DESCRIPTION
Title of Invention: Cr-Si-C-based sintered body
Technical Field
[0001]

The present invention relates to a Cr-Si-C-based
sintered body for forming a film.
Background Art
[0002]

In recent years, silicides represented by chromium
silicides such as CrSi, have been used, because of their
properties, as films (thin films) in a large number of
applications such as semiconductors and solar cells. As the
method for forming films, mainly thin films, the sputtering
method is industrially often employed. However, in general,
compositions containing silicides such as CrSi> (for
example, sintered bodies) have low strength and hence
undergo a phenomenon such as cracking during processing into
sputtering targets or during discharging for forming films.
Thus, it is known that compositions containing silicides are
difficult to use as sputtering targets. Accordingly, in
Patent Literature 1, the thermal spraying method is
performed to produce a sputtering target constituted by Cr
and Si crystal phases (alloy target mainly constituted by a
Cr phase and a Si phase). However, sputtering targets

produced by the thermal spraying method do not have



sufficient strength in low-Cr-content composition regions.
Similarly, sputtering targets produced using silicide-phase
powder by the thermal spraying method also do not have
sufficient strength.

[0003]

In Patent Literature 2, the melting method is performed
to produce a composition having a fine eutectic structure.
However, such a composition obtained by the melting method
has a low ratio of the eutectic structure and the
composition region having a high ratio of the primary phase
(specifically, a crystal phase accounting for the highest
ratio in the composition) has insufficient strength.
Furthermore, in the case of increasing the size of such a
composition, because of the difference between the cooling
rates of phases, the crystal structure is difficult to
control and the composition as a whole has considerable
variations in the strength.

Furthermore, silicide phases are brittle and hence
Patent Literatures 3 and 4 do not refer to high-silicide-
content systems.

[0004]

In recent years, studies have been performed on, as a
Cr-Si-based sputtering target in which temperature-change
properties of the resistivity of the film (thin film) have

been improved (specifically, the temperature dependency of



the resistivity is reduced), a sputtering target using a
sintered body provided by adding, to a Cr-Si-based sintered
body, the third element such as carbon or boron. However,
it is difficult to form such a sintered body so as to have
high density. Thus, use of, as a sputtering target, such a
sintered body to which the third element is added causes
generation of a large amount of particles, so that film
products are obtained at low yield, namely, productivity.
Citation List
Patent Literature
[0005]

PTL 1: Japanese Unexamined Patent Application
Publication No. 2017-82314

PTL 2: Japanese Unexamined Patent Application
Publication (Translation of PCT Application) No. 2013-502368

PTL 3: Japanese Unexamined Patent Application
Publication No. 2002-173765

PTL 4: Japanese Unexamined Patent Application
Publication No. 2003-167324
Summary of Invention
Technical Problem
[0006]

An object of the present invention is to provide a
high-density Cr-Si-C-based sintered body comprising chromium

(Cr), silicon (Si) and carbon (C) and is furthermore to



provide at least one of the high-density Cr-Si-C-based
sintered body, a sputtering target comprising the sintered
body or a method for producing a film using the sputtering
target. In particular, an object of the present invention
is to provide at least one of a Cr-Si-C-based sintered body
in which generation of particles is suppressed, compared
with the existing Cr-Si-based sintered bodies, a method for
producing the Cr-Si-C-based sintered body, a sputtering
target comprising the Cr-Si-C-based sintered body or a
method for producing a film using the sputtering target.
Solution to Problem

[0007]

The inventors of the present invention performed
thorough studies on Cr-Si-C-based sintered bodies and their
production processes. As a result, they have found that use
of a quenched alloy powder (molten-metal powder) such as gas
atomization powder provides a high-density Cr-Si-C-based
sintered body and use of a Cr-Si-C-based sintered body
having a specific structure as a sputtering target achieves
suppression of generation of particles; thus, they have
accomplished the present invention.

[0008]

Specifically, the present invention is described in

CLAIMS and the gist and embodiments of the present invention

are as follows.



(1) A Cr-Si-C-based sintered body comprising chromium (Cr),
silicon (Si) and carbon (C), wherein the sintered body has a
relative density of 90% or more and a porosity of 13% or
less.

(2) The Cr-Si-C-based sintered body according to (1), having
a composition composed of 1 to 20 wt% of carbon, 20 to 70
wt% of silicon and the remainder being chromium.

(3) The Cr-Si-C-based sintered body according to (1) or (2),
comprising chromium silicide and at least one selected from
the group consisting of chromium carbide, silicon carbide
and carbon.

(4) The Cr-Si-C-based sintered body according to any one of
(1) to (3), wherein at least one selected from the group
consisting of CrSi, CrSi: and Cr3Si is a main phase.

(5) The Cr-Si-C-based sintered body according to any one of
(1) to (4), having an oxygen content of 1 wt% or less.

[0009]

(6) The Cr-Si-C-based sintered body according to any one of
(1) to (5), having a flexural strength of 100 MPa or more.
(7) A method for producing the Cr-Si-C-based sintered body
according to any one of (1) to (6), the method comprising a
step of mixing together a gas atomization powder of chromium
and silicon and a carbon source containing at least one of
chromium or silicon and carbon to obtain an alloy-raw-

material powder and a baking step of hot-pressing the alloy-



raw-material powder in a vacuum atmosphere, at a pressure of
50 MPa or less and a baking temperature of 1350°C or more
and 1800°C or less.

(8) The production method according to (7), wherein the
carbon source is a carbide containing at least one of
chromium or silicon.

(9) A sputtering target comprising the Cr-Si-C-based
sintered body according to any one of (1) to (6).

(10) A method for producing a film by sputtering using the
sputtering target according to (9).

Advantageous Effects of Invention

[0010]

The present invention can provide a high-density Cr-Si-
C-based sintered body comprising chromium, silicon and
carbon and can furthermore provide at least one of the high-
density Cr-Si-C-based sintered body, a sputtering target
comprising the sintered body or a method for producing a
film using the sputtering target. Preferably, when a Cr-Si-
C-based sintered body according to the present invention has
a relative density of 90% or more and is used as a
sputtering target, the amount of particles is small during
the use as the sputtering target and high productivity can
be achieved. 1In particular, the present invention can
provide at least one of a Cr-Si-C-based sintered body in

which generation of particles is suppressed, compared with



the existing Cr-Si-based sintered bodies, a method for
producing the Cr-Si-C-based sintered body, a sputtering
target comprising the Cr-Si-C-based sintered body or a
method for producing a film using the sputtering target.
Brief Description of Drawing

[0011]

[Fig. 1] laser-microscope observation image used for
measurement of porosity

Description of Embodiments

[0012]

Hereinafter, examples of embodiments according to the
present invention will be described in detail.

The present invention is a Cr-Si-C-based sintered body
comprising chromium (Cr), silicon (Si) and carbon (C),
wherein the sintered body has a relative density of 90% or
more and a porosity of 13% or less.

The Cr-Si-C-based sintered body according to the
present invention (hereafter, also referred to as "the
sintered body according to the present invention") is a
sintered body comprising chromium, silicon and carbon as
main components and is preferably a sintered body composed
of chromium, silicon and carbon.

The sintered body according to the present invention
preferably comprises chromium silicide and at least one

selected from the group consisting of chromium carbide,



silicon carbide and carbon.
[0013]

The chromium silicide that the sintered body according
to the present invention comprises may be at least one
selected from the group consisting of chromium
monosilicides, disilicides and trisilicides, specifically at
least one selected from the group consisting of CrSi, CrSi,,
Cr3Si and CrsSis or more specifically at least one selected
from the group consisting of CrSi, Crs3Si and CrsSisz. The
sintered body according to the present invention may
comprise two or more chromium silicides, preferably
comprises two or more selected from the group consisting of
CrSi, CrSi,, Cr3Si and CrsSiiz, more preferably comprises two
or more selected from the group consisting of CrSi, Crs3Si
and CrsSiz and still more preferably comprises CrSi or CrsSi
and CrsSis.

