SURFACE ACOUSTI C WAVE RESONATCOR Cross- Reference To Rel ated Applications
[0001] This application clainms the benefit of priority of Singapore

appl i cat iV80 2M0/052130907247-1, filed 30 COctober 2009, thePC®HIHGRM0/006418t bei ng
hereby incorporated by reference in its entirety for all purposes.
Technical Field 10 [0002] Various enbodinents relate to a surface acoustic
wave resonator and a nethod for manufacturing a surface acoustic wave
resonat or. Background 15 [0003] Crystal resonators have been introduced
since the beginning of $URFACEVACOUSTHN WK YERESGNATORUE tO provide the
essential reference clock for all electronic conponents. Wth the decades
of devel opnents, a whole portfolio of products have been realized for

generating accurate referepGRGERGKe T RLAST WGSBS, fixed frequency 20
oscillators, voltage conrr‘g%%‘l‘e%gcm‘i%mrrm—pw ) _ rammabl e oscill ators.
Coupled with the use of integrated circuit (1C), all the oscillators can be
conpengat tronj.cally for tenperature drift.. Wth a stable a
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conveni ent sizes and at reasonable prices. Recent 25 devel opnents have
at t enpt edrefgencspn ite sataetyfay albpurpessdnat or s, sone of which invol ve processes

conpatible with IC. [0004] Devel opnents have been nade to use
m crostructures within the reginme of resonators, by exploiting the

structures in flexural node or cofechpicakdbieddvi brati on (Wang K et al., "VHF
Free- Fr ee Beam H gh-Q M cronechani cal Resonators", J. MEMS 30 2000, 9(3),
347-360; Clark J.R et al., "H gh-Q UHF M cronechani cal Radi al - Cont our

[0002] Various embodiments relate to a surface acoustic wave resonator and a method

for manufacturing a surface acoustic wave resonator.

Background
15

[0003] Crystal resonators have been introduced since the beginning of the previous
century and continue to provide the essential reference clock for all electronic
components. With the decades of developments, a whole portfolio of products have been
- realized for generating accurate reference clock such as resonators, fixed frequency
20 . oscillators, voltage controlled oscillators, and programmable oscillators. Coupled wi‘th the
- . uSe_ ef integrated circuit (IC), all the oscillators can be compensated electronically for
‘ temperature drift. With a stable and miniaturized clock generator, portable
communication products such aé mobile phones, Bluetooth and WiFi devices can be
introduced commercially at convenient sizes and at reasonable prices. Recent
25 developments have attempted to fabricate smaller resonators, some of which involve

. processes compatible with IC.
[0004] Developments have been made to use microstructures within the regime of
resonators, by exploiting the structures in flexural mode or contour mode vibration
- (Wang K. et al., “VHF Free—Free Beam High-Q Micromechanical Resonators”, J. MEMS
30, 2000, 9(3), 347-360; Clark J.R. et al, “High-Q UHF Micromechanical Radial-Contour
 Mode Disk Resonators”, J. MEMS 2005, 14(6), 1298-1310). For these microstructures,



Mode Di sk Resonators", J. MEMS 2005, 14(6), 1298-1310). For these

m crostructures, electrostatic force is used to drive the mcrostructures
at certaiwonesdydasde node. Figure 1 shows the SEM i nage®CHISGROEDI408t at i C
driven mcro resonators of the prior art. Figure 1(a) shows a

cl anped- cl anped beam resonator structure 100 and Figure 1(b) shows a
free-free beamresonator structure 102 operating at the flexural nobde of
the structures while Figure 1(c) shows a disk resonator 104 operating at

t he cont oglectiR@fc ferc@Bhise® BHRAhdInERGuEhAR UEEGH in TONBHES modd Figes!p! | Ng
coefficient of these mcrostructures is weak and generally dom nated by the
i ni mum o?howarth@)\ﬁ/%’éenmswﬁéledegst@}w driisnimigtq Esonaters 9f dhe pragr, art Higure
mcrostru c nt due
Fo the. sorrhou A UylcHcrlel S Re Rub it IEihd, BRI ShARTET
convent i ofred-frec berom ncsnnatelclstamnsmlog oIperatmg apitezideiued tmode ofsthesiradturesuch as

that for byl k._acou wav e A res tors. Faor,these respnators,
o oo S EREREE) SR obB ont 62 PR G Rin Bl ok B 00 Prshibher 10
force theevehhighed! fesubicy0 RYwWakvEr, ahe dowink Ad0BATCREDVENEE e MR ostiEEgs 2 Shows

the SEM i mages of bul k acousti c wave BAW resonators, with structures
vi brat i ngveak andeeagiaily demipstrd byt the prinimuay oF BRTY, @ap inothe Hssign &bsicatin. ar t

(Piazza , i t u N I Based
on Cont ouqrn- P %nl él%"ge g}é)t%frn?gﬁlgse%a?gl aﬁ{l?& (I?/%QI\% %oﬁ@?@f% vggﬁ‘%" 328).
Fi gure 2(eiviretvoers daie to thg serypes astdaumtngroeuszﬂwymé hardw gape 2(b) shows a plate

fl exu ctur 02.. For W resonat ors of, Fi.gures. 2( and

(b - € loBBE SRS PREerEREY e Dilr Frecheniays I S RpEour T el by

struct ures. thAs foheulkTREsIRNE vl (BEW) eRedtatdds. SFbS thife irsdoandal YpaRE@per t i onal
to the el ectrode area, tuning the_i rrpedance of the resonators would require
al tering $lefdroge é%‘fﬁeééfee’éﬁ“ééhe Riggpelrsicanateraal apd i fores the siructwigs tosoperigever
this woul g Al&fif RABEIRCE ModeC FRARND hb&EURNSEM imd g Jf%ﬁnaédagnéwau tures
Therefore, there is a challenge in trying to tune i npedance wi t hout
subst ant i @A‘-}’) chseraionigvith etryctyonaibrating ey rwcgrtoun:mpdmelrthe Wiekurel BAdK, of

resongt or he tegrated W, reducti on resonat ors
can ofaﬁt t?'a rnE() ca e Ip r@sgn%{t’orrss glfle Ch@p@@fﬁ%ﬁre& encHeAﬁgelglque\Es(A:\;/ﬁllfo? each
bat ch (| eBaseﬁCdm Gostomvieioye BAdAbEleStEin R e36ndtérst, e MENES Dm’A;IIGtaa)s 31no28pme

r esonant c 100061 Fil m bu acoustic r nat or R) js anot her
t ype -of SO A %ewﬁem.twwmae% Itlﬁ)egﬁlrga éﬁzﬁ o Pé?‘ﬁ exraliype
respecti vsemMazoz %ﬁmewwqeﬁinae&sewmgures i(la MdbK R eamamtStdgaedggonat or
(FBAR) 300 and a neasurenent plot 30 ]%;oto 304 of theqF 300, of
t he pri ordefingd bpihe shapgof dhe msonatwmequrqShAet m@dm@eRefstbﬁaqsenatoweehnol ogy
for Inte I I JSSC
2006, 241 (19 DidptloRE ol ales il ot e Bae B AR R Muid ? 001
vi br ates IaQultdqeltéﬂﬂgclhﬂedecmmddareamaduhﬂgcet fhatresdnatmrwtmcmsds Hlomkerreslssl S an
i nteger mul tip wavel e the acoustijc way €. era ed.. This
mechani sn¥’ %%III |58F8 hﬁ‘%@?‘ﬁ’&ﬁ@%‘f@“"é’o‘ﬁ&‘? rﬁ@Of@E?éF??%Pf&ﬁ h?rg\}%al ar ger
t han - 1000chgueddet i tf"ﬁﬁg e neieefie lifpédiBed WaBORT §ubstaktidly d}eﬂ%ﬁ ltIEb Alsommpher e.
The process itself is intrinsica | C conpatible. For the FBAR of Figure

|y
3, the rclsunangy Freberendile nBs‘\‘Uéﬂor%@rwaY he intpgrated wath K, bakel produgfion
Ther r WY I ectrode
ar eaejsgnd fhﬁeﬂ?elleﬁg Q)?éegagln%{l o?agis%% g;%?tﬁ ur essop%o%s%%eg%mﬂ af G ﬁ]ﬂ]e%&g' tf(c;)%lant
f r equencyeach bateh (FeBedh ahd evenypBA Btresenatdran BiiY/Yanesatctt bassthofsalﬁt gsommt 2( a)
and 2(b). fHowev batch production of FBARs can only fabricate FBARs for
operation TR frequency for each batch (ie. each and every FBAR in the

same bat cjo006ISFilt dukkedtBustRsesvastor (FBEARERCMpthetl e tof résofatsH EBnlvadtidnBlly fil m
deposition process used in the same batch.

used. Figures 3(a) and 3(b) show, respectively, a cross-sectional view of a film bulk
30 acoustic resonator (FBAR) 300 and a measurement plot 302 with a photo 304 of the

FBAR 300, of the prior art (Dubois M. et al., “Monolithic Above-IC Resonator



100071 Recent devel opnents of resonators have al so included fabrication of
surface 15 acoustic wave (SAW devices with reflectors on top of CMOS
processeswQROHdIsgRsB. A. et al., "Mdeling and Fabri cati oRCHSGOMIBIBUS f ace
Acoustic Wave Resonators"”, MIT 2007, 55(5), 992-1001; Nordin N A et al.,
"Design and I nplenentation of a 1GHz CMOS Resonator Utilizing Surface
Acoustic Wave", | SCAS 2006). Figure 4(a) shows a cross-sectional view of a
CMOS surface acoustic wave (SAW resonator 400 while 20 Figure 4(b) shows
an SEM i mgg& bRy br RudgMil RAMEEIRIA Riobil®tind Mardidsk @ﬁgﬁﬁﬁnicgﬁﬁ”,WSEQe.ss
utilizes the metal layers fromthe CMOS process I n conbination with zinc
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to an enbodi ment, a surface acoustic wave resonator is provided. The 15
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pfocess utilizes the metal layers ffrom the CMOS process in combination with zinc oxide

(ZnO) deposition and etching to fabricate an SAW ‘device on CMOS, which can be

integrated with oscillator circuits. However, the film thickness is much smaller than the

wavelength, thereby causing the energy to penetrate into the substrate. The measured

25  quality factor can only reach about 200. Besides, much of the device area is occupied by
the reflectors present in the device.

| [0008] Conventional resonators, including SAW resonators, may have one or more of the

following disadvantages: (i) low coupling efficiency, (ii) high DC biasing, (iii)

- requirement of reflectors and the associated large device area (iv) high level of vacuum

30 packaging, (v) one resonant frequency for each batch processing, (vi) requirement of

conductors, and (vii) incompatibility for operation at the gigahertz (GHz) frequency



20Bri ef Description of the Drawings [0011] In the drawi ngs, |ike reference
characters generally refer to the sanme parts throughout the different

vi ews. ThwOodoawisszfs are not necessarily to scal e, enpha®C3/SGasi®daahis
general ly being placed upon illustrating the principles of the invention.
In the 25fol |l owi ng description, various enbodi ments of the invention are
described with reference to the follow ng drawi ngs, in which: [0012] Figure
1 shows. SEM i mages of electrostatic driven mcro resonators of prior art.
[0013] Fi gugeorhighedwsodsEb hirawak fedqubitlyk Idgdditsdn, Gonvei@orlaBAXIY FRseAgk0r s of
prior art. [00%3% Fi%ure.S shovis a film bul k acoustic resonator (FBAR) of
prior ar thavgesplgbrgated With thexr elgsgpdeshusied yadansath ba aiczoslesinamatesal. SEM i nage
of CMOS s C ' 0, | . Fi gure
S i 11 ust 10 LR FBee UL e NANE (PN ey ER ARl BT Ab ipos IS C

6A- 6D shoamdgubeded 2 simplewsy of fabrisatingaigh frepesty esamtes. l&sngatiogle naskor di ng

ne. embodiment. 1 0018] Fi 6E shows.a schematic top view of
Sur  ace aBotei g gsePal Gk B Saiesy 4 ity Gn b ant hantad Yoot

Fi gure 6HraduwencesShly ibeadifinedHovaet, rmefletorofard Behvahtidnallg réfiened tth Gedid¥ €
resonat‘ori, according to varjous enbodi pents. [0020] Figure 6G shows a
schemat i cthe 6pergy &ss gnd thegereflegiprsiceeny  Huge peunt af aisn e Mg devicesrand|my

pattern, QAcGRAfiH8ddvRe RSt Fpehadh Bl fr%qgrgq%lln dddHne thé xﬁ;h)(?l\f’@ tédeposit
cross-sectional view of a surface acoustic wave resonator,
- sufficiently thick piezoelectric material also creates a barrier to integrate SAW devices

10 with integrated circuits.

Summary

[0010] According to an embodiment, a surface acoustic wave resonator is provided. The
15  surface acoustic wave resonator may include: a first electrode and a second electrode
arranged in a ﬂrst layer; a piezoelectric material formed in a second layer adjacent to the
first layer; wherein the piezoelectric material is electrically coupled to the first electrode

and the second electrode; and wherein the first layer is free of the piezoelectric material.

20 - : Brief :D'escription of the Drawings

- [0011] In the drawings, like reference characters generally refer to the sé’me parts
throughout the different views. The drawings are not necessarily to scale, emphasis
" instead generally being placed upon illustrating the principles of the.invenﬁon. In the
j25 following description, various embodiments of the invention are described with reference
to the following drawings, in which:
[0012] Figure 1 shows SEM images of electrostatic driven micro resonators of prior art.
[0013] Figure 2 shows SEM images of bulk acoustic wave (BAW) resonators of prior art.
[0014] Figure 3 shows a film bulk acoustic resonator (FBAR) of prior art.
- 30 - [0015] Figure 4 shows a cross-sectional view and an SEM image Qf CMOS surface

acoustic wave (SAW) resonators of prior art.



according to one enbodi nent. [0022] Figure 8 shows a flow chart
illustrating a nmethod of form ng a surface acoustic wave resonator,

accor di ngvoa@ouAsB23as enbodi nents. [0023] Figures 9A to PBETSGAN0/000418
cross-sectional views of a fabrication process to 15 manufacture a surface
acoustic wave resonator, according to various enbodi ments. [0024] Figures
10A to 10D show cross- sectl onal views of a fabrication process to
manuf.acture a surface acoustic wave resonator, according to various

enbodi meni0e16][ Ags]5 iHugtited tHe]perEgaﬁoﬁbMiaéé soustRtwaves. a surface acoustic
wave reso[?ﬁ ﬁr of one gnb t. 20 [0026], Figure 12 shows a plot of
resonant WBYE Eause 0anaD #’ﬁé’dé maflf SR OY 2r BERSRASOISC VA ESBRRiPTent of
Fi gure 11accQ‘ah%'tb%ﬁe BeB6ditehd on 25[ 0027] The fol |l owi ng detailed description
refers to the acconpanying draw ngs that show, by way of illustration,
speci-fic [8818]iHigurareE ¢ arschematicntophview afhe surrﬁacsmqooﬁlcnwyvmeesma@tl ced.
These 5e g{)ﬁem ts o%% gmgg&;lcrl bed in sufficient detail to enable those

skilled if 0 prac Tfae the invention. Cther embodinents may be

utilized [GOID]SRIgwetGIF adhpwb OgfEMalmages bfetlectiddes adf tHeangEre NByuliR Made
wi t hout degoartl n% m t he scopeh%i)of the invention. The various
enbodi merfEONAI08S, Agfording tswations emhodipsntsy excl usive, as  .sonme enbodi nent s

can be cogl SYk% SH¥v SO scRBiStiOtop Slieve 8P PhiFRy! teﬁ:cﬁ@décsq{flm Re¥hcentric-
enbodi rrents 28] Various enbodinents may provide a surface acoustic wave

(SAW r es%mtaopatm dewrdiag i ore erebaslitned) y | nproved perfornmance and an
ef f ! Cf ent OH?g(ﬁ%liﬂjehP SH&VA % rgéfs%{:th(yﬂa Q?e"d\; ?r Mr}'a'ae a%gllljs(%%dwa\;e lreesgga Ol'sone Of

t he assoc sadvanta es rren resonators evl Ces.
accordmg to one embodlment

[0022] Figure 8 shows a flow chart illustrating a method of forming 5 surface acoustic
_ wave resonator, according to various embodiments. |
[0023] Figures 9A to 9F show cross-sectional views of a fabrication process to
15 manufacture a surface acoustic wave resonator, according to various embodiments.
[0024] Figures 10A to 10D show cross-sectional views of a fabrication process to
manufacture a surface acoustic wave resonator, according to various embodiments.
[0025] Figure 11 shows simulatiqn data of a surface acoustic wave resonator of one
‘ . embodiment. : | '
20 [0026] Figure 12 shows a ploﬁ fof resonant mode shape and impedance frequency

 response for the embodiment of Figure 11.

