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Field

[0001] A certain aspect of the present invention relates to an acoustic wave device, and

relates to an acoustic wave device including a piezoelectric thin film resonator for example.

Background

[0002] An acoustic wave device using a piezoelectric thin film resonator has been used as a

filter for wireless devices and the like for example. A piezoelectric thin film resonator has a

structure in which a lower electrode and an upper electrode face each other across a piezoelectric
film. Filters and duplexers are examples of the acoustic wave device using a piezoelectric thin
film resonator. In these acoustic wave devices, the resonance frequency, anti-resonance
frequency, passband and the like change in accordance with a temperature. A technique in
which an insulating film is provided in thé piezoelectric film is known as a technique that
compensates for these changes in accordance with a temperafure as disclosed in Japanese Patent
Application Publication No. 58-137317 and Proc. IEEE Ultrasonics Symposium 2009, pp
859-862 for example.

[0003] However, in the above technique, resonance characteristics of the acoustic wave

device such as a Q-value and an electromechanical coupling coefficient are not sufficient.

SUMMARY OF THE INVENTION

[0004] According to an aspect of the present invention, there is provided an acoustic wave



device such as a Qvalue and an el ectronechani cal coupling coefficient are
not sufficient. SUMVMARY OF THE | NVENTI ON [ 0004] According to an aspect of
the present invention, there is provided an acoustic wave device
including: a substrate; a |lower electrode forned on the substrate; at |east
two piezoelectric filnms formed on the | ower electrode; an insulating film

| ocated between the at | east two piezoelectric filns; and an upper

el ectrode fornmed on the at | east two piezoelectric filns, wherein an outer
peri phery of an uppernost piezoelectric filmout of the at |east two

pi ezoel ectric films in a region in which the | ower el ectrode and the upper
el ectrode face each other is positioned further in than an outer periphery
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i nvention, ere’is provided anot her acoustic wave device including: a
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resonator I n acco

‘piezoelectric films in a region in which the lower electrode and the upper electrode face each
other is positioned further in than an outer periphery of the upper electrode.
[0005] According to another aspect of the present invention, there is provided another
acoustic wave device including: a reception filter which outputs a balanced output by a
longitudinally coupled double-mode surface acoustic wave filter; and a transmission filter in
which acoustic wave resonators including at least one acoustic wave device mentioned above are

connected in a ladder shape.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1A is a plain view of a piezoelectric thin film resonator in accordance with a
first embodiment, and FIG. 1B and FIG. 1C are cross-sectional views taken along line A-A in FIG.
1A;

FIG. 2A through FIG. 2D are cross-sectional views illustrating a fabrication method of
the resonator in accordance with the first embodiment;

FIG. 3 is a cross-sectional view of a resonator in accordance with a first comparative
example;

FIG. 4A and FIG. 4B are diagrams illustrating temperature dependencies of resonance
frequencies and anti-resonance frequencies of the first comparative example and the first

embodiment respectively;



first enbodinent, and FIG 1B and FIG |1C are cross-sectional views taken

along line AAAin FIG 1A FIG 2A through FIG 2D are
cross-sectional views illustrating a fabrication nethod of the resonator in
accordance with the first enbodi nent; FIG 3 is a cross-sectional
view of a resonator in accordance with a first conparative exanpl e;

FIG 4A and FIG 4B are diagrans illustrating tenperature dependenci es of
resonance frequencies and anti-resonance frequencies of the first
conparative exanple and the first enbodi nent respectively; FIG 5
IS a cross-sectional view of a resonator in accordance wth a second
conpar ati ve exanpl e; FIG 6A through FIG 6C are sinulation results

showi ng a Qu@! #8 aosdsEGDANANGE of 4 RAMANE n aofda@ Wigh AbecBid &MgardtREONance
frequency, and an el ectronechani cal coupling coefficient respectively;

FIl G 1& &>g FIG 7B are cross-sectional views of a first nodified
enbodlnen and a second nodified enbodi mrent of the first enbodi nent

respectivel yrg 6Athrour$E|Fﬁ} &ﬁm&%ﬁﬂa é&@&&ﬁﬁ%gméﬁ@%s@ﬂﬂcew ews of a

resonator in accorda a secon enbodi nmen
frequency, a Q-value at an anti-resonance frequency, and an electromechanical coupling

coefficient respectively;

FIG. 7A and FIG. 7B are cross-sectional views of a first modified embodiment and a
second modified embodiment of the first embodiment respectively;

FIG. 8A through FIG. 8C are cross-sectional views of a resonator in accordance with a
second embodiment;

FIG. 9 is a cross-sectional view of a resonator in accordance with a third embodiment;

FIG. 10 is a circuit diagram illustrating a ladder-type filter in accordance with a fourth
embodiment;

FIG. 11 is a circuit diagram illustrating a lattice-type filter in accordance with the fourth
embodiment; and

FIG. 12 is a block diagram of a module in accordance with a fifth embodiment.

DETAILED DESCRIPTION
[0007] A description will now be given of embodiments of the present invention with
reference to drawings.
First Embodiment
[0008] A first embodiment is an example of a resonator used in an acoustic wave device.
FIG. 1A is a plain view of a piezoelectric thin film resonator in accordance with a first

embodiment, and FIG. 1B and FIG. 1C are cross-sectional views taken along line A-A of FIG. 1A.



FIG 9 is a cross-sectional view of a resonator in accordance with a third
enbodi nent; FIG 10 is a circuit diagramillustrating a | adder-type filter

i n accordance with a fourth enbodi nent; FIG 11 is a circuit
diagramillustrating a lattice-type filter in accordance with the fourth
enbodi ment; and FIG 12 is a bl ock diagramof a nodule in accordance with a
fifth enbodi ment. DETAI LED DESCRI PTI ON [ 0007] A description will now be

gi ven of enbodi ments of the present invention with reference to draw ngs.
First Enbodi nent [0008] A first enbodi nent is an exanple of a resonator used
I n an acoustic wave device. FIG IAis a plain view of a piezoelectric thin
filmresonator in accordance with a first enbodi nent, and FIG 1B and FI G

| C ar g6y A AnsSeftd POBLs-KLEWR1 LBk R a bR TedohitSr 6¥ Pa@ferFpSfilthAor example,

and FIG. 1C illustrates a cross-sectional view of a parallel resonator of a ladder-type filter for
example.

