- 1- LI QUI D EJECTI NG HEAD, LI QUI D EJECTI NG DEVI CE Yo f555—1
AND LI QUI D EJECTI NG METHOD FI ELD OF THE | NVENTI ON AND RELATED, Al 5
The present invention relates to a liquid ej ecting head for ejy@ﬁ

desired liquid using .. generation of a bubble by applying thermal energy
to t he I|qU|d a head cartridge u5|qg the liquid ejecting head, a
1% quid ejectln deV|ce¢u3|ng the sane, a 10 manufacturing nethod for the
liquid ejecting head, v+ liquid ejecting nmethod, a recordi ng nethod,

and a pri g prov; ed using the liquid ejecting nethod. It

further relates to cqf l~gUi d ej ection
head, and a metthod wﬁh |‘ﬁégc'¢]ﬁﬁg Pﬁﬁbﬂ l.ﬁ,:ﬁﬁej eﬁi(‘ll;if)i %eaylvﬁjh thJe
i qui d. re paNg Cﬁ!ﬂ%ﬁﬂﬁ'mécafﬂ@mﬁcma i quid
ej ecting head hQV|ng novabl e novabl e by generation of a
bubbl e, and a head cartridge using the liquid ejecting head, and
liquid ejecting devick using

FI§LD OF THE INVENTION AND RELATED ART

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

10  manufacturing method for the liquid ejecting head, a
liquid ejecting method, a recording method, and a
print provided using the liquid ejecting method. It
furfhér relates to an ink jet head kit containing the
l1iquid ejection head, and a method of filling the

15 1liquid ejection head with the liquid.

More particularly, it relates to a liquid
ejecting head having a movable member movable by
generation of a bubble, and a head cartridge using the
liquid ejecting head, and liquid ejecting device using

20 the same. It further relates to a liquid ejecting
method and recording method for ejection the liquid by
moving the movable member using the generation of the
bubble.

The present invention is applicable to

25 equipment such as a printer, a copying machine, a’
facsimile machine having a communication system, a

word processor having a printer portion or the like,



20 the sane. It further relates to a liquid ejecting met hod and

recordi ng nethod for ejection the liquid by novi ng the novabl e nenber
usi ng the ‘generation of the bubbl e. The present
invention is applicable to 25 equipnent such as a printer, a copying
machi ne, a facsim | e machine havi ng.A. comuni cation system a

word processor having a printer portion or the I|ike,

- 2- and an industrial recording device conbined with vari ous
processi ng device or processing devices, in which the recording is

effected on a #R8g0ali NidustridPtAEdAtd i s d Rymbilddcead.tH i ber,
textile, 5 leather, netal, plastic resin material, glass, wood,

ceram c and sovanious processing dewide sonspRdesEinigieviraasgr dimg” nmeans
not only formng an imge of letter, figure or the |ike havi ng
speci fi ¢ nmeani whichbthe atascording dies difegted am a recording
material such as paper, thread, fiber, textile,
5 1leather, metal, plastic resin material, glass, wood,
ceramic and so on,

In this specification, "recording" means not
only forming an image of letter, figure or the like
having specific meanings, but also includes forming an

10 image of a pattern not having a specific meaning.

An ink jet recording method of so-called
bubble jet type is known in which an instantaneous
state.change resulting in an instantaneous volume
change {bubble generation) is caused by application of

15 energy such as heat to the ink, so as to eject the ink
through'tﬁe ejection outlet by the force resulted from
the state change by which the ink is ejected to and
deposited on the recording material to form an image
.formation. As disclosed in US patent No. 4,723,129, a

20 recording device using the bubble jet recording method
comprises an ejection outlet for ejecting the ink, an
ink flow path in fluid communication with the ejection
outlet, and an electrothermal transducer as energy
generating means disposed in the ink flow path.

25 - With suéh a recording method is advantageous
in that, a high quality image, can be recorded at high

speed and with low noise, and a plurality of such



10 image of a pattern not having a specific neaning. An i nk
jet recording nethod of so-called bubble jet type is known in which an
I nst ant aneous state change resulting in an instantaneous vol une

change (bubbl e generation) is caused by application of 15 energy such as
heat to the ink, so as to eject the ink -3- through the ejection outlet by
the force resulted from the state change by which the ink is ejected
to and deposited on the recording nmaterial to form an i nmage

formation. As disclosed in US patent No. 4,723,129, a 20 recording device
usi ng the bubbegegtionecoutliety cat Heel positednpt ilsihgh aderegiy,| andut | et for

ejecting the ink, an ink flow path in fluid comrunication with the
ej ection bhereforandsmnlbletzeor¢mmxﬂﬁngrapeamntnsasanahﬁqnof
generating neans disposed in the ink flow path. Wth such a

recor di ng net hBEOVidEagaat highusesolution (¢an bQiPﬁQﬂiQﬁﬂMlQ%ﬂ iGRIAL can be

recorded at hlg geed and with | ow noise, and a pIurallty of such
-3 mages canh be easily formed. Therefore, the bubble

5 jet recording method is now widely used in printers,
copying machines, facsimile machines or another office
equipment, and for industrial systems such as textile
printing device or the like.

With the increase of the wide needs for the
10 bubble jet technique, various demands are imposed
thereon, recently.

" For example, an improvement in energy use
efficiency is demanded. To meet the demand, the
optimization of the heat generating element such as

15 adjgstment of the thickness of the protecting film is
investigated. This method is effective in that a
propagation efficiency of the generated heat to the
liquid is improved.

In order to provide high image quality

20 images, driving conditions have been proposed by which
the ink ejection speed is increased, and/or the bubble
generation is stébilized to accomplish better ink
ejection. As another example, from the standpoint of
increasing the recording speed, flow passage

25 confiéuration improvements have been proposed by which
the speed of liquid filling (refilling) into the

liquid flow path is increased.



ejection outlets can be posited at high density, and t herefore, smal

si ze recordi ng apparatus capabl e of providing a high resolution can be
provi ded, and col or i mages can be easily forned. Therefore, the bubble
5 jet recording nethod is now widely used in printers, copyi ng

machi nes, facsimle nmachines or another office equi pnent, and for

i ndustrial systens such as textile printing device or the like.
Wth the increase of the wide needs for the 10 bubble jet technique,
vari ous demands are inposed t hereon, recently. For

exanpl e, an inprovenentJéﬂhﬁgggghéi ‘bq$n Pé%éﬂﬂﬂqgﬁiﬁéé%i ed. To neet

t he demand, the optim zation of the heat genérating el ement such as

15 adj ust ment Qﬁoléi@—iﬁ%i‘exffol?ésé he i Pafdddtd dtiduBtures, investigated.
hat a

This method is effective in propagation efficiency of the
generated heat to the The ligiiid gatH Y Pa¥bage structure ofl @ order to

provide high inmage quality 20 inmages, driving conditions have been
proposed by whmadufactutimg imtlge thearefprare propoeert dlomttieor t he
bubbl e generation is stabilized to acconplish better ink
ej ection. As astamdpointingt cthd rhauk wave dolaridhtthef 1iquid chamber.
This back wave is considered as energy loss since it
does not contribute to the liquid ejection. It
propbsés a valve 10 disposed upstream of the heat
generating element 2 with respect to the direction of
10 general flow of the liquid, and is mounted on the
ceiling of the passage. It takes an initial position
wherein it eitends along the ceiling. Upon bubb;e
generétion, it takes the position wherein it extends
downwardly, thus suppressing a part of the back ane
15 by the wvalve 10. When th valve is generated in the
path 3, the suppression of the back wave is not
practically significant. The back wave is not
directly contributable to the ejection of the liquid.
Upon the back wave occurs in the path, the pressure
20 for directly ejecting the liquid already makes.the
liquid ejectable from the passage.

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

25 tperefore, a burﬁt material is deposited on the

surface of the heat generating element due to kogation

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



I ncreasing the recordi ng speed, flow passage 25 configuration inprovenents
have been proposed by which the speed of liquid filling (refilling)
into the liquid flow path is increased.

- 4- ~Japanese Laid OQpen Patent Application No.

SHO- 63- 199972 propose flow passage structglres. The liquid
path or passage structure of a manuf acturing nmethod therefor are
proposed fromthe 5 standpoint of the back wave toward the |iquid chamber
Thi s back wave is considered as energy |loss since it does not

contribute to bEelargdi Sefe@in®on |the matd¥QPOSESE the/dlnke LG di sposed
upstream of the heat generating elenent 2 with respect to the

direction of tRigeoecatsf | theofnk hejédEion bedshds wastElsk on t he
ceiling of the passage. It takes an initial position wherein it
ext ends al ong AGéitiohahlly, Upwen betida ethe 1iqeit®riad iben,ejdctieakds t he
position wherein it extends downwar dl y, thus suppressing a part of the
back wave the one easily deteriorated by heat or even when the
5 1liquid is the one with which the bubble generation is
not sufficient, the liquid is desired to be ejected in
good order without property change.
Japanese Laid Open Patent Application No.
SHO-61-69467, Japanese Laid Open Patent Applicétion
10 No. SHO-55-81172 and US Patent No. 4,480,259 disclose
that different liquids are used for the liquid
generating the bubble by the heat (bubble generating
liquid) and for the liquid to be ejected (ejection
liquid). In these publications, the ink as the
15 ejection liquid and the bubble generation liquid are
completely separated by a flexible film of silicone
rubber or the like so as to prevent direct contact of
the éjection liquid to the heat geﬁerating element
while propagating the pressure resulting from the
20 bubble generation of the bubble generation liquid to
the ejection liquid by the deformation of the flexible
film. The prevention of the deposition of the
material on the surface of the heat generating element
and the increase of the selection latitude of the
25 ejection liquid are accomplished, by such a structure.
Howevér, with this structure in which the

ejection liquid and the bubble generation liquid are



15 by the valve 10. Wen th valve is generated in the path 3, the

suppression of the back wave is not practically significant. The back
wave i s not directly contributable to the ejection of the |iquid.

Upon the back wave occurs in the path, the pressure 20 for directly
ejecting the liquid already nakes the _g_liquid ejectable fromthe
passage. On the other hand, in the bubble jet recordi ng
nmet hod, the heating is repeated with the heat generating el enent
contacted with the ink, and 25 therefore, a burnt material is deposited on
t he sur f acempletéy hespapered Attg tas@Bnie Bie tHe Ragailieoon of the
I nk. However, the anmount of the deposition may

- 5- be gengratibpenils npropagatedetertiae sejdetion i hiquifd this
occurs, the ink ejection becomes unstabl e. Addi tional ly, even when the

liquid to be ethroeghithe expansiaomecanisragtidm aleformatidyy dfedtheor even
when the flexible film, and therefore, the pressure is absorbed
5 by the flexible film to a quite high degree. 1In
addition, the deformation of the flexible film is not
so large, and therefore, the energy use efficiency and
the ejection force are deteriorated although the some

effect is provided by the provision between the

10 ejection liquid and the bubble generation liquid.

SUMMARY OF THE INVENTION
- Accordingly, it is a principal object of the
present invention to provide a liquid ejection
15 principle,with which the generated.bubble is
controlled in a novel manner.

_It is another object of the present invention
to further improve the system of the novel manner in
ejection stability, ejection efficiency, and/or

20 ejection property.

It is a further object of the present
invention to provide a liquid ejecting method, liquid
ejecting head and so on wherein heat accumulation in
the liquid on the heat generating element is

25 signﬁfidantly reduced, and the residual bubble on the
heat generating element is reduced, while improving

the gjection efficiency and the ejection pressure.



5 1liquidis the one with which the bubble generation is not

sufficient, the liquid is desired to be ejected in good order wi thout
property change. Japanese Laid Open Patent Application No.
SHO 61- 69467, Japanese Laid Open Patent Application 10 No. SHO 55-81172
and US Patent No. 4; 480, 259 di scl ose _7that different liquids are used
for the liquid generating the bubble by the heat (bubble generating
liquid) and for the liquid to be ejected (ejection liquid). In these

publications, the ink as the 15 ejection liquid and the bubbl e generation

liquid are conpl ot #f Y S eparatbi b ddieidlihel br@edtsi | i cone

rubber or the like so as to prevent direct contact o the ejection

liquid to the Mnﬂﬁﬁrﬁéiﬁfﬁaﬁwuiquid Widc il head iahd ise opy essur e
resulting fromthe 20 bubble generation of the bubble generation liquid to

the ej ection |vwigeueslibyindt el furad iign afditdeetfilonXidgainst lilguli@ The
prevention of -the deposition of the material on the surface of the
heat gener ati nsnpplpadirectiomnihe o ibavk amvenfid suppaieseseidon anadt | t ude of
the 25 ejection |iquid are acconplished, by such a structure.
However, wdth simeltaneousky i dednge afe retractjies: iofn a mgniscasd t he
bubbl e generation liquid are _
is reduction by a valve function of a movable member
by which the refilling frequency is increased, thus
permitting high speed printing.
It is a further object of the present
10 invention to provide a liquid ejecting head and so on
wherein deposition of residual material on the heat
generating element is reduced, and the range of the
usable 1iquid is widened, and in addition, the
ejection efficiency and the ejection force are
15 significantly increased.
It is a further object of the present
invention to provide a liquid ejecting method, a
liquid ejecting head and so on, wherein the choice of
the liquid to be ejected is made greater.
20 It is a further object of the present
invention to provide a manufacturing method for a
liquid ejecting head with which such a liquid ejecting
head is easily manufactured.
It is a further object of the present
25 invention to provide a liquid ejecting head, a

printing apparatus and so on which can be easily

manufactured because a liquid introduction path for



conpl etely separated, the pressure by the bubble generation is

propagated to the ejection liquid through the expansion-contraction
def ormati on of the flexible film and therefore, the pressure is
absorbed 5 by the flexible filmto a quite high degree. In addi tion,
the deformation of the flexible filmis ngt so large, and therefore,
the energy use efficiency and the ejection force are deteriorated

al t hough the sone effect is provided by the provision between the 10
ejection liquid and the bubble generation |iquid. SUMVARY OF THE

| NVENTI ON supplying ACSPadaDItY oft1i§ubddrARE| EhsPPLEEda Qf1de
present invention to provide a liquid ejection 15 principle with which the

generated bubbbesmall numbert o6l pagtsD &tNOyehn N@ddLEional object to !t 1S
anot her object of the present invention to further inprove the system
of the novel npmowidena downsized liquid ejecting head and device.

It is a further object of the present

5 invention to provide a good print of an image using an
above-described ejection method.

It is a further object of the present
invention to provide a head kit for prermitting easy
refuse of the liquid ejecting head.

10 According to an aspect of the present
invention, there is provided a liquid ejecting method,
comprising the steps of: providing a liquid ejection
outlef; providing a first liquid flow path for first
liquid in fluid communication with the liquid ejection

15 outlet; providing a second liquid flow path for second
liquid, adjacent to the first liquid flow path:
providing a separation wall having a movable member
between the first liquid flow path and the second
liquid flow path; and ejecting, by displacement of the

20 movable member toward the first liquid flow path,
liquid which is a mixture of the first liquid and not
less than 10 % by weight of the second liquid on the
basis of the amount of the first liquid.

According to another aspect of the present

25 invention there is provided a liquid ejection head,
comprising: a liquid ejection outlet; a first liquid

flow path for first liquid@ in fluid communication with



ejection stability, ejection efficiency, and/or 20 ejection property.

It is a further object of the present I nvention to provide a liquid
ej ecting nmethod, liquid ej ecting head and so on wherein heat

accunul ation in the liquid on the heat generating elenent is 25
significantly reduced, and the residual Rhubble on the heat generating
el enment is reduced, while inproving “Zfhe ejection efficiency and the
ej ection pressure. -7-

It is a further object of the present invention to provide a liquid

ej ecti ng head di t
j ecting hea tggf Wil ejectil ﬁrw& ber & @eEfoﬁel%gui‘d rgs& hgehaga' ns

l'i quid on due to ack wave I'S suppresse
si mul t aneous! Yeord SRURE 1%&&”%@3%@:@ td FRei $¢¥st 1iquid E®gWction by a

val ve function of a novabl e nenb by which the refilling frequency is
increased, thysath; a RPECEtioh thﬂ %Beiﬁgphlﬂbbaﬁle member

betﬁeen the first liquid flow path and the second

5 1liquid flow path; and wherein by displacement of the

movable member toward the first liquid flow path,

liquid which is a mixture of the first liquid and not

less than 10 % by weight of the second liquid on the

basis of the amount of the first liquid, is ejected

10 through the liquid ejection outlet. ‘

According to a further aspect of the present
invention there is provided a liquid ejecting
apparétus, COmprisiﬁg: a liquid ejecting head
including; a liquid ejection outlet;; a first liquid

15 flow path for first liquid in fluid communication with
the liquid@ ejection outlet;; a second liquid flow path
for second liquid, adjacent to the first liquid flow
path;; and a separation wall having a movable member
between the first liquid flow path and the second.

20 liquid flow path; wherein bg displacement of the
movable member toward the first liquid flow path,
liquid which is a mixture of the first liquid and not
less than 10 $ by weight of the second liquid on the
basis of the amount of the first liquid, is ejected

25 +through the liquid ejection outlet; and driving signal
supply means for supplying a driving signal to the

liquid ejecting head.



It is a further object of the present 10 invention to provide a liquid

ej ecting head and so on wherei n deposition of residual material on the
heat generating elenent is reduced, and the range of the usabl e
liquid is widened, and in addition, the ej ection efficiency and the
ejection force are 15 significantly incregsed. It is a
further object of ‘the present I nvention to provide a liquid ejecting
nmet hod, a liquid ejecting head and so on, wherein the choice of

the liquid to be ejected is nade greater. 20 It is a further

obj ect of the present Accor8yfigtténatl upthet d@sPedBnef agha! Ipresaret hod for

a liquid ejecting head with which such a liquid ejecting head is
easi | y manuf actimwvettion there is providedaaf Lighibd epeecingf the present
25 invention to provide a liquid ejecting head, a printing apparatus
and so on whi chppamatuseacphprisingmaaul quid celjsetingcheadi qui d
I ntroduction path for .

including; a liquid ejection outlet; a first liquid

5 flow path for first liquid in fluid communication with

the liqﬁid ejection outlet; a second liquid flow path

for second liquid, adjacent to the first liquid flow

path; and a separation wall having a movable member

between the first liquid flow path and the second

10 ligquid flow path; driving signal supply means for
supplying to the liquid ejecting head a driving signal
for ejecting, by dispiacement of the movable member
toward the first liquid flow path, liquid which is a
mixture of the_first liquid and not less than 10 % by

15 weight of the second liquid on tﬁe basis of the amount
of the first liquid, is ejected through the liquid
ejection outlet.

According to a further aspect of the present
invention there is provided a head cartridge,

20 comprising: a liquid ejecting head including; a liquid
ejection outlet;; a first liquid flow path for first
liquid in fluid communication with thé liquid ejection
outlet;; a second liquid flow path for second liquid,
adjacent to the first liquid flow path;; and a

25 separation wall having a movable member between the

first liquid flow path and the second liquid flow

path; wherein by displacement of the movable member



supplying a plurality of liquids are constituted with a small nunber
of parts. it is an additional object to provi de a downsi zed liquid

ej ecting head and devi ce. It is a further object of the

pr esent 5 invention to provide a good print of an inmage using an
above-descri bed ejection nethod. -11- It is a further object of

t he present i'nvention to provide a head kit for permtting easy
refuse of the liquid ejecting head. 10 According to an aspect of
t he present i nvention, there is provided a |liquid ejecting nethod,
conpri si ng t he toward dhe Figetdiliguid £dowdpatbet 1bguid which| &$;aprovi di ng
afirst liquid flow path for first liquid in fluid conmunication with
the |iquid ej edixmre; o hheeifinstodiguid andeBokdlesguthan| b pabhn for
second l'iquid, adjacent to the first liquid flow path; provi di ng
a separati on wiet Phb higpdd on thgcbagis efethe ramownty d

(yow path and L SacPlles. 2kl Sa! bIRCRRE"n200oRL EBE! 0B, o o,
L;qagggﬁ?iSQ i%g%g%%%%ﬂ%ﬁﬁgéféh§ﬁkiEg&ukhqgggtgggego£or con%gfgiﬁgan 10 %
the liquid to be supplied to the liquid ejecting head.
According to a further aspect of the present

invention there is provided a print provided by liquid
ejected by a recording ﬁead comprising: a liquid

10 ejection outlet; a first liquid.flow path for first
liquid in fluid communication with the liquid ejection
outlet; a second liquid flow path for second liqpid,
adjacénf to the first liquid flow path; a separation
wall having a movable member between the first liquid

15 flow path and the second liquid flow path; and wherein
by displacement of the movable member toward the first
liquid flow path, liquid which is a mixture of the
first liquid and not less than 10 % by weight of the
second liquid on the basis of the amount of the first

20 liquid, is ejected through the liquid ejection outlet.

According to a further aspeét of the present

invention there is provided a head kit comprising: a
recording head including a liquid ejection outlet; a
first liquid flow path for first liquid in fluid

25 communication with the liquid ejection outlet; a
second liquid flow path for second liquid, adjacent to

the first liquid flow path; a separation wall having a



basis of the anount of the first |iquid. Accordi ng to anot her
aspect of the present 25 invention there is provided a liquid ejection
head, conprising: a liquid ejection outlet; a first liquid flow
path for first liquid in fluid conmmunication with

-9- the liquid ejection outlet; agecond liquid flow path for
second liquid, adjacent to the first liquid flow path; a separation
wal I having a novabl e nenber between the first liquid flow path and
the second 5 liquid flow path; and wherein by displacenent of the

nmovabl e nmenbermovable mémbdr risdtweenithd [fiwgtatliquid fllowqpathwangh is a

m xture of the first |iquid and not | ess than 10 % by wei ght of the
second |iquid thetsecond ligmsid T¥ow pathvownd otherdednf ibyst |iquid, is
ejected 10 through the liquid ejection outlet. According to

a further aspedisplacepent afrthe movahhe membern towands tieofided a |iquid

ejecting liquid flow path, liquid which is a mixture of the

5 first liquid and not less than 10 % by weight of the
second liquid on the basis of the amount of the first
liquid, is ejected through the liquid ejection outlet;
a liquid container for containing liquid to be
supplied to the liquid ejecting head; and a filling

10 portion, containing the liquid, for filling the liquid
to the liquid container.

According to a further aspect of the present
invenfion fhere is provided a liquid filling method,
comprising: preparing recording head including a

15 liquid ejection outlet; a first liquid flow path for
first liquid in fluid communication with the liquid
ejection outlet; a second ligquid flow path for second
liquid, adjacent to the first liquid flow path; a
separation wall having a movable member between the

20 first liquid flow path and the second liquid flow
path; and wherein by displacement of the movable
member toward the first liquid flow path, liquid which
is a mixture of the first liquid and not less than 10
% by weight of the second liquid on the basis of the

25 amount of the first liquid, is ejected through the
liquid ejection outlet; wherein the liquid is filled

to both of the first liquid flow path and the second



apparatus, conprising: a liquid ejecting head including; a liquid
ejection outlet;; a first liquid 15 flow path for first liquid in fluid

comuni cation with the liquid ejection outlet;; a second liquid flow
pat h for second liquid, adjacent to the first liquid flow path;;
and a separation wall having a novabl e nmemger between the first liquid
flow path and the second 20 liquid flow path; wherein by displacenment of

t he novabl e menber toward the first liquid fl ow path, liquid
which is a mxture of the first liquid and not | ess than 10 % by

wei ght of the ddéguid KEilguwi path.t he basi s of the amount of the first
liquid, is ejected 25 through the liquid ejection outlet; and driving

si gnal suppl y neandcrcoxrdingpkoi agfurtheyi agpecynaf thetpeesent |iquid
ej ecting head. According to a further aspect of

the present  1NVER§EAR; Sherpeisd PEopideddedtane| gradatientregprding
apparat us, CO”RL% Bﬁg:c%mLL?%Egg?jggébggiﬂgag liquid ejection
5 outlet; providing a first liquid flow path for first
liquid in fluid communication with the liquid ejection
outlet; providing a second liquid flow path for second
liquid, adjacent to the first liquid flow path;
providing a separation wall having a movable member
10 between the first liquid flow path and the second
liquid flow path; and ejecting, by displacement of the
movable member toward the first liquid flow path,
liquid which is a mixture of the first liquid and an
amount of the second liquid on the basis of the amount
15 of the first liquid, wherein the amount is controlled
in accordance with the tone level to be recorded.
According to a further aspect of the present
invention there is provided a tone recording apparatus
comprising: a liquid ejection outlet; a first liquid
.20 . flow path for first liquid in fluid communication with
the liquid ejection outlet; a second liquid flow path
for second liquid, adjacent to the first liquid flow
path; a separation wall having a movable member
between the first liquid flow path and the second
25 ligquid flow path; and wherein by displacement of the
movable member toward the first liquid flow path,

liquid which is a mixture of the first liquid and an



including; a liquid ejection outlet; a first liquid 5 flow path for first

liquid in fluid conmunication with the liquid ejection outlet; a
second liquid flow path for second liquid, adjacent to the first
liquid flow pat h; and a separation wall having a novabl e nenber
between the first liquid flow path and thg.second 10 liquid flow path;
driving signal supply neans for supplying to the liquid ejecting head
a driving signal for ejecting, by displacenment of the novabl e nmenber
toward the first liquid flow path, liquid which is a m xture of the
first |iguid ol deSthd ibohd %ihidlon WiedBhseh bitetaeCaigubtaui d on
the basis of the anopunt of the first liquid, is ejected through the
l'iquid ej et Hirdtetliquid, is ejected;Cahdirednt @ha hmbuAer igspect of
t he present invention there is provided a head cartridge, 20
conprising: a domtrallsddn rEdorddncec widhndheatbnguildvel toepecti on
outlet;; a first liquid flow path for first liquid in fluid
comuni cat i on ¥éadrdetk. | i quid ejection outlet;; a second liquid flow
path for second |iquid, adjacent to the first liquid flow path;; and a
25 separabion wal | haWitth £hepdigud drejiestipat weshodhend thef hesd | i quid
flow path and the second liquid fl ow

using the novel ejection principle, a synergistic
effect is provided by the generated bubble and the
movable member moved thereby so that the liquid
adjacent the ejection outlet can be ejection with high
10 efficiency, and therefore, the ejection efficiency is
improved. For example, in the most desirable type of
the present invention, the ejection efficiency is
incréased even to twice the conventional one.

In another aspect of the present invention,

15 even if the printing operation is started after the
recording head is left in a low temperature or low
humidity condition for a long term, the ejection
failure can be avoided. even if the ejection failure
occurs, the normal operation is recovered by a small

20 scalé recovery process including a preliminary
ejection and sucking recovery.

In an aspect of improving the refilling
property, the responsivity, the stabilized growth of
the bubble and stabilization of the liquid droplet

25 during the continuous ejections are accomplished, thus
permitting high speed recording.

In this specification, "upstream" and



pat h; wherein by displacenent of the novabl e nenber toward
the first liquid flow path, liquid which is a m xture of the first
liquid and not | ess than 10 % by wei ght of the second liquid on the
basi s of the anount of the first liquid, is ejected through the liquid
5 ejection outlet; and liquid container, ffé cont ai ni ng the liquid to
be supplied to the liquid ejecting head. >~ According to a
further aspect of the present i nvention there is provided a print

provi ded by liquid ej ected by a recording head conprising: a liquid

10 election OuhhghstdehintShrb! AUrEnlh s PA! Pebflet 1 {5'a geneddfitl d I N

fluid conmuni cation Wt qui d ejection a second liquid

flow path for R leh by 12di;88¢ t ' i{ id flow path; a
separation ig&%l? Eagghgrgmngvagﬁggﬁeﬁggégﬁegﬁgiﬁéf%% f??st liquid 15

flow path and phacteefndukthdti ¢htbaghPehs; pabPlehgérération MgLbwpl acenent
of the novabl e nenber toward the first liquid flow path, |iquid which
is a mxture of(imbk@ble member).

5 As regards the bubble per se, the
"downstreamﬁ is defined as toward the ejection outlet
side of the bubble which directly function to eject
the liquid droplet. More particularly, it generally
means a doﬁnstream from the center of the bubble with

10 respect to the direction of the general liquid flow,
or a downstream from the center of the area of the
heat generating element with respect to the same.

| In this specification, "substantially sealed"”
generally means a sealed state in such a degree that

15 when the bubble grows, the bubble does not escape
through a gap (slit) around the movable member before
motion of the movable member.

In this specification, "separation wall" may
mean a wall (which may include the movable member)

20 interposed to separate the region in direct fluid
communication with the ejection outlet from the bubble
generation region, and more specifically means a wall
separating the flow path including the,K bubble
generation region from the liquid flow path in direct

25 fluid communication with the ejection outlet, thus
preventing mixture of the liquids in the liquid flow

paths.



first liquid and not |ess than 10 % by wei ght of the second liquid on
the basis of the ambunt of the first 20 liquid, is ejected through the
liquid ejection outlet. According to a further aspect of the
pr esent invention there is provided a head kit conprising: a
recording head including a liquid ejectiofigoutlet; a first liquid flow
path for first liquid in fluid 25 comunication with the liquid ejection
outlet; a second liquid flow path for second liquid, adjacent to
the first liquid flow path; a separation wall having a
-12- nmovabl e nmenbPRes@candesthet obhisdts ) st dtenyyv gmi h and t he
second liquid flow path; and wherein by di spl acenent of the novable
menber toward afdvahtages of thegpresénbwimpeention guill Heaime sroareri xt ure of
t he 5 first liquid and not |ess than 10 % by wei ght of the second
liquid on the 8pparent wpenaapcensidexakion ref the fallpwingis ej ected
t hrough the Iiguid ej ection outlet;
escription of the preferred embodiments of the
5 present invention taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic sectional view of
10 example of a liquid ejecting head of an embodiment of
the present invention.l

Figure 2 is a partly broken perspective view
of a iiquid ejecting head according to an embodiment
of the present invention.

