1 DESCRI PTI ON PI EZCELECTRI C THI N- FI LM RESONATOR, COVMUNI CATI ON MODULE AND
COVMUNI CATI ON DEVI CE 5 Technical Field [0001] The disclosure of the present
application relates to a piezoelectric thin-filmresonator, a conmmuni cation
nodul e, and a conmmuni cati on device. 10 Bbckground Art [0002] In recent
years, wth the rapid spread of radi o equipnent as typified by a nobile
phone, a filter device for high frespeORPTRONUNI cation has been devel oped,
which transmts only electric signals in a specific frequency band and is
obtai ned by conbining two or nore resonators that are nade of piezoelectric
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However, a filter conposed of C%ngﬁ(?ﬁ?%ﬂ.@ﬁlf' | m resonat or has

recently attracted nuch attention because Zoel ectric thin-film
resonatmpor exhi bits good performance particularly at high frequencies, and
al so can be forned as a snmall nonolithic device. 20 [0003] In the

pi ezoel ect'Féchnichl Rield | m resonat or, the vibration that propagates in a

i i i I d f is defined as a fundanenta
mde.of vi PG} offe flesire of heaussenh aneictiyn suarae ABiHIGE BBt | on
t hat prop Sistol i i 1] el . el e surface. Such a
vi brati onaltg%gt pfl’ %62%% lggg%dr?%[r}ﬁg@lg%r%?ﬁ %ﬁnﬁﬁg&éﬁ#‘g‘ﬁ%@&f he el ectrode
surface is called "transverse node spurious”, which is 25 noise for the
fundanental node of vibration. [0004] Patent Docunment 1 discloses a
pi ezoellect Badkgrennd Aitl m resonator in which a plurality of holes are
provi ded i partion of an u r el.ectrode_.that is |ocated gppgsite a
| over el ec[@pﬁ%]eoé’c‘ieﬁ?st VSRS @é@&ﬁ%rﬂﬁﬁt@’@@ vl QS%H“BH’PPF%SEYHI-ﬁ%ﬁf 12m The
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shapes, so t transverse “no I OUS can be suppresse i or
Art Docunewhih tPansmits only electric signals in a specific frequency band and is obtained by

combining two or more resonators that are made of piezoelectric materials and use

15 surface acoustic waves (SAW) or bulk acoustic waves (BAW). So far, a dielectric filter
and a SAW filter have been mainly used. However, a filter composed of a piezoelectric
thin-film resonator has recently attracted much attention because the piezoelectric
thin-film resonator exhibits good performance particularly at high frequencies, and
also can be formed as a small monolithic device.

20  [0003] In the piezoelectric thin-film resonator, the vibration that propagates in a
direction perpendicular to an electrode surface is defined as a fundamental mode of
vibration. In some cases, there may be another mode of vibration that propagates in
a direction parallel to the electrode surface. Such a vibration that propagates in the
direction parallel to the electrode surface is called “transverse mode spurious”, which is

25  noise for the fundamental mode of vibration.

[0004] Patent Document 1 discloses a piezoelectric thin-film resonator in which a
plurality of holes are provided in a portion of an upper electrode that is located opposite
a lower electrode across at least a part of a piezoelectric thin film. The plurality of
holes are irregularly arranged and have irregular sizes or shapes, so that the

30  transverse mode spurious can be suppressed.

Prior Art Documents



Pat ent Docunents [0005] Patent Docunent 1:3? 2007-184816 A Di scl osure of

I nvention 5 Problemto be Solved by the Invention [0006] However, in the

pi ezoel ectric thin-filmresonator disclosed in Patent Docunent 1, it is
difficult to provide an arrangement nethbod of the holes or a pattern design
to suppress the transverse node spurious. 10 Means for Sol ving Probl em

[ 0007] A pPﬁ%ﬁ?P@&hﬁéx?tst hin-fil mresonator disclosed in the present
application i ncludes a substrate, a | ower el ectrode provided on the
substr at e, (0805l eRateheDoduingerftil: 3P ROOYV-168481600 t he | ower el ectrode, and an
upper electrode that is | ocated opposite the |ower el ectrode across at

| east a part of the piezoelectric film The upper el ectrode includes 15 a

plurality Qf concave or convex patterns in at |east a region that faces the
| over el ecﬁ}%@%‘_ﬂ&ﬁﬁn‘fﬁn&?& ity of concave or convex patterns are densely

arranged i prRle B BabolPal by 412 Rbeddifn region and are sparsely arranged in a
th [

peri pheral portion of e region. [0008] A piezoelectric thin-film

resonat or @086l cHestever, inlthe picesdertriatihifitat iesonatncdisesd 20Patcst Doturabet, a

| ower el ectrode provided on the substrate, a_piezoelectric film provided on
the | ower bll%@@%@@,tt%mvm apyreangemant merthod eidhe holes or apatienpissignte t he

| oner el ectrode art of the piezoelectric filmA mass

ross at least a
| oad fil m?l?pﬁ?sggﬁ%g@nﬁ%erf%@o %B%?ﬁ)oeqsect rode. The mass load filmincludes a

plurality of concave or convex patterns in at |east a region that faces the
| ower el ectrode. The plurality of concave or 25 convex patterns are densely
arr angéd i Meang foniSobtingBrdblemm of the regi on and are sparsely arranged in a
peri pheral _portion, of the regign. Effects of the Invention [ 0009]

Accor di ng Oﬂh Blezegletne Elu_}?fﬁ]@ﬁ@s?#aé@re‘ﬁﬁd%ﬁlm eha Propent apRbieation iagudesous
can 30 be g gl%Jtyaté,eadlg&zgpele&rr&ﬁfpr%ﬁgé bREAS Qub%lzral%, %%i@z%glect%c film provided

on the lower electrode, and an upper electrode that is located opposite the lower
electrode across at least a part of the piezoelectric film. The upper electrode includes
15  aplurality of concave or convex patterns in at least a region that faces the lower
electrode. The plurality of concave or convex patterns are densely arranged in a
central portion of the region and are sparsely arranged in a peripheral portion of the
region.
[0008] A piezoelectric thin-film resonator disclosed in the present application includes
20  asubstrate, a lower electrode provided on the substrate, a piezoelectric film px:ovided
on the lower electrode, and an upper electrode that is located opposite the lower
electrode across at least a part of the piezoelectric film. A mass load film is provided
on the upper electrode. The mass load film includes a plurality of concave or convex
patterns in at least a region that faces the lower electrode. The plurality of concave or
25  convex patterns are densely arranged in a central portion of the region and are

sparsely arranged in a peripheral portion of the region.
Effects of the Invention
[0009] According to the disclosure of the present application, unwanted spurious can

30  be easily reduced.

Brief Description of Drawings



[0010] [FIG 1A] FIG 1A is a plan view of an upper el ectrode having hol es

at irregular positions. [FIG 1B] FIG 1B is a plan view of an upper
el ectrode having holes with irregular shapes. 5[FIG 10 FIG 1Cis a plan
vi ew of an upper electrode having holes % th irregul ar sizes. [FI G

2A1 FIG 2A is a plan view of a piezoelectric thin-filmresonator of an

enbodi ment ool il Gr1@Bl AFG. 138 aéﬁeﬁe\gﬁ@ﬁ@&gﬁ@&mﬁb%ﬂvﬁ sglong the

line AAAin FI'G 10 2A I'S a cross-sectional view
showi ng a irespulsaqiositiong process of a piezoelectric thin-filmresonator.
[FIG 3B] FIG 3B.is cross-sectional view show ng a manufacturing process
of a pi ezoel ect riFdGt BBHEYG. 1113 15 e plaraview. of as[upper elegrqdedavag holesgwith
cross-sectjonal view show ng a manufacturing process of a piezoelectric
thin-filmYes tsg}??es' [FIG 3D FIG 3Dis a cross-sectional view

show ng; a manuf ri R ' A at or.
THG 4 F G 4 L OPERE 0585 gin, Ack ARG e BV e MATRET 2 o 5
FIG 5 is aregudaraidesri stic di agram showi ng the resonance characteristics of
a piezoelectri cn&gi n-filmresonator., [FIG_6]. FIG 6 is a plan view of
a mass |oad fil née %ﬂ%-%l@épm\ﬁp@fapn{m@nﬂtmﬁ@nmsorsat@rofan

characteristic agram showi ng the resonance characteristics of a
ém 0(%.].'!,1'1'6

di
pi ezoel ectTl A2fi 1 m resonator. 25[FIG 8] FIG 8 is a plan view of a
mass | oad fil m offiGogpiErws. ioBas BePdRIsEetidnal view taken along the line A—A in FIG.

10 2A
[FIG. 3A] FIG. 3Ais a cross-sectional view showing a manufacturing process
of a piezoelectric thin-film resonator.
[FIG. 3Bl FIG. 3B is a cross-sectional view showing a manufacturing process
of a piezoelectric thin-film resonator.
15 [FIG. 3C] FIG. 3C is a cross-sectional view showing a manufacturing process
of a piezoelectric thin-film resonator. |
[FIG. 3D] FIG. 38D is a cross-sectional view showing a manufacturing process
of a piezoelectric thin-film resonator.
[FIG. 4] FIG. 4is a plan view of a mass load film of Example 1.
20 [FIG. 5] FIG. 5 is a characteristic diagram showing the resonance
characteristics of a piezoelectric thin-film resonator.
[FIG. 6] FIG. 6 is a plan view of a mass load film of Comparative Example 2.
[FIG. 7] FIG. 7 is a characteristic diagram showing the resonance
characteristics of a piezoelectric thin-film resonator.
25 [FIG. 8] FIG. 8 is a plan view of a mass load film of Comparative Example 3.
[FIG. 9] FIG. 9 is a characteristic diagram showing the resonance
characteristics of a piezoelectric thin-film resonator.
[FIG. 10] FIG. 10 is a plan view showing a modified example of a mass load
film.
30 [FIG. 11] FIG. 11 is a cross-sectional view of a piezoelectric thin-film resonator
of Example 2.
[FIG. 12] FIG. 12 s a circuit diagram of a ladder filter of Example 3.



[FIG 9] FIG 9 is a characteristic diagramshow ng the resonance
characteristics of a piezoelectric thin-filmresonator. [FIG 10] FIG 10
is a plan view showing a nodified exanple of a mass load film30[FI G 11]
FIG 11 is a cross-sectional view of a ptezoelectric thin-filmresonator of
Exampl e 2. [FIG 121 HG 12 is a circuit di agram of a |adder filter of

I : | &3 tg filt f
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Exanpl e 3. G 14 is a comuni cat i on nodul e.
[FIG 151 FIG J[EIGs14§mmmlsmmm@mOmmmumnmn@amece [FIG 161
FI G 16isap| nV|e shovmngarmdlfled exanple of a mass load 5film
Descri ption of dhti Enisjaodlack] dipgrmse af areaveeynjcatiomdeifitegur at i on of

Chi netifm 'eféotn fi@?{%\ S R R VT S

(solidlsy ngunted resonator).