[0014]

The sintered body according to the present invention
preferably comprises at least one of chromium carbide
(Cr3Cz2), silicon carbide (SiC) and carbon (C), more
preferably at least one of silicon carbide or carbon, still
more preferably silicon carbide.

The sintered body according to the present invention
may be a sintered body composed of chromium silicide and at

least one selected from the group consisting of chromium



carbide, silicon carbide or carbon or may comprise, in
addition to these, at least one of silicon (Si) or chromium
(Cr) or alternatively silicon.

[0015]

The sintered body according to the present invention
preferably comprises chromium silicide as the main phase,
more preferably comprise at least one selected from the
group consisting of CrSi, CrSi; and Cri3Si as the main phase
and still more preferably comprises CrSi as the main phase.
In the present invention, the main phase is the crystal
phase accounting for the highest ratio of the crystal phases
of the sintered body; for example, the mass ratio of the
crystal phase serving as the main phase to the mass of the
sintered body may be more than 50 wt%, 60 wt$ or more or 70
wt% or more. Furthermore, in the sintered body according to
the present invention, the mass ratio (wt%) of chromium
silicide may be, for example, 70 wt% or more or 75 wt% or
more and 80 wt% or less or 95 wt% or less.

[0016]

In the present invention, the crystal phases such as
chromium silicide comprised in the sintered body can be
identified using its powder X-ray diffraction (hereafter,
also referred to as "XRD") pattern. The XRD pattern can be
measured using an ordinary XRD apparatus (for example, RINT

Ultima III, manufactured by Rigaku Corporation). Examples
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of the XRD measurement conditions in the present invention
include the following conditions.
[0017]
Accelerated current and voltage: 40 mA and 40 kV
Radiation source: CuKo radiation (A = 1.5405 A)
Measurement mode: continuous scanning
Scanning condition: 2°/min
Measurement range: 20 = 20° to 80°
Divergence height limiting slit: 10 mm
Divergence/incident slit: 1/2°
Receiving slit: 0.3 mm

The obtained XRD pattern can be compared with the
database of ICDD to thereby identify the crystal phases of
the sintered body.

[0018]

The sintered body according to the present invention
has a feature of having a relative density of 90% or more,
preferably 92% or more, more preferably 94% or more,
particularly preferably 96% or more. The relative density
may be 100% or less or 99% or less. In the case of a
sintered body having a relative density of less than 90%,
during formation of a film (specifically, during formation
of a film using the sintered body), portions of the sintered
body separate as coarse particles (in other words, particles

are generated). As a result, in the sintered body, coarse
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pores (for example, pores having the largest length of 50 um
or more; hereafter, also referred to as "coarse pores") are
formed. Simultaneously, the particles adhere as films
during formation of a film (in other words, a film including
the particles is formed). The film including the particles
is not uniform in terms of physical properties and
characteristics and hence cannot be used. Thus, sintered
bodies having a relative density of less than 90% cause
degradation of productivity of films.

[0019]

In the present invention, "relative density" (%) 1is the
ratio of measured density to true density and is a value
calculated by (measured density [g/cm?®]/true density [g/cm3])
x 100.

The measured density is the bulk density determined, in
accordance with JIS R 1634, from the dry mass relative to
the volume measured by the Archimedes' method. The
pretreatment prior to the Archimedes' method is preferably
performed by the boiling method and the sintered body can be
boiled in water.

[0020]

The true density is the density calculated by the
following formula.

d = 1/{(Ri/M1) + (Rz2/M2) + (R3/M3) + (Ra/Ma) +

(Rs/Ms) + (Re/Ms) + (R7/M7) + (Rg/Ms) + (Ro/Mo) }
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In this formula, d is the true density [g/cm3] of the
sintered body and Mi to Mg and Ri1 to Rg are respectively the
true densities [g/cm?®] of crystal phases of Si, C, Cr, SicC,
CrSi, CrSiz, Crs3Si, Crs3Cz and CrsSiz comprised in the sintered
body and the mass ratios [wt%] of the crystal phases in the
sintered body.

[0021]

The true densities of the crystal phases can be values
of the crystal phases described in ICDD (Version 2.1502).
Examples of the values of the true densities are as follows.

Si: 2.33 g/cm?® (= M)
C: 2.28 g/cm® (= M)
Cr: 7.20 g/cm® (= M3)
SiC: 3.12 g/cm3® (= M)

CrSi: 5.36 g/cm?® (= Ms)

CrSis: 4.98 g/cm3 (= Ms)
Crs3Cz: 6.66 g/cm3® (= My)
CrsSiz: 5.87 g/cm3 (= Ms)
Cr3Si: 6.46 g/cm® (= Mo)

[0022]

Note that the numbers of the crystal phases in ICDD are
as follows: Si corresponds to 00-026-1481, C corresponds to
00-026-1080, Cr corresponds to 01-077-759, SiC corresponds
to 00-002-105, CrSi corresponds to 03-065-3298, CrSi:

corresponds to 01-072-6184, CriC, corresponds to 01-071-2287,
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CrsSiz corresponds to 01-072-0347 and Cr3Si corresponds to
01-070-301.
[0023]

The mass ratios of the crystal phases are the mass
ratios [wt%] of the crystal phases determined from the
crystal phases of the sintered body identified using an XRD)
pattern measured under the above-described conditions and
the ratios of the elements (Cr, Si and C) constituting the
sintered body. For example, when the crystal phases
included in the XRD pattern of a sintered body are CrSi,
CrsSiz and SiC and the composition of the sintered body
determined by composition analysis has X mol% of Cr, Y mol%
of Si and Z mol% of C, the molar ratios [mol%] calculated by
the following formulas are multiplied by the true densities
of the crystal phases to provide the mass ratios [wt%].
[0024]

X = 1 X Mcrsi + 5 X Mcrssis
Y = 1 X Mersi + 3 X Merssiz + 1 X Msic
Z = 1 X Msic

In these formulas, Mcrsi 1s the molar ratio [mol%] of
CrSi, Mcrssiz is the molar ratio [mol%] of CrsSiz and Msic is
the molar ratio [mol%] of SiC.

[0025]
The true density of the sintered body according to the

present invention including three crystal phases (crystal
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phases A to C) can be calculated by the following formula.
[0026]
d= (a+ b+ c)/((a/Ma) + (b/Mb) + (c/Mc))
or
d=1/((Ra/Ma) + (Rb/Mb) + (Rc/Mc))
[0027]

In these formulas, d is the true density [g/cm?] of the
sintered body; a, b and c are respectively the masses [g] of
the crystal phases A, B and C included in the sintered body;
Ma, Mb and Mc are respectively the true densities [g/cm3] of
the crystal phases A, B and C included in the sintered body;
Ra, Rb and Rc are respectively the mass ratios [wt%] of the
crystal phases A, B and C included in the sintered body.

The crystal phases A, B and C are three species selected
from the group consisting of Si, C, Cr, SiC, CrSi, CrSi»,
Crs3C2 and CrsSisz, preferably (1) CrSi, CrsSiz and SiC, (2)
Cr3Si, CrsSiz and SiC or (3) CrSiz, Si and C, more preferably
CrSi, CrsSisz and SicC.

[0028]

The sintered body according to the present invention
has a feature of having a porosity of 13% or less. 1In the
case where the porosity is more than 13%, at the time of
formation of a film (specifically, at the time of using the
sintered body for forming a film), the productivity of the

film sharply degrades. In order to achieve stably high
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productivity, the porosity is preferably 8% or less, more
preferably 6% or less, particularly preferably 4% or less.
The sintered body according to the present invention may
include pores, but preferably does not include pores (in
other words, have a porosity of 0%); the sintered body
according to the present invention has, for example, a
porosity of 0% or more, more than 0%, 0.5% or more or 1% or
more.

