DESCRI PTI ON
TI TLE OF THE | NVENTI ON: PI EZOELECTRI C THI N FI LM MANUFACTURI NG

METHOD THEREFOR, AND Pl EZCELECTRI C ELEMENT

TECHNI CAL FI ELD
[ 0001]

The present invention relates to a piezoelectric thin
film a manufacturing method for the piezoelectric thin film
and a pi ezoelectric elenment including the piezoelectric thin

filmand first and second el ectrodes.

BACKGROUND ART
[ 0002]

It has hitherto been known that a hi gher piezoelectric
coefficient is exhibitedin a piezoelectricthinfilmconposed
of an alum numnitride containing scandiumas conpared with a
pi ezoel ectric thin film conposed of an alum num nitride
cont ai ni ng no scandium However, scandiumis very expensive
since scandiumis not industrially w dely used, and has al so
been difficult to be stably obtained. As such, researches on
an alum numnitride containing an el enent ot her than scandi um
have been w dely conduct ed.

[ 0003]
For exanple, the foll ow ng Patent Docunent 1 discl oses

a piezoelectricthinfilmconposed of an al um numnitride film
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cont ai ni ng a di val ent el enment and a tetraval ent el enent and an
alum num nitride film containing a divalent elenent and a
pent aval ent elenment. In Patent Docunent 1, in an al um num
nitride filmcontaining My as a divalent elenent and Zr as a
tetravalent elenent, the enhancenent in piezoelectric
coefficient of the obtained piezoelectric thin filmhas been

confirned.

PRI OR ART DOCUMENT
PATENT DOCUMENT
[ 0004]

Pat ent Docunent 1: JP 2013-219743 A

SUMVARY OF THE | NVENTI ON
PROBLEM TO BE SOLVED BY THE | NVENTI ON
[ 0005]

However, in Patent Docunent 1, wth regard to the
conbi nati on of other el enents, asinulationresult based onthe
first principle calculation is only described. Since the
sinmulation result presupposes that an i deal atom c nodel can
be constituted, practically, there are nany cases i n whi ch the
conbi nation thereof is not constituted as sinulated. This is
because problens of solid-solubility limt of the atom
structural stability and the |I|ike occur practically.

Accordingly, fromthe sinulation result in Patent Docunent 1,
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it is inmpossible to know the conposition allow ng a higher
pi ezoel ectric coefficient to be exhibited and enabling the
pi ezoel ectric thin filmto be put into practical use.

[ 0006]

An object of the present invention is to provide a
pi ezoel ectric thin fil mconposed of an al um numnitride which
cont ai ns an i nexpensi ve el enent ot her than scandi umand has an
i ncreased piezoelectric coefficient, a manufacturing method
for the piezoelectric thin filmand a piezoelectric el enent

i ncludi ng the piezoelectric thin film

MEANS FOR SOLVI NG THE PROBLEM
[ 0007]

The piezoelectric thin film according to the present
inventionis a piezoelectricthinfil mconposed of an al um num
nitride containing nmagnesi um and ni obium 31 to 120 atomc
percent of the niobiumis contained therein relative to 100
atom c percent of the magnesium and the total content of
magnesi umand ni obiumrel ative to the total sumof contents of
magnesi um ni obiumand alum numfalls within the range of 10
to 67 atom c percent.

[ 0008]

In a specific aspect of the piezoelectric thin film

according to the present invention, the total content of

magnesi umand ni obiumfalls within the range of 30 to 63 atonmi ¢
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per cent .
[ 0009]

I n anot her speci fic aspect of the piezoelectricthinfilm
according to the present invention, 44 to 87 atom c percent of
t he ni obiumis contained relative to 100 atom ¢ percent of the
magnesi um
[ 0010]

I n yet anot her specific aspect of the piezoelectricthin
filmaccording to the present invention, the niobiumincludes
pent aval ent ni obi um and tetraval ent ni obi um
[0011]

In a manufacturing nethod for a piezoelectric thinfilm
accordingtothe present i nvention, the piezoelectricthinfilm
is obtained by using a first target conposed of alum num a
second t arget conposed of magnesi umand athirdtarget conposed
of niobiumto performfilmformng by a ternary sputtering
nmet hod under a nitrogen gas atnosphere.

