;ede~, {(()$*:*2ZP, 6, T, R{9-1 M CROVACHI NED ELECTROVECHANI CAL DEVI CE FI ELD OF
THE | NVENTI ON s The present invention relates to a nethod and apparatus for
fabricating m cronmachi ned devices. In particular, the present invention
relates to a method and apparatus of fabricating piezoelectric based

m crostructure for mcro el ectronmechani cal system devices. i 0 BACKGROUND OF
THE | NVENTI ON Pi ezoel ectric materials_have great potentials for
applications in a variety of mcro el ectromechani cal system (MEMS) devices,
such as mcro sensors, mcroactuators, mcropunps, piezoelectric ink-jet
printing heads, et MiICRONAOHINEFELECTROMBEHANICAESDENIGEOE] ectric

mat eri als such as piezoelectric thin filnms are formed on one side of a
substrate and the mcrostructures including a plurality of recesses are
formed o ; ' t he substrate. A nunber of nethods are used
in the aEIEF‘g’ ?gpﬁn?%}l@}’?e egﬂi c thin filnms, zo anong which the solution
spi n-coating process is wdely used for preparing inorganic piezoelectric
films with conpl ex oxide conposition and piezoel ectric polyners. |norganic
pi ezoel ectr i cnﬁiq AreRephinveRiperelaiesde adh andaPpRIStysfor freyicating

pi ezoel e | : t HRAH Lk j

spi ncoat ﬁ%’*‘%}‘g?@éga Wi%gfg%au?ﬁgaﬁufc:ﬁﬁrb{e 25 %ﬁtl 'bgé@g{dn}-éi%g?iﬁgé%%ﬁpgmd by
mul ti pl e anebappEratuseifabnitatingupibzasestot-bgpekd anidrddiiuature f@r mimo c

Deconposi ti gQn . _possesses great advantages of precise conposition
cont r ol ﬁ%&%ﬁﬁ%‘cﬁﬁyﬁﬁmﬁﬁwﬂaﬁ he hi gh perfornmance piezoel ectric
conplex oxide filns. In a conventional nethod of producing a piezoelectric

MEMS devi ce by 30 sol ution spin-coating process, a piezoelectric thin film
i s19irst IBAG PUAD @F THE &\ﬂij\rﬂpﬂ he substrate, and a desired

m crostructure is then formed at the opposite side of the substrate by an
et ching process, such as the wet-etching process. -2 Before the etching

process, the [Piezedbeitmatetialstm r@aﬂ?@t@nﬁm@ forigpplications &ed vafetyeof
i y corrosive etching solution can be

tenporarily protected, so that the highly !
pr event ed“FF%ﬁl%HﬁWﬁﬁ@ahﬁbﬁt@@r@@EMg)ﬁﬁé‘cﬁﬁe%\trél REMIGTe SENBAP, s There are

Cly 1 . _ _ . . . :
b cat HerdEARER, Miatdifntd, pie-RIGUARE InicBEpRNGEPROER, (WIS I iRy (! 19
deposit dhesd MEMSBataviupsppigzoeleetid materEiesiuch as pledockstihinflemsatd ve
olyimd wax or the like, onto the, piezoelectric filns priof tQ the

bt chi ng. geateden oee ! Auubbirtieat B ErapSRucrnrbaints slually o by
using a REEESYds 38 fbirfed BndAY¥ BppbSife side of the substrate.

A number of methods are used in the art to form piezoelectric thin films,

20 among which the solution spin-coating process is widely used for preparing
inorganic piezoelectric films with complex oxide composition and piezoelectric
polymers. Inorganic piezoelectric film with complex oxide composition has the
best piezoelectric performance than other reported thin films. Solution spin-
coating process, including multiple solution spin-coating followed by mulitiple heat

25 treatment, such as sol-gel and Metallo Organic Decomposition (MOD), possesses
great advantages of precise composition contro‘l and low cost in obtaining the high

performance piezoelectric complex oxide films.

In a conventional method of producing a piezoelectric MEMS device by
30 solution spin-coating process, a piezoelectric thin film is firstly deposited on one
side of the substrate, and a desired microstructure is then formed at the opposite
side of the substrate by an efching process, such as the wet-etching process.




zo piezoelectric filns prior to the etching process. Both the two net hods
have drawbacks. In the first nmethod, if the coating is not tightly
encapsul ated on the piezoelectric films, the etchant may leak into the \
coating hence danage and/or contam nate the piezoelectric filnms. In
addition, i5 since the coating is fornmed for the tenporarily protection
pur pose, after the etching process, the coating needs to be renoved and
therefore, it consunes time, material and | abor hence the cost of
production is high. Further, the renoval of the coating may cause

cont am na@afore tdetdnimadtob&sd, ife picoeRricad filins fbih88 onl thelsi®saranskdret hod,
the protective jig nmay al so encounter potential |eakage zo problemdue to
any i npertpda tesmaraly oetectrd, sedhatiheighly gormeaivediching solutiphcantbee

or "t he. suneypRed TR bR Rod SRR o bREBERAHARR L St Ty

damage the substrate. Moreover, the productivity of this process is very
low. zs It is therefore a need to provide a nethod and appar at us, of

fabticating pi d¥5813 LsHalniymhmetods indbe antdorrsptagetits aisgpelestriciiimini ch t he
. |  PIEZ0 e !
p1 ezoe e;dnLg}r@rfEbhHétfd?f We&ﬂ%hﬁ}fﬂé&i?ﬁ% frftg% étéhup‘g gﬁo%é%t. %ﬁ@ﬁ%ﬁ?@eé’t%' ng

damaged contam nate brica ocess.

meant i me,depusitey thickataating of pedtectivé natedal esidreay pbbtbsansitipe pdlyirhidei, t y of

m cromachi ned pi ezoel ectric .device 3q fabricatjon. . -3 SUVNARY THE
NVENT R 05 Biediaantl (iethiCE0FRGE Trdaepr Br herkichPaRRE S ATRISh, ¢ her o
i s provi dadidBia9fe oF alABENAAEA MHoR BBy URMPSH Proti fiPto Soveréhamchi ned
devices, the s method conprises providing a substrate having a back side, a
froht si ddeggieiic &lms prigetmtheetshing pieeess. peri phery portion. A desired

m crostructure is formed on the back side of the substrate. A precursor
solution is deposited on the front side of the substrate, and the substrate

is rotated so Bdthtthe twdinmethbtighhey erawbadke! MAadhé Firsteethbyl, if tife Boatingigor
solution. i Preferably, the substrate seats with the periphery portion on
a base plnatdiobly engapsiilaisd amipe Riezeplagtic ikmadbs qtﬂ@anhraab&arkuetq}h@ and the
base pl at Q| da@%? ' ; . . h late. is
Pr eferabl@?attlp Re}%?n]étsho %Br?II["@;S}ég%wlﬁaefsér}gggb%%e?ﬁéégemﬂ%'pﬁ.'ﬁ@&g%rﬁ)’ti on of

