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TECHNI CAL FI ELD The present invention relates to a

liquid ejection head, liquid cartridge, liquid

ej ection apparatus and i nage form ng apparatus, and

10 manufacturing nmethod of a |liquid el ecting head.

BACKGROUND ART An ink-j et 5§§?%9%@90ﬁpparatus i ncl udes

a liquid ejectlon appar at Us uses a liquid

ej ection t I

ej ect re%%ﬁf(]f BT d K%J%, RGP GRR8A. 1Ay 1D

i nk-j et ng appar at us TSeer taed sxteHsive y

as an i gegerhekmhBgaRRPGSal yﬁA@ﬁ PORMERESAPPARATTE | AND
machi nes, copiers or conpound nmachi nes of these. Here,

it shoul d eTeledihed ETHOK-gretn 1eReey i 2NG HEAD
apparatus is defined as an apparatus that records

i r;|pges on a sheet (not limted to paper but includes

al so OHP sheet or any other nedi um on which ink

dr opl eEsHRICALhBLELDqui ds can be attached and is

call ed al so as recording nedium recorded nmedi umor 25
recordi ng sheet Thbypwayeoft anvémkipecovelahgsheada Wouid
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ejection head, liquid cartridge, liquid ejection

apparatus and image forming apparatus, and

10 manufacturing method of a liquid electing head.

BACKGROUND ART

An ink-jet recording apparatus includes a

liquid ejection apparatus that uses a liquid ejection

15 head for an ink-jet recording head. An ink-jet
recording apparatus has been used extensively as an
image forming apparatus of printers, facsimile
machines, copiers or compound machines of these. Here,
it should be noted that an ink-jet recording

20 apparatus is defined as an apparatus that records
images on a sheet (not limited to paper but includes
also OHP sheet or any other medium on which ink
droplets or other liquids can be attached and is
called also as recording medium, recorded medium or

25 recording sheet) by way of an ink recording head.



Thereby, an ink-jet recording apparatus is capabl e of
recordi ng' high-definition color inmges on such a
wore@san2e t h hi gh speed. Because 2su_ch i nk-j et PEDOr2dOINY1863
apparatuses 5 are marketed with | ow price, and
further in viewof its capability of providing high
image quality particularly when used with a dedi cated
sheet, spreading of ink-jet recording apparatuses has
been started in relation to the personal use

li [ .10 On.the oth hand, _ink-j et di
appar SOV, 87 GRAT EvddarE T S0 P SAITEeas [GrBPLe of
Mh!0h11%§ﬁ%in§r%ﬁ§%L%e%ﬁ @t%%%?%bﬁ%%lﬁ %%%@ %n such a
princi r?l e have been _used conventronal y,”as thé

recor g APRALAL Y h@?eé'os_ capabl e of achieving
£ESE

color output. 15 For t l'1quid ejection head, such as

an ink-jet heagcse@d QN inkk-jic@t He@eMdifY apparatuses
apparatus, a thermal head that includes therein an

ej ect iai@ peiketkdr wajrectliong gried,i auiad fur thike- fier Miely of
droplet, a liquid passage conmmuni cating with the

- f or egditizg cap@bejlddty of partviddnd adgel deaame tderiialy
converter (heater) that provides energy for ejecting
t he | ipquitd cud atrily wilenf iusleidh g itthe ap desldge.t cldas heedn
used. There, the energy provided to the liquid in the
passagP®regaiss Pér dati-astofrasebidiay mprere tivises dasameen
the 25 dilatational force associated with the _ .
f or mafitGR t6A WD 265 P50 the PepePRIpUsS GPrddgations.

10 On the other hand, ink-jet recording apparatuses are
used nowadays also in offices, in which laser
printers of electro-photographic principle have been
used conventionally, as the recording apparatus that
is capable of achieving color output.

15 For the liquid ejection head, such as an
ink-jet head used for an ink-jet recording apparatus,
a thermal head that includes therein an ejecting port
for ejecting the liquid in the form of droplet, a
liquid passage communicating with the foregoing

20 ejecting port, and an electro-thermal converter
(heater) that provides energy for ejecting the liquid
in the ink filling the passage, has been used. There,
the energy provided to the ligquid in the passage
cause formation of bubbles in the liquid, and the

25 dilatational force associated with the formation of



t he bubbl es causes the ejection of the liquid

droplets fromthe foregoing ejecting port. Patent
woedosoeszee 1. United States Patent 4,723,129 BeD#roes/001863

the thermal head can record high- 5 quality inmages at

hi gh speed with | ow cost, and because of its

construction suitable for arranging the ink ejecting

ports with high density, a thernal head has vari ous

advant ageous features in that it can be used with a

f f ' high 1 finition,
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now used al'so i n indusfrial systens including 15

textile printi n%e@%&@!éattﬂéeihe%taﬁ Wely wge I%ofg%dhigh-

use of thermal head in various applications an

VaﬁiOﬁﬁaﬁﬁ%@ugﬁége%h%Eehi@hsgpééhs%i%%fi@w|d%§¢%”@&@$
and desires, and’in order to neet for such demands

and desickeSe W& i1@UYS c3BsRi-epesahs shdvetheeForde ratehing
as driving of the thermal head under a drive

condi then ihhate jerabhes policgh weéjtac hiinl sipeed thor o hhermal
liquid droplets with .stable bubble formation for

achi evieagl hiagh vgualousy adivangegeoms ifmpitovesenn dhathét can
shape of the liquid 25 passage fromthe viewpoint of

hi gh- seadedesditdi Ag cOBPAOL2805ATR5260 forg forming high
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10 definition recording images including color images.
Thus, thermal heads are used these days in numerous
cffice apparatuses such as printers, copiers,
facsimile machines, and the like. Further, a thermal
head is now used also in industrial systems including

15 textile printing apparatuses.

With such wide spread use of thermal head
in various applications and various products, there
also arise versatile demands and desires, and in
order to meet for such demands and desires, various

20 proposals have been made such as driving of the
thermal head under a drive condition that enables
high ejecting speed for the liquid droplets with
stable bubble formation for achieving high quality

images, or improvement of the shape of the liquid

25 passage from the viewpoint of high—speed recording so



as to enable high-speed filling of the ink in the
i qui d passage and hence realizing a high-speed

WO pepaiors2e) ecti on head. Wth the t4her mal head oPCT/B2005/001863
type that 5 fornms bubbles in the I1quid passage and

causes the ejection of the liquid droplets with the
dilatation of the bubbles, it is known that the
dilatation of the bubble in a reverse direction away
fromthe eg] ecti ng outI et, and associ ated reverse flow

of the O i.d, ones the .factor ecr,easi,ng
the ej®&cti %@r& Sﬂ?gdd&d-& ZQ?FIJI t?]ﬁ?r 1:'1?3? fhéhe
f act or, ,of ecrea5|n% reflll char acterj.stics.
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In vi ew B PESFSES prgﬁlg 3Ly fsAiYeSe ML §RGSEh
Pat ent; %Eﬂfd %%te'c%'lo%o%% 25703 proposes a 15
r

st ructui i mprovi ng e ej ecting energy efficiency

and the ink refigilChafAcheiddll ¢ Uthe 3cylﬁeqlﬂkf£t
ej ection head. Patent Reference 2: Japanese Lai d- Qpen

Pat entr o ARDIERMIRN 12000225 g@i@%a‘ésa@@lﬂn@i ke uiedne

that the invention disclose at ent” Ref erence 2

di scl eses:td onC @FS tohéc tliiemuiidn drvipale ddharieh she aMildethtd on
novabl e nenber between the |liquid passage and a

comorod itda dbubdied,y ithadmbémosonrhiatc dathiengliliasttattier of
liquid passage 25 so as to interrupt the comrunication

t her elidtendgerpb MO 12065 /15266 diFectECH 20057001 868

ejecting outlet, and associated reverse flow of the
10 liguid, becomes the factor of decreasing the ejection
energy of the droplets and further the factor of
decreasing of the refill characteristics.
In view of the foregoing problem, Japanese
Laid-Open Patent Application 2000—225703 proposes a
15 structure for improving the ejecting energy
efficiency and the ink refill characteristics of such
a liquid ejection head.
Patent Reference 2: Japanese Laid-Open Patent
Application 2000-225703
20 It should be noted that the invention
disclosed in Patent Reference 2 discloses a
construction in which there is provided a movable
member between the liquid passage and a common liquid
supply chamber communicating with the liquid passage

25 so0 as to interrupt the communication therebetween.



According to Reference 2, the novabl e nenber has a
| am nated structure, wherein the outer periphery
w@ toose7end part) of the novabl e gerrber has a PBEDWR2O031001863

formin the thickness direction~thereof. 5 Here, it
shoul d be noted that the representation "sawtooth
structure in the thickness direction" neans that the
cross-sectional area and hence the peripheral |ength

in the cross section taken in the thickness di rection

of the novabl e nenber,, 1 han nat el
bet ween "| ar ge" P& r“jé'ﬁ’ﬂll'O %§%€ﬁe Vaség"mP ble

“smal | " Fur t her,, Pat ent Refe ence

di scl 8§ eéh%a§I509F8§P§Feg PEICEP Read, ewﬁePeFR Qater
gﬁgg{ggpﬁfg%r&po%%%e eh ng%%%gtb%ntgg W%%% 'nﬁe er has a

ugh an e de substrate orne w'th

Al VidRloo B SRA008S i tm%kagggt GHEHe B tHigeor.

i nk-j et hea tent Reference there is provi

a povahle meMeL(eheek nvekyeknar the iRl rsupRitvtion
passage to each |iquid chamber by the extension part

of a 2@:Gitaphthaghrulaient iRefteeente cknedapanesetion” means
Lai d- Open Patent Application 2001-18385 DI SCLOSURE OF

THE | NYENTHEN 250l eidtd dniaquiadeqj et drenloead hef
Pat ent WD 2005/ 075200 - 6 - PCT/JP2005/ 001863
Ref er greoe pheralie ledgehofint benmoralsise seertion itekiegr fed the
thickness direction of the movable member, are
10 changed alternately between “large” and “small”, such
as “large” to “small” to “large”

Further, Patent Reference 3 discloses an
electrostatic ink-jet head, wherein the reference
proposes a construction in which ink is supplied

15 through an electrode substrate formed with individual
electrodes. In the construction of the ink-jet head
of Patent Reference 3, there is provided a movable
member (check valve) in the ink supply passage to
each liguid chamber by the extension part of a

20 diaphragm.

Patent Reference 3: Japanese Laid-Open Patent

Application 2001-18385

DISCLOSURE OF THE INVENTION

25 With the liquid ejection head of Patent



to have a sawtooth shape in the thickness direction
at the free end part thereof, and thus, the foregoing
w@bkwsars2b@yers constituting the novabl e menberPCEKR065/1863

contact with the liquid at the foregoing free end

part. In the art of ink-jet recording apparatus, it

is generally practiced to use an alkaline ink for the

ink to be ejected, while the use of such al kaline ink

| eads to the problemthat the material contacting 10

with the ink tends.,to under rrosion. Thus, ink-
e T A PR B S PR Wi s sommec

dur abi movable
b . . ¢ - . i .
o, ey REkEAn SRRR W £, Ut e ddiGhetion

head Q_a;%%\éelﬂ%e.t Re BLeR &l Qfe e dniaying Ll ecgltébg%regoing

head t I's resistant agal nst corrosi on cause

the ipKyurQn tQfdid Rulstike il cHPaPvEINR Mahdogthke a
not cause corrosion in the ink“ejection head. However,

deyel QRRictOfyiSUC R Henk ilhald deeshROtEcraYRE mePIfesl @hd

20 over wi de spectrumof materials is a difficult

t ask. palnt .addi tihen atra toife ifhde-ggai g cotdud nignlkedfoaraams, it
ink-jet recording apparatus is required, in order to

achi evie deirgirajual ipnpcitiegel rtecorsd @g, al&kaddtriesfinkt Hor the
demand with regard to the durability for the

r ecor dinkg t25 heedij@nted wiihdh e fréer ecsr dhguch mdd@line ink
with the ink WD 2005/ 075200 _ 7 PCT/ JP20Q5/ 001863
and f deagsr to W igoplee thdtaid omad@ramil iqdpteating

10 with the ink tends to undergo corrosion. Thus, ink-
durability of the material used for the movable
member is an important factor in the art of ink-jet
head.

Thus, it is important with such an ink-jet

15 head to develop the material of the liquid ejection
head that is resistant against corrosion caused by
the ink, or to find out the ink composition that does
not cause corrosion in the ink ejection head. However,
development of such ink that does not cause corrosion

20 over wide spectrum of materials is a difficult task.
In addition to the foregoing, the ink for an ink-jet
recording apparatus is required, in order to achieve
high quality image recording, to satisfy the demand
with regard to the durability for the recording

25 medium on which the recording is made with the ink



the material of the plural l|ayers constituting the
novabl e menber that nakes a contact with the ink.
wWo-005/023200 i N t he case a |iquid_other than 5 i nRCT/$P206%1863

for the liquid with such liquid ejection head, as in

the case of fabricating DNA chips, formation of netal

i nterconnections, formation of color filters, or the

i ke, various solvents are used wth the |iquid, and

it becones extrenely difficult 10 to satisfy the

condi tiagn of . durability.for i al .

i qu a3 o Pfetgtg‘r%d oFLE, B, g&ﬁ%‘gi&%été( for
t herewi th ri.her, A h t [ :
foregg%%gm?ﬁ%ﬁ%%?hbgaﬁpgaglt_egfﬁgg%ggbgoégﬁg%gFat ethe
15 moyable1ZeMeher! REEE IfKeREW (RRlw hokaRE &nRalibc.

of extrenely reduced thickness (the part forned

only one |ayer)ruftnedchiad shielcladeea Wiighe dSeghe than
part of reduced thickness easily undergoes cracking

ors chinppiirg usedh fidhe thecharudal wshoc kuass ddicatied eieldt ion
20 formation or annihilation of bubbles. Thereby,

t hereheamly he daused prekl efs fabt casimgs DBl ehips,
ejection of the liquid droplets between different
channdlogmertiophoifi mgtel dhndggicegneictilieas],i geirshation of
ejectin%_porp or the liquid passage caused_by the

chi ppe@loradidives s 2D rARcofl itkifes & ad P USe SQHLVENTs are used
deteriagration of the WO 2005/ 075200 8 o,

PCT/ JPitds/tb¢1d68u ,iﬁpﬁndtqaﬁqqgﬁS‘extTemely difficult

10 to satisfy the condition of durability for the
material of the liquid ejection head with regard to
the liquid used therewith.

Further, in the case there is formed the
foregoing sawtooth part at the free edge part of the

15 movable member, there is inevitably formed a part of
extremely reduced thickness (the part formed of only
one layer) in such a structure, while such a part of
reduced thickness easily undergoes cracking or
chipping with the mechanical shock associated with

20 formation or annihilation of bubbles. Thereby, there
may be caused problems such as unstable ejection of
the liguid droplets between different channels or
choking or clogging of the liquid ejecting port or
the ligquid passage caused by the chipped fragments.

25 Any of these can result in deterioration of the



Further, corrosion of the novable nmenber may be

caused also in a part thereof at the tinme of an

wee@hiomgopr ocess used for for rri_ng3f a space 5 UunPET/NRaN01863

t he novabl e nenber as a result of the corrosion

action of the etching gas or etchant used for etching

process, which is used for etching a sacrifice |ayer

provi ded underneath the novable nenber in

correspondence to the space to be fornmed. 10 On the

ot her hand,. when a .mterial not causing corrosion at

t he H3ﬁ§QJlQﬁMﬁP%;#E§thing process of the

sacrificing | ay%ruft%% 0S&L oogiérheo%ltqyeern‘?ovaéﬂﬁ .member
e It ifficu

constituting the rovabl'e er, econes

to chqgﬁp i vt rid+f d agﬁg

t he etchi r%égzaéy%esd .e%c%é\gltr? %ﬁfjrat%ﬁgrgﬁél%és%ﬂdi ticu r%e of
to chogseddig RIS s Ofuddie ﬂ@/efosrmicr@sa_tlépgwg the
novabl e nmenbers. "Thereby, it becones difficult to

desgi gniriidvaideait e Ho vl £ e meibd N ad &f e Afl YN he
nmodul us, internal stress, and the |like. 20 The present

I nventd@rdsisorbestt imtdec f the emicloing head asregoicigant used
probl enms and has its object of providing a liquid

ej ect i heachimy whiadeddhe weigpteels ofsdd ebdomtfadrindgea
selection of the liquid used with the head is

i ncr ek ofiden Weh Ry idief endgripmfh ddpmaabide
selection of the material form ng the WO 2005/075200 _

9  PORWFEIN0S5) CISEE PR tReided IRt iFe R

is increased. Further, ,
10 On the other hand, when a material not

causing corrosion at the time of such an etching
process of the sacrificing layer is chosen for the
layers constituting the movable member, it becomes
difficult to choose the material for the sacrifice
15 layer or the etching gas or etchant. Further, it is
difficult to choose the material of the layers
constituting the movable members. Thereby, it becomes

difficult to design a workable movable member in

terms of Young modulus, internal stress, and the like.

20 The present invention has been made in view
of the foregoing problems and has its object of
providing a liquid ejection head in which the degree
of freedom for the selection of the liguid used with
the head is increased or in which the degree of

25 freedom for the selection of the material forming the



the present invention provides a liquid ejection head

in which instability of ejecting characteristics or
wa@ledosnti2oe ej ecting i s suppr essed9 and t he qual PCHIR2005001863

the pattern formed on a nedium i’ inproved. In

addition, the present invention provides a liquid

ej ection head in which the efficiency of liquid

ejection is inproved. Further, the present invention

provides a liquid cartridge, liquid electing 10

it SOV Ry TR Do 11 e ata&ﬁ&%?fm%%as% Further,

order .to solve.the for rabl em esen
Invent|th n fjﬁ’cﬁﬁna:eg‘n = Qﬂ% ovzi‘s St Jtlh(J‘e1+Je fe:jectlon head

I qui q. el Q_Ltdhorl et‘:%%lﬂ Cgfnga te*lﬁ:"l% tgte_Lcs or
Kﬁl g formecfiﬂg)é%L

menber, éreln € nova

| am nafd é;qfv%te\;le%aéﬁ g#l'irseesd s%ecﬁtadcfa@{e %llty of

| ayer ther ing a Tree edge part covered

angt helh d aylcedh RGN eHdd drhe Pregetved. In

invention 20 provides a liquid ejection head

i ncl udidag el eithed prenai & mwmigion Weseided he liquid

novabl e nmenber is formed of |amnation of at |east

t hr ee dijamriommades Ofi ratwhilcdagthe we £ idi fefreryerdf liquid

materials, at |east one layer thereof having a free

edge pdretctdoveried iwigrtoweed aywr 2B mondtd tatesenta invention

surface of said novable nmenber. WO 2005/075200 - 10 -

PCT/ J PZO0S/A¥FL 863 1 QUi chrfa el dgspe cti qudte rezieity

I nvention

10 apparatus and image forming apparatus, and

manufacturing method of a liquid ejection head.

In order to solve the foregoing problem,
the present invention provides, in a first aspect
thereof, a liquid ejection head including therein a

15 movable member, wherein the movable member is formed
of lamination of at least three layers, at least one
layer thereof having a free edge part covered with
another layer.

