27 April 2005 BULK ACOUSTIC RESONATOR PERIMETER REFLECTION\SYSTEM 5 FIELD OF
THE INVENTION The present invertion relates to acoustic resonators, andmore particularly, to
acoustic resonators that may be used as filters for electronic circuits. BACKGROUND7 yerihgeebto
reduce the cost and size of electronic equipment has lead to a continuing need for small filter
elements. Consumer electronics such as cellular telephones and miniature radios place severe
limitations on both the size and cost of the components contained therein. Many such devices utilize
filters that must be tURBEXoAFSNEERE RIEHENA TOR STERME THRREEEBEERQI SN IAENY effort to
provide inexpensive, compact filter units. One class of filter elements that has the potential for meeting
these needs is constructed- 15 from acoustic resonators. These devices use bulk longitudinal acoustic
waves in thin film piezoelectric material. In one simple configuration, a layer of piezoelectric material is
3 sandwighediygvie e rtrarrBigrEToedes. The sandwich structure is suspended in air by
supporting it around the perimeter. When an electric field is created between. the two electrodes via
an impressed voltag, I piczoeleeitic materal conyents some.of tng slectigahenoiiifsc
mechanical energy in e form of sound waves. Fhe sound wavés can prc?pagatle B’ngltudlnafly in the
same directiotesgnatmsdhad mieyflddrsed dy &fferst foffelsctroicteraeifair interface. In addition, the sound
waves also propagate in a direction transverse to the electric field and reflect off the various
discontinuitiepaictikGedpeNDf the electrodes or the structure. The device is a mechanical resonator
which can be electronically coupled. Hence, the 25 device can act as a filter. For a given phase

ve ooty of sound in it RghsE3kalic HechR il e P aRRkURauahSH B (AR 1Y i
half-wavelength of the sound wave propagating longitudinally in"the device is equal to the t%tal

thickness bf thecd dvicaatlifilier slemaisciorumstpledzcrios Biehess wsilmiagalepbiensemdaninialirthe
velocity of lightatbepiass/iners BRaRMHsGH both A ARE A CesPEr Il ARORAR RRaABAIGR (R

applications in the GHz range may be constructed with . e .
Many such devices uithze filters that must be tuned to precise frequencies. Accordingly, there

has been a continuing effort to provide inexpensive, compact filter units.

One class of filter elements that has the potential for meeting these needs is constructed
15 from acoustic resonators. These devices use bulk longitudinal acoustic waves in thin film
piezoelectric material. In one simple cohﬁguration, a layer of piezoelectric material is
sandwiched between two metal electrodes. The sandwich structure is suspended in air by
supporting it around the perimeter. When an electric field is created between. the two electrodes
via an impressed voltage, the piezoelectric material converts some of the electrical energy into
"3 mechanical energy in the form of sound waves. The sound waves can propagate longitudinally
m the same direction as the electric field and reflect off the electrode/air interface. In addition,
the sound waves also propagate in a direction transverse to the electric ficld and reflect off the

various discontinmities at the edges of the electrodes or the structure.

- The device is a mechanical resonator which can be electronically coupled. Hence, the

25  device can act as a filter. For ar given phase velocity of sound in the material, the mechanical
resonant frequency is that for which the ha]f—wavelength of the sound wave propagating

longitudinally in the device is equal to the total thickness of the device. Since the velocity of

sound is four orders of magnitude smaller than the velocity of light, the resulting resonator can



physical dimensions less than 100 microns in diameter and a few microns in"thiickness. Thin film bulk
acoustic resonators (FBARSs) and stacked thin film bulk wave acoustic resonators (SBARS) include a
thin sputtered piezoelectric film having a thickness on the order of 5 one to two micro2is Apkéic2fvdes on
top and bottom sandwich the piezoelectric film to provide an electric field through the piezoelectric

material. The piezaRlSCHic MR SHIR S EPBIR AGHRAGHAR QDS RIEC S IR dniRR Easehpnical field.
An FBAR is a single Iaé_er of piezoelectric material and acts as an absorption filter. An SBAR is

constructed byPB¥iqd RHleetia)d/ Bignes de lsmrtarnd Ade W HHEmBe ibtidPstveen the
layers and on the top and bottom of the 10 stack- SBARs are typically used as transmission filters. To
simplify the followingThicfiksibikthepiasasbmaren{KbARE) bedexpladd ebbirfiter bigkok ave EEMOH:

however, it will be appa Eﬂ[ﬁ% the discussion thaf the teachings of the present invention gre also
applicable to SBR gd%ss{\svﬁe : ﬂ}é“%‘érﬁén o?ﬁqgtﬁfgégéﬁ%%%?g ﬂfmgl?ﬁnc Hded be évfﬂelg?ﬂs e OVer grpo f
electrodesSforrmsedn tawonstionsa\Hlyctidieriner yreSmiiatosamdedish did ipiszbbleasiityfilm togirividiich

sound waves, ' SE’%%; | e type..propagate-in a. longitudinal direction
perpendicular %(tl'ﬁ.gcp a@gﬁg SL'%’E%&F (;trogégs;%ﬁ%ﬁ%%ét% H%%r%éigr%n gfﬂienr]’ gls%ﬂ%t%orryl/vfcﬁlg&es that can
be excited. Thé&aetisn efihs¢ldetres dict dfe armeorminad SddrrdoddhtRds Sci_mlh\l@;[vegfmwg_ﬁlﬁgrpargllel
to the plane of the elegliPsies.20d AruRsing AttCT swals Ot hgnasarsy Qt&ﬁﬂﬂ%%mﬁ Aiseanpgyity at

the edge of the electrode layers. Once'in these lateral 20 modes, the méchanical energy is lost as

heat. This losPbPERREGHAsERIEHALY A Brdsrb ot kg agdee Bedenyd detameliiieral mode

resonances Wilisrp SRR are vitaligaiadd 4 afthiesfoRAieand permit the design of sharper frequency
response filters, duplexers and oscillators with lower phase noise. It is an object of the present

KATAHR 5 SRl RN I RCUCER, GG Y105 ffom

invention to provide gq jm @:rﬁ) kigh
lateral mode resonarj??es. U%I%&%é%oﬁlﬁc%or%ancé WltP] one em odﬁ%ent o? %ﬁg present mveﬁ ion, an
acoustic resorfatBB ks hewevarsitpall deagnaicahiiose tsrisetcsign thal thiigashings ot lbewtessmterial. The

substrate has gveaRieaRiARiMpRA I AISB ARTas R dheraf pliie fibstrlortiadrcmbighdsispqsed over

the 27 April 2%05 deIPression in the tog surf?ce of the substrate, tonr])rovjde an electrode/air interface,
extends etween the overiap of electrodes forms an acoustic cavity. The primary oscillatory mode of this

15 cavity is that in which sound waves, of the compression, shear, or plate wave type, propagate in a
longitudinal direction perpendicular to the plane of the electrodes. Unfortunately, there are other
oscillatory modes that can be excited. These so-called “lateral mode” resonances correspond to
sound waves travelling parallel to the plane of the electrodes and bouncing off of the walls of the
acoustic cavity or the discontinuity at the edge of the clectrode layers. Once in these lateral

20  modes, the mechanical energy is lost as heat. This loss of energy affects the quality of the

FBAR. Reducing the energy loss from lateral mode resonances will improve the quality factor

p—

(Q) of the FBAR and permit the design of sharper frequency response filters, duplexers and

oscillators with lower phase noise.

