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 cagpbtgicfrigawnsi zi ng and nonolithic form ng.
[ 0003] The piezoelectric thin-filmresonators have an FBAR (Fi | m Bul k
Acoustic Resonator) type and RILISORTHEANVENTIO®uUnt ed Resonator) type. The
former has an upper el ectrode/ piezoelectric filnm|lower el ectrode structure
on a substrate as a main struwwCOUSTICAVAVIEDEVIGHd has a cavity bel ow t he

| ower el ectrode in an area in which the upper electrode 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 ectrod@elds 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 X14 (X 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 i s avikyoagadoudic relectionfila tforoiad Wazieradvély gadkinigra fiinhpviag & hightbsoustic t he

t hi ckness direction of the piezoelectric thin-film By utilizing such a

r esonandmpgphaeceomd a itm havingeslowatasstiq iopedants totaehicknessrod &4ty iscbeweeidnpty a
plurality of resonators together) having a desired frequency characteristic
i s obt aiafd.ach3008Epr exanple, in the piezoelectric thin-filmresonator of
FBAR type, resonance takes place at frequencies (H = n?/2) at which the
total filPPA4 hi cWhenssradio GRquehey signial is peplied betweanrtheotnpereant dpven gleethadenel n
structural element of the upper electrode filmpiezoelectric filmlower

el ect r odee pipgoglestys thindfilgnigeanatonss gleririg sigaal; anrasepstic wanes picied yithipthees) of

1/2 of the wavel ength X of the acoustic wave. Assum ng that V is the

pr opagathiBACIeR m%n%\ﬂcfteﬁée%mfgf P@Wéomfeleﬁfé@ewetqﬂéhemeéﬁei al of the

pi ezoel ectric fil t he resgnance frequency F i.s expressed as F = nV/ (2H).
Thus, ¢ HEEZPRRegiesiiEg: 1 Alguatkigmeongrused DY B APOrTRU™SY® CRETEIENP 3 ni ckness. H
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of st ages orm an e capacitance ratio o e resonators
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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

2



having different frequencies (the frequency relationship: parallel arm<
series arm, and it is required to formthe resonators having the different
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

r esonat daddehgyt filfer iicwRORAREGafof LEIGMNGERS if Berids SAMPATalial sd laddee forRat ent

Docunent 2 discloses a nethod of adjustment by patterning a mass addition
fil m on Hr laldecypofier dfwidely s bahask insBifofkRsARE thiUVEDERS stifpFesbibn RCUVENTS
[ 0009] Pat ent Document 1: Japanese Patent Application Publication No.
2002- 335cAdsiRdtmnditd tyoiuphe titanging thaintiaber S stages ot badder Nom a6d @7, 363
DI SCLOSURE OF THE | NVENTI ON PROBLEM TO BE SOLVED BY THE | NVENTI ON
[ 0010] Theapasitenss ritio ofithe eesdeapirs erratgesicih eeried andparalicb and o desigaprocedirais a probl em
that 1 hesimple. 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 different frequencies (the frequency relationship: parallel arm < series arm), and it is

required to form the resonators having the different 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 an excellent characteristic by shifting the resonance
frequency of at least one of a plurality of piezoelectric thin-film
resonators w thout any characteristic deterioration. MEANS FOR SOLVI NG THE
PROBLEM[Dp®10]1 3] ATidias@lstswie deficé fieclgred mePatentiP@ubmead i 8 aipfoblsm @St i ¢ wave

device conprising a nmain resonator and a sub resonator each having a
subst r atmegnufactutingeproeseis tomplizaed amd techsost deviee 5 hiphtbec e, thampisaddigbect ri c
filmprovided on the | ower el ectrode, and an upper el ectrode provided on an
upper sifdmss bdvinghbfigere Aoekdneses arefofmédhy chinging ol arféis @rosting prbeess,ag a nass
addition filmon the upper electrode in a resonance area in which the upper
el ect r oghotahtiograghylpoveess apdl exctteloneproesemdtiph tioeher, at | east one of the main
resonator and the sub resonator being provided with a frequency control
fil m on [B} Lppehs the ehousic wave devieschirglesss im Patent Dogemerti @, inasasgevhese accontrol film
having a weight per unit area smaller than a weight of the mass addition
fil m perpatigin s fgmeed by pripgtr gagyaddition filgyeftire paelfeh rsonamsdls ayepcy 6f thae
di scl osure of the present invention, piezoelectric thin-film

resonator shifts, and the resonance characteristic (resonance Q) deteriorates greatly.

[0012] The present invention aims at providing an acoustic wave device having an excellent

characteristic by shifting the resonance frequency of at least one of a plurality of piezoelectric

thin-film resonators without any characteristic deterioration.

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, the sub resonator having a mass addition film on the upper

electrode in a resonance area in which the upper electrode and the lower electrode face each

other, at least one of the main resonator and the sub resonator being provided with a frequency

control film on an upper side of the resonance area, and the frequency control film having a

weight per unit area smaller than a weight of the mass addition film per unit area.

EFFECTS OF THE INVENTION

[0014] According to the disclosure of the present invention, piezoelectric thin-film

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

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



resonators having different resonance frequencies in a common 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 DRAW NGS
[0015]FIG 1A is a cross-sectional view of a piezoelectric thin-film
resonator in accordance with an Enbodinment 1; FIG 1B is a cross-sectional
view of a first piezoelectric thin-filmresonator; FIGICis a
cross-sectional view of a second piezoelectric thin-filmresonator; FIG 2
is acircuit diagramof a |adder type filter; FIG 3A is a cross-sectional
view of a manufacturing step of the first piezoelectric thin-film

resonat or;

shortened.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] FIG. 1A is a cross-sectional view of a piezoelectric thin-film resonator in accordance
with an Embodiment 1;

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
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



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

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

pi ezoel ectric thin-filmresonator; FIG 4A is a cross-sectional view of a
manuf acturing process of the second piezoelectric thin-filmresonator; 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 acturi ng process of the second piezoelectric

thin-film resonator;

FIG. 5 is a characteristic diagram illustrating a relationship between a frequency control
film and a resonance characteristic (resonance Q);

FIG. 6A is a characteristic diagram illustrating a relationship between a frequency shift
amount and a resonance characteristic (resonance Q);

FIG. 6B is a characteristic diagram illustrating a relationship between a frequency shift
amount and a resonance characteristic (resonance Q);

FIG. 7 is a characteristic diagram illustrating a relationship between a frequency control
film and a resonance characteristic (resonance Q);

FIG. 8 is a characteristic diagram illustrating a relationship between an occupancy ratio
of a frequency control film and a resonance characteristic (resonance Q);

FIG. 9 is a circuit diagram of a ladder type filter in accordance with an Embodiment 2;

FIG. 10 is a characteristic diagram of frequency characteristics of the Embodiment 2 and
a comparative example;

FIG. 11 is a block diagram of a communication module; and

FIG. 12 is a block diagram of communication device.
MODES FOR CARRYING OUT THE INVENTION
[0016] 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 different resonance frequencies. Thus, there is a problem

that mass addition films are needed to realize resonators having different resonance frequencies,



thin-filmresonator; FIG 4D is a cross-sectional view of a manufacturing

process of the second piezoelectric thin-filmresonator; FIG5 is a
characteristic diagramillustrating a relationship between a frequency
control filmand a resonance characteristic (resonance Q; FIG6A is
a characteristic diagramillustrating a relationship between a frequency
shift anmount and a resonance characteristic (resonance Q; FIG 68
is a characteristic diagramillustrating a relationship between a frequency
shift amount and a resonance characteristic (resonance Q; FIG7 is
a characteristic diagramillustrating a relationship between a frequency
control filmand a resonance characteristic (resonance Q; FIG8 is
a characteristic diagramillustrating a relationship between an occupancy
rati o ofanadtfaf e ueMENctEMApFdREssfid dofpaiitedand ¢Robantéevith & idg ichwt ke (r esonance
Q; FIG9 is a circuit diagramof a |adder type filter in accordance

wi th an derbediiteartimPhavigGiflddeni thicknabanacbeidddy icardgar afinogrofvigguency
characteristics of the Enbodiment 2 and a conparative exanple; FIG 11l is a
bl ock dipagtessi piiotaitiograpbyproass @id amewdhing proegssimultiple times.
[0017] In the acoustic wave device disclosed in United States Patent No. 6,657,363, the
resonance frequency is adjustable by controlling the pitches of the mass addition films formed on
the electrodes of the resonators by a patterning step in order to realize resonators having different
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 different resonance frequencies
can be formed in the common chip. However, there is a problem that in a case where a pattern
is formed by using the mass addition film of the parallel resonator, the frequency of the resonator
shifts, and the resonance characteristic (resonance Q) deteriorates greatly. Further, United
States Patent No. 6,657,363 has only a disclosure regarding the pitches of the patterns of the
mass addition films formed on the electrodes of the resonators, and has no disclosure about other
required issues for pattern.
[0018] Acoustic wave devices of embodiments aim at providing an acoustic wave device
having an excellent characteristic by shifting the resonance frequency of at least one of a
plurality of piezoelectric thin-film resonators without any characteristic deterioration.
[0019] (Embodiment 1)
FIG. 1A ~FIG. 1C illustrate an exemplary piezoelectric thin-film resonator, which is an
example of the acoustic 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.



