---------- -- - 1 DESCRIPTION LIQUJ D EJECTI ON HEAD
LI QUI D CARTRI DGE, LI QUI D EJECTI ON APPARATUS, | MAGE
FORM NG APPARATUS AND MANUFACTURI NG METHOD OF LI QUID
EJECTI NG HEAD 5 TECHNI CAL FIELD The present invention
relates to a liquid ejection head, liquid cartridge,
liquid ejection apparatus and inmage form ng
apparatus, and 10 manufacturing nethod of a liquid

el ecting head. BACKGROUND ART An ink-jet recording

apparatus includes a Iqu|d ej ecti on apparatus that
uses a quuid ejection RlokoNan i nk-j et
recordin
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~appar at us recor I mages on a

t@ paper but includes also OHP sheet or any other
medi um on which ink droplets or other |iquids can be
at t achadpanthil s 7rgal | ed al so as recordi ng nedi um
recorded nedi um or 25 recording sheet) by way of an

I nk recording M@ad.present invention relates to a liguid

ejection head, liguid cartridge, liquid ejection
apparatus and image forming apparatus, and

10 manufacturing method cof a liquid electing head.

BACKGROUND ART

An ink-jet recording apparatus includes a

liguid ejecticn apparatus that uses a liguid 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.




2 Thereby, an ink-jet recording apparatus is capable
of recording high-definition color inages on such a
medi um wi t h hi gh speed. Because such ink-jet recording
apparatuses 5 are marketed wi #h1ow 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
applications. 10 On the other hand, ink-jet recordin
appar@eusdy arg 1hsed efowaday sl ialds LR réfttiscés, cepable of
whi ch | aser, printers qf el ectro-photographic
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recordi apparatus that Jis capable of achieving
colopmﬁﬁgﬁbﬁa%TSEﬁgp'Fﬁ?el”quid ej ection head, such as

an ink-jet he for.,an_ink-jet r r.din
apparatus, a ?%g%%%% ﬁ%ﬁg ?ﬁgt%FﬁcFﬁggggﬁ%gr%ﬁﬁagﬁtuses
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droplet, a liquid passage communicating with the
foregeisn@ 2018166kl BG @thv,idaﬁgr an o8l eakie- thennelk
converter (heater) that provides energy for ejecting

t he I|gaqutiidulian ityherhienk ulsield waght Be dpassaged kBascheen
used. There, the energy provided to the liquid in the
pass age eacduse offormit-ijen okcbubbhes appatrhéukieguihds aedn
the 25 dilatational force associated with the

f or n&tfigagtesf 1in relation tc the personal use applications.

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

15 For the liquid ejecticn 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 liguid 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 liguid
in the ink filling the passage, has been used. There,
the energy provided to the liguid in the passage
cause formation of bubbkles in the liguid, and the

25 dilatational force asscclated with the formation of




3 the bubbles causes the ejection of the liquid
droplets fromthe foregoing ejecting port. Patent
Reference 1: United States Patent 4,723,129 Because
the thermal head can record high-— 5 quality inmges at
hi gh speed with | ow cost, and because of its
construction suitable for arranging the ink ejecting
ports with high density, a‘thernmal head has various
advant ageous features in that it can be used with a
conpact apparatus for form ng high 10 definition

r ecortdinPurrmgss davdasdithig colsst idrages theTHdgsiuid

t hermal heads are used these days jin nunmerous office
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machi nes, and the like. Further, a.th | _.h [
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and desifigs MariQUE RS RNRRAsA S havwe ke dede sushg
as driving of the thermal head under a drive

conditieon dihat enablepohighiejrectigry apeed f ora tthermal
liquid droplets with stable bubble formation for
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shape of the liquid 25 passage fromthe vi ewpoi nt of

hi gh-lspest:d ecidgrdisnggact apparatus for forming high

16 definition reccrding images including color images.
Thus, thermal heads are used these days in numerous
office apparatuses such as printers, copilers,
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 varidus 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 gquality
images, or improvement of the shape of the ligquid

25 passage from the viewpoint c¢f high-speed recording so




4 as to enable high-speed filling of the ink in the

i qui d passage and hence realizing a high-speed

liquid ejection head. Wth the thermal head of the
type that 5 forns bubbles in tH%'1|qU|d 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 ejecting outl et, and associ ated reverse fl ow

of the 10 uid, becones the factor of decreasing the
eJeMQ% SRS RFSShIets i Further Yhe ™ the
factar, Olde(:reaS| n f ethe rr%fllll %hara terl H st |ecs
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Pat e(r:ﬁt Cﬁﬂﬁ# dtcirbnqu%%dzzsms pr oposes a 15

stru i nprovi ng the ejecting energy efficiency

and the ink refwﬂﬂh Ghay agtanist ies Plosuch @ dd quid
ej ection head. Patent Reference 2: Japanese Lai d- Qpen

Pat ento ripphirgatd on 2Q0Q: 225003 20 ddashowd e dre! ethe

that the invention disclosed in Patent Reference 2

di scleoges: ion cohsitraudtiican d rinatpiledt o hare itheprdviaded: ian

novabl e nenber between the |liquid passage and a

comore Iﬂl"op,likdlbkslcq@ol yi tc Haamerowaorimati ddte mg Wittt itcre of

l'iquid passage 25 so as to interrupt the conmunication

t her ddet iedgible in a reverse direction away from the
ejecting outlet, and associated reverse flow of the

10 liquid, becomes the factor c¢f 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 Lald-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 commen liquid

supply chamber communicating with the liquid passage

25 so as to interrupt the communication therebetween.




a:_ - 5 According to Reference 2, the novable nenber
has a | aminated structure, mhereln t he outer

periphery (free end part) of the novable nmenber has a
sawt ooth formin the thickness -direction thereof. 5
Here, it should be noted that the representation

"sawt oot h structure in the thickness direction” neans
that the cross-sectional area and hence the

peri pheral length in the cross section taken in the

t hi ckness dlrectlon of the novabl e nmenber, are 10
changed al t er nat#& Q$&§M§913ﬂ§%ﬁ$@cea@d t@ﬁamovabéﬁth

"t " Furth
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whi ¢ IS supplle an e ectro
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~construction of e I nk-jet hea of Patent Reference

3z there isrowded = mvall enrerper Glerialtyeh
in the ink supply passage to each liquid chanber by

the ex=nsicam partucefui@ 20 dhaphhagmneRat entrcRefieneneeans

3: Japanese Lai d-Open Patent Application 2001-18385
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ej ection head of Patent
peripheral length in the cross section taken in 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 constructlion of the ink-jet head
of Patent Reference 3, there is provided a movable
member {check valve} in the ink supply passage to
each liquid 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 liguid ejection head of Patent




6 Reference 1, the edge of the novable nenber is
formed to have a sawtooth shape in the thickness
direction at the free end part _thereof, and thus, the
foregoing plural layers conST|§UT|ng the novabl e
menber nmake a s contact with the liquid at the
foregoing free end part. In the art of ink-jet
recordi ng apparatus, it 1is generally practiced to use
an alkaline ink for the ink to be ejected, while the

use of such alkaline ink leads to the problemthat
t he Mt e T IS ohnt aldtS ﬁgigm Uit H@Wa&kl% é‘%?d%bef is formed

d Th K I
at or 5| RS 1 LR Ao % Lt eer it %ﬁea%
f act h rt t__ head.
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”Ht?r fﬂré& f fé‘%%ﬁ%éﬂﬁﬂ%lﬁﬁ‘tﬂgﬁﬁ%d t ' mber qake a

resis ant against corrosion caused by t i nk, or

fisnd @-dhe v!fl% GO Osi hi N atﬂTaihéjQiQﬁreMnng end
corrosion in the ink ejection head. However,

develgprentIoftistich-d nde tihat- jc&fSrertmrm%gmﬂfaaﬁjs),n it
20 over wide spectrumof materials is a difficult

t ask.is | e rahch 11 yorp taocttihesd oreegoiengyn tdekdlnled amlanfor the
ink-je recordi ng apparatus is required, in order to

achi eVék e gre i G tsEi rrdgiel o ddor diawy, ot wsdt isfp tiee ink

demand with regard to the durability for the
recordidy’® 25° deth Ui G Shhi CH & HE'§ SE0rdi iyl 199 THeRfE 109

th th@h {he ink tends tc. underge corrosion. Thus, ink-
durability of the material used for the movable
member is an important factor in the art of ink-jet
head.
Thus, 1t is important with such an ink-jet
15 head to develcp 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 dces not cause corrcsion
20  over wide spectrum of materials i1s a difficult task.
In addition to the foregoing, the ink for an ink-jet
recording apparatus is required, in order toc achieve
high quality image reccrding, to satisfy the demand
with regard to the durability for the recording

25 medium on which the recording is made with the ink




~only one layer) in such a structure,

7 and further to satisfy the demand of durability for
the material of the plural |ayers constituting the
novabl e menber that nmakes a con}act with the ink.
Further, in the case a liquid other than 5 ink is used
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 beconmes extrenely difficult 10 to satisfy the

condi&1brf ‘Wt it 195y ot Hife dSFater ic Of ahe 1ty for
it R o S g o 5 e

f or egoi nq .sawt 00t h rt at .the free edge rt of th
15 rrglilloa elemem mg)re,rt%earte IT}askalsnéavi Oa{]tglay (‘ﬁ%@d t%ep&rq ’

of extremely reduced thi;gkness Lihe Party fior A than

€ sucn a

part Gfk freduced Ay chess £AS Ly (WNdeIGOas LHRCKRG +ion

or chipping with the nechani cal shock associated w th

20 foramt,i s am anid hidsat ican b aukhlies; chrerelys,

there may be caused probl ens such as unstable

ej ecticomenfiornt ke Ineuild iditeplcetns:chetivean didrhertdnth of
channel s or choking or clogging of the |iquid

ej ectdmigppdritl terr st ke Itihguild eas sage ccaused visntishere used
chi pped fragnents. 25 Any of these can result in

det eriigritatihen Iofauise and it becomes extremely 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 movabkle member, there is inevitably formed a part of
extremely reduced thickneés {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 asscociated with

20 formation or annihilatioﬁ 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 liguid ejecting port or
the liguid passage caused by the chipped fragments.

25 Any of these can result in detericration of the




8 - printing quality. Further, corrosion of the
novabl e nmenber nmay be caused also in a part thereof

at the time of an etching process used for formng a
space 5 underneath the novable Srénber 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 provided underneath the novabl e

menber in correspondence to the space to be forned. 10
On the other hand, when a material not causing

cor r 35 6H &9 the itlite of such an etching process of

the sacrificing |ayer is chosen for_.the | ayers
constituting ¢ RETTOwsl EIramRarn A BeComse 2o AEFReT
to choo t he terial f.or _t acrific I er_.or

t he ie}({ac\’ﬁiel%jnegU:g‘_’laugsae éf aejtagc é%t 2 Eurrtschgcrh,eriet‘a%l ia% 51 itclu % of

to c %%cﬁt@%d@r%fée%‘s Qfs e J aye) %1 (consy ta]lgei ng the

novabl e menbers.” Thereby, 1t becones ifficult to

desi g A ablie STeNaRle TRIERe)e i st @F TR sRfl YOG he
nmodul us, internal stress, and the |like. 20 The

pr esedr ddnieni et ikas dieemaredeHimgvicew oof dthgant used
foregoing problens and has its object of providing a

i quifthejescthiony lpeaddss whindleit He degrriee orofe tiahdadom
for the selection of the liquid used with the head is

i ncr ezsad fored daptsizc prdve dgelgeslegte2B Hf rteedomviadrl et he

sel ection of the materi al fornin% t he
member in correspondence tce The space to be formed.

10 On the other hand, when a materiazal not
causing corrosion at the time of such an etching
process of the sacrificing lazver is chosen for the
layers coﬁstituting 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 tc 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 selecticn of the material forming the
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----- - ---- ---- 9 novabl e nenber used in the head
is increased. Further, the present invention provides
a liquid ejection head in whi instability of

ej ecting characteristics or detective ejecting is
suppressed and the quality of 5 the pattern forned on
a nediumis inproved. In addition, the present

i nvention provides a quuid ej ection head in which
the efficiency of liquid ejection is inproved.

Furt her, _t.he sent inventi rovides a li

cart PSS RIS et g 1 eaaB%ardaﬁfs ﬁ%@gﬂ Further,
form appar at,us, an act netho

O O BB e A SRS 20 TR feareé%&.or?g head

i qui Jec |on h
probl &My %[ltlll nv%@' 1, Srald e tl%

aspect ghereo a I|qU|d ej e tlonqﬁtgﬁllnc l'u

t her Qierfe%t]i%é%:;%@t%n@erl’%ersu ‘H}@s%'erc‘i ther @Pl\éa*%fu%llty of
~menber 1s forme ["fam nation of at | east three

| ayerthe gadieast fNRed ayer tkereaf ikavimg&dseenedge

part covered with another |ayer. In another aspect,

t he preesenion,NvénRt icoRse2@ Aneeinde s na plricguided sejze dtiicar d

head i ncluding therein a novable nenber, wherein the

novald e atenirehdagi fior med choft hleamififatbiiemcgf odt liemsid

three | ayers made of at l|east two, different _ .

mat erdidA, 1ot Iseastoroved.ayerrthielyer ébfe paviseg ta ifwestion

edge part covered with a |ayer o '
provides a liquid cartridge, liguid electing

10 apparatus and image forming apparatus, and
manufacturing method of a ligquid ejection head.

In crder 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 liguid ejection head including therein a
movable member, wherein the movable member is formed
of laminaticon of at least three layers made of at
least two, different materials, at least cone layer

thereof having a free edge part covered with a layer

25 constituting a surface of said movable member.




25 constituting a surface of said novabl e nenber.

- 10 In another aspect,
the present invention providﬁi a liquid ejection head
including therein a novable er, wherein the
novabl e menber is fornmed of |amnation of two or nore

| ayers made of two 5 different materials, a free edge
surface of the novable nmenber being covered with the

| ayer of an odd nunber as counted from a device
substrate In another aspect, the present invention_,
provi des a |i quifd &G 0R FELE i AACudETS S rerdivie g 1on
10 movahl.e, nenber.,, wherei n . t.he novapl.e nher_ i .
U IR A SLE S A S M PETSERE
thre |4 £ rd.al.s, f e f of

the AL e Ba e by ared TS af &omed
mat erdaly drdentdicl W thd ke fovet 1l-axels thelkeofr asold
~counted froma device substrate. |In another aspect,

tbe prieseMfedtvertd ARl sr evirdes addequid Rjcectdfornead

i ncluding therein a novable nenber, wherein the

nov ablcer ararb ertenics: if Greied; cafvelram natthon nef ltawe rokh fmere odd
| ayers nmade of two or 20 nore materials, a free edge
sur f aoebefr tase amowvdlside £ rmenbe defvarom sg e tidagte surf ace.

I n anot her aspect, the present invention provides a
liquid ejectiofrhéddtigg] deiogg t-hdhei prgsent invention

provides a liquid ejection head including therein a
16 meovable member, wherein the movable member is formed
of lamination of three or more ilayers made of three,
different materials, a free edge surface of the
movable member being covered with a layer of a
material iddentical with the first layer thereof as
15  counted from a device subsirate,.
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 twe or
20 more materials, a free edge surface of the movable
member forming a flat surface.
In ancther 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




novabl e menber, wherein the novabl e nmenber has a 25
construction of having initial flexure at a side - 11
- opposite to an heating elenent I n anot her aspect,

t he present invention prOV|de§ aliquid cartridge
having a construction in which any of the liquid

ej ection head of the present 5 invention is integrated
with a liquid container holding a liquid to be
supplied to the liquid ejection head. In another
aspect, the present invention provides a liquid

ej ect?RP AbgarEt & Rt N LIEREYE: 10 the 1 quid

ej ection heads of the resent |nveq§|on or the liquid
cartri dge of CHE: USRI ST ot b Eorl igicken

the presen nt|on e formn
appar‘a %‘él eeqswappeoqulq hcpaargcy CF ° ?h Vﬁmgw cfoerisetc |Cotnlorl in

head i AN &5eNlnd MG O 40 Ofod iedd G dae present

,cartrldbe present |nve I on.

anot her, 4sPeG 104 trtteegogaeéee&tmﬂmvaerﬂ Icﬁ.ﬂqutd@‘[‘teaﬂr%r

provided a manufacturi’ng method of a id ejection
head ndncd udi ng tiharel i@ yovale i derer: Haviing: ia

| am nat ed construction, according to 20 the steps of:
for mérgsctatod he=dd e of | am nating plural layers to
formthe novable nenber, a part in which two or nore
| ayers of the sanmemsthern adspearte Hrempratsecht nirdiemdciton
contact therebetween, and etching
provides a liquid ejection apparatus that uses any of
10 the liquid ejection heads of the present invention or
the ligquid 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 c¢f the present invention.