[0012]

I n anot her manuf acturing nmethod for a pi ezoel ectric thin
fil maccordingtothe present i nvention, the piezoelectricthin
filmis obtained by using a target conposed of an alloy of
al um num magnesi um and niobiumto performfilmformng by a
unitary sputtering method under a nitrogen gas atnosphere.

[ 0013]

The piezoelectric elenent according to the present
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i nvention includes a piezoelectric thin film constituted
according to the present invention and first and second
el ectrodes provi ded so as to be brought into contact with the

pi ezoel ectric thin film

EFFECT OF THE | NVENTI ON
[ 0014]

According to the present invention, it is possible to
provide a piezoelectric thin film conposed of an al um num
nitride whi ch contains inexpensive magnesi umand ni obi umot her
t han scandi umand has an i ncreased pi ezoel ectric coefficient,
a manufacturing nethod therefor and a piezoelectric el enent

i ncludi ng the piezoelectric thin film

BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0015]

FIG 1 is a graphical representation show ng the
rel ati onship between the Nb content and the piezoelectric
coefficient dszzof anal um numnitride contai ni ng magnesi um( My)
and ni obi um(Nb) (MgNbAI N) in the case where the My content is
fixed at 8.1 atom c percent and the Nb content is changed.

FIG 2isanX-raydiffractionprofileof an A Ncontai ni ng
My and Nb in the case where the Nb content is changed.

FIG 3 is a graphical representation show ng the

rel ati onship between the total content of My and Nb and the
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pi ezoel ectric coefficient dszinthe case where the Nb content
relative to 100 atom c percent of Myis set to each of 44 atom ¢
percent, 50 at om ¢ percent and 87 atom c percent and t he tot al
content of My and Nb i s changed.

FIG 4isanX-raydiffractionprofileof an A Ncontai ni ng
My and Nb in the case where the total content of My and Nb is
changed.

FIG 5 is a graphical representation showing the
rel ati onship between the Sc content and the piezoelectric
coefficient ds3 of a conventional Sc-containing AN

FIG 6isasinplifiedschematic viewof an apparatus used
at thetinme of performngfilmformng by aternary sputtering
met hod.

FIG 7isasinplifiedschematic viewof an appar at us used
at thetinme of performingfilmform ng by aunitary sputtering
met hod.

FIG 8 is asectional viewof a piezoelectric m crophone
i n accordance with a first enbodi nent which is prepared with
t he pi ezoel ectric el ement according to the present invention.

FIG 9(a) is a perspective view of a w dth-broadeni ng
vibrator in accordance with a second enbodi nent which is
prepared with the piezoelectric elenent according to the
present i nvention. FIG 9(b) isasectional viewof apart taken
along the line A-A shown in FIG 9(a).

FIG 10 is a sectional viewof a thickness | ongitudinal
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vi brator i naccordancew thathirdenbodi nent whichis prepared
with the piezoelectric elenent according to the present
i nvention.

FIG 11 is a graphical representation show ng the
anal ysis results of the piezoelectric thin filmaccording to
the present invention by HAXPES (Hard X-ray Photoem ssion

Spect roscopy).

MODES FOR CARRYI NG OUT THE | NVENTI ON
[ 0016]

Her ei nafter, enbodi nents of the present invention wll
be described with reference to the draw ngs.
[0017]

(Piezoelectric thin film and manufacturing nethod
t her ef or)

The present i nventors have conducted di |l i gent studi es on
el ements which are inexpensive el enents other than scandi um
(Sc) and can be contained in an alumnumnitride (AIN to
I ncrease t he pi ezoel ectric coefficient of apiezoelectricthin
filmconposed of the AIN. As aresult, the present inventors
have found that, by all ow ng magnesi um (M) and ni obi um (Nb),
whi ch are nore i nexpensi ve than Sc, i n amunts within specific
ranges to be containedinanAN, the pi ezoel ectric coefficient
of apiezoelectricthinfil mconposed of the Al Ncan be enhanced,

and thus, the present invention has been conpl et ed.
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[ 0018]

Wth regard to the specific range, specifically, the Nb
content relative to 100 atom c percent of My falls within the
range of 31 to 120 atoni c percent. Mbreover, thetotal content
of Mg and Nb relative to the total sumof contents of My, Nb
and AINfallswithintherange of 10to 67 atom c percent. This
wi ||l be described in nore detail with reference to FIG 1 to
FIG 5.

