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M CRO- ELECTROVECHANI CAL DEVI CE Field of the I nvention
This invention relates to el ectronechani cal devices in

w@eovened2s7 More particularly, the invention rebP@Et/e6200€000107

form ng piezoel ectric devices by m cromachi ni ng

t echni ques Background of the Invention Fig. 1 shows a

conventi onal elMDtROIELEGIROMECHIVICAL MBVIGEICh as a

pi ezoel ectric device. The piezoel ectric device

typically conprises a support structure 102 havi ng

Bl 84 QCL@ChleC 10GEAN 6ne! €ments 104a-b di sposed on at

Feast—ome surtace of the support structure . The

suppofhist iuvemteon)zelatesr edebgcsramsichgnigeaddayices
d/ | di l, in S h

I o M

Soppang snmummahaytrrﬁuﬁqnxxﬁaeHemtmlcrbmaﬂhlaﬁeg techniques.

deposited on the surface of the netal support

structure. However, the metal parts are easily

Béic tednaloelehat&dvbamﬁenatures in the oxygenated

atnos%here that 1s required.for cess n b

pi ezo&R8ct i EMOHEN 3 © ngnF&PPﬁé Fﬁgrﬁ %E gQiFgl device

Abadueiued BRe apipezeekeettira cf s chas traebpladamedttrac

reduce OX|dat|gn of the netal garts As su .

Br¥168 t¥Prceliyl FO R SFPoAUE BPQFtI§E§PCFBEﬁeF§@uP@¥1n9

B3ieRBe1bek raxarRamnily dnekbargah oghowt Aispuekdmenheds least
produce filnms with properties and nmechani cal adhesi on

oRgt saréackt ofi shet SUPROSE BrEdatEdew t R1Ri ghPPort
LEARGLRALEr § 03N H%alf'o'%‘ﬂ\e@y byl QEaRpaRB|, € betiBdhbeEnAYor

MOCVD or sol -gel nethods. Moreover, the structures are
merBddag inmesrlodileses sRei 61 tebleeaPRPESt he

By draLheral; Ot qgh%nt@hﬁ@Qar%SEEESdh%p%%%%r%n the support

contam nation and processing conpatibility problens.
structure.

The piezoelectric films are deposited on the surface
of the metal support structure. However, the metal parts
are easily oxidized at elevated temperatures in the
oxygenated atmosphere that is required for processing the
piezoelectric thin films. Further, the process for
producing the piezoelectric films has to be adapted to
reduce oxidation of the metal parts. As such, the
piezoelectric films are produced at lower temperatures
using, for example, hydrothermal growth. Such methods
produce films with properties and mechanical adhesion that
are inferior to those produced with high temperaturé
annealing by, for example, sputtering, MOCVD or sol-gel
methods. Moreover, the structures are immersed in
corrosive solutions to realize the hydrothermal growth,
which results in severe contamination and processing
compatibility problems.

Therefore, from the foregoing discussion, it is

desirable to provide reliable electromechanical devices.
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Therefore, fromthe foregoing discussion, it is
desirable to provide reliable el ectronechanica

walewsaerssSummary of the I nvention The inventi oPCT/8GZ0€800107

generally to el ectronmechani cal devices. In one
enbodi nent, the invention relates to fabricating an
shenbi¢neEhghecahvdatiea. The nmet hod conprises form ng

a support structure of the electr chani cal device b
or ovi 81fg tPVEEE 108 £ahAt SRASEREFALE sy BPs S L SRETPRRGRaR cal

gekfiaeas ofint BaeserpbdimBdtl hthd Layensisheralhaekedo

to the first layer, formng a support structure h%ying
apPrésst ipAeagaplegtrareen2phead uppdr Fost r defurEtrSd
tempedsean rek-ashroreshppbeal saghicvarel ereaheon the

outer surface of _at |east one of the second and third -
PagEFEOMecppBraddderAcEnBY eRBBY ReRE, TERES | FEFOnd and
s8¢endi a98dst hi recl ayaes anerhecBedsf eam §kbBBh8 and third
crystal Silicon. In another enbodinent, the first

Layersi areopftachedntgl 558 &AgSEhéA¥EEoNHOCERITENAr UPPOTt
g@%ﬁ&§u§eeﬁggﬁﬁsdaﬁrngétngh@ eLysty. shkteencnZhgupport
el ectromechani cal active el ement conprises first and
serontuskedsr SgemedepanacédcbyonephapderechFravei PAFment
BArLAST BRLE, Lheeatechiogechankeabndenicents -6aBduCLYa

to n1cronacﬁ|n|ng and bat ch processi ng, aC|F|tat|ng
rhaicdt Uriyeatsi 68 amdvidddei ng manuf acturi ng cost .

Bri ef ri gt .0f the aw Fi sh :
conve% i%%glBbkgg%&gﬁ%éhgﬁ%cgﬁggEVi%gF9$EVgQH§ gﬁéﬁg
anyelrectrenéolmardc dlroveviinglencaysordarnteiwonh ode another

gggggkg%g hg%h%h i%g¥ETgigg;igi98r8é86f§g%?hleg§igag the

iI'Cal"~devi cesin-accordance ™ w
eghoddmants tafi rihéaypventiran foFingd. f¥amgsshgweacrystal

gggggggnzg& E?%q%ﬁgrgﬁsg gﬁé%g?eggggbgaglg%gkgec%%prises
first and second electrodes separated by a piezoelectric
film. Furthermore, the electromechanical device is
conducive to micromachining and batch processing,
facilitating miniaturization and reducing manufacturing

cost.

Brief Description of the Drawings

Fig. 1 shows a conventional electromechanical device;

Fig. 2 shows an electromechanical device in
accordance with one embodiment of the invention;

Figs. 3-6 show electromechanical devices in
accordance with various embodiments of the invention;

Figs. 7a-g show a process for forming an
electromechanical device in accordance with one embodiment
of the invention;

Fig. 8 shows a layout of a substrate in accordance

with one embodiment of the invention;
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of the invention; Fig. 8 shows a | ayout of a substrate
i n accordance with one enbodi nent of the invention;

WwW0O-209s/104957 ¢ show a portion of a process for forClH/$ER0841000107

el ectronechani cal device in accordance w th anot her
enbodi nent of the invention; and Figs. 10-12 show
pr ocegses .f or -foshiong avapiraisnc afi by proceski foratfioaming an

f th t, t . .Pref d_Enbodi t f th
PP OBI e L 2 1< RGUR Cn 18 BECFBREERANNCAr. AV 087201

iehbRE ietidneE Whieh ieRenedbedi aed of the invention.

The 10 el ectronechani cal devi ce conprises a support .

st ructdPE 216 Havi “?PF?Fegﬁﬁssgggﬁécﬁﬁﬁgﬁ HﬁFgPus cavity
PHfracRSazddard oFf thie sspppett ssirudeiuiee. The maj or

outer surfaces are | ocated on opposite sides of the

structure, separated by a cavity 250. The

EJr,%%eer{gaC Iﬁ@o?ﬂ'me%%\éi & itiecci%%gt\i.%nt o 15 parallel

fFabrtrcatTomtechmrgques—to rrcrease t hroughput and

r educe Mi@nufacthumisngrc edest romeghaneédeddidenrice 2i9d in
%!eCtragE%h%Hk a%ngﬁvh%%éi%e %r%ﬁdt%% qh@@ﬂ@%éﬁ ni%%e
EETTGUES, aS th oyed in )

Suc 0S€ enp
R lerarelceeidhamacadnideali cey soews 1(EREMB) supp@ritn sgpmicture 210

nbadi t, .the jor _auter. surfaces ar Vi :
A e el ek s il rle sy 24 Y of the
RRIpPorsUpRatic twmher Thel magoe eutedi mentfacase aatet dclved ed

to a central postio f the support structur rovi ded .
57 FPRORISE SHESH mor TSpFerL hifer S50 kS SR, vty
fﬂS@StdagmﬁQﬁjﬁﬁﬁﬁﬁm%?Hdm1baau@@@ﬁbeﬁﬁﬁb@kﬁuﬁﬁﬁﬁ&%tﬁwe
provided to ich the major, support .nenbers are
BTG, TAP Tt R et&&%r@rast%gthrﬁowput and
e ba oo at o dméﬂt%d gy
shape of the cavity should be sel ected to provide .the
SarGmane A St At 150 toeHRG Seca GG % g
deiHBd A UuM ertidi@ employed in micro-

electromechanical systems (MEMS).

In one embodiment, the major outer surfaces are
provided by first and second major support members 220a-b.
The major support members, in one embodiment, are attached
to a central portion of the support structure provided by
at least one minor support member 230. As shown, first
and second minor support members 230a-b are provided to
which the major support members are attached. 1In one
embodiment, the shape of the minor support members defines
the shape of the cavity. The shape of the cavity should
be selected to provide the structure with sufficient
compliance for generating desired amount of bending
deformation or vibration. In one embodiment, the cavity
comprises a rectangular shape. Other geometric shapes are
also useful, depending on design requirements. For
example, the cavity 350 can be H-shaped, formed by the

shapes of the minor members 330a-b, as shown in Fig. 3.
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requi renents. For exanple, the cavity 350 can be
H shaped, forned by the 35 shapes of the m nor nenbers
330a- bIn anstiosn embdd grerdk . |thanpiperrendodiaente t he

support structure conprises re than one. cavit The
SRS it S EliRE BRI il SR an
nErdet &d . b ainexamber ¢efeinéomngumpdity. ménbefs r stFand
second cavities 450a-b are created by a,single.support
TR S SR e PRI T 38 - (4 oLt b e 7T et fes
550@a 1o C@fbnbheréﬁéﬂﬁd)}bya feéirs%le sﬁawtdrtanﬂbrﬁ]dséildz;ﬂm nor
support nenbers 530a-c, as sho in Fig. 5 t hou

B AT T of T st EC TR gt 5 {36 Wit ecsif be

| oGRS OPThsBS S & EradlYartd Ssise tai i hesu et fiémbers
shapes are al so useful, Furthermpre, the shapes of the
Fitarent2T AR Rd Be T he ps]gﬁ'nhé?u%l? f"ﬁ%‘?e Vifies are
Nadp Dt ddBAS Sr &t Hagim O hiek . sIRef ey ri g baskddvstfddd, 2as

, hunerous types of materials can be used to formthe

SUPPRALY sTFHFRY, |PF e TR ENtShARRS Apportse useful.

