-1- M CROVACH 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. 10 BACKGROUND OF THE | NVENTI ON

Pi ezoelectric materials have great poteMials 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 MEMMICROMASHINEDZBEECTROMEOHANIGAE DENICES
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

opposi te sgg POH PAEINRAINTAION A nunber of nmethods are used in the art to
form piezoelectric thin filnms, 20 anong which the solution spin-coating

process is wdely used for preparing inorganic piezoelectric filnm with
conpl ex oxi de osition an i ezpel ectri ol ymers. Inqrganic .
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conplex oxide filns. In a conventional nethod of producing a piezoelectric

MVENS devi sol ution spin-coating process, a piezoelectric thin film
i's 49 rstlﬁﬁgg&égwquoﬁ@E] VENBIONhe 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. 2
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 multiple 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 onone
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.



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 danagi ng the piezoelectric
films. s There are usually two nethods in the art to protect the

pi ezoelectric filnms during fabrication of the MEMS devices in the etching
_process. One nethod is to deposit a thigk coating of protective material,
such as photosensitive polyimde, wax or the like, onto the piezoelectric
films prior to the etching process. Another nethod is a type of a
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Mor.eover, roductivity of this process i's very low 25 is therefore
a nked to %?%Qﬁp%@”ﬁﬂf% RBAr ndneIphIngtAIecess.f 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
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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. In 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
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. |



SUMVARY OF THE | NVENTI ON I n accordance with a first aspect of the present
invention, there is provided a nethod of fabricating a nenbrane structure
for m cro-nachi ned devices, the 5 nethod conprises providing a substrate
having a back side, a front side opposite to the back side and a periphery
portion. A desired mcrostructure is forned on the back side of the
substrate. A precursor solution is deposgzted on the front side of the
substrate, and the substrate is rotated so that a thin filmlayer is forned
t hereon by the precursor solution. ~10 Preferably, the substrate seats with
t he peri phRUMMARYI QR THE INVEMTIONt e so that a spacing is fornmed between
the mcrostructure and the base plate to |eave the mcrostructure
uncontacted fromthe base plate. 15 Preferably, the nmethod further
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[1f romthe base
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are supported to rotate by firstly exposing the front side of one
subtrate for a precursor solution deposition so that a thin filmlayer can
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exposed for a -4-
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 piate. |

In 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
rnicrostructure 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



precursor solution deposition so that a thin filmlayer can be forned
thereon. Accordingly, a doubl e-sided m cromachi ned devi ce having a joint
substrate, a mcrostructures formed inside the joint substrate and two
thin filmlayers fornmed at external sides is formed. 5 In accordance with
a second aspect of the present invention, there is provided a substrate
support for protecting a mcrostructure jormed on a back side thereof
during solution spin deposition. The substrate support conprises a
rotatabl e base plate with a top surface, a seat coupled to the base plate

for receiprebgrsbheokitibatdeplogitioneso thaeahRmilRl [AYEr £4h beFHined HErash] NY
interface., The contacting interface separates the mcrostructure fromthe
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plate via the seat during formation of the thin film The substrate and
the Seat forma contacting interface for sealing the nicrostructure during
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cont act i ngubbiatetsgipoat alsoHas 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.



According to the present invention, the tenporary protection process for
the thin filmlayers during the MEMS device fabrication process is
successfully elimnated, therefore the 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 apparatus is devel oped through. which the mcrostructure forned
on substrate is effectively protected and in turn, high performnce MEMS
devi ces are obtained. BRI EF DESCRI PTION OF THE DRAWNGS 110 These and
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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 fo 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;



| ayers according to a further enbodi nrent 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 showing a nethod of fabricating MEMS devi ces
according to anot her enbodi nent of the present to invention; Fig. 7 is a
cross sectional view showi ng a supporting configuration for formng a
device as according to Figs. 6A - 6D accgrding to one enbodi ment 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 MEMS device according
to one enbodi neffiy. 4C it bepgrtiaheanlargatnibivast RignpBi ses, firstly, providing
20 a substrate 110 which may be of any appropriate material for formng a
desired -MEMS device thereto, such as a sem conductor silicon wafer. The

substrate 110 Mhgssa i938KnSh d0 ' Fr,{?o& | be
formed, and a frgnt s’%)ge p110 S%ppogztgct:1 g?hrgfoﬁlgc s%%%agf%%,th@nﬁl ich a
t hi n fil mlgyenscaasoeding te b fadhar epibedoeéstafithe présentfinvention. t o be f or ned.