Detailed Description

25  [0027] The following detailed description refers to the accompanying drawings that
show, by way of illustration, specific details and embodiments in which the invention
may be practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention. Other embodiments may be utilized and

‘ structural, logical, and electrical changes may be made withéut departing from the scope

30 of the invention. The various embodiments are not necessarily mutually exclusive, as



[ 0029] Various enbodi nents may provide an SAWresonator and a nethod of
formng the SAWresonator that address the integration issues of

convent i on@l2origssasat ors, while al so elimnating the nee@#Cr®G2aoreddigct or or
reflectors for the SAWresonator (ie. a 10 reflector-less design or a
reflector-less SAWresonator). Accordingly, the absence of reflectors may
reduce the area of the device and may lead to relatively smaller resonators
and devices. [0030] Various enbodi ments nay provide an SAWresonat or

i ncl udi NGsondPbRBARINGRS chis bEBEAbingd with dhe Rir 97626 bR EmbodihleH sl t6mb Raly MY
generate and d1131,(]§l0pagate surface acoustic 15 waves. The piezoel ectric

mat eri al - e®Pezoel ectric structure i ncorporating a piezoelectric
material - f Q f, 0 eI ectric
mat ori al @ist*r’%‘é%dar%ﬂb%ély o B S My B TR AT A R B
The free &avicedwity raktivdle imggesd gerformanté and war dficienthesel ofetheedbyéce, aremy

provide a sjmlar f t hat of therefletor in con tional
resonat or‘é’ld‘% ous ]re‘{}’ﬁ?‘?éhieaétn%m e asﬁ%ﬁ}atﬁ‘i Hsedwniage R%\/‘F%?IB’H%Htor

wher e t herepbrRZR€beddvides. mat eri al or pi ezoel ectric structure is

substantially configured to levitate at a distance froma substrate of the
r esonat or [00 ?&r Vesempmbodiments mppweovidrears SO respratossandha msthoderfdpgyingoss

t hrough t i f l ectric
mat eri al . J(i)lr@ S?tl&?ﬁ%%ﬁtrag)rt er e&gégem%rq%%?gtel%n g&selag)\sftcmk% Pﬁmg r?%oggtto ?ghg&glgr face
acousti ¢ alev elimEBivg tBS nsed dat arrefledt@vor adflengrs fie thieeSAHW eesbnator (imt eri al or
structure ovi,de free baunda oel ect i terial or

ot r ol e TEaPleRt et f BrgTaaR b SAYE A uBrEPs AcESUinely. Bt alriv L

i ncreas EdreﬂB@bistrHa}f REGQY theBa BE tRRVRY 88 mhi lead db tdl@VelVahdIRY fesEdiGdi NENt S
may provide appropriately positioned supports or mcro-supporting anchor

st ruct ur edddsVIgER| ni ze energy loss through the substrate. 30 [0032] Various
enbodi nmen V. f 1 : j St ens
(REVEND) 1 e e B A G WAL & i8IS

m croel ecmat@rrdchammfabelsvsc enscv@wEﬂ@) mfaalgehcratei ad pmpdfgaﬁ: swidkalcostdte a
surfag acoust 1§§ pat o] ice, ‘I;he abrication of the
SAW r-&songat or s ptbeiézo% ‘et eﬁla eﬂ‘? bé’t‘e@ﬂe 8%8? at TR o™58PS l3§e8usl y
reduce t hpewewduaimaanﬂeﬁaty fuhd¢tioaddi Iatshffﬁbe adlistio Gvaivl encliadbi. iThatpicdelpeteic ess,

vari ous enbodi ments may provjde flexibili y to t e th resonant frequency

of the SAMpEBLLABSHREUTE,BIaYhavegsubsiantiallys r@‘ﬁt‘i’SHF yedgeov i ke f’&eprocess
conpat i bl Gyuiiidy at fhel AEEXah btier F¥BlisAnE et elfek %& :%vﬁreqcsﬁﬁﬁarffgﬁctfoﬁ%l cating
SAW resonators on | C processes. [0033] Various odi nents may provide a

bat ch pr obesafithgrefleetatsdn gpnventionadresenajas.y | ar ge flexibility to fabricate
SAW r?(? Onfﬁ)Q{]SVWl(;LE gl‘ngod%grﬂg n{a‘?/sﬁ%ﬁé B@W pe%bn?a%onj théxjgethe piezoelectric

material or piezoelectric structure is substantially configured to levitate at a distance from
a substrate of the resonator, for example on or above the substrate, such that energy loss
through the substrate may be minimized. The levitation of the piezoelectric material or
structure therefore provides a substantially floating surface acoustic wave (FSAW)
25  structure. Levitating the piezoelectric material or structure may provide free boundary at
the piezoelectric material or structure, and therefore the need for reflectors is eliminated
and an increased quality factor may be achieved. In addition, various embodiments may
. pfovide appropriately positionéd supports or micro-supporting anchor structures to

. niinirfxize energy loss through the substrate.
30 [0032] Various embodiments may provide a radio frequency microelectromechanical

systems (RFMEMS) resonator. Various embodiments may provide a



10 sanme batch. In other words, the batch processing of various enbodi nents
may allow a plurality of SAWresonators to be fabricated in the sane batch,
wher e eacWo3MWsezsenat or may have a different resonant PCESGOIO¥0419034]
Vari ous enbodi ments may provi de an SAWresonator and a net hod of
fabricating an SAWresonator that may allow rel atively easy determ nation
of the resonant frequency 15 of the SAWresonator, by determ ning the phase
vel ocity and the wavel ength of the surface acoustic wave. The phase

vel oci ty mgYodl@tdaichdnidae byhase AMEME N GabiAR6H tth@&BoPfto tABridHRE &F kg e OF
conpositions. of materials, such as the density and thickness of the

pi ezoel eciepgticrEaver(SAW)agepnates of devacedThe faricationrnd diec®A W tesenagore imag de or

generat es - SHE FHe e be ' i ned by
Phe por i ot A RERRERHARF0 Y e DRIARUEAREL MBI DL I BIARIES 7 e
peri od of during thefardatpnt plocdssavsus embodiynehs mief proetde Hlexibilitytth agteathby
process. [0035].Vari ous i ment s royide. an SAW.resonator or device
Phat riay ‘SHEAR Boumel TGP Rl Fapralers st VAvices eppaBien s iy Hsct or
and that gogasefiObtorhSfiBld @ith NAGHHTARINY Aidd ARt efeRlivOpeicald R fabh@ddyal i ty
factor or factor describes the danping 25 of an oscillator or resonator,

or equi vabAM rejonataysem G BrOCesses-a resonator's bandwi dth relative to its
t f i Ly, dndi . |
L T e

rate of e relative to e stor e oscil
Var i ous elatgediaxitity twefabricates B4V SAMhatesomigh differemt tresoaarUadquenciésamt the  of

about 700, I n fuyrther, enbodi it t he SAW.resonat ors,.may have qual ity
factof’ i ?nsafl}?gbartcghéj‘é Oi'her é{‘f%‘g"f %%?lbprfﬁﬁﬁlflgfog rvaggusgmpginmens gaéf%’éﬁ 2 about
400 t-o 708ulityaof &OW REoriisitio MOfbecKEDGr thBe!GhmE NAtcht Rehepi@hdht BARRRCT OF
may be about 400, about 500, about 600, about 700, about 800, .about 900

or about rf%’@?orwlﬁﬁ%a éifff%fcﬂt FsApant Ffﬁ?“eﬂ%yi de gi gahertz (GHz) frequency
SAW r'eson@b A{]SVQMc;uQ efhbb&infehts e{g%’;?rm/ilgg axﬁ §QIW Pééﬁﬁﬁ&ﬁﬂ_a%ﬁoi?ﬁyfflﬁgaﬁﬁg

relatively [ower power and re ve ower phase noi se 0s ators?. [0036]
Vari ous esmbAWmssirstanghat pray\allde relatively kasyelerminaton eftbe easpuant fiequancy , f or

5 ex le dn t or m of chip,.including th onbi,nation of th AW

res o(rgil{a%'g)orostl tgl F eV f:eé%na? Tt ﬁyl%%eonﬂg"?%gwsi’ © 6’Fﬁ’fﬁ%' apf} iqge iwsavalgﬁgﬁ aqefl 'ge

r eljat'i Velhs)ﬂrﬁémladousthﬁwm. ﬂhe@h&kivgl(’;)cﬂfl nhl?&)g&f&i@:&iﬂéﬁ)ba?ﬂb(ﬁﬂhé ipRsheftith of O
reduce t production cost. In ition, during the fabrication process,
vari ous e'ﬁ*ﬁd@ﬁtﬁéaﬁﬁ or r?ﬁ?‘PB?IB%Sd%faf’}a@ﬂaEi Prahy as ge; density pad thiskpenofthe quency

of the SAWNRREAR!MALEriall8H (X @IRSitaltRAnlRRES BR ScchePbiifcdbiatet R suPAY
resonators 10 in the sane batch, where each SAWresonator may have a

di f f er entacpestisnaare. fPhequeayrlsngtiruayhles defeeninedibli the peddd ofi the inexdigital ow t he
I nt e%oat 't?zﬂls&%jcel;. E%F§zlr{%8§ e%%%ﬁfn%ks? Ql?ez iggrgéa doié"tl#ehin &{r?%{talsgggsﬁgger Séjyc Be as

radi o frequency ranscel vers, e unc nal Irties.” vari ous
enbodi mendefinadipy plichoigelphgp psagedsace acousti ¢ wave (SAW resonat or or device

]]: ?; qﬂZﬁ. C;[%t)%])c\ll e?r?olﬁs %&b&'ﬁﬂeﬂ rﬁg}l ro@f&g ag' lSSAC{Narg‘so%atlog gra (!lev?cséctilalltl n?éyocr)pefra% radi ©

in atmosphere with reasonably acceptable quality factor and that does not require a

| vacuum environment for operation. The quality factor or Q factor describes the damping

‘25 of an oscillator or resonator, or equivalently, characterizes a resonator's bandwidth
relative to its center or resonant frequency. A higher Q factor generally indicates a lower

rate of energy loss relative to the stored energy of the oscillator. Various embodiments

- may provide SAW resonators with a quality factor of about 700. In further embodiments,

- the SAW resonators may have a quality factor in the range of about 400 to 1000, for

30 example a range of about 400 to 700 or a range of about 700 to 1000, such that the:

quality factor may be about 400, about 500, about 600, about 700, about 800, about 900



15systens. [0037] Various enbodi nents may provide an SAWresonator and a
met hod of form ng an SAWresonator that are CMOS conpati ble. [0038] Various
enbodi merwe 20ay05pasevi de a fabrication process or proces®CmgGopwrat4ions t hat
use two masks, such as for formng and patterning el ectrodes and formng a
20 piezoelectric structure making up an SAWresonator. Further enbodi nents
may provide a single mask processing operation to define a piezoelectric
material - for.an SAWresonator on |IC processes for |ICintegration. [0039]
Var i ous: egib@shierios. Vayioa ¢maBbEaRAtd Shiy @P&Mdléjgifgﬁl‘féﬂzr ESHPPRqSenty Wi ces
with a reflector-less design (ie absence of reflectors), a reduced device

area or sfesenaters with 4 rejasiyalydichenadity fagtos s playiafier selefivebslomsr ppwendndt may

operate i g;g@q i £ af.eqQui ri ng vacuum packagi ng and resonators
wi th no rgﬁurr Aﬁﬁyé%ﬁgﬁépgﬁ%géﬁgghigh vol tage DC bi asing. In various
enbodi menf(®36} NMeriouspedbodiments hine pBAWe esdodt gendrstionnyyasteseloy gircapofdri onal

to the electrode area or the,area.of the interdigital t ducer (1DT)
ol ual oottt i BuRl o & ehle drdtt D cRHGR oL e SN TGBHPRITy ¢ he
i mpedancedé&ficed wiOIRAsChé 6idé bf heTh s igdngfly RlatRBlyARRMI( BACKE prluctihesref or e,
t he i npedance of the SAW._ resonator should be provided to match 50 CI, by
varying tHe dicmeydee garegd ouh toreiice tthe prdurtiemcestafn efditien duringnidegy
transfer DELWRRR brBeess Ve %Hﬁb@iheﬁ&dm%gi 4 hEGhity «d A& 0he IBoia:! OUS
enbodi nents, the SUrtace acoustic wave resonat or may i nclude an

i nt er di gi frequencyaoSttie SAW fésDidtomnidr exqmpde, oe fabeicate @ pharakétyiofllSAGV resonators

e e e

acousti C' P@rh6R) MathQr prodyctis nteyilloGUhe thié@attVeT tRe SlbEkIgénerRionkostemt he | DT
is arranged in a first layer and:the piezgelectric material or structure is
for med i nWithothes syptemsy spcthay sdionfrequsngyhRB)jtragscervgise for afded fynctipnalitier nay
al so be rohgsiednidifentd By HrbAke _Ll%macembhﬁict‘bs‘ves(%gwrés@ya%r bvidleSO be
referred to as the 10 piezoelectric material layer. The I DT and the

pi ezoel ecforiuse ama stdck|or dimigg chiptand ealseeas o locah ascilletoo dert iadip feqrenst (ROt ur e
Wnerelg h(éspgletranzsoel ectric material or structure may be electrically coupled
to the | of the pair of electrodes of the IDT such that the | DT may
excite a [OBTRVeariaBrEddimaAy tal pr@fidPag SRSV résonatgharal a aiethddeofSforhiage of

t he piezoel ggwl c mat e{li al élgd struct uélg. 15[ 0041] In various enbodi nents,

t he pi ezo®l regonpigrdhat are GMQ3 compafiblet 1 ¢ structure may

[0038] Various embodiments may provide a fabrication process or processing operations

' that use two masks, such as for forming and patterning electrodes and forming a

| ‘20 | piezoelectric structure making up an SAW resonator. Further embodiments may provide

. a single mask processing operation to define a piezoelectric material for an SAW
resonator on IC processes for IC integration.

[0039] Various embodiments may advantageously provide SAW resonators or devices

with a reflector-less design (ie absence of reflectors), a reduced device area or size, an

25  impedance matching capability and resonators that may operate in atmosphere, without

requiring vacuum packaging and resonators with no requirement for relatively high

voltage DC biasing. In various embodiments, the impedance of the SAW resonator is

inversely proportional to the electrode area or the area of the interdigital transducer (IDT)

including the electrode or electrodes. As known in the art, generally, the impedance of an

:30 RF circuit design is set at 50 ohm (50 Q). Therefore, the impedance of the SAW



be substantially configured to levitate at a distance froma substrate of
the resonator, for exanple on or above the substrate. In various
enbodi merWe,208A45B258f t he pair of el ectrodes may be subsPamiSGaVI0PoEdRf i gur ed
to levitate at a distance froma substrate of the resonator, for exanple on
or above the substrate. 20[0042] In various enbodinents, the first |ayer of
the DT including the pair of electrodes may be free of piezoelectric
material or the piezoelectric structure. In various enbodi nents, the
pi ezoel ectdsbratdredhBhide Povidlbd & Al S8, BE vERidEfe ¥MKolld atdCins&aaNd | ayer.
I n various enbodi nents, each of the pair of électrodes may be conbed-shaped
and the pacitae apeleativegpergyrirgndier herweendleedSAW meonatirend thyi Ratieahitpat t ern or
struct ur eggal ri i pr.ovi.di arate first |ayer
conpri o1 il FEAHSeBaAER, HERTeceBtAiE AT B SR3EEMot bl T o
may provi aleimteldfital ehnsdocee (IXT) drdex plekzdeldcyrid material 6ga phezoglbase skadtoei ty of
the surface acoustic. wave, Dby var){i be densjty and thjckness of the IDT
and the plEYRErabag pipiezagledlyic patertal. 1{}%6 MG AT 8 pair o gisatredssead may
substantigd forteliafondhl. e sRfRZORLEGH WA eRIRRIoR Ima bed ShfigRi¥Al BARGL GCL i C
structure may be electrically coupled to a substantial surface of the IDT
or a subssteustyre|wherg thec EDbfis aftangedtiaralifiggt tlaee dingathe pisfzodeestic moaterdalsarch t hat
an el ectrj E pl.i : interdiaitate i I, 0f electrades may
i to o ERrE hed BRRELER I WlRel LR ol BE AT e B 0% e
surface ofeférted 1oi v del metal layenathileitht sedond Heyeapi reay alse er feferfedr toCisuthe.
10044] In further enbadi nents, surface acousti c wave resonator nay
i ncl utte aP'*%° ?Cﬂ?cdpﬁtfvgd?yqr[ﬁ? '@Bﬁﬁﬁg}éﬁplﬁﬁ’e CQTCH‘QFQS“%@F girugtaredpay,torry
pl ural itya ofsdoaifg ahicAR@actuRN wheRl W lpidz¥eleftrifBherihiRVer Sructife Ryl ity of
| DTs may have a correspondi ag_ pl ural i ttylof pi ezoel ectric material's. [0045]
¢

