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DESCRI PTI ON BULK ACOUSTI C WAVE RESONATOR DEVI CE The
invention relates to a bul k acoustic wave (BAW

WO e®onadies device, to a filter conprising a BART/IB2006/051653

resonat or device, and to an el ectroni c apparatus
conprising a BAWresonator deyice. Thin-film

bul k- acousti c wave (BAW fil térs can provi de highly
m niaturized and | ow cost radi o-frequency (RF) and

[ i -frequency (IF) selectivity in
a@%gpﬂﬁmg such as nobil e comruni cation, wreless
connectivity, and satellite and nobile digital TV.
Thin-filmBAWIis becom ng the technolo of chai ce
above about BUKACOUSTIGWAUR REHONATOR REVIER hese
filters are BAWresonators. A BAWresonator is

essentially an acoustic cavity conprising a
pi ezoel ectric |ayer sandw ched between netal el ectrode

I | i lectric signal i i ed
ey os<THUserdPa el B AGPusc Wi g BAW Eestalor device
%P@ﬂﬂéféérggggﬁg?é‘éﬁgy%é&%tﬁg dWGIK8. hAd 9 Gnt aectramelapparatus

principle vi bration s thickness extensiona
(Gamnprising la BAWhresoabtaraevice. | ayers, and at a frequency
for which half a wavelength is approximately equal to
the thickness of the cavity. The excitation of this

node i PhiA-fANSHGEKASAsHE WieO! (BAW]L ifitBref chRe provide highly
pi ezoel ectric |ayer, Caxis normal, which is easier to

gniiaturiged And: lowrcosh tradiodieauangyeRF o Bndhiatermeastiateffrequency

(0P, RSl T ePARBY RIS gDl R RICHEy hiretess
Gonnetyivityrednt sifedite @indBhdbie sigitd aTV.amhirfilm BAW is becoming
Fi | m Bul k- Acousti c-wave- Resonator (FBAR) and a

dbeitachnaisan pbendce RbAve 88put1 fe- Resonat or (SBAR or
SMWR) . ﬂi@ b§§é%&|‘d§r£<§5ﬁ>cf<§ Wi, RS ér?.ékw rdddRaftYY A BAW
I'S nmoun on a set o ally

resonat or acousti c
nmesonatonad ¢ssentially tame acaystics cheity rongirisinghat plezokleglric layer

CRATSMRRR BEVERD TOREh SRTGHR Gveray oSt an afematipg electic
993830 S50USE 830K o lpa 1o ey | Bshres to
noenbhnigaintoroe@andTa staddingf walve iscexeitadc  wWehee poineiplen mode of
b\%gldati%fn ifs rtﬁ%kﬁgscsi g)s(terrﬁlsj%rﬁa\/\'i('fjlf)r which is normal to the layers, and at a
frequency for which half a wavelength is approximately equal to the thickness
of the cavity. The excitation of this mode is a consequence of the orientation
of the piezoelectric layer, C-axis normal, which is easier to grow than other
orientations. Layers of the order of 0.1 to 2.0 um can readily be grown, so this
technology is best suited to frequencies of the order of 1 to 10 GHz.

Two main types of BAW resonator are a Film-Bulk-Acoustic-wave-
Resonator (FBAR) and a Solidly-mounted-Bulk-Acoustic-wave-Resonator
(SBAR or SMR). The SBAR differs from the FBAR in that the BAW resonator
is mounted on a set of acoustically mismatched layers, the layers having
alternately high and low acoustic impedance and each a quarter of a
wavelength thick. Such reflector layers are referred to as an acoustic Bragg

reflector. The Bragg reflector provides very strong reflection of the normally-



than typical filter bandwi dth. The Bragg reflector is
itself nounted on a solid substrate, typically of

w@kmsa2@68 si |l i con. The FBAR i s di scussed in, fBRCT/IB2006/051653
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exanpl e, "FBAR - fromtechnol ogy devel opnment to

production”, R Ruby, 2nd Intgrnational Synposium on
Acoustic Wave Devices for Futfire Mbile Comruni cation
Systens, Chiba University, Japan, p. 133, March 2004.

ABEHERG B Met% SR Feoudls e 8T by o ishtbtigeqmuch wider
rthagetﬁpuch} fitdrbbaredwidth. ThEHAd grr@ﬂéaﬂoe% fiyeip asounted on a solid

Muni ¢ . 897, 2002. In BAWT{ilters the BAW

r%{ﬁﬁt@i% typigally phglase oF siispR( T&%E?ARdﬁld'%ﬁ”éﬁ?ﬂéfﬂ’ forexample,
R COﬂBpQUFe%thIB V“a'eGBlﬁb b%a ti8h".| R.2 Ruby, 2nd
Iattlce con guratlo al an , Oor i'n an
dntérnabma]rSyMpcsiumsoa @m’usmatWaveoﬂDet\ﬁrm,foal Boature Mobile

P SR R lemy e Uiy it JAAeIp. (Hon HaTED2004. The

OBARC & idittisséd iAo ‘ébkhﬁfplét"Scﬂlo&P'Tﬁéuﬁ{Ba B@R Aédlstic wave

to have a conbi nation of unbal anced term nation at one
p(aAW) fibersdenthe eHzoangeh b€t Lok atlad, IEBE Yitrasopias $ymposium,

enng% %Zgal anced term nation at the other
P'CfBT Z(' for connecting the filter output to
a | owlnmAW AfEsithe BAWLDEdnatbrs hReintdreeafected electrically either
term nati ons are Ilkell;ll to be at different inpedances,
i

tlppadadqiqr configuratiom whish '§h¢fﬁba|@,@¢6drﬂd'@naéa tice configuration,

%ﬁfg y gj’ér{c‘éﬁ er' O[?Iaﬁoa ?ﬁ“?écftﬁl@r \?/h Ihf |s 4‘ %tbhoﬁhese, also

un an ance trans unc I Ona

clmuauy balarmetiudeﬁleomctdiecbmhéc‘iront hmposesermitations on design
addltl onal  passive con&onents are regw red

d
tmgwrwatqhonneeameea Sloatieast I parGH s it is|sorpelnes desirable
fiol i cloHB?nétﬁﬁPB\ahHBél REEd i ?ﬁ&%bf‘oggl tc{?tg‘rfgr example for

stac ayers separ at e vertica
tctdnmebtlhmtrheifaldaersmput tmrarvadtermauahd rbgalarioedsteuhlmtlon at the other

cR83h 0% BaBlRor CRaRC Qe e ey ouleld 10 KloEaales ARRIGE(LNA).
L @RI thesé RABARIES arbTRAAARCe bt BMfEFGMTAIDEABNLSs, (th6iRally 50

achieved by electrically connecting two such
vmms ande 190 @msied inepedanagptraasfogmation tl$1@|SOe§e$1£abies If this

At "Bt flosgmienaiod bep§Ry tRoRs inodBfeluioanpot ve
|ﬁ@IU§bGGh the filter then several additional passive components are required.

Impedance transformation can be included in a thin-film BAW filter if two
resonators are included in the same stack of layers separated vertically by
additional thin-film layers to provide coupling. In such a configuration
connection between the two resonators is acoustic rather than electrical, i.e.
an acoustic wave transmits the energy. Impedance-transformation is then
achieved by electrically connecting two such stacks, where the area, and
hence impedance, of the resonators in the two stacks is different. Balun
functionality can also be realized. Such a structure is discussed in "Coupled
Resonator Filters", K. Lakin, et al, IEEE Ultrasonics Symposium, Munich, p.
879, 2004.



Resonator Filters", K. Lakin, et al, IEEE U trasonics
Synposi um Minich, p. 879, 2004. This approach of

wa20biiaabd y coupling the resonators el i m nat esP@TEB2006/051653
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addi ti onal conponents required for balun and/or

I npedance transformation functionality, but there is a
cost in terns of the many addPtional |ayers required
whi ch add greatly to the conplexity and therefore cost

o o e SR EBENTE] VP, BB e b g e

| sdditidna) C¢ompoménts heqdﬁed erer alae crsl/orc mpetuéndeg transformation
bet ween the two resonators in the thin-film stack.

Tungtionality, fut dhereds @,caskén taimsce! the rBampAORKoNalayers required
f\{\)ﬁlicﬁ Oé;ml'%éﬁ){ & teh&;r?fPIQF éﬁ‘%ﬂ?ﬁ@r‘éfdr@ d?)%??f ﬁ%ﬁrﬁgﬁssmg.

quartz crysta
t o pl daeadditiom,ethieaa gsilaatack esfodesign flexibidldy g -thisdappnodch. Filter

R o8 BN BinBL e eafeR 35 AcOHSHE SRRnin DentaRs the two
SrEESnQﬂo'ré ihire mﬁ-ggﬁ s@édkSt ?hlsflélcbﬁfrolled] b? th@@fdh%er of- coupling

ech., vol pp.
dpyersaend fcanttieerefenedilyibs adwsiednm disbmie ISI.‘B'FISug h the

dt hs, of, th at d_th t h
esongt Brigtd W@fﬁ’@wg 8 ob i atse £/ BHR 5L Bl two rectanguar
HeweN&tors bidv‘e deaahd &b d@h;ﬁ@i{ n@tetmxprbpsgmbﬁthuckness shear
resonators SI §BS| de cannot be used for thin-fi

HAW)f agqustis \ema) tvgeeméherrzewwomcseaﬁs@rtwmme H@ bilithic
| GudFR! ErySteh ARGV FONArREE .t BePAGT SRENH B 7218811694, 1n this

an a T Ect vvou

Lapproact diltey Ualnghndthaerctommllbdsmr@]yh trey Mﬂd‘lhbamfdmedté‘swators
as illustrated in "Fundanental npde VHF/ UHF bul k
a%’%é'?‘? QaRabetwean the gegonatars; | whigh scagh b, Pi’Jé'é’F?d centjguously.