The substrate 110 is thermally oxidized by 25 being heated to a tenperature
of approximately 1000 Cto 1200 C so that a silicon oxide layer 112 with a

thi ckness of almyt 58 .28 ALRBRISY sddiBhal Sidé HeWpes PRy, 5ROt h the back side
110a and the front side 110b of the substrate 110, “as Shown in Fig. 1 B.

30 In a next step, a photoresist film(not shown) with a predeterm ned
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sol.ution, .an gpening 114 in the silicon oxide |ayer is forned.
Lo 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 appfoximately 1000 °C to 1200 °C so that a
silicon oxide layer 112 with a t_hickness 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 photolithography process. By treating the silicon oxide layer with hydrofluoric



Subsequently, the photoresist film(not shown) is renoved, and the 5
substrate 110 is dipped into a solution (not shown) through which the
substrate is soluble, such as an aqueous potassi um hydroxi de sol uti on,
therefore the portion 110c of substrate 110 exposed by the opening 114 can
be etched off. In one exanple, the etching rate is about 10pm per hour at
60 C tenperature. By controlling the efghing tine, the renaining thickness
11Qd of the substrate 110 to may be fornmed of about 2 pmto 60 pmthick.
Upon conpletion of this step, a plurality of recesses 11 Ce (only one is
shown for aditl esidrat hqugows emeddraumetilictidet ditutidia el speting 319an Bhe &ilgon
substrate 118 The  r cesses 11 Ce formthe desired mcrostructure, as
shown in FPS e faysris ©rmedshown i n Fi gs. |E and 1F, an internediate |ayer
122 and a first electrode |layer 124 are deposited on the front side 110b
of the substrate 110 by sputtering. In one enbodinment, the internediate

| ayer 122 is f oBulesequiently, thietphadoretsist fikn€ast sﬁovat)duﬁ*eﬁ\&vem amhthd he first
el ectrode | r 124 i.s formed of Pt with a thic ut 0.5 pm 20
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havi ng t hdaokwide il t9a 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

30 thereon.



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, the mcrostructure 110e,
which is relatively weak in 5 strength and rigidity than the periphery
portion 110f, does not contact the base plate 210 during the subsequent _
steps of the piezoelectric thin filmfargmtion. A retaining nenber, such as
three pins 216a, 216b and 216c coupled to the base plate 210 are provided
to surround the substrate 110, as shown in Figs. |0 2A and 2B. Two of the
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rotation. 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
i 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 film has a thickness of about 0.5 to 20 um, and has a
25 composition around the morphotropic phase boundary (MPB), such as
Pb(Zro 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, fhe 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.



-9- A piezoelectric precursor solution with an atomic ratio of Pb:Zr:Ti =
1:0.52:0.48 is prepared fromlead acetate trihydrate (Pb[CH3OO] 2),
zirconium propoxide (Zr[OCH(CH3)2]4), and titaniumi so-propoxide
(Ti[OCH(CH3) 2] 4). 2 5 net hoxyet hanol (CH3OCH2CH20H) is used as the sol vent.
The concentration of the solutionis 0.4 M 30% by wei ght of polyethylene
glycol is added into the solution. In t4§is enbodi nent, the piezoelectric
precursor solution 120 is applied on O top of the first el ectrode |ayer

124, and the substrate 110 is rotated under a speed of about 4500 rpm for
30 seconds. The precursor solution fornmed a wet filmon the substrate, and
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onR for bbb FEno e R ER RS st g’éonkém"’r‘%%ﬁ?met h
t hi ckness thé sahfish ié 064 MN30%% B IvkbigREof B&yémgﬁn'ée@w%oghfagégd inFig 1