[0029]

In the present invention, "porosity" is the ratio of
pores determined from an observation image of the surface of
a sintered body and is the ratio of pores measured by image
analysis of an observation image of the surface of a
sintered body having a surface roughness Ra < 0.02 pm. The
porosity can be determined from an observation image of the
surface of a sintered body before or after sputtering and is
preferably determined from an observation image of the
surface of a sintered body before or after sputtering. In
the observation image, the shape of the pores is not limited
and is, for example, a substantially spherical shape, a
substantially polyhedral shape, or an amorphous shape. The
observation image can be an observation image obtained by
laser-microscope observation using an ordinary laser
microscope (for example, VX-250, manufactured by Keyence

Corporation). The observation conditions in the laser-
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microscope observation may be as follows.
[0030]
Magnification in observation: 200x
Fields of view observed: 5 or more fields of view,
preferably 5 to 8 fields of view,
more preferably 5 fields of view
[0031]

Fig. 1 illustrates a single field of view in such an
observation image obtained by laser-microscope observation.
As illustrated in Fig. 1, in an observation image (100),
pores are observed as a black region (10) and the sintered
body is observed as a white region (11). The porosity (%)
in each field of view can be determined as, in each
observation image, the ratio (%) of the black regions to the
total area of the black regions and the white region. The
average of the porosities in the fields of view observed can
be determined as the porosity in the present invention. The
image analysis can be performed by, using a general-purpose
image analysis software (for example, Image-Pro,
manufactured by Media Cybernetics, Inc.), analyzing the
obtained observation image. The image-analysis conditions
may be conditions below. Note that the contrast ratio is a
value selected from 0 to 100.

[0032]

Fields of view measured: 5 or more fields of view,
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preferably 5 to 8 fields of view,
more preferably 5 fields of view
Contrast ratio: 100
[0033]

The sintered body according to the present invention
preferably has a silicon (Si) content in the range of 20 to
70 wt%, more preferably 25 to 65 wt%, more preferably 30 to
60 wt%, still more preferably 35 to 55 wt%. When the
silicon content is less than 20 wt$%, the sintered body as a
whole tends to have a small amount of semiconductor phases
(specifically, a SiC phase and a Si phase) and the
resistivity tends to considerably vary depending on
temperature. When the silicon content is more than 70 wt$
or more than 50 wt%, the amount of semiconductor phases
tends to be large and the resistivity of the resultant film
tends to considerably vary depending on temperature. The
sintered body according to the present invention preferably
has a silicon content of 20 wt% or more, 25 wt% or more or
30 wt% or more, or 70 wt% or less, 65 wt% or less, 50 wt% or
less, 45 wt% or less or 40 wt% or less.

[0034]

In the sintered body according to the present
invention, the silicon content is the mass ratio (wt%) of
silicon to the mass of the sintered body according to the

present invention determined by mass measurement. Silicon
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comprised in the sintered body according to the present
invention can be measured by an ordinary method used in the
present technical field and may be measured by, for example,
the ICP analysis.

[0035]

The sintered body according to the present invention
preferably has a carbon (C) content in the range of 1 to 20
wt%, more preferably 1 to 15 wt%, still more preferably 1 to
10 wt%, yet more preferably 5 to 10 wt%. When the carbon
content is less than 1 wt%, temperature-change properties of
the resistivity of the film are not improved (specifically,
the temperature dependency tends not to be reduced). On the
other hand, when the carbon content is more than 20 wt%, the
sintered body tends to have a large amount of a SiC phase
exhibiting a high resistivity close to insulation and the
SiC phase during DC discharging tends to cause generation of
particles. The sintered body according to the present
invention preferably has a carbon content of 1 wt% or more,
3 wt% or more or 4 wt% or more, or 20 wt% or less, 15 wt% or
less, 10 wt% or less or 9 wt% or less.

[0036]

In the sintered body according to the present
invention, the carbon content is the mass ratio (wt%) of
carbon to the mass of the sintered body. Carbon can be

measured by an ordinary method used in the present technical
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field and, for example, the infrared absorption method after
combustion can be performed using an ordinary carbon-sulfur
analyzer (for example, LECO-CS844 carbon-sulfur analyzer) to
measure the carbon.

[0037]

As long as, in the sintered body according to the
present invention, the remainder other than silicon and
carbon is chromium, the sintered body according to the
present invention has a chromium content of, for example,
more than 10 wt% and less than 79 wt%, 15 to 75 wt% or 35 to
70 wt%. The sintered body according to the present
invention preferably has a composition range of 1 to 20 wt%
of carbon, 20 to 70 wt% of silicon, and the remainder being
chromium.

[0038]

The sintered body according to the present invention
preferably comprises metallic elements (including metalloid
elements; hereafter, the same definition in this
DESCRIPTION) that are chromium and silicon. However, the
sintered body according to the present invention may
comprise, in addition to chromium (Cr), silicon (Si) and
carbon (C), metallic impurities such as iron (Fe) and
aluminum (Al). The metallic elements such as iron and
aluminum are comprised as unavoidable impurities. In other

words, the sintered body according to the present invention
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may comprise unavoidable impurities and may comprise, as
unavoidable impurities, metallic impurities (metallic
elements other than chromium and silicon) or, as unavoidable
impurities, iron and aluminum. The total content of such
metallic impurities (metallic elements other than chromium
and silicon) may be 1 wt% or less or is preferably 0.5 wt$
or less, more preferably 0.3 wt% or less. The sintered body
according to the present invention preferably does not
comprise metallic impurities and the total content of
metallic elements other than chromium and silicon can be 0
wt% or more, or more than 0 wt% or 0.1 wt% or more, for
example.

[0039]

In addition, the sintered body according to the present
invention may comprise oxygen as long as properties in the
case of using it as a sputtering target are not degraded.
The sintered body according to the present invention
preferably has a low oxygen (O) content that is preferably,
for example, 1 wt% or less. When the oxygen content is more
than 1 wt%, a large amount of particles derived from
insulating oxides tend to be generated during formation of a
film. More preferably, the sintered body according to the
present invention has an oxygen content of 0.5 wt$% or less,
particularly preferably 0.1 wt% or less. The sintered body

according to the present invention preferably does not
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comprise oxygen (in other words, the oxygen content is O
wt%), but it can be more than 0 wt% or 0.01 wt% or more, for
example.

[0040]

In the sintered body according to the present
invention, the oxygen content is the mass ratio (wt%) of
oxygen to the mass of the sintered body. The oxygen
comprised in the sintered body according to the present
invention can be measured by an ordinary method used in the
present technical field. For example, the oxygen content
can be measured by analysis based on the infrared absorption
method after fusion under inert gas. The infrared
absorption method after fusion under inert gas can be
performed using an ordinary oxygen-nitrogen analyzer (for
example, LECO-ON736 oxygen-nitrogen analyzer).

[0041]

The sintered body according to the present invention
may have an appropriate shape corresponding to the purpose,
for example, at least one selected from the group consisting
of a disc shape, a cylindrical shape, a plate shape, a
rectangular parallelepiped shape, a cubic shape, a
polyhedral shape and a substantially polyhedral shape.

[0042]
The sintered body according to the present invention

preferably has a flexural strength of 100 MPa or more,
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particularly preferably 150 MPa or more. In the case of the
flexural strength being in such a range, even when the
sintered body according to the present invention is produced
as a sintered body having a large size of more than 300 mm,
generation of defects during processing such as the risk of
cracking during processing can be reduced and furthermore
generation of defects such as cracking during use as a
sputtering target can also tend to be suppressed. The
sintered body according to the present invention can have a
flexural strength of 300 MPa or less, 250 MPa or 200 MPa or
less, for example.

In the present invention, the flexural strength can be
measured by the method in accordance with JIS R 1601.

[0043]

A preferred embodiment of the sintered body according
to the present invention may be a sintered body having
features of having a porosity of 13% or less and comprising
chromium silicide and at least one selected from the group
consisting of chromium carbide, silicon carbide and carbon,
wherein the porosity is preferably 11% or less, 10% or less
or 6% or less and 0% or more, more than 0% or 0.3% or more.
Furthermore, the chromium silicide preferably comprises at
least two or more selected from the group consisting of
CrSi, CrSi,, Crs3Si and CrsSisz, more preferably comprises at

least one selected from the group consisting of CrSi, CrSis
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and Cr3Si and is still more preferably CrSi, CrsSi and
CrsSiz. Alternatively, the sintered body more preferably
comprises CrSi, Cr3Si and silicon carbide. In addition, the
sintered body preferably has a relative density of 90% or
more, more preferably 93% or more and 100% or less. In
addition, the sintered body preferably has a flexural
strength of 150 MPa or more and 250 MPa or less, more
preferably 180 MPa or more and 220 MPa or less.