Description of the Invention
[0011] (Embodiments) _
[1. Configuration of piezoelectric thin-film resonator]

10 There are two types of piezoelectric thin-film resonators: FBAR (film bulk
acoustic resonator) and SMR (solidly mounted resonator).
[0012] The former has a structure of upper electrode/piezoelectric film/lower electrode
on a substrate as the main components. A cavity is formed under the lower electrode
and located in a region where the upper electrode and the lower electrode face each

15 other. In this case, the cavity may be formed by wet etching a sacrificial layer that is
formed between the surface of the substrate and the lower electrode. Alternately, the
cavity may be formed by wet etching or dry etching the substrate from the back side.
The latter has a structure in which films with a high acoustic impedance and a
thickness of 1/4 (\: the wavelength of an acoustic wave) and films with a low acoustic

20  impedance and a thickness of /4 are alternately laminated, and the laminated film is
used as an acoustic reflection film and as a substitute for the cavity.
[0013] The electrode films of the piezoelectric thin-film resonator may be made of, eg.,
aluminum (Al), copper (Cw), chromium (Cr), molybdenum (Mo), tungsten (W),
tantalum (Ta), platinum (Pt), ruthenium (Rw), rhodium (Rh), or iridium (Ir). The

25  piezoelectric film may be made of, e.g., aluminum nitride (AIN), zinc oxide (ZnO), lead
zirconate titanate (PZT), or lead titanate (PbTiOs). The substrate may be made of,
e.g., silicon (Si), glass, or ceramics.
[0014] When a high frequency voltage is applied as an electric signal between the
upper electrode and the lower electrode of the piezoelectric thin-film resonator, an

30  acoustic wave is excited in the piezoelectric film sandwiched between the upper
electrode and the lower electrode due to the inverse piezoelectric effect. Moreover, a

distortion caused by the acoustic wave is converted into an electric signal by the



[0012] The fornmer has a structure of upper el ectrode/piezoelectric
filmlower electrode on a substrate as the main conponents. A cavity is
formed under the |ower electrode and |located in a region where the upper
el ectrode and the | ower electrode face ®ach 15 other. In this case, the
cavity may be fornmed by wet etching a sacrificial layer that is forned

bet t t : : t tely,
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by wet etching or y etching the substrate from

t he back sigjer Eletrb@s filed tHiass @ ®htastvithehe ainsidathe kidfage ofithdiloavehi gh
acoustic inpedance and a thickness of 214 (2: the wavel ength of an acoustic
wave) and dledtyeslefilmithat isdncertacisvitle throaiy. sefore, Hhrgpcqustifl ¥RVeE88 of 214 are

alternately l.anm.nat ed nd t he.| am ed filmijs used as_.an.acoustic
reflecti 043%1?% S%‘Qa‘%r%ﬂ'ﬁé’?ﬂﬁ'g}&&%? i dispiAcethent 5 e %Cimgf’sect rode
films of the BbREPlSHlibRclRifn | TH: LSS MBlHestBhcd BhéfiSerRh caf plovide

al um num (AD, copper (Cu), chromum (Cr), nol ybdenum (1\,/fo), tungsten
(W, tant ad tesohadtey havihgdesiten frdtuency chdractbrisndsRon 3 filttradimed bRnnecting 4i di um
(Ir). The 25 piezoelectric filmmy be nmade ot e.g., alumnumnitride (M),
zi nc oxi deplpzaldy of thegasonat@sbnate titanate (PZT), or lead titanate

(PbTi X) . subst rat e, may,,be na 0 Q.. silicaon. (o). | ass.. or
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pi ezoel ectric thin-filmresonator, an 30 acoustic wave is excited in the

pi ezoellectfepeestitsn waaldhickhesd of tielemindthé strppeire sicholing the wipdr eleetrddener

el ectrode due o the_inverse piezoelectric Sffect l\/brgover, a_distortion
caused by il the piggeqlectis il and tbalesvarelecttods film thatare formediqnthe ca\ith he 5
pi ezoel ectrig eff.ect. Suc n_aco i C i I C 3 t he
B urface of %4 fhe ShBabmeptiets PR R FufPhiGnde of Bl B R AP AL 4 "F e
surface ofigthier! omelt kRS s8R dbiokdirk B fleguértySPinathe t¥al thitiRs@Hris an
Therefore, the acoustic wave is a longitudinal oscillatory wave in which
the main dindggrabeamdiile (rstimeskdfent-half keeskenstidi (%Whmdemgthi/h@hpiamét ectric
filmThe use of this resongnce ph%nom%g?#} can g({ vi de a resonator having
desi r ekP f r B3t nchReIRETIECRHPYRSTRE H( @R ferrEp med by connecting a
plurality of thng ors). 1100151 For example, in the case of the
FBAR-type piezoeleciric thin-filmresonator, resonance occurs at a

frequency wher Vhspresins b progdgatioWalodity dshe Wrktc WaldthedepsrRios the t ot al
t hi ckness of the lami nated structure including the upper _electrode film

t he pi ezoeinateridlof the pipzogledtridfdm. obusdhe gesondace fr¢anennal can be pentrdiedon t he
cavity as fhe maj opponent A. represents a wavel ength of the acoustic
wave, and #yﬁ?tgi?ﬂit&gg‘éﬁsﬁ%ﬂ?@@agﬂg&r‘é@Wance occurs at a frequency
when t t t i 4 i ; i t hal f
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frequency #reanierpaidduidnedhdylectrode surface is defined as a fundamental mode of

vibration. In some cases, there may be another mode of vibration that propagates in

a direction parallel to the electrode surface. Such a vibration that propagates in the

direction parallel to the electrode surface is called “transverse mode spurious”, which is
25  noise for the fundamental mode of vibration.

[0017] JP 2007-184816 A discloses the piezoelectric thin-film resonator in which a

plurality of holes are provided in the portion of the upper electrode that is located

opposite the lower electrode across at least a part of the piezoelectric thin film. This

piezoelectric thin-film resonator suppresses the transverse mode spurious by adjusting
30 the arrangement, size or shape of the holes. FIG. 1Ais a schematic diagram of an

upper electrode 101 having a plurality of holes 102 that are irregularly arranged.

FIG. 1B is a schematic diagram of the upper electrode 101 having a plurality of holes



F = nV/2H where V represents a propagation velocity of the acoustic wave

t hat depends on the nmaterial of the piezoelectric film Thus, the resonance
frequency F can be controlled by the total thickness H of the |am nated
structure. 20 [0016] In the piezoelectri® thin-filmresonator, the

vi bration that propagates in a direction perpendicular to the electrode

surface isy itﬂ‘ﬁg Qa”ﬁ@ 30 i399enHarid BbBLLP tgle TipBAEledtbag 101 telhe[ °

may be anot atlon that “propagates®in a npara

t he el ect rlqwlm@@maﬁty@w@msaoamﬂmwgm@@%spr opagates in the direction
parall el @ ng el ectrode surface is called "transverse node spurious”
which is 2 sidowevertindbe mieaentestitiathimbidie resonatdyrdaslased irf 02007 %4816

2007- 184816 .A. dj es th Il ezoel ectric resonator in.which a

o ur ai 1ty it iR Dpi Fh Rt st bR e 1ol O A aHoE Sbe « ha
i's I00@¢eqﬂﬁggg%%5@hkg§@r bdebfgifRde across at least a part of the

pi ezoelectriCc thin fi I's piezoelectric thin-filmresonator suppresses
t he transvieoiel r(ﬁbtan@ﬂml)l ous by adjusting 30 the arrangenent, size or shape

of the holes. FIG |Ais a schematic diagram of an upper electrode 101
havi ng a pl ural i Fa aﬁlﬁalpé@wotamezmlectmﬂ@mﬁlmqsomra%emplaﬂ@,fams is a

schematic di f pper el ec avi.n | u oles 6
103wt h 1 SPBAHRERES e 2R oS BoRa et 1otk Bhain A it afer

el ectrode h I t S.
[ 0018] Hom%\e%?] %nﬁg@%%g% e%:hteﬁ{l%%tg %?%m?t ?ﬁlmmf%geogﬁ%%%? UfdEiE alﬁ%%gd in JP
2007- g8 Tificldes b sitlsstetith #il caulotvet elepirodd 48; agiiezasleanigdilmntd, s uppet dMctiode
hol es or a attern desjgn to 5 suppress _the transverse node spurious.

[0019] ( |rgagg)load film 51, gnd@ ﬂwerngy adJﬁs@wmuﬁéw &% dheisubyedtediis c
E: Pl)g sf Is L(r:nt Ilkgﬁgr@%%é\ﬁg m’ggmg?rl %}8&% o(%\lgg\g % Il—e}yér S?)&Cat[“@%?‘g[fuj% shown in
FIG 24, tTige plepd@h8Chih 84 idthadd bf éngr Aﬁonaﬂ%uﬁierﬁmﬁ%&@zléh&& e'gn%ll udes a
substrate 41, a | ower electrode 43, & piezoelectric film 44, an“lpper
el ect rode 6y lagensssctineed affirsiningdr A7 Buhahd e geendyaydidsh (GONt Thé lomeﬁ 2 Th e
ts :,J\g_sf ral)fté é@qtmﬁe%d plg&g)p@gtnc ﬁin Mngd lt}?e\zl\ﬁ}gpe?r le(lae%}:ri)gg 25 ggn kr)]e formgd gn the
substrate 41 by a film forming method such as sputtering.
[0021] For example, in the case of the piezoelectric thin-film resonator having a
resonance frequency of 2 GHz, the thickness of each layer may be approximately
determined as follows: the Ru film of the lower electrode 43 is 250 nm; the Cr film of
20  the lower electrode 43 is 100 nm; the piezoelectric film 44 (AIN) is 1150 nm; the second
layer 45b (Cr) of the upper electrode 45 is 20 nm; and the first layer 45a (Ru) of the
upper electrode 451s 250 nm. The mass load film 51 is made of, e.g., Ti with a
thickness of 50 nm. The mass load film 51 is formed on the second layer 45b of the
upper electrode 45 and located in at least a region where the upper electrode 45 and
25  the lower electrode 43 face each other. The frequency adjustment film 52 is formed
above the second layer 45b so as to cover the mass load film 51. The frequency
adjustment film 52 is made of, e.g., SiOs.
[0022] The thickness of each layer can be adjusted according to the requirements
specification of the filter. Therefore, the lower electrode 43, the upper electrode 45,
30 the piezoelectric film 44, the mass load film 51, and the frequency adjustment film 52
can have configurations other than the above. Although the lower electrode 43 and

the upper electrode 45 have the two-layer structure in Example 1, they may have a