[ 0019]

FIG 1 is a graphical representation show ng the
rel ati onship between the Nb content and the piezoelectric
coefficient dsz3 of an alum num nitride containing Mgy and Nb
(MJNbAI'N) i nthe case wherethe Mgycontent isfixedat 8.1atomc
percent and the Nb content is changed. That is, FIG 1 is a
gr aphi cal representati on show ng the rel ati onshi p bet ween t he
Nb content and the piezoelectric coefficient disz in the case
where the X value in (Mo ostNbxAl 1-0.081-x) N i S changed.

[ 0020]

As shown in FIG 1, it has been found that the
pi ezoel ectric coefficient dsz3is increasedwith anincrease in
the Nb content. |In particular, it has been found that the
pi ezoel ectric coefficient ds3 is nost increased in the case
where the Nb content relativeto 8.1 atom c percent of Mjfalls
within the range of 2.5 to 9.7 atomc percent, and the

pi ezoel ectric coefficient dsz; becones larger than the
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pi ezoel ectric coefficient ds3 of the AIN (= 6.0 pCN)
[ 0021]

Ont he ot her hand, it has beenfoundt hat t he pi ezoel ectric
coefficient ds3 i s decreased in the case where the Nb content
Is greater than 10 atomc percent and the piezoelectric
coefficient dsz; beconmes 0 when the Nb content is greater than
or equal to 13 atom c percent.

[ 0022]

In FIG 2, an X-ray diffraction profile of an AN
contai ning Mg and Nb i nthe case where the Nb content i s changed
is shown. Inthe figure, aprofile obtainedinthe case where
the Nb content in FIG 1is 7.1 atom c percent is drawn by t he
solid line, and a profile obtained in the case where the Nb
content in FIG 1is 17.1 atom c percent i s drawn by t he broken
l'i ne.

[ 0023]

As shown in FIG 2, in the case where the Nb content is
17.1 atom c percent, as conpared with the case where the Nb
content is 7.1 atom c percent, the diffraction peak is shifted
to the narrow angl e side. This reveals that phase transition
has occurredinthe Al Nwi thanNbcontent of 17. 1 atom c percent.
Thus, it has becone apparent that, in the case where the Nb
content is greater than 9.7 atom c percent, the piezoelectric
coefficient dssis sharply decreased due to t he above-nenti oned

phase transition.



[ 0024]

Accordingly, in the present invention, by allow ng the
Nb content relative to 8.1 atom c percent of Mgyto fall within
the range of 2.5 to 9.7 atom c percent, nanely, allow ng the
Nb content relative to 100 atom c percent of Mgto fall within
therange of 31to 120 atom c percent, it i s possibletoincrease
the pi ezoel ectric coefficient ds3 of a piezoelectricthinfilm
conmposed of the AIN film
[ 0025]

FIG 3 is a graphical representation show ng the
rel ati onship between the total content of My and Nb and the
pi ezoel ectric coefficient ds3inthe case where the Nb content
relative to 100 atomi c percent of Myis set to each of 44 atom ¢
percent, 50 atom c percent and 87 atom c percent and t he tot al
content of My and Nb i s changed. For exanple, inthe case where
the Nb content is set to 50 atom c percent, the graph shows t he
rel ati onship between the total content of My and Nb and the
pi ezoel ectric coefficient dsz inthe case where the Y value in
(My2Nb) YAl 1.vyN i s changed. The solid line shows a result
obt ai ned when t he Nb content relative to 100 at om ¢ percent of
My is set to 50 atom c percent, the broken |line shows a result
obt ai ned when set to 87 percent, andthe alternatel ong and short
dash | i ne shows aresult obtai ned when set to 44 at oni c percent.
[ 0026]

