-1- M CROVACHI NED ELECTROVECHANI CAL DEVI CE FIELD OF THE | NVENTION 5 The
present invention relates to a nethod and apparatus for fabricating

m cromachi ned devices. In particular, the present invention relates to a
met hod and apparatus of fabricating piezoelectric based mcrostructure for
mcro electronmechani cal system devices. LO BACKGROUND OF THE | NVENTI ON

Pi ezoel ectric materials have great potenHLaIs for applications in a variety
of mcro el ectronmechani cal system (MEMS) devices, such as mcro sensors,

m croactuators, m cropunps, piezoelectric ink-jet printing heads, etc. In

many of 15 these MEMMICROMATHINEY SelErsiROMERHAN L. BRSACES
pi ezoel ectric thin filns are formed on one side of a substrate and the

m crostructures including a plurality of recesses are fornmed on the

opposite SFfﬁ[?foﬁ ?ﬁéﬂf\?ﬁﬂﬂ(ﬁ’fd A nunber of nmethods are used in the art to
ec in Trlns,

f orm pi ezoe rc 20 anong whi ch the solution spin-coating
process is wdely used for preparing inorganic piezoelectric filnm with

conpl ex oxi de con%osi tion and piezoelectric polynmers. |Inorganic

pi ezbel ectric fiPaPRRIeNtddEstioR relatemtaametbrdasis anraratius fopdakricating

pi ezoel ect ki hRASS: I i | et i n-
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mul tipl e haat apbatateabhairicatng bicxs ekltrigbhseuh ehidfetsalibir&fgamiao

Deconposi ti,on (M), possesses reat advantages of precise conposition
control ?Je?%évaSQ?”'fgﬁF%?%’ﬂﬁ%YgC%e hi gh performance piezoel ectric

conplex oxide filns. In a conventional nethod of producing a piezoelectric
MEMS devi ce b 30 solution spin-coating process, a piezoelectric thin film
is f4rst| yBASKSEROMNROBAEE Eﬂ‘dféNEHONhe substrate, and a desired
m crostructure is then forned at the opposite side of the substrate by an
et ching process, such as the wet-etching process.

Piezoelectric materials have great potentials for applications in a variety of

micro electromechanical system (MEMS) devices, such as micro sensors,

microactuators, micropumps, piezoelectric ink-jet printing heads, etc. In many of
15 these MEMS devices, piezoelectric materials such as piezoelectric thin films are

formed on one side of a substrate and the microstructures including a plurality of

recesses are formed on the opposite 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 muitiple solution spin-coating followed by multiple heat

25 treatment, such as sol-gel and Metallo Organic Decomposition (MOD), possesses
great advantages of precise composition control 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 etching process, such as the wet-etching process.



-2 Before the etching process, the piezoelectric filns formed on the
substrate need to be tenporarily protected, so that the highly corrosive
etching solution can be prevented fromcontacting and damagi ng t he

pi ezoel ectric filnms. s There are usually two nethods in the art to protect
t he piezoelectric filnms during fabrication of the MEMS devices in the
etching process. One nethod is to deposist. a thick coating of protective
material, such as photosensitive polyimde, wax or the like, onto the

pi ezoel ectric filnms prior to the etching process. Another nmnethod is a type

of a nechaBefat the At@fhd PRodbssUEHdSiedo BIERHRCHIMSfokin@didh ﬁ%véﬂbsttr%?e 584
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the coating is formed for the tenporarily protection purpose, after the

etching process,, the coating needs to be renoved and therefore, it consunes
tinmeS material AAGS AKJsualidwormethedsin dhe pridawveiash thespiszgalectriafilms | t he

removal chiur*irﬂffa%?i%éhgﬁo e WA ogz‘i’/me%%gﬁéi ‘i’éhiﬂgg;r 9%h8 pidlfiod js to

