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invention relates to electrostatic actuators and,
nore particularly, to an electrostatic actuator used
for a liquid-discharging nmechani sm such as 10 an

i nkj et head of an inkjet recordi ng apparat us.
BACKGROUND ART An iﬂkieﬁE§8§9§9£8ﬁ apparatus is used
as an image recordi ng apparatus or an inmage formng
apparatus 15 such as a printer, a facsimle machine,
a copy nmachine, etc. An inkjet recording apparatus is

equi pped wi t rﬁ:ﬁbﬂl@ﬁ'ﬁ’ﬁI@?E@@T@?(T@Rdﬁéﬁhﬁb' divschar gi ng
head. Generally, such an inkjet head conprises: a

single or @ phwredbibycTok mergkgsTiarndi sebakgisng

droplets of ink; a discharge 20 chanber connecti ng

with the nozzles; and pressure generating neans for
generating a pressure to pressurize the ink in the

di stmmgecxhamt®erd The di scharge chanber nmay be

referred to as a pressurizing chanber, an ink chanber, _
a |liquid charbee, pacperssunivenngohi geild telfamsercleciggptatic
pressure chanber or an ink passage. Droplets_of ink WO,
2004710129405 ROT J FRODS/ PBYYRQulerly, to an electrostatic

actuator used for a liquid—dischafging mechanism such as

an inkjet head of an inkjet recording apparatus.

BACKGROUND ART

An inkjet recording apparatus is used as an
image recording apparatus or an image forming apparatus
such as a printer, a facsimile machine, a copy machine,
etc. An inkjet recording apparatus is equipped with an
inkjet head as a droplet-discharging head. Generally,
such an inkjet head comprises: a single or a plurality
of nozzles for discharging droplets of ink; a discharge
chamber connecting with the nozzles; and pressure
generating means for generating a pressure to pressurize
the ink in the discharge chamber. The discharge chamber
may be referred to as a pressurizing chamber, an ink
chamber, a liquid chamber, a pressurizing liguid chamber,

a pressure chamber or an ink passage. Droplets of ink



are di scharged fromthe nozzles by pressurizing the

ink in the discharge chanber using a pressure
w@emenmoerl by the pressure generating neans. PCT/JP2003/009929

CGenerally, a piezoelectric type, a thermal 5 type and

an electrostatic type are used for the inkjet head as

a droplet discharge head. The piezoelectric inkjet

head di scharges droplets of ink by deform ng a

Vi bgati @nsphatgetiardbaphhagmbthals iQr A Malil, Ofg thee inx
- di scharge chanber by using an el ectronechani cal 1§I

transduser dsgehadgeacpiereel egtinigt ey as (jhé}?erated by
pressure generating neans. The thernmal inkjet head
di schargesssguopl geacabtiink bgahisl.m boili ng using an
el ectrothermal transducer such as a heat-generating
resi stor provizdedrienlyyhe adpseharcje dhdnbarvpelhes thermal
el ectrostatic inkjet head discharges droplets of ink
Shy tyiet orpdlngnacvebaprisoatplatepehatref orswsl £omaltheofinkjet
the discharge chanber by an electrostatic force. In
recePidyard, draelefefiarheype Afddt-he Thel edazestladieric
type,. which do not use parts containing 20 Ieaq? have
at t14Et 8l BEentt BRNPFERTL AEOPIERGoIAt 1of Py deforming a
envi ronnental issues. gs ecially, seyera
of GEUTESTAYT OPAkT ot *h3&08 FavE) hEBR ‘s (GgaSt & "AigmoE the
t he,vj I nt % % ower._consunption in additian to
d éé’?é%’
the T'ea ;?é%ecg 23 3?%9 ﬁglﬁgpgﬁeggefwﬁﬁmﬁéé?q%ﬁarﬂ
1oA@péféﬁéﬁ@QeﬁbsuéhVE%ZQOééQ%%%i%CQQIEJ@%%9%&99%%2%hé3
pressure generating means. The thermal inkjet head
discharges droplets of ink by film boiling using an
electrothermal transducer such as a heat-generating
resistor provided in the discharge chamber. The
15 electrostatic inkjet head discharges droplets of ink by
deforming a vibration plate that forms a wall of the
discharge chamber by an electrostatic force.
In recent years, the thermal type and the
electrostatic type, which do not use parts containing
20 lead, have attracted attention from the viewpoint of
environmental issues. Especially, several electrostatic
inkjet heads have been suggested from the viewpoint of
low power consumption in addition to the lead-free

feature.

25 Japanese Laid-Open Patent Application No. 6-—



71882 discloses an electrostatic inkjet head provided
wth a pair of electrodes with an air gap forned

W beaeios2zveen. One of the two el ectrodes serveRCHIP2003/009929
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vi bration plate, and an ink chanber to be filled with
5ink is forned on a side of the vibration plate
opposite to the electrode facing the vibration plate.
An electrostatic attraction force is generated

bet t i [ |
et 0o 1 ST EHE? odhe (Bel ween™Fhe UTBrSt b p Sreioed

and,;eliect rode) , o 40 Wb €A EESULEShi Andahor gaLl ¢l gled he

el ectrode (vibration plate). The vibration plate

I et e Ochdien Or i @hdabs PRSI thoNeduethBdar @lastdsC as a
force when the voltage is canceled, and a droplet of

| nkyiirse 0 s ap getle duend oahhenkr ehdmBet-oreebef ftinGed with
vibration plate. 15 Additionally, Japanese Lai d- Open

Patietk isAppbimcadiom MNosi@804&£18B83vahdaWisa/ p48Fe opposite
di scl ose a structure of an inkjet head in which a

smeld Hia gbpcisods of aetnpetheenibhetibbr piliage .pl dtne

and the electrode by etching a sacrifice layer, and a

| | qUisF Teraibrer i 2r SLbacE 4R %@rF@i hedIeReradsd between the
Furt her, Japanese Lai d:-(Open Patent Application

No PR3 B 631 @F SEP B2 sPAN2PREY éRIhBadOnfireR é&fose the

O e S L Ol YOLL20 Y Lobrigg 2 dbiation plate ...
s SR AL LLSH AL ot cond LS A Wlncason
plate). The vibration plate returns to the original
position due to an elastic force when the voltage is
canceled, and a droplet of ink is discharged due to the
return force of the vibration plate.
Additionally, Japanese Laid-Open Patent
Application No. 2001-18383 and W099/34979 disclose a
structure of an inkjet head in which a small air gap is
formed between the vibration plate and the electrode by
etching a sacrifice layer, and a liguid chamber
substrate is joined thereon.
Further, Japanese Laid-Open Patent Application
No.11-314363 discloses an inkjet head which can be
driven at a low voltage by forming a vibration plate of

a cantilever beam or a straddle mounted beam with a gap

into which ink can flow, and filling a high dielectric-



constant ink in the gap. Additionally, Japanese
Lai d- Open Patent Application No. 9-193375 di scl oses

wa@eoosnkioer head having a vibration plate and BET/JP2003/009929
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el ectrode that are positioned 5 nonparallel to each

other. Further, Japanese Laig-Open Patent Application

No. 2001-277505 di scl oses an’i nkj et head, which

attenpts a |low voltage drive by varying a thickness

ofcg SQi%keg%r'gdngﬂgzgg g |ayer formed on the _

el 6ctiode so 10 as to generate a nonparallel electric

field. In theg|actdosta}i crdpkhete headacoptai phlgnt

the electrostatic actuator equi pped with the vibration

pl ape1and ke &lecty-adsIaridgsdhesyé biatior]ptaneadi having
IS necessary to nake the air gap between the

el gct/hiedes iokd plerte il lasseebsctoodehtleye are positioned

| ow-vol tage drive. However, in the head disclosed in

t haocabewve-l lranticorectt) aparese Lai d- Open Pat ent

Application No. 6- 71882, since the air gap is forned _
by formation BbifrtheraWayabgsetbaidgCnnd Behapfigharlication
vibration plate 20 substrate by anode junction, it is

vep .di200lcRI%7 300 Hexth et et ok ob ik seEhN8ad pml N ighr attempts
gap with little wvariation, whjch causes a problem

t hat LoMe Wild1ad s e YS PY of@ rihiE, @ | ’hh%ﬂﬁnﬁgadOf a

O 2000 L0 U AU 2O e S0, JaRA0ERC s cotroe a0
chégg%p%éégggg%gea%mnmmrallel electric field.

Tn the electrostatic inkjet head containing
the electrostatic actuator egquipped with the vibration
plate and the electrode facing the vibration plate, it
is necessary to make the air gap between the electrodes
very small so as to achieve a low-voltage drive.

However, in the head disclosed in the above-—
mentioned Japanese Laid-Open Patent Application No. 6-
71882, since the air gap is formed by formation of a
cavity by etching and bonding a vibration plate
substrate by anode junction, it is very difficult to
accurately form such a small air gap with little
variation, which causes a problem that the yield rate is
low.

Thus, in the head disclosed in the above-

mentioned Japanese Laid-Open Patent Applicatibn No.



2001- 18383, although the air gap is fornmed with

sufficient accuracy in accordance wth a gap-form ng
woreaohotousi ng et ching of the sacrifice |ayer, PCEHIR003009929

a problemin that a reliability of the vibration

plate is 5 | ow since etching holes for etching the

sacrifice layer are fornmed i'n the vibration plate.

Addi tionally, since the approach of sealing the

etching hotes bxl@ﬂougﬂs%at gqghggﬁe&saffto%e%{ Ghing

t he sacrl ice’layer used nsul ati ng 1ayer for

seal i fg the, et {swgabgl es 10-Bushnke tAigKa pﬁtﬁqfomlng

there is a probleminthat the rigidity of

Vi i on psehg bpeheagesrandeasdbire: MONAUE , there is a
. increases, which causes a fluctuation in the rigidity

of ;sfteoyérbrﬁﬁlenaﬁl at ec1Fdpthery bier@e S ipReveNessate is
in the surface of the actuator substrate due 15 to the

s5f orimt i ©ineé ébehahy papesafid rhieghhahiggruientsacaddiracylayer
IS required when joining a liquid chanber substrate.
Moraewow efqrsedicent hbej uhbratnoar pdaite .sm@ldditiianaldnds since
to cause a work m stake such as destruction due to a
contetapproment pheseplinbnithg etehingndotliesr &% 120

al so a:g{oblen1that areliability is decreased and the

yi Pt eing HerreasdédcrVBiedap, the cREMdafe layer is
dlsclosed in the above- pentioned Japanese ald

Par S AGDF cht P Bha ChGS 1275314563 5 LB & IR e noles
BFby i TR B o D0 Ve 20 sae Ll ar e
PCj%fg? l§§0899€§e 91bratlon plate increases and a drive
voltage increases, which causes a fluctuation in the
rigidity of the vibration plate. Further, there is
unevenness in the surface of the actuator substrate due
15 to the formation of the ailr gap, and high alignment
accuracy is required when joining a ligquid chamber
substrate. Moreover, since the junction area is small,
it tends to cause a work mistake such as destruction due
to a contact at the time of joining etc., and there is
20 also a problem that a reliability is decreased and the
vield rate is decreased.
Moreover, in the head disclosed in the above-
mentioned Japanese Laid—-Open Patent Application/ No. 11-
314363, although the air gap is formed by etching the

25 sacrifice layer, the vibration plate has a structure of



a cantil ever beam or a straddl e nounted beam and t he
air gap is communicated with the |iquid chanber. In

W@ hiog/01293se, since there is no need of form ngP@TI&2003/009929
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etching holes for etching the sacrifice layer and ink
is allowed 5 to enter the aif, gap, it is possible to
achieve a | ow voltage drive by using a high

di el ectric-constant ink which reduces an effective

ai ry gapt HOWRYE b e @ PEPbL e £ gRHS LHOuREEHN LERAL 2R the air
i nk conponent iIs subjected to condensation since a

voldA068 d caRpih£h & tRerhnkneén118ut Receapbeand ther@is
is aproblemin that a high-speed drive cannot be
perdaydred idues tehdhe congtichasgeoof fobringnkhkeneth@ing
gap. Moreover, the above-nentioned Japanese Laid- Open
Patrerite A 1+ cat clobndNoth - 4938Ybiaadldapanesd hLakdislBllowed
Open Patent Application No. 2001-277505 do not
di scl ese-eranyherethodg@p , f oL niagrasadhpar &bl ekhakervegap Low-
or any specific nmethod for varying the thickness of
t heroldiadecirice ibs i atdgal Ayeh, daadecthis-cangiepitemnk
that it'is very difficult to forma small air gap
wi e iIGh treduoRs vai i af FeRti¥e ndt Ts@fPed. HPWEVRE, & problem
el ectrostatic inkjet head,4tge di nensi onal agcur%c%

vi RAI & to

of At RE Pt weRHT t 7R r GPTBR"*Blrat& §

o SELLBISALERl Y, 1L o6 501 e BOrLOLIBICE., 26 508 1o 1o

AL W TR I AR M
drive cannot be performed due to the conductance of the
ink in the gap.

Moreover, the above-mentioned Japanese Laid-
Open Patent Application No. 9-193375 and Japanese Laid-
Open Patent Application No. 2001-277505 do not disclose
any method of forming a nonparallel air gap or any
specific method for varying the thickness of the
dielectric insulating layer, and, thus, a problem that
it 'is very difficult to form a small air gap with little
variation is not solved.

In the electrostatic inkjet head, the
dimensional accuracy of a distance between the vibration
plate and the electrode greatly affects the performance
of the electrostatic inkjet head. Especially, in the

case of an inkjet head, if the variation in the



characteristic of each actuator is large, accuracy in

printing and reproducibility of image quality goes
waelomn/0129¢var kabl y. Moreover, in order to attai PCEJIJP2003/009929

| ow-vol tage operation, the size of the air gap nust

be 0.2 mto 2.0 5 m which requires higher

di mensi onal accuracy. Japanese Lai d- Open Patent

Appl i cation No.2001- 18383 and W99/ 34979 di scl ose a

head constitited byr Lorpi 0geg.s8Rl hsahk gap heleery in
the vi'bration plate and the electrode by applying a

sacgld flcend avel PLOsESScINi{etohbryikbgesachfiitge goes down
| ayer) and joining a fl ow passage substrate thereon.

Ac et Mea s Oy T higo Bppreachint bedskzeo aeftbhe ai nogapoltage
Is determned by variation in a process of form ng

thesadifdce tyesizandr thysaivaghat maBti Be Uhe $izeo 2.0
can be suppressed, thereby obtaining an 15 actuator or
5a head Wavdngr dipghr &€ chtf goyradtimbhghonkel bakilkriatcy..

Mor eover, when the air gap is forned using the

sacrifice | ayéeppreesessaas-Aeani 8ad¢nabdpelijcation No.2001-
necessary to seal the through holes for renoving the

20 BHcEd fare WayRs 3348 AfpEéorayar hrafoFaP sholfddrd PY

T Cay 217, Sl ose Lt Lhe sactl Lhce v oo ano

RS, DY, 2, FAD 81, SUDTELON BhLet e 5300 |65

Lo ST 10 3,1 £ seak ol 28,04, U5l L B GPUO P assase

PCI&ﬂﬁ%99§éQ09§39eo§. According to this approach, the size

of the air gap is determined by variation in a process
of forming the sacrifice layer, and, thus, variation in
the size can be suppressed, thereby obtaining an

15 actuator or a head having high accuracy and high
reliability.

Moreover, when the air gap is formed using the
sacrifice layer process as mentioned above, it is
necessary to seal the through holes for removing the

20 sacrifice layer (sacrifice layer removal holes). Thus,
W099/34979 disclose that the sacrifice layer removal
holes are closed by a Ni film or SiO; film formed by a
PVD or CVD method after the sacrifice layer is removed.

However, i1f the sacrifice layer removal holes are sealed

25 by such a film deposition method, the components of the



filmmy enter the air gap. Additionally, the
sacrifice |ayer renoval holes also serve to maintain

wa2@soergt h of the partition wall, and they ceCmaR2032009929
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made small. Therefore, the sacrifice |ayer renoval

hol es- being 5 sealed by the §il mdeposition using a
PVD or CVD nethod may influence the operation
characteristic and reliability of the actuator and it

capnel, 483! wWilh Gensiifd catd on.adpreovesi1in the Beadifice

di scl osed™i n Japanese 10 lLai d-Open Patent Application

No;20Q1- 18383a1t hened s1dordmedsa o eaimale a strength of
partition parts and the vibration plate, which

r eguir s rhiigh odcGuriacy dm jiay ngrihet fhovwmapassagel .

substrate. Mrreover, since the thin vibration plate

i sTheeatedeqn thke ssurmiciindt nigeypar tsemdtel hbeedbbeing

sacrifice layer is renoved, the vibration plate may be

damegéedi byt Hées fislenuiamo privicassusahe i @ PEDdPEf C¥DI pethod

to manufacture the actuator with a sufficient yield

ramey A@éﬂﬂa@%ﬂIﬁheEﬂHQRﬂRﬂPQf@h%%%@???%%tFﬁy@Fd

renmoval holes are sealed by a film forned bg % f&lnlgg

dep6diePdn it vdd WS fF B3 RUARYevF ce2RRRE dS8Lof

the vacuum device nmay cause a problem If the film

dep68PEidr 3 Per f ormed by the vacuum device, the film

deposition process is performed i . .
. ; )

envi r onnent Qﬁf%ﬁﬁfﬁu%ngg%gg%?%geﬁlgﬁgggggréPloﬁpanese

plate a g %?% %§>Q!%§; Q%%.f %%%?%O.f—Y§§§§n]there is

Thgﬁg or F Rére 1's Q&g ‘%i%gl 4 %CT/JP2003/009929

9 formed a step in the partition parts and the vibration
plate, which requires high accuracy in joining the flow
passage substrate. Moreover, since the thin vibration
plate is floated on the surrounding parts after the
sacrifice layer is removed, the vibration plate may be
damaged in the subseqguent process and it is difficult to
manufacture the actuator with a sufficient yield rate.

Additionally, although the sacrifice layer

removal holes are sealed by a film formed by a film
deposition method using a vacuum device, the use of the
vacuum device may cause a problem. If the film
deposition is performed by the vacuum device, the film
deposition process is performed in a vacuum environment

and the air gap between the vibration plate and the

electrode is sealed in vacuum. Therefore, there is a



problemin that the vibration plate may be bent due to
a negative pressure inside the air gap when the

w@edgatom2 i s exposed to an atnosphere. Addit i BCEII2003/009929
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if there is wvariation in the bent of the vibration
plate, there may 5 occur vargation in the displacenent
of the vibration plate. In addition, since the vacuum
seal cannot provide a danping effect of a gas seal ed

inpkgglghri%a%haﬁ”ﬁﬂéﬂéfﬂkéﬂﬁ6ﬂnﬂi£@§em9§ ¥ebhahtOoBue to a
Wi respect to variation in the thickness of the

Vi Regbi 9% <PhAts s beGonms: | eigenit ngop defieh otBel ¥etuator
such™a problem it is necessary to provide a

St EUCLUHe sRId & Pracessndgfhepeningdi beoartlyo thethere is
at nosphere, which causes an increase in the cost and
deteriigrabiond ntHdearel df rete. vilbrahiusy pilathe there may
conventional sacrifice layer process is used, it is

di blicour tvatrd sobiteai niranclet ettspbiegnent agf ubher VhRVREEOD

hi gh-accuracy and reliability at a low cost. In the
negikitee, iTm avdiikien . rekordi Hee 202 appar agas, CARROT

order to achieve high-definition recordi of col or

i mpgevitehiggiiapelety f hctensi ¢ yIpP o%%@ggﬂglnugflﬁgaér gap.,

m cr o- machi ni ng t echnol LS used. t bt ai

N G Y :m;ﬁﬁvlwi?ywét\éﬁ%glﬁ?"gﬁ&r@weot o
constitut.ing the he are shifted ) .

o1 gt P ST coh R atE O Do am Bes e BLarFy,
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In order to solve such a problem, it is
necessary to provide a structure or a process for
opening the air to the atmosphere, which causes an
increase in the cost and deterioration in the yield rate.
Thus, if the conventional sacrifice layer process is
used, it’is difficult to obtain an electrostatic
actuator having high-accuracy and reliability at a low
cost.

In the meantime, in an inkjet recording
apparatus, in order to achieve high-definition recording
of a color image at high speed, high-density processing
using a micro-machining technology is used to obtain a
high-quality image. Thus, materials of parts
constituting the head are shifted from metal or plastic

to silicon, glass or ceramics. Especially, silicon is



used as a material, which is suitable for the mcro-
processi ng. Moreover, in respect of colorization,

waelewehawent s of i nk and recordi ng nedi a are aPCEIIR003009929
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streans, and devel opnents have been progressed with
respect to conponents and conpositions of ink so as to
optim ze absorbability, coloring characteristic and
col or-m xture prevention characteristic or inprove a

| ongsdcerds i areer 041 prinied media;iandist @689€he micro-
stability 10 of ink itself. In such a case, depending

on ;e g j on of ink and a material of conponent

parts of the head, the conponent parts may be

di ssol ved i n mheconkr, EsSpeceapkyt ofiff caliblrawapassgge
formati on nenber is fornmed of silicon, 15 silicon is

el etk iopnaekt aanulf | snkdepodi tedoodiagnoedie aparf, main

whi ch causes degradation of imge quality due to
nosireaoging develberneéotat haneobeenl prpagesteidnkith
Moreover, in the head using_a vibration plate forned

of TERITH &7 IsTBPrRerhF #Fdt RRMBPFLESANFOPH Akt K& 26 TO
vibration plate is eluted in ink, the vibration |,
ch&aRicieri s t3es P el thangedl 8F RHe SOPBAEERGA Sptt4t 8nd
cannat vibrates. If the mater] al o% the conponent

part% 9% " Chatye P17 S Vet t RS pPEBFERT SHE PE tmprove a
di f,f i_cul ' 5 high-densi c [ or, 1
or deT e L EPd ad BB OF 0030t B3 B ESk e b anitiey

PCHY#RZ003/009929 11

In such a case, depending on a combination of
ink and a material of component parts of the head, the
component parts may be dissolved in the ink. Especially,
if a flow passage formation member is formed of silicon,
silicon i1s eluted in ink and is deposited on a nozzle
part, which causes degradation of image quality due to
nozzle clogging or deterioration of coloring of ink.
Moreover, in the head using a vibration plate formed of
a thin silicon film, if the silicon forming the
vibration plate is eluted in ink, the vibration
characteristic may be changed or the vibration plate
cannot vibrates.

If the material of the component parts is
changed to solve the problem, it is difficult to realize

high—density processing or processing accuracy may be



deteriorated in many cases. Moreover, the change in
the material requires a |large change in the
w0 aniocas: on  process or assenbly process, whiBET/JP2003/009929
results in decrease of nozzle density and
consequent |y causing degradaiion 5 of the print
guality. On the other hand, the problemis sol ved
adj ust mrent of conponents of ink, a high-quality

by

' ; deterj t ' t .
MRS EPER Logt Loaita S nal 1y S (ot e B Thage 7 the
pe&%%%?ﬁlhtXe%ﬂqgég %phﬁ%ﬁdg]éHEHéEnfﬁ!@ﬁéc§aM&18ation
respec 0O recordi ng nmealr um ar e Optlmzed SO as to

:2%&88@5Eh%rpgggkﬁﬁﬂy'%H%déé@ﬁ”%hﬁ@@rﬁg§u§£§bihi&&ckéase

roved. Thus, in the conventional inkjet head, a

thip nbzbmeh@wnRg 3N diik J B shahcel ¥ Scdos PR @8gAadation
surface of 15 a flow passage form ng nenber that is

5 br ggghhel pt-ancortaatitM th i nk. For exanple, formng
titanium titani um conpound, or alum num oxide on the
surface whi cn core actlsemitdnd nkif stesprobédmi as solved by
W98/ 42513. Forming an oxide filmon the surface
whiadbusameadt off tdpmRpriatked i ek osedn i gl Japaness 1mage
Lai d- Open Patent Application No. 5-229118. Formng a . .
t hinayf blemdsifetr iesated delnes tFhIeCFrPRREAFS h%?n@o‘gﬁosmlon

i nk resistance on a surface of siljcon oxide filr
i sodi defosed (AT LrHpHhese LRI et Pjé?%ﬂtpﬁﬁlﬁiaf‘%éh%ﬁ and
10 0ol 0 e O B0 25, P20 oL o LLIL 01
PCE@%E%QP%GQP%%%%HE%%d so as to improve the printing
quality and storage stability is improved.
Thus, in the conventional inkjet head, a thin
film having an ink resistance is formed on a surface of
15 a flow passage forming member that is brought into
contact with ink. For example, forming titanium,
titanium compound, or aluminum oxide on the surface
which contacts with ink is disclosed in W098/42513.
Forming an oxide film on the surface which contact with
20 ink is disclosed in Japanese Lald-Open Patent
Application No. 5-229118. Forming a thin film such as
oxide, nitride or metal having an ink resistance on a
surface of a silicon oxide film is disclosed in Japanese

Laid-Open Patent Application No. 10-291322. Forming an

25 organic resin film on a surface of the ink chamber



formed of a piezoelectric material is disclosed in
Japanese Lai d- Open Patent Application No. 2000-246895.

wo poothe9above- nenti oned head, an organi c resi nPET/IrM003/009929

such as paraxylene may be formed as a corrosion 5
resistant filmon sidewalls of,an ink chamber having a
conpl ex three-di nensional configuration and the

vibration plate. Since the organic resin filmsuch as

par exyheaecksaf gr Brdcby cthe vaguwanwapors depasiddan 5,

nmet hod, the covering characteristic of the filmis not

10 popdndse taittspbat paecof: deRQSiddtGnbn ad & d® Q16895 .
unevenness arises in the distribution of film

t hi ckness i n§hdehehebbivguindnahameer ¥adn dherganic resin
vi bration plate. Wen an area where the filmthickness

i s Shhh| sucbngacpsrakyhenekmbor ba [fongead res & hesmwrdsion
a large 15 problemarises in the long-tine reliability
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finally the base material is subjected to corrosion.
Mor&tietex athraegeiBeRa 1 PaadeROPEtiE rddd oro apd the
distributjon of interpal stresses caused by variation

of FHPTAtHPRKRERES - 205bPCBhENSr QERRE Y ediaF i IThioh suRe as
i brati | at i ch I i atj i.n .

VBRI RAS £y HhLEDs £3USES, BB ge ATl AUl o
ggf}ﬁm@msﬁe a,ge étuéeggghg%gq—_ sistant fd @%gfdﬂg{ r&gsd not

e vibration plra Sputteri ng

iti /:Q129
/jﬁ%%@%?B%%ggggeﬁgegretB? ggb%QQ%l%%, 424 a large

unevenness arises in the distribution of f£film thickness
inside the liquid chamber or on the vibration plate.

When an area where the film thickness is small
contacts with ink for a long time, there is a large
problem arises in the long-time reliability since the
corrosion resistant film is dissolved and finally the
base material 1s subjected to corrosion. Moreover, a
large bend 1s generated due to a distribution of
internal stresses caused by variation of film thickness
of the organic resin film on the vibration plate, which
causes a large variation in the ink injection
characteristic.

Moreover, in the head in which a metallic ink
resistant film is formed on the vibration plate by a

sputtering method or a vapor deposition method, the



covering characteristic of the corrosion resistant
film is poor simlar to the above-nenti oned organic

wo e®in129ii | m Dependi ng on the | ocation, an arREI/Jre003/009929
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which the corrosion resistant filmis forned with a
very small 5 thickness, and when ink contacts such an
area for long tine, the corrosion resistant filmis
di ssolved and finally the base material is subjected

t 0 CAFd O8I PNeha FNEEEF 0L €1 cackoRMt LBR rbghicabiddstiktant film
cannot be obtained, and further a large bent is

geney gtk i fihheayi bpathenadOvphate tdue e ofdgaetitatiedrin

in the thickness of the netallic ink-resistant film

whitlhi causespaadiagi on the theaithkni,npectire® in which the

characteristic. Especially, this problemis serious in

t hecoeteciomstasistherbdftamhes ffhamethe igihe zoeiegnt rmall

head 15 since the distance between the vibration

pl atlei e s he @hécvhodelvhr Festdgést ¢uche ap B dipr long

plate being bent and the drive voltage differing from

t hetigesi g e aF BT oS FRRt ABF1SEANENE 1ABad S RAWFHCEY hénd

above nentioned corrosion resistant filmijs fornmed, .

t hef PR kY | Bhe | PE§e oR2bopEFAL| Of 'rsélbljﬁ\ﬁtseﬁ;cﬁq A G e o -

vibratio | ate contacts th .e%e t.rode due.tq an .

i nf1RRNTECoF - ah l‘é’ﬁ?’é?ﬁ%ﬁ @ﬁgilfa Arert SEEHCas eur%bd:latlyned'

since,the gl oap, betveen.the vibratian nlateand dheon

el _e%rf’?’o r%%eﬁo 1%g§ Vég.gﬂﬁs %b}'&eeo&er, int eenhea in

whi ch. thesgirgap: ¥R 59046012942 nRCTHIRZNQY 00929, 14
metallic ink-resistant £ilm, which causes variation in
the ink injection characteristic.

Especially, this problem is serious in the
electrostatic head rather than the piezoelectric head
since the distance between the vibration plate and the
electrode varies due to the vibration plate being bent
and the drive voltage differing from the design value.

Further, in the head in which the above-
mentioned corrosion resistant film 1s formed, the
reliability of operation is low such that the vibration
plate contacts the electrode due to an influence of an
external environment such as humidity since the air gap
between the vibration plate and the electrode is not

sealed.

Moreover, in the head in which the air gap



between the vibration plate and the electrode is
sealed so as not to receive an influence from an

w@zxaoe0mak2 environnment, there is a restricti onP@Ff/JR2BD3/009929
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value of ink that is usable since the corrosion

resistant filmis not 5 formedi on the vibration plate,

and, thus, matching with ink nust be maintained and a

cost is increased. DI SCLOSURE OF THE INVENTION It is

a Jenerednobhectibfathenppesest andl thevenic@rdde is sealed
provide an inproved and useful electrostatic actuator
ancs@pparatuses uscagvehen ehéttpaskatfiromaehuataie izl

whi ch t he above-nmentioned problens are elimnated. A
nmorensipeeihert obfeereof st herpeésentids ofv @t verl ves dtfo ink
provide an el ectrostatic actuator having |ess

vart obs i psehbe atieEesthescangoRavingeailsitght film is not
reliability and various, apparatuses using such an

el FRTHY &7 cthRt VAP 6 i ARoPheESobpeel égu?hem§¢§§é@9 with
invention is to 20 provide an electrostatic actuator

whi 6§ﬁ352b%rm%%%t§%neﬁ FB&/@OFPﬁﬁelﬁn&n€5F?§§§~ '
appar at uses using such an el ectrostatic actuator.

Still another object of the present invention is to

p“%@é&iéﬁbﬁ%Q§$r@§ﬁafﬁ§gﬁfEHﬁtor and apparatuses 25

usimgsuch—an etectrostattrc—act uat or whi ch can provide

a WD 2004/ 012942, PCT/ EEQQ§gOQB9é§Fi$§ %%%bb%e%%%%id

di scharge characteristic and a Su cien

invention to provide an improved and useful

electrostatic actuator and apparatuses using the
electrostatic actuator in which the above-mentioned
problems are eliminated.

A more specific object of the present
invention 1s to provide an electrostatic actuator having
less variation in characteristics and having a high-
reliability and various apparatuses using such an
electrostatic actuator.

Another object of the present invention is to
provide an electrostatic actuator which can be driven at
a low voltage and various apparatuses using such an
electrostatic actuator.

Still another object of the present invention
is to provide an electrostatic actuator and apparatuses

using such an electrostatic actuator which can provide a



long-tine reliability by preventing conponent parts

from being corroded and preventing an influence of an
we@zioeomak2 environment. 5 In order to achi eve tP€r/JP2003/009929

above-nmentioned objects, there is provided according

to one aspect of the presentrsinvention an

el ectrostatic actuator conprising: a substrate; an

el ectrode formed on the substrate; a plurality of

pargi i 08 P@&E§df95§§ﬂa96etQ%ay%d%é¥¥§ﬂﬁgiaﬁﬁ a sufficient
vibration plate forned on the partition parts, the

Vi b:[@ltlgoauﬁéatrelbgbmgl@?f DR ATRIHEr M 130 c@n@f&f&sﬁ RBd€cs from

force generated by a voltage applied to the

el es¢1ndecoanddad ant gapvkoried; ket iegl ddigce of an
plurality of partition parts by etching a part of a 15
sacexfeceal agerifonmedtbet ween the el ectrode and the

vi bration plate, wherein the partition parts conprise

5r emai ni ng par fis ofdele toaeditfieste |tEyeralaftermeaiigioned
etching. According to the above-mentioned invention,

si nel ewes ai Fhgap BEt RESHIERE widsoadiany mOatCélearﬁfner@t of
20 el ectrode is fornmed by etchlc%H}he sacrifice Iayer

t hetly® sPLRR e bet WEBRLERE ¢b At q%l%ﬁdlq% or
electrode .can be accurate set .to the. thickness
hesaher Tri 63" RooBPSY AR ahe et i, ARy P the
ts. defi th bet th t
S?Z&e P n9a BB B P B i1 PAN A hed on the

LoD e Bhr 08 S8R DR PRy BN HH hidne paxrition

etQ@éﬂgs,a@h5p9§5r§HEBﬁC§late being deformable by an

electrostatic force generated by a voltage applied to
the electrode; and an air gap formed between the
plurality of partition parts by etching a part of a

15 sacrifice layer formed between the electrode and the
vibration plate, wherein the partition parts comprise
remaining parts of the sacrifice layer after the etching.

According to the above-mentioned invention,

since the air gap between the vibration plate and the

20 electrode is formed by etching the sacrifice layer, the
distance between the vibration layer and the electrode
can be accurately set to the thickness of the sacrifice
layer. Additionally, the partition parts defining the
air gap between the vibration plate and the electrode

25 are formed by the remaining parts of the sacrifice layer



of the vibration plate can be made flat. Thus, the
el ectrostatic actuator according to the present
WO poogotd9en i s formed by a sem conduct or manuf apCT/oR2008/9929
process, which results in a stable performance with
less wvariation in characteristics. In the
el ectrostatic actuator accor&"l ng to the present
i nvention, the substrate is preferably a silicon
substirat e, 10 Jhec gl egu:«ogggt b§ aetyaher aecordidg dil-race
the present 1 nvention may further conprise dumry

el ect rades; 1 it 2 POSht hoRscCcorheppoRduRg riatt.he Thus, the
partition parts, the dunmy el ectrodes being

el ectddcadd ya sepasatedtbroartbediabeetr ate Byesent
separation grooves. 15 In the electrostatic actuator
accarvimgid idefopnedeny mnvemtconduthersaemniffisceuring

| ayer is preferably forned of a naterial selected

5f r gmeacagoupiicboisi sesngtef inpel psibileoperdvpmgiogs with less
silicon, silicon oxide, alumnum titaniumnitride
andvpolyern Peldehavaabeyisthes20 el ectrode is

preferably forned of a material selected fromaé;,roup

consi sting of IPotysi EleskrogtamisumctugtcmianRording to the
titaniumnitride, titanjumsijlicide, ,tungsten, o

t URER AT 51 1R EF R OFol FBEeftis tRBybdEndnSSigtieb e it 1+con
ITO 25 In the electrostatic actuator according to the

WO SHOUFOLZ942 PCT/ JP2003/ 009929 17 present

lOinvention’ anTﬁQSg&gEkggskg¥§% g%%dy%g?ngg%%fﬁlng to the

present invention may further comprise dummy electrodes
at positions corresponding to the partition parts, the
dummy electrodes being electrically separated from the
electrode by separation grooves.

15 In the electrostatic actuator according to the
present invention, the sacrifice layer is preferably
formed of a material selected from a group consisting of
polysilicon, amorphous silicon, silicon oxide, aluminum,
titanium nitride and polymer. Additionally, the

20 electrode is preferably formed of a material selected
from a group consisting of polysilicon, aluminum,
titanium, titanium nitride, titanium silicide, tungsten,
tungsten silicide, molybdenum, molybdenum silicide and
ITO.

25 In the electrostatic actuator according to the



the el ectrode, and the separation grooves are filled
with the insulating layer. A thickness of the

w0 p®ybsousng | ayer preferably equal to or greatBCT/i1aes/009929
one 5 half of a width of each of the separation
grooves. In the electrostaticy@actuator according to
the present invention, the sacrifice |ayer nmay be
di vi ded by separation grooves, and an insul ating

| aygreBBY tbenvharaeed om Helssﬁ%rﬂﬁﬂg:eiéfdﬁrméy Bdatormed on
the separation 10 grooves are filled with the

i nsuhat engclayee., And hinekress roftitdie drsddad i g | ayETed
preferably is equal to or greater than one half of a

w dvhtbf tkachnefilbhengsépareat.i om grmoavesssd ot hghe

el ectrostatic actuator according to the 15 present

i nvénehbdatinbelsaeri bired craydly iesyypriefter abt ygrdatemedchan one
of a conductive nmaterial, and the remaining parts of

X hehadér PEi eeviidyar Orfayfal@él Slfedts celtar avmeeebtes -

one of the substrate, the electrode and the vibration

pl ate so that Iflhéf%ee@é%wsriaartﬂsc HFEwteIheasemedog to the
potential w.th the oneg&;1 the substrate, the el ectrode

andpfﬁ%e{}iﬂbﬂ-affﬁaﬁlﬁ%t eA&&Cﬁléﬁeﬂq V2% e3¢ | Hevided by

ayge referablyfforrre ctiv materlal

RIS IR o AR A s §7 mav 'be

t
SACELLhER ghyfL 0. Re ATINCE %%OEF?%%&}%V Para ton
10PCT4 82003/ 0099291118 Thexehet HOShALS ASUAIAY.

according to
thickness of the insulating layer preferably is equal to

or greater than one half of a width of each of the
separation grooves.
In the electrostatic actuator according to the
15 present invention, the sacrifice layer is preferably
fo;med~of a conductive material, and the remaining parts
of the sacrifice layer may be electrically connected to
one of the substrate, the electrode and the vibration
plate so that the remaining parts are at the same
20 potential with the one of the substrate, the electrode
and the vibration plate. Additionally, the sacrifice
layer is preferably formed of a conductive material, and
at least one of the remaining parts of the sacrifice
layer and the dummy electrodes may serve as a part of

25 electric wiring.



present invention may further conprise insulating
| ayers on the electrode and a surface of the
woerativen plate facing the el ectrode, wherei PCT/R2003/009929
sacrificing |ayer may 5 be forned of one of
pol ysilicon and anor phous silf§on, and the insul ating
| ayers may be fornmed of silicon oxide. |In the
el ectrostatic actuator according to the present

i nvention, th@héagﬁgggggggakgéeréfﬁ%?gﬁﬁg%ﬁ?}éggé(%g1the

oxi de and the el ectrode may fornme -
pohﬁﬁééé@@nin$@n£b§neh§9tE9§Eﬁékcc6ﬁb%§%%ri%%%%%%fﬂ% layers

to the present invention, a throug ole ma

forsredehe éhectybheath@napkateater okempw BY Hi¥% +8lENIHG e
the parts of the sacrifice |layer through the through

holEasim@astit® é¢oeatrddet hehakeigaphel BabtReficing layer may
el ectrostatic actuator according to the present
Si nventfomed hef t bmeough bolesihycbe kodatedrpeaiis tsheicon,
partition parts. The vibration plate may have
substdrithal }ysalabérangavarsshape pearfd rmeshart esikiacten oxide.
~of 20 the vibration plate may be substantially equal
to or |less tE%ntﬁsoegﬁchraﬁ§F§ﬁ§ea§ﬁUﬁﬁ@raﬁpqyﬂﬁing to the
measured in __a direction perpendicular to a surface of

t @AY o e 5t Mg the SREFAfiBANEl AR¥SKajspdormed of

subst.antial ly, 0.2 to 2. 25 Additjonally, in the

a(ﬁﬁ%%ﬁﬁ%ﬂ?%&é&tﬁgéd?hﬁw?g%%h¥@§ﬁgﬂﬁy b2"Forted of
10PC§Q&§%99%&999929 19 according to the present

i nventi

ion, a plurality of the
In the electrostatic actuator according to the

present invention, a through hole may be formed in the

vibration plate for removing by etching the parts of the

sacrifice layer through the through hole so as to form
15 the air gap.

In the electrostatic actuator according to the
present invention, the through hole may be located near
the partition parts. The vibration plate may have
substantially a rectangular shape, and a shorter side of

20 the vibration plate may be substantially equal to or
less than 150 Mm. A distance of the air gap measured in
a direction perpendicular to a surface of the electrode
facing the vibration plate may be substantially 0.2 Um
to 2.0 Hm.

25 Additionally, in the electrostatic actuator



t hrough hol es may, be arranged al ong a | onger side of
the vibration plate at an interval equal to or-|ess
wo ban/og941 engt h of the shorter side of the vi bPEL/iIrRm03/009929

plate. 5 The electrostatic actuator according to the
present invention may further conprise: a through hole
formed in the vibration plat or renoving the parts

of the sacrifice layer through the through hole so as

to Lr p,...an resin. filmforned on.a
surcggéﬁ%%ﬂgb%%s?gg Eggggﬁr SXSHFéSPngatﬁg%éﬁgéﬁﬁo&é the
wh j I a y _.a-j.oining.

SUrT oo Dt TP el F [h oot e sk Gy of the
each fadften phieugh: hohes By Re substanti ally gqual ., 4
to or greater than 0.19 n2 and equal” to or less than

10 méhgth dH thd cknesseOf s@Bei BSULALOK 1LY N A ate .

peri phery of an opening of the through hole may be
5substanti al | yTequalectoostagieatetubhar QckoPdithe @ fthe
gap between the electrode and the vibration plate may

be murstrantimieyt iequakyt buothgreabeprtiban Q. thabudhe hole
resin filmmay 20 have a corrosion resistance with

r esipaEted ol Substhneetion brkabeofight rembuicgnthet parts of
wth the vibration plate. The resin filmmy be

f orifEd SHFCOEl @F Y PBl yhepzabxazel shtphaghahdle so as to
pol yi m film The electrostatic _actuator according
to%q"Fé“ PreseffP i %t ohehdy futPhEPTRBApPRse gurface
menber j.qi ned WO 2004/ 012942, PCT/ JP2003/ 009929 20 to

loancﬁﬁﬁﬁ#ﬂ§ﬁﬁ¥%d% iR v %?%?goﬁhﬁlﬁ?ﬁ?tﬁﬁgﬁeiWh?ﬁ§ln the

through hoie are sealed by a joining surface of the
resin film. A cross-sectional area of each of the
through holes may be substantially equal to or greater
than 0.19 um® and equal to or less than 10 um?. A

15 thickness of an insulator layer in a periphery of an
opening of the through hole may be substantially equal
to or greater than 0.1 Hm. The air gap between the
electrode and the vibration plate may be substantially
equal to or greater than 0.1 Um. The resin film may

20 have a corrosion resistance with respect to a substance
to be brought into contact with the vibration plate.
The resin film may be formed of one of a
polybenzaoxazole film and a polyimide film.

The electrostatic actuator according to the

25 present invention may further comprise a member joined



through holes are sealed by a joining surface of the
menber. The el ectrostatic actuator according to the 5

w@e@semo4zay further conprise an insul ating | aper/Jp2003/009929

formed on a surface of the vibration plate facing the

el ectrode, wherein a thicknegs of the insulating

| ayer near a center between the partition parts

adj acent to each other is larger than a thickness of

t h&oi psulugideny sayerce WF nass $herpardathon.parts, Ihe o
electrostatic actuator according to the = present

i NFEAPNER ey Sfsurtivers cedngt ise AN 6 NSt tg@gfagéygﬁ the
formed on the electrode, wherein a thickness of the

i n"8GMREng | ayer near a center between the partition

15 parts adjacent to each other is larger than a

thi ckness off'théliskincatalg ¢ ayeruaear abeopaihbt £oNthe
parts. Ig the el ectrostatic actuator according to the
preseRt i neHt %Bﬁ?h&rcmm dve ifroruet et weeve t heormed
el ggtrode and th bstrate, and the el ectrode nay

have éo g connelti NS MARRFF iR & toimeta ¢ hggt hbe electrode,

j he, . ai ap. -The el.ectrostatic actuator
Gt aTre To PhE PsIalam havancron ey funidfmens =

i j i I .on both sides of the
CroDLLor bosheah Blel BBy« B0 RO s eDac e Fo cach

| a ' | at i IS 004/ 012942,
SIS TIRARS UL R A R B 1oves

10 viroraat itte pp@t€ition parts.

15

20

25

The electrostatic actuator accoerding to the
present invention may further comprise an insulating
layer formed on the electrode, wherein a thickness of
the insulating layer near a center between the partition
parts adjacent to each other is larger than a thickness
of the insulating layer near the partition parts.

In the electrostatic actuator according to the
Present invention, a cavity may be formed between the
electrode and the substrate, and the electrode may have
a connection through hole connecting the cavity to the
air gap.