Further, in ancther aspect of the present
inventicn, there is provided a manufacturing method
of a ligquid ejection head including therein a movable
member having a laminated ceonstruction, according to

20 the steps of: forming, at the time of laminating
plural layers to form the movakle 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 game material are laminated in direct contact




the foregoing part in which two or nore |ayers of the
25 sane material are lamnated in direct contact 12 -
t her ebet ween. BRI EF DESCRI PTI ON. OF THE DRAW NGS Fi gure
1is a cross-sectional diagram5 expl aining the
construction of a liquid ejection head according to a
first 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
explainiggﬁ;he details of the device substrate of the
| i quitdag; t"&fhead of Figure 1; Figure 4 is a
cross-sectional diagram explaining the details of a
novabl e menber used with 15 the liquid ejection head

of Fi . Fi - r 1]%sss-section&u
diagé%ﬁgﬁéigﬁgﬁgﬂg . 3 : i process of the

movabl e ”Enber f ﬁgg%r%slé RQwes B4 -, B Hi&gram
~cross-sectional di agranms explaining the ejection
oger abi on. Qf; {Ne nd i -€j8atJ-0n ead jof il e tlhion head
Figure 7 1s across-sectional diagram explaining a
l'i quig:-ejReatipn headiaceordidglit@nd oFecord areditment
of the present invention;

invention;

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

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

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

15 the liguid ejection head of Figure 1;

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

Figures €A - 6F are cross-sectional

20 diagrams explaining the ejecticn operaticn cf the
liguid 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 1s a cross-sectional diagram




25 Figure 8 is a cross-sectional diagram 13

explaining a liquid ejection head according to a

third enbodi ment of the presgni invention; Figure 9
IS a cross-sectional diagrame Blaining aliquid

ej ection head according to a 5 fourth enbodi nent of
the present invention; Figure 10 is a G oss-sectiona
di agram explaining a liquid ejection head according to
a fifth enbodi ment of the present invention; Figures

11A - 11F are cro secC |0na| i a ans expl a

the & %wrbgpeariﬁ%ﬁ e i R AR 2
Fi gure, 10; FLobre 42 s 3,61 085 sectianal, diagram
explalnlng ZHIGUd e et i on according to a

si xth enbodi ”Er}atln%qfret he 4 %eas%}toééws%@ﬂl%all E;{%g:"é\rnﬁl q

13 is a cross-sectional diagram explaining t

ej ectd o opernat i:0n ofy ithe: § ddidw:d e ectd on head Q:fo a
Figure 12; Figure 14 is a schematic oblique vieéew

disagr am explaiidihdrhe constd yotdomofi rard-itgui-g 20

cartridge according to the present invention; Figure

15 i s a di agramishow ng tihe soversadd- secanstrraic td iery rafm

t he nechani cal part of an inmage form ng apparatus

t hat argelsairhiend isquli idigjcectiicort 1 capperaat ussaofrdihg to a

present i nventi on;
fifth embodiment of the present invention;

Figures 11A - 11F are cross-secticnal

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

Figure 12 is a cross-sectional diagram
explaining a liquid ejectiecn head according to a
sixth embodiment of the present inventicn:

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

Figure 14 is a schematic cblique view
diagram explaining the construction of a liguid

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 tThe present invention:

25 Figure 16 is a plan view diagram showing a




T

25 Figure 16 is a plan view diagram show ng a 14 part
of the imge form ng apparatus of Figure 15; Figure
17 is an oblique view diagram _showi ng a part of

anot her exanpl e of the inmage~ 8r ng apparat us t hat
uses the liquid ejecting 5 apparatus of the present

i nvention. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON
Herei nafter, the present invention will be described
in ternms of the enbodi nents thereof with 10 reference
to the attached drawi ngs. [FIRST EMBODI MENT] First, a
firsttEbdth ndift 61 $hed PN 2R %G5 6h Hedd BFEa He
present invention will be 15 descr.ibed with yeference
to Figures 1 - B0%iorel nd 2" Shouibe ot e Ay

Figure 1.is r -sect | I j_agr.am t.he .l iqui d.
ej ect Sﬁ})onw ]hne%za, vaawc}'ﬁf eosii agnuofr)cre}1 e:j)!sa%g3 lc O g‘i -tsb teé C tﬁrﬁoa%;éi

di agr : ong A [ jgur.e, L. El-gur: i's
~acr o@%@cﬁe%ﬁal didg’gr&glmdnglsgwsov@neglial(r:q%xda%%gtgf he
devi ceysistuatsr afnd he-o ddfiuiigwirgGtd-on head, while
Figure 4 is an enlarged view diagramof a novabl e
menber of the head. Referring to the drawi ngs, the
liquid ejection head includes a device substrate 1
and BRI MIF FHCR e RFYOMNG YT iR HetiaEical pl ural ity
of flow - 15

Hereinafter, the present invention will be
described in terms of the embodiments therecf with

10 reference to the attached drawings.

[FIRST EMBCDIMENT]
First, a first embodiment cf the liquid
ejection head of the present inventicn will be
15 described with reference to Figures 1 - 3, wherein it
should be noted that Figure 1 1s a cross-sectional
diagram of the liguid. 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 1is an enlarged
view diagram of a movable member of the head.
Referring to the drawings, the liguid
ejection head iﬁcludes a device substrate 1 and a tocp

25 plate 2 forming therebetween a plurality of flow




passages 6 such that the fl ow passages 6 are
separated from each other by separation walls 3. Each
of the flow passages 6 conmuni cates with a
correspondi ng ejection port 2 torfred in a nozzle 5
plate 5 directly, wherein the foregoing plural flow
passages 6 are communi cated with a comon |iquid
supply chanber 8 of |arge volune fornmed between the
devi ce substrate 1 and the top plate 2 so as to

supply a liquid to the respective flow passages 6. 10
Thus PaA3FESE “extt &¢ra thatgdiRuider GRSPRGRS Hasd&ges 6

fromthe single common._ liquid suppl chanber 8, and

the OO Tt GBFy SOl § Straptanfetad e Each
l'iquid wth the anmount correspondi.ng, to the |iquid

e] ectogfd hreor%tjtoﬁqe%éajsesgtgieg’n 6p(§r0?r%2f. licst ar twﬁgf%, % he

devi t - i I Q\i i i
oy Eoal Gl RN ey W 0 Aclbaly RO AN

passanes H,5 UG A3 AN BlQelin0+HhGLIRIGARVENSIAN f1ow
el enent, as the neans of form ng bubbl'es i'n"the

li quigh fddddang the Hoawpassage 6. t20 aThusmonn 1tB@1ia

vicinity of the region in which the heating body 10

mak essuppcontcacinbwirt 8 tohie lairgei ¢olutdeerfe rivedf beredea the

bubbl e formation region 11, in which region there

occurdsvhulsblselfsarmmetei dn aingl tthe tloipquild tieo Zbecejeectted

in response to rapid heating of 25 the heating body

10. Eapply a liquid te the respective flow 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 amcunt corresponding
to the ligquid 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 liquid,
there 1s formed a bubble formation region 11, in
which regicn there occurs bubble formation in the

liquid to be ejected in response to rapid heating of

25  the héating body 10.




For exanple, this device substrate 1 has a

construction shown in Figure 3, in which there is

formed an insulation film22 of silicon oxide or

silicon nitride on a base 21 of®silicon, or the Iike,

5 for the purpose of insulation and heat accumnul ation,
and the heating body 10 is forned thereon by

patterning a resistance |ayer 23 of hafnium boride
(HfB2) , tantalumnitride (TaN) , twﬂalmnalmﬁnum
(TaAl'), or the |like (0.01 - 0.2u min thickness

wher ei n i nt er cdrite i 61 e ot &€ D4 S fs R 1 (ﬂas @

the lik 0. t k f,

foe e p sl O l:quﬁﬁn%? s s "%g}erte is

the qﬁ?? EQPQL Qéiatfgii#% )élf{déﬁtr§¥&§)%§
o] age 1

activ y ap ying a v He resi stance

| ayers@fﬁé’drﬁ e 'c{let RILeNRGd on %@%Ifﬂ%% 24, @hd hei ke,

resi stance |ayer 23, there is formed a protective

fisl m 2% 05h§|ﬂdﬁgfbé3)61€d%nsﬁiﬂa!tcl@h dHd Hde, QedBation,
i ke, between the interconnection electrodes 24 with

t he tackiteshaaft ihd bod: QOMiamb@@Edarrtherecn by
anti-cavitation |ayer 26 of tantalumis forned

f urt et tdherieon A el i-strGAmliayahiZcknes afso. s Hooride
protect the resistance |ayer 23 fromvarious |iquids
such @&fBak. thntehom dibeinet édathat tehgalum aluminum

anti-cavitation 25 Iayer 26 is formed of a nmetal such
as t am&Hum (o]ra)t}“@s like (0.01 - 0.2u4m in thickness),

10 wherein interconnectilion electrodes 24 of aluminum, or

the like (0.2 - 1.0 m 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 interccnnection electrodes 24.
On the resistance layer 23, there is formed
a protective f£ilm 25 of silicon oxide, silicon
nitride, or the like, between the interconnection
electrodes 24 with the thickness of 0.1 - 2.04m, and
20 an anti-cavitation layer 26 of tantalum is formed
further therecon (0.1 - 0.64m in thickness) so as to
protect the resistance layer 23 from various liquids
such as ink.
It should be noted that the anti-cavitaticon

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




17 because there can be induced a very |arge pressure
change in the formof shockwave at the tinme of
formati on or anni hilation of bubble in such a liquid
ejection head. Such large pressire change or 5
shockwave can cause severe degradation in the
durability of hard and brittle oxide film Depending
on the conbination of the liquid, construction of the
fl ow passages, and further the resistance material,

it my be possible to eliminate the protection film 10
25 ofPadid e dinGrance &;%ermﬂgweﬁn 2e¥ER Yof EHE pressure
enbodi nment s .de

MR Y Sl s S S N S
one HQ@%@%%E%Atheanfg%ﬁi QQ%% l%y%Eb%ﬁe g? %ﬁc agsﬁiguld

heat generat on ponse “to”an el e

curr t pF t t .00y 0
i carTe rer s speett g et F—o%ha%g% P s

akSo PRIIRIR QU BRY scokereilkrhahtGan Q@uwe
formati on of bubble sufficient for causing droplet

ej ectduaiadin itthe dfi quaird. aher 020 texanpkedal tFils . poepihldd ng
to use a heating elenent that includes an

opt odrhettralcocorbriverttien tlHatthgedeatiels cloest rupdion of the
irradiation with light such as a | aser beam

Al t erfiatd welspzdets i singodsidthert chesegcgilvdarere material,

generating heat upon irradiation with high frequency
25 raddi akawe possible to eliminate the protection 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 inventicn is not limited to such a specific
constructicn, 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 cpto-thermal converter that generates
heat upon irradiation with light such as a laser beam.
Alternatively, 1t is possible to use a heater
generating heat upon irradiation with high frequency

25 radio wave.




- 18 Further, it should be noted that the device
substrate 1 may carry, in addition to the heating
body 10 including therein the resistance |ayer 23
constituting the heat generafi&ﬁ part and the 5

i nterconnection el ectrodes 24 for supplying electric
signals to the resistance | ayer 23, various
functional elenments such as transistors, diodes,

| atches, shift registers, or the like, fornmed by a
sem conduct or fabrication process, for the purpose of

10 sel ective drii%hrgrof thehierd mf BeyEddhamn g gevice
liquid. ejectil head, th | t.h i ded a .
ot T LSRRI ¢ HE A 1 Ay
o i P .
Che i o T ot ke ed g A B AR RIS @2

menber, 12 Nag dd it end e dixedn ypon the dey ce

substrate 1 and a free end 12F at the  opposite end

t her enfr & QsthdQ tdhe SjRcliRR Pord Ar sThgnehng tthectric
novabl e menber 12 is provided on the device substrate

1 |i keigngantid entey eamainddha 2@ 1 ecgt iveirious
corresponding to the heating body 10 such that there

i s farurett iargdp <I3Erizethwe enidrhe smovanl =g s troemsh erd iR2iegnd

the device substrate 1. Wth this, the novable nenber

12 i slavourtsed s i newiet adrat tthehef rldeceend or2ed vy a
novable in the upward and downward 25 directions.

Fur t REMiGHEREH R gridviided @rstrappessp4 for the purpose of

10 selective driving cf 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 liguid flow
passage ¢ 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, tThe movable member 12 is provided on the
device substrate 1 like a cantilever beam at the

20 location corresponding to the heating kody 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 i1s mounted in a manner that the
free end 12F is movable in the upward and downward

25 directicns. Further, there is provided a stopper 14




19 in the top plate 2 for restricting the

di spl acenent of the novable nenber 12 in the upward
direction. In the initial stagg (stationary state),
the novabl e nenber 12 is provi déd generally parall el
5 wth the device substrate 1, and the gap 13 is
formed between the novable body 12 and the device
substrate 1. Thereby, the novable nmenber 12 is

di sposed such that the free end 12F thereof is

| ocated generally at the central, part of the heatin
body 50 ProvitRed G T0 e MMARTCS STBs (gt 6. SFIgCenent
st oppe 4 is provided.on the .l ower rface .of the

op, Bate s B MR o o5 e BN A Ger; 100,

attached thereﬁgrgﬁﬂfggﬁﬂjkﬂgEg%g%gg%g¥ﬁ%éﬁf¥§giégé%e),

t he di spl acenent he free en novabl'e

nmenber &l s drekigengage ment, ARARW tnerBRareRYrallel
“the npovabl e nenber 12 di sconnects the “downstream side

of t heltfH aweparsage: & umdhe 1,upsid eam sjage 10f itsh&ormed
fl ow passage 6 in cooperation wth the stopper part

14 | redtheaacttiheatred sgdtee R Her eofd wiven deoniald esuparttrate
had made engagenment with stopper 14. Further, it :
shoulld B awsted tthat rohvebded memsgrrf dée iBaighagsel such
stopper 14 at the side of the flow passage 6 rises
vertitdal yrhen fifee igndudidfattée r2® o dis thagettiesh geawga L Ly at

t hus, the height of the flow , ‘
the central part cf the heating boedy 10 provided on

10 the device substrate.
The steopper 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
dewnstream side of the flow passage 6 from the
upstream side of the flow passage & 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 14a of the stopper 14 zt the side of the flow
passage 6 rises vertically in the illustrated

25 construction, and thus, the height of the flow




~covered wth the |ayer t

20 passage 6 at the downstream side of the stopper 14
i ncreases sharply. Wth such a construction, the
bubble 15 fornmed in the downstream si de of the bubble
form ng regi on can grom1mﬁth6u?obéing hanpered, even 5
in the case the novable nenber 12 is engaged with the
stopper part 14, because of the sufficient height of
the liquid fl ow passage 6, and the bubbl e thus grown
is nmoved snmoothly toward the liquid ejection port 4.
Further, the pressure difference of the liquid at the
10 ejRATTHIE pégr%t 4% dNEHeGHR dide @l dhs $haRRrded ¢

with such a construction,. and it becone ossible to
achi cUt REHif S ] dtidn BT i TroRI B et e
shoul e t t.hat, t.he vabl er_. i s f.ormed
of thkgékgblo$%n5§%eo ayderlts%, Hﬁed%@st% edgsel]d%arotf 0 etrnri‘beubble

free end,12F ~ddclHding im surdpee Ay HherRfed | Sven

at constitutes the sdrface of

t e movahle dmbaihd Zovdiereinafdar 1 exp anatd Wildh the

be made for the case in which the novabl e nmenber 12
is formegaf dart nat,i arcalBofot hee du@rS.edn wUgh@ of
construction, the novable nmenber 12 is a nmenber in
whi chttienrleiegd iay erlsowl 2ea s ske &nd at2c thar éubantienatred asown
shown in Figure 5, wherein the layers 12a and 12c are
f or melgs afovtd s ity itdevarzb Wi [le. auie! |eayert ir2b dogrt 4.
formed of silicon oxide. ‘ o
Further, the pressure difference of the liquid at the
10 ejection port 4 in the height direction is reduced
with such a constructicn, and it becomes possible to
achieve stable ejection of ligquid droplets.
Here, it should be noted that the movable
member 12 is formed of three or more layers, and the
15 edge part of the free end 12F, including the surface
part therecf, is covered with the layer that
constitutes the surface cf 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 12c¢c
are laminated as shown in Figure 5, wherein the

layers 12z and 12c are formed of silicon nitride

25 while the layer 12b is formed of silicon oxide.
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21 Thereby, the peripheral part of the novabl e nenber
12, including the edge part of the free end 12F of
the novable nenber 12, is covgred with the layer 12a
or 12c of silicon nitride, tﬁus, the silicon
oxide 5 filmconstituting the internediate | ayer 12b
is not exposed. Further, it should be noted that the
edge surface 12G of the foregoing free end 12F of the
novabl e nenber 12 forns a flat surface in the

thi ckness direction of the novable nenber 12. 10

Here.?#}fflfeé?yf twee R RN T %on Q%fce@cs (¥ IFAY FRFSratsTeRes 12,

Pt RO TR o 1° Vitde et or dhred %W%egeure@ﬂ‘i'ﬁa' Hitne
SubsU AR T AC i v B QoS BA e A A

used At &lr %l@&ﬁ?rﬂfﬂﬁ%é eI 't%ufsor el QN1 INR oxide

“device substrate 1 including the surface region of

t e heatr ngorhadyt k0 iy tdhea ipreedeteeridmed Hald erab is not
shape. Further, a first p-SiN (plasnma-CvD SiN) film 20
32a ofxmsidddcorrutittdde dits fraruted Haherageni hyhaa plrasraige
CVD process with the thickness of about 1.0u m and a
p- Si O21(fH s eV SirG2)f fridgmi3Rh fofessidridc drd Foxifde Hes
formed further on the first p-SiN film32a by a plasnma
CVD protass Wiaparhel 4 Hicdkifess fdfatalsoutlegssmn 2%

Next, as shown in Figure 5B, the p-Si 02
"thickness direction of the movable member 12.

