DESCRI PTION LI QUI 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 QUI D EJECTI NG HEAD 5
TECHNI CAL FI ELD The present ihvertion relates to a
liquid ejection head, liquid cartridge, liquid
ej ection apparatus and i nage form ng apparatus, and
1o manufacturing nmethod of a |liquid el ecting head.
BACKGROUND ART An ink-jet recording apparatus includes
a liquid ejection apparatus that uses a liquid
ejection 15 head for an iHESGRIFFEDbrdi ng head. An -
arat us_has_been used_extensi vel

a0 an i PR PoPHERE AT HEAPuo LaRORP: REBTET OFRe S RIED
e shoul e il e ErEe T el Bt AR g oE A
hages onaNERECHORTNES 1BNBRABr S e R B AL e

al.so OHP sheet or any other nedium on which ink
droplets or other liquids can be attached and is

cal I egk@he@-as Fae0sdi ng nedium recorded nedi umor 25
recordrng-sheetr)” by way of an ink recordi ng head.

Ther eb_y, an i n@ﬂ@?pf%@imm@tﬁ@éﬁe§&£@% elilﬁuid
recordi ng high-definition color inmages on such a
" ejection head, liquid cartridge, liquid ejecticn
apparatus and image forming apparatﬁs, and

10 manufacturing method of a liquid electing head.

BACKGROUND ART

An ink-jet recording apparatus includes a

liguid ejection 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 liguids can be attached and is
called also as recordihg medium, recorded medium or

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



medi um wi th hi gh speed. Because such ink-jet recording
apparatuses 5 are nmarketed with | ow price, and
further in viewof its capability of providing high
image quality particularly wendused with a dedi cat ed
sheet, spreading of ink-jet recording apparatuses has
been started in relation to the personal use
applications. 1o On the other hand, ink-jet recording
apparatuses are used nowadays also in offices, in
whi ch | aser printers of el ectro-photographic

pr i nciip ey ealbelark - 1gfe dr eorn@imd crepdyatas ihecapable of
recordi ng apparatus that is capable of achieving
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10 On the octher hand, ink-jet recording apparatuses are
used nowadays also in offices, in which laser
printers of electro-photographic principle have been
used conventionally, as the recording apparatus that
is capable of achieving color ocutput.

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

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

cause formation of bubbles in the liguid, and the

25 dilatational force assoclated with the formation of



Because the thermal head can record high- 5 quality

i mges at high speed with | ow cost, and because of its
construction suitable for arranging the ink ejecting
ports with high density, a therdat head has various
advant ageous features in that it can be used with a
conpact apparatus for formng high 10 definition
recordi ng i mages including color imges. Thus,

thermal heads are used these days in nunerous office
apparatuses such as printers, copiers, facsimle
machi ples, Dabldleheciikes Huetdpectionhefnbhe hegdids
now used also in industrial systems including 15
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realizing a high-speed 1iquid ejection head.

' be used with a compact apparatus for forming high

10 definition recording images including color images.
Thus, thermal heads are used these days in numerous
office apparatuses such as printers, copiers,
facsimile machines, and the 1ike. 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 wvariocus applications and various products, there
also arise versatiie demands and desires, and in
order to meet for such demands and desires, wvarious

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

images, or improvement of the shape of the liguid

25 passage from the viewpoint of high-speed recording so



Wth the thermal head of the type that 5 forns bubbles
in the liquid passage and causes the ejection of the
liquid droplets with the dilatation of the bubbles,

it is known that the dilatation4of the bubble in a
reverse direction away fromthe ejecting outlet, and
associ ated reverse flow of the 1C) Iliquid, becones
the factor of decreasing the ejection energy of the
droplets and further the factor of decreasing of the
refill characteristics. In view of the foregoing

pr obl @m tJdapasete highdsoped PaléhrgAppltoatiok in the
2000- 225703 proposes a 15 structure for inproving the
eJectlh@uéﬁepg§5@ﬁ¢|@ﬂ@nb?nﬁﬁdf?ﬁéthRGréfh#gh speed
characteristics of such a liquid ejection head.
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ejecting outlet, and associated reverse flow of the
10 liquid, becomes the factor of decreasing the ejection
energy of the droplets and further the factor of
decreasing of the refill characteristics.
In view of the foregoing problem, Japanese
Laid-Open Patent Application 2000-225703 proposes a
15 structure for improving the ejecting energy
efficiency and the ink refill characteristics of such
a ligquid ejection head.
Patent Reference 2: Japanese Laid-Open Patent
Bpplication 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 liguid passage and a common liquid

supply chamber communicating with the liquid passage

25 s0 as to interrupt the communication therebetween.



5 Here, it should be noted that the representation
"sawm oot h structure in the thickness direction" neans
that the cross-sectional area and hence the
peripheral length in the cross %ection taken in the

t hi ckness direction of the novabl e nenber, are 10
changed alternately between "large" and "small", such
as "large" to "small" to "large". Further, Patent

Ref erence 3 discloses an electrostatic ink-jet head,
wherein the reference proposes a construction in
which ink is supptéediidd thrdebhremcel ecttbgemovable
substrate formed with individual electrodes. In the
consthefeebnd? 2hkamhkajed fendcterepavkareRef eheneeter

3, there, |s provided a anabIe menber (check val ve)
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thickness direction of the movable member, are
10 changed alternately between “large” and “small”, such
as “large” to “small” to “large”.

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

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

20 diaphragm.

Patent Reference 3: Japanese Laid-Open Patent

Application 2001-18385

DISCILOSURE OF THE INVENTION

25 : With the liquid ejection head of Patent



is generally practiced to use an alkaline ink for the

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

| eads to the problemthat the material contacting 10

with the ink tends to undergo dorrosion. Thu s, ink-
durability of the material used for the novable

menber is an inportant factor in the art of ink-jet

head. Thus, it is inmportant with such an ink-jet 15

head to develop the material of the liquid ejection

head that is resistant agai nst corrosion caused by
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not cause corrosion in the ink ejection head. However,
develtoprhane of santPdtik ghmne doest itttk $Drdbse ehlon
20 over wi de spectrumof materials is a difficult ,
task.at Itheaddias and Pae TR ngnd H ik Flff Epregoing
ink-jet recording apparatus,is required,.in order to
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W th e in r, Tn the case a liquid other than

5 inkidhs UselefOjedhea) it Whd SHEhoti gyl 21RE1IRAA ink
-head, as 1 n the tase of fabricating DNA chips,

leads to the problem that the material contacting

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

Thus, it is important with such an ink-jet

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

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

25 medium on which the recording is made with the ink



formati on of netal interconnections, formation of
color filters, or the like, various solvents are used
with the liquid, and it becones extrenely difficult 10
to satisfy the condition of durabflity 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 1is novable nenber, there is
inevitab;g formed a part of extrenely reduced

h

t hi clanessEyntHepare Farildy ofherismapheot afergbi hisuchor
a structure, while such a part_of reduced thickness
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action of the etching gas or etchant used for etching
processthwhhehlliguldpdafidrietibbtogea extremely difficult
10 to satisfy the condition of durabiliity for the
material of the liquid ejection head with regard to
the liquid used therewith.
Further, in the case there is formed the
foregoing sawtooth part at the free edge part of the
15 movable member, there is inevitably formed a part of
extremely reduced thickness (the part formed of only
cne layer} in such a structure, while such.a part of
reduced thicknesé easily undergces cracking or
chipping with the mechanical shock associated with
20 formation or annihilation of bubbles. Thereby, there
may be caused problems such as unstable ejection of
the liquid droplets between different channels or
cheoking or clogging of the ligquid ejecting port or
the liguid passage caused by the chipped fragments.

25 Any of these can result in deterioration of the




sacrifice | ayer provided underneath the novabl e

menber in correspondence to the space to be forned. to
On the other hand, when a material not causing
corrosion at the tinme of such-aB etching process of
the sacrificing layer is chosen for the |I|ayers
constituting the novabl e nenber, it becones difficult
to choose the material for the sacrifice 15 | ayer or
the etching gas or etchant. Further, it is difficult
to choose the material of the layers constituting the
nmovabpeinkibérgualheyeby, it beconmes difficult to
desi gn a wor kabl e novabl e nmenber in terns of Young
modul us, inter nBRTEReEsSCORRESEAR Pfkéhezmovhblsr@g@hﬁr

i nvention has been nmade in view of the foregoin
pr obl BA¥ BRICRBZSF13188j &Rt 20P2Hr BUPAPAG at|Fa@|alme of
ej ection of ,freedom for the
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the present invention provides a liquid ejection head

i n whinefbtheief tberespynabnkbequbdihej epht@ntbSbe formed.
i nproved. Further, the present invention
10 Cn the other hand, when a material not
causing corrosion at the time of such an etching
process of the sacrificing layer is chosen for the
layers constituting the movable member, it becomes
difficult te choose the material for the sacrificel
15 layer or the etching gas or etchant. Further, it is
difficult to choose tﬁe 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 cbject of
providing a liquid ejection head in which the degree
of freedom for the selection of the ligquid used with

the head is increased or in which the degree of

25 freedom for the selection of the material forming the



provides a liquid cartridge, liquid electing 10

appar atus and i mage form ng apparatus, and

manuf acturing nmethod of a liquid ejection head. In

order to solve the foregoing prdbtem the present
invention provides, in a first aspect thereof, a

liquid ejection head including therein a 15 novabl e
menber, wherein the novable nenber is forned of

| am nation of at |east three | ayers, at |east one

| ayer thereof having a free edge part covered with

anot Heevalaljermempeanes¢@riaspeet headelpr éBeneased. Further,
invention 20 provides a liquid ejectlon head
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a free edge surface of the novable nenber being

covergsept 1bnthe Lmyesved. apuotller NURKET pASSERUN BFent ion

froma device substrate In another aspect, the present

I nvenpronides a liquid cartridge, liquid electing

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

In crder to solve the foregoing problem,
the present invention provides, in a first aspect
thereof, a liguid 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 therecof having a free edge part covered with
another layer.

In another aspect, the present invention

20 provides a liquid ejection head including therein a

_movable member, wherein the movable member is formed
of lamination of at least three layers made of at
least two, different materials, at least one layer

thereof having a free edge part covered with a layer

25 constituting a surface of said movable member.



provides a liquid ejection head including therein a

10 novabl e nenber, wherein the novable nenber is

fornmed of |am nation of three or nore | ayers nade of
three, different materials, a¥tee edge surface of

the novabl e nmenber being covered with a | ayer of a
material identical with the first |ayer thereof as 15
counted froma device substrate. |In another aspect,

the present invention provides a liquid ejection head
including therein a novable nenber, wherein the

nmovabl e nmenber I8 #bphREr afreahi nBheopretentoinvenbien
| ayers made of two or 20 nore materials, a free edge.
sur f aBECHEdBRea ndYEBLE ehpabépnf beadngnalrianasthesesdn a
In anot her . aspect, the present invention provides a
|iqui%°¥?é&?i AT Hekd WR%FEHFth?h@Pgﬁhlﬁ mRHPEE &s formed
menber xhereiE.the ﬁngable nmenber . has_a 25d
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be supplied to the liquid ejection head. In another
aspect, the presgnbnbBMent h8Pect, the present invention
provides a liquid ejection head inciuding therein a
10 movable member, wherein the movable member is formed
of lamination of three or more layers made of three,
different materials, a free édge surface of the
movable member being covered with a layer of a
material identical with the first layer thereof as
15 counted from a device substrate.
In another aspect, the present invention
provides a liquid ejection head including therein a
movable member, wherein the movable member is formed
of lamination of two or more layers made of two or
20._more materials, a free edge surface of the movable
member forming a flat surface.
In another aspect, the present invention
provides a liquid ejection head incliuding therein a
movable member, wherein the movable member has a2

25 construction of having initial flexure at a side



provides a liquid ejection apparatus that uses any of
10 the liquid ejection heads of the present invention
or the liquid cartridge of the present invention. In
anot her aspect, the present in¢éntion provides an
i mage form ng apparatus equi pped with any of the
liquid ejection head of the present invention 15 or
the liquid cartridge of the present invention.
Further, in another aspect of the present invention,
there is provided a manufacturing method of a liquid
ej ectomprdicad tancdudientimerelementovabl e nenber
having a | am nated construction, according to 20 the
steps of: fornikyarathee aspecthi theripeesent prigation
| ayers to formthe npvabl e nenber, a part in which, _
two JPEPHEEET o ekkaoid t PR SRiI et a7 1Y s2 ffenstruction in
" lam nated in direct. contact .t herebetween, .and etchin
Lhe 1R LI T ot (Ch WHECHE (SRP O oo S 4dyef sChf PhEsent

25 sane material are |lamhated.in direct. ntact.- 12
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constTuc qui ead  accordrng to a

firstefg@@g5gegéa@f the present invention; 10 Figure
2 is a cross-sectional diagramtaken

In another aspect, the present invention

provides a liquid ejection apparatus that uses any of
10 the liquid ejection heads of the present invention or
the liguid cartridge of the present invention.

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

15 or the liquid cartridge of the present invention.

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

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

25 same material are laminated in direct contact



along an A-Aline of Figure 1; Figure 3 is a
cross-sectional diagram explaining the details of the
devi ce substrate of the |liquid ejection head of
Figure 1; Figure 4 is a cross-déctional di agram

expl aining the details of a novable nenber used with
15 the liquid ejection head of Figure 1; Figures H5A -
5E are cross-sectional diagrans explaining the

manuf acturi ng process of the novable nenber of Figure
1, Figures 6A - 6F are cross-sectional 20 di agrans
expl atmergpetiecepecti on operation of the liquid

ej ection head of Figure 1; Figure 7 is a
cross-sectional diagram explaining a liquid ejection
head accordlng to_a second enbgdlnent of the present

I nven P BESERIBEIOR bHE  BRBWINGS | onal dlagran1-
13 - explalnlng
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I agram explaining a |qU| ej ecti on head accordi ng
to a ;fi-Ethienbodi nent of the present invention;
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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
liquid ejection head of Figure 1;

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

15 the liquid ejecticn head of Figure 1;

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

Figures 6A - 6F are cross-sectional

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

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

25 Figure 8 is a cross-sectional diagram




Figures 11A - 11F are cross-sectional 10 diagrans
explaining the ejection operation of the Iliquid

ej ection head of Figure 10; Figure 12 is a
cross-sectional diagram explailding a liquid ejection
head according to a sixth enbodi nent of the present
invention; 15 Figure 13 is a cross-sectional diagram
expl aining the liquid ejection operation of the

liquid ejection head of Figure 12; Figure 14 is a
schemati c oblique view diagram explaining the
constexplaoning a liguid epécchonrheyd according to a
the present invention;, Figure 15 is a di agram show ng
the ovieked|emeedbnenitoBntlos PhReseRehbnveatipart of an
i mge form ng apparatus, that uses the |iquid _ejection
appar at us of th%lﬁvﬁ%e%tl$n%eﬁf?%ﬁ‘ségtF?@®¥edlﬁgFéma

pl an vi ew di agram show ng a of th e
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fifth embodiment of the present invention;
Figures 11A - 11F are cioss—sectional
10 diagrams explaining the ejection operation of the
liguid ejéction head of Figure 10; |
Figure 12 is a cross-sectional diagram
explaining a liquid ejection head according to a
\sixth embodiment of the present invention;
i5 Figure 13 is a cross-secticnal diagram
explaining the liguid ejection operation of the
liguid ejection head of Figure 12;
Figure 14 is a schematic oblique 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 the present invention;

25 ' Figure 16 is a plan view diagram showing a




10 reference to the attached draw ngs. [FIRST

EMBODI MENT] First, a first enbodinent of the liquid

ej ection head of the present invention will be 15
described with reference to Figdres 1 - 3, wherein it
shoul d be noted that Figure 1 is a cross-sectiona
diagram of the liquid ejection head, while Figure 2

is a cross-sectional diagramtaken along A-A line of
Figure 1. Figure 3 is a cross-sectional diagram 20.
showi ng an exanpl e of the device substrate of the

| i quirke] ect i tne haalge whe teify gapeadatss anf efignyedls;
vi ew di agram of a novabl e nenber of the head.