The electrostatic actuator according to the
present invention may further comprise insulating layers
on both sides of the electrode, wherein a total

thickness of the electrode and the insulating layers



Additionally, there is provided according to another
aspect of the present invention a nethod for

worwomosuri ng an el ectrostatic actuator conprPGI/IRR0eIN®9929
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5 steps of: formng an el ectrode on a substrate;
formng a sacrifice |ayer oriflthe el ectrode; fornming a
vibration plate on the sacrifice layer, the vibration
pl ated being deformable by an electrostatic force

gersrcateeld by ithiogldage apphd e@iEQaEESn%gg&que; and
formng an air gap 10 between the el ectrode and the

vi bration pl &t@lbyion&nDy| ngharpalts prolhBesagLLbie8ng to
| ayer by etching so that remaining parts of the
Sa@ppmmgg|agg§ctﬁdﬁﬂthémpréﬂ£mtngn$@ﬁﬂ1@ﬂr£|ﬁé@ﬁod for
parts that define the air gap. According to the
abB¢BYFBRILUGHEW iafy eitd @y 0 s bt 8¢ neet theo Ai to@BPising the
between the vibration plate and the electrode is
f oP ERSHY Fét ARty the s kg dinedd ayera $hestdastanterming a
bet ween the vibration |ayer and the el ectrode can be.
actOFateryeserYes e e Gdrssrasiet hﬁommgfapﬁlbritlon
| a Addi tional ly, the partition parts defining the .
20@%?%86 lé“teméé &G ﬁlﬁéﬁron fﬁ}%t‘él%%t%%fplited being
el re f by the renmining parts of the
sagg%??ggbﬂgygry gz%lpt%gre%grorﬁ Jt%epoa‘? eg%%‘%fi%?%r%}ﬁg?

- i-bration plat an be made
anv&alp’9§%ﬁ2%ib¥>%g§d of, he drat e taor}c?éocng?mg]garf Air gap

flat. T ~electrostatic actua RS

e B L, B BE e

prn@@ﬁﬁingthbaE@SBEt%hbns@dﬁﬂﬂyd%f%ﬁ?éyrgyuékaﬂfJb so

legﬁat remaining parts of the sacrifice layer after the
etching form partition parts that define the air gap.

According to the above-mentioned invention,

since the air gap between the vibration plate and the
electrode is formed by etching the sacrifice layer, the
distance between the vibration layer and the electrode
can be accurately set to the thickness of the sacrifice
layer. Additionally, the partition parts defining the
air gap between the vibration plate and the electrode
are formed by the remaining parts of the sacrifice layer
after forming the air gap by etching, an upper surface
of the vibration plate can be made flat. Thus, the

electrostatic actuator according to the present

invention is formed by a semiconductor manufacturing



variation in characteristics. In the nethod of an
el ectrostatic actuator according to the present

WO poogotd9en, the air gap formng 5 step preferedi/yr2003/009929

i ncludes etching the part of the sacrifice |ayer after
form ng the electrode and the,, vibration plate.
Additionally, the method of an electrostatic actuator
according to the present invention may further 10
comyd ses @, shiepc®f R M8 AN, i DSy %' 'a g{an%% the .y 1ess
el ectrode before formng the sacri |m

whereeiiretidie o rcigapaéoeni g skep |ncludes etchlng t he
insulating layer so that a thickness of the

i nsul ati ng Iayﬁrtmeameaho@eategnbggggggogQth@rgggdylor
parts adjacent to each 15 other is larger than

t hidgiapasking tdhethie st @ émg i@y@ﬁtl@ﬁarthgea@§rbbbl@grmlng
parts. The nethod of an electrostatic actuator

5acé&ﬁﬁ|R§QQ?#%hiXNkﬁﬂ&ndemV@m¢mDmgnﬁyefpéthebf the

rlse a step of formng an insulating | ayer on a
suFP&Eé &FEQGQMﬁ¥\ﬂﬁﬁ%ﬁ|ﬁﬁrmﬂ@getma0$hgcthedeleﬁﬁreﬂe
fte r,m n the sacrificing layer, wherein the air

gap % %ﬁ gFéHZ includes etching the insulating

| ayer so that h|c ss of the insulating |ayer
negr a center%ﬁﬁ rh%waEﬁﬁtm?t%mﬁp%ft%naﬁiacénostatlc

ea r. 25 than a thi ckness of the
CPEBraLEsE | }}f/:é)%rd%glr%t RO BARF R JgHEA tion may further

10 chéﬂﬁgggg/gog%%% o%sfd%ﬂfﬂtléﬁ]fgggfgtlng layer on the
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electrode before forming the sacrificing layer, wherein
the air gap forming step includes etching the insulating
layer so that a thickness of the insulating layer near a
center between the partition parts adjacent to each
other is larger than a thickness of the insulating layer
near the partition parts.

The method of an electrostatic actuator
according to the present invention may further comprise
a step of forming an insulating layer on a surface of
the vibration plate facing the electrode after forming
the sacrificing layer, wherein the air gap forming step
includes etching the insulating layer so that a
thickness of the insulating layer near a center between
the partition parts adjacent to each other is larger

than a thickness of the insulating layer near the



The method of an electrostatic actuator according to
the present invention may further conprise: a step of

wo ooopiomy4an i nsul ati ng | ayer on the el ectrode; PGI/ardo3#09929
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step of formng an insulating layer on a surface of
thepvibration glate facing the el ectrode, wherein the
etching of the sacrifice layer is perforned by one of
a plasm-etching nethod using sul fur hexafl uoride
(SBG)rtdreiorenn-« fl uori de (XeF2) and a wet-etching
met hod using 10 tetra-nethyl -amoni um hydr oxi de

(TMAH) . The mtchaekfiosd reaj_nuizaCéyé&Jagoé\Ba‘éh@CBEgEB%EEC

actuator according to the present invention na

f upcherdipenpn she heresteeps ofved©rdn Nga HhrOHGH ﬁ&lnﬁriSe:
in the vibration plate for renmoving the part of the

saér PIrBe of5 foaypdmyg amd ifrgrutiaigi y resy ey foh m e thectrode:
vibration plate so as to seal the through hole. In

t h8Pfrefh&&SPo P IndRufaeicu sim g rerm L e ient rost et | e 2 surface
actuator according to the resent invention, e .
vi%?a%ﬁ8nvbP5F51P8rﬁ#ﬁ&esﬁgﬁhﬁﬂ/hhﬂﬂ&kﬂﬁ?ﬁb@esﬁﬁggﬁln the
form t he_vibration plate_in a rectangular sha
ha%?%ggggsﬁng P SPGELSERSt dRtiedl 1yF @prfiotedrby one of a

T I.bratiqn plate formng step
o e UReT B RO oA AY & DO B GIS | fAFe) or

: [ ty late from being bent. 25
i ATy oot Raey GRERH Tl 8 RekooEb B aptherude ino

a 4020044 032942nRCTH 1R2003.009920 (24,5t ep of

changing a surface condition of the dtion

The method for manufacturing an electrostatic
actuator according to the present invention may further
comprise the steps of: forming a through hole in the
vibration plate for removing the part of the sacrifice
layer; and forming a resin film on the vibration plate
S0 as to seal the through hole.

In the method for manufacturing an
electrostatic actuator according to the present
invention, the vibration plate forming step may include
a step of forming the vibration plate in a rectangular
shape having a shorter side substantially equal to or
smaller than 150 Um. The vibration plate forming step
may include a step of forming a bend-preventing film
that prevents the vibration plate from being bent.

Additionally, the resin film forming step may include a



| ate by exposing a surface of the vibration plate, on
\a,hi ch t%e rgsin filmis fornmed, to a fluorine conpound

w@a®4iomokudi ng sul fur hexafl uoride (SF6) and xeCD#P2503/009929
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di fluoride (XeF2) . Further, the resin filmformng

step may include a step of chmanging a surface

condition of the vibration plate by exposing to

plasma a surface of the vibration plate on which the
resited idimdkatioimpda sTheacestonfiikirvhonm RASLER AIRY on
include formng the 10 resin filmby a material having

a dUrATesith SEetsiemce swifhceespethet 0iBrhitguhdptiathe op
brought into contact with the vibration plate. The
reg#‘?f IR ored ¥y Sikp mayfoimedudeof er fingrihe E68pbBung
filmby a_spjn-coating nethod. The nethod for _
mafaactirideg h ST dxesad §tuonbdact 88t )oramt cesthmng

to i resent j ntion may further conprise the
st g%ggggzrlfdger rﬁ%%yzg'm GPIISSF ofthenmargin  hidlrestommime step

i £ late f renovi.ng the part of the
\sliaglﬁd?g :lgglf&g%e%; Saged) 01 i E- et | Tyt heederordithen of

] vi rat | plate so as to seal the
Chroagh - 58 ol ok AT E: GRA11Y: 4 et S FESER ovi tieaface of

di : cangher : e presen .l nvention
gcg?gp,lvgtgrbgilg?h %&%ﬁcﬁg%ﬁggg{lccg{np%}%s i rgegs:‘ ) “f’] | €S fpyrmed.

di sshargbng aildr opleloof tdd Guis A it oo oo oo

pressuri zi ng chanber 25 connécting w € NozZ
stoeshy fhéml bguadmaged W0 2004/M1294% rrosion resistance
2 or

PCT/ JP2003/ 009929 25 an el ectrostatic actuator
priésslyrrespgetheol aqlitduid to be brought into contact with
the vibration plate. The resin film forming step may
include forming the resin film by a spin-coating method.
The method for manufacturing an electrostatic
actuator according to the present invention may further
comprise the steps of: forming a plurality of through
holes in the vibration plate for removing the part of
the sacrifice layer:; and joining a sealing member to the
surface of the vibration plate so as to seal the through
holes.

Additionally, there is provided according to
another aspect of the present invention a droplet
discharging head comprising: a nozzle for discharging a
droplet of a liquid; a liquid pressurizing chamber

connecting with the nozzle and storing the liquid; and



stored in the liquid pressurizing chanber, wherein the

el ectrostatic actuator conprises: a substrate; an
web@aprde formed on the substrate; a plurali tRCDiP2603/009929

partition parts formed on the el ectrode; a vibration

plate formed on the partitionparts, the vibration

pl ate being defornmable by an electrostatlc force

generated by a voltage applied to the electrode and

an aj rew&cf&wgél@e&@@@Qtwefekug%is %9% 3! qalld

parts by 10 etching a part of crifice

betswasred hen @ﬁ@ciiﬁﬁfdaﬁgeggﬁrYQQBQtbﬁﬁmBE%tewhereln the
wherein the partition parts conprise remaini'ng parts

of dlhe-saeytdtce dayeitoaf tenptheeet Chi RALskRalRE an
dropl et discharging head according to 15 the present
i nedrddtomdea phamad i iy et bubsghahelea payrabe thoomred
in the vibration plate for renoving by etching the

5 pamtes it idre wacts ffeenédyen theosghcthedehr augibration
holes so as to formthe air gap, and a fl ow passage
f omiatE rentiesd for nilhg Paetitgondrpréssuthei ngbochdrnoer plate
20 may seal the through holes of the vibration plate.
Th&S i SlRfiP HRe Ry ¥ ?b‘?%éoﬁéar”—l?héoﬁﬁﬁt gtern@ﬁated by
parts Furt her, re IS provided according t

th
anGt W&y @dse (ﬁpQﬁl? tprieen ?1?ﬁ9€ﬁ9?onaﬁdlﬁﬁuﬁ&r gap
d |
ﬁggpl¥%r §§§rl e&ﬁﬁ?ﬁﬁiSIng%E¥so%?ng% gbg% %%%éggby
lO!I%%d%l g?ggéd; $€¥ng/ngggg/099929d %etween the

|ntegrat dirscharging
electrode and the vibration plate, wherein the partition

parts comprise remaining parts of the sacrifice layer
after the etching.
In the droplet discharging head according to
15 the present invention, a plurality of through holes may
be formed in the vibration plate for removing by etching
the parts of the sacrifice layer through the through
holes so as to form the air gap, and a flow passage
forming member forming the liquid pressurizing chamber
20 may seal the through holes of the vibration plate. The
through holes may be formed near the partition parts.
Further, there is provided according to
another aspect of the present invention a liquid supply
cartridge comprising: a droplet discharging head for

25 discharging droplets of a liquid; and a liquid tank



supplying the liquid to the droplet discharging head,
wherein the dropl et discharging head conprises:. a

wmomahe94f or di scharging the droplets of the |PQUIRE03#009929
l'iquid 5 pressurizing chanber connecting with the
nozzl e and storing the |iqui ; and an electrostatic
actuator for pressurizing t liquid stored in the
liquid pressurizing chanber, wherein the

I i [ : substrat e;
ol et rodle Tornaa on-the 008 ble FREaR A BrurA of o7
pardigd op; RArtgef 0F FRA0Rt hE gg?%g%%? ﬁs%hé#%%?%% Lad,

plate forned on the partition e Vi

pl atreeheimorKlef @ropbbe BYsaRarghggt hashatl 6 fa58 . 4 nozzle
generated by a voltage applied’to” the elecpro e; and

an fir dggciorgedgbetveanobhetdSopl whal h¥%uel: a 11quid
partition parts by etching a part of a sacrlflce_
5| ayeredormerdi hgt weenbé hecehaettode andnt Ree Yibhraki ahg
plate, wherein the partition parts conprise remaining
parttoifng hehsaktigfide hageanatlecttbhetatdhi Bgtuator for
Additional |y, there is provided according to 20

anGYIRErs Wslpeletg ofhe hel preédentoradenti bheahifgnkidet
recordi ng apparatus conprising: an inkjet head for

di SIS H G RDpFetBedF - i kerand Bhei akecankstatic actuator
integrated with the inkjet head for supplying the ink

t o AP GG %t @ RSP tTheT ei APt RESFRRPEE hRedse onf th;z

co i.ses:. a nozzle for, 25 discharging droplets of the

loin%&%gﬁaﬁﬁﬁii%Hgiﬁﬁﬁf%?%gogl?ﬁﬁﬁﬁ Logk QH?rQS formed on the
Pc—gl‘é%%%g{eqogagggibﬁtfmk@fétgopgj?rgéélngnwlcﬁg Eggtition
nozzl e and storing € 1n
parts, the vibration plate being deformable by an

electrostatic force generated by a voltage applied to
the electrode; and an air gap formed between the

15 plurality of partition parts by etching a part of a
sacrifice layer formed between the electrode and the
vibration plate, wherein the partition parts comprise
remaining parts of the sacrifice layer after the etching.

Additionally, there is provided according to

20 another aspect of the present invention an inkjet
recording apparatus comprising: an inkjet head for
discharging droplets of ink; and an ink tank integrated
with the inkjet head for supplying the ink to the inkjet
head, wherein the inkjet head comprises: a nozzle for

25 discharging droplets of the ink; a liguid pressurizing



and an el ectrostatic actuator for pressurizing the ink

stored in the liquid pressurizing chanber, wherein the
we@bk@anrse: ati ¢ actuator conprises: a substrat ePCHIP2503/009929

el ectrode formed on the substrate; a plurality of

partition parts formed on th | ectrode; a vibration

plate forned on the partition parts, the vibration

pl ate being deformable by an el ectrostatic force

gem%éﬁﬁg&b¥on§e¥9hh@gﬁi@9pkhgdnggz&%ﬁa,F§%§%ﬁqgk;%%% ink;

an air gap 10 fornmed between the plural

pardid i on PREESrbYta€tlehbBELALBA Fo@f R 3AGiTiGR) the ink
| ayer forned between the electrode and the vibration

pl adsradnerei vhé h;e];lgaw: pk@Bsu@?&ﬁﬁgC%me%ﬁ_j,r m'lrgéifig the
E\S‘Eéfécﬁlnf@i%‘%EE‘EL;eLit‘ichp%S%ﬂpZiéélégﬁ dgegéﬁofsgrlgm ner

sent |1 nvention a |1 qul e
i s b
i ntRRgr kel Partpefdropfeendisehal gictigodead af orib2@tion
supplying the |liquid to the droplet dischargin% head,
wheét et P tHer B dpPet thP seRBESFAghBad teonpiies#dbration plate
o PSS oL 0L Lol 0L L L e sy
cruaiorIE S b edhti S Agot RECFPAr do@fored St ERE

O O IRy rarberC BRATRL A L ne obBECHSOOR PETES bY

aCtdaPing a part of a sacrifice layer formed between the
electrode and the vibration plate, wherein the partition
parts comprise remaining parts of the sacrifice layer
after the etching.

15 Additionally, there is provided according to
another aspect of the present invention a ligquid jet
apparatus comprising: a droplet discharge head for
discharging droplets of a liquid; and a liquid tank
integrated with the droplet discharging head for

20 supplying the liquid to the droplet discharging head,
wherein the droplet discharging head comprises: a nozzle
for discharging the droplets of the liquid; a liquid
pressurizing chamber connecting with the nozzle and

storing the liquid; and an electrostatic actuator for

25 pressurizing the liquid stored in the liquid



conprises: a substrate; an electrode forned on the
substrate; a plurality of partition parts forned on

W0 bw4/0ed9¢xt r ode; a vibration plate forned on tPer/JP2003/009929

partition 5 parts, the vibration plate being
deformabl e by an electrostatjg force generated by a
voltage applied to the electrode; and an air gap
formed between the plurality of partition parts by

o) Cr a
LU Baliqoln s L seaboteg LB henen oviecos

parddipg O Har t S SOPPELSEe ; F SABENERY rBALt $9hcd®n the
sacrifice |ayer after t he’ etching. Additionally,

t hengdisrProvi deglacgvi diyngrt paanothenh aspeet Ofrdd® on the
present invention a mcro punp conprising: a flow
passiage-tddough whbeathohi guadef Fowsed b @ahe partition

el ectrostatic actuator for deform ng the fl ow passage

5so gadts t hieh¢ | qubdatiomsplatehbefihgwdpdssagd,l ewlar &im
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the electrostatic actuator conprises: a substrate; an

el edtg@deoFiored HRrchegsupseratebvaapivelakiory agblied to
partition parts formed on the el ectrode; a vibration

20 fﬁ}%t%l%?meona%eaﬁaﬁrt P8R parned PREWgEBr aticon

pl ate bejng defornmabl e an el ectrostatic force

ge '%5 O%.Q%??hbéo%pB?FEa Py ?F&hépgcﬁrﬁéét &ﬁda

AP CATEY Lo TG o RAFE o B EREr F RS, 5;&5%# fene

L A L e e B B D B o 2 g =
29 Méfnﬁ%é?@s rEFBLALNGR2G S Qf 1LRR SACH Y Coe etching.

| aye
Additionally, there is provided according to

another aspect of the present invention a micro pump
comprising: a flow passage through which a ligquid flows:
an electrostatic actuator for deforming the flow passage
so that the liguid flows in the flow passage, wherein
the electrostatic actuator comprises: a substrate; an
electrode formed on the substrate; a plurality of
partition parts formed on the electrode; a vibration
plate formed on the partition parts, the vibration plate
being deformable by an electrostatic force generated by
a voltage applied to the electrode; and an air gap
formed between the plurality of partition parts by
etching a part of a sacrifice layer formed between the

electrode and the vibration plate, wherein the partition



after the etching. Additionally, there is provided
according to another aspect of the present invention

w@rooapiisenl 5 device conprising: a mrror reflPCT/irgo3009929
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light; and an electrostatic actuator for deform ng
the mrror, wherein the eleg?rostatic act uat or

conprises: a substrate; an electrode forned on the
substrate; a plurality of partition parts fornmed on

theagtectrpgdeisa Vellbahiion BA AMater farded o thee 1ayer
partition parts, the vibration plate being defornmable
byaabeel €nkr estating .f orce generated by a voltage

applied to the electrode; and an air gap forned
bet ween the pldrialiioneldfy pattidrtd ans pardwidyd ®tchidgng@ to
part of a sacrifice |layer fornmed between the 15
el gcvtode andethe oy tihat iporspindat € nwarerigim drheoptical
partition parts conprise remaining parts of the
saéevifeechapsisiabter M rotchiafd,e@midd e ightor 4sd an
formed on the vibration plate so that the mrror is .
dePbPFBPPE AL CdErdMRRTor O6f defe viimcattioh i ag@r , 2gherein
Clggr og%ects, features and advant ages of the present
i NVRNt FORCWE PP B&cEme CrBPd Odp SRFEHR SGTma Hatbstrate; an
foll ow ng.detailed description when read.in ..
P ENEETOR FRFERCL HE: SCCoMIBAT G i SwrgE = P g
E gy E@ 2 / 942, . .
PCH 5 P2003 006556 20 FPG LA TS A 1 A4 1 ey oF-Hare ELoP
ek%fifgsfékhgd @Et%ﬂgobaQQQQ&@hn%aEQEQ ﬁﬂﬁ§tvibration plate
enbodi nent of the present
being deformable by an electrostatic force generated by
a voltage applied to the electrode; and an air gap
formed between the plurality of partition parts by
etching a part of a sacrifice layer formed between the
electrode and the vibration plate, wherein the partition
parts comprise remaining parts of the sacrifice layer
after the etching, and the mirror is formed on the
vibration plate so that the mirror is deformable by
deformation of the vibration plate.
Other objects, features and advantages of the
present invention will become more apparent from the

following detailed description when read in conjunction

with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS




invention. FIGS. 1B and 1C are cross-sectional views
of 5 the electrostatic actuator according to the

wo oogi129¢bodi ment of the present invention. FPCEIP2A#%/009929
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2B and 2C are cross-sectional views for explaining an
appropriate wdth of separatkgn grooves that is
filled by an insulating layer. 10 FIGS. 3A and 3B are
cross-sectional views of an electrostatic actuator

accordi ng to EIGeckndis efr‘qolﬂarmeme@fofh@nDé@é@@Eostatlc
invention. FIG 4 is a cross-sectional view of an

acegdnertofror @xplding ng & skitd NgemfodimOi€ndfathe present

applied 15 to each electrode. FIGS. 5A and 5B are

cr 68§egadpironal views of an actuator for explaining a

setting of a potential applied to each el ectrode when

durmy el ectr&%é%<3 ar® rbvi@erke 20cF GsSAtisnal views of
%g %hl ve plan view of an electrostatic actuator

6ct‘t60§t1amllcd aé:,%@d:,o[ﬁarﬁccqﬁd:ltrrge t-p? cggemtfirst
| nye tldon % cross-sectional view taken
al Sng an Ieflﬁeofl 1P€I‘esl—eln(§ BNeWE MG 6Cis a
Cross-sectio WO 2004/ 012942
PCT/ JP2003/ 0 &fg 4 a% ﬁ%{eo‘%%&”f TrOH g om g views
6Deh s @xﬁﬁgiﬁiﬁacgho%%bf%@?qgﬁg“%lé%ﬁng% separation
grooves that is filled by an insulating layer.

FIGS. 3A and 3B are cross—sectidnal views of
an electrostatic actuator according to a second
embodiment of the present invention.

FIG. 4 is a cross-sectional view of an
actuator for explaining a setting of a potential applied
to each electrode.

FIGS. 5A and 5B are cross—-sectional views of
an actuator for explaining a setting of a potential
applied to each electrode when dummy electrodes are
provided.

FIG. 6A is a perspective plan view of an
electrostatic actuator according to a third embodiment
of the present invention.

FIG. 6B is a cross-sectional view taken along

a line X1-X1’ of FIG. 6A.

FIG. 6C is a cross-—-sectional view taken along



aline YI-Y1' of FIG 6A FIG 6E is a cross-sectiona
view taken along 5 a line Y2-Y2' of FIG 6A FIGS

wa2004/PR93nd 7C are plan views of exanples of PCT/JP2003/009929
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arrangenents of sacrifice layer renoving holes. FIG 8
is a graph showing a relationship between a distance
froma sacrifice |ayer renoving hole 10 to a reaction
surface when renoving a sacrifice |ayer by etching.

FIG. 188 2B and 9€ af@ ithustrations for explaining
a relationship between a di stance between the

sacrifice |ayetgregpvi 80ahelgssandancehahed «af axeh along
the .15 sacrifice layer. FIGS. 10A through 10D are

vi ewsl fros XY B e Agrrd hessacrifice [ ayer renoving

hole. FIGS. 11A and 11B are cross-sectional views of

an actuator fOIGexpfalsi agcseabi-agcofiohhe saew fiaken2@long
| ayer renmoving holes by a resin film FIGS 12A

t hrougha 2@ a¥®’ cvosBI@ecfRronal views taken along a

line parallel to the shorter side of the vibration

pl ate. FIGS. HB®thfdughB13mdaré eresplsacviiemal of28xamples
views for expl aining exanples of a bending prevention

WD 0 A5 RIS I8¢/ P 20RY bH929l a8or FRPAVIiFgGRO1E4A

nd 14B ar -sectional views of
and are C§8§§ 5 fs a graph showing a relationship

between a distance from a sacrifice layer removing hole
to a reaction surface when removing a sacrifice layer by
etching.

FIGS. 9A, 9B and 9C are illustrations for
explaining a relationship between a distance between the
sacrifice layer removing holes and an etched area of the
sacrifice layer.

FIGS. 10A through 10D are views for explaining
the sacrifice layer removing hole.

FIGS. 11A and 11B are cross-sectional views of
an actuator for explaining sealing of the sacrifice
layer removing holes by a resin film.

FIGS. 12A through 12G are cross-sectional
views taken along a line parallel to the shorter side of
the vibration plate.

FIGS. 13A through 13D are cross-sectional

views for explaining examples of a bending prevention



an electrostatic actuator according to a fourth
enbodi nrent of the present invention. 5 FIGS. 15A and

wasB4ar94r 0oss- secti onal views of an el ect r oSPEL/ITR2003/009929

actuator according to a fifth enbodi nent of the
present invention. FIG 16 i S3A Cross-sectional view
of an electrostatic actuator according to a si.xth
enbodi mrent 10 of the present invention. FIGS. 17A
thrpugh. 17G are cross-sectional views taken along a
line parallel to the shorter side of the vibration
plate for expkFagsing4a ABAUAAGL WieN@ r REOGRSS i ¥naliN& icws of
el ectrostatic actuator shown in FIG 16. 15 FIG 18 is
a anssisectootativi entobtan bokpetingead aceer@ithg to
a seventh enbodi nent of the present invention. FIG
19 ¢mbedeeipeet | Viee pprasenewiofehhéoni.nkj et head
shown in FIG 18. 20 FIG 20A through 20E are

Scross-secti onBfGYi ehB2A &pe 2%Bl airri ngoasmergfdchnari ng.ews of
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met hod of the inkjet head shown in FIG 18. FIG 21
i s 3 RIPEHIT VRIS edrbrabari aRFerdineagoascéidithg to
an ei.ghth enbodi nent of the present 25 invention in a
st Rt cPa Mz REIoR M ABVRBHBER-is WO

2004/ 012942 PEC{#JP 03/009929 33 l'ifted up . and a part
of an actuatorfornf ny° nenbePSFsSCEGt Ohfay View of an

electrostatic actuator according to a sixth embodiment
of the present invention.

FIGS. 17A through 17G are cross-—sectional
views taken along a line parallel to the shorter side of
the vibration plate for explaining a manufacturing
process of the electrostatic actuator shown in FIG. 16.

FIG. 18 is a cross—-sectional view of an inkjet
head according to a seventh embodiment of the present
invention.

FIG. 19 is a perspective plan view of the
inkjet head shown in FIG. 18.

FIG. 20A through 20E are cross—-sectional views
for explaining a manufacturing method of the inkjet head
shown in FIG. 18.

FIG. 21 is a perspective view of an inkjet
head according to an eighth embodiment of the present

invention in a state in which a nozzle forming member is



FIG 22 is a cross-sectional view of the inkjet head
taken along a line parallel to the shorter 5 side of

wWo b@4widmat i on plate. FIG 23A is a perspecti VECPIR003/009929
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view of the inkjet head. FIG 23B is a
cross-sectional view of the ;4nkjet head taken along a
line parallel to the shorter 10 side of the vibration
plate, FIG 23Cis a cross-sectional view of the
i nkj e e U2 hinna cRakaldrelsdranitie deatiger is
sig%ag%?gtﬁg %?Er gt ?%%@plogt g.h FIGS. 24A thr ofgﬁ 24F are
crogg- sgglional 15 views taken along a line parallel
to the shorter side of the vibration plate for
expl ai ni ng apmenubactiy iaNngroysecesstiofnaheriakjef tead
shown in FIG 21. FIG 25 is a perspective view of an
i Nknk¢att hidge thRbagrabed; hedd ref Haweldregpltet the shorter
di scharge head 20 according to the present invention.
FI &1d260is theperidpedtione pliad® -of an i nkjet recording
apparatus according to the present invention., Fl Gf %Z
is a side vi @Weof 23ArdchaniRFISEREEI 6 RIRP i hkfetol the
recordi ng apparatus shown in FIG 26. 25 FIG 28 is a
cr 8853s&chiegRal view of a part of WD 2004/ 012942
PCT/ JP2003/ 009929 . 34 a micro pu accor di ng. e

i nvéritd ot 3B AIG S fgr(?%g?eCth{Qi n\?lé‘g %P Fea

pr esent' Cr oss-secti onal VI ew
Ofi%Qjet head taken along a line parallel to the shorter
side of the vibration plate.
FIG. 23C is a cross-sectional view of the
inkjet head taken along a line parallel to the longer
side of the vibration plate.

FIGS. 24A through 24F are cross—sectional

views taken along a line parallel to the shorter side of

the vibration plate for explaining a manufacturing
process of the inkjet head shown in FIG. 21.

FIG. 25 is a perspective view of an ink-
cartridge integrated head of the droplet discharge head

according to the present invention.

FIG. 26 is a perspective view of an inkjet

recording apparatus according to the present invention.
FIG. 27 is a side view of a mechanical part of
the inkjet recording apparatus shown in FIG. 26.

FIG. 28 is a cross-sectional view of a part of



optical device according to the present invention.

FIG 30 is a perspective view of the optical 5
wappansows accordi ng the present invention. BESTJINDDEA09929
FOR CARRYI NG QUT THE | NVENTI ON (First Enbodi nent) A '
description will now be gi veg,4 with reference to FIGS
1A, 1B and 1C and FIGS. 2A, 2B and 2C, 10 of a first

enbodi ment of the present invention. FIG 1A is a
pl an i urtde@leediested i enachHatonracgeedingyato a
first enbodi nent of the present invention. FIGS. 1B
and 1C show russ-3®cis onatrysewsettvonparak kel oer9gs
sections) taken along a line Xl -X1' and a |line X2-X2'
i N opts dElIGdebA co espaetdved Yio | thé herés gt esnvédntion.
denotes a substrate which fornms an actuator; 11 an
insul ating | &&t, IRaiam petscetcdilee(vaywbefr eheropdical
to as individual electrode); 14 a sacrifice layer; 15
5 an apPsladiysn g d eyt i arah e X5 et eineentboms a
vibration plate side insulating layer); 16 a
vi BER MQE%I FAAR AT e QBYeFHE JWVANTEAMN | nsul at i ng
| ayer which a{ SO serves as a stress- adjustment of a
vi bration pl atfe:*RddiYORHIYE) 19 denotes a vibration

pl ate constituted by the ins ting 25 | ayer 15, the
vi bration pl aﬁefeeﬁce%ﬁg%b%nlvé 3¢" aRa FhESHp With

2O%/f%%%‘lk%a@g%;%f@@o%gfm%ganéﬁ3:”iHlaag;Bg é'm%}i.‘?r 287 ana 2c,

Further es an air gap Torne vilng-a

10 Pakte Qf ftit}%ts%%{lﬂ.d‘c{i%rl@y@f thd pfesent invention. FIG. 1A

is a plan view of the electrostatic actuator according

to a first embodiment of the present invention. FIGS.

15

20

25

1B and 1C show cross-sectional views (two parallel cross
sections) taken along a line X1-X1’ and a line X2-X2’ in
FIG. 1A, respectively.

In the figures, 1 denotes a substrate which
forms an actuator; 11 an insulating layer; 12a an’
electrode (may be referred to as individual electrode) ;
14 a sacrifice layer; 15 an insulating layer (may be
referred to as a vibration plate side insulating layer) ;
16 a vibration plate electrode laver; and 17 an
insulating layer which also serves as a stress-
adjustment of a vibration plate. Additionally, 19
denotes a vibration plate constituted by the insulating

layer 15, the vibration plate electrode layer 16 and the



di stance of the air gap; 60 a sacrifice |ayer renoving
hol e (through hole); 50a a partition part; 14b a 5

wo eovaiomonyy sacrifice |ayer which renmains in theCT/JP2003/009929
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partition part 50a; and 10 an actuator form ng part
in which the actuator is foyqred. The actuator form ng
part 10 of the first enbodinent conprises: the
substrate 1 which fornms the 10 actuator; the

el gedundesnd 28.forMed onphhensubstrat el dde i
palrtiti on p%rt%{/SOa formed on the el ectrg&::as 1 a;alﬁ he ©

\”ﬂﬂﬁﬁédﬂbﬁ|ﬁéﬁo&gn%hhcbakﬁ ber med Qndheipar tidjon vy 5
parts 50a and is defornable by an electrostatic force -
genesadretk byf atvel sagegappl bedat galche mlectr9aes A2 ving
15 and the air gap 14a fornmed between adj acent

pardlid i grhrpagh shéDa) ; Theaakr pgapitdan pafrar;madidy
renmoving by etching parts of the sacrifice |ayer 14

f oramadi ibgtgweencri hecel éeyrodesitharamd itise iel edter qobestition
16 of the vibration plate 19. It is noted that other
parat of0a heapd L@cepfpebupager Lo4mingi o rdr é mothich the
renmoved by etching, . remain in the partition parts

5GE EU e Act Tat ©F " ¢%r mi ng menmber 10 is formed by

repeating a film dﬁgositi n and fil m processing

(photo- T'it oyt aphy aht et BAMHGY §6&s 1o Fors first
U G A LES1 Wt o0taY o13oR0 1 WhLEE s ene

having ree

G IEA003] 009929, 36, ch £anness o & 0! PEALUS o1 1,

process nay be used fo ormthe actuator
MRIRE L0 DY; i - 8L | §69N£LPmed on the electrodes 12a;

the vibration plate 19 which is formed on the partition
parts 50a and is deformable by an electrostatic force
generated by a voltage applied to the electrodes 12a;
and the air gap l4a formed between adjacent partition
parts 50a. The air gap l4a is formed by removing by
etching parts of the sacrifice layer 14 formed between
the electrodes 12a and the electrodes 16 of the
vibration plate 19. It is noted that other parts of the
sacrifice layer 14, which are not removed by etching,
remain in the partition parts 50a.

The actuator forming member 10 is formed by
repeating a film deposition and film processing (photo-
lithography and etching) so as to form electrodes and

insulation layers on a substrate having a high degree of



make the substrate 1. It should be noted that the
hi gh- tenperature process refers to a process for

wo coomiomy4n 5 high-quality filmsuch as a ther neCT/JP2003/009929
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oxi di zing method or a thermal nitriding nethod, a
thermal CVD net hod which foygs a high-tenperature
oxide film (HTO or an LP-CVD nethod which forns a
good-quality nitride film By adopting the

hi gh=4-e@es at UAehD?EcﬁéﬁpeBbghrgu@)lr'otc)és]so mhedd edeq to
materials and insulating materials becone udsable

\Mmdﬁmcﬁﬂbrm@wuﬂeoanfa@muagomeﬁbémcQoh%wl%&11%%%&1ﬁﬂ3n to

conductivity and insulation. Mreover, the

hingtled ertpersitlis erptocess s exoel kenk indted that the high-

controllability and reproducibility of a film

t Meskessiuthepedyeds pebderdi hg anpacteatsorfcdeiccening a

having little variation in the electric properties.

Fdvitderqual hee fhém gwvabrobl| abitherpadndxidizing method ox

reproducibility are excellent, process design becones

eé%ﬂﬂéﬁﬁm%ﬁr%$ R bUbcPPERodr Rowheesst €YR Fethod which
ieved. 20 In FIGS. 1B and 1C, the el ectrode | ayer

1 Q%FSf%nﬁﬁﬁbomemﬂ%r?ﬁgaﬁaPﬁﬁae|59&P 1ET@i OF jagd LP—CVD

h b d d d h

chan d"?eéﬁc% STeRt LRt Sosy- %ﬁaaeiybbﬁ'tggggv%ﬁé“
t tt ElL.G
I T S T A
nsWat a&blﬁa%%r}§léogﬂad EQQﬁégd%%%%rlalfzbeﬁ$me

PCT/JP2003/009929 37 on t ectrode | ayer
by s@iptiedi ngh tdre c§ﬁe§£699§e|QMeEc%%aQﬁrS%%@E%%l%@v1ng

grooves 82 and covering
excellent conductivity and insulation. Moreover, the
high-temperature process is excellent in controllability
and reproducibility of a film thickness, thereby
providing an actuator device having little variation in
the electric properties. Further, since the
controllability and reproducibility are excellent,
process design becomes easy and a mass production at low
cost can be achieved.

In FIGS. 1B and 1C, the electrode layer 12 is
formed on the insulating layer 11 which is formed on the
substrate 1, and is divided into each channel (each
drive bit) by separation grooves 82. As shown by a part

Al encircled by a dotted line in FIG. 1C, the separation

grooves 82 are filled by the insulating layer 13 formed



the electrode layer 12 by the insulating |ayer 13 so
as to fill the separation grooves 82 by the

w0 palogxosng 5 | ayer 13, it becones possi bl e toP€DIrR063/009929
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flat surface having little step or unevenness in a
subsequent process. As a result, an actuator having
hi gh-accuracy in dinensions and |ittle variation in
el ectric properties can be obtained. 10 FIGS. 2A 2B

ansh 2€har e16cessdsechivenall 2vi ewsusf o xlai i g @l

appropriate width of the above- nentioned separation

grebwvettbat Laykicl Ledbhy skheravisw afdodd dayer .afd Govering

2A is an enlarged cross- sectional view of the part Al

ofti G@ldcCtrd8el Arpgrtradl bactubres i fliddiddhdayer 13 so as

insulating layer in the separation groove are a film

defpost i} bnthet Aedarawhiceh gcan viesr Hi2a byorifter nedsulating

insulating layer, and a relationship between the

wi kR ¥eBfLE helEeparabrenrgesabd e &rd fioa hifdiatessinface

th insulating layer. FIGS. 2B and 20 2C show a state

f %Y&Pgn%hFﬁg?nﬁ PRy &F fGEYRAYISRS ot it Spgequent process.
ationshi p,_ between, th of the. separation

| i dt h .
LR R G L AL i TR

t hj. e r D _(Ther.mal - Cheni.cal, - Vapor .
e e on 8 A R Oy L T e b s c e
2 t : insulating |ayer, and the HTO film
igxgﬁd%?gg%géb%ggAZ PCT/ JP2003/ 009929 38 typica

insul ating |ayes. fornedgbyniihet hermal,. QD Jmthod 1 AS: cus
for the thickness tl of the insulating |ayer,

for explaining an appropriate width of the above-
mentioned separation groove that is filled by the
insulating layer. FIG. 22 is an enlarged cross-
sectional view of the part Al of FIG. 1C.

Important factors to £ill the insulating layer
in the separation groove are a film deposition method,
which can form a conformal insulating layer, and a
relationship between the width of the separation groove
and the thickness of the insulating layer. FIGS. 2B and
2C show a state of the insulating layer for variation in
the relationship between the width of the separation
groove and the thickness of the insulating layer. 1In
this case, a thermal CVD (Thermal-Chemical-Vapor-
Deposition) method is effective as a film deposition

method for the insulating layer, and the HTO film is a



it is preferable to set the thickness tl equal to or
greater than 1/2 of the wdth s1 of the separation 5

wQr@Iwe9sn as to formthe surface of the i nsul BCT/RR003/009929
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| ayer substantially flat. As for the wwdth sl of the
separation grooves 82, it iggpreferable to set the
wdth sl equal to or snmaller than twi ce the thickness
tl of the insulating |layer. According to the
aboue-qeint innetaiOng el ayeonsbirpedt be separakirgzl CVD
grooves 82 can be conpletely filled by the insulating
| @pdyhodahi chs résul tBe thigksebst ait icdl Iyhd |atssuface layer,
of the insulating layer as shown in FIG 2C Thus,
sifce s miRfaedbleved dptfehentbichnebs mdselyal to or
ellmnated byfor the 15 insulating layer with a

reaTESs Wl L1 %f? Hreareftht panof/ %h@f Sﬁn@rwtdm
of t he se aratlon roove of the electrode |aye

sm?orfé)di?e © Ft S sEY BxpPai fREiBEPORE tgﬁcﬁnéélléﬁl@igr layer
f f
gasj%o.Sﬁ“fan@gtn%lgocff%th% hbr nhBer o Thnd1,BE0G %Zs?{y
|
#@?E%io %f%g§%%‘§2 a afé g%gcan %hngggtg e&h a%ldth

an accurate distante here

a%q Rfudihe: Sane §ﬂ£@iefttﬁ§@ P@ibétﬁﬂgt%qlggnesgd%ﬁepf

a cost and inprove relrability as a materi al

tm%éﬂﬂﬂﬁdlgki%?ﬂﬁﬁyég Zﬁcé@fdiﬁ%n%BQtEQeaBB@%Lﬁ%9%§oned
12a, a conpound silicide such WO 2004/ 012942

PEELIRAQIIIGD920h e Sepsr POLYSI G 660est BbaBEHMbe

silicide, tungsten silicide or nolybdenumsilicide or

acwm@@eﬂaﬂgxﬂmﬂﬂéﬂuﬁy;ﬁhéiim@ﬁhﬁting layer, which results
in a substantially flat surface of the insulating layer
as shown in FIG. 2C. Thus, since a surface level
difference can be mostly eliminated by forming the
insulating layer with a thickness equal to or greater
than 1/2 of the width of the separation groove of the
electrode layer, subsequent processes explained below,
such as an air gap forming process, a resin film forming
process or a joining process with other members, can be
easily performed. As a result, an actuator having an
air gap with an accurate distance thereof can be
obtained, and, at the same time, it can be attempted to
reduce a cost and improve reliability.

Here, as a material of the electrode layer 12

for forming the electrodes 12a, a compound silicide such



nitride may be preferably used. Since these materials
can be deposited and processed with a stable quality

war@4H1293n be nmade into a structure whi ch w t hRCEHWRPD03#009929
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hi gh- tenperature process, there is less restriction
with respect to tenperatures;in other processes. For
exanple, a HTO (H gh-Tenperature-Oxide) filmor the
like can be Ilamnated on the el ectrode |ayer 12 as

thesipsuyatingod) kayenild stihe HHQ fidyndleidg &nscide or
insulating layer having high reliability. Thus, t%e

seheTbosntiangel €andbeorenl acged, AR SR O tanium
and i nprovenent of reliability can be attenpted.

Additiofal hyy Benpterfeabblyucheas alsumdaumnddd atitdRials
tungsten, nol ybdenumor ITO 15 can al so be used. By

ustary bhedeppaieeidabsd arocessrkiablielr esisstarice quality and
reduction can be attenpted, which results in

r eticthomige algipve voktagereAddiichonalthystarsinge high-
deposition and processing of filnms made of these

et TTPAF 3L EAR BECEASF| ytaehreved LRisth resdimdtsitelon with
quality, 20 cost reduction and inprovenent of
re?e?%%%/?‘?t*;}ocEﬁmE@ra*éPFéﬁptléld.Otﬂ?rFIH%?CGPBS%ﬁnd 1T example,

oL D oL 920 iz b LTy e ng 0 o

o 1 209 1) SO LA A 20 RIS LS Lnsianing

2@9%&9429?? gﬁ%7§5809§igoggggg %g.gﬁghﬁa§9%giQ%§é% having

1B, Temain" wthout being renoved in the presen .

| e a3 Sheer @, di ghancerde0tctRe+alh, range can be
enlarged, and cost reduction and improvement of
reliability can be attempted. Additionally, a material
such as aluminum, titanium, tungsten, molybdenum or ITO

Vcan also be used. By using these materials, a
;emarkable resistance reduction can be attempted, which
results in reduction in a drive voltage. Additionally,
since deposition and processing of films made of these
materials can be easily achieved with a stable quality,
cost reduction and improvement of reliability can be
attempted.