[0044]

The method for producing the sintered body according to
the present invention can be performed by steps comprising
(1) an alloy-raw-material-powder preparation step of mixing
together powders of chromium, silicon and carbon and (2) a
baking step of baking the resultant alloy-raw-material
powder using a press-baking furnace such as a hot-press
furnace at a pressure of 50 MPa or less at a baking
temperature of 1200°C to 1800°C.

[0045]

Hereinafter, a method for producing the sintered body
according to the present invention will be described step by
step.

[0046]
(1) Alloy-raw-material preparation step
The raw materials used in the alloy-raw-material

preparation step (hereafter, also referred to as "starting
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materials") are chromium, silicon and carbon.

The chromium is preferably high-purity chromium and may
be, for example, 3N (purity: 99.9% or more) or 4N (purity:
99.99% or more) chromium.

The silicon is preferably high-purity silicon and may
be, for example, 3N (purity: 99.9% or more), 4N (purity:
99.99% or more), or 5N (purity: 99.999% or more) silicon.

The carbon (carbon source), which is carbon (C) and a
compound thereof, is preferably carbide of at least one of
chromium or silicon and may be at least one selected from
the group consisting of chromium carbide (Cr3Cz), silicon
carbide (SiC) and carbon (C) or at least one of chromium
carbide or silicon carbide. The chromium carbide and the
silicon carbide can also be respectively regarded as the
chromium and silicon starting materials.

[0047]

The starting materials can be, for example, chromium
(Cr), silicon (Si), chromium carbide (CrsC2), silicon carbide
(SiC) and carbon (C).

The starting materials may include, in addition to
chromium and silicon or instead of chromium and silicon, an
alloy of chromium and silicon and preferably includes a
molten-metal powder of chromium and silicon.

[0048]

In the present invention, "molten-metal powder" is a
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powder in which molten metal has been cooled, or a powder in
which molten metal has been rapidly cooled and a powder
having a fine structure. The molten-metal powder is, for
example, a powder prepared by at least one selected from the
group consisting of melt spinning, arc melting, gas
atomization, water atomization, centrifugal atomization and
vacuum atomization, a powder prepared by at least one
selected from the group consisting of melt spinning, arc
melting and gas atomization or a powder prepared by gas
atomization. The molten-metal powder is a powder prepared
without necessarily requiring a grinding step or a powder
prepared without a grinding step and hence tends to have a
lower impurity content than powders prepared with a grinding
step.

[0049]

The starting materials preferably include a powder
prepared by gas atomization (hereafter, also referred to as
"gas atomization powder") and particularly preferably
include a gas atomization powder of chromium and silicon.
Particles prepared by the gas atomization process have
spherical shapes having about several tens of micrometers
and have fine crystal phases within the spheres. The gas
atomization powder is a powder composed of particles having
a small surface area and a fine size and hence can be

supplied as an alloy-raw-material powder that provides a
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post-bake sintered body having a low oxygen content and high
strength, in other words, a sintered body that is low in
oxygen content and is high in strength.

[0050]

The gas atomization powder can be, for example, a
powder having an average particle size of 5 um or more and
100 um or less, a powder having at least one of a spherical
shape or a substantially spherical shape, a powder
constituted by chromium silicide polycrystalline particles
or a powder constituted by particles including chromium
silicide polycrystals having different crystal phases.

[0051]

The gas atomization powder preferably includes at least
CrSi, as a crystal phase, more preferably includes at least
one selected from the group consisting of Si, Cr, CrSi, Crz3C:
and CrsSis and CrSiz as crystal phases and still more
preferably includes at least one of Si or CrSi and CrSi; as
crystal phases.

[0052]

The conditions of the gas atomization process are not
limited; for example, the treatment temperature at which
chromium and silicon are melted is preferably set at the
melting temperature + 50 to 300°C, still more preferably at
the melting temperature + 100 to 250°C. This provides molten

metal, in other words, metal in the form of liquid.
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[0053]

The "melting temperature" is the temperature at which a
precursor substance such as a raw-material powder or flakes
of chromium and silicon is melted and is a value unique to
the material. The melting temperature can be, for example,
1300°C to 1500°C. Thus, the treatment temperature can be,
for example, 1350°C or more and 1800°C or less, 1350°C or
more, 1370°C or more or 1390°C or more, or 1800°C or less,
1700°C or less, 1550°C or less or 1470°C or less. When the
difference between the melting temperature and the treatment
temperature is small (for example, when the difference 1is
less than 50°C), of the two crystal phases, the phase having
a higher melting point firstly precipitates, for example, so
that it is difficult to reduce the size of alloy particles
constituting the resultant powder. On the other hand, when
the difference between the melting temperature and the
treatment temperature is large, after atomization, particles
are sintered together and the particles firmly adhere to the
wall surface of the gas atomization apparatus, so that the
powder recovery ratio becomes low (the yield becomes low).
[0054]

In the gas atomization process, the precursor substance
that provides a gas atomization powder of chromium and
silicon supplied as the starting material can be supplied.

The precursor substance can be at least one of chromium and



_28_

silicon or compounds thereof, can be powders, flakes or
bulks of chromium and silicon and is preferably flakes of
chromium and silicon.

[0055]

The chromium precursor substance is preferably high-
purity chromium frames and may be, for example, 3N (purity:
99.9% or more) or 4N (purity: 99.99% or more) chromium
flakes.

The silicon precursor substance is preferably high-
purity silicon flakes and may be, for example, 3N (purity:
99.9% or more), 4N (purity: 99.99% or more) or 5N (purity:
99.999% or more) silicon flakes.

[0056]

In the gas atomization process, the obtained molten
metal i1is added dropwise to the gas flow so as to pass
through the gas flow, to thereby obtain a gas atomization
powder.

The gas flow can be an inert gas such as at least one
selected from the group consisting of argon (Ar), nitrogen
(N2) and helium (He), or argon.

The pressure of the gas flow (hereafter, also referred
to as "gas pressure") can be 1 MPa or more, 4 MPa or more or
6 MPa or more or can be 10 MPa or less or 9 MPa or less.
[0057]

The gas atomization process can be at least the
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crucible mode or the electrode mode and is preferably the
crucible mode. The crucible used in the crucible-mode gas
atomization process is preferably, for example, a crucible
formed of at least one selected from the group consisting of
carbon, alumina, magnesia, silicon nitride, zirconia and
boron nitride or a crucible in which the main body formed of
at least one selected from the group consisting of carbon,
alumina, magnesia and zirconia is coated with at least one
of boron nitride or silicon carbide.

[0058]

The powder resulted from gas atomization (gas
atomization powder) 1is preferably kept (stored) in a vacuum
atmosphere or in an inert atmosphere such as nitrogen or
argon and 1is preferably not exposed to an oxidizing
atmosphere until it is supplied to the subsequent baking
step. When the powder is exposed to an oxidizing
atmosphere, for example, left in the air, oxidation occurs
from the surface of the atomization powder, which results in
an increased oxygen content of the powder.

[0059]

Incidentally, it is known that, instead of the use of
molten-metal powder, a mixed powder obtained by mixing
together chromium and silicon by a powder mixing method is
used as the starting material for a sintered body. For

example, fine powder mixing (physical mixing of fine
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powders) can also achieve production of a high-strength
sintered body. However, the powder obtained by this method
is baked to provide a sintered body having a high oxygen
content. By contrast, mixing of coarse particles (physical
mixing of powders including coarse particles) can provide a
sintered body having a low oxygen content, but it has low
strength. Examples of other methods of producing the raw
material (molten-metal powder) include rapid cooling methods
such as melt spinning and arc melting.

[0060]

The starting materials preferably have a low oxygen
content. When the starting materials have a high oxygen
content, a sputtering target using the sintered body
according to the present invention has a high oxygen
content. Such a high oxygen content tends to cause
generation of particles. The oxygen content of each of the
starting materials is preferably 0.5 wt% or less or 0.1 wt%
or less or can be 0 wt% or more, more than 0 wt% or 0.01 wt$
or more, for example.