15 Figure 3 is a schematic view of pressure
propagation from a bubble in a conventional head.

Figure 4 is a schematic view of pressure
propagation from a bubble in a head according to an
embodiment of the present invention.

20 Figure 5 is a schematic view of a liquid flow
in an embodiment of the present invention.

Figure 6 is a sectional view of a liquid
ejecting head (2 flow path) according to a sixth
embodiment of the present invention.

25 Figure 7 is a partly broken perspective view
of a liquid ejecting head according to j a sixth

embodiment of the present invention.



I quid container for containing liquid to be supplied to the liquid
cting head; and a filling 10 portion, containing the liquid, for

ling the liquid to the liquid container. According to
urther aspect of the present invention there is provided a liquid
i ng nmet hod, conprising: preparingycecording head including a 15
uid ejection outlet; a first liquid flow path for first liquidin
uid comunication with the liquid ejection’outlet; a second liquid
fl ow path for second liquid, adjacent to the first liquid flow path; a
separation wall having &igorabBeiseaheilbasveabibheof28nfopstationi d flow
path and the second liquid flow pat h; and wherein by displacenent of

t he novabl e of e momablenmedbelre first |iquid flow path, |iquid which

is a mxture of the first liquid and not |ess than 10 % by wei ght of

t he second liquid on th?iB§§ﬁ59o#StﬁB i25uakpahionfofha $trectureuofi, is

ej ected through the gquid_ejection outlet; wherein the liquidis

filled toab5@ﬁ°ﬂp 9H8uﬁpr§9°W|HGFB pRg\ApRPYRAkE RembeEcond

5 Figure 10 is an illustration of a structure

a l
ej e
fil
a f
fil
liq
f

of a liquid flow path and a movable member.

'Figﬁre 11 is an illustration of another
configuration of the movable member.

Figure 12 is a longitudinal section of a

10 liquid ejecting head éccording to an embodiment of the
present invention.

Figure 13 is a schematic view of a
configuration of a driving pulse.

Figure 14 is a sectional view of a supply

15 passage of a liquid ejecting head in an embodiment of
the present invention.

Figure 15 is an exploded perspective view of
a head of an embodiment of the present invention.

Figure 16 isla process chart of manufacturing

20 method of a liquid ejecting head in an embodiment of
the present invention.

Figure 17 is a process chart of a
manufacturing method of a liquid ejecting head:
according to an embodiment of the present invention.

25 Figure 18 is a process chart of a
manufacturing method of a liquid ejecting head

according to an embodiment of the present invention.



-13- liquid flow path. According to a further aspect
of the present I nvention there is provided a tone gradation recording
met hod, conprising: providing a liquid ejection 5 outlet; providing a
first liquid flow path for first liquid in fluid comuni cation with
the liquid ejecti.on outlet; providiyg- a second liquid flow path for
second liquid, adjacent to the first liquid flow path;

provi ding a separation wall having a novabl e nenber 10 between the first
liquid fl ow path and the second liquid flow path; and ejecting, by

di spl acenent of the Figume alf eisrearh asxgloded gerspdatitve ivdewd offl ow pat h,
liquid which is a mxture of the first liquid and an anount of the
second |iqui d anligmeideiecion Heeadrmeantridde.of the first |iquid, wherein
t he amount is controlled in accordance with the tone |level to be
recor ded. Figure)rdf) rip 1@ schematia iddwstiragfionhefpresent

I nvention thegﬁﬁis_£ro | ded a tone recordi ng apparatus conprising: a
liquid ejecti o Bt ctiectingdevicRid 20 flow path for first liquid in
[ acopmynication Wil gure of % 'a Blotidiiaran’ ot an spparatag ! | I ¢

Figure 22 is a schematic view of a liquid
ejection recording system.
Figure 23 is a schematic view of a head kit.
Figure 24 is a partial perspective view of a
10 liquid ejection head having a plurality of flows.
Figure 25 shows a head cartridge.
'Figure 26 illustrates a full-line type
cartridge.
Figure 27 shows a relation between density of
15 colorant and OD level.
Figure 28 shows a relation between content of

ejection liquid and OD level.

DESCRIPTION OF THE PREFERRED EMBODIMENT
20 Embodiment 1
Referring to the accompanying drawings, the |
embodiments of the present invention will be
described.
In this embodiment, the description will be
25 made as to an improvement in an ejection force and/or
an'ejectioh efficiency by controlling a direction of

propagation of pressure resulting from generation of a



for second liquid, adjacent to the first liquid flow path; a

separation wall having a novabl e nmenber between the first liquid flow
path and t he second 25 liquid flow path; and wherein by displacenent of

t he novabl e menber toward the first liquid flow path, liquid
which is a mixture of the first liquid anggan

- 14- anount of the second liquid on the basis of the anpunt of
the first liquid, is ejected, wherein the anount is controlled in
accordance with the tone level to be recorded. 5 Wth the

i qui d- ¢f ect | NGuBBL&ofoAngddeidie athe 11quid Nihd RS iy | on
e

principle, a synergistic ect is provided by the generated bubble

and the i edctionndErgrewenl o etied bl at Biudd QUiik a  adj acent
the ejection outlet can be ejection with high 10 efficiency, and

therefore, theschematbo sédtivralcwiew of a il djdetimyxagd®E, in the
nost desirable type of the present invention, the ejection efficiency
i's taken along a liquid flow path according to this
5 embodiment, and Figure 4 is a partly broken
perspective view of the liquid ejecting head.

The liquid ejecting head of this embodiment
comprises a heat generating element 2 (a heat
generating resistor of 40 pm x 105 pm in this

10 embodiment) as the ejection energy generating element

- for supplying thermal energy to the liquid to eject

the liquid, an element substrate 1 on which said heat
generéting element 2 is provided, and a liquid flow
path 10 formed above the element substrate

15 correspondingly to the heat generating element 2. The
liquid flow path 10 is in fluid communication with a
common liquid chamber 13 for supplying the liquid to a
plurality'of such liquid flow paths 10 which is in
fluid communication with a plurality of the ejection

20 outlets 18.

Above the element substrate in the liquid
flow path 10, a movable member or plate 31 in the form
of a cantilever of an elastic material such as metal
is provided faced to the heat generating element 2.

25 One end of the movable member is fixed to a foundation

(supporting member) 34 or the like provided by

patterning of photosensitivity resin material on the



I ncreased even to twi ce the conventional one. I n anot her
aspect of the present invention, 15 even if the printing operation

started after the recording head is left in a lowtenperature o
hum dity condition for a long term the ejection failure can be

avoi ded even if the ejection failure
recovered by a small

ej ection and sucking recovery. In an aspect of inprovi

refilling

property, the responsivity, the stabilized growh of

t he bubbl e andwalhbofi#héi Dig@id tflow igatll 1 apt &he i ehenitng t he
continuous ejections are acconplished, thus permtting high speed

recor di ng.
-15-

substrate. |Bytth$s spenudiue. drhe mepasablenmenbet is

"downstream' are defined with respect to a general

flow from a |isappocted) yard @ ckulerume(fulcrum portion) is

10

15

20

25

constituted.

The movable member 31 is so positioned that
it has a fulcrum (fulcrum portion which is a fixed
end) 33 in an upstream side with respect to a general
flow of the liquid from the common liquid chamber 13
toward the ejection outlet 18 through the movable
member 31 caused by the ejecting operation and that it
has a free end (free end portion) 32 in a downstream
side of the fulcrum 33. the movable member 31 is faced
to tﬁe heat generating element 2 with a gap of 15um
approx. as if it covers the heat generating element 2.
A bubble generation region is constituted between the
heat genefating element and movable member. The type,
configuration or position of the heat generating
element or the movable member is not limited to the
ones described above, but may be changed as long as
the growth of the bubble and the propagation of the
pressure can be controlled. For the purpose of easy
understanding of the flow of the liquid which will be
described hereinafter, the liquid flow path 10 is
divided by the movable member 31 into a first liquid
flow path 14 which is directly in communication with
the ejection outlet 18 and a second liquid flow path

16 having the bubble generation region 11 and the

S
r | ow

-2@ccurs, the normal operation is
20 scal e recovery process including a prelimnary

ng the

liquid



ej ection outlet through the bubble generation region (rmovabl e nenber).
5 As regards the bubble per se, the "downstreant is defined
as toward the ejection outlet side of the bubble which directly
function to eject the liquid droplet. More particularly, it generally
means a downstream fromthe center of thejjubble with 10 respect to the
direction of the general liquid flow, or -a downstream fromthe center
of the area of the heat generating elenment with respect to the sane.
In this specification, "substantially seal ed" general ly neans a seal ed
state in such dicpgredpgplly pbxt W2en the bubble grows, the bubbl e does not
escape through a gap (slit) around the novabl e nenber before

nmoti on of the novabl e mByerausing heat generhtibhi efsphei heasti on
"separation wall" may mean a wall (which may include the novabl e
menber) 20 i gengraddng eleseatae the hegtonsi appiliedt tbl the

comuni cation with the ejection outlet fromthe bubble generation

regi on, and nord®&kiin dhe pubbles gengxiition regipnr 2l hgtwhenftbes pat h

i ncl udi ng the bubbl .generation region fromthe liquid flow path in
direct 25 2f| %Y i 3 Rpdhthechept gpBRTELing: element 2,

by which a bubble is generated by the film_boiling
phenomenon as disclosed in US Patent No. 4,723,129.
The bubble and the pressure caused by the generation
of the bubble act mainly on the movable member, so

10 that the movable member 31 moves or displaces to
widely open toward the ejection outlet side about the
fulcrum 33, as shown in Figure 1, (b) and (c) or in
Figufe 2. By the displacement of the movable member
31 or the state after the displacement, the

15 propagation of the pressure caused by the generation
of thé bubble and the growth of the bubble per se are
directed toward the ejection outlet.

Here, one of the fundamental ejection

principles according to the present invention will be

20 described. One of important principles of this
invention is that the movable member disposed faced to
the bubble is displaced from the normal first position
to the displaced second position on the basis of the
pressure of the bubble generation or the bubble per

25 se, and the.dispiacing or displaced movable member 31
is effective to direct the pressure produced by the

generation of the bubble and/or the growth of the



preventlng m xture of the liquids in the liquid flow pat hs.

of t he present
consi derati on
enbodi nent s of

These and ot her objects, features and advant ages
i nvention will beconme nore apparent upon a
of the follow ng description of the preferred

the 5 present invention t ?%en in conjunction wth the

acconpanyi ng draw ngs. BRI EF DES TI ON OF THE DRAW NGS . .
Figure 1 is a schematic sectional view of 10 exanple of a liquid ejecting
head of an enbodi nent of t he present invention. Figure 2
is a partly brplibbleepepessi ¥6wdi@the ejéétion isitirhe] B ting head
according to an enbodi nent of the present invention. 15 .
Figure 3 is a ¢dbenatreami swde).pressure propagation froma bubble in

a conventi onal

10

15

20

25

head.
More detailed description will be made with

comparison between the conventional liquid flow

passage structure not using the movable member (Figure

3) and the present invention (Figure 4). Here, the
direction of propagation of the pressure toward the
ejection outlet is indicated by Va, and the direction
of propagation of the pressure toward the upstream is
indicated by Vj.

In a conventional head as shown in Figure 3,
there is not any structural element effective to
regul&te the direction of the propagation of the
pressure produced by the bubble 40 generation.
Therefore, the direction of the pressure propagation
of the is normal to the surface of the bubble as
indicated by V1-V8, and therefore, is widely directed
in the passage. Among these directions, those of the
pressure propagdation from the half portion of the
bubble closer to the ejection outlet (V1-V4) have the
pressure components in the VA direction which is most
effective for the liquid ejection. this portion is
important since it directly contributable to the
liquid ejection efficiency, the liquid ejection
pressure and the ejection speed. .Furthermore, the
component V1 is closest to the direction of Va which

is the ejection direction, and therefore, is most



Figure 4 is a schematic view of pressure propagation froma bubble in
a head according to an enbodi nent of the present invention. 20
Figure 5 is a schematic view of a liquid flow in an enbodi ment of the
present invention. , Figure 6 is a sectional view of a liquid
ejecting head (2 flow path) according tQ-s,_sixth enbodi ment of the
present invention. 25 Fi gure Is a partly broken perspective
Vi ew of aliquid ejecting head according to j a sixth enbodi nment
of the present invention. -17-

Figure 8 is anaffdetsive) g AnadVONRIAE delativelly amdEvakioppobeher .
Figure 9 is an illustration of a structure of a second liquid fl ow

path and a novableheeddwsction Vp. Figure 10 is an illustration of a
structure of aliquid flow path and a novabl e nenber.
On the other hand, in the case of the present
invention, shown in Figure 4, the movable member 31 is
5 effective to direct, to the downstream (ejection
outlet side), the pressure propagation directions V1-
V4 of the bubble which otherwise are toward various
directions. thus, the pressure propagations of bubble
40 are concentrated, so that the pressure of the
10 bubble 40 is directly and efficiently contributable to
the ejection.. '

' The growth direction per se of the hubble is
direcfed downstream similarly to to the pressure
propagation directions V1-V4, and grow more in the

15 downstream side than in the upstream side. Thus, the
growth direction ﬁer se of the bubble is controlled by
the movable member, and the pressure propagation
direction from the bubble is controlled thereby, so
that the ejection efficiency, ejection force and

20 ejection speed or the like are fundamentally improved.

Referring back to Figure 1, the ejecting
operation of the liquid ejecting head in this
embodiment will be described in detail,

Figure 1, (a) shows a state before the energy

25 such as electric energy is applied to the heat
generating element 2, and therefore, no heat has yet'

been generated. It should be noted that the movable



Figure 11 is an illustration of another configuration of the novable
nmenber . Figure 12 is a longitudinal section of a 10 liquid
ej ecting head according to an enbodi nent of the present invention.
Figure 13 is a schematic view of a configuration of a driving pul se.
Figure 14 is a sectional view of a supply2415 passage of a liquid ejecting
head i n an enbodi nent of the present invention. Fi gure
15 is an expl oded perspective view of . a head of an enbodi nment of the
present invention. Figure 16 is a process chart of

manuf act uri ng m@@beﬁeﬁﬁodsoSOapbsqMRanepeaslhg beafiacadaat ehdasit neot of
the present invention. gure 17 is a process chart of a
manuf act uri ng ﬁ@@h@@“@ﬁtéepmqEpatéPﬁcpfnghﬁeHbele ganeﬁaﬁeﬁgbyOthg

enbodi ment of ghe present i nventio gure 18 is a process

chart of a eRtn geRergting HﬁtﬁBﬁ BPaE QﬁﬁﬁFﬂtb?%c?lﬁﬁe%Ead In
according to antﬁggpghﬁ%gt QL %QSegr%ﬁagtthgvggaﬁggream portion of

5 the bubble acts on the movable member, the liquid flow
passage structure is such that the movable member 31
extends at least to the position downstream
(downstream of a line passing through the center 3 of
the area of the heat generating element and

10 perpendicular to the length of the flow path) of the
center 3 of the area of the heat generating element.
Figure 1, (b) shows a state wherein the heat
generétion of heat generating element 2 occurs by the
appliéation'of the electric energy to the heat
15 generating element 2, and a part of of the liquid
filled ih the bubble generation region 11 is heated by
the thus generated heat so that a bubble is generated
through the film boiling.
At this time, the movable member 31 is
20 displaced from the first position to the second
position by the pressure produced by the generation of
the bubble 40 so as to guide the propagation of the
pressure toward the ejectidn outlet. It should be
noted that, as described hereinbefore, the free end 32

25 of the movable member 31 is disposed in the downstream

side (ejection outlet side), and the fulcrum 33 is

disposed in the upstream side (common liquid chamber



- 18- Figure 19 is an expl oded perspective view of a
liquid ejection head cartridge. Figure 20 is a schematic
illustration of a liquid ejecting device. 5 Figure 21 is a
bl ockdi agram of an appar at us. Figure 22 is a schematic view
of aliquid ejection recording systepg_ Figure 23 is a
schematic view of a head kit. Figure 24 is a parti al
perspective viewof a 10 liquid ejection head having a plurality of

flows. Figure 25 shows a head cartridge. Fi gure

26 illustratesgagbyl!gbi PRat YRE least %rééi‘@%f the movable menB&RMM € 27
shows a relation befween density of colorant and QD | evel.

Figure 28 shovv&safaeéattentbetmms@ﬂéar@rgsopﬁon of AiIRe Inuibld quinktand OD
| evel . DESCRI PTI ON OF THE PREFERRED EMBCDI MENT 20 Enbodi ment 1
is, the downstream portion of the heat generating
element.

5 Figure 1, (c) shows a state in which the
bubble 40 has further grown. by the pressure resulting
from the bubble 40 generation, the movable member 31
is displaced further. The generated bubble grows more
downstream than upstream, and it expands greatly

10 bpeyond a first position (broken line position) of the
movable member. Thus, it is understood that in
accordance with the growth of the bubble 40, the
movabie member 31 gradually displaces, by which thé
pressure propagation direction of the bubble 40, the

15 direction in which the volume movement is easy,
namely, the growth direction of the bubble, are
directed uniformly toward the ejection outlet, so that
the ejection efficiency is increased. When the
movable member guides the bubble and the bubble

20 generation pressure toward the ejection outlet, it
hardly obstructs propagation and growth, and can
efficiently control the propagation direction of the
pressure and the growth direction of the bubble in
accordance ﬁith the degree of the pressure.

25 Figure 1, (d) shows a state wherein the
bubble 40 contracts and disappears by the decrease of

the pressure in the bubble, peculiar to the film



Referring to the acconpanyi ng draw ngs, the enbodi nents of the present
I nvention wll be descri bed. In this enbodi nent, the
description will be 25 nade as to an inprovenent in an ejection force
and/ or an ejection efficiency by controlling a direction of
propagati on of pressure resulting from ge@ération of a _ _
-19- bubble for ejecting the liquid and controlling a direction
of growth of the bubble. Figure 1 is a schematic sectional view of a
liquid ejectin head taken along a liquid flow path according to this
5 enbodi nent, FPQUP@94°m§n§npartly br oken perspective view of the
liquid eJectlng head uid ejecting head of this

enbodi nent conprlsggeamﬁ¥§P1§eH8W§?anlepéﬁéﬂﬂ éeea fitgplaced
generating reS|st inthis enbodi nent) as the

f
ej ection energy %h ? Fégﬁhe%é%g%?°n reg?BPssﬁﬁpr?nbn%ﬁé?%aP°%hE%§9 to the

liquid to ejec%first position) of Figure 1, (a) by the restoring
5 force provided by the spring property of the movable

member per se and the negative pressure due to the
contraction of the bubble. Upon the collapse of
bubble, the liquid flows back from the common liquid
chamber side as indicated by Vp; and Vp5; and from the

10 ejection outlet side as indicated by V. so as to
compensate for the volume reduction of the bubble in
the bubble generation region 11 and to compensate for
the volume of the ejected liquid.

In the foregoing, the description has been

15 made as to the operation of the movable member with
the generation of the bubble and the ejecfing
operation of the liquid. now, the description will be
made as to the refilling of the liquid in the liquid
ejecting head of the present invention.

20 Referring to Figure 1, liquid supply
mechanism will be described.

When the bubble 40 énters the bubble
collapsing process after the maximum volume thereof
after Figure 1, (c) state, a volume of the liquid

25 enough to compensate for the collapsing bubbling
volume flows into the bubble generation region from

the ejection outlet 18 side of the first liquid flow



the liquid, an el ement substrate 1 on which said heat generating

el.ement 2 is provided, and a liquid flow path 10 fornmed above the

el enent substrate 15 <correspondingly to the heat generating el enent 2.
The liquid flow path 10 is in fluid comunication with a conmon
| i quid chanmber 13 for supplying the liqupg-to a plurality of such
liquid flow paths 10 which is in fluid conmunication with a plurality
of the ejection 20 outlets 18. Above the el enment substrate
inthe liquid flow path 10, a novable nenber or plate 31 in the form

of a cantil evepatdf ldn apidagmon rhecbiubbleugbnervahionl regionief pthhei ded f aced
to the heat generating elenent 2. 25 One end of the novable nenber is
fixed to a foseaendAiquid Edgwpeathndbrenber) 34 or the |ike provided by
patterning of photosensitivity resin material on_the
- 20- wal | of thdn the §aproRfpgPAventipnahel tguidnflow
passage structure not having the movable member 31,
5 the amount of the liquid from the ejection outlet side
to the bubble collapse position and the amount of the
liqgquid from the common liquid chamber thereinto, are
attributable to the flow resistances of the portion
closer to the ejection outlet than the bubble
10 generation region and the portion closer to the common
liquid chamber.
Therefore, when the flow resistance at the
supply port side is smaller than the other side, a
large amount of the liquid flows into the bubble
1% collapse position from the ejection outlet side with
the result that the meniscus retraction is large.
With the reduction of the flow resistance in the
ejection outlet for the purpose of increasing the
ejection efficiency, the meniscus M retraction
20 increases upon the collapse of bubble with the result
of longer refilling time peripd, thus making high
speed printing difficult.
According to this embodiment,_because of the
provision of the movable member 31, the meniscus
25 retraction stops at the time when the movable member

returns to the initial position upon the collapse of

bubble, and thereafter, the supply of the liquid to



substrate. By this structure, the novable nenber is supported, and a
ful crum (ful crumportion) is constituted. 5 The novabl e
menber 31 is so positioned that it has a fulcrum (ful crum portion
which is a fixed end) 33 in an upstreamside with respect to a general
flow of the liquid fromthe common |iquiggchanber 13 toward the
ejection outlet 18 through the novable 10 nmenber 31 caused by the ejecting
operation and that it has a free end (free end portion) 32 in a
downstream side of the fulcrum 33. the novable nenber 31 is faced

to the heat gehidlatd ngplain@WZ i3 \aicicompldshedf bi¥Sphe flowaPghox. as if it
covers the heat generating elenent 2. 15 A bubble generation region is
constituted bethwmgh Hthe secdndaiflgenpathi 1§ €Wadnist aamdlumeabfeanenber .
The type, configuration or position of the heat generating

el ement or thappem@idenmfhdthe dubbile veilume Wobeyend thepofidrstescri bed
above, but may be changed as long as 20 the_growth of the bubble and the
propagati on ofPQsiction ofythesmovable pembest 33| 888 Wdr igha PaLP®ee of easy
understanding of the flow of the liquid mhi%h will be descri bed

hereinafte?z t?ﬂa?iQﬂPQ}qIQﬁHﬁiﬁﬁ+°POWQQi°? ldfépﬁe&hﬁ§e9ﬁé'nn§ﬁble_nenber
SLinto a firstdiqyd 2% MOAY bel4ntuglund de 2hL! bubBygommini cation
volume W is the volume of the meniscus retraction, but
according to this embodiment, only about one half (W1l)
is the volume of the meniscus retraction.

10 Additionally, the liquid supply for the
volume W2 is forced to be effected mainly from the
upstream (Vpj;) of the second liquid flow path along
the sﬁrface of the heat generating element side of the
movable member 31 using the pressure upon the collapse

15 of bubble, and therefore, more speedy refilling action
is accomplished.

When the refilling using the pressure upon
the collapse of bubble is carried out in a
conventional head, the vibration of the meniscus is

20 expanded with the result of the deterioration of the
image quality. however, according to this embodiment,
the flows of the liquid in the first liquid flow path
14 at the ejection outlet side and the ejection outlet
side of the bubble generation region 11 are

25 suppressed, so fhat the vibration of the meniscus is
reduced.

Thus, according to this embodiment, the high



the ejection outlet 18 and a second liquid flow path 16 having the
bubbl e generation region 11 and the

-21- liquid supply port 12. By causi ng heat generation
of the heat generating elenent 2, the heat is applied to the

liquid in the bubble generation region XR%etween the 5 novable nenber 31
and the heat generating el enment 2, by which a bubble is generated by
the filmboiling phenonenon as disclosed in US Patent No. 4,723, 129.
The bubbl e and the pressure caused by the generation of the bubble act
mai nly on the spaed|refididerg iso actompllishedhdbymyiheblforwedber 31 noves or

di spl aces to w dely open toward the ejection outlet side about the

ful crum 33, asrehblking 1@ dihe bubhle generabios region thripyghethe By the
di spl acenent of the novabl e nmenber 31 or the state after the

di spl acenent, }ifid supply passage 32 ©ofc thee. segordc 19wy PBYNt B8 generati on

and by the suppression of the meniscus retraction and

5 vibration. therefore, the stabilization of ejection
and high speed repeated ejections are accomplished,
and when the embodiment is used in the field of
recording, the improvement in the image quality and in
the recording speed can be accomplished.

10 The embodiment provides the following
effective function. It is a suppression of the
propagation of the pressure to the upstream side {back
wave)-produced by the generation of the bubble. The
pressure due to the common ligquid chamber 13 side

15 (upstream) of the bubble generated on the heat
generating element 2 mostly has resulted in force
which pushes the liquid back to the upstream side
(back wave). The back wave deteriorates the refilling
of the liquid into the liquid flow path by the

20 pressure at the upstream side, the resulting motion of
the liquid and the resulting inertia force. In this
embodiment, these actions to the upstream side are
suppressed by the movable member 31, so that the
refilling performance is further improved.

25 ' The description will be made as to a further
characterizing feature and the advantageous effect.

The second liquid flow path 16 of this



of the bubble and the growth of the bubble per se are directed toward

the ejection outlet. Here, one of the fundanental ejection
princi ples according to the present invention will be 20 described. One
of inportant principles of this invention is that the novabl e nenber
di sposed faced to t he bubble is disp # ced fromthe normal first
position to the displaced second posftion on the basis of the
pressure of the bubble generation or the bubble per 25 se, and the
di spl aci ng or displaced novabl e nenber 31 is effective to direct the
ressure produ [ t I the grow h of
pre ProdughfloBYmbhE nas a9FIGEAL' Mibdly 'GP £ Yo eagler o
toward the ej e%teanaytksn 1§ubstanémtfﬁm Sk -the heat Mor e
detail ed description will be made wt conpari son between the
conventional | gqueﬁlaf:iﬁgv el&ne@@sz;agﬂaétéu!ﬁé&@ dPitHes iHKat he novabl e
menber (Figure 3) and the present invention (Figure 4). Here, the

generating element is not greatly stepped down) at the

5 upstream side of the heat generating element 2. With
this structure, the supply of the liquid to.the
surface of the heat generating element 2 and the
bubble generation region 11 occurs along the surface
of the movable member 31 at the position closer to the

10 bubble generation region 11 as indicated by Vp2-
Accordingly, stagnation of the liquid on the surface
of the heat generating element 2 is suppressed, so
that §recipitation of the gas dissolved in the liquid
is suppressed, and the residual bubbles not

15 disappeared are removed without difficulty, and in
addition, the heat accumulation in the liquid is not
too much. Therefore, the stabilized bubble generation
can be repeated at a high speed. In this embodiment,
the liquid supply passage 12 has a substantially flat

20 internal wall, but this is not limiting, and the
liquid sﬁpply passage is satisfactory if it has an
internal wall with such a configuration smoothly
extended from the surface of the heat generating
element that the stagnation of the liquid occurs on

25 the heat generating element, and eddy flow is not
significantly caused in the supply of the liquid.

The supply of the liquid into the bubble



direction of propagation of the pressure toward the ejection outlet is

I ndi cated by VA, and the direction of propagation of the pressure
toward the upstreamis 10 indicated by VB. In a
conventional head as shown in Figure 3, there is not any structural

el ement effective to regul ate the dilection of the propagation of the
pressure produced by the bubble 40 generation. 15 Therefore, the
direction of the pressure propagation of the is normal to the surface
of the bubble as i ndicated by V1-V8, and therefore, is widely directed

i n t he passagegengrafiormeaagidin &y oecun tdyeough shgap at preidere
propagation fromthe half portion of the 20 bubble closer to the ejection
outl et (V1-Vv4)PoRkion (f the mogvablg amemberod&idis 3%)t as Ypddratedi on whi ch
I S nost effective for the liquid ejection. this portion is

i nportant  si nd® i¥px r Jot 19FdeI A BTEGte the PR@ssure ppgni §bej ection .
CITLELency, eald A ChELESRD o Bndld SYHS ATyt 05 BRECHUBRETBRC i o1
I's the e egt i O&ﬂé@,aai cirhrdaenqnotvg%rlg %{eﬁﬂ)eirs cm%tring the entirety
of the bubble generation region (covering the surface
of the heat generating element) may be used, as shown
in Figﬁre 1. Then, the flow resistance for the liquid
between the bubble generation region 11 and the region
10 of the first liquid flow path 14 close to the ejection
outlet is increased by the restoration of the movable
member to the first position, so that the flow of the
liquid to the bubble generation region 11 along Vpy
can be suppressgd. However, according to the head
15 structure of this embodiment, there is a flow
effective to supply the liquid to the bubble
generation region, thg supply performance of the
liquid is greatly increased, and therefore, even if
the movable member 31 covers the bubble generation
200 region 11 to improve the ejection efficiency, the
supply performance of the liquid is not deteriorated.
The positional relation between the free end
32 and the fulcrum 33 of the movable member 31 is such
that the free end is at a downstream position of the
25 fulcrum as indicated by 6 in the Figure, for example.
With this structure, the function and effect of

guiding the pressure propagation direction and the



-23- effective, and the V4 has a relatively snmall conponent in
the direction VA On the other hand, in the case of the

pr esent i nvention, shown in Figure 4, the novable nenber 31 is 5
effective to direct, to the downstream (ejection outlet side), the
pressure propagation directions V1- -3¥4 of the bubble which otherw se
are toward vari ous directions thus, the pressure propagations of
bubbl e 40 are concentrated, so that the pressure of the 10 bubble 40
is directly and efficiently contributable to the ejection.

