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(57) ABSTRACT

The manufacturing cost of a sputtering target is reduced and
the impurity concentration of the manufactured sputtering
target is also reduced. A method of manufacturing a sput-
tering target includes: surface-treating at least one of a used
sputtering target and a scrap material; melting at least one of
the used sputtering target and the scrap material after the
surface treatment to form an ingot; and manufacturing a
sputtering target by subjecting the ingot to forging, rolling,
heat treating, and machining.
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METHOD OF MANUFACTURING
SPUTTERING TARGET AND SPUTTERING
TARGET

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of prior Interna-
tional Application No. PCT/JP2015/001827 filed on Mar.
30, 2015, which is based upon and claims the benefit of
priority from Japanese Patent Application No. 2014-073960
filed on Mar. 31, 2014, the entire contents of all of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
method of manufacturing a sputtering target and a sputtering
target.

BACKGROUND

[0003] In the manufacture of semiconductor components
or liquid-crystal components, a sputtering apparatus is used
to form various kinds of wiring and electrodes. For example,
various kinds of metal thin films and intermetallic com-
pound thin films are formed on a film-formation substrate
such as a semiconductor substrate and a glass substrate by a
sputtering method. The aforesaid thin films are used as, for
example, a wiring layer, an electrode layer, a barrier layer,
a foundation layer (a liner material), and the like. Impurities
in the thin films have an adverse effect on operation reli-
ability of semiconductor devices. For this reason, a high
purity of 4 N or more is required of sputtering targets used
for forming the thin films.

[0004] Metal materials used as sputtering targets are
manufactured by, for example, a sintering method or a
melting method. In the manufacture of the above metal
materials, their raw materials are refined for reducing impu-
rities. An ingot is formed from the above material whose
impurities are reduced. The ingot is worked by forging,
rolling, and so on to be formed into a billet. The billet is
heat-treated for its structure control and so on. The billet is
further shaped to a predetermined size by machining and the
resultant billet is bonded to a cooling backing plate as
required, and as a result, it is possible to manufacture the
sputtering target.

[0005] As wafers and the like become larger, larger sput-
tering targets are required. In conventional methods of
manufacturing sputtering targets, the increase of the target
size inevitably increases manufacturing cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG.1 is a view illustrating an electron micrograph
of a bonding interface between a sputtering target and a
backing plate and component distribution in the same.
[0007] FIG. 2 is a top view illustrating measurement
positions in a surface and a thickness direction of the
sputtering target.

[0008] FIG. 3 is a side view illustrating thickness-direc-
tion measurement positions of the sputtering target.

DETAILED DESCRIPTION

[0009] A method of manufacturing a sputtering target of
this embodiment includes: surface-treating at least one of a
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used sputtering target including a first face and a scrap
material including a second face to expose at least one of the
first and second faces and remove at least one of a part of the
used sputtering target and a part of the scrap material by 1
mm or more in an inward direction from the first and second
faces, the used sputtering target and the scrap material each
containing a metal element, and the first and second faces
each having uniform metallic color; melting at least one of
the used sputtering target and the scrap material after the
surface treatment to form an ingot; and manufacturing a
sputtering target by subjecting the ingot to forging, rolling,
heat treating, and machining. The sputtering target produced
by the manufacturing method has purity equal to or higher
than that of the used sputtering target or the scrap material.
[0010] The used sputtering target contains at least one
metal element out of Ti, Zr, V, Nb, Ta, Cr, Mo, W, Co, Ir, Ni,
Pd, and Pt. To fabricate the aforesaid used sputtering target;
a used sputtering target with a diffusion-bonded backing
plate, a used sputtering target with a solder-bonded backing
plate, a used sputtering integrated target without a backing
plate, or the like is used, for instance.

[0011] In the case where the used sputtering target includ-
ing the backing plate is used, the backing plate is removed
by, for example, cutting or heat treatment, whereby the
aforesaid used sputtering target is prepared.

[0012] The scrap material contains the aforesaid metal
element of the used sputtering target. Examples of the scrap
material include a scrap of an ingot, a scrap of a billet,
cutting chips, and other scraps from a manufacturing process
of the sputtering target.

[0013] Incidentally, at least one of the used sputtering
target and the scrap material may be machined or cut. After
it is worked into a small piece having a length and a width
of, for example, 150 mm or less by the machining or the
cutting, the small piece may be surface-treated. The small
piece, if having a length and a width of more than 150 mm,
is difficult to supply when it is to be melted.

[0014] In the surface treatment, surface impurities adher-
ing to at least one of the surface of the used sputtering target
and the surface of the scrap material are removed. The
surface treatment is performed using at least one of pickling
removal and mechanical removal, for instance. The pickling
removal is performed using a mixture containing two acids
or more out of hydrofluoric acid, nitric acid, hydrochloric
acid, and acetic acid, for instance. Two acids or more are
mixed for the treatment, since the use of one acid has only
a small effect of the impurity removal from the surface,
resulting in a long removal time.

[0015] Preferably, for example, the pickling removal is
performed for a one to thirty minute cleaning time with a
solution containing hydrofluoric acid, hydrochloric acid, and
water whose mixture ratios are 7%, 3%, and 90% respec-
tively, or for a one to thirty minute cleaning time with a
solution containing hydrofluoric acid, nitric acid, and acetic
acid whose mixture ratios are 25%, 50%, and 25% respec-
tively. Further, in mass production, the pickling removal is
preferably performed for a one to thirty minute cleaning
time with a solution containing nitric acid, hydrofluoric acid,
and water whose mixture ratios are 67%, 10%, and 23%
respectively. That is, the pickling removal is preferably
performed using a mixture of hydrofluoric acid having a first
mixture ratio and nitric acid having a second mixture ratio
higher than the first mixture ratio. The impurities can be
removed even when the mixture ratios are not as stated
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above, but when the contents of the acids are less than these
ratios, the cleaning time becomes long, which is not suitable
for mass production.

[0016] In the surface treatment, the face having uniform
metallic color in at least one of the used sputtering target and
the scrap material is exposed. Further, at least one of part of
the used sputtering target and part of the scrap material is
removed by 1 mm or more in the inward direction from the
exposed face. If the removed part is less than 1 mm, an
impurity diffusion layer on the surface of, for example, the
used sputtering target cannot be sufficiently removed.
[0017] FIG.1 is a view illustrating an electron micrograph
of a bonding interface between a sputtering target and a
backing plate and component distribution in the same. An
area where the component distribution of Ti and the com-
ponent distribution of Al overlap with each other is the
diffusion layer.

[0018] In the used sputtering target with the backing plate,
even if the surface appears to have uniform metallic color
and thus to be made up of a single metal when visually
observed, the element (Al) forming the backing plate mate-
rial diffuses also to the Ti sputtering target side in the
bonding interface as illustrated in FIG. 1. An effective way
to remove impurities including the above diffusion area is
surface treatment to remove at least one of part of the used
sputtering target and part of the scrap material by 1 mm or
more in the inward direction from the face having uniform
metallic color.

[0019] Similarly, as for the contamination by impurities
such as a surface oxide, the surface, even if having uniform
metallic color when visually observed, sometimes has a part
where the impurities are diffused. In the above case, it is
preferable to remove at least one of part of the used
sputtering target and part of the scrap material by 1 mm or
more in the inward direction from the face having uniform
metallic color.

[0020] By removing the impurities adhering or diffused to
the used sputtering target and the scrap material by at least
one method or more out of the pickling removal and the
mechanical removal, it is possible to reduce an influence of
the contamination of the sputtering target by iron and
oxygen especially when the sputtering target is used in a
sputtering apparatus and an influence of the contamination
of the used sputtering target by the backing plate (mainly an
aluminum alloy).