[0061]

Particularly preferably the starting materials supplied
to the alloy-raw-material preparation step may be a gas
atomization powder of chromium and silicon and carbides of
chromium and silicon, or a gas atomization powder of

chromium and silicon and chromium carbide.
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[0062]

The shapes of the starting materials are not limited
and may be powders.

The method of mixing together powders (starting
materials) is a method by which the starting materials are
uniformly mixed together and any mixing machine such as a V-
type mixing or a mixer can be used. The mixing method can
be at least dry mixing or wet mixing and is preferably dry
mixing, more preferably dry mixing using a V-type mixer.
This provides the alloy-raw-material powder.

[0063]

The mixing atmosphere is preferably an atmosphere in
which the starting materials are less likely to be oxidized
and may be at least a vacuum atmosphere or an inert
atmosphere, at least a nitrogen atmosphere or an argon
atmosphere or an argon atmosphere.

[0064]

For the rotation rate, stirring rate, or the like of
the mixing machine, the mixing rate may be 10 rpm or more
and 200 rpm or less, or 50 rpm or more and 100 rpm or less.
The mixing time may be 30 minutes or more and 5 hours or
less, or 45 minutes or more and 3 hours or less.

[0065]
The raw material (alloy-raw-material powder) obtained

by the alloy-raw-material preparation step preferably has a
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purity of 99% or more, more preferably 99.9% or more. When
the raw-material-alloy powder has a high impurity content
(in other words, has a low purity), such impurities tend to
cause abnormal grain growth in the baking step. The
abnormally grown grains tend to become the source of
generating particles during formation of a film.
[0066]

The alloy-raw-material preparation step is preferably a
step of mixing together starting materials including a
molten-metal powder of chromium and silicon (molten-alloy
powder of chromium-silicon) and a carbon source in at least
a vacuum atmosphere or an inert atmosphere to obtain an
alloy-raw-material powder. The molten-metal powder is
preferably a gas atomization powder of chromium and silicon.
The carbon source preferably includes a carbide including at
least one of chromium or silicon, more preferably at least
one of chromium carbide (Cri3Cz) or silicon carbide (SiC),
still more preferably chromium carbide.
[0067]

(2) Baking step

In the baking step, the obtained alloy-raw-material
powder is baked using a press-baking furnace such as a hot-
press furnace at a pressure of 50 MPa or less at a baking
temperature of 1200°C to 1800°C. The baking is performed

preferably with a press-baking furnace such as a hot-press
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furnace. Because silicon has a small diffusion coefficient,
it is difficult to provide, using a non-pressure furnace, a
sintered body having an increased density.

In the baking step, press-baking is performed to bake
the alloy-raw-material powder. In the step, the press-
baking may be at least hot pressing or hot isostatic
pressing and is preferably hot pressing.

[0068]

During baking, the hot-press pressure (hereafter, also
simply referred to as "pressure") is preferably set to 50
MPa or less. When the pressure is more than 50 MPa, it is
difficult to prepare a hot-press die (press die) usable
under application of pressure (general-purpose dies are not
suitably used). The general-purpose dies are dies formed of
carbon, for example.

In order to produce a large sintered body, the hot-
press pressure is preferably 5 to 45 MPa, more preferably 10
to 40 MPa, particularly preferably 15 to 40 MPa. In this
step, the hot-press pressure is preferably 5 MPa or more, 10
MPa or more or 15 MPa or more, and 50 MPa or less, 45 MPa or
less or 40 MPa or less.

[0069]

The baking temperature is set to 1350°C to 1800°C. When

the baking temperature is less than 1350°C, the resultant

sintered body does not have a sufficiently increased
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density. On the other hand, when the baking temperature is
more than 1800°C, the material (sintered body) being baked
may be melted. The baking temperature is particularly
preferably 1300°C or more, 1325°C or more or 1350°C or more,
and 1800°C or less, 1600°C or less or 1400°C or less.

[0070]

The heating rate and the cooling rate are not
particularly limited and can be appropriately determined in
consideration of the volume of the baking furnace and the
size, shape, or ease of cracking of the sintered body, for
example. The heating rate is, for example, 100°C/hour or
more or 150°C/hour or more, or 300°C/hour or less or 250 hour
or less.

[0071]

The holding time during baking can be set to, for
example, 1 to 5 hours or 1.5 hours or more and 3.5 hours or
less. When the holding time is set to 1 hour or more,
temperature variations in the baking furnace and the hot-
press die (press die) are suppressed and a sintered body
having a homogeneous structure tends to be obtained. When
the holding time is 5 hours or less, sintering at industrial
productivity can be achieved.

The baking atmosphere is preferably a vacuum
atmosphere, a vacuum reduced-pressure atmosphere, or an

inert atmosphere such as argon, more preferably an argon
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atmosphere or a vacuum atmosphere, still more preferably a
vacuum atmosphere. When the baking is performed in a vacuum
atmosphere, a sintered body having the same composition as
the raw-material-alloy powder tends to be obtained. Note
that, in the present invention, the vacuum atmosphere and
the vacuum reduced-pressure atmosphere are used
interchangeably.

[0072]

The baking step is particularly preferably a step of
press-baking the alloy-raw-material powder in a vacuum
atmosphere, at a pressure of 50 MPa or less and at a baking
temperature of 1350°C or more and 1800°C or less. The press-
baking is preferably a hot-press treatment, or the alloy-
raw-material powder preferably includes a molten-metal
powder of chromium and silicon and is more preferably a
powder composition including a molten-metal powder of
chromium and silicon and a carbide of at least one of
chromium or silicon.

[0073]

The method for producing the sintered body according to
the present invention is particularly preferably a
production method comprising a step of mixing together a gas
atomization powder of chromium and silicon and a carbon
source including at least one of chromium or silicon and

carbon to obtain an alloy-raw-material powder and a baking
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step of hot-pressing the alloy-raw-material powder in a
vacuum atmosphere, at a pressure of 50 MPa or less and at a
baking temperature of 1350°C or more and 1800°C or less. The
carbon source is preferably a carbide including at least one
of chromium or silicon, more preferably chromium carbide.
[0074]

The sintered body according to the present invention
can be ground into a plate shape using a machining apparatus
such as a surface grinder, a cylindrical grinder, a lathe, a
cutting machine, or a machining center. In this way, the
sintered body can be processed into an appropriate shape
corresponding to the purpose.

[0075]

The sintered body according to the present invention
can be used in publicly known applications of silicides such
as structural materials, electrode materials and
semiconductor materials and is particularly preferably used
as a sputtering target (hereafter, also simply referred to
as "target").

A sputtering target formed of the sintered body
according to the present invention can be provided.

[0076]

The method for producing the sputtering target is not

limited and the sintered body according to the present

invention may be directly used as a sputtering target.
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Alternatively, as needed, to a backing plate formed of
oxygen-free copper, titanium, or the like and a backing
tube, indium solder or the like can be used to bond together
(bond) the sintered body according to the present invention
and the backing plate, so that the sintered body according
to the present invention can be turned into a sputtering
target.

[0077]

Furthermore, the obtained sputtering target can be used
to perform sputtering to thereby produce a film (thin film).
In other words, the sintered body according to the present
invention can be turned into a sputtering target comprising
the sintered body according to the present invention, a
backing plate and a backing tube or can be used for a method
for producing a film by sputtering using the sputtering
target.

[0078]

The conditions of the sputtering are not limited, but
may be, for example, the following conditions.
[0079]

Film-formation power: 100 W or more and 800 W or less,

preferably 150 W or more and 300 W or less

Gas pressure: 0.2 Pa or more and 1.0 Pa or less,

preferably 0.3 Pa or more and 0.7 Pa or less

Gas atmosphere: inert atmosphere, preferably argon
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atmosphere

Film-formation time: 0.5 hours or more and 3 hours or

less,
preferably 0.5 hours or more and 1.5 hours or less
[0080]

In order to reduce the temperature dependency of the
resistivity, the post-sputtering film is preferably
subjected to heat treatment (annealing treatment). The
conditions of the annealing treatment may be the following
conditions.

