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WO 2006/ 126168 PCT/ | B2006/ 051653 1 DESCRI PTI ON BULK
ACOUSTI C WVAVE RESONATOR DEVICE 5 The invention
relates to a bul k acoustic wave (BAW resonator
device, to a filter conprising a BAWresonator
WOZ00%126188 4 t 0 an el ectroni c apparatus conpFFEBYPe4s16ss
BAW resonat or device. o Thin-film bul k-acoustic wave
(BAW filters can provide highly mniaturized and

| ow- cost radio-frequency (RF) and

internedi ate-frequency (IF) selectivity in
apMESCRIPIHSNsuch as nobil e conmuni cation, wirel ess
connectivity, and satellite and nobile digital TV.
Thin-filmBAWIis beconing the technology of choice
above about BUlACOUSTHE WAMERESONATORBDEBICE of
these filters are BAWresonators. A BAW resonator is
essentially an acoustic cavity conprising a

pi ezoel ectric | ayer sandw ched between netal

el ectro Layers. Wien . an alternating el ectric signal .
s appl 100 TRERGSA roinEs 40 2 Bk ARRBuCRYE ) fesohe Bovice
cony arflitefl comprising BeBAVAtesbastor device, @idaocam gicotonic iapparatus
excited., The_ prjncipl.e de of 20 vibrationis

t hiceRpesiag AB_ANe3ARI01 48%C8hi ch i s normal to the

| ayers, and at a frequency for which half a

wavel ength i s approxi mately equal to the thickness

' o1,
t he cav i bip-filmn L@Y@P@‘&*’Poﬁ“@‘ﬁ t AW oliiers s cgn  provide ngh[y
CORSRBHAREE &d IdWrcOst Afictréqibncy (RF)Carid fRem&Rateiffequency
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DocPAeKFRy A PRMeni (RRIp Mgt IV PR AUV becoming
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no rfren%lulechV%r %V?](I)Cq'll r}a% % %vggl&h%‘%oa%%/m%r%gt%igy 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 pm 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-Resonatar
(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

30 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-



2 incident TE node of the acoustic wave over a band of
frequencies nuch wider than typical filter bandw dth.
The Bragg reflector is itself nounted on a solid
substrate, typically of gl ass_or silicon. The FBAR

WOLYWH2UE i n| for exanple, "FBAR - from t echrdieHy Siess

devel opnent to production”, R Ruby, 2nd 5

I nternational Synposium on Acpustic Wave Devices for
Future Mobil e ComTuni cation Systens, Chiba

Uni ver si t\é Japan, p. 133, March 2004. The SBAR i
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15 AR ThERTor ke BE farial Sh-rL P AR B Spse ity aosium.
onmm{_p 897, 2002l e for OIconnecti ng the filter input
BRI R R SR R

a Py |adsecerfigutdtionl whidVAl. undaldridagl of e a€lattice confi gurat|on
termnations are likely to be at dlfferent i npedances

t y phich lp)pajﬁpcegh%maﬁmarfg@e%%w ich I3 Arompripation of these, also
”%@ﬁéi@r HRidreBd] S BlkeRicAie TohaddiRn lrhpddtiss lidftations on design

addi t1 onal bal un and/or inpedance transformation
f uilexiptjtyamhioh tham ligits B@D"Qﬂﬂ@ﬂ%d kyparticylagit j5 sarestineggesirable

15S e\{g Qélle ﬁ%n%lﬁ’z?@n Fambhldhced TR délrd?nerﬁcﬂ'y ifhe8xample for

ance transtformati on can be inclu
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naof 55 sRhiple 1B; opdheflina BRPHGR oGl B & d@hbike Bngifier (LNA).
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acousti C wave transm e energy.

20l rrrmddamnal balans éod/oatimpedance ansforoafiay dandiipnality cannot be

! SR o R SRR R PR poren
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2 RS o SR B LS, 5o YRS tadhaio el oy
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25  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
30 Resonator Filters", K, Lakin, et al, IEEE Ulirasonics Symposium, Munich, p.
879, 2004.



WD 2006/ 126168 PCT/ | B2006/ 051653 3 Thi s approach of
vertically coupling the resonators elimnates the
addi ti onal components required for balun and/or

i ance transformation functionality, but_ghere |
grgjclﬁg ®terms of the many addi ti onal Iayerg&f@&ﬁwﬂg’éﬁ
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unBE% Csta) F P# hJ Fn‘é’smroh Sahdechn yol- ﬁﬁf%m&?% d& & #p this
as dpbl'dé‘é:hrﬁfee%ahﬂwdﬁUrﬁj@BﬁthI@U tRRARHMHE/ WidthsPot {he resonators

acoustlc 20 wave resonators and filters on silico
T. Wnddhguarbriwean e resppators, padeich (gap, b @djuséed continuously.

