éFedebbéﬁvéG gﬁ gikd 11l possdpilecEPsnthe t he

liquid flow path. in Figs, 1%A and 15B, the dlscharge
5 | i quid fWGWaB&Fhmfﬂ?e§nﬁlﬁh§°cGﬁﬁﬂﬁaFFqGP& ﬁ&PE@FeT?@ of h&re

SR Lo eI SRRTIRCRLD 49, SR WBons el 3455l o

arranged for gtsgfge noll 3479888 LLOuEd (H) Quphalh Tdn LaRnTRYARL renber s

10 131a an aving t ee en ge

~ opening s de, wﬂgﬁ Rﬁ%V%QEdh@bBﬁ%stgﬁe creaﬁ@henental substrates 101a and

101b, respectively. 0o, the elenental substrates 10la and 101b are

connected with the»@vﬁctﬂéz@u@t@t@&ect&e 8ebdipti@h a1 be mddgmes 24, In

this manner, electric S|gnals are recei ved frontthe out si de.
The liquid di IR Foraidhudsttthrtifg Whelildquid disdhsahry gea@par at us

t hat use "the novabl e nmenbers
described above.
Fig. 14 is a view which shows one example of the
10 method for manufacturing the liquid discharge head of
the present invention.

As shown in Fig. 14, this head is structured by
the combination of a member which is provided with the
discharge liquid sﬁpply opening 102, nozzle walls 103,

15 and an elemental substrate 10la; a member provided with
a common liquid chamber 102, an elemental substrate
101b having electric connection pads 122 on it, and
nozzle walls 103; an electric connector 121 to be
coupled with the electric connection pads 122; movable

20 members 131; and an orifice plate 123. In this
respect, the orifice plate 123 is adhesively bonded to
the end face of the nozzle walls 103 in alignment
therewith after bonding agent (not shown) is applied to
it.

25 - Figs. 15A and 15B are views which illustrate one
structural example of the liquid discharge head of the

present invention. Fig. 15A is a view thereof,



havi ng free ends", which are described as the first to 20 fourth

enbodi nents hereof, are the preferabl e nodes enbodyi ng the present

i nvention on the assunption that at |east a part of a novabl e nenber
faces the other one of them respestively. As the technical thought
of the i nvention, however, the structures formed by the 25
follow ng conbinations are also included in the nodes enbodyi ng t he
present invention. I n accordance with the present invention,

t he ' structura

- B2 -
exanmpl es, whi cAPEREVEH §RgBIthe disghargaecopening ofhdRcenEh®- ol 5Bi $8har ge
speed and the unifornitg of, .vol une, including the antj ci pated
di scharge ef fi 8 ERE§S-sectiopg] pyleyotherged. i aPFREVeByiReti® of the
analysis of 5., _the teg?n%gal thouah%lunder whi ch the enbodi nents are
made as descri BaHEH098. Of ntBEhEF WP aELo¥ hR2EBov e embodi ments are

I nportant in that tﬂ§r§88§hsgntp§8§[r15A andbyggleé?ﬁgag?gﬁ%g regul ated and

devel oped in the I'scharging direction or fo C a?ﬁe openi ng

side 10 5 by1qgaRa ehol"BatRY3RheaRBMRAES cERMBnNEYGRYA! Eﬂaﬁ.hs,% 120
end, respectively. Fromthe different point of view, t he

represent at i veaganairichngal By bBesdablivieHeaSbatween twBl Hidhbhya®f such
devel oped air bubbles, at |least a part of them being arranged to

face each ot hesubstrates510lapaaficdiobby, fTa theevathinotyt BEMche
symmetrically). Therefore, as nmeans for formng the air bubbles
whi ch are reguedemeénind dubeltvptdsaiOdasandbéflbbaveanged fori theay be
possi ble to use separation filnms thensel ves (which nmay present the
el astic def or ndiisghagge liquid flow path 114, the movable members
10 131la and 131b, each having the free end on the
discharge opening side, are provided along the
elemental substrates 10la and 101b, réspectively.
Also, the elemental substrates 10la and 101lb are
connected with the electric connector 121 through the
15 bumps 124. In this manner, electric signals are
received from the outside.

The liquid discharging method and the liquid
discharge apparatus that use "the movable members
having free ends", which are described as the first to

20 fourth embpdiments hereof, are the preférable modes
| embodying the present invention on the assumption that
at least a part of a movable member faces the other one
of them, respectively. As the technical thought of the
invention, however, the structures formed by the
25 following combinations are also included in the modes

embodying the present invention.

In accordance with the present invention, the



20 configuration changes by neans of the created air bubbl es) or

to use, in conbination, the novable nmenbers, each having free end
that may regul ate the deformation of the separation filnms, which
will be described |l ater. These Ae8Rs-denonstrate excellent 25
performance in a better condition than the conventional ones,

al t hough the di scharge performance slightly becones inferior to the
structural exanple using the - B3 -

pl ural novabl e nenbers _as descri bed above. Fifth Enbodi t) '
Figs. 16A to S&rugtaralexamplesenyhichegse Areanged t°|Ptﬁ§PPg§Bethe

| i qui d di schar head |n a cqr.dance with fth nbodlnen of the
present |nvenﬁg§ﬁ %lscgafﬁ? gPees: 5 5% 5wlﬁgtﬁ%thereof

e el %&1%\ o 1%9 i5e é?*”c'l%l%%& %qhacrhgég&eif‘*@ﬁe% e

di scharge liq | 0 th olr’e jéﬂ ed with
t he di scharge%ag’ fb \ﬁ l%r?e%gfu(f rectl b’ Iafazlosc thLetﬁ | qwag' rén%(lﬁ)bl e
generati @n USqHes tfadrlra%aln Y Yncdtd wIBE dHU R diments @@er ating
liquid fl ow paths 54a and 54b, Ich are provided with the air

bubbl e gener atyidie ALIFedAdtd abbve. T otRaDeIHAS| the HovRLbDI €
generating liquid is caused to generate a bubbl e(s) when thernal
energy is embai Meshtyy awma nisnpafrtidret heattiganatenengexdet dde Bda and
52b, respectively. In this respect, the discharge liquid fl ow path
53 i s sandw clmibiles hehinlbEme regulated and developed in the

discharging direction or to the discharge opening side
10 by means of the movable members each having the free

end, respectively. From the different point of view,

the representative constituent may be defined as a

plurality of sucﬁ developed air bubbles, at least a

part of them being arranged to face each other (more
15 preferably, to face all of them symmetrically).

- Therefore, as means for forming the air bubbles
which are regulated and developed as described above,
it may be possible to use separation films themselves
(which may present the elastic deformation or

20 lconfiguration changes by means.of the created air
bubbles) or to use, in combination, the movable
members, each having free end that may regulate the
deformation of the separation films, which will be
described later. These means demonstrate excellent

25 performance in a better condition than the conventional
ones, although the discharge performance slightly

becomes inferior to the structural example using the



20 generating liquid flow paths 54a and 54b, and between t he

di scharge liquid flow path 53, and the bubble generating liquid flow
pat hs 54a and 54b, the novable separation filns 55a and 55b are
arranged to face each other to sepdrate the discharge liquid flow
path 53, 25 and the bubbl e generating liquid flow paths 54a and 54b
fromeach other. Al so, the heat generating device 52a and 52b are
arranged to face each other. Here, the

- 54 - 102 able paratkpn fil 55a, g gb and the orifice
plate 59 are Eﬁﬁggﬁy TERPsER.AS AeSFTiREG £ there is no
ossibility t t he res ectlve liquid fl ow paths aré
P Y TR e é%%l&ﬂ.sepegl p g p

m xed. 5 e Ini state shown in Fig. 16A, liquid in

the discharge |1 quirddd oW gaaidy Sl Sraltkeda18RERI oL wieus! Bfadhschar ge

opening 51 by neans of the attraction o he capillary tu Here, in

accordance witihiiitrate tHY A3QilieRednERYe HAd (ihsﬁ%b‘iﬁa%%nhﬁ@h5l s
10 positioned on the downstream side in the direction of the liquid

flow wi ths respedifith &ibdditie?R o thieCdprelent invendongattagenekiat i ng
devi ces 52a and 52b to the di scharge liquid flow path 53.

In this statetheheliddetion ohalgy flow)ipath tuheldedf.15  heat generating
devi ces 52a and 52b, the heat generating devices 52a and 52b are
heated abruptly. As shdfre iguFfigrses LtRerteofl6 Inhithle diguid soppddedwi th t he
bubbl e generating liquid in the air bubble generating areas 57a and
57b, give heatfzor tthe amman Jdaeyig m@lﬂm (nay qlyawn)o fganaiset ©ft he

bubbl e(see Flg 16B). The ajr
discharge is filled in the discharge liquid flow path

10 53 which is conductively connected with the discharge
opening 51 directly. Also, the liquid for bubble
generation use is filled in the first and second bubble
generating liquid flow paths 54a and 54b, which are
provided with the air bubble generating areas 57a.and

15 57b, respectively. The bubble generating iiquid is'
caused to generate a bubble(s) when thermal energy is
given by means of the heat generating devices 52a and
52b, respectively. 1In this respect, the discharge
liguid flow path 53 is sandwiched by the bubble

20 generating liquid flow paths 54a and 54b, and between

| the discharge liquid flow path 53, and the bubble
generating liquid flow paths 54a and 54b, the movable
separation films 55a and 55b are arranged to face each
other to separate the discharge liquid flow path 53,

25 and the bubble generating liquid flow paths 54a and 54b
from each other. Also, the heat generating device 52a

and 52b are arranged to face each other. Here, the



bubbl es 56a and 56b created by this heat bubble generationare those

based on the filmboiling phenonmenon as disclosed in the

speci fication of USP 4,723,129, which are created with extrenely
high 25 pressure. The pressure thus S#nerated becones pressure

waves to propagate bubble generating liquid in the bubbl e generating
liquid fl ow paths 54a and 54b, thus -
55 - ‘acting upon the novable separation filns 55a and 55b.

In this manner, the portions_ of the novable segaration films 55a and
55b, which faBeveRieasePRLpbiangEhlng: PAg and SSRy cgrdstheapgifige

' : di.spl d.i he_.5 di ' f he h
Gener at i ng UeBese 53nare C108rh et Ren qpeh SHhREY) oBala! hepHatY: roct i on
to all ow ﬁéggnkgongoggﬁgégiggFﬁotﬁgghﬁgégfﬁgulggsin}%ﬁFdlscharge

of liquidint

i scharg oW pat iated. 10
The air bubbl ggsB8a+30d $6BuSHERY Q¢hBea8at ki €ea surfaces of the
heat generatingsgeyices 52§uand 5§g gre a e %esefoped abruptly, and
expandedsafter haviingthee$antedl state ghswﬁlhﬁ1§EQLU§eAte§@§9&aV§hy (see
Fig. 16C). The expansi on of the air bubbles 56a and 56b, which is
15 brought &heutibghbligecrtifamal ¥16wopaghessuLis syekb@dnkBrer to the
initial state of its creation, enables each of the movabl e
separation filche BischatgeSbpeaihg 8ilspiamedns of thbuatleactiieaces t he
di scharge of liquid in the liquid di scharge flow path 53 fromthe

di schar ge opeffthegcpildarg0tubei.n Hewvgl,edn. accordance with the
present embodiment, the discharge opening 51 is
10 positioned on the downstream side in the direction of
the liquid flow with respect to the projection areas of
the heat generating devices 52a_and 52b to the
discharge liquid flow path 53.
In this state, when thermal energy is given to the
15 heat generating devices 52a and 52b, the heat
generating devices 52a and 52b are heated abruptly.
The surfaces thereof, which are in contact with the
bubble generating liquid in the air bubble generating
areas 57a and 57b, give heat to the bubble generating
20 liquid to generate the bubble(see Fig. 16B). The air
bubbles 56a and 56b created by this heat bubble
generationare those based on the film boiling
phenomenon as disclosed in the specification of USP
4,723,129, which are created with extremely high
25 pressure. The pressure thus generated becomes pressure
waves to propagaté bubble generating liquid in the

bubble generating liquid flow paths 54a and 54b, thus



After that, when the air bubbles 56a and 56b are further devel oped,

t he di splacenents of the novabl e separation filns 55a and 55b becone
greater (Fig. 16D). Here, in the state shown in Fig. 16D, the
novabl e 25 separation filnms 55a and 55b-are continuously stretched

I n such a manner that the displacenent on the upstream si de at 55A
and the displacenment on the downstream side

- 56 - at 55B are al nost equal with respect to the central

portion 55C of the area where the novabl e separati, n% 55a and
55b face the [RedingemRch ithe AMakde separation, iﬁ‘?o 355 and T3’ Then,

when the air bubbles 56a and 5 b are further | oped, .t ortion
SBoftheairIBUBB}’e?s“E?éH‘ea‘?rd e POTGOng P& G IRP ’tﬂ\f’gl h‘d-r?%mns

55 d 55b, ' t di id
[ sa o di spl 5 reﬁ%ﬁrgée%ogr g}reurjqfsg%%e I‘%&s Ci%?gg'&cﬁ)l%ﬁ@%%%t& St e
side than the %Q%/e Yk 5.3(?'. k?Of ééﬁd&%}, %ﬂeplaced in H§{e. the

portions that ac’e ensel ves cone cl oser to and
face eaChs o hedlré@ticmé to part r@fm@rthé headt gjéribﬁaftir{ba S G2d i qui d
fl ow path I's caused to shift to the scharge opening side 15
directly (FI 0.ard®f2b, that is, dASpIaSad ifedctadbaliredticie ts €l jpwcess in
whi ch t he novabl e separation filns 55a and 55b are di spl aced

i n the di schargeeni te¢ctoms closdre tovewmdh catthesr de Bous, the diwcdharge |iquid
Is caused to shift to the discharge 20 opening side directly.

Theref ore, theoflisidmaidein the didéchargmcliqeid ufldwerpakthaddets In this
respect, with
initiated.

)40

10 ' The air bubbles 56a and 56b created on the entire
surfaces of the heét generating devices 52a and 52b are
developed abruptly, and expanded after having presented
the film status, respectively (see Fig. 16C). The
expansion of the air bubbles 56a and 56b, which is

15 brought about bj the extremely high pressure exerted in
the initial state of its creation, enables each of the
movable separation films 55a and 555 to be displaced
further. Hence, the discharge of liquid in the liquid
discharge flow péth 53 from the discharge opening 51 is

20 in progreés. |

After that, when the air bubbles 56a and 56b are
further developed, the displacements of the movable
separation films 55a and 55b become greater (Fig. 16D).
Here, in the state shown in Fig. 16D, the movable

25 separation films 55a and 55b are continuously stretched
in such a manner that the displacement on the upstream

side at 55A and the displacement on the downstream side



t he provision of two novabl e separation filmwhich face
the action of each of the novable separation fil
cooperate with each 25 ot her to enhance the dischar
nor e. Al so, with the stretching ofséhe novable s
films 55a and 55b arranged to face each other, the

- 57 - width of the flow path of the discharge
path 53 becones narrower. In such state, the liquid in

liquid fl ow pa noves di schar

h
result, the en@FgggBSare ngggﬁﬁeQH?luﬁ%FPgEﬁ?g?EE e ¥
h t
A So. the stroPPRERBROPSEnetrEbabPEoacFEE: ShrPPRaBLE

each ot her,
nms 55a and 55b can
ge efficiency still
eparati on

liquid flow
t he di scharge

op enlng?51 side. As a

t FeRt¥aYuced,
ccordln

SepaEq éﬁﬂ 55b is

The upstr cam sfqans 558" 3piCann epce PRECHANE, qbrEr SRYAICRb Eropoeri ot o

effectively actygt go,he refilling of liquid (fromthe
to the displacenent area of the novable separat i

upstream si de)
on films 55a and

55b, particularly i PhBAZZWB8n the air bubbfbke56hhaha 566“a£26fﬁ££héybb'es

56a and 56b begin 15 to be di sappeared (Fig. 16F),

anounts - devellbpedyV &bkepberabnt EBNofi kA %2 BUBL
smal l er accordingly. In this manner, the liquid is

t he di scharge &pbniand The( MogyabléGseparation filmBuGthe
bubbl es 56a and 56b are being 20 di sappeared, the d
of the novabl eare GontsapauaﬂYOdlSplﬁEeESQnaMUeSEbwbscv

(Fig. displaced relatively larger to the discha
10 side than the portion 55A thereof on the
Here, the portions that have been displac
themselves come closer to and face each o
.manner, the liquid in the discharge liqui
is caused to shift to the discharge openi
15 directly (Fig. 16E).

As described above, there is a proce

the movable separation films 55a and 55b

t he di spl acenent

68 bEsOHR4
di scharged from

andassbhewRi&h

I spl acenent anount
gamsshtieelssti| |
rge opening 51
upstream side.

ed most

ther. In this

d flow path 53

ng side

ss in which

are displaced

in the discharge direction on the downstream side so

that the liquid is caused to shift to the discharge

20 opening side directly. Therefore, the di

efficiency is further enhanced. 1In this

scharge

respect, with

the provision of two movable separation film which face

each other, the action of each of the movable

separation films 55a and 55b can cooperate with each

25 other to enhance the discharge efficiency still more.

Also, with the stretching of the movable

separation

films 55a and 55b arranged to face each other, the



16H), .and the novabl e separation filnms 55a and 55b are restored to

the original positions before displacenent when the air bubbles 56a
and 56b have been di sappeared 25 completely (Fig. 161).

Here, in Fig. 16D, there occurs the staghdted portion Y in the
portion sandw ched between the novabl e

- 58 - separation filns 55a and 55b where the flow of liquid
beconmes slower in the discharge liquid flow path 53. Therefore, even

i f any vibrating conponent jis containe . in each.af t, vabl e
separation fi I"ﬂ%"%‘sg)farfg‘%i},ow Path fgtfi‘tet qu g tet¥ hence
enhanci.ng the tabilization of discharges. Si-xth . qodi nent)
Figs. 17A to Pf’l1-'h‘ar5e3 Crost el a}r()rr?)a K eVSI\I(S:n \%ntg:gh state, tﬂ(ﬁ l}éTi]ualt%;t%T e

l'iquid di schargg ﬂ&ﬁ@&ﬁ@eﬁl\%} B)Iatjtp 53 nbvds ity di ment of the

present invention, taken rection of the flow path thereof.