[0009] Referring to FIG. 1A and FIG. 1B, a description will be given of a structure of a series
resonator S. A lower electrode 12 is located on a substrate 10 which is an Si substrate so that a
space 30, which has a dome-shaped bulge on the lower electrode 12 side, is formed between the
lower electrode 12 and a flat principal surface of the substrate 10. The dome-shaped bulge is a
bulge having a shape where the height of the space 30 is low near the periphery of the space 30
and the height of the space 30 becomes higher at the position closer to the center of the space 30.
The lower electrode 12 includes a Cr (chrome) layer and a Ru (ruthenium) layer located on the
Cr layer.

[0010] A piezoelectric film 14 made of aluminum nitride (AIN) having a main axis of (002)
direction is located on the lower electrode 12. The piezoelectric film 14 includes at least two
piezoelectric films 14a and 14b.  For example, an insulating film 28 made of an oxide silicon
film is located between at least two piezoelectric films 14a and 14b. In the first embodiment, a
description will be given of a case where at least two piezoelectric films 14a and 14b are two
piezoelectric films, and the insulating film 28 is one insulating film.

[0011] An upper electrode 16 is located on the piezoelectric film 14 so as to have a region in
which the upper electrode 16 faces the lower electrode 12 across the piezoelectric film 14 (a
resonance region 50). The upper electrode 16 includes a Ru layer 16a and a Cr layer 16b
located on the Ru layer 16a.

[0012] An oxide silicon film is formed on the upper electrode 16 as a frequency adjusting

film 24. A multilayered film 18 includes the lower electrode 12, the piezoelectric film 14, the
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FIG 1B illustrates a cross-sectional view of a series resonator of a

| adder-type filter for exanple, and FIG 1C illustrates a cross-sectional
view of a parallel resonator of a |adder-type filter for exanple.

[ 0009] Referring to FIG | A and FIG 1B, a description will be given of a
structure of a series resonator S. A lower electrode 12 is |located on a
substrate 10 which is an Si substrate so that a space 30, which has a

dome- shaped bul ge on the | ower electrode 12 side, is forned between the

| ower el ectrode 12 and a flat principal surface of the substrate 10. The
done- shaped bul ge is a bul ge having a shape where the hei ght of the space
30 is low near the periphery of the space 30 and the height of the space 30
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external connection may be provided on the lower electrode 12 located in the bottom of the
aperture 36.

[0014] Referring to FIG. 1A and FIG. 1C, a description will be given of a structure of a
parallel resonator P. Compared to the series resonator S, in the parallel resonator P, a mass load
film 20 made of Ti (titanium) layer is located between the Ru layer 16a and the Cr layer 16b.
Thus, the multilayered film 18 includes the mass load film 20 formed in the entire surface within
the resonance region 50 in addition to the multilayered film of the series resonator S.  Other
structures are the same as those of the series resonator S illustrated in FIG. 1B, and a description
will be omitted.

[0015] The difference between resonance frequencies of the series resonator S and the
parallel resonator P is adjusted by using the film thickness of the mass load film 20. The
adjustment of resonance frequencies of both the series resonator S and the parallel resonator P is
executed by adjusting film thicknesses of respective frequency adjusting films 24.

[0016] As illustrated in FIG. 1A through FIG. 1C, in the first embodiment, in at least a part

of the outer periphery of the resonance region 50, an outer periphery 51 of the piezoelectric film



film24. A nmultilayered film 18 includes the |ower electrode 12, the

pi ezoel ectric film11l4, the insulating film 28, the upper electrode 16 and
the frequency adjusting film 24. The frequency adjusting film 24 may
function as a passivation film [0013]As illustrated in FIG 1A an

i ntroduction path 33 for etching a sacrifice layer is formed in the |ower

el ectrode 12. The sacrifice layer is a layer used for form ng the space 30.
The vicinity of the end of the introduction path 33 is not covered with the
pi ezoel ectric film 14, and the | ower el ectrode 12 has a hole portion 35 at
the end of the introduction path 33. As illustrated in FIG | A and FI G 1B,
an aperture 36 for electrically connecting the Iower electrode 12 is
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The resonance region 50 is a region where an acoustic wave in a thickness longitudinal
oscillation mode resonates. A region 54 where the piezoelectric film 14a and the lower
electrode 12 overlap each other becomes larger by the distance d2.

[0017] In a case of a piezoelectric thin film resonator having a resonance frequency of 2
GHz, the Cr layer of the lower electrode 12 has a film thickness of 100 nm, the Ru layer has a
film thickness of 200 nm, and each of piezoelectric films 14a and 14b made of the AIN layer has
a film thickness of 600 nm. The insulating film 28 made of an oxide silicon film has a film
thickness of 25 nm. The Ru layer 16a has a film thickness of 230 nm, and the Cr layer 16b has
a film thickness of 20 nm. The film thickness of each layer may be set arbitrarily to obtain the
desired resonance frequency.