I n the cofleesealbyrcopnled dothed Pl guitheprinof dersrodes ofthe IRT such thatdbe IDE magve” may
mean -an agQusti V. j f ri i biting
B o R R

t hat t ypi materigl @tesomgtsreexponentially with depth into the material. As the

acoustjc ropagat es t.nrough or on the surface of the.material, any

c hanngs t @gﬁeﬁcﬁ%‘?gﬁ: F‘E‘ﬁ?‘i‘ﬁ%‘é’ be pﬁ‘?gaﬁcrtﬂf)gﬁ agﬂr 5‘5%%5‘??%? BT Maye

vel oCi ty BeslibefanfdlBl édnfigbre@fto 1dVRratday @ distahck FOhi #RikstuaR! JfdRe rdsbi@utsrifdrace
particles nmove in ellipses in planes normal to or parallel to the surface

and par al PEMAI©oR peabgie Brersmbitraly In yasiqys spphedimients. cash of fe paiof slestradey at
shal | ow .dﬁaa%, lbé sublsPnBalliPLdrPiduied tb RARRTaRH Bistdnes b g;'tae%ﬁgﬁﬁp‘sr thle r}%stoggtggﬁt erial

nove in snmaller ellipses wth an eccentricity t anges wt At
gr eat er dépekample e opahavethasubeitdton becones prograde. The depth of

3\/;82: Eedng'?@bg?]l ﬁnﬁvlél?‘is ﬁggng%%dirglg%ggtples gllrsi}vga\y%lrs of RETSF Iuﬁ:%(ﬁrllg th%%l::]uarlof teﬁac%r(r)] es
: may be free of piezoelectric material or the piezoelectric structure. In various
| embodiments, the piezoelectric material or structure may be formed only in the second
layer. In various embodiments, each of the pair of electrodes may be combed-shaped and
the pair of electrodes may be arranged in an interdigitated pattern or structure. In various
.25 embodiments, providing a separate first layer comprising an IDT and a second layer
~ comprising a piezoelectric material may provide relatively greater flexibility in tuning the
phase velocity of the surface acoustic wave, by varying the density and thickness of the
- IDT and the piezoelectric materi?l.’
[0043] In various embodiments, a substantial surface of the piezoelectﬁc material or the

30  piezoelectric structure may be electrically coupled to a substantial surface of the IDT or a

substantial surface of the interdigitated pair of electrodes such that an electrical signal



2000461 Figure 5 illustrates the surface acoustic waves and their
propagations. Figure 5(a) shows a Rayl ei gh wave 500 and a plot 502 of the
rel ati onsWDRPDESISEN t he particle notion and depth asso®CASGAOMHODNH1S he
Rayl ei gh wave 500. For the Rayl eigh wave 500, particles nove in the
vertical -shear node. Figure 5(b) shows a Love wave 504, where the particles
nove in the horizontal -shear node. Cenerally, the phase velocity of the
Love wave 504 is 25 slightly faster than the Rayl ei gh wave 500. As the
surface agplisd ite theaiuredigitRed puif bNelectivdad mah @xsity brogederatd € kilirficB -apb@iie
anpl i tude when gener at ed by a point source decays as N, where.r is the
radi al di Y8%ndQ Pranageiss trquighser Pac@ev@i\‘i@ﬁe fbcthy ” pigraslesirisumptagial 1prihgt ance
than do bubk epauiSauiteh spread out in three dinmensions froma point
source. [0047] In the context of various enbodi nents, the term"resonator”
may nean B)Odﬂvhlc’élr@@o@n@Oerm@mthmaurfwhad@mt@ MAZ© ITasonetor vnmar endlike devi ce

may oscil |.at onate a ive I arg i cul ar
freque5(r:10|%1 al not;/vil’”l]fl:lssarl“%n§e 8§3nsén efnrk,\aéuaeyﬁf: %gpur 6%)%?@3‘ ag%éit%ﬁrﬁl i tudes
of the osp:uialh@t bDngtailayean The phuralivy IfrIBJYans Rsve Acorespomiing plmylithefused to
excite or generate waves such that a surface acoustic wave resonator may be
used to glé‘ﬁ@eé%@cs’ﬁ?t?%%% acoustic waves in a nedium The waves gener at ed

may have @n@sal Tl the [oRBYEBE V&iTous (AR Imdns, HhE AMa¥hcLhcoudtd %se” may
enbodi men the term "piezoelectric matérial™, as known in the art, may

mean a nemean al aqohstic wane tm’VGhnE: elong th?l sutfgee ofa m@p@h@@nhlbnadaa}wm fod force
or st Ess an e |t u in the di nS|on of
ohe ol o g AP ERAL AP A0S TR DRE bl LBt

al um.ni unwith 'dépthiihté ﬂnth)xateﬂaIMS th)élad@.ls(lzwﬁi'e prlopaghtesithroagiabdcon tht sn@ice of PZT)
quartz (S| 0%26 al um n %L marsenldE (Al GaAs)., gallium arsenide
(GaAs), s frialatyi e%. )the (chracienstigs o @proa%garlpﬁ g eetciR) |

} : tglr y?et@éns%dzaana/o@ lainpBARE of Ithd m\wﬂm iQR8pie s()had\ll@&?aurfagé)bmrey iAgng
u I

or any other materials that exhibit piezoelectricity
ef fect. TeHpssh elméqné%:tnpmal riatasriagllehty theesysfagq iagd dparatiel irethieodiraction af

piezogd eﬁ%k{gaﬁ&% Ugt e su%ﬁ@@&?@%@&ﬂaﬂgwt ! ﬁﬁ%glo?ﬁh il ﬁet@h ! Bhaicibbe

pi ezoel e er|a or structure may be in a square, a
r ect angl edeeperaincthe ehateridtonwaeein, smalles blbipsed witch apmcmnamgdhaﬂ’latangésethh
plezoelec ri.c materi re may, be in an or, form. . The term
'pi ezoel e ctric
ol Pl lihotep . B pelel Be b rur mage O degtno G aerL
material @gplacepicaZRehesdlidiis a}]ﬁir6xiﬁiawl)eequlﬁpl‘értﬂ@ﬁv§¢'élé}@tlﬁoﬂh€Z&@de@%&d}dsﬁc
mat eri al . [0049] The term "el ectrode” nmay nmean an el ectrical conductor

t hrough WH#¥h an 20 el ectrical current may flow In various enbodiments,

the syyf ‘;@ (g 'SClll\Q?tYa?e e 9r Scﬁﬁé{c WaGdsufQ tﬁelp%' Paélgloﬁ% §Edur® ggz rm‘k' ng

up the i tal transducer Each of the pal rod
i ncl ude ashpWdeiayteygIUWa\teé@DhndIm@thR of b réhmhmdﬁsvmy&ldqmmlc aogenl | n an

interdigit paLtern rycture to e I rensi o, r.opagati on
of the ourPaR tRabahre MiudhE RENE 5 sBO0L b REA PR TR pRypRE

el ectr Odem‘oVﬁii;‘l thé10drtickd-sheaz nEdde JFigni &SN shows b Qlok e tvia®h 50, whefbOHb bartibRaM
configuration, *‘n t he case of the_ si nﬂl e- beam confl gurﬁtl on, . each tooth of
the pl ur aPPYSinghe honzoptalphearmode. Ganprslly, the phase yplagity ¢lethg Love wave 504 is

25  slightly faster than the Rayleigh wave 500. As the surface acoustic waves are confined

near the surface, their in-plane amplitude when generated by a point source decays as

' /% , Where r is the radial distance. Therefore, surface waves decay more slowly with

distance than do bulk waves, which spread out in three dimensions from a point source.
[0047] In the context of various embodiments, the term “resonator” may mean a device
30 or a system that exhibits resonance, where the device may oscillate or resonate at

relatively larger amplitudes at particular frequencies, known as its resonant frequencies,

10



arranged with each tooth of the plurality of teeth of the other el ectrode.
In the case of the doubl e-beam configuration, a pair of teeth of the

pl ural i t yWOf20t14883330f one el ectrode is alternatively arPERFESAOMODI#IA pai r
of teeth of the plurality of teeth of the other electrode. 30 In various
enbodi nents, each of the pair of electrodes may be conbed-shaped. However,
it should be appreci ated that each electrode or the pair of electrodes may
take - other fornms or patterns. .For exanple, in further enbodi nents,

el ect r odegodiaivéd ' HURSHpRRIdeR bl heCRABBRRLAS & oh!r6bhatt RALLALAS AR orifor _
provided to gr ovi de two di nensional propagation of the surface acoustic
waves. Theaybnueadtipiescitd eraagneratepravee surh thatys swafaec aroyitivghavclresomator may
confi-guragj uy at er pes o eIe rade
patterns %%Q{%d(r%rél %@é}ggﬁr?aé%gan S?QQJ klgs {n% gng&fl ’éﬁrg%ﬁayé@t eélerﬁlnl f%ayn%l y of the
wave pr opsmaitf'cdreqamcml so be pr OVI ded I n various enbodi nents, the surface
acoustic ener at ed ave a p ftern that sybstantially resenbles or
subst-aht i ﬁﬁf‘& g’l ﬁﬁel %ﬂnt%ﬁh@"ﬁ&f teé‘}bﬁ Imenty (the e BEZoslstiy f@fast he

el ect r odegnovwit i thdSart, hady aarea@a%ﬁeﬁa] thitembhy bRJadbO b taie Hlal;etsﬁ'(frﬁ.e Q% ahhe
concentric-circular pattern. 10[0050] In various enbodinments, each

el ect r odeapplicd ffarcpan stregs othalcan applied wel{age xadytqause @@lmla@el the dusenisionwdve t o
propagat e; [ te

Purtnor el 36 RRobd nBEhRGR, He BISALGRO AR fal Borhbinuh iy, o
wave to pmupbg(a@ﬂh’) tzhma)ougue (ZnQ) ldat ezirsonata timanatk: (PZTE) mmm(éh@g); alugninmher i al .

Addi ti onal t he el ec rodes e us for of detecting
pur pokes aé%‘f:‘ﬁ {Alﬁ’ﬁAﬁ)p gélé"i"bﬁfﬂml éd% f‘gkf Ifgn ecarkt R (glg%)’f E?Bgaséfﬁoustl c
wave ‘exci Y Hhﬁl Rit8dO GENS, I TithiubR kffd1ab BRRNE GhidYard BLi&G as an
el ectrica ﬁtﬁt}b) %g 1 duetto ?ﬁe }I ezloel ectric %??ag? LOOS ] IalEl Sltélrl gﬁg

enbodi rrenl’(ﬂ}’wtlﬂéiep? Epered @M omarpiher matsyials ghat exlibit pieapelsctatinfedt- t o t he
pai r -of efﬁecng{eggaéctﬁy%&mtma%@ p%waébfe iPdd @ Bt gobie LOSESH R shllgyRal 1 of

el ect rodes excite or generate 'a surface acoustic Wave to propagate
t hr oug h omcazmotahag siurmmeleolhctIMerm Bleancmbbcmlmatﬂwl er stalcturk mayhnesm

ator Pl 8 S At et SOOI ah Mo RCIBHIY e foPE A, Bk Eesuch

that an epiegdeldcitl metafisleditstribiamd Mgy bOiDughsHape op Brin. The BrRCtpiQdesciior an
electrical vaol tage applied to the pair of electrodes) may cause an effect
on the pi®gsErk s 1sed hsranafier mayo eferstonp|niczgelsetrig mafgrial s PigzeclsetBest i c

wave to pgtg,ggg@ﬁlgo&ma@i#gg U70Q8cikibmatdiiaf ace of the 25 piezoelectric
material. In various e Iments, a potential (eg. a voltage) applied to

t he pa| r 9049 Blaxt ﬁe;deé‘ehqawdgéuyey dedanr amtdlentricaf qohéuqmorezluetll@cmrhl@ ant eri al .

The d tI.0 |ndL{ced 4& r.esents excitatio esurf e of the surface

acoust c vva(i}nca VAT ch TRy prolﬁgﬁg Ky et%roghrﬁ?‘lm a eeacsol‘ﬁtfc C O TRE"

pi ezoel ecinay inchalearpaitd of lettroddsi malking tip d@i inerdigital thssdueaqIANY). Ehcleafmocy of
A T R R T
in an interdigitated pattern or structure to provide one dimensional propagation of the
surface acoustic waves. In various embodiments, the pair of electrodes may include a
25 single-beam configuration or a double-beam configuration. In the case of the single-beam
- configuration, each tooth of the plurality of teeth of one electrode is alternatively
- arranged with each tooth of the plurality of teeth of the other electrode. In the case of the
~ double-beam ‘configuration, a pair of teeth of the pluralit& of teeth of one electrode is
alternatively arranged with a pair of teeth of the plurality of teeth of the other electrode.
30 In various embodiments, each of the pair of electrodes may be combed-shaped. However,

it should be appreciated that each electrode or the pair of electrodes may take other forms

11



| DT, as well as the natural resonance node shapes of the entire structure
of the resonators. [0052] The term "free boundary" may nean a free edge or
free edgewooanitisassurfaces of a naterial. A material haPCmgGRow®obiasindary
woul d be substantially surrounded by air on the surfaces (ie free edges) of
the material. In other words, the surfaces of the material may not be in
contact with another material. In various enbodiments, a material nay have
surfaces that .are not free edges, in addition to surfaces that are free

edges. [0653httethe Fer mxamipleatn Murther” bavodinlests, eldcouddsahivigg sabstaktRMit ati on”
may nean that a material may be arran&ed at . a distance froma surface of

anot her nEANEFIUES-CUERIpr Raﬁfafnsan@a‘irp proided, ¢ proyidg iwy; dimgngionaharppagatigped ent
bet ween tfie d¥acdB&isti@hdved OARA nlzshtﬁﬁuraugr SiRAL AEPtSve 3 SHSIE RSN

acoustic wave resonator IS provi e surface acoustic wave resonator
may i ncl udmfigufatips pr eldechle-belam sonfigurgmooOtheehypet phelectande pagads ihat maf i r st

| ayer; zoelectric s r.e for d in second | ayer. adj acent ,to the
iyt T ayBee R Fadibaf, Slobabh e AT of vhr s SoraPdliR b 95 Bip) eq ¢ o
the firstprelided.r idearid nénticdéméns ahel seifest dcdstic dade \Wogdreled hiie have a
piezoelectric structure is formed only in the second |ayer. [0055] In

vari ous ehasigHE thahsubstagtially; F%@’lﬁ%@u%@ﬁ%n%élm@%rdﬁéb%m €§n BF SNHEHEE Of The

surface o) n second
ol bty ool HPHEbEnT e LREGRRL MY thil chidifedinl hé Shiefil SLUNIRCANEE oot

eIectrodexmmdﬂnheugéwundeeuectrode 20and wherein. the piezoelectric
struc ure ur ed,t ita trate he surface, acoustic
[A)b?(gcﬁjl %%g%]emlboglmen S, edc ?T%CQI(':?%C olfbdsle pair of Sk ecé’ &e My £XC éc Buri ng a

wave . reso various e ment’s,

surface aamiasd acduvio/Raves phgplagite t}&o@hmtlodehb squaee ofthb pitzoec e flategial. f or mi ng
a first ele ode E?g a second. el ectrode arranged in first |layer; and
fornm ng i e BgimeRis i it @fe SlegifQdsh B1aY CPHHE 22WHEPL ATRSIIG A ELAL to

the firstplpapate hibulh ook HehBriRlEAR! SitldelkultRhAbiA! AliHiSAAG! tHeGRlrloY
electrodes may be used for sensing or detecting purposes, such as picking up a signal. For
15 example, the surface acoustic wave excited on the piezoelectric material may be sensed

. or detected as an electrical signal due to the piezoelectric effect.
[0051] In various embodiments, the piezoelectric material may be electrically coupled to
~ the pair of electrodes such that each of the pair of electrodes or the pair of electrodes may
excite or generate a surface acoustic wave to propagate through or on the surface of the
200 piezoelectric material. In this context, the term “electrically coupled” may mean that the
piezoelectric material is in electrical communication with the pair of electrodes such that
an electrical current flowing through the pair of electrodes (or an electrical voltage
applied to the pair of electrodes) may cause an effect on the piezoelectric material, for
example generating a surface acoustic wave to propagate through or on the surface of the
25  piezoelectric material. In various embodiments, a potentialv(eg. éAvoltage) applied to the
| pair of electrodes may cause deformation of the piezoelectric material. The deformation:
induced represents excitation or source of the surface acoustic wave, which may
propagate through or on the surface of the piezoelectric material. In various
embodiments, the resonant frequency of the SAW resonators may be determined based