Referring to theligaa hgsistae @bhm@le ’é}@‘étﬁ@aﬁgﬁé@d

i ncludes a device substrate 1 and a top plate 2

f or mi FEPY Hed ebePHERNCR %m%?%$¥t§X%mP%Poaﬁ tﬁ% image
passages 6 such that the f] ow passage
Separ ?E%l??oﬁpg%ﬁﬁt6fhEPaByuggaaFﬁg-iﬁqab@|@3%9tﬁaah
of_ the flow passag icates, with a

corres %%%H?Eﬁs g Eﬁ%npﬁ%??n BV RBE PR a nozzlie 5
plate 5 dlrectly, wherein the foregoing plural flow
passages 6 are communi cated with a common |iquid

suppl ¥ §hayHsE ﬁoﬁchﬁﬁﬁfmgobH@ETﬁgrﬂﬁéEﬁ@&@ﬁen the
e substrate I and the top prate 2 SO0 as to

devi c

supply a liquidgtpethgreespeehiverbbow:passagesch wif1l pe
Thus, there extend a | arge nunber of flow
described in terms of the embodiments thereof with

10 reference to the attached drawings.

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

25 plate 2 forming therebetween a plurality of flow



passages 6 fromthe single common |iquid supply
chanber 8, and the common |iquid supply chanber 8
repl eni shes the liquid with the anobunt correspondi ng
tothe liquid ejected fromthels ection port 4. 15
Further, the device substrate 1 is provided wth a
heating body (heating neans, heating part) 10 in each
of the flow passages 6, such as an el ectro- thernal
conversion el enent, as the neans of form ng bubbles
inthe liquid filling the flow passage 6. 20 Thus, in
the wxssages of sheh rggponthe hdehreheagheati agebody
10 makes a contact with the liquid, there is forned a
bubbl eparaieed ohreeggaeh 19then byhseparagion vaste 3. Each
occurs _bubble formation in_the liquid to be ejected
in redporize f%PWaﬁ@%S%%%flﬁgc%WmQ%lFﬁ%eﬁe%%?ﬁgabody
10. - 16 For ﬁxanple, this devkcg aﬁbstrate I

const FAETFORCRPOWA THEET Gt eP]T FRRdt hier pgzzfe

o GohEhe P e patie 5t b FERROSE I TREb PR o Low
5 f f t

and (Re RESET ﬁ§5§o§ ‘ﬁ‘ﬁ%f?%?ﬁ%gﬁ? R Cg’@ﬁwmh%

patteg?bﬁg%n éfaﬁcgfl?Xf&e2@09&mQaEBkMQHbBEtQ§en the

(Hf B2 mnitride (TaN), tantal um al um num
(TaAl aev%etssbbtkgtéowand fn2 Hop bMathi gkpessy, +40

wherein interconnection el ectrodes 24 of alum num or
supply 2 liguid to the respective flow passages 6.

19 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 liguid with the amount corresponding
to the liquid ejected from the ejection port 4.

15 Further, the device substrate 1 is provided
with & heating body (heating means, heating part) 10
in each of the flcow passages 6, such as an electro-
thermal conversion element, as the means of forming
bubbles in the ligquid 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 is formed a bubble formation region 11, in
which region there occurs bubble formation in the
liquid to be ejected in response to rapid heating of

25 the heating body 10.



the like (0.2 - 1.0u min thickness) are forned

further for the purpose of feeding driving power to

the heating body 10. The heating body 10 is thereby

activated by applying a voltagé®éto the resistance 15

| ayer 23 via the interconnection electrodes 24. On the

resi stance |layer 23, there is formed a protective

film25 of silicon oxide, silicon nitride, or the

i ke, between the interconnection electrodes 24 with

the thickness of 0.1 - 2.0g m and 20 an

anti-cavitationfdmysramdslef than adevd¢s swrephte 1 has a

further thereon (0.1 - 0.6, umin thickness) so as to

pr ot ez®n & hene ekt e | By eF 1 PBre r dm VaryhiEh | FopFdsis

such as ink. It should be noted that the, )

ant i -Eanedtapninostakier 55lns2% rhedt bECAR it hfe sRiEh

as tantalum (Ta) - .17 because ere can, be i nduced a,.

very ?%}b%o%r%%%%}%e Phahge?Th %ﬂeofo?ﬁfﬁ OnSh%Ekggeellke’

at_ the ti of _formatiLon or nihilati f lLe_]
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t he ard and brittle oxide

Depe éggerﬁﬂn%hg- Q8bipahioni et hesl baUhdrnium boride
construction of the flow passages, and further the

resi sYaRgS Matait Alum ididBYdde(NAS)S) bl n 01 eh i N watum

the protection film 10 25 of the resistance |ayer 23.
(TaAl), or the like (0.01 — 0.2gm in thickness),

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

15 layer 23 via the interconnection electrodes 24.

On the resistance layer 23, there is formed
a protective film 25 of silicon oxide, silicon
nitride, or the like, between the interconnection
electrodes 24 with the thickness of 0.1 - 2.04m, and

20 an antimcavitatibn layer 26 of tantalum is formed
further thereon (0.1 - 0.6upm in thickness} so as to
protect the resistance layer 23 from various ligquids
such as ink.

It should be noted that the anti-cavitation

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



In each of the enbodi ments described heretofore or to

be descri bed hereinafter, the heating body 10 is

provi ded by the one that uses the resistance |ayer

23, which causes heat generati @ in 15 response to an
electric driving current. However, the present

invention is not limted to such a specific

construction, but it is also possible to use any

el ement that can cause formation of bubble sufficient

for causing droplet ejection in the liquid. For . 20
exanphecause | sheoss¢dh ot ol ndeced heavény biepenprehstre

i ncludes an opto-thermal converter that generates

heat ©pRRIeriadike i bormieh shemkwavephsthe | hbee pBam
Alterpatively, it is possible to use a heater o
gener S0 TARYE heat O X pan +i F 137 297 onf WP e he gl f $eGliedcyiquid
25 radi o_wave.. - %8 Fq&hﬂer, it should be noted that

the dB¥FTe CRuBS Y atB 9! kT LarPYeST A Qdd27eR 06 the
heat i dy 10_including therein the resistan

| yer SRR T rh T RT e Tonr SRR T BN ph t ChRe

the 5dﬁP£§{£9ﬁgegf'QQr§'£&&r89f§tfé Q{déuggiﬁlnﬂe ending
~electric signals to the resistance layer ) various

funct i @nghe eLEABI St SN ASHL aNSES1 Q) ScofsPF8Stion of the
| atches, shift registers, or the I'tke, forned by a

seni cONGHCHQEsEGE | Cahd oy PFRSeSEhe f BEst beaRpUEPRSLPlal,
10 selective driving of the heating body 10.
it may be 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 beody 10 is provided by the one that uses the
resistance layer 23, which causes heat generation in
15 respcnse to an electric driving current. However, the
present invention is not limited to such a specific
éonstruction, but it is alsc possible to use any
element that can cause formation of bubble sufficient
for causing droplet ejection in the liguid. For
20 example, it is possible to use a heating element that
includes an opto-thermal converter that generates
heat upon irradiation with light such as a laser beam.
‘Alternatively, it is possible to use a heater
generating heat upon irradiation with high frequency

25 radio wave.



In this liquid ejection head, there is further

provi ded a novabl e nenber 12 between the common

. liquid supply chanber 8 and the liquid flow passage 6
in each of the liquid flow pasd&ges 6, such 15 that

t he novabl e nenber 12 has a first end 12H fixed upon
the device substrate 1 and a free end 12F at the
opposite end thereof close to the ejection port 4.
Thereby, the novable nmenber 12 is provided on the
device substrate 1 like a cantilever beamat the 20

| ocati on corresPondiey, t bt t fleohbathagnebey toatuthe device
that there is forned a gap 13 between the novable
menbePul St Eale t hemdgvPREr SubsRragél ilow tn thrshephing
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Thereby, the novable nenber 12 is di sposed such that

the frgecead, 12hitheregisterkpcatedhgenekal | Yoahedt B9 a
central part of the heating body 10 provided on 10

t he degimteosdbstoat €abrication process, for the purpose of
10 - selective driving of the heating body 10.

In this liguid ejection head, there is
further provided a movable member 12 between the
common liquid supply chamber 8 and the liquid flow
passage 6 in each of the iiquid 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
cppesite end thereof close to the ejection port 4.
Thereby, the movable member 12 is provided on the
device substrate 1 like a cantilever beam at the

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

free end 12F is movable in the upward and downward

25 directions. Further, there is provided a stopper 14



The stopper 14 is provided on the |ower surface of

the top plate 2 as a unitary body or a separate body
attached thereto, wherein the stopper 14 restricts

t he di splacement of the free erid I2F of 15 the novabl e
menber 12 by maki ng engagenent therewith. Thereby,

t he novabl e nmenber 12 di sconnects the downstream side
of the flow passage 6 fromthe upstream side of the

fl ow passage 6 in cooperation wth the stopper part 14
in the activated sate 20 thereof when novable part had
made ehgblgenepp Wiehe 2t épperesfiriFbin@erhei disndargment

be noted that the wall _surface 14a of the stopper 14
at thefsthe BpveheefpaRPepasdage BREi YRYETEr L E&FEY O
the illustrated_25 constructio and thus, the he

hus, h
of the flow - 28" pASsapets? tgtﬁgedéﬁﬁgFﬁgﬁﬁngBEgB%)'
th 14 i harply. .Wth h
const FUBLTBHZHre SBBhI 421651 BFEACPH BRECHBRRY: PaARTLe?
sigde gf (phe,buble. T oLpg.LE0On,GANILOWM LBOUL <o rmeq
bel ng” hanpered. — even 5 TR the case™the novabre renber

12 i sy, gggggggﬂ%tmoyasl Sbgﬁgepgpahg }ﬁe\éseauaese strate

the su el ght o qul Ow passage 6,

and the BHBBLByt hUBeOnEYWAL1ESnERKEE $PDOLhKY shbewRRdsuch
the liquid ejecflon port 4. Further, the pressure

di ffecpaeetBt Fheel badi doat thheed® ekecbic@afe@OfbnédrbNly at
the height direction is reduced
the central part of the heating body 10 provided on
10 the device substrate.
The stopper 14 is previded on the lower
surface of the top plate 2 as a unitary body or a
_separate body attached thereto, wherein the stopper
14 restricts the displacement of the free end 12F of
15 the movable member 12 by making engagement therewith.
Thereby, the movable member 12 disconnects the
downstream side of the flow passage & from the
upstream side of the flow passage 6 in cooperation
with the stopper part 14 in the activated sate
20  thereof when movable part had made engagement with
stopper 14.
Further, it should be noted that the wall
surface l4a of the stopper 14 at the side of the flow

passage 6 rises vertically in the illustrated

25 construction, and thus, the height of the flow



wi th such a construction, and it becones possible to
achieve stable ejection of liquid droplets. Here, it
shoul d be noted that the novable nenber 12 is forned

of three or nore layers, and-tB€ -15 edge part of the
free end 12F, including the surface part thereof, is
covered with the layer that constitutes the surface of

t he novabl e nmenber 12. Hereinafter, explanation wll

be made for the case in which the novabl e nmenber 12

is formed of lamnation 20. of three layers. In such

a cormtgiRgs on,at Hhenleipl et peamesidd 20F sthe npherpet nl4
which three layers 12a, 12b and 12c are |ani nated as
showk NG IRF SR Iher SHR heuthyereondbrameiane whe
formed of. silicon nitrjde . 25 while the | ayer 12b is

f or mEtPRIIL&i 13 dRrERG g %r%%‘??s?ﬁ%albeﬂ%%e?%l thgfpubble
of the novabl e nenber 12 inclqgin t he edge gart of

the FrUderd 4% TH STdVabte %ﬁd%?lﬂ%, FEPLEVRr eFVE"
wi_ith the layer_12a or 1 f_sidigon,njfri .
Uius, T el Tl ed nns mer 0 £ e T it g a8 the
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shoul d that’ the edge surface 12G o

f or egoi 001 { 4884 eptlod AF2 8 bes, MRNADL e NBABST e 12nHi8" §Bown
a flat surface in the thickness direction of the

novabl & fEVREr shdet iy Hebphpaf tee, 11 eifabféeat bANport 4.
process (film formation process) of the novable
menberudPhat) | the pressure difference of the liquid at the
10 ejection port 4 in the height direction is reduced
with such a construction, and it becomes possible to
achieve stable ejection of liguid droplets.
Here, i1t 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, 1s covered with the layer that
constitutes the surface of the movable member 12.
Hereinafter, explanation will be made for the case in
which the movable member 12 is formed of lamination
200 of three layers.
| In such a construction, the movable member
12 is a member in which three layers 12a, 12b and 1l2c
are laminated as shown in Figure 5, wherein the

layers 12a and 12c¢ are formed of silicon nitride

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



expl ained further in detail with reference to Figure
5. First, the heating body 10 is fornmed on the 15
device substrate 1 as shown in Flgure 5A, and an Al
film30 used |ater as a sacrrflée‘layer is formed on

t he device substrate 1 including the surface region

of the heating body 10 with a predeterm ned pattern
shape. Further, a first p-SiN (plasma-CvD SiN) film 20
32a of silicon nitride is fornmed thereon by a plasma
CVD process with the thickness of about 1. Ollgl and a

P
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formed further on the first p- m 32a gy pl
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the second 32 of I con n|tr| eis formed

Wi th éﬁﬁoégackﬁﬁﬁﬁhgi apputndufy B E@féﬁefhaﬁstﬁéoéﬁge
in Figure 5D, the first and second p-SiN filnms 32a

and 32gras€spattesneghé ofarepaihgr frs8apedl apgesrt ba
the pattern of the 10 internedi ate | ayer 12b forned of

the pmSrER21&i hexB@b 1byfobessazeiat abefincéd. OAnthéor

exanpl e at the
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 detail 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 body 10 with a predetermined pattern
shape. Further, a first p-SiN {(plasma-CVD SiN) film

20 32a of silicon nitride is formed thereon by a plasma
CVD process with the thickness of abouf 1.0um, and a
p-5i0; (plasma-CVD SiC;z) 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 o Next, as shown in Figure 5B, the p-5i0:



| ocation of the line X of Figure 5C) by applying a
phot ol i t hogr aphi ¢ process and etching process, to
formthe layers 12a and 12c on the surface of the 15
movabl e menber 12. Here, becaugé the |ayers 12a and
12c constituting the outernost surface of the novable
menber 12 are fornmed of the same material, the anmount
of the lateral etching at the tinme of the etching 20
process becones identical in these layers, and thus,

t he edge surface 12G of the free end 12F becones a
flat Bulhia®abiis thebiditkiess a@ipactéoning phecess by
novabl e nenber 12. Thus, with the foregoing process,

it 252kREVHRS pA3RPBPELtograrilic nereeeds epadottahing
| east - 23 one layer that constitutes the novabl e
menbePra%es ¥ ok frebtP B Fant MeeTBRdbitente¥ebrlApte the shape
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nmenbegnd2second p-SiN films 32a and 32c are patterned to a
pattern shape larger than the pattern of the

10 intermediate layer 12b formed of the p-Si0, film 32b
by the size of about 1.0zm (for example at the
location of the line X of Figure 5C) by applying a
photolithographic process and etching process, to
form the layers 12a and 1Z2c on the surface of the

15 movable member 12.