1533/ 'mﬁév‘émthlgpap 88c18 38 pldIRP w¥hRERINglIar 886 idiee LiB&by-side
was nDnstrat ed.” Resonator area is

deﬁéﬁﬁﬁ’%uﬁﬁﬂ fQﬁéh'ﬁé'@ﬂ BAWfliesh emplayingpthet T ogde because the
' ”ﬁ@ﬁﬂﬁ% s B’ %’r&rﬁlfﬁoﬁmdoﬁd%choksggaﬁp% gi98q dithensions

this ance ratio of area
t hutlcmnesES ikpdee qilihe @ﬁecmoulﬁebewnmcenmw higb ingertiorpdpss and

Lrglgggg{@fgﬁ‘c&g%% ItiLﬁg‘aﬁﬁjt{ |Hn? C@géﬁt%l ?ectFrﬂgﬂF bulkfacoustlc
20eactavecssnpators and tfilibes aarsilwant,nt. il\heGertkewaki et al, Proc. |IEEE

@ TS Hs SaMuAObE. éé;bgjﬁg%gns{éogﬁ@g d'n ERHR Ris of 8.508

t havasl derhorxdateds pResonaton arems Idetemenirebdt oy the mded toematch to a
i iRl PR oee UPiceY BE 15, G e R Y RN Hipocance

| N9&Vdl iadigh @sifb of area to thickness is required. On the other hand, so that
25 the energy is not too strongly confined and can propagate between the
electrodes, the slectrodes 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

30 and consequently high insertion loss.



WO 2006/ 126168 PCT/ 1 B2006/ 051653 4 An obj ect of the
invention is to provide a BAWresonat or devi ce havi ng
an increased bandwi dth and reduced insertion | oss.

According to a first aspect of the inventi on%éhere i S

393\9?66%@%%\ bulk acoustic wave, BAW resonat oY gaviedaless

conprising first and second netal 5 |layers and an
interveni ng piezoelectric laygr, the first nmetal |ayer
conpri sing spaced first and second portions, wherein
the first and second portions are each arranged as
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el o GoRERB.p e, B AR Sl EhSERl Bobiegn te
bergbneidre defifed BHeRe Akt @ﬁ.argecoﬁu haeiohs ofhé ﬂ'rﬂ rﬁ@l@D Rfer is
enbodi nent of the invention the fingers of the f

pofPoNed and elestrical resistancaldectapspd deaUikieg irsnFieapeg bandwidth

CouRbefbduted NRs&abANREY!T | el LBOIHE @buplinge isSemeryl, between
portion |nd|rectly by nmeans of further portions of the

fi neighkeuring finggf®r . Such an enbodinent is particularly
155Ui ted phekLemBBGHRIAE 8F thc'i t%ﬁqﬁé i rh%f 'if@ﬁi‘sf g&ﬁon of the

because | npedance Is inverse prop o I onal
ar dest matel layer age énterlagediwith thep“ungem tbatsm@ncbmmpméthe first

Cahdi ijd Bfergﬂlzh dJ eerﬁt!a&d%en?@ rcﬁﬁd‘é%”% Bf ?ﬁ%troggﬁc tdfipling

devi ce be use I nput an out p
r ebpbegany ed@peranﬁngew p‘h’tﬂd the couping bemgodrrec&rhﬁtweerp @djacent
porrf1 errsespectlvel y. Unbal anced operation may be
BFent ed by coupling the second netal |ayer to a
20gr ound a4 Isecéral embbdinent od ther iavéntion thkdingess afeth8dirst portion

gg%i@%ﬁ%&ﬁ}%&altlgﬁr %%%g %‘ﬁ%ﬁ‘y Cl)l?[y & t@tlff'et Flé'ﬁw&?nng 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

25 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 o a ground path. For balanced operation, the device

30 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



first metal layer, i.e. the second netal |ayer

conprises spaced third and fourth portions, wherein

the third and fourth portions are each arranged as a
lural ity WO 2006/ 126168 PCT/1B2006/ 051653 f

%ﬂtzgqﬁl:%ﬂﬁsect ed fingers, wherein the fingers g?'lo/{%gosmsmss
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portions, and mherein the fingers of the third portion

are arr anged osed to the fingers of the firs
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of t i rst ta aV|n a_ di rent enaot,