30  on the geometrical arrangement of the electrode or the pair of electrodes making up the
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coupled to the first electrode and the second el ectrode and the first |ayer
is free of the piezoelectric material. [0057] Various enbodi nents nmay

provi de awblontisezF3sur f ace acousti c wave (FSAW resonat @eCTSG2a@whees t hat
provides levitation of the piezoelectric material and its 30correspondi ng
el ectrodes or. -excitation el ectrodes to reduce the | oss of energy through
the substrate where the FSAWresonator is formed therein or thereon and to
provide free edges substantially around the piezoelectric material,
thereby eipTi AatieNad ke Merehlf Riorafld fdder shapds08PThe VAfileOMBucRIFPASH RNt S May
provide a floating surface acoustic wave (FS,%\V\) resonat or or device that

i ncl udes wAeafAss-al | ayer, one piezoelectric material |ayer and one
sacrifici ) It Gl r i t he
fabricati gir(l)ﬁr%l‘géetgg;[t i;refgt\?}hd %‘b’e nﬁ%’erh%}ggaz%éeglaéeﬁg ?f {éggngq/g%?fng etsggf?ceeaslolf?e t he
fl oati ng oeterick A AG@5@] having frde botddaty wheldi evabsiantiallyesarioandedas iy on
under st ood an ut.into practical effect, particular epbodi pents will now
be. destr | BEQBar B tlRedr e fiomigandi b ariy hesaipreel BETHOe)

Fi gures 6fafHot BOh SEMBEEKIE aMbBYSmateridl. IWVARGE @REYIThéfs, WRMReHEE RIAGL OF

600, according to various enbodinments. For illustration and clarity

pur poses, havesudanss thag are ngp freqeres, e adliéoretorsurfacds aas pregpes edges.i | | ustrated in
Fi gure 6 ' he | 1 Fic ) : nd. 6g. ...[ 006 Fi gure 6A shows
a top vi 'a)ﬂ/ogéle{%g%gﬁlrf%eﬁ doulg{t’ilfageg\’/va&\{jéem?@lgngrt o]%v’é?}%)?l a‘;c‘l ornll cﬁq‘ ﬁgt%i %0
vari ous embiedalmeay be arfinzed atr § dislanacioers tisarfasewd anethanabtorialGich thach gaes an
interdigital transducer (IDT 6(3’)1 and | ezoel.ectric material 606, on and
over. the ?“8b3§69?‘5§%p’6%'b(elﬂrésﬁp eé‘fﬁen&ﬁe 02801, The | DT 601 and the

pi ezoel ecfoos4] Weyfidus! enditiits, f Pitifael £SAART Wade TsOhASE i ptdvided. Tie

pi ezoel ectric material 606 may be alumniumnitride (ALN).
. surface acoustic wave resonafor may include a first electrode and a second electrode

| arranged in a first layer; a piezoelectric structure formed in a second layer adjacent to the
first layer; wherein the piezoelectric structure is electrically coupled to the first electrbde
15 and the second electrode; and wherein the piezoelectric structure is formed only in the
| - second layer. | 4
[0055] In various embodiments, a surface acoustic wave resonator is provided. The
- surface acoustic wave resonator: may include a first electrode and a second electrode; a
piezoelectric structure electrically coupled to the first electrode and the secohd electrode;
20 - and wherein the piezoelectric structure is configured to levitate on a substrate of the
surface acoustic wave resonator.
[0056] In various embodiments, a method for manufacturing a surface acoustic wave
resonator is provided. The method may include forming a first electrode and a second
electrode arranged in a first layer; and forming a second layer comprising a piezoelectric
25 . material adjacent to the first layer such that the piezoelectric material is electrically
- coupled to the first electrode aﬁd'the second electrode and the first layer is free of the
piezoelectric material.
[0057] Various embodiments may provide a floating surface acoustic wévé (FSAW)
resonator or device that provides levitation of the piezoelectric material and its
30 corresponding electrodes or excitation electrodes to reduce the loss of energy through the

substrate where the FSAW resonator is formed therein or thereon and to provide free
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20[ 0062] In various enbodi ments, the I DT 601 may include a pair of

el ectrodes 602, 604. The IDT 601, including the pair of electrodes 602,

604, nmay WO 20Hd=3158 netal . The netal may be al um ni um PATSGRo10®D0418

enbodi ments, the netal nmay be platinum gold, nolybdenum titanium or
tungsten. [0063] -The IDT 601 nmay define the resonant frequency of the
surface acoustic wave 25 resonator 600, which may be approxi mated using the
equation v = fit, where A'is the wavelength, f is the resonant frequency

and v is bdespobsntiaily oedind @€ pidzoelstifit abRerald Othsfebs NANAUTGNRE Ao forl N
vari ous. enmbodi ments, the phase velocity, v, may depend on the density and
t hi ckness!¥cPRe metal | DT and the piezoelectric material. The wavel ength,

A, of the C i; pard .6 e q e
Cent 1 o] daoRC SRS gy BloviicP ol BrrbdeCHUERRY wake FRAWAS) 11
vari ous erdsontiterenyidsyicé that mcludsoonst roetaldaysdroyriermgezaklactrinimaerial {ayedand amiet h a

density of_ 1325 /c and.a.thi ckness of about, 1 .the piezoelectric
nat er i %ll_l V)] %3 abir%l%ﬁri' lrﬁrl]e S\?ﬁqfﬁlﬁq%ﬁﬂﬂy eo’fenle%%‘gfiu’%%g‘]eQgﬁ‘?ﬁ?u%gr(’ée?hﬁockness
of about  kRite fhe(flezbeBbiric nhadéridl kerchlidk, thé Neatplgakeicvel ocity, v, of the
surface acQustic wave y. be 5 approximately 5800 mis. [0065] I n various
enbodi nen{@§9b¥md?rchﬁg§w§§mwg Myt be rgadily; yriderstoodiand Ryt Bip pregsicabeffeghout

0. 18. pm NBYRNIGY LlBodher@ W IIERAR AeOliest e dODE bl mh@tfo{ls‘@ﬂlg%.mtﬁg up to
about. '8 .~.100661 | n various enbodi nents,” thé piezoelectric materral 606
may coverexampdesantially .10 the top surface 608 of the I1DT 601 or

alternati I he rface 608 . . of .the pair .of electrodes 602 4.
Accor-di ng‘@ﬁ ch ﬁl urse%(r%%é@g SIé?:V(‘)’usg TRAUEYT ¥sHAHIEF %696 lﬁavgﬁvﬁé?/sé’nétbgg&bct ure
wher e eachccofdifid® yadibus @hbelitedts e ShBG2iontdd, cldrBy plirpastglle isibserafeig23t | ayer

and the piezoelectric material 606 is forned in a second |ayer adjacent to
the firsta® ‘glsrd.le?wr'%‘&y?fcﬁ?é (@nibyRtratetindigyrs oD jareghot shgpgy in Fignise PAgOBhe pai r
of electregesc 602, 604, nmay be 15free of the piezoelectric material 606. In
further enbodinents, - the piezoelectric material 606 may be fornmed only in

t he seconlf0pllyBigure[(@ogmws|aop siehrfdhesustage aconstic waveaessinaton 60@acedrdingat er i al

000 0 DR b gL SRR AL It ol Ao il

S transducer (IDT) 601 and a pieZoélectric material 606, on and over the top surface 608

(Fi.gure 6D) of the IDT 601. Thé IDT 601 and the piezoelectric material 606 may form a

resonating microstructure. The piezoelectric material 606 may be aluminium nitride
AN, |

20  [0062] In various embodiments, the IDT 601 may include a pair of electrodes 602, 604.

' The IDT 601, including the pair of electrodes 602, 604, may be made of metal. The metal

may be aluminium. In further embodiments, the metal may be platinum, gold,

molybdenum, titanium or tungsten.

N - [0063] The IDT 601 may define the resonant frequency of the surface acoustic wave

: | 25 resonator 600, which may be approximated using the equation v = fA, where A is the

wavelength, f 1s the resonant freduéncy and v is the phase Velocity of the surface acoustic

wave generated. In various embodiments, the phase velocity, v, méy depend on the

~ density and thickness of the metal IDT and the piezoelectrié material. The wavélength, A,

of the surface acoustic wave for a particular frequency, f, may be identified, when the

30  phase velocity, v, has been determined.

14



to each of the el ectrodes 602, 604. In various enbodi nents, each of the

el ectrodes 602, 20 604, may excite a surface acoustic wave to propagate

t hrough owoanittdsa2ssur f ace of the piezoel ectric material PEOBSG2010/0Da1s her
enbodi ments, the pair of electrodes 602, 604, may excite a surface acoustic
wave to propagate through or on the surface of the piezoelectric materi al
606. _[0068] | n- vari ous enbodi ments, the piezoelectric material 606 may have
a length of 25 about 1 nmand a width of about 1 mm In addition, the

pi ezoel ec{00i64) Hﬁifﬁidu@kﬂﬂﬁﬁlrﬁﬁys hfav @ résdnBiok kengpisyihg) alun@niua aRridd, @ilﬂpldt 0.1
gmto about 3 gm nding on the deposition process used. Therefore, the
pi ezoel ec¢usiy ﬁﬁﬂ%?fl gs/ceoendrayhlclﬂ@ﬁs xabep! b ph 4§ ghegpiezaglegttivamaterial ande r ange
of about 0 1 ut 1 pm
to about u%%ﬁ%’? é‘qhm (t&lelg}é%g}cabg %068.1‘%/“%%&)36‘9‘%“6“ gfmal(’r)ﬁ“t @%ﬁt‘kl gm
30 about @ .bug forbbat D, ghe Phagbeelbeity, GMof! the fsuffadte beRRO diavB hay behe

pi ezoel ectric material 606 may have any |length and wdth, up to the | ength
and wi Yt harproximatelu3840 sed for the fabrication of the SAWresonators of
various e 24 =YSNES I may
have any eﬁgt hs an}JIls \%\nmd)?é\lgﬁﬁtlsr?n@ i¢ Eﬁy%%ﬁﬁ%ﬁg%{e&é% SlO% used for
f abri cat i dout 0.086@] mhn preidecansS AWheshinaen far, opbﬂaeoﬂatsﬁramemclénedf\mea abdsm edge
of the plgg; l'ectric 5 material 606 and the centre of the extreme tooth of
t he el ect 604 may have the dinension r. The dinmension r, may be

determ neﬂ)ﬂﬁﬂoﬂi\ @’ltﬁ%u@@ﬁﬂbﬂﬂfén[sf the PiézotlebiitZhhteriNNEU6CmBy icSveéd sﬂ@ﬁbﬁtiaﬂ?
integer (1e n = 2 is the wavel ength of the acoustic

sur f at®e whgdor éu%efﬁﬁgn%fdthérm@x@lt exjaligynativelyethe denr ewréase 608, ofgba pair[a§070] | n
h furth
various e&@&ﬂ)‘dg? %f 604! %cé&'&m@ﬁﬁ &hO%éS g%éf%%{ce gffgé 9&%&1}18& g&P mg?xﬁa Lygther

10i ncl ude supports ’or support € supportrng afchor s
610, 612, strugture brdaemeacloefsuhppanr bf elgctanlehG(DZ $04.us torareged il AéirsUppoand thg anchor

610 may be co l.ectrode 602 whil.e th upporti ng apchor, 612 may
be coupl eBf$ %Sijet% 8?[]58@ od jore serqnd lwr@% ?‘Botﬂe 8 h@yefbénf. xed
or att achegiou® ehmedmeomd figt Bd?éxhﬁklu@ik@ @k patfRMcibd&16, \§ok | Ral ibe

el ectrode_ 604 may be fixed or_ attached to the supporting anchor 612 at the
15pOI h‘t Gﬁ:tzeaof the piezoelectric material 606. In further embodlments the piezoelectric material

- 606 may be formed only in the second layer.
[0067] In various embodiments, the piezoelectric material 606 and the pair of electrodes
602, 604, may be arranged such that the piezoelectric material 606 is electrically coupled
to each of the electrodes 602, 604. In various embodiments, each of the electrodes 602,
20 604, may excite a surface acoustic wave to propagate through .or on the surface of the
piezoelectric material 606. In further embodiments, the pair of electrodes 602, 604, may
excite a surface acoustic wave to propagate through or on the surface of the piezoelectric
material 606.
| " [0068] In Variqus embodiments, the piezoelectric material 606 may have é length of
125 about 1 mm and a width of aboilt 1 mm. In addition, the piezoelectric material 606 may
have a thickness in the range of about 0.1 um to about 3 um, depending on the deposition
process used. Therefore, the piezoelectric material 606 may, for examplé, ‘have a
thickness in the range of about 0.1 um to about 2 um, about 0.1 pm to about 1 um or
about 1 pm to about 3 um or a thickness of about 0.1 pm; about 0.5 um, about 1 um,
30 about 1.5 pm, about 2 um or about 3 pm. In further embodiments, the piezoelectric
o material 606 may have any length and width, up to the length and width of the wafer used
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[0071] In various enbodi nents, the supporting anchors 610, 612, may have a
| ength in the range of about 1 gmto about 200 gm for exanple a range of
about 1 PWOt20114582% 100 jim about 1 p.mto about 50 p. RCHSGALOOPOEY p. mto
about 200 gm such that the length may be about 1 i _tm about 10 gm about
50 pm- about 100 i.tm or about 200 pm In 20 various enbodi nents, the
supporting anchors 610, 612, may have a width in the range of about 1 gmto
about- 10 jim for exanple a range of about 1 gmto about 5 gmor a range of

about 5 pfomnthofadEeationldT HESASMabsohhBts dfharious thbsdiyes. BDOMEr worisNMheabout 2
gm about 5 pmor ‘about. 10 p.m In various enbodi nents, the supportl ng

anchor s 6111820‘3@210 RAGTIARAO Iﬁaif heveramedengtirs andewidsling imited gBlyRY e oEreof

(Angstronﬁlega@erugecﬁfolrlfmwgtgorpbout 1.0 vim 25 for exanple a range of about
p. mto about out 0.4 p.mto about 0.6 p.mor about 0.5 p.mto

about” 1. 0[0969]nin smustmboduments,hthckmetsscenhgwam o etz off the miezabl@ctric

enbodientaerth 08 g 8 Tony oot e Pels LRE AT RSBl sp ke BT

net al - maydiBRnsba! ¥ The! BmdnBioh W, i becddtatingaNtrsm thd equibal[- Bey) begphpt i num
gol d, nol ybdenum titani umor 30tungsten. 9(5)0072] I n various enbodi nents,

the pair. wherelneistarpgsiyedaegerd@n <ahd, Bhe) sup gos thnyaeahatztr of BkGico@tiz, may

ei t her be de of ang, nate th tal) or nade of
di fferent® f%ﬂw ve Eokheésﬁpfgﬁ% ieéﬂged%é'éﬁ%g%%\éo‘?s ?@%%\()?gw of the surface
acousti C [876] meenidvat @mbodiheats Ahidl urgachlaowtic wile REGRAG BNt Say Hudtliert he

pi ezoel ectric material 606 renoved to illustrate the structures or patterns
of eath ofchufe supert opauposys angbers 61 BoA4] The, suppertaignghdss 8l detiZs magach of

the el ectgogeso oo ﬁ%ncmystlji\@tukég Tltfbesu?spgﬂ?iﬁg QBCH& %?@rthaym%oﬁﬂg@ tofhgPed

el ectrode 604 may include a plurality o for exanple as represented
by 614a, dectipde A while theswppertiag enchet 62 mm@eemlm@ theclectdwle608) schl ity of

10veeth, SEFugATBLE 45 HEPLERS S GlE%. SRB0uLARIRE oD oY Al

enbodlnen be ar dM R an” ith |g|tated
pattern o6l0atwhilktthe eecteoad 604 naaysberfgde&ﬂbmhabmfthgwp@bnmg,anwmﬁmz asghb of t he
teeth 6144, é% of the electrode 604 is alternatively arranged with each
of th¥ t R4 @78a, 616b, of the el ectrode 602. 15[ 0076] Fi gure 6C shows an

ex panded parij Bl Vatn@{?s ¥inB¥diffents hﬁleﬁﬁbﬂorﬁ‘ﬁg ﬁﬂcﬁﬁltsr(ﬂ@eﬁlﬁqgay RA4.a length in
- the range of about 1 pm to about 200 pm, for example a range of about 1 um to about

100 pm, about 1 pm to about 50 um or about 50 um to about 200 pm, such that the
length may be about 1 um, about 10 um, about 50 pum, about 100 pm or about 200 pum. In

20  various embodiments, the supporting anchors 610, 612, may have a width in the range of
about 1 pm to about 10 um, for example a range of about 1 um to about 5 um or a range

of about 5 um to about 10 pum, such that the width may be about 1 um, about 2 um, about