Here, because the layers 12a and lZ2c
constituting the outermocst surface of the movable
member 12 are formed of the same material, the amount
of the lateral etching at the time of the etching

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

Thus, with the foregoing process, it

25 becomes possible to cover the free end of at least



It should be noted that, in the case the novable
menber 12 is forned by etching all of the three

| ayers of two or nore materials constituting 15 the

| ami nat ed body of the novabl & fénber 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

di fference of |ateral etching rate between the 20
different. materials constituting the |am nated body,

t her eoR® UL Y appElar t aceBfk bbehes hEpe mevehke f peBbeRdl 2
of the novabl e nmenper 12 along the edge part in the
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tol ergheen ot Lhb/LEPVveb! fnrr@H@eﬁh%kHesgea@Echszohhsf the
deformation associated with the displacenent is

I nCr epsesbl @nfehbBer Neghapy cabrmshfeAgparef ihhenmerabls or
menber is inproved. Thereby, the durability of the

nmovabhersembgerssof nprevedmel matd0iatdateonikechil, it

is al so possible to use SIC (silicon carbide) for the

mat er bekrbéppbeé aptabyvetyghing such a part perpendicularly

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

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 ke caused
exposure of a layer of the material that has poor
dﬁrability to the iiguid. 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




|'arge Young nodulus. Finally, as shown in Figure 5E,
the Al sacrifice layer 30 on the device substrate 1
is 15 renmoved by etching, and with this, formation of
the novable nember 12 of the #4ree- Iayer structure,

in which the internediate |ayer 12 is covered by the
surface |ayers 12a and 12c, is conpleted. Thus, with

t he novabl e nmenber 12 of the 20 present enbodi nent,
the outer periphery and the edge part of the free end
of the novabl e nenber 12 are covered wth the |ayer
constévex i fiee t H0s friflae o aypdiatistelohe arbvabing madielus,
12 (the layers 12a and_ 12c in the present

embodt trep@Fonahepebyibl et ¢ nhakeF YRt Bhe 23rake growth

bl nb I 12b, h f
?Eéarvizﬁﬁre Erﬁ%ow‘aeﬁfamﬁo%éd TR RRLYS CSrebobnapErof the
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~degree edomin c oosi ng the nmateri al
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of choosing the material for the 10 liquid that is

USGd_@ththﬁ bEQqUhd Rbesblenmbepdr iMifproved. Thereby,
speci fi cal by using the
the durability of the movable member is improved. In
10 addition to SiN, it is also possible to use SiC
(silicon carbidef for the material of the relatively
large Young modulus.
Finally, as shown in Figure 5E, the Al
sacrifice layer 30 on the device substrate 1 is
15 removed by etching, and with this, formation of the
movable member 12 of the three-layer structure, in
which the intermediate layer 12 is covered by the
surface layers 12a and 12c, is completed.
Thus, with the movable member 12 of the
20 present embodiment, the outer periphery and the edge
~part of the free end of the movable member 12 are
covered with the layer constituting the surface layer
of the movable member 12 (the layers 12a and 12c in
the present embodiment). Thereby, the inner layer of

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



construction for the novabl e menber such that the

novabl e menber is fornmed of |amnation of three or

nore | ayers and such that, at the free end part of 15

the novabl e menber, the edge sW¥ ace of at |east one

| ayer is covered with another |ayer, the nunber of

the materials constituting the layer(s) that nakes a
contact with the liquid is reduced. Thereby, there is
achi eved the effect of increased degree of freedomin

20 choosing the material for the |layers constituting

t he - HBoapresaphberoaddmentl edoed Qefreakef achosspag with
the material for the liquid that is used with the,
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is regdHeedasandathece be aebbeypdihhenhosbiggt t+8E material
i ncreased degree of freedomin choosing the naterial

for therl ayer snaepsthtuki 6g the novable hBmAebardand
i ncreased degree of choosing the material for the
i qui dntlhrabses degdewi bfi theckiqyui dhej aeteathal for the

10 liguid that is used with the liguid ejection head.

- More specifically, by using the
construction for the movable member such that the
movable member is formed of lamination of three or
more layers and such that, at the free end part of

15 the movable member, the edge surface of at least one
layer is covered with another layer, the number of
the materials constituting the layer(s) that makes a
contact with the liguid is reduced. Thereby, there is
achieved the effect of increased degree of freedom in

20 choosing the material for the iayers constituting the
movable member and increased degree of choosing the
material for the liquid that is used with the liquid
ejection head.

In other words, with the construction for

25 the movable member in which the movable member is



head. By covering the edge surface of one |ayer
corresponding to the free end of the novable nenber 15
with anot her |ayer form ng the sane novabl e nenber,

there is formed a part in whicR&wo |ayers of the

same material are lam nated directly. By etching such

a directly lamnated part, the free end of the

novabl e menber can be forned to have a flat edge 20
surface because of the sane .lateral etching speed for
these two, covering |ayers. Because the novabl e nmenber

i s fotpeaedyas|amaatnaglenochbrtipee phyeeseotavabsopt at
nore _materials, and because the. free end of the

novabl @35 wepbetLFesent fratesurtaceurheblfFoffie edge
unwant ed_sawtopth -_27 structure ip the thjckness

di r ectPoIE0F The?obadfe “HEnbeYeTt hRFBLBECHPS %Bee end of
chi pping or_cracking at such _a free.,end_part _even .
when ERerEeTEEEorPRaEL Rechanfret “ChERk Rt haFre rorming
fQJ”B{ﬁQ”s8£ﬁ§@Q'Qf'éﬁ pﬂové?fé H&H@é?s-tﬁB“ﬁumbgﬁ of the
probl ens such as varration o e] ectng

CharQﬁ£€é£§£i§Sc€$§M§€Ht§HBn9hSh?Q??E% BQE”EQPE?ﬁEEE with

head, or the problens such™as the ragnent o

movabi ge NENBEL df 05 "BEdASEa, I 884l thete theapREBRBHCRhe
.damages cause cl oggi ng or choking of 10 the ejection

port efféteowpassageasatedeyecsssfukbyedehi thnahedsing the
Ther eby, degradation of printing quality '
material for the layers constituting the movable
10 member and increased degree of choosing the material
for the liguid that is used with the liquid ejection
head.
By covering the edge surface of one layer
corresponding to the free end of the movable member
15 with another layer forming the same movable member,
there is formed a part in which two layers of the
same material are laminated directly. By etching such
a directly laminated part; the free end of the
movable member can be formed to have a flat edge
20 surface because of the same lateral etching speed for
these two, covering layers.
Because the movable member is formed by
laminating two or more layers of two or more

materials, and because the free end of the movable

25 mempber has a flat surface free from unwanted sawtooth



is avoi ded successfully. Next, the ejection process of
liquid droplet fromthe foregoing liquid ejection

head will 15 be explained with reference to Figures

6A - 6F. Referring to Figure—6&7showi ng the state

before the driving energy such as electric energy is
applied to the heating body 10, it can be seen that

t he novabl e nenber 12 is in the state so as to face a
20 bubbl e formation region of the device substrate 1
corresponding to one half part the bubble 16
(upstsesnssite barthe forheknedherdbrethiorspbnthetnovable
energi zation of the heating body 10. Thus, by

ener gromBRY  hehereat PG BD Iy 10 1RPing %ﬁr@r@ﬁk%h@ at such
liquid filling_ the foregoing bubble - formation
regi oh bFRRr o sPRERt F %%%ntﬁ%?%eab%e%PElleﬁ Bubbl e
16 as Shﬁ%%+ln Figure 6B as,a result _of boilin
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es through liquid
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the mechanical damages cause clogging or checking of
the ejection port or flow passage, are successfully

eliminated. Thereby, degradation of printing quality

‘is avoided successfully.

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



the liquid in the flow passage: 6 undergoes

di spl acenent in the upstreamside direction and in

t he downstream side direction, such that a part of 15
the liquid located at the downgfream side with
respect to a central region of the bubble formation
region is displaced in the downstream side direction
~while a part of the liquid |ocated at the upstream
side with respect to the foregoing central region is
20 displaced in the upstream side direction. Thereby,
t her ef &treatson WEhacardenrdeds tiea Vel andrekibere 120pears
in the foregoi ng upstreamside as a result of the

f1 ow ®fPY ¢ih%i%ﬁc%@%%@ by THEUER o P Df 2 t FeSBlibbPE

hat B HHEURH FROWLLEbhr T ARESRBASFF T - QBB
ChartL s B ATLRUL LUy e e Res g LT 50 B ect:

e oT 530 BRcEs aThaAncLRe. B bt St anie! et movag| Bovanls
rerbetod? 3, Seckigasd if L veess aacd sphgcerent

10 a afﬂ£§ge§oﬂ§1(&hgﬂ¢g 3¥)tBe BSpbOep1pect fromthe
ejection port 4. Wth further growmh of the bubble 16,

t he In more detail, a pressure wave caused by
the generation of the bubble 16 in response to the

10 boiling of the liquid propagates through liquid
filling the flow passage 6, and assoclated therewith,
the liquid in the flow passage 6 undergoes
.displacement in the upstream side direction and in
the downstream side direction, such that a part of

15 tﬁe liquid located at the downstream side with
respect to a central region of the bubble formation
region is displaced in the downstream side direction
while a part of the liquid located at the upstream
éide with respect to the foregoing central region is

20  displaced in the upstream side direction. Thereby,
there starts a displacement of the movable member 12
in the foregoing upstream side as a result of the
flow of the liquid caused by the growth of the bubble
l6.

25 In the downstream side, it should be noted



free end 12F of the novabl e nenber 12 engages with

" the stopper 14 as shown in Figure 6C, and further

di spl acenment of the novable nmenber 12 is restricted.
Thereby, the displacenent of ~tR& Fiquid in the 15
upstreamdirection (liquid displacenment toward the
comon |iquid supply chanber 8) is also restricted.
Thereby, the growh of the bubble 16 in the direction

of the upstreamside is also restricted, and the

di l atati onal energy of the bubble 16 is used for 20

f urt higratgridwe hlisfuitdief hasrg steoraud . thgh usomeen shisml ¢ nsupply
Figure 6D, there is caused further growh of the

bubbl ¢hargbes &HIWPUI FiYurar BIY RarFifR ENerey ptween

the bubble 16 caused further growh of the nisgus
17. ZBhafRatsidr FHEGdho! GO RGOt t 135 _the

o RS T BB L AT e
16 i .
PO e 10y AP, AP VEr 0 SESULE: OHETKLfoEn Moo

| quirgerg%;' £y 99.8&&9&@5%@ %E@h doyowar d; si dg spiacement

di recti soci ated w e contraction o% _
bubbl g¢ 16y o t hgva DY BRLRLOENDE! 16 5; 4l §Q£@é?d5h@réh§rows

downward direction, while the novabl e menber
accunyl ghgsschbersi nLigsi@wn7yeshl hentospres6cof faom the

cantilever and 10 further the deformation stress

assockqtedivht potbes.

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

20 further growth of the meniscus 17.

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

further growth of the meniscus 17.

25 _ After the foregoing boiling of the liguid,



bending .in the upward direction, and thus, there

occurs acceleration in the downward novenent of the
novabl e menber 12. Wth such a _downward novenent of

the 15 novabl e menber 12, the BPquid located in the
upstream side of the novable nmenber 12 is caused to
rush into the liquid fl ow passage 6 because of the

small flow resistance of the liquid in the downstream
direction in such a region at the upstream side of

the novable 20 nenber12, which forns a | ow fl ow

resi sthhcregalyi on PR sien iteldonnm PukRdel Supprgrts to
chanmber 8 and the [liquid flow passage 6. Thereby t he

| quithFrrasR AHMOETS RFCHTS T CFRRbERD gof sthe bubble

dlrect d to the flow assa e 6, 25 wherein't ui d
Chus TRvieR e P TE P esurd oV ertinds L% Lrdres
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t he e sti on the way of

anni b @hh o8- mdiiSet | 04l ﬁst@y§pw&é@dyﬁ eghé NdSwhiigrd
passage 6 further forns a flow toward the ejection

part 4ipa8gcidh), assisésthbenebybletuenbag pf atbemulates
meni scus and
~therein its own resilient stress of a cantilever and
10 further the deformation stress associated with the
bending in the upward direction, and thus, there
occurs acceleration in the downward movement of the
movable member 12.
With such a downward movement of the
15 movable member 12, the liquid located in the upstream
side of the movable member 12 is caused to rush into
the liquid flow passage & because of the small flow
resistance of the ligquid in the downstream direction
in such a reglon at the upstream side of the movable
20 memberl2, which forms a low flow resistance region
between the common ligquid supply chamber 8 and the
liquid flow passage 6.
Thereby, the liquid in the common liquid
supply chamber 8 is directed to the flow passage 6,

25 wherein the liquid thus newly introduced into the



improves the refill speed. Further, the meniscus 17
protruded fromthe ejection port 4 forns a droplet 18
inthis step, and the droplet 18 thus forned is

ejected to the outside 15 of He-nozzle 4. Wth the
liquid ejection head of the present enbodi nent, the
rushing of the liquid into the flow passage 6 via the
part between the novable nenber 12 and the stopper

part 14 increases the flow 20 velocity particularly at
the side of the top plate 2, and thus, there remain
littlkiquidopdedbdesti flewshtaropaitthdherebiornegd between
liquid ejection head of the present enbodi nent

achi eves stempper e} €candntiop mg@aba¢0@¢@ber252|@ow in the
addition to the foregoing, it shoul d be 32

that $etpoiatornedatnt BEF ofoUR R R @%H%CB%O? hénBabBP%
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annlh ate It should be noted that the novabl e
The ligquid thus intreduced into the passage

6 fufther forms a flow toward the ejection part 4 and
10 assists thereby returning of the meniscus and
improves the refill speed.

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

15 of the nozzle 4.

