31 DEC 2003 5 METHOD OF MANUFACTURI NG A LIQUID DI SCHARGE HEAD, LI QU D

Dl SCHARGE HEAD MANUFACTURED BY THE SAME METHOD, AND METHOD OF _
MANUFACTURI NG A M NUTE MECHANI CAL APPARATUS BACKGROUND OF THE | NVENTIDER 2003
Field of the Invention This invention relates to a |liquid discharge head

10 for discharging desired liquid by Lh?_creation of a bubble occurring by
heat energy being caused to act on the liquid, and a nethod of

manuf acturing such liquid discharge head. Particularly the present
invention relates to a nethod of manufacturing a liquid 15 di scharge head
havi ng a novabl e menber displaced by the utilization of the creation of a

bubbl e, a liquid discharggrhepdopapuiaeherefirhy hhepare method, and a
met hod of manufacturing a m nute nechani cal apparatus. Al so, the present

invention can be appli e dA:RRRH M USRSy BV WY fSHARGE imtRy for effecting
recording on recording nedi uns such as paper, yarn, fiber, cloth, netals,

plastics, glass wood and GgfeFhefuURBD BePTRE, sAMEARETAODE apparatus having
a communi cation systemand a word processor having a printer portion, 25

and an industrial recorgkfgvapRanAbYSMARUPASTURIMNG aomNDed with various
processi ng apparatuses. The term "recording” in the present invention
5 MECHANICAL APPARATUS

BACKGROUND OF THE INVENTION
Field of the Invention
This invention relates to a ligquid discharge head
10 for discharging desired liqguid by the creation of a
bubble occurring by heat energy being caused to act on
the liquid, and a method of manufacturing such liquid
discharge head. Particularly the present invention
relates to a method of manufacturing a liquid
15 discharge head having a movable member displaced by
the utilization of the creation of a bubble, a liquid
discharge head manufactured by the same method, and a
method of manufacturing a minute mechanical apparatus.
Also, the present invention can be applied to
20 apparatuses such as a printer for effecting recording
on recording mediums such as paper, yarn, fiber,
cloth, metals, plastics, glass wood and ceramics, a
copier, a facsimile apparatus having a communication
system and a word processor having alprinter portion,
25 and an industrial recording apparatus compositely
combined with various processing apparatuses.

The term "recording”" in the present invention



31 DEC 2003 2 neans not only inparting neani ngful images such as

characters and figures to the recordi ng nediuns, but also inpartin%
meani ngl ess i mages such as patterns to the recording nmediunms. 5 Reldat BEC 2003
Background Art Fig. 12 of the acconpanying,drawings is a partly broken
away perspective view showing a liquid di%scharge head according to the
prior art. As shown in Fig. 12, the liquid discharge head 10 according to
the prior art has a substrate 1004 on which a plurality of heaters 1005

whi ch are bubble creating elenments for giving head energy for creating

bubbl es [ n || Akdndr ikt W19 dnipd RN hlani 3Rt (BBgell Auen10QL | of ned

onto this substrate 1 substrate conprrses a base body of

silicon or thechihbkeceR thiagh Filheed ¢ dfel bBohing he@Qhad tHiyde film

are formed for the purposes of Tinsulation and heat accunul ation, and

el ectrical regilgbaaﬁ?a&%\mgs meAthiWgleRe §hagbk0desncaashhakkirpg 2 the
heat ers 1005 bei ng patterned thereon. By a voltage being applied from

these wiring ekpet redesdiag Weaiehectrical resistance |ayers to thereby
flowan electric current to the electrical resistance |layers, the heaters

1005 genegat e Reaktec@n Bhh&gedstr ake 25 1004, there are provided packaging
el ectrodes 1003 to which external term nals (not shown) for supplying an
Fig. 12 of the accompanying drawings is a partly
broken away perspective view showing a liguid
discharge head according to the prior art.
As shown in Fig. 12, the liquid discharge head

10 according to the prior art has a substrate 1004 on
which a plurality of heaters 1005 which are bubble
creating elements for giving head energy for creating
bubbles in liquid are provided in parallel, and a top
plate 1001 joined onto this substrate 1004.

15 The substrate 1004 comprises a base body of
silicon or the like on which silicon oxide film or
silicon nitride film are formed for the purposes of
insulation and heat accumulation, and electrical
resistance layers and wiring electrodes constituting

20 the heaters 1005 being patterned thereon. By a
voltage being applied from these wiring electrodes to
the electrical resistance layers to thereby flow an
electric current to the electrical resistance layers,
the heaters 1005 generate heat. On the substrate

25 1004, there are provided packaging electrodes 1003 to
which external terminals (not shown)} for supplying an

electric current to the heaters 1005 are connected.



electric current to the heaters 1005 are connected. 31 0 EC 2003 3 The top
plate 1001 is for constituting a plurality of liquid flow paths 1007
corresponding to the heaters 1005 and a conmon |iquid chanmber 1010:1FUEEZMH
supplying the liquid to the liquid flow paths 1007, 5 and is integrally
provided with flow path side walls 100%a ®&xtending fromthe ceiling
portion thereof to anong the heaters 1005. Al so, the upper surface of the
top plate 1001 is provided with an ink supply comunication opening 1002
for causing the liquid 10 supplied fromthe outside to flow into the conmon
i quid chanmber 1010, The toB g%atﬁp% 01 is formed of a silicon materi al
and the pattern of th& FPRuPGSEFo at-fs P80 FORRG I EHELRENADN | qui d
chanber 1010 can be. .fornmed_h etc&in , ang th ortions of the liquid flow
15 paths 1007 BAH*BALEFCREG LA AorhaY RAEEF AORAL EPFAPSPODERNs tSi | i con
nitride or siligcon oxide whi g rovides the flow_path side |I's 1001la is
accumul at ed oﬁﬁ?heegFFFEo%bﬁ b?gpa?ecﬁﬁmgncéﬁﬂéﬁgiSHQWEFFI PofRFng
met hod such as % 20 A Ih. ortion s _provided_on the for d surface
of the top pIaF§¥ 66189aﬁ t %§U¢g|%°p5§ i%ﬁqufg ngﬁeﬁa Fhﬁgsgrurality of
di schar ge-openi s.%ogg hesp e o] I ective Li.quid EIOM/paths
1007 and5connéﬁgcé ingtﬁﬁgé ?%egggkggﬁhlFggﬁdfgﬁgngéﬁﬁlﬁi Zga} Fough t he
liquid flo“’paﬁbéléogltending from the ceiling portion thereof to
among the heaters 1005. Also, the upper surface of
the top plate 1001 is provided with an ink supply
communication opening 1002 for causing the liquid
10 supplied from the outside to flow into the common
liquid chamber 1010. The top plate 1001 is formed of
a silicon material, and the pattern of the liquid from
paths 1007 and the common liquid chamber 1010 can be
formed by etching, and the portions of the ligquid flow
15 paths 1007 can be etched and formed after a material
such as silicon nitride or silicon oxide which
provides the flow path side walls 100la is accumulated
on the silicon substrate by a conventional film
forming method such as CVD.
20 A wall portion is provided on the fore end
surface of the top plate 1001, and this wall portion
is formed with a plurality of discharge openings 1006
corresponding to the respective liquid flow paths 1007
and communicating with the common liquid chamber 1010
25 through the liquid flow paths 1007.
Fig. 13 of the accompanying drawings is a partly

broken away perspective view showing ancother example



Fig. 13 of the acconmpanying drawings is a partly broken away perspective
vi ew show ng anot her exanple 31 DEC2003 - 4 of the liquid discharge head
according to the prior art. The liquid discharge head shown in Fig.333A(9003
provided with cantil ever-1like novable nmenbers 2009 5 disposed in
face-to-face relationship with heaters 2d05. The novabl e menbers 2009
conprise thin film forned of a silicon material such as silicon nitride
or silicon oxide or nickel or the |like excellent in elasticity. These
novabl e menbers 2009 are disposed 10 at a predeterm ned di stance fromthe
heat ers 2005 so ag tg.hag fglcgggs ugagaegn18fdgge geakﬁrs 2005 and
further have f?ge ehds  downstr 85w thn respegF te "¥nhele ol BFURE. The top
pl ate 2001, th r1an supply comuni cation 15 openi ng 2002, the packagi ng
el ectrodes 2003, the substrate 2004, the heaters 2005, the discharge

i ngs 2006, the Liguig fl 0F.3Rd : liguid chanb
2013 of the Il quid orecharded RESEREraeC elR shot RRCERY, 1M Gura

di scharge headﬁQv%Q&’”wk@ F'tb%ntlie%g-ﬁtﬂﬁéeﬁlg(rﬁbﬁéeﬂeﬂﬂ&rgeﬁ%Cri bed in

detail. Figs. 14A'to 14D o e acconpanyi ng draw ngs are cross-sectional
vi ews al ogg th&iggégéé'ﬁﬂ efcbbeotkawe paibeibALhLL! WSthahbagethe liquid

di schargi ng net ho

2005. The movable members 2009 comprise thin film
formed of a silicon material such as silicon nitride
or silicon oxide or nickel or the like excellent in
elasticity. These movable members 2009 are disposed

10 at a predetermined distance from the heaters 2005 so
as to have fulcrums upstream of the heaters 2005 and
further have free ends downstream with respect to
these fulcrums.

The top plate 2001, the ink supply communication

15 opening 2002, the packaging electrodes 2003, the
substrate 2004, the heaters 2005, the discharge
openings 2006, the liquid flow paths 2007 and the
common liquid chamber 2013 of the liguid discharge
head are similar to those of the ligquid discharge head

20 shown in Fig. 12 and therefore need not be described
in detail.

Figs. 14A to 14D of the accompanying drawings are
cross-sectional views along the direction of the flow
paths for illustrating the ligquid discharging method

25 by the liguid discharge head shown in Fig. 13.

As shown in Fig. 14A, when the heater 2005 is

caused to generate heat, the heat acts on the ink



25 by the liquid discharge head shown in Fig. 13. As shown in Fig. 14A
when the heater 2005 is caused to generate heat, the heat acts on 3?%Et3hﬂ
31 DEC 2003 - 5 between the novabl e nmenber 2009 and the heater 2005,
whereby a bubbl e 2008 based on a filmboiling phenonenon is created and
grows on the heater 2005. Pressure resulting fromthe growh of this
bubbl e 2008 5 preferentially acts on the novabl e nenber 2009, which is

t hus di splaced so as to greatly open toward the discharge opening 2006
side about the fulcrum as shown in Fig. 14B. By the displacenment or

di spl aced st at t@fedi & HE iR} 1B HEL200R0d M\ PHORAGRIJ QT Sk the

pressure based on the creation of the bubble 2008 or the growh df the

bubbl e 2008 it selefransy & NRWAG 2008 ey sie 0 AReHIId 1206 side, and the
liquid (liquid droplet 2010) is discharged fromthe di scharge opening

2006, as shown pheridmgncidGs Hradscadesiid kpdwab e tHehdameablogomenber 2009
having a ful crumon the upstream side (the conmmon |iquid chanber side) of
the flow of th@rcsguire: imestlleing (idah fihewvgratth? @F7 tid hawbblg @0osee end
on the downstream side (the discharge opening 2006 side) 20 thereof is
provi ded &n eachWefeatrerti200%, agier ebyy thee madiabdet imembeir @OQ®agatiiah of t he
pressure of the bubble 2008 is directed toward the downstream si de and
thus, the predsuthust dilselingstsl s2EG8 Wi el yamgpen toward the
discharge opening 2006 side about the fulcrum, as
shown in Fig. 14B. By the displacement or displaced
state of the movable member 2009, the propagation of
10 the-pressure based on the creation of the bubble 2008
or the growth of the bubble 2008 itself is directed to
the discharge opening 2006 side, and the liquigd
(liquid droplet 2010) is discharged from the discharge
opening 2006, as shown in Fig. 14cC.
15 As described above, the movable member 2009
having a fulcrum on the upstream side (the common
liquid chamber side) of the flow of the liquid in the
liquid flow path 2007 and having a free end or the
downstream side (the discharge opening 2006 side)
20 thereof is provided on each heater 2005, whereby the
direction of propagation of the pressure of the bubble
2008 is directed toward the downstream side and thus,
the pressure of the bubble 2008 directly and
efficiently contributes tco discharge. The direction
25 of growth itself of the bubble 2008, like the

direction of propagation of the pressure of the

bubble, is directed toward the downstream side, and



efficiently contributes to discharge. The direction 25 of growth itself of
t he bubble 2008, |ike the direction of propagation of the pressure_of the
bubbl e, is directed toward the downstream side, and 31 DEC 2003 - 63t HEC 2003
bubbl e grows | arger on the downstream sidegthan on the upstream side. The
direction of the growth itself of the bubble 2008 is thus controlled by
the novable nenber 2009 to thereby control the direction of 5 propagation
of the pressure of the bubble 2008, whereby fundanental discharge
characteristics such as discharge efficiency and discharging force or

di schar ge speedheabultdliengrowed la@yarherotther doamdtrasnskadde ivhan @n 14D,
when the 10 bubble 2008 enters its disappearing step, the bubble 2008
rapi dly di sappéaes upg tideanc eildened Téfef edirewittilon olife thleagtricsrthoriasseaff t he
novabl e menber 2009 itself, and the novable nenber 2009 finally returns to
its initial pegitthenbsbdde 2008 ds ThAs Aonthiod ledmby ithel ovadde t o make
up for the contracted volune of the bubble and to nmake up for the

di schar ged vol Ge@ber 2089 tbogdiberebye donduiod fihewsiegrmioime ofpst r eam si de,

i.e., the comon |iquid chanber side, and the refilling of the liquid
f1 ow pat h22007PRPPRIBRE N Gfi Fhies Perssyred 0f2¢Fhgndubkile 28081 ing with the
liquid is effected efficiently and rationally with the returning action

of the novabl e"REFEEY 3y@gamental discharge characteristics such as
discharge efficiency and discharging force or
discharge speed can be improved.
On the other hand, as shown in Fig. 14D, when the
10 bubble 2008 enters its disappearing step, the bubble
2008 rapidly disappears by the combined effect with
the elastic force of the movable member 2009 itself,
and the movable member 2009 finally returns to its
initial position shown in Fig. 14A. At this time, in
15 order to make up for the contracted volume of the
bubble and to make up for the discharged volume of the
liquid, the liquid flows from the upstream side, i.e.,
the common liquid chamber side, and the refilling of
the ligquid flow path 2007 with the liquid is effected,
20 and this refilling with the liquid is effected
efficiently and rationally with the returning action
of the movable member 2009.
In a method of manufacturing a liquid discharge
head according to the prior art shown in Fig. 15 of
25 the accompanying drawings, movable members 2009 are
first formed on a substrate 2004 on which heaters