5 ym or about 10 pum. In various embodiments, the supponing anchors 610, 612, may

have a thickness in the range of about 4000 A (Angstrom) (ie. 0.4 um) to about 1.0 pm,

25 for example a range of about 04 pm to about 0.8 pm, about 0.4 pm to about 0.6 um or
about 0.5 pm fo about 1.0 pum, such that the thickness may be about 0.4 pm, about

0.5 um, about 0.6 um, about 0.8 um or about 1.0 pm. In various embodirﬁents, the
supporting anchors 610, 612, may be made of metal. The metal may be aluminium. In
further embodiments, the metal may be platinum, gold, molybdenum, titanium or

.30 tungstén.
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taken towards the end B of the pair of electrodes 602, 604, of Figure 6B.
[0077] In various enbodinents, the tooth 614a of el ectrode 604 nay have the
wi dt h andwohelitissish 614b of el ectrode 604 may have the WwCatSic2adDdowhs | e
thetooth 616a of el ectrode 602 may have the width a2l and the tooth 616b of
el ectrode 602 may have the 20wi-dth a22. The tooth w dths, all, al2, a2l and
a22, may. be of the same or substantially simlar dinmension. [0078] In

vari ous emnbodi nents, the spacing between the teeth 614a and 616a nmay have

t he di nenfioge] tilvaridie anwalimenthethvwgnn bheleteaicd @REE04NehEO tbsuppyrihave t he
di rensi on b2 and the spacing between the teeth 614b and 616b may have the
di mensi onalshorstA, 655 may sither bgymadayef the samamaiegial (e thy sameemstahor gpade

subst ant i . [0 di mension. [0079] In various enbodi nents, the

di stance ﬁ%ﬁelﬁh{g}n&%ﬁ er of the tooth 614a to the center of the tooth 614b
of the el B97B3bBigualB shoysiratep vidweofdthermmiconcwistiamdve fesomditart@icecdrding t he

center_of, the.toot l6a to t.he center of the .to 616b.of .th | ect rode
602 may hBvETHE & %r?g%?nésn ke .ﬁ‘fh%e%ﬂegef %c@gtfnﬁllgé\(’lr:&n&c’zed ﬁ%yf‘%sgmgf‘f Yhe sanme
or subst agthichlrby/ordfAseri bi¢acHoftiR R iFtoddsB0L26040Us embodi nents, the distance
(eg. ci) between the centre of two successive teeth (eg, 614a and 614b) of

an el ect r Bé4) bgarighsgmbedimenssreacthefifie elscirees 62 (0% emay he impthe ghapeieé a
acoustj i C Sdthi 2R WaWRsHaPed BlebRIdTRM4 Fhayeitichid€d ﬂ?ﬂratigﬁofelje&ﬁ,t fo?%ﬁar(lﬁlg'aSGOAf) :
: represented by 614a, 614b, and the comb-shaped electrode 602 may include a plurality of
10 teeth, for example as represented by 616a, 616b. '
' [0075] In various embodiments, the electrodes 602, 604, may be arranged in an
interdigitated pattern or structure, and in a single-beam configuration, where each of the
' .teeth'6‘l4a, 614b, of the electrode 604 is alternatively arranged with each of the teeth
616, 616b, of the electrode 602. |
- 15 [0076] Figure GC shows an expanded partial top view of the pair of electrodes 602, 604,
‘ taken towards the end B of the péir of electrodes 602, 604, of Figure 6B.
[0077] In various embodiments, the tooth 614a of electrode 604 may have the width ay;
and the tooth 614b of electrode 604 may have the width a;, while thetooth 616a of
electrode 602 may have the width a,; and the tooth 616b of electrode 602 may have the
20  width az;. The tooth widths, a;y, a2, @ and az;, may be of the same or substantially
similar dimension.
[0078] In various embodiments, the spacing between the teeth 614a and 616a may have
the dimension b, the spacing between the teeth 616a and 614b may have the dimension
b, and the spacing between the teeth 614b and 616b may have the dimension b;. The
25 | spacings, b, b, and b3, may be ofthe éame or substantially similar dimension. _
~ [0079] In various embodiments, the distance from the center of the tooth 614a to the
center of the tooth 614b of the electrode 604 may have the dimension ¢; and the distance
from the center of the tooth 616a to the center of the tooth 616b of the electrode 602 may
have the dimension c¢,. The distances, ¢; and c¢;, may be of the same or substantially
30 similar dimension. In various embodiments, the distance (eg. c;) between the centre of

two successive teeth (eg. 614a and 614b) of an electrode (eg. 604) may correspond to the
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[ 0080] In various enbodi nents, symmetrical w dths, spacings or distances
may be provided such that ai 1=al2=a2i =a22, bl=b2=b3 and ci=c2. In

addi ti on,woaniignis2senbodi nents may provi de that all-al2- 22TS&2@H0bieh@=b3= 1
pmand cl=c2= 4 pm resulting in a resonant frequency of about 1.323 Giz.

[ 0081] Wil e descriptions and di nensions have been provided with respect to
the teeth 614a, 614b, 616a, 616b, it should be appreciated that the

el ectrodes 602, 604, may have any nunber of teeth and sinmilar descriptions
and di MenghilngtiEW, BPMk\chidtit ReFR M8 o iLQf&Iﬂlea lor eid?te% IRy Sle&FTNRY b%ent S,
each of the electrodes 602, 604, may have a plurality of teeth in the range
of about @@)to 500 teeth for exanpl e a range of about 10 to 300 teeth, a

range of t € e .about 10 to 1 t eet h range
of about @39@ gﬂsot rgb dg&%lglﬁgwagﬁ ‘% P§“'580 °f e(g%%ﬁnce? may %ﬁge of
about 100pxb01d8&)05ddhetthrat sl hatagadh= bzf=b§ hende| ety otie Saddition, 604dkousy have
10 teeth, 20 teeth, 30 teeth, 50 teeth, 80 teeth, 15 100 teeth, 200 teeth,
300 t &et Hembasemente Ay Proyes fhabam=aicduveeoirb=dodl wmband Tt a8y t hat
each of t t y nunber of teeth, depending on
t he requrlrégurlrghgﬁlirgr rrpeﬁggqcueg%()fa tl Et?Iggonators Therefore t he nunber
of teeth [rﬂﬁ&l]b‘é’huadesdptmnsozmdledmteoswnsnlmv‘e foeen prowdizd catlofespdve t&MA/tea@bonat or s

of vari ou t aur e c nal vi ew of

t he surfa & g@g@s?ﬁ% &M}le %’é’kh&t’ ?pp%naggg&gtg%gﬁleg r8‘ie§ q?ﬁegﬁ)‘?ﬁ‘éay&‘al(e of

Fi gure 6AmnyAsunsito\wl téeth bhd) sin€lad Besohﬁ)ﬁoﬁsuﬂﬂodlhieﬂﬁoWﬁB?rapﬁl%’QoltHé?sleUﬂfb’i a
plurality of columar pillars 618 and the supporting anchor 612 includes a

pl ur ald t yteeh- Hoyagiona emppdiments. eash. ofrhreelﬁrtmdar 16% ¥, egy bareap PR 618 of
the Surop%&hﬂ,gﬂerr% of@ﬂ,&uqr»%tsb@te@{hur@'eks Eﬁgem%utﬁ'olthgbé Fe%alo of the
supportlng anchor be arrange I n a orm attern

enbodi merrasge ohabopt U9 & P-@Q/te@fh 25angs| afabaut ) IIOI laQOSteﬁh,Sa eamge toﬁaqut ljlt)abl ty of

col ummar |.lars 620 r in.aran r ach r of
the plura |0tt§3/§%’fa ) urmarutplr tgsag%‘fg“g idorsse 8 Pﬂ@gfobt% Q%QF | ri]f?hé‘? ?pr Il ars
620 may ra\zleofﬂe dldcieidss 6025 604, aydhaee1B t&tlﬁZDt&éﬂlaﬂljte&hhﬁ(D gath, Batdetle r ange
of about m t o about exanp when based on CMOS 0.18 pm
t echnbl og&PO trﬁhv%m tgcte, %Q%ﬁgﬁ%}ﬂeetgphé%reﬁrhaﬁowvef 1t shpulhbs APRRFIREd s 618,
620, are @f &EH‘GfQEéjel@&rcﬁieE %62/ 6040nadyhfave RhEHERABBCSS 10, HEthndihg ol @ as
known in the art, for Pr ocesses. The Interconnection design rules may
be defi ner@quemenekénppfeiamkw or tlee BMPEresprntersir Thesefhres the mmbieh of tesghmey ogy
node pro I r esign
rul es ma;]; qug\%g#/% Er %%q% ﬁﬁpl())edtaﬁI cr?golhﬁgior S O%qloq?&ti p@ u&rlrﬁlgrrltgpr | I ars)
may be pr[@OBZjeElgmf:Sl}oWsna \carss-Qersioaatbaew rafrhe surfdee asumdnaaeaxaaestm‘atoe wave

resonat or Vi 0 subst 622.ipcluding.a | ayer. of

i or ot 7] 60T Hons B e A O st B L o LB O L Phatias 622
wi th the gicRbrestor ineluh@sveﬁmﬁaﬁyaﬂcéotmaplpm?arasedsfs:rurd theRppartial afQer \§itd h t he
el ectrodes. Accordin t he surface acoustic wave resonator 600 may be a

f1 oating @dﬂﬂ%cieplaé%‘wst’f eolypmper Rilman0. iearurality afiralumsas pillpss 61 %of “hat i on of
th t bstrat
65 "ne. SEpfsibg SndPEBL0 Bha HRbIARG o oSt pRASTA0 LM ABRRL et 00 [ P

boundary @2 foageeeaiygaged rinLndnifére pattmnelneﬁmhec embbdinieats, ﬁ&ﬁplukahtya)rf i ous

G ot abtve,obim et 888 T8 o e St e3BRer P P BPBOE F b m o

about 10 rlmchl E@émemimmlﬂaxaoﬂtaegﬁuafty@lﬂ@umnﬂaapmnhfs @rlsoaﬂd tBe %amrmrty of range
of about 1 JAMto about 5 1.1Mor a range of about 5 pmto about 10 pm

such -t hatCOdumnammlﬂaaﬁééO gfay gy p shqydimensionnefy0.p i s dl8 nrnprsie height in thabout

51.1111 o ngaebgy abou o pm to about 1.0 pm, for example, when based on CMOS 0.18 um

technology. In various embodiments, the plurality of colﬁmnar pillars 618, 620, are
;30 provided as a result of the interconnection design rules as known in the art, for CMOS

processes. The interconnection design rules may be defined, for example, by the CMOS
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[0084] In various enbodi nents, the substrate 622 may be silicon, for
exanple an 8-inch silicon wafer with a thickness of about 725 11, M while

t he di el &¥OR201/0533%8r 624 may be a | ayer of oxide or nit PCHASG2MS0IR] ectric
| ayer 624 may be a layer of silicon nitride (Si3N4). In further

enbodi nents, the dielectric layer 624 may be a | ayer of silicon oxide or 20
alum na. The dielectric |layer 624 may have a thickness of about 1 pm

[0085] In various enbodinents, the material used for the dielectric |ayer
624 may dfypaddesobaidde oatier itcthnolegy dode bRRidEACHY T ihei BundAYEr In Hafh&@xanpl e,
where the sacrificial |ayer is anmprphous silicon (a Si), the dielectric

| ayer 624“?{'%8}1“8811%4 Phersnthei desieaerulss miay | heovatyer g bulkygupparting eanshersi 6¢.ci al

| ayer is @ithblﬁ@ﬂlu%agﬁlllalts?:ﬁa?'bQ fRAddgc | ayer 624 may be alumina. 25 [0086]

I n various enbodi nents kness of the el ectrodes nay be

appr oxi nal08B3] I_no@@w\xs( mmggdlmomr (dnee suffack poopstio wiave fc&dxfbngr 600 magarbpl e

Pt “the ufited obyE eiftat 22 SRR RSP AR Bt 2 1t Sope st e

el ect r odepresens béﬁqueﬁStﬁélts&bhnb;e 612 wathr e dbel Ectricryyeb 622 piad Ok rméz@bnéctﬁQOO A
(ie. 0.6 1.tm m, for, exanpl e approximately 0.6 p mt0156%m 30

appr oxi rra‘t“é"leyaloé% }.’ﬂﬂ’ttge qlegyrqsiss-ohceaphingly: thasertgeeacugsin wayexespngiar 600087]
In vari O%aﬁepg%mg a.rfawsc&u%&&wesgswv? &eorﬁk&qlga& gﬂﬁédeg%,aﬁ?ﬁbpm% 0.1
pm or a

pm about pm about 5 Um abou n vari ous
embodi rrermlszoeldﬁé‘wsmhﬁeml G0geand e dpcsedenén ohévoweelmlbwttc 622 nﬁeaéxowal in606 and

0.5 p EEARTen e pRABARGH R 0S ull 1Y% Akl G R Sles® st PTboge)

Fi gur e 6EhsIpiasselactsic menial 606.0jp variowe exhbalimeiith abie gas 626 hiag Bwahealf ggonat or,
with the piezoelectri materi al renopved to |Ilustrate the structures or

patterns 0T $aRL2 MY Py§ecdigance, gpppregintad by e prawedi wehe sange ol abolitr  of
el ectrodep 838 .ab6%40 Mﬁ}’fop@xﬁﬂpggan%p@p%u{fmgl Ouabbfae- %?Egég%e of abdht

interdigi tated pattern or strudcture,” and In

confi gur-at uonto abloet £ um (aa rangé of eletun 5GaH a0 aERENO pod, suttethat detdiogire®d2 is
alte.rnatl elya nged with a p |r of the teeth 638a, 638b, of the
el ect FPod 8§ﬂp #-'{W}‘IEF al?ﬂﬁtllémbfa W M. ADON R s @Pe A8 HEB2 ray be

al ter nat i m@im ﬁr\raﬁegﬁémmédaeﬁtyrth@%bs%'er@z% gtlfeemo%f f&@?@g RS 8¢ 634.

[0089] Figure 6F shows SEM i mages of el ectrodes o the su ce acoustic
wave 15r eslcvat wlfsr with aothitknggs o6 abvaut 786 gure ol the dietectrid layest624tmagbé he

si ngl e- bea igurati f nd t oubl eam copfi ation
(it 1 gyt SrisRgh Rl he Sskeckioed 28 Ersrbia 1% GEoUr S GRALSEARE of
el ect rodem fd@er 6MBodivieh3, TheC BRREIMC! IaGerC6 14 Wlad bePAIARY Nbf HGEA 4iB8 ok 0 one
enbodi nent. The pair of el ectrodes 640, 642, may be arranged in a

si ngI%Q—be@iWnThfg@P]&F%rﬁaYeV\,ﬁ%ﬂ'@a)éh%W agthickhess péahant 14 20 exanpl e 644, of

t he el ect £ rran t teeth, .for
exanpl e &ggﬁ Isébgﬁbés %‘l’ %HH ts Halfuﬁr ﬁé\rmeen%le%n%ﬁfr gﬂf‘ﬁgy %pepd of
el ect r odesn ﬁmymhmairused\@edhct E’ac&ﬁdﬂlj biyér lFeﬁexarmlé i wherathieodacrificialViayérds s

enmbodi ment s, he onnecﬁﬁr 81 ectg tlo t he .el ectrodes 640, 642,
respect i VISP ‘?ﬂ§yg frendg; ?’(e helpgr e'i ey Py e @%Bﬁ?‘% HosihgarR3ade: ( not
S hOW”) - :TMel‘éQHé‘%hﬂEﬁl 129405 sifideh ox’]@é{ AN 8e@ritadEd624 may be alumina.

