SPECI FI CATI ON TI TLE OF THE | NVENTI ON FI LTER AND DURLEXER Fi el d
[ 0001 ] A certain aspect oldie present invention relates to a filter
and a dupl exer. Background [00021Surface acoustic wave (SAW Surface
Acoustic Wave) filters and bul k acoustic wave (BAW Bul k Acoustic
Wave) filters are used as filters and dupl exers for high-frequency
circuit used in wireless termnals such as nobil e phone term nals.
BAWTfilters have advantages of |ow |l oss, steep skirt characteristic,
hi gh ESD (el ectro-static discharge) and hi gh power durability as
conpared to SAWfilters. The BAWfilter is conposed of a
pi ezoel ectric thin filmresonator for exanple. Exenplary
pi ezoel ectric thin fil mresonat oSREQFECATIPNzoel ectric Mn film
resonator of an MAR (Fil m Bul k Acoustic Resonator) type and a
pi ezoel ectric thin fil m resoRdildrOBTHEANSMRATION i dl y Mount ed
Resonator) type. [0003j The piezoelectric thin filmresonator of the
MAR type has a multil ayered fHILRERAMNROURLES{ERKI ng a | ower
el ectrode, a piezoelectric film and an upper electrode in this order
on a substrate, and includes a space |ocated bel ow t he | ower
el ectrode in a region (resonance region) in which the |ower electrode
and t hBeldpper el ectrode face each other across the piezoelectric
film On the other hand, the piezoelectric thin filmresonator of the
SMR t y[60i]ncl udestaanasaen of theprasefitl imantiom rdflatbsmofadilree dndy dgileecki ng a
filmhaving a high acoustic inpedance and a filmhaving a | ow
acoustic inpedance alternately with a filmthickness of i4 CA is a
wavel engt h of an acoustic wave) instead of the space. [0004] There
has beBackkroowth | adder-type filters including resonators connected to
a series

[0002] Surface acoustic wave (SAW: Surface Acoustic Wave) filters and bulk acoustic wave

(BAW: Bulk Acoustic Wave) filters are used as filters and duplexers for a high-frequency circuit
used in wireless terminals such as mobile phone terminals. BAW filters have advantages of
low-loss, steep skirt characteristic, high ESD (electro-static discharge) and high power durability
as compared to SAW filters. The BAW filter is composed of a piezoelectric thin film resonator
for example. Exemplary piezoelectric thin film resonators are a piezoelectric thin film
resonator of an FBAR (Film Bulk Acoustic Resonator) type and a piezoelectric thin film
resonator of an SMR (Solidly Mounted Resonator) type.

[0003] The piezoelectric thin film resonator of the FBAR type has a multilayered film
formed by stacking a lower electrode, a piezoelectric film, and an upper electrode in this order on
a substrate, and includes a space located below the lower electrode in a region (resonance region)
in which the lower electrode and the upper electrode face each other across the piezoelectric film.
On the other hand, the piezoelectric thin film resonator of the SMR type includes an acoustic
reflection film formed by stacking a film having a high acoustic impedance and a film having a

low acoustic impedance alternately with a film thickness of A/4 (A is a wavelength of an acoustic



armand a parallel armin a |adder shape as a filter. The | adder-type
filter have advantages of |ow | oss, high suppression and hi gh power
durability, and thus are used in SAWfilters and BAWfilters.

[0005] I n recent years, a |arge nunber of frequency bands are used due
to the rapid wi despread of nobile phones. This demands a steep skirt
characteristic of a filter. For exanple, the filter is desired to
have the steep skirl characteristic in a cluplexer Wth a narrow
guard band which is a frequency band between a transm ssion btnel and
a reception band. - [0006] For exanple, an effective el ectronmechani cal
coupling coefficient <2 et. of a series resonator is nade to be

di f f ereae) insteatl phthe spacea paral |l el resonator in order to achieve the
steep skirt characteristic at a high frequency side or |ow frequency
si de ofo08d]pas dibarechaabeati lnovadatller-typd fifens esdudPag entnafpptonnetted o a series
Publ i cati on No. 2005-223808 (Patent Docunent |). Mre specifically,

t he searmemdragmeniiet am ins ladder dmpehecfiterc The mdiédtppe Risahatrord viaatagesgpf
the nth harnonics as a principal vibration, and the parallel

r esonaloerlosss high pugzesioaahd hightpoivar durbbiiityesaithtoare hsodiin§AMWhEltenstahd BAW
harnmonics On is equal to or nore than (n+l)) as a principal

vi br atfilosrs. [ 00071Japanese Patent Application Publication No.
2006409472 di scl oses inproving a Qval ue of the piezoelectric thin
fil m r@oosiat onn kacemmicamon latpetkigrberoft fiqabmedandf araused|due kamergdd fi | m
in a resonance region in an outer peripheral portion. International
Publ i catdespredaof nWBil2 pASH L1 1THIS deinsedsassepiskipr diviangritteof@ fladr.ueF@f t he
pi ezoel ectric thin filmresonator and reducing a spurious by making
thi ck éxampld)itekiles s debirdde hawd the lseyeslad charhdtedisticam a idoglekereviphod fidrayw of
atip end of the |lower electrode. [0008] Patent Docunment | discl oses
usi ng ghed pindadatiestarfiequérdtly bahd batweasOn@isarisshiaiang aid a fesasimeahal

wave as the principal vibration for the series resonator, and using
the pi@oos| ecthok exdnklilé) afietfBRihve sRabAEcHaN NG up g GROTIht RALBAIsESesas
the principal vibration for the parallel resonator. The thickness of
the nMulebdragy @4 @add toIbddifferédi EroheSaneMGRrd1ROtedtha0dr if BRlePRY athicet the steep
resonator is made to he thicker than that of the series resonator In

order kot tiaRidtaatie at HRighBeY e SiaE bPRMY PERRASGI R dfiaCpabdbiaid &9 difBlosed in
resonator. [0009] For exanple, it is desirable to control the |Ceff

Wi th rJ@Fmﬁé Pitentegpiicafontiudregloaeld. 2003-D2IB0Ri(PartaFRIAER 19. CRIROSI NY
the filler in order to achieve the steep skirt characteristic of the

filterspekigomKethe sbikd rB®nROH st 56400REEcithin PRk eBIonASE HAERY thd n-th harmonics

conplicates a fabrication process because the thickness of the

nul ti | yesadidal {iBtdtidnlHa tRESRNRN6RoAREH 198 pROESctio tHie fifh a3eRsord HAvRBGHe
pi ezoel ectric thin filmresonator. Furthernore, the K2e.ff is

cont r ofLig KhaP¥ordsqhr i CEGH NSV B (P 1)) 2R PrihIPA viibratich. | Npossi bl e to

control the K2efl continuously due to non-contiguous val ues of the

K2ef f,10007] Japanese Patent Application Publication No. 2006-109472 discloses improving a
Q-value of the piezoelectric thin film resonator by making thicker a thickness of a multilayered
film in a resonance region in an outer peripheral portion. International Publication No. WO
2009/011148 discloses improving the Q-value of the piezoelectric thin film resonator and
reducing a spurious by making thick the thickness of the multilayered film in an incline portion

of a tip end of the lower electrode.

[0008] Patent Document 1 discloses using the piezoelectric thin film resonator having a



SUMVARY OF THE | NVENTI ON [ 0010] According to an aspect of the present
invention, there is provided a filter including: a plurality of

pi ezoelectric thin filmresonators, each having a nultilayered film
including a lower electrode |ocated on a substrate, a piezoelectric
filmlocated on the | ower el ectrode, and an upper el ectrode | ocated
on the piezoelectric filmso as to face the | ower el ectrode, wherein
at least two piezoelectric thin filmresonators have thick film
portions, in each of which the nultilayered filmis thicker in at

| east a part of an outer peripheral portion than in an inner portion
of a resonance region in which the | ower el ectrode and the upper

el ect rfoddanicacé weachs tht hencipa vissidnHer the sarosresohatbe afid hamg thndidzeslgiths
of the thick filmportions from edges of the resonance regions are

di f f erteimtfilforresnne@e havoh e seqont! hernatnidseasite frinoippl wkwabe tir thecpardlieh il m
resonators. [0011] According to another aspect of the present

I nventreamatot.heFle thiskpesovf e chukilalyepddefilar inithetesaliancg regioe of the parallel
above-described filter as at |east one of a transmssion filter and a
r eceptreanafor istreade td 60 I2JkAE than diangf the saiwstrésenatasipecder od fablieatpthesent
invention, there is provided a dupl exer including; the
above-abessdédodbed pitdoelecttis thih fll@asdonawe of a transmission filter and a
reception filter, wherein at |east one of the transm ssion filter and
t he rgoet]i onFbi é:xagipld, & iaddsadeleno tompel fhiellt*gf witinrespdceto @cls ef piesoelectric
resonator and a parallel resonator included in the piezoelectric thin
fil m rigmoilat esdhareLc@@oniRg tiedfilida iroldatidechishame stebpekitt ehghdierddtictoiéhe
thick filmportion fromthe edge of the resonance regi on of one
resonaties., Mbwelr, it hbB®os aistiesed it Parat Docudient heoppli@kdsel fabreatnap@tesso
as to contribute to a skirt characteristic at a side of a guard band

bet weeskcaust ERNERkSSE 6Nthb afitkilaysledfi IheBapt i@t Mad tbgidnSebdNgOE chdh@pd trhat
of the other resonator. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0013] FI G

| A i's qch plzobl@Wid thin fnPiesfRe: € ChurtherhbteNthE KP.+E8 cdr2UB@bPhighdrdudcs
113 is a cross-sectional view taken along line AAAin FIGIA