[0018] As the lower electrode 12 and the upper electrode 16, in addition to Cr and Ru, a
metal single-layer film such as Al (aluminum), Cu (copper), Mo (molybdenum), W (tungsten),
Ta (tantalum), Pt (platinum), Rh (rhodium) and Ir (iridium), or a composite film of these may be
used. As the mass load film 20, in addition to Ti, a metal single-layer film such as Ru, Cr, Al,

Cu, Mo, W, Ta, Pt, Rh and Ir or a composite film of these may be used. In addition, an



[0016] As illustrated in FIG A through FIG 1C, in the first enbodi nent,
in at least a part of the outer periphery of the resonance region 50, an
outer periphery 51 of the piezoelectric film 14b in a region 52 where the
| ower el ectrode 12 and the upper electrode 16 face each other is positioned
further in than an outer periphery 53 of the upper electrode 16 by a
distance dl. In addition, in the region where the outer periphery 51 of the
pi ezoelectric film14b is fornmed further in than the outer periphery 53 of
t he upper electrode 16, an outer periphery 55 of the piezoelectric film l4a
is positioned further out than the outer periphery 53 by a distance d2. The
outer periphery of the insulating film28 is alnost the same as the outer
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oxide silicon film (Si0,), silicon nitride (Si3N4) may be used for the insulating film 28. In
addition, the insulating film 28 may be a film in which oxide silicon or silicon nitride is mainly
included and to which other elements are added to improve resonance characteristics or improve
the dependence on temperature.
[0020] FIG. 2A through FIG. 2D are cross-sectional views illustrating a fabrication method
of the resonator in accordance with the first embodiment. As illustrated in FIG. 2A, a sacrifice
layer 38 for forming a space on the substrate 10 which has a flat principal surface is formed.
The sacrifice layer 38 has a film thickness of 10 to 100 nm for example, and is selected from
materials such as MgO, ZnO, Ge and SiO; which can be easily dissolved by the etching liquid or
the etching gas. Then, the sacrifice layer 38 is patterned into a desired shape by the
photolithographic technique and the etching technique. Then, the lower electrode 12 is formed

on the sacrifice layer 38 and the substrate 10. The sacrifice layer 38 and the lower electrode 12



insulating filmnmade of nmetal nitride or netal oxide such as silicon
nitride or oxide silicon my be used. In a case where the mass |oad film 20
is formed between | ayers of the |lower electrode 12, between | ayers of the
upper el ectrode 16, between the |lower el ectrode 12 and the piezoelectric
film 14, and between the piezoelectric film214 and the upper el ectrode 16,
it is preferable to use a netal filmto |ower a resistance. [0019] As the
substrate 10, in addition to the Si substrate, a fused silica substrate, a
gl ass substrate, a ceram c substrate, a GaAs substrate or the Iike nmay be
used. In addition to alumnumnitride, ZnO (zinc oxide), PZT (| ead
zirconate titanate), PbTiO3 (lead titanate) or the |like my be used for the
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outer periphery of the upper electrode 16. The position of the outer periphery of the
piezoelectric film 14b can be controlled by the etching time for example.

[0023] As illustrated in FIG. 2D, the frequency adjusting film 24 is formed by the sputtering
method or the CVD method for example. The frequency adjusting film 24 is patterned into a
desired shape by the photolithographic technique and the etching technique. Then, the
insulating film 28 and the piezoelectric film 14a are patterned into a desired shape by the
photolithographic technique and the etching technique. This exposes the lower electrode 12 to
the aperture 36. Thus, a bump such as Au can be electrically connected to the lower electrode
12 via the aperture 36.

[0024] After that, the etching liquid of the sacrifice layer 38 is introduced into the sacrifice

layer 38 below the lower electrode 12 via the hole portion 35 and the introduction path 33 (see



[0021] As illustrated in FIG 2B, the piezoelectric film 1l4a, the insul ating
film28, the piezoelectric film 14b and the upper electrode 16 are forned
on the | ower electrode 12 and the substrate 10 by the sputtering nethod,

t he vacuum evaporati on nmethod or the CVD nethod. The upper electrode 16 is
patterned into a desired shape by the photolithographic technique and the
etching technique. [0022]As illustrated in FIG 2C, the piezoelectric film
14b is patterned into a desired shape by the photolithographic technique
and the etching technique. The etching of the piezoelectric film 14b uses
t he solution including phosphoric acid for exanple, and is carried out so
that at |east a part of the outer periphery of the piezoelectric film 14b
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between the lower electrode 12 and the substrate 10. By processes described above, the series
resonator S illustrated in FIG. 1A and FIG. 1B is completed. The parallel resonator P illustrated
in FIG. 1C is made by forming the mass load film 20 between the Ru layer 16a and the Cr layer
16b in FIG. 2B.

[0025] Temperature dependencies of the resonance frequency and the anti-resonance
frequency of the resonator in accordance with the first embodiment are measured. For a
comparison, a resonator in accordance with a first comparative example is made. FIG 3isa
cross-sectional view of the resonator in accordance with the first comparative example.
Compared to FIG. 1B of the first embodiment, the insulating film 28 is not formed. The outer
periphery of the piezoelectric film 14 is positioned further out than the outer periphery of the
upper electrode 16.  Other structures are the same as those illustrated in FIG. 1B of the first
embodiment, and a description will be omitted. In the first embodiment, film thicknesses and
materials are the same as those exemplified in FIG 1A and FIG. 1B. The region 52 where the
upper electrode 16 and the lower electrode 12 face each other has an elliptical shape, and the
major axis has a length of 175 um and the minor axis has a length of 110 pm. The distance d1

is 0.2 um, and d2 is 5 pum. In the first comparative example, the shape and size of the region



