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 capaBcegiohTidownsi zi ng and nonolithic form ng.
[ 0003] The piezoelectric thin-filmresonators have an FBAR (Fi | m Bul k
Acoustic Resonator) type and HTLSMR TEEOINVHNTIOBUNt ed Resonator) type. The
former has an upper el ectrode/ piezoelectric filnm|lower el ectrode structure
on a substrate as a main strugCOUSTIGWANEMEVIERd 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 ectrodBields 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 fo 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 Eowér
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 eavitpagbdousicraflectiorhfilal fommedwa dRerhaivbin gtatihgh flishih g @maihasoustic t he

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

r esonancnpetanomerndiim havings iedcousti¢ onpedarce tot ethickiosnefd/ D icthianecdléngth a
plurality of resonators together) having a desired frequency characteristic
i s obt ai ofgbe acdp@WO5pFOr exanple, in the piezoelectric thin-filmresonator of
FBAR type, resonance takes place at frequencies (H = nX/2) at which the
total fil0aP4lhi chessradiodfequéney signal islapglied detwsen the tppeparddowerglachedesaf n
structural elenment of the upper electrode film piezoelectric filnlower

el ect r odie pierqpleriic fuer lifp sryenatan as aneplqctrie sigval; #nt acgastic pghe is graied pithinithees)  of

1/2 of the wavelength X of the acoustic wave. Assumng that Vis the

pr opagat Pigaeclseiris it sandyichededbelrest be uppsrardloner sleripdas gus dheiavasd al of t he

pi ezoel ectric fil the resaonance frequency F i s expressed as F = nV/(2H).
Thus, t WEePPEETHA ST f r@maﬁ%@mﬁﬂ%%ua%%a ACOTHE S EAWCHSEIAR 3 hi ckness H
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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 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 oladddi @l filked iR SARAREEnAIrSaHY QoM QSd @ARerRes GAITNPArafEINS b [AL& fotat ent
Docunent 2 discloses a nethod of adjustment by patterning a mass addition

filmon @he BidetypodReref widely as@natake infRRidnRosARTd BOMMENLSR fdpdieiNionleX UVENTS
[ 0009] Pat ent Document 1: Japanese Patent Application Publication No.
2002- 335heldasiRaliandlicd DositpRrhanging e duaderSifatags oPdicéankierNorm fdahe’, 363
DI SCLOSURE OF THE | NVENTI ON PROBLEM TO BE SOLVED BY THE | NVENTI ON
[ 0010] Therpagustratn afdercobestvcarraigsd inosach and p#aliekrand Dedesigrgrodediass a pr obl em
that 1 hesimple. There is a lattice type filter having a similar desigh 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 2 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 (hereinafier; 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 [0000]3] ATHE £0L6% Wale 8dvideliRcRERSR Phted PR UEEE 1 @4k 4 FoRBmaGOUst i ¢ wave
device conprising a nmain resonator and a sub resonator each having a

subst r at sanidadn@ing proets G doppicaisdamt dRdoanf ddieeSLgh bahee the niiseddagloact ri c
filmprovided on the | ower el ectrode, and an upper el ectrode provided on an
upper si filmsdfavinh difforeeztbiekregdcs he fdrimetdby tdgingwbt 4 flvogravimp ph@wisng a mass
addition filmon the upper electrode in a resonance area in which the upper
el ect r odphoealithagteehy paesss midew ercbile pfoaess meidtiphe tondser , at | east one of the main
resonator and the sub resonator being provided with a frequency control
filmon ER1Uppensdiedecustic wine devisodistiesed irRatent Remymeniel, iy egpeenbsre sont rol film
having a weight per unit area smaller than a weight of the nmass addition
fi |l m per pati§inls frped byspEdrsner addiion Nvetheerraldoasenses be deavpnexefitre
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-fim 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 wth an Enbodinent 1; FIG 1B is a cross-secti onal
view of a first piezoelectric thin-filmresonator; FIG1Cis a
cross-sectional view of a second piezoelectric thin-filmresonator; FIG 2

is acircuit diagramof a |l adder type filter; FIG3Ais a

cross-sectional view of a manufacturing step of the first piezoelectric

thin-filmresonator; FIG 3B is a cross-sectional view of a

manuf acturing step of the first piezoelectric thin-filmresonator;
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 3Cis a cross-sectional view of a manufacturing step of the first

pi ezoel ectric thin-fil mresonator; FIG 3D is a cross-sectional

vi ew of a manufacturing process of the first piezoelectric thin-film
resonat or; FIG 4A is a cross-sectional view of a manufacturing
process of the second piezoelectric thin-filmresonator; FIG4B is a
cross-sectional view of a manufacturing process of the second piezoelectric
thin-filmresonator; FIG 4Cis a cross-sectional view of a

manuf acturi ng 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; FIG5 is a characteristic
diagramillustrating a relationship between a frequency control filmand a
r esonancgichiaf @cdnetoi;Sti ¢ (resonance Q; FIG 6A is a characteristic

diagramillustrating a relationship between a frequency shift anount and a
resonance charraG.tsds & shatagtefistiRsiugancitiuéaling a relationshipGetvin b frequeatiadoasdleri stic
diagramillustrating a relationship between a frequency shift anount and a
r esonancs8incidraacdoearics thacclerigqreamance@);
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,

6



FIG7 is a characteristic diagramillustrating a relationship between a
frequency control filmand a resonance characteristic (resonance Q;

FIG8 is a characteristic diagramillustrating a rel ationship between an
occupancy ratio of a frequency control filmand a resonance characteristic
(resonance Q; FIG9 is a circuit diagramof a |adder type filter in
accordance with an Enbodinent 2; FIG 10 is a characteristic diagram of
frequency characteristics of the Enbodi nent 2 and a conparative exanpl e;
FIG 11 is a block diagramof a conmunication nodule; and FIG 12 is a bl ock
di agram of communi cati on device. MODES FOR CARRYI NG OQUT THE | NVENTI ON

[ 0016] Enbodi nents [1. Structure of acoustic wave devi ce] The
acoustic wave device disclosed in Japanese Patent Application Publication

No. 2002an33fat 4tk rh-fuRODfingitb@6k it BorfiRishiyd addhd dvet dTRISSicid digh bedauéd then on t he
el ectrode of the resonator in order to realize resonators having different

I esonancgadseditientlng SavidhdiFerehtficitessss de fiadd gneatdial otmSEmageihgon fil nms
are needed to realize resonators having different resonance frequencies,
and t hat probtss, agphetbBthdguaphn gropese asbs dichingnEksscmtldgde tmes.t he cost of device is
hi gh because the mass addition filns having different thicknesses are
f or med bPOtEr r yinmthe aotistia Waivé devipe distiospdpn Dodsisitates kot Wb G433 G6Aphey process
and an etching process nultiple tines.

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 multipie 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 isa plan

view of a piezoelectric thin-film resonator. FIG. 1B is a cross-sectional view taken along a line

A-Ain FIG. 1A, and is a cross-sectional view of a first piezoelectric thin-film resonator. FIG.