As shown in Figyscrdifd Gpehling M1 1t 0 PR iRbult, thd ldBddie common
| i qui d chanmber (not shown) for use of discharge is filléd in the

di scharge | i quighkd |V #8 Nipdream BV £ NedStren tsducer] Y Hetrected with
t he di scharge opening 511 directly. Also, the liquid for bubble
generati on useindrdadimg tie tdodnt S&f anidpeiet aitbdhaArye accordirgfiier ati ng
liquid flow paths 514a and 514b, which are . provided with the air
bubbl e gener atAkEp aredss Stidetcming 20f the Imdwables prepanation fidanshubbl e
generating liquid is " caused to generate the bubble when thernal
energy is 55a prn@ Sy heasmabler en ke upsieream idrwi ces 512a and

Therefore, the movement of liquid to the upstream side
10 becomes relatively smaller to make it possible to
effectively actuate the refilling of liquid (from the
upstream side) to the displéqement area of the movable
separation films 55a and 55b, particularly in nozzles.
After that, when the air bubbles 56a and 56b begin
15 to be disappeafed (Fig. 16F), the displacement amounts
of the movable separation films 55a and 55b become
smaller accordingly.. In this manner, the liquid is
discharged ffom the discharge opening 51 (Fig. 16G).
Further, as the air bubbles 56a and 56b are being
20 disappeared, the displacement amount of the movable
separation films 55a and 55b become smaller still (Fig.
16H), and the movable separation films 55a and 55b are
restored to the original positions before displacement
when the air bubbles 56a and 56b have been disappeared'
25 completely (Fig. 16I). |
Here; in Fig. 16D, there occurs the stagnated

portion Y in the portion sandwiched between the movable



512b, respectively. In this respect, the discharge liquid flow path
513 is sandwi ched by the bubble 25 generating liquid flow paths 514a
and 514b, and between the discharge liquid flow path 513, and the
bubbl e generating liquid flow pat B8 S14a and 514b, the novabl e

- 59 - separation filns 515a and 515b are arranged to face

each other to separate the discharge liquid flow path 513, and the
bubbl e generating liquid flow paths 514a and 514b from each ot her.

Al so, the heat_generating. . .5 devi ce 512a _and 512b are arranged to face
each ot her. Se%azi%'%@,n %fé‘“}ﬁ)\ﬁé:’ﬁ &0 PP, WhGTer (Bhes fpw, ofndigydd  and

th ifice pl r el.ly fixed each qther.. a_result,
]'Elh:rgrz fhno B(?}t@c"!eqbl | tylcf e% %I e dﬁs&?a!rﬁie alqu"tdhﬁpfﬁﬁ\;@gq \?g‘F! [ qui1(7jA

ar . . L . y
i 8\1,1V| gai nS rHg t Ee X I'sc Vefrngel iaqa?{]ylﬁq:c?vglﬁly[ ?izjogé%%lteglts&c ggn%gép to
the di scharge jQpeidly o ey -mé)fs%d%%aﬁcggr@%'l% %5a and 5501€

capillary tube. Here, in accordance w present enbodi nent, the
di schar g6 openitig &terifatidn is AUt Hohdd @nfRMEsHE RS de in the

di rection of the liquid floww th respect to the projection areas of
t he heat generstabiglideaticas JoFl 20 sthrye®h to the di scharge liquid
fl ow path 513. ' - In this state, when thermal energy is given to
the 20 hedtSigerterEniboindentt xes 512a and 512b, the heat
generating devices 512a and 512b are heated abruptly. _ The surfaces
t hereof , which are FiggokZcttanit? tdrme cross-sectional views which
illustrate the liquid discharge.head in accordance with
10 a sixth embodiment of the pPresent invention, taken.in
the direcfion of the flow path thereof.
As shown in Figs. 17A to 17I, the liquid supplied
- from the common liquid chamber (not shown) for use of
discharge is filled in the discharge liquid flow path
15 513 which is conductively connected with the discharge
opening 511 directly. Also, the ;iquid for bubble
generation use is filled in the first and second bubble
generating liquid.flow paths 514a and 514b, which are
provided with the air bubble generating areas 517a and
20 517b, respectively. The bubble generating liquid is
caused to generate the bubble when thermal energy is
given by means of the heat generating devices Slzé'and
512b, respectively. In this respect, the discharge
liquid flow path 513 is sandwiched by the bubble
25 generating liquid flow paths 514a and 514b, and between
the discharge liquid flﬁw path 513, and the bubble

generating liquid flow paths 514a and 514b, the movable



bubbl e. generating liquid in the air bubble generating areas 517a and

517b, give heat to the bubble generating 25 liquid to generate the
bubble (see Fig. 17B). At this juncture, the pressure thus exerted
by bubbl e gener ati on becones presssg e-waves to propagate bubble

- 60 - generating liquid in the bubble generating liquid flow
pat hs 514a and 514b, thus acting upon the novabl e separation filns
515a and 515b. In this nmanner, the portions of the novabl e separation
films 515a and 515b, 5 which face the_air bubble generating areas 517a
and 517bSePREBELPN EL{MS 57157 apd a2 LBl | ATeharERrReed BAsteee  part

fromthe heat generatjng devices 512a and_512D, . that .is, displaced in
the direction gcg|p%bp?hgﬂ]§%parate EBﬁEdE?Sg%Fg?oléﬁﬂﬁgofﬁﬂW.pqﬁ s, the

di h f | i id. i di h | ] id,f i
eirags o 3s, ahh%ihd hioblE dLSeharats! | Sublal RMDBLENS 81 g
entire surfaceg,gfsilig Beah 95BR"4LAAY, dexigss ?ﬁéahéggeg?nerat5%2b are

devel oped abruptTy, and presenf thenselves Th orm ot Pilm

respectivgly (88¢iEe05134Qina 318b are arfXRgBa €8 PhckhEagh’ obHRP! es 516a
and 516b, which is brought about by the extrenely high pressure

exerted in Herel heheninbtabl6t 8épashtibh €iembi 815acaA8! §358achngf the
novabl e separation filns 515a and 515b to be displaced 20 urt her.

Hence, the di sthargeifiicki gladei B19harei glbdely fixedi aabAr gehékow path 513
fromthe di scharge opening 511 IS in progress. At this juncture, as
shown in Fig. a result/Ctheke psrhoopos&ibhitpvahbe shpalagubdsfihns 515a
the respective liquid flow paths are mixed.
10 ~ In the initial state shown in Fig. 17A, liquid in
the discharge liquid flow path 513 is sucked nearer to
the discharge opening 511 by means of the attraction of
the capillary tube. Here, in accordance with the
present embodiment, the discharge opening 511 is
15 positioned on the downstream side in the direction of
the liquid flow with respect to the projection areas of
the heat generating devices 512a and 512b to the
discharge liquid flow path 513.
In this state, when thermal energy is given to the
20 heat generating devices 512a and 512b, the heat
generating devices 512a and 512b are heated abruptly.
The surfaces thereof, which are in contact with the
.bubble generating liquid in the air bubble generating
areas 517a and 517b, give heat to the bubble generating-
25 liquid to generate the bubble (see Fig. 17B). At this
juncture, the,pressure thus exerted by bubble

generation becomes pressure waves to propagate bubble



and 515b on the downstream side at 515B is displaced 25 fromthe

initial stage relatively larger in the novable area than that on the
upstream side at 515A. In this way, the liquid in the discharge
liquid flow path 513 - 60 - - 61 -

can nove efficiently to the discharge opening 511 from the initia

st age. After that, when the air bubbles 516a and 516b are
further devel oped, the devel opnents of the air bubbles 5. 516a and 516b
are pronoted fromthe state shown in Fjg. 17C._A|OE t he pronoted
devel opnent s genegatipg liquidpippthe Bibhlg,geBeERtiPde gﬂgbgagéﬂ%nts of

t he novabl e

' ' 15 d 515b b Fi
170). tere. pRREPELPAAPy SnEnELAbr ¢ tBHSGPCEARIERRE: BRoIBo Ak ea on  he
d t id t _515B i_g.di d_| [ th i sch
‘openi ng-of de. FREATARESRorelBR Ghos ena”SERE- o Ip, ik haahlr) Sfad 1707 De
central’ porti gp,alions of (RESGovARIA LRBMLE«ibAC (ILRECE1RVEREN16 the

liquid e di'scharge l'irquid ow path 513 to the discharge

openi ng §l1 siglg s rAceePcabdd pubblkhgendFatingeareas 5178 B6Q the

di spl acenment in the portion on the upstieam side at 515A is smaller
in the entiresmLesespedtively, are dispibiced ibhehei qurdcravasesb to the
upstream si de beconmes snaller. In.this manner, it becones possible

20 t 0 enhapeart Froi stkahgateigeneratiyng devides $l2ehange512b,. speed

in particular. At the sane tine, it becones possible to effectively

activate the rifat lismg difsplaeced in the @ding¢ctiorhdon@ddioss theay ttocul arl y
nto the come closer to each other. Thus, the discharge of
10 liquid in the discharge liquid flow path 513 is
initiated.

The air bubbles 516a and 516b created on the
entire surfaces of the heat generating devices 512a and
512b are developed abruptly, and present themselves in

15 the form of film, respectively (see Fig. 17C). The
expansion of the air bubbles 516a and 516b, which is
brought about by the extremely high pressure exerted in
the initial state of its creation, enables each of the
movable separation films 515a and 515b to be displaced

20 further. Hence, the discharge of liquid in the liquid
discharge flow path 513 from the discharge opening 511
is in progress. At this juncture, as shown in Fig.
17C, the portion of the movable separation films S;Sa
and 515b on the downstream side at 515B is displaced

25 from the initial-stage relatively larger in the movable
area than that on the upstream side at 515A. 1In this

way, the liquid in the discharge liquid flow path 513



displacenént area of the anabie separation filnms 515a 25 and 515b.

Then, when the air bubbles 516a and 516b are further developed, the
portion of the air bubbles 516a - 62 -
and 516b on the downstream side at 515B @hd-t he central portion at
515C are further displaced and stretched to t he di scharge opening 511
si de, hence inplenenting the ef fects described above, that is,

enhancing the 5 di scharge "effici ency and di scharge speed (Fig. 17E)
Particularly, with the ignfL%uriti%n OL t he ngvable , sgggration filns
515a and 515bCPR MRVE E3S&CiRBELENLy the dispRBrIP-RPEB&RPed by frAB

secti onal sha?:%]la Qut, alio the . di spl acenent and stretching thereof
becone greate nihigrel Bk89% gt h direction of the liquid flow path. As a

oSl the ot N0 AiagoRpMEsORRSyl 0L EObubBTos sigo LAHTIRY oI

of the liquidint _ path tot I'schar ge
opening 511 siglgchafl sevelopelif® tilesBlEIRARERES! ole® thBNARECRuppARED! cal ly.
e disp I g bl e

Here, 15 since th acenent con rati on of the nobva

separati @n filgThaobp@ 3160528 HRoORBREAS frbal the LhAte shownN4BREigQSE,
this configuration is called "nose type" in particular. In this

respect, it i97m baldiderhieopdomoted deellophiehtsosd ttheeadlrso i ncl udes
the "S-letter type" 20 where, as shown in Fig. 17E, the point B present

on the budtirezsa B l6iad @nidn 5ill6d ,i rtihiel &l spilacemnen isooift itivee chowabillee
downstream si de than the point A present on the downstream side in
the initial stseparatien fdlms 515acemd §lSl becane griegterhd FAgand B points
are equally 17D). - Here, particularly, the portion of the movable
10 area bn the downstream side at 515B is displaced larger
still to the discharge opening side than the portion on
~ the upstream side at 515A and the central portion at
515C. As a result, the direct movement of the liquid
in the'discharge liquid flow path 513 to the discharge
iS opening 511 side is accelerated. At the same time,
since the displacement in the portion on the upstream
side at 515A is smaller in the entire proéess of this
operation, the liquid movement to the upstream side
becomes smaller. In this manner, it becomes possible
20 to enhance the discharge efficiency, and the discharge
speed in particular. At the same time, it becomes
possible to effectively activate the refilling of the
liquid in ‘the nozzles, particularly into the
displacement area of the movable separation films 515a
25 and 515b.
Then, when the air bubbles 516a and 516b are

further developed, the portion of the air bubbles 516a



25 positioned as well. Also, in accordance with the pr esent

enbodi nent, the novabl e separation filns 515a and 515b are stretched
until these filnms are in contact _ - 63
- with each other. In this mann&?,-it becones easier to

obtain the effect as descri bed above. Now, after that, when the
air bubbles 516a and 516b begin to be disappeared (Fig. 17F), the

5 di spl acenent anounts of the novabl e separation filns 515a and

di scharged 1 1 ORPEnE APoeRathE downBthdsh sidec st BISE' anh fne! denbrut
Further, as thﬁg éoRUQQ|§§SElg§ea@9r%§?9 ﬁig 138e4 aPﬁ'QQrgtéﬁBHe the

di spl acenent a e sep Brarton a an 515b

become small er the gischbirge bHefin §7§h1 %@ﬁethﬁeHEéa@hFléﬂeﬁﬁﬁhboﬂhE"”B
515a and 515b are restored fo the original positions before

di spl acement weeFeldie aesckibeldeabalea andtSieh bawencihg thBeen
di sappeared conpletely (Fig. 171). (Seventh Enbodlnent)

Fi gs. 18As5to0 18Esahargeosffiedeneyaland @dschairge speed (Flibustrahe the

i quid di scharge head in accordance with a seventh enbodi nrent of the

present invent Particalarly) wikh thieheodifiguriatioof ofhé&hel mavpbllk t her eof .

As shown in Figs. 18A to 18E, the liquid supplied fromthe common .

| i qui d chanber separagliomfilos dd@aofand 515b dinsthdsgease,f nbltednily t he

di scharge liquid flow path 523 which is conductively connected with

t he di scharge those represented by the sectional shape, but also, the
displacement and stretching thereof become greater in

10 the width direction of the liquid flow path. As a
result, the acting region becomes larger for the
intended movement of the liquid in the discharge liquid
flow path 513 to the discharge opening 511 side, and
the discharge effect is enhanced synergically. Here,

15 since the displacement configuration of the movable
separation films 515a and 515b resembles that of the
human nose, this configuration is called "nose typé" in
particular. In this respect, it is to be understood
that this nose type also includes the "S-letter type"

20 where, as shown in Fig. 17E, the point B present on the
upstream side in the initial state is positioned on the
downstream side than the point A present on the
downstream side in the initial state, and the
configuration in which the A and B points are equally

25 positioned as well. Also, in accordance with the

present embodiment, the movable separation films 515a

and 515b are stretched until these films are in contact



25 opening 521 directly. Also, the liquid for bubble generation

use is filled in the first and second bubbl e generating liquid flow
pat hs 524a and 524b, which are - 64 -
"~ provided with the air bubble generating-aé8as 527a and 527b,
respectively. The bubble generating liquid is caused to generate the
bubbl e when thernmal energy is given by neans of the heat generating
devi ces 522a and 5 522b, respectively. In this respect, the discharge
liquid flow path 523 i s sandwi ched by the bubble generating liquid

f1 ow paths 5241tk S8k OTHeF -petlRedhiis mannege ditsOREPBES| PEELETT Eew pat h
movabl o 10 BRI, TGS S5agesid e SBhTRar ranged to face
B e O, PoP Wi Wl RR0° el LW Bae, 518200 L

Al'so, the heat 59.%%9[@%?;1@9 to be dg]%\eéiag;%a%%a.(?ﬂgf%%)ar ndl ranged to face |

each other. 15 A t he nova eparation=filns "525a and 525b are

provi ded W th dSIREEAEMRO BNcits® $FC tABd modath 1WhiseBaration 2i¢msagged

| argely on the downstream si de where these portions face the heat

generating devisasa R 535b become BhdhleregResrd@ifgiy. Thenmerakl e
separation filns 525a 20 and 525b and the orifice plate 529 are closely

fixed eaanmeirherthe liquid is digchagged tirom That aisbhwpgen Fig.
18A, liquid in t he discharge liquid flow path 523 is sucked nearer
to t he dpscHag&1dpdFigy 3Z6)hy neans of the attraction of 25

the capillary tube. Here, in accordance with the
: Further, as the air bubbles 516a and 516b are

10 being disappeared, the displacement amount of the
movable separation films 515a and 515b become smaller
still (Fig. 17H), and the movable separation films 515a
and 515b are restored to the original positions before
displacement when the air bubbles 5165 and 516b have

15 been disappeared completely (Fig. 17I).

(Seventh Embodiment)

Figs. 18A to 18E are cross-sectional views which
illustrate the liquid discharge head in accordance with
a seventh embodiment of the present invention, taken in

20 the direction of the flow path thereof.