FIG 1A). The sacrifice layer 38 is renoved by this process. As the nmedi um
for etching the sacrifice |ayer 38, nmedium which do not etch materials
constituting a resonator other than the sacrifice layer 38 is preferable.
Especially, the etching mediumis preferably the nedi umwhich do not etch
the |l ower electrode 12 to which the etching nmediumcontacts. The stress of
the multilayered film18 is set to be a conpression stress. This nakes the
mul tilayered film 18 bulge out to the opposite side of the substrate 10 as
if it departed away fromthe substrate 10, when the sacrifice |layer 38 is
removed. The space 30 having a donme-shaped bulge is fornmed between the

| oner el ectrode 12 and the substrate 10. By processes descri bed above, the

seri eSw ol %h Ly e§c{rl)élé‘§é drtEdohar ak@odk 4\2 QB thdBrd e SoIPIah&d of The

paraII resonat or ITustrated in FIGI1C is nmade by fornmng the mass | oad

film Weethikeg Ru layer 16a and the Cr layer 16b in FIG 2B.
[0025%$e§%%ratu#eggependencies of the resonance frequency and the

anti - r[ge?d] anc ey LaQA ri;g@ égo ark AB of AR ind ﬁm?@faﬁfrg aGfRdMcAeb of REorhhéest

enbodi nt are neasure onpari son, esonator in accordance with a

17t FONBRIALNY SnEXANRLE h%qdéﬁ&% oFthCriftt bomphrffRSRaBFELLONRIIAM ew of the
resona I n accordance wth ?lrst conparati ve exanple. Conpared to

FIG 1 i d. The
out er GARhARpishit 8D PRL RERance ML bty Metmish PHELRETEL (han

the oulel--RALERIES ¥r Bk LifubiPPahe ShEFLEALE: ﬁg?uem BARHEd B fiBasdifig ' e

sane as OSG I rate ment

descr i “ bo% cMrlEu#er?s%cé)ght6§ﬁ%relsg'natt(t}e id EA égg%?v Aﬁéaktgexé%%m sgs and

mat er | are € Sane as ose exenp |f|e 1B. The

r egl On§]§2 %35 %F% ?CSOR?ISF gels%?e% 9138' t%és teﬁ@gra&pg er V\ﬁg o@ J@Q%ﬂ %ﬁel&%e each

ot her ptlca axl's has a ength

and th or aX| m and
s s %‘m Ao E 4g%%g§g . ?ék%‘ﬁf@mw‘?ﬁ h 3PS Rhed Fedlefi®, 1

regi on re the er ele t é@%@ ac each
ot her %ﬂdeanfﬁ?og%%%ae uetnﬁloeéé) 0 %gﬁé:()%? ﬁve %m&?negttﬁé %8% %&Ak aa‘rﬁld FI G
4B are grans illustrating tenperature dependencies of resonance
frequé@ P¥S and anti-resonance frequencies of the first conpar ative exanple

and the fi st enb dlnent respectlvely The resonance frequency fr is
acquir ﬁv ﬁ& ?Wg reflectlon characteristics S 11 of the resonator
The anti-re nanc

fre y S _ac red by neasur pass
characteri st #?118’“ Oégbe rs?%l?m%glfe&u%}&yand FI 62239%‘11“%{;’9 measur enent
results of an 821 t he resanat or sured und he tenperature from
-35C to 85C P&’ﬁ‘ ﬁf‘é‘if@%if’méﬁ e 're%‘%’bcngfe%e‘%"éé FI G eibb(\} T 4B,
tenperﬂ%u e co§ff|0|ents of resonance frequencies and anti-resonance
f r equehy B8t gRO94IBEY st conparative exanple and the first embodi nent are

as foll ows. !he fi rgtEge gn‘g&ﬂaftlevr%w%)égc re%uélﬁe eraturelgcsoefm/l,(gl ent of the

resonance fr

Temperature coefficient of the anti-resonance frequency -20.1 ppm/°C
[0027] As described above, in the first embodiment, the reason why the temperature
coefficient of the frequency becomes small is that the temperature coefficient of the elastic
constant of the piezoelectric film 14 is opposite in sign to that of the insulating film 28. As
described above, it is possible to suppress temperature dependencies of the resonance frequency
and the anti-resonance frequency by locating the insulating film 28 between piezoelectric films

14a and 14b.
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Tenperature coefficient of the anti-resonance frequency-31.0 ppnPC The
first enbodi ment Tenperature coefficient of the resonance frequency-18.3
ppm C Tenperature coefficient of the anti-resonance frequency-20.1 ppnl C

[ 0027] As described above, in the first enbodi nent, the reason why the
tenperature coefficient of the frequency becones small is that the
tenperature coefficient of the elastic constant of the piezoelectric film
14 is opposite in sign to that of the insulating film 28. As descri bed
above, it is possible to suppress tenperature dependenci es of the resonance
frequency and the anti-resonance frequency by locating the insulating film
28 between piezoelectric films 14a and 14b. [0028] Next, resonance

char aqb@% 86]18 Ui §RxPfesbiMict ERRRARTicd 8 (ROLIHRR HeadtbidandenfitH the $ikstenbodi ment
are sinulated. FOr the conparison, a resonator in accordance with a second

compar i & 4o xgulht%d as?&fr{ﬁgcon@aﬁsoé alr&oRatGl B38cor @bt %ﬁ'a s¥dogw of the

resonator I n accoraance V\At second conpar ative exarrp e. Conpar ed to

FI G
1(1%11@1[ rattlbg Fié Iﬁrﬁ% 12% L mepr 5t1£'§ e @c‘u&%‘i \/EWthé%sdﬁtatO? e

pi ezoele nDst c0|nC| s wth the outer periphery 55 of the

Pl 0208l SGHALE bl i Lng I, QUNETexRBEP LBl B s BB oRkectric (11 m

e outer periphe e piezoelectric filml4a are forned

furt heJm E%é%atﬁe&ngrt i)ft‘é R§ ro'f %efﬁ%zoéléctﬂz il q4ﬁ Bt &)lnﬁ%éfs & oy t he

di st ance es are‘t sane as those of FIG 1B of the first

enbodi gen).., 380N SRSELHPTERT4LS BB i Geridiibrd Do the ik RARRH MNE4p 1 he
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those of FIG. 1B of the first embodiment, and the description is omitted. In the first

embodiment, the distance d2 is assumed to be 5 um, and the simulation is performed by
changing the distance d1 from 0.2 pm to 1.5 pum at seven points. In the second comparative
example, d2 is assumed to be 5 um.  Film thicknesses and materials are the same as those
described in FIG. 1A and FIG. 1B.