[0021] In the step of melting at least one of the used
sputtering target and the scrap material, at least one of, for
example, electron-beam melting, plasma-arc melting, and
cold crucible induction melting is used to melt at least one
of the used sputtering target and the scrap material. This
further reduces the impurities contained in the used sputter-
ing target and the scrap material, making it possible for the
manufactured sputtering target to have purity equal to or
higher than that of the used sputtering target.

[0022] In the electron-beam melting or the cold crucible
induction melting, at least one of the used sputtering target
and the scrap material is melted, preferably under a 1.0x107"
Pa degree of vacuum or less. When the degree of vacuum is
over 1.0x107! Pa, electron beams are not sufficiently gen-
erated and moved, which is not suitable for the melting. The
degree of vacuum is more preferably 6.5x10> Pa or less. If
the used sputtering target and/or the scrap material are
melted under the above degree of vacuum, the surface
thereof can be heated at high temperature, which enables

Jan. 12, 2017

degassing and refining simultaneously with the melting.
Further, the above melting method uses a water-cooling
copper crucible and thus is less likely to cause a reaction
with a furnace material and the contamination by a furnace
material.

[0023] In the method of manufacturing the sputtering
target of this embodiment, the forging, the rolling, the heat
treating, and the machining are preferably repeated, for
instance.

[0024] The purpose of the forging is to deform a cast
structure of the ingot having been melted, by the working
and cause crystal grains to be oriented randomly at the time
of recrystallization caused by the later heat treatment. A
reduction in area by the forging is preferably 40% or more.
When it is less than 40%, a metallic structure of the billet
may not deform sufficiently. Further, the cast structure may
remain due to the insufficient forging. When the cast struc-
ture remains, the crystal grains are likely to be oriented in a
specific direction at the time of the recrystallization after the
heat treatment. As a result, a crystal after the heat treatment
does not become fine and it may not be possible to obtain the
random orientation of the crystal grains suitable for the
sputtering.

[0025] The impurities, if reduced, are not likely to hinder
the movement of grain boundaries of the crystal grains in the
heat treatment in the manufacturing process of the sputtering
target. As a result, it is possible to obtain the random
orientation in the manufactured sputtering target.

[0026] The above-described manufacturing method can
reduce the influence of the contamination of the used
sputtering target by iron and oxygen due to, for example, the
sputtering apparatus or the like and the influence of the
contamination of the used sputtering target by the backing
plate (mainly consisting of an aluminum alloy or a copper
alloy).

[0027] The sputtering target produced by the above-de-
scribed manufacturing method contains the aforesaid metal
element. Further, in the sputtering target produced by the
above-described manufacturing method, oxygen amounts in
the surface and the thickness direction of the sputtering
target can be 200 ppm or less. Iron amounts in the surface
and the thickness direction of the sputtering target can be 10
ppm or less. Aluminum amounts in the surface and the
thickness direction of the sputtering target can be 10 ppm or
less. Copper amounts in the surface and the thickness
direction of the sputtering target can be 5 ppm or less.
[0028] The oxygen amounts in the surface and the thick-
ness direction of the sputtering target can be within a range
of +30% or less with respect to an average value of an
oxygen amount in the entire sputtering target. The iron
amounts in the surface and the thickness direction of the
sputtering target can be within a range of +30% or less with
respect to an average value of an iron amount in the entire
sputtering target. The aluminum amounts in the surface and
the thickness direction of the sputtering target can be within
a range of +40% or less with respect to an average value of
an aluminum amount in the entire sputtering target. The
copper amounts in the surface and the thickness direction of
the sputtering target can be within a range of +40% or less,
preferably +30% or less with respect to an average value of
a copper amount in the entire sputtering target.

[0029] The oxygen amounts, the iron amounts, and the
aluminum amounts in the surface and the thickness direction
of the sputtering target are measured as follows. FIG. 2 is a
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top view illustrating measurement positions in the surface
and the thickness direction of the sputtering target, and FIG.
3 is a side view illustrating thickness-direction measurement
positions of the sputtering target.

[0030] As illustrated in FIG. 2, in the surface of the target
in a disk shape, for example, totally 17 samples are collected
at a center portion (position 1), outer periphery vicinity
positions (positions 2 to 9) on four straight lines which pass
the center portion and equally divide the circumference, and
4 distance positions (positions 10 to 17) on the four straight
lines. Further, as illustrated in FIG. 3, in a plane (position 19)
at a Y52 (T/2) position of the whole thickness T of the
sputtering target, totally 17 samples are collected at the same
positions (positions 1 to 17) as those in the surface (position
18). From analysis values of these 34 samples, the oxygen
amounts, the iron amounts, and the aluminum amounts in
the surface and the thickness direction of the sputtering
target are found.

[0031] For X-ray diffraction measurement in the surface
and the thickness direction of the sputtering target, for
example, 17 samples at the positions 1 to 17 in the surface
(position 18) and totally 17 samples at the positions 1 to 17
in the plane (position 19) at the %4 (T/2) position of the
whole thickness T of the sputtering target are collected,
similarly to the aforesaid analysis samples.

[0032] In X-ray diffraction patterns obtained from the
X-ray diffraction measurement of the above 34 samples,
when the combination of a first crystal plane having the
highest peak intensity, a second crystal plane having the
second highest peak intensity, and a third crystal plane
having the third highest peak intensity are the same as the
combination of the first crystal plane, the second crystal
plane, and the third crystal plane in Powder Diffraction File
which is data on X-ray diffraction peak intensity of powder
that is an assembly of random crystals, it is indicated that the
measured sputtering target has a random orientation.
[0033] As described above, in this embodiment, it is
possible to reduce the manufacturing cost of the sputtering
target and also reduce the impurities in the sputtering target.
[0034] Another known method to reduce the manufactur-
ing cost of a sputtering target is, for example, a method of
manufacturing a sputtering target by depositing raw material
powder on a substrate by a thermal spraying method or the
like. The use of the thermal spraying method can reduce the
manufacturing cost of the sputtering target.

[0035] The manufacturing method using the thermal
spraying method, however, has not been put into practical
use as a method of manufacturing a sputtering target. One
reason for this is that the thermal spraying has a difficulty in
increasing the density of a deposited film. Another problem
is that a gas component in the target increases, since the raw
material powder is deposited while being melted in the
atmosphere. Because of these, there occurs a serious prob-
lem that abnormal discharge occurs many times to increase
the number of generated particles.

[0036] In a sputtering target used for forming a liquid-
crystal component, in accordance with an increase of the
target size, it is required to prevent splash, which is gener-
ated due to a defect, and an increase of particles ascribable
to the splash. In semiconductor devices, a wiring width is
being narrowed (for example, 0.13 um, 0.09 um, and further
0.065 um or less) in order to achieve a high integration
degree. Even particles whose diameter is as small as, for
example, about 0.2 um, if contaminated in the narrowed
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wiring and the semiconductor device having such wiring,
cause a wiring failure, an element failure, and so on. So, it
is desired to prevent the generation of the aforesaid particles.
The method of manufacturing the sputtering target using the
thermal spraying method cannot meet such a requirement at
all.

[0037] On the other hand, in the manufacture of a sput-
tering target by recovering and melting a used sputtering
target, if the used sputtering target that is a high-purity
sputtering target is melted, a plurality of refining processes
can be needless. This enables a reduction in the manufac-
turing cost of, for example, a large-sized sputtering target. A
sputtering target manufactured from a recycled used sput-
tering target may be usually lower in purity than the original
used sputtering target. This is because impurities are con-
taminated in the step of melting the used sputtering target
and the contaminated impurities cannot be removed or
reduced.

