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THE INVENTION Field of the Invention The present invention relates to an
ink jet head for effecting recording by discharging ink, a substrate for
such a head, nethods for manufacturing the head and the substrate, a nethod
for using such a head and an ink jet recording apparatus. Rel ated
Background Art An ink jet recording systemdisclosed in U S. Patent

4,723,129 or U INKPIEINHEAD/ SUBEIREN, efdieciET riegxy di MgrRoD arbRgh speed
with high accuracy and high inmage quality and is suitable for col or

recording and COANGEACESRINGNIRK' ¢EDr HEAD BUBSTRATRY METHODN FORK | et
recordi ng system and adapted to discharge ink onto a recording nedi um by
bubbl i ng the ink MANUVFACTURING MNKTEIEEHENY, MBEEHONCIGR al$SINGr esi st ance
menbers for bubbling the ink and wirings for electrical connection thereto
are formed on t he HMKeJBTIEEARt AND OINKOVEWeREAORDING] APPARAMUSE ng head
substrate, and nozzles for discharging the ink are generally formed on the
substrate. The ink jet recording head substrate has w dely 4 OCTOBER 2005

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an ink jet head

for effecting recording by discharging ink, a substrate

for such a head, methods for manufacturing the head and

the substrate, a method for using such a head and an

ink jet recording apparatus.

Related Background Art

An ink jet recording system disclosed in U.S.

Patent 4,723,129 or U.S. Patent 4,740,796 can effect

recording at a high speed with high accuracy and high

image quality and is suitable for color recording and

compactness. In a recording head using such an ink jet

recording system and adapted to discharge ink onto a

recording medium by bubbling the ink by means of

thermal energy. heat generating resistance members for

bubbling the ink and wirings for electrical connection

thereto are formed on the same substrate to provide an

ink jet recording head substrate, and nozzles for

discharging the ink are generally formed on the

substrate.

The ink jet recording head substrate has widely



- 2 been devised in order to save electrical energy to be supplied and to
prevent reduction of a service |ife of the substrate due to &S bgﬂzoos
darmage caused by bubbling and destruction of a heat generating portron

caused by thernal

pul se. Particularly, many investigations have been nade

regarding a protection filmfor protectifiga heat generating resistance
menber having a heat generating portion positioned between a pair of
wiring patterns fromink. In the viewpoint of heat efficiency, the
protection filmis advantageous to have high heat conductivity or smaller
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damage, i.e.,

SRS And HRGS- UG o B NE P §09. Pht iRk pBEtdagrge due

to chemcal reaction with high tenperature 1 nk conponent Since a
tenperature ofchhed Wy adfeial uldd M irattd@Bsery, ahhgy the bubbling.

Thus, in actual, it is difficult to nake an insulation filmfor protecting
the wirings anthwedtiidativhd nthvid aidn tnadd thedes@bed 4 oppeebatioal and 4
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film

for protecting a heat generating resistance member

having a heat generating portion positioned between a

pair

of wiring patterns from ink.

In the viewpoint of heat efficiency, the

protection film is advantageous to have high heat

conductivity or smaller thickness. However, on the

other hand, the protection film has the purpose for

protecting the wirings connected to the heat generating

member from the ink, and the film is advantageous to

have

greater thickness in consideration of probability

of defect of the film, and an optimum thickness of the

f£ilm

is set in the viewpoint of energy efficiency and

reliability. However, the protection film is subjected

to both cavitation damage, i.e., mechanical damage due

to the bubbling of ink and damage due to chemical

reaction with high temperature ink component since a

temperature of the surface of the f£ilm is increased

after the bubbling.

Thus, in actual, it is difficult to make an

insulation film for protecting the wirings and a film

having stability with respect to mechanical and



chem cal damages conpatible, and, for this reason, the prot ection film of

the ink jet substrate is generally constituted by an upper
e Sabi by - o e RO s,

high stability wth respect to mechani cal and chem cal damag

i nk bubbling and a | ower |ayer |nsulat|on | ayer for protecting the wrings.
More specifically, a Ta film having very3ht gh mechanical and chenica
stability is generally used as the upper layer, and an SINfilmor an SO
filmwhich can be forned easily and stably by an existing sem conduct or
device is generally used as the |ower Iayer Expl ai ning in node detail, an

SiN film havi ng a cahL cémessesofco?n%%l{lbq ta%dl 0 S f:‘?sf erd $§n tlg)rot ectlon
filmon the vmrlngs I ayer’ pro ec e,

filmhaving a pItJy cégl%%s £f 002f tt%e l%ktogl[ ctaléu%d_;&?aor n'e%] %'ﬁﬁi%%fil on f| | m

havi ng a f uncti’on T or reS|s |ng to cavi lon-15S

arrangenent, %&gﬂ% e |nk Jg]ftp x‘grldd & 12kl Xu ht%dgle%tr?eneratl ng

resi st ance ate can ance her, other

t han the nech I es, at t rtion,
i Galy ﬁg@&hecﬂ %@cha@ﬁm sand Q:He'ﬂﬁchﬂ déﬁ‘ﬁéé‘ 4he 8

coloring material additive included in the ink are conposed to a

mol ecul ar | evelndYidk GhoHARRY and & 1RRRIX NGyled bo sifmangssh | Tdpesupstance
hard to solve, which is physically adhered to the anti-cavitation film as
the upper |aygirqiedtacid ahel Wiinhy.s MoeROBYYI fiicall 19CTBEF 260Dn- 4
having very high mechanical and chemical stability is
generally used as the upper layer, and an SiN film or
an Si0 film which can be formed easily and stably by an
existing semiconductor device is generally used as the
lower layer.

Explaining in mode detail, an SiN film having a
thickness of about 0.2 to 1 pm is formed as a
protection film on the wirings, and then, an upper
layer protection film, i.e., a Ta film having a
thickness of 0.2 to 0.5 pm called as an anti-cavitation
film having a function for resisting to cavitation-is
formed. With this arrangement, both the service life
and reliability of the heat generating resistance
member of the ink jet substrate can be enhanced.

Further, other than the mechanical and chemical
damages, in the heat generating portion, coloring
material and additive included in the ink are
decomposed to a molecular level by high temperature
heating to be changed into substance hard to solve,

which is physically adhered to the anti-cavitation film

as the upper. layer protection f£ilm. This phenomenon is



called as "kogation". As such, if organic or inorganic substance hard to
solve is adhered to the anti- cavitation film heat transfer fﬂ(ﬂﬁéﬁ R%ﬂ%
generating resistance nenber to the ink becones uneven, thereby na he
bubbl i ng unstable. In order to avoid this, although it is required that t he
kogation does not occur on the antl-caV|f%I|on film The above-nenti oned

Ta filmis generally adopted as a filmhaving relatively good kogation

resi stance. By the way, recently, as the performance of the ink jet printer
has remarkably been enhanced, enhancenent of perfornance of ink for

exanpl e, pre"S”Ei%H %Is bLSgQ'tQSD(SWUﬂgesE%V‘B% Al g)rc Goreq#‘l‘ﬁ?) n

correspondence speed recordi ng has ~Been re ues ) ancenent

col oring abI|I%¥b§ gncgeﬁgpgr Begbiggnﬁg %Bhlkgﬁ i) Gl esAgndence to high

i mage quality een requested Ps end, vari ous conponents are added

to the ink, a”@av@.‘hfﬁ%ﬁ”‘fllﬁo”HQH%”E%aﬁE?e%d‘i*%@mt theh'h%%tc erat irfy -

yellow (Y), magenta (M d cyan (C), whi are kinds of inks for fornlng

a col or inmge. r@*§1§téﬁ§é|ﬁ1emﬁei‘ easalmlaemknbeeome% uelevie@ad dHxreMy ch heat
generating portions for three colors (YY), (M, (O and a Ta film'as the

upper |ayer prahrehgotnel BBb12ng hAkkRE1eN tha sadersukstviia i the
di fference between the ink conponents., in the heat generating portion
correspondi ng &0tRo@ght atnisokefquite@CTIOBERtRBORogaTion does not

occur on the anti-cavitation film. The above-mentioned

Ta film is generally adopted as a f£ilm having

relatively good kogation resistance.

By the way, recently, as the performance of the
ink jet printer has remarkably been enhanced,
enhancement of performance of ink, for example,
prevention of bleeding (smudge between different color
inks) in correspondence to high speed recording has
been requested, and enhancement coloring ability and
weather resistance ability in correspondence to high
image quality has been requested. To this end, various
components are added to the ink, and, different
components are added to three colors, i.e., yellow (YY),
magenta (M) and cyan (C), which are kinds of inks for
forming a color image.

As a result, for example, in an ink jet head in
which heat generating portions for three colors (Y),
(M), (C) and a Ta film as the upper layer protection
layer are formed on the same substrate, from. the.
difference between the ink components, in the heat

generating portion corresponding to a certain color,



the Ta filmwhich was regarded as stable filmup to now my al so be eroded,
with the result that the lower |ayer protection film and the OBER20
generating nmenber are also damaged to destroy the substrate. For exanp
when ink including bivalent netal salt sugh as Ca or My or conponent

form ng chelate body is used, the Ta filmis apt to be eroded by thernal
chem cal reaction with ink. On the other hand, other anti-cavitation filns
have been devel oped in correspondence to i nprovenent of ink conmponents. For
exanple, in place of the Ta film when anorphous alloy including Ta

di sclosed in Japangses; fpt £c1'1\'%a% %ﬁé@a%ﬁ%%ﬂﬂetﬁme pPRL! GBgE 1

used, even if the 1nk |ncI es hi sive in conponent

that damage dofﬁéyaéfpétb@%ro@&&urm{ﬁh%eIfegaftb@hsenﬁhéeisae&hat the
anor phous alloy including Ta 1s used as the upper layer protection film

for the heat g gﬁsﬁtpﬂ&t@@ﬂwnﬂmtm R heit hgafe faP2RGEmeMbErschar gi ng
t hree col or I nks. However, although the anorphous all oy

i ncl udi ng Ta k@ﬁe%ﬂ&bld&n@g@élw destsépnege Shbserate. sworace of alloy is
al nost not subjected to damage, there is the tendency that kogation is apt

to occur. Thusexarmpldge wiean DekelndludipPrivivalent rmeépabdsalit sach aertain
color, in place of the fact that the upper |ayer protection filmis al nost
not eroded, a (Qaodt ey orgeordpogekbgbdimingrelsekatée nbadei 1 sonsedhemhienk 4
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Ta film is apt to be eroded by thermal chemical
reaction with ink.
On the other hand, other anti-cavitation films
have been developed in correspondence to improvement of
ink components. For example, in place of the Ta film,
when amorphous alloy including Ta disclosed in Japanese
Patent No. 2,683,350 according to the Applicant is
used, even if the ink includes high erosive ink
component, it was found that damage does almost not
occur.
Thus, it can be considered that the amorphous
alloy including Ta is used as the upper layer
protection f£ilm for the heat generating portion in the
ink jet head capable of discharging three color (Y, M,
C) inks. However, although the amorphous alloy
including Ta has high ink erosion resistance, since the
surface of alloy is almost not subjected to damage,
there is the tendency that kogation is apt to occur.
Thus, in the heat generating portion corresponding
to a certain color, in place of the fact that the upper

layer protection film is almost not eroded, a problem

regarding kogation arises. 1In addition, when ink



- 6 having high kogation ability in the different color ink is used, in

t he conventional Ta, although there was no problemregarding,t tion,
when changed to the anorphous alloy including Ta, kogation wﬂ‘$§8588%3682

noti ceable. Incidentally, in the conventional Ta, the reason why the
kogati on does al nobst not occur is that -slé6 ght erosion of Ta film and
kogation occurs in a good balanced condition, with the result that

accurul ative generation of the kogation can be suppressed by the gradual
erosion renoval of the surface of the Ta film As nentioned above, in the
arrangement in which either the Ta filmor the anorphous alloy including Ta
is used as thehappre hagbrkpgstéeni shititm dpnther 8¢ figment kOliak ink is
difficult to nake the service life and reliability of the ink jet head

separatel y usi h§ UEREm LRk tREvFAGVAPGAORBGaT Pon adBPOMGR IHRETS VR RRi ve
ink on the sane _substrate L1 ¢ ati ble. SUMARY THE | NVENTI ON I n
consi derat i on Bfogﬁﬁmaﬁﬁgé%séﬁgogﬁgc%Ogﬁgfﬂg' of §§eESQW$ﬁ9quNF_%;tO.
provide an !nk?bgt gad igbst£atgu§a88bhgwokouskg bo% !%% QQV|ng hi gh
kogat i on abi | i BY)°ARA°KPgR-ePEsiVE ik *Fan® nROPE-R&ad "uti INHNY such a
Substrate, and .ink,pet r - di at at us- Layi ad.,.Anot her
obj ect of the B?gégﬁ?b#§0en?ﬁg%g%ggF%iggrégiggea%%k&%ﬁﬁg% aga§%§u6§ rate
having a ne“’4rg§§g§Eﬁ£§OQﬁe‘ngation does almost not occur is that

slight erosion of Ta film and kogation occurs in a good
balanced condition, with the result that accumulative
generation of the kogation can be suppressed by the
gradual erosion removal of the surface of the Ta f£ilm.
As mentioned above, in the arrangement in which
either the Ta film or the amorphous alloy including Ta
is used as the upper layer protection film contacted
with the ink, it is difficult to make the service life
and reliability of the ink jet head separately using
them ink having high kogation ability and high erosive

ink on the same substrate well compatible.

SUMMARY OF THE INVENTION

In consideration of the above, an object of the
present invention is to provide an ink jet head
substrate capable of using both ink having high
kogation ability and high erosive ink, an ink jet head
utilizing such a substrate, and an ink jet recording
apparatus-having- such a head.

Another object of the present invention is to

provide an ink jet head substrate having a new



intervention layer (or film capable of renoving factors for generating
kogati on and having no reduction of discharging speed in conparison with a
conventional Ta protection filmor a new anti-cavitation funétPOhOBER2S:
of being contacted with liquid froman initial condition, an ink jet head
utilizing such a substrate, a nmethod for hanufacturing such a substrate,
and a nethod for using such a head. A further object of the present
invention is to provide a head capable of maintaining a property nore
positively in a head (for exanple, refer to Japanese Patent Application
Lai d- Qpen No. 2000-62180) including a novable nenber shifted by generation
of a bubbl e and™tgaVeR§igR dAyercAor: Adlend Kcapabler &F diempVaigbod
di schargi ng property. Particularlé, al t hough the head  having the novabl e
member has an Z@¢ARE&gEOFhSENRTEhand kpgglénsy aad PaNdn@ M TeM&ATonal
one) can be effected, this progerty_causes ahrupt generation of the _  bubble
with high freq@&n&ySEEATIINInGPRES A1t ERBBALY SOPh Xt Gh 9BVER P yuest ed
to a bubble gepgeratin area..IRe resent inyention, prqvid a_.new head
substrate not ORI PXAREREACK: AdPna®adyRiPag tar CIah 4 e dd Bit-oh so
avoiding an influ af.f ing n nti-cavi.t.ation | r..due.to
property (reacf?9§g§% gﬁdﬁéﬁnﬁiﬁﬁggﬁfkgﬁ Wﬁﬁhu%égpl?o%gb |§%§ Jélgﬁbve
obj ect, the presgRl+iBYenbhoTnkPIeY! HESaAchRs Rl BERE WWRYALSAAYI Ng
heat 4  OCTORERCIGASt2CH" nkP il 358 :

a method for manufacturing such a substrate, and a

method for using such a head.

A further object of the present invention is to
provide a head capable of maintaining a property more
positively in a head (for example, refer to Japanese
Patent Application Laid-Open No. 2000-62180) including
a movable member shifted by generation of a bubble and
having an anti-cavitation layer providing a good
discharging property. Particularly, although the head
having the movable member has an advantage thakt higher
frequency driving (than conventional one) can be
effected, this property causes abrupt generation of the
bubble with high frequency period and has a tendency
that high level is requested to a bubble generating
area. The present invention provides a new head
substrate not only maintaining the advantage of such a
head but also avoiding an influence affecting upon the
anti-cavitation layer due to property (reactivity
and/or high pH) of ink used.

To achieve the above object, the present invention

provides an ink jet head substrate having a heat



generating resistance nenber formng a heat generating portion, an

el ectrode wiring electrically connected to the heat generati ' 3hGe
menber, and an anti- cavitation filmprovided on the heat generating

resi stance nenber and the electrode wiring via an insulation protection

| ayer, and wherein the anti- cavitation=fflmis formed fromdifferent
materials nore than two |layers. Further, the present invention provides an
ink jet head substrate having a heat generating resistance nenber form ng
a heat generating portion, an electrode wring electrically connected to

t he heat generating resistance nenber, and_an anti-cavitation fil m provided
on the heat  QEIRISAAHIE d SR SrMBIICE O THEPS of dOTR bABSAPFREGRY. o an

i nsul at i tection |ayer, _and wherein t tj-cavitation filmis forned
(rom at 1 eas P Py i [19REE St G HBber 9GSt S T 1 CLBAESEPETtR t n ik

has | i nk ' ' ' rer, th
as ‘oner | nx SO ! esxtaﬁtrh%erﬁ( %égi&ﬁ%rg%eb@@g eé & unFUhther, the

present invention provides an’i aving a heat

generating re%&f&f& ﬁfgﬁgﬁ; BVE 8 bedle 96 eg%séﬂgrgeia'on, an

. O .
el ectrode wring elect connected to the generating resistance

menber, and an-ahtdeLavd WAL fdddn EHO Ve Ktk - Sl tper DSt y9gNgRAt i ng

resi stance nenber and the electrode wring via an insulation protection

ayer,  and wheigifhdith YHdraiditiafed | 14nd sloramd themaatid OCTCBER

cavitation film is formed from different materials more
than two layers.

