DESCRIPTION
SPUTTERING TARGET

Technical Field
[0001]

The present disclosure relates to a sputtering target
suitable for forming a metal film or nitride film having
good piezoelectric responsiveness in a piezoelectric

element.

Background Technology
[0002]

As aging of population proceeds in the modern and the
future society, decrease in the working population is
predicted, and therefore, also in the manufacturing
industry, automation iIs promoted using the Internet of
Things (10oT). Also in the automobile industry, a shift is
occurring to a society In which automobiles are
manufactured that can be automatically operated not by a
person but mainly by artificial intelligence (Al) or the
like.

[0003]

An 1mportant technology in automation and automatic
operation is ultra-high-speed wireless communication, and
high frequency filters are indispensable for ultra-high-
speed wireless communication. For iIncrease in the speed of

wireless communication, a shift i1s scheduled from a



frequency band 3.4 GHz used in conventional fourth
generation mobile communication (4G) to frequency bands 3.7
GHz, 4.5 GHz, and 28 GHz used in fifth generation mobile
communication (5G). When this shift occurs, it is
technically difficult to use conventional surface acoustic
wave (SAW) filters as high frequency filters. Therefore,
change from surface acoustic wave filters to bulk acoustic
wave (BAW) filters is occurring in the technology.

[0004]

As a piezoelectric film in BAW filters and
piezoelectric element sensors, an aluminum nitride film 1s
mainly used. Aluminum nitride iIs known to have a high
amplitude increase coefficient called a quality factor (Q
factor), and is therefore used as a piezoelectric film.
However, aluminum nitride cannot be used at a high
temperature, and therefore nitride films containing an
aluminum element and a rare earth element are promising for
obtaining a piezoelectric element having high temperature
resistance and a high Q factor.

[0005]

As a sputtering target to form a nitride film
containing an aluminum element and a rare earth element, a
sputtering target is disclosed that includes an alloy of Al
and Sc, contains from 25 atom% to 50 atom% of Sc, and has
an oxygen content of 2,000 ppm by mass or less and a
variation in Vickers hardness (Hv) of 20% or less (see, for

example, Patent Literature 1). It is described that the



sputtering target i1s produced through a melting step and
further plastic working such as a forging step (see, for
example, Patent Literature 1). Furthermore, Patent
Literature 1 describes that the variation iIn the Sc content
at a top surface of the target (TOP) and a bottom surface
of the target (BTM) of the sputtering target is within the
range of 2 atom% (paragraphs 0040 to 0041 in the
description).
[0006]

Furthermore, a ScyAl;_xN alloy is known to have a
piezoelectric coefficient dz; that extremely depends on the
composition deviation in the Sc concentration (see, for

example, Fig. 3 in Non Patent Literature 1).
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Summary of the Invention
The Problems to be solved by the invention

[0009]



In Patent Literature 1, the sputtering target
includes an alloy of Al and Sc, but the conductivity of the
intermetallic compound i1s lower than that of a metal, so
that there i1s a problem that, for example, the productivity
of film formation in a direct current (DC) sputtering
device i1s low.

[0010]

Furthermore, In manufacture of an aluminum alloy,
there 1s almost no range in which aluminum and an element
to be added to aluminum become a complete solid solution
because although aluminum has a low melting point of 660°C,
the element to be added to aluminum has a very high melting
point such as a melting point of 1,541°C in the case of
scandium, 1,522°C i1n the case of yttrium, 1,668°C in the
case of titanium, 1,855°C i1n the case of zirconium, and
2,233°C 1In the case of hafnium, resulting 1In a difference
in melting point between aluminum and the element to be
added of 800°C or more.

[0011]

Therefore, 1f scandium is added in a large amount
with respect to aluminum as in Patent Literature 1, the
melting point is 1,400°C or more In some compositions, and
in such compositions, the degree of growth of the
intermetallic compound varies due to the temperature
unevenness during solidification after melting, so that it
is difficult to produce a sputtering target having a

uniform composition in an in-plane direction and a



thickness direction of the sputtering target.
[0012]

Furthermore, 1f a melting method is used and only an
intermetallic compound i1s included as in Patent Literature
1, a very hard and brittle sputtering target is obtained,
and even 1f an ingot is formed by melting, a crack or the
like 1s likely to occur in the sputtering target during
plastic working such as forging.

[0013]

Furthermore, 1f a sputtering target i1s produced with
a melting method as In Patent Literature 1, a precipitated
phase grows greatly, and composition unevenness occurs iIn
the in-plane direction and the thickness direction of the
sputtering target, so that even if a thin film i1s formed by
sputtering, the composition distribution of the obtained
alloy thin film is unstable.

[0014]

Although Patent Literature 1 describes that the
variation in the Sc content at the TOP and the BTM of the
sputtering target is within the range of 2 atom%, it is
also necessary to suppress the variation not only in the
thickness direction but also 1In the in-plane direction iIn
order to obtain the homogeneity of the formed film.

[0015]

As particularly pointed out in Fig. 3 in Non Patent

Literature 1, the characteristic may extremely change due

to composition deviation, and therefore 1t is Important to



maintain a uniform composition in the in-plane direction
and the thickness direction.
[0016]

Therefore, an object of the present disclosure is to
provide a sputtering target that has Improved conductivity
and, for example, improves productivity of film formation

using a DC sputtering device.

Solution to solve the Problem
[0017]

As a result of intensive studies to solve the above-
described problems, the present iInventors have found that
the conductivity of the sputtering target iIs Improved by
filling the gap in the intermetallic compound or the
nitride with aluminum and thus the above-described problems
are solved, and have completed the present invention. That
is, the sputtering target according to the present
invention includes: an aluminum matrix; and (1) a material
or phase containing aluminum and further containing either
a rare earth element or a titanium group element or both a
rare earth element and a titanium group element or (2) a
material or phase containing either a rare earth element or
a titanium group element or both a rare earth element and a
titanium group element, at a content of 10 to 70 mol% in
the aluminum matrix.

[0018]

In the sputtering target according to the present



invention, it i1s preferable that a difference between the
composition of the sputtering target and a reference
composition be within £3% both in an in-plane direction of
a sputter surface and in a target thickness direction under
(Condition 1) or (Condition 2), and the reference
composition be an average of compositions at 18 sites In
total measured In accordance with (Condition 1) or
(Condition 2).

(Condition 1)

In-plane direction of the sputter surface: The
sputtering target i1s a disk-shaped target having a center O
and a radius of r, and measurement sites for composition
analysis are 9 sites in total including, on Imaginary
crossing lines orthogonally crossing at the center O as an
intersection, 1 site at the center 0, 4 sites 0.45r away
from the center O, and 4 sites 0.9r away from the center O.

Target thickness direction: A cross section including
one of the imaginary crossing lines is formed, the cross
section i1s a rectangle having a longitudinal length of t
(that is, the target has a thickness of t) and a lateral
length of 2r, and measurement sites for composition
analysis are 9 sites in total iIncluding 3 sites, on a
vertical transversal passing through the center 0, at a
center X and 0.45t away from the center X upward and
downward (referred to as a point a, a point X, and a point
b) and including, on the cross section, 2 sites 0.9r away

from the point a toward left and right sides, 2 sites 0.9r



away from the point X toward the left and right sides, and
2 sites 0.9r away from the point b toward the left and
right sides.

(Condition 2)

In-plane direction of the sputter surface: The
sputtering target has a rectangle shape having a
longitudinal length of L1 and a lateral length of L2 (note
that examples of the rectangle include a square iIn which L1
and L2 are equal and a rectangle obtained by developing a
side surface of a cylindrical shape having a length J and a
circumferential length K, and in a form of this rectangle,
L2 corresponds to the length J, L1 corresponds to the
circumferential length K, and the length J and the
circumferential length K have a relationship of J > K, J =
K, or J < K), and measurement sites for composition
analysis are 9 sites in total including, on imaginary
crossing lines orthogonally crossing at a center of gravity
O as an iIntersection in a case where each line orthogonally
crosses a side of the rectangle, 1 site at the center of
gravity 0, 2 sites away by a distance of 0.25L1 from the
center of gravity O on the imaginary crossing line in the
longitudinal direction, 2 sites away by a distance of
0.25L2 from the center of gravity O in the lateral
direction, 2 sites away by a distance of 0.45L1 from the
center of gravity O In the longitudinal direction, and 2
sites away by a distance of 0.45L2 from the center of

gravity O in the lateral direction.



Target thickness direction: A cross section including
one 1maginary crossing line that is parallel to any one of
a longitudinal side having a length of L1 and a lateral
side having a length of L2 is formed, and In a case where
the imaginary crossing line is parallel to the lateral side
having a length of L2, the cross section iIs a rectangle
having a longitudinal length of t (that is, the target has
a thickness of t) and a lateral length of L2, and
measurement sites for composition analysis are 9 sites in
total including 3 sites, on a vertical transversal passing
through the center of gravity O, at a center X and 0.45t
away from the center X upward and downward (referred to as
a point a, a point X, and a point b) and including, on the
cross section, 2 sites 0.45L2 away from the point a toward
left and right sides, 2 sites 0.45L2 away from the point X
toward the left and right sides, and 2 sites 0.45L2 away
from the point b toward the left and right sides.

The sputtering target has a uniform composition iIn
the in-plane direction of the sputter surface and in the
target thickness direction by reducing the deviation of the
composition from the reference composition in the in-plane
direction of the sputter surface and in the target
thickness direction, and in forming a thin film to be used
in a piezoelectric element or the like, i1t 1s possible to
suppress reduction in the yield caused by a change iIn the
characteristic such as piezoelectric responsiveness due to

composition deviation.



10

[0019]

In the sputtering target according to the present
invention, an intermetallic compound including at least two
elements selected from aluminum, a rare earth element, or a
titanium group element is preferably present iIn the
sputtering target. The variation in composition can be
suppressed by reducing the number of sites of a single rare
earth element and a single titanium group element. The
presence of the intermetallic compound in the target
lessens the difference iIn sputtering rate between the metal
elements, and thus reduces the composition unevenness in
the obtained film.

[0020]

In the sputtering target according to the present
invention, the intermetallic compound may include one, two,
three, or four kinds of intermetallic compounds being
present iIn the sputtering target. The variation iIn
composition can be suppressed by reducing the number of
sites of a single rare earth element and a single titanium
group element. The presence of the one or more kinds of
the intermetallic compounds further lessens the difference
in sputtering rate between the metal elements, and thus
further reduces the composition unevenness in the obtained
film.