As shown in Figs. IBA to 18E, the liquid supplied
from the common 1iquid chamber (not shown) for use of
discharge is filled in the discharge liquid flow path
523 which is conductively connected with the discharge

25 opening 521 directly. Also, the liquid for bubble
generation use is filled in the first and second bubble

generating liquid flow paths 524a and 524b, which are



present enbodi nent, the di scharge opening 521 is positioned on the
downstream side in the direction of - -
65 - the liquid flow wi th respect to the projection areas of

t he heat generating devices 522a and 522164 o-t he di scharge liquid
flow path 523. Al so, the sagged - portions 525c and 525d are sagged to
extrude to the 5 bubbl e generating liquid flow paths 524a and 524b

si des, respectively. In this state, when thernal ener gy S glven

h h d 5 d 52 he he
tggntergtti ng devgg‘tégggﬁ‘grathﬁggﬁggégfzb“@f%y%‘?%ﬁ’}é ae’i?las T 9 aces
th f, which t act th bubbl t ] d
the ait bunbl 654eRer BerRgeeivell! | g %%l%r%g%%%t%? Bl 430 '
bubbl e generat&ggs t%y %ﬁ%g%getghgfgﬁﬁ $HQQ|Eh airgééf Cigre the

pressure thus exer € genera ECOITES re waves to

propagat e bubb§§vsﬁnsgahéaﬂs'bﬂu'tﬂﬁ'ﬂeat genefg‘ellb#'b@é@l&?@eﬁﬁé Nghd i quid

fl ow paths 524a and 524 us acting upon The novabl e separation

films 5258 ands522b, re8B68titelyNi SIABLRES, ré é@ggeﬂepﬁiééﬁﬂﬁgé25c and
525d of the novabl e separation filnms 525a and 525b are I splaced in

the directionsiiqupdr £16wopathesh8ais sandwigRa@riey i tige deyblsbs 522a and
522b, that is, displaced in - the direction to allow themto cone
cl oser to eachgeneratinghkiquaddftawspdths B24ausiedtH24e and chetweeni qui d
fl ow path 523 side, respectively. Thus, the discharge 25 of liquid in
t he di scharge rtheguidschargpalhqe2d fiow path 523, and the bubble
generating liquid flow paths 524a and 524b, the movable
10 sepafation films 525a and 525b are arranged to face
each other to separate the discharge liquid flow path
523, and the bubble generating liquid flow paths 524a
and 524b from each other.. Also, the heat generating
device 522a and 522b are arranged to face each other.
15 Also, the movable separation films 525a and.525b are
provided with the sagged portions 525c and 525d which
are sagged largely on the downstream side where these
portions face the heat generating devices 522a and
522b, respectively. The movable separation films 525a
20 and 525b and the orifice plate 529 are closely fixed
each other. |
In the initial state shown in Fig. 18A, liquid in
the discharge liquid flow path 523 is sucked nearer to
the dischargelépening 521 by means of the attraction of
25  the capillary tube. Here, in accordance with the

present embodiment, the discharge opening 521 is

positioned on the downstream side in the direction of



initiated (see Fig. 18B). Then, when the air bubbles 526a and
526b are : - 66 - further

devel oped, the devel opnents of the air bubbles 526a and 526b are :
pronoted fromthe state shown in Fig. - g5 -18B. Along with this pronotion,
t he di spl acenents of t he sagged portions 525c and 525d of the novable
5 separation filns 525a and 525b becone greater (Fig. 18C). Here,
since the two novabl e separation filns 525a and 525b are arranged to
face each other, the propagating direction of the pressure exerted by
t he cr eathe:)nl:cqu:ai r£ lowb ticsh S8spentd 82 6he P1qjedicion @reassigdhi | i zed
state on the di scharge opening 521 side. After that, when the

ai r bubbl es 52w dmebtpinerating slgyires ﬁ?e’laj@&brft%?r%dtf(lﬂf 18C), the

di spl acenent anounts of sagged portlons 525c and 525d of the novabl e
separ ati on f|I¢ES@H§%9%UkFQHEﬁ)ﬁkﬁ%ﬂﬁ??ﬁm§? QE% y. Inthis

manner, the liquid is dlscharged

%e dlscha e 0 ng 521
(Fig. 18D). portions 5gh¢iapd 5232 %’Fer %?ﬁﬁﬁ" Y o ‘%5 btq?:ﬁ"e bei ng
di d, th b

L sappeared: At Mlen Lhe: Sl OUPRLGP 2R, ARZ ran ang O3S Dot

are restored to, position before displacenent by neans
of the %%?fv%e%?%%g%?gigxerted foll ow ng the contraction of

the air bubbles 5264, ? S ¥RLh fSePMaiénéBgyNPs given BHOERELY Of
t he novabl e separatloﬁgg ? éP%E%a and 525% 35 t ense %es (Fig. 18E).

In accordance whhh LBRePhESRY! a8UREEEENDa hhdi §22b, the heat

generating devices 522a and 522b are heated abruptly.
10 The surfaces thereof, which are in contact with the
bubble generating liquid in the air bubble generating
areas 527a and 527b, give heat to the bubble generating
liquid to generate bubble. At this juncture, the
pressure thus exerted by bubble genefationbecomes
15 pressure waves to prbpagate bubble generating liquid in
the bubble generating liquid flow paths 524a and 524b,
thus acting upon the movable separation films 525a and
525b. In this manner, the sagged portions 525c and
525d of the movable separation films 525a and 525b are
20 displaced in the directions to part from the heat
generating devices 522a and 522b, that is, displaced in
the direction to allow them to come closer to each
other, and caused to extrude to thé.discharge ;iquid
flow path 523 side, respectively. Thus, the discharge
25 of liquid in the discharge liquid flow path 523 is
initiated (see Fig. 18B).

Then, when the air bubbles 526a and 526b are



pessi bl e to enhance the discharge efficiency still nore

-67- by the application of energy used for the film

stretching, because there is provided the saggi ng portions as

descri bed above. (Ei ght h Enbodi nentgle -5 Figs. 19A to 19C are
cross-sectional views which illustrate the liquid discharge head in
accordance with an ei ghth enbodi nent of the present invention, taken
in the direction of the flow path thereof. As shown in

Figs. 19A to 19C, the liquid supplied 10 fromthe compn |iquid chanber
(not shown) fofuiEhepidevelopeqy ey davelonmenty of TR WS IBRRELS i qui d

fl yat h- 533 | ' duct.i vel ted with the disch

openi hg 531 di 7261 3pd A€tk ' T FHORATES - BhEHre Stete ShuRb R BH use | s
filled inth bt St bbl 15 . ' | i quid fl th
LS "sshe 108°C A0ha 5ot SO SrodShion SR AR ML o pothe
areas 537a andgp S?%%é%ﬁ%f%@ﬁ;e?ﬁ‘?lg“ T%g@p!ﬂigqﬂg;%%?g liquidis

caused to generate ermal energy is ven by neans

of the hegl gegepathefoderites $258 Al s76h beddfh: gresbeCtivaly. ~In this
respect,e?he discha?ggo fﬁ@liquid fIOM/patHESSS i% san mﬁ%%%%yby t he

bubbl e De0%! atébe | | Sihdk f R B hfoPldPe a8ep 23401 o NEh RRE Ween
the discharge liquid flow path 533, and the bubble generating liquid

f1 ow pat hs 534828a8dahd4H25b heravapbdgedSto faEPasath opthet stis5a and 535b
are arranged to face each other to separate the discharge liquid
fl ow path propagating direction of the pressure exerted by the
creation of air bubbles 526a and 526b is in the
10 stabilized state on the discharge opening 521 side.

After that, when the air bubbles 526a and 526b
begin to be disappeared (Fig. 18C), the displacement
amounts of sagged portions 525c¢ and 525d of the movable
separation films 525a and 525b become smallef

15 accordingly. In this manner, the liquid is discharged
from the discharge opening 521 (Fig.-lBD)._

Further, the air bubbles 526a and 526b are being
disappeared, and when the air bubbles 526a and 526b
have been disappeared completely,lthe movable

20 separation films 525a and 525b are restored to the
original position before displacement by means of the
negative pressure exerted following the confraction of
the aif bubbles 526a and 526b, as well as by the spring
property of the movable separation films 525a and 525b

25 themselves (Fig. 18E).

In accordance with the present embodiment, it is

possible to enhance the discharge efficiency still more



533, and the bubble generating liquid flow paths 534a

- 68 - and 534b fromeach other. Also, the heat generating

devi ce 532a and 532b are arranged to face each other. ~ Also, on the
di scharge liquid flow path 533 side of_-tge - novabl e separation filns
535a and 535b, there are 5 provi ded free ends 538c and 538c on the air
bubbl e generating areas 537a and 537b, and ful crum poi nts 538d

and 538d farther on the upstream side, while the novabl e nmenbers 538a
and 538b, which serve as neans for regul ating the directions in which
t hese nenbersbar¢he1@ppllaﬁ§pbaceﬁbEaerGYeU§edaﬁ9§dthﬁoﬁglmhe movabl e
separati on films 535a and 535b, respectively. The novable

separation fi lstFesshingnd bsgaysen ¥here éﬁlPF@Hlﬂﬁgtéhe saggingg are closely
fixed to each other he initial state shown in Fig. 19A

liquid in 15P°rqqﬂ9ﬁdﬁ§bﬁ§F§§lPFGuP§°VFOM/path 533 is sucked nearer to
t he discharge 1 ns of the attraction of t he
capillary tubé%%ﬁﬁpngﬁﬁ’ﬁﬁ%ﬁgg nce with the present enbodi nent, the
di schar 0& opem ng !131 | S 19A + ﬁ@%s%trl or&g}%S%n 9\ AL Si de# n the

I (? ow 3’t|6: areas of

di rection of Wit 15 resp e proje

the heat generﬁtmg@tz%eee aﬁlwﬁlémxfﬁ%e in_ acdlriERUGldaui d

fl ow path 533. S state ernal energy 1s glven to
the hegn & 'é&ﬁ)d&\{de?ﬁ_s ﬁ%@'ﬁﬂre’%ﬁﬁ: irRRrt8®¥n, 43ken in
generati ng devices 532a and 532b are heated abruptly. The surfaces

t her eof , whi cherd @31 Fb IR GE WH A1y path tHaHddf. generating liquid in
the air bubble generating -
As shown in Figs. 19A to 19C, the liquid supplied
10 from the common liquid chamber (not shown) for use of
discharge is filled in the discharge liquid flow path
533 which is conductively connected with the discharge
opening 531 directly. Also, the liquid for bubble
generation use is filled in the first and second bubble
15 _ generating liquid flow paths 534a and 534b, which are
provided with the air bubble generating areas 537a and
537b, respectively. The bubble generating liquid ‘is
caused to generate the bubble when thermal energy is
given by means of the heat generating devices 532a and
20 532b, tespectively, In this respect, the discharge
liquid flow path 533 is sandwiched by the bubble
generating liquid flow paths 534a and 534b, and between
the discharge liquid flow path 533, and the bubble
-generating liquid flow paths 534a and 5345, the movable
25 separation films 535a and 535b are arranged to face

each other to separate the discharge liquid flow path

533, and the bubble generating liguid flow paths 534a



--69 - areas 537a and 537b, give heat to the bubble generating
liquid to foam At this juncture, the pressure thus exerted by bubble
generation beconmes pressure waves to ~ propagat e bubbl e generating
liquid in the bubble 5 generating |iqé8d-fl ow paths 534a and 534b, thus
acting upon the novabl e separation filns 535a and 535b. In this
manner, the novabl e separation filnms 535a and 535b are displaced in
the directions to part fromthe heat - generating devices 532a and

532b, that is, diaglaced in 10 the direction to allow themto cone
closer to eactfnd 534b GfxpR eagh othefe (iAESRy JdoMeaENSGR NG di schar ge

00 10w ooh 022 4, PSP Bl (OB LAY e endh e oPen 0.

h , th | spl t f .15 t.he I | ' fil 5 d

Douever, he ephacaienl olsolitos WISl S BUOUI W Sig0 o0

(Fig. 198) Hergy,shilcesdlie-deas it sddie YIS chere MBAPETs 5382 and
on e u

538b are positione alr bbl'e generat’ing areas 537a and
537b, whide therdil §8dMrdd endPBIHS dite'RAfc At HOWded fitdher on the
upstream side, the novable separation films 535a and 535b are

di spl aced nor egérégetin@ratdes BBTSIAMBBIIBE ddBNEdlerum pointHIHRAM

si de. After that, when the air bubbles 536a and 536b 25
begin to be di aa@pe3Badfatticexliapl e g tream ndidef while tHdie novabl e
separation filnms 535a and 535b becone smal | er accordingly. In this

manner, the |imovable members 538a and 538b, which serve as means for
regulating the directions in which these members are
10 displaceable, are arranged along the movable separation
- films 535a and 535b, respectively. The movable
separation films 535a and 535b and the orifice plate
539 are closely fixed to each other.
In the initial state shown in Fig. 194, liquid in
15 the discharge liquid flow path 533 is sucked nearer to
the discharge opening 531 by meéns of the attraction of
the capillary tube. Here, in accordance with the
present embodiment, the discharge opening 531 is
positioned on the downstream side in the direction of
20 the liquid flow with respect to the projection éreas of
the heat generating devices 532a and 532b to the
discharge liquid flow path 533.
In this state, when thermal ehergy is given to the
heat generating devices 532a and 532b, the heat
25 generating devices 532a and 532b are heated abruptly.
The surfaces thereof, which are in contact with the

bubble generating liquid in the air bubble generating



--70 - di scharged fromthe di scharge opening 531. Then, when

the air bubbles 536a and 536b have been di sappeared conpl etely, the
novabl e separation filns 535a and 535b are restored to the original
position before 5 di spl acenent (Fig. 639C). In this respect,
for the present enbodi nent the description has been made of the
exanpl e in which the novabl e nmenbers are provided both for the two
novabl e separation filns. However, it may be possible to 10
‘arrange the novabl e nenber only for one of them In this case, it
becones possi l%eaD 3A arh SR . advieg heat to fthe pubblec gepsraténgt he two
novabl e separatjon filns nore appropriately for the further

stabilizaticn1%ﬁq“id to ﬁﬂQHﬂumﬁﬁlﬁ?#ﬁ ﬂ@&ﬁﬁﬁ{e' © pressurg fhuspy the
[l QUi 3 overerfRRARRdY BUBbI SSNAEA USSR BRASEIR MY ED
Croast alks. as RETRSRHH AR SR iR, 3 B Y DL oo
Tovabl o opar A i 0 Sl B PN 53dn andlsddif THADSRTRPET AN

(Ninth Embodi Njgn the movable dedfirati UG 19 s GHRESIRLLI apal Vi ews
which 25 ilTustrate the Iiquid discharge head in accordance wth

a ninth enbodi¢eid Winddie, PEIRS @bvdBIE Hdpvatide Eills 535a drde sd5ecti on
of the flow path thereof. _

are displaced in the directions to part from the heat
generating devices 532a and 532b, that is, displaced in

10 the direction to allow them to come closer to each |
other. Thus, the discharge of liquid in the discharge
ligquid flow path 523 is pushed out from the liquid
discharge opening 531 of the discharge liquid flow path
533. At this juncture, however, the displacements of

15 the movable separation films 535a and 535b are
regulated by means of the movable members 538a and saéb
(Fig. 19B) Here, since the free ends of the movable
members 538a and 538b are positioned on the air bubble
genefating areas 537a and 537b, while the fulcrum

20 points thereof are provided farther on the upstream
side, the movable separation films 535a and 535b are
displaced more largely on the downstream side than the
upstream side.

After that, when the air bubbles 536a and 536b

25 begin to be disappeared, the displacement amounts of

the movable separation films 535a énd.535b becone

smaller accordingly. In this manner, the liquid is



- 71 - As shown in Figs. 20A to 20F, the liquid supplied

fromthe comon |iquid chanber (not shown) for use of di scharge is
filled in the discharge liquid flow path 543 which is conductively
connected with the discharge 5 opendi mP 541 directly. Also, the liquid
for bubble generation use is filled in the first and second bubbl e
generating liquid flow paths 544a and 544b, which are provided with
the air bubble generating areas 547a and 547b, respectively. The

bubbl I L iquid i 10 ( dt erate the bubbl e when
tﬁernglggzgiggaggCnggég é?Q@ntﬁﬁ ﬂigﬁégéﬁe? _gﬂﬁéf §%%e§é¥$%©rd%w¢%ef_5423
d 542 tively. t hi ect, the discharge I qu
flow path 543 FRsanBupthBaes,Sehe BBoFes have e miﬁwd ow
ths 544 d b L [ Lol at ,
Bnd the bubbl cooneRetaly, ETREvatte, sebafaflaf &8s S % p PR

movabl e a§§p§é§%59ﬁgfgbnﬁﬂé4§fi¢fgaf§§$ffffbﬁfééﬂ&ﬁg to face

each other to separate t I scharge T1 qui ow pat 543, and the
bubbl e geger at gngphh8dndnt! Pigatfscp44a 20 - and 544b from each ot her.
Al so, the heat generating devi ce 542a and 542b are arranged to face

each ot her. AhsenhikheespattJenst ath80pHeyeRe afisedimedt Mged on
t he downstream si de than the heat generating device " 542b. Al'so, the

nmovabl e separ atiesoripkien548a BednSdalle 36 the aggampbe Oin fuikEck| i€ 549 are
closely fixed to each ot her. In the initial state shown
in Fig. 20A, |mnguebdlgnmembers are provided both for the two movable
separation films. However, it may be possible to
10 arrange the movable member only for one of them. 1In
this case, it becomes possible to implement balancing
the displacements of the two movable separation films
more appropriately for the further stabilization of
discharging direction.
15 Also, bf the provision of the movable members, it
is possible to suppress the liquid movement to the
upstream side, thus implementing the enhancement of
refilling characteristics and the reduction of
crosstalks as well, among some others. Such effects as
20 fhese bedome more conspicuous when two sets of the pair
of the movable member and movable separation film are
arranged to face.each other.
(Ninth Embodiment)
Figs. 20A to ZOF are cross-sectional views which
25 illustrate the liquid discharge head in accordance with

a ninth embodiment of the presént invention, taken in

the direction of the flow path thereof.



-72- the discharge Iiquid fIOM/path 543 is sucked nearer to

t he dlscharge openi ng 541 by neans of the attraction of - the capillary
tube. Here, in accordance with the ~ present enbodi nent, the discharge
opening 541 is 5 positioned on the. dppnstream'side in the direction of
the liquid flowwith respect to the projection areas of -t he heat
generating devices 542a and 542b to the di scharge liquid flow path
543. In this state, when thernmal energy is given to the 10
heat generating devices 542a and 542b, the heat gener ati ng devices
542a and 542b are hesasbhdwabinpFigs. 20A toTReFsutheckiquhdreopplivwdch are
in contact wth the bubbl e generating liquid in the air bubble
generating from theagoBugn éh@u§d7§ha@b9§ heat $b°Whé fopbneegefier ati ng
15 liquid to generate the_ bubble(Fig é At juncture, .

the pressure @hﬁ§hé¥§?té§ Eilpadpie the dlsg ﬁéﬁat%bﬁubecéﬁey B?Egsure

waves to propagate bubb eneratlngg gald 8 Eﬂe Hubb generatlng
: pbRSt

liquid flow thﬁph§55ﬁ28d3ﬁﬁ B%A¥ CPR ESHBRA

ti f 945 d ,545b t of th
movabi e Separ GPRBRAE; AL 3E8eKia-Saps3. "WRALaghif fox pRoBSR act wiin
Lhe air bubbl & AgBgkaRHGep 1o £131RA0 R4 TR0 247 MaokE pabLARRTLI 1 e

directions to gener afing devices 8 and 542b.