Further, the present invention provides an ink jet
head substrate having a heat generating resistance
member forming a heat generating portion, an electrode
wiring electrically connected to the heat generating
resistance member, and an anti-cavitation film provided
on the heat generating resistance member and the
electrode wiring via an insulation protection layer,
and wherein the anti-cavitation film is formed from at
least two layer films, and an upper layer f£ilm
contacted with ink has lower ink erosion resistance
than a lower layer film.

Further, the present invention provides an ink jet
head substrate having a heat generating resistance
member forming a heat generating portion, an electrode
wiring electrically connected to the heat generating
resistance member, and an anti-cavitation f£ilm provided
on the heat generating resistance member and the
electrode wiring via an insulation protection layer,

and wherein the anti-cavitation film is formed from at



| east two layer filnms, and an upper layer film contacted with ink is a film

on which kogation is relatively hard to occur, and a | ower | i [S_a
filmhaving high ink erosion resistance. Mre specifically, |£§%{Téééﬂb&

anti-cavitation film the upper layer filmcontacted with ink is a Ta film
or a TaAl film and the |ower layer filmi s an anorphous alloy film

i ncludi ng Ta. The anorphous alloy filmhas conposition conprised of Ta, Fe,
Ni and C is preferably represented as follows: TaaFe,Ni YCra ... (1)
(However, 10 at.%<_ a <_ 30 at.%and a + p <80 at.%and a <pandd >y

and a + R+y + S =100 at . % . Particularly, it is preferable that the
anti cavitati okedst mivraslavey rkilmsay cand cph cdepeedlayer heilmornul a (1):
Ta,Fe, N 7Cr8 ... (1) (However, 10 at.% <_a <_ 30 at.%and a + R< 80 at.%
and a < R anccentagteddgvith Ink isyaf3lm gqpovlich kggathed &S second | ayer
made of Ta and conprising square grating crystal structure forped on the
first |ayer. FiRIHetVelthd3FdskntoFeNENtIRH F ntPWRPeslareT nkiiBtishdad in
which a liquid path conmmuni cated with a, di scharge port for discharging ink
droplet is proAdedayiPE e pbiiefeesion tFeshe ng"éner ating portion on the

above-ent i oned i nky | el ficad, shosi{at o, PRLLT UL ALy fa SETSPER 2005 - 10

the upper layer film contacted with ink is a Ta film or
a TaAl film, and the lower layer film is an amorphous
alloy film including Ta.

The amorphous alloy film has composition comprised
of Ta, Fe, Ni and Cr is preferably represented as
follows:

Ta,Fey Ni,Cry ... (I)

(However, 10 at.% < a < 30 at.% and a + B < 80 at.% and
a { Band 8 > yand a + B + y + & = 100 at.%).

Particularly, it is preferable that the anti-
cavitation f£ilm has a first layer represented by the
formula (I1):

Ta,FegNi,Cr, ... (1)

(However, 10 at.% <= a £ 30 at.% and a + B < 80 at.% and
a < Band 8 > y anda + B + y + &8 = 100 at.%), and a
second layer made of Ta and comprising square grating
crystal structure formed on the first layer.

Further, the present invention includes an ink jet
head in which a liguid path communicated with a
discharge port for discharging ink droplet is provided
in correspondence to the heat generating portion on the

above-mentioned ink jet head substrate. Particularly,



inthe ink jet head to which the head substrate of the present invention is

applied, it is preferable that a plurality of flow paths COWE@QZMh
the discharge ports are provided, and different inks are suppli

respective flow paths. In this case, the different inks are at |east ink
apt to occur kogation and ink having hid® erosion ability. Further, the
present invention provides a nethod for manufacturing an ink jet head

substrate having a heat generating resistance nenber form ng a heat
generating portion, an electrode wiring electrically connected to the heat

generating resistance nber, a an.anti-cavitatjon.filmprovided on the
heat generati g t?’@sil&n(:ﬁc?& ertoaﬁﬁ”ﬁtﬁbt eeé}eracddgqﬁsrﬁ%g)?/i%é aﬁhe

i nsul ation praqtectiaqn.layer,. an rei. in.order t rmthe
anti-cavitati (Prfefsleln% 1§@§%cﬁ%mqﬁ\£@%ﬁgla%d'sqqt}ar% rréat%enlrga%cir%s a‘?t sTructure

s Tornmed on 4 \ayat (A 19 LOURAN! I TN S Al T dnd G Mindiigle O Y

spattering usi‘ng a ne aving purity o nor €. e layer

havi ng conposi tOII%% %Iglg)orﬂal%que?@"l -%"i‘rd( 'E_iei’ff@re?ﬁdoi%]g[é 0s?orgar egl%ﬁﬂé%d;?gr esent ed

as follows: Ta. However, 1 ~a .% and a

+ Q < 80 at. %@Rd redpectidd fow Yahd .2 trRthik tde 1 alifferdeink jet
head in which a liquid path commnicated with a discharge portion for
di schargi ng 4 iQ4EOBER 203 eastlink apt to occur kogation and ink
having high erosion ability.
Further, the present invention provides a method
for manufacturing an ink jet head substrate having a
heat generating resistance member forming a heat
generating portion, an electrode wiring electrically
connected to the heat generating resistance member, and
an anti-cavitation film provided on the heat generating
resistance member and the electrode wiring wvia an
insulation protection layer, and wherein, in order to
form the anti-cavitation film, a Ta film having a
square grating crystal structure is formed on a layer
having composition comprised of Ta, Fe, Ni and Cr by
spattering using a metal Ta target having purity of
99 % or more. The layer having composition comprised
of Ta, Fe, Ni and Cr is preferably represented as
follows:
Ta,FepNi, Cr, ... (I)
(However, 10 at.% < a < 30 at.% and a + B < 80 at.% and
a { pand &§ > y and-a+ B + y + & = 100 at.%).
An ink jet head in which a liquid path

communicated with a discharge portion for discharging



ink droplet is provided in correspondence to the heat generating portion on

the ink jet head substrate manufactured by such a nanufacturk!aﬂ¥< % h@
also included in the present invention. In this case, in the’i 2 ,

it is preferable that the anti-cavitation filmhas initially two |ayers,

and a stage in which the discharging is lffected while partially renoving

an upper layer Ta and a stage in which the discharging is effected while

renoving the Ta only in an effective bubbling area can be perforned.

Further, the present invention provides a nethod for manufacturing an ink
nicated with_a di schayge

jet head in which liquid path c ) ort for

i schargi ng | (K AR ERE (15 FRRNHIRR | 1P caTTeesoRASREe (o1 FRe rBgpt
generating portion aon the ink jet head suhstrate hayin heat generating
oo stance hodRISE AP oot chPR I ShraT R SSReEFRER ode w 11 ho
electrically connected to .the heat generating resistance ne [, and an
ot - cavt tat i EHUE Tt det oo 1 WERI AN LET e 80G, (F TR0 onber “and

the el ectrode i (4. i i i ection |ayer, and wherein, in
order to formt ieﬁlgen(%/iqujégg\}}‘at aé}f%gnéﬂ ﬁn%]xpérpel%&éi | m having a square grating

crystal structure ig, fiq{{d. Q0 a {,8¥8e 1AV GOIPPSi § £ ofg conprised of Ta,
Fe, NI and C& by spattering using a netal Ta target having purity of 99 %
or nore. The |gysfe A N0HATRAN tdi0H LPI ¢ Sefort LCHERRs 2009t1212y

two layers, and a stage in which the discharging is

effected while partially removing an upper layer Ta and

a stage in which the discharging is effected while

removing the Ta only in an effective bubbling area can

be performed.

Further, the present invention provides a method
for manufacturing an ink jet head in which a liquid
path communicated with a discharge port for discharging
ink droplet is provided in correspondence to the heat
generating portion on the ink jet head substrate having
a heat generating resistance member forming a heat
generating portion, an electrode wiring electrically
connected to the heat generating resistance member, and
an anti-cavitation f£ilm provided on the heat generating
resistance member and the electrode wiring via an
insulation protection layer, and wherein, in order to
form the anti-cavitation film, a Ta film having a
square grating crystal structure is formed on a layer
having composition comprised of Ta, Fe, Ni and.Cr by
spattering using a metal Ta target having purity of

99 % or more. The layer having composition comprised



of Ta, Fe, N and Cr is preferably represented as follows: Ta.Fe6N 7Cra ...
(1) (However, 10 at.% < a < 30 at.%and a + 1 < 80 at. % and 8
>y and a+ R+y + 8 =100 at. %9 . In this manufacturing nef‘k@%.!{oééﬁgw?he
flow path is forned, by performng a prelimnary ink discharging

operation, it is preferable that Ta is sub%tantially doped to an anorphous
imobile layer including at least Ta and Cr of the Ta.FeN 7Crc | ayer.
Further, a nethod for using the ink jet head nanufactured by this

manuf act uri ng nmet hod, wherein the |ayer obtained by substantially doping Ta

into the amorphoys | pEObte.aver §ochudbag gt 2aslela aaa Go of the

Ta. Fe, Nl 1Cr6 | ayer Is” Use I'rs r e I'nk "or "as a | ayer
exposed Iater,fghmgr_ei n the |ayer obtained by adding Ta into the
anor phous surface, ayer including at least Ta and Cr of the Ta, Fe, Ni 7Cra

layer is used as a Lirmt ngusface for the inkrer as a |ayer exposed later is
al so included in the préseht ® invention’ "Eurther, the present invention can

preferably be (gBRLied, tQothe. abovg-oeshi gped Lhk het Pei‘dsbna\ﬁ/ﬂi%c%nﬁ
novabl e menber having a free end displaced by growth o a bubbl e generated

in the-liquid Ry<tpeanal 5e9e¥]ganar@m, phe beat sgenepat kRgspQrtion is
positioned in each flow path. 4 OCTOBER 2005 - 13

In this manufacturing method, after the flow path
is formed, by performing a preliminary ink discharging
operation, it is preferable that Ta is substantially
doped to an amorphous immobile layer including at least
Ta and Cr of the Ta/Fe,Ni, Cr, layer.

Further, a method for using the ink jet head
manufactured by this manufacturing method, wherein the
layer obtained by substantially doping Ta into the
amorphous immobile layer including at least Ta and Cr
of the Ta,Fe,Ni, Cr, layer is used as a first surface for
the ink or as a layer exposed later, or wherein the
layer obtained by adding Ta into the amorphous surface-
layer including at least Ta and Cr of the Ta,FegNi Cr,
layer is used as a first surface for the ink or as a
layer exposed later is also included in the present
invention.

Further, the present invention can preferably be
applied to the above-mentioned ink jet head in which a
movable member having a free end displaced by growth of
a bubble generated in the_liquid by thermal energy from

the heat generating portion is positioned in each flow

path.



Further, the present invention, also includes an ink jet recording
apparatus having a carriage on which the above-nentioned ink jet head is
nount ed and effecting recording on a recordi ng medi um by disﬂﬁ%FEPﬂERFWQ5
ink droplet fromthe ink jet head while shifting the carriage in response
to recording information. BRI EF DESCRI PT1®N-OF THE DRAW NGS Fi gs. 1A and 1B
are views showing an ink jet head substrate according to a first enbodi nent
of the present invention. Figs. 2A, stage steps of head substrate Figs.
3A, subsequent 2B, 2C and 2D are views showng forward a nethod for

manuf acturing the ink jet shown in Figs. | A and 1B; 3B, SC and 3D are views
showi ng steps fol | oikRghen, bRe pregadt Ehyeniips.oplge ARENEL$S afhown in
Figs. to the steps shown in Figs. 2D, a perspective view, partial in
section, assefBKedebyresPrgingec2pragatupshpying a carriage on which

the above-mentioned ink jet head is mounted and
effecting recording on a reecording medium by
discharging the ink droplet from the ink jet head while
shifting the carriage in response.to recording

information.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A and 1B are views showing an ink jet head
substrate according to a first embodiment of the
present invention.

Figs. 2A, 2B, 2C and 2D are views showing forward
stage steps of a method for manufacturing the ink jet
head substrate shown in Figs. 1A and 1B;

Figs. 3A, 3B, 3C and 3D are views showing
subsequent steps following to the steps shown in Figs.
2A, 2B, 2C and 2D;

Fig. 4 is a perspective view, partial in section,
of an ink head assembled by using the head substrate
shown in Figs. 1A and 1B; |

Figs. 5A, 5Bl1 and 5B2 are views showing change in
an anti-cavitation film of the present invention caused
by ink having high Ta erosion ability in accordance
with--increase in the number of heater driving pulses;

Fig. 6 is a graph for comparing a service life

between an anti-cavitation film constituted an upper



| A and 1B; Figs. 5A, 5B1 and 5B2 are views show ng change in an
anti-cavitation filmof the present invention caused by ink | i a
erosion ability in accordance wth-increase in the nunber of ﬁ%ﬂ?%%@gng
pul ses; Fig. 6 is a graph for conparing a service life between an
anti-cavitation filmconstituted an upperl4 -OCTOBER 2005 - 14 |ayer nade of
Ta and a | ower |ayer made of anorphous alloy including Ta according to the

present invention and an anti-cavitation filmincluding a single Ta |ayer,
when ink having high Ta erosion ability is used; Fig. 7 is a schematic side

sectional vi evxﬂs%g%vwrgqq%e g({\f eﬁo%i}gghg%ﬁe#y%d %e;cgtag%gogégd%%ui t abl e
for the head r t 1% a4 <© ; 108¥ gD and
8E i f | &j nj i sch i L t f liquid f t liquid
i schar ge- head ShEtw DTGl 47 e MM M, aqibett LR EFen' 1Y

di spl acing Spa?&d;i’ and Vtoi-%ﬂat[aié%%‘bﬂﬁn ng%dcaluﬁdﬁ%&maée’sﬁnrg Ofa !N

di spl aci ng speed and d?splacenen vol une er; Fig. 10 is a

sectional view e, sk PHD HBindPlH M Erodi e WWs LOPPLIL CabLag

condition"; Fig.” 11 is a perspective view of a part head shown in

Fig. 7, and Fig. 124§ & SGheIBldifehff SPaSlde God oMb siow 1y SRoRiRgrts of

an ink jet recording apparatus to which
an embodiment of a liquid discharge head suitable for

the head substrate of the present invention;

Figs. 8A, 8B, 8C, 8D and 8E are views for
explaining discharging steps of liquid from the liquid
discharge head shown in Fig. 7;

Fig. 9 is a graph time-lapse change in displacing
speed and volume of a bubble and time-lapse change in
displacing speed and displacement volume of a movable
member;

Fig. 10 is a sectional view of a flow path for
explaining "straight communicating condition”;

Fig. 11 is a perspective view of a part of the
head shown in Fig. 7; and

Fig. 12 is a schematic perspective view showing
main parts of an ink jet recording apparatus to which

the present invention is applied.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

An ink jet head according to an embodiment of the
present invention is designed so that ink paths
communicated with discharge ports for discharging ink

are provided on an ink jet head substrate having heat



the present invention is applied. DETAILED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS An ink jet head according to an enbodi nent of the 4 R 2005
invention is designed so that ink paths comrunicated with dischéﬁgga%ogpg
for discharging ink are provided on an ink jet head substrate having heat 4
OCTOBER 2005 - 15 generating resistance nEhbers fornming heat generating
portions, wiring electrodes electrically connected to the heat generating
resi stance nmenbers, and an anti- cavitation filmprovided on the heat
generating resistance nenbers and the wirings via an insulation protection
film Particularly, the anti-cavitation filmis constituted by tw |ayers,
wherein a | ower9e¥e8Rt 174 ?%?ﬁ%ﬁa??%nT%mB?Eﬁg%gr%}nghFﬁgIg&Pﬁ aF4089.d" an
upper layer is forped froma, Ta filmhaying ink _erosion resistance |ower
than that of tHRSTORERST ayirind ebearraded el Soref RELT oFeBReEra et
substrate as ig in th esent.invention, for i apt occur __kogati on,
since the upperéq%q?%ﬁgrgéggf%%%% dF%%%%ﬁ??ﬁe %.@§%¥gduéﬁﬁyg§sapﬁé nunber of

heater driving ggﬁfggtignn%¥%%e§§ggi @&cgﬂu{@%k%$ageggé%¥gggnﬁf kogation is

suppressed, thereby preve eduction of I ng I'Ci eficy. On the

other hand, forLoks a6 thohBlcs c4081 R Ahiidds 9LLNaHIRLNEUARE! To

| ayer is renoved as t u eater drivi ul ses Is Increased, when

the interface bgtyeedcibe AIDHPhOPSr8d&QYat Byl théNshHdLBEvIRa2AENt he upper
Ta | ayer is reached, erosion

film is constituted by two layers, wherein a lower
layer is formed from amorphous alloy including Ta and
an upper layer is formed from a Ta film having ink
erosion resistance lower than that of the lower layer.