[0021]
In the sputtering target according to the present

invention, at least one nitride of at least one element
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selected from aluminum, a rare earth element, or a titanium
group element may be present In the sputtering target. In
forming a nitride film of a piezoelectric element, the
piezoelectric element can withstand a high temperature and
can have a high Q factor.

[0022]

In the sputtering target according to the present
invention, the rare earth element i1s preferably at least
one of scandium or yttrium. In forming a nitride film of a
piezoelectric element, the piezoelectric element can
withstand a high temperature and can have a high Q factor.
[0023]

In the sputtering target according to the present
invention, the titanium group element i1s preferably at
least one of titanium, zirconium, or hafnium. In forming a
nitride film of a piezoelectric element, the piezoelectric
element can withstand a high temperature and can have a
high Q factor.

[0024]

The sputtering target according to the present
invention preferably has an oxygen content of 500 ppm or
less. In the sputtering target, formation of a strongly
bound compound is suppressed, and in forming a thin film
using the sputtering target, the formed thin film can have
good orientation. Furthermore, reduction in the electrical
conductivity can be suppressed, and the formed thin film

can have a good yield while generation of particles is
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suppressed.

Advantageous Effects of Invention
[0025]

Because the sputtering target of the present
disclosure has a microstructure in which the gap in the
intermetallic compound or the nitride i1s filled with
aluminum, the sputtering target has improved conductivity,
and for example, can Improve productivity in forming a film

using a DC sputtering device.

Brief Description of Drawings
[0026]

Fig. 1 is a schematic view showing measurement sites
in composition analysis of a disk-shaped target iIn an iIn-
plane direction of a sputter surface.

Fig. 2 1s a schematic view showing measurement sites
in composition analysis, In a target thickness direction,
of the disk-shaped target i1llustrated in a B-B cross
section.

Fig. 3 1s a schematic view showing measurement sites
in composition analysis of a square plate-shaped target in
an in-plane direction of a sputter surface.

Fig. 4 1s a schematic view showing measurement sites
in composition analysis, In a target thickness direction,
of the square plate-shaped target illustrated in a C-C

Cross section.
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Fig. 5 1s a conceptual view to explain measurement
sites In composition analysis of a cylindrical target.

Fig. 6 is an explanatory view to explain a concept of
an aluminum matrix.

Fig. 7 1s an image obtained by observing a surface of
an Al-ScN target in Example 1 with a microscope.

Fig. 8 1s an image obtained by observing a surface of
an Al-ScN target in Example 2 with a microscope.

Fig. 9 1s an image obtained by observing a surface of

an Al-ScN target In Comparative Example 1 with a microscope.

Description of Embodiments of the present invention
[0027]

Hereinafter, the present invention will be described
in detail with reference to embodiments, but the present
invention Is not construed as being limited to these
descriptions. The embodiments may be variously modified as
long as an effect of the present invention is exhibited.
[0028]

Fig. 1 is a schematic view showing measurement sites
in composition analysis of a disk-shaped target iIn an iIn-
plane direction of a sputter surface (hereinafter, also
referred to as measurement sites), and the measurement
sites In the sputtering target in the in-plane direction of
the sputter surface under (Condition 1) will be described
with reference to Fig. 1. In the case of a disk-shaped

target, the radius is preferably 25 to 225 mm, and more
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preferably 50 to 200 mm. The thickness of the target is
preferably 1 to 30 mm, and more preferably 3 to 26 mm. In
the present embodiment, a larger target is expected to be
more effective.

[0029]

Fig. 1 shows a sputtering target 200 that i1s a disk-
shaped target having a center O and a radius of r. The
measurement sites are 9 sites iIn total including, on
imaginary crossing lines (L) orthogonally crossing at the
center O as an iIntersection, 1 site at the center 0 (S1), 4
sites 0.45r away from the center 0 (S3, S5, S6, and S8),
and 4 sites 0.9r away from the center O (S2, S4, S7, and
S9).

[0030]

Fig. 2 1s a schematic view showing measurement sites
in composition analysis, In a target thickness direction,
of the disk-shaped target i1llustrated in the B-B cross
section iIn Fig. 1, and the measurement sites iIn the
sputtering target iIn the target thickness direction under
(Condition 1) will be described with reference to Fig. 2.
[0031]

In Fig. 2, the B-B cross section iIn Fig. 1 is a
rectangle having a longitudinal length of t (that is, the
target has a thickness of t) and a lateral length of 2r.
The measurement sites are 9 sites in total including 3
sites, on a vertical transversal passing through the center

0, at a center X (C1) and 0.45t away from the center X
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upward and downward (referred to as a point a (C4), a point
X (C1), and a point b (C5)) and including, on the cross
section, 2 sites 0.9r away from the point a toward left and
right sides (C6 and C7), 2 sites 0.9r away from the point X
toward the left and right sides (C2 and C3), and 2 sites
0.9r away from the point b toward the left and right sides
(C8 and C9).

[0032]

Fig. 3 1Is a schematic view showing measurement sites
in composition analysis of a square plate-shaped target iIn
an in-plane direction of a sputter surface, and the
measurement sites in the sputtering target in the in-plane
direction of the sputter surface under (Condition 2) will
be described with reference to Fig. 3. In the case of a
rectangular or square target, the longitudinal length and
the lateral length are preferably 50 to 450 mm, and more
preferably 100 to 400 mm. The thickness of the target is
preferably 1 to 30 mm, and more preferably 3 to 26 mm. 1In
the present embodiment, a larger target is expected to be
more effective.

[0033]

A sputtering target 300 is a rectangular target
having a longitudinal length of L1 and a lateral length of
L2 (however, a square in which L1 and L2 are equal 1is
included), and Fig. 3 illustrates a form in which the
sputtering target 300 has the longitudinal length of L1 and

the lateral length of L2 that are equal. The measurement
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sites are 9 sites in total including, on imaginary crossing
lines (Q) orthogonally crossing at a center of gravity O as
an intersection in a case where each line orthogonally
crosses the side of the rectangle (or square), 1 site at
the center of gravity 0O (Pl1), 2 sites away by a distance of
0.25L1 from the center of gravity O on the imaginary
crossing line in the longitudinal direction (P6 and P8), 2
sites away by a distance of 0.25L2 from the center of
gravity O in the lateral direction (P3 and P5), 2 sites
away by a distance of 0.45L1 from the center of gravity O
in the longitudinal direction (P7 and P9), and 2 sites away
by a distance of 0.45L2 from the center of gravity O iIn the
lateral direction (P2 and P4). In a case where the
sputtering target i1s rectangular, L1 and L2 can be
appropriately selected regardless of the length of each
side.

[0034]

Fig. 4 1s a schematic view showing measurement sites
in composition analysis, In a target thickness direction,
of the square plate-shaped target illustrated in the C-C
cross section In Fig. 3, and the measurement sites In the
sputtering target iIn the target thickness direction under
(Condition 2) will be described with reference to Fig. 4.
[0035]

In Fig. 4, the C-C cross section iIn Fig. 3 forms a
cross section including a line that is parallel to the

lateral side, the cross section is a rectangle having a
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longitudinal length of t (that i1s, the target has a
thickness of t) and a lateral length of L2, and the
measurement sites are 9 sites iIn total including 3 sites,
on a vertical transversal passing through the center of
gravity 0, at a center X and 0.45t away from the center X
upward and downward (referred to as a point a (D4), a point
X (D1), and a point b (D5)) and including, on the cross
section, 2 sites 0.45L2 away from the point a toward left
and right sides (D6 and D7), 2 sites 0.45L2 away from the
point X toward the left and right sides (D2 and D3), and 2
sites 0.45L2 away from the point b toward the left and
right sides (D8 and D9).

[0036]

(Cylindrical Sputtering Target)

Fig. 5 1s a conceptual view to explain measurement
sites In a cylindrical target. In the case of the
sputtering target having a cylindrical shape, the side
surface of the cylinder i1s a sputter surface, and the
development view Is a rectangle or a square, and therefore
(Condition 2) can be considered in the same manner as iIn
the case of Figs. 3 and 4. In Fig. 5, In the case of a
sputtering target 400 having a cylindrical shape having a
height (length) of J and a body circumference length of K,
an E-E cross section and a D-D development surface are
considered so that the E-E cross section is one of ends of
the D-D development surface. First, the measurement sites

in the composition analysis iIn the target thickness
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direction are considered in the same manner as in Fig. 4 iIn
the E-E cross section. That i1s, 1t is considered that the
height J of the cylindrical material corresponds to L2 in
FIG. 4 and the thickness of the cylindrical material
corresponds to the thickness t in FIG. 4, and the
measurement point iIs set. In addition, the measurement
sites In the in-plane direction of the sputter surface are
considered i1n the same manner as in Fig. 3 iIn the D-D
development surface. That is, i1t is considered that the
height J of the cylindrical material corresponds to L2 iIn
FIG. 3 and the peripheral length K of the body of the
cylindrical material corresponds to L1 in FIG.3. The
length of J and the circumferential length of K have a
relationship of J > K, J = K, or J < K. 1In the case of a
cylindrical target, the body circumference length of the
cylinder i1s preferably 100 to 350 mm, and more preferably
150 to 300 mm. The length of the cylinder is preferably
300 to 3,000 mm, and more preferably 500 to 2,000 mm. The
thickness of the target i1s preferably 1 to 30 mm, and more
preferably 3 to 26 mm. 1In the present embodiment, a larger
target i1s expected to be more effective.

[0037]

The sputtering target according to the present
embodiment includes: an aluminum matrix; and (1) a material
or phase containing aluminum and further containing either
a rare earth element or a titanium group element or both a

rare earth element and a titanium group element or (2) a
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material or phase containing either a rare earth element or
a titanium group element or both a rare earth element and a
titanium group element, at a content of 10 to 70 mol% in
the aluminum matrix. |1f the material or phase i1s included
at a content of less than 10 mol% based on the entire
sputtering target, the piezoelectric characteristic i1s not
largely different from that of an existing aluminum nitride
film formed using a conventional target, and iIn a case
where the i1ncluded material or phase i1s a nitride, the
amount of a flowing nitrogen gas In reactive sputtering is
to be similar to that In reactive sputtering in which a
conventional Al target or Al-Sc target i1s used to form a
nitride film. If the material or phase i1s iIncluded at a
content of more than 70 mol% based on the entire sputtering
target, the conductivity of the target is low In some cases
due to a small proportion of the aluminum matrix, or the
like. The material or phase is preferably included at a
content of 15 to 67 mol%, and more preferably 20 to 50 mol%,
based on the entire sputtering target.

