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DESCRIPTION

FePt-C-BASED SPUTTERING TARGET AND METHOD FOR MANURCTURING

SAME

TECHNICAL FIELD

[0001]

The present invention relates to a FePt-C-based
sputtering target and to a method for manufacturing the same.
BACKGROUND ART
[0002]

An FePt alloy can be provided with the fct (Ordere d Face
Centered Tetragonal) structure which has high cryst al magnetic
anisotropy by heat-treating at an elevated temperat ure (for

example, at 600 °C or higher), and therefore an FePt alloy has

been highlighted as a magnetic recording medium. T o make FePt
particles smaller and more uniform in the thin film of the

FePt alloy, it is proposed that a predetermined qua ntity of
carbon (C) be included into the thin film of the Fe Pt alloy

(for example, Patent Literature 1).

[0003]

However, the formation method of the FePtC thin fi Im,
described in the Patent Literature 1, is the method of vapor-
depositing Fe, Pt, and C simultaneously on an MgO ( 100)
substrate by using the Fe target of a 2-inch diamet er,C
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target of a 2-inch diameter, and the Pt target of 5
height and width. In this method, it is difficult

the film whose composition is controlled strictly.
Additionally, three targets are required and each t

a cathode, a power supply, etc, and so the cost of
becomes high while the preparatory work of sputteri
time and effort.

[0004]

In contrast, Patent Literature 2 discloses an FePt
based sputtering target that alone can be used to f
FePtC-based thin film without using a plurality of
also discloses a method for manufacturing the FePt-
sputtering target. Patent Literature 3 discloses a
based sputtering target that alone can be used to f
FePtC-based thin film containing a large amount of
without using a plurality of targets and also discl
method for manufacturing the sputtering target.

[0005]

Patent Literature 4 discloses a sputtering target

forming a magnetic recording medium film. This tar

SiO, instead of carbon (C) and is formed of a sintered

having a composition represented by a general formu
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phase, an FePt alloy phase formed of a solid soluti on of Fe
and Pt, and an interdiffusion phase that contains S I, O, Fe,
and Pt and is formed by interdiffusion of these ele ments Si, O,
Fe, and Pt at the boundary between the SiO » phase and the FePt
alloy phase.
[0006]

As described above, some sputtering targets have b een
proposed, each of which alone can be used to form a thin film
containing an FePt-based alloy that is receiving at tention as

a novel magnetic recording medium.

[0007]

However, it is generally required for a sputtering target
to cause a reduced amount of particles during sputt ering. This
is also required for a sputtering target that alone may be
used to form a thin film containing an FePt-based a lloy.
CITATION LIST

Patent Literature

[0008]

Patent Literature 1: Japanese Patent No. 3950838

Patent Literature 2: Japanese Patent Application La id-Open
Publication No. 2012-102387

Patent Literature 3: Japanese Patent Application La id-Open
Publication No. 2012-214874

Patent Literature 4: Japanese Patent Application La id-Open
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Publication No. 2011-208167

SUMMARY OF INVENTION
Technical Problem
[0009]

The present invention has been made in view of the

foregoing circumstances, and it is an object to pro vide an
FePt-C-based sputtering target that alone can be us ed to form
a thin film containing an FePt-based alloy and capa ble of
being used as a magnetic recording medium without u sing a
plurality of targets and that causes a reduced amou nt of
particles during sputtering. It is another object to provide a
method for manufacturing the FePt-C-based sputterin g target.
[0010]

As a result of intensive research to achieve the

aforementioned object, the present inventors found out that

the aforementioned object is achievable by the foll owing FePt-
C-based sputtering targets and achievable by the fo llowing
method for manufacturing the FePt-C-based sputterin g target,
and the present inventors created the present inven tion.

[0011]

Namely, a first aspect of an FePt-C-based sputterin g
target according to the present invention is an FeP t-C-based
sputtering target containing Fe, Pt, and C, wherein the FePt-
C-based sputtering target has a structure in which primary
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particles of C that contain unavoidable impurities
dispersed in an FePt-based alloy phase containing 3
more and 60 at% or less of Pt with the balance bein
unavoidable impurities, the primary particles of C
dispersed so as not to be in contact with each othe
[0012]

In the present description, the term “FePt-based a
means an alloy containing Fe and Pt as main compone
intended to encompass not only a binary alloy conta
Fe and Pt but also ternary and higher alloys contai

Pt as main components and an additional metal eleme

GTFO012PCTSG

are
3 at% or
g Fe and
being

r.

lloy"
nts and is
ining only
ning Fe and

nt(s) other

than Fe and Pt. The term “FePt-C-based sputtering target”
means a sputtering target containing Fe, Pt, and C as main
components and is intended to encompass a sputterin g target
further containing an element other than the main c omponents
Fe, Pt, and C. The term “FePtC-based thin film” me ans a thin
film containing Fe, Pt, and C as main components an d is
intended to encompass a thin film further containin g an
element other than the main components Fe, Pt, and C. The term
“FePtC-based layer” means a layer containing Fe, Pt , and C as
main components and is intended to encompass a laye r further
containing an element other than the main component s Fe, Pt,
and C.
[0013]

A second aspect of an FePt-C-based sputtering targ et
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according to the present invention is an FePt-C-bas

sputtering target containing Fe, Pt, and C and furt
containing at least one metal element other than Fe
wherein the FePt-C-based sputtering target has a st
unavoidab

which primary particles of C that contain

impurities are dispersed in an FePt-based alloy pha
containing 33 at% or more and less than 60 at% of P
than 0 at% and 20 at% or less of the at least one m
element other than Fe and Pt with the balance being
unavoidable impurities and with the total amount of
at least one metal element being 60 at% or less, th
particles of C being dispersed so as not to be in ¢
each other.
[0014]

In the second aspect of an FePt-C-based sputtering
according to the present invention, the one or more
metal elements other than Fe and Pt may be one or m
of Cu, Ag, Mn, Ni, Co, Pd, Cr, V, and B.
[0015]

The primary particles preferably have an average s

1 pm or more and 30 pm or less.

[0016]
From the viewpoint of reducing the number of parti
generated during sputtering, the crystal structure

preferably an amorphous structure or a diamond stru
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[0017]

Preferably, a volume fraction of the C relative to
total volume of the target is 5 vol% or more and 60
less. Preferably, a ratio of a surface area of the
covered with the FePt-based alloy phase to a total
area of the C is 80% or more.
[0018]

An oxide phase may be further dispersed in the FeP
alloy phase. In this case, it is preferable that t
fraction of the C relative to the total volume of t
be 5 vol% or more and less than 60 vol%, that the v
fraction of the oxide phase relative to the total v
the target be 3 vol% or more and less than 55 vol%,
the sum of the volume fractions of the C and the ox
relative to the total volume of the target be 8 vol
and 60 vol% or less.
[0019]

The oxide phase may contain at least one of SiO

Ti 205, Ta G, Cr 205, CoO, Co 3Oy, B 205, Fe 20;, CuO, Cu

GTFO012PCTSG

vol% or
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surface
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olume
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% or more

2, TIO 2,

20, Y 203, MgO,

Al 20;, ZrO o, Nb >G5, MoO 3, CeO 5, Sm 1203, Gd 203, WO, WO 3, HfO 2, and

NiO».
[0020]

The C has, for example, an approximately spherical
in which a value obtained by dividing its major axi

minor axis is 2 or less.

shape

s by its
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[0021]

Preferably, the FePt-C-based sputtering target has a
relative density of 90% or larger.
[0022]

A first aspect of a method for manufacturing an Fe Pt-C-
based sputtering target according to the present in vention is
a method for manufacturing an FePt-C-based sputteri ng target,
the method including: adding a C powder composed of primary
particles containing unavoidable impurities and not forming
secondary particles to an FePt-based alloy powder h aving an
average particle diameter of 20 pum or less and containing 33
at% or more and 60 at% or less of Pt with the balan ce being Fe
and unavoidable impurities; mixing the C powder and the FePt-
based alloy powder such that a primary particle dia meter of
the C powder is not essentially reduced to thereby produce a
powder mixture for pressure sintering; and then mol ding the
produced powder mixture for pressure sintering whil e the
powder mixture is heated under application of press ure.