The piezoelectric film44 is made of, e.g., M. The upper el ectrode 45 has,
e.g., a two-layer structure of a first layer 45a (Ru) and a second |ayer
45b (Cr) The | ower 15 el ectrode 43, the pi ezoelectric film 44, and the
upper el ectrode 45 can be forned on the Gubstrate 41 by a film forning

met hod such as sputtering. [0021] For exanple, in the case of the

pi e206! et oty S{ﬁg@gema s BAY kit 53 i ﬁg@g@gfg@éér SEOMPATY: £y Fif2 T

t he thicknes each layer e appr oxi nmat
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el ectrode 43 is 100 nm the piezoelectric film44 (M\) is 1150 nm the
second | aya.nd thwisecand)laydr 45he  Aslome Tkeaavity fraised ppeiopg 1 faymerhbetwieen the st

I 45 | ect 250 Th d filmb51 i
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regi on where the upper electrode 45 and 25 the Iower electro ce each

ot her. Theshapeghanuytradpskomeht sﬁbdtmté 41 iss thatthe Heighoofahé bevisas towlat dhger

45b so as to.cover the mass load film51 The frequency adjustnment film 52
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the fi r Therefore, .the
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configurations other than the above. Although the |ower el ectrode 43 and
the upifler wiceifitiabliger helreling)e.gt, womhgnyesiurs bride (Mg6) isfofmed thelSi t hey nay
have a 7 single-layer structure. The mass load film51 is forned on the
second | ay@tosimgte 4k, et&q@mpﬁ@en@gemaméen@lﬁm Exzesubstrateddimpabe e

d hed. b afd 5
Zggewi |Ck2 %aw%,%%?%?ege por F% or ngcf’hggtfmt%g?%atﬁ%g%%@esﬁ 62? 8@‘(9Fode 43
and the suirghrtabSi ddbstitde | da cdlélr EHbesdb@&hmh%%r@t%Q@yL@&%é el ectrode

45 and the | ower electrode 43 face each other. The "done-1ike cavity" has a
shape t hat prefarted sders th prevenh thesuibstrate 4 #dmdeingrdthadheitheh gtthaot usddeforavi ty

|3§) L(r) tg pg ?ghergﬁgwg gﬁreaseswafgward ﬁygq?%équm@bg[oo ] FI GS 3A to

pi ezoel ect t FI G 3A
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formed on lei@ Se, 'ﬁuhe@meﬁae céd be 8adly, m&blx;@ﬂuhﬁtlwétamror\émg @@pombtﬂ{é The
substrate 41 may be a quartz substrate, a glass substrate, a ceramcs

subst r at e, foomatiogafthe saprsficiallayaytdiert is Processedingd a dagised shape usmeghe t i cul ar
Substrat e FPOFTEPREIRY BB R AN used for Lo o
20 [0024] Next, as shown in FIG. 3B, the lower electrode 43 is formed on the substrate
41 and the sacrificial layer 49. In this case, Ru/Cr can be deposited by sputtering or
the like to form the lower electrode 43. Then, the lower electrode 43 is patterned into
a desired shape to cover the sacrificial layer 49 using the exposure technique and the
etching technique. At this time, it is preferable that a guide path 48 and guide holes
25 47 (see FIG. 2A) are formed in the lower electrode 43 in order to introduce an etching
medium for the sacrificial layer 49. Next, the piezoelectric film 44 (AIN) is formed on
the substrate 41 and the lower electrode 43 by sputtering or the like. Subsequently,
the first layer 45a (Ru) of the upper electrode 45 is formed on the piezoelectric film 44,
and the second layer 45b (Cr) is formed on the first layer 45a.
30 [0025] Next, as shown in FIG. 3C, the mass load film 51 (TY) is formed on the second
layer 45b by sputtering or the like. Then, the mass load film 51 located in at least the

region where the upper electrode 45 and the lower electrode 43 face each other is



15 etching the sacrificial layer 49 in a cavity formng process, as will be
described later. Mreover, it is preferable that the sacrificial |ayer 49
is made of a material such as ZnO, Ge, Ti, or Cu that can be easily
di ssolved in the etchant or etching gas.8 After the formation of the
sacrificial layer 49, it is processed into a desired shape using the
exposure t i
FG 35, he ot miBRdeingl S e B NI e (i leRR. | 7
sacrifici a]ln thagy@se, 48.shbwntih FEGcA4 she nfAgs Wadddn Hids depedidsechlsalispot t eri ng or
the like to formthe | ower el ectrod& 43. Then, the |lower electrode 43 is
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fornmed on @hﬁgewbmwdtlmlélbndmmhesfﬁla/\eﬂllmlmmbndda@w by sputterl ng or the

i ke. Subs[ﬁﬁg&ntly, the first layer_ 45a (Ru) .of the_ upper el ectrode 45 is
f ormed on pi Negetheinpe eleptroderdd is patterned isodrsited phapergung the) i s

];rg;rsm?ogg %’?’?n%fg%h#@y (f%%%c}mo%%?ﬁ%‘]qg ﬁ%eq Zﬁ?gﬁv%l)ec F@%‘%‘?’érl Lgeor
the |ike. Jdtﬂﬂne&ﬂﬁoﬁﬂ%&ré@ﬁihp@'dsﬁlg’ihe'eﬂﬁ@hﬁéjtebﬂnﬁhe Ladshe étﬁﬁnﬁeg' on Wher e

t he upper electrode 45 and the |ower el ectrode 43 face each other is
pat t erlfed tephmique.desired shape u5| ng t he exposure techni que and the etchl ng

h F load film51
For med as. 8OBT Y 5 BlowgrirlhaDh e Ftuncy SSHIGEY SBrd(BI0A Brlernal o

i sland ]R?%&E{g’% h t dth
?; :a?]dagatte ns aiﬂélé o%:a’?lza}{ %Aq%%&?a(g %}ng%%ﬁ%g)?(r)ne %gﬁ}%@’ugger ©

el ectrode #hl mag usd6tHee WaulfhRAlHRARICH 3s h M@akREde AhDSAd a I8a1GARdIHAAL | ON
of the island patterns 5la will be described later. [0026] Next, the Upper

el ectr ode wih |V%ln§iaapertr(ée><¢1wmn&ndwqaedbegm@aﬂursrech@edhesmqawtbr thechni que
"hto Aotttk adasasH fnye lesed of B enelratrods b Qﬁgﬁg@;@%gjﬁé}e‘jg“ed

t ech t fil
55°(S 35)6 ’%’Q% %E%@“es%ﬁdt aRphibdehiud Ind dub SUUTRTXLBGRIAIREL 1 T,

52 is not dn thatt @drtiom GBithRuppurdldtensde 26 afbheimdvabof thk ifRguéidy B8l Bu@BnAs a
netal oxide filmand a netal nitride film wth which a part of excitation

energy canfBeddr dtnally, yhe Benneagy a Eremtéi\ml 52 located o the pydehdys 4dfsest nent
filmb52 | t he .u rode 45 | r enoved t he ex osure

t echni queogﬁ%%ggaett%ﬁlf?{g%ﬁégﬁh? e e goge Weﬁ’gﬁe‘%ﬁ%fheﬁ’fﬁ ®is formed
on th p MPIRSE t5hS S0 %ﬁmf ncy
adj usmn?@%?lﬁ%uggnag%nal I yé t he Féeegﬁ%ﬁcéﬁa%%%cst % ¢ forﬁlgbe?%%g Lé{g on

t he gui de lapéretd ¥intrsdeed iGm &)guidaholes 47 ﬂﬁbﬂ@dtherglﬁ&@pdth\@rbo ehegienode 43

is renoved Q%g e expo ure_ 20 technique and the etching techni que, and then
the et chi ngpdesd %Wf%@ ectrade; 43 sp thatithe S@%ialmer@wwaéedmmmthe

gui de hol e UId ath r the I

el ectrode (%é({]t; Q{ﬁﬂeé]mae sacrl aé?e ﬁ 1 Fg° Wn%e(f‘éﬂ‘geifg € I W %Teég?/l ty
42 def i nedygperieietd@sEs hhi ehd I@bvéﬁéle&%dé A fabSedBloTRS: U'TH@étcB&?rh&s%S'fdii:n wher e
t he upper electrode 45 and the |lower electrode 43 face each ot

et charidd usedhihgitheSaczificial layet 42 pedienablyi leisal cogppsitiodSuph et thdhatdrids a

conpositi on such t hat the materi al
P tituting t%e piezoelectric thin ﬁﬁm resonator other than the sacrificial layer 49,

particularly the electrode materials on the sacrificial layer 49, which are to come into

contact with the etchant, are not etched.

[0028] To obtain the effect of this example, the materials for each of the substrate, the
30  electrode films, and the piezoelectric film are not limited to the above materials, and

other materials also may be used. Moreover, an acoustic reflection film may be

formed by alternately laminating films with a high acoustic impedance and a



constituting the piezoelectric thin filmresonator other than the
sacrificial layer 49, particularly the electrode naterials on the
sacrificial |ayer 49, which are to cone into contact with the etchant, are
not etched. [0028] Ib obtain the effect %f this exanple, the materials for
each of the substrate, the 30 electrode filns, and the piezoelectric film
are not |im; LDe.: oy i r i be
used. Mor e%%@sgﬁxé%;%st I cg‘r”g%{lgg%to?%?l a‘f@?ﬂ? Qn%g@baé{a?%?{ﬁe‘@hg% (XYS ?Cé)rgﬁ%% ely

| ami nat i nginipddamcanaridia shibkigdss aE0Y Sik iaGubsiRERE Eheayplth steal Svithiacleashe@f 2J4
(2..: the wavelength of an acoustic wave) and filnms wth a | ow acoustic

i npedance ahfyea t hi ckness of 2J4 as a substitute for the physi cal cavity as

descri bed : 029] FIG. 4 is a plan, view shaow a. central portion in
the vicini lt%@%fe E@éﬁ%ﬁl%wgwr%ﬁwg%?eq% pﬁﬁﬁ’é‘rméﬁg&c’_rné@’é’fﬁg.o_p Lhown in
FIG 45t heoic] G BBSRIQErodd 852" & hVFRY, UORGEah b8BT LY 1N the
central portion (containing a point of Infersection o wo i nes Li andl 9)
of the oppésisaly aremiged, (highdiehhiey)iis thacknoad pertivn (Eckaaiaie: spansel y arr anged
(low density) in_ the peripheral portion of the opposing region. In this
exanpl e, tHEeIseation oftwe figes b1 and Lghefithe arp@mg teatoneand thedslend patermséieai on
and 10 the_peripheral portion.is.varied at. constant .r,ate sa that the

sl and pat teRer e ap e e dcnsiTin (e porinemioaian of e pr reier
sparsely ar{ @ngethmple hg pieh bPIHe i @hn@ BaitbAR b b%ﬂ#ee%%@%élﬁgﬂg)%gﬂi and N the
context of the present invention, the "island pattern” or t "1sland

st r uctlfr e" thenpdiriphbed pohtadn ik veriad asa basstirdtirhta dlthastHedsland patemsiianed i ty of
dot patterns on a resgnator. The mass load film51 (Ti) can be etched by 15