Sk MO MRS LONDE S esh A £1d @l tshd hdt £ €awe v thst Atk d hean be
various processing conditions for fabricating the

et t FTRC G Earerle 9k M1 AT eXBaff %, O WA tPigheT -
act | V%&@HI%@@Q' €&l r £l eMeNt s mSHOlk 8Sypes of materials
|

pi ezoel ectric nms, are formed directly on the najor
seat deesuPdiat d, foe hig ePURPRrbfStCEUppor tIn one

USSR T Al LS gt R Bt
tepey Hthseandnges chaniess axperéesivel cordigions for

P TR B 0 G LSRR PRS00 5 Bk,
ewtence nemd |, a¢ thieven elbec suppechamierderesl eumprs seswech i ast
el While Ehe IR of. SHORQLY SRADSTS, OGS o
surfaces 224a-b, the materials of the support structure
should not exhibit significant expansion, shrinkage or
deformation as a result of the wide temperature range
changes experienced during processing.

The various support members can be formed from the
gsame or different materials. In one embodiment, the minor
support members comprise a first material while the major
support members comprise a second material. In one
embodiment, the first material of the support members is
derived from a larger first substrate to facilitate
parallel processing of numerous devices simultaneously.
The second material of the two major support members is
derived from two larger second substrates attached to the
first substrate. It is understood that the two major

support members need not be formed from the same material



enbodi ment, the first material of the support nenbers
is derived froma larger first substrate to facilitate
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si mul t aneousl y. The second material of the two mgj or

su nghbers derived fromtwo Iarger second
sﬁ%o %’[ ARl S5 Mk et ad g ey &fe difif grent
umdersstiadd .t hat the two maj or support menbers need not

be forned frontth sane materialnor the first and
second BAtars e O dher SUPRCTRafieRoarS comprise, for

met@mpdles @fi 1HRSNS LRPYI L SERNMDOE$eGORPHeSC ol Materials, such
exanple, silicon or glass. Other typées of materials

S&@hcggagﬁpawﬁéasél§§§§5@Fawpéhe§tﬁéyséﬁﬁéﬂaﬁhl@engle
Sb&@%@a&ﬂﬁ%bab&|%%nQErQQQaQﬁXﬁEath@§1g§Eerb@l ¥ Bhbnation

conbi nation thereof, are al so usef ul
eBSAERENt 2TehalEPr SEedHd - seé@n@nﬁaﬁ@bpdhmeuonpthsefarst

cangt akkbng mBEekiahs bem89§s8”90€%gﬁgéﬂﬂﬁﬁé fols E%&l%ﬂd In

second materials conprise single cr iné srl
OPREr efppedmghter toealfirae ﬁaﬂesﬁabsdametarselssebmprlse

TB@n?ﬂE'%Qgstﬁl@ﬁﬂg'g§§19¥n3'leﬁQ{ﬁ@&éég Le cryggtalline

facilitate paral [ el processing o &Vi ces .
cRBEBFABAS, arReafppstisefydt al Thaessiitoonimapeoviiedhby

PEOYL 88 QQ?FF%nQB HBE ta ”E§£%% 181 Orleg%ggﬁég ?g the

<110> crysta grap |rec
t devireection in mhlch the waf ers are attached (i.e.,

d nd.third siljc waf er
o o PeSlp sTROS REREnCe B s LRGSRy et LT FEcaiTapon
tw@ferrghlshlpcomidasethéomlﬁornsngpbhe neber SUPHObtiented

a orient n_either the <100> or <110>
crys? %Io%?%phlc ??% PPHAPRAT aftBFCE R hEhat 1S parallel

ztdlthetdmnecflharlnrwhiahltn@ M@f@fsoér@né@taéﬁédnﬁy e., z
e wafers_.are_attac

hEspeelyl : The Vel el A ae e 1D One cass i are
paocasksesd t@Ctluéeoplﬁ@sﬁlﬁg(&ﬁ@j@r St £08E Oof the first

silicon wafer for forming the major support members are
oriented in either the <100> or <110> crystallographic
direction parallel to the z-direction. Other crystalline
wafer orientations may also useful. The wafers are
attached, in one embodiment, using elevated temperature
processes. Such processes include, for example, silicon-
to-silicon fusion bonding. Other attachment techniques,
such as the use of an intermediate layer to facilitate
adhesion, laser assisted bonding and anodic bonding, are
also useful and may depend on the type of materials used.
In one embodiment, an electromechanical active
element is provided on at least one of the first and
second major outer surfaces of the support structure. 1In
one embodiment, electromechanical active elements 260a-b
are provided on the first and second major outer surfaces

of the support structure. Providing more than first and

5
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are al so useful and nmay depend on the type of

mat erial s used. I n one enbodi nent, an
ebecbndnemhanroaéchanhuelehenéme esepeonvsdetinohuding for
| east pne_o irst con ute u

oF iR e phortE Bephks prBCY | RESRCEalbhar of piteR bLAEERes,
eheet absechastaal active elenents 260a-b are provided

on the_first an econd or _outer g rfaces

h
suppor 17 sPPGcEUPES l@?ﬂ%rd? g>HRbF &St R F?@?Cgﬁﬂigg%nd

eéEéhéﬁﬂE@bﬂprEQésaatpyezeéEGEﬂfSc Sﬂathdfﬁg forming a
exanmpl e_.on surfaces other fhan the nmjLor. ou
¥ b

ChrF ERELoC P LC oAl LPENPR GRESEnBodrheRE T ogRchanical

agttyeeebBehentBChANI §8boehieBENL . COTRE| S€6z8electric stack
pi ezoel ectric stack for for

a ezoel ectri.c
dE9TRELSEFhaR Rypi¥eonabPELR O%ECRELWC%ﬁ 4 aepnguiched

ebsaﬁaéﬁ ai esal spqusetdha dhecpiedeel 2e6rhfdsteek In one
ggelses an active material or film 264 sandw ched

ehmeRE st LhAd 2664dRd féilAc (GRS o6 ki 9BRSleptric film.

06€h§9b9 8BNbr LBEiREtEYemEi hALCQUPHI §86£81. The first
pi ezoelectric film Oher types of active fiinms ar

aﬁ&@c9§@d9|1SThhefb@§t0@|@%@@6&@d¢savﬁetb%tﬁ%ﬁ9nd electrode

eLECEﬁngoﬂngléggréﬁgondTHéeﬁééOg? béhéPet?ﬁ@s of multi-
el ectrode. The use of other types mul tilayered

pl@ygée@cp¢EEogla@R§10saéﬁ05§ t fosh ﬁavth@SﬁDh@V%ﬁanmore
afil B ugﬂsétrsegg seRahatedabyc88 BEthNeabLL ;e E§1m is

a SO use Various types of piezoelectric materials
cahspeugsédlto formthe active film In one

eUbOdi P%Oughg ESZ8§ é&bg g@ﬁﬁi&aﬁagg %eéaﬁ be used

pi ezoel ectric céram c er|a e plezo
ceoaﬁbrmnaheraativenﬁxlmes Ihoonexamp©@1méead theanat e

nP%% ?ei ﬁ&;lrc te.41Lan tgs%§ZT)pie&gggegggfgsbgggmlc

ead 21 nc° i o
materlal The piezoelectric ceramic material comprises,

for example, lead titanate (PT), lead zirconate titanate
(PZT), lead magnesium niobate (PMN), lead zinc niobate
(PZN) or a combination thereof. Other types of
piezoelectric ceramics are also useful. 1In one embodiment,
the piezoelectric ceramic includes a composition around
the morphotropic phase boundary (MPB), such as Pb(Zrg s
Tig. 48) 03, OF O.7Pb(Mg1BNb2N)O3-O.3PbTiO3. As already
discussed, other types of materials can also be used to
form the active film. Such materials comprise, for
example, electrostrictive materials including
electrostrictive ceramics, ferroelectric ceramics or
antiferroelectric ceramics.

In one embodiment, the electrodes are formed from a
conductive material which is a solid at room temperature.

The conductive material comprises a material which should

6
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conposition around the norphotropi c phase boundary

(MPB), such as Pb (Zr0.52 Ti0.48 )O3 or O .7Pb

(h@iéB&bEéSleﬁ the3pPbdzEeBect Ais matenilyl di sThesednductive
her tgfes of naterlgls can _al so be_u fg %o fgr

mth
SERFOELEF I Ao EROR SRt SPF aF Lhmate | SonSPEF 48knd) BF df1oys
etheféostrlcbndecﬁmVermatSriabbudsnghehectonétctmngve
ceramcss ferroelectric Cﬁran¢ % or antlfegroelgctgic
CEPRMNEES /| ATGnBlERpBarFRht, YhRSE B¥PYEdRs arROFSF e
fm@ﬂéﬁlﬁbﬁdﬂﬁélMﬁsﬁahgéfﬁl whithohs amlsoliident, r ohel lower

t . The. duct t
eBet et ompehSaP b Loty Bufandiy Phe pOPBFE SR p BEFPrE

nab@pt@besTbslaondoahéyecambeﬁaaioﬁ@n@f|ﬁ@ﬁeriams for
exa a noble netal or alloys thereof. Conduct]i

naté ?5P§t %&EHtagdeﬁnaaet?%@Oc%%%ﬁv%s 5PE Sregpie, both

usetul ro§tBekahypesreime@ndushi ¥Be M8 @hBeli81abs0
useful. I n one enbodi nent, the | ower el ectrode

cBhbEPEBREt pF¥PRAUAT aMAtERE2LBper el ectrode conprises

gol d. ehheheCoRBLARLEARS 9h REELAEd Sgfoaydifhepens
el ectrodes are also useful. For exanp?e %oth

ebrevidadsbehnese EBenRatEPBNeinetsade aAnfekhg major

déﬁ%?&?ﬂtsh¥?§ée0f1H§E§£t§h§ tﬁ@ BHeLSALEUEEBRbde@Brom the
insufating layer 270 is provid bet ween the bottom

emenproaepaﬂuttm@mharoandagpoeﬂh@u¢;a@etheng@haﬁnﬁg between
b om C decf r
g? ph,Lom ehechrodge éﬂ”lﬁgﬁlgg%ﬁge%H?ﬁQ asnsayéacularly

orf enhancing the adhesion e two. The use
oﬁsaﬁulnégraappg1bayeon831pawh1@blaheysuspout gpbructure is

appLh &8t 203 FBPMEhgnl%B§nQUH99§%1§1guctyﬁs aﬁ8595989 layer

from non-insu e i nsul ator Tayer
coappisess, fﬁorexaappég aaddekéettrécnmeeeirahl, sgughags SiO;.

