SPECI FI CATI ON TI TLE OF THE | NVENTI ON ACOUSTI C WAVE DEVI CE Fi el d [0001] A

" certain aspect of the present invention relates to an acoustic wave devi ce,
and for exanple, to an acoustic wave device including a piezoelectric thin
filmresonator. Background [0002] Acoustic wave devi ces using piezoelectric
thin filmresonators are used as filters of wrel ess devices for exanple.
The piezoelectric thin filmresonator has a structure in which a | ower

el ectrode and an upper el ectrode face each other across a piezoelectric
film Filters and dupl exers are exanples of the acoustic wave devi ce using
t he piezoelectric thin filmresonator. The piezoelectric film |ower

el ectrode and upper el ectrode of the piezoelectric thin filmresonator
general |y have negative tenper atSQPEEIEORMOBI ents of el astic constants. This
shifts a resonance frequency of the piezoelectric thin filmresonator to a
| ow frequency side with incr@@ase ORTHEMNPEAITUON. As descri bed above, the
resonance frequency, anti-resonance frequency or frequencies of a passband
vary with tenperature in theagbogaIdssorE bEViggousti ¢ wave devi ces.

[ 0003] There has been known a piezoelectric thin filmresonator including a
tenperature conpensation filminserted into a nultilayered filmto suppress
a frequency change due to tenperature, where the tenperature conpensation
filmimgelgn insulating filmsuch as a silicon oxide filmhaving a
tenperature coefficient opposite to those of the piezoelectric film |ower

el ect rypge jand Attmgrn BPREbI B Bres@® irlleRGdORREEstH ard ARARRSEBIEIaE, 208 rl Cat i on
Publlcatlon No. 1-48694 and Proc. |EEE U trasonics Synp05|un12009 pp

859- 8@Zample, to an acoustic wave device including a piezoelectric thin film resonator.

Background

[0002] Acoustic wave devices using piezoelectric thin film resonators are used as filters of
wireless devices for example. The piezoelectric thin film resonator has a structure in which a
lower electrode and an upper electrode face each other across a piezoelectric film. Filters and
duplexers are examples of the acoustic wave device using the piezoelectric thin film resonator.
The piezoelectric film, lower electrode and upper electrode of the piezoelectric thin film
resonator generally have negative temperature coefficients of elastic constants.  This shifts a
resonance frequency of the piezoelectric thin film resonator to a low frequency side with increase
in temperature. As described above, the resonance frequency, anti-resonance frequency or
frequencies of a passband vary with temperature in the above described acoustic wave devices.
[0003] There has been known a piezoelectric thin film resonator including a temperature
compensation film inserted into a multilayered film to suppress a frequency change due to
temperature, where the temperature compensation film is an insulating film such as a silicon
oxide film having a temperature coefficient opposite to those of the piezoelectric film, lower

electrode and upper electrode, as disclosed in Japanese Patent Application Publication No.



[ 0004] There has been known a structure in which electrodes nutually
short-circuited are |l ocated on upper and | ower surfaces of a tenperature
conpensation filmto suppress a reduction in excitation efficiency caused
by a concentration of electric field in the tenperature conpensation film
when the tenperature conpensation filmis used, as disclosed in Japanese
Pat ent Application Publication No. 60-16010. There has been known a

pi ezoel ectric thin filmresonator including a tenperature conpensation film
enbedded in the | ower electrode, as disclosed in U S Patent Application
Publ i cati on No. 2011/0266925. [0005] However, the above descri bed techni ques
i nprove tenperature characteristics, including a resonance frequency, of

the pi Fé@o%%ﬁa ke, tﬁnmuﬁfasmlém%g%m; se@sagke resonance characteristics

including an e ectronec ani cal coupling coefficient. The tenperature

char agliU@M]St ' %ﬁe@ ?b@en kﬁl@”@ﬁ a%{rtlctﬁfl% 1@Wh9§ﬂ%}fﬁcﬁoé{@stn%tﬁah® sh6R @BENR are

characteri'stics. es piezoelectric thin filmrésonators included in
a singl, Sat&h Pudplr V18w ufrﬁ)iE & Bt o ?é{sﬁﬁ&?ﬁ!ﬁw sggp@&da k&RApANCE
characterls ere eS| eX|b| tyislimte For exanpl e,

when rlﬁ%%?atu% Effﬁfe%q; QJuEEdech&%%&t&uBﬁxﬁlle&ﬁHh@ﬂd'n‘i‘ ﬁleftér{%@atglfe di fferent

t hi cknesses onators can have different tenperature characteristics

and reg, %Hs%ﬂ Sﬁﬁﬁ%@g@ Ihgéf gy O:@%ﬁsaﬁ&hhg? NGEE RS ARcbb& iRYARREseOf

fabrlca ion st eps ecti Ve el ectronmechani cal

coupl 'ﬁ%en?ggfﬂgéa log %bﬁc%ﬁé;r?ﬁ%eéo iémbhe;méﬁa’s%%ﬁﬁ(ﬁ& EierJlécltrT@ fhes@pat or

usi ng ure corrpensat| on fi rature corrpensat| on

! het Hsdnalef SEfEhe fiehBRRAE R L SR A ARt ?rretmrsaéc%de For exanpl e,

t he thickenr ng erature conpensation filminproves t

te.rrperc?ﬁclllos&i 1nh6 ﬁaﬁgt% ﬂ%}%l%%tlo%%ﬁbﬂgﬁloﬁ%o Hﬁtf&jg@% Ina paSSband inafilter

usi ng ezoe ectrl m T eso Oor ITncreases a loss within the

P oafosire, SRREERS G Eorlob e mas&s%g §eTORATHE bikpes ave

trade ective ectr anlca coup
coefficient

di f.f |
characW&WF@?F&%maﬂﬁe]FQ%?VYCZ}wéwgkgg?%th ?gg&%ﬁbﬁ5ﬁﬁu%§ggfp§&g%§e of the
| t il t
pi ezoeFﬂaec m rigéona %8"&%1[{! %U%gﬁ'gggef%ei%ou%[’é &P\e@ aeurgew ce.

SUMVA an aspec e present
Lf‘éi(?é%h%{s‘atcﬁlht‘?{sﬁaaﬁe ?ﬁ‘?‘?ﬁ'?fgéegﬁg@%‘?g FB bR e BUERATE IR ol ectrode
| over RPRELF A Sar s o i SaRIEan °e' G Jf*n'f?f‘% %f%tg o

b1 ezocttaEeEt P Eisofigr S é?seaefilfre? At SePHst s hrh 2
cach oPHEP S PGS PRI pe TG Pyl prsderiaCs B ol e ARG RPERahE  rom
Pt eoenES TGRS FRGHG" G TRRR0F HEB o oer T 404 BV P T nel udi ng: 5
pi ezoe ectrlc thin fllgéres @é}g& including: a substrate; a |ower electrode

f or med BHC YRS iFLFAc ”F@W“rﬁteé’ioel ectric filnms formed on the
| ower el ectro n S fil msandw che
pi ezoeiogﬁg]rl cq’f‘l ?@Cﬁﬂ . e 1%66%4308168]&“?% %Ouﬁ”g?%é‘?fﬂgﬂe”ttﬁgcrﬁi‘se? lé‘aEE\D t wo

pi ezoel ectric. f]| wherein th |nsulat|n filmw |n a re onance regi on,
in WmP;Iﬁzqei?etrlcdherﬁerewa*@ael%ﬁwtt%pwb@ @IPE%S?P%‘HI@ ée”éls FORTHEF acr oss
the at | east two piez ectric f|| has a ncave portjion and a.convex

porti OFPMIEHEROON Aia é?@l“ﬁf@ Oé.‘ﬁBﬁoﬁ%F ‘%‘B%fifi‘m’é?fc RECPESent O SHPBRE BR, there

is provided an_acoustic
thickening of the temperature compensation film improves the temperature characteristics but

degrades matching in a passband in a filter using the piezoelectric thin film resonator, or

increases a loss within the passband. As described above, the temperature characteristics have a
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wave device including: a piezoelectric thin filmresonator including: a
substrate; a piezoelectric filmlocated on the substrate; a | ower el ectrode
and an upper electrode that face each other across the piezoelectric film
a tenperature conpensation filmhaving a tenperature coefficient of

el astic constant opposite in sign to a tenperature coefficient of elastic
constant of the piezoelectric film and conductive filnms formed on an upper
surface and an | ower surface of the tenperature conpensation film and
mutual ly electrically short-circuited, wherein an area of the tenperature
conpensation filmw thin a resonance region, in which the | ower el ectrode
and the upper el ectrode facing each other across the piezoelectric film is

di f f erygRb o ORlGRhA it OF ctibB@ive @RONNEMahBA BiplinBROERiRESCRINBERKSH ik THE
DRAW NGS [0010]FIG 1A is a plain view of a piezoelectric thin film

r esonafi@feuk b Am&8I A8 etk cRarkdtbridkiceAROIbMRA cha@aﬂﬁer_ li€z viith %@%CQOGZA| Care

cross-sectional views taken along line A-Ain FIG 1A . .

t hroughchfme ﬁ@z@e‘i&t&f RRAIRECtdaRd ind $¥8e ddobiRtwAkidegica fabrication method
of the piezoetectric thin filmresonator in accordance with the first

enbodi nent ; FIG 3Ais a plain view of an exenplary insulating film
and FIG 3B is a cross-sectional view taken along line AAAin FIG 3A

FIG 4A is a plain view ofgranfidyey opgmppayynirisyl ating film and FIG 4B
is a cross-sectional viewtaken along line AAAin FIG 4A; FIG SA through

FIG LAl Q4 t j i | i %sou th h
ggo@[]g prq%t&d%ﬁg?eﬂfén& Qe REERRh&nYioh NRME & ABGiabd Alm;o élgicgva@% roug

FI G plain views of other ‘exenplary insulating films [ and
G RRLGARRL 2 PREOUAAN i ENF rRlnaRhr RGN RE L iborlall, B 10 MekaRNat OF S 1 1
accordance wt Irst and second conparative exanpl es respectively;

FI G %fﬂéadonlzthg;subg?atkz L st %}i#z%@@&?i@h%?fo%&? ﬁﬁej BRIGSerUeciBIORANCE

frequenci es and anti-resonanc reqgquencies o pi ezoelectric thin film

resongf m%nigfhn%%gfcfvﬂa&%gg\ggé £t :%A;{ew&d Si8Joel SRS 404 Gn B% IR R 180G Second

conparative~exanple res lve

on the at least two piezoelectric films, wherein an area of the insulating film within a resonance
region, in which the lower electrode and the upper electrode face each other across the at least
two piezoelectric films, is different from an area of the resonance region.

[0008] According to another aspect of the present invention, there is provided an acoustic
wave device including: a piezoelectric thin film resonator including: a substrate; a lower
electrode formed on the substrate; at [east two piezoelectric films formed on the lower electrode;
an insulating film sandwiched by the at least two piezoelectric films; and an upper electrode
formed on the at least two piezoelectric films, wherein the insulating film within a resonance
region, in which the lower electrode and the upper electrode face each other across the at least
two piezoelectric films, has a concave portion and a convex portion.

[0009] According to another aspect of the present invention, there is provided an acoustic
wave device including: a piezoelectric thin film resonator including: a substrate; a piezoelectric
film located on the substrate; a lower electrode and an upper electrode that face each other across

the piezoelectric film; a temperature compensation film having a temperature coefficient of



FIG 9 is a graph of electromechanical coupling coefficient and tenperature

coefficient of anti-resonance frequency versus area rati o; FI G 10A
and FIG 10B are cross-sectional views of an insulating filmin a first
variation of the first enbodi nent; FIG I1A and FIG 11B are

cross-sectional views of piezoelectric thin filmresonators in accordance
with second and third variations of the first enbodi nent respectively;
FIG 12A is a plain view of a piezoelectric thin filmresonator in
accordance with a second enbodi nent, and FIG 12B and FIG 12C are
cross-sectional views taken along line A-Ain FIG 12A; FIG 13A
through FIG 13C are cross-sectional views of piezoelectric thin film

reson@lé&flécbﬁ&taﬁ@gﬁfﬁﬁ@ﬁ%lgﬂtﬁ)ﬁt@n drhtofé RERIENI®Mastic constant ofth& 14 is a
cross-sectional view of a piezoelectric thin filmresonator in accordance

Wi th apléz%léireéthcmoﬂid%ﬂ@uctlve films forfibdon dpdpRPsurfakEandl@BodeLsiefat £4i the

diagrans ill ustrailng a filter in accordance with a fifth enbodi nent;

FI G g}@:ﬁgérﬁtu?e wnﬁieﬂsa\’ibﬁ"fﬂrﬁfan@ nﬂlt@eﬂ%l&%&all? shdM-OrduitbdNWIREDN AL Sea bithe
accor e wth a sixth enbodinent;” and FIG 16B and FIG 16C are

Cross- %@éﬁ&%onﬁdeﬁ%oﬁ &R Qv1i§\hrpéf‘&s$ﬂaﬂ@e Redni B WHi&R thd @¥er electrode anha 17A i's

a plain view of exenpl ary tenperature conpensation film and FIG 17B is

acr Oi%ﬁ) %édtﬁﬂ@ﬁc}ﬂ QUeH &E%c?ds@ﬂﬁ PidB8ledrib il i§UEerchf ffom an area offthedG 18A i's

a plain view of anot her exenpl ary tenperature corrpensatl on film and FIG
18B |sr nahlSssigectional view taken along line AAAin FIG 18A

FI G nl?]roulﬁ FIG 19C are cross-sectional views illustrating a

fabri catl on nethod of a parallel resonator in accordance with a sixth
enbodi nent ; FIG 20A and FIG 20B are cross-sectional views

illustrating the fabri %%EPBEM??]@%@F“@{@%W@GS‘ esonator in accordance

with the sixth enbodi nent Als aplain view of a

D 0SB, LA O SROI i DR ARIR Skl Bsapbu s o0t
FIG 2&1@17 embodiment, and FIG. 1B and FIG. 1C are cross-sectional views taken along line A-A in FIG
1A;
FIG. 2A through FIG. 2D are cross-sectional views illustrating a fabrication method of
the piezoelectric thin film resonator in accordance with the first embodiment;
FIG. 3A is a plain view of an exemplary insulating film, and FIG. 3B is a cross-sectional
view taken along line A-A in FIG. 3A;
FIG. 4A is a plain view of another exemplary insulating film, and FIG 4B is a
cross-sectional view taken along line A-A in FIG. 4A;
FIG. 5A through FIG. 5D are plain views of other exemplary insulating films;
FIG. 6A through FIG. 6D are plain views of other exemplary insulating films;
FIG. 7A and FIG. 7B are cross-sectional views of piezoelectric thin film resonators in
accordance with first and second comparative examples respectively;

FIG. 8A and FIG. 8B illustrate temperature dependences of resonance frequencies and

anti-resonance frequencies of the piezoelectric thin film resonators in accordance with the first
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FIG 22A is a plain view of a piezoelectric thin filmresonator in
accordance with an ei ghth enbodi nent, and FIG 22B and FIG 22C are
cross-sectional views taken along line A-Ain FIG 22A; FIG 23Ais
a plain view of a piezoelectric thin filmresonator in accordance with a

ni nt h enbodi nent, and FIG 23B and FIG 23C are cross-sectional views taken
along line AAAin FIG 23A FIG 24A is a plain view of a

pi ezoel ectric thin filmresonator in accordance with a variation of the
nint h enbodi nent, and FIG 24B and FI G 24C are cross-sectional views taken
along line AAAin FIG 24A;, FIG 25 is a circuit diagramof a duplexer in
accordance with a tenth enbodi nent; FIG 26A is a diagram

|11 usthabhigy@chath saahasdkssd &nlgrdlc axamoeRishemiviiyl ter, FIG 26Bis an
enl arged view of the pass characteristic around a reception band, and FIG

26C is a di @9@1@%5Iglfalsﬁto?elteamn&hgrﬁ&arcaum%%oaﬁcamssngmahpefratmcaafﬁ;aﬁhenna
around the recepti on band, FIGs. 27A, 27B, and 27C are di agrans

i1l ustfratd Ry S ik 1 &LIsShdaGSiAt various tenperatures in types A B,
and Coigépec?llq@gl y;&l%laép 28AS\ I sfl aldi agramillustrating a pass

characteri st 19k AdFHANH B J;rggls-éécﬁ&ﬁa'i vielk 6f art BBulatity @ iﬁlral RECRBadew of

the pass characteristics around a transm ssion band, and FIG 28Cis a
di agr dd fsSthdighea return loss of a signal fromthe antenna around the
trans%rpési on band, ’ FI Gs. 29A, 29B, 29C, and 29D are di agrans

|11 ustrati ngi§ags GHMAGLRESLLGS Rl LAYST LEIRRLAIUTRTINeINRRR B E F

and G respectively; and 30 is a i agram of a nodul e i n accordance

W th aneghgve Wil SORAdh a8 valiI4ER, Bl kAP ik bgr ei nafter, a
descri p? on Wl tI|ﬂ Ee gi ven of EEbocil rrenet[%:r%t he present | nvention with
reference t %I(t_‘vhl‘%AqE Q\ﬁdaﬂgéiew of a piezoelectric thin film resonator in accordance with a

second embodiment, and FIG. 12B and FIG. 12C are cross-sectional views taken along line A-A

in FIG. 12A,;

FIG. 13A through FIG. 13C are cross-sectional views of piezoelectric thin film
resonators in accordance with a third embodiment;

FIG. 14 is a cross-sectional view of a piezoelectric thin film resonator in accordance
with a fourth embodiment;

FIG. 15A and FIG. 15B are circuit diagrams illustrating a filter in accordance with a fifth
embodiment;

FIG. 16A is a plain view of a piezoelectric thin film resonator in accordance with a sixth
embodiment, and FIG. 16B and FIG. 16C are cross-sectional views taken along line A-A in FIG.
16A;

FIG. 17A is a plain view of an exemplary temperature compensation film, and FIG. 17B
is a cross-sectional view taken along line A-A in FIG. 17A;

FIG. 18A is a plain view of another exemplary temperature compensation film, and FIG.

18B is a cross-sectional view taken along line A-A in FIG. 18A;



First Enbodi nent [0012] A first enbodi ment is an exenpl ary piezoel ectric
thin filmresonator used in an acoustic wave device. FIG 1A is a plain
view of a piezoelectric thin filmresonator in accordance with the first
enbodi nent, and FIG 1B and FIG 1C are cross-sectional views taken al ong
line AAAin FIG 1A FIG 1B is a cross-sectional view of a series
resonator in, for exanple, a |ladder-type filter, and FIG 1Cis a
cross-sectional view of a parallel resonator in the | adder-type filter.

[ 0013] A description will be given of a structure of a series resonator S
with reference to FIG 1A and FIG 1B. A lower electrode 12 is |located on a
substrate 10, which is an Si substrate, so that a done-shaped space 30 is

formed bet wpan 18Afth@tigPFICN¢oOake tobsise@RnA vibheilaubsing atteritiseethb@of over
el ectrode 12. The dome-shaped space 30 has a height which is | ow near a

peri pr&%{a?dllepr%éria&ﬁ‘ iPficcbRBn&PRAREa AQihachoassanes hi gher as closer to a
central” portion of the space 30, for exanple. The |ower electrode 12

includes a ©iG 0ORNLATTIG!BKee ADE-RBLEI (W RARikTy thakFichRh Mdhqvit he O
| ayer. [0014]Located on the |ower electrode 12 is a piezoelectric film14

mai nl Xhéﬁ&éﬁé‘i’ké&&a@dﬂﬂ‘a%a’ﬂbéﬁrltgﬁle(sﬁ!tmkmhéﬁﬁhﬁﬁt a main direction of (002)
directio The pi ezoel ectric film 14 includes at |east two pi ezoel ectric

films 1l4a apgs b4l A la'iﬂ"'ﬁls'\!v%rfhB%z&élédﬂﬁ@@nﬂﬁ!n‘ﬂ%ﬁoﬂa‘ﬂ%'1ﬁ'Qéc@EHaﬁccthlh gon oxi de
filmis sandw ched b he at least two piezoelectric filnms 14a and 14b. The

pi ezogl gy %Iﬁlfddrda&ﬁ eﬂnaaprenﬂ Bld% G0 (e Qf’o§§ Q&Itﬁﬁatl rvreasftmierrralongmlqe Wbg

i nsul at1 ng Is asingle insulating filmin the first enbodi nent.
[0015L6@Ky@@gr el ectrode 16 is |ocated on the pi ezoelectric film114. A
resonance region 50 is a region in which the lower electrode 12 and the

upper el ect r:fd%z;rgﬁilgf;ag gg&@;gﬁai&ggﬁlgﬁﬁﬁ@ %nﬁm?regba%a%@&brdaﬁcefr«itm4 The

resonance region ape, and a region in which an
ACOUSt i EGodi NS alNE Sl 0Rlo08C hatvrarrtaeqeacr sppaLgs. The
upperelI ec OIH %ﬁgﬁu es an a er %ga ngernafter r@o referred to
as a H? yer) and a O |ayer 16b (herernafter al so referred to as an
upper Tayer forned on the Ru layer 16a. [0016] A silicon oxide filmis

formed on ¢ fig URRSL o SLAELERYT . B Beil RINENRNOAMEYSLIAGAL M nih

mul til ayere ower e ectro e piezoelectric

Film e hient D84 ERS AR Lp 'Fr@;m%c(a}gee&srsnataarrvel@gak@%ﬁr%gge K05 BSFr:

tenperature cdnpensatron e upper el ectrode the frequency
adjust FQ film24. The frequency adjusting film24 may function as a
passivatron film [0017]As illustrated in FIG 1A, an introduction path 33

for etching FG. %erg ];1 P a?n Q% f a pfegf)e%dmg hhrpﬁfnb?esbﬁ%\%rm %J:c%?&aég it % The

sacrifice layeris a portion of the

| over AR Jiaf%ﬁg‘lsbogﬂﬁtr Ca% A IR B R Lty on pat h

33. As, il lustr FlG 1A and FI G 1B, an aperture 36 is fornmed in the
prezoé¥é§€WFA‘$' (%24#0 provide an electrical connection with the | ower

el ectrode 1%1G.65Qsa 2€ 01rcu1t dn agram o‘lf‘ala <&t 15 Qcc%?dance m%l)(a?enth embodiment;

FIG. 26A is a diagram illustrating a pass characteristic of a reception filter, FIG. 26B is
an enlarged view of the pass characteristic around a reception band, and FIG. 26C is a diagram
illustrating a return loss of a signal from an antenna around the reception band;

FIGs. 27A, 27B, and 27C are diagrams illustrating pass characteristics at various
temperatures in types A, B, and C respectively;

FIG. 28A is a diagram illustrating a pass characteristic of a transmission filter, F1G. 28B
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| ocated on the | ower electrode 12 |located at a bottomof the aperture 36 to
provi de an external connection. [0018] A description will be given of a
structure of a parallel resonator P with reference to FIG 1A and FIG IC
The parallel resonator P includes a mass load film 20 including a Ti
(titanium | ayer between the Ru | ayer 16a and the Cr |ayer 16b as conpared
to the series resonator S. Thus, the nultilayered film 18 includes the nass
|l oad film 20 formed over the entire surface within the resonance region 50
in addition to the nmultilayered filmof the series resonator S. O her
structures are the same as those of the series resonator Sillustrated in
FIG 1B, and a description is omtted. [0019] The fil mthickness of the nass

load fik hitdfebviewed iHePadfindsdotcisilislatfna R RnbMIssies BN 61 FIGEIRERGY bet ween
the series resonator S and the parallel resonator P. The filmthickness of

the freghghovusBfintsd deieh fdsé 8T 24gia8 fidfafe hifted ddSilndRS@ARMAEBIohbesdienci es of
the seri'es resonator S and the parallel resonator P. [0020]As illustrated

in FIG IA gGougR, @%29@?&1}&%5&%&@&(@9@&%@ pAsOkHE @ istPeAtveFifus29 1 n
W

the insulating film?2 hin the resonance region 50. That is to say, the

i nsul gL, aﬁl{elsrﬂ%,?ew)t@ipjaﬁdﬁgrgﬁgan@g@gng egion 50 has a shape different
fromthat of the’fesonance regi on 50 ‘when observed from an upper direction.

