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

di scl osure of the present application relates to an acoustic wave devi ce.
Background [ 0002] Recently, due to the spread of communi cation devi ces,
which are typified by portabl e tel ephones, there have been devel oped a
filter elenment for radio frequency comruni cations having a feature of
passing only electric signals in a particular frequency band by a
conbination of a plurality of resonators using a surface acoustic wave
(SAW or a bul k acoustic wave (BAW using a piezoelectric material.
Previously, a dielectric filter and a SAWfilter were mainly used.
Recently, attention has been being drawn to a filter configured to use a
pi ezoel ectric thin-filmresonator, which is an el ement having good radio
frequency characteristics and capabl e of downsi zing and nonolithic form ng.
[ 0003] The piezoel ectric thin-fil APEEEEAIIONS have an FBAR (Fil m Bul k
Acoustic Resonator) type and _an SMR ﬁSoIidI¥ Mount ed Resonator) type. The
former has an upper eIectrodéﬁBV%?Bg EANVENTEAN i | ower el ectrode structure

on a substrate as a main stru gh qh% d has a cavity bel ow the

| ower el ectrode in an area ingéﬁp Ct QHﬁg%‘g@glectrode and the | ower

el ectrode face each other. Here, the cavity is forned by wet etching of a
sacrificed | ayer provided on the substrate surface on which the | ower

el ectrodg;djg di sposed, or wet or dry etching of the substrate fromits back
surface. The latter has a structure using, instead of the above

[0001] A disclosure of the present application relates to an acoustic wave device.

Background

[0002] Recently, due to the spread of communication devices, which are typified by portable
telephones, there have been developed a filter element for radio frequency communications
having a feature of passing only electric signals in a particular frequency band by a combination
of a plurality of resonators using a surface acoustic wave (SAW) or a bulk acoustic wave (BAW)
using a piezoelectric material. Previously, a dielectric filter and a SAW filter were mainly used.
Recently, attention has been being drawn to a filter configured to use a piezoelectric thin-film
resonator, which is an element having good radio frequency characteristics and capable of
downsizing and monolithic forming.

[0003] The piezoelectric thin-film resonators have an FBAR (Film Bulk Acoustic Resonator)
type and an SMR (Solidly Mounted Resonator) type. The former has an upper
electrode/piezoelectric film/lower electrode structure on a substrate as a main structural element,
and has a cavity below the lower electrode in an area in which the upper electrode and the lower
electrode face each other. Here, the cavity is formed by wet etching of a sacrificed layer
provided on the substrate surface on which the lower electrode is disposed, or wet or dry etching

of the substrate from its back surface. The latter has a structure using, instead of the above



cavity, an acoustic reflection filmforned by alternatively stacking a film
havi ng a hi gh acoustic i npedance and a filmhaving a | ow acoustic i npedance
to a thickness of k/4 (2, is the wavel ength of the acoustic wave).

[ 0004] When a radi o frequency signal is applied between the upper and | ower
el ectrodes of the piezoelectric thin-filmresonator as an electric signal,
an acoustic wave is excited within the piezoelectric filmsandw ched

bet ween the upper and | ower el ectrodes due to the inverse piezoelectric
effect. Also, a deformation caused by the acoustic wave is converted into
an electric signal due to the piezoelectric effect. Since the acoustic wave
is totally reflected by an interface between the upper electrode film and
air and an interface between the | ower electrode filmand air, the acoustic
wave is a longitudinal vibration wave having main displacenents in the

t hi cknessadiyraatiusir reflectibrefipi ferwd bedlternatvelshitasking b fiim Byingtaihighzcngtisuch a
resonance phenonenon, a resonator (or a filter formed by connecting a

pl ural i t ympddance gushvafilorhgving glomhaspystiiaprdrgeedo dddskpesg of Kbt the yardhaetict eri sti ¢
i s obtained. [0005] For exanple, in the piezoelectric thin-filmresonator of
FBAR t ypef the@eyifientaeh akes pl ace at frequencies (H = ri X/2) at which the

total fil t hi . th | til ay. t t i h i
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1/2 of the ‘wavelengt the acoustic wave. Assumng t 'S

pr opagat i QR N&lrRGlrh ¥an@fvichdieoe AFRMBE Ligpeh M owte bleBtRMed e tMRe By | @l of the
pi ezoelectric film the resonance frequency F is expressed as F = nV/(2H).

Thus, t hgigasenrREe:S Q6] e aeymhaticaduRe b dBkémbtcathvbis cofiertédih@dlant hi ckness H
of the multilayered structure. [0006]As a structure of the filter using
such a piekziiekiged dictto theipiezdeldctriceffenn diee thetabrastic waye & tothliydeectetippen fi | ter in
whi ch resonators are connected in series and in parallel in a |adder form
The | addénterfagpbetivéen theruppes elgpteralk filnyanddirigad anisierfaog detvesnghe boysrelesiedet he
out - of - band suppressi on can_be easlly,handled by si mply changi ng t he nunber
of st agedimfnd #ithe gepyaic Waye inadengitidingl Wihigten vays davingpsip digglacements Bdhfnat or s
arranged i.n serjes. aq? aral |l el , agq t he design procedure is sinple. There
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frequency characteristic is obtained.

[0005] For example, in the piezoelectric thin-film resonator of FBAR type, resonance takes

place at frequencies (H = nA/2) at which the total film thickness H of the multilayered structure

having the main structural element of the upper electrode film/piezoelectric film/lower electrode

film formed above the cavity is integer multiples (n times) of 1/2 of the wavelength A of the

acoustic wave. Assuming that V is the propagation velocity of the acoustic wave defined by the

material of the piezoelectric film, the resonance frequency F is expressed as

F =nV/(2H).
Thus, the resonance frequency F can be controlled by the total thickness H of the multilayered

structure.

[0006] As a structure of the filter using such a piezoelectric thin-film resonator, there is a
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having nultiple frequencies (the frequency relationship: parallel arm<
series arm, and it is required to formthe resonators having the nmultiple
resonance frequencies in a comon chip. A resonator connected in a parall el
arm (hereinafter, parallel resonator) is designed to have a frequency | ower
than that of a resonator connected in a series arm (hereinafter; series
resonator), and a nass addition filmis formed on the upper el ectrode of
the parallel resonator, the frequency being controlled by the mass of the
mass addition film [0008] Patent Docunment 1 discloses a nethod of varying
the thicknesses of the | ower electrode, the piezoelectric filmand the
upper el ectrode, which are primary structural filns of the resonator, and a
nmet hod of adjustnment by adding a nass addition filmin order to realize
resonators having resonance frequencies on a conmon substrate. Patent
Docunent I1&idelitgelfitergs whichnesdnatbrsofie @djagst msatieslagd paptalel i nigdder frss addi ti on
filmon an el ectrode of a resonator. PRI OR ART DOCUMENTS PATENT DOCUMENTS

[ 0009] PatTdatad@®sbnedltar istvidgnpwa berauspisation lpgsnd bapytorbmdisEPRESIPH AN .

2002- 335141 Patent Docunment 2: United States Patent , 657, 363
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0010] The [ i i i J i
[0010] The acoustic veve, device di sl 05ed L. Bl oll uPASHIRMecdnDRS 2 Probl em

simple. There is a lattice type filter having a similar design method.

[0007] The filter structure is composed of resonators of a series arm and a parallel arm

having multiple frequencies (the frequency relationship: parallel arm < series arm), and it is

required to form the resonators having the multiple resonance frequencies in a common chip. A

resonator connected in a parallel arm (hereinafter, parallel resonator) is designed to have a

frequency lower than that of a resonator connected in a series arm (hereinafter; series resonator),

and a mass addition film is formed on the upper electrode of the parallel resonator, the frequency

being controlled by the mass of the mass addition film.

[0008] Patent Document 1 discloses a method of varying the thicknesses of the lower

electrode, the piezoelectric film and the upper electrode, which are primary structural films of the

resonator, and a method of adjustment by adding a mass addition film in order to realize

resonators having resonance frequencies on a common substrate. Patent Document 2 discloses

a method of adjustment by patterning a mass addition film on an electrode of a resonator.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0009] Patent Document 1: Japanese Patent Application Publication No. 2002-335141
Patent Document 2: United States Patent No. 6,657,363

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION



manuf acturing process is conplicated and the cost of device is high because
the mass addition filnms having different thicknesses are fornmed by carrying
out a filmgrow ng process, a photolithography process and an etching
process nmultiple tinmes. [0011] As the acoustic wave device disclosed in

Pat ent Docunent 2, in a case where a pattern is forned by using the nass
addition filmof the parallel resonator, the frequency of the resonator
shifts, and the resonance characteristic (resonance Q deteriorates
greatly. [0012] The present invention ainms at providing an acoustic wave
devi ce having piezoelectric thin-filmresonators having different resonance
frequenci es on a common chi p and having an excell ent characteristic having
reduced spurious conmponents w thout any expensive apparatus. MEANS FOR
SOLVI NG THE PROBLEM [ 0013] A di scl osure of the present application is an
acousti c [00E0E dake seutiompard &iviagdisclosad in Paestdatroent Aha agprahldm thetgbmat or each
havi ng a substrate, a | ower el ectrode provided on the substrate, a

pi ezoel eawanictiingmprqsessis cdmpllicated pivkth ensieaf deviesds igheecauspitte ayassadiien el ect r ode
provi ded on an upper side of the piezoelectric film, a frequency control
film bei fgmphayingddigreithigknessepase fospefebysaring Qs d RAEhEEWIAE BRCGSH 3nhi ch t he upper
el ectrode and the | ower el ectraode face ﬁg&h.other in at |east one of the

nain_res&ﬁ%?@*o%mﬂyPW@”§%ﬂa?é%%ﬂ%@B?§sT f F8%uency control film having
mul ti pl Q@@E fe)c() s%etagc;;ugt?d wg/n%e\;i%edis% 200454 PzRQ{t ng‘?%?@ in%a?g&l%wd wth a

common pi spu us adjustnent and w erent areas In the main

resonato rpaﬁ]é}ﬁj istfgl'ﬁxeé; H}bus{n?%r]ﬁésgzgddgi)g %i]rﬁl Lﬁh%a?ﬁl'eﬂ%ééﬁﬁo%? ?rg(ﬁxeﬂfy%? et

appl i cati'on 1s an acoustic wave device conprising a maln resonator and a

sub r esonabRiior@REk ahAE ReorAn@YRtidiasfo (ridorafa]) deledsrhtengentipr ovi ded on the
substrate, a piezoelectric filmprovided on the |ower el ectrode, and an

upper el godinpde The prébelCidvantiondims ppedvidingd acdusticheavp @i dheng pitweltitlian  a
frequency control film being provided on an upper side of
thin-film resonators having different resonance frequencies on a common chip and having an
excellent characteristic having reduced spurious components without any expensive apparatus.
MEANS FOR SOLVING THE PROBLEM
[0013] A disclosure of the present application is an acoustic wave device comprising a main
resonator and a sub resonator each having a substrate, a lower electrode provided on the substrate,
a piezoelectric film provided on the lower electrode, and an upper electrode provided on an
upper side of the piezoelectric film, a frequency control film being provided on an upper side of
a resonance area in which the upper electrode and the lower electrode face each other in at least
one of the main resonator and the sub resonator, the frequency control film having multiple
convex patterns, and the convex patterns being arranged with a common pitch for spurious
adjustment and with different areas in the main resonator and the sub resonator.
[0014] A disclosure of the present application is an acoustic wave device comprising a main
resonator and a sub resonator each having a substrate, a lower electrode provided on the substrate,

a piezoelectric film provided on the lower electrode, and an upper electrode provided on an

upper side of the piezoelectric film, a frequency control film being provided on an upper side of
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a resonance area in which the upper electrode and the | ower electrode face
each other in at least one of the main resonator and the sub resonator, the
frequency control filmhaving nultiple hole patterns, and the hole patterns
bei ng arranged with a comon pitch for spurious adjustnment and with
different opening areas in the main resonator and the sub resonator.
EFFECTS OF THE I NVENTI ON [0015] According to the disclosure of the present
invention, piezoelectric thin-filmresonators having nultiple resonance
frequencies in a conmon chip have a good frequency characteristic. Further,
the process for manufacturing an acoustic wave device can be shortened.
BRI EF DESCRI PTI ON OF THE DRAWNGS [0016]FIG IAis a plan view of a
pi ezoel ectric thin-filmresonator in accordance with an enbodimentl; FIG 1B
is a cross-sectional view of a first piezoelectric thin-filmresonator; FIG
IC is a arassanseatdiomaich the eppeoélecrodrend e Ipicezlowiodefagd egcht dthan irf 4tllagstr esonat or ;
FIG2 is acircuit diagramof a |adder type filter;

one of the main resonator and the sub resonator, the frequency control film having multiple hole

patterns, and the hole patterns being arranged with a common pitch for spurious adjustment and

with different opening areas in the main resonator and the sub resonator.