SR s Sardnom| Topiore= b (eFRARRS, R fhjoe-by-side

Ve enssedfordhinRdsoBAVY ifilterssempioyireg themTEenﬂ!oUp. bdoause the

T ool grousy Sdndy cantinal"tor PR Arsaraternfar e imensions
hthQH 4 39 thdde. a"l'ﬂé dffact M@ BT uhdcdepiably Gigh (hsdriién loss and

ot her hand, so that the energy is not too s?ron
cuattow dandwitith as ibusiraigd ire "foindeseentaheode Ao butkhacoustlc

SUFE8 PGB 5O MGES SRSt A OO A R A proc. e
rgfaBahies Sympssiams ppo820L8dB, tIB0, where an insertion loss of 8.5dB
was demonstrated. Resonator area is determined by the need to match to a
particular impedance, typically of the order of 50 ohms, and at this impedance
level a high ratio of area to thickness is required. On the other hand, so that
the energy is not too strongly confined and can propagate between the
electrodes, the electrodes of each resonator must be narrow in the lateral
dimension, say no more than 10 times the resonator thickness. So with two
adjacent areas of electrode, the electrode aspect ratio would need to be of the
order of several 100. Such a device would have very high electrical resistance
and consequently high insertion loss.
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adj acent areas of electrode, the el ectrode aspect
rati o would need to be of the order of several 100.

w@ewh/12zs16evi ce woul d have very hi gh el ectri cal PCT/IB2006/051653

resi stance and consequently high insertion |oss. An
object of the invention is to,provide a BAWresonat or
devi ce having an increased bafidwi dt h and reduced
insertion loss. According to a first aspect of the

e B 6.1 RS g M v

| vy Bicseased Bandwitigy s reduceddasartienlisdsc | ayer, the
first petal |ayer conprising sgac_ed first and second
port i ohvecordingr o A firsk aspest o4 dbe davepfipn aredgsprgvided a bulk

e st REUE d\l/%zﬁv 2 rBLaHAL? g}év@%ebgtﬁw%ﬁgﬁgnﬁfstt ?‘éjr?d second metal

fingers, and wherein eac ar ty of f1ngers
dayersearid rast inpeyvémniog piezaelectsitilayen, the diogtl metal daydr comprising
| east one, of the fingers of the seco ortion. :
Hacest fist &nl sheandt owns: wheralh Bedirs! Aot ssond gortions are
hedpesranded é§§q5l@rtaﬂfysoﬂﬁfe:r&l‘ﬁ%é&ed fifgdrs’ 8hd g\maérl;giﬂcéﬁ%‘ﬁ of the

portions of the first neta ayer is Tnprove

eplacality obfingersiaftthadissideentionde @coustinllyiaoypied to at least one of

itECB.eased P%ndvvi dtp arllg reduced insertion | oss. The

a0s @PFESBOHJ&%%’&" PYYRYral, between nei ghbouri ng

fingergy érﬂpl@?ﬁ\fg_e@b‘éﬂ]raﬁt?_t oPffingBes, | SySticOBolplig between the

fingers of the first ﬁror ion of the first metal |ayer _

diesonatoes defined it thet first and gacondrpartiens of #iri fipdrmptah layer is
' . e ' t. j :

e A3 SIEFIC codiBhes HERARA IR nfreBpd Bonawiatn

varidh redaced uipkertipnbeosyy diThecacbestive esouptihg.cigntiateral, between

fingers. In_a second enbodi nrent of the invention the

fn’mgab%urmg fingersi rst portion of the first netal |ayer

are agysd &ﬂbb)ﬂirﬁé’r%%fﬁﬂgﬁﬁ\/ér%nr{ﬁb9@@8% 'bf‘?uef #irgﬂﬁbﬁion of the
of the second portion indirectly by ans of further
pfost metell |ayertdre ihierlatedwtitnl thedfingers Stittte secondopafitior f the first

SR L. Skt P TEBVRRE e O S i
B&teehi afatehOfiRgEd, At tﬁé‘%oﬁpﬁ‘ﬁgl?_hbgind Rtreich bgtwedsl adjacent

out put portions can be differen first and second
pgingerans of the device may be used as input and

In a second embodiment of the invention the fingers of the first portion
of the first metal layer are acoustically coupled to the neighbouring fingers of
the second portion indirectly by means of further portions of the first metal
layer. Such an embodiment is particularly suited where impedance
transformation is required because impedance is inversely proportional to
area, and the areas of the input and output portions can be different.

The first and second portions of the device may be used as input and
output electrodes respectively, and coupled to an input port and output port
respectively. Unbalanced operation may be implemented by coupling the
second metal layer to a ground path. For balanced operation, the device
comprises for the second metal layer a structure corresponding to that of the
first metal layer, i.e. the second metal layer comprises spaced third and fourth

portions, wherein the third and fourth portions are each arranged as a plurality



10

15

20

25

30

out put el ectrodes respectively, and coupled to an
i nput port and output port respectively. Unbal anced

Wo@p®eardleh may be inplenented by coupling the Berm2d06/051653

netal |ayer to a ground path. For bal anced operation,
t he device conprises for the second netal |ayer a
structure corresponding to thdat of the first netal

| ayer, i.e. the second netal |ayer conprises spaced

t&f’lh%h por% ctel ﬁn%@rgr . gﬂﬁn }P{@ﬁﬁ csfm’?eg Hd gpﬂ@)ﬂ are interlaced

four 1 ons rang as a

i witlerthenfingéredof ithg efotirthwperton) ém@cbugmanly céuplbe via further
third portion are interlaced with the fingers of the

tRATEORS.RHd WHRrein tha dagers ehiheythird partien @re, affangrd opposed to
AR tirt ?;%?s offifd ﬁi’@?é&gﬁnté}ﬁfh‘e ets of trié‘l‘?)u%' 6&1@6’ 5td GFranged

are arranged oppose ger S the f
pappdsed tenithet firgers dedhe second edriian.t Ihn foistcase theefirst and third

THOTRAE RALBRT i Boct St Palhabty Al s B ourt

RoRSthyass usEPHE aRslanceBufpiepsfcond and fourth
g@tl ons rmy ge used as a bal Lzjlttrﬁ)ced out put port.

QOt i or@ptm}nallﬁ'orforbhalanc@@ oppeation, enthied tetaldayet may be located

th | t f
DR 408 bicZoaii Bl o HelptiSe DR il kia) e assist

omrgired@éreérmlampniadé%dpdsm BalbAos anardbsast 5h Shsiifing that the

ensuring that the input and output resonators resonate

dnpuhrRNd aupUl FresAnaery respnate @l ithe samefrrauensy.
Frans! GhIRINN. TbeiEndd PHERERIGHIGY, 578 OBk oniRghRa by

ayer

derhployiny fnhgm'gnh thédinstt pertibh ngehe ﬁ@ét rfnbfalsleytén’hbvmg a different
portion of the first metal |ayer, and if gresent

f'PH@T@r thapx thqqgnswlsraf seernd Poftin ob the Irstemstahlawp and if

rkf’r\éb@ﬁt alhg'fr{g% h&ftﬂh& d;chﬂBn tdteth Fe Stdnd metélhl‘éy?g/ ’havmg a

flourth’ porti e second netal layer. Optiona
tmﬁemmengtlnrﬂ)arbma fingeesrehthedfourthipartien ettherskcoatahetal layer.
or_and t e re

| . d fl
oY andSRIGTAIY: tinddvies achg imametEdgainie Soopometal layer

dirarfid BRVA ‘F@ﬂec-f&eaﬁéfth@Crbﬂéctﬁﬁkérr*éﬁgéd Eifrﬁggsubstrate Such an
reflector, but alternatively other types of reflector

rmyartgameretdprq‘n@es rareriBAR devoepr dinedeeflectsn Imay be @ Bragg
SSOBRE S SRR b B L PR RETED, o g

t 0 t heTHd friienBenesiso pfovidss armitent foPxample a selectivity filter for a
communication receiver, comprising a BAW resonator device according to the
first aspect of the invention.

The invention also provides an electronic apparatus, for example a
mobile phone or a broadcast receiver, comprising a BAW resonator device
according to the first aspect of the invention.