[0021] Wien e $ii82 8RR Akl §H Moddid M dcESARRE WithASIGABIAMRMGRAL" equency
of 2 GHz, the O layer inthe lower electrode 12 has a filmthickness of

100 nm the Ru layer has a fil mthickness of 170 nm and each of the

pi ezoel ectric filnms 14a and 14b fornmed of AIN | ayers has a fil mthickness

of 600 nm The insulating fi & foomRergpTiNei | 1 con oxide filmhas a film
t hi ckness of 60 nm The Ru |§§g§ 16a has a filmthickness of 200 nm and
the Crpbayer ik, Loy Fher S RESSsch OG0
incIuJngtheﬁggﬁpggggd&%£@g$¢?ﬁﬁgfé?%ﬁ%§§gmof 61}100 n %ﬁe f?ln1tﬁickness

of eaq@kk%xfgﬁgg%?ﬁﬁgﬁet arbitrarily to obtain a desired resonance

frequency. ower electrode 12 and the upper electrode 16 may be
made qf. ' ayer netal filmsuch as Al (alum num, Cu (copper), M
(nDIygﬁgﬂ%ﬁ%ggbﬁ?éungsten), Ta (tantalum), Pt (platinunm), Rh (rhodium, or
Jr (i rdgium , 0 jt I { Ru., The mass
oad 1PATZY AR RaRRERAL Geinhlold odklhenf AR zRcaitoP e o T2 T
Cu, M . . Rh@ar . i I f besi des Ti.
The maag g 18;%&/? ?%Vr%’? %0 Frlrg'y1 Abitras aﬁq)é%gi%ﬁ)efcd a%fel&ﬁg E’:‘Ig?i:l rﬁée#?ftréﬁeiﬁade of net al
nitrid oy itride or ' SeaSik | i.de.
Fur t eprgiate e HEPR R B El B PRI AR BRI AR PRI, |
upper el ectraode .1 roth r.elect i P ef erably
used faoc'rngtCl Lné’%néég %@alé f ?:Ildr%o%lstaé: rorsgéléjcgl(eaﬁgj‘&%‘g ?g?géﬁ%g rJ\/S\E%J%&{tIE’ef%HS s | oad
film2Q. is, fo d bel t . el r . e | ower
el et roapeof R EE My B G nd bR Bpdp b S BERI RP o
electﬁ%%F_%% éﬁgtmeen the | ower electrode 12 and the piezoelectric film 14,
or bet {&eh ﬁ Sfezoelectric film1l4 and the upper electrode 16. In
addi ti t he ss. |.oad .film 20 be | ar.ger.than the.resaon j-on 50
2 orfi’ FoBatmRRRD 5o BhER olE ridr 28 RGi A8Pal s VR FRRRSE. L3t

1A and FIG. 1B. A lower electrode 12 is located on a substrate 10, which is an Si substrate, so

that a dome-shaped space 30 is formed between a flat principal surface of the substrate 10 and

the lower electrode 12.  The dome-shaped space 30 has a height which is low near a peripheral

portion of the space 30 and becomes higher as closer to a central portion of the space 30, for

example. The lower electrode 12 includes a Cr (chrome) layer and an Ru (ruthenium) layer

formed on the Cr layer.



[ 0023] The substrate 10 may be a quartz substrate, a glass substrate, a
ceram c substrate or a GaAs substrate besides the Si substrate. The

pi ezoelectric film 14 may be nade of ZnO (zinc oxide), PZT (lead zirconate
titanate), or PbTi3 (lead titanate) besides alumnumnitride. In addition,
t he piezoelectric film14 may mainly include alum numnitride, and
additionally include another elenent to i nprove the resonance
characteristics and tenperature characteristics. The insulating film28 may
be made of silicon nitride (e.g. Si31\14) besides silicon oxide film(e.qg.
Si 02). For exanple, the insulating film28 may mainly include silicon oxide
or silicon nitride, and additionally include another elenent to inprove the

r esongpery] Char gek&r dnsthé ke BRctAR 12tieFPREGIdE: SlePenseneeinci@Pgs] FI G 2A
t hr ough FIG. 2D are cross-sectional views illustrating a fabrication nethod

of theyphigzeeheat gmgthmlﬂgﬁlrﬂam Hi82ABRbA00SS ditdeBord. | e ROBOLLNE RIm 14S
illustrated in formed is a sacrifice layer 38 for formng a space

above i} hgde ldp§5§t %Tv@ pitOodhaviGinish@a hhatappr lf&ﬂ%s}%{ﬂtmé ihae %alﬁr b %c‘ﬁﬁﬁ?ﬂg dice
| ayer 38 has a filmthickness of 10 to 100 nm for "exanple, and is nmade of a

mat er 'sﬁlcon %Hﬁi@ fiha 14\@19@1\?\!1%[3& by-fhe aneas?'t\/Qg pickd¥ et SHgRSI4h ¥ndligpsolryed in an
etching liquid or an etching gas. The sacrifice layer 38 is then patterned

by phg}.&bbmﬂgmmaaaaq 196 G (09 picl BB SAE Filrhd, %I@{ﬂula%ﬁg mﬁ 28 lsszhgm@e

corresponding to a pl anar shape of the spacé 30, and includes at |east the
I €SONJRGE.#nE Hifl B AL Q" In the next step, the |lower electrode 12
i's forneglnﬁ Iﬂe sacgﬁfrgé yer 38 and the substrate 10. The sacrifice

! ayer r §§152nd E‘Xﬁ%gh&'v@éct hEFS fsqgf%te%%natﬁ§%lfeﬂfe ctm?-:(s)wt terek nce %ﬂdl er

evaporat i enlca vapor depositi r exanp

ot oni g EafidrTnyidh BElMEEERAIA ﬂ%ﬁ%ﬁlﬁﬁ?ﬂ%&% c?@c‘[h"dcggérm@p“y and
|11 ustpabigehehddufc! fin 2B: 14BEs Wg?égﬁ&tidlfasfahkﬁéoﬁaalfg 8%, hseh Aol i | m 28,

the pie ectri pper elec are for d on the

| over vﬂhag%r{ 20612 R36h Eﬁqcl&ggqgﬂ@%ﬁm%po%gia ﬁm?é f188nakds0 mﬂ,@%{ﬁyb strate 10

s:de ering, vacuum evapor exanp e uppeg
ot ohi 1] r%ﬁ ol ﬁlﬁ@?& I%rﬂfﬂ#cig%?é'%“gﬁ%g“ ProaBRE iRy ‘I AR LES S
resonqg algb Ikl tf{efa‘taﬁﬁ Qt@a %IJp i ﬂf&%ﬁ n%ﬁ@Rh?agfePdeEd and the

mass orne ring, vacuum evaporation, or CVD,

bhot ﬁﬁ@‘%gga&@‘%ﬁ ldff?%?ng fdfﬁ?‘ﬁ%&#é%s BRLLEEH | hs e @%@%ﬂ? Ségé"?@;té%at or
S

Pond P it Hlaty I-I%If&ﬂf%”& Dheowts %%ﬁf@%%i’z i GBI B S he

pi ezoelll% ttlrnI IIIHI2| ghel élitr)l eiﬁ i 0 re reg% 5Sna¥ %p@egﬁﬁé E(ﬁrqlfe%ga?ﬁ}g fﬁx¥1), the Lﬁjé)g using a

phot ol'l hog a) pi 6Z06l ectri ¢ I's’e

I di h h d. I
par Wi '@%‘gﬁeﬁhﬁa@@w@ﬁ@oﬁhﬁeﬁ?%w ekl B | Scatea -

urth i.h than ut peri phery of the upper electrode 16 [ 0027] As
|IIusﬁﬁg?gaafﬁpﬁﬁﬁfpﬁtfﬁ?he frequency adjusting film 24 |s forned by

ot et e 65w abPEREycon BB FERGS AT Bt ERTRET 1 e next

"o 4B Shiiap Rk P mdRadh SRS S B0 e 0 poses

el cot A &Pﬁ{?%‘:%h%ﬂ&éﬁwﬁ% e T S T Ry

[0028] The, SLEMLO0 LIS, L%k RS oS8 58 haBLadfpki 3508 Iadtged Tnto
FIG. 1A and FIG. 1B, an aperture 36 is formed in the piezoelectric film 14 to provide an

electrical connection with the lower electrode 12. A base film for a bump such as Au may be
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38 below the | ower electrode 12 through the hole portion 35 and the

i ntroduction path 33 (see FIG 1A). This process renoves the sacrifice

| ayer 38. A nedium for etching the sacrifice layer 38 is preferably a
medi um t hat does not etch materials constituting the resonator except the
sacrifice layer 38. In particular, the etching nediumis preferably a
medi um t hat does not etch the | ower electrode 12 with which the etching
medi um contacts. A stress of the nultilayered film1l8 is set to be a
conpression stress. This nakes the nultilayered film 18 separate fromthe
substrate 10 and bul ge out toward an opposite side to the substrate 10 when
the sacrifice layer 38 is renoved. The done-shaped space 30 is forned

bet wegpcaidtieon A¥RIwe bREFddRA 1dchtcdng atbBRors WP EHerapéreurd 36 tolhrevidbay exigmacr i bed
process conpletes the series resonator S. [0029] A description will now be
gi ven Bfnatighape of the insulating film28. FIG3A is a plain view of an
exenplary insulating film and FIG 3B is a cross-sectional view taken

al ong [obig)e ArfiesdipibwiBhe éﬁ%n bf 4 stalchiaé 66 %aﬁalﬁll fesomtoranglith bd@ereB 1o t he

|nsulat|ng film28'is formed to be island-shaped within the resonance

regi o801 A Ahd BIg 00, | TharQlR] FInditTUinglh bk rhids MadGiim20Neéudias aayl s the
aperture 29. The island-shaped insulating film28 forns a dot pattern

havi ngigh sl &fer Q&%e%é?{ﬁlg%%rﬁ%&}{d%é ¥r %erpﬁ?b'agd,bzﬁﬁérkd’to HhOQBREFIG 4Ais a
pl ain view of "another exenplary insulating film and FIG 4B is a

Cross réﬁ)ﬁaﬂop Qal TNﬁsemetnﬁhf?lﬁ%r&'&PﬁEn hg ﬁﬁ‘:hﬁefth’e 'ﬂnaEé fead fify 26%orhlclibstrgt ed in FIG

4A and FIG 4B, the insulating film28 is fornmed to have the apertures 29

Wit hi %nﬁtb?ufﬁ@é)@ﬁﬂﬁ%er 2 eiod @@1@&@1&?&1‘1&3%&%]{11& Sed riflRbr PRLEGLN havi ng
circular dots arranged regul ar%y or periodically. The dots of the dot

pat t erp;and, kht 9 et gthfclzlrgyar@tﬂe sHfe B@thto% OF thér B8ick tdisn RS BLRrdi 1@1@‘1@‘3 din a

Zi g-zag nanner. G 5A through FIG 6D are plain view of other

exenpl @ Yind PSMNAbifGishidie®: As illustrated in FIG 5A, the dot pattern of
t he apertures be%aysﬁa&e triangular dots. As illustrated in FIG 5B, the

line F[Bé{(cﬁt he Y ﬁrrﬂtuﬁt%tt%étttemgaﬁéaaoﬁmt Neis 4044 te%ﬁararu,eaeacermrratmafets and

interlin ots o attern in a mnor axis direction.

I Tustgaled. b@n@e& e%%%st#agm%t SRk gy rﬂfé}'reg@u\éﬁ)r@ecﬁ“ﬁﬂﬂ% aﬁd&t@tssqfﬂﬂéhe line

pattern may”i nter ts of the dot pattern on the mnor axis, and
interl r
B N R S K

l'ine Qg&%ﬁgl qa%v%§pﬁrllnk the dots of the dot pattern radially. [0032]As

illustra the dot pattern may have triangular dots. The |ine

patterp,igy | ‘?ﬁ&g‘tx’&!@dﬁﬂ?ﬂ(ﬁ%ﬁh@%ﬁf‘ﬁ} e Rt ehBodi gﬂ%nﬂﬂd‘

dlrectlon in resonance reglon and | %lnk t he
the r aa SRl fngiy BBl B e B2 305 TBE B0 il ﬁm@ﬁLL o
patter tlﬂﬁl e rQé%n%I?éZ'% agﬁ{}rggt? hasta] %Q@%}dr reﬁ{( §0m of {Eg r&gﬁﬁmtcle nO:{O ¥ dO_t s of

the dot pa ern nmay rna rom atte Int maj or
axi s dlrgpgdgo nu|er etroated in FIG 6C, aIthough the dot pattern has t he
sane §h5 é PRACPPH IEiI%C: the positions of the line pattern nmay

al ter Ir[ﬁé att ;w enPIE:ZhO%le l’lC ﬁmt hl S d()ll'lléﬂ%gkll Oaﬂreso&; {1&6' tlre;t"éliﬁéryc t().?% GI‘rl‘Z 't:ﬂ G SD

t he | ter Gore*s Inaz

d d fil
g‘é‘”gﬁéctlﬁﬂergi&%#w?etw 55t ?r%y&b PP k65 QDAL R D ey P ating ! o
hog F 6 d bed
o andrCrpeal IaThan s e DEgy s oy deatt o ToREe A Gyl o

film thickness of 600 nm. The insulating film 28 formed of a silicon oxide film has a film
thickness of 60 nm. The Ru layer 16a has a film thickness of 200 nm, and the Cr layer 16b has

a film thickness of 20 nm. The mass load film 20 including the Ti layer has a film thickness of
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insulating film 28 having the apertures 29 may be forned within the
resonance region 50. The insulating film28 wthin the resonance regi on 50
has a shape different fromthat of the resonance region 50 in both cases.
An area ratio AI/AO which is a ratio of an area Al of the insulating film
28 within the resonance region 50 to an area AO of the resonance region 50,
is lower than 1 and higher than 0. The island-shaped insulating film28 is
formed when the area ratio AI/AOis nade to be | ower than or equal to a
given value. The insulating film 28 having the apertures is formed when the
area ratio AI/AO is made to be higher than or equal to the given value. For
exanpl e, the island-shaped insulating film28 is formed when the area ratio
Al 1 AQO 1ips ni. ghee fiiRaRickned el daohvRiert M@Nbcet @gliakil© oBiah a addtted R8ohaABY I at i Ng
film 28 having the apertures is formed when the area ratio Al/AO is higher
than greqeéiégl to 0.5 and lower than 1. [0034] Hereinafter, a description
will be given of advantages of the first embodinent. FIG 7A and FIG 7B are

cross-8eet|i onghe WwRWeleBfodei 12288 HRGIppkCelédioBe | & ki be 5RBALLL Singld 136C0r dance
W th flrst and second conparative éxanples respectively. As illustrated in

FIG Thvalti dubsid Af ('aﬁl%lifniﬂ‘mt%%dp%ef)OMof(ﬁh'b%ﬂeﬂuﬂ})tWtﬁgﬁéﬂeh?&éxftélﬁm§ hi n

filmresonator of the first conparative exanp Other “structures are the

same a§ ($1A@He)ORn mgdﬂhm) Sr Iﬁg#? @eRR b b l:J)rHé&s'it@ff'%‘ omeEé BasidéBCr FRE

description is omtted lustrated in B, the aperture 29 is not

f or medryeAndsB&ak @ﬁM'z@trha[}%e rhdde®r 4 8inlsf® lé)h:‘?n{%'ta@%mﬁ|s§&1tarsllﬁ thig, &, I, resonat or
of the second conparative exanple. Qther structures are the same as those

of thepfpf &l &@%@bﬁ@%mﬁdslté‘ﬁhﬁ %F@q@sé Hbsﬁl:@rl 1B ARG BadlBRS bH Rlal 8P alss
omitted. The  piézoelectric film14 has a filmthickness of 1200 nmin the

first n?é?i%%mdsm%tlﬁgﬁﬂipln%de Jﬂﬁetﬁl' AI{HdTe RLGKASHRSR nﬁH@e SEh&AI Al abn gt her

films of the first and second conparative exanples are the sane as those of

the exqmml fa@agp' F&%ﬁhﬁ&ferﬂgEg{ B M rlnmzo %ﬁg@wae Bgﬁﬁb R aRS2OMBNES:

frequency o escri 1A a B. The resonange region

50 ha%le%[}%é%ﬁ ﬂé ARler §fégtpcgjl gzt hé%{ﬁ?ll fAn @isk%r% n%?ﬂe'ﬁ f9f1ihe séiogééﬁﬁﬁ axi s of

110 8A an strate tenperature dependences of

resonapgg rJd%@Q&'?e@ﬁ‘caﬁée @R @01 s BIPRRROE lshfoﬁrgém%v@ﬁlg%wér@@eg%&gpfl ectric

thin filmresonators I n accor ance w t irst and second conparative

eXaPIERydefi SRERIIR el bIEGRADIAIRN SAIMRACK b urplr QBLRUDTE, PWnTBRRYT I N0 8

reflection characteristic onat or. n anti-resonan equency

fais 83%%3&(114‘%? &%Begﬁﬁﬁ%%&%l&tﬁé‘é P2 &M@ﬁfe%élé&ﬁ&ﬁ i4 %Lbétg,@?r{ gsonat or .

FI G |'ustrate neasurene resul and the S21

of NG B3R0AL A AT el BLoldAbEL Y& $n060ifi0h Ghd hW 1ok FRafbe FI C BA

and FI enonstra erature coeffrclents resonance requenC|es
d I
and, ke BAOREDRSHALEAUENYAR 0l NGl S ACRBCAN. SOMRBTARiNR, exanpl s
f
fr oquanidl sy NGRS 0 Bl ol GEREILLHE B ARSI UET, Ce%‘?%?ﬁ’?ﬁ‘élra%oe fici ent

e C eff f sonance
e T T
of fr e%”a%? %‘Z@IS (1 d%rgonake tltlar'i]atet) or PbTiO; (lead titanate) besides aluminum nitride. In

addition, the piezoelectric film 14 may mainly include aluminum nitride, and additionally

include another element to improve the resonance characteristics and temperature characteristics.

The insulating film 28 may be made of silicon nitride {e.g. SizN4) besides silicon oxide film (e.g.