[0038]

In the sputtering target according to the present
embodiment, a difference between the composition of the
sputtering target and a reference composition is within 3%,
preferably +2%, and more preferably +1% with respect to the
reference composition both in the in-plane direction of the
sputter surface and in the target thickness direction under

(Condition 1) or (Condition 2). Here, the reference
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composition iIs an average of compositions at 18 sites In
total measured In accordance with (Condition 1) or
(Condition 2). If the difference from the reference
composition is more than +3%, the sputtering rate may vary
during film formation with the sputtering target, and when
a piezoelectric film or the like of a piezoelectric element
is formed, the piezoelectric film In each substrate may
have a different piezoelectric characteristic, and even iIn
the same substrate, each site in the piezoelectric film may
have a different piezoelectric characteristic due to the
different composition. Therefore, In order to suppress
deterioration of the yield of a piezoelectric element, it
is preferable to control the composition of the sputtering
target in the in-plane direction of the sputter surface and
in the target thickness direction so that the difference
from the reference composition is within £3%.

[0039]

Next, specific microstructures of the sputtering
target will be described. The specific microstructures of
the sputtering target are classified into, for example, a
first structure to a fifth structure and modified examples
thereof. Here, structures having a form in which the
aluminum matrix is included are the second structure, the
fifth structure, and modified examples thereof. The
present embodiment particularly includes the second
structure and the second structure-2 as a modified example

of the second structure, and the fifth structure and the
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fifth structure-2 as a modified example of the fTifth
structure.
[0040]

[First Structure]

The sputtering target according to the present
embodiment has the first structure including at least one
of a material containing aluminum and a rare earth element
(hereinafter, also referred to as RE), a material
containing aluminum and a titanium group element
(hereinafter, also referred to as Tl), or a material
containing aluminum, a rare earth element, and a titanium
group element. That is, the first structure has a form
including any one of the seven combinations of materials,
that i1s, a form in which a material A containing Al and an
RE, a material B containing Al and a Tl, or a material C
containing Al, an RE, and a Tl is present, or a form in
which both the material A and the material B, both the
material A and the material C, both the material B and the
material C, or all of the material A, the material B, and
the material C are present.

[0041]

In the present description, the term “material” means
a material included in the sputtering target, and an
example of the material i1s an alloy or a nitride.
Furthermore, examples of the alloy include solid solutions,
eutectics, and intermetallic compounds. Note that a

nitride that is metal-like may be contained in the alloy.
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[0042]

[Second Structure]

The sputtering target according to the present
embodiment has the second structure In which at least one
of a material containing aluminum and a rare earth element,
a material containing aluminum and a titanium group element,
or a material containing aluminum, a rare earth element,
and a titanium group element is present in an aluminum
matrix. That 1s, in the second structure, any one of the
seven combinations of materials, listed for the first
structure, is present in the aluminum matrix. That is, the
second structure has a form including a combination, that
is, a form in which the material A, the material B, or the
material C 1s present in the aluminum matrix, or a form in
which both the material A and the material B, both the
material A and the material C, both the material B and the
material C, or all of the material A, the material B, and
the material C are present in the aluminum matrix.

[0043]

In the present description, the term “aluminum matrix”
can be also referred to as aluminum matrix phase. Fig. 6
explains a concept of an aluminum matrix using the second
structure as an example. A sputtering target 100 has a
microstructure in which a material containing aluminum and
a rare earth element, specifically, an AI-RE alloy is
present in an aluminum matrix. That i1s, a plurality of Al-

RE alloy particles 1 are attached to each other via an Al
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matrix 3. Each of the AI-RE alloy particles 1 is an
aggregate of AI-RE alloy crystal grains 2. A boundary
between an AI-RE alloy crystal grain 2a and an adjacent Al-
RE alloy crystal grain 2b i1s a grain boundary. The Al
matrix 3 IS an aggregate of aluminum crystal grains 4. A
boundary between an aluminum crystal grain 4a and an
adjacent aluminum crystal grain 4b Is a grain boundary. As
described above, In the present description, the term
“matrix” means a phase attaching a plurality of metal
particles, alloy particles, or nitride particles to each
other, and i1n the concept of the matrix, the phase,
attaching particles, i1tself 1s an aggregate of crystal
grains. 1In general, an intermetallic compound or a nitride
is characterized i1in that an electrical conductivity and a
plastic workability (ductility) thereof, which are
characteristics of a metal, are poor. In a case where the
AI-RE alloy of the sputtering target consists of only an
intermetallic compound, only a nitride, or an intermetallic
compound and a nitride, the electrical conductivity of the
sputtering target tends to deteriorate. However, I1If an
aluminum (matrix) phase i1s present, deterioration of the
electrical conductivity of the entire sputtering target can
be prevented. Furthermore, in a case where the AI-RE alloy
of the sputtering target consists of only an intermetallic
compound, only a nitride, or an intermetallic compound and
a nitride, the sputtering target tends to be very brittle.

However, if an aluminum (matrix) phase is present, the



24

brittleness of the target can be lessened.
[0044]

[Third Structure]

The sputtering target according to the present
embodiment has a third structure including a composite
phase including a phase consisting of aluminum and an
inevitable impurity as metal species, and including either
a phase consisting of a rare earth element and an
inevitable impurity as metal species or a phase consisting
of a titanium group element and an i1nevitable impurity as
metal species or both a phase consisting of a rare earth
element and an inevitable Impurity as metal species and a
phase consisting of a titanium group element and an
inevitable impurity as metal species. That is, the third
structure has a form including any one of the three
combinations, that is, a form including a composite phase
including a phase containing aluminum as a metal species
and a phase containing a rare earth element as a metal
species, a form including a composite phase including a
phase containing aluminum as a metal species and a phase
containing a titanium group element as a metal species, or
a form including a composite phase including a phase
containing aluminum as a metal species, a phase containing
a rare earth element as a metal species, and a phase
containing a titanium group element as a metal species.
[0045]

Examples of the inevitable impurity include Fe and Ni,
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and the concentration by atomic percentage of the
inevitable impurity is, for example, preferably 200 ppm or
less, and more preferably 100 ppm or less.

[0046]

In the present description, the term “phase”
expresses a concept of an aggregate that is a solid phase
and is grouped according to the composition, for example,
an aggregate of particles having the same composition.
[0047]

In the present description, the term *““composite phase”
expresses a concept of a state in which two or more Kinds
of “phases” are present. Each kind of phase of these
phases has a different composition.

[0048]

[Fourth Structure]

The sputtering target according to the present
embodiment has a fourth structure including a composite
phase including a phase containing aluminum and either a
rare earth element or a titanium group element or both a
rare earth element and a titanium group element, and
including at least one of a phase consisting of aluminum
and an inevitable 1mpurity as metal species, a phase
consisting of a rare earth element and an i1nevitable
impurity as metal species, or a phase consisting of a
titanium group element and an inevitable impurity as metal
species. That i1s, the fourth structure includes any one of

the following 21 combinations of phases. Here, a phase
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containing aluminum and a rare earth element is referred to
as a phase D, a phase containing aluminum and a titanium
group element i1s referred to as a phase E, and a phase
containing aluminum, a rare earth element, and a titanium
group element i1s referred to as a phase F. Furthermore, a
phase consisting of aluminum and an inevitable Impurity as
metal species i1s referred to as a phase G, a phase
consisting of a rare earth element and an i1nevitable
impurity as metal species is referred to as a phase H, and
a phase consisting of a titanium group element and an
inevitable impurity as metal species is referred to as a
phase 1. The fourth structure includes a composite phase
including the following phases, that i1s, phase D and phase
G, phase D and phase H, phase D and phase I, phase D, phase
G, and phase H, phase D, phase G, and phase 1, phase D,
phase H, and phase 1, phase D, phase G, phase H, and phase
I, phase E and phase G, phase E and phase H, phase E and
phase 1, phase E, phase G, and phase H, phase E, phase G,
and phase 1, phase E, phase H, and phase I, phase E, phase
G, phase H, and phase 1, phase F and phase G, phase F and
phase H, phase F and phase 1, phase F, phase G, and phase H,
phase F, phase G, and phase I, phase F, phase H, and phase
I, or phase F, phase G, phase H, and phase |I.
[0049]

[Fifth Structure]

The sputtering target according to the present

embodiment has a fifth structure including, iIn an aluminum
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matrix, at least a composite phase iIncluding either a phase
consisting of a rare earth element and an i1nevitable
impurity as metal species or a phase consisting of a
titanium group element and an inevitable impurity as metal
species or both a phase consisting of a rare earth element
and an inevitable 1mpurity as metal species and a phase
consisting of a titanium group element and an i1nevitable
impurity as metal species. The fTifth structure includes
any one of the following three composite phases In an
aluminum matrix. That i1s, the fifth structure includes a
composite phase in which a phase H Is present iIn an
aluminum matrix, a composite phase In which a phase 1 1s
present in an aluminum matrix, or a composite phase iIn
which a phase H and a phase 1 are present in an aluminum
matrix.

[0050]

In the present description, the term “aluminum matrix”
can be also referred to as aluminum matrix phase. In the
sputtering target, the fifth structure has a microstructure,
in which a phase H, a phase I, or both a phase H and a
phase 1 are present in an aluminum matrix, forming a
composite phase. The aluminum matrix §Is an aggregate of
aluminum crystal grains, and a boundary between an aluminum
crystal grain and an adjacent aluminum crystal grain is a
grain boundary. The phase H 1s, for example, a concept of
an aggregate of particles having the same composition. The

phase 1 1s the same as the above. In a case where both the
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phase H and the phase I are present, two phases having
different compositions are present in the aluminum matrix.
[0051]

[Modified Example of Fifth Structure]

In the sputtering target according to the present
embodiment, forms of the fifth structure include a form in
which the composite phase further includes a phase
consisting of aluminum and an i1nevitable Impurity as metal
species.

The fifth structure includes any one of the following
three composite phases in an aluminum matrix. That iIs, the
composite phases are a composite phase 1n which a phase H
and a phase G are present In an aluminum matrix, a
composite phase in which a phase I and a phase G are
present 1n an aluminum matrix, and a composite phase in
which a phase H, a phase I, and a phase G are present In an
aluminum matrix.