It is an object of the present invention to provide an improved, high Q bulk acoustic

25  resonator with reduced energy loss from lateral mode resonances.
SUMMARY

In accordance with one embodiment of the present invention, an acoustic resonator
includes a substrate, first and second electrodes, and a piezoelectric material. The substrate has a

depression formed in a top surface thereof. The first electrode, which is disposed over the

2~



beyond the edges of the depressionj)y a first-distance to define a first regiontherebetween. The
piezqelectric material is disposed on'the top surface of the substrate and over the first electrode. The
second electrode is disposed on the piezoelectric material and includes a portion thaRsApldlczies|
above the depression. The portion of the second electrode that is located above the depression has at

least one edoe at 5 AfASKIOMLERUEPANINARILE SO draiesriandyipeeeedigance ©

define a second tegion therebetween. An overlap of the first and second electrodes and the

piezoelectric mhexongtheredgcanfdbe depresinnityyor et destucatordafine ABrhrmeivetsibettpehsisye
mpedances Lt fiom.each RUSsoR% B PLIRE AURTRNSE ullumeserials e R el

In addition, each of the first and second distances is approximately e%u_al to a quarter-wavelength of a
&

sound wave traVasIfRrgnd sy dedodisnpisd e e nireadeibi materalifad fenbidss AR UHBY IRt idges of

the regions consgsidativahe iteaipresisomaripzaibe of afleaiivity abthedespnalWeatdilsbdhedist and
second regions act as Bragq reflectors and reflect. sound waves from lateral mode resonances back to

the acoustic cATRFSTIREFLEIrT I WHsrRs FHIGs JE0m & GosrsRonne Al 05 LE ARTSPIINA
desired, primasgcosdiiataiyenmodtdint haaoad stigior Sanciamiesiu desoadilsthel the firseied seftedtion

system to reflgt gddiongl sound weves from.Jeleralmode resonangeshack to e agpuslc cayity of

the resonator. ﬁe ) perlmgfgplre ection system can’include's ru?: ures disposed on'the plezoel1ectric
material arounskctind fagoaiduive depodatcas thabdi s jose dach dierpiszoekstt of theatdftatmisone the

d i X sSeg , f : '
epressiq anqla?egnﬁgqg [Qﬂss% ggg?Qqu Sleads hemspiﬁ ?e&rﬁﬁ%%gég?é%ﬁgﬁgfg\e@gf the

located a predetermine rom an edge of the first electrode corresponding t

second elgctrcﬂa@aﬁfataiglmfgémﬂ%gebﬁfe%wﬂdmgveérg@e&irtaéats@ﬁ}wgr@w. thetrisperdiyfoiseioRtends

from that edgespita iRl odoianbedalsie reithiRb e taRion hHas el Radanas Lt differs
from that of the second Egg{i]%r#%réd the predetermined distance is approximately 25 equal to a

quarter-wavel SRS e et freh ang Scepnd Josianhid P SiE THCCR erdrsfiedtic
defines a fourtivued wavbafing lateiih peda needifiesdnick onhihatonkio edbirgd of dgi eesoamdrt veheridth of
the fourth fegign is apprQximately equal to a quarter-wayelength of a_sound wave travelling laterally
across the fougrit]ﬁsresgﬁgn. Aa‘éega%nglé%%ﬂatt’ﬁg ?ggé%r% gt?ﬂg%r% ?lsr%%glﬁll}sp gg%}ﬁ})aﬁofﬁem p?lgeez'oelectric material
above the 30 depression and.located a predetermined distance from an edge of the second electrode

that is offset from a O @EPEHIFRoRAtE Brivlete hrdusprrimetriis fetion Sxtemds rrdsrtaddiioRid of the

sound waves from lateral mode resonances back to the acoustic cavity.of the resonator. The .
perimeter reflection system can include structures disposed on the piezoelectric material around
the first electrode or structures disposed on the piezoelectric material above the depression and

20  around the sccond electrode. An example of the former includes 2 structure located a
predetermined distance from an edge of the first electrode corresponding to an edge of the

) second electrode that is offset from a comresponding edge of the depression. A third region
extends from that edge of the first electrode to the structure. The third region has an impedance
that differs from that of the second region, and the predetermined distance is épproximately

25  equal to a quarter-wavelength of a sound wave travélling laterally across the third region. The
structure itself defines a fourth region havingl an impedance different from that of the third
region, and the width of the fourth region is approximately equal to a quarter-wavelength of 2 |

sound wave travelling laterally across the fourth region.

A example of the Jatter structure is one disposed on the piezoelectric material above the
30 depression and located a predetermined distance from an edge of the second electrode that is

offset from a corresponding edge of the depression. A third region extends from that edge of the
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-3 D 27 April 2005 second electrodesyto the structure, and the predetermined-gistance is approximately
equal to.a quarter-wavelength of a'Sound wave travelling laterally across the third region. Similar to
the previous example, the structure itself defines a fourth region having an impedan@g differ@n0srom
that of the third region, and the width of the fourth region is approximately equal to a quarter 5

wavelength ofacspuBavauel avelingdaierlRRIs G IR EEaIon -aﬁbl%%%%ﬂgﬁgﬁiw gnother

embodiment of the invention, a method of’making an acoustic resonator'is describe e method

includes provilifes Yardeasth phgisryad yepicsavsHing ety asresp thathivkresire ofantiziditae

electrode dispaseidretapinD heaeaurthdifdealRstiadaHs (et S ARAKEINR SSRESRRAPRIm
extends beyond the edges of the depression by a first distance 10 to define a first region there
between. The%ﬁ%ﬂfgbe f?ﬂ{ﬂ ErSien At ghe Fughangiands BISHEATINRE A P ARABEOf the

substrate Dvemtiveltigthai€ atsonal and ciepasinagdteRaRoRG R 0l BEeHQBABS. Piezoelectric material. An
overlap of the first and second electrodes and the piezoelectric material forms an acoustic cavity of

the resonator. The I ' e rtion Jocated above the depressian that has at least
BRAGARA AR MASH BARILAL IR o

one edge that is offset from a corresponding 15 edge o the cflevﬁlrlelggfoanlrbe§h S ERBRG WA AR define

a second regiBECRnEisclcseabedr Hhe meing inshides heeyidingaralistrte indngifdeprassivnt fatnadl the first
region. In addjtigpsaae altbertiret aane éﬁ@ﬂ@&@ﬁ}%@&@éd%@ﬂ?ﬁ%ﬁ%@? WY I &rod

quarter-wavelenﬂth of a sound wave travelling laterally across the respective region, and the first and

second region®@ R PRNGYS dRRRCESIen ard aiienis bayord thesdege RiAbetemsession dityetirstidistencean also

be addetito reflexdinno ferseerionirepvaretioNTIR RS THAKE SRIBNSSRAAHN P PRACRIESC cavity of
the reso atormggé%%EEStCRlP ION%OF THE DRAWINGI%The present invention may be better
understo% O Hce Ot SPREralR Vel fbs Sshelectrodtand fenesting #36endkilled in the

d, and 1ts numerous object,
art by referendiviyeieacbomoarsiacidrasting, Anlverelaplikiire fete aad satone eMstsgssatider like parts

of the various,f3uiRes: AotV S hd SRS IQssS8eH view of an FBAR resonator. Figure, 2 is a
cross-sectior?él view of an SBAR resona?or. Fiaure ?rizgzlgh Forﬁs\(/)lnewrdf%e ﬁf‘gﬂ\ Ffeg%gg? %%%eﬁ\ﬁth one

embodiment BYHiE® I})qgggil]gbove the depression that has at least one edge that is offset from a cortesponding
15  edge of the depression by a second distance to define a second region therebetween. The second
region has an impedance that differs from that of the first region. In addition, each of the first
and second distances is approximately equal to a quarter-wavelength of a sound wave travelling
lateraily across the respective region, and the first and second regions form Bragg reflectors.
Additional structures, such as those described above, can also be added to reflect more sound

20 waves from lateral mode resonances back to the acoustic cavity of the resonator.