As shownin FIG 3, inall the cases where the Nb cont ent
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relativeto 100 atom c percent of Myi s set to 44 at om c percent,
50 atom c percent and 87 atom c percent, it has been found t hat
t he pi ezoel ectric coefficient dszisincreasedw th anincrease
inthe total content of Mg and Nb. In particular, it has been
found that the piezoelectric coefficient ds3 is especially
increasedinthe case wherethetotal content of Myand Nb fal ls
wi thin the range of 10 atom c percent to 67 atom c percent, and
the piezoelectric coefficient ds3 becomes |arger than the
pi ezoel ectric coefficient dzgzof the AN(=6.0pCN. Wenthe
total content of Mg and Nb falls wthin the range of 10 atom c
percent to 67 atom c percent, the piezoel ectric coefficient dss
inthe case where the Nb content rel ative to 100 at om c percent
of Mj is set to 87 atom c percent is higher than that in the
case where the Nb content is set to 44 atomc percent.
Furt her nore, within the above-nentioned range, t he
pi ezoel ectric coefficient dszinthe case where the Nb content
relativeto 100 at om c percent of Myis set to 50 atom c percent
i's higher than that in the case where the Nb content is set to
87 atom c percent.

[ 0027]

Ont he ot her hand, it has beenfoundt hat the pi ezoel ectric
coefficient dszis decreasedinthe case wherethetotal content
of My and Nb is greater than 67 atom c percent.

[ 0028]

In FIG 4, an X-ray diffraction profile of an AN
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contai ning Mjy and Nb i n the case where the total content of My
and Nb i s changed is showmn. Inthe figure, a profile obtained
in the case where the total content of Mgy and Nbin FIG 3 1is
55 atomic percent is drawn by the solid line, and a profile
obtained in the case where the total content of My and Nb in
FIG 3 is 66 atom c percent is drawn by the broken |ine.

[ 0029]

As shown in FIG 4, in the case where the total content
of My and Nb is 66 atom c percent, as conpared with the case
where the total content of Mgy and Nb i s 55 atonmi c percent, the
di ffraction peak becones broad. This reveal s that the crystal
structure of the c-axis oriented fil mhas collapsedinthe AIN
with atotal content of My and Nb of 66 at om ¢ percent, and t he
pi ezoel ectricity is sharply decreased.

[ 0030]

Thus, in the present invention, by allow ng the total
content of Mpand Notofall withintherange of 10 at om c percent
to 67 atomc percent, it is possible to increase the
pi ezoel ectric coefficient of apiezoelectricthinfil mconposed
of the ANfilm Mreover, as apparent fromFI G 3, when the
total content of Mg and Nbis allowed to fall within the range
of 30 atom c percent to 63 atom c percent, the piezoelectric
coefficient ds3 is further increased. Thus, it is preferred
that the total content of My and Nb be 30 atom c percent to 63

atom c percent.
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[ 0031]

As descri bed above, in FIG 3, withregardtoan AAINw th
atotal content of My and Nb of greater than or equal to 66 atom c
percent, the piezoelectric coefficient ds3 is sharply
decreased. On the other hand, the rel ati onshi p between t he Sc
content and t he pi ezoel ectric coefficient dsz; of a conventi onal
Sc-containing AANis showmn in FIG 5, and in this case, the
pi ezoel ectric coefficient ds3is sharply decreased when the Sc
content is greater than or equal to 50 atomic percent. From
this, thefact that, i nan My and Nb-contai ni ng Al N, as conpar ed
with an Sc-containing AIN, the piezoelectric coefficient ds3
I s not decreased even when a |l arger anount of Al is substituted,
whi ch cannot be known fromt he si mul ati on, has becone apparent.
[ 0032]

FIG 11 is a graphical representation show ng the
anal ysis results of the piezoelectric thin filmaccording to
the present invention by HAXPES (Hard X-ray Photoem ssion
Spectroscopy). An angle between the incident face of X-rays
in a piezoelectric thin filmto be anal yzed and t he det ector
used in HAXPES i s defined as a detection angle, and the solid
line shows a result obtained when the detection angle is set
to 80°. The broken line shows a result obtained when the
detection angleis set to 30°, and the alternate | ong and short
dash |i ne shows a result obtained when the detection angleis

set to 15°.
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[ 0033]

I n HAXPES, X-rays which are hi gher in energy than X-rays
used i n XPS ( X-ray Phot oel ectron Spectroscopy) are used. More
specifically, while X-rays used i n XPS have an energy of 1 keV
or so, X-rays used i n HAXPES have an energy of greater than or
equal to 8 keV. In XPS, an object can be analyzed only to a
depth of a fewnmor so fromthe surface of the object to be
anal yzed. In contrast, in HAXPES, by using X-rays of high
ener gy, an obj ect can be anal yzed to a depth of 30 nmor so from
the surface of the object to be anal yzed. That is, by HAXPES,
it is possible to evaluate a bul ky object to be anal yzed for
the coupling state.