FI' G 2 \iibrafloliaag Rt ik sdskidlel th omrd] et pBoRLY@BNR tb @B8Lbntlgudlis Palues
thick filmportion and an effective el ectronechani cal coupling

coef figriggk® K2err; FIG 3 is an equivalent circuit diagram

SUMMARY OF THE INVENTION
[0010] According to an aspect of the present invention, there is provided a filter including: a
plurality of piezoelectric thin film resonators, each having a multilayered film including a lower
electrode located on a substrate, a piezoelectric film located on the lower electrode, and an upper
electrode located on the piezoelectric film so as to face the lower electrode, wherein at least two
piezoelectric thin film resonators have thick film portions, in each of which the multilayered film
is thicker in at least a part of an outer peripheral portion than in an inner portion of a resonance
region in which the lower electrode and the upper electrode face each other across the
piezoelectric film, and lengths of the thick film portions from edges of the resonance regions are

different from each other in the at least two piezoelectric thin film resonators.



FIG 4A is a cross-sectional view of a piezoelectric thin film
resonator in accordance with a first variation of a first enbodi nent,
FIG 4B is a (Toss-sectional view of a piezoelectric thin film
resonator in accordance with a second variation of the first

enbodi nent, and FIG 4C is a cross-sectional view of a piezoelectric
thin filmresonator in accordance with a third variation of the first
enbodinent; FIG SAis a top view of a piezoelectric thin film
resonator in accordance with a fourth wvariation of the first

enbodi nent, and FIG 5B is a cross-sectional view taken along line A-A
in FIG 5A FIGG6A is a top view of a piezoelectric thin film
resonaf0éil]i n accardgncenathdrhasgect off thé preagnit atvieotion thetrdie pfavidetl a duplexer
enbodi ment, and FIG 6B is a cross-sectional view taken along line A-A
i n Fl Gn6luding: the abovield&scribAd ifisteisastan frastioawodi trangpiet@efiletand e rddaptior filten
resonator in accordance with a sixth variation of the first

enbodi [N2], amcchiding tdBnotBeranspecO8Bths @akér Mdlentiore thelrais gnorad calrnegd dplexer
A-Ain FIG 7A FIG 8 is a cross-sectional view of a

pi ezoeinelatinigCtht Bbavetdekdribee Sitivedsait Idast one 004 dandeissior filta agéu estieption filter,
variation of the first enbodi nent; PIG 9 is acircuit

di agr anh@tinat tafloax ef thy siangnikdien filtértaad tiaf retdpeiof Kfittst is @dddi-1ypatilttoina
transm ssion filter; HG 10A is a top view of the transm ssion
filterwhiand séridoresb@Bot ndan S RS res@Chdrandbdediie Wet kBl cakionign filfgesdniors
in FIG 10A; and FIG 11 is a diagramillustrating pass

char acirecbrlettes irtd 1adddtisBhpef MRUsHRACYT tBé deckaflnbpRassRamndhoddgt b€ the
transm ssion filter. DETAILED DESCRI PTI ON [ 00141A description w ||
now bereginagit r0fior BPOEH reBdHator,0fhitR the &siedfesbiiv@tl ki paviilehres &fabirabesto
to the attached draw ngs.

contribute to a skirt characteristic at a side of a guard band between a transmission band and a

reception band, is longer than that of the other resonator.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] FIG. 1A is a top view of a piezoelectric thin film resonator, and FIG. 1B is a
cross-sectional view taken along line A-A in FIG. 1A,;

FIG. 2 is a diagram illustrating a relation between a length L of a thick film portion and
an effective electromechanical coupling coefficient KZeg;

FIG. 3 is an equivalent circuit diagram;

FIG. 4A is a cross-sectional view of a piezoelectric thin film resonator in accordance
with a first variation of a first embodiment, FIG. 4B is a cross-sectional view of a piezoelectric
thin film resonator in accordance with a second variation of the first embodiment, and FIG. 4C is
a cross-sectional view of a piezoelectric thin film resonator in accordance with a third variation
of the first embodiment;

FIG. 5A is a top view of a piezoelectric thin film resonator in accordance with a fourth
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First Enbodi nent [0015] A description will be given of a piezoelectric
thin filmresonator used in a filter in accordance with a first
enbodinent. FIGIA is atop vim of the piezoelectric thin film
resonator, and FIGIB is a cross-sectional view taken along |ine A-A
in FIGIA As illustrated in FIG [A and FIG 1B, a piezoelectric thin
filmresonator 10 is of an FBAR type, and mainly includes a substrate
12, a |lower electrode 14, a piezoelectric filrn 16, an upper
electrode 18, a first term nal electrode 20, a second teliFiina

el ectrode 22, and an additional film 24. [0016] The substrate 12 is a
silicon (Si) substrate or a class substrate, tbr exanple. The | ower

el ect ragetiddlofthe fitdhembodisikent; exdFlGabB & eabvssedteti@l ake thicoatad low A-Adn
substrate 12, and the first termnal electrode 20 is connected to the
| ower MiGetAyode 14. The first term nal el ectrode 20 provi des externa
el ectrical connection. The |ower electrode 14 has a shape of an

el li pse, andrIGheA fsiartsp vieerdfianadzoeleeeit tida €1k Oesosatcoinrneairéchct ovithrefifo
two parts nade by dividing the ellipse by the major axis A dashed

i ne ivudiatiai eltha fipaeibedimant, e FIGN6B of a tloes-dco@tal ele@atienddonkdinem -HGn

| A, The piezoelectric film16 is |located on the | ower el ectrode 14.
The piEgoeAgectric film 16 is |ocated so as to extend fromthe | ower

el ectrode 14 to a side opposite to the first term nal el ectrode 20.

[ 0017] The uper7alseabp oiter dfe paddelctieic $i86 it réhitbnal acelrégice ode 2dxtar e
| ocated on the piezoelectric film16, and the second term nal

el ect regatid?of e CanBRBbAhehiQatEIGIPREY a Bbecidcasial 18w tdha s@eand A-A in
term nal el ectrode 22 provides external electrical connection, The
upper HElGetAyode 18 has a shape of an ellipse, and the second term nal
el ectrode 22 is connected to one of two parts nmade by dividing the

el lipse by the §MBjaQiosaxt&iondhBeWbe PRESGE i Cthid fim Abores i@hdBdedantd®ith
sanme shape as a conbi ned shape of the upper electrode IS and the

second, §eREth RaliatRhF tHeo®et sddodih@it] ower el ectrode 14 and the upper
el ectrode 18 have a region in which they face each other across the

pi ezoel ect rimGf9 Ism cliRuit AQMST bCa WRIVRS: I ESOMBiRet oF thbfisst E8BéMMent to a
(hereinafter, referred to as a resonance region 26), but do not

r esonak/smikshMBer;r €gi ons (hereinafter, referred to as a
non-resonance region 28). The resonance region 26 also has a shape of

an el lipse tFIG.aHﬁﬁ@istahgp ViR trdnBm¥Rioh TilfeN@nd PY& 1 0BligS bl clidnARRw
t he upper electrode 18 overlap across the piezoelectric film 16, has

a shapgk&falddy 18lelA-BS8 FIGN®AL @sPnance regi on 26 may have a shape ot her
than the el lipse.
FIG. 11 is a diagram illustrating pass characteristics at a high frequency side of a

passband of the transmission filter.