H, a second el ectrode, such as"a AU | ayer 8 of " a .3 pmthick
i s deposi taSdution. top of the piezoelectric film126 by sputterl ng. The Au

| ayer 128 is patterned by photolithography with a double- side aligner to
ensure the alignment with the mcrostructure forned at the back side of

t he substrate ih this @b dighenn tﬁéCthaéitﬁal@étﬁ@?ﬁécdtﬁbﬂgoiéfb@w@%lépbﬁéﬂ 88 25
sol.ution gﬂ_{eeﬁueous pot assi um i odi de sol ution. pi ezoelectric film

1260 may e glasirogedayergl 4k ﬁﬁlgi taemtratw Wl%mtatedmnﬂar@ﬁpeerdor
exanpl e. cff%b@lﬁf"hﬂ@@ I % cording
to the above nethod, «,e%,rr,]ﬂg{ ggt Eg?&éﬂ@é" ré%&%%@gﬂﬁ{s @B q’%’@eq @%t(ﬁ'e
pi ezoel ectthe subsirate, 280 ig dtied aE)tp@r"CrmntZSmeWE tibkdwadby pi 8o bieqirotssd i | m
is effecti Xﬁﬂéwéoil 30and Xhlill’l | ezoel ectric gro perties. The vibration
of a sarrpl 9L e abo e precursor solution applying, drying and
pyrolysis process are repeated for three times, and the film formed are heated at
15 580 °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
J 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

_diménsion of 4.2 mm x 1.35 mm x 0.06 mm was detected by a laser vibrometer.



dimension of 4.2 mmx 1.35 mmx 0.06 mm was detected by a | aser vibroneter.
-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
devices fornmed according to the nethod s of the present invention

Il lustrated above, various special types of MEMS devices can be obtained

t hrough additional fabrication steps. Lagane exanple as shown in Fig. 3A
a piezoelectric cantil ever-structured device 350 can be formed through the
foll owi ng etching-through process for the nenbrane structure. The etching-

t hr ough pridondssan appligtesleetrizial signahef 5@t el g4, tiesl eibfatidradRignitede BSiHY an

I odine O 3&2 .tasshua&igdine solution, etching the piezoelectric thin film
356 with 13A80 BI™ sol ution, and etching the bottom el ectrode 354
and its internediate layer with an Argon ion-mll| process. Reaction ion
etching process with CF4 and HBr / Cl2 are used to etch through the Si Q2

| ayer and the t@nhithebbsisaf tbelgeneel MEMSedpdcds foemed sicordihe tatrevmetiiathi ng

e e R R b ool s BBl I s
cant i | evercesi balobtHifs de¥iGe ax aRioPRNTAFIcRE R LR, 1%?.%)&55@;'5113%33%%»\«@&“ her

type of MEMS device, a piezoelectric bridge- structured can be
forned by Figl Bdv# pipzorlecic antijevenstiupturedatmice 859 cat et foemes thoangh

structure | r n the top electrode | ayer 3 t he.

o1 306l ecte iR Ry B31Gn R0t o biFraMaRE Sy irg, destiinga i s

i nt er medi ahmughymrocesdinchided dtaiag thedop BRctlodB Al IdyePB58 WRHHY & fdine
respectively. Instead of etching-through the nmenbrane structure al ong
thr'de si dé’@?ﬁ REtASSiHE fOQtftﬁﬁ%ﬂ%rQﬁ;@lngég%w@l@mi@ﬂm fitn 38Bmath alHMg:
respectiv j I . etchin
pr ogesses%ﬁg\qﬁr? g(fcglﬁ ﬁ%%@%gﬁg@ tg% gZénd’trlg)?eg({) 4a'?@2i}.g "E%Q@gg’ﬁ% 4B °
and 4C shdayer with deArdad idremils prpessi iReagtion et efohing prdcesswithi EEpghect ri c

thin fil mi—lérh/s ég%?e %gg rtgl Iepc% ttf'n?o&g OEhheeéiOeang?gri gﬁc? ;theO{hiI% gileicglg %tsjggttrate,
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