t hes substsiatesthencaatingdg éonpmay) for tiesl tém ponatihepriotextiopl pirposd dftertthé he

mcrostrucgture fromthe base plate.. I.n one enpodinent, the method further
Compr 56 eURARTCERe 1 Prensd Yoo t9uhe OV i VB of GOBFLITRS. base
pl ate Vi gih8emhict@fahd 1A clthe cah%%au&ﬁdﬁ%rg RFLRReP RS HmBYal

|f§r@
solution. Preferably, a high-pressure zone surroun ?ng tﬂe peri phery
portion off thécosting may cause dantamihationiang damagé tmthef piereeleabsictiiimse Ino

further V. recursor. zs salution fromcontacti h
i cr ot r qopaEony AiesRed e 3bisETyS o aavdlsn iep iRtaep el s kege
respect i ierbpleh® ok i@ afy IinpEASET SEEliNG ©f de phAeSIREid | Meaditid\Girddpbr at es.
The two substrates are then
protective jig needs to be mechanically attached to the piezoelectric film or the
substrate, the stress induced by the mechanical attachment may damage the

- substrate. Moreover, the productivity of this process is very low.

25 It is therefore a need to provide a method and apparatus of fabricating
piezoelectric membrane structure for MEMS devices, in which the piezoelectric
film formed on the substrate is well protected from being damagéd and/or
contaminated during the fabrication process. In the meantime, there is also a
need to increase the yield and productivity of micromachined piezoelectric device

30 fabrication.




joint together with the back side facing each other. Afterwards, the
jointed two 30 substrates are supported to rotate by firstly exposing the
~ front side of one substrate for a precursor solution deposition so that a
thin filmlayer can be forned thereon. Subsequently, the front side of
anot her substrate is exposed for a -4 precursor solution deposition so
that a thin filmlayer can be formed thereon. Accordingly, a double-sided
m cromachi ned devi ce having a joint substrate, a mcrostructures forned
inside the joint substrate and two thin filmlayers fornmed at external

sides i s SUMNMBARYOF THE IVENTIONWM t h a second aspect of the present
i nvention, there is provided a substrate support for protecting a

m crostructure forned on a back side thereof during solution spin

deposition. T . t j t. | . jth a

Cob surt ace, N SABRIARKREF BB acbRERS! BETAsERiAitoR, BRI iE bR Ted

subst r at ea metiod befdbrisating atreemnbrdray stréctaenfor ehitomiachidet aksiceshthe
interface separates the mcrostructure fromthe base plate. The

contactin ' . ¢ 1

sub%t r at éﬂghhﬁﬁd%ctm%ﬂ'%‘?@ ¥IdiNg @ sHPAirale havinka bask sidsd afeontifide,arieosieat e,
wher eby t I N At he.: . .

substrat gagg%%%eék rS éﬂieg?lggﬁg%ﬁp ﬁgﬁ@%@goﬁ] é@%l%%gﬁldg%%{[l%rt\%@o'% ?’h%eécggge pl at e,
t he m cr dbehackside of thesubstrakubA pretesossdlufivre s depositet @ntthedrguitaide vi a

t he seat ing, formati of the thin fjl he supsirate and the,seat form
1 cont actdhige Flparetand e substiatg s Frseled o Rt adhirirdayedig fotsmetds  on o
the thin thietddn bytreNsreBlRMisBRMAbN. t he substrate and the base plate forman
air gap 20 surrounding the contacting interface for generating a

hi §h- pressure zone during rotation of the base plate. The high-pressure

zone further e_nm ruct ure..for n the back  side of the
substrate froﬁ?r%g?qﬁéﬁ'cg% %@Sg%?éé?g%e‘&'ng p?rﬁojleg'éggnana %abeﬂSgrPé ©

conpri sescathabaispakingi idfomaéd bewmiatihagmizrositiict@reding thadbatevwiary@l y from
the air gap for providing an aerodynam c transition fromthe high-pressure
zone. | n IBae thaywirrasiictiteancaniacted figm e base pai@-der projected from a
periphery portion of the base plate or a spacer disposed between the
substrate so and a periphery portion of the base plate for contacting the
substrate. -Preferablyd ivgmethadRirivee sontprises ephting the perighenp poetion of

rotecti rocess for the thin filmdl rs durij ] MEMS devi ce
Pabr | cat 1A SyPSEaEOT & resuierisd §om P irsectoter HaThe T BCR A G8uct | on
ef fici engyoAide bASeplALd s greatly increased and the production cost of

| abor, material or the like is greatly reduced. To neet 5 the requirenent
of the new process, a supporting apparatus is devel oped through which the

m crostructure_forned, on. suhstrate,.is, ef.fectivel. rotected and,in turn,
hi gh perfor naﬁ@é)qmbﬂgm%ﬂsﬁ]gr@ewgﬁﬁgaf compngeé)sealmg tﬁe periphery
20 portion of the substrate on the base plate via the ridge to isolate the

microstructure from the precursor solution.

Preferably, a high-pressure zone surrounding the periphery portion of the
substrate is formed during rotation of the substrate to further prevent the precursor
25 solution from contacting the microstructure.

In one embodiment, thermethod further comprises respectively forming a |
microstructure on the back side of two substrates. The two substrates are then
joint together with the back side facing each other. Afterwards, the jointed two

30 substrates are supported to rotate by firstly exposing the front side of one
substrate for a precursor solution deposition so that a thin film layer can be formed
thereon. Subsequently, the front side of another substrate is exposed for a




BRI EF DESCRI PTI ON OF THE DRAW NGS i 0 These and ot her aspects and advant ages
of the present invention will be described in detail with reference to the
acconpanyi ng drawings, in which: Figs. 1Ato 1 H are partial cross

sectional views show ng a nethod of is fabricating MEMS devi ces according
to one enbodi rent of the present invention; Fig. 2Ais a top view showng a
substrate being hold by a holder for fqgrmng piezoelectric thin filmlayers
according to one enbodi nent of the present invention; zo Fig. 2B is the A-A
cross sectional side viewof Fig. 2A; Fig. 2Cis a partially enlarged view

of Fig. %ﬁec%oFB@&tloﬁﬂeﬁaﬁt@ﬁ;s@rtﬁatcé a58 firf thyePrah RbrielIReRnye Vi ews
show ng exanpl e MEMS devices fornmed according to the present invention;

Fig. 4A iAceerdipglyyaslnubleosidag naicrsnadiineddevisemavipa ivisubstrates a hin il m
layers a Fc?étﬂﬂ;tﬁr@s%ﬁﬁ&f % \‘t}: jgﬁ?gyﬁ)éréégeajﬁr%etﬂ&: @m’%@%}e%rmgg 4 9- 4B

is the A-ACT0SS SEctrton

parti al | yextevinat gidds vd fametd. Fig. 4B Fig. 5A is a top view show ng a hol der
for form ng piezoelectric thin filmlayers according to a further
enbddi ment of the present invention. 5 Fig. 5B is the A-A cross sectional