ﬁ%gﬁgFC%QSLa;xgﬁ§ngﬁlgg§ﬂéaé%n@i@feQL?kgc&QEgrials can also
be used.

The top electrode, as shown, includes at least one
contact pad 269. In one embodiment, the contact pad is
located at or toward a first end 221 of the major support
member. To provide access to the bottom electrode, a
contact opening or window 274 is provided. The contact
window, in one embodiment, is located at the first end of
the major support member. A sufficient amount of space
should be provided between the contact pads and window to
avoid shorting problems. Locating the contact pad and
contact window at other locations is also useful. For
example, the contact pad and window need not be located in
proximity to each other.

In an alternative embodiment, the top electrode is
divided into first and second top electrodes 668a-b, as

shown in Fig. 6. Each electrode is associated with a
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the maj or support nenber. To provide access to the
bottom el ectrode, a contact opening or wi ndow 274 is
et el pddie (€O ast &6 Jislow, Im @ne enibhodhiment , tlse

| ocated at the first end,of the nmmjor.s . menb
S5 RS M OTE Shate DhdUT e T prov] Getpe <nd of

bt Ve ¢ hes e A€ tudratsisr anduadaiovy tthavedt shorpady at
pr obl ens. Locatingfthe cont.act pad and cont act, wi ndo

W
tRRPetOFdERPROnSTi §hGI B8) RS FHPPOESr | &5 350 useful.

CORGRL 1 Rt & Ce Vé AERYE S el de D 6 oS ah®ee | than two
to each other, In an alternative epbodi nent

proxi m t ;
t?kﬁ?%kp%é%c%$cﬁ%ﬁ?su%F@W%ed Thi 395« @H&F%%%%n%fé%ﬁFOdes
edeob 1 o8les; G68acbnt AS1 SHPWhe Mudvdnerk: - o Eathe eh&fdF Oslgpport

is associated with acontact pad (669a or 669b) . In
ORRMREH 0P ERRLOYReCE PR Bt HRARS B X TRRER & atPor

toverds) dberfdredvead of the major support nember.

Locating the contact pads at other |ocations of_the

maj or BuppRe teepdinents, AR AT PFIWEIRY taper (not
CLEGHEPIES GhYY AREL T £ CordiRhGd N [ &L 864 198iERe s che

al' so useful”. The use of nyltlfle el ectrodes enabl es

flomer colreorodt ame e ehesitl dFOX ha YRl or Aupiler¥
TEIDELL S0 HIBROV Q"1 OPLE M £, RALLOAITANGE BlsdNBe provided
pi ezoel ectric devite. 1n one enbodi nent, an .
dokhesé on - preomppey ¢byerredotanhovry piepreledeni¢ofilm to
enhan t [ t I |l e d N
R b e L i s
(podmsthionm) 1 operal sombel pe ovi cededmtmeen theawpwar Other

CL5ke P ANeARee PSR P B S B AT e

| ayer sTie®mpai i s@us f biiyeranpf e;he iperapie@hie stack, in one
embodiment, are formed using thin film deposition
techniques. Such techniques include, for example,
sputtering, pulse laser deposition (PLD), evaporation, CVD,
MOCVD, spin-coating and dip-coating. In one embodiment,
the layers formed by thin film processes comprise a
thickness of less than about 5 um (e.g., the piezoelectric
film). Alternatively, the piezoelectric stack is
preformed and mounted onto the support structure using,
for example, a bonding agent. Other techniques for
providing the piezoelectric stacks are also useful.

Figs. 7a-g show cross-sectional views of a process
for fabricating a piezoelectric device in accordance with
one embodiment of the invention. Referring to Fig. 7a, a
first substrate 703 is provided. 1In one embodiment, the
first substrate is used to form a plurality of devices in
parallel. The first substrate is used to fabricate the

central portion of the support structure of the
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techni ques. Such techni ques include, for exanple,
sputtering, pulse |aser deposition (PLD) ,
ey apooal ¢é oty 1 EVile v MEEVDyh S¢h nincbade s nghandigdp mewlérs.

ipg. In one enbodi nment he layers fornmed by thin film

oF oot SR Pr e bt Eines oSSt ede Thaabatt & maole
(érgstalhenpiezoetreslyi cudhl a3 silA ¢emnatFoel gxampee, the
pi ezoel ectric stack is Erefogned and nnugted opnto the
SSPROr T2 K¢ r CRTRF LoGSi RgL- For exahhT @ W Bohdi ngr agent o
Quaeers eshnbenes §0zeproyi diag hbefpl ezoetleetrtgpes of
stacks are al so_useful . Fig . Ta- fhow ,
cPhRgleccryohat L iR vB2 bR T & ir%%é% 1} 075 P T 25RPhg a

Pk egOehBTihé Cmsleytc811 Aracspsdanserwi t h poe exbagispnt

of the invention. Referring to Fig. 7a, a first

SOBSEF iR S 799Ch 2P r JVRBRd. CFRABHE: bR nERtaME e OF 2

fE&sibi 8408EH at BetSofs€ant Be f @hPL@yeRUral ity of devices
in parallel. The first substrate Is used to_fabricate

the ceReeathpofredn of the Stpporeuketrirterdebtnes the

tHeRt BZoL! €6L rhendBVEGSpo b Shridch HEEs FHEcH B8Rt ributes
menbers. In one enbodinent, the first substrate
ceapeheegvaral hgteiekpasal Pf nehpatePPRrt StERch3ere-

si.)icon, For exanple he substrate conpris 4:1nc
SHPESR WRErRAETR. £ hS At Dret B Tl R L4 SR 24P Egoonn.
usehet . t X bere b ypeSapé 818gl esefyst aliépard had echalled@sgn

well as non-single crystalline materjal _are al so .
ugﬁﬁﬁ%Feﬁ%?t%xanﬁve?n%a?ﬁ??%+@e%%cht%% bask, sekphhfLe 18
OpaBSskeH afhChoOh 8i868hI NBb1 Oshiherené Sabsbfate surface

enpl oyed. The thickness_of the first supstrate defiHes
t AR uPREANGE t heT nPHBFPEBppBPRILRY UFERT £SY - whiRR! the

COnbEt Pat €516 0pbesnyEl athet Re&kHESSn Ofnt HIR1 EKAROE due to
structure. Typical thickness of the silicon wafer is

abbat Pobosbpno nphrould be taken into account. 1In one
embodiment, the crystallographic orientation <110> of the
substrate is in the direction of the thickness of the
substrate (z-direction).

Referring to Fig. 7b, a portion of the substrate
after patterning to form the minor support members (e.g.,
central portion) of the support structure is shown.
Illustratively, the portion of the substrate .represents
the fabrication of first and second piezoelectric devices.
In one embodiment, the first substrate is patterned to
form through-grooves 752a-b. The grooves correlate to a
single rectangular cavity for each piezoelectric device.
Other types of patterns are also useful, depending on the
desired cavity pattern or number of cavities.

In one embodiment, the minor support members are
formed by micromachining techniques. Such techniques

include, for example, wet or dry etching techniques.
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O her thicknesses are al so useful, depending on design
requi renents. In one enbodi nent, the first substrate
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surface can enhance, for exanple, bonding quality.
When the substrate is polished, the reduction in
t bth&nesscHhgqgtiest Aeepal sshuagfshoul Onben¢ agkehodntent,
account. .l n ope_enbodi nent,. the crystallographic._.
oPREhERritR SETHEToFTHAE seReFFafe TR prRTREE faipooner
ottthenghteknasguet tbe subsirateefizedi setiton)wafer.
Referrigg to Fig. 7b, a ortiog f the substrate after
pat t er AtigSEBSEBRRFt hE RFABRTE pg8¥t RenBar§efalgg process.
cent bak pAbbHORENOf HhRaBAPREEk SEEUCEULSedStShpwbtern the
IIIustrativeIét t he gogtlon of _the substrate

F&brFea

r EpPESERES -t h POAUBE FPFsPabharaiegnhe substrate

phegoghset nkerdeyi CRShata Qagkembodbrmed, ohheitktStnd
substrate is patterned to forn1through-ﬁro ves 752g-b.
TRECEREoPRICEoPREFAFESt 408 dPfigl &7 rett BRgut &FSEatipgtrate.

f @he€REPAPEERE! eChT bhe UBNDE&i mERDET cbMPLSsef sPal kehNSxide .
are al so useful, depending on the desired cavity

petherntppepunbelabd Bagktmakerial ofaledbsdi Rentisethe For

MLRoKLSEPPRY § 1 FBADRE Eraie EQRNBE BYedi €50886HENLBYa hard
t echni ques. Such technlgues i nclude, for exanple, wet

omagky eTbhi AgliceRnPyiies. trrdrmagkhniguese apBbafigent, is

ugStiba bY. CRErROPOGLIEDL: oRA LRI B NGOt 488 pibELssing the
substrate’is achieved using wet etching techniques for

(subyptortenivdasi Pkedhzivagermbpet sabyi rapeens at a
p%ngéggtﬁgé BEeagéﬁEeEBQng P5 06 ofrhﬂgﬁ% 10 ?Purs.
enno , a hard mask 75 e

I men S S 1S used to pattern t
sObkeratechifeest échnfqueingorhpahaed nnagkt heuch as

substrate are als L ul . A ha 1.5 f
FEPEDLEHG Qafal TepBR Lo Rl obinERar g LT PRED veerul,
f Thet thilbRheateof Theehhaddmaskk, shoubdebenbolfaenent to

ﬁggg%%ggnégk.%Fggggigﬁggé%ggégé¥ggs ?B Qgédeﬂgéhiment, the
hard mask is about 2 um thick. Other thicknesses are also
useful.