5 siiTs | BRI B, e s %ﬁsgggﬁg?;gﬂagsn g L
provided with the air bubble generating areas 547a and
547b, respectively. Thé bubble génefating liquid is

10 caused to generaté the bubble when thermal energy'is
given by means of the heat generating devices 542a and
542b,'respectively. In fhis_respéct, the discharge
iiquid flow path 543 is sandwiched by the bubble
generating liquid flow paths 544a and 544b, and between

15 the discharge liquid flow path 543, and the bubble
generating liquid flow paths 544a and 544b, the movable
separation films 545a and 545b are arrénged to face
each other to separate the discharge liquid flow path
543, and the bubble generating liquid flow paths 544a

20 and 544b from each other. Also, the heat generating
device 542a and 5425 are arranged to face each other.
Also, the heat generating device 542a is arranged on
the downstream side than the heat generating device
542b. Also, the movable separation films 545a and 545b

25 and the orifice plate 549 are closely fixed to each

other.

In the initial state shown in Fig. ZOA, liquid in



- 73 - The air bubbl es creafed on the entire surface of

t he heat generating devices 542a and 542b are devel oped
present thenselves in the formof film (Fig. 200

The

rapidly to
expansi on of

the air bubbles 546a and 546b 5 brought_about by the extrenely high
pressure exerted in the initial stage causes the novabl e separation
films 545a and 545b to be further displaced. In this manner,

path 543 from

t he di scharge opening 541 is in progress. 10 After that, when the
ai r bubbl es 5#Be dhdcbdfgealiquid flowupahbr548visopedkedhreaneabte
separation filns 545a and 545b are further displaced, while acting
upon each the dikeharge ohepingy>4ihby| mgand ¢fi the artrhatyen| ofiuid .

the discharge of liquid in the discharge liquid flow.

flow path 543 noves directly to the di scharge opening

15

541 si de.

Wth the provitBRoRapiliasl FubeessHPRewhiBhacrerdance wiEhakhe separation
I ng_direction on

geﬁlﬁsto t he

t he di schar

filns 545a and 545b are, displaced jn _. C
hentthe, g4 scbAzor; gueatas

‘the downst r eaRFEFGRTs§TREAL

di scharge openi.ng, .20 541.side, the dischgrge effici,ency. is enhanced.
veror 08 “PgeldriBRea of ' theLAPEREEEaR; FORST IPtls: BRPGRIOT o

face each oth tl ..t h l g s rat] . ' 545a
and 5455 can o5pararet, FiRv. dethofRIBLRY Co"eR Brbffiorion, sraab Re™ %
di scharge effigi.e : ; ; o] C i h ent
enbodingnt, tﬁgb heat gﬁggfaﬁéﬁ rg%?ﬁgggeégggsSgﬁggagﬁd%ggggéare arranged
to be gischargl fligdimogbwopatnlBasefore, the novable

In this state, when thermal energy is given to the

10 heat generating devices 542a and 542b, the heat

generating devices 542a and 542b are heated abruptly.

The surfaces thereof, which are in contact with the

bubble generating liquid in the air bubble generating

areas 547a and 547b, give heat to the bubble generating

15 liquid to generate the bubble(Fig. 20B).

At this

juncture, the pressure thus exerted by bubble

generation becomes pressure waves to propagate bubble

generating liquid in the bubble generating liquid flow

paths 544a and 544b, thus acting upon the movable

20 separation films 545a and 545b. 1In this manner, the

portions of the movable separation films 545a and 545b,

which are in contact with the air bubble generating

areas 547a and 547b, are displaced in the directions to

part from the heat generating devices 542a and 542b.

25 Then, the discharge of liquid in the discharge liquid

flow path 543 is initiated to'be made from the

discharge opening 541.



--74 - ' separation filns 545a and 545b are displaced al ong such
shifted positions to enable the area having a greater fl ow resistance
to be longer. As a result, the movenent of liquid to the upstream
si de becones 5 relatively smaller, wWhigh effectively contributes to
liquid refilling in the nozzles, particularly to the di spl acenent
areas of the novable separation filns 545a and 545b.
After that, when the air bubbles 546a and 546b 10 begin to be
di sappeared, the displacenment anmounts of the novabl e separation
films 545a and 545bThecaine bubbles seedierd scomorhi mpYdire rsuhfacereher, the
liquidis di scharged fromthe discharge opening 541 (Fig. 20E)
Then, when t hethe rheabhyeresaeing iewuss 42 rrt 544p are|i
conpletely, the novable separation filns i 545a and 545b are restored
to the origi naFapbdlyi bp present sehepgelyes| iR it fom P£ 2Hm (Fig.
In this respec or the present enbodinent, th eat generating
devi ce 542a isﬁg?Sangﬁﬁef FRFRFLIOR Phetheo@ir ?ﬁkﬁ%ﬁ?eﬁﬁgéi t}BP t he heat
generating devjge 543D.. wever. th resent_invention is nof
necosoar Ty - bEGudhE abane by T SRk etche hEFF hriiie e Sadiin
effects as tho d i bed e.ar bLal NRGY £n1 . heat
generating dev?ggsgéﬁégggn%§€§§bcé?%egrégﬁged §B%§ gg%%%?ﬁ&?% E%ﬁ?%ed
positions.  s545a and S488 t8YpsNEhtLigrt BEshIRELE. JeneT ali Onhdid, Of
t he heat generating devices 542a and 542b from each

the discharge of liquid in the discharge liquid flow

path 543 from the discharge opening 541 is in progress.

10 After that, when the air bubbles 546a and 546b are

further developed, the movable separation films 545a

and 545b are further displaced, while acting upon each

other. In this way, the liquid in the discharge liquid

flow path 543 moves directly to the discharge opening

15 541 side.

With the provision of such process in which the
movable separation films 545a and 545b are displaced in
the discharging direction on the downstream side so as
to move the liquid directly to the discharge opening

20 541 side, the discharge efficiency is enhanced. Here,
since the two movable separation films are arranged to
face each other, the actions of the movable separation
films 545a and 545b can cooperate with each other to
further enhance the discharge'efficiency.

25 In accordance with the present embodiment, the
heat generating devices 542a and 542b are arranged to

- be in the shifted positibns. Therefore, the movable



- 75 - other, it may be possible to inplenent the reduction of
energy loss with respect to the upstream side, and the enhancenent of
the refilling characteri-stics as well, anong sone others. 5

Now, hereunder, the description will be made of t he enbodi nents in
whi ch the bubbl e generationti mng of the heat generating devices is
shifted fromeach other. (Tent h Enbodi nent) Figs. 21A to
21D are cross-sectional views mhich 10 illustrate the Iiquid discharge
head in accordance with th enmbodi ment of the present invention,
taken in seppratippetiling 5@5?h§n¢l6ﬁﬁbaﬂﬁetﬂb$ﬁb$ce¢d%%PDGHQ%Ch

22A and 22B ar | ustrate_ the displacenent timng of
t he movabl e s§§é¥t?$§ﬂ°??Fﬁ%n§ntﬁc%B?Bﬁﬁc helﬁgeawP?ﬁl?ﬁealgﬁ%?Ber

he. df spl Acenehom PRecsranhe co' B \Gigar: o 2a,4 ePBKE! (FFsas0, and Fio

22B shows themovem%gtdh§pi§&ﬁﬂgn£ot%g% nggﬁ%gﬁ ?ﬁ bbgcgﬁggratlon film

555a. 20 own rn Figs I|qU| Suppl i ed _
fro”‘theSCO”“PEIB%ﬂUéQyCQQQQQér§nQﬁléﬁoﬁ@¥e£9£v8§§3 ontx uteg é%harge IS

filled in the discharge liquid 1low pat I'S conductively

connected withigligadireehal§8g in theOHBBtmes55ﬁa£ltiéﬁi£¥1yA£éOthéhe l'i quid
for bubble 25 generation use is filled in the first and second bubbl e

generating |idispglatemenst Aseb54afatle5hdbablbi sBparetion filpsogiased with
the air bubble generating areas 557a and
and 545b. -

After that, when the air bubbles 546a and 546b
10 begin to be disappeared, the displacement amounts of
‘the movable separation films 545a and 545b become
smaller accordingly. In this manner, the liquid is
discharged from the discharge opening 541 (Fig. 20E).
Then, when the air bubbles 546a and 546b have been
15 disappeared completely, the movable separation films
545a and 545b are restored to the original position
before displacement (Fig. 20F)
In this reépect, for the preseht embodiment, the
heat generating device 542a is arranged farther on the
20 downstream side than the heat generating device 543b.
However, the present invention is not'necessarily
limited to this positional arrangement. The same
effects as those desciibed above are obtainable if only
the heat generating devices 542a and 542b are arranged
25 to be in shifted positions. |
Also, by shifting the bubble generationtiming of

the heat generating devices 542a and 542b from each



- 76 - 557b, respectively. The bubble generating liquid is

caused to generate the bubble when thermal energy is gi ven by neans
of the heat generating devices 552a and 552b, respectively. In this
respect, the discharge 5 liquid floowspath 553 is sandw ched by the
bubbl e generating liquid flow paths 554a and 554b, and between

the discharge liquid flow path 553, and the bubbl e generating liquid
fl ow pat hs 554a and 554b, at | east parts of the displacenent areas of
the novable 10 se aration filns 545a and 545b are arranged to face
each ot her td°§@%5 BR% @FsE?&ﬁtR4¢lEﬁu%WP¥%WP%BtHhe reduction @fid t he
bubbl e generatln uid f| ow pat hs b_.from each other.

Al so, the heaf™ g??ﬁ with esE@ﬁFCEOS%?% %ﬂﬁtﬁ%ﬁ% %}%ear?%ﬂgEﬁeto face
each ot her Also ating devigce 552a is_arr ed on

t he domnstreaﬁgg?%%eTﬁ%ﬁ ? @%%afggtﬁg %Qlﬁﬁaﬁﬁef%ﬁlsglcs 385%p angs shown
in Figs. 22A gp 2 h ener gy for use of bubble generation is
at first given ?n& %Emé 8&H@£ﬁéat generating device 552b, and then, with a

slight g0 del auo thﬁégg{x)?&éfr9¥héSdQéc‘f?ﬂP{:ﬁ?oﬁhﬁiffaBegrﬁg éaég%b

devi ce 552a. Al so, e separation

the orifice ptﬁéeeé§8d§h8n8£0§ﬁlNhibﬁeéhéobubble géﬁéha€i83£l in
In the initial state shown in Fig. 21A, liquid in 25 t he %ls%harge

liquid flow pghl h83ti gefidekeingcaeeicés is shirtbe dréﬁhaagﬁ 88R8FNY 551
by neans of .the attraction of the capillary tube. Here, in
accordance w {flehbth Embodiment) - 77 -

Figs. 21A to 21D are cross-sectional views which

10 illustrate the liquid discharge head in accordance with
a tenth embodiment of the present invention, taken in
the direction of the flow path thereof. Also, Figs.
22A and 22B are views which illustrate the displacement
timing of the movable separation films in accordance

15 with the liquid discharging method represented in Figs.
21A to 21D: Fig. 22A shows the displacement time of the
movable separation film 555b; and Fig. 22B shows the
displacement timing of the movable separation film
555a. |

20 As shown in Figs. 21A to 21D, the liquid supplied
from the common liquid chamber (not shown) for use of
discharge is filled in the discharge liquid flow path
553 which is conductively connected with the discharge'
opening 551 directly. Also, the liquid for bubble

25 generation use is filled in the first and second bubble
generating liquid flow paths 554a and 554b, which are

provided with the air bubble generating areas 557a and



present enbodi nent, the di scharge opening 551 is positioned on the
downstream side in the direction of the liquid flowwth respect to
the projection areas of 5 t he heat generating devices 552a and 552b to
t he- discharge liquid flow path 533.9¢ . In this state, when
thermal energy is given to the heat generating devices 552a and 552b,
t he heat gener ating devi ces 552a and 552b are heated abruptly. 10
The surfaces thereof, which are in contact with the bubbl e
generating liquid in the air bubble generating areas 557a and 557b,
give heat to t&87bubbéspgebivalyng The bubblgugenévatinagn 1Muidi $sjuncture,
I n accordance with ~ the present enbodinment, the arrangenent is made
so that 15 cahsedatoegengyaterthebbhlbblenehani theomali enargyi ist

given to the heat generating device 552b, and then, ) wth a slight
del ay, thernmal 9éWeRghyi Begnsenft Bhenpeat generahingefeyiEefigo8ddi erds552,.
Therefore, an giLr. bubble Is created at fi in the air bubble

| 546b t
generating 20°°2Pa; E8SBSSLIBRLY he ﬁ%afhbﬁnﬁ?ﬁP?ﬁﬁ'dEégcgiBGEBFgeThus,
th b ti fil 5p_js.displ d t h i sch
[ quid 11w palhassd 2igs BaFRopsensr. sanawicned byPehm BpboBsas s or cat od
in th i r bubhl ti , 5 t ' devi
7 L0 11 DGl RN Lhyso, rouThEESIaTohATSRAB! HRASHEL LY

_ tHe’ separdtion frim diI'sp dto
the d'S%BgraﬁsEhQHgQ ikgﬁ&ﬁakﬁo§5éa§hd85§5'QndZ%ﬁé-bhﬂble this
way, it is possible to reduce e novenenht of
- 78 - .

generating liquid flow paths 554a and 554b, at least
parts of the displacement areas of the movable
10 separation films 545a and 545b are arranged to face
each other to separate the discharge liquid flow path
553, and the bubble generating liquid flow paths 554a
and 554b from each other. Also, the heat generating
device 552a and 552b are arranged to face each other.
15 Also, the heat generating device 552a is arranged on
the downstream side than the heat generating device
552b. As shown in Figs. 22A .and 22B, thermal energy
for use of bubble generation is at first given to the
heat generating device 552b, and then, with a slight
20 delay, thermal energy is given to the heat generating
device 552a. Also, the movable separation films 555a
| and.555b and the orificé plate 559 are closely fixed to
each other.
In the initial state shown in Fig. 21@, liquid in
25 the discharge liquid flow path 553 is sucked nearer to
the discharge opening 551 by means of the attraction of

the capillary tube. Here, in accordance with the



liquid in the discharge flow path 553 to the upstream side in order
to enhance the discharge efficiency. When t he novabl e separation
fil m555a has been : di spl aced to the discharge liquid flow path 553
side so 5 as to stretch it to the magynum the novabl e separation

fil m555b has al ready begun to contract. Therefore, liquid is sucked
nore fromthe upstream side than from t he di scharge opening 551 side,
hence contributing to t he enhancenent of refilling effectively (Fig.
21C). 10 After that, when the air bubbles 546a and 546b

begi n to be diprgserdr ebodiamedits pitheeddschamgenbpenfing 551 tilse novabl e
separation filns 545a and 545b becone smal | er accordingly. In this
manner, the | FQ§iidicned on tiies downgdadepmosidge ini tbgadjerestdonn@f541 (Fi g.
21D). 15 In this respect, the node, in which the portion of

t he novabl e separation filmon the dowmstreamis di spl aced to the

di scharge openi.ng .si de ativel | arger than that of the upstream
side with resgz&et lr]t?‘ud’ ?lowt I"i’é‘%i aﬁsgeﬂtoﬁodfcﬁ’&cpﬂs%eﬂ?lﬂ‘?e ageash &fge
liquid flow i ne of, th r ef-er abl s ,emhodyi ng t he
present Fﬁvenﬁﬁ%ﬁLh%Egugﬁﬁé}%%%npédﬁglggguﬁ 2?5?8 dg%% to t he present

i nvention is Séﬂ%£9é1¥$§ﬁ¥%h%l%ﬁg%ath 553.described above.

{
For exanple, the no ich't portions of 25 t he novabl e

separation films onyd hé o WSS AR thermal-‘lé%%tzrg@amsSigq%na% {nep! aced
al nost the sanme in the - -
heat generating devices 552a and 552b, the heat
'generating devices 552a and 552b are heated abruptly.
10 The surfaces thereof, which are in contact with the
bubble generating liquid in the air bubble generating
areas 5357a and 557b, give heat to the bubble generating
liquid to foam. At this juncture, in acéordance with
the present embédimeﬁt, the arrangement is made so that
15 thermal energy for bubble generatibn use is at first
given to the heat generating device 552b, and then,
with a slight delay, thermal energy is given to the
heat generating device 552a. Therefore, an air bubble
546b is created at first in the air bubble generating
20 area 557b on the heat generating device 552b. Thus,
the movable separation film 555b is displaced to the
discharge liquid flow path 553 side. After that,.an
air bubble 556a is created in the éir buﬁble generating
area 557a on the heat generating device 552a to enable
25 _the movable separation film 555a to be displaced to the
discharge liquid flow path 553 side (Fig. 21B). Iﬁ

this way, it is possible to reduce the movement of



processes after the one represented in Fig. 16E, is also within the
scope of the present invention. Al so, a higher thought of the
present invention is that it should be good -enough if nmeans for
enhancing 5 t he di'scharge force aresguch that at |east a part

t hereof to face each other, and then, one is neans for di schar gi ng
to guide the devel opnent of air bubble to t he di scharge opening
side, and the other is neans for - formng air bubble for use of

di scharging. 10 Wth such higher thought in view, it should be
good enough i}igulg infthe ndiseharge gkrmum*@hf%ﬁ ato the ups¥xeamre or for
the devel opnent of air bubble to the di scharge opening side in
relation to t®&A¢|1m @rdefeto enhange (thyybischaxrgs reffigiengherefore, the
following 15 conbinatjons can_be |isted annnglsone ot hers:

(1) A nethod or an"Bppabhemoyahle pieparagion £ mc§§§§wﬁ?ﬁrﬁﬁ?$ whi ch the
d | d b bl ded
with the aﬁéﬁalgpfaceéOﬁ%”eﬁ%nw?‘?%ﬁg%nﬁl%ﬁ F TR v S 707 r 458 246 1 he
20 . d
o " Steietlcs ) oos,Unc gelelopeg bbb L KEBELDY Wcion 0

(herei nafter kgigr 569yl Aa8sal PBady oBediin 85 oontrage a0kOrOR-a] | cas!

partly. an appar at us T hat perforns

di scharge in whgahat he §ﬁ§ﬁéétmeﬂeff£6hdﬁﬂé|QQQQrQHm side tRBANSré&h air
bubbl e to the di scharge opening side, which is forned by the -

orientation othehaigthakgeespshing 551 side, hence contributing to - 80 -
of the separation filmto the discharge openi ng side
the enhancement of refilling effectively (Flg. 21C)

10 After that, when the air bubbles 546a and 546b
begin to be disappeared, the displacement amounts of
the movable separation films 545a and 545b become
smaller accordingly. In this manner, the liquid is
discharged from the discharge opening 541 (Fig. 21D).