9 BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be better understood, and its numerous object, features, and
advantages made apparent to those skilled in the art by referencing the accompanying drawings,

wherein like reference numerals are used for like parts of the various drawings.
25 Figure 1 is a cross-sectional view of an FBAR resonator.
Figure. 2 is a cross-sectional view of an SBAR resonator.

Figure 3 is a top view of an FBAR in accordance with one embodiment of the present

invention.



invention. -4 27 April 2005 Figure 4 s a cross-sectional view taken generallyyalong the line 4-4 of
Figure 3. Figure 5 is a cross-sectional view taken generally along the line 5-5 of Figure 3. Figure 6 is a
top view of an FBAR in accordance with another embodiment of the present inventiali Aptig0057 is a
cross-sectional view taken generally along the line 7-7 of Figure 6. DETAILED DESCRIPTION The

present invention may; ARJNG SRsHNIERSBINNH With ERlRISACaIIA QRS 4‘-@%%&@@'Ch are

cross-sectional views of an FBAR and an SBAR, respectively. Referring to Flgure an FBAR 10
formed on a substratle 12 u;iclug(es l%ottog’%natpd to fecectrode 14 and 8 re ver which sandwich
a sheet of piezoelectricmaterial 16 The. piay S e fstt P’f@ﬁ% 5\‘/@“& depression 20

to provide an electrode/air interface on the bottom of the FBAR. The depreSS|on 20 is typically created
by etching away a pSHg8FF Sfisaker g@vief mis ARdfereeerfiecowideatothen tonhddimahi wf theprastide,

AN, however gfhestRigzoelectric materials may also be used. The electrodes 14 and 18 are preferably
made of molybdenum; however, 15 embodiments employing other materials may also be constructed.
A coordlngte syste 2 iS orlented sucfglthal': the z- s corr ponds to Ionggtudlnally directed waves of
any mode'type, wh S x-3o SN GAe &R ¢ ienetedng 4veet SigHe Sompression,
shear or plate- mode type 20 These devices are deS|gned to use bulk compression or shear acoustic
waves propagifidg I RIBAIEMN| to the z-axis in the thin film piezoelectric material as the
desired resonator mode When an electric field is created between the two electrodes via an

impressed voltage, tiike pt&smeiﬁeéﬂﬁdmaieylsé maeﬂﬁmmmsmwﬁ%re@ﬁmsmm@mﬁ@banical

energy in the f of sour;dsé/(\;/ Jer%e sQun ‘f gi%%tﬁe in the_ same direction as the electric
field shown at" ect ot 0f the electfo IRERAENShE R ARTgeigEe the
device aﬁpean@w @wn@m&dvtratoﬂhndoﬁlm%wmﬂ tarekctraded Nbiab fiter. The

mechaniggl regQnaRtHG WRBESAVRITSIEPSY, pfl%EA’Xﬂ'&Hc material 16. The piezoclectric material 16
is suspended over a depression 20 to provide an electrode/air interface on the bottom of the
FBAR. The depression 20 is typically created by etching away a portion of substrate 12. The
preferred piezoelectric material is aluminum nitride, AIN, however other piezoelectric materials
may also be used. The electrodes 14 and 18 are preferably made of molybdenum; however,

15  embodiments employing other materials may also be constructed. A coordinate system 22 is

oriented such that the z-axis corresponds to longitudinally directed waves of any mode type,
while the x-axis and y-axis refer to transversely directed waves of the compression, shear or

plate-mode type.

) These devices are designed to use bulk compression or shear acoustic waves propagating

20 in a direction parallel to the z-axis in the thin film piezoelectric material as the desired resonator
mode. When an electric field is created betweén the two electrodes via an impressed voltage, the
piezoelectric material converts some of the electrical energy into mechanical energy in the form

of sound waves. The sound waves propagate in the same dn‘ectlon as the electric field shown at

24 and reflect off of the elcctrode/alr imterface.

25 At the mechanical resonance, the device appears to be an electronic resonator; hence the
device can act as a notch filter. The mechanical resonant frequency is the frequency for which
the half-wavelength of the sound waves travelling in the device is equal to the total thickness of

the device for a given composite phase velocity of sound in the material. Since the velocity of
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the half-wavelength of the sound wayes travelling in the device is equal to the total thickness of the
device for a given composite phasevelocity of sound in the material. Since the velocity of -5 27 April
2005 sound is four orders of magnitude smaller than the velocity of light, the resultin@7esSprin200Ean
be quite compact. Resonators for applications in the GHz range may be constructed with physical

dimensions of {he erder P AR0. mggﬁdmé%%ﬁa&ﬂﬂ@%m&w@ﬂ@tﬂﬁb@mﬁ'gw&%mn

cross-sectional view of an SBAR 30. An SBAR provides electrical 5 functions analogous to those of a
band-pass filtdic THE SRmReBRespreaiyr applcBmRsinde GHaraee mertbsrnatpesdpiad. The

depression ungiess{he ARIARLIAYSRL HIEERIEOVIRIRGIEIRk RS AReTamifled famihisdrawing. A

signal across electrodes 32 and 34 at the resonance frequency of the piezoelectric layer 36 will
transmit acoustic energy tq the piezoelectrig layer 38. The mechanjcal gscillations. in the piezoelectric
layer 38 are convertgbg%?%ﬁsél E‘E?Fé%‘?cgi‘érﬁ’il"i%'é’g&ér%& 88 §CQ‘%%(§’TA?5‘BV #lecPiedoelectric
material. Refefuingaganmnlopbiytoalbsewferbandqtesstiiitds el BRIARCEOSS bhd@ibetvadEB AR thiers
direction to aegerale e dsRIRY MAMRAYRR. AdANSUS Sl decise MEshaNcal SURL aNBSy
generated, which can excite so R4 Waves trav mgcfatera fy within-the mzo&ec?nc?ayer. ese
sound waves hteYseadunitiediepr diiedredibg thesigbal perobaelganlaelsiydadheletigesnais the
electrodes ShawaBIG/AM M AL INSE!et AR AR R o B R YRAAILAR qeiRg 0 e

piezoelectric sheet. A portion of the sound waves is not reflected by the edges but instead “passes

across the edd@sdnerhaniral sscilaions j8 theiezaslsrisiedrysr 48 armranuedad e phrstiieskpignaleduces
the qualify facﬁe;&g%gt;ﬁ&&@&&cﬂgmgp@%ﬁ%ﬁ{gIﬁgtgmt_)odiment of an FBAR 50 in accordance

with one Ejmbodiment' 20 of the present invention. Figure 3 is a top view of the FBAR, and Figures 4
e

and 5 are’‘cross secinnal -vig ] enerally along lines.4-4 5-5 respectively. The FBAR 50 is
formed on a top surface 5 é%lgs.ﬁe%%r %()?’o %%ﬁl%gt{rga%a 3 B 5S %ﬁfﬁ%s[?ag & eggg%sdgégs?éion 56 in
the substrated%aiPpie\Bercrte dhedesirs Apvatapacmsssdpiorsted theckBikAl sThin FBAR 50

includes a topyaleRHRUMIREERERiIR YR WIS ZORIREITIR DALEIR) GRANG A RO plesiirre 25 layer
62. In Figure %I&Lhe bottpm electrode Jayer 62 and the depression 56 are indicated by dashed lines, as

both are locatedFtiHFEATRIK THE I Rredosnprely crletiedhwtheiaant ehanagp density at the edges of

15 the electrodes shown at 24, but may also be reflected by the edges of the depression or the edges
of the piezoelectric sheet. A portion of the sound waves is not reflected by the edges but instead
passes across the edge and is lost as heat. It is this loss of energy due to these lateral modes that
reduces the quality factor (Q) of the FBAR.