30 invention. The hol der 400 conprises a base plate 410 and an adapter412
formed at the back side of the base plate 410 for attaching to a nmachine or
a drive (not shown) for rotation. A ridge 414 is formed projecting
outwardly fromthe front side -11- of the base plate 410. Alternatively,
the ridge may be in a formof a spacer disposed between the substrate and
the base plate for the same purpose. Wigqp.in use, a substrate 110 having a
m crostructure forned thereon is s seated on the ridge or spacer 414, with
the mcrostructure facing the base plate 410. Lifted by the ridge or

spacer 414of thadaseqiatet410:t Alternativelgsibiel itrOmaparein #forit of 4 epaddie base
pl ate 410. nglng tue of this configuration, the mcrostructure wll be

pr ot ect ed belwegnfbeubstrats apd the b@%pﬁf%iqfeth@@tam%wmqsefu | m

formati on. Ri sks of damage and/or contam nation on the mcrostructure
during 10 the thin-filmformation can be reduced or prevented. Three
hol di ng pins 41\6&1en in18b, arsibstréte at@®haviagiaieitrostrestgrgforinedtthergoevisphery

d f the trate 110 t estra e relative rotation between the
Sobe vt o ErPd AL 66 Hugaty spRsbE A v mica RS face tbranbiaen t he

per | pher y 1. 1iR8d @y thBeidgelsitdpaicer 414, tiaé%.c‘?&{n%dﬁﬁra SRksitRnel Packhe base

pl ate 410. The top Surface of the base plate noot h erodynam C
transiti orﬁﬂﬁl’ilff@mhérba@ﬁtwﬂw Q;oBchatue/\aﬂ thisiefiguditiere ihe naickdséruptere pher y

Cubst rai o W58 dRtekled (b the S @ecPel sart orlB Bireriamin IS i gher

t han t hat fofmatien.sRiskewidiangadgy sﬁd/ol-\eﬁﬁtramungiudn ohhiBe Iﬁﬁl@féé'h‘él@furé@l'uﬁhgon used
20 duri ngtéhe formation of the piezoelectric thin filmis further prevented
t

fir ol contt8e thiRdilmdarmgtion Cﬁﬁ@ﬁd’ledb'@?@ BRPrRMentRr-t 'IHBF a6 beldig pios ¥léa, Fi gs.

o eoar ooieBR) ARt BRI UBRRIE e FRBIY 845 LEMEHMaate 470 e
present 26 restm;nﬁlnmelaff@rdtatndebeﬁﬁébmm substsite phatapdihe baseplate 410.

front-side structure simlar to that illustrated in Figs. 2A, 2B or 4A, 4B
for receiving and supparting a substrate. The base plate 510 has a fl at

back side 512. A &ipguB2(PRFbriHé4 Wetlveen 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 thé 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 i!iust_rated in Figs. 2A, 2B or 4A, 4B for receiving and supporting a

substrate. The base plate 510 has a flat back side 512. A cohventional 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.



spi n-chuck 50 can be attached to the base plate 510 via the flat back side
512. The vacuum spi n-chuck 50 will carry the hol der 500 and further the
substrate to 30 rotate for the piezoelectric thin filmlayers formation.
-12- Figs. 6A - 6D show a nethod 600 of fabricating a MEMS devi ce accordi ng
to anot her enbodi nent of the present invention. Firstly, two substrates 610
and 620 are provided, each substrate ha$ 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). All the siFigeoBA —ogD oy eisthfBB0DS Fatridping PMEMSI didda@ordingand
the substrate is polished by chem cal nechani cal polishing (CVMP) process

a
so that t o #Hbseehedipentafdhe presant dxentipng Finstly, twe subatrates:61¢ wod