The invention will now be described, by way of example only, with
reference to the accompanying drawings wherein;

Figure 1 is a schematic cross-section through a layer structure of a
BAW resonator device;
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The invention al so provides an el ectroni c apparat us,
for exanple a nobile phone or a broadcast receiver,

w@wpn2@shg a BAW resonat or devi ce accordi ng tRCT/B2006/051653

first aspect of the invention. The invention will now
be descri bed, by way of exanple only, with reference
to the acconpanyi ng draw ngs erein; Figure 1 is a
schemati c cross-section through a | ayer structure of a

SR P (el St LTS R 56 e

FeteuotereofiRigaresthemat i ¢ cross-section though a | ayer

structure o? .a BAWresonator device sujtable for

bal ande@uishe is@isshematig sressrsection thenghat lauewtmtVIequ a BAW
I I . structure of Figure

g{eséﬁgtgkgﬁgfcﬁss%ﬁ%?ﬁ@ﬁgﬁabggg8?\3@_?55’{5)21%i on through a

| ayer Kigure#uisea dchematiBAptadevieweof thegloweer6layer 20 of the layer

schemati c cross-section through a |layer structure of

a%“@@ﬂﬁ %fé:f)g%r@ $uitabl e for bal anced operation; Figure

7 1S origGReBRSI & sehamaliceross-skbfort BRBUgh 3y $dyetfstAucture of an
further “enbodi mrent of a BAWresonat or dévice;” Figure 8

i SBARsddwicat i ¢ cross-section through the |ayer

structure o% a BAV\ér es&mator devj.ce r1;or éhelen‘ooqi m?nt f
of Fi guPH"e, S ig;3ecpedialic OsIREHIQT dhrpHpl @ layer Structure of an

CSBAR dfidd Siitdble irdihlameed dyératiohy uct ure of a BAW
resonat or device enploying a third netal |ayer; Figure

10 i s Rigyendmig i seaemaiccplassvienc of dhet uppRIglaveneof a further
I . r r ator device enploying a
(SHHBBRt o HISAR reobA 5

ayer; ure 'S a schematic plan view

as forFigugiBeis7a sbhiématit lerossséetiont through tlae tdygrdstructure of a
netal layer i|lustrated; Fi a_ure 12 shows_ di spersion
c%/r\%gespaatqr&evm%feéﬁhq e@be ingentof FGINR Gt ruct ure of

Fi gur eridure 9 is a schematic first cross-section through the layer structure of
a BAW resonator device employing a third metal layer;

Figure 10 is a schematic second cross-section through the layer
structure of a BAW resonator device employing a third metal layer;

Figure 11 is a schematic plan view as for Figure 7, but with the location
of a third metal layer illustrated;

Figure 12 shows dispersion curves for the finger region of an FBAR
structure of Figure 1;

Figure 13 shows dispersion curves for the gap region of an FBAR
structure of Figure 1;

Figure 14 shows dispersion curves for the finger region of an SBAR
structure of Figure 5;

Figure 15 shows dispersion curves for the gap region of an SBAR
structure of Figure 5;

Figure 16 shows the magnitude of the S-parameters S11 and S, for a
wide-band BAW filter employing an FBAR, for different numbers of fingers;

Figure 17 shows the magnitude and phase of the S-parameters S11 and
S+2 for a wide-band BAW filter employing an FBAR,;
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Fi gure 13 shows dispersion curves for the gap region
of an FBAR structure of Figure 1; Figure 14 shows

walt@paedson curves for the finger region of anPGBAR006/051653

structure of Figure 5; Figure 15 shows di spersion
curves for the gap region of 9n SBAR structure of
Figure 5; Figure 16 shows the’nmagnitude of the
S-paranmeters Sn and Si 2 for a w de-band BAWTfilter

e B8R S0 AR e i PHREG PR PR Rrs 51 ang
B pafioareintde-bandaBAWSIikef employihg eprivaratt Beévidallytesupled SBAR

enpl oyi ng an FBAR, Figure 18 shows the nagnitude and
P¥898a19fS;t he S-parameters Sn and Si2 for a w de-band

Cesondh atite TARURNS hePaBhitdde of hd SEBraEBHPRF arPA, for a
SareovkbanerBAWHfilEméntloging@n EBAR; fanwifienedt Bambers bEfingers;

F1 bur o Br<AR SBOWR I Raaivde TR of 58 Spgramelers Sy and
S paoegHafiow-Sind BAVFiiRef Bnpfoyiy BRWEIRA BAWT [ | ter

enpl oyi ng an FBAR, Figure 2 1 shows the magnitude and
phase fifuteh21 Shpwsdhe neagnittdeant ghasd of the Srparawmetesns $11 and

e o

'egBhaloss;have been used to indicate corresponding
features. Fiqgur_e 1 shows schematically a cross-section
t hr oudR thee drayings 8ie sameBArfaresemnwrerals thayeebeen used to

Uiﬁaiciaﬂa @(ﬁrgé#ﬁ }ﬁlﬁﬁé@%g ri ng unbal anced ports,

CONpri si | ayer 10, a second netal
| ayer 20 and an intervening piezoelectric |ayer 30.
Figure_2 shows schematically a plan view of the |ayou

. : t
of t heFighres{ Shoms sehgreaticaly argeossesasigniibrangh igelayers of an
| EBARCRRDNBIR S B T2k 5 drpipforls HifhidY Sbbnced ports

pl an vi ew. e Cross-section ure 1" cortesponds
tapmprisihg reficst Matal laygun @, 8.selcondimetaktayer 20dardd Bheintervening
fp&ié%elggttrigllayllgryfd. Figure 2 shows schematically a plan view of the layout
of the first metal layer 10. The second metal layer 20 is a continuous plane
and so is not illustrated in plan view. The cross-section of Figure 1
corresponds to the line X-X" in Figure 2. In Figures 1 and 2 the first metal layer
10 comprises a first metal portion 12 having a plurality of interconnected
fingers 16, and a second metal portion 14 also having a plurality of
interconnected fingers 18. The first and second metal portions 12, 14 are
spaced apart by gaps 17 containing dielectric planarisation material. The
fingers 16 of the first portion 12 are interlaced with the fingers 18 of the second
portion 14 thereby providing acoustic coupling between adjacent fingers. For
clarity, in Figures 1 and 2 the first portion 12 is illustrated having three fingers
18 and the second portion 14 having two fingers 18; in a typical
implementation there would be many more fingers.
In use, the first portion 12 of the first metal layer 10 serves as an input
electrode and is coupled to an unbalanced input port 42, and the second

portion 14 of the first metal layer 10 serves as an output electrode and is



10 conprises a first netal portion 12 having a
plurality of interconnected fingers 16, and a second

woredoali2qes ti on 14 al so having a plurality of PCT/IB2006/051653
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i nterconnected fingers 18. The first and second netal
portions 12, 14 are spaced apsrt by gaps 17 contai ni ng
dielectric planarisation nmatefial. The fingers 16 of
the first portion 12 are interlaced with the fingers

by oyJ, di i .
yled, 6,27 SRARRY, ot AlE Y TRE°Kpeb ) BB 20 i
Fd:cmpi@jstolagmurﬂj pdmﬁ 40.rst portion 12 is illustrated
having three fingers 18 and the second ortion 14

haV| ngl Rendirs} ﬁ@gr geqend jmetal tlayersa(l0; & ntyRicallyy aluminium,
5 |r‘?‘urWD EFW H@%t@nfdr;q&fl o nedr H_algé% thidkRebs Bﬂhe order of

Ion’ serves as
|‘rﬂmhrrel é’¢ver plézoeladtrlcslayeupsl twblctaliyeaiumnhadnamd:ruib mmmbmde or

o8 icndle sharaid “SpesitBR v e oorns %Haiiteutﬁgé%'ven with
ttﬂlc"f(ﬂe Bk Bﬁcg?rg(gt ot rﬂorAlufln Aiun ﬂﬁ %@ ‘F# Frébtlya Rgeferred

Iayer IS co to 3 groun pat
sreaterial. niheld@lagtermldrmrlsaﬂoamteyai roay lbg CthillKEdnl um

lati num, nol mtunstenor ol d, .an aye a_, )
P ek 3ding imERaREIR, 1 TRuredmetdaure, iBited cn: Eigure 1 is
'fﬁbﬁ&atba oY R SRty sﬂb&t‘i’é ot tdsgﬂa@éd)héhacthéxéﬁi’é’on 8libstrate is

| ead zirconate titanat e C axi
rremcaAedtfoomHlaelappustlcaUytactwalre@mstypicallyd)ybrrmlro npéchining, so

1-2 trid tl f d

i o pravide st stietart Sng Therpfocs I ABhU RS Ty be

om tt elg u@B'MWﬁiﬁéﬁ@ﬁéMaﬁl?l 4 Brodsasetion tﬁquqH theClayers of an
illustrated in Figure 1 is fabricated on a silicon

sEﬁéRrrgs@nQMtsuﬂables‘or Hsed) apamtlpné_rgqulrlagybaéarmurmrés- The
'sschc‘fL% i§ ?%ér{t%g] foht‘ﬁﬁgﬁlﬁgﬁéfﬁ%%lﬁg%’g1,\ée§(§£e§€flh%gﬁ1e second metal

1 cal’l

aayetszm has adhyxcbthhe sarhd asthd firsemetal lagarutQ illastrated. |n Figure 2.
gure 3 shows schemati cal | a cross-section_throu

t(HBWI thpediergnces bﬁM\P@rﬂ dae gHuetures illugipted: oy Figyees g and 3 are

¥Ry, oy ot iBato0 B (RArEEs i WEsfbldiinpifn view in
tFigurd e sdflccmmml aI dlyiedt m@tdlapoﬂloha)mumat/mg sarpurality of
as, the fir

SRISrOTeaed fidbemcs Hdl advntn metart rfion 228 aving a pluraity
| bl infdreahRsbied fingBry 98. ITR ¢hikd 8h8 fourth metal portions 22, 24 are
spaced apart by gaps 27 containing dielectric planarisation material. The
fingers 26 of the third portion 22 are interlaced with the fingers 28 of the fourth
portion 24 thereby providing acoustic coupling between adjacent fingers. The
fingers 26 of the third portion 22 are arranged opposed to, i.e. in a mirror
image of, the fingers 16 of the first portion 12, and the fingers 28 of the fourth
portion 24 are arranged opposed to the fingers 18 of the second portion 14. In
a typical implementation there would be many more fingers than illustrated in
Figures 3 and 4.