DETAILED DESCRIPTION
[0014] A description will now be given of embodiments of the present invention with
reference to the attached drawings.
First Embodiment
[0015] A description will be given of a piezoelectric thin film resonator used in a filter in

accordance with a first embodiment. FIG. 1A is a top view of the piezoelectric thin film



[ 0018] The substrate 12 includes a space 30 having an aperture

i ncludi ng the resonance region 26. The space 30 can he forned by dry
etching the substrate 12 froma rear surface of the substrate 12 with
fluorine based gas, for exanple. [0019] The | ower el ectrode 14 and the
first termnal electrode 20 can he formed sinmultaneously by
evaporation and liftoff, for exanple. Thus, edge portions of the

| oner electrode 14 and the first term nal electrode 20 are inclined
agai nst an upper surface of the substrate 12. The upper el ectrode 18
and the second term nal electrode 22 can be also forned

si mul t aneously by evaporation and liftoff, for exanple. Thus, edge
por t i oresorafort dnd HiPpEH isel wetsrsod®niBviam thkehelosgiond-A er HiGhdA. elAeclivsoded
22 are inclined against the upper surface of the substrate 12. The

pi ezoelnddGr 14 add Fii 1B, xpinzdetectrarthimdilbyrefomator h@ isoffanFBAGh Y pt.hed mvetly
etching the filmfor exanple. Therefore, an edge portion of the

pi ezoelnebiles xsubstrate 18, d [swendbdtrdd 14gapiesiclcttie flippex asupfeaclectoddet I3ea
substrate 12. A chain line indicates a top edge of an incline portion
of t hefipi erombhbdtatiode 20 anetnd tarniiahl eledtrof OL2 @hd headdidortal Himal4fi | m 24
is located on the second term nal electrode 22. The additional film
24 ext @ods] f r dihetshiestmecionid atsgticon (Sinbubeirste br ads2Rbitentd fbd exbimpter t iThia

of the upper electrode 18 so as to pass an incline portion 19 of the
upper kivectleadrlcl8 ahociat fdt taloval edattroded( @e |g@atedioanhdibedaté b2, dndwiss first
el ectrode 14. Here, a region 32 is a region in which the incline

por ti orrihimabdledtivde ROWRIonatRET thakkelok4dr elv@rddapng. Wrhdfitshermippkslectrode 20

el ectrode 1 8 and the additional film24, and a region 34 is a region
that i grobviRieat-aenhilglédiedal tohnkebréon. t Mae l@@r@ecBadd 1 Hha shgeaTanelips€ghon
26 and in which the | ower electrode 14 overlaps wth the upper

el ect r pddird3eraiichl bRetradbdict ik ofalectkt kdwrddof twd Daits inddd By iaMingahe oltipsdigd
portion of the region 32 and the region 34 in the resonance region 26
has a mélnidjdrakes ed ddshén hrin@idatbya pirestkinn@itida fliwvevestiestodede id BIG. 1A.
the piezoelectric film 16, the upper el ectrode 18, and the additional

film 24he fibgocPich@s fiIROTE isQtall dnhiBe IoR&PBRAERICNA]I The BRzEW@&ric film 16 is

mul tilayered filmformed by stacking the | ower el ectrode 14, the

pi ezoelrgkd k& ad toleMehd froa@le IdvRer RRES L] LGlar Rt pb8siteAD i@k eni@hl t he
ot her portion of the resonance region 26 is an inner portion of the

r esonagie@rdde@oon 26 such as a center portion of the resonance region
26. As descri bed above, the conbined portion of the region 32 and the

regi ongd47] s armQiphbodledhdvt N ahd e Fbtioht k@@l dlctirdd0 0Nir& loRhited BRMet hat
of the other portion in the resonance region 26, and is referred to

as a t PiegdeldctdidMIRP14,1a88 tiRGsecoibrmifiallefecidle 24 Reohhdctdd th ihaMpper $1bQRd363.
is formed with the additional film24 in a part of an outer

peri phep@becBRY fetBfaldledtit@e DEPRNANG @xteREAl OBctABal cBftbclibMS THRGipper electrode
multilayered filmof the thick filmportion 36 is thicker than that.

of thejg paesshRps & Aelligte] £RATRDsRbnd REninBI Q¥cifodb 12 RAGhh&Red3B ohE 8fv@N
edge of the resonance region 26 is expressed by L. [0021] Here, a

descri P&&@ﬂad@i dy di8in@itNEA1iNe By ARIMEI P dxiSX PERd FBMefoctrfcaifd AR QIrﬁ?“st the

pi ezoel ectric thin fi'l mresonator having a resonance frequency o

appr OXkHed §lYe £ %Bﬁ%d@aé.é‘@f tﬁés g@%? WfeBirdde! 1‘83&?%@?&&{8 febrfinhRI QLA

113. The substrate 12 is an Si trate, an ower el ectrode 14

and thepf iRl efef el anf Itlﬁeg&ﬂ]j)gﬂﬁc&%dégg hb L QFe%io%fin Rihich t}%}t #&Ic %eq{c.h lofRer

t hi ckness of 330 1nn int ricated piezoelectric thin

i cknags bt HERBIEFTPAREE Lo SRt ke atie M TR MGl et o
thi i rode 18 and the secori
of 3207} e eREishe T ORI O SEEL R Btk B

order {5pMbNGPIGFAY ST FhreldnaMlehBeith 96 als s AUt o PRALIDL Bl Afte R
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[0022] Mul ti pl e piezoelectric thin filmresonators having the
above-described structure are fabricated to have the Iength L of the
thick filmportion 36 different fromeach other, and examned is a
rel ati onship between the length L of the thick film portion 36 and an
effective el ectronmechani cal coupling coefficient 1(2,:t. FIG 2 1is
measurenments result of the relationship between the length L of the
thick filmportion 36 and the effective el ectronechani cal coupling
coefficient 1(.2eff. As illustrated in FIG 2, as the length L of the
thick filmportion 36 becones |onger, the K2eit. MOELOtOrl icaily
decreases. A Q value of resonance characteristics is al nbst constant
r egar diege®, mfwhittethk dnvgdrlelectrodif 14 dvel thdrigder EliettmdpdBtovertap3@rosy @@23] The
reason why the 1C eff decreases with increase in the length L of the
t hi ck pietaelgpaictfilonl 636ad sshapansi aediggheas Thotekaaace give 26 maydave b bhiapei on
is suppressed in the thick filmportion 36. An explanation wfl be

gi ven othetthasthekefl@ed. wi th an equivalent circuit diagramillustrated
in FIG 3. As illustrated in FIG 3, an equivalent circuit of a

pi ezoel08¢8Y i c Thaisnbdtiatem2riaslotataohated0 haviigwdiapertirh éncluafirgkthé irdsomance
portion 36 is expressed by connecting a resistor Rs, an inductor L3,
a capaeigloar26C, Tanshaae B@sasteofortRid byndrs etch@g thesuberane 1 2 fivinnadesr IBfacasl
connecting a capacitor Co and a resistor Ro in parallel to the

i nduct te shidstratehie wigtpAcirinerbasell @ndot damphsi stor R 1. Wien the thick
filmportion 36 is provided, a capacitor Ca is additionally connected
in pargiohe] . The levaal@trotidhes areDhefirst kstmival elbctidie 20@a0bange/edi brati on
i s suppressed, increases with increase in the length L of the thick
film pamult@roddy baeehpohtisn bhelitapaot &ampla IoseaseportiRest thhiRwer
capacitor Ca increases, the anti-resonance frequency decreases, and

t hus t flecttdd? 1f tandl@erBasemina RERICEHQS B) ark inclifeCQRTIsORT Ghet ifact BEHK2. 4r
decreases with increase in the length L of the thick film portion 36

as desgibiteel 12boVies udpePAédtRdsle A8 s6d tHeGcnB M hindl 01¢BGode228caR ®Walso formed
knowl edge that the Y.,. "ff can be controlled by changing the |length

1. of tihelthdvoaiy bl leVﬁfpléEH’tfbh@Hd BRoffHat @,&&nf;ﬁ&cum@,tedge B&HibAPHIhE igpek2ecr
with the thickness of the nultilayered filmin the resonance region

and cogpdtidaati8end iR staluitealihQR1estr6M 220 tftan&t RInsh@BdppdrRerfideloFthe
enbodi nent controls the Kl'efy with the length L of the thick film

porti ogub3fate 3Md ThiSicLRRRRTI MY CQRLE Fbrnicd®yHorfnifg a filMahdHeh wet etching
increasing the fabrication step. In addition, since the K20[1:

noNOt Ofhe Gk | fyr a@ﬁ%&as qHeMdrB, dnEEEBSEoh B thB9idz686dthc bl fl 6 idi@clidtGkainst
filmportion 36, the K2,-; can he controlled continuously and

preci sgkYippekUgacel dT thQibbikdid €. NQ¥LAQ 1iFd nbidRleS a b £ZRE b8 &k [nchind firfon of
filmresonators, the K2eit can be controlled easily and accurately
W th respechelbQri€ash 18fin Fite 1RI ezoel ectric thin filmresonators by

adjusting the length L of the Mck filmportion 36 with respect to

each ofpobhe PiRZLRBHAI AmIW 9 1dchleloh @RORASAS Brmih@22lbhe25pange 30
may take a structure illustrated in FIG 4A and FI G 413 instead of

pi er ci AgiiddHaPHIN 24 BReSIIRIE HeQedhd@SmlihdI YRLAGILD don ok gbt%i'én oF e uper S

a cross-sectional view of a piezoelectric thin filmreSonator In

DT SoRGRAN Tt ] I 1511 L RO 834 G
St uct O Sop Ry e Rere e KT R Meglon 20 R 1 NARR TSl gn