[0052]

Forms of the first structure to the fifth structure
and the modified example of the fifth structure further
include the following forms.

[0053]

[First Structure-2]

An example of the form i1s a form in which the
sputtering target according to the present embodiment has
the first structure and the material i1s an alloy, a form iIn

which the sputtering target has the first structure and the
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material is a nitride, or a form iIn which the sputtering
target has the first structure and the material is a
combination of an alloy and a nitride. Here, the materials
are combined into any one of the seven forms, that i1s, a
form 1n which a material A containing Al and an RE, a
material B containing Al and a Tl, or a material C
containing Al, an RE, and a Tl is present, or a form in
which both the material A and the material B, both the
material A and the material C, both the material B and the
material C, or all of the material A, the material B, and
the material C are present.

[0054]

[Second Structure-2]

An example of the form i1s a form in which the
sputtering target according to the present embodiment has
the second structure and the material is an alloy, a form
in which the sputtering target has the second structure and
the material 1s a nitride, or a form In which the
sputtering target has the second structure and the material
is a combination of an alloy and a nitride. Here, the
material i1s any one of the seven combinations of materials
listed In [First Structure].

[0055]

[Third Structure-2]

An example of the form i1s a form in which the
sputtering target according to the present embodiment has

the third structure and the composite phase is a composite



30

of metal phases, a form 1In which the sputtering target has
the third structure and the composite phase is a composite
of nitride phases, or a form In which the sputtering target
has the third structure and the composite phase is a
composite of a metal phase and a nitride phase. Here, the
phrase “the composite phase Is a composite of metal phases”
means that the composite phase is a composite phase
including an Al phase and an RE phase, a composite phase
including an Al phase and a Tl phase, or a composite phase
including an Al phase, an RE phase, and a Tl phase. The
phrase “the composite phase i1s a composite of nitride
phases” means that the composite phase is a composite phase
including an AIN phase and an REN phase, a composite phase
including an AIN phase and a TIN phase, or a composite
phase including an AIN phase, an REN phase, and a TIN phase.
Furthermore, the phrase ‘“the composite phase is a composite
of a metal phase and a nitride phase ” means, for example,
the composite phase is a composite phase including an Al
phase and an REN phase, a composite phase including an AIN
phase and an RE phase, a composite phase including an Al
phase, an AIN phase, and an RE phase, a composite phase
including an Al phase, an AIN phase, and an REN phase, a
composite phase including an Al phase, an RE phase, and an
REN phase, a composite phase including an AIN phase, an RE
phase, and an REN phase, a composite phase including an Al
phase, an AIN phase, an RE phase, and an REN phase, a

composite phase including an Al phase and a TIN phase, a
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composite phase including an AIN phase and a Tl phase, a
composite phase including an Al phase, an AIN phase, and a
T1 phase, a composite phase including an Al phase, an AIN
phase, and a TIN phase, a composite phase including an Al
phase, a Tl phase, and a TIN phase, a composite phase
including an AIN phase, a Tl phase, and a TIN phase, a
composite phase including an Al phase, an AIN phase, a TI
phase, and a TIN phase, a composite phase including an Al
phase, an AIN phase, an RE phase, and a Tl phase, a
composite phase including an Al phase, an AIN phase, an REN
phase, and a Tl phase, a composite phase including an Al
phase, an AIN phase, an RE phase, and a TIN phase, a
composite phase including an Al phase, an AIN phase, an REN
phase, and a TIN phase, a composite phase including an Al
phase, an RE phase, an REN phase, and a Tl phase, a
composite phase including an AIN phase, an RE phase, an REN
phase, and a Tl phase, a composite phase including an Al
phase, an RE phase, an REN phase, and a TIN phase, a
composite phase including an AIN phase, an RE phase, an REN
phase, and a TIN phase, a composite phase including an Al
phase, an RE phase, a Tl phase, and a TIN phase, a
composite phase including an AIN phase, an RE phase, a TI
phase, and a TIN phase, a composite phase including an Al
phase, an REN phase, a Tl phase, and a TIN phase, a
composite phase including an AIN phase, an REN phase, a TI
phase, and a TIN phase, a composite phase including an Al

phase, an AIN phase, an RE phase, an REN phase, and a TI
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phase, a composite phase including an Al phase, an AIN
phase, an RE phase, an REN phase, and a TIN phase, a
composite phase including an Al phase, an AIN phase, an RE
phase, a Tl phase, and a TIN phase, a composite phase
including an Al phase, an AIN phase, an REN phase, a TI
phase, and a TIN phase, a composite phase including an Al
phase, an RE phase, an REN phase, a Tl phase, and a TIN
phase, a composite phase including an AIN phase, an RE
phase, an REN phase, a Tl phase, and a TIN phase, or a
composite phase including an Al phase, an AIN phase, an RE
phase, an REN phase, a Tl phase, and a TIN phase. Note
that the valence i1s omitted from the notation.

[0056]

In the present description, the term “metal phase”
expresses a concept of a phase consisting of a single metal
element.

[0057]

In the present description, the term “nitride phase”
expresses a concept of a phase consisting of a nitride.
[0058]

[Fourth Structure-2]

An example of the form i1s a form in which the
sputtering target according to the present embodiment has
the fourth structure and the composite phase 1s a composite
of an alloy phase and a metal phase, a form in which the
sputtering target has the fourth structure and the

composite phase is a composite of an alloy phase and a
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nitride phase, a form iIn which the sputtering target has
the fourth structure and the composite phase 1Is a composite
of a nitride phase and a metal phase, a form in which the
sputtering target has the fourth structure and the
composite phase is a composite of a nitride phase and
another nitride phase, or a form in which the sputtering
target has the fourth structure and the composite phase is
a composite of an alloy phase, a metal phase, and a nitride
phase. Here, the term “metal phase” refers to a phase G, a
phase H, or a phase I In a metal state without being
nitrided or oxidized, the term “alloy phase” refers to a
phase D, a phase E, or a phase F in an alloy state without
being nitrided or oxidized, and the term “nitride phase”
refers to a phase G, a phase H, a phase I, a phase D, a
phase E, or a phase F that is nitrided. In some cases, one
metal phase, one alloy phase, and one nitride phase are
each present iIn the target, In some cases, two or more
metal phases, two or more alloy phases, and two or more
nitride phases are each present in the target, and in some
cases, a combination of a plurality phases selected out of
metal phases, alloy phases, and nitride phases Is present
in the target. An example of these forms is a form in
which at least one of an alloy phase of a phase D or a
nitride phase of a phase D incorporates at least one of a
metal phase of a phase G, a nitride phase of a phase G, a
metal phase of a phase H, a nitride phase of a phase H, a

metal phase of a phase I, or a nitride phase of a phase 1,
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a form in which at least one of an alloy phase of a phase E
or a nitride phase of a phase E incorporates at least one
of a metal phase of a phase G, a nitride phase of a phase G,
a metal phase of a phase H, a nitride phase of a phase H, a
metal phase of a phase I, or a nitride phase of a phase I,
or a form in which at least one of an alloy phase of a
phase F or a nitride phase of a phase F Incorporates at
least one of a metal phase of a phase G, a nitride phase of
a phase G, a metal phase of a phase H, a nitride phase of a
phase H, a metal phase of a phase I, or a nitride phase of
a phase |I.

[0059]

In the present description, the term “alloy phase”
expresses a concept of a phase consisting of an alloy.
[0060]

[Fifth Structure-2]

An example of the form i1s a form in which the
sputtering target according to the present embodiment has
the fifth structure and the composite phase is a composite
of an aluminum matrix and at least one metal phase, a form
in which the sputtering target has the fifth structure and
the composite phase is a composite of an aluminum matrix
and at least one of an aluminum nitride phase, a nitride
phase of a rare earth element, or a nitride phase of a
titanium group element, or a form in which the sputtering
target has the fifth structure and the composite phase i1s a

composite of a metal phase and a nitride phase. Here, the
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phrase “at least one metal phase” means only a phase H,
only a phase 1, or both a phase H and a phase I. The
phrase “the composite phase is a composite of an aluminum
matrix and at least one of an aluminum nitride phase, a
nitride phase of a rare earth element, or a nitride phase
of a titanium group element” means that the composite phase
is, for example, a composite phase including an Al matrix
and an REN phase, a composite phase including an Al matrix
and a TIN phase, a composite phase including an Al matrix,
an AIN phase, and an REN phase, a composite phase including
an Al matrix, an AIN phase, and a TIN phase, a composite
phase including an Al matrix, an REN phase, and a TIN phase,
or a composite phase including an Al matrix, an AIN phase,
an REN phase, and a TIN phase. The phrase “the composite
phase i1s a composite of a metal phase and a nitride phase ”
means that the composite phase i1s, for example, a composite
phase including an Al matrix, an RE phase, and a TIN phase,
a composite phase including an Al matrix, an REN phase, and
a Tl phase, a composite phase including an Al matrix, an
AIN phase, an RE phase, and a Tl phase, a composite phase
including an Al matrix, an AIN phase, an REN phase, and a
Tl phase, a composite phase including an Al matrix, an AIN
phase, an RE phase, and a TIN phase, a composite phase
including an Al matrix, an RE phase, an REN phase, and a TI
phase, a composite phase including an Al matrix, an RE
phase, an REN phase, and a TIN phase, a composite phase

including an Al matrix, an RE phase, a Tl phase, and a TIN
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phase, a composite phase including an Al matrix, an REN
phase, a Tl phase, and a TIN phase, a composite phase
including an Al matrix, an AIN phase, an RE phase, an REN
phase, and a Tl phase, a composite phase including an Al
matrix, an AIN phase, an RE phase, an REN phase, and a TIN
phase, a composite phase including an Al matrix, an AIN
phase, an RE phase, a Tl phase, and a TIN phase, a
composite phase including an Al matrix, an AIN phase, an
REN phase, a Tl phase, and a TIN phase, a composite phase
including an Al matrix, an RE phase, an REN phase, a TI
phase, and a TIN phase, or a composite phase including an
Al matrix, an AIN phase, an RE phase, an REN phase, a TI
phase, and a TIN phase. Note that N means a nitrogen
element, and for example, the term “AIN phase” means an
aluminum nitride phase. The valence of a nitride 1is
omitted from the notation.