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

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

25 'In addition to the foregoing, it should be




menber 12 causes overshooting in the downward

direction with respect to the initial state as shown

in Figure 6F, wherein it should be noted that this

overshooting of the novable medger 12 settles down 15

within a short tine period, although the duration

depends on the rigidity of the novable nenber 12 or

the viscosity of the liquid that is used. Thus, the

initial state shown in Figure 6A is reduced in short

time. 20 In the present enbodinent, it should be

not echotead thet pare pfinhecf| oswpbbasage &t obatedme of the

between the ejection port 4 and the downstream side '

of tH@u%@b%l@nqﬁhi%a$b@®eust@lﬁﬁ¥@cﬁdsiﬁai@ﬁtd@ﬁ%@érd side

and forns so-cal | ed_"straight communication." It 25

shoul% b%h%o?%%b%%afo§%%hl%ncﬁﬁg%?%ct?%ﬂ LESEREE Pgrthlsr
evi ng_ne
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line. sPsLon€,80P5 9980 9kanealizing this ideal or
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 6F, wherein it should be noted that this
overshooting of the movable member 12 settles down

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

20 ' In the present embodiment, it should be
noted that the part of the flow passage 6 located
between the ejection port 4 and the downstream side
of the bubble 16 is formed to have a straight shape

and forms so-calied “straight communication.” It

25 should be noted that such a construction is used for



10 near-ideal state of droplet ejection, the present
enbodi nent uses the construction in which the

ej ection port 4 and the heating body 10, particularly

the part of the heating body 183 ocated at the side
close to the ejection port 4 (downstream side part of

15 the heating body 10) and providing profound effect

on the bubble formation near the ejection port 4, are
aligned on a straight line. Wth this construction, it

woul d becone possible to observe the heating body 10,
part i zehh Be ving Heealowrdea ba@y piat et ofJ epelprathagacherized
body 10, from outside of the ejection port 4, provided

t hat Phee*tBeThE stlerPbe i LV ASELPT | FRATAFERTLSERES 1in terms
iquid ard to the noyabl e nenber 12

| {th i j }
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el enent provides an advantageous effect in that
- adhergpger behweequibesl ayvessaf enptRert BRaMAYVEBh 8

menber 12 is inproved and the risk that the |ayers of
t he nmeyabteoneabeeci2ohgi g separat gief Loneeach ot her
As one approach of realizing this ideal or
10 near-ideal state of droplet ejection, the present
embodiment uses the construction in which the
ejection port 4 and the heating body 10, particularly
the part of the heating body 10 located at the side
close to the ejection peort 4 (downstream side part of
15 the heating body 10) and providing profound effect on
the bubble formation near the ejection port 4, are
aligned on a straight line. With this construction,
it would become possible to cbserve 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 1s used in



10 during the use of the novable nmenber 12 is
substantially suppressed. [ SECOND EVMBCDI MENT] Next, a
second enbodi ment of the present is invention will be
described with reference to Fié%%é‘ 7, wherein it
shoul d be noted that Figure 7 explains a novable
menber 42 according to the second enbodi nent of the
present invention in detail. Referring to Figure 7,

it will be noted 20 that the novable nmenber 42 of the
present enbodinent has a three-|ayer structure in

 whi ch*ERePES3FRE PERPALTEATt hPeeh| ayBrEestaihpay, include

differeEt materials for form ng the novabl e nenber
42, BRt#hPy to the case of the novable nember 12 of

126 and 126, o “tubie 4EnCh Piafient e ?siﬁéﬁésgfz’%‘he
t
ot er [ o 2ha TRt Ry a7 C1oh o=y veatF Aoualana

rmﬁerb@ﬁ%tlgﬁﬂ§mgtBﬁe”ﬁ&@gbfenﬁgﬁﬁér422'éoﬁeﬁgﬁg 9f cormon

consecutive lamnation of the tfirst |ayer 42a

secongdlbaypt F2bvaddst Ag éﬂbéﬂthéésﬁs48§féﬁﬁnhhh%hat
side of the device substrate 1, wherein these first

t hr ougbhé héndel ayensed28he ﬁageaeefﬁemmag @he movable

respective, different materials. Further, it should 10

be nohembéhal2t he emdrpaetl afidt heesetshdthayethé2bagers of
the movable member 12 being separated from each other

10 during the use of the movable member 12 is

substantially suppressed.

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

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



a free end 42B of the novable nenber 42 is covered
with the third |ayer 42c that constitutes the surface
| ayer of the novable nmenber 42. Further, the novabl e
nmember 42 has fixed end 42H f1x&d upon the device 15
substrate 1 and the free end 42F that can cause free
di spl acenent, wherein the free end 42F is defi ned by
a free-end edge surface 42G Thus, while the novable
menber 42 is formed of lamnation of three | ayers of
three dlfferent 20 materials, the free end of one

| ayer 97 ST @E9RE B BT 1ahst AER ﬂaWéFaFﬁﬁt (¢BHSEPt dasand 12c
the surface | ayer _of _the novable r 42. _1n other

wor ds2TEheCHBYanPE 2rbhbEF B2TPELR ﬁﬁ 6Pel dAvREL L6k 1is

of three or er.s_of three, different
mat er gF@edmggralﬁe?ﬁgdZ%agaﬁéaigrface t hereof at the

free end |s covpred WAD 5o38e1LIB LILS bayer gL the e

three | ayers cl 0oses EVi Cé substra

wigd h &Bsseeaew@%aﬁxsﬁmﬁt BEV gnbay Es'tn%fa?%rcgﬁé?mthe

exarrp e) hi s case, too, he nunber o

nHterbébénaomE?ékl@Qb“bhﬁ EH@ khgyadlh? &edgee@roﬁnghe
t he degree of freedom of choosing the liquid

conposifitopfoththgeticgeegupbtiaeedom QheeboastReskh€irst
material constituting the |ayers of the novable

nmenbethrsughctbasddladbrkudbher, 4becapserbhreddge

surface at the
respective, different materials. Further, it should

io be noted that the end part of the second layer 42b at
a free end 42B of the movable member 42 is covered
with the third layer 42& that constitutes the surface
layer of the movable member 42. Further, the movable
member 42 has fixed end 42H fixed upon the device

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

Thus, while the movable member 42 is formed

of lamination of three layers of three different

.20 materials, the free end of one layer 1s covered by

| another layer that constitutes the surface layer of
the movable member 42. In other words, the movable
member 42 is formed of lamination of three or more

layers of three, different materials, wherein the

25 edge surface thereof at the free end is covered with



free end part of the novable nmenber is covered with
the two, different materials, and thus, unwanted
formati on of sawtooth structure at such an edge
surface at the time of etchimnmg 3§ ocess used for 15
formng the free-end edge surface can be suppressed
nore or less. [TH RD EMBODI MENT] Next, a third

enbodi ment of the present 20 invention will be
described with reference to Figure 8, wherein it
shoul d be noted that Figure 8 is a cross-sectiona

di agriene ekpraf nlagen ebviEbe cteedelaysps agtoreshgteothe
the third enmbodinment. It should be noted that the :
novabPeVbedlySuostpat¢sb @i t fil Hhethe cdeRerBadbdl AERE

has a, construction,- 37 in which two | ayers of

e et W ISR AR U B
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FreeroT 2 :

| ayer 52c and the ayer 52e ar or me t he

same 8hebkftionWk! enéhgegecoNdr| 8¥EEAERPANENERSing the
fourth layer 52d 10 are forned of the sanme materi al

di ff enepérisombhecitat ehyathéol 8/8gst be tRyYensvaRae

52c and 52e. Ther eby,
member is increased.

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

15 forming the free-end edge surface can be suppressed

more or less.

[ THIRD EMBODIMENT]
Next; a third embodiment of the present
20 invention will be described with reference to Figure
S, wherein it should be noted that Figure 8 is a
cross—sectiocnal 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



it should be noted that the respective edge surfaces
of the second | ayer 52b and the fourth |ayer 52d at
the free end 52B are covered by the fifth |layer 52e 15
that is an odd nunber |ayer as 3Jounted fromthe
forgoing first layer 52a. Further, this novable

menber 52 has a fixed end 52H fi xed upon the device
substrate 1 and a free end 52F, wherein the free end
52F is defined by a flat edge surface 52G 20 Thus, by
constructing the novabl e nenber by |amnation of two
or noie Vayehstwd laweos obréifhaterntahstantatsvereng
the edge surface of the novable nenber at the free
end oiamh%ah®@a%©efﬁﬁmb@rfbveoh@Y©¥ sheuEbregoi ng

| ayers form ng an odd nunber | ayer as_counted from
the |ayer close5tuso Ehe %%V@%%e m%%be§u%%t¥§t§Prm?ﬂebY

nunber of the materjals contac g wth the_ liqui S
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by an efching process, appearance of saw
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the etching is prevented, and the problem such as
crackiwnglerte8i pptbgdofatybe 52b and the fourth layer 52d

10 are feormed of the same material different from the

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

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

20 | Thus, by constructing the movable member by
lamination of two or more layers of two or more
materials and covering the edge surface of the
‘movable member at the free end of the movable member

by one of the foregoing layers forming an odd number

25 layer as counted from the layer closest to the device



sawooth part is elimnated with such a novabl e

menber even when nechani cal shock is applied thereto

as a result of formation or annihilation of bubbles.

15 Thereby, the problem of vari¥tion of ejection
characteristics between different channels or the
fragnments causing clogging in the ejection port or
liquid fl ow passages are elim nated, and degradati on

of printing quality can be prevented successfully. 20

[ FOURTH EVMBODI MENT] Next, a fourth enbodi nent of the

pr esefubstrebali ohhei himberdefckhbedabierhalef epaheeting
Figure 9 showi ng a novabl e nenber 42A used with the
Iqu|U1?B EP@C@F@Hlﬁeéé sfdpRedpr eBenthendedargeneti frgedom
Cross - sectional view, Referrlng to Flgure 9, the
movabPé ﬁ@ﬁﬁ@FanZjﬁhﬁaélguéfirBEt P& SPHFPSr Ofo Fﬁﬁfi%f of

th bl e. d th f t
o ae e 1T TRE afe B r R A DRl b BB ISRER S Cow

i forehrtHAPLRILFES FhapBrs WBHBER Sra e thsraasehar
a fourth |ayer p42dhis fq %ﬁdtﬁé 1Be e ALE Bl ascr

the first |ayer hus the nova
is forppdtenctiBg, d@ﬂ'%ﬁléﬂb§héaéégé a8 r#akeskhbrebs at

Ian1nat|on of
the free end part is formed by an etching process,

appearance of sawtooth structure at such an edge
10 surface as a result of the etching is prevented, and
the problem such as cracking or chipping of the
sawtooth part is eliminéted with such a movable
member even when mechanical shock is applied thereto
as a result of formation or annihilation of bubbles.
15 Thereby, the problem of variation of ejection
characteristics between different channels or the
fragments causing clogging in the ejection port or
ligquid flow passages are eliminated, and degradation
of printiﬁg guality can be prevented successfully.
20 |
[ FOURTH EMBODIMENT]
Next, a fourth embodiment of the present
invention will be described with reference to Figure
9 showing a movable member 42A used with the liquid

25 ejection head of the present embodiment in a cross-



the first |ayer 42a, the second | ayer 42b, the third

| ayer 42c and the fourth | ayer 42d, wherein the first

through third |l ayers 42a - 42c are formed of 15

respective, different material $2 Thereby, the edge

surfaces of the second and third |layers 42b and 42c

at the foregoing free end 42B of the novabl e nenber

42 are covered with the fourth layer 42d, which is

the layer that constitutes the surface of the novable

20 menber 42A. Thus, with the present enbodi nent, the

novabdecepbel 4P¥wis fornmed of |am nation of three

or nore |ayers of three different materials, and the

edge surface 4%=f¢erERg & TheuFee?: chlile papvaldbe pember

25 covered with the uppernpst_layer 42d (the fourth -

40 1%%erhag 2ottt rFonTtRelaTrse Fagkrohothe| Beaple
to the devi substrate 1),. in_.this case,_too, the

HunbeFSHISY HEE SHRMTARE i FREFTRECE nes) BySiker paproept

cause_.cont ac S wih the liquid is reduced nd.t he

daor 88t Tiendrab bt haBerhg thet b el i R R

i qui Palf?lnéi‘foﬁ'egf ?Poquléi}%g%ggFi thﬁﬁgfaggﬁéﬁént

material constituting the e nme
i ncr egsedy; FUSt heferBEGAUSE LHSu14rSE haYeH #KAcaRdsourth

10 the uppernost |ayer” 42d are forned of the sane

mat erigye 1hdthe nOVRLEeofrerher s4nRé Rhttheapresedhe first
layer 42a.

10 Thus, the movable member 422 is formed on .
the dévice 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
TLhrough third layers 4Za — 42c are formed of

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

20 member 42A.

Thus, with the present embodiment, the
movable member 42A is formed of lamination c¢f three
or more layers of three different materials, and the
edge surface 4ZF thereof at the free end part 42G is.

25 covered with the uppermost layer 42d (the fourth



enbodi nent, there occurs no such a problemthat the
edge surface 42G of the novabl e nenber 42A at the
free end 42F thereof takes a zigzag or sawtooth shape
15 even when end surface 426'0ﬂ%khe novabl e nmenber 42A
is formed by an etching process, as such an etching
process for etching the |ayer 42a and the | ayer 42d
in fact etches only one naterial. Because there occurs
no formation of 20 sawmooth structure at the free end
part of the novable nenber 42A, there occurs no
cracklaygesras chpppted fromheheolhbe henber442achpsehe to
free end part 42F even when there is caused a
nechabit@ afesherksuhgtbetat &l with fornation or
anni hi | ati on of _bubble, 25 apd the probl ens such, as
Bf, : ngﬁ

variation of ej&&tFBh®-ca3%s ch@PactRri SEFRET b

diff t_ch s in_t head f hi d
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in the case o m nating three or nore | ayers w

threeqer rpREBoNBLAN ERLSsihy t8e RASSEDLE EBndE€tating the
construction in which the fist 10 | ayer closest to the

devi cRosUbSEr akRbarandnt be iHppesseat |ayer are forned
~of different materials,
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 no such a problem that the
edge surface 42G of the movable member 42A at the
free end 42F thereof takes a zigzag or sawtooth shape
15 even when end surface 42G of the movable member 42A
is formed by an etching process, as such an etching
preocess for etching the layer 42a and the layer 42d
in fact etches only one material.
Because there occurs no formation of
20 sawtooth structure at the free end part of the
‘movable member 42A, there occurs no cracking or
chipping in the movable member 42A at the free end
part 42F even when there is caused a mechanical shock
associated with feormation or annihilation of bubble,

25 and the problems such as variation of ejection




simlarly to the case of the second enbodi nent

expl ai ned before. 15 [FI FTH EMBODI MENT] Next, a liquid
ej ection head according to a fifth enbodi nent of the
present invention will be deschl bed, wherein Figure 5
is a cross-sectional diagramof the liquid ejection
head. 20 Wth the liquid ejection head of the present
enbodi ment, it should be noted that there is provided

a novabl e nmenber 62 in which an internal stress is
accunul ated therein by causing initial bending in a

di r ecthanaawayiftbosthetheani dyf bedygntOch2bngher éhythe

t he novabl e nenber 62 is fornmed of 42 | am nation of
firstheadovphfrpgmrentayehspped of62€ron thespevebie, member
different materials, wherein the edge  surface of the
seconti? a§R¥SERH GtCTHENG| 4o bhet AECpirbecsratsoR BRIt 4

t he novapl e nber is covered with. 5 the third
Iayeroﬁngngfq%%gngf%W PRESRFFSL Of ayRES 628D PsPrePhER of
of silicon,oxide, the second |ayer, 62b is forne a
pol ysiTEEeh %?%1%%dPFh%E%ﬂ9ra“¥§§E¥ %ECSPEC?BF%EEEEf

a Silj .nitri;de film Here, it should be noted that

10 th%fgﬂ}g%ﬁégyer 62a and the second | ayer 62b

accunul ate ther?ﬁftﬁefonyﬁe§ﬁévga§érSﬁslaﬂﬁbgﬁib Cthree or

third | ayer 62c accunul atés therein a tensilé Stress.
more layers with three or more materials, it is
possible to use a construction in which the fist

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

similarly to the case of the second embodiment

explained before.