EFFECTS OF THE INVENTION

[0015] According to the disclosure of the present invention, piezoelectric thin-film

resonators having multiple resonance frequencies in a common chip have a good frequency

characteristic. Further, the process for manufacturing an acoustic wave device can be

shortened.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] FIG. 1A is a plan view of a piezoelectric thin-film resonator in accordance with an
embodiment];

FIG. 1B is a cross-sectional view of a first piezoelectric thin-film resonator;

FIG. 1C is a cross-sectional view of a second piezoelectric thin-film resonator;

FIG. 2 is a circuit diagram of a ladder type filter;

FIG. 3A is a cross-sectional view of a manufacturing step of the first piezoelectric
thin-film resonator;

FIG. 3B is a cross-sectional view of a manufacturing step of the first piezoelectric
thin-film resonator;

FIG. 3C is a cross-sectional view of a manufacturing step of the first piezoelectric
thin-film resonator;

FIG. 3D is a cross-sectional view of a manufacturing process of the first piezoelectric



FIG 3A is a cross-sectional view of a manufacturing step of the first

pi ezoel ectric thin-filmresonator; FIG 3B is a cross-sectional view of a
manuf acturing step of the first piezoelectric thin-filmresonator; FIG 3C
is a cross-sectional view of a manufacturing step of the first

pi ezoel ectric thin-filmresonator; FIG 3D is a cross-sectional view of a
manuf acturing process of the first piezoelectric thin-filmresonator; FIG
4A is a cross-sectional view of a manufacturing process of the second

pi ezoel ectric thin-filmresonator;

thin-film resonator;

FIG. 4A is a cross-sectional view of a manufacturing process of the second piezoelectric
thin-film resonator;

FIG. 4B is a cross-sectional view of a manufacturing process of the second piezoelectric
thin-film resonator;

FIG. 4C is a cross-sectional view of a manufacturing process of the second piezoelectric
thin-film resonator;

FIG 4D is a cross-sectional view of a manufacturing process of the second piezoelectric
thin-film resonator;

FIG. 5A is a plan view of a frequency control film with island patterns;

FIG. 5B is a cross-sectional view of the frequency control film with the island patterns;

FIG. 5C is a plan view of a frequency control film with island patterns;

FIG. 5D is a cross-sectional view of the frequency control film with the island patterns;

FIG. 5E is a plan view of a frequency control film with island patterns;

FIG. 5F is a cross-sectional view of the frequency control film with the island patterns;

FIG. 6A is a plan view of a frequency control film with hole patterns;

FIG. 6B is a plan view of a frequency control film with hole patterns;

FIG. 6C is a plan view of a frequency control film with hole patterns;

FIG. 7A is a characteristic diagram of a pass characteristic of a filter configured to
arrange a frequency control film with a pitch equal to or longer than A;

FIG. 7B is a characteristic diagram of a pass characteristic of a filter configured to
arrange a frequency control film with a pitch equal to or shorter than A;

FIG. 8 is a characteristic diagram of a relationship between the pitch of the frequency



FIG 4B is a cross-sectional view of a manufacturing process of the second
pi ezoel ectric thin-filmresonator; FIG 4C is a cross-sectional view of a
manuf acturing process of the second piezoelectric thin-filmresonator; FIG
4D is a cross-sectional view of a manufacturing process of the second
pi ezoel ectric thin-filmresonator; FIG5A is a plan view of a frequency
control filmwth island patterns; FIG 5B is a cross-sectional view of the
frequency control filmwth the island patterns; FIG5C is a plan view of a
frequency control filmwth island patterns; FIG5D is a cross-sectional
view of the frequency control filmwth the island patterns; FIG5E is a
pl an view of a frequency control filmwth island patterns; FIG5F is a
cross-sectional view of the frequency control filmwth the island
patterns; FIG6A is a plan view of a frequency control filmwth hole
pat t er ns;comtaifiB8anddregueptyan vi ew of a frequency control filmwth hole
patterns;
FIG. 9 is a characteristic diagram of a relationship between an occupancy ratio of the
frequency control film to a membrane portion and resonance Q;
FIG. 10 is a circuit of a ladder type filter;
FIG. 11 is a circuit diagram of a lattice type filter;
FIG. 12 is a circuit diagram of a filter in accordance with Embodiment 5;
FIG. 13 is a characteristic diagram of a pass characteristic of the filter in accordance
with Embodiment 5;
FIG. 14 is a circuit diagram of a filter in accordance with Embodiment 6;
FIG. 15 is a characteristic diagram of the filter in accordance with Embodiment 6;
FIG. 16 is a circuit diagram of a filter in accordance with Embodiment 7;
FIG. 17 is a characteristic diagram of the filter in accordance with Embodiment 7;
FIG. 18 is a block diagram of a communication module; and
FIG. 19 is a block diagram of a communication device.
MODES FOR CARRYING OUT THE INVENTION
[0017] Embodiments
[1. Structure of acoustic wave device]
The acoustic wave device disclosed in Japanese Patent Application Publication No.
2002-335141 is configured to newly add the mass addition film on the electrode of the resonator
in order to realize resonators having multiple resonance frequencies. Thus, there is a problem
that mass addition films are needed to realize resonators having multiple resonance frequencies,

and that the manufacturing process is complicated and the cost of device is high because the

mass addition films having different thicknesses are formed by carrying out a film growing



FIG6C is a plan view of a frequency control filmwth hole patterns; FIG
7A is a characteristic diagramof a pass characteristic of a filter
configured to arrange a frequency control filmwth a pitch equal to or
| onger than k; FIG 7B is a characteristic diagramof a pass
characteristic of a filter configured to arrange a frequency control film
with a pitch equal to or shorter than k; FIG 8 is a characteristic diagram
of a relationship between the pitch of the frequency control film and
frequency; FIG9 is a characteristic diagramof a relationship
between an occupancy ratio of the frequency control filmto a menbrane
portion and resonance Q FIG 10 is a circuit of a ladder type filter; FIG
11 is a circuit diagramof a lattice type filter; FIG12 is a circuit
diagramof a filter in accordance w th Enbodi nent 5;

process, a photolithography process and an etching process multiple times.

[0018] In the acoustic wave device disclosed in United States Patent No. 6,657,363, the

resonance frequency is adjustable by controlling the pitch of the mass addition films formed on

the electrodes of the resonators by a patterning step in order to realize resonators having multiple

resonance frequencies in a common chip. By carrying out the growing step, the

photolithography step and the etching step once, different patterns of the mass addition films for

the multiple resonators can be formed, so that resonators having multiple resonance frequencies

can be formed in the common chip.

[0019] Further, United States Patent No. 6,657,363 discloses that the patterns of the mass

addition film are formed with a pitch longer than the wavelength of the acoustic waves excited

by the piezoelectric thin-film, whereby a piezoelectric thin-film resonator having small spurious

components can be obtained. However, there is a problem that an expensive apparatus such as

a stepper is needed to form the patterns at a pitch longer than the wavelength of the acoustic

waves excited in the piezoelectric thin-film, and increases the cost of the device.

[0020] Furthermore, although disclosing patterns of the mass addition film for a single

piezoelectric thin-film resonator, United States Patent No. 6,657,363 fails to disclose pattern

structures of the mass addition films respective provided on resonators having multiple different

resonance frequencies connected together to form an acoustic wave device.

[0021] Acoustic wave devices of embodiments have pattern structures of multiple

piezoelectric thin-film resonators connected together to form a filter in a case where at-least one

of the resonance frequencies of the multiple piezoelectric thin-film resonators is shifted without

any deterioration of the characteristics. Further, the acoustic wave devices of embodiments aim

at obtaining excellent frequency characteristics without fine patterns formed by an expensive



FIG 13 is a characteristic diagramof a pass characteristic of the filter
in accordance with Enbodinent 5; FIG 14 is a circuit diagramof a filter in
accordance with Enbodinment 6; FIG 15 is a characteristic diagramof the
filter in accordance with Enbodinent 6; FIG 16 is a circuit diagramof a
filter in accordance with Enbodinment 7; FIG 17 is a characteristic diagram
of the filter in accordance with Enbodinent 7; FIG 18 is a bl ock di agram of
a communi cation nodule; and FIG 19 is a block diagram of a comunication
devi ce. MODES FOR CARRYI NG OQUT THE | NVENTI ON [ 0017] Enbodi ments [ 1.
Structure of acoustic wave device] The acoustic wave device

di scl osed in Japanese Patent Application Publication No. 2002-335141 is
configured to newy add the mass addition filmon the el ectrode of the
resonator in order to realize resonators having nultiple resonance

f r equenciapparatidsuch ast leprer.i s a problem that nmass addition filns are needed
to realize resonators having nmultiple resonance frequencies, and that the
manuf act UP®23y priBakigndnsl)conpl i cated and the cost of device is high because
the mass addition filnms having different thicknesses are forﬁﬁg by carrying

out a film groffnd ~ Polledlustrale ap grampiany Mergr eqpR M8 DRSS ANF U 8L hi ng

rocess nultiple tines. o . . .
P examplg ofeche acousfi¢c wave device in accordance with an embodiment. FIG. 1A is a plan

view of a piezoelectric thin-film resonator. FIG. 1B is a cross-sectional view taken along a line
A-A in FIG. 1A, and is a cross-sectional view of a first piezoelectric thin-film resonator. FIG.
1C is a cross-sectional view of a second piezoelectric thin-film resonator.

[0023] FIG. 2 indicates a filter circuit in which multiple piezoelectric thin-film resonators of
the embodiment are arranged in series arms and parallel arms. Here, resonators connected in
series arms are referred to as first piezoelectric thin-film resonators (series resonators) S1 ~ 54,
and resonators connected in parallel arms are referred to as second piezoelectric thin-film
resonators (parallel resonators) P1 ~ P3.

[0024] The piezoelectric thin-film resonator illustrated in FIGs. 1A ~ 1C has a substrate 41,
a cavity 42, a lower electrode 43, a piezoelectric film 44, an upper electrode 45, a membrane
portion 46, etching medium introduction apertures 47, an etching medium introduction path 48, a
sacrificed layer 49, a mass addition film 50, and a frequency control film 51.  The substrate 41
uses silicon (Si) in the embodiment. The lower electrode 43 is configured to have a two-layer
structure of ruthenium (Ru)/chromium (Cr) in the embodiment. The piezoelectric film 44 uses
aluminum nitride (AIN) in the embodiment. The upper electrode 45 is configured to have a
two-layer structure of Cr/Ru in the embodiment. The lower electrode 43, the piezoelectric film
44 and the upper electrode 45 may be formed by a film growing method such as sputtering.  For
example, in a case where the piezoelectric thin-film resonator has a resonance frequency of 2

GHz, the approximate film thickness of each layer is such that Ru of the lower electrode 43 is
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[0018] I n the acoustic wave device disclosed in United States Patent No.

6, 657,363, the resonance frequency is adjustable by controlling the pitch
of the mass addition films fornmed on the el ectrodes of the resonators by a
patterning step in order to realize resonators having nultiple resonance
frequencies in a conmmon chip. By carrying out the growi ng step, the

phot ol i t hography step and the etching step once, different patterns of the
mass addition filnms for the multiple resonators can be fornmed, so that
resonators having nultiple resonance frequencies can be fornmed in the
common chip. [0019] Further, United States Patent No. 6,657,363 discloses
that the patterns of the mass addition filmare formed with a pitch | onger
than the wavel ength of the acoustic waves excited by the piezoelectric
thin-film whereby a piezoelectric thin-filmresonator having snal

spuri ous 266 mpo@rethereof isalfi0 e, Albit o theeikzodswisidm 44 isHéYlnn. £ af the BBeem t hat  an
expensi ve apparatus such as a stﬁgger is needed to formthe patterns at a

pi t ch | orflgetrodera is 20men, gushRar tagsent ks 259 nioh e Thecdrsededilmpefdle lewgriclastoded3 ¢ he

i lectric thin-fil i th t t he device.

P 0020] Furthi HORRE AP ITH Pameet Sarar L pareegur HerBeCuai ¢ on i1 m
f i ngl e pi tric thin-fil t i t No.
6. 657, 363 HPLRTBRYGletab el i Ty AARRE L rup Bl R RUBLER R 67 (P 1
respect i Vgqih ), ek | r%%ﬁ@&%ﬁk}ﬂ%'ﬂ%a&% ﬁ\hd%lo?almnfntlﬁrngﬂge_ {agspnance

frequenci es connecte 'toget er to forman” acousti c wave devi ce.

[ 0021] Acoslokfde VBN0S, 1688 Vir&Rate Alan R8P0, IRBtiENNAWPBTIOR) drefenikst rewet ur es of
mul tiple piezoelectric thin-filmresonators connected together to forma

filter i nusteasemaBd Badabf diks (SipBRsspéerdntieortBsiikeance frequenci es of the

mul tiple piezoelectric thin-filmresonators is shifted w thout any

det eri or d0026h ofAstithetratbdhin&tG € the second piazpdldreric, thipfidn sesogbts R vwd/evelevi ces of
enbodi ments ai mat obtaining excellent frequency characteristics wthout

fine pat treashaddition fibeiSbhy Thnmassgedisenidm SQpplaread ¢é tiggiem (Hyand has aflser .

[0022]( Er{}ljigkclilieer)rfltnSlgm. The mass addition film 50 is provided between the Cr film of the upper
electrode 45 and the Ru film thereof. The mass addition film 50 may be formed to cover at
least the membrane portion 46 in which the upper electrode 45 and the lower electrode 43 face
each other in order to cause the mass addition film 50 to function as a film that adds a load to the
membrane portion 46 in which the upper electrode 45 and the lower electrode 43 face each other.
Further, the mass addition film 50 may have an arbitrary shape having a size between a minimum
area and a maximum area in which the minimum area is formed to include the upper electrode 45
and the lower electrode 43 that face each other, and the maximum area is formed to coincide
with the shape of the upper electrode 45.  As methods for making the resonance frequencies of
the second piezoelectric thin-film resonators P1 ~ P3 lower than those of the first piezoelectric
thin-film resonators S1 ~ S4, there is a method for making the upper electrodes 45 of the second
piezoelectric thin-film resonators P1 ~ P3 thicker than the upper electrodes 45 of the first

piezoelectric thin-film resonators S1 ~ S4.

[0026] As illustrated in FIGs. 1B and 1C, a frequency control film 51 is provided on the
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FIGIA - FIGICillustrate an exenplary piezoelectric thin-filmresonator,
which is an exanple of the acoustic wave device in accordance with an
enbodiment. FIG 1A is a plan view of a piezoelectric thin-filmresonator.
FIG | Bis a cross-sectional viewtaken along a line AAAin FIG IA and
is a cross-sectional view of a first piezoelectric thin-filmresonator. FIG
ICis a cross-sectional view of a second piezoelectric thin-filmresonator.
[0023]FIG 2 indicates a filter circuit in which nultiple piezoelectric
thin-filmresonators of the enbodi ment are arranged in series arnms and
parallel arnms. Here, resonators connected in series arns are referred to as
first piezoelectric thin-filmresonators (series resonators) SI - S$S4, and
resonators connected in parallel arns are referred to as second

pi ezoel ectric thin-filmresonators (parallel resonators) Pl - P3. [0024] The
pi ezoel eﬁr/Ru@pnehclcptrbddswf theﬁtsmatzgﬁleqﬂhd thintfflmtresdnaters $1 84 andghase pithhas a
substrate 41, a cav[th/ a lower electrode 43, a piezoelectric film 44,

an upper sesprdiezelectrpghingilmasseretonel lyok i dhe Gluewé‘?ﬁ“ﬁbﬁlﬁédllﬁm??‘torfoductl on

apertures_ 47, an_etching nmedi umintroductio th 48, a flced | ayer
49, a madbardde & flEhicknesosd) “'ﬁﬁ’d %ewhogwahﬁhg@ ?‘BVC%{rPfﬁ‘a[ Ve substrate

b bl B bt B BB R ASUPL Ul gt cont aur e

enbodi nent :E pe |Im44 uses alumnumnltrlde(AIN) in the
. h
enbodi rnela}elo §1e8}oﬂér % ee%%}{r&o 45 is configured to have a two-|ayer

structur ?OOQf’ Cr @@éqﬁéﬂc;t z{aﬁlsmm@r@ rovidtQ oh%% &ﬂn@s@ta &Qethd dhembhfe _
plezoelectrlcfllm44 and t he upper electrod % e forned by a film
growi ng pBkiBO4b. S e framerp udjhisthénd @lim 506 fRmadFSED, ih Eheambéﬁilﬁemhel’he t he

pi ezoel ectric thin-filmresonator has a resonance frequency of 2 GHz, the
appr oxi mikquehdyladjusthienkive 2 isehpablz ofisimalyaeously adjusing theagsomucedfeqnéneies ofver
electrode 43 is 250 nm C thereof is 100 nm AIN of the ?i ezoel ectric
film 44 its fitst BezasteptriCthimfilng iqgonetpys Si ~§I4élbtstf%i€ﬁemﬂ§3 ilB atthesgof psecre t her eof
is 250 nm The electrode filns of the |ower electrode 43 and the_upper

el FCL (rj od &ieaosleqiag thinsfilgpigeongiprs 11 UWHW‘”*(W i FI@éﬁpeTha( e IH’rﬁ"B?fP‘iﬁr?f] (o),
(R0, rhdW fﬁwﬁeﬂ%w&? Pt v 25 R g s B R b Blis B G T 4

b t
ey be g, S S AU Ao S 5 g o VeSgpasonece
made of ?a{tyh CPRL i aﬂlckngisQ& ach E%r%@ﬂeﬁds‘)(fn tfnehr%qdu'eh ?pem[f%glﬂ)faﬁitek hhagtrated in