107 2 g Bodrh st rtpu B At BB E e i BFeltla SrRRLRD that the
e iriplut Ay @ﬂtpuﬂm%ohétoﬂeﬁre@bﬁﬁt&@t md Mé fragesrcyof the
third portlon of , the second netal | ayer havin

di f f er eRPUIORANY¢ hiMARIINED ¢ tENRIGEPEIRNT ~ MR RSUr ?Pp'eme"ted by
POBkiphyirkf fi ﬁd}s@s Wﬂ@ﬂsﬁﬁb@bn'cﬂ)ﬁﬁé first Ardta PR Mavuﬁ@ﬁ different

devi ce ‘may i mpl emented with the second netal |ayer
ar mga‘eéh%hﬂ'& fingare of dhe sga0R%h goFtiON @fcths firal mt@éay%n and if

1sa PHRAE, ah& i rngaﬁshoﬁ{he ﬁfﬁrrdag&ﬁﬁﬁr&f tRhé QLSS n@aﬁﬁé& having a

devi ce. The réflector 20 refl ector,

budifigrend fength thanythe i nwsray psfogrth rp@ joacaf dhe aegpnganetal layer.
used. bgtlbﬁh?f gnﬁ'l'e%vﬁ!estﬂ BQVT%@%&@-(} Witf the §960nd metal layer

exarrpl e ctivit communi cat
r e@oanged oumpeﬂegtqwrw BAvwﬂe@ohatrang%on@sabﬁzﬁt@h fyich an

totdg erﬁlélgtsér&m%‘:tanoéthe dbPUEN TRB- o ;}HE&OP Wﬁ)gtﬁeo 3 Bragg

al so | ectroni c appar at us,
2025 reﬂmtdr,ebqﬂaitamahvela ofttrer dyjresf ref&a&r\may bevsed.i sing a

the. | nvals Itenieit a8 RBERS 1 it Br imble s beBERG g for o
wa gosimuenicatiph eeaaiver, compitsing af BAWesonatot device according to the
aC G OTRaRYL AP AVE MR, Wher el n;
The invention also provides an electronic apparatus, for example a
25 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;
30 Figure 1 is a schematic cross-section through a layer structure of a
BAW resonator device;



30 Figure 1 is a schematic cross-section through a

| ayer structure of a BAWresonator device; WO

2006/ 126168 PCT/ 1B2006/ 051653 6 Figure 2 is a

schemati c plan view of the upper |ayer of the | r
WO25062188 of Figure 1; Figure 3 is a schemat ?gr/%gosmsmss
cross-section though a | ayer structure of a BAW

resonat or devi ce suitable forgbal anced operation; 5
Figure 4 is a schematic plan view of the | ower |ayer

20 of the layer structure of Figure 3; Figure 5 is a
schenat Figute dsis- ges¢hagiptichplgngyiew phihe upper daver of the layer

anstr&ﬁﬁ\%é*@(&@ﬂ":i gure 6 is a schematic cross-section
through_a Ia?er Structure of an 10 SBAR device
sui t abl Eighiesr 3 fscd seheraatisperpas-sesiionftheughea fayes stqucture of a BAW

sc ' ' btafher‘ er of a further

eng%ﬁ%r{é:’ﬁpegﬁggﬁwsﬁsor'}acc%ra%gféa{/%t@é‘, Figure 8 is a
sschemat Figura 4sis-a echéroatia plapugbwt dfcthiedpwer dayen 20uokthef layer

a e ro.devi ce for the enbodi nent of Figure

7; s%@gl\é{egﬁ%giss a schematic first cross-section

t hr oughFighee bayer sshternaticucressfseciiorBiWoughs anayerr stoleiireeof an
empl_Qwi .a third nmetal layer; Figure 10 is a
s%@%&%"&%cond cross-section through the | ayer

st ruct uFigupd Gas BA¥¢Henaintoss-deriiaretreomdogi lagerasttdtiturd of an

rreéﬁlﬁégger; F_&ﬂ%rrfe ﬁl isi schjtama_ti c plan view as for
10 C FeVIgrL BRSOl alanERd oPYAIOBy of a third netal

| ayer lFingEé 7aied; sEhdindte pRnshiows oflitsd alppepnaysir ofesd further
for the ingerréﬂe@i on of an FBAR structure of Figure

1; embgdireentofa rgsRIRYitS ur ves for the gap

regi on piguAd 8RBARscridmatie! 6ro8s-8bctiondthfdugh thédafardsthtdrd of a
shows di spersion curves for the finger region of an

SBRRW sesanetaideviee fer iaeanbodimeniaf £1guse dhows
1sg; sper 3F§ngefcyg§f§§rc;f39@;aﬁ@ first BRos588kdh Hroddh HBAR/er 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
20  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;
25 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 Si1 and S12 for a
30  wide-band BAW filter employing an FBAR, for different numbers of fingers;
Figure 17 shows the magnitude and phase of the S-parameters S41 and
Sy, for a wide-band BAW filter employing an FBAR,;