The growt h di déceicdiopepfsthef grbwthubbl the sbubble dto ethe e jiovtisdn eam
simlarly to to the pressure ropagation directions V1-V4, and grow
more in the ostdeknsideaprsthe Like fanthe e§§1¢bemthd@ssura¢ t he
grow h direction per se of the bubble is controlled by t he novabl e
menber, and tHﬁoﬁr§§§ubﬁbbi§pag§§Féh1°n- @@@éﬁ%Q%ﬁﬂ¥Y(ﬂﬁh%e bubble is
controlled t hereb t hat the e&ectlon eff|C|enm%¥ eJectlon force

and 20 ejectP@ﬁiéﬂEBGIOFegﬁ§1PPkésa?€ eGhi%Reke apFgom

5 only the function or effect relating to the ejection
but also the reduction of the flow resistance through
the liquid flow path 10 upon the supply of the liquid
thus permitting the high speed refilling. When the
meniscus M retracted b the ejection as shown in Figure

10 5, returns to the ejection outlet 18 by capillary
force or when the liquid supply is effected to
compensate for the collapse of bubble, the positions
of thé free end and the fulcrum 33 are such that the
flows 8, S, and S3 through the liquid flow path 10

15 including the first liquid flow path 14 and the second
ligquid flow path 16, are not impeded.

More particularly, in this embodiment, as
described hereinbefore, the free end 32 of the movable
member 3 is faced to a downstream position of the

20 center 3 of the area which divides the heat generating
element 2 into an upstream region and a downstream
region (the line passing through the center (central
portion) of the area of the heat generating element
and perpendicular to a direction of the length of the

25 liquid flow path). The movable member 31 receives the
pressure and thé bubble which are greatly

contributable to the ejection of the liquid at the



Referring back to Figure 1, the ejecting operation of the liquid
ejecting head in this enbodi nent will be described in detail,
Figure 1, (a) shows a state before the energy 25 such as electric energy
is applied to the heat generating element 2, and therefore, no heat
has yet been generated. It should hg3noted that the novabl e
- 24- menber 31 is so positioned as to be faced at least to t he
downstream portion of the bubble generated by the heat generation of
t he heat generating element. In ot her words, in order that the
downst r eam pordawmstofeam itdec ofultiblec axeas centelre posilibn deoffiethet he |1 quid
flow passage structure is such that the novabl e nenber 31 ext ends
at | east to theghganenatingelesent, and ddweidesntde forcmetpassi ng
through the center 3 of the area of the heat generating el ement and
10 per pendi cihg qieqtion awhlietopidge thys Sandpmentajpdy improving
the ejection efficiency or the ejection force.
5 Further advantageous effects are provided
using the upstream side of the bubble, as described
hereinbefore.
Furthermore, it is considered that in the
structure of this embodiment, the instantaneous
10 mechanical movement of the free end of the movable
member 31, contributes to the ejection of the liguid.
"Figure 6 is a sectional schematic view in a
direction along the flow path of the liquid ejecting
head of this embodiment.
15 In the liquid ejecting head of this
embodiment, a second liquid flow path 16 for the
bubble generation is provided on the element substrate
1 which is provided with a heat generating element 2
for supplying thermal energy for generating the bubble
20 in the liquid, and a first liquid flow path 14 for the
ejection liquid in direct communication with the
ejection outlet 18 is formed thereabove.
The upstream side of the first liquid flow
path is in fluid communication with a first common
25 liquid chamber 15 for supplying the ejection liguid
into a plurality of first liquid flow paths, and the

upstream side of the second liquid flow path is in



center 3 of the area of the heat generating el enent. Fi gure
1, (b) shows a state wherein the heat generation of heat generating

el enent 2 occurs by the application of the electric energy to the heat
15 generating elenent 2, and a part of of the liquid filled in the
bubbl e generation region 11 is heated byg4_ the thus generated heat so
that a bubble is generated t hrough the filmboiling. At
this time, the novable nenber 31 is 20 displaced fromthe first position
to the second position by the pressure produced by the generation of

the bubbl e 40 fimias domnginidation Rithaghel eBcohdt BBmmon 1RgHEEgUr e toward
the ejection outlet. It should be noted that, as described

her ei nbef or e, dhemberdomaduddlying thet babbleahgeaeraton 3iqusddtsposed in
t he downstream side (ejection outlet side), and the fulcrum33 is
di sposed in t & pippalddy ofdeecondnddauiduifdowhpabbs.
- 25- side), so that at least a part of the novabl e nenber
In the case that the bubble generation liquid
5 and ejection liquid are the same liquids, the number
of the common liquid chambers may be one.

Between the first and second liquid flow
paths, there is a separation wall 30 of an elastic
material such as metal so that the first flow path and

10 the second flow path are separated.

A portion of the partition wall in the upward
projection space of the heat generating element
(ejecfion pressure generation region including A and B
(bubble generation region 11) in Figure 6), is in the

15 form of a cantilever movable member 31, formed by
slits 35, having a fulcrum 33 at the common liquid
chamber (15 17) side and free end at the ejection
outlet side (downstream with respect to the general
flow 6f the liquid). The movable member 31 is faced

20 to the surface, and therefore, it operates to open
toward the ejection outlet side of the first liquid
flow path upon the bubble generation of the bubble
generation liquid (direction of the arrow in the
Figure). In an example of Figure 7, too, a partition

25 wall 30 is disposéd, with a space for constituting a

second liquid flow path, above an element substrate 1

provided with a heat generating resistor portion as



Is faced to the downstream portion-of the bubble, that I's, the

downstream portion of the heat generating element. 5 Fi gure
1, (c) shows a state in which the bubbl e 40 has further grown. by the
pressure resulting fromthe bubble 40 generation, the novable nmenber
31 i s displaced further. The generatf4l bubble grows nore

downstream than upstream and it expands greatly 10 beyond a first
position (broken line position) of the novabl e menber. Thus, it is
understood that in accordance with the growh of the bubble 40, the

novabl e menbertRd lgselupdnerati iy adikmenty 2Vind) Wit ng eleRftedAEE 5
propagation direction of the bubble 40, the 15 direction in which the

vol une novenenfor sappkying an elaetinic tsigraiowd the eriatogedleriatdnlgubbl e,
are directed uniformy toward the ejection outlet, so that t he
ej ection effi ciesigtos poxtioxsed. Wen the novabl e nmenber gui des the
bubbl e and the bubble 20 generation pressure toward the ejection outlet,
it hardly obstruct&s ghamp dghe irasidienglomed atdon @mong theefficiently
control the propagatiaon direction of the OtfEressure and the growth

direction &f t 133 j3pd the fxeas @k 8ok thee mevgbde sember pressure.

31 and the heat generating element, are the same as in
the previous exampie.

In the previous example, the description has
been made as to the relation between the structures of

10 the liquid supply passage 12 and the heat generating
element 2. the relation between the second 1iquid flow
"path 16 and the heat generating element 2 is the_same
in this embodiment.

Referring to Figure 8, the operation of the

15 1liquid ejecting head of this embodiment will be
described.

The used ejection liquid in the first liquid
flow path 14 and the used bubble generation liquid in
the second liquid flow path 16 were the same water

20 base inks.

By the heat generated by the heat generating
element 2, the bubble generation liquid in the bubble
generation region in the second liquid flow path
generates a bubble 40, by film boiling phenomenon as

25 described hereinbefore.

In this embodiment, the bubble generation

pressure is not released in the three directions



25 Figure 1, (d) shows a state wherein the bubbl e 40

contracts and di sappears by the decrease of the pressure in the
bubbl e, peculiar to the film _ - 26-
boi I i ng phenonenon. The novabl e nenber 31 having been

di spl aced to the second position retggns to the initial position
(first position) of Figure 1, (a) by the restoring 5 force provided by
the spring property of the novabl e menber per se and the negative
pressure due to the contraction of the bubble. Upon the coll apse of

bubbl e, the |iezcept| fos thekupstrediesidemin thdbubble geHexdElonsi de as
indicated by VDO[err] and VD[err] and fromthe 10 ejection outlet side as
i ndi cated by \fegidnsosasthat the presmnsatmprdducdddw therbubidect i on of
the bubble in . t he bubbl e generation region 11 and to conpensate for

t he vol ume of 9¢ReEptioRJispxoppgated concentratiedliyhen dihegmavabliehe

description has been _15 made as to the operation of the novabl e nenber
Wwith member 6 side in the ejection pressure generation

5 portion, by which the movable member 6 is displaced
from the posifion indicated in Figure 8, (a) toward
the first liquid flow path side as indicated in Figure
8, (b) with the growth of the bubble. By the
operation of the movable member, the first liquid flow

10 path 14 and the second liquid flow path 16 are in wide
fluid communication with each other, and the pressure
produced by the generation of the bubble is main;y
propaéated toward the ejection outlet in the first
liquid flow path (direction A). By the propagation of

15 the pressure and the mechanicai displacement of the
movable member, the liquid is ejected through the
ejection outlet.

Then, with the contraction of the bubble, the
movable member 31 returns to the position indicated in

20 Figure 8, (a), and correspondingly, an amount of the
liquid corresponding to the ejection liquid is
supplied from the upstream in the first liquid flow
path 14. In this embodiment, the direction of the
liquid supply is codirectional with the closing of the

25 movable member as in the foregoing embodiments, the
refilling of the liquid is not impeded by the movable

member.



t he generation of the bubble and the ejecting operation of the liquid

now, the description wll be made as to the refilling of the liquid in
the liquid ej ecting head of the present invention. 20 _
Referring to Figure 1, liquid supply nmechanismw [l be described.

When the bubble 40 enters the bubble -37£0l lapsing process after the
maxi mum vol une t her eof after Figure 1, (c) state, a volune of the
liquid 25 enough to conpensate for the collapsing bubbling vol une
flows into the bubble generation region from the ejection outlet 18
side of the first |iquiThd Im¥jor functions and effects as regards @ -2/-
path 14 and from the bubbl e generation regi on of the second |iquid

fl ow path 16. the propagation rof Hrhec dambblfe generationdprosgurd iew
passage structure not having the novable nenber 31, 5 the anount of the
liquid from t Hehejdinplaceneitetofithe movable wall, the direction of
the bubble growth, the prevention of the back wave and
5 soc on, in this embodiment, are the same as with the
first embodiment, but the two-flow-path structure is
advantageous in the following poinés.
The ejection liquid and the bubble generation
liquid may be separated, and the ejection liquid is
10 ejected by the pressure produced in the bubble
generation liquid. Accordingly, a high viscosity
liquid such as polyethylene glycol or the like with
which.bubble generation and therefore ejection force
is not sufficient by heat application, and which has
15 not been ejected in gocd order, can be ejected. for
example, this liquid is supplied into the first liquid
flow path, and liquid with which the bubble generatioh
is in good order is supplied into the second path as
the bubble generation liquid. An example of the
20 bubble generation liquid a mixture liquid (1 - 2 cP
approx.) of the anol and water (4:6). by doing so, the
ejection liquid can be properly ejected.
Additionally, by selecting as the bubble
generation liquid a liquid with which the deposition
25 such as kogation does not remain on the surface of the

heat generating element even upon the heat

application, the bubble generation is stabilized to



to the bubbl e coll apse position and the anount of the liquid fromthe
common |iquid chanber thereinto, are attributable to the flow

resi stances of the portion closer to the ejection outlet than the
bubble 10 generation region and the portion closer to the conmon

l'iquid chanmber. . Theref ore~3ghen the flow resistance at the
supply port side is smaller than the other side, a | ar ge anmount of the
liquid flows into the bubble 15 collapse position fromthe ejection
outlet side with the result that the nmeniscus retraction is |arge.
Wth the reducssureofthieh@ridpeyr egectisnee | Thehabove-degeribed outlet for
t he purpose of increasing the ejection efficiency, the neniscus M
retracti on 2@ffenhscdaeshepdoregoing eapodisenbgbbre alsh phevidedl t

of longer refilling time period, thus making high speed printing
difficult. in this emede@@nGthhsoh@Ehsv ﬁﬁ@ﬂﬁnﬁﬁﬁuléeeﬁutbeof t he
provi sion of the novable nember 31, the meniscus retraction stops at
the tine when¥ﬁ¥§|ﬁﬁﬂaEQaQ%9ﬁ&ﬁd with PepégﬁseﬂGcFﬁ@nlﬁfFFSFeﬁﬁglt|on upon

th | I h f h I f the |
€ co ap;e and a hlg%P%j%ctggg %rggg%rg?r the supply of the liquid to

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

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

15 In the foregoing, the description has been
made as to the major parts of the liquid ejecting head
and the liquid ejecting method according to the
embodiments of the present invention.
<Liquid flow path ceiling configuration>

20 Figure 9 is a sectional view taken along the
length of the flow path of the liquid ejecting head
according to the embodiment. grooves for constituting
the first liquid flow paths 14 (or liguid flow paths
10 in Figure 1) are formed in grooved member 50 on a

25 partition wall 30. In this embodiment, the height of
the flow path ceiling adjacent the free end 32.

position of the movable member is greater to permit



- 28- fill a volume W2 is acconplished by the flow VD2 t hr ough
the second flow path 16 (WL is a volunme of an upper side of the bubble
vol une W beyond the first position of the novable nmenber 31, and W2 is
a volume 5 of a bubble generation region 11 side thereof). In t he
prior art, a half of the volune of the bugglLe volume Wis the volune
of the neniscus retraction, but according to this enbodi nent, only
about one half (W) is the volume of the neniscus retraction. 10
Additionally, the liquid supply for the volume W2 is forced to be

ef fected mai nl yakgem bperationugsgleasn ¢¥Rhe Ohovdls1 & afsisbr | quikk f | ow pat h
al ong the surface of the heat generating el enent side of the

nmovabl e nenber opérating rangerefsthe mpvabléecnmembénpse ddfemiidudhire, and
therefore, nore speedy refilling action i s acconpl i shed.
Wien the refil cppgiderationcofriheustrugbmre of the kidfdiabstiosf bubble is
carried out in a conventional head, the vibration of the nmeniscus is
path, the durability of the movable member and the
5 Dbubble generation power or the like. It is desirable
that it moves in the angle range wide enough to
include the angle of the position of the ejection
outlet.
As shown in this Figure, the displaced level
10 of the free end of the movable member is made higher
than the diameter of the ejection outlet, by which
sufficient ejection pressure is transmitted. As
shown'in this Figure, a height of the liquid flow path
ceiling at the fulcrum 33 position of the movable
15 member is lower than that of the liquid flow path
ceiling at the free end 32 position of the movable
member, so that the release of the pressure wave to
the Gpstream side due to the displacement of the
movable member can be further effectively prevented.
20 <Positional relation between second liquid flow path
and movable member>
Figure 10 is an illustration of a positional
relation between the above-described movable member 31
and second liquid flow path 16, and (a) is a view of
25 the movable member 31 position of the partition wall

30 as seen from the above, and (b) is a view of the

second 1iQuid flow path 16 seen from the above without



20 expanded with the result of the deterioration of the I mage quality.

however, according to this enbodi nent, the flows of the liquid in the
first liquid flow path 14 at the ejection outlet side and the ejection
out | et side of the bubble generation region 11 are 25 suppressed, so
that the vibration of the meniscus is _yq-reduced. Thus,
according to this enbodi nent, the high

- 29- speed refilling is acconplished by the forced refilling to
t he bubbl e generation region through the l'iquid supply passage 12 of

the second flgsuﬁqtﬁlolﬁwau 390d Pyghke 3ppPP{eySi8NaOschéRat®Ri SCUS
retraction an 5 vibration. therefore, the stabilization of ejection

and hi gh speedriedpess atheejpodlitddnhadl €edatlohl betikden the Acdawpben the
enbodi nent is used in the field of recording, the inprovenent in the

I mge qual ity membem 6 and tthe second ddgapdefilownpathatéowhérseiwd. 10
The enbodi nent provides the foll ow ng
the elements are overlaid. In these Figures, the
5 bottom is a front side having the ejection cutlets.

The second liquid flow path 16 of this
embodiment has a throat portion 19 upstream of the
heat generating element 2 with respect to a general
flow of the liquid from the second common liquid

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

15 the pressure produced upon the bubble generation in
the second liquid flow path 16.

As shown in Figure 10, (c), the lateral sides
of the movable member 31 cover respective parts of the
walls constituting the second liquid flow path so that

20 the falling of the movable member 31 into the second
liquid flow path is prevented. By doing so, the
above~described separation between the ejection liquid
and the bubble generation liquid is further enhanced.
Furthermore, the release of the bubble through the

25 slit can be suppfessed so that ejection pressure and

ejection efficiency are further increased. Moreover,

the above-described effect of the refilling from the



effective function. It is a suppression of the propagation of the
pressure to the upstream side (back wave) produced by the generation
of the bubble. The pressure due to the common |iquid chanmber 13 side
15 (upstrean) of the bubble generated on the heat generating el enent 2
nostly has resulted in force whi ch pashes the Iiquid back to the
upstream si de (back wave). The back wave deteriorates the refilling
of the liquid into the liquid flow path by the 20 pressure at the upstream
side, the resulting notion of the liquid and the resulting inertia
force. In thisupstreambsidedby , thecxresaurtempar tihe agddtapsemodi de are
suppressed by the novabl e nenber 31, so that the refilling performnce
is further inpbéklle, ¢an be furthermrnhaneedption will be nade as to a
further characterizing feature and the advant ageous effect.
The second liquid flow Pathigere 84 Hily) and Figure 9, a part of of
-30-
the bubble generated in the bubble generation region
5 of the second liquid flow path 4 with the displacement
of the movable member 6 to the first liquid flow path
14 side, extends into the first liquid flow path 14
side. by selecting the height of the second flow path
to permit such extension of the bubble, the ejection
10 force is further improved as compared with the case
without such extension of the bubble.
<Movable member and partition wall>
Figure 11 shows another example of the
movable member 31, wherein reference numeral 35
15 designates a slit formed in the partition wall, and
the slit is effective to provide the movable member
31. In Figure 11, (a), the movable member has a
rectangular configuration, and in (b), it is narrower
in the fulcrum side to permit increased mobility of
20 the movable member, and in (c¢), it has a wider fulcrum
side to enhance the durability of the movable member.
The configuration narrowed and arcuated at the fulcrum
side is desirable as shown in Figure 5, (a), since
both of easiness of motion and durability are
25 satisfied. however, the'configuration of the movable

member is not limited to the one described above, but

it may be any if it does not enter the second liquid



enbodi nrent has a liquid supply passage 12 havi ng an I nternal wall

substantially flush with the heat generating elenent 2 (the surface of
t he heat generating elenent is not greatly stepped down) at the 5
upstream side of the heat generating elenent 2. Wth this structure,
the supply of the liquid to the surtage of the heat generating el enent
2 and the bubbl e generation region 11 occurs along the surface of
t he novabl e nenber 31 at the position closer to the 10 bubble generation
region 11 as indicated by V[err]. Accordi ngly, stagnation of the
liquid on the i&ohapath sidef ahd motiogehsreaspgwitkneigh? is suppressed,
o) that precipitation of the gas dissolved in the liquid S
suppressed, andhk idd&¥dual bubbl es not 15 disappeared are renoved

wi thout difficulty, and_in addition, the heat accunulation in the
liquid is not t 00 ﬁacﬁheTﬁereae#es embodiment sz che Bbate g@Fer at i on

can be repeate a hi s enbodi nent the_liquid supply

passage 12 has%&ﬁghﬂgyﬁg?FaRFVbFFasl EﬁdlFP%rﬁ%Paﬁé#$°nBﬁ?1}h$s i s not
nternal vall BeVAnELERiE BokePIBr mEnBRECHER . RAgS Ok “a Bl SkdL Pavingthe
surface of the h%ﬁ&cﬂﬁgggagfng pm, but this is not limited to this
example, but it may be any if it has anti-sclvent
property against the bubble generation liquid and the
ejection liquid, and if the elasticity is enough to

10 permit the operation of the movable member, and if the
required fine slit can be formed.

Preferable examples of the materials for the
movable member include durable materials such as metal
such as silver, nickel, gold, iron, titanium,

15 aluminum, platinum, tantalum, stainless steel,
phosphor bronze or the like, alloy thereof, or resin
material having nytril group such as acrylonitrile,
butadiene, stylene or the like, resin material having
amide group such as polyamide or the like, resin

20 material having carboxyl such as polycarbonate or the
like, resin material having aldéhyde group such as
polyacetal or the like, resin material having sulfon
group such as polysulfone, resin material such as
liquid crystal polymer or the like, or chemical

25 compound thereof; or materials having durability
against the ink, such as metal such as gold,'tuhgsten,

tantalum, nickel, stainless steel, titanium, alloy



el ement that the stagnation of the liquid occurs on 25 the heat generating

el emrent, and eddy flow is not significantly caused in the supply of
the i quid. - The supply of the liquid into the bubble

- 31- generation region may occur through a gap at a side

portion of the novable nmenber (slit 35)_@§_indicated by V[err]. In
order to direct the pressure upon the bubbl e generation further
effectively to the ejection 5 outlet, a |large novabl e nmenber covering the
entirety of the bubble generation region (covering the surface of

the heat geneipbirBgfe! ARRAYIaTBYcHELEECH tRSsEER Wetal, Fdsfhgure 1. Then,
the flow resistance for the 1 quid bet ween the bubbl e generation

region 11 andpbleriadi Baviag ahid8egitbhptstchUad poDyamedd, lhesipse to the
ej ection outlet is increased by the restoration of the novable

menber to thembtegiapohaving, atdehpdé dheup | suckhfas Polyacetanuid to the
bubbl e generation region 11 along V[err] can be suppressed. However,
according to resihemdterial having ketone group such as
5 polyetheretherketone, resin material having imide

group such as polyimide, resin material having

hydroxyl group such as phenolic resin, resin material

having ethyl group such as polyethylene, resin

material having alkyl group such as polypropylene,

10 resin material having epoxy group such as epoxy resin
material, resin material having amino group such as
melamine resin material, resin material having
methylol group such as xylene resin material, chemical
compound thereof, ceramic material such as silicon

15 dioxide or chemical compound thereof.

Preferable examples of partition or division
wall include resin material having high heat-
resistive, high anti-solvent property and high molding
property, more particularly recent.engineering plastic

20 resin materials such as polyethylene, polypropylene,
polyamide, polyethylene terephthalate, melamine resin
material, phenolic resin, epoxy resin material,
polybutadiene, polyurethane, polyetheretherketone,
polyether sulfone, polyallylate, polyimide, poly--

25 sulfone, liéuid crystal polymer (LCP), or chemical
compound thereof, or metal such as silicon dioxide,

silicon nitride, nickel, gold, stainless steel, alloy



15 structure of this enbodinent, there is a flow effective to supply

the liquid to the bubble generation region, the supply performance of
t he liquid is greatly increased, and therefore, even if t he
novabl e menber 31 covers the bubble generation 20 region 11 to inprove the
ej ection efficiency, the supply per¥dt+ance of the liquid is not

det eri or at ed. The positional relation between the free end

32 and the fulcrum 33 of the novable nmenber 31 is such that the free

end is at a downstream position of the 25 fulcrumas indicated by 6 in the
Figure, for exti@reof, chemjeal igpmpaund hereos hor matardmlsnd ef fect of

gui ding the pressure propagation direction and the
- 32- di?%%%?‘gnw{ﬁﬁt LR 1PH994- bubbl e to the ejection

Generation. Addi 11 onal 136 rHetckaeds &' srle FeuArEksom vl et ve to
acconpl i sh notgasermined depending on the used, material and
5 configuration from the standpoint of sufficient
strength as the wall and sufficient operativity as the
movable member, and Qenerally, 0.5 pm - 10 pm approx.
is desirable.
In this invention, the movable member has a
10 tﬁickness of nm order as preferable thickness, and a
movable member having a thickness of cm order is not
used in usual cases. When a slit is formed in the
movable member having a thickness of pm order, and the
slit has the width (W pm) of the order of the

thickness of the movable member, it is desirable to

15
' consider the variations in the manufacturing.

The slit providing the "substantial sealing",
preferably has several microns width, since the liquid
mixtgre prevention is assured.

20 <Element substrate>

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

Figure 12 is a longitudinal section of the

25 liquid ejecting head according to an embodiment of the

present invention. Figure 12, {(a) shows the head

having a protection layer, and (b) shows the one



5 only the function or effect relating to the ejection but al so the
reduction of the flow resistance through the liquid flow path 10 upon
the supply of the liquid thus permitting the high speed refilling.
When t he meni scus Mretracted b the ejection as shown in Figure 10
5, returns to the ejection outlet 18 by capillary force or when the
liquid supply is effected to conpen§'§§fcw the coll apse of bubbl e,

t he positions of the free end and the fulcrum 33 are such that the
flows S[err], S[err] and S[err] through the liquid flow path 10 15

i ncluding the fji L oui d £l ath 14 and the second liquid flow
path 16, are no I?ﬁrr%&e%g%&e proQtV&&1on Jla‘YI%'e particularly, in this

enbodi ment, as descgyd bads @ﬂéﬂp{ﬁb%tééﬁgr’egofaj}go%do;nshggrnovabI e

menber 3 is faced to a downstream posi center the area

whi ch di vi des (3% {@alodfns] AN nember®lseAviAd BeRoRl YESHIAAFLRI! ON

and a downstream region (the |1 ne passing tArough t enter (central

portion) of theffks 1d, dupdwtiiFEMRIAE MO, CIRPR 11quid@#doRepaendi cul ar
to a direction of the length of the 25 Iliquid flow path). The novable

menber 31 recei Mesarideggroovesrizas wonstitutiaghwhel €iwaitchigaeddreall v
contributable to the ejection of the liquid at the
path.
The element substrate 1 has, as shown in

Figure 12, patterned wiring electrode (0.2 - 1.0 pm
thick) of aluminum or the like and patterned electric

10 resistance layer 105 (0.01 - 0.2 pm thick) of hafnium
boride (HfB;), tantalum nitride(TaN), tantalum
aluminum(TaAl) or the like constituting the heat
genefating element on a silicon oxide film or silicon
nitride film 106 for insulation and heat accumulation,

15 which in turn is on the substrate 107 of silicon or
the like. A voltage is applied to the resistance
layer 105 through the two wiring electrodes 104 to
flow a current through the resistance layer to effect
heat generation. Between the wiring electrode, a

- 20 rprotection layer of silicon oxide, silicon nitride or
the like of 0.1 - 2.0 pm thick is provided on the
resistance layer, and in addition, an anti-cavitation
layer of tantalum or the like (0.1 - 0.6 pm thick) is
formed thereon to protect the resistance layer 105

25 from various liquid such as ink.

The pressure and shock wave generated upon

the bubble generation and collapse is so strong that



- 33- downstream si de of the area center position 3 of the heat
generating elenent, and it guides the force to the ejection outl et
side, thus fundanental ly inproving the ejection efficiency or the
ejection force. 5 Furt her advantageous effects are provided
usi ng the upstream side of the bubble, asglescribed her ei nbef ore.
Furthernore, it is considered that in the structure of this

enbodi nent, the instantaneous 10 nechani cal novement of the free end of

t he novabl e menber 31, contributes to the ejection of the |iquid.
Figure 6 is a idsetdunrsbilsichiersf itheyioxiden f41m whidhr dst redazlioedyt he fl ow
path of the liquid ejecting head of this enbodinent. 15 I n
the liquid ej ekxagiglencisl Getatiiorated. dheadifome,, metadcoatelrigqldi d fl ow path
16 for the bubbl e generation is provided on the el ement substrate

1 which is pr@ighdstantalwni(Tednorattheg 1dkendst used as the anti-

cavitation layer.

5 The protection layer maj be omitted depending
on the combination of liquid, liquid flow path
structure and resistance material. one of such
examples is shown in Figure 12, (b). The material of
the resistance layer not requiring the protection

10 layer, includes, for example, iridium - tantalum -
aluminum alloy or the like. Thus, the structure of
the heat generating element in the foregoing
embodiments may include only the resistance layer(heat
generation portion) or may include a protection layer

15 for protecting the resistance layer.

In the embodiment, the heat generating
element has a heat generation portion having the
resistance layer which generates heat in response to
the electric signal. this is not limiting, and it will

20 suffice if a bubble enough to eject the ejection
liquid is created in the bubble generation liquid.

For example, heat generation portion may be in the
form of a photothermal transducer which generates heat
upon receiving light such as laser, or the one which

25 generates heat upbn receiving high frequency wave.