FIG IC, e second plezoelectiic thin-filmresonators P3 have a mass
addi ti on gfhd MMiRQewel RRcFFAS 83 Afddhd _Fﬁa efeltrdBe 28, thSpié 618306k ﬁlfn 4] thamaggm (Ti) and
has a filmthickness of 125 nm e mass addition filmb50 is provided

bet ween tddtidarfiliish andrhe fri@entp pafrobfilecs Irmegehaddstiactdres diber Buan fliokem t her eof . The
mass addition filmb50 may be fornmed to cover at |east the nenbrane portion
46 in whidedrited @baypp eFhedbrex elegthde ADmaylehve heinglodayer serhature.r dde ™S f ace each
other in order to cause the nmass addition film50 to function as a film

t hat addsgdditiandii 50 ds serdvichedbetaera tisdperseh theappas elggiodnhaving thegpedayel ect rode 45
and the |l ower electrode 43 face each other. Further, the glas ?{Fgﬁ%ition film
50 may h&WETER S%?’BVP?%W"’@YI%&S’@W&% ﬁ(j“aéi b foymed i higafe pafe ?rE ea and a
maxi mum glr ea in LS f or per

el ectrod rsﬁg’e%?ﬁﬁcqlﬁg‘ - %\‘R)erfsoéftgrgg ?o%é ?ﬁ%?m?:%zgdeecgécﬁg Lﬁlm resonat (ﬁsot he
MaXi mum P e?’as A dgmger%)éd%a\f ﬁ/ 4a?§v%ﬁm 1ts I?or%’nl&?be%\b@en %e%w% Qﬁﬁ‘é@&‘%ﬁe IGWECT T ode

45. As neth for resonance frequencies e secon

pi ezoel ek el brﬂl t%é %uggtrrafaesl(? RO kS mbtand porti AR lin ivhigiNtht BRREelQbroddus fi st

pi ezoel ectric t Il'mresonators Si - S4, there is a nmethod for making

the uppe%n@dh%%péi&&oée&mcetem OSRE OMHe Phree O8I chlifyNhdsialdlativesonat ors P1
- P3 thicker than the upper electrodes 45 of the first piezoelectric

t hi n-fi | RinkleSMBINQRSpeBphery &34 had DARHading hdig siwaadsetet cemerFl Gs. 1B and 1C, a
frequency control filmb51 is provided on the
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Cr/ Ru upper electrodes of the first piezoelectric thin-filmresonators S1 -
S4 and those of the second piezoelectric thin-filmresonators Pl - P3. The
frequency control filmb51 is forned of Ti and has a filmthickness of 20 nm
in the enbodi ment. The frequency control filmb51 is provided so as to

i nclude at | east the nenbrane portion 46 in which the upper el ectrode 45
and the | ower electrode 43 face each other. [0027] A frequency adj ust nent
filmb52 is provided on the uppernost |ayer of the nenbrane portion 46. The
frequency adjustnment film52 is formed of Si02 in the enbodi nent. The
frequency adjustnment film52 is capable of sinultaneously adjusting the
resonance frequencies of the first piezoelectric thin-filmresonators Si -
S4 illustrated in FIG 1B and those of the second piezoelectric thin-film
resonators Pl - P3 illustrated in FIG IC That is, the filmstructure of
the firstf0038kzo&l@aAriFG BRiare drossmctiensbrigsoHestrging stegyofimpnyfagugigthees arns i s
formed by filnms in the order of Si02/Ti/C/Ru/AINRu/ C /S| substrate

t owar ds tfiiw pieensisetiio hin-filgyresonstprs H 8¢ UEehmodl 1greFrossergiond VI ni ckness of

h i depend the required ification of filter, he fil
of the | e BF Sedpensung e rmonpRgr e r o el P EoSibect ric
film 44, th Ltjon fi,lm 50 and.t jubm 51

nave st 0T P ESTIPRBIC that¢HBie Gl iR AT pE P g b2 T 052

may have . téiopg&g{e&g%gﬁr ot UG (AIAG, FIgajrass addition film 50 is sandw ched
bet ween the layers o the upper eflectrode havi ng the two-layer structure,

so that theof r eguanayieeatdiflFid BARPHGTRY a bRrifiekinser Mmddber, fame material in
both the first piezoelectric thin-filmresonators SI - 54 and the second

pi ezoel eGkdrhyle, agmsifihloride @agmak ok $ikdls formBBon the Sionisirstaap byl f@ avdnipje, 42
(swelling) is formed between the | ower surface of the |ower el ectrode 43
and t he spbstingrmhehotibr k mapohéepnsitidpmeattedp oBesidesthe gligon sviisireth therabsimptiedi

el ectrode 45 and the | ower el ectrode 43 face each other. The ;])(hrase

" dome- shapede & siligasybstitasr ghass sibgratey @ Feyjanaipfibptraite p GRAS Substiatfeor fi8dikpher y and has
an increasing height towards the center. LO%%EFI G,3A - FI 3D are

cr oss- sePEoiFally ¥ issirferble tpamplyiamyptetipdiyed tg pe Rrdaeq RIgVePHEe £ r st

[ l ectri Ln-fil t - A, FlLG Fl G
SRAIE LRI A G e NS R IN RN P
pi ezoel ecctz‘il\l;ié ¢ pe_f{rél Il orf&ﬁ-ncmeasta% ed) faye'r 45 §f a rﬁz!.ttg"&éisf {oBe ARs MM b? L{> 4A FIG 4D
é/Ctl OI?S aﬁ<en al ong a F’I

are cross' s I ne” passing through the center of the

menbr ane park b%s 48n stlﬁ%) iG@, 1il & drle 1ikk OO Flelsadrific@Sayel 4948 torAbLehel N FI G 3A

and FIG 4A a sacrificed |ayer 49 nade of, for exanple, magnesium oxide
(MO or ¢dhgicdd 1Rr 46is fRhEEidioQrprddBemiPhedshidps by ik @xpblurbiechrique agkidepl €, a
sputtering nethod or a vapor deposition nmethod. Besides the silicon
substr at eichinBeckipst rate 41 may be a silica substrate, a glass substrate, a
ceram c substrate, a GaAs substrate or the like. Specifically, it is

pr ef er abl{@030b emyskoys ilustrated mi FAG. 3Baand FiGo 4BRueEaph amedbyspeliering & ther event t he
substrate 41 from bei ng etched when the sacrificed |layer is etched at the
step of flovarelgrodnéd. c A\iheyeh thertwpdaypysepeig9f e togves ?5?"1‘?‘105‘?@ iguediaf i ced | ayer
49 of a material easy to be dissolyed by an etchaﬂt. or gﬁ% sH.ch as ZnQO GCe,
Ti, Cu orsingledayes guctuigma be prpploxed e r Thep-hydhg XpespreAnigusasf HEF"Phe sacrifi ced

| 49 is f i nt det 1 d sh o] . hni d
o et chiEarBtEe TR B DOTT RENEm Lt 1 FORERHPY s’ i BIRPBRSEAAE S g ™
Ru/Cr is lgy%rilje d tApéfussc E {hﬁé]'trlggucﬁ& Iga:aﬁfi @%Gq l/%?ﬁ)trlirﬁtqgucﬂé-an é{cﬁiﬂ?th t he

two-| ayer “structure o ower ‘el ect e 43°1s used, "a single-layer
structure, @Pet%tﬁ’é’ﬁ%ﬁcl@ﬁ%r 49¥ thidRd RO Rk Leld A6 MU30MA dRNgertdi® et chi ng

techni que, the lower electrode 43 is patterned into a desired shape so as
to cover grhge SRETAS fof&6hidgaNSSacritRed Blerubahd fifi®of foltng thé ca0tyahy len pat h 48
(see FIG 1A) for introducing an etching nediumfor etching the sacrificed

| ayer 49 fonell artheeshds 6f thdiatrddnvsin petha@st r ubseqdSitly,arfdmtofidNjpperavarbgs 47 (see
FIG |A) for etching the sacrificed |layer 49 at the time of formng the
cavity may be fornmed at the ends of thge introduction path 48. Subsequently,
a filmof AINis grown by




sputtering or the like as the piezoelectric film44. Then, a filmof Ru is
grown by sputtering or the like as a first |ayer 45a. [0031] Then, as
illustrated in FIG 4B, a filmof Ti is fornmed by sputtering or the |like as
the mass addition film50 in the second piezoelectric thin-filmresonators.
By the exposure technique and the etching technique, the mass addition film
50 is shaped so as to include at |east the nenbrane portion 46 in which the
upper el ectrode 45 and the | ower el ectrode 43 face each other. Patterning
of the mass addition film50 may be inplenented by a lift-off method.

G owi ng of the mass addition film50 is carried out only in the process of
manuf acturing the second piezoelectric thin-filmresonators, and may be
omtted in the process of manufacturing the first piezoelectric thin-film
resonators. [0032] Then, as illustrated in FIG 3C and FIG 4C, a filmof O

i s grown shyterns or thelikeyep te piezheediidddmald. aTheacdie of By éreravBibysputichiag efpper

el ectrode 45. The mass addition film50 of the second piezoelectric

t hi n-fi| Mel&sayrdlfrilaypitSaandwi ched between the first layer 45a of the upper

el ectrod the . | 450 t f._ Then a filmof Ti i
on' e SCOT"| Ay i B6ar pREEhot i drey ome hevatriy b IR asRE, cont r ol
film b1, by the techni t Gl i que, th

1 cquency ot ra) T i BESRAs G Baadh UR AR bS] BRI e

portion 48 difedhd &2 ethhgg WORRGe, eGfide Qgﬁioéﬁln@ﬂﬂis %ﬁéged LUEL ifligRLl Rgle 43 face

each other iIs patterned into a desired shape. 33] Etching of the

f r equenc YheGRiMbEAE pdrtidr 634 whRN the 2Bpce bibdiRdte 41 dhd @leGiiidn BleQfodVES f264 &b NQ.
However, it is preferable to use dry etching because dry etching is capable

of easi | ytheeaPitzinig of the éapweddtiebmfi BhENes bahdplémanted @y a liftiofftthehadnder et chi ng.
[ 0034] The shape of the frequency control film51 may have a height |ess
t han t he Growing efttheokaseaklitiobidive §@is carrind @it ddy intthe pybdess of maheaqtaggtizt or s havi ng
mul ti pl e resonance frequencies, it

second piezoelectric thin-film resonators, and may be omitted in the process of manufacturing

the first piezoelectric thin-film resonators.

[0032] Then, as illustrated in FIG. 3C and FIG. 4C, a film of Cr is grown by sputtering or the

like as a second layer 45b of the upper electrode 45. The mass addition film 50 of the second

piezoelectric thin-film resonator is sandwiched between the first layer 45a of the upper electrode

45 and the second layer 45b thereof. Then, a film of Ti is grown on the second layer 45b of the

upper electrode 45 as the frequency control film 51.  Then, by the exposure technique and the

etching technique, the frequency control film 51 in an area including at least the membrane

portion 46 in which the upper electrode 45 and the lower electrode 43 face each other is

patterned into a desired shape.

[0033] Etching of the frequency control film 51 may use either dry etching or wet etching.

However, it is preferable to use dry etching because dry etching is capable of easily realizing fine

pattern shapes and having a little under etching.

[0034] The shape of the frequency control film 51 may have a height less than the film

thickness. However, in order to obtain the resonators having multiple resonance frequencies, it
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is required to formpatterns having different shapes on the upper

el ectrodes 45 of the resonators by etching. Thus, by form ng the shape of
the frequency control filmb51l so as to have a height corresponding to the
filmthickness, it is possible to reduce variations in etching for pattern
formng and to precisely shift the frequency to a desired frequency.

[ 0035] As the conbination of the frequency control film51 and the upper

el ectrode 45, the use of a conbination of materials having a certain
etching selectivity makes it possible to precisely shift to the desired
frequency w thout any damage to another filmduring etching. [0036] Then, as
illustrated in FIG 3D and FIG 4D, the upper electrode 45 is patterned into
a desired shape by the exposure technique and the etching techni que. Then,
in order to forma windowin the |ower electrode 43 and inprove the

r esonancds refrired & ferm patierms having difTecenbibhres or the uprier ecradds 45 phthe pre@rs nto a
desired shage by the exposure technique and the etching technique. Then,

the freqléRtEhingdjThus befrming theskape pighgBgaueney gengalfilmyy | Spete BeveRdcight t he | ke.

Th terial of.the. f dj ustment film52 i t lLimted to Si02,

but mmy BTSSROVIER 1R T GERTES i peRelp Rr et R At PERIGHIBR of part of
itati > C I i £ tal nitride fil

0037) Thenmiin e M 3 Raeftha ek i le?, "0 echni que,  the.

frequenc 3{0@@{ UStAgRY cofnunﬁﬂol‘ﬁ_%f 4e fxre&faen(grl%gﬂfol alest LHade uéger iel%ctfo%g@y, g, and a
bunmp pad (not illustrated) is instead fornmed. [0038]Finally, by the

exposur e yk@shitbfibifatidn &f ihteri abing 8 cdrRmbRhfid Geleckitiey rhikesiipasivleaslj ust ment film
52 above the sacrificed |ayer etching nediumintroduction apertures 47 (see

FI G 1A) fpedcizelg shifi tqi@e desivdd fte@entywitiouedng dhmapd @ ah3therdileningstchinghen, a
sacrificed layer etching nmediumis introduced into the sacrificed |ayer

et chi ng readiolim iTien, eslliottiatd inad6r3and 1@ 4D, thheppsaatecirbdeciéds pattgraed istochi ng
medi um passes through the introduction path 48 (see FIG |A), and is

i nt r oduc elgsitsd phape PhiBe pxpasure teghaigne d dhepghingfipshuigyp. + Resnsiaerdef Pd@® 4 ayer 49 is

removed. Thus, th L . ,
Wm(}éw in thee[‘ower electrode 43 and improve the resonance characteristic, the piezoelectric film

44 is patterned into a desired shape by the exposure technique and the etching technique. Then,
the frequency adjustment film 52 (SiO;) is grown by sputtering or the like. The material of the
frequency adjustment film 52 is not limited to SiO-, but may be another insulaﬁve film capable
of gradual reduction of part of excitation energy such as a metal oxide film or a metal nitride
film.