pi ezoelectric Tilnms. In the second nethod, he protective”jig may F%
encount er ¢epasita Hick eaktigeoliropeaiveamatiuial tuchnys phpeiskbasitive ealvimieyf t he
protective jig.,ln.additign, sinc he. protective jig needs to be
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Mor eover, the prod_ui(?j?ievi tym%Fﬁtgﬂpllich%&gcess ?@%Q&?F%e&é Jllgftbibé&'[ etﬁgfore
a nked to Rieerglaelrig firesisier inthapishing processf abri cating pi ezoel ectric

menbrane structure for MEMS devices, in which the piezoelectric film
formed on the substrate is well protected from bei ng damaged and/ or

contam nat ed duothghtheofrabthodsthaee draaeesks. IMtHdBrstBMhoAET tHes&iddpisal SO
a need to increase the yield and productivity of m cromachi ned
pi ezoel ectat @gbﬁ}&p@gapsuiated on the piezoelectric films, the etchant may leak into the

' coating hence damage and/or contaminate the piezoelectric films. In addition,

15 since the coating is formed for the temporarily protection purpose, after the
etching process, the coating needs to be removed and therefore, it consumes
time, material and labor hence the cost of production is high. Further, the removal
of the coating may cause contamination and damage to the piezoelectric films. In
the second method, the protective jig may also encounter potential leakage

20 problem due to any imperfect sealing of the protective jig. 1n addition, since the
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
fiim formed on the substrate is well protected from being damaged 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.



30 fabrication. -3- SUMVARY OF THE | NVENTION I n accordance with a first
aspect of the present invention, there is provided a nethod of fabricating
a menbrane structure for mcro-machi ned devices, the s nmethod conpri ses
provi ding a substrate having a back side, a front side opposite to the
back side and a periphery portion. A desired mcrostructure 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 that a thin
filmlayer is forned thereon by the precursor solution. 10 Preferably, the

substrate SSMMARY DR THEMNVEMEIQONPOrtion on a base plate so that a
spacing is forned between the mcrostructure and the base plate to |eave

the mcrostructure uncontacted fromthe base plate. 15 Preferably, the

met hod furt her i i I r t.i f he .subst.rat e on

a ridge proj ectgﬁgﬁdéﬁngﬁ%éegﬁésd;ﬁrpsﬁ g? Bgﬁodfﬁﬁgt&?ﬁgﬁtwgémg)ﬂ Hietrgréppq\?%ﬂ‘?t he

base pl at ea mathodef éathimitimgrd mentisramet sindtdne fohaficeomprhres ¢&RadddIghs he
rtion of the substrate on the base plate via the ridge to
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formed during rotation of the su urther preven e precursor

25 sol uti dhef sidmohthe sagbsttade nificpesiursortaciation is depositat o therfronttdide
met hod fur rjses respectjvely formn m crostructure on the back
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the back shdedralsy tHe prersdr@iutioN.terwards, the jointed two 30 substrates
ar emsupported to rotate by firstly exposing the front side of one
Preferably, the substrate seats with the periphery portion on a base plate
so that a spacing is formed between the microstructure and the base plate to

leave the microstructure uncontacted from the base plate.

15 Preferably, the method further comprises seating the periphery portion of
the substrate on a ridge projected from the base plate to lift the microstructure

from the base plate.

tn one embodiment, the method further comprises sealing the 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, the method 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



substrate for a precursor solution deposition so that a thin filmlayer can
be formed thereon. Subsequently, the front side of another substrate is
exposed for a -4- precursor solution deposition so that a thin filmlayer
can be forned thereon. Accordingly, a doubl e-sided m cromachi ned device
having a joint substrate, a mcrostructures fornmed inside the joint
substrate and two thin filmlayers forneg at external sides is forned. s
In accordance with a second aspect of the€ present invention, there is

provi ded a substrate support for protecting a mcrostructure forned on a
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retaini ng &Rahe serednk eshniey t he base pl ate, whereby the substrate can be
secured on the base plate so that the substrate can be rotated by the base

pl ate. Upon seating on the base plate, the mcrostructure of 1s the
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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.