FIG 12 is a bl ock diagram of conmuni cation device. MODES FOR CARRYI NG OQUT
THE | NVENTI ON [ 0016] Enbodi nents [1. Structure of acoustic wave devi ce]
The acoustic wave devi ce di sclosed in Japanese Patent Application

Publ i cati on No. 2002-335141 is configured to newy add the nass addition
filmon the electrode of the resonator in order to realize resonators

havi ng di fferent resonance frequencies. Thus, there is a problemthat mass
addition filns are needed to realize resonators having different resonance
frequencies, and that the manufacturing process is conplicated and the
cost of device is high because the mass addition filnms having different

t hi cknesses are fornmed by carrying out a filmgrow ng process, a

phot ol i t hography process and an etching process multiple times. [0017]1n

t he acoustiie cMeM@chiayl G&v 6f Setdnd pikzédlectitithiadildirabesorPat ent No. 6, 657, 363,
t he resonance frequency is adjustable by controlling the pitches of the
mass addogaopn fRIG®sinfiostesdfilencitda® ireWRich matipi pidzodlbverid timefial rosomatoys od
patterning step in order to realize resonators having different resonance
f r equenaheanbodingencaaumangahin pericByrmeand paralip! ets. t Heregesomatog cetrepted irhe

phot ol i t hography step and the etching step once, different patterns of the
mass addetiésanms aré referfed to dsiiest pickdclqoirie thiedidm a¢somators Geridsaespuatore)lS1 <84,t hat
resonators having different resonance frequencies can be forned in the
conmon  @hil pesordtanesosnected firepazallebarms pregbiened tolasecpnd piezedledriodhinBlma pattern is
formed by using the mass addition filmof the parallel resonator, the
frequené?soé#mlls%@@'élsféff?aﬁtéﬁs)%hr?-’es and the resonance characteristic
(resonance Q deteriorates greatly. Further, United States Patent No.

6, 657, 3680H4s oTheyleaoqmr&tb@nﬁl@ r?segaé?rdllwga&eﬁél it dheslhasiasubsitatertdr ns of
the mass addition filnms formed, on the Iectrodes eév(%flﬂe resonators, and has

no di scl3detiet2ab e degrade +% 4nicresdeofricdimet *iﬁ‘r“pB%f 4[50%)‘1‘%‘]‘ éﬁ‘hst ic wave
et PR B R SR B S 10
gﬂ:r g.]::t 3;;(? bt“ Fcﬁa&eé%ll%rai rrong cfcpthon ilm 5'(),C antd re]llfrréqlﬁelnlc)%gn?rglofﬂ%tﬁr S Tﬁ\é sul?)s e ANY

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

250 nm, Cr thereof is 100 nm, AIN of the piezoelectric film 44 is 1150 nm, Cr of the upper

electrode 45 is 20 nm, and Ru thereof is 250 nm. The electrode films of the lower electrode 43

and the upper electrode 45 may be made of aluminum (Al), copper (Cu), chromium (Cr),

molybdenum (Mo), tungsten (W), tantalum (Ta), platinum (Pt), ruthenium (Ru), rhodium (Rh) or

iridium (Ir), or the like. The piezoelectric film 44 may be made of aluminum nitride (AIN),

zinc oxide (ZnO), lead zirconate titanate (PZT), lead titanate (PbTiOs3) or the like. The



[ 0019] (Enbodi nent 1) FIGIA - FIG ICillustrate an exenplary

pi ezoel ectric thin-filmresonator, which is an exanple of the acoustic wave
device in accordance with an enbodinent. FIGIA is a plan view of a

pi ezoel ectric thin-filmresonator. FIG IB is a cross-sectional view taken
along aline AAin FIG IA and is a cross-sectional view of a first

pi ezoel ectric thin-filmresonator. FIG |1Cis a cross-sectional view of a
second piezoelectric thin-filmresonator. [0020]FIG 2 indicates a filter
circuit in which nmultiple piezoelectric thin-filmresonators of the

enbodi mrent are arranged in series arns and parallel arns. Here, resonators
connected in series arns are referred to as first piezoelectric thin-film
resonators (series resonators) Sl - S4, and resonators connected in

par al | elsy@kra® 43kRy behedd Sdilteh @9), 888 WRetni &2Reliiectric thin-fil mresonators
(parallel resonators) P1 - P3. [0021] The piezoelectric thin-filmresonator
i1Tustrap@d]in AJistratedin FIGQ dlalfe sacdnd pRldeddcticAin-fdm e@undiors RBP4~ PA hhomer

el ectrode 43, a piezoelectric film44, an upper electrode 45, a nenbrane
porti on ess addithifilg 50 dTHemadsniaddiribu dil 60 issfpeiddof égnidin, (Tarndbashifihg medi um
introduction path 48, a sacrificed |ayer 49, a mass addition film 50, and a
f r equenaliclossstaf d25 firnl nTielmasT additonlidn 58 ispravideddevesi thie €ofilnt Sf the upper he

enbodi ment. The | ower electrode 43 is configured to have a two-I|ayer

st r uct urekecéderddtahd thie R fllRuberedifir GFheumasy @dition film B mayrbe Birmedto covasat

pi ezoelectric film 44 uses alum numnitride (Al I\gi in the enbodi nent. The
upper ellesstthomembgng portianro; i whisH theaippenetecaodeid apdithe fovesr elagttode d3 &Fe O/ Ru i n
t he enbodi nent. The | ower el ectrode 43, the piezoelectric filma44 and the

upper eleagqtbsaén orderjiegaupgsthe masseddiggn Bl 30 i fgcbon #ig B tha gddsidAadts the

7 B30nat CROHREE RO EG GRATUEST hE TR TR 55 T oNE S ris bt shee

D e Pl o D e B BT L SRS byt 20
i1 e of e g e st B Fheetis s earcer et e e Rde of
Fant al Pt SRR RHs o e o, AR ! SRS g RARYED L
or the I} %'°fm§‘g&-(§%8§‘l,dgﬁg-” c film44 may be made of alum numnitride

(AIN), zinc oxi ead zirconate titanate (PZT), lead titanate

(PbTi @) theyli u fis srbiill i), glass,
ceramc [86?)139 he /I\% wg&rafe-ggggﬂ(%\s@ﬁdﬁﬂg? g%%l{i&?yn&gtlr%ﬁggsqtl%%b s1 eﬁc}ﬁ§

pi ezoel a&iiy §ppbitidirbiids Bt h8 FiR pleMefectit: thinKifin RR8nafors S1 ~ S4 and those of the

second piezoelectric thin-film resonators P1 ~P3. The frequency control film 51 is formed of
Ti and has a film thickness of 20 nm in the embodiment. The frequency control film 51 is
provided so as to include at least the membrane portion 46 in which the upper electrode 45 and
the lower electrode 43 face each other.

[0024] A frequency adjustment film 52 is provided on the uppermost layer of the membrane
portion 46. The frequency adjustment film 52 is formed of SiO; in the embodiment. The
frequency adjustment film 52 is capable of simultaneously adjusting the resonance frequencies of
the first piezoelectric thin-film resonators S1 ~ S4 illustrated in FIG. 1B and those of the second

piezoelectric thin-film resonators P1 ~ P3 illustrated in FIG. 1C. That is, the film structure of

9



mass addition film50. The nmass addition film50 is fornmed of titanium (Ti)
and has a filmthickness of 125 nm The mass addition film50 is provided
between the C filmof the upper electrode 45 and the Ru fil mthereof The
mass addition film50 may be fornmed to cover at |east the nenbrane portion
46 in which the upper el ectrode 45 and the |ower electrode 43 face each
other in order to cause the mass addition film50 to function as a film
that adds a |load to the nenbrane portion 46 in which the upper el ectrode 45
and the | ower electrode 43 face each other. Further, the mass addition film
50 may have an arbitrary shape having a size between a mninmum area and a
maxi mum area in which the mninumarea is forned to include the upper

el ectrode 45 and the | ower el ectrode 43 face each other, and the nmaxi num
area i s fhofilBfebfed AMLAR rdichitods 3¢ ~2aR e Qfrick BEnsuPRBHeEbyellis Atie 45.
[0023]As illustrated in FIG. 1B and 1C, a frequency control film51 is
provi ded@f ot $10,/C¢Au/M PR/ RISeSibkRkes wards the Govidrhsd lapérdronethe appertogt hi n-fil m
resonators SI - S4 and those of the second piezoelectric thin-film

r esonat asygr. PIThe fill8thickh&s bf cadRna esntd drothe fephiirad3ecifeafior ofgdten indlthe and has a
filmthickness of 20 nmin the enbodi nent. The frequency control filmb51 is
provi dedilme ofxhe fowei ¢ledraded 3dndltieapperteretrodeds the piepsletiriofilm 84, the mhdsch t he
upper electrode 45 and the | ower el ectrode 43 face each other. [0024] A

f r equencydditiap filst Feand thel fraquSRy contyol Hivi Pedayohave simcupgsethepthen thaseer of t he
menbrane portion 46. The frequency adjustnment film52 is formed of Si02 in
t he enboldsanibed aboTthe The byeedlesirodelf imeyiave ainBlml®er stimicigrep a Bhemass
sinultaneqqsl¥ adj usting the resonance frequencies of the first

pi ezoel eddifipe lllThfd]B sandwicheds batwiges the layers of the Upperglecirededgving thetwp-aserand t hose
of the second piezoelectric thin-filmresgnators Pl - P3 illustrated in