According to a construction of the head substrate
as is in the present invention, for ink apt to occur
kogation, since the upper Ta layer is removed slightly
and gradually as the number of heater driving pulses is
increased, accumulative generation of kogation is
suppressed, thereby preventing reduction of bubbling
efficiency. On the other hand, for ink having high
erosion ability, although the upper Ta layer is removed
as the number of heater driving pulses is increased,
when the interface between the amorphous alloy layer
including Ta and the upper Ta layer is reached, erosion
is stopped. Accordingly, when the plural heat
generating portions linearly aligned on the head
substrate are used for respective kinds of inks, even
if the -kinds of inks include ink apt to occur kogation
and ink apt to erode Ta, for both inks, the head

substrate can provide both adequate service life and



is stopped. Accordingly, when the plural heat generating portions linearly
aligned on the head substrate are used for respective kinds gf

if the kinds of inks include ink apt to occur kogation and Q(%éﬂ%@EB%Mﬁg
erode Ta, for both inks, the head substrate can provide both adequate
service |ife and 4 OCTOBER 2005 - 16 adedfiate reliability. Further, in the
present invention, in a liquid discharge head having a novabl e nenber in
whi ch hi gh frequency driving area can be selected to 10 kHz level and a

| evel fromabout 20 kHz to 30 kHz is permtted, as an anti-cavitation film

a two-|ayer str antl- g K %atlon filmin which a filmincluding Ta and
havi ng square éF pakg EegdeRitdt¥ucture is formed on a f|In1 |nclud|ng Ta
and havi ng an anorp tructure can be e i schar ge
head havi ng t he nn?g %h%nénﬁgrtgﬁl?5p53ara%§ge8%lf fe b%b fgpeated

wth the abovey H‘E%@a‘%@%gh@a&hh@bﬁﬂ egc)ﬁopr%?)l%d ﬂ}%@r %”&Rﬁ%?f'ﬂééﬁ%' on

stresses is gl ven antl - cavrtation hin"a However,

according to EQ%S%%§ gﬁ %&%ﬁ% Oﬁrkb'gbﬂf b8 AERTRR! + bnﬁ%ﬂ%q?Llev

t he, di scharging s the di scharge anount are stabiliz

result that thgnraduankaes QthhﬁboHQV§B|ﬁHQE%Qe%oC%ﬂzbﬁsqy
effectively for a long term In addition, an influence a fectlng upon the

anti-cavitatioasl aneantiechoiRa@pBht ¥ilmeaat kol Y ayardseiruditéirepEntaf- i nk

used can be avoi ded.
cavitation f£ilm in which a film including Ta and having
square grating crystal structure is formed on a film
including Ta and having an amorphous structure can be
applied. In the liquid discharge head having the
movable member, disappearance of the bubble is repeated
with the above-mentioned high frequency period, and
many accumulation stresses is given to the anti-
cavitation film within a unit time. However, according
to the anti-cavitation f£ilm of the present invention,
therdischarging speed and the discharge amount are
stabilized, with the result that the advantage of the
movable member can be maintained effectively for a long
term. In addition, an influence affecting upon the
anti-cavitatién layer due to property (reactivity
and/or high pH) of ink used can be avoided.

Now, partial characteristics of the anti-
cavitation film of the present invention will be
described in mode detail.

An amorphous alloy protection layer of Ta,FegNi Cr,

(however, 10 at.% < a < 30 at.% and a + B < 80 at.% and

a <Band § > yanda + B + y + & = 100 at.%) as the



Now, partial characteristics of the anti- cavitation filmof the present

i nvention will be described in node detail. An anorphous all ti
| ayer of TaaFe, Nl yCra (however, 10 at.% <_a < 30 at. % and §¥¥9ﬁﬁ&%§30§€.96

and a< (3 and 6 >y and a + P+ y + 8 =100 at . %9 as the 4 OCTOBER 2005 -
17 first anti-cavitation filmis providetlZat its surface wth a
passivation film It is guessed that, by starting spattering of netal Ta
having purity of 99 % or nore in order to formthe second anti-cavitation
filmon this portion, any change for enhanci ng endurance is given to an
interface between square grating crystal structure Ta |ayer as the second
anti - caV|tat|6ﬁrFFIﬂPFbTﬁéﬂlﬁﬂﬁl?ﬂe A4Br pRoDEOULAST aEré%écﬁPéﬁapéyer or to
a surface area (namel paSS|vat|on filmsuch as C, Ta) of the anor phous
alloy protectYoR? @y pssrEatien E1lmact OF 15y9§ﬁﬁ§anFP3FPy dopi ng Ta used
in the second anti-cavitation film ssjivation filmarea (including

Cr, Ta) of thesF?FEfn%nf?atE%5+?%t?% m?F?ﬁ1§9 RayhRer BT 5%t C&r PAg? t he

anDrphous e filmi suc

o D ote boaySE e, i aFSh S retn he pEacoRd ap Lty St kAt aPhng  he
cause of qeneral i gn ot kogayLon, oand.Fohanelng Egguggﬂgsclégcord' ngly,

according to t frrs sen nvent ron na e an ink jet
head SUbStrateeﬁéurance is given to an interface between square
grating crystal structure Ta layer as the second anti-
cavitation film formed and the amorphous alloy
protection layer or to a surface area (namely,
passivation f£ilm such as Cr, Ta) of the amorphous alloy
protection layer.

As a first factor, by substantially doping Ta used
in the second anti-cavitation film to the passivation
film area (including Cr, Ta) of the first anti-
cavitation film by magnetron spattering, the amorphous
immobile film including Ta, Cr such as Ta (Fe, Ni, Cr)
as amorphous body (non-crystal body) is reformed,
thereby eliminating the cause of generation of kogation
and enhancing endurance.

Accordingly, according to this first factor, the
present invention may be an ink jet head substrate or
an ink jet head having such a substrate, in which the
layer obtained by doping Ta into the amorphous immobile
layer including at least Ta and Cr is used as a first
surface for the ink or as a layer exposed layer. Among

them, in the former case, the discharging speed can be

made to a stable speed from an initial condition, and,



an ink jet head having such a substrate, in which the |ayer obtained by

doping Ta into the anorphous immobile layer including at |ea 40519%560& S
used as a first surface for the inkor as a | ayer exposed | ayer

them in the former case, the discharging speed can be nade to a stable
speed froman initial condition, and, 4 OGROBER 2005 - 18 in the latter
case, the endurance period while the first surface is renoved by the
cavitation can be added. As a second factor, a part of Ta (namely, a-Ta) of
the later-formed square grating crystal structure is firmy remained on the

f f th h truct f the first ant { filmt
reform the sﬁrfrac@’ vty Stncig o %f%%ee Sk b et 55 Bener ing

tf Thi be added
il ar o the ittt THEE th e hol SHvedtiah P B ol ol ane

provi des "struq§%ﬁ§h|r1 whlch Ta is added to the surface" in place of "layer
to which Ta is doped". As a third factor, Ta relating to both or either of

first and second fac{ors ds. éj[pcpepaé&)% he‘_:l erre&? 2 a Ve £ t@%aﬁg réﬁ

anti-cavitation filmor passivation

removed (eroded)ne Srfifed S¥md & @mﬁét&hﬁ PIESPNL deriorsayiigtion.

Nanmely, when the Ta is substantially doped (also "call

rever se-spatt ers g1 Pyraited Nod F@lm&@@ééjr@f ofhe amorphous
structure of the first anti-cavitation film to reform
the surface, thereby enhancing endurance and kogation
adhering suppressing effect.

This may be added to the first factor. 1In any
cases, similar to the first factor, the second factor
gives the.effect solely and provides "structure in
which Ta is added to the surface” in place of "layer to
which Ta is doped”.

As a third factor, Ta relating to both or either
of first and second factors is doped to the amorphous:
body of the first anti-cavitation film or passivation
film thereof, as a result that the removed ({(eroded)
B-Ta layer is subjected to pressure due to cavitation.
Namely, when the Ta is substantially doped (also called
as reverse-spattering) by aging in the manufacture of
the head (preliminary liquid discharging is previously
effected as a manufacture ending process) or bubble
disappearing action during usage, Ta acts on Ta to be
removed (eroded) or on Ta firmly adhered to the. surface
of the amorphous body or on Ta doped in the passivation

film, thereby forming the anti-cavitation film itself



the head (prelimnary liquid discharging is previously effected as a

manuf acture endi ng process) or bubble disappearing action durj
-acts on Ta to be renoved (eroded) or on Ta firmly adheredto f%@glgﬁﬁgigdgi

of the anorphous body or on Ta doped in the passivation film thereby
forming the anti-cavitation filmitsel f ~418CTOBER 2005 - 19 or surface

t hereof having nore excell ent endurance and prevention of occurrence of
kogation. The third factor can al so be regarded as the sole <characteristic
of the present invention. O course, it can be understood that, when the

first factor is obtained the first, surface for . .contacting with the ink,
n-Ta crystal sPFU@FEF%GFiﬁﬁFF§°fr &g ﬂﬁrﬁéFﬁ§Qﬁ%§%iﬁqﬁﬁqﬁ%Q?ﬁaang
manuf act ure of the Eead.oFu%ther | co%%i?gtign of the first to third
factors and a EEFERALCON O&f CECPEEeRST Ofi FE9PLC8 s constitute the sol e

Cheracter! sic o {IRPLETH £y MELAN L RE Ul ted B e HorBl

- cavitation fiTmwas a, any materia

may be wused, %%ﬁg%%Qe%is%ﬁ%ho¥aEﬁki%&és%n&rﬁﬂ$% l% 57 0ded by the ink.

Further, while e lower lTayer anti-"cavitation filmwas formed from
amor phous al l oy- i nglpudioRgska, 13NkaMBber hdlaeFRX o U3ed:, ShdPNEh&as such

mat eri al has high ink erosion resistance. Further, when it is considered

that service lipdest ¢hactbe Reabbienkdt aRY ther gt Isrdlddy #6x di fferent
contacting with the ink, B-Ta crystal structure film is
removed by using the aging in the manufacture of the
head. Further, a combination of the first to third
factors and a combination of first and third factors
constitute the sole characteristic of the present
invention, respectively.

In this example, while the upper layer anti-
cavitation film was formed from Ta, any material may be
used, so long as such material is gradually eroded by
the ink. Further, while the lower layer anti-
cavitation film was formed from amorphous alloy:
including Ta, any material may be used, so long as such
material has high ink erosion resistance.

Further, when it is considered that service lives
of the heat generating portions relating to different
color ink characteristics (i.e., ink apt to generate
kogafion and ink having high erosion resistance) are
extended by using different materials, the kinds of the
anti-cavitation films are not limited to two, but,
three or more films may be used, or performance of the

protection film may be further improved to provide ink



color ink characteristics (i.e., ink apt to generate kogation and ink
havi ng hi gh erosion resistance) are extended by using differ J \
the kinds of the anti-cavitation filns are not limted to tm%g%w% rogse
or nore filnms may be used, or performance2 f the protection filmnmay be
further inproved to provide ink 4 OCTOBER“ZO05 - 20 erosion resistance.

Now, enbodi nents of the present invention will be explained with reference
to the acconpanyi ng drawings. (First Enbodinment) Figs. 1A and | B show an
ink jet head substrate according to a first enbodi nent of the present

i nvention, whergEi;g EéSLEt%nﬁghenatic top view show ng main parts of the
head substrate, and Eig. ﬁ I's a schematic side sectional view taken al ong

the Tine 1B - 1B i N, JembBaifentOWt itheFipdesen? i@nBiorf will gan oxi de
film as a heat accunulation layer 28 is formed on an SiI  substrate 23, and

a heat generat id3®1:8%kd #1¢8 ra¥Rredte 200 tRleUFJIRIMPANEY Ll Bfdd ode
wrings 22 are forned on the layer 28 with predeterm ned patterns. A

portion of thqriest gemedakend )r esi stance |ayer 24 disposed between a pair
of electrode wirings 22 constitutes a heat generating portion 21 for
abruptly heating an@igkQi 1Aan@ndnRB Ah®W ROANR Hleitdhdadly st ratps ot ecti on
film25 for mainly maintaining insulation between the

according to a first embodiment of the present

invention, where Fig. 1A is a schematic top view

showing main parts of the head substrate, and Fig. 1B

is a schematic side sectional view taken along the line

1B - 1B in Fig. 1A.

As shown in Figs. 1A and 1B, a silicon oxide f£ilm
as a heat accumulation layer 28 is formed on an Si
substrate 23, and a heat generating resistance layer 24
and aluminum layers as electrode wirings 22 are formed
on the layer 28 with predetermined patterns. A portion
of the heat gznerating resistance layer 24 disposed
between a pair of electrode -wirings 22 constitutes a
heat generating portion 21 for abruptly heating and
boiling ink.

A silicon nitride layer as a protection film 25
for mainly maintaining insulation between the
electrodes 22 is formed to cover the heat generating
resistance layer 24 and the electrode wirings 22, and
an amorphous alloy film including Ta and having high
ink erosion resistance as a lower layer anti-cavitation

film 26 and a Ta film having relatively good kogation

ability as an upper layer anti-cavitation f£ilm 27 are



el ectrodes 22 is formed to cover the heat generating resistance |ayer 24
and the electrode wirings 22, and an anorphous alloy filmincluding Ta and
having high ink erosion resistance as a | ower |ayer anti -cavI‘tQﬁTQJaERfZPP%
26 and a Ta filmhaving relatively good kogation ability as an upper |ayer
anti-cavitation film27 are 4 OCTOBER 20021--21 successively forned
thereon. Further, the upper layer anti-cavitation film 27 has ink erosion
resi stance |ower than that of the |ower layer anti-cavitation film26. The
anor phous alloy filmincluding Ta as the first anti-cavitation film 27
conprises Ta, Fe, NN and Cr. By using such alloy, the ink erosion resistance
is increased. sPacehsivedrieformadr tharens . seFucthers r $heaupgesugayed udi ng
Ti, Zr, H, No and Wmay be included. Further, as the anorphous all oy,

anor phous al | o?ntinéﬁﬁé¥ﬂ§i¢a fhdmr 2prBaeniell pyoshenf sEEARLAGCeconposi tion
(1) is preferable: Ta.Fe,N .Cra g) ilHowever, 10 at. % <- a <- 30 at.%and a
+ (3 < 80 at.od8gner hhanpthal gfsthehgwerilgyeryantg-caydgagion fidg ¢ pis
case, an anount of Ta is set to a range from10 at.%to 30 at.% which is

| ower than tha?GOf, t he anorphous all oy including Ta and havi ng the above

conposi tion. By adop i ngeuehoh8"alBob ki 0n TRAFALS, AIPLENOHE HiSA¢ S
anti-cavitation film 27 comprises Ta, Fe, Ni and Cr.
By using such alloy, the ink erosion resistance is
increased. Further, one or more atoms selected from a
group including Ti, Zr, Hf, Nb and W may be included.

Further, as the amorphous alloy, amorphous alloy
including Ta and represented by the following
composition (I) is preferable:

TaaFeBNiYCr¢ ... (I)

(However, 10 at.% < a < 30 at.% and a + B < 80 at.% and
a <Band 8§ > yanda + B + y + & = 100 at.¥%).

In this case, an amount of Ta is set to a range
from 10 at.% to 30 at.%, which is lower than that of-
the amorphous alloy including Ta and having the above
composition. By adopting such low Ta ratio, moderate
amorphous area is added to the alloy to provide a
passivation film, with the result that existing points
of crystal interface creating base of erosion reaction
are reduced effectively, thereby enhancing ink
resistance while maintaining anti-cavitation ability to
a good level.

Particularly, for ink including bivalent metal

salt such as Ca or Mg or component forming chelate



passivation film wth the result that existing points of crystal interface
creating base of erosion reaction are reduced effectively, tgeéﬁo BER 2005
enhancing ink resistance while naintaining anti-cavitation abi é Fg 8
good level. Particularly, for ink including bivalent metal salt such as Ca
or My or conponent form ng chel ate 4 OCTOBER-2005 - 22 body, the effect as
the passivation filmis achieved, thereby preventing ink erosion.
Incidentally, in the above conposition (1), it is nore preferable that a is
10 at. %5 a 5 20 at.% Further, nore preferably, y 2 7 at.%and S ? 15 at.%

and y > 8 at.% and > 7 at. % t he at her. hand,, Ta as the second anti -
cavitation fil r%o%’l 5%?aeéle§§ EX Itgt} é’sasﬁ-l‘f’aﬁetloé’o%?]i"be]tf ARG grating -
crystal structyre d a_pr.oper. in ich Ta is gr lly rempved little
by "I itere by CRPTER: on yentr RCG k. et ies . pap By Y AP IRER .

the heat generat/ Q4 RAMHL+abn 319 MINE 3 SRRGd ip%?rér%ﬂ:'c?dbfe lthat Tg 41 m

(layer) having square Qgrating crystal structure y spattering using

a netal Ta tangehiNgvicng RUbit 0% 99 FiGh dTOr $ioxr@S plidderdifyfescri bed
| ater Next, a nmethod for manufacturing the ink jet head substrate having

the above-mentijoneq gihr ychiie swixl l1sbet axplaided Mg ut of efice to Figs. 2A
to 2D and Figs. 3A to 3D _
5 > 17 at.%.

On the other hand, Ta as the second anti-
cavitation f£ilm 26 is Ta (also called as B-Ta)
comprised of square grating crystal structure and has a
property in which Ta is gradually removed little by
little by cavitation generated in the disappearance of
the bubble in the heat generating portion 21, and more
specifically, it is a Ta film (layer) having square
grating crystal structure formed by spattering using a
metal Ta target having purity of 99 % or more, as will
be described later..

Next, a method for manufacturing the ink jet head
substrate having the above-mentioned structure will be
explained with reference to Figs. 2A to 2D and Figs. 3A
to 3D.

As shown in Fig. 2A, a silicon oxide film having a
thickness of 2400 nm forming a heat accumulation layer
23 as an underground for the heat generating member is
formed on an Si substrate 23 by a thermal oxidation
method, a spattering method or a CVD method.