[0017] I n 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 fornmed on the el ectrodes of the resonators by a
patterning step in order to realize resonators having different 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 different resonance frequencies can be forned in the
common chi p. However, there is a problemthat in a case where a pattern is
formed by using the nass addition filmof the parallel resonator, the
frequency of the resonator shifts, and the resonance characteristic
(r esonanceisQcréleb@bibii @Sl FERatd plezobidithib@in-filvei@ekoSt at es Pat ent No.
6, 657,363 has only a disclosure regarding the pitches of the patterns of
t he mass[oadali ti BITG, § iddigate ® inEdirant ihhiddInagiiflopiesebtrit fien-figs eratarsof and has
no di scl osure about other required issues for pattern. [0018] Acoustic wave
devi ces it emhlatidéenrentatraggedriraderigraons shdrpgratiel aano uHers; rasanaerdenhegediavi ng an
excel l ent characteristic by shifting the resonance frequency of at | east
one of asepkuvarak preyefafedid eviiel pezbeleari¢ thinafil kesonates dseaitoresonafotsH St Sany
characteristic deterioration. [0019] (Enbodi nent 1) FIGIA - FIG 1C
i |1 ustr atnd regenaisre aqringatsd ipiperathel laesast arg wiertad ko dsispagnd piszaglectoic thiptilmh i s an
exanpl e of the acoustic wave device in accordance with an enbodinent. FIG
| A is a fsbamtors (eaalist resongios Bér-&8tric thin-filmresonator. FIG | Bis a
cross-sectional _view taken algng a line AAAin FIG 1A and is a
cr oss- seldP?dnal The riggoglectde thin-Blm sspangtopilluettateddn Fifisnld - imheea gibsiras 4. FIGc  1C
is a cross-se%%ggnal view of a second piezoelectric thin-filmresonator.
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[ 0020] FI &Y fiel P CA B P FE-APIZPFIETHT ik it GIPeRilfiopt & pressbEmect ri ¢
e meenaars ol L e Srhedent. ghe ALl ANtein RIS SUrR, and
Lt P FSORLERAE! B, d A B ST PL P ial ORREL Yoo P
P 200 SR BRIl R SRERE! o5 RELALLSL 4 FBRALRLAY pRb o921 e
subst r at & dlre 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 (ZnQ), lead zirconate titanate (PZT), lead titanate (PbTiOs) or the like. The



a cavity 42, a lower electrode 43, a piezoelectric film44, an upper

el ectrode 45, a nenbrane portion 46, etching nmediumintroduction apertures
47, an etching nediumintroduction path 48, a sacrificed |layer 49, a nass
addition film50, and a frequency control film51. The substrate 41 uses
silicon (Si) in the enbodinent. The | ower electrode 43 is configured to
have a two-layer structure of ruthenium (Ru)/chromum (Cr) in the

enbodi ment. The piezoelectric film44 uses alumnumnitride (AIN) in the
enbodi ment. The upper electrode 45 is configured to have a two-|ayer
structure of C/Ru in the enbodi nent. The | ower el ectrode 43, the

pi ezoel ectric film44 and the upper electrode 45 may be fornmed by a film
growi ng nethod such as sputtering. For exanple, in a case where the

pi ezoel egbtiate 41Hhdy-tk 02 HREROAIY, has caahiespmanke frequency of 2 Gz, the
approximate filmthickness of each layer is such that Ru of the Iomer

el ectrod@oZ3 i sARBlstrutad ifFIG DeJBefechifl pléddelbditic AInNilof redohgtoRiPFezord letric film
44 is 1150 nm Cr of the upper electrode 45 is 20 nm and Ru thereof is 250
nm The mahse addibaheilii 300s Thd mish additoeilmelOd € forraetibofAiBanaund(Th head bppefilnel ect r ode
45 may be made of al um num (Al), copper (Cu), chromum (Cr), nolybdenum
(M), t uhightesnof{(I0f nmt afbahasnaddiagn filpl s promid¢dPperween theHénfilmmf (fRulpperr hodi um
(Rh) or iridium(lr), or the like. The piezoelectric film44 may be made of
al um numlesirods ftﬁ@m@ﬂhelw filmi thereadx i The ro@a0dditiandddlar SPimay badaraed 1o eonentad ( PZT) ,

| ead titanate (PbTiG3) or the like. The substrate 41 nmay be made of silicon
(Si), gllgsssthe gemirne paton Heinwhich thy gpergiegodq 45m§flﬁlml@merlekcm@43|f@e t he
second piezoelectric thin-filmresonators Pl - mass additjon film
50. The 4#alsetherdapideida cayse e gy alditiop Aty S8 o @vqﬁaﬂﬁwl(mﬁhyt agfte lpadtoghg i | m

t hi ckness of 125 nm_ The mass addifion fil 0.is rOV|d bet ween the Cr
film of TFBD mrtm@ﬁéet WB‘a’éfh&S‘P%ﬁﬁdleftF%[e rq'flﬁh“ﬁé 8?5*[" faﬁfa%agh ailief ¢ i on
filn150é€§% b for Eﬁgﬁ eas t he ne é i n which
the uppeiriPiotie Pt o0 @ax B it O Y P S RMERA RGP o der

to cause the mass. additio to funct# 3s. alﬁlhp1thathdq§4 Ioad

o §pa® g AT ke Baetidh t&%ﬂﬁmwﬁ gl faped I infhudt inpo dieiadg 47 | 0

el ectrode d%h lg\ﬁgr ele%ﬁ&n égtfpc% each 0 %Qgﬁ thetntﬁmqﬁr? greéﬂ%r“e@ Q) Jo dlcme%@thrmey have

an arbltrar ape havin maxi num ar ea
wh f dt I d th | ect rode 45 d

;Re IL&gﬁ%gﬁgg%ﬂggg%%%{?ﬁcgseagLngthe? Igﬁdutﬁe ngxrggﬁ:asegcl;Ofgrneda?o

coi nci dgo Hh tRenkbeRa iRFId R leﬂzpﬁf aq}eﬁﬁénﬁﬁgﬁ’mﬂﬁﬁin{ﬁqggﬂo%ed biggtrated in

Fl Gs. 1C, a frequency control fil is provided on the Cr/Ru upper
el ectr 0®§R@upptemecftﬂoaétof me?éé%?le%etléctrrc tmhlmmfrésbﬁrat&@son@u%&m&e sf 4 and
t hose of the second piezoelectric thin-filmresonators PI - P3. The

f r equencysce@pidzodlednid thinSlimi rssohQ6®d 3. TThefehubas cantfdl kith 5 hisgkmrast of 20 nm
in the enbodi ment. The frequency control filmb51 is provided so as to

i ncl ude Hitand Rasi filinhBickARRUT20 @min tHele@ibodithehtn Thé féqublg compe filebest r ode 45
and the | ower electrode 43 face each other. [0024] A frequency adj ust nent
film 52 previggdoeias @cindndet do Bayt ipeneaisinel payton 46fin whieh thewbpanlectpeictib amd 46. The
frequency adjustnment film52 is formed of Si02 in the enbodi nent. The