substrat es [e 0l ggg% f agi : C | des 612 and
622 to eac%ﬁ%tgﬂggl%(v &%8‘ %88‘ .S%kgg?{-e i %ﬁ%@%‘g’%&% S?)(?eggzg’sé‘%?aéh(g used to
j oi nt the respestiMesfrontt sidé 644t 624., Mibioshrutitireo6tiRa bad 6a2pdeuespo&ively for 4
hours. A joint substrate str ure js therefore obtained. In this
enbodi nentf?"rmﬁg ony %‘é%ﬁgé a&deé]s"opﬂ?@%l" shptiaie(Figh &) Addhevstlisepand a
t enper at ur @i rs hl@ibe b8 i i i ng
processes. Il?es_gig%tsi ve Si%z ngsgﬁosﬁj %%gg I—gzzé,&ei %’g@ﬁgﬁg%tgétpzﬁg@s&@fgw gZG
and first chanicakméesanical p@hing CMB) paateshesodhat e improvathe segact | ve
front si d%"géﬁ §nd .0 of the first substrate 610 and the second substrate
620. The S i @se@g'a "20 deposited by a plasma enhanced chem cal vapor
deposition (PECVD) process, and the internediate |layers and the first

el ectrodes are deposited by sputtering (Fig. 6D). The joint first and

secbhd subst r athiexti e tensuhiniiates 840 and 626 anedaint tegethghbyiraing thesiadk i ve

pi ezoel ectdi | ol.ed the: ctives fir el ect rodes
617 and 621 ExP1? P22 o dTRCopr 1D, B ARSERRRY b foimpleyShess/28) b2
conduct ed useddojointthegtweshthstratb togethbt, ueicinisscoriducta htiabb o150 dChidrips.
1A - 1H The crystallized piezoelectric filns 618 and 628 can be forned.
Li kew se, h_gég%nl& oint 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 byi 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 piezoelectri_c 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 piezoeiectric films formed at each side can be
independently controfied.



el ectrode 619 and 629 are formed on top of the respective piezoelectric
films 618 and 628, so that a doubl e-sided piezoelectric m cronmachi ned

devi ce can be obtained. Upon conpletion, the doubl e-sided device conprises
a joint substrate 30 with cavities formed therein. The piezoelectric filns
formed at each side can be independently controlled. -13- For the purpose
of form ng the respective piezoelectric4ziJnms 618 and 628, the hol der as
illustrated above in conjunction with Figs. 2A, 2B, 4A, 4B, 5A and 5B nay
be used for supporting and rotating the substrate. In one enbodi nent as

shown in Fig. T7Fotthe purpese obbertiing théidipaslivedpidzobRictic MHRA®TS 86d Beghavi ng
the front E@j&‘gﬁ 614 faC| t he hol der 690, hence to exgose the front side

624 of the gra§[§lbu§§r@ @@lﬂ&onﬂ%t@@m&h 't:ig§n26f2 héAp‘i’r@z%laé’@tfPBc
film628 I, t he
_slecond sug?ta?g)tégu%%cg@ssﬁ?ﬁppo te @a%hﬁ%&{%&&%r on Hﬂ@ﬁ%g%g’ ng the
?ppar ﬁt uz shawe i Fig. &xthestrst hebé.traietﬁmlrd?y lﬁé4" irstbf smﬂ)m)rfec{] by havihgtthaferf 10

t 618 t
ol ut i on caRe 14 AgRoaht obIs R, ReDGR o rupthaia Hout ShinB2aa shheosondnt i on
have been subststs 8Dedor the d‘éﬁhéﬁﬁﬁ%ﬂﬁe%éﬂaé]&ﬁné%ﬁﬁ@%%u agfré’r%rggﬁ and

described in the foreqoing detailed description, shoul e appreci ated
that the i$Ralign 630 dyringtrotatiant J@etreafteretmssmcbuhesmse 628 id sxamhrteahuw s

capabl e ofy, dif.ications, alternative

cabeti tuti IR RoheH4e 808 HERL e PRArAL|S. Harts to koS IR mOND At Lo,
forth and ofdhétfiest supstrate 600 Fonthsalepbositioh of e @z@e'l&:tnéﬂn’%ﬂ@%% P
fabricati 3% a nmenbrane structure for mcro- macﬁl ned devi ces, the ™nethod

conpti si ngPTERVISOr gPlvgon 68QAYrng wiatfaf:-ni ng a microstructure on a back side
of the substrate;

Although embodiments of the present invention have been illustrated in
conjunction with the accompanying 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.