15 [ FIFTH EMBODIMENT]

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

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

25 Thereby, the movable member 62 is formed of.




Ther eby, the novabl e nenber 62, fornmed of |am nation
of the foregoing three layers 62a - 62c, undergoes a
15 bending in the direction ama% fromthe heating body
10 in the initial state there&off2as shown in Figure 9,
in which a fixed end 62H of the novable menber 62 is
fi xed upon the device substrate | and the free end

62F opposite to he foregoing fixed end 62H is 20

di splaced in the upward direction. Thus, it is
possible to provide an initial internal stress to the
novabl &l hedibeen 62F sterst hiatroude Hava®l barehbepZa2-i §2¢ of
bent in the directjon awa fromthe heatin

od
in thﬂéewﬁwavest%%%f%m em@%eaab%w WIRHBER %123 %gge
di t
Penei 16 Gifecel( (*ffh?r%%%@%rla%% RSN TR DR By Beorte
t th 2. .
CpeChcite Dacede Ot thE nOPHRDL S IBODE! 622: 88U LLOR witn

tQ@t the {ﬁffﬁef%%QZFGQE 5 the novabl e nenber 62 iIs

contacted wt stopper 14 as shown in Figure 10.

Herei nafter, dr?@keéxﬁbﬁﬁé'OBh@pﬁiﬁétODagér tbg L5gdbdmed
ej ection head wi [T be described wth erence to

Figures dificonldkidd) Rebeseipgdt DafbgueebliA sheikAdof a
the initial state of the |iquid ejection head, which

I s thpos{yaieichef of emearfgyhsuthiad EhgetrEQCemergyrmsd of

supplied to
a silicen nitride film. Here, it should be noted that

10 the first layer 62a_and the second layer 62b
accumuliate therein a compressive stress, while the
third layer 62c accumulates therein a tensile stress.
Thereby, the movable member 62, formed of lamination
of the foregoing three layers 62z - 62c, undergoes a

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

20 displaced in the upward direction.

Thus, 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 initial state of the

25 movable member 62, by providing a tensile film



t he heating body 10, it can be seen the novabl e nenber
62 is deflected as a result of the initial 15 bending
such that the free end 62F nakes a contact wth the
stopper 14. Next, in the step d&f3 Figure 11B, the
heating body 10 is energized wth electric power, and
there starts formation of a bubble in a part of the 20
liquid filling the bubble formation region, as a

result of boiling of the liquid caused by the heating
of the heating body 10. Thereby, it should be noted

t hat , adeenytat ing th@r$hmtaareb@hbengtéesshéthﬁvdb&@yer
menber 62 in 25 the upward direction, there occurs
litt]@2c af SHNsbPaE%%eﬂ¥e$ﬁnFh%aﬁ%%a%Feth%nﬁé¢e69f the

with the dilatation force_of the bubble 16
.Furth%?Ya?h%r%eg%%Eugé ?W?YlErﬁ%véﬂ%nPeﬁF1?ﬁemFWBﬁFd1° in

commobt Zé%gg?ha ‘i?"é:%? *RPYFowar TRE FEGE R 627 of
ggﬂgg? gaﬁ F% ﬁgﬁger %?m'gaéﬁﬁg%éngdﬁ%tﬁ %%ystgpper

in thesupst sk de | psed by the novabl e nmenber
62. & Qahéﬁéﬂhe%g F%agggsgg further growth of 10

the bubble 16 ageshoMArtB-Fi gqurp1dLCes EE@lQﬁer@Eatﬁgn of

novabl e nenber 62 not restricted by t%e st opper 14

under gres1dehioamatkefibn hBadupywal dodi Hestk@Pedandth
reference to Figures 11A - 11F.

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

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

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

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

Thereby, it should be ncted that, because

of the initial bending of the movable member 62 in

25 the upward direction, there occurs little



t he novabl e nenber 62 takes a convex shape bulging in
the upward reaction. 15 Further, in the step of Figure
11D, there occurs further gromﬁh of the bubble 16,

and associated with this, therd occurs the growth of
the neniscus as a result of the dilatational energy
of the bubble 16. 20 Thereafter, as shown in Figure
11E, there occurs an increase in the negative
internal pressure of the bubble 16 after the boiling
of the liquid is over, and the negative pressure of

t he babbpbagenceyehn ubheymevebifdesmphe v@hﬁhttbﬁ
the liquid in 25 the liquid flow passage 6_in th

downs8i bakplipeati prce qfsth¢h%PgB}e ﬁer@uF§h§FarF88re

contraction gf tEe bubbl e 16. é he ¢ ntracglon of

ghe FaﬁﬁPésl ltFtE mgﬁ%ﬁBPE RErbaFE ?qﬂﬁ etBok8e ufstream
i's cene in e own ction rein

-govgbﬁ RERbap e Ee iR EBk e FEGLE Rupt 56k ek BRanber
gylcg ?QS%%%W ok tgg EESFakﬁsg Sgﬂm?atb PEBSOBetweea

accel e Speé MOVEmen
O nScPLED.pISSESY, ot Bygu o omUeTREheclaths, 3 ana
LR B ssoumaiate iy sincie (acstare o <o
st at ec0bsEdgdkethe movable member 62.

Now, when there is caused further growth of

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

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

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

eventually overrides the movement of the liguid in

25 the liquid flow passage 6 in the downstream direction.



1D. After the bubble 16 is conpletely 15 anni hil ated
as shown in Figure 11E, the novable nenber 62 returns
to a state close to the initial state and the

meni scus 17 is separated fromt#e~ liquid inside the
liquid fl ow passage 6 in the form of |iquid droplet
18, and with this, the liquid 20 droplet 18 thus
separated is ejected to the outside of the head.

Ther eby, the novable nmenber 62 thus returned to the
initial state continues its downward novenent in the
st ep BieRhyr ethare ahdl sherecdcednsrast borrehobhengubhle
t he novenent of the novable nenber 62. - 46 This

over sh®oting continues for the duration determ ned by

th igidit ft bl 62 th i i

e he o o e Ly PR e IR e EPR o et havaibRIST LR, the
i ttl i hort ti i od,,. 5 the,initial
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refer@@gﬁ%tg &Qﬁtiié§éreH§93iagaﬁ,tngasgzcéhggthﬁate 1

liquid w passage 6 is closed by ~the novabl
menbeg+ 62hangdi k88 shQPReE dhecikBokNeackBiblatest 8h8 speed

before the driving energy such as the electric energy
is pre¥igrd hevehenbeahi 88ebadyn®frd 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.
After the bubble 16 is completely
15 annihilated as shown in Figure 11E, the movable
member 62 returns to a state close to the initial
state and the meniscus 17 is separated from the
liguid inside the iiguid flow passage 6 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 62 thus
returned to thé initial state continues its downward

movement in the step of Figure 11F and there occurs

25 overshooting in the movement of the movable member 62.



Thus, with such a construction, the entire

dil atational energy of the bubble caused with the 15
dilatati on of the bubble in response to the

energi zati on of the heating bod$ 10 with the electric
energy, is transmtted to the liquid in the direction
of the liquid 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
ej ection head of the present enbodi nent can reduce

t he Jvier wHmralmstiiong eentinues sfoeddse drsatieont he
decrease of heat generatjon for the heating body 10

and idetrsdpinad fos<ing o 1o Siipprets st THERE bARPTHPEF €62
rise of the liquid ejection head 47 caused b .

e ekt o i oyt oot RS | VepFein the
ej ection head wth, high frequency. becones ossi bl e

and 197 DEHGHEE HhshT e Th° COnet 1L SBOL T | fiffg Peried, and

F%ecpﬁqg.fﬁ?%kgirggééfbﬁg% hs@aégrgf.?ﬁgﬁfé P 5is resumed.
i"qui d &jection heads are arranged w I gh~density

for simultaneous, driyvidg.: By Y5 PG SHSN R ghs dengh iy

liquid ejection head array, it becones possible to

formpplieldis ih@ MBdiumaheNEAY1P DdesPessl LR thit
IS not” al ways necessary to conbine 10 a |ayer of

CONPr&gs1 ¥en&d Nedsh apsif ardayertof thensitec subhessmént,

providing a preset deflection to the novable nenber

in t hexdpwarchat reled | dhqandyfiownpibeage 6 is closed by

10 the movable mémber 62 and the stopper 14 in the
initial state before the driving energy such as the
electric energy is provided to the heating body 10.

Thus, with such a construction, the entire
dilataticnal 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 liguid in the direction
of the liquid ejection, and a high efficiency is
achieved for the ejection of the liguid droplet.

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

25 the temperature rise of the liguid ejection head



heati ng body. For exanple, it is possible to provide
the desired initial deflection or bending to the 15
novabl e menber 62 by using various conbi nati on of
stressed | ayers such as the codfdi mati on of the |ayer
of strong conpressive stress and the |ayer of weak or
zero conpressive stress, the conbination of the |ayer
of weak tensile stress or zero stress and the |ayer 20
of strong tensile stress, and the |ike. For the
novabl e nmenber 62, it is possible to use, in addition
to t heawsedrbwl enngcsidysiheabing ni Thevely, siriebng of
oxi de and polysilicon nmentioned before, durable

natefﬁ%ﬁ514QH#QKEiﬁf%ﬁ%%t%ﬁa%rw%%@ami@% 5??%99%95hb%§°me5
silver, njckel, ld, iron, titani - 48 al um num
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a resin ha such_as

. he. | i ke, havi i i
coryl briei i eTe gt rat s Fxfay orp witefg Paids aHber of
PBgnarnsity

o ke S s
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a resin having a s one up such as polysul fone,

or othef,{@stfScBUSH RSad! bavhy, CiysbatoReLkypBESiBlie to
their conpounds. Further, 10 for the novabl e nenber

62, itolm pestébhe bR 4SBeHDkm A€SV&tanhighakpsedq. of

~ink-resistant material such as a netal or alloy of

gol d, tungsten,Héaataitumisnhokeblways necessary to combine

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

15 movable member 62 by using various ccmbination 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 stron§ tensile stress, and the like.

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

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




stainless steel or titanium a resin having an am de
group such as polyam de, a resin having an al dehyde 15
group such as pol yacetal, a resin having a ketone
group such as pol yether ether Kétone, a resin having
an imde group such as polyimde, a rein having a
hydr oxi de such as phenolic resin, a resin having an
et hyl group such as pol yethylene, a resin having an 20
al kyl group such as pol ypropyl ene, a resin having an
epoxy group such as an epoxy resin, a resin having an
am no2heeipusuchl aklzume| ban el uhesthainl ¢28i AtA8Yi ng
a methyl ol group such as a xylene resin, or their
conpokiREPhos bromze f pXTH & hE?ﬂ?e%k&t?aﬁlFGqﬁid
ej ectipn hgad according to a Sixth egﬁodinE£t of the
preseRt EFhiRnPFORP WP RFI RS AeEEPRHEETWHEh PRERIERBE t o
 Figure_12, wherei hFi ure 5 12 is_a_Cross-sectiona

di agr AT EXBY & BF nGPE bt (P guf T C&FBCRT BN Read BT LReIZOP
prese dj  Hereto at i e
e BRER o cpararre BB ch ek ey SEOLARCL' RraRyPPREou
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Lype-grﬁﬁ e5htR%akOp %gé&étézr bheekifiUhBvEhEChI 801 fone
ead 0of the present enbodinent is fornmed by providing
group such as polysulfone, or other resins such as
ligquid crystal polymers-or their compounds. Further,
10 for the movable member 62, it is possible to use ink-
resistant coatings of ink-resistant material such as
a metal or alloy of gold, tungsten, tantalum, nickel,
stainless steel or titanium, a resin having an amide
group such as polyamide, a resin having an aldehyde
15  group such as polyacetal, a resin having a ketone
group such as polyether ether ketone, a resin having
an imide group such as polyimide, a rein having a
hydroxide such as phenolic resin, a resin having an
ethyl group such as polyethylene, a resin having an
20 alkyl group such as polypropylene, a resin having an
epoxy group such as an epoxy resin,
a resin having an amino group such as a melamine
resin, a resin having a methylol group such as a
xylene fesin, or their compounds:

25




a nozzle plate 72 over the device substrate 1 via a
conpartnent wall nenber (not illustrated) defining 15

the liquid fl ow passages 6, wherein it should be

.noted that there are formed a4d arality of such

liquid fl ow passages 6 each communicating with a
correspondi ng droplet ejection port 4 forned on the

nozzle plate 72, wherein each of the flow passages 6

20 is forned between the device substrate 1 and the

nozzle plate 72 and is acconpanied with a pair of

| ar gd- Sof THeEMRMPEEYTIqui d supply chanbers 6

communi cating with the f| ow passage, 6 from_ both )

lateral directi®PRtr whettIWIE ned P LPY Reppl §c28rding to a
chanbers, 8 are forned also between the devjce ) _
subst?%%%h1e%$%d%%%ﬁﬁo%£|ghﬁl%f%s%%£ %%Y?%t%?ntﬂégé be

are provided two., movable nenbers.l12 respect) I g I

cor r CRpS iR TeT R e e o T He b Suph e Figure
chanbes s. u a : e 29 5 rr s
o ends 1 oh Fret SoreEaEthal; AlRgEa Ry A AL ERBCE e 1 s qui

- Whi cho§ ber N akl 84 "BEbEhe 121k Sen Pr OYbIgHnehO. t he
liquid flow passage 6. Thereby, the novable nenber 12

i s provided suchetbBebrbbe, fegelendtidrFhbhbereeh hSde with
| ocated in the liquid fl ow passage 6, 10 in which the

heat i pgghedytdOcthe piouidedjecantloheneed af the sitge of

the droplet ejection port 4, while the other end 12H

I s fixkdotipontyhe, dekite Shbsprasent. embodiment deals with

10 - the liquid ejection head of the side shcoter type.
| Referring to Figure 12, the liguid ejection
head of the present embodiment is formed by providing
a nozzle plate 72 over the device substrate 1 via a
compartment wall member (not illustrated) defining

15 the liguid floﬁ 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 betweén the device substrate 1 and the
nozzle plate 72 and is accompanied with a pair of
large-voliume common liguid supply chambers 8
communicating with the flow passage & from both
lateral directions, wherein the liquid supply

25 chambers 8 are formed also between the device



Ther eby, each of the novable nmenbers 12 forns a
cantilever on the device substrate 1 with the gap 13
15 formed between. Thereby, the novabl e nenber 12 is
held in the. state that the fré&® end 12F thereof is
novabl e freely in the upward and downward directions.
Further, the nozzle plate 72 is formed with the
stopper part 14 that restricts further upward 20
novenent of the novable nenber 12. In the initial
state (stationary state), the novable nenber 12 takes
a st asebekraheli hgengeher ardyzbarald#e® Wth the device
substrate 1 with the gag 13 formed t herebetween, such
that the free 2BUEHICHDFBPTe HRT FOREBY 2GRNDEP BovRkle
| ocated in the. - 51 regjion.of,the heating,bod 0

o ov i TREPORS 12 HRTPEEC. Cbe: +hr CoRTERPEULRNGS rBfnEpe two
that the tip,end.part o the foregpin r n F

oo Paery bERGAE T hBRl v KRR EP P et Fagh of che
bady ' Lrectso t 0 n.Liguid y
e eP H SRERE T be b, SEoR FHE cohibhet SHAELY

12 is |, d r pe t oRRehoPRALT & 14ehs 12 1
provi%géﬁ%k ?ﬁ%m?gaeﬁ s%?fgggcgfetﬁe %ozzlg p?atgr72 e

as a ypbiaa¥d, bedytre §§§@iét€lbﬁd¥agﬁggéestftﬁéﬁeb € the
further 10 upward novenent of the free end 12F of the

nmovabhevapeabgemderby2engagirogivetinstbr thaegehegfieeeend

end 12F of the novable nenber 12 in the event the

novableF therecf is located in the liguild flow passage 6,

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

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

20 movement of the movable member 12.