bot eeh {hat iner G FEPe Db P SR B ARkl PEAD Cnd
14. As, Mg&dﬁsﬁr lt@tagggl{nﬂtha i@loc‘élje‘?i 'fu e;@rgg'll?in ﬁ%brﬁ%lBﬁSZ ilpﬁle Iré)s%ﬁér{g:g é&{(ﬂi 26Taf§|1éi

renovi ng "a par e substrate ow t ower elec

space 30 the'16\Fer AL P o pOKiith Wd HihePHeGRIGEN 8 fd BeladhiftBnal film 24.
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accordance with a third variation of the first enbodi nent. As
illustrated in FIG 4C, the SMR type piezoelectric thin filmresonator
has an acoustic reflection film44 formed by stacking a film 40

havi ng a hi gh acoustic inpedance and a film 42 having a | ow acoustic
i npedance alternately with a filmthickness of ?j4 (Xis a. wavel ength
of an acoustic wave) instead of the space 30. O her structures are
the sanme as those in FIG 18. [0027] The additional film 24 may not be
| ocated on the second term nal electrode 22, but nay be |located at a
position illustrated in FIG 5A through FIG 6B for exanple. FIG 5A
is atop view of a piezoelectric thin filmresonator in accordance

wi t h aThauy tolsay arcombined pofftioh é tHei regibn 8radiihaesption el tING eSéhanse @gion 26
cross-sectional view taken along Hoe AAin FIG 5A FIG6Ais a top
Vi ew ohasa rpuleézgedee Eilm ifernteliby stackiny flesonat déctiode &¢,ahs pianeteciwid filnal 6, the
fifth variation of the first enbodinment, and FIG 613 is a

Cr oss- syet tloctaddeVigemidt tak ediiddrangink ae AR dtherfpb@ion@Athd rsdnbfsebgion 26 has
through FIG 6B the structure other than the additional filmis the
sane asmultiyerdd iGorh&l Bndadding thBlowAs elebiratit I4athe gidzoelbdtéc Hhn a6 gankdltke
5E3 an additional film 24a may be |located in only the incline portion
19 of uher tpgerdeallecithadempB.of Ak dthdrgb&itfoﬂtcﬁ‘ﬂ‘lei Bsdnhfze rB6A0@DEl isHAnGnnd8,
an additional film 24b nmay be located in the incline portion 19 of

t he upp&tiofbeht k@dRant8r 2 duchbs Pdntdr@artloncAtiedednbhdeatgibn26hanst he
incline portion 19. As described above it is sufficient if the

addi t i gaadibddidbbve, $hd @ERiRA poRtidnhT thdie@lonBErah@ (RN r8kioRN 94 i DFbriddn hdieng the
resonance region 26. [0028]In FIGIA and FIG 1B and FIG 5A through

FI G 68multhgcRideafehrR&éd then thid dNtHSothér Jodedt i@dhSRs@Bnéecdregish @8 thn@nk Yeferred
tiomthe resonance region 26 to underneath of the second term nal

el ect r RAg adkick &Nd pbARNWBPEThAliS6S JaQdRe dcliilef fd46&534 isermaaveish ak t he
first termnal electrode 20 side. That is to say, as illustrated in

FI G | Adashaltith 24 & a proRAdRitd QElipiRbal Pbriidie fRiasapbietedion Db | 4id Husithe

| ocated between the | ower electrode 14 and the upper el ectrode 18,

and t hguHpBRFedatIBCIMRA® i ASiIRN Rkt siieSishikieor @@MaRation tR ihd @6rt\R:  ANbsSuth
enabl es to suppress | eakage of acoustic waves fromthe resonance

regi onoR@e tcit figh g&ﬂoﬁ 86 QOANNdLE BT BB rek@nare t¥for BING@xMBssedl By such a
ease, it is possible to suppress | eakage of acoustic waves fromthe

resonafpe]f egifdie 20 Qiftde W1l be LRIAPEBGRIUERY cQbridnts) RabrdagR Y% by
formng the thick filmportion §6 in the outer peripheral portion of

the resRAANCEId @G @ %@oﬂaﬂ)rwﬁné anaendlce e H%ﬂp@‘é{iﬁ]@teiﬁﬁﬂ%%_sitr@%e
Q -val ue of resonance characteristics. 100291The piezoel ectric film

16 maygnRturPanRi-axd Hed s oA bhakid B, uRReLuRkgclinqds 8uBERkd YAeeIb ke
eaves, and may be provided so as to extend fromthe resonance region

26 10 @ckiffeqn ah@ AR HS: (biMihRiecAllc AR ARG RAINFCL S HiQMhe & rBBD G

than the region underneath the second term nal el ectrode 22.

MOr €0V the Eﬁﬁ?icﬂ?&j B&E&Hﬁ&krid‘ %lﬁlms&ﬁ&orh eThOGighRfchilt ﬁlﬁﬁl{ doﬁlif%/m%g JEREN

outer periphera ortion o e resonance region 26,
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film lboa exten om the resonance region and is located on the
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than the resonance region 26 along the entire circunference of the
resonance region 26, the thick filmportion 36 is preferably forned
along the entire circunference of the outer peripheral portion of the
resonance region 26 in order to suppress the | eakage of acoustic
waves fromthe resonance region 26 to the non-resonance region 28 and
i nprove the Q value or resonance characteristics. As described above,
the thick filmportion 36 is preferably located in a region in which
the piezoelectric film1l6 is extracted fromthe resonance region 26
to the outside of the resonance region 26 in the outer peripheral
portion of the resonance region 26. This enables to suppress the

| eakageddifioratDlns4.c Thaewesnhn@negibie 26,68 ohahake loegr elactRaletld antéhe upper
non-resonance regi on 28, and inprove the Q val ue of resonance

char actlectrsitil8 Sace[c@diB@hdhkasef dnes ofas cllipseibiviag ®ohajon akik Gf 210 uaradd kinGnor
IB and FIG 5A through FIG 7B, it becones possible to inprove the

Q val uexiobf riégomance characteristics by providing the thick film
portion 36 in at |least a part of the outer peripheral portion of the
resonafi@2y egiMaultip. pi¢A0B3}it higin didkelirésoqamats Havingtteeabonetiedodbddaicede oo

t he upper electrode 18, but nmay be | ocated between the upper

el ect r e catdBtodiade thagerpilek oethealick Glnh pbitiod 86 difedrave &ont dveh bweand

el ectrode 14 and the piezoelectric film 16, or bel ow the | ower

el ect r etdenidell is b nGhg@dhipfbepren it 1ogpth hefaddhick didlpoftidnB6 dnblan kfftakie
filmportion 36 may be forned in the outer peripheral portion of the
r esonasie@rdng@hatica GolpyingrkéMgicat K1.£aHIGONE m¥aslirbehiovanlt ef etrélatenship,
the piezoelectric film 16, and the upper electrode 18 thicker in the
outer p&tive@@E angar bf @8 tHiklafiint Portibe 36 BitBihe REEAtIVERIeRTroh BthahiRSIRAPIEE:
region 26. [0034]Here, a description will be given of an exanple of

f or m ngodifi@erit gk TAislinugp@iddii@BI@ 6, hdtht Bg@UL efth®eHidkofier gdrtiPOBs b&dnek

t he resonance regi on 26 by maeki ng the upper electrode 18 thick, FIG 8
is a Clegs; $8& i analotoHi@ilNy Abcrdades.eZ0€)-agid bGeddhbitelchhitteASREA Qobtn
accordance with a seventh variation of the first enbodi nent. As

i 11 ust gcHseet deBarfileSs ofdhe RAgMAPATthelheki iRt rdda3d.s thicker in the
outer peripheral portion than in the inner portion of the resonance

regi on[(R63] As TRSE4soR hy WRONE: dEEasERNiE alRrdd& BAM leAktha bfliYe GRTIMNY
the length L of the thick filmportion 36 even when the thick film

por ti 0Por@6n B6 isf RhEBE el Bs fMBwWAUL BlreddBhdcRRBIrAtonN9 EddpPRsQf intRethicRIMMANCe
region 26 by meki ng the upper electrode 18a thicker in the outer

per ::ngﬁéxlﬁ'l&n gﬁ.(rjt JHQ %{ﬂgréétihﬁ Wi S BARE 8¢ 3O RAt whh ah OQFPI48 cirblivSibiahed
, preferable that the thick filmportion

36 i's illustrated in FIG. 3. As illustrated in FIG. 3, an equivalent circuit of a piezoelectric thin film
resonator not including the thick film portion 36 is expressed by connecting a resistor Rs, an
inductor L;, a capacitor C; and a resistor R in series between terminals 38, and connecting a
capacitor Cy and a resistor R in parallel to the inductor L, the capacitor C; and the resistor R;.
When the thick film portion 36 is provided, a capacitor Ca is additionally connected in parallel.
The area of the region, in which the resonance vibration is suppressed, increases with increase in
the length L of the thick film portion 36, and thus the capacitor Ca increases. When the

, : . 2
capacitor Ca increases, the anti-resonance frequency decreases, and thus the K¢ decreases.