f r equenctiie Bajeueltamedt 47 fabewablRother. capabl e of sinul t aneously adjusting the
resonance frequencies of the first piezoelectric thin-filmresonators Sl -
54 il usiopzdled AdreRkeBeyl®ljustioknt filys 82 spravided se tenappinestdaiceedithd merabrane- f i | m
resonators Pl P3 illustrated in FIG IC_ That is, the filmstructure of the
first pikoow4ct dheireqpreyaljupmertisdmai2as Brgpd of SEA, inthergmbodigienies Tagns i s
formed by filnms in the order of Si02/Ti/Cr/Ru/AINRu/Cr/Si substrate

t owar ds eqencyadipsrmsnt filmypeis qapais ?fwﬂﬁa@uﬁ%@www&e respRaNce fiegHepHescness of
each | ayer depends on the required specificatjon of filter, and the filns
of the |Bat @F@eleﬁfaaénarﬁlrwaortaw Yppet lkrEated g i 48 ang H‘é’sﬁ)‘i’fél?‘oséF‘?é‘étrl c
film44, the nas dition fi 0 and the ue ntrol film may
have. ot rRIEDEFDES DIMAI ERaHoree SUETAan Fltbate & IO SBIBET Phde 43
may have a single-layer structure. The mass addition film50 is sandw ched
between the | ayers of the upper el ectriode having the two-1ayer structure,
so that the frequency control filmSi may be fornmed on the sanme material in
both the first piezoelectric thin-filmresonators SI - S4 and the second

pi ezoel ectric thin-filmresonators Pl P3. A donme-shaped cavity 42
(swelling) is formed between the | ower surface of the |ower el ectrode 43
and the substrate 41 in the nenbrane portion 46 in which the upper

el ectrode 45 and the | ower el ectrode 43 face each other. The phrase
"done-shaped cavity" has a relatively small height in the periphery and has
an increasing height towards the center. [0025]FIG 3A - FIG 3D are



first piezoelectric thin-filmresonators SI - S4. FIG 4A - FIG 4D are
cross-sectional views illustrating steps of manufacturing the second

pi ezoel ectric thin-filmresonators PI - P3. FIG 3A - FIG 3D and FIG 4A -
FIG 4D are cross sections taken along a |line passing through the center of
the nenbrane portion 46 (A-Ain FIGIA). [0026]First, as illustrated in FIG
3A and FIG 4A, a sacrificed |layer 49 made of, for exanple, nmagnesi um oxi de
(MO or the like is formed on the Si substrate 41 by, for exanple, a
sputtering nmethod or a vapor deposition nethod. Besides the silicon
substrate, the substrate 41 may be a silica substrate, a glass substrate, a
ceram c substrate, a GaAs substrate or the |ike. Specifically, it is
preferable to enploy a material hard to be etched in order to prevent the
subst r at ge #ilst pieg¥lebic Rgn-Gine Reshawhed t BeinsRCdtitd £Rslislfanel bl silfhd shrd at the
step of formng the cavity. It is preferable to formthe sacrificed |ayer
49 of a st SH/ BaRuANTFR/CHS stswed idar@nhElbabaiatt 19fr Gad thgheamstZNO, Ce,
Ti, Cu or the like. After the sacrificed |layer 49 is forned, the sacrificed
| ayer 49layes. fTirerfia thicknossaf pich detedeapemie dn teagmirbd/spedificatixp obfiltee, anddfeni que and
the etching technique. [0027] Next, as illustrated in FIG 3B and FI G 4B,

Ru/ Cr i sfilorofitha ldyer siscitade i mgyl thsuptpeeclbande 4% HegiszodetrdiImAl4 theugbs t he

two-| ayer structure of the | ower electrode 43 is used, a single-Ilayer

st r uct ur @ldiey filre 56 apl by Beuemiyeantrdd film f & mex posgirectyrescdibdr thee tznsd t he et chi ng
techni que, the |lower electrode 43 is patterned into a desired shape so as

t o coverdes¢ribed abavef | Thedowarpleptrorg 43 may hiyes: singirelayer Heuciuig.r ddganason pat h 48
(see FIG _ 1A) for introducing an etching nmediumfor etching the sacrificed
| ayer 492ddiion filma issandvigher bgipendhe laysropitheiappengiertrofchayipgtie fMedagy (see FI G
1A) for etchin he sacrificed |ayer 49 at_the time of formn he cavity
may be f%‘i“ﬁ%‘EF’g&tL‘t‘tﬁ'E éﬁﬂ@%ﬁowﬁ%hﬂla@mfpwdﬁaﬂw sgge "@)t?sglelag@fﬁitﬂw afilm
of AIN i r.0 b uttering or . the |like as the piezoelectric film 44,
Then. & friirsreat FERRy RS P Bt R et P e S o 450
[ 0028] Then, ,as jllustrated .in.Fl G, .4 filmof Ti.is fornmed sputtering
br the ITRePEe A HerSieB b trh R Bl P Bk e pPESERS B opRY
thin-fil r.S. . re techni i,.n chni que,
the rmss HANE TSR sufbgt BN Et BEPL W R L SR T e

portion 48 dd oWt fddirbdiessURRELHHRE r'@%ﬁ)héée %gﬁe;sq 6!1 0¥l ﬁJs%%lFtﬁ\% 43 face

each other. Patterning of the mass addi'tion fi may- be 1 nplengnted by a

Li ft- of foRtHand in @ik qoffndf[hg§ar{m§r§asﬁ%q1ie%i1ﬂﬂwglhé fie2bhedrs carried out only

in the process of nanufacturing the second piezoelectric thin-film
r esonat opg2s)andrRBYA he1QIDl &r&tlodshel MRV QGAR St ing Py bBRAIFARGInE e 1T st

pi ezoel ectric thin-filmresonators. [0029] Then, as illustrated in FIG 3C
and FI G g pigrobledtiiz @in-filin reSongoR\Y) ~b34. S FUG, UAr MG, 45 ark B ss-sectional views

illustrating steps of manufacturing the second piezoelectric thin-film resonators P1 ~P3. FIG.

3A ~FIG. 3D and FIG. 4A ~ FIG. 4D are cross sections taken along a line passing through the

center of the membrane portion 46 (A-A in FIG 1A).

[0026] First, as illustrated in FIG. 3A and FIG. 4A, a sacrificed layer 49 made of, for

example, magnesium oxide (MgO) or the like is formed on the Si substrate 41 by, for example, a

sputtering method or a vapor deposition method. Besides the silicon substrate, the substrate 41

may be a silica substrate, a glass substrate, a ceramic substrate, a GaAs substrate or the like.