[0038] The sputtering target and the method of manufac-
turing the sputtering target of this embodiment can omitt the
plural refining processes. This can reduce the manufacturing
cost of a large-sized sputtering target. Further, by recycling
a used sputtering target or a scrap material produced in a
process of manufacturing the sputtering target, it is possible
to reduce the manufacturing cost of a large-sized target and
so on. Impurities in the sputtering target can also be reduced.

[0039] The embodiments of the present invention have
been presented by way of example only, and are not intended
to limit the scope of the inventions. The novel embodiments
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes may be made without departing from the spirit of
the inventions. The inventions described in the accompany-
ing claims and their equivalents are intended to cover such
embodiments or modifications as would fall within the scope
and spirit of the inventions.

EXAMPLES

Example 1

[0040] From a recovered used Ti target with an Al-alloy
(A6061) backing plate, the backing plate was removed by
cutting. At the time of the removal of the backing plate, after
a surface of a target material was exposed and came to have
uniform metallic color, cutting of 1 mm or more was
performed. The targets from which the backing plate were
removed and the scrap material were each cut to about 100
mm width. Their cut pieces were pickled for ten minutes
with a mixed solution of 25% hydrofluoric acid, 50% nitric
acid, and 25% acetic acid, and further after the surface came
to have uniform metallic color, the cut pieces were partly
removed by 1 mm or more by the same pickling. These
materials were subjected to electron-beam melting, and an
ingot having 350 mm diameter was fabricated. This ingot
was subjected to forging with 60% reduction of area and
thereafter heat-treated. Then, continually this ingot was
worked to 8 mm thickness by rolling and was primarily
machined by cutting, and thereafter the target material was
diffusion-bonded to an Al-alloy (A6061) backing plate. As
finish machining, cutting was performed to fabricate a
target.
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Comparative Example 1

[0041] This is the used Ti target used in the example 1.
Example 2
[0042] From a recovered used Ta target with a Cu-alloy

(brass) backing plate, the backing plate was removed by
cutting. At the time of the removal of the backing plate, after
a surface of a target material was exposed and came to have
uniform metallic color, cutting of 1 mm or more was
performed. The targets from which the backing plate were
removed and the scrap material were each cut to about 100
mm width. Their cut pieces were pickled for ten minutes
with a mixed solution of 67% nitric acid, 10% hydrofluoric
acid, and 23% water, and further after the surface came to
have uniform metallic color, the cut pieces were partly
removed by 1 mm or more by the same pickling. These
materials were subjected to electron-beam melting, and an
ingot having 135 mm diameter was fabricated. This ingot
was subjected to forging with 45% reduction of area and
thereafter heat-treated. Then, continually this ingot was
worked to 12 mm thickness by rolling and was primarily
machined by cutting, and thereafter the target material was
diffusion-bonded to a Cu-alloy (brass) backing plate. As
finish machining, cutting was performed to fabricate a
target.

Comparative Example 2

[0043] This is the used Ta target used in the example 2.
Example 3
[0044] From a recovered used Ni target with an Al-alloy

(A6061) backing plate, the backing plate was removed by
heat treatment. The targets from which the backing plate
were removed and the scrap material were each cut to about
100 mm width. Their cut pieces were pickled for thirty
minutes with a mixed solution of 67% nitric acid, 10%
hydrofiuoric acid, and 23% water, and further after the
surface came to have uniform metallic color, the cut pieces
were partly removed by 1 mm or more by the same pickling.
These materials were subjected to electron-beam melting,
and an ingot having 135 mm diameter was fabricated. This
ingot was subjected to forging with 70% reduction of area
and thereafter heat-treated. Then, continually this ingot was
worked to 5 mm thickness by rolling and was primarily
machined by cutting, and thereafter, the target material was
bonded to an Al-alloy (A6061) backing plate by In solder-
ing. As finish machining, cutting was performed to fabricate
a target.

Comparative Example 3

[0045] This is the used Ni target used in the example 3.
Example 4
[0046] From the Ti target with the Al-alloy (A6061)

backing plate which was fabricated in the example 1 and was
used, the backing plate was removed by cutting. At the time
of'the removal of the backing plate, after a surface of a target
material was exposed and came to have uniform metallic
color, cutting of 1 mm or more was performed. The targets
from which the backing plate were removed and the scrap
material were each cut to about 100 mm width. Their cut
pieces were pickled for ten minutes with a mixed solution of
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25% hydrofluoric acid, 50% nitric acid, and 25% acetic acid,
and further after the surface came to have uniform metallic
color, the cut pieces were partly removed by 1 mm or more
by the same pickling. These materials were subjected to
electron-beam melting, and an ingot having 350 mm diam-
eter was fabricated. This ingot was subjected to forging with
60% reduction of area and thereafter heat-treated. Then,
continually this ingot was worked to 8 mm thickness by
rolling and was primarily machined by cutting, and there-
after the target material was diffusion-bonded to an Al-alloy
(A6061) backing plate. As finish machining, cutting was
performed to fabricate a target.

Example 5

[0047] From the Ti target with the Al-alloy (A6061)
backing plate which was fabricated in the example 4 and was
used, the backing plate was removed by cutting. At the time
of'the removal of the backing plate, after a surface of a target
material was exposed and came to have uniform metallic
color, cutting of 1 mm or more was performed. The targets
from which the backing plate were removed and the scrap
material were each cut to about 100 mm width, and their cut
pieces were pickled for ten minutes with a mixed solution of
25% hydrofluoric acid, 50% nitric acid, and 25% acetic acid.
These materials were subjected to electron-beam melting,
and an ingot having 350 mm diameter was fabricated. This
ingot was subjected to forging with 60% reduction of area
and thereafter heat-treated. Then, continually this ingot was
worked to 8 mm thickness by rolling and was primarily
machined by cutting, and thereafter the target material was
diffusion-bonded to an Al-alloy (A6061) backing plate. As
finish machining, cutting was performed to fabricate a
target.

Comparative Example 4

[0048] From a used Ti target with an Al-alloy (A6061)
backing plate which was the same as that of the example 1,
the backing plate was removed by cutting. At the time of the
removal of the backing plate, the cutting was finished when
the surface of a target material was exposed and came to
have uniform metallic color. The targets from which the
backing plate were removed and the scrap material were
each cut to about 100 mm width. Their cut pieces were
subjected to electron-beam melting without being pickled,
and an ingot having 350 mm diameter was fabricated. This
ingot was subjected to forging with 60% reduction of area
and thereafter heat-treated. Then, continually this ingot was
worked to 8 mm thickness by rolling and was primarily
machined by cutting, and thereafter the target material was
diffusion-bonded to an Al-alloy (A6061) backing plate. As
finish machining, cutting was performed to fabricate a
target.

[0049] Component analysis of iron, copper, aluminum,
and oxygen was performed using totally 34 samples col-
lected from each of the sputtering targets according to the
examples 1 to 5 and the comparative examples 1 to 4 at the
aforesaid positions 1 to 17 in the surface and the plane at the
V4 position of the whole thickness. Tables 1 to 16 present
results of their analysis values.

[0050] Further, X-ray diffraction measurement was con-
ducted using totally 34 samples collected from each of the
sputtering targets at the aforesaid positions 1 to 17 in the
surface and the plane at the %5 position of the whole
thickness, and the order of peak intensities in major crystal
planes was investigated from obtained X-ray diffraction
patterns. Tables 17 and 18 present their results.
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[0051] Table 1 presents iron amounts (ppm) in the surface
of each of the targets.