Therefore, it is considered that the Kzeff decreases with increase in the length L of the thick film



formed with the additional film 24 |ocated on the upper el ectrode 18,
and the additional film24 is |ocated so as to extend on the second
term nal electrode 22. This enables to use the additional film24 as
a foundation for formng bunps for flip-chip nounting. In this case,
the additional film=24 is preferably a nmultilayered filmof Ti and
Au. [0036] The piezoelectric thin filmresonator of the filter of the
first enbodi nent nay be at |east one of the piezoelectric: thin film
resonators described in FIG |IA FIG 1B and FI G 4A through FI G 8.
[0037]FIG 9 is a circuit diagram of a dupiexer using the filter of
the first enmbodiment for a transmssion filter, As illustrated in FIG
9, a tpamisni3sas descfibddtabovd?2 is connect ed between an antenna term na
Ant and a transm ssion termnal Tx, and a reception filter 54 is
connec{@4bet weedesttigdabben fieundes shaaknAnedgntatahd KEepir Bcdn@oltediBy

Mc in a daplexer 50. An inductor L2 is connected between the antenna
t er m nathanAiig teiéngh grodtrecthick Hdmtpoansracs s iPaenf Dodualenb 2 chassese Ki*gnaikis
in a transm ssion band out of signals input fromthe transm ssion

t er m ndle tHixkdeas dfie anltenrecd fkinnd reédtfan@sSregioh had SéthiSI R tiei fghddatioand
suppresses signals having other frequencies. The reception filter 54
passesstsp.gn@h sheidthed ha@y; et firerenktdin @l to@fol Sihg RalSwik e terfsfobE e thick
antenna termnal Ant to the reception termnal RA as a reception

si gnal filrapertidt PPy #83BS Gh @ailyToR@MitRIK QL RetholitliBEHHBNGE tBS fablib&idnneupct oF
L2 is used for matching, and matches the inpedance so that the

t r ansmh&HEi@) ssic@MRIK L habnascNRsBedadeh OU GhertRe i thaNsBihSISbOMe itk B
52 is output fromthe antenna termnal Ant without |eaking to the

r ecept peioh BbttBE KO4 cai Becont@08B8Eobiausep] £Xre BRIy S Tha, iBardil2bhafin
W CDIVA (Wdeband Code Division Multiple Access) (transm ssion bandg

1850 t gukBldpiMielectrROBRIRNQABrs, LRI} éhnjb%%nﬁ@lle@easﬁ)@{nd%&fmt'e% with

Both of the transmission filter 52 and the reception filter 54 are

| adder resydetd dakh 6f Ge iplbz¥hledfic TAM HinPt@od &2 8¢h&atiiigGhd tehgchfL dffthe thick film
resonators are used as a series resonator ahd a paralle resonat or

and copareieh 86 with réspe@dsl 8ichSTAREpic R eRirRahihaTIm Bsof€R6 1 ption will be
given of the transm ssion filter 52. [0039] The transm ssion filter 52

have sEms}s I EBRNPARI P by kY thﬁﬂ:ttﬁé1lﬁi§§at@@hﬁll‘ltﬁhAra§§Pf@hBrlﬁstEajd of

t hr oug (1 round-side ends of the parallel resonators Pl through

P3 ar e{n@f&ﬁg tﬁﬂ)uﬁﬁﬂ@ sﬁBstia'EBjPQ:zlsqnuéfﬁtédﬁn FRRNect egdghet fé’%%'?os’é@@ct%ﬁla\llév@ bf
resonators Pl rough P3 and a ground. The series resonators

t hr ough pRdoediighid fiéh i?lﬂ{ akblorlif §é¥8?&aﬁ£e§wﬁﬂ arfi?gt QHERIRDF %eeﬁlrshé:fnbodlmen

plezoelectrle thin filmresonators having the structure illustrated

Fl n I cC V4 1
e

108 et i oL A08.A00 B e hEREERaIELTS o

the singhe syRSEIRLR 228FId NB. SURSTIERLRILR FIG 43, §'spa%9t3§£ KAy Be located
between the upper surface of the substrate 12 and the lower electrode 14.  As illustrated in FIG.
4B, a space 30b may be located by removing a part of the substrate 12 below the lower electrode
14.  The space 30a and the space 30b can be formed by carrying out the fabrication process
using a sacrifice layer, and removing the sacrifice layer by wet etching.

[0026] The piezoelectric thin film resonator is not limited to the FBAR type, and may be of

the SMR type. FIG. 4C is a cross-sectional view of a piezoelectric thin film resonator in
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[00411The series resonators Sl through S4 include the | ower el ectrode
14 and the first termnal electrode 20 on the substrate 12. The | ower
electrode 14 is fornmed by stacking C with a filmthickness of 100
remand ku with a filmthickness of 230 nmin this order fromthe
substrate 12 side. The piezoelectric film16 nade of AINw th a film
t hi ckness of 1300 nmis |ocated on the | ower el ectrode 14. The upper
el ectrode 18 and the second term nal electrode 22 are |ocated on the
pi ezoelectric film 16. The upper electrode 18 is formed by stacking
lin wth a filmthickness of 230 rimand C with a filmthickness of
30 urn in this order fromthe piezoelectric film16 side. [00421The
par al | slcordes@naittoa shifdlvatihtiougfthdBrst erobadii@erthe Als alvestratetl ackIiGode€, thd SMRI
the firs termnal el ectrode 20 on the substrate 12. The | ower

el ect r gge pitdodlstiothirefilnbyesataae hiasan oustictrbflectibn lfihm 4H ifakred dy stickih@@ film
rimand Ru wwth a filmthickness of 230 rimin this order fromthe
subst r 4@ kaviiz shiglke acoliiic phedaelaad b ifitm (4R lhavih a nevd ecoktidinipedarice aktefniten
t hi ckness of 1300 aimis |located on the | ower el ectrode 14. The upper
el ect r oite aIBmahidkieheoS e Onid atvedvieiength ofheataustitew2 ) arsecall of tieafacars 0t he
pi ezoelectric film 16. The upper electrode 18 is fornmed by stacking
Ru w t Otler ftrdomartddre Kieaasie af thdsOintia, IHi with a fil mthickness of 135
rim and C with a filmthickness of 30 nmin this order fromthe

pi ezoe[08RTY i C Theladiidionslifil@.24[ RHAd) Ph®capaoa tklch el tetinklidcatiy 22 Gua
part of the substrate 12 is |ocated bel ow the resonance region 26 in
whi ch inagbt Deeed el egdsitsiallddratddn FIE@ supheiuge FES tBadeexkthplac F16a8Ais a
ot her across the piezoelectric. film16 in the series resonators S

t hr ougtepS4evanth pibgoeptrad thigl filessumatod irsadebrdafideOrigha R3irth Vagatashdiftthofiat
film24 is located on the second term nal electrode 22 so as to

ext enderhBodifentOAHETIGPEB ih@balsepadral GiBwaikeh ABNEEHOPANGEFI®IAON F2G.6A is
The additional film24 is formed by stacking Ti with a filmthickness

of 100a tdpMiendf Aickbdlditrc thin it REGHAL S abrA Witk a ififthtvaHsiddr siekie filsOm
the second termnal electrode 22 side. The thick filmportion 36 is

f or mederhbodifentPAHA FIOf 618 en Qbésedect®ial PBETt@enRRINei P8 AR il PRG. 6ASOMARRE 5A
region 26 by providing the above described additional -film24. In

addi t i SiRoughFIQXB]ehesdthuk@Nothed thad tRehdditibis FilAt LAk sivhé Bs Badih IFIG. 1A and
thickness of 50 rimis located in a part other than the additional

filial pistiBTahkelluktriied $ePRS, SAGNnH NGB, hh adBfiodad €lh Ri£thaf bt HcRed i Sy

36 in the seri resonators 51 through $4 and the paral |l el resonators

Pl t hr e Gike1iR8 pottibaRb&f #e upper electrode 18.  As illustrated in FIG. 6A and FIG. 6B, an
additional film 24b may be located in the incline portion 19 of the upper electrode 18 and a flat
portion located further in than the incline portion 19. As described above, it is sufficient if the
additional film is located in the outer peripheral portion of the resonance region 26.
[0028] In FIG. 1A and FIG. 1B and FIG. 5A through FIG. 6B, the piezoelectric film 16 is
located so as to extend only from the resonance region 26 to underneath of the second terminal
electrode 22, and the upper electrode 18 protrudes like eaves at the first terminal electrode 20
side. That is to say, as illustrated in FIG. 1A and FIG. 1B, the edge portion of the piezoelectric

film 16 is located between the lower electrode 14 and the upper electrode 18, and the upper

electrode 18 protrudes like eaves in a range W2. This enables to suppress leakage of acoustic
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RESONATOR LENGTH H OF THI CK FI LM PART

waves from the resonance region 26 to the non-resonance region 28 in the range W2. Insuch a
case, it is possible to suppress leakage of acoustic waves from the resonance region 26 to the
non-resonance region 28 in a range W1 by forming the thick film portion 36 in the outer
peripheral portion of the resonance region 26 in the range W1. This enables to improve the
Q-value of resonance characteristics.