2005, etc. are provided. The movable members 2009 are



In a nethod of manufacturing a liquid discharge head according to the
prior art shown in Fig. 15 of 25 the acconpanying draw ngs, novable
menbers 2009 are first formed on a substrate 2004 on which heaters 3200; 2003
etc. are provided. The novabl e nmenbers 2009 are 3 1 DEC 2003 - 7 nade by a
series of sem conductor processes conpriding, for exanple, the formation
of a sacrifice layer alum numpattern, the formation of SiN | ayers

form ng the novabl e nenbers 2009 and the patterning of 5 the SiN layers. As
descri bed above, devices such as the novable nenbers are provided on the

surface of the éubgtrate 2004 and thusb %he surface of the substrate 2004
has unevenness™Bf€a KefgfifToFSt RE BPUAFYBFUSTPH BBOGHRTSES Next, a nozzle

|1 nmenber 2010 for titut] iquid fl ths 2007 and
[ Taui 0 chanber CoBBT3o{8e. PG, T4MPAF- nbOR) SETREBAN A GuBSCFAfE09004 and

L8 PLAL, 2001, L5 LOLRE, BrherthenUbeh: 8Len 2008 oThe, (PRELoRY: 200 o

the nozzl e wal fch op p 8¥F0 e j oi ned

0 S 2 e0BAsphethy, bISoER BLAE-200600°,0 DAY barLEERRSEE

surface of the nozz an orifice

wi th di scharge.Qpesi 9829806 1 Sa204baLPeHeH0aB8yvENd éyiéégeshﬁh“QECh the
liquid flow paths 2007 Open. By the above-descrlbeg steps, the
the movable members are provided on the surface of the
substrate 2004 and thus, the surface of the substrate
2004 has unevenness of a height of the order of
3 to 10 pm.
10 Next, a nczzle wall member 2010 for constituting
liquid flow paths 2007 and a common liquid chamber
2013 (see Fig. 13 for both) between the substrate 2004
and a top plate 2001 is joined onto the substrate
2004. The upper surface of the nozzle wall member
15 2010 to which the top plate 2001 is to be joined is
then flattened.

Next, the top plate 2001 is joined to the upper
surface of the nozzle wall member 2010, and an orifice
plate 2011 formed with discharge openings 2006 is

20 joined to an end surface in which the liquid flow
paths 2007 open. By the above-described steps, the
liquid discharge head according to the prior art shown
in Iig. 13 is manufactured.

However, in the manufacturing method described

25 with reference to Fig. 15, it is necessary to
accurately join the nozzle wall member 2010 onto the

substrate 2004 and further, it is necessary to flatten



| i quid di scharge head according to the prior art showmm in Fig. 13 is
manuf act ured However, in the manufacturing nethod described 25 with
reference to Fig. 15, it is necessary to accurately join the nozzl ¢ MBE(] 2043
menber 2010 onto the substrate 2004 and further, it is necessary to
flatten 3 7 DEC 2003 - 8 the upper surfac® of the nozzle wall nember 2010
before the joining of the top plate 2001 and therefore, the manufacturing
steps have been cunbersone. 5 Al so, when this wall nenber is to be forned
of an organic material, thick filmof the above-nentioned thickness can

be formed if d Mefhﬁg%%s%ﬁ§§9 ePUE LRE né#&iécﬁﬁgg @QﬁbéPb?@iéte I's uneven

as descri bed above erefore, not only It een difficult to 10

achi eve the fl LN fithe:upp f e I nber, but there
has been the f%%%sfﬁa?hgh%69§%§§b§g Eg%bggg gﬁggge%g§%egn y the dry film

Further, it hagnhbeepodiff tall hah@rhetiriRgcktbpsnhebeanethi ckness of
several tens of pm by the use of the 15 conventional wet process. SUMVARY

OF THE | NVENTI EhnSersbhie. present invention has as its object to provide a
i quid di scharge head in which the upper 20 surface of a wall nenber can

be flattened and thgisanui;aehuthing al® hembwhki €8 eanbbershnediesedaand

organic material, thick film of the above-mentioned
thickness can be formed if dry film is used, but the
surface of the substrate is uneven as described above
and therefore, not only it has been difficult to

10 achieve the flattening of the upper surface of the
wall member, but there has been the fear that the
movable members are deformed by the dry film.
Further, it has been difficult to form thick film of a
thickness of several tens of pm, by the use of the

15 conventional wet process.

SUMMARY OF THE INVENTION
S0, the present invention has as its object to
provide a liquid discharge head in which the upper
20 surface of a wall member can be flattened and the
manufacturing time for which can be shortened and
which is provided with a wall member formed into thick
film having a thickness of several tens of um, a
method of manufacturing the liguid discharge head, a
25 minute mechanical apparatus and a method of
manufacturing the minute mechanical apparatus.

To achieve the above object, the liquid discharge



which is provided wwth a wall nmenber forned into thick filmhaving a

t hi ckness of several tens of pm a nethod of manufacturing the Iiquid

di scharge head, a 25 m nute nechani cal apparatus and a met hod of 51 DEC 2003
manuf acturi ng the m nute nmechani cal apparatus. To achi eve the above object,
the liquid discharge 3 1 0 EE 2003 9 head “of the present invention is a

| i qui d di scharge head having a di scharge opening for discharging liquid
droplets therefrom a wall nenber constituting a liquid flow path

communi cating with the discharge 5 opening to supply liquid to the

di schar g opemiaga gr PHOSHEBLEnP! ULURELY! DalabUbl,cacapaLhagae! erent for

creating a bubble in the | I ng t I qui ow pat nd a

novabl e nmenber p b 3 ' 3 S | t k gchar ge
openi ng si de 1%é%ﬁe$%g?g%s¥aé$§ggégﬁg ggggiggs?gfoﬁigéﬁ?ﬁgig%bgﬁgg%g whi ch

faces the bUbb&ﬁoﬁI@@éiﬂﬁeﬁégﬂsﬂt W {h12 geRvePet¥REPithit8Rd Lhe substrate,
the free end of the novable nmenber being displaced in a direction opposite

to the substrateqhydpressupetRr edhmedibytehgaki oy the aiSchubhbe, and the
pressure being directed to the discharge opening side to thereby discharge

the dropbet obpéhendi goi duppom Lhquiddsebatne dpesthagge opanangerazed in
that the wall nenber is constructed by providing and patterning liquid
resin of a negabhbyer@bet ppevhdedentdhwhehubkpeseteadihggbled@ant sorface on
creating a bubble in the liquid filling the ligquid
flow path, and a movable member supported by and fixed
to the substrate with the discharge opening side
10 thereof as a free end at a position on the substrate
which faces the bubble creating element with a gap
between it and the substrate, the free end of the
movable member being displaced in a direction opposite
to the substrate by pressure produced by creating the
15 bubble, and the pressure being directed to the
discharge opening side to thereby discharge the
droplet of the liquid from the discharge opening,
characterized in that the wall member is constructed
by providing and patterning liquid resin of a negative
20 type hardened when exposed to light on a surface on
which the movable member is formed.
According to the liquid discharge head
constructed as described above, as compared with a
case where an inorganic material such as SiN or $i0O is
25 formed into film to thereby form a wall member, it
becomes possible to shorten the manufacturing time.

Further, according to the present invention, the wall



whi ch the novable menber is formed. According to the |iquid discharge head
constructed as descri bed above, as conpared with a case where an |no ani
material such as SiNor Sidis 25 forned into filmto thereby formél ﬁQM3
menber, it becones possible to shorten ths nanufacturlng time. Further,

I

according to the present invention, the~waPl ~31 DEC 2003 - 10 nenber is
formed by exposing a predeterm ned portion of resin of the negative type
applied onto the substrate to light to thereby harden it and therefore,
unli ke the conventi onal met process, it becones 5 possible to formthick

filmhaving a Ehlg ness Orm gv%ral k§n§8§ apm ég%grm?#§f§£§2§xﬁhhe wal |

m
menber may be of 'a construc Fon? ormn g the

step of app'ylggeggg- SQ'@haeﬁbgakgvgh%§gaugggigeafOAQot@ﬁesubstrate on

whi ch the nova I S prov oating, the step of exposing
to light and Bﬁbg%%'&% %Baﬁlaﬁ'i:t 'tB“tﬁErEB? ﬁBPbéﬁdl%eéhH YAbeBfore

constitutes the wall nenber, and the step of renoving that portion 6f the

applied resin mhushel%hQOEon%énQabﬁa@edetFg&beegs the £erBhag method has
the step of effecting the baking of the resin at a tenperature equal to

or highersthanpbBeiBekt ithd fB@INthekkt ke 1mhARJENgdar e8iBkAELE okhe step of
renovi ng that portion
several tens of um.

Also, preferably the wall member may be of a
construction formed by a forming method having the
step of applying the ligquid resin to that surface of

10 the substrate on which the movable member is provided
by spin coating, the step of exposing to light and
hardening that portion of the applied resin which
constitutes the wall member, and the step of removing
that portion of the applied resin which is not

15 hardened.

Further, the forming method has the step of
effecting the baking of the resin at a temperature
equal to or higher than the melting point of the
hardened resin after the step of removing that portion

20 of the applied resin which is not hardened, whereby
the levelling flow of the upper surface of the wall
member is effected highly accurately. Therefore, it
is not necessary to flatten the upper surface of the
wall member by polishing or the like which is a

25 post-step, and the manufacturing steps for the liquid
discharge head are simplified and further, it becomes

possible to manufacture the liquid discharge head



20 of the applied resin which is not hardened, whereby the levelling flow
of the upper surface of the wall nenber is effected highly accurately.
Therefore, it 1is not necessary to flatten the upper surface of the3]mﬁ[QmB
menber by polishing or the like which is 3}25 post-step, and the

manuf acturing steps for the liquid dischargée head are sinplified and
further, it beconmes possible to manufacture the |liquid discharge head 310
EC 2003 - 11 inexpensively. Furthernore, by adopting a construction in
which the resin contains a solid conponent of 50 % or nore and the average

mol ecul ar wei ght,etheneqt,ohs, .10, 000 or 5 less, the viscosity of the resin
becones relatively | ow and”it becones possible to flatten the resin well

at the applying ste@u%hmr%qatﬂﬁﬁ% idlgSa cbhetAetibacan baigde to
flow well into the gap between the substrate and the novabl e nmenber.

Therefore, theth@ ResSnbidonitkidlk fl ewiia eompeRdnid o2CeYr & g W lhe
novabl e nmenber when the resin is applied by spin coating can be reduced.

Al so, the net haddofthenakaeige mddeauliagUiwe i glits eharee rhead 10f ooipe opr esent
invention is a nethod of 15 manufacturing a liquid discharge head having a
di schar ge5openilegsf,othdi sdlsaogiing lbifquhe desihebscoinber ebnamivalyal | menber
constituting a liquid flow path conmunicating with the di scharge opening
to low and it becomes possible to flatten the resin well
at the applying step by spin coating and also, the
resin can be made to flow well into the gap between
the substrate and the movable member. Therefore, the
10 possibility of flexure or bending occurring to the
movable member when the resin is applied by spin
coating can be reduced.
Also, the method of manufacturing a liquid
discharge head of the present invention is a method of
15 manufacturing a liquid discharge head having a
discharge opening for discharging liquid droplets
therefrom, a wall member constituting a liquid flow
path communicating with the discharge opening to
supply liquid to the discharge opening, a substrate
20 provided with a bubble creating element for creating a
bubble in the liquid filling the liquid and flow path,
and a movable member supported by and fixed to the
substrate with the discharge opening side thereof as a
free end at a position on the substrate which faces
25 the bubble creating element with a gap between it and

the substrate, the free end of the movable member

being displaced in a direction opposite to the



supply liquid to the di scharge opening, a substrate 20 provided with a
bubbl e creating elenent for creating a bubble in the liquid filli?ﬁbthe

liquid and flow path, and a novabl e nenber supported by and fi xed DEha03
substrate with the di scharge opening side thereof as a free end at a
position on the substrate which faces 25 tRe~bubble creating el ement with a
gap between it and the substrate, the free end of the novabl e nenber

bei ng displaced in a direction opposite to the 31 DEC 2003 - 12 - substrate
by pressure created by creating the bubble, and the pressure being

[ d h i.sch d b h d | et of
el PO B B R
f d
15110, 5511 Of a7 8R! HSSLNE IR AENGdctben exposeda achball oo 8 |

surface of thg éHP?bréﬁﬂep@o“QhE?SBP &ﬁggsﬁ ggearbal goykdefaby spin

coating, the st exposing to t an ning t at por Fon of the

applied resin 1mehea @QB%thBt8§sEhSr8@|Epgﬁﬁhsr’cﬁﬁga&@é $LEASH

f
renoving that portion of the applied resin which s not har eneg Ther eby,
as conpar gd WImeaseéﬁeo%ﬁggnanréélhne!fganhega%&eél kpéuﬁgraénébl\l or Si O

is formed into filmto thereby forma wal e manufacturing tine
i s shorted andwﬁahtagposualt&elabntcaavanmaeaahal formlng the wall

member, and applying the liquid resin to that surface

of the substrate on which the movable member is

provided by spin coating, the step of exposing to

10 light and hardening that portion of the applied resin
which constitutes the wall member, and the steps of
removing that portion of the applied resin which is
not hardened.