After the hard masks are formed, soft masks (not
shown) are formed thereon. In one embodiment, the soft
masks comprise photosensitive material, such as
photoresist. Other photosensitive materials are also
useful. The soft masks are patterned using conventional
photolithographic techniques to selectively expose
portions of the hard masks. For example, the soft masks
are selectively exposed to radiation of appropriate
wavelength through a lithographic mask having the desired
pattern. In one embodiment, the soft masks are exposed
one at a time. After exposure, the soft masks are
developed to remove the exposed or unexposed portions,
depending on whether a positive or negative-type

photosensitive material is used. This creates windows or
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exanpl e, silicon nitride can be used to serve as a
hard nask. The silicon oxide hard mask, in one

woenisadézsent, is forned by thermal oxidation, waT/s62004/000107
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i ncl udes processing the substrate in an oxidi zi ng
anbi ent environnment at a tenperature of about 900 -
13p8Atnger iabohe éﬁfhomasksCtherespohdlqgeSOfohe grooves to

form.ng the. ha such as chen1c apaour

BhobPPreH 5P EBar BUrFREHEd, S TR P ElrrIEP hcene sore
thaskaepsebérabeyhard nasktShaDld be sufficient to

W t hst and t he tternin rocess. .l n one enbodi

the hebd"RhskeFE 4BobPS RRTEATERY LPREFTPRF CRABELERS Of
aﬁEeah§ﬁdUﬁ§§Hh expbted bhethar dofaskasase fDhaedet etch is

soft _mask ot sho are forned thereon
eﬁﬁﬁa?ﬁ@ﬁé: gﬁee§6?P %asﬁ%pBbﬂ%rf%%opﬁg?o@%ﬁs???@e801utlon

maher Lekh SYTHt a6nphohobrsi shiboihent phebasensesi ve
materials are al sQ useful . The soft . nas

ar e
payééPﬁéaoaéFn@ceene@ﬂt?aﬁﬁpuﬁh%@%??fﬂ%gfibﬂrede Other

t@?EQEQQESWé@ sekBCEbYEEYoBXPeSe RDELI @8&£01 .t hRebakbching
For exanple, the soft masks are selectively

eRE%@@HqP%Sréﬁ?aPF%ﬁeEFegpﬁ?oB?F%t%aE%v@?%hﬁtﬁr?hPﬁﬁbﬁrned

aati tHEUEaRBI €imaSK BaMLAOLbRnIgsEEedopabher8rniAgObRe
enbodi nent, the soft masks are exposed one at a tine.

Ahasd BRpbSur 8uchhassery aBSRinar e2BevRl8pedSesut enove

the exppsed PheUNS¥RORSLKROLLE CBSr 88REAYI PHeOBoft masks
whet her a positive or negative- ge phot osensitive

nar@rramOV€duseaheTﬁU§S§r@§@eSSmF ﬁ@mBeérQE@h?ﬁgEOlﬁorm
f§908 QL% HEEESbCQEE%§EﬁQ@h§ﬂ t o fifae Qo0 t0s BSerformed by,

In the substrate patterns of e sof
nﬁsksepampéeabnymare1ngehhecaubstnamEt1@t@hW¢§ eheh

psa§§£ﬁsﬂ tOIBGEH¥e§ﬁ85&£88 %Chtﬁgewgerthﬁs§3%ﬁ§ﬁsﬁeﬁor

e sof t I'S perforned,
exaahhag dhppsngstnabet bempei ses chnsatuedos. p@hesemum

Sﬁ;&%é&?delgo €1 SHbOdbEEQE t§859r5§e§tch solutions can
also be useful. For example, the etch rate of a (110) -
oriented silicon wafer in a 30% by weight etch solution is
about 13 um per hour at 60°C. The etching time can be
controlled to ensure that the substrate is completely
etched through to produce the grooves.

In one embodiment, the crystallographic direction of
the substrate is oriented to result in substantially an
anisotropic wet etch process. The wet etch ratio between
the forward <110> direction and sideward <111> direction
of the (110) silicon wafer is approximately 200:1 - 300:1.
Therefore, by orienting the silicon substrate in the <110>
direction (e.g., (110) plane is parallel to the top and
bottom surfaces 706 and 707), the wet etch would result in
substantially an anisotropic etch, enabling the formation
of the grooves while substantially suppressing sideward

etching.
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hydrof l uoric acid and aqueous ammoni um fl uoride. O her
types of wet etch solutions are al so useful. Wt

woebwshiosg7t echni ques are preferred as both har dcmsska4/000107
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are patterned at the sane tinme. Qher techniques for
patterning the hard masks, such as dry etching, are

al so usbtatnaw¢Velytheh@amﬂnansksppmﬁtpm¢mbensd¢anhbe

s?ft q&sks.are r&nnve ubstratﬁeés tea wet on etch
et RhBT-t ¥° 8¢ nf g 6%v350952%u% therdt Arghs = The" Vet

e{DRIEp @Eréﬁhéﬁddby eteh eaanmi@ue$nmnrshngnthedes sputter
substrate in a ch sol one_enbodi nent ,

t RECHERT e21A gmmﬂh%? %%%M% th ne BsrParal P’

Cp@ffbﬁﬁédaﬂraﬂueﬁésoﬁobaﬁﬁluﬁuh&d@mmﬁktéﬁﬂdﬂltme substrate.
Q her t etch sol utj ons E;n al so be usef ul For

R riReTe e in dny cebth SCouls tGrT orRe eV R DY

wat ehindg BroR%ehy w@%gbf B&@Boﬁoéwff@@el§rabﬁﬁ§t18tﬁh1ng
per hour at 600C e etching EIHE can be control

e anobhe At ATAeC BORSEF G b st EOprer byt LoBhedonty the

t bt PHSBe t OnRE 0dYCEL EREA THOQVESnedd NEacabREsRENt OLhEL
crystall ographic direction of the substrate is

OF FERREEUED FREUPRLFATRLRGL BRE | SRPSTBREANRESL # OPP cusREul -

el PLORES ueTgﬁpM8§e§tEBrdﬁét@éPﬁiﬂﬁe@héh§u$§£%@£@ may
<110> direcfion and si dewar 111> diTtection of the

(21ey deperdnonatle Natapp?bxefatles ysvbotyatesoo: 1.

Therefﬂf@erbﬁhQrEEBétPQtéhﬁsSﬁé&€@?né&bséﬁétﬁa£@ &sts are
<110> direction (e. @5 ane is parallel to the

tnpmqw@dbotR@m@galfgéegheo@a dnFORY Ca@h%em@@héﬁﬁﬁd by a

Wout dog ggul top gpsé@@ﬁ'af%¥ 1§0&£ L£18LENan etch
enabl T hg the' ornatlon of t gro ile

ssbsuanon abf yhgdppf bgeihg atidweebution. The substrate may

eéﬁglnge shg g%E &ek% g&%ﬁ@EQQ lon> YRPOT eep - d%??sgPocessing.

red us a dry suc as a
[ Suchtphepmaonr ﬁcbheexaimylet chay ethol gde schvdintcha l

L&%%ﬁggi %fUtt ﬁ&ﬁganMﬁpd aBRH%o@gaégrfgggiPgUgHHgss of
the substrate surfaces. After polishing, the substrate is
then cleaned. 1In one embodiment, the substrate is cleaned
with standard RCA1 and RCA2 solutions and rinsed with de-
ionized water. Other cleaning processes can also be
useful.

Referring back to Fig. 7c¢, second and third
substrates 72la-b are attached to the first patterned
substrate. In one embodiment, the second and third
substrates comprise silicon. Other types of materials,
such as glass, ceramic or glass-ceramic, can also be
useful. Additionally, it is not necessary that the second
and third substrates be formed from the same material. In
one embodiment, the second and third silicon substrates
are oriented in the <100> direction. Other

crystallographic orientations are also useful.
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performed fromone or both major surfaces of the
substrate For exanple, the dry etch could formthe

WO gosaves7 by etching fromthe top or bottom sup€Bse2008/000107
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first etching fromthe top and then etching fromthe
bottom Only the surface that is etched would need a
har d nBskoné&t daboticmént quekef secpadt @ndi bgitfiesubstrates

SATS of A AGRT Rt SUBRF T Br bC AR Al 5o BpeNa® bherRe 0> BV

nalévhaédoﬁembersubsérﬁteceéétESuthEasubssieheboﬁdlng
patterned, enpoval of the
hQFBeﬁaEﬁghEéﬂuﬁé g%ﬁu%EEaC §n% €ﬁ? %?E%%r%ﬁﬁs ?ucﬂ as
ebfbdifobordany| eadnespiesesnaingt cbr sohetnosombression
h%drofluoric acid solu% f The substrate may then be
shepdened #bepfrepar4FFbH for subsequent processing.

Such ptgpahat ERPodiREneXappkesedBydi &6l UgRiehesuBatrates
mechani cal polishing (CWP) to jnprove surface

r 8H8hRESR2EEAt REISHDEPr APEL el PARASNI Af t BFSBRFPERAPRgTAY
thacsybst rabe Lgakpes, Ch8aNEHing bR £088HI BENthet he
substrate is cleaned with standard RCAl and RCA2
sBHbeFBAGEaNHOr L HBEEVRI BRT HRFBNT YeaNae e 2n¢y Répaning them
Chﬁaﬁtﬂg RhQCREEESs6a0t 8b88, beovsshivl by ReigE1hgUihagk-
to Fig. 7c, second and third substrates 721la-b are
aleatred vatehe fTFSAtpagt Bhpedubsbsatasein| AhgnBCAL
gpQQtEEHt SHStégcﬁygféﬁglibbrQu§§§§ééa&SStHQnEﬁbégrates
silicon her types  of materials, such gl ass
c@sangcsobsgragescwn§h1bydégphals© per fgeesl advantageously
Aggs Lopaj Yo pgéapeke NEEESPALY; ﬁ&aﬁefgﬁesfﬁgﬂ n@8nding
subs es be forne ron1t e“sane material . In
oag bn@bdtﬂmperatheesecbhdeandtihelﬂ sthécenbstrate
SQQ%%Q?%SSm afgbeﬂgep %Qtéaewf&90>19g&§cg gr?$£agr
crysta ogra hic ori1én | ONsS are SO use
ehbddopkil jct herfecead and third substrates are

attachgd to the.patterned first substrats 783 PYror

substrate and subjected to a pre-bonding treatment in a

wafer bonder. Pre-bonding treatment includes, for example,

applying pressure and/or moderately elevating the
temperature. The pre-bonding treatment is preferably
performed while the substrate surfaces are hydrophilic.
After pre-bonding treatment, the first and second
substrates are then bonded together by annealing at about
900-1200°C for about 2 hours. The pre-bonding and bonding
procedure is repeated for the third substrate, thereby
completing the bonding of the substrates.