[0061]

Forms of the fifth structure-2 include a form in
which the composite phase is a composite of nitride phases
further including an aluminum nitride phase. That i1s, the
composite phase in the fifth structure-2 is a composite
phase obtained by adding an AIN phase to each form example
listed for the fifth structure. Specifically, the present
embodiment includes a fifth structure-2 particularly in a
case (1) 1n which the phrase “the composite phase iIs a
composite of an aluminum matrix and at least one of an

aluminum nitride phase, a nitride phase of a rare earth
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element, or a nitride phase of a titanium group element”
means that the composite phase is a composite phase
including an Al matrix, an AIN phase, and an REN phase, a
composite phase including an Al matrix, an AIN phase, and a
TIN phase, or a composite phase including an Al matrix, an
AIN phase, an REN phase, and a TIN phase and in a case (2)
in which the phrase “the composite phase 1s a composite of
a metal phase and a nitride phase” means that the composite
phase i1s a composite phase including an Al matrix, an AIN
phase, an RE phase, and a Tl phase, a composite phase
including an Al matrix, an AIN phase, an REN phase, and a
Tl phase, a composite phase including an Al matrix, an AIN
phase, an RE phase, and a TIN phase, a composite phase
including an Al matrix, an AIN phase, an RE phase, an REN
phase, and a Tl phase, a composite phase including an Al
matrix, an AIN phase, an RE phase, an REN phase, and a TIN
phase, a composite phase including an Al matrix, an AIN
phase, an RE phase, a Tl phase, and a TIN phase, a
composite phase including an Al matrix, an AIN phase, an
REN phase, a Tl phase, and a TIN phase, or a composite
phase including an Al matrix, an AIN phase, an RE phase, an
REN phase, a Tl phase, and a TIN phase.
[0062]

In the sputtering target according to the present
embodiment, an intermetallic compound including at least
two elements selected from aluminum, a rare earth element,

or a titanium group element i1s preferably present in the
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sputtering target. For example, in the first structure or
the second structure, such an intermetallic compound is
present in the sputtering target. In a case where an alloy
phase is present in the fourth structure, an intermetallic
compound is present in the alloy phase. The variation iIn
composition can be suppressed by reducing the number of
sites of single aluminum, a single rare earth element, and
a single titanium group element. In a case where the
target includes a combination of single metals, a
homogeneous film i1s difficult to obtain because the
sputtering rates of the single metals are each applied to
the sputtering to cause a remarkable variation, but by the
intermetallic compound present in the target, the
difference i1n sputtering rate between the metal elements is
lessened, and thus the composition unevenness in the
obtained film iIs reduced.

[0063]

In the sputtering target according to the present
embodiment, the intermetallic compound may include one, two,
three, or four kinds of intermetallic compounds being
present in the sputtering target. For example, iIn a case
where an alloy phase is present in the first structure, the
second structure, or the fourth structure, one, two, three,
or four kinds of the intermetallic compounds are present iIn
the sputtering target according to the number of kinds of
metal species. In a case where the target includes a

combination of single metals, a homogeneous film is
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difficult to obtain because the sputtering rates of the
single metals are each applied to the sputtering to cause a
remarkable variation, but by the presence of one or more
intermetallic compounds, the difference iIn sputtering rate
between the metal elements i1s further lessened, and thus
the composition unevenness In the obtained film is further
reduced.

[0064]

In the sputtering target according to the present
embodiment, at least one nitride of at least one element
selected from aluminum, a rare earth element, or a titanium
group element may be present In the sputtering target.

When a nitride film of a piezoelectric element i1s formed,
the piezoelectric element can withstand a high temperature
and can have a high Q factor. For example, in all of the
first structure to fifth structure, a nitrogen element is
introduced, and thus a nitride i1s present. The number of
kinds of present nitrides i1s one, two, three, four, or more
according to the number of kinds of metal species.

[0065]

In the sputtering target according to the present
embodiment, the rare earth element i1s preferably at least
one of scandium or yttrium. When a nitride film of a
piezoelectric element is formed, the piezoelectric element
can withstand a high temperature and can have a high Q
factor. The rare earth element i1s single scandium, single

yttrium, or a combination of scandium and yttrium. 1In a
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case where both scandium and yttrium are contained as a
rare earth element, an example of the form is a form in
which an Al-Sc-Y material or an Al-Sc-Y phase i1s present, a
form 1n which at least two of an Al-Sc material, an Al-Y
material, or an AI-Sc-Y material are simultaneously present,
or a form In which at least two of an AI-Sc phase, an Al-Y
phase, or an Al-Sc-Y phase are simultaneously present.
[0066]

In the sputtering target according to the present
embodiment, the titanium group element i1s preferably at
least one of titanium, zirconium, or hafnium. When a
nitride film of a piezoelectric element i1s formed, the
piezoelectric element can withstand a high temperature and
can have a high Q factor. Examples of the titanium group
element include single titanium, single zirconium, single
hafnium, a combination of titanium and zirconium, a
combination of titanium and hafnium, a combination of
zirconium and hafnium, and a combination of titanium,
zirconium, and hafnium. 1In a case where, for example, both
titanium and zirconium are contained as a titanium group
element, an example of the form is a form in which an Al-
Ti-Zr material or an AI-Ti-Zr phase is present, a form iIn
which at least two of an Al-Ti1 material, an Al-Zr material,
or an Al-Ti-Zr material are simultaneously present, or a
form 1n which at least two of an Al-Ti1 phase, an Al-Zr
phase, or an Al-Ti-Zr phase are simultaneously present. In

a case where both titanium and hafnium are contained, an
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example of the form is a form in which an Al-Ti-Hf material
or an Al-Ti-Hf phase i1s present, a form in which at least
two of an AI-Ti material, an Al-Hf material, or an Al-Ti-HT
material are simultaneously present, or a form In which at
least two of an Al-Ti phase, an Al-Hf phase, or an AI-Ti-HFf
phase are simultaneously present. In a case where both
zirconium and hafnium are contained, an example of the form
is a form 1n which an Al-Zr-Hf material or an Al-Zr-Hf
phase is present, a form in which at least two of an Al-Zr
material, an Al-Hf material, or an Al-Zr-Hf material are
simultaneously present, or a form in which at least two of
an Al-Zr phase, an Al-HF phase, or an Al-Zr-Hf phase are
simultaneously present. In a case where titanium,
zirconium, and hafnium are contained, an example of the
form 1s a form in which an Al-Ti-Zr-Hf material or an Al-
Ti-Zr-HTf phase i1s present, a form in which at least two of
an AlI-Ti material, an Al-Zr material, an AlI-HFf material, an
Al-Ti-Zr material, an Al-Ti-Hf material, an Al-Zr-Hf
material, or an AI-Ti-Zr-Hf material are simultaneously
present, a form in which at least two of an AI-Ti1 phase, an
Al-Zr phase, an Al-Hf phase, an Al-Ti-Zr phase, an Al-Ti-Hf
phase, an Al-Zr-Hf phase, or an Al-Ti-Zr-Hf phase are
simultaneously present, a form in which a material or a
phase containing Al and any two of Ti, Zr, and Hf 1s
further added to a form described above, or a form in which
a material or a phase containing Al and any one of Ti, Zr,

and HFf is further added to a form described above.
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[0067]

In the sputtering target according to the present
embodiment, an oxygen content i1s preferably 500 ppm or less,
more preferably 300 ppm or less, and still more preferably
100 ppm or less. In the sputtering target, formation of a
strongly bound compound s suppressed, and in forming a
thin film using the sputtering target, the formed thin film
can have good orientation. Furthermore, reduction in the
electrical conductivity iIs suppressed, and the formed thin
film can have a good yield while generation of particles is
suppressed. For example, aluminum or the like may be
nitrided in a nitrogen-containing atmosphere in film
formation of the sputtering target, however 1t the oxygen
content 1s more than 500 ppm, once the sputtering target
contains a large amount of oxygen, aluminum or the like is
not nitrided and i1s preferentially bonded to oxygen to form
a thin film that partially includes a strongly bound
compound having a lattice having a large molecular size,
and as a result, large distortion is generated in the
formed thin film and thus the orientation of the thin film
deteriorates, so that the oxygen content iIn the sputtering
target is preferably adjusted to 500 ppm or less.

[0068]

In the sputtering target according to the present
embodiment, a chlorine content is preferably 100 ppm or
less, more preferably 50 ppm or less, and still more

preferably 30 ppm or less. For example, aluminum or the
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like may be nitrided in a nitrogen-containing atmosphere in
film formation of the sputtering target, however i1f the
chlorine content 1s more than 100 ppm, once the sputtering
target contains a large amount of chlorine, aluminum or the
like is not nitrided and i1s preferentially bonded to
chlorine to form a thin film that partially includes a
strongly bound compound having a lattice having a large
molecular size, and as a result, large distortion is
generated in the formed thin film and thus the orientation
of the thin film deteriorates, so that the chlorine content
in the sputtering target is preferably adjusted to 100 ppm
or less.

[0069]

In the sputtering target according to the present
embodiment, a fluorine content is preferably 100 ppm or
less, more preferably 50 ppm or less, and still more
preferably 30 ppm or less. For example, aluminum or the
like may be nitrided in a nitrogen-containing atmosphere in
film formation of the sputtering target, however i1f the
fluorine content is more than 100 ppm, once the sputtering
target contains a large amount of fluorine, aluminum or the
like is not nitrided and i1s preferentially bonded to
fluorine to form a thin film that partially includes a
strongly bound compound having a lattice having a large
molecular size, and as a result, large distortion is
generated in the formed thin film and thus the orientation

of the thin film deteriorates, so that the fluorine content



44

in the sputtering target i1s preferably adjusted to 100 ppm
or less.
[0070]

In the sputtering target according to the present
embodiment, a carbon content is preferably 200 ppm or less,
more preferably 100 ppm or less, and still more preferably
50 ppm or less. If the carbon content is more than 200 ppm,
carbon i1s iIncorporated into a film during sputtering, and a
thin film having poor crystallinity is formed. Furthermore,
if a strongly bound compound is formed on the surface of
the target, the conductivity is impaired, particles are
generated due to abnormal discharge, and the yield of the
film deteriorates, so that the carbon content in the
sputtering target is preferably adjusted to 200 ppm or less.
[0071]

In the sputtering target according to the present
embodiment, a silicon content i1s preferably 200 ppm or less,
more preferably 100 ppm or less, and still more preferably
50 ppm or less. |ITf the silicon content is more than 200
ppm, an oxide or nitride of silicon is formed during
sputtering, abnormal discharge occurs from the oxide or
nitride as a starting point, particles are generated, and
the yield of the formed thin film deteriorates, so that the
silicon content in the sputtering target is preferably
adjusted to 200 ppm or less.

