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THE SAME

Field

[0001] A certain aspect of the present invention relates to a piezoelectric thin-film resonator

and a method for manufacturing a piezoelectric thin-film resonator.

Background

[0002] There is a growing demand for small and light resonators and filters having the
resonators, with the rapid spread of mobile communication devices such as a mobile phone unit,
Recently, there is developed a filter for high frequency communication that has characteristics of
allowing of passing only an electrical signal in a specific frequency range, the characteristics
being obtained by combining a surface acoustic wave resonator having a piezoelectric material
and a piezoelectric thin-film resonator using thickness vibration of a piezoelectric thin film. An
outer shape of a filter using the surface acoustic wave resonator or the piezoelectric thin-film
resonator is smaller than that of a dielectric filter. And a Q value of the surface acoustic wave
resonator is higher than that of the dielectric filter. Therefore, the surface acoustic wave
resonator is appropriate for a high frequency component of a mobile communication device such
as a small mobile phone unit for which sharp roll-off characteristics are required. A duplexer is
used as an applied component having a ladder type filter of the surface acoustic wave resonator

or the piezoelectric thin-film resonator. The duplexer has a function of transmitting and



[ 0002] There is a growi ng demand for small and |ight resonators and filters
havi ng the resonators, with the rapid spread of nobile conmunication

devi ces such as a nobile phone unit. Recently, there is developed a filter
for high frequency comuni cation that has characteristics of allow ng of
passing only an electrical signal in a specific frequency range, the
characteristics being obtained by conbining a surface acoustic wave
resonat or having a piezoelectric nmaterial and a piezoelectric thin-film
resonator using thickness vibration of a piezoelectric thin film An outer
shape of a filter using the surface acoustic wave resonator or the
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[0004] A filter or a duplexer using a piezoelectric thin-film resonator has temperature
characteristics of frequency. As the performance of a mobile phone unit or the like gets higher,
improvement of the temperature characteristics is needed, and reduction of an absolute value of a
temperature coefficient of a frequency such as a resonance frequency or anti-resonance
frequency is needed. Japanese Patent Application Publication No. 58-137317 (herein after
referred to as Document 1) discloses that a thin film of which sign of a temperature coefficient is
opposite to that of a piezoelectric film is provided between piezoelectric films as illustrated in
FIG. 5, and an absolute value of the temperature coefficient of frequency is reduced. Qiang Zou,

and six people, “High Coupling Coefficient Temperature Compensated FBAR Resonator for

Oscillator Application with Wide Pulling Range”, Frequency Control Symposium, 2010 IEEE
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characteristics of frequency. As the performance of a nobile phone unit or
the Ii ke gets higher, inprovenent of the tenperature characteristics is
needed, and reduction of an absolute value of a tenperature coefficient of
a frequency such as a resonance frequency or anti-resonance frequency is
needed. Japanese Patent Application Publication No. 58-137317 (herein after
referred to as Docunent 1) discloses that a thin filmof which sign of a
tenperature coefficient is opposite to that of a piezoelectric filmis
provi ded between piezoelectric films as illustrated in FIG 5, and an
absol ute value of the tenperature coefficient of frequency is reduced.

Q ang Zou, and six people, "Hi gh Coupling Coefficient Tenperature
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Range", Frequency Control Synposium 2010 | EEE " International, p646-651
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i nventton, e '1's ‘provi a piezoelectric
thin film acting as the temperature compensation film is sandwiched by piezoelectric films.

SUMMARY OF THE INVENTION
[0006] According to an aspect of the present invention, there is provided a piezoelectric
thin-film resonator including: a lower electrode provided on a substrate; a piezoelectric film that
is provided on the lower electrode and includes at least two layers; an upper electrode that is
provided on the piezoelectric film and has a region sandwiching the piezoelectric {ilm with the
lower electrode and facing the lower electrode; and an insulating film that is provided in a region
in which the lower electrode and the upper electrode face each other and between each of the at
least two layers, wherein an upper face of the insulating film is flatter than a lower face of the
insulating film.
[0007] According to another aspect of the present invention, there is provided a method for
manufacturing a piezoelectric thin-film resonator comprising: forming a lower electrode on a
substrate; forming a first piezoelectric film on the lower electrode; forming an insulating film on
the first piezoelectric film; flattening an upper face of the insulating film; forming a second

piezoelectric film on the insulating film of which upper face is flattened; and forming an upper
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thin-filmresonator including: a |ower electrode provided on a substrate; a
pi ezoelectric filmthat is provided on the | ower electrode and includes at

| east two | ayers; an upper electrode that is provided on the piezoelectric
filmand has a regi on sandw ching the piezoelectric filmwth the | ower

el ectrode and facing the |ower electrode; and an insulating filmthat is
provided in a region in which the | ower electrode and the upper el ectrode
face each other and between each of the at |east two |ayers, wherein an
upper face of the insulating filmis flatter than a | ower face of the
insulating film [0007] According to another aspect of the present

invention, there is provided a nethod for manufacturing a piezoelectric
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of the insulating film formng a second piezoelectric filmon the

insula&{qugéIﬁqg}mkaﬁgdépper face is flattened; and form ng an upper
electroé% on the second piezoelectric filmso as to have a region

sandwi ching the first piezoelectric film the insulating filmand the
second piezoelectric filmwith the | ower electrode and facing the | ower

el ectrode. BRI EF DESCRI@E%L@"U%@@W%&Q@Q&@G 1lillustrates a
a

schematic cross sectional view of a resonance portion of a piezoelectric
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piezoelectric thin-film resonator in accordance with a first comparative example;

FIG. 2 illustrates a cross sectional view illustrating flatness of an upper face of an
insulating film;

FIG. 3A illustrates a schematic top view of a piezoelectric thin-film resonator in
accordance with a first embodiment;

FIG. 3B illustrates a schematic cross sectional view taken along a line A-A of FIG. 3A;

FIG. 3C illustrates a schematic cross sectional view taken along a line B-B of FIG. 3A;

FIG. 4A through FIG. 4H illustrate a schematic cross sectional view illustrating a
method for manufacturing a piezoelectric thin-film resonator in accordance with the first
embodiment;

FIG. 5 illustrates a schematic cross sectional view illustrating flatness of an upper face
of an insulating {ilm;

FIG. 6A illustrates a measurement result of temperature characteristics of frequency of
the piezoelectric thin-film resonator in accordance with the first embodiment;

FIG. 6B illustrates a measurement result of temperature characteristics of frequency of a
piezoelectric thin-film resonator in accordance with a second comparative example;

FIG. 7 illustrates a schematic cross sectional view of a piezoelectric thin-film resonator



FIG2 illustrates a cross sectional viewillustrating flatness of an upper

face of an insulating film FIG 3Aillustrates a schematic top
view of a piezoelectric thin-filmresonator in accordance with a first
enbodinent; FIG 3B illustrates a schematic cross sectional view taken al ong
aline AAof FIG 3A, FIG 3Cillustrates a schematic cross sectional view
taken along a line B-B of FIG 3A;, FIG 4A through FIG 4H illustrate a
schematic cross sectional viewillustrating a method for manufacturing a

pi ezoel ectric thin-filmresonator in accordance with the first enbodi nent;
FIG 5 illustrates a schematic cross sectional viewillustrating flatness
of an upper face of an insulating film FIG G6Aillustrates a

masurﬁ%@@é’ﬁrdaﬁﬁé With OfrstRSBRBEALIE RR AR LR M hihivedinkht; f r equency of the
pi ezoelectric thin-filmresonator in accordance with the first embodinent;
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frequency of a piezoelectric thin-filmresonator in accordance with a
second;; GOINALAL W@ &% odified embodiment of the first embodiment; and

FIG. 9 illustrates an example of a flowchart of a manufacturing method of a

piezoelectric thin-film resonator in accordance with a second embodiment.