FI G | C.strygiure, sodhat thedregyengy conproldilind ey betﬁr{@eﬁ? PR e spnePetia & ‘i’qt‘&t%f’ hin-film

tors S1 - S4 in th i is forned by filns in the order of
S 02/ T1 /emregp SRS RS OB a1 PG e MEAHIHEF UL T ISR om ¢ he
{ layer. The film thi f each | depend h i red
Speci 11t Bh Grdomerpeed Sl SR mefis (Y ROt PRPLr PR YIoRTd t he
| de 43. the pi tric filmad. 1) onfilms0
and-t ho SEETeRE)S aat R A1 Fren ko asyiondfhip ST BN | o

d ib T | d . i Q- . t .
oot oS FRANFes ok Bl EhGEHE A IR RN e LU Al 2180 et U €
el ectr 0%%ahﬁgigﬁtqn {hgggﬁﬁgﬁfy{a%)fﬁﬁs a%tiﬁee&fsmg Iﬁg‘gﬁ%&m&mé heekr equency control

film51 may for e sane mate in both the first piezoelectric
thin-fi I[mgﬁsonﬁhog§~ PG 3D OY-sLdiBnal MR AIRIrRFHB/leFCmhdhufablufing the M
resonators Pl - P3. A done-shaped cavity 42 (swelling) is fornmed between

the | owerrstHillzb A& ithint MM rbQWROrs 8l €4l OdRs 428 ~amnd 40\Re Eld8:sdettadngl vievs N t he
menbrane portion 46 in which the upper electrode 45 and the | ower el ectrode

43 face ig@eatin S5 of Jﬁﬁf&hﬁi&lg the''SEQAR pRIGRREEc Slelivifil tesbi@soraPT €Pat iNgl y smal |
hei ght in the periphery and has an increasing height towards the center.
[ 0025] FIZA 3AG: 35 kfd FIBDI Ak F1G UDSBe Gstsbahiond takdnalumg ialline passiag thagngs theps  of
manuf acturing the first piezoelectric thin-filmresonators S1 - S4. FIG 4A
- FI G Abntar ¢ tior asbraeqttonalo (XieinFIGllAystrati ng steps of manufacturing the
second piezoelectric thin-filmresonators PI - P3. FIG3A - FIG 3D and FIG
4A FI G 400261 e cFicsss metrdtains FiGRAmnd FishdA sa dacmfzcep dayet 49gnadaobdigrh t he center
of the menbrane portion 46 (A-Ain FIGIA). [0026]First, as illustrated in
FI G 3A amampleGnagagsiumnoxsideNEQ)me thel lky ér forngedrpadiee Tfsubstrate 4&Rn gy csampiagnesi um
oxide (MJO) or the like is formed on the Si substrate 41 by, for exanple, a
sput t er i smeftaniag msthod pr avapapdaposieqroséthed n Berdesdke silBeg iSEféEYatF’Hgﬂ yibstiagect
substrate, the substrate 41 may be a silica substrate, a glass substrate, a
cer am ¢ mahstarsifice subsiran Aglass Bbsiraig @ corRmiGEbItaleea Cabrwibpacarte liket |
preferable to enPJoy a material hard to be etched in order to prevent the
Specifically, it is preferable to employ a material hard to be etched in order to prevent the

10



substrate 41 from being etched when the sacrificed |l ayer is etched at the
step of formng the cavity. It is preferable to formthe sacrificed | ayer
49 of a material easy to be dissolved by an etchant or gas such as ZnO GCe,
Ti, Cu or the like. After the sacrificed |ayer 49 is fornmed, the sacrificed
| ayer 49 is fornmed into a predeterm ned shape by the exposure techni que and
the etching technique. [0027] Next, as illustrated in FIG 3B and FIG 4B,
Ru/Cr is formed by sputtering as the | ower electrode 43. Although the

two-| ayer structure of the | ower electrode 43 is used, a single-layer
structure may be enpl oyed. Then, by the exposure techni que and the etching
technique, the lower electrode 43 is patterned into a desired shape so as
to cover the sacrificed layer 49. At this time, the introduction path 48
(see Fl Quisihte 0 froMeing didRddthed thBh&iTicBIatR & didhed BXthedtgiufIgiietheacri fi ced

| ayer 49 is formed in the |ower electrode 43, and the apertures 47 (see FIG
| A) for cadighi NG préverablaed fofrh GRAadrimices lagkd 491bf 4 figteridl 8By af bef digsoivagib dve cavi ty
may be formed at the ends of the introduction path 48. Subsequently, a film
of Al N ieschgift ov\as Bychsip dhOsGé, MY Caror tHedikk.i kaftea shetsheifipedcizgee U ¢t foincedf the m 44.
Then, a filmof Ru is grown by sputtering or the like as a first |ayer 45a.
[ 0028] Thamnificedslaydr He Btforated thtd a pfel&ermimdd shapk by theekpoFire tewhiiguenand they sputtering
or the like as the mass addition film50 in the second piezoelectric

t hi n-fi letthingsewheitier s. By the exposure technique and the etching technique,
the mass addition film50 is shaped so as to include at |east the nenbrane
portion [A87] n Wixths illetraigdie F1G BB end Bide4BRusFds favaed Biwpptiainges hede 43 face
each other. Patterning of the mass addition film50 may be inplenented by a
lift-of flowmtehéfmde@%ovﬁh@uéi the feo-eyerstragiere of e lover glpatads 43 Ealﬁﬁgf #d out only
in the process of manufacturing the second piezoelectric thin-film

r esonat Gingle-layes strgipreyaayigienplayed-n Thee by thsexpsursitechiqet il 1HEP% he fir st

P 200l el e L3R ey b SOFLTIRRe 55, L Il 1 S, o
I 45b t l.ect rode 45. Th dditi film50 of th
2 1SRl S PREL o SELLRES LB TR TS R L T

I 45a of th l.ectr.ode,45 .and 4 f. Then,
2 i1 m oredtim (oL SehBORE SRR BB SR Pl e RREP IR arP e WIRMERC 45" oe

the frequeney:§ons flchih Ml SerinlAPyer BY o E i POSIHIE HEERR g vand ¢ he

et chi ng ni que, equency contro inan a udi ng at

| east. {1 A0S BPRE hadBioh Pauhill C Sk UGUURRSI IRl AT AdgodBrANd the [ ower

el ectro ce each other i1s patterned intd a desired shape. In the
present ShiePing BYthIRd 2 thel B oRBLERRS4ON THAE a YRR 6T RE|sRESWOSIRPutRingbr t he
resonators of the filters have different shapes, resonators having

_di ff er enfe [IRS9DERE Byéragguenci es can be forned by one step. [0030] Here, the
frequency control filmb51 is configured to have a weight so that the wei ght
per uni tjoesga OORE, AMustitéERIFIG. B, a 6w st Tigs Biibyssaiteriag obiie tikeas the

pi ezoel ectric film44 (AIN), whereby it is possible to suppress the

occur r entgs additioniamtse th &p secbhadisiezpolepeit eiii-flnarsordetser Bytlat dxposuaf t he
resonance characteristic (resonance Q caused by patterning of the

f r equenagchaigné el the étthingidchniqhibyehaveasy dditddn filleSOfis Sgpeisoys tantlndslat fepdtm 51
that does not affect the acoustic waves excited by the piezoelectric film
44" i s ahewserghrand msteontdeamwhick theeippirteleofrode#é andiths layekd eleitende #3 fage &Bhper uni t
area, and satisfies a condition of 0.2 g/n2 or less per unit area in the
enbodi menther.  Patterning of the mass addition film 50 may be implemented by a lift-off method.

Growing of the mass addition film 50 is carried out only in the process of manufacturing the
second piezoelectric thin-film resonators, and may be omitted in the process of manufacturing

the first piezoelectric thin-film resonators.
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[ 0031] Et ching of the frequency control film51 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. [0032] The shape of the frequency control film51 may
have a height |lower than the filmthickness. However, in order to obtain
the resonators having different resonance frequencies, it 1is required to
form patterns having different shapes on the upper el ectrodes 45 of the
resonators by etching. Thus, by form ng the shape of the frequency control
filmb51 so as to have a height corresponding to the filmthickness, it is
possi ble to reduce variations in etching for pattern formng and to
precisely shift the frequency to a desired frequency. [0033] As the

conbi nat[oa9] of TiHe, dshlRgteary FIGBTral FiG ka) HilmsTa rigowppespuatitior@ite 45,
the use of a conbination of materials having a certain etching selectivity
makes i tlikpasssdobel layer pibaditiealpperstucirddet4s. t ke das hddiibnffilmdle@fdy seeontiout any
darmage to another filmduring etching. [0034] Then, as illustrated in FIG
3D and RidZod&irid thin-filppesonabeis sandetehdbbeigeep dietfastiayer 45aobtha udps ieleettodshape by
t he exposure techni que and the etching technique. Then, in order to forma
wi ndow 44 andhthelsenned lapdrdéh thertef. 4 Themd filmof Biie giokve on dscecend lyertfdbatther i sti c
(resonance , the piezoelectric film44 is patterned into a desired shape
by the appasiscaodedSianihgdisqueney coneoldilaiil ngThaachittheer@osurhieehniqusand thequency
adjustnent _film52 gSiOZ) is growm by sputtering or the like. The material
of the fefbigderbpiqudthedreatsney eanfrad fm J1dn apere ingudiagatlepsishpmempigpe npy be
anot her insul ative fil mcapable of gradual reductiopn of part of excitation
ener gy JGEIPNAS iy Whish the ugger glectrqde Ay and e [aptensleqtiofs $3ace saFlyetherdd3s) Then, by

Lhe X PO e i oS g, e Wl Mkt R petedfs b fidUghgy ad) ust ment
electrodes 45 on the resonators of the filters have different shapes, resonators having different
resonance frequencies can be formed by one step.