On the element substrate 1, function elements

such as a transistor, a diode, a latch, a shift



for supplying thermal energy for generating the bubble 20 in the |iquid,
and a first

liquid flow path 14 for the

ejection liquid in direct

comuni cation with the ejection outlet 18 is forned thereabove.
The upstream side of the first liquid flow path is in fluid _
comuni cation with a first common 25 |jigpid chanmber 15 for supplying the
ejection liquid into a plurality of first liquid flow paths, and the

upstream side of the second liquid flow path is in

-34-

fluid communi cation with the second common |iquid

chanber

for supplying tégistbbl andeseran i for |ddldceive drivihgltHeal ity of second

liquid fl ow paths.

liquid

comon |iquid chanbers nay be one.

5 andek¢etrotietmali tiransduder selhemdrityunais ,aiste baunber

In the case that the bubble generation

of the

Bet ween the first and

second |iqui d ¥Integrally jeuikt imerin iaddi tsiepurta ithe waldis3@nafe an el astic
such as netal_so that the first flow path and

mat eri al

10

15

20

25

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

In order to eject the liquid by driving the
heat generation portion of the electrothermal
transducer on the above-described element substrate 1,
the resistance layer 105 is supplied through the
wiring electrode 104 with rectangular pulses as shown
in Figure 13 to cause instantaneous heat generation in
the resistance layer 105 between the wiring electrode.
In the case of the heads of the foregoing embodiments,
the applied energy has a voltage of 24V, a pulse width
of 7usec, a current of 150mA and a frequency of 6kHz
to drive the heat generating element, by which the
iiquid ink is ejected through the ejection outlet
through the process described hereinbefore. However,
the driving signal conditions are not limited to this,
but may be any if the bubble generation liquid is
properly capable of bubble generation. .
<Head structure of 2 flow path structure>

The description will be made as to a
structure of the liquid ejecting head with which

different liquids are separately accommodated in first



10 the second flow path are separ at ed. A portion of the
partition wall in the upward proj ection space of the heat generating
el enent (ejection pressure generation region including A and B
(bubbl e generation region 11) in Figure 6), is in the 15 formof a

cantil ever nmovabl e menber 31, formed by _4g- slits 35, having a ful crum 33
at the common liquid chanber (15 17) side and free end at the ejection
outl et side (downstreamw th respect to the general fl ow of the
l'iquid). The novable nenber 31 is faced 20 to the surface, and therefore,

it operates tcampesecond domwird li@id ehanderquianal thedaumbeirheffirst
liquid fl ow path upon the bubbl e generation of the bubble

generation | i quaxtg draredie aredicdshecarthat ithe manufacthirdageroskn an
exanple of Figure 7, too, a partition 25 wall 30 is disposed, with a
space for constan ke mpduced. second |liquid flow path, above an el enent
substrate 1 provided with a heat generating resistor ggrtion.as
-35- Figure 14 is a schematic view of such a
5 liquid ejecting head. The same reference numerals as
in the previous embodiment are assigned to the
elements having the corresponding functions, and
detailed descriptions thereof are omitted for
simplicity.
10 In this embodiment, a grooved member 50 has
an orifice plate 51 having an ejection cutlet 18, a
plurality of grooves for constituting a plurality of
first'liquid flow paths 14 and a recess for
constituting the first common liquid chamber 15 for
15 supplying the liquid (ejection liquid) to the
plurality of liquid flow paths 14. A separation wall
30 is mounted to the bottom of the grooved member 50
" by which plurality of first liquid flow paths 14 are
formed. Such a grooved member 50 has a first liquid
20 supply passage 20 extending from an upper position to
the first common liquid chamber 15. The grooved
member 50 alsoc has a second liquid supply passage 21
extending from an upper position to the second common
liquid chamber 17 through the separation wall 30.
25 As indicated by an arrow C in Figure 14, the
first liquid(ejection liquid) is supplied through the

first liquid supply passage 20 and first common liquid



t he heat generating element 2 and wiring electrodes 5 for applying an

electric signal to the heat generating resi stor portion.

As for the positional relation anong the 5 fulcrum 33 and the free end 32
of the novabl e nenber 31 and the heat generating elenent, are the sane
as in t he previous exanpl e. -49- In the previous exanple, the
description has been made as to the relation between the structures of
10 the liquid supply passage 12 and the heat generating el enent 2. the
rel ati on between the second liquid flow path 16 and the heat

generating el eckamb@ri 35tbe theefirst 1iquid SErs®asht®nt4, and the
Referring .to Figure 8, the operation of the 15 liquid ejecting head of
thi s enbodi nense@bhd béquid(bubblei gpemeration liquid) ifdesupprliei ersi on
liquid in the first liquid flow path 14 and the used bubbl e generation
liquid in thﬁeSG@QEﬂdlimiﬂidflmavpm hl 6 cteough Nehes ssacamat er 20 base
I nks. z t he heat generated by the heat generating

el ement 2, t helbapbfic WRRLY spassage gil erd the speand commonydhiguiid on

region in the second liquid flow path
9 % amber 19 as indicated by arrow D in Figure 14.

In this example, the second liquid supply
passage 21 is extended in parallel with the first
liquid supply passage 20, but this is not limited to
the exemplification, but it may be any if the liquid

10 is supplied to the second common liquid chamber 17
through the sepafation wall 30 outside the first
common quuid chamber 15.

| The {(diameter) of the second liquid supply
passage 21 is determined in consideration of the

15 supply amount of the second liquid. The configuration
of the second liquid supply passage 21 is not limited
to circular or round but may be rectangular or the
like.

The second common liquid chamber 17 may be

20 formed by dividing the grooved by a separation wall
30. As for the method of forming this, as shown in
Figure 15 which is an exploded perspéctive view, a
common liquid chamber frame and a second liquid
passage wall are formed of a dry film, and a

25 combination of a grooved member 50 having the

"separation wall fixed thereto and the element

substrate 1 are bonded, thus forming the second common



generates a bubble 40, by filmboiling phenomenon as 25 descri bed

her ei nbef ore. In this enbodi nent, the bubble generation
pressure is not released in the three directions

- 36- except for the upstreamside in the bubble generation

region, so that the pressure produced by50ke bubbl e generation is
propagat ed concentratedly on the novable menber 6 side in the ejection
pressure generation 5 portion, by which the novabl e nenber 6 is displaced
fromthe position indicated in Fiqure 8, (a) toward the first liquid
fl ow path si dédiggid,ghambes il ppguthe secopd lpguigdi AleWePREBWE- of the
bubbl e. By the operation of the novable_nenber, the first liquid flow
10 path 14 and the seé&h&hiﬁq&F&mPﬁSW ﬁtheiGmSPE pEbGEgate 1 18 ;g

COMTUN, S2L 1 O SR8 b e b R B tme BB o L2,
outlet in then&ﬁﬂfﬂ such as aluminum with a plurality of
5 electrothermal transducer elements as heat generating
elements for generating heat for bubble generation
from the bubble generation liquid through film
boiling.
Above the element substrate 1, there are
10 disposed the plurality of grooves constituting the
liquid flow path 16 formed by the second liquid
passage walls, the recess for constituting the second
common liquid chamber(common bubble generation ligquid
chamber) 17 which is in fluid communication with the
15 plurality of bubble generation liquid flow paths for
supplying the bubble generation liquid to the bubble
generation liquid passages, and the separation or
dividing walls 30 having the movable walls 31l.
" Designated by reference numeral 50 is a
20 grooved member. The grobved member is provided with
grooves for constituting the ejection liquid flow
paths (first liquid flow paths) 14 by mounting the
separation walls 30 thereto, a recess for constituting
the first common liquid@ chamber (common ejection
25 1liquid chamber) 15 for supplying the ejection liquid
to the ejection liquid flow paths, the first supply

passage (ejection liquid supply passage) 20 for



liquid flow path (direction A). By the propagation of 15 the pressure and
t he mechani cal displ acenent of the novabl e member, the liquid is

ej ected through the ej ection outlet. Then, with the
contraction of the bubble, the novabl e menber 31 returns to the
position indicated in 20 Figure 8, (a).sgnd correspondingly, an amount of
t he | iquid corresponding to the ejection liquid is supplied from
the upstreamin the first liquid flow path 14. In this enbodinent, the
direction of the liquid supply is codirectional with the closing of

the 25 novablseppiytial thel Bibbeibar gqurd €8DEHEBIESt &bfimon refilling
of the liquid is not inpeded by the novabl e nmenber .

-37- liquid Thembejror ahdntheosecend stpplyspassagga(bsbble the
propagation of the bubble generation pressure with the di spl acenent of
t he novabl e walgeneratsionr déandd stpply paksapehbl: foowsupplyingrewention
of the back wave and
bubble generation liquid to the second supply passage
5 (bubble generation liquid supply passage) 21. The
second supply passage 21 is connected with a fluid
communication path in fluid communication with the
second common liquid chamber 17, penetrating through
the separation wall 30 disposed outside of the first
10 common liquid chamber 15. by the provision of the
fluid communication path, the bubble generation liquid
can be supplied to the second common liquid chamber 15
withoﬁt mixture with the ejection liquid.
The positional relation among the element
15 substrate 1, separation wall 30, grooved top plate 50
is such that the movable members 31 are arranged
corresponding to the heat generating elements on the
element substrate 1, and that the ejection liquid flow
paths 14 are arranged corresponding to the movable
20 members 31. In this example, one second supply
passage is provided for the grooved member, but it may
be plural in accordance with the supply amount. The
cross-sectional area of the flow path of the ejection
liquid supply passage 20 and the bubble generation
25 1liquid supply passage 21 may be determined in

proportion to the supply amount. By the optimization

of the cross-sectional area of the flow path, the



5 so on, in this enbodinent, are the sanme as with the first

enbodi nent, but the two- flomfpath structure is advant ageous in the
fol |l ow ng p0|nts The ejection liquid and the bubble
generation liquid my be separated, and the ejection liquid is 10
ej ected by the pressure produced in the-gghbble generation |iquid.
Accordingly, a high viscosity | i quid such as pol yethyl ene glycol or
the like with whi ch bubbl e generation and therefore ejection force
is not sufficient by heat application, and which has 15 not been ejected
in good order parts keontititdngf the grooerdnmemberh56 brqthd Lskeupplied
into the first liquid flow path, and liquid wth which the bubble
generati on can o¢ Goymsdzedder is supplied into the second path as

the bubbl e generation |iquid. An exanple of the 20 bubble generation
liquid a nixture |iqui ds fiescrided in thgpfexegodngy hacgpsdingdtaat er

(4:6). by doing so, the ejection liquid can be properly ejected.

Additionally,t%V emaaﬁim&nas FH@ GGEHPQ supplgeﬁéﬁﬁﬁgﬁanFqU|d a liquid
i s ° |

surface 8?5%2%“ Ving, Pho. Acsbind BRefiolp £he S850nd, haRig, Bush 1"

appl fcation. the DUol ¢ra°154a 'Onppiysgggg-agae%or supplying the

first liquid to the first liquid flow path, can be
provided by a single grooved top plate, so that the
number of parts can be reduced, and therefore, the

10 reduction of the manufacturing steps and therefore the
reduction of the manufacturing cost, are accomplished.

Furthermore, the supply of the second liquid

to the second common ligquid chamber in fluid
communication with the second liquid flow path, is

15 effected through the second liquid flow path which
penetrates the separation wall for separating the
first liquid and the second liquid, and therefore, one
bonding step is enough for the bonding of the
separation wall, the grooved member and the heat

20 generating element substrate, so that the
manufacturing is easy, and the accuracy of the bonding
is improved.

Since the second liquid is supplied to the

second liquid common liquid chamber, penetrating the

25 separation wall, the supply of the second liquid to
the second liquid flow path is assured, and therefore,

the supply amount is sufficient so that the stabilized |



- 38- assure the proper ejections. The above-descri bed effects

I n the foregoing enbodi nents are al so provi ded
hi gh viscous liquid or the

efficiency 5

such a liquid

ej ection liquid, _
property by the heat and with which the _ _
order, is suppejedtiontie accompkisimeld] i quid fl ow path. by doing so,

liquid can

ej ection effickBhegtiom higuidiamd Hubhle genemsation liguid>
foregoi ng, the description has been
liquid ejecting head

In this enbodi nent,
| i ke can be ejected with a high ejection

and a high ejection pressure. _ Fur t her nor e,
liquid which is not durable agai nst_dmpat is ejectable. in this case,

Is supplied in the first liquid flow path as the

be ejected without thermal damage and with high

enbodi nents of the 8resent i nventi on.

10

15

20

25

according to the present invention, by the structure
having the movable member descfibed above, the liquid
can be ejected at higher ejection force or ejection
efficiency than the conventional liquid ejecting head.
When the same liquid is used for the bubble generation
liquid and the ejection liquid, it is possible that
the liquid is not deteriorated, and that deposition on
the heat generating element due to heating can be
reduced. Therefore, a reversible state change is
accomblished by repeating the gaséification and
condensation. So, various liquids are usable, if the
liquid is the one not deteriorating the liquid flow
passage, movable member or separation wall or the
like.

Among such liquids, the one having the
ingredient as used in conventional bubble jet device,
can be used as a recording liquid.

When the two-flow-path structure of the
present invention is used with different ejection
1iquid.and bubble generation liquid, the bubble
generation liquid having the above-described property
is used, more particularly, the examples includes:
methanol, ethanol, n-propyl alcohol, isopropyl

alcohol, n- n-hexane, n-heptane, n-octane, toluene,

and a liquid which is not easily 10 altered in the
bubbl e generation is in good

t he

t he

In the
made as to the mgjor parts of the

As degeriked inithejfanegaing Emhodimentdi ng to t he



<Liquid flow path ceiling configuration> 20 Figure 9 is a

sectional view taken along the length of the flow path of the Iiquid
ej ecting head according to the enbodi nent grooves for constituting
the first liquid flow paths 14 (or liquid flow paths 10 in Figure 1)
are formed in grooved nmenber 50 on a 25_gpartition wall 30. 1In this
enbodi nent, the hei ght of the flow path ceiling adjacent the free end
32 position of the novable nmenber is greater to permt

- 39- | arger operation angle [err] of the novabl e nenber. The

operation ranggy®enehemaengbbfie "BIERI of SAEEt €F 1EHES b hylend O 15¢
of the structure of the liquid flow path, the durability of the

novabl e nenber TEndFreen BS,bebhik gther At ADoxMOYLIcPdldhexdnde. |t

desirabl e

that it noves in the angle range w de enough to

the angl e of tmethwii acehaté,téethy] cacebate, acetdne) .methyl ethyl

10

15

20

25

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

As for the ejection liquid, various liquids
are usable without paying attention to the degree of
bubble generation property or thermal property. The
liquids which have not been conventionally usable,
because of low bubble generation property and/or
easiness of property change due to heat, are usable.

However, it is desired that the ejection
liquid by itself or by reaction with the bubble .
generétion liquid, does not impede the ejection, the
bubble generation or the operation of the movable
member or the like.

As for the recording ejection liquid, high
viscous ink or the like is usable. As for another
ejection liquid, pharmaceuticals and perfume or the
like having a nature easily deteriorated by heat is
usable.
<Manufacturing of liquid ejecting head>

The description will be made as to the
manufacturing step of the liquid ejecting head
according to the present invention.

In the case of the liquid ejecting head as
shown in Figure 1, a foundation 34 for mounting the

movable member 31 is patterned and formed on the

ation

is
i ncl ude



As shown in this Figure, the displaced Ievel 10 of the free end of the
novabl e nmenber is nade hi gher than the dianeter of the ejection
outlet, by which sufficient ejection pressure is transmtted. As
shown in this Figure, a height of the liquid flow path ceiling at the
ful crum 33 position of the novable 15 megBer is lower than that of the
liquid flow path - ceiling at the free end 32 position of the novable
menber, so that the rel ease of the pressure wave to t he upstream si de
due to the displacenment of the novabl e member can be further
effectively prelement. subStxRtei 1, oand théahovabbetmerteseddnik!iquid flow
pat h and novabl e nenber > Figure 10 is an illustration of
a positional bonded| ari weldedwenntheefabndatilencd4bedrhewabde nenber 31
and second liquid flow path 16, and (a) is a view of 25 the novabl e nenber
31 position of STReVESr mpber having a ploraltitycof fgnooves £dove, and (b)
Is a view of the .. second liguid flow path 16 seen fromthe above
Wi t hout constituting the liquid flow paths, 0, ejection outlet
5 18 and a recess for constituting the common liquid
chamber 13, is mounted to the element substratel with
the grooves and movable members aligned with each
other.
The description will be made as to a
10 manufacturing step for the liquid ejecting head having
the two-flow-path structure as shown in Figure 6 and
Figure 15.
' Generally, walls for the second liquid flow
paths 16 are formed on the element substratel, and
15 separation walls 30 are mounted thereon, and then, a
grooved member 50 having the grooves for constituting
the first liquid flow paths 14, is mounted further
thereon. Or, the walls for the second liquid flow
paths 16 are formed, and a grooved member 50 having
20 the separation walls 30 is mounted thereon.
The description will be made as to the
manufacturing method for the second liquid flow path.
Figures 16, (a) - (e), is a schematic
sectional view for illustrating a manufacturing method
25 for the liquid ejecting head according to a first
manufacturing embodiment of the present invention.

In this embodiment, as shown in Figure 16,



partition wall 30. Figure 10, (c) is a schematic vi ew of the
positional relation between the novabl e menber 6 and the second liquid
flow path 16 wherein the elenents are overlaid. In these Figures, the
5 bottomis a front side having the ejection outlets. The
second liquid flow path 16 of this eppodi nent has a throat portion 19
upstream of the heat generating elenment 2 wth respect to a general
flow of the liquid fromthe second common liquid 10 chanber side to the
ej ection outlet through the heat generating el enent position, the
novabl e menber (8). epeBentanfar oalecteothexrmal |eonyrrsionawing provi de a
chanmber (bubbl e generation chanber) effective to suppress easy

rel ease, towar BefkeIBperptingselenerts 2 sof (hatnium HEEidy okAPIbN t he

Dubbl o, g ot 90k e thio)IRE rie . Hiksed! et T Wimtacsrming: a1
Cover L EaPeCt! HeyEaslsecta' Ropomgolibeiaf HOMMAERA" SEHY |hI Y ong
L1108 2oLk 4GB e Yo 6 Vel 1, and Wit P
the surface of the element substrate 1 is cleaned for
the purpose of improving the adhesiveness or
contactness with the photosensitive resin material in
the next step. In order to further improve the
10 adhesiveness or contactness, the surface of the
element substrate is treated with ultraviolet-
radiation-ozone or the like. then, liquid comprising a
silane coupling agent, for example, (A189, available
from NIPPON UNICA) diluted by ethyl alcoholic to 1
15 weight % is applied on the improved surface by spin
coating.

Subsequently, the surface is cleaned, and as
shown in Figurells, {b), an ultraviolet radiation
photosensitive resin film (dry film Ordyl SY-318

20 available from Tokyo Ohka Kogyo Co., Ltd.) DF is
laminated on the substratel having the thus improved
surface.

Then, as shown in Figure 16, (c), a photo-
‘mask PM is placed on the dry film DF, and the portions

25 .of the dry film DF which are to remain as the second

‘flow passage wall is illuminated with the ultraviolet

radiation through the photo-mask PM. The exposure



and t he bubble generation liquid is further enhanced. Furt hernore, the
rel ease of the bubble through the 25 slit can be suppressed so that

ej ection pressure and ej ection efficiency are further increased.

Mor eover, t he above-described effect of the refilling fromthe

-41- upstream side by the pressur&Tpon the col |l apse of bubbl e,
can be further enhanced. : In Figure 8 (b) and Figure 9, a
part of of t he bubbl e generated in the bubble generation region 5 of
the second liquid flow path 4 with the displ acenent of the novabl e
menber 6 to therécess wasgarriedyqult using MPA-60de, avaidadde drom,he fir st
liquid flow path 14 side. by selecting the height of the second flow
pat h to peANPN KARUSRIKE fSh - tand Rhshlexpasyresjamondnwas0 force i s
further inproved as co red wigh the case wi t hout such extension of

t he bubbl e. appiﬁhvd%ﬁg‘ﬁﬁﬁﬁﬁr'and partition wall> Fi gure

11 shows anot her exanplfhég,tggashown in Figure 16, (d), the dry

5 film DF was developed by developing liquid which is a
mixed liquid of xylene and butyl Cellosolve acetate
(BMRC~3 available from Tokyo Ohka. Kogyo Co., Ltd.) to
dissolve the unexposed portions, while leaving the
exposed and cured portions as the walls for the second

10 liquid flow paths 16, Furthermore, the residuals
remaining on the surface of the element substrate 1 is
removed by oxygen plasma ashing device (MAS-800
available from Alcan-Tech Co., Inc.) for approx. 90
sec, and it islexposed to ultraviolet radiation for 2

15 hours at 150 OC with the dose of 100 mJ/cmy to
completely cure the expoéed portions.

By this method, the second liquid flow paths
can be formed with high accuracy on a plurality of
heater boards (element substrates) cut out of the

20 silicon substrate. The silicon substrate is cut into
respective heater boards 1 by a dicing machine having
a diamond blade of a thickness of 0.05 mm (AWD-4000
available from Tokyo Seimitsu). The separated heater
boards 1 are fixed on the aluminum base plate 70 by

25 adhesive material (SE4400 available from Toray),
Figqure 19. Then, the printed board 71 connected to

the aluminum base plate 70 beforehand is connected



nmovabl e menber 31, wherein reference nuneral 35 15 designates a slit

formed in the partition wall, and the slit is effective to provide the
novabl e nmenber 31. In Figure 11, (a), the novabl e nenber has a
rectangul ar configuration, and in (b), it is narrower in the ful crum
side to permt increased nobility of 2Qsghe novable nenber, and in (c), it
has a wi der fulcrum side to enhance the durability of the novable
menber . The configuration narrowed and arcuated at the ful crum

side is desirable as shown in Figure 5. (a), since bot h of easiness of
noti on and dumeldh ithe deatedSbsatrdsfi bg. abomtnam, wibe ¢notighowh)on of the
novabl e menber is not limted to the one descri bed above, but It
may be any if havidges ddamertiear ofh®.98cemd | i quid

-42- flow path side, and notion is easy with high durability.

In the foregoi ng embodibfeshown: iz Figuseol6, (e), a joining member
of the grooved member 50 and separation wall 30 were
5 positioned and connected to the heater board 1. More
particularly, grooved member having the separation
wall 30 and the heater board 1 are.positioned, and are
eﬁgaged and fixed by a confining spring. Thereafter,
the ink and bubble generation liquid supply member 80

10 is fixed on the ink. Then, the gap among the aluminum
wire, grooved member 50, the heater boardl and the ink
and bubble generation liquid supply member 80 are
sealed by a silicone sealant (TSE39%, available from
Toshibalsilicone).

15 By forming the second liquid flow path
through the manufacturing method, accurate flow paths
without positional deviation relative to the heaters
of the heater board, can be provided. By coupling the
grooved member50 and the separation wall 30 in the

20 prior step, the positional accuracy between the first
liquid flow path 14 and the movable member 31 is |
enhanced.

By the high accuracy manufactuyring technique,
the ejection stabilization is accomplished, and the

25 printing quality is improved. Since they are formed
all together on a wafer; massproduction at low cost is

possible.



fil mnovabl e nenber 31 and the separation wall 5 5 having this novable
menber was made of a nickel having a thickness of 5 [err]m but this
is not limted to this exanple, but it nay be any if it has
anti - sol vent property agai nst the bubble generation liquid and the
ejection liquid, and if the elasticity isggaough to 10 permt the
operation of the novable nenber, and if the required fine slit can be
f or med. Preferabl e exanples of the materials for the
novabl e menber include durable materials such as netal such as silver,
nickel, gold, iron, titan this mbadiment)) theats8uns madéawith ahai nl ess
st eel, phosphor bronze or the like, alloy thereof, or resin
materi al -havi ngihyravilolgto madiatiions cariylgotypei dey film Borathene, stylene
or the like, resin material having am de group such as pol yam de or
the like, re5|ﬁotmyﬁmQMeMfawhhaﬁeﬂgnéaﬂéanyﬂ flow pathoel yButboaate or the
i ke, resin material having_al dehyde group such as pol yacetal or the
li ke, resin mautt&SiRn mabaridls haviRg an apsegptigenhbandpafljagentne, resin
mer_or the |i or chem cal 25

gg;gghﬁg fﬁ Peggrticq%ﬁF #i§ﬂ§rﬁav?ﬁg@ E%&btpﬁt91traViﬁbSFn§?n9ﬁé i nk, such
??tgﬁfﬁhlsgfroﬁ§yggldlaﬁfﬁ%%e%p it is %%antughdngﬁéglporggbggeégigéeel

to be the second liquid flow paths are directly

removed by eximer laser. |

Figure 17, (a) -(d), is a schematic sectional

10 view for illustration of a manufacturing method of the
liquid ejecting head according to a second embodiment
of the present invention.

' In this embodiment, as shown in Figure 17,
(a), a resist ;01 having a thickness of 15 pum is

15 patterned in the shape of the second liquid flow path
on the SUS substrate 100.

Then, as shown in Figure 17, (b), the SUS
substrate 20 is coated with 15 pm thick of nickel
layer 102 on the SUS substrate 100 by electroplating.

20 The plating solution used comprised nickel
amidosulfate nickel, stress decrease material (zero
ohru, available from World Metal Inc.), boric acid,
pit prevention material (NP-APS, available from World
Metal Inc.) and nickel chloride. As to the electric

25 field upon electro-deposition, an electrode is
connected on the anode side, and the SUS substratel00

already patterned is connected to the cathode, and the -



-43- thereof, materials coated with such netal, resin mat eri al
havi ng am de group such as polyam de, resin mat eri al havi ng al dehyde
group such as pol yacetal, resin material having ketone group such as
5 pol yet heret herketone, resin material having imde group such as
polyi m de, resin material having hydé@xyl group such as phenolic
resin, resin materi al havi ng et hyl group such as pol yethyl ene, resin
mat eri al having al kyl group such as pol ypropylene, 10 resin nateri al
havi ng epoxy group such as epoxy resin material, resin material having
am no group sutemperaturepefsphecplating seletion i it @nditheavi ng
met hyl ol group such as xylene resin materi a, chemnical conpound

t hereof, ceranFBTREREr EePPREARUER 18| P BACMIS di oxi de or chenical conpound

t her eof . Pr ef er abl e, exanpl es of paytitjon or. division
wal | include resin matefpPg 'hﬁﬁiﬁﬁ°ﬂPgﬁnh5%¥@rg {3, {c), “tne'sUs

substrate 100 having been subjected to the plating is

5 subjected then to ultrasonic vibration to remove the
nickel'layer 102 portions from the SUS substrate 100
to provide the second liquid flow path.

On the other hand, the heater board having

the elements for the electrothermal conversion, are

10 formed on a silicon wafer by a manufacturing device as
used in semiconductor manufacturing. The wéfer is cut
into heater boards by the dicing machine similarly to
the foregoing embodiment. The heater board 1 is
mounted to the aluminum base plate 70 already having a

15 printed board 104 mounted thereto, and the printed
board 7 and the aluminum wire (not shown) are
connected to establish the electrical wiring. On such
a heater board 1, the second liquid flow path prdvided
through the foregoing process is fixed, as shown in

20 Figure 17, (d). For this fixing,'it may not be so
firm if a positional deviation does not occur upon the
top plate joining, since the fixing is accomplished by
a confining spring with the top plate having the
separation wall fixed thereto in the later step, as in

25 the first embodiment.

In this embodiment, for the positioning and

fixing, the use was made with an ultraviolet radiation



resistive, high anti-solvent property and hi gh nol ding property, nore
particularly recent engineering plastic 20 resin materials such as

pol yet hyl ene, pol ypropyl ene, pol yam de, pol yethyl ene terephthal at e,
mel am ne resin material, phenolic resin, epoxy resin material,

pol ybut adi ene, pol yuret hane, pol yet her etdédr-ket one, pol yet her sul f one,
pol yallylate, polyimde, poly-- 25 sulfone, liquid crystal polyner (LCP)
or chem cal conmpound thereof, or netal such as silicon dioxide,
silicon nitride, nickel, gold, stalnless steel, alloy

- 44- t HRRiRAG tynﬁnaﬁhesiﬂqumﬁiﬁnmmérd@micon Nﬂféppals coat ed
with titaniumor gold. he thickness of the separation wal

is det er YR EK‘J‘EIFi%n%l‘r"H@; qule]@% Ing Mithy aa’nd'ltga(‘,’éﬁﬂleﬁurat!,on
[rom the. st andpoh it o WL, qo il kel 5 45 p3Bbrutl o o
[err]m approx. ‘amount of(¥5ﬂlﬁaycm for approx. 3 sec to complete the

5 fixing.

According to the manufacturing method of this
embodiment, the second liquid flow paths can be
provided without positional deviation relative to the
heat generating elements, and since the flow passage

10 walls are of nickel, it is durable against the alkali
property liquid so that the.reliability is high.

"Figure 18, (a) -(4), is a schematic sectional
view for illustrating a manufacturing method of the
liquid ejecting head according to a third embodiment

15 of the present .invention.

In this embodiment, as shown in Figure 18,
(a), the resist 31 is applied on both of the sides of
the SUS substrate 100 having a thickness of 15 pm and
having an alignmehf hole or mark 100a. The resist

20 used was PMERP-ARQOO available from Tokyo Ohka Kogyo
Co., Ltd.