DETAILED DESCRIPTION
[0009] A description will be given of a piezoelectric thin-film resonator in accordance with a
first comparative example. FIG. 1 illustrates a schematic cross sectional view of a resonance
portion of the piezoelectric thin-film resonator.  As illustrated in FIG. 1, a first piezoelectric film
52 is formed on a lower electrode 50 by a sputtering method or the like. The lower electrode 50
is made of Ru (ruthenium) or the like. The first piezoelectric film 52 is fnade of AIN or the like.
An insulating film 54 acting as a temperature compensation film is formed on the first
piezoelectric film 52 by a sputtering method or the like. A second piezoelectric film 56 is
formed on the insulating film 54 by a sputtering method or the like. The second piezoelectric
film 56 is made of AIN or the like. The insulating film 54 has a temperature coefficient having
a sign that is opposite to a sign of a temperature coefficient of an elastic constant of the first
piezoelectric film 52 and the second piezoelectric film 56, because the insulating film 54 acts as
the temperature compensation film. The insulating film 54 is made of SiO; or the like.  For
example, the insulating film 54 is in contact with an upper face of the first piezoelectric film 52.
For example, the second piezoelectric film 56 is in contact with an upper face of the insulating
film 54. An upper electrode 58 made of Ru or the like is formed on the second piezoelectric

film 56 by a sputtering method or the like.



FIG 7 illustrates a schematic cross sectional view of a piezoelectric
thin-filmresonator 1in accordance with a first nodified enbodi nent of the

first enbodi nent; FIG 8 illustrates a schematic cross sectional view
of a piezoelectric thin-filmresonator in accordance with a second nodified
enbodi nent of the first enbodi ment; and FIG 9 illustrates an exanple

of a flowhart of a manufacturing nethod of a piezoelectric thin-film
resonator in accordance with a second enbodi nent. DETAI LED DESCRI PTI ON
[ 0009] A description will be given of a piezoelectric thin-filmresonator in
accordance wth a first conparative exanple. FIG 1 illustrates a schematic
cross sectional view of a resonance portion of the piezoelectric thin-film
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insulating film 54. As illustrated in FIG. 2, the first piezoelectric film 52 is formed on the lower
electrode 50 by a sputtering method or the like, and has a thickness of 0.6 um or the like.
Therefore, flatness of an upper face 60 of the first piezoelectric film 52 is bad. The insulating
film 54 is formed by a sputtering method or the like and is in contact with the upper face 60 of
the first piezoelectric film 52. The insulating film 54 has a thickness of 25 nm or the like.
Therefore, an upper face 62 of the insulating film 54 is subjected to the flatness of the upper face
60 of the first piezoelectric film 52, and has a shape to which the upper face 60 of the first
piczoelectric film 52 is transferred.  That is, the flatness of the upper face 62 of the insulating
film 54 is approximately the same as that of the upper face 60 of the first piezoelectric film 52.
Therefore, the flatness of the upper face 62 of the insulating film 54 is also bad. And, the
second piezoelectric film 56 is formed in contact with the upper face 62 of the insulating film 54
having bad flatness by a sputtering method or the like.

[0012] Thus, the temperature characteristic of frequency may be improved in the

piezoelectric thin-film resonator in accordance with the first comparative example, because the



[ 0010] The | ower el ectrode 50 and the upper el ectrode 58 sandwi ch the first
pi ezoel ectric film52 and the second piezoelectric filmb56 and face each
other. The insulating filmb54 is sandwi ched by the first piezoelectric film
52 and the second piezoelectric filmb56 in a region where the | ower

el ectrode 50 and the upper electrode 58 face each other. Thus, an
insulating filmacting as a tenperature conpensation filmis provided in a
regi on where an upper electrode and a | ower el ectrode face each other. This
al l ows i nprovenent of tenperature characteristics of frequency, as
described in Docunment 1. [0011] A description wll be given of flatness of
the upper face of the insulating filmb54. FIG 2 illustrates a schematic
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i nprove i'ezoel ectric t n1resonator in accordance wth

first ﬁ]%mar atA X&c&%&?ﬂ%ﬁ be%?\?eﬂ%?g pﬁer%gelectric thin-film resonator that improves

temperature characteristics of frequency, suppresses disturbance of orientation of a piezoelectric
film, and achieves favorable resonance characteristics.

[First Embodiment]

[0014] FIG. 3A illustrates a schematic top view of a piezoelectric thin-film resonator in
accordance with a first embodiment. FIG. 3B illustrates a schematic cross sectional view taken
along a line A-A of FIG. 3A.  FIG 3C illustrates a schematic cross sectional view taken along a
line B-B of FIG. 3A.  As illustrated in FIG. 3A through FIG. 3C, a lower electrode 12 made of
Ru or the like is provided on a substrate 10 made of Si substrate or the like. The thickness of
the lower electrode 12 is, for example, 260 nm. A first piezoelectric film 14 made of AIN or the
like is provided on the substrate 10 and the lower electrode 12.  The thickness of the first
piczoelectric film 14 is, for example, 0.6 pm.  An insulating film 16 made of SiO; or the like
acting as a temperature compensation film is provided on the first piezoelectric film 14. The

thickness of the insulating film 16 is, for example, 25 nm. For example, the mnsulating film 16
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insulating film54 is provided between the first piezoelectric film52 and
the second piezoelectric film56 However, the second piezoelectric film 56
is provided in contact with the upper face 62 of the insulating film 54
havi ng bad flatness. Therefore, c-axis orientation of the second

pi ezoel ectric filmb56 is degraded "New El ectrode Material for Low | oss and
H gh-Q FBAR Filters", T. Yokoyama and four people, |EEE U trasonic
Synposi um 2004, p429-432 discloses that c-axis orientation of a

pi ezoel ectric filmhas large influence on resonance characteristics of a
pi ezoel ectric thin-filmresonator. Therefore, when the c-axis orientation
of the second piezoelectric filmb56 is degraded as in the case of the

pi ezoeis@edvided dnthdlagfpel Mot 8EMB @ hiczHbl RUEORIKANE Sadis ihlcdnlfRt ith fe uppBPar ati ve
exanpl e, the resonance characteristics may be degraded. [0013] A description
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each other is a resonance portion 22.

[0016] A cavity 24 having a dome shape is formed between the substrate 10 and the lower
electrode 12 below the resonance portion 22.  The dome shape is a bulge in which a height of a
center portion of the cavity 24 is larger than a height of a circumference of the cavity 24. A
guidance passage 26 for etching of a sacrifice layer described later is provided under the lower
electrode 12.  An edge region of the guidance passage 26 is not covered by the first
piezoelectric film 14, the insulating film 16 or the second piezoelectric film 18. Ahole 28 is
formed in the edge region of the guidance passage 26. An opening 30 allowing electrical
connection with the lower electrode 12 is formed in the first piezoelectric film 14, the insulating
film 16 and the second piezoelectric film 183.

[0017] Next, a description will be given of a method for manufacturing the piezoelectric

thin-film resonator in accordance with the first embodiment, with reference to FIG. 4A through
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[ 0015] A second piezoelectric film18 nmade of AIN or the like is provided on
the insulating film 16 The thickness of the second piezoelectric film 18
is, for exanple, 0.6 um The second piezoelectric film18 is provided on the
upper face of the insulating film16 and is in contact with the upper face
of the insulating film16. An upper electrode 20 nade of Ru or the like is
provi ded on the second piezoelectric film 18 and has a region that

sandwi ches the first piezoelectric film1l4, the insulating film 16 and the
second piezoelectric film18 with the |ower electrode 12 and face the | ower
el ectrode 12. The thickness of the upper electrode 20 is, for exanple, 260
iun. The region where the |lower electrode 12 and the upper el ectrode 20

face emehsnt hefG ua tﬁoﬁ@%@ﬂl@@lhﬁ%ﬁeiaQ;@he%?atic[c%%@@f]cﬁoﬁcﬁ\(/ie%’c&&sﬁlﬁﬂin%% a dome
shape is forned between the substrate 10 and the | ower el ectrode I2 bel ow

the regenanaca BOEIG 98, 281G 4R dQSEFEN AN SllsEaR aRBh@@aticRrod kol RRIWONT of a
center portion of the cavity 24 is |larger than a height of a circunference

of thec&égé,&min%z}o R 1BdiEdARseIRassage 26 for etching of a sacrifice layer
described Tater is provided under the |lower electrode 12. An edge regi on of

t he guj ce ; [ t r : i Ineqif| M 14,
[Soﬁﬁa i ng&ﬁﬁﬁ%ﬁteﬁ% G RALan $YE 44 _a*'s’a/cntﬁlﬁéla b Bt mpd%@ ghégn&l&h

the in 16 or the second piezoelectric fil hole 28 is
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desirable shape through an exposure and an etching. A part of the lower electrode 12 is formed
into a shape covering the sacrifice layer 32.