[0030] Here, the frequency control film 51 is configured to have a weight so that the weight
per unit area does not affect the acoustic waves excited by the piezoelectric film 44 (AIN),
whereby it is possible to suppress the occurrence of unwanted spurious components and
deterioration of the resonance characteristic (resonance Q) caused by patterning of the frequency
control film 51.  “The weight of the frequency control film 51 that does not affect the acoustic
waves excited by the piezoelectric film 44” is a weight less than the weight of the mass addition
film 50 per unit area, and satisfies a condition of 0.2 g/m2 or less per unit area in the
embodiment.

{0031] 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.

[0032] The shape of the frequency control film 51 may have a height lower than the film

thickness. However, in order to obtain the resonators having different resonance frequencies, it
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filmb52 on the upper electrode 45 is renoved, and a bunp pad (not
illustrated) is instead fornmed. [0036] Finally, by the exposure techni que
and the etching technique, the frequency adjustnent film 52 above the
sacrificed | ayer etching nmediumintroduction apertures 47 (see FIG 1A)
formed in part of the lower electrode 43 is renoved. Then, a sacrificed

| ayer etching nmediumis introduced into the sacrificed |ayer etching nedium
i ntroduction apertures 47. The sacrificed | ayer etching nedi um passes

t hrough the introduction path 48 (see FIG |A), and is introduced bel ow t he
| ower el ectrode 43, whereby the sacrificed |ayer 49 is renoved. Thus, the
cavity 42 having a done-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 ot NefequifAnORHN phitensHRAHEdifbidft sRARE BEINE Gbpiek SledtRdider-45i df telr@®ARAOr S i N
accordance wth the enbodi nent are conpl eted. [0037] Etchant for the

sacrifi qgdichAyer TiHhS, tyFortfiff 186 Hapd/ofahd qeéricatortial filnt 91 sotas fo Haltea Heifglar i al s
that formthe piezoelectric thin-filmresonators other than the sacrificed

| ayer 4%0rr95?6ﬁdi1€glib &elfitm thiédnBss] i0is@asibld to@edutd eiriatidns f etthieg fot paterrode on t he
sacrificed layer 49 that the etching nmediumcontacts. [0038] The materials
of the Sulashg aideo drdcisdhebift aeqehead b detired Bequeyy. upper el ectrode 45 and the
pi ezoelectric film44 are not limted to those descri bed above, but other
mat er i al[8033hy b&s the euhbiditiswef théiiequendy cynteh? finm§1 nd theyripercadedtrpfic 49, thest r uct ur e
in which an acoustic reflection filmforned by alternatively stacking a

fi | m hawiseigf acombiphticod wsitariels hayiegiaerrtaingteling s¢lpqtivithmokes i rassifiotcacoust i ¢

i npedance to a thickness of A /4 (A is the wavel ength of the acoustic
wave) i pratissiyshifido hedowted freqrendyovighouteang demagg &o %F!B’théhgmt Haing g58ingat e 41 in

t he menbrane portion 46. [0039]FIG 5 is a characteristic. di agram
i|lustrdf9y a T@P,@ﬁiﬂb‘ﬁ%ﬁi’dpmﬁé‘%-\ﬁ@é‘ﬁd Fite 4ethg Hepepflegtiode ff E@ﬁ%ﬁ%‘&%‘ Bt r ol

film51 per unit area and the resonance characteristic.(resonance Q. In
FI G5, thureH 6hPS B MSIeBORRTS IIBHHeE A ROB JHITIGNe. ¢ LT ILSOR AL P Bdnct of 111 m

51 per unit area, and the vertical axjs denotes deteriporation.of, the
r esonanc¥ndayainhe IQWFrsetl‘iCEO‘terésaBﬁH?Rf%"e&‘? reﬁ‘??&“‘i?@ﬁ?r'flcgg|s{l%§ Son?nﬁ%lpgé]?ees t he

S
R T R T R T TR
of the ftéc%gildgg Cyl'h(e\’rg rt‘ﬁerff;)elquency adjustment film 52 (Si0,) is grown by sputtering or the like.

The material of the frequency adjustment film 52 is not limited to SiO,, but may be another

insulative film capable of gradual reduction of part of excitation energy such as a metal oxide

film or a metal nitride film.

[0035] 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.

[0036] 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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filmb51 fromthe value of the resonance characteristic (resonance Q of the
pi ezoel ectric thin-filmresonator in the absence of the frequency control
filmb51l. That is, in the vertical axis, a positive value indicates the
anount of deterioration, and a negative val ue indicates the anmount of

i nprovenent. Values in FIG 5 are obtained in a case where the anmount of
frequency shift is approximately 10 MHz. The thickness of the frequency
control film51is 25 nm(Ti in FIG5), 50 nm (T2 in FIG5), and 125 nm (T3
in FIG 5). The frequency control film51 is formed in the upper el ectrode
45 within the resonance area. The frequency control film51 has patterns
that protrude in a convex way (island patterns), and a mass can be applied
to the resonance portion by the island patterns. "Wight per unit area" is
t he prodiGhy A hal g a B8h&EHaadd SNk tih KRffointeed bélb@qhwamaybraemportain 46iih m 51 and
its thickness. As illustrated in FIG5, the inventors found out that in a
case whekgcH fheuppRi @btirods 43 ad theleaetefelyodeda faco kachiokirer. 5 Thpegh triabowr ea i s
equal to or less than 0.2 g/nR2, the resonance frequency can be shifted

Wi t hout wepiesdeleetat thihfilaf rekdnatorsds actariame slithrtizecdngnod arentar¢ ceepletahce Q) .

[0040] FIG 6A indicates the ratio of deterioration of the resonance

char act €003 i ¢ Etclesofoathe sactficairayet #bis preferatihea matgntlinarg te elelt thieanatsialsk 2
associated with the anount of frequency shift in a case where the weight of
t he freqbardow thopiezoplectfit thin-film resomatorsentlees thag thy saifigedigyer #9.@apBuleHYi cat es t he
rati o of deterioration of the resonance characteristic (resonance Q and
that of hahbtoceaahshd maferisdef the eleetrode Ripthg sacrbiFeslagr ¢ At tb%@“ﬁ%’ﬂﬁﬁ%f frequency
shift in a case where the weight of the frequency control film per unit
area i s @ngis.g/ n2. In the case of FIG 6A, both the resonance characteristic
(resonance Q and the couplin coeff'hé:{oent k2 9%# eriorate unt of

f r equend9O3Bhi f + Thefpaerislsed thegubsrated 1 the foper deelgdet: ﬁeép%eé,eleth?dtS:lggg tion of

th ] h teristic,. (. d that .of t i

et f orBancisinar B Sl g el O PERTErRbrE et B akl mlBaRRUOL Y | ¢

thin-fil [ d it,h th . i j

| ﬁbzlz] 'eetf?ai?fﬁq%?E*\Zxk%‘ﬂ?ﬁ%ﬂbage@%%%%hp? e AR *%%&E‘E"S‘IS’F‘&??%E‘%? ode and
e lower electrode. o e [ - electric

field i sfroﬁlée\?e 3%% allvﬁlyts%gmﬁé%ﬁ%ng%evﬁ%gr}%él oarﬁgulfgc Hﬁ e\[/}\%]rl{cg t helgt%gg ael ectrode

and the || Quer sl féﬁ%&%ﬂgeetofﬂﬁiag]%?scﬁ LR thd @a&eﬁeﬁgﬁg@%ﬁ%tic Whvegit i on, and

t he piezoelectri m expands and contracts. ot her words, the acoustic

waves arﬁgﬁEe%ﬁ;%%Efﬁle idvek BiScitdab G5 BRBEe ibkesd 4108 1@f médtgadegoripanee area of

the piezoelectric m Since the upper portion of the upper electrode and
the T owgpoRRQr ti o, 9fs alchBadtHVBE dRbARLINQHEHR AeRAOHIBIR be®Beiht Relshrafutie (or