Thereafter, as shown in Figure 18, (b), the
exposure operation was carried out in alignment with
the alignment hole 100a of the element substrate 100,

25 using an exposure device (MPA-600 available from CANON
KABUSHIKI KAISHA, JAPAN) to remove the portions of the

resist 103 which are going to be the second ligquid



In this invention, the novable nmenber has a 10 thickness of [err]m order
as preferabl e thickness, and a novabl e menber having a thickness of cm
order is not used in usual cases. Wen a slit is forned in the

novabl e menber having a thickness of [err]morder, and the slit has
the wwdth (Wpm . of the order of the -g2thi ckness of the novabl e nenber,
it is desirable to consider the variations in the manufacturing.

The slit providing the "substantial sealing", pref erably has several

m crons width, since the liquid m xture prevention is_assured. 20

<El enent substfidiwpath. The expostite @aduhitpwaensodl hopemfade as to a

structure of the elenent substrate provided with the heat generati ng
el ement for heating thé&Subsgguwkntly, as shown ihi gigar2218s &c))onghéudi nal
section of the 25 liquid ejecting head according to an enbodi ment of the
present i nventSUsh subishnatel 100 davingudhehpaksedned rekastny03d pnot ecti on
| ayer, and (b) shows the one _
both sides, is dipped in etching liquid (aqueous
5 solution of ferric chloride or cuproﬁs chloride) to
etch the portions exposed through the resist 103, and
the resist is removed.
Then, as shown in Figure 18, (d), similarly
to the foregoing embodiment of the manufacturing
10 method, the SUS substrate 100 having been subjected to
the etching is positioned and fixed on the heater
boardl, thus assembling the liquid ejecting head
having the second liquid flow paths 4.
According to the manufacturing method of this
15 embodiment, the second liquid flow paths 4 without the
| positional deviation relative to the heaters can be
provided, and since the flow paths are of SUS, the
durability against acid and alkali liquid is high, so
that high reliability liquid ejecting head is
20 provided.
As described in the foregoing, according to
the manufacturing method of this embodiment, by
mounting the walls of the second liquid flow path on
the element substrate in a prior step, the
25 electrothermal transducers and second liquid flow

paths are alighed with each other with high precision.

Since a number of second liquid flow paths are formed



- 45- W t hout the protection |ayer. : On the el enent
substrate 1, a grooved nenber 50 is nounted, the nmenber 50 having
second liquid flow pat hs 16, separation walls 30, first liquid flow
pat hs 5 14 and grooves for constituting the first liquid flow pat h.
The el enent substrate 1 has, as shown ing3- Figure 12, patterned wring
el ectrode (0.2 - 1.0 pm thick) of alumnumor the |ike and patterned
el ectric - 10 resistance layer 105 (0.01 - 0.2 [err]mthick) of hafnium
boride (Hf B2), tantalumnitride(TaN), tantalum al um num(TaAl ) or the
| i ke constitutsimplitendmsly on thenaubsitiate deforeothe sultikdng,oxide film
or silicon nitride film 106 for insulation and heat accunulation, 15
whi ch in turn nasspraductidrstispesEiblef adi lliowoicosit . the like. A
voltage is applied to the resistance | ayer 105 through the two wiring
el ectrodes 104 to Theowiguidgr edectingohgad: provdded: throughy thet o

ef f ect heat generation. Between the-mﬁrin%ielectrode, a 20

protection | ayeanifackyning, meshad of this, geng, has thehe |jke of 0.1

- 2.0 pmthick is rovidﬁg on .t he r?§istance | ayer, and in addition,
an anti-ca ité?? tage that the second liquid flow paths and the

heat generating elements are aligned at high
precision, and therefore, the pressure of the bubble
generation can be received with high efficiency so
that the ejection efficiency is excellent.
10 <Liquid ejection head cartridge>
The description will be made as to a liquid
ejection head cartridge having a liquid ejecting head
according to an embodiment of the present invention.
Figure_lQ is a schematic exploded perspective
15 view of a liquid ejection head cartridge including the
above-described liquid ejecting head, and the ligquid
ejection head cartridge comprises generally a liquid
ejecting head portion 200 and a liquid. container 80.
The liquid ejecting head portion 200
20 comprises an element substrate 1, é separation wall
30, a grooved member 50, a confining spring 70, liquid
supply member 90 and a supporting member 70. The
element substrate 1 is provided with a plurality of
heat generating resistors for supplying heat to the
25 Dbubble generation liquid, as described hereinbefore.
A bubble generation ligquid passage is formed between

the element substrate 1 and the separation wall 30



| ayer of tantalumor the like (0.1 - 0.6 pmthick) is fornmed thereon
to protect the resistance layer 105 25 fromvarious |iquid such as ink.

The pressure and shock wave generated upon t he bubbl e generati on and
col |l apse is so strong that - 46-
the durability of the oxide filmwhich isgg-elatively fragile is
deteriorated therefore, netal materi al such as tantalum (Ta) or the
like is used as the anti - cavitation layer. 5 The
protection |ayer may be om tted dependi ng on the conbi nati on of

| i quid, |iquichdving pehidn movablsd realililr e Byncthee Somipdiney betterciena thee of such
exanples is showmn in Figure 12, (b). The material of the resistance
| ayer not requseraatien pratkd0 amd the graoved dopdedatieo50exampl e,
iridium- tantal um - alum numalloy or the like. Thus, the structure
of t he hetiliegfeinn sfliowy rathfamshoynh£orpfdydidh gommunication

with the ejection liquid is formed.

5 The confining spring 70 functions to urge the
grooved member 50 to the element substrate 1, and is
effective to properly integrate the element substrate
1, separation wall 30, grooved and the supporting
member 70 which will be described hereinafter.

10 Supporting mémher 70 functions to support an
element substrate 1 or the like, and the supporting
member 70 has thereon a circuit board 71, connected to
the eiement substrate 1, for supplying the electric
signal thereto, and contact pads 72 for electric

15 signal transfer between the device side when the
cartridge is mounted on the apparatus.

The liquid container 90 contains the ejection
ligquid such as ink to be supplied to the liquid
ejecting head and the bubble generation liquid for

20 bubble generation, separately. The outside of the
liquid container 90 is provided with a positioning
portion 94 for mounting a connecting member for
connecting the liquid ejecting head with the liquid
container and a fixed shaft 95 for fixing the

25 connection portidn, The ejection liquid is supplied
to the ejection liquid supply passage 81 of a liquid

supply member 80 through a supply passage 81 of the



enbodi mrents may include only the resistance |ayer(heat generation
portion) or may include a protection |layer 15 for protecting the

resi stance | ayer. In the enbodi nent, the heat generating

el enent has a heat generation portion having the resi stance | ayer

whi ch generates heat in response to -Blge el ectric signal. this is not
limting, and it wll 20 suffice if a bubble enough to eject the ejection
liquid is created in the bubble generation |iquid. For exanpl e, heat
generation portion may be in the form of a photothermal transducer

whi ch gener at eso@cting mepbhern Soomyithe ejgbhtionchigeiflasepplyr the one
which 25 generates heat upon receiving high frequency wave.

On the el enent RafRage 2 of hecdiignid eontpiner, apdchsasuppiiedststor, a

diode, a latch, g .shift , J47-
r:agi gt e? aﬁdcsd" %H'Srlsézr common; Ljgudfd; chagberethrough ke, 8igeEH@R  r ansducer

el ement may alﬁgd%id supﬂf?”%%@%%b& Qﬁl'%uLB1yi2n8d95t£8”t£8 the resistance
5 members. The bubble generation liquid is similarly
supplied to the bubble generation liquid sﬁpply
passage 82 of the liquid supply member 80 through the
supply passage of the connecting member frdm-thé
supply passage 93 of the liquid container, and is

10 supplied to the second liquid chamber through the
bubble generation liquid supply passage 84, 71, 22 of
the members.

In such a liquid ejection head cartridge,
eQen if the bubble generation liquid and the ejection

15 liquid are different liquids, the liquids are supplied
in good order. in the case that the ejection liquid
and the bubble generation liquid are the same, the
supply path for the bubble generation liquid and the
ejection liquid are not necessarily separated..

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

25 container may be'unseparablylintegral, or may be
separable.

<Liquid ejecting device>



| ayer 105 constituting the heat generation portion and 5 the

el ectrothermal transducer constituted by the wiring electrode 104 for

supplying the electric signal to the resistance |ayer. _

In order to eject the liquid by driving the heat generation portion of
the el ectrothermal 10 transducer on theéé@bove-described el ement substrate
1, the resistance |layer 105 is supplied through the W ring

el ectrode 104 with rectangul ar pul ses as shown in Figure 13 to cause

I nst ant aneous heat generation in the resistance | ayer 105 between the
wiring electrode. 15 Figure aﬁsesoa sbbehatilc biluskratieyoohoa

enbodi nent s, t he applled energy has a voltage of 24V, a pulse width
of 7[err]sec, élgﬂﬁﬂeﬁﬂeSF ESOﬁﬁY&ﬁG Esﬁﬁeﬂﬁéhcyh%faﬁm?ﬁ-descrihe@r|ve t he

heat ti el e liquidink is ected through
tﬁg e?ggf{gnlggf gEEQeC?KPSUBﬁthe Frothisg ﬁ@%%@i@ﬁkﬁ*mﬁéﬁnbefore

limted to this

Egrexg;’be any Pchaé%LEgﬁP éﬁe%ﬁ??g%hanﬁﬁégngggat“sFﬁﬁmﬁﬂlﬁn%apable of
b0 5o o Sheton, ARl AARAERCE ALY SRS o 2o o
head wi th whi CRevice comprises a carriage HC to which the head
cartridge comprising a liquid containe; portion 90 and
liquid ejecting head portion 200 which are detachably
connectable with each other, is mountable. The
10 carriage HC is reciprocable in a direction of width of
the recording material 150 such as a recording sheet
or the like fed by a recording material transporting
means.
When a.driving signal is supplied to the
15 1liquid ejecting means on the carriage from unshown
driving signallsupply means, the recording liquid is
ejected to the recording material from the liquid
ejecting head in response to the signal.
The liquid ejecting apparatus of this
20 embodiment comprises a motor 111 as a driving source
for driving the recording material transporting means
and the carriage, gears 112, 113 for transmitting the
power from the driving source to the carriage, and
carriage shaft 115 and so on. By the recording dévice
25 and the liquid ejecting method using this recording
device, good prints can be provided by ejecting the

liquid to the various recording material.



different liquids are separately accomodated in first

- 48- and second common |iquid chanber, and the nunber of parts
can be reduces so that the nmanufacturing cost can be reduced.

Figure 14 is a schematic view of such a 5 liquid ejecting head. The sane
ref erence nuneral s as I n the previ aug7enbodi nent are assigned to the
el ements having the correspondi ng functions, and detai |l ed descriptions
thereof are omtted for sinmplicity. - 10 In this enbodi nent,
a grooved nenber 50 has an orifice plate 51 having an ejection outl et
18, a plurality of Figooee2l fis adisick Wiiagram flaxr deégoridfiing first
liquid flow paths 14 and a recess for constituting the first common

| i qui d chanberthe general opepatiomef an |injuielgeyian ixgcandjmagl) to the
plurality of liquid flow paths 14. A separation wal l 30 is nounted to
the bottom of fpRagpbaycdhheheprByys the liquid ejection method,

and the liquid ejection head, in accordance with the
5 present invention.

The recording apparatus receives printing
data in the form of a control signal from a host
computer 300. The printing data is temporarily stored
in an input interface 301 of the printing apparatus,

10 and at the same time, is converted into processable
data to be inputted to a CPU 302, which doubles as
means for supplying a head driving signal. The CPU
302 pfocesses the aforementioned data inputted to the
CPU 302, into p;intable data {image data), by

15 processing them with the use of peripheral units such
as RAMs 304 or the like, following control programs
stored in an ROM 303.

Further, in order to record the image data
onto an appropriate spot on a recoiding sheet, the CPU

20 302 generates driving data for driving a driving motor
which moves the recording sheet and the recording head
in synchronism with the image data. The image data
and the motor driving data are transmitted to a head
200 and a driving motor 306 through a head driver 307

25 and a motor driver 305, respectively, which are
controlled with the proper timings for forming an

image.



by which plurality of first liquid flow paths 14 are

formed. Such a

grooved nenber 50 has a first liquid 20 supply passage 20 extending from
an upper position to the first common |iquid chanber 15. The grooved

menber 50 al so has a second |iquid supply passage 21
upper position to the second conmon -68+qui d chanber

extendi ng from an
17 through the

separation wall 30. 25 As indicated by an arrow C in Figure 14,
t he first liquid(ejection liquid) is supplied through the first

l'iquid supply passage 20 and first common |iquid

- 49- chanber 15&eofpmerererdingquedivmovcpawihian, 1igaid heuch
second |iqui d(bubbl e generatiaogn I|i UId& I s supplied to the second
li quid flom1p5§h1P§ ﬂﬁr@G§ﬁrﬁﬁe ageonhich 1SIVﬁﬁPHe§HhE¥yapassage 21 and

the second common L.

14.

T830 196 RepaF i SaEh a8 cEhR (RS

I's extended 'th%a%%aaow1gbtgakhgefils%ed; various sheets of paper;

10

15

20

25

OHP sheets; plastic material used for forming compact
disks, ornamental plates, or the like; fabric;
metallic material such as aluminum, copper, or the
like; leather material such as cow hide, pig hide,
synthetic leather, or the like; lumber material such
as solid wood, plywood, and the like; bamboo material;
ceramic material such as tile; and material such as
sponge which has a three dimensional structure.

The aforementioned recording apparatus
includes a printing apparatus for various sheets of
paper or OHP sheet, a recording apparatus for plastic
material such as plastic material used for forming a
compact disk or the like, a recording apparatus for
metallic plate or the like, a recording apparatus for
leather material, a recording apparatus for lumber, a
recording apparatus for ceramic material, a recording
apparatus for three dimensional recording medium such
as sponge or the like, a textile printing apparatus
for recording images on fabric, and the like recording
apparatuses.

As for the liquid to be used with these
liquid ejection apparatuses, any liquid is usable as

long as it is compatible with the employed recording

5 chanber 17 as_indi-cated trow D in Figure
{kﬁﬂya OVe, passage 21



liquid supply passage 20, but this is not limted to t he
exenplification, but it may be any if the liquid 10 is supplied to the
second comon |iquid chamber 17 t hrough the separation wall 30 outside
the first common |iquid chanber 15. The (di aneter) of

the second liquid supply passage Zlhéﬁ_deternined I n consideration of
the 15 supply anount of the second |i qui The configuration of the
second liquid supply passage 21 is not limted to circular or round
but may be rectangul ar or the like. The second comon

l'iquid chanberpdditRy &RG €Refl PedEEdyg dbondl tibride grooved by a separation
wal | 30. As for the nethod of formng this, as shown in Fi gure 15

which is an expRededdpegsPgstéme view, a comon |iquid chanmber frane
and a second liquid passage wall are forned of a dry film and a 25
conbi nati on of a grooveNextpnban &Lemplary idke jet rempaiiaig systan fixed
thereto and the el enent substrate 1 are bonded, thus formng the
second comon will be described, which records images on recording
5 medium, using, as the recording head, the liquid
ejection head in accordance with the present
invention.
Figure 22 is a schematic'perspective view of
an ink jet recording system employing the
10 aforementioned liquid ejection head 201 in accordance
with the present invention, and depicts its general
structure. The liquid ejection head in this
embodiment is a full~-line type head, which comprises
plural ejection orifices aligned with a density of 360
15 dpi s0 as to cover the entire recordable range of the
recording medium 150. It-comprises four heads, which
are correspondent to four colors; yellow (Y), magenta
(M), cyan {C) and black {(Bk). These four heads are _
fixedly supported by a holder 1202, in parallel to
20 each other and with predetermined intervals.
These heads are driven in response to the
signals supplied from a head driver 307, which
constitutes means for supplying a driving signal to
each head.
25 : Each of the four color inks (Y, M, C and Bk)

is supplied to a correspondent head from an ink

container 204a, 204b, 205c or 2044. A reference



- 50- l'iquid chanber 17 and the second liquid flow path 16

In this exanple, the el enent substrate 1 is constituted by providing

t he supporting nenber 70 of nmetal such as alumnumw th a plurality of
5 el ectrothermal transducer el enments as heat generating el enents for
generating heat for bubble generation _ggfromthe bubble generation
liquid through film boi I'i ng. Above the el enent substrate
1, there are 10 disposed the plurality of grooves constituting the

liquid flow path 16 formed by the second |iquid passage walls, the
recess for consuménal ng0ésecdesigmaites a ubbie dengirat idrmtdeicdonmon bubbl e
generation liquid chanber) 17 which is in fluid communication with the
15 plurality ofohbtabhergénemavhibeh | theibhbbley gatdratiieon liquisuds ying the
bubbl e generation liquid to the bubble generation |liquid passages, and
t he separati ondetivereddteieadly heads 30 having the novable walls 31

Desi gnated by reference nuneral 50 is a 20 grooved nenber. The grooved

member is provided withBelow eagh\keadora igad iqar i2pah203eciZ03€ | i quid
flow or 203d is disposed, which contains an ink absorbing
member composed of sponge or the like. They cover the
ejection orifices of the corresponding heads,
protecting the heads, and also maintaining the head
performance, during a non-recording period.

10 A reference numeral 206 designates a conveyer
belt, which constitutes means for conveying the
various recording medium such as those described in
the pfeceding embodiments. The conveyer belt 206 is
routed through a predetermined path by various

15 rollers, and is driven by a driver roller connected to
a motor driver 305.

The ink jet recording system in this
embodiment comprises a pre~-printing processing
apparatus 251 and a postprinting processing apparatus

20 252, which are disposed on the upstream and downstream
sides, respectively, of the ink jet recording
apparatus, along-the recording medium conveyance path.
These processing apparatuses 251 and 252 process the
recording medium in various manners before or after

25 recording is made, respectively.

The pre-printing process and the postprinting

process vary depending on the type of recording



paths (first liquid flow paths) 14 by nounting the separation walls 30

thereto, a recess for constituting the first comon |iquid chanber
(common ejection 25 liquid chanber) 15 for supplying the ejection liquid
to the ejection liquid flow paths, the first supply passage (ejection
| i quid supply passage) 20 for -71- -51-
supplying the ejection liquid to the first common i quid chanber, and
t he second supply passage (bubble generation liquid supply passage) 21
for supplying the bubbl e generation liquid to the second supply-
passage 5 (bmﬁﬂﬂgmgeﬁ§r&bBthPqufdlahpplgoba%%%mEQGQJW heme second

supply passage 21 is _connected with a flu communi cation path in
flui d comuni cZeceRdingnhmeddun °°m88§ﬁﬁd°§oﬁﬁ%ﬂ114ﬁumﬂt%ﬁb%%er 17,

penetrating thr . eparation wall 30 di sposed, qutsj de of t he
Prrst’ 10 SomBhagrac BoLRIRal:  GorsBiC aterint iLhs LR 15 1l uig

communi cati on gabloyblic RUBDLE 82ASL" hdshh Wk dexposed o N1 4P 1 €0 0

t he second co
5 violet rays and ozone before printing, activating its

surface.

In a recording material tending to acquire
electric charge, such as plastic resin material, the
dust tends to deposit on thg surface by static

10 electricity. the dust may impede the desired
recording. In such a case, the use is made with
ionizer to remove the static charge of the recording
material, thus removing the dust from the recording
material. When a textile is a recording material,

15 from the standpoint of feathering prevention and
improvement of fixing or the like, a pre-processing
may be effected wherein alkali property substance,
water soluble property substance, composition
polymeric, water soluble property metal salt, urea, or

20 thiourea is applied to the textile. The pre-
processing is not limited to this, and it may be the
one to provide the récording material with the proper
temperature.

On the other hand, the post-processing is a

25 process for imparting, to the recording material
having received the ink, a heat treatment, ultraviolet

radiation projection to promote the fixing of the ink,



W thout m xture with the ejection |iquid. The positiona

rel ati on anong the elenment 15 substrate 1, separation wall 30, grooved top
pl ate 50 is such that the novabl e nmenbers 31 are arranged
corresponding to the heat generating elenents on the el enent substrate
1, and that the ejection liquid flow -7xaths 14 are arranged
corresponding to the novable 20 nenbers 31. In this exanple, one second
suppl y passage is provided for the grooved nenber, but it may be
plural in accordance with the supply anount. The cross-sectional area
of the flow paeh afcléaningcfonrremoving dihed poCeiss patexjal2@sadd t he
bubbl e generation 25 liquid supply passage 21 may be determned in
proportion to f@E Eapppreabrratmerdy ant renaining ibecause off nohe
cross-sectional area of the flow path, the

-52- paFeaCEIPRti t uti ng the grooved nember 50 or the |ike can

be_domnsized. In this embodiment, the head is a full line
5 head, but the present invention is of course
applicable to a serial type wherein the head is moved
along a width of the recording material.
<Head Kit>
Hereinafter, a head kit will be described,

10 which comprises the liquid ejection head in accordance
with the present invention. Figure 23 is a schematic
view of such a head kit. This head kit is in the form
of a head kit package 501, and contains: a head 510 in
accordance with'the present invention, which comprises

15 an ink ejection section 511 for ejecting ink; an ink
container 510, that is, a liquid container which is
separable, or nonseparable, from the head; and ink
filling means 530, which holds the ink to be filled
into the ink container 520.

20 After the ink in the ink container 520 is
completely depleted, the tip 530 (in the form of a
hypodermic needle or the like) of the ink filling
means is inserted into an air vent 521 of the ink
container, the junction between the ink container and

25 the head, or a hole drilled through the ink container
wall, and the ink within the ink filling means is

filled into the ink container through this tip 531.



As described in the foregoing, according to thi s enbodi nent, the
second supply passage for 5 supplying the second liquid to the second
liquid flow path and the first supply passage for supplying the

first liquid to the first liquid flow path, can be provi ded by a
single grooved top plate, so that the -73-hunber of parts can be reduced,
and therefore, the 10 reduction of the manufacturing steps and therefore
t he reduction of the manufacturing cost, are acconplished.
Furthernore, the supply of the second liquid to the second common

l i qui d chanmber in fl ui dWhen thenigdightejectiionh helad,sddbendnki qui d fl ow
path, is 15 effected through the second liquid flow path which
penetrates t heCARERIRET orthRink Filldng means. @d the diike: arequi d and t he
second liquid, and therefore, one bondi ng step is .enough_for the
bondi ng of thedvailakle inthe, fpAn of & Kt aipedeita e Kdtheat 20

generating elenent_ substratge,. so that the filq%gygg%tu%hggél easy, and

the accuracy of®¢ @%ntok??‘lglﬁk can 0§ FRAI. Lied invo Sfrfce the
second 1 i qy d dép)é%@@é 'frﬂ: tfoﬁ&elnqxl' as[S %%@iﬁe%uégo&%glwﬂelrbgghg chanber,

penetrating the separ at1 on wa he supply secon duid to

the second |i %6‘05&% P A mﬁp,r%%.ef ore,

In this embodiment, the head kit contains the
ink filling means. However, it is nbt mandatory for
the head kit to contain the ink filling means; the kit

10 may contain an exchangeable type ink container filled
with the ink, and a head.

Even though Figure 23 illustrates only the
ink filling means for filling the printing ink into
the ink container, the head kit may contain means for

15 £illing the bubble generation liquid into the bubble
generation liquid container, in addition to the
pfinting ink refilling means.

Referring to Figure 24, the embodiment of the
present invention will be further described. Figure

20 24 shows a liquid ejection head 616 having a plurality
of ejection outlets 611 and liquid passages in fluid
communication therewith, respectively. The liquid
ejection head 616 comprises a substrate 601 having a
plurality of heat generating element 602, a separation

25 wall 605 having movable members 606 corresponding to
thé heat generating elements, respectively, and a

grooved top plate 614 has recesses constituting



t he supply amount is sufficient so that the stabilized

-53- ej ection is acconplished. <Ej ection liquid and bubble
generation |iquid> As described in the foregoing enmbodinent,
according to the present invention, by the structure 5 having the
novabl e menber descri bed above, the |iqui<d74- can be ejected at higher
ejection force or ejection efficiency than the conventional |iquid

ej ecting head. When the sanme liquid is used for the bubble generation

liquid and the ejection liquid, it is possible that 10 the liquid is not
deteriorated, FFPPYRS GEest t}inisch passagese 88at generating el enent due
to heating can be reduced. Therefore, a reversible state chaqge S
acconpl i shed by repeati njiI®ee g shkluatinatiesal head ceshaddget heningo,

P S el RSl o Y e e e
ink container for retaining liquid to be supplied to
5 the liquid ejection head. The ink container can be
refilled with ink after the current ink is used up.
Figure 26 shows a so-called full-line type
head having a plurality of ejection outlet covering an
entire recordable width of the recording material 680.
10 In this Figure, designated by 661 is a full-line head,
and it is moved relative to the recording material
680. Designated by 691 a feeding drum for feeding the
recor&ing material.
The dgscription will be made has to proper
15 mixture of the ejection liquid and the bubbie
generation liguid.
In this invention, both of the ejection
liquid and the bubble generation liquid are ejected.
In this invention, the movable member is
20 displaced sufficiently close to the ejection liéuid
passage (first liquid passage) to accomplish
stabilized ejection. The mixture ratio of the
ejection liquid and the bubble generation liquid is
properly controlled by adjusting the open areé of the
25 above-described throat portion, by using proper
material and configuration of the movable member to

provide proper displacement thereof, by changing a



i ke.

| i quid.

invention is used with different ejection
l'iquid, the bubble

Anong such liquids, the one having the I ngr edi ent
as used in conventional bubble jet device, 20 can be used as a recording

When the two-fl ow path structure of the

pr esent

i quid and bubbl e generation
generation |iqui@skavi ng the above-descri bed

property 25 is used, nore particularly, the exanples includes:
met hanol , et hanol, n-propyl al cohol, isopropyl al cohol, n- n-hexane,
n- hept ane, n-octane, toluene, -54-

xyl ene, met hylpavisediwidtdy iode driviiagl drequepcynef fheosignal applfedon BF,
di oxane, cycl ohexane, met hyl acetate, ethyl acetate,
acet one, net hjio &heyheat geperaidnonglemeny. eRd/prk&heapdkg.ni kBure

et hyl et her

t her eof .

usabl e wi t houtthis impodiment. o they
property or tQFL@@nda

5

10

15

20

25

5

As for the ejection liquid, various |iquids
Fb q 5 g

ri
ratio of the liquid. Table 1 shows the results of
experiments in a case wherein both of the bubble
generating liquid and the ejection liquid are
simultaneously ejected and in a case in which both of
them is not ejected.

In this embodiment, the specification of the
liquid ejection head was as follows, wherein the
voltage of the signal applied to the heater was
23 V:

heater size: 58 pm x 150 pm
flexible member size: 53 pm x 220 pm
liquid path height: iS m
The composition of the_employed liquid (ink)

to be ejected (hereinafter, ejection liquid) was as

follows:
dye 3 wt. %
ethylene glycol -6 wt. %
glycerin 4 wt. %
urea 4 wt, %
isopropyl alcohol 5 wt. %
water 78 wt. %

The composition of the employed bubble

generation liquid was as follows:

are

feeqwddth 4p experipgpt-aBe kPt on
'f%gaééﬁcfrqg increased to increase the mixture



| i qui ds whi ch have not been conventional ly usable, because of | ow
bubbl e generation property and/or 10 easiness of property change due to

heat, are usabl e. However, it is desired that the ejection
liquid by itself or by reaction with the bubble generation |iquid,
does not inpede the ejection, the bulzgl-e generation or the operation
of the novable 15 nenber or the |ike. As for the recording
ejection liquid, high viscous ink or the like is usable. As for

anot her ej ection liquid, pharnmaceuticals and perfume or the i ke
havi ng a nature ea®thangdt eri orated by heat is 420wtusébl e.

<Manufacturing of liquid ejecting head> The description wll
be made as to the watermmnufacturing step of th&0| w§ui & ej ecting head
according to the present invention. In the case of the liquid
ej ecting head as ﬁ&m*qn1tpﬁg§P§e§ of ﬁB&nGaﬁpﬁﬁd311ﬁﬁ%anunt|ng t he

novabl e nenber 31 IS patter ed and f.or ned OE
(liqui eJect on speed 3 the 1qu1d was ejected under

5 a strobe light fired at a predetermined interval, and
the distance traveled by the ejected liquid was
observed using a microscope.

As for the optical density (OD), a solid
image as printed on a sheet of recording medium, and
10 the reflection density of the solid image was measured
using a Macbeth densitometer RD-913 (product of a
divisiornn of Kellmorgen Corporation), that is, a
reflection density meter.
The wgight of the ejected liquid was measured

15 in the following manner. The bubble generation liquid
and the éjection liquid were placed in separate
measuring cylinders, and the rate of change in the
volume of the liquid consumed during the liquid
eéjection was measured. Then, the weight of each

20 ejected liquid was calculated in consideration of the
specific weight of each liquid, obtaining the ratio of
the liquid generation liquid to the ejection liquid.
In this embodiment, the ligquid was éjected 200,000
times, and the weight of the consumed amount of each

25 liquid was measured using the above method.