Then, as shown in Fig. 2B, a TaN layer having a

thickness of about 100 nm as a heat generating



As shown in Fig. 2A, a silicon oxide filmhaving a thickness of 2400 nm
formng a heat accunul ation |ayer 23 as an underground for t

generating nenber is formed on an Si substrate 23 by a therma ogglagaEﬁ%%s
nmet hod, a spattering nethod or a CVD nethod. Then, as shown in Fig. 2B, a
TaN | ayer having a thickness of about 1083nm as a heat generating 4 OCTOBER
2005 - 23 resistance layer 24 is forned on the heat accumul ation |ayer 28
by reactive spattering, and an alum num | ayer having a thickness of 500 nm
as electrode wirings 22 is formed by spattering. Then, the alum num | ayer
is wet-etched by usi

h i gh¥ hqd, d.f h he TaN
layer is subj cted tnta%craee&p I%f;;giz'g,: g%lgrﬁ% tIﬂlg?télbggteo?‘rr‘%aﬁgua[c%'ncé‘le"r'%lfg&f?rbge
Wi rings 22 and,tfhe heat bg;e Q%%%tt'&% rs%%t%%&"l% Lawe raInZ%lWirngn ayer
I'n Fig. o Fig.

cross-secti onal “dréas shown regarding plan Vview, re

28) . The heal 'ggelcal §6:096LLAN 21 s000MA b8 EnGRtAAnthlihds #2 Hortion

of the heat generati'ng resistance [ayer rom which the alumniumlayer

is removed and feMkeS O spaRile¥iRgat to ink when electrical current is
supplied between the éleCtrode wirings 22. Then, as shown in Fig. 2D, a

silicon nitride fil mhchavichg alubhiskhReisyer 1Q0QerMaasradnR} asdimy 4 ayer 25
is formed by spattering, and, further, as shown in Fig. 3A, an anorphous

all oy filminclpnditeditacardphavmedhad,t hhak#assnelr ,ahee TP rupandihavi ng

conposition of Ta: »
subjected to reactive etching, thereby forming the
electrode wirings 22 and the heat generating resistance
layer 24 having cross-sectional areas shown in Fig. 2C
(regarding plan view, refer to Fig. 2A). The heat
generating portion 21 shown in Figs. 1A and 1B is a
portion of the heat generating resistance layer 24 from
which the aluminium layer is removed and serves to
apply heat to ink when electrical current is supplied
between the electrode wirings 22.

Then, as shown in Fig. 2D, a silicon nitride f£ilm
having a thickness of 1000 nm as a protection layer 25
is formed by spattering, and, further, as shown in Fig.
3A, an amorphous alloy film including Ta and having a
thickness of about 100 nm and having composition of Ta:
about 8 at.%, Fe: about 60 at.%, Cr: 13 at.% and Ni:
about 9 at.% is formed by spattering as a lower layer
anti-cavitation £ilm 26. The amorphous alloy film
including Ta can be formed by a two-dimensional
spattering method in which powers are applied from two
power supplies connected to a Ta target and an Fe-Cr-Ni

target, as well as a spattering method using alloy



about 8 at.% Fe: about 60 at.% Cr: 13 at.%and Ni: about 9 at.%is forned
by spattering as a |ower layer anti-cavitation film26. The g qgéﬁagPE 0!soy
film including Ta can be formed by a two-di nmensional spattering nmetho

whi ch powers are applied fromtwo power supplies connected to a Ta target
and an Fe-Or-Ni  target, as well as a spaffering nethod using alloy 4
OCTOBER 2005 - 24 target conprised of Ta-Fe-Cr-N. Further, as shown in
Fig. 3B, a Ta (also called as s-Ta) |layer having a t hi ckness of about 150
nm and i ncl udi ng square grating crystal structure is fornmed as an upper

| ayer anti-cavitation fi n spattering by using a netal Ta
target having paFPE S?mp§§ssdo¥fg§g FngFQFably 99 99@@ Incidental ly, so

| ong as a- Ta havi ngﬁt hghggovgsc!rsxs ttlﬁt PGt uLe 3@ %n SPatd ea{g ng

met hod ot her than t nagnétron spa erin nay'be u § case,

doped to a sur a‘igl)p%#éi’”h {ind: gatﬁo%knggs %}f% lb%Yﬁr 15D e der 'ayer

anor phous al | ncIu ing~Ta wever anor phous

structure of a~Iel 8YRG LRudek graetihy cég,ts,%&dst%&%éﬁqs@&&édteas%urface

area, it is considere at Ta"beconés rich at the surface portion.
this case, singg gp Eér(EE?eEeanNh - Lab@¥8t1Bas £iNe 9% W8 gt ldn it '5

consi dered that doping w Ta rich is effected to thé passivation |ayer
such as O . |bphetedeagesyt 13inghbsmBehli 28 dhrgRashahNGRTity of
99 % or more (preferably, 99.99%). Incidentally, so
long as B-Ta having the above crystal structure is
formed, a spattering method other than the magnetron
spattering may be used.

In this case, Ta is doped to a surface portion of
a-Ta (Cr, Fe, Ni) layer as the lower layer amorphous
alloy film including Ta. However, although the
amorphous structure of a-Ta layer is not greatly
altered, by doping Ta to the surface area, it is
considered that Ta becemes rich at the surface portion.
In this case, since a-Ta (Cr, Fe, Ni} layer has
relatively much Cr, it is considered that doping with
Ta rich is effected to the passivation layer such as
Cr. It is guessed that this portion at least enhances
the endurance of the protection layer.

Then, as shown in Fig. 3C, a resist pattern is
formed on Ta by using a photolithography method, and Ta
of the upper layer and the amorphous alloy film
including -lower -layer Ta is successively subjected to
etching by using etching liquid mainly including

hydrofluoric acid and nitric acid, thereby obtaining



t he endurance of the protection |ayer. Then, as shown in Fig. 3C, a resist

pattern is formed on Ta by using a photolithography nethod, f e
upper layer and the anorphous alloy film including Iomerlaye?q$'%ﬁ?§Eﬁ26rog

successively subjected to etching by usi g etching liquid mainly including
hydrofluoric acid and nitric acid, thereby” obtaining 4 CCTOBER 2005 - 25
predet erm ned shapes. Then, as shown in Fig. 3D, a resist patternis forned
on the protection filmby a photolithography nethod, and el ectrode pads as
alum nium el ectrodes required for connection to an external power supply

are exposed b i | CF4 gas. In this way, the manufacture of
mai n parts of ¥ﬁg&¥ﬁ§£§2%gge%§%§?ﬁg head substrate is conpleted.

Incidentally, as diggbRsedsi Bnblvy- iRakegt 34, 489r821stapakhbegraled circuit
for driving the heat generating nenberS nmay be incorporated into the sane

Si substrate. gbPmb8i SnCRAE pBbEELAiohOsi R Wy ANPRotbLikko nghgrable t hat
the integrated circuit is covered by the protection fl|ﬁ12g, i rst

anti-cavitati ofethb) 28naastle6££688 palE-£3ValahifNuhi bMedtrodls i Nk j et
head (for exanple, refer to head showmn in Fig. 4) was assenbl ed by using

the ink jet headqustbat ratecomnetaconred an &éRtsrnay, pandrt Bappazzkhee array

formed on the sanme substrate was divided into three, and cyan ink having

hi gh erosi on abkpotgd Bpddry etching using CF, gas. In this way, the
manufacture of main parts of the ink jet recording head
substrate is completed.

Incidentally, as disclosed in U.S. Patent
4,429,321, an integrated circuit for driving the heat
generating members may be incorporated into the same Si
substrate. 1In this case, similar to the wirings, it is
preferable that the integrated circuit is covered by
the protection f£film 25, first anti-cavitation f;lm 26
and second anti-cavitation f£ilm 27.

The ink jet head {(for example, refer to hesad shown
in Fig. 4) was assembled by using the ink jet head
substrate manufactured in this way, and the nozzle
array formed on the same substrate was divided into
three, and cyan ink having high erosion ability, and
vyellow and magenta inks relatively apt to occur
accumulation of kogation were supplied to the divided
three nozzle arrays, respectively, and performance of
this head was checked. As a result, it was found that

25 the heater is not damaged in the heater portion using

cyan ink, and kogation does almost not occur and

discharging power is not reduced in the heater portions



yel |l ow and magenta inks relatively apt to occur accunul ation of kogation
were supplied to the divided three nozzle arrays, respectivel

performance of this head was checked. As a result, it was foﬂﬁﬁcﬁggFRé?o?he
heater is not damaged in the, heater portion using cyan ink, and kogation
does al nost not occur and discharging poder-is not reduced in the heater
portions 4 OCTOBER 2005 - 26 wusing yellow and magenta inks, with the result
that a service life of the head up to about 1 x 10E9 pul ses can be
ensured. Here, Figs. 5A, 5Bl and 5B2 show change in the anti-cavitation

filmof the present invention_due to ink having high Ta erosion ability, in
accor dance mﬁtHSlPﬂeYFﬁEPEa§BdiWaEﬁBtﬁUﬁB§F'oWl%BaFgP ety thats&s.  Figs.

5A, 5B1 and 5B2 are enlarged_views shqQwi ng, the heat gen ting portion
shown in Fig. IB-4nge hﬁggegﬁotﬁa,hﬁﬁgerFFﬁ.agﬂpgs&agsé§%30ﬁ§asﬁsem1shomﬁng
films when the _nunper of hﬁéter driving pulses 5 2 x 108, Fig. SBl1 is a
sectional vi ew8fo nﬁn?FF “when the nunber of heater driving pulses > 2 x

108, and Fig. 5B2 s pLan_vi o] i g, <5 lp an {nitial c ition shown
in Fig. 5A, since #ﬁggUp%% Srasgﬁ %gEnggegg%aSBPWnFé7?ggvéﬁ gﬁ the ink

ﬁgt ggCLf'?;iYﬁé¥ﬁ§§§3§t§%£§ﬂ“k%&hvgfkgﬂétFQBﬁhﬁtuiﬁgentﬁggﬁhhgntQPeS al most
portion ~and the dfschargi ng power 1s not reduced.
The reason is;ARSHIREnENAL gha%al BEoBYBRCELRA 184! VEATaBHL$RRNCE with
the increase in the number of heater driving pulses.
Figs. 5A, 5Bl and 5B2 are enlarged views showing the
heat generating portion shown-in Fig. 1B and
therearound, where Fig. 5A is a sectional view showing
films when the number of heater driving pulses < 2 x
10%, Fig. 5B1 is a sectional view showing films when the
number of heater driving pulses > 2 x 10°, and Fig. 5B2
is a plan view of Fig. 5B1l.

In an initial condition shown in Fig. 5A, since
the upper layer comprises ‘Ta film 27, even when the ink
apt to relatively occur accumulative kogation is useqd,
kogation does almost not occur in the heater portion
and the discharging power is not reduced. The reason
is assumed that, as the number of driving pulses is
increased, the surface of Ta film is removed little by
little, thereby suppressing accumulative occurrence of
kogation. This effect can be obtained by using TaAl,
as well as Ta film used as the upper layer anti-
cavitation f£ilm 27 as is in this example.

On the other hand, when the number of heater

driving pulses is increased from the initial condition,



i ncreased, the surface of Ta filmis renoved little by little, thereby
suppressi ng accunul ati ve occurrence of kogation. This effect R 2005
obtained by using TaAl, as well as Ta filmused as the upper [Fayer antr -
cavitation film27 as is in this exanple. On the other hand, when the nunber
of heater driving pulses is increased fr¥mthe initial condition, 4 OCTOBER
2005 - 27 Ta film27 contacted with the ink having high Ta erosion ability
is gradually eroded, and ultimately, as shown in Figs. 5B1 and 5B2, the
anor phous alloy film26 including Ta is exposed in an effective bubbling

Gener at i ng resi8r oG Ferbe eured s i Hh e hah ey 4Bt B W R ngs
ef fectively acta Lot, Bybblipo;Lhg Lokl i L dbg rs&&'{ufc LeLhg ecgsion

due toink is’s oppe ace ween anor phous a oy film 26

ol uding Ta aggoghe Topl i m 527 addi ! AEL s%aa]uopefmabaed by

usi ng subst ance havi ng I erosi on resi st ance,

anti -cavitati ofipihdl 5§ f@vwgef%é%&af& 0 aﬂ&@tf\@e wbﬂflﬁgl grkacl uding
Cr oxide is formed, as wel t anor phous alloy filmincluding Ta used

as the | ower kéw@é Ribte OfVAt agéRErdtdd 26 A5 dbea n(ﬁ@aﬁeiaxaﬂebg _
Further, in the process fromFigs. 5A and 5B1 when (3-Ta |ayer elng

removed i s subyeetetth® WELE SgELerat Bag efe His Cavté ahébe flUskDgtEhe i nk

bubbling, Ta is doped to the anorphous body of the anorphous all oy
between the electrode wirings effectively acts for
bubbling the ink), with the result that the erosion due
to ink is stopped at the interface between the
amorphous alloy film 26 including Ta and the Ta film
27. This effect can similarly be obtained by uéing
substance having ink erosion resistance, for example,
anti-cavitation f£ilm 26 having a surface on which an
oxide film including Cr oxide is formed, as well as the
amorphous alloy film including Ta used as the lower
layer anti-cavitation film 26 as is in this example.

Further, in the process from Figs. 5A and 5Bl when

B-Ta layer being removed is subjected to pressure
created by cavitation during the ink bubbling, Ta is
doped to the amorphous body of the amorphous alloy
surface layer including Ta or passivation f£ilm thereof.
Namely, when the Ta is substantially doped (also called
as reverse-spattering) to the amorphous body of the
amorphous alloy surface layer including Ta or
passivation film thereof by aging in the manufacture of
the head (preliminary liquid discharging is previously

effected as a manufacture ending process) or bubble



surface |l ayer including Ta or passivation filmthereof. Nanely, when the Ta

is substantially doped (also called as reverse-spattering) tq #*g
body of the anorphous alloy surface layer including Ta or pass egﬂﬁﬁﬂglm

t hereof by aging inthe manufacture of the head (prelimnary |iquid

di scharging is previously effected as a #&nufacture endi ng process) or
bubbl e 4 OCTOBER 2005 - 28 di sappearance action during usage, the
anti-cavitation surface |ayer or the entire fil m having excell ent
endurance and preventing occurrence of kogation can be forned.

I ncidentally, fromthe above reason, when the ink jet head substrate and
t he head haV|n61§ﬁEﬂe%?a§ﬁ%s??5%8naﬁ%rﬁggdu599ﬁnuﬁPFn6nFHeﬁPW&tFﬁé°Pecord|ng

apparatus, the |ayer obtained b -T t he anor body of the
anor phous al | o§"% ??%c aY%ﬁe?r gﬂpﬂﬁg 1@? §3¥%P9aF?8ﬁ thereof may

be used s a fir ace %ater In this case

P £ e ?ﬁ“%cﬂﬁ?‘é?ﬂ’él%%egﬁcu’é’éﬁngs PORF G FAR
nitial cond tghegnd. 1y akbeol 801 CEigathodabbE. BEELAY MLl qugecr
e

kogation wunti flrs surtace renove caV| i on‘can added.

From t he above; %ép %a Eﬁgtr§tetQ§%SFﬁ¥'ﬁ§adlhggﬁgé hepheat er portlon

using the ink ﬁaV| er osi on Ity I's cons rably extended in
conpari son “‘E@b&@fa@@téréaﬂbéétbﬁnm$hﬁﬁlﬁﬁn?ﬁéﬁ'@g 2nel Rgeriand ayer,

and, at the sane tine, regarding t heat er
apparatus, the layer obtained by doping B-Ta to the
amorphous body of the amorphous alloy surface layer
including Ta or passivation film thereof may be used s
a first surface for the ink or be exposed later. 1In
this case, in the former head, the discharging speed
can be stabilized from the initial condition, and, in
the latter head, a time period hard to occur kogation
until the first surface is removed by cavitation can be
added.

From the above, as shown in: Fig. 6, the service
life of the heater portion using the ink having high Ta
erosion ability is considerably extended in comparison
with the anti-cavitation film comprising a single Ta
layer, and, at the same time, regarding the heater
portion using the ink apt to occur accumulative
kogation, good bubbling efficiency can be maintained.
(Second Embodiment)

Next, an example of an ink jet head to which the
above-mentioned~inkwjet head substrate can be applied
will be explained.

Fig. 4 is a perspective view, in partial section,



portion using the ink apt to occur accunul ative kogation, good bubbling

efficiency can be maintai ned. (Second Enbodi nent) Next, an e
ink jet head to which the above-nentioned ink--jet head subs?‘msggh@@s

applied wll be explained. Fig. 4 is a perspective view, in parti al

section, 4 OCTOBER 2005 - 29 showi ng nmai BPparts of an ink jet head
assenbl ed by using the head substrate shown in Figs. 1A and 1B. According
to Fig. 4, an ink jet head 1101 constituted by heat generating resistance
menbers 1103, wiring electrodes 1104, liquid flow path walls 1110 and a top

plate 1106 which are formed on.,a head sybstrate 1lgﬁ as gp in Figs. 1A
ekt

and 1B t hr ough SEEMIEEN GG 0P P0 Ods 88s 10 ks Bed i tion

spattering is shom.tglgg\%%a%i[ %%blsitgr:#%nls |1°c%fﬂl: g'niﬂ%lerqul%g@ glfé iquid

storing chanbePsﬁ%% 0 a’co ha the head

1101 t hrough aAkE%%%ﬂn?“Q%'%ib“bi ££0§8k| eﬁ:3m?§%éhnﬁhg§%ﬁh%n§ﬁxﬂyneraI

1109 denotes a connéctor for “the’liqu supp rquird 1112

supplied 0 ¢ N CHUIRN debints5iRaes L0 Renably 99 0.0 iliadg aui d 11 ow

paths by a so-¢ ary nonmenon and Is sta Iy'hel_ y formng
meni scus at  dig3eharg@eR0ont o3Ur 1868 i O Dath H2A8)s AAMYRIHRILE oM th

distal ends of the flow paths. Further, electrical/thermal converters 1103
are provided i p1BR® 1106 which are formed on a head substrate 1102 as
shown in Figs. 1A and 1B through semiconductor
processes such as etching and deposition spattering is
shown.