[0081]

Annealing atmosphere: vacuum atmosphere

Annealing time: 1 hour

Annealing temperature: appropriate temperature in 200°C
to 600°C
[0082]

The film obtained using the sintered body according to
the present invention (hereafter, also referred to as "the
film according to the present invention") has an appropriate
thickness and the film thickness may be, for example, 5 nm
or more or 10 nm or more, or 1 um or less or 500 nm or less.
[0083]

The film according to the present invention is a Si-Cr-
C-based film, an amorphous film composed of chromium

silicide and at least one selected from the group consisting
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of chromium carbide, silicon carbide and carbon and is
preferably an amorphous film composed of chromium silicide
and silicon carbide or carbon.

[0084]

The film according to the present invention is a film
present on a substrate, in other words, a film formed on a
substrate, in particular, a sputtered film. Thus, the film
according to the present invention is different from free-
standing films and can also be regarded as a laminated body
in which the film according to the present invention and the
substrate are laminated together. The substrate is a
substrate composed of an appropriate material corresponding
to the purpose and may be a substrate composed of at least
one selected from the group consisting of metal, semimetal,
ceramic, glass and a polymer, a substrate composed of at
least one selected from the group consisting of metal,
semimetal and glass or a substrate composed of glass.

[0085]

In the film according to the present invention, the
change ratio of the resistivity in response to a change of
1°C in the temperature of the film, what is called, the
temperature coefficient of resistance (Temperature
Coefficient of Resistance; hereafter, also referred to as
"TCR") 1is preferably small; the maximum value of TCR in the

measurement temperatures of 40°C to 150°C (hereafter, also
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referred to as "maximum TCR") is preferably 100 ppm/°C or
less or 98 ppm/°C or less.
[0086]

The minimum value of TCR in the measurement
temperatures of 40°C to 150°C (hereafter, also referred to as
"minimum TCR") may be -25 ppm/°C or more or 0 ppm/°C or more.
[0087]

In the present invention, TCR is the resistivity wvalue
of a film measured using an ordinary resistivity measurement
apparatus (for example, model 8403 AC/DC Hall measurement
system, manufactured by TOYO Corporation) and can be
calculated by the following formula.

[0088]
TCR = (R - Rzg)/{R3p x (T - 30)} x 10¢

In this formula, TCR is the temperature coefficient of
resistance [ppm/°C], R is the resistivity [Q-cm] at the
measurement temperature, Rso is the resistivity [Q-cm] at
30°C and T is the measurement temperature [°C].

In the film according to the present invention, the
average of TCR in the measurement temperatures of 40°C to
150°C (hereafter, also referred to as "average TCR") is
preferably 100 ppm/°C or less, 50 ppm/°C or less or 15 ppm/°C
or less. The average TCR may be 0 ppm/°C or more, 1 ppm/°C
or more or 10 ppm/°C or more.

[0089]
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The average TCR is the average of absolute values of
TCR measured every 10°C in the measurement temperatures of
40°C to 150°C and can be calculated by the following formula.

Average TCR = (TCR4o + TCRso + - - + TCRiso) /12
[0090]

In this formula, TCRs4o 1s the absolute value [ppm/°C] of
TCR at the measurement temperature of 40°C, TCRsg is the
absolute value [ppm/°C] of TCR at the measurement
temperature of 50°C, and the like, which are the absolute
values [ppm/°C] of TCR measured every 10°C at the measurement
temperatures.

[0091]

In the film according to the present invention, the
gradient of the straight line of the first order
approximation formula (linear approximation) obtained from
13 plotted points of TCR measured every 10°C in the
temperature range of 30°C to 150°C (hereafter, also referred
to as "TCR gradient") 1is preferably +£0.7 ppm/°C2 and is
preferably 0.5 ppm/°C%2, *0.3 ppm/°C2, *£0.2 ppm/°C%2, 0.1
ppm/°C2 or 0 (zero) ppm/°C2. When the TCR gradient is in such
a range, in the applications of sensors used in environments
in which the temperature considerably changes such as car-
mounted sensors, the detection sensitivity is stabilized.
EXAMPLES

[0092]
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Hereinafter, the present invention will be described
further in detail with reference to Examples; however, the
present invention is not limited to these. Note that
measurements in EXAMPLES were performed in the following
manner.

[0093]
(1) Crystal phases of sintered body

For the crystal phases of a sintered body, an XRD
pattern was measured under the above-described conditions
and identification was performed.

[0094]
(2) Relative density of sintered body

The relative density of a sintered body was determined
as a ratio (%) of the measured density to the true density.
First, a bulk density was determined in accordance with JIS
R 1634, from the dry mass relative to the volume measured by
the Archimedes' method, and this was defined as the measured
density.

[0095]

The true density was calculated by the following
formula.

d = 1/{(Ri/M1) + (R2/M2) + (R3/M3) + (Rs/Ms) + (Rs/Ms)
+ (Re/Ms) + (R7/M7) + (Rs/Msg) + (Ro/Mo) }
[0096]

In this formula, d is the true density [g/cm3] of the
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sintered body, M: to Mg and Ri to Rg are respectively the
true densities [g/cm®] and mass ratios [wt%] of Si, C, Cr,
SiC, CrSi, CrSiz, Cr3Si, Cr3Cz; and CrsSis comprised in the
sintered body.

[0097]

The crystal phases included in the sintered body were
identified using an XRD pattern measured under the above-
described conditions; the composition of the sintered body
was determined by ICP analysis. From the measured elements
and the obtained crystal phases, the mass ratios of the
crystal phases were determined.

[0098]

In the case of a sintered body constituted by three
phases, the true density of the sintered body was calculated
by the following formula where a crystal phase A has a mass
a [g]l, a crystal phase B has a mass b [g], a crystal phase C
has a mass ¢ [g] and the phases respectively have true
densities Ma [g/cm®], Mb [g/cm?] and Mc [g/cm?].

d= (a+ b+ c)/((a/Ma) + (b/Mb) + (c/Mc))
[0099]
(3) Porosity of sintered body

Mirror polishing was performed, observation using a
laser microscope was performed and the resultant image of
the structure of the sintered body was subjected to image

analysis to perform measurement. The mirror polishing was
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performed using DP-Suspension, 1 um (manufactured by
Marumoto Struers K.K.) so as to achieve surface roughness Ra
< 2 pm. At least random 5 fields of view were observed and
subjected to image analysis to calculate the areas of pores;
porosities were measured 5 times (specifically, once per
field of view) and the average of measurement results of
porosities of the fields of view was determined as the
porosity.
[0100]

Measured fields of view (magnification of
observation): 200x

Porosity (%) of each field of view = (area of pores
calculated by image analysis/measured area) x 100
[0101]
(4) Number of coarse pores

From a random region of a sintered body, a sintered

body having a diameter of 10.16 cm was cut out and subjected
to In bonding to provide a sputtering target. A sputtering
test was performed under the following conditions and, in
the post-sputtering target, the number of pores having a
maximum length of 50 um or more was counted, using a laser
microscope, as coarse pores.
[0102]
(5) Oxygen content

The surface of a sintered body was ground by 1 mm or
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more and subsequently a sample (a quadrangular prism shape
having a height of 3 mm, a width of 20 mm and a thickness of
4 mm) cut out from a random portion of the sintered body was
measured in terms of oxygen content by the infrared
absorption method after fusion.
[0103]

Measurement method: infrared absorption method
after impulse-furnace fusion

Apparatus: LECO ON736 oxygen-nitrogen analyzer
[0104]
(6) Flexural strength

The flexural strength of a sintered body was measured

by the method in accordance with JIS R 1601.