When the structure illustrated in Figures 3 and 4 is used in applications
requiring balanced ports, the first portion 12 of the first metal layer 10 and the
third portion 22 of the second metal layer 20 serve as a pair of input electrodes
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descri bed; the second netal |ayer 20 of Figure 3 is
illustrated in plan viewin Figure 4. It conprises a

W@ biosd26reg al portion 22 having a plurality of PCT/IB2006/051653

i nterconnected fingers 26, and a fourth netal portion
24 also having a plurality of .interconnected fingers
28. The third and fourth metaP portions 22, 24 are
spaced apart by gaps 27 containing dielectric

. i 26 _af grd .

A 5, 8989 T3 58 o,y DRASEL 4 308 bkl o 14 o
ftherftrbt mltalllayeﬂm hédrteé Yountlo podiorg24 of tisé secondi plataldlayer 20
bet ween adj acent fingers. The fingers 26 of the third
pEIYe @ﬁ @Qala.oé OHFRU ragdeskhiaieccoypled to A halapgadyputput port
{]@ the fingers 16 of the first portion 12, and
t |ngers 28 of the fourth portion 24 are arranged
oppos efsigure SMOngt&Teméi&:aﬂy d bmssesaatidn forauigbra 1ayer Istructure

For AEEEAR 9RVIoR) LS APl ity Lk SC3Rd talReRr PReand the

Shféﬁéh{hﬁ pibroEibEREadyen 301 Si¢ Rfenicantd thd %tr%f?ﬁe iMustrated in

appl i catTons reqU|r|ng bal anced ports, the first
pogureot, S@ats nothdesdribed agairal In Bigere B0thenseqand matal tayer 20 is

tion, 22 d netal | 2 .
ESTANGY B0 deshf eacanteTarlor ciTopdd B Ml rihestpr 50 is
| APatgdPoh 4 3subbtrat@Bd. t Mehe Bragd r’éﬂéétb@rﬁolﬁagf bédre discussed
flrst netal layer 10 and the fourth portion 24 of the

nmetal |ayer 20 serve as a pair of output

el ect g@gﬁ%gﬁ%gm@fssﬁ%\%ﬁétg%llkga érolggls%%gﬂ tﬁr‘&:@ﬁé(:w& structure

45, 4 a Ccross

tdafrax?lgi‘Bmldache st:itablﬁ Lfoe ueé |ara@‘ﬁéﬁmiwretﬂunrfg1bafarfceﬂ ports.
et a ayer on met al
i he PVHﬁﬁUF@ '%ld@%@?'etetthﬁt:”%%ﬂedao Fagkérel %ie??fqe@althatdhe second

Jh@ta?tl 124 §s bPr'arlﬁé{g%eQn '%oﬁbﬁ% %% réﬁbcﬁ‘&eFﬁ énd the Bragg

scr| agal n igure nd meta
%ﬂestoaﬁ()asgeﬂngedam asabstrate 61 a@guphﬂg ef:imrseimndandtal layer

il el Beered gord S phCiIdGaEd Be B4Rl bt Wolld typicaly
eIl IndartdoNateTarExTBALIBAIdI Xn! SBEARE el Ibger S0 Qs inibans of

| ayer structure of an SBAR device suitable for use’in
aip$ ircthei layer staugiunei. ng bal anced ports. The structure

it ﬁ ait d%’eﬁgéghgltérﬁg{mé | (lalggttnrcahel(cji 5sn a';'p ebg’cWeee Fn% first and
second metal layers 10, 20 an acoustic vibration is excited. For C-axis normal
piezoelectric layers the principle acoustic mode is thickness extensional (TE),
i.e. motion is normal to the layers. The fundamental TE resonance occurs at a
frequency for which the thickness of the combination of the first and second
metal layers 10, 20 and the piezoelectric layer 30 is approximately equal to a
half-wavelength of this mode. If a BAW resonator were to have first and
second metal layers 10, 20 with a high width-to-thickness ratio, say of the
order of 100 or more, the acoustic energy would be largely confined to the
region defined by their overlap, but additional modes which propagate laterally
are excited at the resonator edges giving a small amount of unwanted loss and
other second-order effects. For a resonator in accordance with the invention,

preferably a low width-to-thickness ratio is used for the fingers 16, 18, 26, 28,



nmetal layer 20 is arranged on an acoustic Bragg
reflector 50, and the Bragg reflector 50 is arranged
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20 to termnals of balanced ports is not illustrated
for clarity, but would typically be by neans of

| ateral extension of the seco nmetal |ayer 20, or by
nmeans of vias in the layer structure. \Wen an

ADEDY e B 0 B ] 0 BEPLLE AR SRR ofencroy i
Viédnvetrtednto sthex téed. msdés Camd sherefdrel apintuchelmeorte isignificant
| ayers. the _principle acoustic node js thickness

dxPenpdiogngf thepcoustie engigy di transmaitied| betwaene adiacept fingers.
R RS i A5qLERaRE 18 iAERHES Sin Byt PR A Figures
ahdo §epmcdie|mlr<ahg begestic dAyplidg betdeeheadiacarddingers,i 16 and 18,
G B 2z RpS o AMRSUEERA I, AoGRERaNsR Wik BerTvition, one of
atﬂ@ ﬁﬁét%ﬂ?hl CE@éaﬂ Ry Savek0is 2dblietateRy 'é'xﬁlblted fo provide such

h-to ness ratio, say of the“order of
rmcm,stlc ooupting deiweem eeg;natmsl dThe usar@‘ehgerkacadufm@ers bas the

o8’ ShPanep s darer afblid ¥5e Pbauf Hack o Cfbers, excont
rméqwatanemMSbéxhylermgpla¥édrﬁi iheadBiplhg Procesant ed | oss

and ot her second-order effects. For a resonator in

accor dagdee hishpwsHchematieallya, F"@"rl djewy QBBSJ ajternative layout of the
i - ' t 1

\ﬁggf gétg&w?gy ﬁp%t%tahocgli’efhéé? ﬁggtfso%i ggsgf g}ﬁag'hf‘st gnd second

mpartions gh2r i crpepéa:tmbofbem@r Wenlacedoraserdmnbedt bbove with
| ateral nodes, and therefore a nuch pore significant

JEHIERES dA bigure, &, atbeu@rig%se%roéythﬁsﬁrﬁ R9EliAn {1egdo not extend
hsdneen tﬁg}ﬁﬂﬁéﬁt 18| bf‘ §ecoﬂ&e;5cﬁ{|8ﬁ 94, ?rﬁ?ﬁ 'dr@iflirthe erp portlons 15

frequenci es aced structure ustrate
Hogatedsbdiween5anmad (Spaded dtarorthe domgess i16 obthe firsy portlon 12 and

S5 LIS TR Tl A DR T e
cPét?ﬁﬁB% 8, preﬁlaeQﬁleé‘tﬁ do%bﬁﬁ@bbﬂﬂé&rpﬂ@ﬁﬁgé?g 18RyEhelfist portion

berately exploited provi de such dacoustic
cbu@ndnipeblingerenl & of cﬂm&ecsnd mastlcusé%f Thatfmgeas é@ of the first

fin ers as_the further avant g at er
Tk e 31 e RRARS ey 43, ot (1B 1A second
'C:}‘btirﬁéﬁqaf in s MahyetAB | devisé pr@vtdé% iffpeidlanBe tRINGfRAtation between
ure 7 shows schermtl cally a plan view of an

atheemmtanﬂeomtaybmrt%f t he

Figure 8 shows schematically a cross-section through an FBAR device
having a first metal layer 10 as shown in Figure 7. The cross-section
corresponds to the line Y-Y' in Figure 7. The second metal layer 20 and the
piezoelectric layer 30 are as described with reference to Figure 1. The first
and second portions 12, 14 of the first metal layer 10, and the further portions
15, are spaced apart by gaps 17 containing dielectric planarisation material. In
a typical implementation there would be many more fingers 16, 18 and further
portions 15 than are illustrated in Figures 7 and 8.

Although the input and output connections are not illustrated in Figure

8, in use, the first portion 12 (including fingers 16) of the first metal layer 10



first metal |ayer 10. Instead of the fingers 16, 18 of
the first and second portions 12, 14 respectively
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Figure 4, the fingers 16 of the first portion 12 do
not extend between the fingerF 18 of the second
portion 14. There are further'bortions 15 | ocat ed
bet ween and spaced fromthe fingers 16 of the first

AR B i, b SR 40 15 BB 6 iR bitbalahBEFirioutbor, the
serondeportich N4 qincludimg fingerset8)afiihé fisstimetgblayed §0 @krves as an
the first portion 12 and the fingers 18 of the second

RHpuLelegiode Radis SguPediie 251 Upbalaneed pulRM A0S 2nd thaysecond
A%gl ﬁrfzb9§%%ﬁl|eﬁr{8t§1%rtoﬁﬂ W&Hfﬁ fingers 18 of the

secon porti the devi ce provides
[ rrpeda?mreapplm:aﬂém mzqumm\g !batam:ed dpezraiionuhe daybudwdfihe second