In FIGS. 1B and 1C, although the air gap 1l4a

is formed by removing by etching parts of the sacrifice

layer 14, other parts of the sacrifice layer 14, which

parts are indicated by 14b and embedded in the partition



gap 14a is accurately defined by the thickness of the
sacrifice layer 14 by formng the air gap 14a by the

w® 200800932 of the parts of the sacrifice | ayerPA®JP2003/009929
variation in the distance "g" of the air gap 14a is
extrenely smal |, thereby achjgving an accurate
actuator having little variation in characteristics.
Here, the distance "g" of the air gap 14a corresponds
tpard z0H 14080, ai g, SPagg; Retween the Minbr atd Qe q in
plate 19 and the electrode 12a. Additionally, since
f ared giraddersnedetiprevepti def BOMNBREBHENG e @d air
gap, it can be produced at a stable yield and a
r gJapabl 4 acd uatonrsaal Pedebiacaedy kEuet Ren ckSiddGe dMe-he
sacrifice layers 14b 15 remain in the partition parts
S5¢a canidf tdre Mapratlénby pfateidd thef biml yabi Xad by the
partition parts 50a, the accuracy of the distance "g"

S ofremseradi rofgaphddzachn b thwel bapgriftaenédyand 1tthe
actuator is excellent in structural durability.
MOIPENPETLOTs | He et ihed Saer i ¢R cegf00Fajbe 24l gemailta ris
each partition part 50a, there is little step or
URARIRESS G her SERTBEEY of CEhEYVLPPbRRI FERUBPARe 2FSuator

ich results in substantially flat surface being
r%@%@&qa %Wé?%uﬁ?ﬁﬁ?ﬁl?%rh?néhﬁﬁﬁﬁéﬁriéﬁlc?husﬁe§e/ the
f ar.mat.i of .a resin filmas tioned later, or 25 a,
P3Cagt Tor J oithi ng T - act TRt bt =1 6° bt AP OREADEPs Scart=® OFf

process oi ning the ac

10 W,2Q04/ %904; eql;ée]é?x[?r%é 0\9%93_2 tiéxéf g?a%éshbyand the

perfornmed, which results 1n cost reduction and

| gpeeve Ry 10fs reldd@bididyaily, since foreign matters are
prevented from entering the air gap, it can be produced
at a stable yield and a reliable actuator can be
obtained. Further, since the sacrifice layers 14b

15 remain in the partition parts 50a and the vibration

plate 19 is firmly fixed by the partition parts 50a, the
accuracy of the distance “g” of the air gap l4a can be

well-maintained and the actuator is excellent in
structural durability. Moreover, since the sacrifice

20 layer 14b remain in each partition part 50a, there is
little step or unevenness on the surface of the

vibration plate 19, which results in substantially flat

surface being formed on the actuator forming member 10.

Thus, a formation of a resin film as mentioned later or

25 a process for joining the actuator to other members can



Here, as a material of the sacrifice layer 14, it is
preferable to use polysilicon or anorphous silicon. 5

wab@gmiavet eri al s can be very easily renoved byPEL/ain0031009929
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and it is preferable to use an isotropic dry etching

met hod using SF6 gas, a draysetching et hod using XeF2
gas or a wet etching nethod using a solution of tetra
met hyl ammoni um hydr oxi de (TMAH). Additionally, since

1bpotysily cparapdmaanr pAOYS FlshQ@R” A€ cost reduction and
general | y-used, inexpensive materials and wthstand a

hi gip teppesat uv e, redidpgoeeyof freedom of a process in

a subsequent process is also high. Further, since

variation inHehe,dest ancetegalofoft haaigagairilda,layer 14,

which is very inportant, can be 15 extrenely small by

ar¥langt ngreferebheokpdaski pee vSinsidaat iog drayepisod8 silicon.

and 15) having a high etching resistance above and

bel ¥ ¢ Hea sak+#$F cealraper veal ecasédivatremasegator etching,

having little variation in properties can be obtained.

METEOVEY | - FreRECDFBAOLE 6R HESaPRBo 1688y OriF &y @fching

cost.(@i]for a material of the sacrifice |ayer 14,

£ IE U WP BT s & funt 37 | FEOREROxPALREH BolpHerer?

eri sy a resin filmmy_be used. .

Kﬁéﬁ i iog‘lnaaf I@Qtfé%%érﬁ%nﬁegégg]nuf#?‘ﬁs? & Ogl%tl&@er?ﬁ S 2

resiyy, téﬂﬁéﬂ.ugsgéé st %ﬁ iaI? i r %gg%bly.

used égﬁce such a _ Eégiﬁglég% ECT/ Sﬁ%&%ﬁ% g 42

MRy ey 1 £ ben@ashb ¥pRbASE$384 oA BE}%!J%%n%'}a@_tl 1Meq,

(etching material) and the air gap form ng process
inexpensive materials and withstand a high temperature,
a degree of freedom of a process in a subseguent process
is also high. Further, since variation in the distance
“g” of the air gap l4a, which is very important, can be
extremely small by arranging silicon oxide films
(insulating layers 13 and 15) having a high etching
resistance above and below the sacrifice layer, an
accurate actuator having little variation in properties
can be obtained. Moreover, mass production is also easy
at low cost.

As for a material of the sacrifice layer 14,

titanium nitride, aluminum, silicone oxide. or polymer
material such as a resin film may be used. Additionally,

from among resin films, a photosensitive resin material

(a resist material) is preferably used since such a



depend on the material formng the sacrifice 14 and
process difficulty and process cost thereof may al so 5

wo a0g/0tpendi ng on the material of the sacrifiPET/Ieepe009929

10

15

20

25

14, the material of the sacrifice layer 14 can be
selected based on its purpose. Wen a silicone oxide
filmis used for the sacrifite layer 14, it is
preferable to use polysilicon 10 as a protective film
(Q£§{%Pga§tegﬁebé 853&@?_?&%%%@%@@1t'ﬁifﬁ%ﬁ ﬁ'§§ tchant
| ayer. The polysilicon fifmnmay be conmmon used Tor
thee@bech §odetbaygn ) 1gdnandnkhe ; Vi Atd 9 AL o cess

el ectrode layer. In order to renove the oxide 1T
fofepargdtbe sRerinhieeibayebridng ttHes sk Prefes apl eyt @
use a wet etching nethod, a HF vapor nethod, a

chem cats dayfeiehing artihpdocete. ddst@rhdmsid atdPdhiso

| ayer is needed inside the air gap l1l4a, the

i natatdegehdyeg pay the fartred iy oXitheingeal sucéateyer 14
of the polysilicon filmremining as an etching
stopperatooighusf theassrclii¢éneodicdef illdmdas: Usedasected
the sacrifice layer 14, the renoval of the sacrifice

| BAFTeALahtHePupBPFBrmed by using etching materials
used in seniconductor manufacturing processes.

Addi tional | y"RER 2p§iydrPREoR*Aidend 1dik HoriRe ofP hotre

sides of. the 25 sacrifice. layer 14, manuf acturing . _ .
oIS T LT | 620 300 BE28R3 3BT F9200% Ge997d-14con
43 variati n~be. achieved. Further, the l.Lysil.icon
f%ﬁh?%é%% ggﬁgggeaglgﬁ éFé%g%g esggppfrbsPﬁ%%aéwetéhlng of
en%&%%%crifice layer. The polysilicon film may be

I

commonly used for the electrode layer 12 and the
vibration plate electrode layer. In order to remove the
oxide film forming the sacrifice layer 14, it is
preferable to use a wet etching method, a HF vapor
method, a chemical dry etching method, etc. If an
insulating layer is needed inside the air gap 1l4a, the
insulating layer may be formed by oxidizing a surface of
the polysilicon film remaining as an etching stopper.
Thus, if a silicon oxide film is used as the sacrifice
layer 14, the removal of the sacrifice layer 14 can be
performed by using etching materials used in
semiconductor manufacturing processes. Additionally, if
polysilicon films are formed on both sides of the

sacrifice layer 14, a manufacturing process with little



mass production at a | ow cost. Mreover, the thus-
obt ai ned actuator al so provides high quality and 5

wa@eadiosmoy2 Mreover, simlar process can be ach¢BYE037009929
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vari ous conbi nati ons of the material of the sacrifice
| ayer 14 and the etchant. 4; exanpl e, the sacrifice

| ayer 14 may be renoved by 02 plasma or an exfoliation
10 liquid when a polynmer materi al is used for the

Saﬁiﬂfé§ onlég rbé4%cﬁ98v§80rkgh% he yth%ﬁ %ﬂ&g%ilc

renoved by a liquid such as ‘alum fumy s used”

foglltnhecaﬁaqsélﬁésg Laysp éﬁe&b}%d%a%“ filcg d. axﬁ{l&f‘ enables
renoved by chem cals such as a mxtu

selllauié b SfudNEBEH 48 ando 203 swhen ppitaaRidym Hﬂhté 1146, d-S
used for the sacrifice layer 14. In FIGS. 1B and 1C

t hebtd hied i aocphade d9sbsSpreongkist utieth bya=a iamanat ed

filmhaving the insulating |ayer 15, the vibration

plateim=d et rode | ayer 16 which 20 serves as a common

el ectrode and the insulating layer 17 which also

serves as stMessoudiustienfacf ploeasisbreatn dre gppitatered by

stacked in turn. It should be noted that the

i ﬁ"set}”lf‘a?ﬂ%fngCCPfWJeIPaHBOEér 9ésths mapestedt iofe thigd macrifice

(etchin per) of etching the sacrifice |ayer, and

coln?tyrei”ogﬂt‘é ’2‘% B0 hShaNEr of BEEI PEAFPLA.f 618 dafTigice
sacrjfice WO 2004/01 942 PCT/ JP2003/ 009929 44 |
S pEFEPYPOnPpale sPEBEME AST sABuR*byLaation

%fq&?ﬁe CIrCled P%mgrdOtEQng ESSQ%Q% %%er%e:g%crifice
layer 14. The sacrifice layer 14 may be removed by a
liguid such as KOH when aluminum is used for the
sacrifice layer 14. The sacrifice layer 14 may be
removed by chemicals such as a mixture solution of NH;0H
and H»O0; when titanium nitride is used for the sacrifice
layer 14.

In FIGS. 1B and 1C, the vibration plate 19 is
constituted by a laminated film having the insulating
layer 15, the vibration plate electrode layer 16 which
serves as a common electrode and the insulating layer 17
which also serves as stress adjustment of the vibration
plate, stacked in turn. It should be noted that the
insulating layer 15 serves as a protective film (etching
stopper) of etching the sacrifice layer, and contributes

also as a protective film for leaving the sacrifice



insul ating layer 15 on the wall surfaces of the
sacrifice layer 14b corresponds to a material that has

wG20emmofit | 1 ed i n separation grooves 84 formedPCTIR2063/009929
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sacrifice layer 14. In the exanple of FIGS. 1B and 1C
al t hough the separation grooyes 84 of the sacrifice

| ayer 14 are filled by only % e insulating | ayer 15,
the separation grooves 84 may be filled by other

Stfé&%f”f@blgfl@H§r§a9E1EQSanQE%E'%@ plaﬁg %Hl a%w'a

the el ectrode [layer and the |nsulat|ng ayer N

agelit4 op tonkhec1basylaki Agtkaven ihe. sPRRS i¥ FIc. 1C, the
unevenness formed on the surface of the insulating

| ayreyu1be cadp beysadessonl knbywaflill kiurgdde igrsuat i ng

| ayer 15 in the separation 15 grooves 84 which divide

t e sacfide ceayayet 4h4corbbeeoves, thhe sacdrfiage drayeras

14b can remain in the partition parts due to

eXiestrentel bpidt he sesakating bapereslB4f ifldrectd nrt e

separation grooves 84. The effect of small steps or

uridv@ninelsse | baner nkft i ohedthboesamd eMofeBVI&S,. ditneed 1C,

the filled insulating [ayer 15 is securely fixed to

t el M1 9t UF R @ce8P AT EhENSEEPPTREe 84| &feithpAlsa aitlifdiee
sults in the vibration plate 19 bein firmy fixed

by AR ph peT (X7 of-ar s 8087 in“Rcaracy 6~ fever 15, the

SllEnes [ Sladiseahh 420 M2, e umiobt el oo,

10 AR G122, ELICEDN 009980, Al Uileroae
layer and the insulating layer 17 in addition to the
insulating layer 15. Steps or unevenness formed on the
surface of the insulating layer 15 can be made small by
filling the insulating layer 15 in the separation
grooves 84 which divide the sacrifice layer 14.
Moreover, the sacrifice laver 14b can remain in the
partition parts due to existence of the insulating layer
15 filled in the separation grooves 84. The effect of
small steps or unevenness is as mentioned above.
Moreover, since the filled insulating layer 15 is
securely fixed to the wall surfaces of the sacrifice
layer 14b, which results in the vibration plate 19 being
firmly fixed by the partition parts 50a, an accuracy of

the distance “g” of the air gap 1l4a of the thus-obtained

actuator is high and also excellent in structural



the insulating layer 13 in the separation grooves 82
of the electrode layer 12, it is preferable to form

wo b@4B1239msul ati ng | ayer 15 with a thickness eqRel/JR2003x009929
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less than 1/2 of the width of the separation grooves
84 of the sacrifice layer 14.in the case where the
insulating layer 15 is filled in the separation
grooves 84 of the sacrifice |ayer 14. However, it is
al gerpossibl,e to 10 fill an entire vibration plate

| ayer (lamnation of the insulating |ayer 15, the

vibration pl ayeielieatnage IavenaA6 anthd hesddsyt agi 1g; ng
| ayer 17) in the separation grooves 84. Therefore,

notimal 1ysulbeingdihyet the insepar atdangreaves-d& o g2 or
the sacrifice layer 14 can be 15 |l arger than the width

of thdecseparaticohagrootds 82 dfs e piectd ade 4@MeMthe

12. As nentioned above, a level difference (step or

unevehhesshgotarhe §6rack of thhekrastsuatcpralf drdridyg less

menber can be alnost elimnated, and the effect of

suetet sl { hecSakbeayithbt oéxphai sewhareftdroes 2O AR 84 of

material of the vibration plate electrode |ayer 16 .

whith torstftotedadcpatt 6f the Fapeatiter ltdte imoilating
terials_such_a lysilicon, titanium silicide,

RSt ont 3117 o HoL Sl §baBRUTEBAIAEIEE,. G5acHgaurid of the

nitride.. alyum nu titanium tungsten, nolybden na

bes%%léldﬁf%? ggy?ﬁgiéaneﬁ?)ggggﬁ'aé%t Hé r‘?&ts&?é S Sof°-the-°

engﬁfggg é@y Vg)ggg - 2? PCT/ JP2003/.0Q9929 46

12. Ad |tiona$%§, a trgégéa géFeSEF e§Uéﬁ%¥%%§%ﬁoﬂDOf the

fidmuasesg filoroisa £p0 (/'E'Lb@actﬁ%nalpﬁ%t%e eli%%dcro\g%erlayer
16 and the insulating layer 17) in the separation
grooves 84. Therefore, normally, the width of the
separation grooves 84 of the sacrifice layer 14 can be
larger than the width of the separation grooves 82 of
the electrode layer 12. As mentioned above, a level
difference (step or unevenness) of the surface of the
actuator forming member can be almost eliminated, and
the effect of such is the same as that explained before.

As a material of the vibration plate electrode

layer 16 which constitutes a part of the vibration plate
19, materials such as polysilicon, titanium silicide,
tungsten silicide, molybdenum silicide, titanium nitride,

aluminum, titanium, tungsten, molybdenum may be used for

the same reason as the material of the electrode layer



the transparent filmis used, the inspection inside
the air gap 14a can be easily perfornmed. Thus, an 5

w@bkoaionmhi ty can be detected during a manuf act BCT/mRR003/009929
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process, which contributes to an attenpt of cost
reduction and inprovenent of, reliability. As nmentioned
above, the surface of the attuator form ng nenber 10
(the surface of the vibration 10 plate 19) can be

Pubet el Lyphletyug Lahhbllld Ol e SR A 10 1o

ayer e separation ooves

electyode hayersizy Eil gngggf g?kﬂﬁ Lagul gt n%el B 1%\7hen

in the separation grooves the sacritice layer

14nd her sasphfige fﬁYﬁri§4QsQ@thh%eqﬁE5%@ﬂﬂaf{g}égée the

partition parts 50a, and etching of the sacri

| ayier gahd 14w obgh bbeesaelif beerbawer .r emvisng Hol es
60 formed in the vibration plate 19. Since the

s ufracenaf i thecamcheatiotetselll atkengda aan@Fiar dudiMg
form ng process can be perfornmed, as nentioned |ater,
f arrades purposeh ofoROrabguesi hg an enviemprmedt cost
resi stance (nmeasures for high humdity) by sealing

t FedBueridn cand ajmpreeamenhgohokediab@lang .al so
acquiring a corrosion resistance of the vibration
plate 19. MA*ediertinned pbove. nébessamface dfoithea
separate nmenber to the actuator device, such a 25

j QYT Pr o ARl e5st P y (pREf BHFEdCeWDE the vibration
2004/.01 2 PCT/.JP2003/ 00992947 As ti d .abqve,
t ﬁ)(eiaeqeeé%r o<t i 2 ATERAEDP CLALLHr Hﬂ'ﬁﬁrrfeigelt Egeﬁﬂgég\é% of

e@%§ﬂ£H§H1J¥§héifé}grvfﬁifﬁigﬂe separation grooves 82 of
the electrode layer 12, filing of the insulating layer
15 in the separation grooves 84 of the sacrifice layer
14, the sacrifice layer 14b being remained in the
partition parts 50a, and etching of the sacrifice layer
14 through the sacrifice layer removing holes 60 formed
in the vibration plate 19. Since the surface of the
actuator 1s flattened, a resin film forming process can
be performed, as mentioned later, for the purpose of
acquiring an environment resistance (measures for high
humidity) by sealing the sacrifice layer removing holes
60 and also acquiring a corrosion resistance of the
vibration plate 19. Moreover, when it is necessary to
join a separate member to the actuator device, such a

joining process can be easily performed.



in properties and has high reliability. Additionally,
the electrostatic actuator according to the present 5

werdadiaent can be manufactured by mass produckCDoP2003/@9929
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| ow cost. (Second Enbodi ment) A description will now
be given, with reference to F/GS. 3A and 3B, FIG 4
and FIGS. 5A and 5B, 10 of a second enbodi nent of the
present invention. In FIGS. 3A and 3B, FIG 4 and

FI'GS. S5A anda3By¢ %ﬁb%éd“gboﬁgfiﬁﬁgaé@g@%f§s{£fi@a£&§uator

shown in FIGS. 1B and 1C are given the sanme reference

nugetak8ingntbhenti gueesntl Menelietm SURstTAt e M Lh ation
15 fornms an actuator; 11 an insulating |ayer; 12a an

el ect podpetihysbantehakr @d gho ras iiandividual Additionally,

el ectrode); 12b a dummy el ectrode; 14 a sacrifice

| ayles ; el&canosiasukabichgatayer omydibey ref etiehtds ast

a vibration plate side insulating layer); 16 a

vi ¢maedonept aten2beehecufedd Urage oy ardsl prarduction at a

i nsul ating | ayer which also serves as a

st¥@ésc@dfust ment of a vibration plate. Additionally,

19 denotes a vibration plate constituted by the
i nsul ating | 478F°P5, EPREAHMSTEti on pl ate el ectrode

| ayer 16 and_the insul ating layer 17. Further, 25 1l4a
denot es an aﬁrgﬁﬁﬁrﬁgFﬁgﬁ %}lﬁemﬁﬂrﬁfzgﬁﬁﬁq'cﬁl?me WO

20044012912 PETLII003(003020,, 48,5051 168, LRYST <3000 52,

r%ﬁPVénQeQQ£§ é&ggeyggn@ob%)Eh%o%r%sent invention. 1In
FIGS. 3A and 3B, FIG. 4 and FIGS. 5A and 5B, parts that
are the same as the parts shown in FIGS. 1B and 1C are
given the same reference numerals.

In the figures, 1 denotes a substrate which
forms an actuator; 11 an insulating layer; 12a an
electrode (may be referred to as individual electrode);
12b a dummy electrode; 14 a sacrifice layer; 15 an
insulating layer (may be referred to as a vibration
plate side insulating layer); 16 a vibration plate
electrode layer; and 17 an insulating layer which also
serves as a stress-adjustment of a vibration plate.
Additionally, 19 denotes a vibration plate constituted
by the insulating layer 15, the vibration plate
electrode layer 16 and the insulating layer 17. Further,

l4a denotes an ailr gap formed by removing a part of the



partition part; 14b a remmining sacrifice [ayer which
remains in the partition part 50a; and 10 an actuator

WG 260a0momy part in which the actuator is forneRCT/H20E8/009929
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3A and FIG 3B show cross-sectional views (two
paral l el cross sections) of parts of the actuator
where the sacrifice |ayer renoving holes 60 are
provi ded and not provided, respectively. 10 The

acdat Of 1 EOr mhparpart~1Q efi sthe secendpenbadient ¢o 5
conprises: the substrate 1 which forns the actuator

thﬁa@iﬁﬁié@dﬁagéye&eﬂqavﬁﬁbe@lb'l%dQ&h&%ﬁg@i"d‘xol@é”ﬁysOa a
el ectrodes 12b) forned on the substrate 1; the

pasditionopapsstS0asbornedmanntifhe elaectirades layef Wwich
15 the vibration plate 19 which is fornmed on the
paré¢mdimn ipaths pBatandonspdefronwahl erday 18N an actuator
el ectrostatic force generated by a voltage applied to

t heo shioed rpges 1Rayhighdthke agitnagay Ida Hoommest.

bet ween adj acent partition parts 50a. The air gap l4a
is formed byFfefopvithgaby 20Cet S mdoparary gf-gdretional
sacrifice layer 14 forned between the el ectrodes 12a
ant- e efeetPBadsles 6FCFResefithras) oR i@ L Ithe

is noted that oth parts.aof th sacrifice | ayer. 14,
T AT Y NGRS F NGBS By SetCRENG 2y SFormGP Y imd o168 60 are

. 5 Lo £ i fi |
s NS00 5128820 BT SB50051 065558 249 The act uat or
form ng nenb@ge%gﬁkﬁagg&n%grgﬁnggﬁﬁﬁﬁ'fHJ5%fﬂﬂénsecond

deposition an m processi ng
embodiment comprises: the substrate 1 which forms the

actuator; the electrode layer 12 (electrodes 1l2a and
dummy electrodes 12b) formed on the substrate 1; the
partition parts 50a formed on the electrodes layer 12;
the vibration plate 19 which is formed on the partition
parts 50a and is deformable by an electrostatic force
generated by a voltage applied to the electrodes 12a;
and the air gap l4a formed between adjacent partition
parts 50a. The air gap l4a is formed by removing by
etching parts of the sacrifice layer 14 formed between
the electrodes 12a and the electrodes 16 of the
vibration plate 19. It is noted that other parts of the
sacrifice layer 14, which are not removed by etching,
remain in the partition parts 50a as a remaining

sacrifice layer 14b.



l'i thography and etching) so as to form el ectrodes and
insul ation |layers on a substrate having a hi gh degree

wo@R003d/0cd9¢mnness. A hi gh-tenperature process nmapCheEP2063@h9929
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to formthe actuator form ng nmenber by using silicon
to make the substrate 1. Itgghould be noted that the
hi gh- tenperature process refers to a process for
formng a high-quality filmsuch as a thernal

oxi di zi ng netthedaeruk@oa tthetmimly Ridub<h Nm Mt haghkndd by
thermal CVD nethod which fornms a high-tenperature
oxteeedtiny( HTOL lor dapokRP+@YD amel Fdd mipretr sy ivsy a(photo—
good-quality nitride film By adopting the
hi Ghtheppapayuredprocessg) hisghaguald thorreledctiaodeles and
materials and insulating materials becone 15 usabl e,
whie$u kil prokrHEranoac Buards taeviec davaving rexagieldantes of
conduct ivity and insul ation. Mreover, the

hi GHeRRMPeF at uPelpEBCESEPPE 3EXEE PERCSSs may be used to
control|labilit and _reproducibility of a film

t hf KRk ?ﬁ@%@ﬁ?r bPEV-aPnFeER S&c atuﬁrincﬂ?e\ﬁicleicon to

LB S B P U
t Il ent d

SPLAEAELLLL YeaEe SXERLED! o B RUSER. 1090 AR o

acﬁigwﬁg%aiﬂt§'§§ﬁm3éuéﬁd éB Eﬁ%rﬁﬁgc gﬁf%ﬁy ﬁnéé%od or

rmed on the i1 nsulating layer

fof e Oz 1 hﬁlma@.gg/ pi2944, PQT&%%%QQ%/ W%%t}ﬁﬁl which

substrate 1, and is divided into each channel (each
drfvendid ) hbynsepapatheirgr eQvas. rA3nshewo)by @ fparte-cvp

Aﬁnethod which forms a good-quality nitride film. By
adopting the high-temperature process, high-quality
electrode materials and insulating materials become
usable, which can provide an actuator device having
excellent conductivity and insulation. Moreover, the
high-temperature process is excellent in controllability
and reproducibility of a film thickness, thereby
providing an actuator device having little variation in
the electric properties. Further, since the
controllability and reproducibility are excellent,
process design becomes easy and a mass production at low
cost can be achieved.

In FIGS. 3A and 3B, the electrode layer 12 is

formed on the insulating layer 11 which is formed on the



encircled by a dotted line in FIG 3B, the separation
grooves 82 are filled by the insulating |ayer 13

wo oroaet29%2 on t he el ectrode |ayer 12. Thus, by PGCT/iRNE3109929
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the electrode layer 12 by separation grooves 82 and
covering the electrode |ayespl2 by the insulating

layer 13 so as to fill the separation grooves 82 by

the insulating |ayer 13, it becomes possible to form

a Phhetseictade Bhchaw nfwiddd e Si@pLFh UNBYEABES Sk A

a subsequent process. As a result, an actuator having

hi R gechidcy bivn s egiamertsicongyrandrds 1 t 1725 Vatidah i BR &Npart A3
el ectric properties can be obtalned. In order to
cofipFaEef§df P at He tdeparddncon nl 5 Iff oBRes 82 byepdeation
insulating layer 13, it is preferable to set a

t RPERREEE 8F PRE iAddiest g tlh@yémslﬁda‘fub?tla?%‘ealliy formed
equal _to o eater than 1/2 of a width of the

sg%%r% ?o%ESE%SQges&aggrt&zforﬁwﬁﬁb Ut foeical bifng highe

i ' | tially flat. O, it is 20 .
PP TR L0 et rpveverins
| h Wi t he thickness o e
oo o Lt Y EBL RSt e oo oo
i i t] [.QO an_.be co ete
1 Ty "the PogePapacal LONOEaTNE B 28 ie A Y

substeantia) |ytfﬂ>@&o§@5f%6§s%ﬂeh%oi sylatl ng Jayefr.. WO
2004/ 012942 PCT/ JP2003/009929 51 Thus, Since a

Suﬁmmnglkm%ildiéfépeﬁﬁeuﬁéﬂeﬁﬁeﬁgsﬁkya.%dﬂgéﬁﬁéﬁkbgrocess.
a

formng the insulating |ayer wt
As a result, an actuator having high-accuracy in

dimensions and little variation in eleétric properties
.can be obtained.

In order to completely fill the separation
grooves 82 by the insulating layer 13, it is preferable
to set a thickness of the insulating layer 13
substantially equal to or greater than 1/2 of a width of
the separation groove so as to form the surface of the
insulating layer substantially flat. Or, it is
preferable to set the width of the separation groove
equal to or smaller than twice the thickness of the
insulating layer. According to the above-mentioned
relationship, the separation groove can be completely
filled by the insulating layer, which results in a

substantially flat surface of the insulating layer.



t hi ckness substantially equal to or greater than 1/2
of the width of the separation grooves 82 of the

web@aniwmde 5 | ayer 12, subsequent processes expCEHIFOW/009929
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bel ow, such as an air gap form ng process, a resin
filmformng process or a j@|ning process with other
nmenbers, can be easily perforned. As a result, an
actuator having an air gap wth an accurate distance

thergef sapcbe obtaisned 1and: 10 @t the-sSame, tidg, if1y

can be attenpted to reduce a cost and I nprove

rebl ahRihbt¥d bereorasnd malkeniny1efithe ol ot rpde, 5

| ayer 12 for formng the el ectrodes 12a, ‘a conpound
sithtedresgcBubasap@liydilli eomalt idAN MM sdd 4t dhan 1/2 of
tungsten silicide or 15 nol ybdenum silicide or a netal
cotpeunddsbchfashti taphumtinnt jaeweay de @f efies abl 9ctrode
used. Since these materials can be deposited and
prbezessedZw shbacguablte pqualeistsye samckp leamdie ldew | Hoch as
a structure which withstands a high- tenperature

proeed3srt FRBr EOrBipgsPreeseri cei aeswint 2o riespebty torocess
tenperatures in other processes. For exanple, a HTO

( HPgh2 TeRpRE-BEUPECOREGe ) L Mtdet HeMads c4irbePe easily

| am ngt ed gn t he el ectrgge | ayer 12 as the insulatin

et 137t he ATOf FPADE NG afk THeH% iy 1 én 3= 93p
L0 ol GOLRULAPLIL e TN e Seloctl o Longe, o,
o ORIOAALZEARFCILIRGICH, 00828 O o) ALY, cone
almn%r&{,gaggy%bgg@g%en, nol ybdenum or |1 TO
Here, as a material of the electrode layer 12
for forming the electrodes 12a, a compound silicide such
as polysilicon, titanium silicide, tungsten silicide or
molybdenum silicide or a metal compound such as titanium
nitride may be preferably used. Since these materials
can be deposited and processed with a stable quality and
can be made into a structure which withstands a high-
temperature process, there is less restriction with
respect to temperatures in other processes. For example,
a HTO (High-Temperature—-Oxide) film or the like can be
laminated on the electrode layer 12 as the insulating
layer 13, the HTO film being an insulating layer having

high reliability. Thus, the selection range can be

enlarged, and cost reduction and improvement of



can al so be used. By using these materials, a
remar kabl e resi stance reduction can be attenpted,

wonig1®4z esul ts in reduction in a drive vol t aper/Jp2003/009929
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Addi tionally, since deposition and processing of
films made of these nmteriads can be easily achieved
wWth a stable quality, cost reduction and inprovenent
of reliability can be attenpted. 10 In FIGS. 3A and

3Bre pl 41HOUGRt Bgnabe Q%@e&@edi.s fImed Y e8PV Nk BYrial
etching parts of the sacrifice |ayer 14, other parts

of stidle sacaifingguhayenr thdiu)i ciungRardss, @rﬁymme&r ITO
by 14b and enbedded in the partition parts 50a in

Fl ¢an 18] st ebai nsedt hoBly beiing rermveddiedimihe a

present invention. Since the distance "g" of the air
gapenasrigicleatebysdehicred by ctthent hiagk es s ofenidieed, which
sacrifice layer 14 by formng the air gap 1l4a by the

r endval tof inheegurtsonf inhe sadnief ivod Hayper P4lditionally,
variation in the distance "g" of the air gap 14a is 20

ext Feel ?GE%FFlOPhéPéb?rQ@mSé\?ﬂn@g odn fddéifr dtagle of these
actuator _having little_variation in characteristics._.
Ad&ﬁ‘??%h%]risy?a%l H@eeﬁéﬂéﬁ’gﬁc%ﬁéfﬁ?nd"éq% aprsé’\?é?#teedqualltyr
from ent t he 14a, an _he ro uced at
L S ey B ahaRata R PABIE e et be

Obé“f‘té‘xﬁ e urther 25 since the sacrlfl ce Iayers 14b

remai n he part ition WD 2004/ 012942
PCT/ JP2003/ 0099 53 ;par. Vi t
plate 10 is ?lgr ﬁ‘?)cfsfl Q%d o %%?feadggcr}{dq% on%egrétlgPS%%p 14a

thﬁsa@&ﬂﬁ@@YberEH@vghétQQC%tchlng parts of the sacrifice
layer 14, other parts of the sacrifice layer 14, which
parts are indicated by 14b and embedded in the partition
parts 50a in FIG. 1B, remain without being removed in
the present invention. Since the distance “g” of the
alr gap is accurately defined by the thickness of the
sacrifice layer 14 by forming the air gap l4a by the
removal of the parts of the sacrifice layer 14,
variation in the distance “g” of the air gap 1l4a is
extremely small, thereby achieving an accurate actuator
having little variation in characteristics.
Additionally, since foreign substance is prevented from
entering the air gap l4a, it can be produced at a stable
vield and a reliable actuator can be obtained. Further,

since the sacrifice layers 14b remain in the partition



"g" of the air gap 14a can be well-nai ntai ned and the
actuator is excellent in structural durability. 5

wordovI2 since the sacrifice |ayers 14b renaP@T/irRo03@®9929
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partition parts 50a, there is little step or

unevenness on the surface ofszthe vibration plate 19,
which results in substantially flat surface being

formed on the actuator form ng nmenber 10. Thus, a

f opaatsoB0af aadl@heesiimfhiditerap ey i10neks | &t f19r£aked by
process for joining the actuator to other nenbers can
beteasphytpeibor pedits Wiiach thesdcudarcast tredudiseance
and i nprovenent of reliability. Here, as a materi al

of "ghecSathef pée baper 484 canl B4 twelsl prasfrerabl el tandisehe
pol ysilicon or anorphous silicon. These materials are
modtteasPryipefB¢ablenty iat etimvg tuaed iduiabipriter abl e

to use an isotropic dry etching nethod using SF6 gas,

a Mra§OBeEni AgRREt KBE FiCHd Diér2 Layay orl 4 iemate himgthe
met hod, usi ng_a _sol ytion of tetra _20 methyl anmoni um
hyla?&%géoﬁmﬁ%? g\h&i't itgir%el VS dilfde © FoiSRIT CHE AP ess

T |y diide s .
atar FoF < BhaER &t SR Regi Comparin - A Wi uLcs
f. : ' b t '

a1 50, RroR =Rt PhBY TR N S A R R Sl 26

" 0acof g aj heh i ry 4 it G
oSEE 308, BSOS B B O -

smpbd i RYfaIHaRgi AEnshbnean 1@¢ede f | rdddisul @i N ining
| ayers 13 and 15) having a high etching
the actuator to other members can be easily performed,
which results in cost reduction and improvement of
reliability.

Here, as a material of the sacrifice layer 14,
it is preferable to use polysilicon or amorphous silicon.
These materials are most easily removable by etching,
and it is preferable to use an isotropic dry etching
method using SFs gas, a dray etching method using XeF,
gas or a wet etching method using a solution of tetra
methyl ammonium hydroxide (TMAH). Additionally, since
polysilicon and amorphous silicon are generally-used,
inexpensive materials and withstand a high temperature,
a degree of freedom of a process in a subsequent process

is also high. Further, since variation in the distance

“g” of the air gap l4a, which is very important, can be



resi stance above and bel ow the sacrifice |layer, an
accurate actuator having little variation in

w@e@pmLIoees 5 can be obtai ned. Moreover, mass PCT/JP2003/009929
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production is also easy at |low cost. As for a

material of the sacrifice qu@r 14, titaniumnitride,
al um num silicone oxide or polynmer nmaterial such as
aresin filmmy be used. Additionally, 10 from anong

resiprdhlis, sA2PRoLYSERSLhiVe S 831N JRL &fd@le @ims
resist material) is preferably used since such a

et eféal a €aRgbeagask! ¥ 3paacessednAlitthough sam ety
(etching material) and the air gap form ng process

depents vantBeapaver bal benwiwngnidhe ssacriifdec e shfe@Ncad5
process difficulty and process cost thereof may al so
vaiycdepeadinguahothbaraher lak tofe tiee isacrd:df iice dayerties
14, the material of the sacrifice layer 14 can be
setzrtled obbsédedn | ¥srpovposemadsepr@dsidtiicone 0xd e easy
filmis used for the 20 sacrifice layer 14, it is

praf ekawl @$6 use polysilicon as a protective film
(etching stopper) of the etching of the sacrifice

| ayer. The pgﬁy§PIri EoRefierniiay theé b & sfonl {L A R ¥dF 14,
the, el ectrode | ayer 12 and the ,vibration plate

el Ect3 ot %%F?—gian Br a8 B r S e OF5 Bxite B HRer

20 O 7on2° Bt 3P2003F o080 %0 E D Toarastet SREhFAGRaTLY.
x#%%g:ae?lgg ??Q%ﬁ ?ﬁgﬂ?gi Fﬁgh%%%@e%%litq% %:tec inngnaterial
(a resist material) is preferably used since such a
material can be easily processed. Although an etchant
(etching material) and the air gap forming process
depend on the material forming the sacrifice 14 and
process difficulty and process cost thereof may also
vary depending on the mate;ial of the sacrifice layer 14,
the material of the sacrifice layer 14 can be selected
based on its purpose.

When a silicone oxide film is used for the
sacrifice layer 14, it is preferable to use polysilicon
as a protective film (etching stopper) of the etching of
the sacrifice layer. The polysilicon film may be
commonly used for the electrode layer 12 and the

vibration plate electrode layer. In order to remove the

oxlide film forming the sacrifice layer, it is preferable



| ayer is needed inside the air gap 14a, the insulating
| ayer may be forned by oxidizing the polysilicon film

WG 200808392 Ng as an etching stopper. Thus, if aPGI/IP20631009929
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oxide filmis used as the sacrifice |layer 14, the
renmoval of the sacrifice Iaygg 14 can be perforned by
using etching materials used in sem conduct or

manuf acturi ng processes. Additionally, if polysilicon

10, fi [,o8 ar %eftore'if.%%j,%gg %ého%,deé_f?% ;fiﬁe:?arﬁé{ﬁ&&e_ a
llayer, "a ~manufacturing process withlittle yarlaflon
CaEhQﬁic%‘ihH%F{/e%tcjﬂin‘%etﬁc!@, polysil{eonn fihoneanihg
uses as an electrode as it i s, which enabl es nass
prodyeti 9B’ akbecdd QW GQS .tHWrLovefap thea | htise obhiaiingding

actuator also 15 provides high quality and accuracy.

Morgover masi Miel aorpfceress aidbheiaghileyetobysivacbougilm

conbi nations of the material of the sacrifice |ayer

angethenéhghamnst anFartdxianplstoddeer sacthfis ceifayesilidon

may be renoved by 02 plasma or an exfoliation |iquid

20owhde dipol yuseruswst erd dihg ssapedf for ldeesattifrbe

| ayer 14. The sacrifice |layer 14 may be renoved by a

| | geingvaduel &K@ @8 umiyRim 15 wdedofoperhermed by

sacrifice |layer 14. The sacrifice |ayer 14 na% be

r eHEv8d By ChdRenimedie Eiits a8 ni Xt 3778 SO AEF bAT of

NH30H and H2Q2 25 when titaniumnjtride is used for...

{ hBSBHEATea A SR YD 20t Diooaet 1y ” YESBolfhi1scon

PC%L;PZOOS/O 929 .56 I.n FIGS ,3A and €13

. : . ! 1

vi brafoft 51 at’e i 9&%%n?%%ﬁ%d°€yt§§|%%$né sd fifm - °

ha%%%%f%%%dﬂ%ﬁ&‘ﬂfd&%ss with little variation can be
achieved. Further, the polysilicon film can be uses as
an electrode as it is, which enables mass production at
a low cost. Moreover, the thus-obtained actuator also
provides high quality and accuracy.

Moreover, similar process can be achieved by
various combinations of the material of the sacrifice
layer and the etchant. For example, the sacrifice layer
14 may be removed by 0; plasma or an exfoliation liquid
when a polymer material is used for the sacrifice layer
14. The sacrifice layer 14 may be removed by a liquid
such as KOH when aluminum is used for the sacrifice
layer 14. The sacrifice layer 14 may be removed by

chemical such as a mixture solution of NH3;OH and H;0;

when titanium nitride is used for the sacrifice layer 14.



| ayer 15, the vibration plate electrode |ayer 16 which
serves as a conmmon el ectrode and the insulating |ayer
wazood/owmrh al so serves as stress adjustnment oPCT/iE2003/009929
vibration plate, stacked in tern. It should be noted
that the insulating |ayer 1 erves as a protective
film(etching stopper) of etcthing the sacrifice
| ayer, and contributes also as a protective filmfor
| eavi ng the sacrifijce lLayer,,14h.of t.he partitio .
parts 50a. Asfghg&ggby%g agﬁr BASQ@ﬁbWFcrg ﬁ%?z?lg%e 19 is
dot j Ln - - ' ti L
on THE el | St T aces oF Fho s arT Mg oy dr b qpiiiating
corrgsponds tona febesiabnt Pakchagibeendt hlgddi Ng which
separation grooves 84 fornmed in the 15 sacrifice |ayer
14 Ly ddex neehast L ERErPHECESS. thkn ihRe 183N @ ayver 17
of FIGS. 3A and 3B, although the separation grooves
584 viidtheasasridices| ayestidsar adjhiskhhedtby rorine theration
insulating |ayer 15, the separation grooves 84 may be
fildlekdy otdekedtinctaral | ayesboofd20et he teidbrtatatorthe
pl ate such as the el ectrode |ayer and the insulating
| ayiersulaiimadbeyeonl b oseheebnsal at pngteayere FBlm (etching
Steps or unevenness forned on the surface of the
i nSUIRDTY |AayertaBieantbe fagdsisaarl 1Byefi | kindg aomEributes

insulating layer 15 in the_separation grooves 84 which
25 iR RS thePEAePFEHEe FayRr fo4. 1p@v2pasfrdeagasrifice

107CHJE2008/,00092, ST, Mteouer . Lhe sgerl Lo Lalel vy
eﬂﬁ%f%“ﬁ%(gnéngled by a dotted line shown in FIG. 3B, the
insulating laver 15 on the wall surfaces of the
sacrifice layer 14b corresponds to a material that has
been filled in separation grooves 84 formed in the-
15 sacrifice layer 14 during the manufacturing process.

In the example of FIGS. 3A and 3B, although
the separation grooves 84 of the sacrifice layer 14 are
filled by only the insulating layer 15, the separation
grooves 84 may be filled by other structural layers of

20 the vibration plate such as the electrode layer and the
insulating layer 17 in addition to the insulating layer
15. Steps or unevenness formed on the surface of the
insulating layver 15 can be made small by filling the
insulating layer 15 in the separation grooves 84 which

25 divide the sacrifice layer 14.



insulating layer 15 filled in the separation grooves
84. The effect of small steps or unevenness is as

woreoviomeezrd 5 above. Moreover, since the fill ePCT/JP2003/009929
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insulating layer is securely fixed to the wal
surfaces of the sacrifice |ayer 14b, which results in
the vibration plate 19 being” firmy fixed by the
partition parts 50a, an accuracy of 10 the distance

(g of the alfo0ap,dab ffotbecthyscabtalaed (@clual demain
is high and also excellent in structural durability.

Adqjt%%&ﬂ@é&tiﬂﬂﬂﬂEﬁaf@%t@@ecﬁ§eegﬁs£éhhéngf t-he
insulating layer 13 7in the separation grooves 82 of

15 itheel@cly ode d ayes 4211k8 ks pref eepblationf giBoves 84.
the insulating layer 15 with a thickness equal to or

| egshe tdrredd 2 HOfshdel W tébs obrt heeseparati B groovationed

of the sacrifice layer 14 in the case where the

i ngdoatd.ng layer 15 is filled in the separation

grooves 84 of the 20 sacrifice layer 14. However, it _

is al so possilfibecoverfibinan &hei félvebr Anisod afliace layer is

| ayer (lam nation of the insulating |ayer 15, the _|

vi restielpl Beed| eet FodevphyefurigCafdofhéensacatitng e

| ayer 17) in the separation grooves 84. Therefgr%§ 19, bei

norf 9%, 1 4the Wit BFSTHES 250 sERSr HEPSATGPHoVES 84 1 Peing

the sacrifjce er,_14 can, be. W 2004/ 0 §942

PCT/IP300 D028 58°1 G o7 L RAnPCRGoWPLEn 6P PREUT2CY OF

separatj.o r ooves, 82 o% t he_el ect e lrayer 12.,AS :

g us-vbt d

neﬁ%ﬁ%ﬁ%ﬁﬂﬁg% %’ %.I%%e he a?r gS% Egg o e S aine
actuator is high and also excellent in structural
durability.