Figures 3-5 illustrate an embodiment of an FBAR 50 in accordance with one embodiment
o %0 of the present invention. Figure 3 is a top view of the FBAR, and Figures 4 and 5 are cross-

) sectional views taken generally along lines 4-4 and 5-5, respectively. The FBAR 50 is formed
on a top surface 52 (Figs. 4 and 5) of a substrate 54 and is situated above a depression 56 in the
substrate 54 to provide an electrode/air interface for the Béﬂom of the FBAR. The FBAR 50
includes a top electrode layer 58, a layer of piezoelectric material 60 and a bottom electrode

-25  layer 62. In Figure 3, the bottom electrode layer 62 and the depression 56 are indicated by
dashed lines, as both are located underneath the layer of piezoelectric material 60. The top
electrode layer 58 includes a portion 64 that extends over the depression 56 in the top surface 52
of the substrate 54. An overlap of the portion 64 of the top electrode layer 58, the piezoelectric
material 60 and the bottom electrode layer 62 defines the acoustic cavity of the FBAR. |



electrode layer 58 includes a portion,64 that extends over the depression 56-jn the top surface 52 of
the substrate 54. An overlap of the portion 64 of the top electrode layer 58, e piezoelectric material
60 and the bottom electrode layer 62 defines the acoustic cavity of the FBAR. -6 27 AGrA26DE)IHe
FBAR 50 of the present invention is an improved FBAR with a higher Q than conventional FBARS.

This is due to a perimelen et oSy, nding the FBA reduces.the loss of energy
from the FBAR. The perimeter refleptipﬁ%%ﬁglrig?ﬁlg%l as A pluran %@fﬁhgﬁ@%&%@&wg
reflectors to ré€Y¥faERaLEPABM Bt dhotharparimetncaslenibuaystonbsitadundiigihtrmgregatIStic

cavity so that itdnaxhreqevsirtad-Dpektothe-prman,osciliator ode of the FBAR, The perimeter
reflection sysée[{geincrléi%es a first rggion 66 that extendsﬁgr%%%%géeeqise% S SERELngades ap W&l rtion 64

of the top ele P eSSt EinkssisEReeTS ledsps i eacrenamdaod uhthadepessiandatnand a

second regionh#Petisagestrdsdiom eAg8sd Aot AR (CQldNE.4R deRISssion 96 ta corresponding
edges 72a, 72%3”%&2%%% bottom electrode layer 62. As best ilustrated m E?éures hd 5, the
first region 66 RCILdES” er of piezoelectric material 60 and a portion of the bottom electrode 62

that is located over the depression 56. The second region 72 includes the layer of piezoelectric
material 60, the botiiReiBrtstEcBectiancrybemsubltiata fidst Agiod 650t thadiffrgrigaiyals which
comprise thegwwglgg%q%@ggﬁr@ Jdaube firstregion has an impedance that differs from that of the
second region, The impedance of the first rec |oeﬁlgg$39§% (?l??éerrs HORC Rt RREREss 1% A0yt the

FBAR, as the’ fifQf g tEsee pp endanserndaesionlRotrsdeSadsineficdtee Gion B has Moeihor

distanca @, thizpisssignbte Giereistan @&g@sam 496 ,58% §1bu§r 63c of the top electrode 58 to. the
correspc)gdin@l uesg_%% d710513.70b OJ 70c i(i)%the 20 dfpression 5_%. s|mﬁé§ri§‘,”tﬁt‘§°§%°c§rf Fé&%nAf fiis a
width or Wi e D ta e bigmen 04 inslndes the layerod pirgecksictrie metsrad sibn 56 and

istance .
the corresposutirpextige #fihe Bétiont éYe@&cﬁﬂethth@ﬂ@m&i@&%@&%ﬁ%ﬁé@gﬂ%@n?ﬁﬂe@&%d2 Is
t

approximately seia4 to f.guasier way length of a sound wave travelling laterally across the respective
region. In the geferredc emboi?ﬁ}éer{toff) %ﬁze%?Ee\/Cgﬁ‘figﬁtﬁ%Iquté]F&BOH?@ grsadehmmfdbgistance d2,

and the distaEETaY 29 upprosimbtylifenot omscibdcatizn obileissisw aishual iaRadagsesbetween
the acolsstic havit region has an impedance that differs from that of the second region. The impedance of

the first region also differs from that of the acoustic cavity of the FBAR, as the first region does
not include the top electrode 58.

The first region 66 has a width or distance d; that is equal to the distance from an edge
~ 68a, 68b or 68¢ of the top electrode 58 to the corresponding edge 70a, 70b or 70c of the
20 depressiqn 56. Similarly, the second region 72 has a width or distance d, which-ié the distance
) betweén an edge 70a, 70b or 70c of the depression 56 and the correspondiﬁg edge 74a, 74b or
' 74c¢ of the bottom electrode 62. Each distance d; and d; is approximately equal to a quarter-
wavelength of a sound wave travelling laterally across the respective region. In the preferred
embodiment of the invention the distance dy is greater than the distance d,, and the distance dy is
25  approximately 2 microns. Because of the mismatch of impedances between the acoustic cavity
of the FBAR and the first region and between the first and second regions, a percentage of the
sound waves from lateral mode resonances are reflected back to the acoustic cavity of the FBAR

50. Thus, the arrangement of the first and second regions 66 and 72 enables the FBAR 50 to

suppress lateral mode resonances.



of the FBAR and the first region and-petween the first and second regions, a-percentage of the sound
waves from lateral mode resonances are reflected back to the acoustic cav'rty? of the FBAR 50. Thus,
the arrangement of the first and second regions 66 and 72 enables the FBAR 50 to QUpjpes0ateral
mode resonances. -7 27 April 2005 The perimeter reflection system further includes a structure 76

disposed proximate n the preferred embodiment of the invention, the structure 76
includes a pIuraIi%o%e%ﬁ%ﬁ%gﬁgcbg%sgﬁ@&n gﬁr Cl? %ﬁﬁ&%ﬁ%ﬁ? B JisRErd srovEs R 50.

However, one 3} éﬁ}alzhtéﬂmrﬁfqmdmbgzirappteﬁthedmm M&ﬁi&ﬁtﬁr@@&ﬂ@ﬂuﬁﬂﬁ@ﬁ%ﬁﬁ@ﬂl’?% b
segments. In 5additionsihessegment nected to gpe . Each segment 76a,
and 76c is offset from the correspon(%]r{11§i;|a edgé% %%fgﬁﬁ%ﬁé‘ 4%@%@#@?@ BEEh9e afstance

d3. Thus, a tiFSeEiskHEE Hsargvillmenregicihabibostrictan dé dayshchrie thetweanibe Biges 74a,