Si0,).  For example, the insulating film 28 may mainly include silicon oxide or silicon nitride,

and additionally include another element to improve the resonance characteristics and the
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second conparative exanpl e because the piezoelectric film1l4 has a
tenperature coefficient of elastic constant opposite in sign to that of the
insulating film28. As described above, the tenperature dependences of the
resonance frequency and anti-resonance frequency can be reduced by

sandwi ching the insulating film28 between the piezoelectric filnms 1l4a

andl 4b. [0037] The el ectronechani cal coupling coefficient and tenperature
coefficient are sinmulated by varying the area ratio AI/AOfromO to 1 in
the first enmbodiment. The filmthicknesses and materials of the filnms are
the sane as those of the exenplary piezoelectric thin filmresonator having
a resonance frequency of 2 GHz described in FIG | A and FIG 1B. The

r esonapgferh@e @PeR@ndas an el lipsoidal shape with a major axis of 175 jtm
and a mnor axis of 110 Rm FIG 9 is a graph of el ectromechanical coupling

coeffighent apgs tzm’ﬁt%?ﬁ I 2p0gd &’o@é—&@ﬁorﬁi vRAK ihsBHRANGBridaiBA HRARY Ver sus
ar ea ratlo A case of the area ratio Al/AO = 0 corresponds to the first

C0”parcffttiﬁevﬁeﬁ%ﬁeﬁ)lthm/ﬁhﬁE}&%thBr sMBe ﬁfseanr)@édnemAl IAQstrhc@ N FESPANdS to the
second conparative exanple. Open circles indicate the el ectronmechani cal

coupl i fﬂﬂn&ﬂgafsé&ffﬁgﬁa elaiﬂidfop kRl srp%@a'fbo'\/@gfe%ﬁﬁs@raim Ha@ R @Rt M pincipal

coefficient. trated in 5% 9, the el ectronmechanical coupling

coef fiGiga %@sé&ﬁc&mﬁa@mﬁq&me% &hto 810D hEORERGhFa PR khenged by
varying the area ratio AI/AO formO to 1. [0038] The first enbodi nent nakes

the arqﬁ% rmt?rwesumm%b Ao %ﬁ) V\eham 'aastl %srs@@%ﬂl%%h RRiPQ: i T ferent

fromthat of the resonance reglon les to set the area ratio

A1 AO e%h%aogtg AT &Enh%é H%fr@ﬁtlﬁﬂ téh@d#? ﬁhgﬁ?%{l%%&@ﬁy ald\cHild, Strpgmbodi ment

enabl es abricate t I ezoe rrct onator having a desired

t

Coorti Bdlic 16 §?§2%a%55%¥ G PR RTEREdCE s JAUMA M ar
Shape%ea% hfe'r&%ﬁantcg ré &gﬁ pllﬁ%}%%gtcg@ Ghd 1R Eikd; E%WM&%MVI ng
dlfferen nperatu coe I Cl ?s an ect

’omechani cal coupl i ng

coef fi gl ?a@{ ﬁce 1-%) r3%fa95 e s #J Srard] $ZO8: ggér ﬂé:gtlépg {1' dd (1 [GROBRL Jd% 15% ng

arbitrar ature coefricients an ani cal coup

coeffi 'fsf- @bgsa@er & I M}ﬂ) 5tn>§é§a &9@@039%9 ;}o@g% (ébs 'fﬂ%&%% in the

nunber I cat fon s scri e tenp rat ure

?22;2?#*1%{1%@%%@2%“‘3‘?9 %E"ﬂe‘% R R R R
fornedrh%qmggr%&trggmf&ta Bg?orhgﬂ‘ﬁhﬁhﬁ\mmde 12 or the upper electrode 16,

ure coe crent, but the inprovenent is snal

Theref 861 IS0 i) %%afee%#kﬁ Oe%%%a@gl PP SR ARk GORL ggt the 1 ouer

el ectro 12 6 ‘the upper e |nsurat|ng film?28

and eRLAdRRE A" ﬁégn@&%ﬁ%é}%e%&s %“ e IQH%]le 1%&%%%&@“&{ Ll m28 is

preferdﬁiy gan iezoe e“insulating
e T e
ol ose o537 ven: ag%ir eﬂe@“?%ﬁgée i Bpl e B firedihals by i :f tﬁ‘%‘% ;afurgm 28
char ac Célllrfgst ﬁ‘g% Pﬁ:fe eﬁg ﬁ& Ogﬁfécfg‘éﬁé?ﬁfsﬁn té %aé%f%é CSRIRY ?;B wth

respec

the. piilud@ieddt FIE 1 1Mt %?eg ?5ﬁsfgg£ LR LRy ob s hh AL £ et 1

sputtering, vacuum evaporation, or CVD, for example. The mass load film 20 is patterned into
a desired shape by photolithography and etching. The mass load film 20 of the series resonator
S is removed at this point. The Cr layer 16b is then formed on the mass load film 20 and the Ru

layer 16a.
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films and the insulating film28 is sandw ched between the at |east two

pi ezoel ectric filnms 14. As described in the first enbodi nent, the

pi ezoel ectric thin filmresonator can be fabricated with a snmall nunber of
fabrication steps when the piezoelectric filmis two piezoelectric filns
and the insulating film28 is a single insulating film [0042] The pattern
of the insulating film28 or the pattern of the apertures 29 preferably has
uniformty in the resonance region 50. Therefore, the pattern of the
insulating film28 or the apertures 29 within the resonance region 50
preferably has the dots arranged regularly or periodically as illustrated
in FIG 3A through FIG 6D. The area ratio Al/AO can be changed by

I ncr eg@!mg or Adehisaash ROFRl 2€Sthehickf8ea! SInPf4Y R Pati@hedinic £ddiréd éhﬁ?ﬁ_ﬁ rat ed
in F 3A through FIG 6D uniformy. In addition, a width of the line
pat t eryy S lidR PRy M icMheN TG iSbassrifkiih 18 dakdeahisihhe sflgfioPat tern are
changed "uniform y.” [ 0043] A" description wll be given of variations of the

first iﬁmcﬁg%,mxamﬁle, hosBRy AT Gt (0 Bof, Bt RLQ3TaR OF bih OMBY pe¥ips

&ﬁfpf an
insulating filmin a first variation of the first enbodi nent. FlI 10Ais a
Cr 0SS-FEeG] NV IR 43RS bALORE fulth& ifHinial ofiteCperifierydiidhdifger 10B i s a
Cross-se &%onafubiem/taKgﬂjalong PinelA-AnﬁnoFFg?Igﬁ. As ilﬁﬁttrated in
FIG 10A.358:£1 G 10B, the insulating film28 may have a concave portion 27
i nstead o tLe aperture 29. The area other than the concave portion 27

for ms 4@0%73 nVex sRlsirh@f in P, g?,sﬁl'é 'f%ﬁlﬁieﬁléf ﬁdgﬁ?ting\fﬁﬁ e HRE bg %?h\ﬁ%ﬁné)&r tion

and the ncave portion are forne nsulating film the vol une of

the insyhag @Qaniadzé.mﬁ% ﬂ@fqhaic@a jaethggrem@ﬂzgﬁgg,a{t&gé@iw@d&ﬁsa Qﬁ%ggﬁnged by

changihg an ared ratio of an”area ncave portion 27 in the

r esonaﬂ%?&li‘% | -Oaﬁﬂ%glg’d[ &%}c@’xi{;?e Iﬁrtﬁe?%e% st%}g?hg SRAAHICGR A -ngrﬂtlez ezo-g%%{rﬁffﬁﬁle’ the

first ‘vari a rst enbodi nt can citange t erature

char Bl LAER 30, AL KSSRIRNSSUEDMBRLER S Gt iSRSl b 8ch ©
I t I ; di FI G
Gone g BT LA 1T ghSpb A, SETors | B SR8l ol Ll 11 F1C
f pi tri i i i d ith d dthird
o PLSBRRLEGLE e LA SIS knufogor dance i (h second and thiv
11A, i ) . . trat
L1, ApERSS 9 BORL SRR, B ORIET naat Basty SULT AERIOLL A, gt ot
noL e PHELSIRCIALSNAL ey SHESRS e eplL i 181 80 L ey . acoust i
fl i film31 b ilmf t i i i hi gh
el eGon SRR, & UL ERCIE By S Ak pelibisug.a nioh
L R e Y G R

Thi s WS re fon trhm ore ong

et R S R S T PRI R IR G T ey

Fra  doaover eltioss ol R BATRRET R XS P ST R T o
par ar 1100 PSS b PRt Sitnet - ppepier i oAl P e R ea R e’ 0
" eor onrobaret 19 et anE efee o The St 10 BpEISr e s 3% 1 aco
Che uppErbptie: FRGR R e ra Ot EA e Pohvest UeoRBe deart 15R BE outor
he. pRORHBICIc r HemPYA e ed PBEs AT P50 (o0 F T ho ouL or per i phery

53 by a distance d2 in a region.in whicht qut er. peri pher aof the

pi ezodP@etlr i c HFeFHIPIAR Wil PRk ?ﬁ@peiOEﬁFHﬁw?%t%?ﬁﬁ&gr %L.C?i%ﬁ‘%?y 53 of
t he upper electrode 16. The outer periphery of the insulating film28 is
posi t | M8y ieeolasseaRia APy et (His Q%Bf%“aa%-wwf VISHERRFNGEONSE { he
pi ezoel ectric film 14a. The resonance region 50, in which the upper

el ectrode 16 and the | ower el ectrode b2 face each other across the

pi ezoelectric film14, is smaller than the region 52 by the distance dl. A
region 54, in which the piezoelectric film114a and the | ower el ectrode 12
overlap each other, is larger than the region 52 by the distance d2. O her
structures are the sane as those of the first enbodinent illustrated in
FIG | Athrough FIG 1C, and a description is omtted.



[ 0046] The outer periphery 51 of the piezoelectric film21l4b in the region 52
is located further in than the outer periphery 53 of the upper el ectrode
16 in the second enbodi nment. This enables to prevent the acoustic wave
within the piezoelectric film214b fromleaking to the outside of the
resonance region 50. Therefore, the resonance characteristics can be
inproved. It is sufficient if the outer periphery 51 of the piezoelectric
film 14b, which is an uppernost |ayer of the at |east two piezoelectric
films 14a and 14b in the region 52, is located further in than the outer
peri phery 53 of the upper electrode 16 when at | east two piezoelectric
films are formed. [0047] The outer periphery 55 of the piezoelectric film

14a i ginkacatedid At hels ibiktratedANFENSAQHE 8TG. B8 thehedujatiag fioh 28hefonpgeto
el ectrode 16 in a region of the outer periphery 53 of the upper el ectrode

16 i n pahiis-dhpeOMSh tRaEiRRR eddn 9. tAfgRinA RHI@ChE inSulktihdTi kA D8 issof or med
further in than the outer periphery 53 of the upper electrode 16. This

ensur ggmiddgs fepRakb2of TiResiaM- EHer@d’ﬁ{s@thlﬁ% filR A8feAsRALEshik Ha9mat i ng t he
outer periphery 55 of the piezoelectric filml4a further in than the outer

perrphﬁgmaﬁ§n9&ﬂhggjg, Bfly 61 fi&ioRdRy. 16. It is sufficient if an outer
peri phery of the plezoelectrlc f|In114a which is a | owernost | ayer of the

at | egghschwo pl@m%t ngafd ﬁe\tlotQtrotﬂ&exaﬂﬂa%&ula@glmamcht}wt her out than
t he outer periphery 5 the upper electrode 16 when at |east two

pi ezoetfggfsédtfantﬂdléw aﬁ&?%lfaﬁ’g fda-A RO48] A0 oAl BRsBREd RNBGY4QInd NG SDace 30 is

prefera | ocat ed urt er-out than the outer periphery 53 of the upper

el ectr, e of the
tgéjﬁsﬁ]igt ing 1l ?{%613 ??rrn}fég E%Htufé tﬁ@&ﬂeﬂﬁ?e’s 99 Jﬂhkd@h’é JesbBands Rgidnstt €gde

space 30 as variation of the first "enbodi nent, an

out er p%@@ﬁ%nﬁf a dofl ateﬁprfaﬁtﬂ cﬁfat ﬁgt%hﬁ%g%ﬂ LBy ios at(ﬁtetr9blmé&@@t ed

further out than the outer per p ery he “uppér eIectrode

[0049] Mf‘erho% B&herp%(?ntg’xqggéd ]Ls>ppr lepat tl@ﬁ{ OWht e Y&?ﬁ isGbRkdd R4S igl % t he outer

perlphery 0 space l'ocat further out t an t he outer
perip p3 of the upper el ectrode 16 and further in than the outer
periphery 55 of the piezoelectric filml4a in a region in which the outer

peri pf[ﬁ 51 fic Egﬁh@h@ﬁﬁ% Bk gllafn Jlé@s]'o%i}%é e&&ﬁ;ﬂﬁg 13%&5&@@ rﬁbovet han the

out er erlphery e upper ectrode cri t he

rS(ES?E? ?ra{:eg% ?%%A' te'd%? A1dth &e[hé n‘BYeE%QDiX_ay h%gg{rlaﬂ lgt}}ﬁtQUtﬂ periphery

ber per|p thernD when t he space 30

is f OrlﬁEs(a'a Ej'r?l? Fﬁ% ﬁ%nglte ll{lQFJatttJ?ﬁ" fu![t‘:lj 1?%@{ Etﬁl)tg %tltft@ Jtﬁ g%@é}g%g)%q?%& E&ﬁal I, but

t he streng ayere can be en cati hg the

out o BTS00 S i DRy S 50,
subst acf%% pé”Herr}/ may have rectangular dots. The line pattern may interlink the dots of the dot pattern

on the minor axis, and interlink the dots of the dot pattern in the major axis direction. As

illustrated in FIG. 5D, the dot pattern may have hexagonal dots, and the line pattern may interlink

the dots of the dot pattern radially.

[0032] As illustrated in FIG. 6A, the dot pattern may have triangular dots.  The line pattern

may interlink the dots of the dot pattern in the main axis direction in the upper half of the

resonance region 50, and interlink the dots of the dot pattern in the minor axis direction in the

Jower half of the resonance region 50. As illustrated in FIG. 6B, although the line pattern has

the same shape as that in FIG. 5B, the positions of the dots of the dot pattern may alternately shift
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correspond to the outer periphery of the insulating film28 in the second
enbodi nent, but the outer periphery of the insulating film 28 may be
positioned to substantially correspond to the outer periphery 51 of the

pi ezoelectric film14b. In addition, the outer periphery of the insulating
film28 may be positioned between the outer periphery 51 of the

pi ezoel ectric film 14b and the outer periphery 55 of the piezoelectric film
14a. [0051]1In the second enbodi nent, edge portions of the outer peripheries
55 and 51 of the piezoelectric filns 14a and 14b are parallel in the film

t hi ckness directions of the piezoelectric filns 14a and 14b, but the edge
portions of the outer peripheries 55 and 51 may be tilted in the film

t hi ckrfags tdilhephit@hsn Ok nid\e@ aRiseleeliRct rAsGllfidttare il #8G a0dallidgh the dohi s case,
it is sufficient if the innernost of the edge portion of the outer

peri phetymdis Ok shie siRipe 20 #emtRIGCSd, ithdpokfonk sf thetiat palichviibfilierhdlellyhan t he
edge portion of the outer periphery 53 of the upper el ectrode 16.

Especisalft i th@mps hkis @lectih. WAk Rustrited @doies. BO! thi ORe phttck M@ Ui @liniPdkel phery 51
of the piezoelectric film 14b contact the upper electrode 16, is preferably

| ocat et dimikd@st phiterh e zkha ﬁﬁﬂ&r%ﬂ&h@cﬂbt% ttéri 9 Wa € reP@h fuMdIQIo)%. SFhef the
upper electrode 16. Thir E%bodlnent [ 0052] A third enbodi nent forns

pi ez ogh®Gdtink Gilh: 8 nk &ﬂéﬁp&ﬁ&@@@%ﬂ)e%‘m@&d&b‘hﬁ&é@écﬁlﬂléd‘fﬁltﬁy reflatldn@mp thI G | 3A
through FIG 13C are cross-sectional views of piezoelectric thin fil

r esonahQksn FIG. 3AGRIAaNFR: wbt h the third enbodi ment. Two resonators are
formed on the substrate 10 in FIG 13A through FIG 13C. Recessed portions
are fqpomeg | nATsfE!@sc%‘BQc?&Ec%eché@la‘iﬂ—sfqéﬂ%ﬁtlﬁs‘a[huﬁé f“lrﬁ%%&%%%%d difige | over

electrode 12, the piezoelectric fil 4a, thé insulafing film 28, the

pi ezogh&Chn %lﬁl'Z@'ﬂ&%‘l? i hefiies 2‘@91‘3{/ b€ k&ﬁk& Qd@inlfe AlsEndnlt FRANON.  Nfe

substrate 10 through the spaces 30." Forned are two resonancCe regions 50, in

each qfsuthing hinh e Mﬂ{?ﬁ{he%s%ﬁérfc@@é‘% &@sm A dAgnd &w&ren@flr&ﬁwapgﬁhé?esaﬁﬁ@e each
ot her acrossS the piezoelectric f 14. [0053]1In FIG 13A,

pi ezoergé;gﬁ 50 fn gdtlll fsida Ar?ar@@z%b PYPAE, 'vyhlélpfsfﬁ%gtupgit éﬂ%ﬁ&&h@f tB@%Qﬁ‘l%ﬂE& regi ons

the insulating film28 is not formed between the resonance regi ons

50 ! rﬁlﬁ'ﬁwnﬁﬁﬁth r@&n@h&%@%&ﬁﬁé {d n dréd D Qytgfﬁe?éégné&@rég%%oafs' 1!5's.9}e:1Jc thénm 28 are

continuously fornmed betwee e resonance regions 50

pi ezoglgq} hlexcthéﬂ hm ﬁ%sfaﬁd e& ?@Phﬂ%ﬂﬁﬁ ¥g {sab IR \Ql?én <f9£}e£ Pagl rAe@g@ @snce

regions 5 and the insul ati I's continuously formed between the

resonmtasalo%ﬁrﬁqgr&ﬂ%ﬁw@ ac b, bqﬂsl.&u a'aﬁ??nhmgv g gg&%u&sween the

resonators are fornme ate 1 ower e of the

resongh e JIRY (Re &QPaﬁB%Q?ﬂ?%trﬁﬂie té‘Bg high& BhEEORLEAGH dﬂ ifdn! VBRuel 4 @or

(1 ower nost plezoe ectric e 1 nterconnecte t he |nterconnected

I l.

| oot Sk tﬁg‘?g&%rh?%éd"’*‘”%@%51%??#??@9? b e RPN 0 Db e
t I

o oce SRRIEL AN W@%&ﬁﬁﬁé%‘*ﬂm ¢ Euiefil g B8 Resie 18 b BRor I AR O

| ower é&g& a‘ﬁﬁ?\l%o ?ngg'%maﬁﬁﬁ%ﬁfﬁ’ 9k aﬁy%“gl,%gql ectric film 14a and the

|nsula |ng outer periphery of the space 30, and
| nsul Z?@%Ecesf*%%@%?@%%ﬁer%EF PRk afEh R of e liu sl g,
el ect rﬂ 4t FIG. 7B are cross-sectional views of piezoelectric thin film resonators in accordance with

first and second comparative examples respectively.  As illustrated in FIG. 7A, the insulating

film 28 is not formed in the piezoelectric thin film resonator of the first comparative example.

Other structures are the same as those of the first embodiment illustrated in FIG. 1B, and a

description is omitted.  As illustrated in FIG. 7B, the aperture 29 is not formed in the insulating
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12 so as to be connected to each other. This inproves the resistance to

el ectrostatic discharge failure. Fourth Enbodi ment [O056]FIG 14 is a
cross-sectional view of a piezoelectric thin filmresonator in accordance
with a fourth enbodinment. As illustrated in FIG 14, the insulating film 28
is not fornmed between the upper electrode 16 and the substrate 10 in at

| east a part of a region in which the upper electrode 16 is forned and the
| ower electrode 12 is not formed. Other structures are the sane as those of
the first enbodiment, and a description is omtted. Wien a bunp is forned
on the upper electrode 16 in a region in which the insulating film28 is
not fornmed, and a flip-chip bonding is perforned, or when a bonding wire is

connegilgds i8XkobibAkicomichin kg b6 atbAbf (RGsdcbhdrchSpaditileeh@nflbezogkect ric film
14 can be suppressed. Fifth Enbodi nent [0057] A fifth enbodi ment uses the

r esonagQtare fhirel the sdnhe tthdsB P U@ Hir§ QUL AinRAPRRIsRRES 5 HION 1R ahil b dedcripBoran
acoustic wave device. FIG 15A and FIG 15B are circuit dlagrans

i 11 ustig g, firhd dﬁ%ﬁoe‘lé&trﬁﬁfﬂﬁf dAns & fitntdlickss &f FAoh naRaAé MBNtompakddve 15A

illustrates a | adder-type filter, and FIG 15B illustrates a lattice-type

filterexaMplel | THS EmlBknbRefiid ma@t%ls &f dtﬁé}%ﬁs bV € flritlah@EecdRPcdmisdraties

series resonators Sl through S4 and parall resonators Pl through P3. The

seri CRhARROR HeQhSsarle o MAY ghth%xéﬁﬁmg%%&ﬁc tHin 88 kQBnAGHARRIR 22N | Nput
t erm nal and an output termnal® T2 The parallel resonators P1 through

P3 ar %e%ﬂﬁ‘ﬁb%cff gﬁieﬂc oPAIAA &Rl VR EIE, tlﬂ%nﬂ PR‘:}'tlBt ek Rabnahice AfpfbniJoGa@ut put
term na O58]As illustrated in FIG 11B, a lattice-type filter 102

i ncl udgsy deslsshaﬁé@mma r%?m%@‘i’%ﬁ?@m%@a%ﬁ@#dx% of 188QRAt ors P4 and P5. The

seri es resonat or I's connected ween termnals T3 and T5, and the

seri ej‘t ob£JonapRs 8§6antl ¥16. ?@G@?\%\tgagen@%\é\@ﬁﬂe H&J’eﬂa&%ssof-l;@soﬂ&{%emquémﬁs paf al | el

reson P4 i's connecte e termnals T3 and T6, and the paralle

resonatg rreéD ﬁ Qéh%?ets %Fﬁ?&ég&ﬁ&?ctﬁ@ ﬁ%ﬁ g%}%éﬁa%o@% ARG T5ee | BPHSKTHRE

resonat or s o the rst t ourt I ments can be used for at | east

one of, hRE0LE %9{9]%1‘%\% éxgmb fe résl)écttl%@. Oh r&ddfarck fﬁteeué:ﬁ@?(ﬂqh BERihed by

measuring a reflection characteristic S11 of the resonator.  An anti-resonance frequency fa is
obtained by measuring a pass characteristic S21 of the resonator.  FIG. 8A and FIG. 8B illustrate
measurement results of the S11 and the S21 of the resonators measured at intervals of 20 °C from
-351t0 85 °C. FIG 8A and FIG. 8B demonstrate temperature coefficients of resonance
frequencies and anti-resonance frequencies of the first and second comparative examples as
follows.
The first comparative example
Temperature coefficient of resonance frequency -29.6 ppm/°C
Temperature coefficient of anti-resonance frequency -31.0 ppm/°C