Thereby, as compared with a case where an

15 inorganic material such as SiN or Si0O is formed into
film to thereby form a wall member, the manufacturing
time is shorted and further, unlike the conventional
wet process, it becomes possible to form thick film of
a thickness of several tens of um.

20 Further, there may be adopted a construction
having the step of effecting the baking of the resin
at a temperature equal to or higher than the fusing
point of the hardened resin after the step of removing
that portion of the applied resin which is not

25 hardened.

Furthermore, there may be adopted a construction

in which the resin contains a solid component of 50 %



wet process, it becones possible to formthick filmof a thickness of
several tens of pm 20 Further, there nmay be adopted a construction ]Q&Ehgs
the step of effecting the baking of the resin at a tenperature equ%l

hi gher than the fusing point of the hardened resin after the step of
renoving that portion of the applied resth which is not 25 hardened.
Furthernore, there may be adopted a construction in which the resin
contains a solid conponent of 50 % 31 DEC2003 - 13 or nore and the average
nol ecul ar wei ght thereof is 10,000 or less. Also, the m nute nechani cal

apparatus of the resent pnvention is_a.mnute nechapi cal appatatus
havi ng a first® sd%gf?a?% okﬂ?h%vgﬁ??gc 0%?Cmg?5hwﬁlgaglfgﬁﬁﬁggrls
constituting a ? @¢ %I Qath is provided, a novabl e nenber supported by
and fixed to iret sUbstrate with one end portion thereof as a free

end with a gap betwgen, it A0dutfieeLi hatnanbstialsed0alsthe Lhguid f1ow

path on the first substfate secon e Jjorned to the upper

surface of thepré@éxkt@Hb@ﬁushaigcaemﬁs@el.ﬂe&néslagf dpbhrgegber 1

constructed by liquid resin of a negative type hardened when exposed to

l'i ght beifg pryy e anﬁllﬁétpgaggws@eoant@ﬂé §uf-fa@@ 8F Hhechi fst
substrate on which the novabl e nenber f or med

wall member constituting a lquld flow path is
provided, a movable member supported by and fixed to
the first substrate with one end portion thereof as a
free end with a gap between it and the first substfate

10 in the liquid flow path on the first substrate, and a
second substrate joined to the upper surface of the
wall member, characterized in that the wall member is
constructed by liquid resin of a negative type
hardened when exposed to light being provided and

15 patterned on that surface of the first substrate on
which the movable member is formed.

Further, preferably the resin may contain a solid
component of 50 % or more and the average molecular
weight thereof may be 10,000 or less.

20 Also, the method of manufacturing a minute
mechanical apparatus of the present invention is a
method of manufacturing a minute mechanical apparatus
having a first substrate on the surface of which a
wall member constituting a liquid flow path is

25 provided, a movable member supported by and fixed to
the first substrate with one end portion thereof as a

free end with a gap between it and the first substrate



Further, preferably the resin may contain a solid conponent of 50 % or
nore and the average nol ecul ar weight thereof may be 10, 000 or Iesi.H@&

Al so, the nethod of manufacturing a mnute nmechanical apparatus of ¢ 2003
present invention is a method of nanufactyring a m nute nmechani cal
apparatus having a first substrate on The*surface of which a wall nenber
constituting a liquid flow path is 25 provided, a novabl e nenber supported
by and fixed to the first substrate with one end portion thereof as a

free end with a gap between it and the first substrate 31 DEC 2003 - 14 in

the liquid flow path pn_the Eiéﬁfpﬁgﬁ;ééa%ﬁﬁ §99?2r53§§9%§t§Ub§£§aée j oi ned

to the upper surface ot It e “wa arac i zed he step of

using resin  oloa,agoaiiyeLyne;bandened YHEn,EXBPoEl-Light As 2 S

material formng the _ applyrn quird resin to that
surface of the,spPstLRber ON-MBEEHret DL HONADLR. "BADST oF SuPLRY! H8diRY SpPin

f -

coating, the step of exposing to |[ight and hardening that portion of the

applied resin yhi §hnEgasi L Uteset RErdBhEd 1ONER BR8N dtd NE1§hePasf a

removing that portion of the "applied resin which is not hardened.
Preferably thengcdByaberagdaphgdthe CRASE IHEhbOR, H3d1 AFpi{Pengt €Re Of

effecting the baking of the resin at a tenperature equal to or higher than
the nelting 151pghid pésihetbatHepeduresca aft et febsteptof orewhitRg
the movable member is provided by spin coating, the
step of exposing to light and hardening that portion
of the applied resin which constitutes the wall
10 member, and the step of removing that portion of the
applied resin which is not hardened.
Preferably there may be adopted a construction
having the step of effecting the baking of the resin
at a temperature equal to or higher than the melting
15 point of the hardened resin after the step of removing

that portion of the applied resin which is not

hardened.

BRIEF DESCRIPTION OF THE DRAWINGS
20 Fig. 1 is a cross-sectional view along the
direction of a liquid flow path for illustrating the
structure of a liquid discharge head which is an
embodiment of the present invention.
Fig. 2 is a cross-sectional view of an element
25 substrate used in the liquid discharge head shown in
Fig. 1.

Fig. 3 is a typical cross-sectional view in which



that portion of the applied resin which is not hardened. BRI EF DESCRI PTI ON
OF THE DRAWNGS 20 Fig. 1 is a cross-sectional view along the di reﬁt]immm

aliquid flow path for illustrating the structure of a liquid disc
head which is an enbodi nent of the present invention. Fig. 2 is a
cross-sectional view of an element 25 sub3tfate used in the Iiquid
di scharge head showmn in Fig. 1. Fig. 3 is a typical cross-sectional view
in which 31 DEC 2003 - 15 the elenent substrate shown in Fig. 2 is
sectioned so as to cut the main elenents of the el enment substrate

| ongi tudi nal l'y_, Fi 4 | Lan_view of a.liguid discharge.h uni t
carrying there%%et%%e ?a§i§u§Fg€ g?géhﬁggdlghg§%' ?nlgigégﬁ}oﬁggsséSA, 5B,
5C, 5D and 5E are. yi Lkl u ' o rQi vabl e
morber on che sl Ereht totne: Path ShEARNEY GeTERD°G dhent SO0 ERERI T %,
met hod of forymng. SN {] on the el enent substrate by the use of a

pl asma CVD appgég ﬁ§$gi$%#ﬂ#'is a viewfor illustrating a nethod of

formng SN filmbypihe wWsesof g19RYvebeNEP0a1PiGRPAT @ ¥Sharge head

ar ge

5 unit carrying thereon the liquid discharge head shown
in Fig. 1.

Figs. 5A, 5B, 5C, 5D and 5E are views for
illustrating a method of forming a movable member on
the element substrate.

10 Fig. 6 is a view for illustrating a method of
forming SiN film on the element substrate by the use
of a plasma CVD apparatus.

Fig. 7 is a view for illustrating a method of
forming SiN film by the use of a dry etching

15 apparatus.

Figs. BA, 8B, 8C and 8D are step cross-sectional
views for illustrating a method of forming movable
members and flow path side walls on the element
substrate.

20 Figs. 9A, 9B and 9C are perspective views for
illustrating the method of forming the movable members
and the flow path side walls on the element substrate,

Figs. 10A and 10B are views for illustrating the
side rinse step at the step of forming the flow path

25 side walls.

Fig. 11 shows the state after the spin coat step

and the side rinse step have been effected at the step



Figs. 8A, 8B, SC and SD are step cross-sectional views for illustrating a
nmet hod of form ng novable nenbers and flow path side walls on the el ement
substrate. 20 Figs. 9A, 9B and 9C are perspective views for illustk é?iﬂfﬂ

the met hod of form ng the novabl e nenbers, _and the flow path side walls on

the el enent substrate. Figs. 10A and 10B Weviews for illustrating the

side rinse step at the step of formng the flow path 25 side walls. Fig.

11 shows the state after the spin coat step and the side rinse step have

been effected at the step 31 DEC2003 - 16 of forming the flow path side

wal I's. Fi S¢ r e view showng aliquid
9. Cszf c?rrgfﬂ% {h& g&&grﬁﬁo‘r@{ Bféépggleig g g

di scharge head accor art g 13 is a partly broken

away perspective vig sfgwi%gaaggﬁpf§ q §£8é4 égﬁr%#88f9v9'§fgﬁrge head

according to the prior art I gs are cross-sectional
views al ong th&l&wiﬁg‘téom@ul@ éi@&h&?%@ ﬁ@éalgcééawﬁgafcbnehé ribﬂu' d

di schargi ng nethod by the "liquid discharge head shown™in . Fig. 15
is a perspectiygerview for illustrating a nethod of nanufacturlng t he
prior-art liquid discharge head shown in Fig. 13.

5 Fig. 13 is a partly broken away perspective view

showing another example of the liquid discharge head
according to the prior art.
Figs. 14A, 14B, 14C and 14D are cross-sectional
views along the direction of a flow path for
10 illustrating the liquid discharging method by the
liquid discharge head shown in Fig. 13.
Fig. 15 is a perspective view for illustrating a
method of manufacturing the pricr-art liquid discharge
head shown in Fig. 13.
15
DESCRIPTION OF THE PREFERRED EMBODIMENTS
As an embodiment applicable to the present
invention, description will now be made of a liquid
discharge head having a plurality of discharge
20 openings for discharging liquid therefrom, a first
substrate and a second substrate joined to each other
to thereby constitﬁte a plurality of liquid flow paths
communicating with the respective discharge openings,
a plurality of energy conversion elements disposed in
25 the respective liquid flow paths to convert electrical
energy into the discharge energy of the liquid in the

liquid flow paths, and a plurality of elements or



15 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS As an enbodi nent applicable to
the present invention, description will now be made of a liquid discharge
head having a plurality of discharge 20 openings for discharging |iduiBEC 2003
therefrom a first substrate and a second substrate joined to each other
to thereby constitute a plurality of Iigutd flow paths commnicating with
the respective discharge openings, a plurality of energy conversion

el enents di sposed in 25 the respective liquid flow paths to convert
electrical energy into the discharge energy of the liquid in the Iliquid

fl ow paths, and, a Iura L 17 electric

ciroults i 11erHagEr REr GhECREhe T PORTBRanghtt REPCFEPN CBRRRPPFng t he

el ectr o of roul FaBEFnEORI FORFEN-EBT PGNP P15t Y S G uBRrT AEE Rrar L RS second
cross- sect i onaP o1 e SYBRGEChED BHPUBEIEN ROt RLSRPAEE (O | S0P paths of
liquid dlschaéESEQP?% *89 ngﬁgggggﬁ %ogﬂtggepggfggt 10 i nventi on.

As shown in Fi |sc as an elenent substrate 1

on whi ch & p'”é@$é£¥a£8”5%d 9H8 Qéc$ﬂh09ub§t§ge&“lh“cS%ﬂor&lt?fwPEﬂt

gener ati ng
the functions thereof.

Fig. 1 is a cross-sectional view along the
direction of the liquid flow paths of a liquid
discharge head which is an embodiment of the present

10 invention.

As shown in Fig. 1, this liguid discharge head
has an element substrate 1 on which a plurality (only
one of which is shown in Fig. 1) of heat generating
members 2 for giving heat energy for creating a bubble

15 in liguid are provided in parallel, a top plate 3
joined onto this element substrate 1, an orifice plate
4 joined to the fore end surfaces of the element
substrate 1 and the top plate 3, and a movable member
6 installed in a liquid flow path 7 constituted by the
20 element substrate 1 and the top plate 3.

The element substrate 1 comprises a substrate of
silicon or the like and silicon oxide f£ilm or silicon
nitride film directed to insulation and heat
accumulation and formed thereon, and electrical

25 resistance layers and wiring constituting the heat
generating members Z and patterned thereon.

A voltage is applied from this wiring to the



menbers 2 for giving heat energy for creating a bubble 15 in liquid are
provided in parallel, a top plate 3 joined onto this el enent substqp§§E@ﬂm3
an orifice plate 4 joined to the fore end surfaces of the el enent

substrate 1 and the top plate 3, and a novable nenber 6 installed in a
liquid flow path 7 constituted by the 20 #Pefrent substrate 1 and the top
plate 3. The el enent substrate 1 conprises a substrate of silicon or the

| i ke and silicon oxide filmor silicon nitride filmdirected to insulation
and heat accunul ation and formed thereon, and electrical 25 resistance

| ayers and mﬁr%fgcggnégit?Egngthgehgggergeg rgﬁépeﬁgegﬁeﬁéinggg Paf%erned

thereon. A voltTagé 15 app Fom t Wi

electrical resi 8€E§c'8¥§£énkomhh%ﬁng%%EQﬁﬁégl SLESLELGCSUILSL T O the

el ectrical resrstance | ayers ereby generati ng nehbh

generate heat.,{begeboPrREahead LEnbLhtERY 5&&HB%¥Q92 ShUEZLL e By O "qu'd

fl ow paths 7 corresponding to the respec Ive neratlng nenbers 2 and

a conmon | i quid chaﬁhsrtog bgatéU§pkgl@srtésngtgabglﬁg 5h§1hfgyi9yflow
paths 7 between it and the el enent substrate 1. Fl ow pat side walls 9

constituting the pheﬁﬁbltxogfpgtﬁglﬂ Eb?%ééﬁoﬂ&iﬂé fo2BHet PEsEEATPPe! | qui d
chanber 8 on the el énent substrate 1 are fornmed Of photosensitive epoxy
resin of a negaitvgeh¥pPetOAgt hemBLEBED! afdbSt £8hfod, 1 8§uMi| hamber

8 for supplying the liquid to the liquid flow paths 7

between it and the element substrate 1. Flow path

side walls 9 constituting the plurality of liquid flow

10 paths 7 and the common liquid chamber 8 on the element
substrate 1 are formed of photosensitive epoxy resin
of a negative type on the element substrate 1, as will
be described later with reference to Fig. 16 and Figs.
9A to 9C.