depositing a precursor solution on a front side of the substrate after .
formng the mcrostructure while rotating the substrate to forma thin
filmlayer thereon; and seating a periphery portion of the substrate over
a base plate to forma spacing betweefgthe mcrostructure and the base
plate. 2. The nethod as recited in claim1, wherein the periphery portion
of the Jlibktg:ate is seated on a ridge projected fromthe base plate to
forma spacing between the mcrostructure and the base plate. 3. The

nmet hod as recited, i laim2, further conprisjng sealing. the eri phery
bor {1 on ot A Ristaeiho 1Al BrESBREe AR 1o RS MATJ B0 G | he
m cr ost r uctrethofl rcomprisengir ecur sor solution. 4. A nethod of fabricating a

menbr ane strlqu;%\yaiﬁ fPEuEtE4te- machi ned devices, the nmethod conprising:
providing a su strgte' ormng a mcrostruciure on. a, back side of the
substrate; d @ng%@i%oﬂf%‘éﬁ%s@?aﬁcgtﬁ’ 0 easuf%rsgﬁfe’si-de of the substrate
after form nglepolidingi & precursartsofutiontun a fromt stdenef th substsaterafter formihgr m a

thin film ltryaficioReierite wfﬁl@q'oféiihp‘tﬁg 'sﬁbQirﬂié‘iBrfSﬁﬁlértﬁirFfﬂﬁﬁla%F fHyagh:ng the
peri phery portion of the substrafe to prevent the precursor solution from

contacting*the mcrostructure. 5. A nethod of fabricating a nenbrane
structure fosegling s-paiiphenepodieniad e substratemvese hasemlats egormraovi di ng a

substrate; shatifgbtveBhthe PibkstrucRirdand thabassipkaeof the substrate;
depositing an internediate layer and a first electrode |ayer on the front

side of the substrate; and .dei)c.)siti ng a_precursor solution on a front side
of the Fubdtheanethed as reciediinglaimib wheressthewrarinhermaertionrafithe sHpstrate
substrate fosémedon & hidgefpropctealfesmithgébeee plate to form a spacing between the

microstructure and the base plate.

3. The method as recited in claim 2, further comprising sealing the periphery
portion of the substrate on the base plate with the ridge to isolate the
microstructure from the precursor solution.

4. A method of fabricating a membrane structure for micro-machined devices, the

method comprising:

providing a substrate;

forming a microstructure on a back side of the substrate;

depositing a precursor solution on a front side of the substrate after forming
the microstructure while rotating the substrate to form a thin film layer thereon;
and

forming a high-pressure zone surrounding the periphery portion of the
substrate to prevent the precursor solution from contacting the microstructure.

5. A method of fabricating a membrane structure for micro-machined devices, the

method comprising:

providing a substrate;

forming a microstructure on a back side of the substrate;

depositing an intermediate layer and a first electrode layer on the front side of
the substrate; and

depositing a precursor solution on a front side of the substrate after forming
the microstructure while rotating the substrate to form a thin film layer thereon.

6. The method as recited in claim 5 further comprising, after formation of the thin
film layer, crystallizing the thin film layer by annealing.



6. The nethod as recited in claim5 further conprising, after formation of
the thin filmlayer, crystallizing the thin filmlayer by annealing. 15
7. The nethod as recited in claim®6, further conprising, after
crystallizing the thin filmlayer, depgsiting a second el ectrode |ayer on
top of the thin filmlayer. 8. The method as recited in claim7, further.
conprising etching through the substrate, the internediate |ayer, the

to for ?A@CQ"*%S‘?FE%’?@% il if il Rt CorBisn e fRdirEhe R | 21"
recited in @T‘A@WW, epOsiting A SESRPH iegcitpds: laMenen 19 o thindimdayet r ate, the

i nternmedi ate |layer, the first electrode layer, the thin filmlayer and the

second @.eq’m@ﬁ:{:ﬁ Eéréc‘?teHQﬁ%]aﬁ’mbf,ifﬂﬁﬁéﬁé&ﬁlﬁ»ﬁélﬁ&%tc?ﬂiﬁ friBghined devi ce.
S