Specifically, it is preferable to employ a material hard to be etched in order to prevent the
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| i ke as a second | ayer 45b of the upper el ectrode 45. The mass addition
film50 of the second piezoelectric thin-filmresonator is sandw ched
between the first |ayer 45a of the upper electrode 45 and the second | ayer
45b thereof Then, a filmof Ti is growm on the second | ayer 45b of the
upper electrode 45 as the frequency control film51. Then, by the exposure
techni que and the etching technique, the frequency control film51 in an
area including at | east the nenbrane portion 46 in which the upper

el ectrode 45 and the | ower electrode 43 face each other is patterned into a
desired shape. In the present step, by making the patterns on the upper

el ectrodes 45 on the resonators of the filters have different shapes,
resonators having different resonance frequencies can be forned by one
step. [ OQ88Hes1eront hénd di@d¥ RRGYhE MRETIQU 14yl 8eBled 25the 0dp bOWRAEg iR have a
wei ght so that the weight per unit area does not affect the acoustic waves
excit ed &yitd. het ip pRELMIAE FdrmGhd dabmificdd 14y Al M)of a whaekigliysyi th be isqpdsdibplag t 0
suppress the occurrence of unwanted spurious conponents and deterioration
of the rednnanges mbiaisathiOe Geshij Cu ¢rtkskirans@eihe catified ldyyr 4944 foemed, i of t he
frequency control film51. "The weight of the frequency control film 51

t hat doescrifixed dfyéreldtis folreeddoougirédetenpivebshapediyttecexpysutdtechpiqgez aml tbet ric film
44" is a weight less than the weight of the mass addition film50 per unit
area, andchingteehhigge a condition of 0.2 g/n2 or less per unit area in the
enbodi ment. [0031] Etching of the frequency control film51 may use either
dry et chiffglor Wext. astidusirpied inHidGie\Beand FiG. 4BsRyCafsdpranst &y sryttgeg a8the et chi ng
because dry etching is capable of easily realizing fine pattern shapes and
havi ng aloWetdlgcto r Adtheygh thy, tVpORYSDYtPRiETeSH Hisdows e%eﬁ'é"dﬁr“géﬁ.}éﬁ‘é? control
film51 may have a height |ower than the filmthickness. wever, in order
to obt ai HPRIHRYS SEHRYLE B’%L‘h‘a@?'ﬂ?@ddi hear Biipe ?’@Q%ﬁ%ﬁ&‘@‘%’?é%fsg&‘i"’é@% it is

ired to.f tt havi diff t, th .el ectrod
0oyt OSSR AR S SO SRS o, I RPEL et s
f trol . fi.l 1. to_h i . i to the fil
[ eouencn SO Ry Rt e SRR, Lo 11
f i i sel ift the.f i .
000 AR SRR R o5 SUMEY hBdFp A BRI

R e T Rl s T SR
f r equency it akten&0f il aRRRGCR p@fﬂ%hegugsjedu@ﬁtgyﬁ FildgoedIfmi Hdwn by

sputtering or the like as the piezoelectric film 44, Then, a film of Ru is grown by sputtering or

the like as a first layer 45a.

[0028] Then, as illustrated in FIG. 4B, a film of Ti is formed by sputtering or the like as the

mass addition film 50 in the second piezoelectric thin-film resonators. By the exposure

technique and the etching technique, the mass addition film 50 is shaped so as to include at least

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

other. 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.

11



[0034] Then, as illustrated in FIG 3D and FIG 4D, the upper el ectrode 45
is patterned into a desired shape by the exposure techni que and the etching
technique. Then, in order to forma windowin the | ower electrode 43 and

i nprove the resonance characteristic (resonance Q, the piezoelectric film
44 is patterned into a desired shape by the exposure techni que and the

et ching technique. Then, the frequency adjustnent film52 (Si02) is grown
by sputtering or the like. The material of the frequency adjustnment film52
is not limted to Si02, but may be another insulative film capable of
gradual reduction of part of excitation energy such as a netal oxide film
or a netal nitride film [0035] Then, by the exposure technique and the
etching technique, the frequency adjustnment film52 on the upper el ectrode
45 is remoyRd, R, & iDusrRed OFIGT addIFIGSIC; aRRA)f CiSis prash @admfrefifest-the

[ 0036] Finally, by the exposure technique and the etching technique, the

f r equencikeadp ssbiEiver 45 of th2uppbal@ubies s aThe magadditiay fim Ht ahhergedsmddi um

i ntroduction apertures 47 (see FIGI1A) forned in part of the |ower

el ect r odgezb8lettsc thanbmeatsondtoed samiwsched bdtivesadhd fryidayeed Ty uppetielagirode
introduced into the sacrificed |ayer etching nediumintroduction apertures
47. The &eanditle seaad laygetsh dherduif.n glhew,di fllim qf dbis geownhmohegiecdnid dayend Shad det | on
path 48 (see FIG |A), and is introduced bel ow the | ower el ectrode 43,

wher eby tier eestrpdef 458 thel fepgeency oonirgl filevidy e dherThyithe exposure gaghnigye angd theavi ng a
done-shaped swelling can be forned bel ow the nenbrane portion 46 in which
t he uppetchitsdeshniibe tisfreguency kentiobfiiay 5 lein @g pica eludBDe ppisest Bgawmbraser . Thr ough
the above, .the piezoelectric thin-filmresonators in accordance with the
enmbodi mePRFUAY4S ig Bikjsh Sieatpperelioadetd apdthe 16T clesierds 428 fack facBathetiyer 49 i s

pr ef er abl aéwaterial hard to etch the n‘gtteri,al that formthe

pi ezoel pingd nf 3 depirgdshangs o poPreseat 14 OY Raing fie PUKEISON thedWPtay er 49,

P2 e Bty RS SRl AL Al Bled ol SRR 7T 1 oo

substrat x%sollllja‘ﬁcetfrrelagueln%\é\?gan%!: ?o%tnlé gyeon%?’step.t he upper el ectrode 45 and
(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

12



t he piezoelectric film44 are not limted to those descri bed above, but
other materials nmay be used. Also, the cavity 42 may be replaced with a
structure in which an acoustic reflection filmformed by alternatively
stacking a filmhaving a high acoustic inpedance and a filmhaving a | ow
acoustic inpedance to a thickness of X/4 (Xis the wavel ength of the
acoustic wave) is disposed between the | ower electrode 43 and the substrate
41 in the nenbrane portion 46. [0039]FIG5 is a characteristic diagram
illustrating a relationship between the weight of the frequency control
filmb51 per unit area and the resonance characteristic (resonance Q. In
FIG 5, the horizontal axis denotes the weight of the frequency control
filmb51l per unit area, and the vertical axis denotes deterioration of the

resonancg GRALPGIEH Phikhs RAVERANRRGE sk@)es oh IR WpBErllCRbdedds 5f thoeisetes t he
val ue obtained by subtracting the value of the resonance characteristic

(r esonanggeet&indf Thlh'!seb)pfoﬁﬁﬂghécéh fb‘éfﬁh@lfr dehdyPohiRs GNABOEo dsfo hiveld1RidAT esence
of the frequency control frl fromthe value of the resonance

char act egdrkpoadiog ﬁc‘ﬁﬁ)@ﬂlﬂﬁtﬁlc@es;@fnt i$ fRsible @ze@kce ehridtiond iniething fonpaggenat or i n

t he absence of the frequency control film51. That is, in the vertical

axi s, a fesingaveopekisdy shifliteatagsenkh® adesitkdtireqdenchet eri orati on, and a
negative val ue indicates the anmount of inprovenent. Values in FIG 5 are
obt ai ned[00B3]a cas éewhiebiatichef tedieqienaf cohtreldiimidd pnd the uppar slecteqpipbxiherat el y 10
MHz. The thickness of the frequency control film51 is 25 nm(Ti in FIG