25 [0086] In various embodiments, the thickness of the electrodes may be approximately

1000 A (Angstrom) (ie. 0.1 um) to 1.0 um, for example appi‘oximately 0.1 pm to 0.5 pm

or approximately 0.5 um to 1.0 um, such that the sum of the thickness of the piezoelectric

material 606 and the electrodes, as represented by the arrow 630, may be approximately

6000 A (ie. 0.6 um) to 2.0 pm, for example approximately 0.6 pm to 1.5 pm,
30  approximately 0.6 pm to 1.0 um or approximately 1.0 pm to 2.0 pm.
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25 of about 1 pm |In various enbodi ments, the synbol p represents a design
paraneter and it should be appreciated that it may have any val ue,

dependi ngWOor0te3258qui renent s of the pair of el ectrodesP62BG26UWR004481d t he
surface acoustic wave resonator. In one enbodi nent, p may have a val ue of
about 1.08 pm [0091] Figure 7 shows a cross-sectional view of a surface
acoustic wave resonator 700, 30 according to various enbodi nents. The
surface acoustic wave resgnator 700 may be provided on a substrate 702

i ncl udi Ng[oRSYRKEVarus GnlodRidntss (HOhickieR dat cfecliadesREy BRYLOR 0.Pesent
between the substrate 702 and the piezoelectric material 708. Accordingly,

t he surf agwua@3usn, abowl):8 s sberitod H0D abeyt 1@ pm. i1 varidus gmbodiieents, theoust i ¢

wave (FSAW resonator th rovides. |l evitation qf. the pigezoelectric

mat eri al %% ogﬁwotﬁlcgﬁe \S/é’?{t}hegplg{?ﬁ ef&’ﬁt%at%‘g.dogsmg ﬁlb‘f/\kt‘:le?tﬁ"dg?’gaﬁ frepresenteffq

pi ezoel echy e A%EE3I08nay B8 abdi 0FAUR, Abo8E0. D ARNABEW 19 ph! fRuEHIGSE), apannd t he
pi ezoel ectric material 708. [0092] In various enbodi nents, the substrate

702 may b&Sgin praheuhADlpent he diel ectric |ayer 704 may be a | ayer of oxide

or nitrid . pi e | ectri terial 708 may be alumniumnitride (AIN).
"h Vart ouD8Rb Eiabiseeie S s frmBiscion Ho 8 n SR bR S HE RS FRBAST S gt b of
about 1 nhegietoelesttid infhteifal adndoiled 1o iMstratd Rttt iueR, or phterfs 62MEleRGtr6des 10
mat erial 708 may have a thickness in the range of about 0.1 tt))mto about 3

pm depen®ihd38not huthse sedrtimsais lbe ol efsdectrofre féf.0r, mavedprembrd-ectric
material @}8edBYd nla§ bee t€in Q@Yﬁexﬂigﬁitla{fﬁ fem or'lst tﬁl]r_é,%QQnoaf %&}%Pé:'t 0.1

pmto about 2 pm about 0.I pmto abou m or abou pmto about 3 pm or
a t hi tknebsamofordigoration,. vtheserp paibofiteeth. 363 6baduke dlegrnde #BD st altbrfatipely about

2 pm or apout |n feourth LWent.s, the. .l [ el ectric material
708 may h%f&aé*gs%’ﬁ earPga%rh"fg}hed‘eg&f‘g?g‘:‘?%g%b’t"gh}eheé“f’«gﬁeg;?%‘{? XABBG AT obeePiRE vt er
used f or theeldabdd 632 manboilteitutvaMNdhaggedneitiofusthef pand lof Gigth efithoédedtiaes. | n

ot her vvor%sﬂ "the piezoelectric material 708 may have any | engths and
wi dt hs, | ‘ted only by the size of the wafer used for fabrication. [0093]

I n vari oupo89PRIgLIREBE SsholWRESERP irh&es "8 elRetrédbs2bf 112 Rurfddae a@Rkid QhvaRy have
a 20 distance, as represented by the arrow 710, of approximately 1 pmto

agout 15%0 yeAgnatasp, aék@?lgéo azarin@nhyﬁira@?mﬂh!gnpﬁmg @eas?mln-lg@n?n?nofmura@nge ﬁf
abou p E r : . mto about 10 pm suc
that the g%%?%%?g%df ?ﬁga‘bgéb’@a%é%"g‘é’“g’g@ﬂ?m%ﬁm about 2 pm about 5 pm

or about [DO9IPNFigure 6G sh¢wxD94¢hehimtic Jop Freeofs puis tof ¢lavaudesr @HOH42,00itVA0 May

include an interdigiital transduger 25(1DT), 712 where the piezoel e ic
mat eri al %ﬁemf/'cﬁg"lﬁrogﬁe?b r?é&orgﬂlgatﬂa"(rﬁ b"[dHBC‘ftogfle Hayr f%geéecgf’g?%gqr’ DT 712.

The | DT 742, ansy bbearfinged @k QCtinjle-baith edonfkurdéh, WNert QWabh BfIBS QBGh, 19
m crostructure. As illustrated 1n Figure 7, the I.DT 712 may be confi gured

to | el t agxampie 644, A dhe elepwode 640 isalermpgyely arranged with each of the teeth, for
example 646, of the electrode 642. In further embodiments, the pair of electrodes may be

arranged in a double-beam configuration. In various 'embodiments, the connectors 648,
650, connected to the electrodes 640, 642, respectively, may be connepted to the
. respective Supporting anchors (hot shown). The comector$;640, 642, may have a width
25 ~ of about 1 um. In various embodiments, the symbol p represents a design parameter and
it should be appreciated that it may have any value, depending on the requirements of the
pair of electrodes 640, 642, and the surface acoustic wave resonator. In one embodiment,

p may have a value of about 1.08 um.
[0091] Figure 7 shows a cross-sectional view of a surface acoustic wave resonator 700,
30 according to various embodiménts. The surface acoustic wave resonator 700 may be

- provided on a substrate 702 inclﬁding a layer of dielectric 704 such that a gap 706 may be
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[0095] In various enbodi ments, the IDT 712 may include a pair of

el ectrodes. The pair 30of electrodes nmay be arranged in an interdigitated
pattern, WO11A53259 t he enbodi ments illustrated in Fi guPEZ/SGBIANGBE oOr
Figure 6E or nmay be arranged in a concentric-circular pattern simlar to
t he enbodi nent of Figure 6G The IDT 712, including the pair of electrodes
may be made of netal. The netal may be aluminium In further enmbodinents,
the metal may be platinum gold, nolybdenum titaniumor tungsten. [0096]

| n vari oUsreib BetiwEe itife subs@atpi760Z @Al @Rd pieodddtis irldtefiall P88 BYCoER %5/ the
substantially the top surface of the I DT 712 or alternatlvely the top
surface ofurfape apistic JRve reeniteé prythsea floating)spriage acougtic yaye (E%Wslur face
acoustic Wayf r r 2..0r each
of the pair o Jretﬁgpgﬂt gg:dterzggvelgmg W@e %6%0%1%5&}!88399@?”3%% %lﬁn&gl'?ﬂ?vgestthgl ay

and t he pivbstoatt O2r iAs simtvar inaFigiBB87] shef pienmdecint mmbﬂdSImysemaa@Ij_faeent to

the fjrst | arious nbodl nts, the  ayer including the
pai rogf ;:‘?"é‘&?g d’egreﬁﬁégeﬁémfﬁ? eP‘%ZPnfﬁtéw;S’i‘aé%‘baéEQgctn c material 708. In
further emwoorii mﬁms temomnezlfselﬂecmsﬁatmoerma& bé QRiconywhik {HerdieldcBl y in

t he second | ayer.  [0097] In _varijous enbodinents, the plezoelectrlc
mat eri al rpg m@héepe.laryebp eKidetqrarimdeohe miezpgiretng matenal HO3ampvRged such

that the piazachehidd (AR U n%qg'\%hozggmbédlﬁ-} ! {mﬁ%&leewgana@nhomaﬁﬁ of the

el ectrodes. In various i ments, eac el ectrodes may 15ex¥|te a
surface adwvestlengthad ebowt lpnmpagha avidthrod Laghutolr nmn In laddisionf the piarbeletteic
pi ezoel ectric her f el.ect rodes

i al f .t
may e¥ci B ﬁngl[ﬁ)%e“ 86 lflglréﬁﬁa’@é ?’Efmﬁ?‘g% t“?ﬂ%’ ﬂmgf”%’n R7BdIBE £ ace

of the pigazae @epdsitfonBioBEss Ahsed. O&he&ﬁ%%elﬂez@re'c%snﬁfémmm%a tohe
surface acoustic wave resonator 700 may further include supporti ng anchors

714, '716.examples hpysor thickpesmiolibe sangd of abo 0. Iy th @benitr lem Qlfpus @ppwmttp ng

anchor .structures rt|n anchor 7 up

respecti VA Ef&%c#% ?F‘%EP %hof“ #‘%Pe%?“??ﬁ‘g? tjsa.?fgwr?% do?”f’fhe pai r
of elect r%ﬁﬁ 1 ", Bout 'lxﬁﬁnprabéﬁtt 2GhRedr aBodthe ph?slﬁefﬁﬁhéfeerﬁmxﬁéﬁth Ngeanchors
714, '716. In various enbodi ments, the supporting anchors 714, 716, may be

made Uf rmiezsielectFieematetiall 70ﬁﬂsa>’deavalanmlqmugmﬁndl wiidth, up e thedmhgshiiane mtidth of he
Var fous” ShE SRR IR gy el IR0 v SEABN N Bloul spRRY Bl 39T 1

ei t her beothexdeords, thésiearitetrivahaerial708 nmy hh%argdmgt]iﬂrﬂlv)'ldﬂfs limided adly

di ff erent taJ S 0 ar.i ous enbodi nents, the supporting anchor 714
may i ncl UE! Ss‘ﬁf"ﬂf&‘ﬁ ‘\?lrd‘lse‘tﬁ\gﬂr aRSPtR | | ars 718 and the supporting anchor

716 may ip0Y3|de ariBhsérabddinietf, tROLAPVIH may be an air gap. The gap 706 may have a

20  distance, as represented by the arrow 710, of approximately 1 pm to about 10 um, for

example a range of about 1 um to about 8 um, a range of about 1 um to about 5 pm or a

range of about 5 um to about 10 pm, such that the disfance ef the gap 706 may be about

1 pm, about 2 pm, about 5 pm or aboﬁt 10 pm.

[0094] The surface acoustic wave resonator 700 may include an interdigital transducer
:25 (IDT) 712 where the piezoelectric material 708 may be positioned on and over the top

surface of the IDT 712. The IDT 712 and the piezoelectric material 708 may form a

resonating microstructure. As illustrated in Figure 7, the IDT 712 may be configured to

levitate on or above the substrate 702. _

[0095] In various embodiments, the IDT 712 may include a pair of electrodes. The pair
30 of electrodes may be arranged in an interdigitated pattern, similar to the embodiments

. illustrated in Figufes 6B and 6C30r Figure 6E or may be arranged in a concentric-circular
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30pillars 720. The plurality of columar pillars 718 and the plurality of
columar pillars 720 may be arranged in a uniformpattern. In further
enbodi mrerwe,20tis3mBural ity of colummar pillars 718 and rh@/Scharabiy of
columar pillars 720 may be arranged in a random pattern. 101011 In vari ous
enbodi nents, the surface acoustic wave resonator 700 may further include
structures 722a, 722b, on opposite sides of the piezoelectric material 708
and the IDT 712. Each of the structures 722a, 722b, may include a

dielectri %atdeayainim%a,the? 2AbodibRel U Fgire 6GOMhe IPANdi 1) dnéTBdiak B phietofr €
726a, 726b, fornmed therein. The dielectric |ayer 724a, 724b, may be a | ayer

of oxi de @ectipdes may be madp ohmefahcl hegmetpl may be tlyminjumobfurthergimbodiyenticl ude a
correspongi (pVEN oYy u | LS . The surface

acoust i c%\%‘a??sgﬁﬁtﬂé%"%ao%n@y&%{bﬁﬂ@%?ﬁ%\’%‘ﬁgfﬂ%“’%ﬁ%r of silicon nitride
(Si 3N4)  7P09¢] Ihovarisdh embodimeptsofhet fiezoelestpie ctruvtered7@8 may cover| sapsantialsta,

724b.- ] n yarious.enbpdi _ the structures 722a 2b, . may.serye as netal
out’ i ol SReEe phivetB Mz drageRpiE e e s af ety G Hades ¢t

prot ecti veliBYern 2( A€cordinglyl ti¢eurfide o3t Waaesona@by00 Mmapheees Yeudhire Pr ot ect
the | ayers beneath the layer of Si3N4 730a, 730b, or the structures 722a,
722b, dur Vheye tha HEE 13 pr e3d ofdhe paif phtherplecitodes efcthe /RT Ji2 i grranged in a
fabri.cati DRESRS vi : [ i j of the
di el ectri @gf gﬁ‘?’@i 7243?‘472%%,&}‘%3’9%? Zggﬁstﬁghg&rﬂr{%mgggﬁﬁgr iso(pr%&ﬁ {(;{r%sﬁeagarrpl e a
range of fisblayer2lmpvarious atmbodin@ns, thenfigst layer amehdingf thapainof deGrques may dbout 3

gm such that.the.thickness, ma about 2 . about. 2.5 pm or about 3 gm
T ol o kO EibapiReAv EARE AR 20, 48 B0ifer enBOhiaiap e TicaRi s siiteAL oy 950
may be abmgméy be Biimtdonlpenithekefondmyef.or exanpl e a range of about 0.5 pmto
about- 1 pmor a range of about 1 pmto about 1.5 pm such that the

t hi cknesslO88{] Berargey embodimgnts, the giegoeleing Bﬁatealebz& andgthe, pair ph elgatrodes shoul d
be appreci@hednirhAb hie bdiaARRARIAAEh Hat il FieMeltHRShAREAIRT d8Yis Bidtthdn
structures or configurations present 1 n the enbodi nents of Figures %A— 6G

t hat ar e mpledrtp @sgonfithegtlectodess dmivarignst dmebadirhents, rreeh obfheRileptodes7many have
simil Odxcitd gsmtlr Qc:[ei %Lllxéﬁcsv!/arveltarrodia el ﬁ]itrc())un?l'orlorr]l tﬁldguir%aicg Of thg'} ez];glg‘é HE €S or
structure$ or “any alternative ¢ BRPIFES™ O ‘structure or configuratron as
descr i bedmhterialt108. Bnfaet ementiodiméntd;itlgpairso felecGtd exayaybexcap p sl lacoustic a
simlar correspondi%\sg feat ure oh sti:uct{.lre for the enbodj ment of Figure 7.
[0104] Fi YAYOBPREHE thropghyey ondhairiagp el the pirgesletingakriaktdod of forming a
sur f ace 3@09@%%&@@’%%0&&%&&@&1% surfiet QeohsE WA eViREdnales BODA Teifles.
[0105] At 802, a first electrode and a second el ectrode arranged in a first
| ayer ar einflgdensepportgen@ichags He4 7164 Becwnpprtiag enchosnprd, Jil gmay Be aniewst ectri ¢
mat erjal | j o] e.fl I S ' t e Di ectric
mat or 101 $RPURAETE e RESHed P 14RPalophing; BBbrs P, S1E 2l b BEHB NG

el ect r oderespedtitvdle td eachtof ltleeymir ofsldctredesp$uch lkat phdvafahepdir oLeloatodes may [ 0107]
Fi gures 9A t F show.cross-sectional views.of a fabrjcatjon process to
T act e TRed T URCHE oo P TYRRPE oo SURPATRE “Reont dlldg M8 A Totes

e”bddi Menériibodiments, the supporting an;ihors 714, 716, may be made of metal. The metal may be

aluminium. In further embodiments, the metal may be platinum, gold, molybdenum,
25 titanium.or tungsten.

[0099] In various embodiments, the IDT 712 and the supporting anchors 714, 716, may

either be made of the same material (ie. the same metal) or made of different metals.

[0100] In various embodiments, the supporting anchor 714 may include a plurality of

columnar pillars 718 and the supporting anchor 716 may include a plurality of columnar

.30.  pillars 720. The plurality of columnar pillars 718 and the plurality of columnar pillars 720
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[0108] Figure 9A shows a structure 900 that nmay be used for the fabrication
of a surface acoustic wave resonator of various enbodi nents. A substrate
902 may bwoppuowisesd. The 10 substrate 902 nmay be a sili ecm/Ssobwion@te, for
exanple an 8-inch silicon wafer with a thickness of about 725 gm

Low pressure chem cal vapor deposition (LPCVD) may be carried out to
deposit a layer of relatively low stress nitride 904 of a thickness of
about- 1 gm The layer 904 nmay be a layer of silicon nitride (Si 3N4).