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

First, the heating body 10 is formed on the

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

20  3Z2a of silicon nitride is formed thereon by a plasma
CVD process with the thickness of zbout 1.04m, and a
p=510; (plasma-CVD Si02) 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-510:




22 film32b is subjected to a patterning process by
appl ying a photolithographic process and etching
process to forman internediate |layer 12 in the shape
of the novabl e menber 12. Theréaffer, in the step of 5
Figure 5C, the second p-SiN film 32 of silicon
nitride is formed with the thickness of about .0 m
Further, as shown in Figure 5D, the first and second
p-SiN filns 32a and 32c are patterned to a pattern
shape |arger than the pattern of the 10 internedi ate
| ayerf 19 56t ded o dewe S5l $i02 HatheIPh Ny keSS By
of about. 1.0 Rm (for .exanple at, the |ocation of the
i ne PRI FIGd éD(‘?é"lH;F ARG & 5SS th S aghi%

process and etching process, to,. formthe layers 12a

nd BPHRE rTabe oF SHE DS o dre rdbar £55 shepe
Here,, begause.Jhe d 2138 ang 12¢ £ eonsti L!:tl’l'en%ttr?E)e of
out ermost surface of the novable  nwember ‘12 are formed

of the s srt eHdlse dhe JmRURt £k BBe Jrakgnaleon

etching at the tine of the etching 20 process becones

| dentdicadidd ithesarlayersh and thuskndhe gdgesur lace n.
12G of the free end 12F beconmes a flat surface in the

t hi ckness dir ecturaiheaf, tdie shmvaklne Fiener 519, theusirst
with the foregoing process, it 25 becones possible to
coverartthe daceel end idf fdtlrdseatz and 3Z2c 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 1.04m (for example at the
location of the line X of Figure 5C) by applying a
photoclithographic process and etching process, to
form the layers 1Za and 1l2c on the surface cf the

15 movable member 12.

Here, because the layers 1l2a and 1l2c¢
constituting the outermost surface of the mcvable
menber 12 are formed of the same material, the amount
of the lateral etching at the time c¢f the etching

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

Thus, with the foregoing process, it

25  Dbecomes possible tec cover the free end of at least




23 one layer that constitutes the novabl e nenber 12
formed of lamnation of three or nore layers, wth

the | ayer constituting the sur%gce | ayer of the
novabl e nmenber and further to forma flat surface at 5
the edge surface 12G form ng the free end of the
novabl e menber 12 in the thickness direction of the
novabl e menber 12, by formng a part in which two or
nore |ayers of the sane material are directly

over | apped and et ching such a part rpendi cul ar |
10 t he WeA CXusErTHTE oF ™ TRE RoraBier 12

mb haul d .b th th
Tovabi & iieh éﬂ%f% w%milo% st nlé“%éﬁ ?g?aefﬁ%é e

t he |Iam nat'e Ie e i“n a S|ng

et chlnng,-a%feo,metﬂwxe a‘&‘@“ﬁu’t@%\ﬁ tt%blﬂbrl?@ a0@t1%ecd surface at
~exposure of a layer of the material that has poor

dur abidd tand0 diherddequizd furtihey tHRecase 0fd tdre the
difference of lateral etching rate between the 20

di f f excentb Inmatremitad rs 1Qonist ittt ithg didoe slsamiinatcad dhodyf, the
there woul d appear a sawt ooth shape at the free end

of t heovrednab Iremienber? , 12 valfongnitite segge tparmt wimi chhgwo or
thickness direction of the novable nmenber 12. Further,
by | dfiffatiaksashe ISitNef Same2 Biecieariadt elicz 64 sy ta Y

relatlvely Iacge Young nodul us
overlapped and 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 liquid. 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




24 over the Si02 filmof relatively | ow Young

nmodul us, it becones possible to interrupt the grain
growh wthin the SINfilm and extensive devel opnment
of the grain boundary insidé the SiNfilmis
elimnated. 5 Thereby, the tol erance of the novable
menber with regard to the deformati on associated with
the displacenent is increased, and the mechanica
strength of the novable nmenber is inproved. Thereby,
the durability of the novable nenber is inproved. In
10 additd diha ¢iSiNEf il P aPdetpEssiblevt §°use Bperlus,
(silicon carbidg? for the material of the relative

| ar geltfmn_iﬁ)qd U LR A9 ﬁ,nt%%&ﬁ h HEicgdr TR h
ReTh ysaenif e fave So.tn e e bl 1.
th apl 12 . t t A tLr:

n e TR Al TS, e R B e
syrf age layer spl2a And 212G JrS (GMRIted e TRUSe Mtk p

t he novabl € nenber 12 of the 20 present enbodi nent,

the ower-pard pher et e fdge sdeart: of ke fihee end
of the novable nenber 12 are covered with the |ayer

constditdpiliangentdia S fiace daayer, =0fd tthe meablng qmnber
12 (the layers 12a and 12c in the present
enboditmEmtgth Thertdlyy noved lisnmemideay ers gfup2®vilte Thereby,
novabl e menber 12 (the |ayer 12b in the case of
the durability of the movable member is impreoved. In
10 addition tc $iN, it is also possible to use $iC
(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 1s covered by the
surface layers 1lZa and 1lZ2c, is completed.
Thus, with the movable member 12 of the
20  present embodiment, the outer periphery and the edge
part ¢f the free end of the movable member 12 are
covered with the layer constituting the surface layer
of the movable member 12 (the layers 1Z2a and 12c in

the present embodiment). Thereby, the inner layer of

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




25 the present enbodi nent) does not make a contact
wth the liquid, and there is caused no corrosion in
the inner layer of the nnvablg menber even when the
novabl e menmber is contacted w £R fhe liquid. 5 As a
result of the foregoing feature of the present

enbodi nent, there is achieved the effect of increased
degree of freedomin choosing the material for the

i nner layer of the novable nmenber and increased degree

of choosing the materi al for the 10 liquid that is ,
used W H eh%ef}‘i cﬁﬂ??%“ée&ﬁ Jorfdfeadiot ke a contact with

TDvabT LS eI AR (S e TV ¢ e T drindde

at 176 rec g part ot 15 e AOTAR Tl o

edge surfiace Qfpaly | 1%a3ctor%ecté@wta Scrfeowqrq%ﬁam th
anot her layer, the nunmber of the materials

censtituting the lawsdgt tdhat yekes o GNRGtWd b the

the liquid is reduced. Thereby, there Is achieved the
ef f eqiraferiincreaseidnadagr emeaafe fireedomeavwe G rehedSiang of
the material for the layers constituting the novable
menbeim @k datt rieaset: degrieeaforc hoositng ding  trist erdtalrial
for the liquid that is used with the liquid ejection
head.fd%h Grthemngot dsiyadi taf tHe asrstriec iegwpefrorands

t he novabl e nenber in which the novabl e menber |
increased degree of chocsing the material for the

10 liguid that is used with the liguid ejecticn head.
More specifically, by using the
censtruction 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 ancther 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 chocsing the material for the layers constituting the
movable member and increased degree of choosing the
material for the liguid that is used with the liquid
ejection head.
In other words, with the construction for

25 the movabkle member in which the movable member is




26 fornmed as a lam nation of three of nore | ayers of

at least two different materials such that the edge
surface of at |east one layer formng the free end of
the novabl e nember is covered #WPth the | ayer formng 5
the surface of the novabl e nmenber, the nunmber of the
materials constituting the |ayers are contacted with

the liquid is reduced, and there is achieved the

effect of increased degree of freedomin choosing the
material for the Iayers constituting the novable 10
nenbé@%ﬂﬁﬁrﬁkﬁ% rgégree odf t@ﬁ@ﬁépﬁgﬁpﬁé fatvericalct at

for the [ used w the |i ecti.on

head. %%FQ: Q%fzﬁﬁ?ngdﬁ@tﬁﬁ g&eS&F ala&é@ edge
corres andi n o.the free end of _t novabl

o W %efi Aoy &P For Mg e Card iy 0D harnaRd of
ther ecHe HTOQJI’ '%El% ‘?n tr '1@. \é,"f%g% %V\Qllt% &2 q ytel}e forﬁnlng

same material “are nlnate By etchlng suc

| azdi nggd |s\(11:|i%@en%tfe‘%h%a%vatbﬁ% frrfe%e‘?fnd 0 tntﬂl?aber of the
novable menber can be fornmed to have a flat edge 2

sur f age hecaus e dofs tite tSane that eale et chiengospeed ede Fvith
these two, covering |ayers. Because the novabl e nenber

is fatmediynid dd nalduigd, Warer thre liay ercs iefvedve her
nmore materials, and because the free end of the
novall & 28 menherctas<al fdeatr esurcflade cefdes fimomhocosing the

unwant ed sawt oot h
material for the layers constituting the movable

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

By covering the edge surface of one layer
corresponding to the free end of the movable member
i35 with another layer fcrming the same movable member,
there is formed a part in which two layers of the
same material are laminated directly. By etéhing such
a directly laminated part, the free end of the
novable member can be formed to have a flat edge

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

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
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structure in the thickness direction of the

nmovabl e nenber, there occurs no chipping or cracking
at such a free end part even when there is applied a
mechani cal shock with the fofnafion or annihilation 5
of bubbles. Thus, the problenms such as variation of

ej ecting characteristics between anong channel s
formed in the head, or the problens such as the
fragment of the novable nenber fornmed as a result of

t he nmechani cal damages_cause cl oggi ng or choking of 10
the &&SGteSport toe ﬁpéwkﬁﬁééaﬁéreé éoeueée§§€umpyable

el i m nated. Thereby,

L e s hoeseo LR Y RORE

dat f t] |
et " IPRang] BEL P ARbsess Speh

I|qU|d dropl%tgfg%n%%g% f%%%g%h g |I%u%gp?]%0tl0n

head WS 18

before t

Parrned Wit i réferéné Elgures

- rRfend éPﬁ%%rlr A9 50 Kl guie e6'%0§91%‘é"1 39 the §iahe ation

riving energy such as el ectric energy

appl igd i @rhhe . h@%l ng teed;éré%,lems e@ehbesseewala%n of
er

t he novabl e nenb

isinthe state so as to face a

20 bublkice ifer m@:@& tkegison cef pkheedavihaengubstnate sl
corresponding to one half part the bubble 16
(upsticeamdsiice thar hipatior ped theepeob Lemsr espanse toe
energi zati on of the heating body 10. Thus, by

ener dirzighgntthethéati ngveody hembgr Zorpact asf at hesult of
I|qU|d filling the foregoing bubble

10

15

20

25

the mechanical damages cause clogging or choking of
the ejection port or flow passage, are successfully
eliminated. Thereby, aegradation of printing quality
is avoidea successfully.

Next, the ejection process of liguid
droplet Ifrcom the foregoing liguid ejection head will
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
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

part cof the ligquid filling the foregoing bubble




28 formation regi on undergoes heating, and there
appears a bubble 16 as shown in Figure 6B as a result
of boiling of the l.iquid. Thereby, there is caused a
di spl acenent in the novabl e nefber 12, while it 5
shoul d be noted that this displacenent of the novable
body 12 is caused with a delay with regard the

di | atati onal change of the bubble 16. In nore detail,
a pressure wave caused by the generation of the

bubbl 16|nresonseto he 0|I|ngofte||
pr opaatBit T P FIIT ﬁ?f%trﬂé”l?m Gt pears

d h th t I th
pass e e Chet bogs ~HIEhi arz:ereﬁ'f "e“' S e erseuzl e
d t B
t ;];tec%cl_) gglr o?f n%h% Cﬂf)%f oca ed r?é]{{glédgﬁ%sf%}m
si de w4 2 £88PCT; § O e GRIV L& = LRGN Of o T hg, pubbl.e

formation region is displaced in the dovvnstream si de

disr ecsh oM g W | €sBepartaof tihe dispiL-decat ede atnd hesvable
upstream side with respect to the foregoing central

regi osodg PO 1h spd@eet wix i he dpsdy eamisi geyid eatd on.
Thereby, there starts a displacenent of the novable
menbedill2tationdie dlorregoic upstreamesilde. as a result

of the flow of the liquid caused by the growth of the
bubbl e 16. 25 Im nidwee dbwnstkeamsicksulig whouleheed by

not ed
the generation of the bubble 16 in response to the

10  boiling of the liguid propagates through liguid
filling the flow passage 6, and associated therewith,
the ligquid in the flcw passage 6 undergoes
displacement in the upstream side directicon and in
the downsiream side direction, such that a part cof

15  the liguid lccated at the downstream side with
respect to a central region of the bubkle formation
region i1s 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 sice as a result of the
flow of the ligquid caused by the growth of the bubble
16.

25 In the downstream side, it should be noted
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29 that the liquid flows toward the common |iquid
supply chanber 8 through the narrow passage forned
bet ween the passage sidewal | é onpartrment wall) 3 and
the novable nenber 12. Thereby; it should be noted
that 5 the cl earance between the stopper 14 and the
nmovabl e nenber 12 is decreased wth increasing

di spl acenent of the novable nenber 12. In this state,
there grows a neniscus 15 (liquid 17) so as to

roject frogmthe .ejection port 4. 10 Wth further
O out a0t e TDEBEE T6Y % AOY A s Nend TR Tof iHgd SUPPLY
nmovabhbl.e b 2 engages with the sto 14
Choar AR e SERATR bl BRSO A L beryeen
nova gggggr i trji . r g1t he
dispP%%% nt é¥;%#§%%%$%<fé%ﬁﬂlﬁm% %ug§¥ﬁga% and the

di r eGidmid i dils| acemRRly t QWartkfNe LeOMRRd that
liquid supply chanmber 8) is al'so restricted. Thereby,

the dramd ofrdhe Dbl nl G Hen sithedir aat i:em tofe WReable

upstreamside is also restricted, and the

di | atratrivenall Zener gy cofeztshel bulbl dntheas insed ifsQr a2@ment
further growth of the neniscus 17. Thus, as shown in

Fi guree 6De triverad liss magdngsed 2. ultthen igr owalt eof thisgre grows
bubble 16 as shown in Figure 6D, and the energy of

t he BuBlsne sSE8 scdiised 1t Rer GPowsh tof PIRd Sednifsens the
17. 25 After thetf%regoing boiling of the Iliquid,

ejection por

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 mgovable member 12 is restricted.
Thereby, the displacement of the ligquid in the

15 upstream direction (liquid displacement toward the
common liquid 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 bolling of the liguid,




30 the negative pressure inside the bubble 16 starts
to increase and there occurs a contraction of the
bubbl e 16 when the negative_pﬁssgure overrides the
force causing the displacenment of the liquid in the
liquid 5 fl ow passage 6 in the downward-si de
direction. Associated with the contraction of the
bubbl e 16, the novable nenber 16 is displaced in the
downward direction, while the novabl e nenber 2

lates therein its own resilient stress of a
cant | TEVErBHd: F0 HAURITES LHE 6T o it Bip 16 rdgtarts co

associ ated with bendi ng in the .u rd directio
and thus. - the raené [)%g}:eurres Séeterati St ia‘\rq(,:qtlhoé1 d)oﬁnﬁcv\k/her ubble

t t I . '
ggxﬁ&gyJﬂ%%béﬁgaﬁﬂ%¥ﬁ?ﬁ§aggﬂ%%%g%%énﬁ%ﬁggggﬁg?%%rﬁ?rce
I quid hogat adid nsitde dpstd-eams sigde 1ofqdihe mpvall e i quig

~nmenber 12 is caused to rush into the liquid flow

passagesh ©f it hevesmdunfd QW s iresistance Hf. the
l[iquid in the downstreamdirection in such a region

at t esapstateainwsitde tofe tdentmnablcen 206 merbenbBhleMiich the
forms a | ow fl ow resi stance region between the conmon

i quindbslppt ynatiahere 8 antl dievcdd qui d-Hd clevwassayge

6. Thereby, the liquid in the common |iquid supply
chanb&kreg-tiison retitled the e # lew padsage @occPBilates

wherein the liquid thus newy introduced into the
therein its own resilierit stress c¢f a cantilever and

10 further the deformation stress associated with the
bending in the upward direction, and thus, there
oceurs acceleration in the downward meovement of the
movable member 12.