TABLE 1

Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 Example 3 Example 4

Comp.

Comp.

Comp.

Comp.

Material Ti Ta Ni Ti Ti Ti Ta Ni Ti
1 4.7 0.24 1.4 5.2 4.4 5.2 0.22 1.6 9.2
2 4.4 0.28 1.6 4.5 5.1 4.1 0.42 1.5 8.5
3 53 0.25 1.3 4.8 4.7 4.8 0.47 1.3 7.5
4 4.7 0.26 1.3 59 4.5 5.8 0.28 1.4 7.1
5 5.1 0.23 1.4 53 53 6.6 0.34 1.3 9.7
6 4.5 0.20 1.5 5.8 4.5 5.7 0.23 1.3 11.4
7 4.1 0.26 1.4 59 5.1 6.5 0.35 1.4 6.6
8 55 0.19 1.6 4.7 53 5.6 0.27 1.5 6.7
9 53 0.27 1.3 4.7 5.8 55 0.34 1.4 10.8
10 5.0 0.28 1.3 4.6 52 55 0.31 1.5 7.5
11 4.9 0.26 1.4 4.8 5.8 6.0 0.29 1.6 11
12 4.2 0.21 1.5 4.4 4.1 6.0 0.27 1.7 9.2
13 4.3 0.26 1.2 3.6 5.8 59 0.25 1.3 11
14 3.9 0.28 1.3 4.8 4.9 5.2 0.31 1.3 8.9
15 4.2 0.23 1.5 4.8 4.0 4.9 0.23 1.4 8.5
16 3.9 0.27 1.6 5.2 4.5 5.6 0.32 1.2 13.4
17 5.1 0.24 1.3 55 4.7 5.8 0.41 1.4 7.4
ave. 4.7 0.25 1.4 5.0 4.9 5.6 0.3 1.4 9.1
[0052] Table 2 presents a ratio (%) of a value equal to the
iron amount at each of the positions from which an overall
average value of the iron amount is subtracted, to the overall
average value, in the surface of the target.
TABLE 2
Comp. Comp. Comp. Comp.
Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 Example 3 Example 4
Material Ti Ta Ni Ti Ti Ti Ta Ni Ti
1 1% -3% 0% 5% -11% -7% -30% 13% 1%
2 -5% 13% 14% -9% 4% -26% 34% 6% -6%
3 14% 1% -8% -3% -5% -14% 50% -8% -17%
4 1% 5% -8% 19% -9% 4% -10% -1% -22%
5 10% -7% 0% 7% 8% 18% 9% -8% 7%
6 -3% -19% 7% 17% -9% 2% -26% -8% 26%
7 -12% 5% 0% 19% 4% 17% 12% -1% -27%
8 18% -23% 14% -5% 8% 1% -14% 6% -26%
9 14% 9% -8% -5% 18% -1% 9% -1% 19%
10 7% 13% -8% -7% 6% -1% -1% 6% -17%
11 5% 5% 0% -3% 18% 8% -7% 13% 21%
12 -10% -15% 7% -11% -17% 8% -14% 20% 1%
13 -8% 5% -15% -28% 18% 6% -20% -8% 21%
14 -16% 13% -8% -3% 0% -7% -1% -8% -2%
15 -10% -7% 7% -3% -19% -12% -26% -1% -6%
16 -16% 9% 14% 5% -9% 1% 2% -15% 48%
17 10% -3% -8% 11% -5% 4% 31% -1% -19%
[0053] Table 3 presents iron amounts (ppm) in the plane at
the !4 thickness of the whole thickness direction of the
target.
TABLE 3
Comp. Comp. Comp. Comp.

Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 Example 3 Example 4

Material Ti Ta Ni Ti Ti Ti Ta Ni Ti
1 4.9 0.22 1.4 5.0 3.1 6.8 0.21 1.5 8.0
2 4.2 0.3 1.4 4.7 34 4.7 0.39 1.4 6.7
3 4.5 0.27 1.3 5.5 5.4 4.4 0.43 1.2 9.4
4 5.0 0.27 1.5 5.7 4.7 4.9 0.34 1.3 7.7
5 5.5 0.24 1.4 53 4.0 5.2 0.32 1.4 7.5
6 5.6 0.22 1.3 4.3 4.0 5.9 0.29 1.3 10.5
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TABLE 3-continued

Comp.

Comp.

Comp.

Comp.

Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 Example 3 Example 4

Material Ti Ta Ni Ti Ti Ti Ta Ni Ti
7 4.1 0.24 1.2 5.7 52 54 0.32 1.3 7.7
8 4.4 0.2 1.5 4.0 4.7 3.7 0.3 1.5 7.2
9 54 0.28 1.4 5.2 4.8 6.0 0.29 1.3 10.3
10 4.5 0.29 1.2 53 4.9 5.2 0.35 1.5 8.0
11 55 0.27 1.4 5.2 4.7 5.0 0.32 1.5 7.7
12 5.9 0.23 1.3 53 4.8 5.0 0.30 1.6 7.2
13 5.1 0.29 1.3 4.2 4.8 4.4 0.26 1.3 12.3
14 5.8 0.27 1.4 3.8 4.7 4.1 0.29 1.4 8.3
15 6.0 0.25 1.5 34 5.1 5.6 0.26 1.3 8.5
16 5.6 0.29 1.4 4.2 4.8 6.6 0.31 1.4 13.2
17 53 0.26 1.5 4.9 4.5 6.7 0.36 1.6 6.9
ave. 5.1 0.26 1.4 4.8 4.6 53 0.31 1.4 8.7
[0054] Table 4 presents a ratio (%) of a value equal to the
iron amount at each of the positions from which an overall
average value of the iron amount is subtracted, to the overall
average value, in the plane at the V% thickness of the whole
thickness direction of the target.
TABLE 4
Comp. Comp. Comp. Comp.
Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 Example 3 Example 4
Material Ti Ta Ni Ti Ti Ti Ta Ni Ti
1 -5% -15% 2% 4% -32% 29% -33% 7% -8%
2 -18% 16% 2% -2% -26% -11% 24% 0% -23%
3 -12% 5% -6% 14% 18% -17% 37% -14% 9%
4 -3% 5% 9% 19% 3% -7% 8% -7% -11%
5 7% -7% 2% 10% -12% -1% 2% 0% -13%
6 9% -15% -6% -11% -12% 12% -8% -7% 21%
7 -20% -7% -13% 19% 14% 2% 2% -7% -11%
8 -14% -23% 9% -17% 3% -30% —4% 7% -17%
9 5% 8% 2% 8% 5% 14% -8% -7% 19%
10 -12% 12% -13% 10% 7% -1% 11% 7% -8%
11 7% 5% 2% 8% 3% -5% 2% 7% -11%
12 15% -11% -6% 10% 5% -5% —4% 14% -17%
13 -1% 12% -6% -13% 5% -17% -17% -7% 42%
14 13% 5% 2% -21% 3% -22% -8% 0% —4%
15 17% -3% 9% -29% 12% 6% -17% -7% -2%
16 9% 12% 2% -13% 5% 25% -1% 0% 53%
17 3% 1% 9% 2% -1% 27% 15% 14% -20%
[0055] Table 5 presents aluminum amounts (ppm) in the
surface of the target.
TABLE 5
Comp. Comp. Comp. Comp.
Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 Example 3 Example 4
Material Ti Ta Ni Ti Ti Ti Ta Ni Ti
1 0.6 0.02 0.01 1.0 1.1 1.6 0.04 0.03 9.7
2 1.1 0.04 0.02 0.9 1.2 1.2 0.05 0.04 10.7
3 0.8 0.04 0.02 0.6 1.2 0.8 0.06 0.02 10.6
4 1.1 0.03 0.02 1.0 0.8 1.0 0.02 0.03 20.2
5 1.1 0.04 0.01 0.7 0.7 0.9 0.03 0.04 11.5
6 1.1 0.02 0.01 0.8 0.8 1.0 0.02 0.02 11.6
7 1.3 0.02 0.02 1.0 1.2 0.6 0.01 0.03 10.8
8 1.2 0.03 0.01 1.1 0.9 1.4 0.05 0.03 14.5
9 1.0 0.02 0.01 0.9 0.7 1.7 0.04 0.04 10.4
10 1.0 0.04 0.02 0.7 1.0 1.2 0.05 0.03 17.3
11 0.9 0.03 0.02 0.8 0.7 1.2 0.05 0.02 12.0
12 0.7 0.02 0.02 1.3 0.9 1.0 0.02 0.03 10.0
13 0.9 0.01 0.02 1.0 0.7 1.0 0.03 0.02 11.4
14 0.8 0.03 0.01 1.2 0.9 1.2 0.04 0.01 10.3
15 0.7 0.04 0.02 1.1 1.1 1.7 0.05 0.02 11.4
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TABLE 5-continued
Comp. Comp. Comp. Comp.
Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 Example 3 Example 4
Material Ti Ta Ni Ti Ti Ti Ta Ni Ti
16 0.8 0.04 0.02 1.2 0.6 13 0.02 0.03 12.3
17 1.0 0.03 0.01 0.9 0.7 1.3 0.01 0.02 10.3
ave. 0.9 0.03 0.02 1.0 0.9 1.2 0.03 0.03 12.1
[0056] Table 6 presents a ratio (%) of a value equal to the
aluminum amount at each of the positions from which an
overall average value of the aluminum amount is subtracted,
to the overall average value, in the surface of the target.
TABLE 6
Comp. Comp. Comp. Comp.
Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 Example 3 Example 4
Material Ti Ta Ni Ti Ti Ti Ta Ni Ti
1 -37% -32% -37% 5% 23% 35% 15% 11% -20%
2 16% 36% 26% -6% 34% 1% 44% 48% -11%
3 -16% 36% 26% -37% 34% -32% 73% -26% -12%
4 16% 2% 26% 5% -11% -15% -42% 11% 68%
5 16% 36% -37% -27% -22% —24% -14% 48% -5%
6 16% -32% -37% -16% -11% -15% -42% -26% —4%
7 37% -32% 26% 5% 34% -49% -71% 11% -10%
8 27% 2% -37% 15% 1% 18% 44% 11% 20%
9 6% -32% -37% -6% -22% 44% 15% 48% -14%
10 6% 36% 26% -27% 12% 1% 44% 11% 43%
11 -5% 2% 26% -16% -22% 1% 44% -26% 0%
12 -26% -32% 26% 36% 1% -15% -42% 11% -17%
13 -5% -66% 26% 5% -22% -15% -14% -26% -5%
14 -16% 2% -37% 26% 1% 1% 15% -63% -15%
15 -26% 36% 26% 15% 23% 44% 44% -26% -5%
16 -16% 36% 26% 26% -33% 10% -42% 11% 2%
17 6% 2% -37% -6% -22% 10% -71% -26% -15%
[0057] Table 7 presents aluminum amounts (ppm) in the
plane at the % thickness of the whole thickness direction of
the target.
TABLE 7
Comp. Comp. Comp. Comp.
Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 Example 3 Example 4
Material Ti Ta Ni Ti Ti Ti Ta Ni Ti
1 0.9 0.02 0.02 0.8 0.9 1.7 0.04 0.03 10.1
2 0.7 0.03 0.02 0.8 0.8 1.2 0.06 0.04 10.9
3 1.2 0.03 0.01 1.1 0.9 1.3 0.05 0.03 11.3
4 0.9 0.04 0.02 1.0 1.0 1.5 0.03 0.02 19.3
5 1.3 0.04 0.02 1.1 1.1 0.8 0.04 0.03 10.7
6 0.8 0.03 0.02 1.0 0.9 1.3 0.03 0.04 10.5
7 1.1 0.02 0.01 0.9 1.0 1.4 0.02 0.03 11.2
8 1.3 0.03 0.02 1.1 0.8 1.3 0.05 0.02 13.6
9 1.0 0.02 0.02 0.7 0.9 1.5 0.03 0.03 11.4
10 1.1 0.03 0.02 0.9 0.9 0.9 0.04 0.03 16.8
11 1.1 0.03 0.01 1.1 0.8 1.1 0.05 0.02 11.9
12 1.0 0.04 0.02 1.0 0.8 0.7 0.03 0.03 9.6
13 1.0 0.03 0.02 0.9 0.8 0.8 0.02 0.04 10.1
14 0.9 0.04 0.02 0.9 0.9 1.0 0.04 0.02 11.5
15 1.0 0.03 0.01 0.8 0.9 1.6 0.05 0.02 11.0
16 0.9 0.02 0.02 0.9 0.7 1.2 0.03 0.03 10.5
17 0.8 0.04 0.02 0.7 0.9 1.1 0.02 0.03 10.7

ave. 1.00 0.03 0.02 0.92 0.88 1.20 0.04 0.03 11.83
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[0058] Table 8 presents a ratio (%) of a value equal to the

aluminum amount at each of the positions from which an

overall average value of the aluminum amount is subtracted,

to the overall average value, in the plane at the ' thickness

of the whole thickness direction of the target.

TABLE 8
Comp. Comp. Comp. Comp.
Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 Example 3 Example 4

Material Ti Ta Ni Ti Ti Ti Ta Ni Ti
1 -10% -35% 13% -13% 2% 42% 8% 4% -15%
2 -30% -2% 13% -13% -9% 0% 62% 39% -8%
3 20% -2% -43% 19% 2% 8% 35% 4% -4%
4 -10% 31% 13% 8% 13% 25% -19% -31% 63%
5 30% 31% 13% 19% 25% -33% 8% 4% -10%
6 -20% -2% 13% 8% 2% 8% -19% 39% -11%
7 10% -35% -43% -3% 13% 17% -46% 4% -5%
8 30% -2% 13% 19% -9% 8% 35% -31% 15%
9 0% -35% 13% -24% 2% 25% -19% 4% -4%
10 10% -2% 13% -3% 2% -25% 8% 4% 42%
11 10% -2% -43% 19% -9% -8% 35% -31% 1%
12 0% 31% 13% 8% -9% -42% -19% 4% -19%
13 0% -2% 13% -3% -9% -33% -46% 39% -15%
14 -10% 31% 13% -3% 2% -17% 8% -31% -3%
15 0% -2% -43% -13% 2% 33% 35% -31% 7%
16 -10% -35% 13% -3% -21% 0% -19% 4% -11%
17 -20% 31% 13% -24% 2% -8% -46% 4% -10%

[0059] Table 9 presents copper amounts (ppm) in the

surface of the target.

TABLE 9
Comp. Comp. Comp. Comp.

Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 Example 3 Example 4

Material Ti Ta Ni Ti Ti Ti Ta Ni Ti
1 0.2 0.18 1.1 0.2 0.2 0.3 0.22 1.4 5.2
2 0.3 0.24 1.2 0.3 0.2 0.1 0.23 1.5 4.2
3 0.2 0.19 1.3 0.1 0.3 0.2 0.19 1.5 3.9
4 0.2 0.21 1.2 0.3 0.1 0.3 0.2 1.4 6.0
5 0.2 0.19 1.4 0.2 0.3 0.3 0.18 1.6 4.4
6 0.1 0.25 1.3 0.2 0.3 0.3 0.25 1.3 5.1
7 0.3 0.23 1.2 0.3 0.2 0.3 0.4 1.4 3.6
8 0.2 0.16 1.4 0.3 0.2 0.2 0.21 1.5 4.5
9 0.3 0.17 1.3 0.2 0.2 0.1 0.17 1.3 3.3
10 0.3 0.21 1.4 0.2 0.2 0.2 0.19 1.2 4.1
11 0.2 0.19 1.5 0.3 0.1 0.3 0.26 1.4 3.9
12 0.3 0.19 1.3 0.2 0.2 0.2 0.23 1.5 3.7
13 0.3 0.22 1.3 0.2 0.2 0.5 0.19 1.5 4.5
14 0.2 0.22 1.3 0.1 0.3 0.4 0.2 1.4 3.9
15 0.2 0.20 1.2 0.2 0.2 0.1 0.17 1.3 3.6
16 0.2 0.20 1.4 0.2 0.3 0.2 0.18 1.5 4.3
17 0.2 0.19 1.4 0.2 0.2 0.4 0.16 1.6 4.7
ave. 0.23 0.20 1.31 0.22 0.22 0.26 0.21 1.43 4.29
[0060] Table 10 presents a ratio (%) of a value equal to the
copper amount at each of the positions from which an
overall average value of the copper amount is subtracted, to
the overall average value, in the surface of the target.
TABLE 10
Comp. Comp. Comp. Comp.
Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 Example 3 Example 4
Material Ti Ta Ni Ti Ti Ti Ta Ni Ti
1 -13% -11% -16% -8% -8% 16% 3% -2% 21%
2 31% 19% -8% 38% -8% -61% 8% 5% -2%
3 -13% -6% 0% -54% 38% -23% -11% 5% -9%
4 -13% 4% -8% 38% -54% 16% -6% -2% 40%

Jan. 12, 2017



US 2017/0009336 Al

TABLE 10-continued

Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 Example 3 Example 4

Comp.

Comp.

Comp.

Comp.

Material Ti Ta Ni Ti Ti Ti Ta Ni Ti
5 -13% -6% 7% -8% 38% 16% -16% 12% 3%
6 -56% 24% 0% -8% 38% 16% 17% -9% 19%
7 31% 14% -8% 38% -8% 16% 87% -2% -16%
8 -13% -21% 7% 38% -8% -23% -2% 5% 5%
9 31% -16% 0% -8% -8% -61% -20% -9% -23%
10 31% 4% 7% -8% -8% -23% -11% -16% -4%
11 -13% -6% 15% 38% -54% 16% 22% -2% -9%
12 31% -6% 0% -8% -8% -23% 8% 5% -14%
13 31% 9% 0% -8% -8% 93% -11% 5% 5%
14 -13% 9% 0% -54% 38% 55% -6% -2% -9%
15 -13% -1% -8% -8% -8% -61% -20% -9% -16%
16 -13% -1% 7% -8% 38% -23% -16% 5% 0%
17 -13% -6% 7% -8% -8% 55% -25% 12% 10%
[0061] Table 11 presents copper amounts (ppm) in the
plane at the % thickness of the whole thickness direction of
the target.
TABLE 11
Comp. Comp. Comp. Comp.
Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 Example 3 Example 4
Material Ti Ta Ni Ti Ti Ti Ta Ni Ti
1 0.3 0.22 1.2 0.2 0.3 0.2 0.19 14 5.4
2 0.2 0.21 1.3 0.2 0.2 0.1 0.2 14 3.8
3 0.3 0.2 1.3 0.2 0.3 0.2 0.18 1.5 3.9
4 0.2 0.18 1.2 0.2 0.2 0.3 0.25 1.3 6.5
5 0.3 0.18 1.4 0.2 0.2 0.3 0.23 1.5 5.0
6 0.2 0.21 1.3 0.2 0.3 0.2 0.23 14 53
7 0.2 0.23 1.4 0.2 0.2 0.3 0.35 14 4.0
8 0.3 0.19 1.5 0.2 0.3 0.1 0.22 1.6 4.8
9 0.2 0.2 1.2 0.2 0.2 0.2 0.21 14 4.0
10 0.2 0.18 1.3 0.2 0.2 0.4 0.18 14 3.9
11 0.1 0.21 1.4 0.2 0.1 0.1 0.24 1.3 4.1
12 0.2 0.2 1.3 0.2 0.2 0.3 0.21 1.6 3.9
13 0.2 0.21 1.2 0.1 0.2 0.4 0.2 14 5.1
14 0.3 0.23 1.4 0.2 0.3 0.4 0.23 1.3 4.2
15 0.2 0.19 1.2 0.2 0.2 0.3 0.2 1.6 3.9
16 0.1 0.19 1.3 0.2 0.2 0.3 0.18 1.5 4.1
17 0.2 0.22 1.2 0.2 0.2 0.4 0.19 1.6 5.0
ave 0.22 0.20 1.30 0.19 0.22 0.26 0.22 145 4.52
[0062] Table 12 presents a ratio (%) of a value equal to the
copper amount at each of the positions from which an
overall average value of the copper amount is subtracted, to
the overall average value, in the plane at the %2 thickness of
the whole thickness direction of the target.
TABLE 12
Comp. Comp. Comp. Comp.

Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 Example 3 Example 4

Material Ti Ta Ni Ti Ti Ti Ta Ni Ti
1 38% 8% -8% 3% 34% -24% -12% -3% 19%
2 -8% 3% 0% 3% -11% -62% -8% -3% -16%
3 38% -1% 0% 3% 34% -24% -17% 4% -14%
4 -8% -11% -8% 3% -11% 13% 15% -10% 44%
5 38% -11% 8% 3% -11% 13% 6% 4% 11%
6 -8% 3% 0% 3% 34% -24% 6% -3% 17%
7 -8% 13% 8% 3% -11% 13% 61% -3% -12%
8 38% -6% 15% 3% 34% -62% 1% 11% 6%
9 -8% -1% -8% 3% -11% -24% -3% -3% -12%
10 -8% -11% 0% 3% -11% 51% -17% -3% -14%
11 -54% 3% 8% 3% -55% -62% 11% -10% -9%
12 -8% -1% 0% 3% -11% 13% -3% 11% -14%
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TABLE 12-continued
Comp. Comp. Comp. Comp.
Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 Example 3 Example 4
Material Ti Ta Ni Ti Ti Ti Ta Ni Ti
13 -8% 3% -8% -48% -11% 51% -8% -3% 13%
14 38% 13% 8% 3% 34% 51% 6% -10% -7%
15 -8% -6% -8% 3% -11% 13% -8% 11% -14%
16 -54% -6% 0% 3% -11% 13% -17% 4% -9%
17 -8% 8% -8% 3% -11% 51% -12% 11% 11%
[0063] Table 13 presents oxygen amounts (ppm) in the
surface of the target.
TABLE 13
Comp. Comp. Comp. Comp.
Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 Example 3 Example 4
Material Ti Ta Ni Ti Ti Ti Ta Ni Ti
1 150 30 30 160 140 190 20 30 320
2 140 30 20 150 160 180 30 20 300
3 150 20 20 160 150 170 30 30 350
4 140 20 30 170 160 190 20 30 480
5 160 20 30 150 160 190 30 30 310
6 140 30 30 140 150 180 30 40 390
7 150 30 30 170 160 170 30 30 380
8 140 30 20 160 170 180 30 30 400
9 160 30 30 140 150 190 30 30 330
10 170 30 20 140 160 150 30 30 340
11 130 30 20 140 140 180 20 40 380
12 170 20 30 150 170 160 30 30 310
13 140 20 30 150 150 160 30 40 510
14 150 30 30 140 160 170 30 30 300
15 170 20 30 160 150 170 20 30 410
16 140 20 20 170 160 170 20 30 390
17 140 30 30 160 170 190 30 30 350
ave. 14941 25.88 26.47 153.53 156.47 175.88 27.06 31.18 367.65
[0064] Table 14 presents a ratio (%) of a value equal to the
oxygen amount at each of the positions from which an
overall average value of the oxygen amount is subtracted, to
the overall average value, in the surface of the target.
TABLE 14
Comp. Comp. Comp. Comp.
Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 Example 3 Example 4
Material Ti Ta Ni Ti Ti Ti Ta Ni Ti
1 0% 16% 13% 4% -11% 8% -26% -4% -13%
2 -6% 16% —24% -2% 2% 2% 11% -36% -18%
3 0% -23% —24% 4% -4% -3% 11% -4% -5%
4 -6% -23% 13% 11% 2% 8% -26% -4% 31%
5 7% -23% 13% -2% 2% 8% 11% -4% -16%
6 -6% 16% 13% -9% -4% 2% 11% 28% 6%
7 0% 16% 13% 11% 2% -3% 11% -4% 3%
8 -6% 16% —24% 4% 9% 2% 11% -4% 9%
9 7% 16% 13% -9% -4% 8% 11% -4% -10%
10 14% 16% —24% -9% 2% -15% 11% -4% -8%
11 -13% 16% —24% -9% -11% 2% -26% 28% 3%
12 14% -23% 13% -2% 9% -9% 11% -4% -16%
13 -6% -23% 13% -2% -4% -9% 11% 28% 39%
14 0% 16% 13% -9% 2% -3% 11% -4% -18%
15 14% -23% 13% 4% -4% -3% -26% -4% 12%
16 -6% -23% —24% 11% 2% -3% -26% -4% 6%

17 -6% 16% 13% 4% 9% 8% 11% -4% -5%
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[0065] Table 15 presents oxygen amounts (ppm) in the
plane at the % thickness of the whole thickness direction of
the target.

TABLE 15
Comp. Comp. Comp. Comp.
Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 Example 3 Example 4
Material Ti Ta Ni Ti Ti Ti Ta Ni Ti
1 120 20 20 180 140 170 30 30 350
2 160 30 30 140 170 170 30 20 330
3 120 30 20 120 160 170 30 20 320
4 130 20 30 110 170 180 20 30 470
5 100 20 30 140 150 180 30 30 300
6 130 30 20 180 140 180 30 30 400
7 100 30 20 170 160 160 30 20 370
8 130 30 30 160 180 180 20 20 410
9 180 30 30 160 170 190 30 20 290
10 180 30 30 160 160 180 20 30 320
11 120 20 30 130 170 180 30 30 400
12 170 30 30 160 150 190 30 40 330
13 160 20 30 190 160 150 20 30 500
14 170 30 20 170 180 190 30 20 320
15 150 30 30 160 130 170 30 20 400
16 170 20 30 160 150 180 30 30 400
17 160 20 20 150 170 190 30 30 370
ave. 144.12 25.88 2647 155.29 159.41 177.06 27.65 2647 369.41
[0066] Table 16 presents a ratio (%) of a value equal to the
oxygen amount at each of the positions from which an
overall average value of the oxygen amount is subtracted, to
the overall average value, in the plane at the V% thickness of
the whole thickness direction of the target.
TABLE 16
Comp. Comp. Comp. Comp.
Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 Example 3 Example 4
Material Ti Ta Ni Ti Ti Ti Ta Ni Ti
1 -17% -23% -24% 16% -12% -4% 9% 13% -5%
2 11% 16% 13% -10% 7% -4% 9% -24% -11%
3 -17% 16% -24% -23% 0% -4% 9% -24% -13%
4 -10% -23% 13% -29% 7% 2% -28% 13% 27%
5 -31% -23% 13% -10% -6% 2% 9% 13% -19%
6 -10% 16% -24% 16% -12% 2% 9% 13% 8%
7 -31% 16% -24% 9% 0% -10% 9% -24% 0%
8 -10% 16% 13% 3% 13% 2% -28% -24% 11%
9 25% 16% 13% 3% 7% 7% 9% -24% -21%
10 25% 16% 13% 3% 0% 2% -28% 13% -13%
11 -17% -23% 13% -16% 7% 2% 9% 13% 8%
12 18% 16% 13% 3% -6% 7% 9% 51% -11%
13 11% -23% 13% 22% 0% -15% -28% 13% 35%
14 18% 16% -24% 9% 13% 7% 9% -24% -13%
15 4% 16% 13% 3% -18% -4% 9% -24% 8%
16 18% -23% 13% 3% -6% 2% 9% 13% 8%
17 11% -23% -24% -3% 7% 7% 9% 13% 0%
[0067] Table 17 presents the order of the peak intensities
in the major planes (first crystal plane, second crystal plane,
and third crystal plane) in the X-ray diffraction patterns of
the surface of each of the targets.
TABLE 17
Example 1 Example 2 Example 3 Example 4 Example 5
Material Ti Ta Ni Ti Ti

1 (101) > (002) > (100) (110) > (211) > (200) (111) > (200) > (220)
2 (101) > (002) > (100) (110) > (211) > (200)  (111) > (200) > (220)
3 (101) > (002) > (100) (110) > (211) > (200)  (111) > (200) > (220)

(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)

(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
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TABLE 17-continued

(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)

(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)

(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)

(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)

(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)

Material

Comp. Example 1
Ti

Comp. Example 2
Ta

Comp. Example 3
Ni

Comp. Example 4
Ti

O 0~ O AW

(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)

(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)

(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)

(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)

[0068]

Table 18 presents the order of the peak intensities

in the major planes (first crystal plane, second crystal plane,
and third crystal plane) in the X-ray diffraction patterns of
the plane at the %2 position of the whole thickness of each of