gas), free edge reflection of the acoustic waves takes pl ace.
frequency control film 51 per unit area and the resonance characteristic (resonance Q). In FIG.
5, the horizontal axis denotes the weight of the frequency control film 51 per unit area, and the
vertical axis denotes deterioration of the resonance characteristic (resonance Q). The vertical
axis indicates the value obtained by subtracting the value of the resonance characteristic
(resonance Q) of the piezoelectric thin-film resonator 15 in the presence of the frequency control
film 51 from the value of the resonance characteristic (resonance Q) of the piezoelectric thin-film
resonator in the absence of the frequency control film 51.  That is, in the vertical axis, a positive

value indicates the amount of deterioration, and a negative value indicates the amount of

improvement. Values in FIG. 5 are obtained in a case where the amount of frequency shift is
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During repetitive reflection of the acoustic waves, frequency conponents
that are not in phase with the total filmthickness in the portion where

t he acoustic waves are devel oped cancel each other. Finally, only the
acoustic waves in which integer nultiples of the halves of the wavel engths
of the acoustic waves coincide with the total filmthickness can exist, and
a resonance phenonenon is caused. [0043]1n the presence of the frequency
control filmin which patterns are forned, there is a difference in the
total thickness between a portion with patterns and another portion w thout
patterns. Thus, the resonance phenonenon takes place in two portions that
are a portion with patterns and another portion wthout patterns. In a case
where a filter is manufactured by using a resonator with two resonance

char act edppfoixingely [ESBRANTIR: thicknesd dTCl@ fiugBenoy cdnrel filwids Irie3HMANTEIn FIG. 5),
characteristics (resonance Q functions as a spurious conponent, it is
necessar 350 tno (12 inF1G ) amhl 23 nan@ 3 e Blonsin c Eheapuacy eontsil fibn § ¥ sfamedde Q) .
Further, since two resonance characteristics (resonance ) take place, the
r esonanctie ofper dedtrodé 4% withif the soneancear€  Ths Eédquenhytcentrad fibih 85 has@anierant i onal | y,
it was considered that the acoustic waves do not recogni ze the patterns
when a phattpestridpintaglonek waliéislandppttemely andarasoptanfticlapplied tahdecsormabd er than the
wavel engt h of the acoustic vaves excited in the piezoelectric film

However , portfpa bytkesiglmd nafigrant oMeighbien dnibyea’tihde progduct ﬁéthf— mawrlpli deptitydbes not
have an influence on the characteristics _but the weight of the portion with
a pat t erthe Fequengyicpntegl ln fband itsteknessy et Blustratesding I%étth? H‘é(?nti)rﬁ f%t‘“é 84%%e where
the weight of the portion with a pattern { unit area sufficiently

smal |, Sb&in %\H’éﬁwéerF F‘leﬁr‘{eﬁ?éﬁ?fﬁbe fxeqyency .g?lﬁro;)g m QP%‘:‘H“ ojnig Pﬁ&u Bp¥resél ect rode,

t he acou i C excited in the Z i1 mdo recogni ze a

bor t 1 on T (2 Bociie BRpe A RIE G b 91 RO R SESTET Ry SR [est e ve ght
per unit_ area.is re nted as the product of the density of the material
of the ﬁ*@aﬂgﬁ@yogsﬁ?PSﬁ‘filn1and the thickness thereof. [0044]FIG 7 is a

char act %Pb‘ﬁ%.tln 5 lqkia&{ H‘c%te% tﬁe?aﬁ‘%%f X‘éﬁe@[o a[t1I ofthe gesgr?a J:e chglagtgrigtlg ?re%olﬂgn f.requency

control 1 1n ori zon axl s eno €s erio I on of t he

resonancs) GRALAGHR éoﬁf)ﬁlr% c()éﬁ ﬁtnecé?sog%te@uﬂh ?ﬁ%eanmﬁt'o%%%nt rfﬁﬁiffm‘l%g tes the

wei ght p&r unit area Ss of the frequency c I'mb51 made
of Si 02 Ji3re3Rl wtu?ht%@tl@'ﬂeéa- éy&d?ltrﬁllfﬁmp%) umaﬂéat@@rss Ml UBRs bB iffafsaphere the

frequency contro I's” made of and is 25 nmthick (TI2), 50 nm

thick (Td®) o@@Qn&g‘f%nmptﬂel%ﬁkar(czéﬁa)rac%’h@tlm&g)ﬂa%% ?i A4k 66thé béupshg ated in FIG

7, the resonance characteristic (resonance Q the case where Si02 is
formed tQeffigiém k2 absokinfed With kieesHumiof BOqueRty(shiilih acuiRsiRRY thakightoPiaci des wi th
the resonance characteristic (resonance Q of the case where Ti is forned
to have faqtdicg ksh@sfilaf pe? bnitdred i¥0.12 p/m Thai the Gase bt FIGAOA Ibethakensdnbide even when
there is a difference in material or thickness between the frequency
control chirketeishd (redoyance ) agl the eoupbingdve ficeht kohdeseiofatd asshep@rountift ar ea equal
to each other, deterioration of the characteristics caused by the frequency
shift cdreqxacysihpi messed. whEhias inghosese ofFAG. GBn deterdmrationed theaésondnee f r equency
control filmb51 is not inportant but the resonance frequency of the

r esonat chargdgrisbe (redondnce ) wnd thetof therepupliog eedtideient kd wersfnot ¢hsenvedsonance
characteristic (resonance Q by selecting the product of the density and

t hi ckned€04di t hemeehanigwred the@inapdlentrie thinrfilBresppatpihiatacqordanggevighthe présentini t  ar ea
is equal to a weight that does not affect the acoustic waves excited by the
pi ezoel éedas¢ribedi | m 44. [ 0046] Al t hough t he patterns of the frequency control
filmb51 are island patterns (convex form in the enbodi nent, the patterns
may be Hef4] patC@FRLY (tsma Xolkaee tﬁaﬁthdfbe‘t‘*f?én the uapes slepteqdg gnd the lower

electrode of the piezoelectric thin-film resonator, an electric field is developed in the membrane

portion 46 in which the upper electrode and the lower electrode face each other in its thickness

15



realize an arbitrary weight per unit area. [0047]FIG 8 is a graph show ng a
rel ati onship between the occupancy ratio of the frequency control filmb51
and the resonance characteristic (resonance Q. As illustrated in FIG 8, in
a case where the frequency control filmb51 with the island patterns, the
occupancy ratio of the frequency control filmb51 to the nenbrane portion 46
is equal to or lower than 40% Also, in a case where the frequency contro
film51l with the hole patterns, the occupancy ratio of the frequency
control film51 to the nmenbrane portion 46 is preferably equal to or higher
than 60% The island patterns having an occupancy ratio of not greater than
40% and the hold patterns having an occupancy ratio of not |ess than 60%
have an approxi mately equal weight for unit area. [0048] Al so, the patterns
of the f{iRERANMA U aLbctid filth &barlB¥nd\@WBacks. I GHibtAdr v rddl the béduptid wales shapes.
The patterns of the frequency control film51 may have a shape including a
curve. Bye ;Sr@%a{ghﬂa& intthethfckRQsBRLNorCsMid @dondrick Bich b the piBoeREtrit lfidm.  Since
above-descri bed shapes, it is easy to precisely formthe desired patterns
at the tthé@ppef pdriddnBf G uppe eleatdde afidthe &uvatr partibrsofplisieivix edectrodenaraut el y shi ft

t he resonance frequency of the resonator to the desired frequency.

[ 0049] ( BExvhedhrieewith Bkuum (or gas),Nieex kdgeaefitesar ofplid aoousiis wgves éakes pleceEnbodi ment 2,
of a | adder type filter configured to connect piezoelectric thin-film

r esonat ddwingmeptiliadefictidroofithasdcodskie watrsyfesqiensy rorhpadenssitheatdirereeitin @S0 FI G 9
is acircuit diagramof a |adder type filter in accordance with the

enbodi nmewith thdtegal [fikng thigknesy prethé prtierr whese g a¢qupicavanes #ie flgvielppergansdeacdet ri ¢
thin-filmresonators Si - S5 connected in series arnms, and_second

pi ezoel exheri cFindhlyrpny thecoustie nvesria which intexgr puliples plidhe halves s Biel el ar ns.
Assum ng that the resonance frequency SI is denqted as Fsl, Sach of the

r esonat oravelengths aftherpsaustiewayes genefcYitk Ba {4t film thigkness capeXifiAnd@he resonance

frequency of the second resonator S2 is fsi,
resonance phenomenon is caused.