With such a downward movement of the

15 movable member 12, the liquid 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 c¢f the liquid in the downstream directiocn
in such a region at the upstream side of the movable

20 memberlZ, which forms a low flow resistance region
between the common liquid supply chamber 8 and the
ligquid flow passage 6.

Thereby, the liguid in the common liguid
supply chamber 8 is directed to the flow passage 6,

25 wherein the liguid thus newly introduced into the
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iquid passage 6 flows through the gap forned

between the stopper 14 and the novabl e nenber 12 now

t he

in the state deformed in the gommmard direction into

region at the downstream tdé of the heati ng body

10. 5 Thereby, the liquid thus supplied accel erates

t he
on t

anni hilation of the bubble 16, which nay be stil
he way of annihilation. The liquid thus

i ntroduced into the passage 6 further forns a fl ow
toward the ejection part 4 and 10 assists thereb

r et urni %y b AHE Iferfi SR Sarkd i o e fermad betveen

spee
ej ect

Furt her, t meni.scus 17.protruded fromthe

i'$h PHEF flor 0k taiFo FIEECLs M HRTs 26t 5 Ay the

the QQgﬂ%§Em§%§é§%§;%§ﬁﬁﬁgdd%ﬁwé%§‘ﬁiﬂé%éﬂ&% Q%jogse

15 of
t he
into

mgvabies

the f

noz : the Tiquid ejfection heat
ﬁcﬁ%ﬁ{‘tatenﬁt}‘l%d'd% ARG USRI RG efhd he i $oay 10.
the flow passage 6 via the part between the
eﬂ%ﬂmeelaﬁauidIB%u%t%@@%ﬂi@@f%c%@lb&%ﬁ%@S%%e
| ow 20 velocity particularly at the side of the

top plratiilatiand dihuse therde remaivhildht tlag mWeCs@ill on

bubbl
head
ej ect

es in such a part. Thereby, the liquid ejection
e tweey i esenthidmicadirnent achi eves stabl e
ion of the droplet. 25 In addition to the

foregoing, it Sheullddygd thus introduced into the passage

10

15

20

25

6 further forms a flow toward the ejection part 4 and
assists thereby returning of tThe 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
of the nozzle 4.

"With the liguid ejection head of the
present embodiment, the rushing of the ligquid into
the flow passage 6 via the part between the movable
member 12 and the stopper part 14 increases the flow
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 cf the
droplet.

In addition to the foregoing, it should be




32 noted that the point of cavitation at the tinme of
the bubble annihilation is displaced in the downward
side of the bubble fornmation region, and because of
this, damges to the heating 88dy 10 is reduced 5
substantially. At the sane tine, the problem of
charring of the heating body 10 in such a region is
al so suppressed, and the ejection of the liquid is
stabilized significantly. Now, when the bubble 16 is

conpl et el 10 annihilated, it should be noted that
t he dhare PR rdande £V HEGt idfg GOF thee of the

downwar directian . with respect. to the initial stat .
e oIS L P U e e horo P T ashdi o e GRTEE TS side
t hat thi ver.shoot i ng .of the novabl nber 12

sett Ioe%; %jo?/\/l%%slvﬁ t%olrn zfls Jort” % ﬁglrclrrgbcﬁcaﬁst%(?ufghthls’

the dag@atzéegsp todear}{?en%a%{g{;%&pifﬂ Ly Oieé:ﬁ{&ﬁeg{mvab' e

menber t he Vi scosi of “the Iiqui IS

used. s Huisind e 14 Nidd alpStahe shown idhdigue LA S

reduced in short " tinme. 20 In the present "enbodi nent,

it shawde-hey dwoted thals tde gart 0f ittheJdrow passage is

6 |ocated between the ejection port 4 and the

downsi reamsdme: s ofd t b e ke tisf arfmethd o havel a s

strai ght shape and forns so-called "straight

commui datliiored ditgr25 istroul ld/ .be noted that such a

construction is used for

Now, when the 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 ¢F, wherein it should be noted that this
overshooting of the movable member 12 settles down

15 within a shcrt time period, although the duratiocn
depends on the rigidity of the movable member 12 or
the viscosity of the ligquid that i1s used. Thus, the
initial state shown in Figure 62 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 is used for
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33 achieving near ideal droplet ejection
characterized by extrenely stable ejection
characteristics in terns of egection direction,

ej ection speed, and the like, ds~will be noted later,
by coinciding the direction 5 of propagation of the
pressure wave caused at the tine of bubble formation,
the direction of the resulting liquid flow and
further the droplet ejection direction, in a straight
line. As one approach of realizing this ideal or 10
near -3HERV AU DF O A&l iBRCHR sreg@qterized
enbodi nent_uses t he nstructi.on in which the

ej ectT O Hori A At iHe Hedtd g hddy? 10 - Parti ¢l arl y-erms

the part_ of .the heating hody .10 _l.ocated t.he, si,de - .
cl ose’ oe%ehceéle(-]’nec Ji%encncgloc? s j(ed: otv\l/nos I aer%a&s’ i de’ deEFide o]Tl ke,

15 tFﬁ%WESELQQBQg%@&“Daéﬁyil%yﬂééﬁdgld¥ﬂH‘%H¥j&ﬁﬁéﬁ%agn

'e formation near ‘the ejection port 4, ar

a%igﬂﬁﬂg%ﬁg?éﬁﬁfﬁﬂﬁgf|ﬂHEipﬁgééhﬂéﬂﬁéééﬂﬁgdééaiéﬁlthe

it woul one possible to observe the heating body
10, pardd ot anlpb tdher downsitargarmrardi efcthe: kemtdng

20 body 10, from outside of the ejection port 4,

pr ovided: Tthiatg tlhieyfilow Jpas sage BidtharottHd |dredbwitt h

the liquid. Wth regard to the novabl e nenber 12, it

is atboctpoysidlmedto wonstr kcts el Fdnel e .a mat eri al

25 other than the one containing silicon as is used in

As one approach of realizing this ideal or

10 near-ideal state of droplet ejection, the present
embodiment uses tThe construction in which the
ejection port 4 and the heating bhody 16, particularly
the part of the heating body 10 lccated at the side
close to the ejection port 4 (downstream side part of

15 the heating kody 10) and providing procfound effect on
the bubble formation near the ejection port 4, are
aligned on a straight line. With this cocnstruction,
it would become possible to cobserve 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




34 the present enbodinment. Such a material may
include netals. On the other hand, the feature of the
present enbodi nent that each o$4the | ayers 5
constituting the novabl e nmenber=12 contains a common
el ement provides an advantageous effect in that
adherence between the |ayers form ng the novabl e
menber 12 is inproved and the risk that the layers of
t he novabl e nmenber 12 being separated from each ot her
10 duyring the use of the novable nmenber 12 is

i B

substdlft FH9SF U SBEResSEE T SE = IENVENTRaNex {1 tade
seco%gtglspdinent of the present 15 invention will be
described i th reference to Figure 7, wherein it

shoul d be nOteQEEQ%% @t %&ehgn%xpk%En% a3 RV ?ﬁg

menber 42 according to the second enbodi ment o

Pr esenfle dpmentiQn ik rdetdile. «aRef ef kng takhgure 7,

it will be noted 20 that the novabl e nenber 42 of the

PE es efn hedi RNt hehas va iRl e_nibayen 2ste ke 1aN common
which there are |amnated three |ayers of three,

di f f erlentenmataidvaldes keor aldemmtagethe ao\rabize imerber
42, contrary to the case of the novable nenber 12 of
t he fadtstreemizodiaerten 25hea dapkirch folmeead ayer swoldale
12b and 12c of two 35
member 12 is improved and the risk that the lavers 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 movable member 42 according to the second
embodiment cof the present invention in detail.
Referring to Figure 7, it will ke 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 of two




different materials are lamnated (layers 12a and 12c
are forned of a first material and the layer 12b is
formed of a second naterial). EE t he novabl e nmenber
42 i's formed of s consecutive-Pafination of the first
| ayer 42a, the second |layer 42b and the third |ayer
42c fromthe side of the device substrate 1, wherein
these first through third |layers 42a - 42c are forned
of respective, different materials. Further, it should

10 be n ed that the art of t he second | ayer 42b
2t T PEE SO TS e he oVt 6 Thitber L 10 v érgi 12

vviththe hlrdl er thhat contltu esurf e,
| ayer® ‘of If%e rovabl e fre Ay lI‘-au taher Sq hovapl e 1S

menb ase fi Xféjc d upon the deV| ce 15
subsﬁ%%ieig andd free endg 52]1%— that can cause free
di spl acement, wharei nihe dy-0e enddl s def insddy of

~a free-end edge surface 42G. Thus, while the novable

Membeto ks st 165 MEdhi roft 1 dHigmtden fafrdthreg dayerss afne
three different 20 materials, the free end of one

| ayersacorobviered: bbb amat here ltdyierd tihgtercorist ifindreshe
the surface | ayer of the novable nenber 42. In other
wor dssidshes hrovebldevivenrarb Az dte flor neceofin arfigwat ifonest
of three or nore |ayers of three', different

mat ertiEQIghweHeich dve 75 Kdge 4T ade tinemsst &t t he

free end is covered with 36 ,
respective, different materials. Further, it should

10 be noted that the end part of the second layer 42b at
a free end 42B of the mcvable 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 laminafion of three layers of three different

20 materials, the free end of one layer is covered by
ancther 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 mocre
layers of three, different materials, wherein the

25 edge surface thereof at the free end is covered with




the first layer of the three |ayers closest to the
devi ce substrate 1 and with the uppernost |ayer

(third layer in the current exggple). In this case,
too, the nunber of the 5 matérirdl S contacting with the
liquid is reduced, and the degree of freedom of
choosing the liquid conposition or the degree of
freedom of choosing the material constituting the

| ayers of the novable nenber is increased. 10

Furt her, cause the edge surface at the free end

part Otet e i dIER AP W th o thib, the

di ff t t | dt ted f t f

sawt GBTH Cs?"? it 'f?reasfa% L drdtiges dhbord e e
th

{1 oo oo SRR Rt SRS 8 0 | ess

[ THI RD EMBODI Nﬁj}mtﬂ%tcasaetmacﬂ arhod] e, of s the

“present 20 invention will be described wth reference

te Figi&rifis Whel@idtily shoyl drhe nohed tl@tre%we@ &nd

is a cross-sectional dlagran1expla|n|ng a novabl e
menberhe SEk@oooradi iy deidre ft hiltabenbpdimentiqdid
shoul d be noted that the novable body 52 25 used Wi th

t he pregsrditenbodimernite hiesy @ anstimectdoon (&7 cliquadfricchthe

two layers of different materials are
material constituting the layers of the movable
member is increased.

10 Further, because the edge surface at the
free end part of the movable member is coverad 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




lam nated to forma five-layer structure. Thus, the
novabl e menber 52 is fornmed by lamnating a first

| ayer 52a, a second |ayer 52b, a 5 third |layer 52c, a
fourth layer 52d and a fifth™ldyer 52e consecutively
on the device substrate 1, wherein the first |ayer
52a, the third layer 52c and the fifth [ayer 52e are
formed of the same nmaterial, while the second |ayer
52b and the fourth layer 52d 10 are fornmed of the sane
material different. fromthe material formng the

| ayer’s) 594, Ci5Xeand B2 theldhErent sHeanid FHA ed

that the respective edge surfaces of the second | ayer

52b a4 SOt HAdyer B52F at? Y §the Hrée it 52B are
covered by the fifth layer 5 15 that is an odd

nunber | ayer asTfk}:UoSumt&?y ﬂoafr%%t%heem (?regroi%g R rscim|ez§1jyeblry
52a. Fyrit : | S I mepher 52 hag 2 f. d
52H fll%gzl S%lonr?t %?lﬁﬁ?ea%}esubst r’atae?sl angaal%gg 52%0[ @

52F, Whef e fdie §oee £nd,y32f S, defgned by 2 i@l 1ayer

edge surface 52G 20 Thus, by constructing the novable
menber2 byeod B, @fn e AHeviiee udynsitef I Watdrein
nore materials and covering the edge surface of the
novahites neindyer latydihe fa,eerend hafrd e yov &ldlce anmeiragre

by one of the foregoing |ayers form ng an odd nunber

25 | affettraslapoumtietk famem ddmddaydr tdicoseste tmtdmwal,

device 38 substratel, the nunber of the materials
cont adtiyfy the second layer 52b and the fourth layer 52d

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 1s an odd number layer as counted from the
forgoing first layer 5Za. Further, this movable
member 52 has a fixed end 52H fixed upen 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 cf 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 laver closest to the device




with the liquid is reduced, and the degree of freedom
of selecting the liquid or the degree of freedom of
selecting the materials used fqr the layers 5
constituting the novabl e nen5e3852 is increased.
Further, with the novabl e nenber of such a
construction, in which the edge surface thereof at
the free end part is forned by an etchi ng process,
appearance of sawtooth structure at such an edge 10

surface as a result of the etching i revent ed, and

the prbt O St T dPERE e or Tehi i Ty B (g tact ing
sawt oot rt is elimnpate ith su vabl e

mermber™ tQQ/ gc f]h Pv\hlelnq LlnleC%: Hani rceaq‘oIu C\gréo’ ck r}cg hca{] %’p Irajeédp S$h eorfetfor eedom
as a resul . of; foramd i0n,.org annihyd atd pn. of, DUbbILs, of
15 There y,e§%%(%fﬁg%e%$% vgg?g?%on 0 ejé%tion e

char agd ardsid £ s hetywaen diff eren channel s Lfethe

~fragnents causing clogging in the ejection port or

| isqui &b fd oW paSEAGes: addr £ idnmaied:; sand degradatdon

of printing quality can be prevented successfully. 20

[ FOURTH EVMBODI NENT]hedNextwita fiour tioweriiiedimenite ofod leeich a
present invention will be described with reference to

Fi gurecngeshoviarg a movabite thentseto e 24 tisett wiltdradfe at
liquid 25 ejection head of the present enbodinent in a
crosst3 frep@EnbiErtviigy formed by an etching process,

appearance c¢f 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 1s 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 ejecticn
characteristics between different channels or the
fragments causing clogging in the ejection port or
liguid flow passages are eliminated, and degradation
of printing guality can be prevented successfully.
20
[FQURTH EMBODIMENT]
Next, a fourth embodiment of the present
invention will be described with reference to Figure
9 showing a movable member 424 used with the ligquid

25 ejection head of the present embodiment in a cross-




Referring to Figure 9, the novable nenber 42A has a
structure simlar to that of the novable nenber 42
expl ai ned with reference to th%re 7 except 5 that the
novabl e nenber 42A is now for | am nati on of
four layers of three, different materials. Thereby,

it should be noted that a fourth |ayer 42d is forned
of the same material as the first |layer 42a. 10 Thus,
t he novabl e nenber 42A is formed on the device
substrate 1 as a result of lamnation of the first
Iayeﬁeff&onﬁﬁev§§@bnd Iayer 42b, the third |ayer 42c

d the f thI
third Faygrg 2551 erféggar m?%%%%& ? f%er8§58ctF Hefhioe-
dlff%@%pﬁl ter%§h gu}ayers ifEh%Oeq%gc ¥r%ﬂ%e%oggble

t he sécon and thlr b and
for egQi-ng .f ee end A2B40f; the rg@\é%%h%err%b @&gué% ar @xcept

~covered wth the fourth |layer 42d, which is "the |ayer

tBat (GERStiHUtRS he Sekiace 20f tike npavablecd2@ fmenber
42A. Thus, with the present enbodi nent, the novable

nenbdramd2A disrf efnEduef larirsatifon hat et hpae f eaenmor e

| ayers of three different materials, and the edge

sur f ace 4R IisheTdofredty .t He Fhealendepactted2Ghiag 25 fourth
covered with the uppernost |ayer 42d (the fourth 40

| ayerlagercdint é¢ frgmeche ff ithst spayematzg igflogésttheo first

layer 42a.