[0072]

In the sputtering target according to the present
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embodiment, examples of the rare earth element contained iIn
addition to aluminum include scandium and yttrium, and
examples of the titanium group element contained in
addition to aluminum include titanium, zirconium, and
hafnium. The scandium content In the target is preferably
5 to 75 atom%. The scandium content iIs more preferably 10
to 50 atom%. The yttrium content iIn the target is
preferably 5 to 75 atom%. The yttrium content iIs more
preferably 10 to 50 atom%. The titanium content iIn the
target is preferably 5 to 75 atom%. The titanium content
is more preferably 10 to 50 atom%. The zirconium content
in the target is preferably 5 to 75 atom%. The zirconium
content i1s more preferably 10 to 50 atom%. The hafnium
content In the target is preferably 5 to 75 atom%. The
hafnium content i1s more preferably 10 to 50 atom%. The
sputtering target according to the present embodiment
includes aluminum and at least one of the above-described
elements at a content satisfying the above-described range.
[0073]

The sputtering target according to the present
embodiment encompasses a sputtering target having a
composition such that the equilibrium driagram shows no Al
phase deposition. Examples of a binary alloy having such a
composition include an Al-Sc alloy including 25 atom% or
more and 67 atom% or less of Sc, an Al-Y alloy including 25
atom% or more and 67 atom% or less of Y, an Al-Hf alloy

including 25 atom% or more and 67 atom% or less of HFf, an
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Al-Zr alloy including 25 atom% or more and 75 atom% or less
of Zr, and an Al-Ti alloy including 25 atom% or more and 78
atom% or less of Ti. The sputtering target according to
the present embodiment has an aluminum matrix in the
structure even 1T the sputtering target has a composition
such that the equilibrium diagram shows no Al phase
deposition.

[0074]

In the case of forming an alloy containing a rare
earth element and a titanium group element in addition to
aluminum, first, an aluminum-rare earth element alloy such
as an aluminum-scandium alloy or an aluminum-yttrium alloy
is formed i1In the above-described composition range. Next,
an aluminum-titanium group element alloy such as an
aluminum-titanium alloy, an aluminum-zirconium alloy, or an
aluminum-hafnium alloy is formed in the above-described
composition range. Then, the aluminum-rare earth element
alloy and the aluminum-titanium group element alloy are
mixed while the content of each alloy is adjusted to form
an aluminum-rare earth element-titanium group element alloy.
An aluminum-rare earth element-titanium group element alloy
may be directly formed without forming a ternary alloy by
mixing binary alloys as described above. By forming an
intermetallic compound In the sputtering target and forming
a nitride film during sputtering, it is possible to form a
piezoelectric film capable of having a high Q factor even

at a high temperature.
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[0075]

A method for manufacturing the sputtering target
according to the present embodiment will be described. A
method for manufacturing the sputtering target includes: a
first step of manufacturing an aluminum raw material to be
mainly a matrix and, as a raw material to be mainly a
material or phase present in the matrix, (1) a raw material
including aluminum and a rare earth element, (2) a raw
material including aluminum and a titanium group element,
or (3) a raw material including aluminum, a rare earth
element, and a titanium group element; a second step of
manufacturing an aluminum powder to be mainly the matrix
and, as an alloy powder to be mainly the material or phase
present in the matrix, (1) an alloy powder of aluminum and
the rare earth element (aluminum-rare earth element), (2)
an alloy powder of aluminum and the titanium group element
(aluminum-titanium group element), or (3) an alloy powder
of aluminum, the rare earth element, and the titanium group
element (aluminum-rare earth element-titanium group
element) from the raw materials manufactured in the first
step; and a third step of obtaining (1) a sintered body of
aluminum and aluminum-rare earth element, (2) a sintered
body of aluminum and aluminum-titanium group element, or
(3) a sintered body of aluminum and aluminum-rare earth
element-titanium group element from the powders obtained in
the second step.

[0076]
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[First Step]

This step is a step of producing a raw material used
in manufacturing an aluminum powder, an aluminum-rare earth
element alloy powder, an aluminum-titanium group element
alloy powder, or an aluminum-rare earth element-titanium
group element alloy powder in the second step. Examples of
the form of the raw material produced in the first step to
manufacture a powder (hereinafter, also simply referred to
as a “raw material”) include (1A) a form in which a single
metal of each constituent element of an alloy target is
prepared as a starting material, and the prepared single
metals are mixed to obtain a raw material, (2A) a form iIn
which an alloy having the same composition as an alloy
target i1s prepared as a starting material and used as a raw
material, and (3A) a form In which after preparing, as
starting materials, alloy including the same constituent
elements as an alloy target or including constituent
elements lacking partially to have a composition ratio
different from a desired composition ratio, and a single
metal to be blended for adjustment to the desired
composition, the alloy and the single metal are mixed to
obtain a raw material. As a starting material, any one of
aluminum, a combination of aluminum and a rare earth
element, a combination of aluminum and a titanium group
element, and a combination of aluminum, a rare earth
element, and a titanium group element is charged into a

melting device and melted to produce a raw material
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including aluminum, a raw material including an aluminum-
rare earth element alloy, a raw material including an
aluminum-titanium group element alloy, or a raw material
including an aluminum-rare earth element-titanium group
element alloy. In regard to a material of a device or a
container used in the melting device, a material containing
an impurity only in a small amount is preferably used so
that the raw material including aluminum, the raw material
including an aluminum-rare earth element alloy, the raw
material including an aluminum-titanium group element alloy,
or the raw material including an aluminum-rare earth
element-titanium group element alloy 1s not contaminated
with a large amount of impurity after the melting. In
regard to a melting method, a method i1s selected which is
applicable to the following melting temperature. The
melting temperature is a temperature of 700 to 900°C at
which aluminum Is heated, a temperature of 1,300 to 1,800°C
at which an aluminum-rare earth element alloy is heated, a
temperature of 1,300 to 1,800°C at which an aluminum-
titanium group element alloy i1s heated, or a temperature of
1,300 to 1,800°C at which an aluminum-rare earth element-
titanium group element alloy iIs heated. The atmosphere in
the melting device is a vacuum atmosphere having a degree
of vacuum of 1 x 1072 Pa or less, a nitrogen gas atmosphere
containing a hydrogen gas at a content of 4 vol% or less,
an inert gas atmosphere containing a hydrogen gas at a

content of 4 vol% or less, or the like.
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[0077]

The raw material of an alloy powder has one of the
three raw material forms described in (1A), (2A), and (3A)
above, and i1n addition, may have a form of an alloy grain,
an alloy lump, or a combination of a powder, a grain, and a
lump. The terms “powder”, *“grain”, and “lump” are used to
express the difference In size between the raw materials,
but the size of each raw material 1s not particularly
limited as long as the raw material can be used in a powder
manufacturing device iIn the second step. Specifically, the
size of each raw material i1s not particularly limited as
long as the raw material can be supplied to the powder
manufacturing device because the raw material is melted iIn
the powder manufacturing device in the second step.

[0078]

[Second Step]

This step i1s a step of manufacturing an aluminum
powder, an aluminum-rare earth element alloy powder, an
aluminum-titanium group element alloy powder, or an
aluminum-rare earth element-titanium group element alloy
powder. At least one of the raw material including
aluminum, the raw material including an aluminum-rare earth
element alloy, the raw material including an aluminum-
titanium group element alloy, or the raw material including
an aluminum-rare earth element-titanium group element alloy
manufactured in the first step is charged into a powder

manufacturing device and melted to obtain a molten metal,
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and then the molten metal i1s sprayed with a gas, water, or
the like and thus scattered and rapidly solidified to
produce a powder. In regard to a material of a device or a
container used in the powder manufacturing device, a
material containing an impurity only in a small amount is
preferably used so that the aluminum powder, the aluminum-
rare earth element alloy powder, the aluminum-titanium
group element alloy powder, or the aluminum-rare earth
element-titanium group element alloy powder is not
contaminated with a large amount of impurity after the
melting. In regard to a melting method, a method is
selected which i1s applicable to the following melting
temperatures. The melting temperatures are a temperature
of 700 to 900°C at which the raw material including
aluminum 1s heated, a temperature of 1,300 to 1,800°C at
which the raw material including an aluminum-rare earth
element alloy is heated, a temperature of 1,300 to 1,800°C
at which the raw material including an aluminum-titanium
group element alloy i1Is heated, and a temperature of 1,300
to 1,800°C at which the raw material including an aluminum-
rare earth element-titanium group element alloy is heated.
The atmosphere In the powder manufacturing device is a
vacuum atmosphere having a degree of vacuum of 1 x 1072 Pa
or less, a nitrogen gas atmosphere containing a hydrogen
gas at a content of 4 vol% or less, an i1nert gas atmosphere
containing a hydrogen gas at a content of 4 vol% or less,

or the like. The molten metal In spraying preferably has a



52

temperature of “the melting point of aluminum, the
aluminum-rare earth element alloy, the aluminum-titanium
group element alloy, or the aluminum-rare earth element-
titanium group element alloy + 100°C or more”, and more
preferably a temperature of “the melting point of aluminum,
the aluminum-rare earth element alloy, the aluminum-
titanium group element alloy, or the aluminum-rare earth
element-titanium group element alloy + 150 to 250°C”. This
is because if the temperature i1s too high, the molten metal
is not sufficiently cooled during granulation and i1s less
likely to be formed into a powder, and the production
efficiency i1s not good. If the temperature is too low, a
problem i1s likely to occur that the nozzle is easily
clogged during spraying. The gas used for spraying is
nitrogen, argon, or the like, but 1s not limited to these
gases. In the case of the alloy powder, deposition of the
intermetallic compound of the alloy powder is more
suppressed, than in the melting method, by rapid
solidification to reduce the size of the deposited particle
corresponding to an island iIn the sea-island structure in
some cases, and this state is already obtained at the stage
of the alloy powder and i1s maintained even after sintering
or even when a target is formed. The element ratio In the
rapidly cooled powder i1s the element ratio between aluminum
and the rare earth element, aluminum and the titanium group
element, or aluminum, the rare earth element, and the

titanium group element prepared in the first step.
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[0079]

[Third Step]

This step is a step of obtaining a sintered body to
be a target from the powder obtained In the second step.
The sintering is performed with a hot press method
(hereinafter, also referred to as HP), a spark plasma
sintering method (hereinafter, also referred to as SPS), or
a hot i1sostatic pressing method (hereinafter, also referred
to as HIP). The aluminum powder, the aluminum-rare earth
element alloy powder, the aluminum-titanium group element
alloy powder, or the aluminum-rare earth element-titanium
group element alloy powder obtained iIn the second step is
used for sintering. The powders are used for sintering as
in the following cases.