- 55- el ement substrate 1, and the novable nenber 31 is bonded
or wel ded on the foundation 34. Then, a grooved nenber having a
plurality of grooves for constituting the liquid flow paths 10,

ej ection outl et 5 18 and a recess for constituting the conmon |iquid
chanber 13, is nounted to the elenment substratel with t he grooves and
novabl e nmenbers aligned with each ot her. The description
will be made as to a 10 manufacturing step for the liquid ejecting head
havi ng the two-flow path structure as shown in Figure 6 and

Fi gure 15. General | y, viddle flor the second liquid flow
paths 16 are fornmed on the el enent substratel, and 15 separation walls 30
are mounted therean_and then, _a _ grooved nenher 5Q having the grooves

for constitutln the first liquid flow paths 14, is munted further
t hereon. O, g s fRlegtionecdiieqtion d d fOprical pfuisel6 Brdvisgmed,
and a grooved b 50 $RReGg 20 ShRbidddar at idemsidy s 3ddth npfiress
t her eon. (wt.%)  ThEnfescription will be nd®Jas to Pﬁé (Hz)
5
0 13 - 17 F 1.30 4.0 30
10 17 G 1.29 5.0 30
20 17 E 1.29 6.0 30
30 17 E 1.28 4.5 1000
50 17 E 1.25 5.5 6000
10
60 17 E 1.23 6.0 10000

Ejection stability F: Quite unstable

G: A little instability
E: Little instability
15 As is evident from Table 1, when the ratio of
the bﬁbble generation liquid to the ejection liquid
{weight of the bubble generation liquid/weight of the
ejection liquid) was set at 0 wt. %, and the liquid
was continuously ejected for an extended period of
20 time, the ejection speed sometimes fluctuated between
13 m/sec and 17 m/sec. However, as the ratio of the
bubble generation liquid to the ejection liquid was
increased, the fluctuation of the ejection speed was
reduced. Further, Table 1 reveals that when the
25 ejection speed is required to be stabilized at a high
level, the mixing ratio of the bubble generation

liquid to the ejection liquid is preferred to be 10



manuf acturi ng nmethod for the second liquid flow path. Fi gures
16, (a) - (e), is a schematic sectional view for iflustrating a

manuf acturing method 25 for the liquid ejecting head according to a first
manuf act uri ng enbodi nent of the present invention. In this
enbodi nent, as shown in Figure 16, -78-

- 56- (a), elenents for electrothermal conversion having heat
generating el enents 2 of hafnium boride, tantalum nitride or the I|ike,
are formed, using a manufacturing device as in a sem conduct or

manuf act uri ngwtan Bdr motes Mridires peifeahdlySi hocoasywatBah 20 w8d .
t hereafter, the surface of the el ement substrate 1 is cleaned for

t he purpose of inprovirin tthe adnventdonal bobble jesntrecobmdiagwi th the
phot osensitive resin material in the next step. In order to further
i nprove the heajhddies@iestion ddquddt nesejerchedsusiagetbé t he
el ement substrate is treated with ultraviolet-
pressure from the bubble formed by heating the
5 ejection liquid itself. Therefore, it takes a
relatively longer time for the heated ejection liquid
to cool down to the initial temperature, resulting in
that the following bubble generation begins while the
liquid temperature is still high. It has been known
10 that when the liquid is ejected in the condition
described above, the amount by which the liquid is
ejected greatly varies, or the ejection
characteristics become unstable.
However, according to the present invention,
15 +the bubble generation liquid is ejected together with
the ejection liquid; the bubble generation liquid, the
temperature of which has increased, is discharged,
allowing a fresh supply of the bubble generation
liquid to move in, and therefore, preventing the
20 temperature increase of the bubble generation liquid
in the bubble generating region. As a result, the
ejection becomes more stabilized.
Further, when air or the like is contained in
the bubble generation liquid, it is liable that the
25 air or the like becomes separated from the bubble

generation liquid due to the heating, sometimes

adhering to the surface of the heater, and when the



radi ati on-ozone or the like then, liquid conprising a sil ane coupling
agent, for exanple, (A189, avail able from NI PPON UNI CA) diluted by
ethyl alcoholic to 1 15 weight %is applied on the inproved surface by
spin coati ng. Subsequently, the surface is cleaned, and
as shown in Figure 16, (b), an ultramwolet radiation

photosensitive resin film(dry filmOdyl SY-318 20 available from Tokyo
Ohka Kogyo Co., Ltd.) DF is | am nat ed on the substratel having the

t hus i nproved surface. Then, as shown in Figure 16, (c),
a phot o- paphr&bbdsaprasedtiva 1ile didhdrdsnid thendurdfageord ons 25

of the dry filmDF which are to remain as the second fl ow passage wal |
is illum nat edthet heaherul thevbubkle generatiicon iperfidmmange thecqmes o- nask
PM The exposure -57- process
was carried outngtahleprhbgoejeation ghargetpristics GR/FINGSABUSH KI

KAl SHA), and the exposure_anpbunt was .
unstable. For example, the amount by which the liquid

5 1is ejected, or the ejection speed, fluctuates. These
problems can also be eliminated by preventing the
temperature of the bubble generation liquid from
increasing in the bubble generating region. 1In other
words, they can be prevented by ejecting the bubble

10 generation liquid together with the ejection liquid.
Further, the composition of the bubble .
generation liquid may be affected by the
aforementioned heating or the like, and when the
composition of_the bubble generation liquid changes,

15 the state of ejection changes sometimes, causing the
ejection characteristic to change. This type of
problem can also be solved by employing the ejection
method in accordance with the present invention. In
other words, when the bubble generation liquid is

20 ejected (discharged) together with the ejection
liquid, .a new supply of the bubble generation ligquid
moves in, rendering the bubble generation liquid with
the changed composition substantially nonexistent in
the bubble generation region, improving the stability

25 of the ejection characteristics.

Also referring to Table 1, the relationship

between the mixing ratio of the bubble generation



approx. 600 mid/cnferr]. Then, as shown in Figure 16, (d), the
dry 5 film DF was devel oped by developing liquid which is a m xed
liquid of xylene and butyl Cell osolve acetate (BMRC-3 avail abl e from
Tokyo Chka Kogyo Co., Ltd.) to di ssol ve the unexposed portions, while
| eavi ng the exposed and cured portiogg-as the walls for the second 10
liquid flow paths 16. Furthernore, the residuals remai ni ng on the
surface of the elenment substrate 1 is renoved by oxygen plasna ashing
devi ce (MAS-800 avai l abl e from Al can-Tech Co., Inc.) for approx. 90
sec, and it isiegpagetot ehdl fjavtbort 1iqeid) | amd f€hie 2opticdbWlensityl 50
[err]Cwith the dose of 100 ml/cnR to conpletely cure the exposed
portions. (hereinaft8y,t ODsoreOBovalude wikbrbe | degcxibedw pat hs

can be fornmed with high accuracy on a plurality of heat er boards

(el enent subst whegejinctheodyeoronaentpgtion i tnntherieckion Thigwid i con
substrate is cut into respective heater boards 1 by a dicing nachine
havi ng a dPadoW&-bfade of a thickness of 0.05 nm (AWD- 4000

avai l abl e from Tokyo Seimtsu). The separated heater boards, 1 are

fixed on the al um num bASethealixiBapatig g h'%%‘?v‘é“%%r?%’l‘e‘(mo

aval | abl e fron&I&ag&)is increased, the OD value slightly decreases

relative to the initial OD value, that is, the OD
value correspondent to the bubble generation liquid
mixing ratio of 0 wt. %, but as long as the bubble

10 generation liquid mixing ratio remains no ﬁore than 50
wt. %, the OD value can be maintained at 1.25 or
above. It should be noted here that as long as the OD
valués of printed characters or images are no less
than 1.25, the characters or the images are perceived

15 as the truly black characters or images; they are not
perceived to be insufficiently black. In other words,
a sufficiently high level of image quality can be
maintained by keeping the mixing ratio of the bubble
generation liquid at a level of no more than 50 wé. %

20 so that the OD value remains no less than 1.25.

From the standpoint of the image density, the
mixing ratio for the bubble generation liquid is
preferred to be set at a level no more than 50 wt. %,
wherein when the fluctuation of the image density is

25 taken into consideration, it is preferred to be set at
a level no more than 30 wt. %. Further, in view of

the print quality, the ratio of the bubble generation



Figure 19. Then, the printed board 71 connected to t he al um num base
pl ate 70 beforehand is connected

- 58-

havi ng a dianeter of 0.05 nm
j oi ni ng nmenber

grooved nenber

Ther eafter,

menber 50,

with the heater board 1 by al um numw re (not shown)
As shown in Figure 16, (e),
of the grooved nenber83%6 and separation wall 30 were
positioned and connected to the heater board 1. Mire particul arly,
havi ng the separation wal | 30 and the heater board 1
are positioned, and are eng aged and fixed by a confining spring.
engdaanidi 48 prqﬁeurgﬁpbmybmtr 80 10
Is fixed on the ink. Then, the gap anpng the alunin W re, grooved
theﬂ%é‘é!tl@r abaamﬁ aﬁdlphe Bﬁkwt %-an'ahaﬁbbvaeaeb@mtt% l'i qui d

IIQHQQ itk thed ededt

a

supply menber 80 are | i cone sealant TSE399, avail abl e

from
fl ow path

Tosh?@&%’ﬁ‘c&ﬁé‘}’llim aha”the! PTE)E; ghad hiY AES SEREAR

10

15

20

25
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generation liquid to the ejection liquid is preferred
to be no less than 10 wt. %, more preferably, no less
than 20 wt. % and no more than 50 wt. %.

In this embodiment, an ink with a dye
concentration of 3 wt. % was employed, but the present
invention is not limited by this embodiment. For
example, when ink having a dye concentration of no
less than 3 wt. % is employed, it becomes easier to
keep the OD value at a predetermined value or above;
therefore, a high quality image can be more reliably
produced. In other words, as long as the ejection
characteristics and the reliability of the ejection
are not deteriorated, the higher the ratio of the dye,
the more stable the image density; when the ratio of
the dye is not less than 5 wt. %, a preferable image
density can be obtained even when the mixing ratio of
the bubble generation liquid reaches 150 wt. %. On
the contrary, when the mixing ratio of the bubble
generation liquid is set at 20 wt. %, the OD value can
be maintained at 1.25 or above even when the dye
concentration-is reduced to a point as low as 4 %.

| Further, the ejective properties of the

ejection liquid can be improved by specifically

liquid

5



wi t hout positional deviation relative to the heaters of the heater
board, can be provided. By coupling the grooved nenber50 and the
separation wall 30 in the 20 prior step, the positional accuracy between
the first liquid fl ow path 14 and the novabl e nmenber 31 is

enhanced. By the high accuwgzy manufacturing technique,

the ejection stabilization is acconplished, and the 25 printing quality is
i nproved. Since they are forned all together on a wafer,
massproduction at |ow cost is possi bl e.

-59- matchingnth@i bubbbedgereration liamid andicthé tejegtion
ultraviolet radiation curing_tyge drz filmfor the formation of the
second |iquid RigWifat Andpadjugting thelyr miging | @tinathdthe RS ption
band adj acent articularly 248 nm (outsi de the ultrayviolet range)

5
may be Ianinat@ﬁ.egF°F§°Eur§B,t%ﬂH R Phirt i WAL ifor (pn be

improved.

5 Further, when the mixing ratio between the
bubble generation liquid and the ejection liquid is
optimum, the ejection characteristics are dependent
upon the bubble generation pressure, the shape and the
displacement of the flexible member, the height of the

10 second liguid flow path, the size and the shape of the
opening formed between the second liquid flow path and
the first liquid flow path by the displacement qf the
flexible member, and the like factors: the ejection
characteristics can be improved by adjusting the above

15 factors. It should be noted here that when the

| coloring material concentration is within a range of 3
- 5 wt. %, the aforementioned mixing ratio of the
bubble generation liquid is preferred to be within a
range of 20 - 50 wt. %, and when the coloring material

20 concentration is no less than 5 wt. %, the
aforementioned mixing ratio is pfeferred to be within
a range of 20 - 150 wt. %.

Further, even when both the employed ejection
liguid and the bubble generation liquid are such a

25 1liquid that is not liable to leave deposit (baked-on

deposited or the like) on the heating member as the

bubble generating means, the above described effects



to be the second liquid flow paths are directly renoved by exinmer

| aser. Figure 17, (a) -(d), is a schematic sectional 10
view for illustration of a manufacturing nethod of the liquid ejecting
head according to a second enbodi nent - of the present invention.

In this enbodi ment, as shown in Figure 183~ (a), aresist 101 having a
thi ckness of 15 [err]mis 15 patterned in the shape of the second liquid
fl ow path on the SUS substrate 100. Then, as shown in
Figure 17, (b), the SUS substrate 20 is coated with 15 pmthick of

ni ckel | ayan b ohrained .SUS substrate 100 by electroplating. 20 The
plating solution used conprised nickel am dosul fate nickel, stress
decrease mat erEmpodiment 2  ohru, available fromWrld Metal Inc.), boric
aci d, pit preventlon naterlal NP- APS, avail able from \Wrld Met al
Inc.) and nickel chlorilk “@?BbtﬁQ:elfﬁtIPPeﬂ&qHﬁ3n°f a

el ectro-depositjo an electrode con ectgﬂ on thgpano si de, and

the SUS subst r‘éﬂt% dis P*‘aﬁﬂé’éﬂ%%’ﬁ a8, egplovedh +o. codpst: kBecat hode,

and the 5 same experiments as those described in the first
embodiment. The results are shown in Table 2. The
composition of the employed pigment dispersion type
ejection liquid was as follows, wherein a 40 wt. %
agueous solution of ethanol, the same solution as that

10 employed in the first embodiment, was used:

carbon black 3 wt. %
glycerin 10 wt. %
thioglycol 6 wt. %
isopropyl a;cohol ' 2 wt. %
15 water 74 wt. %
dispersant 1l wt., %

Table 2

Mixing Ejection Ejection Optical Pulse Driving

ratio speed stability density width freq.

20 (wt.%) {m/s) (OD) (ns) (Hz)
0 10 - 15 F 1.30 4.0 30

190 15 G 1.29 5.0 30

20 15 E 1.29 6.0 30

30 15 E 1.29 4.5 1000

% 50 15 E 1.26 5.5 6000
60 15 E 1.24 6.0 10000




- 60- tenperature of the plating solutionis 50 [err]C, and the
current tenperature is 5 Alcnferr]. Then, as shown in Figure
17, (c), the SUS substrate 100 having been subjected to the plating is
5 subjected then to ultrasonic vibration to renove the ni ckel | ayer
102 portions fromthe SUS substrate 100 -84- to provide the second liquid
fl ow pat h. On the other hand, the heater board having

the elenments for the electrothermal conversion, are 10 formed on a
silicon wafer by a manufacturing device as used i n sem conduct or
manuf act uri ng. The waf eAlse twtthis embrdinent crtheoaaie Mesuidsdias ng
machine simlarly to the foregoi ng enbodi nent. The heater board 1 is
mount ed to thetBP8&i ddntheséipsht emyodimenty Herfobkpineds Asinted board

104 nmounted thereto, and the printed board 7 and the alum numwre
(not shown) arevident framcthe taplr: sthentheeligctdive &fabiildityy ison such

2 et e DRt e D8RRI ml kB A 85 R D qeperdin 11
fixing, it gﬂaylggaigeigopreferred to be no less than 10 wt. %, more
preferably, no less than 20 wt. %.

From the standpoint of the image quality, the
mixing ratio for the bubble generation liquid is
preferred to be kept at 50 wt. % or below so that the

10 OD wvalue can be maintained at 1.25 or above.

In other words, a high quality image can be
obtained.by keeping the mixing ratio for the bubble
generétion liquid at 10 wt. % or above, in particular,
within a range of 20 - 50 wt. %.

15 Also in this embodiment, as in the first
embodiment, the ejective properties of the ejection
liquid can be improved by specifically matching the
bubble generation liquid and the ejedtion liquid, and
adjusting their mixing ratio at the time of ejection,

20 so that the print quality can be improved. Further,
the optimum mixing ratio of the bubble generation
liquid to the ejection liguid is dependent upon the
bubble generation pressure, the shape and the
displacement of the flexible member, the height of the

25 second liquid flow path, the size and the shape of the
opening formed between the second liquid flow path and

the first liquid flow path by the displacement of the



firmif a positional deviation does not occur upon the top plate
joining, since the fixing is acconplished by a confining spring with
the top plate having the separation wall fixed thereto in the |ater
step, as in 25 the first enbodi nment. In this enbodi nent,
for the positioning and fixing, the_gse was nmade with an ultraviol et
radi ati on -61- curing type
adhesive material (Am con UV-300, avai l abl e from GRACE JAPAN, and with
an ultraviol et radi ati on projecting device operated with the exposure
anount of 100 rel/eGiliAld IndnerdPRNEX thd 39%ke! actBRESt @hehRixPngi Xi Ng.
According to the manufacturing nmethod of this enbodi nent, the second
i quid flow patdstimanerefergadtodd wdihetedpdn corraspdadeaceoto
relative to the heat generating el ements, and since the fl ow passage
10 wal I s are ofthe dbsdve iffactomdur abl e agai nst the al kal i property
liquid so that the reliability is high.

Further, even when both the employed ejection

5 1liquid and the bubble generation liquid are such a
liquid that is not liable to leave deposit (baked-on
deposited or the like) on the heating member as the
bubble generating means, the above-described effects
can be obtained.

10 Embodiment 3

Figure 27 depicts the relationship between
the coloring material concentration and the OD value
in tﬁe third embodiment of the pfesent invention. As
is evident from Figure 27, when the coloring material

15 concentration is no less than 3 wt. %, the rate of the
OD value fluctugtion is small, being near to a
saturation point, and when the coloring material
concentration is no more than 3 wt. %, the rate of the
OD value fluctuation tends to increase. The absolute

20 value of the rate of the OD value fluctuation is
dependent upon the composition of the coloring
material, the composition of the solvent, that is, the
ejection liquid into which the coloring material is
dissolved, the recording medium on which images are

25 recorded, the amount of the ejection liquid injected
into the recording medium per unit area, and the like

factors, but in relative terms, the OD value in this



Figure 18, (a) -(d), is a schematic sectional view for illustrating a
manuf acturing nmet hod of the liquid ejecting head according to a third
enbodi ment 15 of the present invention. In this enbodi nment,
as shown in Figure 18, (a), the resist 31 is applied on both of the
si des of the SUS substrate 100 havi4gp-a thickness of 15 pm and

having an alignnment hole or mark 100a. The resist 20 used was PNMERP- AR900
avai l abl e from Tokyo Chka Kogyo Co., Ltd. Thereafter, as
shown in Figure 18, (b), the exposure operation was carried out in

al i gnment wi t hembodimemt odispiayed Mol tendEwcy fsimid agl dieertthes @éboveat e 100,
25 using an exposure device (MPA-600 avail able from CANON KABUSHI K
KAl SHA, JAPAN)described cor@e portions of the resist 103 which are
going to be the second |iquid -62-

f1 ow path. The exposurelBnbiis sprodiReny, e dhove described

characteristic curve was utilized to realize the high
5 print quality. That is, preferable density gradation
was realized by utilizing a specific coloring material
concentration range in which the rate of the OD value
fluctuation increased, wherein the coloring méterial
concentration was 1 wt. %. The specifications of the
10 1ligquid ejection head employed in this embodiment were
substantially the same as those given in the first
embodiment except for the height of the second liquid
flow path, which was 30 pm in this embodiment.
The composition of the ejection liquid was as

15 follows:

dye 1l wt. %
ethylene glycol 6 wt. %
glycerin 4 wt. %
urea 4 wt. %
20 isopropyl alcohol S wt. %
water 80 wt. %

The composition df the bubble generation
liquid was as follows:
ethanol ' 40 wt. %
25 water 60 wt. %
Table 3 presents the measured results of the

experiment conducted in this embodiment, in which the



Subsequently, as shown in Figure 18, (c), the SUS substrate 100 havi ng

the patterned resist 103 on both sides, is dipped in etching liquid
(aqueous 5 solution of ferric chloride or cuprous chloride) to etch
t he portions exposed through the resist 103, and the resist is
renoved. Then, as shown in-&rgure 18, (d), simlarly to
the foregoi ng enbodi nent of the manufacturing 10 nethod, the SUS substrate
100 havi ng been subjected to the etching is positioned and fi xed on

t he heater boardl, thus assenbling the liquid ejecting head

havi ng the secahaveidesaribed eiection liquid with a d¥&ording to the
manuf acturing method of this _15 embodi ment, the second |iquid flow paths 4
without the  congatrabhan @yl a‘t’? on’is reagemeloved nand ke Fatm e

rovi ded, and S|nce at f SUS, durabi]ity agai nst
20|d and al kal FB ?lﬂﬂ Hc?i §?§§1t¥o( %qﬁﬁuqﬁkﬂPrﬂﬂﬁeﬂﬁ4§QSFq-|qﬁldg

ej ecting head | n the fore90|ng

de
according to ?hg rov%?%o?ﬁ?|T&ﬁ+ﬂﬁrﬁﬁF%ﬁ ?% Scﬁﬂgﬁgﬁﬁ
' h I
SBEQELQ?etpﬁ “8%#§6$Li eg}fgﬁfgdaéiﬂ%%g%ié€%%r #kéu%wwduc;rg gngnggzond

liquid flow Table 3

Mixing ratio Optical OD change Pulse Driving

density width freq.
(% by weight) (0OD) (%) (us) (Hz)
10
0 1.05 100 4.0 30
50 - 0.90 85.7 4.5 3000
100 0.76 72.4 5.0 6000
200 0.60 57.1 5.5 10000
300 " 0.50 47.6 6.0 15000
15

As is evident from Table 3, when the ejection
liquid ﬁith the dye concentration of 1 wt. % was used,
. the OD value could be effectively adjusted to obtain
20 the desirable image density gradation, by varying the
mixing ratio for the bubble generation liqdid. For
example, when the bubble generation liquid was mixed
by 300 wt. %, the OD value could be changed by
approximately 50 % in comparisoh to the OD value
25 obtained when no bubble generation ligquid was mixed.
Figure 28 depicts the relationship between

the mixing ratio for the bubble generation liquid and



paths are aligned with each other with high precision.
of second liquid flow paths are forned

Si nce a nunber

- 63- si mul t aneously on the substrate before the cutting,
massproduction i s possible at | ow cost. The liquid ejecting
head provi ded through the manuf act weggg net hod of this enbodi nent has
the 5 advantage that the second liquid flow paths and the heat
generating elenments are aligned at high precision, and therefore, the
pressure of the bubble generation can be received with high efficiency
SO t hat thheeppticah dénsitynt9D) svakae] Ivmreinl Gthe imgkichgej ecti on
head cartri dge> The description wll be made as to a liquid

ej ection head Eatipi fge ﬁaeuhgbb@e|aﬁmeréﬁxgn|¥kﬂukﬂuwas variggbrding to an

enbodi ment of the 8resent i nventi on.
expl oded per spe@gedeon1Ehe; xopvits givRR oﬁféj"é%ttii%rﬁhe

the from Figure 28, when the ejection liquid

ure 19 is a schematic
deff @YiggnY ncl udi ng

is ejected

5  while varying the OD value, images with preferable

gradation can be obtained.

According to this embodiment, as is evident

from the characteristic curve given in Figure 27,

which shows the relationship between the

10 material concentration and the OD value,

coloring

the image

density gradation can be effectively controlled as

long as the dye concentration is no more

than 3 wt. %.

This is because when the dye concentration of the

bubble generation liquid is reduced to a

point no more

15 than 3 wt. %, the rate of the density change

remarkable improved. Further, in order to effectively

control the image density gradation, it is important

that a coloring material concentration range of no

less than 0.3 wt. % is employed. This is because when

20 the coloring material concentration is no more than

0.3 wt. %, it may be impossible sometimes to obtain

sufficient optical density for the dark areas of the

image.

Further, the choice of the coloring material

25 is not limited to dyes; the coloring material may be

pigment as it was in the second embodiment.

Embodiment 4



above-described liquid ejecting head, and the liquid ej ection head

cartridge conprises generally a liquid ej ecting head portion 200 and a
| i qui d. cont ai ner 80. The liquid ejecting head portion 200 20
conprises an el enent substrate 1, a separation wall 30, a grooved
menber 50, a confining spring 70, liquid-89- supply nenber 90 and a
supporting nenber 70. The el ement substrate 1 is provided with a
plurality of heat generating resistors for supplying heat to the 25

- bubbl e generation liquid, as described hereinbefore. A bubbl e
generation liquid passa@éSbsihothéa esbodiment, théesahenkheadsapsthate 1
and the separation wall - 64-
havi ng the nov&sRe weed iBytPﬁefé6§§I?ﬁ@oéépﬁéﬁnwﬁﬁeused- skpafari on wal
30 and the grooved top. pl ej ection flow ath(unshomn) for
f1uid communi cXffo ﬁJeCti°ﬁlﬂﬁqPﬁg'eFeEFQBﬁnFlhﬁ?dc?gt?bg C.5.

The confi ni ng. S0ckg e’ 9e6Ua5' L,915 k818788, i as LSEOBE BT 0 to e

5 generation liquid, a dye ink containing C.I. direct
red was employed. Further, disperséht, water or a
mixture of water miscible organic solvents, known
viscosity regulator, surface tension regulator, pH
regulator, binder, and the like were added to each

10 ink. It should be noted here that the bubble jet head
employs a system in which liquid is heated to generate
* bubbles wherein, and the liquid is ejected by the
pressure from the bubble development; therefore, when
a conventional bubble jet head is driven for an

15 extended period of time to eject the pigment ink or
the dye ink, the pigment ink is more liable to leave
the deposit on the heater.surface due to the
aforementioned heating, and consequently, the ejection
is liable to become more unstable. However, according

20 to this embodiment, the dye ink is employed as the
bubble generation liquid; therefore, the surface
condition of the heating member can be kept
substantially similar to when the dye ink alone is
used as the ejection ink and the bubble generation

25 liquid, and as a result, the ejection stability
sustainable for a longer time can be provided.

In comparison to an image recorded using the



effective to properly integrate the el enent substrate 1, separation
wal | 30, grooved and the supporting menber 70 which will be described
hereinafter. 10 Supporting nmenber 70 functions to support an

el enent substrate 1 or the |ike, and the supporting menber 70 has
thereon a circuit board 71, connected te90- the elenment substrate 1, for
supplying the electric signal thereto, and contact pads 72 for

el ectric 15 signal transfer between the device side when the

cartridge is nounted on the apparatus. The |iquid contai ner
90 contai ns t Kweejicdt.i ®n image irggioddedchsing thet pigmentppnkedsto the
liquid ej ecting head and_t he bubbl e generation liquid for 20 bubble
generation, sd&ReRIOY intpeadihes; Fesdstopee such aguwatesntainer 90 is

provi ded with a positioning portion.94 for nounting a_ cgnnecting
nmenmber for reéiﬁﬁﬂ&ﬁﬁlﬂfiﬂﬁgqq 6&§33$P§GFPnguﬁeéﬂmﬁwpgttﬂBfPFﬁBFd
container and ,a fixed shaft .95 for fixi.ng the., 25 connecti.on portion. The
ej ection quuﬁfiqygﬂﬂﬁ)ﬁﬁﬂfharac %Elﬁﬁéc J@EFPO&SIFGGPEa%aBBPy passage 81

of aliaquigd  powehl) udBdiifing® Yo" Lh9dnBodiRBLY , PRAS AT olldne' 1hRE

and the dye ink are mixed with each other while they
are ejected through the movement of the flexible
member. Therefore, it is possible to create an image
benefiting from both characteristics of the pigment

10 ink and the dye ink. In other words, an image
superior in weather resistance as well as color
reproductivity can be produced.

In addition, according to the present

invention, the ﬂye ink and the pigment ink are held in

15 a substantially separated state, and are mixed as they
are ejected; therefore, the agglﬁtination of the
pigment particle, which progressively occurs and
increases the particle size when a specific
combination of the dye ink and the pigment ink is left

20 in a mixed state for a long period, does not occur,
eliminating the possibility that the recording head be
plugged with pigment particles of the increased size.
As a result, the unstable ejection or the ejection
failure, which otherwise might result from the

25 plugging of the recording head by the pigment
particles of the increased size, does not occur.

As for the choice of dye suitable to be



- 65- connecting nmenber fromthe ejection liquid supply passage
92 of the liquid container, and is supplied to a first common liquid
chanber through the ejection | i quid supply passage 83, supply and 21
of the 5 nmenbers. The bubbl e generation liquid is simlarly supplied
to the bubble generation liquid supply -gi-passage 82 of the liquid supply
menber 80 through the supply passage of the connecting nenber fromthe
supply passage 93 of the liquid container, and is 10 supplied to the
second |iquid chanmber through the bubbl e generation liquid supply
passage 84, 71 cociibisfed with henpiigmeat ink in order tonobtaima |iquid

ej ection head cartridge, even if the bubble generation Iiquid and the
ejection 15 |nepankable d¢yneagdstilc efifectst Buchi gai iBeaiwpsoppghent

in good order. in the case that the ejection liquid and the bubbl e
generation |i qmrutéxeeeute@tgmestahélity ozupppgepaualiby. t kBepubbl e
generation liquid and the jection liquid are not necessarily
separated. 20 following can de tlljrétﬁldquﬂér9§tu§¥88uﬁes%ﬁﬁa¢ﬁﬁu¢‘ﬁ

5 ¢C.1I. direct reds 2, 20, 31, 46, 75 and 83; acidic dyes
designated as C.I. acid reds 52. 92, 94, 106, 133,
154, 155, 249, 265 and 274:; and basic dyes designated
as C.I. basic reds 1, 2, 12, 13 and 14.