[0029] FIG. 6A through FIG. 6C show simulation results illustrating a Q-value at the
resonance frequency, a Q-value at the anti-resonance frequency, and the electromechanical
coupling coefficient respectively. ~As illustrated in FIG. 6A through FIG. 6C, in the resonator in
accordance with the first embodiment, compared to the resonator in accordance with the second
comparative example, the Q-value at the resonance frequency, the Q-value at the anti-resonance
frequency and the electromechanical coupling coefficient are improved. This is because in the
first embodiment since the outer periphery 51 of the piezoelectric film 14b is positioned further
in than the outer periphery 53 of the upper electrode 16, the leakage of the acoustic wave in the
piezoelectric film 14b to the further out than of the resonance region 50 is suppressed.

[0030] A description will be given of a modified embodiment of the first embodiment. FIG.
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[0029] FIG 6A through FIG 6C show sinmulation results illustrating a

Q val ue at the resonance frequency, a Qvalue at the anti-resonance
frequency, and the el ectronechani cal coupling coefficient respectively. As
illustrated in FIG 6A through FIG 6C, in the resonator in accordance with
the first enbodi nment, conpared to the resonator in accordance with the
second conparative exanple, the Qvalue at the resonance frequency, the

Q value at the anti-resonance frequency and the el ectronechani cal coupling
coefficient are inproved. This is because in the first enbodi nent since the
outer periphery 51 of the piezoelectric film21l4b is positioned further in
than the outer periphery 53 of the upper electrode 16, the | eakage of the
acousty g \ee; v afek@osg's@@tﬁ)%hlesﬁ&{lé &F a],c ﬁljstnfhécﬁﬁe(ﬁ BmbSEmEMIah N8 ke@HY nlodRdof the

resonance region 50 i s suppressed ] A description will be given of a
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Cr 0Ss- sectlonal Vi ews o rst i ed enbodi nent and a second nodified

enbodi fiERLa ﬁfabtgp ?ur%e{c% g% ‘Ehﬁ @g&?%@@a r¥cf3tﬁ9 ?}Sﬁ%é gﬁ Hﬁg B orhel] Yy tHeat&ds i iy FI G 7A,
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¥#'She rnt er periphery 53 of
t he upper. 4 tro As |IIustrated in FIG 6A through FIG 6C this
enabl Mg W%P8§@ onance characterlstlcs [0032] 1t is sufficient if at
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t t 14

. A i bl |
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out er

resonance characteristics.

[0032] It is sufficient if at least two piezoelectric films 14a and 14b are formed on the lower
electrode 12. It is sufficient if the insulating film 28 is located between at least two
piezoelectric films 14a and 14b. In this case, it is sufficient if the outer periphery 51 of the
uppermost piezoelectric film 14b out of at least two piezoelectric films in the region 52 is
positioned further in than the outer periphery 53 of the upper electrode 16.

[0033] In addition, in the region of the outer periphery 53 of the upper electrode 16 where
the outer periphery 51 of the piezoelectric film 14b is positioned further in than the outer
periphery 53 of the upper electrode 16, the outer periphery 55 of the piezoelectric film 14a is
positioned further out than the outer periphery 53 of the upper electrode 16. This enables to

secure the strength of the multilayered film 18 compared to a case where the outer periphery 55
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[0033] hi addition, in the region of the outer periphery 53 of the upper

el ectrode 16 where the outer periphery 51 of the piezoelectric film114b is
positioned further in than the outer periphery 53 of the upper el ectrode
16, the outer periphery 55 of the piezoelectric film114a is positioned
further out than the outer periphery 53 of the upper electrode 16. This
enables to secure the strength of the nultilayered film 18 conpared to a
case where the outer periphery 55 of the piezoelectric film1l4a is
positioned further in than the outer periphery 53 of the upper el ectrode
16. When at |east two piezoelectric filnms are forned, it is sufficient if
the outer periphery of the | owernost piezoelectric filmout of the at |east

two pi o%ﬁﬁ)eeﬂl%tefehﬁﬁ fﬂhlnnﬁa Hssplogﬁﬁ)kn%% Rﬁ?‘xgr hRdnnRE oﬁ&pe&t@ﬁ&a%@%i‘ fdtupperper i phery

53 of the upper electrode is preferable at the outer

perip he%c}/rogé é}aﬁwjgﬁ?ﬁqeagpt“%r i Sl ?‘%r%? Zujfe?&ftlﬂegnlt id Aumc?’ént iﬁh@&ﬁéﬁ i oned

further outer periphery e upper el ectrode
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t
RS R e ER AT RE s SEPAPSLaph Ak gtlpskel ont 19 the

a case. where the space 30 is provided, although the strength of the
mul ti 'BPETED film 18 tends to be weak, the strength of the nultil ayered

I)Iu!t rrt[ %@Qg n be ?Ei\'g% r Ongrt‘{;?{ 85‘8 tg{eg g@g Bﬂts:%pz?c%t {d@ﬁ' géleﬁ?e IfOWel; her

electrode 12, it is preferable that in the region where the outer periphery 51 of the piezoelectric
film 14b is formed further in than the outer periphery 53 of the upper electrode 16, the outer
periphery of the space 30 is positioned further out than the outer periphery 53 of the upper
electrode 16, and positioned further in than the outer periphery 55 of the piezoelectric film 14a.
This enables to improve resonance characteristics by positioning the outer periphery 51 further in
than the outer periphery 53. In addition, in a case where the space 30 is provided, although the
strength of the multilayered film 18 tends to be weak, the strength of the multilayered film 18
can be made strong by positioning the outer periphery 55 further out than the outer periphery of
the space 30.