(1B) In a case where the aluminum-rare earth element
alloy 1s to be present iIn the aluminum matrix, a mixed
powder obtained by mixing the aluminum powder and the
aluminum-rare earth element alloy powder i1s used.

(2B) In a case where the aluminum-titanium group
element alloy i1s to be present in the aluminum matrix, a
mixed powder obtained by mixing the aluminum powder and the
aluminum-titanium group element alloy powder is used.

(3B) In a case where the aluminum-rare earth element-
titanium group element alloy Is to be present in the
aluminum matrix, for example, a mixed powder obtained by
mixing the aluminum powder and the aluminum-rare earth

element-titanium group element alloy powder is used, or a
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mixed powder obtained by mixing the aluminum powder, the
aluminum-rare earth element alloy powder, and the aluminum-
titanium group element alloy powder is used.

It 1s preferable that any one of the powders shown iIn
(1B) to (3B) above be filled into a mold, enclosed i1In the
mold and a punch or the like under preliminary
pressurization at 10 to 30 MPa, and then sintered. At this
time, the sintering temperature is preferably 500 to 600°C,
and the pressure i1s preferably 40 to 196 MPa. The
atmosphere i1n the sintering device Is a vacuum atmosphere
having a degree of vacuum of 1 x 1072 Pa or less, a
nitrogen gas atmosphere containing a hydrogen gas at a
content of 4 vol% or less, an Inert gas atmosphere
containing a hydrogen gas at a content of 4 vol% or less,
or the like. The hydrogen gas i1s preferably contained at a
content of 0.1 vol% or more. The holding time (holding
time at the maximum sintering temperature) is preferably 2
hours or less and more preferably 1 hour or less, and still
more preferably, there is no holding time.

[0080]

By performing at least the first step to the third
step, composition deviation can be suppressed in the iIn-
plane direction and the thickness direction of the
sputtering target, and the produced sputtering target can
contain an impurity, only in a small amount, that affects
thin film formation. Furthermore, the produced sputtering

target can contain chlorine only 1In a small amount.
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[0081]

IT the sintered body obtained through the first step
to the third step i1s used as a sputtering target, the
obtained sputtering target has an aluminum matrix in the
structure even 1T the sputtering target has a composition
such that the equilibrium diagram shows no Al phase
deposition.

[0082]

Methods for manufacturing the sputtering target
according to the present embodiment also includes a
modified example as described below. That is, In the first
step, as an aluminum raw material to be mainly a matrix and
a raw material to be mainly a material or phase present in
the matrix, (1) a rare earth element raw material, (2) a
titanium group element raw material, or (3) a raw material
including a rare earth element and a titanium group element
may be manufactured. In the second step, the raw materials
manufactured iIn the first step may be each formed into an
atomized powder. 1In the third step, (1) a sintered body of
aluminum and a rare earth element, (2) a sintered body of
aluminum and a titanium group element, or (3) a sintered
body of aluminum and rare earth element-titanium group
element i1s obtained from the raw material obtained iIn the
first step or the powder obtained in the second step.
[0083]

In the present embodiment, examples of the method of

composition analysis under (Condition 1) and (Condition 2)
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include energy dispersive X-ray spectroscopy (EDS), high
frequency inductively coupled plasma atomic emission
spectroscopy (ICP), and X-ray fluorescence analysis (XRF),

and composition analysis by EDS is preferable.

Examples
[0084]

Hereinafter, the present invention will be described
in more detail with reference to Examples, but the present
invention 1s not construed as being limited to Examples.
[0085]

(Example 1)

A pure Al powder having a particle size of 150 um or
less and a purity of 4N and a ScN powder having a particle
size of 150 um or less and a purity of 3N were used, and
after the amount of each powder was adjusted so that an Al-
10 mol% ScN was obtained, the powders were mixed. Then,
the AI-10 mol% ScN mixed powder was filled into a carbon
mold for spark plasma sintering (hereinafter, also referred
to as SPS sintering). Next, the mixed powder was enclosed
in the mold and a punch or the like under preliminary
pressurization at 10 MPa, and the mold filled with the
mixed powder was set In an SPS device (model number: SPS-
825, manufactured by SPS SYNTEX INC.). Then, sintering was
performed under the sintering conditions of a sintering
temperature of 550°C, a pressure of 30 MPa, a vacuum

atmosphere at 8 x 1073 Pa or less as the atmosphere in a
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sintering device, and a holding tinme of a maxi num sintering
tenperature of 0 hour. The A -10 nol % ScN sintered body
after the sintering was processed using a grindi ng machi ne,
a lathe, or the Iike to produce an Al -10 nol % ScN t ar get
having a size of ® 50 nmx 6 mm. In producing the target,
the workability was good, and nolding into the target shape
was possible. The target included two kinds of phases of
Al and ScN, and had the fifth structure-2. The
conductivity of the surface of the produced target was
measured using a contact-type four-point probe resistivity
meter. The conductivity was 4.079 x 10°° /0, and it was
confirmed that the conductivity allow ng DC sputtering was
ensured. The surface of the produced target was observed
wth a mcroscope. Fig. 7 shows the observed inmage. The
image in Fig. 7 has a lateral side length of 650 um From
Fig. 7, it can be confirnmed that Al occupies the nost part
as conpared with ScN, and fromthe value of the
conductivity, it is considered that Al is continuously
present to ensure the conductivity and that an al um num
matrix is present on the basis of the continuously present
Al, and as a result, it is considered that the workability
during producing the target was obtained. The content
rates of ScN at S1 to S9 in Fig. 1 and the content rates of
ScN at Cl1 to @ in Fig. 2 were neasured using energy

di spersive X- ray spectroscopy (EDS) (manufactured by JEOL
Ltd.). The nmeasurenent range was 0.5 mmx 0.5 mm Tables 1

and 2 show t he neasurenent results.
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[Table 1]
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[Table 2]
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From the results 1in Table 1, the average of the
content rates of ScN at S1 to S9 was 10.20%, and the
difference between the content rate of ScN, at each of S1
to S9, and the average of the content rates of ScN at S1 to
S9 was 0.96 at the maximum and 0.02 at the minimum.
Furthermore, the average of the content rates of ScN at C1
to C9 was 10.06%, and the difference between the content
rate of ScN, at each of Cl1 to C9, and the average of the
content rates of ScN at C1 to C9 was 0.99 at the maximum
and 0.15 at the minimum. From the results In Table 2, the
average of the content rates of ScN at S1 to S9 and Cl1 to
C9 was 10.13%, and the difference between the content rate
of ScN, at each of S1 to S9 and C1 to C9, and the average
of the content rates of ScN at S1 to S9 and C1 to C9 was
1.06 at the maximum and 0.05 at the minimum.

[0089]

Non Patent Literature 1 shows that in a nitride film,
a change i1n the Sc concentration causes a rapid change iIn
the piezoelectric characteristic. In the target obtained
in the present invention, the composition deviation at each
point is small, that i1s, the composition deviation
depending on the location In the target is small in the iIn-
plane direction and in the thickness direction, and with
the target, an intended nitride film can be formed In which
the variation in the Sc concentration is small, resulting
in a desired piezoelectric characteristic exhibited by the

formed nitride Ffilm.
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[0090]

(Example 2)

An ALI-50 mol% ScN target was produced in the same
manner as In Example 1 except that AI-10 mol% ScN was
changed to AI-50 mol% ScN. During producing the target,
the workability was good, and molding into the target shape
was possible. The target included two kinds of phases of
Al and ScN, and had the fifth structure-2. The
conductivity of the surface of the produced target was
measured using a contact-type four-point probe resistivity
meter. The conductivity was 2.130 x 10 Q/0, and it was
confirmed that the conductivity allowing DC sputtering was
ensured. The surface of the produced target was observed
with a microscope. Fig. 8 shows the observed image. The
image in Fig. 8 has a lateral side length of 650 um. From
Fig. 8, 1t can be confirmed that ScN and Al are present at
a similar proportion, and from the value of the
conductivity, it i1s considered that Al i1s continuously
present to ensure the conductivity and that an aluminum
matrix iIs present on the basis of the continuously present
Al, and as a result, 1t Is considered that the workability
during producing the target was obtained.

[0091]

(Example 3)

An Al raw material having a purity of 4N and a Sc raw
material having a purity of 3N were charged into a powder

manufacturing device, and next, the inside of the powder
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manufacturing device was adjusted to a vacuum atmosphere at
5 x 1072 Pa or less, the Al raw material and the Sc raw
material were melted at a melting temperature of 1,700°C to
obtain a molten metal, and next, the molten metal was
sprayed with an argon gas and thus scattered and rapidly
solidified to produce an Als;Sc powder having a particle
size of 150 um or less. Then, a pure Al powder having a
particle size of 150 um or less and a purity of 4N and the
Al3Sc powder having a particle size of 150 um or less were
used, and after the amount of each powder was adjusted so
that an AI-14.29 mol% Al3Sc mixed powder was obtained, the
powders were mixed. Then, the Al-14.29 mol% AlsSc mixed
powder was sintered under the same sintering conditions as
in Example 1. The Al-14.29 mol% Al3Sc sintered body was
processed using a grinding machine, a lathe, or the like to
produce an Al-14_.29 mol% Als3Sc target having a size of ® 50
mm x 6 mmt. During producing the target, the workability
was good, and molding into the target shape was possible.
The target included two kinds of phases of Al and AlsSc,
and had the second structure. The conductivity of the
surface of the produced target was measured using a
contact-type four-point probe resistivity meter. The
conductivity was 5.438 x 10 Q/O, and it was confirmed
that the conductivity allowing DC sputtering was ensured.
From the value of the conductivity, it i1s considered that
Al 1s continuously present to ensure the conductivity and

that an aluminum matrix Is present on the basis of the
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continuously present Al, and as a result, 1t is considered
that the workability during producing the target was
obtained.