[0023]

The phrase “mixing the C powder and the FePt-based alloy
powder such that a primary particle diameter of the C powder
is not essentially reduced” means that the C powder and the
FePt-based alloy powder are mixed such that the mix ing does
not cause a reduction in the primary particle diame ter of the
C powder, the reduction causing an increase in the number of
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particles generated. This concept is intended to e ncompass
mixing that causes the primary particle diameter of the C
powder to decrease to some extent but does not caus e the

number of particles generated to increase.

[0024]

A second aspect of a method for manufacturing an F ePt-C-
based sputtering target according to the present in vention is
a method for manufacturing an FePt-C-based sputteri ng target,
the method including: weighing a Pt powder containi ng
unavoidable impurities and having an average partic le diameter

of 20 pm or less and an Fe powder containing unavoidable

impurities and having an average particle diameter of 20 um or
less such that a ratio of an amount of the Pt to a total
amount of the Fe and the Pt is 33 at% or more and 6 0 at% or
less; mixing the weighed Pt powder, the weighed Fe powder, and

a C powder composed of primary particles containing

unavoidable impurities and not forming secondary pa rticles
such that a primary particle diameter of the C powd er is not
essentially reduced to thereby produce a powder mix ture for
pressure sintering; and then molding the produced p owder
mixture for pressure sintering while the powder mix ture is

heated under application of pressure.
[0025]
In the present description, the Pt powder may be d enoted

as a single Pt powder, and the Fe powder may be den oted as a

9
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single Fe powder.

[0026]

A third aspect of a method for manufacturing an Fe Pt-C-
based sputtering target according to the present in vention is
a method for manufacturing an FePt-C-based sputteri ng target,
the method including: adding a C powder composed of primary
particles containing unavoidable impurities and not forming
secondary particles to an FePt-based alloy powder h aving an
average particle diameter of 20 pm or less and containing 33
at% or more and less than 60 at% of Pt and more tha n 0 at% and
20 at% or less of at least one metal element other than Fe and
Pt with the balance being Fe and unavoidable impuri ties and
with a total amount of Pt and the at least one meta | element
being 60 at% or less; mixing the C powder and the F ePt-based
alloy powder such that the primary particle diamete r of the C
powder is not essentially reduced to thereby produc e a powder
mixture for pressure sintering; and then molding th e produced
powder mixture for pressure sintering while the pow der mixture

is heated under application of pressure.

[0027]

A fourth aspect of a method for manufacturing an F ePt-C-
based sputtering target according to the present in vention is
a method for manufacturing an FePt-C-based sputteri ng target,
the method including: weighing an FePt-based alloy powder
composed of Pt, Fe, and unavoidable impurities and having an

10
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average particle diameter of 20
containing at least one metal element other than Fe
with the balance being unavoidable impurities and h
average particle diameter of 20
an amount of the Pt to a total amount of the Pt, th
the at least one metal element is 33 at% or more an
60 at%, a ratio of an amount of the at least one me
to the total amount is more than 0 at% and 20 at% o
a ratio of a sum of the amounts of the Pt and the a
metal element to the total amount is 60 at% or less
the weighed FePt-based alloy powder, the weighed me
containing the at least one metal element, and a C
composed of primary particles containing
impurities and not forming secondary particles such
primary particle diameter of the C powder is not es
reduced to thereby produce a powder mixture for pre
sintering; and then molding the produced powder mix
pressure sintering while the powder mixture is heat
application of pressure.
[0028]

A fifth aspect of a method for manufacturing an Fe
based sputtering target according to the present in
a method for manufacturing an FePt-C-based sputteri
the method including: containi

weighing a Pt powder

unavoidable impurities and having an average partic
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of 20 um or less, an Fe powder containing unavoidable

impurities and having an average particle diameter

less, and a metal powder containing at least one me

other than Fe and Pt with the balance being unavoid

impurities and having an average particle diameter
less such that a ratio of an amount of the Pt to a
amount of the Pt, the Fe, and the at least one meta
Is 33 at% or more and less than 60 at%, a ratio of
of the at least one metal element to the total amou
than 0 at% and 20 at% or less, and a ratio of a sum
amounts of the Pt and the at least one metal elemen
total amount is 60 at% or less; mixing the weighed
the weighed Fe powder, the weighed metal powder con
at least one metal element, and a C powder composed
particles containing unavoidable impurities and not
secondary particles such that a primary particle di
the C powder is not essentially reduced to thereby
powder mixture for pressure sintering; and then mol
produced powder mixture for pressure sintering whil
powder mixture is heated under application of press
[0029]

In the first to fifth aspects of the method for
manufacturing an FePt-C-based sputtering target acc
the present invention, a volume fraction of the C p

relative to a total volume of the powder mixture fo
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sintering is preferably 5 vol% or more and 60 vol%
[0030]
A sixth aspect of a method for manufacturing an Fe
based sputtering target according to the present in
a method for manufacturing an FePt-C-based sputteri
the method contai

including: adding an oxide powder

unavoidable impurites to an FePt-based alloy powde
containing 33 at% or more and 60 at% or less of Pt
balance being Fe and unavoidable impurities; mixing
powder and the FePt-based alloy powder such that me
alloying occurs to thereby produce a first powder m
adding a C powder composed of primary particles con
unavoidable impurities and not forming secondary pa
the produced first powder mixture; mixing the C pow
first powder mixture such that a primary particle d
the C powder is not essentially reduced to thereby
powder mixture for pressure sintering; and then mol
produced powder mixture for pressure sintering whil
powder mixture is heated under application of press
[0031]

A seventh aspect of a method for manufacturing an
based sputtering target according to the present in
a method for manufacturing an FePt-C-based sputteri
the method including: containi

weighing a Pt powder

unavoidable impurities and an Fe powder containing

13
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impurities such that a ratio of an amount of the Pt
amount of the Fe and the Pt is 33 at% or more and 6
less; mixing the weighed Pt powder, the weighed Fe
an oxide powder containing unavoidable impurities s
mechanical alloying occurs to thereby produce a fir
mixture; adding a C powder composed of primary part
containing unavoidable impurities and not forming s
particles to the produced first powder mixture; mix
powder and the first powder mixture such that a pri
particle diameter of the C powder is not essentiall
to thereby produce a powder mixture for pressure si
and then molding the produced powder mixture for pr
sintering while the powder mixture is heated under
of pressure.
[0032]

An eighth aspect of a method for manufacturing an
based sputtering target according to the present in
a method for manufacturing an FePt-C-based sputteri
the method including: adding an oxide powder -contali
unavoidable impurites to an FePt-based alloy powde
containing 33 at% or more and less than 60 at% of P
than 0 at% and 20 at% or less of at least one metal
other than Fe and Pt with the balance being Fe and
impurities and with a total amount of Pt and the at

metal element being 60 at% or less; mixing the oxid

14

to a total
0 at% or
powder, and
uch that
st powder
icles
econdary
ing the C
mary
y reduced
ntering;
essure

application

FePt-C-
vention is
ng target,

ning
r
t and more
element
unavoidable
least one

e powder



10

15

20

25

and the FePt-based alloy powder such that mechanica
occurs to thereby produce a first powder mixture; a
powder composed of primary particles containing una
impurities and not forming secondary particles to t
first powder mixture; mixing the C powder and the f
mixture such that a primary particle diameter of th
is not essentially reduced to thereby produce a pow
for pressure sintering; and then molding the produc
mixture for pressure sintering while the powder mix
heated under application of pressure.
[0033]

A ninth aspect of a method for manufacturing an Fe
based sputtering target according to the present in
a method for manufacturing an FePt-C-based sputteri
the method including: weighing an FePt-based alloy
composed of Pt, Fe, and unavoidable impurities and
powder containing at least one metal element other
Pt with the balance being unavoidable impurities su
ratio of an amount of the Pt to a total amount of t
Fe, and the at least one metal element is 33 at% or
less than 60 at%, a ratio of an amount of the at le
metal element to the total amount is more than O at
at% or less, and a ratio of a sum of the amounts of
the at least one metal element to the total amount

or less; mixing the weighed FePt-based alloy powder
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weighed metal powder containing the at least one me tal element,
and an oxide powder containing unavoidable impuriti es such
that mechanical alloying occurs to thereby produce a first
powder mixture; adding a C powder composed of prima ry
particles containing unavoidable impurities and not forming
secondary particles to the produced first powder mi xture;
mixing the C powder and the first powder mixture su ch that a
primary particle diameter of the C powder is not es sentially
reduced to thereby produce a powder mixture for pre ssure
sintering; and then molding the produced powder mix ture for
pressure sintering while the powder mixture is heat ed under

application of pressure.