I n one enbodi nent, the seat conprises a shoul der projected froma

peri phery 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. -5- According to the present invention, the tenporary protection
process for the thin filmlayers during the MEMS device fabrication process
is successfully elimnated, therefore tle production efficiency and the
yield is greatly increased and the production cost of |abor, material or
the like is greatly reduced. To neet s the requirenent of the new process,

a supporting appacatdirgy icsthaguebepatvémticnighe thipeiary ProBLES®BIdAEEYHEthe
formed on ubﬁfnré?te is effectivel rotected and in turn, high performance
MEMB devi ¢ B aAHERY trRMEM phabriqatien PHECEFRANBNGSSS D These and
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l\/El\/B5 devi \c}ﬁs accor di ng F one enbodi nent of the Er esent invention; Fig. 2A
i's a top VIEWPIHORNGET Q" DiSiew S eCeRs: A Unposting aBp aiiels develeradthitnguah
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i nvention; 20 Fig. ngsﬁﬁgbtﬁﬁg firrﬁ@%?@?sd?%é%ﬁ onal si g%ﬁ%&%@ abiegﬁl?%ﬁ;’

Fig. 2C i digh pgerformeange MEMSdevicesareadbfEingd.2B; 25 Figs. 3A and 36 are
cross sectional and perspective views showi ng exanple MEMS devices forned
according to the present invention; Fig. 4Ais a top view show ng a hol der
for form BRIERXESCRIPFTION DMTHE DRAVAINGS according to another enbodi nent

of ;tohe present invention.
These and other aspects and advantages of the present invention will be

described in detail with reference to the accompanying drawings, in which:

Figs. 1A to 1H are partial cross sectional views showing a method of

15 fabricating MEMS devices according to one embodiment of the present invention:

Fig. 2A is a top view showing a substrate being hold by a holder for forming
piezoelectric thin film layers according to one embodiment of the present
invention;

20

Fig. 2B is the A-A cross sectional side view of Fig. 2A;
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;



30 Fig. 4Bis the A-A cross sectional side view of Fig. 4A;, -6- Fig. 4Cis
a partially enlarged view of Fig. 4B Fig. 5Ais a top view show ng a hol der
for form ng piezoelectric thin film layers according to a further

enbodi ment of the present invention. 5 Fig. 5B is the A-A cross sectional
side view of Fig. 5A; Figs. 6A - 6D are partial cross sectional views

showi ng a nethod of fabricating MEMS deyi ces according to another

enbodi ment of the present 10 invention; Fig. 7 is a cross sectional view
showi ng a supporting configuration for formng a device as according to

Figs. 6A - 6D aEigodd i8G partialg ef R%Edmﬁmopf:; Uulme present invention; 15
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI I\FI'S As shown in Figs. 1Ato 1
H a nmethod of fabricating an MEMS device accordi ng to one enbodi nent of

t he present invept r I S 110
whi ch may be of F n?/ggp%r r\%lg\tﬁe%hr?&{'ﬁ§g l?ldf?&rfgklor m n% pﬁ&?%ﬁ#i% wgk}%ndevi ce
t heret o, slaybrssaccardiegitc enfiuttico enshddicent obfrerpredbet pvbatismt e 110 has a

back side 110a on which a mcrostructure is to be forned, and a front side
110b° opposite to the back side 110a, on which a thin filmstructure, such

as a _pi ezoel ecigl BN ALABbS LRl QLR fow TiFIGUpRI rate 110 is

thermal 'y oxidized by 25 being heate a tenperattlre ‘of approximtely
1000 Cto 1200 C so that a silicon oxide Iayer 112 with a thickness of

about 1.2 mcr f or don otht ck side 110a, and the
front side 110?@% e@h su@gérpgftéa 19SS §&¢ Qﬁ’@vﬁﬂ'ewﬁ Sa}]ﬂ"\fj”gf‘ @eilho of
fabricating MEMS devices according to another embodiment of the present