[0109] Thmagbe deranded i QQuniasn phtdin DB farhiresiboddivhéntsd tsplutafity Slcok@RrR&i tion
process to 15 deposit a | ayer. of alum niumof a thickness of about 4000 A
(4000 angR{lpsmis aS‘iFf@d’tl‘Ffvlétyyﬂ’éf?]éPWPmnﬁf§ i7AQ may e agengeddr ag#iom PAYER i ve i on

etchi ng (1Bl B 04RRS AMbBdnnis, Eeflée Macggaﬁ&ﬁs@i@t\?a\%pﬁ%lﬁ PO Ry H0ftRer 910,

to partially expose the nitride |ayer In order to define al um nium
secti ons @tirde s@ubres 322a 722b] 4b oppésite sislesl epthsipiazdeladtriminmiterial 768 end thei gur e

9B shows 916 that ppy. be formed 20[0110] Pl asmg d
cher ol TRpaT AT IO RN 2% 22T SoCBrIea BUFToh RG 2it dedtr o 916

t 0 deposiinchdingy®coféspshdihg anetali artictlee (7264)2)268,1 forfifed athéMin KR SEekREtriabout
8000 A (8000 angstrom . Selective patterning usi ng% a second mask and a
Ry

reactive ¥ &eni Pyt oxifecorguidsy Bish afghe metal strpstuea’Pbdes of
vi 2 hol es7 850y Iiie HédRsp e pllAlib/\R dofiitar Bllla& 1ea0MH. ThE derfdcs! 02)

918 at the al umi ni um sections 12b, 914a, "914b, 25 respectively.
Fi gure 9CGoshgteswavreresanatest7GP end2iurtherainclude a bayef of sibidon hitrigea(Sig\g 730a,

enbodi jren h lupal ities of wvia hole 2 20h.. 922a 22b y have

a di a%f’eﬁ’é’r E;m golg\noﬂ{}ﬁ TEpes Vg’u{lel@‘.:tgc g?ﬁef 22‘3%%2?"- : 8“8%18 gﬂgﬁcg?lﬁg'{s’ e

di anet er smynbes di2ont Q26 @my abowet af. Mme@ roating!t ollside 96T Othe ahQoiatidg8 gm

However, it shoul d be appreci ated that }he pl ur Iitﬁi)]fes, of _via_hol es 920a,
e e

920b, 922RICreFHAturGaRA WAY T HPIRIRSHYT 2y efelire b TieRle 3303 TRRrtaphy
pr OC.QSS_ 'Uﬁﬁﬂafv'e or prdtect the layers beneath the layer of Si;Ny 730a, 730b, or the structures

722a, 722b, during release of the resonating microstructure during the fabrication
v15 process. A |

[‘0102] In vaﬁous embodiments, the thickness of the dielectric layer 724a, 724b, may be
about 2 pm to about 3 um, for example a range of about 2 um to about 2.5 um or a range
of about 2.5 pum to about 3 pum, such that the thickness may be about 2 pm, about 2.5 um
or about 3 um. In various embodiments, the thickness of the layer of Si3N4 730a, 730b,
20 may be about 0.5 pm to about 1.5 pum, for example a range of about 0.5 um to about 1
| pm or a range of about 1 um to about 1.5 um, such that the thickness may be about 0.5

pm, about 1 pm or about 1.5 pm. |
[0103] It should be appreciated ‘that the dimensions of like or substantially similar
structures or configurations present in the embodiments of Figures 6A-6G that are
' 25  correspondingly present in the embodiment of Figure 7 may have similar or substantially
similar dimensions. In addition, any features or structures or any alternative features to a
structure or configuration as described for the embodiments of Figures 6A-6G may be
applicable to a similar corresponding feature or structure for the embodiment of Figure 7.
[0104] Figure 8 shows a ﬂowg chart 800 illustrating a method of forming a surface

.30  acoustic wave resonator, according to various embodiments.
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101111 The structure 924 may then be subjected to an al um nium sputtering
deposition process to fill the pluralities of via holes 920a, 920b, 922a,
922b, andwoOaodepexsdt a | ayer of al um nium of a thi cknes®CPiSGaboWNN418 pm

Sel ective patterning using a third mask and a reactive ion etching (R E)
process are carried out to create openings 926a, 926b, to partially expose
the Si02 layer 918 in order to define alum nium structures 928a, 928b, 930.
Fi gure 9D shows the structure 932 that may be fornmed. The al um ni um

struct ur e[(388pAt 1302 sl dhstt Electidddindi 418286 tdl @hrodd Aarah FddOia’ £ 60 1a98dard
plurality_of columar pillars 934a formed in the plurality of via holes
920a (Fi gfﬂ"@e@C). The al um ni um structure 928b includes the al um nium
section 9 ( ki ity T : f or med
in the pl &'?g?]i 559%4’6%?%9 nﬁ%flag?a"é’@(?gﬁ?’kiag%lf A eéeg@.c GiAialls rﬁ”%{eﬁn‘%‘ at%rgﬁtcj:‘tg ure 930
i ncl udes thhefirat layenisush that ttheo pez@letaic aiatdrial (iFietpatrzaldC)couplad pd uhalfirdti es of

022b (B P B b propaetieundt 08 ek ety Hifal b ShirRtestf mifiipe

carried oou10TnFigus bsA ant OB| fhove endssabctipabl Vs d8 4 TRErRIBHH 85foddds ttBe arrow
938, of the alum nium structure 930 to define the 15 el ectrodes that nake
up the i nP@NHRYHECA SUFiReRACQURIS W R TSPRaten acerdiag ForuRBmbeadimsptst he

embodi nenjo3 o§NERhreigh By LEnlRira86h Mkt Ahy b qwdefoﬁg.e%br@aﬂbﬁ 6f QQJrfa'gEge
portiions of the~ alum nium structure 930 represented by the arrows Oa and
940b ‘i ndi atsiic Wevepgsaniaton of whreous enthodingpro At subgtrate 802 may rbeyprivadgb dihei oned.
[0113], Physi cal pour.deposition (PVD) is then carried,.out op th

str uciour e §t§aq? ogY)gdn %VeB%sai %lﬁ%lonl_ %‘ﬁyét&a%]?t)o&leﬁfﬁ?l%ﬁu?ﬂ R HECqmAP) ero"'l{l(ﬁ:‘:la

t hi cknes sththnédd @ftabdut5723Mum SEb® Giréskere RALIRIaN v ildr WShoMtich APOVID) ABSlkeand a
subsequent reactive ion etching (RIE) may be carried out to fabricate the
pi ezoel ectarmied ouftte depasitadgyer of relgivelnt lnaw sireps mitride04 04 agbicknrsnaf abeuril gur e
9E. I'n var..od iy r . e .{he layer of AIN may be in the
rang-e'of-a]éﬂggglﬁe %9%%&'#}%? bzebaolé{)e?ftfglpﬁg&?%?édgggl Nltbé a range of about 0.1 pim
to about PB109)) The?ftduchie $O0 ahayaieutbeOsubjdeted tooa. gfatetind depasitiondprodsrd o Of
about 1 1AM to about .3 1AM E(g.ch tﬂgé tEe t hi ckn;ss may be about 0.1 pm
about 1%0. 59PAT Ait of alyminiumpd g thickness of abopf GP0 2 G040 emesgrmiglectiye ym

[0114] Bubh@ffsh Qéih%ﬁ 25tGhaskBRE)a reb@ive e&ae@hﬁggmfﬁoéé@; ReOdarilf bgi6d |
hydrofluoric acid ( F%@vapour, may then be used to etch the Si02 layer 918,
except t hagade wpemings PP, 308b, UHiOn itas periely) expese sthe 2gride dp8h 904 an ordestte an ai r
gap 946 t i de.a | ey i t pi e I ial. 942 on or

above ¢ nelktiiE by sEHhE 018 Soby Vsl pAETGHh defoelBL Al BaP O
al so provFigers 98 shewistlat stamatuod 9 téhthatl iy beHogued 9F shows the final structure

948 forne i sopr.opanol. (L PA) may, then b to dry the structure
948. 'f%ll@]‘l'ﬁio%mas' %ﬁc OChfé’Efa?I)’@Wr depst @F\% ‘S\}Peé\/\g"‘r‘a‘fde‘é“tf% Fcation
process tg@nmine!d BEioWeposit £14kErTRIlIRER didkide (BRYS 918 5PH HicknessHTa8b6li g0got O

vari.ous epbodi nents. ) ; . . . L .
_ (8000 angstrom). Selective patterning using a second mask and a reactive ion etching

(RIE) process are performed to create pluralities of via holes 920a, 920b, 922a, 922b, in

the layer of silicon dioxide (SiO,) 918 at the aluminium sections 912a, 912b, 914a, 914b,.

25  respectively. Figure 9C shows the structure 924 that may be formed. In various
‘ embodiments, the pluralities of via holes 920a, 920b, 922a, 922b, may have a diameter or
a width of about 0.5 pm to about 0.8 pum, such that the diameter may be about 0.5 pm,

about 0.6 pm, about 0.7 pm or about 0.8 pm. However, it should be appreciated that the

| ~ pluralities of via holes 920a, 920b, 922a, 922b, may have any diameter, depending on the

' 30 - lithography process used.
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[0116] Figure 10A shows a CMOS | C wafer 1000 that may be fabricated by a
foundry using I C processes. The I C wafer 1000 may i nclude a substrate 1002,
a di el ectWpD@011)382531004, a sacrificial layer 1006 and aPC@{SGen®n0418908. |n
vari ous enbodi ments, the substrate 1002 may be a silicon substrate, the
dielectric layer 1004 may be a |l ayer of oxide or nitride, the sacrificial

| ayer. 1006 may be a | ayer of oxide and the top |ayer 1008 may be a 10 | ayer
of silicon nitride (Si3N4),. The sacrificial |ayer 1006 may include a

pl ural it y[oai1"Eieadtniture! 024 mes, thed Ba subieckédto 40 ARGiniGAVipedndlisgoditiohy Of
columar pillars_1012a, 1012b, 101/c, 1012d, forned therein as shown in
Fi gure 10%ocespio Bl theplymaljtiesofivia haless$20aN20P ¥ 200922k, angfoispositgrlgyer okny be

made of . e : i.ous,.e i : 1 Ni ck: ch of
the. i ol cormrmulBeathghor b ¥BOLeH b SRRk Srride G AR BB SR e
1008, as feadsivieciah etichiig fRIBYfSoéeasiacl yarfing dne té Rrdatteopemiigpe I¥6aaAb2EH, 4000 A
(0.1 gm to.gpout 1000Q.. 1 tupn), fqr ex | e.a.range of about 0.1 jimto
Sbout ) Pl opste SiP ket d R imorin o S TRp GhminRR grifuse Sea R bt
about 0. 4930, Fiduee BDOHoWA - the YiflictId I32t ARt M Be thtnfdNTES aliRYn#ieh ARMIre0- 1 gm
about 0.4 &m -about 0.6 Rill, about 0.8 inn or about 1 gm In further

enbodi men?ZPa includes dhe atpminiup gegiiop 9d 3 (Figurk 96\and a plusdits pf cotamnarepillyred so
that -t h i - ' g : i ficial
| ayer | 1005 a8 B ARGV DRI SogHELE IS5 Pl A0 aRERIL 7 2

t hi cknessincidesttbel bluinifiumrsectico@i2b (Pigprg 9@kandta pturslity.of colmnabpillirs334Bm

[0118] The | C wafer 10 y.be subjected to_selective.etching to rtially
btch fhe ft%gﬁ‘% B8 ARy 3 i Hples ﬁhs%ﬁﬁlﬁﬁﬁif b 11e; Hliminiy gmgture 956

subst ant i jatludes e d1@Rinsuh fsagifond GliAa,0§1435 (Spi@ﬁ:rerm)abmﬁ pRuvglftids &f Lahkdhat 0 form
the structure 1018, as shown in Figure 10B. In various enbodi nents,

reactive pillgrs 936 OAeh, franey in fhermurahigs of viaholes 9220 1R22b (FiewsPEDhane (CF4) or
trifluor PiT . i ik OZridd ol u . used
o pert o attiecitt baiterdih 8 kil G I6Eh Kokl oy LA b Ml [RGGRE

al ter ngt ipﬁ?llty%, afhbmewnwﬂ;b)gthgtw}ow, {mﬁtthdaelunmqum;%dtcﬁufe .Q?en(itjtu'ddgiﬂeahe ]E)een
carried oyt .a e undr y.. ot her , e odi.ment , o
Frgur & 10EsHyet 0% T un B migroiet L s s AP TROTGfdER PR L hé

pat t er ni ngnkdtmeite lioda iNFzirésB bt 6@ bf Figtre®B orMigie 5D Thepértiohd yf ent ral
portion of the nmetal structure 1010b to define the el ectrodes that nake up

the i nt erdpgieyr stpciie f30deprerantied byrthe agows1348s and A4Qb indicgte the gorieR®di nent s

shown i n FHGEIRSuFR AN aRboRmdy Y cSiibRed” Figure 6G In further
enbodi ments, optionally or altérnatively, this patterning and etching step

may not L8111 Hdthysieal vapouhidgpasition (*YdD)biscther gamried cbupion the stiwetureCABSt6 oundr y .

at o oBeRba g TBEERERY R RRORGCh RHaRSE of Aot ter - el

carried opsitefiing B6ing tal Rkt MaskOdfl b QubBRRG&ttredotiva)ien e@hirdl (UENIWAY Bétri de
(AIN). In varjious enbodi nents, the thickness of the 10 | ayer of AIN may be
in the reftgeedorut ihbricase thegiegosleatis praterial §+2.fte foray tigsiractarerHdge shewmbout

0.1 gmt . Meaarange of
about 1 g re e oE B R e A e R RO b A g R begn ED
about 0. Srapgn ofaboutt0. 1L poutp abdna Bt puri,. for epampdd @ ting® ofjahoat 0.4hmuto abogn2 psel ecti ve
patterni ng using a mask and a subsequent reactive ion etching (RIE) may be
carri®d dranggokabgpt @4 pan {ona@ob{ Lymaradangeof about 1'um to about 3 um, such that

the thickness may be about 0.1 um, about 0.5 pm, about 1 pm, about 1.5 um, about 2 um

or about 3 pm.

[0114] Buffered oxide etch (BOE), for example in the form of buffered hydrofluoric acid

(HF) vapour, may then be uséd to etch the SiO; layer 918, except those within the
' 30 | aluminium structures 928a, 928b,. to create an air gap 946 to provide a levitation of the

_ piezbeiectric material 942 on or above the substrate 902 and the nitride layer 904. The air
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15material 1020, to formthe structure 1022 as shown in Figure 10C. [0121]
Buf f ered oxide etch (BOE), for exanple in the formof buffered hydrofluoric
aci d (HF)woapouns32saay t hen be used to etch the sacrifi cipall/SGaywrooddd6

t hrough the opening 1014 to create an air gap 1024 to provide a levitation
of the piezoelectric material 1020 on or above the substrate 1002 and the
dielectric layer 1004, ‘to formthe final 20 stnctturelO026 of Figure 10D. Hot
i sopropanol (1 PA) nmay then be used to dry the structure 1026. [0122]

Vari ous egdpadicrfenhel atsyprovides al &vitatdnosftthe IDE Fif@re OFabows thedind@vieudarSAW
resonat or_ Qr. devj t hat i ncl s one netal |ayer, one piezoelectric

mat eri al ?@f@?ﬂ%ﬁﬁéﬁep@aﬂqﬁ{ff%é}vawﬁ%wUS‘ﬂ%&) ‘i‘ﬂé‘?"l fiuctuss 94&%yer may be
removed dignis)oFiines AN k& ADDOBhIW RERTSedRnaOVRWs Gt § ftamcaabﬁé,ﬁsée%gttrﬂ c
material to realize the floating device. [0123] Various enbodi nents may
provi de fwanyfeatergasuriase agousiicv@vp resoraer sccopding  vaniousrembddinayter nay

corr espol +: ] y.e ting |.a s i.n the dC process
whi |6 naoLLd iR R BN 1 DECEIRRD T Py & B BeCL b Gdomdfir T

t he 1.C prwomsK: pfatdses. MhrndCobafehe0(0i map alchalera wbsmdten06d, aadidlecteicdame of t he

resonatin icrostructiure y 30 be perfornmed via a single mask in a post
processi .nlg)o gl ‘Bﬁftaéfera‘:ﬂﬁgéf}gait‘?ﬁ ]ég‘?rétog_%ﬂnv\ﬁaflﬂ“sl enbgsimpents | ta,sybstie ng
cost.. [OMd4lmby BbacsilldonSiB¥Faté, NBe Aidldehdd 1298 ded42mal R ShhEReLoBROWS I C
wave resonator of various enbodi ments. The simulation data was gener at ed

usi ng t heﬁ@islszeﬁhﬁ sterifisial fvee] Q0 munkssiayenaf oxide aog dreatop dayent 0Q8meay be a
refl egt orgl §5% sﬁi'ceéhficheo(%&ldsﬁ%gﬁgg@&ﬁtﬁaﬁ faﬁgqqsgggﬁmluagggi@%ggg Hegyre 11

shows the structure. or e Si process. ructure
1100 ‘i nclsodetmreaanl HOaUH 10bN 1810¢ hadde alfloaligndf aolaemsi pijlasy e@I2apdel 2bl04,

which are, fixed at the int 1106a and.110 spectjvely. The actuation
el ect r’odel(;)ﬂﬁzl%ézéf f%’ﬁae‘gﬁlﬁ?ﬂ%@; gﬁ%ﬁ"&‘? d@‘riigﬁ' iﬁ%gﬁf"’ﬁ’é}ﬁﬁgéef stpctures

i nt er.di.gi toabgd opas,t1en o, WS R neaief biRaliliumf or exanpl e 1108a and 1108b, of
the actuation electrode 1102 is provided alternatively with each tooth, for

exanpl e WY1 Ipfvariges swhedimgntsy @2 tthigkmess o gachpef ﬂ’ﬁéﬁ?l)e/‘_ﬁéﬁ daver lp@éyubecy, 10
each {500td.rifiQh1 18R TIB{)@ and-(8 %oclﬁggenr]i%?ﬁbds f?t;rictaf%ﬂ a5 1Abs ?Qun%#}g gmtag?l)g ??‘l é 102, |

may nove in a particular dire or exanple "as Tepresen
arrows 11he sangaf Bbadbl000M (@1 eap)totabotith] 0000rA €k anp) for kkifipleaf range osensi ng

el ectrode 1104, may ngve in the opposite direction, for exanple as

r epr esent@u0 1 (i 1, Aboxth 058w, a-FaRgeqfiabovt -6 Hm talaut O WS o EAER OBf

appr oxi Y/ i nn, ta i t tq a r 15
[0025] Frpareod yhn Wiaoul 6.4 B g0yt Wil ey BURBAILERERIRLS, 11 ¢ e

resonant (peatbohi?04 \andatdone0i8npe danbeutflr gauUBNAtheesmbodiMedtd 06 tHied mitae

enbodi mrent of Figure 11. The results show that the resonant frequency is
appr-o¥i miregeys 3s in fhrerbmpy be 354,38 thab theithiskpess opgash elothediglectde t o
excite a fi ki bt V : T;
resonant lﬁ%qggﬁél;&%géh%‘gl ]},ﬁ%?ggﬁsé@ glf/\ﬂi?pnlg %Q?Pﬁgp" r?gq‘gﬁzés“é"‘%%’%’l fggi ty,
for exanpixemple athitinesegf abvmt 1 15ipek ibew 20im}f dboue?.& ¢t acidsutldl (@, 1104 (Figure