Additionally, similar to the case of filling
the insulating layer 13 in the separation grooves 82 of
the electrode layer 12, it is preferable to form the
insulating layer 15 with a thickness equal to or less
than 1/2 of the width of the separation groove of the
sacrifice layer 14 in the case where the insulating
layer 15 is filled in the separation grooves 84 of the
sacrifice layer 14. However, it is also possible to
fill an entire vibration plate layer (lamination of the
insulating layer 15, the vibration plate electrode layer
16 and the insulating layer 17) in the separation

grooves 84. Therefore, normally, the width of the

separation grooves 84 of the sacrifice layer 14 can be



difference (step or unevenness) of the surface of the

actuator form ng nenber can be al nost elimnated, and
w®k200he12if ect of such is the same as that explBCT&rR003/009929

before. As a material of the vibration plate

el ectrode |ayer 16 which coggtitutes a part of the

vibration plate 19, materials such as polysilicon,

titaniumsilicide, tungsten silicide, nolybdenum

Si LEE'?QE’ thhhaRbemAiddy 8 +nkD AJHEIB tdted e 82 of
tungsten, nol ybdenum may be used for the sane reason

asthbecmBtekbak akyihe 1@l ectyoded@yated Ibove, a level
Additionally, a transparent filmsuch as an ITO film

a pesdetehfeor saefnOr nawamealso de tiseksuifwne ¢thethe
transparent filmis used, the inspection inside the 15
ai acgaptddaroamibe eesider penf dravednddiusslEminated, and
abnormality can be detected during a manufacturing
5 prbbessffwbitch fcomahi bt dha Gaare @t énpat ofxrbained before.
reduction and inprovenent of reliability, As nentioned
above, the sdéef @&caagferivel 20 detiaf rr 3 b o7 ngl fefbefectrode
10 (the surface of the vibration plate 19) can be,
substant 14l FPicPacoifE 101799 13 Mfot Ot he? n‘éﬁPﬁ?Fhan plate
l ayer 13 in.the separation groaoves 82 of, _the C s
el et r Ba&eFayes fﬁﬁﬁ%iQﬁrﬂf s %HéxﬁhSUWﬁ??%buTa@%%lcige’
in_the separati.on groqyv 84 of t Lfi -
14 P TR L G Ty s M B hg T bharasd L “ERA Mo T e
10 2004(012942 PCT172003/009929... 59, pRILALL0N Ry 18=508ea ror
and etc I'ng of the sdcritice layer 4 through the
saghikf LGBl avelsJemyvinig holes- 601 fof ede electrode layer
12. Additionally, a transparent film such as an ITO
film, a nesa film or a ZnO film can also be used. When
the transparent film is used, the inspection inside the
15 air gap l4a can be easily performed. Thus, an
abnormality can be detected during a manufacturing
process, which contributes to an attempt of cost
reduction and improvement of reliability.
As mentioned above, the suxface of the
20 actuator forming member 10 (the surface of the vibration
plate 19) can be substantially flat due to filling of
the insulating layer 13 in the separation grooves 82 of
the electrode layer 12, filing of the insulating layer

15 in the separation grooves 84 of the sacrifice layer

25 14, the sacrifice layer 14b being remained in the



in the vibration plate 19. Since the surface of the
actuator is flattened, a resin filmformng process

w@2401239¢2 per f orned, as nentioned |ater, for tPEr/JP2003/009929
pur pose of acquiring an environment resistance
(measures for high humdityyqby sealing the sacrifice
| ayer renoving holes 60 and al so acquiring a
corrosion resistance of the vibration plate. Mreover,
when ikt +1$Neeessarynd 0 4 et ddi By Sepasé esAepbeictOlayer
t he actuator "device, such a joining process can be
easial ynperior et Asa fesillaydher@heeingshales 60 formed
actuator according to the present enbodi nent has
i ihl e heariidtdacridm giraopertd es sindcdashe highface of the
reliability. Additionally, the electrostatic 15
achueatiartcacdar dilreg ttemddde presem ehbodfeeningaprpeess can
manuf actured by mass production at a low cost. FIG 4

5 antheFpES £ o5Meghd BB wow- @xemplase ¥ or foexphai ArAgeas of
setting of a potential applied to each electrode _when,
t he cdiwRi N6l &t rPuBist HHEE TP g5ht S BHRC R ot MBS PFesenpr high
respectively. The el ectraodes 12a,$orref ond to . hol
| AT Y oG (YRR Gt SUBRH 65 al pOtENPAPVing holes
waveformtq each actuator_ el ement, the potenti
waFOF G iy B 119" JOLRRLT B WhUor SFMGE 8T the
negative .pot enti.al ef o r siti [ f o
25 aRFETOr Tt By er S B bolt Do L6t of Tthe s oY ¥8 Join

reover, of the
10Vilrayl %r}rdavt\g 20044 812942, PCTI IF2003( 099928 , 6QuBhakeyjoining
corresponds to a commpn el ectrode which is common to

a @ﬂ&5@§§3bég Egnéégfﬁ§-pé¥ﬁ@rmé@?reAESaarééﬁﬁththe
electrostatic actuator according to the present
embodiment has little variation in properties and has
high reliability. Additionally, the electrostatic

15 actuator according to the present embodiment can be
manufactured by mass production at a low cost.

| FIG. 4 and FIGS. 5A and 5B show examples for

explaining a setting of a potential applied to each
electrode when the dummy electrodes are present and not

20 present, respectively. The electrodes 12a correspond to
individual electrodes which supplieé a potential
waveform to each actuator element, the potential
waveform being a positive potential waveform or a
negative potential waveform or a positive and negative

25 waveform. Moreover, the electrode 16 of the vibration



whi ch the el ectrode 16 supplies a ground potential or
a case in which the electrode 16 supplies a potentia

wG200e9er mdi fferent fromthat of the el ectr oPET/I2003/009929
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In the present enbodi ment, the sacrifice |layer 14b is
formed of a conductive materiggl which is, for exanple,
made of polysilicon doped with inpurities such as P or

As. 10 In the exanple shown in FIG 4, since the

el eatrede ckia Ashdde €l ecismmien 161 aceoaachnethersi Bommon
the area of each partition part 50, a |arge

el ect ostiaidLl icapact tayctsaghven toheachtharti koA paske in
50a. However, a high-speed drive of the actuator can

be whi cac hihey edl. doyt oot eld | sigop heesaer gfooedl apéenidbl or a
which remains in each partition part 50a, to a

r efcersender woteantilzg sbeasrede pbei sinelyedeer pasenthel

el ectrostatic capacit An appropriate potential for

t heraveffarran ¢l £ fRot it i 0%h§%@ s© eE%ﬁd?E@cﬁﬁoée 12a. 1In
driving nmethod, such as 20 a ground potentia
poﬁ%ﬁﬁlRﬂe%ﬁnﬁrﬁ@Qﬂ%%T?%Ee %@etﬁ%cr%EbFﬁtﬂéﬁeﬁléﬁg 15

pot ent i the i lelduaI el ectrode ntia
betﬁ;aefgﬁel weff 7t BTORT S BT8R Ere theh FBet Podgo FTRTE™PLE
It |s bIe 0 set an n

thgmr ere%% %ﬁﬁeyﬁ?%Jdo%egggﬁ ancéﬁr1@%£§5ghéh 8% por
driyvi ng nethod. In the exanple of FIG 4, potential WO
20&'[012942 PCT/ JP2003/ 009929 61 waveforns reversed

geach other arg, suppl bednb ot BRowa! €6t FOde L2azandd hee
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el ectrode 16, respectively. Thus,
electrode 12a and the electrode 16 face each other in

the area of each partition part 50, a large
electrostatic capacity is given to each partition part
50a. However, a high—-speed drive of the actuator can be
achieved by connecting the sacrifice layer 14b, which
remains in each partition part 50a, to a reference
potential so as to positively decrease the electrostatic
capacity. An appropriate potential for the reference
potential changes depending on a driving method, such as
a ground potential, a potential of the electrode of the
vibration plate, a potential of the individual electrode,
a potential between the vibration plate and the
electrode. Thus, it is preferable to set an appropriate
potential as the reference potential in accordance with

a driving method. In the example of FIG. 4, potential



it is preferable to set the remaining sacrifice |ayer
14b to a ground potential that is equal to the

wpoioentd9al 5 of the substrate 1. In the exanpPE&I/siRoeain09929
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in FIGS. 5A and 5B, the dummy electrodes 12b are

formed and the el ectrode 12a6land the el ectrode 16 do
not face in the area of each "partition part 50a.

Thus, an electrostatic capacity 10 generated in each

pauﬂJé ﬁguf?5%¥%é§ éggﬂl8£hgpagretgﬁgpecthh%o the

exanple s However, the rostatic

CaRaG dh S Pea Tah g el r educedoay 1@on@%%§3|e&&ltv@qy Thus,
sacrifice layer 14b remaining in each partition part

503 ¢ oA estatanief es ense pateptinalnidd Waceh tfiwet helyer
facilitates a high-speed drive of the actuator. An

appropriate gposend i pbtéetishethetetenegquapotentthal potential
changes dependi ng on a driving nethod, such as a

gr amd:ipotenisatata potential of the el ectrode of the
vibration plate, a potential of the individua

el ectrode, 20Im pbeentdmblbeshern the FVid5r-atitornsl dtfe the
and the electrode. Thus, it is preferable to set an
apphopr o ke CpoP@as i APb asrehECFEREr aRe thEt EAECATGde 122
accordance with a driving nethod. In the exanple of

FI GREANE RLRFBEPFBIE® 1@0 oROtoEAFRe 1¢ 5|h§t Fﬁﬁaploit gach

L S S SRS, (PR VORO9H 2R s sy

o Sete A holent al o o, Lhe dymmy gleshy 048 28 M e
that of the example shown in FIG. 4. However, the
electrostatic capacity can be further reduced by
connecting the sacrifice layer 14b remaining in each
partition part 50a to a certain reference potential,
which further facilitates a high-speed drive of the
actuator. An appropriate potential for the reference
potential changes depending on a driving method, such as
a ground potential, a potential of the electrode of the
vibration plate, a potential of the individual electrode,
a potential between the vibration plate and the
electrode. Thus, it is preferable to set an appropriate
potential as the reference potential in accordance with
a driving method.

In the example of FIG. 5A, the electrode 16 of

the vibration plate 19 is set to a ground (GND)



| ayer 14b to the ground potential. In the exanple of

FIG 5B, reversed potential waveforns are supplied to
w®k200he1@ect rode 12a and the el ectrode 16, PCT/JP2003/009929

respectively, and, thus, it is preferable to set the

dummy el ectrodes 12b and thqa%enaining sacrifice

| ayer 14b to a potential of the vibration plate. Wen

the remaining sacrifice |ayer 14b of the 10 partition

parpopOacis1f orned;ef janpekeetiniaal lnp LandugidMstial of
material |ike the above-nentioned exanples, the

renph @i AgmSacel Ebeeohayen 2b4bnand Hhe liming sacrifice

el ectrodes 12b can be used as a part of electric

W rifiger lLfbancekieet gestuati @ocapadialy. ofId Hehgpartdmplon of
part 50a 15 raises a problem the electrode 16 may be

di vided 5B, thabtracpapbtehttihd elcewiffcade B& 4 rsudelied to
area of the partition part 50a is made into a dunmy

Sel etheodeecThedehdidaf andedheumhecdiresta dde cmsrEclvely,
be. used as a_gatt of electric wiring. By using these
foran@p WEFngitead&hPaclgaedr celtOmsmt ddif KRB rilP §rodes
a small area, which achi eves a high-density _

i nt&gP afPBnthehHEMAL R PEC FEEEST *Can ¢ SHardffactUre P ential

cost rformance. \When using the

| i th _high
?edgngﬁﬁ ¥§%%FFF%§ P&%%F'l4b. 25 and the dumy
el ectrode 12b8§%5e%§ t@éﬁé@dﬂn ’séérﬂéﬁ%g)%%§%é2%%§4gf the

PCT/ JP2003/ 00 necessary to conne
el | i | N, " . . . h
lohole]g%§99€§03 g%?geg@:anxishef%@%ed hYs .2 PRENINGS; {4 hrpug

are pr
conductiSe material like the above-mentioned examples,
the remaining sacrifice layer 14b and the dummy
electrodes 12b can be used as a part of electric wiring.
If an electrostatic capacity of the partition part 50a
15 raises a problem, the electrode 16 may be divided so
that a part of the electrode 16 in the area_of the
partition part 50a is made into a dummy electrode.
The thus-formed dummy electrode can also be
used as a part of electric wiring. By using these for
20 wiring, each actuator element can be formed in a small
area, which achieves a higﬁ—density integration. Thus
the actuator can be manufactured at a low cost with high
performance.

When using the remaining sacrifice layer 14b

25 and the dummy electrode 12b as electric wiring, it is



insulating layers 13, 15 and 17 beforehand. However,
since a level difference is produced in an area where

WG 200001292 ough hol es are formed, the through hPCEIP2008109929

be forned in an area where such a | evel difference
does not cause a problem (dhird Enbodi nent) A

description wll now be given, with 10 reference to
FI GS. 6A through 6E, of an actuator according to a

- thhedegnhedi menteophelche eresem dnentddds e & rblal by,
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a perspective plan view of an electrostatic actuator
aceafdi Aguky hentihigsd @medigreniolofs)t herpresentded in the
invention. FIG 6B is a cross-sectional view 15 taken

al anguaaking XlayXr's a3 FIIG #HA 1M Gebrelsamd. However,
cross-sectional view taken along a Iine X2-X2' of FIG
6As1EL6. abDevela ddrfidssagart iiohalradwwed akerarl dhga avhere
line Y1-Y1' of FIG 6A. FIG 6E is a cross-sectiona

vi shet akeseughorg les isfe YRyEd ofti| Gheiapoheheg haust be
figures, the reference nuneral 1 denote substrate

f OFOFGERi . Bl SRR AES Elich & 11U Bt At Eoare d8gs not
an electrodeféggélbe referred to as an individua

el EEPr§d&) PT ‘dummy el ectrode; 13 an insul ating

| ayer (may be, refe to as an el ectrode 25 side
i nsul ating Ia.g;[r ({fﬁﬁxxgacrl ice Iayer 15 an WO

2004/ 012942 PCI%Q 3§{a V%%guLﬁgbwng gbggllgygﬁ

(may be referre ation e si de
I nsul-ating d ayemrc 81.6 e WHHF AP P! 3£ an actuator

according to a third embodiment of the present invention.
FIG. 6A is a perspective plan view of an electrostatic
actuator according to the third embodiment of the
present invention. FIG. 6B is a cross—sectional view
taken along a line X1-X1’ of FIG. 6A. FIG. 6C is a
cross—sectional view taken along a line X2-X2’ of FIG.
6A. FIG. 6D is a cross—sectional view taken along a
line Y1-Y1’ of FIG. 6A. FIG. 6E is a cross—sectional
view taken along a line Y2-Y2’ of FIG. 6A.

In the figures, the reference numeral 1
denotes a substrate for forming the actuator; 11 an
insulating layer; 12a an electrode (may be referred to
as an individual electrode); 12b a dummy electrode; 13
an insulating layer (may be referred to as an electrode

side insulating layer); 14 a sacrifice layer; 15 an



el ectrode layer; 17 an insulating |ayer also serves a
a stress-adjustnent of the vibration plate; and 18 a

wo e®in0124% i | m havi ng a corrosi on resi stance t oPCTKP2003/009929
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Additionally, the reference nuneral 19 denotes a

vi bration plate conprising EQe insul ating | ayer 15,
the vibration plate electrode |ayer 16, the
insulating layer 17 and the resin film 18. Further,

gggn% ﬁ%ﬁﬁﬂﬁfIﬂﬁﬂ?fahnéfab?1$%g599533t@na§i5 98Bration

rme y renoving parts o sacrifice layer 14,

"Op1atd stiance pfuide @ rlgf@rﬂéam 803i8rRaRbht KOAte
part; 14b a remmining sacrifice layer remaining in

t he 1partriddon Past; 50A; amnth 01 apiagt uayer aflebnsBgves a a
menber in which the actuator is forned. 15
Addithieanalddsudhemef ef etice niibesalod0piattheantii g8resresin
denotes a vibration plate novable area where the air

gaf ildm Hasr froy nedgoands 50ndenetiesaacparto tindn arfeklitionally,
where the remaining sacrifice layer 14b is forned.
Mortdey ere f atmn cd phabetal a9 | eFpCes6A vehoessoa Péageh

20 of a shorter side of the vibration plate novabl e

ar €eTMR4U:;s Ty Hehotesuke TEngt haveralPongle ¥iBEasLophelate
vi bration plate novable area 40; "f" denotes mﬁgﬁh

of elgre i%%%ﬁFe&%a.Y%%r%???%ﬁtﬁpatﬁfy85;12n8n cthe

Jenoiss, A MeTval, beleen. sacri bhee Laysteuvig

YRR 009220 o5 ALLIBuOh, PecBLLLLLAT, W i

th%é@éﬁfﬂéé”ﬁayer 14; “g” a distance of the air gap 1l4a;
50a a partition part; 14b a remaining sacrifice layer
remaining in the partition part 50a; and 10 an actuator
forming member in which the actuator is formed.

Additionally, the reference numeral 40 in the

figures denotes a vibration plate movable area where the
air gap l4a is formed, and 50 denotes a partition area
where the remaining sacrifice layer 14b is formed.
Moreover, the alphabet “a” in FIG. 6A denotes a length
of a shorter side of the vibration plate movable area
40; “b” denotes a length of a longer side of the
vibration plate movable area 40; “f” denotes a width of
the partition area (partition width) 50; and “c¢c” denotes

an interval between sacrifice layer removing holes 60

(through holes).



plate in FIG 6A, there are many case in which the
partition wwdth "f" is set as small as possible and

wWo b@4H119¢ngt h "a" is set as |arge as possi bl e. PCT/JP2003/009929
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Moreover, there nmy be a case in which the shorter
side and the |onger side areg£ounterchanged. As shown
in FIG 6A, the vibration plate novable area 40 is
separated fromthe partition part 50a 10 by an

insul ating | agerndagnt hale ipnddildied Wi dde separati oRger
grooves 84 of the sacrifice layer 14. A thickness of

eacthdyefic anéngtwi dbh ef the sepatatd ¢ alrovwese 8Aibration
are designed so that a step is not forned between the
parpidteniareac506andthbecvichieaaoy plaate kb wmikablige

area 40. Moreover, the electrode 12a is fornmed on

t hepastubstioateidih t'HE fnsskat kvg shaydr akl B®AH1IO and the
apply a voltage between the el ectrode 12a and the

vi brendgom DAt es19esoashaeroke avi ostsildnd ol atwiepver, there
deformed in the novable area 40. In order to formthe

20 BAY RRp? 19aSEnifhEhyrBr AbcoshpIrdes wovsblaa dartde Joonger
the sacrifice |ayer renoving holes 60 are forned in

t heS14f b?%?i%ﬂuBFﬁFéhaﬂgeghom in FIG 6A, the

el | 1 oot anguP aParBar P38 Gun B DA S Dy e

PCHSBAubS) 9699580 08 BAPEEob0R. TooRod Nhiice B ded 2zt 502

22 @Bﬂdaé%r?éuiQ@iﬁgahlayeﬁ:e%ér‘%'a%r 13T 63 1818 SYpRgLd ed

y tthe partition parts
separation grooves 84 of the sacrifice layer 14. A
thickness of each layer and a width of the separation
grooves 84 are designed so that a step is not formed
between the partition area 50 and the vibration plate
movable area 40. Moreover, the electrode 12a is formed
on the. substrate via the insulating layer 11 so as to
apply a voltage between the electrode 12a and the
vibration plate 19 so that the vibration plate is
deformed in the movable area 40. In order to form the
air gap l4a in the vibration plate movable area 40, the
sacrifice layer removing holes 60 are formed in the
vibration plate.

As shown in FIG. 6A, the sacrifice layer

removing holes 60 are formed in a small rectangular area,

which is encircled by a dotted line, near the partition



50a, the part of the vibration plate in the
rectangular part has relatively high strength. Thus,

WO Roothe29%2 sacrifice |ayer renoving hol es 60 arBCT/JP2003/009929
provided in that area, there is no deformation or
distortion generated in thegyi bration plate.
Additionally, since the vibration plate in that area
is relatively rigid and hardly novabl e, the area

belongss t4y 4 he partdtivp-areaqs whergo 384qtBe of the small
partition part 50a is | ocated. According to the

abqua-vm@iYi et sé4 ugt &Ir uppbersachif tae bayeition parts
renmoving holes 60 can be forned in a part of the
vi gl | atheplider ohichei sipostiont heaviebiat iche pkatengular
novabl e area. As nentioned above, the vibration plate
15 panvaliless arebadveln beghaderéhgthby fbopmi ngft ke
sacrifice layer renmoving holes 60 in the vicinity of
5t hesagarfiias ohaypar t seBOainghiehedoes8 ase giregiged in that
influence to the displacenment of the vibration plate. _
Foraraeanpiieere i is | R0 (def OFMebtOR EASEIPROWAIER gRgcrated in
vi bration plate 20 novable area 40_is used as % mrror .
(arFEpty i 2 eedn celahnt | DABHTE AR Yor SaTEgs&en ViPTation
whi ch the vihration plate abl area.éO [ sed.as
S 1 L1y Cr AN L ART S Fhgag, 2nd HAFhY
Addi tiagnally,. the_ s Lfi | ayer, Lemoving 25 le
[ 0 wh
oL A0 Yon - SEELILES | BXCLRCOTRLLD0 B BERo anere
102004 012942 PCI) ] 2?9%999%910%&8@ VhBREAL QAP @ he
at an interval equa “to or smaller ‘than the length
"a" v d g shost el stdgcefirthecdbbratib9fice layer removing
holes 60 can be formed in a part of the vibration plate
which is not in the vibration plate movable area.
As mentioned above, the vibration plate
15 movable area 40 can be made flat by forming the
sacrifice layer removing holes 60 in the vicinity of the
partition parts 50a, which does not give an influence to
the displacement of the vibration plate. For example,
it is useful for a case in which the vibration plate
20 movable area 40 is used as a mirror (an optical device
mentioned later) or a case in which the vibration plate
movable area 40 is used as a pressurizing chamber of an
inkjet head.

Additionally, the sacrifice layer removing

25 holes 60 are preferably arranged along a longer side of



pl ate. For exanple, when using as actuator of an 5

i nkj et head, the configuration (when viewed form
wW@bmvm)294Df the actuator is preferably a rect anguiE003/009929

shape since it is necessary to arrange a plurality of

actuators with high densityg-It is general to take an

arrangenent in which adjacent actuators are aligned

in a direction of 10 the shorter side of the

re¢hangulals Shape Wdd dhesn paltdt+ON ag€as B0 or smaller
t herebetween. Al so in many cases of other mcro

actuahokse tihe,@at ual’orof st@denhd NtOr asidecd angubkaribration
shape. The etching of the sacrifice layer 14 is 15
bagiealkly performed by isotopic etching. Thus,
normally, it is efficient that the sacrifice |ayer
renovi ng hol er 6dkanelar rengedus hng gei dcpatternoifnan
the vibration plate novable area 40 at an equa

5i ntlekvalt. hidewevethe idonfiegusickot i Cen¢myeievedoiphg above)
hol es 60 are |located in the 20 vibration plate novable,
ar ed Abe wivERiFace dreferaklibrat ToRtpraredEaffdPepeince
formed in a flat surface, and it _m influEnce,th% .
viBﬁaﬂﬁo@Qﬂﬁﬁ%ﬁﬁiﬂﬁ%t§¥£ﬁ%ﬂet%épl%ﬁgbﬁF%r9 TRGSUAFPTS with

LR S 0 S IS 260! RS LAVSL LETRNLAS o
el P
10203, Additinald yse When. yisi g 49, @01 8t YREBE Qf t8Nthe
partition areas 50 therebetween. Also in many cases of
other micro actuators, the actuator is made into a
rectangular shape.
The etching of the sacrifice layer 14 is
15 ©basically performed by isotopic etching. Thus, normally,
it is efficient that the sacrifice layer removing holes
60 are arranged in a grid'pattern in the vibration plate
movable area 40 at an equal interval. However, 1if the
sacrifice layer removing holes 60 are located in the
20 vibration plate movable area 40, the surface of the
vibration plate cannot be formed in a flat surface, and
it may influence the vibration characteristics of the
actuator. Thus, it is preferable to arrange the
sacrifice layer removing holes 60 in end portions along

25 the longer side of the vibration plate 19 and in the



inkjet head, it is necessary to forma small air gap
such as 2.0 mso that the rigid vibration plate 19

woreet/oRoke def orned at a | ow vol tage. Mor eoverPCT/8P2003/009929
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order to use the vibration plate as a wall of an ink
fl ow passage (pressurized I%guid chanber), a
sacrifice layer renoving area (large opening) through
which |iquid | eakage occurs rmnust not be in the

vibratiaon.plate., T f‘éﬂf@ni{%i?@é’gagéo it is

necéssary“to formthe structure in ich a plurality

of small sacriddcei dayely ! efR¥hngshabess6@naketuator of an
arranged in the partition area as in the actuator

anglﬁ(giqu Had he presendcidyenyi 00, fbimhassheen air gap
considered that it is difficult to forma small air

gaRuky Qfs & rel it i vel vhd arge. aF £31.ac60hdhfgohOpdate 19 must
sacrifice |layer renoving process using snal

sagyd fdeg® drayerat renowi ngo hod@s. 60MokHevewer,, int omdsr to use
found that an air gap of 0.2 mto 2.0 mcan be forned

by t$at ivsiforianigi en shramct wre, 2 avald pfogerssihkgfderhpdsande

a processing condition as explained below. FIG 8 is a
gr dpirestrowi e Yenatd orlsiiperbet de8ACHl i sPaReF ST GRMOVLING
a sacrifice layer renoving hole 60 to_a reacgion

suEitece WiSiEe cIRRAHRE Y hellsaeenf TRachsliglef t&83fpoe occurs
etching. When renoving the sacrif

. ice | o)
20BWIG1 242 T PoUD 3 D0593650 6B 1550 1 RPRES TOFSsed  though
space,b

SPase Y L SSLLIPLE ELOM pa.ual gL SES L Mgl e
plurality of small sacrifice layer removing holes 60 are
arranged in the partition area as in the actuator
according to the present invention, it has been
considered that it is difficult to form a small air gap
of a relatively large area according to a sacrifice
layer removing process using small sacrifice layer
removing holes 60.

However, it was found that an air gap of 0.2
Um to 2.0 Um can be formed by satisfying a structure, a
processing method and a processing condition as
explained below.

FIG. 8 is a graph showing a relationship
between a distance from a sacrifice layer removing hole
60 to a reaction surface when removing the sacrifice

layer 14 by etching. When removing the sacrifice layer



etching time depends on the distance fromthe
sacrifice |ayer renoving holes 60. In other words, an

w@ewyni2oef 5 et ched portion depends on a di st aPCEIF20631009929
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the sacrifice |ayer renoving hole 60, and, as shown
in FIG 8, the amount of etghed portion tends to
saturate when the distance Is equal to or greater
than 75 gm Therefore, when arranging a plurality of

sagj i &%Eﬁiha}ﬁ?ElE%g@Vis@ﬁcleo Roles 160 &g the-h ongeising

side of the vibration plate,  the length "a" of the

short efnsl@len | 8hr eherabl ¥eSebyeequahotane Hoasss tfign the
150 gm (75 m X 2) at which the anount of etched
postirNngattmat e@epehnlist be siher tdrstsirde iSreettieguadctdfice
or greater 15 than 150 m unetched portion may renain

i NLaypor reanvinegmboe efsr &M .t hdnsadihdn ceddyeran epyvimy of
holes 60. If the etching process tinme is elongated so

a ¢bckeinpnaté ont Wepgmeltsc ived potitstemcea Weran neye ovre¥ifice
a problemthat a non-etching area (an area protected
bylaveaskemadinst hod 2@ tbe adthed® showt ched I®r & the
portion to be left as the remaining sacrifice |ayer
14pMpyngt ehed tEhed FoF Han B dort P Bidhingren the

stopper. Moreover, if the etching rocess tine is
| oGS tanproéEs §WGdt % FnFEised, %ﬁﬁ%ﬁﬁ§dﬁﬁsesT%Frefore'

ropl em i ductian., 25 : .
U1 BRB51 AT BT e Shing St THE 6 200 bty TAYéx removing
PCI/ JP200Q3/ 70 jfig 4, ]

el FECRR SUR0RR AL L et wlbmenoben e
astﬁgelbﬂb%ﬁyaQW(mﬂ(gﬁe(éngter side is preferably set

equal to or less than 150 Mm (75 Hm X 2Z) at which the
amount of etched portion saturates.

If the shorter side is set egual to or greater
than 150 Mm, unetched portion may remain in a portion
remote from the sacrifice layer removing holes 60. If
the etching process time is elongated so a to eliminate
the unetched portion, there may occur a problem that a
non—etching area (an area protected by a mask and not to
be etched) is etched, or a portion to be left as the
remaining sacrifice layer 14b is etched due to a failure
of the etching stopper. Moreover, if the etching
process time is long, a process cost is increased, which
causes a problem in mass production.

Moreover, from a viewpoint of etching of the



the arranged sacrifice |layer renoving holes 60 is
smal l er. As nentioned above, since the etching for 5

WO 20mwi2ge t he sacrifice |layer 14 is an i sotropPCT/JP2003/009929
etching, the interval "c" of the sacrifice |ayer
renoving holes 60 is preferay equal to or smaller
than the length "a" of the shorter side of the
vibration plate. FIGS. 9A 9B and 9C are illustrations

f orsaldr exptai nhpgraisel ati eashbp bebweerda dizst afmee etching

between the sacrifice | ayer renoving holes 60 and

et chiefh @t @acof it heorsatmpiboed| ayerneAs nshowa 1i nFit6Eh) c
9A and 9B, when the relationship between the interval
(pitich)atcdngédt becrilbisactafece rkaperi nge io\icsg d001ieS

60 arranged al ong the | onger side of the vibration

pl area lakrir t heA$ ehgrhicaedotbovhe shorkerthsi @¢chfincheor
vibration plate is a> or a=c, it can be appreciated

of

5t hatenmaiei Renbfi PYCELEE Fei EaYPAyel iaf Ber iaopaopisf etching,

the sacrifice layer in the vibration 20 plate area in
t heF 1t rlefb*i%\ﬁa%f ¥ heo EnbREePasT 4 FS 1éﬁf@ﬁe&eé‘§ﬁ’l@§ holes

ef fi C|ent W th [ i ght ov etchin

ot@ %Qﬁya§q§ﬁ€mi i FF@Figér Qapag§€ length b
ort h crifice.l nalns af er K 25
Borfégﬂlof % %tégcrlé?c%fl y%rvﬁ r?ﬁé09lg Hon pl at e

WO 2004/01294§ﬁ£§7/95209§/Qgggéas %é %ﬁ%%sé%g%ﬁ%&g for

direction of the shorfer si een

10l ntegrpretethd rom i hee 052pR: 9f LEL{ 8 al HikhR8nce between t

sacrifice layer removing holes 60 and etched area of t
sacrifice layer.
As shown in FIGS. 92A and 9B, when the
relationship between the interval (pitch) “c¢” of the
15 sacrifice layer removing holes 60 arranged along the
longer side of the vibration plate and the length “a”
the shorter side of the vibration plate is a>c or a=c,
it can be appreciated that the remaining sacrifice lay
after a part of the sacrifice layer in the vibration
20 plate area in the direction of the shorter side is
etched can be efficiently etched with a slight over
etching.
On the other hand, if a<c as shown in FIG. 9
a large portion of the sacrifice layer remains after a

25 portion of the sacrifice layer in the vibration plate

a//

he

he

of

er

C,



interval "c" between the sacrifice |ayer renoving

holes 60 is greater than 150 m (75 mX 2) , an
wezimemoky long 5 tine is needed to conpl et el RCEIRA03/009929

the portion of the sacrifice layer to be etched. For

this reason, an etched amouni; of a filmthat is not

to be etched may becone a negligi bl e anount, which

cause a problem Accordingly, when etching the

sacdtdd cenl ayerdbyeanidl bgothepistoeteh RAAd Mas been
sacrifice layer can be efficiently and positively

removetedy settingetbeetint €rval the' gehphhesacrd fige if the
| ayer renoving holes 60 equal to or smaller than the

| engitetradl of ct heethorhetheskderafikke leivieratiesvving holes
plate. Thus, a yield rate of the 15 manufacturing

pr otesss i greapeovedanahfoalso (Theugual 2Yy aaf efteremely long
actuator is inmproved. For the purpose of reference,

Sar riadterent3eefedt he saeplpriedyl ayeh i&sowiond ivsl &f 6ne
different from that showmn in FIG 6A are shown in

FI GRCifiog %ﬁHQVCtOZEGIﬁtﬁﬁédarrgﬁéeﬁﬁﬁﬁ SRGHPT n an

FIG,_ T7A .the s ay renDV|n hol es 60Q do not
opposTie tFORy ho tﬂe? iﬂ“o%aﬁoﬁﬁ P8 gé&P SifdEECrRtuayY
th etchin efficiency_is s but further

%%%v%%a %nd {l%lgg%Zﬁ?8 te proceéglﬁﬁ ggnabgrOblem

oo AL il L8 BECABRETEDE S LG 8, g™

1othf10§’c9{5:5ﬁ1§c S@@éhihge LAYeLaEeIRYLag 1 ahel-ee.801kan be
easily diffused in afl directions. Thus,
efficiently and p031t1vely removed by setting the
interval “c¢” of the sacrifice layer removing holes 60
equal to or smaller than the length “a” of the shorter
side of the vibration plate. Thus, a yield rate of the
15 manufacturing process is improved, and also the qguality
of the actuator is improved.

For the purpose of reference, arrangements of
the sacrifice layer removing holes 60 different from
that shown in FIG. 6A are shown in FIGS. 734, 7B and 7C.

20 In the arrangement shown in FIG. 7A, the
sacrifice layer removing holes 60 do not opposite to
each other along both longer sides. Thus, the etching
efficiency is slightly but further improved, and more

accurate processing can be performed.

25 In the arrangement shown in FIG. 7B, an



the etching efficiency can be inproved as conpared to

the arrangenent of FIG 6A or FIG 7A, and a further
w®G200geou2 t hr oughput can be expect ed. However , PCT@P2003/009929

strength of the vibration plate is decreased. In the

arrangenment shown in FIG 7Cs4he sacrifice |ayer

renmovi ng holes 60 are forned above the vibration

pl ate novabl e area 40. Al though the surface 10

chagaghehtSEh€ehS nignfr@liic@ight @ Hdhes Aahover dentd Peedremoving

exanpl es of arrangenents, the etching efficiency of

renbvaksobot bansaer iddsca  ajieffided simexii aedeandohBe Thus,

size of the partition area 50 can be m ninm zed. Here,

al t hoaghtthéngaerfifficdencyy eanr droovimgddesa H$0caneaiddd to
arranged along a single line extending a direction of

t hethengerasbgmeoft ohe FViGhr & or pllkd e,74 heasacr i fuceher
| ayer renoving holes 60 nay be arranged al ong a

plu?h@h?y 6RTPPRAERUtMSPEOPEr ¥R T cageewFver, the
pluralit nes, the hales may be arranged in a 20

zig%%ﬁe%%FBnﬁénﬁﬁﬁ VERE 2410%N JePEt %ﬁ Q?RF%%&§¢flce

| h 60 to b

aiﬁiidéﬁé“év'w”?ﬁ 25 PTG A GOToM ] e 181 getof the

the gggr Egel?%g%rre Vln le 60 Isspp?n?% above the

preferabfe -t n the vi ewpoin e chlng

S S R VR ST

10Vi e¥poLaLb+ 8L 5RfLUSBCE nGiwaR L A d N§ e WHYAL LR P &l &g
novabl e area, acquiring a strength of

examples of arrangements, the etching efficiency of

o

removal of the sacrifice layer 14 ié maximized and the
size of the partition area 50 can be minimized. Here,
although the sacrifice layer removing holes 60 are

15 arranged along a single line extending a direction of
the longer side of the vibration plate, the sacrifice
layer removing holes 60 may be arranged along a |
plurality of lines. Moreover, in the case of a
plurality of lines, the holes may be arranged in a

20 zigzag arrangement. The arrangement of the sacrifice
layer removing holes 60 to be used may be selected in
accordance with application thereof.

Larger size of the sacrifice layer removing

holes 60 is more preferable in the viewpoint of etching

25 of the sacrifice layer 14, however, smaller size is more



the partition parts 50a and sealing the sacrifice
| ayer renoving holes 60 by a resin film (nentioned

WO 210@10)2945 The m ni mum of the cross-sectional BCEAP2063/009929
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each sacrifice layer renoving hole 60 is determ ned by
the limtation in resolution-sn a photographic process
and a limtation of etching for renoving the sacrifice
| ayer 14. Although detailed descriptions are onitted,

10 g raou ti of teval vatboint nodet afh uehkeWas viedUR® the
that the limtation in etching can be elimnated by

ar rang g o Pl attal mdyaplesaeehli eeghayenqgr emewik@gth of
holes 60 along a plurality of lines. Thus, it was

f ountk thatt ithicosi zerof S0heasdcesekilcegl aper spentNiing layer
hol es 60 can be determi ned 15 in accordance with the

pr ocessiing |had¢at 6Onby Sancesthefisacrimtinde ohggerlater) .
renovi ng holes 60 are formed using a conventiona

sem conduct orThanuiagtuni A§ phecessssitsicdionedf evs ef
to set the cross-sectional area (an_area viewed from

t heeastr fre of L EPel 9Y BF aF PBAVHREL BPL6f 68ad sgtermined Dby
sacrifice | ayer repovin

g Eole 60.equal .to or g&gﬁ}er
t ha . LgU gt L apie tPPEFSPLRTLOB! Thhe BP2&ogEaRicty Process
P 08 L LSO, Rl 800 IR AR A s o
th h th in, i ;S .f . .
55y L DL LESL 00 B DLl SRR B 28 cntceed,

vm%%@gﬁgp g £¥jégg?99§é§gggagde%éiﬁL|qkl%agsfound that

provi de or the purpose of sealing the sacrifice

| ayele reimmpvidgi bel es 60candgaedui beN@laminated by arranging
a plurality of sacrifice layer removing holes 60 along a
plurality of lines. Thus, it was found that the size of
the sacrifice layer removing holes 60 can be determined
in accordance with the processing limitation. Since the
sacrifice layer removing holes 60 are formed using a
conventional semiconductor manufacturing process, it is
preferable to set the cross—sectional area (an area
viewed from the surface of the vibration plate) of each
sacrifice layer removing hole 60 equal to or greater
than 0.19 Wm®. The upper limit of the size of each
sacrifice layer removing hole 60 is mentioned later.

In the present embodiment, as shown in FIGS.

6B through 6E, the resin film 18 is formed as an

uppermost layer of the vibration plate 19. The resin



corrosion resistance of the surface of the actuator.
When the actuator is used while the sacrifice |layer 5

WO 20012992 hol es 60 are not seal ed, dew for mat i BCIT/aMERP03/009929
occur inside the air gap due to operation under a
hi gh- tenperature environnent;, environnental change
(tenperature change) or transportation between
different environnents. Additionally, it is possible

thatigh 19 opepabi,9Rchaltb¥r @ hACHWSH AU 0 fLI 18I EN the
materials entering the air gap fromthe operation

at nosPher ecel Daytherpnesent eshed meNtand Refderidd a
sol ve the above- nentioned problem (in order to sea
t hecsacssfbnerkayetancend¥i ngehehesae?) oft ithg esdtuator.
| ayer 18 is formed as an 15 uppernost | ayer of the
vi billa¢n obhl ateuvabbrhoaghsadquhsiltel ameofsaa midiirasilayer
resistance differs fromthe environment where the
Sactienoving heéds 68 assi poltaperliesl,adggefigrmation may
protective filmthat has a corrosion resistance under
var? etist ehv Pt BRANERLs2 I PHhERP2GUEHE Ca OP@HEGH ATs WS & high-
a pressurizin% el ement of an inkjet head, a film

s

havF P & *bFF 6sFBHL F 8BNEPANnc & VS FioRReTte In y
since the surface of the vigration | ate i br ou 2{
nt b WAL LU BE ¢ RPRRS) ESpedr ATFY O td Eads e Ryt £ forent
| nkief; head.ysLng ﬂ!ﬁ{ﬁ@k?@ﬁ#%ﬁﬂ' gL% o@ls%l%H t‘ﬁ%h:“ean
25 a corrosion resistan | 'S 1 ndls ensa_e, and a
10 ?S%E%PC%QQ‘%%%Z%@ E’GZ{;:!E’Z_QQ%/ 09923 es frda't@ﬁ]%las
fil Ich 1s dissoluble in ink (no change in film
thi gkness)gapbehayingag @ubabihit ¥peRRAIH Galldsphere. 1n
the present embodiment, in order to solve the above-
mentioned problem (in order to seal the sacrifice layer
removing holes 60), the resin layer 18 is formed as an
15 uppermost layer of the vibration plate.
Although acqguisition of a corrosion resistance
differs from the environment where the actuator is used,
a resin layer is a useful protective film that has a
corrosion resistance under various environments. When
20 the actuator is used as a pressurizing element of an
inkjet head, a film having a corrosion resistance to ink
is necessary since the surface of the vibration plate is
brought into contact with ink. Especilally, in a case of

an inkjet head using alkaline ink having a high pH value,

25 a corrosion resistant film is indispensable, and a resin



it was found that a polyinmede filmor a
pol ybenzaoxazole (PBO filmis preferably used. 5

wo-L@B%012047 and 11B are cross-secti onal views OPCT/#12003/009929
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actuator for explaining sealing of the sacrifice
| ayer renoving holes 60 by the resin film18. In the
present enbodi nent, as shown in FIG 11A the resin
film18 is formed so as to be filled in 10 the

sagrtifi 68 Layenf emWMg hless S0, N9t Rt @hot BRange in
air gap 14a and also in a state where the vibration

pl at emi RntbenRe3ble BN iy NOtadelw: nedy . | nS%@@ifically,

present enbodi ment, the resin |ayer 18 can be formed

byia shishfeoald nha®tdhamhlinad€commntoonal poeybetlzhsxazole

used, 15 there is a problemin that the sealing

mat(epDal fiidm suctommfed-abityo ddwiair gap due to the

capillary phenonenon as shown in FIG 11B and the air

gap 14a is fiild%d DA tdred sebd i age netessabecthoppderiews of

to formthe resin filmin the 20 structure shown in

Fl Ghelaatuptoirs fvat eS9HrRi IR C ovRd kg vhrtbassacrifice

restrictions, structures and conditions such as a

SULPEEE FEOGNHESS I ahed hdtberionc stz hi+HR +8sin

filmis forned, wet property af éhe surface of the

member on vhich T HE 1 1 PP LRSR heds e EO" e B, F1C-

25 g e t property. .i s nature of .a surfa eGMQi .

ot hnot RO a0e (A e STt Guoasy Sebrebarked i

|| AHED 08D b Ll d deh R UMIMo1 L8 %660k BChot Whler the

the surtace.
air gap l4a and also in a state where the vibration
plate in the movable area is not deformed. In the
present embodiment, the resin layer 18 can be formed by
a spin coating method. If a conventional method is used,
there is a problem in that the sealing material is
suctioned into the air gap due to the capillary
phenomenon as shown in FIG. 11B and the air gap l4a is
filled by the sealing material.

In order to form the resin film in the
structure shown in FIG. 11A, it is necessary to consider
various restrictions, structures and conditions such as
a surface roughness of the member on which the resin
film is formed, wet property of the surface of the

member on which the resin film is formed, etc. Here,

the wet property is a nature of a surface which does not



When formng the resin film18 by the spin coating
nmet hod, the first inportant factor is the 5 surface

w0 oughmegs of the nenber on which the resin fiP@T/JP2803/@9929
fornmed. If there is unevenness of an order of severa
mcrons, the resin film 18 camot be forned
uniformy. Thus, it nust be attenpted to reduce
roughness or unevenness in the actuator form ng area
10 igwd u€li A01 aguk @ashehhenei beatiien ipl areugpMable-Are@mtact
40 and the partition area 50. Since the surface
fl atigssthé ssachaewed by the above-nentioned vari ous
structures and nethods in the actuator according to
the present Wheentfponinghéheegiosifn [fmlk8 Ifarbbeche spin
wel |l -formed on the 15 vibration plate. In the present
enboth eny , meéthedn bbe Fféabitzénrrrapnthdanidfrade the
roughness or unevenness in the actuator formng area
5i s $WrEHee oF dephBese. 8fnitbe MeEder WRe W isinithg tipsin film
resin film218 by a_spin coating nethod, a surface wet
conmtt ot S of O FR& nenbéer TBRTS26 SWHREH SPRe Sfe Sith 3 19R9RF ©of
is formed is.,inportant. It i,s _preferable tha
) TS bt SeEBBR. ¢ RBesGPPife “EPMUGH REPERE GiF RIS
the esip{rl m 48.Ls Lormed. fs oL the reihodg fhere
are'a et hod o] 6 gas

for exposing Tor xenon

difi%@%ﬁﬁ@sQaéraﬁgeéegﬁéggdiﬂftﬂgph%k%gfﬁrz%dyﬁﬁ§giarea

proc Since the surface containing fluorine

1020044 0129425 PCT/ JE2Q03£0R9928 r 2 11 de 1@ MR le area 40
property against a resin film the process margin is
| meveehangaatytebd sate and qgahicky e surface flatness
is achieved by the above-mentioned various structures
and methods in the actuator according to the present
invention, the resin film 18 can be well-formed on the
15 vibration plate. 1In the present embodiment, it can be
realized that the surface roughness or unevenness in the
actuator forming area is in the order of 0.5 Um or less.
When forming the resin film 18 by a spin
coating method, a surface wet control of the member on
20 which the resin film 18 1s formed is important. It is
preferable that fluorine exists on the surface
(fluorinated) on which the resin film 18 is formed. As
for the method, there are a method for exposing to SFs

gas or xenon difluoride gas and a method of applying a

25 plasma process. Since the surface containing fluorine



i mproved. In the present enbodi ment, the fluorinate 5

process is performed using SF6 plasma. Thereby, the
wowed4/omoeperty agai nst the resin filmon the seet/aRe03nf09929

the nenber is decreased, which prevents the resin

film18 entering the air gap-14a through the

sacrifice layer renoving holes 60, and the sacrifice

| ayer renmoving 10 holes 60 are filled by the resin

fil%?d?%as%ﬁ!Qﬂ¥@tpr5§br%?ea§£§§§ﬂtaeggggﬁnﬁﬂim,t@ﬁe process

etching tfor renoving the sacrifice |layer is perforned
by r@t-Ghinng UIsiid-3RE PARsMR, yiand thte ehehihigiprocass
is used as the fluorinate process so as to sinplify
t herpiresess. of manufacturing 15 the actuator. The
material to be used and the process flow are not
limted to then abiovepnesthonedbotihmthé,case Wheoeinkee
resin film18 is forned by the spin coating nethod,

5t hercafssguratpont ofmedeus sagr $Fé qeldsmer rdmewelhyg, the wet
hol e 60 (the cross-sectional 20 area an the |ength of
t heno@esvih@dlegt i she npepianfllmFPETSEhe0ALERREGgRT the
10D are views for explaining the sacrifice |ayer

r eV Hot eleGoRasid TOACH SPECVPREAR VIBw 8F 18n farda 18
Of cgach SecrilLce. L ayel [ S0 g, HOLE 00, cFLGR. 108, .
A3 el SR, FLEB e AR sy removing
10eTIIIETy, 41 £ONILOURLLRY pLoLheceipsse SortiaBuer, in
the present embodiment, the etching for removing the
sacrifice layer is performed by etching using SFs plasma,
and this etching process is used as the fluorinate
process so as to simplify the process of manufacturing
15 the actuator. The material to be used and the process
flow are not limited to the above mentioned.