The second comparative example

Temperature coefficient of resonance frequency -5.2 ppm/°C
Temperature coefficient of anti-resonance frequency -6.3 ppm/°C
[0036] As presented above, the temperature coefficients of frequencies are small in the
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[ 0060] As described in the fifth enbodi nent, when the acoustic wave device

i ncl udes piezoelectric thin filmresonators, at |east two piezoelectric
thin filmresonators can be nade to have different area ratios Al/ A0 of the
area of the insulating film28 within the resonance region 50 to the area
of the resonance region 50. O, at |least two piezoelectric thin film
resonators can be nade to have different area ratios Al/AG of the area of

t he concave portion 27 within the resonance region 50 to the area of the
resonance region 50. This enables to form piezoelectric thin film
resonators having arbitrary tenperature coefficients and el ectronechani ca
coupling coefficients on a single chip. [0061] The | adder-type filter and

t he | attdn@eokpRatifd édaipld Beotist @ pezodlebAndinass hhé h tediperdiae abdffitientesonat or s
mainly forma skirt characteristic at a | ow frequency side of the passband,

whi | e $4fit 8nslABGHRLIRS 8 siERito khat bomemukkig filng D&r agt egstabddambate, thehi gh
frequency side of the passband. Therefore, at |east one of the series

resonatQp&atufe (PERIchQs BANR réddn@ic8arch@dnc amldniOredirfzhes R&fuehdyaah bbat of at

| east one of the parallel resonators. is allows the series resonator to

have g.4REPEY &R hiRahd inchigiy MR APet@baChE Ffé@m@ﬂﬁ@m&nsqqu Bhd 129
coefficient different” fromthose of the parallel resonator. Therefore, the

skirt (gienact ehi skifoneharliQVcailinB et iERUME MpePirtie T o6 B chears Sinuldeddesi r ed
characteristics. Wien all the series resonators are nade to have area

rat i 0%, Al AR Bk biearanta /Ao &L1 of hakitst BodRkAl. | Ghe FiRs AakRERs adde
series’‘resonators can have tenperature coefficients and el ectronechani cal

coupl i RgeCHEEH the M e HefshBE 80thold Hhe BRESIRT plehseIRA @hiehiint R8&HAg)Or s.  For
exanple, the series resonators nmay have area ratios equal to each other,

the RpRLA 'a%soh&&%%gwn%y BRY GiBVRs@{1Ra if Ald P8 1RQWAG 1BO q@6hsoides, and the

series resonators may have area ratios different fromthose of the parall el

reson LRL b ) WA afinga8X&Mbaky dupl exer
in V\hiar%%Bgs? P%@%ﬁsﬁ@%{h‘gﬁ%ﬁﬁﬁg‘ﬁ%& al%g\t/&vt;ggsngig a‘glgrarlrrnl;;l taer m nal %and a first

term ng :9%%%—:%5&%%90&'& htaﬂigalio ufl eHRnPSIdERPchRE: GRIEG ber m nal and

a second ter A passban first filter does not overlap with and

is adj a%ﬁg'ggofr.'lﬁl?cee}‘regge}%? 304, Ofred BRoSERRRG Jf*tl#et £Eq daflo ANV S0 d %Qbﬁé%ndsﬁbe

frequency change o tenperature is preferably small in the series

reson [l gl SOV A\ — i I igtic at a
e apClrPtoRfid ACRRR,  Rleafe i WAl ONTA0S PlbhonfBIRCLEIE | | S
secon il in I - I ef : 'S in this
Gt ogiiralafile RURIR DBk iro Ry RIGRIGE ERdrdrflcitnicy AU 08RO 1 0 L S

br ef engbhy g thdddid B8 RflRTe LESRBBROT AQifAhchherRavakLel resonat or

formng a skKi aracteristic at a side opposite to the guard band side in

order Lo, W %%Ecaﬁ%oﬁgﬁg@;fﬁ%%wﬁhgrt&nsqe&met%g@agfeﬁ{ éﬁéeﬁgérﬁgchﬁ'bé he

resonat or rormng aracteristic a guar side is made
to b i - i f 1 th kirt ch teristi t
the o A8 S bss B Be bRk bR BT R O C9ab1 &5 to I essen the change
to wi doi¥ne PIETRSHEb Fhbhufis MR Rl nt e o (RGBT = 2N
t h ' i ff. t fqr ..of th
ooono R TG TPl AL 301 Lomenat, of gkl che
ti,0 diff t f hat .af t f : :
S R T M T S R L
s SRR R AT e R T St
Il el t h . ti diff t. fror t . Thi
Enal cteqraRe Ahe SR flRho: B Raeae i Hedly el 2Rl or s and s
hi gh fr. i de h . desjred h teristic.. Sixth Eppodi t
L0064 SRR et Bnani e ihe Sty Pl ubetie TR ust ¢ vve
devi ce. . . . .
temperature coefficients and electromechanical coupling coefficients. Therefore, the
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FIG 16A is a plain view of a piezoelectric thin filmresonator in
accordance wth the sixth enbodi nent, and FIG 16B and FIG 16C are
cross-sectional views taken along line A-Ain FIG 16A FIG 16Bis a
cross-sectional view of a series resonator in a | adder-type filter, and
FIG 16Cis a cross-sectional view of a parallel resonator in the

| adder-type filter. [0065] Referring to FIG 16A and FIG 16B, a description
will be given of a structure of the series resonator S. The | ower el ectrode
12 is located on the substrate 10, which is a silicon (Si) substrate, so
that the done-shaped space 30, which bul ges out toward the | ower el ectrode
12, is formed between the flat principal surface of the substrate 10 and
the | oledocRb@ietiiadiem tebondbie hd G afiade thngRa e 30 fiaisnta alktlghtonwehalical s | ow
near the peripheral portion of the space 30 and becones higher as closer to

the ceptpile RRItJ@R @h bk MemeRa6 ehe3aglé BHip @XAOW tBs inthesd ipWR neltrebf ode 12
i ncludes the | ower |ayer 12a and the upper |ayer 12b. The | ower |ayer 12a

i s a GabhGhbeuR)s. f idsheb@be@XpitR! B tedisbritiie cHppQEridtiay 8id theResbfenad RU
(ruthenium filmfor exanple. [0066] Located on the | ower electrode 12 is

the pi@zRelAsidsican bd tHihdd W Risyect RCdabilbN@e adsbidteidm nitri de (AIN) having a
mai n direction of (002) direction. The upper electrode 16 is |located on the

pi ezoghesd|r i C WidnhelAhsBQidStilh2 88 Y@ d k68 RItohiaBSRDRRER cleB@dRN 22 hd N Whi ch
t he upper el ectrode 16 faces the |l ower el ectrode 12 across the

pi ezoe| et &Gk 180 il tprd e HASAPARGS: SRUINN, Wit RSmpRvEhbARSQhddR! shape,
and is a region in which the acoustic wave in a thickness | ongitudinal

0SCi | | BlekGBreRHE ﬂh@%faﬁmiﬁ%mn? heiUBRRLd 9l 8 EARRL 48 16W&]dasdd Neod Rver | ayer
16a and the upper |ayer 16b. The | ower | ayer 16a and the upper |ayer 16b

are Ryl dBctdoak 1@,?%%@%@1@%@1&@9@% A LarfIRRASAKE RRofdntM dctSistiacat ed

between“the | ower 1layer 16a and the upper |ayer 16b. The tenperature

conpengaki @R idshla i %glnﬁ Ss & éjréfkﬁbfﬁaﬁ'&\ylchmﬂgé P@zcHdckfomnPKd. de. Silicon

oxi de has  a positive tenperaturé coefficiént of elastic constant. The area

of thgoebgjper gy -rﬁuﬁaggtﬁﬁgéé 'gfé?erégw m@&emgéﬂawe LR OPARGR ofghAN 50 i's

different fromthat o resonance region 50. For exanple, the

t emer@@ggiﬁe i ggﬂﬁgﬁﬁﬁ bRe &éekéa&?nm {4 1Bt BSMARGR APFDNLISR b, the

patter SO a ave an area snaller than that of the resonance region

50. [Qgﬁél@afé écje‘ffﬂfi]en?i%ﬂ-fﬁq@qzufehéﬁah%o&grcﬁgtoo@ té%%n%leﬁ'iheet!m%ﬁéraﬁ&e 16 as the

frequenc usti ng 4. "The multilayered film18 wthin the resonance

regi on, ok ¢ Bmggsﬁﬁﬁné ANehs Rh&RL Eé?rqeesfjr%r?as thii®r me% LRkt itm il e 14, the
upper el ectrode , the”tenperature conpensation f1lm 28, and the frequency
di usti : he f . . | 4 ; .
passi v g Tt RE R AR AL o) R PR IO B patn
33 fQﬂmﬁﬂ&%&ﬂﬁuﬁQe sacrifice layer is formed in the |ower electrode 12. The
sacrifice layer is a layer for form ng the space 30. The end portion of the
. . i : : . Y dth
| ower 18P r onar dutipel RN Qi aRMSEAE b lecdiE Rl B R B gl M et on
th il I iy : : is f d
o a0 el et 2 1§ Lo e Bl e o BB o DE e REICC B2 B, | O G
over 21 8ELH0AN g & ARGirkdol Th Bles QUTRRRUAM @%at: TRVRDEHOEANGEh On t he

| ower ‘él ectr oca omo e aperture 36 to provide an

Che pa arf EAREE SERpis 3R S RaF e B0e il i FikaOple BAPAILAE 00

to the g %ie%.rqiﬁnggorm§hL&R% Q%$allel resonator P includes the nass | oad
film20 0] Bp'a i T@lta |un§ 1ayer bet ween the upper el ectrode 16 and

the fr ncy ~adj usting,fil 4. .Thus, the | ti.lLayered film kncl udes
the b8 fioad TRepRh OPup oG B os et bF PR Elter 2Bk
regl Onun?t%rrlnﬂy ?ndt Ie%elsgr?antcg retglr(])% o | t[lfnlar%}lo%,%qe E)alttlem (%f the insulating film 28 or the

apertures 29 within the resonance region 50 preferably has the dots arranged regularly or

17



the series resonator S. Qther structures are the sane as those of the
series resonator Sillustrated in FIG 16B, and a description is omtted.

[ 0070] The filmthickness of the mass load film20 is used to adjust a
difference in resonance frequency between the series resonator S and the
paral |l el resonator P. The filmthickness of the frequency adjusting film 24
is used to adjust resonance frequencies of the series resonator S and the
paral l el resonator P. Adjustnent of the difference in resonance frequency
bet ween the series resonator S and the parallel resonator P is possible by
meking the area ratio, which is a ratio of the area of the tenperature
conpensation film28 to the area of the resonance region 50 in the series

I esoNHeAbditallyHshileiart it FRIBARRLuNFIAIEDPATAL heh ratie0Na 0dn 1R dMabftdWy USi Ng
the mass load film20. For exanple, the area of the tenperature

conmpengatisafy dridedfeddhpMitel bk Bt & HRNRR BHtdi € Hhubitat&Pinl MGt retpaURIHIe!
resonator may be made | arger than the area of the tenperature conpensation

film 2@ ﬁmlfdmn;gy t hﬁa&cﬁﬁ&nam@@thr&meqme%uérﬂ YD e6ARIAE WheS RAARE of h@071] I n
FIG 16B and C, the outer periphery of the piezoelectric film 14 at

t he apﬁgstdfftgeﬁpggtggaf&hh,%@hg%mgther in than the upper electrode 16.
This prevents the acoustic wave within the piezoelectric film14 from

| eaki ngo4x tha &H&ﬁjﬁféﬁ vﬂﬁ bt fgﬁveﬁ B8 0AAMCHs HLYE BRst 2RAbodiRNOUTEG. 10 dndGy of
the piezoelectric fil be positioned to correspond to the upper

el ect rp@e,d frosQbechibid bﬁt@vs %‘E’En IR@BtDEI RRE s Bl BetibPoahd first EROIHRIIe

substrate 10 nmay be a quartz substrate, a glass substrate, a ceramc

subst rEEey 00 a%rcg@%éctﬂ‘las\ﬁév@{aﬁetpﬁaégﬁﬁe A b@mﬁ* IGSIRShARTE-10Bhea | OWer

el ectrode 12 and the upper electro be a 'single layer film nade of
Al (alyds @ onalmlex? rtz![kteﬁﬂfoH ine Q’A (nCIfiQiP@&) AMllu@ﬁ‘Bled’ mﬁiGUmA anWI(It}Uft%t en),
Ta (tanta u atinu (rhodium, (rridium,

rer}“et(::![ lrtgtyd@r ?gt Eésl*ilga ?rgu %?ﬁ%% ee{lgg V\e%bﬁloﬁl%'lgﬁéad%ft@}%e@re 2W]e1f'hé ﬁ@a Hipger

|In1 the tenperature conpensation tilm 28

may b%hén% E&sﬂca{?@ gfﬁ"ﬁﬁﬁ&%acgl%xgortwﬁe mg'd%gér@w% féglé Pefe{e exanpl e,

the | ower ayer 18 pper electrode 1 and t he

upper |.ay&r %m&@&a@g\%o&)&onﬁ@e fed R ﬁ%%lu%%%hﬁngkltﬂé%?}lea ﬁﬁ% made of

Zn0O (2|nc zirconate titanate Ti O3 titanate)

besi dgs, a4 ?%@8%&%h ﬁ% ées-l;ﬁ&cg ly %9{%@%&&3&:@ 0% E‘bgr% ) %'a?éa%aﬁ@&{ dyde

al um num ni an 1t1onal I nc nt to I nprove the

ol ot @50%?58\% oA Qi 08 BLRERRIEELE 561 e afebe BEARN Frce Hlion

I mproves t e pirezoel ectri ci

Pl e2080eC il Grdit [ ik v Ao Bfe PR LAYSTint e hafik G fbashtomehan cal

coupllng coe |d|en e pl ezoe ectrlc resonator. [0073] The

te”perc%%#a&%n&%@Bﬁ&‘&%trés;aﬁarrce o %é%?m; %WQIB@&% § ook ggoﬁats%s%#%'sast' c

const an osite In ezoelectric

enabl oc. o, TS LD | STISE ) g SARLLLALEDL 86 51 RAUBORY h3E kR e The

pl ezoe I’I C m 14 um num ni neg a Ive tenperature

coeffl f,elast constant Therefore, the tenperature conpensati on
i@tqﬂmtq e"gﬁﬁ%éﬁérou ]ﬁaﬁgglng a positive tenperature coefficient of

e' aSt Hg(%zf nSt 1&5051 m {-Bafe CaI'OSSSIéSre:Gtcl:OC%IrE]ll \9XI ggfpel[: nleg{rlc%hiﬁlfllm r? n%}ﬁ};s” de

film ure i erent ¢ ‘const

silican oxi nltrlde i chionetric
compodh At 9&11?%%5‘&?%0?%“3 g B %%pogﬁgf ey %@ﬁ%ﬂ? Bl 2y at nly
i ncl ud as n tride fi opal

ot udivSbein P8 Dhehfecrsefhilialn® e itel ahinh dSest silee ?.9*3% 3 @S fa%erfb?hey
t h I t fil
25" oy ORI SFREr el EHER0F § éﬁ%%‘?ﬁgﬂewbwea%@ laaﬁ?ﬁwieﬁ%ﬁg FiditGe one
of F ( orine ne

Chi tr SyBile pf%sdﬁasg%ﬁ%l ipdjt qiﬁdafsaceg%} raﬂswogrﬁalrg%é )béélsvém?%ﬁ%ﬁrﬁth%

t enper at ur f|C|ent of . el C co t _of e sil.ico ide film high.
Thus, P | iR i bt IREEPed ﬁ[}%f%ﬁégﬁéﬁﬁiiw? PR HEE fan bo ©
made smal | . ThIS i nproves patterning accuracy of the tenperature
conpensation film 28. Wen the piezoelgectric film114 is fornmed on the
tenperature conpensation film 28 as described in seventh and ei ghth

enbodi nents, degradation in orientation of the piezoelectric film1l4 is
suppressed by making the tenperature conpensation film28 thin. [0074] A

silicon nitride filmor an alumnumnitride filmnmay be used for the
frequency



adjusting film 24 besides the silicon oxide film The mass load film20 may
be a single layer filmmde of Ru, &, A, Cu, Mo, W Ta, Pt, Rh, or Ir
besides Ti. The nass load film20 may be an insulating filmnade of netal
nitride such as silicon nitride or netal oxide such as silicon oxide. The
mass load film20 may be fornmed bel ow the | ower el ectrode 12, between the

| ayers of the | ower electrode 12, on the upper el ectrode 16, between the

| ower el ectrode 12 and the piezoelectric film 14, or between the

pi ezoelectric film 14 and the upper el ectrode 16 besi des between the | ayers
of the upper electrode 16. The mass load film 20 nmay be larger than the
resonance region 50 as long as fornmed so as to include the resonance region

50. [ GfbicBusiRSimibb@inc®indM film ROMAEIoQ acetstifimpedihapsiteafatdin@ithamper at ur e
conpensation film28. FIG 17A is a plain view of an exenplary tenperature

conmpengrkid@fof 4 ilrtePBthEWeveldngfiPof the Acobb@Swawe CThbwy tiRWchaken al ong |ine
A-Ain FIG 17A  As illustrated in FIG 17A and FIG 17B, the t enperature

conpensaddtion fifrh 3@ flest J IBhgMAinaPadaBsticShARd- shaped in the resonance region
50. The aperture 29 is the region in which the tenperature conpensation
film28:b1d Mabodi@esed. The island-shaped tenperature conpensation film 28
forms a dot pattern having circular dots arranged regularly or

peri odpgsd) y. Fi®QZaliEh @anﬂ-@é\zv'o?aﬁle%@écﬁlélﬂh%m re86HALI G a RURIARE ALY a
tenperature conpensation film and 18B is a cross-sectional view taken

al ong dlia AitBdinienklaff Fi‘@ﬁ\ZB%ﬁd iRl l—l?Ua@é &8ss Refiddal vit RS RBAIGASindl BB, the

t enperat ure conpensatlon film28 is forned to have the apertures 29 in the

r esonapeq; nedi orGa2R kG AREEIMERS vRY, 10 s Q¥ naRRAL, %rrbxaaglepg circul ar
dots arranged regularly or periodically. The dots of the do pattern are

interl 15&11@? gl_;@lﬁlt@r Lm'l([‘?lcp abE el J‘crogéhs%cﬂldﬂaﬁv@@/t&f q |EJ%lra'Ilél rtlenHi%g il tRe ﬁadéérg‘gr A9

manner . lustrated I n he tenpera

conpe i o f { i Hpper
sur a@% X %&"%@“ﬁ? %ﬁ?%%ﬁ@%%al?@o%“%‘“é‘m?%ﬁ?% 2*3%‘%{%32% 'n the

upper @LethiRdeeotés 53,1 hﬁwhﬁmmwaeaeggqg%@% %/h%%g@ér'eﬁ@ct?rgdé:?@fa@gééﬁe an

unnecessary space |n 't he upper electro Ing the tapered side

sur f aggper o cgea égﬁd}.ﬁfuﬂpérup E%Buﬂehér Shgts%doﬁt&@ @elé&ﬁd@n@bﬂﬁ 18B

have a i rcU ave ot pes such as pol ygon.” The dot

patt er i Ry dh%\/a 1@& hgmg%gon@f %a@ﬂeﬁwheqfesaaﬁane%%% I afgRIRHtan The line

pattern nay have a shape other t illustrated in FIG 18A The

! eMper @ e ARAPENSEE Ay LI 2B 21E Fcerabhindt BUTRGh B Shict A RBLLRE

surface um r “exanpl e e tenperature conpensation m28 is

for maq)ygotﬁgt% celﬂﬁ' Iltl ‘.g rhfnq)vﬁ g\nethE: %ﬁ@p?&ﬁ:ﬁ | G @ezo[e%?tﬁ%]ﬂllgl l4§§s r esonance

regi on €IS ape tenperatu onpensat i on 8 may be

f or medy, . 0Ly fﬁllﬁﬁertlﬁ’ RATRE W& p‘éﬂﬁ%ﬁr‘ﬂ%%f&@ UPHrr&%gog@y NGy %ﬁte?g& J}th 29 may

be forne erat ure “cofrpensati on inther ce region

gt %ﬁsﬁ’%ﬁ‘}lk‘ﬁﬁ%tsﬁ‘?shaﬂ?é“%pﬁae%?‘%’%ﬁ? TGP 5 e
te”pera%w@ct?emqagt'%Jeg@ga&%eypﬁ 3) r]nkﬂﬁchrtﬁéﬁﬁ%?&ﬁc 58 0yt arca

AO fI? e reésonance regi on t han

:, Z![ agd 'Lésc?)aag\eg% I?a%ggag:e o&lyerr %cr%?srmg Ei%?(#}elec?ng ﬁln‘mtggs %n%al ep{hgg%e%vépugfﬁ}i_ﬁ{ ea

to rven

t emper %tgl‘%}%'gqll %Qg?lat l?-rﬁ{;jg% Wh]ch tl%8%1gzaq\f|3 ec ihle ?Zf%i nEl %eﬁ%wt’verss%l%?rroﬁg%men the

area r to be “an' or e e grven val ue.

\ll__\ﬁrene;(cﬁfg %aafl ﬁ}er 85 Rrgek ap aped %ﬁn?ﬁn@ Ith stk cn%ﬁnsahe%}rucltulrgg azrg tt{e samgr med

as those of the first embodiment illustrated in FIG. 1A through FIG. 1C, and a description is
omitted.

[0046] The outer periphery 51 of the piezoelectric film 14b in the region 52 is located
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than O and |l ower than or equal to 0.5, and the tenperature conpensation
film28 having the apertures is forned when the area ratio Al/AO is higher
than and equal to 0.5 and lower than I. [0079] The tenperature coefficient
of frequency is shifted to a positive side with the increase in the area
ratio Al/AO. The resonance frequency and the effective el ectronechani cal
coupling coefficient becone |ow Therefore, varying the area ratio A/AO
enabl es to control characteristics: a tenperature coefficient of frequency,
a resonance frequency, and an effective el ectronmechani cal coupling
coefficient. Change of the exposure nmask easily enables resonators to have
different area ratios Al/AO in the acoustic wave device. [0080] FIG 19A

t hr oughrderGn (A healuger GEQTRTS ST 1A 8ppey bRVMGodC! 16U thicicbdid cbodidneat 100

nmet hod of the parallel resonator P 1 n accordance with the sixth enbodi nent.