74b and Hc diddigdagitesleaiade fnst T Sl % 4 ird;region 80 im nce that
differs from tha 11iécond region 72. This differegﬁ%ggﬁggn%%%adﬁggﬂige ugr{g?%gpgéggﬁggﬁlﬁ of the

of the )
bottom electrddEShIeMd3eiFoFRsRARmE 6iss &t ThuandTdank thedijislagrintsbylestisniyedtie layer of
piezoelectric rfibieriethfid faibilsd SbBisatebith Jmlmﬁgﬁé)&tﬂeﬁ%gdrﬁ&@%@&ei% iié%éeﬁlted such

that it is appr ately equal to a quarter-wavelength of a sound wave travelling latera Across the
third region 80, sgl{ﬁg? (r:eg#é%c?it%%gso %?Hf@%&@%%?%@%%@smlrwmmm@. 15
The structure th8 HffstrabibatefikeattoadrgionMAtana) agtamie QRN IR e R i @Nd 62,

respectiygly, 3P diRvbs JRRES n the layer of piezoelectric material 60 at the same time as the
top electrode 58. The structure ggégvl\llll ! dReRoh retith B Ruxdmesiond Qaerivees aabtudes the

structure-)z 6, thelpyersbrepricrise meteratiohend lmstbtersi4 sThate arshinteGioar 82 hag adpipaagAance
that differs fragséherbnnrglanasg: o Be-dnd A28/ 9088, 1 idth d4 20 aof the fourth region 82 is
selected such tha it is approximate%/?’equal ttgo@la g‘fjar?e(%é{\y}g%aﬁlzo & St teething
laterally across The Yot reg i Erain R sribattsisetionsoified bdgdgesbite fhindttegigionB2 will
constructivelymserfeiecl¥ intaféncthe perimeter reflection system of the present invention the distances
d1, d2, d3 and d4 of the respective first region 66, second region 72, third region 80-and fourth region

82, 15 The structure 76 is preferably made of the same material as the top and bottorn electrodes

58 and 62, respectively, and may be deposited on the layer of piezoelectric material 60 at the
same time as the top electrode 58. The structure 76 has a width d4. A fourth region 82 having
the width d4 includes the structure 76, the piezoelectric layer 60 and the substrate 54. The fourth
regton 82 has an impedance that differs from the impedance of the third region 80. The width ds
.20 of the fourth region 82 is selected such that it is app_foximately equal to a quarter-wavelength of a

_ sound wave travelling laterally across the fourth region: 82, so that reflections off of the edges of -
) the fourth region 82 will constructively interfere.

Thus, in the perimeter reflection system of the present invention the distances d, dy, d;
and d4 of the respective first region 66, second region 72, third region 80 and fourth region 82,
25  are carefully selected such that for lateral mode resonances of the FBAR 50, sound waves
reflecting off of the edges of each region constructively interfere to maximize the reflection
coefiicient of the FBAR 50. Asa result, the regions act as Bragg reflectors, and energy from
lateral mode Tesonances, which would have been lost, is reflected back to the acoustic cavity of
the FBAR 50. Once reflected back to the acoustic cavity, this energy may be converted to the

30 destred primary oscillatory mode of the FBAR, which is in a longitudinal direction perpendicular
to the plane of the electrodes.
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25 are carefully selected such that foy lateral mode resonances of the FBAR$0, sound waves
reflecting off of the edges of each region constructively interfere to maximize-the reflection coefficient
of the FBAR 50. As a result, the regions act as Bragg reflectors, and energy from lateé7ah prd@e05
resonances, which would have been lost, is reflected back to the acoustic cavity of the FBAR 50.

Once reflected back IadhsaeausHe: smibendhis AEIEMAY Ot SPBNRHES IR NS 79 desipd primary

oscillatory mode of the FEAR, which is in a longitudinal direction perperidicular to the plane of the

electrodes. -8 FPERAAIBaRddiHeRA BRmes SiEd et tine Hrmaitsadsied dfiotdidryrekililin the art
will appreciatetfhﬁhﬁdlﬁtiarihaiéméQﬂéﬁ%icﬁﬁﬂaik%rcIPeﬁEH‘é?@B%?Qéﬁ@%@@e%&%@n@%mﬁgﬁ?ﬁoﬁl@ﬁnd
roug

structure 76 tq in reaﬂsae the Etercentage of energy from lateral mode resonances that is t back

to the acoustic’ SauIR/ 2% IRES AR IR hiof S Baglhraner Braegsfiectprregion thereas patfimeter

reflection Systemminblerclefietithespesin) eiecieste ciope SRRk I8 AReHRELRIND AR [eflests all
of the energy B]%‘f‘k ) e FBAR. The FBAR 50 with the perimeter reflection

the acaustic cavity of th F
system may be cgﬁs?f:l?%?gd‘??ai%sefgﬂ%ﬂ%?%ﬂ(méh%ﬁ%‘gﬁg?é‘,awm&g the & %é,Rﬁor example, a conventional

silicon wafer, on which FBARs are_manufactured simultaneously. For purposes of simplicity, however,
the discussion will bd BofAReithdbmperimsteureflofivaisgtenr BaFhc Koasttepiat siofolifvis ditshetched

into the top' Syatage:s 2aidNeaABRs IR Gl NG A URANPLRY mrag%@' iR PEO 8 e top
surface 52 to{grev nt phosphorous from the phosphor-silica-glass PS&rs, which will be used in a
subsequent st ‘*F%imﬂ‘ff Entenaeyhe Sopstmesesofsimicitifouioven theldismwsien Wil Isilicon

forming $abstasbiato meandusiatyérahingulbinterfere ayihdheeIgsyinal oeriAian AL 15 15 fina
device. A Sacg%l @?&{ﬁ‘é’erb@% s?t?%%g%\then deposited on the top-surface 52 at a temperature of
approximgtel PABHE USing STHCARE A s wen o Shermalaxied sarpemean Wisitep imiepes 8%imately

8% phosphorétereTéns piospHarmes G dinadhendiishher-uillag HasiPICY, wargovsILae Reigns of the PSG

outside of thesggR| i %Hﬂ[ﬁ B 'ru' -like" fini 0 op_of the PSG portion.in the
depression 56, Thﬁ{b%tbrge{te_ is th?&%iiggn%ﬁ %A%?egﬁ% g%%g%ﬁ’ 8%:;‘#‘5){?8 O conursbtieticey

selectively et AN SebFiFalsdnte g sanductor, which would interfere with the electrical operation of the:
15  final device.

A sacrificial PSG layer (not shown) is then deposited on the top surface 52 ata
temperature of approximately 450°C, using silicane and P,Os to form a soft, glass-like material
which is approximate_ly 8% phosphorous. The PSG layer is then polished using a shury to
remove the portions of the PSG outside of the depression 56 and to leave a “mirror-like” finish

20 ontop of the PSG portion in the depression 56. The substrate is then cleaned.

- ) After cleaning an electrode layer is deposited and selectively etched to form the bottom
electrode 62 of the FBAR 50. Various materials, such as molybdenum, aluminum, tungsten,

gold, platinum and titanium, may be used for electrodes. Molybdenum has a low thermoelastic

loss, making it advantageous for use in resonators.

25 A After the bottom electrode 62 has been deposited, the layer of piezoelectric material 60 is
deposited. In one embodiment the piezoelectric layer is a sputter-deposited layer of AIN having
a thickness in the range of approximately 0.1 micron and 10 microns. The top electrode layer 58
and the structure 76, which are fpnned of the same material as the bottom electrode 62, arc then

deposited on the layer of piezoelectric material 60 and selectively etched.
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electrode 62 of the FBAR 50. Varioqs materials, such as molybdenum, almnum, tungsten, gold, _
platinum and titanium, may be used for electrodes. Molybdenum has a lo ermoelastlg loss, making
it advantageous for use in resonators. 25 After the bottom electrode 62 has peen demsﬂed,l foejayer
of piezoelectric material 60 is deposited. In one embodiment the piezoelectric layer is a

sputter-deposited layjexniisidbbhavisBicdifiekabsasaio i RIGRMRIARMOXIFRY Prdmicion gnd 10
microns. The top ele trod§ Iaéi%g% and the structure 76, which are formed of he same material as

the bottom eléCoue 62 e %ﬁ%@ﬂﬂ@ﬁ%@ﬁ%@%@@ﬂﬁ@%ﬁ@mﬂéw ﬁélectively
etched. -9 27 supsit260beidbytinipm tiatithersidle riphides WhsHatednahe UNORELALHAR hifRRIY Plasma

etch, or chemi echanical.polishi rocess, to remoyve material from the underside_ of the
substrate, th(reqri(egéj%/1 i|pr11;1l %%/?ﬁ'g%?%&g éép%gl@g%f %%‘?8%@%&%%@1@cwmﬁm%me@ in a
resulting filterdepnessor ffi ek SBdafer tredotenmitaridedayes beay dp dare@VROHETfHe:H

depression 56 I t trode 62.has heen deposited. In the preferred
embodiment oﬁ%ﬁ%ﬁ%ﬁ?ﬁ@g’ﬁ%r@gﬁﬂ Yermal oxi eof‘a{()i/%ﬁ&% PEFBORPAALF S substrate

has been thirnfiEredeq ety alesbimbshawii ersubstrtinthesyisseithe BpGelayarsand the
PSG layer andybies ALY ayar ARSI SIEING A HUPAIRRIE S0loR T resulting