Showi ng & et nAqesPrprgetn 3 fecomtaShEcRihe BlodrRRchich Mol Y o1
enbodi nmerprovitiet lresylrstiada supporit fnremoiermtlng a microstructure formed ona back side
thereof during solution spin deposition. The substrate support comprises a
rotatable base plate with a top surface, a seat coupled to the base plate for
16 receiving the substrate over the base plate to form a contacting interface. The
contacting interface separates the microstructure from the base plate. The
substrate support also has a retaining member coupled to the base plate, whereby
the substrate can be secured on the base plate so that the substrate can be
rotated by the base plate. Upon seating on the base plate, the microstructure of
15 the substrate is lifted from the base plate via the seat during formation of the thin
film. The substrate and the seat form a contacting interface for sealing the

microstructure during formation of the thin film.

In one embodiment, the substrate and the base plate form an air gap
20 surrounding the contacting interface for generating a high-pressure zone during
rotation of the base plate. The high-pressure zone further prevents the
microstructure formed on the back side of the substrate from being contacted.

Preferably, the base plate further comprises a conical side wall extending
25 outwardly and downwardly from the air gap for providing an aerodynamic
transition from the high-pressure zone.

In one embodiment, the seat comprises a shoulder projected from a
periphery portion of the base plate or a spacer disposed between the substrate
30 and a periphery portion of the base plate for contacting the substrate.




Fig. 7 is a cross sectional view show ng a supporting configuration for
formng a device as according to Figs. 6A - 6D according to one enbodi nent
of the present invention; 15 DETAILED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS As shown in Figs. 1Ato 1 H a nethod of fabricating an MEVS
devi ce according to one enbodi nent of the present invention conprises,
firstly, providing zo a substrate 110 _whi ch may be of any appropriate
material for form ng a desired MEMS device thereto, such as a sem conduct or
silicon wafer. The substrate 110 has a back side 110a on which a

m crostruct ur ead¢cordifghs the praddnt Mvenfionh A8 termbeRany bRRteBidPpidcess forlthe back
side 110a, on which a thin filmstructure, such as a piezoelectric thin

filmis tibirgntleyaesdurngthe]yEMSdevice fabricatinamiesess issuaressiuly zs bei ng

h d . q . ) ili
ot do. 1 ayeinbSIPRCHEUIcRe e RRRLBHLIRECAnCAR! e el SreaiipoR@sed, nea on'
bot h t he &rtthesprddudtidhcest®df tdisorf mamérial iod ehd liisajrebite redifeetir Aoemedpd, as
shown in Fi a next step, a photoresist film(not shown) with a

.1 B. so In
pr edlet er rﬂﬁﬁgaqwéﬁmewrpﬁ themeMREPCERS + h BUBRRIIING jpRRanatas isgrvalerRat thepwgh 1100
of the sUpREh#hemidBstiBipY Bl PAPLEhAAK BROXMIPERAStePantiA RN the
silicon oxide layer wt ydrotluoric acid and amr aquéeols anmoni um
fl uori de ligh performaace MEMSBrdpvichs are dhtained] i con oxi de | ayer is forned.
Subsequently, the photoresist film(not shown) is renoved, and the s
substrate 110 is dipped into a solution (not shown) through which the
subst r at eBREEF OESERIPRAON OFSTRE RAMING POt assi um hydr oxi de sol uti on,
therefore the portion 110c of substrate 110 exposed by the opening 114 can
bel@etched off. In one exanple, the etching rate is about 10Nm per hour at

60 C tenperat ....B tral li th hi n i . the . renmai.nin i ckness
T10d of the suplsecand Sl BskES Al odantts B Sl e AR B ok
Upon conpdeicribad i detailswitti RiferehcBltotiad btdorapaning 8s8eings 0@ wigiohy one is
shown for illustration) are obtained at the back side 110a of the substrate
110. The recesses 110e formthe desired mcrostructure, as showm in Fig. 1
D. is As showys A Pad?ﬁa 1 : i : nd a first
el ectrode |a\§g?'b§'2ﬁé‘§’r§é"'§’er§ Si el#roshs eﬂotwrag?l"tgwsgi%@Wiﬁgﬁqﬁ?&t%ﬁe&subst rate
110s by spabtieatirggVEMS dericestacdordimg to dhe eimioelimen oftthelprgeent i@d&ritionf or med
of Ti wth a thickness of about 50 nm and the first electrode |ayer 124 is
formed of Pt with a thickness of about 0.5 wm 20 To form piezoel ectric
thin filmlayegt; i } : Rt rate
ol der 200 | & oo ded Py eat sfoMos Sistfatd BEIEIRIU s oler (7 isnl
subsequerpiezgslactdo dhinfimgayerssaccoudifg toné embiagimentof thegresémt film As
shown in.Figs, 2A, 2B and 2C in further detail, the substrate hol der 200
conpri ses'ngg@ b 25 pl ate 210. The base plate 210 has an adapter 212 forned
at o4 he back side for coupling to a rotating machine (not shown). At front
side of the base plate 210, there is formed a seat 214 projected upwardly
fromthe peri dﬁgrEBpﬁ)Hﬁ Brh srossrsecharal sideviewxafFigTBA: seat 214 has a
di mensi on 214a corresponding to the periphery portion 110f of the substrate
110 for receiving the substrate 110 30 thereon.

Fig. 2C is a partially enlarged view of Fig. 2B;

25 Figs. 3A and 3B are cross sectional and perspective views showing
example MEMS devices formed according to the present invention;

Fig. 4A is a top view showing a holder for forming piezoelectric thin film
layers according to another embodiment of the present invention.
30
Fig. 4B is the A-A cross sectional side view of Fig. 4A;




_0_ Upon seating on the base plate 210, the mi crostructure having the
plurality of recesses 110e is held spaced apart fromthe base plate 210 via
t he contact between the seat 214 and the periphery portion 110f of the
substrate 110. By virtue of this configuration, the mcrostructure 110e,
which is relatively weak in s strength and rigidity than the periphery
portion 110f, does not contact the base plate 210 during the subsequent
steps of the piezoelectric thin filmformation. A retaining nenber, such as
three pins 216a, 216b and 216c coupled to the base plate 210 are provided
to surround tf8gsabdsd hPeptiadilbnidRed VW of Bidliags. 10 2A and 2B. Two of the
pi ns 216a and Z%Gb are di sposed along the periphery edge of the substrate
110, and the third pin 216c is |ocated to engage the primary cut of the