Figure 16 shows the magnitude of the S-paranmeters Si11
and S12 for a 30 w de-band BAWTfilter enploying an
FBAR for different nunbers of fingers; Figure 17

ows the magni tude and phase of the S- par angl.ers
gﬁ&“@fﬁ“ﬁ%r a w de-band BAWTilter enpl oying éﬁlﬁggﬂgﬂtﬁﬁ

WD 2006/ 126168 PCT/ | B2006/ 051653 7 Figure 18 shows
t he magni tude and phase of thg S-paraneters S11 and
S12 for a wi de-band BAWTfilter enpl oyi ng prior art

vertically coupled SBAR resonators; ure 19 shows
t he maghikRits showsthegnagnifiiderandsphase 0& Sparapetess Sg and

n ?}520Y$F®Wd$£¥¥(g ig erlt%mn?ﬁdbﬁ% MhioF BARverfiilly coupled SBAR

erent n fingers; gure 20 shows
rra!ﬁﬁonams.and phase of the S-paraneters S11 and S12

L 8 B B R SRS, Frdt o

21 sho par anet ers
5 S1 hamow-baBEdBAW filtar employingcmicBAR)/fof dlﬁleeent @nrmb@;s ofgingers;

Phe dr aHEEE] s the"RBhRre e brat8 o BRE S BeRiBgietd’s s and
us &gk fooa nantinelzdrel BAWﬁ!tepemh!oyy‘ng‘ anFBARs. Fi gur e 1l

o1t SERRT] bk R BRI S A bS5 anc
apghd forta nasow-band BAW fliteb ahfpiwérdy pdsrtart vertioally ectiphad 8BAR

f| rst tal |ayer 10, a second netal |ayer 20 and an
0j n P8I g  pi ezoel ectric layer 30. Figure 2 shows

schemat inc#ld WrawiRg@rthei samef refdiéndenyitieral®f hdvee bkén Used to
nmetal |ayer 10. The second netal |ayer 20 is a

coﬂ'tq"?ﬂij%ﬁ‘%"?ﬁ@ﬁg'"gafﬁﬂt”% is not illustrated in plan

vi ew. The Cross- section of Figure 1 20 corresponds to
the line X-X in Figure 2. In Figures 1 and 2 the
first nEigdre [‘a\%'?‘@WS Sme%ﬁﬁﬂllys%ﬁ%sfﬁepg‘?n Hspugh By layers of an

1512 FRA AkcAal)r l&uﬁébIEonPfusé Nh eédi)%ﬁl%& edq mﬁh@ Qﬁl’bﬁiaﬁ@ed ports,
and a second netal portion also having a plurality

of compriging eniret metal flavegeils a1®corm éngtalrlgyera{ljand @priatervening
coRzoBRChiciRRr 0, PG £ snbRaSEibnitRaly O AR of fre layou
fing ﬁresfu"ﬁs meftaltlagerf 1G. sfr hp eecorth metaldayeri 0 isra geelinugus iplane

th S8 ROrti I :
pr %\r/ll& d%éga'g%tué@lggé%gugffpﬁ%g bvé?pv\/eer-]m gdjg:gbcsén%t% %gogr glgure 1
20 Forcorrespanids o thenling X0¢ ssFigueei2l b Rigaresitrand Dthetfirsimaial layer

s 1b| nl:c%}fciﬁlris%tseg ﬁ}gtvmalt Bér%gnf‘ifgtg(:ﬁg 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

25 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.

30 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



.18 and the second portion 14 having two fingers 18; in

a typical inplenentation there would be many nore

fingers. 30 In use, the first portion 12 of the first
10 serves as an input electrode

| :
%&@?Gé‘ag‘%% an unbal anced i nput port 42, and {’%&&3@3%1353

portion 14 of the first netal |ayer 10 serves as an
out put el ectrode and is WO 2086/ 126168
PCT/ 1 B2006/ 051653 8 coupl ed to an unbal anced out put
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portion 24 thereby providing acoustic coupling between adjacent fingers. The

25 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 io the fingers 18 of the second portion 14. In
a typical implementation there would be many more fingers than i[lustrated in
Figures 3 and 4.

30 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 elecirodes
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i.e. motion is normatl to the layers. The fundamental TE resonance occurs at a
frequency for which the thickness of the combination of the first and second

25 metal layers 10, 20 and the piezoelectric layer 30 is approximately equal to a
half~wavelength of this mode. [f 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

30 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,
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may optionally include a third metal layer within the piezoelectric layer 30.