FBAR is illustrated in Figures 3-5. 10 Figures 6 and 7 illustrate another em oqlmgn : an FBAR _50'
with a perimel&PPefle dd5iTeeytneFRARs slusirrted imFigvecpegent invention. FBAR 50 has a perimeter
reflection system that includes a first and second multi-element reflectors. The first multi-element
reflectorlflas elemdfigsn@46,28417 ihitBdeaanhkitvnbedonatviii-BlRATE RO RileG pEiastelenenisS6a.

86b and-.86¢ iti iz reflectors may be.inclu , but are not illustrated for reasons of_
15 simpli)city.sﬁég_ gfe%%?%i%éﬁ%%é?&%ﬁq e's c%%ré%ébﬁg PGB wHRNGE Pstcated

;unlike stru _
above the defirbibifese fstiad reaend sumtteleman reflectivst dfte: Segondiivelinete redattcefiactors are

located aboveldhertieps P AR, RIRMES B BMAE S eFLMED ILHIUEe 'hgseéigﬁ:té?{tse%n%ﬁﬂsan%d'a’ 84b,
84c, 86a, 86 nq\%‘%ggr%%i er.acoustic. impedance elements. Each of reflector B elements 84a,
e i

84b and 84c s lots CH BV A5 5RS BBOPFIBPIAETn B atsenet Wbpstrated for reasons of
15 simplicity. _ 7

As best fllustrated in Figure 7, uil_like structure 76 in Figufes 3-5, which is not located
above the depression 56 formed in the substrate 54, the first and second multi-element reflectors
are Jocated above the depression 56 to provide a more effective structure. Reflector elements

- 84a, 84b, B4c, 86a, 86b and 86¢ are higher acoustic impedance elements. Each of reflector
20 eclements 84a, 84b and 84c is located a distance d' away from a corresponding edge of top
electrode 58 and has a width d,". Similarly, each of reflector elements 86a, 86b and 86¢ is
located a distance d;' away from respective reflector elements 84a, 84b and 84¢ and has a width
ds. Reflector elements 86a, 86b and 86¢ are located a distance ds' from the respeciive edges 70a,
70b and 70c of the depression 56 formed in the substrate 54, and edges 70a, 70b and 70c¢ of the
25  depression 56 are located a distance dg' from respective edges 74a, 74b and 74c of the bottom

- clectrode 62. The distances d;', d3', ds' and d¢' and widths d,' and d,' are precisely chosen such
that each is approximately equal to a quarter-wavelength of a sound wave travelling laterally

across the particular region, in order to reflect lateral modes back to the FBAR 50 in phase.

Additional multi-element reflectors or structures similar structure 76 of Figures 3-5 may

30 be provided outside of the depression 56 around the first and second multi-element reflectors.
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electrode 58 and has a width d2'. Sirpilarly, each of reflector elements 86a, 86b and 86c is located a
distance d3' away from respective reflector elements 84a, 84b and 84c and has a width d4'. Reflector
elements 86a, 86b and 86¢ are located a distance d5' from the respective edges 70a2770praR20080c of
the depression 56 formed in the substrate 54, and edges 70a, 70b and 70c of the 25 depression 56

are located a dEH@RBARGFrafthiaERPEkRAdERS AR D AREI 48 PhihadQtinm: RlesiadedrdThe
distances d1', d3', ds apd d6' and Wigﬁ d2' and d4' are%recisely chosen such that each is

approximately BYUEMELERSHAP- T A gktignetirvave travelling laterally -across the particular
region, in order to reflect lateral modes back to the FBAR 50' in phase. Additional multi-element
reflectors or structurebssipsitibsstabonsdliedrsaitimmentB mrayde3 OrgepraliiRs ukaidesol fhdess
depression 56 g ﬂgﬂﬁﬂ@;ﬁggldgg&%ggn%gltﬁleeggﬁnt flegtors. -10 27 April The FBAR 50'
with multi-elementgr%fl_ectors may be made in'a mariner sﬁ{r%i Erﬁ%{]t%%f}gé%%r?gg]cf ?I‘%@\}emvath respect to
the FBAR 50 o FRmdisgsinuchy ¢osms aeariss of Brase 1sitestms theostioecpeovige SampatevaldreBARS that

resultin less QRN BARIG A RORSHESARG S Re fﬁmﬁvﬁ@{féﬂ{ﬁe&%&p&aﬁ@m&@ & ReR and

5 surrounding structure forms a series of Bragg reflectors that redirect enérgy trom lateral mode

resonances bR IPReiRKiRl edsing bt mestbinrenfipRpEotidescrdragroney HRAR MidradidioGhe
desired longituianaimsesitihe desaseot SRupatinsRERVIdes BRI RREAYQRTTEAR itk RiighQythat will

permit the desig]{} egf ﬁglsaerg%g e1;requency response filters, duplexers and oscillators with lower phase
noise. While partchfar ampbodiments of the present invention have been shown and described, it will
be obvious to those of ordinary skill in the art that changes and modifications maybe made without

departing‘i_rom this ifVBHeBarisuiar spehadineris of the Posetdnvpitionhend heugththe adalestitbedyity of
the FBARS ShaiiobasvidRatmesa shingy GIRaMSIR GaYNma Lﬁﬁ?n%ﬁiﬂ'&é{o&q]%%%ﬁ%ﬁ?gpe- n
al Shape

articular, it may be beneficial for the acoustic cavity to have an irregular 15 polygon e.g.,
P gg g polyg (e.g
and irregular H@Hfa({gfﬂiﬁ"?ﬁ paethis TRaOEan LT WT&?SM@%WMH&F&@aImOde&
The perimeterarefigitticrvisy stihe SBikRspiesanhis wesiangilakRHelasi sarmio t AR BAR M Bny
non-rectangul l?gmgﬁ ngviﬁl. Thg the[ a ncgged Iaziﬁ'? e to--encompass within their scope all

ape.. arti ;
such changesﬁgn modifications as fr?alﬂI O\/lltﬁf%%%g Fﬁeeﬁscblrl ORfiEf acoustic cavity to have an irregular
15 polygonal shape (e.g., and irregular quadrilateral) in order to reduce the absorption anomalies
caused by the lateral modes. The perimeter reflection system of the present invention may be
designed for an FBAR with a non-rectangular acoustic cavity. Thus, the appended claims are to
encompass within their scope all such changes and modifications as fall within the true spirit and

scope of this invention.
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scope of this invention. 27 April 2005 What is claimed is: 1. An acoustic resonator comprising: a
substrate having a depression formed in a top surface thereof; 5 a first electrode disposed on the top
surface of the substrate and over the depression, the first electrode extending beyority a pliir20i®3 of
edges of the depression by a first distance to define a first region therebetween; a piezoelectric
material dispBdsdisslamed B syrface of the substrate and over the first electrode; and 10 a second
electrode disposed on the piezoelectric material and including a portion located above the depression,