ei t her drydensely argangedyp theceamral gortiqnandsparselieagaygas inthegenighesakef er r ed

b it J il hi f t.t h d al d
ander - et crPHG PRI ARpRREE S EleR Tpafe Bl (RS o 1 By be

| ower t hanpidhamt B He1ed8nDbtrhdtardTasdicateathdt ithdnaks RAALE 53t fefRlRga BY
maki ng the height of the pattern of the mass load film51 conparable to the

t hi ckness, pletralityrog dotapatternoms acesonbtorr €luemdssliond fitmt5idTR @apbé etehed by
formatj on. Nbrepver, .when a cqnbi nation of the eriial of the mass | oad
film 5P antit E}Jréﬂﬁﬁf@%@r wet ectﬁén&p pwevesthe Q@égfggmggsg EEdhpcawsedt t o
have et chi L\ h fil be.reduged, and

t hus an acéc%}s%%ké?\%g}bféb%%\ﬁp gggﬁg&%}%pék%léﬁlgoﬁ{anc egggec%g&hglsgqcﬁebe stably

provi ded. h&EBOY the GattbrrSEaANs nidie Idad SHMBICRAaf Balredr@hhs theChicRhedd W the
pi ezoel ectric thin-tilm25 resonator of Exanple 1. In FIG 5, the solid

| i ne repr esass bad hémrHdwierm pettetringc t By imsdkingsthe theight ofiihezadicer of the mass
thin-filmye at qr of I .and the, broken line represents the
relsonalnce @ﬁi%&@tf’g‘rqoﬁﬂaﬁ%ig% @eéhfgﬁ Segiching Vlaﬁ?‘HQ]lf‘fT"F"’\ﬁbeg@ H dhe does
not i ud%@e%ﬁnmaﬁ f &ﬂébv&f‘sﬁhéﬁé%&ﬁﬁ:&%&%ﬁ?ﬁﬂﬁ%&egﬁl GaHE 013 ar ound

2015 e resonance characteristics s are obtarned using
t he film 51 and the material of the upper electrode 45 is selected so as to have etching

selectivity, damage to the other films can be reduced, and thus an acoustic wave device
having excellent characteristics can be stably provided.
[0030] FIG. 5 shows the resonance characteristics of the piezoelectric thin-film

25  resonator of Example 1. In FIG. 5, the solid line represents the resonance
characteristics of the piezoelectric thin-film resonator of Example 1, and the broken
line represents the resonance characteristics of a piezoelectric thin-film resonator that
does not include a mass load film. The resonance frequency is equal to or around
2015 MHz. The resonance characteristics shown in FIG. 5 are obtained using the

30  piezoelectric thin-film resonator in which the island patterns 51a of the mass load film
51 are densely arranged in the central portion of the region where the upper electrode

45 and the lower electrode 43 face each other (i.e., the opposing region), and the island



30 piezoelectric thin-filmresonator in which the island patterns 5la of
the mass load filmb51l are densely arranged in the central portion of the
regi on where the upper electrode 45 and the | ower el ectrode 43 face each
other (i.e., the opposing region), and ife island 10 patterns 5la are
sparsely arranged in the peripheral portion of the opposing region, as
shown in E i -0l : : [ : n,o5la
B e o e b U
arranged ighotvinenfRIG. e Ingthispdanethe bhihae xbage! of andsiend phtasch Flatis,erg) 51a i s
placed in the center (i.e., 5 the point of intersection of two |ines Li and
L2 in FI Geigplagfwithha diggpeist o wmgi dhe {slasidpatiains olaareprrangedan theat t ern” in
the foll ow . Then, t i slan attern a are.ar;ranged, to be adjacent
Lo the conPlviBgTRERer: (FBSTRPS. DRSS RO £ LS ahe PRt GFa -
pitch af %heg)b&ft%%ﬁ{ REctiod Rewo fiheSL1 aﬁam%meabtoﬂmoé)_pb&nw ib,0! | owi ng) .
Moreover, the 1sland patterns 5l1a are arranged to be adjacent to the first
adj acent 1pefortd ¢ asa i‘entertpatieantinché follodirgr | Plont, dhe diand gpiattenss 5Sle.age, with
a pitch of 8 gm. which is increased by a predeterm ned_ampunt (1 gm from

the pitch grrangeyd thdewdiscentie theprnier patteraimbafhaestical apd bpazantaldireshipng ent
patterns (referr. as,"secqnd adiacent tterns,.in t f.ol{ owi ng) .
Furt her, 'E“?g iaﬁlgzﬁ‘&tfgé'ﬁ ggﬁgreg%gagr%rsg?c?igi;]es@gaﬁgnﬁeuh@}e ¢ ‘mﬂngio theg)second
adj acent Ptk Bs thdishethavieitd SR ardRerdRbd 205 Adjadink 6Sthe @RSt Mjadng Pitch
of 9 pm 15 In other words, the pitch of the island patterns 5la is

i ncr ed¥ed pattqrne itebethvertid] and hereoitsl direotiond)e.gi, with apitgh ofBwrg] which ig he
itch bet th t tt d f the fi j t tt

From t he. OBREPER BoR PRk AFBBHLAPaNRHAIE) 538 b BRI WNEeTmpsPegeriEs; on.
0031] Th . i ‘ . [

mss | oad OURT RS A fbe Bipbdf oG AR RS N S Rul AR RS

si mpl e manpshe Wik igYC e FlfRbr, deSistimdRRt{PhIIBNC e aﬁvﬁﬁ%@d eshhd adjhdedt b frROUl ar
arrangenent of patterns as disclosed in Jr 2007-184816A. Arranging the
i sl and patdecombadiacendipattamnsiadoth venticil 4nd Ktiadeted dirgctionstwith gprith af 9 por t i on

and sparsely in the peripheral. portion of the opposing.regi.on is equal to
the fad tiﬁ%ﬂt ?h@owﬁ%w@g&? Fheyls%rldtn%tema ﬁ%%"fwéeﬂ iﬂgwg%dﬁt@}f@ne central
portion a i I¥ - ROLA | i ﬁﬂgﬁi

reduce t hgig‘ g%e%rﬁg%%fﬂ%ﬁ' !E'%%?E{ct)@ (éBt’ ?%én@\@c&%—%%%ﬁ%ﬁégﬁ\%&%ggt a ?Jéa%ft her
than the tilediesesdiaten ghttoishibmvihb caltr@porisn ficihe Perighdadporeion offld causes

unwant ed spurious, which results in a reduction in unwanted spurious.
[ 0032] FI @pms@iggegiohows t he resonance characteristics of the piezoelectric

Exanpl e 1) 0311 CORCaNe g NeERebhe Pelureeaana P L et pevidede Bt bRg o 1
PG Sehol bhenkan ?ﬁgﬁ%}?}e SHEHREEELRbhE sBlribifintl S20K BGhhbCwidi! n- 11 m

resonator Tn the vic
excellent design performance, compared to the irregular arrangement of patterns as

disclosed in JP 2007-184816 A. Arranging the island patterns 51a of the mass load

film 51 densely in the central portion and sparsely in the peripheral portion of the
opposing region is equal to the fact that the pseudo-density of the film is made high in
25  the central portion and low in the peripheral portion. Thus, this arrangement can
reduce the confinement effect of a transverse acoustic wave that is other than the
thickness longitudinal vibration (principal vibration) and causes unwanted spurious,
which results in a reduction in unwanted spurious.
[0032] FIG. 5 also shows the resonance characteristics of the piezoelectric thin-film
30 resonator that does not include a mass load film (Comparative Example 1) for
comparison with the resonance characteristics in Example 1. FIG. 5 shows the

bandpass characteristics of the piezoelectric thin-film resonator in the vicinity of the



11 resonance frequency and the loss is mnimzed at about the resonance
frequency (2015 MHz) and increased as the frequency is shifted away from

t he resonance frequency Conparing the resonance characteristics of the two
pi ezoel ectric thin-filmresonators, thelpiezoelectric thin-filmresonator

of the conparative exanple generates the 5 transverse node spurious at

f requenci ANRE Bidi S EACY o

thin-fil merr%gééonat gtreag(%h%’ﬂtﬁlsdteeﬁ%gén%@% can reduce Wgﬁ%ﬁ%@%@%ﬁ%ﬁ@lﬁn ous
t hat occurbis) ahd esrenedes thofequdnonis dHied £89nAoLEhE regueneyfrdffienca filter
device is conposed of the piezoelectric thin-filmresonator of the

conpar at i VieoraRanipg the wgenanse charagisustienof thetwee pieeaglestric thaeyfibn eesonatosner

and thus {8 REPTBRFRrL POty BEoLE Sy Dot R AR [OBSIR @ 6 s a
pl an visew ﬁén&re%%ﬁo&é’ﬁﬁﬂo‘uh G ﬁ"é%uéﬂhe‘é’%v%‘r thih 3 RBhARE mg&é#g White the

periodically arranged (Conparati Exanple 2). FIG 7 sho resonance
char act er i gitzeetectic thiptiba eedopatariof thik emxﬁplbmsan eshieatiey tribaterdenabdides t he
mass load film15 151 in FIG 6, and the resonance characteristics of the
pi ezoel ectSAVEIONS thatrdcpyrs b Sepuensiesdower theadhe sesonarde ferauaneyas Whesafilter m As

h FIG. 6 h el I f Co
Exanpl &2 dovied et bRt FEEE Mekpterriotnisiin ReBRPRE! 06 cPapEAtRs corPE) ang
patterns w@mtthagpaa&stgthtﬂt@a xtﬁ&gx chitfel Qi ahhut tR/1c801GR o ARy HRDCT

el ectrode 145. As shown in FIG 7 | evel of spurious int

pi ezoédllect loscis 2creied -aliripple msobaid) andthwotheditat charabicainiitsscan bes not
significantly changed fromthat in the piezoelectric thin-filmresonator
that does #R$fadete| ude a nass load film (Oorrpar ative Exanple 1). [0034] FIG

8is a pI and ern 51a are
sparsely a 0)6{?1]3% ﬁﬁ%ﬂ%vaqfaﬁ%ﬁs @%m%whﬁh lfbrb(f hGpoIsfraR
i ntersect i g@ﬁdﬂg@é (Com éra@a%'ﬂx@np@é pAS h@‘I@PPQﬁM&&hé @¢Hoflnceand the
i sl and patterns 251a are densely arranged in the peripheral portion of the

opposi ng regirarieliGuspéa pidzeledxiatitindils) restiator thas hwhales ke masolvad diém

h teristid lectric thin-fil t hat i nclud th
mmos G T911h Bk 6 WAkt rotoroesn FhrarFueies ol it e ap ek PENEDR ssRaREe
h t t
"ol ude o (it B0etiot ifuld FROSLERNAS | MsUpburh b BEG I HhEbichacofie ila Bh

the pi ezoeire@@ﬁattbﬁoﬂ(bd AriakiRe E&aﬂn?ﬁé@mcﬁtde@m&aélomﬁﬁmwh@l@dmgﬁl udes the
mass |load film 251 |n uding a urality of island patterns 25la that are

spars ﬁl y ?plmaaigy@f istandeatteans iléla hat arownifihly and d@n@htqﬂymmdﬁmt}fxe t hle f
eri pheral port 0Si Ny 0 own. in. FLG the | evel o
gpur?ous i R%@ieﬁpfgaﬁé‘%%ct %1 ’g‘lifrvll%‘lgh\ﬁ’@%%‘f%? “&Pu%’rfﬁ’ﬁrpéﬁzio@@c anple 3

i's notohapgg . does
not |n2c(lpude a%lrrlfgslg Off P I{ goarrpar atl 805&?‘%%&@&?%8 5 &lg%
plurality tfe m@ztobEEﬁﬁ:thﬁl filhe resaaatok Cledt doet ﬁmﬁi;cladearm@asslmaaﬁlaﬂ to the

i sl and pat@rns and_nmay be hole patterns. Mreover, in addition to the
above met hi$¢prrsrative Example 1.