In another aspect, the present invention

20 provides a liquid ejection head including therein a
movable member, wherein the movable member is formed
of lamination of at least three layers made of at
least two, different materials, at least one layer

thereof having a free edge part covered with a layer

25 constituting a surface of said movable member.



provides a liquid ejection head including therein a
nmovabl e nmenber, wherein the novable nenber is forned
wo@Roosani2eat i on of two or nore |a 8rs made of tMOT/BP2005/001863

different materials, a free eagi surface of the

novabl e menber being covered wth the |layer of an odd
nunber as counted from a device substrate |In another
aspect, the present invention provides a liquid

ej ection head including therein a 10 novabl e nenber,
wherei n the novabl e nenber is forneq1 | am nat,i on of

of ,
three or nore | ayerdGrtid GSRHTee, tNYiHTRHEH 1hvention

terials,, f ed r f ac f. the . I nber,
e el SR S e TR P TR
ith the fiorst |ayer thereaof 1 t f
devi c TR Mt Sl Tl hARHS heldh 3s forned
i nventj I QM s [ gui ' ' i ncl udi
{her oRh A el BEAR B GBIE, A L e e e

| S5 f OrYBG Qfntl AENALION ofs 10 Ol JBY & RIS JRAG Of
two or 20 nore materials, a free eddge surface of the

novablgvaEnd efedd it iy fdAtesdt fipice dHe angidierof an odd
aspect, the present invention provides a liquid

ej ect inumdwad d nedurdiat fder el niari dovwald e reerder
wherei n the novabl e menber has a 25 construction of
having initial flexrelsr aspas WOHROGH AR nvention
PCT/ JP2005/ 001863 opposite to an heating el enent.
provides a liquid ejection head including therein a
10 movable member, wherein the movable member is formed
of lamination of three or more layers made of three,
different materials, a free edge surface of the
movable member being covered with a layer of a
material identical with the first layer thereof as
15 counted from a device substrate.
In another aspect, the present invention
provides a liguid ejection head including therein a
movable member, wherein the movable member is formed
of lamination of two or more layers made of two or
20 more materials, a free edge surface of the movable
member forming a flat surface.
In another aspect, the present invention
provides a liquid ejection head including therein a

movable member, wherein the movable member has a

25 construction of having initial flexure at a side



"I n anot her aspect, the present invention provides a

liquid cartridge having a construction in which any
w@booskes2bo qui d ej ecti on head of #?e present  5PCT/JP2005/001863

invention is integrated with a ttquid container

holding a liquid to be supplied to the liquid

ej ection head. In another aspect, the present

invention provides a liquid ejection apparatus that

uses any of 10 the liquid ejection heads of the

present invention or_the,liquid cartridge of the
pr eseRPPPAV ﬁtFBn?nlHeﬁgﬁpﬂeﬁiﬁgﬁggr, the present

venti on = provides a0, LURde, LOLT 09 2BDLANNS 1ot on
| | on e

equi pped with a eject ead o

presen%o%g&ggt502iqégF?E8%E§FBBQUEgv§ﬁ5tEiggﬁs%%u%ﬁgon in

preseﬁ nventron. n-anot her “aspect o

present s ~kn t i,@n here. .k : QW nyfra ri
et ol R AY; i 476) aeeron Raad T a6l farag there: Biasent

my abk gyeARRBEr 1BaVhRgq2akanl patedaCanRgiRdCtoPRainer
according to 20 the steps of: formng, at the tine of

| ami nabilBgngPlunakukiay @bs beo stippmithe tadrakl & iegrder ,

a part in which two or nore |ayers of the sane

mat er egkstapa hkeadi.nated in direct contact

t her ebet ween, and etching the foregoing part in which

two or nore | ayémsaobthke 25psafe fktepirglseate invention

| am nated in direct contact WO 2005/075200 - 12 -

PCT/ JP20U5Ae61863 iquier epechéon. apparatus that uses any of

10 the liguid ejection heads of the present invention or
the liquid cartridge of the present invention.

In another aspect, the present invention
provides an image forming apparatus equipped with any
of the liguid ejection head of the present invention

15 or the liquid cartridge of the present invention.

Further, in another aspect of the present
invention, there is provided a manufacturing method
of a liguid ejection head including therein a movable
member having a laminated construction, according to

20 the steps of: forming, at the time of laminating
plural layers to form the movable member, a part in
which two or more layers of the same materials are
laminated in direct contact therebetween, and etching
the foregoing part in which two or more layers of the

25 same material are laminated in direct contact



BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a
cross-sectional diagram5 explaining the construction
w@poos/0ri2oui d ej ecti on head accoa?iqg to a fi rBCT/IP2005/001863

enbodi nent of the present invention, Figure 2 is a
cross-sectional diagramtaken along an A-A line of
Figure 1; 10 Figure 3 is a cross-sectional diagram
expl aining the details of the device substrate of the
liquid ejection head of Figure 1; Figure 4 is a
crossiésctloqsl di agram explalnlng the details of a
movabl eV REed with 15 the |iquid ejection head
of Figure 1; Fi.gures 5A - 5E are cross-sectional

di agrans expl ai ni ng the manufacturing process of the

movabl g, Gt S Al FaYs il pih G AFTRAs - OF are

Cr oss-secti unal ZOodragrans exptarmrng the ej ection

operation of thep; Liquif fég‘%t%]?g ﬁ@é’c@{oféﬂ%fa&ram

Flgure 7 is a cross-section gram explaining a

l'i gui dbsghecth 00y hedd aoeor didgid® & Serconeh @ndpsbBsih head
of the present 1nvention; 25 Figure 8 is a

CI 0SS-5&Ed # DAY @ba@rmé/’@ AROSA DS2000f 918 -present

PCT/ JP2005/ 001863 explaining a liquid ejection head

accor dirgeritoien; third enbodlnent of the present

i nvention;

Flgure 2 1s a cross-sectional diagram taken
along an A-A line of Figure 1;

10 Figure 3 1s a cross-sectional diagram
explaining the details of the device substrate of the
liquid ejection head of Figure 1;

Figure 4 is a cross-sectional diagram
explaining the details of a movable member used with

15 the ligquid ejection head of Figure 1;

Figures 5A - 5E are cross-sectional
diagrams explaining the manufacturing process of the
movable member of Figure 1;

Figures 6A - 6F are cross-sectional

20 diagrams explaining the ejection operation of the
liquid ejection head of Figure 1;

Figure 7 is a cross-sectional diagram
explaining a liquid ejection head according to a
second embodiment of the present invention;

25 Figure 8 is a cross-sectional diagram



Figure 9 is a cross-sectional diagram explaining a
liquid ejection head according to a 5 fourth
wendsdrszent of the present i nve_nﬁri on; Fi gure 1BCT/$P2805/001863

cross-sectional diagram expl ai Pn@ aliquid ejection

head according to a fifth enbodi nent of the present

i nvention; Figures 11A - 11F are cross-sectional 10
di agranms expl ai ning the ejection operation of the
liquid ejection head of Figure 10; Figure 12 is a
cross-sectipnal diagram .explaining a liquid ejectjon
head 2CROFHTMERY o at G4 IE RO HERTe b1 ¢ HRE ot Bdeho 2
i nventji.on; .15 Fj 3. kS cross-sectional.di agram
expl a1 TR AT PR o hcET e SRt | OB e

l'iquid ejection head.ofq giguéecﬂgés—é@él{fo&%%ieéiggram

schemati ¢ oblique view diagram explarning

const raieti Om ol as | 1 auh é%%é%ﬁéﬁiﬁ@éﬂ@&&@éﬁégﬁ%tQO a

the present invention; Figure 15 1s a diagram W ng

the oves@lth &ARSAIMEHE OFF Ofhd Nerdmehan oabnPask; of an
image form ng apparatus that uses the liquid ejection

apparat us of therpgesento iiwentdosss-25dt JoiLl 181 dgram
pl an vi ew di agram showi ng a WO 2005/ 075200 - 14 -

PCT/ JR2QOE D85 =  haquidfedwet iomdesddrat ogrdpparad us
of Figure 15; '"Figure 17 is an oblique view di agram
fifth embodiment of the present invention;
Figures 11A - 11F are cross-sectional

10 diagrams explaining the ejection operation of the
liquid ejection head of Figure 10;

Figure 12 is a cross-sectional diagram
explaining a liquid ejection head according to a
sixth embodiment of the present invention;

15 Figure 13 is a cross-sectional diagram
explaining the liquid ejection operation of the
liquid ejection head of Figure 12;

Figure 14 is a schematic oblique view
diagram explaining the construction of a ligquid

20 cartridge according to the present invention;

Figure 15 is a diagram showing the overall
construction of the mechanical part of an image
forming apparatus that uses the liquid ejection

apparatus of the present invention;

25 Figure 16 is a plan view diagram showing a



showi ng a part of another exanple of the inage

form ng apparatus that uses the liquid ejecting 5
wappanz2os of the present inventjgn. BEST MODEPEIR2005/001863

CARRYI NG QUT THE | NVENTI ON Hereinafter, the present

invention will be described in terns of the

enbodi nents thereof with 10 reference to the attached

drawi ngs. [FIRST EMBODI MENT] First, a first

enbodi nent of the liquid ejection head of the present

e A R A R

1is a cross- Secﬁtéﬁ{z}% 17d'1%g A1 { e l\h] Qil%g‘?:fatn{ on

head, while Figur IS a cross-sectional diagram

t aken HAND LA ddre A addididre ehanfd10UrSE 3 Hes l@na e
cross-secti onal "di agram 20 showi ng an exanpl e of e

devi ce& oty algpofathiite tHdtquisd Ljert ilgnntead; éM’tl:L'Iﬁ_j
Figure 4 is an enlarged view diagramof a novable
megbeappfa ddten heatl .t Heefrradang: timvidre: idirawi ngs, the
liquid ejection head includes a device substrate 1
and a top 25 plate 2 formi ng therebetween a pl urallty
of fIOMImD 2005/ 075200 _ 15 PCT/JP2005/001863

Ird S T 1

separ ated from each ot her by separ atl on vval I s 3. Each
of the flow pas&ﬁf‘(j@sl@f&ﬁ‘ﬁmrﬁl“@at%@%rt% igrvention will be

correspondi ng ejection port 4 forned .in a nozzle
d%scrléédjln terms of the embodiments thereof with

10 reference to the attached drawings.

[FIRST EMBODIMENT]
First, a first embodiment of the liquid
ejection head of the present invention will be
15 described with reference to Figures 1 - 3, wherein it
should be noted that Figure 1 is a cross-sectional
diagram of the liquid ejection head, while Figure 2
is a cross-sectional diagram taken along A-A line‘of
Figure 1. Figure 3 is a cross-sectional diagram
20 showing an example of the device substrate of the
liquid ejection head, while Figure 4 is an enlarged
view diagram of a movable member of the head.
Referring to the drawings, the liquid
ejection head includes a device substrate 1 and a top

25 plate 2 forming therebetween a plurality of flow



5 plate 5 directly, wherein the foregoing plural flow
passages 6 are comuni cated with a comon |iquid
waepploys2ehanber 8 of |arge vol ume formed bet weRCIT/g#2005/001863

devi ce substrate 1 and the top pPate 2 so as to

supply a liquid to the respective flow passages 6. 10
Thus, there extend a |l arge nunber of flow passages 6
fromthe single comon liquid supply chanber 8, and

the common |iquid supply chanber replenlshes t he

20 S v{;%ar.su%ﬁq L
e R BT o A - s

passaggs t%e gfeés.eca F Qsmrt eIl e CQRUET S ON

el enent, as t formng bubbles in the

i QUi Goidd dgthd iy Td-QUPRSS388 6.4 20 TS ird s bR 21
vicinity ofz?%éjggglon in which the heating body fbe

makes A LNtR Middl st herd mtind, thd ey daidprgRatb= flow
bubbl e formation region 11, in which region there

occur pausdyes fOrarmd icommunideeted iwgititd & ccdwencgj dcitaadi d

in response to rapid heating of 25 the heating body

10. Wo2a05/ 0sadeer 816 IRCK < PRODBIOXEEERd Ftween the
exanple, this device substrate 1 has a construction
shown daviRigueE . rdte vhiah tHe €93 Pladreared Sah as to
insulation film22 of silicon oxide or silico

nitri BRI baserpid dio sihg dersPait e Jhqe, passages 6.

10 Thus, there extend a large number of flow
passages 6 from the single common liquid supply
chamber 8, and the common liquid supply chamber 8
replenishes the liquid with the amount corresponding
to the liquid ejected from the ejection port 4.

15 Further, the device substrate 1 is provided
with a heating body (heating means, heating part) 10
in each of the flow passages 6, such as an electro-
thermal conversion element, as the means of forming
bubbles in the liquid filling the flow passage 6.

20 Thus, in the vicinity of the region in which the
heating body 10 makes a contact with the liguid,
there is formed a bubble formation region 11, in
which region there occurs bubble formation in the
liguid to be ejected in response to rapid heating of

25 the heating body 10.



5 for the purpose of insulation and heat accumnul ation,
and the heating body 10 is forned thereon by
w@a2ioseT20ng a resi stance |ayer_23.of haf ni um bPCT/a#2005/001863

(Hf B2), tantalumnitride (TaN),§?aﬁtaIun1aluninum

(TaAl'), or the like (0.01 - 0.2/Lmin thickness), 10
wherein interconnection el ectrodes 24 of alum num or
the like (0.2 - 1.0u min thickness) are forned
further for the purpose of feeding driving power to

t he heating body, 10. The -heating bpdy 10 is thereby
activated by apéo}ﬁ (5 RIS 1t é:é)el%t &oﬁxﬁ‘ecer géji%fttéﬁ:tee 15 has a
| ayer 23,008 e nherconneqhion el ectodss 24..Q1d e
resi stance Iayerrb herd i'sFormed A proteéective

film %%I‘HedSialﬂ. ci%tﬂxajtqeon %:Lll'n{:% df' tsrﬂlq%gggrogjtbeﬁ t%r

| i ke, between the 1 nterconnection electro

the tRijakness aft B.de o2 -d0da8e 3Nd R0 BN icon, or the like,
anti-cavitation |ayer 26 of tantalumis forned

fugt hetort heyeePurddsk o:0.i6HDdd drhieiness) seAsdlation,
protect the resistance |ayer 23 fromvarious |iquids

such asd nhe Headdioly bday nat dds tiwmtmedchehereon by
anti-cavitation 25 layer 26 is fornmed of a netal such

as t apkaltemn(iTa) WN@<20GE/0s20kyerl 23 of hafnium boride
PCT/ JP2005/ 001863 because there can be induced a very

| ar ge (Pr@esur 6antchangeniinride (e of tahoakvayalaninga
time of formation or. annihilation of bubble in such a

l'i qui d Tadjleat igh thead.iksucy 1% ge brdéBuie ERaRGaSEE) -

10 wherein interconnection electrodes 24 of aluminum, or
the like (0.2 - 1.0pm in thickness) are formed
further for the purpose of feeding driving power to
the heating body 10. The heating body 10 is thereby
activated by applying a voltage to the resistance

15 layer 23 via the interconnection electrodes 24.

On the resistance layer 23, there is formed
a protective film 25 of silicon oxide, silicon
nitride, or the like, between the interconnection
electrodes 24 with the thickness of 0.1 - 2.0um, and

20 an anti-cavitation layer 26 of tantalum is formed
further thereon (0.1 — 0.6um in thickness) so as to
protect the resistance layer 23 from various liquids
such as ink.

It should be noted that the anti-cavitation

25 layer 26 is formed of a metal such as tantalum (Ta)



5 shockwave can cause severe degradation in the

durability of hard and brittle oxide film Depending
woroshes2eonbi nati on of the Iiqui ? const ruct i oOPCDIP205001863

fl ow passages, and further the gsistance mat eri al ,

it my be possible to elimnate the protection film 10

25 of the resistance |layer 23. In each of the

enbodi nents described heretofore or to be described

hereinafter, the heating body 10 is provided by the

one that uses the resistance, | I ch causes

ayer 23
heat GETELES dMSTE CAT R OTEEGHH dh Wb A A TS
.__Ho th t 1 ti ' {
i ¢ SRS S eh g i oA 1, e o
I j.hl.e t ny: t . .
For mat R e LA e e AP, & 1iquic

ej ectiondit dNe ddAuidl,1ors 20 it ere idndiyPassi bl e
Sk

to use™a heating elenent that” includes an

0Pt 0- tRJdBlaveO U] t@luddale BaNETR PR dendn UROhe
irradiation with light such as a | aser beam

Al t er paidargi Mty tofl Shapas sl eptittlise akigat®iim. Depending
generating heat upon irradiation with high frequency

25 r adirp by exoniQ ri20E) 7E2 0the  11iByui BCIE AP0 OICHB63E the
Further, it should be noted that the device substrate

1 may fdaw passagekli tamh further Hdw itrsidodyce Onaterial,
including therein the resistance |ayer 23 _ _
const idttutiaiy kehearesitb ey a1 onpira Hirl RYrtection film

10 25 of the resistance layer 23.

In each of the embodiments described
heretofore or to be described hereinafter, the
heating body 10 is provided by the one that uses the
resistance layer 23, which causes heat generation in

15 response to an electric driving current. However, the
present invention is not limited to such a specific
construction, but it is also possible to use any
element that can cause formation of bubble sufficient
for causing droplet ejection in the liquid. For

20 example, it is possible to use a heating element that
includes an opto-thermal converter that generates
heat upon irradiation with light such as a laser beam.
Alternatively, it is possible to use a heater
generating heat upon irradiation with high frequency

25 radio wave.



5 interconnection el ectrodes 24 for supplying electric
signals to the resistance | ayer 23, various

wo awsp7amal el enents such as transgjstors, di odeGT/JP2005/001863
| at ches, shift registers, or thelike, forned by a
sem conductor fabrication process, for the purpose of
10 selective driving of the heating body 10. In this
liquid ejection head, there is further provided a
novabl e menber 12 between the common |iquid supply

( E%b”F?;u?da??oﬁtha'gtﬁéti ot SheRTasPEhart e SRavabhe device
12 CEi 2H.f i . he. deyi .

subst e RB3RE & PRk CaREY Lot ar e BE o pbaFE BRG Ein

movabl & hinbar 18 Fe oG aEe B L Re” By o Eubey P53

1 |ikec@n§§ﬂ£ﬁ£§ﬁ§rt9@aﬂb§E 5BBe2Q:hBRALLOR and the
corresponding to tThe heating body 10 such that there

I s sf or edle Ac8ARE81 bRt WeeBtkBEcBOYabker BERPEKiAd aldctric
the device substrate 1. Wth this, the novable nenber

12 is shynsed tH BhenpBetsthatet heyekrees, endridbsis

novable in the upward and downward 25 directions.

Furt hefunthéorailsepenentdedsacht apperahd i ¥Wo26058038260

- 19  PCT/JP2005/001863 in the top plate 2 for
restritdtogeshestispl aegiehersef orhehaovakee feombed b2 a

in the upward direction. In the initial state

(st ati deatgoBaucEPr frheippbaprerkeABer  120rs tppoprgrase of

generally parallel . ,
10 selective driving of the heating body 10.

In this liquid ejection head, there is
further provided a movable member 12 between the
common liquid supply chamber 8 and the liquid flow
passage 6 in each of the liquid flow passages 6, such

15 that the movable member 12 has a first end 12H fixed
upon the device substrate 1 and a free end 12F at the
opposite end thereof close to the ejection port 4.
Thereby, the movable member 12 is provided on the
device substrate 1 like a cantilever beam at the

20 location corresponding to the heating body 10 such
that there is formed a gap 13 between the movable
member 12 and the device substrate 1. With this, the
movable member 12 is mounted in a manner that the
free end 12F is movable in the upward and downward

25 directions. Further, there is provided a stopper 14



wGaosorave 1. Thereby, the novabl

5 wth the device substrate 1, and the gap 13 is

fornmed between the novabl e body 12 and the device

e _menmber 12 PGT/JP2005/001863
di sposed such that the free end”12F thereof is

| ocated generally at the central part of the heating
body 10 provided on 10 the device substrate. The

stopper 14 is provided on the |ower surface of the

top plate 2 as a unitary body or a separate body

attached ,t hereto, erein.the stopper. 14 restricts

e drEpl e B Thed 5 RE AT 19 165 i RvATRent
menber_:12 .b [ { i h .

The moatie fhmsirty SRETEE SLPRE Shard LR o
of the flow passgge 1,0 dhe g éreéfgéi&?aﬁ% dherey,
fl ow passage 6 in cooperation wth the stopper part 14

in the rRCtIMANS: SAlRy20 Meirseogra\(flﬂbm@bé&mtp%@@nel

made engagenent with stopper I4. Further, it shoul

bes notadH hate tder ¥&d | sulsdtdaee 14aad the §dwpperid4formed
at the side of the flow passage 6 rises vertically in

t he i [Haisigat ethe mewilste teddwn 2 and tiius, dédhiecded Whdtrate
of the flow WD 2005/075200 - 2 0 - PCT/JP2005/ 001863
passage Glairdlie, dovnmstoesmeimsnioér th2 ¢ opjpgrodeld such

i ncreases' sharply. Wth such a construction, the

bubbl &hes: fidrerac e ek visiersed sidel afater ribdrally at

form n% regi on can grow wi t hout bejng hanpered, even
the central part of the heating body 10 provided on

10 the device substrate.
The stopper 14 is provided on the lower
surface of the top plate 2 as a unitary body or a
separate body attached thereto, wherein the stopper
14 restricts the displacement of the free end 12F of
15 the movable member 12 by making engagement therewith.
Thereby, the movable member 12 disconnects the
downstream side of the flow passage 6 from the
upstream side of the flow passage 6 in cooperation
with the stopper part 14 in the activated sate
20 thereof when movable part had made engagement with
stopper 14.
Further, it should be noted that the wall
surface l4a of the stopper 14 at the side of the flow
passage 6 rises vertically in the illustrated

25 construction, and thus, the height of the flow



5 in the case the novable nmenber 12 is engaged wth

the stopper part 14, because of the sufficient height
w@boosoreod i qui d fl ow passage 6, %trbﬂ t he bubbl eP¢TIE2005/001863

growmn is noved snoothly toward e liquid ejection

port 4. Further, the pressure difference of the

liquid at the 10 ejection port 4 in the height

direction is reduced wth such a construction, and it

beconmes possible to achieve stable ejection of liquid

droplets. Here, it should be noted that the novabl e
menberPaS53GE torafedt et IAFRBLEFAHOF EAF aQbr S aRrRBRE 14

15 edg, t_of the f 12F, including th

cur T aG RIS R L1 STLGY of B v RO LFE Ry PPt sk
titytes t face, of th | 12.