[0037] Then, by the exposure technique and the etching technique, the frequency adjustment
film 52 on the upper electrode 45 is removed, and a bump pad (not illustrated) is instead formed.
[0038] Finally, by the exposure technique and the etching technique, the frequency
adjustment film 52 above the sacrificed layer etching medium introduction apertures 47 (see FIG.
1A) formed in part of the lower electrode 43 is removed. Then, a sacrificed layer etching
medium is introduced into the sacrificed layer etching medium introduction apertures 47. The
sacrificed layer etching medium passes through the introduction path 48 (see FIG. 1A), and is

introduced below the lower electrode 43, whereby the sacrificed layer 49 is removed. Thus, the
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cavity 42 having a donme-shaped swelling can be forned bel ow t he nenbrane
portion 46 in which the upper electrode 45 and the | ower el ectrode 43 face
each other. Through the above, the piezoelectric thin-filmresonators in
accordance with the enbodi nent are conpl eted. [0039] Etchant for the
sacrificed layer 49 is preferably a material hard to etch the materials
that formthe piezoelectric thin-filmresonators other than the sacrificed
| ayer 49, particularly, hard to each the material of the electrode on the
sacrificed layer 49 that the etching nmediumcontacts. [0040] The materials
of the substrate 41, the |ower electrode 43, the upper electrode 45 and the
pi ezoel ectric film44 are not limted to those descri bed above, but other
materials may be used. Al so, the cavity 42 may be replaced with a structure
in which an acoustic reflection filmforned by alternatively stacking a

fil m havi eyt 4hhayinzaciomsshaped syysdhanaebedprned below the membrge rertianibac oust i ¢

i npedance to a thickness of X/ 4 (?. is the wavel ength of the acoustic wave)
i s di spos&dichéteners elﬁﬁ@d%mdﬂ&q léW%freE?B‘é’d&é3 fRgeachethay pErpugh theghoven t he
menbrane portion 46. FI Gs.. 5A - FI 6A 6C illustrate various
exenplary%?ﬁﬁﬁgﬁngt?%g ﬁﬁ@ﬁ%?a%BW?FSW“PqF gghm?Feﬁcmyﬂﬂe C and 5E are
D et Cuodhy [ BRHEREY m%% R0k el 155 BRYERG, d Sh A RABLER S oy 153

respectiv Cross-secti en along atine A-Ain

FI'G 5A. F'th(a”t B ine Qz&ie‘ét’?éﬁr‘?ﬁﬂﬂ REGHhtoN o‘iﬁé’r ﬁm%l‘t‘ﬁ@sa%ﬁ’d%@ laze '49'}3%{%1'“&1%” FIG 5C

FIG 5F is a cross sectional view taken along a lI1ne I'n FIGHE. FIGs.

6A - 6C angd R abth the 8MRrifbf the BIBLRIAE ¥n HOBHcHfded Tayé® thhbdhe etcHiROméMh Ng hol e
patterns, respectively. [0042]As illustrated in FIGs. 5A - 5F, each of

frequencycamaetsr ol filns 151 - 153 like islands (hereinafter, referred to as
island patterns) is provided, as nultiple independent patterns, on the
upper el ef@0d@lde ZBe inaterids df dmstbstrate 4 edlpwerelepiorde 3 theAPpérglewtride A5 tille  upper

el ectrode 45 and the |ower el ectrode 43 face each other. Preferably, each
of the i skthgmiszesiactiefilg 44 ¢ npfdignitgd to those described above, but other materials may be

used. Also, the cavity 42 may be replaced with a structure in which an acoustic reflection film
formed by alternatively stacking a film having a high acoustic impedance and a film having a
low acoustic impedance to a thickness of /4 (A is the wavelength of the acoustic wave) is
disposed between the lower electrode 43 and the substrate 41 in the membrane portion 46.

[0041] FIGs. 5A ~ 5F and FIGs. 6A ~ 6C illustrate various exemplary shapes of the
frequency control film 51. FIGs. 5A, 5C and 5E are plan views of frequency control films
having island patterns 151 ~ 153, respectively. FIG. 5B is a cross-sectional view taken along a
line A-A in FIG. 5A. FIG 5D is a cross-sectional view taken along a line A-A in FIG. 5C. FIG.
SF is a cross-sectional view taken along a line A-A in FIG. SE.  FIGs. 6A ~ 6C are plan views of
frequency control films 154 ~ 156 having hole patterns, respectively.

[0042] As illustrated in FIGs. 5A ~ SF, each of frequency control films 151 ~ 153 like
islands (hereinafter, referred to as island patterns) is provided, as multiple independent patterns,
on the upper electrode 45 in at least the membrane portion 46 in which the upper electrode 45

and the lower electrode 43 face each other. Preferably, each of the island patterns 151 has an
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identical size (area). Preferably, the island patterns 151 are arranged at
equal intervals. Although the details are omtted, it is preferable that
the island patterns 152 and 153 are respectively forned as island patterns,
and that the island patterns 152 has an identical size (area) and are
arranged at equal intervals, and the island patterns 153 has an identi cal
size (area) and are arranged at equal intervals. The island patterns 151 -
153 have different ratios of the total area to the area of the nenbrane
portion 46. The island patterns 151 have the |lowest ratio of the total area
to the area of the nenbrane portion 46 (that is, a |low density). The island
patterns 153 have the highest ratio of the total area to the area of the
menbrane portion 46 (that is, a high density). The island patterns 152 have

an approximately mddl e density between the density of the island patterns
151 and tiffaticabsiza (prea)i sPrafserblyeth¢ islendpattegs 15t sesaspeged at egpah dderyale | sl and

patterns 1 have the sna] | est. nass nd_the island, pat s 153 have the
| ar gest rég‘gl,‘ght%?f °fa %ﬁﬁ%‘ﬂ%&?‘%’ﬂfﬁ%ﬁé&?%tbf H@n‘? %@8??&%%3“&;%?15% adj ust ed by
appropriately. selecting,the densi of islan rNS.: i.nce the

"EPang parp P BT SRR R haflhe B REL D H0 T i AUCRREE 1T

menbr ane aﬂgark'l%ﬁi né@?ﬁgn@gglsﬁqw% ik Giteths T3 Fad ad RendcBHE (R4 hiiFps can be

formed by perfor m ng process only once even when one filter is
equi pped Waidad hiregei RtedVas. NRNd {9iehd pati@Rdl spatis e hie diiRiehingtiddiof the kg rek Ot al
areas. For exanple, a resonator having the island patterns 151 and a

r esonat orto thavled of thdx@erhtshr2 pdrtidn tié. € I'Ths islhd patans NEicidhvathe ivleyt raafige of t he
island patterns, and may be forned by performng the form ng process only
once. [ 00d4l|afs ta tht arsd ofahestlenitmanke IpGision &/that BQ low density)e qlierigdyndgemernol i | ns
154- 156 having hole patterns 154a - 154c including nultiple holes are
provi ded 16 havkéhelhighest ragip etthe toehbarastojthy asga of thg srembrgae prstiAR8ibatisahigbn 46 in
whi ch the upper _electrode 45 and the | qwer, el (l:t ode 43 face each other. It
is pref erdﬁ‘b"l“@'tﬁ%ﬁ‘SIPWePaHHP%15|3$'P‘feé‘Pﬁgpri’ﬁ‘%‘dﬁ&\}‘gjea nHRRTCEHPe 498 Yopeni ng

At hough Teicevus L el Gaide PR BRbR A aPeRbl PR SR bat corns
1552 and L 50R. Mt AL 35 BULh Rl R chRIEPRIORRIuRALLEL Ooredfled Nl (e

hol e patteérns e an | size (opening area) and are arranged
at equal g RiREVEFHIR réBhhtdrHty DO LGuRALY BpfIsprihRAABAME 1RMehHEBEbiGRI Si ze
(opening area) and are arranged at equal intervals. The hole patterns 154a
- 156a havgershi fferent ratios of the total area to the area of the menbrane
portion 46. The hole patterns |54a have the lowest ratio of the total area
to the are@3pf (tSiee theidendpatepsriti onsyiave diffakntirgios af thotstatlgestothe) . The hol e
patterns 156a have the highest ratio of the total area to the area of the
menbr ane mpobrane porén 4G aAnd havesquahhdighteH ite Hi thepy pattPime candiedorpiad ber ns 155a have
a mddl e density between the density of the hole patterns 154a and that of
t he hol e g méEike fomgng Provesy esornge even When anp SlterisepuipRed VIHURTRYPST i | m 156
with the hole patterns 156a.is the snallest nmass, and the.frequency control
film 154 W‘%‘s@ﬁ%paﬁﬁrf‘%hﬁ‘ﬂi‘ﬁggﬁfﬁt ipighareasg %EXerg%?fonﬁﬁé zfvmﬁﬂé@q#@@onance
frequency of t resonat.or. may be adj uste appr opr.i I | ecting any
of the frré etﬁrgn1§$a%d§anr FOrOFhaV iR theddan lei{% Squéﬂ%‘%%? %@%nlfﬁgn%gféepatter ns
154a - 1 thg PG at, fobiGe LRERL oY &R O the menbrane
portion isg%ldgﬁ%ﬁ?she fn?aggugog%s(y@ nt rﬂgﬁ%tﬁ%ﬁs 1%% - ;%@ﬁgsle an equal

t hi cknesggogsheseyshilstREdS FEGN6RE 6COhEREGEYey REHHPTiIFsNG4 LS K0mBhHg process
only once even when one filter is equipped with resonators having island
pat t er ns pagthsigasii § $4e iRNidink dluilpletoRR Sre phBide@ ¥RMND ipper ledu@8Mtah arledaVi Ng t he
frequency control film 154 and a resonator having the frequency control
film 156 theayenitead pamiondd iyt vaiivnipeuppér etehigode @b endrhe¢ loeremndectrbdkat3davd edcb6a, and
may be formed by performng the formng process only once. [0046] Here,

"Ii ke i slotheds'lt ipprefeiableairatithp hole patienis 1Harhoveanddentieal sizo(opgranztacses i n whi ch
that a
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plurality of frequency control filnms each fornmed into a convex shape are
formed on the resonator as isolated patterns. Al so, "island" is an

exenpl ary nami ng that describes the convex form and nay be assigned

anot her nanme that describes the convex formin the enbodi nent. "Like hol es”
or "hole patterns" denote a sate or patterns in which a plurality of

i sol ated patterns having a hole shape are fornmed on the resonator within

t he resonance frequency control film [0047] Al so, although the hole
patterns 154a - 156a are through holes in the enbodi nent, but nay have
recess portions having bottons. The hol e patterns 154a - 156a are
sufficient to adjust at |east the mass of the frequency control film
[0048] 1t is possible to formresonators having nultiple resonance
frequenci es by performng the process only once by designing one island
pattern drefondy. thelhele patternsrl fdacte artapget pecgud m@‘;ﬂ’?&% n¥yltBpugh ﬂleﬁ‘ﬁ?ﬁs ke upper

el ectrode of each resonator that forns the filter to have a different area.

[ 0049] Al o@nittadyit isapedrsableipat thedolsipattems ip papng pearsre franef & BWEHPIS SdeRenADt or hol e
atterns are arr b ke th

Gener at | GHIFCEY %?8‘?lgéoleranewaWféi'swﬁaéegtl%?e&peeﬁw? e

acoustic em{?a mtervaYs anc? the ola pz% eImns tl%%% ha\e S %g&%ﬁ{a?%ﬂad{é Hﬂaﬁkl&) a'n@ h alrn@france

frequenC| S are connecte SpuUri1 ous
cormponent t&ﬁmﬁt@lfvmgm ﬁhE ﬁ&lyﬁaﬂt%hﬁ%éﬁf 1%@&&9&%@&9&& b?ﬂ(@tol&?ﬁ@a Rdiusted is

referred to as a pit for spurious adjustnent. [0050]FIG 7A is a pass

char act ergeabot fhe Qlfzmgraﬂé &R 148C t THeGole Phtkersi 1548 Ha@SBO RIS rdtid 0bkHe €dlalarea
to the area of the membrane portion 46 (that is, a low density). The hole patterns 156a have the
highest ratio of the total area to the area of the membrane portion 46 (that is, a high density).
The hole patterns 155a have a middle density between the density of the hole patterns 154a and
that of the hole patterns 156a. Therefore, since the frequency control film 156 with the hole
patterns 156a is the smallest mass, and the frequency control film 154 with the hole patterns
154a is the largest mass, the resonance frequency of the resonator may be adjusted by
appropriately selecting any of the frequency control films 154 ~ 156.
[0045] Since the hole patterns 154a ~ 156a have the respective ratios of the total area to the
membrane portion 46, and the frequency control films 154 ~ 156 have an equal thickness, these
patterns can be formed by performing the forming process only once even when one filter is
equipped with resonators having island patterns having different total areas. For example, a
resonator having the frequency control film 154 and a resonator having the frequency control
film 156 may need an only change of the hole patterns 154a and 156a, and may be formed by
performing the forming process only once.
[0046] Here, “like islands” or “island patterns” denote a state or patterns in which that a

plurality of frequency control films each formed into a convex shape are formed on the resonator

as isolated patterns.  Also, “island” is an exemplary naming that describes the convex form, and
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frequency control filmis forned so that the frequency control filns |ike
islands are arranged with a pitch equal to or |onger than the wavel ength of
acoustic waves excited in the piezoelectric film FIG 7B is a pass
characteristic of a piezoelectric thin-filmresonator as a conparative
exanple in which a frequency control filmis forned so that the frequency
control filns like islands are arranged with a pitch equal to or shorter

t han the wavel ength of acoustic waves excited in the piezoelectric film

FIGs. 7A and 7B illustrate characteristics of occupancy ratios of 0% 20%
and 40% of the frequency control filnms |ike islands to the nenbrane
portion. Here. "occupancy ratio" indicates the ratio of the area where the

frequency control filns are formed to the area of the nenbrane portion 46
in which the upper electrode 45 and the |ower electrode 43 face each other
in the pinardeksiEned apothérinam¢ thatdescabesihgtconvex foygin the embodgpappantike palEs’ o of 0%
denotes that the frequency control film51 is not formed gt all, and

" occupancy ‘e PrEEIS” deRotFR B Of PAYEE Wé”hﬂﬁhé’tﬂh‘gﬁEXIOfdﬁrlﬁ“?d@F‘“Wslalﬁlv'g&a hd& al nost
t he sanme sha he nmenbr ane. portion 46. present i nventors