15 The orifice plate 4 is formed with a plurality of
discharge openings 5 corresponding to the liquid flow
paths 7 and communicating with the common liquid
chamber 8 through the liquid flow paths 7. The
orifice plate 4 is also formed of a silicon material,

20 and is formed, for example, by planing a silicon
substrate formed with the discharge openings 5 to a
thickness of the order of 10 to 150 um. The orifice
plate 4 is not always a construction necessary to the
present invention, and instead of providing the

25 orifice plate 4, a wall corresponding to the thickness
of the orifice plate 4 can be left on the fore end

surface of the top plate 3 when the ligquid flow paths



be described later with reference to Fig. 16 and Figs. 9A to 9C 15 The
orifice plate 4 is formed with a plurality of discharge openings 5
corresponding to the liquid flow paths 7 and comunicating with thé’égﬁﬁﬂﬁ
liquid chanber 8 through the liquid flow paths 7. The orifice plate 4 is
also fornmed of a silicon material, 20 a IS5 formed, for exanple, by

pl aning a silicon substrate forned with the discharge openings 5 to a

t hi ckness of the order of 10 to 150 pm The orifice plate 4 is not always
a construction necessary to the present invention, and instead of
providing the 25 orifice plate 4 wal | correspondj.n p the thickness of
the orifice plat®% %ﬁm%g +%f¥h%n€?3ep#%F% %h n UF?%C L3FP2FEtop plate 3
when the liquid flow hs. 31 DEC2003.-.19,. 7 are formed in the top plate
3 “and the di <era SR DR R R ST RRted et F of e BREHRTE o TheEhy Fhor eby
provide a top plate.fo W I sch e openin The vabl e nenber 6
S cantiIever-§%§i&?%i%n$$?n?ggtls%%gﬁégi%l ac%&%%b?r % i %.?%%éhip wth

t he heat generatinﬂ“g?ﬂygé?gesgeﬁ§e£06digi5Eh§?¥%¥§%ﬁ&g fLOW, Paif 7 into

a first liquid flow pa comuni cating wt i scharge opening 5 and

a second 41 quigh L oueq Pah e dbe YL b NEe DERI o GERES A LA AL, and s
10 formed of a siTicon material such as silicon nitride or silicon oxide.

generating member 2 so as to divide each liquid flow
path 7 into a first liquid flow path 7a communicating
with the discharge opening 5 and a second liquid flow
path 7b having the heat generaitng member 2, and is

10 formed of a silicon material such as silicon nitride
or silicon oxide.

This movable member 6 is disposed at a

predetermined distance from the heat generating member
2 in such a state that it covers the heat generating

15 member 2 at a position facing the heat generating
member 2 so as to have a fulcrum 6a on the upstream
side of a great flow flowing from the common liquid
chamber 8 to the discharge opening 5 side wvia the
movable member 6 by the discharging action of the

20 ligquid, and toc have a free end 6b on the downstream
side with respect to this fulcrum 6a. The space
between the heat generating member 2 and the movable
member 6 is a bubble creating area 10.

When the heat generating member 2 is made to

25 generate heat on the basis of the above-described

construction, the heat acts on the liquid in the

bubble creating area 10 between the movable member 6



Thi s novabl e nenber 6 is disposed at a predeterm ned distance fromthe
heat generating nmenber 2 in such a state that it covers the heat
generating 15 nmenber 2 at a position facing the heat generating nediditC2003
so as to have a fulcrum 6a on the upstreay, side of a great flow flow ng
fromthe comon liquid chanber 8 to the scharge opening 5 side via the
novabl e nmenber 6 by the discharging action of the 20 liquid, and to have a
free end 6b on the downstream side with respect to this fulcrum6a. The
space between the heat generating nenber 2 and the novable nenber 6 is a
bubbl e creatin r 1 heat agin r.2.] de to 25
gener ate heat %%étﬁgebg%?ghggnéﬁgtgﬁgvmgﬁggér?beghgggggt?ugFﬁggé t he heat

acts on the |igyidai gnt bfe PE?Q'EoQi@ﬁ&iﬂﬁ%ﬁ&ﬁénéQ 9§t%?§§t%§ggﬁg¥ﬁ l'e

menber 6 - 20 and the heat generating nenber 2, whereby ased on

the film boil iMa@hgéﬁaﬁﬂeﬂnbsméhSéi‘eiOﬂna\t‘\?roﬁgat g88858kkng nmenber 2,
and grows. Pressure resulting fromthe growth of this bubble 5

preferential | yragtist9Agt heoD¥RB! grovehesr6+hWBi Bhivbse thus di splaced so as
to greatly open toward the discharge opening 5 side about the fulcrum 6a,
as indicated pyebepkrbihing hBtEi @n theByol8BledihéRbasesENLhoEndispl aced
state of the novable nenber 10 6, the propagation of the pressure based on
the creation thuth@ibpbbtedosot B¢ gooytbadiyt pehubblierd the

discharge opening 5 side about the fulcrum 6a, as
indicated by broken line in Fig. 1. By the
displacement or displaced state of the movable member

10 6, the propagation of the pressure based on the
creation of the bubble or the growth of the bubble
itself is directed to the discharge opening 5 side,
and the liquid is discharged from the discharge
opening 5.

15 That is, the movable member 6 having the fulcrum
6a on the upstream side {(the common liguid chamber 8
side) of the flow of the liquid in the ligquid flow
path 7 and having the free end &b on the downstream
side (the discharge opening 5 side) thereof is

20 provided on the bubble creating area 10, whereby the
direction of propagation of the pressure of the bubble
is directed to the downstream side, and thus the
pressure of the bubble directly and efficiently
contributes to the discharge. The direction of growth

25 itself of the bubble, like the direction of
propagation of the pressure, is also directed in the

downstream direction, and the bubble grows more



itself is directed to the discharge opening 5 side, and the liquid is

di scharged fromthe discharge opening 5. 15 That is, the novable ggnqﬁg 6
having the fulcrum 6a on the upstream side (the common liquid cha dr 2003
side) of the flow of the liquid in the Iiggid flow path 7 and having the

free end 6b on the downstream side (the sCharge opening 5 side) thereof
Is 20 provided on the bubble creating area 10, whereby the direction of
propagation of the pressure of the bubble is directed to the downstream
side, and thus the pressure of the bubble directly and efficiently

contributes toLRe.dySchALAE. allRsUILan! LOROAALOWEN AR LESELLAR! the

bubbl e, 1ike t Ae ction of propagation of the pressure; 1S a

directed in the;sdowngt.r I ti an hg . e g 31 DEC
2003 - 21 greg%Fg'onﬁ%hggggagéggeggggﬁdeqpﬁaﬁ1ggg?kgnu%gt ggﬁ?ﬁside. As

described abovershhe dier @8kl 80pBLedi SW-Bntirbitkh Bizl the hebhbgel s

controlled by the novable nenber to thereby contrdl the direction of

propagation 5 gémbAe RbeehBrenyf chbherBibkhe. awkerebynf BRIgFBRLELtion
di schargi ng characteristics such as the discharge efficiency and the

di schargisg fopeetne phesdusehargenespessleanyherbipr eugdamGRtkile ot her
hand, when the bubble enters the 10 disappearing step, the bubble rapidly
di sappears by discharging characteristics such as the discharge
efficiency and the discharging force or the discharge
speed can be improved.
On the c¢ther hand, when the bubble enters the
10 disappearing step, the bubble rapidly disappears by
the combined effect with the elastic force of the
movable member 6, and the movable member 6 finally
returns to its initial position indicated by solid
line in Fig. 1. At this time, in order to make up for
15 the contracted volume of the bubble in the bubble
creating area 10 and the make up for the discharged
volume of the liquid, the liquid flows in from the
upstream side, i.e., the common liquid chamber 8 side,
whereby the refilling of the liquid flow path 7 with
20 the liquid is effected, and this refilling with the
liguid is effected efficiently and rationally and
stably with the returning action of the movable member
6.
Also, the liquid discharge head of the present
25 embodiment has circuits and elements for controlling
the driving of the heat generating members 2. These

circuits and elements are divisionally disposed on the



t he conbined effect with the elastic force of the novable nenber 6, and
the novabl e nmenber 6 finally returns to its initial position indic%f?@E?ﬂmj
solid linein Fig. 1. At this time, in order to nake up for 15 the
contracted volune of the bubble in the bubble creating area 10 and the
make up for the discharged volune of thez?iauid, the liquid flows in from
the wupstreamside, i.e., the common |liquid chanber 8 side, whereby the
refilling of the liquid flow path 7 with 20 the liquid is effected, and
this refilling with the liquidis effected efficiently and rationally and

stably With the) LRLHENLO0oRELERD 1 Ohe! RAoMBYBPEEAFEMECEn Ocoptk g Ehe |1 aul d

di scharge head o e present enbo as Cifcuits an nts for

control l'ing thﬁlgﬁ'¥h59fBBcEQSnQe§BeQEBQrat igome dg%gngﬁébfgg aﬁPrCUitS

and el enents are divisionally disposed on the 3'1 enent

substrate 1 orei8geh®B Eéﬁt§e3fb9mEQnE9§HR¥YanM‘&Dn&9§l§uﬂﬁttﬁésugger30f
Al so, these circuits and elenents can be Torned easily and mnutely by the

use of the SeﬁfCQHQU§éﬂic$ﬁ&ﬁ&t8£0ﬁ§§ért§§88é9§et8§ﬁﬁﬂ§§e5bé8§u§ée”9nt
substrate 1 and the top plate 3 are formed of a silicon materi al

Descri pti®n w theherensatt enbberasdelobnihehestopChusceol she ebereat
substrate 1 fornmed by the use of the sem conductor wafer process
t echni que. of a silicon material.

Description will hereinafter be made of the
structure of the element substrate 1 formed by the use
of the semiconductor wafer process technique.

10 Fig. 2 is a cross-sectional view of the element
substrate used in the liguid discharge head shown in
Fig. 1. As shown in Fig. 2, in the element substrate
1 used in the liquid discharge head of the present
embodiment, heat-oxidized film 302 as a heat

15 accumulating layer and inter-layer film 303 serving
also as a heat accumulating layer are layered in the
named order on the surface of a silicon substrate 301.
510, film or Si;N, film is used as the inter-layer film
303. A resistance layer 304 is partly formed on the

20 surface of the inter-layer film 303, and wiring 305 is
partly formed on the surface of the resistance layer
304. Al alloy wiring of Al-Si, Al-Cu or the like is
used as the wiring 305. Protective film 306
comprising S$i0O, film or Si,N, film is formed on the

25 surfaces of the wiring 305, the resistance layer 304
and the inter-layer film 303. Cavitation resisting

film 307 for protecting the protective film 306 from



10 Fig. 2 is a cross-sectional view of the elenent substrate used in the

| i qui d di scharge head shown in Fig. 1. As shown in Fig. 2, in the ghagﬁgmm
substrate 1 used in the liquid discharge head of the present enbodi )
heat - oxi di zed fil m 302 as a heat 15 accynﬁgating | ayer and inter-layer film
303 serving also as a heat accunul ating yer are layered in the naned
order on the surface of a silicon substrate 301. SIQ2 filmor Si3N4 film
is used as the inter-layer film 303. A resistance |layer 304 is partly
formed on the 20 surface of the inter-layer film303, and wiring 305 is

artly fornmed u o ; | : alloy wiring
of AlLSi . A1-63Q3$ﬂ§%£ %éges?gélﬁggdégébﬁﬁ2955?%ﬁ%ﬁgogﬁgﬁrBﬁéctive film 306

conpri si ng 3<¥é££iﬁ@c%fE%ﬁémrégigkgﬁcé01g§9r0@oahfs £orndfaaesngl the
wiring 305, the resisStance layer 304 and the inter-layer film 303.