the portion located ggovgug%g r(gg rlra(%srs(i:(())n hrclas\I/ing at least one edge that is offset from a corresponding
edge of the c}épressmr'ril y a secon UISARCE S define a second region therebetween, the second

region having an impedance that differs from an impedance of the first region, 15 wherein an overlap
of the first electrodé, %tﬁ@ﬂﬁ&%ﬂf@%@%ﬁ@fﬁbﬂé%é‘ﬁéﬁ%l@éﬁ%e forms an acoustic cavity of
the resonator, and the first and second distances are chosen such that reflections from the edges of
the first And second: ifiegielestwilk cixpstedaiivty thjtettére o itliaiacausiicl eepdrtasmésianinik, wherein
each of the figst a %%%S%Q%Jﬁgv%%j&%saé %&lﬂ{g’z'Q%&%%%?tﬁ‘?ﬁ’éor’ék%‘ﬁ%'g SHRNY 8ee 10 .
quarter-waveiengt of a sound Wave trav mng ateraly across the respective region. § The acoustic
resonator of ¢4Hie DIFHEsER heeebpidierdr the first region is less than the width of the second region.
25 4. The acoustic resonator of claim 1, further comprising a structure disposed on the piezoelectric
material, the structurpiteigiccatackalpigetatdronithedogisiaiaced dia sabsatigenaf dha thsdirgdectrode . .
corresponding.ig the atjeast one edge of the second electrode that is offset from the corresponding
edge of the depression, wherein a third region extends from that edge of the 30 first electrode to the
structure, the third region having an ,irﬁw‘gsgdance that differs from the impedance of the first region, the

predet ined di Stélﬁggogcé%gc% . ﬂa%l} ga@éqz&;lgctnc material and including a portion located

above the depression, the portion located above the depression having at least one edge that is
offset from a corresponding edge of the depression by a second distance to define a second
region therebetween, the second region having an impedance that differs from an impedance of

the first region,

15 wherein an overlap of the first electrode, the piezoelectric material and the second
electrode forms an acoustic cavity of the resonator, and the first and second distances are chosen

such that reflections from the edges of the first and second regions will constructively interfere.

2. The acoustic resonator of claim 1, wherein each of the first and second regions has a
20 width that is approximately equal to a quarter-wavelength of a sound wave travelling laterally

across the respective region.

3. The acoustic resonator of claim 2, wherein the width of the first region is less than the
width of the second region.
25
4, The acoustic resonator of claim 1, further comprising a structure disposed on the
piezoelectric material, the structure being located a predetermined distance from an edge of the
first electrode corresponding to the at least one edge of the second electrode that is offset from
the corresponding edge of the depression, wherein a third region extends from that edge of the
30 first electrode to the structure, the third region having an impedance that differs from the
impedance of the first region, the predetermined distance being approximately equal to a

quarter-wavelength of a sound wave travelling laterally across the third region.

12



guarter-wavelength of a sound wave travelling laterally across the third region. 12 27 April 2005 5. The
acoustic resonator of claim 4, wherein a fourth region is defined by the structure, the fourth region
having an impedance that differs from the impedance of the third region, the fourth regiapiiaiog a
width approximately equal to a quarter-wavelength of a sound wave 5 travelling laterally across the
fourth region. 6. The acoustic resonator of claim 4, wherein the structure includes a plurality of
segments, esch segrIcbbREngshacedfapai 4 omett0l fosAb Adiiog Rdganel thetiysiratectiode by the
predetermingd dictance 10,7 i Acoustc."asenaior aldaimSouherein e plyralitofsegments are
connected to €ach other, the Structu exten Ing around a plurality of edges of t &Airst electrode. 8.
The acoustidaedoregior bfveiaiawidturner<songlyisinglae kasrehwaivlegirobisouseddid 15 the
piezoelectriqiRRighialAhAvEthesdaRRasIPRgthE at least one structure being located a predetermined
distance from the at least one edge of the second electrode that is offset from the corresponding edge
of the depression, wherein a third region extends from that edge of the second electrode to the
structure, thé.preddibsminetidistants bEdhgrapprbriahatiadyseapiak tindudpeanpdraligvefength of a sound
wave travelllgJigally Rerael ieilly el A ARINSIRIG Ml AL AINEAEBRRDY he
structure, the fourth region having an impedance that differs from~the impedance of the third region,
the fourth redioRrsfslsABREdMdSBProximately equal to a quarter-wavelength of a sound wave
travelling laterally across the fourth region. 9. The acoustic resonator of claim 8, wherein two
structures are disp%%d inuEua({?”d onrtQFdZS iezcscl)elecE ic m@t&ﬁ:{!ﬁbove %he de(;):)res.%i}graj the second

. CQ esonato alim "0, WHCTEII the a. CFMENLS ATE CONNEC
structure being Iocateda a second predetermined distance from s% s?ruc ure, the“second

_predeterminétFihendbestimiira spradinereynd qudndity gfiedecs i thaefssiglactpdesound wave travelling
laterally across a fifth region between the first and second structures, and wherein a sixth region is
defined by the secgnd sttuciure the sith regiop having a width ppproxmatcly equelio p,
quarter-wavelength of 378 soURd" Wale fravel ng fa eraIIP)P across e S rggﬁ)n, T82%Kh Ueoustic
resonaldr cohgmigingjectric material above the depression, the at least one structure being located a :

: predeterrﬁined distance from the at least one edgé of the second electrode that is offset from the
corresponding edge of the depression, wherein a third region extends from that edge of the -
second electrode to the structure, the predetermined distance being approximately equal to a
quarter-wavelength of a sound wave travelling laterally across the third region, and wherein a
20 fourth region is defined by the structure, the fourth region having an impedance that differs from
the impedance of the third region, the fourth region having a width approximately equal to a

quarter-wavelength of a sound wave travelling laterally across the fourth region.

9. The acoustic resonator of claim 8, wherein two structures are disposed in parallel on the
25 piezoelectric material above the depression, the second structure being located a second
predetermined distance from the first structure, the second predetermined distance being
approximately equal to a quarter-wavelength of a sound wave travelling laterally across a fifth
region between the first and second structures, and wherein a sixth region is defined by the
second structure, the sixth region having a width approximately equal to a quarter-wavelength of

30 asound wave travelling laterally across the sixth region.

10. An acoustic resonator comprising;

a substrate having a depression formed in a top surface thereof, the depression having a

35  plurality of edges;
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a substrate having a depression formed in a top surface thereof, the depression having a 35 plurality
of edges; 13 27 April 2005 a first electrode disposed on the top surface of the substrate and over the
depression, the first electrode having a plurality of edges and extending beyond the eXigegriif2bes

depression by a first distance to define a first region therebetween; 5 a piezoelectric material formed

on the top surface éffiifeedivedatisarradne firseprtirsaet ks sae spYWRHOIRPESIBsEY on the

piezoelectricrataiiabdbRasReasheias) e dacidd Bgeing it atedkahg ethepaensassian, a

plurality of egi (?%_otf thetgb rg'on Ioﬁcratteéj ,ag(%}\l/eera he?w 1%) depression being offset from corresponding
edges of the t %prlgsa's]%n yeéngeacoﬁorcﬁjs ANcE 16 "déline a second region therebetween, the second

region having a second impedance that differs from a first impedance of the first region, wherein an

overlap 9f the first glerlQq&HRSRIEFAGIRHEICT RN aRELINGE BecanddaRlerlede lotrran acoustic
cavity of the resonator, and wherein the first and second regions form Bragg reflectors that reflect

sound wave@¥hck to the acoustic cavity of the resonator. 11. The acoustic resonator of claim 10,
wherein each of the first and second distances is approximately equal to a quarter-wavelength of a

sound wave ”ave"iQ%&%h%rQﬂan%%Ocﬁ%ﬁ%%d gﬁﬁ%ﬁ&%@%@t%%%%&ﬂ% tﬂé'l&%‘ﬁﬁ%ﬁ%ﬂﬁo@esﬁgﬁﬁ?ﬁ f claim