[0036] In addition, it is preferable that the insulating film 28 has a temperature coefficient of
an elastic constant which is opposite in sign to those of at least two piezoelectric films 14a and
14b. This enables to make the temperature dependence of a frequency such as a resonance
frequency small. As such materials, at least two piezoelectric films 14a and 14b may mainly

include aluminum nitride, and the insulating film 28 may mainly include oxide silicon.
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[0036] In addition, it is preferable that the insulating film28 has a
tenperature coefficient of an elastic constant which is opposite in sign to
those of at |east two piezoelectric filns 14a and 14b. This enabl es to nake
t he tenperature dependence of a frequency such as a resonance frequency
small. As such materials, at |east two piezoelectric filns 14a and 14b may
mai nly include alumnumnitride, and the insulating film28 may mainly

i nclude oxide silicon. [0037]In the first enbodinent and its nodified
enbodi ments, the outer periphery 55 of the piezoelectric film 14a al nost
coincides with the outer periphery of the insulating film 28, but the outer
periphery of the insulating film28 may al nbst coincide with the outer

perip H%ﬁ 121 ?Lth% IAest Q Eéﬁﬁleﬁ%nrd' ifs rﬁddlﬁ@djéxpood [RerRd el dulh pelifRryPsH &fthe

peri phery “of e insu atlng be positioned betmeen t he outer

peri pq)%z%e]]%émgfﬁlr}xhga P@(Jn?c%%éé é&é lﬁt %&ﬁ%r@ﬂ&y%hﬁlecﬁgu%lng @ih PREsY S Of

éﬁgog:ezoe ectric f| st “enbodi nent ~and its anLIL?S
1w 4 é%%n@%iﬂ@ftg%%ﬂ B Py Y% R RSP B SG phypbcgon
:4“ ekt iRy 1 PRiof e, 9&%*%%?@%%‘%62@%?%@3@“%?2% fLEI‘?iLff:ieFﬁs
L Rl ; Sy A Sl i e, e

posi ti n the edge portion of the outer periphery 53 of
the u %n ef}i%ajl %Oeﬁiatrlc%gﬁlh%spem ally, it is pref erable that the position

wher e ?%J?ggi%gxorft rét%Pnb(c))f injenf an e& o«ﬂﬁéd deg)n]ts %;1%4%1&{3%(3?%90'[ ric film

14b c upper electr 'S p05| I oned an the edge
e bou et 55 S SL abGki I ks o MIPLAPRELrBA R 19 Hin HiuiaREC 0T
res Ona&lrecﬁon o5 plezoefégtnc ?’nms lffa and 14b, but edge portions of outer peripheries 55 and 51
may be tilted in the film thickness direction of piezoelectric films 14a and 14b. In this case, it
is sufficient if the innermost side of the edge portion of the outer periphery 51 of the
piezoelectric film 14b is positioned further in than the edge portion of the outer periphery 53 of
the upper electrode 16. Especially, it is preferable that the position where the edge portion of
the outer periphery 51 of the piezoelectric film 14b contacts the upper electrode 16 is positioned
further in than the edge portion of the outer periphery 53 of the upper electrode 16.
Second Embodiment
[0039] A second embodiment is an example where a number of resonators are formed on the
substrate like a filter. FIG. 8 A through FIG. 8C are cross-sectional views of a resonator in
accordance with the second embodiment. In FIG. 8A through FIG. 8C, two resonators are
formed on the substrate 10. A recess is provided to the substrate 10, and the recess functions as
the space 30. The lower electrode 12, the piezoelectric film 14a, the insulating film 28, the
piezoelectric film 14b and the upper electrode 16 are formed on the substrate 10 via the space 30.

Two resonance regions 50 where the upper electrode 16 and the lower electrode 12 face each
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substrate like a filter. FIG 8A through FIG 8C are cross-sectional views
of a resonator in accordance with the second enbodinent. In FIG 8A through
FIG 8C, two resonators are fornmed on the substrate 10. A recess is
provided to the substrate 10, and the recess functions as the space 30. The
| ower el ectrode 12, the piezoelectric film 1l4a, the insulating film28, the
pi ezoel ectric film 14b and the upper electrode 16 are fornmed on the
substrate 10 via the space 30. Two resonance regions 50 where the upper

el ectrode 16 and the | ower electrode 12 face each other across the

pi ezoelectric film 14 are provided. [0040]1n the exanple of FIG 8A, the

pi ezoel ectric filml4a is continuously formed between resonance regi ons 50,

and tgﬁh&géH%@%%?gzgagﬂﬁgﬁh%aigg &Qided. In the exanple of FIG 8B, the

pi ezoel ectric m 14a an insulating film28 are continuously forned
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film14a 1's not continuous et ween resonance regions 50, but the
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piezoelectric films) may be connected each other on lower electrodes 12 connected each other.

This enables to form resonators close to each other, and to reduce the size of the chip. The

lower electrode 12 and at least one of the piezoelectric film 14a and the insulating film 28 are

formed in the outer periphery part of the space 30, and the strength of the multilayered film 18

can be made to be strong.

[0042] In addition, it is preferable that insulating films 28 are formed on lower electrodes 12

connected each other so that they are connected each other. This enables to improve the

resistance to electrostatic discharge failure.

Third Embodiment

[0043] FIG. 9 is a cross-sectional view of a resonator in accordance with a third embodiment.