Typically, the substrates are about a few hundreds of
micrometers thick. This thickness may be greater than
desired. If so, the thickness of the second and third
substrates can be reduced. The thickness of the second
and third substrates, in one embodiment, is reduced to

about 1-60 um. Other thicknesses can also be useful,

13



el evated tenperature process, such as fusion bonding.
O her techniques for attaching the substrates, such as
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bondi ng, are al so useful. In one enbodi nent, the
second and third substrates are prepared prior to
fﬂspendbﬂ@dbngdeé&gnareqhbnemaytsncIwﬂeloﬁerteahanees,

p0|léhlng bot h_si dgs of the sugstratfs to I nprove 1
sTrFace® r Bughnes s antPRP&ER 1 ng EHbRT Qg PP RcAF plasma
setuhiags, céﬁlb@mede@ytblﬂédﬂ@elﬂhdetnnckedsma®Erthe

Treatlng the substrates in e olutio fron?
TREOERREE supTRbet S b HateR bR T ap beC thFRyL" °Dh Sne
seﬁﬁba@meﬁtwnthehyﬂiepheés005utﬁecesb@dyaﬂéggeeuﬁéauced by
enab] es Iom1i ngerature pre- bondlnﬁ ?efore fusio

ht gh 5

CBRETAGL SR hi GAPLRAper APt EPTAVE of NEF A78| OUPRRSSS after

SHHétEHiﬁnﬁﬁéf%§§ée§§y 8h&0shBs t Feod edunEdBepl asABHEO
provi de hydrophilic surfaces. The second substrate is

aP?ééﬁ@ﬁdt%Yth€°¥l?%?mE%%st?%Fe and subjected to a

pre- bofdi A9t LFRAL (BBt chPod@iMBAEE, DORECEecHhE- BRAJEATrd
treatment includes, for exanple, applying. pressure

aﬁ@b%?rﬁﬁgérﬁP@P§l§Pe$@¥|ﬁ@bﬁﬁeaF@ﬁper§YB%%a ¥¥%e an SOI

PLEHLPPYLBI-ERERE BBt 2hSiRERIRE 8R leﬁéioégﬁéw%GhEQ by
the substrate surfaces are hydrophili After

pEérgbndeng- ¢ r el kenandt pecends{e agid. seeeﬁ@cehb§%¥aee§
gggggfsn b%@ﬂ%ﬂ1&09%5%e%fb%kéﬁﬁ%ﬁid8hf%af%%&”(gqg 12surface)

of about 27 hours. pre-bondi ng and bondi hg
piecehuneersthepeahedotbertﬁe ghi reutkbst fat enet pabegyment,

HB'@%E? %h§199gghnga9£rt$§ ﬁﬁgagéaﬁgst?gyfkfékl¥ubstrate
e su aré about a tfew hundre m croneters
thhmkh fhrmsthheknessrahypbetgoeaoérthhaﬁuueertedtrutture-

Shnet 8! Bhckaesaa L Lhersecond,and toLhdo eyRehletesr
can be“re uceg et chness or é Secon
reduce the duratlon of the thinning process of silicon.

The silicon wafers which are not bonded to the first
substrate are removed by wet etch. For example, the
substrate stack is dipped into a wet etch solution which
dissolves silicon, such as an agqueous potassium hydroxide
solution. Other techniques for removing the top silicon
wafers of the SOI substrate, such as dry etching, are also
useful. A protective coating or mechanical chuck can be
used to protect the periphery of the first substrate and
bottom silicon wafers of the SOI substrates which are
bonded to the first substrate.

After the top silicon wafers of the SOI substrates
are removed, a wet etch is used to strip off the silicon
oxide insulator layers of the SOI substrates. The wet
etch comprises, for example, HF acid solution. Other
techniques or chemistry can also be used to remove the
silicon oxide layers. For example, the silicon oxide

layers can be removed by dry etching.
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and third substrates, in one enbodinent, is reduced to
about 1-60 mm . O her thicknesses can al so be

wowses/ wh2sdependi ng on design requirenments. Var iPamgsG2004/000107
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techni ques, such as nechani cal |apping, chem cal wet
etching or plasma etching, can be used to reduce the
t hi ckrresfenfindec s His) r atds . irf@dlert dre dyiepte s Hre-1al e

useful. |In one enbodi nent he thi ess of the .
Siped P d e P raared B Ytoidina chira
| SUP S fmmugm}esﬁl@fén&rodmrtmi rmimgLr&rw]caa&&:
the substrate surfaces can pol i she for
é)?éfﬁﬂ% CE 9% SHLIGha %m&&%ﬁ%%%&%&l&%&ctm
¥ e uIch Sihs tiatas LHRIHS 1% WEmRiT at ethe layers are
Ily, an SO substrate conprises an insulatin

pi ca
|Ogm Jstﬁfbv@%he%%yer?%%e(eCBemlsaﬂk)VaQH& seEgRgition (CVD)
(tehniguidd acejasidus oy 4 .culds Wi lobhahedhdfies can

silicon.wafers (e.g., surface) is thi nner t han t he

Rersgd. g.In b-‘an%emwild??élfewﬁf&ﬁ netulater thayiteris
Sdé;&&olrté@f@élﬂgs poed dihddied idal qilsi)ata whi ch

fornms the central portion of the support structure.

TRReRtwie S8 aRAWr L8G 6r eXRRplLBickaRsel Ph kage igsulator
l%%}gﬁ e yraty Cﬁnr{ﬂ‘ﬁ t R Y MU N R QBS99 als0 useful.
SI 11 con. wa

The silico fers which are not bonded to
the f |Resﬁemmﬂ rten &l e Tondihel wRErimts diaersof the

?OSI Ut on CCEL%% %6%&@?1%( a{rse Qi t!éH Bt 1%5"‘1hator

ves S I con, as an aqueous
platyeesiss um hydIrmuQ]‘@wmﬂnton the heerr:tcemwrﬂ;a}mss fof the

; : i r |
AL B ot Sd ST S 1S A Kl Tt Tl

C0EtS tigh o staﬂ*ie,nicuad sie lattan thanaised a0 q}tmps"cﬂ tttee

e her t f| Is bstrate a

5% "?s 0 l?cnt Subst I?"g %scgr\ahcf% rgglr(g b%f}geergé 1‘Fk%]}:erate
fatreadk sidistavadd. byAfﬁlelrpthfg ttde ssdbsoomatwaferaclofariheforming

Sﬁﬂg:}é%%gﬁﬁéféﬁ (%quyﬁgkaoé%%r‘%f:ejssdgﬁgkto
arrangements for forming the stacks are also useful. For
example, all layers of one stack are formed and then the
substrate is flipped to form the other stack.

In one embodiment, bottom electrode layer 766,
piezoelectric layer 764 and top electrode layer 768 are
sequentially deposited on the insulating layer. An
adhesion-promoting layer can be provided on the insulating
layer to promote adhesion between it and the bottom
electrode layer. Various techniques can be employed to
deposit the piezoelectric stack layers. In one embodiment,
the layers of the piezoelectric stack are formed by thin
film deposition techniques. Such techniques, for example,
include sputtering, pulsed laser deposition, evaporation,
CVD, spin-coating and dip-coating. The thin film process
deposits the layers having a thickness of less than about

5 pum each. Other techniques for forming the different
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oxi de insulator layers of the SO substrates. The wet
etch conprises, for exanple, HF acid solution. O her
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silicon oxide |ayers. For exanple, the silicon oxide
| ayers can be renoved by dry etching. Referring to Fig.
7dayernsubatornlkayessfilla- Praferdbpysi bed ontt hecesserily,

surfaces.of the second.and third subs t a
oRbeotET then PorRRatBAaaNg, JOVERLSHESLEE! BRalki e Lhle
oxhde. oEibemlﬂypes of dlelectrlc or |nsulat|ng

naterl |s are %£ g usef ul The kaéers_arg de ed .
by, e?ﬁﬁpﬁ BT al b&p8aredaplsPErE EQD y
teaﬁprmues tYaandusm bypedoat E€VDnor ththir tenknhdhesion-

b d. | mbodi th | at '
ABBGBPE S5, MG ph B ARG RRRCY VB E PEEVEY ot 5 PotEom

t@E@@t@bdée1a&eabaumpzsae§ a hbelthiekaess ah the
i nsul ator |ayer i her thicknesses

about 0.5 mm._.
. PEbaRsBenset Ghe REFERR RYeCHTPHG. TIer, REMpALEaae plat inun.

|@ﬁ@rEoQthhélébeégabeQbyé% SstagkexéfPasbiar about 0.3 um.
deposi ted on the insul ator %ers I n _.one enboadi nent
t Reevaii atg Phyepryesf £RE QFS RTaPréYr 8FRREL5RE yﬂtsln one

tb?ﬁt@@r@ﬁbhc§bQ%Sf@E thensubgkr aretptagkpseratcsi deaak.
For exa the bottomelectrode is fornmed on
HEGE§

one si dBeoPiegee T gt d2¥EECROFBILERED 20T ZEI i pprRgerably.

t@ﬁe5§§§tE@hﬁr&%@%kaaEQrEQEWEBQpBQQtQQBtQEbﬁh@CEEQdQPB
on the other sid O her "arrangenments for form ng the

sﬁﬂ@hsaéerdZ§05d§b¢udChForoéhﬁﬁpFérgﬁFlCPQ?@ﬁétéPnénére
stagk agsfhgf"E%h@n@haﬁﬁﬁegge %ugﬁgrg&@zbélgbtaﬁgdlgger is

formthe ot tack. In one enbodi nent, bo
ebbotito@e 3l ay@P P66, pirefeskpbdvr i éhﬁayéﬁckeﬁsén@ftébe

.h%%&%gﬂgcng%rléggﬁa& §8QBeEhbﬁ'5$oG%p$S hed oRel Bor
i ASulati ng a hesi on-pronoti ng er can
pﬂayededsodepbelmﬁ§ubat|ﬁgrlayempﬂe pp@nbpeaadn95|§nch as

b%&%e%8115e§”%rtQ%t%?tkgghnics decomposition (MOD). Other
techniques, such as CVD, pulsed laser deposition and
sputtering, are also useful.