[0034] FIG. 8is a plan view of a mass load film 251 in which island patterns 251a are
sparsely arranged in the central portion (containing a point of intersection of two lines
25 L1 and L2) of the opposing region, and the island patterns 251a are densely arranged
in the peripheral portion of the opposing region (Comparative Example 3). FIG. 9
shows the resonance characteristics of a piezoelectric thin-film resonator that includes
the mass load film 251 in FIG. 8 (Comparative Example 3), and the resonance
characteristics of the piezoelectric thin-film resonator that does not include a mass load
30 film (Comparative Example 1). As shown in FIG. 8, the piezoelectric thin-film
resonator of Comparative Example 3 includes the mass load film 251 including a
plurality of island patterns 251a that are sparsely arranged in the central portion and



arranging the plurality of patterns, as shown in FIG 10, the center
position (i.e., a point of intersection of two lines L11 and L12) of the
arrangenent of the patterns may be displaced fromthe center (i.e., the
point of intersection of two lines Li ahd L2) of the 10 region where the
upper electrode and the | ower electrode face each other. In this exanple,
the pitch i . S -0 fi LS. d ased
at a consf%%?agate o@?hg%I%%%“%%??@?ﬁg“ﬁ}%pﬁﬁnse%}£§?§a55% cﬁﬁl r!@'{’C"‘gentra

portion arg thokislaif gparidarigete plezidietiiethiptidnaksqtdr of Eoﬁfpakét@ve%ﬁﬁﬁg%}@ g
regi on. However, the pattern structure nmay be forned by a nethod wt
di fferent 36q0tghangpd from {logethe pipzashackicthinrélne frésspatop thatioes setbodudent |

th terials f f the. trate, 41, th | ectrode 45, th
| over el edt Poge S SRANCOBPRETAFORIIEE £} | m 44, and the mass | oad f11m &1
are not | ifghssd mlsmﬁajﬁfeff %@M&'@ﬁg@%g ﬁigetrﬁ)‘iﬁiﬂliﬁed%%ﬂeﬁ%dbe

used. The above fil'mcontiduration in mai n conponents of the
pi ezoel ectpdtterhjiandfmaybe Reo pattorns. Fioreovenih addigiotitettecthove nicthdd fomy be
provi ded 20 under the | ower el ectrode_ 43 or _on the upper electrode 45. The

di el ect ri curangng thapluedity atieattarns asghevndn e HYsheieentennpsitiondie, a as a

o the. upiiaH Suerisgin & s s 4 88T 1R Ehe ab0ReEnEn e Frtgerme iy e
frequency H&H&Blﬁ&é&%orﬁ@ﬁ@&]nt%egﬂ{%%t{?ﬁ is@MebYorfie thb Eé’ﬂ?%nfi'ﬂ?&f@% does

substrate 41 toward the conposit m Therefore, the substra
not ndéd tregloe velharbdk upped eldetrode add thd loivky eleatinodedatagach veltbr. Marthayv er ,

since the substrate 41 is not etched, it is also possible to prevent the
degr adat i FFaglentbe piteh of the phualbroipatters of themess load filmpsincrrased at a

e cayi 1 oRSAs BRe 30 O AR pBRERIS S ARkl BB AU RE it BBt (O
el ectrode gy, aﬁﬁﬁgédﬁ%he? igh&aat ﬁ&%nﬁ;_@tﬁe%%oﬁﬁé?eg%xb?ﬂdv&ev@r, 5}&; he

opposing region) is Iin the formof an ellipse, as showmn in FIG
However , tietterppsbsichige neyi lerforragd by aimethbé withr diffekentirggalayggn i n whi ch t he

15 n Tene 1005 R wegenche sfaint Hunmbphran éhe medls (ReoGoUSe CEbENe
flected [ LS: I b
[ anver se & Ch NS UagoTr a8 (b LR e BOE A7 L BiBpet L dsconlft®

paral | el singesload Alif 51bRAE neEHItb@ BCthe@ibold PRtH1S and PR MARAaRAHsI8ay
suppressed. 5 [0039] In this exanple, the cavity 42 is forned on the Tl at

princi pal kamdedceThe¢ abdve fBubonfiguration indhades\oaly, the eaimicbmporériteof theo t hat of
this exanpl.e alsp.can obtai ned with a piezpel ethi.c thin-fil mresonator
v ng £ e EIE Gy Al FeroBatie: « Bretamulk G pole e ATRESIREIag 43, The
cavi t 2 unden o) . . ing the
cubst o o e pR e SeEhat 5 b AP o EPlofod s BB R, . "and

10 t he | ovmwovidedandositheddwhiealecthirled3fserwe k.. 204 Hinfolokadlageril or an FI G
11 is a cross-sectional view of a piezoelectric thin-filmresonator

(Exanpl e Htckingstipdagsth odhadislectmgilonprayidesd osl the upper elentrode b serves ergat or
;sﬂio\r/]v[wf : PmF%sgsB%séfv i%gﬁl?lrg? a%e%%ﬂgyn%esguﬁl%og hose of the piezoelectric
[0037] The dome-like cavity 42 protrudes from the substrate 41 toward the composite
25 film. Therefore, the substrate 41 does not need to be etched, and the productivity can
be improved. Moreover, since the substrate 41 is not etched, it is also possible to
prevent the degradation of mechanical strength of the substrate 41. Further,
integration can be achieved because only a small area is required to form the cavity 42.
[0038] In this embodiment, the region where the upper electrode 45 and the lower
30 electrode 43 face each other (i.e., the opposing region) is in the form of an ellipse, as
shown in FIG. 2A. However, the opposing region may be in the form of a polygon in

which the opposing sides are not parallel to each other. When the opposing region is



15 Exanple 1 are denoted by the sanme reference nunerals, and the detail ed
explanation will not be repeated. In FIG 11, the piezoelectric thin-film
resonat or includes an upper el ectrode 53 having a nmass | oad portion 53c as
a substitute for the upper el ectrode 4518n Exanple 1. [0041] The substrate
41 is made of Si. The lower electrode 43 has a two-1layer 20 structure of
Ru/ Cr. The;pi i ' i - r e 53
nas. & tvio Toyer gy Pacpafayfth hbm pRrARE S8 the dyeibRUPRIEBUTEH B0T °25)
(Cr). The dideedgesifehs clocteoddds nbllekddy erised ahsvedsd sthidlidd wadd th h ResoHRR@Y

el ectrode 53 can be forned by a filmformng nethod such as sputtering. For
exanpl e, iPPrHiRB dygde therabserecesif paradiebsides. ¢ Thivisrtheiocewrrense pbtipnle frae pass a
resonance {re ueQ%y of 2 , the thickness 25 of each |ayer may be
approxinal%ﬁ%#kﬁﬁ rTHPREGSHS follows: the Ru filmof the |ower el ectrode 43

s 250 i Nioobhle o thid biiiflc e chanels RSeldaatee al pi %&%

pi ezoel ect[ri C ]ﬁi I m44 (Al I\(I;” I's 11% ni‘%&%eé I rhgglalltggégg%a ?fttl)lfa t he
upper el ecéubstiatdal.i H@bden rarsimiasd efféue tethmo bfitHisysammi8 blst Gin bobbtahiedupper
el ectrode 53.is 20 urn, Mreover, the frequency adjustnent film 52

i ncl udi ng St 2 pigzostestricdben-flm seponpiss hawag the gty 42 inithe sabstyase 41 ngdergi on.
The t hi ck f h b i ust ing,to,th i t
T ko BB AS RR G B DAL BRI d  He GARAT ©
pi ezoel ect dﬁyfetéﬂj}lgg}rx@élﬂ)shﬁﬁe A1 gQMaRe ipp et MSdtiRRL45! {He é&ﬁb@le&ﬂéghgc% and

configurations ot 14 than the above. Although t ower
and t hid) upgerowtredectomlle Bhavabeen foemiedn- | ayer structure in this exanpl e,

t hey may have i ngl e-layer structure. [0042] In this exanple, a portion
of the upp@p‘l@?e@ﬁa&&&%}s is used to provide the mass | oad portion 53c that

i ncl udes a plur aﬁ'éﬁ&qéa Ogg_ggc%iogéle‘gg‘?\g%(ﬁ@%@ﬁ@gﬁ@%@%ﬁé@5 concave or

convex patterns are densely arran t he region

where the @xagiplebpsitthRdenidaentme [RWRS pilRIEHRMRIL-BRE &8RP SR m i - ©- -

t he opposing region), and the concave or convex patterns are sparsely
arranged i BlG.Hd, Persapiectoaipopentsiasithode of Hee pippesictn: thagfibm resaaatbofin i n FI G

4. As ' |G 11, h | oad [ 53¢ incl udi he
oi ur a1 11y BreBBlckvs dsnod ke Bape svheore nhgtHUS ang o da b ERGRDBHON ho

| . Bk of g
i i onal " 1o POBRTIY S Thyife DRONERR R AR RS, 20 O

a | adder fipgeerelectiddé B8 hhvifid@rmhéd 1b&d poitoWH3E Bs klstbstiktdte HLTHAFPegsSONAt OF S
Si to S3 are connected between an input termnal 22 and an 15 out put ’

term nal 2degtrode 45 indiNagpledns). A parallel resonator Pl is connected

between th et n, the. series.t.es ors Si, S2 d the ground. A

paral | el r@Qgﬂgﬁ;}% %ﬁ@%‘%ﬁﬁé@?@%‘)f@t V\:glge?]ltom%eﬁéq% % ¢hH Yggri es

' €S ONGHPT SstFfotu o HPCE N Ao 3 d RPAIO! Pl RRuBAE 55 N
P2 can d1WIt the ene

paral l el resonators Pi, e achi eve use o

pi ezoel ecthasca th-Taykt btructasootal farsslaybn53:(Ru) eade, seadnd lepats3prierof Thbe
seri es

lower electrode 43, the piezoelectric film 44, and the upper electrode 53 can be formed
by a film forming method such as sputtering. For example, in the case of the
piezoelectric thin-film resonator having a resonance frequency of 2 GHz, the thickness
25  of each layer may be approximately determined as follows: the Ru film of the lower
electrode 43 is 250 nm; the Cr film of the lower electrode 43 is 100 nm; the piezoelectric
film 44 (AIN) is 1150 nm; the first layer 53a (Ru) of the upper electrode 53 is 250 nm;
and the second layer 53b (Cr) of the upper electrode 53 is 20 nm. Moreover, the
frequency adjustment film 52 including SiOz is provided as an uppermost layer in the
30 opposingregion. The thickness of each layer can be adjusted according to the
requirements specification of the filter. Therefore, the electrode films, the
piezoelectric film, and the frequency adjustment film can have configurations other