10 Thus, the movable member 42A is fcormed 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 lavers 42a - 42¢ are formed of

15 respective, different materials. Thereby, the edge
surfaces of the second and third layers 42Zb 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 422 is formed of lamination of three
or more layers of three different materials, and the
edge surface 42F thereof at the free end part 42C is

25 covered with the uppermost layer 42d (the fourth




the device substrate 1) In this case, too, the nunber
of the materials constituting the |ayers that cause
contact 5 with the liquid is reduced, and the degree
of freedomin choosing the nat i al of the liquid or
the degree of freedomin choosing the materia
constituting the novable nenber can be increased.
Furt her, because the first layer 42a and 10 the
uppernost |ayer 42d are forned of the sane naterial

w th the novabl e nember 42A of the present
enbodt Rt 2% HGE (GG e d S dh &2 oriohi em 4dfatcidRe st to

edge surface 42G of th vabl e nenber 42A at the
free %hed dZa?Z l‘f%esr"&o?ftliagckee 'a zi gzag or sawtooth shape

15 even when eng, syrface 42G.of, ths, Jowaple eiar, 42A
tc !

is formed by an e ing prdcess,” as such an etching

process: 4,01, 8t ChiNg {the Ry emA2a @and thed als#2bntact

in fact etches only one ndaterial. "Because there occurs

ng fofied ik ofi 2 Sawmteehleast,r ugidineataddhe o rege enthdon
part of the novable nenber 42A, there occurs no
crackimg:losichy ppingnadteding fvaltee Inkydier A2AmE ddigree
free end part 42F even when there is caused a

mechant calesshockin asseod ateedha tote tfeorirmdt ic@amadrituting the
anni hil ati on of bubble, 25 and the problens such as

vari ard b of gy orerd e chvarnsstsad sti cs bet ween

different channels in the ,
Further, because the first layer 42a and

10 the uppermost layer 42d are formed of the same
material with the movable member 42A of the present
embodiment, there occurs nc such a preoblem tThat the
edge surface 42C of the movable member 422 at the
free end 42F thereof takes a zigzag or sawtooth shape

15 even when end surface 42G c¢f the movable member 4ZA
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 materiazl.

Because there occurs no formation of

20 sawtooth structure zt 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
assoclated with formation or annihilation of bubble,

25  and the problems such as variation of ejection




head or fragnments chipped off fromthe novabl e nenber
42A causing clogging in the droplet ejection port 4
or the liquid flow passages 6. Thus, the problemof 5
degradation of printing qualTt§lis successfully
elimnated. Further, in the case of |am nating three
or nore layers with three or nore materials, it is
possible to use a construction in which the fist 10

| ayer closest to the device substrate 1 and the

uppernost |ayer are fornmed of different materials,
si m 1A AtE RS 168s @b the dde GG éntcddnmedes 10 the

o] Gctiogn ead TAGESF NG TRES Pt -BbodmERY 261 Hemoes
ej ect a i”n i '

resent. invention.wll. be. described, wherein.Figure. 5

'S a GPos B oA T atadramst Che ot d 6ok For C !
hoad 20 W0 418 g dslatioon hoad-0l e o RssElLe
aSHDYﬁ§§ﬁ%d§¥ﬁ8ﬂ'o@szﬁanh%hq@ﬁlﬁ_%?&%akgc§%%%$%lﬁ%

accunulTated therein by causing initial ending in"a

di recdlijen rawayy.from t he heating body 10. 25 Thereby,

t he novabl e nenber 62 is fornmed of 42 |am nation of

first through thirtth<rayers th2a case2efoflamiespéoi ve,ree oxr

different materials, wherein the edge
more layers with three or more materials, it is
possible to use a construction in which the fist

10 layer closest tc 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 liquid ejection head.

20 With the liguid ejection head of the
present embodiment, it should be noted that there is
provided a movable member 62 in which an internal
stress 1s accumulated therein by causing initial
bending in a direction away from the heating body 10.

25 Thereby, The movable ﬁember 62 is formed of




surface of the second |ayer 62b at the side of the
free end 62F of the novable nenber 62 is covered wth
5 the third | ayer 62c. For exanple, the first |ayer
62a is formed of silicon oxidé? the second | ayer 62b
is formed of a polysilicon filmand the third |ayer
62c is fornmed of a silicon nitride film Here, it
should be noted that 10 the first layer 62a and the
second | ayer 62b accumnul ate therein a conpressive
stress, while the third | ayer 62c accunul ates therein
a tensiTE&ty@sseT Thettebyh T aHE idVialst & asifero4p,~ 62c of
formed of lamnation of the foregoing three | ayers

62a -LBREC mitfer goBsL SF A5 BEHdI T i T (HeE T rectiBrr dge
f th ti bod 10 i he jnitial. stat
hor €br* B Srowi Ih FOUM B=1 bt B4 13l ot the
62H frenh s fi , i ce .
, subs%%%%e I@l\rq ﬁ% freegrnéoﬁ%&gezééoﬁg%%s%r}t%nﬁo@’d@e}g&%lth

foregol ng- i xed end- 62H.is 20 displaced in the upward
direction. Thus, i1t is possible to provide an initia

internal stressrd© d:hengmyabdres menhar 162 sudpd hiad formed
the novabl e nmenber 62 is bent in the direction away

fromdhes heatemgoshiotly, the eddwnd nidysad &tkaties ofodnhed of a
25 novabl e nenber 62, by providing a tensile film 43
accungsd &t $ gt ¢dreriel Im ant@engid 6 rstraeslsaydhi G iy eformed of

62c of SINin the present case) at the side of the
a gilicon nitride f£ilm. Here, it should be noted that

10  the first layer 6Z2a and the second layer 62b
accumulate therein a compressive stress, while the
third layer 62¢ accumulates therein a tensile stress.
Thereby, the movable member ¢2Z, formed of lamination
of the foregoing three layers 62a - 62c, undergoes a

15 bending in the directicn 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
6ZF opposite te he foregoing fixed end 62H is

20 displaced in the upward direction.

Thus, 1t 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 initiasl state of the

25 movable member 62, by providing a tensile film
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novabl e menber 62 away fromthe heating nmenber 10. In
this case, it is preferable that the free end 62F of 5
t he novabl e nenber 62 is conta?%ed with the stopper

14 as shown in Figure 10. Hereinafter, droplet
ejection operation of the liquid ejection head w ||
be described with reference to Figures 11A - 11F. 10
Referring to Figure 11A shomﬁng the initial state of
the liquid ejection head, which is the state before

h | ect I, lied t
heat i Wf@g o8 ™DE Sa0r iifi ShOvABI d inber 262"
def.] ect t of th t 15 b di
Such WAaE % A PG RaPE2R RAKES 4 cont 45C “Wrth ?gghe
StOp%% %ﬁ N% %@r‘%2tg%a t?@o%ft%%g% %t&%é m%%%er 18
heatlngab 5& I'S energi &l ectric power,

ther ¢ starts.f orpayis Ogr%ffe%a%li%mt%a'tn tﬁep%&%eOfenbh%z%o of
liquid f||||ng the bubble tformation region, as a

r esulih O liengetfretrhe 2l i1guicdneaused by thhenkeatioch@er
of the heating body 10. Thereby, it should be noted

t hat ,1 becausewnofint Ife giuriet ira@l. bendi ng of the novabl e
menber 62 in 25 the upward direction, there occurs
little ------- Herednd4 tedi, splragdment jeattibe opeablteon of
menber 62 with the
the liguid ejection head will be described with
reference to Figures 11A - 11F.

10 Referring to Figure 1lA showing tﬁe initial
state ¢f the liguid ejection head, which is the state
before energy such as electric energy 1s supplied to
the heating body 10, it can be seen the movable
member 62 1s deflected as a result of the initial

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

NextT, in tThe step of Figure 11B, the
heating body 10 is energized with electric power, and
There starts formation of a kubble in a part of the

20 liquid filling the bubble formation region, as a
result of boiling of the liquid caused by the heating
cf the heating kody 10.

Thereby, it should be noted that, because

cf the initial bending of the movable member 62 in

25 the upward direction, there occurs little




di l atati onal force of the bubble 16. Further, there
occurs little novenent of the liquid in the upstream
direction (direction toward thg common |iquid chanber
58) in view of the fact that dnTruni cati on bet ween

fl ow passages 6 defined by conmpartnment walls 3 and

the common |iquid chanber 8 in the upstreamside is

cl osed by the novabl e nenber 62. Now, when there is
caused further growt h of 10 the bubble 16 as shown in

Fi re 11C, the art t he abl e
est 19 S T s POt 6n | n

the upnard d'gnquf'f%f and bl \oyaDl & enher 02 Laes

a convex s ape ulgrng i Upwar d reaction

Furter,, lt ]T%t ?rﬁw%gn{r{)g%rfe t:l'rjeD &%@chﬁ irQGHY %\ﬁs%ream

further gromt associ at ed

thi s,qthere SeCuris-dhe §7 Quih of tthtée cABIYrS QUNAY @hambe r
‘result of the dilatational energy of the bubble 16

2@ Ther eaf tefaw as® shWFddt Firguwr e chblon itherien QREWES:
an increase in the negative internal pressure of the
bubbl £ &6 wftsrgdshe beifinmg afy tdwendairguiethti sraldwer3, and
and the negative pressure .of the bubble 16 eventually
over rifdesanmmoVieremt asfantitee 8 qui dhien 26 tireenl isguded 1s
fl ow passage 6 in the downstreamdirection. 45

Ther éby2s9chere Ghe §toartdd dacactd%n of the bubbl e

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, theres
occurs further growth of the bubkble 16, and
associated with this, there occurs the growth of the
meniscus as a result of the dilatatioconal 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 liguid is
over, and the negative pressure of the bubble 16
eventually overrides the movement of the liquid in

25 the liguid flow passage 6 in the downstream direction.




16. Wth the contraction of the bubble 16, the

nmovabl e menber 62 undergoes a di splacenent in the 5

downwar d di rection, wherein the novabl e nenber 62,

being a cantil ever held upon “the device substrate 1

at the fixed end 62H thereof, accel erates the speed

of the novenent in the domnmard di recti on, wherein

this downward novement of the novable nenber 62 is 10

further accelerated by the resilient stress

accunul ated therein in the state in which it is

buI gwqr@%e Uisrsr d distecticsh GH tRe tsiea € foft I g le
%ﬁr the bubble 16 is conpletely 15 annihil ated

as S in Figure 11E, the novable nenber 62 returns

to a state clo the initial at.e nd,t
meni scus 17 |s%§éﬁhﬁgf%éx?ﬁ&%9ﬁ%onl|qu?1 Fﬁ%ﬁ&e Gﬁ the

i S A

S%parcﬁf&%dﬁi &l 68d&d dh Ghe QULSIHIR Mvatﬂl% *&%@r%er 52,

Thereby, the nmovable nmenber 62 thus returned to

initigdist at econtlidues Hdist dgwinward d’@ii\i@'éﬁrﬂubs_ftﬂahfé 1
step of Figure 11F and there occurs 25 overshooting in

t he moverrentfiofed endrdrablharerdfer 62146 atBd She speed

overshooting continues for the duration
of the movement in the downward direction, wherein
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.
Bfter 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
ligquid inside the liguid flow passage ¢ in the form
of liquid droplet 18, and with this, the liquid

20 droplet 18 thus separated is ejected to the outside
of the head.

Thereby, the movable member &2 tThus
returned to the initial state continues its downward

movement in the step of Figure 11F and there occurs

25 covershooting in the movement of the movable member 62.




determined by the rigidity of the novable nenber 62,
the viscosity of the liquid, or the |like, wherein the
overshooting is settle down in short tinme period, and
5the initial stationary state?®f Figure 11A is
resumed. This ejection operation of the liquid

ej ection head is fundanentally identical with that
expl ai ned with reference to the first enbodi nent,
except that the liquid fl ow passage 6 is closed by 10
t he novabl e nenber 62 and the stopper 14 in the

i ni t A1 SsPAEE SHEPSEE% ReN G VrRg Leher-§§ SUERTAST he

electric enerqgy.is_provided.to the heatin ody 1

Thus CURETIEEEN o8 CORSEr JErioN, SEné gnforaote hefber 62,
di | atat| |._energ t he . l e _ca d,w th

di 1 2tk Sse R hiobrs i hetsonce re phaty WiB:ATn cne
ener gfzalhoBeOhd! e eakhag dbgdy 110 pbt EBRCLECLELS ang
energy, is transnmtted to the liquid in the difection

of thed iiguitd s&j @elkitaRnaaRd s gl refifiieirenaY Al S s resumed.
achieved for the ejection of the liquid droplet. 20 In

vi ew of the highief ejeiceiey obeepecbhonf thbellibgudd

ej ection head of the present enbodi ment can reduce

t he powerticonseapt ienfunkdialenthilsdyl eddatiabdowtiaht heat
decrease of heat generation for the heating body 10,

and ieErdecowes vpossirbltereocsuppr €8¢ 25 rishe ctnbppenangr e
rise of the liquid ejection head 47 caused by
unneEESSRLy théat itn§. [TRELEDY 1 odr PeiSRGIsF © 1s closed by

10 the movable member 62 and tThe stopper 14 in the

initial sfate before the driving energy such as the

electric energy is provided tTo 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, 1s transmitted to the liquid in the direction
of the liguid ejection, and a high efficiency is
achieved for the ejection of the liquid droplet.

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

25 the temperature rise of the liquid ejection head




the liquid ejection . head wth high frequency becones
possi ble, and it becones possible to construct a
liquid ejection head array in x@ich a | arge nunber of
5 liquid ejection heads are arranged with high density
for sinultaneous driving. By using such high-density
liquid ejection head array, it beconmes possible to
formpatterns on a nediumat very high speed. Here, it
is not always necessary to conbine 10 a | ayer of
conpressive stress and a %ger of tenS|I stress for

pr oV e i $98E SGEFPEdt 6 “a % hé P el Qrﬁaﬁﬁ&of
t di t he t

For GGl S St Bratt 6 rovial eRS-aesH Bycones

| nitial, geflect n%” i pRendl.ng gto% S%L%%el%ow%\égglt%u%n%er

62 bf)u5|ng Various combinat | ressed layers

SUChIQ ul%e ?%%Qh%%ﬁh%%do r&g? 1ﬂy%ﬁlc%f Sﬁaggg number of
,conpreSS|ve tress and the layer of weak ero

conpriassiive «Stic@ssn hReqsorkinati-gngely thenl aveh dehsity
weak tensile stress or zero stress and the layer 20

of sticangitensizhecsisr essyviand BRe usike. sheh hheh-density
novabl e menber 62, it is possible to use, in addition

to thHeguwterjalsioh BeNd( sirflrgen itnbecicde), psiskiibdr to
oxi de and polysilicon nentioned before, durable

mat erficadts pakclerdisngra aneedli vor atetval-y25ighl spesdch as
silver, nickel, gold, iron, titanium 48 al um num
platlnun1 tantﬁ@&ﬁl dttailhl 86§ gtlgglys necessary to combine

10 a layer of compressive stress and a layer of tensile
stress for providing a preset deflection to the
mcvable 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 6Z, it is possikle
to use, in addition to the materials of SiN (silicon
nitridé), silicon oxide and polysilicon mentioned
before, durable materials including a metal or metal

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




phosphor bronze, or the like, a resin having a
nitrile group such as acrylonitrile, butadiene,
styrene, or the like, a resin hﬁVlng an am de group 5
such as polyam de, a resin havi’ g a carboxyl group
such as pol ycarbonate, a resin having an al dehyde
group such as polyacetal, a resin having a sul fone
group such as pol ysul fone, or other resins such as
liquid crystal polymers or their conpounds. Further,

10 for the novahl e nenber 62, ossi bl e to use
| nk Jsrt%t‘i’tt pgggt arttﬁkl%&ss’n%&ﬁ‘t Shat 7581 ’such

a}ﬁyt or aIIo of %_Id, tungsten tantalu -
nlckéf B me8¥ Steét = ST o B e did Aslithg

ZPdZﬁ@ggff%JS#R“ﬁysuc as péﬁ$§%g¥a ﬁ§§tg%ﬁ%KLaV|ﬁg a

ket ong 4 RUP SUGhAs PRl yet Q%J’Sl%t rl't%rvﬂﬁ%t e anP dL Y Hup
“having ~ an i'm de group such as polyinde, a rein

havi nghan y PHoxiae eYch asfaheneliitd esiddrd HaSidroup
having an ethyl group such as pol yethylene, a resin

havi ngian 20 pad kyda igrooisr esuch &S ipolhypriopy l=ene lddhyde
resin having an epoxy group such as an epoxy resin, a

resi mytvavi rEgicdn samgg yprcaup lsuch @ssia elvamioner suediane
a resin havin%Ta met hyl ol group such as a xylene
resi rfr BP tHEly sSomsonsds. LB, 49 JLSIeXTH <ENBEDISMERT]a S

liquid 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 rhenclic resin, a resin having an
ethyl group such as polyethylene, a resin having an
20 alkyl group such as polypropylene, a resin having an
eboxy 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




Next, a liquid ejection head according to a sixth
enbodi nent of the present invention will be described
with reference to Figure 12, m@ rein Figure 5 12 is a
cross-sectional diagramexplainhing the liquid

ej ection head of the present enbodi nent. Heretofore,
expl anation has been made with regard to the liquid
ej ection head of the edge "shooter type, while the
present enbodi nent deals with 10 the liquid ejection
head of the side shooter type. Referring to Figure
12, tRd T BOSEENdn  head of the present

enbodlnent is formed by .prov, zzl e _pl at

over the deV|c&egﬁbsFréﬂgufdvﬁéegtl §F€n€§ ﬁgﬁpg to a

menber; (ot bod% %%t%Q)tﬂ%ng %%n%s%kg%p%HgH'%lfhowe

passa es 6, ver hat thére are

forn%%s%rﬁ%%@ﬁhﬁ%% Q f%%%ﬁcelEQU@QgEE@mﬁEaS§ﬂ%§%1ﬁ Figure

each ‘communi cating wit corresponding dropl et

eBeCUQOQSp%rEr%ssa%@%ﬁl%%aﬁhglaﬁgéﬁ|%x@h%ﬁﬁlﬁ% the liqguid
wherein each of the flow passages 6 20 is forned

bet wegr drhenderizele csubsier atresknandnbbe inrozzl e plate

72 and is acconpanied with a pair of |arge-volune

common |iquid skppltyfoltarbexsl8natcdpnuhccaberg watle with

the fl ow passage 6 fromboth |ateral directions,

wher eiayatride tlol qhied 1sgppldy edscthanbéesd8 odr s hEoenge

al so between the device 50 - substrate 1 and the

nozzls@ositgtre type, while the present embodiment deals with

10 the liquid ejection head of the side shooter type.