[ 0034]

As shownin FIG 11, inthe case where t he detection angl e
is set to 15°, peaks exist at respective positions of bonding
energy | evel s shown by brokenlines B, Cand D. Simlarly, in
the case where the detection angle is set to 30° and t he case
where the detection angle is set to 80° peaks exist at
respecti ve positions of bondi ng energy | evel s shown by broken
lines B, Cand D. The peak at a position of a bondi ng energy
| evel shown by the broken |ine B corresponds to a peak derived
frompent aval ent ni obium The peak at a position of a bondi ng
energy | evel shown by the broken Iine C corresponds to a peak
derived frompent aval ent ni obi umand tetraval ent ni obium The

peak at a position of a bondi ng energy | evel shown by t he br oken
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| ine Dcorresponds to a peak derived fromtetraval ent ni obi um

Thus, by adopti ng HAXPES, it has newl y becone apparent that not
only pentaval ent niobium but also tetravalent niobium is
i ncluded in the niobiumconstituting the piezoelectric thin
film In this connection, as shown in FIG 11, trivalent

niobiumis not included in the piezoelectric thin film

[ 0035]

The piezoelectric thin film according to the present
inventioncanbefornmedby athinfil mform ng method. Exanples
of the thin filmform ng nmethod include a sputtering nethod,
a C/D nmethod and the like, and it is preferred that the
pi ezoel ectricthinfil mbe manufactured by asputtering nethod.
Sputtering is especially preferably performed by neans of a
ternary sputtering apparatus shown in FIG 6 or a unitary
sputtering apparatus shown in FIG 7.

[ 0036]

InthesputteringapparatusshowmminFI G 6, afirst target
2 conposed of Al, a second target 3 conposed of My and a third
target 4 conposed of Nb are used to forma fil mon a substrate
1 by a ternary sputtering nethod under a nitrogen (N,) gas
at nosphere. Moreover, asthefirst target 2, atarget conposed
of an AIN may be used. In the ternary sputtering nethod, the
adj ustment of contents of Al, My and Nb can be perfornmed by
changi ngthe power ratiotothefirst, secondandthirdtargets.

[ 0037]
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In the sputtering apparatus shown in FIG 7, atarget 5
conposed of an alloy of Al, My and Nb is used to forma film
by a unitary sputtering nethod under a nitrogen (N, gas
at nosphere. Inthe unitary sputtering method, the adjust nent
of contents of Al, My and Nb can be perforned by preparing all oys
differing in contents of Al, My and Nb i n advance.

[ 0038]

Moreover, in aunitary sputtering nethod using a target
conposed of an alloy of Al, Mg and Nb, a filmw th a uniform
film thickness distribution and a uniform piezoelectricity
di stribution can be forned on a | arge-si zed wafer such as a
6-inch wafer and an 8-inch wafer. Since a target conposed of
an al l oy of Sc and Al is used for an Sc-containing AlN and t he
target is very expensive, by using the target 5 conposed of an
alloy of Al, My and Nb, the product price can be remarkably
| ower ed.

[ 0039]

Inthis connection, the sputtering may be performed under
a m xed gas at nosphere of N, gas and argon (Ar) gas i nstead of
under an N, gas atnosphere. Moreover, with regard to the
tenperature of the substrate 1, it is preferred that the
sputtering be perforned at roomtenperature to 450°C.

[ 0040]
(Piezoelectric el enent)

The piezoelectric elenent according to the present
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i nventionincl udes t he above-descri bed pi ezoel ectricthinfilm
according to the present invention and first and second
el ectrodes provi ded so as to be brought into contact with the
pi ezoel ectricthinfilm Hereinafter, specific enbodinmentsin
which the piezoelectric elenment according to the present
invention is used will be described with reference to the
dr awi ngs.