Test method: 3-point bending test

Span between specimen supports: 30 mm

Specimen size: 3 x 4 x 40 mm

Head speed: 0.5 mm/min

[0105]

(Example 1)

As precursor substances, Cr flakes (4N): 33 wt% and Si
flakes (5N): 67 wt% were used. In a carbon crucible, the Cr

flakes and the Si flakes were melted at a treatment
temperature of 1650°C to obtain molten metal of chromium and
silicon. Subsequently, a gas atomization process was

performed by adding dropwise the molten metal so as to pass
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through an argon gas flow at a gas pressure of 7 MPa to
thereby prepare a powder (gas atomization powder), which was
defined as the starting material of chromium and silicon.
The gas atomization powder had crystal phases formed of
CrSi> and Si. Subsequently, the gas atomization powder and a
Cr3Cz powder (product name: Chromium Carbide, manufactured by
PPM Ltd.) were mixed together by dry mixing in an argon
atmosphere using a V-type mixer at 60 rpm for 1 hour so as
to satisfy 62 wt% of the gas atomization powder and 38 wt%
of the Cr3C; powder, to provide an alloy-raw-material powder
including 55 wt% of Cr, 39 wt$ of Si and 6 wt% of C.

[0106]

Subsequently, this alloy-raw-material powder was placed
into a die formed of carbon (press die: diameter of 15.2 cm)
and baked by a hot-press method to obtain the sintered body
of this Example. The baking conditions are as follows.
[0107]

Baking furnace: hot-press furnace

Heating rate: 200°C/hour

Heating atmosphere: vacuum reduced-pressure
atmosphere (vacuum atmosphere)

Baking atmosphere: vacuum reduced-pressure
atmosphere (vacuum atmosphere)

Baking temperature: 1350°C

Pressure: 40 MPa
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Baking time: 3 hours
[0108]

This provided a microcrack-free, disc-shaped sintered
body having sintered-body sizes of a diameter of 15.2 cm and
a thickness of 7 mm.

[0109]

The result of an XRD measurement demonstrated that the
sintered body of this Example was a Cr-Si-C-based sintered
body composed of CrSi, CrsSiz and SiC. From the XRD
measurement result, the relative density of the sintered
body of this Example was calculated using the true density
calculated with 52 wt% of a crystal phase A: CrSi (true
density: 5.36 [g/cm?]), 27 wt% of a crystal phase B: CrsSis
(true density: 5.87/cm?®]) and 21 wt$ of a crystal phase C:
SiC (true density: 3.21/cm3]).

[0110]

(Examples 2 to 7)

The same method as in Example 1 was performed except
that the baking conditions were changed to conditions
described in Table 1, to produce sintered bodies (Cr-Si-C-
based sintered bodies). The obtained sintered bodies were
all Cr-Si-C-based sintered bodies composed of CrSi, CrsSisz
and SiC.

[0111]

(Example 8)
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As precursor substances, Cr flakes (4N): 59 wt% and Si
flakes (5N): 41 wt% were used. These were melted within a

carbon crucible at a treatment temperature of 1650°C to
obtain molten metal. The molten metal was added dropwise so
as to pass through an argon gas flow at a gas pressure of 7
MPa to thereby produce a gas atomization powder by a gas
atomization process. The gas atomization powder had crystal
phases composed of CrSi, and CrSi. Subsequently, mixing was
performed by the same method as in Example 1 except that a
Cr3C, powder and the gas atomization powder were mixed
together so as to satisfy 62 wt% of the gas atomization
powder and 36 wt% of the Cr3:C, powder, to provide an alloy-
raw-material powder of this Example including 69 wt% of Cr,
26 wt% of Si and 5 wt% of C.

[0112]

Baking was performed by the same method as in Example 1
except that the alloy-raw-material powder was used, to
obtain a Cr-Si-C-based sintered body, which was defined as
the sintered body of this Example. From the XRD measurement
result, the relative density of the sintered body was
calculated using the true density calculated with 23 wt% of
a crystal phase A: CrsSis (true density: 5.87 [g/cm3]), 61
wt$ of a crystal phase B: Cr3Si (true density: 6.46 /cm3])
and 16 wt% of a crystal phase C: SiC (true density: 3.21

/cm3]) .
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[0113]
(Example 9)

As precursor substances, Cr flakes (4N): 42 wt% and Si
flakes (5N): 58 wt% were used. These were melted within a

carbon crucible at a treatment temperature of 1650°C to
obtain molten metal. The molten metal was added dropwise so
as to pass through an argon gas flow at a gas pressure of 7
MPa, to thereby produce a gas atomization powder by a gas
atomization process. The gas atomization powder had crystal
phases formed of CrSi; and Si. Subsequently, mixing was
performed by the same method as in Example 1 except that a C
powder and the gas atomization powder were mixed together so
as to satisfy 95 wt% of the gas atomization powder and 5 wt$
of the C powder, to provide an alloy-raw-material powder of
this Example including 40 wt% of Cr, 55 wt% of Si and 5 wt$%
of C.

[0114]

Baking was performed by the same method as in Example 1
except that the alloy-raw-material powder was used, to
obtain a microcrack-free, disc-shaped sintered body having
sintered-body sizes of a diameter of 15.2 cm and a thickness
of 7 mm, which was defined as the sintered body of this
Example.

[0115]

The result of an XRD measurement demonstrated that the
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sintered body of this Example was a Cr-Si-C-based sintered
body composed of CrSiz, Si and C. From the result of the XRD
measurement result, the relative density of the sintered
body of this Example was calculated using the true density
calculated with 83 wt% of CrSi,, 12 wt% of Si and 5 wt% of

C.

[0116]

(Example 10)

The same method as in Example 9 was performed except
that the C powder and the gas atomization powder were mixed
together so as to satisfy 15 wt% of the C powder, to provide
an alloy-raw-material powder of this Example including 36
wt% of Cr, 49 wt% of Si and 15 wt% of C.

[0117]

Baking was performed by the same method as in Example 1
except that the alloy-raw-material powder was used, to
provide a microcrack-free, disc-shaped sintered body having
sintered-body sizes of a diameter of 15.2 cm and a thickness
of 7 mm.

The result of an XRD measurement demonstrated that the
sintered body of this Example was a Cr-Si-C-based sintered
body composed of CrSiz, Si and C. From the result of the XRD
measurement result, the relative density of the sintered
body of this Example was calculated using the true density

calculated with 74 wt% of CrSiz, 11 wt% of Si and 15 wt% of
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C.
[0118]

(Comparative Example 1)

The same method as in Example 1 was performed except
that a Cr powder: 31 wt%, a CrSi, powder: 48 wt% and a SiC
powder: 21 wt% were subjected to powder mixing using a V-
type mixer to provide an alloy-raw-material powder, to
provide a sintered body constituted by crystal phases of
CrSi, CrsSiz and SicC.

[0119]

(Comparative Example 2)

The same method as in Example 9 was performed to
provide a gas atomization powder including 42 wt% of Cr and
58 wt% of Si and having crystal phases formed of CrSiz and
Si.

The same method as in Comparative Example 1 was
performed except that the gas atomization powder was used,
the baking temperature was set to 1250°C and the pressure
was set to 15 MPa, to produce a sintered body.

[0120]

From the result of an XRD measurement, the sintered
body of this Example was identified as a Cr-Si-based
sintered body composed of CrSiz and Si (sintered body of
chromium silicide). From the XRD measurement result and the

result of ICP composition analysis, the relative density of
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the sintered body of this Comparative Example was calculated
using the true density calculated with 87 wt% of CrSi; and
13 wt% of Si.
[0121]

The production conditions of Examples 1 to 10 and
Comparative Examples 1 and 2 are described in Table 1 and
the evaluation results of the resultant sintered bodies are

described in Table 2.