Fer oi METS 55 pf SHART o i AT BETRRE Pl T dheEne pubble

which ddun iy ables bl dfoy Syl OROBE BLiA@MARLLLs, even

20 of ayers. In su a construction;

noyabl &, nBiDel cd 2chS RoPBIPS nbMLdPi €8 1hreesl Y8 Sith the

12a, 12b and 12c are |lamnated as shown in Figure 5,

wher eigtdgkztﬁei Qyers 122 peeades arecher seerddisht i K®ght of
nitride 5 while the layer 12b is fornmed of silicon

oxi de.t WD POHS H762600 pafdage PET/ 2005 GOS8 thus grown
Thereby, the peripheral part of the novable nenber 12,
i ncl udis\gnded esigeoplaty odwahed fheelbadid2& ettite port 4.
novabl e menber 12, is covered with the |ayer 12a or
12c ofFwitheon whe rpdessand dhifereneespfitom bkyded at the
10 ejection port 4 in the height direction is reduced
with such a construction, and it becomes possible to
achieve stable ejection of liquid droplets.
Here, it should be noted that the movable
member 12 i1s formed of three or more layers, and the
15 edge part of the free end 12F, including the surface
part thereof, is covered with the layer that
constitutes the surface of the movable member 12.
Hereinafter, explanation will be made for the case in
which the movable member 12 is formed of lamination
20 of three layers.
In such a construction, the movable member
12 is a member in which three layers 12a, 12b and 1l2c
are laminated as shown in Figure 5, wherein the

layers 12a and 12c are formed of silicon nitride

25 while the layer 12b is formed of silicon oxide.



5 filmconstituting the internediate |ayer 12b i s not

exposed. Further, it should be noted that the edge
wa@kateod2G of the foregoing fr end 12F of PEEJIP2005/001863

nmovabl e menber 12 forns a flaf'gﬁrfhce in the

t hi ckness direction of the novable nenber 12. 10

Hereinafter, the fabrication process (film formation

process) of the novable nenber 12 will be expl ained

further in detail with reference to Figure 5. First,

t he heatlnqabod 10 is forne

0 .

subst lr%}eer %mefhphﬁaafepsﬁlc ShatBR APvaBTpaRgEber 12,
t d

dev ﬁelarg%{)%%%qe aCf%@%%ﬁPﬁgﬁ A6 EbF 1 abE"r BOfohoTopt the

t t bod h

nope AN L0 D FePLEEtEaTiRel PRI\ Cher 125 or

32a of; 5ilig é‘:fﬁi%ﬁdﬁﬁ 16 eyt PE&SO”’CQ% 8: P} 83HPox1de

CVD process w Knes ouf and

p-$i 02f£ﬁhaé£@s@/&§m§)tﬁél thzﬁngal&té@gg gxms 1L§ not
formed further on th irst p-SIN film 32a by a plasma

CVD progessedM thutget i eknersudl BROHLLOI5EhAL tBE edge
Next, as shown in Figure 5B, the p-Si02 WO 2005/ 075200

- 22 -sXF43P2005/ 01868 Ffbirkgo3RY Fsesubnaclied b6 ahe
patterning process by applying a photolithographic

pr ocessoidl @trodmingr p2ofesmst 8 £oam anrfater medihee

| ayer 12 in the shape of the novable nenber 12.

Ther eafhiieeknéss t hereceponf of the movable member 12.

10 Hereinafter, the fabrication process (film
formation process) of the movable member 12 will be
explained further in detail with reference to Figure
5.

First, the heating body 16 is formed on the

15 device substrate 1 as shown in Figure 5A, and an Al
film 30 used later as a sacrifice layer 1s formed on
the device substrate 1 including the surface region
of the heating body 10 with a predetermined pattern
shape. Further, a first p-SiN (plasma-CVD SiN) film '

20 32a of silicon nitride is formed thereon by a plasma
CVD process with the thickness of about 1.0um, and a
p-Si0; (plasma-CVD Si0,) film 32b of silicon oxide is
formed further on the first p-SiN film 32a by a
plasma CVD process with the thickness of about 0.5um.

25 Next, as shown in Figure 5B, the p-5i0;



5 Figure 5C, the second p-SiN film32 of silicon
nitride is formed with the thickness of about 1. im
wao-aoske2p0 as shown in Figure 5D, ,the first andPGBERG5/001863

p-SiN filns 32a and 32c are pat@ rned to a pattern

shape |l arger than the pattern of the 10 internedi ate

| ayer 12b forned of the p-Si02 film32b by the size

of about 1.0 cm (for exanple at the |location of the

line X of Figure 5C) by applying a photolithographic

process .an tching . process, to formthe |layers 12

G 132 15h S L AEE G Hee T HAaB ey 258 DY

Her e, because the | s .12a and, 12c__constityti t he

out of FBELEE STt e VRN b S REREr G247 o T OHHE

of the_ s erd : ; t tesa

et chir d:oat . t%;ngctot ifrrogj'l%fé‘?ﬁle et’c |%lgg£‘I2% %%%%:JZS? ble%o%%es shape

| dent iGal i r&&%%&dé Rhiser afsl, thiSreather 2008 BMETACE of
12F becones h

12G of the free en a flat surface in the

thicknegs A rRet ik deddits poyabl €1 IRMPErod 251 Theisn
with the foregoing process, it 25 becones possible to

cover fikeifdeee £neb@hedtvwi €asthAG ROOBAOTS200 ab@ud 1.0 um.
PCT/ JP2005/ 001863 | one | ayer that constitutes the

novabl e nmenber RFuriflgmedofshem nkt i Bhgwfet hbeetloe first
nore layers, with the layer constituting the surface
| ayer agfd tdeeond p-SiN films 32a and 32c are patterned to a
pattern shape larger than the pattern of the
10 intermediate layer 12b formed of the p-Si0; film 32b
by the size of about 1.0um (for example at the
location of the line X of Figure 5C) by applying a
photolithographic process and etching process, to
form the layers 1l2a and 12c on the surface of the
15 movable member 12.

Here, because the layers 12a and 1l2c
constituting the outermost surface of the movable
member 12 are formed of the same material, the amount
of the lateral etching at the time of the etching

20 process becomes identical in these layers, and thus,
the edge surface 12G of the free end 12F becomes a
flat surface in the thickness direction of the
movable member 12.

Thus, with the foregoing process, it

25 becomes possible to cover the free end of at least



novabl e menber and further to forma flat surface at 5

the edge surface 12G formng the free end of the
worewabreomenber 12 in the thickness direction BPET/IRE05/001863

novabl e menber 12, by formng a part in which two or

nore |ayers of the same material are directly

over | apped and by etching such a part perpendicularly

1o to the device substrate 1 to formthe novabl e

menber 12. It should be noted that, in the case the

bl e rrb f ¥
(hree Ferty o ar e e, Phboteli funtifee 1
t |
(e | g, Dot e, DYSDLE BEBDER LD 5L e

exposyne, of 5 J a&’&ﬁs@ft&@fm&%l@é' §{1rEQé‘é P§§eP°QE the

durability to the I'tquid. Further, because of

di ffenenegd hatiedal 2Ry chipehsat @ob@bm_ea fbstZQurface at
different materials constituting the |am nated body,

t her e vl SHPppear facs ane ot brshagetnt theef&pe €ndthe

of the novable nenber 12 along the edge part in the

t hi ckneswalli¢ ecdmlosr 0I2 t e e abheckeaberdiPecEiohhef, the
by lam nating the SiN film 25 characterized by a

r el at invastab learmemntyennt2 oyl fisrMDng@085p875200 whchh two or
PCT/ JP2005/ 001863 over the Si2 filmof relatively

| ow Y@mﬁge molg 68, of | Ehpceamesnpbssibleare Fhreskdpt

the gra rowth within the SiN f|In1 and extensive
develdb apped ngnd by etching such a part perpendicularly

10 to the device substrate 1 to form the movable member
12.

It should be noted that, in the case the
movable member 12 is formed by etching all of the
three layers of two or more materials constituting

15 the laminated body of the movable member in a single
etching step, there would inevitably be caused
exposure of a layer of the material that has poor
durability to the ligquid. Further, because of the
difference of lateral etching rate between the

20 different materials constituting the laminated body,
there would appear a sawtooth shape at the free end
of the movable member 12 along the edge part in the
thickness direction of the movable member 12.

Further, by laminating the SiN film

25 characterized by a relatively large Young modulus



grain boundary inside the SiNfilmis elimnated. 5
Thereby, the tolerance of the novable nenber with

WO e@ants200 t he def ornmation associgt ed wit h t hePCT/JP2005/001863
di spl acenent is increased, and the mechanica
strength of the novable nenber is inproved. Thereby,
the durability of the novable nenber is inproved. In
10 addition to SIN, it is also possible to use SiC
(silicon carbide) for the material of the relatively

the AR Ij%“é% S yfe%ic SR A S s,

is 15 rter}:'g ey £be0inde 800 LD LbESERE 0 ﬁihogre&th

the fovabl ree ayer s ructu

qnghQﬂé“§ﬁﬁE§i§ﬁe &ﬁ&eéxégné§v§0&§ﬁ§gogﬁeﬁﬁeof the
surface a

yers 12a and 12c, is conpl eted. Thus,

the myable peihesrd2i 9§id8ecr8 Qiﬁsﬁﬂlmeﬂboglﬂlﬁﬂhated.
the outer periphery and the edge part of the free end

of st hermawahy) e wRebes1d2ance ofoveeedowhbhet hembayewith
constituting the surface |ayer of the novabl e nenber

12 (t hesdayeriso 12ze adefdZoatnont Aespeigeatl with the

enbodi nent). Thereby, the inner |ayer of 25 the

nmovabldi sehdeemaret (1 helhayersedb &ndt hbecamsehanipml

2005/ 075200 - 2 5 - PCT/JP2005/001863 the present

enbodi e gideeat nbbe marEahl e oREBRE T Wi B hlmpﬁ@VFiiqu??aerebyr
and there is caused no_corrosion in the inner

o e R var b rbsr 5y ehevRentphe norber 1S  ind¥8lea. 1

10 addition to SiN, it is also possible to use SiC
(silicon carbide) for the material of the relatively
large Young modulus.

Finally, as shown in Figure 5E, the Al
sacrifice layer 30 on the device substrate 1 is

15 removed by etching, and with this, formation of the
movable member 12 of the three-layer structure, in
which the intermediate layer 12 is covered by the
surface layers 12a and 1l2c, is completed.

Thus, with the movable member 12 of the

20 present embodiment, the outer periphery and the edge
part of the free end of the movable member 12 are
covered with the layer constituting the surface layer
of the movable member 12 (the layers 1l2a and 1l2c in
the present embodiment). Thereby, the inner layer of

25 the movable member 12 (the layer 12b in the case of



novabl e nenber is contacted with the liquid. 5 As a

result of the foregoing feature of the present
wepdpsaiirent, there i s achieved t ef fect of PODIRAGHH1863

degree of freedomin choosing thée material for the

i nner |layer of the novable nenber and increased degree

of choosing the nmaterial for the 10 liquid that is

used with the liquid ejection head. More

specifically, by using the construction for t he

novabl.e nmenber such .t hat the anabIe

of |ar tﬁﬁﬁﬁ%ﬁkt?W%Pé%W r@OF s ucﬁonﬁ ?F with

T2yers Gn

at th IL%ace qi * é@etfg ggd@@&engﬁgpffoslgﬁ 1n the

edge sur one layer Is covered w

anot hery, I{&ye.fa%éPeof‘ @rm%abig%éﬁgf' &h&n when the

constituting t | ayer (s) at makes a contact with

the liggwshis ﬁ&%@@dlsw@ﬁ@@ateahﬁi@h!@heaph%@y@,ol t he
effect of increased degree of freedomin 20 choosing

the material foradhe tayers epnohét fbiagoihge fedvabdeof the
nmenber and i ncreased degree of choosing the naterial

for therddapt derdihedimsntisechars his hechigqued tegeeffoat of
head. In other words, with the construction for 25

t he novadytes sedrbdeg 1T ee whi chreddomoiabteopeiherthe mMrerial
2005/ 075200 - 2 6 - PCT/JP2005/001863 forned as a

| ami naidrtled itnee bivedrel| Byersovabie mewasy 2@
different materials such _that the edge surface_ of at

| east BHergasRe JWFeRQCE neRppetngnthgfmaterial for the

10 . liguid that is used with the liquid ejection head.
More specifically, by using the
construction for the movable member such that the
movable member is formed of lamination of three or
more layers and such that, at the free end part of
15 the movable member, the edge surface of at least one
layer is covered with another layer, the number of
the materials constituting the layer(s) that makes a
contact with the liquid is reduced. Thereby, there is
achieved the effect of increased degree of freedom in
20 choosing the material for the layers constituting the
movable member and increased degree of choosing the
material for the liquid that is used with the liquid
ejection head.
In other words, with the construction for

25 the movable member in which the movable member is



t he novabl e nenber is covered wth the |ayer form ng
5 the surface of the novable nenber, the nunber of the
woredosio7bE constituting the layers are contactBOTARA65/001863

the liquid is reduced, and therg is achieved the

effect of increased degree of freedomin choosing the
material for the layers constituting the novable 10
menber and i ncreased degree of choosing the naterial

for the liquid that is used with the liquid ejection

head. [ he [ f |

corr eéﬁﬁﬁt%%%r% & R of S oy di e s of at
15 wi t ] f ]

Uher e oS0y o BT Maen fys TRty S ote

27t S o e R, AP VLo (89S Tena o1
novablig JTeRelh 1M & 0T MR d-d-Pe RaY 8y A i | B e e09f 20forming

surface because of the same |ateral etching speed for

t hese e, s GauRId 1HF @y o vBsTausent &e, Mavabhens®rbef the
is formed by lamnating two or nore |ayers of two or

nor e m@AiariAls,cagt bacalse the fsperensrofcéimeacted with
novabl e 25 nmenber has a flat surface free from
unwanttéck sawudat hi N 2005 D,75200 th&rd is achieved the

PCT/ JP2005/ 001863 structure in the thickness

di r ecteifdiedf ahelnmedded dewbee, of herecderuts @rcosing the

chi pping or, cracking at_such a free end part even
when Jasl & alayers constituting the movable

10 member and increased degree of choosing the material
for the liquid that is used with the liquid ejection
head.

By covering the edge surface of one layer
corresponding to the free end of the movable member

15 with another layer forming the same movable member,
there is formed a part in which two layers of the
same material are laminated directly. By etching such
a directly laminated part, the free end of the
movable member can be formed to have a flat edge

20 surface because of the same lateral etching speed for
these two, covering layers.

Because the movable member is formed by
laminating two or more layers of two or more
materials, and because the free end of the movable

25 member has a flat surface free from unwanted sawtooth



mechani cal shock with the formation or annihilation 5

of bubbl es. Thus, the problens such as variation of
wWe@p@®sn7ize characteri stics between-,anong channePGI/iRmow1863

in the head, or the problens su?ﬁ as the fragnent of

t he novabl e nenber fornmed as a result of the

nmechani cal damages cause cl oggi ng or choking of 10 the

ej ection port or flow passage, are successfully

el i m nated. Thereby, degradation of printing quality

ecrtion

L .Sq;.vg' G5 succesill v Mot e el ecky o0 BT 0S80l
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the \é ?il@?a'foeé'hc;é( 41 4e BLALL 50 aSr tOnA ACL1 Ation
20 bu rmati on region of the device substrate 1

Coﬁre%ﬁo%@ilﬂﬂetso ongudalfhPagstob hendubbte 46 variation of
(upstreamsi de part) f'ormed thereon in response to

ener gicZaldtdmPfcHae diest i s1gh bodye ileed hasondpychannels
energi zing the heating body 10, a 25 part of the

l'i qui ddirred g tires froraadioiong tiud b 2oWIERE 05U EI7 5290t he 2

8 - PCT/JP2005/ 001863 formation regi on undergoes

heat i Hgagaehtt et eleppeerable hembete ormed shown Fasult of
Figure 6B as a result of boiling of_ the Iiquid.

Ther etiype mesthanicalgdwepges cause clogging or choking of

10 the ejection port or flow passage, are successfully
eliminated. Thereby, degradation of printing quality
is avoided successfully.

Next, the ejection process of liquid
droplet from the foregoing liquid ejection head will

15 be explained with reference to Figures 6A — 6F.

Referring to Figure 6A showing the state
before the driving energy such as electric energy is
applied to the heating body 10, it can be seen that
the movable member 12 is in the state so as to face a

20 bubble formation region of the device substrate 1
corresponding to one half part the bubble 16
(upstream-side part) formed thereon in response to
energization of the heating body 10.

Thus, by energizing the heating body 10, a

25 part of the liquid filling the foregoing bubble



di spl acenent in the novabl e nmenber 12, while it 5

shoul d be noted that this displacenent of the novable
Whoa$/01200 s caused with a del ay \BI th regard t hBCT/JP2005/001863
di | atati onal change of the bubbl ¢ 16. In nore det ai

a pressure wave caused by the generation of the

bubble 16 in response to the 10 boiling of the |iquid
propagates through liquid filling the flow passage 6,

and associated therewith, the liquid in the flow

prssage & uner doce, 0 spLecerent, IR ke Wstreameide ..
t hat he .| d | d he d
1% & i R

A |
or e an foaon i ) splacen rothe dotosticamside .
UpSt T e, Sidlen i Iy £ B5PEGHoT 001 DenlRhegOl Y GRNTLal:

region g I splaced in the upstream side direction.

Ther ey outdase add StiRadi 8Pl 8CLIBPE 2 Qnéhe HPVERE erovable
menber 12 in the foregoing upstreamside as a result

of theody aw ofs tdesddquideicassedi by & heh greykhdothé he
bubbl e 6. 25 In the downstream side, it should be

not ed dAQ A0S/ EHER Ofhande of B3/ JE2006/ 001863 t hat
the liquid flows toward the comon |iquid supply
chanmber 8' through ndwee ndetail passpges foraedahet orencd by
the passage sidewall (conpartnment wall) 3 and the
the generation of the bubble 16 in response to the
10 boiling of the liquid propagates through ligquid
filling the flow passage 6, and associated therewith,
the liquid in the flow passage 6 undergoes
displacement in the upstream side direction and in
the downstream side direction, such that a part of
15 the ligquid located at the downstream side with
respect to a central reglon of the bubble formation
region is displaced in the downstream side direction
while a part of the liquid located at the upstream
side with respect to the foregoing central region is
20 displaced in the upstream side direction. Thereby,
there starts a displacement of the movable member 12
in the foregoing upstream side as a result of the
flow of the liquid caused by the growth of the bubble
le.

25 In the downstream side, 1t should be noted



novabl e nmenber 12. Thereby, it should be noted that 5

the cl earance between the stopper 14 and the novabl e
woreebers20® i s decreased with i ner, asi ng di spl apE€TEr05/001863

of the novable nmenber 12. In this state, there grows

a nmeniscus 15 (liquid 17) so as to project fromthe

ejection port 4. 10 Wth further gromh of the bubble

16, the free end 12F of the novabl e nmenber 12 engages

with the stopper 14 as shown in Figure 6C, and

f h di spl ac, h I nb 2.1

rest ; P oGty SIRval SOTSERreht GPTERE Fgaid sueply
int 15 tJd di t.i | iquid displ

v GTERB S ol 1401t SUBBT Y LrADETO8) - BAP shetween
restr It(f:IeegjassTaI%% e%dee\{rj%@f ?g%%@ag{mw‘?a%gm €3 19n&i Nihe

t he dirfection idé T1s

restri p | j I e e I

1571 LR, (bR Ong) pecesoh, bheByb! ena
Thus, 8% ShowWy-ddbdighiERe &P thbeseober CANSEHIf HhEhREvable
grow h of the bubble 16 as shown in ~ Figure 6D, and

the enrm@e©f1d hies hiddbtea d6d causiedinévesbehggaovbhadément

the meni scus 17. 25 After the foregoing boiling of the

i qui &t WDhe0R5/0752Qemb&r 012 . PGI/ dRP2805L804868hetlegrows

negative pressure inside the bubble 16 starts to

i ncr easenaamicbdurerkd otktimsid Ttohtsacesohooprohecbubbbme the

16 when the negative pressure overrides the force
ejection port 4

10 With further growth of the bubble 16, the
free end 12F of the movable member 12 engages with
the stopper 14 as shown in Figure 6C, and further
displacement of the movable member 12 is restricted.
Thereby, the displacement of the liquid in the

15 upstream direction (liquid displacement toward the
common liguid supply chamber 8) is also restricted.
Thereby, the growth of the bubble 16 in the direction
of the upstream side is also restricted, and the
dilatational energy of the bubble 16 is used for

20 further growth of the meniscus 17.