the targets.
TABLE 18
Example 1 Example 2 Example 3 Example 4 Example 5
Material Ti Ta Ni Ti Ti
1 (101) > (002) > (100) (110) > (211) > (200)  (111) > (200) > (220) (101) > (002) > (100) (101) > (002) > (100)
2 (101) > (002) > (100) (110) > (211) > (200)  (111) > (200) > (220) (101) > (002) > (100) (101) > (002) > (100)
3 (101) > (002) > (100) (110) > (211) > (200)  (111) > (200) > (220) (101) > (002) > (100) (101) > (002) > (100)
4 (101) > (002) > (100) (110) > (211) > (200)  (111) > (200) > (220) (101) > (002) > (100) (101) > (002) > (100)
5 (101) > (002) > (100) (110) > (211) > (200)  (111) > (200) > (220) (101) > (002) > (100) (101) > (002) > (100)
6 (101) > (002) > (100) (110) > (211) > (200)  (111) > (200) > (220) (101) > (002) > (100) (101) > (002) > (100)
7 (101) > (002) > (100) (110) > (211) > (200)  (111) > (200) > (220) (101) > (002) > (100) (101) > (002) > (100)
8 (101) > (002) > (100) (110) > (211) > (200)  (111) > (200) > (220) (101) > (002) > (100) (101) > (002) > (100)
9 (101) > (002) > (100) (110) > (211) > (200)  (111) > (200) > (220) (101) > (002) > (100) (101) > (002) > (100)
10 (101) > (002) > (100) (110) > (211) > (200)  (111) > (200) > (220) (101) > (002) > (100) (101) > (002) > (100)
11 (101) > (002) > (100) (110) > (211) > (200)  (111) > (200) > (220) (101) > (002) > (100) (101) > (002) > (100)
12 (101) > (002) > (100) (110) > (211) > (200)  (111) > (200) > (220) (101) > (002) > (100) (101) > (002) > (100)
13 (101) > (002) > (100) (110) > (211) > (200)  (111) > (200) > (220) (101) > (002) > (100) (101) > (002) > (100)
14 (101) > (002) > (100) (110) > (211) > (200)  (111) > (200) > (220) (101) > (002) > (100) (101) > (002) > (100)
15 (101) > (002) > (100) (110) > (211) > (200)  (111) > (200) > (220) (101) > (002) > (100) (101) > (002) > (100)
16 (101) > (002) > (100) (110) > (211) > (200)  (111) > (200) > (220) (101) > (002) > (100) (101) > (002) > (100)
17 (101) > (002) > (100) (110) > (211) > (200)  (111) > (200) > (220) (101) > (002) > (100) (101) > (002) > (100)
Comp. Example 1 Comp. Example 2 Comp. Example 3 Comp. Example 4
Material Ti Ta Ni Ti

N B W N

(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)

(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)
(110) > (211) > (200)

(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)

(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
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TABLE 18-continued

7 (101) > (002) > (100)  (110) > (211) > (200)

8 (101) > (002) > (100)  (110) > (211) > (200)

9 (101) > (002) > (100)  (110) > (211) > (200)
10 (101) > (002) > (100)  (110) > (211) > (200)
11 (101) > (002) > (100)  (110) > (211) > (200)
12 (101) > (002) > (100)  (110) > (211) > (200)
13 (101) > (002) > (100)  (110) > (211) > (200)
14 (101) > (002) > (100)  (110) > (211) > (200)
15 (101) > (002) > (100)  (110) > (211) > (200)
16 (101) > (002) > (100)  (110) > (211) > (200)
17 (101) > (002) > (100)  (110) > (211) > (200)

(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)
(111) > (200) > (220)

(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)
(101) > (002) > (100)

Jan. 12, 2017

[0069] Comparison between the example 1 and the com-
parative example 1, between the example 2 and the com-
parative example 2, and between the example 3 and the
comparative example 3 shows that there is almost no dif-
ference in the impurity components (iron, aluminum, cop-
per, and oxygen) therebetween. It is secen from this that
purity equal to or higher than that of the used target can be
achieved in the target fabricated through the melting of the
used sputtering target.

[0070] Comparison between the example 1 and the com-
parative example 4 shows that the values of the impurity
components (iron, aluminum, copper, and oxygen) increase
in the comparative example 4. It is seen from this that purity
equal to or higher than that of the used sputtering target
cannot be achieved in the comparative example 4.

[0071] Comparison among the example 1, the example 4,
and the example 5 shows that there is no difference in the
impurity components (iron, aluminum, copper, and oxygen)
among them. It is seen from this that purity equal to or
higher than that of the original used sputtering target can be
achieved even when the target is manufactured through
repeated melting.

[0072] Comparison between the examples 1 to 5 and the
comparative examples 1 to 4 shows that, in the targets
having the same metal component, the first crystal plane, the
second crystal plane, and the third crystal plane present the
same X-ray diffraction pattern. It is seen from this that the
sputtering target manufactured by using the used sputtering
target also has random orientation.

What is claimed is:

1. A method of manufacturing a sputtering target, com-
prising:

surface-treating at least one of a used sputtering target

including a first face and a scrap material including a
second face to expose at least one of the first and
second faces and remove at least one of a part of the
used sputtering target and a part of the scrap material by
1 mm or more in an inward direction from at least one
of the first and second faces, the used sputtering target
and the scrap material each containing a metal element,
and the first and second faces each having uniform
metallic color;

melting at least one of the used sputtering target and the

scrap material after the surface treatment to form an
ingot; and

manufacturing a sputtering target by subjecting the ingot

to forging, rolling, heat treating, and machining.

2. The method according to claim 1, wherein at least one
of the used sputtering target and the scrap material is
surface-treated by at least one of a pickling removal and a
mechanical removal.

3. The method according to claim 2, wherein the pickling
removal is performed using a mixture containing two acids
or more out of hydrofluoric acid, nitric acid, hydrochloric
acid, and acetic acid.

4. The method according to claim 3, wherein the pickling
removal is performed using the mixture containing the
hydrofiuoric acid having a first mixture ratio and the nitric
acid having a second mixture ratio higher than the first
mixture ratio.

5. The method according to claim 1, wherein at least one
of the used sputtering target and the scrap material is melted
using at least one melting method out of electron-beam
melting, plasma-arc melting, and cold crucible induction
melting.

6. The method according to claim 5, wherein at least one
of the used sputtering target and the scrap material is melted
using at least one melting method out of the electron-beam
melting and the cold crucible induction melting under a
1.0x107* Pa degree of vacuum or less.

7. The method according to claim 1, further comprising:

fabricating the used sputtering target by removing a

backing plate from a used sputtering target having the
backing plate, prior to the surface treatment.

8. The method according to claim 1, further comprising:

working at least one of the used sputtering target and the

scrap material into a small piece having a length and a
width of 150 mm or less, prior to the surface treatment.

9. The method according to claim 1, wherein the metal
element is at least one of Ti, Zr, V, Nb, Ta, Cr, Mo, W, Co,
Ir, Ni, Pd, and Pt.

10. The method according to claim 1, wherein a reduction
of area of the ingot by the forging is 40% or more.

11. A sputtering target manufactured by the method
according to claim 1.

12. The target according to claim 11, containing at least
one element out of Ti, Zr, V, Nb, Ta, Cr, Mo, W, Co, Ir, Ni,
Pd, and Pt.

13. The target according to claim 12,

wherein oxygen amounts in a surface and a thickness

direction of the sputtering target are 200 ppm or less,
wherein iron amounts in the surface and the thickness
direction of the sputtering target are 10 ppm or less,
wherein aluminum amounts in the surface and the thick-
ness direction of the sputtering target are 10 ppm or
less, and

wherein copper amounts in the surface and the thickness

direction of the sputtering target are 5 ppm or less.

14. The target according to claim 12,

wherein oxygen amounts in a surface and a thickness

direction of the sputtering target are within a range of
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+30% or less with respect to an average value of an
oxygen amount in the entire sputtering target,

wherein iron amounts in the surface and the thickness
direction of the sputtering target are within a range of
+30% or less with respect to an average value of an iron
amount in the entire sputtering target,

wherein aluminum amounts in the surface and the thick-
ness direction of the sputtering target are within a range
of +40% or less with respect to an average value of an
aluminum amount in the entire sputtering target, and

wherein copper amounts in the surface and the thickness
direction of the sputtering target are within a range of
+40% or less with respect to an average value of a
copper amount in the entire sputtering target.

15. The target according to claim 12, wherein, in X-ray
diffraction patterns obtained from X-ray diffraction mea-
surement in a surface and a thickness direction of the
sputtering target, a combination of a first crystal plane
having the highest peak intensity, a second crystal plane
having the second highest peak intensity, and a third crystal
plane having the third highest peak intensity are identical to
a combination of the first crystal plane, the second crystal
plane, and the third crystal plane in data of Power Diffrac-
tion File.