Tateral and rdidrAlen BRVEHOTOHED atoiler BT EmEng sl b doH T bace

pl at e 21Qayerspicebidimg &fla fresresrhbedinidif of e picd@nPinveAorkase pl ate 210 can
be transferred is to the substrate 110 whereby the substrate 110 is
rotatable following the rotation of the base plate 210. In a next step as
shown in Fig. g | X ( I G - | it i 120 is applied on the
front side 11d%gg§8?%gk?ﬁgggﬁg%§E§T%%9§ﬁ%§ﬁﬁgﬁggﬁét@gte 110 is 20 rotated
by the base plate 210, so that a piezoelectric filmmy be forned on top of
the first electrode |ayer 124. The precursaor solution contain

conposi 1 onal TBSATSH 8Fe PR HSBIRECHPRA NS BRPENG A TEOGAS ch ¢ he mai n
e embod o B i B {8 B T eI 0 5 10 20
wn.¢ and Haxenﬁdn; conposition around the norphotropi c phase boundary (MPB),
such as Pb(Zro, 52Ti o0, 4$)03, with about 10 - 20 atom c % excessive PbO
Details of the preparation of the piezoelectric filmare described bel ow

Ly Sy b {rar e SRbS askonsl R A BRuppoAnD Gry Rt cavence
so may be tha e substrate is rotate irst, an ol | owe

appl i )éat iformino a devipe asacserdisg taiFigsn 6A206Bracsording &upse ﬁm@cﬂmenKaE t he

pi ezoel e i i I.Sqf.ormed onto the substrate during rotation. g_ A
piezoelegbéfge%%g@hgﬁg?RSolution with an atomic ratio of Pb:Zr:Ti =
1:0s52:0.48 is prepared from|lead acetate trihydrate (Pb[CH3C00]z),

zirconiu i de r[ OCH(CH3)z] 4 and titani umiso-propoxide

(i [ oon BETAIED BESCRITHEN O SHE P RS GRRCENPAIMENTS as | he sol vent
The concentration of the solutionis 0.4 M 30% by wei ght of polyethyl ene
glycol is added into the solution. In this enbodi ment, the piezoelectric
precursor sol LAg siow?h Figsapplioddd,enmethdadef fabrichting an MEMSedeviozle | ayer

124, and the substrate 110 i ted unde d of abqut 4500 rpm f
30 secondStoRibs Jo b Rmpodinent P Rieorerant vagion Fempbsey AWaREVAPE  and

i sodri ed pguBsktaté 1HOTwWHICHTRAY BS of BAY bRYPRshrizte that¥halfgpformiga’Rsirad 410 C
for 10 m nutes. The above priecursor” solution applying, drying and 'ﬁgoly5|s

process dYleEM%&gevce dhereio,ischasta gemjcandactansiliconiwafer.nibie substiatet € at i s

yrol yei 25 Bel SR L0 Mot SToPIS i RRR LSRG A RL RS Lfor €D e
and fi nal11obegmsisitettoitite batksider Eh, ioh whichal eh filin £00ctlrd, Wuch as autes so
that a crystallized piezqelectric film2126 with a thickness of, about 1.5 wm

1
i s obt ai ritiezoslectiq thindibmiis & bp farnatholheisybeirgte 1104s thegaabnexidizedtode,

sugh as : : B} ' [ on top of

thgé]pi ez?e%b???df%%%é%wgggt g?@(ﬁrga@%éﬁgg théefrﬁ) 2 ?@“ﬁo‘%ﬁ er nedpby

photol it rsi@mmmdmawgram@ﬁm aﬂhigmgﬂdsi @r?romd.znts;mmmetthe(%h)i iFﬁwT%mm h the
t t af, the back_si 0 e substrate, 0 an

Ct oni ng. HB68 bAGK Aok b e 1100k Hee 1408 3¢ SHbHre 41 Caqa abaumn

potassiuqupﬂgge solution. The piezoelectric film 126 may be patterned by

etching using a HNO3 and HF acid solutions, for exanple. To evaluate the
performance of the MEMS device formed according to the above nmethod, an

electric field of 180 kV/cmis applded to the piezoelecgtric.thin . so film
Bpor i mont s sHBE PR N BhePEaTa iR toof shotfn EwEF BuBRclargis] Bateia

exhi bi t's jgiremes] 66 Hé badk Sider{1028and B 586 AMIBLIhe Bub3Riee! 1 MR cigH ce
with a dinmension of 4.2 mfmx 1.35 mm x 0.06 nm was detected by a | aser

vi br onet @ photolithography process. By treating the silicon oxide layer with hydrofluoric




-10 Under an applied electrical signal of 5V at 2 kHz, the vibration

magni tude of the PZT filmis about 24 nm On the basis of the general MEMS
devi ces formed according to the nethod s of the present invention
illustrated above, various special types of MEMS devices can be obtai ned

t hrough additional fabrication steps. In one exanple as shown in Fig. 3A a
pi ezoel ectric cantil ever-structured dew ce 350 can be fornmed through the
foll owi ng etching-through process for the nmenbrane structure. The

et chi ngt hrough process includes etching the top electrode Au | ayer 358
using an addiaRd d@acﬂl&&cﬁrﬁﬁ@hm fnagtide seritibhi &R opBAMEI 118 ThBe RiliR8AE! ectric
thin film356 with HNO3 and HF acid sol ution, and et'ching the bottom

el ect r odeOXidRllayee is f@ﬁmﬁﬁt ernmedi ate layer with an Argon ion-m |l process.
Reaction ion etching process with CFQ and HBr / Clz are used to etch
through the Si02 |ayer and the thin silicon substrate, respectively. A

t he above etCl‘ﬂSlﬂlﬁBanU@ﬁﬂ;&Stﬁé mb&)resisf ﬂlwmtbtelh@m?ﬁdﬂ:remo\mddeadltﬁe351 (only
one side is shomm% t he nbrane structure. After these etchlng

pr otessesSUbstigig | @&/@ppgii riratet%%ltl%mczieshgw)@yﬁuge vilighaiNecBHosBRERS i n