[0043] In the presence of the frequency control film in which patterns are formed, there is a
difference in the total thickness between a portion with patterns and another portion without
patterns. Thus, the resonance phenomenon takes place in two portions that are a portion with
patterns and another portion without patterns. In a case where a filter is manufactured by using
a resonator with two resonance characteristics (resonance Q), since one of the two resonance
characteristics (resonance Q) functions as a spurious component, it is necessary to limit to only
one resonance characteristic (resonance Q). Further, since two resonance characteristics
(resonance q) take place, the resonance characteristic (resonance Q) itself deteriorates.
Conventionally, it was considered that the acoustic waves do not recognize the patterns when a
pattern pitch of the frequency control film is made smaller than the wavelength of the acoustic
waves excited in the piezoelectric film. However, the present inventors found out that the
pattern pitch does not have an influence on the characteristics but the weight of the portion with
a pattern per unit area does. The inventors found out that in a case where the weight of the

portion with a pattern per unit area is sufficiently small, even when a film having a pattern is
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and the resonance frequencies of the resonators S3, 54 and S5 are fsi- 7
MHz. [OO51]FIG 10 illustrates pass characteristics of |adder type filters
respectively configured so that the weight of the frequency control filmb51
per unit area is 0.56 g/nR2 (conparative exanple) and is 0.11 g/n®

(Enbodi mrent 2).1n the case where the weight of the frequency control film
51 per unit area is 0.56 g/nR2, the resonance characteristic (resonance Q
of each piezoelectric thin-filmresonator included in the | adder type
filter deteriorates when the resonance frequencies of the resonators are
shifted. In contrast, in the case where the weight of the frequency control
filmb51 of Enbodinent 2 is 0.11 g/nR2, the resonance frequencies of the

pi ezoel ectric thin-filmresonators included in the | adder type filter can

be shi f tfﬁ&egoh Buihpdectificahl AbAkL Ay Blextihe if @8 pRARRE T FMA AGkor | ST o5
(0]

(resonance e resonators. [0052][2. Structure of comunication

modul e] ecoonize a pdrfonlvbitd 4 hduSinraAd ERURPpSUSTWItuYang Pamiami CReivaighipetung havi ng
t he plezoeFectrlc thin-filmresonators of the enbodinment. As illustrated in

FIG 11, a?eaqyﬁkﬁ?&%fed B2thk SroaGitiopie dendity bF the MaEENbT the frtqueh@rcof@a famdnd
transm ssion Tilter 62b. To the reception filter 62a, connected are, for

exanpl e ihd @Rdss BBreber m nal s 63a and 63b for bal ance output. The

transm ssion filter 62b is coupled to a transm ssion termnal 65 via a
power arpd44fi erFI647 is Blokarsceeiayd diagrarh bf 4 ease GRae e Sidhgs pied fadheltquensy
thin-filmresonators of the enbodi nent. [0053]In reception operation, the

r ecept i @pntidl filre 51 GRwhipaths berizonthlaxssi dgnetessietenioratiof efdhe resangse sbgragsetistic out  of
reception signals input via an antenna term nal 61, and outputs the signals
to the qussiade Q)aadthedorizoabaiiodenpies the waight BBunibaen- 6 Jhe thigkness 9htgi ssi on
operation, the transmssion filter 62b passes, only sign s in a given

f r equendieqbemylcaniol Bifm §1rmass of Sk dpeste gAaMSTabIFEd)vi Birger Yalyrs i €8§son

term nal 65 and anplified by a power anplifier 64 ut put signal s
to the ovhes thefrgqusnayicanteph film AhismadgphHjang s 25 "ffﬁgﬁhf@ir}géﬁ nrﬁtﬁw%ﬁt%el ectric
thin-filmresonataors of the enbodi nent are used in the comrunication

modul e, anfd2THRtRick dAPi%PIAEdul e has excel | ent pass characteristics. It is

al so posgible to hSdues t AR TR aRYL G RERAE G0l ke b)'Sr EOTIHBRGS! | On
Si0, is formed to have a film thickness of 50 nm (T11) substantially coincides with the
resonance characteristic (resonance Q) of the case where Ti is formed to have a thickness of 25
nm (T12). That s, it can be seen that even when there is a difference in méterial or thickness
between the frequency control films 51, by making the weights of these films per unit area equal
to each other, deterioration of the characteristics caused by the frequency shift can be suppressed.
This shows that the thickness of the frequency control film 51 is not important but the resonance
frequency of the resonator can be shifted without any deterioration of the resonance
characteristic (resonance Q) by selecting the product of the density and thickness of the
frequency control film 51 so that the weight per unit area is equal to a weight that does not affect
the acoustic waves excited by the piezoelectric film 44.

[0046] Although the patterns of the frequency control film 51 are island patterns (convex

form) in the embodiment, the patterns may be hole patterns (concave form) if the hole patterns
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[ 0055] The conmuni cation nmodule illustrated in FIG 11 is just an exanple,
and ot her types of communication nodules in which the filters of the

enbodi ment are installed have simlar effects. [0056][3. Structure of
conmruni cati on devi ce] FIG 12 illustrates an RF block of a portable

t el ephone term nal as an exenplary comuni cation device equi pped wth the
pi ezoel ectric thin-filmresonators of the enbodi nent or the above-nenti oned
conmuni cati on nodul e. The communication device illustrated in FIG 12 has a
structure of a portable telephone termnal that conformto a GSM (@ obal
System for Mobil e Conmuni cati ons) system and a WCDVA (W deband Code
Division Miultiple Access) system The GSM system of the enbodi nent handl es
the 850 MHz band, 950 MHz band, 1.8 GHz band and 1.9 GHz band. Although the
por t abl eedligd @pdiitgry hRight fealinit Se£qui pped with a m crophone, a speaker, a
liquid crystal display and so on besides the structure illustrated in FIG
12, t heg@0491 r uIGra&is a graph stoivingivelati@chip betivaen Heseupdgaty atio of the he pr esent
invention and a description thereof is omtted. Reception filters 73a and
77 - 80 fregwancy dvatrpl fdmdd |aed the irgsondncanchhiabtanistie §estatiare Q) of A Hlesteadsiaol Fi@nt .
[0057] I n association with a reception signal input via an antenna 71, an
LSl to Beingpescarher: the frepkmytcentrobfilnanl with thendandwetterhs, theocwipancy 2atioroft he basi s
of whether the comruni cation system of the reception signal is WCDVA or
GSM  Whéle fraquenicy pentro} @loedit to e medngane peian 46 issqual tq ¢rdower ARRIKO0%y s idse,
switching is nade to output the reception signal to a duplexer 73. The
recept i dh2 sasgihsre thedisauansy eomioldfilm) 5d weth theshqlespatierps tthgoccwpapeyeratig ofdhe f r equency
band by a reception. filter 73a, and bal anced receptjon signals are output

to LNA Feauepgeconil fitm 54 ipfie megbrang portiohift 1s Pesdashly evaldp ghbiphier 198 686Gt put s t he
anplifi signal to LSl 76. The LSl 76 executes a denodyl afion process to
D bdud e M Bis RS oo A RGBT b DeEA i Pol BamE A

controls t.he operations g rts of the portable tel ephone termnal.

{00587 1 ReUPEHERSiR AT Sinh Fro H0d o5 B ik Epirbut” SRR SR LR s gna
The tragﬁpission signal generated is anplified by a power anplifier 75 and
i's I nput f0 a transnission filter 73b. The transnission filter 73b passes

only si %@Eg | Mg HeRerhd mﬂﬁlﬁ%}{e&?gﬁtﬁpﬁmﬁ L xhgﬁl{awa%la%ﬁpéf&tlﬁ?f[ on

signal s transm ssion signal® ou rom ransm ssion er 73b is

OUtPUL SRarbl® TALDAIAR of 1AM RRADL RN 5} iy datd PRl ROMMSNEIED g CUl L
72. [ 0059 When the 1 nput reception signal 1S a signal that” confor to the
GSM sy s te&Hing th@frequency control film into any of the above-described shapes, it is easy to precisely

form the desired patterns at the time of forming the patterns, and it is possible to minutely shift

the resonance frequency of the resonator to the desired frequency.

[0049] (Embodiment 2)

Next, a description is given, as Embodiment 2, of a ladder type filter configured to

connect piezoelectric thin-film resonators in a ladder form of the above-described embodiment

[0050] FIG. 9 is a circuit diagram of a ladder type filter in accordance with the embodiment.

The ladder type filter is equipped with first piezoelectric thin-film resonators S1 ~ S5 connected

in series arms, and second piezoelectric thin-film resonators P1 ~ P3 connected in parallel arms.

Assuming that the resonance frequency S1 is denoted as Fs;, each of the resonators S1 ~ S5 has

the frequency control film 51 so that the resonance frequency of the second resonator S2 is fg,
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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 limted
band by any one of the reception filters 77 - 80 is input to an LSI 83. The
LSI 83 executes a denodul ation process to reproduce the speech signal based
on the input reception signal and controls the operations of parts of the
portabl e tel ephone termnal. Wen a signal is to be transmtted, the LSI 83
generates a transm ssion signal. The transm ssion signal generated is
anplified by a power anplifier 81 or 82, and is output to the outside from
the antenna 71 via the antenna switch circuit 72. [0060]It is possible to
realize a comuni cati on device having an excell ent pass characteristic by

i nst al | i 08 teR&oRineZ R&IuESids bEtht Rishiratdrd $9, S8 &RISH ¢ &, O MHE conmmuni cati on
nmodul e in accordance with the enbodiment. Further, it is possible to reduce

the manubh@nt uri o, Wingeass pRE cHahRcAaiunadia: iypafiteyiegect@Babhifneed so
comuni cation device illustrated in FIG 12 is just an exanple, and other