[0034]

A tenth aspect of a method for manufacturing an Fe Pt-C-
based sputtering target according to the present in vention is
a method for manufacturing an FePt-C-based sputteri ng target,
the method including: weighing a Pt powder containi ng
unavoidable impurities, an Fe powder containing una voidable
impurities, and a metal powder containing at least one metal

element other than Fe and Pt with the balance being

unavoidable impurities such that a ratio of an amou nt of the
Pt to a total amount of the Pt, the Fe, and the at least one
metal element is 33 at% or more and less than 60 at %, a ratio
of an amount of the at least one metal element to t he total
amount is more than 0 at% and 20 at% or less, and a ratio of a

16
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sum of the amounts of the Pt and the at least one m
element to the total amount is 60 at% or less; mixi
weighed Pt powder, the weighed Fe powder, the weigh
powder containing the at least one metal element, a
powder containing unavoidable impurities such that
alloying occurs to thereby produce a first powder m
adding a C powder composed of primary particles con
unavoidable impurities and not forming secondary pa

the produced first powder mixture; mixing the C pow

first powder mixture such that a primary particle d

the C powder is not essentially reduced to thereby
powder mixture for pressure sintering; and then mol
produced powder mixture for pressure sintering whil
powder mixture is heated under application of press

[0035]

In the sixth to tenth aspects of the method
manufacturing an FePt-C-based sputtering target acc
the present invention, a volume fraction of the C p
relative to a total volume of the powder mixture fo
sintering is 5 vol% or more and less than 60 vol%,
fraction of the oxide powder relative to the total
the powder mixture for pressure sintering is 3 vol%
and less than 55 vol%, and a sum of the volume frac
the C powder and the oxide powder relative to the t

of the powder mixture for pressure sintering is 8 v
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and 60 vol% or less.

[0036]

In the third, fourth, fifth, eighth, ninth, tenth aspect
of an FePt-C-based sputtering target according to t he present
invention, the one or more kinds of metal elements other than
Fe and Pt may be one or more kinds of Cu, Ag, Mn, N i, Co, Pd,

Cr, V, and B.
[0037]

In the sixth to tenth aspects of the method for
manufacturing an FePt-C-based sputtering target acc ording to
the present invention, the oxide powder may contain at least

one of SIO ,, TIO 5, Ti 205 Ta 05, Cr 03 Co0O, Co 3Oy, B 205, Fe ,0;,
CuO, Cu 20, Y »0;, MgO, Al 20;, ZrO 5, Nb >G5, MoO 3, CeO 5, Sm ,0;, Gd 20;,

WQ, WO3, HfO 2, and NiO 2.

[0038]

In the first to tenth aspects of the method for
manufacturing an FePt-C-based sputtering target acc ording to
the present invention, the primary particles in the C powder
preferably have an average diameter of 1 pm or more and 30 pum
or less. The crystal structure of the C powder is p referably

an amorphous structure or a diamond structure.

[0039]

In the FePt-C-based sputtering target according to the
present invention, the primary particles of C (carb on) are
dispersed in the FePt-based alloy phase such that t he

18
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particles are not in contact with each other, so th
primary particles of C (carbon) are easily covered
FePt-based alloy. This can prevent the C (carbon)
off the target as clusters during sputtering to the
particles. Therefore, preferable sputtering with a
number of particles generated can be achieved.
[0040]

In the manufacturing method according to the prese
invention, since a sintering process is used instea
casting process, the content of C relative to the t
of the target can be increased, so that an FePt-C-b
sputtering target in which the volume fraction of C
to the total volume of the target is 5 vol% or more
vol% or less can be produced. Therefore, by perfor
sputtering using the FePt-C-based sputtering target
by the manufacturing method according to the presen
a thin film containing an FePt-based alloy and capa
being used as a magnetic recording medium can be fo

only the above target alone, i.e., without using a

of targets.

BRIEF DESCRIPTION OF THE DRAWINGS
[0041]
FIG. 1 is a metallurgical microscope photograph of

structure of the sintered body in Example 1 (the ma
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of the photograph when it was taken: 1000X, the sca
photograph: 50 jm).

FIG. 2 is a graph showing the relation between cum
sputtering time and the number of particles generat
of sputtering targets in Examples 1 to 3, Comparati
1, and Reference Example 1.

FIG. 3 is a graph showing the relation between cum
sputtering time and the number of particles generat
of sputtering targets in Examples 1 to 3 and Refere
1.

FIG. 4 is a metallurgical microscope photograph of
structure of the sintered body in Example 2 (the ma
of the photograph when it was taken: 1000X, the sca
photograph: 50 jm).

FIG. 5 is a metallurgical microscope photograph of
structure of the sintered body in Example 3 (the ma
of the photograph when it was taken: 1000X, the sca
photograph: 50 pum).

FIG. 6 is a metallurgical microscope photograph of
structure of the sintered body in Comparative Examp
magnification of the photograph when it was taken:
scale in the photograph: 50 pum).

FIG. 7 is a metallurgical microscope photograph of
structure of the sintered body in Example 4 (the ma

of the photograph when it was taken: 1000X, the sca
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photograph: 50 pum).

FIG. 8 is a graph showing the relation between cum
sputtering time and the number of particles generat
of sputtering targets in Example 4, Comparative Exa
3, and Reference Example 2.

FIG. 9 is a graph showing the relation between cum
sputtering time and the number of particles generat
of sputtering targets in Example 4 and Reference Ex

FIG. 10 is a metallurgical microscope photograph o
structure of the sintered body in Comparative Examp
magnification of the photograph when it was taken:
scale in the photograph: 50 pum).

FIG. 11 is a metallurgical microscope photograph o
structure of the sintered body in Comparative Examp
magnification of the photograph when it was taken:
scale in the photograph: 50 pum).

FIG. 12 is a metallurgical microscope photograph o
structure of the sintered body in Reference Example
magnification of the photograph when it was taken:

scale in the photograph: 50 pm).

DESCRIPTION OF EMBODIMENTS
[0042]
Embodiments of the present invention will next be

described in detail.
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[0043]
1. First Embodiment
1-1. Components and Structure of Sputtering Target
An FePt-C-based sputtering target according to a f
embodiment of the present invention contains Fe, Pt
The FePt-C-based sputtering target is characterized
has a structure in which primary particles of C tha
unavoidable impurities are dispersed in an FePt-bas
phase containing 33 at% or more and 60 at% or less
the balance being Fe and unavoidable impurities, th
particles of C being dispersed so as not to be in ¢

each other. In the present description, the phrase

and [3 or less" may be described as " ato B."

[0044]
1-1-1. FePt-based alloy
The FePt-based alloy can have an fct structure wit

magnetocrystalline anisotropy when subjected to hea
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irst
, and C.
in that it
t contain
ed alloy
of Pt with
e primary
ontact with

a or more

h high

t treatment

at high temperature (e.g., 600 °C or higher). Therefore, the

FePt-based alloy has a role in serving as a recordi
a magnetic recording medium and is a main component
FePt-C-based sputtering target according to the emb
the present invention.
[0045]
The reason that the content of Pt in the FePt-base

phase is specified as 33 to 60 at% is that, if the
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Pt in the FePt-based alloy phase is not 33 to 60 at
(face centered tetragonal) structure may not appear
viewpoint of allowing the fct (face centered tetrag
structure to appear reliably in the FePt-based allo
the content of Pt in the FePt-based alloy phase is

45 to 55 at%, more preferably 49 to 51 at%, and par
preferably 50 at%.