Fi 3B, g f ﬁ%ﬂﬁ

' dle\gll ce 360 ca Iee%w&?/%éreﬁg q%yﬁsﬁﬁgéva%ﬁjm% etc %’(ﬂgﬁéﬂr‘fﬁggr &%re@%gg)gﬁ%r Zo

t he menbritie csﬁsuhstmteaﬂa&expdasmibyatrmjopémng 1dd damebd etmhedexftrlnotmd ayer 368,

t he ezoel ectr t 1l ayer bot t ectrod er 364 and
ts ot erseElpeneglehinore isHsu 1iiin beihaet B Srrediaiireabit r ate,
respecti V@Mmlllﬁgﬁhé%@cmﬁ%%h@'tlﬁ@rérhéf?ﬁﬁﬁ"tﬁ%e@@ﬁﬁbﬁ'%ﬁtﬁé sUBStH4t8 1alpong three

sides, all the étchin rou st eps above are performed al ong respective
t wb0 si desnap bedprmed o abn*etn%uah@ 80 um:thnle Upén @ompl%ﬁw @fttbisi sigppa ocesses,

ot der aduilfy & Eerias  foe CmEBPa e sRavE sfviflus B o pr(dllh iF fe
ther eon assukr<li®d108 offied BetstetdadomeTHe @‘ce&b@s 1 @S itin §e deniesdt i on. The
hol der 400,  conprises a base plate 410 and an adapter 412 fornmed at the back

si de of tMErPHELYEapE SheUNiBFigttchi ng to a machine or a drive (not
shown) for rotation. Aridge 414 is fornmed projecting outwardly fromthe
front side -11 of the base plate 410. Alternatively, the ridge my be in
a isrmof a sp@showhsimﬁkgsdmeanueelﬁ aﬂthenummatmt[ayan‘tQZ brd et pl ate for

formed ¢ Hebs Gver $e4edadarosirg or derBR léaégﬁ%@?ihew"%ﬁrrqot%” by ©
i CT 05! I Ugtefinha%h Bte!chfindtifond b infbiediatd I8y k2 Wiforficdasy Awipacer

414, the crostructure i's positioned space apar ronlt base plate 410.
By vi rt uehigkness of abmuti une, aod the Iﬁatralentmierlayem‘r% isi formbd of Phmédittad
during tgﬁgﬁubseggeat ﬁigps of the piezoelectric thin filmformation. R sks
of damag 8ees Otaheuli-Adfon on the microstructure during io the

g filmformation can be reduced or prevented. Three hol ding pins 416a,
416 and 416c are provided to engage to the periphery edge of the substrate
110 t o restraiTo fave piekatlecticrtbindilirolaybest ave the frowt sidm)éﬂﬂhtoé thel subsithte he

pace L i L0858 bl 6% b TR sHSHUERR 1S, BEPALEY B o) ©

surface Céutisb@ubﬁﬁﬁ)ﬂﬁic@bﬁn%gfbdb%% t@f@@wm@ﬂ@%e@hﬂmm ﬁlﬁanAstshQWn4r11 and
an extended coni cal wal | adj acent to the peri heré of the substrate

110. Dur ifigs+éhatB aRdAC imibirthgs de’fﬂliath@ m@t'@rﬁ@l holder 208 omprisesimbasgm ai r
Su§$§ 3;]3' ;Sr;éte e é 'Ba%%%a&?%‘b%?m whiag {eﬁ Zq'ZQ‘pFr['ue& gthd Q&é} Qge%‘F
g ared. ccor ng the prec P§F'40 'on use ng the

f or mat i orcowpling¢o pi rem.'cmlgenhclhmet(hmtrsﬁovhnm i ffanttsivey ofuhe\mayeqﬂaifem
contac'tinﬂﬁ danaﬂggg and/or contam pating the m crostructure, 5A and

55 show 461 61300 o et 1 RSpiciag WALy frafrbth@daerrmhmpea@a atdhei o LA
i Invg‘rslt It Oﬁg hegﬁec?{:l%jlr Wgs%gﬁg%flghggidlﬁ%?ﬁga%eéﬁé% ro -SI C?é structure

SI m | ar tperphery poitiost 1 ed thensEbgisate 240 fABreoeividg thiBstilmstrateddiovi ng and
ortlgﬁ a substrate. The base plate 510 has a flat back side 512. A
ent i QT(thuun1sp|n chuck 50 can be attached to the base plate 510 via
the flat back side 512. The vacuum spin-chuck 50 will carry the hol der 500
and further the substrate to 30 rotate for the plezoelectrlc thin film
| ayers formation.




-12 Figs. 6A - 6D show a nethod 600 of fabricating a MEMS devi ce according
to anot her enbodi nent of the present invention. Firstly, two substrates 610
and 620 are provided, each substrate has a respective back side 612, 622
and a respective front side 614, 624. Mcrostructures 612a and 622a are
respectively s forned on the back side 612 and 614 of each substrate (Fig.
6A). Al the silicon oxide |ayers nay_%q stripped off using HF acid, and
the substrate is polished by a chem cal” mechani cal polishing (CWP) process
so that to inprove the surface roughness (Fig. 6B). to Next, the two
substrat es 61%@&?3@&%@%@}H@%@é§ b%?@mwthawnfc?&stﬂm&re%wth@;ﬂg@n@ﬂ and

622 to each other (Fig. fusion bondi ng process nay be used to

jh oint t heoftrme&a@lsg‘nm is hedd)epaead apdnit fm[]n &e;immmlamjzw viadbatcont®mb C for 4
. A Qi ' . i o i
embodi mertetiprn tataieft bl 15e Hhiohhntclen D1 Adhe Berete i st and a

t enper at Wikudbfies comfiduraton,tAé misRBtrubture @ 198 PRBRMES relbtivdly daRih or m ng
processes. Respective Si02 |ayers 615, 625, internediate |ayers 616, 626

ands f i r ststeangth pad sigiditythas five pedphery medtiamé @adees nehcemtact hedase ve front
side 614 ;flé‘fé é‘?o“dﬁ’.finég% dédﬁs%htuggpgt%béto‘?p?elﬁiae%gle‘é{}ﬁ: tgﬁcﬁﬂ%?m?ﬁéﬁ.at e 620.
yta plas

The Si 02 Tayers are eposl ennanced chem cal "vapor
deposition (PECVD) process, and the internediate |ayers and the first

el ectrodes are, deposited by sputterin Fig. 6D). The jqoint first and
second subst r db é%tgmng AEn pg'é?fi a8 ”Hgﬁ Rt 4183 %Wg\']\ﬁ? gaupleddect i ve
pi ezoel e i i f t tq i odes
517 and 6277280 HAS P Paiedi@Ridelilo soifoRhd e sLERRAE 1T, o5 shbrth Fid¢.
cohtluct ed2/end @Bor Bivagf the pins 2dEevand 216l aratisposed atrjothetpeasiphaiy h Fi gs.

1A - 1 H_The stal]ize i ezoelectric filns 61 d 628 can be formed.
ke se eief i3 Betrafitt1 § iR 654 b 21 6B BER6R 1 spoeS M Brmelecr  ve
pi ezoel ecdutiof tHe bubstrats 1300 RABinedithy thtpids 4988) 216H drd 2nbezhelrertive C

m cromachi ned devi ce can be obtai ned. Upon conpl etion, the double-sided

devi ce cdaigralsangd mwiatinonal maesnenttetweenthasubatiate 44 Orasidiibe haserpate. The
Pl ezoel °31d % lﬁrbhn%ﬁe& O{hg?éjaf?etr tﬁ?ﬁ&aﬁbﬁ’%f {C‘;fe”bé)& p@%ﬁ?&%ﬁﬂ?ﬂé’ﬁ%}é&g{l' ed.

