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MODULATI ON DEVI CE, AND SUBSTRATE TECHNI CAL FI ELD The
present invention relates to-aetuators, 10 liquid
drop di scharge heads, ink cartridges, inkjet

recordi ng devices, mcro punps, optical nodul ation
devi ces, and substrates, BRACROPEISPecifically, to an
el ectrostatic actuator, liquid drop discharge head,
ink cartridge, inkjet recording device, mcro punp, 15
opti cal nodul ati on device, and substrate which use

the act MiTBFATGRACKGROUND ARRPR2(PIFCEARFRKHESD , INK

recordi ng agfaratus used as a icture_recordin

AppERECELIGE pi DYRY BT BEAORE 1NebJo A G - o AR AR6 TP
e 2Ge ] i i guj j et head
e GEETCAT AP B0 SR o r SOEE s BB char go

(jet out) ink. 25 The ink jet head includes a nozzle,
a WD 2005/ 090082 PCT/ JP2005/ 004855 -2 di scharging

ro D1 Logm and pressure generating neans.
Aniﬁkﬁﬁgﬁggggs—égscharged by the nozzle. The nozzle

is connected to the discharging room The discharging
roomis CM|E¥EQ'B£8§gHEli%%ention relates to actuators,

liquid drop discharge heads, ink cartridges, inkjet
recording devices, micro pumps, optical modulation
devices, and substrates, and mo:e‘specifically, to an
electrostatic actuator, liquid drop dischérge head,
ink cartridge, inkjet recording device, micro pump,
optical modulation device, and substrate which use

the actuator.A

BACKGROUND ART

In an ink jet recording apparatus used as a
picture recording apparatus or picture forming
apparatus such as a printer, facsimile, or copier, a
ligquid drop jet head is used as an ink jet head
configured to discharge (jet out) ink.

The ink jet head includes a nozzle, a



5 liquid room pressure room ink channel, or the
| ike. Discharging fluid (ink) supplied to the

wale@signgt ng roomis received in the conmon rPONIP200R004855
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inside of the discharging roomis pressurized by the
pressure generating neans, s€-hat dischargi ng energy
is given 10 to the ink in the'dischargi ng room and
thereby the ink can be discharged fromthe nozzle.
Thediakhgirgpnd safimchar getmpromadie, riord| erdseute t he
pressure in the discharging roomgenerated by the

pr e38RLECGERET MIARF neah’. 13k Aromough dheekasged by the
several _kinds_of pressure generating neans, an _

el RFBSEat i ¢y P R stif eCORBRE AT P eamsdischgeging
for_the present_.inventipn. In the electrostatic type.

pr eS8ofe gzﬁgrgﬁ GreHhRY QoW BratGdnt 9t &t PFBF TG Zed

a || syrface of the 20 discharging roomis deforped. .
bng%&%fécFP8§Vaﬁﬁ?s%%ﬁ%er88mfhgp At e G opPFsthe like.

di- sehar ged s RECentd v @g@kfogg%ﬁﬂiig% e discharging

el ectrostafic type pressure érating nmeans

a greah deakeb:qtdentd anyfLomnbhe r%%?n?.pecfﬂgei%i&@:of

envi ronment because the 25 electrostatic type préssur

genaiat i NgcAB2AS nd0eS dipt 1 20034,990Q82 by +h
PCT/ JP2005/ 004 5%1%0-3 usel%/\g%d. In addition a 19t or re

t ecuind ogt eaghaviang , |9d tiwaef festnamdlifry &WdFQPNBRt given

are suggested from the perspective of |ow consunption

of e ecliei tnpowar thien didthhadbeihg ROomeathd Nthd€eby the

el ectrostatic type
ink can be discharged from the nozzle. The ink drop
is discharged from the nozzle due to the pressure in
the discharging room generated by the.pressure
generating means.

Although there are several kinds of pressure
generating means, an electrostatic type pressure
generating means is used for the present invention.
In the electrostatic type pressure generating means,
a vibration plate forming a wall surface of the
discharéing room is deformed by an electrostatic
force so that an ink drop is discharged. Recently
and continuing, such an electrostatic type pressure
generating means attracts a great deal of attention

from the perspective of the environment because the

electrostatic type pressure generating means does not



5 pressure generating neans. In the electrostatic type
pressure generating neans, a couple of electrodes are

w@e@siogws2 via a space. There is an exanpl e WhPCEJR2065/004855

of the electrodes works as the vibration plate and

ink fills 10 a side opposite 43 the el ectrode facing

the vibration plate. The el ectrostatic force works
between the el ectrodes by applying voltage to the

el ecseotleadso Imhatddieiehectr dde (Of brexthool pyake) hiasring
deforned. The vibration plate is returned back to the
oriinale &5fecat @rbytlam ehudrioomeortc e bmssdggasted from
turning off the voltages so that the ink is

di selhar pedspaséd ven athel o€l aenpampdrics Suchl pressgr power
generating neans for ressurizing the discharge fluid
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ink jet head, the measurenent precision of a first
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| ectrode which i f the actuator, gives
o arge amount? SRl AR tat E e teRsaBTSF Tete D) | of

th re 25 ti . i al i .
et TR B oA B 00 D053 BErF BR300 tHeshe pyovided
J ety fieadsspLie | angRryd Nes dL§PRLShEN OfyHdIe CORCLEY the

of the actuators |'S, t he nnre.prln I Ng precision and
reproduct ikt ¥oQf o Bge bl i by a3h 6 gAUCRd. s hE E8k Fills

I mportant to prevent t he measur enent
a side opposite to the electrode facing the vibration
plate. The electrostatic force works between the
electrodes by applying voltage to the electrodes so
that the electrode (vibration plate) is deformed.
The vibration plate is returned back to the original
state by an elastic force based on turning off the
voltages so that the ink is discharged based on the
elastic force.

Such pressure generating means for
pressurizing the dischaige fluid is called an
actuator. In the electrostatic type ink jet head,
the measurement precision of a first space, namely a
space of the vibration plate and the electrode which
are main parts of the actuator, gives a large amount

of influence to the capacity (size) of the pressure

generating means. Especlally, in a case of the ink



5 di spersion of the space in order to obtain a head

having high reliability. It is required that the
Wo00be9008f processes for determ ning the spacePCT/JP2005/004855

nmeasur enent be nmade as small as possible in order to

prevent the neasurenent dispersion of the space. 10

Because of this, a technology where the vibration

plate, the space and the electrode are forned at a

si nh¢e babdsrattd byl appeyi Ahet Hé spsaiidn cd &l thayempacity

process as a manufacturing method is suggested. See

JapahebBeLarduagi@T Patent ths Rppki Paingnl Fabbreaisdns and

No. W99/ 34979 and No. 2001- 18383. In a case of the

sacrFPFefBFiPayertYprdfcesBages gradidvplad e aredpestt i on

met hod, wherein the, sacrificial |ayer elinmnation

hole, after th& 26 §£ﬁ9??%?ﬁlt?a9§FVF§temhﬁ;%§%%9E?§ent
db ' [ he lik [ VD net ho
Sor TP RELNBH R A1 VIR tByPEGE Ty Hisba & head

Ho in.thi ifion hed, .a deposition
coﬁ%%ﬁ%%?lﬁﬁéﬁz%ﬁgggﬁg§%ggg'i2?%)9?h§%5%iﬁfél#h?ﬁethe

d itk on,go LAV c[=g

B RO e SRR e pace
PCHH20080804882 naRie/ i adh9n1 PLat §4lss iGanged §9fier to
that a bad influence is given to the reliability. I'n
ad@diddwént Stneemkhgursatdnf i ¢i spekayen &/d MHAatighce .

hole is also used for ensuring the strength of ‘a

l0partition, itBésanek of this, a technology where the
vibration plate, the space and the electrode are
formed at a single substrate by applying the
sacrificial layer process as a manufacturing method
is suggested. See Japanese Laid-Open Patent

15 Application Publications No. W099/34979 and No. 2001-
18383.

In'a case of the sacrificial layer process,
for example, a deposition method, wherein the
sacrificial layer elimination hole, after the

20 sacrificial layer is eliminated, is closed by Ni, SiO,,
or the like by using a PVD method or CVD method with

a vacuum device, may be used. However, in this
deposition method, a deposition'component'may invade
(seep into) the space. If the deposition component

25 invades the space, a vibration property of the



5 possible to nake the hole small and therefore the
hole is not appropriate for being nmade at a high

walewsiopops2 The sacrificial |ayer elimnation hoPE€T/mepos5/004855
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be sealed by a filmfornmed by a deposition nethod 10
usi ng a vacuum devi ce so that-3-he deposition

conponent can be prevented frominvadi ng the space.
However, in this nethod, since a process is perforned

i n Yherghcaompdediee, 13 hehpngsduse ithathen dpadeimdyulbace is
negati ve when at nospheric exposure occurs. Hence, it

15 givent tposdieblnetivlobl 4Fv. a dasiadsbl el @mpuninge the
bendi ng deformation of the vibration plate and

defrwat fbAlailsgernsiore heyipetieneharled Hueatsot heed for
di spersion of the bending. ILn addition, in a case of

vac 58P e SHFRGE PhefePPStid iPhhwett et Ferp tof
gas int space, . t di spersion_of the vibration

Jo TR P oA Bharilic Ho LporSRan Gra HE'Ths ERABSERe
of .t vibration plate beconmes |large. A structure or
pr&%%@% %%eﬁ?ﬁgaQﬁf%ﬂﬁf%J? |%rr§83P@b@% £ <otve PRER
abq¥§ﬁg§g%ioned 25 problens and this may cause

i ncrease of cost or WD 2005/ 090082 PCT/ JP2005/ 004855

-6 decrease th¥i§5@f¥¥f%i§rufayé9 Eﬁgmﬁﬁéﬁfgkﬁgéle may

it is difficult to obtain the actuator having (
Pr egd sd 941 8adpysing jam et ehEQSHt hC dboe M dh Akghog

reliability at |ow cost.
using a vacuum device so that the deposition
component can be prevented from invading the space.
However, in this method, since a process is performed
in the vacuum state, the pressure in the space may be
negative when atmospheric exposure occurs. Hence, it
is not possible to obtain a desirable amount of
bending deformation of the vibration plate and
deformation dispersion may be generated due to the
dispersion of the bending.

In addition, in a case of vacuum sealing,
since thére is no damper effect of gas in the space,
the dispersion of the vibration deformation against
the dispersion of the thickness of the vibration
plate becomes large. A structure or process opening

to the air is required to solve the above-mentioned

problems and this may cause increase of cost or



5 DI SCLOSURE OF THE | NVENTI ON Accordingly, it is a
general object of the present invention to provide a

waoewsioomszl useful 10 actuator, |iquid drop di SBCEHIRPE0S/004855

head, ink cartridge, inkjet recording device, mcro
punp, optical nodul ati on dewée, and substrate.

Anot her and nore specific object of the present
invention is to provide an actuator having 15 high
pr et¢sreasand fr gliiedls | 1a¥ye . an@hasl,i g dcldr opelated art, it
di scharge head, ink cartridge, inkjet recording
devafé:edlfrfep‘letur‘hP vl bpt fhal agdaaltan dredengchigh

whi ch have the actuator, whereby a sacrificial |ayer

el imF 9@l s bAnhare s gual %%86¥r8ﬁﬁ@ﬁﬂﬁﬂf%r99 with high
condi tions_w thout using a vacuum device so that a
depot BRI EErmAts 1T 6?5 Vel y prevented from

invading in a first space. It is also an object of the

Spresent ~invention to provide a substrate manufactured
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[; process and the

subs e—W ' H 2005/ 004855 -7 havi ng

a space fornmed inside of the substrate. The present
invention is achieved by an actuator, including: a
vibration plag-8r-83ndii1Sp! aced; ?yaaaenér%'legﬂjoéé@tbf the

force; and
present inventilion to provide a novel and useful

actuator, liquid drop discharge head, ink cartridge,
inkjet recording device, micro pump, optical
modulation device, and substrate.

Another and more specific object of the
present invention is to provide an actuator having
high precision and reliability, and a liquid drop
discharge head, ink cartridge, inkjet recording
device, micro pump, and optical modulation device
which have the actuator, whereby a sacrificial layer
e;imination hole is sealed under atmospheric
conditions without using a vacuum device so that a
deposition film is effectively prevented from
invading in a first space.

It is also an object of the present
invention to provide a substrate manufactured by

using a sacrificial layer process and the substrate



el ectrodes facing each other via a first space in the
vi bration plate area; wherein the first space is

wo orosmenoBYy a sacrificial |ayer process using BCT/JP2005/004855
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sacrificial layer 10 renoving hole; and a barrier as
a fluid resistance is forned-etween the first space
and a second space situated in-the vicinity of the
sacrificial l|ayer renmoving hole. 15 The present

i Neaving &ssphse dohimevédihgide lifquihe drwpstratkar ge
head, including: a discharging roomwhich discharges a
I|qU| d drop Fhe Preseamecirderbiannészleshizvedmby an
l'iquid roomreceiving discharge 20 fluid supplied

t0.aHE AFSERALGICAE ISR a pressure generating part

configured to give di sché‘?} g energy .to the
di schar ge fl uRdVirRTEHe OnYyi 5F gRh§ar BdmPdRF T hePBhFn

the di-scharge fluid can be_ discharged fromthe

SnoA eC B85 EARGr TSP bf 2R @tuators the actuator '8

2005/ 090082 P /JPZOO /00%?55n 8 - d|n £
vibration plateSkeFRATE a2 Th gpr essuPéC genelraat"i’l1 ngtTs

parécqar%‘%;’% r@h‘ gﬁ}é@ﬁ&d&ﬁeﬁlgké%%%d by an 5
wherein the first space is formed by a
sacrificial layer process using a sacrificial layer
removing hole; and
a barrier as a fluid resistance is formed
between the first space and a second space situated
in the vicinity of the sacrificial layer removing
hole.

The present invention is also achieved by a

liquid drop discharge head, including:

a discharging room which discharges a liguid

drop and is connected to a nozzle;

a common liquid room receiving discharge
fluid sﬁpplied to the discharging room;

a pressure generating part configured to
give discharging energy to the discharge fluid in the
discharging room and thereby the discharge fluid can
be discharged from the nozzle;

a plurality of actuators, the actuator



el ectrodes facing each other via a first space in the
vi bration plate area; wherein the first space is

wo orosmenoBYy a sacrificial |ayer process using BCT/JP2005/004855
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sacrificial layer 10 renoving hole; and a barrier as

a fluid resistance is forned-8setween the first space
and a second space situated in the vicinity of the
sacrificial l|ayer renmoving hole. 15 The present

i nviem¢leding al so achieved by an ink cartridge,
including: a liquid drop discharge head configured to
di scharge an #nkiBragioand®latakveakkngorti givedressure
supply ink to the 20 liquid drop discharge head;
wheFftarehelPi §87& idrop di scharge head, includes a

di schargi ng room whi ¢ch di scharges a |i.qui drop and

i s connected ?ovégEB%ﬁQE Eﬁ?%@c@ﬁﬁﬁnd FéiQf%QMFﬂ an
rec%ivigg d's%harq@ WO 2005/ 090082 PCT/ JP2005/ 004855
-9 $15¢ %ﬁ%ﬁlﬂgd 5 G%He HSchar gi ng-room a pressure
generating pa fi.gur o] a_di schar.qi n .
energy to theé ?ég 89%% feﬁ‘léiucltl?f“%I négﬁ%eo :hé%%hgfrlgg]al nag *?Jolé%t
?pgsré%lﬁéew ‘cfig diigcharas flpide arean be discharged

€ Nhozz
wherein the first space is formed by a
sacrificial layer process using a sacrificial layer
removing hole; and |
a barrier as a fluid resistance is formed
between the first space and a second space situated
in the vicinity of the sacrificial layer removing

hole.

The present invention is also achieved by an

ink cartridge, including:

a liguid drop discharge head configured to
discharge an ink drop; and |

a ink tank configured to supply ink to the
liguid dfop discharge head;

wherein the liquid drop discharge head,

includes

a discharging room which discharges a liquid

drop and is connected to a nozzle;

a common Jliquid room receiving discharge



a plurality of actuators, the actuator including a
vi bration plate working as the pressure generating

wWQ@aros/09@82 a vi bration plate area di spl aced by BOT/JP2005/004855

el ectrostatic force; and el ectrodes-facing each other
via a first space in the vibyation plate area;

wherein the first space is forned by a 15 sacrificial

| ayer process using a sacrificial |layer renoving

hol £luaddsaplpdrirdcertastlae f Hisdhresiigicanoeoms f or ned
between the first space and a second space situated

in the VICInlﬁyp@ﬁﬂﬂﬂ?Q%ﬁﬁ¢¢¥@tapGI@?@ﬁIQﬂﬂﬁQQ@reQOtO
hol e. The present invention is also achieved by an

i nkgjee ﬁeééﬁﬁhﬂfgﬁﬂGC%neFﬁEIG@lﬁ@ezﬁ4$QﬁﬁHgar§éUld in
di scharge head configured to  dischar an I nk_drop;

25 Th@r e/ ChRE LI P I opRdi §BRECHY diygrharge’ fluid

2005/ 09008 JP2005/ 0048 -10- _i ncl udes a
Sdi Seargen lFE%ﬁ\ ‘%héﬂ?@cﬁg?gggzélﬁqu|d drop and
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a vibration plate working as the pressure
generating part;
a vibration plate area displaced by an
electrostatic force; and
electrodes. facing each other via a first
space in the vibration plate area;
wherein the first space is formed by a
sacrificial layer procesé using a sacrificial layer
removing hole; and
a barrier as a fluid resistance is formed
between the first space and a second space situated
in the vicinity of the sacrificial layer removing

hole.

The present invention is also achieved by an

ink jet recording device, including:
a liquid drop discharge head configured to
discharge an ink drop;

wherein the liquid drop discharge head,



a pressure generating part configured to give
di scharging energy to the discharge fluid in the
waoele@siogrogt ng room and t hereby the di scharge flPRPCTIRA05/004855
be di scharged fromthe nozzle; 10 a plurality of
actuators, the actuator incl-ud-ng a vibration plate
wor ki ng as the pressure generating part; a vibration
pl ate area displaced by an 15 electrostatic force;
andiret Petiesdes facing each other via a first space in
the vibration plate area; wherein the first space is
formed by a sadistheirgiiricayegopreobésy ddisaparges a liquid
sacrificial layer 20 renmoving hole; and a barrier as
a fdieme aedi ésarcanach e nkdl 2bBP®ESFthe first space
and a second space situated in the vicinity of the
sacrificial |ayePTP@RolitAihofROM2ECPRE Virskshtscharge
inventjon is also achitved bg/ ﬁ WD, 2005/ 090082
Spciippdosrapides o 1the b5 phApItPIn i i ng 1 qui d
based on di spl acenegt of A evri brf\ti on ?I ateo, . ed to
i ncl udi ng: at 2| RESESPRS P D8P eRRF SdESHAANT S
fixed el [ %a%x{@fl I e elgct radef i o .
|8 ) ERAE AL AABIAP! o LR ORI £ILDL 4R e
discharging room and thereby the discharge fluid can
be discharged from the nozzle;
10 a plurality of actuators, the actuator
including
a vibration plate working as the pressure
generating part;
a vibration plate area displaced by an
15 electrostatic force; and
electrodes facing each other via a first
space in the vibration plate area;
wherein the first space is formed by a
sacrificial layer process using a sacrificial layer
20 removing hole; and
a barrier as a fluid resistance i1s formed
between the first space and a second space situated
in the vicinity of the sacrificial layer removing
hole.

25 The present invention is also achieved by a



a structural part configured to displace the
vi bration plate based on an electrostatic force

wa@edosngroshe el ectrodes; wherein the vibrati on PCHIE003004855

10

15

20

25

di spl aced by 10 an actuator, the actuator including:

a vibration plate area displaddd by an electrostatic
force; and el ectrodes facing each other via a first

space in the vibration plate area; 15 wherein the
firsicspapemps tHremmebbyiag $agrid dasled ayerdprpiesement
using a sacrificial layer renoving hole; and a

baref ez uibzafligrd plestet ahvelirdingrned between the

first space and a second space situated 20 in the
vicinity of th& é@@ﬁﬁ.féica|p%§ér°ﬁeﬁ6\ﬁq$g}f0%$ eha‘rhég a
present invention is also achlevedGSy an tica

modki %8 ofi L BEFCE & G MghavFBf Fe .e&&trqﬁ e@t‘PSﬁl&nlng

Ilght asedvﬁp i.splacenent of .a mirror, 25

5i nctidFRg: v TodOEBSS PCHIP2005/ 004855 - 12 at

| east two palrs f electrodes avin
el ectrode and®a %Dvggie éré%?rodgon |%ur€x¥q%%n %P%ace the

goa@lslil#%”(&:?labg 12l § a0 e?d'énp Vb%ﬁ ‘ét'r_%s ﬁé'%ic@”d
part con |gure |splac e

acting the electrodes;

wherein the vibratiqn plate is displaced by
an actuator, the actuator including:

a vibration plate area displaced by an
electrostatic force; and

electrodes facing each other via a first
space in the vibration plate area;

wherein the first space is formed by a
sacrificial layer process using a sacrificial layer
removing hoie; and

a barrier as a fluid resistance is formed
between the first space and a second space situated
in the vicinity of the sacrificial layer removing
hole.