. 00511 Th
found th appﬁ%fg%ﬁéprbgygreé%m%wglﬁ?gleéqs%naa%erfg%%ngdflo ttrgifﬁr &quenci es equal to or

| ower th e rgsonan r o , d f L &Eﬁ']ﬁ t he

spuri ousa[goéh onéﬁ%sos_glgi? &eg%gﬂfée_nhg’?e} ?gegﬁ(s esggn(]jg %ﬁrettﬁg%?ltg %%ﬁjv}ln ﬁnb I cEt’ t he _
frequency,, IQ‘WI{a% refdsd fBRohs havirRbb@IAAe dThd HoRSRRGE] M8a Ofi seahRlhficiehite pitch is
equal to shorter than the wavel ength and of whether the pitch is | onger

t han t he Javet RRYHD malsQPBResuchdylctigiol lned in FIG 7B, in the case where the
frequency control filmb51 is forned with the pitch equal to or shorter than
t he wavel[eoagt h, Itibpossibls anfant esdna@cbevicymoitipl nsophezZeehapcity bypetfbining i | m
resonator shifts toward the | ow frequency side, while a spurious conponent

i s gener altegulocass oalyfonsedyy designingene islandppsieiop are hofe paftese plche frdgencesonance
frequency shifts or not. In contrast, as illustrated in FIG 7A, by formng
the frequerfeo) filoen thewpper glesirade affach resongtor Bt fagisdhe flst WhaychfEsrent A t he
wavel ength, the resonance ffyequenc f . the piezoeleciric thin-film

r esonat olO%A] f t &l30% &@t"tgﬁée lﬁﬁvaft\P/éVE%HWh@f*a%tfve f’oée RHETP PEquenci es at

whi ch the spuri.qus ¢ onent.s are generat ed Lft frequency
si de at éﬂra’%ﬁe 't P Ogaﬁg ° "r‘ag([eihe S&lﬁgu%%oén 8?1%%%63grﬁoéltfre%l%\é@iésgoﬁfﬁeggsg 11'ﬁgé({)y?rponent is

gener at e%itfeq'ent [fin Edok Stled ih%%@dﬁgt}/c 48 %\%ﬁ%@h@ﬁ thk FE%OF@M{AHQ fnuﬁi!ﬂief t of the

resonance frequency in the case m‘/&]ere the resonance frequency is shifted by
the frequapehcCptimles frk bdinedled t§R0%r. t Thdpifth Wit WhR teRpiMbustonipdnaah acousti c
wave device configured to connect piezoelectric thi n-?i | m resonat ors havi ng
nul tipl e gEReRBRRedeide aiRe es@ttorsHac: Residjisadss eferréde asppirch darspdoponent s
gener at e§ fromthe resonators overlap wth each other, and the acoustic
wave deviadjasthante enl arged spurious conponents. Therefore, in the acoustic
wave device configured to connect piezoelectric thin-filmresonators having
mul ti pl e [§A56huekE. @4 is awrerrhelaeteristie o pamierpelpairicthinffiladespyatar ippwhigegyuency

control film51, if the freguenci es at which the EEuri ouUs conponents are
gener at edreaeacyssentrel Sm myformed shehibe rguensy gpatrglfiling dkejslandseregrangrd 1+ of t he
resonance frequency, it is possible to, d.sperse the spurious c onent s
gener at e’ 4@ pfqﬂbeqﬁ%/lé%%ré?‘@ﬁtg?"ctﬁ? W?Vﬁlef‘?’(‘ﬂf *?’Cg SOhaFoT gxcéfg‘gmtﬂ%? péeﬁf’eg?c “excel | ent
charact erfflr%.t ' 'HJ isgggss aeoMRblk o\f\@}gl%zo%@{érig fhiin-film resonator as a comparative

example in which a frequency control film is formed so that the frequency control films like

islands are arranged with a pitch equal to or shorter than the wavelength of acoustic waves
excited in the piezoelectric film. FIGs. 7A and 7B illustrate characteristics of occupancy ratios

of 0%, 20% and 40% of the frequency control films like islands to the membrane portion. Here.
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[0053]FIG 8 indicates plots forned by, in the vertical axis, values
obt ai ned by normalizing the pitch with which the frequency control filmis
arranged by the wavel ength of the acoustic waves excited by the

pi ezoel ectric film and in the horizontal axis, values obtained by
normal i zi ng the amobunt of change of the spurious conponent generation
frequency by the anmpbunt of change of the resonance frequency. In FIG 8, the
val ues of the vertical axis indicate that as the value of the vertical axis
beconmes close to "1", the spurious conponent generation frequency shifts by
the sane extent as the resonance frequency shifts, and indicate that the
val ue of the vertical axis becones close to "0", the spurious conponent is
generated at the fixed frequency irrespective of the shift of the resonance
frequency. By form ng the frequency control filmwth a pitch equal to or

| onger t haerupaney WA dhdientesithe ratieeof the arga ehery thafreqiteneytrontrnd filiwsiarg 9meedddnponent
is generated can be shifted to al mpst the sanme extent in conjunction with

t he anurite #¢2 o Hiemenrang pRstionebdm hicikthe pRRTLEFEYIe PPt HElowes Pladodt fre
frequency, contrql film.can be fornmed with i.tch equal to ar .l onger than

t he \Navelfécr‘?ﬁf“&?,oa}eﬁ‘&ﬂée H‘?"‘H‘E?tr é%ﬂ'f 'Breﬁ%"@toénaré'g‘dﬁn%‘ic\’/p gﬁ%téor‘g@u/% such as a

st epper, ang_l| - S] t i cas €

[ 0054] ( ErBde it e SFRERY i R, BorffeSy AN oS BIAR BTG o111 6

thin-fil md8RAAGIALy doftrdi Bifin ¥ £fids hirRbt thAing shaBOSS R InQRFAHRPBEYUn BQL I O S of the
frequency control filmto the area S of the nenbrane portion in which the

upper andodayer @k ?&Ee{npﬂeéltcfr%@d&m he@pR0Ss colipbntsiR@e@dtédesns of the
frequency control filmare forned by the island structure or the hold

Struct ur efeqadncied dy@alits dbrdontkr dan e r@omatd fexqnancy kel the framencich et wldehethand ar e
arranged with a pitch equal to or |onger than the wavel ength. The area of

t he frequewm®ps camponants afd generfited depehdipp thetpitch witanwbicls the frequanay cowiral film ot al  ar ea
of the individual island patterns, and the area of the frequency control

fi | m f or rdrangedtimespessyeofgthethernthe ritch i eaypbtoshprtrs thamthg wawdength 28dipk r act i ng t he
total area of %he i ndi vi dual holeegaéterns fromthe area in which the upper
el ect r ode"shg hnRitch Gilereephaths weglepgle each other. [0055]As illustrated in

FIG 9, r the, freque ontrol filmof.the isl terns,. the
r esonancgﬁoé&get S’l’%‘%sé{ tg‘_gm?:g(%{ 7 n‘“é"cec"ﬁsﬁawnhégf thefeagehey <o rgﬁ%ﬂ@%&r‘ S8, As for
the freq %ﬂqu? ;gfrgﬂ%(;]ugi tofol' .lzh'g}té}fthaﬁl %.ﬁgéﬁgg?h%e%s&ﬁncetﬂﬁuén gnghce Q

deteriorates an occupancy ratio 0% or less. Thus, in the case

wher et hg)idbQGURNEN- R Rsbiidtor Slifd b Rird iHRGol, BhaRsty RRAL MBS shsiotksed, the
resonance frequency can be shifted without any deterioration of the

I esonanc eofpsHakas gdnbiated & ol fiXad Rehueny eighrdREs of Wether tife rBsobdnce fréqubiig siiase wher e
the frequency control filmof the hole patterns is used, the resonance
frequencyreaan heosthst asdtusatedmBG Ay bydfetneing the fitquencyebnttoh&lm Bsweittance Q under
the follow ng condition: 0.5S <S' <S. . .

pitch equal to or longer than the wavelength, the resonance frequency of the piezoelectric

thin-film resonator shifts towards the low frequency side, while the frequencies at which the

spurious components are generated shift towards the low frequency side at an almost equal rate.

The phenomenon that the spurious component is generated at the fixed frequency regardless of

the amount of shift of the resonance frequency in the case where the resonance frequency is

shifted by the frequency control film 51 leads to a situation in which in an acoustic wave device

configured to connect piezoelectric thin-film resonators having multiple resonance frequencies,

the positions of the spurious components generated from the resonators overlap with each other,
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More preferably, in the case where the frequency control filmof the island
patterns is used, the resonance frequency can be shifted w thout any
deterioration of the resonance Q nore effectively under the foll ow ng
condition: 0 < S < 0.45. In the case where the frequency control film of
the hole patterns is used, the resonance frequency can be shifted w thout
any deterioration of the resonance Q nore effectively under the foll ow ng
condition: 0.6S <S' < S. [0056]Since the cavity 42 is formed into the done
shape bul ging towards the conposite filnms in Enbodiments 1 and 2, there is
no need to etch the substrate 41 to formthe cavity 42, and the
productivity can be inproved. Further, since the substrate 41 is not
etched, it is possible to prevent the nechanical strength of the substrate
41 fron1be|ng degraded. Furthernore, it is suff|C|ent to use a snmall area
for formad tﬁh@ugﬁwaﬁfdme hwpgﬂargqﬁsewoaf mwomav bé&h eFf‘é%fga%F‘E QU85 7] Fur t her ,
t he. menhyrane portion 46 in ode 45 and the

by f
over ol QUK G R PG EL o eI i B Ay 06 B Pl T8t
pol ygon f gﬁr%d %Jencgc%slﬁ%{ ﬁlb}; {%e frgclxufeiﬁci r%tﬁ?ﬁl%w [r e Qen&%:soﬂ ?i%gg}%es not have

si des par e acoustic ves re ed by the
outer edgfg; cohlgsneﬁ!s%&tg@&@ﬁéa S0 FRE bPAEMRRRES 1afrﬁ;eth%>afn§&at BSshithost he

resonance portion as horizontal standing waves I's thus possible to
suppr ess thehesoRmedHrég@ees it pdskiMRkLdispeRe thB SpubidEToRsdnts EQBRGBHEULE her, an area

of the cavity prolected onto the substrate surface includes the area in
piezoelectric thin-film resonators and to obtain excellent characteristics of the acoustic wave
device.
[0053] FIG 8 indicates plots formed by, in the vertical axis, values obtained by normalizing
the pitch with which the frequency control film is arranged by the wavelength of the acoustic
waves excited by the piezoelectric film, and in the horizontal axis, values obtained by
normalizing the amount of change of the spurious component generation frequency by the
amount of change of the resonance frequency. In FIG. 8, the values of the vertical axis indicate
that as the value of the vertical axis becomes close to “1”, the spurious component generation
frequency shifts by the same extent as the resonance frequency shifts, and indicate that the value
of the vertical axis becomes close to “0”, the spurious component is generated at the fixed
frequency irrespective of the shift of the resonance frequency. By forming the frequency
control film with a pitch equal to or longer than the wavelength, the frequency at which the
spurious component is generated can be shifted to almost the same extent in conjunction with the
amount of shift of the resonance frequency. Further, since the frequency control film can be
formed with a pitch equal to or longer than the wavelength, there is no need to use an expensive
apparatus such as a stepper, and less-expensive acoustic wave devices can be presented.
[0054] (Embodiment 2)

FIG. 9 indicates the resonance Q of the piezoelectric thin-film resonator in the vertical
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whi ch the upper electrode and the | ower el ectrode face each other, so that
the resonance characteristic of the piezoelectric thin-filmresonator can
be i nmproved and excell ent performance can be realized. [0059] (Enbodi ment 3)
A piezoelectric thin-filmresonator in accordance with Enbodinment 3 is
configured to realize a | adder type filter by connecting the piezoelectric
thin-filmresonators of Enbodinent 1 in a |ladder form [O060]FIG 10 is a
circuit diagramof a |adder type filter. As illustrated in FIG 10, a | adder
type filter is configured so that piezoelectric thin-filmresonators S1 53
are connected in series with each other between an input term nal 22 and an
output termnal 24 (series resonators). A piezoelectric thin-filmresonator
P1 is connected between a node between the piezoelectric thin-film
resonators Si and S2 and ground, and a piezoelectric thin-filmresonator P2
is conne@%@dm%@t%éﬁﬁmarﬁ&%%OH%?ﬁ%@ﬁwvW@“ﬁ“@@d%ﬂ@éﬁ??@fWﬁFﬁmPWP%1resonators
S2 and S3 and, ground. The pjezoelectric thin-filmresonators. P1 and P2 are
par al | el PPREBHIVEFIhCPRF&R lé’&’e‘i' ecﬂa‘ieélch‘éfacthftpﬁ’t ge.dignatemy ¥dlnat ors. The
pi ezoel e - f

tric thi il tor. of  Enbodi b ] i t f
Phe. pi oz emstrony Kim e FFRET BeBhisft SUapeorBEhord Pt BR8P ey ™ ©
reSONaNC Gl ERNRNR A £8 e300 Ale D A5F ORI b Brker BAlsk e posi i ons

of the spurious conponents generated I n eac esonat or tan be di spersed by

f orm ng m%lér{g%quﬂﬂ&@{eawmerf@hueﬁ&}l dSBrA ik Remd t@&ﬁhﬂkl@&t druGurke the fotal M
resonators into the island structure or the hole structures in accordance

W t h Enbagka 6BiRE indivRlublidishd ednispdnd tit@ra e e Gbquehy chited dRnymealdytieol fil m of
each resonator and by arranging themw th an equal pitch. Thus, the

acoust i c hneveuctieyis te veloeposaal by fsubimatting thegotpli agea 0€the otdividpal Holerpaft¢rham
resonators has an excellent characteristic having reduced spurious
conponentfeym thoaenip ahich g ghreEaibetderendtthedover eleptrasiz gﬁ?ﬁF*’éF gthetase where the

pi ezoelectric thin-filmresonators of Enmbodinent | are used for the | adder
type fil 551 t hdsdllusedia i & andsr thsdregpsnry wareldiimabn élang piEmsithe coust i ¢
wave device such as.a lattice type filfer.  FIG 11 i ircuit diagram of
oVt cESPyRE Y ferispues A o eybt R FER S| o P Bare ¢ An BeFRREH pe 111 ror i s

confi gur %grg%?ﬂﬁrp&tﬂ%ﬂ{eo?ezp%%rﬁs? {hlé I &ora %e;b gﬁér%%e%?ﬁqg%g&gan%raﬁg'@ o%%?‘i}r S 4

connecte etween u erm na e output” term na

respecti yeleys AR £208L&GHHeleGhd ftlqBenk) bdRrbERRRAILC SIS phtrE MREL IRd bet ween
the input termnal 22 to which the piezoelectric thin-filmresonator S4 is

connect eGesaitilcd RQuandl futbe bIRHEd itHourddly HQerithution oft therefinee € @aérithec t hi n-film
resonator S5 is connected. A
following condition:
0<8’<0.58.
In the case where the frequency control film of the hole patterns is used, the resonance frequency
can be shifted without any deterioration of the resonance Q under the following condition:
0.58<8<S8.
More preferably, in the case where the frequency control film of the island patterns is used, the
resonance frequency can be shifted without any deterioration of the resonance Q more effectively
under the following condition:

0<8 <04S.