[0092]

In Example 3, the oxygen content was measured using a
mass spectrometer (model number: ON836, manufactured by
LECO Corporation). The oxygen content was 452 ppm.

[0093]

(Example 4)

An AL-50 mol% Al3Sc target was produced In the same
manner as In Example 3 except that Al-14.29 mol% AlsSc was
changed to AI-50 mol% AlsSc. During producing the target,
the workability was good, and molding into the target shape
was possible. The target included two kinds of phases of
Al and Al3Sc, and had the second structure. The
conductivity of the surface of the produced target was
measured using a contact-type four-point probe resistivity
meter. The conductivity was 8.611 x 10 Q/0, and it was
confirmed that the conductivity allowing DC sputtering was
ensured. From the value of the conductivity, It is
considered that Al i1s continuously present to ensure the
conductivity and that an aluminum matrix iIs present on the
basis of the continuously present Al, and as a result, it
is considered that the workability during producing the
target was obtained.

[0094]

(Comparative Example 1)
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An attempt was made to produce an Al-80 mol% ScN
target i1In the same manner as iIn Example 1 except that Al-10
mol% ScN was changed to AI-80 mol% ScN. However, a defect
such as a crack occurred during processing. The
conductivity of the fragment surface of the cracked target
was measured using a contact-type four-point probe
resistivity meter, but the value of the conductivity was
undetectable, and thus i1t was confirmed that the
conductivity allowing DC sputtering was not ensured. The
surface of the cracked target was observed with a
microscope. Fig. 9 shows the observed image. The image iIn
Fig. 9 has a lateral side length of 650 um. From Fig. 9,
it was confirmed that ScN occupied the most part as
compared with Al. That i1s, 1n Comparative Example 1, the
aluminum matrix was partially present in ScN. From the
value of the conductivity, it iIs considered that the
conductivity was not ensured because Al was not
continuously present due to ScN, and from the fact that a
large amount of ScN was present, it is considered that the
workability during producing the target was not obtained.
The i1mage in Fig. 9 and the fact that the conductivity was
not ensured confirm that the aluminum matrix was partially
present iIn ScN.

[0095]
(Comparative Example 2)
An Al-5 mol% ScN target was produced in the same

manner as In Example 1 except that AI-10 mol% ScN was
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changed to Al-5 mol% ScN. During producing the target, the
workability was good, and molding into the target shape was
possible. However, the target has little content of
nitride i1ncorporated in an aluminum matrix, and therefore,
when a nitride film to be used 1In a piezoelectric element
or the like is formed by reactive sputtering with a flowing
nitrogen gas, the required amount of the nitrogen gas is
similar to that in reactive sputtering in which a
conventional Al target or Al-Sc target i1s used.

[0096]

(Example 5)

A pure Al powder having a particle size of 150 um or
less and a purity of 4N and a Ti powder having a particle
size of 150 um or less and a purity of 3N were used, and
after the amount of each powder was adjusted so that an Al-
20 atom% Ti mixed powder was obtained, the powders were
mixed. Then, the AI-20 atom% Ti mixed powder was sintered
under the same sintering conditions as in Example 1. The
Al-20 atom% Ti1 sintered body was processed using a grinding
machine, a lathe, or the like to produce an Al-20 atom% Ti
target having a size of ® 50.8 mm x 5 mmt. During
producing the target, the workability was good, and molding
into the target shape was possible. The target included
two kinds of phases of Al and AlsTi, and had the second
structure. The conductivity of the surface of the produced
target was measured using a contact-type four-point probe

resistivity meter. The conductivity was 4.250 x 10™° /0,
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and it was confirnmed that the conductivity allow ng DC
sputtering was ensured. Fromthe value of the conductivity,
It is considered that Al is continuously present to ensure
the conductivity and that an alum nummatrix i s present on
the basis of the continuously present Al, and as a result,
It is considered that the workability during producing the
target was obtai ned.

[ 0097]

The content rates of Ti at S1 to S9 in Fig. 1 and the
content rates of Ti at C1 to C9 in Fig. 2 were neasured
usi ng EDS (manufactured by JEOL Ltd.). The neasurenent
range was 0.5 mm x 0.5 mm Tables 3 and 4 show t he
measurenent results.

[ 0098]
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[Table 3]
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[0099]

[Table 4]
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[0100]

From the results 1n Table 3, the average of the
content rates of Ti at S1 to S9 was 19.47%, and the
difference between the content rate of Ti, at each of S1 to
S9, and the average of the content rates of Ti at S1 to S9
was 1.56 at the maximum and 0.27 at the minimum.
Furthermore, the average of the content rates of Ti at Cl
to C9 was 20.53%, and the difference between the content
rate of Ti, at each of Cl1 to C9, and the average of the
content rates of Ti at C1 to C9 was 0.85 at the maximum and
0.04 at the minimum. From the results in Table 4, the
average of the content rates of Ti at S1 to S9 and C1 to C9
was 20.00%, and the difference between the content rate of
Ti, at each of S1 to S9 and C1 to C9, and the average of
the content rates of Ti at S1 to S9 and C1 to C9 was 1.87
at the maximum and 0.01 at the minimum. In the target
obtained in the present invention, the composition
deviation at each point i1s small, that is, the composition
deviation depending on the location in the target i1s small
in the In-plane direction and in the thickness direction.
As a result, for example, by reactive sputtering In which
nitrogen is supplied, an intended nitride film can be
formed i1n which the variation in the Ti1 concentration is
small, resulting in a desired piezoelectric characteristic

exhibited by the formed nitride film.

Reference Signs List
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[0101]
100, 200, 300, 400 Sputtering target
0 Center

L, Q Imaginary crossing lines

S1 to S9 Measurement site In sputter surface
Cl to C9 Measurement site In cross section
P1 to P9 Measurement site In sputter surface
D1 to D9 Measurement site In cross section

1 AI-RE alloy particle

3 Al matrix

2, 2a, 2b AI-RE alloy crystal grain

4

, 4a, 4b  Aluminum crystal grain
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Claims
1. A sputtering target comprising:
an aluminum matrix; and
(1) a material or phase containing aluminum and
further containing either scandium or titanium or both
scandium and titanium or
(2) a material or phase containing either scandium or
titanium or both scandium and titanium
at a content of 10 to 70 mol% in the aluminum
matrix,
wherein
a difference between a composition of the sputtering
target and a reference composition is within #3% both in an
in-plane direction of a sputter surface and in a target
thickness direction under (Condition 1) or (Condition 2),
the reference composition being an average of
compositions at 18 sites in total measured in accordance
with (Condition 1) or (Condition 2) and
wherein an intermetallic compound including at least
two elements selected from aluminum, scandium, or titanium
is present in the sputtering target.
(Condition 1) in which
the sputtering target is a disk-shaped target having
a center O and a radius of r, and in the in-plane direction
of the sputter surface, measurement sites for composition
analysis are 9 sites in total including, on imaginary

crossing lines orthogonally crossing at the center O as an
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intersection, 1 site at the center O, 4 sites 0.45r away
from the center O, and 4 sites 0.9r away from the center O,
and

in the target thickness direction, a cross section
including one of the imaginary crossing lines is formed,
the cross section is a rectangle having a longitudinal
length of t (that is, the sputtering target has a thickness
of t) and a lateral length of 2r, and measurement sites for
composition analysis are 9 sites in total including 3
sites, on a vertical transversal passing through the center
O, at a center X and 0.45t away from the center X upward
and downward (referred to as a point a, a point X, and a
point b) and including, on the cross section, 2 sites 0.9r
away from the point a toward left and right sides, 2 sites
0.9r away from the point X toward the left and right sides,
and 2 sites 0.9r away from the point b toward the left and
right sides, or

(Condition 2) in which

the sputtering target has a rectangle shape having a
longitudinal length of L1 and a lateral length of L2 (note
that examples of the rectangle include a square in which L1
and L2 are equal and a rectangle obtained by developing a
side surface of a cylindrical shape having a length J and a
circumferential length K, and in a form of the rectangle,
L2 corresponds to the length J, L1 corresponds to the
circumferential length K, and the length J and the

circumferential length K have a relationship of J > K, J =
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K, or J < K), and in the in-plane direction of the sputter
surface, measurement sites for composition analysis are 9
sites in total including, on imaginary crossing lines
orthogonally crossing at a center of gravity O as an
intersection in a case where each line orthogonally crosses
a side of the rectangle, 1 site at the center of gravity O,
2 sites away by a distance of 0.25L1 from the center of
gravity O on the imaginary crossing line in the
longitudinal direction, 2 sites away by a distance of
0.25L2 from the center of gravity O in the lateral
direction, 2 sites away by a distance of 0.45L1 from the
center of gravity O in the longitudinal direction, and 2
sites away by a distance of 0.45L2 from the center of
gravity O in the lateral direction, and

in the target thickness direction, a cross section
including one imaginary crossing line that is parallel to
any one of a longitudinal side having a length of L1 and a
lateral side having a length of L2 is formed, and in a case
where the imaginary crossing line is parallel to the
lateral side having a length of L2, the cross section is a
rectangle having a longitudinal length of t (that is, the
sputtering target has a thickness of t) and a lateral
length of L2, and measurement sites for composition
analysis are 9 sites in total including 3 sites, on a
vertical transversal passing through the center of gravity
O, at a center X and 0.45t away from the center X upward

and downward (referred to as a point a, a point X, and a
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point b) and including, on the cross section, 2 sites
0.45L2 away from the point a toward left and right sides, 2
sites 0.45L2 away from the point X toward the left and
right sides, and 2 sites 0.45L2 away from the point b

toward the left and right sides.

2. The sputtering target according to claim 1, wherein
the intermetallic compound comprises one, two, three, or
four kinds of intermetallic compounds being present in the

sputtering target.

3. The sputtering target according to any one of claims
1 or 2, wherein at least one nitride of at least one
element selected from aluminum, scandium, or titanium is

present in the sputtering target.

4. The sputtering target according to any one of claims
1 to 3, wherein the sputtering target having an oxygen

content of 500 ppm or less.

5. The sputtering target according to any one of claims
1 to 4, wherein the sputtering target having a composition
such that the equilibrium diagram shows no Al phase

deposition.