[0019] As illustrated in FIG. 4B and FIG. 4F, the first piezoelectric film 14 is formed on the
substrate 10 and the lower electrode 12 by sputtering an Al target in Ar/N> mixed gas. Next, the
insulating film 16 is formed on the first piezoelectric film 14 by sputtering a SiO; target in an Ar
atmosphere. After that, Ar plasma is radiated to the upper face of the insulating film 16 for a
few tens of seconds.  And, the upper face of the msulating {ilm 16 is flattened.

[0020] As illustrated in FIG. 4C and FIG. 4G, the second piezoelectric film 18 is formed on
the insulating film 16 by sputtering an Al target in Ar/N; mixed gas. Next, the upper electrode
20 is formed on the second piezoelectric film 18 by sputtering a Ru target in an Ar atmosphere.
The formation of the first piezoelectric film 14, the formation of the insulating film 16, the
flattening of the upper face of the insulating film 16, the formation of the second piezoelectric
film 18 and the formation of the upper electrode 20 are performed successively in a single

vacuum equipment without breaking the vacuum. After that, the first piezoelectric film 14, the
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[0018] As illustrated in FIG 4A and FIG 4E, a sacrifice layer 32 made of
MyO (magnesi um oxide) or the like is formed on the substrate 10 by a
sputtering nmethod or a vapor deposition nmethod. After that, the sacrifice

|l ayer 32 is left in a region where the cavity 24 is to be forned, through
an exposure and an etching. The thickness of the sacrifice layer 32 is, for
exanple, 20 nm Next, the lower electrode 12 is fornmed on the substrate 10
and the sacrifice layer 32 by sputtering a Ru target in an Ar atnosphere.
After that, the lower electrode 12 is forned into a desirabl e shape through
an exposure and an etching. Apart of the lower electrode 12 is formed into
a shape covering the sacrifice layer 32. [0019]As illustrated in FIG 4B

and FI fgsuldfing filhe14, &He%*ec&fd?l&%bl@é%ﬁ& ifi8m f18 laAd & Xirpﬁerfewcﬂsak Wart emedhgs pate 10
and the |l ower electrode 12 by sputtering an target in Ar/N2 m xed gas

Next, §&@ahlBskHpR gt dnl dXpdRird Sndf A ML N FulBerf the 8blc PR SF ARIAEE febfonlor! M 14
by sputtering a Si02 target in an Ar atnosphere. After that, Ar plasma is

radi at @d oliRabdiGakapes6 fsaGtnithiblgh kot Bk £d dididS Tk 1B1d B of
seconds.g%ngfﬂﬁﬁé gppef face of ?ﬁe ?ﬁ?ufating fifﬁ?lG fs fiattgﬁgz.

[ 0020] fA3mbd Idgsthbad @ e lowdrElecttbaantd FI G 4G the second piezoelectric film
18 is fornmed on the insulating film 16 by sputtering an Al target in Ar/N2

m xed @@m]N_extAs 110GrHRNE F16G 48541096, A9 dichid QNd¥RAP Bn EdRing BERdacrifice
pi ezoelectric film18 by sputtering a Ru target in an Ar atnosphere. The

f or mat f: ' | I [ ' t j of
1a9& 39f1_s lﬁﬂ%%dﬁéeﬁsﬁonpih@%@% 2Bl sk ﬂrlllpau gthe Juaah ﬁﬁ?gdtgﬁg& Tﬂ%ﬂgolyi hg film

i nsul ating fi 16, the flattening of the per- face o I nsu

16, t hg ok IRE QR 9 istH8owRC 08 REZ RELEALL Hiftns ek 118 A0 L1E 15 QhLRL on of
i 8 g

the upper el e 20 are performed successively in a single vacuum _
e P, SRR IS B Tl e i el ect
upeer, LS 205 20l RS 108 SALGILE, SNGR W RHI, o
P SRR AT e BANGPP U S Rc THE dh 20 T b

cavity 24 having the dome shape is formed between the substrate 10 and the lower electrode 12.

[0022] Next, a description will be given of the flatness of the upper face of the insulating

film 16. FIG: 5 illustrates a schematic cross sectional view illustrating the flatness of the upper

face of the insulating film 16. As illustrated in FIG 5, the flatness of an upper face 36 of the

insulating film 16 is improved more than that of an upper face 34 of the first piezoelectric film

14 (that is, the lower face of the insulating film 16). This is because the Ar plasma is radiated to

the upper face of the insulating film 16 after forming the insulating film 16, as described with

reference to FIG. 4B and FIG. 4F. Here, the flatness of the upper face 34 of the first

piezoelectric film 14 and the flatness of the upper face 36 of the insulating film 16 were

measured.  As the flatness, the RMS value of the upper face 34 of the first piezoelectric film 14

after forming the first piezoelectric film 14 and the RMS value of the upper face 36 of the

insulating film 16 after flattening the insulating film 16 were measured with respect to 15 chips

in three areas on a wafer manufactured by the manufacturing method as illustrated in FIG. 4A
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[0021]As illustrated in FIG 4D and FIG 4H, etching liquid for an etching
of the sacrifice layer 32 is introduced fromthe hole 28 and passes through
t he gui dance passage 26. Thereby, the sacrifice layer 32 is renoved. Stress
of alamnated filnms of the |lower electrode 12, the first piezoelectric
film214, the insulating film 16, the second piezoelectric film18 and the
upper electrode 20 is set to act as conpression stress by adjusting the
sputtering condition. Thus, when the etching of the sacrifice layer 32 is
conpleted, the lam nated films expand and the cavity 24 having the done
shape is forned between the substrate 10 and the | ower el ectrode 12.

[ 0022] Next, a description wll be given of the flatness of the upper face

of thenidighiFaGiag fAl Melde O e FOVS VS b @k @ﬁ?@ taehamBiieGirsR&Eseleaat i onal
view illustrating the flatness of the upper face of the insulating film 16.

As il ggd E@Bﬁ;ﬂe il?gﬁb@wa?lﬁnﬂﬁ forPthB 88r Rindah MRRRE of A RS vallie bh@e

insulating film is inmproved nore than that of an upper face 34 of the

first ﬁﬂp%?f)a%é 86 bf ine iﬁs"uiaﬂh%ﬁhﬁtlﬁ'af thk 95 chip wa®0®nnf. 20ewa{ fobR@tHang! ating film
16). This is because the Ar plasma is radiated to the upper face of the

| nsul afiiinghs b D ubferdhideets Jrtd i datddGithinehalitiptovel hia thE RMS valgSGhd bed Wi th
reference to FIG 4B and FIG 4F. Here, the flatness of the upper face 34 of

the fifeaaceeit@mgbf%srigymfdiahﬁg%ﬂw%smqokﬂﬁp@afﬁc@is $Be HBASENS L1636 Of

the insulating fi were neasured. As the flatness, the RVS val ue of the

upper E@Q?j 34 ﬁ%ﬁt,ttﬂéc-faiiﬁ gﬁ%rﬁiét%ﬁh?& Edda fitdofledific #ihaR MM oAdnd 1{1]%3{ I rst

pi ezoel ectric m 14 an val ue of the upper face 36 of

| nsul api.ngs B'th‘ir%gla?h% film 16 @fﬁﬁf&h @lgtnkgkew&srl&glr%? g@s Br#gé 0 WRE @-aggas ur ed

with respect to ps in three areas on nuf act ur ed t he
fact ur | ' : ' - E H A
B S A R R S S VA
t he 15.chi - f
the upiEPEn B bedonl RIS HEtLcte AEE. U RRIRRACE ] ccklif SRRGIEEHLT ©1
was foppd,g QQE %&?ﬁ%%ﬁ?&%&fg tﬁa*t‘%awgf‘erfer AEGaR8 OfmLiGekadpyating film 16
a e vdl ue was re