As i | |dpghieaiosfleveht tik eoud@AwatOk M theSpitAoelesidic Filihi1aB floayREkiBStd B¢ oliteiei Ng a
space above the substrate 10 having the flat principal surface. The

sacr i fife legdBhcedBeib@s0.a Tdrétbiehine ka8 RO LhatdiiiddQmmdikhpfovexanplse, and is
made of a material, such as MyO, ZnO, Ge, or Si02, that is easily dissol ved

in an QMg thd &Hérqaeﬁﬁhéi‘j?‘ 5ebEMhe 'ﬂ)ﬂazgél&trla- Ren 346 RHiGHER ah G%!&rrmaﬁ lé.y%r shen
patterned into a desired shape by photollthography and etching. The

sacri f,eq 1&@/% A8 BReR fﬁﬁ@@@a £ IBSRARAEN6N 52 ifIlRhRD AP ARGaPhe t he space
30, and includes a region to becone the resonance region 50 for exanple. In

the n%&er?%%eryt 5ot RUBFpek BNEkodbAR vARA o fé@st‘fﬂ@%fez&@é’c@ﬁc Ak AE orfneg.med on

the sacrifice layer 38 and the substrate 10 as the | ower electrode 12. The

sacri ‘;T[P@@? 1! aY§he FieAndi &1%5'5%‘6’% éz%@lfeétﬁg%lrm4@Ys%éa@écﬁ%€lh&>6u§ﬁ% fiRri ng,
vacuum evapor at | on, xanp e. | ower el ectrode 12 is then

patter t e | owner
gl P%@%@S%@?%%S%Wﬁé@??g 1%%%*%?@“?‘%@??@?2%*?% L 108,

the pigzasheed fnl nibd h@oaéer t| e prfcffth%@ioeﬂe@ﬁm(ﬁimt e lyﬁﬂﬁ@d alrg¢t ;ode 16,

and the tenperature conpen are formed on the [ower el ectrode

12 a“tﬁ’arI dﬁlﬁ 8%40‘?;%&’? 1?‘7 usgsg)f*g%é r%%@ﬁ'ts%{&{t%ﬂg P Vapiug syl s%fehgtg of e CVD, Tor

exanp Im28 1s pattern into a desired

Shape &mn g%&?hkrﬁ hegsaphy ?ﬁﬁ]@m{tﬁm% 5 5P01 B pick 8 SRR Y ace of

t he terrper ture corrpen atIOI’l apered so t e tenperature

COMPensfh: b P A 1A VBPRE 3 LRCR0N I B MEGEBIAITRL Bt han ¢ hat

ower sur rated in FIG upper |ayer 16b

of th eHEfPeEE{/ o?ﬂh@%?ézé?é?@ct&@ﬁhﬁ“ga m?chg%%%v*é?ﬁlggflé rrpp})?@le%{]@agt fired by

sputt vacuum evapor ati on, mass Ioad film 20

Th
Iiaﬁaﬁffm@%%ﬂiﬂ o A R T R S R U S e
| ect t b hotolith h d
gtgﬁlkggﬁf%gggfhgﬁ&] Stré{a%@k@u@%g?gggggﬁgﬁg p?egoglgclrigggﬁrnylinis
D ez oD B8 o AT B N ARE Pt PO B R BRINALARE oL Bk o2
h h i t hat
b ezodrigfif &8 Prig bttt i bl reﬁl%ﬁﬂ{le‘?n%g?f?% d0%or e
ngg;t | E%Eé ?61 %sr{ilégcrl Hln th%rt]ﬁ" <5n asrlattlg? fﬁ; 1Fr)sI erzngg?‘ré“%?g P‘(ﬂ?:l nﬁt%f %Rg&to%m stics.
| | de .12 d
cort ol o S RNBL0g, €L SHLAR LB G ot SLSSIEUR AR b paposed
connected to F %omer el ectrode 12_through the aperture 36. This allows
t he | SREF 4?33 ?& e 12 to be electrically connected to an external circuit.

[0049] When the space 30 is located below the lower electrode 12, the outer periphery of the
space 30 is preferably located further out than the outer periphery 53 of the upper electrode 16

and further in than the outer periphery 55 of the piezoelectric film 14a in a region in which the
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[0084] As illustrated in FIG 20B, the frequency adjusting film24 is formed
by sputtering or CVD, for exanple. The frequency adjusting film24 is
patterned into a desired shape by photolithography and etching. [0085] The
etching liquid for the sacrifice layer 38 is then introduced into the
sacrifice layer 38 below the |ower electrode 12 through the hole portion 35
and the introduction path 33 (see FIG 16A). This process renoves the
sacrifice layer 38. A nmediumfor etching the sacrifice layer 38 is
preferably a nediumthat does not etch materials constituting the resonator
except the sacrifice layer 38. In particular, the etching nmediumis
preferably a nedium that does not etch the | ower electrode 12 with which

t he etgub: RerigRE} SMGROpRESSectr RIS 4188 Sorfied filtheH thid A¥ etRFpdridheyl8 i s set
to be a conpression stress. This makes the nultilayered film 18 separate

from td‘f‘%éﬁlbg&t f1alRdd 96 angls BULGKdombvd, %%n@ﬁbe"&lﬂ%&bﬁﬁl& cAlend onprbiRd

substrat when the sacrifice layer 38 is renoved. The donme-shaped space

30 is Hg%éa%q k}f%tdﬁ%&@eﬁmn! OMWREth&E iR Gl dnQRSodér RRighd €3 SUBS{HeASre MhenThe above

descri bed pr cess conpl et'es the series resonator illustrated in FIG 16A

and Flt%] epiaéé%s@ﬁ%me% ﬂ@@ﬁéﬂeg@i oﬁﬁéemn%réﬁ mlnl HSlh &8 Be kRalk!Hat (it Gesmg 16C.

[ 0086] The tenperaturé conpensation fil'm28 has a tenperature coefficient of

te'hgsts:o)q("tﬂﬁeqn&m?a@ereemﬁ%lstc& b@erﬁfas&dt 1&&%%% &u&?pahﬁégeéseﬁhhe@ouft e 14 in

Iment. The upper electrodes 16 are forred on the upper

sur f agg. gie tRSnl OWeiheSHiLABE Of the tenperature conpensation film 28, and
nutualﬁ@ s%ﬂ&iﬁc% cuffegce?hls allows the tenperature conpensation film 28

to el 3@65@2{ L?fggglg% #e?fﬁ‘%?{ ?Hfé r%%é@l@@tﬁ%?@hﬁa%%%bﬁéd & Subsiiafip reduce

;hﬁ t ( ency tenperature gonpensaalon
c;pglﬁgg% gﬁ@ﬂ?ﬁ%%ﬁ? %%é’ &ﬁﬁgﬁggﬁ%ﬁL atlon ?t%ﬁm%%ﬂ%%ﬁ%ﬁ%%%ﬁelgg%rliafly
ol oct o Bplfheblfr GERSMARGFHELA Aty B pabhary o WRMEN o PROB IER  her mor e,
the ar perlﬁ'fér)% ?]eoittﬁ E(?etlé& ﬁlﬂﬁp&nS%ﬁ h?d}?(%{ Itlfg| c%%er Q{e Sﬂﬁe resonance

reglon eren ron1t e area A e reson regi on 50. Thus,

varyi d sutlalﬂ q"{h%aZSrn% b% dﬁ% f?%cfe&?\%e%sché it e&tﬂge%r?ftsh%f ﬁ{%ryi)% ?ﬁeéﬂilgﬁlm 14b

char acteri st iCs, e tenperatur icien requency, and

t he euSSE&gq*mﬁ’“ﬁ%?ﬁan t%%pﬁéod%&ﬁéﬁgﬁ?%%the resonance frequency and the

ef fective el ec cou |ng coefficient, with respect to each of

the r E@@%‘:ﬁegr T | the isex L;Qco%g LI];BSC]IH’%RI‘? gdde p%%(fng%‘f’thje%ug@iéﬁlgﬁ}eﬂgse% fofdictive

filns surfaces o enperature

commeng a0 £ A s S AR 2
make tfﬂms\{% Ial?qt iéﬁ)r,] blljtnthet] gdg%rf)tort%fns top fhe Y e];' %gr‘ieph%}ciest ggeang%ﬁ Efnz]tcyot{e tilted in the

film thickness directions of the piezoelectric films 14a and 14b. In this case, it is sufficient if

the innermost of the edge portion of the outer periphery 51 of the piezoelectric film 14b is

located further in than the edge portion of the outer periphery 53 of the upper electrode 16.

Especially, a position, at which the edge portion of the outer periphery 51 of the piezoelectric

film 14b contact the upper electrode 16, is preferably located further in than the edge portion of

the outer periphery 53 of the upper electrode 16.

Third Embodiment

[0052] A third embodiment forms piezoelectric thin film resonators on a substrate like a
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formng the piezoelectric film214 snmall, and thus inprove the orientation
in formng the piezoelectric film 14 conpared to the seventh and ei ghth
enbodi ments described |ater. Seventh Enbodi nent [0090] The seventh

enbodi ment forns the tenperature conpensation film28 in the | ower
electrode 12. FIG 21Ais a plain view of a piezoelectric thin film
resonator in accordance with the seventh enbodinent, and FIG 21B and FI G
21C are cross-sectional views taken along line A-Ain FIG 21A FIG 21Bis
a cross-sectional view of a series resonator in, for exanple, a |adder-type
filter, and FIG 21Cis a cross-sectional view of a parallel resonator in
the | adder-type filter. As illustrated in FIG 21A through FIG 21C, the

| ower {eeCtrade Al rdush IFUdaSCldiecrb @nREti by Slewd dBpieelBeidl Rinl fAMGEsohaers and
t he upper layer 12b. The lower layer 12a is a O filmfor exanple, and the

m ddl g, haweland2 iR thil@eHPRAMeARY Fvoledn@bR AR fdrinkdBn fiRIsuestanPicen Fihe
tenperature conpensation film28 is |ocated between the m ddle | ayer 12c

and t he AURREEL FRY §5C 12ﬁe&§seﬁ$§@r‘cioﬁ¥v§{e SinRaltih QRS ubgrateTFrotrRAEABH A8 thee
conpensation film28 is not formed in the upper el ectrode 16. O her

structg Pﬁc%§ 3@’ eTRNBweAlTE:tR8e [ DAREpiRSoeldlBicSHn ThaSMB QRLABRAE filrADE tﬁe description
is omtted. [0091] As described in the seventh enbodi men t he | ower

el ect (rp@éi@eléc%nmnn b@b WPl 3Ppdr QREMSId Meart FdriRd bRIHEAb QR h)ethkb%@ﬁ fheand | ower
surfaces of the tenperature conpensation film28 and nutually

short - gacregta}?.t te@brmﬁé aRaa6 e RRshet R 581 eﬁtetacmdwﬁew&l%ia{,&mm@m fha at

| east One o 'ower el ectrode 12 and the upper electrode 16 may i ncl udes

at | eggt lo%??elﬁ&r&d@% fgc%r%gc}f:(gth&edcidséﬁ%pﬁ&B%‘E&ﬁn@ﬁhﬁ hg upper and | over

surfaces tenperature conpensati on 8 and nutual ly

short ¢ g%% ;' tﬁﬂ: GT@A %@g%%be%m% Mo i9E3EHLORY ﬁ%@dm&@é&ﬁ%&%@lﬁﬁ&é ve

films nd b separate fron1 e formation of the upper el ectrode 16

and tgg%q R fuffd ﬁ%ﬁ%ﬁﬁg@% rﬁ)w&rnlea@&“%geémo gm%g@éogr@ﬁtsﬁ Capor m the

condu as the upper e | ower

Furt hes it Pzl tin I8 f6E RRTG R P ofnul B AR BB 1 14 11
”P't'?%%n&h€%§nlﬁh% SiXEf: ﬂ§t§§ﬁ% eﬂmﬁﬂﬂﬂ QEﬁm:Qﬁﬁﬁ¥$92ﬁﬂhﬁaoelectr|c

film 'none I'me, an us can decrease nunber brication steps.

52%22%55@%%“@'%&%%%%”@ %%%@%2}82‘%???“?% A SRl el DAL | 1

of a I thin filmresonator in accordance with the eighth
enbodqﬁgﬁ%% %%@QE% 22B and FIG 22C are cross-sectional views taken al ong

line 390%4'] n Fz'&?des%%ﬁ‘ed El t% th%r%%mé)gdi?neﬂ Qg ?Iffr%go%gf%l“s da\{‘h?(}é-n%g Sgtﬁeer | es

resonator -in r-type

cr 0ss - speiona hﬁwwfgé&u%ﬂ Al el SBAAAY bl lBoLadeera e (11 ter. As

i |1 ust Foug era ufe conpensation film
200 arPBedte ol e%f%é%‘%r Skt cesnt‘éﬁﬁﬂ&éﬁd. Bad, "o “the

ol ot PTESPTy RO TE alo-B 0 ed Cranb e anaa e e ant fr Aeblbeids %%%tezﬁr%ﬁ W or
erbodi ATt R g e dP s T Sleirfrded org3a ff%nsf&e%%&’ By %‘%’I@ﬁ“ﬂﬁdﬁgé?ﬁgm

are probord ki Rt Cé%%?t?aﬁwhp%?% SR B ROE 00, 200
Y it R SR g N g e S R

be. o 1aHgAcHBETER T HE OPSLRTF S8 AUt A T Sppke: BR eiriotiel 16 besi des
in the ter on of the piezoelectric f|In114 In this case, the film
t hi ck %ﬁWQEEnﬁénperature conpensation film28 is set arbitrarily.

[0055] The insulating films 28 are preferably formed on the interconnected lower electrodes
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[ 0094] The ei ghth enbodi nent al so allows the tenperature conpensation film
28 to elastically contribute to the resonance characteristics, and to
reduce the tenperature coefficient of frequency. As the tenperature
conpensation film28 is sandw ched by the conductive filns 26a and 26b, the
capaci tance of the tenperature conpensation film 28 does not electrically
contribute to the resonance characteristics. Therefore, the effective

el ectromechani cal coupling coefficient can be made hi gh. Furthernore,
varying the area ratio Al/AO enables to control the tenperature
characteristics and the electrical characteristics with respect to each of
the piezoelectric thin filmresonators. [0095] The conductive films 26a and
26b eliegh ki tAld dbnhdclto R otBfANPhi€ impraeds the @Bistahéomcatrigtic difvhsrgal | ows
the tenperature conpensation film28 to be further electrically shielded.
The cqpdipstive filnms 26a and 26b preferably include a filmnmade of the sane
material as that of the filmincluded in at | east one of the | ower

el ect odey kdnadeshehhe upper electrode 16 in order to reduce the production
cost. Furthernore, the conductive filnms 26a and 26b preferably have a

Young'rsoggpdul 55, 95 81 &bsslReibraNAbw ok a Bleusd iR hih AREoar kR ofdafce
effectlve el ectronechani cal coupling coefficient high. The conductive filns

26a and2bRuRA @irn%cﬁﬁ’lleﬂt nmsnm(stﬂaf&ghwﬁ; al, heashlaORenRf 24 fonoRibrmBN, W Mo,
C, Ta, Pt, Ti, Cu, whi has a Young's nodul Us greater than that of

al um %Emeeﬁ"tﬂé%pm&%a@ﬁ% arﬂ@t@ggllb%trgﬂerlbhn snbadh pRALF £RBNYSS waichliFaIct ure of

t he space. is a plain view of a piezoelectric thin filmresonator

in ac %g%&‘%ﬁb%ﬁ'o?@ f@lstf&‘?ne'a'aﬂa %eqmza%lé@ﬂaﬁe I?BqloF fo(ﬂ?‘negg’a)ﬂi&dstﬁh@res%?!gh@r e

cross-sectional views taken along line A-A is a

t
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IS a paral resonator in the [adder-type filter.
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t he uppe sur ace o e substrate 1 ower electrode 12 is flatly
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O her se of the sixth enbodi nent, and a
descrﬁ%@?o #@S%ﬁﬁ%ﬁhhhgfﬁ?&gs rets%gmay be fornmed so as to pierce t hrough
the sypst The tenperature conpensation film 28 may be |ocated in

t he Iomerﬁg%g%%gg%e 12 in the ninth enbodinent as with the seventh
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filmthi kneiHE X14 X is the wavel ength of the acoustlc wave). The
nunmberdg gﬁ"?  30a and 30b can be set arbitrarily. QO her
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t hrough ninth enbodi ments, the piezoelectric thin film
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resonator may be a Fil m Bul k Acoustic Resonator (FBAR) having the space 30
formed between the substrate 10 and the | ower electrode 12 in the resonance
region 50. In addition, as described in the variation of the ninth

enbodi ment, the piezoelectric thin filmresonator may be a Solidly Munted
Resonator (SWVR) including the acoustic reflection film 31, which reflects
the acoustic wave propagated through the piezoelectric film 14, below the

| ower el ectrode 12 in the resonance regi on 50. [0099] The resonance region
50 has an ellipsoidal shape in the sixth through ninth enbodi nents, but may
have ot her shapes. Tenth Enbodi nent [0100] A tenth enbodi nent is an

exenpl ary dupl exer as an acoustic wave device. FIG 25 is a circuit diagram

of a qURheNEP4 istoRfkRdRAGRN Whd BrrkiRgls T8 Ahd Te daadhd il lel ABondidrPStis at ed in
FIG 25, a duplexer 104 includes a transmssion filter 70 and a reception

filtersodhecteiNRedd-ansieashanThiahd €6. 70 i s connected between a common
termnal Ant and a transm ssion termnal Tx. The reception filter 72 is

con nefLr@sb 10et WRe Rsbihieors O Firdt ArBh R uAN brmBAHmEnts 8&FRY hsed fdrak Fhflahe RX.
[0101] The ‘transm ssion filter 70 includes series resonators SI| through Sl1l4

and papalds&latdr® HANAERLS oFite Al OMBRiRLE. The series resonators S 11 through
S14 are connected in series between the commopn term nal Ant and the

transnhg&ion he rdegc%&d ihe filtR eﬁ%&lﬂeﬁﬂ Wh@l§ﬂl@%t‘:&fsﬁc wRld déikeanatadgl3 are
connected in parallel between the common term nal Ant and the transmi ssion

term zog-l)éctrlgﬂﬁhl B $dsHRat6R AR 10kt tSiRAEREtEkhiA EHARGLRASIs %Q{J—bé J%&l#tgh P13

are uni and connected to ground through an inductor L12. The

trans rHa§§ H%{%@ﬁ& Palos /A BotGRORRS BPt‘ﬂe ﬁlﬂuﬁﬁﬁg’ﬁﬁln b8 W%h@&sbﬁlﬂb'&fe@fon'— 11.

The nunber of series resonators, parallel resonators and inductors can be

ar bi t reyd ke &Mﬂgre%ﬁaﬁgg 1%%1%11@95' OE Gt AR pRS6Q i InEfiInf RAEARIEEINST T CS.

[ 0102] The receptlon ter incl udes series resonators S21 through S24

and pafahlel, hax &&Aﬁ%&n@&ﬂ%f&f rea JFeheS@MEAR JoRRANGAfIEn $21 t hrough

S24 are connected In series between the common termnal Ant and the

r eceptﬂe%g\aﬁc%r # Il@g oP@lk ?%}Joﬁémc[e SO S hll?e]naﬁllag 9)“@911 E%%oe@éc?rlc _

connect et ween the co n termnal Ant and e reception

term nal, fﬁsrggngﬁ%a%ln &y {}91-'33 tﬂ%]?érgﬁre%éﬁilcleﬁ{s ;5@%&@@&8%5%&1 c&,lw%gh P24

are connec to groun roug espective 1 nductors L22 throu

receDHbQﬁkkﬁ&@ﬁEﬁﬂé?bm ~connected to ground through an inductor L21. The
unber series resonators, parallel resonators and inductors can be

ar bi traid )y CHARRARLe 0, OhtaR HRSLEEL eGSR hAkid e LGim L ARger i St cs.

[ 0103]'The "comron 'S conn to an antenn The conmon
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tiple
el erren\hlsllel QAL l%gon%oé Hgm'w{%% Osiclr{'izharacterlstlc at a high frequency sude of the passband.

Therefore, at least one of the series resonators is made to have an area ratio A1/A0 different from
that of at least one of the parallel resonators. This allows the series resonator to have a
temperature coefficient and an electromechanical coupling coefficient different from those of the
parallel resonator. Therefore, the skirt characteristics at low and high frequency sides can be set
to desired characteristics. When all the series resonators are made to have area ratios A1/AQ
different from those of all the parallel resonators, the series resonators can have temperature
coefficients and electromechanical coupling coefficients different from those of the parallel

resonators. For example, the series resonators may have area ratios equal to each other, the
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[ 0104] The piezoelectric thin filmresonator of at |east one of the six

t hrough ninth enbodi nents and their variations is used for at |east one of
the series resonators Sl through S14, S21 through S24, parallel resonators
P11 through P13, and P 21 through P24. For exanple, all the series
resonators and the parallel resonators may be the piezoelectric thin film
resonators of the sixth through ninth enbodi nents and their variation. In
addition, one of the transmission filter 70 and the reception filter 72 may
be a surface acoustic wave filter. The surface acoustic wave filter may be
a multinode filter for exanple. The reception filter 72 may be a bal anced
out put. Wen the reception filter 72 is a bal anced output, a Doubl e Mde

SAW ( DB (ef debdr@foreaby RRe Ui Gadss dqbifl tb e£caRitiedMnfl ifd ®fies’sonb@tOBkPhalapl exer
characteristic to a specificati on of Wde-band Code Division Miltiple

AC C €S VI BT oA (HoSe @P&ﬁgPa@mu@oﬁaoﬁsbe pi ezoel ectric thin film
resonat or of the six enbodinent for the resonator in the duplexer 104

i1 ustip@dgd |3 debdipAon wRRAGy 22 fat ERAHMrS ahNBxPaANEhRA 2 ¥BRGiI{eis1915 Mz,
and a Pgiﬁptlonebagﬁ %f 1930 tgh%gSSaNFE OgoégThree typgs oflregeption

filte cﬁ?nécﬁeﬁ%%tv@ben Q’coﬁ%n%ﬁ{lﬁl Shd kg ?éiimm-gﬂlﬁh@ 2 dedRhBERALIS chiiRc@fea ratio

Al / AO o e area of the tenperature conpensation film28 to the area of

E ]heRrE%%ﬁg@%R Sé}%g%(ggegggmng aGhe i iradenat RbassBindtotRgsStids filkr ddichde. [ Tabl e
overlap with and is adjacent to a passband of the second filter in this duplexer. The frequency
change due to temperature is preferably small in the series resonator or/and the parallel resonator
forming a skirt characteristic at a side of a guard band between the passbands of the first filter
and the second filter (hereinafter, also referred to as a guard band side) in this duplexer. On the
other hand, the electromechanical coupling coefficient is preferably high in the series resonator
or/and the parallel resonator forming a skirt characteristic at a side opposite to the guard band
side in order to widen the passband. Therefore, the area ratio A1/A0 in the resonator forming
the skirt characteristic at the guard band side is made to be higher than that of the resonator
forming the skirt characteristic at the side oppoéite to the guard band side. This enables to
lessen the change in the skirt characteristic at the guard band side due to temperature, and to
widen the passband.

[0063] Furthermore, at least one of the series resonators may have an area ratio different
from that of another of the series resonators, or/and at least one of the parallel resonators may
have an area ratio different from that of another of the parallel resonators.  This enables to make
the skirt characteristic at a low frequency side or/and a high frequency side have a desired
characteristic. The series resonators may have area ratios different from each other, or/and the

parallel resonators may have area ratios different from each other. This enables to make the

skirt characteristic at a low frequency side or/and a high frequency side have a desired
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characteristic.

Sixth Embodiment

[0064] A sixth embodiment is an exemplary resonator used in an acoustic wave device.