Referring to Figure 12, the liguid ejection

head of the present embodiment 1s formed by providing
a nozzle plate 72 over the device substrate I 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 is formed between the device substrate 1 and the
nozzle plate 72 and is accompanied with a pair of
large-volume commen liquid supply chambers 8
communicating with the flow passage ¢ from both

lateral directions, wherein the liguid supply

25 chambers 8 are formed also between the device




Further, there are provided two novable nenbers 12
respectively in correspondence to the two conmon
liquid supply chanmbers 8 such that each of the 5
novabl e nenber 12 extends fronP?h& common i quid
supply chanber 8, in which the novable nenber 12 is
provided, to the liquid fl ow passage 6. Thereby, the
novabl e menber 12 is provided such that the free end
12F thereof is located inthe liquid flow passage 6,
10 in which the heating body 10 is prOV|ded and hence

at t RIS It REUron e ecti Givpdrt: 4, while the

other end 12H i s fixed upon the device trate
Ther eby, each G4 HE oVl r‘?’ﬁr?oé)rrgv el‘ﬁstr‘?’é’ glovable

cant Inlleem & oriZt I}%sdev t%%eSLUb racto(;?‘:r ﬁvﬁneotnlpgee:[rge pr t% two
hel d c;aﬁw#ree]] tq%t% t%gytpl &n%% ¢ 1201 ReLeofed$ of thne

15 forne Yeteer. ereby the Tova
~novab downwar d directions.

Fyrt hgroadihe H{é‘?r@:@re 1P %tx%e?‘l%is' %Lfo‘?ff el \@otnﬁotnha_lquld

stopper part 14 that restricts further upward

moverRigplaf driesval! e nmeimien the hidvidhad metmbaalr 12 is
state (stationary state), the novable nenber 12 takes

a st gtrevexteenditng thgeneralildy flanaldaels awiet It .t HhedevivGe the
substrate 1 with the gap 13 forned therebetween, such
t hat ncheflrreaes2®aand 212F ofr avhielaspvalsine tiretbémhel Zrieg end

located in the 51 region of the heating body 10
provilddd Yrenaed dévilgeated in the liquid flow passage 6,

10 in which the heating body 19 1s provided, and hence
at the side of the droplet ejection peort 4, while the
other end 12H is fixed upon the device substrate 1.
Thereby, gach 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
movaple 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 thereketween, such that the free

25 end 12F of the movable member 12 1s located in the




substrate 1 in such a manner that the tip end part of
the foregoing free end 12F is slightly offset from
the center of the heating body_10 in the direction of
5 the comon |iquid supply charber 8 in which the
majority of the novable nmenber 12 is provided.
Further, the stopper part 14 is provided on the | ower
surface of the nozzle plate 72 as a unitary body or
separate body and restricts the further 10 upward

nmovenent. of the free end 12F of .the novable nenber 12
by e%%’g U e ﬁ“@af CdrEg bRy flpeé’fé’ﬁféfdfﬂlzonofth@h@e“ce

h t th

%&'ﬁ"ﬁ%é S b et es s T ReE piie o
Co'r‘s’ttr uctd on E{‘%Heeq.‘é' 1%% %Jse%tllgﬁtﬁs/a%f%fsetthgrom
presen enbo thé

\%pl %h%e‘?:e‘ﬂtteri & %rh%n%%att(_’m(gh%odfy' gt ;8medi pBRL ot 5 Fen of

ile 1t is also possible to’use "the construction

t be seeorRGrddroudhfiaustby1enbodinment § exphaiinedthe
before. 20 Wth the liquid éjection head of the

pr eseftj cethodicferthe ibvahow theb@erotied ikhat ormviabl. e

menbers 12 at both lateral sides of the flow passage

6 under goes di splracerenthwi shothe rbpblice 1161 sapdovided on

there occurs gromh of the neniscus 17 of the liquid

25 atthiehd cejegc tsivart ager 4 £hE2noThads, phyptapflyesgat heitary

present invention to
body or separate bedy 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
cf the movable member 12 in the event the movable
member 12 is moved in the upward directieon.

Otherwise, the construction of the liquid

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 seccnd 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
b undergoes displacement with the bubble 16, and

there occurs growth of the meniscus 17 of the liquid

25 at the ejection port 4.




the liquid ejection head of the side shooter type, it

is al so possible to achi eve the advant ageous features

of the liquid ejection head of the edge shooter type

5 expl ai ned before. Next, an exanple of the |iquid
cartridge of the present invention wll be described
wth reference to Figure 14, wherein it should be

noted that Figure 14 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 IFydidPej 8PPilgA"Head 8P~ eRERngRyRRELIoN Lo
ej ection_port 84 forned by any _of the, enbpdi nents .
ot o Mof o i d 6 SFR Gt Gheanba HoF 8395 SRoPARAg ERE . it

1 autd Lo, be supphied ta bhe Ll quid election, nead ..

81l. I't shoul d bé note I's T'rrqui corAtai ner

be repl eni.s it h- resh. Ligui t h i.qui.d
her oin hes Rgutt, B18ctiERN palbE bl Sltgb S nbbatkC eype

80 t hus,1havkngpe@ot-Be Iiquid ejection head of any of
t he enbodi nents of the present invention, it becones

possible to reakikze aa kkguwbdecart thdgeipnivhicehtridge of

cl ogging of the ejection port 84 is reduced and is

capabhe ofrepentorinmivegthicghwidpebd epect-ibadwintihh

driving by using high-frequency. 25 Next, the inmage

f or mredeapparatas Fotyurhe 133 wpeesént ikngéptildnbehabted

uses the liquid ejection head .
that Figure 14 shows a ligquid cartridge 80 of the

10 present inventicn 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
embodiments noted before and a liguid container 82

15 holding the liquid to be supplied to the ligquid
ejection head 81. It should be noted that this liquid
container can be replenished with a fresh liquid
after the liquid 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 liquid 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




of any of the precedi ng enbodi nents will be described
wth reference to Figures 15 and 16, wherein Figure
15 is a diagram expl aining the.qverall construction 5
of the imge form ng apparatus™15, while Figure 16 is
a plan view di agram explaining a part of the inmage
form ng apparatus of Figure 15. Referring to Figure
15, the inage form ng apparatus has the construction
of holding a carriage 10 103 by a gui de nenber

ip |n ;lt ggrl egﬁge r{ath 'unirvcejqer{tr qudra é’c L tg rui s?ei%b %ezi g’.gqs%q %3 elsci tdl%n head
o oAt B S e R It ST R s S ibed

16), whareldrdhg canfd age, a3 1S Iy drigenrdy dihe rlifte

scanning direction by a main scanning notor 104 via a

timng bed ta 109g W Gied 1S 1 IOUNG 1R Qd-a 1P d eyt rlQ68 on

~driven by the main scanning notor 104 and anot her

pul | ey 16b.inQyd M antiarg iage rkd3is tlier evHiS arinfad a6 is

20 recording head 107 forned of four liquid ejection

headsa gfldrher jmvestintg danv e lon rriggpectpane] y fejwdet iingrge

the ink droplets of yellow (Y), cyan (C), nagenta (M

and bi@okiiBldpprasterei i He duruild ej ecti on heads are

mounted on the carriage such that the respective 25

ej ection ports Fafewirecttied Hiwute dowiidr d-di 9% dtadH ng

e 54
apparatus has the construction of holding 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 boclt 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 cof yellow (Y}, cyan (C), magenta (M)
and black (Bk), wherein the liguid ejection heads are

mounted on the carriage such that the respective

25 ejection ports are directed in the downward direction




and the respective ejection ports are aligned in the
direction crossing the main scanning direction.
Further, the carriage 103 carries thereon sub tanks
108 for supplying the ink of réSpective 5 colors to
the recording head 107, wherein each of the sub tanks
108 is supplied with the ink fromthe corresponding
main tank (ink cartridge) via an ink feeding tube not
illustrated. O course, it is possible to use a
liquid cartridge of integrated heat 10 type. Further,
t her @1% Provicdsd & 19Ke U SCddan PRFESsaeR ad 1gnshedt the
feed cassetite 110 fqr feeding, sheets . 112 stacked on a

pr es $UrE &Y e CFPES Wifleltditn "t e SSREET Fe 84T FEF T O
i ncl udes a fee%u&@ﬂé?' %%% %%r%§f%§n39§'%§%%§%S??§%?eon

section for separating a sheet

the sheet, a?mt}{?'sg *ri ggaor o.fre%%ig%quLglg)f aneSEpar ati Qn sg%@tqfvea

“materital o ricti ficient dispos SO as

t9 oppase d he freed olhernglh3aghene ihkhe iSeparatl ienthe
pad 114 is urged toward 28 the feed roller 113.

Furt hemh damker des tie ttapdpedt wike sheetinkl¥2oihisef ed
fromthe sheet feed part 110 such that the sheet 112

I S passecd syrterincheariec ardikng inéada@7idokheréa an ink
provided a transportation part including a 25

t r ansdperctiat dmbselnot] 21 Isgdkieng dt- h&Lskestr sker isheet -

> possible to use a liquid cartridge of integrated heat
10 type.

Further, there is provided a sheet feed
part such as a sheet feed casseitte 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
separaticn pad of a méterial of large friction
Coefficieﬁt 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




transportation, a counter roller 122 for transporting
the sheet fed fromthe sheet feed part via a guide
115 so that the sheet is trans grted in the state in
whi ch the sheet is held between”the counter roller 5
122 and the transportation belt 121, a transportation
guide 123 that deflects the direction of the sheet
112 fed generally perpendicularly in the upward
direction with the angle of about 90 degrees, such
that the sheet 112 follows the trans ortatlon bel t

10
121, iR Predsine raoIqOéJPthSII‘?élﬁ by “°hé ar i rﬁ’@Sportmg
2 f ' et 1 to foll t
U anapt Catiotn (BT 521 TELrIREr, TR €04 Sfﬁ”@m a8 g
h | f
char g Loler 16 gty g't'}%m@%fst%@u?t “seenstade o

that Jihen tanspidiati-on el telgbdrS al %%ln%%sf Q%'ltler
~and spanned between a transportation roller 127 and

t ensiioy reld ehel28.amBy Jretationg ehe ﬁ@an@O&E@hb@@rtatlon
roller 127 by a sub-scanning notor 131 via a timng 20
bel t dl32iean@ a thard ng freldter tha3 ditrke ttiransportat isbret
belt 121 is noved in the belt transportation

di r ecltlizorf s wienscaidiyn @ edipreecitiicod a rEiygumne theé) uphairs
transportation belt 121 conprises a surface |ayer 2la

of putiegasion haviindghehenchisc kifesdou2s S6f calyaete s40isMmh

not subjected to resistance control, cr,
that the sheet 112 follows the transportatlon 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 ke noted that the
transportation belt 121 is an endless belt and
spanned between a transportation rcller 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 tc resistance control,




56 such as the layer of pure ETFE (trademark), and a
back | ayer (internedi ate resistance |ayer or ground

| ayer) formed of the same material as the surface

| ayer 2la but is subjected t© ?BsTstance control by 5
addi ng carbon thereto and provi ded under the

foregoi ng surface | ayer 2la, wherein the foregoing
surface | ayer 2la is used as the sucking | ayer of
sheet. Further, the charging roller 126 is 10 di sposed
so as to make a contact with the surface of _the

t r anspoit &5 iy SF2 P Takd *80 B4 Tt d tB@ G RYEn - Wch 2

t he nov nt of th@itraﬁ§p rtation_belt 21, wherein q
t her €35 Bred & MG dagree&ﬁrlét&fm&b G2 BNTEC "
each f rotational [ r.eof . 5

ot her atd, Tl bl bR e, TesiaRt 57 T shetasey

and flunchi ong al g0 jas S48 graunding Loller.. wagreln by
the transportation roller 121 nakes a contact wth

tbe f-01260Q] G BREK thayer ohnbhe rbransporhaki-or hebel t
121. 20 At the rear side of the transportation belt

21, ttheredisigdisspised aageirde laenbeert36 ithe foregoing
correspondence to the imge transfer region of the

r ecorsdinig deedc vE@7 2 lwheseiuseidt ashabled sheknoged atykat of
this guide nenber 136 has its top surface projecting
25 i helsé direction of the recording head 107 across a

Further, the charging roller 126 is

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 therecf. 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 centact
with the foregoing back layer of the transportation
beit 121.

29 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
reccrding head 107, wherein it should be ncted that
this guide member 136 has its top surface projecting

25 in the direction of the recording head 107 across a




57 tangential line of the two rollers (transportation

roller 127 and the tension roller 128) spanning the

transportation belt 121. Wth ﬁgis, t he

transportation belt 121 is pushéd up by the top 5

surface of the guide nmenber 136 in correspondence to

the transfer region of the recording head 107 as it

i s guided over the guide nmenber 136. Further, in order

to discharge the sheet 112 recorded with the

recordi ng head 107, the imge 10 form ng apparatus is
(At i 3&&

provi St Sd 4ogrl &S ar AT Aé L on

heet 2 f the, t t.ati bel t 1, heet

i SCHATGE™ O erd a3 AR A B (A R TR he
[ ' ' heet.s..112.. Furt , th

rmy Be B e M i sl Bhcer  feed

uni t 155 i, Ahe 1epLSide Of the,, dHmoe S ¢mAg cop
apparatus for two-sided recording, wherein it should

be nalgdddhatof hirse QpiiiRnalengheetl 34 aed ditire sbahdedhes to
up the sheet 112 noved back by the reverse rotation

of t hehd rianspdidratican dieldt 2k 2@ candiisuppldzes e as it
same agai n between the counter roller 122 and the

t r ansiporguditdegh doedrt th2] cafitder meireyi iggtover. Wth the

i mge formation apparatus of such a construction, the
sheet 112 is sdpartdteed firomndse t25 dissdr rigged hsarstheet

one by one, wherein the sheet 112 fed ,
I12 recorded with the recording head 107, the 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 ¢f the transportation belt 121

20 and supplies the same again ketween the counter
rocller 122 and the transportation belt 121 after
fturning over.