In the case where the resin film 18 is formed
by the spin coating method, the configuration of the
sacrifice layer removing hole 60 (the cross-sectional
20 area an the length of the removing hole) is important.

FIGS. 10A through 10D are views for explaining
the sacrifice layer removing holes 60. FIG. 10A is a
plan view of an area of each sacrifice layer removing

hole 60. FIGS. 10B through 10D are cross-—-sectional

25 views showing examples of different cross sections. 1In



or a reverse tapered cylinder. The cross section of
the sacrifice |layer renoving hole 60 corresponds to

w@apooaer42 5 S in the figure. Larger cross-sectPOnat2003/009929
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area of the sacrifice |ayer renoving holes 60 is
preferable fromthe viempoing of etching for renoving
the sacrifice | ayer 14, homevgr, smal | er

cross-sectional area is preferable fromthe 10

Vi oint of .su ess] i nf) ue Y brati

pl a iy éﬁﬁﬁﬁtzéﬁgf %%%’é%%%i%%g%%g?%ggééérﬁ?iggg cross

| ayer., .r \/ t Ln | :
%%ctlcgﬂggbggg?Q%ﬁ%af%%ﬁ%ll?ﬁ%%ﬁgégfhgygﬁp;§edA§yllnder

ment1 one

Crogs-sSedyonal aga-af cfNensaerifree LAYSE EBBRYLAJOE the
hole 60 is 0.19 when 15 considering etching for

rendMG itde 1saedd fiafotBay@rndde 6nNcbhecopbatishaBdan area
the upper Iimt of the cross- sectional area of the

sagr iifd agd aseyurenovi ng hole 60 is determ ned from

t he viewpoint of sealing the sacrifice |ayer renoving

hol e 60, and lLdrgws ¢ooms-$bati@falhereross- sket isegalifice
area be equal to or smaller than 10 9n2. As a result

of heardwusmvainmthohss i nel ueli pyefhvabibofeoneibeomégwpoint
fluorinate process and a plasma process of a surface

of akhiedtehing riati remevIY theforfBdfire 1aMSTT 6Gnghowever,
that it is possible to fill the resin film

( | 8 %5 in

t hSTSdS T | TP IR C BV ndt BRI &S 6@raﬁarﬁ¥°ise fopnghe

WO 2004/012942 PCT/JPZOOS/OOQQE 79 r Si? filné 2t

mat'er &l R et &R TSt Y at Pr 43P~ 19a 8nf° WhEAEAE™

Cr%ﬁ%ﬁﬁf%&&&ﬁ%hﬁ%§§g0£0t9§d5§§£i££§60k3¥ﬁ£ sacrifice layer
removing holes 60 by the resin layer 18. As mentioned
above, the lower limit of the cross-sectional area of
the sacrifice layer removing hole 60 is 0.19 um? when
considering etching for removing the sacrifice layer 14.
On the other hand, the upper limit of the cross-
sectional area of the sacrifice layer removing hole 60
is determined from the viewpoint of sealing the

sacrifice layer removing hole 60, and it was found that

the cross—-sectional area be equal to or smaller than 10

2

Hm” .

As a result of various evaluations including the
above-mentioned fluorinate process and a plasma process
of a surface of which the resin film 18 is formed, it
was found that it is possible to fill the resin film 18

in the sacrifice layer removing hole 60 and prevent the



removing hole 60 is equal to or smaller than 10 nR.

Additionally, it was found that the fluorinate 5
wee@ens®4and t he pl asma process of the surfacePQr/ereos/®9929

variation and contributes to inprovenent of a yield

rate (preventing the resin giln1naterial from

entering the air gap l1l4a). N@reover, the |l ength of

the sacrifice layer 10 renoving hole 60, that is, a

t hi_ ckness..t-2 of . 4n t ' l.at i
Ianggji J&ﬁaqT%§Q$ha%m?%%g %ﬁ%gg%ggi%hgzg gyg%% l4a only
r enpvi I )_ d,i e a I, t
 BULGIO  00 gie g ey BECLERTULL Sk baver

| N And ere | B DL b 19 saccthbigeL a%eh 10 pm’.
renovi ng holes 60 are forned is less than 0.1 m a

sufficient stxeagthohg1ngt mai phai wednanehai! the fluorinate
possible that the resin filmenters the air gap 1l4a

sduedaratestaitiion pfasmpeprpbesy of the saefikiec@revents

| ayer renoving holes 60 caused by an inpact during a

20 vegsiaticoatamd) poocesisuthenot heprhivekress odf at ydeld rate
i nsul ator layer in which the sacrifice |ayer renoving

hol @xrS8GErariand otredrésivgbalnt vasergréatarm Rafeging the
gm a periphery of the sacrifice |ayer renoving holes

60 digr g ezt ructed and seal ing can be done, which

i mproves a 25 yield rate of _the manufacturing pr.ocess.
WD 2004/ 0129490 P27 9PR068F0688381 86 . Fhér §3&4¢ Jiyer

lO&LB%%m%%&ﬂfﬁ%%%??%@rgﬁhgt Xg?ugﬂ%ﬁg@g%é&%OQZW%%h%%b
insulator layer (insulating layers 15 and 17) in which
the sacrifice layer removing holes 60 are formed is
preferably equal to or greater than 0.1 MUm. If the
thickness t2 of the insulator layer in which the

15 sacrifice layer removing holes 60 are formed is less
.than 0.1 Um, a sufficient strength is not maintained and
it is possible that the resin film enters the air gap
l4a due to destruction of a periphery of the sacrifice
layer removing holes 60 caused by an impacf during a

20 resin coating process. When the thickness of the
insulator layer in which the sacrifice layer removing
holes 60 are formed is equal to or greater than 0.1 Hm,
a periphery of the sacrifice layer removing holes 60 is
not destructed and sealing can be done, which improves a

25 yield rate of the manufacturing process.



resistant sealing filmincluding the resin film From
anong those nethods, the spin coating nethod is 5
weormnvpmosnnal and i nexpensive. Accordi ng to theCEHpr2003/009929
coating nethod, the resin filmcan be formed with

uni form thi ckness of about 0.p mto several tens m

By realizing the formation of the resin film

i ncluding the sealing of the sacrifice |ayer renoving

10 hol es 60 us}Rgct HeeSPLR;16RAL RGBS 0B, such as a
remar kabl e inprovenent in quality and cost reduction

can, peude %@%@Qith@ﬁeﬁgehodt, hehs bhf &eent Rarasteyd isdd ¢
can be further inproved by formng the resin film

usi s idreanabore: prgt Fonadiaet hadngl T h@ heys ist raicimr esFrom
and features of the actuator according to the present
enbotbmenthase hbehsdap aket hatin ebatthieg method is

above- nenti oned enbodi nents that are explained wth

5r efcrenertton&l Gndl1Bnandet€igrnd FRGSOorBArgnd-BBhe agmin’
descriptions thereof will be omtted. 20 Next, a

desevd ptiomerhpdbethpveasini £hlmr ehar decd e @8 th

12A through 12G of a nmanufacturing nethod of the

el esn¥owimat telaknaasopfaabordi AgO0bo lith&o preegssrl tens Hm.
enbodi nent. 1t should be noted _that each o FI GS. 12A_.
through 12G aP¥ EF8i<Z486t i%%lﬁalfoﬁ%qnalg Fe FIGHg ot 1T

line %ﬁ‘%llal el Eﬁl"o t he shortgr %iedea%frige ev\ga r removin
2004} 39 pETF 3P56037808 2§_ 81 Vitbratt o piat’e; g
10Fbﬁﬁjlé§e6écﬁg§£8rtﬁgbébﬁﬁt%o%%iﬁ@oqgﬁﬁgmgya.remarkable
improvement in quality and cost reduction can be
achieved. Moreover, the surface characteristic can be
further improved by forming the resin film using the
above-mentioned method.

15 Other structures and features of the actuator

according to the present embodiment are the same as that

of the above-mentioned embodiments that are explained
with reference to FIGS. 1B and 1C and FIGS. 3A and 3B,
and descriptions thereof will be omitted.

20 Next, a description will be given, with
reference to FIGS. 12A through 12G, of a manufacturing
method of the electrostatic actuator according to the
present embodiment. It should be noted that each of
FIGS. 122 through 12G are cross—sectional views taken

25 along a line parallel to the shorter side of the



depositing, in turn, an electrode material, a

sacrifice layer material and a vibration plate
woraioe0izk2 onto the 5 substrate 1. First, as sPOn@P2008/009929

FIG 12A, a thermal oxidation film which corresponds

to the insulating layer 11, ds formed on a silicon

substrate, which has a plane direction of (100) and

corresponds to the 10 substrate 1, by a wet oxidation

nethod, L PyLQIENLE.  Oxidation method), for exanple,
with a thickness of about 1.0 m Then, polysilicon

which turns tgethe rekealhodedrayeihskd-die depesidft-an by
the insulating layer 11 with a thickness of 0.4 -m and

phospbes oUsnys dapedrnlSanntoecthecpel ysiddraen ofa tharifice
el ectrode layer 12 so as to reduce a resistance.

Af tesvéormingrseparati anvgbeavesn d2aite tleeealiedt ratde the
| ayer 12 by a lithography etching nethod (a

Sphotogsaphte process techni que and an etching

technique), that is after formng the el ectrodes 12a

and 20 dummy EL&6trodés si2wn anhiFdie-t differ & e wnd de

film (HTO filna is formed with a thickness of 0.25 m

as Yhedathsn| AiiRg FRYER FITTAEPPRICS thHomghe Hesulating
separation. grooves 82 of the el ectrode Ia¥er 12 are

filt24 byt t hetPnsAFAEFNG™ dy&r1$8°80 SERsC sUfrade has 2
of the 25.insulation | 13 s flat. 2004/,012942
PCT? 1P20037605620" 83 SURLBqUBR Y- A PONGln T I
1 oié B% %Bé‘é LELvc dEPOSLILNG LS. PALYSILL G G SR N8S:
oxidation method), for example, with a thickness of
about 1.0 Mm. Then, polysilicon which turns to the
electrode layer 12 is deposited on the insulating layer
11 with a thickness of 0.4 MUm, and phosphorous is doped
15 into the polysilicon of the electrode layer 12 so as to
reduce a resistance. After forming separation grooves
82 in the electrode layer 12 by a lithography etching
method (a photographic process technigque and an etching
technigue), that is after forming the electrodes 12a and
20 dummy electrodes 12b, a high-temperature oxide film (HTO
film) is formed with a thickness of 0.25 Um as the
insulating layer 13. At this time, the separation
grooves 82 of the electrode laver 12 are filled by the

insulating layer 13 so that the surface of the

25 insulation layer 13 is flat.



sacrifice layer 14, on the insulating layer 13 with a
thickness of 0.5 m separation grooves 84 are forned
WO pood/0139¢2 sacrifice layer 14 by a |ithography BCT2003/009929
met hod, and further a high-tenperature oxide film
(HTOfilm is deposited vvitgathickness of 0.1 to
0.3 mas the insulatinglay%lS. At this tinme, the
wi dth of the separation groove is preferably equal to

awdth by 1 i ch tn el separ atﬂoqu #)og/ﬁ?thfZ]gananer

flllled by t h& P StGU& Ural’ 1%y ers suc
I ngu atln Ia r t:hoygh h
thlacezB HS%S 0 X:ﬁl \]ﬁﬁysﬂlon Izﬁ%l&?@%%ﬁ%ér)eféerg% eto

sef , {0 si.dt gaﬁg‘% yaly 4t 0 Qf tﬂ@sl%éﬂad“t;ncg) mydP tHewith a

present enbo t'the width 15 of the separatl on
gr Qg\i%ﬁ %éfs ?t 5tqmp S dBarfUSn thes ks agd 0Pl A Bmed in
can or Wit h asubstantlalyflat surface

5 h_a‘t_h@g shicttilra caunemenness win 4 hel subsegpient e peloteg smbyhod,
dividing the sacrifice layer 14 by the separation
gr aavesud4 hand 2 ienbaddipgrdthersacxide ceilmyETAQ4Efihm) is
the insulating layer 15 or the vibration plate |ayer
194ethe iitrsuldttiton [tayierkndds ¢hed vi brat0 oh hate the
el ectrode layer 16 and the insulating |ayer 17
Accéosdilagipng tiee ssurface 2f thes Boteat BRestibdipapE the
can be flattened and process desi gn 25 of subsquggt
pr 66PsEes Isde GRALEashE DS DRl bl sl to a
PCT/ JP2003/ 009929 83 Furt her nor own,

10 126 G o $ <11 €T ent hiRe By the

structural layers such as the insulating layer 15.

Although it depends on the thickness of the vibration
plate, it is preferable to set the width equal to or
less than 2.0 Mm. In the present embodiment, the width

15 of the separation grooves 84 is set to 0.5 Hm.

Thus, the vibration plate 19 can be formed
with a substantially flat surface having little
unevenness un the subsequent process by dividing the

sacrifice layer 14 by the separation grooves 84 and

20 embedding the sacrifice layer 14 in the insulating layer

15 or the vibration plate layer 19 (the insulation layer

15, the vibration plate electrode layer 16 and the
insulating layer 17). Accordingly, the surface of the
actuator substrate can be flattened and process design

25 of subsequent processes becomes easy.



vi bration plate electrode | ayer (comon el ectrode) 16,

is deposited with a thickness of 0.2 m Then, the 5
woRiwratisen plate el ectrode |layer 16 is etched byr/apP2003/009929

l'i thography etching nethod with a pattern oversi zed

from the sacrifice layer repmving holes 60 in an area

where the sacrifice |layer renoving holes 60 are

formed later. Subsequently, the insulating |ayer 17

is forned mjt$hf%ﬂé&$g£gkn§§sgggwg'%nn?IEhelbﬁ§U|ating

| ayer 17 serves as a stress adjustnent (bending

prevent o dd ldBd i pPTeyentéog, t haivhbratkhantel ahe
from béi ng bent or d%forned. In the present

emiadi Biton then i oisall @k AgadS1haver (&éninsnachamicratied 16,
filmof a nitride filmhaving a thickness of 0.15 m

and A d dee dd |wa havi ngh ackh 8k skpess . of ufl. 15TRenF| €Be
13A through 13D are cross- sectional views for

5 explidd rd nigorexapt @se b ct hedbehdiyag 1pr égeptiicbrdf blyma
The cross-sectional views of these 20 figures are
enllarged nd@w oft ehjpag tmebhedspodhbli Agrestarnpaverasd zed from
shown in FIG 12C The present enbodi nent uses the
exdm exhoWil¢a FRET 1BENOVANghBOfP§uPls 1Nac2parE g here
encircled by dotted |ines corresponds tq an area ere
t he&-NncT3 7 €6l Faye?Y $enbSPAY LR8I 80665 8% S‘Fﬁe&"rﬁ‘\é% tater.

later. In the fi ,_th f al 17 '
OGP BTy JP00SF BD9855" Jad dBotds 4 FeRdITe "Lk =

e

L0 GBI B g 0o0EE R L L 9ETE 9,2 e s
a stress adjustment (bending prevention) film for
preventing the vibration plate from being bent or
deformed.

In the present embodiment, the insulating

15 layer 17 is a laminated film of a nitride film having a
thickness of 0.15 Mm and an oxide film having a
thickness of 0.15 Mm. FIGS. 13A through 13D are cross-—
sectional views for explaining examples of the bending
prevention film. The cross-—-sectional views of these

20 figures are enlarged view of a part corresponding to a
part A5 shown in FIG. 12C. The present embodiment uses
the example shown in FIG. 13C. 1In the figures, a part
6A encircled by dotted lines corresponds to an area
where the sacrifice layer removing hole 60 is formed

25 later. 1In the figures, the reference numeral l7a



film which is formed of an oxide filmin many cases.

In the present enbodi nent, each of the vibration plate
wG2@econnde | ayers 16 and the insul ating | ayePCUBP20684109929
are |ower layers of the insulating |layer 17 is forned
of a conpressive stress fil That is, the vibration

plate 19 is a lamnated filmin which a tensile
stress filmis sandw ched between conpressive filns

So&éht é@fél{gﬂéhig'§%98§§ E§k@eshg9§ﬂ Egm%%n%%el&y formed

provide a stress relaxation as s

120 ¢ tah%’h%{&%]' £€1m! ayRk i ¢A0MEAg el €S BRALRLE iR ress
by a |ithography ~etching nethod. The referénce

nuner@l, 4phidh HE rd2Red5-dennt gsiaer esiat 4 nAlbhgUahises .
the etching for removing the sacrifice |ayer can be

perforires pddetheenesiished®, abtachbedthberebaatiie plate
etching for renoving the sacrifice | ayer is perforned
5i n dhecipresent aeabodl eatdather insefvviing flhgeredisstthat are
as shown in FIGS. 12E and 12F. This 20 is for avoiding

r enowed r ofaydres resi theathenlehéngedpyalr 13f iishdormed of a
sacrifice layer. Al though etchln% for renoving the
sacrmﬁme§Si%@e$tHﬂS$sfbémforﬁhé by si- s&heopidrgifyon plate
etchi ng usi ng SF6 as,_a wet etching using al kaline _, ,
et Al nigf Ia}qjcﬁf@l%%lEﬁ as1dy K@J—lWBFC*FI\/RHtﬁW & §&&gssofilm is

a dray._etching using XeF2 WO 2004/ 94
PCHAIS0bAT 20 3@%%%% S980HE) SbESuSedSsPRcd e @ Tilm
23&3‘@1 ]%:e%% a-‘/er a&PoLYsh! Lgon) 14 Ls sunrounded fy an

relaxation.

Next, as shown in FIG. 12D, the sacrifice
layer removing holes 60 are formed by a lithography
etching method. The reference numeral 70 in FIG. 12D

15 denotes a resist. Although the etching for removing the
sacrifice layer can be performed with the resist 70
attached thereto, the etching for removing the sacrifice
layer is performed in the present embodiment after
removing the resist as shown in FIGS. 12E and 12F. This

20 is for avoiding removal of the resist after the removal
of the sacrifice layer.

Although etching for removing the sacrifice
layer 14 is performed by isotropic dry etching using SFs
gas, a wet etching using alkaline etching liquid such as

25 KOH or TMAH may be used, or a dray etching using XeF;



sacrifice layer 14 can be renoved under a sacrifice
| ayer renoving condition which provides high

webk@eniity 5 with respect to the oxide film PEEIE0Y3/009929
formng the air gap 14a with sufficient accuracy.
Moreover, the sacrifice |aygr 14b, which is separated
by the insulating layer 15 filled in the separation
grooves 84, is renmined in each partition part 50a,
which al or [ a sttapti abkyf | at
sd??%@%ﬂ%?ﬁgﬁéggébtU%%%?Qsﬁégtfigg. I't shogld be not ed
th§$3f§§¥fﬂé@@)ei@hl@QsﬁPEouﬁﬁgﬁnggahhaxaaérEﬁﬂ@e the
| ayer s I1sotropic etching, it is preferable to
ardangerihe sageificechaype rempviedguhdkes alsa6l iadti can
interval equal to or smaller than the length "a" of
t heyphort@fiosife obntibeianr whgaph( povables Vilghatsleretivity
plate). Then, as shown in FIGS. 12G the resin film18

5 | swion ness@scantoppeenostdeayeimof thise ebivbifgtiigmy the air
plate. 20 The resin filmis provided for the purpose
ofg@eqld @ | mgth apuEAYLE L ORNEREGNTREYI-st MedEe (g the
preventing dew formation in_the air gap an%@j rusi on
ofsdorefgpe havesr $FbhyvBdghi A§ SRETEGST i eqﬁﬁyer
renovi ng holes 60 and _acquiring a corrosian
r kR SR b ENGf LRRE TV Br étlﬁgﬁd 35 E‘I%ﬁ e*e&j‘d-’iagc °n HEOKSS B4
2004/ 012942 PCT/ JP2003/ 009929 86 The f{r I t
r e5% Nt $PF M €AnBe ®858i Py T “pertor méd ysoga ’gglmnlo{:hog%]iln%ws

10 ne%QggétfggoégiggsE s%gh%ially flat surface of the
actuator substrate.

Tt should be noted that since the etching for
removing the sacrifice layer is isotropic etching, it is
preferable to arrange the sacrifice layer rembving holes

15 60 at an interval equal to or smaller than the length
“a” of the shorter side of the air gap (movable
vibration plate).

Then, as shown in FIGS. 12G, the resin f£ilm 18
is formed as an uppermost layer of the vibration plate.

20 The resin film is provided for the purpose of acquiring
an environmental resistance (for preventing dew
formation in the air gap and intrusion of foreign
matters) by sealing the sacrifice layer removing holes

60 and acquiring a corrosion resistance of the vibration

25 plate against ink.



approach, the resin filmcan be formed uniformy wth
sufficient accuracy of the thickness from about 0.05 m

w®B2aG0d/0s¥er al 10 gm Mreover, by form ng the PEBIIrR003/009929

film according to the above-nenti oned net hod, the
surface characteristics can further inproved. In
the el ectrostatic actuator produced by the

above- nmenti oned nmanufacturing nmethod, the distance "g"

10 of the airTﬁ@pfg?ﬂa@?oqgg%n%ﬂebXegq%.k@ﬂﬂ“ggﬁsﬁg easily

the sacrifice layer 14, and, thus, the air gap l4a.is
forymd: o Midh SYfLi 6hent caaeunaChewhbh | i ld®rding to this
variation. Therefore, there i's also little variation

in ddieroadpr athenrebanagt eni shhcoedirseh@ug@ni formly with
characteristic) of 15 the vibration plate 19.

Mor Sonef o i ShC&c8utkakgeopatheothitRecaet dalal LMD . 05 pm
formed by a sem conductor process, a stable nass

5pr oghicd dsr €an1 bepachi myedoweth buf foemenly thieelrdsin film

10

15

20

25

(Fourth and Fifth Enbodi nents) 20 Next, a description

W ldcherdiventowthtd abeverwrosivrocehl BSthodlh de B face
and FIGS. 15A and 15B, of fourth and fifth

enbdti manterbftine prBsBAt TRAFEARET GAPTOM&Eh of FIGS

14A and 14B and FI GS. .15A and 15B shows a

cross-secti onal GPR8weor CAk OSItEE Lo At O RFRBICHE by the

acc rd&n to the fourth_or fifth en?%dinen . F.GS._ 14A . ,

0 B0 129550 SPR05SF606858 T87 A 1A SHow e ¢

U Tpibest Tert 208 BLCR. 128,000, 138 IRHAIE or cne
sacrifice layer 14, and, thus, the air gap l4a is formed
with sufficient accuracy with little variation.
Therefore, there is also little variation in the
vibration characteristic (discharge characteristic) of
the vibration plate 19. Moreover, since a large part of
the actuator can be formed by a semiconductor process, a
stable mass production can be achieved with sufficient
yvield.

(Fourth and Fifth Embodiments)

Next, a description will be given, with
reference to FIGS. 14A and 14B and FIGS. 15A and 15B, of
fourth and fifth embodiments of the present invention.
Each of FIGS. 14A and 14B and FIGS. 15A and 15B shows a
cross—sectional view of an electrostatic actuator

according to the fourth or fifth embodiment. FIGS. 14A



FIGS. 15A and 15B, parts that are the same as the part
shown in FIGS. 1B and 1C and FIGS. 3A and 3B are give

w®k200he193de ref erence nuneral s, and descri pti oPCT/iE0630§09929

will be omtted. However, it does not nean to be
formed of the same materialg,In the fourth enbodi nent
shown in FIGS. 14A and 14B, the vibration plate 19
conprises the insulating 10 layer 15, the vibration

p'é‘ﬁﬁ fhﬁCEBBﬁ té@y%ul:ﬁcha%%bto%%{é}ﬁﬂ“a’sﬁd ngrdayersidvand 158
On the and,

he ot her inthe fifth enbodi nent shown in
FI §3ow 1BAcard £188 erbli@ivichrat i am ol e 11 coipri s@sand
the Insulating |ayer 15, the vibration plate
el petsodeshayar 163 ,t hartesuwrald ng-d ayes sabe 1ds atite part
the resin film18. In the fourth enbodi nent shown in
FI SSowd4fn andsl4BB seal iy amenrerGs 413arand o3healrd ogive
the surface of the vibration plate 19 so as to sea
t hehsageinéi cefkeapace memmdaig helreb &0 cehiemethereof
actuator substrate is used 20 as an actuator w thout
seal 1 hgbehemgadeidf.i célavgyer, rdnATR) ot €880 tn phelformed
vibration plate 19, it is possible to cause a problem
|nOfhhbedéﬂmﬁoﬂﬁéﬁrdﬁloccurs in the air gap due to
operation under a h nper. at envi r onnment

change i et GRS TS mwra.w)%?& 142
tra i ff t
20037010845 tPET P IBIS0STOGITS - 69 pRIStl TFe | B (RSl ating

0 g g%{z%ﬁdgg t%hle\r/]\}\{lr (%?a?ﬂoq{éua ogg_%escg@fcgc% Slzﬁ&@in 88 and the

15

20

25

ment 1n
insulating layer 17. On the other hand, in the fifth

embodiment shown in FIGS. 15A and 15B, the vibration
plate 19 comprises the insulating layer 15, the
vibration plate electrode layer 16, the insulating layer
17 and the resin film 18.

In the fourth embodiment shpwn in FIGS. 14A
and 14B, sealing members 41 are joined to the surface of
the vibration plate 19 so as to seal the sacrifice layer
removing holes 60. When the actuator substrate is used
as an actuator without sealing the sacrifice layer
removing holes 60 in the vibration plate 19, it is
possible to cause a problem in that dew formation occurs
in the air gap due to operation under a high-temperature
environment, a change in environment (a change in

humidity) or transfer between different environments, or



used. In the present enbodinent, in order to solve the
above-nenti oned probl ens, the sealing nenbers are

WO eionetko$2 t o t he surface of the vibration pl atBCEIP2063/009929
to seal the sacrifice layer renoving hol es 60.
Al though a thin plate is usedqyas the sealing nenber
41 in the present enbodi nent, the present invention
is not limted to such a configuration and the 10

Seq EQ%tq%%b%ﬁimgyGQQMﬁﬂéQ§Q§h@'@@n§ﬁQP§£Won of foreign

configuration mentioned | ater, when using

t NG qckuat %ona%qpré}ivthgrérgném P esentnephediAROLLEE is
an 1 nkjet head, a flow passage formati on nenber which

fopRBgan immk Jﬂ&\@sré@&s@g@nw@aﬂ@e&) is poiisedtassbhee the
sealing nenber. 15 In the fifth enbodi mrent shown in

Fl G8oviSAcantd orkhaB, pidiel ¢resj nthayeealB8ngsménbaed ene joined
t he uppernost |ayer of the vibration plate 19, and

5t heoseald rmgimemyerst 4dhe ardofaihed pbathespeséntbagerl the
18. As nentioned above, the object of formng the
r esiacrfiiflimd slayesamneha@oheshesi $Pce | ayer renoving

hol es 60 and acquire a corrosion resistance of the
surface of tHeldeew@tor. thoineéatRelsabifpfl 66 FQ?eFeallng
renmovi ng holes 60 are sealed or closed

f OFYPEYISON Of ¥ heheRPTRTFHm SPRRF&MFRY /| kF)%{?I Bresent

bi ity of dew fornmti h dy
par T Uhdeh i HEE EHerat SPEE enviPOARERE S o4 Shoand the

2004/ 12942 P /JPZOO 0099 9
10 envish dﬁd%a¥n %un1§§¥y$ dEH Eg%g g% confmguratlon

dlf&%r%n; e@@'H%“%qgﬁedh@£€8¥erwhéﬂeﬁglh§ the actuator

according to the present embodiment as an inkjet head, a
flow passage formation member which forms an ink flow
passage (channel) is joined as the sealing member.

15 In the fifth embodiment shown in FIGS. 15A and
15B, the resin layer 18 is formed on the uppermost layer
of the vibration plate 19, and the sealing members 41
are joined to the resin layer 18. As mentioned above,
the object of forming the resin film is to seal the

20 sacrifice layer removing holes 60 and acquire a
corrosion resistance of the surface of the actuator.
Since the sacrifice layer removing holes 60 are sealed
or closed by the formation of the resin film, there is
little possibility of dew formation in the air gap due

25 to operation under a high-temperature environment, a



little possibility of operation failure due to

intrusion of foreign matters froman environnent in
wokdogh1ohe 5 actuator is used. However, since BCTIoIr0ed/009929

resin filmhas perneability slightly, if the actuator

Is put in a special environggnt which is not usually

in a nature, rapid penetration of noisture may not be

prevented. In 10 the present enbodinent, in order to

solorg nspch @ ebl @Rent hecis@adhd Non MeGReR sty eopokRedsfer
further so as to conpletely seal the sacrifice |ayer

r em WG rh ol iesf Hbn Al diholgbnmet b n phiateoirsrysedeas is
the sealing nenber 41 in the present enbodi nent, the
pr ésentl €l pdavkentl oy ist nopetanitedfadlsuehdae to intrusion
configuration and the sealing nenber nay be a
t hrogie-fimesingi ot t o f cpm ath oanvobpeoent Asnnehicbnéte
| at er, when using the actuator according to the
5 pr esdmatentbodi it d as an i nkj et head, especially when
using ink having a high pH value, it is 20 necessary
to forma corFUSFOR: r e318FaAnt FPFAPSUERSAE 41 1PedPR

film and a fl ow passage fo tion er I be .

f RSrER SR  PEAHE [ OF TBLL S0 PRIPEL TRYDRE i

In the fourth and fifth .enbodi nents, th sealin

ne e (ﬁﬂY%ﬁf?%%?&xy%ﬁﬁo %%en%beé ?%%ypﬁglggnigure'

V03605 G120 B HoodaT boss5s 85 Tt rneac e et TP
lOf|Q%&§ v vaLioysi ReAHct Uhes-and wet RedSe @%ch a problem,
explained 1 n the above-nenti oned enbodi nents.
the sealing members are joined further so as to
completely seal the sacrifice layer removing holes 60.
Although a thin plate is used as the sealing
member 41 in the present embodiment, the present
15 invention is not limited to such a configuration and the
sealing member may be a three-dimensional configuration
object. As mentioned later, when using the actuator
according to the present embodiment as an inkjet head,
especially when using ink having a high pH value, it is
20 necessary to form a corrosion resistant film such as a
resin film, and a flow passage formation member may be
further joined after the formation of the resin film.
In the fourth and fifth embodiments, the

sealing member 41 can be joined onto the vibration plate

25 19 since the surface on to which the sealing member 41



(Si xth Embodi ment) A description will be now be given,
wth 5 reference to FIG 16, of a sixth enbodi ment

waementiony to the present invention. FIG 16 PGI/aP2003/009929
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cross-sectional view of an electrostatic actuator
according to the sixth enbogpment of the present
invention. In FIG 16, parts that are the sane as the
parts shown in FIG 3B and FIGS. 10 6A through 6E are

gi yenybhesane reaferente; erat Soudngerdeserépt bAASmethods
thereof will be omtted. However it does not nean to

beatoetpd sahddha rsafie: nai@rd-alentivide presenhents.

enbodi ment, the electrode side insulating |ayer 13

and the vibratdionciplmtleodimendb i nsul ating |ayer 15

are given variation in their thickness in the area

where the aira gigsddipekistwilThee phivckaegsveh, edéhih

of the insulating layer 13 and the insulating |ayer

15rie§ egemnceo tHye i g6 i rrfa T eni# il erpb@@i@ﬁnghécaprding to
gap in the cross section which is taken 20 along a,

| : faepRESSIAL tig Ut KHor t G dk® o%StﬁechBrat%FBhonal
plate and to be smaller at opposite ends of. the ai :
QaBFH Eife 20r GIS TSAT G- ¢ He" 6P BCT rogFaifg o the sixtn

SR R 0 LA SEPLLESLRCT O LUR 16 gpares

oS A A AELLED FLES VAoHR TI0RNIZN i macs.

S:§€EQ?6Q%§&gpg?ﬁ%§edi@%@byhgeégﬁgjngépgnﬁébﬁﬁhEQBls, and
descriptions thereof will be omitted. However it does
not mean to be formed of the same material.

In the present embodiment, the electrode side
insulating layer 13 and the vibration plate side
insulating layer 15 are given variation in their
thickness in the area where the air gap l4a exists. The
thickness of each of the insulating layer 13 and the
insulating layer 15 is set to be larger in a central
part of the air gap in the cross section which is taken
along a line parallel to the shorter side of the
vibration plate and to be smaller at opposite ends of
the air gap in the cross section.

In the electrostatic actuator, when a voltage

is applied across the electrode 1l2a and the vibration

plate electrode 16, an electrostatic attraction force is



el ectrode 12a. The vibration plate 19 in the vibration
pl ate novabl e area 40 deforns in a generally Gaussi an

WG 2@40v®43 convex when viewed from the el ect r odeCTPRR))03/009929
with the partition area 50 as fixed ends, and the
deformation is nmaximze at §he center of the
vi bration plate. In sone cases, the deforned
vibration plate 19 nay contact the electrode 12a. In
sugbnargase, ihhe eenrticali opords amelGiiof dde gddbraidony,
plate 19 contacts first. Mreover, the voltage across
t henekestr adeotAangantet ke beidhiriatn qrl qpieatie eteedrddene
16 is divided into the insulating |ayer 13, the air
gaplddaradd tlhe.i nShleatviibbgatiayerpliBcatl® in the vibration
predeterm ned ratio. The predetermned 15 ratio is
depeenenedviblacesedardde dgifidrmsheln i ckanessa bly @epsian
insulating layer, a dielectric constant of each

5 i nsukdei KgoRapEr wh@ﬁl Fiievgsh fdist de %]rﬁjc%r%‘il%l BEhigith
constant of the air gap A part of the vol a §
actseaparhd tdPBcFEESt atd @ SathiriRd iU T ord e "L £ emat on

determ ned 20 by a partrﬁf the v Itg&@adlstr|bu£eg
e.

théfamsxégﬁze AlcoT& 7§ eﬁf°§r1 %$a %%@épl in

a | e t t t { {

2CBPHE CPRFoknebe o TRARIr or THE THehl BT vy Ty g eact

?n%héseﬂ%c%%%ﬁ%engelaﬁﬁy &l& the.ald, g@@edééﬂéfgf portion
In“oth wor ds om#vo tage operation of

10t hsfa%%awgr%%&o@le Q12004 QUA942-PCTE JP2003/ 009929
92 attenpted by reducing the thickness of the

insulating hayelowdd anorvdheaddi gkness ehet bBectrode 12a
i nsul ating |ayer 15.
and the vibration plate electrode 16 is divided into the
insulating layer 13, the air gap l4a aﬁd the insulating
layer 15 at a predetermined ratio. The predetermined
15 ratio is determined in accordance with the thickness of
each insulating layer, a dielectric constant of each
insulating layer, an air gap distance and a dielectric
constant of the air gap. A part of the voltage which
acts as the electrostatic attraction force is determined
20 by a part of the voltage distributed to the air gap.
Accordingly, if the same voltage is applied, the
electrostatic attraction force increases as the
thickness of each of the insulating layers 13 and 15 is

reduced relative to the air gap distance “g”. In other

25 words, a low-voltage operation of the actuator can be



On the other hand,-in order to secure the electric
reliability of the actuator (for exanple, an initial 5
waele@imeconl c vol tage withstand and a di el ect ri cPCT/JP2003/009929
breakdown voltage with age), a certain thickness of
the insulating layers is req%%;ed. According to the
above-nenti oned nmatters, vol tage operation of
the actuator can be achieved 10 whi | e naintaining

Te" Ill%@?agér§g§ghg% t%g e%so%fe%%P %nsu ating

i nsu he NEeht & port|

the{%fgﬁ 1B whioh .t he  defqr ‘e§y16¥ JHEElﬂgﬁﬁé%%ﬁ@ layer 15.

I'S nmaxi num to a val ue whi ch can provi

Suf&a ciedat oeﬂlegt hbAd" ek habirhity tand educing the ddic
t hi ckness af the opposite end portions. There i's no

neege1 Payal Yt {hert hhekensuakoRot(frotrhexiangileat iR initial
| ayers 13 and 15, and only the thickness of the

5i nsad @l édgritayel tidenay the tvad addos @nle ddi@ic breakdown
thi ckness of the insulating |layer 15 may be vari ed.

O, véheagdi ekhessgef , 28 betrhatihe thiskhatsisng fl &yrer sinkBilating
and 15 nmay be varied as shown in FIG 16. Next, a
destaypt$ ohs weetiubeedi-ve, with reference to FIGS. 17A
through 17G of a manufacturing nethod of the

el ectrost ati cAaepuatsg. thadh cofRPPVESMETA PB G Hraditfts ,

17Gis a cross-sectional view taken along a Iine WD

200%9@1?@h§agﬁﬁ?9P?6§3P609§2§h99§C§§95PFeF@Fobﬁh€0hleved

shorter side of  the Vlb o] FIGS. 17
10 POt he T " P P e B BE ArE LA aany SEHED the thickness

of each of the insulating layers 13 and 15 at the center
portion thereof, in which the deformation of the
vibration plate 19 is maximum, to a value which can
provide sufficient electric reliability and reducing the
15 thickness at the opposite end portions. There is no
need to vary the thickens of both the insulating layers
13 and 15, and only the thickness of the insulating
layer 13 may be varied or only the thickness of the
insulating layer 15 may be varied. Or, the thickness of
20 Dboth the insulating layers 13 and 15 may be varied as
shown in FIG. 16.
Next, a description will be give, with
reference to FIGS. 17A through 17G, of a manufacturing
method of the electrostatic actuator. Each of FIGS. 17A

25 through 17G is a cross-sectional view taken along a line



parts shown in FIGS. 12A through 12G are give the sane
reference nunerals, and descriptions thereof will be 5

woriokned42 However, it does not nean to be for necr/aif2003/09929
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same material. The process of FIGS. 17A through 17D
are the same as the process gf FI GS. 12A through 12D,
and description thereof mﬁl? be omtted. 10 FIG 17E
shows the result of the etching process of renoving

the %gg&%fi%% %%%?th%ﬁéyﬂngéﬁJﬁ’tﬁ@evfg§gﬁfﬁnf Tate. In
tl fslce

refoving “the “sacr| ayer 14, the thickness o

eaghsaf the I(}I?lgtll(glﬁﬂ NG d ayelscl 3 and dde i the tH8nAI &5 the

gap I's varie taneously. This process 15 utilizes

thEaE%%ts%B%E.HE?EQK%N'ﬂlﬁ‘ﬂhf&ﬂ@%ﬂlﬂbtimb goe&i theesame
| ayer 14 progresses fromthe vicinity of the

sagkirbi-ee deayemdrenmyi nthdales & pansh ¢ hehprasfrawill be
etching time at the opposite ends of the air gap 1l4a

i S oharger . t hawaver pliasnoet ol ngneéametatbe hBorwatept the
portion of 20 the air gap 1l4a. The difference between

t heaprooessesiadf. FIG 17E and FIG 12E is that a

difference is given to a etching selection ratio
bet ween the <Hweidieecsayef HIGStolbe ehenedlandPt REe the

insulating |ayers 13 and 15 that 25 serve as g%ching
st Gpper 5 THE H20C85F tHe lahpl B201 TWEP 98047 612033

PCT/ JP2003/.009929 94_FlI | 7E, neans.is taken so that
t hElesteeHiRig el 'R TIH Wﬁ%]%%c%%€9§%| | er than that

of the exanplf&éhonylghows the result of the etching

process of removing the sacrifice layer. By performing
the etching for removing the sacrifice layer 14, the
thickness of each of the insulating layers 13 and 15 in
the air gap is varied simultaneously. This process
utilizes the fact that the etching for removing the
sacrifice layer 14 progresses from the vicinity of the
sacrifice layer removing hole 60, and the plasma etching
time at the opposite ends of the air gap l4a is longer
than the plasma etching time at the center portion of
the air gap 1l4a.

The difference between the processes of FIG.
17E and FIG. 12E is that a difference is given to a
etching selection ratio between the sacrifice layer 14
to be etched and the insulating layers 13 and 15 that

serve as etching stoppers. That is, in the example of



FIG 12E. Here, the etching selection ratio is a

numeri cal val ue expressed by "an etching rate of the 5
woradoeizl2 of the sacrifice layer / an etching PEL/&20603/009929

the material of the insulating layer". As for neans

to change the etching selectiggn rate, there are nmeans

to change kinds of the insulating |ayers 13 and 15

and/or the sacrifice layer 14, neans to 10 change the

filzpdeposi tipn condl tign.anddornfil pndeppshth@nNselection

met hod, “means to change the etching conditions of

remving dhgsacdndicer | ayer 4dat AbEhedghexaRaNe kBown in
change the etching conditions for renoving the

sagifid.i aed ayaleddt, i sSheisetchimgheepeesenh emhadi nent,

15 there are various approaches also in this neans.
Fomunexargle,val ue xéupees a¢d obpr “an abhobhthgofaftkowt( &he
anount of use) of etchant nay be changed, or a power
5suppltemfal plfasnee neycbef thangader Unl fReethbiagampite of the
of FIG 12E, the etching for removing the sacrifice

| ayerteididls @0 Pez f braebe Wi kG +RA¥ESFesi st 70 remai ni ng
thereon in the exanple of FIG 17E. This is because | .
the reducti or®$ nfo¥ HeegReht-AgcEareet i8R F&Fpﬁnﬁéﬁﬁééﬁtlon

the sacrifice |layer 14 dt ' | at.i | 13 ‘
e et ned e, ShSaRPel A Ba B Seklageans

ween
A L LA e ey LT

10 2'7% raratar},%ges rt‘;ﬁ;e?\lf]\@}irﬁmgégos%'zfon Fizgﬁlilj%ioﬁs aﬁﬁqw if@.lﬁll G
deposition method, means to change the etching
conditions of removing the sacrifice layer 14. Although
means to change the etching conditions for removing the
sacrifice layer 14 is used in the present embodiment,

15 +there are various approaches also in this means. For
example, a mixture ratio or an amount of flow (an amount
of use) of etchant may be changed, or a power supply of
plasma may be changed. Unlike the example of FIG. 12E,
the etching for removing the sacrifice layer 14 is

20 performed with the resist 70 remaining thereon in the
example of FIG. 17E. This is because the reduction in
the étching selection ratio between the sacrifice layer
14 and the insulating layers 13 and 15 influences the

etching selection ratio between the insulating layer 17.

25 Next, the resist 70 is removed by oxygen



18 serving as an uppernpst |ayer of the vibration
plate 19 is forned so as to obtain the electrostatic

w@edogaton2 5 according to the present enbodi meneCT/JP2003/009929
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However, in the process of the present enbodinent,
since the inner surface of {he air gap l4a is exposed
to oxygen plasma after the etching for removing the
sacrifice layer 14, is it necessary to performa

sg%rfaa&%tagsea&qggg]h Ysi pgz10,pkasma of a fluorine gas
betore Tormng the resin film 18. (Seventh

Embodi ment) é\igg§@§(l PLEO WK iROWTle giA@nthd thesin film
reference to FIG 18, FIG 19 and FIGS. 20A through

206 sé@VPﬁ ag seyantipperhodicnent caf otffhehpr eséntation plate
i nvention. ?:I G 18 is a cross-sectional view of an

i Nkg ets heagmagcoodiabgtot obtthé nsenentll egrthodi teehitc gfctuator
the present invention taken along a |line parallel to

a shesteingi de oheapvebeati embogliawat .20 HAvweviqikj et the
head shown in FIG 18 conprises a first substrate
(astoaeos 6O thagpresser) erbogdiseesnd s AR & P Hnd

a third substrate (corresponding to the nozzle

f ovwi BycerenBeENe3aisi Aed 42t Ae BFRGHRGarE tBpraen plasma

25 £ b hnabBYENEA: (6fed SEBOTITE S, Y 1 of 37 g Yo -

(1] 10,00 2004 012947 BCTIPR003.00382, 98 st oo

Chgfgg%azéfcgn%ﬁ%%%qn%og%smﬂgfgfé3@égming the resin film
18.

(Seventh Embodiment)

A description will now be given, with
reference to FIG. 18, FIG. 19 and FIGS. 20A through 20E,
of a seventh embodiment of the present invention. FIG.
18 is a cross—sectional view of an inkjet head according
t+o the seventh embodiment of the present invention taken
along a liﬁe parallel to a shorter side of a vibration
plate.