20 resonators Si to S3 and the parallel resonators P1, P2 can be the

pi ezoel ectric thin-fil mresonator of Exanple 1. [0044] The resonance
frequency of each of the resonators can be controlled by providing the nmass
load film51 of Exanple 1 or the mass | é4d portion 53c of Exanple 2 with
the island structure or the hole structure, controlling the area of the
mass | oad fi in e 3 AALah i s of
t he reson;%%?ghaﬁpﬁ%fh%ﬁggﬁgl%?ﬁgﬁgiggﬁgg%ge%r, g$g§g#%%%ﬁ§%??%§%@%%cieS)

at whi ch stwrlageisstogtufeSn ithisegaemplf thdyeamaeEavad dhgledayerkerstiabl er ed.
Accordingly, gn acoustic wave device including a plurality of piezoelecLiic
t hi n-fi | m P8¢Pndnghis example dnsstiepdthe wsperrleditnde 58xe usdddnprovide the mass

h teristics.. 3 045] .l n Ex le 3, th i |l ectric thjin-fjl
Fesonat or st Do hA he s B Ry A oo SRV e ey by
Howevers, tQ@Yayy BivakS e e al%tdéﬁgﬂﬁ‘%%b&%\é%%gﬁﬂl@ﬁﬁoﬁ Hfdﬂe?'égignl attice

filter. Inthe lattice filter, as shown | FI G a Seril es Tesonator

S4 is connehtredhbeppassiedirvde apdths Bxwer eictrddalzas dachothert {elf tHeQipﬁbsiﬁ% 24a,
and a series resonator S5 is connected between an input_termnal 22b and an
out put terlf?&%ls’ apditheconeaye pregonyes pridems apsspagsaly Arrangedingbe mesphemb i nput

i nal 22a..and.th . A 1 nal 24b | lel P4
connect cd EUaR ALR PRETRfnsict b Aoven SmBI 0 Ab OB C: Br RRAES 0, 1 ¢

this case, mabs l8AbrtAAS R indiEns ehd SRARTOPEIRASe ¥bonvek AREEHOS | el

resonators P3, P4 can be the piéezoelectric thin-filmresonator o anple 1
or Exaltpl en2 pdr€iod 61 ththppealnttirgle 58, spurials caameuwadwrtiaon lovocost efithobs. 14
shows an exanple qf a comuni cati on nodul e including the 10 piezoelectric
thin-fil mydespaedditopakHps enbodi nent. As shown in FIG 14, a dupl exer 62

i ncl udes ey N iwter 62a and a transmtting filter 62b. The
recei vi ngafplb? er@gﬁgmﬁesé)connect ed to, e.g., receiving termnals 63a, 63b

provided fir ba'@@@di@&bﬁ&ﬁtdﬁ@@a&%ﬁﬁ!ﬁ&d&m&fEﬁ%l?éla@&&ﬂl&r%ﬁ&ﬂﬁ%}ed to a
transmtting termnal 65 via a power anplifier 64. The receiving filter 62a

and t he trERsni2 serteg rédontters 621bo SAaraicmnketied betwricazoahpuat teimiddh 2A-ahi lam
resonators of thi s.eagt%ﬁgi ment. [0047] For recei ving operation, when

][ elc eptifon YfgHEiesmip it SR AHHS ank&?ﬁ%ﬂﬁﬁéﬁﬁmﬁ@? Fdas CQT’@W@@@WGE@ 4 and
. op . . . \
O A s L S U,

out puts the si m recerving termnals

For a tranBiddohAgctoPBsticbR fhe TR bdtwads thesRtied résbBARYSSRISS drdRuk ksdm t he
20 transmitting termnal 65 and then anplified by the power anplifier 64,

t he transnihe sevtpsfresonetorgSh to 53 avdithe paralllyl tehenagongiil, £2ican he peludetderithned
reauency Band SRR S, IE ShaTals, [ m Lie antcran Ler gl S5 L0 the
reducigty SRUSARHS SR Il @Y AeA A re@nh QP PPSB2 can be the piezoelectric
thin-film resonator of Example 1.
[0044] The resonance frequency of each of the resonators can be controlled by
providing the mass load film 51 of Example 1 or the mass load portion 53c of Example
2 with the island structure or the hole structure, controlling the area of the mass load
25  film in each of the resonators, and arranging the patterns of the resonators with the
same pitches. Moreover, the positions (frequencies) at which spurious occurs in each
of the resonators can be scattered. Accordingly, an acoustic wave device including a
plurality of piezoelectric thin-film resonators can reduce spurious and have excellent
characteristics.
30 [0045] In Example 3, the piezoelectric thin-film resonators of Example 1 and
Example 2 are used for the ladder filter. However, they may be used for other

acoustic wave devices such as a lattice filter. In the lattice filter, as shown in FIG. 13,



25 [0049] The configuration of the comunication nodule showmn in HG 14 is
an exanple, and a simlar effect also can be ob ained by incorporating the
pi ezoel ectric thin-filmresonator of this enbodi ment into the conmuni cation
nmodul es having other configurations. [0b30] [3. Configuration of

communi cation device] 30FIG 15 shows an RF bl ock of a nobile phone

term nal f. i J L GemiQloud

pi ezoel ecﬁ?@?%?%%ﬁn@r%?&%%@gg%%éﬁ%% Jf)% ment Zgrga%lﬁghg)%wm cation

modul e as tdeaal-l Bed aldoveried FeofattNIbiic ednnetted botvekewi sdenptiotafmingl BRE. 15
i ndi cates the configuration of a nobile phone termnal that is conpatible

with the GBM gybebatl tesynadddbor Aperalled resonnionP'das sosmeyted hetesn dhelinpmé

W CDVA (wi deb de . dj vi si Lt t he GSM,system i
Uhi s enbodC B AZ8End e RRD Bl 45055 ERRL G0t BLS S B and 10
Gz band. @@Eéx@%&é@%ﬁ@%@gﬂl ben RHQ TRe b&pE REinASMdeR iddc8 CRNGRE. 2

speaker, a |1 qui sta Isplay, etc. other than the configuration shown
in FI G 15netdithesariapesnantas S4.85aid theqesalisl yesonatdre PAd3teandid the of thi s
enbodi nent, and therefore are omtted fromFIG 15. In this case, receiving
filters 73pieznetpctric thin-§bm sergnator phlsaple her ¥xdmple 273b i ncl ude the

pi ezoel ectyi.c.it hin~fidmresonators of this dinment. 10 [0051] First,
reception @pgﬂar@ g?@%ﬁ%?n&aygﬁnmth%lamg itching circuit 72 via an
antenna 71. The FI'G.ﬁﬁ%ﬁoﬁg“ah%Qérﬂﬁle%fﬁ%fnh&ﬁga%ﬁ)n%&&ﬂ@ﬁmhﬂméthebe used for
an operation depending on whether the conmuni cation systemof the reception

si gnal ¥ i spithelddGDidn-fijm tresonator ofithiCSidbedistemtn A shdwen inrdfiix. 14 e dytlexar
signals conformto the WCDVA system switchi n%éi S Eerformad S0 that the
recepti on €% Hshides arecebing fiter 67a anda rapraxeng dter 68 Tregpeqpneditghal s
input to t dupl exer, .73 are |.imt 0 r ' f and by
the receiv STCB eéfedf?a?'gaﬁe&elFW&t%?‘ﬁ%?%sg?%n@%ﬁ’%&@e"’@?& O@}al%&%ﬁgﬁéngr e

out put to @Re tAsrAfting ek BB KoanRted tRStrhASmitiRN terhQRSIBS VA aPodRal s and

outputs themto an LSI' 76. The LSI 76 perforns denodul ati on based on the
i nput r ecepmpbfiestgndlte re@iving fliext2oamtiths) tymensittizgiltadi?biotlsde the

operation of each.2Q unit in the i. e phagne termnal. [0052] On the other
hand, ¥ t%%‘b&“’é’%‘ﬁé@@?&?@g 3 GO nf-S| 76 generates transni ssion
signals. T n : 1.581.0 ' L

a1 1 er | BRARCF AL R LA e R 30 o T R B oy RN

transm tti pgndihdltel the3Rcdiviap $ibet 620 tiaxsinkte ofilyphalsignals ih A redsemiiedd

transmission signals that are within a 25 predeterm ned frequency band. The
transmi ssi faqeingrhbed fAindoutpwss thessngnals fromghe irpeeaang Biymanals 66a,Higb to thet he

outside fromthe antenna 71 via the antenna switching circui.t 7 053
H T he i nnftiside o Pt & HASraHANE RGP pob PRB R Sttt

SW tchh g GlhGhd; NeinBlfdd ]Sy hegBinkt Aplifibil @1 By 7 L0 80 1N
accor aér:ce&l\ia\‘nhf#%ét%ﬁe rglé%%aeu?ldc]%/he%an , and “out g)ut S ?1%8 r ece|c’);€l|1 on signals to
t he sel ect edns@ceingifitigr 62b tr@hsmits only the signals in a predetermined frequency band

and outputs the signals from the antenna terminal 61 to the outside.

[0048] In this embodiment, a communication module capable of reducing spurious
can be provided at a low cost.

25 [0049] The configuration of the communication module shown in FIG. 14 is an
example, and a similar effect also can be obtained by incorporating the piezoelectric
thin-film resonator of this embodiment into the communication modules having other
configurations.