-13 For t pose of "tofmng e respective p electric 1T11ns 8 and

6285 the tbdhdeubsisatel 1 15ivhatedy thb @ubsiratecdll) isnotdtableVolidwihydhe r@btiodB, 4A,
4B, 5A and 5B may be used for supporting and rotating the substrate. In one
enbodi merfif the bagBWRte£ 16 g. 7, the first substrate 610 may be firstly
supported by having the front 5 side 614 facing the hol der 690, hence to
expose the front side 624 of the second substrate 620 for the deposition of
t he pi ezoel ectlnianéxtiste®as sheivngn &igarE8,ua pimzoel@ctric precaB@r dohitiog T28iat i on.

Th ft A d t 20 i ted havi the .f t sid
624 1 aci rAPRIRE bR 0 e of st RED;: fiihe sseda 1B s no ti rst
subst r at Gofkd by'thé BRse gmsei 210080 that 4 BicRbBRREHEHA iy e Bl distopdbft he to

precursor solution 680 during rotation. Although enbodi nents of the present
i nvent i orthedivet aleetrode layst i 3¢ edherprecunsanselution aontainsheoapesitipaalyi ng

o o0 BB e K Tt B BeEAg: AP RV Bkh SRR EoPlAeBRe o © °°
di scl osecprefarted ® 5@ pahl FiebnaterEitanianm (FR-ZaT) PR, [Wofkfdnalsddimast,
alternatives and substitutions w thout departing fromthe spirit of the

i nvent i orthgPiezaclediie filnahas eclbickegss pf eheut®pltowOngncaad hgs a
25 . composition around the morphotropic phase boundary (MPB), such as
Pb{(Zro.52Tip.48)O3, with about 10 — 20 atomic % excessive PbO. Details of the
preparation of the piezoelectric film are described below.

It should be appreciated that in the step shown in Fig. 1G, the sequence
30 may be that the substrate 110 is rotated first, and followed by application of the
precursor solution 120 onto the substrate so that the piezoelectric film is formed

onto the substrate during rotation.




-14 CLAIM5S 1. A nethod of fabricating a nmenbrane structure for

m cr o- machi ned devi ces, the nethod conprising: s providing a substrate;
forming a mcrostructure on a back side of the substrate; depositing a
precursor solution on a front side of the substrate after form ng the
-mcrostructure while rotating the substrate to forma thin filmlayer
thereon io 2. The nmethod as recited ingclaim1, further conprising seating
a periphery portion of the substrate over a base plate to forma spacing
between the mcrostructure and the base plate. is 3. The nmethod as recited
in claim2, wherein the periphery portion of the substrate is seated on a
ridge prOJected fromthe base plate to forma spacing between the
nlcrostructure“Qﬁﬂoﬁh@ﬂbd@@cpﬁaﬂ§0hm0nWW§1ﬂ&ﬁhﬁﬁmagﬂﬁﬁéFbéﬁ"ﬂn-cIaln13

base i at COnZ bR PRHAGEY Y B ARt R I B ORI Cclrsor

sol uti on.propoxitie (KﬁOM%)ﬂ@camdtanhmh@d propoxide (DClH@ML)Ie). 29 formng a
hi gh pressure zone surround Ia(ﬁ'it e periphery portion_of the substrate to

prevent Z8etexypihapal SblkOSH A1) Ip sisee st étﬁoh@nﬂ h@%‘?ﬂ%’ﬂﬁ&]@f‘@ﬁ e. 6.
The neth lo, re m ng of the
thin fil %ﬂﬁa%%!aqtﬁﬁ %%343 %ﬁbg‘\ﬂeg rrégﬁy%tﬁﬂgﬁé W"Bp fel rIEPff@I%ect rode

| ayer on sdh.eildr'ront side of the substrate 30 7. The met hod as recited in
claim6 further conprising, after formation of the thin filmlayer,
crystallizing the thin filmlayer by annealing.

In this embodiment, the piezoelectric precursor solution 120 is applied on

10 top of the first electrode layer 124, and the substrate 110 is rotated under a speed
of about 4500 rpm for 30 seconds. The precursor solution formed a wet film on
the substrate, and is dried at 110 °C for 2 minutes, followed by a pyrolysis process
at 410 °C for 10 minutes. The above precursor solution applying, drying and
pyrolysis process are repeated for three times, and the film formed are heated at

15 560 °C for 20 minutes. Further, the precursor solution applying, drying, pyrolysis
process and the film-heating process may be repeated for 2 times, and final
piezoelectric film formed is annealed at 700 °C for 5 minutes so that a crystallized

piezoelectric film 126 with a thickness of about 1.5 um is obtained.

20 In a next step as shown in Fig. 1H, a second electrode, such as a Au layer
| 128 of about 0.2 to 0.3 um thick is deposited on top of the piezoelectric film 126
by sputtering. The Au layer 128 is patterned by photolithography with a double-
side aligner to ensure the alignment with the microstructure formed at the back
side of the substrate, followed by an etching process using an aqueous iodine
25 solution and an aqueous potassium iodide solution. The piezoelectric film 126
may be patterned by etching using a HNO3 and HF acid solutions, for example.

To evaluate the performance of the MEMS device formed according to the
above method, an electric field of 180 kV/cm is applied to the piezoelectric thin .
30 film. Experiments show that the piezoelectric film is effectively poled and exhibits
piezoelectric properties. The vibration of a sample MEMS device with a
dimension of 4.2 mm x 1.35 mm x 0.06 mm was detected by a laser vibrometer.




-15 8. The nmethod as recited in claim7, further conprising, after
crystallizing the thin filmlayer, depositing a second el ectrode | ayer on
top of the thin filmlayer. 5 9. The nethod as recited in claim8, further
conprising etching through the substrate, the internediate |ayer, the first
el ectrode |l ayer, the thin filmlayer and the second el ectrode |l ayer to form
a cantilever-structured mcro machi ned;glevice. to 10. The nethod as recited
in claim8, further conprising etching through the substrate, the
intermedi ate |ayer, the first electrode layer, the thin filmlayer and the

second  el\gddragPapILer oibQribar SRydallutioNost 2 kHEokier AShotibR ifad ek dhalevi ce.