15 In this respect, the mode, in which the poftion of
the movable separation film on the downstream is
displaced to the discharge opening side relatively
larger than that of the upstream side with respect to
the liquid flow direction in the discharge liquid-flow

20 path, is one 6f the preferable modes embodying the
present invention. However, it is to be understood
that the present invention is not limited to the mode
described above.

For example, the mode, in which the portions of

25 the movable separation films on the downstream and

upstream'sides are displaced almost the same in the



(hereinafter referred to as the structure C, the details of which

w Il be described |ater) and the © portion that contributes to the

di scharge of air bubble 5 by neans of created filmboiling (hereinafter
referred to as the structure D) facggeach other at |east partly.

(3) A nmethod or an apparatus that perforns di scharging in which the
devel oped separation film obt ai nabl e by form ng the structure C
descri bed above 10 by the novabl e nmenber havi ng t he above-nenti oned
free end (hereinafter referred to as the structure E) and t he
structure D de®EPCEEFeghafECratbecarh BFHEPSGPtEd in FigasitBarisy.

(4) A net hod or a rat us that rforns di scharging in which the
"the structure®AS Qnﬁp§$ﬁﬁcF§F scop °fC¢B@sEF?E@BtabBV%ntb?n“the structure
A and structure D bove" - face, each other at |east partly
(Exanpl es of the Seplsgflgn #gh ﬁPngﬁlgg gh?hgresen% lﬁyﬁeﬁf?ﬁngﬁf the

Present | nventi.pn) 1%? uld bekg Shngkgﬁﬁ% %Qe ggﬁgrgg# HPﬁﬁék be made of

t he exanpl es e separ |on e use

present igvent g @&s@ﬁ be 0 Fi 2 23E, Figs.
24A to 24E and Figs. 25%&-&3 Qrala oS5 such that at A8st %AE%?Ete the |

exanpl es of thehe2®or to Fdd ehaﬁhawbeg gﬁahfeﬂeﬁppbhaa%e gnghf present
i nvention. The discharge opening Is arranged in por I on of

the first |IquﬂdsbhﬁWgﬂ&bhtoC?u&Hé the development of air bubble to -

81 - upstream side of the discharge opening (wth respect to
the discha:ge opening side, and the other is means for
forming air bubble for use  of discharging.

10 With such higher thought in view, it should be
good enough if only a facing area is provided for a
structure or for the development of air bubble to the
discharge opening side in relafion to the film or the
air bubble itself. Here, therefore, the following

15 combinations can be listed among some others:

(1) A method or an apparatus that performs
discharging in which the developed air bubble formed by .
the first movable member provided with the above-
mentioned free end (hereinafter referred to as the

20 structure A) and the developed air bubble formed by the
second movable member provided with the above—mentioned
free end (hereinafter referred to as the area B) face
each other at least partly.

(2) A method or an apparatus that performs

25 discharge in which the separation film developed by
means of air bubble to the discharge opening side,

which is formed by thg orientation of theldisplacement



the flow direction of discharge liquid in the first liquid flow

path), there is arranged the displacenent area of the novabl e
separation filmwhich is 5 di spl aceabhl e in accordance with the

devel opment of a created air bubblgp -Also, the second liquid flow .
pat h contai ns bubble generating liquid or it is filled with
bubbl e .generating liquid (preferably, capable of being refilled or
nore preferably, capable of noving bubble 10 generating liquid), which
is provided with the air ] bubbl e generating area. I n
accordance wi®h Thesserarption Hblm ¥o el discharge pprning mjidgea is al so
positioned on the ugstrean1zone than the di scharge opening side with

respect to thEPeTgInariey, referred otp AS (e FEEPEFYER |G quFhe descri bed
b . | ddi t | ,th t] filmi de | th
fhe Tength o eHREEF cof PabtERuE T o8 IfHenipdh, FrfBef et Ule, "F0, 1 (e
i r bubbl | | | | he, | )
Fowever . wi trPe5ebofiBeREEeabhfieds o che MPHASAE ! I RIS 2 08

separatign fiL{ means ofh?f%ﬂtg§ Piﬂﬂiﬁ§?h¥ﬂ$rkﬁbféfﬁﬁ&f&?i#é%bff&’ shown)

bet ween the end portion o e el ectrotherma transduci ng devi ce on

the upstream gbdgsatHe! S€rGOBUPE D) face!ddth botherbet pdadbepdi¢sy. liquid
flow path or 25 preferably, on the aforesaid end portion on the

upstream si de. The(8fonemethed esscanh i @pdP@eEs | thabi sérforms the

separation filmcan nove is readily understandabl e

- 82 - disthanygihg irpwkieht theé olevéldp@l. s@PdraOidBEEi mgs. 24A
obtainablé by forming the structure C described above

10 by the movébie member having the above-mentioned free
end (hereinafter referred to as the structure E) and
the structﬁre D described above face each other at
least partly.

(4) A method or an apparatus that performs

15 discharging in which the "the structure A and structure
C described above" or "the structure A and structure D
described above" face each other_at least partly.
(Examples of the Separation Film Applicable télthe
Execution of the Present Inventioﬂ)

20 Hereinafter, the description will be made of the
examples of the separation films to be used for the
present invention as described above.

Figs.'23A to 23E, Figs. 24A to 24E and Figs. 25A
to 25C are views which illustrate the examples of the

25 liquid discharging method applicable to the present
invention. The discharge opening is arranged in the

end portion of the first liquid flow path. On the



to 24E and Figs. 25A to 25C Each state of the novable

separation film represented in Figs. 23A to 23E, Figs. 24A to 24E and
5 Figs. 256A to 25C is the elenent that represents all of t hose
obtai nable fromthe elasticity of the np®able separation film
itself, the thickness thereof, or any ot her additional structures to
it. In this respect, as the structures that 10 specifically
i mpl enent t he above-nenti oned di spl acenent processes which are
characteristics of the presen i.nvention, the follomnn enbodlnents
can be |isted JRFtreanm éﬁéﬁlQﬁn#ﬁﬂ|Qi?CQﬂﬁﬂ%|QHﬂﬂ g ﬂﬁﬂgb ﬂ?ﬁ ent

i nvention incl des t her, strug es under t,
above- nent i oned d 'f ‘%/lC Jr%‘?"ﬁtjp%cet[ sscéle‘{"r{goe l\gg Wi te;lived1 the fla/ﬁtt hin the

range of the tgg g#gg; ¥%fq&1 1
Here, the repres%mfatlve ruc ura exélr?plagro é%%ap?g%ra us is |

described in Md@f‘cﬁxe\fmxﬁ&éﬂﬁ FHé‘ﬁé‘:‘Etl&Q £ilo WMEMWH G The term
"directional regulation” referred her eunder 1 ncl udes such

constituents agis Eaceable £ ratsddsdariie tmm|®v%ﬁﬂ@rbf idmitself
(for exanple, the distribution of elasti.c nodules, and the

conbi nati on ofcf@@t@@raiﬁrlsumﬂsm praksst tHe saéas_cmctmmlc%flow def# mat i on
and non-deformation, anong sone others) or addi ti onal nenbers that

act upon the noeabéinsepabble qgenerating iliguwid somel otieerf iohablvel thenber s
descri bed earlier, - 83 -
whi ch enbody thubblesgemerabing i biqwid t(rrefexrhly e capable mHirdRingt he
first liquid flow path or the |ike, as
refi led or more preferably, capable of moving bubble
10 generating liquid), which is provided with the air
bubble generating area.

In accordance with this example, the air bubble
generating area is also positioned on the upstream zone
than the discharge opening side with respect to the

15 flow direction of the discharge liquid described above.
In addition, the separation film is made longer than
the length of the electrothermal transducing device -
that forms the air bubble generating area, which is
provided as the movable area. However,'with respect to

20 the flow direction described above, the separation film
should be provided with a fixed portion (not shown)
between the end portion of the electrothermal
transduding device on the'upstream'side and the common
liquid chamber of the first'liquid flow path or

25 preferably, on the. aforesaid end portion on the

upstream side. Therefore, the essential range in which

the separation film can move is readily understandable



wel | as any others formed by the conbinati ons of these el ements. 5

(First Exanple) Figs. 23A to 23E are cross-sectional views

whi ch illustrate the first exanple of the liquid discharging

met hod applicable to the present inventiogg {aken in the direction of
flow path thereof, (the case where the 10 displacenent process of the
present invention takes" place fromthe mdway of the discharging
process). As shown in Figs. 23A to 23E, in accordance wth

the present node, the first |liquid supplied for_the first conmon

li quid chamber £323 fthef Ffepﬁaseﬁtﬁﬁeom PEtFigs. 23R FRi #3F) ofitgat 2983 which
Is directly conne%ted t he dlscharge opening 201. Also, in the

4E PPSWF&SFh 282 WRi eRCrs provided with the air bubble
generating area 207 e |Li UId ubbl enerat i use is filled,
which is caused to 5§ﬁgr§F8 Fh@fbgbﬁlg°véglg Sﬁﬁgﬁa?ﬁ%?nﬁflﬁnergy is given
by neans of the _heat gener at evi 202 ect bet ween
Che (1 EEBERYaPEoR 30 BABR- 2090 PRE. cBioRy PR Fa FRELF

path 204, ga no agat L 054} r d arate them
from each otheFﬁBEe %%Rtﬁg %gga%F %hé élbﬁ%@%a?ﬁ??oﬁéﬁr?seﬂﬁﬁ %ﬁg éﬁ
orifice plate 283saf @btainable! 26y theX8la¥tiBie3CB£0thE! moPsbRer eSUl L,
there is no possibility that liquids in each of the flow paths

- 84 - sepadationned 10 iBeelifXedhe thickness thé?eotheoﬂnaﬁ§|6.
separation film 205 i s not

other additional structures to it.

second liquid

In this respect, as the structures that
10 specifically implement the above-mentioned displacement
processes which are characteristics of the present
invention, the following embodiments can be listed for
illustration; additionally, however, the present
invention includes any other structures under which the
15 above-mentioned displacement processes can be achieved
within the range of the technical thought of the
present invention.
Here, the representative structural example of the
apparatus is described in accordance with the present
20 invention. The term "directional regulation" referred
to hereunder includes such constituents as the
structure of the movable séparation film itself (for
example, the distributioh of elastic modules, and the
combination of the portions that present the stretching
25 deformation and non-deformation, among some others) or
additional members that act upon the movable separation

film or some other movable members described earlier,



provided usually with any directivity when it is di spl aced by the

creation of air bubble in the air 5 bubbl e generating area 207. In
sone cases, the novable separation filmmay be - di splaced rat her

toward the common |iquid chanber si 88 where a hi gher degree of
freedomis avail able for displacenent. For this exanple,-
attention is given to this 10 novenent of the novable separation film
205. Means for - regul ating the displacenent is provided for the
novabl e egparation film 205 itself, which may act upon it

directly or indf [qboge: fFhen PTESERts oot ionc T the St%ﬁ&ﬁHFeit i s made’

possible to dirgct t di,spl acenent, ., 13 of the.nmovable separation film
205 resul ting ff?)gr%e[é;}y the af%fts ab‘il&‘flgf £4op B&%BI 8%t %L‘Fhilgfascﬁﬁrge
openi ng si de. I ienitial iLa:Eiq. 23 Liquid in
the first qumW?H%(%ﬁ Sgghcg6§ggéfgh%%gdbiég%%r%pgwgﬁénghg Q%dﬁggﬁgrge
openi ng 201 by JRAehiQf. the attraction of the 20 capillary tube. - Here,
i n accordance with the present exanpl e, the discharge opening 201 is
posi tioneg on tfErst ExanfW)streamside in the direction of the liquid

fl ow Wi th respect to the projection area of the heat

generating device 2@ids t2Ba fdd ¥3H iate Eridsewseritiondd vied@3which
In this state, when thermal energy is given to the heat generating
devi ces 202 (f drllvsetyaieseaiite eBiayd e@xample of the liquid discharging
- 85 - heat generating resistor in the shape of 40 [err]m x 105
pn), the heat dgethaed ianpldadde 202 the presemtalinwention, takebhdnsurface
t hereof, which is in contact with the
the direction of flow path thereof, (the case where the
10 displacement process of the present invention takes
place from the midway of the discharging process).
As shown in Figs. 23A to 23E, in accordance with
the present mode, the first liquid supplied for the
first common liquid chamber 243 is filled in the first
15 liquid flow path 203 which is directly connected with
the discharge opening 201. Also, in the second liquid
flow path 204 which is provided with the air bubble
generating area 207, the liquid for bubble generation
use is filled, which is caused to generate the bubble
20 when thermal energy is given by means of the heat
generating device 202. In this respect, between the
first liquid flow path 203 and the second liquid flow
path 204, a movable separation filﬁ 205 is arranged to
separate them from each other. Here, the movable
25 separation film 205 and the orifice plate 209 are

closely fixed with each other. As a result, there is

no possibility that liquids in each of the flow paths



second liquid in the air bubble generating area 207 5 gi ves heat to

the liquid to generate the bubble(Fig. 23B). The air bubble 206 thus
created by the heat bubbl e generation is an air bubble created on

t he basis of such filmboiling as84i scl osed in the specification

of USP 4,723,129. It is created on the entire surface 10 of the heat
generating device at a tinme acconpani ed by extrenely high pressure.
At this juncture, the. pressure thus exerted becomes pressure waves
to : propagate the second liquid in the second liquid flow '

paths 204, thFES@4IRyhd® OFe WFedbl e separation film 15  205. In
this manner, the abl e separatiqn film 205 . i i,.spl aced to '
initiate the disch egtee'ofa'teﬁé“_’é’@é’ Separagcﬁ"u’hﬁl&'ﬂ n’i’t{e’“ P& 1iquid flow
pat h 203. . i, | : 1. i;re surface
of the heat gé’rféjrvaltqer?gr%g‘vaﬁ'cl _ %”B:Q'l %nﬁg\(;aé 8%2“5‘%&8’?&%‘% %:t *$to present
itself in the 4 {ﬂ]é}{)eé 'ﬂx;nt(tl:%%re%t?t@on of&ir bu%bl%&qp%h%n Qb the air

by the e}

bubbl e 206 brought about extrenely gh pressure exerted i.n
the initisml stagdhie gene:‘?a?\’:hﬁi’ga_éﬂé% Pabl e s epmalddyed, [the? oviadilee
further di splaced. In this manner, the discharge of the first 25
liquid in the ddgaitaticnlifh i e A&pldcud thifther towddd &h@l ge openi ng
201 is in progress. After that, the air bubble 206 is further
- 86 - conteyfe| nipfdid diasnbeh e idies pihrearesTen th itfheith @l egmesd lof
separation film 205 becones |larger (Fig. 23D). Here, t he novabl e

separation filfweddom siganailahisd \for displacement.
For this example, attention is given to this
10 movement of the movable separation film 205. Means for
regulating the displacement is provided for the movable
sgparation film 205 itself, which may act upoﬂ it
directly or indirectly. With the provision of such
méans, it is made possible to direct the displacement
i5 of the movable separation film 205 resulting from the
creation of air bubble to the discharge opening side.
In the initial state shown in Fig. 23A, liquid in
the first liquid flow path 2b3 is sucked nearer to the
discharge opening 201 by means of the attraction of the
20 capillary tube. Here, in'accordance with the present
example, the discharge opening 201 is positioned on the
downstream side in the direction of the liquid flow
withlreSPect to the projection area of the heat
generating device 202 to the first liquid flow path
25  208.
In this state, when thermal energy is inen_to the

heat generating devices 202 (for the present example, a



stretched in the state showm in Fig. 23D so that the 5 di spl acenent
thereof on the portion at 205A on the upstream side and that on the
portion at 205B on the downstream si de are made substantially equal
Wth: respect to the central porti 86 at 205C of the area of

t he novabl e separation film 205 that faces the heat 10 generating

devi ce 202. After that, when the air bubble 206 is further
devel oped, the portions of the air bubble 206 and the - displacing

novabl e separatiqn film 205 on the . ownstream side at 205B are
di spl aced rel Z‘-[el elg;?nlegraé:é'f‘g Fssistoy dRe tg“ler §§Fi96n o #™ Pe 188schar ge

openi ng si de n the portiaqns thereof t.he upstream side at. 205A.
In t hi g‘nﬁﬁnﬁ‘é‘ﬁ NERE BEPSTYSHG gevicen 2o is herdgd SDEGRELY - |
path 203 is d i | Wl precti.qn . toward . the . di schar ge
openi ng 201 ?2}% S%f)%% 32f:61eQ'etorfe,' %ﬁe,l%&l%n%ﬁ%aﬁ&omlﬁhoﬁh& t he
di spl acenent second Q&%%&%ﬁi%ft%@?aHEV%QE%liﬁﬁéké%%Q&ﬁH %Ehég%obn the

(0] ’

di scharge direction on,the downstream side thére i ch enabl es

liquid t6 noveidigsetidat ito Whe diikgeGld @ generatieOWdied Hub®1di(Fghar ge
opening, it beconmes possible to 25 enhance the di scharge efficiency.