Cavitation resisbhig thatp3P¥ibAroPr BhECELAPatbCo P PHECHI YL PR 306 from
31 DEC2003 - 23 chem cal and physical shocks resulting fromthe heating

of the resistanceml 3yerwsddnhi sSot pe8pen@s endthar pesdstante poayépn of the
surface of the protective film 306 which corresponds to the resistance

| ayer 5 3D4. Th@d. arthaofatbe sfirtheesoffabe oestséaneeistyece BAdgeon which
the wiring 305 is not formed is a heat acting portion 308 which is a
portion on whidbdtte wheah bhetheriegi 30ante hayefoB@ddatssa heat
acting portion 308 which is a portion on which the
heat of the resistance layer 304 acts.
The film on this element substrate 1 is formed on
10 the surface of the silicon substrate 301 by the
semiconductor manufacturing technique, and the heat
acting portion 308 is provided on the silicon
substrate 301.
Fig. 3 is a typical cross-sectional view in which
15 the element substrate 1 as shown in Fig. 2 is
sectioned so as to cut the main elements of the
element substrate longitudinally.
As shown in Fig. 3, an N type well area 422 and a
P type well area 423 are partly provided on the
20 surface layer of the silicon substrate 301 which is a
P conductor. By the use of a general Mos process,
P-Mos 420 and N-Mos 421 are provided on the N type
well area 422 and the P type well area 423,
respectively, by the introduction and diffusion of
25 impurities such as ion implantation. P-Mos 420 is

comprised of a source area 425 and a drain area 426

formed by N type or P type impurities being partly



The filmon this el ement substrate 1 is fornmed on 10 the surface of the
silicon substrate 301 by the sem conductor manufacturing technique 1&?
the heat acting portion 308 is provided on the silicon substrate éé 2003
Fig. 3is a typical cross-sectional view#h which 15 the elenent substrate
1 as shown in Fig. 2 is sectioned so as to cut the main elenents of the

el ement substrate longitudinally. As shown in Fig. 3, an N type well area
422 and a P type well|l area 423 are partly provided on the 20 surface |ayer

Ceneral “\bs. oriREEgALaE FRte TEhE bR R a%"f@rifé%"%m?ﬁ “ﬁﬁ“ﬁﬁﬁk type
1

o oducti on oRbfa 182 BAPE WBLINGT B35 160108 SRRREH ¥R ef ?a%?af.on

P-Mbs 420 is gcoumprised; of 8¢S eHECR ggtﬁé%a&ge% &éégo(g,ééégg for med

by N type or P type |npur|t|es ei ng I 'nt roduced
into the surfage,layesroh ihs Ja\héyeﬁ?vefémaéeea@z r§0ge 435 piled

up on the surface of that portion of the N type me?l area 4 except t he
source arga 42pnatatiegdedin ar8andvbnd hs ougc Rt 8s Sof nse-aksng fil m 428

having a thickness of several hundreds of A etc. Also, N-Ms 421 is
conprised of ahus@tese afeh, 42bcandansdy annvas esn ¥ 26s f @smpei S¥a bt yge
source area 425 and a drain area 426 formed by N type
or P type impurities being partly introduced into the
surface layer of the P type well area 423, gate wiring
10 435 piled up on the surface of that portion of the P
type well area 422 except the source area 425 and the
drain area 426 through gate insulating film 428 having
a thickness of several hundreds of A, etc. The gate
wiring 435 is formed of polysilicon of a thickness of
15 4000 A to 5000 A piled up by the CVD method. C-Mos
logic is comprised of the P-Mos 420 and the N-Mos 421.
An N-Mos transistor 430 for driving an
electro-thermal conversion element is provided on that
portion of the P type well area 423 which differs from
20 the N-Mos 421. The N-Mos transistor 430 is also
comprised of a source area 432 and a drain area 431
partly provided on the surface layer of the P type
well area 423 by the steps of introducing and
diffusing impurities, gate wiring 433 piled up on the
25 surface of that portion of the P type well area 423
except the source area 432 and the drain area 431

through the gate insulating film 428, etc.



or Ptype inpurities being partly introduced into the surface |ayer of the
P type well area 423, gate wiring 10 435 piled up on the surface ofzﬁﬂgtzmw
portion of the P type well area 422 except the source area 425 and“t

drain area 426 through gate insulating fipg 428 having a thickness of
several hundreds of A, etc. The gate wring 435 is forned of polysilicon
of a thickness of 15 4000 A to 5000 A piled up by the CVD nethod. C Ms
logic is conprised of the P-Mds 420 and the N-Mos 421. An N-Mos transistor
430 for driving an electro-thermal conversion elenent is provided on that
portion of the P tygeilel inatha g28sehtchmbofiieestfrone 2OMbse N Mos 421.
The N-Mbs transistor 430 is al so conprised of a source area 432 and a drain
area 431 parttyapsbeytded4d6 fiheusadfasethaytran$isher Pfoypérivwehg area 423
by the steps of introducing and diffusing inpurities, gate wiring 433

pi l ed up on t heh@beteetaeetbermpdt cpovershonf elqpertt ypeewerinaiebon23
except the source area 432 and the drain area 431 through the gate

insul ating fil#F428t BeELTr3g¢tefCctoobBis brangpsteri hfthe pfedent

enbodi ment, the NNMbs transistor 430 is used as the _transistor for driving
the el ect?o-t heFARFL1EbATelaVbNTerBReftPaPheltY affi $P8VidYaheY restricted
to this transistor if it s a .5 transistor having the capability of

individual ly UrtVing a Biuratity of efectro-therhal conversion

elements and capable of obtaining the minute structure
as described above.
Between the elements such as between the P-Mos

i0 420 and the N-Mos 421 and between the N-Mos 421 and
the N-Mos transistor 430, an oxidized film separating
area 424 is formed by field oxidization of a thickness
of 5000 A to 10000 A, and the elements are separated
by the oxidized film separating area 424. That-

15 portion of the ozxidized film separating area 424 which
corresponds to the heat acting portion 308 plays the
role as the first heat accumulating layer 434 as
viewed from the surface side of the silicon substrate
301.

20 Inter-layer insulating film 436 comprising PSG
film or BPSG film having a thickness of about 7000 A
is formed on the surface of each of the P-Mos 420, the
N-Mos 421 and the N-Mos transistor 430 by the CVD
method. After the inter-layer insulating film 436 has

25 been flattened by heat treatment, wiring is effected
by an Al electrode 437 which is a first wiring layer

through a contact hole extending through the



el ements and capabl e of obtaining the mnute structure as described above.
Bet ween the el enents such as between the P-Mos 10 420 and the N-Nb§14ﬁ$ 003
and between the N-Mbs 421 and the N-Ms transistor 430, an oxidized 'fi %
separating area 424 is formed by field_q?édization of a thickness of 5000
A to 10000 A, and the elements are separated by the oxidized film
separating area 424. That 15 portion of the oxidized filmseparating area
424 which corresponds to the heat acting portion 308 plays the role as
the first heat accunulating |ayer 434 as viewed fromthe surface side of

the silicon sup§5é€%F%¥ 1in§91é9%§%k£§yﬁr%?@Z%%ﬁt£@%d%5é€1436 conpri sing

PSG filmor BPSG aving at ness ut Is fornmed on the

surface of eacthof14bend- Mosm 4295 . t Nentdr Msyd21i A0sh 4 Hendt sy tiggsi st or
430 by the CVD nethod. After the inter-layer insulating Tilm 436 has 25

been fl atteneddwpheaindread tlm WMaitg =S @fifgeiead dy an Al e!ectrode
437 which is a first wiring layer through a contact hol e extending through

the 31 DEC 2008060@6A tat eSe0@yAriénsotaéd nen fthen 436f aisk the ams e
insulating film428. Inter-layer insulating film438 conprising SiQ2 film
havi ng a 3 hi ckivessr-ofagdfp0indulaotis900i Bni 4636 cam®deiod AheaBarfrsds of the
5 inter-layer insulating film436 and the Al el ectrode
437 by the plasma CVD method. A resistance layer 304
comprising TaN,, .. film having a thickness of about
1000 A is formed on that portion of the surface of the
inter-layer insulating film 438 which corresponds to
10 the heat acting portion 308 and the
N-Mos transistor 430 by the DC sputter method.
The resistance layer 304 is electrically connected to
the Al electrode 437 near the drain area 431 through a
through-hole formed in the inter-layer insulating film
15 438. Al wiring 305 as a second wiring layer which
provides wiring to each electro-thermal conversion
element is formed on the surface of the resistance
layer 304.
Protective film 306 on the surfaces of the wiring
20 305, the resistance layer 304 and the inter-layer
insulating film 438 comprises Si,N, film having a
thickness of 10000 A formed by the plasma CVD method.
Cavitation resisting film 307 formed on the surface of
the protective film 306 comprises film of Ta or the
25 like having a thickness of about 2500 A.

When the liquid discharge head obtained in this

manner is to be carried on a head cartridge or a



437 by the plasma CVD nethod. A resistance |ayer 304 conprising TaNO. 8,
hex filmhaving a thickness of about 1000 Ais forned on that portign g{
the surface of the inter-layer insulating film 438 which corresponé§ P& 2068
the heat acting portion 308 and the N-Msy4ransistor 430 by the DC sputter
met hod. The resistance layer 304 is electrically connected to the Al
el ectrode 437 near the drain area 431 through a through-hole forned in the
inter-layer insulating film 15 438. Al wiring 305 as a second wiring |ayer
whi ch provides wiring to each electro-thermal conversion elenent is forned
on the surfaceldfuidedieshatgecepphayens304t Psotegédventol &1 BQGeon the
surfaces of the wiring 20 305, the resistance |ayer 304 and the
inter-layer iosbhsatang 221 onddRichnar psest&Sa3Mdringnshboytngte 28higkness
of 10000 A forned by the plasma CVD nethod. Cavitation resisting film 307
fornmed on the sarfaes@, odndt he padeethtueaf Lligqud@6dtsopargeshéatinuaitTa or
the 25 |Ii ke having a thickness of about 2500 A. Wen the liquid discharge
head obt ai ned 20, t&$sshawnnén Figt odbe EarFied ép a bbadatatyrofige or a 31
0 EC 2003 - 27 liquid discharge apparatus, it is fixed onto a base
substrat €522 omiwhighratpernseddweteagrsodslyacenagcted tarthedheadd is
made into a |iquid discharge head unit 20, as shown in Fig. 4. In Fig. 4,
a plurality ofcontrolling portion of the liquid discharge apparatus
are provided on the printed wiring substrate 23, and
these wiring patterns 24 are electrically connected to
external contact pads 15 through bonding wires 25.
10 The external contact pads 15 are provided on only the
element substrate 1 and therefore, the electrical
connection between the liquid discharge head 21 and
the outside can be made in a manner similar to that in
the prior-art liquid discharge head. While herein,
15 the external contact pads 15 have been described as
being provided on the element substrate 1, they may be
provided not on the element substrate 1, but on only
the top plate.
Description will now be made of a method of
20 manufacturing the movable member on the element
substrate which utilizes the photolithography process.
Figs. 5A to 5E are views for illustrating an
example of the method of manufacturing the movable
member 6 on the liguid discharge head described with
25 reference to Fig. 1, and in Figs. 5A to 5E, there is

shown a cross-section along the direction of the flow

path of the liquid flow path 7 shown in Fig. 1. 1In



5 wring patterns 24 electrically connected to the head controlling
portion of the liquid discharge apparatus are provided on the prin%?%

Wi ring substrate 23, and these wiring patterns 24 are electrically EC 2003
connected to external contact pads 15 thggugh bonding wires 25. 10 The
external contact pads 15 are provided on only the elenent substrate 1 and
therefore, the electrical connection between the |iquid discharge head 21
and the outside can be made in a nmanner simlar to that in the prior-art
l'iquid di scharge head. Wile herein, 15 the external contact pads 15 have

been describedigs nbalREcRLLYhHeH®RoENEcCheMBRLsYBHT gienl, they may be
provi ded not on the elenent substrate 1, but on only the top plate.

Description w pbropunbe #Bdeighk, asgetBodrof théOmapasiackenbag he novable
menber on the el ement substrate which utilizes the photolithography

process. Figs.r6Ant@ 8k 8he ¥ilewmenktokubkkusteali agaasheexasp! paeh the
nmet hod of manufacturing the novable nenber 6 on the Iiquid discharge head

descri bed withs28erghtlencerinedFog. the 868 phatbgareSAciAeBEroyBeneri s
shown a cross-section along the direction of the flow path of the liquid
fl ow pat h57 showntharébg. mdnukac8trBEEN2003quid8dishrargauhaaduoiEng nmet hod
to be described wwth reference to Figs. 5A to 5E, the novabl e nenber 6
fornmed on the thenennstsubstianeshoandinh&ifl ow. pabhcordingly, in
this manufacturing method, the flow path side walls
are made in the top plate before the top plate is
joined to the element substrate 1 on which the movable
10 member 6 is made.
First, in Fig. 5A, on the whole of that surface
of the element substrate 1 which is adjacent to the
heat generating member 2, TiW film 76 as a first
protective layer for protecting a connecting pad
15 portion for making electrical connection to the heat
generating member 2 is formed to a thickness of about
5000 A by the sputtering method.
Next, in Fig. 5B, on the surface of the TiW film
76, Al film for forming a gap forming member 7la is
20 formed to a thickness of about 4 ym by the sputtering
method. The gap forming member 71la extends to an area
in which SiN film 72a is etched at the step of Fig. 5D
which will be described later.
The formed Al film is patterned by the use of the
25 well known photolithography process, to thereby remove

only that portion of the Al film which corresponds to

the supported and fixed portion of the movable member



side walls forned on the top plate are joined together 5 to thereby

manuf acture the liquid discharge head of the construction shown in Fig. 1.
Accordingly, in this manufacturing nethod, the flow path side wall$§] {003
made in the top plate before the top platgis joined to the el enent
substrate 1 on which the novable 10 nmenber 6 is made. First, in Fig. 5A
on the whole of that surface of the elenent substrate 1 which is adjacent
to the heat generating nenber 2, TiWfilm76 as a first protective |ayer
for protecting a connecting pad 15 portion for making electrical connection

to the heat 9§Peéﬁ&iﬂﬂen§ﬁgefogmiﬁ fRedBErt 918 181 £kArss &h eheut 5000 A
by the sputtering nethod. xt, in Fig. 5B, on the surface of the TiWfilm

76, Al filmfosufpisdngsargaprinr Fing perberndda tiat 200f 01HR U0t OtRe
t hi ckness of about 4 mby the sputtering nethod. The gap form ng nenber 7la

extends to an @iffacénophted BiW filin 72awhscktebetesporde sbephef Fig. 5D
which will be described later. The fornmed Al filmis patterned by the use
of the 25 weldsuponephahdl £ikedraphyipnocesshe twotiiel ebyemieapve only
that portion of the Al filmwhich corresponds to the supported and fixed
portion d theeoyedtcexpobed. 31TRESC @903ferRifg wembed The gap form ng
menber 7la is formed on the surface of the TiWfilm76. Thus, that portion
of the comprises Al film for forming the gap between the
element substrate 1 and the movable member 6. The gap
forming member 7la is formed on all of that portion of
the surface of the TiW film 76 including a position
10 corresponding to the bubble creating area 10 between
the heat generating member 2 and the movable member 6
shown in Fig. 1 and excluding the portion
corresponding to the supported and fixed portion of
the movable member 6. Accordingly, in this
15 manufacturing method, the gap forming member 7la is
formed to that portion of the surface of the TiW film
76 which corresponds to the flow path side walls.
This gap forming member 7la, as will be described
later, functions as an etching stop layer when the
20 movable member 6 is formed by drying etching. This is
because the TiW film 76, the Ta film as the cavitation
resisting film on the element substrate 1 and the SiN
film as the protective layer on the resistance member
are etched by an etching gas used to form the liquid
25 flow path 7, and in order to prevent the etching of

those layers and film, such a gap forming member 7la

iz formed on the element substrate 1. Thereby, the



surface of the TiWfilm 76 which corresponds to the supported and fixed
portion of the novable nenber 6 5 becones exposed. This gap form ng nenb