The present invention is also achieved by an
optical modulation device changing a reflection

direction of light based on displacement of a mirror,

including:



mrror based on displacenent of the vibration plate

by using an electrostatic force acting on the
web@snrwers; wherein the vibration plate i s di BQI/aReas/004855

by 10 an actuator, the. actuator including a

vi bration plate area displacedlhy an electrostatic

force; and el ectrodes facing each other via a first

space in the vibration plate area; 15 wherein the

first space istf dramsak bywa psarei bifcicdledayedepr beesng a

using a sacrificial layer renoving hole; and a

bar fizedaslgcfingdr rard st anesapd of Griaetrpeéewsbachhd s

first space and a second space situated 20 in the

Vi cPARRGCER e FactiPTRFAPRI RYét s aRsli by Pherédethdn

present _invention is also achieved by a substrate

haP®#gealétrué@f e, including: a space which is forned

by a sacrificial 25 | ayer, process usi.ng a sacrifici al

Igyer renovi n§ ﬁﬁﬁ?%@%@%bg?%ﬁgogfngéfﬁﬁﬁﬁg0%90@ﬁgggace the
-13 and which i royi ded_inside of-. the substrate; and

L infPRa he e if B 8T abARER®, Ble 0 PUPRERRLE, Blhee

o Y .gg?gghgnsf%g%éé%ﬂa%gﬁ o&%‘@%@é‘@ir}g&%ﬁ- tRe

wul

O he t atures, and advantages 0
electrodes;

wherein the vibration piate is displaced by
10 an actuator, the actuator including
a vibration plate area displaced by an
electrostatic force; and
electrodes facing each other via a first
space in the ﬁibration plate aresz;

15 : wherein the first space is formed by a
sacrificial layer process using a sacrificial layer
removing hole; and

a barrier as a fluid resistance is formed
between the first space and a second space situated

20 in the wvicinity of the sacrificial layer removing
hole.

The present invention is also achleved by a
substrate having a structure, including:
a space which is formed by a sacrificial

25 layer process using a sacrificial layer removing hole



the present invention will becone nore apparent from
the followi ng detail ed. description when read in

w@orsameBt on with the acconpanyi ng drawi ngs. ROT/BRO&04855

DESCRI PTION OF THE DRAWNGS FIG 1 is a perspective
view having a partial cross-gectional view of a

liquid drop discharge head of the present invention;

15 FIG 2 is a plan view of a substrate of the

pr esedt whhebntlisop foorined ansadeuatfortlef fulms present and
invention; FIG 3 is a Y1-Yl cross-sectional view of

t he substrat eashewriiar RIsG a 2f1p0dFEes igtea)ced sfanmed
X1- X1 cross-sectional view of the substrate shown in
FI GebveenGthg. eppds and Krexpasrdds-Seck i braerviemoving
of the substrate shown in FIG 2, FIG 4-(c) is an
X3-D@leross-sectional view of the substrate shown in

FIG 2; 25 F S1is.aviews a manufacturin
p@ﬁlsﬁz@@g/etfda%ss R puend iinidott of

52005/ 090082
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subst rate

or oté SRBerdRE PN 1o ne LhoREralE "Urstr s Frer £rom
2. apd E &tg T8 ot A o ViS5 ssecthonal vl g gf

eC|f|caH

t he'subs
sh f ri te,
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cross-sectional view of the substrate

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view having a
partial cross-sectional view of‘a liqﬁid drop
discharge head of the present invention;

FIG. 2 is a plan view of a substraté of the
present invention forming an actuator of the present
invention; |

FIG. 3 is a Y1-Y1 cross—sectional view of
the substrate shown in FIG. 2;

FIG. 4-(a) i1s an X1-X1 cross-sectional view
of the substrate shown in FIG. 2, FIG. 4-(b) is an
X2-X2 cross-sectional view of the substrate shown in
FIG. 2, FIG. 4-(c) is an X3-X3 cross—sectional view
of the substrate shown in FIG. 2;

FIG. 5 is a view showing a manufacturing



shown in FIG 2,. and FIG 6-(b) is a Y1-Y1l cross

sectional view of the substrate shown in FIG 2; 10
WO-R@5/0%0085 a vi ew showi ng a manufacturing proP€E$P20605/004855
the substrate, nore specifically, FIG 7- (a) is an

X2- X2 cross-sectional view of-lt4ve substrate shown in

FIG 2, and FIG 7-(b) is a Y1-Yl cross- sectional

view of the substrate shown in FIG 2; 15 FIG 8 is a

vi emrshewsngfa tienufwdet trahg, pogeesvadfifheally, FIG. 5-

substrate, nore specifically, FIG 8- (a) is an X2-X2

cr o6z} sket ponX2K¥ewnds sheestibonedt & iashowh theFeGbstrate

2, and FIG 8-(b) is a Y1-VYl cross sectional view of

t heSBeBBt iat € IShowh iR ELG2; S-2b)- I @ Vli¥lac¥per-

show ng_a nmanufacturi ngh process of the substrate

mr%e%%éepfi#ca]l@w H &he- SF]QFtFét&n sgowe in FIG. 2;

cross-sectional view of the su trate shown in FIG,
55, and FIG G{B) Psi8 713%E% Wl%%c?.aﬁau%%wsfng

t he substrat 0 2; 25 FIG 10.is Vi e

i U Lﬁ%tv%taoo%&o&@fuflcaﬁyr ¥z

Speg >f299|5{—:19°é‘<§5§z o PLoses hhe Absi£at g g%%trate

i ca Cross- sect| onal

G‘MLB(?;I; ot hg 3?%5” t%néh@i’\@ i - F(bgi i% £Neh F‘l’?‘ cross-—

I's a cross- sectional "view of th
subs%éaisnamoméwn J# @h&i s@bELBa tEl st@wd Sid pk@n 2;
view of a barrier pattern, FIG 11-(b) is an X2-X2

10Cross-sectionalg viewisoh kFliGw khoW#lg, aanénblfGcturing
11-(c) is a Y1-Y1l cross-

process of the substrate, more specifically, FIG. 7-

(a) is an X2-X2 cross-sectional view of the substrate
shown in FIG. 2, and FIG. 7—-(b) is a Y1-Y1 cross-
séctioﬁal view of the substrate shown in FIG. 2;

15 FIG. 8 is a view showing a manufacturing
process of the substrate, more specifically, FIG. 8-
(a) is an XZ-XZ cross—sectional view of the substrate
shown in FIG. 2, and FIG. 8-(b) is a Y1-Y1l cross-
sectional view of the substrate shown in FIG. 2;

20 y FIG. 9 is a view showing a manufacturing
process of the substrate, more specifically, FIG. 9-
(a) is an X2-X2 cross—-sectional view of the substrate
shown in FIG. 2, and FIG. 9-(b) is a Y1-Y1 cross-
sectional view of the substrate shown in FIG. 2;

25 FIG. 10 is a view showing a manufacturing



sectional view of FIG 11-(a); FIG 12-(a) is a plan
view of a barrier 10 pattern, FIG 12-(b) is an X2-X2

wee@ssI®erti onal view of FIG 12-(a), and Fl GCLPr20eY004855

is a Y1l-Yl cross- sectional view of FIG 12- (a) ;

FIG 13-(a) is a plan view of-1&@-barrier pattern, FIG
13-(b) is an X2-X2 cross-sectional view 15 of FIG

13- (a) , and FIG 13-(c) is a Y1-Y1l cross sectional

Vi epr 0t eEEGo f13Hea)sulbd €xatd- (apres spgt ahivablyoef FAG. 10-
barrier, FIG 14-(b) is an X2-X2 cross-sectional view

of FRG i&dan( é&)Z,—)G&]cbﬁ@s—iec(cd_pnias'L aaw Yaf the substrate
cross-sectional view 20 of FIG 14- (a) ; FIG 15-(a)

i s shetanini E§WCof % bardi BEG. FLG- (b)5-Yh)aiBlanlxgrres-
cross-sectional viewof FIG 15- (a), and FIG _15-(c)

i s sevtivnadr yiswset i ohal sybekrade Fﬁf@quln(‘%}G 25

FIG 16-(a) is_a plan view of a barrier,

52005/ 090082 PEHY IPH0%AO04SsS RLYF 161 EH) OFs a?goa%zrl)@
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f ]
TSRS RS ot leW Aot Svpbok 253 55 E S o6 view
FIG, 1 f th 4
 hed gclfzﬁé 'S (3)p @h %f%"%o 119 chkﬁglraat'Fl -v11 QLR
cro c§58559n®1éw C&Iglcﬁ%l7a§q)’.FlG- 18 is an

X1- Cross-sectional view o
FIG. 12-{a) is a plan view of a barrier

pattern, FIG. 12-(b) is an X2-X2 cross-sectional view
of FIG. 12-(a), and FIG. 12-(c) is a Y1-Y1 cross-
sectional view of FIG. 12-(a);

FIG. 13-(a) is a plan view of a barrier
pattern, FIG. 13-(b) is an X2-X2 cross-—-sectional view
of FIG. 13-(a), and FIG.‘13—(c) is a Y1-Y1l cross-
sectional view of FIG. 13-(a);

FIG. 14-(a) is a plan view of a barrier, FIG.
14-(b) is an X2-X2 cross-sectional view of FIG. 1l4-
(a), and FIG. 1l4-(c) is a Y1-Y1 cross—sectional view
of FIG. 1l4-(a);

FIG. 15-(a) is a plan view of a barrier, FIG.

- (b) is an X2-X2 cross-sectional view of FIG. 15-
(a), and FIG. 15-(c) is a Y1-Y1 cross-sectional view
of FIG. 15-(a);

FIG. 16-(a) is a plan view of a barrier, FIG.



the substrate shown in FIG 17; FIG 19 is an X2-X2
cross-sectional view of 10 the substrate shown in

WOo-R@5/090082 FI G 20 i s an X3- X3 cross-secti onal RCBIP2005/004855

the substrate shown in FIG 17; FIG 21 is a view
showi ng a manufacturing process of the substrate,
nore specifically, FIG 21- 15 (a) is an X2-X2

cross-sectional view of the substrate shown in FIG

17,16ndbFl Gs 2 (¥)-33 ar¥isYseortdsmalkectiewnalf FIlew 16-
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of the substrate shown in FIG 17; FIG 22 is a view
showhg andadFcactle hg) piocesylof )i erasupsseatéongdr ¢7iew
specifically, FIG 22- 20 (a) is an X2-X2

cr os5-E&6ti dial () ew of the substrate shown in FIG

17, and FIG 22- (b?1=| a Y1-Y1 cross- sectional view

of the subst rat@- s a\mal)ansl € Pl]7an Fr&ewosti £he \jhptrate

shovm n nuf acturin C h subst ra
ShoreoURsEer em Bt e e Aando8 R 1A 688 6 Yi-v

Cross-sectional V|lew of than%#%str e V\D 2005/ 090082
PCTS 5P2B08FG04655 L 7% h3 "and FIG

28-(b) is a Yzl SRR @e%’:‘%ﬁa' ¥6§¥V Bfectt'l%n iew of

substrate shown in View's ng

spem%fggf}#@r%%eg&gﬁéé;;{ gﬁgésgﬁstgéf‘gé’ nor e

Cross-sectionatgVvi ew 9t Lhe gubsitat@ssshewriidhdl Giew of
17, and FIG 24-(b) is a Yl-Yl cross- sectional view
of the substrate owni nFF&s.117;
FIG. 20 is an X3-X3 cross-sectional view of
the substrate shownvin FIG, 17;
FIG. 21 is a view showing a manufacturing
process of the substrate, more specifically, FIG. 21-
(a) is an X2-X2 cross-sectional view of the substrate
shown in FIG. 17, and FIG. 21-(b) is a Y1-Y1 cross-
sectional view of the substrate shown in FIG. 17;
FIG. 22 is a view showing a manufacturing
process of the substrafe, more specifically, FIG. 22—
(a) is an X2-X2 cross-—sectional view of the substrate
shown in FIG. 17, and FIG. 22-(b) is a Y1-Y1l cross-
sectional view of the substrate shown in FIG. 17;
FIG. 23 is a view showing a manufacturing

process of the substrate, more specifically, FIG. 23-

(a) is an X2-X2 cross-sectional view of the substrate



FIG 25 is a view show ng a manufacturing process of
the substrate, nore specifically, an X2-X2 10

wWeRr@s®HI®WEZt i onal vi ew of the substrate shown i PCEIK2005/004855

17, FIG 26 is a view showi ng a manufacturing process

of the substrate, nore specifically, FIG 26- (a) is

an X2-X2 cross-sectional view of the substrate 15

shown in FIG 17, and FIG 26-(b) is a Yl-Yl cross-
secéshowal idi @waaf the swdsFIat e28havm) iis AR GI13¥]l cross-
FIG 27 is a view show ng a manufacturing process of

t hessubsonafle vimr e Spelee f fuhbltyatel Ghawn (@) FiL&.ad7;
X2- X2 cross-sectional view of the substrate 20 shown

in FIG 17, &GFI&t 23- @byiiey £hawingcposgnsdadionaing
vi ew of the substrate shown in FIG 17;  FIG _ 28-(a)

i's Ear‘b‘F%ﬁSvP§wt61fe SHaF FFRES, pRPFEr PP G 10BL LK) FdGa 24-
Yl - Y1 cross-sectional view and FI G,

I
528 (‘% ?% AR X2 X2 &%%%Séﬁeggéfjfléﬁal‘”\ﬁ(‘ém‘?%ft?FGSUbStrate
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o e a B o S 2t B o Hlatrh TET & cross-
2o q0dtlgnds Halh, Cfg %gegabgg(ggﬁg ol fGre. 17,

IS an Cross- Sec

vi ew of Fl G 19(;( ’i_ %)a 30 (sf’}')ov\lrﬁ'n% B! AQn¥ AWl r Fh g

barrier pattern, is a VYl

CrqsssSeeki gralny %b@tﬁnﬂ@ RA0rkakpANde £45 130- 66) x2-x2
IS an X2- X2 cross-
cross—sectional view of the substrate shown in FIG.
17;
FIG. 26 is a view showing a manufacturing
process of the substrate, more specifically, FIG. 26-
(a) is an X2-X2 cross-sectional view of the substrate
shown in FIG. 17, and FIG. 26—-(b) is a Y1-Y1 cross-—
sectional view of the substrate shown in FIG. 17;
FIG. 27 is a view showing a manufacturing
process of the substrate, more specifically, FIG. 27-
(a) is an X2-X2 cross—-sectional view of the substrate
shown in FIG. 17, and FIG. 27-(b) is a Y1-Yl cross-
sectional view of the substrate shown in FIG. 17;
FIG. 28-(a) is a plan view of a barrier
pattern, FIG. 28-(b) is a Y1-Y1l cross—-sectional view

of FIG. 28-(a), and FIG. 28-(c) is an X2-X2 cross-

sectional view of FIG. 28-(a);



-sectional viewof FIG 30-(a); FIG 31 is a plan view
of a substrate where 10 plural actuators are

waeooaogwe? FI G 32-(a) is a plan view of a bufPEr/JrP206i1004855

and FIG 32-(b) is a cross-sectional view of a

barrier part in the buffer roag- FIG 33-(a) is a plan
view of a buffer room 15 and FIG 33-(b) is a :
cross-sectional view of a barrier part in the buffer
room FIG 3&1G.azper(spedts we plieaw viewnoifnk barrier
cartridge; FIG 35 is a perspective view of an ink jet
20 patbedhngFdévi - BH)G 1862i §laYdJr ey sectonabneilewiew
of a mechanismpart of the ink jet recording device;

FI @£ 371I6s &9cr(@ds- sued i BRGL @?’ewcaf i rﬁ%r%g-isarrs;ros?@—
FIG 38 is a view for explaini ng a partial

20057 00boB2 1 pTRYP05T B04858~ (819 structure of an

opti cal nodul ati ng deV| e;, and FIG 39 is_a view for

Sexpl ai ni ng a it e305t Rhctisr & é%latrhevb%’f’l g4l & barrier

10

15

20

25

R %%RﬁAdﬁi'&?f@pq B ot the” E%&S%%?Y%syfﬁ?sﬁoaﬁ& view
gt 318 JEBITR g SLEle) i i camniyen.
sectional view of FIG. 30-(a);
FIG. 31 is a plan view of a substrate where
plural actuators are arranged;
FIG. 32-(a) is a plan view of a buffer room
and FIG. 32-(b) is a cross—-sectional view of a
barrier part in the buffer room;
FIG. 33—-(a) is a plan view of a buffer room
and FIG. 33~(b) is a cross-sectional view of a
barrier part in the buffer room;
FIG. 34 is a perspective view of an ink
cartridge;
FIG. 35 is a perspective view of an ink jet
recording device;
FIG. 36 is a cross-sectional view of a
mechanism part of the ink jet recording device;
FIG. 37 is a cross—sectional view of a micro
pump;

FIG. 38 1s a view for explaining a partial



10 enbodi nents of the present invention. FIG 1 is a
perspective view having a partial cross-sectiona

woe@dopfosa |iquid drop discharge head 200 usi PQI/arR005/004855
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actuator of the present invention. An exanple of a
side shooter type head 15 wheri@by an ink drop is
di scharged froma nozzle provided on a surface part
of a substrate is discussed in this exanple. The
| i gt cudtapedioschar gt head nbdubiasiexanjdeldas and
| am nated structure where three substrates 1, 2 and 3
are stacked. EZ0G 1 n3% hiesf ar ytiesubSir ageplaianng a whole
i ndividual electrode 4 is formed on a <110> silicon
substraceuby oi [the mntihepii nrafuAafipaatdenipeate 5
is formed on the individual electrode 4 via a space
7. In other words, as shown in FIG 1, the vibration
plate 5 25 faces the individual electrode 4 via the
RIeSH M O/ §SdaRR 10U BodBE) GAWVERETTON G The
space 7 is fornmed by depositing a sacrificial |ayer,
as well as a material of the individual electrode 4
or vibration plate 5.as.the lampatin | ayer, and.
Chen removi ngt RESSREENAL 1 FTEpS: bPRgsrd drv@ifion ana
SacLfl £l 8! olAYEI RIDYL g eNahe, A . BERALGNG LOOMG gsven,
and a comon | i qui room 10 are provided on the

segpnd, spbstrahee? HOFRY. PY+Rr5LL8>Sid 1 6 inciuding
substrate connected on an upper surface of the first

suhstiped emdntihe rdhs@ P H Wt invention.

FIG. 1 is a perspective view having a
partial cross-sectional view of a liquid drop
discharge head 200 using an actuator éf the present
invention. An example of a side shooter type head
whereby‘an ink drop is discharged from a nozzle
provided on a surface part of a substrate is
discussed in'this example. The liquid drop discharge
head of this example has a laminated structure where
three substrates 1, 2 and 3 are stacked.

In the first substrate 1, an individual
electrode 4 is formed on a <110> silicon substrate by
a laminating film. A vibration plate 5 is formed on
the individual electrode 4 via a space 7. In other
words, as shown in FIG. 1, the vibration plate 5

faces the individual electrode 4 via the space 7.



25

10 room 6 is a room having a concave-shaped and
rectangul ar parall el epi ped configuration. The
waele@siogrogt ng room 6 i s provided on the vibrat i BOT/P2007004855
5 and the vibration plate 5 functions as a bottom

wal | of the discharging room-&0-The conmon |iquid 15
room 10 is provided at one end side of the plura

di scharging roonms 6 in the second substrate 2 so as

t 0 Buppbyacek 7t d s o thed haygrgosddnmdg. a Thecrhifidial
substrate 3 is connected to the wupper surface of the
secbadesubstr ated 12.aA ainkeeriad sdbsthraatendiavidygaa.

t hi ckness of 50 A is provided for the third substrate

3. Alaezzpeendl €8 Vibtathed Phatend & rtheubsniapsizg
so as to be connected to the discharging room6. A

gr ovdY 8T sapfoFigad 1emewendt khed seisthist 28 haveruifgom a
resi stance for éonnecting 25 the comon |iquid room 10

Sand®2REL 8FSeRdr gBVE T JoTROBLPAOR2865/ 090082

PCT/ JP2005/ 004855  -21 An ink suppl pening 11 is,
brovided in thelRCPar b 120l § £gdag wpipEon Tiquid

to_th : | i qui d . t ti
o eh o Aa b Ba R R bt RESTD e ek £ BBl Rormea
Do . op ( . t

SRNE FTRLLOR R T KiBhs Bralbo PURREL-Ldd S D4R fpper

40 oL Pk se skeghid G500t enthat saake 1appliRd d0stR8rging

i ndi vidual electrode 4 by an oscillation circuit.