Thus, as shown in Figure 6D, there is

caused further growth of the bubble 16 as shown in
Figure 6D, and the energy of the bubble 16 caused

further growth of the meniscus 17.

25 After the foregoing boiling of the liquid,



causi ng the displacenment of the liquid in the liquid 5

fl ow passage 6 in the downward-side direction.
woswsoirted with the contraction _of the bubbl ePABJP2bR001863

novabl e nmenber 16 is displaced i’ the downward

direction, while the novabl e nenber 2 accunul at es

therein its own resilient stress of a cantil ever and

10 further the deformation stress associated with the

bending in the upward direction, and thus, there

occurs _acceleration in the dowward nove

nent of _the
oy DL LTS BT L e HOanr doWehbene BFarts to

t he 15 novabl e ne r 12, the liquid ﬁoca ed in t@ﬁ bubbl
upsthr é&rﬁreﬁ’?‘% Bt th oV %?%rﬁe%%‘zn 28f l%%ug’édh B Pubb-e
Cral1 T S adie el Y PEERAGE. LoPEEPHIES Ot Force

smal | % resista downst r eam

di rect] . ; ' S side P
e oSSR, et Sl Rl 2iquia
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chanber 8 and the |iquid flow passage 6. Thereby, the

L i qui ddgbdhe €ompmih | 41wl don syt Yoshafbehe 8biBble 16, the
directed to the flow passage 6, 25 wherein the liquid

t hus mewabliatnasheed ¢ M® dhep Wr2805h 076208ownBard
PCT/ JP2005/ 001863 1iquid passage 6 flows through the
gap f ainedcthietweerhildetlse opperbld medbéheZ nevabhelates
menber 12 now in the state defornmed in the downward
di r ectib®reim oltheown resilient stress of a cantilever and
10 further the deformation stress associated with the
bending in the upward direction, and thus, there
occurs acceleration in the downward movement of the
movable member 12.
With such a downward movement of the
15 movable member 12, the liguid located in the upstream
side of the movable member 12 is caused to rush into
the liquid flow passage 6 because of the small flow
resistance of the liquid in the downstream direction
in such a region at the upstream side of the movable
20 memberl2, which forms a low flow resistance region
between the common ligquid supply chamber 8 and the
liquid flow passage 6.
Thereby, the liquid in the common ligquid
supply chamber 8 is directed to the flow passage 6,

25 wherein the ligquid thus newly introduced into the



region at the downstream side of the heating body 10.
5 Thereby, the liquid thus supplied accel erates the
w@nrovshii2ed i on of the bubble 16, ich may be spCT/IP2005/001863

the way of annihilation. The [iquid thus introduced

into the passage 6 further fornms a flow toward the
ejection part 4 and 10 assists thereby returning of

the neniscus and inproves the refill speed. Further,

the meni scus 17 protruded fromthe ejection port 4
fornms drolet 18|nt Is step, and  the dropl et

t hus ¥ et ot i et e 59 ‘P]Jéme& between
|l e 4. Wth th head of ,
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us there remain Titt mcro bu es |

Sugh Fhdiddy, TR eby uitciletmgumpﬁwgalQﬁcgféga@éstlaﬁe
present enbodi nent achi eves stable ejection of

dr opl einni2B 4t iaddidd athd Gubiel & 01 egoikAYchi 1t1a§h1@e|| gtbel on
WD 2005/ 075200 - 3 2 - PCT/JP2005/ 001863 noted that

t he pahd wofy cavidmatilon sitidéme tinme of the bubble
anni hilation is displaced in the dowward side of the
bubbl e formati orThreediionyicdnchbechuseodficedi snto the passage
6 further forms a flow toward the ejection part 4 and
10 assists thereby returning of the meniscus and
improves the refill speed.

Further, the meniscus 17 protruded from the
ejection port 4 forms a droplet 18 in this step, and
the droplet 18 thus formed is ejected to the outside

15 of the nozzle 4.

With the liquid ejection head of the
present embodiment, the rushing of the liquid into
the flow passage 6 via the part between the movable
member 12 and the stopper part 14 increases the flow

20 velocity particularly at the side of the top plate 2,
and thus, there remain little micro bubbles in such a
part. Thereby, the liquid ejection head of the
present embodiment achieves stable ejection of the

droplet.

25 In addition to the foregoing, it should be



damages to the heating body 10 is reduced 5
substantially. At the sane tine, the probl em of
w@b@snoiszg of the heating body 10 .,0_such a regP@rIRr2805/001863
al so suppressed, and the ejection of the liquid is
stabilized significantly. Now, when the bubble 16 is
conpletely 10 annihilated, it should be noted that
the novabl e nenber 12 causes overshooting in the
downward direction with respect to the initial state

that lh?lﬁ?:;cf ST U HiG-51 he ROVERY o etbel Lgotine of the
tt 18, i.Hhin, " i od, , al Lh .
SEL L EBAa B MEAIL  Shord, 108 BeT 1A% LIOUA-.. ot

nenbe5$l%H¥Rﬁﬂyﬁﬁé”éﬁ%ﬁ%gfbﬁfréﬁfoﬁiqghg Egégu%% ?g this,

used. Thus, I ni state shown in Figure

reducgdriyeshrd tHd Mea2bnd nbéaf Py esgntgAbedi nent,

it should™e noted that the part of the flow passage

6 4 ocatipdthetiveen, t he: eflest s9he Poited 8RE phEblem of
downstream side of the bubble 16 is forned to have a

strai ghthrshiape ofrthd aidmt 50g clabdigdlOsinasgbh a region is
conmuni cation.™ It 25 should be noted that such a

const rlietd eupscasset f and\O:RO0E) FBR00 of3tBe- liquid is
PCT/ JP2005/ 001863 achi evi ng near ideal droplet

ej ect sbrbdHarzast erdigredfiggniekyrenel y stable ejection
characteristics in terms of ejection_direction

ej ection speed, Ngitr tHeen jKee bubble 16 is completely

10 annihilated, it should be noted that the movable
member 12 causes overshooting in the downward
direction with respect to the initial state as shown
in Figure 6F, wherein it should be noted that this
overshooting of the movable member 12 settles down

15 within a short time period, although the duration
depends on the rigidity of the movable member 12 or
the viscosity of the liquid that is used. Thus, the
initial state shown in Figure 6A is reduced in short
time.

20 In the present embodiment, it should be
noted that the part of the flow passage 6 located
between the ejection port 4 and the downstream side
of the bubble 16 is formed to have a straight shape
and forms so-called “straight communication.” It

25 should be noted that such a construction i1s used for



as wll be noted later, by coinciding the direction 5
of propagation of the pressure wave caused at the
Wwa pevs/or20bubbl e formation, the _dijection of theCT/AJP2005/001863
resulting liquid flow and furthér the dr opl et
ejection direction, in a straight line. As one
approach of realizing this ideal or 10 near-idea
state of droplet ejection, the present enbodi nment
uses the construction in which the ejection port 4

d the heat.i body .1 ticularl h t_of th
neat | G POGILED TGRS, THE LT Bec EFbLa | GreRgotort zed
et | K 50y SE07 AR 101 B R £7b! GURAC ST PELPEBRS Hhoterms
bubbl 8L - ' L on. ;
al T oned o e EReq ) FIsOThPE plsef s fhe 1ike,

it woul GO i bl 0 ryve: ti :
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body 1% Jrpaputsdde oftidepfé£66-OMBPEL cdused at the
provided that the flow passage 6 is not filled wth

the | iquied.c ANBUbYlRgafshrrioc 1 die, nbivebdiersenben &2, the
is also possible to construct the sane by a materia
25 ot rersultamdg hel pnied cindwai amdgf srtheonths dsopded in
WD 2005/ 075200 - 3 4 _ PCT/JP2005/ 001863 the present
enbodiefenti@uchizegtmt@ri aln naystneliglde liseals . On
the other hand, the feature of the
As one approach of realizing this ideal or
10 near-ideal state of droplet ejection, the present
embodiment uses the construction in which the
ejection port 4 and the heating body 10, particularly
the part of the heating body 10 located at the side
close to the ejection port 4 (downstream side part of
15 the heating body 10) and providing profound effect on
the bubble formation near the ejection port 4, are
aligned on a straight line. With this construction,
it would become possible to observe the heating body
10, particularly the downstream part of the heating
20 body 10, from outside of the ejection port 4,
provided that the flow passage 6 is not filled with
the liquid.
With regard to the movable member 12, it is

also possible to construct the same by a material

25 other than the one containing silicon as is used in



present enbodi nent that each of the layers 5
constituting the novabl e nenber 12 contains a common
webk@ser20pr ovi des an advant ageou ffect in thetcT/JP2005/001863

adher ence between the |ayers forfing the novabl e
menber 12 is inproved and the risk that the | ayers of
t he novabl e nenber 12 being separated from each ot her
10 during the use of the novable nenber 12 is
substantially suppressed. [ SECOND EMBODI MENT] Next, a

second .enbodi nent of, the presept .15 invention will. b
descr 1060 RATTET of SPARAL TREFT GUPE 37MAGREratn TRy incTude
shoulde elnoted that Figure 7 explains a novable

nmember” ébbording to the second enbodi nent of the

present inventiog,ipy e&@ﬁ%r hgﬁﬁerEhggf%%tE%%u%? }ﬁg

it will be noted 20 that the novabl e menber

prese i : Hast a eg: F $heUGLWee sl N
mhich@%ﬁ§¥gﬁgr§ﬁﬂ%gﬁ§ﬁa¥e%hgﬁregbﬁggeré of t#%eg,

di £f erepts Bt @F 19 Sthé ohotapMengehbe rMvaklba trBRREE common
42, contrary to the case of the novabl e nenber 12 of

t he figlsimearbogiaeindies 28ni adwhhehgebuee elfdgers ih2ahat
12b and 12c¢ of two WD 2005/075200 - 3 5 -
PCT/ J R0 00d863etdeéh et bat lagkesi dlosmang tam matvedle
(layers 12a and 12c are forned of a first materi al
and t merbeyerla2bsi smpfoveddant dheeedmd whedr itdle) layers of
Thus, the novabl e nmenber 42 is fornmed of

the movable member 12 being separated from each other

10 during the use of the movable member 12 is

substantially suppressed.

[SECOND EMBODIMENT]
Next, a second embodiment of the present
15 invention will be described with reference to Figure
7, wherein it should be noted that Figure 7 explains
a movalbble member 42 according to the second
embodiment of the present invention in detail.
Referring to Figure 7, it will be noted
20 that the movable member 42 of the present embodiment
has a three-layer structure in which there are
laminated three layers of three, different materials
for forming the movable member 42, contrary to the
case of the movable member 12 of the first embodiment,

25 in which three layers 12a, 12b and 12c¢c of two



5 consecutive lam nation of the first |ayer 42a, the
second | ayer 42b and the third [ayer 42c fromthe
W@ e@es/otf20¢ he devi ce substrate 1, erei n t hesePET/JE005/001863
through third |layers 42a - 42c are Tormed of
respective, different materials. Further, it should 10
be noted that the end part of the second |ayer 42b at
a free end 42B of the novabl e nenber 42 is covered
with the third | ayer 42c that constitutes the surface

I f_th I 42, Further, th bl e
onber A TR I R SoRF | KRBl LphC 1 heodBbRcb2agand 120
o ol Esn A e e A oS R PRt b2 15

f ’ whi |l e the novabl e
ﬁenngf%&%ogdcg%rﬁgdé@%fdﬁﬁ%%]g#%% of three | ayers of
three different‘ﬁHﬁéﬁ“@HéQ$§v?$f§ hERSe £NE> 0f SOBE 1oy of

| ayer is covered by another |ayer that constitutes

the swdreedana! 1fmidde; spvabl enderbest 42avbP Bhherhe
words, the novable nenber 42 is fornmed of |am nation

of threge®d Mner |mersndfthdreeirdi fd@Eeni2c from the
materi als, wherein the 25 edge surface thereof at the
free endd tdter etbwiddr WDHROO5LO7520her8i® these first
PCT/ JP2005/ 001863 the first layer of the three | ayers

cl osesthnaygtheghidelilesysubst2ate 42amcev fhrmbe of
uppernost layer (third layer in the current exanple).

I n t hiteseasd 1o difee rribaratpdridks. Further, it should
10 be noted that the end part of the second layer 42b at

a free end 42B of the movable member 42 is covered
with the third layer 42c that constitutes the surface
layer of the movable member 42. Further, the movable
member 42 has fixed end 42H fixed upon the device

15 substrate 1 and the free end 42F that can cause free
displacement, wherein the free end 42F is defined by
a free-end edge surface 42G.

Thus, while the movable member 42 is formed

of lamination of three layers of three different

20 materials, the free end of one layer is covered by
another layer that constitutes the surface layer of
the movable member 42. In other words, the movable
member 42 is formed of lamination of three or more
layers of three, different materials, wherein the

25 edge surface thereof at the free end is covered with



5 materials contacting with the liquid is reduced, and
the degree of freedom of choosing the |iquid

W@ 0up0%i200 on or the degree of fr %dom of choosPayJr20e€5/001863
mat erial constituting the Iayér§ of the novabl e

menber is increased. 10 Further, because the edge

surface at the free end part of the novable nenber is
covered with the two, different materials, and thus,
unwanted formation of sawtooth structure at such an

edge surface at the tine of etchig&aprocess used for

15 f obrengiere et ddtfe Wirdackrars Hel Q3 e<_ cthe
nore or less. [TH RD ENBO?%gENRbb xt, a third
embod#HEAE oS UoRE s dntB D M Mvent Fo RRFFIPRE layer

d i bed with ref to Fi 8 in it
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oy aby £ 004% 132 L1 heh P esentq erbodi B8La, and

has a consfruction [ 075200 - 37 -
PCT/ JPZQ0L00L863 £ i MU Gh 4 MchSYS1 1Sy Ollfhé“ f{great

materials are lamnated to forma five-Iayer
st ructémpositusn tdie iy al gre@nber £ bdedsm f OFf nEldodying the

lam nating a first layer 52a, a second |ayer 52b, a 5
t hi r dndayen a32comstficurting ayes Bgeandof thé tihovalyke
member 1s increased.

10 Further, because the edge surface at the
free end part of the movable member is covered with
the two, different materials, and thus, unwanted
formation of sawtooth structure at such an edge
surface at the time of etching process used for

15 forming the free-end edge surface can be suppressed

more or less.

[THIRD EMBODIMENT]
Next, a third embodiment of the present
20 invention will be described with reference to Figure
8, wherein it should be noted that Figure 8 is a
cross-sectional diagram explaining a movable member
52 according to the third embodiment.
It should be noted that the movable body 52

25 used with the present embodiment has a construction



52e consecutively on the device substrate 1, wherein
the first layer 52a, the third |ayer 52c and the

wo pdosh7d2eer 52e are formed of tgﬁ same mat er i BCT/IP2005/001863
whi l e the second | ayer 52b and tHe Tourth | ayer 52d 10
are fornmed of the sane material different fromthe
material formng the |ayers 52a, 52c and 52e. Thereby,
it should be noted that the respective edge surfaces
of the second | ayer 52b and the fourth |layer 52d at

the f d_52B y_the fifth | 52e 15

hat 1S HRIGH0 DR orf AL EbTRERl FRORELALS ate

forgojng first, | 52a. Further, thi bl

ranbot 585 TS ] YRF il 52111 %68 UBbRUCHE" Bevi ce
bstrate 1 and g f in the f

S2F i < defi ned BT AT CHRCRHY 1 HeE 85700 TR RS, PY

const { ugling sthe myvahle rspy, LagLpahhon.0b 48y, a
i : e J

or nore layers of two or materi a ana coveri ng

the edge sunfAgrs. ofod hey f@ﬂf@ﬁelgféPeSZEtaﬁaeaffﬁﬁth layer

end of the novabl e nenber by one t he foregoi ng

| ayer §2fe0rd’8'rf%c§litﬁ£@lﬁhtwﬂ?etfhe 25t ayer sapseeduted, f 4¥RBYein
the | ayer closest to the device WO 2005/075200 - 3 8 -

PCT/ JPRRQOFiM:kBaFH yeaibst 4 atehe theraubbgerob2thend the
materials contacting wth the liquid is reduced, and
t he dégrfed dfayfareedmmand Seieedi of the kamei daberihg,
degree of freedomof selecting the materials used for
t he |wpérse Shoomadand i gyehedapvabiiethenberrsh Lgyer 52d

i ncr eased.
10 are formed of the same material different from the

material forming the layers 52a, 52c and 52e. Thereby,
it should be noted that the respective edge surfaces
of the second layer 52b and the fourth layer 52d at
the free end 52B are covered by the fifth layer 52e

15 that is an odd number layer as counted from the
forgoing first layer 52a. Further, this movable
member 52 has a fixed end 52H fixed upon the device
substrate 1 and a free end 52F, wherein the free end
52F is defined by a flat edge surface 52G.

20 Thus, by constructing the movable member by
lamination of two or more layers of two or more
materials and covering the edge surface of the
movable member at the free end of the movable member
by one of the foregoing layers forming an odd number

25 layer as counted from the layer closest to the device



Further, with the novabl e nenber of such a
construction, in which the edge surface thereof at
wa b@soree end part is fornmed by an etching proP€BE$R2005/001863
appear ance of sawt ooth struct ar €%af” such an edge 10
surface as a result of the etching is prevented, and
t he probl em such as cracking or chipping of the
sawmt ooth part is elimnated with such a novabl e
menber even when mechani cal shock is applied thereto

as a result of formation or annihilation of_bubbles. .
15 TherERErated pridis etey £F dtrematesiaedi gpntacting

ol SN IR SLIR e oo
of pr i I ST ot e eharthy ReregspRl Friliay o
br esert LS oai o i 1o kb e oS ERET BB ce o
Figur goﬁﬁ@w%ﬁg%@?ﬁ%mézw%g whthetbeq,

[iqui e] ect present enbodinent 1n a

cross WO 2005/ 073284, RCT/#R20084 001863012 BE8mber of such a

sectional view Referring to Figure 9, the novable
menbercordAAas ¢h StiTUGERH ¢h Stié | @lgé ostihabcef thBeeof at

nmovabl e nenber 42 explained with reference to Figure

7 excepie free end part is formed by an etching process,
appearance of sawtooth structure at such an edge

10 surface as a result of the etching is prevented, and
the problem such as cracking or chipping of the
sawtooth part is eliminated with such a movable
member even when mechanical shock is applied thereto
as a result of formation or annihilation of bubbles.

15 Thereby, the problem of variation of ejection
characteristics between different channels or the
fragments causing clogging in the ejection port or
liquid flow passages are eliminated, and degradation
of printing quality can be prevented successfully.

20
[FOURTH EMBODIMENT]

Next, a fourth embodiment of the present

invention will be described with reference to Figure
9 showing a movable member 422 used with the liquid

25 ejection head of the present embodiment in a cross-



5 that the novable nmenber 42A is now fornmed of
| am nation of four layers of three, different
woraioeniabe. Thereby, it should be noted that aPE¢Dur2é5/001863
|l ayer 42d is fornmed of the same3farerial as the first
| ayer 42a. 10 Thus, the novabl e nenber 42A is forned
on the device substrate 1 as a result of l[am nation
of the first |ayer 42a, the second | ayer 42b, the
third layer 42c and the fourth |ayer 42d, wherein the
first through third layers 42a - 42c are forned of 15
respegefieonailf vds@nt materials. Thereby, the edge
surfaces of the second and third layers 42b and 42c

at the foregoi n§efeed & Y2 B 1t he’ movia® | ROVRRbR (member
the | A38rTEhaP SRS e Aty fact ol Thet NovasTeRle
movAbF e 27 JFHR TS et ol Bt TAET ofC of TEFge ! except
cdye SRFabd IR i G LR S S e S

25 co s ARper r t WO
2005 L5uEHaLh 1° SRReTiisS e iR éy@ffgg%ﬁ@

count gdrEroamthe thidvadn ), aved 425uLTh0se€shotod thet a fourth
devi ce substrate 1) . I'n this case, too, the nunber of

the mayeri absi gensidrined nef ties | sames smibetigause the first
cont act
layer 42a.

10 Thus, the movable member 42A is formed on
the device substrate 1 as a result of lamination of
the first layer 42a, the second layer 42b, the third
layer 42c and the fourth layer 42d, wherein the first
through third layers 42a - 42c are formed of

15 respective, different materials. Thereby, the edge
surfaces of the second and third layers 42b and 42c
at the foregoing free end 42B of the movable member
42 are covered with the fourth layer 42d, which is
the layer that constitutes the surface of the movable

20 member 42A.