FIG. 16A is a plain view of a piezoelectric thin film resonator in accordance with the sixth
embodiment, and FIG. 16B and FIG. 16C are cross-sectional views taken along line A-A in FIG.
16A. FIG. 16B is a cross-sectional view of a series resonator in a ladder-type filter, and FIG.
16C is a cross-sectional view of a parallel resonator in the ladder-type filter.

[0065] Referring to FIG. 16A and FIG. 16B, a description will be given of a structure of the
series resonator S, The lower electrode 12 is located on the substrate 10, which is a silicon (Si)
substrate, so that the dome-shaped space 30, which bulges out toward the lower electrode 12, is
formed between the flat principal surface of the substrate 10 and the lower electrode 12, The
dome-shaped space 30 has a height which is low near the peripheral portion of the space 30 and
becomes higher as closer to the central portion of the space 30, for example. The lower
electrode 12 includes the lower layer 12a and the upper layer 12b.  The lower layer 12a is a Cr
(chrome) film for example, and the upper layer 12b is an Ru (ruthenium) film for example.
[0066] Located on the lower electrode 12 is the piezoelectric film 14 mainly including
aluminum nitride (AIN} having a main direction of (002) direction. . The upper electrode 16 is
located on the piezoelectric film 14 so as to have a region (resonance region 50) in which the
upper electrode 16 faces the lower electrode 12 across the piezoelectric film 14.  The resonance
region S0 has an ellipsoidal shape, and is a region in which the acoustic wave in a thickness
longitudinal oscillation mode resonates. The upper electrode 16 includes the lower layer 16a
and the upper layer 16b. The lower layer 16a and the upper layer 16b are Ru films for example.

The temperature compensation film 28 is located between the lower layer 16a and the upper

26



0.76 0.79 0.82 0.80 1 111 TYPE C 0.64 0.66 0.63 0.64 0.88

layer 16b. The temperature compensation film 28 is a film mainly including silicon oxide.
Silicon oxide has a positive temperature coefficient of elastic constant. The area of the
temperature compensation film 28 within the resonance region 50 is different from that of the
resonance region 50. For example, the temperature compensation film 28 within the resonance
region 50 is patterned so as to have an area smaller than that of the resonance region 50.

[0067] A silicon oxide film is formed on the upper electrode 16 as the frequency adjusting
film 24. The muitilayered film 18 within the resonance region 50 includes the lower electrode
12, the piezoelectric film 14, the upper electrode 16, the temperature compensation film 28, and
the frequency adjusting film 24. The frequency adjusting film 24 may function as a passivation
film.

[0068] As illustrated in FIG. 16A, the introduction path 33 for etching the sacrifice layer is
formed in the lower electrode 12.  The sacrifice layer is a layer for forming the space 30, The
end portion of the introduction path 33 is not covered with the piezoelectric film 14, and the
lower electrode 12 has the hole portion 35 at the end of the introduction path 33.  As illustrated
in FIG. 16A and FIG. 16B, the aperture 36 is formed in the piezoelectric film 14 to provide the
electrical connection with the lower electrode 12. A base film for a bump such as Au may be
located on the lower electrode 12 located at the bottom of the aperture 36 to provide an external
connection.

[0069] A description will be given of a structure of the parallel resonator P with reference to
FIG. [6A and FIG. 16C. Compared to the series resonator S, the parallel resonator P includes
the mass load film 20 made of a Ti (titanium) layer between the upper electrode 16 and the
frequency adjusting film 24. Thus, the multilayered film 18 includes the mass load film 20

formed over the entire surface in the resonance region 50 in addition to the multilayered film of
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0.83 0.84 0.86 [0107]As presented in Table 1 the type Ais a conparative
exanple, and the area ratio AI/AOis 1 in all the resonators. In the type
B, each of the parallel resonators has an area ratio Al/AO of I, and the
series resonators have area ratios Al/AO equal to or Iower than 1 and
different fromeach other. In the type C, the series resonators and the
paral l el resonators have area ratios Al/AO equal to or |lower than 1, the
series resonators have area ratios AL/ A0 different fromeach other, and the
paral l el resonators have area ratios Al/AO different from each other.
Furthernore, the series resonators have area ratios AI/AO different from
those of the parallel resonators. The highest area ratio Al /AO of the

seri eshd RsieNRbeaforiSS 0B LirhAaRs kldehd QWRSES dafseaf the adried rdfoh AR Dillustiged
parall el resonators. [0108] Table 2 presents materials of filns in the

nultih@yﬁ;@@gf&kﬂg&§mggﬁgig&hﬁ&ahicknesses of the filnms in each type.

[ Table 2] Unit: nm FREQUENCY
[0070] The film thickness of the mass load film 20 is used to adjust a difference in resonance
frequency between the series resonator S and the parallel resonator P.  The film thickness of the
frequency adjusting film 24 is used to adjust resonance frequencies of the series resonator S and
the parallel resonator P.  Adjustment of the difference in resonance frequency between the series
resonator S and the parallel resonator P is possible by making the area ratio, which is a ratio of
the area of the temperature compensation film 28 to the area of the resonance region 50 in the
series resonator S, different from that in the parallel resonator P without using the mass load film
20. For example, the area of the temperature compensation film 28 within the resonance region
50 in the parallel resonator may be made larger than the area of the temperature compensation
film 28 within the resonance region 50 in the series resonator.
[0071] In FIG. 16B and FIG. 16C, the outer periphery of the piezoelectric film 14 at the
aperture 36 side is located further in than the upper electrode 16.  This prevents the acoustic
wave within the piezoelectric film 14 from leaking to the outside of the resonance region 50.
The outer periphery of the piezoelectric film 14 may be positioned to correspond to the upper
electrode 16, or further out than the upper electrode 16.
[0072] The substrate 10 may be a quartz substrate, a glass substrate, a ceramic substrate, or a
GaAs substrate besides the Si substrate. The lower electrode 12 and the upper electrode 16 may
be a single layer film made of Al (aluminum), Ti (titanium), Cu (copper), Mo (molybdenum), W
(tungsten), Ta (tantalum), Pt (platinum), Rh (rhodium), or Ir (iridium), or a multilayered film of

these materials besides Ru and Cr.  When the upper electrode 16 is a multilayered film, the

temperature compensation film 28 may be located on a boundary face of the multilayered film.
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For example, the lower layer 16a of the upper electrode 16 may be made of Ru, and the upper
layer 16b may be made of Mo. The piezoelectric film 14 may be made of ZnO (zinc oxide),
PZT (lead zirconate titanate), or PbTiO; (lead titanate) besides aluminum nitride. The
piezoelectric film 14 may mainly include aluminum nitride, and additionally include another
element to improve the resonance characteristics or the piezoelectricity. For example, the
addition of Sc (scandium) improves the piezoelectricity of the piezoelectric film 14, and thus
improves the effective electromechanical coupling coefficient of the piezoelectric thin film
resonator.

[0073] The temperature compensation film 28 has a temperature coefficient of elastic
constant opposite in sign to that of the piezoelectric film 14. This enables to make the
temperature coefficient of frequency close to 0.  The piezoelectric film 14 made of aluminum
nitride has a negative temperature coefficient of elastic constant. Therefore, the temperature
compensation film 28 is made of a material having a positive temperature coefficient of elastic
constant. For example, a silicon oxide film or a silicon nitride film has a positive temperature
coefficient of elastic constant. The silicon oxide film or silicon nitride film may not have a
stoichiometric composition. In addition, the temperature compensation film 28 may mainly
include a silicon oxide film or a silicon nitride film, and additionally include another element to
improve the resonance characteristics or the temperature characteristics. For example, the
temperature compensation film 28 may mainly include the silicon oxide film, and additionally
include one of F (fluorine), H (hydrogen), CH3, CHz, Cl (chlorine), C (carbon), N (nitrogen), P
(phosphorus), and S (sulfur). This enables to make the temperature coefficient of elastic
constant of the silicon oxide film high. Thus, the film thickness of the temperature

compensation film 28 can be made small. This improves patterning accuracy of the
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temperature compensation film 28. When the piezoelectric film 14 is formed on the
temperature compensation film 28 as described in seventh and eighth embodiments, degradation
in orientation of the piezoelectric film 14 is suppressed by making the temperature compensation
film 28 thin.

[0074] A silicon nitride film or an aluminum nitride film may be used for the frequency
adjusting film 24 besides the silicon oxide film. The mass load film 20 may be a single layer
film made of Ru, Cr, Al, Cu, Mo, W, Ta, Pt, Rh, or Ir besides Ti. The mass load film 20 may be
an insulating film made of metal nitride such as silicon nitride or metal oxide such as silicon
oxide. The mass load film 20 may be formed below the lower electrode 12, between the layers
of the lower electrode 12, on the upper electrode 16, between the lower electrode 12 and the
piezoelectric film 14, or between the piezoelectric film 14 and the upper electrode 16 besides
between the layers of the upper electrode 16.  The mass load film 20 may be larger than the
resonance region 50 as long as formed so as to include the resonance region 50.

[0075] A description will now be given of a shape of the temperature compensation film 28.
FIG. 17A is a plain view of an exemplary temperature compensation film, and FIG. 17B isa
cross-sectional view taken along line A-A in FIG. 17A.  As illustrated in FIG. 17A and FIG. 178,
the temperature compensation film 28 is formed to be island-shaped in the resonance region 50.
The aperture 29 is the region in which the temperature compensation film 28 is not formed.

The island-shaped temperature compensation film 28 forms a dot pattern having circular dots
arranged regularly or periodically.

[0076] FIG. 18A is a plain view of another exemplary temperature compensation film, and
FIG. 18B is a cross-sectional view taken along line A-A in FIG. 18A. As illustrated in FIG. 18A

and FIG. 18B, the temperature compensation film 28 is formed to have the apertures 29 in the
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resonance region 50. The apertures 29 form a dot pattern having circular dots arranged
regularly or periodically. The dots of the dot pattern are interlinked by a line pattern. The line
pattern is formed in a zig-zag manner.

[0077] As illustrated in FIG. 17B and FIG. 18B, the temperature compensation film 28 has a
tapered side surface so as to have an upper surface with a width smaller than that of a lower
surface. Located in the upper electrode 16, the temperature compensation film 28 can reduce
an unnecessary space in the upper electrode 16 by having the tapered side surface. The dots of
the dot pattern illustrated in FIG. 17A and FIG. 18B have a circular shape, but may have other
shapes such as polygon. The dot pattern may have an irregular arrangement or a random
arrangement. The line pattern may have a shape other than that illustrated in F1G. 18A. The
temperature compensation film 28 is preferably formed over the entire surface uniformly. For
example, the temperature compensation film 28 is formed nearly uniformly in the resonance
region 50.

[0078] In the resonance region 50, the island-shaped temperature compensation film 28 may
be formed, or the temperature compensation film 28 having the apertures 29 may be formed.
The temperature compensation film 28 within the resonance region 50 has a shape different from
that of the resonance region 50 in both cases. The area ratio A1/A0, which is a ratio of the area
Al of the temperature compensation film 28 within the resonance region 50 to the area A0 of the
resonance region 50, is lower than 1 and higher than 0. The island-shaped temperature
compensation film 28 is formed when the area ratio A1/A0Q is made to be lower than or equal to a
given value. The temperature compensation film 28 having the apertures is formed when the
area ratio A 1/A0 is made to be higher than or equal to the given value. For example, the

island-shaped temperature compensation film 28 is formed when the area ratio A1/A0 is higher
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than 0 and lower than or equal to 0.5, and the temperature compensation film 28 having the
apertures is formed when the area ratio A1/A0 is higher than and equal to 0.5 and lower than 1.
[0079] The temperature coefficient of frequency is shifted to a positive side with the
increase in the arca ratio A1/AQ. The resonance frequency and the effective electromechanical
coupling coefficient become low. Therefore, varying the area ratio A1/A0 enables to control
characteristics: a temperature coefficient of frequency, a resonance frequency, and an effective
electromechanical coupling coefficient. Change of the exposure mask easily enables resonators
to have different area ratios A1/A0 in the acoustic wave device.

[0080] FIG. 19A through FIG. 20B are cross-sectional views illustrating a fabrication method
of the parallel resonator P in accordance with the sixth embodiment. As illustrated in FIG. 19A,
formed is the sacrifice layer 38 for forming a space above the substrate 10 having the flat
principal surface. The sacrifice layer 38 has a film thickness of 10 to 100 nm for example, and
is made of a material, such as MgO, ZnO, Ge, or $i0;, that is easily dissolved in an etching
liquid or an etching gas. The sacrifice layer 38 is then patterned into a desired shape by
photolithography and etching, The sacrifice layer 38 has a shape corresponding to a planar
shape of the space 30, and includes a region to become the resonance region 50 for example. In
the next step, the lower layer 12a and the upper layer 12b are formed on the sacrifice layer 38
and the substrate 10 as the lower electrode 12.  The sacrifice layer 38 and the lower electrode
12 are formed by sputtering, vacuum evaporation, or CVD, for example. The lower electrode
12 is then patterned into a desired shape by photolithography and etching.  The lower electrode
12 may be formed by liftoff.

[0081] As illustrated in FIG. 19B, the piezoelectric film 14, the lower layer 16a of the upper

electrode 16, and the temperature compensation film 28 are formed on the lower electrode 12
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20 1180 170 85 TYPE C 20 1210 175 85 [0109]Wien the area ratio AI/AO is
changed, the resonance frequency shifts. As presented in Table 2, to

t he resonance frequency a desired val ue,

of the upper layer 16b of the upper electrode 16, the tenperature
conpensation film 28, the piezoelectric film 14, and the upper |ayer
the I ower electrode 12. The types B and C do not use the mass |load film 20
because a difference in resonance frequency between the series resonators
and the parallel resonators can be fornmed using a difference in area

Al | AO
3]

make

changed are the filmthicknesses

12b of

rati o

[0110] Table 3 lists resonance frequencies of the resonators. [Table

and the substrate 10 by sputtering, vacuum evaporation, or CVD, for example. The temperature
compensation film 28 is patterned into a desired shape by photolithography and etching. At this
point, the side surface of the temperature compensation film 28 is tapered so that the temperature
compensation film 28 has the upper surface with a width smaller than that of the lower surface.
[0082] As illustrated in FIG. 19C, the upper layer 16b of the upper electrode 16, and the
mass load film 20 are formed by sputtering, vacuum evaporation, or CVD, for example. The
mass load film 20 is patterned into a desired shape by photolithography and etching. The mass
load film 20 is completely removed in the series resonator S.  The upper electrode 16 is
patterned into a desired shape by photolithography and etching.

[0083] As illustrated in FIG. 20A, the piczoelectric film 14 is patterned into a desired shape
by photolithography and etching. The piezoelectric film 14 is etched using a solution including,
for example, phosphoric acid so that at least a part of the outer periphery of the piezoelectric film
14 is located further in than the outer periphery of the upper electrode 16.  This enables to
improve the resonance characteristics. A position of the outer periphery of the piezoelectric
film 14 is controlled by changing etching time. The lower electrode 12 is exposed through the
aperture 36. Therefore, a bump such as Au can be electrically connected to the lower electrode
12 through the aperture 36. This allows the lower electrode 12 to be electrically connected to
an external circuit.

[0084] As illustrated in FIG. 20B, the frequency adjusting film 24 is formed by sputtering or
CVD, for example. The frequency adjusting film 24 is patterned into a desired shape by
photolithography and etching.

[0085] The etching liquid for the sacrifice layer 38 is then introduced into the sacrifice layer

38 below the lower electrode 12 through the hole portion 35 and the introduction path 33 (see
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FIG. 16A). This process removes the sacrifice layer 38. A medium for etching the sacrifice
layer 38 is preferably a medium that does not etch materials constituting the resonator except the
sacrifice layer 38. In particular, the etching medium is preferably a medium that does not etch
the lower electrode 12 with which the etching medium contacts. The stress of the multilayered
film 18 is set to be a compression stress.  This makes the multilayered film 18 separate from the
substrate 10 and bulge out toward an opposite side to the substrate 10 when the sacrifice layer 38
isremoved. The dome-shaped space 30 is formed between the lower electrode 12 and the
substrate 10. The above described process completes the series resonator S illustrated in FIG.
16A and FIG. 16B and the parallel resonator P illustrated in FIG. 16A and 16C.

[0086] The temperature compensation film 28 has a temperature coefficient of elastic
constant opposite in sign to that of the piezoelectric film 14 in the sixth embodiment. The
upper electrodes 16 are formed on the upper surface and the lower surface of the temperature
compensation film 28, and mutually short-circuited. This allows the temperature compensation
film 28 to elastically contribute to the resonance characteristics, and to reduce the temperature
coefficient of frequency. As the temperature compensation film 28 is sandwiched by the upper
clectrodes 16 (conductive film), the capacitance of the temperature compensation film 28 does
not electrically contribute to the resonance characteristics. Therefore, the effective
electromechanical coupling coefficient can be made high.

[0087] Furthermore, the area A1 of the temperature compensation film 28 within the
resonance region 50 is different from the area A0 of the resonance region 50. Thus, varying the
area ratio A1/A0 enables to control the temperature characteristics, including the temperature
coefficient of frequency, and the electrical characteristics, including the resonance frequency and

the effective electromechanical coupling coefficient, with respect to each of the resonators.
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[6088] The upper electrode 16 may be used as conductive films formed on the upper and
lower surfaces of the temperature compensation film 28 and mutually short-circuited.  This
enables to simplify the step of forming the conductive films.

[0089] The sixth embodiment can make the variation in height of the surface of the base for
forming the piezoelectric film 14 small, and thus improve the orientation in forming the
piezoelectric film 14 compared to the seventh and eighth embodiments described later.

Seventh Embodiment

[0090] The seventh embodiment forms the temperature compensation film 28 in the lower
electrode 12.  FIG 21A is a plain view of a piezoelectric thin film resonator in accordance with
the seventh embodiment, and FIG 21B and FIG. 21C are cross-sectional views taken along line
A-Ain FIG. 21A. FIG. 21B is a cross-sectional view of a series resonator in, for example, a
ladder-type filter, and FIG. 21C is a cross-sectional view of a parallel resonator in the ladder-type
filter. As illustrated in FIG. 21A through FIG 21C, the lower electrode 12 includes the lower
layer 12a, a middle layer 12¢, and the upper layer 12b.  The lower layer 12a is a Cr film for
example, and the middle layer 12¢ and the upper layer 12b are Ru films for example. The
temperature compensation {ilm 28 is located between the middle layer 12¢ and the upper layer
12b of the lower electrode 12.  The temperature compensation film 28 is not formed in the
upper electrode 16.  Other structures are the same as those of the sixth embodiment, and a
description is omitted.

[0091] As described in the seventh embodiment, the lower electrode 12 may be used as
conductive films formed on the upper and lower surfaces of the temperature compensation film
28 and mutually short-circuited. As described in the sixth and seventh embodiments, at least

one of the lower electrode 12 and the upper electrode 16 may includes at least one of the
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1914 TYPE C 1970 1965 1972 1971 1905 1918 1915 1910 [O0l11l1]Table 4 lists
tenperature coefficients of frequencies of the resonators. The tenperature
coefficient of frequency represents a shift anount of the resonance
frequency per tenperature in Table 4. [Table 4]

conductive films formed on the upper and lower surfaces of the temperature compensation film
28 and mutually short-circuited. The eighth embodiment described later forms conductive
films 26a and 26b separately from the formation of the upper electrode 16 and the lower
clectrode 12. The sixth and seventh embodiments can form the conductive films 26a and 26b
as the upper electrode 16 or the lower electrode 12, and thus can decrease the number of
fabrication steps. Furthermore, while the eighth embodiment forms the piezoelectric film 14 in
multiple times, the sixth and seventh embodiments forms the piezoelectric film 14 in one time,
and thus can decrease the number of fabrication steps.

Eighth Embodiment

[0092] The eighth embodiment forms the temperature compensation film 28 in the
piezoelectric film 14. FIG 22A is a plain view of a piezoelectric thin {ilm resonator in
accordance with the eighth embodiment, and FIG. 22B and FIG. 22C are cross-sectional views
taken along line A-A in FIG. 22A.  FIG. 22B is a cross-sectional view of a series resonator in,
for example, a ladder-type filter, and FIG. 22C is a cross-sectional view of a parallel resonator in
the ladder-type filter. As illustrated in FIG. 22A through FIG 22C, the temperature
compensation film 28 is located in the piezoelectric film 14. The conductive films 26a and 26b
are located on the lower and upper surfaces, respectively, of the temperature compensation film
28. The conductive films 26a and 26b are electrically short-circuited. The conductive films
26a and 26b are, for example, Ru films.  Other structures are the same as those of the sixth
embodiment, and a description is omitted.

[0093] In the eighth embodiment, the temperature compensation film 28 and the conductive
films 26a and 26b are preferably arranged in a central portion of the piezoelectric film 14. This

enables to make the film thickness of the temperature compensation film 28 thinnest to obtain
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Unit: ppm C RESONATOR 521 S22 S23 S24 P21 P22 P23 P24 TYPE A -15.5 -15.5
-15.7

the same temperature characteristics. The temperature compensation film 28 and the
conductive films 26a and 26b may be arranged nearer the lower electrode 12 or the upper
electrode 16 besides in the center portion of the piezoelectric film 14.  In this case, the film
thickness of the temperature compensation film 28 is set arbitrarily.

[0094] The eighth embodiment also allows the temperature compensation film 28 to
elastically contribute to the resonance characteristics, and to reduce the temperature coefficient
of frequency. As the temperature compensation film 28 is sandwiched by the conductive films
26a and 26b, the capacitance of the temperature compensation film 28 does not electrically
contribute to the resonance characteristics. Therefore, the effective electromechanical coupling
coefficient can be made high. Furthermore, varying the area ratio A1/A0 enables to control the
temperature characteristics and the electrical characteristics with respect to each of the
piezoelectric thin film resonators.

[0095] The conductive films 26a and 26b electrically float. For example, they float from
ground. This allows the temperature compensation film 28 to be further electrically shielded.
The conductive films 26a and 26b preferably include a film made of the same material as that of
the film included in at least one of the lower electrode 12 and the upper electrode 16 in order to
reduce the production cost.  Furthermore, the conductive films 26a and 26b preferably have a
Young's modulus greater than that of aluminum in order to make the effective electromechanical
coupling coefficient high. The conductive films 26a and 26b preferably mainly include at least
one of Ir, Ru, Rh, W, Mo, Cr, Tg, Pt, Ti, and Cu, which has a Young's modulus greater than that
of aluminum.