[0046]

1-1-2. C (carbon)

C (carbon) can form the partitions for separating
FePt-based alloy grains, which are magnetic grains,
other in a FePtC-based layer obtained by sputtering
role in reducing and uniformizing the size of the F
alloy grains in the FePtC-based layer. C (carbon)
main components in the FePt-C-based sputtering targ
according to the first embodiment.

[0047]

The volume fraction of C (carbon) relative to the
volume of the target is preferably 5 to 60 vol%. W
volume fraction of C (carbon) relative to the total
the target is 5 to 60 vol%, the C (carbon) serves a
walls that separate the grains of the FePt-based al
are magnetic grains, from each other in the FePtC-b
obtained by sputtering, so that the certainty of ac

of the effect of reducing the grains of the FePt-ba
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in size uniformly can be increased. If the volume
C (carbon) is less than 5 vol%, this effect may not
achieved sufficiently. If the volume fraction of C
exceeds 60 vol%, the number of grains of the FePt-b
per unit volume in the FePtC-based layer obtained
sputtering becomes small, and this is disadvantageo
of storage capacity. From the viewpoint of increas
certainty of achievement of the effect of reducing
of the FePt-based alloy in size uniformly in the Fe
layer and from the viewpoint of the storage capacit
FePtC-based layer to be formed, the volume fraction
(carbon) relative to the total volume of the target
preferably 10 to 50 vol%, more preferably 20 to 40
particularly preferably 25 to 35 vol%.
[0048]
1-1-3. Structure of target

The FePt-C-based sputtering target according to th
embodiment of the present invention has a structure
the primary particles of C (carbon) that contain un
impurities are dispersed in the FePt-based alloy ph
containing 33 to 60 at% of Pt with the balance bein
unavoidable impurities. The primary particles of C
are dispersed so as not to be in contact with each
do not form secondary patrticles.
[0049]
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The reason that the FePt-C-based sputtering
according to the first embodiment has the structure
the primary particles of C (carbon) not forming sec
particles are dispersed in the FePt-based alloy pha
not to be in contact with each other is as follows.
primary particles of C (carbon) are reliably covere
FePt-based alloy, the C (carbon) is prevented from
the target as clusters during sputtering, so that
formation of particles is prevented. Therefore, sp
be performed favorably. If the C (carbon) in the t
secondary particles, primary particles of C present
secondary particles are unlikely to be covered with
based alloy phase, so that the primary particles of
inside the secondary particles may fall off the tar
sputtering to thereby form particles.
[0050]

If the average particle diameter of the primary pa
of C (carbon) is small, the area of surface portion
primary particles of C (carbon) that are not covere
FePt-based alloy becomes large in the target obtain
the average particle diameter of an FePt-based allo
(or an Fe powder and a Pt powder) in a powder mixtu
pressure sintering is as small as or smaller than t
diameter of the primary particles of C (carbon). |

the C (carbon) in the primary particles may fall of
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target as clusters during sputtering, and the numbe r of
particles generated during sputtering may become la rge.
Therefore, it is preferable that the average diamet er of the
primary particles of C (carbon) be equal to or larg er than a
prescribed size. However, primary particles of C ( carbon)
having an excessively large average diameter are no t preferred
because the sputtering rate during sputtering may d iffer

significantly at different positions.

[0051]

From the viewpoint of covering the surfaces of the
primary particles of C (carbon) with the FePt-based alloy and
from the viewpoint of the sputtering rate, the aver age
diameter of the primary particles of C (carbon) is preferably
1 to 30 pm, more preferably 3 to 115 pm, and particularly
preferably 5 to 10 pm.

[0052]

In the present description, the average particle d lameter
is a particle diameter at which a cumulative freque ncy curve
of a particle diameter distribution measured by a | aser
diffraction method reaches 50%, i.e., is a median d lameter.

[0053]

From the viewpoint of reducing the number of parti cles
generated during sputtering, the total surface area of surface
portions of the C (carbon) that are covered with th e FePt-
based alloy in the target is preferably 80% or more of the
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total surface area of the C (carbon) in the target,
preferably 90% or more, and particularly preferably
more.
[0054]

No particular limitation is imposed on the shape o
primary particles of C (carbon). For example, the
particles of C (carbon) may have an approximately s
shape in which a value obtained by dividing its maj
its minor axis is 2 or less. Primary particles hav
shape provide the following effect. The surface ar
can be reduced, and the ratio of the area of the su
portions of the C that are covered with the FePt-ba
(relative to the total surface area of the C) can b
increased. In addition, among primary particles of
with a large average diameter, primary particles ha
shape are easily available.

[0055]

Preferably, the crystal structure of the primary

particles of C (carbon) is an amorphous structure o
structure. This is because, in the amorphous struc
diamond structure, the bonding strength between the
atoms in the crystal is high, so that the risk of b

the primary particles of C (carbon) during sputteri

If breakdown of the primary particles of C (carbon)

during sputtering, particles may be generated.
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[0056]

As for the relative density of the target, the lar ger the
value of the relative density, the smaller the amou nt of voids
in the target. Therefore, the larger value of the relative
density is preferable in terms of performing sputte ring
favorably. Specifically, the relative density of t he target is
preferably 90% or larger and more preferably 95% or larger.
[0057]

1-1-4. Metal element other than Fe and Pt

The FePt-C-based sputtering target according to th e first
embodiment contains only Fe and Pt as metal element s. However,
the FePt-based alloy phase may contain a metal elem ent other
than Fe and Pt (modification of the first embodimen t).

[0058]

In this case, from the viewpoint of allowing the f ct
(face centered tetragonal) structure to appear reli ably in the
FePt-based alloy phase, the FePt-based alloy phase may contain
33 at% or more and less than 60 at% of Pt, more tha n 0 at% and
20 at% or less of the at least one metal element ot her than Fe
and Pt with the balance being Fe and unavoidable im purities
and with the total amount of Pt and the at least on e metal

element being 60 at% or less.
[0059]
In the modification of the first embodiment, from the

viewpoint of allowing the fct (face centered tetrag onal)
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structure to appear more reliably in the FePt-based
phase, the content of Pt in the FePt-based alloy ph
preferably 45 to 55 at% and more preferably 49 to 5
However, it is premised that the total content of F
less than 100 at%, the total content of the at leas
element other than Fe and Pt is more than 0 at% and
less, and the sum of the content of Pt and the tota
of the at least one metal element other than Fe and
at% or less.
[0060]

Examples of the metal element other than Fe and Pt
can be contained in the FePt-based alloy phase are
Ni, Co, Pd, Cr, V, and B. One or more of these met
may be contained.
[0061]

When Cu is contained, the temperature of the heat
treatment for converting the crystal structure of t

based alloy to the fct structure can be reduced (to

example, 600 °C), so that the cost of the heat treatment on an

FePtC-based layer obtained by sputtering can be red
addition, the addition of Cu may allow the crystal

of the obtained FePtC-based layer to be converted t
structure by heat generated during sputtering witho
additional heat treatment.

[0062]
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1-2. Manufacturing method

The FePt-C-based sputtering target according to th e first
embodiment can be manufactured by: adding a C powde r composed
of primary particles containing unavoidable impurit ies and not
forming secondary particles to an FePt-based alloy powder
having an average particle diameter of 20 pm or less and
containing 33 at% or more and 60 at% or less of Pt with the
balance being Fe and unavoidable impurities; mixing the C
powder and the FePt-based alloy powder such that th e primary
particle diameter of the C powder is not essentiall y reduced
(the number of particles generated when sputtering is
performed using the target obtained is not increase d) to
thereby produce a powder mixture for pressure sinte ring; and
then molding the produced powder mixture for pressu re
sintering while the powder mixture is heated under application
of pressure.