Recording liquid 1112 is supplied from a liquid
storing chamber (not shown) to a common ligquid chamber
1108 of the head 1101 through a liquid supply tube
1107. 1In Fig. 4, the reference numeral 1109 denotes a
connector for the liquid supply tube. The liquid 1112
supplied to the common liquid chamber 1108 is supplied
to the liguid flow paths by a so-called capillary
phenomenon and is stably held by forming meniscus at
discharge port surface (orifice surface) communicated
with distal ends of the flow paths. Further,
electrical/thermal converters 1103 are provided in the
respective liquid flow paths. The liquid flow paths
are defined by joining the top plate 1106 to the liguid
flow paths walls 1110. Further, the liquid supply tube
connectors 1109, common ligquid chambers 1108 and plural
ligquid--flow paths communicated thereto are partitioned
on the same head substrate for types (for example,

colors) of recording liquids.



respective liquid flow paths. The liquid flow paths are defined by joining
the top plate 1106 to the liquid flow paths walls 1110. Furt harti d
supply tube connectors 1109, conmon |iquid chanbers 1108 andbg*ﬂFgﬁgabbay
l'i quid--flow paths conmmuni cated thereto are partitioned on the sane head
substrate for types (for exanple, colorsjOof recording |iquids. 4 OCTOBER
2005 - 30 By energizing the electrical/thermal converter 1103, the liquid
on the electrical/thermal converter is heated quickly to generate a bubble
inthe liquid, and the liquid is discharged froma discharge port 1.11 by

h and ' f_the bubbl e, thereb ' liguid d | et.
(Thi T Enbodi mont) PErECbCHY ENbot ert et OeEpoie ooghREERe R T uct ur o

[ th tis itation foaT - t tryct
dasori bed hor of Fotartb o T Lol 1R BB e han Tl bRERL EBRDEERR 1l ca ' ©

enbodi Ments. Figatda | u FiR PRI b EnstgPe SEHLOBRL YheHhENPNGNYa Al d

di schargi ng portion an odi 0 rqurd arge"head to which

the head substegd ey ffuid he; MESENM-dOY SPERNa CaTsbEPER! botle TuatBer. Figs.

SA to BE are views for explaining one-shot liquid I'Schargi ng steps or

processeS_frOﬂ%ﬁ&W&ﬂié&&;bo&&ﬁééﬁi&@ beachshouboi8, FtlerdbyFebehiag al |, a
construction of the liquid

liquid droplet.

(Third Embodiment)

Here, another embodiment effective as a head
structure using the anti-cavitation layer of aQTa/B—Ta.
Further, the head structure described herein can
appropriately be combined with the above-mentioned
embodiments.

Fig. 7 is a schematic side sectional view showing
a liquid discharging portion of an embodiment of a
liquid discharge head to which the head substrate of
the present invention can be applied. Further, Figs.
8A to 8E are views for explaining one-shot liquid
discharging steps or processes from the liquid
discharge head shown in Fig. 7.

First of all, a construction of the liquid
discharge head will be explained with reference to Fig.
7.

The ligquid discharge head comprises an element
substrate 1 including heat generating portions 21 as
bubble generating means and a movable member 11, a top

plate 2 on which stoppers (regulating portions) 12 are

formed, and an orifice plate 5 in which discharge ports



di scharge head will be explained with reference to Fig. 7. The liquid

di scharge head conprises an elenent substrate 1 including he é$8$ I
portions 21 as bubble generating nmeans and a novabl e nenber %k) %%Ehag

plate 2 on which stoppers (regulating portions) 12 are fornmed, and an
orifice plate 5 in which discharge ports 31OCTOBER 2005 - 31 4 are fornmed.
Fl ow paths (liquid flow paths) 3 are fornmed by |amnating the el enent
substrate 1 and the top plate 2. Further, a plurality of flow paths 3 are
formed side by side in the single liquid discharge head and are

communi cated wiith downstreamside (left in Fig. 7) discharge ports 4 for
di schargi ng i §uPg® OEUSE generating area exists in the vicinity of an

wh he h h id.
Fur cher . & 1 arge voFdR8 BOTREn CHEAUE ERGOERCPE)ape EonAIATER 53 wiin the

fl ow paths 3 s;amhagqgggskxe geaen%pghpséga%hdﬁ Lhar gak Lkl B0 1)

Nanely, the flow pat 3 are nche romthe srngl e co

chamber 6. A hebgbheol LG GamyRRy budoy pgensrafiaa:a Y %xhe' ght

of each flow The S supported at 1ts one e in a
cantil ever fas@aae aRdehg §§ﬁ§&@d1&auﬁﬁed§E€H§Pbe ﬁHQ&téﬂbCa%eat an upstream

side of the ink flowmng direcCtion, "and portionS of the novable nenber at a
downst ream si deofifud1bHkEBUML thaasaRskeedhs Bk ased1b8tamn Fig. 7)

discharge ports 4 for discharging ligquid. A bubble
generating area exists in the vicinity of an area where
the heat generating portion 21 contécts with the
liquid. Further, a large volume common liquid chamber
6 are communicated with the flow paths 3 simultaneously
at an upstream side thereof (right in Fig. 7). Namely,
the flow paths 3 are branched from the single common
ligquid chamber 6. A height of the common liquid
chamber 6 is higher thaﬁ a height of each flow path 3.

The movable member 11 is supported at its one end
in a cantilever fashion and is secured to the element
substrate 1 at an upstream side of the ink flowing
direction, and portions of the movable member at a
downstream side of a fulcrum lla can be displaced in an
up-and-down direction with respect to the element’
substrate 1. In an initial condition, the movable
member 11 is positioned substantially in parallel with
the element substrate 1 with a gap therebetween.

The movable member 11 provided on the element

substrate 1 is positioned so that free ends 11b thereof

are located in central areas of the heat generating



up- and-down direction with respect to the elenent substrate 1. In an

initial condition, the novable nenber 11 is positioned subst gﬁrﬁ |
parallel with the elenment substrate 1 with a gap therebet vveeﬁ. heé%%\h/g% e

menber 11 provided on the elenent substrate 1 is positioned so that free
ends |1 b thereof are located in centrat &feas of the heat generating 4
OCTOBER 2005 - 32 portions 21. Further, each stopper 12 regul ates an
upward novenent of the free end Il b of the novable nenber 11 by abutting
against the free end. During the regulation of displacenent of the novable

nmenber 11 5 (uBontconta%£ of thg novabl e, me er% by.the cgn%act bet ween t he
movabl e nember PYAEARRS 1 Ab- st BPHEPET o, CAGR SEEPPRE %?eESHE a5f5t R& novabl e

nb 11 d th t , th I 3, b ial bl ocked at
The st ream sPRgar] TREEhodf ok fnd! PReRALaD11S S1DThaTRoRbY D! Pheed

stopper 12 a“dméﬁbégg}92&%536&@91§@d§?9¥%£PethBr??g@fﬁgﬁt tB%rEBﬁ?Q&% member

11 and the stopper osirtron e free en and an'e of the

st opper 12 ar eregﬁ%ﬁ%gﬁVOEO&igﬁﬂgeém{eﬁtaoﬁleaﬁs mB§LBERdhEMbLAY 1q the

el enent substrat re 15 preferably, these positions X, Y are positioned
together with RGﬁoH386ﬁfa@{0$ftPﬁehﬁé%aﬂf@eﬁé&béﬂ)aﬁgrihencgﬁtﬁ%tthe pl ane

perpendi cular to the el enment substrate. Further, eight of the flow path
3 at the 20 dpupstegathéei fvabléhRedbOPPEL dRal habstBbb¥r 12, due
to the presence of the movable member 11 and the
stopper 12, the flow path 3 is substantially blocked at
the upstream side by the presence of the movable member
10 11 and the stopper 12 and at the downstream side by the
presence of the movable member 11 and the stopper 12.

A position 'Y of the free end 11b and an end X of
the stopper 12 are preferably positioned in a plane
perpendicular to the element substrate 1. More

15 preferably, these positions X, Y are positioned
together with the center Z of the heat generating
portion 21 on the plane perpendicular to the element
substrate.

Further, a height of the flow path 3 at the

20 downstream side of the stopper 12 is abruptly
increased. With this arrangement, even when the
movable member 11 is regulated by the stopper 12, since
the adequate flow path height is maintained, growth of
a bubble is not obstructed, with the result that the

25 liquid can be smoothly directed toward the discharge

port 4. Further, since unevenness in pressure balance

between a lower end and an upper end of the discharge



increased. Wth this arrangenent, even when the novable nenber 11 is

regul ated by the stopper 12, since the adequate flow path hej
mai nt ai ned, growth of a bubbl e is not obstruct ed, with the regﬂ?]t-é?ﬁ 20??|e

25 liquid can be snoothly directed toward_the dlscharge port 4. Further,
since unevenness in pressure balance bet#den a |ower end and an upper end
of the discharge 4 OCTOBER 2005 - 33 port 4 in a height direction is
reduced, good liquid discharge can be achieved. Incidentally, in the
conventional |iquid discharge head having no novable nenber 11, if such a

fl th st t t t t th
1 ow path hei BRECI 2 TRcRCRERERE: ArRECRARASEPCARPLFRE -oBoPfle 116 Aper 12,

and bubbl es ar trﬁg §?ra?ntggnégggn9glonas ﬁgﬁangggYabovnghypreferable

However, in th ed e |nen e, Since the fl ow

of 11 quid ' eachgs, Lhes $hagndt 08aZA9EcnNBR! 68 A RavakbEDRh ABLakigPPed.

_Further, the cerling configur t|on e ups ream Si of the stopper 12

dth ) Lauhd ¢
toward the cor@gﬂﬁgquh, Qbagﬁéﬁbﬁefhéwngéﬂﬂt%¥rﬁb%99e Yt fy

arr angenent ere Is no nova , Slnce IC]UIg I‘ESI stance at

the downstreany+gyfgr 9bnt hg Qeﬁeketganeeaal 28nd! RRere $HB! 26w BaRnt hat  at
the upstream side; the pressure used for the discharging is hard to be

directed towardelifRtdischacg8aspar ht4tnEOWBYAEtreAmt Bkl bgskhat ed
enbodi nent, during
stopper 12, and bubbles are trapped in the stagnation
zone, which is nor preferable. However, in the
illustrated embodiment, as mentioned above, since the
flow of liquid reaches the stagnation zone, bubbles are
almost not trapped.

Further, the ceiling configuration at the upstream
side of the stopper 12 toward the common ligquid chamber
6 is abruptly risen.

With this arrangement, if there is no movable
member 11, since liquid resistance at the downstream
side of the bubble generating area is smaller than that
at the upstream side, the pressure used for the
discharging is hard to be directed toward the discharge
port 4. However, in the illustrated embodiment, during
the formation of the bubble, since the shifting of the
bubble to the upstream side of the bubble generation
area is substantially blocked by the movable member 11,
the pressure used for the discharging is positively
directed. toward the discharge port 4, and, during the

supplying of ink, since the liquid resistance at the

upstream side of the bubble generating area is small,



the formation of the bubble, since the shifting of the bubble to the

upstream si de of the bubble generation area is substantially 9% he
novabl e menber 11, the pressure used for the discharging is 62&%&5@@? og

directed.. toward the discharge port 4, and, during the supplying of ink,
since the liquid resistance at the upsfréénfside of the bubble generating
area is small, 4 OCTOBER 2005 - 34 the ink can immedi ately be supplied to

t he bubble generating area. According to the above-nentioned arrangenent, a
growi ng conponent of the bubble directing toward the downstream side is not

even w th resp%ﬁ‘gngﬂkﬁcﬁhomgdiﬁfﬂgﬁgnﬁﬁt stﬂkgt,alggdb%blt%edibﬁz%%tlieng toward the

upstream si de, € grow ng conponen t he upstream side becones

small and the LEtbR9naf stBg liquid toward the upstreamside is
suppr essed. Si%gegthg P?o% gf the liquid toward the upstreamside is

suppressed, a retapd-aradnl b PRE abBYedhbAti8he@NardaRgemantdeq eased,
and an anount of neniscus protruding from the orifice surface (liquid

di scharge surfaes)vi_ﬁg tBmpbhénteoki thel BuBbie deceerInd FcHRATE RBley.
Therefore, since vibration of neniscus is suppressed, stable discharging

can be realizedowAs@kkafir sY889ikr agueaoeaswithomekpechr eguangrowany gh
frequency. Incidentally, in the illustrated enbodinent, a path structure
bet ween t he doesspbaamtsodether bubblef dikrbethubblkeward tthe dipsthamge port 4
is maintained to

side, and the growing component toward the upstream

side becomes small and the shifting of the liquid

toward@ the upstream side is suppressed. Since the flow

of the liquid toward the upstream side is suppressed, a

retard amount of meniscus after discharging is

decreased, and an amount of meniscus protruding from

the orifice surface (liquid discharge surface) 5a in

the re-fill is also decreased accordingly. Therefore,

since vibration of meniscus is suppressed, stable

discharging can be realized in all driving frequencies

from low frequency to high frequency.

Incidentally, in the illustrated embodiment, a
path structure between the downstream side portion of
the bubble and the discharge port 4 is maintained to
"straight communication condition” with respect to the
liquid flow. Regarding this, more preferably, it is
desirable to create an ideal condition that discharging
conditions such as discharging direction and
discharging speed of a discharge droplet 66 (described

later) are stabilized with very high level by linearly

aligning a propagating direction of the pressure wave



"straight conmmunication condition" with respect to the liquid flow

Regarding this, nore preferably, it is desirable to create a
condition that discharging conditions such as discharging di?é@?ﬁ@éEgﬁﬂos

di schargi ng speed of a discharge droplet 66 (described Ilater) are
stabilized with very high level by linear3y -aligning a propagating
direction of the pressure wave 4 OCTOBER 2005 - 35 generated during the
generation of the bubble, a flowing direction of the |liquid caused thereby
and a discharging direction with each other. In the illustrated

enbodi nent, as one definition for achieving or approximting such an ideal
condition, it geyebetededuphed %@etﬂéperﬁéiﬁns@ﬁatg@ pubble.i g directly
connected to the heat generating portion 21, particularly to the discharge
port 4 side (dbhP¥inga r%?ﬁb?“p%gtthﬂ biduhe measedehBrELPHg2PEr B on 2
affecting an influence upon the discharge port 4 side _portion of the
bubbl e. In thiglﬁf?%ﬁﬁéﬁﬁn@}r??t%ﬂ%r%ltgseﬁﬁhIPEB?H-inIPhéhPIom/path 3, the
heat generatin ortion_21, rticularly, th pwnstream si de_portion of
the heat gener SHHRELEEER bR bant be BBt oder sENE L PRoLBat SPHESAEhe

di scharge port 4. Next .digensions of v%éioHs co&s%ructut I gle nts wll
be expl ai ned. h ?R%F?¥+ﬂ§ +%?eﬁu%ﬂb3ﬂi R, ﬁ?n h %angl r Medx ﬁining t he
goi ng- ar ound of L g, DR, ex,00f OhbCakBBRL o8 UpEAEC OLst RE-TRYRY! © menber 11

(goi ng- around
connected to the heat generating portion 21,

particularly to the discharge port 4 side (downstream
side) portion of the heat generating portion 2
affecting an influence upon the discharge port 4 side
portion of the bubble. 1In this arrangement, if there
is no liquid in the flow path 3, the heat generating
portion 21, particularly, the downstream side portion
of the heat generating portion 21 can be observed from
the outside of the discharge port 4.

Next, dimensions of various constructural elements
will be explained.

In the illustrated embodiment, by checking or
examining the going-around of the bubble onto the upper
surface of the movable member 11 (going-around the
bubble to the upstream side of the bubble generating
area), it was found that, in dependence upon a
relationship between the shifting speed of the movable
member and the bubble growing speed (in other words,
shifting speed of liquid), the going-around of the
bubble onto the upper surface of the movable memﬁer can

be prevented, thereby obtaining a good discharging



bubbl e to the upstream side of the bubble generating area), it was found
that, in dependence upon a relationship between the shifting,s qg f the
novabl e nenber and the bubbl e growi ng speed (in other mords,4(§§T PEB§°°5
speed of liquid), the going-around of the bubble onto the upper surface of
t he novabl e menber can be prevented, thes&by obtaining a good discharging 4
OCTOBER 2005 - 36 property. That is to say, in the illustrated enbodi nent,
by regul ating the displacenent of the novable nmenber by nmeans of the

regul ating portions at a tine when a volune changing ratio of the bubble
and a displacenent volune changing ratio of the novable nmenber tend to be

i ncreased, thepgopagt#round of the bubble onto the wupper surface of the
novabl e menber can be prevented, thereby obtaining a good di scharging
property. This wi || Thatfi$| joespyai hedthet hliestrened emboRigentgabyo BE.
However, although the construction of the elenment substrate 1 in Figs. 8A
to BE is as sh&@Aulphiprggthe digplasement cPEethempeabifeRgMPeal PY shown in
Figs. 8Ato BE (simlar in Figs, 10 and 11). First of _all, froma condition
shown in Fig. B&a§ OﬁhEﬁear%gﬁﬁFéng BRhktaREd@bnat hdmRe¥heFeRer at i ng
portion 21, a Bﬁssure wave is genera eggeinsta t anequsl When |iquid

around the heat°lyBReFREPAINPoFEFHR 2 shpPbLy 8Y tﬁeXBFgééﬁP@ e, the

bubbl e 40 i's bel,00,9" Mgt A5 EEHLY of "EnlPNEPkS1e member tend to be

increased, the going-around of the bubble onto the
upper surface of the movable member can be prevented,
thereby obtaining a good discharging property.