was i nprove uced to half or l'ess, by radiating
g e M L e s
UPPET 45 in the case of the piezoelectric thin-film resonator of the first comparative example, the c-axis
orientation of the second piezoelectric film 56 may be disturbed. However, the disturbance of
the c-axis orientation of the second piezoelectric film 18 is suppressed by forming the second
piezoelectric film 18 on the upper face 36 of the insulating film 16 of which flatness is improved
as in the case of the piezoelectric thin-film resonator of the first embodiment.
[0024] Next, the temperature characteristics of frequency of the piezoelectric thin-film
resonator in accordance with the first embodiment were measured. FIG. 6A illustrates a
measurement result of the temperature characteristics of frequency of the piezoelectric thin-film
resonator. For comparison, FIG. 6B illustrates temperature characteristics of frequency of a
piezoelectric thin-film resonator in accordance with a second comparative example having the
same structure as the piezoelectric thin-film resonator in accordance with the first embodiment

except for that the insulating film 16 is not provided. In the measuring of the temperature
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face 36 of the insulating film 16 of which flatness was inproved was
measured. The c-axis orientation was neasured by neasuring a half-val ue

wi dth of a rocking curve of X-ray diffraction of the second piezoel ectric
film 18 The hal f-value width of the second piezoelectric film 18 was
approximately 3 degrees that was a preferable value. Wen the second

pi ezoel ectric film56 is forned on the upper face 62 of the insulating film
54 having bad flatness as in the case of the piezoelectric thin-film
resonator of the first conparative exanple, the c-axis orientation of the
second piezoelectric filmb56 may be di sturbed. However, the disturbance of
the c-axis orientation of the second piezoelectric film18 is suppressed by

f or m nghakdeerSRe&0n thnifeRZ@e WaE thdnGed frbi-18d&eds tetoW3RREreEAC &/iB @ 0k glche
insulating film16 of which flatness is inproved as In the case of the

pi ezoeL8gdréhéntd, Ahda tdsbnce BeQRhEF arf antah8-rEdohsiceSrgedicyRRate mQRR4] Next, the

tenperature characteristics of frequency of the piezoelectric thin-film

resonaf@nsi N aLCiOhHAREN WG KA HR HIG 68, 1RBRFEARAL cOMI@enlBABH FQEnantt G 6A
illustrates a neasurenent result of the tenperature characteristics of

fr equeﬂ@r%heﬁcfsy $MBe PR IrRGh L Sind Ridhafok MLEAMNREAh thE WcohkPERAYIRRE, FI G 6B
illustrates ‘tenperature characteristics of frequency of a piezoelectric

thi n-f Ll MR 0AE BhmIMNdAL C ahd ahgRrathuk RoSrrsRrth CAMPRIAM LTy e havi ng
the sane structure as the piezoelectric thin-filmresonator i'n atcordance

Wi th t§e pld-batctEORALEIR RisofHGEPR132 ChphAtalest NONIRSHhEHRG thd ﬂeﬂiggé‘giré not

provided. In the neasuring of the tenperature characteristic

t enper gl s e hadggtle fifegitne éfa@gfe%@ae&ié RiBRINRIEEES iCaloldindOn ST ees

C increnents, and a resonarnce frequéncy and an anti-resonance frequency

ver e npasiiehnb@Aenl #3176 h@gﬁ(}f ?éeggd ThE tdalfrat e c%ci%ht%fﬂ%nﬁtﬂ@ﬁ@in nperat ure

coefficient of the resona uency of the piezoelectric thin-film

reso“a’ﬁ&{ueh%@f%é) AR 'tHﬂ-ﬁﬁ?eg@%@E‘?s S0 AAE id‘é% %%gerﬁtﬁre‘ 27.3 ppm C

deg. The terfperature coefficien e anti-resonance frequency of the

i ezoe -] LD 11Ba 5113 t hand,
!to he te!r:r(geglﬁcgéfrgsr Eéﬂléglégfﬁag})éeﬁtéﬂg@t ng t?%%rg%rgng%%ﬂﬁig%ﬂg%gyo%e ﬂt?ﬁlgg%{iggoel ectric

t hin-fjl meres o i St i [.Sn ppn C
AR08 WAL ABGEL ARNGR L b SRl SRR PR b Sl PP
PI ezoe{QetﬁIJsre' o?tl#emi obleb i MRS ML XonkSr ﬁlza%ccﬂ‘gﬂl?:@%hqﬁgsecgﬁwcotﬁﬁﬂpa‘?ﬁgt ure
coefficients of the resonance frequency and the anti-resonarice 1frequency of
the pigzgehectric thin-filmresonator in accordance with the first

enbodi ment” are i nproved by 10 ppm conpared to those of the piezoelectric

thin-TjoBkf €SOl QlbeldlsAHE W ARRGE ikt 18 if MEISHLTGRIRRL B & exanpl e.

piezoelectric film 14 and the second piezoelectric film 18 are made of AIN or the like, and the

sign of the temperature coefficient of the elastic constant of the insulating film 16 is opposite to
that of the first piezoelectric film 14 and the second piezoelectric film 18. And, the insulating
film 16 is a region between the first piezoelectric film 14 and the second piezoelectric film 18
where the lower electrode 12 faces the upper electrode 20, and thereby the temperature
characteristics of frequency are improved. The insulating film 16 may be provided in a part of
the region (the resonance portion 22} where the lower electrode 12 faces the upper electrode 20.
However, in view of improving the temperature characteristics of frequency, it is preferable that

the insulating film 16 covers whole of the region (the resonance portion 22) where the lower
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[0026] This is because the insulating film16 is nmade of SiQ2 or the |ike,
the first piezoelectric film1l4 and the second piezoelectric film18 are
made of AIN or the like, and the sign of the tenperature coefficient of the
el astic constant of the insulating film16 is opposite to that of the first
pi ezoel ectric film 14 and the second piezoelectric film18. And, the
insulating film1l6 is a region between the first piezoelectric film14 and
t he second piezoelectric film 18 where the | ower electrode 12 faces the
upper el ectrode 20, and thereby the tenperature characteristics of
frequency are inproved. The insulating film 16 nmay be provided in a part of
the region (the resonance portion 22) where the |lower electrode 12 faces

t he upgesircak ¢¢ rlcedfe 4BperdRWBRY&I 20.1 N view of inproving the tenperature
characteristics of frequency, it is preferable that the insulating film 16

coversiophpl € ofs hliRioh&DiNe (ih R ok BRENRIE SrelRtldnAdd ANt W Bl RtrhBSi ver
el ectrode 12 faces the upper electrode 20. [0027] As nenti oned above, in

accor dg@GRe Wheh elbhifodtingd pl%mgﬁj bABRtsubsatd 10, HRtirdtBobiBetfil R Ba abdie! OVer
el ectrode 12 is provided on the substrate 10, the first piezoelectric film

14 andsd bt siesRpduRifH08! £EbfohRel bh hmejlgwél_re@ec%@é’iﬁ% Wpet H&ctlogues el ectrode

12, the upper electrode 20 having the regi on sandwi ching the first
pi ezo A § : b I ! i i ower
2 cee e o iy e genicae s g e LGkl Kb o1

_ 2 arn _ _ _ : ( Seco
pi ez°e+vﬁﬁttﬁe!18w{:ﬂ %1%1%%3 g%gncl[ ﬁgﬁigﬁ{ew\qeﬁa&%é}@m {% rpi@maw@n%@gécwn the first

pi ezoel ectric fi econd pil ezoel ec c f1lm18 where the | ower

P R B P e e B TS E, 5,
Lot y i Ak knd pieMekufrln 1940ho@ R0k dlooflénd REQHABuLLHrodd®. L OVer |

s Tor geg iddigieh GYPiG §|tﬁgﬁé)e?n?af%%gtrlﬁ%ﬂ]agﬁ%gﬂﬁ% T e

on the Tirst prezoeleciric per face of the i1nsulating

e I L o e oy

upper gl gek £0UR ARdad [Py Qb RERRNT4R BR8] SERLIGuELIAR o that a

part o e upper elec ndw ches t he pi ezoel ectric film 14,
the i . ¢ . Py i th t I

Lne & ML L RGlbd 1 6 el D6 SRE RS, RHGARGH ST £ 1AMttt | over
Pi €208} QG} i fink M 161 MFRONA R ihf HBQUERFLUIS e HAREINS rdiblalightipt d 11
FI G 6A, et npérature characteristics o requency are 1nprove ecause

the i nayl BG4 I J8ch 8ol O SR RELIC R LG A L8P PROSHER LI, 11 m 14

and the"sec piezoel'ectric re I"'ower electro aces the
upper %!e% & igiggc;?elq%g‘lc f'gpnel Sdéosthéiraga%cog tl‘?e{)ué%greelgch%ﬁé S0 UrdGlal (1%, Qf the second
pi ezoel'€CtT1C 11T M 18 1's suppressed, ause the second piezoelectric film
18 is Tormed OnstnEy WRPSLdRESIRS 6%nd el Rt 8okt el 138yiRf in %D

electrode 12 and faces the lower electrode 12. Through the processes, the piezoelectric

thin-film resonator is manufactured.