5), 50 nuse(ET@cimbifakiGh &) matenteds a2B.g awer(aliBetemngeigetiily makiit passiledmcy cont r ol
film51 is formed in the upper el ectrode 45 within the resonance area. The
f r equencyredsin shift tofthd desisel frequengrmwitkquhanytdamegaie aeqtiory &ilp dudngciibingx way
(|slandaﬁatterns% and a mass can be applied to the resgnance portion by
the i sl at?83{at t Eharsas ilusgpigh in ey 3 and r@h‘thel%l’?rﬁ@“ﬁ‘?d(’idéé%pa&FmF‘h@tOr?at eri al

density of the fregtlency control film SJ}Hnnd its thickness., As illustrated
in FI G sdesirgeshansihsthesrpospEsUpdntans adihg citinsdechaigge whldice: 1 ﬂ@ews.f@‘ma of the

f { fil t t 2 g/ ne,
B L
S R R TRl RO BB 2
the COUpl I ree{'hrgl: écwf:ncgfaajtqull fEI‘Igl sl él%z)t oF ?anftg;m%&%ﬁw cy shift

in a cas reque cy CO area i s

0.56 g/ ng, S{At&%a §Fnd Hé’dn &g@ugtﬁgmr 9 il AHEL loie 'b%@fbetan&hgresonance

characteri reson e cou i ig coefficient k2

associ at ad, Wt By SI?\Q'PP%}Edu%f reﬁﬂc‘ﬁgfﬂgfﬁﬁ o? Qk&t%tldﬂkﬂ@rﬁ?@@:ﬁ AR 8Bl §i& wei ght of

the frequency cont m per unit area is In the case of FIG

6A, bot hgthg smesonaR&simhar acteristic (resonance Q) and the coupling
coefficient |la deteriorate as the amount of frequency shift increases,

wher eas fjozdihe TR&ELOhe HlpesBBrecklfd Rah@hatiching @chdifiee, fR $RB@NGEadjustment
characteristic (resonance Q and that of the coupling coefficient k2 were

not obsefiuest on[tddpbbAlctrchads is Bnived, hed phezoeldgadtiilGirbbd)ns fnktad foesdnat or i n
accordance with the present is descri bed. [ 0042] General |y, when a voltage
i s appl i posdyet weiaillyl hethel pipesureteetiqueded drdtching tdcbmigue, 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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el ectrode of the piezoelectric thin-filmresonator, an electric field is
devel oped in the nenbrane portion 46 in which the upper el ectrode and the

| ower el ectrode face each other in its thickness direction, and the

pi ezoel ectric fil mexpands and contracts. In other words, the acoustic
waves are propagated in the thickness direction of the resonance area of
the piezoelectric film Since the upper portion of the upper el ectrode and
the | ower portion of the | ower el ectrode are boundaries with vacuum (or
gas), free edge reflection of the acoustic waves takes place. During
repetitive reflection of the acoustic waves, frequency conponents that are
not in phase with the total filmthickness in the portion where the
acoustic waves are devel oped cancel each other. Finally, only the acoustic
waves i nciiiyed hbviheo®imeshhded plvelin®éantbb Gorad Vs~ ok nidibranaypealtiengs is of the
acoustic waves coincide with the total filmthickness can exist, and a

r esonancevhpdhelapperaiecirglecidusetie v diddutode thicpeaes ethee Ghrotigtethd plegeency
control filmin which patterns are forned, there is a difference in the
total t hitleliesdediat thipdlimaesoatérs oOracedrtidncpeith termbadiies ot doewplgpalr t | on wi t hout
patterns. Thus, the resonance phenonenon takes place in two portions that
are a pof@i3gh wibtdhagderntes sasrifined laeratoheprefsmblyiaomatenial hasdito gkt thematstiali n a case
where a filter is manufactured by using a resonator with two resonance
char act etliasform she(piezaderarircibinc)m resopaters gther then thegactifigsd laysitPaperéicularly,
characteristics (resonance Q functions as a spurious conponent, it is
necessar yard & sachibe magsrighfif yhegipstrpdecmribgiserifiged fayert48rthad the stehing disditite Q) .
Further, since two resonance characteristics (resonance q) take place, the
resonanc&B¥Hr acteri stic (resonance Q itself deteriorates. Conventionally,

it j.d that, th ti d { i th tt

b or2s CORSHIST S bkt e oot £ VENCE o nok cogoanl S g patterns
I h of the. ti ited i.n,t i |l ectric fil

Naiapc RN AT e SRR S

h i_nf,l h h t,eri,Sti JNei . i ith

nave an |0l USRS, 000 SIAHE S5yl LRyt A or v

Lhe,vel Ol o BR8] SNt LR R S BT SRt R ML ENL LY

the acougf LoMay ‘ﬁﬁ%e%&le tRHnicRndsEr A BZO Bl Ll LIk 41t ABuelval§GogNi ze a

portion with a pattern and another portion wthout any pattern. The wei ght

per unit jRYRe bedwéeMAsREHRLraR MHRAd HeQEiGhe 1 id HE @B YorBén 41e Materi al
of the frequency control filmand the thickness thereof. [0044]FIG 7 is a

characte Pios@]i C H@YadfacRriGRYIgMENRstElin@E reRiriOrshipsheusd Heaveigth 6f the equency
control filmb51 in which the horizontal axis denotes deterioration of the
I esonanc fequBadyachtedl ifisrh 5€ périaR afta Aaethresanddcd dharatreridtiz ortabn@)))s Mhemat es t he
wei ght per unit area. The thickness of the frequency control film51 nade
of Si 02 5shslefrizbaalz8isdencickithe weightloGhé freqiencit dvatrol filml S gsr unit s asl ther e t he
frequency control film51 is nmade of Ti and is 25 nmthick (T12), 50 nm
t hi ck ( TdBdicahards deDbtendateriviraion OTthd yesamapcgpthatatedstic[(@0tBhR) | Thstarddabd i n
FIG 7, the resonance characteristic (resonance Q of the case where

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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Si02 is forned to have a filmthickness of 50 nm (T11l) substantially
coincides with the resonance characteristic (resonance Q of the case where
Ti is formed to have a thickness of 25 nm (TlI2). That is, it can be seen
that even when there is a difference in material or thickness between the
frequency control filnms 51, by making the weights of these filns 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 filmb51 is not inportant but the resonance frequency of
the resonator can be shifted wthout any deterioration of the resonance
characteristic (resonance Q by selecting the product of the density and

t hi ckness of the frequency control filmb51 so that the weight per unit area
i's equal 3iRo:8m¥elyabiMiatrhedakndobs 8 fregkndyReni aUS 51 & 20@eT 1eXEId 8 by the
pi ezoel ectric film44. [0046] Al t hough the patterns of the frequency control
filmsSi agemis? ATIGIALeN PSnrh CTM SIG. 50 Mheifldqichey @abadilasnts fothei ipat t er ns
may be hol e patterns (concave forn) if the hole patterns realize an

ar bi t r ar yhewpe@ blectpRie 45 Withinaliea@sonfird0 4ré}.F| Theretpsenay gmaplfilsiio wianpat@ms

rel ati onship between the occupancy ratio of the frequency control filmb51
and t he tasgpbomntedn ¢lhmvackar (iskntd pat{erras andaness@n betappli¢d tasherratomehcen FIG 8, in
a case where the frequency control filmb51 with the island patterns, the
occupancyortiai bythofslanth gatfernsqu&hiaght pemmniteteat isita maducioofthpematerrab denssy plor t i on 46
is equal to or lower than 40% Also, in a case where the frequency contro
filmb51 thietfiequeney ¢votrel flmt] apdiis thickeess c AspHusirgted At ilG Hhetipentorsly

control film51 to the nenbrane portion 46 js preferably equal to or higher
t han 609shamine cpss|veyees thraweielt 9k the AosusgcrsoneeldUpad @ Wters 1HFUAGP ohleat er t han
40% and t he holdzﬁgtterns having an o cuaanﬁy rati.o of ? t less than 60%
have an HBpP3 g Hatherssorgaireanencyrn henifigh Withayt dgteriorafépnedl REdesonge pat t er ns
of the frequency control film51 may have circular e or elliptical shapes.
The pat t RFEEFFIGFERPE ency control film 51 may have a shape including a