Ninth Embodiment

[0096] A ninth embodiment changes a structure of the space. FIG. 23A is a plain view of a
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-15.5 -15.2 -14.7 -14.9 -15.2 TYPE B -15.9 -15.2 -14.6 -14.8 -11.8 -11.8
-11.8 -12.0

piezoelectric thin film resonator in accordance with the ninth embodiment, and FIG. 23B and FIG.
23C are cross-sectional views taken along line A-A in FIG. 23A. FIG 23B is a cross-sectional
view of a series resonator in, for example, a ladder-type filter, and FIG. 23C is a parallel
resonator in the ladder-type filter.  As illustrated in FIG. 23A through FIG. 23C, a recessed
portion is formed on the upper surface of the substrate 10. The lower electrode 12 is flatly
formed on the substrate 10. This forms the space 30 in the recessed portion of the substrate 10.
The space 30 is formed in the resonance region 50. Other structures are the same as those of
the sixth embodiment, and a description is omitted. The space 30 may be formed so as to pierce
through the substrate 10. The temperature compensation film 28 may be located in the lower
electrode 12 in the ninth embodiment as with the seventh embodiment. The temperature
compensation film 28 and the conductive films 26a and 26b may be located in the piezoelectric
film 14 in the same manner as those of the eighth embodiment.

[0097] A variation of the ninth embodiment provides an acoustic reflection film instead of
the space. FIG. 24A is a plain view of a piezoelectric thin film resonator in accordance with the
variation of the ninth embodiment, and FIG. 24B and FIG. 24C are cross-sectional views taken
along line A-A in FIG. 24A. FIG. 24B is a cross-sectional view of a series resonator in, for
example, a ladder-type filter, and FIG. 24C is a cross-sectional view of a paralle! resonator in the
ladder-type filter.  As illustrated in FIG. 24A through FIG. 24C, the acoustic reflection film 31 is
formed below the lower electrode 12 in the resonance region 50. The acoustic reflection film
31 is formed by alternately stacking a film 30a having a low acoustic impedance and a film 30b
having a high acoustic impedance. Each of the films 30a and 30b has a film thickness of A/4 (A
is the wavelength of the acoustic wave). The number of stacked films 30a and 30b can be set

arbitrarily. Other structures are the same as those of the sixth embodiment, and a description is
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TYPE C -18.1 -17.9 -18.1 -17.9 -14.0 -14.7 -14.7 -14.3 [0112] As presented
in Table 3 and Table 4, the resonance frequency increases and the
tenperature coefficient of frequency deteriorates as the area ratio Al/AO
decreases. Furthernore, the tenperature coefficient of frequency is in a
trade-off relationship with the effective el ectronmechani cal coupling
coefficient. Therefore, the effective el ectronmechanical coupling
coefficient increases as the area ratio Al /AO decreases. As described
above, meking the resonators have different area ratios Al/AO enables to
control the resonance characteristics and the tenperature characteristics
Wi th respect to each of the resonators. [0113]FIG 26A is a diagram

|11 ustongfieng "@h@t@ﬁ}ﬁeﬁhu@é @sth ik Hoh Gl 8andyesed pdatadlin ilid Ib@ver eléduGde 288 i s an
enl arged view of the pass characteristic around a reception band, and FI G

26C i sh@vAliapeh 8ht hlpdsEhBddiMentas WethUhdsdveh efbo@imehgnahetdrppardrine ant enna
around the reception band. In FIG 26A through FIG 26C, a dotted |line
i ndi cabRSetNBot HRE2 anPhd ashReild Mensi2od be@bESmbE: loyRed B th@pl@zdklectric
film 14 in the same manner as those of the eighth embodiment.
[0098] As described in the sixth through ninth embodiments, the piezoelectric thin film
resonator may be a Film Bulk Acoustic Resonator (FBAR) having the space 30 formed between
the substrate 10 and the lower electrode 12 in the resonance region 50. In addition, as described
in the variation of the ninth embodiment, the piezoelectric thin film resonator may be a Solidly
Mounted Resonator (SMR) including the acoustic reflection film 31, which reflects the acoustic
wave propagated through the piezoelectric film 14, below the lower electrode 12 in the
resonance region 50.
[0099] The resonance region 50 has an eflipsoidal shape in the sixth through ninth
embodiments, but may have other shapes.
Tenth Embodiment
[0100] A tenth embodiment is an exemplary duplexer as an acoustic wave device. FIG. 25
is a circuit diagram of a duplexer in accordance with the tenth embodiment.  As illustrated in
FIG. 25, a duplexer 104 includes a transmission filter 70 and a reception filter 72. The
transmission filter 70 is connected between a common terminal Ant and a transmission terminal
Tx. The reception filter 72 is connected between the common terminal Ant and a reception
terminal Rx.
[0101] The transmission filter 70 includes series resonators S11 through S14 and parallel

resonators P11 through P13.  The series resonators S11 through S14 are connected in series

between the common terminal Ant and the transmission terminal Tx.  The parallel resonators
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solid line indicates the type C. As illustrated in FIG 26A and FIG 26B,
the matching at the center of the reception band is inproved in order of
the types A, B, and C. In addition, a loss within the reception band is
improved in order of the types A B, and C. Furthernore, when conpared as
the skirt characteristic at a | ow frequency side of the reception band,
transition w dths between frequencies, at which the attenuation transits
from-2.5to0 -48 dB, are 14.4 VMHz, 12.9 MHz, and 11.1 MHz in the types A,

B, and C respectively. As described above, the skirt characteristic is
inmproved in order of the types A, B, and C. As illustrated in FIG 26C, the
return loss is inproved in order of the types A, B, and C. [0114]FI G 27A

t hr ough | Bl Gugtd G 3¢ Eorfhe@Bd A Purdllel bHvea! theBoRass GhalapB8hednidgkd CS_at various
tenperatures inthe types A, B, and C. In FIGs. 27A, 27B, and 27C, a dotted

| i ne, tﬁngﬁﬁﬂ&gtelrﬁlﬂﬁl #ad @0%9(11 EHe EARST EH&qiaQﬁlteﬁre@&@%@Pﬁlrtﬁﬁiu@ﬁ Pp$t higs at - 20,
25, and 85 C respectively. illustrated in FIG 27A through FIG 27C, the

tenpenaitieng B&{n%&%@{d g%hﬁﬁth%u%h LAHAVeALIN thR taiPRfRsiBn &iflidel TRPared to
the type A For exanple, differences in |oss between -25 and 85 C at 1930

MHZ, i felieliSo gmtlﬁ&ﬂy&&%n%dm@ Lavar thdianches bHl@rie@feBofhic?® pdRile0. 42 dB, and
0.44 dB in the“types A° B, and C respectively. [0115]Sinulations are

condugidaBn amwduamec%n% am@ﬁm% ecntofdbltamea@mayra@ssmg;lorﬁmt& and G
Table 5 presents the area ratio of the area of the tenperature

conpeqﬁg%&gnanln128 to the area of the resonance region 50 in the
resonators included in the transmssion filters of the types D through G

[ Tabl EEOﬁb] RES%%U%h ﬁléfl'% %ﬁldésj-sﬂerlgg-ljesg{aa)rs S21 through S24 and parallel

resonators P21 through P24. The series resonators S21 through S24 are connected in series
between the common terminal Ant and the reception terminal Rx.  The parallel resonators P21
through P24 are connected in parallel between the common terminal Ant and the reception
terminal Rx. Ground side ends of the parallel resonators P21 through P24 are connected to
ground through respective inductors L22 through L.25.  The reception terminal Rx is connected
to ground through an inductor L21. The number of series resonators, parallel resonators and
inductors can be arbitrarily changed to obtain desired reception filter characteristics.

[0103] The common terminal Ant is connected to an antenna 74. The common terminal
Ant is connected to ground through an inductor 1.  The inductor L1 functions as a matching
circuit. The matching circuit may have multiple elements instead of the inductor L1.

[0104] The piezoelectric thin film resonator of at least one of the six through ninth
embodiments and their variations is used for at least one of the series resonators S11 through S14,
S21 through S24, parallel resonators P11 through P13, and P 21 through P24.  For example, all
the series resonators and the parallel resonators may be the piezoelectric thin film resonators of
the sixth through ninth embodiments and their variation. I[n addition, one of the transmission

filter 70 and the reception filter 72 may be a surface acoustic wave filter. The surface acoustic
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wave filter may be a multimode filter for example. The reception filter 72 may be a balanced
output. When the reception filter 72 is a balanced output, a Double Mode SAW (DMS) filter
can be used as the reception filter 72.

[0105] A duplexer characteristic to a specification of Wide-band Code Division Multiple
Access (WCDMA) Band 25 is examined using the piezoelectric thin film resonator of the six
embodiment for the resonator in the duplexer 104 illustrated in FIG. 25. Band 25 has a
transmission band of 1850 to 1915 MHz, and a reception band of 1930 to 1995 MHz.

[0106] Three types of reception filters: types A, B, and C are simulated. Tablé 1 presents
the area ratio A1/A0 of the area of the temperature compensation film 28 to the area of the
resonance region 50 in each of resonators of types A, B, and C.

[Table 1]
RESONATOR | $21 S22 $23 s24 | p21 P22 | P23 | P24

TYPEA 1 1 1 I 1 1 ] 1

TYPE B 0.76 0.79 0.82 0.80 \ 1 1 1

TYPE C 0.64 0.66 0.63 0.64 0.88 0.83 0.84 0.86

[0107] As presented in Table 1, the type A is a comparative example, and the area ratio
A1/A0is 1 in all the resonators. In the type B, each of the parallel resonators has an area ratio
Al/A0 of 1, and the seriés resonators have area ratios A1/A0 equal to or lower than 1 and
different from each other. In the type C, the series resonators and the parallel resonators have
area ratios A 1/A0 equal to or lower than 1, the series resonators have area ratios A1/AQ different
from each other, and the parallel resonators have area ratios A1/AC different from each other.
Furthermore, the series resonators have area ratios A1/A0 different from those of the parallel

resonators. The highest area ratio A1/A0Q of the series resonators is lower than the lowest area
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0.48 0.45 0.48

ratio A1/AQ of the parallel resonators.

[0108]

TYPE F 0.82 0.82 0.83 0.86 0.86 0.82 0.85 TYPE G

of the films in each type.

Table 2 presents materials of films in the multilayered film 18, and film thicknesses

[Table 2]
Unit: nm
FREQUENCY MASS LOAD UPPER LAYER | TEMPERATURE
ADJUSTING FILM 24 16b OF UPPER | COMPENSATION
FILM 20 ELECTRODE FILM 28
MATERIAL Si0O, Cr Ru Si0;
TYPE A 30 40 190 90
TYPE B 30 - 190 115
TYPE C 30 - 195 115
LOWER LOWER
LAYER 16a OF | PIEZOELECTRIC UPPER LAYER LAYER 12a OF
12b OF LOWER
UPPER FILM 14 ELECTRODE LOWER
ELECTRODE ELECTRODE
MATERIAL Ru AIN Ru Cr
TYPEA 20 1180 175 85
TYPE B 20 1180 170 85
TYPE C 20 1210 175 85
[0109] When the area ratio A1/A0 is changed, the resonance frequency shifts. As

presented in Table 2, to make the resonance frequency a desired value, changed are the film

thicknesses of the upper layer 16b of the upper electrode 16, the temperature compensation film

28, the piezoelectric film 14, and the upper layer 12b of the lower electrode 12.  The types B

and C do not use the mass load film 20 because a difference in resonance frequency between the

series resonators and the parallel resonators can be formed using a difference in area ratio A1/A0.

[0110]

[Table 3]
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Table 3 lists resonance frequencies of the resonators.

Unit: MHz




0.64 0.66 0.65 0.68 0.90 0.86 0.88 [0116]As presented in Table 5, the type
Dis a conparative exanple, and the area ratio AI/AOis 1 in all the
resonators. In the type E, the series resonators have area ratios Al/AO of
1, the parallel resonators have area ratios Al/AO | ower than or equal to 1
and different fromeach other. In the types F and G the series resonators
and the parallel resonators have area ratios Al /AO | ower than or equal to
1, the series resonators have area ratios Al/AO different from each other,
and the parallel resonators have area ratios Al/AO different from each

other. In the type F, the series resonators have area ratios A /AO
approximately equal to those of the parallel resonators. |n th e 0 the

seri aREEPONEOBI]s Fdve abdh ratds |Al$HO Hi PREr antP2r om P%sgand’fz"ft he

|Hel_—tesonatrors—1O1t17#] Tabl e 6-H-ststateridl s
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[ Tablle™Glypp s | 1982 | 1973 | 1964 | 1971 | 1914 | 1914 | 1914 | 1914

TYPEC 1970 1965 1972 1971 1905 1918 1915 1910

[0111] Table 4 lists temperature coefficients of frequencies of the resonators. The
temperature coefficient of frequency represents a shift amount of the resonance frequency per

temperature in Table 4.

[Table 4]
Unit: ppm/°C
RESONATOR | 821 S22 S23 S24 P21 P22 P23 P24
TYPE A -15.5 -15.5 -15.7 -15.5 -15.2 -14.7 -14.9 -15.2
TYPE B -15.9 | -15.2 -14.6 -14.8 -11.8 -11.8 -11.8 -12.0
TYPE C -18.1 -17.9 -18.1 -17.9 -14.0 | -14.7 -14.7 -14.3
[0112] As presented in Table 3 and Table 4, the resonance frequency increases and the

temperature coefficient of frequency deteriorates as the area ratio A1/A0 decreases.
Furthermore, the temperature coefficient of frequency is in a trade-off relationship with the
effective electromechanical coupling coefficient. Therefore, the effective electromechanical
coupling coefficient increases as the area ratio A1/A0 decreases. As described above, making
the resonators have different area ratios A1/A0 enables to control the resonance characteristics
and the temperature characteristics with respect to each of the resonators.

[0113]} FIG. 26A is a diagram illustrating a pass characteristic of a reception filter, FIG. 26B
is an enlarged view of the pass characteristic around a reception band, and FIG. 26C is a diagram
illustrating a return loss of a signal from the antenna around the reception band. In FIG. 26A

through FIG. 26C, a dotted line indicates the type A, a dashed line indicates the type B, and a
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Unit: nm FREQUENCY ADJUSTI NG FI LM 20 MASS LOAD FI LM 24 UPPER LAYER 16b
UPPER ELECTRCODE TEMPERATURE COMPENSATI ON FI LM 28 MATERI AL

solid line indicates the type C.  As illustrated in F1G. 26A and FIG. 26B, the matching at the
center of the reception band is improved in order of the types A, B, and C.  In addition, a loss
within the reception band is improved in order of the types A, B, and C. Furthermore, when
compared as the skirt characteristic at a low frequency side of the reception band, transition
widths between frequencies, at which the attenuation transits from -2.5 to -48 dB, are 14.4 MHz,
12.9 MHz, and 11.1 MHz in the types A, B, and C respectively. As described above, the skirt
characteristic is improved in order of the types A, B, and C.  As illustrated in FIG. 26C, the
return loss is improved in order of the types A, B, and C.

[0114] FIG. 27A through FIG. 27C are diagrams illustrating pass characteristics at various
temperatures in the types A, B, and C.  In FIGs. 274, 27B, and 27C, a dotted line, a dashed line
and a solid line indicate pass characteristics at -20, 25, and 85 °C respectively. As illustrated in
FIG. 27A through FIG. 27C, the temperature characteristics are improved in the types B and C
compared to the type A.  For example, differences in loss between -25 and 85 °C at 1930 MHz,
which is a frequency at the guard band side, are 0.59 dB, 0.42 dB, and 0.44 dB in the types A, B,
and C respectively.

[0115] Simulations are conducted on four types of transmission filters: types D, E, F, and G,
Table 5 presents the area ratio A1/AQ of the area of the temperature compensation film 28 to the

area of the resonance region 50 in the resonators included in the transmission filters of the types

D through G.
[Table 5]
RESONATOR | Sl11 S12 S13 S14 P11 Pi2 P13
TYPED 1 1 1 1 1 1 1
TYPE E 1 1 1 1 0.48 0.45 0.48
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SSA2 O Ru SiO2 TYPED 30 40 200 100 TYPE E 30 160 195 115

TYPEF

0.82

0.82

0.83 0.86

0.86

0.82

0.85

TYPE G

0.64

0.66

0.65 0.68

0.90

0.86

0.88

[0116]

Al/AQ is 1 in all the resonators.

As presented in Table 5, the type D is a comparative example, and the area ratio

In the type E, the series resonators have area ratios AI/AQ of 1,

the parallel resonators have area ratios A1/AQ lower than or equal to 1 and different from each

other.

In the types F and G, the series resonators and the parallel resonators have area ratios

A1/A0 lower than or equal to 1, the series resonators have area ratios A1/A0 different from each

other, and the parallel resonators have area ratios A1/AQ different from each other.

In the type F,

the series resonators have area ratios A 1/AQ approximately equal to those of the parallel

resonators.

the parallel resonators.

In the type G, the series resonators have area ratios A1/A0 different from those of

[0117] Table 6 lists materials of films in the multilayered film 18, and film thicknesses of the
films in each type.
[Table 6]
Unit: nm
FREQUENCY MASS LOAD UPPER LAYER | TEMPERATURE
ADJUSTING FILM 24 16b OF UPPER | COMPENSATION
FILM 20 ELECTRODE FILM 28
MATERIAL 810, Cr Ru Si0»
TYPED 30 40 200 100
TYPE E 30 160 195 115
TYPEF 30 40 200 115
TYPE G 30 - 205 115
LOWER LOWER
LAYER 16a OF | PIEZOELECTRIC UPPER LAYER LAYER 12a OF
12b OF LOWER
UPPER FILM 14 ELECTRODE LOWER
ELECTRODE ELECTRODE
MATERIAL Ru AIN Ru Cr
TYPED 20 1230 180 85
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TYPE F 30 40 200 115 TYPE G 30 - 205 115 LOWNER LAYER 16a OF

TYPEE 20 1195 175 85
TYPEF 20 1230 180 85
TYPE G 20 1265 185 90
[0118] As presented in Table 6, to make the resonance frequency have a desired value,

changed are the film thicknesses of the upper layer 16b of the upper electrode 16, the
temperature compensation film 28, the piezoelectric film 14, and the upper layer 12b and the
lower layer 12a of the lower electrode 12.  In the type E, the {ilm thickness of the mass load
film 20 is made to be thicker than that of the type D because the area ratios A1/A0 of the parallel
resonators are made to be lower than 1. In the type F, since the series resonators have area
ratios A1/AQ approximately equal to those of the parallel resonators, the film thickness of the
mass load film 20 is equal to that of the type D.  In the type G, the mass load film 20 is not used
because a difference in resonance frequency between the series resonator and the parallel
resonator can be formed with a difference in area ratio A1/AQ.

[0119] FIG. 28A is a diagram illustrating a pass characteristic of a transmission filter, FIG.
288 is an enlarged view of the pass characteristic around a transmission band, and FIG. 28C is a
diagram illustrating a return loss of a signal from the antenna around the transmission band. In
FIG. 28A through FIG. 28C, a dotted line indicates the type D, a dashed line indicates the type E,
a dashed-dotted line indicates the type F, and a solid line indicates the type G.  As illustrated in
FIG. 28A and FIG. 28B, the matching at the center of the transmission band is improved in the
types E, F, and G compared to the type ID.  In addition, the matching at a low frequency side of
the transmission band is improved in the types F and G. A loss at the center of the transmission
band is improved in the types E, F, and G compared to the type D.  Furthermore, the loss at a
low frequency side of the transmission band is improved in the type G.

[0120] FIGs. 294, 29B, 29C, and 29D are diagrams illustrating pass characteristics at
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UPPER ELECTRODE PI EZCELECTRI C FI LM 14 UPPER LAYER 12b OF LONER ELECTRCDE
LONER LAYER 12a OF LOVNER ELECTRODE MATERIAL Ru AIN Ru Cr

various temperatures in the types D, E, F, and G respectively. In FIG. 29A through FIG. 29D, a
dotted line, a dashed line, and a solid line indicate pass characteristics at -20, 25, and 85 °C
respectively.  As illustrated in FIG. 29A through FIG. 29D, differences in loss between -25 and
85 °C at 1915 MHz, which is a frequency at the guard band side, are 0.44 dB, 0.37 dB, 0.38 dB,
and 0.45 dB in the types D, E, F, and G respectively. As described above, the temperature
characteristics are improved in the types E and F compared to the type D.

[0121] The tenth embodiment makes the acoustic wave device include piezoelectric thin
film resonators having areca ratios A1/A0 that are lower than 1 and higher than 0, and different
from each other. This enables to control the resonance characteristics and temperature
characteristics with respect to each of the resonators. Therefore, the tenth embodiment enables
to improve the electrical characteristics and temperature characteristics of the acoustic wave
device.

[0122] The transmission filter 70 and the reception filter 72 of the tenth embodiment include
the piezoelectric thin film resonators having area ratios A1/A0 that are lower than 1 and higher
than 0, and different from each other. For example, at least two piezoelectric thin film
resonators may have area ratios A1/A0 that are lower than 1 and higher than 0, and different
from each other. This enables to improve the loss and the temperature characteristics within the
passbands of the transmission filter 70 and the reception filter 72.

[0123] In addition, when at least one of the transmission filter 70 and the reception filter 72
is a ladder-type filter, the series resonator and the parallel resonator may include piezoelectric
thin film resonators having area ratios A1/A0 that are lower than 1 and higher than 0, and
different from each other. Also, the series resonators may have area ratios A1/A0 of 1, and the

parallel resonators may have area ratios A1/A0 that are lower than 1 and higher than 0, and

47



TYPED 20 1230 180 85 TYPE E 20 1195 175 85 TYPE F 20

different from each other. The parallel resonators may have area ratios A1/A0 of 1, and the
series resonators may have area ratios A1/A0Q that are lower than 1 and higher than 0, and
different from each other. The series resonators may have area ratios A 1/A0Q that are lower than
1 and higher than 0, and different from each other, and the parallel resonators may have area
ratios A 1/A0 that are lower than 1 and higher than 0, and different from each other.