In the case where the frequency control film of the hole patterns is used, the resonance frequency
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pi ezoel ectric thin-filmresonator S5 is connected between the out put
termnal 24 to which the piezoelectric thin-filmresonator S4 is connected
and the input termnal 22 to which the piezoelectric thin-filmresonator 55
is connected. The piezoelectric thin-filmresonators S4 and 5 are series
resonators. The piezoelectric thin-filmresonators P3 and P4 are parall el
resonators. [0063] (Enbodi ment 4) In the piezoelectric thin-film
resonat or of Enbodinment | or 2, a filter using nmultiple resonators of

Enbodi ment 1 or 2, and a dupl exer or communi cation device using such a
filter, eh acoustic wave devi ces having excellent characteristics and
reduced spurious conponents can be realized i nexpensively by a short
process wi thout using an expensive apparatus. [0064] (Enmbodi ment 5)

FIG 12 is a circuit diagramof a filter circuit using piezogelectric
thin-fil rfff Bshified grithout peypdsterioragion of theaesppanesfQ frﬁreseéfﬁfft@%y prisp s fAlowingahi ch are
the first piezoelectric thin-filmresonators, and "P" is assigned to
parallel‘?g BWators, which are the second pi ezoel ectric thin-film
resonators. A 6% g§r<gn accordance with Enbodinment 5 is configured to
connect eight prezoelectric thin-filmresonators in total conposed of five
seri es T Bt Ofdincs udlhity b Kok Hid Bk bR AIR RlehelTowalind LoiGACY cont ol

filmis 25 nmthick and i's nade o ) e seri€s resonators Si and S2 have

i sl and pain€ iEmtdtinte 1fah&ZWRAGY nERRY Eddchithd STbdMANIANE BrE MY ehaga2ali 0 of
47% The series resonator S5 has hole patterns of the frequency control

fi | m havithgpradweougrcage: imptovel. 0 Furdidf/sinddtke Sbstiaest 1 e aalicds isis pdssibitdto S4 ar e
not provided with the frequency control film [0065] As descri bed above, the
seri es r asonetttior mévhanicalstichgth o torrubdtraredd doartemg degaged ndyrtamoong, it ke seri es
resonators SI - 55 is not provided with the frequency control film and the
seri es reyBisignige gscripinalhareq %wg%ﬁa\n@@m@qa@m@@wﬁaf?aﬁlﬂé hi ghest
resonance ér quenc

correspondV ¥y td “th’s lﬁgé‘?e“ri r }?%{%‘}%Eﬁﬁgpté}%o\g Qéiﬁi}’r@ﬁ%ﬁen‘g%?rc e?grﬂgﬂ(%lé‘ P fé’ln‘f{/‘E‘fB he
T 0 5 L A0S LGB EPEL TR Ry 0000 Pt e
non-parallel sides, the membrane portion 46 does not have sides parallel to each other, so that the
acoustic waves reflected by the outer edges of the electrodes can be prevented from existing in
the resonance portion as horizontal standing waves. It is thus possible to suppress the
occurrence of ripples in the pass band.
[0058] Further, an area of the cavity projected onto the substrate surface includes the area in
which the upper electrode and the lower electrode face each other, so that the resonance
characteristic of the piezoelectric thin-film resonator can be improved and excellent performance
can be realized.
{0059] (Embodiment 3)
A piezoelectric thin-film resonator in accordance with Embodiment 3 is configured to
realize a ladder type filter by connecting the piezoelectric thin-film resonators of Embodiment 1
in a ladder form.

[0060] FIG. 10 is a circuit diagram of a ladder type filter. As illustrated in FIG. 10, a ladder
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films and has the equal resonance frequency. However, the frequency control
filmmay be formed on any of the parallel resonators in order to change the
resonance frequency individually in the case of eh series resonators.

[0067]FIG 13 illustrates a pass characteristic of the filter in accordance
wi th Enbodi nent 5. For the purpose of conparison, there is illustrated a
pass characteristic of a | adder type filter illustrated in FIG 12 realized

by resonators equi pped with no frequency control film According to the
filter of Enbodinment 5, the filter having a broader pass bandw dth can be
obt ai ned. [0068] (Enbodi nent 6) FIG 14 is a circuit diagramof a
filter circuit using the piezoelectric thin-filmresonators of Enbodi nent
1. Here, S" is assigned to series resonators, which are the first

pi ezoel ectric thin-filmresonators, and "P" is assigned to parallel

r esonat ortepe filipri is¢pnfgused saéhaspiezopldetyyt binddmeaesendtars $hi 3 #¢ popnectionsarier s. A
filter in accordance with Enbodinent 6 is configured to connect eight

pi ezoel edtithieachtoienbatyeepp BRY AamBRL?2iapd pnusput CERAY 24 (i ISPRAP Yer fles

t S d th | | el t P. T f trol filmi
CHSTP IR G e T
\I‘Mai ihot 2? t@%@ﬁj%&ﬁto%%taﬁg §2 a]lcnldl nc;luf?c]c aﬁ@i%ﬁggcggcathﬁlg{hg%sgﬂy pgid COoverage

€ series resonators are provided wth the

frequency,,Gontd Qiwdeh h Bod@betdvB&: thSlidBde AR hBLMIR B RIIs Pand QY BAAGEudat i 0 of
7% The series resonator SS 1s provided wth the frequency control film

havi ng almgakzoretaar@mmmﬁlh@daﬁampt bR PIRFIYAANE r@6hididrOfnhcdted QVEAGE ratio of
10099 . [0069] As descri bed above, the series resonator having the | owest

I esonanc evith @G CasonaddiD N Thé piezosiedtiichin-imaesahadrf Bhbodifmt i mapbovi ded wit h

t he frequency control film having al nbst the sanme shape as the nenbrane
portion, apmidd tovey sfthé giszoelestiiathingilm révandtargS hi- §hél ankonance frequenci es t han
t he | owest resonance frequencies are provided with the frequency control
filns col98hondhatysanance frequgeayiof eagh esenaior sandr contiolere prchthesesitions affher eby t he
filter having different resonance frequencies c e realized.

[ 0070] FuSRYAEHS comppnepijgensigted i earh 1esigiRn 8 P8 dlaveéseng B8 G HERe frequency

trol fil i al t .t t ti
cover age E] BT Do B Rt MO Fra @S Pe LR TRERR R RulRy a0 cach
ot her. HgtY)ﬁ?c}{J%s’in L&&di&? nggg;?xX%ogﬂ% 9 Ithufs k#ﬂ@omg ax@?otft@‘f?@ragen%"coﬁﬂgl iy, he

paral l el ‘resonators in or change the resonance equency 1 ndividually
in the C@ﬁ&cmes&lbtoﬁﬁm!b?anéngﬁg BR0QHifh an QAT Jilck! CrikS, thd dcbrssti g&@&:eaceoass

characteristic of a filter 'in accordance w th Enbodi nent
composed of multiple piezoelectric thin-film resonators has an excellent characteristic having
reduced spurious components.
[0062] Although Embodiment 3 is an exemplary case where the piezoelectric thin-film
resonators of Embodiment 1 are used for the ladder type filter, these resonators may be applied to
another type of acoustic wave device such as a lattice type filter. FIG. 11 is a circuit diagram of
a lattice type filter. As illustrated in FIG. 11, the lattice type filter is configured so that
piezoelectric thin-film resonators S4 and S5 are connected between the input terminals 22 and
the output terminals 24, respectively. A piezoelectric thin-film resonator P3 is connected

between the input terminal 22 to which the piezoelectric thin-film resonator S4 is connected and

the output terminal 24 to which the piezoelectric thin-film resonator S5 is connected. A
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For the purpose of conparison, there is illustrated a pass characteristic
of a ladder type filter illustrated in FIG 14 realized by resonators

wi t hout the frequency control film According to the filter of Enbodi nment
6, the filter having a broader pass bandw dth can be obtained. [0072]FI G 16
is acircuit diagramof a filter circuit using piezoelectric thin-film
resonators. Here, S" is assigned to series resonators, which are the first
pi ezoel ectric thin-filmresonators, and "P" is assigned to parall el
resonators, which are the second piezoelectric thin-filmresonators. A
filter in accordance with Enbodinent 7 is configured to connect eight

pi ezoel ectric thin-filmresonators in total conposed of five series
resonators S and three parallel resonators P. The frequency control filmis
18 nmthick and is made of Ti. The series resonators Si and S2 have hol e
patt ens oiezodistricitigufibmeyongon$y iskcornedted Hetneemie quipesmigie4rtavhish 8 58% The
series resonators S3 and S4 have the frequency control film having al nost

t he same Pisaesistrigghinfitm resompionrbis sennestesiand shedppybteapjer! fato whidthe 000y . The
series resonator S5.is not provided wth the freque control,film(a
cover age PrARSIGsisfhipdm resQngtps P ns °€ﬂ§‘§‘§\?’4 bg be %Wﬁléc,tr“?‘ﬁ%‘[}g%‘f FSQuAty g‘b or
havi ng the | owest resonance. frequenc mong_ .t h i SI - 55

i s provi déff Wlfsﬁestoﬂagorf'r:[31881%%?%%%’%%}1 rl%rlf%} i %atﬂfé?)’?%‘g‘{%‘fa?r% a?a?l?ﬁg&gétﬁrg. shape as

t he rrerrbr@&g] por(ﬁling&ﬁm%pg) the series resonator having the highest resonance
frequencJ IS not provided with the frequency control film (a coverage ratio

of 09, the repEAdYiddBelEGRAMALMR Fesbifttdd Of BHEVAIAE! WA Biikdasihg daMpRCY contr ol
films corresponding to the desired amobunts of frequency shift, whereby the

filter hayoRgorsbf Erodittent I0& QN@dGIupIELRSH iSDdMRSicaRA dbdcerusial surhd filter, eh
[0074] Further, the resonators of the parallel resonators P1 and P3 are
provi ded asbustic Wive dévies bengyexctinit cidracteriktivs afvbredusef sphous odrepopertts @nis havi ng a
coverage ratio of 82% and the parallel resonator P2 is equipped with the
f r equenc yeatigew inexperfsivelsnbhashiorfprosbyymidthoyt HEnSAAXPRNPEPPASUE-he menbr ane
portion. )

[0064] (Embodiment 5)

FIG. 12 is a circuit diagram of a filter circuit using piezoelectric thin-film resonators.

Here, “S™ is assigned to series resonators, which are the first piezoelectric thin-film resonators,

and “P” is assigned to parallel resonators, which are the second piezoelectric thin-film resonators.

A filter in accordance with Embodiment 5 is configured to connect eight piezoelectric thin-film

resonators in total composed of five series resonators S and three parallel resonators P.  The

frequency control film is 25 nm thick and is made of Ti. The series resonators S1 and S2 have

island patterns of the frequency control film having a coverage ratio of 47%. The series

resonator S5 has hole patterns of the frequency control film having a coverage ratio of 93%.

The series resonators S3 and S4 are not provided with the frequency control film.

[0065] As described above, the series resonator having the highest resonance frequency

among the series resonators S1 ~ S5 is not provided with the frequency control film, and the

series resonators having lower resonance frequencies than the highest resonance frequencies are

provided with the frequency control films corresponding to the desired amounts of frequency
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[0075]FIG 17 illustrates a pass characteristic of the filter of Enbodi nent
7. For the purpose of conparison, there is illustrated a pass
characteristic of a |adder type filter illustrated in FIG 14 realized by
resonators w thout the frequency control film According to the filter of
Enbodi ment 7, the filter having a broader pass bandw dth and an i nprovenent
inloss in the center of the band can be obtained. [0076][2. Structure of
comuni cati on nodul e] FIG 18 illustrates an exenplary comuni cation
nodul e havi ng the piezoelectric thin-filmresonators of the enbodi nent. As
illustrated in FIG 18, a duplexer 62 is equipped with a reception filter
62a and a transm ssion filter 62b. To the reception filter 62a, connected
are, for exanple, reception termnals 63a and 636 for bal ance output. The
transm ssion filter 62b is coupled to a transm ssion termnal 65 via a
power anphiftf wigeb§4he filibrchavieg difftreatiesbhdntefteqb@@ichens bt fremg@l. ezoel ectri ¢
thin-filmresonators of the enbodinent. [0077]In reception operation, the
recept i of06b] t e FulRr, pachoéthe parhlie! whqpatatsds nay previgpd with the Gepyenryyoriighd out  of
reception signals input via an antenna ternmi nal 61, and outputs the signals
to the odilmsand hesthe eqyal reseraapn fregnencer Aorayes teeafEeausngy eato! film mayRRsni ssi on
operation, the transmssion filter SZb asses only signals.in. iven

f r equencyOTBShEn B e PIrpliehieAnaIrs dhOF ?rdﬁélaggeé eprlef‘oéé’c?/frgquﬁmtyt’%dx‘gﬁiag%i on
termnal .6 andvﬁnplified p a power anmplifier 64, and outputs the signals
to the odft F&?eo*ﬁs?ﬁ§“3%9§%ha terminal 61. [0078]Since the piezoel ectric

thin-fil r@}dﬁ]zon%‘i@rﬁil%trgtgeﬁtggmﬂg. B AT MREH doddrddh& GETEHYdRNE 9N
the

nodul e, ontruni cat 1 on ul e has excellent pass characteristics. It is

al so posgi,phe JTrﬁosE 6El4RBartsHE RS [IRGHdiapEssRAPERS St iTh 14db& tpRmmyni cati on
nodul e. [0079T e comuni cation nodule illustrated in FIG 18 is just an

exanpl e, ipRFteL RSIG 1Y RES0 by ROUMBIORIeqEppead Withno te@endyrronddl film.t he filters of
t he enbodi nent are installed have simlar effects.

According to the filter of Embodiment 5, the filter having a broader pass bandwidth can be

obtained.

[0068] (Embodiment 6)

FIG. 14 is a circuit diagram of a filter circuit using the piezoelectric thin-film resonators
of Embodiment 1. Here, S” is assigned to series resonators, which are the first piezoelectric
thin-film resonators, and “P” is assigned to parallel resonators, which are the second
piezoelectric thin-film resonators. A filter in accordance with Embodiment 6 is configured to
connect eight piezoelectric thin-film resonators in total composed of five series resonators S and
three parallel resonators P. The frequency control film is 25 nm thick and is made of Ti. The
series resonators S1 and S2 are provided with the frequency control film of the hole patterns
having a coverage ratio of 54%. The series resonators S3 and S4 are provided with the
frequency control film of the island patterns having a coverage ratio of 7%. The series
resonator S5 is provided with the frequency control film having almost the same shape as the

membrane portion (a coverage ratio of 100%).