. By f i the f. trol .filmint f. t.h
S s TS R R A D ——
t the tj f i th Lt ido A i 1 hi ft
LT e R e T

E) ?049] ( En‘ggrg%h%g,gﬁ%hﬂ)fthe frquﬁ?éygéﬁtml B 5& Uit Bieh WY $Gx/BE Y Gi6. @mﬁﬂa&%{e nt 2,

a | adder ter c ured to connect piezoelectric thin-film

resonat ofg, i fdderl RHIIE bt he FeRiMihied (AEraARRYE 1ESR & de RS dn SRBAH HHERBpling
coefficient k2 associated with the amount of frequency shift in a case where the weight of the
frequency control film per unit area is 0.11 g/m®. In the case of FIG. 6A, both the resonance
characteristic (resonance Q) and the coupling coefficient k2 deteriorate as the amount of
frequency shift increases, whereas in the case of FIG. 6B, deterioration of the resonance
characteristic (resonance Q) and that of the coupling coefficient k2 were not observed.
[0041] A mechanism of the piezoelectric thin-film resonator in accordance with the present
is described.
[0042] Generally, when a voltage is applied between the upper electrode and 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
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[OO50]FIG 9 is a circuit diagramof a |adder type filter in accordance
with the enbodi nent. The | adder type filter is equipped with first

pi ezoel ectric thin-filmresonators SI - S5 connected in series arnms, and
second pi ezoelectric thin-filmresonators Pl - P3 connected in parallel
arnms. Assum ng that the resonance frequency SI is denoted as F51, each of
the resonators SI -S5 has the frequency control film51 so that the
resonance frequency of the second resonator S2 is fsi, and the resonance
frequencies of the resonators S3, S4 and 55 are fs, -7 MHz. [0051]FI G 10
illustrates pass characteristics of |adder type filters respectively
configured so that the weight of the frequency control film51 per unit
area is 0.56 g/n2 (conparative exanple) and is 0.11 g/n2 (Enbodi nent 2).

t he casediniebs ahdi@ec pRE@RErRiIh BEhahd LMl eaENcts O N lofer WhldMNtRlach@diic Walds ar ea I S
0.56 g/ng, the resonance characteristic (resonance Q of each piezoelectric
thi n-fil gfepepegmeddan the fGtkaes dirkdlioh beiht agdelRncd e fittelpiebelddichlnOr &ims When

t he resonance frequencies of the resonators are shifted. In contrast, in

t he casethelgpee pdrien sfzhglipedledrhde dndl dgUena\potator thk Idwer sieGfodetreEnbodi ment 2
is 0.11 g/n2, the resonance frequencies of the piezoelectric thin-film

r esonat obamniareh witk dadunmt(bregab)afiicbendgt seflectibn bf the acmsticheavehinfds thced t hout any
deterioration of the resonance characteristics (resonance Q of the

r esonat oPuring oE%ify§ Rflegon atthe peusiic veoesiTafueatyi compoasdisithe] are not in ph#se G 11
illustrates an exenplary comuni cati on nodul e having the piezoelectric

t hi n-fi | with s detaltfdinghignesstie the wpdigh Mibpre themsoystis weyes ateelgvalopef c@eglieachy

dupl exer 62 is equipped with a reception filter 62a and a transm ssion
filter 69her TBIH@'HeOﬂbé@é BEQUEF WavE @rwfe@ame&f‘é Aties of the dalvesaf thexanpl e,
reception t rnln 63a and 63b for | ance ut. The transm ssion filter
62b i s cBl the FGPUHIE Faxes °8'r‘i‘°‘ldé?"’ Hmtoteksfolmt icknessiRBeXisgndId % i er 64. The
reception fllte 62a has the, piezoelectric thin-filmresonators of the
enbodlneWﬁ“mF§G%§PFWmW€E8%F?%n operation t he reception filter 62a passes

an ant enRE er niiar PSR e S mer iy R SR e s B et % he  ©
ecept | Ofek L 0RS 83AARA QR0en L o ARARLARERDnPREAL b3Mon LB

transm ssi'o passes on S|gna Iven gquency band out

of L1 anspadmt Ok ARASaRR b Eflmithéh Bkck bRESHRS bAoA GRATaNA podiRndith

anplifie %k%y a power anplifier g%, 5 gutputs Pﬁg S|gna% to the outside

via the aptRORA InShE RionSdithout 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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[ 0054] Si nce the piezoelectric thin-filmresonators of the enbodi nent are
used in the conmmunication nodul e, the conmuni cati on nodul e has excel | ent
pass characteristics. It is also possible to reduce the manufacturing
process for the conmunication nodul e. [0055] The comuni cati on nodul e
illustrated in FIG 11 is just an exanple, and other types of conmmunication
nmodul es in which the filters of the enbodi nent are installed have simlar
effects. [0056][3. Structure of conmunication device] FIG 12
illustrates an RF block of a portable tel ephone term nal as an exenpl ary
comuni cati on device equi pped with the piezoelectric thin-filmresonators
of the enbodi nent or the above-nenti oned communi cation nodul e. The

comuni cation device illustrated in FIG 12 has a structure of a portable

t el ephong,h&f dh (Rppbh@dcub QN {HR LEBubR: WaveMc(téd 19 B! picayaedaim filgr ddvivki | e

Communi cat i ons) system and a W CDVA (W deband Code Division Multiple
Access) R¥§hfeh pditien FrlVe priEheMdAhothdt@oioh O4thom Bhy fuaBGl eFhd Weigityer Miz band,
950 MHz band, 1.8 GHz band and 1. 9 GHz band. Al though the portable

t el ephonged RdpraRalted & tiRGodapad twi detsitg offihe mapkiolng thedregpaak emtrobfil apdi d
crystal display and so on besides the structure illustrated in FIG 12,

t hese stmueiidkhes tleref.not i nvol ved in the description of the present
invention and a description thereof is omtted. Reception filters 73a and
77 - 80 a4 t hEIGoT ezodbhectnistic diagiam-of i case miss Ta 010¥19: sfusedfer Gaetensnt .
[0057] I n association with a reception signal input via an antenna 71, an
LSl to benopldilmtddn ivbick lcdotizutabgxindenaies eneiteraigh eEthe easpranee chgmctgrstiche basi s
of whether the communi cation system of the reception signal is WCDVA or
GSM  Whefiespraacs Qpand thedinsigental axis depiss theovriaht B und icpe The ey fthem
switching is nmade tq output the r,ecegi on si gnal t,@ a dLHcf):I exer 73. The
recept i oficayrrgiapntiohflm St wadend Sifdpds ekbor S0 (14T FG By Fyich¥2lyes/B 2ES equency

band by a reception filter 73a, and_bal anced rec i.an_signal s e out put
to LNA 7whergihg EM“%’APOQWIf{I‘PiSiéS ‘P"Hg of E‘pﬂﬂ‘? mﬂéd%?ﬁ‘%%@g%}“%é%ﬁh puts the
anplified signal, to | 76. The LSI 76 executes a denodul ati on process to
reproduc@dtlﬁg“@ﬁ!élél&ﬂlléEﬁﬁallou?fgsed on the input reception signal and

control S[obl?ﬁ OP%{ ﬁfuist(r)art]esd i(n)fFIé.) é}!’ tthg re%na%fneechgrgcrtgr% 1|c ?reéo%gnecg IBB f thE %@Uﬂé&le-