The inkjet head shown in FIG. 18 comprilses a
first substrate (actuator forming member) 1, a second
substrate 2 and a third substrate (corresponding to the
nozzle forming member) 3 joined to the bottom and top

surfaces of the first substrate, respectively. Similar

to the above-mentioned embodiments, by joining the third



nozzl e holes 31, the common |iquid chanber (not shown)
and the flowrestriction. part are forned. 5 The

whedromownl | of the |iquid pressurizing chanbeeT/22003/009929
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formed in the first substrate 1 serves as a vibration

pl ate 19A. | ndi vi dual electrgges 12a are forned bel ow
the vibration plate 19A so as to opposite to the
vibration plate 19A with an air gap 14a 10

t her ebet n l, ectd: tJ roi Lyt ed

by PRE VT EFari Gf pIat o ‘104 Shd TR rnal i dual Toeid

ell\gg Egg§§.zi}1§ach—5%e\ﬂ briatd pmh e d9A hebufality of
two-layer structure conprising a nitride film 5a on
the,siog @b1eLd stihe eleclomemdes 1L2p Nt afod ¥ S{ho€08hown)
filmb5b which serves as a conmon el ectrode. As

exphai Red lrater rddte i Ailorgapddats formed. by et ching

a sacrifice layer 14 forned on the electrodes 12a

after form ngHhéoEde@ctwadeso fl 2ehandighiedvipbeasiiohzing
pl ate 19A. Therefore, 20 the electrode material of the

vi bhatnber pgllatferi@Al iis: thhe Potgsidieobrdi¢ni apgvas as a
nitride filmhaving a high selectivity to an etching
gavibsattapimnatledaas 98 - prigidctidea i¢hecineiepyl2anate

el ectrode material having a |low selectivity to :
et EREAgdgds loah e &k a Qﬂ?%&??e%%%t%oe%faFaeﬂﬁﬁ?Slte
of sel ectign range of the ocess WO 2004/0129:%a

PCEP) PBS0 S GESI2™ PR T4t H T (1o AET UAEBr

Su%%terraetb%t%v'nedenc.OStAnr ee uecct'tj_nponstacgfc bé?c@&él@gpt fg constituted
by the vibration plate 19A and the individual electrodes
12a. '

The vibration plate 19A has a two-layer
structure comprising a nitride f£ilm 5a on the side of
the electrodes 12a and a polysilicon film 5b which
serves as a common electrode. As explained later, the
air gap l4a is formed by etching a sacrifice layer 14
formed on the electrodes 12a after forming the
electrodes 12a and the vibration plate 19A. Therefore,
the electrode material of the vibration plate 19A is the
polysilicon film, and a nitride film having a high
selectivity to an etching gas is laminated as a
protective film. Thereby, an electrode material having
a low selectivity to etching gas can be used, which

results enlargement of selection range of the process



The second substrate 4 joined to the bottom surface
of the first substrate 1 serves as a protective 5

wGeuiwsntase for protecting the first substrate BRCT/JP2003/009929
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Recessed parts 45 are formed in the second substrate
4 so as to forma cavity belgflthe i ndi vi dua

el ectrodes 12a corresponding"to each air gap 14a. The
recessed parts 45 are connected to each other by a 10

connection.grooqve ' [ e -
SoRPE SR 2L, DI MR LB oo reccrion
partially _.r so as to form connection through

ho éé %8 g&t%%ﬁﬁ%g%he air gap 14a is connected to the

cavity formedybydhe,desassed pard 45:hbaodghthBepotton
connection through 15 holes 46. The cavity forned

beLowrthe ioHivtidualrstelamddode-d2n serves as a gaspective
when air in the air gap 14a is conpressed by a

di sphaeenent ofr thetddiriatd orhe pf at et 19404 tThus, 1a
pressure increase in the air gap 14a 20 due to the

di spl acement rfcddm=digmats ohd pha¢ efdoedann bbe second
reduced, which results in a reduction in the drive
vokuagé reftet He sactamtior .fole & ometty opeldiv obigh hbflégidual
46 (corresponding to the sacrifice |ayer renovin
hoEé§06GQQ$&l#?%ﬂﬁﬂﬁ?e%ﬁpﬁﬁ#ﬁqd%%de%%%oﬁ+ﬁeﬁ?g)lg?e The
used as through hol es when WD 2004/ 01294

PCTEFPEEGS (EIYZ0 4 g & CHIHP G- SAck? fPoel | aFRP Tt BY nid

e 1o LS IR 20,300 LheuL bt LoD e

Additionally, each individual electrode 12a is partially
removed so as to form connection through holes 46 so
that the air gap l4a is connected to the cavity formed
by the recessed part 45 through the connection through
holes 46.

The cavity formed below the individual
electrode 12a serves as a damper when air in the air gap
l4a is compressed by a displacement of the vibration
plate 19A. * Thus, a pressure increase in the air gap l4a
due to the displacement of the vibration plate 19A can
be reduced, which results in a reduction in the drive
voltage of the actuator.

The connection through holes 46 (corresponding
to the sacrifice layer removing holes 60 in the above-

mentioned embodiments) are used as through holes when



of the inkjet head shown in FIG 18, show ng an
arrangenent of the connection through holes 46. As 5

wG@hawo1dom2 FI G 19, the connection through hol eBCH&P20032009929
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arranged in an area corresponding to the entire

i ndi vi dual el ectrode 12a (c gesponding to the each
air gap 1l4a). Thus, the sacrifice |ayer can be
renoved from the entire individual electrode 12a,

whi | | he. i . .
which Al ggﬂfﬁgcgl%%gt ?hiRg 98%ka DR SN liatk 10 ddroa

e"air p s to be fornmed, resulting

iglférgggCEﬁgnvkﬂagggonebggk%gl@@ﬁe-Eﬁeﬂrﬂgﬁwﬁﬁa.plan view
ad] nd

usting recessed part a a connection hole which

conpect s {he;preastresadiustinng1cls reecessad pardn to
outside are also forned in the second substrate 4.

Adgi ti0pahbyc 8rmenabkenplkate chor HyessLITe 1 e 46t mea

is formed in the first substrate so as to forma wall

of sRowAvihyrdeli ned hyet henpressuwre tradjugdt igles 46 are
recessed part. Accordingly, by closing the 20

coapeshiyon thr anghrkel es r4@ sahnetirguppl Vilrgy entdise air

into the air gap 14a and the cavities defined by the _
recedseddpait ed5camedehd 2gr dSORTE AT hGET eele sereh alr
part, the actuator part is not influenced by an
outsbdeaknvi FhiRentie25aReHE 108 dedltsy oS FEmpesd from

12, L1 YO.2008, 012522 PCTLICR00S 005500, 9ot e

method,of the aboye-menthaned kel Nead . fl& 208 L9r gap
14a is to be formed, resulting in a reduction in the
etching time.

A pressure adjusting recessed part and a
connection hole which connects the pressure adjusting
recessed part to outside are also formed in the second
substrate 4. Additionally, a movable plate for pressure
adjustment is formed in the first substrate so as to
form a wall of a cavity defined by the pressure
adﬁusting recessed part. Accordingly, by closing the
connection through holes 46 after supplying a dry air
into the air gap l4a and the cavities defined by the
recessed part 45 and the pressure adjusting recessed
part, the actuator part is not influenced by an outside
environment.

Next, a description will be give, with



20E are cross-sectional views for explaining the
manuf acture nethod of the inkjet head. .5 First, as

wG@howo1dom2 FI G 20A, a nitride film 5a havi ng BCT/JP2003/009929
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thi ckness of 0.2 mand a polysilicon film5b having a
thickness of 0.1 mare formedqgon a silicon substrate
constituting the first substrate 1. The silicon
substrate has a plane direction of (110). 10

Addiddonaldy td eide. presephr60GRALIENt oral eXnde akithiPing
10c having a thickness of 0. 8 mis forned on the

polysindE sk fithen BbovShhset i beegonmricel aekrode Fliche 208 to

polysilicon film5b) is sandw ched between the

| Nmtdrg dayesss¢theonalritlewsi FmrSaxandinhegoxhde

15 film5c), any conductive materials may be used as a

natrerieda ofutdieneonedno €| goer ddkjeTherada pol ysilicon

film20 having a thickness of 0.5 mis formed on the

oxide film5cFiTae, pbobPsSivhi éBnFELI- M2 i & adddige £1ilm Sa

sacrifice layer, and 20 the thickness of the _

polhssiinon fhiek2@sgepfnes2t he adfispaneeyEdilmensi dalm Sb

of the air gap 1l4a. Further, an oxide filmwhich .

seassings anthiakigati a§ Payelm13T8ndorREd AR ¢i dddfcon

el ectrode 12a are.][eo med tge l'ysilicon fi.lm 20.

hs TG oS Ehe o5 P nahGi AGAF er BRCEoge1a, | T

pol ysilicon % ' {/\%I Ti . ,Q12942

P IPA005) BIOS26 007 W A ert: Sedn B dedd )

SU9§£§H§¥BA§11§Peiﬁth¥'Qyééeﬁke%hﬁeéﬁm%%%,'%n oxide film
10c having a thickness of 0. 8 Um is formed on the
polysilicon film 5b. Since the common electrode (the
polysilicon film 5b) is sandwiched between the
insulating layers (the nitride film 5a and the oxide
film 5¢), any conductive materials may be used as a
material of the common electrode.

Then, a polysilicon film 20 having a thickness
of 0.5 UWm is formed on the oxide film 5c. The
plolysilicon film 20 is used as a sacrifice layer, and
the thickness of the polysilicon film 20 defines the
distance (dimension) of the air gap l4a.

Further, an oxide film which serves as an
insulating layer 13 and the individual electrode l2a are

formed on the polysilicon film 20. As a material of the

individual electrode 12a, polysilicon, aluminum, TiN, Ti,



patterni zed by a |lithography etching nmethod, and the

insulating layer 13 and the polysilicon film20 are
wab@aoRognt t erni zed i n necessary patterns. ThePCT/@#2003/009929

shown in FIG 20B, an oxide film having a thickness

of 5 m which corresponds toap insulating |ayer 15,

is formed on the insulating layer 13 and also on the

exposed surfaces of the individual 10 el ectrode 12a

angy t hepd Nsait @t i ogn I syensdg, It is preferable to
flatten the surface of the insulating |ayer 15 by a

cheni cal mechgmbgabupatighi age( ENBY viEhaod elefctateout 1Ra is
m Additionally, it is preferable to set the

t higedanessn Died hiey | asul Bhdggaphyeettbigyeatehotharnts the
the thickness of the vibration plate 19A so that a

ri girdulatofng heapartlgoatdi bhagpthgsindicendddilm 20 are also
el ectrode is equal to or greater than ten tines the

5ri patitgroized hien virpeasfadny ppat&er9A. Next, as shown

in FIG 20, the insulating 20 layers 13 and 15 and .

the indi vi duafheltecffodBoTRaltr € 16patCernitfe@ie f11m

l'i thography etching method so as to formthe

corltstndra t Hr belghshdl @8 26MHhi YhighecaséqspPandferovEan

e POSLIASO LM 20 26 YL00GE5 o8 SALCLILES o BeT ey er
Lotk b b SRR HIARLdunbelest e e
rof i 10 d S foh g, , by, gxidat i 00,1001 nhhe sg%Rosed sunf age
of t'he rndividual electrode 12a
preferable to flatten the surface of the insulating
layer 15 by a chemical mechanical polishing (CMP) method
of about 1 Mm. Additionally, it is preferable to set
the thickness of the insulating layer 15 greater than
15 the thickness of the vibration plate 19A so that a
rigidity of the part containing the individual electrode
is equal to or greater than ten times the rigidity of
the vibration plate 19A.
Next, as shown in FIG. 20, the insulating
20 layers 13 and 15 and the individual electrode 12a are
patternized by a lithography etching method so as to
form the connection through holes 46 which are used to
remove the polysilicon film 20 serving as a sacrifice

layer. 1In addition, as shown in FIG. 19, an electrode

25 pad part 47 is also formed in the individual electrode



exposed on side surfaces, and the polysilicon film 20
is renoved by an isotropic dry etching nethod using

WEEB4/05R98 nce the polysilicon film 20 which seP@BIP2063/009929
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a sacrifice layer is surrounded by the oxide filns 13
and 5c, the sacrifice |ayer can be renoved under a
sacrifice layer etching condition providing a high
el ectivity to the oxide filns 13 and 5c, which results

1047, an aegprate §.0f gatEon, of St hs ﬁé&,Q?in g:nﬁgga'%&ofn?r on

r
the  nethod of renoving tﬁe po yS|F|con

SeRYdNE A% sd e $AELEL 1 68 LRYCInqdviBLa 8t 6NkRE BBENAd
using TMAH or a nornal pressure dry etching nethod

USidi el GRS dBYe HerHseds, 1ondddhti ppabkyliabhheugh, 20 is

in the present enbodinment, the connection through

holresnAed oy removisgrophe sagrétenenbayethateusing SFs.

arranged in a grid pattern, the arrangenent of the

connecti on t htough hobokesodlgsitinoh fhim Lé&dwhdchheerves as

grid pattern. A large nunmber of 20 connection through

holeess A6 inBycalebreasess t ierapendefl byhehendkvidgudilms 13

el ectrode 12a which results in a decrease in the

el eatd Ot atlifee ata¢atifion toyee geRePbat e8mpECAesRderhe

i ndi vidual electrode 12a and the vibration plate 19A,

ThESCHHL 1 R B ar o &P geFRLEL FhEP nNHABEL 1P Re 325190

confi guratjon and di nensi ons, of t connectio .%ﬁrou h

WO S0 P9 2 P 26037 0b8539 T?oﬁnﬁog& N6 Fesults

att.enpting matching with.the pr ss.; of e i ng,th

sacH fate %ﬁ&ﬁ?e §brma@1£n oPr PS54 0 gaE Y AE %or the
method of removing the polysilicon film 20 serving as
the sacrifice layer, a wet etching method using TMAH or
a normal pressure dry etching method using XF; gas may
be used.

Additionally, although, in the present
embodiment, the connection through holes 46 for removing
the sacrifice layer are arranged in a grid pattern, the
arrangement of the connection through holes 46 is not
limited to the grid pattern. A large number of
connection through holes 46 may decreases the area of
the individual electrode 12a which results in a decrease
in the electrostatic attraction force generated between
the individual electrode 12a and the vibration plate 19A.

Thus, it is necessary to select the number, the

configuration and dimensions of the connection through



Thereafter, as shown in FIG 20D, the second
substrate having the recessed parts 45 is joined to

W0 b4/0R9%1 r st substrate 1 by an adhesive 47. TPETJP2a03/009929

10

15

20

25

nitride film48 is fornmed on the front surface of the
first substrate 1, and the pjtride film48 is
patternized in the configuration of the liquid
pressuri zi ng chanber 21 by a |ithography etching

WEBBQQS.Z%thigéﬁﬁgﬁg%gﬂlﬂa(éaQéhfggiwi@@ thdUbHocess of

pressuri zing cha isTormed inthe first

subgtkat agbynd walc atrehieng daisd g KOH by using the

pattern o?-the nitride film48 as a mask. It should be
noted that, alHrughdol showowm it heIi gpors, the second
finally the third substrate which is a 15 nozzle

f opbBg ravebeaviisig dhed-daeddml sptrfaced ofis hpoifiedsto the
substrate, and the electrostatic inkjet head is
cotfplretedublsirshie ilnkjetarheathgrotriced. byThér, apovetride
menti oned manuf acturing nmethod, since the gap spacing

i s fidef 48d ilsy fovmeachicckridss DfortheswaEr¢di @€ Fhgefirst

the air 20 gap can be formed with sufficient accurac ,
angubster&e Var isgtd ditte Additidnhatim thetd P%tF%rﬂéé%d in
to performa direct bonding or a. anode bonding, and. a

| SFBE AP GRS It o e br Geeten T Lephg cABfbdr 21

epuean S g pLeSeR ihe DKL eh DR, erc.

a %B%“ chent Lyl %{qﬂp‘é% 4 Dlo942, BGILAP2P035009224 in the

10 rate. &é%ﬁw odi ment
first substrate by a wet etching using KOH by using the
pattern of the nitride film 48 as a mask.

It should be noted that, although not shown in

the figures, finally the third substrate which is a
nozzle forming member is joined to the surface of the
first substrate, and the electrostatic inkjet head is
completed. 1In the inkjet head produced by the above-
mentioned manufacturing method, since the gap spacing is
defied by the thickness of the sacrifice layer, the air
gap can be formed with sufficient accuracy and little
variation. Additionally, there is no need to perform a
direct bonding or a anode bonding, and a large part of
the manufacturing process is a semiconductor

manufacturing process, the inkjet head having a stable

performance can be manufactured at a sufficient yvield



A description will now be give of a droplet discharge

head equi pped with the electrostatic actuator 5
w@ewaenthomy to the present invention. The dropl BCT/JP2003/009929

di scharge head equi pped with the electrostatic

actuator according to the preggnt invention

conprises: a nozzle formng nenber having a nozzle

fromwhich droplets of liquid are discharged; a 10

fl Qw.,passage fornming nenber having a liquid

pressurizing chanber connected to the nozzle; and an

actuator fornggyhienesohimdhtrh the el ectrostatic
actuator according to the present invention is

fornmed. The df opdetrdbsthargell head Becgidengfta theplet
present invention can be used for 15 a dropl et
di sichamge Jreackavhi edu dbisehargels ahei guedtreststicnacheator
formof a droplet, a droplet discharge head which
5di schange ray sanpiiee gfrNntninhentoem of a droplet or
an inkjet head which discharges droplets of  ink so as
to print i magdze olrelptahedischapdFoneagafpléPreRewith the
i nkj et head conprises: one or nore nozz|e holes ich
di seieartge sl etacBiatok; 2aCOFR4uP dtpr E8SUPFZFAG
chanber (may be referred to as_a _discharge chamber,. a
pr ST FHy CHENDEFSS ant i ARZZLRahBER Y ﬁ?& Fq eving @
chanber, a_ pressure chanber or an.ink.25_fl ow:. .
pas¥ide)® ‘ﬁ%v§%+% vgﬁ?%??gﬁ %?a%é&§ﬁécﬁgge§35§h§§gﬁ8' .
2004/ 012942 PCT/ 03/0 : Ik ;ef,ith r
l%i(ﬁ%qy;ﬁ%ﬁﬁﬁﬁ?z?ﬁ%ggﬁgﬁ@%&%ggnﬁggﬁﬁgégeE%g%ég ?§§F€5r121ng
the,vihration plateswthiad abt ;98P and an actuator forming

member in which the electrostatic actuator according to
the present invention is formed. The droplet discharge
head according to the present invention can be used for

15 a droplet discharge head which discharges a liguid
resist in the form of a droplet, a droplet discharge
head which discharge a sample of DNA in the form of a
droplet or an inkjet head which discharges droplets of
ink so as to print images or documents.

20 For example, the inkjet head comprises: one or
more nozzle holes which discharge droplets of ink; a
ligquid pressurizing chamber (may be referred to as a
discharge chamber, a pressurizing chamber, an ink
chamber, a ligquid chamber, a pressure chamber or an ink

25 flow passage); a movable vibration plate which serves as



t herebetween. An electrostatic attraction force is
gener ated between the el ectrodes (vibration plate 5

web@apidre and the el ectrode) by applying a voPCHIE003/009929

across the el ectrodes. Accordingly, the vibration
plate is defornmed by the elegjsostatic attraction
force, and when the voltage is cancel ed, the
vibration plate returns to its original state due to
an glasiicofotre. 116uTheprelyuriing npidhemuefr t hend an
vi bration plate generates a pressure for pressurizing
t heelaktrodéhéatiqyi dheprébsuartisnnglechamharch Hius i@ gap
droplet of the ink is discharged fromthe nozzle hole
by presshbetvgethe Rnkeillpctirbetkhitdu dtimessiiKdrziffigrce is
chanmber. 15 A description wll now be given, wth
referepteted Feoregn, tRpGele2tandeRl GS1b234 1 28R laritk
23C,_ of an inkjet head which corresponds to the

5 q%Jr%ICtﬁ“i’%%h%?@etﬁéaélééiwﬁﬁééi WiVt RPPRY 18I%eét rMesttad e
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act uat or accorf tqQ the present invention. FIG 21
i s 2°5PSpetipett PTETOFER of ACREIFARILY héd@ adlvrdiimy plate

to th t t in_which
{orh g RENERr Y S LI 'Fggc'a%o%‘ﬁa“%%gﬁtr&&tﬁer@ﬁqﬁ%‘f and

fONROg CHETDETcLseoUt BURLa1ELG 22 L3 darion miate

Cross-sectiona I'nkj e ong a

sl o Lo 08 Geogtons st B Ve alra e

105np@r§@@@£hy§gpﬂnael@shveofthteh%lb&@tgbnh%q@teﬂ ABes a

is a cross-sectional view of the inkjet ad taken

al ofeBsure for pressurizing the ink in the liquid
pressurizing chamber. Thus, a droplet of the ink is
discharged from the nozzle hole by pressuring the ink in
the liquid pressurizing chamber.

A description will now be given, with
reference to FIG. 21, FIG. 22 and FIGS. 23A, 23B and 23C,
of an inkjet head which corresponds to the liquid
discharge head eguipped with the electrostatic actuator
according to the present invention. FIG. 21 is a
perspective view of the inkjet head according to the
present invention in a state in which a nozzle forming
member is lifted up and a part of an actuator forming
member is cut away. FIG. 22 is a cross-sectional view

of the inkjet head taken along a line parallel to the

shorter side of the vibration plate. FIG. 23A is a



line parallel to the shorter side of the vibration
plate. FIG 23Cis a cross-sectional view of the

wo pdoge12omead 5 taken along a |ine parallel to PEEIP2003/009929
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| onger side of the vibration plate. The inkjet -head
shown in FIG 21 is of a si shooter type (may be
referred to as a face shooter type) which discharge
ink droplets froma nozzle hole provided 10 on the

surface fw;h stiakeseT i hkj h co cse i
aéfﬁﬁ%ﬁ?zjbfhﬁ%%gﬁe er %%,Pgengﬁﬁggsgggg' PEFE?ngBinS )

UEJP%%fds-?soefﬁdm?afO@zé# fer phogiARABEr n38d whakeh =aeg a
j oi'ned by bel ng stacked one on another. By joining

the abqye-Jendi opsdihbr eaomeakerssdea d giied vibration plate.
pressurizing 15 chanber 21 and a comon liquid

chander, {€onaog &pkschasbetdnab aiewf ofnetie Anfjet head
thus-fornmed structure. A plurality of nozzle hol es

31240 W gha i hkndrppreliselate dhschanged, sade of the
connected to the liquid pressurizing chamber 21. The
commetiguiplahanber 25 is provided 20 for supplying

ink to each liquid pressurizing chanber _ through a ,
fl ow restri cthenipiietaneas shough thd fiowl 15 ©of 2 side

restriction part 37 is farned on the nozzle f '
nesert30 EYPEhémpreBEnt e IEABEE rentS Fhé%ﬁ%méﬁggggk type)

LSt o0 BRLL ST IR 8, RE0V 30, 20 At e U provied

2000 942503 PETLIEEORSLONNER, A chunbuah e wess

S“éé%ﬁ%lsgé Eﬁeag%éék%rf%%@dﬂhd“ﬂ&ﬁ&mS@@, a flow passage
forming member 20 and a nozzle forming member 30, which
are joined by being stacked one on another. By joining
the above-mentioned three members, a liquid pressurizing
chamber 21 and a common liquid chamber (common ink
chamber) 25 are formed in the thus—formed structure. A
plurality of nozzle holes 31, from which ink droplets
are discharged, are connected to the liquid pressurizing
chamber 21. .The common liguid chamber 25 is provided
for supplying ink to each liquid pressurizing chamber
through a flow restriction part 37.

Although the flow restriction part 37 is

formed on the nozzle forming member 30 in the present

embodiment, the flow restriction part 37 may be provided

in the flow passage forming member 20. Additionally,



the i nkjet head can be of an edge shooter type in
which the nozzle holes are provided on an edge
waetac®4nf the 5 nozzle form ng nenber 30 or BET/&ERPGES/009929
surface of the flow passage form ng nenber 20. In the
figures, 1 denotes a substra{§6mhich fornms an
actuator; 11 an insulating layer; 12a an el ectrode
(may be referred to as individual electrode); 10 12b a
du |.ect rode; rifice ; ;
i nSU %SP%% Itgl%erno %ré"% Elgﬁréesi eB(r:lr ea!d@%/?ra%\;jgd%b?%ﬁ%% side
P! Q{ﬁfégge (EasYl 213G deBY QF9 i+ Hkb f M K afd 8 B 8hSnber 30,
el ectrode l'ayer; 17 an insulating |ayer which al so
SeLyes i aga+Shiess e w Mntardfedye/iMadton pypéein which
and 15 18 a resin filmhaving -a corrosion resistance
agahBsthoziznk. nAddist isgraldnyvikedenotas adyé bsatfene of the
plate constituted by the insulating |ayer 15, the
5 Vi hbakien fophdte eleattarod® layermn iandsthéa¢casafathagflow
| ayer 17. Further, 14a denotes an air gap forned by
r epeekagea f2@npauct mefmktee Hacrifice layer; "g" a
di stance of the air gap; 60 a sacrifice |ayer ,
renovi ng hol €1( tirougiothote) ;1 S bepart FEPORTPARt Which

14b a remaining sacrifice layer _which remains Lo t he
pafpﬁmﬁoﬁnp@Q¢W@Hﬂfeﬁd-fﬁlﬁﬁs%&ﬁﬁﬁﬁ%rl?%?ﬁfnb part
Wb SooHrBI S eLectrode)

in which the actuator is forped. 25 Th

f OPARRGTRAS THYoP] HE rgrtﬁ{E

PCT/.JP2003/ 009929 107. enmbhodi nent co Lses. _the
1osﬁg§%rﬁtgumehF %ﬁﬁ?&??ﬁ%gé%ceﬂﬁglgf %hggg?E F3gan

or’ eCtrode
lag%%u&%tg%beﬁkﬁgaesu&%ﬁlﬁydreferred to as a vibration
plate side insulating layer); 16 a vibration plate

electrode layer; 17 an insulating layer which also
serves as a stress—adjustment of a vibration plate; and

15 18 a resin film having a corrosion resistance against
ink. Additionally, 19 denotes a vibration plate
constituted by the insulating layer 15, the vibration
plate electrode layer 16 and the insulating layer 17.
Further, l4a denotes an air gap formed by removing a

20 part of the sacrifice layer; “g” a distance of the air
gap; 60 a sacrifice layer removing hole (through hole);
50a a partition part; 14b a remaining sacrifice layer
which remains in the partition part 14b; and 10 an
actuator forming part in which the actuator is formed.

25 The actuator forming part 10 of the eighth



dummy el ectrodes 12b) forned on the substrate 1; the
partition parts 50a fornmed on the el ectrodes |ayer 12;

w®G2a0h0120br ati on plate 19 which is forned on tPEr/JP2003/009929
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partition parts 50a and is defornable by an

el ectrostatic force generatfg by a voltage applied to
the electrodes 12a; and the air gap 14a forned

bet ween adj acent partition parts 50a. The air gap l4a

is_for rc%g%ﬁglgor rredt]rge &l ghing, @rf Swl?f.c}tl heorms the

sag I% et ween e el ectrodes 12a

angcg{]gagl ec%‘éd%sie]cﬁcﬂfdé Ilea 4 bfz’ﬂ [ ONe Pt Bt @491 24t ang

noted tHat other parts of the sacrifice | ayer 14,

WhisGhmdr @ 10Qk Ry ed iy ®iGlidhn fedBdibsbrdbe 1; the
partition parts 50a as the remaining 15 sacrifice

| ay g&tl‘ﬂ:@onﬂf@%r&@ UAt=0r £ & oM Ngh nEdes 1 dOcisdéor hedeby12 ;
repeating a | m deposition and fil m processi ng

( pRratOvibirthagmaphyaand Etwhiclg)i sof @snéd éorbhe partition
el ectrodes and insulation |ayers on a substrate

hapkmrgsa Siliaglerdegreaofo2irl ®edimness . e pectrostatic force
hi gh-tenperature process may be used to formthe

acteator teor fing Mdergd Rl ird ste i eon ebechaRESEhE2E;
substrate 1. It should be noted that the hlg

t eApEr dher & it cEas sl e EEeD ReprotR s3] of Rbr H?ﬁﬁlﬁlon

hi gh- qualltyfllmsuch as a th th
el L

BRI, U e

Mhl% e roégxxﬁég“gﬂéytﬂ%téiQ@ti&éQ& ?X of the
vibration plate 19. It is noted that other parts of the
sacrifice layer 14, which are not removed by etching,
remain in the partition parts 50a as the remaining
sacrifice layer 14Db.

The actuator forming member 10 is formed by
repeating a film deposition and film processing (photo-
lithography and etching) so as to form electrodes and
insulation layers on a substrate having a high degree of
cleanness. A high—temperaturé process may be used to
form the actuator forming member by using silicon to
make the substrate 1. It should be noted that the high-
temperature process refers to a process for forming a
high-quality film such as a thermal oxidizing method or

a thermal nitriding method, a thermal CVD method which



adopting the hi gh-tenperature process, high-quality
el ectrode materials and insulating materials becone 5

waigabloe4zhi ch can provide an actuator devi ce P@Ewirego3/009929
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excel | ent conductivity and insul ation. Mreover, the
hi gh-tenperature process is ellent in
controllability and reprodd% ility of a film

t hi ckness, thereby providing an actuator device

Fu %” = b EREBEERTprg) PRt I o0 P P v

r e&% é BhELLY f%&%aeéc %'o'o%l”ﬁ;-u]a 1%‘3;0 %ﬁscﬂ%ﬁé %1@@0 OrgRs

easy an mass uctiron at Oow "cost can

?CQaﬁgﬁgn T@ﬁeehe%hLQ@%pe§$%%r%2ﬁﬁ%éégénﬁhfﬁhiiﬁéiﬁiy

insulating |ayer is formed on the substrate

1, c18R€rb8cdinyi-ded ail Bt @ neaGh sehanielg (Racdy il Y &ditdnle
by separation grooves 82. As shown by a part A3

engkpshed whyca daht edokiige ian RldBudlr tder separation
grooves 82 are filled by the insulating | ayer 13

f oered108nthec2duetactitgdendayers A tikus, Myrebwedi nghe
the electrode |ayer 12 by separation grooves 82 and
coudghngenheracheet podedsaydrs EXdnl hdnt iHsutenr iyl lability
| ayer 13 so as to fill the separation grooves 82 by

t hendnsebapidig ibayércy 13@ ai t£ Ik G kst bﬂ‘eh%el%rm

a flat surface haV|n% little step or. unevenness jn .
a BUP¥AGhLEAL 2P GEEAE COAs IS WG DG4I D glbt tle variation in
PCT/ JP2003/0Q9929 109 result act uat or V|ng

hi §heaEeGFACY Ci R EPFETSISSs Féjr%qﬁ)i’t Isel?/a?l% fon in

el%%%&&%l& %pia%&e%d:I}éﬁ%oduClblllty are excellent,

process design becomes easy and a mass production at low
cost can be achieved.

The electrode layer 12 is formed on the
insulating layer 11 which is formed on the substrate 1,
and is divided into each channel (each drive bit) by
separation grooves 82. As shown by a part A3 encircled
by a dotted line in FIG. 3B, the separation grooves 82
are filled by the insulating layer 13 formed on the
electrode layer 12. Thus, by dividing the electrode
layer 12 by separation grooves 82 and covering the
electrode layer 12 by the insulating layer 13 so as to
£ill the separation grooves 82 by the insulating layer
13, it becomes possible to form a flat surface having

little step or unevenness in a subsequent process. As a



obtained. In order to conpletely fill the separation 5
grooves 82 by the insulating layer 13, it is

wee@hetal e to set a thickness of the insul atP@ryiray3009929
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13 equal to or greater than 1/2 of a width of the
separation groove so as to figygnthe surface of the
insul ating |layer substantially flat. O, it is
preferable to set the 10 width of the separation

grQQ%ﬁxﬁguaénth@ua§H§|h&ﬁlhBaﬂlgEWb%%uEﬁ%ytHb@@@%8551ons
of the insulating layer. According to

abauet ment ¢t paeda r ehai banshi @leblﬂel&e@ab@telr&riesgrdaw%e

can be conpletely filled by the insulating |ayer,
whigthcaesedits in a substantially flat surface of the

15 insul ating | ayer. Thus, since a surface |evel

di fference cahnberdestty ebnpilededd Fylflormmengddeweration
insulating layer with a thickness equal to or greater

t harr dg e $f 82 Hey wilge hinsul pgiseparadeiron 3gr dévé sofpreferable
el ectrode | ayer, subsequent processes explai ned bel ow,

20 WucHlas® af BFFIRYRD Pbr fAgipPYasdnda legsin 15 lggual to

formn rocess or j oi_ni ng, process wth other .
neﬁﬁ%ﬁgr % %rbEha%a%??yoﬁe?fUFﬁﬁa OAs ther gsRpfFatyen groove

t uat di st
f‘ﬁest‘i‘o%?rc B He ohes) HER S BRC Faf \Eng GHHe e TEE

LR ‘?if%*?@%%%%%a?ou@%"%f%@%8%%%653? i pge the

Her.g,qas @ré§§a9£tigﬁ 8&88§E0g§ y%% %% shid1ler than

formng the el ectrodes 12a, conpo I'i ci de
twice the thlckness of the 1nsulat1ng layer. According

to the above-mentioned relationship, the separatiocn
groove can be completely filled by the insulating layer,
which results in a substantially flat surface of the
insulating layer. Thus, since a surface level
difference can be mostly eliminated by forming the
insulating layer with a thickness equal to or greater
than 1/2 of the width of the separation groove of the
electrode layer, subseqguent processes explalned below,
such as an air gap forming process, a resin film forming
process or a joining process with other members, can be
easily performed. As a result, an actuator having an
alr gap with an accurate distance thereof can be
obtained, and, at the same time, it can be attempted to

reduce a cost and improve reliability.



such as polysilicon, titaniumsilicide, tungsten

silicide or nolybdenumsilicide or a netal conpound
wGeamh/oRs titaniumnitride may be preferably PGE#R2003/009929

Since these materials can be deposited and processed

with a stable quality and camy be nade into a

structure which wthstands a high-tenperature

process, there is less restriction with respect to

tenperatures harethgk L0RRRGASSESF Rale e €@ HEEr 12

(H gh-Tenperature-Oxide) filmor the Iike can be .

| ani at edrannghenel eckcededeayara, 12 asrgidd st Bt d Nge

| ayer 13, the HTOfilmbeing an insulating |ayer

havsugh ha ghpoelsabikbhy. tThasiurhe ildeliett,| dung@ngn

can be enlarged, and cost reduction and 15 i nprovenent

of seliabiti by mahvbdeatutremptledideAddi ta araldly,canpound such

material such as alumnum titanium tungsten,

Snol §pdehbanbnm| TOteadeamnsy be pyedfermplsiunpd t+ hesSlerce these

materials,_ a remarkabl e resistance reduction can be

znt@ﬁﬁﬁ%ﬁalﬁhPéﬁ P@sé??@sﬂﬁe@eﬁﬂﬁ|Rﬁ?QQ?%?QMWN@120Stable

vol t age Addltlonal si nce dep05|t|on and proceSS|ng

of W‘%ﬁs thadedofath Eemﬁﬁlleenl% ac & B ch

achieved w.th_a_st .. Cost_ reduction and

i e G S S T S E%‘erﬁ Croughes

t he a b snfor y.re C

e o L

0200%%9&2*%%%PCT/EAEZQQ%BQ%%% nkbl ﬁlgtﬂlefe%ﬁféffafﬂ&& Oxide)

parts are i'ndicated | 4b
enb@ﬁﬁ@dofntheewﬁet bEhOBep@%hﬁn%Q;%d rbthﬂ%% eh%ctrode layer

12 as the insulating layer 13, the HTO film being an
insulating layer having high reliability. Thus, the
selection range can be enlarged, and cost reduction and
15 improvement of reliability can be attempted.
Additionally, a material such as aluminum, titanium,
tungsten, molybdenum or ITO can also be used. By using
these materials, a remarkable resistance reduction can
be attempted, which results in reduction in a drive
20 wvoltage. Additionally, since deposition and processing
of films made of these materials can be easily achieved
with a stable gquality, cost reduction and improvement of
reliability can be attempted.
Although the air gap l4a is formed by removing

25 Dby etching parts of the sacrifice layer 14, other parts



remain wi thout being renoved in the present invention.

Since the distance "g" of the air gap 14ais 5
waewyomodl y defined by the thickness of the sapCT/in2063/009929

| ayer 14 by formng the air gap 14a by the renoval of

the parts of the sacrifice |gygr 14, variation in the

di stance "g" of the air gap 14a is extrenely snall

t hereby achi eving an accurate actuator having little

10 yeariial | Oy N char gl eri sti coniAddphiresakhy, isidie@ted by

foreign substance is prevented fromentering the air

gap, 4y tart@rehse i oducedthat parsi abbe peekd aod an F1Gs. 1B,
reliable actuator can be obtained. 15 Further, since

t hermgid fw cendayessiddbremoned ihnthkeppaseinti davention.
parts 50a and the vibration plate 10 is firmy fixed

by the partitfoncpaths 80atahhe dgfurdcyhef aitthgap 14a is

di stance "g" of the air gap 14a can be well nmintained
5anchaheraivt uat @ f igedxeel teat thhickneast gfalthep@acrifice
durability. Mreover, since the sacrifice |ayer 14b
rerded¥ed nl 4 Hey pEe ¥ntR@ntpar e4rs0ap ther 8vi §hpj gemeval of
step or unevenness on the surface of the vibration

pl athe TRTtSHP EntRestPEELFACSUbEY SRt 41 Vo190 fac e

bei ng f . he actuator form ng member 10. Thus,
ST O 7" 58E ACPBCPhCY BR) Aot FORGE AN B 1y

e RESCEE R T b

112
10PELf BT o WY CB, L PSUELSs LRsEast Teduction and

I provenen
Additionally, since foreign substance is

prevented from entering the air gap, it can be produced
at a stable yield and a reliable actuator can be
obtained.

15 Further, since the sacrifice layers 1l4b remain
in the partition parts 50a and the vibration plate 10 is
firmly fixed by the partition parts 50a, the accuracy of
the distance “g” of the air gap l4a can be well-
maintained and the actuator is excellent in structural

20 durability. Moreover, since the sacrifice layer 14b
remain in the partition parts 50a, there is little step
or unevenness on the surface of the vibration plate 19,
which results in substantially flat surface being formed
on the actuator forming member 10. Thus, a formation of

25 a resin film as mentioned later or a process for joining



reliability. Here, as a material of the sacrifice
layer 14, 5 it is preferable to use polysilicon or

wa@ewrpimws silicon. These materials are nost PEEI2903/009929
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renovabl e by etching, and it is preferable to use an
i sotropic dry etching nethod,ysing SF6 gas, a dray
et ching nethod using XeF2 gas or a wet etching nethod
using a solution of tetra 10 nethyl ammoni um hydroxi de

(T%@ 2 AGdit i onal |c¥the°‘f NEEmpPPL YShhi sgneaggwwgeelﬁe%ed

silicon are generally-used, I nexpensive materials and

Wi tastand & high tennesat Hieuct aodegreeab-brendem ok
a process in a subsequent process is also high.

Furdhearypisiinge. variation in the distance 15 "g" of the

air gap 14a, which is very inportant, can be

extrenely snaiérdy asrangahgrsali oontbxri dackilfdee layer 14,
(insulating layers 13 and 15) having a high etching
reghsﬁanm&eﬂnm&bbadtoehem/phéysadﬁtbmcerl@warﬁhhususilicon.
accurate actuator having little variation in

pr GPerstd ew 120 iomks b@r%)btlgﬁi’ﬁe@aswb]ieé@’é@vahé@sby etching,

production is also easy at |ow cost.
mateayd alt ofs e e E§ cko| ‘a’?@ra&ﬂSOFFPEﬁFuH'Fm @F.caléng
alun1nuq} silicone oxide or_a resist, materia

ex @A FHA o3endAi vé rEsth %‘f}éjr?%lm?%h%%e‘é Sfgp Xer:

D00 L SO L S20 % 458l ALLNGUINGAR YO o cotea

TSR AP S PG TRy P oSARS USREE 2 since
polysilicon and amorphous silicon are generally-used,
inexpensive materials and withstand a high temperature,
a degree of freedom of a process in a subsequent process
is also high. Further, since variation in the distance
“g” of the air gap l4a, which is very important, can be
extremely small by arranging silicon oxide films
(insulating layers 13 and 15) having a high etching
resistance above and below the sacrifice layer 14, an
accurate actuator having little variation in properties
can be obtained. Moreover, mass production is also easy
at low cost.

As for a material of the sacrifice layer 14,

titanium nitride, aluminum, silicone oxide or a resist

material (for example, a photosensitive resin material

used for photolithography) can be used. Although an



| ayer 14 and process difficulty and process cost
thereof may al so vary depending on the material of

wo b@spaonl fice 5 | ayer 14, the material of thePCT/JP2003/009929
sacrifice layer 14 can be selected based on its
purpose. Wien a silicone oxidesfilmis used for the
sacrifice layer 14, it is preferable to use
polysilicon as a protective film (etching stopper) of

th%t%h%%%nQégchﬁﬂbtﬁ@%éﬁﬁélf'&ﬁdl@H@ralfhgap forming
ponS|I|con filmmy be commonly used for the

eclede | ndlZ@nghé heatyt bsat Fepmphat enel eatrodece
Iayer In order to renove the oxide filmformng the

saQriyieirca 4 ayer ,pidcéss piefetabley andupecaewet cost thereof
etching nethod, a HF vapor nethod, a 15 chem cal dry
et ahiyng et hadsy elepeitding omsthathageriayepfi sheeededifice
inside the air gap 14a, the insulating |ayer nmay be
5fodrmr@rbyt%xumqum@theabowsthec@@crwmser epseni ig agn be
an etching stopper. Thus, if a silicon oxide filmis
us@@hﬁ?HQﬁaQﬁﬁﬁqu%elt%y@¥rp@ﬁ% renmoval 20 of the
sacrifice |ayer can be_performed by usmgisetchd oy the

material s uséﬁh?% %eﬁ%%bﬁﬂﬁ%t%?lﬁﬁnEFéE%

Pora o ond b 28 ST 1o
ZE%PESEEPQ%S roce Zéé + %:?%éﬁﬁ%%?n]@ %ﬁ% Q%chlng of

can be uses

c%?‘%p%&%%‘lo%gd%zéfa%ﬂ e ena%%gégﬁéésfs%“dﬁ? o5

até%ﬂd@ﬂﬂ%”ﬂse&k¥§ﬁv€ﬁe i bertbus- obiai-ned aghuater
al so provides high quality
vibration plate electrode layer. 1In order to remove the
oxide film forming the sacrifice layer, it is preferable
to use a wet etching method, a HF vapor method, a
15 chemical dry etching method, etc. If an insulating
layer is needed inside the air gap 1l4a, the insulating
layer may be formed by oxidizing the polysilicon film
remaining as an etching stopper. Thus, if a silicon
oxide film is used as the sacrifice layer, the removal
20 of the sacrifice layer can be performed by using etching
materials used in semiconductor manufacturing processes.
Additionally, if polysilicon films are formed on both
sides of the sacrifice layer, a manufacturing process

with little variation can be achieved. Further, the

25 polysilicon film can be uses as an electrode as it is,



and accuracy. Moreover, simlar process can be
achieved by 5 various conbinations of the material of

wo be4oeoni fi ce | ayer and the etchant. For exabi/a20031®9929
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sacrifice layer 14 may be renoved by 02 plasma or an
exfoliation liquid when a polysrer material is used
for the sacrifice layer 14. The sacrifice |ayer 14
may be renoved by a liquid 10 such as KCH when

al ypd naun & sanised hekst Beosaeribincat lhayek Hbstlhe Moreover,
sacrifice |layer 14 may be renoved by chem cal such as

a nind urlensobbthonecafl aHEdOoand 18202 rekanrids harfiiMfuality
nitride is used for the sacrifice layer 14. The

Vi ared i pcprate. 19 is constituted by a 15 | am nated
filmhaving the insulating |ayer 15, the wvibration

pl ate el ect roMerkayer,16iwhilelr serovessasaa ommnieved by
el ectrode and the insulating layer 17 which also

servassi eiss scpesgnagioss et the mhdevilplatiforths @asrifice
stacked in tern. It should be noted that the o

i NStAYRT MyR20tray8FChBNEer vESTaS X BRG eHtiV EXG ice layer

(etchi ng stopper f etching the sacrific d .
Corid i ok oPeBbasd BYpPotBiRTUE 11 AR BF CPeaYEHGR ReTuid

sacrlflce | ayer 14b

Irnﬂﬁ%ﬁ|%gp? ¥%?r1@agﬁr%ﬁ2 a%%%gh%ggg g}gﬁggﬁlflce layer
sacy) fi of, L ayer 14b-gorresponds i 28 a mRLer 8y Whaliquiq

has n-separation gro

2004/ c19—}2a9§2K6’1§3T47ﬂ5§09§(JQ9%8%9151%1%efdoﬁf%'%d it W rifice

sacrl | ayer 14 during the nmanufacturing process.
layer 1l4. The sacrifice layer 14 may be removed by

chemical such as a mixture solution of NH30H and H,;0;
when titénium nitride is used for the sacrifice layer 14.
The vibration plate 19 is constituted by a
laminated film having the insulating layer 15, the
vibration plate electrode layer 16 which serves as a
common electrode and the insulating layer 17 which also
serves as stress adjustment of the vibration plate,
stacked in tern. It should be noted that the insulating
layer 15 serves as a protective film (etching stopper)
of etching the sacrifice layer, and contributes also as
a protective film for leaving the sacrifice layer 14b of
the partition parts 50a. The insulating layer 15 on the
wall surfaces of the sacrifice layer 14b corresponds to

a material that has been filled in separation grooves 84



Steps or unevenness fornmed on the surface of the
i nsul ating |layer 15 can be nade small by filling the

w®G200a0W93at i ng | ayer 15 in the separati on gr oovBGI/82003/009929
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whi ch divide the sacrifice |layer 14. Mreover, the

sacrifice layer 14b can renng in the partition parts
due to existence of the insulating layer 15 filled in
the separation grooves 84. The effect of small steps

or (10 uneven dat A5 ERntigned e 1 AT eQuer,
siﬁ%em%%e %il ed insulgiing Iayerﬁ?gy gé%%ré?i fixed

t ok e AvRldy Sud ases-ofs the sacrifice layer 14b
which results inthe vibration plate 19 being firnly

fixed by the paggd td Orupardsn o8, farmagcohacyeobutbace of
the distance "g" of the air gap 14a of the

t heseobhaivled iractluatear 1% ddmghhantdd senaktebyeftlihng the
structural durability. Additionally, simlar to.the
CaSasmﬂ§MHdglﬂPydﬁKﬂ5rﬁnﬂtﬂérﬁﬁp%WQWiQB gnoehies 84 which
separation grooves 82 of 20 the el ectrode layer 12,

i t dily iheeftéreatsl e tiof ¥or maer i hul ehgeTayer ths GrERifice
a thickness equal to or less than 1/2 of the w.dth_ of

t hé ayeFardtd cirTyricovalsd g ofhe (it khkt PRi BRI Fayere14°

in the case where the insulatin | ay %5 1s fil

i n SRS SASH & T Yr %&P%fg?% r2§£s ﬁ}#??cénlgggr

14. The effect of sucga's the sape a 0
PCHRTPIBAT0SHBE A9 6 L 1 hal Boh oF A ber GTe: AGRT °F
na%%@é@nﬁgsgr%%\génﬁgﬂ{¥kﬁgélgb§$§9trOde

Moreover, since the filled insulating layer is
securely fixed to the wall surfaces of the sacrifice
layer 14b, which results in the vibration plate 19 Dbeing
firmly fixed by the partition parts 50a, an accuracy of
the distance “g” of the air gap l4a of the thus-obtained
actuator is high and also excellent in structural
durability.