Further, the 23B). MecmEnt bubblie®0d tthushereptade®y Bhee hRagones
relatively smaller, which acts effectively upon the

- 87 - bubbilgyigénegfaitilonnd s( langaiior duwbblly cremtede omp heedakssisde)
into the nozzles, particularly onto the displ acenent area of the
movabl e separ &f @wchi Ifhlx0doiling as distllosed rint lvhec specilfdcattiba novabl e
separation of USP 4,723,129. It is created on the entire surface
10 of the heat generating device at a time accompanied by
extremely high pressure. At this juncture, the
pressure thus e#erted becomeé pressure waves to
propagate the second liquid in the second liquid flow
paths 264, thus acting upon the movable separation film
15 205. 1In this manner, the movable separation film 205
is displaced to initiate the discharge of the second
liquid in the first liquid flow path 203.
The air bubble 206 created on the entire surface
of the heat generating device 202 is developed rapidly
2b to present itself in the form of film (Fig. 23C). The
expansion of the air bubble 206 brought about by the
extremely high pressure exerted in the initial stage
causes the mbvable separation film 205 to be further
displaced. In this manner, the diécharge of the first
25 liquid in the first liquid flow path 203 from the

discharge opening 201 is in progress.

After that, the air bubble 206 is further



5 film205 itself is displaced in the direction toward t he
di scharge opening so that its state may change as represented in
Figs. 23D and 23E, respectively, it becomes possible not only to
enhance the di scharge efficiency_aggwel |l as the refilling efficiency,
but 10 al so, to inplement the increase of the di scharge anount
by carrying the first liquid residing in the projection area of the
heat generating device 202 in the first" liquid flow path in the
direction toward the di scharge opening. 15 (Second Exanpl e)
Fi gs. 24A to dgredpped.osThenct tbralispdasempnthof the molkbiderate the
second exanple of the Ii%qid di schar gi ng _ met hod applicable to the
present i nvenEPBATratipen fiidm 205 becpmegi laggeen (5igl| 3@Dpat hHeler eof , (t he
exanpl e being . 20 suych t hat the‘disglacenent process of the present
invention i s &PPalfQU¥aPLLLoSPPREATAPH S118; 28 4F £RBtinucuslyrocesses
provi ded for the had), . Thi s .exanpl e_is structured in the
same manner a?tre%%he%tﬁ@.FPFs?téfﬁnﬁpnguﬁﬂaﬁé raPBP. SRs thadwkhen Fi gs.
24A 25 to ; r Lguwi d_s lied for the,fj.rst copmnon
liquid cﬁanbefﬁégg'a%%ﬁfa}’]ltl %&#ﬁgghg’nf e P‘EF&&PH PFO\%IfO'SA on"¥BE’h 213 whi ch
is directly copaechasm Wikl Lha dhathanoe ion a | |
- 88 - _B openiné 211. Al'so, ?n tﬁg 853%8“1?&u?85P|8ﬁ Eg?h 214
whi ch i's provigdagstirent 28 gal raraublah];a llﬁﬁgrt%h*tﬂﬁlﬁ&s\%gual_ withl/, the
ed, i'c

liquid for bubble generation use is fi h 1s caused to
generate the kelspeetWien theecdtral portion at 205C of the area of

the movable separation film 205 that faces the heat

10 generating device 202.

After that, when the air bubble 206 is further
developed, the portions of the air bubble 206 and the
displacing mo&able separation film 205 on the
downstream side at 205B are displaced relatively larger

15 in the direction foward the discharge opening side than

" the portions thereof on the upstream side at 205A. 1In
this manner, the first liquid in the first liquid flow
path 203 is moved directly in the direction toward the
discharge opening 201 (Fig. 23E).

20 Here, with the provision of the displacement
process of the movable separation film 205 in the
discharge direction on. the downétream side fhereof,
which enables liquid to move directly in the direction
toward the discharge opening, it becomes possible to

25 enhance the discharge efficiency. Further, the
movement of liquid to the upstream side becomes

relatively smaller, which acts effectively upon the



5 energy is given by neans of the heat generating device 21
this respect, between the first liquid flow path 213 and the s
liquid flow path 214, a novabl e separation film 215 is arrange
separate them from each other. Hergg, the novable separation fi
and 10 the orifice plate 219 are closely fixed with each o]
As a result, there is no possibility that liquids in each of t
fl ow pat hs are'allomed to be m xed. In the initia

shown in Fig.
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efficiency as well as the refilling efficiency, but
also, to implement the increase of the dischargé amount
by carrying the first liquid residing in the projection
area of the heat generating device 202 in the first
liquid flow path in the direction toward the discharge
opening.

(Second Example)

Figs. 24A to 24E are cross-sectional views which
illustrate the second example of the liquid discharging
method applicable to the present invention, taken in
the direction of flow path thereof, (the'example being
such that the displacement process of the present
invention is arranged from the initial stage of the
processés provided for the method). |

This example is structured in'the same manner as
the first example fundamentally. As shown in Figs. 24A
to 24E, the first liquid supplied for the first common
liquid chamber 243 is filled in the first liquid flow

path 213 which is directly connected with the discharge



of- USP 4, 723,129. It is created on the entire surface ' of the heat

generating device at a tine acconpanied by " - extrenely high pressure.

At this juncture, the pressure thus exerted beconmes pressure waves to
10 propagate the second liquid in the. sggand liquid flow pat hs
214, thus acting upon the novabl-e separation film 215. In this
manner, the novabl e separation film 215 Is displaced to initiate the
di scharge of the second liquid in the first liquid flow path 213.

15 - The air bubble 216 created on the entire surface of the
heat generati neperRinge2Pl? iAlskeyelnpete rsecohd liquid fhoprgsemt2idsel f in
the formof film(Fig. 24C). The expansi on of the air bubble 216

brought about ¥§i¢lpels proviged rwhelh ythe gihiprogtble gsmexating atwainiti al
stage 20 g$q?es t he novabl e separation film 215 to be further.

di spl aced. In this WR@nkiquideton pkble ggnerrtioncyse is filledid in the
first liquid flowpath 213 fromthe di scharge opening 201 is in
progress. At t¥F cR%is ca?%ﬁétﬁ?ége%ﬁF§ﬂ%WHh?hb¢? Le Jgleen  Fhexmak i on of the

| i fil h id -2 i
(el B Z%@%f%‘ P8 SO Py i Fof IR LRSS SEASeBing aqwisie crian
th ti 1 P . . '
oe Portion thergol en LAgs WSLLEOD botuosn e (LT YA Fov
first liquid fhovhpeid 248 & eeééaﬁgpig%%g_vsﬂogsopétﬁ 214,Af?gn:,3‘gaq§_{ge hen

opening 211 side even fromthe 1ni

the air bubbl es@gfratibalE0Bh 255 isIeMRAARES tbNSefhsRLACAIERN £ 0n t he

novabl e separati on
each other. Here, the movable separation film 215 and

10 the orifice plate 219 are closely fixed with each
other. As a result, there is no possibility that
ligquids in each of the flow paths are allowed to be
mixed.

In the initial state shown in Fig. 24A, liquid in

15 the first liquid flow path 213 is sucked nearer to the
discharge obening 211 by means of the attraction of the
capillary tube. Here, in acccrdance with the.present
example, the discharge opening 211 is positioned én the
downstream side in the direction of the liquid flow

20 with respect to the projection area of the heat
genefating device 212 to the first liquid flow path
203.

In this state, when thermal energy is given to the
heat generating devices 212 (for the present example, a

25 heat generating resistor in the shape of 40 pm x 115

pm), the heat generating device 212 is heated abruptly.

The surface thereof, which is in contact with the



film 215 and the devel opnent of the air bubble are - pronpted fromthe
state shown in Fig. 24C. Along with this pronotion, the displacenent
of the novabl e separation film215 is displaced larger still (Fig.
10 24D). Particularly, the displ acemant- of the novable

separation film 215 on the portion on the downstream side at 215B
becones greater than the displacenent of the portion on the
downstream si de at 215A and the central portion at 215C. Therefore,

t he nmovenent of 15 the first liquid in the first liquid flow path 213

i s acEgeand ddlquild Han dihee @l bubiks genpratingagra 217 opening
directly, while the displacenent of the portion on t he upstream side

a]'E I215A ids sEYs B9 HeP drhg reiquid to geperate ihe, hubhie(Fidve npvenent
iquid i 0] ller .in.t ' ti t t h i de.

P this way. MBbecolis bl £irame Tereed By eadsEe ° O

11 Snc) AL S 001 SN RS oy A SRS,

favorabl e effec n guid refi € nozz

vol um n st gbg | d i f . | ej4r 1.
After t_?\éat, \?ﬁ%ﬂé%ﬁg gﬁﬂb%%{)ﬁ?%%sids%%%? %%ﬁ%ﬁg%%#? e
portions of the yEvapl e25eppgatipp {4l &Freated on the entire surface

- 91 - 205 on the downstream side at 215B and in the central _
portion at 216€ ohe KHe&sPl §ewsrabinstdeyibedat uat btiei iccompanidd® By recti on
toward the di scharge opening side than the portions thereof on the

upstream si deegtr@fely highSpressilire. meAtethishgunobtanecnthe of the
‘above-nenti oned :
' pressure thus exerted becomes pressure waves to

10 propagate the second liquid in the Second liquid flow
paths 214, thus acting upon the movable separation film
215. In this manner, the movable separation film 215

-is displaced to initiate the diséharge of the second
liquid in the first liquid flow path 213.

15 The air bubble 216 created on the entire surface
of the heat generating device 212 is developed rapidly
to present itself in the form of film (Fig. 24C). The
expansion of the air bubble 216 brdught about by the
extremely high pressure exerted in the initial stage

20 causes the movable. separation film 215 to be further.
displaced. In this manner, the discharge of the first
liquid in the first liquid flow path 213 from the
discharge opeﬁing 201 is in progreés. At this
juncture, as shown in Fig. 24C, the portion of the

25 movable separatioﬁ film 215 on the downstream side at
215B is largely displaced in the movable area from the

initial stage than the portion thereof on the dpstream



effects, nanely, the discharge efficiency and the di scharge speed,

are inplenented (Fig. 24C). Particularly, in this case, the

di spl acenent and stretching are made greater not only with respect to
10 t he sectional configuration of the ggwvable separation - film
215, but also, to the'wdth direction of the l'iquid flow path.
Therefore, the .acting area, in which the first liquidis in the
direction toward the - di scharge opening, becones |arger, hence maki rig
it 15 possi bl e to enhance the discharge efficiency

mul tiplicativesideHate2lbhe disptiaiemey, comi firsti biquid in tiiet he .
movabl e separation film 215 resenbl es the shape of human nose. Thus,

this s calledfirdteligptd flow path 213 is ¢fficiertilndereedotbttis as
shown in Fig. 24E, 20 t he nose type includes the "S-letter type" where
t he pou%sglm?t?%wn@@%eﬂ%tem from thetheitialistage.

stage is allowed to_be positioned on the downstream side of the
poi nt A p05|t|oned Bhtefe ﬁ%ﬁn§ﬂ“§&h¥%¢d@lr bubble 21$elsfurehest age, as

|1 t t F th ts A d
Bhre 9% CBLudtOBa O end ol U6t Rt (3R e fovellLe Caenttalinhi Cof ¢ ho
Movabl S
film aﬂf@- 215 30, the slevelopment of the air 'w%aievmh

e eotbapascaEsh expeieecd s G, ac, QYO
invention, takgRisNpibfotion, €hée8isNalbéméheVoPatRet BSvERie
separation film 215 is displaced larger still (Fig.

10 24D). Particularly, the displacement of the movable
separation film 215 on the portion on the downstream
side atl2153 becomes greater than the displacement of
the portion on the downstream side at 215A and fhe

" central portion at 215C. Therefore, the movement of

15 the first liquid in the first iiquid flow path 213 is
accelerated in the difection toward the discharge
opening directly, while the displacement of the portion
on the upstream side at 215A is smaller in the entire
procéss. As a result, the movement of liquid is

20 smaller in the direction toward the upstream side.

In this way, it becomes possible to enhancé the
discharge efficiency, particularly the discharge speed,
and to proauce favorable effect on'the liquid refillin§
in the nqzzles, and the voluminal stabilization of the

25 discharge droplets as well.

After that, when the air bubble 216 is further

developed, the portions of the movable separation film



In this respect, the description will be nade by giving attention .
particularly to the novabl e range and t he di spl acenent of the novable
separation film and 10 the provision of figures of the air bubble, the
first liquid flow path, and the djjscharge opening will be
omtted. However, in any one of Figs. 25A to 25C, the f undanent al
structure is arranged in such a manner that the vicinity of the
projection area of the heat 15 generating device 222 is the air bubble
generating area 227 in the second liquid flow path 224, and that the
second |i qui d2@% oon ptindy @ounsgreameside sat | 214R dand olp the cengemal 223 are
separated essentially by means of the movabl e separation film 225 at
all tinmes froPR¥REONBt 215G are displpced prd stretcheld BHEERRK tidvn of the
. heat generating device 222 (indicated by line Hin Figs. 25A" '
to 250 serviﬁﬁeagifﬁ tb%%hﬁ%?@théQFd@%%?ﬁﬁfﬁgdﬁgﬁﬁ+ﬁﬁ side "than 5, anged

he d ' h I ' h ' liquid
o e oSt LT TR Ao B8 Yborren pBle B JUAF 8 01
the t "d t I de’ f d | . I d
e ey ougsi LA, o P SRR E oo MRS Fr R © o
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novabl e range of the nova ~separation _ g. 25A, the
novabl e separais@RathbNsgeed] Sare implémehes®d(Figoroee)of (1), (2), and

(3) fromthe 5 initial state, and there provided fromthe initial
stage the propassictlabieh ihetHognsadse@pnthéd@isplacement and
stretching are made greater not only with respect to
10 the sectional configuration of the movable separation
- £ilm 215, but also, to the width direction of the
liquid flow path. Therefore, the acting area, in which
the first liquid is in the direction toward the
discharge opening, becomes larger, hence making it
15 possible to enhance the discharge efficiency
multiplicatively. Here, the displacement configuration
of the movable separation film 215 resembles the shape
~of human nose. Thus, this is called "nose type".
Also, it is to be understood that as shown in.Fig. 24E,
20 the nose type includes the "S-letter type" whefe the
point S positioned on the upstream side in the initial
stage is allowed to be positioned on the downstream
side of the point A positioned on-fhe downstream side
in the initial stage, as well as the configuration
25 where as shown in Fig. 8, the points A and B are
equally positioned.

(Example of the Displacement of the Movable Separation



di spl aced | arger than the upstream side. This process, I n particular
makes it possible to enhance the di scharge efficiency, and at the
sanme time, to 10 i npl ement the enhancenent of di scharge speed, because
it can act upon the displacenent on thegdownstream side to push out
the first liquid in the first liquid flow path 223 in the direction
toward the di scharge opening side. Here, in Fig. 25A, it is assuned
that the 15 novabl e range descri bed above is substantially

constant. ' In Fig. 25B, as the novable separation film 225 is
di splaced in ey of (1), (2), and (3), the novable range of the
novabl e separation film225 is shifted or 20 expanded to the di scharge
openi ng side. |n Figs. Gk, to 25C axdecugesrseationml oriewre whhadbl e range
is fixed. Here, t he downstream si de of the novabl e separation film
225 i silleptrate the gdisplreenent pEIFeesn et dde Hrvalle he

same tinme, the devel opnment_ of the air_bubble jtself-is 25 al so nade in
the directi onsepagrbionef H1m cfeF gehe pbiiwtd dischaxging methed ore, the

di schar ge efficiencgbis enhgﬂ

; ced .stilt.nnre. .
- 94 - 3 applicablg £pgtheseresent ARG ELQRnFHEIFV AT i TG 225 i s
-di splaced from.the_ initial _.state jndjcated.by the numb 1) toth
sta?e indicatgérﬁﬁtfﬂﬂ ﬂgnsi?w(ﬁ?£ﬂ £her%%$fgrn1y both the uggtgeén1gnd ©

downst r eam si des Oggiehﬁgmﬁs §?Q€L2%9§h%£§%¥1€ﬁ%§§2*{ffnﬁéi désbgisplaced

slightly | ar I's further
devel oped frngbgﬁgsEQ%EnEQQhCEEEGiQMlSPfynHHb€ﬁe(ﬁ%véﬁle range and

the displacement of the movable separation film, and

10 the provision of figures of the air bubble, the first
liquid flow path, and the discharge opening will be
omitted. However, in any one 6f Figs. 25A to 25C, the
fundamental structure is arranged in such a manner that
the vicinity of the projection.area of the heat

15 generating device 222 is the air bubble genérating area
227 in the second liquid flow path 224, and that the
second liquid flow path 224 and the first liquid.flow
path 223 are separated essentially by means of the |
movable separation film 225 at all times from the

20 initial stage. Also, with the end portion of the heat
generating device 222 (indicate@ by line H in Figs. 25A
to 25C) serving as the boundary, the dischafge opening
is arranged on the downstream side, and the supply unit
of the first liquid is arranged on the upstream side.