25  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 rectanguiar in shape encompassing the area of

the fingers 16 of the first portion 12, and with additional protruding finger

30  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.
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30 Referring to Figure 12, the curve labelled 1 (square dots) corresponds
to the laterally-guided TE wave, which actually includes a significant parallel

(x4-directed) component as well as normal (xz-directed) component of motion,
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of gréuhdednged withtk 9@y small gap to provide electrical isolation) is optional

25  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

30 leaky at some frequencies, i.e. energy leaks through the Bragg reflector. It can

be seen that the behaviour of mede 1 only approximates that discussed above
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BAWIllomst er enpl oyi ng an FBAR 5 haV| ng the structure
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off aluminii with the pIanarMéatlon ~material iﬁ\the

gaps +F—bhetrween—the—iH RgetrS 18—betn D 160 0 -?Jl.l
Oé% m*
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an to-be 5 gm and 2 m rnepect el v Eor th
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and fingers 18 in thée second portion 14l(for the
output electrode), and the I engths Wof the fingers

o <ol o S St Lkt Y R NI Ao it o 0
f olohoves and an uncritical 2 nH inductor has been added m series with each port
to flatten a small (=1 dB) dip in the centre of the pass-band. Note that

20 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 elecirical
resistance.

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

25 acoustic coupling.

(3) Electrical matching at ports is improved.



Is NWA 1 3.094 Mm 0.0371 m®2 3 1.962 mm 0.0784 mm
10 0.590 nm 0.0814 nm 50 0.119 nm 0.0831 m® In all
cases the finger length Wis chosen for optinmum match

to 50 ohms, and an uncritical 2 nH inductor
‘gﬁozg?f”?ﬂ’j%eri es wth each port to flatten aPQ%ZFO%}?EIfﬁ
dB) dip in the centre of the pass-band. Note that 20

i ncreasing the nunber of fingEyrs has several effects:

(1) The in-plane aspect ratio of the fingers is |ower,
and the nunber of fingers electricaléy in parallel is
c

gr eat er (4) gTolahgeousiienllysagtive area isdiardly dfcreased (Bt 3 A dpa special
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| rs 1n eac, 1 J1rS Secon et a .
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W .Cou I Ng | ayers. e (0] a esent e I N .
Fi glAnansationgmagyiab ol 100ngy INRKAeRS, e Glszoeleln layar 3§ material
angnd thé adas %%;épﬁ)omzo FhateAalo@bOoMindéihalairduf)Nare the same for

cont ai ni ng tanftal um pentoxi de plaparisation materjal
of bethohigures dKkrnsk 18ThEhgiraflasiareand ceuplingelaygpmaterials in the

15 TRiSHARRLre SO AISXIRISD,) A tantdlumPeniBiddy (T%EOé).l Of2Nacoustic
of alumnium are the sanme for both Figures 17 and

18 Bragg: refigctaschas Gaaad dolgern @f| e ranthilaeParespestivale The
coupler has 3 and 2 layers of SiO2 and Ta;Os respectively. The FBAR

predictions were performed using the 2-dimensional analytical model
described by Milsom et al referenced above. This is necessary because the
20 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 normalily
incident TE wave then dominates behaviour. The series inductors at the ports,
25 which were included in the predictions in Figure 16 are omitted from the
simulations of Figures 17 and 18 {o illustrate the dip in S21 and the poor match
indicated by the high value of S44 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:

30 (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



15 SBAR are silicon dioxide (Si02) and tantal um
pent oxi de (Ta205). The acoustic Bragg reflector has 6
and 5 layers of Si02 and Ta205 respectively. The

s 3 and 2 | ayers of Si02 and Ta205
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m ERESORR  DEcyAEoR AN ST IR BRraR OF Pbite T apwantod
15T OFespéREéd BRbinér AfidREEd resonators because it is a
function of the nunber of coupling layers which is an

i nt edéi The c'(”i'})f'ipﬁ'éd Jesrnances HEe appeahio reRIgsRHce problem in
I eSRRRSS filtsr Fe!%ﬁoﬁ%tft @An bBexbRMBd 1@ hdlardbge 1:ﬁeyaﬂgcur in the

the vertically-coupled SBAR of Figure 18, but cl'earl
t hetap-bands ofeRgde dt fopthe, Angerregisnssard therefRee rapmRt be due to

WN{i§ daviche Ef’a%ﬁ p&nﬁ%sé’freﬁﬁtﬁ'nsﬁ %r&i iﬁﬁé[b{f au%RIAs FRARmultiple

IS Spuril ous-Tree he ‘case

20veurttemal reflections et onsmirthe Iciher waves: fiypigalyampdg 2vau &wde 3)
V@%qra%fﬁhg Aflelr %lﬁ@ﬁestmﬁh'@%ahﬂeé{‘ﬂ%érﬁh% ﬁfﬂges of

|ntro UCE SONne Spurious responses In practice
at the pass-bandethey a('émoﬂ-‘e@ngyytraﬁp@hmvtbe nhomallyacasepted sense i.e.