Hﬁj %Lb,:lg,&&e 3281\/\9@%38 ﬁ}ﬁ? alyautgo# q!h)ésfall'scr qusl IseCt‘ﬂD Jﬂ@strated in

qsl ﬁF@WtHencr’ébglé'é%tlgn al YeYCHOSTc S devite |§‘§H09\ﬁ10§é}%‘-‘mél%ally in

th e line Y-YI in Figure 7. The second netal |ayer

aniguten® and:sbowsclingers 126, durtBer podioas 2fsand lgeosvﬂ lcontaumng

SORERS P R bl Eok B EBRRIRE B8 e s
fibRNP fikcluding Hrigers @Qﬁﬁheﬁ%sﬂﬁﬁ&alﬂﬁ%/éﬁﬂbaérw fe opposing
ielectric planarisation materi al i cal

|
pRstiendi iRgh ﬁf‘B@fSezﬁbe the sereng melak Iawaﬁg?é} greigoupled to a

aﬂégc} % RG ,té % cﬁ{lgn'14( Wi dih fint @rs18) of the first
gur es an @ ’i‘? oug ﬁ) I nput oljou§pu§

onetadayernt0 and thetopddsimmg peitiem (umlﬁdlggrmgérs i28) W ehe second
thefirstgﬁortlon 12 (includin ers 16) of the
fetal layer qrﬁf&Up@%@rQ/%'a&@ RU? POl ect r ode and

i's couphR %%I i6 u | ng ?ﬁ%@f}ubﬂ%;llugﬁéfﬁj H]'-q §RON%B and 9 may

portion 1 gers ef| st neta
| Bey eondifucted \bysaraanging di setored endtabthyea20 ors ancagdustic Bragg

AR S B B AR oSS nr

rdié&éﬂrnbb&@ab%@b%ﬂﬂﬁ‘éfé’déﬁbé‘téFR;uréQ% érﬁV@Ut of the second
netal |ayer 20 is the sane &as  ayout of the first

met al The eevioe sﬂrmetthSadeacribedecg'ub@ams:ed leperation may also be
SRR T Pty [Peod® Rhel oslBHRSS ph] e Bt unbalanced, by
fegupnag BPrai gisundS.padin dtHea sorfidn CONttAeNs86ond metal layer 20
corresponding to the unbalanced port.

A device for use with an unbalanced input port and a balanced output
may optionally include a third metal layer within the piezoelectric layer 30.
Figure 11 shows schematically a plan view of a device having a first metal
layer 10 as illustrated in Figure 7, but additionally illustrates the layout of the
third metal layer comprising a fifth portion 81 and a sixth portion 82 (dot dash
lines). The fifth portion 81 is rectangular in shape encompassing the area of
the fingers 16 of the first portion 12, and with additional protruding finger
portions corresponding to the further portions 15, and the sixth portion 82 is
the same shape as the second portion 14. The fifth portion 81 serves to

ensure a high degree of both amplitude and phase balance at the output port.



dielectric planarisation material. For bal anced
operation, in use, the first portion 12 (including
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opposi ng portion (including fingers 26) of the second
metal |layer 20 are coupled to bal anced i nput port,
and the second portion 14 (inctuding fingers 18) of
the first netal |ayer 10 and the opposing portion

(#:B6l g € I

(e 1805 ol o 58 0080 Tt et i o

rtawdwnddmﬂustwtedtm IFigure| Usat tabditel Y-V wheresit éan BeaseénXhat, at
be constructed by arrangi ng the second netal | ayer

gtg'so?Psdfl'PrhéB@Ig'ﬁh PoBignY 1 ieePritUAUS agresaineARNIGR qn@ét from the
?d@gre{?ﬁé{sefgﬁtﬁé p\?\ﬁ&ﬁ%lé&iﬁéf&g@i qp, | %@rgﬁgﬁ,ﬁtr @5 schematically a

deross-sestioruttirough tkiestayerkmmdm'e dfatherdmnbe)mes’aatednnrﬁgure 11
oot Bade 225 wiikreb peh SRS Eab, atoediorh dhe sith portion 62
%&Hﬂr‘?sé&ahrbrw@-s@@t" ol %oggghtthé tﬁﬁé‘é’ﬂ%tﬂpﬁﬁéerbadfeﬂhezﬁnrd metal

correspondi ng to the unbalanced port. device for use
vayer. aln ua@alf@nfdfebl portjont 12 of the rﬁldstambtal dayar 1 (inpluding fingers

oS SeuBleH to' s b aishioBal el Codr Brdhl Harli inElupiG fingers
326)' Gfithei oAl rﬂet@@%\yé? 209081 silipfed td atgroBhdipatiavthe fif® portion
as illustrated in Figure 7, but additionally

i$1 gfs,theafhe'g meial I%lﬁ elgctricatly flnating Aad serves,terensure that both

BRI 0 Bl R RRERE Peboia i Fe S rBRLEARD (B second
Ipibrﬁblap’m e(mmm@ﬁnnggrst n8) asfetheofirst raefal ﬂa%rSmGartd the fourth

the first porti gWIt addi ti onal protru
fRATHen (ml{q'%§'"98'?sr 3§b9 dhe,gecend HBetlabl'QM?ér $,8r¢ ,chgled to a

a5 Bt RS bl Gy o 25 BT 8o b
ensur elfke hdlgbew eeunvés bédrh therplatenaﬂp-galrdbqohaavses in layered
Snhies o aqpordands wi dbiinSlion, Gave bBen| Sipdicted by applying

Sthétlﬁbafﬁurpf'smﬂaﬁ’cﬁv of %ebbhdl?draé\:t 8ffeé8 iRl SHAR Aﬁd #HBAR", R.F.
i ne Y- where it can be seen that at this

d\dﬂmmoat at, h%nd iinternational Gyrspasium oonAcousticsWaveoBevices for
Jr Byt 66l Bl oheSy§ieas cCHI vl Japan, p. 143

IABRIRR004! aid aré 'shd@msipCFigafed hPaoots.t IFrltA¥ &Iata presented in
Slgllgrgﬂl(':etsu1Ir Ze toot15tt?12 fﬁ'g’:/ rln(tzascealllzlayllelf'sfor gtaelgmllnr:urﬁo u1r0e0 r}r% thickness and
the gaps 17 contain tantalum pentoxide of 100 nm thickness. The convention
in dispersion curves is to display frequency on the vertical axis, real part of the
normalized wave-number Q on the positive horizontal axis, and imaginary part
of the normalized wave-number Q on the negative horizontal axis. Dispersion
curves for the five most significant laterally-guided waves in FBARSs, which are
all Lamb-type waves, are shown in Figure 12 for the finger regions, and in
Figure 13 for the gap regions.

Referring to Figure 12, the curve labelled 1 (square dots) corresponds
to the laterally-guided TE wave, which actually includes a significant parallel

(x1-directed) component as well as normal (xs-directed) component of motion,
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at the line Z-Z1, where it can be seen that, at this
position, the sixth portion 82 conprises a

wW@ewss2@exti on through the three netal finger SPOF/IB20&6/051653

third metal layer. In use, the first portion 12 of the
first netal layer 10 (includiﬂg fingers 16) is coupled

to an unbal anced i nput port, e third portion

(including fingers 26) of the second netal layer 20 is

C e 0 it q
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tThisrisuthe prirdipalonbdé emploged faﬂdatet:alpctﬁuphagonmg@ré 13 shows
resonate at the sane frequency, the second portion 14
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in "Simulation of second order effects in SBA
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ustlc Wave Devi ces Future Mobile .., . . .

e tRhnanE SGo ik St 3L A veh TR Ency i his tigs in both the

T4diatiALsdhd? 00 4he iR R gioh@Mand Norfd @AtRE s'|t8p-ﬂdéna§ in the gap

For the data presented in Figures 12 to 15, the first

nhegiansi M resonanegsaienieierred toas” enﬁrgwttam@g mages because
ttﬂSx Q:%H‘Fm C@nﬂ/a(/ég > 1T Hg?rgqeé}trgéioﬂghaé% %(\S/) ?e}ﬂgmal {eflection at

Kness. ven

oﬁ@@r@ﬁgbseawevanmetnheusv@rbbnceé |raDhIeSgap” aﬁd epdrréglohs i.e. the
the normalized wave-nunber, Won the posit
rRIPPHYAE A vRiation fdagaysdgpidh ?Wﬁ’drffOTBfth? r?é’gr(?ér%ﬂﬁlﬂﬁe’fbe finger

%n%““‘?ﬁé &éLﬂfé& ﬁ-s@?%@fv?l 1 ﬁ’@{ g{a]?@bf:‘the finger and gap

perS|on curves for t I cant
I ra’gmml may dre atchdevesd/ Exsomen oFBﬁcRaltemartmb veays. aEither the first metal
re 12 fo

TR TS S0 oF AYRIAVEY ey TG & ciRlmam, whidh Shits the

Rﬁfg%rrrréﬁi%nt radlEtdn’ Sarid do%eto%\féf%p' ﬁﬁ@eéé;??e oﬁ %Wél‘ Stop-band,
dots) cOrresponds to the laterally-gu

v(bﬂ (@s ladha@asg illustratetk in Elgsxr@mnﬂuamhi3)p’r@9atbpealectrode is formed
(G L0BEE<GH GOTRENTn e Sl S B Bhod 43 HAFSHGE neavy
cdiéteetric (f i @815 eask eantalum tp@hﬁm@@é)eplén&@éﬂdﬁ layé¥, svHiéh shifts the
t he principal node enployed for |lateral coupling.
FgaprFegian uppenstop-band down to overlap the finger-region radiation-band.
Loading the gaps (either with a dielectric material, or a metal, possibly
grounded, and with a very small gap to provide electrical isolation) is optional
in the first case, but planarisation is still recommended in order to minimize the
acoustic discontinuity at electrode edges, and so reduce energy conversion
between wanted and unwanted lateral waves.