This will be fully explained with reference to
Figs. 8A to 8E. However, although the construction of
the element substrate 1 in Figs. 8A to 8E is as shown
in Fig. 7, for convenience, it is schematically shown
in Figs. 8A to 8E (similar in Figs. 10 and 11).

First of all, from a condition shown in Fig. 8A, a
when atbubble is generated on the heat generating
portion 21, a pressure wave is generated
instantaneously. When liquid around the heat
generating portion 21 is shifted by the pressure wave,
the bubble 40 is being grown. Initially, the movable
member 11 is displaced upwardly to substantially follow
the shifting of the ligquid (Fig. 8B). As time goes on,
since an inertia force of the liquid becomes small, by
an elastic force of the movable member 11, the
displacing speed of the movable member 11 is. abruptly
reduced. In this case, since the shifting speed of the

liquid is not so reduced, a difference between the



menber 11 is displaced upwardly to substantially follow the shifting of the
liquid (Fig. 8B). As tinme goes on, since an inertia force of b iEky |
beconmes snmall, by an elastic force of the novabl e nenber 11,4%@'63@&'2605
di spl aci ng speed of the novable nenber 11 is abruptly reduced. In this
case, since the shifting speed of the 1i{lid is not so reduced, a

di fference between the 4 OCTOBER 2005 - 37 shifting speed of the liquid and
the shifting speed of the novable nenber 11 beconmes great. At this point,

if a gap between the novable nenber 11 (free end Ilb) and the stopper 12

[ till ined, the liquid flI i nto, t Ld f_the bubb
gener ati ng ar LRI THEEY cetl 4 HEOTHL Pt BEhE “BEhELF e PESHPH to be
tacted with_th t 1 di sch ' [ S Lally. t.
hocor di ngly. 1 ey PR mdodt o f I STNEE Pt R b ckEAS) PRMEEE 157"t he
bl nmb t | at t 1 t
ggvgchsevgg. % Sﬁ%b%%n %Erya{? n"mﬁ]% I Irﬁéért't?%f ggi e‘rg%%ﬁgrsr%ﬁﬁf)ﬂ?%eg%ggﬁrgﬁi on

of e, movabl cefEnbto f: MRANS, A ANe rEROHAAS! NEhOOT1 400! P1ARET 2pRBI ol @

stage that the displiacenent of the novable nmenber subStantia | ows

the shifting ofn tdisttdith bid®rés ¥ b&éﬁtt/@f@'?&%ﬁati 8-&R! ageprNt speed
of the novabl e menber and the grow ng speed of the bubble (shifting speed

of the |iquid)té erdApresaidEdety mdkyshd endivder1 di 59l sgeaeed yel une
changi ng ratio" and "bubbl e vol une _ '

contacted with the stopper 12 and a discharging force

is partially lost. Accordingly, in such a case,
adequate regulating (blocking) effect of the movable
member 11 by means of the regulating portion (stopper
12) cannot be achieved.

" To the contrary, in the illustrated embodiment,
the regulation of the movable member by means of the
regulating portion is performed at a stage that the
displacement of the movable member substantially
follows the shifting of the liguid. Here, for
convenience, the displacement speed of the movable
member and the growing speed of the bubble (shifting
speed of the liquid) are represented by "movable member
displacement volume changing ratio"” and "bubble volume
changing ratio", respectively.

Incidentally, "movable member displacement volume
changing ratio" and "bubble volume changing ratio" are
obtained by differentiating the movable member
displacement volume and the bubble volume.

With the arrangement as mentioned above, since the

flow of the liquid causing the going-around of the



changing ratio", respectively. Incidentally, "novable nenber displacenent

vol ume changing ratio" and "bubbl e vol unme changing rati o" y
differentiating the novabl e nmenber displacenent vol unme and tﬁéﬁ%ﬁ%@Fﬂ%ﬂog

volume. Wth the arrangement as nentioned _above, since the flow of the

i quid causing the going-around of the 24 @BTOBER 2005 - 38 bubble onto the
upper surface of the novable nenber 11 is generally elimnated and a seal ed
condition of the bubble generating area can be attained nore positively,

t he good di schargi ng property can be obtained According to the illustrated
arrangenent , e%egb&after t

| db
R Terbbl cERBoaEn bRk e e o BbRes T SRt ack PR She, bevatiE mehnel® 13 OPPEl
an adequate 4 gLangee (B0l uds: ELANL. of DE 3L pe%gadﬁ)l g,etog{eow Qi he

stopper 12 por nand a“surface (upper mal surtace path 3

opposed (0 t hepauBskr gbGelakin@ahpbal Bad b Q&ggpgﬁ hbge goautd Ay he

downst r eam conmponent ent In anewll CIUI

di schar ge headthgraeeaeélgxhsbglhavs959@§t r%aul%El%Btaan¢u§placenent of
t he novabl e nmenber "by neans of "t hé regul atlng portion represents a

condition that the dieplasagerb tnelmﬁﬁugbﬁagbaga&%bh?eﬁtn&hee&@%@ble menber
becones zero or mnus (negative). The height of the tflow path 3 is 55 (pnm,
and a after the movable member 11 is regulated by the stopper

12) the bubble 40 continues to be grown. In this case,

it is desirable that an adequate distance (protruded

height of the stopper 12) between the stopper 12

portion and a surface (upper wall surface) of the flow

path 3 opposed to the substrate 1 is maintained to

promote free growth of the downstream component of the

bubble 40.

Incidentally, in a new liquid discharge head
proposed by the Inventors, regulation of displacement
of the movable member by means of the regulating
portion represents a condition that the displacement
volume changing ratio of the movable member becomes
zero or minus (negative).

The height of the flow path 3 is 55 (pm), and a
thickness of the movable member 11 is 5 (pm). In a
condition that the bubble is not generated (in a
condition that the movable member 11 is not displaced),
a clearance between the lower surface of the movable
.member 11 and the upper surface of the._.element
substrate 1 is 5 (pm).

Further, in a case where it is assumed that a



t hi ckness of the novable nmenber 11 is 5 (pm. In a condition that the
bubble is not generated (in a condition that the novable ne |

di spl aced), a clearance between the | ower surface of the nncggﬁgﬁﬁwggggﬁgll
and the upper surface of the-elenent substrate 1 is 5 (pm. Further, in a
case where it is assuned that a 4 OCTOBER32005 - 39 height fromthe flow
path wall surface of the top plate 2 to the distal end of the stopper 12 is
tl and a clearance between the upper surface of the novable nenber 11 and
the distal end of the stopper 12 is t2, when tl is greater than 30 (pm,

the stable liquid discharg#ng Eropertg can_be obtained, by selecting t2 to
15 (pm) or |eskeighfiREPM hhenfipPwi BafRcHpdt FHEASSE OfphPe 2D P13t& erably

[ th 2 in). Next, - sh di sch [ ti f th liquid
cschar ge. head?atBobBengLPbaL nent PhoEhes BROPBRRoAEER: ot FROLE fuly
explained with reference t Fig B 8A to_BE agd Fig. ghshomdg' time-|apse
change in dlsﬁiﬁéﬁﬁﬁﬁ? 25§¥8e3n§ §olRRET of UF AB°BuUBBI SPENBCOVPRES | apse

change in disp%acgg?n&12$§8dt§%ddgg§ghagﬁgeg% txglgg&g&%réggtg%y%ble menber .

In Fig. 9, the B e vol'ume changing ratio vbTs sélid |ine,

pubpte vol ume ¥Rk Se SN ¢ NG P SP1AN GOAL Nstdiife TPY@Pye Member
|splacerrent volune’ changing ratio v,0 IS shown by e proken |1 ne, and
movabl e menber gdiSRLAGERENpr¥PLEET VOhi BeSHBYA1RY¥A, by selecting t, to

15 (pm) or less. Further, when t;, is greater than 20

(am), t, is preferably smaller than 25 (pm).

Next, a one-shot discharging operation of the
liquid discharge head according to the illustrated
embodiment will be fully explained with reference to
Figs. 8A to 8E and Fig. 9 showing time-lapse change in
displacement speed and volume of the bubble and time-
lapse change in displacement speed and displacement
volume of the movable member.

In Fig. 9, the bubble volume changing ratio v, is
shown by the solid line, bubble volume V, is shown by
the two dot and chain line, movable member displacement
volume changing ratio v, is shown by the broken line,
and movable member displacement volume V, is shown by
the dot and chain line. Further, the bubble volume
changing ratio v, is positive when the bubble volume V,
is increased, the bubble volume V, is positive when the
.volume ié increased, the movable member displacement
volume changing ratio v, is positive when the movable

member displacement volume V_  is increased, and the

movable member displacement volume V, is positive when



the dot and chain line. Further, the bubble volume changing ratio vb is
positive when the bubble volunme Vb is increased, the bubble volume V. is
positive when the volume is increased, the novabl e nember di%BCIOBRR2005
vol ume changing ratio v,n is positive when the novable nenber displacenent
volune V. is increased, and the novabl-e 4erber displacenent volune V,, is
positive when 4 OCTOBER 2005 - 40 the volune is increased. Incidentally,
since the novable nenber displacenent volune V nmis positive on the basis
of the volune obtained when the novable nmenber 11 is shifted froman
initial condition shown in Fig. 8A toward the top plate 2, when the novabl e
menber 11 is B fYeHuUpe obs tRCTeAged cHmeidentalbvarsirge Bhenent

substrate 1, the novabl e nenber displacenment_ volume V' indicates a negative
value. Fig. SATSYRRNKE MMYBRRI 3P IRGYP et YIS Ubni BsPOEREAVRi ORI tBRergy i s

applied to the heat ner atin ortion a condl ion before_ the
heat generati ngPpbit \@%ﬂ@? t%t?*fée%é’?ﬁen ADLSIMPVRR ed‘@%‘&??ﬁeﬁll ater,

th bl mb t d. at dtot h If
of the bubble - E%méf%% £ h%i)ﬁﬁat%ql GRAGEO TR | B %%9%‘."%%”""”‘ 'n
Fi 9, thi d { mh t t 8B
slhgws a COIHZI f??r;‘?\é]fc?] {hgo%;a?etsﬁo%% Her 4 qwtgh‘? itV h er ?Ih“rérgrg %JE)I 91 g%ér"]gratl ng

area is heatedsﬁ@%ted from the initial condition toward the element
substrate 1, the movable member displacement volume V_,
indicates a negative value.

Fig. 8A shows a condition before energy such as
electrical energy is applied to the heat generating
portion 21, i.e., a condition before the heat
generating portion 21 generates the heat. As will be
described later, the movable member 11 is positioned at
an area opposed to the upstream half of the bubble
generated by the heat of the heat generating portion
21. |

In Fig. 9, this condition corresponds to A point
where time t = O. |

Fig. 8B shows a condition that a part of the
liquid f£illing the bubble generating area is heated by
the heat generating portion 21 and the bubble 40 starts
to be generated by film-boiling. In Fig. 9, this
condition corresponds to an area from B point to
immediately before C; point, and, in this case, the
hubble volume V, is increased as the time goes on.
Incidentally, in this case, starting of the

displacement of the movable member 11 is delayed from



t he heat generating portion 21 and the bubble 40 starts to be generated by
filmboiling. In Fig. 9, this condition corresponds to an ar?éd‘-'r QZ% nt
to imediately before ClL point, and, in this case, the bubble volune is
increased as the tinme goes on. Incidentally, in this case, starting of the
di spl acement of the novabl e menber 11 is “lei-ayed from 4 OCTOBER 2005 - 41

t he volune change of the bubble 40. That is to say, the pressure wave
generated by generation of the bubble 40 due to filmboiling is propagated
inthe flowpath 3, and the liquid is shifted fromthe central zone of the

bubbl e gener at irgg ﬁ]ﬁ??]et o&ae{lfl d hoef dt esédlftai;% a‘p(g' UpSL{ ﬁgéﬂr%dgg

accordingly, a e upstteam si novabl e " ne 1°8¥arts to be
di spl aced by t tN&,d T AL ﬁgé& b o] h l e 40.
Further, the I{}g%igdéés%%ﬁ? ng téov%frﬂd% e ugt& r%%ﬁn%?%%gx\gggséggbgF\gggg t he
side walls of jgh At e 3o 2Nhd Nes fegber dleapdolsspdikpect ed
toward the comne)(%]JAT ?eé&ui d E‘F]arf‘)ber 6(5 At %(I;BS%%)I nt, th% %I ea(r)anl(gelt bet ween

the stopper 123 anghd ha,dromvapl & el fded Serdlfciig@sednfsaiNsonBYaEl € menber
11 is displaced. In this condition, the discharge droplet 66 starts to be

di scharged fromd %Eﬁﬁé?f%érg@raf?@irﬁg dardd GoRir&NONES @owRSErEhANahhat the
free end Il b of the novable nenber 11 is contacted with the stopper 12 by

the further greyétredm tdiRidwdd4dindIy Fighd 9.in tthé €pstiébmnseaer esponds

to an area between Cl point
the movable member 11 starts to be displaced by the
flow of the liquid caused by the growth of the bubble
40. Further, the liquid shifting toward the upstream
side passes between the side walls of the flow path 3
and the movable member 11 and is directed toward the
common liquid chamber- 6. At this point, the clearance
between the stopper 12 and the movable member 11 is
decreased as the movable member 11 is displaced. In
this condition, the discharge droplet 66 starts to be
discharged from the discharge port 4.

Fig. 8C shows a condition that the free end 11b of
the movable member 11 is contacted with the stopper 12
by the further growth of the bubble 40. In Fig. 9,
this condition corresponds to an area between C, point
and C,; point.

From the condition shown in Fig. 8B, the movable
member displacement volume changing ratio v, is abruptly
decreased before a condition, shown in Fig. 8C, that
the movable member 11 contacts with the stopper 12,
i.e., at B' point when B point is shifted to C; point in

Fig. 9. The reason is that, immediately before the



and C3 point. Fromthe condition shown in Fig. 8B, the novable nenber

di spl acenent vol une changing ratio v, is abruptly decreased

condition, shown in Fig. 8C, that the novable nenber 11 cont gfé@ﬁ??ﬁztoﬂg
stopper 12, i.e., at B point when B point is shifted to C1 point in Fig.
9. The reason is that, imediately before42he 4 OCTOBER 2005 - 42 novable
menber 11 contacts with the stopper 12, flow resistance of the liquid

bet ween the novabl e nenber 11 and the stopper 12 becones great abruptly.
Further, the bubble volunme changing ratio Vb is also decreased abruptly.
Thereafter, the noyable nber, .11 further .approaches _the stopper. 12 and
ultimately cont'acts Wi P’l?%teﬁe 1I1atct°é#ac’?ﬁew&?rpﬁ &g’te Egto\ﬁgéaﬁ: '?hze' Ir[r}'g"vo%l e nmenber
11 and the st r S Ktively.realli si,nce ei f the
Stopper 12 and e SrRses She 1 daghiof B thEsar tBE et iitings, 4
menber 11 and the +$O0RRE ghe il i ered ;as pentihoned @Rhqyge. - Wen the
novabl e member 1? cont act ?p\%%t h tﬁecgﬁ%%pg’r %%fz,%bsi %ce?,'?he furt herr'. upward
di spl acenment ofHech@upiRkaklod RMeangE ngedaltaled, (£3 £9s63apekBhseln Fi Q.
9), the shifting of the liquid toward the upstr@am direction is greatly
regul ated. In agsep#agce with this, the growth of the bubble 40 toward the
upstream direction is also limted by the novable nenber 11. However,
since the shifting faeseadhetd)e thieduotabdwam@mber 11 further

approaches the stopper 12 and ultimately contacts with
the latter. The contact between the movable member 11
and the stopper 12 is positively realized since the
height t, of the stopper 12 and the clearance between
the upper surface of the movable member 11 and the
stopper 12 are dimensioned as mentioned above.