7la conprises Al filmfor forming the gap between the el enent subsiiéﬁ&?ﬂﬂ
and the novabl e nenber 6. The gap forning?nenber 7la is formed on all of

that portion of the surface of the TIWfiITm 76 including a position 10
corresponding to the bubble creating area 10 between the heat generating
menber 2 and the novabl e nmenber 6 shown in Fig. 1 and excluding the
portion corresponding to the supported and fixed portion of the novable

menber 6. AccosdiRgEY, oENthhi &1kSrMBAULACEEr LAY BRbHSE &Héngéﬁefaw ng
menber 7la is forned to that portion of the surface of the TiWfilm 76

whi ch cor respogdsnifgt Be £hewspat bisindesvakksctdli s0988rhoAkNg menber 71a,
as will be described later, functions as an etching stop |ayer when the 20

nmovabl e nenbermévabléonsRbeby6dr ¥hagtReChhpgry TBESthe Tbecausg yhe TiWfilm
76, the Ta filmas the cavitation resisting filmon the el enent substrate
1 and the Si N afidl thasfthetponhkcélepehayeinobhéhelemehst aobetpraher are
etched by an etching gas used to formthe liquid 25 flow path 7, and in
order to prevebpy the dtghenhghohg fhopeelagted apdthel gapsfiohmangap form ng
menber 7la is forned on the el enent substrate 1. Thereby, the 31 DEC 2003
- 30 surface membée TIQ/film 76 is not exposed when the dry

Next, in Fig. 5C, on the whole of the surface of
the gap forming member 71la and the whole of the
exposed surface of the TiW film 76, SiN film 72a

10 having a thickness of about 4.5 pm which is material
film for forming the movable member 6 is formed so as
to cover the gap forming member 7la, by the use of the
plasma CVD method. Here, when the SiN film 72a is to
be formed by the use of a plasma CVD apparatus, as

15 will be described next with reference to Fig. 6, the
cavitation resisting film formed of Ta provided on the
element substrate 1 is grounded through the silicon
substrate or the like constituting the element
substrate 1. Thereby, the functional elements such as

20 the heat generating members 2 and a latch circuit in
the element substrate 1 can be protected against the
charges of ion species and radicals decomposed by the
plasma discharge in the reaction chamber of the plasma
CVD apparatus.

25 As shown in Fig. 6, an RF electrode 82a and a
stage 85a opposed to each other at a predetermined

distance are provided in the reaction chamber 83a of



etching of the SINfilmis effected to formthe novable nenber 6, and the
injury of the TiWfilm76 and the functional elenents in the el enent
substrate 1 5 by the dry etching is prevented by the gap form ng n%npﬁftzmu
7la. Next, in Fig. 5C, on the whole of the surface of the gap form‘ng
menber 7la and the whole of the exposed 3lrtace of the TiWfilm76, SiN
film72a 10 having a thickness of about 4.5 pmwhich is material filmfor
form ng the novable member 6 is formed so as to cover the gap formng
menber 7la, by the use of the plasnma CVD nethod. Here, when the S|N f|Im

r2ais to be {RCTBALD t&enuapgggﬁgggggagﬁf%ﬂ Pghat sy 8%, 15%“ L De

descri bed next W er ence cav Fon"resi's

formed of Ta pPAoybiedg@niLhgppeted®el $HOSKEALLedriSad! 850980 LA QKON the

silicon substrate or~the constrtutrng t enent ate 1

Ther eby, the fﬂBQéfogébpfkeﬁ?Qt§u§993ea§h§0ré9§t58ﬁt ﬂSHBé@ts§9 renbers 2

and a latch circuit in e el enent substrate can e protecfed agai nst

the charges opni @ReSHEREEShARA, reﬂéCéhéméﬁ90§99§€Pa9¥ ihes RLASEBA
di scharge in the reaction chanber of the plasma CVD apparatus. 25 As shown

in Fig. 65 an & eheetsedeadlacandha sehgaes8aawRPERSEd L@886Rt0ther at a
predeterm ned distance are provided in the reaction chanber 83a of 31 DEC
2003 - 31 the RF electrode 82a, and that surface of the element
substrate 1 which is adjacent to the heat generating
member 2 is opposed to the RF electrode 82a. Here,
the cavitation resisting film comprising Ta formed on
10 the surface of the heat generating member 2 the
element substrate 1 has is electrically connected to
the silicon substrate of the element substrate 1, and
the gap forming member 71la is grounded through the
silicon substrate of the element substrate 1 and the
15 stage 85a.

In the plasma CVD apparatus constructed as
described above, a gas is supplied into the reaction
chamber 83a through a supply tube 84a in a state in
which the cavitation resisting film is grounded, and

20 plasma 46 is generated between the element substrate 1
and the RF electrode 82a. Ion species and radicals
decomposed by plasma discharge in the reaction chamber
83a are piled up on the element substrate 1, whereby
the SiN film 72a is formed on the element substrate 1.

25 At that time, charges are generated on the element
substrate 1 by the ion species and radicals, but by

the cavitation resisting film being grounded as



t he plasma CVD apparatus for formng the SINfilm72a. A voltage is
applied to the RF electrode 82a by an RF power supply 8la outside %he
reaction chamber 83a. On the other hand, the el enent substrate 1 is3rolfft85
5 on that surface of the stage 85a which gg adjacent to the RF el ectrode
82a, and that surface of the elenent substrate 1 which is adjacent to the
heat generating nenber 2 is opposed to the RF el ectrode 82a. Here, the
cavitation resisting filmconprising Ta fornmed on 10 the surface of the
heat generating nmenber 2 the elenent substrate 1 has is electrically
connected to thecsibedoabsuiest thee foncttienellemdemestiss sueheat, thed the
gap form ng nenber 7l1a is grounded through the silicon substrate of the

el enent subst r heatl ggngrekd ngl &lemegd sg2a andn thige lpitgbnaicyBidppar at us
constructed as described above, a gas is supplied into the reaction
chamber 83a t htbggRlemenspsybeksatesd pacarseyeated fwRMcReLRE cavitation
resisting filmis grounded, and 20 plasma 46 is generated between the

el enent substr dRduredaRy the RPagpP&st PEddhg240n SReshes esdand radi cal s
deconpose% by Elgsna di scharge in the reaction chanber 83a are piled up on
the el emedt sub80r5PéSt, whereby the SiNfilm72a is formed on the el enent

substrate 1. 25 At that ti.ne .char%esaﬁrg.genera%ed on the el enent
substrate 1 by the ['6f “spdli E49and®raditcdrd™ 5t TBY™fh&OcAvi t at i on

resisting filnkﬁghﬂgeggoggdggoﬁ% %&OBEQ %go%he surface of the SiN

film 72a by the sputtering method, whereafter the
formed Al film is patterned by the use of the well

10 known photolithography process, and Al film {not
shown) as a second protective layer is left on that
portion of the surface of the SiN film 72a which
corresponds to the movable member 6. The Al film as
the second protective layer becomes a protective layer

15 (etching stop layer), i.e. a mask, when the dry
etching of the SiN film 72a is effected to form the
movable member 6.

Then, by the use of an etching apparatus using

dielectric coupling plasma, the SiN film 72a is

20 patterned with the aforementioned second protective
layer as a mask, to thereby form the movable member 6
constituted by the left portion of the SiN film 72a.
In the etching apparatus, mixed gases of CF, and 0, are
used, and at the step of patterning the SiN film 72a,

25 as shown in Fig. 1, the unnecessary portion of the SiN
film 72a is removed so that the supported and fixed

portion of the movable member 6 may be directly fixed



- 3 2 - described above, the functional elenents such as the heat
generating elenents 2 and the latch circuit in the el enent substraggﬂjE %%
prevented frombeing injured by the charges of the ion species and C 200
radicals. Next, in Fig. 5D, Al filmis fogped to a thickness of about 6100
A on the surface of the SIN film72a by the sputtering nmethod, whereafter
the fornmed Al filmis patterned by the use of the well 10 known

phot ol i t hography process, and Al film (not shown) as a second protective

| ayer is left on that portion of the surface of the SiN film 72a which
corresponds t otd heheoebishentesbestBatdhe. Al Tiw | whiash idetlsecond protective
| ayer becones a protective |ayer 15 (etching stop layer), i.e. a mask, when
the dry etchiognefithensi datérha¥2afi thefpadtpdotectbrgn tdger novdbl e
menber 6. Then, by the use of an etching apparatus using dielectric

coupl i ng pl asnée wihkclsi Nsfthen goastitoenpanztentail vwi htheecaf brabeeri oned
second protective |ayer as a mask, to thereby formthe novabl e nenber 6
constituted byreHESTErg PpblRi0h bhretptepRrfsEhsyDATe } BX¥%e et ching
apparatus, m xed gases_of CF4 and O2 are wused, and at the step of
patterniny t hee@heined ¥DathescersEhBUART Maferial ehethpinmetes’byy portion
of the SIN film72a is renpved so that the suplg)orted and fixed., portion of
the novabl e neTDRIAGEHRY BT B PRCPPIWEFRete supported and fixed

portion of the movable member 6 and the element
substrate 1.
Here, when the SiN film 7Z2a is to be etched by

10 the use of a dry etching apparatus, the gap forming
member 7la is grounded through the element substrate 1
or the like as will be described next with reference
to Fig. 7. Thereby, the charges of ion species and
radicals produced by the decomposition of CF, gas

15 during dry etching can be prevented from staying on
the gap forming member 7la to thereby protect the
functional elements such as the heat generating
elements 2 and the latch circuit in the element
substrate 1. Also, in a portion exposed by the

20 unnecessary portion of the SiN film 72a being removed
at this etching step, i.e., an etched area, the gap
forming member 7la is formed as described above and
therefore, the surface of the TiW film 76 is not
exposed and the element substrate 1 is reliably

25 protected by the gap forming member 71la.

As shown in Fig. 7, an RF electrode 82b and a

stage 85b opposed to each other with a predetermined



31 DEC 2003 - 33 to the elenent substrate 1. TiWwhich is the constituent
material of the pad protecting layer and Ta which is the constituent
material of the cavitation resisting filmof the element substratel1 Daf ¢p
contained in the constituent material of the closely contacting portion
bet ween the supported and fixed portion 3t the novable menber 6 and the
el ement substrate 1. Here, when the SINfilm72a is to be etched by 10
the use of a dry etching apparatus, the gap formng nenber 7la is grounded
t hrough the el enent substrate 1 or the like as will be described next with
reference to Fig, 7. Thereb t he charges of ign,species and, radicals
produced by th l%E%Bﬁ%oEP?F%ﬁéBVe%?4aﬁﬁspE%Vﬂﬂ? nyP dFe eFeRFRYPRan be
revented fromstayin h ap_form menber 7la to there r ot ect
Phe. “Tuncti onat enirEap e satnthe “Bre FELE Lad EParFALTs cPefurrerindng the
| atch circuit £Het§fNe%ffEn5?aSUb§trﬁﬁf?%%]ﬁ%zgggifeg Pgr£ﬁ%nR§xposed by

the 20 unnecessary portion o the™s’ I'ng renove at this
oLhund, Shel Safaendle hElcty bR DB Bera bRy B EILE L ike, Lo e
e womoer ToSETEE RUMELE bl | 8n” ELLEHICZ NS, e Pindhe oo
substrate 1 is mounted on that surface of the stage
B85b which is adjacent to the RF electrode 82b, and
that surface of the element substrate 1 which is
adjacent to the heat generating member 2 is opposed to
10 the RF electrode 82b. Here, the gap forming member
71la comprising Al film is electrically connected to
cavitation resisting film formed of Ta provided on the
element substrate 1, and the cavitation resisting film
is electrically connected to the silicon substrate of
15 the element substrate 1, as previously described, and
the gap forming member 7la is grounded through the
cavitation resisting film and the silicon substrate of
the element substrate 1 and the stage 85b.
In the dry etching apparatus constructed as
20 described above, mixed gases of CF, and 0, are supplied
into the reaction chamber 83a through a supply tube
84a with the gap forming member 7la grounded, and the
etching of the SiN film 72a is effected. At that
time, charges are produced on the element substrate 1
25 by ion species and radicals produced by the
decomposition of the CF, gas, but as described above,

the gap forming member 7la is grounded, whereby the



stage 85b opposed to each other with a predeterm ned 310 E C 2003 - 34

di stance therebetween are provided in the reaction chanber 83b of the dry
etching apparatus for etching the SIN film72a. A voltage is appli&d §fg 2003
the RF el ectrode 82b by an RF power supphy 81b outside the 5 reaction
chanmber 83b. On the other hand, the el enen substrate 1 is nounted on that
surface of the stage 85b which is adjacent to the RF el ectrode 82b, and
that surface of the elenment substrate 1 which is adjacent to the heat
generating nmenber 2 is opposed to 10 the RF el ectrode 82b. Here, the gap

form ng nmenberfuddeienaprbsenentt ELEM k§ ehecheheagbieegbnggted to
cavitation resisting filmforned of Ta provided on the elenent substrate