10 room 6 is a room having a concave-shaped and
rectangular parallelepiped configuration. The
discharging room 6 1s provided on the vibration plate
5 and the vibration plate'S functions as a bottom
wall of the discharging room 6. The common liguid

15 &room 10 is provided at one end side of the plural
discharging rooms 6 in the second substrate 2 so as
to supply ink to the discharging rooms 6.

The third substrate 3 is connected to the
upper surface of the second substrate 2. A nickel
20 substrate having a thickness of 50 4 is provided for
the third substrate 3. A nozzle hole 8 is formed in
the third substrate 3 so as to be connected to the
discharging room 6. A grove 9 is provided in the

third substrate 3 as fluid resistance for connecting

the common liquid room 10 and the discharging rooms 6.



10 Based on that a surface of the individua
electrode 4 is electrostatically charged by the

wappbkiog@®s: on of the voltage so as to be positi RET/IJR2005/004855

5
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el ectrostatic action works between the vibration

plate 5 and the individual eledtrode 4 so that the 15
vibration plate 5 is bent dowmward. As a result of
this, the ink enters fromthe comon |iquid room 10

t o Aheidksehapdingpponimé Viaishergaaled 9ifiothenghird
the fluid resistance. . After that, the pul se voltage
t o shiesRBaitrdidvisgua s etecbeodenteics eshanyedhé¢ ocOmmon
(zero) V, so that the vibration plate 5 bent downward
dueliguileroemedid-ostatic force returns to the

original state due to the rigidity of the vibration
plate 5. As aNeﬁ§sm%c§#°Qr@%,tB?eiéaﬁéqrﬁ#?@ discharge

di scharging room 6 25 drastically increases so, that .
theie ek £PHund varch The \ebovosredsessed structure is
PCT/ JP2005/ 04835 -2 d'schgr ed,onto,.a recording
pasbh GHaSERe nddyi% Tt ke WheHs FESedt I 1 Tnd; Reom 6
| nk gan; becgoptiuauel v, ¢l sghapded, A foree. £ wor king

€ &es S, a 5 iyt he d??omnng

between el éctro i's, as sSho

n i : I {4 _ Enyver c [ L 0
333§$% 0 léggrgf%h%géfkié feekiehan Ji&w&es?iggEgSFe 4

etween the electro
inoyder £9cqhhvweidfn & toyiyoltage, it is inportant

to make the space gap between the individua

el ectrode 4 apdskheow it ) surface of the individual
electrode 4 is electrostatically charged by the
application of the Voltége so as to be positive, an
electrostatic action works between the vibration
plate 5 and the individual electrode 4 so that the
vibration plate 5 is bent downward. As a result of
this, the ink enters from the common liguid room 10
to the discharging room 6 via the groove 9 forming‘
the fluid resistance.

After that, the pulse voltage to the
individual electrode 4 is changed to 0 (zero) V, so
that the vibration plate 5 bent downward due to the
electrostatic force returns to the original state due
to the‘rigidity of the vibration plate 5. As a

result of this, pressure in the discharging room 6

drastically increases so that the ink liquid drop is



10 plate 5 narrow. [Nunerical Formula 1] F= (1/2) x
(E S/d2) XV 2 : dielectric constant 15 S: area of the

waosae®snf an el ectrode facing another el ect PCH@P2D05/004855

5pre§%%V?zFﬁg

the, 1iquid drop dischar ead 200, ar cussed. 10
[Fi Jr%‘feaiangff@%ozm% ot atid

naln Par %Buct re of gg acﬁug%or i.S

10
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di stance between the electrodes V: applied voltage 20

As described below, in the |lig®a-d drop discharge head

200 of the present invention, there is no entry

(i nvasi on) by an upper layer filmvia the sacrificial

| ay®t sehamgedt iongd o exredbedehgr eapetr iwia polssi hbeztle hole
stably nmeke the space gap between the 25 individua

el et r oy 4eprd ttimg vilbiat i bhepliake camnilidh dhtinuously
2005/ 090082 PCT/ JP2005/ 004855 -23 good precision so

t hatis@bazgedon of the vibration plate 5 due to the

el ectrostatic force can be made nmaxi num A
nanufacturlngAn§Pﬁ§@ éhdm%¥kh@gubét6ﬁe§nel?@ﬁﬁ@@@%rlsf as

pressure %eneratlng means, which_is configured for

Regitdn 8 | wraeaﬁ&alusf&f%l% bar i nof
gbracg d

€, 1n order to drive at

ey §8PERE OFF

ectro
a low voltage, it is important to make the space gap
between the individual electrode 4 and the vibration

plate 5 narrow.

[Numerical Formula 1]
F=(1/2) X (€8/d%) xXVv?

€ : dielectric constant

S: area of the surface of an electrode facing
another electrode

D: distancé between the electrodes

V: applied voltage

| As described below, in the liguid drop
discharge head 200 of the present invention, there is
no entry (invasion) by an upper layer film via the
sacrificial layer eliminating hole. Therefore, it is
possible to stably make the space gap between the

individual electrode 4 and the vibration plate 5 with



di scussed wth reference to FIG 2 through FIG 11

FIG 2 through FIG 4 show an actuator part of the 15
woO 2apaioghosz op di scharge head 200 of the first eReENP2005/004855

FIG 2 is a plan view of the actuator part. FIG 3 is

a Y1-Y1l cross-sectional view-@&X3-the substrate shown

in FIG 2. FIG 4-(a) is an Xl -X1 cross- sectiona

view of the substrate shown in FIG 2. FIG 20 4-(b)

i s GPON2PXRCAEIPLI Sertilonbl threwcsfl atheo f stibet vabsation

shown in EFIG 2. FIG 4-(c) is an X3-X3

cr dk288cPi 8N4 TR ool aetsapseitdtce Khovh FanFPE mpde

FIG 5-(a) through FIG 10-(a) are X2-X2

cr d8¥* 58t -onal views of the actuator shown in FIG 2.

25 FIG 5-(b)._ th FIG, 10-(b Y1l-Y WO
2005/ 09008(2 %TW%%%%%@W fg?%ﬁgé:@ﬁ%oﬁ;ﬁrc‘%‘?%\?\éeo?f an
th t h in FlG 2 h d i :

S ects | bR by “FoP LORTHY Gre'Bh 46 TGRD FNE HendTheChr i g

St apon P gL BE4AFLYA s Fl G, L5 (8) iy A AAD ¥ 8450hn g

t he VICI%Ity of *the sacriticial ayer renovl ng

holgsedr! & A1pbR) dS a1y ¥due ola%@eqﬁimrgéﬁigfgﬁ 200,

the vicinity of the sacrificCia ayer renoving
showe i @i EkBsstl-. (). FIG 11-(c) is an X2-X2

cross-sectional view of the vicinity of the
sacrificial |ayer renoving hole 10 shown in FIG
11-(a). For the convenience of explanation, only a
10si N eratt eadteplied shown in FIG 2 through FIG 11
As shown in FIG 4-(a) through
<Main part structure of actuator>
A main part structure of the actuator is
discussed with reference to FIG. 2 through FIG. 11.
FIG. 2 through FIG. 4 show an actuator part of the
15 ligquid drop discharge head 200 of the first example.
FIG. 2 is a plan view of the actuator part. FIG. 3
is a Y1-Y1 cross-sectional view of the substrate
shown in FIG. 2. FIG. 4-(a) is an X1-X1 cross-—
sectional view of the substrate shown in FIG. 2. FIG.
20 4-(b) is an X2-X2 cross-sectional view of the
substrate shown in FIG. 2. FIG. 4-(c) is an X3-X3
cross—sectional view of the substrate shown in FIG. 2.
FIG. 5-(a) through FIG. 10-(a) are X2-X2

cross—sectional views of the actuator shown in FIG. 2.

25 FIG. 5-(b) through FIG. 10-(b) are Y1-Y1l cross-



(c), since the actuator having a nultilayer structure
is transparent and therefore the inside structure of

waQ@2o00si02008t uat or can be seen through, the struPCTIR0GH/004855

the actuator is shown by a solid line in FIG 2. The
space 7 shown in FIG 1 corresfgonds to a first space
24a in FIG 2. Therefore, a |lower part electrode 23a
corresponding to the individual 20 el ectrode 4 shown

in $¢€£

24a. A lamnating film34 is__paositioned above the

fi r”éltle%aééaZ’&é’gsﬂ?er‘? i §egcripgce b274aqusl%w-'s%§cén order of
haV|ng are ular plate 2 conflguratlon The

firsh d

36 b 05/ 09008
- 25 érgosnggg&lonéxf) rr%%p%naiﬁﬁ '3 Fhe éB%?aYFSﬁnltY

ionpd RN et riht aghgeiton ihawr sinsBabe 2.

space ?5 g SEpRTF af 059$$ﬁ1?¥t|on par t

PCT/.JP2005/ 004855

soyerd, bt i 2 et el sl 0 Ly o

a paLiy SYThﬁﬁed¥$§§ugéé%ﬁg% ﬁhglew*ﬁ e%géﬁnkﬁg of

projected” on a-lam nating

f'r@HeSQéﬁﬁlfgéadHWfa§%r4réﬁ%v§ﬂg @&%e‘%ﬂ&%m lf16. 11-

vibration plate is an area of a part of

| anjaat i ngéi. |l mi26 c)ands ther ghoke U&dﬁﬂJégbﬁhonal view of
vi bration plate area 34a. 10, Furthernore, since the
firdie sphcen24g iof athareacr Lol eeapondiviy: tiehdeing hole

vi bration plate area 34a, the first space 24a is

m posi ti on ove

10caldtregvia ¥nbFati.ollpl @t)e. For the convenience of

15
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explanation, only a single actuator is shown in FIG.
2 through FIG. 11. As shown in FIG. 4-(a) through
(c), since the actuator having a multilayer structure
is transparent and therefore the inside structure of
the actuator can be seen through, the structure of
the actuator is shown by a solid line in FIG. 2.

The space 7 shown in FIG. 1 corresponds to a
first space 24a in FIG. 2. Therefore, a lower part
electrode 23a corresponding to the individual
electrode 4 shown‘in FIG. 1 is provided right under
the first space 24a. A laminating film 34 is
positioned above the first space 24a. The first
space 24a is a space having a rectangular plate
shaped configuration. The first space 24a is

separated from a partition part 36 by a separation



correspondi ng area. Therefore, the vibration plate
area 34a and the vibration plate correspondi ng area 15

w@ eivs/0pG08st space 24a) face each other in uppePCHMRL005/004855

| ower directions and overlap as seen from an upper

part. Although the |am natingZ431m 34 formng the
vibration plate may be formed as a single layer or 20
plural layers, the lamnating |layer 34 in this
exagpbevhad3a mil tHadElyefOosrPaPPHd Nthek® Blae separation
insulation film 25, an upper part electrode 26, a
fil9Foenai ARG pridviast iohtRi pnineferigdd s repvinf ipnFiG. 4-
are st acked fromthe |lower part. 25 The separation

grob¥k 339 15| |%d(% th a WD 2005/ 090082

PCT/ JP2005/ 004855 . 26 mater an in n filmd44
by the follo éflbﬁaélblorf fpj(%Jé \(Mlat ik %f“atqcﬁé?s%ﬁa?aPF‘E%

33 h 33 1.
T FKGe o BR oPfid Tt &t arPeal pEPE SEATR Tstet o Byep Seted
corggsgom%}ngg %1918%@:‘?11@ Xgl%ﬁghgdh%%&rét%@ehgxgg% %pace
concave s d ura I on i's step gives

infauencg +9c. |Q¥QE§ %Lﬂ§K§gGabQVQCBhe Sﬁﬁﬁéa% EB0a+tion

layer 33 in the follow ng step so that ness
of gheryi brabnoRrep al€ ArgartSouneyen. lﬁ@ﬁ@éﬂ@fn@f £film 26
this, the groove 10 width of the separation groove 33

i's armietlaérémalrle ds QUsBéd| & abekdalord ieyeatehnNg4a.
generation of the step. In the exanples shown in FIG

102 aharBh&mdre, since the first space 24a is an area

15

20

25

corresponding to the vibration plate area 34a, the
first space 24a is called a vibration plate
correspohding area. Therefore, the vibration plate
area 34a and the vibration plate correspondihg area
(the first space 24a) face each other in upper and
lower directions and overlap as seen from an upper
part.

Although the laminating film 34 forming the
vibration plate may be formed as a single layer or
plural layers, the.laminating layer 34 in this
example has a multilayer structure where an
insulation film 25, an upper part electrode 26, a
film bending prevention film 27, and a resin film 28
are stacked from the lower part.

The separation groove 33 is filled with a



the groove width of the separation groove 33 is nade

small so that the generation of the step is prevented.
wa o098 2, a length A of a short side of tPET/JP2005/004855

vibration plate area 34a is 120 gmand a length B of a

| ong side of the vibration pl#t area 34a is 800 |-tm

A voltage can be applied so that the vibration plate

area 34a can be displaced by an electrostatic force.

20 Mhkekoner (gar tindwbatbde 23am d4atheried 6alaosiing

substrate 21 via the insulation film22. An

i nseEaPF onIffi [tRA407 ikt of Re@hen SERE Yo paFpove 33 is

el ectrode 23a to_prevent generation of short-circuit

wi thREHR  UBPER &% SARRITLUEN26TORYY PHIks 5lakgd with
PCTP20BEPE0Agss > DAt sgbr CRBMIVHAG A EeB1cpEresponding
S0 R HBL G B i gt bR B, FoRFSRe Shapea
br eBPEEuRRLL 0n® SO PECS e BIVSS"Bad LPAIERRE o

sactificka rqr ' h r [ €229 I
SrPLAFLES Sk chRARE KB Mg TokBaddatloft BAYEL 5328 o

ef {61 eAgYnef sithe dsphmcenent ehidihe s Atind Phat&tion
becones bad and conpl ex di spl acenent happens and

thesefeseaibai ssdidifdvatl I t®ecilsdesirgrioy, obhai §iBBve
a desirable vibration property. On the other hand, by
10ar mangitingo £ heheackifd i tal oh ayeboveedsviiig ride 334 Shall as
the barrier 29 outside of the
possible in order ‘to prevent the generation of the
step. In the examples shown in FIG. 2 and FIG. 3,
the groove width of the separation groove 33 is made
small so that the generation of the step i1s prevented.
15 In FIG. 2, a length A of a short side of the
vibration plate area 34a is 120 um and a length B of
a long side of the vibration plate area 34a is 800 um.
A voltage can be applied so that the vibration plate
area 34a can be displaced by an electrostatic force.
20 The lower part eleptrode 23a 1s patterned on a Si
substrate 21 via the insulation film 22. An
insulation film 40 is formed on the lower part
electrode 23a to prevent generation of short-circuit

with the upper part electrode 26.

25 In FIG. 2 and FIG. 4-(b), the sacrificial



vibration plate area 34a, it is possible to obtain
the desirable vibration property and the liquid drop

wa 200diogwBar ge head 200 and an actuat or havi ng PCTNP2005/004855
reliability. Referring to FIG 2, FIG 4-(b), and FIG
4- (c), the vibration plate a2da 34a forns a vibration
pl at e di spl aced by an electrostatic force acting 20
bet ween the | ower electrode 23a and the upper part
el etayederg@ovinchdidlie s3lspacfozaed Hie thoeeupaite of
el ectrode 23a faces the vibration plate area 34a via
t hethersibspidom il atiheatrprst 43pace TMa-9 PeBEREAT DY
a sacrificial layer process using the sacrificial 25

Iay*é?r?lé%vﬁ:ﬁﬁ At iquef by ke IS QRPEY uPET RO
2005/ 090082 P JP2005/004 - 28 t
for eacmés R G rate SEltE 5&&%@ Spa?%'i%%haogp&éaer
24b in éh C|n|t) of %P gacrlflg Cla ! éennvmg%ln
hol% 34 f%eg 1 ang” cFAP P 26) sac t¥T¢i af g
h
yﬁflné Zg‘éé'g%gm%raif%hef S%%s.l%eﬁ“-”?%%& & FRevibion

o J‘b 448 9k L8 4l qugﬁie ‘? c%ne Rign t@p@tawpf&gga@nt of

arrier 29 as resi ance and

coniest ¢ igrp@kbnd 1@[& ]@éé’éfﬂnggdbﬁ%ﬁ\é‘%ﬁﬂ éé}@pﬁgﬁce 24b
inthe vicinity of the 10 sacrificial |ayer renoving

hol®i Sd1 apdmbhe $RagRdaangi tHatedourdert the difficult to
vibration plate area 34a, so that the resin materi al
1028 dsspfeveatredbftadmiseeph Nngefl@Able vibration property.
On the other hand, by arranging the sacrificial layer
removing hole 31 or the barrier 29 outside of the
vibration plate area 34a,‘it is possible to obtain
the desirable vibration property and the liquid drop
15 discharge head 200 and an actuator having high
reliability.
Referring to FIG. 2, FIG. 4-(b), and FIG. 4-
(c), the vibration plate area 34a forms a vibration
prlate displaced by an electrostatic force acting
20 between the lower electrode 23a and the upper part
electrode 26 in the first space 24a. The lower part
electrode 23a faces the vibration plate area 34a via
the first space 24a. The first space 24a is formed
by a sacrificial layer process using the sacrificial

25 layer removing hole 31. The barrier 29 as a fluid



the sacrificial layer renoving hole 31 into the first

space 24a situated under'the vibration plate area 34a.
wQ200F9®82 s because if the resin material seepBCT/M2005/004855

the first space 24a situated under the vibration

plate area 34a, the vibrationgplate area 34a is

adhered to the |ower part electrode 23a and therefore

cannot work as an actuator. By providing the barrier

29 das Z2dcdheeviei mottyneaf ddiewsanr thecifdlrdtayayace 24a and

renoving hole 31, as conpared with a structure not

haw repdded bparcieel420,ir hehe esioimatier icel 28 camcbificial

prevented fromseeping into the first space 24a

si thsatesd emeyinghéodichrl | 6fepl aleiar da a34h &baimalO) .

it is possible 25 to obtain a high yield rate. WO .

2005/ 090082 PUTeJP2005/£004855 1aper TREEOVBR T driqig3l 1s

the barrier 29, the sacrificial |ayer renoving hole

531 S@fn 9k R¥aFBE WESHD & et hoRl- nofNudi F§Se VHteAen the
ot oo AL 250 PO TR Pl
PO B Ay ERe: cors T iinge Bhel RaBika o0 pe the
Sedngd Do EREE FabER" pnd WH{RIRYLRE DA 3 I9re
Vi prald Qe @1 5L ey bebMdG fddBe 1945t 1 hS Rt TREEREY Vo5 the

" to provided a process for only sealing an ore
10t heRumerc 01 pigg%&S%n&mrpf néedugedanBecaises@ice 24a

this, it is possible to obtain

situated under the vibration plate area 34a, so that
the resin material 28 is prevented from seeping from
the sacrificial layer removing hole 31 into the first
space 24a situated under 'the vibration plate areé 34a.

15 This 1s because 1f the resin material seeps into the
first space 24a situated under the vibration plate
area 34a, the vibration plate area 34a is adhered to
the lower part electrode 23a and therefore cannot
work as an actuator. By providing the barrier 29 in

20 the vicinity of the sacrificial layer removing hole
31, as compared with a structure not having the
barrier 29, the resin material 28 can be prevented
from seeping into the first space 24a situated under

the vibration plate area 34a so that it is possible

25 to obtain a high yield rate.



the liquid drop discharge head 200 and the actuat or
having high reliability at low cost. 15 In this

wex@sppms2 (i) the first space 24a for di spl acP@mIR2065/004855

5

vibration plate area 34a, (ii) the separation groove

33, including the connection-@gening connecting

bet ween the sacrificial layer renmoving hole 31 and

the first space 24a, and (iii) the second 20 space 24b
that is an arBhusuyr bourfhedninyg t biee bharirérer 29 haviee

for exanple, thicknesses of 0.40 ,um A sacrificial

| aysrChibeessli daysad famotorgi hglehdl fdarstbangealed with
second spaces 24a and 24b. The sacrificial |ayer

r efoViHgh ¢d| BOB1 Uisd Mich raveltR FRUR h@evillseat | dheb phat e
forming film34 via the upper el ectrode opening W

205 TR PETAIFEGOHIUASEEI b3he gdrtiBdseahed with the
sacrifjicial Iag r r.emvin holef 31 are arranged at
ev&f%*ﬁé?%ﬁ?s gqu&tt%f o§3LRlen5R PREVaEhgERS oFesin

the ,shori,side A of the vibrati plate 5 eg 34 i
2l g L He® | BhamsFaE B oS tHELY | DRGt FOACH A B eahe fluid
34 T i ficial, | . inggholes 31 are ... .
Forst e othe SR des R R i rictal
Ot Refye TMMSno b inhSHBASSIDI & 4 0 €11 LG 8Ot Ly LLEN T hees 1 g
sacrificial layer so as to formthe first and second

10 t3pacess 24apapd 34b.rky A ADgl HY ghaft%' fAGH fd CEal
| ayer renmoving holes 31. In a case of the |iquid drop

10di sehargendieatlecessary to provided a process for only
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sealing and therefore the number of processes can be
reduced. Because of this, it is possible to obtain
the liquid drop discharge head 200 and the actuator
having high reliability at low cost.