L0 invention;

Fig. 7 is a cross sectional view showing a supporting configuration for
forming a device as according to Figs. 6A — 6D according to one embodiment of
the present invention;

15
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As shown in Figs. 1A to 1H, a method of fabricating an MEMS device

according to one embodiment of the present invention comprises, firstly, providing

20 a substrate 110 which may be of any appropriate material for forming a desired
MEMS device thereto, such as a semiconductor silicon wafer. The substrate 110
has a back side 110a on which a microstructure is to be formed, and a front side
110b opposite to the back side 110a, on which a thin film structure, such as a
piezoelectric thin film is to be formed. The substrate 110 is thermally oxidized by

25 being heated to a temperature of approximately 1000 °C to 1200 °C so that a
silicon oxide layer 112 with a thickness of about 1.2 micrometer (um) is formed on
both the back side 110a and the front side 110b of the substrate 110, as shown in
Fig. 1B.

30 In a next step, a photoresist film (not shown) with a predetermined pattern
is formed on the back side 110a and front side 110b of the substrate 110, through
a photoiithography process. By treating the silicon oxide layer with hydrofluoric



30 In a next step, a photoresist film(not showm) with a predeterm ned
pattern is formed on the back side 110a and front side 110b of the
substrate 110, through a photolithography process. By treating the silicon
oxide layer with hydrofluoric -7- acid and an aqueous anmoni um fl uori de
solution, an opening 114 in the silicon oxide |ayer is forned.
Subsequent |y, the photoresist film (not _shown) is renoved, and the 5
substrate 110 is dipped into a solution 720t shown) through which the
substrate is soluble, such as an aqueous potassi um hydroxi de sol uti on,
therefore deepmfam@ﬁueé&séhnﬁbn@ﬁbﬂﬁbﬁ@@séﬁ@oﬁxﬁﬁ%éénpx;1h£nP@@Qhﬂﬂxﬂ14
can be etch@g g one exanpl e, the etching rate is about 1 Cpm per
hour at 60°CGE ﬂﬂ%ﬁ%‘ﬁpﬁa ‘By controlling the etching time, the remaining

t hi ckness 110d of the substrate 110 io nmay be formed of about 2 pmto 60 pm
thick. Upon conpletion of this step, a plurality of recesses 110e (only
one is shown foBubbéqsdntiyt th:mb)haﬂoeee‘«]bttﬂrrn@id)taho‘l?vh?ls flemedverd, dmdlthe Ca Of the
substrate 1 recesses mi crost ruct ure,

0. 1
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122 and a édl[@ib sBEe akrpasq Rl pdiddsidheh Qﬁfetﬁﬂuﬁﬁh ttﬂ@ effB erncgﬁmjrl o

of the substrate 110 by sputterl ng. In o ment’, late
| ayer 122 1H0G of sitstestie 1ﬁ10vﬁ><1p|®sad Welommgaﬂékreutbésétch&ﬁ osfhd!ntd)rm first

el ectrode | for of, Pt ss. of about 0.5 m 20 To
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substrate 110 during the subsequent spin-coating process to formthe
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back side 110a of the substrate 110. The recesses 110e form the desired

microstructure, as shown in Fig. 1D.

15 As shown in Figs. 1E and 1F, an intermediate layer 122 and a first
electrode layer 124 are deposited on the front side 110b of the substrate 110 by
sputtering. In one embodiment, the intermediate layer 122 is formed of Ti with a
thickness of about 50 nm, and the first electrode layer 124 is formed of Pt with a

thickness of about 0.5 um.