1, and the caviémbéps reshatthg fatoh tsreleetihcahbyetenaneted to the
silicon substrate of 15 the el enment substrate 1, as previously described,
and the gap feoubshgatenbeardlpresegtedndedmt beonghihheredapit ahion
resisting filmand the silicon substrate of the elenent substrate 1 and
t he stage 85b.charghds dfytkéchongspppaeat asdcpadicatsed as 20 descri bed
above, m xed gases of CF4 and 02 are supplied into the reaction chanber
83a t hrough a supplyhilbein8thewptraseht gapoflbmanhg tbebeixédaggsesnded,
and the etching of the SINfilm72a is effected. At that tine, charges
are produced onft®B, elrghdht asebesedt @sl1the bysi snpppéedednsndthadi cal s
produced by the
reaction chamber 83a, CF, gas or C,F, gas with which 0,
is not mixed, or mixed gases of C,F, and 0, may also be
used.
10 Next, in Fig. 5E, the second protective layer
comprising Al film formed on the movable member 6 and
the gap forming member 7la comprising Al film are
eluted and removed by the use of mixed acids of acetic
acid, phosphoric acid and nitric acid, and the movable
15 member & is made on the element substrate 1.
Thereafter, those portions of the TiW film 76 formed
on the element substrate 1 which correspond to the
bubble creating area 10 and the pads are removed by
the use of hydrogen peroxide.
20 The element substrate 1 on which the movable
member & is provided is manufactured in the manner
described above. Herein, description has been made
with respect to a case where a liquid discharge head
in which as shown in Fig. 1, the supported and fizxed
25 portion of the movable member 6 is directly fixed to

the element substrate 1 is manufactured, but this

manufacturing method can be applied to manufacture a



deconposition of the CF4 gas, but as described above, the gap formng
menber 7la is grounded, whereby the 3 1 DEC 2003 - 35 functional elenents
such as the heat generating nenbers 2 and the latch circuit in t hed &I0&haild
substrate 1 are prevented from being i nfuggd-by the charges of the ion
species and radicals. 5 Wiile in the present enbodi nent, the m xed gases

of CF4 and 02 are used as the gas supplied into the reaction chanber 83a,
CF4 gas or C2F6 gas with which 02 is not m xed, or mxed gases of C2F6 and
02 may al so be wused. 10 Next, in Fig. 5E, the second protective |ayer
conprising Al litwidodiedhangehbeadvabl ehirehbthe6bmandbléhmeghprf dsni ng
menber 7la conprising Al filmare eluted and renoved by the use of m xed
aci ds of acetitixadito phesphementaghbisindtai witb acbddeatdlt hertboabl e 15
menber 6 is made on the el enent substrate 1. Thereafter, those portions of
the Ti Wfilm 76nterpegedosherebetenent shpsthisecaseni bafeser&bgond to the
bubbl e creating area 10 and the pads are renoved by the use of hydrogen
per oxi de. 20 ThEeR| efehPrBipgt FRGeg2PoACHRLEE PABDRABVADReShaERDER 6 S
provided is manufactured in _the manner =~ descri bed above. Herein,

descri ption haSiBeerBradePedpehat eBpEticnotarchézingetbal #Ndui d di scharge

head in which as shown in Fig. 1, the sugported and fixed,
portion of the movable member which is opposite to the

free end to the element substrate is formed on that
surface of the element substrate which is adjacent to
the heat generating member. Again in this case, TiW
10 which is the constituent material of the pad
protecting layer and Ta which is the constituent
material of the cavitation resisting film of the
element substrate are contained in the constituent
material of the close contact portion between the
15 pedestal portion and the element substrate.
Next, photosensitive epoxy resin 100 of a
negative type comprising a material shown in Table 1
below is applied to a thickness of 50 pm onto the
element substrate 1 (see Figs. BA and 9A) on which the
20 movable member 6 is formed as described above, by spin

coating (see Figs. 8B and 9B).



25 portion of the novable menber 6 is directly fixed to the el enent
substrate 1 is manufactured, but this manufacturing nethod can be applied
to manufacture a 31 DEC 2003 - 36 |iquid discharge head in which t3helEC 2003
novabl e menber is fixed to the el enent- s3gbstrate with a pedestal portion

i nterposed therebetween. In this case, before the step of formng the gap
formng nenber 7la shown in 5 Fig. 5B, a pedestal portion for fixing that
end portion of the novable nmenber which is opposite to the free end to
the el ement substrate is fornmed on that surface of the elenent substrate
which is adjacent to the heat generatia®derdnber. Again in this case, TiW
10 which is the constituent material of the pad protecting |ayer and Ta
which is the constituent naterial of the cavitation resisting filmof the
el ement substrate are contained ig the constituent material of the close
contact portiqgn, between the 15 pedesta rtion.and.the el enent subsftrate.
Next , photoserg$?7%%l%%oxy resin 10%66¢_§8 LBﬁ%?F%%dtQ%eﬁtﬁﬂﬁ?Tsing a
material showj in Table 1 belowils L i 0_a thickness of 50 pmionto

. c@%&a&rﬁg 9%5’”8 ‘ns

the elenent dqubstrate 1 (see Figs whi ch the 20 novabl e

menber 6 is fgrred—as—deser-bed—abovre—by—Ssp-r—eeattng{seeFigs-—8B and
9B). 3 1 UEC 4003ptied thickness | 50 um

FPre-bake 90 °C, 5 min., hot plate

Exposing apparatus | MPA600 (mirror projection

aligner produced by Canon)

Amount of exposure | 2 [J/cm?]

light

PEB 90 °C, 5 min., hot plate

Developing ligquid propylene glycol l-monomethyl

ether acetate (Kishida Kagaku)

Main bake 200 °C, 1 hour




Table 1 Material SU-8-50 (produced by M chro- chem cal Corp.) Applied

t hi ckness50 pm Pre-bake90 C, 5 mn., hot plate Exposing apparatus ?Qﬁrrﬁ}[ﬂ
(mrror projection aligner produced by Canon) Anount of exposure 2 ?
light PEB9O C, 5 min., hot plate Devel opizg li qui dpropyl ene gl ycol

1- nononet hyl ether acetate (Kishida Kagaku) Miin bake200 C, 1 hour 31 DEC
2003 - 38 Thereby, the photosensitive resin 100 can be provided between

t he novabl e nenber and the el ement substrate as well as on the surface of
t he novable nenber and therefore, it becones possible to 5 manufacture a

| i qui d di schar ge heBgehavy ngtibe hpightgsensei £iabd erewirabl @0 neabelbe of whi ch t he
deformation by resin is suppressed. The material of the wall nenber used
in the presererovwdedibatveen hogy hevalele rnepber /Aand hthd Oehemental of the
wal | nmenber, photosensitive resin is preferable because the liquid flow
pat hs can be fenb@dratasasywahl agcomatke yswifatetof i thegnepayle

member and therefore, it becomes possible to
5 manufacture a liquid discharge head having a highly
reliable movable member of which the deformation by
resin is suppressed.
The material of the wall member used in the
present invention will now be described. As the
10 material of the wall member, photosensitive resin is
preferable because the liquid flow paths can be formed
easily and accurately by photolithography.
High mechanical strength as a structural material, the
close contact property with the substrate 1, an ink
15 resisting property and a high resolving property for
patterning the minute pattern of the liguid flow paths
with a high aspect are required of such photosensitive
resin. As the result of our earnest study, we have
found that the cationic peolymerization hardened
20 substance of epoxy resin has excellent strength, close
contact property and ink resisting property as the
structural material and if the epoxy resin is solid at
the ordinary temperature, it has an excellent
patterning characteristic.
25 First, the cationic polymerization hardened
substance of epoxy resin has high cross-linking

density (high Tg) as compared with the ordinary



H gh nechanical strength as a structural material, the close contact
property with the substrate 1, an ink 15 resisting property and a high
resolving property for patterning the mnute pattern of the Iiquid3fil B 7003
paths wth a high aspect are required ofzguch photosensitive resin. As
the result of our earnest study, we have ftound that the cationic

pol yneri zati on hardened 20 substance of epoxy resin has excellent strength,
cl ose contact property and ink resisting property as the structural
material and if the epoxy resin is solid at the ordinary tenperature, it

has an excel | eérdpaéd estibsgatbar Bet &cist hthy@bidk r 6t , ahhee cahd oni c

pol yneri zati on hardened substance of epoxy resin has high cross-1inking
density (hi gh digerésocepexribitshahhexoelloat ycBataPbér 2008c-a89thsar dened
substance by acid anhydride or amine and therefore, exhibits an excell ent
characteri sti cstsutherastmaténial. material. Al so, by using epoxy resin
solid at the ordinary 5 tenperature, the diffusion of a polynerization
starting speci es pratscedbyresingcappuyi respol §okidzati theserdinagyagent by
the application of [light into the epoxy resin is suppressed, and

excel | ent5 pat t teAPRYE hetar athe afdf Enapencah d»eP2DYBBT1FABHON Wien a

cantil ever-like val ve menber Iike the o
starting species produced from a cationic

polymerization starting agent by the application of
light into the epoxy resin is suppressed, and
excellent patterning accuracy and shape can be

10 obtained.

When a cantilever-like valve member like the
movable member 6 is provided on the surface, an
attempt to apply resin of high viscosity by spin
coating may flex or bend the valve member when the

15 resin is diffused. However, the above-mentioned
material used as the photosensitive epoxy resin of the
negative type in the present embodiment is relatively
low in viscosity and therefore, there is not the
possibility of the valve member being flexed or bent

20 when such resin is applied by spin coating and
further, the resin can also be flowed into the gap
between the element substrate 1 and the movable member
6. We have also found that in order to prevent the
deformation of the movable member and smooth the

25 surface to which photo-curing resin is applied, a
material having a sufficiently large amount of solid

component and easy to level (flatten), specifically a



novabl e menber 6 is provided on the surface, an attenpt to apply resin of
hi gh viscosity by spin coating may flex or bend the val ve nenber when the
15 resin is diffused. However, the above-nentioned material used a53TDFCgMB
phot osensitive epoxy resin of the negatiyg Lype in the present enbodi nen
Is relatively lowin viscosity and therefore, there is not the possibility
of the val ve nenber being flexed or bent 20 when such resin is applied by
spin coating and further, the resin can also be flowed into the gap

bet ween the el ement substrate 1 and the novable nenber 6. We have al so
found that in maderiad poavebhihfea delodnabmponehttbe BOvabbe mepber and
snooth the 25 surface to which photo-curing resin is applied, a material
havi ng a suffitsepréyerabgje aspuhe phosolcdriognpesént mandreadyaso | evel
(flatten), specifically a 31 DEC 2003 -- 4 0O material containing a solid
conponent of 5@esgpibeadraboves pWef haubl uathenefphodotbaki hg maken
material as described above. W have further found that to make the
appl i cati on bytBpi APESAERREOPOBEI BPEN F£pating ppasébd®l eithé® the nol ecul ar
wei ght of resin be small, and specifically the average nol ecul ar wei ght

of resin De 10PPBHeBRPLBsEhak: thRj BOLBFHlRBAVRAGhEL @F, rafiBxPess resin coat
mat eri al cannot f# wel I, from,the |latjon with the 10 air resistance of
the outer peripfid ir pBft PBRCE éF@giy the average molecular weight

of resin be 10,000 or less.
At this spin coating step, an excess resin coat
material cannot fly well from the relation with the
10 air resistance of the outer peripheral portion thereof
and therefore, the peripheral portion of a wafer tends
to swell. This poses a greater problem in accuracy as
the film thickness of the coat becomes greater.
S0, in the present embodiment, as shown in Figs. 10A
15 and 10B, mixed liguids 553 of acetone and IPA
(isopropyl alcohol) resolving the resin coat material
were dripped to the peripheral portion of a wafer 550
(the side rinse step), whereby the uniformity of the
thickness of resin coat film 551 on the wafer could be
20 improved.
Subsequently, as shown in Table 1 above, the
pre-baking of the epoxy resin 100 was effected under
the conditions of 90 *“C and 5 minutes by the use of a
hot plate, whereafter by the use of an exposing
25 apparatus (MPA 600), the epoxy resin 100 is exposed
into a predetermined pattern with an amount of

exposure light of 2[J/cm?] (see Fig. 8C).



and therefore, the peripheral portion of a wafer tends to swell. This
poses a greater problemin accuracy as the filmthickness of the cqat
beconmes greater. So, in the present enbodi nent, as shown in Figs. 104 DRG2003
and 10B, m xed |iquids 553 of acetone andaiPA (isopropyl alcohol)
resolving the resin coat material were dripped to the peripheral portion
of a wafer 550 (the side rinse step), whereby the uniformty of the

t hi ckness of resin coat film551 on the wafer could be 20 inproved.
Subsequently, as shown in Table 1 above, the pre-baking of the epoxy resin
100 was effected undee phbtocondithgonssdh Bichans photoseesibivéhe use of
a hot plate, whereafter by the use of an exposing 25 apparatus (MPA 600),

t he epoxy resirnedO ¢f thposedativieotwperbdet etwi expopadtpentiwwinh an anount
of exposure light of 2[J/cn2] (see Fig. 8C). 31 DEC 2003 - 41 The
phot o- curi ng rkardengd cangsthaovosspgfedveortesnntherend hegaetve type has
its exposed portion hardened and the unexposed portion thereof is not

har dened. Therkd®vdened: tFHeerpboEededtr thedakRpesiagcoike@peXBRF{NG porti on
to formthe flow path side walls 9 is_exposed by a mask 101 and_t he ot her
portions are FBEPexPBLBd® FAETEER| ROWAPER RaR ?i%ﬂeHaF%t%l@%éw%}%%

bet ween the nopvabl e nenber 6 and the egenen substrate 1 is not hardened
because t he ex%otﬁr%xP?ﬁﬁ? Pg a mask 101 and the other portions are

not exposed. The resin which has flowed into the area
between the movable member 6 and the element substrate
1 is not hardened because the exposure light is

10 intercepted by the mask 101. Also, by carrying out
the resin coating step (the applying step) and the
side rinse step at a time as described above, the wall
member can be formed flatly after the movable member 6
has formed a gap forming portion between it and the

15 element substrate 1 (see Fig. 11). Further, the resin
of the negative type which has flowed into between the
movable member 6 and the element substrate 1 is not
hardened and can therefore be simply removed. In Fig.
11, the reference numeral 150 designates the wafer.