In this example, (i) the first space 24a for
displacing the vibration plate area 34a, (ii) the
separation groove 33 including the connection opening
connecting between the sacrificial layer removing
hole 31 and the first space 24a, and (iii) the second
space 24b that is an area surrounded by the barrier
29 have, for example, thicknesses of 0.40 um. A
sacrificial layer process is used for forming thé
first and second spaces 24a and 24b. The sacrificial
layer removing hole 31 is formed in the vibration

plate forming film 34 via the upper electrode opening



200, generally, an actuator configured to discharge
the liquid drop has a |l ong and narrow rectangul ar 15

wa@ bapmeebosonf i gurati on and a nei ghbori ng act uat PCT/IR2005/004855
arranged at a long side. Since the sacrificial |ayer
etching is isotropic, renovingOefficiency of the
sacrificial layer is high if the sacrificial |ayer
renmoving hole 31 is arranged in the center of the 20
vi lpattobhZpl ate area 34a. However, if the sacrificial
| ayer renmoving hole 31 is arranged in the
di spl acement Hheasafrile afidk atevarprareyviagitebes ol are
property of the actuator may be given bad influence.
Hertler 21 gef s 2 he 8¥ETariR I GR + AnGEEHe t9a @Y fiesal than the
| ayer renovinghhole 31 outside of the vibration plate

VO 1F5 09868 PCPAPPL0 051 904858 T8E- Vdla Bien piate
530 SR | 37 AP BTc GO h T FSB Odpdt SR pheplate
se%gQQ space Z%Q IS Q{0Y1§ed %n ther5rbarrLer 9 éSee31
cl &M 3)° T Becalfs SAYNI StFuctiver “WHSY 1 ¥P4Fa
. . i v, ficial
S AR BN B oA BZomatle I IRERs encn

suffdrd ent | ¥ geCuk e fifs?%jc%‘%Pélge%i;g%fffifc%o@x{glﬁéeetﬁl the

perspective of processi ng and structure.
IS POssiPl @140 deghan sand repwif AGEMr enkhe 1 Gt UBL@T sQEond

the liquid drop discharge head 200 w thout having a

10| mpgateoR 08 deai gaof dyhesdtah@ing plural sacrificial

layer removing holes 31.
In a case of the liquid drop discharge head

200, generally, an actuator configured to discharge
the liguid drop has a long and narrow rectangular

15I shaped configuration and a neighboring actuator is
arranged at a long side. Since the sacrificial layer
etching‘is isotropic, removing efficiency of the
sacrificial layer is high if the sacrificial layer
removing hole 31 is arranged in the center of the

20 vibration plate area 34a. However, 1f the
sacrificial layer removing hole 31 is arranged in the
displacement area of the vibration plate, a vibration
property of the actuator may be given bad influence.

Hence, it is necessary to arrange the sacrificial

25 layer removing hole 31 outside of the vibration plate



resistance in the vicinity of the sacrificial |ayer
renmovi ng hole 31 and the connection part 30. 15

wab@sedwse, it is possible to inprove yield raP€r/ireo05/004855

5

t he manufacturing process and qualities of the liquid
drop di scharge head 200 and t{3d&-actuator. The liquid
drop di scharge head 200 shown in FIG 1 includes a

di scharge room 6, a common |liquid 20 room 10 and

pl krdaagtaators. The di scharge room6 is connected

to a nozzle hole 8 configured to discharge the liquid
drop. The inkAsugpPivad itro EHe. 4 séhartgilsg axsomrbei sa
received in the common room 10. The actuator has the
vi frenpeatppat 8agd ér%s%%%l%r@énépatqw%ian‘shesélrst

t hat dlschargln%Senerg iven WO _2005/ 090082
pcﬁrﬁf«z%o%ﬂeo&s thes %01% eSPﬁEeua%elSdul%*&wé%ﬁﬁﬁgln the
6 and t can_be di sch romthe

%rjser Bk, chaiebrd) oo BECEHE d 155 IepacsLFacture,

rerHd b £?¥1 A PTG HBS AT ot e
aCtéjaaé g@Y%ﬂglga%&gq:er&g\%lg rﬁ&?ea%la 1230\36 Iorﬁédangt is

prOV| di'schar ge "héad

hl%gég§%1éYténgdﬂfﬂcfg SéQEugée%faéﬂéﬂfaf &Q31gn

(Manufacturing Process of Actuator

manu et 4 é NgePEOERNIAR et t@ﬁocaggaaboarﬁ %@f&&%:?@d
with reference to FIG 5 through FIG™ 10. In

10t highe FIG: 19, pokilSle to design and manufacture the
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actuator or the liguid drop discharge head 200
without having a limitation on design of the fluid
resistance in the vicinity of the sacrificial layer
removing hole 31 and the connection part 30.
Therefore, it is possible to improve yield rate in
the manufacturing process and qualities of the liquid
drop dischafge head 200 and the actuator.

The liquid drop discharge head 200 shown in
FIG. 1 includes a discharge room 6, a common liquid
room 10 and plural actuators. The discharge room 6
is connected to a nozzle hole 8 configured to
discharge the liquid drop. The ink supplied to the
discharging room 6 is received in the common room 10.
The actuator has the vibration plate as pressure

generating means, so that discharging energy is given



an X2-X2 cross-sectional viewof FIG 2 and (b) is a
15 Y1-Y1 cross-sectional viewof FIG 2. 1. First step

W@ 3we/ oMo 5-(a) and FIG 5-(b)) The insul ati oPCT/iIP2005/004855
(thermal oxidation film 22 having a thickness of 1.6
Amis fornmed on the Si 20 suld3trate 21 having a
t hi ckness of 400 /gym Then, P doped silicon having a
thi ckness of 0.4 Amis forned as the |ower part
el et rode. iTheApn tihe |dbiechaepéotr cder23a andl Bhpaeby the
36a of the barrier are separately forned by a
| i thiok ec2hi hg Aasiedrgdd ek 08 that nomeliestl at Ionthe
film (CVvD oxidation film 40 of WD 2005/ 090082
PCHIP2BDGF 002855 -H8° | piEFteFBEFPOdE 2B wiRCthEed by a
part 36a of the barrier are, stacked so as to have a
t hiREIERES ofsHRY R SAfrifhsipat PeFOd muecomeksissis

sk er ecting the |lo art el ectrode
553G 7 LE chaeaa e /e ep?sﬁég%raﬁtﬁ‘avsn% 2 high

praqte entln lectri,

CI cucjgéo)fa{;ﬁe TFofter Ovbacf? | 28¢, Bag” latﬁbe i]JequﬁeFerP

2 102508, g T PR FORR Rl e

po'&i%ﬂéﬁ@ﬂ%nhﬁ‘gbﬁgc%a CKNESS of 0.4 Am is
deposited by CVD nethod so as to forma space gap.

Then, the separation groove 33 by which an area of
t he first and second space 24a and 24b and a part 36b

1015 @fadh®adbeiiriny @recsenarat edcendtbhe barrier 29 are
Next, the manufacturing processes of the
actuator are discussed with reference to FIG. 5
through FIG. 10. 1In FIG. 5 through FiG. 10, (a) is
an X2-X2 cross-sectional view of FIG. 2 and (b) is a

15 Y1-Y1 cross-—-sectional view of FIG. 2.

1. First step (See FIG. 5-(a) and FIG. 5-(b))
The insulation film (thermal oxidation film)

22 having a thickness of 1.6 um is formed on the Si
20 substrate 21 having a thickness of 400 gm. Then, P

doped silicon having a thickness of 0.4 um is formed

as the lower part electrode. Then, the lower

electrode 23a and a part 36a of the barrier are

separately formed by a litho-etching method. After

25 that, an insulation film (CVD oxidation film) 40 of



formed by the litho-etching nethod. After that, an
insulation film (CVD oxidation filnm 25 is stacked so

wW@2005090087e a t hi ckness of 0.15 ,um The i nsul PCT/@IR005/004855
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film25 works as a mask material protecting the | ower

20 part electrode 23a in the-saerificial |ayer

process, and as a protection film preventing an

el ectrical short circuit of the | ower part el ectrode
23dl awelr t kectppere [Pdd ab@cthedepa2é. 3¥m Hf Thhedbsakeper
(See FIG 7-(a) and FIG 7-(b)) WD 2005/090082

PCHH JP2805£R864855 as34cd lopedasithickmdwavio @.2 um. The
thickness of 0.2 /.i mis deposited and then the
uppetsel @Eippdéidgn dhd'erkpans scmask tmetdmaialer are
separately formed by the |litho-etching nmethod. At the
saRreF et 1BIpitbte tavnt P RBE et BFFErGFard3 | Bt Ebte

openiqg,gart) 32 i s opened Iarger than t he ) )
sactd 7 ot aF L Ray eRYRIRA AT BB 234, 25 & fRfegpion film
prevent the upper el ectrode 26a having the sane
A bt b HhBS, sl o L | Sp8F CoRR LAt Bol Hge Tower
etched at-the_ ti,neof renmpval of the 10 sacrificial
et © TRERC CRORPL Ao T o3 7IPR T4 B34S (i BT TS 26
vi bration plate bending prevention [|ayer by LP-CVD

nmet hod so as to have a thickness of 0.2 .,ccm 15 4.

Four t ls St oRq (SeepF!(GeS-HAD . a@d(gg Gan ¢33, Tef‘ﬁ(b)t%e

sacrificial layer renoving hole 31 is formed by

10l itho-etchingrpet Badrard dikan tdfer (non-doped
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polysilicon) having a thickness of 0.4 Em is
deposited by CVD method so as to férm a space gap.
Then, the separation groove 33 by which an area of
the first and second space 24a and 24b and a part 36b
of the barrier are separated and the barrier 29 are
formed by the litho-etching method. After that, an
insulation film (CVD oxidation film) 25 is stacked so
as to have a thickness of 0.15 um. The insulation
film 25 works as a mask material protecting the lower
part electrode 23a in the sacrificial layer process,
and as a protection film preventing an electrical
short circuit of the lower part electrode 23a and the

upper part electrode 26.

3. Third step (See FIG. 7-(a) and FIG. 7—-(b))



resist is renmoved. 20 5. Fifth step (See FIG 9-(a)
and FIG 9-(b)) The sacrificial layer is conpletely

WO etpswes2 by a nmet hod having a high sel ecti vi t PCD#P2005/004855
etching rate of the' sacrificial |ayer of the first
and second spaces 24a and 24b-znd the insulation filns
40 and 25, 25 such as a wet etching nethod using
al kali solution, WO 2005/090082 PCT/JP2005/004855 -35
so that the firsiopeid sechncn shacéag24a AnicRdbdsarer 0.2 o
formed. In a case where TMAH or KOH is used as the
al kal i ssdeppissried tand possi bhe vppatplehestrode 26a and a
sacrificial |ayer etching having high selectivity. 5
| n RREEL PER, oift Hhe RARTheE 85 gFPeEteheformed by the
sacrjficial |ayer etchlng béFSF6 pl asna process or dry

ethh’rW@ u§Fﬁ§‘lﬂ%€F2“ xitﬁestsé’ﬁ‘e( e & BEofgPtion
G 10- 28 h

St i EheedigpeP et fﬁseéﬁf’ wda’ 2o g B4 o321 s opened

"%AP%%UC%% hesp%a“caff?tégslnzéhf%zrm°°“3'def'ﬂsge 1,

I'mT fion a

corgt ot org 18 iﬁe%"aé&%ay’?%e@@% %?.%%@r%ﬁelgéa having

thathe 0ODL¥eaRa th8Glr deae 1‘.’?1(5' QQCE§E1Q‘Q_aF1adla&%£ é@gt from

shown) is opened by the litho-etching nethod
Matesidh 68Bhebe ausathastihe §eskBmbilal A 41089 as it

has corrosion endurance against the liquid drops such
l10as sacrificial layer. Then, a nitride layer 27 is
deposited as a vibration plate bending prevention

layer by LP-CVD method so as to have a thickness of

0.2 um.

15 4. Fourth step (See FIG. 8-(a) and FIG. 8- (b))
The sacrificial layer removing hole 31 is
formed by the litho-etching method and then the

resist is removed.

20 5. Fifth step (See FIG. 9-(a) and FIG. 9~ (b))

The sacrificial layer is completely removed
by a method having a high selectivity of etching rate
of the sacrificial layer of the first and second
spaces 24a and 24b and the insulation films 40 and 25

r

25 such as a wet etching method using alkali solution,



20 PBO (Pol y- p- phenyl ene- benzo- bi s-oxazole) film or
polyimde film can be fornmed by a spin coating

woredosognosand can conpl etely seal the sacrifi ci BCT/IR2PEI004855
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renovi ng hole 31. Thus, the actuator part

corresponding to the 25 subst3sate 1 shown in FIG 1

is conpleted. By WO 2005/ 090082 PCT/ JP2005/ 004855 -36
conbining this with the substrates 2 and 3 shown in

FI Go lthéhethiequiid-dr opndli sebande sipeae LW4 4 sand 24b are
conpleted. The resin film28 seals the sacrificial 5

| ayeormedovi Ag lkolaagd wihener TMEHeoaf @] s wsedatisorthe
where the space is vacuumsealed with a film
depobka bt BYlathym oritovbs nehsdbdsi i almpkement

device so that the inside of the gap has a negative

pr exx@F L dgéado lapiis phler hEnexpayang, kg sotacrérity -
plate is _bent, and desirabl e gi spl agcenent cannot be
obth rieddLiEdRThe It e RS LRLP E?aﬁ'ﬁ!pel,enil%% E4se

where, ip,the ctuator, having the first and second
SPARALTHRACARY TZHET G HANBY PEnturng eRES BRGTTEF apT AT

| ayer he 1 tching met hod usi ng TMAH, the
sac‘???llg)%lﬁél “Fégl \rl\ggerEgm%y\I/g‘lsn'g hole 31 has a '
cross-sectional area of 4.5 ,um 2 (3 X1 . 5 ,um

and a resin filmmterial having a coefficient of

Vi 520541y Rf s1iQcn s @rdi | mh-thi chaessf. 1 8-y i
formed in the first and second
The resin film 28 having a thickness of 1.8

tm is formed as a wet film of the liquid drop by a
spin coating method, considering film reduction at
the time of pad forming. At this timé, the
sacrificial layer removing hole 31 is completely
sealed by the resin film 28. After that, ohly an
electrode wiring taking pad part (not shown) is
opened by the litho-etching method. Any material can
be used as the resin film, as long as it has
corrosion endurance against thé liguid drops such as
PBO (Poly—p—phenylene—benzo—bis—oxazole) film or
polyimide film, can be formed by a spin coating
method, and can completely seal the sacrificial layer
removing hole 31.

Thus, the actuator part corresponding to the

substrate 1 shown in FIG. 1 is completed. By



20 spaces 24a and 24b. having heights g of 0.4 ,um by
a spin coating nethod, the relationship between V/S

WO 210509@821 seeping of the resin filmmaterial POT/@PAOF04855
sacrificial layer renoving hole 31 is shown in the
following table 1. Here, "a" @& "b" in the table 1 25
represent neasurenents of the separation groove 33 WO
2005/ 090082 PCT/ JP2005/ 004855 -37 (hereinafter
" pardmbiohnparhi33'wibdcatise bhbstabaidsal2 dndll 3 sRAown in
after the actuator is conpleted so that the
sefar@at i bn gheové BB d ctnep adparhiatigen psad )200 ke
vicinity of the sacrificial |ayer renmoving hole 31 5
showwmpheted. 11; "c" in the table 1 represents the
wi dth of the connecti_on£art 30 of the barrier 29;

"g" in the tabPe Tepdpr dslehit s2hefhts ohe agyisicial

and second spaces 24a and 24b; "V' in_the table 1
Or eprdseht EeROVIPIME AED X bR X gY -of THFF &fe¥ofd paces
10 24b surrounded by .the barrier 29 in the vj c(iinit\t/hof
t hé 5B TP UP oSy & T tRRTRg Aol 8 8P P hed with a
part.ition [t ;.and "Shoint tabl.e 1 represents
an ftalr da %%gcg:lsﬂ(téé & & cprﬁé%sogegﬁjoﬁ]eg?‘ot%eu confhett I g™
parde30.0f SEh rrd 33, a St tur : '
b cc% C.€// §5 Sgggi%ngh%]r rﬁsr?sulm&?n %% ?b%ﬁgaﬁné[%r#oﬁega%lve
Regifbs&it8 due to atmospheric exposure, the vibration
10 plate is bent, and desirable displacement cannot be
obtained, can be prevented.
For example, in a case where, in the
actuator having the first and second spaces 24a and

24b formed by removing the sacrificial layer by the
15 wet etching method using TMAH, the sacrificial layer
removing hole 31 has a cross-—sectional area of 4.5 um
2(3><1.5 pm) and a resin film material having a
coefficient of viscosity of 110cp and a film
thickness of 1.8 um is formed in the first and second
20 spaces 24a and 24b having heights g of 0.4 um by a
spin coating method, the relationship between V/S
ratio and seeping of the resin film material into the
sacrificial layer removing hole 31 is shown in the
following table 1. Here, “a” and “b” in the table 1

25 represent measurements of the separation groove 33



10.4807.04.022.41.6 14.0

28.0 1.6 17.5 A 3 0.4 10.5 7.0
w@2005090082 7.0 4.0 30.8 1.6 19.3

33.6 1.6 21.0 0 6 0.4 13.0 7.0

X: seeping at all bits A seegmg at a part

no seeping at all bits WO 2005/ 090082

PCT/ JP2005/ 004855 -38 Thus, it is found that a

conghéiennatierceby pdihei t eshnphirttm328’ doesatnot skepmaterial

into the sacrificial layer renoving hole 31 in the

st ritllsesnshdirer nthe abteudtos tikatcdrel eaédesof tHWa% the

is equal to or 5 larger than 18.4. Therefore, in the

caseephertivhe grzaxvre f38i &bringyer peanvvihen hpeet31 imashe

a cross- sectional area of 4.5 /L n2 (3 X1. 5 AM

andvhciasity offi Ithereteeraf 1Raiing 3y doef$Mey &Ry bple 31

viscosity of 110cp and a filmthickness of 1.8 Amis

5 or R PNiehE IE0 ik st “@andiBetbfd tepd& st cnaPERgerAs the

ToUFORERT P SHSOSSTH e CLBRpPEFenD0 R rOts PREFAEE 297

N T LN | AT

sat STy P REoPRe SRS B FadorRB "G i arhE ek e 1
represents a volume (V=aXbXg) of the second spaces

10 24b surrounded by the barrier 29 in the vicinity of

the sacrificial layer removing hole 31 and the
partition part 33; and “S” in the table 1 represents
an area (S=cXg) of a cross section of the connection

part 30 of the barrier 33.