Additionally, similar to the case of filling
the insulating layer 13 in the separation grooves 82 of
the electrode layer 12, it is preferable to form the
insulating layer 15 with a thickness equal to or‘less
than 1/2 of the width of the separation grooves 84 of
the sacrifice layer 14 in the case where the insulating

layer 15 is filled in the separation grooves 84 of the

sacrifice layer 14. The effect of such is the same as



| ayer 16 which constitutes a part of the vibration
plate 19, materials such as polysilicon, titanium

W@ Rlooix¥e2 5 tungsten silicide, nolybdenum si | PCT/a2003/009929
titaniumnitride, alumnum titanium tungsten
mol ybdenum may be used for the same reason as the
material of the electrode |layer 12. Additionally, a
transparent filmsuch as an ITO film a nesa filmor

a ZnQfidmramalspeberysed. Wien 10 the transparent
filmis used, the inspection inside the air gap l4a

can be easilyapeafaafediaThys, tar vaprerdmn tyl Lah d&ctrode
detected during a manufacturing process, which

cortayrdit BS wioiah adbhenptuvbscasparteductihenvamdtation plate
i mprovenent of reliability. 15 As nentioned above,

si nce, tetsuidbeesoftht he patyeaflorohor mingniemberi i@ ide,
(surface of the vibration plate 19) is made flat, the

5 | owrpEssayes § bt @i A9, neabypdepomasd lilvd dvoz et drorun ngi tride,
menber 30 can be joined to the surface of the

actatBY Y or nthep kAP er TYDIR R - 2004 YPFicgBnfiay be used for

accuracy. In the fl ow passage form ng nenmber 20, the
TGS SR ST 7 S0 S haRBORe 5T TRE  BRntd e 16 CportiRort aver

COUPSPOALID 18,11 4L 2LL20, DL aLe IDYaLe PO KON 1o
Ak UL 007108 PR ci0g R0 HRCRITCG e
1025 & OB Lok, SHPDEYI DO0uLDK 01 8aGNshbAidn inside the
pressuri zi ng chanber 21. Mreover, although not
alr gap l4a can be easily performed. Thus, an
abnormality can be detected during a manufacturing
process, which contributes to an attempt of cost
reduction and improvement of reliability.

15 As mentioned above, since the surface of the
actuator fprming member 10 (surface of the vibration
plate 19) is made flat, the flow passage forming member
20 and the nozzle forming member 30 can be joined to the
surface of the actuator forming member 10 with

20 sufficient accuracy.

In the flow passage forming member 20, the
ligquid pressurizing chamber 21 is formed in a portion
corresponding to the vibration plate movable portion
(corresponding to the air gap l4a in the figure) of the

25 actuator forming member 10, and the common liguid



illustrated in the figure, an ink supply port
connected to the common |iquid chanber is provided so

w@sooro1upply 5 ink fromoutside. In the preseer/JP2003/009929

enbodi nent, the flow passage substrate 2 of the flow
passage form ng nenber 20 is {{fpormed of a nickel plate
havi ng a thickness of about 150 gm For the purpose

of sinplification, the substrate 2 10 is formed by
nechatisal PsinghingotREqt BErPYLRRITiAG ink to each liquid
sinplification, or formed by a khown phot ographic

pr geesssiechnhguehanfea net elehienget-eCRnitauRghAS &

mat erial of the fl ow passage form ng substrate 2, a

st ai nlesisrstee| 14 Stisy substeat en angl asppIybplorat @ormhected
15 resin plate or a resin film a silicon substrate,

or & tlamieetmon supsidateanberhésabopendetl ered sy supply
be used. Especially, since a silicon (110) substrate

ScariBe frarehedtpiydani sotropical etching in a
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perpendi cular_ direction, it is very useful for

form ng a hi ght dehgi Pyesgpthealodinend ardesdmw passage
met hqods of joining the fl ow passage form ng nmenber 20

to% 2&%@%t%r9?o?%?nﬁlﬂ%nB%FsaQG.fPﬁmén@a§§m@Pru§pn@S

an adhesive, as one exanple, the adhesive |ayer can

be ‘nade rﬁ$|%yn%€5?§inggep?%géPﬂgazg%FS§8§?Swﬁﬁcﬁbout 150
results in hi gh_assenbl L ng, accuracy, and

D0dH1 0196 R TB005T 00055 54 16 HEGHC T nk CBBaFiHg EEate 2

Th%rs?fﬁﬁnécbe%:j’ %@(’fﬁ@nf@££.oguffﬁhﬂgga@oragggsb\(l%p%%% of
provide a high-quality 1 nkjet head:
simplification, or formed by a known photographic
process technique and a wet etching technique. As a
material of the flow passage forming substrate 2, a
stainless steel (SUS) substrate, a glass substrate, a
resin plate or a resin film, a silicon substrate, or a
‘ lamination substrate of the aforementioned may be used.
Especially, since a silicon (110) substrate can be
etched by anisotropical etching in a perpendicular
direction, it is very useful for forming a high-density
head.
There are some methods of joining the flow
passage forming member 20 to the actuator forming member
10. In a case of using an adhesive, as one example, the

adhesive layer can be made thin by applying a pressing

force, which results in a high assembling accuracy and



The nozzle form ng nmenber conprises the nozzle
substrate 3 fornmed of a nickel plate having a

wao biogkmegs 5 of 50 . 1m The nozzl e hol es 31 aP€r/JpP2003/009929
provided on the surface part of the nozzle substrate 3
so the nozzle holes 31 are nected to the
respective liquid pressurizing chanbers 21.
Addi tionally, grooves which correspond to the flow
regtrictign It 7 j : e
R ST e PR e Tl on Thieg et uttng an
menhgks20e Asind grRkaldals ofi dheynwrzde i substrated3, a
stainless steel (SUS) substrate, a glass substrate, a
resin plate amea d@sire fidmigg shéheon solstiate, the Aozzle
| am nati on substrate of the 15 aforenenti oned may be
usedbshextre 3 Idrefedestrd piicdewiplabe gavengod anickness
operation of the thus-forned inkjet head. Wen a

5 pubgedo wal.t ageecofinodd 1\ itso lappl I ehf¢ omrenidsei bhathen
circuit (drive circuit) to the electrode 12a in a
st atie falrer @220 tdfe Yhequiak Presyurs i age chapbekheinpgzle
filed by ink, the surface of the electrode 12a is
chaprges Wilt Rre Fesingeed pot eritd af SSPREBFAP nyl U1 an
el ectrostatic attraction force is ﬁeneﬁ\t ed bet ween

t g@r@ﬁé&rgédfg}fél%%eﬂ vi At BHOPT At 8- ePECPY BEe™ P

, ther ' 25 bendi he Vi brati |

ok EA SR B Rl ool oeovioes
JP 3/009929 Th [

lOI i &Iﬁ & r ESSUr 7 nogtl(];ﬁqaerrb%?z%Qe?gg%é%%égsgg?iﬁi Eﬁe Elow

a'%@QJ&@%té%deﬁ%iﬂEﬁhéJWbéiquig a material of the nozzle

substrate 3, a stainless steel (SUS) substrate, a glass

substrate, a resin plate or a resin film, a silicon
substrate, or a lamination substrate of the
15 aforementioned may be used.

Next, a brief description will be given of an
operation of the thus-formed inkjet head. When a pulsed
voltage of 40 V is applied from an oscillation circuit
(drive circuit) to the electrode 12a in a state where

20  the liquid pressurizing chamber 21 is filed by ink, the
surface of the electrode 1l2a is charged with a positive
potential. Accordingly, an electrostatic attraction
force is generated between the electrode 12a and the
vibration plate electrode 16, thereby deforming or

25 bending the vibration plate 19 toward the electrode 1l2a.



pressurizing chanber 21 fromthe conmmon |iquid chanber

25 through the flow restriction part 37. 5 Thereafter,
wob@n/0129¢2 pul sed voltage is decreased to zer oPCT/BR2003/009929

vi bration plate 19, which has been deformed by the

electrostatic force, returnsq g its original shape

due to its elasticity. Consequently, the pressure of

the ink in the liquid pressurizing chanmber 10 21 rises

 apidly pressurizlng 10
no;&lijesy'h &fﬂééﬂ g;@ggp}@ 1 @fcha nauﬁasgin@ggagléahg%m&ber 21

toward a recordi ng paper as hown in

FI Gg 2criies i scharge of1onkigropbet16anih€o the liquid
continuously carried out by repeating the above-

me e opef @t didmbdd Her eromhenel ecimost atjaid chamber
attraction force F generated between the vibration
pl ate teleatigrodend 6f aowd rébereteconodert2a7i.ncreases in
i nverse proportion to the distance between the
S5el ectrodes. Thusyeaftés,iwpent &he phostdr moatewsl 1is
di stance of the air gap 14a (air gap 20 distance,g%
betdsenreasre et @cieoee 12a whdraheow btatroh? piatehidas
Then, as nentioned above, a small air gap can be ,
f orafan WatP g d iRy chic agtFREYSBYTL6r %Pﬁ56trhée§iurrns to its
gap 14a by the sacrifice |ayer_etching nethod 25 A
deSiPitioh IR 1OWE beC gi-v n?lﬁFFﬁCW%V2OO PBESGHSELY . the

CCTIE200% 009529, 120 18181 h O FLER RE AN e
1OaCC20.Lr driingest °r§§fd?§?S§H& a droplet of ink is discharged
from the nozzle hole 31 toward a recording paper as
shown in FIG. 22. The discharge of ink droplet can be
continuously carried out by repeating the above-
mentioned operation.

15 Here, the electrostatic attraction‘force F
generated between the vibration plate electrode 16 and
the electrode 12a increases in inverse proportion to the
distance between the electrodes. Thus, it is important
to form a small distance of the air gap l4a (air gap

20 distance g) between the electrode 12a and the vibration
plate 19.

Then, as mentioned above, a small air gap can
be formed with sufficient accuracy by forming the air
gap l4a by the sacrifice layer etching method

25 A description will now be given, with



enbodi nent. Each of FIGS. 24A through 24F is a cross-
sectional view taken along a line parallel to the 5

webmroe4si de of the vibration plate. In this PCDIrRee3/009929
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the actuator is produced by sequentially depositing
an electrode material, a sagsphfice layer material and
a vibration plate material on the actuator substrate
1. 10 First, as shown in FIG 24A a therma

oxi-dati-@Rchi ki psch ool respangds 40r t her i Aspb @t Fagturing
| ayer 11, is deposited onto a silicon substrate, which

hage@nhphane @ihceGtikgr0fhdak0Q)c @nel Tog res pondsptes &he
substrate 1, by a wet oxidation nethod, for exanple,
15embbAimechii.ckmessh off aamg. L4 mhddhesh PoFyssl aconoss-—
which turns to the electrode layer 12 is deposited on

t heecnsohatli ng ewayerkell adidiy & thintknessabieD. dgonthand
phosphorous is doped into the polysilicon of the

el ebbrode lsdyler o2 W asihwerledudelat¢ esi st ance. After

20 form ng S%E?rapion grooves 82 in the el ectrode

|l ayer 12 by & IGhiogreEptss et chifg fethbar (43 produced by
phot ogr aphi ¢ _process | techni que and an etch

t eERAPGHE)2 LHatSROS I RG 2% FIRhgr e he f&%%??%aesalza
d d | ectrod 12hb, hi gh-t t id
A AT o] Sl 00s 20 £, il L ETREL AL 1 XL 08 e
[ | at i 3., At WD 2004/ 012942
gk%%Jéggoégggﬁéfgn%ﬂépﬁﬁﬁé?t%he, t he separation
grooves 82 ofgthe el aotyode, h%x?y@fe.ﬂzéﬁ? £i Lhednhy

the insulating layer 13 so t
oxidation film, which corresponds to the insulating

layer 11, is deposited onto a silicon substrate, which
has a plane direction of (100) and corresponds to the
substrate 1, by a wet oxidation method, for example,
with a thickness of about 1.0 Mm. Then, polysilicon
which turns to the electrode layer 12 is deposited on
the insulating layer 11 with a thickness of 0.4 Hm, and
phosphorous is doped into the polysilicon of the
electrode layer 12 so as to reduce a resistance. After
forming separation grooves 82 in the electrode layer 12
by a lithography etching method (a photographic process
technique and an etching technique), that is, after
forming the electrodes 12a and dummy electrodes 12b, a
high~temperature oxide film (HTO film) is formed with a

thickness of 0.25 Um as the insulating layer 13. At



the surface of the insulation layer 13 is flat. It
shoul d be noted that the electrode 12a is extended to

wG2a0he1keCct rode pad 55. Subsequently, as shownCT/oP2B03&09929
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24B, after depositing the polysilicon, which serves

as the sacrifice |ayer 14, onpithe insulating |ayer 13
wth a thickness of 0.5 gm separation grooves 82 are
formed in 10 the sacrifice layer 14 by a |ithography

et ching vehdodiheapdphuathen grbbghst enperatiye ddeode
film(HTOfilm is deposited wth a thickness of 0.1

to degmasatberiibsdl By i agel ayenlibindt 1taRiexr tlidso that
the width of the separation grooves 84 is preferably
equdie touafaddt bf byhéSinkiithttihe deparatlidonsgrideates 84t
can be filled by the structural |ayers such as the :
i nstHatihgo¢ ayered5thapnl theugherctrddpedds o3 tdxgended to
t hi ckness of the vibration plate 19, it is preferable

to 8w ekrcWreddn BadabPoto or less than 2.0 m In the
present enbodi nent, the width 20 of the separation
grooves 84 isSERECHEERISYm aPhFECWEhd T it Cat i01P platerr

19 can be formed with a_ substantially flat surface
naViSRPT1 TS CORURRRECS AR Y haNdaHs SGUERT Frocdds by
dividing the \sactifhce Layer 14Dy the senaration .y .

gr OOVes g the sacrifice I"ayer
the.insul ati ng_| yer WO 2004/ 012942 PCT/JP20QQ3/.009 ,
DRI 096 BYS il SPBRERtade Sh gt A doged in

't e dori PEcY DERELONAPLRL g €k enbLedenkakaicnkb PRtk thod,
and further a high-temperature oxide film (HTO film) 1is
deposited with a thickness of 0.1 to 0.3 MUm as the
insulating layer 15. At this time, the width of the
separation grooves 84 is preferably equal to a width by
which the separation grooves 84 can be filled by the
structural layers such as the insulating layer 15.
Although it depends on the thickness of the vibration
plate 19, it is preferable to set the width equal to or
less than 2.0 Pm. In the present embodiment, the width

of the separation grooves 84 is set to 0.5 Hm.

Thus, the vibration plate 19 can be formed
with a substantially flat surface having little
unevenness un the subsegquent process by dividing the
sacrifice layer 14 by the separation grooves 84 and

embedding the sacrifice layer 14 in the insulating layer



insulating laver 17). Accordingly, the surface of the
actuator substrate can be flattened and process design

WG20f/09Msequent processes becones easy.  Furt PET/Rm063/009929
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as shown in FIG 24C, phosphorous-doped polysilicon
which turns to the vibratioTZBIate el ectrode | ayer
(common el ectrode) 16, is deposited with a thickness
of 0.2 m Then, the 10 vibration plate el ectrode | ayer
16glso%t%a%gvgké} ddd Qﬁ%?@ki%#*ﬂ@g(ﬂﬁéhQQs&&EEiBn layer
pattfern oversize rom~ the sacrifice [ayer renoving

hohgs 6QJ 0 Aresm Wele dNe-sacitfiLeetayerand the
renovi ng holes 60 are forned | ater. Subsequently, the

i ngWlsatizng dpvelyy 18 15 Aessmghi i, achbi ekResseobt the
0.3 m The insulating layer 17 serves as a stress
adjzustpent: (Lendingdrevenid on)attehanf andppevesssngesign
the vibration plate frombeing bent or deforned. In

t he fpegeriquemiod merdssdhebeasudateagy . | ayer 17 is a
lam nated filmof a nitride filmhaving a 20 thickness

of 0.15 m andantioximerdj | &3 halvowy an FREckAéSs of

0.15 m Next, as shown in FIG 24D, the sacrifice

| apéo spéreduiy dnned BOLwt el fermed ByCh FRERBgFapRYS
etching nethod. 25 Then, the etching for renpving th
sadiibfiade onD oY (Ao PET/ 500D 31 609928 ei?‘s‘tgagiés Le,
14 is performed by isotropic dry etching usin

SF6
gas-s ﬂ?RﬂﬁiﬂQﬁkﬂ??ﬁﬂ%dtQﬁ%%n%§%ﬁ?feQC%iH@'US%H@H’ the
vibration plate electrode layer 16 is etched by a

lithography etching method with a pattern oversized from
the sacrifice layer removing holes 60 in an area where
the sacrifice layer removing holes 60 are formed later.

Subsequently, the insulating layer 17 1is

formed with a thickness of 0.3 Um. The insulating layer

17 serves as a stress adjustment (bending prevention)
film for preventing the vibration plate from being bent
or deformed. In the present embodiment, the insulating
layer 17 is a laminated film of a nitride film having a
thickness of 0.15 MWm and an oxide film having a

thickness of 0.15 Um.

Next, as shown in FIG. 24D, the sacrifice
layer removing holes 60 are formed by a lithography
etching method.

Then, the etching for removing the sacrifice



al kal i ne etching liquid such as KOH or TMAH may be
used, or a dray etching using XeF2 gas may be used. 5

w®emee1me sacrifice layer (polysilicon) 14 i SPCT/JP2003/009929
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surrounded by an oxide film the sacrifice |ayer 14
can be renoved under a sacri%ﬁce | ayer renoving
condition which provides high electivity with respect
to the oxide film thereby formng the air gap l4a

W RQ};%%‘;%EALCE Piae:!r%o%%lg X y-i%ébc{)fo%’fé aipesacihdi €8ing sFe

| aye h'is separate y ‘the insulating | ayer

154551 1 ed i npthe g %%Oé{&ééd)&k&f@%v%ﬁ%té@iﬁ?ﬂ@w@@l
in“each partition part 50a, which allows to forma

suBstant hal kytdhialy 13 gurd aseerofad R HatkH may be used,
substrate. It should be noted that since the etching

fobr EeARMYNGHOME rRpard ficCexdmyemsi malysater afmend .
etching, it is preferable to arrange the sacrifice
| ayer renovi g eshe 6rati@ice ntayval (eglasildcon) 14 is
smal ler than the length 20 "a" of the shorter side of
t heuairougapd( imw alnl exidériitlion PratwycrTheeeat fBer 4§ can
shown in FIG 24E, the flow passage form ng nmenber .
20bei mewhiveld thaldn quish Cprieisauri sy ¢y CHRNHERT 28°BAY LoD
the common |iquid chanber 25 25 are, formed, iE %oiggd 4
t ovhREDt RESVHGISTed It (RUSST WD B00% B 2Bagbect to the oxide
PCT/ JP2003/ 009929 124 for.m ng, nenber %O b n .
adRedrye CHRE RN U of et HEE Rt fackibr PRATTeient
actuator form ng nenber 10 is nade

accuracy.

Moreover, the sacrifice layer 14b, which is
separated by the insulating layer 15 filled in the
separation grooves 84, is remained in each partition
part 50a, which allows to form a substantially flat
surface of the actuator substrate.

It should be noted that since the etching for
removing the sacrifice layer is isotropic etching, it is
preferable to arrange the sacrifice layer removing holes
60 at an interval equal to or smaller than the length
“a” of the shorter side of the alr gap (movable
vibration plate).

Thereafter, as shown in FIG. 24E, the flow
passage forming member 20, in which the liguid

pressurizing chamber 21 and the common ligquid chamber 25

are formed, is joined to the thus-formed actuator



flat, the adhesive joining is easily perforned.
Additionally, the air gap 1l4a can be conpletely seal ed
w®G20y/0cd9asi ng the sacrifice |ayer renovi ng hol BGT/&2063/009929
the flow passage form ng nenber 20. Thereafter, as
shown in FIG 24F, the inkjetiphlead is conpleted by
joining the nozzle formng nenber 30 onto of the flow
passage form ng nenber 20. As 10 nentioned above, in
t hefdrmpt @t melnisehat gebhead kAekddiiag e this time, since
el.ectrostatic actuator produced by the above-
menthonedr faref aft thengchethod, folreicios treemdesr’ dI'0 dfs made
the air gap can be defined by the thickness of the
sachlidt ceth¢ agéreszgveandinthgs ist kesdily ey ficsnfest.nmed
wth 15 sufficient accuracy with little variation.
Thetddbreonat her etig atso9ppt Lhe ¢ani &6 eomipd atsdy sealed
vibration  characteristic (discharge characteristic
Sof BheEIWFratFon prarefifRudayYeReremoy g fiodes 60 by the
variation intheli%uid in{ngcti characteristic

( di SEHArRRES RIChEP HELRYi BEMEFE @hich achi eves an

i nkj et head capahle..of performng.a hi it o
recor di ng. Nb?g%i‘?%?fftgf‘ncés 5% ngénng&@O% e the inkjet

act <9ri§a@o$5ﬁéeégegybiﬁ?g%ﬁsg%ﬁ%ngggE%%t%%%%%ﬁ% rmber

st abl e mass pr oductron c eve

suffd c.ery yieldle 2PoFURLBSE 4eSiFRCR e metiface of the
actuat or WD 2004/ 012942 PCT/ gPZOOB/ 009929 125 form ng

1onenertiddhds dbabe, the Eh@%@@%i@ﬁedﬂébha(r_tg@e hdddUirt1uding
pressuri zi ng chanber and the flow restriction

the electrostatic actuator produced by the above-
mentioned manufacturing method, the distance “g” of the
alr gap can be defined by the thickness of the sacrifice
layer 14, and, thus, the air gap is formed with

15 sufficient accuracy with little variation. Therefore,
there is also little va:iation in the vibration
characteristic (discharge characteristic) of the
vibration plate. Thus, there is little variation in the
liquid injection characteristic (discharge

20 characteristic), which achieves an inkjet head capable
of performing a high quality recording. Moreover, since
a large part of the actuator can be formed by a
semiconductor process, a stable mass production can be

achieved with sufficient yield.

25 Further, since the surface of the actuator



part) can be fornmed by a photosensitive polyimde or
DFR applied by a spin coating nethod. In such a case,

wG2@pmunh il lustration is omtted, it i s notPCT/JP2003/009929

necessary to prepare the fluid passage form ng nenber
separately. Moreover, in the gase of the inkjet head
using alkaline ink with a high pHvalue, it is
preferable to provide a corrosion resistant resin
filfoonitdeneppermost ikayeatof thk0 dikey Wad¥aldObart (the
plate. As nentioned above, since the droplet

di sthanige beadsactoeidgnghbobklre apiesent Mrhodideitiction
conprises the nozzle form ng nenber 10 having the
nozzdet) feandpschakrgedgber epbébsosfenisiiquivey ftdley fliale or DFR
passage 15 form ng nenber 20 having the liquid

pr ex2Ri} 94 gy chafbér cesiihact @¢thedt-he Imozzicd, aanthtdhe
actuator formng menber which pressurizes a liquid in

5t hed iR el p%%%%?i—”%f’-h@n éRaRBactednd itthe sagtojatigicessary to

formn el ectrostatic actuator
acd%?ﬂg%ﬁe?%h?hngFESBﬁFségel59§W9P8nmeﬁﬁ@r separately.

th obt ai ned. dropl et _di sc e head ha ittle
vaﬁ?%.?%ﬁ??h %%egﬁ?qﬁ?aelﬁ eE mén HEFa%F@ﬁlﬁﬁ%?gzﬁﬁfallne

b 15t PR EMLORTPAGLINEC. Bt 25 BeEhn SR ce -
to dhe-d ket bead: equi pRed Wict bt \t;\% 5%4%@%%%%@%%% of

actuator according to the present

10PCHRP20034 HPD9R 91426 . i nvention, the electrostatic
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actuator head according to the present invention may
be used for aadr@phelioned above, since the droplet

discharge head according to the present embodiment
comprises the nozzle forming member 10 having the nozzle
for discharging droplets of liquid, the flow passage
forming member 20 having the liquid pressurizing chamber
connected to the nozzle, and the actuator forming member
which pressurizes a liquid in the liguid pressurizing
chamber, and the actuator forming member is the
electrostatic actuator according to the present
invention, the thus-obtained droplet discharge head has
little variation in the liquid injecting characteristic
and is reliable and manufactured at a low cost.

It should be noted that as a liguid injecting
head, in addition to the inkjet head equipped with the

electrostatic actuator according to the present



di scharge head which discharges a liquid resist as a
dropl et di scharge head which discharges a liquid other
w®2aohamnenk. Additionally, the droplet di scharper/meas/009929
according to the present invention nmay be used as a
droplet injecting head which 4.5 equi pped to a col or
filter manufacturing apparatus for manufacturing a
color filter of a liquid crystal display. Moreover,

t heindéh©ropl ethdi schatgesheadcageendided HRead@ccording to
present invention may be used as a liquid injecting

heaghapehsehs efueppednt pagnbel esktrode rf or R let
apparatus for formng el ectrodes of an organic

el ettiscrd o neseénekichEli) sdhapbay ar ldgfudce resist as a

| um nescence display (FED). In 15 this case, the

el ettomdet ndt echatgsubhadswanchebesthiacglelsy ac dridudtd weher
paste is injected. Further, the droplet discharge
Sheaddhae corldi ngrddlthenpt é¥enthej dyentiedn digyhloe ags égad

as a liquid injecting head which is equipped to a

bi GRHF D FHerif Bet Br P nBTr appaFal DECREL C20 "FENBRa RS /G &

bi hip. In thi t dr let di h head

o S A L e RS LR OB S o sbEPB R S g SoLox
teri.al the |jke. Furth the _d |l et . di h

hedt Hetor i NG: £5 RE Gr BRBRF A FRIe AL FoloFE EagH i Rgb Fe COLOT

heat accor iy 79-) iveAtTo :

e 2 pELLNg DE90- 01 LRGHILE 8 1d38oER.O! HFe

1o20%&&1@6%?@%3?%901%9992880r&ZZ Next +nad GesGihRt i on
wll be given, wt reference to EIG. 25, of an
I NkiGadtdd slgend Ptsgrated as a liquid injecting head which
is equipped to an electrode forming apparatus for
forming electrodes of an organic electro-luminescence
(EL) display or a face luminescence display (FED). In
15 this case, the electrode material such as an
'electrically conductive paste is injected. Further, the
droplet discharge head according to the present
invention may be used as a ligquid injecting head which
is equipped to a bilochip manufacturing apparatus for
20 manufacturing a biochip. In this case, the droplet
discharge head discharges a sample of DNA, a bioclogical
organic material or the like. Further, the droplet
discharge head according to the present invention is

applicable to a liquid injecting head of industrial use

25 other than the above-mentioned liguid injecting heads.



head of the droplet discharge head according to the
present invention. 5 The ink-cartridge integrated head

wae@4/omoenr ding to the present invention conprPGEIP2a08/009929

inkj et head 102 according to one of the
above-nmentioned enbodi nents ihavi ng a nozzle hole 101
and an ink tank 103 for supplying ink to the inkjet
head 101. The inkjet 10 head 102 and the ink tank 103
are integrategedt}haeashcrophern FhUS, vielf GiRlegr akidig
the ink tank for supplying ink with the dropl et

di seifamge deathb aeTerdifig 60 sheinpresentibfgvenhi@lradd
ink-cartridge integrated with a reliable droplet

di dctat gef hded {rokl ¢andisohegyat edadSabeadiiihgvicegthe
little variation in droplet discharging properties
capuses eithilgviesnmitor. | ow cost. Next, a description

will be given, with reference to FIGS. 26 and 27, of

San inkjet recthdi hyk-apphradas épteppededi hikrathd 00

ACEBTRATG it Thet I SREA=F hEAT PORLOF| GompB: Pgsaan. inkjet
RCCRPR % GATEE Drakor TR bhE =PPES-BPAEa CRSG: de

oo B I il & s e Wi of THotbr althgtank 103
PR IPI00% 009529 128 28 has it apiardt B oo PRI ot

lOAC%%@@DQ@Qe%ﬂdWEHgfiﬁ%”%ﬁﬁ%uﬁO?ogyeléﬁtéérth&iQﬁkﬂgeach
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mechani sm 112
other. Thus, if integrating the ink tank for supplying

ink with the droplet discharge head according to the
present invention, an ink-cartridge integrated with a
reliable droplet discharge head (ink tank integrated
head) having little variation in droplet discharging
properties can be achieved at a low cost.

Next, a description will be given, with
reference to FIGS. 26 and 27, of an inkjet recording
apparatus equipped with the inkjet head which is the
droplet discharge head according to the present
invention. FIG. 26 is a perspective view of the inkjet
recording apparatus according to the present invention.
FIG. 27 is a side view of a mechanical part of the
inkjet recording apparatué shown in FIG. 26.

The inkjet recording apparatus shown in FIG.



conprising a carriage novable in a main scanning
direction, a recording head according to the present 5
w0 pooefoi29en nounted on the carriage, and an PCT/JP2003/009929
ink-cartridge for supplying ink to a recording head.
A paper feed cassette (or a paper feed tray) 114 can
be renovable attached to a ['ower part of the
apparatus body 111 so as to be freely inserted or
r enpv fr.am | gle. 0 L]
na%%aﬁgfeg%t%é%%%%é¥%§§%€€o%% IyAgg$%%$§§é£¥gr§n the
manuall v feeding, a prifd papernt PhdnhecRaReEs 113 are
fed fromthe paper feed cassette 114 or the manua
fee@drgraw iktp.a T&'@fﬁi{é epes1d18n 08 mlishscandesair ed
image is recorded by the printing nmechanism 15 112 is
ej ectred Aty & pepssr&i.ethéadyaddérathagchedthe ptrheent
rear side of the apparatus body 111. The printing
5 medharingmorantotrli?edasn aclvai eerglade, radd12t érkepdirnigidge
between left and right side plates (not shown) and a
sulfoguisdenlothind ar riage 1930 20ing heedbl yAsnppeit dg¢ed
by the main guide rod 121 and the sub guide rod 122
i ncElse afdian ScarmimpP i reetdokt3d) Hife€fpoRe removable
per pendi cul ar to the paper face of FIG 27Qﬁ PA hea
[

124 WIS s= T ohprPeeid A Tt Het i kT eBPREAA “WAI BRYY] %%1 so as
e Sroplet, dsohal ge heed acerding o, e puessnl 25,
Lo YO, 2ERYSIEA, T JER000 0088200429, Lk L snacoo
Perpendify &0 Gddea B NesCarning gLigetp@Ber. print
papers 113 are fed from the paper feed cassette 114 or
the manual feed trayﬂ115. The print paper 113 on which
a desired image is recorded by the printing mechanism
15 112 is ejected onto a paper eject tray 116 attached to
the rear side of the apparatus body 111.

The printing mechanism part 112 has a main
guide rod 121 extending between left and right side
plates (not shown) and a sub guide rod. A carriage 123

20 is movably supported by the main guide rod 121 and the
sub guide rod 122 in the main scanning direction (a
direction perpendicular to the paper face of FIG. 27).
A head 124 which is comprised of the inkjet head which

is the droplet discharge head according to the present

25 invention is mounted to the carriage 123. A plurality



so as to discharge droplets of ink of each col or

yellow (YY), cyan (O, nmagenta (M and black (Bk), in
w@2aemmadr d 5 direction. Additionally, the carPCEHHRWAB929

is exchangeably equi pped with each ink cartridge 125

for supplying ink of each cgb r to the head 124. It

should be noted that the abdvé-nenti oned

ink-cartridge according to the present invention may

becﬁqghﬁpgﬁL éﬁég-§‘§@¥ﬁga5%rfggehégé i§4pE9¥|QEQjWébhln a

an atnosphere port connected to an atnosphere on

Up@%&ed%ﬁéﬂ‘ﬂbfﬂ@%é&%u?@ﬁ §03H98|Ma@ﬁrgcéﬁﬁlﬁngHXb%%lon
ink to the inkjet head on a | ower part thereo

POrsQlSs s el efi dndidd edrby1 bk b6 PhRVbEedatAStd@or, yellow
thereof. The 15 ink-cartridge 125 maintains the ink

supphi edytan thE) |, imkjettdhead) akna BLaght [(Bknegahi wedownward
pressure according to the capillary force. Al though
5t heliheadsi i?4 Adedmictonzblypr Bhe usediagealk@casdi ng

head in this exanple, a single head h having a nozzle
whiegte diregstedy lge se ko 2o dv bph eescbf 1ehchactlrorgeTRES for
backsi de (a downstream side in the paper feed
d|ﬁ@ﬂﬁhﬁ%HQﬁlﬁ%GD%a%$¢%g%0498 te tkAgaged weth tRé Should
main rod guide 121, and the front side (an upstream
S|§§565”%%%1ﬁ5§%rt?%eﬂbﬂY?é%??%h?nﬁg 1§F|885F§1§H6aged
with the sub de rod. | n_order o 25 nove and sca
t hé & 3 ' %%S%Fnl%%%ﬁ vy 2664/ giz@ﬂﬁlpped
PCT/JPZOOS/OQB?Zan%39a9££§8%%gTZigéglﬂln%lQ% glﬁhlkn

provi ded bet ween & Grive i'ven

SC%&ﬂggﬁHeﬁg (ﬁpg @@hﬂgé€ed to an atmosphere on upper

portion thereof and a supply port for supplying ink to

10

the inkjet head on a lower part thereof, and a porous
material filled by ink is provided inside thereof. The

15 ink-cartridge 125 maintains the ink supplied to the
inkjet head at a slightly negative pressure according to
the capillary force. Although the heads 124 of each
color are used as a recording head in this example, a
single head h having a nozzle which discharges ink

20 droplets of each color. The backside (a downstream side
in the paper feed direction) of the carriage 123 is
engaged with the main rod guide 121, and the front side
(an upstream side of the paper feed direction) is
slidably engaged with the sub guide rod. 1In order to

25 move and scan the carriage 123 in the main scan



pul ley 129. The tinming belt 130 is fixed to the

carriage 123 so that the carriage 123 is reciprocally
WG2008E i n response to nornmal and reverse rPCHIP2008009929

of the main scan notor 127. In order to feed the

print papers 113 accommodatgdg n the paper feed

cassette 114 to a position under the heads 124, the

apparatus is provided with: a feed roller 131 and a

fricitdent pad, 132c10ihhabesepasat esapdofead€deh RNt drive
paper 113 fromthe paper feed cassette 114; a guide
menberl gui i $gdeaedn pyi atmpapescdi3inodoeoneey ahel laer idie
134 which reverses and conveys each print paper 113;
a conMesy ridd er 13 whihthg bslpre3setdsagakast tbhehe
ci rcunference surface of the 15 convey roller 134; and
an SEF aslg ek231380 whireh Het i pesraagketdlangl ecofipeachlly
print paper 113 fed by the convey roller 134. The
> cofPeFA 1%t IBRPIRS? Gtattofet | yandr reearby aosalbions of
sc%r notor 137 via a train of_gears. Al so provided is

a | ng SR Tferiet™ PRSI Bh 20 Serveseasta prpAt tpgperint

TRy A vy Lol bap A shoaAgerSPRE e 114
[ 4. i se t a vi ng range of

herir PRty Wt HRERR0SES L0ra® BRY, Bpraftients

t he downsly eam;si de af 4 he, P & efo]? ﬁ%@ﬂingggglw EQ% 132

paper feed direction, a convey r

10 20044812942 ReH W00/ 009929, ﬁigﬂn%%@efsll3 from fhe
rotationally driven for feeding eac rint paper 11
| Nnpappap&eee] ecls gHttection andyad dh&nkotk | &hiding each
print paper 113; a convey roller 134 which reverses and
conveys each print paper 113; a convey roller 135 which
is pressed against the circumference surface of the
15 convey roller 134; and an end roller 136 which defines a
feed angle of each print paper 113 fed by the convey
roller 134. The convey roller 134 is rotationally
driven by a sub scan motor 137 via a train of gears.
Also provided is a platen member 139 which
20 serves as a print paper guide member. The platen member
139 guides each print paper 113 fed from the convey
roller 134 under the recording heads 124 in response to
a moving range of the carriage 123 in the main scanning

direction. On the downstream side of the platen member

25 139 in the paper feed direction, a convey roller 141



142 are provided. Further, an paper eject roller 143

and an idle roller 144 that eject each print paper
wonicd/oR9he paper eject tray 116 are provi ded, PE@nar2ad3xm9929

gui de nenbers 145 and 146 are provided for defining a

paper eject path. Wen recorging, the recording heads

124 are driven in response to 1 mage signals while

nmoving the 10 carriage 123. Thereby, ink is

di sghargedst pwardibhe1pki At-iRARETE L1 F W0 Gl i St ppas:

so as to record one line, and, then, recoding of a

nexpapénells periopapdr afker beedicrddrhedd idd RERErroller
113 by a predeterm ned distance. Upon receipt of a

r ecbt 2li age epdosigpdl. oFuath®rsi grapapst oy dadicaties: 143
that the trailing edge of the print paper 113 reaches

a recodrah ngdaeeaplibhe tédortingejeper aticdn drsirendetber onto
and the print paper 113 is ejected. A recovery device
S147tHerperenver £Ag drsrhal §earkaplrore defd t kexchedds> Ifdide
Is located at _a position 20 outside the recording area

on R§EPeTYht 4 endndi §&6i Areherowddicdy feirr dafiied nef & heper
carrjgge 123. The recovery device 147 has a cappi ng

meansSCa RYEki oni ng neans and a cl eani ng means. The

[ 123 | d ta.th L d f th
devi ce 147 QuPFAG BFCAECSPERABY= &t ¥ie osb s 1k 2re

20041 D19047 HEATSRES05F005638° 135 A Schige SerEgarte
101 S JmBintalned, at aﬁﬂ‘@ieﬁ%a? ?nk‘“"i‘%cﬁis%g‘é?%?ds toward the
generation of discharge failure due to dry ink.
print paper 113 which is stopped so as to record one
line, and, then, recoding of a next line is performed
after feeding the print paper 113 by a predetermined
distance. Upon receipt of a recording end signal or a
15 signal which indicates that the trailing edge of the
print paper 113 reaches a recording area, the recording
operation is ended and the print paper 113 is ejected.
A recovery device 147 for recovering discharge
failure of the heads 124 is located at a position
20 outside the recording area on the right end side in the
moving direction of the carriage 123. The recovery
device 147 has a capping means, a suctioning means and a
cleaning means. The carriage 123 is moved to the side

of the recovery device 147 during print standby, and the

25 heads 124 are capped by the capping means. Thereby, a



Addi tional ly, by discharging ink, which is not used

for recording, during the recording, viscosity of ink
w@eooalol2945 di scharge ports is maintai ned constBeL/JP2003/009929

t hereby maintaining a stable di scharge perfornmance.

Wien a discharge failure occurs, the discharge ports

(nozzles) of the heads 124 are sealed with the

cappi ng nmeans. Then, air bubbles etc. are suctioned

outy ildbif rgbepdi-scharge; Bonhs ntageakhen tMat R dik e d hemicn
suctioni ng nmeans. Additionally, ink and dusts adhering

t 0 gihevslisshaegerperbnsurf asecanegeeramadilly e to dry ink.
cl eani ng neans. Thereby, a discharge failure is

r ecdalerieitbndhey, sbigt donedairgknigs iekected dho ia wast eised for

ink 15 reservoir (not shown in the figure) and is

absordedibyy, adui hkgabker bengroater,i &lisicostihy wasStimk at all

ink reservoir. Thus, since the above-nentioned inkjet
Shedbl 4 2hase@s ppedtsi A mpéntakpet head twhitch tihe ndy

dropl et discharge head according to the present

i e ighniere shabis fiprharvar parifenmiamcehe

di scharge characteristic of ink droplet and recording
of high-qual i ¥§°PnRgELSERATEE LadhEPe®CAThoddie Gircharge

cqiiBpey WTPCIRS | Aki BeonBaA tal A 228 cReted DA h The
2001 T3 2 B 3PabosT 008650 LTas S bt aag gurToned out
1ote>(;Qth;]‘ieH}Féidj¥é‘8h§£§§t%8§fc§t i:Bg%‘EB!éi‘t 8&;%‘9%% 8L ng
present |1 nvention may bDe use or a
suctioning means. Additionally, ink and dusts adhering
to the discharge port surface are removed by the
cleaning means. Thereby, a discharge failure is
recovered. The suctioned ink is ejected to a waste ink
15 reservoir (not shown in the figure) and is absorbed by
an ink-absorbing material in the waste ink reservoir.
Thus, since the above-mentioned inkjet head is
equipped with the inkjet head which is the droplet
discharge head according to the present invention, there
20 is little wvariation in the discharge characteristic of
ink droplet and recording of high—-quality images can be
achieved.
Although, in the above description, the inkjet
recording apparatus equipped with the inkjet head using

25 the electrostatic actuator according to the present



dropl et di scharge apparatus which di scharges a |iquid
resist as a droplet. Additionally, the droplet 5

waele@ehmoge apparatus according to the present POW/&ENINN9929

10
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may be used as a liquid injecting apparatus which is
used for a color filter manufiagturing apparatus for

manuf acturing a color filter of a liquid crystal

di spl ay. Moreover, the droplet discharge apparatus

acdordimigi dro 19 ¢hel present thaventbenonBytbe Used 38 aneag
liquid injecting apparatus for an electrode formng
appacatysinghitth floe neresdect tndestobnanagr ganueed for a

el ectro-lum nescence (EL) display or a face o

| URTPES GencE it oy {PED)atds vhish dasehatrbes! kquiguid
injecting apparatus injects an 15 el ectrode nateri al
suckSas ta Sorid i IRAe hastAddbrd ena i ppl ehedidsoharye

head. Further, the droplet discharge apparatus _
acgéﬁ&i g %% AR T 'ekertC G IRERT oFC e beresedt asvantion
l'iguid.injecting apparatus for a biochip manufacturing
ap%%yatbﬁsjufs&d rﬁ%’nﬁgﬁtqﬁ% g D7 othF p2PPRrabyst wpsch is

ca t i_qui d injecting apparatus discharges a

sa%%ﬁg %?4d$¥gé§%%23é%ﬁezﬂméﬁﬁéﬁﬁEuﬁb?%r?%PaﬁftPﬁefor
!iﬁgnuEQcEQQi% @‘Hof%f”f%#ﬁ%r ggrthféggggﬁpkbg%gq display.

injecting apparatus according to the

| NMeRELOB ¢, S tHAPRIASGARIE 4ia &, d4 Léké{%ﬁ?%%ggccording to

apparatus of industrial 25 use o

abole- pebtieared nhiceiHith MLCtHNG; N 2004 Ol 23 injecting

PCT/ JP2003/ 009929 134 apparatuses. A description

Wi abpaowthe @ovemn Wildttrode forming apparatus which forms
electrodes 6f an organic electro-luminescence (EL)
display or a face luminescence display (FED). In this
case, the liquid injecting apparatus injects an
electrode material such as a conductive past from a
droplet discharge head. Further, the droplet discharge
apparatus according to the present invention ma? be used
as a liquid injecting apparatus for a biochip
manufacturing apparatus for manufacturing a biochip. 1In
this case, the liquid injecting apparatus discharges a
sample of DNA, a biological organic material or the like
in the form of a droplet. Further, the liguid injecting
apparatus according to the present invention is

applicable to a liquid injecting apparatus of industrial

use other than the above-mentioned liquid injecting



reference to FIG 28, of a micro punp as a mcro
device provided with the electrostatic actuator

waementiony to 5 the present invention. FIG 28PCHIR003/009929

cross-sectional view of a part of a mcro punp
according to the present invention. The mcro punp
shown in FIG 28 conprises a flow passage substrate

201 and an actuator substrate 202 which constitutes

t hapglaactypsdati ¢ actuator according 10 to the present
invention. A flow passage 203 through which a fluid
flows is formeddésncthe:fbow passage bsubsteat ew2@h.