11) and in i the resolutjon of the |jithography process to pattern
structur égfiﬁtalﬁleglﬁmfé% 110aps boibIectad to spledtie stchingeto pagally; eh thgdomeen

part i; cul aajey 19098 cRBR ACSHehinB D1 KR ek SIs8¢ QIbSBniiAlly the top surface 1016 of
25 the metal structure 1010b to form the structure 1018, as shown in Figure 10B. In various
embodiments, reactive ion etching (RIE), with etchant gases tetrafluoromethane (CF;) or
trifluoromethane (CHF;) mixed with oxygen (O2) or argon ‘(Ar), may be used to perform
4 the selective etching. In further embodiments, optionally or alternatively, this etching step
' , may:no_t be required if etching hés Been carried out at the CMOS foundry. In other words,

- 30  the émbodimenf of Figure 10B may be fabricated by a CMOS foundry.
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specific enbodi nents, it should be understood by those skilled in the art
that various 25 changes in formand detail may be nade therein w thout
departi ngwvbromaskas3spi rit and scope of the invention asPdefSGaed/obys1s he
appended cl ai ns. The scope of the invention is thus indicated by the
appended cl ains and all changes which come within the neaning and range of
equi val ency of the clains are therefore intended to be enbraced. CLAI M
1. A surface acoustic wave ,resonator conprising: a first electrode and a

second el @e19]osteective pagating Andietchihg imdya&f be carriéd &it%ﬁ&@uﬁﬁhﬁtiaﬂy%@ﬂtﬂl i al
formed in a second | ayer adjacent to the first |ayer; wherein the

pi ezoel ectien fhthgmesdl spructaredldiph Bhﬂquleé%ﬁiF‘éEPd% hahmake pg theapisedigigie and -
the secong,gh&et (198S; Tﬂ@ gleWe@ Infhy TH€off thE Snbb@%fhts sholh&h Rburkd€B and

plezoelectrlc naterla he surface acousti c wave reso ator accordi ng
to clai m 6C onifigues ﬁEemdhgtUe 6Ghén furthet embedimenteoptimhati or skeroatived, eltis r ode

conpri uraljt eeth. face ,acqustic wave resonator
aci:rgr ngp at%t i odn%%}olf] £ Sieg gy qot be rfqu‘iiﬁ%eﬁgillﬁ qqehals%rch} ¢ m@toilbﬁte &nd t he
second el (EIQﬂOS)ﬂﬁndfye IR ot gaddd, th@Bletthddek dhayi bapeddcimpatdughg thd CMOS

concentri c-ci rcu{1 atter 4. The surface acoustic wave resonator
accor di ngPreeFsaplihe kYQS foy Wms 2 to 3, wherein the first el ectrode and t he

second el michi@s@mev@%@a ltwqbvtdj% tﬁ‘éilcghrEQchiit gﬁ tﬁéﬂﬁmgggﬁql ol & %o ©

teeth of the first eléectro Is alternately arrange toot?i of t he
20pl ur al idepogif a {ayet of dﬁmtmwngéodﬂ&@l)emvmas embodiffikats sthe tlacaescafitht i ¢ wave

wh the first
o1 oot oqda it AN Mot & e S 8hasouf DTohep 40, okt KR BhETPRATIES O ¢ cet b
of the plawoat 6.1 YinPlo aib@fﬁltiz"g ahiii%e‘of Aisdut 811964 E@%uk % i bed &agébﬁ/ab%h{ gnged

V\nthapalr of teeth o he plurality of teeth the second el ectrode.
. pm to about 3 pm, such that the thickness may be about 0. 1 pm about 0.5 pum, about 1

' ‘: pm, about 1.5 pm, about 2 um or about 3 pum. Selective patterning us_mg a mask and a
subsequent reactive ion etching (RIE) may be carried out to fabricate the piozoelectric
: :15 material 1020, to form the structure 1022 as shown in Figure 10C.
[0121] Buffered oxide etch (BOE), for example in the form of buffered hydrofluoric acid
(HF) vapour, may then be used to etch the sacrificial layer 1006 through the opening
1014 to create an air gap 1024 to provide a levitation of the piezoelectric material 1020
on or above the substrate 1002 and the dielectric layer 1004, to form the final
20 structurel026 of Figure 10D. Hot 1sopropanol (IPA) may then be used to dry the structure
- 1026.
[0122] Various embodiments rriay provide a ﬂoating sufféce acoustic wavo (FSAW)
resonator or device that includes one metal layer, one piezoelectric material layer and one
sacrificial léyer. The sacrificial layer may be removed during the fabrication process to
_ .25 levitate the piezoelectric material to realize the floating device.

‘ [0123] Various embodiments may provide for integration with IC processes, where the
metal layer may correspond to the metal layers or the conducting layers in the IC process
while the sacriﬁcial layer may oorrespond to the silicon oxide layer in the IC process.

: Pattofning of the piezoelectric niaferial and release of the resonating microstructure may

;30' ' be performed via a single mask m a post processing operation to achieve integration with

IC while also reducing cost.

27



6. The surface acoustic wave resonator according to claim3, wherein the
first electrode and the second el ectrode arranged in the interdigitated
pattern aWwe200iid3haped. 307. The surface acoustic wavePEESGRGO®P04A8 cor di ng
to any one of clains 1 to 6, further conprising a substrate, wherein the

pi ezoel ectric material is configured to levitate on the substrate. WO
2011/053253PCT/ SG2010/ 000418 8. The surface acoustic wave resonator
according to claim7, wherein the first electrode and the second el ectrode

are confi pag4jdrigorel BVish@ve tiensitnitatidh hdita of @. surfdce FbRsHU W6 GegfiRtbStdfC Wave
resonator according to an% one of clains 1 to 8 wherein the piezoelectric
materi al YREOUS empedimepts, fhg ymulatign defgavas geperated dsigg dhs Covemies splwarsde or

accor di NgqdrorRf¥ite AR oPéraidrbiMhelreNCtSh-1e¥ 868N ufG-LLEASHE Wi@% SﬂT§A‘W}t erial

is alum niumnitride,” zinc oxide, lead zirconate 10titanate; art z,
al um num xga¢natarmFiguse dil ddowg ah¢ istmetares £HI0d usedsfor i the simnaatiord erocessn Jhsi t e,

P uor e, MR 109 SebHE AP h Bl HEBH EhSuR Pty B wh§Pone of

clai ms 1 4re fik@d at the point 1106a and 1106b, respectively. The actuation electrode 1102 and
| the sehsing electrode 1104 are arranged in an interdigitated pattern where each tooth, for
example 1108a and 1108b,. of the actuation electrode 1102 is provided alternatively with
‘ " each tooth, for éxample 1110, of the sensing electrode 1104. At the resonant frequency,
10 each tooth, for example 1108a ar_id 1108b, of the actuation electrode 1102, may move in a
o pani:(:ﬁiar dii‘ecﬁon, for example as represented by thé arrows 1112a and 1112b, while
: eééh» t'c‘>'oth,. for _éxample 1110, o;f the sensing electrode 1104, may move in the opposite
~ direction, for example as represented by the arrow 1114. The structure 1100 occupies an

area of approximétely 8 pm x 17 pm, not including the supporting anchors.
: ;15 V [0125] Figure 12 shows a plot 1200 of the resonant mode shape 1202 with the resonant
| peak 1204 and the impedance frequency response 1206 for the embodiment of Figure 11.
The results show that the resonant frequency is approximately 1.16GHz, where the
structure 1100 has been configured to excite a surface acoustic wave with a wavelength
of vabout 4 pym. The resonant frequency may be increased by increasing the phase
20 velocity, for example by reduciﬁg the thickness of the electrodes 1102, 1104 (Figure 11)
and increasing the resolution of the lithography process to pattei'n structures with smaller

dimensions. |

[0126] While the invention has been particularly shown and described with reference to
specific embodiments, it should be understood by those skilled in the art that various
325 ~ changes in form and detail may be made therein without departing from the spirit and
" scope of the invention as defined by the appended claims. The scope of the invention is
thus indicated by the appended claims and all changes which come within the meaning

and range of equivalency of the claims are therefore intended to be embraced.
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wherein the piezoelectric material forns the shape of a square, a rectangle
or acircle. 15 12. The surface acoustic wave resonator according to any
one of clwpree11105825311, wherein the first el ectrode is aPcasgeaiogoehst hat it
excites a surface acoustic wave in the piezoelectric material. 2013. The
surface acoustic wave resonator according to claim 12, wherein the surface
acoustic wave has a pattern substantially simlar to the arrangenent of the
first electrode and the second el ectrode. 14. The surface acoustic wave
resonat or caamsli ng to any one of clains 1 to 13, 25further conprising a
first support coupled to the first electrode and a second support coupl ed

to the segond glefhéoftBustic wab@resbifloslidifihgacoustic wave r esonat or
f ' 14 e

according to any one of clains 1 to , ein the first electrode and the
second el ect r oal8rshreleciceriefand arsechnd glectodn aranged mradfingt kagdr; 30t r ansducer. WD

2011/ 053253PCT/ $&2010/ 000418 16. . A surfage acousti e resonat or
corrpri%i ng: a fPré&e® %ﬁt%%'[%Ft(%H%I fgﬁﬁeddnsaesg%%gqaeé8&?885‘é?°a'¥$§% ®Fn a first

| ayer; a pi ezoghaein the piizoeleditic Mafepinl® @dldciticall eopiéll loak€ firs diede@dtando t he
first layer; 5Swherein_ the piezoelectric structure is electrically coupled
to the fi e seamd leciiBi: ahd

L * wherein the first layer is free of the piezoelectric material.
10 2. ‘The surface acoustic wave resonator according to claim 1, wherein each of the

first electrode and the second eldctrode comprises a plurality of teeth.

3. _The surface acoustic wave resonator according to any one of claims 1 to 2,
- wherein the first electrode and the second electrode are arranged in an intérdigitated

15 pattern or a concentric-circular pattern.

4, The surface acoustic wave resonator according to any one of claims 2 to 3,

wherein the first electrode and the second electrode are arranged such that each tooth of

the plurality of teeth of the first electrode is alternately arranged with each tooth of the
20  plurality of teeth of the second electrode.

5. The surface acoustic wéve resonator according to any one of claims 2 to 3,

wherein the first electrode and the second electrode aré arranged such that a pair of teeth

~ of the plurality of teeth of the first electrode is alternately arranged with a pair of teeth of
25  the plurality of teeth of the second electrode. ’

- 6. The surface acoustic wave resonator according to claim 3, wherein the first

~ - electrode and the second electrode-arranged in the interdigitated pattern are comb-shaped.
30 7. B _The surface acoustic wave resonator according to any one of claims 1 to 6, further
comprising a substrate, wherein the piezoelectric material is configured to levitate on the

substrate.
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the second el ectrode; and wherein the piezoelectric structure is forned
only in the second layer. 17. The surface acoustic wave resonator according
to clai mO20ues®Bn the first 10el ectrode and the secoRGTEIGEEH00¢ES ar e
arranged in an interdigitated pattern or a concentric-circular pattern.

18. The surface acoustic wave resonator according to any one of clains 16
to 17, further conprising a substrate, wherein the piezoelectric structure
is configured to levitate 15on the substrate. 19.A surface acoustic wave
resonator conprising: a first electrode and a second el ectrode; a

pi ezoel ectric structure electrically coupled to the first electrode and the
second - el ecHhoaerfacgnaroustic waygh sesengtor pecopding de| cdaimy ¢ wereire tthe dirgts

confi gur efedfBab Gd LREedil fboftdBPLiE Bbhifled B Te I AGRe ARRNSE! © vave
resonat.or. TR rethod T or manufact uring a surface acoustic wave resonator
conprising: 25forming a first electrode and a second el ectrode arranged in
a first layer;_and formng a second |ayer conprising a piezoelectric

mat er'i’al Sgdj ackift Syrtace I'Féo'?ﬁt‘rcs‘fva‘fea%?mé ciFePriie {9,anyions £ é&‘f‘}si eberi al

i s el ect rivgabinthépied bt OmhtBRallHat & fre€ boGidagde and

-+ 10.  The surface acoustic wave resonator according to any one of claims 1 to 9,
. wherein the piezoelectric material is aluminium nitride, zinc oxide, lead zirconate
10 titanate, quartz, aluminum gallium arsenide, gallium arsenide, silicon carbide, langasite,

gallium nitride, lithium tantalate, lithium niobate or polyvinylidene fluoride.

11. The surface acoustic wave resonator according to any one of claims 1 to 10,

wherein the piezoelectric material forms the shape of a square, a rectangle or a circle.

‘15
12. The surface acoustic wave resonator according to any one of claims 1 to 11,
wherein the first electrode is arranged such that it excites a surface acoustic wave in the
piezoelectric material.

20 13.  The surface acoustic wave resonator according to claim 12, wherein the surface

acoustic wave has a pattern substantially similar to the arrangement of the first electrode

and the second electrode.

14. The surface acoustic wave resonator according to any one of claims 1 to 13,
25  further comprising a first support coupled to the first electrode and a second support

coupled to the second electrode.
15.. ~The surface acoustic wave resonator according to any one of claims 1 to 14,

" wherein the first electrode and the second electrode are configured to form an interdigital

30  transducer.
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t he second el ectrode and the first layer is free of the piezoelectric
material. 30 21. The nmethod according to claim 20, wherein the form ng of

t he secorlOl2a1AAS3258npri ses depositing the piezoel ectri cPEASERIAI00GS t he
first layer. WD 2011/053253PCT/ SG2010/ 000418 22. The met hod according to
any one of clainms 20 to 21, further conprising levitating the second | ayer
on a substrate of the surface acoustic wave resonator.

16. A surface acoustic wave resonator comprising:
‘a first electrode and a second electrode arranged in a first layer;
a piezoelectric structure formed in a second layer adjacent to the first layer;
5 wherein the piezoelectric structure is electrically coupled to the first electrode and
the second electrode; and

wherein the piezoelectric structure is formed only in the second layer.

17. -The surface acoustic wa_ive resonator according to claim 16, wherein the first
10 . electrode and the second eleptréde are arranged in an interdigitated pattern or a

- concentric-circular pattern.

18.  The surface acoustic wave resonator according to any one of claims 16 to 17,
further comprising a substrate, wherein the piezoelectric structure is configured to levitate

15  on the substrate.

19. A surface acoustic wave resonator comprising;
a first electrode and a second electrode;
a piezoelectric structure electrically coupled to the first electrode and the second
" 20 electrode; and ' ‘
wherein the piezoelectric structure is configured to levitate on a substrate of the

surface acoustic wave resonator.

20. A method for manufacturing a surface acoustic wave resonator comprising:
525 -forming a first electrode and a second electrode arranged in a first layer; and
' forming. a second layer comprising a piezoelectric material adjacent to the first
- layer sﬁch that the piezoelectric ;material is electrically coupled to the first electrode and

; the s'ec:c_)nd electrode and the first layer is free of the piezoelectric material.

230, 21.  The method according to claim 20, wherein the 'forming of the second layer

comprises depositing the piezoelectric material on the first layer.
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22 The method according to Eany one of claims 20 to 21, further comprising levitating

the second layer on a substrate of the surface acoustic wave resonator.
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