Thus, with the present embodiment, the
movable member 42A is formed of lamination of three
or more layers of three different materials, and the

edge surface 42F thereof at the free end part 42G is

25 covered with the uppermost layer 42d (the fourth



5withthe liquid is reduced, and the degree of

freedomin choosing the material of the liquid or the
waelegsees200f freedomin choosing the material PCT/JP2005/001863

constituting the novable nmenbefOan be increased.

Furt her, because the first layer 42a and 10 the

uppernost | ayer 42d are fornmed of the sane materi al

with the novabl e nenber 42A of the present

enbodi nent, there occurs no such a problemthat the

edge surface 42G of the novabl e nenber_ 42A at the

free tANSA2RS FOMVESEG dledn £18 7S brl 3wk odtd Shapest to

15 even when end surface 42G of the novabl e nenber 42A

i s foFREd WY ige éﬂ@ﬁqﬁfﬁﬁwﬂﬁess as such an etching

f 42 d the |
process for etching,the Laver 420 and UG aver- 42
gzri OpIRLELf o £0 AUt %@% el yege Ay Lhecloge ehfaot

?Ckhgghpkhe Eﬁ%ﬁgggﬁjaH%%ﬁFﬁgyabéﬁ n@@@e% ggééaéftbfeedom

free en part re 1s cause

mechanical 3hack @rsepdad.edwidh El@é”ﬁ@idﬁ@ﬂd%r the degree
anni hi lation of "bubble, 25 and the problens such as

var i abirOF rQfe RINE Gl AhIMR ZOPH KT 3R0eridl constituting the
PCT/ JP2005/ 001863 characteristics between different

channabsabl e hembweadat B agmerdssedi pped of f from

t he novabl e nenber 42A causing clogging in the

dropl et ej ecti orfportter, lrcalee |ithyei Oifsowlprssagads and

6. Thus, the probl em of

10 the uppermost layer 42d are formed of the same
material with the movable member 42A of the present
embodiment,-there occurs no such a problem that the
edge surface 42G of the movable member 42A at the
free end 42F thereof takes a zigzag or sawtooth shape

15 even when end surface 42G of the movable member 42A
is formed by an etching process, as such an etching
process for etching the layer 42a and the layer 42d
in fact etches only one material.

Because there occurs no formation of

20 sawtooth structure at the free end part of the
movable member 42A, there occurs no cracking or
chipping in the movable member 42A at the free end
part 42F even when there is caused a mechanical shock

associated with formation or annihilation of bubble,

25 and the problems such as variation of ejection



5 degradation of printing quality is successfully

elimnated. Further, in the case of lamnating three
w@roosqooi2eo | ayers with three or_ e_mat eri al s, PCT/JR2905/001863
. possible to use a construction in which the fist 10

| ayer closest to the device substrate 1 and the
“uppernost |layer are forned of different material s,

simlarly to the case of the second enbodi nment

expl ai ned before. 15 [FI FTH EVMBODI MENT] Next, a liquid

ot cooTAFRGERT N il P ok B Sth i AT o o

| vERE O ' e, Whel e H g

nead 00T nEHEERES OAPRRE 6 mead oft Thetd o paegember
cad. 70 Wil read of the” bre

o oV e TEREAT B CCR T O S T iRy Pt

accunytated H@ﬁf&nf@bwc%lé%is%@ésnid.i alnudendidpidbPem of
direction away fromthe heating body 10. 25 Thereby,

t he naygbheaesbhes £63riistfiegmeaaafi ti0 12000 IS200: 11 #

2 - PCT/JP2005/ 001863 |am nation of first through

thirdelayernst&2a - 62c of respective, different

materi als, wherein the edge surface of the second

| ayer 62b at thBustderef imhéhef rmseemt 6moiatirg three or

nmovabl e menber 62 is covered with 5 the third |ayer

62c. more layers with three or more materials, it is
possible to use a construction in which the fist

10 layer closest to the device substrate 1 and the
uppermost layer are formed of different materials,
similarly to the case of the second embodiment

explained before.

15 [FIFTH EMBODIMENT]

Next, a liquid ejection head according to a
fifth embodiment of the present invention will be
described, wherein Figure 5 is a cross-sectional
diagram of the liguid ejection head.

20 With the liquid ejection head of the
present embodiment, it should be noted that there is
provided a movable member 62 in which an internal
stress is accumulated therein by causing initial
bending in a direction away from the heating body 10.

25 Thereby, the movable member 62 is formed of



For exanple, the first layer 62a is fornmed of silicon
oxi de, the second |layer 62b is forned of a

weologs7izocon filmand the third Igygr 62c i s fRCTHER0at001863
a silicon nitride film Here, it<should be noted that
lo the first layer 62a and the second | ayer 62b
accunul ate therein a conpressive stress, while the
third | ayer 62c accunul ates therein a tensile stress.
Ther eby, the novabl e nenber 62, fornmed of |am nation

f the f [ t.h | 6 - 62¢, d

15 boldrRREThPT REEar FEat, SR W (7 HETEAR | el bod?e ©F
10 in_the initial state th ' '

' WAFERSECTIYEA SH 6IA 0T TG novall o enbeh o Soce
fixed he-deyi . ghd

G2F ORRRETES 5 KA SPcdarng Tied and BaH T o oG OF £
dlSplg?QQ éﬂdt@9FUBWa%%éﬁﬂ6¥%ﬂﬂélméﬂBéh 62 1S covered with

possible to provide an initia internal stress to the

nmoyablgeneRbey B3yeuchkdhat the novable nenber 62 is
bent in the direction anay fromthe heating body 10

in the initial gsbatexehdike Zharidalde Yeyder6s2, idyformed
providing a tensile filmW 2005/075200 - 4 3 -

PCT/ J820851 064863 xideq urneatdaupricherayer a62lenss | formed of a
stress (third layer 62c of SiNin the present case)

at t hposydelbtonhdilmowals &heeriieird2layey $2onishgormed of
heating nmenber 10. In this case, it is preferable

that eheiiieenendteirepffign-hdlatmmblle sheped B2 peted that

contacted wth the staopper
10 the first layer é)a and the second layer 62b

accumulate therein a compressive stress, while the
third layer 62c accumulates therein a tensile stress.
Thereby, the movable member 62, formed of lamination
of the foregoing three layers 62a - 62c, undergoes a

15 bending in the direction away from the heating body
10 in the initial state thereof as shown in Figure 9,
in which a fixed end 62H of the movable member 62 is
fixed upon the device substrate 1 and the free end
62F opposite to he foregoing fixed end 62H is

20 displaced in the upward direction.

Thus, it is possible to provide an initial
internal stress to the movable member 62 such that
the movable member 62 is bent in the direction away
from the heating body 10 in the initial state of the

25 movable member 62, by providing a tensile film



14 as shown in Figure 10. Hereinafter, droplet

ej ection operation of the liquid ejection head w |
wheoodesent bed with reference to,Figures 11A -PA/FR20050001863

Referring to Figure 11A showing'ihe initial state of

the liquid ejection head, which is the state before

energy such as electric energy is supplied to the

heati ng body 10, it can be seen the novabl e nenber 62

is deflected as a result of the initial 15 bendi ng

h th f, d 62 kes . i
%t‘épp%?géaﬁ RS PRt Re s Pop P Hipdhe i, iherd fayes
P et "sfep O Fgure
her coReart &7 Br bt Fop BFeR Bumbren o part o1t ek 20

l'i qui iJii bubbl I ' Welg™s
resul?og%ﬁ%%i Fﬁg%gf%?hg%ﬁﬁgggghtgﬁgid E§ﬂ¥ﬁ2§ﬁ%%??%glo' n

of the,hgating, bedy ;L0 Eranabye ith=had heHoted 62F of

that, because of the initial bending of the novable
neyTberh 82mbPabe mBeepward idi Ieeiiited helth OEigdlr Stopper
little WD 2005/ 075200 _ 4 4 - PCT/JP2005/ 001863

di spl agegenshbint he mivahlee Iifenber 62 with the

dil atational force of the bubble 16. Further, there

occurs little nieesemnaidlrnt haddpjuitd éJeaticonpsperanion of
direction (direction toward the common |iquid chanber

5 8) theviegudt edectacn tisad currufic a8 pr Heddeehth

reference to Figures 11A - 11F.

10 Referring to Figure 11A showing the initial
state of the liquid ejection head, which is the state
before energy such as electric energy is supplied to
the heating body 10, it can be seen the movable
member 62 is deflected as a result of the initial

15 bending such that the free end 62F makes a contact
with the stopper 14.

Next, in the step of Figure 11B, the
heating body 10 is energized with electric power, and
there starts formation of a bubble in a part of the

20 liquid £illing the bubble formation region, as a
result of boiling of the liquid caused by the heating
of the heating body 10.

Thereby, it should be noted that, because
of the initial bending of the movable member 62 in

25 the upward direction, there occurs little



fl ow passages 6 defined by conpartnment walls 3 and

the common |iquid chanber 8 in the upstreamside is
w@bk@sets2y t he novabl e nenber 62, , Now, when t hBCEJR2905/001863
caused further growh of 10 the bubble 16 as shown in
Figure 11C, the part of the novable nmenber 62 not
restricted by the stopper 14 undergoes deformation in
the upward direction, and the novabl e nenber 62 takes

a convex shape bulging in the upward reaction. 15

F h h fOE
fEHh fophBarhat TR Chan bRk Bt e A S
this

s Ly e ot Metﬁee?%f% T ooty Fyp there

20 ThSESQEEeilt@£e$H9ManﬂthQuE%elﬁg qdheré ﬁﬁénﬁﬁ%tream

an increase Int negati ve i nt ernal pressure of t'h

bubbl g; 18.8f 8" (4DLebOl binng Rfarhe Hd Wanghdis 10¥e1d chamber
and the negatlve pressure of the bubble 16 eventually

over r gfesnt heepoyenend ok cithe HaitoWothniuh 25  hen | beftirsen

fl ow passage 6 in the downstreamdirection. WO

2005/ @76%20Pass4gbs - 6 PEF £ R200 Y0 @baGs rthiesrtebya 1 14he? eand
is started contraction of the bubble 16. Wth the

cont r abei onmobnt hegbudbtbai®en e imdveb | wsiendar sde is
undergoes a di splacenent in the 5 downward direction,
wher echoskéd hwvabeenpeabde gember 62

Now, when there is caused further growth of

10 the bubble 16 as shown in Figure 11C, the part of the
movable member 62 not restricted by the stopper 14
undergoes deformation in the upward direction, and
the movable member 62 takes a convex shape bulging in
the upward reaction.

15 Further, in the step of Figure 11D, there
occurs further growth of the bubble 16, and
associated with this, there occurs the growth of the
meniscus as a result of the dilatational energy of
the bubble 16.

20 Thereafter, as shown in Figure 11E, there
occurs an increase in the negative internal pressure
of the bubble 16 after the boiling of the liquid is
over, and the negative pressure of the bubble 16
eventually overrides the movement of the liquid in

25 the liquid flow passage 6 in the downstream direction.



being a cantilever held upon the device substrate 1

at the fixed end 62H thereof, accel erates the speed
wohooshes2pmvenent in the dovvnvvard gl recti on, WhRCHEIRR005/001863

this downward novement of the nbvabl e nember 62 is 10

further accelerated by the resilient stress

accunul ated therein in the state in which it is

bul ged in the upward direction in the state of Figure

1D. After the bubble 16 is conpletely 15 anni hil ated

as shown in Figure 11E, he nmovabl er 62 ret

to a SEAFEP¥roS5BeTE tReSi ﬁlrtteﬁ cq %ftagze%fr?d" Ché tne Bibble
neni sggs 17 is. separated fromthe Iliquid inside the

i qui flowpassage6intheform of liquid dropl et

18, and with thm ht tg_?el 'c%‘ﬁ'tq: gJOQJf?t kﬁ@tﬁ}% e 16, the

separated is ej ec 6 the out

Thefe}a%fvawé H@fﬁﬁ@!ce 6FETREle eté“és dlrseﬁwé&ﬁéﬂ@ methe

initial state continues Its dowward novenent in the

ste£p Qbwhla¥heditEcanent Nehe rRGGU IS 2 MM Shadhiner | 62,
t he novenent of the novabl e nenber 62. WD 2005/ 075200

- 4 6peiRGTAIR20051CILES68 e 1TV atsh ey g Cotlbs tiiese 1
for the duration determned by the rigidity of the

novabhe aeabEdx62, enth@&2d $tesidof ,ofaddeldrajiesl, tloe speed
the like, wherein the overshooting is settle down in
shor t ofi hbepepivedenand ns thie dawrtweaadd stiatdanery, stlageein
of Figure 11A is resuned.
this downward movement of the movable member 62 is
10 further accelerated by the resilient stress
accumulated therein in the state in which it is
bulged in the upward direction in the state of Figure
1D.
After the bubble 16 is completely
15 annihilated as shown in Figure 11E, the movable
member 62 returns to a state close to the initial
state and the meniscus 17 is separated from the
liquid inside the liquid flow passage 6 in the form
of ‘1liquid droplet 18, and with this, the liquid
20 droplet 18 thus separated 1s ejected to the outside
of the head.
Thereby, the movable member 62 thus
returned to the initial state continues its downward

movement in the step of Figure 11F and there occurs

25 overshooting in the movement of the movable member 62.



This ejection operation of the liquid ejection head
is fundanentally identical with that explained with

Wo efosoeszee to the first enbodiment, except theCT/#ee05/001863
liquid fl ow passage 6 is closed by 10 the novabl e
menber 62 and the stopper 14 in the initial state
before the driving energy such as the electric energy
is provided to the heating body 10. Thus, with such a
construction, the entire dilatational energy of the
bubbl e caused th the 15 dil atation t he buhble in
r espolsS t OV H O Gi SR T OHIGE £RE %&gt gﬁ&#&&? 10
with the electri.c nergy.. ks tr L bt th
i qui Feinfltd e cthe ek ﬁ?;g?‘ gﬁg’é’%‘ L6n ReTbps, 62
hi gh i Cj -' i : . st he _eject i of .
1 aui e Shrar i) P Rt e o et (e dndy aoin the
ej ect L. 00, snbhei hd bk ds &} s | @8wRead ahoihe tRrRS8Mriod, and
enbodi nent can Teduce the power consunption, while
this {gadsnial §0 sLathenslegreaseofothealgugeneriat i0f resumed.
for the heating body 10, and it becones possible to
suppress 25 therhespetattden rope reftithe olfi gied 1iquid
ej ecti on head WD 2005/ 075200 - 4 7 - PCT/JP2005/001863
caused] byt iionesessaty headamentdfdiyebygenddiosilngricth that
the liquid ejection head with high frequency becones
possi &kelaanddi vibecoatesrpossi boe the dorsttr getoggiment,
liquid ejection head array in_which a |arge nunber of
5 |i gekeerf eERabntheabsdai@ BEPHNFESSATEN thilgh Tearsed oy

10 the movable member 62 and the stopper 14 in the

initial state before the driving energy such as the

electric energy is provided to the heating body 10.
Thus, with such a construction, the entire

dilatational energy of the bubble caused with the

15 dilatation of the bubble in response to the
energization of the heating body 10 with the electric
energy, is transmitted to the liquid in the direction
of the liquid ejection, and a high efficiency is
achieved for the ejectionn of the liguid droplet.

20 In view of the high efficiency of ejection,
the liquid ejection head of the present embodiment
can reduce the power consumption, while this leads
also to the decrease of heat generation for the
heating body 10, and it ecomes possible to suppress

25 the temperature rise of the liquid ejection head



for sinultaneous driving. By using such high-density

liquid ejection head array, it beconmes possible to

WO e00s0pRdE er ns on a nedi um at veyy hi gh speed. P¢EIR005/101863
is not always necessary to conbine 10 a |ayer of

conpressive stress and a | ayer of tensile stress for

providing a preset deflection to the novable nenber

in the upward direction away fromthe heating body.

For exanple, it is possible to provide the desired

initial deflection or bendi % %o t he 15 vabl e menber £
62 byCANPRY B PONRCCONDF Hat Po 8P - SrIRdenya IHyerd ©

h t nbi j [, . of
such 86! ISaGPFILILE 00 Oheblie i byl S ey pecomes

Conpr?é§§¥?l§trgﬁé’iEhﬁeﬁgﬁggn%eE%ﬁbqgaFﬂi(%&ﬁgﬁrué% a

weak tensiTe stress or zero stress an ayer 20 of

strong; Lengi 3Sne 80 athe i1ke whieh the dmyabl@nn £
nenbe?lgg?ai%f?gﬁégss?%le ato ggé, Wﬁlédditigﬁg¥o t he =t °

meg er jahgiaf e PebE{6h| h688s Birk! adehngeid iWtiadh A gle @ddlsity
pol ysilicon nentioned before, durable materials
i ncl udbrgsamiet aheOtis Mt alyidy . alBlyoyissiuch sascisiligh~density

ni ckel, gold, iron, titanium W) 2005/075200 _ 4 8 -

PCT/ JP2605408]18681ical headumrrplyat iinuinedcardalppgsible to
stainl ess steel, phosphor bronze, or the like, a

resi nfhawi pgthernst onl @ geddprs @th vas vadrhdloriresed e,
but adi ene, styrene, or the like, a resin having an ,
am de group 5 sBeheasipolpamiode 2laavssiNeIR{ANEY at© combine
car boxyl group ) ,

10 a layer of compressive stress and a layer of tensile
stress for providing a preset deflection to the
movable member in the upward direction away from the
heating body. For example, it is possible to provide
the desired initial deflection or bending to the

15 movable member 62 by using various combination of
stressed layers such as the combination of the layer
of strong compressive stress and the layer of weak or
zero compressive stress, the combination of the layer
of weak tensile stress or zero stress and the layer

20 of strong tensile stress, and the like.

For the movable member 62, it is possible
to use, in addition to the materials of SiN (silicon
nitride), silicon oxide and polysilicon mentioned

before, durable materials including a metal or metal

25 alloy such as silver, nickel, gold, iron, titanium,



such as pol ycarbonate, a resin having an al dehyde

group such as polyacetal, a resin having a sul fone
w@e@sp7reuch as pol ysul fone, or_ oj ber resi ns suptT/a@2005/001863
liquid crystal polymers or their conpounds. Further,

10 for the novable nenber 62, it is possible to use

i nk- resistant coatings of ink-resistant material such
as a nmetal or alloy of gold, tungsten, tantal um

ni ckel, stainless steel or titanium a resin having

an am de .group_such _as polyanm.de, a_.resinn havin n

o donyaeniBEgr DpTHETR iR AL PR P R T R $ER TG o
Eet.oﬂéhogéﬁgg gHSHzé‘S pg! ¥ﬁéh§rik%lt,h%r. WGy A58 N
avi an 1mde grolp such as pol'yimde, aTteln

havi ngi@ri*ﬂxdgefsugeséeﬁhaesaem%'ﬂict 188 NPt 4 @Bl ,
havi ng an ethy roup such as pol yethylene, a resin
havi ng: 8P=28, abkytngr e4ResUSh ras iROINERFARY | &0 amBde group
resin having an epoxy group such as an €poxy resin,  a
resi nshaeMi 89 pLAMNGeYr QUPeB8HEN haS/ i dTR] &l MoxJESGFoup
a resin having a nethylol group such as a xylene

resi nguéh &bepblgoapbundse, 26 WOsARDFHBAGRDan Al &hyde
PCT/ JP2005/ 001863 [ SI XTH EMBODI MENT] Next, a liquid

ej ect gpnubeadchcesrdohgatetal ,siaxtdesdnbddivieny afsyuhione
present invention will be described with reference to
Fi gurerdep @hehepd PPgMpulbone,i ©ra ahheys-rawinonsych as
di agram expl aining_the_liquid

liguid crystal polymers or their compounds. Further,
10 for the movable member 62, it is possible to use ink-
resistant coatings of ink-resistant material such as
a metal or alloy of gold, tungsten, tantalum, nickel,
stainless steel or titanium, a resin having an amide
group such as polyamide, a resin having an aldehyde
15 group such as polyacetal, a resin having a ketone
group such as polyether ether ketone, a resin having
an imide group such as polyimide, a rein having a
hydroxide such as phenolic resin, a resin having an
ethyl group such as polyethylene, a resin having an
20 alkyl group such as polypropylene, a resin having an
epoxy group such as an epoxy resin,
a resin having an amino group such as a melamine
resin, a resin having a methylol group such as a

xylene resin, or their compounds.