10, wherein the second distance Is % ater t e first distance. 25 13. The acoustic resonator of
claim 10, whitReffiandossd dlsnts ferppsiokirrlieniy ardeshel the priienlesiist ebesohator of claim

10, further cappRIESIOgha:RiTLIEEH &cHSRaRaFARitRRRICZPBIeatpRMakanal staenatiieiuse doeing located a
predeterminﬁd distance from an edg)% of the 30 first electrode, wherein .thir%lre(gz‘ticdﬁl e&&?nds from that

edge of the |stf“§|%8 rode e hg rucﬁ?‘oér,l’élﬁe Ed(oliltirg Pé‘g.%‘ﬁ‘}é adséeﬁﬁreldlglyet ‘e structare: the third

region havinfreamhifigstimpediapcelthatidgsffeagiorom both the first impedance and a fourth impedance of
the fourth region. : ‘

. wherein an overlap of the first electrode, the piezoelectric material and the second
15 . electrode forms an acoustic cavity of the resonator, and wherein the first and second regions

form Bragg reflectors that reflect sound waves back to the acoustic cavity of the resonator.

11. The acoustic resonator of claim 10, wherein each of the first and second distances is
approximately equal to a quarter-wavelength of a sound wave travelling laterally across the

20 respective region.

12. The acoustic resonator of claim 10, wherein the second distance is greater than the first

distance.

25 13 The acoustic resonator of claim 10, wherein the first distance is approximately 2

microns.

14. The acoustic resonator of claim 10, further comprising a structure disposed on the
piezoelectric material, the structure being located a predetermined distance from an edge of the
30 first electrode, wherein a third region extends from that edge of the first electrode to the
structure, and a fourth region is defined by the structure, the third region having a third
impedance that differs from both the first impedance and a fourth impedance of the fourth

region,

35
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35 14 27 April 2005 15. The acoustic resonator of claim 14, wherein the structure includes a plurality
of sections, each section being located from a corresponding edge of the first electrode by the first
distance. 5 16. The acoustic resonator of claim 14, wherein each of the predetermineV/ digtah2@and a
width of the fourth region is approximately equal to a quarter- Waveleng th of a sound wave travelling

laterally acrdSs the Thsprouiie Faefialer ofclamEtnBRrtimibaAHHY 4H A BYBHEER! the method

comprising: JRurayidingessbsiiaiedavingomdeprespinaiipreagddnte: thptswiacetheneofiand a first
electrode dl?oaslg-:-d on the top surface, the first electrode being located above the depression and
extending bey a a plurality of edges of the depression by a first distance to define a first region
therebetween; depositing a piezoelectric material on the top surface of the substrate and over the first

15 electsodej@nd depogiiRgd aseqanrslacikode eRtbs 9&@@9@!@&&'&@?@}{{%{1@& dResecard electrode
including a portion located above the depressmn the portion located above the depression having at

least one edyithaf ikednuth ﬁ’g’rﬂ“ésc?(gﬁfégbﬁ"ﬁﬁl%@q%ﬂé‘éao‘?‘ﬁ‘féeﬁ‘é@%@g%h Yy sUrdBAYE distance to
define a seconctiiégbnethidyabebydenggBahergiiomn overlap of the first electrode, the piezoelectric
material and the second electrode forms an acoustic cavity of the resonator, and the first and second
distances are_ chosen such that reflections from the edges of the first and second regions will
constructivelyinterfdraethgd qifaaking s dGreisiFFsaAiRnHBs s thed $ROPFSHIBN has a first impedance that
differs from 25 a second impedance of the second region, each of the first and second distances
being d@proximatelpreqdiagmsaquaethamwemgsbimf farsedrid ave eutfasetliergdbdedaillfirstcross the

respective reglogin maas puslealipnconfiseot(ariateialiedes havadngilalisdies of the

acoustic cavity. 30 19. The method of claim 18, further comprising forming a structure on the
p.ezoe|ectnce’sﬁﬁa@gr$dw¥ﬂ%d§tﬂl%r@ BlsHgerRidbsdopisieianiar e diniaten i fitnn i detiohe edge of

the f_I rst  therebetween;

depositing a piezoelectric material on the top surface of the substrate and over the first -

15  electrode; and

depositing a second electrode on the piezoelectric material, the second electrode
- including a portion located above the depression, the portion located above the depression
having at least one edge that is offset from a corresponding edge of the depression by a second

distance to define a second region therebetween,

20 wherein an overlap of the first electrode, the piezoelectric material and the second
electrode forms an acoustic cavity of the resonator, and the first and second distances are chosen

such that reflections from the edges of the first and second regions will constructively interfere.

18. The method of claim 17, wherein the first region has a first impedance that differs from
25  asecond impedance of the second region, each of the first and second distances being

approximately equal to a quarter-wavelength of a sound wave travelling laterally across the

respective region to maximize a reflection coefficient for lateral modes bouncing off of edges of

the acoustic cavity.
30 19, The method of claim 18, further comprising forming a structure on the piezoelectric

material, the structure being located a predetermined distance from at least one edge of the first

electrode, wherein a third region extends from the at least one edge of the first

15



electrode, wherein a third region extends from the at least one edge of the first 15 27 April 2005
electrode to the structure, the predetermined distance being approximately equal to a quarter
wavelength of a sound wave travelling laterally across the third region, and wherein &7atipthl 2eQ$on is
defined by the structure and has a width approximately equal to a width of a quarter- wavelength of a

sound wave 7Rl Htctasiuerbe s ot diance Rens ARPFEY BN TR eME 04 SRt mpedance
that differs fromdnetbefisininpedancel i acdallythciosp adanice efihe afdurtieeégiofoud. The method
of claim 17, further c rising forming at least one.structure on the piezoelectric.material above the
depression, {ﬁ%oé]tlfedges?%%%%ys%ﬁ E’:ttrllj1 Fé‘%eei}]ﬁg%sc%u“él ﬁéaf@ rB?é%%%é%r%‘ilr{%egodﬁs\%%%g ffr@oc}%a{ﬁé at least one

edge of the secelsdzthedtrodentuevs GfFsdingdatetildy aopre SoletlHyregion e thadepieaskisigwherein a
third region gxtendsfemdbaledee o tHhe vsecar sl ealaRadoatlie Sl WpctheRwdaiermined

distance being approximately equal to a quarter-wavelength of a sound wave travelling laterally
across the tHREGRRA™and wherein a fourth region is defined by the structure, the fourth region
having a width approximately equal 15 to a quarter-wavelength of a sound wave travelling laterally

across the f%Fth reﬂigﬁle%d of claim 17, further comprising forming at least one structure on the
piczoelectric material above the depression, the at least one structure being located a
10 predetermined distance from the at least one edge of the second electrode that is offset from the
corresponding edge of the depieSsidn, wherein a third region extends from that edge of the
second electrode to the structhre, the precietermined distance being approximately equal to a
quarter-wavelength of a sound Wavl'e: fravelling laterally across the third region,' and wherein a
fourth region is defined by the structure, the fourth region having a width approximately equal

15 to a quarter-wavelength of a sound wave travelling laterally across the fourth region.
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