With the image formation apparatus of such
a constructicn, the sheet 112 is separated from the

25 sheet feed part one by one, wherein the sheet 112 fed
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58 in the generally upward direction is guided with
the guide nenber 115 and is transported in the state
hel d between the transportatigﬁ belt 121 and the
counter roller 122. Further; tHe'tip end part of the
sheet is 5 guided with the transportation guide 123
and the sheet is urged to the transportation belt 121
with the pressure roller 125. Thereby, the
transportation direction is changed by about 90
degrees. _In this state, there is a plled an 10

al t errat’€ly TG g VBTage veerfed giifsr the

196 1HohT BN of 1 gu to@%u%tt%ab%%e? co@Eﬁ:& i '§ate neld
cont rt% éaégr?t)ﬁnﬁebntﬁ{ ragéio%}ar o%d’b nr_d 3%2{]'1 d]_5the counter

transpor 17s c ar ge

al ternaigly oiyanghng ehar gimng vl t Gy Ratd &f émeatsheet is
forms an alternately repeating band-1ike pattern of

prsedejerdddned v dirhe 11y drhg Subrseanyuigdirectdn dx
which the transportation belt 121 is circled. By

f eedi gigzdthel sheefed k2 arhes ucteras 2O tatanrgpardlal ilon belth
121 charged alternately in plus and mnus, the sheet
112 ishelectgostaticlaldry 17t .t rastmabywt,0 e transportation
trangﬁortatlon belt 121 and is transported in the

sub- s&&arff g rdi recthisnwad thy e utcidh Westiasg -noti on of

t he transportatlon belt 121. 25 Thus, by driving the
recordi ng head Wp7#his state, there is applied an

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

15 alternately changing charging voltage pattern 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 1s electrostatically
attracted to the transportaticn 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
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59 wth an imge signal while noving the carriage
103, recording of one line is achieved on the sheet
112 in the stationary state o% the sheet 112. After
this, the sheet is transporte Wth a predet er m ned
amount 5 for the recording of the next |ine. Upon
reception of a record end signal or a signha

i ndicating that the rear edge of the sheet has
reached the recording region, the inmage recording

apparatus term nates th C rdln oper tion and 10
di sctifrges™ deSihe i ST twglﬁﬁemtor NFAE BECAGIE e

f t . d th.the |
éf“é‘%?rleoc%r T SRR Pat e BB el s g
et etl%%rgﬂastt'a% L&%%d MG 9991, ”%f‘&ler 'E%ls,

['iqui ejec ionp and becomes possi b

achi gyg hirgh.qual 'ttrlén%@ofitt'eféig withu rat Retqdehemymbe rarr%funt
the ink suction operation for resolving the clogging

(gRi tananee rLopaAatior i Hdhedead)nean be reduced,
and the consunption of the liquid is reduced.

Further, 20 bectause rcicers ipos sifblae reaoper tokMsignal or a
hi gh-frequency ejection, the inage recording
apparsitars: lofindiga tpmegs emta ti Mentricer ealgcachi éve ihglet has
speed printing. Wiile description has been nmade with

r egarigadhed Pﬁg@fe Hegorstingn reppetat tde pnigiec i eclpeding

liquid 25 ejectlon heat is used as an ink-jet head,
t he ﬁﬁ&?@ﬁtus terminates the recording operation and

10 discharges tThe sheet 112 to the tray 144.

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

15 it becomes possible to achieve high quality printing.

Further, the number of the ink suction
operation for resclving the clogging {maintenance
operaticn of the head) can be reduced, and the
consumption of the liguid is reduced. Further,

20 because it is possible tc perform high-frequency
ejectiocon, 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 liguid

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




60 invention is by no neans limted to such a
specific application. Thus, for the medi um on which
attachrment of liquid such as ink is made, it is

possi ble to use 5 various ki nd§"of papers, OHP sheets,
pl astics used for exanple for conpact disks or
ornanent plates, cloths, netals such as al um num or
copper, leathers such as cowhide, pig |eather or
artificial |eather, woods including ply woods,
banboos, ceram cs such as 10 tiles, three-dinensional .
st r ucttfEs- St h- ada KpdFEs dimithe (Gkertheéy epcLiic
t he Ii%éyd qyection apparatus includes various

pri ntBry ¥eétording on various papers or OHP sheets, a
plastic recor difgg, APRANALYS. TRJSHPTA NG O & BASHIG: o
material such as a ‘nagnetic |§k, a metal récor Ing
apparatys 4 eqorfing :on & s meial, plate Jeathar o use
~recording apparatus recording on a |eather, wood

I eCOrfH i AP PEA LS 7 @CfedidNg O¥P &haeled, CelANGS used
recordi ng apparatus recording on 20 ceram c material s,

r ecorimg: appdratits recaitng ierk=a ot hreendinte nsizonral,
network structure such as sponges, and a textile

pri ntdIng-repparetalss reectr disng lomiaiugl eirth.cofiperebyleathers
liquid used with these liquid ejection apparatuses is
sel ect&d: afcoraimdgaro ke 125 Uhedi WA o bitfiich alhdeather,

recording is to be nade or the ,
woods including ply woods, bamboos, ceramicsg such as

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

Thereby, the liquid ejection apparatus
includes various 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 reccrding apparatus recording on

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

. Thereby, the liquid used with these liquid
ejection apparatuses 1s selected according to the

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




------------ 61 recording condition used for
recordi ng. Next, another exanple of the inage
formati on apparatus of the present invention that

i ncludes the liquid ejection'a% aratus of the present
5 invention wll be explained with reference to Figure
17 showi ng a schematic perspective view of the
apparatus. Referring to Figure 17, the inage recording
apparatus is equipped with full-line heads 181y, 181m
10 181c and 181k for the liquids of the respective

col orECAENS (FOBAET 16 1RESF dIPE- IFERE RS i ncl udes
plural ejection ports disposed in.the_entire w dth of
t he recordable%F§§Voﬁn8F%Fﬁeeﬁ€@P&ﬁlfgoﬁaﬁtl?ﬁgﬁld be

nOte%g%%%Eikﬂpa% Egéghgeo?ﬁ%%%tP%%S%ﬁ{yipﬁé%QHoﬁs{gﬁt

and are di sposed on e ansportation path

the rigcorging t'E%dilli'Eﬁ‘iﬂgio e REVIcded By ran 8l 8¢t A8t AllGent
~transportation belt 184 Spanned between a

t panspeidmticon wialll @k 1821anded Wtiensireferehl-er 1383 :i3@ire
as to cross the transportation 20 path, and achi eves

si nulit7angeus nteeorsdinegaan ct he rserttitieewvdelh off the
recordabl e region of the nmedium 180. Wth such a

ful | dppsecitvege form ng apparatus, there tends to

arise a problem when
Referring to Figure 17, the image recording

apparatus is equipped with full-line heads 181y, 181m,
10 18lc and 18lk 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 simultaneocus recording on the
entire width of the recordable region cof 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




25 recording on a thin paper or ordinary paper, in
that ------------ 62 the recording sheet nmakes a
contact with the head because of the w nkle caused by
swel | ing of the paper, which PA Turn is caused by
penetration of the ink. Such wi nkling of the sheet
can be suppressed by using 5 high viscosity ink such
that penetration of the ink into the paper is
suppressed. Further, with the full- line inmge formng
apparatus, in which the printing is achieved in one,

si ngltdisc@tonding hecdsSaipEst ¢ apse 38 theiddh FhghireRc

o R Thor R Pador diovt Grodd. AR Ene | iR Paser
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the fuldy 1J:ne 48697 difng s head @l TddhleddaR8-ohYRE the ink
apparatus using such a full ring recording head. In a

ful | -ddme dmge Jor Mg appacatdss ohurdiqyi &riejreetieorul 1 -
apparatus, there appears a remarkable 20 streak when
t her el iirge ciaused farelioggidigpadrmone ofn e o edtd grinting
ports, while such remarkabl e streak causes severe
degr adatddnicofed nagergualsitnglaWgdan he tuse ofecassery to
liquid ejection head of the present invention,
use a head in which nczzles and the flow passages are
10 arranged with high density for the recording head.
With the liquid 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
ligquid 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 resclved, and the degradation of images with the




~departing Tromthe scope o

the problem of clogging of the ejection port is 25
resol ved, and the degradation of inmages with the 63
white streaks is reduced. Therggy, remar kabl e
i nprovenent of image quality is”attained. Further,
with the full-line type apparatus, a |arge anount of
ink is consuned when a suction 5 operation is nmade for
recovering the clogging. By wusing the liquid ejection
head of the present invention, there is achieved
significant inprovenent over this problem of i st of
i nk. "Hdrthertr Bécadse FeCHELul T AERE Yhe AGTaF ke e
present invention _can be 10 QKiven mﬁ%h hé%g
f r equdRey Y R s todr 1HPEA NG 1A BE C&ERTEVEG.
Further, the pr t..in [ [ - Lin
to the enbodingﬁgg%égéc%ﬁgéd%ﬁgrz#ggopgpengg?%vgbggggqus’
vari ati;ons angd amdi fications MRy 0etRde k5 aWislRut

f the invention. | NDUSTRI AL
APPLISABI T AGCafa@ien otr0 ke veirdwigd rejeeetli-on ihead pef
the present invention, in which the novable nenber is
20 caonstigueted 1hypdiamenatitignt heee of mbke plragenhs such
that the free edge of at |east one |layer thereof is
coveriedrany iamot héredeayier achheviednisennoff itthe tnaterivalement
constituting the layers contacting with the liquid is
reducer amd st e oddgimee fovaflsgeddmiok .cABGShRG (t hecause

the full-line head of 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 wvariations and modifications may be made

15 without departing from the scope of the invention.

INDUSTRIAT APPLICABILITY

According to the liguid 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 1is
covered by another layer, the number of the materials
constituting the layers contacting with the liquid is
reduced, and the degree of freedom of choosing the

25 liquid or the degree of freedom of choosing the




25 liquid or the degree of freedom of choosing the 64
material for the novable nenber is increased.

Further, according to the quuig ej ection head of the
present invention, in which the“nbvabl e menber is
constructed by lamnating three or nore 5 | ayers of at
| east two, different materials, such that the free
edge surface of at |least one layer is covered with
the layer constituting the surface of the novable

menber, the nunber of the naterlal constltutkgp t he
| ayer {9fat Indied & heoAcHEP Nﬁfﬁ?ﬂﬁ%?:ﬂ?l%qﬁﬁQ§ﬁ

reduced, and t ree of freedom of Q0Si.n
liquid, or thertgdl& & o TS drl;o o éqﬁdogﬁé'ecuon

| ayer Cocvstf ) LU g e MovahlG oebat, 15 i NS danie

Accordi qU| ej ection ead

pres er}]vefgt | Oy ol ML ﬁ%n{m\é%qln% r{%rm%r o'rs more

forme am nation of two or nore | ayers of

di5ffelfa%JHrs'TQ$@fdta|l%a%&d thdd Wi G e of Er%@;e@:‘i&@s, such
thereof is covered with the | ayer of the odd nunber

as caiHited Ha andhed@yendfecat ed cltoseststt ortch@a2@r is
devi ce substrate, the nunber of the materials
constddudnany wilé: |tdneerl avleat avalees. taittdont adte wiutdf atdee of
liquidis reduced, and the degree of freedom of
choodihty rrtch@lqheqme@kmr 't Frédred egprdees rofo f rté@d@mt@frlals

choosing the | ayer constituting the novabl e nenber
constituting the layers that make a ccontact wmth the

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

According to the liguid 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 toc the

20 device substrate, the number of the materials
constituting the layer that makes a contact with the
liquid is reduced, and the degree o©f freedom of
chocsing the liquid cor the degree of freedcm of
chocsing the layer constituting the movable member is

25 increased.




25 increased. 65 According to the liquid ejection
head of the present invention, in which the novable
menber is fornmed of Ianinatiog of two or nore |ayers
of two, different materials aRd in which the novabl e
menber 5 has a flat surface at the free edge thereof,
there is fornmed no sawtooth structure at the free
edge of the novable nenber in the. thickness
direction thereof, and thus,. the probl em of
formation of cracks jn such a movahle nember

successful | y elptcrﬁori%ﬂlé‘c? tﬂwéh@o}lﬁl%ﬁjﬁc&&oé@‘%ﬂ?cﬁ’f

as instabil €y of, e t ng .charac erIStIC85$} b

the chihnel ¥ S €fbéﬁiﬁé”6flq1%§l ecti®on P F@m er is
I .t d,

dggggga ion%gf %%Pﬁ?iqugﬁggiqﬁg)C%L?E%%% u |y%%6§?396

15 Acgordingd Qnattféerllal%wa%eh%cwhqr&hh% Hoval® member

~present invention, in which the novable member i s

prEOVirdad An fih Ak ddealaf ke den ddie Sirde LANOSE e is
to the heater, the dilatational energy associ at ed

wi t h fichenegt out hsenft dtcher bubhicesries st anenifrteed egiRjeelof the
20 in the liquid ejection direction, and the

ef fi ciceraiyl e afergjeectiron hies tihmprkowed. dilecelyn tthereof,
power consunption is reduced, and the increase of the
head anceriyereat (e ipyoisided, TATEsYdiong ot camEkst imheuch

I|qU|d cartridge,
movable member is successfully eliminated. Thereby

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

15 According to the liguid 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 directicn, and the efficiency
of ejection is improved. Thereby, the power
consumption is reduced, and the increase of the head
temperature is avoided.

According te any of the liquid cartridge,

25 liquid injecticn apparatus or image forming apparatus




25 liquid injection apparatus or imge form ng
apparatus 66 of the present invention, the foregoing
advant ageous effects are acbig ed as a result of the
use of any of the liquid ejection heads of the
present invention noted before therein. 5 Further,
according to the manufacturing nethod of the |iquid
ej ection head of the present invention, in which
there is forned, at the tine of Ianinating pl ur al
Iayers nstituting.the anab er consecutively,
n AR R Tt G SRoRE 10 Ty SPe SGF I He aci st agous
naterE%l Are di rec%]% c%ntacted nd |nth|ch th

foregoing part wiere the two oFeﬁgre ayérs U5F O%eany of

Sanetﬂﬁiqrhgig?e% %%E%%t ¥agentacted F% gk%h§9veh%lon

becones pos e“to manu acture t he ej ect

headn@&e@h%egbg%thek@g%nt|on with a S|nple 15
process. 67 - 1. Aliquid ejection head,

cenprising: an E@r&@felr_(?na@_@btrdfl@@ ejoe;ehkengl_aaulfb@uiu@‘;ingS

a fl ow passage communicating with said ejection port;

a dewvietércsubgt take lpnovidded ewitt bnahbeadt g thkogdy ebent

formng a bubble in said liquid filled in said flow

passa@@pnaa@n, in which there is formed, at the time of
laminating plural layers constituting 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 c¢f the same material are directly contacted is
etched, it becomes possible to manufacture the liquid

ejecting head of the present invention with a simple

15 preccess.




e

10 a novabl e nenber provided on said device substrate
in a state such that a first end thereof is fixed
upon sai d device substrate and a free end at an
opposite end of said novabl e mBribér is in a freely
novabl e state, said novabl e nenber being provided so
15 as to face said heating body such that there is
formed a gap between sai d novabl e nenber and said

devi ce substrate, said novabl e nmenber causing a

di spl acenent upon ejection of said liquid fromsaid

ej ection port as a result of “&2pMéssure caused by 20
formati on of said bubble, wherein said novabl e nenber
is constructed by lam nation of three or nore |ayers,
an edge surface aof at |.east. one | ayer of said.novable
merrbe? bei ng cclo'vgl’r eldﬁquajtaasezfie nEflroene)f“e(a i ) bcyO aniothers

25 The liquid gf %@ltdvpppa@esadigea%cﬁdnﬁirﬁ%%ﬂﬁg Gliaimshi 4
wherein said edge surface of said novabl e nenber at
sai d dyee end Jorgws a flat surface. 5 3. The liquid

ej ection head as clained in claim1, wherein said

novabl e nenber hakevarcd ddsedrateendiovg dad aviditr ecthe@ting

opposite to said heating body. 10 4. Aliquid ejection

head,bxnprdsifgpming 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 substra£e, 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 mcre layers, an edge
surface of at least one layer of said movable member

being covered, at sald free end, by another layer of

25 saild three cr more layers.




an ejection port for ejecting a liquid; a flow
passage communicating with said ejection port; a
devi ce substrate provided w th a heating 15 body for
form ng a bubble in said I|qU|g filled in said flow
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
20 opposite end of said novable nenber is in a freely
novabl e state, said novabl e nenber being provided so
as to face said heating body such that there is

formed a gap bef egl oA r%h\/f% %Pécet el and, saf d ey iy

devi ce substrate fber causing a

di spl acenent %H?&@ir?cééﬂ{‘ @Jgé%&ta&@'&f fsraolra %tﬂa}:@lge

ej ection port as a resul a pressure caused

for mé%@fa§%&@%@’e§@l ARy abl ﬁd@@ﬁﬂface
~conprising lanmination of at least three |ayers of

two, different materials, 5 an edge surface of at

| east one | ayer of said novabl e nenber bei ng covered,

at said free entl, e a l@ayet eforniag fereduterainsimed in
| ayer of said novable nenber. 5. The liquid ejection
head @s2uhal nedhére 10 o i mayawhereEnpsailtk 2dge 1nitial
surface of said novable nenber at said free end forns

a f| dtesipiace: a direction opposite to said heating body.