[0124] For example, the skirt characteristic at the guard band side preferably changes little
with temperature in the reception filter 72 and the transmission filter 70. For example, when a
guard band is narrow like Band 25 (the transmission band is 1850 to 1915 MHz, and the
reception band is 1930 to 1995 MHz), the skirt characteristic preferably changes little with
temperature. Therefore, the parallel resonator preferably has a large area ratio A1/A0Q in a filter
having a higher passband out of the reception filter 72 and the transmission filter 70. The series
resonator preferably has a high area ratio A1/A0 in a filter having a lower passband out of the
reception filter 72 and the transmission filter 70. Furthermore, the effective electromechanical
coupling coefficient is preferably high to widen the width of the passband. Therefore, the area
ratio of the series resonator is preferably reduced in the filter having the higher passband. The
area ratio of the parallel resonator is preferably reduced in the filter having the lower passband.
[0125] Furthermore, both of the series resonator and the parallel resonator may have area
ratios A1/AQ lower than 1 as with the types C, F, and G

[0126] The difference in resonance frequency between the series resonator and the parallel
resonator can be formed with the difference in area ratio A1/A0 between the series resonator and
the parallel resonator. This enables to omit the mass load film 20.

Eleventh Embodiment

[0127] An eleventh embodiment is an exemplary Radio Frequency (RF) module for mobile
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1230 180 85 TYPE G 20 1265 185 90 [O0118]As presented in Table 6, to nake
the resonance frequency have a desired value, changed are the film

t hi cknesses of the upper |ayer 16b of the upper el ectrode 16, the
tenperature conpensation film 28, the piezoelectric film 14, and the upper
| ayer 12b and the |l ower | ayer 12a of the | ower electrode 12. In the type E,
the filmthickness of the mass load film20 is made to be thicker than that
of the type D because the area ratios Al/AO of the parallel resonators are
made to be lower than 1. In the type F, since the series resonators have
area ratios Al/AO approximately equal to those of the parallel resonators,
the filmthickness of the nass load film20 is equal to that of the type D.
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resonance frequency between the series resonator and the parallel resonator
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diagramillustrating a pass characteristic of a transmssion filter, FIG
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band, and FIG 28Cis a diagramillustrating a return loss of a signal from
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dotted line indicates the type D, a dashed line indicates the type E, a
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type G As illustrated in FI 28A and FIG 28B, the matching at the center
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the type D. In addition, the matching at a | ow frequency side of the

transnjygsk ABmRANcERioh TREAYELe 1aknkiR8b 1 YBRASEnJEd AHalCarcdulRe Soflthé he center of
the transmssion band is inproved in the types E, F, and G conpared to the

type !?ece?HSﬁ RERADE @32 hitee30S 1Bt raRsnh N6 fiRGWRREYoothEl8eDberiviif the I ssion
band is iTnproved 1n the type G [0120] FI Gs. 29A, 29B, 29C, and 29D are

di agr g, ikt #61dddhd HleRRAISERAGRCL Bhd $idsmssfh filter 62b passes signals in a
transmission band out of signals input from the power amplifier 64, and suppresses other signals.
The signals in the transmission band are output from the antenna terminal 61. The power
amplifier 64 amplifies signals input from a transmission terminal 65, and outputs them to the
transmission filter 62b. At least one of the reception filter 62a and transmission filter 62b can
include the filter of the fifth embodiment.

[0128] When configured with a longitudinally coupled double-mode surface acoustic wave
filter, the reception filter 62a can obtain an output having a phase difference of 180 degrees
simply by changing an arrangement of the electrode fingers, and easily obtain a balanced output.
When the duplexer 62 uses a double-mode filter having a surface acoustic wave filter for the
reception filter 62a, and a filter, in which piezoelectric thin film resonators of first through fourth
embodiments are connected in a ladder shape, for the transmission filter 62b, a balanced output
can be obtained at a reception side, and a filter having high power durability is achieved.

[0129] The acoustic wave devices of the first through tenth embodiments are used in the RF

module in the eleventh embodiment, but may be used in other modules.
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various tenperatures in the types DL E, F, and G respectively. In FIG 29A
through FIG 29D, a dotted line, a dashed line, and a solid line indicate
pass characteristics at -20, 25, and 85 C respectively. As illustrated in
FIG 29A through FIG 29D, differences in | oss between -25 and 85 C at 1915
MHz, which is a frequency at the guard band side, are 0.44 dB, 0.37 dB,
0.38 dB, and 0.45 dB in the types D, E, F, and G respectively. As descri bed
above, the tenperature characteristics are inproved in the types E and F
conpared to the type D. [0121] The tenth enbodi nent nakes the acoustic wave
devi ce include piezoelectric thin filmresonators having area ratios Al/ A0
that are lower than 1 and higher than 0, and different from each other.

This gopdoles ARhGRRKEOMBJIENERSONAS E@sm afvaeii@r fast besh deeehibleg Pl i e
characteristics with respect to each of the resonators. Therefore, the

t ent h jeERALIESbo & HAPIE Fatitus! cﬁﬁh{%}/ﬁjbhﬁt@ti@is?ﬁidrdh‘éﬁltioﬁ{@:ruﬁ%eerhh&etﬂeﬁe‘io and
tenperature characteristics of the acoustic wave device. [0122] The

t r ans figdhodkphitinh @om/@ec dNet AieschRCanhd RRedtiont er 72 of the tenth enbodi ment
i nclude the piezoelectric thin filmresonators having area ratios A /AO
that are lower than 1 and higher than 0, and different from each other. For
exanpl e, at least two piezoelectric thin filmresonators may have area
ratios Al/AO that are |lower than 1 and higher than 0, and different from
each other. This enables to inprove the loss and the tenperature
characteristics within the passbands of the transm ssion filter 70 and the
reception filter 72. [0123] 1 n addition, when at |east one of the

transm ssion filter 70 and the reception filter 72 is a | adder-type filter,
the series resonator and the parallel resonator may include piezoelectric
thin filmresonators having area ratios Al/AO that are | ower than 1 and

hi gher than 0, and different fromeach other. Al so, the series resonators
may have area ratios Al/AO of 1, and the parallel resonators nay have area
ratios Al/AO that are lower than 1 and higher than 0, and different from
each other. The parallel resonators nmay have area ratios A /AO of 1, and
the series resonators may have area ratios Al/AO that are lower than 1 and
hi gher than 0, and different fromeach other. The series resonators may
have area ratios Al /A0 that are |ower than 1 and hi gher than 0, and
different fromeach other, and the parallel resonators may have area ratios
Al /AO that are lower than 1 and hi gher than 0, and different from each

ot her. [0124] For exanple, the skirt characteristic at the guard band side
preferably changes little with tenperature in the reception filter 72 and
the transmssion filter 70. For exanple, when a guard band is narrow |ike
Band 25 (the transm ssion band is 1850 to 1915 MHz, and the recepti on band
is 1930 to 1995 MHz), the skirt characteristic preferably changes little
with tenperature. Therefore, the parallel resonator preferably has a |arge
area ratio AI/AOin a filter having a higher passband out of the reception
filter 72 and the transm ssion filter 70. The series resonator preferably
has a high area ratio AI/AOin a filter having a | ower passband out of the
reception filter 72 and the transm ssion filter 70. Furthernore, the
effective el ectronmechani cal coupling coefficient is preferably high to

wi den the width of the passband. Therefore, the area ratio of the series
resonator is preferably reduced in the filter having the higher passband.
The area ratio of the parallel resonator is preferably reduced in the
filter having the | ower passband. [0125] Furthernore, both of the series
resonator and the parallel resonator nmay have area ratios A /AO | ower than
1 as with the types C, F, and G
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[0126] The difference in resonance frequency between the series resonator
and the parallel resonator can be forned with the difference in area ratio
Al / AO bet ween the series resonator and the parallel resonator. This enabl es
to omt the mass load film 20. El eventh Enbodi ment [0127] An el eventh

enbodi ment is an exenplary Radi o Frequency (RF) nodule for nobile

comuni cation. FIG 30 is a block diagramof a nodule in accordance with
the el eventh enbodinment. As illustrated in FIG 30, a nodule 70 includes a
dupl exer 62 and a power anplifier 64. The dupl exer 62 includes a reception
filter 62a and a transmssion filter 62b. The reception filter 62a is
connected between an antenna term nal 61 and reception termnals 63a and
63b. The reception filter 62a passes.agv@nals in a reception band out of
signals input fromthe antenna term nal 61, and suppresses ot her signals.
The signals in the reception band are output fromthe reception term nals
63a and 63b. Bal anced signals are output fromthe reception term nals 63a
and 63Ppat Th@aikdcansm ssion filter 62b is connected between the power
anplifier 64 and the antenna termnal 61. The transm ssion filter 62b
passes signals in a transm ssion band out of signals input fromthe power
anplifier 64, and suppresses other signals. The signals in the transm ssion

band are output fgﬂ@k&ﬁgCQQQ@angh%ﬁﬁkﬁﬁ% 61. The power anplifier 64
anplifies signals input froma transm ssion termnal 65, and outputs them

to the tranggqégélgangmlﬁ Blm BéBnatdilinli6@aL; one of the reception filter 62a

and transmission filter 62b can include”the filter of the fifth enbodi nent.
[ 0128] When confi guradW.th a | ongitudinally coupl ed doubl e-node surface
acoustic wave filter, the reception filter 62a can obtain an output having

a phase dlfferencghgw 180, PLYbs¥echangi ng an arrangenent of the
el ectrode fingers, eaégﬁy 0 té?% bglaﬁced out put. Wen t he dupl exer

62 uses a doubl e- Q&tiwddﬁlsioewfmm@ fSHhAnEaRaUstibGoeve fil ter for the
a an |1 C

reception filter afilter pi ezoelectric thin film

resonators of 111 st kDERNOR] QHELRHETROIPILS (A0 RieSONDRES fithl Be? | adder

shape, for the transm ssion ter anced out put can obt ai ned

at a4y eeePtion St dpuy apdicandde e uhog. PR AU AL i lip achi eved.

[0129] The acoustlc evi ces o t he rst t t ent dinents are

used in the RF r%ab hg%uﬁng%gm Q’lt%ﬂpgg:ls&ﬁlHEG reg% 1H%1<91eth9ﬁl%r' n other

nodul es. [0130] oug the e Iments o e présent 1 nvention have been

descri ?e%ﬁoﬁ@an(aerhgléﬁper Eitecljr thcet%?iclythgxr a%%%g &etaﬁ?etastttag &Y&E&Q&ﬁc ﬁl?@é“%e

substi I ons tera ons cou be ma ereto out departing from

the spiifrlibn@Rth SEQRE oPhe tAGndnlY RO

2. An acoustic wave device comprising:
a piezoelectric thin film resonator including:
a substrate;
a lower electrode formed on the substrate;
at least two piezoelectric films formed on the lower electrode;
an insulating film sandwiched by the at least two piezoelectric films; and
an upper electrode formed on the at least two piezoelectric films, wherein

the insulating film within a resonance region, in which the lower electrode and
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CLAI M5 What is clainmed is: 1. An acoustic wave device conprising: a
pi ezoel ectric thin filmresonator including: a substrate; a | ower el ectrode
formed on the substrate; at |east two piezoelectric films forned on the
| ower el ectrode; an insulating fil msandw ched by the at |east two
pi ezoelectric filnms; and an upper electrode forned on the at |east two
pi ezoel ectric filnms, wherein an area of the insulating filmwthin a
resonance region, in which the | ower electrode and the upper el ectrode face
each other across the at |east two piezoelectric films, is different from
an area of the resonance region. 2. An acoustic wave device conprising: a
pi ezoel ectric thin filmresonator including: a substrate,;

the upper electrode face each other across the at least two piezoelectric films, has a concave

portion and a convex portion.

3. The acoustic wave device according to claim 1 or 2, wherein
the insulating film has a temperature coefficient of elastic constant opposite in sign to a

temperature coefficient of elastic constant of the at least two piezoelectric films.

4, The acoustic wave device according to any one of claims 1 through 3, wherein
the at least two piezoelectric films are two piezoelectric films, and the insulating film is

a single insulating film.

5. The acoustic wave device according to claim 1, wherein
the acoustic wave device includes a plurality of the piezoelectric thin film resonators
having area ratios different from each other, the area ratio being a ratio of the area of the

insulating film within the resonance region to the area of the resonance region.

6. The acoustic wave device according to claim 2, wherein
the acoustic wave device includes a plurality of the piezoelectric thin film resonators
having area ratios different from each other, the area ratio being a ratio of an area of the concave

portion within the resonance region to an area of the resonance region.

7. The acoustic wave device according to claim 5 or 6, wherein

the plurality of the piezoelectric thin film resonators include series resonators and
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a lower electrode forned on the substrate; at |east two piezoelectric filns
formed on the | ower electrode; an insulating filmsandw ched by the at

| east two piezoelectric filnms; and an upper electrode forned on the at

| east two piezoelectric filnms, wherein the insulating filmwthin a
resonance region, in which the | ower electrode and the upper el ectrode
face each other across the at |east two piezoelectric filnms, has a concave
portion and a convex portion. 3. The acoustic wave device according to
claiml1l or 2, wherein the insulating filmhas a tenperature
coefficient of elastic constant opposite in sign to a tenperature
coefficient of elastic constant of the at |east two piezoelectric fil ns.

4. Theartieusidnatoreore fileyipe according to any one of clains 1 through 3,
wherein the at |east two piezoelectric filnms are two piezoelectric fil ns,
and the insyl Rhdt B f thesdries fesShalgs Bad MS Wleakdtdadiffere from thedwreallaio atqust i ¢
wave device according to claim1, wherein t he acoustic wave device
i ncl uggs: ehelIrdiclardinel REodaids.pi ezoel ectric thin fil mresonators having area
ratios different fromeach other, the area ratio being a ratio of the area
of the insulating filmwthin the resonance region to the area of the
resonance region. 6. The acoustic wave device according to claim 2,

wher ei n 8. DB AGQUERLVAMRVRe SRR foNGdimdRs @ whkrial ity of the
pi ezoel ectric thin filmresonators having area ratios different from each

ot her, the g8auhaliR tReliBeRckidihif fBh rédn@bRAINGEIL RBeLRAGRARs BRIt i on
within the resonanCe region to an area of the resonance region. 7. The
acoustiGuevsdRY &8 AeEomdi ng to claim5 or 6, wherein

at least one of the series resonators has the area ratio different from the area ratio of

another of the series resonators and/or at least one of the parallel resonators has the area ratio

different from the area ratio of another of the parallel resonators.

9. The acoustic wave device according to any one of claims 1 through 8, wherein
at least a part of an outer periphery of an uppermost piezoelectric film out of the at least
two piezoelectric films in the resonance region is located further in than an outer periphery of the

upper electrode.

10. The acoustic wave device according to claim 9, wherein

a space or an acoustic reflection film is located below the lower electrode, and

an outer periphery of the space or an outer periphery of the acoustic reflection film is
located further out than the outer periphery of the upper electrode in a region in which the outer
periphery of the uppermost piezoelectric film is formed further in than the outer periphery of the

upper electrode.
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the plurality of the piezoelectric thin filmresonators include series
resonators and parallel resonators of a filter, and at | east one of
the series resonators has the area ratio different fromthe area ratio of
at | east one of the parallel resonators. 8 The acoustic wave device

according to claim5 or 6, wherein the plurality of the
pi ezoel ectric thin filmresonators include series resonators and parall el
resonators of a filter, and at |l east one of the series resonators

has the area ratio different fromthe area ratio of another of the series
resonators and/or at |east one of the parallel resonators has the area
ratio different fromthe area ratio of another of the parallel resonators.

9. The acoustic waNEacdesticaeavaeedibehdtgrding @rjainvewdérel ai ms 1 through 8,
wherein at least a part of an outer periphery of an uppernost

piezoelectrh@p&khyh@g&j@ﬁ@&hﬁnaﬁ@ﬂ@aﬁﬁ@@w@dpiezoelectric films in the
resonance region is located further in than an outer periphery of the upper

el ectrode. 3RoutdhSurpROYST e spates ARYes QurBREOitdhanghé Suted giriph&y oftiRr ei n a
space or an acoustic reflection filmis |ocated bel ow the | ower el ectrode,

and  ypper cl@fro@ bR uP@El BARMYanVutdr PeriiRAE 6f Llowdinérd prREcdMtriPNal i 20f the
acoustic reflection filmis |ocated further out than the outer periphery of

the upggsn Bl WEEK 8EQuieRp@ighesi dThd ihpehhesR plehGel QUi e InDR forearfried: i ihen
upper nost piezoelectric filmis formed further in than the outer periphery

of t hendR& peBbRGY bPME upper clectrodel. The acoustic wave device according to
claim9, wherein

12. The acoustic wave device according to any one of claims 1 through 9, wherein

the at least two piezoelectric films mainly include aluminum nitride, and the insulating

film mainly includes silicon oxide.

13. An acoustic wave device comprising:
a piezoelectric thin film resenator including:

a substrate;

a piezoelectric film located on the substrate;

a lower electrode and an upper electrode that face each other across the
piezoelectric film;

a temperature compensation film having a temperature coefficient of elastic
constant opposite in sign to a temperature coefficient of elastic constant of the piezoelectric film;
and

conductive films formed on an upper surface and a lower surface of the

temperature compensation film, and mutually electrically short-circuited, wherein

an area of the temperature compensation film within a resonance region, in
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a space is |located below the | ower electrode, and an outer periphery
of the space is located further out than the outer periphery of the upper

el ectrode, and further in than an outer periphery of a | owernpst

pi ezoelectric filmin a region in which the outer periphery of the

upper nost piezoelectric filmis formed further in than the outer periphery
of the upper el ectrode. 12. The acoustic wave device according to any
one of clainms 1 through 9, wherein the at |east two piezoelectric filns

mai nly include alumnumnitride, and the insulating filmmainly includes
silicon oxide. 13. An acoustic wave device conprising: a piezoelectric
thin filmresonator including: a substrate; a piezoelectric filmlocated on

t he sufgéd Ak @wer electrode and the upbel S¥@fode fRGlg @dieo@Bthcadds tHuRézoekatit fidde t hat
face each other across the piezoelectric film a tenperature

conpens afrfeRAt frbhih i oTehedetRBERRradibn.e coefficient of elastic constant
opposite in sign to a tenperature coefficient of elastic constant of the

pi ezoelectric film and conductive filns formed on an upper
surface and a | ower surface of the tenperature conpensation film and

nutual Iy el ggtri cqhd YeoB BRI Wavki debidt ha&drdi@ @il BNwhEem of the tenperature
conpensation filmw thin a resonance region, in which the |ower electrode

and the uppgficgdi8as 6OUE 1dAS RBERHERI R\ PpePlEDle ItR1dRS fAORE Sftdfitke Tilm s
different froman area of the resonance region. 14. The acoustic wave

devi ce aGereLdEng.to claim 13, wherein

15. The acoustic wave device according to claim 13 or 14, wherein

the temperature compensation film mainly includes silicon oxide or silicon nitride.

16. The acoustic wave device according to claim 13 or 14, wherein
the temperature compensation film mainly includes silicon oxide, and additionally

includes at least one of F, H, CH3, CH,, C1, C, N, P, and S.

17. The acoustic wave device according to any one of claims 13 through 16,
wherein

the piezoelectric film mainly includes aluminum nitride.

18. The acoustic wave device according to any one of claims 13 through 17,

wherein

a space is formed between the substrate and the lower electrode in the resonance region.

19. The acoustic wave device according to any one of claims 13 through 17,

55



at | east one of the | ower electrode and the upper el ectrode includes at

| east one of the conductive filnms. 15. The acoustic wave devi ce accordi ng
to claim13 or 14, wherein the tenperature conpensation filmmainly

i ncludes silicon oxide or silicon nitride. 16. The acoustic wave device
according to claim 13 or 14, wherein the tenperature conpensation film

mai nly includes silicon oxide, and additionally includes at | east one of F,
H CF13, CH2, d, C N, P, and S 17. The acoustic wave device
according to any one of clainms 13 through 16, wherein wherein the

pi ezoel ectric filmmainly includes alumnumnitride. 18. The acoustic wave
devi ce according to any one of clains 13 through 17, a space is forned

bet wegntiidicompiistd:ate and the | ower el ectrode in the resonance region. 19.
The acoustic wave device according to any one of clains 13 through 17,
further conpf b&ubEk reflection filANwWARRAWUSIHCE ahatbiRat Watke prlobsatedhiebgll @kl ects an
acousti c wave propagated through the piezoelectric film below the | ower

el ect npgdgelbdirit ffn MREMNALIBVEr@BIcRBde in the resonaﬁ&br&%ibﬁ. acoustic wave device
according to any one of clainms 13 through 19, erein t he

tenperature conpensation filmhas a tapered side surface so as to have an
upper surface with a wwdth smaller than that of a | ower surface.

\ﬁ- The acogglic YRVL 8N w 6ol SidBRIifLodAY oROSE @imE 13itiBugdh31 ¢, hr ough 20,
ereln

wherein

the temperature compensation film has a tapered side surface so as to have an upper

surface with a width smaller than that of a lower surface.

21. The acoustic wave device according to any one of claims 13 through 20,
wherein

the acoustic wave device includes a plurality of the piezoelectric thin film resonators
having area ratios different from each other, where the area ratio is a ratio of the area of the

temperature compensation film within the resonance region to the area of the resonance region.

22, The acoustic wave device according to claim 21, further comprising:

a filter including a plurality of the piezoelectric thin film resonators.

23. The acoustic wave device according to claim 22, wherein

the filter is a ladder-type filter, and

the plurality of the piezoelectric thin film resonators include a series resonator and a

parallel resonator.
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t he acoustic wave device includes a plurality of the piezoelectric thin
filmresonators having area ratios different fromeach other, where the
area ratio is aratio of the area of the tenperature conpensation film
within the resonance region to the area of the resonance region. 22. The
acoustic wave device according to claim?21, further conprising: a filter
including a plurality of the piezoelectric thin filmresonators.

23. The acoustic wave device according to claim22, wherein the filter is a
| adder-type filter, and the plurality of the piezoelectric thin film
resonators include a series resonator and a parallel resonator.

24. The acoustic wave device according to claim23, wherein a

di fference b, resTRaneesticeauacle bebheeotdems! Wwhsreinesonat or and t he
parallel resonator is forned with a difference in the area ratio between

the series pes@iaicelin ABShahberQAEAdy RIwEAIRNAIIOS resonator and theparallele acoustic
wave device according to any one of claims 22 through 24, further
cConpr irgdoRStor B fERMAIENRET o difEleHEH MGhd Ba fakibbBfween the series resonator and the

parallel resonator.
25. The acoustic wave device according to any one of claims 22 through 24,

further comprising:

a duplexer including the filter.
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