[0069] As described above, the series resonator having the lowest resonance frequency
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[0080][3. Structure of comrunication device] FIG 19 illustrates an
RF bl ock of a portable tel ephone term nal as an exenplary conmuni cati on
devi ce equi pped with the piezoelectric thin-filmresonators of the

enbodi nent or the above-nenti oned communi cati on nodul e. The conmuni cati on
device illustrated in FIG 19 has a structure of a portable tel ephone
termnal that conformto a GSM (d obal System for Mobile Conmuni cati ons)
system and a W CDVA (W deband Code Division Miltiple Access) system The
GSM system of the enbodi mrent handl es the 850 MHz band. 950 MHz band, 1.8
GHz band and 1.9 GHz band. Although the portable tel ephone termnal is

equi pped with a m crophone, a speaker, a liquid crystal display and so on
besi des the structure illustrated in FIG 19, these structures are not
involved in the description of the present invention and a description

t her eof iasongh¢ teeick refReaapBi o5 fsipravided Wit hediggueRidy cont@d) filvabayirtghadmost

pi ezoel ectric thin-filmresonators of the enbodinent. [0081]1n association
with a rdeeespng ghapssdsdheanenibrane poriipns antrihesetiestpsanatars haying|hherresopmceper at ed i s
sel ected by an antenna switch circuit 72 on_ the basis of whether the
conmuni c tefsReigfagndhs lgwest reonance Spquepfies dregrayided &*wmuea?y @it Wen t he

i nput reception.sigpal conformns t he CDIVA t swtching is nade to
out put t & ‘?SE‘E‘B';S‘? fogtﬁe dgsEamopys %ftfgeﬂbﬁngks b %"?re%tge tr%gelr:}elaﬁ' nlgod(rlzﬁesr?ngnal i nput to
t he dupl exer IS, 1im he gi ven frequency band by a reception
filter 7 %?“aé‘%egﬁeﬁg‘?‘&‘ﬁ%e“‘ %?éetca:@zﬁ{"i on signals are output to LNA 74. The LNA 74

anpl i fi ei%d?bf | RRMer, 2B GRPhra @ rSbRRA are FHAIQULRUASEd DG RERIbIdiRd Signal to
LSl 76. e LSI 76 executes a denodul ati on process to reproduce the speech

si gnal bagagk MModt e sdofUipelas §he RlemBAnSH iRl (a adveragoratid & 190%))endpeé ki ons of
parts of the portable telephone termnal. [0082]1n signal transm ssion, the
LSl 76 geqnrd @icasca fréquaimts s &sh ohersi Hovedver, thh &equestysnitsd filonmay grfadmedener at ed
is anplified by a power anplifier 75 and is input to a transm ssion filter
73b. The ohpanefthepsiabiel réspriataey in PBlor (o abanesthe resgnandedreatency indiideglly émthé r equency
band out of the input transm ssion signals. The transm ssion signal output
fr om t he ceseghedviedesiresanaiqrs.t er 73b is output to the outside fromthe antenna

71 via the antenpna switch circuit 72. [Q083]\Wen the input reception signal
is a sighf7lt hatlQ 85 s s ﬁléa“’é%ri}ftwgf‘ gﬁ%f 7 proHEB B R FBRI & ¢ ouit 72
selects gne, of reception.filters. 77 - 80 in accorda Lth frequency
band of ﬁreth? RE Oﬁf Pon™8 ?r{f F:] It}fereéﬁglu%ﬁa{es g gssic{lar%cge%tsﬁceor}%zﬁdg%ﬁyep 4 tﬁtrﬁgrc eption

filter. ﬁh@’ﬁrz{t&ﬁﬁﬁdiggzeﬁlgzggg}lf regb?lwo@gvi@lodtit}mﬁseﬁgeél?{b%ramlﬂnyA&Bl%ir%ftot he

reception ters I's ITnput to an L The LSI 83 executes a

denodul atiGikePsEaadineR ¢ BPHEAGHERNE NofRERS baniGidRl cabRsBEhiRA. t he i nput
reception signal and controls the operations of parts of the portable

t el ephongodrey mi Wed. 16 AR Giggiadf a fBtet @rchieudinggyiabtiédtrdhintiing rdsGlatoBs
generates a transm ssion signal. The transm ssion signal generated is
anpl i fi edieleySais psigecd tangies febanto31winich 82 the dird piezoelpeitip thin-filo redpgators,
and “P” is assigned to parallel resonators, which are the second piezoelectric thin-film resonators.
A filter in accordance with Embodiment 7 is configured to connect eight piezoelectric thin-film
resonators in total composed of five series resonators S and three parallel resonators P.  The
frequency control film is 18 nm thick and is made of Ti. The series resonators S1 and S2 have
hole patterns of the frequency control film having a coverage ratio of 58%. The series

resonators S3 and S4 have the frequency control film having almost the same shape as the

membrane portion (a coverage ratio of 100%). The series resonator S5 is not provided with the
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outside fromthe antenna 71 via the antenna switch circuit 72. [0084]1t is
possible to realize a communi cati on devi ce having an excel |l ent pass
characteristic by installing the piezoelectric thin-filmresonators or the
conmuni cation nodul e in accordance with the enbodi nent. Further, it is
possi ble to reduce the manufacturing process for the conmuni cati on device
[ 0085] The conmuni cation device illustrated in FIG 19 is just an exanple,
and ot her types of conmunication devices in which the piezoelectric
thin-filmresonators of the enbodinent are installed have simlar effects.
[0086][4. Effects of enbodi nents, others] According to the
enbodi nents, the acoustic wave device conposed of nultiple piezoelectric
thin-filmresonators respectively having different resonance frequencies on
t he common chip can be fornmed, and there can be provided the acoustic wave
devi ces, fieidengrosntrat Ghmiarvpeadge otiowbdal es, and conmmuni cati on devi ces havi ng
excel l ent characteristics having reduced spurious conponents w thout using
an expendfW7al appadesciited 2boyegir seres resonateshaying the Wit ESHRPETARECY hi n-fi | m
resonators having different resonance f enci es can_.be real jzed by
changi ng 2§ he ??Eesdﬁ%’ﬂ%%‘ﬁéifrséfsipéovéﬂ@gf”ﬁégﬁ%g‘ie&“r‘fﬂcypcﬁ?tfoéf‘ hymeRBIS pat t er ns
of the frequen control .filmt.o the, nenbran rt.l O, 1.: ge ratio
and the dBRETE Sersdrecsmeee it dfnr B e Rl g e b SONELET0 8] The
first pi ' LN fi [ i

%gﬁ}ngﬁg}%&t gmu& w{tl'é) PrbgRAab Akl fiRBGEREERAPEE @) b FE_n‘Iabn‘ﬁnghe

enbodi nment xanpl e in resonator of the invention

second Pi&gRedrE6idepfovideli With e MefRAGNBAERY] il A& dine@S BB aésRed anhdunishe
enbodi nents is a sub resonator of the invention. The substrate 41 in the

enbodi meR¥ fequsncitbhi XaERbe the filitiavisglistremreomhcd friquénaieedshibe realizBlie | ower
el ectrode 43 in the enbodinents is an exanple of the | ower electrode of the
i nvent i orf0077he Wpyder, tiel resobatarsief thSparatlel resonators P1 and P3 are provided with the

frequency control films having the hole patterns having a coverage ratio of 82%, and the parallel

resonator P2 is equipped with the frequency control film having almost the same shape as the

membrane portion.

[0075] FIG. 17 illustrates a pass characteristic of the filter of Embodiment 7.  For the

purpose of comparison, there is illustrated a pass characteristic of a ladder type filter illustrated

in FIG. 14 realized by resonators without the frequency control film. According to the filter of

Embodiment 7, the filter having a broader pass bandwidth and an improvement in loss in the

center of the band can be obtained.

[0076] [2. Structure of communication module]

FIG. 18 illustrates an exemplary communication module having the piezoelectric

thin-film resonators of the embodiment. As illustrated in FIG. 18, a duplexer 62 is equipped

with a reception filter 62a and a transmission filter 62b. To the reception filter 62a, connected

are, for example, reception terminals 63a and 63b for balance output. The transmission filter

62b is coupled to a transmission terminal 65 via a power amplifier 64. The reception filter 62a

has the piezoelectric thin-film resonators of the embodiment.
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the enbodi nents is an exanpl e of the upper electrode of the invention. The
pi ezoelectric film44 in the enbodi nents is an exanple of the piezoelectric
filmof the invention. The mass addition filmb50 in the enbodi nents is an
exanple of the mass addition filmof the invention. The frequency control
films 51, 154, 155 and 156 in the enbodi nents are enbodi nents of the
frequency control filmof the invention. The nmenbrane portion 46 in the
enbodi ments is an exanple of a resonance area of the invention. The cavity
42 in the enbodinments is an exanple of a cavity of the invention. The

i sland patterns 151, 152 and 153 in the enbodi nents are exenpl ary convex
patterns of the invention. The hole patterns 154a, 155a and 156a in the
enbodi ments are exenplary concave patterns of the invention.

[ 0089] Regar di ng the enbodi nents, the followng Itens are additionally

di scl 0sed0077D090q febdpgon dpgration, the recﬁmoa(ﬁbusﬁﬂmssmvle sigeals B EAPEISINg a main
resonator and a sub resonator each having a substrate, a | ower el ectrode
provi ded berd quihef reeeptinnisignals xnautryia@zeetpr@emrm@alfﬁu fﬁ*ﬁﬁvta% H*éa*g%ads tf’ﬁ‘& | ower

el ectrode, and an upper el ectrode provided %Fer si d

plezoeleéwﬁﬁévpﬁﬁﬁﬁmm“mtﬂm"%bpﬁéﬁdéﬂ%y1%6%??8?°W%* %%Fﬁﬁmﬁ?ﬂﬁrﬂed on an

in which th |
el ect 1 odi‘?%{zg%ésra%%gf&?%ﬁ? s P eien Pl Gy AR R RARERPANATE | De cus
resonat Ortl’ansml &8 gﬂ&%%n& Ml{fgh b; & émmeﬂﬁxﬂlﬂgr bt Rt %Q}éﬂ?ﬂs pakd erns, and

t he convex t°erns bern arranged a common pitch for spurious

adj ust menj @%a‘%eaﬁteﬁhaﬁérﬁﬁrﬁﬂél areas in the main resonator and the sub
resonator. [0091](ltem 2) An acoustic wave device conprising a main
resonat oro@fl a swiebthe PRARALGIE tERbin Revihidg ofths tibiddintnegre asell ivwbe el ect r ode

provi ded on the substrate, a piezoelectric filmprovided on the | ower
communication module, the communication module has excellent pass characteristics. It is also
possible to reduce the manufacturing process for the communication module.
[0079] The communication module illustrated in FIG. 18 is just an example, and other types
of communication modules in which the filters of the embodiment are installed have similar
effects.
[0080] [3. Structure of communication device]

FIG. 19 illustrates an RF block of a portable telephone terminal as an exemplary
communication device equipped with the piezoelectric thin-film resonators of the embodiment or
the above-mentioned communication module. The communication device illustrated in FIG. 19
has a structure of a portable telephone terminal that conform to a GSM (Global System for
Mobile Communications) system and a W-CDMA (Wideband Code Division Multiple Access)
system. The GSM system of the embodiment handles the 850 MHz band, 950 MHz band, 1.8
GHz band and 1.9 GHz band. Although the portable telephone terminal is equipped with a

' microphone, a speaker, a liquid crystal display and so on besides the structure illustrated in FIG

19, these structures are not involved in the description of the present invention and a description

thereof is omitted. Reception filters 73a and 77 ~ 80 have the piezoelectric thin-film resonators
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el ectrode, and an upper el ectrode provided on an upper side of the

pi ezoelectric film a frequency control filmbeing provided on an upper
side of a resonance area in which the upper electrode and the | ower

el ectrode face each other in at |east one of the main resonator and the sub
resonator, the frequency control filmhaving nmultiple hole patterns, and
the hole patterns being arranged with a comon pitch for spurious

adj ustnment and with different opening areas in the main resonator and the
sub resonator. [0092] (lItem 3) The acoustic wave device as descri bed
inltem1 or 2, wherein the pitch for spurious adjustnent is equal to or

| onger than a wavel ength A excited by the piezoelectric film [0093](Item
4) The acoustic wave device as described in Item 1, wherein the convex
patterns are forned so that an area S of the frequency control film has

t he fol | efuhagmbaingent. ar ea Sof a

[0081] In association with a reception signal input via an antenna 71, an LSI to be operated
is selected by an antenna switch circuit 72 on the basis of whether the communication system of
the reception signal is W-CDMA or GSM. When the input reception signal conforms to the
W-CDMA system, switching is made to output the reception signal to a duplexer 73. The
reception signal input to the duplexer 73 is limited to the given frequency band by a reception
filter 73a, and balanced reception signals are output to LNA 74. The LNA 74 amplifies the
input reception signal, and outputs the amplified signal to LSI 76. The LSI 76 executes a
demodulation process to reproduce the speech signal based on the input reception signal and
controls the operations of parts of the portable telephone terminal.

[0082] In signal transmission, the LSI 76 generates a transmission signal. The transmission
signal generated is amplified by a power amplifier 75 and is input to a transmission filter 73b.
The transmission filter 73b passes only signals in a given frequency band out of the input
transmission signals. The transmission signal output from the transmission filter 73b is output
to the outside from the antenna 71 via the antenna switch circuit 72.

[0083] When the input reception signal is a signal that conforms to the GSM system, the
antenna switch circuit 72 selects one of reception filters 77 ~ 80 in accordance with the
frequency band of the reception signal, and outputs it to the selected reception filter. The
reception signal having a limited band by any one of the reception filters 77 ~ 80 is input to an
LSI 83. The LSI 83 executes a demodulation process to reproduce the speech signal based on
the input reception signal and controls the operations of parts of the portable telephone terminal.
When a signal is to be transmitted, the LSI 83 generates a transmission signal. The

transmission signal generated is amplified by a power amplifier 81 or 82, and is output to the
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mutual ly facing area: 0< S < 0.5S. [0094](Item 5) The acoustic wave device
as described in Item 2, wherein the hole patterns are fornmed so that an
area S of the frequency control filmhas the following to an area Sof a
mutual ly facing area: 0.5S <5, <S. [0095](Item 6) The acoustic wave
device as described in any one of Itenms | - 5, wherein a shape of the
frequency control filmhas a height corresponding to a thickness of the
frequency control film [0096] (Item 7)

outside from the antenna 71 via the antenna switch circuit 72.

[0084] It is possible to realize a communication device having an excellent pass
characteristic by installing the piezoelectric thin-film resonators or the communication module in
accordance with the embodiment.  Further, it is possible to reduce the manufacturing process
for the communication device

[0085] The communication device illustrated in FIG. 19 is just an example, and other types
of communication devices in which the piezoelectric thin-film resonators of the embodiment are
installed have similar effects.

[0086] [4. Effects of embodiments, others]

According to the embodiments, the acoustic wave device composed of multiple
piezoelectric thin-film resonators respectively having different resonance frequencies on the
common chip can be formed, and there can be provided the acoustic wave devices, filters,
communication modules, and communication devices having excellent characteristics having
reduced spurious components without using an expensive apparatus.

{0087] The filter having piezoelectric thin-film resonators having different resonance
frequencies can be realized by changing only the occupancy ratio of the island patterns or hole
patterns of the frequency control film to the membrane portion, the coverage ratio and the density,
and can be manufactured by the reduced process.