15 [Table 1]

Structure| g a b c \ S V/S | Seeping

Lm pm | gm | gm | gm® | zgm?®| um of

Resin

Film
1 0.4 8.0 7.014.01(22.4]11.6{14.0 X
2 0.4110.0]17.01]4.0)28.0|1.6|17.5 A
3 0.4 110.5]1 7.0 | 4.0 )129.4| 1.6 |18.4 O
4 0.4 (11.017.014.01}130.8]1.61]19.3 O
5 0.41122.0]1 7.0 4.0 |33.6|1.6|21.0 O
6 0.4 113.0]|7.01|4.0|36.4|11.6|22.8 O

X: seeping at all bits
A: seeping at a partial bit

O: no seeping at all bits



[ Numerical formula 2] V/S > 18.4 20 It is also
possible to prevent the resin film28 from seepi ng
WO nios/09¢e6e2 f i r st space 24a by making the cr ossSPGEIRA0GI004855

of

the sacrificial layer renoving hole 31 as small as

possible in a range 25 where t3® sacrificial |ayer can

be

renmoved or maki ng WO 2005/ 090082 PCT/ JP2005/ 004855

-39 the coefficient of viscosity of the resin film

mat eri al hi ghThus ,a icases whenradt hbasae idowdatibayehereby
etching nmethod is a nethod other than the wet etching

met Pod oEsTNAHLlg e dbescondi tsiemp showm thet Beckificial
nunerical formula 2 nay not be always satisfied, it

is
In

he¥essaepovd nekdmhe 3lpispehevatuaudtunesesbamy. in
this exanple, the barrier 29 is provided and a

si ngtel8ohndét it topett ngadvei 8 fpVo\A dietl s@rathie ofe
resjn filn1§8 iaigrevented fromseeping into 10 the

OF i rs3TERE §880nd SsphcestBaReiRT 2480 ARDrFE§8r Hhegs the
f the_barri, 9 wh by th i fjci.al
be TERBYSACARA CRYFH U oY BEPsPRIGe 11 TRie | GFE8(at

10

15

20

25

| t SV d"s" t] t he i cal_f 2, .
(oSS EhRPE) FAAreST 1h T nidT ChLR Ter B he Dby 15540
FI G4 fhheaughy @é@iﬁf’aacgék%ggﬁéﬁ%“é¥l@ﬁs?ﬂgity of

configuration where a

luid path enters into

connegt)ofnRakt £39n Shickness of 1.8 um is Fformed in the

first and second spaces 24a and 24b having heights g
of 0.4 um by the spin coating method, it is possible
to prevent the resin film material from seeping into
the sacrificial layer removing hole Bi and prevent
the yield rate from decreasing in this step, by
setting‘measurements satisfying the following

numerical formula 2.

[Numerical formula 2]

vV/S > 18.4

It is also possible ﬁo prevent the resin
film 28 from seeping into the first space 24a by
making the cross section of the sacrificial layer
removing hole 31 as small as possible in a range

where the sacrificial layer can be removed or making



provided, the fluid resistance between the connection
part 30 and the sacrificial |layer renoving hole 31 is

wQQookiogesand t herefore. it is possible to furtPE&r/JP2005004855

prevent the seeping of the resin filminto the

sacrificial layer renoving haoe 31 as conpared with

the exanples shown in FIG 11 through FIG 13. In an

exanple shown in FIG 12, a connection 25 part 30-1

(cross seefifdriSint anfl wisoonetyi of gdrd MEin film

2005/ 090082 PCT/ JP2005/ 004855 -40 30-2 (cross section

S2)materpadvihdad . | ntn ht sczasevhetriee tdroossacetfiona$ layer

mentioned in the table 1 and the nunerical fornmula 2

i s eetlingt B¢ thodsIS] wsmethogdnoshedpltdahowme | WieEl Gtching
a connection 5 part 30-1 (cross section S1), a

coﬂﬁﬁﬁ@@nOEaFNA@O fl¥%§o§%eséepﬁéﬁ¥33 sh@wn ain the

connectlon art 30-3 (cross sectlon S3) are provided.

Sl n ST EG8¢, foraUiss MaeckPbnPS ﬁéﬁ"ﬁyo%e?jaghsfhéd it

table 1 and t he unerical fornula 2 Is.calculated as

S=S13S¥5S3°°18Y|  arf REAMT e sHORR Fn AIES 14t Becessary.

single connecti part 30 18 PLPVI ed _and pqbarner
29-1 having ggrgg angﬁa%pcohfﬁgur £ 5mSts c%ﬁd%ﬁOVlded

in .he féi‘hg%@a'i:%nfr{ Qm i de éé’%ﬁé&bc'.?;b'e :Tsl""ty};‘%!dox?f@&' 49

hol e e connection part

Suﬁﬂ9¥9d§hé5réggnb@wlﬁ”2@9 d ﬁ?gvéﬁgéﬁﬁffgmtgge 1ng into
connection part 30. In an exanple shown In R

10Si RHe€ first and second spaces 24a and 24b. A

15

20

25

configuration of the barrier 29 whereby the
sacrificial layer can be removed and the fluid
resistance is made large (at least “V” and “S8”
satisfy the numerical formula 2, for example) varies.

In a case where, as shown in FIG. 14 through
FIG. 16, a barrier having a configuration where a
fluid path enters into the connection part 30 is
provided, the fluid resistance between the connection
part 30 and the sacrificial layer removing hole 31 is
high and therefore it is possible to further prevent
the seeping of the resin film into the sacrificial
layer removing hole 31 as compared with the examples
shown in FIG. 11 through FIG. 13.

In an example shown in FIG. 12, a connection

part 30-1 (cross section S1) and a connection part



connection part 30 is provided and plural barriers
29-2a, 29-2b and 29-2c having plate configurations 20

wae@s0pm8: ded in a maze shape fromthe sacrifi BCEIP2005/004855

| ayer renmoving hole 31 to the connection part 30, so

that the fluid resistance is d4ucreased. In an exanple
shown in FIG 16, a barrier 29-3 is provided fromthe
sacrificial layer renmoving 25 hole 31 to the

conheeRi gnrpast sHrtiiom Shaperki kercar MRR005£098082 case,
PCT/ JP2005/ 004855 -41 rectangl e not having one side.
Bectlusecobsshisecttimn $|medtpankedrdkestize dedblie doand the
that the fluid resistance is increased and two

correeer bAapafoyTBU-al 2 ahdl 80lzudied ddbraedS=811A2the
exanpl es shown in FIG 12, FIG 13, and FIG 16, two

or nore connedfi 68 AP EDNFRQUPedn FdGonhkctat RERnection
first an

aces 24a and 24b are provided in

g s§cond S
St hedak rP8r +( $66 ORI HAYLOFhEd) b WA & hgnpPardl 30-2
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connpecti on arts

bl |
T Sren| §orengve Te R P sﬁaﬁ%c%enaséﬁhggﬁbl cross
b this,_ i
VI %ea&ggn %T)lea%regb]%o%ec 4§€ oh, éclhsi .Case pa? SSIgﬁ 5s

esign easi ree y such a

1'ng

uct ure ct uat or
formula 2 is calculated as S=S1+S82+S3.

crossg»c§935' R ?ftlo%%&omewgﬁéo@ Ralt 1PraPE +he lRimerical

[ Second exanpl e

In an example shown in FIG. 14, a single
connection part 30 is provided and a barrier 29-1
having a rectangular configuration is provided in the
fluid path from the sacrificial layer removing hole
31 to the connection part 30. Tﬂe fluid surrounds
the barrier 29-1 and arrives at the connection part
30.

In an example shown in FIG. 15, a single
connection part 30 is provided and plural barriers
29-2a, 29-2b and 29-2c having plate configurations
are provided in a maze shape from the sacrificial
layer removing hole 31 to the connection part 30, so
that the fluid resistance is increased.

In an example shown in FIG. 16, a barrier
29-3 is provided from the sacrificial layer removing

hole 31 to the connection part 30 in a shape like a



The second exanple is discussed with reference to
FIG 17 through FIG 27. 20 FIG 17-(a) is a plan view

wo@tooshgosrt uator of the |iquid drop di schar geP¢iBaRROGDD4855

5

10

15

20

25

and FIG 17-(b) is a Y1-Y1l cross-sectional view of

FIG 17-(a). FIG 18 is an X¥1Xl cross-sectional view

of the substrate shown in FIG 17. FIG 19 is an

X2- X2 cross 25 sectional view of the substrate shown

I n A& aldleVWRo20 Y 82n ECILAR200FLMMBES o f42hEG the
20 is an X3-X3 cross-sectional view of the substrate
shofwuid FAGh TAkdd G @dtohroaghthleG 2% fAleidi ews

showi ng a nmanufacturing process of the substrate. For

t herephyveaherced sofiraxptamedi ond &hoy ®npet¢hgbe parts 30-1
actuator is shown in FIG 21 through FIG 27. As
shamd i A0FEGare7 fionmsegh FIG 20, the vibration plate
area 74a is separated fromthe _partition part 66 bCY;

t he separ at i ohRgird6v &1 $§ eFROWRt ATt I?ch‘at]e%i af I
The vibration plate area 74a has_10,a film structur

€
whet®? t7eCt ndbiratéh 37 1088, CPRBSCIgpdt Rttt r GaBTéE = ed
e LTbend! g prsent oy TLLIL 6 L LIS EESLa 20
for L. hati.ng fi 4 i f_.he ’
sep%%t#%ﬁbgra%gvg%%ﬂgago% gg\g(tg%le% f%aslenga%)ati oﬁhuls r Py
gr W&vj?&%jngﬁpﬁ%‘i%lnq{cﬁﬁ‘{\éé@i&Ha%;aé?tsc,orlc@st (S68RYBhS to

not” forned on"a surface at a par corresponding to
t heo sepayathanegaeMef3ly remove the sacrificial layer

13,

of the vibration plate area. Because of this, it is
possible to design easily and freely such as making
parts and cross sections of the connection part

proper.

[Second example]
(Structure of Actuator)

The second example is discussed with
refefence to FIG. 17 through FIG. 27.

FIG. 17-(a) 1s a plan view of the actuator
of the liquid drop discharge head 200 and FIG. 17-(b)
is a Y1-Y1 cross—-sectional view of FIG. 17-(a). FIG.
18 is an X1-X1 cross-sectional view of the substrate
shown in FIG. 17. FIG. 19 is an X2-X2 cross-

sectional view of the substrate shown in FIG. 17.



A length A of a short side of the vibration plate
area 74a is 120 Amand a length B of a I ong 20 side of

wo b@swidesat i on plate area 74a is 800 ,um A vPUT/ZRPO05/004855

5

can be applied so that the vibration plate area 74a

can be displaced by an el ectrdstatic force. The |ower
part electrode 63a is patterned on a Si substrate 61

via the insulation film62. W 2005/ 090082

PCT7 32028/ 084855 X343 Anroastubeatcitdonall middw i s£f aheed

on the lower part electrode 63a to prevent generation

of shstrater shiownagal isIGt he7upp&lcpardl eflecongleFd6.. 27
The separation groove 33 including the connection
parargovEeysnRESMiiAy Fetrenl R uring Dspees s4aff she

di splacing the _vibration plate area 74a and the,
secURE pate - 645°h ThheS WP EERLEPCEFf othS* A3 R3FPal only

| ayer renpving hole 71, and the second space 64b that
| 3 At AL C76C R T Funiied 5By Fhe-bat f Fer 26

hac Che sane TurttTBh 28 CAE" b E%‘rgel_POT 9 REbho 2Pl dibe
M e IR A e L S

SPace-64P; bR b +Viey My Yeipd éQgﬁ%Qt%%ghf ig{ﬂ&é@é EQYRE11ed

removing hole 71 (See clains 1 n addi t1on,

t he, GONNEEE | AR LREL 170 comesihpgribhe fiided A8a 742 has
second spaces 64a and 64b, as well as the connection

10pard B01hnsthectivist weXear®l €hel Snsulation film 65, the

15

20

upper electrode 66, the film bending prevention film
67 and the resin film 68 are stacked from the lower
layer so as to form a laminating film 64. The width
of the separation groove 63, as well as the
separation groove 33, is made narrow so that a
concave (step) is not formed on a surface at a part
corresponding to the separation groove 63.

A léngth A of a short side of the vibration
plate area 74a is 120 #m and a length B of a long
side of the vibration plate area 74a is 800 um. A
voltage can be applied so that the vibration plate
area 74a can be displaced by an electrostatic force.
The lower part electrode 63a is patterned on a Si

substrate 61 via the insulation film 62.

o TRRRITROF TG 27.



provided in the connection part 70 (See claim3). 20 A
sacrificial layer process is used for formng the

wo poosto@ezl second spaces 64a and 64b. The sacPCT/iR206d/004855

| ayer renmoving holes 71 are formed in the vibration

plate formng film64 via theggpper el ectrode opening

part 72. The sacrificial layer 25 renoving holes 71

are arranged at even intervals WO 2005/ 090082

PCT/ JP2005/ 004855 nswd4 teigpal £ 1 omo4 0l &ss fidiared engt bBe lower
of the short side A of the vibration plate area 74a

al et heléongosied® 3 ofo phevenbr genergiiade afeahort-
74a. The sacrificial |layer renoving holes 71 are

f oroedcat t sageipedi tilohsupiper hpars eildes fobs ngé eacihe
other. Thus, it is possible to efficiently etch the
sactépaerbionagepoys a3 thnebrdinghéhle asnngetsesordrt 70
spaces 64a and 64b, by arrangin plural sacrificial

5| aynn bR EgPREMEST7 1Eh ¢ nf ArghsEParer Kt d i GRif ddigpépcing
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di scharge head 10 _200, generally, an actuator
corfl U ERF £ bL8Ps Dl 21T [ EQUFRCALGE RACGRT oRgace 64b

d t I haped nf i, ti d .
nei"ghtiot nb &LPaatoP i & iar TANGAHLAL T4 HGWE S| Henoving
n Padtort Rk
e hg b1 1 TEPendy tof THE s RECP] AR Ayt 73 2rea 79

i o tigegagy! thel ala Ve o efmylng f%g{ Sl fe,

arranged in the center o ration ate
74a.q, However .1 E et e ssagpi ficial Tayer renoving hole
71 he |

Is arranged Int

The barrier 69 has the same function as the
barrier 29 in the first example, that is, a wall of
the fluid resistance provided between the first space
64a and the second space 64b in the vicinity of the
sacrificial layer removing hole 71 (See claims 1 and
10). In addition, the connection part 70 connecting
the first and second spaces 64a énd 64b, as well as
the connection part 30 in the first example, is
provided in the connection part 70 (See claim 3).

A sacrificial layer process is used for
forming the first and second spaces 64a and 64b. The
sacrificial layer removing holes 71 are formed in the
vibration plate forming film 64 via the upper

electrode opening part 72. The sacrificial layer

removing holes 71 are arranged at even intervals



di spl acenent area of the vibration plate, a vibration
20 property of the actuator nay be given bad

WO pdos0208E. Hence, it iS necessary to arrangePCh@2005/004855
sacrificial layer renoving hole 71 outside of the
vibration plate area 74a. Thusj- as well as the
barrier 29 and the sacrificial |ayer renoving hole
31, the barrier 69 25 and the sacrificial |ayer
renayial hol er7leare WWMh2008h6G20682 PEH I PROODL 084855 A of
-45 arranged outside of the vibration plate area 74a
(Sethecvabmp2ionThd slaerafeai dhal ajeng ertovi hgnbokédel B of
is sealed by the resin film68. In a case where the 5
resie fVihregios fdrafeel asea wée -fi[Theofsadeifiqird layer
drop by a spin_coating nethod, the barrier 69 as the
f1 TP BSNEt BRdESand A EdnheElrAg yfaseIm Reeltions of the
provj ded between the space 64b _in the vicinity of the
Ssact} ?%igFCFQ?ePafghdsﬁmﬁrholgh?f'aﬁ&lﬂﬁ%i%%%%ébéﬁato
10 situated, under the vibration,plate area 74a, so
tmﬁ% %%%engyneﬁﬁﬁb%Qﬁ %%CFé?bEéé ntlé¥ §7 o s@&pitAg form
fr t crify ci y novi,ng _ho 71 into_the .
i rare LB SR RhY Bt U R GET P ke aE S By aperanaing
ar 4 LSl ega I [ teri seeps
R R e o VR L U e

vibration plahesapgae’/4ss {le vighahi a2op A& M LAge n
74a is adhered ?o thg | ower parthIectrggL gBa aﬁ%ge cad

10t here orgen€2aN0k, WRIK Ast@dit et H8heh guBePrQYi @i 88harge
the barrier

the liguid drop has a long and narrow rectangular
shaped configuration and a neighboring actuator is
arranged at a long side. Since the sacrificial layer
etching is isotropic, removing efficiency of the

15 sacrificial layer is high if the sacrificial layer
removing hole 71 i1s arranged in the center of the
vibration plate area 74a. However, if the
sacrificial layer removing Hole 71 is arranged in the
displacement area of the vibration plate, a vibration

20 property of the actuator may be given bad influence.
Hence, it is necessary to arrange the sacrificial
layer removing hole 71 outside of the vibration plate
area 74a. Thus, as well as the barrier 29 and the

sacrificial layer removing hole 31, the barrier 69

25 and the sacrificial layer removing hole 71 are



69 in the vicinity of the sacrificial |ayer renoving
20 hole 71, as conpared with a structure not having

WO b@s/obmsz i er 69, the resin material 68 can bePCT/JP2005/004855

prevented from seeping into the first space 64a
situated under the vibration4g-ate area 74a so that

it is possible to obtain a high yield rate. WO

2005/ 090082 PCT/ JP2005/004855 -46 It is possible to

pr exendngkd rediside | of 68hef vdbraadpimgplate aheaf 743 (See
space 64a by making the cross section of the
sac¢l&iwi &) .l ayer renoving hole 31 as small as

possible in a range where the 5 sacrificial |ayer can

be renoved orTmﬂqaﬁfﬁiﬁﬂcb®éfiayﬁénﬂaﬁowm@@oboiy 6fL is
the resin filmmterial hig (Manuf acturing Process

of Petabadoby theNesgsin hél#ﬁnéﬁact gl iy ‘%ﬁ%%e§5§§eofthe
the actuator are discussed with reference to FI G

5t hrbeghR FE&IM P8 |15 Fiermed eﬁrsugwtpuf@lrw (hie; élquld

10

15

20

X2 cross-sectional view E 17 and

YI-%%OBrggs a5 E&Torf 2 v BFt %%1 ﬁrléFré? as the

?tepl§$§ E%E%tan (&) %ﬁ&d FIG%n21q%££ Thetl ul ation

i I'm (ther oxi dat | fllﬁf 62 A 2 t cﬁﬁ@ss

Cr ST AT, WS B FL TN e che

a thickpessiQh Q4 AM IS bQIAEdho1e 71 and the space 64a
situated under the vibration plate area 74a, so that
the resin material 68 is prevented from seeping from
the sacrificial layer removing hole 71 into the first
space 64a situated under the vibration plate area 74a.

This is because if the resin material seeps

into the first space 64a situated under the vibration
plate area 74a, the vibration plate area 74a is
adhered to fhe lower part electrode 63a and therefore
cannot work as an actuator. By providing the barrier
69 in the vicinity of the sacrificial layer removing
hole 71; as cdmpa:ed with a structure not having the
barrier 69, the resin material 68 can be prevented
from seeping into the first space 64a situated under
the vibration plate area 74a so that it is possible

to obtain a high yield rate.



as the lower part electrode. Then, the | ower
el ectrode 63a and a part 66a of the barrier are

waepanaoet y formed by a litho-etching nmethod. PET/ar2005/004855

5

that, an insulation film (CVD oxidation filnm 60 of 25

| oner el ectrode 63a and the pargt- of the barrier are WO
2005/ 090082 PCT/ JP2005/ 004855 -47 stacked so as to

have a thickness of 0.2 ,um The insulation film60

wor ks as a nmask tat eoisaiblps otecpiagenhe Hhwwerephfit film 68
el ectrode 63a in the sacrificial |ayer process, and

as fargnoseepiiog fintn She eVenstngpaceeltec rheahakhogt the
circuit of the lower part electrode 63a and the upper
pareres ecteotiéos6.0f thsSevapuifiepalSda G repovapg hole
and FI G 22-Sb)) The sacrificial |ayer (non-doped 10
pol3fsiad§ conf Llhavisngof 2 kkntBsaolrangs vhgre the
deposited by CVD nethod so as to forma space gap.
TheiRCll baft a0 lAyedt i e a§e’t“ﬁ¥eéoﬁr¥eé"tq]%¥iﬂ%a\gbe79

is etched b he litho-etchin rreflhod sqQ as_to have a,
desi% Jec’h%P%hP,f é{r}c‘F“tOr%l’?Bésggtt § ré&voved i Fhapatgrial
15 ha}LI Ihof a height direction of the connection part 70

i s Hot opened but the height direction is forned Iike

a dam On this point, the connection part 70 is
different fromthe connection part 30 in the first

exaiiRl b r £0: NeXhg tp%c%%%ar@#@ﬁetggegw 63 configured

to separate an area of the first and second spaces

10 64a Next, the manufacturing processes of the
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actuator are discussed with reference to FIG. 21
through FIG. 27. 1In FIG. 21 through FIG. 27, (a) is
an X2-X2 cross-sectional view of FIG. 17 and (b) is a

Y1l-Y1l cross—sectional view of FIG. 17.