types  Ghat @RrWah: 68the BajuaiRyiceRf] filin Shpet hnit frea PI0SH@éhBcompatativiiexenipild) m
resonators of the enbodi nent are installed have simlar effects. [0062][4.
Ef f ect s saf issoniiagnh@ntbsdimend®r s]in the case wharainr wi¢ighy of the fiisqueaeshendirobdiins, si nce
the cavity 42 is formed into a donme shape protruding towards the conposite
films, tHereudisarads héegnt chetesimatdeehzatsistiafreotance Qpofidagh piedoelegrioduct i vity
can be inproved. Further, since the substrate 41 is not etched, it is
possi bl ehindilpresprater igkduded indhataiden tyot fittpraleietiemgn vben the fesenapgaregpencise
substrate 41. Furthernore, it is fine to define a small area in whjch the
cavity 4f thegesopators dre shified griaeonsiastciashesaservaherq the weight of thsdteaysngy s4éel by
formng the nenbrane portion 46 in which the upper electrode 45_and the

| oner el fdmty e Embadipgrte 1%%:(]:11%/8’? B¢ re?‘ﬁ‘?‘%feéﬁq‘éﬂ“F‘Fg%fréheo‘?‘eZQe]ﬁﬁf‘f/G‘H}iﬁﬁbr med by
non-paral | el sides, the ran ortion. 46 does not have. sides parallel to
each ot Hesonaters incded inhe laddsy gps g“&é@‘b@ Sthg?egé"’d'g%‘& a ‘tjett?%)rag'ﬁ{‘ 8Et%8dges of the
el ectrodes can be prevented fr isting in the resonance portion as

hor i zont &IOnICe FRAFTIFTISRES §$mPFeg§°Fﬁﬁ§”$8%§?ble to suppress the occurrence

of rippl [8(?52i] n tﬁ?StPu%?u%e %Qrglinunication module]

FIG. 11 illustrates an exemplary communication module having the piezoelectric
thin-film resonators of the embodiment. ~ As illustrated in FIG. 11, 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.

[0053] In reception operation, the reception filter 62a passes only signals in a given
frequency band out of reception signals input via an antenna terminal 61, and outputs the signals
to the outside via the reception terminals 63a and 63b. In transmission operation, the
transmission filter 62b passes only signals in a given frequency band out of transmission signals
applied via a transmission terminal 65 and amplified by a power amplifier 64, and outputs the

signals to the outside via the antenna terminal 61.
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[ 0064] Further, an area of the cavity projected onto the substrate surface

i ncludes the area in which the upper electrode and the | ower el ectrode face
each other, so that the resonance characteristic (resonance Q of the

pi ezoel ectric thin-filmresonator can be inproved and excel |l ent performance
can be realized. [0065]Instead of the above-described manufacturing
process, anther manufacturing process may be used to manufacture the

pi ezoel ectric thin-filmresonators of Enbodinent 1 or the filter of

Enbodi ment 2. For exanple, after the bunp pad formng step is conpleted

wi thout formng the sacrificed |ayer 49, on the back surface of the
substrate 41, forned is a resist pattern having an opening so as to include
t he nenbrane portion 46 in which the upper electrode 45 and the | ower

el ectrodeo#3 f agigceaRCHeREBE e theKim refdnatstdttheRAbbdimuktfaatRedin thhie substrate
41, dry etching is carried out to make the side wall approximately verti cal
to the sushstuhRb®onshdduRCHBe baflainitdion aomde hisRRedlIbRtpagichdthdd@istits h [1SF8is@nd
formng of a side wall protection filmwith CAF8 are alternately executed
repet it iposdile tosredich dfe nianefagtaningd procdss fodthe benthwiicadoh edudey t he nenbr ane
portion 46 in which the upper electrode 45 and the | ower el ectrode 43 face
each ot He035]1t Tis dohusnjpaiminbddeletibustratadiindd Gl és jubtan pxamde hed otheraygesi n-fi |l m
resonator, and a filter configured to connect nultiple piezoelectric

t hi n-f i laficoremomiedtion suotidgein wéuich tha)fles] ofltherambyhintehteard metdded haypsimilad ter i s
described as an exanple in the enbodinents, the filter may be a lattice
type of effette.er configured to connect nultiple resonators in a lattice form
[0067] The first piezoelectric thin-filmresonator (series resonator) in the
enbodi ndA®S]i s Bn Stuskse ef commupisatipgid§vicdsonat or of the invention. The
second piezoelectric thin-filmresonator (parallel resonator) in the

enbodi ment s i §1G 13 ilystraies gn BE Hlock pf # pstaplsyeepbppiermipal aS 3 emBRE 41 in the

ol o0t OB AL BB RPREMILE e G B BORECT BLSF PTG of t he
upper . elBEPUTEBRTEH PR 1BF eTBRRUER PR goveq RS ARG 1"
o T ok BRI RSB SFLA LA P S o, T

nt's 1's an exanp e mass addition

MAss ac _ __ L _ _ h > addi
o e U Bl [RERERHN AR nd ELD SR ERBRL TEnL < 12
portion séﬁeﬂn.n f&%m@g@%{@gﬂﬁmd nEXAERE fie 850 RIH-AARNIBE LB vaRd, g t he

inventio The cavity 4 e enbodi nents is an exanple of a cavity of

the i nvegr Qidd -hPECGITEERE AT RAEhJubR e FhRMbITEBRbFone tARinhIOk ERNPRIwIth g are

additionally discl osed.
microphone, a speaker, a liquid crystal display and so on besides the structure illustrated in FIG.

12, 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
of the embodiment.

[0057] 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
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[0069] (Item 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

the sub resonator having a mass addition filmon the upper electrode in a
resonance area in which the upper electrode and the | ower el ectrode face

each other, at |l east one of the main resonator and the sub resonator
being provided with a frequency control filmon an upper side of the
resonance area, and the frequency control film having a wei ght per
unit area smaller than a weight of the mass addition filmper unit area.
[0070] (Item 2) The acoustic wave device according to Item 1, wherein
the wei gate, %a Empoaiarh@éaquaﬁt}’on(‘s%‘ﬂ&lﬁ e ofiiplito LSIASAUAITKE ONAY4 8RBlifidthd han 0 2
g/n2. [0071] (It acoustic wave device according to Item1 or

Item 2, mﬁﬁ&&hﬁhoﬂ s&hﬁpﬁld%ﬁ htla%efah@qmmghapt@mlsr 94, fTihk D8I B exBiitdlaand pattern
havi ng a convex shape. [00?2]( Item 4)
demodulation process to reproduce the speech 51gnal based on the input reception signal and
controls the operations of parts of the portable telephone terminal.
[0058] 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.
[0059] 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
outside from the antenna 71 via the antenna switch circuit 72.
[0060] 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

[0061] The communication device illustrated in FIG. 12 is just an example, and other types
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The acoustic wave device according to Item1 or Item2, wherein a shape of
the frequency control filmis a hole pattern having a concave shape.

[0073] (I tem 5) The acoustic wave device according to Item1 or Item
2, wherein the acoustic wave device has a resonator having a frequency
control filmhaving an island pattern of a convex shape, and a resonator
havi ng a frequency control filmhaving a hole pattern of a concave shape.

[0074] (1 tem 6) The acoustic wave device according to Item 1 or Item
2, wherein a shape of the frequency control filmhas a height corresponding
to a thickness of the frequency control film [0075](Item 7) The
acousti c wave device according to any one of Iteml - Item 6, wherein

patterns formed by the frequency control filmare forned in a dispersed

formin Otflegmll;‘l&%%l@ﬁ]gg\ﬂég ﬁlaWhILl’thg Eil:ﬁdefe@tﬁb &in-film resonafoRCofABATodEnanBMe devi ce
according to any one of Item1l Item 7, wherein patterns fornmed by the
f r equengyyaRALER!sidilk Birkdve a circle or ellipse. [0077](Item 9)

[0062] [4. Effects of embodiments, others]

According to the embodiments, since the cavity 42 is formed into a dome shape
protruding towards the composite films, there is no need to etch the substrate 41, so that the
productivity can be improved. Further, since the substrate 41 is not etched, it is possible to
prevent deterioration of the mechanical strength of the substrate 41. Furthermore, it is fine to
define a small area in which the cavity 42 is formed, integration can be facilitated.

[0063] Further, by forming the membrane portion 46 in which the upper electrode 45 and
the lower electrode 43 face each other into an ellipse or a polygon formed by 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.

[0064] 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 (resonance Q) of the piezoelectric thin-film resonator can be improved and
excellent performance can be realized.