The SBAR dispersion curves are shown in Figures 14 and 15. These
waves are Rayleigh-type surface acoustic waves (SAW), some of which are
leaky at some frequencies, i.e. energy leaks through the Bragg reflector. It can

be seen that the behaviour of mode 1 only approximates that discussed above
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correspondi ng curves for the gap regions. For both
finger and gap regions there are distinct frequency

whawd32@ss8 i ndi cated in Figure 12 and 13. |n theCUEB2006/051653

stop-band the wave-nunber is imaginary so node 1 is
strongly attenuated in the xrﬁ£rection, while in the
radi ati on-band node 1 propagates unattenuated, and in
the | ower stop-band nodes 1 and 2 have conpl ex
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electricalNisolatior]) is optiwnal in theg first cage,
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In all cases the finger length W is chosen for optimum match to 50
ohms, and an uncritical 2 nH inductor has been added in series with each port
to flatten a small (=1 dB) dip in the centre of the pass-band. Note that
increasing the number of fingers has several effects:

(1) The in-plane aspect ratio of the fingers is lower, and the number of
fingers electrically in parallel is greater, giving lower series electrical
resistance.

(2) Insertion loss is lower across the pass-band due to increased
acoustic coupling.

(3) Electrical matching at ports is improved.
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be seen that the behaviour of node 1 only approxi mtes
t hat di scussed abovefor the FBAR case. Distinct

WO 206aLd16s- bands and st op- bands do not occur, BOI/IB2006051653

behavi our can be expected to differ. Figure 16 shows
the magni tude of the electri Cﬁ_l) scattering paraneters
(S-paraneters, Sn and S12) fora w de-band BAWTfilter
enpl oyi ng an FBAR having the structure illustrated in
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V8 ohatdrteterd '8 an. RBARIftera i FigiRe arreavith 8D fiddRrs in ea%ré of the

acoustically active area conprising the fingers 16,

ditet grghsecand medalaportions dds 14 imaatordense withribefinvendion, and of
| ength _Wis.chpsen for L mum..mat ch,to. oh nd

5 PORE At veiFa S dr o B Gk e B PARing Blers. The
Vddth srasbnfed in FRyuré 17 & fér aNfer Having!Bhg6isP of Widlthe5pm and
centre of the pass-band. Note that increasing the _
ﬁbwbeessjfmnngea@d IﬂaQaQeWéit'aIOfeiﬂéfGt §9nt@|m09 gtalum pentoxide
i 0= . as 1 g : , .
ARBARREARREE L o100 LlRobRa0%58 dsrditli A4 A Foterio
cand fite Insotar layer 105 200 avtenial M00As of alunginiun?) are the same for

Insertion lgss is | ower across the pass-band due to, .

i BRIPHBNEPSad 3R] 8ol FRilectas) and coupling layp Batsfipls in the
BBAR'4S difedrBbRYSsid) a}g@h@&mvﬁémsﬂhégrégé@y ®he acoustic
area 1s hardly 1ncrease = I'S 'a specl al case

viBiagly reflectarr hap d rande 5f ayeesn ©f ) SiQxnaad dTa Opnraspectively. The
overal |l aspgct ratio of this area C S _nor

Fiolara bR 3 (8)0 S dfyTss of o1 Clnaih: TReUee SpRrsEelyn The. FBAR
SpreBichBnd werbNPetRPRed Alding Nee 2idiMehsioAsE analytical model
beneficial except the | ast.

described by Milsom et al referenced above. This is necessary because the

laterally-propagating waves dominate behaviour. The SBAR simulations were
performed using the 1-dimensional model which is a subset of the 2-
dimensional model and ignores the laterally propagating waves. This has
been shown to be a good approximation for such structures, since the normally
incident TE wave then dominates behaviour. The series inductors at the ports,
which were included in the predictions in Figure 16 are omitted from the
simulations of Figures 17 and 18 to illustrate the dip in S»1 and the poor match
indicated by the high value of S that arises at the centre-frequency from the
BAW device alone, when a relatively high bandwidth is required. Several
comments are made on the data presented in Figures 16, 17 and 18:

(1) No attempt was made to design the bandwidths of the FBAR of Figure
17 and the vertically-coupled SBAR of Figure 18 to be exactly the same, but it

is stressed again that this is continuously adjustable for laterally-coupled
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A conparison is presented of the predicted frequency
response of the S- paraneters of an FBAR filter, in

wor@anzs1d®, with 50 fingers in each of the firRET/EB2A06/051653

second netal portions 12, 14 in accordance with the
invention, and of a prior art, vertically-coupled SBAR
in Figure 18, with 3 coupllngQayers The data
presented in Figure 17 is for a filter having fingers

| nd t ' . ol f. 2
g 4o s UhERPE SR I aha, BTty he'dhe which are
nadfitvedairealy id QRe adk, auniRsis .cahhenlpibezadjueiidr incdibenets steps for
30 material and the netal | ayer. 10, 20 material (100nm

oferticallyr¢pupigd Easonatars Hecause it '%@tFH"ﬁ'CQ'UP%@eﬂ”ﬁPQF gfgcoupling
TQZerrs%fllluSﬁ'ié’ n‘?’rﬂg goupling layer materials in the SBAR

icon IOXI e (Si @) and tantal um pent oxi de
( TaZ2Bhhe géherahsbape o€ tHer frgguenedyl responsénissthé samae for the FBAR

SRt 12 ng 15 VeRaMyea ok es BBAR Bt Eibre 1, i slary there

Fﬁéﬁnﬁh?%ﬁldf%dv\@sﬁoﬁﬁsf H R PR 9whBRas the response of the
-di mensi onal anal ytical nodel described by M| som et

arertlwlkyrmupéeﬁ SBAR is Spurioussiree.c és the szaseoatheeverrhleally-coupled

5%%&&? "é%%raﬁl& Fﬁ'ﬂaat It,ﬂ'& @%ﬁ%yﬂﬁéﬂ r\}V%tr% éaxpﬁlgiedofuom the Simulations

wgilaeRBodE sorhéeburibis Fespbndes mb[;ﬁatcn@é Hu'ﬂ@n@rat a low level.

di mensi onal nodel and ignores the | ateral

pr ofdfaigurey1Gabews theresanedEadaselis batwvaen tb\etrwrab@ro@‘d‘mgers the
PSSy eneriEF{ganJn%ts%‘é%% Bréffe[tng{tr?g Rﬁ{ BFﬁaﬁJ‘%éeb% %8&' towever,

i thdulséstr approath s perobablywy tlavees dargee | nuteberi of tfuhgers (for the
predictigns in Figure 16 are omtted fromthe
srleﬁ§9%$ [ Qiﬁ%uﬁﬁe F|a§9?’%25 angd gihen SUnpress (At expit: the di"ﬂNa"ted

|,%S§g (%n tch i ndi cated by the high val ue
n that arlses at the centre-frequency fromthe BAW
devi4eThke aud-ofbaad sesoebaces ehgy tEppeabdodrapdesentsa problem in
e uir .. Sever al corment are on, t he dat .

B oF Glief Teephase cUlGaN B Sxpipied-lo@yantagey; Taey pocur in the

Vﬁé Rfaste rﬂééé glnfdrhtﬁetﬁiqéﬁ"r%f@)ﬁsoﬁna ﬁﬁer%%@ &nnot be due to
Fi gure 17 and the vertically-coupled SBAR of Figure 18

tblSowaergacEiapht «hfetrmeeresmnses are actualy @ssagiated mritht multiple

letpal eRELRY Bt B 4 BRHrowaVes ((ypigapy fmpde,? gf mode 3

tRichizite avelling Weavdsn gemﬂ(eath@ tdanpaiveeBnancesiséarthé edges of
freely in the mask, while it can only be adIJ usted in

dheqassandsiheyrase 'not energy-trapped in the normally accepted sense i.e.
the wave-number of the guided wave in question is real in all regions. The

resonances can be suppressed, or otherwise modified, by introducing non-
uniformity into the layer structure in which finger and gap widths vary along the
structure, thus reducing the coherence of the internal reflections. Alternatively,
a narrow gap (i.e. a longitudinal slot) can be introduced along the centre of
each finger, while maintaining the electrical connection between the two
halves. The different nature of energy-trapped and non-energy-trapped
resonance suggest that they can be modified independently in the design, at
least to some extent. It is clear that deep nulls can be introduced into the stop-

band and these could be designed to be at frequencies that must be
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vertical ly-coupled resonators because it is a function
of the nunber of coupling |layers which is an integer.