L A AR BLF 57 rd BRCBHTRESS FLoLlBF rodR o recions. e
ouﬁ-esofnabetml cae 40 seEresddal)@r astherwise modlf' ed, by introducing non-
25  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

30 resonance suggest that they can be modified independently in the design, at
least to some extent. it is clear that deep nulls can be infroduced into the stop-
band and these could be designed to be at frequencies that must be



the best approach is probably to have a | arger nunber
of fingers (for the reasons discussed above) and
ei ther suppress or exploit the unwanted is responses
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desng 0o bhe at frequencies that nus

be .
20667107, 1 §ior iepuepRLBENDIgs §9- fawﬁspft O&ﬁpaqv%over a wafer, is
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st op- band can %tallored Thi s
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( SO MeSMnPEAL BhBF AnGaP widthe i e Hrfel6it-4étibRe o that the
sharp out-of-band resonances do not reinforce one another.

25 (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, ouiput, ground, ground, input, ...

30 ground, ground, output. In principle, any arrangement of parallel input, output
and ground fingers may be employed.



Consequent |y the out-of-band responses will be reduced
for the SBAR (6) Laterally-coupled resonators enpl oy

a much sinpler technology than vertically coupled

res r The nunber of layers is signific

‘Pg’\ﬁg&%ﬁ%ﬁé addition, filter frequency-tri mnﬁglf/{%qoﬁmsmss
to correct for spread over a wafer, is t5 easier. For
exanpl e adding a thin |ayer of8 di el ectric such as

silicon dioxide locally over part of a wafer will

reduce the centre fre uenc wi thout significantly

nodi f yi Figures| t%20apd Wﬁﬂlés simiag 3?’%&% 12@814 18, but
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&8?1 Oﬁé, nally, additional resonators, with both

toﬂ 4383 dPom el ectrode fi ngers grounded may be

i nter pos@ndthlaedawep?esdnﬁed inniggmse 9 thdhaumbetN frfthgers 16 in the

of Bl o htoe 9o T e gpen 14

a”%‘foii’ieH&z\QHItplIi’cCt‘s‘lécﬁrc'dé)1 AAYIAD Ie ﬂi‘s WU théfiidarg @6, 18, and the area
arrangenent is: input, roun 6§g{round out put ,

gré\J e aqguelically Ackes gres, FRMPEFDe 1ae TRORTSLC gebnd Gabs 17,
pripRehPfAowadny arrangenent of parall el |nput out put
3ground fingers may be enployed. WO 2006/ 126168

PCT/ 1112006/ 051653 18 Figures 19, 20 and 21 show

rgsuttssrhgtar toFgures 16y 17 and g, but  f@r
fiillters with narrowet bandwidih. To achieve a narrow

bandwi dth r‘equi res |Iess adad&kmm coupl ng, WIS g

aghte chu, —he—devi-ce—h earrce—w-th—tH Z
i pventi on, Soy usi ng W der foﬁgpg?é'?"gﬁand gaps, qj0157|a|{rhs

off the fingers 16, 1§ and $.08%mgaps 17| bei n@.0T67manid

3 _g_m_r_ec-nnr\f Lval v amnd b-—t hl- vertical ¥ counl ad

> vy Ll LA

dévi ce, by2Pncreasing t he QRPN coupl | Ea\qf%%ﬂr@"fo

159. The materral of the Trrst netal Iayer 10 and the
pl anarisation material are the sane_as faor Figur

16, 17 Aha freguengyrepprnsedn £ighes dft 20and 2ty mose Pgtuyaldn the
nugbREe Mhah fidt Peohsd BnttxkBifent impedance match to the terminations

is now achieved without the series inductors. This illustrates an advantage of
acoustic coupling over conventional ladder and Ilattice filters for narrow
20 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
25 less in the namrow-band case. The results in Figures 16 to 21 show that a
range of bandwidths can be achieved using lateral coupling without any
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io first portion 12 (for the input electrode) and
fingers 18 in the second portion 14 (for the output
el ectrode), and the I engths Wof the fingers 16, 18,

ea A of the acoustically active
‘?@%B&rﬁﬂg?lg% the fingers 16, 18 and gaps 17, alg@ﬁmzoos/osmss
follows: N WA 1 0.324 nm0.0075 m2 3 0.209 mm
0.0157 mm 10 0.065 nm 0. 016719mm 20 0.033 nm 0. 0171
mm 15 The frequency response in Figures 19, 20 and 21
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shape the