[ 0041]

(First Enbodi nment)

FIG 8 is asectional viewof a piezoelectric m crophone
11 in accordance with a first enbodi ment. The piezoelectric
m crophone 11 is constituted of a cylindrical support 12, a
silicon oxide film16, first and second el ectrodes 14 and 15,
a piezoelectric thin film1l3 and first and second connecti on
el ectrodes 17 and 18.

[ 0042]

The cylindrical support 12 is conposed of appropriate
mat eri al s such as hi gh-resi stance silicon, glass and GaAs. In
t he present enbodi nent, the cylindrical support 12 is conposed
of silicon. On the upper face of the cylindrical support 12,
the silicon oxide film 16 is provided so as to cover the
cylindrical support 12.

[ 0043]
On the silicon oxide film16, the first electrode 14 is

provided. The first electrode 14 has a circular plate-like
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shape. The first electrode 14 is provided so as to close an
openi ng part of thecylindrical support 12. Moreover, thefirst
el ectrode 14 is a part that vibrates when externally applied
wi th sound pressure.

[ 0044]

On the first electrode 14, the piezoelectric thin film
13 with a doughnut pl ate-Ilike shape is provided. On the upper
face of the piezoelectric thin film13, the second el ectrode
15 is provided so as to cover the piezoelectric thin film1l3.
[ 0045]

I nthe piezoel ectric m crophone 11inaccordancew ththe
present enbodi ment, the piezoelectricthinfilml3is deforned
when the first electrode 14 vibrates due to external sound
pressure. And then, depending on the deformation of the
pi ezoelectricthinfilml3, anelectrical signal correspondi ng
to the sound pressure can be obtained fromthe first and second
el ectrodes 14 and 15.

[ 0046]

On t he upper face of the second el ectrode 15, the first
and second connection el ectrodes 17 and 18 for bei ng connect ed
to external electrodes are provided. The first connection
el ectrode 17 has a vi ahol e el ectrode part 17a. The first and
second connection el ectrodes 17 and 18 are provi ded so t hat t he
first connection electrode 17 and the second connection

el ectrode 18 are connected to the first electrode 14 and the
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second el ectrode 15, respectively.
[0047]

In the present enbodinment, the first electrode 14 is
constituted of phosphorus-doped Si with aresistivity of |ess
than or equal to 1.5 m2cm Mreover, the second el ectrode 15
is constituted of Al. In this connection, although the
t hi cknesses of respecti ve nenbers arenot particularlylimted,
for exanple, in the present enbodi nent, one with a thickness
of 400 nm onew th athickness of 500 nmand one wi th at hi ckness
of 50 nmare used as the first el ectrode 14, the piezoelectric
thin film13 and the second el ectrode 15, respectively.

[ 0048]

Mor eover, t he above-nenti oned pi ezoel ectricthinfilml3
is a piezoelectric thin film 13 constituted of the
above-described AIN containing Mg and Nb according to the
present invention. As such, the case is larger in the
pi ezoel ectric coefficient ds3 than the case in which a
pi ezoel ectric thin film constituted of an AN is used.
Accordi ngly, the pi ezoel ectric m crophonel1llinaccordancewth
the first enbodinment is a m crophone with high sensitivity.
[ 0049]

(Second Enbodi nent)

FIG 9(a) is a perspective view of a w dth-broadeni ng
vibrator 21 in accordance wth a second enbodinent. The

wi dt h- broadening vibrator 21 is a piezoelectric vibrator
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utilizing w dth-broadening vibration. The w dth-broadening
vi brator 21 includes support parts 22a and 22b, a vibration
pl ate 23 as a vi brati ng body and connecti on parts 24a and 24b.
[ 0050]

The vi bration pl ate 23 has arectangul ar pl ate-1i ke shape
and has a | engt hwi se directi on and a wi dt hwi se direction. The
vi bration plate 23 is connected to the support parts 22a and
22b respectivel ythroughtheconnectionparts 24aand 24b. That
is, the vibration plate 23 i s supported by the support parts
22a and 22b. The vibration plate 23 is a vibrating body that
vibrates in the widthwi se direction at a w dth-broadening
vi bration node when appliedwithanalternatingelectricfield.
[ 0051]

One end of each of the connection parts 24a and 24b is
connectedtothe center of each of sidefacesinrespectiveshort
sides of the vibration plate 23. The center of each of side
facesinrespectiveshort sides of thevibrationplate 23 serves
as a node of the w dth-broadening vibration.