[0028] As illustrated in FIG. 6A, the temperature characteristics of frequency are improved

because the insulating film 16 is provided between the first piezoelectric film 14 and the second

piezoelectric film 18 where the lower electrode 12 faces the upper electrode 20. The

disturbance of the c-axis orientation of the second piezoelectric film 18 is suppressed, because

the second piezoelectric film 18 is formed on the upper face 36 of the insulating film 16 of which
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flatness is inproved. Thus, the resonance sharpness (Q value) can be

i nproved, the el ectronmechanical coupling coefficient (K2) can be inproved,
and the spurious can be suppressed. Therefore, the resonance
characteristics of the piezoelectric thin-filmresonator can be inproved.
Therefore, in accordance with the first enbodi nent, the tenperature
characteristics of frequency can be inproved, the disturbance of the
orientation of the piezoelectric filmcan be suppressed, and preferable
resonance characteristics can be achieved. [0029]1n view of suppression of
t he di sturbance of the c-axis orientation of the second piezoelectric film
18, it is preferable that the RVS val ue of the upper face 36 of the

i nsul afldthgs id ihiprok@d STIRIERIhk @sohdiRB shdtgn valseadbe ihgolaae face (that
is, the upper face 34 of the first piezoelectric film14) by 30 % or nore.

It is geiRnRiRig:aRBlihdadetifint dalbe enplovéd) enditRepuiRR RasBhe huppRll er
than that of the |ower face by 50 % or nore. It is still nore preferable

that te8¥8 uRlréenitee LREaUBREEs $BEE pREodieriiMinl @ln fcbdtdr At boimphdiRd] over
face by 80 % or nore. In view of suppression of the disturbance of the

C- axi STRULBAL &f dceftdfice Wil REARANEMPOBALR! B tdrhferdthle®hdBetetidtich 8 mcgéﬁcryabl e
that the RM5 value of the upper face 36 of the insulating film1l6 is 1.0 nm

or | eSgn HelimpovE® ke ALEHRLARIRNd Hadntdifdg oRIMR pi3baiectRE it SR ppldcg 36 s
0.8 nmor less. It is still nore preferable that the RVS val ue of the upper

face 38 d tera8ltdRinde@istactb@IROLASHd dchidgid ated in FIG 4C and FIG 4G it
is preferable that the formation of the first piezoelectric film14, the

for mat joRpo10f 4R & NFULAIb RNl dfiB difurthi& Jrlapt & 80k BSerltich e ulRB&df ace of
the insulating film16,” and the formation of the second piezoelectric film

18 ar epigfcreieefr{pgmstg? fESHMEIYe i e RV fud/GGHURYRA P TE BE w184k br eaki ng

t he vacuum hi s case, adherence of Inpurity I's restrained at an

interf t ih i (oW ¥ ! ikng film
16 and e g e R g R e e B L0 st DB
pi ezoel: oG fdal m ' t | | j | on the
Firor DBy oo e, Mh PO RHEPRE i SRR e

restrapneds g}&gﬂﬁﬁmﬁmﬁﬁ%ﬁfﬁeg fy getﬂ) rf? @.anxt?@%ﬁ%% é&%}]gﬁ@%afﬂ att ened

upper tace e i nsulating i ch the adheren fmpurity is

restr \?{gg?ﬁds THGE 6F AL Gppdd TRE 630U HaIlL FANME 67 MORAGERCILT180%E of ABrP e In

achi e

view of suppression of the disturbance of the c-axis orientation of the second piezoelectric film
18, it is preferable that the RMS value of the upper face 36 of the insulating film 16 is 1.0 nm or
less. It is more preferable that the RMS value of the upper face 36 is 0.8 nm or less. Tt is still
more preferable that the RMS value of the upper face 36 1s 0.6 nm or less.

[0030] As illustrated in FIG. 4C and FIG. 4G, it is preferable that the formation of the first
piezoelectric film 14, the formation of the insulating film 16, the flattening of the upper face of
the insulating film 16, and the formation of the second piezoelectric film 18 are performed
successively in a single vacuum equipment without breaking the vacuum. In this case,
adherence of impurity is restrained at an interface between the first piezoelectric film 14 and the
insulating film 16 and at an interface between the insulating film 16 and the second piezoelectric

film 18. That is, the insulating film 16 can be formed on the first piezoelectric film 14 at which
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[0031]In FIG 4B and FIG 4F, the Ar plasma is radiated to the upper face of
the insulating film 16, and the upper face of the insulating film16 is
flattened. However, plasma of inert gas other than Ar gas may be radi at ed.
That is, the plasnma of the inert gas other than Ar gas may be used.
[0032] I n the above-nentioned enbodi nent, the piezoelectric filmis nade of
two |ayers of the first piezoelectric film14 and the second piezoel ectric
film18, and the insulating film16 is a single |ayer provided between the
first piezoelectric film14 and the second piezoelectric film 18 However,
the structure is not limted. The piezoelectric filmmay include nore than
two | ayers such as three layers or four layers. In this case, the

i nsul aihk BELdrédcBol BnpusitPis Qd6udREAd D ETMERBoRAS S0k B AR A8 IcBE bé fofmbd bithe That
is, the piezoelectric filmhas only to include at |east two | ayers, and

each ifgithad i%@ﬂ;r fdck BF M@ snsQRlidg 1ifn D6 aPK R BRAIPEENR P iBRARTY IWBstRIRgoe!l ectric
films [0033] The insulating fiTm16 is nade of Si02 in the above-nenti oned

enbodi PR for @Jlere%&eangééﬂa%téﬁ?ﬁésscaﬂge adtifliefied. The insulating film 16

may be made Of other materials, If the insulating film 16 has the

tenperghyie Cagfrid; Gipeil roh MineArPldfaliSra0RRA%H iR uﬁa?ertflé'& ot in@flatidfae _
tenperature coefficient of the elastic constant of the first piezoélectric

11 110206 bl REO e RRORMAGA T fin {4 el OHBREvd 1Al indks

tenperature conpensation film For "exanple, an insulating filmin ich
anot heggl (RAERE %As%nag%ﬁgdiated.S! et RN HRpI AR TR QFert SR DiR? tHall ArighSib Fhd NI
filmle. That 1S, the insulating film16 nmay be an insulating TiImmainly

made of..§ilicon oxide. The insulating film16 may be nmade of a material of
whi ch sonic tenperature coefficient is positive.

[0032] In the above-mentioned embodiment, the piezoelectric film is made of two layers of
the first piezoelectric film 14 and the second piezoelectric film 18, and the insulating film 16 isa
single layer provided between the first piezoelectric film 14 and the second piezoelectric film 18.
However, the structure is not limited. The piezoelectric film may include more than two layers
such as three layers or four layers. In this case, the insulating film 16 is provided between each
two piczoelectric films. That is, the piezoelectric film has only to include at least two layers,
and each insulating film has only to be provided between each two piezoelectric films.