15 11. The nmethod as recited in claim11, wherein the m cro-nmachi ned device
is a pi edtel élnis aBbBHZANMENS device and the thin filmlayer conprises a
pi ezoelectric film zo 12. The nmethod as recited in claim9, wherein the
cantilever-structured mcro machi ned device is a piezoelectric based MEMS

devi ce and t heDh habéasib Bf kify genralfMENS Hetices4808dE atcarding torthe histhdde
nmet hod as recited in claim10, wherein the bridge-structured mcro 25
machi ned fdle peesent invention d|ustratect abriss yaNenssaedatlyras f MEMBayiges| m

whorei n PP RBIBEHRTAE idfiohs! Hbriction iEg™ Tt BRahBH 28 hoindn 2 M &
subst r at €FigndiA aa piezoekcirithsdntdeverisiichged aiehice 3xictarsbedéornsed thootghsi de and
per i pher Mchg%l}dvarra]é etching-through process for the membrane structure. The etching- |
through process includes etching the top electrode Au layer 358 using an iodine
10 and potassium iodine solution, etching the piezoelectric thin film 356 with a HNO;
and HF acid solution, and etching the bottom electrode 354 and its intermediate
layer with an Argon ion-mill process. Reaction ion etching process with CF4 and
HBr / Cl, are used to etch through the SiO; layer and the thin silicon substrate,
respectively. All the above eiching processes are performed along three sides
15 351 (only one side is shown) of the membrane structure. After these etching

processes, a cantilever-structured device 350 can be obtained.

Shown in Fig. 3B, another type of MEMS device, a piezoelectric bridge-
structured device 360 can be formed by following the etching-through process for
20 the membrane structure as illustrated above on the top electrode layer 368, the
piezoelectric thin film layer 366, the bottom electrode layer 364 and its
intermediate layer, the SiO; layer and the thin silicon substrate, respectively.
Instead of etching-through the membrane structure along three sides, all the
etching-through steps above are performed along respective two sides 361 of the
25 membrane structure. After these etching processes, a bridge-structured device
360 can be obtained.

Figs. 4A, 4B and 4C show a holder 400 for supporting a substrate to form
piezoelectric thin films thereon according to another embodiment of the present
30 invention. The holder 400 comprises a base plate 410 and an adapter 412 formed
at the back side of the base plate 410 for attaching to a machine or a drive (not
shown) for rotation. A ridge 414 is formed projecting outwardly from the front side




-16 wherein formng a mcrostructure on the back side of the substrate
further conprising formng a mcrostructure on the back side of the first
and the second substrates, and the nmethod further conprising joining the
first and the second s substrates with the back sides facing each other;
wherein supporting the substrate for rotation further conprising supporting
the joint first and the second substrgﬁgg for rotation; and wherein
depositing a precursor solution and rotating the substrate further
conprising depositing a first precursor solution on the front to side of

the firstoftHeYasaiphater PRt AREMELRel ShBLridRidIRLY Bbdn boffldNaAsdddept thin film
| ayer on the front side of the first substrate, depositing a second

pr ecur sordisppsad befwsentthe substiatesantbthss baseeplatafondhe samerpurposeand rot ati ng
the joint substrate to forma second thin filmlayer on the front side of

t he second substrate. is 15. The nethod as recited in claim14, wherein

supporting t hephenrh usel atsubBtiateh® GRa\nRG aswlpbstalicdrel faFrhba théerednlid si ng
seating the periphery portion o first substrate over a base plate to

ft
forf a s pERAE opdhosEcaREPREREd1 4 ukth the iapeinigiarefasibghatase@i@epose ¢ he
f t id fq: : 4 iti
Lhereon. B8 1188 BYARBHACELAHRREE 412 hRmRIGINIRTE 18 BoUiibRBy GRS ¢ o0

f or mat i onapdrt from thiei baski plateod @.hByvirtue ofsthitecarffiguratione ton chiqobttctatee,
seating the peripher qrtion of the second ,substrat ver .the base plate
to form aW@;!%cWRgeC_i%gﬂﬁfmé*he FHES%&?Eéteﬁ?@tth%tpéezé’ﬁgecgr%t%g@‘ plate to
expose t hgrhageh. Riskd Stadnhggd hhdlor %Hht%ﬁﬁigéﬁoﬁ 8h tRE RfLI0RRTCEAS BLHAYG

deposition thereon. 17. A m¥ro-machi ned device conprising a substtate, a
m ¢ ost r dbedhiv-lloy iesaation gahibestedsiced oo preventedibEhrest kgldingtpinm 4168 m | ayer

R N N A R

to restrain the relative rotation between the substrate 110 and the base plate 410.

An air gap 420 is formed between the periphery portion of the substrate
15 110 and the front side of the base plate 410. The top surface of the base plate
410 has a smooth aerodynamic transition 411 and an extended conical wall 430
adjacent to the periphery of the substrate 110. During rotation of the base plate
410 and the substrate 110, an air pressure is formed in the gap 420, which is
higher than that of the surrounding area. Accordingly, the precursor solution used
20 during the formation of the piezoelectric thin film is further prevented from

contacting, damaging and/or contaminating the microstructure.

Figs. 5A and 5B show a holder 500 for supporting a substrate to form

piezoelectric thin films thereon according to a further embodiment of the present
25 invention. The holder 500 has a base plate 510 with a front-side structure similar

fo that illustrated in Figs. 2A, 2B or 4A, 4B for receiving and supporting a

substrate. The base plate 510 has a flat back side 512. A co'nventional vacuum

spin-chuck 50 can be attached to the base plate 510 via the flat back side 512.

The vacuum spin-chuck 50 will carry the holder 500 and further the substrate to
30 rotate for the piezoelectric thin film layers formation.




-17 18. A substrate support for protecting a mcrostructure of a substrate
during solution spin deposition, conprising: a rotatable base plate having
a top surface; a seat coupled to the base plate for receiving the substrate
to forma 5 contacting interface, wherein the contacting interface is to
separate the mcrostructure fromthe base plate, and a retaining nenber
coupled to the base plate for securingqijhe substrate to the base plate; |0
19. The substrate support as recited in claim 18, wherein the substrate and
the base plate forman air gap surrounding the contacting interface for

generating a IHigH-gX esDIsRoweaN@ethod 6QD bPia@ﬁ'ibQﬁh%é NMBRDEaSEcH hasdrding
prevent the m crostructure on the back side of the substrate from being

cont act ed© ansthey embrdinant of hrecpresppbinveation. ctirstlyd two sebslrates $10dst ei n t he
base pl atgyd Al d161idRARED S ArANESA reblenhlacaiiendngosuppar di v and
downwardly fromthe air gap l?or providi n8 an aerodg';jnam c’?ranm tion from

t he cvihgh-rpspe(ﬁiyee‘rammie 604,2324.Tm1&:resthmtl y um@mmﬁdﬁ?za ar@céslpedti\i{]eiycl aim
18, erein the seat c i a shoul der projected.from a ri phery

port i on priosd Opd6e brkere 812 abH PAda sgohuBS B (Fig AT Albe o )
substra - f ; iy

spacer d&xﬁ%%%gétse@% eﬁ*ﬁ@%ﬂggﬂﬁ%‘*ﬁa Ia’ pﬁh%hgﬂ%t%ﬁ%i@gﬁ%a '?’ 2? base
pl at e forcheonicaloneehpnita pmlisbingdCAMP D@océss sEktde wnpovedhprsusiang: so a

substrate_havin first side, a second side opposite to the first side and
a cavity rPUS'ﬁ%%S%o@:t'QAé "the first side and the second si de; -18

10 Next, the two substrates 610 and 620 are joint together by facing the back
sides 612 and 622 to each other (Fig. 6C). A Si-Si fusion bonding process may be
used to joint the two substrate together, which is conducted at about 1050 °C for 4
hours. A joint substrate structure is therefore obtained. In this embodiment, the
two substrates are jointed together which can withstand a temperature higher than

15 that used in the subsequent thin-film forming processes.