W@ 2006/Tedegyener al shape of the frequency responBET/IB0Q4E1653

same for the FBAR of Figure 17 and the
vertically-coupl ed SBAR of Figure 18, but clearly
there are many out-of - band responses in the FBAR
whereas the response of the vertically-coupled SBAR is

SEAE Wy ) bl 7 sPhel SRR 60 Bfdhona cor
fistm bérefully rtailared onThiso dedignnflexibilitie iss oo failableufor vertically-

responses in practice but only at a low level. (3)
Qp'Rd rRSOPRLUS: t here are trade-of fs between the

2‘?? "eﬁq ngeLsd 4Be; aPiaE kIS Ght ﬁ?AF& oI’?r'FgefimEitructure in

of “out - of - responses. wever
kmbrdarmemdﬂn thes inveatior| i m the fingeeregiores ty\erwalmrbambef for mode

L RrRRIER 2 JreEeRganRE R dos sbon Lhs By ey eakage of

nEcistic (¢herd @ I%thofh'eb%ﬂéc{cﬁ‘s%ﬂnl‘“e%%ltgﬁﬁ R MGRHr ihSertion loss
represent a probl émin terns of filter response, but

chanipzedicisidoior dle FBAR! daalgage Orl' IH'Q/ other tnanidn mdde-conversion to
st.op-.bhan of e 1 f t he f Qns,

ThePaRar et B8 vl e, Wofier HEouSS Hhafs aré Hdege acoustic
NRGWSHN'S w?emmwabénetﬁaﬁéoms%t aftoMthe Buttupbethan mode 1.
i nt erna | ecti ons of one of the other waves

(¢9®$WGWYMQU’QOBbaMa%SD§pSm wilhbe reduced, fer the§BAR.
FR R i SO AGRAT G B i € ony than

nmrrmeéllyyccaqn@cptr&bme The nuhihbrmwayérsri‘seyigmfcamlg fewer. In
gui ded wave in question is real in all i ons

r%lctsmcf&%ercféﬁq cypimmiagen.g- dp carrest oﬁprsgpl;?@eh ?Y%foa wafer, is
B¥adi mﬂf cﬁgf?héﬂ‘ﬂ%%e'"fg"éw I II?QBF of d étﬂ&es’%cﬁt 44'hidbA dioxide

vary a ong t
slbcalbjt wover phds of eduviaher ik cethmeerbe oéntrén efreqﬂ:enayalwﬂhout
nar r

re “FC“FnS d@terﬂat vely1 g Ej n
| SeerHy"Redlyipg fiter respe PﬁtSPBBﬁc MeA S?’Presltcé‘rﬂ’} gpproac
o4 ;ﬂl@@ﬁof\}err‘&%lly-dﬁﬂf iéﬂ f&bﬁhﬁir&‘ 'rﬁtﬁﬁlﬁé‘@tr@ t%?t res6Rator to a greater

connectl on bet ween t e two hal ves. ferent
rextentethan tbedraiionn rramoamdwtherefme @inange@ peth frequency and
resonancewﬁé{%gest that they can be nodified

irl‘?aBB'é?\edﬁ in the design, at

(7) Optionally, improved stop-band attenuation can be achieved by
cascading two or more laterally-coupled resonator sections with slight
differences in gap and/or finger widths in the different sections so that the
sharp out-of-band resonances do not reinforce one another.

(8) Optionally, additional resonators, with both top and bottom electrode
fingers grounded may be interposed between the fingers of the input and
output electrodes to provide both higher order filtering and electromagnetic
shielding between input and output ports. An example of such a finger
arrangement is: input, ground, ground, output, ground, ground, input,
ground, ground, output. In principle, any arrangement of parallel input, output
and ground fingers may be employed.
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| east to sone extent. It is clear that deep nulls can
be introduced into the stopband and these could be

wale®pgeaads t o be at frequencies that nust bepare¢TIB200d/051653

strongly rejected. In general the pass-band and

st op-band can both be fully tﬁ%lored. Thi s design
flexibility is not avail able r verticallycoupl ed
resonators. (5) Figures 14 and 15 indicate that, for

an SB re |

ven T GHE S AL o sl oRBRE SRR o idotehdd; 17.ana 18, but
noeldiltérs with mfcﬁVerabamdwwa eoeachieve exn@rdewndW@th requires
This is due to | eakage of acoustic energy through the

rlef$ 8epestic eaiplingswhich is achiayegh iy thendediée mqaqxasgga@%w'th the
f t

ARG by, Bind Wiusr FiGelr hd Bhoe The ABUE: oFthe 8BS 16, 18 and

vibelkgaps PR beinge10 heasandBeumuiespeetivaty id, ¢n Wm/eertlcaiw:oupled

whi ch penetrate less into the structure than nod

nwery RNNCERasing e NBMbEARE cpeelmnbeé@rwq b 5the Bl of the
;
st @%‘F@ﬁﬁﬁer hd LRk ‘iﬂé’ﬂé atioH %St‘ténéle 8%5']“3?@ fo¥ Figures

echnol ogy an vertl ca Iy C
r'oiveamd 48. The nunber of layers is signifi cantly

f I d f
cor 1 edTon B t@é@?fgswsptlﬁrﬁe@%?*s 168 sumiar Nk iigdrs 18 in the
3 PoRoRAD (1or gﬁt bREOJE] afl ﬁh Fs”&r%ﬁ%@e%%nd portion 14

S|I|con di oxi de over part o a wafer w |
r(§@rube qulw.ltcﬁimtrcwe‘)r ampil thelengthshbleof tbeg[mgﬂ& 40t 1 %4 and the area

T8 et e Gbonslcall AGRBCASE, S BRp Aok TER"s QBongr 4T gas 17,
radidd fowhe top resonator to a greater extent than

the bottomresonator, and therefore changes both
frequency and response shape (7) QOtl onaI ly, |rrproved

DI. Up~ UaIIUQFLLCIIuaLI il tall UC III CVCU IJ baDLGUI IIA I.VVU
or nore laterally-cqupl ed resoOnator sectlions with

sl ght ditferences i[n gap aBY40mm | hger [W dt h§. 0075 men®
different sections qdo that the sharp out]- of - band

resonances3 do not rginf or c8.2%manot her . (8) 0.0157 mm®

ot tom el 48t r ode 1 rger s PSRBT mhy b1 nt ePgNedA™

pbetween tpg Ti1ngers [of theQigE3knnRNd out[put eloe(pﬂmom
to provide both higher order filtering dn

el ectromagneti c

The frequency response in Figures 19, 20 and 21 is more natural in the
sense that a flat response and excellent impedance match to the terminations
is now achieved without the series inductors. This illustrates an advantage of
acoustic coupling over conventional ladder and lattice filters for narrow
bandwidth applications. @ Reducing bandwidth in the latter is always
accompanied by an increase in insertion loss. On the other hand, narrow-
band acoustically-coupled filters are predicted to have very low insertion loss.
The general conclusions are the same for wide and narrow bandwidth, but the
unwanted out-of-band responses are weaker and the total active area is much
less in the narrow-band case. The results in Figures 16 to 21 show that a
range of bandwidths can be achieved using lateral coupling without any




shi el di ng between i nput and output ports. An exanple
of such a finger arrangenent is: input, ground,
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ground, output. In principle, any arrangenent of
paral I el input, output and grﬂ#nd fingers may be
enpl oyed. Fi gures 19, 20 and show results simlar
to Figures 16, 17 and 18, but for filters with

BRHMEEoT SN b SHRoC TR B iR bt & Bpvices using
tlbt@rdlewmstuc coapky daemmashembbyir@vﬁmcalracdu}stlcl eougmg
wi der fingers and the widths of the fin ers

18 anoopv@ajla{pﬁwemgﬁér'ﬁ@tmmwr@{dn@v Rfh 9nBleE T méh9 gaps 17,
buh er n;(ghbura%é }ﬁﬁcé’é’rﬂé?ﬁtﬁ’&ééﬁﬁw%fthé‘ﬁFs‘ﬁﬁét?Glayer and

e nu coupling 1ayers t mat er 1 al
tthe gapss17 ofethelselcapdmedtal laydr.t he pl anari sati on

f , d 18. _
For *t Bltad e, ReudRRe e ivethclh 70t deah b Heriag: freedom is
favaabre %\ﬁ\llbf‘ sttlhebér'\éﬁih?p%?ﬂ QRe 1dd\dragéd & fH%U'irhventlon In

el ectrode) d fingers I8 in the second portion 1

(pasticylag ong pxutmelreeof rtrwéquovung feawreésnsprne oy whichhnlkave been

fi 6, 18, t

a{b{@ﬁﬁéﬁ%& Bhotemay SenfCRktrn tad PeWgeSGRAE, Hefipdo shape the

20 i cg%bwﬁse Jhmdd@ﬁwaﬁd p’r@ﬁa@mtldhfoapwﬁnd&iances to
an

is nore natural in the sense that a fla
redpmspardiedlas apeli¢ation: i npedance match to the

| et aresdrte BF IhERphcra gt bistitht Ao fRna of unequa

coupl lléﬂng@rﬁdlbﬂ@V%ést@@Me badeefingad 180f itlee sbtdhdpdriion 14
for narrow bandw dth applications. Reducing bandw dth

i n t hempybeaf uneaupliepsthicconpani ed by an increase in

ggiﬁgﬁhg £ @EC%I‘ %1 lgégf §$r%1§ec§f tﬂgq’ﬁ'l g% §? athgwﬁ partion 12 and

very |ihe lengter bf anldags somehef ﬂ@mgérscmlof Use e86ored Portion 14
the same for wide and narrow bandw dt h, but the

unwantBay BgtunaUind responses are weaker and t he

LOLE! ALhUSAEBr o iHGLTSL AP GG Ar3PnBkho i he of unequal

range wﬂtrbanderbtheas’ﬁsoﬂne ofctheefiregers sigof tad eeednd portion 14
coupling w thout anynodification to the layer stack.
Thi s i%ay bgiafuuneguabwigihi age of devices using |ateral

acoystihg vﬁ8‘cllP+1‘ eV Hontle ¥t f5nirigBrs 8 dthd Akt 'doftion 12 and the

acoust1 € cou
width of at Ieast some of the fingers 18 of the second portion 14 may be

unequal;

e the gaps between at least some of the fingers 16 of the first portion 12
may be of unequal width and/or the gaps between at least some of the
fingers 18 of the second portion 14 may be of unequal width.

The embodiments illustrated in the figures have straight fingers.
However this is not an essential requirement. The claims are intended to
encompass straight and non-straight fingers. Examples of non-straight fingers
are curved, zig-zag or spiral shapes.

[{Pe})

In the present specification and claims the word “a” or “an” preceding an

element does not exclude the presence of a plurality of such elements.