In the initial state (stationary state},

the movable member 12 takes a state extending
.generally parallel with the device substrate 1 with

the gap 13 formed therebetween, such that the free

‘25 end 12F of the_movable member 12 is located in the



menber 12 is noved in the upward direction. O herw se,
the construction of the liquid 15 ejection head of

the present enbodinment is simlar to those of the

head explained with reference ©& the first

enbodi nent, while it is also possible to use the
construction of the second through fourth enbodi nents
expl ai ned before. 20 Wth the liquid ejection head, of
the present enbodinent, it should be noted that

novabl e nenbers 12 at both | ateral sides of the flow
passageyién underlys deeali Tpd deedent 0 vibxdivided beb bt ke 1device
and there occurs growth of the nmeniscus 17 of the :
| i qui siboBrage t helej weeh on pornen thaothahpzo ¢gd part of
appl ying the present invention to the liguid_gjection
head ©tet Fere9eNShbbeeretgpeslits $E1P% psaég%%ﬁ“—eff%m
achi eve the advantageous features, of .the ]iquid .

ej ect &R fﬁ%%le%fo%h%h%d %agh%%tlé?dify{)% i Jé‘}% dipggtion of
before. Next, an exanple of.the liguid,cartri

e prRR R eI RS eht HONCVFTEobY SaetPPbed Ry fhECH Che

refer Fi.gu el n it ..sheu

I R e e S
present i nventipa:tRed SEREMBELEpBET SREE! LYC1Kl Bovilibd on

shoul d be noted fhat the Iiquid cartridge 80 includes
a ligpghd ebfeti oprkgad 8% the nozzle plate 72 as a unitary
body or separate body and restricts the further

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

Otherwise, the constructicn 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 second through fourth
embodiments explained before.

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

there occurs growth of the meniscus 17 of the liquid

25 at the ejection port 4.



havi ng an ejection port 84 forned by any of the
enbodinments noted before and a [iquid container 82 15
holding the liquid to be supplied to the liquid

ej ection head 81. It should be3doted that this |iquid
cont ai ner can be replenished with a fresh liquid

after the liquid therein has been consuned. Wth the
liquid cartridge 80 thus having 20 the liquid ejection
‘head of any of the enbodi nents of the present

invention, it becones possible to realize a liquid
cartridge in wiTkhs clyggipgl ping hehejeresont povengion to
is reduced and is capable of perform ng high- speed _
ej ectilod Wanidrelseeley erdgehi ghefFeduerlyotes type, 1t
Next, . the image form ng apparatus of the - 53 present

i nvent$ ol tPatOHSERIE heo | +eVej ERei dAVARLACEORS ahfatures

f th i ng, enbodi t il d i bed ith
ALk T IS L T M
a dlag%ﬁgwexgéabgfgg the overall construction 5 of the

i@age i appara?Us 15, while Figure 16 is a plan

,vieM/diagran1ex§é§£ni£g ééggéieogftpg%:ggggi?geggkggdge of

apparatus of Figure'1 ring to

| mage f Or Bl DG n APPRV L ESRas1 i DepgonsLERELEQNWOtn
hol ding a carriage 10 103 by a gui de nenber incl uding

a gui derepdndfltbrirdghpg ag| ofBetbensidesnbat@shat nbhed
|l eft side and right side and a cooperating stay bolt
102, sheb Fbatire 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 liguid ejection head 81
having an ejection port 84 formed by any of the
embeodiments noted befcre and a liquid container 82
15 holding the liquid to be supplied to the liquid
ejection head 81. It should be noted that this liquid
container can be replenished with a fresh iiguid
~after the liquid therein has been consumed.
With the ligquid 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 1is reduced and is capable of performing high-
speed ejection with driving by using high-frequency.

25 Next, the image forming apparatus of the



the carriage 103 is novable in the main scanning

direction (Figure 16), wherein the carriage 103 is 15
driven in the main scanning direction by a main

scanning notor 104 via a.tinmng@delt 105 which is

wound around a pulley 106a driven by the main

scanni ng notor 104 and anot her pulley 106b. On this
carriage 103, there is nounted a 20 recording head

- 107 formed of four liquid ejection heads of the

"present invention respectively ejecting the ink

dr opleiesett yervemE (o), thganugsy, thagbrtaid Mpieahdon head
bl ack (Bk), wherein the |liquid ejection heads are .
nmount@d PR tPe ke rragecdind tRapdiRentespielibe dgscribed
ejection ports are directed in ihe dgmggard di recton

- 54 Wy TRHESTRRPRCEP VEL@TELTi bn POt $°ar BPGFFYReHIPRTE

t he i rection, crossin he main_scannin irection. ..
Furthbt | 55 12 BLF e TR S Tpbe Eaf o o5 e nareonl L shnE hARgt Lon
1Q8 f Pl yi i thve | oLs t ;
the 135 THE NS OGu R, Ser ERBEE 8T PREPCERpdRias 1o
108 i | i,ed w j h resp -

main SRR At PrHaD) SRFLA AR 8 paRLI GEPPRE Mage

i!|USféﬁﬁfﬁg_%§p§99£§§’oftFi§ur@0§§[b'e to use a
liquid cartridge of integrated heat 10 type. Further,

there is provi dedrarshegt tbegdqupar t5sugheasmagshestming

feed cassette 110 for feeding
apparatus has the construction of helding a carriage

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

15 driven in the main scanning direction by a2 main
scanning motor 104 via a timing belt 105, which is
wound around a pulley 106z driven by the main
‘scanning motor 104 and another pulley 106b.

| On this carriage 103, there is mounted a

20 recording head 107 formed of four liguid ejection
heads of the present invention respectively ejecting
the ink droplets of yeliow (Y), cyan (C), magenta (M)
and biack (Bk), wherein the liquid ejection heads are

nounted on the carriage such that the respective

25 ejection poris are directed in the downward direction



sheets 112 stacked on a pressure plate 111, wherein
the sheet feed part includes a feed roller 113 of 15
sem -circular cross section for separating a sheet
112 one by one fromthe sheet stdack for feeding and a
separation pad of a material of large friction
coefficient disposed so as to oppose the feed roller
113, wherein the separation pad 114 is urged toward
20 the feed roller 113. Further, in order to transport
the sheet 112 thus fed fromthe sheet feed Eart 110
such andtthe heespeetivg ejechasseponhdeareheligbeddingthe
head 107, there is provided a transportation part
i ncl W FRCRIPD $Fanshodt&le ohabel 8canaisdcRiAgCEhen-
sheet for sheet_- 5 sportation,}@ counter roller
f

}22dfor transpo???ﬁger:L€H§h8%¥if%ﬂeh ﬁLFﬁEréﬁEeF ereon
i ; 115_so. i .
tb P et B 8 E6n, PRI Tue %ht?hgnﬁh@gi rppgtive
. .
b 1 EBIEE LOUMhEl Lo EEng 1h2aA" ) T hERRTROLERN! B8R che

the dig Cﬁ%REfOiOEhfﬁsgﬁﬁﬁlié&2w£€ﬂ Gﬁgeiﬂklﬁr?ﬁethe

perpendi cularly 1n the upward direction wt

angl ec9f rabeuha 90gdRgL feBankUehnkt ALt thggeheet 2148 ink
follows the transportation belt 10 121, and a pressure

rol | ereddbnfetdobynbbei ULgktgatBBIDEF &3d4rkel wegiBg

the sheet 112 to follow the transportation belt 121.

Furt heossibieetosupeori Ueduad cartridge of integrated heat
io type.

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

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

20 the feed roller 113.

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

25 transporitation belt 121 sucking the sheet for sheet



charging roller 126 for charging the surface of the
transportation belt 121. 15 Here, it should be noted
that the transportation belt 121 is an endl ess belt

and spanned between a transporPation roller 127 and a
tension roller 128. By rotating the transportation
roller 127 by a sub-scanning notor 131 via a timng

20. belt 132 and a timng roller 133, the
transportation belt 121 is noved in the belt
transportation direction (sub-scanning direction, .
Fi gurerasjpontasior ans popeatebnreel er 1942 chboprisessperting
surface | ayer 2la of pure resin having the thijickness,

25 oftadotiedd, tod nbroB ubiecteet of #o<i BEahcBi2 oft Pfde

- 56 h he, | ETFE ( d , .

: ba£iff%92$h%¢ﬁsg?%%%$%{ef$éﬁr§?am%£%%§yiﬂaﬁﬁégﬁiﬁﬂa in
d of . th terjal th

| ayervradh bR Pentdt S8 ERTR Br el fonhe et F o “pg aer
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surfage: hay 2 S j ayer
sheet TSt o, ihe hareras For SreiaEIoL S st shegt

SO0 as1i9 ABKEgenELRid tp@&ﬁ@n&ﬂ@uﬁﬁfigcﬁnoﬁhetﬁpward

. transportation belt 121 and so as to.be driven wth

t he mavesentonfwibe thanspgleabfoapbatt 98ldegrees, such
that the sheet 112 follows the transportation belt

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

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

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

This transportation belt 121.comprises a

surface layer 2la of pure resin having the thickness

25 of about 40um not subjected to resistance control,



wherein there is applied a urging pressure of about
2.5N at each end of the rotational axis thereof. on 15
the other hand, the transportation roller 127 is
grounded and functions al so as>fhe grounding roller,
wherein the transportation roller 121 nakes a contact
with the foregoing back | ayer of the transportation
belt 121. 20 At the rear side of the transportation
belt 21, there is disposed a guide nenber 136 in
correspondence to the imge transfer region of the

r ecorslicty deathd (ayewheripuie BRoI Ot bedervaek) « hard a
this gui de nmenber 136 has its top surface projecting
25 i rbadie Hhyerct { ot ofmediafecor i slgpmeadl A0TT ae¥ og5ownd
- 57 tangential line of the two rollers

(t r anspR¥ at Formeqd b ebha ovammdne et tehsidnthe) perface

128) spanning the transportati on belt.lgl. Wth %hi ,

the (18VBPOrTAITEh Bol 01245 80 pti nEeE HEEBYCTheoRbpos By
f f th id 136 ]

e {TSHORE ST EgTon RTETHe PRRorE heCRaaa 0] BE8 ¢ °

[ L ded h jd 13 h [

e

Fec°f9ﬁ993c86§9%49721£h§s'ﬂ@@& a30:hQr BhAGi ARPREIEUS o F

+is provided with a separation part for separating the
sheet gld2-fromthe transportation

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 tec 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 rctational axis thereof. On

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

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

25 in the direction of the recording head 107 across a



belt 121, sheet discharge rollers 142 and 143, and a
tray 144 for collecting the discharged sheets 112.
Further, there nay be provided a detachable 15

opti onal sheet feed unit 151 att e rear side of the

i mage form ng apparatus for two-sided recording,
wherein it should be noted that this optional sheet
feed unit 151 takes up the sheet 112 noved back by

the reverse rotation of the transportation belt 121 20
and supplies the same again between_ the counter

rol | efanoeniairl t htne rahspe? t BY? oo bep¥s 194rapgpprtation
such 781 £t {trant e HESehker H3bL75 CEBhr SpaaTRgnthe
115 1RRSBoPRET hEoBaReral 19" Ul HiTRCtFBR 1 gui dec

ot at e har PO LR e Palote Put R RE b9 k8 HEE

tho shabtore 88 guRb e iae nEhest, Ldote, BoFERoBahlefte to

123 apd-tPeanshept rb§ivh8d tR:t hectFanggontali eo7bgkt it
121 with the pressure roller 125. Thereby, the

transpergai 868 odéfreehéoguidechianged bysabout 90
degrees. In this state, there is applied an 10

alternately chapgrtigexpl iagercbangbngibehnees ahpl vheet
vol tage and a minus voltage to the charging roller
112 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 of the transportation belt 121
20 and supplies the same again between the counter
roller 122 and the trénsportation belt 121 after
turning over.
With the image formation apparatus of such

a construction, the sheet 112 is separated from the

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




126 froma high voltage source under control of a
control circuit not illustrated, and the
transportation belt 121 is charged with an 15
alternately changing chargi ng wol ttage pattern that
forms an alternately repeating band-like pattern of
predeterm ned width in the sub-scanning direction in
whi ch the transportation belt 121 is circled. By
feeding the sheet 112 on such a .20 transportation
belt 121 charged alternately in plus and m nus, the
sheetinl1th¢ syenecatbst apveed| yirectiant &g goidad with the

transportation belt 121 and is transgorted in the
sub- s@ah#e meempeect i onad t hs t heaneppELeat t_gtidt Fbatefheld

t he transgortatlon belt 121. 25 Thﬁ% gi dr|V|n t he
recoref g Feabhg 07r2N8ROT @ b OB NP gt |©ﬁ%l j fgunter

o e AR, ORI L ke
e 8 Lk e e

next %h@ét Hoopy g@ ePB'Bﬁeoﬁgg?EQBQEQt$BH BéQEaHZQrwﬁth

si gna TRdi cati ng that dge of the sheet has

reachedet Bec566PE DY ERT1 98, TH@réE?QetBSCQEQhQﬂortatlon
apparatus term nates the recordi ng operation and

di schai gestibg §Be@haﬂ§8dt§ytasohtayoléégresgcause the
i mage form ng apparatus is
In this state, there is applied an
10 alternately changing vecltage changing between a plus
voltage and a minus voltage to the charging rollier
126 from a high vecltage source under control of a
control circuit not illustrated, and the
transportation 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 1i2 on such a
20 transportation belt 121 charged alternately in plus
and minus, the sheet i12 is electrostatically
attracted to the transportation belt 121 and is
transported in the sub-scanning direction with the

circulating motion of the transportation belt 121.