In one embodiment, a precursor solution containing
the compositional elements of the piezoelectric layer is
spin-coated on the bottom electrode and heated to form the
piezoelectric layer. The wet layer is dried at a
temperature of about 110°C for about 2 minutes, and
subsequently subjected to a pyrolysis process at about
410°C for about 10 minutes. The spin-coating, drying and
pyrolysis processes are repeated for about three times
before the layer is heated at around 560°C for 20 minutes.
The before-mentioned processes, in one embodiment, are
repeated for another 2 times, after which the layer is
annealed at about 700°C for 5 minutes. The piezoelectric
layer, after the process, is preferably fully crystallized

without cracking.
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el ectrode | ayer. Various techniques can be enpl oyed to
deposit the piezoelectric stack |ayers. In one
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formed by thin fil mdeposition techniques. Such
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deposited wi thin one sputtering cgcle for each side of

th@Psﬁ%§FFﬁP@es¥%¥Rr Fhe pre2okPetttic layer conprises
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)EB thex heP ehPGEFOSBHBERY | bASPRPEORE s3ANGEi AR, O#hehe top

tglgggﬁééeoia?gﬁ Qbe€98|§9é£b§lééﬂﬁic'§a§Q9Ut Pné adB8sion-
. Preferab the thickness of the piezoelectric

|ay@m0tsnge%§Y@ﬁanf@§oexa@phﬂw CqRer Ppggs| yeaniym. Other
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-'organi cs” deconposi ti on ( MoD
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pretursor $o on contal ni ng the conpositiona
el emenkefefrihe ppefoegl ezfri théayayers spi hheoavkdtovate

thg PQLLoM eLeghr pdena0d,008L 88 L8 {87 PLEACEne
piezoelectric stacks 760a-b. Various mask, etch, and
lift-off techniques can be used to form the piezoelectric
stack. For example, wet or dry etch techniques can be
used to pattern the various layers of the piezoelectric
stacks.

In one embodiment, the various layers are patterned
using wet etch techniques. A photoresist layer is formed
and patterned to form a mask layer over the top electrode
layer. The resist mask can be used to pattern the
piezoelectric stack. Different chemistry can be used for
the different layers. For example, the top electrode
layer is etched in an aqueous iodine solution and an
aqueous potassium ilodide solution while the piezoelectric
layer is etched in a HNO; and HF acid solution. Other etch

solutions can also be used to pattern the various layers.
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tenperature of about 1100C for about 2 m nutes, and
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4100C for about 10 minutes. The spin-coating, drying
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ti mes befone embodamentLstheamedkaisaueaddtéGpGExéon the

20 m nutes. The,befor ntloned gesses in,o

egﬁng;%ﬁ?Fo Fel?gseagg PoF ano ﬁé9 % Pngieck ?Se’ such

mhschhhheshayﬁr1nsFagneaIedPabva&mng ao&aékfwhlsh is used
The ezoel ectric Iaye after_th

S EET, Py TRl POOBP, 4haF YR wPFNOOTSoFaBKPLECThades s

tamselaeéEQMe | aybsegsedeppsi trdthart heshi magebectised to

I In ope enbodi.nen el ectrode conprises

L 2VEBi ' ReRERct! RO BB erBoh e HOCt BReSt BRC BPRR T ode

conpri sesdgstdibetihethtypageol A0kl patebahsdotsing wet etch
conductive materials are also us ful,_ The thickness_of

t hEchppErest ecFEdEEFE1RE0LE BTS ﬁﬁ?b Brodi YRhGOHSt HpYeTs

ebecthedgibavengcether sthtrknesspsthstapsguusatk ofl Bhe
one enbodi nent the top el ectrode | ayer 1s deposited by
spaceedi agd epked 8@58§FFF8ﬁ FBRhRFgBBECEERSFor ni ng

t Bemh0Raflb8GEI 9de hayeknateval$9 vaef ubyefB can be
adhesi on-pronoting | ayer can a so be forned grlor

tﬁétF@En@ﬁeE€Féaeal89@PlpétbPBn@?edﬁﬂhe§F6ne thhénéoﬁlft-

eb?@tE@éﬁnhaﬁéé toFBbeeahﬁ§9@leEBéleobagﬁéctIeae can be
ad eS|onpronDt|ng | ayer, for exanp ngrlses
[

tpaaﬁennﬁdcpﬁengt9pésféroééh@§P@ﬁ85v6ﬁb@ gtharepilgrsrode
syeggocaﬁeﬁg'fokaeansyegbwgtnsekh %PScéE§05ﬂ8ﬁ§h8f

esi on-pronoting fayer Is abou
tpnezneésesracelawga goef le. rRéftamriasy o Fidry 7¢tchhprocess.

| aye 0 t f
GBS BabDS AHREL" e, SU11 BEER CLEpRRLLerREtefS cuching
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In an alternative embodiment, the various layers of
the piezoelectric stack are etched individually, using wet
or dry etch techniques. Other combinations of etching the
various layers of the piezoelectric stack are also useful.

In yet an alternative embodiment, a contact window to
the bottom electrode may be avoided if the patterning
process results in exposing a portion of the bottom
electrode. For example, the bottom electrode can be
extended on at least one end of the electrode stack.

Other configurations which expose the bottom electrode
without requiring a contact window are also useful.

In one embodiment, the patterning of the
piezoelectric stacks leaves the insulator layer on the
surface of the second and third substrates, as shown in
Fig. 7f. 1In some cases, the bottom electrode may also

remain on the surface of the second and third substrates,
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stack. For exanple, wet or dry etch techni ques can be
used to pattern the various |ayers of the
wopbsaoesectri c stacks . I n one enbodi nent, thBPCYVaGRL@WS00107
| ayers are patterned using wet etch techniques. A
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anot her mask may be used to forma contact w ndow to
10 tH&ehbtt om el ectrode. As described, the layers are
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sfg¥kse8n7pdenPt opSsERPUBesN oF 18héI secbRdORRdeTRPRgMent , a
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ternativel the_layers can be patterned using a
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procéss, the bottom el ectrode ers can be
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UL BE ot ALY S ecLel BLORSSL nehplenea,

uShagpﬁbEGtésistlheyecentagubatr@mQVé@erahtefﬂrngxample,

'QXSEénQrSo?LEQOH$EfHLe devices are then activated by

20 applying an electric field (e.g., 180kV/cm) to
electrically pole the piezoelectric films. After the
electrical poling, the films exhibit piezoelectric
properties.

In another embodiment, the support structure is

25 formed first by, for example, patterning the first
substrate and bonding the second and third substrates, as
described in Figs 7a-c. After the wafer stack is formed,
preformed piezoelectric stacks are mounted onto the
substrate using a bonding agent, such as an adhesive or

30 tape. For such applications, the preformed piezoelectric
stacks may also include the insulator layer as well. The
dicing channels, if desired, can be formed prior to
mounting the preformed piezoelectric stacks. Thereafter,

the wafer is diced to form separate piezoelectric devices.
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In an alternative enbodi nent, the various |ayers of
the piezoelectric stack are etched individually, using

woemis/10425dry et ch techni ques. O her conbi nat i oreT/862004/000107

10

15

20

25

30

35

etching the various layers of the piezoelectric stack
are also useful. In yet an alternative enbodi nent, a
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exa8n! g« Qﬁémﬁﬁﬂstmgusggﬁéﬁedeaﬁaaeké 1dRgtRraitlerion of
di ci ng channel s, portions of the botton1e?ectrode and

i hBel arePveayessaaignednyielini Ehpr é5Eht )Plang ghethe
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mlling while the insulator layer is plasma etched
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|athoughpbnﬂyrewpsﬁlmamgbéngaswunxﬁaﬂh(ﬂumﬂnﬁu@md@re shown,
Of th SE Stogdlgﬁgg Pﬁeggrgre many more dicing lines in
both directions.

As illustrated, each groove can be used to form
multiple devices. The grooves can be disposed on the
first substrate to optimize the number of devices formed
on a substrate. By forming multiple devices from the
substrate stack, a large number of devices may be produced
in one processing cycle. Production consistency and
efficiency is therefore significantly improved, reducing
manufacturing cost.

Figs. 9a-c show a partial process for forming a
piezoelectric device in accordance with another embodiment
of the invention. Referring to Fig. 9%9a, a first substrate
903 is provided. Preferably, the first substrate is used
to form a plurality of devices in parallel. The first

substrate is used to fabricate the central portion of the

support structure of the piezoelectric device, which
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baki ng, prior to dicing. After the dicing is

conpl eted, the photoresist |ayers can be renpoved wth,
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activated by applying an electric field (e.g.,

180kV/cm) to electrically pole the piezoelectric
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808 used to forma plurality of piezoelectric devices.
T%@h%ubBQt@@énS@%cke¢h%¥@@%% areidbeoswpafrhte In one

@% bytﬁ C@fgséngu$§%f§kéupét 2 €5rn&I OPYES BRZE.
are or me e first substrate. e grooves
cﬁm¢ee@n®met©rea9fttbe @RI%u&p@@@seten%t@¢%%r1¢e% in Table

15 SPOWNL{ e Fi | SRyE rwsﬁ}éeggigm@éewe OQVES hiSefwy the
x-directro Bhe enbo Iment, single crystal silicon
wafer with (110) orientation is used as the first
substrate, and the length difregtipn of the grooves is
aligned within the (111) plane of the single crystal

Sths cOhowmaf er. Piezoel ectric g§tahcks aredhmwuﬁhﬁh pdpsma
surfaces—of —second—andthird—sgyb strates (et

Pressure 0.2 W

Inductive coupling power About 150 W (constant)
Self-bias voltage 190 to -390 V

Referring to Fig. 9b, second and third substrates

20 92la-b are provided. The second and third substrates are
attached to the first patterned substrate. Preferably,
the materials of the substrates have closely matched
coefficients of expansion. By having closely matched
coefficients of expansion, the stress on the support

25 structure caused by various process steps to form the
piezoelectric device is reduced since all the members
expand and contract about the same amount. This results
in minimized stress, thus improving reliability for the
support structure.