As shown in FIG. 9, the insulating film 28 is not formed between the upper electrode 16 and the

substrate 10 which are located in at least a part of the region in which the upper electrode 16 is

formed and the lower electrode 12 is not formed. When a bump is formed on the upper

electrode 16 located in the region where the insulating film 28 is not formed, and a flip-chip
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Third Enbodi ment [0043]FIG 9 is a cross-sectional view of a resonator in
accordance with a third enbodi nent. As shown in FIG 9, the insulating film
28 is not formed between the upper electrode 16 and the substrate 10 which
are located in at least a part of the region in which the upper el ectrode
16 is forned and the | ower electrode 12 is not formed. Wien a bunp is
formed on the upper electrode 16 located in the region where the insulating
film28 is not formed, and a flip-chip bonding is performed, or when a
bonding wire is connected, it is possible to suppress the exfoliation of
the insulating film 28 and the piezoelectric film 14. Fourth Enbodi nment
[0044] A fourth enbodi ment is an exanple using the resonator in accordance

with fﬂo'hﬁ éﬁﬁ%&ﬂ&lﬂe& R (e TBORH A RS id @nfectdd 18 pASibRIT0 3Gk ke Wave

devi ce. circuit diagramillustrating a |adder-type filter in

accor d&@(ﬁﬁtl% BFthtg lr}%% &gﬁé glnn Qggﬁcg{h%'fgzoelééné Flwgjrated in FIG 10, a

| adder-type provided wth series resonators Si through 54 and
par al | g 35 Pl through P3. Series resonators Si through S4 are
connected in serles bet ween input-output termnals Tl and T2. Parall el

resonagigy PL A ALAYeRpFARRNE: 4R RREIE G HRA:BhS inhBLHERRe (iR OUt puL

term east one serTes resonators SI through 54 and

|1 fi
Phr ougheokf RERE R Sirhched R 1 FRS RS AR GeliER NGO L AREEPREd L g a
latti Cﬁugt}@? %gfallicfdglr tybg' &SR, g&?&aﬁcg\"wﬁtﬁ tﬁe%urth embodiment. As illustrated in FIG.

10, a ladder-type filter 100 is provided with series resonators S1 through S4 and parallel

resonators P1 through P3. Series resonators S1 through S4 are connected in series between
input-output terminals T1 and T2. Parallel resonators P1 through P3 are connected in parallel
between input-output terminals T1 and T2. At least one of series resonators S1 through S4 and
parallel resonators P1 through P3 can be the resonator described in first through third
embodiments.

[0045] FIG. 11 is a circuit diagram illustrating a lattice-type filter in accordance with the
fourth embodiment. A lattice-type filter 102 is provided with series resonators S5 and S6, and
parallel resonators P4 and P5. The series resonator S5 is connected between terminals T3 and
T5, and the series resonator S6 is connected between terminals T4 and T6.  The parallel
resonator P4 is connected between terminals T3 and T6, and the parallel resonator P35 is
connected between terminals T4 and T5. Resonators described in first through third
embodiments can be used as the series resonator and the parallel resonator of such lattice-type
filter 102. According to the fourth embodiment, it is possible to improve characteristics of the
filter.

Fifth Embodiment

[0046] A fifth embodiment is an example of an RF (Radio Frequency) module for mobile
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fourth enbodinment. A lattice-type filter 102 is provided with series
resonators 55 and S6, and parallel resonators P4 and P5. The series
resonator S5 is connected between termnals T3 and 15, and the series
resonator S6 is connected between termnals T4 and T6. The parall el
resonator P4 is connected between termnals T3 and T6, and the parall el
resonator P5 is connected between termnals T4 and T5. Resonators descri bed
in first through third enbodi nents can be used as the series resonator and
the parallel resonator of such lattice-type filter 102 According to the
fourth enbodinent, it is possible to inprove characteristics of the filter.
Fifth Enbodi nent [0046] A fifth enbodi nent is an exanple of an RE (Radio
FrequenfilufBibh e el 17 RAIG ERAMIOE £ Rl in KcGiaalds ity A piRACK di agram of
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When the transmission filter 62b uses a filter in which at least one of or preferably all of

piezoelectric thin film resonators described in the first embodiment are connected in a ladder

shape, it is possible to make the Q-value higher than that of the surface acoustic wave filter, and

obtain the filter having low-loss, high suppression, and high power durability. Therefore, when

the duplexer 62 uses a double-mode filter composed of the surface acoustic wave filter for the

reception filter 62a, and uses a filter in which piezoelectric thin film resonators in accordance
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[0048] 1 n the fifth enbodi nent, although descriptions were given by using
the RF nodul e as an exanpl e, acoustic wave devices in accordance with first
t hrough fourth enbodi nents may be used for other nodul es. [0049] Al t hough

t he enbodi nents of the present invention have been described in detail, it
shoul d be understood that the various change, substitutions, and
alterations could be nmade hereto without departing fromthe spirit and
scope of the invention. CLAIMS What is claimed is: 1. An acoustic wave
device conprising: a substrate;

with first through third embodiments are connected in a ladder shape for the transmission filter
62b, it is possible to obtain a balanced output on the reception side and the filter having low-loss,
high suppression, and high power durability on the transmission side.

[0048] In the fifth embodiment, although descriptions were given by using the RF module as
an example, acoustic wave devices in accordance with first through fourth embodiments may be
used for other modules.

[0049] Although the embodiments of the present invention have been described in detail, it

should be understood that the various change, substitutions, and alterations could be made hereto

without departing from the spirit and scope of the invention.
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a lower electrode forned on the substrate; at |east two piezoelectric filns
formed on the | ower electrode; an insulating film|l ocated between the at

| east two piezoelectric filnms; and an upper electrode forned on the at

| east two piezoelectric filnms, wherein an outer periphery of an uppernost
pi ezoelectric filmout of the at |east two piezoelectric filns in a region
in which the | ower electrode and the upper el ectrode face each other is
positioned further in than an outer periphery of the upper electrode. 2.
The acoustic wave device according to claim1, wherein in the region
in which the outer periphery of the uppernost piezoelectric filmis
positioned further in than the outer periphery of the upper el ectrode, an
outer periphery of a | owernost piezgeligggric filmout of the at |least two
pi ezoelectric filnms is positioned further out than the outer periphery of
the upRBL:ietashdode. 3. The acoustic wave device according to claim1 or
2, wherein a space or an acoustic reflection filmis provided bel ow t he

| ower el ectrode, and in the region in which the outer periphery of the
upper nost piezoelectric filmis positioned further in than the outer

periphery of; the upper,&l.&rhEQ8Rce MRl Periphery of the

a substrate;

a lower electrode formed on the substrate;

at least two piezoelectric films formed on the lower electrode;

an insulating film located between the at least two piezoelectric films; and

an upper electrode formed on the at least two piezoelectric films, wherein

an outer periphery of an uppermost piezoelectric film out of the at least two
piezoelectric films in a region in which the lower electrode and the upper electrode face each

other is positioned further in than an outer periphery of the upper electrode.