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 Dbody for forming a bubble in said liquid filled in
said flow passage; and
a movable member provided on saidrdevice
substrate in a state such that a first end thereof is
fixed upon said device substrate and a free end at an
20  cpposite 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
device substrate, said movable member causing a

25 displacement upon ejection of said liquid from said




6. The liquid ejection head as clainmed in claim 4,
wherein sai d novabl e nenber has an initial 15 bending
in a direction opposite to saig heating body. 7. A
l'iquid ejection head, conprisi a' an ejection port
for ejecting a liquid; a flow passage conmuni cati ng
wth said 20 ejection port; 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 nenber prOV|ded on said device 25 substrate |n
a st &ESHR BHE &% i SET HePeSFISVHE FwEF ©

upon sai d deV|c suhs and a free end at an
opposi &t b sasa&%t?\?;bgﬂ & msnber |s in a freely

novabl e state, C?Séﬁ_lcp MR ql e gr by %V'l%%gn%%lon

as to face sai eatlng ody suc tha

for med a9ap L8t %ﬁ%é@'a@ze‘l@%@ %#?Se“%‘irff%&%r&a'n%temals ,

~device substrate, said novabl e nenbér causing a
dissplacemy Hpak R eat i:an 10f; ssaidhd i1ayied from=sal thovable
ejection port as a result of a pressure caused by

f or matdnare ofheSaiqd davtehlee, B saiidi rfovableadrember: layer
conprising lamnation of two or nore |ayers of two,

di f f ereemtinmateer icaltssrmossdi d ayaem et iserid molvadileg rember .
first layer closest to said device substrate, an edge
surface of said

5. The liguid ejecticn head as claimed in
10 claim 4, wherein sald edge surface of said movable

member at said free end forms a flat surface,

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

15 Dbending in a direction opposite to said heating body.

7. A liquid ejection head, comprising:

an ejection port for ejecting a liquid;

a flow passage communicating with said

20  ejecticn port:

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

a movakle member provided on said device

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




novabl e nmenber being covered, at said free end, a 15

| ayer of an odd nunber order as counted fromsaid
first layer. 8. The liquid ele?éign head as clainmed in
claim?7, wherein said edge surface of said novable 20
menber at said free'end forns a flat surface. 9. The
liquid ejection head as clained in claim7, wherein
said novabl e nmenber has aninitial bending in a
direction opposite to said heating body. 25 71 10. A
l'iquid ejection head, canprising: n _ejection port

for eﬁ%ﬁq AMPOR 155G dev eﬂ%ﬁ%&%@é‘@oﬁﬁﬁie@at@i at an
with said..ejectjon port;, 5 a,device substrate

pr oviBtE i th SEohet (g BOIG e TFFRng S BUBbITE S Y
said |iquid fidl.ed in. id fl.ow o[- W :
novabcgg#%%bgﬁgggavi e g%Q?§P% gg%?%g!%gﬁﬁgg afglﬁﬁdaso
stat e sych that & ifd itsend thereal,ds el fixed upon
~said device substrate and a freé end at an opposite

end ofo.gaid Mpable Rber: 4:1% dvalkealehbarovall eaid
state, said novabl e nenber being provided so as to

f ace catidkdeating fedy ssueh ridvats ltchereebes daorated a

gap between sai d novabl e nenber and said 15 device
substdiate, a csmieth throyalnl e jrerben cdusiangl diquid from said

ejection port as a result of a pressure caused by
formation of said bkubble,

10 said movable member comprising lamination
of two or more layers of two, different materials,
said lamination including a first layer closest to
said 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 laver.

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

25




di spl acenent upon ejection of said liquid fromsaid
ejection port as a result of a pressure caused by
formati on of said bubble, said_novable nmenber
conprising | am nation 20 of Thiee or nore | ayers of
three, different materials, an edge surface of said
nmovabl e menber being covered, at said free end, said
| am nation including a first |layer closest to said
devi ce substrate, an edge surface of said novabl e
menber bei ng covered by an 25 uppernpst | ayer faorm ng
ai d | ani nat i on dhd #f drifed bR IPE 1o Tatee al et iC4 -
with a material_ constituting .said first |layer. ., 11. .
The |1 quid 6] e 6 el md diraiied S50 Gy Jf fislim
10, wherein said edge surface of I vabl. e
at said free erd fﬁ@% a;és %aet C&Eﬁ%%&%.at@gayﬁgcqwi%g&%
ej ectd-qn.thead «laimed in claim10, wherein said
movabl®e menber has an initial 10 bending in a

disrecti on opposi tR¢iQSaighNeatdng RedVied Fi th ld Gl ing

ej ection head, conprising: an ejection port for

ej ectddly &dd quiriinca & lcowHlas Sage aamMIuhdat if1g 1widt in

said 15 ejection port; a device substrate provided

Wi t h saiheatliong padzedyef;orarfdor m ng a bubble in said

liquid filled in said fl ow passage; and

a movable 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 <f said movable member 1s in a freely
movable state, said movable member being provided so
as to face said heating boedy such that there 1is
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
ejecticn port as a result of a pressure caused by
formation of said bubble,

sald movable member comprising lamination

20 of three or more lavyers of three, different materials,
an edge surfacé.of sald movable member being covered,
at sald 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 uppermcst layer forming aid lamination and formed of




a novabl e nmenber provided on said device 20 substrate
in a state such that a first end thereof is fixed

upon sai d device substrate and_a free end at an
opposite end of said novabl e nkfiber is in a freely
novabl e state, said novabl e nenber being provided so

as to face said heating body such that there is 25
formed a gap between sai d novabl e nmenber and said 73
devi ce substrate, said novabl e nmenber causing a

di spl acenment upon ejection of said liquid fromsaid

ej ecti B TFSEE Lladdgriésalt vof NacpFéssir-élc 40863 by 10T
formati,on of said bubble, 5 said novabl e nmenber
conprifdi‘ng F&ki A8¥Fén  of two or nore layers of two or
nore materials, said novable nenber having a fl at

edge surface at said free end, wherein said novabl e
menber contacts- w a- .10 .st .par r;ovi.d :
si de opposite ?&'sgﬁg lﬁégfﬁngggggﬁeﬁnkgﬁdi%Ft?gﬁékea H
st at %ngf oFaicd TRVabl e, neeaher s 14. Jhe Ligyhd-ehectklop
head as clainmed in 15 claim 13, wherein said novable

menbel Bas camehbletd ak sBeadifRgel Bna doi-eet HOR1@RPESIrace.
to said heating body. 15. A liquid ejection head,

conprising: an ejection port for ejecting a |iquid;
20 a fl ow passage communicating with said
12. The liguid ejection head as claimed in
claim 10, wherein said movable member has an initial

16  bending in a direction opposite to saild heating body.

13. A liguid ejection head, comprising:

an ejection port for ejecting a liquid;

a flow passage communicating with said

15 ejection port;

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

a meovable member provided on sald device

20 substrate in a state such that a first end therecof is
fixed upcn said device substrate and a free end at an
opposite end of said movable member 1s in a'freely
movable state, said movable member being provided sc
as to face said heating body such that there is

25 formed a gap ketween sald movable member and said




ej ection port; a device substrate provided with a
heating body for formng a bubble in said liquid
filled in said flow passage; and 25 a novabl e nmenber
provi ded on said device 74 subdtTate in a state such

t hat

a first end thereof is 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 5 as to face said
heati ng body such that there is fornmed a gggébetm&en

sai d
nova
of s
a pr

deV-E81 éUFﬁﬁﬁéﬁeanéaéglHOV6€9@056§98§t 1ngafd

nb e
e oo b aged ool oB: RinTook, 18808 Sk Lape
essure cause% %% 10 %%rq%tlgn ofrggggrgugghgeds%ld

novaﬁjeQ%éﬁﬁe haV|ng “af rniti &

di rection . qpposit €.t kg1 geatlng body, wherein said

~novabl'e menber contacts with a stopper part provided

at a

si de opposgitig (Qvedid m@ﬁb@%a%bﬁ@rQQQﬁ i Da@fnation

initial state of said npvab menber. 20 1 The
l'i quicd ejwectiromchead ags rel @lfmtdol Br edoalerrm&ﬁerwgesel Baid

sai d

novabl e nenber carries a tensile filmat a side

t her eafraopposict®etro haviinde z0ff 1 asaiedgheatirdigckbody. said

i0

15

20

25

free end,

wherein said movable member contacts with a
stopper part provided at a side oppcsite to said
heating body in an initial state of sald movable

member.

14. The liquid ejection head as claimed in
claim 13, wherein sald movable member has an initial

bending in a direction copposite to said heating body.

15, 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
body for forming a bubble in said liquid filled in
sald flow passage; and

a movable member provided on said device




25 17. Aliquid cartridge conprising a liquid 75

ej ection head and a liquid container containing a
liquid to be Supplied to said quuid ej ection head,
said liquid container formng unitary body with
said liquid ejection head, said liquid ejection head,
5 conprising: an ejection port for ejecting a |iquid;
a fl ow passage comrunicating with said ejection port;
a device substrate provided with a heating 10 body

for formng a bubble in said liquid filled in_ said ,
f|omﬁ%%§§é%é? a7 %o SKBE &b PY He FHEE Br ovirddd oA thegeot is

devi bstrate .i t at h _t hat first d

Ehor gt Uo 6  (pGd Yok d eV ice SuBLLy &t EX 8RS ot =0
freEO%p% %Eea%n%So%pggiﬁt o%gglgfm%ﬁbgrnqgaQEean%gg%ﬁy

is iNF& Freely novabl'é state, "sai d novabl'e nenber

bei ng, pr.evided se, %%ieomkéggléah%mﬁgétb@gneogxo%aaed s0
~that there is fornmed a gap between said novabl e

nenbers and sald s devhea tsubsbbake susal drnapvablke-meeber
causi ng a 20 di spl acenent upon ejection of said liquid

fromssain@d ¢ eeti oktpech asia mesubl eohecabpiessdr @aid
caused by formation of said bubble, wherein said
nov ablesy inenbel sits atenstskuct edvaby el asinbeatt oausfingheee
or nore |ayers, an edge .
displacement upon ejection cof sald liguid from said
ejection port as a result of a pressure caused by
10 formation of said bubble,
said movable member having an initial
bending in a direction cpposite te said heating body,
wherein said movable member contacts with a
stopper part provided at a side opposite to said

15 heating body in an initial state of said movable

member.

.20 16. 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.

25 17. A liguid cartridge comprising a liquid




25 surface of at |east one |ayer of said novable
menber 76 being covered, at said free end, by another
| ayer of said three or nore |ayers. 18. The liquid

ej ection apparatus for 5 ejetting a liquid froma
liquid ejection head, said Iliquid ejection apparatus
conprising a liquid ejection head conprising: an

ej ection port for ejecting a liquid; a flow passage
communi cating with said 10 ejection port; a device
substrate provided wth a heating body for formng a
bubbleg &t 194 dekicqaing ﬁlﬂﬂ@@lﬁnCO@&@&“?FOWD§5§§§@§9 a
and a novabl e nenber provided on said device

substrt&dd 1 P&t &HEPsdER f:ﬁatsaédf |l|l§fll€1n&3€ﬁ§r188f hegd,
fi xed _upon .sai. deV|%e sub%tgate and algr%e E g i%%
oppositte gﬁgu §3P& movabl-& “Heffiert H8H AT Fréely

I tate, b b
et Pt Sl %%agiﬂ‘%%%dhé U BYEERGgR O neaa,

fgrn@%n?rg%gn Bet ween sald anabIe menber and said
devi ce substrate, said novabl e menber causing a

di spl acement upen egjceetiicen pef-ts&ee kiauitdnhr amsaidd;
ej ection port as a result of a pressure caused by
formation of sai dlbuwbbhesazs whenenhncaaidgnevabl eaid
menber is constructed
ejection port;
a device substrate provided with a heating
10 body for forming a bukkle 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
fixed upon said device substrate and a free end at an
15 opposite end cf 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 salid movable member and said
device substrate, said movable member causing a
20 displacement upon ejection of said liquid from said
ejection port as a result of a pressure caused by
formaticon of said bubble,
wherein said movable member is constructed

by lamination of three or more layers, an edge

25 surface of at least one layer of said movable member




77 by lamnation of three or nore | ayers, an edge
surface of at |east one |ayer of said novabl e nenber
bei ng covered, at said free end, by another |ayer of
said three or nore layers. 5 1% An image fornng
apparatus for formng an inage on a recording nedi um
by ejecting a liquid froma liquid ejection head,
said image form ng apparatus conprising any of a
liquid ejection head 10 conprising: an ejection port
for ejecting a liquid;, a flow passage comuni catin

wi t hbeding  ceveeeidon apopRida Tgedi €89subst rEPE hﬁlrow]riaéf%éf of
with a heating 15 body for formng a bubble in said
|i quisdifd Hhe@S R &G fPdW Fassage; and a novabl e
menber provi‘ded on said device substrate in a state
such that a first end thereof is fixed upon said

device substtalg and.a.lieeq.end 2l 30 20-980091! ¢end
sina Iy

~of said novabl e nenber i [ ree vabl e st at e,

sai d eﬁ%vcgcg@ S'Zﬁgf%‘%{ iReimngprovi:ded ;s as :bo hace,saidd

heat i hat there is  formed a gap between
sai d jnoyabl & erhen aRdasaitds dewipee sSwWostkr atieyu siai d

novabl e menber causing a 25 di spl acenent upon ejection
of salsdduigH thfaromosmaird sing:

an ejection port for ejecting a liguid;

a flow passage communicating with said

10 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

15 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

20 formed a gap between said movable member and sald
device substrate, said movable member causing a
displacement upon ejection of said liguid from said
ejection port as a result of a pressure caused Dy
formation of said bubble,

25 wherein said movable member is constructed




78 ejection port as a result of a pressure caused by
formati on of said bubble, wherein said novabl e nenber
is constructed by lamnation of three or nore |ayers,
an edge 5 surface of at |east bhe |l ayer of said
novabl e nmenber being covered, at said free end, by
anot her |ayer of said three or nore |ayers. 20. A
nmet hod of manufacturing a Iiquid 10 ejection head,
said liquid ejection head conprising: an ejection
port for ejecting a liquid;, a flow passage

comminy dattiing fictrh ofaitdh Ece & 819 TForlEy e S dévy &glee

substrate provided with a heating bady fo form ng a
bubbl®ifRcsaiad 13tquisdsth Hr?é?d%ﬁ%’egaioof fsladwﬁr i”@"&f%agb@;mbef
and nmovabl e nmenper_ provi on saj d.devi c

subst%rea&n@ i97 % Sttt & Slf@hm?%%teea n|dr'stb eﬁ&oﬁﬁléerre&fa%esr ot
fixed up sai d deyj trate and a free end at an
oppoé%?%ggﬁg%ﬁ?Cgé¥gﬁ%%3%g%gEﬁenber isinafreely

vabl e state, said novabl e nenber being provided so
20 as to face said heating body such that there is

formed a gap betoween sy rahliegremer-and sd forming
devi ce substrate, said novabl e nmenmber causing a
di splacemeide upomn ejeetddim@ineghiuh [Hyqu tdtriory saild quid
ejection port as a result of a pressure caused by 25
f or mef i @mn 20f1 isaiidl sy te, orwheraei ,n saEid ImaeEb| feo rigimiser
7 apparatus comprising any of a liquid ejection head
10 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 liguid £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 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

device substrate, said movable member causing a

25 displacement upon ejection of said liquid from said




Is constructed by |lam nation of three or nore | ayers,
an edge surface of at |east one |ayer of said novable
nmenber bei ng covered, at said ee end, by anot her
| ayer of said three or nore Tayers, 5 said nethod
conprising the steps of formng a part in which two

or

nore |layers of a sane material are directly

| am nat ed; and etching said part. 10

10

15

20

25

ejection port as a reéult of a pressure caused by
formation-of said bubble,

wherein said movable member 1s 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 ancother layer of

said tThree or more layers.

20. A method of manufacturing a liquid
ejection head, said liguid 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 thereocf 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
formed a gap between said movable member and said
device substrate, saild movable member causing a
displacement upon ejection of said ligquid from said
ejection port as a result of a pressure caused by

formation of said bubble, wherein said movable member




10

is constructed by lamination of three cor more layers,
an edge surface of at least one layer of said movable
member being covered, at sald free end, by ancther
layer of said three or more layers,

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.