[0063]

If the average particle diameter of the FePt-based alloy
powder exceeds 20 pum, the primary particles of the C powder may
not be sufficiently surrounded by the FePt-based al loy powder,
so that the number of particles generated when sput tering is
performed using the sputtering target obtained may increase.
[0064]

No particular limitation is imposed on the atmosph ere
when the FePt-based alloy powder and the C powder a re mixed to
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produce the powder mixture for pressure sintering,
FePt-based alloy powder and the C powder may be mix
[0065]

Instead of the FePt-based alloy powder, a single F
powder with an average particle diameter of 20
single Pt powder with an average particle diameter
less may be used. In this case, the single Fe powd
single Pt powder are weighed such that the ratio of
of Pt to the total amount of Fe and Pt is 33 at% or
60 at% or less. Then the weighed single Fe powder,
single Pt powder, and the C powder composed of prim
particles containing unavoidable impurities and not
secondary particles are mixed such that the primary
diameter of the C powder is not essentially reduced
produce a powder mixture for pressure sintering. T
produced powder mixture for pressure sintering is m
the powder mixture is heated under application of p
[0066]

However, since the activity of the single Fe powde
high, it may ignite in air and therefore must be ha
sufficient care. By alloying Fe and Pt to form an
alloy powder, the activity of the Fe can be lowered
though it is in powder form. The use of the FePt-b
powder is more preferred from this point of view.

[0067]
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No particular limitation is imposed on the method
molding the powder mixture for pressure sintering p
described above while the powder mixture is heated
application of pressure. For example, a hot pressi
hot isostatic pressing method (HIP method), a spark
sintering method (SPS method), etc. may be used. P
when implementing the present invention, such a mol
is performed in a vacuum or an inert gas atmosphere
case, even when the powder mixture contains a certa
of oxygen, the amount of oxygen in the obtained sin
product decreases.

[0068]

When the FePt-based alloy phase contains a metal e
other than Fe and Pt as in the modification of the
embodiment, an FePt-based alloy powder
particle diameter of 20
more and less than 60 at% of Pt, more than 0 at% an
less of at least one metal element other than Fe an
the balance being Fe and unavoidable impurities and
total amount of Pt and the at least one metal eleme
at% or less may be used instead of the FePt-based a
used in the first embodiment, having an average par
diameter of 20

at% or less of Pt with the balance being Fe and una

impurities. The subsequent steps are the same as t
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the FePt-based alloy phase does not contain a metal element

other than Fe and Pt (as in the first embodiment).

[0069]

Alternatively, an FePt-based alloy powder composed of Pt,
Fe, and unavoidable impurities and having an averag e patrticle
diameter of 20 um or less and a metal powder containing at
least one metal element other than Fe and Pt and un avoidable
impurities and having an average particle diameter of 20 um or

less may be used.

[0070]

In this case, the FePt-based alloy powder composed of Pt,
Fe, and unavoidable impurities and having an averag e patrticle
diameter of 20 pm or less and the metal powder containing at
least one metal element other than Fe and Pt with t he balance
being unavoidable impurities and having an average particle
diameter of 20 pum or less are weighed such that the ratio of
the amount of the Pt with respect to the total amou nt of the
Pt, the Fe, and the at least one metal element is 3 3 at% or
more and less than 60 at%, the ratio of the amount of the at
least one metal element with respect to the total a mount is
more than 0 at% and 20 at% or less, and the ratio o f the sum
of the amounts of the Pt and the at least one metal element
with respect to the total amount is 60 at% or less. Then the
weighed FePt-based alloy powder, the weighed metal powder
composed of the at least one metal element, and a C powder
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composed of primary particles containing unavoidabl e
impurities and not forming secondary particles are mixed such
that the primary particle diameter of the C powder IS not
essentially reduced to thereby produce a powder mix ture for
pressure sintering. Then the produced powder mixtu re for
pressure sintering is molded while the powder mixtu re is

heated under application of pressure.

[0071]

Alternatively, a single Pt powder containing unavo idable
impurities and having an average particle diameter of 20 um or
less, a single Fe powder containing unavoidable imp urities and
having an average particle diameter of 20 pm or less, and a
metal powder containing at least one metal element other than
Fe and Pt with the balance being unavoidable impuri ties and
having an average particle diameter of 20 pm or less may be
used.

[0072]

In this case, the single Pt powder having an avera ge
particle diameter of 20 pm or less, the single Fe powder having
an average particle diameter of 20 um or less, and the metal
powder containing the at least one metal element ot her than Fe
and Pt and having an average particle diameter of 2 O um orless
are weighed such that the ratio of the amount of th e Pt with
respect to the total amounts of the Pt, the Fe, and the at
least one metal element is 33 at% or more and less than 60 at%,
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the ratio of the amount of the at least one metal e
respect to the total amount is more than 0 at% and
less, and the ratio of the sum of the amounts of th
the at least one metal element with respect to the
amount is 60 at% or less. Then the weighed single
the weighed single Fe powder, the weighed metal
containing the at least one metal element, and a C
composed of primary particles containing
impurities and not forming secondary particles are
that the primary particle diameter of the C powder
essentially reduced to thereby produce a powder mix
pressure sintering. Then the produced powder mixtu
pressure sintering is molded while the powder mixtu
heated under application of pressure.
[0073]
1-3. Effects

In the FePt-C-based sputtering target according to
first embodiment, the primary particles of C (carbo
forming secondary particles are dispersed in the Fe
alloy phase such that the primary particles of C (c
easily covered with the FePt-based alloy. This can
C (carbon) from falling off the target as clusters
sputtering to thereby form particles. Therefore, p

sputtering with a reduced number of particles gener

achieved.
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[0074]

In the manufacturing method according to the first

embodiment, since a sintering process is used inste
casting process, the content of C relative to the t
of the target can be increased, so that an FePt-C-b
sputtering target in which the volume fraction of C
to the total volume of the target is 5 vol% or more
vol% or less can be produced. Therefore, by perfor
sputtering using the FePt-C-based sputtering target
by the manufacturing method according to the first
a thin film containing an FePt-based alloy and capa
being used as a magnetic recording medium can be fo
only the above target alone, i.e., without using a
of targets.
[0075]
2. Second embodiment
2-1. Components and structure of sputtering target

The FePt-C-based sputtering target according to th
embodiment contains Fe and Pt as alloy components a
contains C (carbon) in addition to the alloy compon
and Pt). However, an FePt-C-based sputtering targe
to a second embodiment of the present invention con
and Pt as alloy components and further contains C (
an oxide in addition to the alloy components (Fe an

is the difference from the FePt-C-based sputtering
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according to the first embodiment. Specifically, t
based sputtering target according to the second emb
the present invention has a structure in which prim
particles of C that contain unavoidable impurities
oxide containing unavoidable impurities are dispers
FePt-based alloy phase containing 33 at% or more an
less of Pt with the balance being Fe and unavoidabl
impurities, the primary particles of C being disper
not to be in contact with each other.
[0076]

An FePt-C-based sputtering target according to a s
embodiment will be described below, but the descrip
same content as in the FePt-C-based sputtering targ
according to the first embodiment will be appropria
omitted.
[0077]
2-1-1. FePt-based Alloy

The description of the FePt-based alloy in the sec
embodiment to be mentioned here is overlapped with
described in "1-1-1. FePt-based Alloy" in the first
and accordingly the description thereof will be omi
[0078]
2-1-2. C and Metal Oxide

C and the metal oxide can form the partitions for

separating the FePt-based alloy grains, which are m
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grains, from each other in a layer containing the F
alloy, C, and the metal oxide (hereinafter, may be

as an FePt-C-metal oxide layer) obtained by sputter
have a role in reducing and uniformizing the size o
based alloy grains in the FePt-C-metal oxide layer.
metal oxide are main components in the FePt-C-based
target according to the second embodiment.

[0079]

As described later, first, a powder of the FePt-ba
alloy (or an Fe powder and a Pt powder) and a powde
metal oxide can be mixed sufficiently since the met
contained. Therefore, a first powder mixture includ
FePt-based alloy powder (or the Fe powder and the P
reduced in average particle diameter can be produce
average particle diameter of the FePt-based alloy p
the Fe powder and the Pt powder) in the first powde
can be sufficiently reduced by mixing the powders s
Then the thus-produced first powder mixture and a C
composed of primary particles of C are mixed such t
primary particle diameter of the C powder is not es
reduced to mixture for

thereby form a powder pressu

sintering. In this case, the primary particles of
essentially reduced in diameter are easily surround
FePt-based alloy powder (or the Fe powder and the P
mixture

densely. By subjecting the obtained powder
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pressure sintering to pressure sintering, a target in which
the primary particles of C are sufficiently covered with the
FePt-based alloy phase can be produced.