25



ej ection head of the present enbodi nent. Heretofore,
expl anation has been made with regard to the liquid
wep@spram head of the edge shogter_type, whi | BCT/IR2005/001863

present enbodi nent deals with to the liquid ejection

head of the side shooter type. Referring to Figure

12, the liquid ejection head of the present

enbodi ment is formed by providing a nozzle plate 72

over the device substrate 1 via a conpartnent wal

nenbegsfﬁgﬁ %%ﬁaﬁﬁﬁﬁﬁ ) defining 15 the liquid flow

passages should be noted that there are

formed a pluralhggtof syfghléléwggtg QM@@%éﬁégﬁ%fﬁlng to a

each conmuni cati ng Wiha correspon |ng

ej ectéQiatﬂ%ﬁbédmgﬁ@do@ntﬁ@epﬁ@ééh% eh%%t&%n whereide
each of the flow passages 6 20 is forned between the

devi cgesUPSHEAL Rithapdréhencaozd| eiphate 127 ankdsin Figure
acconpanied with a pair of [|arge-volunme comon |iquid

suppl y2 chanbeesoB8s-sestilonaht diggwiath etxdpd afilndw passadel quid
6 fromboth |ateral directions, wherein the liquid

suppl g7@5ttbanberd 8f atlke fpreaventl sobioetivesrt .t he

devi ce WO 2005/075200 - 5 0 - PCT/JP2005/001863

substrate 1 andHehetaber¢e prmtanaZionubegedeqrharade with
are provided two novable nenbers 12 respectlvely in

corr espeadente thet heduh® ctoFRPRY P& ofughs edge

gzﬁgﬁgégpggzygggézg%ﬁgigPYO%I%Pgsentw%¥% dlmegg)éegf% with
10 the liquid ejection head of the side shooter type.
Referring to Figure 12, the liquid ejection

head of the present embodiment is formed by providing
a nozzle plate 72 over the device substrate 1 via a
compartment wall member (not illustrated) defining

15 the liguid flow passages 6, wherein it should be
noted that there are formed a plurality of such
liquid flow passages 6 each communicating with a
corresponding droplet ejection port 4 formed on the
nozzle plate 72, wherein each of the flow passages 6

20 1is formed between the device substrate 1 and the
nozzle plate 72 and is accompanied with a pair of
large-volume common ligquid supply chambers 8
communicating with the flow passage 6 from both
lateral directions, wherein the liquid supply

25 chambers 8 are formed also between the device



supply chanber 8, in which the novable nenber 12 is

provided, to the liquid fl ow passage 6. Thereby, the
worewareomenber 12 is provided_sugh_that the fPeBIJENG/001863

12F thereof is located in the Iiquid fl ow passage 6,

10 in which the heating body 10 is provided, and hence

at the side of the droplet ejection port 4, while the

other end 12H is fixed upon the device substrate 1.

Ther eby, each of the novable nenbers 12 forns a

cant i Leyer g0t fle,davige SubSLiALe ki the gap 13

meen her eby e nenber 12 is

held in the Sta%ﬁrEE@E tgﬁ 5%? AR JNere dSvabie

novabl e freely in the Opmar wnwar d di recti ons.
Fur t heempkhe @QZ%EgF@E€E9ei%'ﬁ%feafﬁggﬂ%ﬂ&bﬁég5to the two

stopper part 14 that restricCts further upward

novenehmeh theuiavabbplyeebempbds o0 i itHdd adach of the
state (stationary state), the novable nenber 12 takes

a st amevaylenfiengergeneeatlehdgarfaldrelt i tdoninen devdneed
substrate 1 with the gap 13 forned therebetween, such

t hat shepfiyeehabhbend8]l2Enoiwhildr rheallceralelbereni®er s12 is
| ocated in the WD 2005/ 075200 - 51 - PCT/JP2005/001863
regi oprofrithd, hsat thg Bodyito fgrovindstkage the Yesgeey, the
substrate 1 in such a manner that the tip end part of

the f@rEgbilagmerberend ioFPrevddashigurhhithak §hentree end
the center of the heatln body 10 in the |rect|on of

5 t he 1¢6mvBRTEPuIE %866 8-5i g ehi kP A ssage 6,

10 in which the heating body 10 is provided, and hence
at the side of the droplet ejection port 4, while the
other end 12H is fixed upon the device substrate 1.
Thereby, each of the movable members 12 forms a
cantilever on the device substrate 1 with the gap 13

15 formed between. Thereby, the movable member 12 is
held in the state that the free end 12F thereof is
movable freely in the upward and downward directions.
Further, the nozzle plate 72 is formed with the
stopper part 14 that restricts further upward

20 movement of the movable member 12.

In the initial state (stationary state),
the movable member 12 takes a state extending
generally parallel with the device substrate 1 with
the gap 13 formed therebetween, such that the free

25 end 12F of the movable member 12 is located in the



majority of the novable nmenber 12 is provided.

Further, the stopper part 14 is provided on the | ower
waembareoof the nozzle plate 72.3s_a unitary BOOYP2005/001863

separate body and restricts thé further 10 upward

novenent of the free end 12F of the novable nenber 12

by engaging with the foregoing free end 12F of the

novabl e menber 12 in the event the novable nenber 12

is noved in the upward direction. O herw se, the

ion of the Iiguid i ection. |
3?2;2%%‘5%%2 et s ey ol 8B ER o8 il aevice
oy 1 RS L oL ERER & Pt Tt ERETTAR rew BRTC of

t he S@ﬁgngo%§§ﬁfgﬁef?éétQﬂdeﬂ@pdi@ﬁ£1§gﬁ%@ Fﬁg%et from

before. 2 Iquid ejection head o

preseptc egbodl FESE  thi ﬁ@@yiﬁg%@ftﬁd thatheovalltion of
menbers 12 at both lateral sides of the flow passage

6 undergoesmAbspl agetensupblh thembebble 116 wharth tdier e
occurs grow h of the nmeniscus 17 of the liquid 25 at

t he epgtdbrbbypofttde MEr2ODS/OFH2E0 t252s- provided.

PCT/ JP2005/ 001863 Thus, by applying the present

i nvention to thButtlyeird thecstoppéeapact tlHde isi geovided on
shooter type, it 1is also possible to achieve the ,
advantageooget eaeufese of Eh@ regel e Bilecei df Bead gmitary

t he edge shooter tyEe 5 expl ai ned before.
body or separate body and restricts the further

10 upward movement of the free end 12F of the movable
member 12 by engaging with the foregoing free end 12F
of the movable member 12 in the event the movable
member 12 is moved in the upward direction.

Otherwise, the construction of the ligquid

15 ejection head of the present embodiment is similar to
those of the head explained with reference to the
first embodiment, while it is also possible to use
the construction of the second through fourth
embodiments explained before.

20 With the liguid ejection head of the
present embodiment, it should be noted that movable
members 12 at both lateral sides of the flow passage
6 undergoes displacement with the bubble 16, and
there occurs growth of the meniscus 17 of the liguid

25 at the ejection port 4.



Next, an exanple of the liquid cartridge of the

present invention will be described with reference to
wWOo-e@anegs209, wherein it should_b% oted that PPQUIR005001863

shows a liquid cartridge 80 of the 10 present

invention in a schematic perspective view. It should

be noted that the liquid cartridge 80 includes a

liquid ejection head 81 having an ejection port 84

formed by any of the enbodi nents noted before and a

suppl i od o the Fau D SrebiTah ResaPBroert dhseriise ©
not ed, fhaf ; i L QUi fon SROLA! DET £68N B! SRlRictNedpe, it

with |qu after t iquid therein has béen

consuped, ég%t oEE?biéq@bda@@iéﬁédﬁﬁeSdeE%%é@@GJKJﬁ@étures
the liquid ejection head of any of the enbodinents of

the ppesept LD¥ENHI ONectioREEOABS 008 BEDLEHO sHRA)ieze type
aliquid cartridge in which clogging of the ejection

port 84plsinedusedoand is capable of performng high-

speed ejection with driving by using high-frequency.

25 Next, the indgetfoam egamppar afushef ltilgmiWDcartridge of
2005/ 075200 _ 5 3 - PCT/JP2005/ 001863 present

i nventhenprhaenbsésveheidn qui bl epectdesn ribsd “@ﬁﬂhny

of the precedi ng enbodi nents will be described wth

ref er SAEBTEBCFI §ar BSguEeahdl, 16heRRéReit FRGIHE! bﬁiq?$ed

a di agram expl aining the overall construct on t.he
inage%FéFnFﬁguéﬁpéﬁaFUQWESa WhilFe IFCgae gﬁ) i

10 present invention in a schematic perspective view.
It should be noted that the liquid
cartridge 80 includes a ligquid ejection head 81
having an ejection port 84 formed by any of the
embodiments noted before and a liquid container 82
15 holding the liguid to be supplied to the liquid
ejection head 81. It should be noted that this liquid
container can be replenished with a fresh liquid
after the liguid therein has been consumed.
With the liquid cartridge 80 thus having
20 the liguid ejection head of any of the embodiments of
the present invention, it becomes possible to realize
a liguid cartridge in which clogging of the ejection
port 84 is reduced and is capable of performing high-
speed ejection with driving by using high-frequency.

25 Next, the image forming apparatus of the



a plan view di agram explaining a part of the inmage

form ng apparatus of Figure 15. Referring to Figure
wdazqospheod mage formng apparatys has the conseCUER20@001863

of holding a carriage 10 103 by a gui de nenber

including a guide rod 101 bridgi ng across the side

plates at the left side and right side and a

cooperating stay bolt 102, such that the carriage 103

is nmovable in the main scanning direction (Figure

16), wherein the carriage J103_i dy i ven qin.t Al

soannPREPa T bR TS by: S n o4 ate it 8T BGFHIT Bead

tim ngfbgrll%hé9‘5th¥mf3f@cééin%o&ﬂgoéfﬁ%ﬂgs a,.R4h! 8% H&riped

driven by main - scanning notor 1 and anot her

pul | ewi%g%f%eﬁ@él S Sak{ hages 193, atfef €, | §raRuntedridure

20 recording head 107 forned of four liquid ejection

heads;9fithe ®1£seah éi’ﬁyl@@lhi)ﬂg respesveyel ¥ ejor@itifgtion
the ink droplets of yellow (Y), cyan (C), magenta (M
ang bbacknéBkpagahes entng heppaaatds ej Betwian lkeadsyaree 16 is
mounted on the carriage such that the respective 25
ej ect koplpnrtsearéidyrant explainiegdeovwpaatdodi rdet iiomge
WO 2005/ 075200 - 5 4 - PCT/JP2005/ 001863 and the
respetbiméngj appavatpores Bieuadi ghed in the
direction' crossing the main scanniﬂg di rection.

4

Further, the caRefeyeingsteaFrgeset herebpe dimgeadierming

108 for supglying the ink of respective 5 colors to |
t he r 8BEBRERRYS haad 19 CoORRFENRtLaRhOBf NphEing a carriage

10 103 by a guide member including a guide rod 101
bridging across the side plates at the left side and
right side and a cooperating stay bolt 102, such that
the carriage 103 is movable in the main scanning
direction (Figure 16), wherein the carriage 103 is

15 driven in the main scanning direction by a main
scanning motor 104 via a timing belt 105, which is
wound around a pulley 106a driven by the main
scanning motor 104 and another pulley 106b.

On this carriage 103, there is mounted a

20 recording head 107 formed of four liguid ejection
heads of the present invention respectively ejecting
the ink droplets of yellow (YY), cyan (C), magenta (M)
and black (Bk), wherein the ligquid ejection heads are
mounted on the carriage such that the respective

25 ejection ports are directed in the downward direction



sub tanks 108 is supplied with the ink fromthe
corresponding main tank (ink cartridge) via an ink
wo e@diomgod ube not il lustrated._ course, it iBCT/JP2005/001863

possible to use a liquid cartridge of integrated heat

10 type. Further, there is provided a sheet feed part
such as a sheet feed cassette 110 for feeding sheets

112 stacked on a pressure plate 111, wherein the

sheet feed part includes a feed roller 113 of 15

SO SEEUME SSESREITE bRt oLn BB L0 B 808Rl 4 ene

the sheet ™s and a

separ a&ir%%tag% Qo2 gqgagert&l@' @ ! QEgﬁn&éigCt&ig&r%‘? on.

coef fi'cient di spose as to oppose t fee
113, wherein th%u%%?%fsxé}t ko padrildel $our@ed-Av@rhereon

20 the feed roller Further, in order to transport

the sheet tahk2 s fad sipmithg Sheet nieet pasdpdddive

such that the sheet 112 i S passed under the recording

head 7 orst her €hies refcovidded AebBanspor wald i pasdch of the
including a 25 transportation belt 121 sucking the

sheet sfubr tahéat 1WB 2G0H@PE260 wibhbSthe ink from the

PCT/ JP2005/ 001863 transportation, a counter roller

122 f correapopdiniongqainhéaghedtnkegafrtardidse shisetan ink
feed part via a guide 115 so that the sheet is

t r anspeecaad irubse nettatid liustraftieeh PhecoRade i stthel ®

bet ween the _counter roller 5 122 and the i

t r ans POEEALIEN the S 21 L1guidafegsridoroR £ integrated heat

10 type.

Further, there is provided a sheet feed
part such as a sheet feed cassette 110 for feeding
sheets 112 stacked on a pressure plate 111, wherein
the sheet feed part includes a feed roller 113 of

15 semi-circular cross section for separating a sheet
112 one by one from the sheet stack for feeding and a
separation pad of a material of large friction
coefficient disposed so as to oppose the feed roller
113, wherein the separation pad 114 is urged toward

20 the feed roller 113.

Further, in order to transport the sheet
112 thus fed from the sheet feed part 110 such that
the sheet 112 is passed under the recording head 107,
there is provided a transportation part including a

25 transportation belt 121 sucking the sheet for sheet



guide 123 that deflects the direction of the sheet

112 fed generally perpendicularly in the upward
waleoosorizon with the angl e of a_bou;;t5 90 degr ees, PGUIEIR005/001863

that the sheet 112 follows the transportation belt 10

121, and a pressure roller 125 held by the urging

menber 124 for urging the sheet 112 to follow the

transportation belt 121. Further, there is provided a

charging roller 126 for charging the surface of the

transpordAld Qe Relt, 1%1'coé§tﬁ%loﬂfef% STF&? ‘E‘géeﬁ?porting

that the ransport ation I'S "an ‘endl ess

and  spannegdretueen @t rtmse%réﬁifgb& %APE v @G, e

tension roller 128. By rotating e transportation

rol | erl 1R &dyha s #hes aRRENG sMBLYN b @ fh tiME NG 20 in
belt 132 and a timng roller 133, the transportation

bel t 12l drs theyveticett tilzehkaekdt baaRsROHi i@unter roller
direction (sub-scanning direction, Figure 16) This

t r ansd@ andohieelttrab2poctepiioseded t I f ace toyesp@deation
of pure resin having the thickness 25 of about 40/ 1m

not subjicst d&3t shessdsttarcs scohter diraM@ 20059 D7F2H0sheet

5 6 - PCT/JP2005/001863 such as the |ayer of pure

ETFE (tlPadesnprerand yareprerdiapdrqlisntior et ateward

resi stagnce | .ayer  or ground | ayer) forned of the sane

mat er 4 4% 1PRe "GP 288 aPgyer CF1abnnt %0 dagrreed 3ech
LSEL?%@%%ﬁE%%PE%%%th1§ ?ggig%sF%&EP%SQE?ﬁ%E%é?ELn belt

10 121, and a pressure roller 125 held by the urging
member 124 for urging the sheet 112 to follow the
transportation belt 121. Further, there is provided a
charging roller 126 for charging the surface of the
transportation belt 121.

15 Here, it should be noted that the
transportation belt 121 is an endless belt and
spanned between a transportation roller 127 and a
tension roller 128. By rotating the transportation
roller 127 by a sub-scanning motor 131 via a timing

20 belt 132 and a timing roller 133, the transportation
belt 121 is moved in the belt transportation
direction (sub-scanning direction, Figure 16).

This transportation belt 121 comprises a
surface layer 2la of pure resin having the thickness

25 of about 40um not subjected to resistance control,



foregoi ng surface |layer 2la, wherein the foregoing
surface |ayer 2la is used as the sucking | ayer of
waeb@enrs2burt her, the charging raojd er 126 i s 10Pdi/siroesm1863

so as to make a contact with the surface of the
transportation belt 121 and so as to be driven wth

the novenent of the transportation belt 21, wherein
there is applied a urging pressure of about 2.5N at

each end of the rotational axis thereof. On 15 the

o e R L AEBOREoL 98 Eobber it grouded

and functi ons also t roundi hg r, érein

the tEaeﬁpg%gag;ggnfel;}n@ai%gé pekestancont agk r ‘Mgcte:'g[round

the forego ayer of the transportation

121. 2Q0,A%)t Berhear ol dBcO0kakBenktansnOr sat LoR Reldface
21, there iIs disposed a guide nenber 136 in

correspoadencs batt he kUBYecteansbercsegtancef ddigrol by
recordi ng head 107, wherein it should be noted that

thi s gdaddaegneabeonl8behasoi badt ppostidédcengea) edid ng

25 in the direction of the recording head 107 across a
WO 2066£6356200 subfacePCiaydP2006/ 00h868int Bhgerfidragoing
line of the two rollers (transportation roller 12,7

and tBerfansi davesl Rép is8ysspanni Ahet Recking layer of
transportation belt 121. Wth this, the transportation
belt $2%efs pushed up by the top 5 surface of the

ui de menber 136 in rr nden
g Furthgg, %ggocggrggngoroller 126 1is

10 disposed so as to make a contact with the surface of
the transportation belt 121 and so as to be driven
with the movement of the transportation belt 21,
wherein there is applied a urging pressure of about
2.5N at each end of the rotational axis thereof. On

15 the other hand, the transportation roller 127 is
grounded and functions also as the grounding roller,
wherein the transportation roller 121 makes a contact
with the foregoing back layer of the transportation
belt 121.

20 At the rear side of the transportation belt
21, there is disposed a guide member 136 in
correspondence to the image transfer region of the
recording head 107, wherein it should be noted that
this guide member 136 has its top surface projecting

25 in the direction of the recording head 107 across a



the transfer region of the recording head 107 as it

i s guided over the guide nenber 136. Further,. in
Wa@e@si7200 di scharge the sheet _1d2 recorded w PEIT/II005/001863

recordi ng head 107, the image 10 form ng apparatus is

provided with a separation part for separating the

sheet 112 fromthe transportation belt 121, sheet

di scharge rollers 142 and 143, and a tray 144 for

col l ecting the discharged sheets 112. Further, there

ey b?g% %%%QEQ §1ﬂ%t%%hﬁﬁéetw%SrgﬁﬁéggalEyé(%fgf%gklon

uni t at t rear side of image formn

appar ai,us h0n shwangi ded eeakdhngo11whereig) Istpa%{}%gi the
be noted that this optional sheet feed unit,

t akes typnkspersheebnl b 1oved  backnbyhikhe trrféver se
rotation of the transportation belt 121 20 and

suppl ieanishersameocagdien tbebtwees thehedurieiby rold edop

122 and the transportation belt 121 after turning

over . sWittfhcehefi rhge oiddeatenbeappdbatns cofrreisgdondence to
construction, the sheet 112 is separated fromthe 25
sheet theed rpasttesneeciyconef wher segordénshéstad IX T ebs it
WO 2005/ 075200 - 5 8 - PCT/JP2005/ 001863 in the

gener &S| guiprar @verr &E0Fi 6H1AS gambed W3th the guide
menber 115 and is transpqQrted in the state he

bet ween the traRSpéieari o BEPLT1SP Qﬁéqﬁ%§Qﬁnﬁﬂ%HSheet

5" qui 04 EERIPRE ke paFt SPFOR §0PABSPss e tifie image
10 forming apparatus is provided with a separation part
for separating the sheet 112 from the transportation
belt 121, sheet discharge rollers 142 and 143, and a
tray 144 for collecting the discharged sheets 112.
Further, there may be provided a detachable
15 optional sheet feed unit 151 at the rear side of the
image forming apparatus for two-sided recording,
wherein it should be noted that this optional sheet
feed unit 151 takes up the sheet 112 moved back by
the reverse rotation of the transportation belt 121
20 and supplies the same again between the counter
roller 122 and the transportation belt 121 after
turning over.
With the image formation apparatus of such
a construction, the sheet 112 is separated from the

25 sheet feed part one by one, wherein the sheet 112 fed



sheet is urged to the transportation belt 121 with

the pressure roller 125. Thereby, the transportation
walemepntizen i s changed by about. %@ degrees. | n P¢ii/gp2005/001863

state, there is applied an 10 alternately changi ng

vol t age changi ng between a plus voltage and a m nus

voltage to the charging roller 126 froma high

vol tage source under control of a control circuit not

illustrated, and the transportation belt 121 is

char i1 h t | y. ing: ch ' :

gfg @h%tggﬁe%%%§§ ?%HQ%& i F@0PL NG 8&9&&9\N1th the

vol t age pa ros an alternately’repeati ng

band-%hkgepﬂé%§éf Pis prgdpter hﬁ bt dhhihnctfesate held

sub- sCanni ng rection 1n which the, transportation

bel t d2dybencinel edaBypbeedtpgnthersheet 1dd oRe sehrnter
20 transportation belt 121 charged alternately 1n plus

and ni-pusert he2 sheettdd?, i shel ecprosiaphedl by the sheet is
attracted to the transportation belt 121 and is
transgotted whthhehsubrsnaporvgtionegtida WBhatdiethe
circulating notion of the transportation belt 121. 25

Thus, shyetr ivi nggéefiet o ethe di ngnpadtd O7oMOo20051 DI52G0h

- 59 - PCT/JP2005/ 001863 with an inmage signal while

nmovi nghehpreasuragecidsr lZecofdengby of thaetrpneppgtation
achi eved on the sheet 112 in the stationary state of

the sAéEection aftehapppd bviaRoehed? #89FREAsport ed

wth a predetern ned, anount 5 for the recordi f th
next |iﬁe. In this state, there Es appigeggag the

10 alternately changing voltage changing between a plus
voltage and a minus voltage to the charging xroller
126 from a high voltage source under control of a
control circuit not illustrated, and the
transportation belt 121 is charged with an

15 alternately changing charging voltage patterm that
forms an alternately repeating band-like pattern of
predetermined width in the sub-scanning direction in
which the transportation belt 121 is circled.