30 In one embodiment, the second and third substrates

comprise silicon. The use of SOI substrates or other

21
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intersection of the dicing lines. Al though only two
dicing lines in each direction are shown, it is
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non-crystalline materials are also useful. The

gl ass snbeneacebofdamene, eabbdrdenaski ssguged Fachatch the
S§§§§CZZ4QFgL?§§téQbStfﬁéehaEHemSékSEoﬁﬁP§éé§tefb§ example,
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A soft mask layer, such as photoresist, is deposited
and patterned over the hard mask layer. The hard mask
layer unprotected by the soft mask is removed by, for
example, wet etching. 1In one embodiment, the wet etch
solution comprises hydrofluoric acid and an aqueous
ammonium fluoride solution. Other types of wet etch
solutions can also be used. Alternatively, dry etching,
such as RIE, can also be used to etch the hard mask. The
RIE can be performed using, for example, CHF3/0, (100
sccm/2s scem) at about 100-150 W and 30-40 mT. Etching
the hard mask creates openings that expose portions of the
silicon substrate to be etched to form the recesses.

The second and third substrates are then patterned to
form the recesses. In one embodiment, a wet etch is
employed to pattern the substrates. The wet etch solution

comprises KOH solution. A protective layer can be
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in Table 1 . Oher DRIE process paraneters are al so
useful. Table 1 Referring to Fig. 9b, second and third
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the first substrate to form different cavity
configurations for the support structure. A first
substrate 1003 is provided. The first substrate comprises,
for example, silicon. Other types of materials are also
ugseful. In one embodiment, the silicon substrate is
oriented in the (110) plane.

Referring to Fig. 10, the substrate is patterned to
form grooves 1052a-b. Various patterning techniques can
be used to form the grooves, such as those described in
connection with Figs. 7a-b. In one embodiment, a wet etch
is employed to form the grooves. Other techniques, such
as dry etching, can also be useful. The etch is performed,
for example, using a hard mask on one or both substrate
surfaces. The first substrate provides first, second, and
third minor support members for the support structure of
the piezoelectric device. When the second and third

substrates 102l1la-b are attached to the first substrate, a
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silicon substrates. The hard mask conprises, for
exanple, silicon oxide. O her types of hard mask
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deposi ted an tterned over .t he hard, mask | aver.
hggdgﬁﬁgﬁe?aggggﬁhgr6?e€F8&1%§gtheggg?tanﬁggp¥§£ stBfcrure
repovedibyr tor thyanpkecribedeinhfFng. n one
enbodi nent, the wet_etch_sol utiop.comprise .
hydrofﬁﬁgFFglﬁgiBoaﬁﬂganlgqug%ﬁsQéﬁﬁgﬁ?ﬂﬁ?EFﬁB?ia803 8
Zpbﬂtégﬂegflbefotmp25c@§s@@t1eszh-sofubm0ﬂﬁecaopahsd bottom
e used. ternatively, dry_etching, ,such as can
aF§6fB€eﬁsé80ﬁ6'€tcﬁegﬁgaﬁéﬁdgﬁagkgléh@eﬁfﬁrcikgﬁeog the
peubatprdecUsi Ng, oher eeKadPhent CHEha/ £Bcé4988ssae8l 26rmed by
seen) at about 100-150 Wand 30-40 ml. Etc

ng the
har HehagkCBr ealldgdoPealkfgarenhPrBRPoSE BoF iB%E apd; hgttom

skli-eqReguBst kAL echiBsbRatbChedhtOowber BLtEReiseE@HEQSsuch
The second and third substrates are then patterned to

f bhatt he feeesBes. eFAloRBrenBBdrRentuUbPstiaEcet ERSFSPY

emLoYed LOomPalhehBelhe18Wbstpat-g6indhen¥ete8tshes.
sol ution conprises KOH solution. A protective |ayer

cahtpetepsyPlid andriiecsresanf beneestpEPeat E50Nothe top
P HEGB%tEBﬁ"EBE?QEEEe ghehagokutipa. A@B8r8§§'¥€5¥’etches

e substrate 1s etghed by a dry etch, such as DRIE
wchh exbsrseee. parhéalliypesonf thechopeandi Baesomr gurfaces,

ak30niAGT UcoBLLEr WAPLECIOLOOnG NG SUhShbaLes sk Ne Bahdy
masks are renoved w a wet etch using hydrofluoric
atedhniheemefort Ehralisg theoveseaagsnarevalegi deednl.

the nop:etc [ e i ' h
second agh” PRE, SUELRE Rap EhEkh BHobeLELls BRannl8 ore
patterhed forshestlbsttateb908atén ansuppbodi aentctuhe

FHEER. BEafL o SR PP RS, OOALATy 12 BLATEC s
support member is provided, such as that described in Fig.
4,

Referring to Fig. 12, the first substrate 1003 is
shown. In one embodiment, the first substrate is first
patterned to form recesses, as described in Fig. 11.

After the recesses are formed, a portion of the mid-member
is removed to create a discontinuity 1204. The
discontinuity can be formed using various techniques, such
as wet or dry etching. If a wet etch is used, mask layers
are formed on both top and bottom surfaces. Alternatively,
if a dry etch is employed, then only one mask on one
surface is needed. When the second and third substrates
1221la-b are attached to the first substrate, a support
structure having an H-shaped cavity is formed, such as

that described in Fig. 3.
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substrates are cleaned. In one enbodi nent, the
substrates are cleaned in NHAOH : H2Q2 : H20 (1:1:5) and

wobkkds10448202 : H20 (1: 1: 5) baths. After cleani ngpCT/862004/000107

10

15

substrates are bonded at about 350-400 OC with an

appl i ed vol tage of about 1000V. After the substrates

are bondedesthebpd009351ouatbauéSytoohﬁigutheions can

pi €z0¢ tri.c_device, as g9essribed in 1¢-9

PGty oBeL tERBGA, Fr pde b R ShrRE R i bt e ERatag Al o
fadﬂﬁtidbaﬂraﬁehbgrﬁphmtdstépsentManItymplex patterns can

configurations .for the su
Sebsprhearghsa B hsna o hhete ek HEGrabpipraha etoning
ceappkses, for exanple, silicon. Qher types of

materi al s_are_ al so usefu ne enbodi nent

T coRbSafeEnd: SovEnEiPanbal PRCBortiBy pFARShown and
R@E@EEhﬁgdtQlEhgrelerehb@ gubshrabasi empatiieened, t ot will

form grooves 1052a-b. Var atterni ng techni ques
cBR BECHEBAZEE PYr hPRE akbgisg L8uERe anghBE

dﬁ%@&f@@ﬂthangoEﬂ@cbhﬁﬁgébtha?lgé m&debtol Bhenpresent
enbodi ment, a wet etch Is enployed to formthe

giBEeBS lony WaEhpEEhARRALE 1nguERORs tRFy SBEERFngRdc8ROPS
akperbsrusefrl. séRpeebehche pavEarned, shetlaxanBkefore be
using a hard mask on one or both substrate surfaces.
TReterminedupstr i ENpre¢PEEBCRi Fot theedBAYS dRECERPEdon but
M3k §EE@9@hc€e€BeEﬁefprEH@eau@@QEESSEEBB%UWQtﬁfthE@r
pi ezoel ectric device. Wen the second and rd

s@bddr srepel10f18apizpéentfached to the first

substrate, asupport structure having first and second
cavities formed by grooves 1052a-b is provided. Such a
support structure is simlar to that described in Fig.
5. Referring to Fig. 11, the first substrate 1003 is
patterned to formrecesses 1152a-b fromthe top and
bottom surfaces 1004a-b, separated by a m d- nenber

1154 of the substrate. In one enbodi nent, the recesses
are fornmed by a wet etch. Hard nasks are forned on

both top and bottom
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surfaces of the substrate. The wet etch is tined such
that it does not etch through the substrate, thereby

WO b@ainsrg7 a m d- nenber 1154 separating the recPEE6862004/000107
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Alternatively, a dry etch can be perforned fromthe
top and bottom surfaces, one at a tine. The dry etch
evraesishelsiséir ase partially fromthe top and bottom
surfaces, form ng recesses while | eaving m d-nenber
1154. Ot her techniques for form ng the recesses are

al so usehethodWen fhersesondgamn ¢heéctrsubshaniesl device
1221a-b are attached to the first substrate, a support
stPURTtP&"Aaving first and second cavities formed by a
si ngl efBtMOhg SEPEEpboRENBErutSUPE Ovhdeddisgch as that
described in Fig. 4 , Referring to Fig. 12, the first
substrate 1003 i BXSKbANI |7 thgsgn%%ﬂgﬁent the first

substrate is firgropadisgnedcdndfan tRCLESBayedS, each
described in Fig. 11. After the recesses are forned, a

portion of PBRELAYJIIABRHeR N sOreRbVERrtdCEFeate a

di scontinuity 129dcadRendi $608%1 St Nc&8Nober her 886ond and
usi ng various techni ques, such as wet_or daé etchlnghe

If a wet etBRird L3versneektirayktsshrbayernkd 5ATBo

top and bOtEQ?%@PEf§€§§ct&%&?rﬁﬁé£¥§hYEhéfsépﬁéyteéﬁﬁucture
is enpl oyed, en only one nmask on one surface is

needed. WeRonRBiseeont APASEhPRY SAVLEY APREWESD1RLE second
are attachegdngocfbegfisstsubshgate, a support

structure having an H -shaped cavity is forned, such

as thaprdesdingean alefgromechaniestrapetvevatevest on the

cayi L gur aki ons e lyeb 0 Si
VLY ERPELGYTOE) Q0% 880 5y 85 DL SLERLIPLAS i
| Leyegsaphi ¢ steps. More conpl ex patterns can al so be
formed by using nmultiple lithographic and etching

steps . Wile the invention has been particularly

shown @nd method of claim 1 further comprises reducing the

thickness of at least one of the second and third layers
after attaching the second and third layers to the first
layer and prior to providing the electromechanical active

element.