20 Again, by the use of the hot plate, PEB of the
epoxy resin 100 is effected under the conditions of
90 °C and 5 minutes, and etching is effected by the
use of the above-mentioned developing liguid,
whereafter the main baking is effected under the

25 conditions of 200 °C and 1 hour. At the step of
effecting the levelling of the resin after photo-cured

(the main baking step), it is effective for improving



10 intercepted by the mask 101. Also, by carrying out the resin coating
step (the applying step) and the side rinse step at a tinme as descri bed
above, the wall menber can be formed flatly after the novabl e mermber3 Bf hag
formed a gap formng portion between it_apgd the 15 el enment substrate 1 (see
Fig. 11). Further, the resin of the negative type which has flowed into

bet ween the novable nenber 6 and the el enent substrate 1 is not hardened
and can therefore be sinply renoved. In Fig. 11, the reference nuneral 150
designates the wafer. 20 Again, by the use of the hot plate, PEB of the

epoxy resin 10PhtSagEhestedondre 186200Hht LtONSr8hct IEHE BAR1AgTHRUL €s,
and etching is effected by the use of the above-nentioned devel opi ng

li quid, whereahteempbeataira BakhhgtbSoef heghed YRER th8efudbngopdihions of
200 C and 1 hour. At the step of effecting the levelling of the resin
after photo-cusedrésbe aOn°bakhnghst eppvetlicssrebé@ctéyentoasi nproving 31
DEC2003 - 42 the accuracy of the levelling to effect the baking at a

t enper at ure eqd@sctbbed aAbgher ahBlaaffbetf Lsvraglpogntlowf resin (90 Cin the
above-described resin) as described above and effect levelling flow 5 By

t he above5descri bedBgt €phs, abheeedesctibbaddstaps, etbaeat isubstradetiieon t he
surface of which the novable nenber 6 and the flow path side walls 9 are
provi ded as shelemént FsgbstB@tand 9C. the surface of which the

movable member 6 and the flow path side walls 9 are
provided as shown in Figs. 8D and 9C.
Thereafter, the element substrate 1 is cut into a
10 predetermined shape by dicing, and the top plate 3 and
the orifice plate 4 are joined to the element
substrate 1 by an adhesive. By effecting the main
baking under the conditions as described above, the
height accuracy of the flow path side walls 9 can be
15 * 0.5 um or less and therefore, the thickness of the
adhesive layer applied to the upper surfaces of the
flow path side walls 9 can be made small when the top
plate 3 is joined.
In the liquid discharge head cf the present
20 invention made as described above, the wall member
provided on the substrate is formed of photosensitive
resin of the negative type hardened when exposed to
light and therefore, as compared with a case where an
inorganic material such as SiN or Si0O is formed into
25 film to thereby form a wall member, the manufacturing
time can be shortened, and unlike the conventional wet

process, thick fiilm of several tens of um can be



Thereafter, the el enent substrate 1 is cut into a 10 predeterm ned shape
by dicing, and the top plate 3 and the orifice plate 4 are joined to the
el ement substrate 1 by an adhesive. By effecting the main baking &ridéh{ 2003
the conditions as described above, the -he&kght accuracy of the flow path
side walls 9 can be 15 0.5 pmor |less and therefore, the thickness of the
adhesi ve | ayer applied to the upper surfaces of the flow path side walls 9
can be nmade small when the top plate 3 is joined. In the |iquid discharge
head of the present 20 invention nade as described above, the wall nenber
provi ded on thEcsmedirate is formed of photosensitive resin of the
negative type hardened when exposed to |ight and therefore, as conpared
with a case where ahlSPnoRbani EeHREERTATe seawabst S aropigheri shadrmed into
25 filmto thereby forma wall nmenber, the manufacturing tinme _can be
short ened, and il freipgePeditepfi bpatened refiRestietpikkngi P BResever al
tens of pmcan be 3 1 DE§%2003 - 4 a temgerature equal
a

3 forned. . Also, . at
to or higher tHawthe®% %ﬁt%%inYh%¥?ﬂ%rH%%eﬁeY%%*h?gtE%O% Fng®f the
he vl | ronboforer eTFEERER A ghy abbUPEREry Hhc LRRrEPr BIOREY | o not.
necessary to flatten g YRReLnSHLESEE Ol tDE YL L JBIDEL Yo
flatten the upper surface of the wall member by
polishing or the like at a post-step, and the
manufacturing steps are simplified and further, the
10 manufacturing cost can be reduced.
While in the foregoing, description has been made
of an example in which the present invention is
applied to a liquid discharge head, the present
invention can be applied not only to the liquid
15 discharge head as described above, but generally to a
minute mechanical apparatus having, for example, a
first substrate on the surface of which a wall member
constituting a liquid flow path, a movable member
supported by and fixed to the first substrate with one
20 end portion thereof as a free end with a gap between
it and the first substrate in the liquid flow path on

the first substrate, and a second substrate joined to

the upper surface of the wall member.

25



polishing or the like at a post-step, and the manufacturing steps are
sinplified and further, the 10 manufacturing cost can be reduced. Wiile in
the foregoing, description has been made of an exanple in which thd1 DEC 2003
present invention is applied to a |iquidagi scharge head, the present
I nvention can be applied not only to the liquid 15 di scharge head as
descri bed above, but generally to a mnute nechani cal apparatus having,
for exanple, a first substrate on the surface of which a wall nenber
constituting a liquid flow path, a novable nenber supported by and fixed
to the first sWHATr&EeCWAIMEBNE&S20 end portion thereof as a free end with a
gap between it and the first substrate in the liquid flow path on the
first substrate, and-a Ae®8hbodupst panufpetuedngoa LhauiPpéisshefrgee of the
wal | nmenber. 25 31 DEC 2003 - 44 WHAT IS CLAIMED IS: 1. A nethod of
manuf act uri ng Bepdglp¥iBgscharge head having: a di scharge opening for
discharging liquid 5 droplets therefrom a wall nmenber constituting a
liquid flow path comufi 84EFRgTrart APSALAIdESENELgehapehntgliguidpply
liquid to_said_di scharge o ening; a substrate provided with a bubble
creatin droplets therefrom;
g
a wall member constituting a liquid flow path
communicating with said discharge opening to supply
liguid to said discharge opening:
a substrate provided with a bubble creating
10 element for creating a bubble in said ligquid; and
a movable member supported by and fixed to
said substrate with said discharge opening side
thereof as a free end and provided at a position
facing said bubble creating element in said liquid
15 flow path with a gap between it and said substrate;
the free end of said movable member being
displaced away from said substrate by pressure
produced by creating said bubble to thereby direct
said pressure to said discharge opening side and
20 discharge the droplet of said liquid from said
discharge opening:;
characterized by the steps of:
preparing the substrate provided with said
movable member;
25 filling the gap between said movable member

and said substrate with liquid photo-curing resin, and

applying said resin to said substrate by spin coating



10 el ement for creating a bubble in said Iiquid; and a novabl e nmenber
supported by and fixed to said substrate with said discharge opening side
thereof as a free end and provided at a position facing said bubbl &1 DEC 2003
creating elenent in said liquid 15 fl ow-pabh-with a gap between it and said
substrate; the free end of said novabl e nenber being displaced away from
sai d substrate by pressure produced by creating said bubble to thereby
direct said pressure to said discharge opening side and 20 di scharge the
droplet of said liquid fromsaid, discharge opening; characterized by the
steps of: prepdPFhd tReCSUBEEr §84dpPEVPREE WPPMRS%aid novabl e member; 25
filling the gap between sai d novabl e nenber and _sajd substrate with Iiquid
phot o-curing resin, andS*BPSLPEn§Redi 8TrPasPA £814aPROsAnSHFARE BFSEpin
coating 31 DEC 2003 - 45 _until it coyer aid npvabl e, nmenber; . expqsi ng
that area of sgﬁﬁthSFSEBS?Fnanr3§Fﬁ 1Rﬁ§831390ggdggaﬁﬁ ﬁ?ég ?ﬁ@?g ing at
| east said liquid £l ath.to. light to thereby harden_a.portion 5
correspondi ng ?%OEaP8%§%EP EéﬁggrFgaﬁgerFéﬁprﬁéephg Bﬁggﬁ Eed_portion of
sai d phOBO'CUEhPQeEBEhHiLB tBecaby LanD fahfemovaphe menber in said
liquid flow path.

removing the unexposed portion of said

photo-curing resin to thereby form said movable member

in said liquid flow path.

10 2. A method of manufacturing a liquid discharge
head according to Claim 1, further having the step of
effecting the baking of said resin at a temperature
egual to or higher than the melting point of said
hardened photo-curing resin after the step of removing

ib the unexposed portion of said photo-curing resin.

3. A method of manufacturing a liquid discharge
head according to Claim 1, wherein the substrate
having said movable member is cut in a state in which

20 said wall member is provided thereon.

4. A method of manufacturing a liquid discharge
head according to Claim 1, wherein the substrate
having said movable member is cut in a state in which

25 a top plate is joined onto said wall member.

5. A method of manufacturing a liquid discharge



10 2. A method of manufacturing a liquid discharge head according to Claim
1, further having the step of effecting the baking of said resin at a
tenperature equal to or higher than the nelting point of said harderg 2003
photo-curing resin after the step of remoygng 15 the unexposed portion of
said photo-curing resin. 3. A nethod of manufacturing a |iquid discharge
head according to Claim1l, wherein the substrate having said novable
menber is cut in a state in which 20 said wall nmenber is provided thereon.
4. A method of manufacturing a liquid discharge head according to Claiml1,

wherein the subsidad€cobavhfgtsaCclaimvapl ehaeaberthse substhatestate in
which 25 a top plate is joined onto said wall nenber. 5. A nethod of
manuf act uri ng wavingi dadd sedraspee SteEE2008 cudbinhgagtateoidiwgice C aim
1, wherein the substrate having said novable nenber is cut in a state in
which said |ispid Tigwigafhopopétbnpostion| £ filbedeith raphbl e of being
eluted. 5 6. A nethod of manufacturing a |liquid discharge head according
to daiml, weapinleadtl bhbho-elutad. resin is applied in a state in which
epoxy resin solid at the ordinary tenperature is nelted in a solvent. 10
7. A nethdod of manufacturing a liquid discharge

6. A method of manufacturing a liquid discharge
head according to Claim 1, wherein said photo-curing
resin is applied in a state in which epoxy resin solid
at the ordinary temperature is melted in a solvent.

10

7. A method of manufacturing a liquid discharge
head according to Claim 1, wherein said wall member is
a cationic polymerization hardened substance of epoxy
resin.

15

8. A method of manufacturing a liquid discharge
head according to Claim 6, wherein said photo-curing
resin contains a solid component of 50 % or more, and
the average molecular weight thereof is 10,000 or

20 less.

9. A method of manufacturing a liquid discharge
head according to Claim 4, wherein said substrate and
said top plate are formed of a silicon material.

25
10. A liquid injection recording head

manufactured by a method of manufacturing a ligquid



head according to Caim1l, wherein said wall nenber is a cationic

pol yneri zati on hardened substance of epoxy resin. 15 8. A nethod of
manufacturing a liquid discharge head according to Caim6, wherein said
photo-curing resin contains a solid conp8fent of 50 %or nore, and the
average nol ecul ar wei ght thereof is 10,000 or 20 less. 9. A nethod of
manufacturing a liquid discharge head according to Caim4, wherein said
substrate and said top plate are fornmed of a silicon material. 25 10. A

liquid injectiqn recordi ead manyfactured b d. of npanufacturing a
auid - a7 aPeshERgachBRatasesPartgs: GoaRpYoRBsoPtciriEs: Tt §o0B%11 A
nmet hod of manufacturing a mnute nechanical apparatus having a first
substrate on the 5 surface of which a wall nenber constituting a flow path

s provided. a novabhe MRTREkASHPRY” heduBhcdNdink! XeflshARal d i TSt

substrate with one end portion ereo a gap between it

and said firshesHRRliFatea Faa§a%qsfh%wla§ta @mr§%'9u£g§§5t%0 ﬁuggérate and

a second substrate | ol ned upper urface of sal _
characterszed Byrkhee slteRBiCh’ aPLERA! MBAbbRecbhEet takhalr at e1Ry0vi ded with

path is provided, a movable member supported by and
fixed to said first substrate with one end portion
thereof as a free end with a gap between it and said
first substrate in said flow path on said first

10 substrate, and a second substrate joined to the upper
surface of said wall member, characterized by the
steps of:

preparing the first substrate provided with
said movable member;

15 filling the gap between said movable member
and said substrate with liquid photo-curing resin, and
applying said resin to said first substrate by spin
coating until it covers said movable member;

exposing that area of said photo-curing resin

20 which excludes an area including at least said flow
path to light to thereby harden a portion
corresponding tc said wall member; and

removing the unexposed portion of said
photo-curing resin to thereby form said movable member

25 in said flow path.

12. A method of manufacturing a minute



said novabl e nenber; 15 filling the gap between said novabl e nenber and
said substrate with liquid photo-curing resin, and applying said resijaCom3
said first substrate by spin coating until it covers said novabl e nenber
exposing that area of said photo-curing-ragir 20 which excludes an area
including at least said flow path to light to thereby harden a portion
corresponding to said wall nenber; and renoving the unexposed portion of
said photo-curing resin to thereby formsaid novable nenber 25 in said
flow path. 12. A nmethod of manufacturing a mnute 3 1 0 E C 2003 - 48
mechani cal appaf&hgsissdoPdPaF At sClagiaariing ot Fdraimhdi, nd urithest ep of
effecting the backing of said resin at a tenperature equal to or higher

than the nelti RGViPG feorten @hatdasddngndhe backigar odi sadfk @estime 5

step of rennvin% t he uneﬁposed portion of said photo-curing resin.
at a temperature equal to or higher than the melting

point of said hardened photo-curing resin after the
3 step of removing the unexposed portion of said

photo-curing resin.