[0050] [3. Configuration of communication device]

30 FIG. 15 shows an RF block of a mobile phone terminal as an example of a

communication device including the piezoelectric thin-film resonator of this

embodiment or the communication module as described above. The communication



After the frequency band of the reception signals has been |limted by one
of the receiving filters 77 to 80, the reception signals are input to an

LSI 83. The LSI 83 17 perforns denodul ati on based on the input reception
signals to produce sound signals, and cbatrols the operation of each unit
in the nobile phone terminal. On the other hand, in the case of signal

transm ssi Qn: , 1.5S1.0 [ I r d
t r ansni ssi%&lcg}sgﬁvg*xsﬁll gféé(' %ﬁ%ﬁ{cﬁegghgg a oé\?\t?/edrn gr?p%%lfg@lﬁ;éﬁl O%]%%%SQ% tgitﬁgl% t hen
out put t o dohpabiblesividl the GBM REvbabtyetea fAtmybik dobfn@miaiig) Sutdne AhAghei rcui t

72. [0054] In this enbodiment, a communication device capable of reducing
spurious CACHMAwadehted cade divissw wadtinle peesS syftam. EfThe efstemiin this

s | oad PRMHBEREEE o RONEEEERAH DU, L Gt bERbaan kCHibRoent r o
R L L S e S R T S L

are spar saligplay, ke gedr dsar theyogkiuration ehow®irt FEG.AS! tHoeesahpdentd 48 ot t he
opposing region. Wth this configuration, a piezoelectric thin-film

r esonat or Regessareibe desoripdionst thip embedisnentarskihersionslareamittdsbfiramtlG. st i cs
can be 15 ovided at a |ow cgst. _Arrangin he.i sl and .pattern la of the
mass | oad 1T h%&%ﬁ‘?ﬁﬂ?@g@?ﬁﬂ?@%%ﬁ%&g?é PB?*.@’F?&S%@F&@%?@& t he

per | pher alinpiaf b piBloeldif OMRR i dedoRliRof thichHBldikEnt Ne Tact that the
pseudo-density of the filmis nmade high in the central portion and low in
t he pa0i pHenal] drdt] woeptbusgnaldine iapuiatogenantnasvitdduedrdie7odakinnenent
effect of a transverse acoustic wave that is other than the thickness 20

| ongi t udi ridteRRd ¥ bt i Bie PReMREFPECRINE Brant dhyeleptsian Ak tobausrd ferah spuri ous,
whi ch results .in reduction ipn upawant ed Spyri ous, 56] In Exanple 1,
the mase. 18t Ghe S on it Bt AR e rem e Roenfloniiemism ¢ 4.
However, tine waesEsMiAQRStehi &gl U - ii§ a plan
vi ew of the%rrass | oad fﬂ%%%%{%ﬁﬁaﬁig %ng%g%%%@fog%b@%%gﬁméi n 25
FIG 16, tthe WdllaMpaystennswitthingfis pérdormeesissol thatitheirbeophidn aigaakpae satpnt
arranged as t%;ap;i%get clgser to . the central pqrtion (containing a point of

i nt er sect iR 6 TPi neke tecerfiny sgnalsmnudo Besuilergt Fa grolimitado 2he hol e
e R L P R B
L et A, AR SRSyt
reduce unvignasasganipotsthem to an LSI 76. The LSI 76 performs demodulation based on
the input reception signals to produce sound signals, and controls the operation of each
20  unit in the mobile phqne terminal.
[0052] On the other hand, in the case of signal transmission, the LSI 76 generates
transmission signals. The generated transmission signals are amplified by a power
amplifier 75 and then input to the transmitting filter 73b. The transmitting filter 73b
transmits only the signals of the received transmission signals that are within a
25 predetermined frequency band. The transmission signals from the transmitting filter
73b are output to the outside from the antenna 71 via the antenna switching circuit
72.
[0053] If the input reception signals conform to the GSM system, the antenna
switching circuit 72 selects any one of the receiving filters 77 to 80 in accordance with
30 the frequency band, and outputs the reception signals to the selected receiving filter.
After the frequency band of the reception signals has been limited by one of the

receiving filters 77 to 80, the reception signals are input to an LSI 83. The LSI 83



[ 0057] The followi ng notes are disclosed with respect to this enbodi nent.
18 [ 00581 (Note 1) A piezoelectric thin-filmresonator includes a
substrate, a |lower el ectrode provided on the substrate, a piezoelectric
filmprovided on the |ower electrode, ahfl an upper electrode that is

| ocat ed opposite the | ower el ectrode across at |least a part of the 5

pi ezoel ectr I : i : rakd e or
Bonvex patkernes EbiEBRBhoR! GEHEIF e R ol bl sdladdiade 0
pl ural ity =ofd @anoiwhe opera6ibi eRkedfeatingl intha heobile phehy teamirgil g edn ithe @theent r al
portion of the region and are sparsely arranged in a peripheral portion of
t he regi orhardposidie cpse @fmmé@mmmwmtmﬂeﬂ%@new@wmsam sighals| ower

o square. T fErREgan BERR iSRS R R L P DTG PR B2 BBl n
poi nt gn %xn%u%lt% tﬁé’%&siﬂ@ﬂ'oﬁf‘tlie%n"ﬂ%ﬁlaeﬂt i thé 2ehig s g4l | el

side at right angles and returns to the original poi nt.mvﬁenggﬁ%]'ﬁﬁrality of
acoustic waoe tlnahalenftadkmeigacannunicttonglevite casble ofesduanceupRinl cas
descri bed above, unwanted spurious occurs. In this case, however, the upper
15 el ectrchfd)rPWélP@lééélqvﬁ@Sél urality of concave or convex patterns in the

opposi ng rggigan hat e pitgh is varied at a constant rate. Therefore,
t he transv@ﬁé@ r{%g%ﬁ%?g%?@ﬁsce%@i@y?lhta@%%gﬁrggat es froma certain point is
reflected from tiaehRQIMNHIIMeRE INEERANH DAL ARCHMEPhe £RAYRXI RBAGELRS -

Mor eover, since the concave or convex patterns are densely arranged in the
centr dl0 podensely azrechgefas sledyyzehciosarge dhé centtizd ppetionpif éhategidh olosrt tlonueert he

opposi ng reigi on, the sane resonance gath is hardhy f ormed. . Acco_rSi ngly, the
occur r encetleftrogleddoanehtae dawerginstrofia dd facg eaelyethenli ep thesenperiag segion)awmer t hus

i . . 6 2 ' i ot hin-fil
D eonat or A iend BAHEEE a1 MO Hlartd hEaBlodu PEEGE! 5L kS tHieibkrl
subst r at e, patifh 628R|ppbdih€ rddidd MViEl LIS dordibulriBod, QWRdzoEkask HRGEInANd an

upper electrode that is |ocated opposite the | ower el ectrode across at
| east a paresomsitor that pédexeeiueyantied shintioms dndrbasexceliht Chémaciesispesmanded on t he

ConvexTpa FEPRed o Pkt AHRPEHE R I 1AHEaE) POl oot BaTBs. The
R
portion ofreplom is eghtine the b thht theGahil @aedityaT thefild Banededebh iwtiehi n-film
resonat or that reduces spurious can be provided.
central portion and low in the peripheral portion. Thus, this arrangement can reduce
the confinement effect of a transverse acoustic wave that is other than the thickness
20 longitudinal vibration (principal vibration) and causes unwanted spurious, which
results in a reduction in unwanted spurious.
[0056] In Example 1, the mass load film 51 includes the island patterns 51a, as
shown in FIG. 4. However, the mass load film 51 may include hole patterns. FIG.
16 is a plan view of the mass load film 51 including hole patterns 51b. As shown in
25  FIG. 16, the hole patterns 51b of the mass load film 51 are sparsely arranged as they
get closer to the central portion (containing a point of intersection of two lines L1 and
L2) of the opposing region, and the hole patterns 51b are densely arranged as they get
closer to the peripheral portion of the opposing region. A piezoelectric thin-film
resonator including the mass load film 51 with the above configuration can have the
30 same resonance characteristics as those shown in FIG. 5, and also can reduce

unwanted spurious.

[0057] The following notes are disclosed with respect to this embodiment.



19 [0061] (Note 3) The piezoelectric thin-filmresonator according to note
1 or 2, wherein a pitch of the concave or convex patterns is regularly
varied so that the concave or convex patterns are densely arranged in the
central portion of the region and are sp8rsely 5 arranged in the peripheral
portion of the region. This configuration can reduce the transverse node

spurious i MBR{, Wi th excellent design perfornmance. [0062] (Note 4)
The pi ezoelpé)g?]ri C '%nl)n-fi | m resonator according to any one of notes 1 to 3,

wherei n the concap@zedletaouax-fdatrbeinasordnelufley ABehstitté alewsd QértRfdet he upper
el ectrode. 10 This configuration can suppress an increase in electrode

resi st anceprogisied hathe syistrase laguesoetectris fHnf provaded sn e bwﬁr h]actrthhs?mbanl 0SS
d d i ou an. rovi ded. .J] 0063 te 5) T i ezoel egtric
P T o B e e, (20 s BES Bite sholpit plsPgado sargbt st 4 ASTtr Fhd 1o h
; : er ' - | ns. Wt
TS oo | pEARNEKPRI. DTS By LRLERR e Ph pafey drbehdlfl oRBRLSE 02

spurious cpattdis pi avledstth repDAGRAL fabia the Gweltedecpiodd o eTleoluility bf ddnbdverr
resonator according to any one of notes 1 to 5, 20 wherein a nmass load film
i s formed emvenpaiteme avedenselyonvangedan aeengaliortipe of iheaegion end arsde. Wt h
this configuration gﬂgi ezoel ec c _t.hi n-&liel m.r esonat or that reduces

tr
spurious CHATERY BTEURHLIR 2P alnQgtion ghthe region. The piezoel ectric
uri o . . . ;
thin film pesonalphe ARKAWhAS thouiohlcerot) 81 kb Rwif bllitodd adeddiBpiiape

of the mass load filmis conparable to a ckness o mass

Wth tHi s Gentheuppatingmegivids heilgformbf 4 beuspatd @ansvee@mbde Moogwy Wive
controlled, so that a piezoelectric thin-filmresonator that reduces
spurious cEgtPEoOPsgatss jrost ageraig point on any side of this region is reflected from the

opposite parallel side at right angles and returns to the original point. When a
plurality of acoustic waves travel back and fourth along the same resonance path as
described above, unwanted spurious occurs. In this case, however, the upper

15  electrode includes the plurality of concave or convex patterns in the opposing region so
that the pitch is varied at a constant rate. Therefore, the transverse mode acoustic
wave that propagates from a certain point is reflected from the boundary between the
concave or convex patterns. Moreover, since the concave or convex patterns are
densely arranged in the central portion and sparsely arranged in the peripheral

20  portion of the opposing region, the same resonance path is hardly formed.
Accordingly, the occurrence of a transverse mode standing wave can be suppressed,
and thus spurious can be reduced.
[0060] (Note 2)

A piezoelectric thin-film resonator includes a substrate, a lower electrode

25  provided on the substrate, a piezoelectric film provided on the lower electrode, and an
upper electrode that is located opposite the lower electrode across at least a part of the
piezoelectric film. A mass load film is provided on the upper electrode. The mass
load film includes a plurality of concave or convex patterns in at least a region that
faces the lower electrode. The plurality of concave or convex patterns are densely

30 arranged in a central portion of the region and are sparsely arranged in a peripheral
portion of the region. With this configuration, a piezoelectric thin-film resonator that

reduces spurious can be provided.