1. First step (See FIG. 21-(a) and FIG. 21— (b))

The insulation film (thermal oxidation film)
62 having a thickness of 1.6 um is formed on the Si
substrate 61 having a thickness of 400 gm. Then, P
doped silicon having a thickness of 0.4 um is formed
as the lower part electrode. Then, the lower
electrode 63a and a part 66a of the barrier are
separately formed by a litho-etching method. After
that, an insulation film (CVD oxidation f£ilm) 60 of

lower electrode 63a and the part of the barrier are



and 64b and a part 66b of the partition, is forned by

the litho-etching nethod. 25 3. Third step (See FIG
wQ3soayooand FI G 23-(b)) WO 2005/ 090082 PCT/JP2005/004855

PCT/ JP2005/ 004855 -48 An insulation film (CvD

oxidation film 65 1is stacked7wso as to have a

t hi ckness of 0.15 9m The insulation film 65 works as

a mask material protecting the |ower part el ectrode

63astaickbe Bosae ifd Gidbel AYEhiPkOGRSES 0@NG. AS . The
protection film preventing an electrical short

ci rtmstlatibhe flidwer60 pastkel est noda B3ananer i b upper
part electrode 66. 4. Fourth step (See FIG 24-(a)

and R Becangb)thel 0 ratopedrsi kileort tvale ng3a Lhi tkeess

of 0.2 ,u mis deposited and then the upper el ectrode
66asapdlificpadt leeEenfrihecdarr pad are sapepageryon film
formed by the |litho-etching nmethod. At the sane tine,
5a;ﬁ¥ﬁ%@PFéﬁg ﬁ@l@%EF?%l%ﬁgnéaoFér@éIQW%ﬁIQ%ethe lower
sacrifijci | ayer 15 renDV|ng%hoIe 71, in order to

or RAHE £ @caﬁaéfe i AT OAB BEHPRAR M Thes kegkrode 66.

material of the sacrificial |ayers 64a and 64b from
bei ng etched. Then, a nitride layer 67 is deposited

2 VLDLabion. bl ale bengi ng,preuention dayer, by )

so~as ave a i Ckness of

5 F fth t Th rifici er
[ S eprl§e§a g‘or n’edajb fa @E (Eocﬁ oAy

renovi ng hole 7 I i'tho-etching
1omethod, and; EBER tR&ing a thickness of 0.4 ,m is

deposited by CVD method so as to form a space gap.
Then, a part 70 functioning as the connection part 79
is etched by the litho-etching method so as to have a
desirable height, and the resist 1s removed. That is,
15 all of a height direction of the connection part 70
is not opened but the height direction is formed like
a dam. On this point, the connection part 70 is
different from the~connection part 30 in the first
example.
20 | Next, the separation groove 63 configured to
separate an area of the first and second spaces 64a
and 64b and a part 66b of the partition, is formed by

the litho-etching method.

25 3. Third step (See FIG. 23-(a) and FIG. 23-(b))



25 resist is renmoved. WO 2005/ 090082 PCT/JP2005/ 004855
-49 6. Sixth step (See FIG 26) The sacrificial |ayer

WO 200600pPBEt el y renoved by a nethod havi ng a hP@iJIP2005/004855
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25

selectivity of etching rate 5 of the sacrificial

| ayer of the first and second-4spaces 64a and 64b and

the insulation filnms 60 and 65, such as a wet etching
nmet hod using alkali solution, so that the first and
second spacesAfdd nand SAtom@ndilinhd CVonrecitdotn: par £176) 65
are formed. In a case where 10 TMAH or KOH i s used as

t helal kakcked wd &y td hsveossithliekdressipbEn@nl5 g#m. The
sacrificial l|ayer etching having high selectivity. In
addinsehation Figassibleorks rApkemaritk thetentalfici al

| ayer etching by SF6 plasma process or dry etching
usiPEC KerF2igas thes Ipveeveath stestrsete M 27) thke
reS|n fil.m68_having a thickness of 1.8 umis forned
Sas %a%%fFFllﬁaloflatwIP’&%?%Sﬁroﬁnﬁyaa? asrﬁ”ﬁo’%%‘ét‘—ﬂﬁ@ film
met hod, %n3|der|n filmre UCLIOH at, 20 the gﬁ
paoP‘F%YﬁF GRIARTE S TSt haho &cﬂlf’ﬁcdfla‘F ?ayere Lower

{1 17 b =S ReE Pife it 115 B8 a8PPEHG TIK o f 6 BPHRCE®

and the connection part 70 are provided, the resin
filme69 is prevented fromseeping 25 fromthe

sacf i fRShakn! Qe remyifgshobe (1)l b t¥es. 24- (b))
P doped silicon having a thickness of 0.2 u

m is deposited and then the upper electrode 66a and a
part 66c of the barrier are separately formed by the
litho—-etching method. At the same time, a protection
hole 82 is opened larger than the sacrificial layer
removing hole 71, in order to prevent the upper
electrode 66a having the same material of the
sacrificial layers 64a and 64b from being etched.
Then, a nitride layer 67 is deposited as a vibration
plate bending prevention layer by LP-CVD method so as

to have a thickness of 0.2 um.

5. Fifth step (See FIG. 25)
The sacrificial layer removing hole 71 is
formed by the litho-etching méthod and then the

resist is removed.



WO 2005/ 090082 PCT/ JP2005/ 004855 -50 first and second
spaces 64a and 64b. After that, only an el ectrode

waoweosngosaki ng pad part (not shown) i s openedP@l/JR2065/004855

l'itho-etching nethod. Any material can be used as the
resin film as long as it has-49-corrosi on endurance
against the liquid drops such as PBO

(Pol y- p- phenyl ene- benzo- bi s-oxazole) filmor

polyimde film can be formed by a spin coating

nmet hod, and can be conpletely sealed by the

sacti f$Exah paper (SamViHG- hdbe 61. 10 Thus, the

actuator part _corresponding to_ the substrate 1 shown

in FIG 1is "éBﬁ‘pﬁétCédle‘ylaJeoh%YﬁifngSt ol tky removed
su strates 2 and 3 shown in FIG 1, the liquid drop

heft gI%eFBBQ 26y ing (ﬂ)n%Jr‘é}Peael‘Fﬁélﬁ’éé% 3% 1 areBing rate

sealg t.he sacrif.i.ci.al | ayer i]:Elm)w ng hole 71 in
e

15
alr THET eF BF & T4 S5 7Y oh % S fd TSfa ¢ sS95eBEm
k f t PVD D_ne
usi rPgacf# 8\4730&&:% ﬂ?ggﬁl lf?%%l%giga% “Fhebog apnd 65,
h
123 TEGEL KB LSRR, B O SO,

di s aﬁﬁi@%hecﬂﬁ}% he P @l Hed. s é@%e@e GQ{ LV8NE €a! Ong

the first exanple (FIG 2 through In a case

whefge t&@m@g@ibﬁakaf&r My 8ade | 8oPRAEG  SatriSid %’aéiélewﬁere
the change of the height of the 25 space 24a or the

10praeass,of tKOB Necessa ad ocldadlRali solution, it is
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possible to implement sacrificial layer etching
having high selectivity. 1In addition, it is possible
to implement the sacrificial layer etching by SFe

plasma process or dry etching using XeF, gas.

7. Seventh step (See FIG. 27)

The resin film 68 having a thickness of 1.8
“4m is formed as a wet film of the liquid drop by a
spin coating method, considering film reduction at
the time‘of pad forming. At this time, the
sacrificial layer removing hole 71 is completely
sealed by the resin film 68. Since the barrier 69 as
the fluid resistance and the connection part 70 are
provided, the resin film 69 is prevented from seeping

from the sacrificial layer removing hole 71 into the



WO 2005/ 090082 PCT/ JP2005/ 004855 -51 (nmask-revise) a
measurenent of "c¢" shown in Fig. 11- (a), for exanple,

W@ 00sla08a cr oss-secti onal area of the connecPCDUP06Y/104855

30 satisfies the nunerical fornula 2 and thereby it

is possible to prevent the S5usgsin film28 from

seeping into the sacrificial |ayer renoving hole 31.
This may cause a conpl ex procedure and increasing of

t heficost . afd skeocatherpdwadsl, 648 ahlde 63@coONAfter that,
enbodi nent, a cross-sectional area of-the connection
paranIA) af ¢ehectiroste andrisegohdkspacesb4mAd) ndt64bown)
are made proper only by etching the part 70a

f urict i avemgd abya téenndctione pah i npnmeit@God.2- (A)ysvaterial
that the part 70a has a desirable height. Hence, it

i s 5P Dl esed achitéve ze bl fabhe eff dandmy by has
process control w thout undertaking a conplex 15

d pr SIHR BL AR dSRISEANGE 32 SR b Enddditichtdreme such as

hei_ght of the connection part is.different fromthe

CPRD oy o PR R Fa - BAP PER %0 And AR 0%
connecti on,part ,_are _shqown in_Fl 28 through FI G _30.
| n P LIS o T bOMa SRt B H Mg bY & i CerhetPon

haldechhd o 2REOKLACHANMLIPASLEPURLE DA MO AL |

di rection” (right ons’in

of dhe conpecti 00y eRartenQ 455 "Rdespml | er than the
first exanple shown in FIG %1. 25 I'n an exanpl e

1oshown in FI GrR9s,tBh@€actuator part corresponding to the

15

20

25

substrate 1 shown in FIG. 1 is completed. By

combining this to the substrates 2 and 3 shown in FIG.

1, the liquid drop discharge head 200 is completed.

The resin film 68 seals the sacrificial
layer removing hole 71 in air. Therefore, a
situation where the space is vacuum sealed like a
film deposited by a PVD or CVD method using the
vacuum device so that the inside of the gap has a
negative pressure due to atmospheric exposure, the
vibratioﬁ plate is bent, and desirable displacement
cannot be obtained, can be prevented.

In the first example (FIG. 2 through FIG.
16), in a case where the numerical formula 2 is not
satisfied due to the change of the height of the

space 24a or the process, it is necessary to change



WO 2005/ 090082 PCT/ JP2005/ 004855 -52 connection parts
70-1, 70-2 and 70-3 are provide corresponding to a
waeovglogoogacri ficial | ayer renoving hole 71 anpBCT/JP2005/004855
measurenents in a height direction (right and |eft
directions in FIG 29-(b)) of-stthe connection 5 parts
70-1, 70-2 and 70-3 are nmade snmaller than the first
exanple shown in FIG 11. In an exanple shown in FIG
30, (ma spdrtireéd e)exand £swfehbrtewd@nplor Htoowni inFFGg. 11-
16, a barrier 69-3 having a configuration of a
rectangl Eonoexhaywilrey, 1€b otleatsi decirs sarssgfetomélaarea of
fluid path fromthe sacrificial |ayer renoving hol e
71 ithe oughnehéiogomeact i D0 patisfdest Hdte thamétriicdl
path is made to detour so that the fluid resistance
i s fowerehsed and ther<donnket {enrpactidlm-19 RAEVEDL2@¢he
are formed. 15 Convex parts, 69-10 and _69-20 are forned
5 n el chhkBectiBorf 594t 13290 a9 ARdO7TH¥0 _Ffhitcial layer
Cross- secti ongl vi.,ews of, the connecti onsé)art 70-10

and SRV 2RI h50e Scoricav e THhf Ta¥r S876Fs %a XjRrocedure
FIG_30- (b d | ot,_of ch [ t f .

o T PEA IS Rt Shr e JFoiifod Wit hEPPhe 17
{1y resistanes, can b i nezadiusted.. dqndneseos or the
exanpl es, e vol une and cross sect1 on I n e

TR pAYhe < Ay st iede L9 SHahaNgoaggs c4a
10Si Z&ANglasTr 988- 886ld P& per only by etching the part 70a
functioning.as a connection part in FIG. 22-(a) so
that the part 70a has a desirable height. Hence, it
is possible to achieve a desirable effect only by
process control without undertaking a complex
15 procedure and cost.

In the second embodiment, the height of the
connection part is.different from the first example.
Examples of the barrier 69 and the connection part
are shown in FIG. 28 through FIG. 30. In an example

20 shown in FIG. 28, a single connection part 70 is
provided and measurement in a height direction (right
Aand left directions in FIG. 28-(b)) of the connection
part 70 is made smaller than the first example shown

in FIG. 11.

25 In an example shown in FIG. 29, three



WO 2005/ 090082 PCT/ JP2005/ 004855 -53 configurations
of the connection part are nmade the sane as the

wa@omsiogesat i on of the barrier 69 wherein the PCT/JP2005/004855

sacrificial l|ayer can be renoved and the fluid

resistance is increased (for ewanple, at |east both V

5 and S satisfy the nunerical formula 2). Especially,

as shown in FIG 30, in a structure where the barrier
69-Sohaytbfohh@aaany i TUH B} | P0-af aadr et-8ghee npkovide
having one side is arranged at the fluid path so that

t hecd tuedppatihinics twonpl £knghd sherddnveda patégef9réhoving
10 and 69-20, the fluid resistance is increased and

t herefer élaabdt merasoffenentsé prevemeightofdseepitngnof(right
the resin filminto the sacrificial |ayer renoving
holand1ledh Béractiiang imahlfhe28xdipllescEhbm FAnnection
FIG 28 and FIG_ 29. 15 In the exanpl es shown i

FI G
520 BAREEI (030, 700w TS 109 o3 cBRRCEAIden PRI Ler than the
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connected the first space 64a angﬁthe second space 64b

ar & Provi 88aTP3Ee STAH M) FLEndéd -t his structure, as
[ the first | it [ [ .
the ramoving 20 BPr EERERAR ARewE Horrfciif | Avepdgfied
h ' ' | Third." | Th hi
(VARS8 0L A, LIDAEosarpl ol g ki

Elc%%—g%b%%#gaggés%%vﬁg%mEQQSEQggO%ctangle not having

one side is arranged at a fluid path from the
sacrificial layer removing hole 71 through the
connection part, so that the fluid path is made to
detour so that the fluid resistance ié increased and
two connection parts 70-10 and 70-20 are formed.
Convex parts 69-10 and 69-20 are formed in the
connection parts 70-10 and 70-20 so that cross-
sectional views of the connection parts 70-10 and 70-
20 have concave configurations as shown in FIG. 30-
(b) and a lot of changing parts of configuration
measuremént are provided so that the fluid resistance
can be fine-adjusted.

In these examples, the volume V and cross
section S in the numerical formula 2 are calculated
following the first example. As shown in FIG. 28

through FIG. 30, size and cross-sectional



-54 part of the liquid drop discharge head 200 wherein
a connection tube (substrate) 800 having the first

wWep@soIddn or 74a of the actuators 90, 91 and BCI/JP2005/004855

5

10

15

20

25

formed by the manufacturing nethod of the actuator in

5 the first and second exanples-and the first spaces

are connected. A buffer room 820 shown in FIG 32 or

a buffer room 821 shown in FIG 33 is connected to an
extetwetigpaat: ibmemaheticonsenheeon iowb e H00 shewnatde the
FIG 31. 10 FIG 32-(a) is a plan view of the buffer

r ocaBR0aandhel GorFl-duatson ofosdesdtinnat dPewhefrein
a barrier part in the buffer room FIG 33-(a) is a

pl arh&i eacof figd aguflfasrey ooam8Re awahoriad B3d (bhei §laid
cross-sectional view of a barrier part in the buffer

15 7vhs LERCPs 1ol ahaed anf ast gxedw rar tat spaest both V

part) of the liquid drop di scharge head including the
actaif &sseélﬁﬁgfoﬁaﬁ gwrg%main%mr@ul:ﬂ 3)s- i nBaPardally .,

fromthe outside. der,to prevent degradation of_ 20 |

t he ey RS I (b GH o7 | AETOE SR SISt Gnpne barrier
f orel odies fraomthe. outside. However, the
pré§%3$ég?ﬁlPﬁeta§t&%%ﬁl%%ﬁ l?ﬁap@gﬁuﬁ?%ﬁﬁngle not

pre Fe “act i _ o |
sond FEE be) et ane o1 Pucararah DR lakh oggtnat

and-jyr Pe; hnphugnged ckBénOM@xCQﬁag%h%f dN& M parts 69-10
2005/ 090082 PCT/ JP2005/ 004855

and 69-20, the fluid resistance is increased and
therefore a better effect of prevention of seeping of
the resin film into the sacrificial layer removing
hole 71 can be achieved than the examples shown in
FIG. 28 and FIG. 29.

In the examples shown in FIG. 29 and FIG. 30,
two or more connection parts connected the first
space 64a and the second space 64b are provided (See
claim 4). Under this structure, as well as the first
example, it is possible to improve the removing
efficienéy of the sacrificial layer of the vibration

plate area.

[Third example]
The third example is discussed with

reference to FIG. 31 and FIG. 32. FIG. 31 shows a



-55 tenperature or the pressure. In order to prevent
this, the actuators 90 through 92 are connected to

w0 b@sopnsect i on tube 800 shown in FIG 31 andPEr/pe005/004855
of the connection tube 5 800 is further connected to
the buffer roonms 820 and 82L15aving a vol une nuch
| arger than a space volune of the actuator which can
absorb the change of the pressure shown in FIG 32.
Theoxohnett tbe flilmi8D0iaop dhechpace perdd 200 shHekein a
as the buffer roons 820 and 821 are fornmed by a
sacroinechiohagabeprcudsstthbesafl Oadarthieprideessiused
for formng the first space corresponding to the
Vi berm%nZgaapé i/da I fihstaghdasesond lexdhbl @sd 92
Therefore, the sacrificial |ayer renoving holes 831 15
(Sefeopresl BY) thrd e fapeuriy Betaed MG tiss)aghyator in
the u art el ectrode protection holes 832 (See

SH GRS1SERG 989 FS6OT GRATOLRA FPG 5P Gkt spaces
OGS GO ARGTEST, Ao Kid TeheTORE. AP 3F ZBre. 32 or
ddj t,i ' d tot i,n.filmf

sechimofs st orbRE B2a PG R LpTF T Btodig Wit ek agy to an

an%}%}é‘ndé%e%gié%r g%omgﬁtg-lé S@@mﬂa@tlgp t%%% 982090 (égggn in

FIG 32 an t he connecti on openi ngs
(Seedl G131) and 933 (FIG 32) are arranged. 25
Vi bration areas of the buffer roons 820 and WD

102005/ 090082 RGH .JP200p4P04855 plan view of the buffer

room 820 and FIG. 32-(b) is a cross—sectional view of

a barrier part in the buffer room. FIG. 33-(a) is a

plan view of the buffer room 821 and FIG. 33-(b) is a

cross—sectional view of a barrier part in the buffer
15 room.

It is normal that an actuator part (space
part) of the’liquid drop discharge head including the
actuators 90 through 92 shown in FIG. 31 is insulated
from the outside in order to prevent degradation of

20 the propérty due to the entering of moisture and
foreign bodies from the outside. However, the
pressure in the actuator space that gives an
influence to the liquid drop discharge property is
sensitive to the change of the external environment

25 and may be influenced by the change of the



-56 821 larger than the vibration plate areas of the
actuators 90, 91, and 92 shown in FIG 31 are forned
waremslop@seously with the sacrificial |ayer reneuT/mepo05/004855
process of the actuator part. Therefore, the 5
sacrificial layer renoving halsgs 931 are formed on
the buffer roons 820 and 821 with a equal interval
and two-di nensionally. The connection tube 800 shown
I n tdfpeBidtand bhre thuf fieres9ane.820 and 821 shown in
FIG 32 and FIG 33 are fornmed by a manufacturing 10
met hod si m | aEnwptrhetrthe:arepmdaet tir thg snetthed afttdeors 90
first exanple. In FIG 32, by proving plura
conrectioh 9dpamiengLO83-ted hosthgl eosamdfienatube 800
| ayer renpvin% hole 931, it is possible to renove the
corfifed¥ i obn 18 16ubé 18 dml paEtsaér ithiecigannegeiopntube
the buffer room 820 nore efficiently than a case
Suhdt® at&i higFEhecomrats SHedpeRi hfei PUHTRA dereomsn820 and

this exanple, for the sacrificial |ayer renovin
ol o’ SHVARA 9370 4 B hee ERRoCHBh = 2P BpanTRGETS
o At 828 PR BVt 2Ly U SLECSY IS BUEE! Ehe
[ 'géggﬁpetghgwnTg%r%f _ré?_linitation about the
t he

[i
nuroer and arrangenent o connecti on openi ngs 831

and 931 as | opgeasohie e 2l bAbdaes Nofe S§8P-d Nparts
and the sacrificial layer of WO 2005/090082
10 PCHWH2005/ PA48BArfer rooms 820 and 821 are formed by a
sacrificial layer process the same as the process
used for forming the first space corresponding to the
vibration plate in the first and second examples.
Therefore, the sacrificial layer removing holes 831
15 (See FIG. 31) and 931 (See FIG. 32 and FIG. 33) and
the upper part electrode protection holes 832 (See
FIG. 31) and 932 (See FIG. 32 and FIG. 33) are
arranged in the connection tube 800 and the buffer
rooms 820 and 821, as well as the actuator. In
20 addition, in order to prevent the resin film from
seeping into the sacrificial layer removing holes 831
and 931, the burrier 829 (See FIG. 31) and 929 (See
FIG. 32 and FIG. 33) and the connection openings 833

(See FIG. 31) and 933 (FIG. 32) are arranged.