25 Thus, by driving the recording head 107



equi pped with the liquid ejection head of the present
invention, there occurs little inmage degradation

caused by clogging of the liquid ejection port, and 15
it beconmes possible to achieve 3 gh quality printing.
Furt her, the nunmber of the ink suction operation for
resol ving the cl oggi ng (nmai ntenance operation of the
head) can be reduced, and the consunption of the

liquid is reduced. Further, 20 because it is possible
to perform high-frequency ejection, the image

recordibly apparagessbinahevhpteseavingvehei oarcaage 103,
achi eve high speed printing, Wile description has

been Faderd1e pEgard l%ae|hﬁg@0hb¢ﬁa@|@ﬂ Ebﬁa?h?@§ LAZ2 in

which the liquid 25 etectlon heat s usgﬂ
i nk- JE?Ehaaatl?%%rbr% ahe °febRei ALBRE] ZrSAE§8ﬁothlsr

or CREC nEbFGin Of WA BRPAY ERNERD B PEPRgLPANSEn 4gount
0 T SolmdE. LLob3aPRISLB! nlonyse Pouari ous kinds of

papers, shéert's, i CS use or éxanpl e for

conpact di sks %fp eﬁnegs g Eﬂt8§ Suchegha &Etghanawcar a

as al umi num or ¢o pper, ers as co

|eath@igﬁélaihaibgtﬁhg|%ﬁEEeEhe E@QQSeHBE|H§'EHePEMeet has
woods anboos, ceram cs such as 10 til

}hLeerééaﬁéal@Hé'rébbﬂ@iﬂ@eﬁegmgh agha &ﬁ@g@erec@&d&h@
e apparatus terminates the recording operation and
10 discharges the sheet 112 to the tray 144.

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

15 it becomes possible to achieve high quality printing.

Further, the number of the ink suction
eperation for resolving the clcgging (maintenance
operation of the head) can be reduced, and the
censumption of the liguid is reduced. Further,

.20 because it-is possible to perform high-fregquency
ejection, the image recording apparatus of the
' present invention can achieve high speed printing.
While description has been made with regard

to image formation apparatus in which the liquid

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



Thereby, the liquid ejection apparatus includes
various printers recording on various papers or CHP
sheets, a plastic recording apparatus 15 recordi ng on
a plastic material such as a Tetfhetic disk, a netal
recordi ng apparatus recording on a netal plate,

| eat her recordi ng apparatus recording on a |eather,
wood recordi ng apparatus recording on a wood,
ceram cs recordi ng apparatus recordi ng on 20 ceranic
materials, recordi ng apparatus_recordi ng on

t hr el AV HRRSPBNLF P¥t WBrRe3RF uilibedubHh §§C§pén§E§lelC
and a te tlle rinting apparatus recording on a cloth.
Ther eByP %ﬁ% F$HU|d used with these liquid ejection

oot he” s ebor BELES | E0¢oERS' ShABebrob g3ty R0 TR0 o
d. . th

excanpt bOGHETREEh, 28 YAET:cORAREL LS, Y, poBF byg 08! B8t

prsesevarwﬁgnmast hat %abQElsUdéﬁPt BRekLigui g%gjsﬁgzboﬂsed

apparatus of the present™ 5 {nvention w[|

eXp'aEBEdthﬁBléefsieBSﬁphetFHQHR@ 47 sbAWMBHtAplates,
schemati c perspective view of the apparatus.

Ref er e18gnkp hkgele 3dchthe hlMBgentRCOrdEBppedpPPaLatUSTS

is equipped with full-line heads 1Bly, 181m 10 181c
and 18tkhfas tbehlidqui dégolethrerespeattv€icabar 3gather,
wherein each of the full-1ine heads includes

woods including ply woods, bamboos, ceramics 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 recofding apparatus reccrding cn a
metal plate, leather recording apparatus recording on
a leather, wood recording apparatus recording on a
wood, ceramics recording apparatus recording on

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

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

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



plural ejection ports disposed in the entire wi dth of
the recordabl e region of the nedium 180. It shoul d be
noted that the full-line heads _15 1Bly, 181m 181c
and 181k are di sposed on the ~ tYlanmsportati on path of
the recording nmedi um 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 achi eves
si mul taneous recording on the entire width of the
recor FREPEIHRYi oGt tiPe Wedad uhPT 1B8COREiRdsuch a

full-1i [ f ' t th tends t
1T | e Lo g SRR aLE DR B IEELL
di ,.din that - 62 ,th di t
o9 BLYRBEPEL oL DBl £ SCLEER URRESPERE oo
caset 01,340 00 91,1 080E1cn MRl I LUET IS precent

the Sfﬁ§énE98nb@iﬁﬂpﬂé?é§§9?9¥%gs%gghSfQEQPeﬁE§098iFXgure

i nk such that penetration o nto the paper
I'S SUPPV§§§@ﬂmgFyréBﬁémaE&&h?%P§pééfiVelbﬂ@w'Bﬁgﬁhe

form ng apparatus, in which e printing is achieved
I n ongpp&traghe. scan, it is necessary to use a head in
whi ch nozzles and the fl ow passages are 10 arranged
wi th high densikygféorithetceEdgdraglhpatdhe Whkbet Becording
liquid ejection head of the
apparatus is equipped with full-line heads 181y, 181m,
10 18lc and 181k for the liguids 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, 18Im, 18Blc and 181k are disposed on the
transportation path of the recording medium 180
provided by an electrostatic transportation belt 184
spanned between a transportation roller 182 and a
tension roller 183 so as to cross the transportation
20 path, and achieves simultaneous recording on the
entire width of the reccrdable region of the medium
180.
With such a full-line image forming

apparatus, there tends to arise a prcblem, when

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



present invention, it becones possible to arrange the
fl ow passages in high density and at the sane tine

use a high viscosity ink. Thus, the present invention
15 is particularly effective~i®2the full-Iline
recording head or full-line-type apparatus using such
a full ring recording head. In a full-1ine inmge
form ng apparatus or liquid ejection apparatus, there
appears a remarkable 20 streak when there is caused a
clogging in one of the ejection ports, while such

r emariah| B2 S ¥RHRT cHRes MaksRra geqtadht vohh ofhe nagrd
quality. Wth the use of  the liquid ejection head of
the pPrecdnEeidberl® oftPkifeCpropt Ry ofel 43P ngl ok hehearer,
ej ection port js 25 resolve and the de rada%ion of

i mage it hHE HgiEh 65 9@#?%gé?¥e%%%eF§a? QrucRy, the ink.

Th : bl [ f | ' .
T SR GIRERAYL Sop | IREOUSTED 0L LIMOG VBLILY L9 uesng
a | ange anbunt  of + | Nk S GORSUTRd ﬁQEQF§a§H8ﬁ'8E Phe ink
operatTon i's made for recovering thé ¢cloggrng. By

usi ng; 4 fig Hlﬂug;glpéi ecti ofheadsOf t RerPRESENtith the full-

invention, there is achieved significant | nhprovenent

over thhs problemphiMgi sppfathk; ENrihetn E’ﬁéaygﬁfnting
the full-line head of the present invention can be 10

drivenswethidirgh {feshencyingléasten, pitnisnge€dBshey to
achi eved.
use a head in which nozzles 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 wviscosity ink. Thus, the present invention
15 1s particularly effective 1in 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
liguid 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 liguid ejection head of the present invention,
the problem of clogging of the ejection port is

25 resolved, and the degradation of images with the



Further, the present invention is by no neans |limted
to the enbodi nents descri bed heretofore, but various
vari ations and nodifications é¥ be made 15 wi t hout
departing fromthe scope of thefdnvention. | NDUSTRI AL
APPLI CABI LI TY According to the liquid ejection head of
the present invention, in which the novable nenber is
20 constructed by lam nating three or nore |ayers such
that the free edge of at |east one | ayer thereof is
covered by another |ayer, the nunber of the materials
const FREERNGEERRKFajEr 5eEBAEAct TRETRPYR FRBAFKEDILE i s
reduced, and the degree of freedom of chogsing the 25

I|qU|amBFOVﬁEEBEgPEelBFgFr@E@&ﬁFBfl€h65§?h§e?he - 64

Fur ther . accor GFHBCLBTL hE-FGGRa BFOCEH SHoneHBSORERREELS,
preseqt 1 LaKEnL o el Bevbig! ﬁghsoﬁgﬁﬁggewgggggg; Hiop

construc am na ree

| east E@@atgbﬁfggeﬂ%dgakgE'?E?ové?gﬂ Eﬁétcigggaﬁgg By

edge surface of at [east one l|ayer covere

t he |a¥§5ﬁ09H§t&E&EhageEEEtEHEfﬁﬁﬁdoEf the B?éé@h%
menber e nunber of e materials constituting t

| ayer sni/BatipBketBegeniachcwikbelhai &@fhbﬂﬁtdlmﬁrovement
reduced, and the degree of freedon1o? choosi ng the

l'i qui dyvear thhe degbeemobff waedanmvdf inkho@sirBBethebecause
| ayer constituting the novable nmenber is
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 varlous variations and modifications may be made

15 without departing from the scope of the invention.

INDUSTRIAL APPLICABILITY

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

25 liguid or the degree of freedom of choosing the



i ncreased. According to the liquid ejection head of 15
the present invention, in which the novable nenber is
formed of |anination of two or nore | ayers of two,
different materials and in whi &t the free edge
thereof is covered with the [ayer of the odd nunber
as counted fromthe layer |located closest to the 20
devi ce substrate, the nunber of the nmaterials
constituting the layer that makes a contact with the
liquid is reduced, and the degree of freedom of
choosP#eFhel | Tohi Bhermerebde resaber ifebtsrraped.
choosi ng the Ia¥er constltutlngethe novabl e menber is

25 increased. -fBENAECOPEFAFALDIt e Fhﬁu?éqéﬁgcﬁﬂﬁﬁtion

mebeberd OF %%355%51'3%6%%351318?'&% 6, ERFaparapie

ﬁgwﬁéﬁe%bﬁégigr?ﬁﬁ? B g By teme e P LS cahesenBr et
(s} co e et peh sesgie ghotbegfiserycy

thereeieat angd Ebéé cbbe puekhem gk Lermeggeno% %%Esls
in such a novable nmember is successful y el i m nated

Ther ebyvdPeliheiprobhenbasyehcasst nshabhhl EMeOEurface of
ejecting characteristics between the channels or

cl oggthg mbvabhe merbeirpnther hunbeki qdi dhpassageilys
the fragnents
constituting the layers that make a contact with the
10 liguid is reduced, and £he degree of freedom of
choosing the ligquid, or the degree of freedom of
choosing the layer constituting the movable member is
increased.
According to the liguid ejecticn head of
15 the present invention, in which the movable member is
formed of lamination of two or more layers of two,
different materials and in which the free edge
thereof is covered with the layer of the odd number
as counted from the layer located closest to the
. 20 device substrate, the number of the materials
~constituting the layer that makes a contact with the
liguid is reduced, and the degree of freedom of
choosing the liguid or the degree of freedom of

choosing the layer constituting the movable member is

25 increased.



are elimnated, and degradation of print quality is
successfully avoided. 15 According to the liquid

ej ection head of the present invention, in which the
novabl e nenber is provided Wit an initial flexure in
the side opposite to the heater, the dilatationa
energy associated wth the growh of the bubbles is
transmtted solely 20 in the liquid ejection

direction, and the efficiency of ejection is

i nproved. Thereby, the power _consunption is reduced,
and the |ncreas%CEQI@hﬁghEﬁdth?eﬁh@ﬁaﬁu?éePElQVohééé of

According to any of the liquid cartri 25 Liquid
o ecthB oS sarA BEVBR i ge FolALRD. fpaFareR Bategper is

ef f ect 7T e aﬁhigééﬁgségﬁe? ke BF PRESULeTEr%aRy bro-
the | hguid ghecklon beads. gh (he.REESeBLl RXEOL e

not ed oré theréin accor

”QPUfﬁééué'EQat”EEP?QchaEhgﬂb'EH&% ehget b erasgd Rhere is

t he present I nvent 1 on ere1s or nme

the tEgem8l nbaBhipabbeg BLenatulaygEstaanstibbutihpng Bﬁethe
novabl e nenber consecutively, a part in which two or

nor e dévhpyerfefbethensene #Btekhaksaberdcteehl Yhereof,
contacted, and in which the foregoing part where the

two oandotRus| ayrespobblbr sdntommbetbal odr erdickecthy such
contacted is
a 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 liquid passage by the fragments
are eliminated, and degradation of print quality is .
successfully avoided.

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 assocciated
with the growth of the bubbles is transmitted solely

20 in the liguid ejectlon direction, and the efficiency
of ejection 1s improved. Thereby, the power
.consumption is reduced, and the increase of the head
temperature is avoided.

According to any of the liquid cartridge,

25 liquid injection apparatus or image forming apparatus



etched, it becones possible to manufacture the liquid

ej ecting head of the present invention with a sinple

15 process. - 67 CLAIMS 1. Aliquid ejection head,
conprising: an ejection porf’ﬁ%ﬁ'bjecting aliquid; 5

a fl ow passage communi cating with said ejection port;

a device substrate provided with a heating body for
formng a bubble in said liquid filled in said flow
passage; and 10 a novabl e nenber provided on said

device_ substrate in a state such that a first end

t her of ke R?%%ﬁ“%pb%v%%ﬁﬁoﬁeVFQ% 5obe9r e apwaptageous

free e £€ at an oslte end of sals novabl e menber is
in a $TERFYS o lél%Y%‘?eaSs%u BeovanPe TRADEPS R gy of

15 f i.d h bod h t hat
Proviges S0t asie oo shd healing badkopuch el
sai d ngggéc$e§gpgt{ﬁé§ lI,?ald novabl e menber causing a

di spl’'acenent “upon é et on of said liquid fromsaid

ejsection port a§UP%5§%#L£C§%I&lB CEgUtfe Pa@%gﬁ@ng

formati on of sald bu erel N said nova
is copstrygted thy 1 Dété?@c@ioﬁhﬁ§§d06f”958 bR¥6ERt

an edge surface of at |east one |ayer of said novable

menbefnvention, 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 foregeing part wheré the two or more
layers of 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 process.



bei ng covered, at said free end, by another |ayer of
25 said three or nore layers. 68 2. The liquid

ej ection head as claimed in claim1, wherein said
edge surface of said novable ~nBhber at said free end
forms a flat surface. 5 3. The liquid ejection head as
claimed in claiml1, wherein said novabl e nenber has
an initial bending in a direction opposite to said
heating body. 10 4. A liquid ejection head,
.conprising: an ejection port for ejecting a |iquid;

a fl ow passage conmuni cating #W&hEMSaid ejection port;
a device substrate provided with a heating 15 body
for formng a bubble in said liquid filled in said

fl ow passage; vah er_provided on said
devi ce substrage %% Jéf§3§%gﬁ %#Liﬂ%ﬁp%%ﬂ}ng'
thereof is fix I n

free end at an %81 post%t Veo&eosrz 3]5%3;& 2 Ci %‘ould

iscin a freely 58%#% d
bang provi ded so as t face sal eatlnéﬁ%gﬁy sucl

that thereish Jordred a gap between said novable
menber "and sai devi ce substrate, said novabl e nenber

;:ausu ng 3 25 di splasermntsuiyLiLidon dfa saitth |d Hédting
ron]iidy for forming a bubble in said liguid filled in
said flow passage; and
10 - 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
15 as to face said heating body such that there is
formed a gap between said movable member and said
device substrate, said movable member causing a
‘displacement upon ejection of séid liguid from said
ejection port as a result of a pressure caused by
20 formation of said bubble,
wherein said movable member is constructed
by lamination of three or more lavyers, an edge
surface of at.least one layer of said movablie member
being covered, at said free end, by another layer of

25 said three or more layers.