[0088] The first piezoelectric thin-film resonator (series resonator) in the embodiments is an
example of the main resonator of the invention. The second piezoelectric thin-film resonator
(parallel resonator) in the embodiments is a sub resonator of the invention. The substrate 41 in
the embodiments is an example of the substrate of the invention. The lower electrode 43 in the

embodiments is an example of-the lower electrode of the invention. The upper electrode 45 in
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The acoustic wave device as described in any one of Itenms 1 - 6, wherein
the frequency control filmhas a circular or elliptical shape. [0097](ltem
8) _ The acoustic wave device as described in any one of Items 1 - 6,
wherein the frequency control filmahs a shape including a curve.
[0098] (Item 9) The acoustic wave device as described in Itens | - 8,
wherein materials of the frequency control filmand the upper electrode
have are different fromeach other. [0099](Item 10) The acoustic
wave device as described in Itens 1 - 9, wherein a conbination of materials
of the frequency control filmand the upper el ectrode has an etching
sel ectivity. [0100] (Item 11) The acoustic wave device as descri bed
inltem1 or 2, wherein a connection is made so that there is a conbination
of a resonator having the frequency control film having a shape different
from t hatthetmbbdiigerte s @i aneplef eha upgneedrodesfoiratentionn Rl Pérotiherid filequency
control filmis not forned, or there is a conbination of a resonator
havi ng t Hé if theguiedoyens drdnregdmfl¢ dfithdyaazoeieptric f@mapthe diveftionenthefmasm t hat of t he
resonance area. And a resonator having a shane al nost sane_as the resonance
ar ea. addition film 50 in the embodiments is an example of the mass addition film of the invention.
The frequency control films 51, 154, 155 and 156 in the embodiments are embodiments of the
frequency control film of the invention. The membrane portion 46 in the embodiments is an
example of a resonance area of the invention. The cavity 42 in the embodiments is an example
of a cavity of the invention. The island patterns 151, 152 and 153 in the embodiments are
exemplary convex patterns of the invention. The hole patterns 154a, 155a and 156a in the
embodiments are exemplary concave patterns of the invention.
[0089] Regarding the embodiments, the following Items are additionally disclosed.
[0090] (Item 1)
An acoustic wave device comprising a main resonator and a sub resonator each having a
substrate, a lower electrode provided on the substrate, a piezoelectric film provided on the lower
electrode, and an upper electrode provided on an upper side of the piezoelectric film,
a frequency control film being provided on an upper side of a resonance area in which
the upper electrode and the lower electrode face each other in at least one of the main resonator
and the sub resonator,
the frequency control film having multiple convex patterns, and
the convex patterns being arranged with a common pitch for spurious adjustment and
with different areas in the main resonator and the sub resonator.
[0091] (Item 2)

An acoustic wave device comprising a main resonator and a sub resonator each having a

substrate, a lower electrode provided on the substrate, a piezoelectric film provided on the lower
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[0101] (Item 12) The acoustic wave device as described in Item1 or
2, wherein a connection is nmade so that there is a conbination of a
resonator in which the frequency control filmis not formed, a resonator
in which the frequency control filmhas a shape different fromthat of the
resonance area, and a resonator in which the frequency control filmhas a
shape al nost sane as the resonance area. [0102](ltem 13) Afilter
conprising acoustic wave devices arranged in a | adder form the acoustic
wave devices conprising a nmain resonator and a sub resonator each having a
substrate, a |lower el ectrode provided on the substrate, a piezoelectric
filmprovided on the |ower electrode, and an upper el ectrode provided on an
upper side of the piezoelectric film a frequency control film
bei ng provided on an upper side of a resonance area in which the upper

el ect r odeleamatict 4nd ah gwer cletredetpraitied bageaipparchie of thepiejonleditic filkmast one of t he
mai n resonator and the sub resonator, t he frequency control film
havi ng mul ti pl efrewengesongal filerbaisg piovides e ap aipree pigsofisacsorgcaaisa ip jhhopeni ng
portions to have an adjusted vol upe, and ) t he convex patterns or

t he hol e thrMPPE<ifstesie 'ri?fg‘h%d"?"’afrf’é“éﬂo‘iﬁi fog each ofhRTiB At 1St 0 of @F méﬁd?%%{ﬁﬁ%r
adjustnent and with different areas in the nain resonator and the sub

r esonat or®™d eSS em 14) A communi cati on nodul e having a

reception filpﬁgﬁgme &%$§gm§§Lﬁ€mg@h@%OQgg&hgg&gd to arrange acoustic

wave devices in a d% er rorm t usti1 ¢ wave devices conprising a nmain

resonator and @e RO REROBR OhrafiRf With Q¥briforfith R? Sfubs adfisthRM@ihd RitCt r ode
provi ded on the substrate, a piezoelectric filmprovided on the | ower

el ect r odeyfradadlofRink BATin Bk 8RlnMe@LatdaAYihd b rednast. upper side of the
pi ezoel ectric film

[0092] (Item 3)

The acoustic wave device as described in Item 1 or 2, wherein the pitch for spurious
adjustment is equal to or longer than a wavelength A excited by the piezoelectric film.
[0093] (Item 4)

The acoustic wave device as described in Item 1, wherein the convex patterns are
formed so that an area S’ of the frequency control film has the following to an area S of a
mutually facing area:

0<8<0.58.

[0094] (Item 5)

The acoustic wave device as described in Item 2, wherein the hole patterns are formed
so that an area S’ of the frequency control film has the following to an area S of a mutually
facing area:

058 <§ <8,

[0095] (Item 6)
The acoustic wave device as described in any one of Items 1 ~ 5, wherein a shape of the

frequency control film has a height corresponding to a thickness of the frequency control film.
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a frequency control film being provided on an upper side of a resonance
area in which the upper electrode and the | ower el ectrode face each other
in at |east one of the main resonator and the sub resonator, t he
frequency control filmhaving nmultiple convex patterns or hole patterns
having nul tiple opening portions to have an adjusted vol une, and

the convex patterns or the hole patterns being arranged with a conmon pitch
for spurious adjustnent and with different areas in the nain resonator and
the sub resonator. [0104] (Item 15) A commruni cati on devi ce having
a communi cation nodul e having a reception filter or a transmssion filer
configured to arrange acoustic wave devices in a |adder form the acoustic
wave devices conprising a nain resonator and a sub resonator each having a
substrate, a |lower el ectrode provided on the substrate, a piezoelectric
film proyeded oiterh® | ower el ectrode, and an upper el ectrode provided on an
upper side of the piezoelectric film a frequency control film

bei ng provi dedThsacaasticuysaye devise dedesdribed in@BengoE Bemy ka6 Whetki thhfremencypper

el ectrode and the | ower el ectrode face each other in at |east one of the

mai n r esGAEbRlTRg 2 tiFrlas orellingied shapor | the frequency control film
havi ng tiple conyex patterns or hole patterns having multiple opening
portiongw&gbﬁavgmﬁh%adjusted vol une, and t he convex patterns or

the hole patt efh@%%qugt&r{?afvgﬁév%ggg QCSXMbte(h]in%{lﬁm ﬂerm fc @, \I/lfgf:einstnyfr!:cﬁﬁlglys ub

adj ust mrent and W rent areas In e mai n resonator and

oo RIS, g BT 101 e present ot o L3 el
devi ces. [0098]  (Item 9)

The acoustic wave device as described in Items 1 ~ 8, wherein materials of the
frequency control film and the upper electrode have are different from each other.
[0099] (Item 10)

The acoustic wave device as described in Items 1 ~ 9, wherein a combination of
materials of the frequency control film and the upper electrode has an etching selectivity.
[0100] (Item 11)

The acoustic wave device as described in Item 1 or 2, wherein a connection is made so
that there is a combination of a resonator having the frequency control film having a shape
different from that of the resonance area, and a resonator in which the frequency control film is
not formed, or

there is a combination of a resonator having the frequency control film having a shape
different from that of the resonance area. And a resonator having a shame almost same as the
resonance area.

[0101] (Item 12)

The acoustic wave device as described in Item 1 or 2, wherein a connection is made so

that there is a combination of a resonator in which the frequency control film is not formed, a
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DESCRI PTI ON OF REFERENCE NUMERALS [0106] 4l1substrate 49cavity 43l ower

el ectrode 44piezoelectric fil m45upper el ectrode 46nmenbrane portion

47et chi ng nmedi umintroduction aperture 48sacrificed | ayer etching nmedi um
i ntroduction path 49sacrificed | ayer

resonator in which the frequency control film has a shape different from that of the resonance
area, and a resonator in which the frequency control film has a shape almost same as the
resonance area.

[0102] (Item 13)

A filter comprising acoustic wave devices arranged in a ladder form, the acoustic wave
devices comprising a main resonator and a sub resonator each having a substrate, a lower
electrode provided on the substrate, a piezoelectric film provided on the lower electrode, and an
upper electrode provided on an upper side of the piezoelectric film,

a frequency control film being provided on an upper side of a resonance area in which
the upper electrode and the lower electrode face each other in at least one of the main resonator
and the sub resonator,

the frequency control film having multiple convex patterns or hole patterns having
multiple opening portions to have an adjusted volume, and

the convex patterns or the hole patterns being arranged with a common pitch for
spurious adjustment and with different areas in the main resonator and the sub resonator.
[0103] (Item 14)

A communication module having a reception filter or a transmission filer configured to
arrange acoustic wave devices in a ladder form, the acoustic wave devices comprising a main
resonator and a sub resonator each having a substrate, a lower electrode provided on the substrate,
a piezoelectric film provided on the lower electrode, and an upper electrode provided on an
upper side of the piezoelectric film,

a frequency control film being provided on an upper side of a resonance area in which

the upper electrode and the lower electrode face each other in at least one of the main resonator
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50mass addition film 51frequency control film 52frequency adjustnent film
151, 152, 153island patterns 154, 155, 156hole patterns CLAIMS Wiat is
clainmed is: 1. An acoustic wave device conprising a main resonator
and a sub resonator each having a substrate, a | ower el ectrode provided on
the substrate, a piezoelectric filmprovided on the | ower el ectrode, and an
upper el ectrode provided on an upper side of the piezoelectric film

a frequency control film being provided on an upper side of a resonance
area in which the upper electrode and the | ower el ectrode face each ot her
in at | east one of the main resonator and the sub resonator, the frequency
control filmhaving nultiple convex patterns, and

and the sub resonator,

the frequency control film having multiple convex patterns or hole patterns having
multiple opening portions to have an adjusted volume, and

the convex patterns or the hole patterns being arranged with a common pitch for
spurious adjustment and with different areas in the main resonator and the sub resonator.
[0104] (Item 15)

A communication device having a communication module having a reception filter or a
transmission filer configured to arrange acoustic wave devices in a ladder form, the acoustic
wave devices comprising a main resonator and a sub resonator each having a substrate, a lower
electrode provided on the substrate, a piezoelectric film provided on the lower electrode, and an
upper electrode provided on an upper side of the piezoelectric film,

a frequency control film being provided on an upper side of a resonance area in which
the upper electrode and the lower electrode face each other in at least one of the main resonator
and the sub resonator,

the frequency control film having multiple convex patterns or hole patterns having
multiple opening portions to have an adjusted volume, and

the convex patterns or the hole patterns being arranged with a common pitch for
spurious adjustment and with different areas in the main resonator and the sub resonator.
INDUSTRIAL APPLICABILITY
{0105] The present application is useful for acoustic wave devices, filters, communication
modules and communication devices.

DESCRIPTION OF REFERENCE NUMERALS

[0106] 41 substrate
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t he convex patterns being arranged with a common pitch for spurious
adjustnent and with different areas in the nmain resonator and the sub
resonat or. 2. An acoustic wave device conprising a nain resonator
and a sub resonator each having a substrate, a | ower el ectrode provided on
the substrate, a piezoelectric filmprovided on the | ower el ectrode, and an
upper el ectrode provided on an upper side of the piezoelectric film

a frequency control film being provided on an upper side of a resonance
area in which the upper electrode and the | ower el ectrode face each ot her
in at |least one of the main resonator and the sub resonator, the frequency
control filmhaving nultiple hole patterns, and the hole patterns
bei ng arranged with a common pitch for spurious adjustnent and with
different opening areas in the main resonator and the sub resonator.

3. The acousti® wavevilevice as clained in claiml. wherein the convex
patterns are forned so that an area S of the frequency control film has the
following to a3 ar eaw8 alfetredenrut ual |y facing area: 0 < S < 0.5S. 4.
The acoustic wave device as _clained in claim2, wherein the hole patterns
are formed so 44hat eifrogledsc m of the frequency control filmhas the
followng to an area S of a nmutually facing area: 0.5S< § <S. 5.
The acoustic wWBve d¥PFEEd¥ec| ajmed in any of claims | to 4, wherein a
shape of the fyequenc bcontrrtol filmhas a height corresponding to a

t hi ckness of tTe fr@ﬁﬁéﬁ§f°c8ﬂtrol film

47 etching medium introduction aperture

48 sacrificed layer etching medium introduction path
49 sacrificed layer

50 mass addition film

51 frequency control film

52 frequency adjustment film

151, 152,153  island patterns

154, 155,156  hole patterns
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6. The acoustic wave device as clainmed in any of clainms Ito 5, wherein the
pitch for spurious adjustnent is equal to or longer than a wavel ength A
excited by the piezoelectric film

CLAIMS

What is claimed is:

1. An acoustic wave device comprising a main resonator and a sub resonator each
having a substrate, a lower electrode provided on the substrate, a piezoelectric film provided on
the lower electrode, and an upper electrode provided on an upper side of the piezoelectric film,

a frequency control film being provided on an upper side of a resonance area in which
the upper electrode and the lower electrode face each other in at least one of the main resonator
and the sub resonator,

the frequency control film having multiple convex patterns, and

the convex patterns being arranged with a common pitch for spurious adjustment and

with different areas in the main resonator and the sub resonator.

2. An acoustic wave device comprising a main resonator and a sub resonator each
having a substrate, a lower electrode provided on the substrate, a piezoelectric film provided on
the lower electrode, and an upper electrode provided on an upper side of the piezoelectric film,

a frequency control film being provided on an upper side of a resonance area in which
the upper electrode and the lower electrode face each other in at least one of the main resonator
and the sub resonator,

the frequency control film having multiple hole patterns, and

the hole patterns being arranged with a common pitch for spurious adjustment and with

different opening areas in the main resonator and the sub resonator.
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3. The acoustic wave device as claimed in claim 1, wherein the convex patterns are
formed so that an area S' of the frequency control film has the following to an area S of a
mutually facing area:

0<S8'<0.58.

4. The acoustic wave device as claimed in claim 2, wherein the hole patterns are
formed so that an area S' of the frequency control film has the following to an area S of a
mutually facing area:

058 <S§8'<S8.

5. The acoustic wave device as claimed in any of claims 1 to 4, wherein a shape of the

frequency control film has a height corresponding to a thickness of the frequency control film.

6. The acoustic wave device as claimed in any of claims 1 to 5, wherein the pitch for

spurious adjustment is equal to or longer than a wavelength A excited by the piezoelectric film.
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