The actuator substrate 202 conprises a vibration

pl ated smrmcab | ® 7 £)2@2220 fvha chid¢so defiapmabl @ mando device
forms a wall of the flow passage 203 and el ectrodes 15
22PTEFROSIA evittd) ridspexiderdefaorhabbetpatds 222arding to
the vibration plate 222 with a predeterm ned air gap

5 223 he pEESFatvee e MHE s ur fBER- 048 the actpasersectional
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substrate 202 is formed in a substantially flat
surf-4¥e Ot TRe Pa&th (it (it VIS He i t 1RE OF A 50BsEPatee2DResent
is.the %arre as 20 the structure that has been

expr&EhEd S t HE et Teit™ ot e 1ikF BF - heddcoaRaises a
gegﬁlokdega%%%%]rel Ptqbosbsrgtheerfd]f ar\géll%r} P%%‘?wg%écgg?'suyse%%éte 202

escription w e gi ven of

op k,0 (e j Cr. ' e c of .the..
R e D AP T L e o258 285} Dases

2094/ @129 %ePSGHtJF:’L%Q;Qe’%{tQQ%?.29AJ§L5ovP%§£‘%é 203 through

selectively to the el ectrodes 224, an eleCtrostatic

at yhaehi an rhoriee Aiswgeney ataddetmweand he oy passage
substrate 201. The actuator substrate 202 comprises a
vibration plate (movable plate) 222 which is deformable
and forms a wall of the flow passage 203 and electrodes
224 opposite to respective deformable parts 222a of the
vibration plate 222 with a predetermined air gap 223
therebetween. The surface of the aétuator substrate 202
is formed in a substantially flat surface. The
structure of the actuator substrate 202 is the same as
the structure that has been explained in the embodiment
of the inkjet head, and detailed descriptions thereof
will be omitted.

Next, a description will be given of a

principle of operation of the micro pump. Like the case

of the inkjet head mentioned above, by giving a pulsed



vi bration plate 222, and each deformable part 222a of

the vibration plate 222 deforns toward the el ectrode
WQ@2004/01943 f the deformabl e parts 222a are dri VRCT/JP2003/009929

sequentially one after another fromthe right side in

the figure, the fluid in the;El ow passage flows in a

direction of arrow, which enables transportation of

the fluid. In this exanple, the small mcro punp of a

| o, 10 tAQWers Lonsunpti pn- M il | d1dberyaeksabpon kA
characteristic is obtained by being equipped wth the

el @alieHAMH L iAC t Ut A c BCEOr th Rge t Ost §enpreseat between the
invention. It should be noted that although a
pl wri@ldaton orofp Idefeoravab) eampairésclar@eformedlenpihe 222a of
vibration plate in 15 this exanple, the nunber of
defetrenmedile spairdrs peytdbe2 dhede fMpmeoveraridn tdrederl qag-rode 224.
i nprove a transport efficiency, one or nore valves

S5sudf ase fomrf exeipl e, Patietk2 Yt vese @ayvBe prevVEasdally one
between the deformable parts. A description wll now
be aditeen ansi i R 0F 7&F eflencelglbt FPEle2yn gpegfhigure, the
opti cal -devi ce having the electrostatic actu

ac@dichg oﬂtTepr%msa@afﬁv%%wan.lnpﬁedlﬁﬁci%igr& of arrow,
Cross-sectiqQna [ f tical [ . di

o e Tp e = 1T LARESR 0Bl EAF . GLUREe. showni n

FIG 29 Conpr%$e§han §§£H$£8r %gisgﬁgﬁﬁahgc§ 2pump of a low

i ncl udi ng a def or wabl € M rrof avi ng
lO?22#%%%%2&%15?&3??%%QQ§49Q9929¥1%3©a§§éE§Bﬁ gapabl e of
galight. It 1s preferable to forma
di eliectyd Gl tid ayerohid ey BynBtahgf ehigBed with the
electrostatic actuator according to the present
invention. It should be noted that although a plurality
of deformable parts are formed in the vibration plate in
15 this example, the number of deformable parts may be one.
Moreover, in order to improve a transport efficiency,
one or more valves such‘as, for example, check valves
may be provided between the deformable parts.
A description will now be given, with
20 reference to FIG. 29, of an optical device having the
electrostatic actuator according to the present
invention. FIG. 29 is a cross—sectional view of an
optical device according to the present invention. The

optical device shown in FIG. 29 comprises an actuator

25 substrate 302 including a deformable mirror 301 having a



the surface of the mrror 301 so as to increase the
refl ectance. 5 The actuator substrate 302 conprises

W b@4/0tiDr mabl e mrror 301 (correspondi ng to PEEJIP2003/009929
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vibration plate of the head) provided on a base
substrate 321 and el ectrodeg;324 facing respective
def ormabl e parts 30la of the mrror 301 with a
predeterm ned air gap 10 therebetween. The surface of

th@ﬁ?&%%@'égggﬂf%de'E%Elééth@UQSI tal lytfhlatpreferable
surface. The actuator substrate 302 has the sane

St uCteyier as dihe editicd unel eXpdpenediim othe metal film on
above-menti oned enbodi nent of the inkjet head except

f ornieheuridercas ich fHatme vt g0t heondsroo suctaeces ahd

15 descriptions thereof will be onmtted. Here, the

prirecilploeaofce.he optical device is explained. Simlar

to the above-nentioned inkjet head, an electrostatic

force is generlz extbereensehetratectPédesmBZAsand Hike

respective deformable parts 30la 20 of the mrror 301,

by dedlogerinie yuiapityi Hyl t heoefeepepde’y §24thgpyibration

t hereby, .the deformable parts 30la of the irror 3

ar @190 ortTod i S CondRA O GRdR BP RSt BUDEGReAee 2 and

mrrors. Therg{o e, when a light.fro | um no

OGS 0 117 At eh GRTGCCREY T 17 of 307 LpgbarEs 301a

t hr h a lens 3%#} nd.%ge j % L gqnot ~dpiyen

VOF00d D TSP O D bS58 a7 P RghE T oo

reft't %%Ie%d%t%}e%{‘. a”ﬂllvﬁ é@fﬁg‘@g?ofstﬁgemiﬂgbge@bl arglermed

On e ot her hand, en the mrror is driven,
in a substantially flat surface. The actuator substrate
302 has the same structure as the structure explained in
the above-mentioned embodiment of the inkjet head except
for the vibration plate having the mirror surface, and
descriptions thereof will be omitted.

Here, the principle of the optical device is
explained. Similar to the above-mentioned inkjet head,
an electrostatic force is generated between the
electrodes 324 and the respective deformable parts 30la
of the mirror 301 by selectively applying the electrodes
324, and, thereby, the deformable parts 30la of the
mirror 301 are deformed in a concave form and turn to
concave mirrors. Therefore, when a light from a

luminous source 310 is irradiated onto the mirror 301

through a lens 311 and the mirror 301 is not driven,



the driven deformable parts 301 turn to concave
mrrors and the reflected |ight becones a scattered

wo p@hn129%2 Ther eby, an optical nodul ati on devi CBCT/$P2003/009929
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achi eved. Therefore, the small optical device of a

| ow power consunption can besgbtained with [ittle
variation in characteristic by being equipped with

the electrostatic actuator according to the present

10 iinylenti once A1 desetii pti oA whbhebehgi ¥ame Wist Rkhe incident
reference to FIG 30, of an application of the

optdrogile devicethé nothbe kxadpl ehshowhei niEkGr 3@, dxiven,
plurality of deformable parts 301 nentioned above are

t woetth nensvemadie joameahgedarts aAd sach 6P ph@cave mirrors
def ormabl e parts 301a is driven independently.

should ee notebechad alvhbujhcamax4a éﬁﬁﬁﬁ@é@@ntll@@t
shown, arranging nore_than this is also possible.

TheFet ety | $keORheCat riefula taRBUASIACEl &S 2ghigyed.

menti oned above, a_light from a_|l um nqus ;source 310.i s

i rradiated onf3SFREC rrBPGSGTaﬁﬁr8Q§ﬁC§ Iéﬁ%”éfﬂ‘”%ﬁh'low

a art of the I%g i nci dent n1rror

t . of
Stk IV HoPnGr dene BROA"BPG) S6EToR IeRe Ip3 Lation

h
?é LT eb e bar 1o a5 e Pk dﬁ&%@b %ﬁéeat "
VOl Age, Y0 20041012942 PCTL 1R20031009928:,.1 5 . uhe

respective el ectrodes I's changéd to a concave
10M riPfen@ p@rt of the light is scattered and hardly

A description will be given, with reference to
FIG. 30, of an application of the optical device. 1In
the example shown in FIG. 30, a plurality of deformable
parts 301 mentioned above are two-dimensionally arranged,
and each of the deformable parts 30la is driven
independently. It should be noted that although a 4X4
arrangement is shown, arranging more than this is also
possible.

Therefore, like the structure shown in FIG. 29
mentioned above, a light from a luminous source 310 is
irradiated onto the mirror 301 through a lens 311, and a
part of the light incident on a part of the mirror 301
not driven is incident on a projection lens 312. On the
other hand, a part of the mirror 301 where the

deformable parts 30la are deformed by applying a voltage



i ncident on the projection |lens 312. The |ight
incident on the projection lens is projected onto a

wa@emeemno¢not 5 shown in the figure), and, thusPCHIP2003/009929
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image is displayed on the screen. It should be noted
that, in addition to the abowvesnentioned mcro punp
and optical device (optical nodulation device), the
el ectrostatic actuator according 10 to the present
I nventtion rsspppkicabkect@raneactaat ars dhepigettlto a concave
switch) of a nulti optical lens, a mcro flow neter
a pnessore 3epsor, oft theThegpresents camentddomnds tdly
limted to the specifically disclosed enbodinents,
andiveidertons &hd prisjmodiibncaenenslieay Bdenddeyht incident
wi t hout departing fromthe scope of the present
i nVeht Flon. PreDeg5inD 2608/ 082942 PCHRIPZOCY G0OFI2Een (not
139 CLAIMS 1. An electrostatic_ _actuator conpr,ising:
a SUBRIT at®; tBSaf18PEEY r 0889 otk oA s dGISUbSt it layed
a plur Iitg of partition parts formed on said
elé%?rg%%; %re?gration plate forned on said partition
parts, said vibration plate bei,ng,defor.nmabl g .hy. an 10

&? shouﬁd Ee 8%equ§asﬁlﬁ§b€%%%ﬁ%%ﬁiE% the

el ectrostati c force genera
above-mentioned micro pump and optical device (optical
modulation device), the electrostatic actuator according
to the present invention is applicable to an actuator
(optical switch) of a multi optical lens, a micro flow
meter, a pressure sensor, etc.

The present invention is not limited to the

specifically disclosed embodiments, and variations and
modifications may be made without departing from the

scope of the present invention.



said el ectrode; and an air gap forned between said
plurality of partition parts by etching a part of a

w@awrnifioer | ayer formed between said el ect r odeCHIRR003/009929
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said vibration plate, 15 wherein said partition parts
conprise remaining parts of 1@ d sacrifice |ayer
after said etching. 2. The electrostatic actuator as
claimed in 20 claim1, wherein said substrate is a
silicon substrate. 3. The eLrctmsostatic actuator as
claimed in claiml1, further conprising dumy

el ectrodes at positions corresponding to said
partition parts, said 25 dummy el ectrodes being

el ectrically sepakat edettonssaidc\WOCc2004001 24P rising:
PCT/ JP2003/ 009929 140 el ectrode by separation
grooves. 4. Thesebatrabstatic actuator as claimed in
claim1, wherein said sacrifice layer is fornmed of a 5
mat eri al sele@@e@lﬁﬁBﬁ?Qeg?QEBe@oﬁ§l§P|ﬁgS§PStrate

pol ysilicon, silicon, .silicon oxide, ,
al um num tltﬁhPhHE ﬁ%quaé Qﬁ&iﬁgFﬁﬁePar %ﬁ&nﬁd on said
el ect rosta ic actuator as claimed in 10 claim1,
WheT T 541 el ectrode is formed of a materia

sel ected froma 959391§§2§E§E'n o &e%ogmsggfaM§artltlon

alumnum tltanlum trtani um

Sll 9%9? séE@QéESPat£H§9§EQEeSbEhﬁbd%ef%Qh£QQ%n%@ an
% enum silicide an TO.
electrostatic force generated by a voltage applied to
said electrode; and
an air gap formed between said plurality of
partition parts by etching a part of a sacrifice layer
formed between said electrode and said vibration plate,
wherein said partition parts comprise

remaining parts of said sacrifice layer after said

etching.

2. The electrostatic actuator as claimed in

claim 1, wherein said substrate is a silicon substrate.

3. The electrostatic actuator as claimed in
claim 1, further comprising dummy electrodes at
positions corresponding to said partition parts, said

dummy electrodes being electrically separated from said



15 6. The electrostatic actuator as clainmed in claim

3, wherein an insulating layer is forned on said
webk@enide, and said separation grooves are fiPCEIP200F/(99929

the insulating layer. 20 7. The el ectrostatic actuator

as clainmed in claim6, wheraigp a thickness of said

insulating layer is equal to or greater than one half

of a width of each of said separation grooves. 25 WO

204/ t2042= BGT/ dE2003L 08993D00%44 . 8. The

el ectrostatic actuator as clained in claim1l, wherein

said sacrifice layer is divided by separation

grooves, and an insulating layer is formed on said

sacrifice | ayer skthd hatesardsisepacatconagooosescaneémdd in

filled wwth said insulating |ayer. 9. The

el etiaigstlat ivcheetiat dridsseral rtaci haveraim ormeer ¢ifn a

a thickness of said insulating layer is equal to or
Sgr ERET hans ohechaf f £5PMa2wldORPofCo8Eats (9 19f s bysilicon,

separation grooves. 10. e el ectrostati c actuatqr as

. 0..7Th
cl &HMEPTWS cFat hr Q) - whit eF AP sk d98ac A P¢E Way ért Hog+um

fornqg.qI alagond ctive material, and said renaining
part’s-of St 15°sAerTfice layer are electrically

connected to one of said substrate, said el ectrode
and said vibration plate

5. The electrostatic actuator as claimed in
10 claim 1, wherein said electrode is formed of a material
selected from a group consisting of polysilicon,
aluminum, titanium, titanium nitride, titanium silicide,
tungsten, tungsten silicide, molybdenum, molybdenum

silicide and ITO.

15
6. The electrostatic actuator as claimed in
claim 3, wherein an insulating layer 1is formed on said
electrode, and said separation grooves are filled with
the insulating laver.
20

7. The electrostatic actuator as claimed in
claim 6, wherein a thickness of said insulating layer is
equal to or greater than one half of a width of each of
said separation grooves.

25



so that said remaining parts are at the sanme potentia

with said one of said substrate, said el ectrode and
w@200d/0120ubr ati on plate. 20 11. The el ectrost at PCT/JP2003/009929

actuator as clainmed in claim3, wherein said

sacrifice layer is forned of 1a; conductive materi al

and at | east one of said remaining parts of said

sacrifice layer and said dummy el ectrodes 25 serve as

a part of elegtrienw £188+r¥:2004/ QL29420r as claimed in
PCT/ JP2003/ 009929 142 12. The el ectrostati c actuator

as clainred, ivhe e mdidf sathericenpaiysirngsi Alwlidkidngpy

| ayers on said electrode and a surface of said

Vi regdd ot plraterdaceng asai dnelestit adeénpgwhereirn isaifdrmed on
sacrificing layer is fornmed 5 of one of polysilicon

anc ainb rgehoust 5¢¢ | tayer and thed siandubariemgtigpensomnves are
formed of silicon oxide. 13. The electrostatic
Sactflialtlond asliieh asaed insutdbinvllayhérein said

sacrificing layer is fornmed of 10 silicon oxi de and

said electrode is fornmed of polysilicon 14. The

el ectrostatic_actuator_as_ c

| 1,
a through hol &-i st P%rﬁ%@Ctﬁ°§5nglf5a€F%F3bﬁl }%;%imed in
f b t chi th t f f
o LTS P60 B IR BR300 3 U e
m'ééﬁgi éé ogh§r§£§8£r9ﬁ£§tbﬁeaﬁgﬂ§t8% @quh%ﬂngi'ééch of

10 said separation grooves.

10. The electrostatic actuator as claimed in

claim 1, wherein said sacrifice layer is formed of a
conductive material, and said remaining parts of said

15 sacrifice layer are electrically connected to one of
sald substrate, said electrode and said vibration plate
so that said remaining Qarts are at the same potential
with said one of said substrate, said electrode and said
vibration plate.

20

11. The electrostatic actuator as claimed in
claim 3, wherein said sacrifice layer is formed of a
conductive material, and at least one of said remaining
parts of said sacrifice layer and said dummy electrodes

25 serve as a part of electric wiring.



20 claim 14, wherein said through hole is | ocated near

said partition parts. 16. The el ectrostatic actuator
wa@sooghomomred in claiml1l, wherein said vibrati oPCPIR0E3/009929

has substantially 25 a rectangul ar shape, and a

shorter side of said WO 2004/:0tk2942 PCT/ JP2003/ 009929

143 vibration plate is equal to or less than 150 m

17. The electrostatic actuator as clainmed in claiml,

wherein a di stancerpt sakdtabkt@ap dreasiiedd s X Bimed in

direction perpendicular to a.surface of said el ectrode

fadiwisal d Fubtaérotoppbateihy substiantingl Iypy@&rs rt Ggaid

2.0 m 18. The electrostatic actuator as clainmed in

10 glatttwdde aheérei suafptar alfi spidf vibird tilvnogdhs telfessing

are arranged along a | onger side of said vibration

pl ateidtel aptipder vaheeqial seddopakasds itciay d dveatis formed

of the shorter side of said vibration plate. 15 19.

STheofe| @¢ roSt a1 s ati natornds 2BParked s §idligion 1,and said
further conpr|3|ng a through hole forned in sajd
wlﬁ%ﬁq%ﬁ1kﬁ%1%aY?6F ?éﬁn§Pﬁ§e?h8fpéﬁﬁ§c8P S&iife-
sacrifice layer through said through hole so as to
formsaid air gap; and 20 a resin filmforned on a

surface opposite thc3 S3ULtace Lasing Sl el ool (Oflfimed 1o

wherein said roug “hol e Sealé
f"éﬂéﬁmsfldwﬂggpfﬁ said sacrificing layer is formed of

10 silicon oxide and said electrode is formed of

polysilicon.

14. The electrostatic actuator as claimed in
claim 1, wherein a through hole is formed in said
15 vibration plate for removing by etching the parts of
said sacrifice layer through said through hole so as to

form said air gap.

15. The electrostatic actuator as claimed in
20 claim 14, wherein said through hole is located near said

partition parts.

16. The electrostatic actuator as claimed in
claim 1, wherein said vibration plate has substantially

25 a rectangular shape, and a shorter side of said



25 20. The electrostatic actuator as clained in WD
2004/ 012942 PCT/ JP2003/ 009929 144 claim 19, wherein a

w@rewgsiowert i onal area of said through hol e i SPCT/JP2003/009929
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substantially equal to or greater than 0.19 n2 and

equal to or less than 10 nR.j45 21. The el ectrostatic
actuator as clained in claim19, wherein a thickness
of an insulating layer in a periphery of an opening

Ofvi%%iadcfcﬂgg&%&éww L§ua SUPst ant 1 akky regual stoo par.

greater t .1 m 10 22. The el ectrostatic actuator

as claimed in claim19, wherein said resin filmhas a
corrosion resistance with respect to a substance to '
be brought imto Tbatatecwirbhtsild wichnattioon a5 atleimesl in
23. The electrostatic actuator as clained in claim ,
191 anherkei nwisateinesi aisthncesofosadd 6f rog@rofmegsured 1n
pol ybenzaoxazole filmand a polyimde film_24. Th%
electiostatoe PeTRARSLcasag| &PnadSigiase Afaisalify electrode
further conprising a nenber joined to an upper

sufd @icey ofa @i i RFBEAPRORLPIESL &S \ﬁH@rSéWP%%&&i Hr-cudie t°
hole is sealed by a joining surface of said nenber.

2% . 0rnénel ectrostatic actuator as clainmed in 25 claim

1, further conprising an insulating |layer formed WO

2004/ 012942 PCT/ JP2003/ 009929 145 on a surface of

said vibratiop plate £.3¢i0g Said: Ll RGtIOdS: SheSRiM&d in
t hi ckness of “said insulating |ayer
claim 14, wherein a plurality of said through holes are
arranged along a longer side of said vibration plate at

an interval equal to or less than a length of the

shorter side of said vibration plate.

19. The electrostatic
actuator as claimed in claim 1, further comprising:

a through hole forméd in said vibration plate
for removing the parts of said sacrifice layer through
said through hole so as to form said air gap; and

a resin film formed on a surface opposite to a
surface facing said electrode,

wherein said through hole is sealed by said

resin film of said member.

20. The electrostatic actuator as claimed in



near a center between said partition parts adjacent to
each other is larger than a thickness of said

w0 p®ysosng 5 | ayer near said partition parts.PQBIP20§B2009929
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el ectrostatic actuator as clained in claim1l, further
conprising an insulating | ayetg4forned on said

el ectrode, wherein a thickness of said 10 insul ating

| ayer near a center between said partition parts
adiBgenAt 160 gAsheahhar cirgslsasgert ifdian addd ckhessid ofhrough
said insulating | ayer near said partition parts. 27.
Thego ek ectr esbathatast gt @quas daaicrediiantehs taai m 119 pm’
wherein a cavity is fornmed between said electrode and
sahfld sefsklate, oandesai dthelnedtor gaé.has a connecti on

t hrough hol e connecting said cavity to said air gap.'

20 28. The electrostatic actuator as clained in claim
27, further conprising _insulating |ayers on bot

h . .
si des of sai dlel e@hrodd eGHETSEiFt 4 12t keSSt Pred 10
said electrode and said_ insul ating | ayers ceeds .
t NFeRkHBsS” of VEEFE I Br & G554 é’% ﬁym%yﬂ%&er 8

PCT/ JP2003/ 009929 146 29. A t had, f.qr f.act uri
an® BFECPPESYal caélctotﬁ)gtnd‘rngc@%rslasjidngt %@e&i%figg

form ng an,electrode.on a substrate: ..fo 'nlg
saﬁﬂ%??‘é@gllﬁélzy R A N TS gc;e% 1_Tb(li—’lrr{m'ndn'g f}n
vi bration plate on said sacrifice
22. The electrostatic actuator as claimed in
claim 19, wherein said resin £ilm has a corrosion

resistance with respect to a substance to be brought

into contact with said vibration plate.

23. The electrostatic actuator as claimed in
claim 19, wherein said resin film is formed of one of a

polybenzaoxazole film and a polyimide film.

24 . The electrostatic actuator as claimed in
claim 14, further comprising a member Jjoined to an upper
surface of said vibration plate, wherein said through

hole is sealed by a joining surface of said member.

25. The electrostatic actuator as claimed in

claim 1, further comprising an insulating layer formed



| ayer, the vibration plated bei ng deformabl e by an
el ectrostatic force generated by a voltage applied to

w@ aiod/oeldert rode; and formng an air gap bet weePCHa203/009929
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el ectrode and 10 said vibration plate by renoving a

part of said sacrifice |ayensBy etching so that

remai ning parts of said sacrifice |layer after the

etching formpartition parts that define the air gap.

15 530.2 Ehe mmidask ofa b elecitdst apietacfaatog sasd
claimed in claim?29, wherein said air gap formng

st e ddwdadties vwetding 4 hehpakteo$ shi dasdcinbiitetiiagedayer
after formng said electrode and said vibration plate.

20 ibr Eheamwtdodofvesn es@td rpstrattéoncpaatsr adjgcent to
clainmed in claim29, further conprising a step of

f orersiciy cAdMsid atd YERT aflean on Sai @kBFPEEt PAE2BES dReulating
form ng said sacr|f|0|ng | ayer, wherein said air gap

f oriAYIRF SteRF | TRIGJRAT L D5 R AR RESsai d i nsul at i ng

| ayer so that a thickness of WD 2004/012942

PCT/ JP2003/ 009929 147 said insulating | ayer near a

C o Dol v 2l e PELELLLB0,BREL S A0LAGER! L0 B3Thiea 1

other is |ar i nsul a

| aver, fear SALARAL LLLhOP: s PAL! 8y §n§alawﬁgmg% b rmed

an e rostati ¢ act uat clai ne [aim ,

fL”&J“ﬁaf&”@ﬂéé%P&d@,S&ﬁ@r@in a thickness of said
insulating layer near a center between said partition

parts adjacent to each other is larger than a thickness

of said insulating layer near said partition parts.

27. The electrostatic actuator as claimed in
claim 1, wherein a cavity is formed between said
electrode and said substrate, and said electrode has a
connection through hole‘connecting said cavity to said

alr gap.

28. The electrostatic actuator as claimed in
claim 27, further comprising insulating layers on both
sides of said electrode, wherein a total thickness of
said electrode and said insulating layers exceeds a

thickness of said vibration plate.

25



form ng an insulating |ayer on a surface of said
vibration plate facing said electrode after formng

W@ a00d/0120@2 sacrificing |layer, wherein said air P@pJpP2003/009929
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form ng step includes etching said insulating |ayer
so that a thickness of said;qpsulating |ayer near a
center between said partition parts adjacent to each
other is larger than a 15 thickness of said

insulating | ayer ngafpesabd Bakt nbhndFadRaidihg 3h The
met hod of an electrostatic actuator as clained in

cl alnad@sodtither acenpebsi BENp2@sansgt epeofs tharsmarg an
insulating |ayer on said electrode; and a step of

form ng an i nsokathggahagéecamode sur aceibeft rsaia

vi bration plate facing said el ectrode, wherein the

et chi ng of safdrmacgi ki seclrayercei da3%rpenf oaist dyegnede ;
of a plasma-etching nmethod using sul fur WO 2004/ 012942
PCT/ JP2003/ 009929ing48 Hékapltdon @dcatSFeR ¢edkrmrrifice
di fluoride (XeF2) and a wet- etching method usin

t etraL et hilre aniohf tHPRYBLB%PHe PeiTMAARfogmeb leThy an

nmet hod for nmanufacturing an el ectrostatic actuatar,

cl & MRAETHE e &t §@:~”Cffug?ﬂsffat8§rr%¥i §i Mg L& Jigd to
forrri.n(% a:{th ough_holg in said vibration plate for
remvihg™tRe-part’ of*sai d sacrifice Iayer; and

forming an air gap between said electrode and
said vibration plate by removing a part of said
sacrifice layer by etching so that remaining parts of
said sacrifice layer after the etching form partition

parts that define the air gap.

30. The method of an electrostatic actuator
as claimed in claim 29, wherein said air gap forming
step includes etching the part of said sacrifice layer

after forming said electrode and said vibration plate.

31. The method of an electrostatic actuator
as claimed in claim 29, further comprising a step of
forming an insulating layer on said electrode before
forming said sacrificing layer,

wherein said air gap forming step includes

etching said insulating layer so that a thickness of



10 formng a resin filmon said vibration plate so as
to seal said through hole. 35. The nethod for

wortwaOaosuri ng an el ectrostatic actuator as cP@Ei/nedod/ w9929

10

15

20

25

claim?29, wherein 15 said vibration plate formng
step includes a step of forympg said vibration plate
in a rectangul ar shape having a shorter side equal to
or smaller than 150 m 36. The nethod for

nmanufa hng ; LGld-astatdan ot usd oreas shadned
iﬁaépa§%$%§%Qﬁ%§f§%ﬁﬁjsaid vi bration plate formng
S#gBtE@Ebﬂd%%ﬁ%éﬂéaa4Henﬁgﬂdﬁégpnidmmmrpievbmt@ﬂg than a
frimthat prevents said vibration plate frombeing
bent k2237 o fThe inetihod faorimpnid et uréay aaigppartition
2004/ 012942 PCT/ JP2003/ 009929 149 el ectrostatic
aghbualsar as claimed in claim34, wherein said resin
firimformng step includes a step of changing a

surface condition of said vibration plate by exposing

a surface of said vibration plate, on which %aid resin. .
5filmis tB3be fBreeactiedacf| §br PhECEOAGGANE “giS -

i ncluding sul fur hexaf| uoride SFG% and. xenon_ ..o of
diafsl raiideed (Merp)aim38d . Thet heehod FBF *randf acturing

an 10 el ectrostatic actuator_as_cl al [ l-ai.m. 34,
WfErsing s g RS RETRE nr $IT T R %t%g??ﬁggu gssghgtep

ohater ool Bl R RS EpToRA S, B3RP iR Romns sase
\”§g5¥£§¥kf%81fa§9rwhi0h
wherein said air gap forming step includes
etching said insulating layer so that a thickness of
said insulating layer near a center between said
partition parts adjacent to each other is larger than a

t+hickness of said insulating layer near said partition

parts.

33. The method of an electrostatic actuator
as claimed in claim 30, further comprising:

a step of forming an insulating layer on said
electrode; and

a step of forming an insulating layer on a
surface of said vibration plate facing said electrode,

wherein the etching of said sacrifice layer is

performed by one of a plasma—etching method using sulfur



said resin filmis to be formed. 15 39. The net hod
for manufacturing an electrostatic actuator as

web@isied4i n cl aim 34, wherein said resin fil nPEDIrR0EB109929
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step includes formng the resin filmby a nmateri al
having a corrosion resistancegMth 20 respect to a
liquid to be brought into contact with said vibration
plate. 40. The method for manufacturing an

elﬁ@§£9§u§£i§eaQ§PgﬁQﬁra§e§b@|ﬂﬁﬂlh6riﬁélmxaﬂg ) Waed ea nwet—
25 said resin filmformng step includes formng the

r est &n W0y 200440429420 5CELIR2063/0Q992%mcHEGnf-iH yi duyx fade
spi n-coating method. 41. The method for manufacturing
an(TeArctrostatic actuator as clained in claim?29,
further 5 conprising the steps of: formng a through
hole in said vibration plate for removing the part of
said sacrifice |ayer; and oi ning a sealing nmenber to
the surface 6#. sarT@e\/W@rté’thorfoﬁq QR HL PSR t he

t hrough hole. 10 42. A droplet dlschargln
combPFErAgtatacnesEie trer adi SRy Qﬁ%%ﬂeé%rﬁf%fther
liquid; a liquid pressurl.lng chanber connecting with
150§%P61ﬁ629I§h§n&t§P5r| g the liquid; and

forming a through hole in said vibration plate
for removing the part of said sacrifice layer; and
forming a resin film on said vibration plate

so as to seal said through hole.

35. The method for manufacturing an
electrostatic actuator as claimed in claim 29, wherein
said vibration plate forming step includes a step of
forming said vibration plate in a rectangular shape

having a shorter side equal to or smaller than 150 Hm.

36. The method for manufacturing an
electrostatic actuator as claimed in claim 29, wherein
said vibration plate forming step includes a step of
forming a bend-preventing film that prevents said

vibration plate from being bent.

37. The method for manufacturing an



an el ectrostatic actuator for pressurizing the liquid
stored in said liquid pressurizing chanber, wherein

W@ 200d/0ed9¢xt r ost ati ¢ actuator conprises: a SubRCT/aR2003/009929
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20 an electrode fornmed on said substrate; a plurality
of partition parts forned on;gaid electrode; a

vi bration plate fornmed on said partition parts, said
vi bration plate being deformable by an 25

el ggLLeshatig if-orca genar aled i yolt agea appt i edwherein
WO 2004/ 012942 PCT/JP2003/ 009929 151 said el ectrode;

andz;an ek igaFifiar medrhieigveatesaint pldesalatytep of changing
partition parts by etching a part of a sacrifice |ayer

f ormed rifetcee e nsditd cel edt radel anidsat tovibrate oy exposing
plate, 5 wherein said partition parts conprise _ _

r eEmisnicig ceartts sefldsalibedackdrf iveatayepn afibghsapgd resin
etching. 43. The dropl et discharging head as cl ai ned

10 fildmc isi A De viiramad £plarblityise ¢nrRRghihefes

are formed in said vibration plate for renoving b .

et éhicAgdimre PEfE Greral PRt s £ (T8 anst %%ﬂ?fgg‘%yfluorlde
said through holes so as to formsaid air gap, and a

f1 dWSfassage forning nember forming said |iquid
pressurizing chanber 15 seals the through hol es of

said vibration plate. 44. The droplet dischargi ng head

as clai med 38. The method for manufacturing an

electrostatic actuator as claimed in claim 34, wherein
said resin film forming step includes a step of changing
a surface condition of said vibration plate by exposing
to plasma a surface of said vibration plate on which

said resin film is to be formed.

39. The method for manufacturing an
electrostatic actuator as claimed in claim 34, wherein
said resin film forming step includes forming the resin
film by a material having a corrosion resistance with
respect to a liquid to be brought into contact with said

vibration plate.

40. The method for manufacturing an
electrostatic actuator as claimed in claim 34, wherein

said resin film forming step includes forming the resin



in claimd42, wherein said through holes are forned

near said partition parts. 20 45. A liquid supply
weangoixdge conprising: a droplet dischargi ng PERIP2E009929

di scharging droplets of a liquid; and a liquid tank

integrated with said dropletsy25 di scharging head for

supplying the liquid to said WD 2004/ 012942

PCT/ JP2003/ 009929 152 droplet discharging head,

wherel 58] . drpnl st dischatabag head - comprises: a

zl'e charging the droplets of the 5 Iiquid;
a liquid pressurizing chanber connecting with said ’
nozzle and storing the liquid; and an electrostatic
actuat or forgpressueiaéngotih€orl mguindastioredd mrsai d
l'iquid pressurizing chanber, 10 wherein said
el ecd ¢1083 8t 4 €1 @ciuatotocoapr cdesmeda isulsdedat &9 qrfurther
el ectrode formed on said substrate; a plurality of

5 pafdrhitonipartisef stapd ofi:said electrode; 15 a
vibration plate forned on said partition K parts, said
LERs

vi bration pl 8bembsiong ¢EFreMEELHINE U5y idh StiustEge prate

force generated by a voltage appl
ie
for removing thé part ofgsai%Psaélféice layer; and

joining a sealing member to the surface of
said vibration plate so as to seal the through hole.
10
42 . A droplet discharging head comprising:
a nozzle for discharging a droplet of a
liquid;
a liquid pressurizing chamber connecting with
15 said nozzle and storing the liguid; and
an electrostatic actuator for pressurizing the
liquid stored in said liquid pressurizing chamber,
wherein said electrostatic actuator comprises:
a substrate;
20 an electrode formed on said substrate;
a plurality of partition parts formed on said
electrode;
a vibration plate formed on said partition
parts, said vibration plate being deformable by an

25 electrostatic force generated by a voltage applied to



said el ectrode; and an air gap forned between said
plurality of 20 partition parts by etching a part of

w@2®@an1i9fii ce | ayer fornmed between said el ect r BCBEIR065/009929
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said vibration plate, wherein said partition parts
conprise remaining parts ofisaid sacrifice |ayer
after said etching. 25 WO 2004/ 012942

PCT/ JP2003/ 009929 153 46. An inkjet recording

ap@gigtg§eg999553|agd an inkjet head for discharging
droplets of ink; and an ink tank integrated with said

i nkj et head 35 EQ& Sfappipimed e dwdert sl dolwkieity of
head, wherein said inkjet head conprises: a nozzle for
dl@@hﬂighﬁg gropkeby efcchiieg rkpant |[dfu dacrifice layer
pressurizing chanber connecting with said nozzle and

st foimgdt hetivelen anddl@lastalositst rost didd dcthmea bho gplate.
pressurizing the ink stored in said liquid
pressur|2|ngwﬂ%ﬂﬁyﬂ'Samﬂﬂﬂﬁﬁf%ﬁﬂqpeﬁ%%%?o%?%??%se
actuator conprises: a substrate; an electro %
onrempdnsnps PRALS; of5 SR 10 FReAT ity T Tares tF Eeﬁa??é
fornmed on said electrode; a V|brat|on plate forned on
saP8CParei-ti on

43. The droplet discharging head as claimed
in claim 42, wherein a plurality of through holes are
formed in said vibration plate for removing by etching
the parts of said sacrifice layer through said through
holes so as to form said air gap, and a flow passage
forming member forming said liquid pressurizing chamber

seals the through holes of said vibration plate.

44 . The droplet discharging head as claimed

in claim 42, wherein said through holes are formed near

said partition parts.

45. A liquid supply cartridge comprising:
a droplet discharging head for discharging

droplets of a liquid; and

a liquid tank integrated with said droplet

discharging head for supplying the liquid to said



parts, said vibration plate being deformable by an
el ectrostatic force generated by a voltage applied to

wQ@ogaix4Eel ectrode; and an air gap fornmed bet vweenIRaiino929
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plurality of partition parts by etching a part of a
sacrifice layer formed between said el ectrode and
said vibration plate, wherein said partition parts
conprise 25 remaining parts of said sacrifice |ayer

afaﬁ5%§gtddyg%gggégg 2942 4PCT/ JP2003/ 009929 154

etc liquid jet apparatus conprising: a

dr opl et di schakge ihead iforddimchardisnthabydigpphesd of
aliquid; and a liquid tank integrated with said

dr ephgtisdikschargi ng head for supplying the liquid to
said droplet discharging head, wherein said dropl et

di schar gi ng headzz1e dmnndxﬁﬁhanglmmzibef%ﬁoplets of the
di scharging the droplets of the Iliquid; a liquid
présguidzi ng chanber connecting with said nozzle and
storing the liquid; and 15 an el ectrostatic actuato

for pressuri 2 QH#Q Hﬁ%ﬁﬁ%f%ﬁ%ﬁ%xFW?W%%Fdc??ﬁ%FBlng with
pressurizi ng chanper, wherein sald(fleqééostatlc

acEaafoROEBREr PEEs S ToF Nthdtiarle TUt

an electrostatic actuator for pressurizing the
ligquid stored in said liquid pressurizing chamber,

wherein said electrostatic actuator comprises:

a substrate;

an electrode formed on said substrate;

a plurality of partition parts formed on said
electrode;

a vibration plate formed on said partition
parts, said vibration plate being deformable by an
electrostatic force generated by a voltage applied to
said electrode; and

én air gap formed between said plurality of
partition parts by etching a part of a sacrifice layer
formed between said electrode and said vibration plate,

wherein said partition parts comprise
remaining parts of said sacrifice layer after said

etching.



an el ectrode fornmed on said substrate; 20 a plurality
of partition parts forned on said electrode; a

woRdwsatisen plate formed on said partition parPGT/JRadI09929
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vi bration plate being deformable by an electrostatic
force generated by a voltagesgpplied to 25 said

el ectrode; and WO 2004/ 012942 PCT/ JP2003/ 009929 155

an air gap forned between said plurality of partition
parts by etching mnpankjet aesacdihijcepbayerusf gompdising:
between said el ectrode and said vibration plate,

wher ei n sai dappathkieonhpadt Soconpreicser§ingndirmipdgts of
parts of said sacrifice layer after said etching. 48.

A imiicr arplinp conprising: a flow passage through which
aliquid flows: 10 an electrostatic actuator far

def ormi ng sakd irkohrphssagedssteRaiiihe SAtquitd Fidund ead
in said flow passage, wherein said,elegﬁr static
actumt R bRy skie 1Bk stBsfrafle 1 RE84n "ERECt r ode

par ts. fof modvBAZSaNd S 6L R3S, R UL BPAF 9 Bl at o
Lg{ggdggpofﬁégp %% E;%gg dE%E%%Tgagbdd@éﬂfﬁﬂé"bﬂﬂﬁﬁéaink;

a liquid pressurizing chamber connecting with
said nozzle and storing the ink; and

an electrostatic actuator for pressurizing the
ink stored in said ligquid pressurizing chamber,

wherein said electrostatic actuator comprises:

a substrate;

an electrode formed on said substrate;

a plurality of partition parts formed on said
electrode;

a vibration plate formed on said partitién
parts, said vibration plate being deformable by an
electrostatic force generated by a voltage applied to
said electrode; and

an air gap formed between said plurality of
partition parts by etching a part of a sacrifice layer
formed between said electrode and said vibration plate,

wherein said partition parts comprise

remaining parts of said sacrifice layer after said



20 electrostatic force generated by a voltage applied
to said electrode; and an air gap forned between said
w@banaliosy of partition parts by etching a parCT/@if20e8/009929
sacrifice layer formed between said el ectrode and
said vibration plate, 25 wheriggs said partition parts
conpri se WD 2004/ 012942 PCT/ JP2003/ 009929 156
remai ning parts of said sacrifice layer after said
et chitdgingt9. An optical device conprising: 5 a mrror
reflecting a light; and an el ectrostatic actuator for
deformng said mrror, wherein said electrostatic
actuator conprises: a substrate; 10 an el ectrode
formed on sai 7subdt Lageida Jsltus@banatefs At s ong:
parts forned on said electrode; a vibration plate .
formed on sai 8 PaPPieitofisgherge d@ad Y &It prEes
bei ng def ornabl e E an 15 electrostatic force
SgerfSrR L HYCR Fo ¥§5édépﬁpﬁed to said electrode; and

an ai gap Toue hetween,said plutallty of jpartition..

parts by etch ce layer orne
CelYEP Rk R gE-2te S8 Lot il oyl A
droplet discharging head,
wherein said droplet discharging head
10 comprises:
a nozzle for discharging the droplets of the
liquid;
a liquid pressurizing chamber connecting with
said nozzle and storing the liguid; and
15 an electrostatic actuator for pressurizing the
liguid stored in said liquid pressurizing chamber,
wherein said electrostatic actuator comprises:
a substrate;
an electrode formed on said substrate;
20 a plurality of partition parts formedlon said
electrode;
a vibration plate formed on said partition
parts, said vibration plate being deformable by an

electrostatic force generated by a voltage applied to

25 said electrode; and



remai ning parts of said sacrifice layer after said
etching, and said mrror is fornmed on said vibration

wWeb@te129e t hat said mrror is deformable by defCr/m003009929
of said vibration plate. 25

155

an air gap formed between said plurality of
partition parts by etching a part of a sacrifice layer
formed between said electrode and said vibration plate,

wherein said pa;tition parts comprise

5 remaining parts of said sacrifice layer after said

etching.
48. A micro pump comprising:
a flow passage through which a liquid flows:
10 an electrostatic actuator for deforming said

flow passage so that the liguid flows in said flow

passage,
wherein said electrostatic actuator comprises:
a substrate;
15 an electrode formed on said substrate;
a plurality of partition parts formed on said
electrode;

a vibration plate formed on said partition
parts, said vibration plate being deformable by an
20 electrostatic force generated by a voltage applied to
said electrode; and
an air gap formed between said plurality of
partition parts by etching a part of a sacrifice layer
formed between said electrode and said vibration plate,

25 wherein said partition parts comprise
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remaining parts of saild sacrifice layer after said

etching.

49. An optical device comprising:

a mirror reflecting a light; and

an electrostatic actuator for deforming said
mirror,

wherein said electrostatic actuator comprises:

a substrate;

an electrode formed on said substrate;

a plurality of partition parts formed on said
electrode;

a vibration plate formed on said partition
parts, said vibration plate being deformable by an
electrostatic force generated by a voltage applied to
said electrqde; and

an air gap formed between said plurality of
partition parts by etching a part of a sacrifice layer
formed between said electrode and said vibration plate,

wherein said partition parts comprise
remaining parts of said sacrifice layer after said
etching, and said mirror is formed on said vibration
plate so that said mirror is deformable by deformation

of said vibration plate.