25 Vibration areas of the buffer rooms 820 and



-57 the connection tube 800 and the buffer room 820

can be efficiently renoved. The buffer room 820 shown
WO n00BAe0882 has a structural film 950 havi ng BCT/JP2005/004855

structure the same as 5 the vibration plate of the

actuator. However, since thiggtructural film950 is

fixed to the base |layer 951 by the barrier 929, it is

not possible to bend the structural film 950 of the

bufg®er 1eoged2@hand 410 €¢hangeivhe plaluammoiathef the

buffer room 820. 10 On the other hand, the buffer room

82lastoamorisn 9B1,G9133 dsd f 92 nedoby tilme Fhuf2tt arengormed

nmet hod of the second exanple.. A structural film 960

i s s bephtanedublomwl thaseh¢ agerrdéidiypla loyeecrfoaving

part 939. Hence, it is possible to bend the

St IREREEaF 05 fhemaTBIEOT hBa bl f el edsHh B2 ahliet o

chan e the volune of the buffer room821. Therefore,

5a p%ae%léhfémél%aﬁ@éfed% ¥ S{eOY i RYt h@ﬂ;&ée 9L tavee aEPEREEr ON

90, 91 ang 92 due to drastlc ?E eric ch

ge Bflictd

be'QH%d?B Thy O8I e t%% s F iS5 fﬁgefﬁél

buf f 20 821 bl e .t.o foll
o (o 90T 20 S LT 13, RSB (LR LB o
82Q and;;se 'frgn% q;%re L APLE H)gtﬂu 8‘%r0°pandd Sé:ffrgﬁown in
property. I's necessary to only provide Space

| Ny e OﬁztQﬁdc@rir%e“s‘30”?1 é*bfoﬁquaﬁbge o?r{bterﬁ&ef%%ﬁurgﬁg

connection tube 800 to e first spa

1Ozogﬁﬁgag@sglﬁgIé%P%QQ§{qgﬁ§5§anufacturing method of the

first example.

In FIG. 32, by proving plural connection
openings 933 for a single sacrificial‘layer removing
hole 931, it is possible to remove the connection

15 tube 800 and the sacrificial layer in the buffer room
820 more efficiently than a case where a single
connection obening is provided.

In this example, for the sacrificial layer

. removing holes 831 and 931, each of the connection
20 openings'833 and 933 aré provided on four sides of
the burrier 829 and 929. However, the present
invention is not limited to this. There is no
limitation about the number and arrangement of the
connection openings 831 and 931 as long as the resin

25 film does not seep in and the sacrificial layer of



-58 actuators 90, 91 and 92. Therefore, the connection

tube 800 is forned by a sacrificial |ayer process
wagiosgotoBe sacrificial |ayer renoving hol e andP@mnJiP2005/004855

el ectrode is not provided. The barrier 829 5

functioning as the fluid resisgmnce i s provided

bet ween the space form ng the connection part and the

sacrificial |ayer renoving hole 831 as discussed in

t hethér sbnaxarglon tardet B@bebydt kbhesthstfat erbsm 820 can

manuf actured by a nethod the sane as the nethod in 10

t hebé¢i esfiediamilly iremovedt e where the space is

prevented from being closed in a sealing process of

the sacrifici 3hel dpfrfarnmeeng8RBl eheBee il Af A 1232 has a

Thus, the substrate having a sinple space can be

east FyuaBHERActirad W9 hhaY §RIpPesititiEun® The same as

actuators_ 90, 91 and 92 connected to the buffer room,

5820 %? @??rﬁﬁéoﬁhéﬂéﬁﬁﬁéaglBﬁetéﬁéu§66”fcahH%@ever since

sec gc;; g% %ﬂezgﬁi ?SEBE%E SedC%QEEhg%ﬁ @ﬁ?@h ayer

g g e UG L RAR s
aCt%‘k?(%o ﬁr%gtu%flaome Qﬁ §a4 89”‘& |C| g{k#gﬁb%@@& 898N and to

iciently y a sacri ayer ~process.

Furdner gor en by TR G £ PREL ARG GIRR5 gBS@Cti on of
the connection part proper, it 1s possible 25 to

1oefficiently renoved ha-macridigl aknbayers @fr th€oM821 shown
2005/ 090082 PCT/ JP2005/ 004855

in FIG. 33 is formed by the manufacturing method of
the second example. A structural film 960 is
separated from a base layer 961 by a connection part
939. Hence, it is possible to bend the structural

15 film 960 of the buffer room 821 and to change the
volume of the buffer room 821. Therefore, a preésure
change of the first space of the actuator 20, 91 and
92 due to drastic atmospheric change can be absorbed
by bending the structural film 960 of the buffer room

20 821 and it is possible to follow the atmospheric |
change as compared with the buffer room 820 and
secure a more stable liquid drop discharge property.

Here, it is necessary to only provide space

inside of the connection tube 800 and connect the

25 connection tube 800 to the first space of the



-59 buffer room and the connection part by a process
the sanme as the process for renoving a sacrificial

wO 2081090085 t he vibration plate area and to redPCBEIR2065/004855

Sdi SfoHE BEORERE, ASovrosh

10

15

20

25

nunber of the processes. Thus, it is possible to
obtain an 5 actuator and |i quisg-drop di scharge head
having a high function, high quality, and | ess

di spersion of the property, at a low cost. [Fourth
exaptedrtdBsNoxt,, ddn dmk Zartr rdgeedforide fHie€seshnection
invention is discussed with reference to FIG 34.
Thitsubeks8ear tisi dgeniesd floy neds by rafiifojialg tdwet i gubdess
drop di scharge head having the nozzle 8 and others
andistizgusbed s rtilfd Fiakt lahesugkemoviimg dxahpl @ndndn
15 the ink tank 815 supplying the ink to the liquid

dr cpleetsefar g6 Bedd 200V {dRee.- cl Ahm YRTIHRIS, 829 t he
case of an ink tank uniffégg type liquid dro

_ P .
rRELSASNGS y-DfP¥PeLAedd
| eads, to | ow cost and 20 reliabjlity of the entire ink
cat§ TR HBRcEPATS HTPuRYi ble COTRRIT RN tRRTYi erd the
rat%iandfrelgimlit A cg t he inﬁ ;ar r.j.d qsgﬁ.geduci g.
cost® Gt t Fd2AndGNts" JreHaE MntiPact Pilnga, ano® therghy
it s pPssibl reduce,t & @&Sf rot d .
uni yel ng ?%/gegf{%%pﬂf ’c}r O}i g%. 8 581(?5/ %gate +8
PCHaHﬁ¥g@£99é§5%y'E§QEthod the same as the method in
the first example in a state where the space is
prevented from being closed in a sealing process of
the sacrificial layer removing hole (See claim 12).
Thus, the substrate having a simple space can be
easily manufactured with high precision.
The actuators 90, 91 and 92 connected to the
buffer room 820 or 821 via the connection tube 800
can be manufactured by the method discussed in the
first or second example. The buffer rooms 800 and
821 which have large areas and prevent a vibration
property dispersion due to the atmospheric change of
the actuators 90, 91 and 92 and connection tube 800
can be efficiently formed by a sacrificial layer
process. Furthermore, by making a part and a cross

section of the connection part proper, it is possible

to efficiently remove the sacrificial layer of the



[Fifth exanple] Next, an exanple of an ink jet
recording apparatus in which the ink jet head of the
w@e@somosd i nvention is used is discussed w t hPCT/JP2005/004855
reference to FIG 35 and FIG 36. FIG 35 is a
perspective view of the ink 45%- recording device in
which the ink jet head of the present invention is
provided. FIG 36 is a cross-sectional view of a
nechaffem paoin @gnd hehe nkontBcjtétonr geortdilmg depiroecss the
which the ink jet head of the present invention is
providedasThée mkedatss efordiragovdend ce $actufiésial layer
recordi ng device body part 81 and a printing
mechBnFBf FabralEen B ArPAg amsk Hemizetiupar thespumber
Is housed in the recordi ng apparatus body 15 part 81.
A caf r FAgePKOFSSISES nsi TeUsf the 1fedH Hyle degi eptain an

bod art 81 in the main_scanning. direction, a . )
rec%?g‘ilﬁgoﬁeé&%i &ﬂ%‘%gd’f% ﬁE%jhé’tr%ébe%ﬁ‘ fpging a high
present. inventi.on nmounted on_the_carriage, an,ink

P T GGeO or "eGRpI PTG The PHR- 26 ehd RSA T AG AEadhe
20 rs_ar oused jip the printing mechani sm
pa#?ng%%E A Sgpg?hgﬁ%ﬁT%égassette 84 (or a paper
supply'tray) capable of loading a | ot of paper 83

froma front side can be detachably connected at a 25

| onefoRath 8kakpg Jgiecordi ng device body part 81. In WO

2005/ 090082 PCT/ JP2005/ 004855 ;61 addi ti on, a manual
10paper supply teay,8anf AmisUupt¥+D8ge of the present

8]

invention is discussed with reference to FIG. 34.
This ink cartridge is formed by unifying the liguid
drop discharge head having the nozzle 8 and others
and discussed in the first through third example and

15 the ink tank 815 supplying the ink to the liguid drop
discharge head 200 (See claim 6).

Thus, in the case of an ink tank unifying
type liguid drop discharge head, low cost and
reliability of the head leads to low cost and

20 reliability of thé entire ink cartridge. Hence, it
is possible to improve the yield rate and reliability
of the ink cartridge by reducing cost and the amount
of bad manufacturing, and thereby it is possible to
reduce the cost for the head unifying type ink

25 cartridge.



the paper 83 manually can be opened at the | ower part
of the recordi ng device body part 81. The paper 83 is

wo adsnodosom t he paper supply 5 cassette 84 orPCTa&P2005/004855
manual paper supply tray 115 in the printing
mechani sm part 250. A pictureges recorded by the
printing nmechani smpart 250 and then discharged to a
paper discharge. tray 86 connected to a back surface
side of the recording device body part 10 81. In the
printing nmechani smpart 250, a carriage 193 is
slipeabty kekdplre]a nmain scanning direction nanely a
direction perpendicular to the paper of FIG 25 by a
gui de nenber . Nghdé ,guirdesxnbbe ¢5 B dovnectedrecokdfiing
and right side boards not shown in FIG 35. The guide
merbeparatradés &hiedh Guedénkr oetiPrathdh tup puegent
rod 192. In the carriage 193, a recqarding head 94 is

Sar rangeutiAtaidi Me@d ohs vhbf eusgrdr M1 HhiC If QERBFGI g FIG-

_ | "SBRGr 4 Sinie o SERAFH

o oR EE R Pops AR ngS L8l Br BGRA FHi (Yyeuos ene
C ta. , d black. (Bk), .for, :

o it Shar BERCB) T JHRCP ot P CPTRT Lok af R head of

2 _ Y eiie Thk °F s ebof i ig "

tnah et B TRC Bt fn LU B PRERRA. 12 e e 1 08s

fe%ﬂﬁ&ééMEeE*EKo\églz%%&99€8ﬁ ﬁ%ﬁéﬁ%@%@é’%ﬂﬁéf tfé ink

cartridges 95 supplying in aving ther ective
10 Jjet recording device in which the ink jet head of the

present invention is provided. The ink jet recording
device includes a recording device body part 81 and a
printing mechanism part 250. The printing mechanism
part 250 is housed in the recording apparatus body

15 part 81. A carriage movable inside of the recording
device body part 81 in the main scanning direction, a
recording héad including the ink jet head of the
present invention mounted on the carriage, an ink
cartridge for supplying the ink to the recording head

20 and othérs are housed in the printing mechanism part
250.

A paper supply cassette 84 (or a paper

supply tray) capable of loading a lot of paper 83
from a front side can be detachably connected at a

25 lower part of the recording device body part 81. 1In



colors to the recording head 94 are detachably
connected. An air opening connected to the atnosphere

w®2008/0p08% i ded at an upper part of the ink carP€T/dRpe05/004855
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95. A supply opening part supplying the ink to the
ink jet head is provided at gjower part of the ink
cartridge 95. The ink is supplied to the ink jet head
by a capillary of a porous body maintaining a 10

slighdlyipagatkl weril£spisger Astibugh ey eRdSc24sub@lying
the respective colors are used as the recording head

i n tié spepbedisentanea Blngtenhbad dp@naty @t tbezlewer part
jetting the respective colors may be used. The back

si def ‘thaeekycolredilnpveieside bndyhearts §laper carri age
direction, of the carriage 193 is slideably clanped

by the main glihgerreriB3 is taldint faem tthee fraper supply
side, nanely the upper side in the paper carriage

di rextsohteof 4 he ddre iBRRUADIPRPETS|ISHRIELY ytEBHNndéPed D

by the sub guide rod 192. In 20 qgrder to nmaeke the,
cartiagrr1931ipgy @ad anismi Rethe 2 0ai n S &dmEREe 1S
direction, a timng belt 100 is .stretch-conn ed

et Aedr PYi AT EyE 589 POEBEraRdl 1 ar i 0ok 69%athen
”a%¥i§ agfggﬁo%ogé.?ﬂ%ﬁgrféi¥gﬂa@%£'%%ngwgggg?ﬁhgh%%d to

belt” I Xed a e carrrage . e

o oA ReTIE 208 VB IRY BEOHBR s, v sy

rotgtions of the main

In the printing mechanism part 250, a

carriage 193 i1s slideably held in a main scanning
direction namely a direction perpendiéular to the
paper of FIG. 25 by a guide member. The guide member
is connected to left and right side boards not shown
in FIG. 35. The guide member includes a main guide
rod 191 and!a sub guide rod 192. In the carriage 193,
a recording head 94 is arranged in a direction where
plural ink discharging opening parts (nozzles) cross
in the méin*scanning direction. Ink drops having
colors of yellow (YY), cyan (C), magenta (M), and
black (Bk), for example, are discharged by the ink
jet head. The recording head 94 is mounted in a
state where the direction of the ink jet faces

downward. In the carriage 193, respective ink



scan nmotor 97. On the other hand, in order to carry
the paper 83 set at the paper supply cassette 84 to

wo b@s/0%0Bower si de of the recording head 94, aPGIL/PEM0§5/004855
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paper roller 1010, a friction pad 1020, a gui de nenber
1030, a carry roller 1040, agyml!l roller 1050, and a
head end roller 1060 are provided in the ink jet
recording device separately. Each of the sheets of

papedr83i 8§80 oGarsigsh #1040 Lhe dupplng paperréespsettiee
84. The paper 83 is guided by the guide nenber 1030.
Theepbpes 83 the caradwdiby hekdg d4urned deezchybike
carry roller 1040. The snmall roller 1050 is pushed on

a coxweteedntial surface of the carry roller 1040. A

15 pushing angle on the paper 83 by the carry roller

1040 i s det er Ahned rbynsaiel h@adoRrndcited éo 1069, atfhesphere
carry roller 1040 is rotationally driven by a sub

scar® ip¥eyidedo al & YeRer | PAEL Phe thepeiniB3cpuskédae 95.
by the carry roller 1040 20 corresponding to a )

. Vi TEPRF BaCPR MY RATE sTRRRI NG i e tidh bP Fhe ink

CauE9RaITS e hecalret b 8 BoiDt el ng, b

O SHLLO0EL bie "S5 g Deod Bt ke P LOLLE oy

b e R A T L R

1130 { O+ £Rr A¥HAG ikRE pressure. Although the heads 94
for the respective colors are used aé the recording
head in this embodiment, a single head having a
nozzle jetting the respective colors ﬁay be used.

The back side, namely the lower side in the

paper carriage direction, of the carriage 193 is
slideably clamped by the main guide rod 191. 1In
addition, the front side, namely the upper side in
the paper carriage direction, of the carriage 193 is
slideably connected by the sub guide rod 192. In
order to.make the carriage 193 move to scan in the
main scanning direction, a timing belt 100 is
stretch-connected between a driving pulley 98
rotationally driven by a main scan motor 97 and a

driven pulley 99. The timing belt 100 is fixed at

the carriage 193 and the carriage 163 moves and



paper 83 to the paper discharge tray 86, a spur 1-140,
and gui de nenbers 1150 and 1160 form ng a paper

waoele@siogroge path are provided at the | ower si dePCI/JR2065/®4855
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paper carrying direction of the print receiving

menber 1090. At the tinme of rggoerding, the recording
head 94 is driven based on a picture signal while,

the carriage 193 is noved. The ink is discharged onto
10 ddieu papeby8Bowmiactd daes heatkwave soddw@atomwseckFi ARe main
is recorded on the paper 83. After that, the paper 83

i s sarednatdesP@nat ed di stance and the next line is
recorded. The recording operation is finished by

recei ving a reeothef oihsint dpnd gnah ordarsitgnatansy the
indicating that the rear end part of the paper 83 has

ar MaRRyr %3t fetr 8tordicnPal en, SYBPLNacatfeYaped 4880 the

i s discharged. A recovery apparatus 1170 for
r edRVERT nlaer 8 HRE d%%fccrﬁﬁwﬂghsﬁdt K&  ScoTWPRYY hBager

94 | 0 a ed at an outside position of the

Dedstdiary IS el i bR A o aGugiY Haember 1030,
novi ng direction_of . the carriage 9 Th over
apﬁ%ra:ﬂgylﬁ9%gﬁﬁcﬂgéég 6%5%?%ggn§8§%Fré§§%§€ti%%g a2 head

?g%'ﬁ‘;qs P@Plefl ?@%ion%r%e?{lf'oa%%lﬁgngnm@htei q_gﬂ{ g?%:§g¥8gdlng

prinfing, the ca 37 I's nove

f 2005 /J 1 QP4 .
! 48 2T T 0PI GBI LS

carried from the supply paper cassette 84. The paper
83 is guided by the guide member 1030. The paper 83
is carried by being turned over by the carry roller
1040. The small roller 1050 is pushed on a
circumferential surface of the carry roller 1040. A
pushing angle on the paper 83 by the carry roller
1040 is determined by the head end roller 1060. The
carry rollef 1040 is rotationally driven by a sub
scan motor 1070 via a gear line.

The paper 83 pushed by the carry roller 1040
correspoﬁding to a moving area in the main scanning
direction of the carriage 193 is received by a print
receiving member 1090 as a paper guide member guiding
in a lower direction of the recording head 94. A
carry roller 1111 rotationally driven to carry the

paper 83 in a discharge paper direction and a spur



i s capped by the capping neans. The bad di schargi ng

based on an ink dry condition can be prevented by
woriosoaost ng the jet opening part in a wet staPer/Jr2005004855

addition, the ink not used for recording is

di scharged during recording, sgx-that ink viscosities

of all of the discharging opening parts are kept

constant, and thereby a stable jetting ability can be

mai ni 20 ped. diQ dhmasysasgpuherelacdhad I Gehar geagrying the

occurs, the discharging opening part such as the

nozzdpeeof 83t e héed PHpes Stakbdrige thmayxadpi ng spams. 1140,

The bubble with the ink is absorbed fromthe

di sthdrginde opediaus phti0tandudh 6 tidrembygt depaper

absorption neans. 15 The ink, the dust or the like

t hadiadheres P@ttfhear%@é%‘ait@?ﬁgad}pém%gl%W¥aéédi‘—‘s of the

renmoved by the  cleaning neans so_that bad di scharging

S5i s RARdYeFadrYERGMAIFL QBHPRI BA, thife AR | HegCpiving

absorbed Ii glscharged to a waste ink saver (not

shdWfP&FraAdéd 20 at a lower part of the body, so

that the ink rbed and mai nt.ai ned an ink.,
absor pt i or sohy TRR St M RRere Tk T dre {&hging head

A fog, B8 UE 4B Sl RIS e
ST abOIES ALY AT BRSSO
10r ecidli pgpdeviseewhilcH SaPPSShbtemb@e so that one line is
recorded on the paper 83. After that, the paper 83
is moved a designated distance and the next line is
recorded. The recording operation is finished by
receiving a record finishing signal or a signal

15 indicating that the rear end part of the paper 83 has
arrived at the recording area, so that fhe paper 83
is discharged.

A recovery apparatus 1170 for recovering

from bad discharging of the recording head 94 is

20 arranged at an outside position of the recording area,
namely the right end side of the moving direction of
the carriage 93. The recovery apparatus 1170
includés capping means, absorption means, and

cleaning means. During waiting for ready for

25 printing, the carriage 193 is moved to the side of



prevent an ink drop from bad di schargi ng due to bad
driving of the vibration neans and therefore a stable

w0 pdosaipp2 di schargi ng property i s obtai ned so POERIP2A05/H4855

i mage quality is inproved. In addition, since the
recording head driven at a | awoltage is nounted, it

is possible to reduce the consunption of electric

power of the whole of the ink jet recording device.