[ 0052]

Each of the support parts 22a and 22b i s connected to the
ot her end of each of the connection parts 24a and 24b. Each
of the support parts 22a and 22b is all owed to extend on both
si des of each of the connection parts 24a and 24b. Al though
the length of each of the support parts 22a and 22b is not

particularly limted, in the present enbodi nent, each of the
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support parts 22a and 22b has the sanme |l ength as that of the
short side of the vibration plate 23.
[ 0053]

FIG 9(b) is a sectional viewof a part taken al ong the
line A-A shown in FIG 9(a). As shown in FIG 9(b), the
vibration plate 23 is constituted of a silicon oxide film16,
a substrate 32, first and second el ectrodes 14 and 15 and a
pi ezoel ectric thin film 13.

[ 0054]

More specifically, the piezoelectric thin film13 is
provi ded on t he substrate 32. The first and second el ectrodes
14 and 15 are provided so as to allow the piezoelectric thin
filml1l3 to be sandw ched t herebetween. The silicon oxide film
16 is provided bel ow the substrate 32.

[ 0055]

Inthe present enbodi ment, the substrate 32 is an n-type
Si layer of the resistivity: 1 mQcmand the concentration: 7
x 10/ cn.

[ 0056]

In this connection, between the first el ectrode 14 and
t he second el ectrode 15, aseed| ayer whichisaprotectivel ayer
and is not illustrated may be provided.

[ 0057]
In the present enbodi nent, each of the first and second

el ectrodes 14 and 15 is constituted of Mo. Moreover, the seed
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| ayer is constituted of an AIN. In this connection, although
the thicknesses of respective nenbers are not particularly
limted, for exanple, in the present enbodinent, one with a
t hi ckness of 10 pum one with a thickness of 400 nm one with
a thi ckness of 100 nm one with athickness of 1000 nm one with
a t hi ckness of 50 nmand one with a thickness of 20 nmare used
as the substrate 32, the silicon oxide film 16, the first

el ectrode 14, the piezoelectric thin film 13, the second
el ectrode 15 and the seed | ayer, respectively.

[ 0058]

In this connection, also in the second enbodi nent, the
above-nenti oned piezoelectric thin film13 is constituted of
a piezoelectricthinfilml3 conposed of the Al Ncontaining M
and Nb according to the present invention. As such, the case
is larger in the piezoelectric coefficient ds3 than the case
i nwhi ch apiezoelectricthinfil mconstitutedof anA Nis used
Accordingly, a vibrator with a small resonance resistance in
the wi de band is obtained, and a TCXOwith a w de frequency
vari abl e range and a | ow power consunption i s obtained.

[ 0059]

(Third Enmbodi ment)

In FIG 10, a sectional viewof athickness | ongitudi nal
vi brator 31inaccordancewi thathirdenbodi nent i s shown. The
t hi ckness | ongi tudi nal vibrator 31is a piezoel ectric vibrator

having an acoustic reflection |ayer 33. The thickness
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| ongi tudi nal vibrator 31 is constituted of a substrate 32, an
acoustic reflection|ayer 33, a piezoelectricthinfilml13 and
first and second el ectrodes 14 and 15.

[ 0060]

The acousticreflectionlayer 33is provided on the upper
face of the substrate 32. The acoustic reflectionlayer 33 has
astructureinwhichrelatively high acoustic i npedance | ayers
33b and 33d and rel atively | ow acousti c i npedance | ayers 33a,
33c and 33e are alternately |ayered.

[ 0061]

The pi ezoelectricthinfilml3is providedontheacoustic
reflectionlayer 33. Moreover, thefirst and second el ectrodes
14 and 15 are provided so as to allow the piezoelectric thin
film13 to be sandw ched therebetween.

[ 0062]

In the present enbodi nent, each of the first and second
el ectrodes 14 and 15 i s constituted of nol ybdenum Mboreover,
each of the relatively high acoustic i npedance | ayers 33b and
33d i s constituted of tungsten, and each of therelatively | ow
acousti c i npedance | ayers 33a, 33c and 33eisfornedof asilicon
oxi de.