[0080]

In the second embodiment, the volume fraction of C

relative to the total volume of the target is 5 vol % or more
and less than 60 vol%, the volume fraction of the m etal oxide
relative to the total volume of the target is 3 vol % or more
and less than 55 vol%, and the sum of the volume fr action of C
and the volume fraction of the metal oxide relative to the
total volume of the target is 8 vol% or more and 60 vol% or
less.

[0081]

The reason that the volume fraction of C relative to the
total volume of the target is set to be 5 vol% or m ore and
less than 60 vol% is as follows. The C serves as p artition
walls that separate the grains of the FePt-based al loy, which
are magnetic grains, from each other in the FePt-C- metal oxide
layer obtained by sputtering, so that the effect of reducing
and uniformizing the size of the grains of the FePt -based
alloy is achieved. The reason that the volume frac tion of the
metal oxide relative to the total volume of the tar get is set
to be 3 vol% or more and less than 55 vol% is that the FePt-
based alloy powder and the metal oxide powder are f irst mixed
sufficiently so that a first powder mixture includi ng the
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FePt-based alloy powder reduced in average particle
can be produced.
[0082]

If the volume fraction of C relative to the total
of the target is less than 5 vol% or if the volume
the metal oxide relative to the total volume of the
less than 3 vol%, the above-described effect may no
achieved sufficiently. If the total amount of C an
oxide exceeds 60 vol%, the number of grains of the
alloy per unit volume of the FePt-C-metal oxide lay
by sputtering becomes small, and this is disadvanta
terms of storage capacity.

[0083]

From the viewpoint of achieving the effect of redu
and uniformizing the size of the grains of the FePt
alloy in the FePt-C-metal oxide layer, from the vie
producing a first powder mixture including the FePt
alloy powder reduced in average particle diameter,
the viewpoint of the storage capacity of the FePt-m
layer to be formed, it is preferable that the amoun
relative to the total volume of the target be 10 vo
and 50 vol% or less, the amount of the metal oxide
the total volume of the target be 5 vol% or more an
or less, and the total amount of C and the metal ox

relative to the total volume of the target be 15 vo
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and 55 vol% or less.
[0084]

In the second embodiment, the metal oxide may conta in,
for example, at least one of SiO 2, TIO o, Ti 203, Ta 2G, Cr 20;,
Co0O, Co 3Oy, B 2G5, Fe 205, CuO, Cu 20,Y 205, MgO, Al 05, ZrO ,, Nb 2%,
MoQ, CeO ;, Sm 7,03, Gd 2,05, WO, WO 3, HIO ,, and NiO  ».
[0085]

It was experimentally checked in Reference Example 2
described later that the metal oxide (SiO 2) was much less
likely to form particles than C.

[0086]

2-1-3. Structure of target

The FePt-C-based sputtering target according to th e
second embodiment of the present invention has a st ructure in
which the primary particles of C (carbon) that cont ain
unavoidable impurities and the metal oxide containi ng
unavoidable impurities are dispersed in the FePt-ba sed alloy
phase containing 33 to 60 at% of Pt with the balanc e being Fe
and unavoidable impurities. In this structure, the primary
particles of C (carbon) are not in contact with eac h other and

do not form secondary patrticles.

[0087]

The reason that the FePt-C-based sputtering target
according to the second embodiment has the structur e in which
the primary particles of C (carbon) not forming sec ondary
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particles are dispersed in the FePt-based alloy pha
not to be in contact with each other is as follows.
primary particles of C (carbon) are reliably covere
FePt-based alloy, the C (carbon) is prevented from
the target as clusters during sputtering, so that t
formation of particles is prevented. Therefore, sp
be performed favorably. If the C (carbon) in the t
secondary particles, primary particles of C present
secondary particles are unlikely to be covered with
based alloy phase, so that the primary particles of
inside the secondary particles may fall off the tar
sputtering to thereby form particles.
[0088]

If the average particle diameter of the primary pa
of C (carbon) is small, the area of surface portion
primary particles of C (carbon) that are not covere
FePt-based alloy becomes large in the target obtain
the average particle diameter of an FePt-based allo
a powder mixture for pressure sintering is as small
smaller than the average diameter of the primary pa
C (carbon).

In this case, the C (carbon) in the pr

particles may fall off the target as clusters durin

sputtering, and the number of particles generated d
sputtering may become large. Therefore, it is pref

the average diameter of the primary particles of C
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equal to or larger than a prescribed size. However , primary
particles of C (carbon) having an excessively large average
diameter are not preferred because the sputtering r ate during
sputtering may differ significantly at different po sitions.

[0089]

From the viewpoint of covering the surfaces of the

primary particles of C (carbon) with the FePt-based alloy and
from the viewpoint of the sputtering rate, the aver age
diameter of the primary particles of C (carbon) is preferably

1 to 30 um, more preferably 3 to 115 pum, and particularly
preferably 5 to 10 pm.

[0090]

From the viewpoint of reducing the number of parti cles
generated during sputtering, the total surface area of surface
portions of the C (carbon) that are covered with th e FePt-
based alloy in the target is preferably 80% or more of the
total surface area of the C (carbon) in the target, more
preferably 90% or more, and particularly preferably 95% or
more.

[0091]

No particular limitation is imposed on the shape o f the
primary particles of C (carbon). For example, the primary
particles of C (carbon) may have an approximately s pherical
shape in which a value obtained by dividing its maj or axis by

its minor axis is 2 or less.
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[0092]

Preferably, the crystal structure of the primary
particles of C (carbon) is an amorphous structure o
structure.

[0093]

As for the relative density of the target, the lar
value of the relative density, the smaller the amou
in the target. Therefore, the larger value of the
density is preferable in terms of performing sputte
favorably. Specifically, the relative density of t
preferably 90% or larger and more preferably 95% or
[0094]

2-1-4. Metal element other than Fe and Pt

The FePt-C-based sputtering target according to th
second embodiment contains only Fe and Pt as metal
However, as in the FePt-C-based sputtering target a
the first embodiment, the FePt-based alloy phase ma
metal element other than Fe and Pt (modification of
embodiment).

[0095]

The details of the metal element other than Fe and
that may be contained in the FePt-based alloy phase
second embodiment are the same as the details descr
1-4. Metal element other than Fe and Pt” in the fir

embodiment, and the description thereof will be omi
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[0096]
2-2. Manufacturing method

When the FePt-C-based sputtering target according
second embodiment is manufactured, the FePt-based a
containing 33 to 60 at% of Pt with the balance bein
unavoidable impurities and the metal oxide powder a
mixed sufficiently (mixed to the extent that mechan
alloying occurs) to thereby produce a first powder
including the FePt-based alloy powder sufficiently
average particle diameter. When the FePt-based all
produced by an atomizing method, the average partic
is 30 um or more for most cases. However, even with the F
based alloy powder having a large average particle
described above, the average particle diameter of t
based alloy powder can be sufficiently reduced by m
sufficiently with the metal oxide powder (mixed to
that mechanical alloying occurs).

[0097]

The FePt-based alloy powder in the first powder mi
is sufficiently reduced in average particle diamete
Therefore, when the first powder mixture and the C
composed of primary particles of C are mixed to for
mixture for pressure sintering, the primary particl
easily surrounded by the FePt-based alloy powder de

subjecting the obtained powder mixture for pressure
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to pressure sintering, a target in which the primar
of C are sufficiently covered with the FePt-based a
can be produced.

[0098]

Specifically, the FePt-C-based sputtering target
according to the second embodiment can be manufactu
adding the C powder composed of primary particles o
forming secondary particles to the first powder mix
mixing them such that the diameter of the C particl
are primary particles, is not essentially reduced (
range where the number of particles generated when
is performed using the obtained target does not inc
thereby produce a powder mixture for pressure sinte
then molding the produced powder mixture for pressu
sintering while the powder mixture is heated under
of pressure.