3. The method of claim 1 or 2 wherein attaching the

second and third layers comprises joining the second and

third layers to the first layer at an elevated temperature.

4. The method of claim 2 wherein reducing the thickness
of at least one of the second and third layers at least

comprises mechanical polishing.

5. The method of claim 2 wherein the second and third
layers each comprises multi-layered substrates and
reducing the thickness of the second and third layers

comprises removing at least one layer of material from the
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described with reference to various enbodi nents, it
w Il be recognized by those skilled in the art that

wonwdithé2sat i ons and changes nmay be nade to thePET/S62008/000107
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i nvention without departing fromthe spirit and scope
t hereof. The scope of the invention should therefore
bmuﬁeielaYaeddnBUbatrhteeference to the above

i) h d
SFong arenehipe ph'r 18, S G Leih VEnanRETERS, £y 8L EE
cbabﬁedates df.tnennehoddfandfab:rdalaﬁgrancomprlse

el ectronechani ca conp sin

sﬁbéb??né?PD%PﬁPi EHEIUaFﬁ é% gng ¥|rs?1%898rlayer
pﬁﬁ&idiQGrSeeéndlamdohhlaﬁekayePSraeadhbhaanngnsnmetor and
and outer s rfa es attacg Fﬂ i nner gurfgcgﬁ.of ﬁhe

<BeoRA BHAEERI F Itkpers o6 tHe PPPeP aydr “Pbd for AYERE
SUPRPrisekr vehotrengwher kst hehsuppdkt sslidehul@yers from
congrisgs at | east oge cavitg bet ween t he second and
hPRdSEayEPE T CBAHPBIROIFAF N2 ERT 8t ect r omechani ca

active elenent on the outer surface of at | east one of

the second and third | ayers thod of claim
0y CRBF wehBrfoet ABa o GlerEet bt hBeeosn Lpg| Balbna

0p840EnE g s8pend asfpthiedal aygEseabigstalt agbngalhe
second and third layers to the first layer and prior

to providing the el ectronechanical active elenment . 3

- gThe ﬁﬁ&hagtﬁédCB@l8131@r72wme§é§hntaétgghﬁmg Ebgstal
second and third layers conprises_joining the second

amdtenipd Fayerises ﬁh@gier§¥Yﬁ5§érsailaﬁne|evated
tenperature. 4 . The method of claim2 wherein

reduci ng the thickness
9. The method of any of claims 1-8 wherein the first

layer comprises a single crystal material.

10. The method of claim 9 wherein the single crystal
material of the first layer comprises single crystal

silicon.

11. The method of claim 10 wherein the single crystal
silicon of the first layer comprises a <110>
crystallographic direction parallel to a sandwich

direction of the first, second and third layer sandwich.

12. The method of claim 11 wherein the cavity comprises
at least one edge which is perpendicular to the sandwich

direction.

13. The method of claims 7-12 wherein the first, second
and third layers comprise single crystal silicon and the
second and third layers are attached to the first layer by

silicon fusion bonding at high temperature.
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of at |least one of the second and third | ayers at
| east conprises nechanical polishing. 5. The nethod

wo abosabesm 2 wherein the second and third | ayepeT/saatnd/000107
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conprises nulti- |layered substrates and reducing the

t hi ckness of the second and third [ayers conprises
renmovi ng at | east one layer of material fromthenulti

-l ayered substrates. 6 . The nethod of claim5 wherein

the nulti-layered substrates of the second and third
IayerSThenmethedstianp ofi- thaimhat br 8watkesehavthg &irst
glk silicon, and a surface silicon | ayer

S

ﬁ§F5t88m8§lﬁﬁ |ﬁ%ﬁ?§tor and reducing the thickness

of the second and third Iayers conprlses renmovi ng at
| east t e bul ilicon |a
stPi coft 8nm?ﬁgﬂaa?5r 3Bf@¥§ er?ﬁ% ﬁg?h8808?daﬁ9d fhird

Cléygﬁslc5mﬂb@éélBltheSQEQBdaangllhtbﬂ hﬁ&etﬁe second and
nprise a single crgstal mat erj al he hod of

cFBFﬁ@?lﬁM@Féuﬁth@t pAQEE EPyEPa|fﬁ£?Er%a¥eEo rpEgdic

Sbaﬁaengragtah sl big08d Dempdhgrieéhod of any of
cl ai ms 8 wherein the first layer conprises a single

crystal material. 10. The nmethod of claim9 wherein

the sipgbemgtdsiabr Maherbal cohihbe1fissynbayeh the
conprises single crystal silicon . 11. The nethod of

cEaPATTOMRERBABLAAL hackigl eleRgBt aFoEPYiEsR B8R fREive film

fLbsbriaysy &o e&%%ie%til%o%ucQM§tédééEEé§%¥£btlve material.
direction parallel to a sandwi ch direction of the

first, second and third | ayer sandw ch. 12. The net hod

g C'&EHE1$eEH8&ebﬁ &bslﬁaygtwhg gpﬁiégé 81 cLeAShefASNical

Ich 1s perpendicular to the san direction.
18ctihe ﬁéemedtofuctbenscqmnzlahérbcthMeaﬂﬁr§@p electrodes

%ﬁﬁglgﬂg §hEEg Laygls epfprise single crystal
S| t hie

I con an

18. The method of claim 17 further comprises at least one
intermediate layer between the electromechanical active
element and the outer surface of at least one of the

second or third layers.

19. The method of any of claims 1-18 wherein the active

film is deposited using a thin film deposition technique.

20. The method of claim 19 wherein the piezoelectric
material comprises a composition around a morphotropic

phase boundary (MPB).

21. The method of any of claims 1-20 wherein first,
second and third wafers are provided for the first, second
and third layers and further comprises:

forming a cavity array in the first wafer;

attaching inner surfaces of the second and third
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second and third |ayers are attached to the first
| ayer by silicon fusion bonding at high

woteispesst ure. 14. The met hod of any of cl ai ns BE®/SG2004/000107
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wherein the first |layer conprises glass. 15 . The
met hod of claim 14 wherein the second and third |ayers
coapersetsi nhteftrystwehfar| teoforandat efsecobndcland
third |ayers.are ched ot f nodi
bondi ng" Yléﬁn%l%g%?e en%%?% %%eééi%VéT%fémg%%g 89 the
anytet shataselofibawheeast ¢he ef eche osechadi gad thlrd
actrLve elenent conprises an active filmconprising a
pW%t%E?ec?H&c or an electrostrictive material 17. The
nethodd@élﬁ@atne16amberet@ckheoefefmr@npb@ﬁaltay of
ac lee el enent . further nprises_b it m and tog

Rt FHABECRARYGR hﬁiﬁ‘él?ﬁ% LA, g3 THaIhBt hod
ofaktatatidnfuyeher conprises at | east one
internedi ate | ayer between the el ectronechanica
active elenent and the outer surface of at |east one
0p2t hergecnaghes bhi tlal@ye! swhdPeidhehaethode of aanyy

of clains 1-18 wherein_.the active filmis deggsited
USPHBT ASEH| BLPNEAT 8L pBLPET ohOT eRFRY HE1I 28C TRRS he?Phdd

ofaGhal,m A9i MAey ehNlal hel BLEZOREERANL EallBHETi8ks located at
conprises a conposition around a norphotropi c phase

bbDREEFGCEAMPRY Of2dicTRg HERRBJARE @AYnSRtefafhBtE:2 0
wherein first, second and third wafers are provided
for the first, second and third | ayers and further
coApri Sbe metbedi Af aledwi 2y WRPEGIRNthACLiFFEt WakPE! ;

a&&ﬂg?kggslan?i Vr£§9§ﬁt8§ éb§?§§0899s€9ﬁ éblig$ﬁfﬁé§er
to the

I rst orma wafer stack rovid
ebndt eohendbhi dareationect| ehenetonpathe aLPes sar@bé@ned

o&léhlheﬁﬁé ??fl?fPigﬁegeg nghéngl iéd F@E@%? s @fcon

dicrngt waf er’ stac orn1a p ral
wafer.

24 The method of any of claims 21-23 further comprises
coating at least one side of the wafer stack to protect

the electromechanical devices from damage during dicing.

25. An electromechanical device comprising:

a support structure including a first layer, second
and third layers, each having inner and outer surfaces,
the inner surfaces of the second and third layers are
attached to the first layer, wherein the support structure
includes at least one cavity; and

an electromechanical active element disposed on the
outer surface of at least one of the second and third

layers.
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el ectromechani cal devices in parallel in a single
fabrication cycle. 22. The nethod of claim2l1 wherein
wotZdoes/maxsa7ty array conprises el ongated slots f®CT/SG2004/000107

providing at |east one cavity in individua
el ectromechani cal devices |ocated at intersections of
diei ngrie reelseancbmd drgateed sleotisie 28 .cTBven il howewdin the
R VT Vi 1T S Gt B S 1 g oetectric
CHﬁWﬂﬁiéﬂbdﬂrddﬁkf&ﬂﬂﬁﬁﬂﬁﬂimﬂhH%ing;&ﬂuhmukhamdfuﬁ1IdHE
'ﬁh? | a es of the single crystal silicon wafer. 24

Hhy of clains 21-23 further conprises

5 coating at Ieast one side of the wafer stack to

protect the el ectronmechani cal devices from damage
during dicing. 25. An el ectronechani cal device
conprising: a support structure including a first
| ayer, second and third | ayers, each having inner and
outer surfaces, the inner surfaces of the second and
third layers are attached to the first |layer, wherein
t he support structure includes at | east one cavity;
and an el ectronechani cal active el enment di sposed on
the outer surface of at |east one of the second and
third layers .26. The el ectronmechani cal device of
claim 25 wherein the el ectromechani cal active el enent
conprises a piezoelectric or an electrostrictive film
havi ng a thickness of |ess than about 5 nm.
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