- 69 ejection port as a result of a pressure caused
by formation of said bubble, said novabl e nenber
conprising lamnation of at |east three |ayers of
two, different materials, 5 an®®dge surface of at

.l east one |ayer of said novabl e nenber being covered,
at said free end, by a layer form ng an outernost

| ayer of said novable nenber. 5. The liquid ejection
head as clainmed in 10 claim4, wherein said edge
surface of said novable nenber at said free end forns
a flat surface. 6. The liquid ejection head as cl ai ned
in claimd4, mhereln sai.d novahl e nenber has an

initial 15 bending & &1@Pﬂ€cﬁﬂﬁﬁt&ﬁﬁo§ﬁﬁé £§ §didmed in

heat i ection

hod
ane] S9ETEn tsorPeRs et Jﬁggs e mo%able
passage copmuy GaiNg. 151 20 et %ﬁ%

devi ce 'substrat e provi eatlng bo
fogm ng a bubble |n sald liquid f|IIed in sald flow

. passage; and a novabl e nenber provi ded on said device

25 substrate inza shal @ 3Gl haletd o rl'r%tade%@ m%rl%fd in
is - 70 fixed upon said device substrate and

free. ?il@.l;ﬁt 19N wheedsi tse ienethoRfabsal ehsm\e&blmsrr%moqmﬂtial
in a reely

bending in a direction opposite to said heating body.

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

25 displacement upon ejection of said liquid from said



novabl-e state, said novabl e nenber being provided so
as to face said heating body such that there is 5
formed a gap between sai d novabl e nenber and said
devi ce substrate, said novable f@nber causing a

di spl acenent upon ejection of said liquid fromsaid
ejection port as a result of a pressure caused by
formation of said bubble, 10 said novabl e nenber
conprising lamnation of two or nore |ayers of two,
different materials, said |amnation including a
first 9iBaian dsugt ao a sehldevit @ quisstvatee caarsastdey
surface of said novabl e nmenber bei ng covered, at said
free dfFmafiorns qfaysé‘rl%fbhﬁ#]&}d nunber order as

counted fromsaid, first |la 8. The liquid ejection
head as cl ai med S (ﬁ9¥%Hl£/Wﬁﬁ9%£rFQﬂ£§} lapimgde on

f bl d free end f |
f afa'soﬂfr Frasat %%erﬁe. g o aﬁfﬁida%”fﬁesr Hamprials,
: ni tl a rgb%gnd & 50? %ﬂvaatg eré(etr 22 Sd:lld movable

ecti on oppos

heat i Rgrdy be%.% 7o]veJ:Jec\):l Ad iguid ﬂeeeme'nqp Ii) % dlayer

conprising: an ejectlon port for ejecting & |
‘a1 owrasisap e rt YUREYNGEHH NGt hsaifd g %&@31@ nta?(naer.

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

member at said free end forms a flat surface.

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

15 bending in a direction opposite to said heating body.

7. A liquid ejection head, comprising:

an ejection port for ejecting a liquid;

a flow passage communicating with said

20 ejection port;

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

a movable member provided on said device

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



5 a device substrate provided with a heating body for
formng a bubble in said liquid filled in said flow
passage; and a novabl e nmenber provided on said device
substrate in a state such that A0frrst end thereof is
10 fixed upon said device substrate and a free end at
an 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 between said novabl e nenber and said 15
devi c&is§ss iPeie sadsl devivsblsebrimsde cadsiangree end at an
di spl acenent upon ejection of said liquid fromsaid

ej ect PERIFHE £8% Hes@id FRVAF e sembecdgsdd 1By freely
(o g SR
el S i, DB T,

oot caozibd PG Blehed Yaid Rl 0RE el 37, Saia

menberychaidag scewered Y ﬁ&@%&%@&%&ﬁ&y %lraufs%f& g

aid |l am nation and forned of - a materi a

i dent icGalp 1Widelhen tMefcRmn 2§ e 4t IRd 4 Saighifd Slom saiq

layer. 11. The liquid ejection head as clained in any

of cl @jmctQonvpeirei msSsal deRdge I bageetfsusdl Gaused by
formation of said bubble,

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

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

20 member at said free end forms a flat surface.

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

25



novabl e menber at said free end forns a flat surface.
12. The liquid ejection head as clained in claim 10,
wherei n sai d novabl e nenber has an initial 10 bendi ng
in a direction opposite to sard’heating body. 13. A
|'iquid ejection head, conprising: an ejection port

for ejecting a liquid; a flow passage conmuni cati ng
with said 15 ejection port; a device substrate
provided with a heating body for formng a bubble in
said liquid filled in_ said flow passage; and a
movabl e nenber prlovifddd B & & adenre 1620 /s uisstn it rigs
a state such that a first end thereof is fixed upon
sai d devi ce sub$ft &IEHHP T FY e T e nDpposiduid;
end of said nnvab%g_nenber isin a freely novable

state, said nov&bl'e HedFer35& FFTPH-EV g, wigh gpid

face [ ti body such that there is 25 fornmed a
gap bggﬁggﬁﬁng &Bvable menber and said - 73 5 10

deyi ce SUbStrat%fd%%f%éngﬁﬂgfiéggﬁﬁ¥bé§§§a'%%f% a(%eating

di spl acenent upon ej ection of said-liqui romsa

el St bk HESHLE SaER0 Mioa o
conprissirg dlaw RRidRye; and i}
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 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
focrmed a gap between said movable member and said
15 device substrate, said movable member causing a
dispiacement upon ejection of said ligquid from said
ejection port as a result of a pressure caused by
formation of said bubble,
said movable member éomprising lamination
20 of three or more layers of three, different materials,
an edge surface of said movable member being covered,
at said free end, said lamination including a first
layer closest to said device substrate, an edge

surface of said movable member being covered by an

25 uppermost layer forming aid lamination and formed of



of two or nore layers of tow or nore materials, said
novabl e menber having a flat edge surface at said
free end. 14. The liquid ejection head as clained in
claim 13, wherein said novabl® Tenber has an initia
bending in a direction opposite to said heating body.
15. Aliquid ejection head, conprising: 15 an

ej ection port for ejecting a liquid; a fl ow passage
communi cating with said ejection port; a device
substrate provided with a heating body for formng a
bubbl & Mateaiall igerdirall wdthna peteaialf cowspassddoy
and a myvahl,.e nenber provided on said device

subst FAtE FAT8tsta¥8%such that a first end thereof is
fixed upon said device substrate and a free end at an
opposite end of said novable nenber is in a freely 25
novabl e state, ggid nber_ . bein rovi de

ble., .
74 as to face sardTg%;_ﬁﬁ§l§§89egﬁéﬁnt%§$dtﬁér_q@i%ed in
fog _mfgngugﬁp BELWEsR Sahd }ﬁzglaﬁd”%%%r sﬁlgc}a%gl de saiqg

devi c bstrate, said nova nmenber “causin .
di spl geeBnt HRARS %%t%%Hdo%r%@'@nh‘%Bkﬁsfﬁogﬂ§@'gu§face.
ej-ection port as a result of a pressure caused by
formati on of said bubble, said novable nmenber having
an initial
12, The liquid ejection head as claimed in
claim 10, wherein said movable member has an initial

10 bending in a direction opposite to said heating body.

13. A liquid ejection head, comprising:

an ejection port for ejecting a liquid;

a flow passage communicating with said

15 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

26 substrate in a state such that a first end thereof is
fixed upon said device substrate and a free end at an
opposite end of said movable member is in a freely
movable state, said movable member being provided so
as to face said heating body such that there is

25 formed a gap between said movable member and said



bending in a direction opposite to said heating body.

10 15 20 16. The liquid ejection head as clained in

cl ai m 15, wherein said novabl e nenber engages with a
stopper part provided at a side’dpposite to said

heating body in an initial state of said novable

menber. 17. The liquid ejection head as clained in

claim 15, wherein said novable nmenber carries a

tensile filmat a side thereof opposite to a side of

sai d heating body. 18. A liquid cartridge conprising a

| i qui devéjcectsiubatiesd asdid moyald ecogmderecausing a
containing a liquid to be supplied to said |iquid

ej ect FdAPRéggmendagon; giegtdont aitnspifoddiangdafrom said
unitar% body with 25 said Iiguid ej ecti on head, said

l'i qui GIEFELPPORKEadS 2 F§SUdsnPLi & RGeSSHA Sefcassiedn bY
port for _ejecting a_l.iquid;, . a flow passage

conmu Pngﬁﬁﬁan hsgégd%ugPé8Vion port; 5 a device
substrate provi |t heat i ody _f.or._formn .
bubbl e in said g%ggi Opﬁgﬂgd%Fﬁgg§a?8mﬁf&ﬁ18§s%&&&%a%lon
and  of two or more layers of tow or more materials, said

movable member having a flat edge surface at said

free end[

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

bending in a direction opposite to said heating body.

15. A liquid ejection head, comprising:
15 an ejection port for ejecting a liquid;
a flow passage communicating with said
ejection port;
a device substrate provided with a heating
bedy for forming a bubble in said liquid filled in
20 said flow passage; and |
a movable member provided on said device
substrate in a state such that a first end thereof is
fixed upon said device substrate and a free end at an
opposite end of said movable member is in a freely

25 movable state, sald movable member being provided so



a novabl e nenber provided on said device substrate in
a state such that a first end thereof is 10 fixed
upon sai d devi ce substrate and free end at an
opposite end of said novable nehber 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 between sai d novabl e nmenber and said 15
devi ce substrate, said novable nmenber causing a

di spl acenent_ upon ejection of sajd liquid from said

ej ect P6n Yo s s&‘lfdeg’ﬁlaftlélﬁ Roge S¥GMe tRRGs &GS 15
formatdi on of _sai.d hubbl e, wherein _said novabl e nber,
o ConSeRTa: 02250800 eaR NaTrOR SRR BBTR narg Baid
layer%ev%% e%%%st%%ﬁgec%aﬁ% 3&v§?ﬂ%tn%%$e&a% y qggi%!d
nmovabl'e menber ~ being covered, at sai rée en&,

anot hey; Akl + %@o% LNEeg 5 %Er%aHQYQEﬁfi%5f%%m said
The liquid ejection apparatus for - 76 5 €jecting a

I gui &5fdcemon ottt & sejaeGleis thead.a $2ed suldedWatised by
" ejection apparatus conprising a liquid ejection head
conpr ifsirfgt iah ejfeckiian peuid,or ejecting a liquid;, a
fl ow passage conmunicating with said ejection port; a
devi ce substr at eagrdowicdatb s merelredlbivigg an initial

bending in a direction opposite to said heating body.

10 16. The liquid ejection head as claimed in
claim 15, wherein said movable member engages with a
stopper part provided at a side opposite to said

heating body in an initial state of said movable

member.
15
17. The liquid ejection head as claimed in
claim 15, wherein said movable member carries a
tensile film at a side thereof opposite to a side of -
said heating body.
20

18. A liquid cartridge comprising a liquid
ejection head and a liquid container containing a
liquid to be supplied to said liquid ejection head,
said liguid container forming a unitaryrbody with

25 said liquid ejection head, said liguid ejection head,




body for formng a bubble in said liquid filled in 10
said fl ow passage; and a novabl e nenber provi ded on
said device substrate in a state such that a first
end thereof is fixed upon said dévirce substrate and a
free end at an opposite end of said novable nenber is
in a freely novable state, said novabl e nenber being
provided so 15 as to face said heating body such that
there is forned a gap between sai d novabl e nenber and
. sald device substrate, said novabl e nenber causing a
di spl &S IUBEONn ejection of said liquid fromsaid

ej ection port as a result of a pressure caused by 20
formation of sai®l BSE ORI i aisd afvidld & nehrfeid;
is constructed by .|lamnation of three or, nore | ayers

an edge surfacé ofr Ut HASRATHEMPECEI NG el
nmenber,_ . QSPEQ vered, at said free end, by another
Iayer%ﬁ sggﬁr’hree or nore layers. 77 20. An

imgge formng a s, f 1N and e.qn a .
recordi ng nedi u%g{/%ﬁt%ctﬁq%ggtgﬁrﬁquﬁrf reo%ﬁ%al [ q‘F’\‘uithat:Lng

ijoect imuhead Al dgmeoe iy ng, %aﬁi&ogri Y filled in
nprising any of a Il quid e ection hea onpri si ng:
an ej ectiiddFIRW hdHagi;ecidang a |iquid;
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 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 aﬁd said
15 device substrate, said movable member causing a
displacement upon ejection of said liquid from said
ejection port as a result of a pressure caused by
formation of said bubble,
wherein said movable member is constructed
20 Dby lamination of three or more layers, an edge
surface of at least one layer of said movable member
" being covered{ at said free end, by another layer of

said three or more layers.

25 19. The liquid ejection apparatus for



a fl ow passage communicating with said ejection port;
10 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 nentér —provi ded on said
device substrate in a state such that a first end
thereof is 15 fixed upon said device substrate and a
free end at an opposite end of said novable nmenber is
in afreely novable state, said novabl e nenber being
provided so as to face said heating body such that

t her e SleCcHigyhed ld Bes! Hetomeen siaiud drses tel areftserd armhid
sai d 20 devjce substrate, said novabl e nenber causing
a di spiBEchsieUpen GrRasad fcand 3inflia ¥iramdai d
ej ection result, of a pressure caused by

ort as a
f or matS O%%%%m%lm:ei n sai d novabl e nenber

is constructed 25 be |.am _nat i

£ eI Qr | 3o Pl quigy

| ayers, an edge - 1
said novabl e ne ' v t id fr. en
'bylsanot her | aye;g)glo“g%a}gst egéogr?ﬂu%rcgsﬁagferwsﬁ sfll.d
A et hod ofi Jprdacturing a liquid ejection head

sai d quuid'ejg%{ion head conprising- an ejection port
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"body for forming a bubble in said ligquid filled in
said flow passage; and
10 a movable member provided on said device
substrate in a state such that a first end thereof is
fixed upon said device substrate and a free end at an
opposite end of said movable member is in a freely
movable state, said movable member being provided so
15 as to face said heating body such that there is
formed a gap between said movable member and said
device substrate, said movable member causing a
displacement upon ejection of said liquid from said
ejection port as a result of.a pressure caused by
20 formation of said bubble,
wherein said movable member is constructed
by lamination of three or more layers, an edge
surface of at least one layer of said movable member
being covered, at said free end, by another layer of

.25 said three or more layers.
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. an ejection port for ejecting a liquid;
| a flow passage communicating with said
eiection port;

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

a movable member provided on said device
substrate in a state such that a first end thereof is

15 fixed upon said device substrate and a free end at an
opposite end of said movable member is in a freely
movable state, said movable member being provided so
as to face said heating body such that there is
formed a gap between said movable member and said

20 device substrate, said movable member causing a
displacement upon ejection of said liquid from said
ejection port as a result of a pressure caused by
formation of said bubble,

wherein said movable member is constructed

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

sald three or more layers.

21. A method of manufacturing a liquid
ejection head, said liquid ejection head comprising:
an ejection port for ejecting a ligquid; a flow
passage communicating with said ejection port; a
device substrate provided with a heating body for
forming a bubble in said liquid filled in said flow
passage; and a movable member provided on said device
substrate in a state such that a first end thereof is
fixed upon said device substrate and a free end at an
opposite end of said movable member is in a freely
movable state, said movable member being profided S0
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
displadement upcn ejection of said liqﬁid from said
ejection port as a result of a pressure caused by
formation of said bubble, wherein said movable member
is constructed by lamination of three or more layers,
an edge surface of at least one layer of said movable
member being covered, at said free end, by another

layer of said three or more layers,
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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.