[0033] The insulating film 16 1s made of SiO; in the above-mentioned embodiment.
However, the structure is not limited. The insulating film 16 may be made of other materials, if
the insulating film 16 has the temperature coefficient of which sign is opposite to the sign of the
temperature coefficient of the elastic constant of the first piezoelectric film 14 and the second
piezoelectric film 18 in order to act as the temperature compensation film. For example, an
insulating film in which another element is doped in silicon oxide may be used as the insulating
film 16. That is, the insulating film 16 may be an insulating film mainly made of silicon oxide.
The insulating film 16 may be made of a material of which sonic temperature coefficient is

positive.
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[ 0034] The first piezoelectric film1l4 and the second piezoelectric film 18
are made of AIN in the above-nenti oned enbodi nent. However, the structure
is not limted. The first piezoelectric film114 and the second

pi ezoel ectric film 18 rmay be nmade of alum numnitride or another al um num
nitride in which another elenment is doped. That is, the first piezoelectric
film1l4 and the second piezoelectric film18 may be nmade of al um num
nitride or another aluminumnitride in which inpurity is doped. The first

pi ezoelectric film 14 and the second piezoelectric film 18 may be nade of

zi nc oxide or another zinc oxide in which another elenent is doped. It is
preferable that the first piezoelectric film1l4 is made of the same

mat er i Fiosa}s thﬂlesm@t oBle@ 70 Bl ¢ hh& theisbdBnd PickBEediid G100 €S SreQfadkREAN I St
pi ezoel ectric film 14 may be different fromthat of the second

pi ezoejnah¢ hbdvelhdnfbAd duboldthént CagSweven@hd ARKhdd Ish@t filnlted. 16rHRei-ween the
first piezoelectric film14 and the second pi ezoelectric film18 is |ocated

on t hepibpyictrf 6! 1PHR tALscSbitepi®loelcl@icUReErR Iﬁiﬁférﬁﬁﬁ%f %Rlnﬁhlﬂﬁ mtﬁ@@&a The

substrate 10 is not limted to the Si substrat'e, and may be a gl ass

subst r affher AlufFARn MRS ﬁl@@}ﬁclpinoftﬂ’é? elelkBe i is EBgedl OWﬁﬁt i€ |tﬁé3ﬁ{sﬂq@zola?ecﬁlﬁd t he

upper el ectrode 20 may be made of a metal material sSuch Mo, W

Ta, Pt R4 akd the @oon@ Fue}_éel&rnlfteﬁhﬁ Nehha nﬁ@@@@lﬂﬁum%dle Iol"§%ftl‘?etres the

pi ezoel ectric thin-filmresonator of BAR type in which the done-shaped

cavi t Ya12fhidusn higtdEHd m@éh unmgd%déest AL Brsf Picddke rbemlno eq;@ bgde 12.

However, the structure 1Is not ed. A pi zoelectrlc m r esonat or

of FBABe&c)éR%thﬁMﬂ scﬁaﬁbeﬁgaaseu@fn&cfb%&tﬂ}%m&em&&m m&m&#&og{eéﬂ olAEEEDY the

cavity 24 is forned int strate 10 may be used, as int case of a

first M id ed ﬁt’f;?é?@a@% rﬂﬂl\?&ﬁie ﬁrgﬁ)léz'o&%&ng dh T8 fkde (ﬁf 1R ﬁﬁﬁ%zﬁgﬁzﬁ a§ the

t hi n- f|| resonat or type nay be used as I n the case of a second

modi f'&@oﬁ@%ei&mcfﬁinfghem Eﬁ&@%mm{ L&%&iﬁhﬁ 15; AJ ﬂ,e%ﬁﬁél%ﬁ es a

schematic 05S sSectional view of the piezoelectric t
from that of the second piezoelectric film 18. In this case, the insulating film 16 between the

first piezoelectric film 14 and the second piezoelectric film 18 is located on the lower electrode
12 side or the upper electrode 20 side.

[0035] The substrate 10 is not limited to the Si substrate, and may be a glass substrate, a
(GaAs substrate or the like. The lower electrode 12 and the upper electrode 20 may be made of
a metal material such as Al, Cu, Mo, W, Ta, Pt, Rh, Ir, Cr, or Ti other than Ru.

[0036] FIG 3B illustrates the piezoelectric thin-film resonator of FBAR type in which the
dome-shaped cavity 24 is formed between the substrate 10 and the lower electrode 12.
However, the structure is not limited. A piezoelectric thin-film resonator of FBAR type in
which a part of the substrate 10 is removed and thereby the cavity 24 is formed in the substrate
10 may be used, as in the case of a first modified embodiment of the first embodiment. A
piezoelectric thin-film resonator of SMR type may be used as in the case of a second modified
embodiment of the first embodiment.

[0037] FIG. 7 {llustrates a schematic cross sectional view of the piezoelectric thin-film
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resonator in accordance with the first nodified enbodi mrent of the first
enbodi nent. As illustrated in FIG 7, a part of the substrate 10 is
renoved, and a recess is fornmed in the upper face of the substrate 10. The
| ower el ectrode 12 is provided on the substrate 10 so as to cover the
recess. Thus, the cavity 24 is fornmed under the | ower electrode 12. The
first piezoelectric film14, the insulating film 16, the second

pi ezoelectric film 18 and the upper el ectrode 20 are |am nated on the | ower
el ectrode 12 in this order. The region (resonance portion) where the first
pi ezoelectric film14, the insulating film 16 and the second piezoelectric
film18 are sandw ched, and the | ower electrode 12 faces the upper

el ect r Reehakf in ScchRiShdd wiltedhe FRAYRIMA BDoUinYen?df the 683 8hHsdinkhustzated in
FIG 7, the insulating film16 is provided between the first piezoelectric

film 1ﬂiuﬁi’&i’ed1h€FI@e7CQ®QrtBf&é@%sﬁﬁferlloqs fdmdPed Bnwh 8ERsd I8 GorhRWE thehpsdrr ode 12
faces the upper el ectrode 20, and the upper face of the insulating film 16

i's flattepade fMYs@akhan TheloerabctRs 2 & prbliled wmb@&tbsﬁgtefmlsmaé-ﬁy colvy t he
pi ezoel ectric thin-filmresonator of FBA% type in which the cavity 24 is

for medipkReckite THRS WHeAaQityL 94 is Finfed @AM the 1dwr 'eIEEt'f&Hé' 129 @he fREpiSIBRRLAL Ur e
characteristics of frequency, suppressing of disturbance of ?he orientation

of therpi eZog! 1%Ilétlrf’g it 19, 1RREAR QM&M&IE’&n@Ehﬂﬁ%ﬁd ARhBpdrRRRAGICR) are
characteristics. The cavity 24 may be a via hole pene ratlng the substrate

10 10 {2 Bk QMBI (he RERr Bfecd R 12URHiE Sld6r, 1Ghek bﬁ%ncgpbﬁ*)h’)'s&ﬁeﬁ‘& fie @

schematic cross sectional view of the piezoelectric th | m resonat or in

accor dﬁfgpﬁewetéaufchﬁmsle;c ﬁﬁqnﬁ%&l{g e 18 %H@@Hem@ fd%fleng!@ctﬁ& Fifih 1gRodi nent .

illustrated in 8, 'an acoustic nmultilayer I's provided on the
SUbs”é%thvxjcﬁd'ﬁthHé‘? BoUStrbGe [BHabLS RY Bfpel EleBR 2035 bW AEOUSHeGhd MPedance
film 38 haV|%g a thlgkness of621f gnd gﬁxige ﬁ%oust? YY?medancgq}%‘:‘: | m 40
haV|nga@ngbuckness of 214 are lam nated alternately. The " is a

wavel engt of an acoustic wave. The |ower el ectrode 12, the first

piezoeiBsa i ¢ Adiliihfbd ih B 7 R W ALAiAG ﬁgxghmsl@ngfdg&b%ﬁsaﬂﬂe Rlgzoel ectric

filml d the upper e acoustic nutt |ayer

filma4 eﬁd&l&{ﬂcsﬁlﬂlrldleind tﬂ@éé@oncfaﬂ]%ogﬁ%gqilﬁcltSr\J(tﬁsré ﬁlle nO\Irérlech{rfc?eolrﬁ)at{aQ S ﬂQJ SMR

type es not have a cavit e region (resonance por re the

i o oo EE AEURBEDO Sl chpkier £k OGEHOIRIRLDFI 16 1 AeROnb AT ﬁ%%as  he
upper ﬁg@lsfftpé)ﬂgul%%@n%ﬁllng?@ %&1@% o@a@a}eg tﬁug%lﬁ%&%ﬁat CofBHAR W% thh@ﬂ

[ 0040] | Tustrate even | e plezoe ectric
res Onaéa%ty b i@ itnXﬁ)@sdetrate 10.  This results in improving of the temperature

characteristics of frequency, suppressing of disturbance of the orientation of the piezoelectric

film, and achieving of preferable resonance characteristics. The cavity 24 may be a via hole
penetrating the substrate 10 to the lower face of the substrate 10.