[0099]

No particular limitation is imposed on the atmosph
when the FePt-based alloy powder and the metal oxid
are mixed to produce the first powder mixture, and
mixed in air. No particular limitation is imposed
atmosphere when the first powder mixture and the C
mixed to produce the powder mixture for pressure si
and they may be mixed in air. Mixing in air allows

in cost.
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[0100]

Instead of the FePt-based alloy powder, a single F

powder and a single Pt powder may be used. In this
single Fe powder, the single Pt powder, and the met
powder are sufficiently mixed to reduce the average
diameters of the single Fe powder and the single Pt
whereby a first powder mixture is produced. The su
steps are the same as those when the FePt-based all
Is used.

[0101]

However, since the activity of the single Fe powde
high, it may ignite in air and therefore must be ha
sufficient care. By alloying Fe and Pt to form an
alloy powder, the activity of the Fe can be lowered
though it is in powder form. The use of the FePt-b
powder is more preferred from this point of view.

[0102]

No particular limitation is imposed on the method
molding the powder mixture for pressure sintering p
described above while the powder mixture is heated
application of pressure. For example, a hot pressi
hot isostatic pressing method (HIP method), a spark
sintering method (SPS method), etc. may be used. P
when implementing the present invention, such a mol

is performed in a vacuum or an inert gas atmosphere
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case, even when the powder mixture contains a certa in amount
of oxygen, the amount of oxygen in the obtained sin tered

product decreases.

[0103]

When the FePt-based alloy phase contains a metal e lement
other than Fe and Pt as in the modification of the second
embodiment, an FePt-based alloy powder containing 3 3 at% or
more and less than 60 at% of Pt, more than O at% an d 20 at% or
less of at least one metal element other than Fe an d Pt with
the balance being Fe and unavoidable impurities and with the
total amount of Pt and the at least one metal eleme nt being 60
at% or less may be used instead of the FePt-based a lloy powder
used in the second embodiment containing 33 at% or more and 60
at% or less of Pt with the balance being Fe and una voidable
impurities. The subsequent steps are the same as t hose when
the FePt-based alloy phase does not contain a metal element

other than Fe and Pt (as in the second embodiment).
[0104]

Alternatively, an FePt-based alloy powder composed of Pt,
Fe, and unavoidable impurities and a metal powder c ontaining
at least one metal element other than Fe and Pt and
unavoidable impurities may be used.
[0105]

In this case, the FePt-based alloy powder composed of Pt,

Fe, and unavoidable impurities and the metal powder containing
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at least one metal element other than Fe and Pt wit
balance being unavoidable impurities are weighed su
ratio of the amount of the Pt with respect to the t
of the Pt, the Fe, and the at least one metal eleme
at% or more and less than 60 at%, the ratio of the
the at least one metal element with respect to the
amount is more than 0 at% and 20 at% or less, and t
the sum of the amounts of the Pt and the at least o
element with respect to the total amount is 60 at%
Then the weighed FePt-based alloy powder, the weigh
powder composed of the at least one metal element,
oxide powder containing unavoidable impurities are
the extent that mechanical alloying occurs to there
a first powder mixture. Then a C powder composed o
particles containing unavoidable impurities and not
secondary particles is added to the produced first
mixture, and they are mixed such that the primary p
diameter of the C powder is not essentially reduced
produce a powder mixture for pressure sintering. T
produced powder mixture for pressure sintering is m
the powder mixture is heated under application of p
[0106]

Alternatively, a single Pt powder containing unavo
impurities, a single Fe powder containing unavoidab

impurities, and a metal powder containing at least
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element other

than

Fe and Pt

unavoidable impurities may be used.

[0107]

with

the balance

In this case, the single Pt powder, the single Fe

and the metal powder containing the at least one me

other than Fe and Pt are weighed such that the rati

amount of the Pt with respect to the total amounts

the Fe, and the at least one metal element is 33 at

and less than 60 at%, the ratio of the amount of th

one metal element with respect to the total amount

than 0 at% and 20 at% or less, and the ratio of the

amounts of the Pt and the at least one metal elemen

respect to the total amount is 60 at% or less.

The

weighed single Pt powder, the weighed single Fe pow

weighed metal

powder composed of the at least one m

element, and an oxide powder containing unavoidable

are mixed to the extent that mechanical alloying oc

thereby produce a first powder mixture. A C powder

primary particles containing unavoidable impurities

forming secondary particles is added to the produce

powder mixture, and they are mixed such that the pr

particle diameter of the C powder is not essentiall

to thereby produce a powder mixture for pressure si

Then the produced powder mixture for pressure sinte

molded while the powder mixture is heated under app
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pressure.
[0108]
2-3. Effects

In the FePt-C-based sputtering target according to
second embodiment, the primary particles of C (carb
forming secondary particles are dispersed in the Fe
alloy phase so as not to be in contact with each ot
Therefore, the primary particles of C (carbon) are
covered with the FePt-based alloy. This can preven
(carbon) from falling off the target as clusters du
sputtering to thereby form particles. Therefore, p
sputtering with a reduced number of particles gener
achieved.

[0109]

The FePt-C-based sputtering target according to th
second embodiment contains the metal oxide. Theref
the powder mixture for pressure sintering is produc
FePt-based alloy powder (or the Fe metal powder and
metal powder) and the metal oxide powder are first
sufficiently, whereby a first powder mixture includ
FePt-based alloy powder (or the Fe metal powder and
metal powder) reduced in average particle diameter
produced. The average particle diameter of the FeP
alloy powder (or the Fe metal powder and the Pt met

in the first powder mixture can be sufficiently red
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mixing it with the metal oxide powder sufficiently.

thus-produced first powder mixture and the C powder

of primary particles of C are mixed to form a powde

for pressure sintering. In this case, the primary

C are easily surrounded by the FePt-based alloy pow

Fe metal powder and the Pt metal powder) densely.

subjecting the obtained powder mixture for pressure

to pressure sintering, a target in which the primar

of C are sufficiently covered with the FePt-based a

can be produced.

[0110]
Therefore, even when the initial average particle

diameter of the FePt-based alloy powder (or the Fe

powder and the Pt metal powder) is large, i.e., abo

target in which the primary particles of C are suff

covered with the FePt-based alloy phase can be prod

mixing the FePt-based alloy powder (or the Fe metal

the Pt metal powder) and the metal oxide powder suf

in the step of producing the first powder mixture.

[0111]

In the manufacturing method according to the secon

embodiment, since a sintering process is used inste
casting process, the content of C and metal oxide r
the total amount of the target can be increased, so

FePt-C-based sputtering target in which the volume
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C relative to the total volume of the targetis 5 v

and less than 60 vol%, a volume fraction of the oxi
relative to the total volume of the target is 3 vol

and less than 55 vol%, and a sum of the volume frac
the C and the oxide phase relative to the total vol

target is 8 vol% or more and 60 vol% or less can be
Therefore, by performing sputtering using the FePt-
sputtering target according to the second embodimen
film containing an FePt-based alloy and capable of

as a magnetic recording medium can be formed using

above target alone, i.e., without using a plurality

EXAMPLES
[0112]
(Example 1)

The targeted composition of a powder mixture, a si
body and a target in Example 1 is 60.50(50Fe-50Pt)-
Specifically, the targeted composition of the metal
Is 50at%Fe-50at%Pt, and the targeted composition ra
FePt alloy to C (carbon) is 60.50 at% of the FePt a
39.50 at% of C. When the content of C (carbon) is
not by at% but by vol%, the targeted composition of
mixture and the target in Example 1 is (50Fe-50Pt)-

[0113]

GTFO012PCTSG

0l% or more
de phase
% or more
tions of
ume of the
produced.
C-based
t, a thin
being used
only the

of targets.

ntered
39.50C.
components
tio of the
lloy and
represented
the powder

30vol%C.

First, an Fe atomized powder was produced by a gas
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atomizing method. The average particle diameter (m edian
diameter) of the obtained Fe atomized powder was 45 pm.
[0114]

Next, the obtained Fe atomized powder was classifi ed
using a sieve with a mesh size of 20 um, whereby an Fe atomized
powder passing through the sieve with a mesh size o f20 pm was
obtained.