When the movable member 11 contacts with the stopper
12, since the further upward displacement of the
movable member is regulated (C, to C, points in Fig. 9),
the shifting of the liquid toward the upstream
direction is greatly regulated. In accordance with
this, the growth of the bubble 40 toward the upstream
direction is also limited by the movable member 11.
However, since the shifting force of the ligquid toward
the upstream direction is great, the movable member 11
is subjected to greater stress to be pulled toward the
upstream direction, with the result that the movable
member is slightly deformed in a convex form upwardly.
Incidentally, in this case, the bubble 40 continues to.
be grown. Since the upstream growth of the bubble is

regulated by the stopper 12 and the movable member 11,



the upstreamdirection is great, the novable nenber 11 1is subjected to
greater stress to be pulled toward the upstreamdirection, Wb&ﬁﬁ(ﬁf@d&t
that the novable nenber is slightly defornmed in a convex form upwar
Incidentally, in this case, the bubble 40, ontinues to. be grown. Since the
upstream growth of the bubble is regulatéed by the stopper 12 and the

novabl e nmenber 11, 4 OCTOBER 2005 - 43 the bubble 40 is further grown in
the downstreamside, wth the result that the grow ng hei ght of the bubble
40 at the downstream side of the heat generating portion 21 is increased in

conpari son w tfh@ Gase1 ¥heh elstP@rHPt\!f‘b%Eowﬁ@ﬁr thé hSwHOtrBRAVisded, That is
to say, as shown in Fig. 9, although the novabl e nenber displ acement vol une

changi ng rati oy¥thi€h&ers®et WeRAt Clhe a§Hok8n§Oh8E §nbe6aUSHEt BaDMIEADI €
nmenber 11 is contacted with the stopper 12, the bubble 40 is grown toward

the downstreaqn satlet R dicwns t AE&R wdbeograms heht gehstra€ingslightly
del ayed timngly fromCl point, and the bubble volune Vb becones maxi num at

the C2 point. gbrtienorheishandreasedenii coepanbssn, withca thee dihemleacenent
of the novable nenber 11 is regulated by the stopper 12, the upstream side
portion of thethehhbbeabl® hesbéhelsnmis| netzpronidédt heThetalhke toesiagr, 11 i s
curved convexly toward the upstreamside by the inertia, force of the flow
of liquid towaesl shewnpstragn s dealthdughethermegabtechembed. The upstream
side portion of the bubble 40 is regulated by the stopper 12, flow

displacement volume changing ratio v, is zero between C,

and C, points because the movable member 11 is contacted

with the stopper 12, the bubble_40 is grown toward the

downstream side and continues to be grown till point C,

slightly delayed timingly from C, point, and the bubble

volume V, becomes maximum at the C, point.

On the other hand, as mentioned above, since the

displacement of the movable member 11 is regulated by

the stopper 12, the upstream side portion of the bubble

40 has the small size until the movable member 11 is

curved convexly toward the upstream side by the inertia.

force of the flow.of liquid toward the upstream side

and the stress is charged. The upstream side portion

of the bubble 40 is regulated by the stopper 12, flow

path side walls, movable member 11 and fulcrum lla so

that an advancing amount toward the upstream area

becomes almost zero.

In this way, the flow of the liquid toward the
upstream side is greatly‘;gduced, thereby preventing

cross-talk of liquid to the adjacent flow paths, back

flow (obstructing high speed re-fill) of liquid in the



path side walls, novable nenber 11 and fulcrumlla so that an advancing
anount toward the upstream area becones al nbst zero. In this w
of the liquid toward the upstreamside is greatly reduced, %w&#ghez&so
preventing cross-talk of liquid to the a 4d£ acent flow paths, back flow
(obstructing high speed re-fill) of lidqui"d®im the 4 OCCTOBER 2005 - 44

i quid supplying systemand pressure vibration. Fig. 8D shows a condition
that negative pressure wthin the bubble 40 after the filmboiling
overconmes the downstream shifting of the liquid in the flow path 3 to

start contract o 0 ot Sarl racted (C2 to E
points in Fi gi £ %‘Hﬁ’%ﬁ% eseY vable ﬁ)elb er Iee14Rplgdﬁllsp aced downwardly
(C3 to D points in ﬂ J?d\weatélﬂ] iaé}{etha[@gi&aé:évét s Lshifs

cantil ever spring stress an stress due to upward convex ormation, a

speed for  dowywe dind BSR40 Saf 11 BARE %1 IMUIBAE in ! HFErtbRes | oW path

resistance is snmall, the downstreamflow of the liquidat the upstream side

area of the ”%&?@'d%mmarﬂjswﬂ‘ﬁ@ihg o 4w f QN Patdh s siaRcgathea

formed between the conmmon |iquid chanber 6 and the flow path 3 becones great

flow quickly andd |omert dentdect fdmwHaide uidyiiofo the stopper 12. In this
operation, the liquid in the comon |iquid chanber 6 is directed into the

flow path 3. The | ixpithaivestled 400tiss tdentfdavedatdy opds pednliat vieen t he

stopper 12 and the
Fig. 9), although the movable member 11 is displaced
downwardly (C, to D points in Fig. 9), since the movable
member 11 itself has cantilever spring stress and
stress due to upward convex deformation, a speed for
downward displacement is increased. Further, since the
flow path resistance is small, the downstream f£low of
the liquid at the upstream side area of the movable
member 11 which is a low flow path resistance area
formed between the common liquid‘chamber 6 and the flow
path 3 becomes great f£low quickly and flows into the
flow path 3 through the stopper 12.. In this operation,
the liquid in the common ligquid chamber 6 is directed
into the flow path 3. The ligquid directed into the
flow path 3 passes between the stopper 12 and the
downwardly displaced movable member 11 as it is, and
then, flows into the downstream side of the heat
generating portion 21 and acts on the bubble 40 to
accelerate the disappearance of the bubble. After such
flow of liquid aids the disappearance of the bubble, it

creates liquid flow toward the discharge port 4 to aid

restoring of the meniscus and to enhance the re-fill



downwar dl y di spl aced novabl e nenber 11 as it is, and then, flows into the
downstream si de of the heat generating portion 21 and acts o 40
to accelerate the di sappearance of the bubble. After such fPé%ﬁg?QFFEQ?g
ai ds the di sappearance of the bubble, it creates liquid flowtoward the

di scharge port 4 to aid restoring of t he?fedi scus and to enhance the
re-fill 4 OCTOBER 2005 - 45 speed. At this stage, liquid pole conprised of
t he di scharge droplet 66 discharged fromthe discharge port 4 is changed to
a liquid droplet which is in turn flying outwardly. Fig. SD shows a
condition that %Qggneniscus is pulled into the discharge port 4 by

di sappear ance § he bubble and the liquid pole of the discharge dropl et

66 starts to be separated. EWGHRer)i8baB°LIE LoniRed dd auldl into the

flow path 3 through the area between the novabl e nenber 11 and the stopper

12 increases aghleWasBecdrdp1bhCeb0R1sPhalged $rda +HeCHMEMdrPe Pori Nut e
bubbl es at that portion is substantially prevented, thereby contributing

t he stabl e di sghasgiRangEdr thek, 1340€a BRepI_RELALICH] RO tfrrcavitation
due to di sappearance of the bubble is shifted to the downstream side of the
bubbl e gener at ifngiageautiwhedlganage to the heat generating portion 21 is
reduced. At the sane tine, since adhesion of kogation to the

Fig. 8D shows a condition that the meniscus is
pulled into the discharge port 4 by disappearance of
the bubble and the liquid pole of the discharge droplet
66 starts to be separated.

Further, since the flowing of liquid into the flow
path 3 through the area between the movable member 11
and the stopper 12 increases a flow speed at the top
plate 2 side, accumulation of minute bubbles at that
portion is substantially prevented, thereby
contributing the stable discharging.

Further, since the generating point of cavitation
due to disappearance of the bubble is shifted to the
downstream side of the bubble generating area, the
damage to the heat generating portion 21 is reduced.

At the same time, since adhesion of kogation to the
heat generating portion 21 due to the developing is
reduced, the discharging stability is enhanced.

Fig. 8E shows a condition that, after the bubble
40 is completely disappeared, the movable member 11 is
overshot from the initial condition (E point and so on
in Fig. 9).

Although depending upon the rigidity of the



heat generating portion 21 due to the developing is reduced, the

di scharging stability is enhanced. Fig. 8E shows a condition t q§§ ﬁ
bubble 40 is conpletely disappeared, the novable nmenber 11 |s vg

e

fromthe initial condition (E point and so on in Fig. 9). Al though
dependi ng upon the rigidity of the 4 OCTOBER-2005 - 46 novable nmember 11

and viscosity of the liquid used, the overshoot of the novable nenber

attenuated for

Fig. SC shows a condition that t he

0]

0ds5"€

11 i s

a short time and the initial condition is restored. Although

nmeni scus is pulled up to substantial

de b f. th be J
gffgﬁﬁgglzh gf %Hggglsp ac %Sgga%%%tﬁés%§§hbﬁ' ﬁiﬁbSIGI ar(ihe éfldﬁhal
position is re%"v%.fc%ﬁokgr of EELaFn'oY;%'bie ftexi "1& %h t%n%a?bé S

Further, as shown in

tail portion i §h§?‘9a'i:§}n§dah%ﬁottﬁg i&l&fti%‘i oni¢ fno i reslididbd he res”' t

that a satellite 67 may Next, particularly, rising bubbles 41

rearmard t he di arge

t he

rising from both shdenoabn! beaD¥RbLAORRIACLokEIANGH ihdd dilgl meni scus at

the discharge port 4 will ly explained with reference to Fig. 11
which is a pepspaskiu%e iy gvqutedau@artb hphantigu dpfisE asadwas, of Fig.
7. In the illustrated enbodi nent, small cl earances exist between the wall

surfaces of thensi deswppkarance of the bubble, similar to the

attenuation of the displacement of the movable member
11, the original position is restored for a relatively
short term and is stabilized. Further, as shown in
Fig. 8E, rearwardly of the discharge droplet 66, the
tail portion is separated by the surface tension force,
with the ‘result that a satellite 67 may be formed.

Next, particularly, rising bubbles 41 rising from
both sides of the movable member 11 and the liquid
meniscus at the discharge'port 4 will be fully
explained with reference to Fig. 11 which is a
perspective view of a part of the liquid discharge head
of Fig. 7.

In the illustrated embodiment, small clearances
exist between the wall surfaces of the side walls
constituting the flow path 3 and both lateral edges of
the movable member 11, so that the movable member 11
can be displaced smoothly. Further, in the growing
process of the bubble by means of the heat generating
portion 21, the bubble 40 displaces the movable member
11 and is risen toward the upper surface of the movable

member 11 through the clearances to slightly penetrate



constituting the flow path 3 and both | ateral edges of the novabl e nenber
11, so that the novable nenber 11 can be displaced snoothly. ,E i
the growi ng process of the bubble by nmeans of the heat genergﬁﬁkygﬁggﬁkﬁgn
21, the bubble 40 displaces the novable nenber 11 and is risen toward the
upper surface of the novable nenber ll"tﬁ?dUgh the clearances to slightly
penetrate 4 OCTOBER 2005 - 47 into the low flow path resistance area 3a.
The penetrated rising bubbles 41 go around the back surface (opposed to

t he bubbl e generating area), thereby suppressing the vibration of the

novabl e nenber.%%og€g?hf&g&%%+éig%gﬁh?%glégggégi%g%grgggrt¥heFurther, in the

di sappeari ng st e e rrsing | es 41 pronote the

liquid flow frggge{pﬁt‘%ﬁ%ﬂ% F@‘% a%gé!&i a&8€a@6€ﬁd3€h%“9¥>%étﬁhgué%ee

generating area, wt e res i n conbl nati on

above- menti onego P gble §PES KSR L §ber SBDLS ChiSed ) ontﬁeeeg'?_schar ge port
4, the disappearance of the bubble is conpleted quickly. Parficularly, due

to the Iiquid §hopEESBIE0HY v DNOrdt SoNToPUDRE BRoddble DHERbES aicaRat al nost

trapped at corners of the novable nenber 11 and the flow path 3. In the
l'i qui d di schargeabenil {vayi fige t diEs AbOYEindTESHE bPeeely ar r angenent ; at the tine

when the liquid is discharged fromthe discharge port 4 by the generation
of the bubble 40, thercthecharmgetlte ofpl edpidarbng dssepascfetdhsubabanei ally in a
condition of a liquid

40, the rising bubbles 41 promote the liquid flow from

the low flow path resistance area 3a to the bubble

generating area, with the result that, in combination

with the above-mentioned high speed retard of the

meniscus from the discharge port 4, the disappearance

of the bubble is completed guickly. Particularly, due

to the liquid flow created by the rising bubbles 41,

bubbles are not almost trapped at corners of the

movable member 11 and the flow path 3.

Ir the ligquid discharge head having the above-
mentioned arrangement, at the time when the liquid is
discharged from the discharge port 4 by the generation
of the bubble 40, the discharge droplet 66 is
discharged substantially in a condition of a liquid
pole having a sphere at its leading end. Although this
is also true in the conventional head structures, in
the illustrated embodiment, when the movable member 11
is displaced by the growth of the bubble and the
displaced movable member 11 is contacted with. the

stopper 12, a substantially closed space (except for

the discharge port) is created in the flow path 3



pol e having a sphere at its |eading end. Although this 1is also true in the
conventional head structures, in the illustrated enbodi nent, when the
novabl e menber 11 is displaced by the growth of the bubbl e Zh@GIRBER 2005
di spl aced novabl e nenber 11 is contacted with the stopper 12, a
substantially closed space (except for - t48 -di scharge port) is created in
the flow path 3 4 OCTOBER 2005 - 48 including the bubble generating area.
Accordi ngly, when the bubble is disappeared in this condition, since the
cl osed space is mmintained until the novable nmenber 11 is separated from
t he stopper 12 due to the disappearance of the bubble, alnost disappearing
energy of thelibbliamgchetbubile, generattiotg shrea i ngreperdingdyd in the
vicinity of the discharge port 4 toward the upstreamdirection. As a
resul t, i nmedi¥ded ytheg (Ribbie el SgARRAITRE U EHES Ledpiet4onst §ERSe t he
meni scus s quickly sucked fromthe discharge port 4 into the flow path 3,
with the resulh%rﬁgg%942ﬁﬂaﬁﬁw%§cWPlQﬁﬁ%R?qLH?&Eﬂt?EﬁImﬁﬁ?ﬁl%oW%mE%ﬁnected
to the dischar ropl et 66 qytsid of the dis ar ge for% 4 is quickly
(AUt th

separated by etj_rsg Rafr e bt R i%‘iﬁ%‘?‘?ﬁ' _ fes fornmed from
D heP o RS I S e 6 B e L, e 1
o Sohar 9.1, SIS wlh SR S £ E e gt e b usen (e
liquid in the wvicinity of the discharge port 4 toward
the upstream direction. As a result, immediately after
the disappearance of the bubble 40 starts, the meniscus
is quickly sucked from the discharge port 4 into the
flow path 3, with the result that a tail portion
constituting the liquid pole connected to the discharge
droplet 66 outside of the discharge port 4 is quickly
separated by a strong force of the meniscus. Thus,
satellites formed from the tail portion is reduced,
thereby enhancing the print quality.

Further, since the tail portion is not pulled by
the meniscus for a long term, the discharging speed is
not decreased, and, since a distance between the
discharge droplet 66 and the satellite becomes shorter,
the satellite dots are pulled by a so-called slipstream
phenomenon rearwardly of the discharge droplet 66.

As a result, the satellite dots may be combined with
the discharge droplet 66, and, thus, a liquid discharge
head in which satellite dots are almost not created can
be provided.

Further, in the illustrated embodiment, in the



the satellite dots are pulled by a so-called slipstream phenonenon
rearwardly of the discharge droplet 66. As a result, the satellite dots nmay
be conbined with the discharge droplet 66, and, thus, a |iquf@®CIQBER2985
head in which satellite dots are al nbst not created can be provided.
Further, in the illustrated enbodi nent,- i4e t-he 4 OCTOBER 2005 - 49
above-nentioned |iquid discharge head, the novable nenber 11 is provided to
suppress only the bubble 40 growing toward the upstreamdirection with
respect to the flowof liquid directing toward the discharge port 4. Mre
preferably, the free end Il b of the novable nenber 11 is positioned
substanti al | y ahoe deanrignegoriqwid giiseharapheadenthratnayabiea. Wth this
arrangenment, the back wave to the upstreamside due to the growh of the
bubbl e and t ha"§MRE% i bl f7 RrOFLidek tQ | HRRFSHT cPrHD Hae 'aPPgétals’;Or elate to
the liquid discharging can be suppressed, and the downward grow n

conponent of t?]‘éo"b‘dlﬂ)l"é)"lﬁr%aweoép frxii"i‘r%odﬂﬁ%?bo‘?h"éltlaig‘éﬁg?ﬁg Bgrt 4.

Further, si the f| th resist of the | fl th resi B
area 3b opposi thE Lol The i M TR 1108 § TRt Dothe 141 SCERBIE, BREE! 12 i s
|l ow, the shiftj f the |iquid t d th directi to th
g?\(l)thh gfstlhe L\g %r%rpgra‘#e%%@%‘?wﬁ%\éﬁ{e u‘%)rﬁér}e@évn?#(r) C?):i'fqﬁv?gggstgncee
area 3b, with the resylt;  that, Wen the A SR AceH, yabl g gppher 11

contacts
portion of the bubble generating area. With this

arrangement, the back wave to the upstream side due to
the growth of the bubble and the inertia force of the
liguid which do not directly relate to the liguid
discharging can be suppressed, and the downward growing
component of the bubble 40 can be directed toward the
discharge port 4.