[0029] The piezoelectric film 16 may not be provided so that the upper electrode 18
protrudes like eaves, and may be provided so as to extend from the resonance region 26 to a
region located further out than the resonance region 26 other than the region underneath the
second terminal electrode 22. Moreover, the additional film may not be located in the part of
the outer peripheral portion of the resonance region 26, but may be located along an entire
circumference of the outer peripheral portion.

[0030] FIG. 7A is a top view of a piezoelectric thin film resonator in accordance with a sixth
variation of the first embodiment, and FIG. 7B is a cross-sectional view taken along line A-A in
FIG. 7A. As illustrated in FIG. 7A and FIG. 7B, a piezoelectric film 16a extends from the
resonance region 26, and is located on the first terminal electrode 20 and underneath the second
terminal electrode 22. An additional film 24c is located on the upper electrode 18 along the
entire circumference of the outer peripheral portion of the resonance region 26. The space 30b
is formed by removing a part of the substrate 12 below the lower electrode 14.  Other structures
are the same as those of FIG. 1A and FIG. 1B.

[0031] The K? can be controlled by changing the length L of the thick film portion 36 even
when the thick film portion 36 is formed along the entire circumference of the outer peripheral
portion of the resonance region 26 with the additional film 24c. When the piezoelectric film

16a is provided so as to extend from the resonance region 26 to the region located further out
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than the resonance region 26 along the entire circumference of the resonance region 26, the thick
film portion 36 is preferably formed along the entire circumference of the outer peripheral
portion of the resonance region 26 in order to suppress the leakage of acoustic waves from the
resonance region 26 to the non-resonance region 28 and improve the Q-value of resonance
characteristics. As described above, the thick film portion 36 is preferably located in a region
in which the piezoelectric film 16 is extracted from the resonance region 26 to the outside of the
resonance region 26 in the outer peripheral portion of the resonance region 26. This enables to
suppress the leakage of acoustic waves from the resonance region 26 to the non-resonance region
28, and improve the Q-value of resonance characteristics.

[0032] Therefore, as illustrated in FIG. 1A and FIG. 1B and FIG. 5A through FIG. 7B, it
becomes possible to improve the Q-value of resonance characteristics by providing the thick film
portion 36 in at least a part of the outer peripheral portion of the resonance region 26.

[0033] The additional film may not be located on the upper electrode 18, but may be located
between the upper electrode 18 and the piezoelectric film 16, between the lower electrode 14 and
the piezoelectric film 16, or below the lower electrode 14. Instead of providing the additional
film, the thick film portion 36 may be formed in the outer peripheral portion of the resonance
region 26 by making at least one of the lower electrode 14, the piezoelectric film 16, and the
upper electrode 18 thicker in the outer peripheral portion than in the inner portion of the
resonance region 26.

[0034] Here, a description will be given of an example of forming the thick film portion 36
in the outer peripheral portion of the resonance region 26 by making the upper electrode 18 thick.
FIG. 8 is a cross-sectional view of a piezoelectric thin film resonator in accordance with a

seventh variation of the first embodiment. As illustrated in FIG. 8, an upper electrode 18a is

13



24 urn

52 3 um 3 pin

thicker in the outer peripheral portion than in the inner portion of the resonance region 26. As
described above, the K% can be controlled by changing the length L of the thick film portion 36
even when the thick film portion 36 is formed in the outer peripheral portion of the resonance
region 26 by making the upper electrode 18a thicker in the outer peripheral portion of the
resonance region 26.

[0035] As illustrated in FIG. 1A and FIG. 1B, it is preferable that the thick film portion 36 is
formed with the additional film 24 located on the upper electrode 18, and the additional film 24
is located so as to extend on the second terminal electrode 22. This enables to use the
additional film 24 as a foundation for forming bumps for flip-chip mounting. In this case, the
additional film 24 is preferably a multilayered film of Ti and Au.

[0036] The piezoelectric thin film resonator of the filter of the first embodiment may be at
least one of the piezoelectric thin film resonators described in FIG. 1A, FIG. 1B and FIG. 4A
through FIG. 8.

[0037] FIG. 9 is a circuit diagram of a duplexer using the filter of the first embodiment for a
transmission filter. As illustrated in FIG. 9, a transmission filter 52 is connected between an
antenna terminal Ant and a transmission terminal Tx, and a reception filter 54 is connected
between the antenna terminal Ant and a reception terminal Rx in a duplexer 50. An inductor L,
is connected between the antenna terminal Ant and a ground. The transmission filter 52 passes
signals in a transmission band out of signals input from the transmission terminal Tx to the
antenna terminal Ant as a transmission signal, and suppresses signals having other frequencies.
The reception filter 54 passes signals in a reception band out of signals input from the antenna
terminal Ant to the reception terminal Rx as a reception signal, and suppresses signals having

other frequencies. The inductor L, is used for matching, and matches the impedance so that the
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transmission signal that has passed through the transmission filter 52 is output from the antenna
terminal Ant without leaking to the reception filter 54 side.

[0038] The duplexer 50 is for Band 25 of W-CDMA (Wideband Code Division Multiple
Access) (transmission band: 1850 to 1915 MHz, reception band: 1930 to 1995 MHz), for
example. Both of the transmission filter 52 and the reception filter 54 are ladder-type filters in
which multiple piezoelectric thin film resonators are used as a series resonator and a parallel
resonator and connected in a ladder shape. Hereinafter, a description will be given of the
transmission filter 52.

[0039] The transmission filter 52 have series resonators S1 through S4 and parallel
resonators P1 through P3. Ground-side ends of the parallel resonators P1 through P3 are
unified, and an inductor L; is connected between the parallel resonators P1 through P3 and a
ground. The series resonators S1 through S4 and the parallel resonators P1 through P3 are the
piezoelectric thin film resonators having the structure illustrated in FIG. 4B.

[0040] FIG. 10A is a top view of the transmission filter 52, and FIG. 10B is a cross-sectional
view taken along line A-A in FIG. 10A. As illustrated in FIG. 10A and FIG. 10B, the series
resonators S1 through S4 and the parallel resonators P1 through P3 are formed on the single
substrate 12. The substrate 12 is a Si substrate.

[0041] The series resonators S1 through S4 include the lower electrode 14 and the first
terminal electrode 20 on the substrate 12. The lower electrode 14 is formed by stacking Cr with
a film thickness of 100 nm and Ru with a film thickness of 230 nm in this order from the
substrate 12 side. The piezoelectric film 16 made of AIN with a film thickness of 1300 nm is
located on the lower electrode 14. The upper electrode 18 and the second terminal electrode 22

are located on the piezoelectric film 16. The upper electrode 18 is formed by stacking Ru with
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a film thickness of 230 nm and Cr with a film thickness of 30 nm in this order from the
piezoelectric film 16 side.

[0042] The parallel resonators P1 through P3 include the lower electrode 14 and the first
terminal electrode 20 on the substrate 12. The lower electrode 14 is formed by stacking Cr with
a film thickness of 100 nm and Ru with a film thickness of 230 nm in this order from the
substrate 12 side. The piezoelectric film 16 made of AIN with a film thickness of 1300 nm is
located on the lower electrode 14. The upper electrode 18 and the second terminal electrode 22
are located on the piezoelectric film 16. The upper electrode 18 is formed by stacking Ru with
a film thickness of 230 nm, Ti with a film thickness of 135 nm, and Cr with a film thickness of
30 nm in this order from the piezoelectric film 16 side.

[0043] The space 30b formed by removing a part of the substrate 12 is located below the
resonance region 26 in which the lower electrode 14 and the upper electrode 18 face each other
across the piezoelectric film 16 in the series resonators S1 through S4 and the parallel resonators
P1 through P3. The additional film 24 is located on the second terminal electrode 22 so as to
extend to the outer peripheral portion of the resonance region 26. The additional film 24 is
formed by stacking Ti with a film thickness of 100 nm and Au with a film thickness of 500 nm in
this order from the second terminal electrode 22 side. The thick film portion 36 is formed in
the part of the outer peripheral portion of the resonance region 26 by providing the above
described additional film 24. In addition, an oxide silicon film (not illustrated) with a film
thickness of 50 nm is located in a part other than the additional film 24. Table 1 presents the
length L of the thick film portion 36 in the series resonators S1 through S4 and the parallel
resonators P1 through P3.

[Table 1]
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RESONATOR LENGTH L OF THICK FILM PART
S1 24 pm
S2 3 um
S3 3 um
S4 10 pm
P1i 3 pm
P2 3 pm
P3 3 um
[0044] Here, a description will be given of a pass characteristic of the transmission filter 52.