Respective SiO- layers 615, 625, intermediate layers 616, 626 and first
electrodes 617, 627 are formed thereafter on the respective front side 614 and
624 of the first substrate 610 and the second substrate 620. The SiO; layers are
20 deposited by a plasma enhanced chemical vapor deposition (PECVD) process,
and the intermediate layers and the first electrodes are deposited by sputtering
(Fig. 6D). The joint first and second substrates is then supported and rotated
through which respective piezoelectric films are formed on top of the respective
first electrodes 617 and 627. Similar processes of drying, annealing etc. may be
25 conducted as according to the above illustrates in conjunction with Figs. 1A — 1H.
The crystallized piezoeiectric films 618 and 628 can be formed. Likewise, second
electrode 619 and 629 are formed on top of the respective piezoelectric films 618
and 628, so that a double-sided piezoelectric micromachined device can be
obtained. Upon completion, the double-sided device comprises a joint substrate
30 with cavities formed therein. The piezoelectric films formed at each side can be

independently controlled.




a first piezoelectric thin-filmstructure fornmed on the first side of the
substrate; and a second piezoelectric thin-filmstructure formed on the
second side of the substrate. s 24. The MEMS device as recited in claim23,
wherein the first and the second piezoelectric thin-filmstructures are

i ndependently control | able. 25. The MEMS device as recited in claim 23,
wherein the substrate being io siliconqaafer substrate. 26. The MEMS device
as recited in claim25, wherein the silicon wafer substrate is fornmed of
two parts jointed at a tenperature higher than that for form ng the first

and the secong-qritg ehﬁ;e*ercbfq Frii thblae dtwé R dtﬁcfl 618 and 628
L A@Y. A LA LALA) g 5 n@ f ﬁé tijrlé) ¥ ImA?&ul+§QLHK NOz W/
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embodiments disclosed, and is capable of numerous rearrangements
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2. The method as recited in claim 1, further comprising seating a periphery
portion of the substrate over a base plate to form a spacing between the

microstructure and the base plate.

15 3. =~ The method as recited in claim 2, wherein the periphery portion of the
substrate is seated on a ridge projected from the base plate to form a

spacing between the microstructure and the base plate.

4. The method as recited in claim 3, further comprising sealing the periphery
20 portio_n of the substrate on the base plate with the ridge to isolate the

microstructure from the precursor solution.

5. The methed as recited in claim 1, further comprising forming a high-
pressure zone surrounding the periphery portion of the substrate to prevent

25 the precursor solution from contacting the microstructure.

6. The method as recited in claim 1, further comprising, before forming of the
thin film layer, depositing an intermediate layer and a first electrode layer
on the front side of the substrate.

30
7. The method as recited in claim 6 further comprising, after formation of the

thin film layer, crystallizing the thin film layer by annealing.
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layer.

9. The method as recited in claim 8, further comprising etching through the
substrate, the intermediate layer, the first electrode layer, the thin film layer
and the second electrode layer to form a cantilever-structured micro-
machined device.

10

10.  The method as recited in claim 8, further comprising etching through the
substrate, the intermediate layer, the first electrode layer, the thin film layer
and the second electrode layer to form a bridge-structured micro-machined
device.

15

11.  The method as recited in ¢laim 1, wherein the micro-machined device is a
piezoelectric based MEMS device and the thin film layer comprises a
piezoelectric film.

20 12. The method as recited in claim 9, wherein the cantilever-structured micro-
machined device is a piezoelectric based MEMS device and the thin film

layer comprises a piezoelectric film.

13. The method as recited in claim 10, wherein the bridge-structured micro-
25 machined device is a piezoelectric based MEMS device and the thin film
layer comprises a piezoelectric film.

14.  The method as recited in claim 1,
wherein providing a substrate further comprises providing a first
30 substrate and a second substrate having each a back side, a front

side and periphery portion;
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E:/ . supporting the joint first and the second substrates for rotation; and
wherein depositing a precursor solution and rotating the substrate
further comprising depositing a first precursor solution on the front
10 side of the first substrate, rotating the joint substrate to form a first
thin film layer on the front side of the first substrate, depositing a
second precursor solution on the front side of the second substrate,
and rotating the joint substrate to form a second thin film layer on the
front side of the second substrate.
15
15.  The method as recited in claim 14, wherein supporting the joint first and the
second substrates further comprising seating the periphery portion of the
first substrate over a base plate to form a spacing between the first
substrate and the base plate to expose the front side of the second
20 substrate for precursor solution deposition thereon.

16. The method as recited in claim 15, further comprising, after formation of the
thin film on the front side of the second substrate, seating the periphery
portion of the second substrate over the base plate to form a spacing

25 between the second substrate and the base plate to expose the front side
of the first substrate for precursor solution deposition thereon.

17. A micro-machined device comprising a substrate, a microstructure formed
on a first side of the substrate, a thin film layer formed on a second side of
30 the substrate, wherein the device being formed according to a method as

recited in claim 1.
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the microstructure from the base plate, and
a retaining member coupled to the base plate for securing the substrate

to the base plate;

10 19.  The substrate support as recited in claim 18, wherein the substrate and the
base plate form an air gap surrounding the contacting interface for
generating a high-pressure zone during rotation of the base plate to
prevent the microstructure on the back side of the substrate from being
contacted.

15

20. The substrate support as recited in claim 19, wherein the base plate further
‘comprises a conical side wall extending outwardly and downwardly from
the air gap for providing an aerodynamic transition from the high-pressure
zone.

20

21.  The substrate support as recited in claim 18, wherein the seat comprises a
shoulder projected from a periphery portion of the base plate for contacting .
the substrate.

25 22.  The substrate support as recited in claim 18, wherein the seat comprises a
spacer disposed between the substrate and a periphery portion of the base
plate for contacting the substrate.

23.  An MEMS device comprising:
30 a substrate having a first side, a second side opposite to the first side
and a cavity formed between the first side and the second side;
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25. The MEMS device as recited in claim 23, wherein the substrate being

10 silicon wafer substrate.

26. The MEMS device as recited in claim 25, wherein the silicon wafer
substrate is formed of two parts jointed at a temperature higher than that
for forming the first and the second piezoelectric thin-film structures.

15