20

| To form piezoelectric thin film layers on the front side 110b of the substrate
110, a substrate holder 200 is provided for supporting the substrate 110 during the
subsequent spin-coating process to form the piezoelectric thin film. As shown in
Figs. 2A, 2B and 2C in further detail, the substrate holder 200 comprises a base

25 plate 210. The base plate 210 has an adapter 212 formed at the 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 from the periphery portion of the
base plate 210. The seat 214 has a dimension 214a corresponding to the
periphery portion 110f of the substrate 110 for receiving the substrate 110

39 thereon.



coupling to a rotating machine (not shown). At front side of the base plate
210, there is formed a seat 214 projected upwardly fromthe periphery
portion of the base plate 210. The seat 214 has a di nension 214a
corresponding to the periphery portion 11 O of the substrate 110 for
receiving the substrate 110 30 thereon. -8- Upon seating on the base plate
210, the microstructure having the plurakity of recesses 110e is held
spaced apart fromthe base plate 210 via the contact between the seat 214
and the periphery portion 110f of the substrate 110. By virtue of this

configuration, tpenrsectingiorblelascldiae 2 Y8 BB rhieré @il ehviNg #e plirdit
strength anp ri gl di t% than the peri pher%/_ portion 110f, does not cont ac¥ t he
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[ 216a, ; ' : i | t

pi ns a, plgfbD1@adrigd 8% stibSed Rl %ﬂl lﬁw%egﬁ@éolﬁggtsrﬁgb@{]ﬁnﬁfﬁ)rm%%ﬁﬁ”en

bet ween the substrate 110 and {he base ted, ereafter
the rotation of the base plate 210 can be transferred is to the substrate

pase pl at & 210 A TRAHE pfertbe, Scheahibs finei4! % Aeeay elbcretorddo

precursor thelbaiseqiatk2D0 are prRIVdeRAtcOsUrEdmd tHedursdtdie 14Bbagisnbila iﬁ‘#?%é.r ate
110, and the substrate 110 is 20 rotated by the base plate 210, so that a

pi ezbel ect’t ENflidFn FHy Bdhe pinfed! &hand @16 aretdisposast alohgdbe pesihager 124,
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Lead- Zi r con&véthe sarituate (1R0- ZRetlinedoby P&Pins| 2 gane1ebhadi 26, the relative
lateral and rotational movement between the substrate 110 and the base plate
210 is prohibited, thereafter the rotation of the base plate 210 can be transferred
15 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. 1G, a piezoelectric precursor solution 120 is

applied on the front side 110b of the substrate 110, and the substrate 110 is

20 rotated by the base plate 210, so that a piezoelectric film may be formed on top of

) the first electrode layer 124. The precursor solution contains compositional
elements for forming the piezoelectric film in which the main component is
preferred to be Lead-Zirconate-Titanium (Pb-Zr-Ti, or PZT). In one embodiment,
the piezoelectric fifm has a thickness of about 0.5 to 20 um, and has a

25 composition around the morphotropic phase boundary (MPB), such as
Pb(Zrp.52Tig.48)03, 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.



the piezoelectric filmhas a thickness of about 0.5 to 20 m and has a 25
conposi tion around the norphotropi c phase boundary (MPB), such as
Pb(Zro.52Ti 0,43) 3, with about 10 - 20 atomi c % excessive PbO Details of
the preparation of the piezoelectric filmare described below It should
be appreciated that in the step showmn in Fig. 1 G the sequence 30 may be
that the substrate 110 is rotated first, gand followed by application of the
precursor solution 120 onto the substrate so that the piezoelectric filmis
formed onto the substrate during rotation. -9- A piezoelectric precursor
solution with an atomc ratio of Pb:Zr:Ti = 1:0.52:0.48 is prepared from

| ead acetate trihydrate (Pb[CH3 zi rconi um propoxi de
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C for 2 m nutes, | owed m nut es.