By feeding the sheet 112 on such a

20 transportation belt 121 charged alternately in plus
and minus, the sheet 112 is electrostatically
attracted to the transportation belt 121 and is
transported in the sub~scanning direction with the
circulating motion of the transportation belt 121.

25 Thus, by driving the recording head 107



Upon reception of a record end signal or a signa
indicating that the rear edge of the sheet has

W0 eashestot he recordi ng region, _tRRg Lnmage recorBETIgP2005/001863
apparatus term nates the recordi ng operation and 10
di scharges the sheet 112 to the tray 144. Because the
i mage formng apparatus is equipped with the liquid
ej ection head of the present invention, there occurs
little i mage degradati on caused by clogging of the

i qui dy8i1eClh oS tgs AEh Iond e %%rfﬁf HRPS k£ 03,
achi eve high qualltygkrlntlng Furt éﬁgunﬁgge %

the | nkesdhedig oPRSiAt] Ol fO4 ar&%zel-\%/édlgaﬁ hen€l 986LRY112 in
(mai ntenance operation of the head) can be reduced,

and t hehe constigidon Sfattdieot itHE GHesed educedatrter this,
Further, 20 because it is possible to perform

hi gh- ftrl“&'qwé‘[m@/t ig§ ectamepotthed iwtage o entyditngrmined amount
apparatus of the present invention can achieve high

speed iy rliengrecndinglestrilp inmxthdsirizeen made with
regard to image fornmation apparatus in which the

liquid 25 ej ect itPThezRCeRtiedas aredand jastdhedgnal or a
t he present. WO 2005/ 075200 - 60 - PCT/JP2005/ 001863

i nventigfals WA HhEhathithed 1ee s fdes shethei sheet has
appl|cat| Thus, for the nedi.um on which attachnent
i G S TR SRR (IR - $EOTaEnT

5 Va“éﬂﬁ é%gﬁé rﬂ¥%§¥ éggjfgg§¥&inéﬂ§§gfgglg§egnd

10 discharges the sheet 112 to the tray 144.

Because the image forming apparatus is
equipped with the liquid ejection head of the present
invention, there occurs little image degradation
caused by clogging of the liquid ejection port, and

15 it becomes possible to achieve high quality printing.

Further, the number of the ink suction
operation for resolving the clogging (maintenance
operation of the head) can be reduced, and the
consumption of the liquid is reduced. Further,

20 because it is possible to perform high—fregquency
ejection, the image recording apparatus of the
present invention can achieve high speed printing.

While description has been made with regard
to image formation apparatus in which the liquid

25 ejection heat is used as an ink-jet head, the present



for exanple for conpact disks or ornanent plates,

cloths, netals such as al um num or copper, |eathers
weamk/ozRocowhi de, pig |eather orggriificial | eBChar2005/001863
woods i ncluding ply woods, banboos, ceram cs such as

10 tiles, three-dinensional structures such as a

sponge, or the like. Thereby, the liquid ejection
apparatus includes various printers recording on

vari ous papers or OHP sheets, a plastic recording

appar gty »A3 JrfqQf ?%/nglooﬁe@m@l 35111 SRLeS 's%lchSUaChs cffic
magnet i c I sk, a net recordi ng apparatus recordi ng

on a pefialcliale, |eather recording apparatus

recording on a |eather, wood recordi ng appar at us

recording on a mMRg, foel &feCmedeem GnNghaRpParAtitichment of
recording on 20 ceramc materials, recording apparatus

recor diirgieh samcH hrseanti rensiadeal itetiworlosstinled WeE use
such as sponges, and a textile printing apparatus

r egor diamg.cors &icldst kvt Pageely, OHre shiegiisd pdedstiidd used
these liquid ejection apparatuses is selected

accor dioxg eenie Dnmedinpactn dilsikeh crhernesendi nylatses,
to be made or the WO 2005/075200 - 61 -

PCT/ JP2O0500 1863 1 5 sE6hdRAg aé@ﬁ]emmb@rumpm leathers
recordi ng. Next, .gnot her exanple of the inm

f or matSi éﬁbé?ﬁ?ﬁékbfpﬂﬁe LepelEst rn@%ﬁﬂﬁ&?%ﬁ%nleather'
"l USSR i eLast L en Aepaabs of LI Esenle, o

10 tiles, three-dimensional structures such as a sponge,
or the like.

Thereby, the liquid ejection apparatus
includes wvarious printers recording on various papers
or OHP sheets, a plastic recording apparatus

15 recording on a plastic material such as a magnetic
disk, a metal recording apparatus recording on a
metal plate, leather recording apparatus recording on
a leather, wood recording apparatus recording on a
wood, ceramics recording apparatus recording on

20 ceramic materials, recording apparatus recording on a
three-dimensional network structure such as sponges,
and a textile printing apparatus recording on a cloth.

Thereby, the liquid used with these liquid
ejection apparatuses is selected according to the

25 medium on which the recording is to be made or the



17 showi ng a schematic perspective view of the
apparatus. Referring to Figure 17, the inage recording

w@appanz2es i s equi pped with ful lli_ne heads 18RgT/JP280A3001863
10 181c and 181k for the liquids of the respective
colors, wherein each of the full-Iine heads includes

plural ejection ports disposed in the entire width of
the recordabl e region of the medium 180. It should be
noted that the full-line heads 15 181y, 181m 181c

and 181k,a56, di cgﬁ%djl%g ides f%gonrﬁg@&@{r& n path of

the recording’ ne provi y an €l ectrostatic

transportation fglt, %tﬁ@@%&?ﬁn{%’ﬁé WeEN B image
transportation roller 182 and a ‘tension roller 183 so

as t or6FMASSidMeagANSNOS teH | e 20r P BnEEraciireviest
si mul taneous recording on the entire width of the

recor gabl ed¢eotion Digquie dpdition 180paVitils safchttee present
full-line imge formng apparatus, there tends to

arsi seiaveniobdrenyiivhere 25xpErired nglon sefdiengmper Digure
ordi nary paper, in that WO 2005/075200 - 62 -

PCT/ JP200560D1863 schmnaeborpkngpedietre makeys &f cdm act

with the head because of the w nkle caused by
swel | #PRRBRtEHe paper, which in turn is caused by
penetration of the ink. Such wi nkling of the sheet

can be suppr essRRIEBNEIRY P 5F GRS vi §cosht yriade strgprding

that ggggéggééofsOéq&fgpégkwith full-line heads 181y, 181m,

10 18lc and 181k for the liquids of the respective
colors, wherein each of the full-line heads includes
plural ejection ports disposed in the entire width of
the recordable region of the medium 180.

It should be noted that the full-line heads

15 181y, 181m, 18lc and 181k are disposed on the
transportation path of the recording medium 180
provided by an electrostatic transportation belt 184
spanned between a transportation roller 182 and a
tension roller 183 so as to cross the transportation

20 path, and achieves simultaneous recording on the
entire width of the recordable region of the medium
180.

With such a full-line image forming
apparatus, there tends to arise a problem, when

25 recording on a thin paper or ordinary paper, in that



into the paper is suppressed. Further, wth the full-
line image form ng apparatus, in which the printing
w0 g0080fm2eved i n one, single sca I S necessBCTJR2005/001863

use a head in which nozzles angathe fl ow passages are

10 arranged with high density for the recording head.

Wth the liquid ejection head of the present

invention, it becones possible to arrange the flow
passages in hi gh density and at the sanme tine use a

hi gh ¥h &5¥Q;H§tsﬁgg§ mb sspae§8ﬁ£aeHVQ9£hoehé5hb§d

partlcu rve in the ful I ne recording

head BécEHEE !;fn@n&mﬁnﬁ@@aa%gédugyngwémhna b¥l kne paper,
ring recording head. In a full-line imge fofm ng

appar gh¥gholn thﬁﬁ'ﬂsebéﬁbé@nbﬁpﬁéﬁétﬁétlbﬁebﬁ aRPeank.
a remarkable 20 streak when there is caused a

cl oggkEnehi RipREiNG bHetBpeehked pantlse whppeessel by using

remar kabl e streak causes severe degradation of inage

qual i hyghWi hcobhetusénif suthethagupeneiegtion bfadhef ink

the present invention, the problem of clogging of the

ej ect iohopbhe pspres hLeschppdesand-t Ferdegradaifbntbe full-

i mages with the WD 2005/ 075200 - 63 -

PCT/ JP20651 0898680 rihngeapprEakysy sinedbitel. thrRepebpting

remar kabl e i nprovenent of  inage quallt¥ s attailned.

Fur t h&p, aﬁﬁﬂﬁv?ﬁelPuPPeklﬁénE Besﬁﬁﬁaré usS NECPEPGEY to

amount of ipk is conﬁ ng a sugt glogeration

o mmdaer Br FFadotBr Mg rnEoerogs: G0 Bje Tob passdes are

10 arranged with high density for the recording head.

With the liguid ejection head of the

present invention, it becomes possible to arrange the
flow passages in high density and at the same time
use a high viscosity ink. Thus, the present invention

15 is particularly effective in the full-line recording
head or full-line-type apparatus using such a full
ring recording head.

In a full-line image forming apparatus or

liquid ejection apparatus, there appears a remarkable

20 streak when there is caused a clogging in one of the
ejection ports, while such remarkable streak causes
severe degradation of image quality. With the use of
the liquid ejection head of the present invention,

the problem of clogging of the ejection port is

25 resolved, and the degradation of images with the



using the liquid ejection head of the present

invention, there is achieved significant inprovenent
We@r@s/0t3206 probl em of wai st of_igk._Further, bRCHIEE05/001863

the full-line head of the present invention can be 1o

driven with high frequency, a faster printing can be

achi eved. Further, the present invention is by no

nmeans limted to the enbodi nents descri bed heretofore,

but various variations and nodifications may be nade

15 w rting f S t [ f7i.0N.
| NDUS KE RERERSLE %%ﬁk%%;ard?% &y gfyt' hggfr{a%%‘g’ te

ej ecti;qn Deathedfc JehemBHEeS aﬁtayi@geafsl QRtaliRahi ch the
novabl e"nmenber 1s 20 constructed by |lam nating three

or nore layers sughnthat wtike ftheeredde1aheat iRASHpARtUs,
| ayer thereof is covered by another |ayer, the nunber

of the matefd am®untorSt Lhitt By cohe uhayedepont atidtign
with the liquid is reduced, and the degree of freedom

of 5 chogesirag itdne 125 maidguifd rorettogedegoueehefl dlioeedom.oBy
choosi ng the WD 2005/ 075200 - 64 - PCT/JP2005/ 001863

mat er juslinfoorthtehd Liawigbled ewsiber hiead odr saseremanther,
according to the liquid ejection head of the present

i nventingientienwhitéle rehé smaeaBied cdmerbadl filsagdnsfpyerament
by lam nating three _or nore 5 |ayers of at |east two,

di f f eCFRE FRLSY PAHCRLICBUCH VERST Phe fikee FoddeSdur PEEEUSE

of att%%a%%nyifn%y%%aBSOf the present invention can be
10 driven with high frequency, a faster printing can be
achieved.
Further, the present invention is by no
means limited to the embodiments described heretofore,
but various variations and modifications may be made

15 without departing from the scope of the invention.

INDUSTRIAL APPLICABILITY

According to the liquid ejection head of
the present invention, in which the movable member is
20 constructed by laminating three or more layers such
that the free edge of at least one layer thereof is
covered by another layer, the number of the materials
constituting the léyers contacting with the liguid is
reduced, and the degree of freedom of choosing the

25 ligquid or the degree of freedom of choosing the



covered with the layer constituting the surface of
t he novabl e nenber, the nunber of the materials

weowsoi2mi i ng the |ayers that oakg a contact wWCTIIR20€5/001863

10 liquid is reduced, and the degree of freedom of
choosing the liquid, or the degree of freedom of
choosing the | ayer constituting the novable nenber is
i ncreased. According to the liquid ejection head of 15
the present invention, in which the novable nenber is

f or medyfe @ nads Qi‘h@fméx)’%l%r B ayer %&feaié/\@d

different materials and in which the free edge

thereof is covermg-tMdd) thadanely e the addl ection
as counted fromthe layer |ocated closest to the

devi cerestbsif aftes ddwsantrherveaftitdye Ml &HidhS the movable
constituting the |layer that nakes a contact with the

| i qui chambaredusc ethnsenoidites] dggriesniofatfimeeddmeef or more
choosing the liquid or the degree of freedom of
chbosilmyanie diaydr leaedt itwet,i o fifleeemiy alalte rienter  $1sch
25 increased. WO 2005/075200 - 65 PCT/ JP2005/ 001863
Accor diffg tiha Herag e guedidas dfead dfeasive opreeskryer is
i nvention, in which the novable nenber is fornmed of

| ani n&HV@ﬁFe&f vy &h%@é/qray@ﬁéstéftl%t\wg tiief Pariace of

naterl | s and.i.n h the_novable nenber 5 has a f]l at
surfadi afnqvﬁ@lﬁ’ é‘?“&&&e t é%‘fnbetrhg t|h§ Te&SReR ho
SaMIO%kg E&E %e fgiééf%hég’ a %ontact with the

10 liquid is reduced, and the degree of freedom of
choosing the liquid, or the degree of freedom of
choosing the layer constituting the movable member is
increased.

According to the liquid ejection head of

15 the present invention, in which the movable member is
formed of lamination of two or more layers of two,
different materials and in which the free edge
thereof is covered with the layer of the odd number
as counted from the layer located closest to the

20 device substrate, the number of the materials
constituting the layer that makes a contact with the
liguid is reduced, and the degree of freedom of
choosing the liquid or the degree of freedom of
choosing the layer constituting the movable member is

25 increased.



novabl e menber in the thickness direction thereof,

and thus, the problemof formation of cracks in such
wa2mshzzbe menber is successfull gselim nated. ACEIRAY5/001863

10 the problenms such as instability of ejecting

characteristics between the channels or clogging of

the ejection port or liquid passage by the fragments

are elimnated, and degradation of print quality is

successfully avoi ded. 15 According to the liquid

ej ection head ofhccbh@liPleeNtc RN oL enLg o

novabl e menber is providded with an | exur

the sitle epRresnte inkentthenheateknikhe 1dHd &} 'k?.!'@lmember is
energy associated wth the gromh of the buﬁ% es 1Is

transriddred edl ekbyid@tiidnt bE kwelicdt el iyers of two,

direction, and the efficiency of ejection is

i npr oved fetearteptetrtialpowed inomhiapt it iovasis efember

and the increase of the head tenperature is avoided.

Aczor diasg at & lany st feke kitquhe Caetr edipes tIRErddfuithere is
i njection apparatus or inmage form ng apparatus WO

2005/ 6P5269 noggawtpeth)pLO0St0ge868 Lhe ﬂﬁeatﬁﬁge of the
resent invention, the foregoing advantageous effects

gre aFﬁW@gé& §§mﬁeFe§BIFhéf%FH€%G§éSO@%%%Fﬁ#OHtﬁhﬁreof,

liquid_e ecti eads t he present i nvention noted
bef or GPEhEFEEn CBSRHPPRLEN BELGRATAGLS Bife CACKS in such

nanUfQCEBQEBQe member is successfully eliminated. Thereby

10 the problems such as instability of ejecting
characteristics between the channels or clogging of
the ejection port or liquid passage by the fragments
are eliminated, and degradation of print quality is
successfully avoided.

15 According to the ligquid ejection head of
the present invention, in which the movable member is
provided with an initial flexure in the side opposite
to the heater, the dilatational energy associated
with the growth of the bubbles is transmitted solely

20 in the liquid ejection direction, and the efficiency
of ejection is improved. Thereby, the power
consumption is reduced, and the increase of the head
temperature is avoided.

According to any of the liquid cartridge,

25 liquid injection apparatus or image forming apparatus



met hod of the liquid ejection head of the present
invention, in which there is fornmed, at the tine of

wo awszding pl ural |ayers constiggiting the novedi/gp2005/001863
menber consecutively, a part in which two or nore 10 *w):>
| ayers of the sane material are directly contacted, -~
and in which the foregoing part where the two or nore '/
| ayers of the sane material are directly contacted is
etched, it becones possible to manufacture the liquid
ej ect L Ag e; AL i N t] | a. si-qpl
5 B OEasas N 2005, D300 b7 e SPR00%, To1B6s S0uS
CLAI NStdects| badi 8cRi 866408shgadesGRRPEESERE: us@8Nof any of
ej ection port for ejecting a liquid; 5 a flow passage
commuphsal i §giwi éhecBi&n BEEEEI 6F PREtHrésdLYi LRvention
substrate provided wwth a heating body for formng a
bubbl gotadshttdotéquhdréihled in said flow passage;
and 10 a novabl e nenber provided on said device
substrate in a Btatkesuchctbhatingf tosthemathéaeburing
fi xed upon said device substrate and a free end at an
opposheeheddodf thai digpidbeeeaphperheadi af athe gergsent
novabl e state, said novabl e nenber being provided so
15 asipverhiensaid H]éé?hnéh%@yl§u§ﬁﬂfl%<gt 2heflej §ime of

forned a, gap, bet ween saj d novabl e mber and said
laminating pluraf iayers consg§tut£ng the movable

member consecutively, a part in which two or more

10 layers of the same material are directly contacted,
and in which the foregoing part where the two or more
layers of the same material are directly contacted is
etched, it becomes possible to manufacture the liguid
ejecting head of the present invention with a simple

15 process.



devi ce substrate, said novable nmenber causing a
di spl acenent upon ejection of said liquid from said
wep@soram port as a result of a pressure causerChyP2BE/001863
formati on of said bubble, wherein said novabl e nenber
Is constructed by lam nation of three or nore |ayers,
an edge surface of at |east one |ayer of said novable
menber being covered, at said free end, by another
| ayer of 25 said three or nore |ayers. WO 2005/ 075200
- 68 - PCT/JP2005/ 001863 2. Ihenld quid ejection head
as clained in claim1, wherein said edge surface of
sai d novable nenber at said free end forns a flat
surface. 5 3. The liquid ejection head as clained in

claim1, wherein said;gayabkecARNBAr hBAS, aBohirtisahg:
bending in a direction opposite to said ﬁeatlng body.

10 4. A liquid gheeteenibaagoreonpti &ij8gLtingnacjleeiiion
port for ejecting a liquid; a flow passage

cogmuni cat i ng wat lsai gasepget commponitatandevwiitd said
substrate provided with a heating 15 body for formng

a bubbliectmosapdrkirquid filled in said fl ow passage;

and a novabl e nmenber provi ded on said device _
substrate in a stde¥isgchubrarahefProvidad vh&hesf hegting

body for forming a bubble in said liquid filled in
said flow passage; and

10 a movable member provided on said device
substrate in a state such that a first end thereof is
fixed upon said device substrate and a free end at an
opposite end of said movable member is in a freely
movable state, said movable member being provided so

15 as to face said heating body such that there is
formed a gap between said movable member and said
device substrate, said movable member causing a
displacement upon ejection of said liquid from said
ejection port as a result of a pressure caused by

20 formation of said bubble,

wherein said movable member is constructed

by lamination of three or more layers, an edge
surface of at least one layer of said movable member
being covered, at said free end, by another layer of

25 said three or more layers.



fixed upon said device substrate and a free end at an

20 opposite end of said novable nenber is in a freely
worpwabteost at e, said novable me r_bei ng pr ovPOBEIP29E5/001863

as to face said heating body such that there is

fornmed a gap between said novabl e nmenber and said

devi ce substrate, said novabl e nenber causing a 25

di spl acenment upon ejection of said liquid fromsaid WO

2005/ 075200 - 6 9 _ PCT/JP2005/001863 ejection port

as a result of a pressure caused by formation of said

bubbl e, sai d novabl e nenber conprising | am nation of

at |east three bayers f ghye, c§bbtebaNheAR! 85 8hSimed in
an edge surface of at Ieast one | ayer of said novable

menbeg)penng, Cowekedn ahigakdgbr 88reénde bY QaHQYﬁbvable
form ng an ot er nost | ayer of said novable nenber. 5.