Optionally, the planarisation material may be omtted
fromthe gaps 17, 27 but if present should be the sane

WO pooshzsigaps 17 of the first netal |ayer and tPET/iB2P66/051653
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27 of the second netal |ayer. Wthin the features of
the invention, a great deal oé design freedomis

avai | abl e whilst still benefi4d ng fromthe advant ages
of the invention. In particular, one or nore of t he

b o' R BB B BRBELA, BRLGAHCER TR oo

Séwﬁ@nwerétepgummdseai@me of the device and provi de
i nput and output |npedances to suit any particul ar

app! i cH ti¢lusiqq of "@3%@“% SONSFinREeRtnaBes i the daimsyis intended

f h and/ t

4 R sng B Bt et iBRAED and or at

may beFrom ureadliry thengrésentt disclosoge,h otfieratmaodifisationsmavill be
oL B5toh et s S0 BERITRUERS Y it e

Sreaflres RPHiEh Od“reléﬁré'ﬁﬁy RSoWR8AUAE; art &f thﬁﬁﬁl?n %Gmeaeéustlc wave
the fingers 16 of the first portion 12

may
ullawp@ and thdir applications andawhick oray bé uskd lmstegéloi ot § addition
f second 4 may be of unequal w dth; the
\C/)\tn0 ﬂt%g?s gﬁerf\%\gggsg&;?glrbqreg%e fingers 16 of the first
portion 12 and the width of at |east some of the
fingers 18 of the second portion 14 may be unequal;
the gaps between at |east sone of the fingers 16 of
the first portion 12 may be of unequal w dth and/or
t he gaps between at |east sone of the fingers 18 of
the second portion 14 may be of unequal w dth. The
enbodi nents illustrated in the figures have straight
fingers. However this is not an essential requirenent.
The clains are intended to enconpass strai ght and
non-strai ght fingers. Exanples of non-straight fingers
are curved, zig-zag or spiral shapes.
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In the present specification and clains the word "a"
or "an" preceding an el enent does not exclude the

wee@sandes of a plurality of such el ements. Furt PEr/IB206¢051653

word "conprising” does not exclude the presence of

ot her elenments or steps twaléﬂose listed. The

i ncl usi on of reference signs parent heses in the

clainms is intended to aid understanding and is not

QELR d to be limting. Fromreading the present
ScloSure, other nodifications will be apparent to

persons skilled in the art. Such nodifications may

i nvol ve ot her features_ whi ch are al read‘y known in the, i
art of 1+t hi A byl aseuRtic Wane, | BAW, resaraicr devigr) comprising first

aﬁgj 58(8}?1 C?o élgltg resﬂg mdé?ﬁdéégﬁet)ﬂ%ﬁﬁ% éyoeg_ﬁlitﬁéayer (30),

]ihemrbIUMet&ldaymt(N‘)) mmrlsBlgV%pacmbﬁmt and cseecond portions (12 14),
rst. and econ

d .
SPeai INEEsh gt sE28ad BOTIINS (12,df) Bk each AFandpd.Es 3 plurality
"@‘tlﬁ{erb&ﬂ/rﬁictéd-ﬂhgér%”(ﬂ'@ 980 Yk @F@Feih idath Megﬂﬁ@“ﬂ' of fingers

portions (12 14), wheréin'the first and secon
pd6) obthe firskpodion (42piscacdusticalyncaupled taapleastibne pf tife fingers

[ repnnected fingers, (16, 18), and wherein each of
t(ﬁg?ﬁf a??w%oqorﬁg?léidf)s (16) of the first portion
(12) is acoustically coupled to at | east one of the

fingers (18) of the second portion (14). 2. A BAW
resonad-or ddVBAW gesenaiprslevioe asagiaimed \imeglainh 1, hwherein the

ARG 306018 S B 2B A S M TASEH o e
Bsohegoridm(14)evi ce as clained in claim2, wherein

the second netal |ayer (20) conprises spaced third and
fourth portions (22, 24), wherein the third and fourth

portiogs (28,8 f\?\? réé&néi?ggie@%)aﬁ v\ﬂaﬁecﬁ ul?'élélfd I3 YwRbrein the

|nterconnecte ngers erein the tinders
(sm:pndf metat layerr (20) @ompriseé ZDacadehirdtand foueith pmttlbns K22, 24),

BRI s Bhragd B BB a28.24) 866 990y aptged Bs'a plurality
%Flﬁf&é’&ﬁb@é@ﬁﬂ &R (doe 2B)), r\ﬂﬁér‘élr{ i flﬁ’%er%"(%f bf fe third portion
portion (12) and the fingers (28) of fourt
@2} aom intedgcert withrthe figgersof#f wfdhe fourtte portwge(ﬂé) (argy wherein
otf'\etf{]n%e?'g ?Qé‘)dop ﬁ'\ret I ;g&r%%n (22) are arranged opposed to the fingers

(16) of the first portion (12) and the fingers (28) of the fourth portion (24) are
arranged opposed to the fingers (18) of the second portion (14).

4, A BAW resonator device as claimed in claim 1, wherein the first
metal layer (10) comprises a plurality of further portions (15) arranged to
provide acoustic coupling between the fingers (16) of the first portion (12) and
the fingers (18) of the second portion (14).

5. A BAW resonator device as claimed in claim 4, wherein the
second metal layer (20) comprises spaced third and fourth portions, wherein
the third and fourth portions are each arranged as a plurality of interconnected

fingers, wherein the fingers of the third portion are arranged opposed to the
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4. A BAWresonator device as clainmed in claim1,
wherein the first netal |layer (10) conprises a

w@kwoardlsy of further portions (15) arranged tRCPIB206S1653

acoustic coupling between the fingers (16) of the

first portion (12) and the fgggers (18) of the second
portion (14). 5. A BAWreson r device as clained in
claim4, wherein the second netal |ayer (20) conprises

TS0 oL st B 221, 2B g MR by bl rion are

ﬁrrargged opposed @d thenflegers (18)reéfi the Isecémmgﬁrrﬁomf(mneand the
thir ortion are arranged opposed to thefingers (16

o‘-feq0ﬁé "netal fayey 203 pomiisearal Alwelt plgfrbespariens ! airhnged to
@-Q) 3 B?ﬁslﬂiétf&”cé‘u r@g batssh Tr%?%g% dét r'hg tfh'urﬁgﬁéﬁuon and the

e seco rtron ( e second
Ifaygars@ﬂﬂjefmrﬂnrpcxrbsna plurality of further portl ons
arranged to provide acoustic coupling between the
fingers of the third portion and the fingers of the

fourthg por t A BAWS -reSorfi¥Y [dReR22BST claRYad 8n 3éla|ﬁﬁ "%3 B95, further
inclaim3 or 5, further conprising a third netal

| cpaprigisg a thm)netablaved(iim 82) focataed wltbmdlaeenezoetectnc layer.
| ayer. 7. A BAWresonator device as clained in any of
clains 1 to 6, wherein the second netal |ayer is

arranged ona BAW resdriitof d8yicanas tdsmeef |rﬁ§h9fof(5lﬁbm$31 to 6,
arranged on a substrate (60). 8. A BAWresonato

duberein the secandenetal Iawy inarangedon B 'taile¢tor\xﬁ@} @ndwthﬁ reflector
ri ses a | ongitudinal
5(1%6? %ﬁgrﬁ‘%kwgegsdg%a {/Tlpce as cl ai rrgd in any of

claims 1 to 8, further conprlsi ng one or nore of: at

| east some of the fingers of the first porti
(12) e of ABRYLAPSINEIGR Hg‘«)ﬂ'ﬁel 3 ciaimegda iy agy Rf %ha'”ﬂfhé to 7,

f WRSRES (184 unequal
Ien&%a a%l#é)s g@%?ﬂ efslﬁga??eastp tﬂggﬁg Iéféltlﬁ%ﬁ?lféﬂl%térs

(16) of the first portlon (12) and the length of at

Ieast f Yrve fin of ﬁhe second p%

(1) e arBRAN regoias douhess damed gy St digfiert to &
tiRhEF ESthpRSiInG die 6r]f?lbré‘6ﬁ of unequal wdth

at least some of the fingers (16) of the first portion (12) are of unequal length
and/or at least some of the fingers (18) of the second portion (14) are of
unequal length;

the length of at least some of the fingers (16) of the first portion (12) and the
length of at least some of the fingers (18) of the second portion (14) are
unequal;

at least some of the fingers (16) of the first portion (12) are of unequal width
and/or at least some of the fingers (18) of the second portion (14) are of
unequal width;

the width of at least some of the fingers (16) of the first portion (12) and the
width of at least some of the fingers (18) of the second portion (14) are

unequal;



and/or at |east sone of the fingers (18) of the second
portion (14) are of unequal width; the width of at

wo e@sti2detre of the fingers (16) of the first pRCT/IB206/051653
(12) and the width of at |east sone of the fingers
(18) of the second portion (]qu) are unequal ; t he gaps
bet ween at | east sone of the ngers (16) of the first
portion (12) are of unequal w dth and/or the gaps

SR BwieBH %35 b PP LGS 6T R v AeRBertign12) are
csfrgrdtiah Width B/ orethengdps betrdeneataeasi soredfithe dingers (18) of
one of claims 1 to 9. 11. An el ectronic apparatus

dhrsecend pogtiasn(iA) asd fhtBeavrR Wigl. as ¢l ained in any of

clains 1 to 9.

5 10. A filter comprising a BAW resonator device as claimed in any

one of claims 1 t0 9.

11.  An electronic apparatus comprising a BAW resonator device as
claimed in any of claims 1 to 9.
10