FIG. 11 is a diagram illustrating the pass characteristic at a high frequency side of a passband of
the transmission filter 52. FIG. 11 also illustrates a pass characteristic of a filter in accordance
with a first comparative example for comparison. The additional film 24 does not extend to the
resonance region 26, and the edge portion of the additional film 24 is located 5 um away from
the edge of the resonance region 26 to the second terminal electrode 22 side in the filter of the
first comparative example. Other structures are the same as those of the transmission filter 52.
As illustrated in FIG. 11, a transition width between -1.5 dB and -48 dB is 11.0 MHz in the
transmission filter 52, and is 12.3 MHz in the first comparative example. As described above,
the transmission filter 52 improves the skirt characteristic by 1.3 MHz compared to the first
comparative example.

[0045] In a ladder-type filter, a series resonator contributes to a skirt characteristic at a high
frequency side of a passband, and a parallel resonator contributes to a skirt characteristic at a low
frequency side. That is to say, the reduction of the K’ of the series resonator achieves the
steep skirt characteristic at the high frequency side, and the reduction of the K2 of the parallel

resonator achieves the steep skirt characteristic at the low frequency side. The length L of the
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thick film portion 36 of the series resonator is made to be long, and the K2 of the series
resonator is made to be small in the transmission filter 52 as presented in Table 1.  This enables
to achieve the steep skirt characteristic at the high frequency side of the passband as illustrated in
FIG. 11.

[0046] As presented in Table 1, at least two of the piezoelectric thin film resonators (the
series resonators S1 through S4 and the parallel resonators P1 through P3) have the length L of
the thick film portion 36 different from each other in the transmission filter 52.  This enables to
control the K% easily and accurately with respect to each piezoelectric thin film resonator as
described in FIG. 2. As described above, the K can be controlled with respect to each
piezoelectric thin film resonator, and the steep skirt characteristic of the filter can be achieved by
making the K2 of each piezoelectric thin film resonator proper as described in FIG. 11.

[0047] As described above, in the ladder-type filter, it is possible to achieve the steep skirt
characteristic at the high frequency side of the passband by making the length L of the thick film
portion 36 of the series resonator long, and to achieve the steep skirt characteristic at the low
frequency side by making the length L of the thick film portion 36 of the parallel resonator long.
That is to say, the length L of the thick film portion 36 of the series resonator and/or the length L
of the thick film portion 36 of the parallel resonator is made to be long to achieve the steep skirt
characteristic at the high frequency side and/or the low frequency side of the passband. Thus
the length L of the thick film portion 36 of the series resonator becomes different from that of the
parallel resonator. The length L of the thick film portion 36 may be an average value or a
maximum value of the length L of the thick film portion 36, for example.

[0048] Especially, it is preferable to control the K% with respect to each of the series

resonators by making the series resonators have the length L of the thick film portion 36 different
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[ 0044] Here, a description will be given of a pass characteristic of
the transmssion filter 52. FIG 11 is a diagramillustrating the pass
characteristic at a high frequency side of a passband of the

transm ssion finer 52. FIG I|i also illustrates a pass characteristic
of a filter in accordance with a first conparative exanple for
conparison. The additional film 24 does not extend to the resonance
region 26, and the edge portion of the additional film24 is |ocated
5 1.rit away fromthe edge of the resonance region 26 to the second
termnal electrode 22 side in the filter of the first conparative
exanple. O her structures are the sane as those of the transm ssion

filter from.cabBothbd iHSkdertehrth# imptovielthe &irk ERddtérisb avhe hizhehuarsy sidk.df
dB and -48 dBis 11.0 MHz in the transmission filter 52, and is 12.3

MHz i nifeh@ssbhddSt 1CIOPRAEABIE VECXRME K2 ASitlRSEdct edcaboyie paahé resonators

transm ssion filter 52 inproves the skirl. characteristic by 1.3 Mz

conpar gdmbaRing AR JatdIR! reSOHIRAS Rdve 8 BX@AM! &the thick film portion 36 different from
each other in order to further improve the skirt characteristic at the low frequency side.
Therefore, it is possible to achieve the steep skirt characteristic at the high frequency side and/or
the low frequency side of the passband by making the series resonators have the length of the
thick film portion 36 different from each other, and/or making the parallel resonators have the
length of the thick film portion 36 different from each other. Moreover, it is possible to widen
the bandwidth of the passband by making the series resonators have the length L of the thick film
portion 36 different from each other and making the parallel resonators have the length L of the
thick film portion 36 different from each other.
[0049] The K% of the series resonator and the parallel resonator may be controlled by
making the series resonators have the length L of the thick film portion 36 equal to each other,
making the parallel resonators have the length of the thick film portion 36 equal to each other,
and adjusting the lengths L of the respective thick film portions 36 of the series resonators and
the lengths L of the respective thick film portions 36 of the parallel resonators. Even in this
case, it is possible to improve the skirt characteristic at the high frequency side and/or the low
frequency side of the passband.
[0050] Although the steep skirt characteristic can be achieved at both of the high frequency
side and the low frequency side by reducing the KZ.s of the series resonator and the parallel
resonator, this makes the passband narrow. That is to say, the steep skirt characteristic is in a

tradeoff relation with bandwidth widening of the passband. This is convenient when the

passband is a narrow band. However, Band 25 (transmission band: 1850 to 1915 MHz,
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[0045]In a | adder-type filter, a series resonator contributes to a
skirt characteristic at a high frequency side of a passband, and a
paral l el resonator contributes to a skirt characteristic at a | ow
frequency side. That is to say, the reduction of the K2df of the
series resonator achieves the steep skirt characteristic at the high
frequency side, and the reduction of the K2e.a of the parall el
resonat or achi eves the steep skirt characteristic at the | ow
frequency side. The length I, of the thick filmportion 36 of the
series resonator is made to be long, and the 1C2eir of the series
resonator is made to be small in the transmssion filter 52 as

pr esentRebtion baad!193d.to U MERPRIIERNE O (BEMNE%KSH tRadSIAR $KETNIHzZ,
characteristic at the high frequency side of the passband as

i 11 ust fatR@nivAnd11€0% to 1450046E Ast wreasantiRde b Reidiallyewille trahsnhigast bindanaf
t he piezoelectric thin filmresonators (the series resonators S

t hr oughcadioamdnd. hermariald ffiche fPRa s hshisRUBAnPHd havRepths Baaaet h
L of the thick filmportion 36 different fromeach other in the

transnp&fio@ el { AlthOgeried RssnLN3RYE 8% Jafal RPRESMRkorlahereddc2df f easily and
accurately wth respect to each piezoelectric thin filmresonator as
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making th cries resonators have the length L of the thick film
portion 36 equal to each other, making the parallel resonators have
the length of the thick filmportion 36 equal to each other, and
adjusting the lengths L of the respective thick filmportions 36 of
the series resonators and the lengths L of the respective thick film
portions 36 of the parallel resonators. Even in this case, it is
possible to inprove the skirt characteristic at the high frequency
side and/or the | ow frequency side of the passband. [0050]Although
the steep skin characteristic can be achieved at both of the high
frequency side and the | ow frequency side by reducing the 1(2 Off of

the sefmkesick B8RP patioh 3806HeRerigathhiel nstesosat or, this makes the
passband narrow. That is to say, the steep skirt characteristic is in

a tradgpbk] r el Al dQeibMitaBoRantink diflewrdeRipi&re@blet:h faRass haiath L ohits thisk

conveni ent” when the passband is a narrow band. However. Band 25

(tr ansmlﬁg 196n B8 086 reb&2fort @hibh 1s5th%!¥r1es réBEABL drQhe Pamehl rek88fot 9 ak995
MHz) and Band 3 (transm ssion band: 1710 to 1785 , reception hand:

1805 t gonk3le M’ﬂﬁé si@ft M SIMRstichame g@aﬂa@aﬁ& 51 gat Bhan k2851 S8iepBndand

and reception hand. Thus, it is difficult to secure the transm ssion

band afgistRS£86 SREnAA: Q@rﬂﬂlldtﬁ 0P Rehabatdishdiichicle Bk st sisiftlch@@cteristic at
resonator and the parallel resonator are reduced. [0051] The steep

skirt ghahaQighd Sttc Ale IEhgh 9Watd RRRE|RIERInS 6388 et dvBrabdalue or a

transmssion filter and the reception filter conposing the dupl exer.
Ther of gt @imund viiSe B 6L Rhal 1ot Re HRITILNRAGY beS resonator or the

paral |l el resonator contributing to the skirt characteristic at the
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[0054] 1t is nore preferable to nake resonators, which are the series
resonators or the parallel resonators so as to contribute to the
skirt characteristic at the guard band side, have the length L of the
thick filmportion 36 different fromeach other. This enables to

wi den the bandw dth of the passband, and achi eve the thrther steep
skirt characteristic at the guard band side. [0055] The | ower

el ectrode, the first term nal electrode, the upper electrode, and the
second term nal electrode may be a nmetal filmincluding alum num
(Al'), copper (Cu), nolybdenum (M), tungsten (W, tantalum (Ta),
platinum (Pt), ruthenium (R f), rhodium (Rh), and iridium(jr), or a
mui ti | ayen &d Al {Mnioivhichas elemtheMad dideddanalNf i Tho presoelketrid fBinnghebd Aay@s
filmor nultilayered filmnmade of nmaterials other than Ti and Au