Al t beaghetbe cprvesaiatovest 1M 0i.s app i edcbodihd hlkad 94
ink jet head as a liquid drop jet head in the above
enbbsli oeppsd the tfresempp i ngyeneiaors .mayThe bagpbiedhiacrging
aliquid drop jet head other than the ink jet head
suchaasdachi gm drdy opry ecohdad ioonfdagurieel poevented by

di scharge a liquid resist for patterning. 15 [Sixth

enbedi REALPiNG (HIS IebodPrBARY ORE ricsentveRvelgiten In
[ applied to _a mcro . An action principle is

IS ! punp |
Sdi s24<8EdORirt Aheerdteneett BSpAGEOF7 r o dingpis
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vi bration plates are provided so as tqQ face the fixed .

ol & FERBEIES0S I F GOREIERPouGR (AT | thE FapRoSities
1350, By.dri.vina the vibration plat.es 1307, in_tur

front et hi 8t RS TR TTT PN PREPRET IRAA parhio 1358t

flo ] dir [ b I QW G . 0 ’
25 trar CeRe s PR A e R G by e Shgen pe
200p4 990982 BCT/ JP2005/ 004855 -67 plural vibration

pl ates but also only a single

In a case where a bad discharging occurs,
the discharging opening part such as the nozzle of
the head 94 is sealed by the capping means. The
bubble with the ink is absorbed from the discharging
opening part through a tube by the absorption means.
The ink, the dust or the like that adheres to the
discharging opening surface is removed by the
cleaning means so that bad discharging is recovered
from. In addition, the ink that is absorbed is
discharged to a waste ink saver (not shown) arranged
at a lowér part of the body, so that the ink is
absorbed and maintained by an ink absorption body
inside of the waste ink saver (See claim 7).

Thus, since the ink jet head using the
liguid drop discharging head 200 of the above-

discussed first through third examples is mounted on



vi bration plate nmay be provided. A valve may be
provi ded so that transportation efficiency can be

wo pgpsoy®s2 5 The vibration plates 1307 corr espp@JR2005/004855
the vibration plate areas 24a and 64a in the first
t hrough third enbodi ments. The&d-i xed el ectrode 1302
corresponds to the | ower el ectrodes 23a and 63a of
the first and second enbodi nents. In the mcro punp 10
t r atisper LhRg jlitquiatdadedg odediispl, ademeid wbsshble to
vi bration plate 1307, the above di scussed actuat or
carpbevesedaas iakstdnmp uf abmphet (Sechd mgim@) dueSitcdad
the vibration plate is displaced based on an
el edxFoseat pE frdrec e ARt hgonnmeRa Selagd ridtksefprei &8 B3 able
possible to realize a mcro punp having a small size
and-&F e@ ¥ PBJIES SIFAATH 1DV EORS LAYt i16n OFtiredrfe that an
power. [Seventh exanple] 20 In this exanple, the

5pr eSBHIC | Aventitan 1S l%’&??%@'t ol8n a@ﬁ%?d?“de%%ﬁé.e Ade
shown in FIG lural vj bra&i on tes face the

38, | o
o RTTOHREPI4B52d FE oy 3t BnlpFal® LiAHF af Somounted, it
functions aﬁ%%_'rror referaq:l.e t ha

Tl

lt.is a .
o erect e R SR mt%?bggns‘% 407§, Slectric
f | P 287 T beee7re
b 0er obEs 0, dreciL LAkl SRR Al DR ey s ce

rate is incregsefougt Mie ffmanti 9RL 3 143dpb%ied to
irradiated on the

10 the ink jet head as a liquid drop jet head in the
above embodiments, the present invention may be
applied to a liquid drop jet head other than the ink
jet head such as a liquid drop jet head configured to
discharge a liquid resist for patterning.

15
[Sixth embodiment]

In this embodiment, the present invention is
applied to a micro pump. An action principle is
discussed with reference to FIG. 37. Plural

20 vibratioh plates are provided so as to face the fixed
electrodes 1302. Fluid goes through the fluid path
1350. By driving the vibration plates 1307 in turn
from a right side, the fluid in the fluid path 1333
flows in a direction shown by an arrow in FIG. 37 so

25 that the fluid can be transported. ©Not only the
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vibration plate (mrror) 1430 via a lens 1434. In a
case where the vibration plate (mrror) 1430 is not 5

an incident angle. In a case where the vibration

plate (mrror) 1430 is driveng7#the mrror is a convex
mrror and therefore the reflection light is

di spersion light. 10 The vibration plate 1430 in this
exaipheal coibespdrds glatde bibr atlison opllat ea as eag124a
and 64a in the first and second exanple. Simlarly, a
fi xetbratéothr pdetbiday rb¢ hpsowidepl.e dorvekpendsyt be
the Ilower part electrodes 23a and 63a in the first
andbUsv $éedndoetdmd] e-ramelee rthitd ost fciigienen can be
optical nodulation device can be realized (See claim
9) .imepxevedn application exanple to this optical

-modul ati on device is discussed with_reference to FILG

38. Light froRteh¥ibrgHiidourtateasi3fd m%’cﬁ%@%ladzéo the

LA BT SAIR A e B
lﬁﬁ%@‘ﬁ%ﬁ Phns e AP o P REs bt naPShand =L n@%CFﬁgde 1302
i Sp1 aceﬁﬁﬁn‘i%otfogcé“;%?b%fj neBbae L o) 430058 os

applyd ng; s¥055a9%et dweer%@&me%sm%ﬂ St}ﬂ%crﬁlﬂg%té pump

mrror, the light is dispersed and nost of t
transporting liquid based on displacement of the

vibration plate 1307, the above discussed actuator
can be used as a structural part (See claim 8).
Since the vibration plate is displaced based on an

electrostatic force acting on the electrodes, it is

possible to realize a micro pump having a small size

and electrodes having low consumption of electric

power.

[Seventh example]
In this example, the present invention is
applied to an optical device. As shown in FIG. 38,

plural vibration plates face the electrodes 1402.

The vibration plate 1430 also functions as a mirror.
It is preferable that a dielectric multilayer film or

a metal film be formed on a surface of the vibration

is reflected at the sanme anpCEJEH05/004855



IS not incident on the projection |lens 1432. The
light incident on the projection lens 1432 is 5

w@e@soeterl on a screen (not shown in FIG 38).PEIN/BR2003304855

shows a two-di nmensional arrangenent of this

structure. In FIG 39, pairs-efg-the el ectrodes 1502

and the mrrors 1530 facing the el ectrodes 1502 are

10 arranged | engt hways and si deways. Each of the pairs

I s plddepenhdant by dhiatera soef hattéanni mage dan hecsbawved.
on the screen. An arrangenent of 4 by 4 is shown as

an Iedgmpl 8rom Bl Gigd3g, smurcedel pBésdst linneshtaoadi sn the
not limted to this. Alot of rows can be arranged. 15
The idutakior Phaltedi (g arwervi baPi vAaplatlenseddd. In a
this exanple may have a structure as discussed in the

fi cstsaniheseohbiCeXdmpatiqh RYdALei dAI TR Jack 4@ o s not
may. be driven under the structure discussed in the

St hidd-esdanphBe 269%e 15 dhteFReentitor i SR Fogle as
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the liquid. drop diischarge head, the mcr or the
Gt THGHIPAET BROAEVI cd it TRESVIBRAR G IR F 5108
38%@%%?99¥r£g%gghi%%r9%§ﬂiéfvéﬁrc%g%f%hﬁ an;%?ZQ Egnvex

odes. Ncé&,” i't” i's possib

ODB735008 BT TP506E 00 Tb5. = - 1oL -G8 redie et ng
| oy sconsipLh ons ghel ectric power. The present
invention is not limted to the above-

The vibration plate 1430 in this example
corresponds to the vibration plate areas 24a and 64a
in the first and second example. Similarly, a fixed
electrode 1402 in this example corresponds to the
lower part electrodes 23a and 63a in the first and
second example. Under this structure, an optical
modulation device can be realized (See claim 9).

Next, an application example to this optical
modulation device is discussed with reference to FIG.
38. Light from the light source 1431 is irradiated
on the vibration plate (mirror) 1430 via the lens
1434. The light going to a part where the vibration
plate (mirror) is not driven is incident on a
projection lens 1432.

On the other hand, since the place where the

vibration plate (mirror) 1430 is displaced by



di scussed enbodi nents, but variations and
nodi fi cati ons may be nade w thout departing fromthe 5

wae@pmmB2 t he present invention. For exanpl e, PEGEIP2005/004855
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present invention can be applied to an optical device

ot her than the above di scussedodevice, a mcro

actuator, or the like. 10 15 20 25 WD 2005/090082

PCT/ JP2005/ 004855 -71- CLAIMS 1. An actuator,
comppiyhgy a widirasgontpl Bhe aleamtdicsid at42 bysan cbnvex
el ectrostatic force; and el ectrodes facing each ot her

vi angrforst thepddghth ihedvsbeasiedn apldateosir e@f the light
wherein the first space is fornmed by a sacrificial

| ayle? PPbcéssidsinfg ap stleeiprel actigyerlen® }efdvi nghe
hole; and a barrier as a fluid resistance is formed
betWweEht t hBCLPLHt SPacdranral seEdnd dpite St¥dated

inthe vicinity of the sacrificial |ayer renovj ng FIG

39 shows a two-dimensional arrangement of this

structure.

In FIG. 39, pairs of the electrodes 1502 and

the mirrors 1530 facing the electrodes 1502 are
arranged lengthways and sideways. Each of the pairs
is independently driven so that an image can be shown
on the screen. An arrangement of 4 by 4 is shown as
an example in FIG. 39, but the presenf invention is
not limited to this. A lot of rows can be arranged.
The actuator including the vibration plate used in
this example may have a structure as discussed in the
first and second éxample. In addition, the actuator
may be driven under the structure discussed in the

third example.

The present invention is used for the liquid

drop discharge head, the micro pump or the light
modulation device and the vibration plate is
displaced by the electrostatic force acting between
the electrodes. Hence, it is possible to realize a

light modulation device having a small size and



wherein the barrier and the sacrificial |ayer
renmovi ng hole are provided outside of the vibr
20 3. The actuator as clai med i n PCHIPR0QS/004855

W@ b@so9@BEA.

wherein a single connection part configured to
connect the first space and tlmw-second space is
the barrier. 25 WD 2005/ 090082

provided in

PCT/ JP2005/ 004855

ation

-72 4. The actuator as clained in

cl aaedtrodker @avimgl bowal cdysahpddorecif ofl patksic power.
configured to connect the first space and the second
spdtiee i srpeewnitdéchvienthen basr nert. 1515.teAl | tqutbdedrbpve-
di scharge head, conprising: a discharging room which

di stha¢ygyesed lempedimenop, ahdti yagdmidansl anda

nozzle; a comon |iquid roomreceiving discharge 10

f | ledsEppritéenso mate ke seadpgiAGhosdmderaresagr érom the

generating part configured to

gi ve di_schargi ng_ene

rgy
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di scharge fluid can

th by t .
e redeh 0% SR 2t Sef 2t

Im%%ﬁgpgthan the above discussed device, a micro

actuator,

or the like.

a

&€o

€ 3ThePRE

fro .
Latofevice



a vibration plate working as the pressure generating
part; a vibration plate area displaced by an 20

web@siowst ati c force; and el ectrodes faci ng eartir/or20e3/004855

via a first space in the vibration plate area;
wherein the first space is formed by a sacrificial

| ayer process using a sacrificial layer 25 renoving
hol e; and WO 2005/ 090082 PCT/ JP2005/004855 -73 a
barrier as a fluid resistancéLAgMsormed between the
first space and a second space situated in the
vicinity of the sacrificial |ayer renoving hole. 5 6.
An ink cartridge, conprising: a liquid drop discharge
head confi guréd #8 afiStHaege apmpmisdmsp; and a ink
tank configured to supply ink to the 10 liquid drop
di schar ge headl; V#R&rdiiP Helatqupdedr 64 s lxtrd gay an

head i ncl udes a di schargi ng room whi ch di scharges a

51 et ¥CTHPEFRANE ITO T Thnetted to a nozzle; 15 a common
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space in the vibration plate area;
wherein the first space is formed by a
sacrificial layer process using a sacrificial layer
removing hole; and
a barrier as a fluid resistance is‘formed
between the first space and a second space situated

in the vicinity of the sacrificial layer removing

hole.

2. The actuator as claimed in claim 1,
wherein the barrier and the sacrificial
layer removing hole are provided outside of the

vibration plate area.

3. The actuator as claimed in claim 1,
wherein a single connection part configured
to connect the first space and the second space is

provided in the barrier.



a pressure generating part configured to give a
di scharging energy to the discharge fluid in the

waoele@siogrogt ng room and t hereby the di scharge flPRCTIP2AE/004855

can be discharged fromthe nozzle; a plurality of
actuators, the actuator incladi-ng a vibration plate
wor ki ng as the pressure generating part; 25 a

vi bration plate area di splaced by an WD 2005/ 090082
PCT/ JP2005/ 00485%he At teleicdr ost atilaifmedcen antlaim 1,
el ectrodes facing each other via a first space in the
vibration pl avbezeda, amplhwianlihe Oifr sorgwackelés parts
formed by a 5 sacrificial |ayer process using a
sact@tfeguredayer cammet nghfoférsandradrarandr the aecond
fluid resistance is formed between the first space
ancPRAgechAdPEpadeied timtBae PATERETvicinity of the
sacrificial l|ayer renmoving 10 hole. 7. An ink jet

5recording device, conprising: a liquid drop di schar ge
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head configured to. . discharge an,ink drop; 15 wherein
the |iquid ar é‘ & Ry, dLBH Aiggohead, Comprising:

di schargi ng rg°§h@%h%@é¥ﬁg”¥gggswﬁichq%ischarges a liquid

drop and is connected to a nozzle;

a common liguid room receiving discharge
fluid supplied to the discharging room;

a pressure generating part configured to
give discharging energy to the discharge fluid in the
discharging room and thereby the discharge fluid can
be discharged from the nozzle;

a plurality of actuators, the actuator
including

aKvibration plate working as the pressure
generating part;

a vibration plate area displaced by an
electroétatic force; and

electrodes facing each other via a first
space in the vibration plate area;

wherein the first space is formed by a
sacrificial layer process using a sacrificial layer

removing hole; and



drop and is connected to a nozzle; a comon |iquid

room receiving discharge 20 fluid supplied to the
wale@signogt ng roonm a pressure generating part PCT/JP2005/004855

configured to give discharging energy to the

di scharge fluid in the disch&B3g ng room and thereby

the discharge fluid can be discharged fromthe

nozzle; 25 a plurality of actuators, the actuator WO

2005/ 090082 PE€ThPaP20@3/ G4855f 1u¥8- riegdlsudine ais formed

vi bration plate working as the pressure generating

parketwe R bEhei 64 rpitatsPageaadfspl acednsy srcs situated

el ectrostatic force; and el ectrodes facing each other

vi dh e syicipady iof tHee vvafhatféfiplatlegearemoving

wherein the first space is formed by a sacrificial

Iznﬂﬂl%rocess using a sacrificial layer 10 renoving
5hoIe; and a barrier as a fluid resistance is forned

between the first space and a second space situated

in the viciniéy gf th% sacrificia er_.renovin

hole. 15 8. A ncholB|n§%ﬁ%ﬁﬁ;%$Li%§ PFdﬁfﬂmﬁasgd on
di spl acement QflquEQrQQSH1&%é%ﬁ%r&gnﬁggg'ggnfigured to
discharge an ink drop; and

a ink tank configured to suppl& ink to the

10 ligquid drop discharge head;

wherein the liquid drop discharge head,
includes

a discharging room which discharges a liquid
drop and is connected to a nozzle;

15 a common liquid room receiving discharge
fluid supplied to the discharging room;

a pressure generating part configured to
give a discharging energy to the discharge fluid in
the discharging room and thereby the discharge.fluid

20 can be discharged from the nozzle;

a plurality of actuators, the actuator
including

a vibration plate working as the pressure

generating part;

25 a vibration plate area displaced by an



at least two pairs of electrodes having a fixed
el ectrode and a novabl e el ectrode functioning 20 as

wo b@swidesat i on plate; and,- a structural part PCT/JP2005/004855

5
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configured to displace the vibration plate based on

an electrostatic force acting4the el ectrodes; wherein
the vibration plate is displaced by 25 an actuator,

t he actuator including: W 2005/090082
PCH1HR2005¢ 084865 forid: ;a anndbrati on plate area

di spl aced by an electrostatic force; and el ectrodes
faci ng each otheftypdes fiawing spack phhiehe widratfbnst
plate area; 5 wherein the first space is forned by a
sadlFGi Bt FhfeViprodes wiabeaasaerificial |ayer
renmoving hole; and a barrier as a fluid resistance is
formed bet weBRSERADNT ithSt HFtle ShRCa d6cdrdmgshdey a
situated_. 10 in_the vicinity of {he sacrificial, |layer
AT FOR. 18YSAn PHATRSE HotEPar 6R v kelal Tayer
Ch%ﬂid¥%§i Le Iect% n direction of Iight based on

di sp acenent B/ of mrror, conprising: at |least two

pairs of elect YQQE%QQVBEQ a2 flflj:f(&dr%s.?%:é%g:%bg_gs?.Pormed

novabl e electrode_ |ch i's connecte i on
pl @tqand i shor pYi-ded gl ce and a second space situated

in the vicinity of the sacrificial layer removing

hole.

7. An ink jet recording device, comprising:

a liquid drop discharge head configured to
discharge an ink drop;

wherein the liquid drop discharge head,
includes

a discharging room which discharges a liquid
drop and is connected to a nozzle;

a common liquid room receiving discharge
fluid supplied to the discharging room;

a pressure generating part configured to
give discharging energy to the discharge fluid in the
discharging room and thereby the discharge fluid can
be discharged from the nozzle;

a plurality of actuators, the actuator



parallel; and 20 a structural part configured to
di spl ace the mrror based on displacenent of the

waoRimsaioen plate by using an el ectrostati c f oPCEIP2005/004855
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acting on the electrodes; wherein the vibration plate
i s displaced by 25 an actuat-or5- t he actuator

i ncl udi ng WD 2005/ 090082 PCT/ JP2005/ 004855 -77 a

vi bration plate area displaced by an electrostatic

f orteclauddnel ectrodes facing each other via a first
space in the vibration plate area; 5 wherein the first
space is fornmdvBpratisgem¥aeeavokiyog procdss pseagure
a sacrificial layer renoving hole; and a barrier as a
fl WePeEILINENPELTS formed between the first space
and a second spage situated 10 in the vicinity of the
sacrificial |ay8tPréfinhdlabtedres. dAdsqlpaedtley an

havi structure conprising: 15 a space which is
f(n?é%c€§°§t§§&FrﬁQﬁ%ﬁ' ?%éer process using a
sacrificial |ayer renpvi hole and which is, provided
i nsi de of theegﬁﬁ§59§%& AN 29 baPFle P TS T Hdi Y first
resiglapce.fopaed ;fetyean Lhe, spage and the
sacriticial layer Tenoving -
wherein the first space is formed by a
sacrificial layer process using a sacrificial layer
removing hole; and
a barrier as a fluid resistance is formed
between the first space and a second space situated

in the vicinity of the sacrificial layer removing

hole.

8. A micro pump transporting liquid based on
displacement of a vibration plate, comprising:

at least two pairs of electrodes having a
fixed electrode and a movable electrode functioning
as the vibration plate; and -

a structural part configured to displace the
vibration plate based on an electrostatic force
acting ‘the electrodes;

wherein the vibration plate is displaced by

an actuator, the actuator including:



20 hole. 25

WO 2005/090082 PCT/JP2005/004855
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a vibration plate area displaced by an
electrostatic force; and

electrodes facing each other via a first
space in the vibration plate area;

5 wherein the first space is formed by a
sacrificial layer process using a sacrificial layer
removing hole; and

a barrier as a fluid resistance is formed
between the first space and a second space situated
10 in the vicinity of the sacrificial layer removing

hole.

9. An optical modulation device changing a
reflection direction of light based on displacement
15 of a mirror, comprising:
at least two pairs of eleétrodes having a
fixed electrode and a movable electrode which is
connected to a vibration plate and is provided in
parallel; and
20 a structural part configured to displace the
mirror based on displacement of the vibration plate
by using an electrostatic force acting on the
electroéodes;
wherein the vibration plate is displaced by

25 an actuator, the actuator including
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a vibration plate area displaced by an
electrostatic force; and

electrodes facing each other via a first
space in the vibration plate area;

5 wherein the first space is formed by a
sacrificial layer process using a sacrificial layer
removing hole; and

a barrier as a fluid resistance is formed
between the first space and a second space situated
10 in the vicinity of the sacrificial layer removing

hole.

10. A substrate having a structure,
comprising:

15 a space which is formed by a sacrificial
layer process using a sacrificial layer removing hole
and which is provided inside of the substrate; and

a barrier as a fluid resistance formed
between the space and the sacrificial layer removing

20 hole.

25