19 spipdhy padiculanapplicatien:l ayer stack. This is a distinct

advant age of, devic sin acoust

ovor o9 g SR G MR goRrR 18.8) T st b8, v of thequal
Opt i onajehlin aﬁtﬁopémaéﬂ Scthé OR tHEfiRdra 1 8neFthd §ebdhd bedion 14
fromthe gaps 17, 27 but if present should be the sane

in the BA¥Pers uspayadenatiist netal |ayer and 5 the

A @ 4 Ieﬁ%‘lﬁoﬁ%ﬁ%‘&t '?s%ﬁ@ of ﬁﬁ&que?é’ M‘bf‘ Hehﬁ%'sf Bértigh 82 and

he 1 nven gr eat [ reedomis
avai | abthe lﬁngﬂhswf ajtlpast ma;t:f then@mﬁgtq{éha@eamcbg@@on 14
of the | V?d%t n particul ar, one or nore of the
foll owi ng'fea ures some of which have been rmentioned
aboves ablgakiesdnme bf;klhed‘ ingerst T oBie/firstsuontioro i 2 dwyi keeof unequal

width and/or at least some of the fingers 18 of the second portion 14

20 may be of unequal width;

25

s 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 may be
unequal;

« 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

30 are curved, zig-zag or spiral shapes.

[

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.



to frequency response of the device and provide input
and out put inpedances to suit any particular
application: at |least sone of the fingers 16 of the

i rtion 12 may be of unequal |ength aﬂgﬁ
{’Vggﬁ‘fﬁf@‘%ﬁ% of the fingers 18 of the second pof °on ;]'?%653
may be of unequal length; 15 the length of at |east

some of the fingers 16 of the&(irst portion 12 and
t he Iength of at |east sonme of the fingers 18 of the

second rtion 14 may be unequal ast sone
 nEuRfergdne werdofcqrne%smss#%%m%w@%%e (pEogiceof other
ungwntswgbgs%ﬁ/tﬁésemsté@ast some of the fingers 18

of the second portion 14 20 may be of unequal w dth;
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fi o]
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71 BeEes Hhd b aRAERR Hapn a3, i fifleteBa BF B agition
es feefentures akspdyrdoseribed Adreirc| ai s are i nt ended to
enconpass strai ght and non-strai ght fingers. Exanples
Oof non-straight fingers 30 are curved, zig-zag or
spiral shapes. In the present specification and clains
the word "a" or "an" preceding an el enent does not
excl ude the presence of a plurality of such el enents.
WD 2006/ 126168 PCT/ | B2006/ 051653 20 Further, the word
"conprising"” does not exclude the presence of other

el ements or steps than those listed. The inclusion of
reference signs in parentheses in the clains is
intended to aid understanding and is not intended to
be limting. 5 Fromreading the present disclosure,

ot her nodifications will be apparent to persons
skilled in the art. Such nodifications may involve
other features which are already known in the art of
thin-filmbul k acoustic wave



devices and their applications and which may be used
instead of or in addition o features already

descri bed herein. 10 21 2006/ 126168

wWisdk/BRE86/ 051653 CLAIMS 1. A bul k acousti @CEAB®N6/051653
BAW resonator device conprising first and second
netal layers (10, 20) and an interveni ng piezoelectric
| ayer (30), 5 the first nmetal |ayer (10) conprising
spaced first and second portions (12 14), wherein the
first and second portions (12, 14) are each arranged

as a plurality of interconnected fingers (16, 18),

arid ein each of the plurality of fingers (16) of
the first portion (12) is acoustically coupled to at

| east one of the fingers (18) of the second portion
(14), and wdebuiknacdustic iwave, AW sesanely devicsoapinpdsing first

t
bt Rl st 570 (R A OB pltelctitl foper (20),
5 dethedstasetl tayeedI O)manmsmglspamhd iestrandheecohd pgdians (12 14),
16) of the.fi t.i on. int ' t .
{1 ¥Rl pbdetay c%rng'@%ﬁtw&w%é?ﬁ § 18 £h HERg8H 38 g fratty
I esloiniresnrdeiddoingess Galmgchndwnéraime&h meqnlmratnlye)f fingers
A 5 o h 00 SR 5y PRTIE e o
f 0 r89 bf ﬂﬁa’ééd@:ﬂ& pgo&?on @4), aafdemd !?mim erfirstgratiars(12) is coupled to
i nterconnected fi rei
1o P Mot U2aigpadhs Saeerid panion BO TS s 5t S ot Sorf e,
interlaced with the fingers (28) of. the fourth portl on
(24), and V\/nereln the fin of the
port i orP-( 22)A &AW arasangien ‘%MS’SS%% aimerleng ?'ﬁ@%ﬂs wheygin the
Of flﬁéﬁ s f(16)56¢ ﬂﬂ@rﬂrétoﬁbr(léﬁ’-h zﬁ)rﬁetlﬁt%rlébétgﬁﬁtﬁ tﬁ@%hﬁ@lfs #B¥ of the