[0122]
[Table 1]
?;xjfnzstglr(i)gl ?)E):\j\llc?gr Crystal phases of Baking step
(Wt%) mixed powder Sintered-
(crystal phases .of body size Holding
o | oS c alloy-raw-material Temperature |Pressure fime
powder) (°C) | MPa) | o
Example1 | 55 | 39 6 CrSiz + Si + Cr3C2 | 15.2cmd 1350 40 3
Example2 | 55 | 39 6 | CrSiz+Si+CrCy | 15.2cmd 1350 15 3
Example3 | 55 | 39 6 CrSi + Si + Cr3C2 | 15.2cmd 1375 15 3
Example4 | 55 | 39 6 CrSiz + Si + CrsC2 | 15.2cmé 1400 15 3
Example5 | 55 | 39 6 CrSi + Si + Cr3C2 | 15.2cmd 1425 15 3
Example6 | 55 | 39 6 | CrSiz+Si+CrC2 | 15.2cmd 1450 15 3
Example7 | 55 | 39 6 | CrSiz+Si+CrsC2 | 15.2cm¢ 1500 15 3
Example 8 | 69 | 26 5 |CrSiz + CrSi + CrsC2| 15.2cm¢ 1500 15 3
Example9 | 40 | 55 5 CrSi; +Si+C | 15.2cmo 1350 15 3
Example 10 | 36 | 49 15 CrSi; +Si+C | 15.2cmo 1350 40 3
Cé’g"r’:‘;f‘;"{e 55| 30 | 6 | CreCrSi+SiC |152eme| 1350 | 40 | °
Cé’g"r’:‘;fg"ée 42| 58 | - CrSi+Si | 152cm¢ | 1250 15 3

[0123]
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[Table 2]
: . Flexural Oxygen
Crystal phases (relativzeg(jrlgity: %) Po(rozz;,lty strength cothent
(MPa) (Wt%)
Example 1 | CrSi+ CrsSis + SiC 98.7 0.7 203 0.08
Example 2 | CrSi+ CrsSis + SiC 90.2 12.6 162 -
Example 3 | CrSi+ CrsSis + SiC 92.1 10.9 166 -
Example 4 | CrSi+ CrsSis + SiC 92.6 9.7 175 -
Example 5 | CrSi+ CrsSis + SiC 94.8 5.7 202 -
Example 6 | CrSi+ CrsSis + SiC 95.9 5.2 207 -
Example 7 | CrSi+ CrsSiz + SiC 98.4 0.9 212 -
Example 8 | CrsSi+ CrsSis + SiC 95.7 9.3 186 0.10
Example 9 CrSip+Si+C 915 7.8
Example 10 CrSiz +Si+C 95.2 5.5
Comparative | - oo, oregi + SiC 875 16.1 104 063
Example 1
Comparative CrSiz + Si 99 8 19
Example 2
[0124]

<Inspection of coarse pores>

The sintered bodies of Examples 1 and 8 and Comparative
Example 1 were each lathed and, from such a sintered body, a
disc-shaped sintered body having a diameter of 10.16 mm and
a thickness of 5 mm was cut out. The obtained sintered body
was bonded to a backing plate to provide a sputtering target
and formation of a film (sputtering) was performed on a
glass substrate (product name: Alkali-free glass C,
manufactured by Mitsuru Optical Co., Ltd.) under the
following conditions.

Film-formation power: 800 W
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Gas pressure: 0.5 Pa
Gas atmosphere: Ar alone (argon atmosphere)
Film-formation time: 1 hour
[0125]
After the film formation, the target was subjected to
surface observation using a laser microscope. As a result,
it was confirmed that, in such targets of Examples, pores

having pore sizes of 50 um or more (coarse pores) were not

generated.
[0126]
[Table 3]
Coarse pores (pores)
Example 1 0
Example 8 0
Comparative Example 1 43
[0127]

<Film formation>

The same method as in <Inspection of coarse pores> was
carried out to perform sputtering to form a film except that
the sintered bodies of Examples 7, 9 and 10 and Comparative
Example 2 were used and the following conditions were
applied.

Film-formation power: 200 W
Gas pressure: 0.5 Pa
Gas atmosphere: argon atmosphere

Film-formation time: 1 hour
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[0128]

The film formation was performed plural times to obtain
plural films (sputtered films). The obtained films
(sputtered films) were individually subjected to an
annealing treatment in a vacuum atmosphere, for 1 hour and
at any one of temperatures in increments of 10°C in the
range of 200°C to 600°C. This provided, for each of the
Examples, plural sputtered films having a film thickness of
100 nm. The films after the annealing treatment were
evaluated under the following conditions.

[0129]
(Resistivity)

The resistivity of such a film was measured using a
model 8403 AC/DC Hall measurement system (manufactured by
TOYO Corporation) at 30°C. The measurement was performed for
a sample having 1 cm sides and cut out from the glass
substrate having the sputtered film.

[0130]
(TCR)

The resistivity of the film was measured every 10°C from
30°C to 150°C and TCR at each temperature was calculated by
the following formula.

TCR (ppm/°C) = (R - R30)/(R3zo x (T - 30)) x 10°
[0131]

Of TCR measured 1in 40°C to 150°C, the maximum value was
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defined as maximum TCR, the minimum value was defined as
minimum TCR and the average of the absolute values of TCR
was defined as average TCR.

[0132]

(TCR gradient)

The values of TCR determined in 40°C to 150°C in the TCR
measurement were plotted in temperature-TCR and, from the
plots, a first order linear approximation formula was
determined. The value of the gradient of the first order
linear approximation formula was determined as TCR gradient.
[0133]

The annealing temperature at which the value of the
average TCR becomes minimum and the evaluation results of

the film after being subjected to the annealing treatment at

the annealing temperature will be described in the following

Table.
[0134]
[Table 4]
Annealin Resistivit Average | Maximum | Minimum TCR
temperatureg(o ol Q_Cm)y TCR TCR TCR | gradient
(ppm/°C) | (ppm/°C) | (ppm/°C) | (pPm/°C?)
Example 7 420 290 4 9 -4 -0.12
Example 9 380 898 77 97 55 -0.38
Example 10 510 1009 9 6 -20 -0.21
Comparative 230 1170 64 104 17 -0.78
Example 2

[0135]
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Tables above have demonstrated that, compared with the
Examples, Comparative Example 2 has a high relative density
and a low porosity, but the resultant films have a high TCR
gradient and the resistivity changes considerably in
response to temperature change.

[0136]

The entire contents of Descriptions, Claims and
Abstracts of JP2020-129947 filed in the Japan Patent Office
on July 31, 2020 and JP2021-63955 filed in the Japan Patent
Office on April 5, 2021 are incorporated herein by reference
as disclosure of DESCRIPTION of the present disclosure.
Reference Signs List
[0137]

100 observation image

10 black region (pore)

11 white region (sintered body)
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CLAIMS
[Claim 1]

A Cr-Si-C-based sintered body comprising chromium (Cr),
silicon (Si) and carbon (C), wherein the sintered body has a
relative density of 90% or more and a porosity of 13% or
less.

[Claim 2]

The Cr-Si-C-based sintered body according to claim 1,
having a composition composed of 1 to 20 wt% of carbon, 20
to 70 wt% of silicon and the remainder being chromium.
[Claim 3]

The Cr-Si-C-based sintered body according to claim 1 or
2, comprising chromium silicide and at least one selected
from the group consisting of chromium carbide, silicon
carbide and carbon.

[Claim 4]

The Cr-Si-C-based sintered body according to any one of
claims 1 to 3, wherein at least one selected from the group
consisting of CrSi, CrSi, and Cr3Si is a main phase.

[Claim 5]

The Cr-Si-C-based sintered body according to any one of
claims 1 to 4, having an oxygen content of 1 wt% or less.
[Claim ©]

The Cr-Si-C-based sintered body according to any one of

claims 1 to 5, having a flexural strength of 100 MPa or
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more.
[Claim 7]

A method for producing the Cr-Si-C-based sintered body
according to any one of claims 1 to 6, the method comprising
a step of mixing together a gas atomization powder of
chromium and silicon and a carbon source containing at least
one of chromium or silicon and carbon to obtain an alloy-
raw-material powder and a baking step of hot-pressing the
alloy-raw-material powder in a vacuum atmosphere, at a
pressure of 50 MPa or less and a baking temperature of
1350°C or more and 1800°C or less.

[Claim 8]

The production method according to claim 7, wherein the
carbon source is a carbide containing at least one of
chromium or silicon.

[Claim 9]

A sputtering target comprising the Cr-Si-C-based
sintered body according to any one of claims 1 to 6.

[Claim 10]

A method for producing a film by sputtering using the

sputtering target according to claim 9.