The above Sgﬂi!etim‘r sor sol ution applying, drying and pyrolysis process are
repeated for three tinmes, and the filmforned are heated at 15 560 C for 20

m nutes. Further, the precursor solution applying, drying, pyrolysis
process and thelnfth:hr&rh@@@:hﬁlﬁwtpﬂ@ﬁ;ﬁéﬁo@i%tr#ag)réea%fr%Q:Jti% 2d i's%he@% final

pi ezoelectric filmformed is anneal ed for 5 mnutes so that a
cryst al | i 268 of et elagtiade yem 34260 the suhstiadeiddss odtatdsbunder & speed

25 a Au i 500l Sa0gKmpbEBoTRSRGET TR ek ooy BGBRR el SRl B an " he
pi ezoel ectthé substrate] 26d 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 HNO; 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.



by sputtering. The Au layer 128 is patterned by photolithography with a
doubl e- side aligner to ensure the alignnment with the mcrostructure forned
at the back side of the substrate, followed by an etching process using an
aqueous iodine 25 solution and an aqueous potassium i odi de solution. The

pi ezoelectric film 126 may be patterned by etching using a HNO3 and HF
acid solutions, for exanple. To evaluatg the performance of the MEMS
device forned according to the above nethod, an electric field of 180 kV/cm
is applied to the piezoelectric thin 30 film Experinents show that the
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r/ Gly are used to etch through the SiO, layer and the thin silicon substrate,
respectively. All the above etching 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



structured device 360 can be forned by foll ow ng the etching-through
process for 20 the nenbrane structure as illustrated above on the top

el ectrode | ayer 368, the piezoelectric thin filmlayer 366, the bottom

el ectrode |l ayer 364 and its internmediate |layer, the SiQ2 |layer and the thin
silicon substrate, respectively. Instead of etching-through the nenbrane
structure along three sides, all the e;@ang-through st eps above are
performed al ong respective two sides 361 of the 25 nenbrane structure.
After these etching processes, a bridge-structured device 360 can be

obt ai ned. 61 g bk pihEe and. 4Reshawaly 1Rk digo 408y HRin SLBRATYNG AcpubSt rat e

to form piezoelectric thin filnms thereon according to another enbodi nent
of the predBRPSEBHetWeMthoRubstrRie BRddbe base platepior des samisaqueppsat e 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
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t he base te 410. By virt of . this configuration, the mcrostructure
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pl ate 410. The top surface of the base plate
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 walt 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
to 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 conventional 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 fifm layers formation.



410 has a snooth aerodynam c 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
filmis further prevented from contactlﬂgi damagi ng and/ or contam nati ng
the mcrostructure. Figs. 5A and 5B showa hol der 500 for supporting a
substrate to form piezoelectric thin filns thereon according to a further

enbodi ment of t ARSPBASEHD shdv hMMEIHoHBDO Jﬂ%bh@é@ﬁ{ aW@M@@e@c@%@or@'rﬁze

510 with a front-side structure simlar to that lustrated in Figs
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respectlvelé 5 for{}e the back side 612 and 614 of each substrate (Fig.
6A). All SJUIEES Hg de | ayers may be stripped off using HF acid, and
the substrate is polished by a chem cal nechanical polishing (CMP) process

so that to inprove the surface roughness ig. 6B). to Next, the two
substrates 610 Mg, M@@%Ta’iesﬁdgaﬂﬁie@m)?ref,@mtrtggeiﬂﬁerlba(dacmgnﬂe:baekz and

622 to ea i ess_nma sed to
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ours. 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 piezoelectric 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 plezoelectric films formed at each side can be
independently controlled.



two substrates are jointed together which can withstand a tenperature

hi gher than 15 that used in the subsequent thin-filmform ng processes.
Respective Si02 |layers 615, 625, internediate |ayers 616, 626 and first

el ectrodes 617, 627 are forned thereafter on the respective front side 614
and 624 of the first substrate 610 and the second substrate 620. The Si 02
| ayers are 20 deposited by a plasma enhapged chem cal vapor deposition
(PECVD) process, and the internediate |layers and the first electrodes are
deposited by sputtering (Fig. 6D). The joint first and second substrates
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shown i n Fofghe Tirstidudsirates 616 Phsthealep RERBIMNEididedbitic SHRARAE &ng¥hdravi ng
the front 5 side 614 facing the holder 690, hence to expose the front side