As for the choice of pigment preferably

10 usable in conjunction with the present invention, the
following can be listed; azo pigments designated as
C.I. pigment reds 5, 11, 48, 49, 57, 60, 139, 144, 165
and 166; quinacridon pigments designated as C.I.
pigment reds 122 and 209; perylene pigments designated

15 as C.I. pigment red 123; and the like pigments.

According to this embodiment, hot only can
the ejection stability be improved, but also it is
possible to make the most of one of the superior
characteristics of the dye ink, that is, the superior

20 color saturation, wherein in order to make the most
effective use of the superior color saturation of the
dye ink, the mixing ratio of the dye ink to the
pigment ink was set at 10 wt. % or more.

As described above, according to the present

25 invention, a liquid ejection head comprises a flexible
member, wherein when the ejection liquid is ejected

from a liquid ejection head, the free end of flexible



contai ners may be supplied with the respective liquids. To facilitate

this supply, the liquid container is desirably provided with a liquid
injection port. The liquid ejecting head and liquid 25 container may be

unseparably integral, or may be separ abl e. <Li qui d ejecting

devi ce> _ -92- - 66- Figure
20 is a schematic illustration of a liquid ejecting device used with

t he above-descri bed liquid ejecting head. In this enbodinment, the

ejection liquid is ink, and the apparatus is an ink 5 ejection recording
appar at us. thendmbpr dej@iciplaged by dhe babbles’ geaeratedr byage HC t o which
t he head cartridge conprising a liquid container portion 90 and
i quid ejectirhpdtiay fhe ibubI@) gemegtation ddigaddabwhereby tbenectable with
each other, is mountable. The 10 carriage HC is reciprocable in a
directi on of Wwubbiliefgeneration liquid is mixed into the ejection
liquid at a predetermined ratio. As a result, the
5 following effects can be obtained; the temperature
increase of the bubble generation liquid, which occurs
when the bubble generation liquid is heated to
generate bubbles, can be reduced; the air or gas
bubbles'generated in the bubble generation liquid can
10 be effectively discharged; the initial composition of
the bubble generation liquid can be maintained: aﬁd
the ejection can be stabilized in an optimum state.
- In addition, when the color material
concentration of the ejection liquid is kept within a
15 range in which the OD value easily changes, the rate
of the OP value fluctuation can be increased by mixing
the bubble generation liquid; in other words, the
image density gradation can be effectively controlled
to produce a high quality image.
20 Further, according to the present invention,
the bubble generation liguid and the ejection liquid
are mixed in the iiquid path, between the free end of
the flexible member and the ejection orifice, and are
ejected in the mixed state; therefore, highly uniform
25 dots with well controlled density gradation can be

formed.

While the invention has been described with



the recording material 150 such as a recordi ng sheet or the like fed
by a recording material transporting nmeans. Wen a
driving signal is supplied to the 15 liquid ejecting neans on the carriage
from unshown driving signal supply nmeans, the recording liquid is
ejected to the recording material from t4834 i quid ejecting head in
response to the signal. The liquid ejecting apparatus of this
20 enbodi nent conprises a notor 111 as a driving source for driving
the recording material transporting means and the carriage, gears 112,
113 for transr¥efe¥gneecto the phmicturas discdosednesednee itoishe
carriage, and caryi;ge shaft 115 and so on. By the recordi ng device

25 and the |i P reined teithe dpkaids met foxdhyergd this geyice, good

prints can be proy) doth B £l SO S0 covdd Bl hOdiH AILLRL GLecor Ui ng

Figure 21 1s a,Dl0gds ULHA" dhe XHIP'¥HL purposes of the

5 improvements or the scope of the following claims.

10

15

20

25



the general .operation of an ink e ect”ﬂmumum - apparatus which
enpl oys the liquid ejection nethod #n’ ld ej ection head, in

accordance with the 5 present invention.® * The recording

apparatus receives printing data in the formof a control signa
conputer 300. The printing dalggJs tenporarily stored

i nterface 301 of the printing apparatus,

a host

an i nput
i's converted into processable

‘doubl es as
processes the AHARMSHHOINAIMEDdals: | nputted to the CPU 302, into
printable data (imge data), by 15 processing themwth the use of
peri pher al
pr ogr ans

record the i nndteaps #£:

units sudch A ligmildAdge34ngr meltholdi, keompel sdngngheont r o
stored in an ROM 303. Further, in order to
onto an appropriate spot on a recording sheet,

means for supplying a head driving signal. The CPU

the CPU 20 302 generates driving data for driving a driving notor
whi ch noves the recorduﬂfQﬂ%QéPQaﬁd1ﬂﬁﬁlﬂe@69§tﬁgnhéuﬁlet’ in synchroni sm
with the i

driver

307

"B

10

15

20

25

ge data. The i

liquid in fluid communication with said liquid
ejection outlet;

providing a second liquid flow path for
second liquid, adjacent to said first ligquid flow
path;

providing a separation wall having a movable
member between said first liquid flow path and said
second liquid flow path; and

ejecting, by displacement of said movable
member toward said first liquid flow path, liquid
which is a mixture of the first liquid and not less
than 10 % by weight of the second liquid on the basis

of the amount of said first liquid.

2. A method according to Claim 1, wherein an
image recorded with the mixed liquid on a recording

material has an OD value of not less than 1.25.

3. A method according to Claim 1, wherein the
first liquid and the second liquid are different

liquids.

from
in

10 and at the sane tine,
data to be inputted to a CPU 302, which

302

and the potor driving data are

transnitted®to a head °Fgg6n§h& glaﬁtvﬁﬁguﬁﬁtSFOBOBaFHrSGEhfhrﬁEad



25 and a notor driver 305, respectively, which are controlled with the
proper timngs for formng an I mage.

- 68- As for recording nedium to which-H-eguire—steh————as

ink is adhered, and which is usable with a recor di nd KRN CEE e
t he one descri bed above, the foll ovxgi_gg;_ can be |i st eamunmﬂﬁlﬂﬂﬂﬂswmr

~

of paper; 5 OHP sheets; plastic material used for form nd cénpact®

di sks, ornanental plates, or the like; fabric; metallic material such
as al um num copper, or the l'ike; leather material such as cow hide,

pi g hide, syngheti & h&EhdE ac@rditey |tk C1dinber whdi@ltdich 10 as
solid wood, plywood, and the |ike; bamboo material; ceram c materi al
such as tile; sids@elequdd &6kbatls pigméWe)dEndhiKd s@sordd tIWAsia

di mensi onal structure. The af orenentioned recordi ng apparat us

I ncl udes a priobhbgiappdyat us for various sheets of 15 paper or OHP
sheet, a recording apparatus for plastic
5 5. A method according to Claim 1, wherein said
second liquid flow path is provided with bubble

generating means.

6. A method according to Claim 5, wherein said
10 bubble generating means includes thermal energy

generation means.

7; A method according to Claim 1, wherein said

movable member has a free end adjacent said liquid

15 ejection outlet, wherein resistance in said first
liquid flow path against said movable member in a
direction of displacement of said movable member is
smaller adjacent a fulcrum portion of said movable
member than adjacent the free end of said movable

20 member, and wherein a bubble is generated in a bubble
generation region in said second liquid flow path, and
a pressure produced by the bubble displaces the free
end of said movable member to said first liquid flow
path, and the pressure is directed toward said

25 ejection outlet of said first liquid flow path, thus

ejecting the liquid.



material such as plastic material used for formng a conpact di sk or
the like, a recording apparatus for netallic plate or the like, a

recordi ng apparatus for | eather material, a recordiTg’iggglglg§,igL_,——
| unber, a 20 recording apparatus for ceramc material, T di -\
apparatus for three di mensional recording ggdi um such 134 ngm\é\‘m\m
like, a textile printing apparatus for recordi ng i mgedik 3 mC, s anmd
the like recording apparatuses. 25 As for thé liquid to be
used with these liquid ejection apparatuses, any liquid is usable as
long as it is conpagibl eavhéthddactR MRS S TURIMA, wherein said

- 69- medi um and the recording conditions. <Recordi ng Systen»
Next, an exenplmoyabhé nembérasaslia s taid adjacintl tee sdaacnilgeda which
records inages on recording 5 nedium using, as the recording head, the

l'i quid ejection outlet side, and said second liquid flow path

has a bubble generation region, wherein said movable

5 member is opposed to the bubble generation region, and
resistance in said first liquid flow path against said
movable member in a direction of displacement of said
movable member is smaller adjacent a fulcrum portion
of said movable member than adjacent the free end of

10 said movable member, wherein a bubble generated in the
bubble generation region is expanded more toward
downstream than toward upstream with respect to a

direction toward said ejection outlet.

15 9. A method according to Claim 1, wherein the
amount of the second liquid in the mixture is not more

than 50 weight %.

10. A method according to Claim 1, wherein the
20 amount of the second liquid in the mixture is not more

than 30 weight $%.
11. A method according to Claim 1, wherein the
amount of the second liquid in the mixture is not less

25 than 20 weight %.

12. A method according to Claim 1, wherein the



ej ection head in accordance with the present I nvention.
Figure 22 is a schematic perspective view of an ink jet recording

system enpl oying the 10 aforenentioned liquid ejection head\zgl\L?\\“\\\\\
accor dance with the present invention, and depicts it
structure. The liquid ejection head in thigg_ enbodi men nﬂ[ﬂ'ﬂm
type head, which conprises plural ejéction orifices aITg

density of 360 15 dpi so as to cover the entire recordabl e range of the*

recording medi um 150. It conprises four heads, which are correspondent

to four colors;anRidtOWH Yhe HFVHEA 11iquid ¥h tﬁéaﬂlﬁglrénﬂsbhé‘ilé (Bk) .
These four heads are fixedly supported by a holder 1202, in parallel

to 20 each ot farnrBD Wdighy @det ermi ned intervals. These
heads are driven in response to the signals supplied froma head
driver 307, which constitutes neans for supplying a driving signal to
each head. 25 Each of the four color inks (Y, M C and Bk)
is supplied to a cdﬁiesﬁbmuﬁﬂmmh@@¢0Eﬂdm93¢0|ﬁlalm 1,cwhexzedsr theda, 204b,
205¢c or 204d A reference

first liquid contains 3 to 5 weight % color material,

and wherein the amount of the second liquid in the

mixture is not less than 20 and not more than 50

weight %.

10 14. A method according to Claim 1, wherein the
first liquid contains more than 5 weight % color
material, and wherein the amount of the second liquid
in thé mixture is not less than 20 and not more than
150 weight %.

15

15. A liquid ejection head, comprising:

a liquid ejection outlet;

? a first liquid flow path for first liquid in
fluid communication with said liquid ejection outlet;

20 a second liquid flow path for second 1iiquid,
adjacent to said first liquid flow path;

a separation wall having a movable member
between said first liquid flow path and said second
liquid flow path: and

25 wherein by displacement of said movable
member toward said first liquid flow path, liquid

which is a mixture of the first liquid and not less



- 70- nuneral 204e designates a bubble generation |iquid

contai ner fromwhich the bubble generation liquid is delivered to each
head. Bel ow each head, a head cap 203a, 203b,
i s di sposed, which contains an ink absorbing menber conpeHE
or the like. They cover the ej ectionggrifices of the corfks
heads, protecting the heads, and al so naintaining the head
per formance, during a non-recording period. 10 A reference
nunmeral 206 designates a conveyer belt, which constitutes neans for
conveyi ng the than 18r Boby wedghtli aff thdi setendhl hguidooe thes dsadoesl i n

t he precedi ng enbodi nents. The conveyer belt 206 is routed through a
predet er mi ned pét lthey ameunguef $8idofliest, liguids iisiedectedathirowgh roll er
connected to a notor driver 305. The ink jet recording
systemin thissaid liabaddi sdectionpeutdeta pre-printing processing
apparatus 251 and a postprinting processing apparatus

5 16. 'A liquid ejecting apparatus, comprising:

a liquid ejecting head including;

a liquid ejection outlet; a first liquid
flow path for first liquid in fluid communication with
said liquid ejection outlet; a second liquid flow

10 path for second liquid, adjacent to said first liquid
flow path; and a separation wall having a movable
member between said first liquid flow path and said
secoﬁd liquid flow path;

wherein by displacement of said movable

15 member toward said first liquid flow path, ligquid
which is a mixture of the first liquid and not less
than 10 % by weight of the second liquid on the basis
of the amount of said first liquid, is ejected through
said liquid ejection outlet; and

20 driving signal supply means for supplying a

driving signal to said liquid ejecting head.

17. A liquid ejecting apparatus, comprising:
a liquid ejecting head including;
25 a liquid ejection outlet; a first liquid
flow path for first liquid in fluid communication with

said liquid ejection outlet; a second liquid flow



20 252, which are disposed on the upstream and downstream si des,

respectively, of the ink jet recording appar atus, along the recording
medi um conveyance pat h. These processi ng appar at uses Zﬁi\and\g§g\25\\\\\\
process the recordi ng mediumin various nmanners beforegﬂ” !

recording is nade, respectively. -99- The pre-printi - M”ﬂ,ﬁ

t he postprinting . process vary depending on the type of ré&co¢dry y “'ﬁ"y
-71- medium or the type of ink. For exanple, when- recording® '+
medi um conposed of netallic material, plastic material, ceramc

mat eri al or thedtlk£ars secondeilgmidd, aijacestotdi sgidedinsti digupdsed to
ultra- 5 violet rays and ozone before printing, activating its

surf ace. flow pathin and ac separgtioncewadl hemdnggat mowahler e

electric charge, such as plastic resin material, the dust tends to
deposit on t he Sfbek Pefyeensadd farsg ddgpidi £iowt pathuandnggidnpede t he

desired second liquid flow path;

5 driving signal supply means for supplying to
said liquid ejecting head a driving signal for
ejecting, by displacement of said movable member
toward said first liquid flow path, liquid which is a
mixture of the first liquid and not less than 10 % by

10 weight of the second liquid on the basis of the amount
of said first liquid, is ejected through said liquid

ejection outlet.

18. A head.cartridge, comprising:
15 a liquid ejeéting head including;

a liquid ejection outlet; a first liquid
flow path for first liquid in fluid communication with
said liquid ejection outlet; a second liquid flow
path for second liquid, adjacent to said first liquid

20 flow path; and a separation wall having a movable
member between said first liquid flow path and said
second liquid flow path;

wherein by displacement of said movable
member toward said first liquid flow path, liquid

25 which is a mixture of the first liquid and not less
than 10 % by weight of the second liquid on the basis

of the amount of said first liquid, is ejected through °



recording. In such a case, the use is made with I oni zer to renove the

static charge of the recording material, thus renoving the dust from
t he recording material. Wien a textile is a recording naterial 15
fromthe standpoint of feathering prevention and NProverTent i Xi ng

or the like, a pre-processing may be;ggfected \/\herel n a”mm"mnﬁﬁmmllll
subst ance, wat er sol ubl e property substance, conpositio

pol ymeric, water soluble property netal salt, urea, or 20 t hi otrea i"s
applied to the textile. The pre- processing is not limted to this,

and it may be ghed liqu@tcej@chioni detide; raedrding material with the

pr oper t enper at ure. On the other hand, the
post-processing is a 2bigpidcesatéimer npor tcomtaimindethechigiid tmt eri al
havi ng received the ink, a heat treatnent, ultraviolet radi ati on

proj ection to peosuopplied toxsaijdoligqhidiejkecting head.

-72-

5 19. A print provided by liquid ejected by a
recording head comp;ising:

a liquid ejection outlet;

a first liquid flow path for first liquid in
fluid communication with said liquid ejection outlet;

10 a second liquid flow path for second liquid,
adjacent to said first liquid flow path;

a separation wall having a movable member
betweén said first liquid flow path and said second
liquid flow path; and

15 wherein by displacement of said movable
member toward said first liquid flow path, liquid
which is a mixture of the first liquid and not less
than 10 % by weight of the second ligquid on the basis
of the amount of said first liquid, is ejected through

20 said liquid@ ejection outlet.

. 20. A head kit comprising:
a recording head including a liquid ejection
outlet;
25 '~ a first liquid flow path for first liquid in
fluid communication with said liquid ejection outlet;

a second liquid flow path for second liquid, adjacent



or a cleaning for renmoving the process material used for the
pre-treatnent and remai ni ng because of no reacti on. I n

this enmbodi nent, the head is a full line 5 head, but the-pLesggg_LgéggilfIL‘
i's of course applicable to a serial type mherein_the-h7 iSOV

along a width of the recording material. _101- <Head Kit> l"’iﬂ”’"g”””ﬁ"
Hereinafter, a head kit will be described, 10 which conprises L ot L
ej ection head in accordance with the present invention. Figure 73 i5s a

schemati c vi ew of such a head kit. This head kit is in the form

of a head kit perkeajd Shirstard qo dilte pathead Sbparation wataordance with
the present invention, which conprises 15 an ink ejection section 511 for

ej ecting ink; VG a movalhieimesber) betveen isaida fliirgdi digquidaiflew whi ch

I's separabl e, or nonseparable, fromthe head; and ink Cfilling
means 530, whi @RHHIARA §Rid feqand,d iguideflow patthi;oanfewhekedonbai ner
520. 20 < fter the ink.in the ink container 520 is

conpl etely deplHSRLAGEMeNY 6’%?@ fovabLe, member, toward, sgdde £Axstneedl e

iR 1 hA S, Bl R

first liquid and not less than 10 % by weight of the
second liquid on the basis of the amount of said first
liquid,lis ejected through said liquid ejection
outlet;

10 a liquid container for containing liquid to
be supplied to said liquid ejecting head; and

a filling portion, containing the liquid, for

fillihg the liquid to said liquid container.

15 .21. A liquid filling method, comprising:
prepariﬁg recording head including a liquid
ejection outlet;
a first liquid flow path for first liquid in
fluid communication with said liquid ejection outlet;
20 a second liquid flow path for second liquid, adjacent
to said first liquid fiow path; a separation wall
having a movable member between said first liquid flow
path and said second liquid flow path; and wherein by
displacement of said movable member toward said first .
25  liquid flow path, liquid which is a mixture of the
first liquid and not less than 10 % by weight of the

second liquid on the basis of the amount of said first



25 the head, or a hole drilled through the ink container wal |, and the
ink within the ink filling neans is filled into the ink container
through this tip 531. -73-

Wien the liquid ejection head, the ink cont ai ner, thé‘T“‘~*TTTT7uy--.\
means, and the like are avail able imgne formof a kit. BE!# e i i
the kit package, the ink can be ea5|}y filled into the & lﬁﬂaw

i nk cont ai ner

restart ed.

as descri bed above; therefore, recordi ng can be qdi ckly=
In this enbodiment, the head kit contains the

ink filling rreﬁﬂﬁumlpwyeégeeﬁedStmugmrwlﬂ&rméxﬁrd ejectilth head kit to
contain the ink filling neans; the kit 10 nmay contain an exchangeabl e type

i nk cont ai ner éutlet; with the ink, and a head. Even
t hough Figure 23 illustrates only the ink filling means for filling
the printing ink into whereim tin Tigaii niss ,fileeddan Hotth refy sadmt ai n

means for

10

15

20

25

first liquid flow path and the second liquid flow

path.

22. A tone gradation recording method,
comprising:
providing a liquid ejection outlet;
providing a first liquid flow path for first
liquid in fluid communication with said liquid
ejection outlet;

. providing a second liquid flow path for
second liquid, adjacent to said first liquid fliow
path;

providing a separation wall having a movable
member between said first liquid flow path and said
second liquid flow path; and

ejecting, by displacement of said movable
member toward said first liquid flow path, liquid
which is a mixture of the first liquid and an amount
of the second liquid on the basis of the amount of
said first liquid, wherein the amount is controlled in

accordance with the tone level to be recorded.

23. A method according to Claim 22, wherein the

first liquid contains 0.3 to 3 weight % of color



15 filling the bubble generation liquid into the bubble generation
| iquid container, in addition to the printing ink refilling neans.
Referring to Figure 24, the enbodi ment of the present invention wll
be further described. Figure 20 24 shows a liquid ejection head 616 havi ng
a plurality of ejection outlets 611 ZB _liquid passages in fluid
communi cation therewith, respectively. Th i quid ej ection head 616
conprises a substrate 601 having a pIuraI|ty—ei_heaL~ggQg%8%LEg
el ement 602, a separation 25 wal | 605 havi ng nnvaﬂ B
correspondi ng {Q it he heat generating el enents ] :““':i%ﬂﬂglui d a
grooved top plate 6%2 has recesses constituting - * e
-74- grooves (first liquid passages 603. |gure 25
illustrates a head cartridge having a liquid ejection head 616 shown
in Figure 24 and arz4. A itoheceaicortiehgl appachtusi 86mprisiftgt o be supplied
to 5 the liquid ejection head. The ink container can be

a liquid ejection outlet;

5 a first liquid flow path for first liquid in
fluid communication with said liquid ejection outlet;
a second liquid flow path for second liquid,
adjacent to said first liquid flow path;
a separation wall having a movable member
10 between said first liquid flow path and said second
liquid flow path; and
wherein by displacement of said movable
membér toward said first liquid flow path, liquid
which is a mixture of the first liquid and an amount
15 of the second liquid on the basis of the amount of
said first liquid, is ejected, wherein the amount is
controlled in accordance with the tone level to be

recorded.

20 25. An apparatus according to Claim 24, wherein
the first liquid contains 0.3 to 3 weight % of color

material.

26. An apparatus according to Claim 24, wherein
25 said second liquid flow path is provided with bubble

generating means.



refilled wwth ink after the current ink is used up. Figure 26

shows a so-called full-line type head having a plurality of ejection
outl et covering an entire recordable width of the recording nmaterial
680. 10 In this Figure, designated by 661 is a fuII-Ii
it is noved relative to the recording naterjal 680. Hﬁﬂ“ﬂlm,m
a feeding drumfor feeding the recordidfg material . g e I
description will be made has to proper 15 mixture of the ejection"li%uitd
and the bubbl e generation |iquid. In this invention,
both of the ejecti I%ﬂﬂ; &[&é“ ratib,en Liauid are
ej ect ed. 2. I%}nt S xldanvental%g),rw%? ri:oo\%gg éﬂ'mg%ﬁetr"hlggegﬁo
di spl aced suffigd £thybrl @ Fedrdtinr jnfé‘ﬁtd.sori d1%ded th gs first
i quid passage) to acconplish sfabi I zed e ecl(:gi gn?nlt'ﬁe %ﬁg?a&e ratio
of the ej nFationikaiyl the bubble generation liquid is
properly controlled by adjusting the open area of the 25 above-described
throat portion, by using proper mat erial and configuration of the
novabl e nmenber to provi de proper displacenent thereof, by changing a

5

10

15

20

25



- 75- pul se wdth or driving frequency of the signal applied - to
the heat generating elenent, and/or the like. In this enbodi nent, the
pul se width is experinment and the driving frequency is increased to
increase the mxture 5 ratio of the liquid. Table 1 shows the results of
experinments in a case wherein both of thedgthble generating liquid and
the ejection liqui-d are simul taneously ejected and in a case in which
bot h of themis not ejected. 10 In this enbodi ment, the
specification of the liquid ejection head was as follows, wherein the

vol tage of theABSTRACT @bl THEI DISCHOSURENt er was 23 V. heat er
size: 58 [err]mx 150 [err]m 15 fl exi bl e nmenber size: 53 pmx 220

[err]m | i qui d daliquixd gejectiing aretihod includes provilddngom@positi on
of the enployed |iquid (ink) tq be ej ected (hereinafter, %jection
liquid) was asliquidfefeetion outlet; providing a first liquid flow
path for first liquid in fluid communication with the
5 liquid ejection outlet; providing a second liquid flow
path for second liquid, adjacent to the first liquid
flow path; providing a separation wall having a
movable member between the first liquid flow path and
the second liquid flow path; and ejecting, by
10 displacement of the movable member toward the first
liquid flow path, liquid which is a mixture of the
first liquid and not less than 10 % by weight of_the

second liquid on the basis of the amount of the first

“ i

yu082/2293



20 dye 3wm. % et hyl ene gl ycol

6 Wwt. % glycerin 4 w. % urea

4 wt % i sopropyl al cohol 5w. % 25 wat er

78 wt. % The conposition of the enployed bubble

generation liquid was as foll ows:

- 76- et hanol 40 wt. % wat er

60 wt. % As for the speed of thelfjectedliquid (liquid

ej ection speed), the liquid was ejected ufQer a strobe light fired at a
predeterm ned interval, ang the distance éravel e7 by, ke ejected

liquid was observed usy . . As for the .
(r)rg'él: ﬁ?r{ gﬁgsmy (CPb,)a SOlAI 3§\|}Bg§ a§| p(l/r% d on a shBeet of recording
A —
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10 the reflection density of the solid i mage was neasured using a
Macbet h densitoneter RD-913 (product of a di vi sion of Kel |l norgen
Corporation), that is, a reflection density neter. The
wei ght of the ejected liquid was neasured 15 in the follow ng manner.
The bubbl e generation liquid and the ejection liquid were placed in
separate nmeasuring cylinders, and the rate of change in the

vol une of the liquid consuned during the |iquid ej ection was neasur ed.
Then, the weight of each 20 ejected liquid was calculated in

consi deration of the specific weight of each liquid, obtaining the
rati o of the liquid generation liquid to the ejection |iquid. I n
this enbodinment, the liquid was ejected 200, 000 times, and the wei ght
of the consuned ampbunt of each 25 |liquid was neasured using the gbove
met hod. -77- 4

Table 1

[/
/ 2 This Sheet Has Been Replaced
A i

FIG. 2

F e cunpy pac nosy |



M xi ng Ej ection Ej ection Opti cal Pul se Driving ratio
speed stability density wi dt h freq. (w. % (m's)
(OD) ([err]s) (Hz) 5 0 - 13 -17 F

4.0 30 10 17 G 1.29 5.0
30 ' 20 17 E 1.29 6.0 30
30 17 E 1.28 4.5 1000 50
17 E 1.25 5.5 6000)@0 60 17
E 1.23 6.0 10000 ] ection stability F:
unst abl e C: oA StaB

E: Little instabilit 15
rati o of th

(wei ght of the bubble gener@?ion
was set at 0 w. Y _and_the Thgui

ext ended period of

bet ween

bubbl e generatlon I|qU|d
fluctuation of t
reveal s that when the-

hi gh

gener atv

i qui ¢/ weifght q

20 tinme, tRe’ejection speed
ng_sec _an andY17 sec. However,
R ejection |iquid wg

25 eJecti;'

A@4|s'év5dent from Tabl :
pn | i guid §0 thq“pjectlo id
ej ection liquid)
i nug¥F1y ejected for an
et i mes fluctuated

as tye r\;ltlo of the
ncr eased, the

Foroner, qandle 1

M
)
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| evel, the mxing ratio of the bubble generation liquid to the
ejection liquid is preferred to be 10

- 78- w. %or nore, nore preferably, no less than 20 wt. %

In the conventional bubble jet recording head, the ejection liquid is
ej ected using the pressure fromthe bubble fornmed by heating the 5
ejection liquid itself. Therefore, it takes a relatively longer tine

for the heated ejection liquid
tenperature, resulting in
whil e the i

when the liquid i
anount by which
characteristics §
present invejp
with thgge'

1 <
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tenperature of which has increased, is discharged, al lowrnga fresh

supply of the bubbl e generation liquid to move in, and thgr ¢PIER Been Replaced
preventing the 20 tenperature increase of the bubble generati oggp

in the bubble generating region. As a result, the ej ectloBE' mﬁmumm
nmore stabilized. Further, when air or the Iike i5iEH

I n t he bubbl e generation liquid, it is liable that the 25 air or the

| i ke becomes separated fromthe bubble @&her gtji on J4quid due to the
heati ng, sonetines adheripn h r, and when the
-79- separated air or the-I'i ke ‘adhereg it .tfhe sfrfaté of t he
heater, the bubble generatigy perf-nr:mnce e omes e .unstablaa t he

ej ection characteristics becones. yhst.db r ‘exanpte;- th nmount by
which the liquid 5 |($f)] ect ed N\ N 356 These

probl ens can also be elim nate 2
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e N s
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tenperature of the bubble generation liquid from I ncreasing in the

bubbl e generating region. In other words, they can be prevented by

ej ecting the bubble 10 generation liquid together with the ejection

l'i quid. Further, the conposition of the bubble

generation liquid may be affected by the af orenenti oned heating or the
|l i ke, and when the conposition of the bubble generation |iquid
changes, 15 the state of ejection changes sonetines, causing the

ej ection characteristi o change. Th|s ype of progée can al so be
sol ved by enpl oyi ng t‘l& j ection Hod i n accordan th the present
I nvention. In ot her words, when the bubbl e generation liquid is 20

ej ected (di scharged) together with th ej ecyion | i quid, new supply
of the bubble generation Iiquid ves In, renderin ubbl e
generation liquid h t he changgqd conposition s y

nonexi stent in he b@pbl e generatipn I9n, inpro 49ability
25 of the ejection araciRri stics. Al so g to Table

1, the relationshi byyween the m ki rajgo of t g@eration

-35 35

] -3 __,/-2 2

v
FI1G. 10
(a) (b) (c)

35 ﬁfu u§h ‘§N A%V
| 5 | 35
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- 80- liquid to the ejection liquid, and the optical density
(hereinafter, OD or OD value) will be described, ——wherein-the dye

concentration in the ejection |iquid is 3 wt. %T' ) As the
m xing rati o of the bubble generation liquidis T

val ue slightly decreases _ relative to the initial i IS,
the CD val ue correspondent to the bubbl e generat il & m Xi ng
ratio of O wt. % but as long as the bubble 10 generation liquid mXxing
ratio remains no nore than 50 w. % the, 0D value can be maintained at
1.25 or above. It should be noted her&@ﬂat as long as thg OD

val ues of printed characters or imges argano

characters or the inmages\are\perxei
or images; they are nq '
wor ds, a sufficig
mai nt ai ned by keepi ng
at a level of no e
| ess than 1. 25.