25 Hére, the term "upstream side"'and the term "downstream
side" referred to in the present example and on are

meant to describe the direction of liquid flow in the



t he nunber (4), the downstream side is displaced |arger t han t he
upstreamside. In this way, the first liquid 10 even in the upper part
of the novabl e regi on can be noved in the direction toward the

di scharge port side, hence enhancge®g-the di scharge efficiency, as
wel | as I ncreasi ng the anount of discharge. ' Further, in
Fig. 25C, the point- U where the 15 novable separation film 225 exists in
t he process i ndi cated by the nunber (4) is displaced farther on the
di scharge opening side than the point D positioned farther on the
downst r eam t h&dowheahi, nbbsermetihérom the tentral poatdonThér&here, the
portion which is 20 expanded and extruded into the di scharge opening

si de nmaR¥abile pavgebpd ﬁbeeﬁﬁaﬁbéetﬁépéré@HQPgéléﬂflC|ency

still nore. Here, thIS conflguratlon is called t "ngse type" as
described earlier. In Fig. 252, fhe. WPHGP&ed?§Eﬁ§P§FH@ FetRod<Ipidvi ded with

the 25 pr Qes escrrb Y pl i_cabl the resent

i nventi on. g pPof& §§s°% 2}3 ﬁ?gd PRIF(39. Lo E)'“525A to 25C i s
not nece sarll QR! & Lndi vi du AL _i.s assuned
that a p oces$ hataboqialns Pﬁ %L ere %%é¥6889i5§°€o$68hén §1F§ al so

appl i cabl e tos&%.ePH&é? ocess 1hn%%?55$ / ? emsitiSa Q3ass jishat contains
imte

t he nose pe I's fiot necessar to the one represented 5
in Fig 25C ﬁ@lé&fé&cQ%%g@y thanl "i:h'eoiix?)ﬁs%‘i'éa'ﬂi @ildRE This PeTess,
e

represented in Figs. 25A and 25B. Al so nmovabl e separation filns
used for the st yWarti®ular, makes it possible to enhance the
discharge efficiency, and at the same time, to
10 implement the enhancement of discharge speed, because
it can act upon the displacement on the downstream side
to push out the first liquid in the first liquid flow
path 223 in the direction toward the discharge opening
side. Here, in Fig. 25A,-it is assumed that the
15 movable range described above is substantially
constant.

In Fig. 25B, as the movable separation film 225 is
displaced in order of (1), (2), and (3), the movable
range of the movable separation film 225 is shifted or

20 expanded to the discharge opening side. In this mpde,
the upstream side of the moveble range is fixed. Here,
the downstream side of the movable separation film 225
is displaced larger than the upstréam side, .and at the
same time, the devélopment of the air bubble itself is

25 also made in the direction toward the discharge opening
side. Therefore, the discharge efficiency is enhanced

still more.



represented in Figs. 18A to 18E may be such as to be provi ded with

t he sagged portions in advance 10 I rrespective of whether or not the
films can be expanded. Al so, the thickness of any one of the

novabl e separation filnms shown in figureg4does not present any
particular meaning in terns of dinmensions. Here, the "neans for
regul ating direction” 15 referred to in the specification hereof

i ncl udes all the neans that may result in the "displacenent” defined
in the application hereof, but it is derived fromthe structure or
characteristics oflﬂhglﬂbvéﬁpe §§9aﬂ9ﬁ?bﬁe separafiiom fiday 225348 uses at

| east one of the actions or arrangenent ‘rel ationshi ps_of the novable

separ ati on dlsPlﬁQQﬁsﬂﬁoﬂhtPﬁe1&1F1§&b§F@t§eﬁ€P&Fﬁﬁ§daP§ ghe; he
relationships wth tge f|OMIFESIStanCE aon the C|rcunference of the
ai r bubbl e gemERST henstate 1ndﬁ§ﬁ5@p§b?h§Pea€Pmﬁﬁﬁn £de novabl e

separation filns . 25 or .th ers (nmeans) for

di I
regul ating thEQﬁQ? “g€é§§ﬂ?lq$1 kﬁﬁﬁ%? |rect ﬁown ﬁﬁg sides o eﬁ&ratlon
films. T%erefgk%m ‘% %% eam side is %Elﬁced sl;gh(hg .

- 96 - I NC es |n t I ments thereo ura

than two) of mBaRe. or Hcﬁ%}e?:“ ihed 96 L0 SRHHIDE FurenagbOve as a

mat t er ‘of course. However, in'the enbodi ments that have been given

above, there iqeviflopddl £ UHeDldtRRAS ddLARE@Y Wh ek Nali @ of the
plural means for regulating direction. Here, it is to be under st ood

that the preseate inunddr i ),S Ui downstreanessiald i |displectdd ldiger
enbodi nents descri bed above.
than the upstream side. In this way, the first liquid
10 even in the upper part of the movable region can be
moved in the direction toward the discharge port side,
hence enhancing the discharge efficiency, as well as
increasing the amount of discharge.
Further, in Fig. 25C, the poiﬁt U where the
15 movable separation film 225 exists in the process |
indicated by the number (4) is displaced farther on the
discharge opening side than the point D positioned.
farther on the downstream than the point U in the
initial state. Therefore, the portion which is
20 expanded and extruded into the discharge opening side
makes it possible to enhance the discharge efficiency
still more. Here, this configuration is called the
"nose type“ as described earlier. |
The liquid dischérging methods provided with the
25 processes described above are applicable to the present

invention. Eéch of the prbcesses represented in Figs.

25A to 25C is not necessarily adopted individually, but



Figs. 26A and 26B show an arrangenent of the 10 | i qui d di schargi ng head
according to the present _ I nvention. Fig. 26Ais a view fromthe

di scharge port 118 and Fig. 26B is a cross-sectional viewin a
direction of the liquid flow path. - 95 - As shown in Figs. 26A and
26B, a discharging 15 liquid flow path 114 is sandw ched between two

el enent substrates 10la and 101b, -and bubbl e generating liquid

flow paths 114a and 114b are provi ded above and bel ow t he _

di scharging liquid flow path 114. Mvabl e separation filns 131c and
131d for pernekent$ yassgned thaktamredess st aonkpins thescharging liquid
flow path and the bubble generating liquid flow paths are

provi ded bet weERFRPRELHYR FRERATMRNTS GhF R¥FDRRRAIFaE to the tgresantbl e
generating liquid f] pw paths. In addition, the el enent substrates
101a and 101b HP¥CRBHRut 8y e Progest sat cAnfrishinde inepeenver 121

t hrough a bump .. 114, and therefare an el ectrical signal fromthe
outside is i nptARBd-¥ on?'ﬁen%cl’eeﬁfﬁ'ﬁﬂsi(ugé[’?’g’fee‘g W1thefipe represented

- 97 - 5 in 3&%& £5¢ ef S %$#cn%srsalm§ OC’%?d e:gr%regdt?cen(f -Zjé'ltﬁeqjmt%;%l C har ge

Now, hereunder descri ption € na _ [

appar at us havi deSOMISRELANAS £ Fige. d3MUh heharge bead descr i bed

above. 5 Fig. 27 1s a viewT] schematical |y shdws such
liquid di schargevappar $épéra £ cte COI i GeseM t#ort Nehe strucRiRsent invention.
I

For the present enbodi ment, the description wl
represented in Figs. 18A to 18E may be such as to be

provided_with the sagged portions in advance

10 irrespective of whether or-not the films can be
expanded. Also, the thickness of any one of the
movable separation films shown in figures does not
present.aﬁy particular meaning in terms of dimensions.

Here, the "means for regulating direction"

15 referred to in the specification hereof includes all
the means that may result in the "displacement" defined
in the application hereof, but it is derived from the
structure or characteristics of the movable separation
film itself, and uses at least one of the actions or

20 arrangement relationships of the movable separation
films with the air bubble generating areas, thé
relationships with the flow resistance on the
circumferehce of the air bubble geﬁerating aréas, the
members that act upon the movable separation films

25 directiy or indirectly, or the members (means) for
regulating fhe displacement or expansion of the movéble

separation films. Thereforé, the invention hereof



be made of an ink jet recording apparatus that uses 10 particularly ink

as its discharge liquid. The carriage HC t hereof nounts a head
cartridge on which a liquid tank unit 90 and a |iquid di scharge head
unit 200 are det achabl y nount abl egg The carri age reciprocates in the
w dth direction of a recordi ng medium 150, such.as a 15 recordi ng
sheet, to be carried by neans for carrying the recordi ng medi um
When driving signals are supplied fromneans for suppl ying driving
signals (not shown) to liquid di schargi ng neans on the carri age,
recordi ng |igifglrdesgn th%i%%h@@@@%“t$oﬁh@h@°giQuPBuuaéthurgmonead to the

recording nmediumin accordance with the signals thus suppl i ed.
Al 'so, for thetPRRuFHCY SENBRRRS obParEeglaFingedirection  desaribadodi nent ,
there are pro¥%ded a_npt or rvingﬁas t he, driving source that

11 5 se
drives neans FgP'e @ @ T%F%??nﬁgtﬁ%uF§%0rd? C¥8Hr vl ER8 the carriage as
wel | ; and gea : 1 rria af t ,
o8- Eiiogdfndfifs friss fdve Bedl 514 S5P% cthebm LAenar i ving.
source tg the i agnng. s Vth $his, . recordi ng
apparatug anddgﬁEE??gg?a g?s%%a?%?n%%ﬁ%%ﬁ%ﬁyv&gmﬂghégﬁo?h%?egﬁ?, it is
possible to opiara1’ REQKECEorOr guPQtfﬁ?sdiPeQQQQn[naﬁ&éepyig'sghggg'ng
liquid to varrious ki nds o? recordrng nedi a. #lg. 28 is a
bl ock di agr anpshiufbierbtdslr 8088 the presenfPehdbheioRf 15hRoeNtire body of
the apparatus for the performance of ink jet recording to which the

liquid necessarily limited to the embodiments described above.

Figs. 26A and 26B show an arrangement of the
10 liquid discharging head according to the present
invention. Fig. 26A is a view from the discharge port
118 and Fig. 26B is a cross-sectional view in a
direction of the liquid flowhpath.
As shown in Figs. 26A and 26B, a discharginé
15 liquid flow path 114 is sandwiched between two element
substrates 10la and 101b, and bubble generating liquid
flow paths ll4a and 114b are provided above and below
the discharging liquid flow path 114. Movable
separation films i31c and 131d for permanently
20 substantially separating the discharging liquid flow
path and the bubble generating liquid flow paths are
provided between the discharging liquid flow path and
the bubble generating liquid flow paths. In addition,
the element substrates 101a and 101b are'connected'tb
25 an electrically connecting member 121 through a bump
114, and therefore an electrical signal from the

outside is inputted to the element substrates 10la and



10 di schargi ng nethod and the |iquid discharge head of the

present invention are applicable. The recordi ng apparat us
receives printing ' i nformati on froma host conputer 300 as control
signals. The printing information is prtoyysionally 15  stored on the

I nput interface 301 in the interior of the printing device. Then, at
the sanme tine, the printing information is converted into the data

t hat _ can be processed in the recordi ng apparatus, and

inputted into the CPU 302 that dually serves as means 20 for supplying
head driving 3Pyhal sA refengncaenmn@radd4103 denotes athezzperwahkral units
the CPU 302 processes the data thus [ecgived_bi the CPU in
accordance with t hBow., hereygdefo| theodearripbien Willhke RIpi803E ‘@ence
converting ., .themipto the printing data (inmage data)., 25 : ,
-99- vwﬁﬁqPéacﬁkfﬁEEFggzapBaratus having \mpufEed gRstha®gi ng net hod
for dischargi . L liguid using. pressyure exerted at the tinme of
creating _ qu%%? Bﬁﬁﬁbgrgﬁ gﬁaai?gﬁﬁﬁﬁﬁgggaﬁgyﬁting'area for 5
creatinggai r bubbl g;j.n I gl Lqyl Ld_air_bubbl e
generati%g ar ea be?ﬁg' 29! ds ér?%%Seﬁh?B fgggmgg%ﬁg%? %ﬁ%YSI§%§ partly,

‘and _ 1iqﬁihddhEGHthQGEBEaQEEEQaiﬁegcg¥rﬂéﬁc8fw§@ﬁdthe pressure -
.exerted in said two air bubble generating 10 ar eas.

present invention.

For the present embodiment, the description'will

be made of an ink jet recording apparatus that uses

10 particularly ink as its discharge liquid. The carriage
HC thereof mounts a head cartridge on which a liquid
tank unit 90 and a liquid discharge head unit 200 are
detachably mountable. The carriage reciprocates in the
width direction of a recording medium 150, such as a

15 recofding sheet, to be carried by means for carrying
the recording medium.

When driving signals are supplied from means for
supplying driving signals (not shown) to liquid
discharging means on the carriage, recording 1i§uid is

20 discharged from the liquid dischafge head to the
recording medium in accordance with the signals thus
supplied. _

Also,'for tﬁe liquid dischargé apparatus of the
present embodiment, there are provided a motor 111

25 serving as the driving source that drives means for
carrying the recoiding medium, and the carriage as

well; and gears 112 and 113, and the carriage shaft



2. Aliquid discharging nethod for discharging | i qui d using pressure
exerted by creation of air bubble. in an air bubble generating area
for 15 creating air bubble in said liquid by displacing a novabl e
menber provided with its free end on theg - di scharge opening side with
respect to its novable ful crum poi nt, _ said air bubble
generating area and said novable 20 menber being arranged to be in two
sets to face with. other at |east partly, and _ by al |l owi ng
said two novabl e nenbers to cone closer to each other for discharging
said |iquid. 11525which trgnsmit|theidriviedgaforeg Heemnothecdsiding to
Caim 2, wherein said two novabl e nenbers are provided with a

process to al FEWFRE Fﬁeﬁhﬁocﬁﬁr%ﬂgeon?@@@gmﬁ?ﬂee@EherS- With this . 100-

ot her at | east artIX al ong the creation ff sai.d bubbl e and the
devel opnent t REFEEA1ing apparatus and the, hﬁVﬂdd?éﬁﬂ%?ﬁghﬁgH@?F@Bdaccord|ng

:?WFngnhlffePgﬁg ﬁgereggcﬁa% h&P . pggg%gie ggnggéélgrggdlS%?gcg?sgaarging
S aeBIekaC, Boon, tpagds MEREN A6 "SRt oho -
di spl acenent yjinds OerEEgrggﬁsrmggygple menber at the tine of air bubble
Fig. 28 is a block diagram which illustrates the
operation of the entire body of the aﬁparatus for the
performance of ink jet recording to which the liquid
10 discharging'method and the liquid discharge head of the
present invention are applicable.
The recording apparatus receives printing
information from a host computer 300 as control
signals. The printing information is provisionally
15 stored on the input interface 301 in the interior of
the printing device. Then, at the same time, the
printing infqrmation is converted into the data that
can be processed in the recording appar%tus, and
inputted into the CPU 302 that dﬁally serves as means
20 for supplying head driving signals. Using the RAM 304
| and other peripheral units the CPU 302 processes the
data thus received by the CPU in accordance with the
control program stored on the ROM 303, hence converting

them into the printing data'(image data).
25



expansi on. 6. A liquid discharging nmethod according to C aim
15 1, wherein a novabl e nenber provided with f?§‘r_ée end in the
di scharge opening side with respect to its 0|nt S
arranged in one of said two - air hubl-e gen“mm uﬁmm E' s5aid
novabl e nmenber is di spl aced by the pressure*exerte creatlon
of 20 said air bubble for discharging said liquid using the

di spl acenent of said novabl e nmenber, and said pressure exerted in

the air bubbl;@generathg ar ea haV|ng no novabl e menmber arranged
t her ef or IS CL IME9\¥$qU|d dlscharge head at |east conprising:

a di scharge opening, for scha gL n uj di scharge liquid
f1 ow path provided b t P& i fa éléhhaé%lng Bgkhod for dis %g i

Yenerating
area for creatjn r._bubbl e, and veI connected with said
di schar ge open# gufﬁ using preS?VEF ?x%ﬁgﬁg g t b e r%f?i 9 eas
bei ng { ANgesh f t t
8. Aliquid dlséﬁarge %%dﬂgoﬁg?%gfﬁggﬁﬁlé.géﬁ@f&tg@és% %?ge Bpenlngs for

di schar gigg Ilgyégtlng air bubbldis£hasgeal 194hdaf! ow paths each provided
wWith air bubble generating area for creating air bubble, . and 10

_conductively connectrd 9ttSasai difi 6GHBLEEgEREPabINg area being a substrate
provi ded with heat generating el enents
arranged to face each other at least partly, and
said liquid being discharged by use of said
pressure exerted in said two air bubble generating

10 areas.

2. A liquid discharging method for dischérging
liquid using pressure exerted at the time of creating
air bubbles in an air bubble generating area for

15 creating air bubbles in said liquid by displacing a
movable member provided with its free end on the
discharge opening side with respect to its movable.
fulcrum point,

said éir bubble generating area and said movéble

20 member'being arranged to be in two sets .to face with
other at least partly, and

by allowing said two movable members to come

closer to each other for dischargiﬁg said liquid.

25 3. A liquid discharging method according to Claim
2, wherein said two movable members are provided with a

process to allowing them to be in contact with each
-
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each arranged in said air bubble generating area for generating heat

for creating said air bubble; novabl e_nmenbers each—provi-ded
with its free end on 15 sai d di scharge opening side, and arraiied in

Sgﬁgrgzi ng el err:ﬁjt : ginzcharge T ds]:; fﬁ?gtrz E)gl“mml mwtm

om sai d
di schar ge openi ngs when sai d novabl e nenbers' afe |splaced each 20
by the pressure exerted by the creation of said air. bubbl e,
sai d heat generating el enent and said novabl e menber bei ng arranged
to be in two §é7tf%ert &% dCeLaBFTELY alengeithe GreaHiopaPf) paidpsic
9. Aliquid d e he accordi_ng to O I m 8, wherein said two
movabl e menbed zﬂndiaqiﬂ? Reyelo %ment heTeot . 102- |
generating el enentsare in the sane size each other. 10. A
l'iquid discharge head according to Caim S8, wherein said tmo nmovabl e

nmenbers are in contact. V\A]:[ u;béﬁs%%%'}g%ﬁeﬂneacthdde%%:&ﬁr ?,‘Pyt%t maxi mum

expansi on of sai d ali |sgharge
head accg di ng t Q;{dAl#H &aid two mRAHb A 1 WA §s .are in

agﬁfa ¥R ol
the same size '10 each ot her tmo heat generat’i ng Ialberrents are
in ' si Ze&n&rﬁésﬂ&ﬁféﬂé}m S dh ©dHH other.