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 is, it can be seen that even when there is a difference in material 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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[0058] I n signal transm ssion, the LSl 76 generates a transm ssion signal.
The transm ssion signal generated is anplified by a power anplifier 75 and
is input to a transmssion filter 73b. The transmi ssion filter 73b passes
only signals in a given frequency band out of the input transm ssion
signals. The transm ssion signal output fromthe transmssion filter 73b is
output to the outside fromthe antenna 71 via the antenna switch circuit

72. [0059] When the input reception signal is a signal that confornms 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
limted band by any one of the reception filters 77 - 80 is input to an LSI
83. The ksilze 8BaBM@bUlSsh Berd@iaAl] ation process to reproduce the speech
signal based on the input reception signal and controls the operations of
parts offobdg POFIGaDIse ghHheRNANEa feRitiBhAR berdle the dcqipgRakationf iR be
transmtted, the LSI 83 generates a transnission signal. The transm ssion
si gnal geneery eshtiobfianPl dntiitdededd)arte PO tcriaiytdsbriaate @1 @ ilBRratadih HIS. out put
to the outside fromthe antenna 71 via the antenna switch circuit 72.

[ 0060] I t8,iirsa geswhdrt the fioqueaat dorroldilmdiwithitieaitlmohpatiews, ¢l dvawiangy ratio efxcel | ent
pass characteristic by installing the piezoelectric thin-filmresonators or
t he commtbefrepenagyromodilneS] w themenbramcertint4d i dualdpboldivaethen 4Pur tAler,, it is
possible to reduce the manufacturing process for the comunication device

[ 0061] Thie aceseriniedhe fragnerde gordes! filn flswittathe Hole patiRrts, the pequgancy; stioghthex anpl e,
and other types of communication devices in which the piezoelectric

t hi n-fi |frsapensy pentiol BImo1 toiike resifveiermerion 46 é nrefembly ca! iy S1e8prhandt0%f f ect s.
[0062] [4. Effects of enbodi nents, others] Qccorﬂin to the

enbodi mehtedslang nagens haging 89 pegrpapsy ratio phpghgeratenthan 40% ahfethe hgséa‘f?rf&t rudi ng
towards the conposite fiIPB, there is no need to ehph t he. u@stnate 41, so
that t hdiaSig anEtHpneY ratin Al B loshir 0L0A have gn e imaielyedog NEEBLBE PFIG & 41" <
not etched, it is possible to prevent deterioration of the nechani cal
strengt H'6f the substrate 41. Furthernore, it is fine to define a smal

area in [W&S(j ht RE‘;O,%QE?\,/ }i)attt mg'gf tihg frgcﬁlré%%’ontimqtﬁ?rg %?Haj(? Hav%a(‘:ﬂcagr efoal"%illjpliéa?t ed.
shapes. The patterns of the frequency control film 51 may have a shape including a curve. By
forming the frequency control {ilm 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 ~ 85 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 Fg;, each of the resonators S ~ 85 has

the frequency control film 51 so that the resonance frequency of the second resonator S2 is fsi,

18



[ 0063] Further, by form ng the nmenbrane portion 46 in which the upper

el ectrode 45 and the | ower electrode 43 face each other into an ellipse or
a polygon formed by non-parallel sides, the nmenbrane portion 46 does not
have sides parallel to each other, so that the acoustic waves refl ected by
the outer edges of the electrodes can be prevented fromexisting 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
whi ch the upper electrode and the | ower el ectrode face each other, so that
the resonance characteristic (resonance QQ of the piezoelectric thin-film
resonat or can be inproved and excel |l ent perfornmance can be realized.

[ 0065] | ngddaRélresdnatidadreqlradies danaedohacks S8 8 a6 SBRieTy -rMERSs, ant her

manuf acturi ng process may be used to manufacture the piezoelectric

t hi n-fi | [pos Bson&t®n 8 ilnftrd=ipadichefteribti@rof tddderfiyple thidters adspdoriba gl b oraigtired so For
exanpl e, after the bunp pad formng step is conpleted without form ng the
sacri f i cthat thayeight49thedrqichey dvatd Bmrsh aeeundtfarda el Sl (catmparddye dxampleld i s a
resi st pattern haying an opening so as to include the nenbrane portion 46
i n whi chardfig0.dbger (Bhiedimapti?). 45naheicasdehert taeveight ddhe forguent corirob filac h
other. Next, fromthe back surface of the substrate 41, dry etching is
carri ed dluperupit prakis 05 e/ng| dhe reppnanceghpragiviisiia (resopance Q) joE each pgzedigstrisubst r at e
surface under the condition that etching with SF6 and form ng of a side
wal | pr otichimyssonptoninglpded ichedadderdyng fier deseriorajesanhee meé%isowﬁ%g‘ﬁqwemw, so
that the cavity 42 can, be formed bel ow t he nmenbrane portjon 46 in which the
upper el ¥dhs senatess agdifiede Inspirastingbs sasewhergthe greighbefdhe f5auency cpatrgls ¢ hus

posel bl ogt 0y M SGLULE, LS, bl o7pel cclrl o LOL I, L Leooneon and o 111 Lo
00061 ChBNA 05 ATl YRS i 8 5B BRI o
comect B frh R ARA PRl B PSRl 08T e[St i
an [0052] [2. Structure of communication 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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exanpl e of the main resonator of the invention. The second piezoel ectric
thin-filmresonator (parallel resonator) in the enbodinents is a sub
resonator of the invention. The substrate 41 in the enbodinents is an
exanpl e of the substrate of the invention. The | ower electrode 43 in the
enbodi ments is an exanple of the |ower el ectrode of the invention. The
upper electrode 45 in the enbodi nents is an exanple of the upper el ectrode
of the invention. The piezoelectric film44 in the enbodinments is an
exanpl e of the piezoelectric filmof the invention. The nmass addition film
50 in the enbodinments is an exanple of the mass addition filmof the

i nvention. The frequency control filmb51 in the enbodinents is an

enbodi mrent of the frequency control filmof the invention. The nmenbrane

portion f#fysi 1]n t Re\cE MR QRESIRRER this-fiRA rQYBHMRY 6 (R erfbdifsANABGRdas 83 Of the
invention. The cavity 42 in the enbodinents is an exanple of a cavity of

t he i nvepdm@imicdioR B8lRE drr dinfgnichRnenddadinaeaicslient fies fhatabemiting |1t REkoar e
additionally disclosed. [0069](ltem]1) An acoustic wave device

conpri si pgsidletatddudeabomaiutictuging pacStibor BROMALMICatRAGIDIRIRYVI Ng a substrate, a
| ower el ectrode provided on the substrate, a piezoelectric film provided on
t he | owef00&$lect Mbdeymraumicadon mpdhdy illedtectnobE:. pr Byustacexemplamnd pper typesde of
the piezoelectric film the sub resonator having a mass addition
filmon thenmppaatiel eetutes dewhich the filgo nbthe embodémacrit arcwistatibd kdve supjper