The | hatibedrepeckign liead aadckaifredai A1ie ehaifacd.
wherei n said edge surface of said novable nenber at

sasd free end forns a flat surface. 6. The liquid

ej ection head as clained in claim4, wherein said
nmovabl e nenber BasThe iLaptiidl ejé6tbhendhrgdi Asaclaimed in
direction opposite to said heating bod 7. Aliquid

ej ect Féaimead, vberpinseagd mamabjlechp epohﬁSféﬂ 1n1tlal
ejectlng aliquid; a flow passage comruni cating W

sai d P2odépgciionr ﬂéF?CtéOHeQPE@SéEBsFPa?élﬂrB@?Eé&g body .
with a heating

10 4. A liquid ejection head, comprising:
an ejection port for ejecting a liquid;
a flow passage communicating with said
ejection port;
a device substrate provided with a heating
15 body for forming a bubble in said ligquid filled in
said flow passage; and
a movable member provided on said device
substrate in a state such that a first end thereof is
fixed upon said device substrate and a free end at an
20 opposite end of said movable member i1s in a freely
movable state, said movable member being provided so
as to face said heating body such that there is
formed a gap between said movable member and said
device substrate, said movable member causing a

25 displacement upon ejection of said liquid from said



body for formng a bubble in said liquid filled in
said fl ow passage; and a novabl e nenber provi ded on
W@ 2006/0T200 ce 25 substrate in a_sg%t(_e such t hat PEI/ir2063001863
end thereof is WO 2005/075200 - _
PCT/ JP2005/ 001863 fi xed upon said device substrate
and a free end at an opposite end of said novable
menber is in a freely novable state, said novabl e
menber being provided so as to face said heating body

such LA LRer @t S ar 1Rd. 8 03 BELIRAN SAI ¢TRLAPLS

menber an sal evi ce s strate, e me

cau5|@%ﬁ?aﬂio%pb%c%gggfkﬂﬁ@ﬁeejectlon of said liquid

from sai ejection port as a result of a pressure

caused by for matiien nRfva3aid n@%@re,colq@;ﬁ%%gm\é%%%mon
nmenber conprising lamnation of two or norelayers of

two, diff fer arlasttteHed Sayesa dd amio)aldiardReltudiarerdals,
first llayer closest to said device substrate, an edge

susf ace eidgeaistinfavablod memien dieiong dewerredf aaisamdvable

free end, a 15 layer of an odd nunber order as

count egnfoeambsding  cloiviested, aypdr sad.d Thred iequ,d bej ectliager

head as claimed in claim?7, wherein said edge surface

of saif®rrevablae 2Cemasdr layegaiod foeddl @my egber.

flat surface. 9. The liquid ejection head as cl ai ned

in claim?7, wherein said novabl e nenber has an

it al

Initia 5. The liquid ejection head as claimed in
10 claim 4, wherein said edge surface of said movable

member at said free end forms a flat surface.

6. The liquid ejection head as claimed in
claim 4, wherein said movable member has an initial

15 bending in a direction opposite to said heating body.

7. A liguid ejection head, comprising:

an ejection pért for ejecting a liquid;

a flow passage communicating with said

20 ejection port;

a device substrate provided with a heating
body for forming a bubble in said liguid filled in
sald flow passage; and

a movable member provided on said device

25 substrate in a state such that a first end thereof is



bending in a direction opposite to said heating body.
25 WD 2005/ 075200 - 71 - PCT/JP2005/001863 10. A
wWo p@eiots2e) ecti on head, conprising; ,an ejecti oPCPaI205/001863
for ejecting a liquid; a flow passage conmuni cati ng
with said ejection port; 5 a device substrate
provided with a heating body for formng a bubble in
said liquid filled in said fl ow passage; and a
novabl e nmenber provi ded on said device substrate in a

St?te EQEB hg%g gragréévg%% % E%%a&e Fnﬁoaf%§%g.%§8nat an

sai d eVI ce e an ree en an opposl

end 08 gtg‘)‘é?ﬁ' %fm; %lrm'g%'abﬁe m%fnsgkylsﬁ%agl %geely

st at e, novab ei ng provided so as

face ﬁ@bgb@%a%tagebogﬁlﬁu%Bv%@@% hﬁﬁb@r'%elﬁg pedvaded so
gap between said novabl e nenber and said 15 device

subst pat eo gaie EBYVAbDheaFERBEbOEFUSLEE 8hadi $PkacerBNt
upon ejection of said liquid fromsaid ejection port

ass a resmktl af gappbessieee causetobyblbomarbeenaatl sakid
bubbl e, sai d novabl e nenber conprising | am nation 20

of t hdewice subetlrayersseafidt mogepbldi fikebent caatenipaks,

an edge surface of said novabl e menber being covered,

at safdsplecempal wacae kischavnonfi sefiddiaguadf frem said

| ayer closest to said device substrate, an edge
ejection port as a result of a pressure caused by

formation of said bubble,

10 said movable member comprising lamination
of two or more layers of two, different materials,
said lamination including a first layer closest to
sald device substrate, an edge surface of said
movable member being covered, at said free end, a

15 layer of an odd number order as counted from said

first layer.

8. The liquid ejection head as claimed in
claim 7, wherein said edge surface of said movable

20 member at said free end forms a flat surface.

9. The liquid ejection head as claimed in
claim 7, wherein said movable member has an initial
bending in a direction opposite to said heating body.

25



surface of said novabl e nenber being covered by an 25
uppernost |ayer formng aid | am nati on and forned of
WODRO0TERNMO75200 - 7 2 - PCT/ JR260Q5/ 001863 a nBCEIR2005/001863

identical with a material constituting said first

| ayer. 11. The liquid ejection head as clainmed in 5

any of claim 10, wherein said edge surface of said
novabl e menber at said free end forns a flat surface.

12. The liquid ejection head as clainmed in claim10,

12. The |iquid e med _
o diroct i on Saposi TET0e sap e RERt! ho-Bbay P o Ae?

liquid ejectionjhe riSAge, AN €} HONS P [
ej ecting a Iiqu?g;éygc??gﬁl%iggaggﬁcgﬁﬁgﬁ§%§t?ngiafgﬁ'

said 15 ejectignrpeftpadsseyi 6mauRstsal 8gPhOVhdedid
wWth a heating body for formng a bubble in said

l'iquigjéttied portpaid flow passage; and a novable

menber provided on said device 20 substrate in a state
such that a firstdenticthstlestrase prxetldagonishi d heating
devi ce substrate and a free end at an opposite end of
sai d hodgbfernEnbeingsaipulblieethysandvabieidt fi&led in
sai d novabl e nmenber being provided so as to face said
heat i Agidodyowuphsehat/ t&ede is 25 formed a gap

bet ween sai d novabl e menber and sai d, WD_2005/ 075200 _
73 PCT/ JP20058/ Doiggie member provided on said device

substrate in a state such that a first end thereof is

10 fixed upon said device substrate and a free end at an
opposite end of said movable member is in a freely
movable state, said movable member being provided so
as to face said heating body such that there is
formed a gap between said movable member and said

15 device substrate, said movable member causing a
displacement upon ejection of said liquid from said
ejection port as a result of a pressure caused by
formation of said bubble,

said movable member comprising lamination

20 of three or more layers of three, different materials,
an edge surface of said movable member being covered,
at said free end, said lamination including a first
layer closest to said device substrate, an edge
surface of said movable member being covered by an

25 uppermost layer forming aild lamination and formed of



devi ce substrate, said novable nmenber causing a

di spl acenent upon ejection of said liquid from said
wep®@sniam port as a result of a -gj_sessure Ccaus erChyP2005/001863

formati on of said bubble, 5 said novabl e nmenber

conprising lamnation of two or nore |ayers of tow or

nore materials, said novable nenber having a fl at

edge surface at said free end. 10 14. The liquid

ej ection head as clained in claim 13, wherein said

novabl_e h Okt endi ' [ [

oppostt Bira eatd el R tsay? 218 Ry o Pt krans

head, gq@p%bﬁgggla§grgn ej ection port for ejecting a

quuig; a f ow paSsage conmmuni cating with said

ej ection port; a device substrate provided with a

heating body for formng a bubble in said liquid

filled in 20 sand frhewlpassdge;jecatdon hewdbke meabered in

provi ded on said device substrate in a state such

that anfi bt céadmt he, eehergeinf isxéd epoge sardadeviodesaid

substrate and a free end at an opposite end of said

novabmevekikemembeirnad tred Yr2s epdalflemst at & lasaistrface.

novabl e menber bei ng provided so WO 2005/ 075200 - 7 4

- PCT/JP2005/ 001863 as to face said heating body such

that there is forned a_gap between said npvable_ .
menber and sai dl2.- The liquid ejection head as claimed in

claim 10, wherein said movable member has an initial

10 bending in a direction opposite to said heating body.

13. A liquid ejection head, comprising:

an ejection port for ejecting a liguid;

a flow passage communicating with said

15 ejection port;

a device substrate provided with a heating
body for forming a bubble in said liguid filled in
said flow passage; and

a movable member provided on said device

20 substrate in a state such that a first end thereof is
fixed upon said device substrate and a free end at an
opposite end of said movable member is in a freely
movable state, said movable member being provided so
as to face said heating body such that there is

25 formed a gap between said movable member and said



devi ce substrate, said novable nmenber causing a

di spl acenent upon ejection of said liquid fromsaid 5
wep@soiam port as a result of _a-pressure causerChyP2005/001863

formati on of said bubble, said novable nmenber having

an initial bending in a direction opposite to said

heating body. 10 16. The liquid ejection head as

clainmed in claim15, wherein said novabl e nmenber

engages with a stopper part provided at a side

ORPOSibeLLe sahgerheal| 1o BoRyle anlabLl Lasiang !

sai d nova 1 fquid €] ection

as C!&i@ﬁﬁa&@meﬁizghﬁ:%%j%@ﬁ&ﬁno§%§'i&°¥§§1'1§d”§£‘@:ﬁrsaid

carries a tensi mat a side thereof Opposite to

a si dgj@fti8Al fobeabkng Pesdy1t 20f18. pPebb@bbdcaused by
cartridge conprising a liquid ejection head and a

| i qui doemat abneprcentai pipgla, |iquid to be supplied

to said liquid ejection head, said |liquid container
farm ng a unitasyibodyvablé Rémisatr dcbmguidirgetbémbnation
head, said liquid ejection head, WO 2005/075200 _ 7 5

- PCToIPROO50001m868 lapapsi sf ngow, an mpeetmahepbdalsf osaid
ejecting a liquid; a flow passage comunicating with
sai d movable member having a flat edge surface at said

free end.

10 14. The liquid ejection head as claimed in
claim 13, wherein said movable member has an initial

bending in a direction opposite to said heating body.

15. A liquid ejection head, comprising:
15 an ejection port for ejecting a liquid;
a flow passage communicating with said
ejection port;
a device substrate provided with a heating
body for forming a bubble in said liquid filled in
20 said flow passage; and
a movable member provided on said device
substrate in a state such that a first end thereof is
fixed upon said device substrate and a free end at an
opposite end of said movable member is in a freely

25 movable state, said movable member being provided so



ej ection port; 5 a device substrate provided with a
heating body for formng a bubble in said liquid

w0 pdosets20n  sai d fl ow passage; -ang a novabl e neCi&Er2005/001863
provi ded on said device substrate in a state such
that a first end thereof is 10 fixed upon said device
substrate and a free end at an opposite end of said
novabl e menber is in a freely novable state, said
novabl e nmenber being provided so as to face said
heati ag hedy¥asuchatiBahebhene bsqyf d a n
sai d novabl e nenber and saig 15dge%pg§'guagtgggg%mggid
novablfermesber geaudkengean @bspl aeeEBNk HRABSI SGki 905
of said liquid fromsaid ejection port as a result og
a preSsuieecaubstirbye, f srtmt noranflesaictbbebbbasing a
wherein sai d novabl e nenber is constructed 20 by
| ami n9iLFBA26ETERECEPON abeetliaypens, saddeddeuigurfagesaid
of at |l east one |ayer of said novabl e nenber being
cover 84SCAEOBaPATEr 88 endesbytandt hepreapereotausaddoy
three_or re layers, 25 19. The liquid ejection
apparg?ﬁ@ggﬂ)PnV@}%ZEBBSdO]?E]Q]GéeF 7 6 - PCT/ JP2005/ 001863

ej ecting a quugd.fron1ag£i ui d ejection head, said

1 qui d o] ect i on°ApPaPATTE: EHBAPSF nbeu-Peqandief eeel on

rfgﬂiﬁgﬂaihﬁ'fﬂ'aa@iféggiégno 8é§i£grtgjgg£énge§ting body.

10 16. The liquid ejection head as claimed in
claim 15, wherein said movable member engages with a
stopper part provided at a side opposite to said

heating body in an initial state of said movable

member.
15
17. The liquid ejection head as claimed in
claim 15, wherein said movable member carries a
tensile film at a side thereof opposite to a side of
said heating body.
20

18. A liquid cartridge comprising a liquid
ejection head and a ligquid container containing a
liquid to be supplied to said liquid ejection head,
said liquid container forming a unitary body with

25 said liquid ejection head, said liquid ejection head,



5 a fl ow passage communicating wwth said ejection
port; a device substrate provided with a heating body
WO orosfr2ne ng a bubble in saidligyid filled i nPCBar2A05/001863
fl ow passage; and 10 a novabl e nenber provided on said

device substrate in a state such that a first end
thereof is fixed upon said device substrate and a

free end at an opposite end of said novable nenber is
in afreely novable state, said novabl e nenber being
pr ovi as to face said heating body such that
thereg$§p§$g%§%d a gap between said novabl e nenber and
sai d  device substpabec; S8 JorBVabkesFBRDERGCAUSE §914;
di spl acenment upon ejection of said liquid ffomsaid

ej ection port ag @léﬁs}?éés%eac@ﬁﬁ&ﬁﬁ!&&t;@ﬂgﬂsﬁﬂth)/siﬂd
formati on of said bubble, erein said novabl e nenber
I's coaskedebRdpoby ;| am nation of three or nore |ayers,
an edge surface of at |east one |ayer of said novable
mmtber  bei ng cavdeedlceasubatdateepremddelywanbt Aeheating
| ayer of 25 said three or nore |layers. WO 2005/ 075200
- 7 TbedpPCTH3PLO0OBL001868ubRde An smadelianiiingilled in
apparatus for formng an image on a recordi ng nmedi um
by ejeeifinglavwl pgapadefranfla |iquid ejection head,

said image formng 5 aEparatus conpri sing an

l'i quid ejectionah@ﬁﬁab e member provided on gagé gevice
substrate in a state such that a first end thereof is

10 fixed upon said device substrate and a free end at an
opposite end of said movable member is in a freely
movable state, said movable member being provided so
as to face said heating body such that there is
formed a gap between said movable member and said

15 device substrate, said movable member causing a
displacement upon ejection of said liquid from said
ejection port as a result of a pressure caused by
formation of saild bubble,

wherein said movable member is constructed

20 by lamination of three or more layers, an edge
surface of at least one layer of said movable member
being covered, at said free end, by another layer of

said three or more layers.

25 19. The liquid ejection apparatus for



conprising: an ejection port for ejecting aliquid; a
fl ow passage communicating with said ejection port;

WA 080Tkl ce substrate provided ytth a heati ngPChoRRP05/001863
for formng a bubble in said liquid filled in said
fl ow passage; and a novabl e nenber provided on said
device substrate in a state such that a first end
thereof is 15 fixed upon said device substrate and a
free end at an opposite end of said novable nenber is

in a freel vabl e.st ai ahl. e ing, .
provi ddacsnons dorkde 2 dnadery Bt e tan neagy St
t here,i; s, .forn a ' I and
sai d 20 EdES At APt EEEY SO he aber Cait ng

a di gpaceirnhdBORRpeSLIaR 0f said liquid fromsaid
ejection port as a result of "a pressure caused by

formation of sapd bga@ltgonv\/@@&@i Eo&abﬁe&ﬁ?{ﬁ@ e nedhed;
is constructed 25 by lam nation of three or nore
| ayers, an edgeaWD1280pa8823@0 comAuBicating with said

PCT/ JP2005/ 001863 surface of at |east one |ayer of
sai d egeatlienmpoirér; being covered, at said free end,
by another |ayer of said three or nore |ayers. 5 21.
A met hod of manaf devdicengulsitirglied prejvédedonitbad, heating
said liquid ejection head conpri sing:
body for forming a bubble in said liquid filled in
said flow passage; and
10 a movable member provided on said device
substrate in a state such that a first end thereof is
fixed upon said device substrate and a free end at an
opposite end of said movable member is in a freely
movable state, sald movable member being provided so
15 as to face said heating body such that there is
formed a gap between said movable member and said
device substrate, said movable member causing a
displacement upon ejection of said liguid from said
ejection port as a result of a pressure caused by
20 formation of said bubble,
wherein said movable member is constructed
by lamination of three or more layers, an edge
surface of at least one layer of said movable member

being covered, at said free end, by another layer of

25 said three or more layers.



an ejection port for ejecting a liquid; a flow

passage communicating with said ejection port; a
waleossoes2subst rat e provi ded wi th s heati ng bodyPE¢DIP20G5/001863

formng a bubble in said liquid filled in said fl ow

passage; and a novabl e nenber provided on said device

substrate in a state such that a first end thereof is

fi xed upon said device substrate and a free end at an

opposite end of said novable nenber is in a freely 15

novabl e state, said novabl e nenber being provided so

as to face said heating body such that there is

formed a gap beﬁ(‘ﬁ\eeﬁnsﬁhgg@féﬁhf ngegpﬁaraaassebg forming

devi ce substrate, said novab er causing a

di spl agefBage UpONa er@@bt@ﬂn?fmé@idm byuegett oAy sai Uigd@id

ejection port as a result of a pressure caused by

formatiron of 1sqitdbebhbteionhreetn said imugbl Eormibher

is constructed by lamnation of three or nore | ayers,

ars edgppsvatasecafpat sirasénpnef| aydigoidsaj dchbembhead

menber being covered, at said free end, by another 25

| ayer cofipsasinghree or nore |ayers, WO 2005/ 075200 - 7

9 - PCT/JP2005/001863 said nmethod conprising the

steps of forni ngracpaFtirn RAFENIPHROCIPCHHRE RayeHdldf

a sane materi al are dlrectlg | am nat ed; ., and etchlng
said part. a flow passagé communicating with saifd

ejection port;

10 a device substrate provided with a heating
body for forming a bubble in said liquid filled in
sald flow passage; and

a movable member provided on said device
substrate in a state such that a first end thereof is

15 fixed upon said device substrate and a free end at an
opposite end of said movable member is in a freely
movable state, said movable member being provided so
as to face said heating body such that there is
formed a gap between said movable member and said

20 device substrate, said movable member causing a
displacement upon ejection of said liquid from said
ejection port as a result of a pressure caused by
formation of said bubble,

wherein said movable member is constructed

25 by lamination of three or more layers, an edge
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10

15

20

25

surface of at least one layer of said movable member
being covered, at said free end, by another layer of

sald three or more layers.

21. A method of manufacturing a liquid
ejection head, said liquid ejection head comprising:
an ejection port for ejecting a liquid; a flow
passage communicating with said ejection port; a
device substrate provided with a heating body for
forming a bubble in said liquid filled in said flow
passage; and a movable member provided on said device
substrate in a state such that a first end thereof is
fixed upon said device substrate and a free end at an
opposite end of said movable member is in a freely
movable state, said movable member being provided so
as to face saild heating body such that there is
formed a gap between said movable member and said
device substrate, said movable member causing a
displacement upon ejection of said liquid from said
ejection port as a result of a pressure caused by
formation of said bubble, wherein said movable member
is constructed by lamination of three or more layers,
an edge surface of at least one layer of said movable
member being covered, at said free end, by another

layer of said three or more layers,



WO 2005/075200 - 79 - PCT/JP2005/001863

said method comprising the steps of forming
a part in' which two or more layers of a same material
are directly laminated; and

etching said part.