Further, since the flow path resistance of the low
flow path resistance area 3b opposite to the discharge
port 4 with:respect to the stopper 12 is low, the
shifting of the liquid toward the upstream direction
due to the growth of the bubble creates great flow in
the low flow path resistance area 3b, with the result
that, when the displaced movable member 11 contacts
with the stopper 12, the movable member 11 is subjected
to stress to be pulled toward the upstream direction.
As a result, even when the disappearance of the bubble
is started in this condition, since the liquid shifting
force toward the upstream direction due.to the growth
of the bubble 40 remains greatly, the above-mentioned

closed space can be maintained for a predetermined time



with the stopper 12, the novable nenber 11 is subjected to stress to be
pull ed toward the upstreamdirection. As a result, even when,t

di sappearance of the bubble 1is started in this condition, si #c‘gq%%EFi"'gS?d
shifting force toward the upstreamdirection dueto the growth of the
bubbl e 40 remains greatly, the above-nentbBned closed space can be

mai ntai ned for a predetermned tine 4 OCTOBER 2005 - 50 period until the
repelling force of the novable nenber 11 overcones the liquid shifting
force. That is to say, with this arrangenent, high speed retarding of the

meni scus can be achieved pore positively. Further, en the di sappearance of
The. bubbi o adyBRESE" HAGLLNESFOREPPLIGTHoEEECST Ofnd Mo T bt

overcones the Liquid shifti force.toward, the ypstream_.direction due to
The growrh of LhaoBaBEPReS: enddSita SRatsans: FoREeG e ARt d Gicviwar di y t o
tray to be returned. e initial condition, with.the.result that . the

1 ow tovard t e dorsFRekiia: PEEPRIRMERT, a0k, SRred A8 taitiria e

resi st ance areﬁeﬁ?5c§gn§3ntggiBEBW%v?ELRP%%f%§E§Q3%3f§.S”all’ the fl ow

toward the downstreamdirection in ow path-resi stance area 3a

bruptly b t LCRjl [ f
apruptiy econpar%g% 5 tviz"x\gwa%bcallbtgpb%%&?hg%}”iﬁgu:tgkobtul.%%_lé %"&v%%é(}s?he

t hrough the stopper result, shifting towar

downstream di pgat kA8 Qégéﬂiﬂ% tgvaedoehend meladbde Renbeh ifihe retarding

of the meniscus is braked quickly, thereby attenuating vibration of

meni scus at a Biy@kcsmesdthe 1liquid shifting force toward the upstream
direction due to the growth of the bubble, the movable
member 11 is displaced downwardly to tray to be
returned to the initial condition, with the result that
the flow toward the downstream direction is created in
the low flow path resistance area 3a. Since the flow
path resistance is sméll, the flow toward the
downstream direction in the low flow path resistance
area 3a abruptly becomes great flow which in turn flows
into the flow path 3 through the stopper 12. As a
result, by the liquid shifting toward the downstregam
direction directing toward the discharge port 4, the
retarding of the meniscus is braked quickly, thereby
attenuating vibration of meniscus at a high speed.

In the liquid discharge head having the above-
mentioned construction and including the movable
member, since the ink re-fill property is enhanced,
high frequency driving area can be set to 10 kHz lever,
and the driving can be effected in a level from about
20 kHz to 30 kHz.

In this case, although the disappearance of the



In the liquid discharge head having the above- nentioned construction and

i ncluding the novable nenber, since the ink re-fill property h;%éﬂ
r ggn

hi gh frequency driving area can be set to 10 kHz lever, and t

be effected in a level fromabout 20 kHz to 30 kHz. In this case, although
t he di sappearance of the 4 OCTOBER 2005 ™~ 4 - bubble is repeated at the
above-nentioned high frequency period and nmany accunul ati ve stresses are
given to the anti-cavitation layer within a unit tinme, the anti-cavitation
| ayer of a-Ta/0-Ta according to the present invention stabilizes the

di schargi ng quggi ; i r \ | bk, i recordi ng
apparatus in whic tS?lit‘l%elé x%@éegn@t%n%?%%Y%%%%%g %%a@&i is used as an
ink jet recording head idl; fie &Pl [ i+S &schepatie

per spective vi gfw%owl ngvﬁérrlxlajic;r?partsn?% gancclﬁ%r%%%% r ec%? d?ngggppa?at us to

which the presgijed SO S AR} 1 €6k i dh NEAF £ a5 #1h fi9€a 68 FOHTREd On an

ink jet apparatus 600 shown in Fig. 12 conprises a liquid discharge head

for di schar gi ngrhdkar ©i eddLCtat £SPTHYEE ol 1 18 aba CAEO6ra1h§krbanke for
storing liquids to be supplied to the liquid discharge head. As shown in

Fig. 12, the hegtesait rimgmtiltn istavmlindiad o al techapgen §0dpesgaged by a
hel i cal groove 606 of a |ead screw 605 rotated via a driving force
the discharge amount.

Next, an ink jet recording apparatus in which the
above-mentioned liquid discharge head is used as an ink
jet recording head will be explained.

Fig. 12 is avschematic perspective view showing
main parts of an ink jet recording apparatus to which
the present invention is applied.

A head cartridge 601 mounted on an ink jet
apparatus 600 shown in Fig. 12 comprises a liquid
discharge head for discharging ink to effect recording,
and plural color,ink tanks for storing liquids to be
supplied to the liquid discharye head.

As shown in Fig. 12, the head cartridge 601 is
mounted on a carriage 607 engaged by a helical groove
606 of a lead screw 605 rotated via a driving force
transmifting gears 603, 604 in synchronous with normal
and reverse rotations of a driving motor 602. By a
power of the driving motor 602, the head cartridge 601
is reciprocally shifted together with the carriage 607
.in directions shown by the arrows a and b along a guide
608. The ink jet recording apparatus 600 includes

recording medium conveying means (not shown) for



transmtting gears 603, 604 in synchronous with normal and reverse
rotations of a driving notor 602. By a power of the driving e
head cartridge 601 is reciprocally shifted together with the@ﬁqggézggg
in directions showmn by the arrows a and b along a guide 608. The ink jet
recordi ng apparatus 600 includes recordi¥ medi um conveyi ng neans (not
shown) for 4 OCTOBER 2005 - 52 conveying a print paper P as a recording
mediumfor receiving liquid such as ink discharged fromthe head cartridge
601. A paper pressing plate 610 for the print paper P conveyed on a platen
609 by neans of the ,recordﬁg?%nediun1 onve iqg means serges t? urge the
print paper P SYRT5EI"9 e BEHt e PBRR throtgh ESHT AT Rg™eq FRctPOn of the
carriage 607. The head tri%ge 01 is electricall onnected,to.a nmain
body of the in‘&e?ee%"“}%glgfr%ﬁh %‘b%ér%? U5 l%"?’?ﬁ&?‘%lgrglgbfée(HS?dshown).
Phot o- coupl ers . di i . Viciniiy of the |ead
screw 605. TheS p%%ﬁloé-y%o%dpférsﬁgﬁﬁg%l%%?%?%néi%%éi ??éngggt ggl i ng neans
for swtching.,a rotati ' ' fot iV} t 02¢b

ascert ai ni ng g%%“%?é%gkggq%#9§¥ﬁ%%%rqﬁgfzIg§i€%% é@%r??aﬁéagg7gfn¥gﬁ area of
the photo- coupl&tsrdilly fddium ! $¢g¥xg imbdys of e PREs €PY QFqEPenB! aten 509,
there is provided a suppoyfnﬁéﬂﬁer 'ﬁéffor §%pp%rti%g a ca% nmenber 614 for
covering a frogpti surdasese (b nedaithdg ik &€ P95t enrhighhs bradieagtridge

601. Further, " there is provided ink sucking nmeans 615 for sucking ink
direction of the carriage 607. The head cartridge 601
is electrically connected to a main body of the ink jet
recording apparatus via a flexible cable (not shown).

Photo-couplexrs 611, 612 are disposed in the
vicinity of one end of the lead screw 605. The photo-
couplers 611, 612 are home position detecting means for
switching a rotational direction of the driving motor
602 by ascertaining the presence of a lever 607a of the
carriage 607 in an area of the photo-couplers 611, 612.
In the vicinity of one end of the platen 609, there is
provided a support member 613 for supporting a cap
member 614 for covering a front surface (including
discharge ports) of the head cartridge 601. Further,
there is provided ink sucking means 615 for sucking ink
stored in the cap member 614 by idle discharge of the
head cartridge 601. Suction recovery of the head
cartridge 601 is effected by means of the ink sucking
means 615 through an opening of the cap member 614.

The ink jet recording apparatus 600 has a body
support 619. The body support 619 supports a shifting

member 618 for shifting movement in a front-and-rear



stored in the cap nmenber 614 by idle discharge of the head cartridge 601

Suction recovery of the head cartridge 601 is effected by ne A1 K
sucking means 615 through an opening of the cap nenber 614. ﬁﬁgﬁﬁg?g@g‘

recordi ng apparatus 600 has a body support 619. The body support 619
supports a shifting menber 618 for shiTtIhg novenment in a front-and-rear 4
OCTOBER 2005 - 53 direction, i.e., direction perpendicular to a shifting
direction of the carriage 607. A cleaning blade 617 is attached to the
shifting nmenber 618. The cleaning blade 617 is not limted to a bl ade, but,

other known {dfFeoty 6l oafl 09, bhadlec PR Do biS6Has ELTLDCEo LNEREckIpgPr oVl ded

a lever 620 for starting the suctron rec operation o e 1 nk”sucki ng

means 615. Th : 620, 1 j am j y c i age 607
is shifted, g%%leéé@%?%i%ﬂ %?c@%;’%f%%é‘fshﬁe%ghv‘?ﬂgf‘gn%’?g?aes%%ge?sag(@n?r'ol|ed

by known traﬂséiiééﬂgd”E@“ﬁhéu§@i§§in§|ﬁ%ﬁ%bﬁV@iéh!“ﬂheAeléﬂﬁihét recording
control portion (not-shown in Fig. 12) for supplying a signal to the heat

generating porpigans eng fornsentimitéadiéhe nhdyi NBuef YBhEPURnBIATENLS IS
provided in the main body of the recording apparatus. 4 OCTOBER 2005 -54

WHAT | S CLAI NEBp&: ofl . cP¥anh kg | I8l adie aflap UbS tuisd @. COMPrtBeAY: tRebBals

generating resistance nenber formng a heat
provided a lever 620 for starting the suction recovery
operation of the ink sucking means 615. The lever 620
is shifted as a cam engaging by the cafriage 607 is
shifted, and a driving force from the driving motor 602
is controlled by known transmitting means such as
clutch switching. An ink jet recording control portion
(not -shown in Fig. 12) for supplying a signal to the
heat generating portions and for controlling the

driving of various elements is provided in the main

body of the recording apparatus.



generating portion; an electrode wiring electrically connected to said heat
generating resistance nmenber; and an anti-cavitation film provbgseaR 26095
heat generating resistance nmenber and said electrode wiring via an

i nsul ation protection |layer; and wherein said anti-cavitation filmis forned
fromdifferent materials with nore than two layers and is provided with a
metal filmcontacted with ink, having a crystal structure and an anorphous
alloy filmcontacted with the netal f54m 2. An ink jet head substrate
conprising: a heat generating resistance nenber formng a heat generating
portion; an electrode wiring electrically connected to said heat generating
resi stance nenber; and an anti-cavitation film provided on said heat

gener at i MBATediSsCAAd¥ERekBer and said el ectrode wiring via an insulation

protection layer; and wherein said anti-cavitation filmis forned from at

|l east two | ayer PR ABK 3RE BRAApPERSHERNS FMBRHISIACGact ed with i nk 4 OCTOBER
2005 -55 is a Ta fi a_Ta d the | ower an

L or rét' filég' Nhad ' er Ioa ?.rnfialfpeiag .
anor phous al | oy fFIhF?ﬁc?ﬁa?ng ™5 ﬁﬁ]llﬁ?] &1 eaé §ﬁbs?rate conpri si ng:
a heat g%ﬂﬁk&%kQ%grﬁékﬁﬁéﬂ?e menber formng a heat generating portion;

an electrode wiring electrically connected to said
heat generating resistance member; and

an anti-cavitation film provided on said heat
generating resistance member and said electrode wiring via
an insulation protection layer;
and wherein

said anti-cavitation film is formed from different
materials with more than two layers and is provided with a

metal film contacted with ink, having a crystal structure

and an amorphous alloy film contacted with the metal film.

2. An ink jet head substrate comprising:

a heat generating resistance member forming a heat
generating portion;

an electrode wiring electrically connected to said
heat generating resistance member; and

an anti-cavitation film provided on said heat
generating resistance member and said electrode wiring via
an insulation protection layer;
and wherein

said anti-cavitation film is formed from at least

two layer films, and an upper layer film contacted with ink



an electrode wiring electrically connected to said heat generating

resi stance nenber; and an anti-cavitation film provided on sajg, ER 2005
generating resi stance nember and said el ectrode Wiri ng via an insulation
protection |ayer; and wherein said anti-cavitation filmis forned from at

| east two layer filns, and an upper layer filmcontacted with ink is a Ta
filmor a TaAl film and the lower layer filmis an anorphous alloy film
including Ta, and sai d anorphous alloys-filmhas conposition conprised of

Ta, Fe, Ni and C. 4. An ink jet head substrate according to Caim 3,

wher ei n sai d anorphous all oy filmis represented by the follow ng
conposition (1): Ta, FepNy . (D) (hovvever 10 atonfo < a 30 atonto and a
+ p < 80 kf onfkrarfd 1y oz R E%l5f;1rp a#fd s£he Loper Jayerpd idfods) ans. An i nk
jet head substrate cq i_Sing OBER 2005 -56 a heat generating

resi st ancERRIRRLS F&llgnélémhéﬁf’l%gﬁ%r%% ng portion; an electrode W ring
electrically connected to said heat generating resistance nenber; and an
anti-cavitation filmprovided on said heat generating resistance nenber and

sai d el ectrode W r, ng_ y<| :jlet HebHSFhﬁétPﬁt@réBn?p&t s‘?ﬂmd ayer; and wherein said

anti-cavitation fi first layer having
a heat generating resistance member forming a heat

generating portion;

an electrode wiring electrically connected to said
heat generating resistance member; and

an anti-cavitation film provided on said heat
generating resistance member and said electrode wiring via
an insulation protection layer;
and wherein

said anti-cavitation film is formed from at least
two layer films, and an upper layer film contacted with ink
is a Ta film or a TaAl film, and the lower layer film is an
amorphous alloy film including Ta, and said amorphous alloy

film has composition comprised of Ta, Fe, Ni and Cr.

4., An ink jet head substrate according to Claim 3,
wherein said amorphous alloy film is represented by the
following composition (I):

TaqFegNi, Crs ... (1)

(however, 10 atom% < o < 30 atom% and o + B < 80 atom% and «

<Band d >y and ax + B + vy + O = 100 atom%).

5. An ink jet head substrate comprising:



conposition conprised of Ta, Fe, N and Cr, and a second |[|ayer nmade of Ta
and having square grating crystal structure forned on said f4HBroRERES0050-
An ink jet head substrate according to Caim5, wherein said first layer is
represented by the followng conposition (1): TaaFepNiyCrb ... (I)
(however, 10 atonto<_a 30 atontohand a + p < 80 atonthand a < p and 5 >y
and a + + y + 6 = 100 aton?9. 7. An ink jet head wherein: a plurality of
heat generating portions are provideskson an ink jet head substrate
according to any one of Clainms 1 to 6, and liquid paths comruni cated with
di scharge ports for discharging an ink droplet are provided in
correspondence wi th said heat generating portions. 4 OCTOBER 2005 -57 8. An
ink jet head accofdnfdttIeTeEdt g gfce mapbgl| orBABEraha®tthg a free
end di splaced by gromh of a bubble generated in the |iquid by thernmal
ener gy ofgeg’ﬁr&tlﬁgapoﬁEﬁQPati ng portion is provided with each said Iiquid

path. 9. An ink jet head according to C ai.m 7, wherei i.f ferent ki nds of
i nks are suppli edafloeggfjar;o) Tritt |%u?lchatﬁa]’tcr?sllfyorcoél\lll%rcggggeggr gl"‘l?i qui d

PRt o el o phendespont bl e 0wl e Tt
erosion ability. 3i aARilBKvieht{SEOf HiMGHrRRAMRE b9 GAARN hehRy:
generating resistance member and said electrode wiring via
an insulation protection layer;
and wherein
said anti-cavitation film has a first layer having
composition comprised of Ta, Fe, Ni and Cr, and a second

layer made of Ta and having square grating crystal

structure formed on said first layer.

6. An ink jet head substrate according to Claim 5,
wherein said first layer is represented by the following
composition (I):

Ta,FegNi,Crs .o (1)
(however, 10 atom% < o £ 30 atom% and o + B < 80 atom% and o

<Band d >y and a + B + y + & = 100 atom%).

7. An ink jet head wherein:

a plurality of heat generating portions are
provided on an ink jet head substrate according to any one
of Claims 1 to 6, and liquid paths communicated with
discharge ports for discharging an ink droplet are provided

in correspondence with said heat generating portions.



a carriage to which an ink jet head according to Caim?7 is nounted; and
wherein recording is effected on a recordi ng nedi um by disch 158 |
droplet fromsaid ink jet head while shifting said carriage ?ﬁesp%gg o]
recording information.
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8. An ink jet head according to Claim 7, wherein a
movable member having a free end displaced by growth of a
bubble generated in the liquid by thermal energy of said
heat generating portion is provided with each said liquid

path.

9. An ink jet head according to Claim 7, wherein
different kinds of inks are supplied to said plural liquid

paths for every several liquid paths.

10. An ink jet head according to Claim 9, wherein the
different kinds of inks are at least ink apt to occur

kogation, and ink having high erosion ability.

11. An ink jet recording apparatus comprising:
a carriage to which an ink jet head according to
Claim 7 is mounted;
and wherein
recording is effected on a recording medium by
discharging an ink droplet from said ink jet head while
shifting said carriage in response to recording

information.