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

t he mai neffastsonat or and the sub resonator being provided with a frequency
control filmon an upper side of the resonance area, and t he
frequenciPOe@nt r 63 fSunes R ToRMEpiREPYERVigSEr unit area smaller than a wei ght
of the mass addition filmper unit area. [0070] glten12 The acoustic

wave device acFé@r}(?n‘Wtjtrﬁ%s E}“tlgnli“i‘;k afrepeatie ielephane feghinalss ap ﬁ’@mﬂl%uency

control filmis eq to or I an .0. 007 _
communication hl evice equipped wn% e p;eonlectnc th%n—g{m resonators o ][ he em%odm?ent or

the above-mentioned communication module. The communication device illustrated in FIG. 12
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.
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

20



The acoustic wave device according to Item1 or Item2, wherein a shape of
the frequency control filmis an island pattern having a convex shape.

[0072] (I tem 4) The acoustic wave device according to Item1 or Item
2, wherein a shape of the frequency control filmis a hole pattern having a
concave shape. [0073](Item 5) The acoustic wave device according to

Item 1l 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 having a frequency control filmhaving a hole pattern of a
concave shape. [0074] (Item 6) The acoustic wave device according to
I[tem1l or Item 2, wherein a shape of the frequency control filmhas a

hei ght corresponding to a thickness of the frequency control film

[ 0075] (1 {86078}, and balancediREepBEPHSTalsGrd YRt QWL P4, AT MNATY ApliaByhone of Item

1 - Item6, wherein patterns fornmed by the frequency control filmare

fornmed i ppas éepd! S8, bQr dikguls thd Bl ESONANC B IW1F8. 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.
[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,
[G060] 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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[0076] (I tem 8) The acoustic wave device according to any one of Item
1 - Item7, wherein patterns fornmed by the frequency control film have a
circle or ellipse. [0077](1tem9) The acoustic wave devi ce accordi ng
to any one of Item1l - Item8, wherein patterns fornmed by the frequency
adjustnent filmhave a shape including a curve. [0078](Item 10) The
acoustic wave device according to any one of Itens 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
I[ltem1 - Item 10, wherein the frequency control film and the upper

el ectrode have a conbination of materials having an etching selectivity.

[ 0080] (Item 12) The acoustic wave devi ce according to any one of

ltem 1 - ¢ LGMuhkaidd BN WARH HRTADBIEE AhR i RaSsofdtog bl hpbheadimehare.
[0081] (I tem 13)

installed have similar effects.
[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 ¢llipse or a polygon formed by non-parallel sides,
the membrane portion 46 does not have sides paralle! 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 Embediment 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 Item1l - Item 11, wherein
the resonance area has a pol ygon conposed of |lines not parallel to each
ot her. [0082] (Item 14) The acoustic wave devi ce according to any one
of Item1l - Item 13, wherein there is forned a cavity having a done-shaped
swel ling between a |l 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
device according to any one of Item1 - Item 14, wherein an area fornmed 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 Item1l - Item 13, wherein

the subsidiat BlefiRge 23 £8Ydabl othél. aNeA! B tHIBhckQUEEde dPGie bR S DrRYIQcEhiad ea.

[0085] (Item 17)
is carried out to make the side wall approximately vertical to the substrate surface under the
condition that etching with SF¢ and forming of a side wall protection film with C4Fg 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 piezoeleciric 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]  (ltem 1)
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The acoustic wave device, wherein the main resonator and the sub resonator
are connected in a |adder type or a lattice type. [0086](Item 18) A
filter having the acoustic wave device as described in any one of Item1 -
ltem 17. [0087] (ltem 19) A dupl exer having the acoustic wave device as
described in any one of Item1 - Item17. [0088](ltem 20) A conmuni cation
nodul e having the acoustic wave device as described in any one of Item1l -
Item 17, the filter described in Item 18, or the dupl exer as described in
ltem 19. [0089] (Item 21)

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.

{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] (Ttem 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 [tem 1 or ftem 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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A communi cati on device having the acoustic wave device 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 comuni 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, conmunication nodul es and conmuni cati on
devi ces. DESCRI PTI ON OF REFERENCE NUMERALS [ 0091] 41substrate 42cavity

431 ower el ectrode 44pi ezoel ectric fil m45upper el ectrode 46nenbrane portion

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 [ ~ Jtem 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 | ~ Item 11, wherein the
resonance area has an elliptical shape.
f0081] (Item 13)

The acoustic wave device according to any one of item 1 ~ Item 11, wherein the
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47et ching nmediumintroduction aperture 48sacrificed | ayer etching nedi um

I ntroduction path 49sacrificed |ayer 50nmass addition film 51frequency
control film 52frequency adjustment film CLAIMS What is clainmed is:

1. An acoustic wave device conprising a main resonator and a sub resonator
each having a substrate, a | ower electrode provided on the substrate, a

pi ezoel ectric filmprovided on the |ower el ectrode, and an upper el ectrode
provi ded on an upper side of the piezoelectric film t he sub
resonator having a nmass addition filmon the upper electrode in a resonance
area in which the upper electrode and the | ower el ectrode face each other,

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 ltem 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 ! ~ 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 ~ ltem 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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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 snaller than a
wei ght of the mass addition filmper unit area and having patterns of a
convex or concave shape, and the patterns being formed in a dispersed form
in the resonance area, wherein: the main resonator does not have the nmass

addition film and the main resonator is a series resonator of a
| adder type filter and the sub resonator is a parallel resonator of the
| adder type filter. 2. The acoustic wave device according to claim

1, wherein the weight of the frequency control filmis equal to or smaller
than 0.2 g/n2. adjustnment filmhas a circular or elliptical shape. 4. The

acoust i CpMAYe HeVITC e AEEUehiBE ih el 18] fPtle duphREek Bestiidfii Rea@ncy adj ust nent
filmhas a circular or elliptical shape.

[0089] (Item 21)

A communication device having the acoustic wave device as described in any one of

Item 1 ~ I[tem 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

[00907 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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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
fiim,

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 and having patterns of a convex or concave shape, and the
patterns being formed in a dispersed form in the resonance area,

wherein:

the main resonator does not have the mass addition film; and

the main resonator is a series resonator of a ladder type filter and the sub resonator is

a parallel resonator of the ladder type filter.

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/m’.
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3. The acoustic wave device according to claim 2, wherein the frequency

adjustment film has a circular or elliptical shape.

4, The acoustic wave device according to claim 1, wherein the frequency

adjustment film has a circular or elliptical shape.
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