[0039] FIG. 8 illustrates a schematic cross sectional view of the piezoelectric thin-film
resonator in accordance with the second modified embodiment of the first embodiment. As
illustrated in FIG. 8, an acoustic multilayer film 42 is provided on the substrate 10. In the
acoustic multilayer film 42, a low acoustic impedance film 38 having a thickness of 2/4 and a
high acoustic impedance film 40 having a thickness of A/4 are laminated alternately. The “A” is

a wavelength of an acoustic wave. The lower electrode 12, the first piczoelectric film 14, the
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whi ch the acoustic multilayer film42 is provided instead of the cavity,
the insulating film16 is provided between the first piezoelectric film1l4
and the second piezoelectric film18 where the | ower electrode 12 faces the
upper el ectrode 20, and the upper face of the insulating film16 is flatter
nore than the |lower face of the insulating film116. This results in

i nproving of the tenperature characteristics of frequency, suppressing of

t he di sturbance of the orientation of the piezoelectric film and achieving
of preferable resonance characteristics. [Second Enbodi nent] [0041]FIG 9
illustrates an exanple of a flowhart of a nethod for manufacturing a

pi ezoel ectric thin-filmresonator in accordance with a second enbodi nent. A

top Vi RMulativk AnCTRER stetidipaaticitie Wi f 8 bhethpupg@el Rabdd 20 4rbianrihdtbddn
resonator in accordance with the second enbodi nent are the sane as those of

the fifitacrBOMuBNer filth B ihistdd@UIbhs! e pREeodibditiSihiatin tRSnAdrOFSMR

Therefore the explanation is omtted. Cross sectional views illustrating
t he mappé asdstot RGe ARG ai] Be kdbforS@BBnARe pHASE) Whert MR irktpidzo8BhAd RNt .
FIG 4A through FIG 4H illustrate the views. Therefore, 'the explanation is

om ttegy thA4AdtAS fithl 16dnt M cdrdl fidoeleric Fil8 186 dahiwRhEPHRISRWes for med
in a region where the cavity 24 is to be fornmed (Step S10). Next, the | ower

el ect r ge@rokd lh$acfeé3fh_€%9?é}féléc’f}§de92!ﬁ§bbﬁﬁ&;e?i%@%‘ih& heus@cChifiilser figysr 32. The

| ower electrode 12 is fornmed into a desirable pattern (Step S12).

[ 0043] Mext) t hes ifihdidtedih BEO S| B6dhfif fhe bidzMR1ddrid id-AMTRAoRorlibESRUROShE R € 10
and the | ower
which the acoustic multilayer film 42 is provided instead of the cavity, the insulating film 16 is
provided between the first piezoelectric film 14 and the second piezoelectric film 18 where the
lower electrode 12 faces the upper electrode 20, and the upper face of the insulating film 16 is
flatter more than the lower face of the insulating film 16. This results in improving of the
temperature characteristics of frequency, suppressing of the disturbance of the orientation of the
piezoelectric film, and achieving of preferable resonance characteristics.
[Second Embodiment]
[0041] FIG. 9 illustrates an example of a flowchart of a method for manufacturing a
piezoelectric thin-film resonator in accordance with a second embodiment. A top view and a
cross sectional view of the piezoelectric thin-film resonator in accordance with the second
embodiment are the same as those of the first embodiment. FIG. 3A through FIG. 3C illustrate
the views. Therefore the explanation is omitted. Cross sectional views illustrating the
manufacturing method are the same as those of the first embodiment. FIG. 4A through FIG. 4H
illustrate the views. Therefore, the explanation is omitted.
[0042] As illustrated in FIG. 9, the sacrifice layer 32 is formed in a region where the cavity

24 is to be formed (Step S10). Next, the lower electrode 12 is formed on the substrate 10 and

the sacrifice layer 32. The lower electrode 12 is formed into a desirable pattern (Step S12).
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el ectrode 12 (Step S14). Then, Ar plasma is radiated to the upper face of
the first piezoelectric film1l4, and the upper face of the first

pi ezoelectric film14 is flattened (Step S16). Next, the insulating film 16
is formed on the first piezoelectric film 14 of which upper face is
flattened (Step S18). Then, Ar plasma is radiated to the upper face of the
insulating film16, and the upper face of the insulating film116 is
flattened (Step S20). [0044] Next, the second piezoelectric film18 is
formed on the insulating film 16 of which upper face is flattened (Step
S22). Then, the upper electrode 20 is fornmed on the second piezoelectric
film18 (Step S24). The formation of the first piezoelectric film114, the

flattemiong] of Ndxg the fiust pipicREeRICETN 14Cs Firndil 34 thetsiBstfa@f IBdndaRe Bivet he _
insulating film16, the flattening of the insulating film 16, the formation

of t heclsafsed 2R8te 8e4)eC rhét AlriplRind & ot hethe@ppatth@bidle filepithdRRErc
el ectrode 20 are perfornmed in a single vacuum equi pnent w thout breaking

the vagumm, MNeXte uppBeadd 6fhe ﬁis?%l@ﬁje%ﬁ{dfﬂnﬂcmllgﬂ&fﬂene& dp B&g' ﬂ?thfe' I'm 16,
t he second plezoelectrlc film 18 and the upper el ectrode are formed into

a desi mabih@nd@int BY B froie@Rn Febhirst PiBRRIectrRFIMAW WIS \p¥efcdR flafierRliChed.

Thereby, the cavity 24 having a done shape is forned between the substrate

10 and(giiesiggwerhel RPblﬁQHz?1s¥2d1£t§§ RthSERer fe{cQ@ﬂﬁﬂe/ﬁ%umng 1Bned, AReye. the

second enbodiment s different fromthe first embodi ment in a point that

the Up&ﬁkrﬁ@G%f@éukhﬁmﬁgﬁﬁﬁ1@%ﬁ@9@h&ﬂ$ﬁ(Sﬁn|n114 is flattened after the
formation of the first piezoelectric Pn114 and the insulating film16 is

for medjgprst he Wiy She Ri&iOgEREIE L il 101 frkd Mﬂﬁhnéﬁ@aﬁ R i 896 o Svhidhat t ened.

In the first enbodiment, as illustrated in FIG 5, | at ness of the
upper {36e 3 ifadh& (fSleE)SStQZP' eﬁf&ﬁ'tﬁ%ﬁ;&e‘f elfebtlrcme% i§ ﬁadﬁ@& oﬂﬁfé‘%eao‘ﬂﬁ""ever in
t he second enbodi nent he upper face of first piezoelectric film14 is

i nprov f f
1ot T ohsd Rt sec?ﬁ?&%iﬂ?é@ﬁmﬁﬁ‘;*%e%%tﬁ*%éag#tﬂ%Tﬁ‘efhqﬁg%%?“?‘%aﬂésof the

| nsul abf 00 rid biBhddectitc P14 ITPLMAR A 10 08 FR A0l Ih@@ahgﬁhga o9 film 16

is finished IS nore prefera an the first rent use the

| nsul af ey ?tll\ﬁl\%] l?f}]il@tﬁesfoﬁﬁe{tmﬁ%f% lshd g:?&%élg&ﬂﬁﬁlrﬁflstaﬁﬁ Helfhra ];Bh 6r@e! ectric

film1l4 o | at ness i s i nprove e upper ace of the i1nsulating

film 1&}:}& el a&&d&% atd rfoBREHn angf el Qbm ehmﬁmeh@&gﬁgbehﬁgggw%%.f ace of

the in ating film1l6 1s |nprove nore t I ment.

Accor dNBEH the i iddbSbHiOANS %4 Ohe IdRafafitind| @ UARLAH RO oBbctiDRIATEANE

pi ezoe ecfrlc orne ‘on t éce 0 e insulating

can beﬂe%@g&%%&ﬁgdm Se ra TRE & dQéu%Feﬁ%HEr% (SRFRVBNCaHENINAGLARLShYES can

be achre
32 is etched. Thereby, the cavity 24 having a dome shape is formed between the substrate 10

and the lower electrode 12 (Step S28).