624 %f t hdPT8BYISAE SOItin8 688 durgrnratalion.ne deposition of the piezoel ectric
film 628 using a precursor solution 680 during rotation. Thereafter, the
second substrate 620 is supported by having the front side 624 facing the
appar at us, henc¥thovigbvgrobedintents oétite pradend identibnthaeefbddsi illastbstetahe 610
for the deC%osi ti.on QIht geaéai ezoelectric film618 usjng.the

njunction wi companying drawings and described in the foregoing
detailed description, it should be appreciated that the invention is not limited to the
15 embodiments disclosed, and is capable of numerous rearrangements,
modifications, alternatives and substitutions without departing from the spirit of the

invention as set forth and recited by the following claims.



to precursor solution 680 during rotation. Al though enbodi nents of the
present invention have been illustrated in conjunction with the
acconpanyi ng draw ngs and described in the foregoing detailed description,
it should be appreciated that the invenyion is not limted to the 15

enbodi nents di scl osed, and is capabl e of nunerous rearrangenents,
nndificgé'ﬁngd alternatives and substitutions wthout departing fromthe
spirit invention as set forth and recited by the follow ng clains.
14 Cdainms: 1. A substrate support for protecting a mcrostructure of a

substrat @, dysuPStratel slippeft fob ProteBBRPS inbicRibtrieIrRIdfH s\distates atifbgBbRitbASE

pl at e havi : : o eat coupled to the base plate for receiving
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cont act i ng Migfestrusswerfmmdbadaseifeaant gh- pressure zone during rotation
of the base p@t&ining membanicoubdoctheHaseqiatedopBectifrey thacdubsteiée &f tHehe
substrate fﬂa%@ﬂ?ﬁfteﬁg contacted. 3. The substrate support as recited in
claim2, wherein the base plate further conprises a conical side wall
extendi ng outwardly and downwardly fromthe air gap for providing an
aer odyna#i CTHe sutssttate suppomashecihed i gaigs dundezeinghe 4ubstraetesanis theabase
support as i Ny i i t: i : ’
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the back side of the substrate from being contacted.

substrate.

3. The substrate support as recited in claim 2, 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.

4. The substrate support as recited in claim 1, wherein the seat comprises a
shoulder projected from a periphery portion of the base plate for contacting the
substrate.

5. The substrate support as recited in claim 1, wherein the seat comprises a spacer
disposed between the substrate and a periphery portion of the base plate for
contacting the substrate.

6. An MEMS device comprising:
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;
a first piezoelectric thin-film structure formed on the first side of the substrate;

and
a second piezoelectric thin-film structure formed on the second side of the

substrate.

7. The MEMS device as recited in claim 6, wherein the first and the second
piezoelectric thin-film structures are independently controllable.

8. The MEMS device as recited in claim 6, wherein the substrate being silicon
wafer substrate.



5. The substrate support as recited in claim1l1, wherein the seat conprises
a spacer disposed between the substrate and a periphery portion of the
base plate for contacting the substrate. 6. An MEMS device conprising:. a
substrate having a first side, a secondgside opposite to the first side and
a cavity fornmed between the first side and the second side; a first

pi ezoel egt r4,C L,h=fj |l mstructure for n the.first side of .t

R barrat g i BN el hiian RIS s Morbl o R R Ry bliien 1 he
second si ddedtg faimedseftwiorparts jointediaé aNBEVB etiatvire bigher than thed ferfosniiam 6,
wher ei n t hehé firsitanangkdone siezedIdctripitRinORhrestiidtgreshi n-fil m structures are

i ndependently controllable. 8. The MEMS device as recited in claim®6,
wherein the substrate being silicon wafer substrate. 15 9. The MEMS
device as recited in claim8, wherein the silicon wafer substrate being
formed of two parts jointed at a tenperature higher than that for formng
the first and second piezoelectric thin-filmstructures.