[ 0063]

Even in a known piezoelectric vibrator having such an

acoustic reflection layer 33, by adopting the piezoelectric

thin filml13 conposed of an Al N contai ning Mg and Nb accordi ng
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tothe present invention, it ispossibletoprepareafilter/DPX
capable of achieving both the w de band and satisfactory
tenperature characteristics.

[ 0064]

The piezoelectric elenent according to the present
inventionis not [imtedto the above-describedfirst tothird
enbodi nents, and for exanpl e, the piezoel ectric el enent can be
used in various applications such as a gyro sensor as a
hi gh-sensitivity sensor and an accel erati on sensor.

[ 0065]

Next, a specific exanpl e of experinent will be descri bed.
[ 0066]

(Exanpl e of experi nent)

Under the follow ng conditions, afirst target conposed
of al um num a second target conposed of nmagnesiumand athird
target conposed of ni obiumare usedtoforma filmby aternary
sputtering method.

[ 0067]

Substrate tenperature: 400°C

Ar/ N, gas ratio: 60/40

Gas pressure: 0.45 Pa

Conposi tion: Mo 35Nbg. 20Al 0. 45N
[ 0068]

The pi ezoel ectric coefficient ds3 of a piezoelectricthin

fil mobtai nedin Exanpl e of experi nent was determni nedto be 20.4
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pC/'N, and it was confirmed that the piezoel ectric coefficient
ds3 was sufficiently increased as conpared wth the

pi ezoel ectric coefficient dis3 of the AIN (6 pCN)

DESCRI PTI ON OF REFERENCE SYMBOLS

[ 0069]

1...Substrate

2...First target

3...Second target

4...Third target

5...Target conposed of al |l oy of al um num nmagnesi umand ni obi um
11...Piezoelectric m crophone

21... W dt h- broadeni ng vi brator

31...Thickness | ongitudinal vibrator
12...Cylindrical support

13...Piezoelectric thin film

14.. . First el ectrode

15. .. Second el ectrode

16...Silicon oxide film

17, 18...First and second connection el ectrodes
17a... Vi ahol e el ectrode part

22a, 22b...Support parts

23...Vibration plate

24a, 24b...Connection parts

32...Substrate
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33...Acoustic reflection | ayer
33a, 33c, 33e...Relatively | ow acoustic inpedance |ayers

33b, 33d...Relatively high acoustic inpedance | ayers
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CLAI M5

1. Apiezoelectricthinfil mconposed of an al umi numnitride
cont ai ni ng nmagnesi um and ni obi um
wherein 31 to 120 atomc percent of the niobiumis
contained relative to 100 at om ¢ percent of the magnesi um and
the total content of nmagnesi umand niobiumrelative to
the total sumof contents of magnesi um ni obi umand al um num

falls within the range of 10 to 67 atom c percent.

2. The pi ezoel ectricthinfilmaccordingtoclaiml, wherein
the total content of nmagnesium and niobiumfalls within the

range of 30 to 63 atom c percent.

3. The piezoelectric thin filmaccording to claim1 or 2,
wherein 44 to 87 atom c percent of the niobiumis contained

relative to 100 atom c percent of the magnesi um

4, The pi ezoel ectricthinfil maccordi ngtoany one of cl ai ns
1 to 3, wherein the niobiumincludes pentaval ent ni obi um and

tetraval ent ni obi um

5. A manufacturing nmethod for a piezoelectric thin film
according to any one of clains 1 to 4, conprising

the step of using a first target conposed of al um num
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a second target conposed of magnesium and a third target
conposed of niobium to perform filmformng by a ternary

sputtering nmethod under a nitrogen gas atnosphere.

6. A manufacturing nethod for a piezoelectric thin film
according to any one of clainms 1 to 4, conprising

the step of using a target conposed of an alloy of
al um num nagnesi umand niobiumto performfilmform ng by a

unitary sputtering nmethod under a nitrogen gas atnosphere.

7. A pi ezoel ectric el enent conprising:

a piezoelectric thinfilmaccording to any one of cl ai ns
1to 4; and

first and second el ectrodes provi ded so as t o be brought

into contact with the piezoelectric thin film
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