[0045] As mentioned above, the second embodiment is different from the first embodiment
in a point that the upper face of the first piezoclectric film 14 is flattened after the formation of
the first piezoelectric film 14, and the insulating film 16 is formed on the first piczoelectric film
14 of which upper face is flattened. In the first embodiment, as illustrated in FIG. 5, the flatness
of the upper face 34 of the first piezoelectric film 14 is not good. However, in the second
embodiment, the upper face of the first piezoelectric film 14 is improved because the upper face

of the first piezoelectric film 14 is flattened. In the second embodiment, the flatness of the
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[0046] 1t is preferable that the formation of the first piezoelectric film
14, the flattening of the upper face of the first piezoelectric film 14,
the formation of the insulating film16, the flattening of the upper face
of the insulating film16 and the formati on of the second piezoelectric
film18 are performed in series in a single vacuum equi pnent w t hout
breaki ng vacuum This allows that the insulating film16 is fornmed on the
flattened upper face of the first piezoelectric film 14 where adherence of
impurity is restrained, and the second piezoelectric film218 is fornmed on
the flattened upper face of the insulating film 16 where adherence of
impurity is restrained. Therefore, preferable resonance characteristics can

be achi eve 4 l: I
flatt e 96 A B S T P

second. 8 ol pjﬁtteragle%a?hztggk’?s?tefémh&dﬁn@%@bédah@tli@ﬁx?ﬁl@ﬁr%rﬁlﬁf15@%@@6 in

whi ch ?ﬂ' forned e substrate used as I n the

gsggp;;%rbtz@ﬁp@e;rzf%: TP O 1 P
mu
et PP RS S PR pn 1

EL? € nﬂlsdlgt\llneg 11'1110{}3 15 %mlr)]r%%reci more tﬁan tth fi E“Jt' %m%gc%ﬁle&' ¢ %ct:é(rdgﬁﬁf:{he %%SHRQ gf nents,

the c—axis orientation of the second piezoelectric film 18 formed on the upper face of the
insulating film 16 can be suppressed more. And more preferable resonance characteristics can
be achieved.

[0046] It is preferable that the formation of the first piezoelectric film 14, the flattening of
the upper face of the first piezoelectric film 14, the formation of the insulating film 16, the
flattening of the upper face of the insulating film 16 and the formation of the second
piezoelectric film 18 are performed in series in a single vacuum equipment without breaking
vacuum. This allows that the insulating {ilm 16 is formed on the flattened upper face of the
first piezoelectric film 14 where adherence of impurity is restrained, and the second piezoelectric
film 18 is formed on the flatiened upper face of the insulating film 16 where adherence of
impurity is restrained. Therefore, preferable resonance characteristics can be achieved.

[0047] The .upper face of the first piezoelectric film 14 may be flattened by radiating plasma
of inert gas other than Ar gas.

[0048] In the second embodiment, the piezoelectric thin-film resonator of FBAR type in
which the cavity 24 is formed in the substrate 10 may be used as in the case of the first modified
embodiment of the first embodiment. And, the piezoelectric thin-film resonator of SMR type in
which the acoustic multilayer film 42 is provided instead of the cavity may be used as in the case

of the second modified embodiment of the first embodiment.
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ot her enbodi nents and variations may be nmade w thout departing fromthe
scope of the clained invention. CLAIMS What is clained is: 1. A

pi ezoel ectric thin-filmresonator conprising: a | ower el ectrode provided on
a substrate; a piezoelectric filmthat is provided on the | ower el ectrode
and includes at |east two |ayers;

[0049] The present invention is not limited to the specifically described embodiments, but
other embodiments and variations may be made without departing from the scope of the claimed

invention.
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an upper electrode that is provided on the piezoelectric filmand has a

regi on sandw ching the piezoelectric filmwth the | ower el ectrode and

facing the | ower electrode; and an insulating filmthat is provided in

a region in which the I ower el ectrode and the upper el ectrode face each

ot her and between each of the at |east two | ayers, wherein an upper face of

the insulating filmis flatter than a | ower face of the insulating film

2. The piezoelectric thin-filmresonator as clainmed in claim1, wherein an

EMS val ue of the upper face of the insulating filmis smaller than an RVS

value of the lower face of the insulating filmby 30 %or nore. 3. The

pi ezoel ectric thin-filmresonator as clainmed in claiml1l or 2, wherein: the
I

pi ezoel ectric filmhas a structure @fatyyw | ayers; and the insulating film
is a single layer provided between the two |layers of the insulating film

What is claimed is:

1. Apiezoelectric thin-film resonator comprising:

a lower electrode provided on a substrate;

a piezoelectric film that is provided on the lower electrode and includes at least two
layers;

an upper electrode that is provided on the piezoelectric film and has a region
sandwiching the piezoelectric film with the lower electrode and facing the lower electrode; and

an insulating film that is provided in a region in which the lower electrode and the upper
electrode face each other and between each of the at least two layers,

wherein an upper face of the insulating film is flatter than a lower face of the insulating

film.

2. The piezoelectric thin-film resonator as claimed in claim 1, wherein an RMS value
of the upper face of the insulating film is smaller than an RMS value of the lower face of the

insulating film by 30 % or more.

3. The piezoelectric thin-film resonator as claimed in claim 1 or 2, wherein:
the piezoelectric film has a structure of two layers; and
the insulating film is a single layer provided between the two layers of the insulating

film.
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4. The piezoelectric thin-filmresonator as clainmed in any of clains 1 to
3, wherein the insulating filmis an insulating film of which main
conmponent is silicon oxide. 5. The piezoelectric thin-filmresonator
as claimed in any of clains 1 to 4, wherein the piezoelectric filmis
alumnumnitride or another alumnumnitride in which an inpurity is doped.
6. A nethod for manufacturing a piezoelectric thin-filmresonator
conprising: formng a |l ower electrode on a substrate; formng a first

pi ezoelectric filmon the | ower electrode; formng an insulating filmon
the first piezoelectric film flattening an upper face of the insulating
film formng a second piezoelectric filmon the insulating film of

whi ch upper £ acgeipiezbliadilie BEAL AN onator as claimed in any of claims 1 to 3, wherein the

insulating film is an insulating film of which main component is silicon oxide.

5. The piezoelectric thin-film resonator as claimed in any of claims 1 to 4, wherein the
piezoelectric film is aluminum nitride or another aluminum nitride i which an impurity is

doped.

6. A method for manufacturing a piezoelectric thin-film resonator comprising:

forming a lower electrode on a substrate;

forming a first piezoelectric film on the lower electrode;

forming an insulating film on the first piezoelectric film;

flattening an upper face of the insulating film;

forming a second piezoelectric film on the insulating film of which upper face is
flattened; and

forming an upper electrode on the second piezoelectric film so as to have a region
sandwiching the first piezoelectric film, the insulating film and the second piezoelectric film

with the lower electrode and facing the lower electrode.

7. The method as claimed in claim 6, wherein the forming of the first piezoelectric
film, the forming of the insulating film, the flattening of the upper face of the insulating film
and the forming of the second piezoelectric film are performed in series in a single vacuum

equipment without breaking vacuum.
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form ng an upper el ectrode on the second piezoelectric filmso as to have a
regi on sandwi ching the first piezoelectric film the insulating film and

t he second piezoelectric filmwith the |ower electrode and facing the | ower
el ectr ode. 7. The nmethod as clained in claim®6, wherein the formng
of the first piezoelectric film the formng of the insulating film the
flattening of the upper face of the insulating filmand the formng of the
second piezoelectric filmare perforned in series in a single vacuum

equi pnment wi t hout breaking vacuum 8. The method as clained in claim
6 or 7, wherein the flattening of the upper face of the insulating filmis
performed with use of inert gas plasna. 9. The nmethod as clained in

any of claing 6r{eGn@hddutsch@he ERMMinS R, hofeltinb NGt d GRRS ufRERCOSL t he
first piezoelectric film wherein the formng of the insulating film

i ncl udeg,e QLAY il & JeRSHhat §M9udd drm@eas PRskbr st pi ezoelectric fil m of
whi ch upper face is flattened.
9. The method as claimed in any of claims 6 to 8 further comprising flattening an
upper face of the first piezoelectric film,
wherein the forming of the insulating film includes forming the insulating film on the

first piezoelectric {ilm of which upper face is flattened.
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