[0065] Instead of the above-described manufacturing process, anther manufacturing process
may be used to manufacture the piezoelectric thin-film resonators of Embodiment 1 or the filter
of Embodiment 2.  For example, after the bump pad forming step is completed without forming
the sacrificed layer 49, on the back surface of the substrate 41, formed is a resist pattern having

an opening so as to include the membrane portion 46 in which the upper electrode 45 and the
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The acoustic wave device according to any one of Iteml - Item8, wherein
patterns formed by the frequency adjustnent filmhave a shape including a

curve. [0078] (Item 10) The acoustic wave devi ce according to any one
of Items 1 - Item9, wherein the frequency control filmand the upper

el ectrode have different materials. [0079] (Item 11) The acoustic
wave device according to any one of Item1l - Item 10, wherein the frequency
control filmand the upper electrode have a conbination of materials having
an etching selectivity. [0080](Item 12) The acoustic wave device
according to any one of Item1l - Item 11, wherein the resonance area has an
elliptical shape. [0081] (Item 13) The acoustic wave devi ce according to any
one of Iteml| - Item 11, wherein the resonance area has a pol ygon conposed

of Ii nesiuRateiRabRlBAceh@Beh NAEFom the back surface of the substrate 41, dry etching
is carried out to make the side wall approximately vertical to the substrate surface under the
condition that etching with SFs and forming of a side wall protection film with CsFg are
alternately executed repetitively, so that the cavity 42 can be formed below the membrane
portion 46 in which the upper electrode 45 and the lower electrode 43 face each other. It is thus
possible to manufacture the piezoelectric thin-film resonator, and a filter configured to connect
multiple piezoelectric thin-film resonators together.
[0066] Although the ladder type filter is described as an example in the embodiments, the
filter may be a lattice type of filter configured to connect multiple resonators in a lattice form.
[0067] 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
the embodiments is an example of the upper electrode of the invention. The piezoelectric film
44 in the embodiments is an example of the piezoelectric film of the invention. The mass
addition film 50 in the embodiments is an example of the mass addition film of the invention.
The frequency control film 51 in the embodiments is an embodiment 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.

[0068] Regarding the embodiments, the following Items are additionally disclosed.

[0069] (Item 1)
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[0082] (Item 14) The acoustic wave device according to any one of
Iltem1l - Item 13, wherein there is fornmed a cavity having a done-shaped
swel ling between a | ower portion of the | ower electrode that overlaps at

| east the resonance area and the substrate, a contour of the cavity has a
cl osed shape forned by a curve. [0083](lItem 15) The acoustic wave
devi ce according to any one of Item1 - Item 14,wherein an area fornmed by
proj ecting the resonance area onto the substrate is included in an area
formed by projecting the cavity onto the substrate. [0084] (Item 16)

The acoustic wave device according to any one of Item1l - Item 13, wherein
the substrate has a cavity in an area that overl aps the resonance area.

[ 0085] (Item 17) The acoustic wave device, wherein the main resonator

and the sub r aaQRALQY wik %e\ﬁ%%hﬁﬁig 4 Maid rdsasl@@and ¥ B rédondtot é@kch h&angtay pe.
[0086] (Item 18) | ter having the acoustic wave device as
descri b%‘ﬂbétﬁte@@héw@lr@ecﬁﬁde] ﬂr@x‘ﬂieﬁ on thd B3trhik, a piezoelectric film provided on the lower
electrode, and an upper electrode provided on an upper side of the piezoelectric film,
the sub resonator having a mass addition film on the upper electrode in a resonance area
in which the upper electrode and the lower electrode face each other,
at least one of the main resonator and the sub resonator being provided with a frequency
control film on an upper side of the resonance area, and
the frequency control film having a weight per unit area smaller than a weight of the
mass addition film per unit area.
[0070] (Item 2)
The acoustic wave device according to Item 1, wherein the weight of the frequency
control film is equal to or smaller than 0.2 g/m’.
[0071] (Item 3)
The acoustic wave device according to Item 1 or Item 2, wherein a shape of the
frequency control film is an island pattern having a convex shape.
[0072] (Item 4)
The acoustic wave device according to Item 1 or Item 2, wherein a shape of the
frequency control film is a hole pattern having a concave shape.
[0073] (Item 5)
The acoustic wave device according to Item 1 or Item 2, wherein the acoustic wave
device has a resonator having a frequency control film having an island pattern of a convex

shape, and a resonator having a frequency control film having a hole pattern of a concave shape.

[0074] (Item 6)
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[0087] (Item 19) A dupl exer having the acoustic wave device as described in

any one of Iteml1l - Item17. [0088](lItem 20) A communi cati on nodul e havi ng
t he acoustic wave device as described in any one of Item1l - Item 17, the
filter described in Item 18, or the duplexer as described in Item 19.

[0089] (Item 21) A communi cati on devi ce having the acoustic wave
devi ce as described in any one of Item1 - Item 17, the filter described in

Item 18, the dupl exer as described in Item 19, or the communi cation nodul e
as described in Item 20. | NDUSTRI AL APPLI CABI LI TY [ 0090] The present
application is useful to the acoustic wave devices, filters, conmmunication

The acoustic wave device according to Item 1 or Item 2, wherein a shape of the
frequency control film has a height corresponding to a thickness of the frequency control film.
[0075] (Item 7)

The acoustic wave device according to any one of Item 1 ~ Item 6, wherein patterns
formed by the frequency control film are formed in a dispersed form in the resonance area.
[0076] (Item 8)

The acoustic wave device according to any one of Item 1 ~ Item 7, wherein patterns
formed by the frequency control film have a circle or ellipse.

[0077] (Item 9)

The acoustic wave device according to any one of Item 1 ~ Item 8, wherein patterns
formed by the frequency adjustment film have a shape including a curve.
[0078] (Item 10)

The acoustic wave device according to any one of Items 1 ~ Item 9, wherein the
frequency control film and the upper electrode have different materials.
[0079] (Item 11)

The acoustic wave device according to any one of Item 1 ~ Item 10, wherein the
frequency control film and the upper electrode have a combination of materials having an
etching selectivity.

[0080] (Item 12)

The acoustic wave device according to any one of Item 1 ~ Item 11, wherein the
resonance area has an elliptical shape.
[0081] (Item 13)

The acoustic wave device according to any one of Item 1 ~ Item 11, wherein the
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nmodul es and conmuni cati on devi ces. DESCRI PTI ON OF REFERENCE NUMERALS [ 0091]
41substrate 42cavity 43l ower el ectrode 44piezoel ectric fil m 45upper

el ectrode 46nenbrane portion 47etching medi umintroducti on aperture
48sacrificed | ayer etching medi umintroduction path 49sacrificed | ayer

resonance area has a polygon composed of lines not parallel to each other.
[0082] (Item 14)

The acoustic wave device according to any one of Item 1 ~ Item 13, wherein there is
formed a cavity having a dome-shaped swelling between a lower portion of the lower electrode
that overlaps at least the resonance area and the substrate,

a contour of the cavity has a closed shape formed by a curve.

[0083] (Item 15)

The acoustic wave device according to any one of Item 1 ~ Item 14,wherein an area
formed by projecting the resonance area onto the substrate is included in an area formed by
projecting the cavity onto the substrate.

[0084] (Item 16)

The acoustic wave device according to any one of Item 1 ~ Item 13, wherein the
substrate has a cavity in an area that overlaps the resonance area.
[0085] (Item 17)

The acoustic wave device, wherein the main resonator and the sub resonator are
connected in a ladder type or a lattice type.
[0086] (Item 18)

A filter having the acoustic wave device as described in any one of Item 1 ~ Item 17.
[0087] (Item 19)

A duplexer having the acoustic wave device as described in any one of Item 1 ~ Item
17.

[0088] (Item 20)

A communication module having the acoustic wave device as described in any one of
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50mass addition film 51frequency control film 52frequency adjustnent film
CLAI M5 What is clained is: 1. An acoustic wave device conprising a
mai n 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
pi ezoel ectric film the sub resonator having a mass addition filmon
t he upper electrode in a resonance area in which the upper el ectrode and
the | ower el ectrode face each other, at | east one of the main
resonator and the sub resonator being provided with a frequency control
filmon an upper side of the resonance area, and the frequency
control filmhaving a weight per unit area smaller than a wei ght of the

mass  addid, P Itfaxhllmtﬂceﬁltér'@ést:rll?erd%?hem 18, or the d@plexeh 8 @SQISd indtenple devi ce
according to claim1, wherein the weight of the frequency control filmis

equal tqog@]anmgﬁquhan 0.2 g/ n2.
A communication device having the acoustic wave device as described in any one of
Item 1 ~ Item 17, the filter described in Item 18, the duplexer as described in Item 19, or the
communication module as described in Item 20.
INDUSTRIAL APPLICABILITY
[0090] The present application is useful to the acoustic wave devices, filters, communication
modules and communication devices.

DESCRIPTION OF REFERENCE NUMERALS

[0091] 41 substrate

42 cavity

43 lower electrode

44 piezoelectric film

45 upper electrode

46 membrane portion

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
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3. The acoustic wave device according to claiml or 2, wherein the
frequency control filmhas patterns of a convex or concave shape, and the
patterns are forned in a dispersed formin the resonance area. 4,
The acoustic wave device according to any of claims | to 3, wherein the
frequency adjustnment filmhas a circular or elliptical shape.

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,

the sub resonator having a mass addition film on the upper electrode in a resonance area
in which the upper electrode and the lower electrode face each other,

at least one of the main resonator and the sub resonator being provided with a frequency
control film on an upper side of the resonance area, and

the frequency control film having a weight per unit area smaller than a weight of the

mass addition film per unit area.

2. The acoustic wave device according to claim 1, wherein the weight of the

frequency control film is equal to or smaller than 0.2 g/m2.
3. The acoustic wave device according to claim 1 or 2, wherein the frequency control
film has patterns of a convex or concave shape, and the patterns are formed in a dispersed form

in the resonance area.

4. The acoustic wave device according to any of claims 1 to 3, wherein the frequency

adjustment film has a circular or elliptical shape.
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