5. A liquid discharging method according to Claim
2, wherein the free end of one of the movable members
10 of said two movable members regulates the displacement

of the other movable member at the time of air bubble

expansion.

6. A liquid discharging method according td Claim
5 1, wherein a movable member provided with its free end
| in the discharge opening side with respect to ifs
movable fulcrum point is arranged in one of said two.
air bubble Qenerating area, and said movable member is
displaced by the pressure exerted by the creation of
20 said air bubbles for discharging said liguid using the
displacement of said movable member, and said pressure
exerted in the air bubble generating area having no

movable member arranged therefor.

25 7. A iiquid discharge head at least comprising:
a disCharge opening for discharging liquid;

a discharge liquid flow path provided with air

—_—
This Sheet Has

LT



12, A.liquid discharge head according to C aim 8, wherein said two
novabl e nenbers are displaced at the 15 timngs different fronleach
ot her. 13. A liquid discharge head conprising:

di scharge openings for discharging |iquil@l - m"" muﬂ i qui d
fl ow paths each provided with air 20. bubbl e”“lm E f.or
creating air bubble, and . conductively corinetted Wt sdid di scharge

openi ng; a substrate provided with heat generating el enents
each arranged..i ubbl e gen%ratin aErea Qr gener.ati ng heat
v

for creating 88§8i§!ge§§%8%éng 5g€a Lol ¢ bR SdFoBPEPEEER BPSVi ded wit h
Its free end QBPda&F&VF§§Qg°§P%EQ?EQ?1%Begg&% ﬁh@%ha?@g ﬁbéﬁgggd In e?ch of

sai d di scharge ace sail * 103

generating el enent ixy@Nds said air buﬁﬁ'l@ Pbﬁ'é&%t@.?x'gnﬂr@'a§cﬂé gd fromsaid
di schar ge openi ngs when sai d novab nbers are di spl aCed | by

the pressure exeahgeddlc Face' eachobtbkrsaitd 1east partiQubbl e,

sai d heat generating el enent and sai d novabl e menber bei ng arranged
to be instwo sets to allow said movabl e menbers to face each other
at | east partly. 10 14. A liquid discharge head according
to daim 138 .whaer diigquid disohangeableadreanprisdng: n cont act

wi th each other at least partly at the naxi num expansion of said air
bubbl e. discharge openings for discharging liquid;

discharge liquid flow paths each provided with air

bubble generating area for creating air bubbles, and
10 conductively connected with said discharge opening;

a substrate provided with heat generating devices
each arranged in said air bubble generating area for
geherating heat for creating said air bubbles;

movable members each provided with its free end on

15 said discharge opening side, and arranged in each of
said discharge ligquid flow paths to face said heat
generating device; and

said liquid being discharged frpm said discharge
openings when said movable members are displaced each

20 by the pressure exerted by the creation of said air
bubble,

said heat generating device and said movable
member being arranged to be in two sets to face each
other at least partly.

25
9. A liquid discharge head according to Claim 8,

wherein said two movable members and said two heat

i




15 '15. A liquid discharge head according to Claim?7,
wherein a novabl e separation filmis provided to __——-——substaan‘TTy

separate at all tines the novabl e nenbers havi n d on the
di scharge opening side with 20 respa@2 t-o its ﬁ mml‘i oint in
one of said two ai r bubbl e generating area, arge
liquid flow path and said air bubble generatlng area in the

ot her one of them 25 16. A nethod for discharging liquid for

di scharging liquid by dlspIaC|ng a nmovabl e separation film

subst ant i al | y 9s8FEPAtPEy I&VAresharge 1 §hPd SpMGwSize each other. jo4 -
path conductively connected with a di scharge openi ng for discharging
l'iquid, and a bubble generating quuid fl ow path provided with an

air bubbl e generati ble.in i qui d

I
from each ot her gﬁp areilﬂuﬁgng%s ha%hgaulgt %ﬁ%Ol&i?QFﬁﬂl Jﬂ'd’l'scharge
openi ng si de ‘Mqt?*}e&%%%“itd tt?:ot b‘i%' ﬁ;gir%%‘r‘i@ %x%a'q} ontactd'wsi arge

liquid flow € génerating area, d bubbl e

generatigg Ii @&dﬁ fat@mxp%tme%@@ f:%'rgzll?[)‘é%blt%e Wb i !&)tén%rlo%x' oF el ng

arranged to be in two set w t he novabl e regrons of sa
novabl e separ @di@ air bubﬂmégn;to-face each other -at | east partly mnth
sai d di scharge liquid flow path bei ng sandw ched between
them and 15 said two novabl e separation filnms being displaced
11. A liquid discharge head according to Claim 8,
wherein said two movable members are in the same size

10 each other, and said two heat generating devices are.in

sizes different from each other.

12. A liquid discharge head according to Claim 8,
wherein said two movable members are displaced at the

15 timings different from_each other.

13. A liquid discharge head comprising:

discharge openings for discharging liquid;

discharge liquid flow paths each provided with air

20 bubble generating area for creating air bubbles, and
conductively connected with said discharge opening;

a substrate provided with heat generating devices
each arranged in said air bubble generating area for
generating.heat for creating said air bubbles;

25 movable memberé each provided with its free end on
said discharge opening side, and arranged in each of

said discharge liquid flow paths to face said heat
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to cone closer to each other. - 17. A liquid discharging nethod

according to Cl aim 16, wherein said nethod

process in which the portion of at |east one novabl e n fllm
on the downstream side of said two - 10®vabl e S‘M wsm iﬂmy .
respect to said flow direction of liquidis er

| ar ger than the portion of said novable separatlon filmon the
upstream si de t hereof. - 18. A liquid discharging nethod
according to - 105 - Claim 17, wherein the _
maxi mum di spl @enerating deHsesf and sai d two anabIe separation films
are allowed to .. closely face each other, A liquid
di schar gi ng net hod ﬁ?&rld’i%ﬁ-‘%/d’elng disghanged; f‘\m‘ér%?’ﬁi s‘%ﬁﬂ’ﬁ?ﬁ&%ss t akes

pl ace in the or fhereafter in the devel ocess of sai d
Bt bubbl e OPRpLngS s ’7&{] AR iR %‘f’ﬁcﬁa&%

Caiml7, mhereln aups Y. ron1the
initial state ba‘r'"l k?%eprzéa%ﬁ e exetlﬁzé&l-be; éﬁ#ﬁé{%ﬁ oL g J [

opnent process d? said air
bubble. 515 bubble?l-_ A I|qU|d dlscharglng met hod according to

- said heat generating device and said mo&able
member being arranged to be in two sets to allow said
movable members themselves to face each other at least
partly.

10
14. A liquid discharge head according to Claim
13, wherein said two movable members are in contact
with eéch other at least partly at the maximum
expansion of said air bubbles.
15
15. A liquid discharge head according to Claim 7,
wherein a movable separation film is provided to
substantially separate at all times the movable members
having its free end on the discharge opening side with
20 respect to its movable fulcrum point in one of said two
air bubble genérating area, and said discharge liquid
flow path and said air bubble generating area in the

other one of them.

25 16. ' A method for discharging liquid for
.discharging liquid by displacing a movable separation

‘film substantially separating a discharge liquid flow

This Sheet Has Been Replaced




C.aim 17, wherein said process includes the period of the displ acing

range of said novabl e separation film - bei ng_expanded—{romits

initial state gradually at | east to said downstrea ' 20 _
22. A liquid discharging nethod accor ci rifP4 o- : rm“‘mu nilm\ ﬂkm\ej n said
process is perfornmed by neans ~for regul ati Jniah! « egul ate
t he di schargi ng direction of at | east one of novabl e separation
films 25 of said two novabl e separation nenbers. 23. A

l i qui d di schargi.ng nmethod ,according to . ) .

- q106 - path c ‘Qﬁ"rﬂll’?,ly\)\ﬁ@PgPﬁt% ¥ikhoBeddsrhagger opeRdngn t he

cdvance, " e BenTAG" IR A o BPGRG RRPRSAtOGonatHEd 0
Claim17, wh [ ' roce I s .performed requl ating the
desgrgpnent gr g&ﬁgﬁgﬁigﬁgﬁﬁﬁéq W#% g 8Lt g%bg&ﬁbpgnﬁﬁﬁ%ﬁgpiﬁﬁgPiquid
fl th. : i hqui d..di angi d_according to
Clg?kpi7, wheF%&hgﬁﬁﬁfﬁ%%ggg%@¥%#gérggrﬁeggb%gqﬁgdn%&g¥58%§®iH%hfgé
portion & theyaMabl P AN UbdtPeam s1de0thbRe sAQWN S SEATFede

relatively |arger than the portion thereof on the upstreamside with
respect to lopenilriie 38 ralthd@dspeiztofed MbeMY Rl FaGkOAn said

discharge liquid flow path,

said air bubble generating area, said bubble
generating liquid flow path, and said movable
10 separation film being arranged to be in two set to

allow the movable regions of said movable separation

films to face each other at least partly with said

discharge liquid flow path being sandwiched between

them, and

15 ' said two movable separation films being displaced

to come closer to each other.

17. A liquid discharging method according to
Claim 16, wherein said method is provided with a
20 process.in which the portion of at least one movable
separation film on the downstream side of said two
movable separation films with respect to said flow
direction of liquid is displaced relatively larger than
the portion of 'said movable separation film on the

25 upstream side thereof.

18. A liquid discharging method according to
T
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26. A liquid dischargi ng method according to Claim17, wherein said
novabl e separation filmis configured in nose type in said bubble
generating 20 liquid flow path toward sai d di setargetiquidftTow path

in said process. 27. AIJ(mogidlschar ing to
Claim 25, wherein said novable separation filmis mlgﬁm iﬂHnﬂm‘ﬁ 'sai d
process to allow a point of said novabl e sepa fTwm pos+tioned
on the upstream side than the predeterm ned point thereon in the
initial -107- state to be positioned on the

downst r eam si §dadmad 7saviperein tbﬁe@@ﬁéﬂ#ﬂh %Q%ﬁﬂ?ment portions ofg. A

| i qui d di schargi ng nethod according taq . .Caim1l6, mhereln stagnati ng
portions are é%ﬁéEé?%H’W¥Wa le Seﬂiﬁ%ﬁﬁQﬁgﬁH*ﬁq|Q$ﬁ(?HQQHﬁq #%ai d di schar ge

liquid flow etmeen di spl acenent ranges of said two
novabl e separé?ﬁﬁﬁﬁﬁbgﬁﬁ _ msel ves. 10 29. A liquid
di scharge head for a I|qU|d dlscharge appar atus conpri si ng:

di scharge liquid flow paths conductively connected mﬁth di schar ge

openi ngs & or di schargi ng 4 R E iquid flow
pat hs eagfa provi deg‘dg L q#uh% h lSCharl?ulbn[% e generat| ng ar é;q}g creating
arr bubly ?mf‘ A QHd@iirfSaid process tdls EPNRIALINGH] ements each

arranged in sald air
midway or thereafter in the development process of said

air bubble.

10 20. A liquid discharging method according to
Claim 17, wherein said process continues substantially
from the initial state and thereafter in the

development process of said air bubble.

15 21. A liquid discha;ging method according to
| Claim 17, wherein said process includes the period of
the displacing range of said movable separation film

being exﬁanded from its initial state gradually at

least to said downstream side.

20
22. A liquid discharging method according to
Claim 17, wherein said process is performed by means.
for regulating direetion to regulate the discharging
direction of at least one of movable separation films
25 -of said two movable seperation members.

23. A liquid discharging method according to
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bubbl e generating area to generate heat for creating 'said air

bubbl e; and 20 novabl e separation fil ns f-er—separating—sard
di scharge liquid flow path and sai d bubbl e generat | lu[ﬁjﬂ fl ow
sai.d
! acing

path substantially fromeach other at aligs - tUiﬂﬂN!}L“!ﬂ/
| i qui d being discharged from said discharge 25 A

sai d novabl e separation filns by the pressure exerted by the

creation of said air bubbl e, _ -
108 - . said liquid discharge head being provided with

sai d heat gendrimglal efhgrein faldh puacesfe s fenfprmed in |theuid 1 ow _
path, and said novabl e S%Paration_filn1 arranged to be in tw sets to

al |l ow at | eastCPIFUTALL

5 of §aid RAMARLS rSARAFAGOR & id M Rajing

separationfilrrslitgﬁ , fdace each other with said discharge liquid flow
pat h b YB3 advance. 30. A‘liquid discharge head
according to Caim 10 29, wherein neans for regulating direction is
provi ded to displace said two novabl e separation filns on the

upstreamgsi de than paid giff‘g@:{‘?gd\,\}%%% tfﬁb&g{f@t cordinq 4P the liquid-

flow in said discharge |1 qui e sane 1ime, at |east

the portion ofcpigmOf7 Saerdbh saidp OV 61 & GRaF Al iy i M6 on the
downstream si de bei ng displaced relatively larger on said discharge
openi ng side thegul&eingrthe®aéFElSfherdd dHesaiBtdBAMubble in said

bubble generating liquid flow path.

10 25. A liquid discharging method according to
Claim 17, wherein said process is performed by
displacing the portion of the movable separation film
on the downstream side relatively larger than the
portion thereof on the upstream side with respect to

15 the central portion of the movable region.

26. A liquid discharginé method according to
Claim 17, wherein said movable separation film is
configured in nose type in said bubble generating.
20 liquid flow path toward said discharge liquid flow path
. in_said process.
27. A liquid discharging method according to
Claim 25, wherein said movable separation film is
25 - displaced in said process to allow a point of said
movable separation £film positibned on the upstream side

than the predetermined point thereon in the initial

ARG

This Sheet Has Been Re(ilaced



si de. 20 31. A liquid discharge head according to Caim

30, wherein said nmeans for regulating direction is said novabl e
separation filmitself, and sai d novabl e separation filmis
provided with elasticity. 25 - 107 - 32. Aliquid discharge
head according to Claim 31, wherein said neans for regulating
direction is a _ - 109 - _
novabl e menber arranged adjacent to said novabl e separation film

33. A liquid discharge head according to daim 5 32, wherein said
novabl e menberstiateprisyikgedositiiones on the fdowasiressn sife dbamseedam side

t han the upstream side | of the portion facing said air bubble _
gener ating ar @Fedetermingdy bRimMf-cr um poi nt on the upstream side that said
free : end, respectively. 10 - 34. Aliquid discharge head
according to Claim 32, wherein said novabl e nenber is arranged on
sai d di schar liquid fl path si.de of i vabl.e - _
separation film 15" A Lﬁ'lquldo%bsicthﬁziql(ﬁllﬂ Eegié%(?ﬁfr@é:g%%elél@ ét(?cordi ng to

Claim o [ | f.Qls i ' ' ' _
sagged posrt i o?a?%%@d%%%%qh%qa%lﬁw% 1# dddlalférs%térfm:"’{tsedﬁ1 for
delaying the liquid flow in said discharge liquid flow

path between the displacement ranges of said two

movable separation movable films themselves.

10 29. A liquid discharge head for a liquid
discharge apparatus comprising:
discharge liqﬁid flow paths conductively connected
with discharge openings for discharging liquid;
bubble generating liquid fiow paths each provided
15 with the air bubble generating area for creating air
bubbles in said liquids;
ﬁeat generating devices each arranged in said air
bubble generating area to generate heat for creating
said air bubbles; and
20 movable separation films for separating said
discharge liquid flow path and said bubble generating
liquid flow path substantially from each other at all
times,
said liquid being discharged from said discharge

25 openings by displacing said movable separation films by

il

the pressure exerted by the creation of said air

bubbles,
e This Sheet Has Been
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bubbl e generating area of said novable separation film 20 extruding to

sai d bubbl e generating liquid flow path si de when no bubbl e
generation is nade, and extruding to said discharge liquid fl ow path
si de when bubbl e generation is segdeg - 25 36. Aliquid

di scharge head according to Claim 35, wherein said sagged portion is
formed to present a hi gher extrusion on the downstream side than the
hei ght of extrusion on the upstream side. ' - 110 -

37. A liquid discharge apparatus conpri si ng: a liquid di'scharge head

according to any orf@igt ligudidrelizcheirges haad Ipingnh@rovidedimiing si gnal

suppl yi ng neans for supplying a driving signal for dischargin the liquid
frgfn Zalg | i R eﬁyq%%@q%éadl dev:l.cge sgaJ.d bubble genergatl%g q

liquid flow path, and said movable separation film

arranged to be in two sets to allow at léast parts of
5 the movable ranges of said movable separation films to

face each other with said discharge liquid flow path

between'them._

30. A liquid discharge head according to Claim
10 29, wherein means for regulating direction is provided
to displace said two movable separation films on the
upstream side than said discharge'opening with respect
to the liquid flow in said discharge liquid flow path,
at the same time, at least the portion of one of said
15 two movable separation films on the downstream side
being displaced relatively larger on said discharge
opening side than the portion thereof on the upstream

side.

20 3l. A liquid discharge head according to Claim
30, wherein said means for regulating direction is said
. movable separation film itself, and
said movable separation film is provided with
elasticity.
25
32. A liquid discharge head according.to Claim

31, wherein said means for regulating direction is a
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movable member arranged adjacent to said movable

separation film.

33. A liquid discharge head according to Claim
32, wherein said movable member is provided with its
free end on the downstream side than the upstream side

of the portion facing said air bubble generating area,

and a fulcrum point on the upstream side that said free

end, respectively.

34. A liquid discharge head according to Claim
32, wherein said movable member is arranged on said
discharge liquid flow path side of said movable

separation film.

35. A liquid discharge head accofding to Claim
30, wherein said means for regulating direction is a
sagged portion arrangéd for the portion facing said air
bubble generating area of said movable separation film,
extruding to said bubble generating liquid flow path
side when no bubble generation is made, and extruding

to said discharge liquid flow path side when bubble

generation is made.

36. A liquid discharge head according to Claim
35, wherein said sagged portion is formed to present a

higher extrusion on the downstream side than the height

of extrusion on the upstream side.
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