10. A net hod ricating,. nbrane, structure~fo Cl O- I ned
devices.  t b  crsretste By DU Gk gIeeierpdevar the thi Hinh Gvar and

m cr ost r uctthe secondiclemtivdsilalerdd forie asantitavar-stfrudieped micnogmachinedur sor
sol uti on opyericder ont side of the substrate after formng the mcrostructure
while rotating the substrate to forma thin filmlayer thereon, wherein

the mcro-nachined device is a piezoel ectric based MEMS device and the
thin fil9n [Thganethodas mraited ipiclaiod, dotthérccdmprising etchihg threuglbdhexs reci t ed

o oa] oot SUBBEAR) the Tedistiatequpér, Bid M3} MBS |verBRIANT RGP Anys 2
P oz oel oct Hhe spRSdelESHBaR Biyel o 1% b Mg dnldriyde Ao iad. 5o o

bridge-structured m cro-machined device is a piezoelectric based MEMS

devi ce apd A fethdd bf ffaibhaaﬂir%armém BRireSStucturelio? Afielcemathimetl ddVicek3 the
nmet hod of fn?é)cﬁbﬁ E)Hl%is%dm rane structure for mcro-nachi ned devi ces, the

met hod conprising
providing a substrate;

- forming a microstructure on a back side of the substrate;
depositing a precursor solution on a front side of the substrate after forming
the microstructure while rotating the substrate {o form a thin film layer thereon,
wherein the micro-machined device is a piezoelectric based MEMS device
and the thin film layer comprises a piezoelectric film.

11. The method as recited in claim 8, wherein the cantilever-structure micro-
machined device is a piezoelectric based MEMS device and the thin film layer
comprises a piezoelectric film.

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

13. A method of fabricating a membrane structure for micro-machined devices, the

method comprising:

providing a first substrate and a second substrate having each a back side, a
front side and periphery portion;

forming a microstructure on the back side of the first and the second
substrates,

joining the first and the second substrates with the back sides facing each
other;

supporting the joint first and the second substrates for rotation; and

depositing a first precursor solution on the front side of the first substrate,
rotating the joint substrate to form a first thin film layer on the front side of the



providing a first substrate and a second substrate having each a back side,
a front side and periphery portion; formng a mcrostructure on the back
side of the first and the second substrates, joining the first and the
second substrates with the back sides fg@cing each other; supporting the
joint first and the second substrates for rotation; and depositing a first
precursor $idtsubsirate) depesitingatsexiodd préctiiser Eolution sulibe fant sideraftthéi ng t he

Joint subskbabd sQoétRitd) and Kdtafing Mot SThSRAR 0MBrhPsddciti il fifn Aef he 16
first substr%e, p%}ltéfﬂgase n recursor solution on the front side
of the seff eé’[%&ts thg sgcp ?Fga

0
gubsHAtehe joint substrate to forma second
thin filmlayer on the front side of the second substrate. 14. The net hod

et s i8S THE b0l dSrociBl i bR RD Wrarbif ddpPolttidthel biflirstBfd e  second
substrate §050N% SHASEARS SNt SRR éﬁa@rqu%*eﬁ%f PhEh Fnb B, 1 ot
and the bagbstpatetever@ kageoplete tadofmensparding betwadrethedirehslubalitaée enddhe or

precursor pakHtp|AB to ERPOSE tHePRohBAE BR thel Secoliesumties fapreasbesolufio! ai m
14, further comﬁélg%b%%‘gnafter formation of the thin filmon the front side

of the secgﬁ80§ "seating the periphery portion of the second
substrate over the base plate to forma spaci ng between the second

subst ratg, Fre rmbmhdsLraitad tn ERIrA X0 ARthdreomBibing,| dfer dbmidtRorf offthe thin

substrate Lo o RhEGHN YUdH tHE 'SR RABLTAAN sEAFIF MR periphery portion of the
second substrate over the base plate to form a spacing between the second
substrate and the base plate to expose the front side of the first substrate for
precursor solution deposition thereon.