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

in the region in which the outer periphery of the uppermost piezoelectric film is
positioned further in than the outer periphery of the upper electrode, an outer periphery of a
lowermost piezoelectric film out of the at least two piezoelectric films is positioned further out

than the outer periphery of the upper electrode.

3. The acoustic wave device according to claim 1 or 2, wherein
a space or an acoustic reflection film is provided below the lower electrode, and
in the region in which the outer periphery of the uppermost piezoelectric film is

positioned further in than the outer periphery of the upper electrode, an outer periphery of the
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space or an outer periphery of the acoustic reflection filmis positioned

further out than the outer periphery of the upper electrode. 4. The
acoustic wave device according to claim2, wherein a space is provided
bel ow t he | ower el ectrode, and in the region in which the outer

peri phery of the uppernost piezoelectric filmis positioned further in than
the outer periphery of the upper el ectrode, an outer periphery of the space
is positioned further out than the outer periphery of the upper el ectrode,
and is positioned further in than an outer periphery of the | owernost

pi ezoel ectric film 5. The acoustic wave device according to any one of
clains 1 through 4, wherein the insulating filmhas a tenperature

coef figi f : j ks 1S i i [ i f
s(bllcl@erUr all ouft Bigllle‘g%}e}}l & tﬁ@é&%ﬁ?ﬁlrﬁfg\@tlgﬁ' ﬁlng }Q@ﬁ%hé@fuhﬁmﬁiug thah e diege O

the at "[east two ectric fi e acoustic wave devi ce

accor dj o ims 1 through 5, wherein the at |east two
g%eg@?érr? 8@?}%'@@& e?gctrSJlé

pi ezo . . are two piezoelectric filns, and the insulating filmis
one insulating film 7. The acoustic wave device according to any one
of clainms 1 through 6, wherein the at |east two piezoelectric films mainly

i nclude al urg num "Iih'éraj:oqﬁtici @Rk &é&f‘m%@édﬂ!ﬁﬂé k' Gaibd 3, WBRd! y 1 ncl ude oxi de
silicon. 8. The acoustic wave device according to any one of claims 1
through 7, Vgns%ragé 7 provided below the lower electrode, and
in the region in which the outer periphery of the uppermost piezoelectric film is
positioned further in than the outer periphery of the upper electrode, an outer periphery of the

space is positioned further out than the outer periphery of the upper electrode, and is positioned

further in than an outer periphery of the lowermost piezoelectric film.

5. The acoustic wave device according to any one of claims 1 through 4, wherein
the insulating film has a temperature coefficient of an elastic constant which is opposite

in sign to those of the at least two piezoelectric films.

6. The acoustic wave device according to any one of claims 1 through 5, wherein
the at least two piezoelectric films are two piezoelectric films, and the insulating film is

one insulating film.

7. The acoustic wave device according to any one of claims 1 through 6, wherein
the at least two piezoelectric films mainly include aluminum nitride, and the insulating

film mainly include oxide silicon.

8. The acoustic wave device according to any one of claims 1 through 7, wherein
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the insulating filmis not forned between the upper electrode and the
substrate which are located in at |east a part of a region in which the

upper electrode is fornmed and the | ower electrode is not forned. 9.
The acoustic wave device according to any one of clainms 1 through 8,

further conprising: acoustic wave resonators including the acoustic
wave device according to any one of clainms 1 through 8, wherein t he

| ower el ectrodes of the acoustic wave resonators are connected each ot her,
and the | owernost piezoelectric filnms and/or the insulating filnms on the

| ower nost piezoelectric filns of the acoustic wave resonators are fornmed on
the | ower el ectrodes connected each other so that they are connected each

ot her : i [ Lsidag; i
ther. e ihSularilk REAYSL 6 R EEUSRIBIELRIdBEA the substral® WIRGEPL i ON
filter mhlcﬁ %htpﬂ?% a&baﬁance out put bymgﬁlongitudinaFﬁ?EEgupled

doubl e-.pd& SH §i8GS %]gaqyéfta! r(é%i\‘}‘ﬁ‘i/ﬂawfliich Ttlieegz;pﬁ@1rlgect1rode is fordnddr-aR a8 1swkon filter

in which acoustic wa resonators 1 nclu g at | east one acoustic wave

dﬁvi ceel&gr%%gin%gfot&e&ny one of clainms 1 through 9 are connected in a | adder
shape.

0. The acoustic wave device according to any one-of claims 1 through 8, further
comprising:

acoustic wave resonators including the acoustic wave device according to any one of
claims 1 through 8§, wherein

the lower electrodes of the acoustic wave resonators are connected each other, and the
lowermost piezoelectric films and/or the insulating films on the lowermost piezoelectric films of
the acoustic wave resonators are formed on the lower electrodes connected each other so that

they are connected each other.

10. An acoustic wave device comprising:

a reception filter which outputs a balanced output by a longitudinally coupled
double-mode surface acoustic wave filter; and

a transmission filter in which acoustic wave resonators including at least one acoustic

wave device according to any one of claims 1 through 9 are connected in a ladder shape.

21