[ 0066] (Note 8) The piezoelectric thin-filmresonator according to note 2,
wherein a material of 30 the mass load filmdiffers froma material of the
upper electrode. Wth this configuration, the height of the patterns can be
properly controlled, so that a piezoeledPric thin-filmresonator that
reduces spurious can be stably provided. 20 [00671 (Note 9) The

pi ezoel ect f kY m resonator according to note 2, wherein a
conbinatiJ?b§¥F2@ﬂ%%giial of the mass load filmand a material of the upper
el ectrode is a cCOmbpipatdl@triothiifile regngtotiacibréinghb AGteSIEdres; Wiheidiy aBitth thi s
configuration, the 5 height of the patterns can be properly controlled, so
that a pi efdbe sencaveor ¢pnfex pattems sortegulsrlytrgied se thatdbe spueavouscoowex be

stably provided. [O0Q6E Not e .10 he pi,ezoel ectric thin-film
resonat or %%%3Pﬁ?h§&?§e 6§§”§?dﬁ%éﬁﬁfﬁh358@%gpo CEWRAVATASRASHY ovi ded
bet weerny t RS i b ﬁﬂ§b - el ecit: 'A¥c t hj

confi ghsr a?iﬁgn, a %ﬁgggé]ih%}g ric @Eﬁﬁ%ﬁ%ﬁﬁésgﬁggﬁg}%‘% r% ucljeagﬁcéept&?i ous
can be pr otransersd BO66&OpurNok én 2 Hanner with exthléermpidegige pedbmi@ndehi n-fil m

resonat or Efcggg?Q%Pto note 2, wherein another nass load filmis provided
on the mas¥0PBhdNGe M Wth this configuration, a 15 piezoel ectric

thin-fil that red i b i ded. [0070], (Note 12
The pi ezoel oat 11 S RPARIICRR HEE SRRSO AR SPar g b RSP B A oo Bher o n an

over | appi Ngh&Re e @hcdvetr UBRRK aHeetd 245uaRsd ihme%draﬁﬁsfﬁb%gpém&c&ﬂei n the
en t he acou

formof an ellipse. This configuration can prev IC wave

ref | ectOed Thisronfigiratiow car?@ippies anf intieasqinadatiode trédistahds, o fhak a f r om bei ng
a transverse standing wave in a resonator, so that a piezoelectric
thin-fil mpg f@t%%'ﬂmﬁmwtb@mmew1¢&§@mﬁéﬁd@@ﬁsww@@d. [00711

(Note 13) provided.

[0063] (Note 5)
The piezoelectric thin-film resonator according to any one of notes 1 to 4,

15  wherein the concave or convex patterns are island-like or hole-like dot patterns. With
this configuration, a piezoelectric thin-film resonator that reduces spurious can be
provided.

[0064] (Note 6)
The piezoelectric thin-film resonator according to any one of notes 1 to 5,

20  wherein a mass load film is formed on the concave or convex patterns of the upper
electrode. With this configuration, a piezoelectric thin-film resonator that reduces
spurious can be provided.

[0065] (Note 7)
The piezoelectric thin-film resonator according to note 2, wherein a height of

25  the shape of the mass load film is comparable to a thickness of the mass load film.
With this configuration, the height of the patterns can be properly controlled, so that a
piezoelectric thin-film resonator that reduces spurious can be stably provided.

[0066] (Note 8)
The piezoelectric thin-film resonator according to note 2, wherein a material of

30 the massload film differs from a material of the upper electrode. With this
configuration, the height of the patterns can be properly controlled, so that a

piezoelectric thin-film resonator that reduces spurious can be stably provided.



The piezoelectric thin-filmresonator according to note 1 or 2, wherein an
25 overl apping region of the upper electrode and the |lower electrode is in
the foimof a polygon with non-parallel sides. This configuration can
prevent the acoustic wave reflected frodthe outer edge of the

pi ezoel ectric thin filmfrombeing a transverse standing wave in a

resonat or, t pi ezoel ectric thin-fil mresonator that reduces ‘
spuri ous f[gégﬂettﬁg)geﬁg)be provi ded. 30 [0072] (Note 14) An acoustic

wave devi ce i nclgssieeldchasthi®ibn Répaawlr a6ordiecthinield, Witefesanat or
according to any one of notes 1 to 13. This configuration can provide a
smal | 2lconilghatper dfermaterial aftbe srdss legdidmoend & sratg00 o8 the wipes elegiyode is

Afilt devi ce i ncl i1 t or I ezoel {C, thinsfil t
accor di ng 4 STEApaBHROGRAKSELSVD el SRRt oW ith PP RiEERHOB BT de o

Il R ghe f ' 7 o thin- dupl
el ugds S pa B Eerhs LA ERRAIRHS (RnenbR & kB et it Oy

one of notwsodathPthkd rediites spaitfusguh b sablcpdvidedvi de a smal |
hi gh- perf or mance dupl exer. 10 [0075] (Note 17) A commruni cation nodul e
i ncl udes al00BBlasiNase&0)pi ezoel ectric thin-fil mresonator according to any

ﬁ InS h ?Le P]? E) (ra rsm ﬁ c E’Ple%ﬁﬁmg?el(g (? @‘%ﬁ% &?%)i_ng r%%gor i %\% (1118te82, %vrﬁ(ie;cém another
' mass load film is provided between the mass load film and the upper electrode. With
10  this configuration, a piezoelectric thin-film resonator that reduces spurious can be
provided.
[0069] (Note 11)

The piezoelectric thin-film resonator according to note 2, wherein another

mass load film is provided on the mass load film. With this configuration, a
15  piezoelectric thin-film resonator that reduces spurious can be provided.
[0070] (Note 12)

The piezoelectric thin-film resonator according to note 1 or 2, wherein an
overlapping region of the upper electrode and the lower electrode is in the form of an
ellipse. This configuration can prevent the acoustic wave reflected from the outer

20  edge of the piezoelectric thin film from being a transverse standing wave in a resonator,
so that a piezoelectric thin-film resonator that reduces spurious further can be
provided.

[0071] (Note 13)

The piezoelectric thin-film resonator according to note 1 or 2, wherein an

25  overlapping region of the upper electrode and the lower electrode is in the form of a
polygon with non-parallel sides. This configuration can prevent the acoustic wave
reflected from the outer edge of the piezoelectric thin film from being a transverse
sfanding wave in a resonator, so that a piezoelectric thin-film resonator that reduces
spurious further can be provided.

30 [0072] (Note 14)

An acoustic wave device includes at least one piezoelectric thin-film resonator

according to any one of notes 1 to 13. This configuration can provide a small



[0076] (Note 18) 15A communi cation device includes at | east one piezoel ecn
thin-filmresonator according to any one of notes 1 to 13. This
configuration can provide a small high-perfornmance communi cati on devi ce.

| ndustrial Applicability 20 [0077] The Bitesent application is useful for a
pi ezoel ectric thin-fil mresonator, a conmmunication nodule, and a

conmuni cat,|.on. ' | Rtion, of Reference Nunerals [0078] 41Substrate
Hl%@ Eg%hﬁgﬁlce[)%ﬁ&% c'%gélv Beco

|
2542Cavity ower edtr ode Bi'eZ8l ectric film 45Upper el ectrode
46Menbr angops]t i(Mot3PHO0Mass | oad fil m 51Mass | oad fdm 22 CLAVS [1] A
pi ezoel ectric thin-filmresonator conprising:

A filter device includes at least one piezoelectric thin-film resonator according

to any one of notes 1to 13. This configuration can provide a small high-performance
5 - filter device.
[0074] (Note 16)

A duplexer includes at least one piezoelectric thin-film resonator according to
any one of notes 1to 13. This configuration can provide a small high-performance
duplexer.

10  [0075] (Note 17)

A communication module includes at least one piezoelectric thin-film
resonator according to any one of notes 1 to 13. This configuration can provide a
small high-performance communication module.

[0076] (Note 18)
15 A communication device includes at least one piezoelectric thin-film resonator
according to any one of notes 1 to 13. This configuration can provide a small

high-performance communication device.

Industrial Applhicability
20 [0077] The present application is useful for a piezoelectric thin-film resonator, a

- communication module, and a communication device.

Description of Reference Numerals
[0078] 41 Substrate
25 42 Cavity
43 Lower electrode
14 Piezoelectric ilm
45 Upper electrode
46 Membrane portion
30 50 Mass load film
51 Mass load film



a substrate; a lower el ectrode provided on the substrate; 5a piezoelectric
filmprovided on the |ower electrode; and an upper electrode that is
| ocat ed opposite the | ower el ectrode across at |east a part of the

pi ezoel ectric film wherein a mass |oad22ilmis provided on the upper

el ectrode, the mass load filmincludes a plurality of concave

or convex patterns in at 10 least a r egl t hat faces the | ower el ectrode,
and the plurality of concave or convex patterns are densely arranged

in a centrig] porApRAodkctiibthih€linG8scidgoraompsdaisel y arranged in a
peri pheral portion of the region. [2] The piezoelectric thin-film
resonat or accor i supstmatel ai m 1, wherein the upper 15 el ectrode has a

plurality of concave oy convex patterns that are to be fitted into the
concave or convek 0&’&??%??8 elfrﬂi%ﬁéoﬁitg‘%ﬁ‘étls ic thin-filmresonator

accordishg to cl 'g%%?e%ém&i‘éﬁ%&g?ovmeh%t%1&&!&&&5}%&&%@ convex patterns is

regularly varie at 't oncave or convex patterns are densely

arranged in the geappalelgaoté tintdd lotdted bpgisite thnbwar elespadegdryssat larged i n
t he peripheral portion of the region. [4] The piezoelectric thin-film
resonat or Raysof diemgezoeleglirigifdm] | wherein the concave or convex patterns are

i sland-1ike or ho]e-like do terns. . A co nicati on nodul e
conpri sing the plBZ6E 281453 i‘)aﬁﬁlﬁﬁuﬁ PFW‘%%S%L@%&WP%% gtoclaiml or 2.
the mass load film includes a plurality of concave or convex patterns in at
10  least a region that faces the lower electrode, and
the plurality of concave or convex patterns are densely arranged in a central

portion of the region and are sparsely arranged in a peripheral portion of the region.

[2] The piezoelectric thin-film resonator according to claim 1, wherein the upper
15 electrode has a plurality of concave or convex patterns that are to be fitted into the

concave Or convex patterns.

[3] The piezoelectric thin-film resonator according to claim 1, wherein a pitch of
the concave or convex patterns is regularly varied so that the concave or convex
20  patterns are densely arranged in the central portion of the region and are sparsely

arranged in the peripheral portion of the region.

[4] The piezoelectric thin-film resonator according to claim 1, wherein the concave
or convex patterns are island-like or hole-like dot patterns.

25
[5] A communication module comprising the piezoelectric thin-film resonator

according to claim 1 or 2.