f our por'tion are "arranged opposed to t

f i pepand poren Gﬂ)the second portion (14). 25 4. A BAW -

resonator device as clained in claim1, wherein the

first netal (10) conprises aplurallty of
f urt her8-por tA cﬁfé’\f( ESPNaAF Aleylsg 8% claimedi ieclatia i weerein the

e 4
S BE 65P  cpB 10 bg oltnd f 20
3owserem Mrdsamdpurth dettione (82, 24)Arawach rar@nae%aa a pluraltty
V\,h I )
Sf ﬂté}cé(l}%cteﬁfﬁ%bq ?%d%S) \&%&’élr‘ T HRAP (Z6 OF 1P i@ %ortion
20 (22) are interlaced with the fingers (28) of the fourth portion (24), and wherein
the fingers (26) of the third portion (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).

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

30 5. A BAW resonator device as claimed in claim 4, wherein the
second metal layer (20) comptises spaced third and fourth portions, wherein
the third and fourth portions are each arranged as a piurality of interconnected
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the third and fourth portions are each arranged as a
plurality of interconnecte? AMENDED SHEET ( ARTI CLE

19) 22 WD 2006/ 126168 PCT/ %2006/051653 fingers,

Wi 2#0eii76168he fingers of the third portion ar EIBHHgA6SS
opposed to the fingers (16) of the first portion (12)
and the fingers of the fourth portion are arranged
opposed to the fingers (18) of the second portion

(14), and the second netal |ayer (20) conprises a

Pl fiigdhd, twhetkinf et firRjerd of teothirdasridy gtk hrahgsd oppelad to the
acoustic couplin n the finger t

C fgbetv\_/ee rs of F‘ethlrd )
polingesh (Mot the Tiret perdea (32) and thefipgers 15 the Jaurtiy pogion are
B n ey ' 11Re CdeRbAd tfioP (14), and th
fﬁ%(}f rgg{'?e% ggﬁésfigs?ﬂn%aﬁtﬁ%?rggﬁﬁs);ltﬁ?a egp (331, 1%2)( )» and the
| osenoed Metehlayer KR0)ranprisesd plusality pk furthey pprtigspaygnged to
re 0 j h-ai [ f aCHimal 1 :

5 rEPORe SodtRHL CEufing bBMEH \b Alder? o8 [ulnddiof-and the
r efingsss of thesoyritapariiche refl ector (50) is arranged on
a substrate (60). 15 8. A BAWresonator device as
claimed in any of clains 1 to 7, wherein at |east one
of the 8.i nget 8BAWmmsonater alevivagas wiimed vl daim & on SAwther

devi | ai ' . ' .
" BB Al P ) BB T B
io0the fingers (16) of the first portion (12) are of
I_ 1 { d/ £ | t .the fj
(18 ot ho s YR cepBhatPh defias e PRI Al of &S 1 10 6,
| ewbblsin theesdeond hietalflaydr is amabgesboea oéfidcm (60t the reflecior

16) of the first L 12) and the length of at
o) R anesBRIRR Bdas) of the second por i on

(14) are 25 unequal; at |east sonme of the fingers
(16) of the firs ortion (12) are, of unequal w dih
15and/ or &t | eAaﬁA\& 'F?@OB@"Of vie rﬁjseF@’Tﬁ‘g)m Vi HeClaig gte 7.

POivhbRih &ilidhstinR &tfthe HRGSHY 8Bbmitigéddia Idridgtudindt dlof  at

| east sonme of the fingers (16) of the first portion
(12) and the 30 width of at |east sone of the fingers

(18) ofgthe £e0RdraRBhiioP Hiclitd) as CRIMEN SR Udy; of claims 1 to 8,
further comprising one or more of:

20 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
fength of at least some of the fingers (18) of the second portion (14) are

25  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 poriion (12) and the

30 width of at least some of the fingers (18) of the second portion {14) are
unequal;
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PCT/ 1 B2006/ 051653 t he gaps,hetween at | east sone of

. 22 .

the fingers (16) of the first portion (12)

Wé?:?ﬁ'é?&% dth and/or the gaps between at Iegé&[@g@o%fss
the fingers (18) of the second portion (14) are of
unequal width. 5 10. Afilter conprising a BAW
resonator device as clained in any one of clainms 1 to

9. 11. An electronic apparatus conprising a SAW

r ege bt at Rast sbrab wkthe fingany (16) of lthe first poriipnd(12) are
1OofAuneNq[t}E WlStE%-lrld](O?‘tTel %;I)Es Segll:veen at least some of the fingers (18) of

the second portion (14) are of unequal width.

5 10. A filter comprising a BAW resonator device as claimed in any
one of claims 110 9.

11.  An electronic apparatus comprising a BAW resonator device as

claimed in any of claims 1 t0 9,
10
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