besi deof hipieseldeirlcaneed shdh 49zafc okidea@dOR 1bad HREGk I Hiant EZOB)| 6€lehd C
filmhaving a high Qvalue can be forned stably by using AN for
exanplamnabgnnnggoelectrlc constant of the piezoelectric fllnlnay be
i ncreased by adding an el ement such as scandium (Sc) to MN in order

to makposhe K2gige pbaiods of thBilsve@ R, iR pMdecttib &l aadwhetppeotlethaie

passband. In this case, it is desirable that the pi ezoel ectric film

i ncl udgs i8S inth BBk eMOHRMREN but HTIRF B veidiITBOEaicB GhsAR oRBeifk VBRI, t O
extent that MN functions as the pi ezoel ectric filmof the

pi ezoelrﬁ&ﬁrtércofrtﬁu fiksf drhBOd BER Al Ve us@ el dePilceLotREMh A thX dhietml I er 0.5
in MxAli_x.Nin which an elenéent Mis added to MN. The piezoel ectric

film rrmo sbe MBdenRbh theRhRRAG)B L S HBHRE bRboGMEh iASuddshEe &¥iedRsonators
(Zn0), lead zirconate titanate (PZT), or lead titanate (PbTi ().

[ 0057] Bdo@e Baranélq&%n%rst e 1Rl pe st rﬁﬁ)fjﬁlcluﬁgﬁpﬂhﬁ nﬁef 61ks fe@oﬁdtérm
and the upper el ectrode are |ncI|ned inthe first enbodi ment, but may

be ver bip& d plulaffAredraBst&Rdior!. BRIAGNIRE |t1'1é"1?1@er of iR ffrbtl etrrﬁfodﬁlfnentt by be

first enbodiment ‘'may be used in devices other than the dupl exer.

[ 0058] AkiBoyadib IR Blezd RS dnlrd ﬁfm Rboddigs bidhsh a@ahadiype ﬂitﬁr beside the

i ncludes the series resonators and the parallel resonators,
| adder rpyR&yd ﬁlfté%r T'ﬁeydd ePﬁﬁ% Be RIr iRk kil B%fndé%mﬁct)%&?nat ors

and/or a pIura ity of p ra resonators Furthernore, the filter of

the fi [@%9?”‘00&'1&}{8%23 tﬂ%%@nﬁenfti bilRe ;Cn'eé‘&l't mﬂ«'e&%mlvte 'oQénede@érﬁ%Q% BGhiTTi€

thin frimresonators such as a lattice-type filter beside t

{/\?ggl%lsttbf BE uhddrdiB8d thdhfe VRIS RSN TBN AR LAI s, Q{dhﬁ{erartlbﬂ{'cmge %@dé’ﬁereto

without departing from the spirit and scope of the invention.
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[ 0059] Al t hough t he enbodi ments of the present invention have been
described in detail, it is to be understood that the various change,
substitutions, and alterations could he nmade hereto w thout departing
fromthe spirit and scope of the invention. CLAIMS Wat is clainmed
is 1, .4 fitter conprising: a plurality of

pi ezoel ectric, thin filmresonators, each having a nultilayered film
including a | ower electrode |ocated on a substrate, a piezoelectric
filmlocated on the | ower el ectrode, and an upper el ectrode | ocated
on the piezoelectric filmso as to face the | ower el ectrode, wherein
at | east two piezoelectric thin filmresonators have thick film
portions, in each of which the nultglagwesed filmis thicker in at

| east a part of an outer peripheral portion than in an inner portion
of a resonance region in which the | ower el ectrode and the upper

el ectrode face each other across the piezoelectric film and

I engt hgrhefisthRenddikck film portions from edges of the resonance
regions are different fromeach other in the at | east two

pi ezoel ectric thin fil my@epoehpfising:2. The filter according to claim
1 wherein the plurality of piezoelectric thin film

resonators include fuagkioepiczE&Iamad Min AMEreBoRiddralch@l havaganatRilayetadilm
the series resonator and the parallel resonator are connected in a

| adder inshaRg-a 1dwerldi&ubhd tRhte@6f QlahsAdtel £ pebddidtrd filhRER/Edon the lower
the length of the thick filmportion fromthe edge of the resonance

; ggioﬁg%lg{tt,‘(fdg,eanﬁ%hiuﬁﬁer"e?e%ﬂ@@é REatb$ ol it pRIBAECtiE Alh kb ad toThccthelddaral | el
electrode, wherein
at least two piezoelectric thin film resonators have thick film portions, in each
of which the multilayered film is thicker in at least a part of an outer peripheral portion than in an
inner portion of a resonance region in which the lower electrode and the upper electrode face
each other across the piezoelectric film, and

lengths of the thick film portions from edges of the resonance regions are

different from each other in the at least two piezoelectric thin film resonators.

2. The filter according to claim 1, wherein
the plurality of piezoelectric thin film resonators include a series resonator and
a parallel resonator, and the series resonator and the parallel resonator are connected in a ladder

shape.

3. The filter according to claim 2, wherein
the length of the thick film portion from the edge of the resonance region of the

series resonator is different from that of the parallel resonator.
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4, The filter according to claim3, wherein t he
filter includes a plurality of the series resonators and/or a
plurality of the parallel resonators, and the |l egths of the thick
filmportions fromthe edges of atheresonance regions are different
fromeach other in the plurality of the series resonators and/or the
| engths of the thick filmportions fromthe edges of the resonance
regions are different fromeach other in the plurality of the
parall el resonators. 5. The fitter according to any one of clains 1
through 4, wherein the piezoelectric filmis mainly nade of al um num
nitride. 6. The filter according to any one of clains 1
through 5, wherein the piezoelectric filmincludes an el enent that

i ncreases a piezoelectric constant. 7. The filter according to any

one of claims 1 thyough 1he fiBEERbAUIMR tBRAGE 3 Whéemat ed bel ow the | ower
electrode. 8. The filter according to any one of clains I through 6,

wherei n an acoust ige fiRéd iBOhdRR dlirkfylo? tHeaeatadsdialotyardng alpdelity of the
el ectrode. A dupl exer conprising; the filter

accor dpfiglld1 QesddoRNghdof claims 1 through 8 as at |east one of a
transmssion filter and a reception filter.

the lengths of the thick film portions from the edges of the resonance regions
are different from each other in the plurality of the series resonators and/or the lengths of the
thick film portions from the edges of the resonance regions are different from each other in the

plurality of the parallel resonators.

S The filter according to any one of claims 1 through 4, wherein

the piezoelectric film is mainly made of aluminum nitride.

6. The filter according to any one of claims 1 through 5, wherein
the piezoelectric film includes an element that increases a piezoelectric

constant.

i The filter according to any one of claims 1 through 6, wherein

a space is located below the lower electrode.

8. The filter according to any one of claims 1 through 6, wherein

an acoustic reflection film is located below the lower electrode.

S A duplexer comprising;
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10. A dupl exer conpri sing: the filter according to
claiml1l as at |east one of a transmssion filter and a reception
filter, wherein at | east one of the transm ssion filter
and the reception filter is a |adder-type filler in which a series
resonator and a parallel resonator included in the piezoelectric thin
filmresonators are connected in a | adder shape, t he

Il ength of the thick filmportion fromthe edge of the resonance
regi on of one resonator, which is the series resonator or the
parall el resonator so as to contribute to a skirt characteristic at a
side of a guard hand between a transm ssion band and a reception

band, is |onger thﬁ@ﬁ&é‘r%cd?&mghﬁar@td?@rofbﬁﬁﬁmﬁﬂ@éughklas al REstduploexer

accordlng to claim10, wherein t he dupl exer includes a
pl ur al trg%nggm;nrmtégﬁd ckfranalpr s and/or a pluralitv of the parallel
resonators, and the lengths of the thick filmportions

fromthe edges of the resonance regions are different from each ot her
in resonators that are the plurality of the series resonators or the

plurality of the g@rallgimfgggp&hﬂﬁgnﬁp as to contribute to the skirt
characteristic at the side of t he guard band,

the filter according to claim 1 as at least one of a transmission filter and a
reception filter, wherein

at least one of the transmission filter and the reception filter is a ladder-type
filter in which a series resonator and a parallel resonator included in the piezoelectric thin film
resonators are connected in a ladder shape,

the length of the thick film portion from the edge of the resonance region of
one resonator, which is the series resonator or the parallel resonator so as to contribute to a skirt
characteristic at a side of a guard band between a transmission band and a reception band, is

longer than that of the other resonator.

11. The duplexer according to claim 10, wherein

the duplexer includes a plurality of the series resonators and/or a plurality of
the parallel resonators, and

the lengths of the thick film portions from the edges of the resonance regions
are different from each other in resonators that are the plurality of the series resonators or the
plurality of the parallel resonators so as to contribute to the skirt characteristic at the side of the

guard band.
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