25, the
ck changcters

y black? I'n other
an be
genefation liquid

OD val ue remai ns no

[_/30

|027 104? léG
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(b)
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From t he standpoint of the inmage density, the mxing ratio for the

bubbl e generation liquid is preferred to be set at a | evel no nore
than 50 wt. % wherein when the fluctuation of the inage density is
25 taken into consideration, it is preferred to be set at a level no
nore than 30 wt. % Further, in view of the print quality, the ratio
of the bubbl e generation liquid to the ejection liquid is
preferred to be set within a range of 10 - 30 wt. % Thus, when both
t he ejection stability and the print quality are taken into
consideration, the mxing ratio of the bubble 5 generation liquid to the
ejection liquid is preferred to be no less than 10 wt. % nore

preferably, no less y than 20 wt. %and no nore than 50 wt. ¢
In this enbodinent, amppink with a dye concentration of 3 wt. @6%fs
enpl oyed, but the present 10 invention is not |im tee At ment

¢ g Becn
For exanpl e, when| i nk having a dye concentration ﬂiﬂﬁﬁ“‘“\“‘
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|l ess than 3 wt. %is enployed, it becones easier to keep the OD val ue
at a predeterm ned val ue or above; therefore, a high quality imge can
be nore reliably 15 produced. 1In other words, as long as the ejection
characteristics and the reliability of the ejection are not
deteriorated, the higher the ratio of the dye, the nore stable the

I mge density; when the ratio of the dye is not less than 5 wt. % a
preferable image 20 density can be obtained even when the mxing ratio of
t he bubbl e generation liquid reaches 150 wt. % On the contrary, when
the mxing ratio of the bubble generation liquid is set at 20 wt. %
the OD val ue can be mai ntained at 1.25 or above—ewven—when the dye 25
concentration is reduced to a point as low as 4 % Thi Furt her,
the ejective properties of the ejection liquid capgsg
specifically - SR
t he bubbl e generation liquid and the ejection

THIS SHEET HAS REEN |
' REPLACED




liquid, and adjusting their mxing ratio at the tine of ejection, so

that the print quality can be i nproved. 5 Furt her, when the
m xing rati o between the bubbl e generation liquid an j i
liquidis optinmum the ejection characteristics mm*ﬂﬁ@ﬂ&%gm:-'
upon the bubbl e generation pressure, the shape and the ngg_} e £ (156

the flexible nmenber, the height of the 10 second |liqu
si ze and the shape of the openi ng formed between t ‘
fl ow path and the first liquid flow path by the displacenent of the
flexible nmenber, and the like factors; the ejection characteristics
can be inproved by adjusting the above 15 factors. It should be noted here
t hat when the coloring materi al cq?centrationZE;thhin a range of 3

- 5w. % the aforenengggafd m xi ng r@atio of the bubbl e generation
liquid is preferred to 1t hi —50 wt. % and when
the coloring material 20 concentration is no |ess tharm 5wt . % the

af orenentioned mxing ratio is preferred to be within a range of 20 -
150 wt. % Further, even when both the enployed ejection
liquid and the bubble generation liquid are such a 25 liquid that is not
liable to | eave depOSit(qgiked'QQﬁdzrnﬂis“'
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deposited or the like) on the heating nmenber as the bubbl e generating
nmeans, the above described effects

- 83- can be obt ai ned. Enbodi nent 2 In this
enbodi ment, an ejection liquid of a pi gnent di spersion type was
enpl oyed to conduct the 5 same experinents as those described in the first
enbodi nent. The results are shown in Table 2. The conposition of the
enpl oyed pi gnent di spersion type ejection liquid was as foll ows,
wherein a 40 wt. % aqueous sol ution of ethanol, the sanme solution as
that 10 enployed in the first enbodi nent, was ESEQ___________gaLbon bl ack
3 w. % glycerin % thloglycol
6 W. % i sopropyl al cohol 2 Vs SBiéet F15 Been Replag
e [t

101 /IOI

(a) % 7

——100

102 101 102 101 102

(b)
(c)
102 ,i6 102 |16 102
( (
T ﬁ
2 s 1




di sper sant 1 w. % Table 2

M xi ng Ej ection Ej ection Opti cal Pul se Driving ratio

speed stability density wi dt h freq. 20 (wt. 9 (m's)

(OD) ([err]s) (Hz) 0 10 - 15 F 1.30
30 10 15 G 1.29 5.0

30 20 15 E 1.29 6.0 30

30 15 E 1.29 4.5 1000 25 50

15 E 1.26 5.5 6000 60 15

E - 1.24 6.0 ~ 10000

- 84- Also in this enbodi nent, the sanme results as

those in the first enbodi mrent were obtained. As evident fromthe

tabl e, when the ejective stability is required, the mxing ratio for

t he bubbl e generation 5 liquid is preferred to be no less than 10 wt. %

nor e preferably, no less than 20 wt. % 103 100

(a). /////

R
103
oo 103 103 o0 103
(b) I /// 7 ///// ,(///// /0
103 To3 1o
100 100 100
(c) ‘ Wi /
/100 6 100 6 100
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LT Illl

ﬁ——.....

' THIS SHEET
oo oS BEEN




From t he standpoint of the inmage quality, the mxing ratio for the

bubbl e generation liquid is preferred to be kept at 50 wt. % or bel ow
so that the 10 OD value can be nmaintained at 1.25 or above.

In other words, a high quality inmage can. be obt ai ned by keeping the

m xing ratio for the bubble generation liquid at 10 wt. % or above, in
parti cul ar, within a range of 20 - 50 wt. % IO A-se—n
this enbodinment, as in the first enbodi ment, thepgichelh Ve, oper i es
of the ejection |l iquid can be inproved by speC|f| N B2 he
bubbl e generation liquid and the ejection liquid, and H?f:‘s : ) their
mxing ratio at the tinme of ejection, so that the can be
i mproved. Further, the opti mum m g ratio of the bubble generation
liquid to the ejection liquid is depgnfdent upon the bubbl e generation

pressure, the shape and t74 di sl acerrent o8Q@he flexible nmenber, the
hei ght of the 25 sqqgnd ' : e’ si ze and the shape of the
openi ng formed betjwee h ]."Av pat h and the first

liquid flow path Qy the

200
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- 85- flexi ble nmenber, and the like factors; the m xing ratio is
preferred to be adjusted in correspondence to t he above factors.
Further, even when both the enployed ejection 5 liquid and the bubble
generation liquid are such a liquid that is not liable to | eave
deposit (baked-on deposited or the like) on the heating nmenber as the
bubbl e generating neans, the above-described effects can be obtai ned.
10 Enbodi nent 3 Figure 27 depicts the relationship between
the coloring material concentration and the OD val ue in the third
enbodi nent of the present invention. As Is evident from Figure 27,
when the coloring material 15 concentration is no |less than 3 wt. % the
rate of the QD val ue fluctuation is small, being near to a

saturation point, and when the coloring materi al concentration is no
nore than 3 wt. % the rate of the OD val ue fluctuation tends to

I ncrease. The absolute 20 value of the rate of the OD value fluctuation is

\
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dependent upon the conposition of the coloring material, the
conposition of the solvent, that is, the ejection liquid into which
the coloring material is di ssol ved, the recordi ng nedi um on which

i mages are 25 recorded, the amount of the ejection liquid injected

into the recording nmedi um per unit area, and the |ike factors, but in
relative terns, the OD value in this

- 86- enbodi ment di spl ayed a tendency simlar to the above

descri bed one. In this enbodi ment, the above descri bed
characteristic curve was utilized to realize the high 5 print quality.
That is, preferable density gradation was realized by utilizing a
specific coloring materi al concentration range in which the rate of

t he OD val ue ST RIS

concentration was w. % The specifications of the a i j ection
head enpl oyed.in this enbodi mnent were substa as those
given in the first
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enbodi nent except for the height of the second |iquid fl ow path, which

was 30 pmin this enbodi nent. The conposition of the ejection
liquid was as 15 foll ows: dye 1 w. %
et hyl ene gl ycol 6 w. % gl ycerin
4 w. % urea 4 w. % 20 | sopr opyl
al cohol 5wm. % wat er 80 wt. %
The conposition of the bubble generation liquid was as foll ows:
et hanol 40 wt. % 25 © water
60 wt. % Tabl e 3 presents the neasured results of the
experi nment cfonducred In this enbodi nent, 1n which the
-87- alfove described e ectron Trquid Wwih a dye_H' uN)
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concentration of 1 w. % was enployed, and the rate of t he opti cal

density (OD) fluctuation was neasured whil e changing the mxing ratio
of the bubble 5 generation liquid to the ejection |liquid.

Table 3 M xing ratio Opti cal OD change Pul se Driving
density wi dt h freq. (% by wei ght) (OD) (%
([err]s) (Hz) 10 0 1.05 100 4.0

30 50 0. 90 85.7 4.5 3000 100
0.76 72.4 5.0 6000 200 0. 60 57.1
5.5 10000 300 0. 50 47. 6 6.0 15000 15
As is evident from Table 3, when the ejection liquid with the dye
concentration of 1 w. % was used, the OD value could be effectively
adjusted to obtain 20 the desirable inmage density gradation, by varying

t he m xing ratio for the bubble generation Iiquid. For exanpl e,
when t he bubbl e generation |iquid was m xed by 300 wt. % the OD val ue
coul d be changed by approximately 50 % in conparison to the QD val ue

25 obt ai ned when no bubbl e generation |iquid was m xed.

510 520
Vi 52) 530
r , j/ N @
[y ' A\

~ s3!
T o

I

12 i

F-h

THIS SHEET HAS BEE,N
REPLACED



Figure 28 depicts the relationship between the mxing ratio for the
bubbl e generation liquid and - - 88-
the optical density (OD) val ue, wherein the m xing ratio for the
bubbl e generation |iquid was varied based on the results given in
Table 3. As is evident fromFigure 28, when the ejection liquid is
ejected 5 while varying the OD value, inages with preferable

gradation can be obtained. According to this enbodi nent, as
i s evident fromthe characteristic curve given in Figure 27,

whi ch shows the relationship between the coloring 10 materi al
concentration and the OD val ue, the inage density gradation can be
effectively controlled as | ong as the dye concentration is no nore
than 3 wt. % This is because when the dye concentration of the
bubbl e generation liquid is reduced to a point no nore 15 than 3 w. %
the rate of the density change

614

FIG. 24
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remar kabl e i nproved. Further, in order to effectively control the

I mge density gradation, it is inportant that a coloring materi al
concentration range of no |l ess than 0.3 wt. %is enployed. This is
because when 20 the coloring material concentration is no nore than

0.3 wm. % it may be inpossible sonetines to obtain sufficient optical
density for the dark areas of the | mage. Further, the
choice of the coloring material 25 is notdimted to dyes; the coloring

heNsecond enbodi nent .

-89- 617

gSed in the first

mat eri al may be pi gnent as it was
Enbodi nent 4
Also in this enbodi nent, the sa

enbodi ment was used. As for 4 pignent ink
containing CI. pi gmrep¥ red 57 was enpl oyed, and asN\Jor the bubble 5
red was enpl oyed.

generation liquid, a dyg containing C I. direct
Further, dispersant, 4 T——
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m xture of water
surface tension regul ator,
added to each 10 i nk.

enpl oys a systemin which liquid is heated to generate

m sci bl e organi c sol vents, known iscosity regul at or,
pH regulator bi nder, and the

It should be noted here thatzﬁh§MQqu§“ et head

wher ei n,
developnent;
for an 15

dye ink, the pignment ink i
heat er surface due to t.he

t herefore,

and the liquid is ejected by the
when
ext ended peti%

pressur l"l/g) /E}yl e
a conventional bubbl e’ {4 W Hlldri ven
of tinme to eject the pignment ink or t he
nore liable to | eave t he deposit on the

af orement ioned _heating__and consequently,

the ejection is liablje to beco e unstabl e. However, according 20
to this enbodi ment, the dyje ink ig”enpl oyed as the bubbl e generation
liquid; therefore, the surfface condition of the heating nenber can be
kept substantially simlargfto when the dye ink alone is used as

the ejection ink and thb
the ejection stability
In conparison to afhnage

0.5

1.0

oD

05

bblg generation 25 Iliquid, and as a result,
sfistai nabl e for a longer tine can be provided.
r egor ded using the
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- 907 . dye ink, an inmage recorded using the pignent ink REPLACEMENT SHEET
superior in weather resistance such as water resi stance_or |ight

resi stance, but somewhat inferior in chromatic charg ASty §
saturation. 5 However, according to this enbodinment, th(eR WER_EMEF
and the dye ink are m xed with each othepswhil e they re fjected
t hrough the nmovement of the flexible menber. Theref ¢r ¢, JAN R87silblle
to create an inage benefiting fromboth characteris{igs of the pignent

10 ink and the dye ink. In other words, an inmage superior in weather
resi stance as well as col or reproductivity can be p uced

I n addition, accordln t he present i &' ,Ibﬁgvgggéhﬂkéﬁgﬂﬂhge
pi gnent i nk ar b %JEC'@NQ Sk nLIQUI? Eﬁg gﬁ@d X ed
as they aEEEéﬂHNEéHﬂfﬂﬂﬁﬂbfore the aggl utination of the pi gment

particle, whi CABSTRECESOFVEHE DISCLOSUREI I ncreases the particle size
when a specific conbination of the-dye ink and the pignent ink is |eft

20 in a mxed state forAaliqmgdpejemttngknathuﬂ imxiwdes providing a

ligquid ejectipn'outiet; providing a first liquid flow
path for first liquid in fluid communication with the

5 liquid ejection outlet; providing a second liquid flow
path for second liquid, adjacent to the first liquid
flow path; providing & separation wall having a
movable member between the first liquid flow path and
the second liquid flow path; and ejectinj, by

10 displacement of the movable member toward the first
liquid flow path, liquid which is a mixture of the
first liquid and not less than 10 % by weight of the
second liquid on the basis of'the amount of the first
liquid.

15

20

25
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elimnating the possibility that the recordi ng head be PIRFDY ' -
pi gnent particles of the increased size. As a result, the UngggﬁFﬁm SHEET
ej ection or the ejection failure, which otherwise mght result from

the 25 plugging of the recording head by the pignent particles of the

i ncreased size, does not occur. -1- As for the choi Of 4

suitable to be -91- ﬁEPLAG;@}@W]eSHEET
with the pignment ink in order to obtain remar kabl e synefgfstic effects
such as the inprovenent in the ejection stability or imhge qu@lj;jmy,ggg?

t he followi ng can be listed; direct dyes designated as |5]C'I. direct
reds 2, 20, 31, 46, 75 and 83; acidic dyes l4lesi gnated a$ &+—acrd

reds 52. 92, 94, 106, 133, 154, 155, 65 and ,274;, 4nd basic dyes
desi gnat ed as C 1. bash® feds 1, 2, 12, Pr/'“' As

for the choice of pignent pr&( juAaction with the

present invention, t@ke
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following can be listed; azo pignents designated as C. 1. PERYACRMENTGSHEET
5,6 11, 48, 49, 57, 60, 139, 144, 165 and 166; quinacridon pignents

designated as C. 1. pi gment reds 122 and 209; peryl ene ﬁa*-»m~mw~p
designated 15 as C.|. pignent red 123; and the like pignqugpﬁﬁgMAEN? SHEET
According to this enbodi nent, not only camn the electipnfstability beq

i nproved, but also it is possible to make the nost of| ope{ @ _mWeE‘g’
superi or characteristics of the dye ink, that is, the quperior l
color saturation, wherein in order to nmake the nost ef f '

t he superior color saturation of the dye ink, the m ®ing ratio of the
dye ink to the pi gnment ink was set at 10 wt. % or nore.

As descri bed above, according to the present 25 invention, a liquid

ej ection head conprises a flexible menber, wherein when the ¢jection
liquid is ejected froma liquid ejection head, the free enq/of
flexible -92- pr i s

di spl aced by the bubbl es generated by

FIG. 2



heat | ng the bubble generation liquid, whereby the bubbl eﬁégh/é%MEfe% SHEET
liquid is mxed into the ejection-— .liquid at a predetermned ratio. As a
result, the 5 followi ng effects can be obtained; the tenperature

i ncrease of the bubble generation Iliquid, which occurs ngo ‘Z’Eﬁ—

generation liquid is heated to generat e bubbl es, can th

air or gas bubbl es generated in the bubble generationflfquid can 10 }

be effectively discharged; the initial conposition of t he1b6|bjmp1gﬁ7

generation liquid can be maintained; and the ejectionjcpan b

stabilized in an optinmum state. I n addition, wm~m-

mat eri al concentration of the eJectlonllgwdis kepttwithin a 15
Orate of the OD val ue

range in which the OD val ue easily changes
fluctuation can be increased by m xing he bubbl e generation |iquid;
I n other words, th& rmage density _graddtion can be effectively

controlled to prvguce a high,gual Véy i'm¥§e. 20 VBFurt her,
according to the pwesent—t nventi or t he bubbI¥& gener atomtiqui d and
the ejection liquid are V@i xed\ i d Pat hypetween the free end
of t he fl exi bf*e—memrer and\{ eJ ection ori 'cy nd efe—= ¢jected

in the mxed state; therefore, ghly uniform

T BZL N\ S2
I8 = T — >——
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25 dots with well controlled density gradation can be fREMAGEMENT SHEET

Wil e the invention has been described with -

- 93- reference to the structures disclosed herein, |HEPLACEMFN ‘nof* HEET
confined to the details set forth and this applicat| nils mtendedtp
cover such nodifications or changes-@s may conme wthijn th:p&og;\_po&e'; of
the 5 inprovenents or the scope of the follow ng clains. 10 J
15 :

= B : \
( ) 16 17

13-
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20 25
CLAI MED | S:

st eps of:
providing a first

communi cation with said |liquid
providing a second liquid flow path for

A liquid ejecting nethod,
providing a liquid ejection outlet;
liquid flow path for first
ej ectson outl et;

i quid i \REPLAGEMENT SHEET

_94- REPLACKMENT SHEET

conprising the
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SO REPLACEMENT SHEET

second liquid, adjacent to said first liquid flow 10 path;

provi ding a separation wall having a novabl e menber between said first
liquid fl ow path and said second liquid flow path; and,
ej ecting, by displacenent of said novable 15 nenber toward REPQAQE T SHEET
liquid flow path, liquid which is a-e#xture of the firgt el
not | ess than 10 % by wei ght of the second liquid on the bﬁsé]s of
the anount of said first 1iquid. 20 2. A method apcpr HithgANo1397
Claim 1, wherein an i mage recorded with the mxed liquj d.Qn a
recordi ng mat eri al ghas an OD val ue ﬁ not | ess than 145.
3. A nethod according To Caim1l, whereil'n the 25 first | gtd—and-the
second liquid are different | i quigs.
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4. A nethod according to Claim1, wherein the first w%ﬁ%-&s’&&@l

pi gnent, and the second |iquid contai ns dye. 5 PMO&?MT’:&{EEI
according to Claim1l, wherein said second liquid flow pafhi™i s—provideq
wi t h bubbl e generating means. 6. A nethod pcg Lg?r}g#te 7
Claimb5, wherein said 10 bubble generating nmeans includes. | her 198y
gener ati on neans. 7. A method according to O aim 45 |

sai d novabl e nenber has a free end adjacent said liquid 15 ejection }
outlet, wherein resistance in said first liquid fl ow patrfragarmst—sard"
novabl e menber in a direction of displatenent of said novabl e nenber

IS smal | er adjacent a fulcrum portiqn_of said pov menber than
adj acent the free end of  saing n a bf?bl eis
generated in a bubble S ' ' ' | ow
pat h, and a presg es thcyfrﬂeie

end of said novabl e ngnbe ' :
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pafh, and the pressure is directed toward said 25 ejection BEPLAGEMENESHEET

first liquid flow path, thus ejecting the |iquid.

8. A nethod according to daim1l, wherein said novabl e nmenber has a
free end adjacent to said liquid ejection outlet sidg, .and said second
liquid fl ow path has a bubbl e generagiLon region, MhE[E‘RES?fJHWE¥J§q¥““'
5 menber is opposed to the bubble generation region, and : L3 ﬂgT
said first liquid flow path agai nst said novabl e menbef | n a directio
of displacenent of said novabl e nenber is smaller adjacept12b ANCIIBH
portion of said novabl e nenber than adjacent the free jend of 10 sai
novabl e nmenber, wherein a bubble generated in the bubldl e gener aft i 61
region i s expanded nonRge t oward downstream t han t owar d & cam with
respect to a dirg&tion toward said ejection outlet. ¢ 15 9. A
met hod according to CRim1, wherein the
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anount of the second liquid in the mxture is not nore H&PAACWE\Mi %HEET

% 10. A nethod according to Caiml1, wherein the 20 anount of
the second liquid in the mxture is not nore than 30 wei ght %
11. A nmethod according to Claim1, wherein the anmoun

liquid in the mxture i.s not less 25 thap 20 weight %
nmet hod according to Caiml1, wherein the

-97- anount of the second liquid in the mxture is
wei ght % 13. A nmethod according to Caim1,
first liquid contains 3 to 5 weight %color material,




aHB mhérein t he amount of the second liquid in the | n1xttﬁ&fh&;ENgNTi§§§ET

than 20 and not nore than 50 wei ght % 10 14. A net hod
according to Caim1l, wherein the first liquid contai nmore than 5
wei ght % col or material, and wherein the anount of t 'é
in the mxture is not |less than 20 and nafp-nore than b
15. Aliquid ejection head, conprising: a lifjqyi d ejection
outl et; a first liquid flow path for first i qui
fluid conmunication with said liquid ejection outlet; 20
second liquid flow path for second |iquid, adj acent fo sai
liquid flow pat h; a separation wall having nenber
between said first liquid flow path and_said secon liquid flow patm,
and 25 wher ei n by displacejéat of said vabl e menber
toward said first liquidgl ow pathliZguid L_ﬂé}&h.is a mxture of the
first liquid and not |ess ~—1
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_98- than 10 % by weight of the second |iquid on the BHLACEMENTOSHEET

the anobunt of said first liquid, is ejected through said liquid

ej ection outlet. 5 16. A liquid ejecting apparatg conpri si ng:

a liquid ejecting head including; allqwd : ?
first liquid flow path for first liquwid in fluid co 3 oF

said liquid ejection outlet; a second liquid flow 10 patfh for secono'
| iquid, adjacent to said first liquid fl ow path; ang @
havi ng a novabl e menber between said first liquid ffJo
second liquid flow path; wherein by displ ac
novabl e 15 nenber toward said first liquid flow path, |

a mxture of the first liquid and not | ess than 10 @6by wei ght ©
second liquid on the basis of the ampbunt of said first liquid, is
ej ected through said liquid ejection outlet; and
101} 101
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263 | * driving signal supply neans for supplying a R%ﬁ#&ﬁﬁ%fNT'SHEET

signal to said liquid ejecting head. 17. Aliquid ejecting
apparatus, conpri sing: a liquid ejecting he ] Muiom
aliquid ejection outlet; a first liquid flow path f '

fluid communi cation with said |iquLggyejection outlet; secoﬁa"TT‘
flow path for second |iquid, adjacent tojsaid 5iLEM1@§ﬂ i
fl ow path; and a separation wall having a novabl e me r between sai{d
first liquid flow path and said second liquid flow path;

driving signal supply nmeans for supplying to said liguid ejecting hea
a driving signal for ej ecting, by displacenent of said novabl e emrben
toward said first liquid flow path, liquid which is a m xture of the

first liquid and not |ess than 10 %.by 10 weight of the second |iquid on
the basis of the anount
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REPLACEMtNT SHEET

of said first liquid, is ejected through said liquid ej ection outl et
18. A head cartridge, conprising: 15 a liquid ejecting head

i ncl udi ng; aliquid ejection outlet; a first liquid flow
path for first liquid in fluid communication with said |iquid ejection
outlet; a second liquid flow path fam.second liquid,.

first liquid 20 flow path; and a separation wall having , NT’S EET
menber between said first liquid flow path and said gedond I|qu 0
pat h; wherei n by displacenment of said novablief { §

toward said first liquid flow path, liquid 25 whichis a m
first liquid and not |ess than 10 % by wei ght of the{secomtt++gui

t he basis of the anount of said fle‘ét liquid, is ejetied through
-100- TT—

200+

.



said liquid ejection outlet; and liquid contai&éﬁb¥%§mtmi SHEET
containing the liquid to be supplied to said liquid ejecting head.

5 19. A print provided by liquid ejected by a recordi ng head
conpri si ng: : a liquid ejection outlet; a first
liquid flow path for first liquid in -14fl ui d communi catl.on.\M.tddes e
liquid ejection outlet; 10 a second liquid fl WPQQQEMERW SH‘ _
| i quid, adj acent to said first liquid flow path; |
separation wall having a novabl e nenber bet ween saild |fi. b Clieht | bw
path and said second liquid flow path; and 15 ' {%ﬁﬂéhgﬁﬁﬂb

di spl acenent of said novabl e menber toward said firpt} Liquid.flow
path, liquid which is a mxture of the first Iiquidfand not |ess

than 10 % by wei ght of the second liquid on the basis of—t-fre~armotnt  of
said first liquid, is ejected through 20 said liquid ejection outlet.

20. A head kit conpri sing: a recording head i'ncluding a
liquid ejection outl et;

FIG. 20
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25 a first liquid flowpath for first liquidin  REPYAGERMENT SHEET

comuni cation with said liquid ejection outlet; a second liquid fl ow
path for second |iquid, adjacent
-101- to said first liquid flow path; a separation wall
havi ng a novabl e menber between said firsts-liquid flow
second liquid flow path; and wherein by di spl acenent &
menber toward said first 5 liquid flow path, liquid whi
of the first liquid and not |ess than 10 % by wei ght o
second liquid on the basis of the anmount of said first
ej ected through said liquid ejection outlet; 10
container for containing liquid to be supplied to saidjliquid
head; and a fillina portion, containing the |
filling the liquidjto said |iquid container.
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15 21, Aliquid filling method, comprising: REPLACEMENT (RHEET
a

recording head including a liquid ej ection outlet; :

first liquid flow path for first liquid in fluid co A Y
said liquid ejection outlet; 20 a second liquid flow p3gt narEET
| i quid, adjacent to said first liquhd-flow path; a geparagion wal ™
havi ng a novabl e nenber between said first liquid flow ﬂa h}]ﬂn@g?ai]d
second liquid flow path; and wherein by di spl acenen sai d novablie
menber toward said first 25 liquid flow path, liquid ich is a Txtue
of the first liquid and not |less than 10 % by weig

e

second liquifl on the basts of the amount of sard 11151

-102- |fqura, 15 € ecrted tnrougm sarg rrgura=g] | Oly outl et;
wherein the Jijguid is filled to both of said firs?—iqﬂdflowpath
and the secohd| liquid flow 5 path. §| N ‘.\’h-
3
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21]ca

FI1G. 22

o
N
\ N~ n
- - (o) o
0\~ )
§ T
o fat: i
| Ia pJa
x
-
2
3)




o

REPLACEMENT SHEET

22. A tone gradation recordi ng nethod, conpri si ng:

providing a liquid ejection outlet; 10 providing a first liquid
flow path for first liquid in fluid communication with said |iquid

ej ection outlet; providing a second liquid flow path for
second liquid, adjacent to said first ligu-d flow 15 paffr

provi ding a separation wall having a novabl e menber gEEbﬁG&MENHXSHEFﬁt
liquid fl ow path and said second liquid flow path; jn

ej ecting, by displacenent of said novable 20 nenber toward feq:j h”?gz jji
liquid fl ow path, liquid which is a mxture of the fijfs '& I ng an
anount of the second liquid on the basis of the angu of sal
first liquid, wherein the amount is controlled in ccordance with the

tone level to be recorded. 25 23. A nethod ac
wherein the first liquid contains 0.3 to 3 wei ght

cording to Chai-m 22,
% of col or
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-103- materi al . 24. A tone recording appar BEGKACEMENT SHEET

conpri si ng: aliquid ejection outlet; 5 a first
liquid flow path for first liquid in fluid conmunication with said
liquid ejection outlet; a second liquid flow path for second
l'i quid, adjacent to said first liqupg-flow path; a
separation wall having a novable nenber 10 between said first liquid flow
path and said second liquid fl ow path; and ereln. hy

di spl acenent of said novable menber toward said first REREA@HMENW‘SHEET
path, |iquid which is a mxture of the first |iquid and M amDtit—is- "
of the second liquid on the basis of the anount of saijd fgfgg Ahq@kf,
is ejected, wherein the amount is controlled in accordanc 'J t

tone level to be recor ded. '




25 - 25. An apparatus according to Caim 24, wherein REPLAPEMENJrévEET

liquid contains 0.3 to 3 weight % of color mat eri al . 26. An
apparatus according to Claim24, wherein 25 said second liquid flow path
is provided with bubble generati ng means. )
-104- 27. An apparatus according-to C aim 26, wherej Eﬁg éiﬁé
bubbl e generating neans includes thernmal ener ene ' . 5,
10 g g gy g @&PERQ NS .
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