[0115]

374.43 g of a Pt powder having an average particle

diameter of 1 pum and 30.10 g of amorphous carbon having an
average particle diameter 8 pum were added to 107.19 g of the Fe
atomized powder passing through the sieve with a me sh size of
20 pm. Then, they were weakly mixed in a tumbler mixer (mixed
in the tumbler mixer using balls for 15 minutes) su ch that the
particle diameter of the amorphous carbon was not e ssentially
reduced to thereby obtain a powder mixture for pres sure
sintering. In the amorphous carbon used, the avera ge particle
diameter (median diameter) of the primary particles of C was 8
um, and the primary particles of C did not form seco ndary
particles.
[0116]

The obtained powder mixture for pressure sintering was
subjected to hot pressing under the conditions of s intering

temperature: 1300 °C, pressure: 26.2 MPa, time: 60 min, and
atmosphere: 5 x 10 2 Pa or lower to prepare a sintered body.
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[0117]

The density of the produced sintered body was meas
the Archimedes method, and the measured value was d
the theoretical density to determine a relative den
relative density was 92.26%. When the powder mixtu
pressure sintering is subjected to pressure sinteri
produce a target, part of the C (carbon) reacts wit
so that the composition ratio of the FePt alloy to
(carbon) in the target obtained slightly deviates f
targeted value. Therefore, the relative density of
sintered body obtained was computed in consideratio
change in the amount of C (carbon) (also in other E
Comparative Examples, and Reference Examples in the
description, the relative density was computed
consideration of the change in the amount of C (car
[0118]

The structure of the obtained sintered body was ob
under a metallurgical microscope. FIG. 1 shows a m
microscope photograph of the sintered body in Examp
magnification of the photograph when it was taken:
scale in the photograph: 50
portions are amorphous carbon, and light gray porti
FePt alloy phase. Some black portions (portions in

arrows in FIG. 1) are present between circular C ph

black portions are voids. As is clear from FIG. 1,
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portions have an approximately spherical shape in w
value obtained by dividing its major axis by its mi
2 or less.
[0119]

Next, the obtained sintered body was used to produ
sputtering target having a diameter of 152 mm and a
of 2 mm, and the sputtering target was joined to a
plate having a diameter of 161 mm and a thickness o
sputtering target after joining was set in a sputte
apparatus. Then sputtering was performed at an out
and an Ar gas pressure in a chamber of 1 Pa, and th
particles generated was evaluated. Specifically, t
sputtering was interrupted at cumulative sputtering
15 minutes, 30 minutes, 1 hour, and 2 hours. A cir
substrate having a diameter of 2.5 inches was set |
sputtering apparatus at each time point, and sputte
performed for 2 seconds. The cumulative sputtering
cumulative time during which the sputtering was per
[0120]

After the sputtering was performed for 2 seconds a
time point, the circular glass substrate having a d
2.5 inches was removed from the sputtering apparatu
in an optical surface analyzer to count the number

particles. After the sputtering at each time point

of particles counted before the sputtering at this
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was subtracted from the number of particles counted
time point, and the result was used as the number o

at this time point.

[0121]

The numbers of particles at the cumulative sputter
times of 15 minutes, 30 minutes, 1 hour, and 2 hour
634, 1005, and 814, respectively. FIGs. 2 and 3 ar
showing plots of these values. FIGs. 2 and 3 also
results in other Examples, a Comparative Example, a
Reference Example. The horizontal axis in each of
3 represents the cumulative sputtering time (h), an
vertical axis represents the number of particles.
on the vertical axes in FIGs. 2 and 3 are different
other. The scale on the vertical axis in FIG. 2 is
the scale on the vertical axis in FIG. 3 is small.

[0122]
(Example 2)

In Example 2, a sintered body and a sputtering tar
were produced in the same manner as in Example 1 ex
107.19 g of an Fe powder having an average particle
of 10 um was used instead of 107.19 g of the Fe atomized p
used in Example 1.

[0123]
The relative density of the produced sintered body

measured in the same manner as in Example 1 and was
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be 91.69%.
[0124]

The structure of the obtained sintered body was ob
under a metallurgical microscope. FIG. 4 shows a m
microscope photograph of the sintered body in Examp
magnification of the photograph when it was taken:
scale in the photograph: 50
portions are amorphous carbon, and light gray porti
FePt alloy phase. Some black portions (portions in
arrows in FIG. 4) are present between circular C ph
black portions are voids. As is clear from FIG. 4,
portions have an approximately spherical shape in w
value obtained by dividing its major axis by its mi
2 or less.

[0125]

In Example 2, as in Example 1, the obtained sputte
target was used to perform sputtering, and the numb
particles generated was evaluated. The numbers of
the cumulative sputtering times of 15 minutes, 30 m
hour, and 2 hours were 1643, 1258, 484, and 636, re
FIGs. 2 and 3 are graphs showing plots of these val
2 and 3 also show the results in other Examples, a
Example, and a Reference Example.

[0126]

(Example 3)
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In Example 3, a sintered body and a sputtering tar
were produced in the same manner as in Examples 1 a
that, after weak mixing was performed in the tumble
such that the particle diameter of the amorphous ca
not essentially reduced (mixed in the tumbler mixer
balls for 15 minutes), mixing was further performed
mill (at 300 rpm for 30 minutes, cumulative number
revolutions: 9000) to thereby produce the powder mi
pressure sintering, and that the temperature when t
body was produced was changed to 1100 °C.

[0127]

The relative density of the produced sintered body
measured in the same manner as in Example 1 and was
be 92.10%.

[0128]

The structure of the obtained sintered body was ob
under a metallurgical microscope. FIG. 5 shows a m
microscope photograph of the sintered body in Examp

magnification of the photograph when it was taken:

GTFO012PCTSG

get
nd 2 except
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rbon was
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was

found to

served
etallurgical
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scale in the photograph: 50 pm). In FIG. 5, dark gray circular

portions are amorphous carbon, and light gray porti
FePt alloy phase. Some black portions (portions in
arrows in FIG. 5) are present between circular C ph
black portions are voids. As is clear from FIG. 5,

portions have an approximately spherical shape in w
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value obtained by dividing its major axis by its mi nor axis is
2 or less.
[0129]

Unlike Examples 1 and 2 in which only the weak mix ing in
the tumbler mixer was performed, in Example 3, mixi ng was
performed in the ball mill (at 300 rpm for 30 minut es,
cumulative number of revolutions: 9000) in addition to the
weak mixing in the tumbler mixer. Therefore, in th e photograph
of the structure in Example 3 shown in FIG. 5, the number of
voids is smaller than those in the photographs of t he
structures in Examples 1 and 2 shown in FIGs. 1 and 4, but the
shape of the amorphous carbon is the same as those in Examples
1 and 2. Thus, it is conceivable that the amorphou s carbon
having an average particle diameter of 8 pm is  hardly
pulverized by the mixing in the ball mill at a cumu lative

number of revolutions of about 9000.

[0130]
In Example 3, as in Examples 1 and 2, the obtained

sputtering target was used to perform sputtering, a nd the
number of particles generated was evaluated. The n umbers of
particles at the cumulative sputtering times of 15 minutes, 30
minutes, 1 hour, and 2 hours were 701, 203, 135, an d 113,
respectively. FIGs. 2 and 3 are graphs showing plo ts of these
values. FIGs. 2 and 3 also show the results in oth er Examples,

a Comparative Example, and a Reference Example.
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[0131]

As can be seen from FIGs. 2 and 3,
particles generated in Example 3 was equal to or le
those in Examples 1 and 2.

This also suggests that

amorphous carbon having an average particle diamete

hardly pulverized by the mixing in the ball mill at
cumulative number of revolutions of about 9000.
[0132]
(Comparative Example 1)
The targeted composition of a powder mixture, a si
body and a target in Comparative Example 1 is 60.50
50Pt)-39.50C. Specifically, the targeted compositi
metal components is 50at%Fe-50at%Pt, and the target
composition ratio of the FePt alloy to C (carbon) i
of the FePt alloy and 39.50 at% of C, as in Example
When the content of C (carbon) is represented not b
by vol%, the targeted composition of the powder mix
the target in Comparative Example 1 is (50Fe-50Pt)-
[0133]
First, an FePt alloy atomized powder was produced
gas atomizing method. The average particle diamete
diameter) of the obtained FePt alloy atomized powde
[0134]
62.50 g of carbon black composed of primary partic

having an average particle diameter of about 20 to
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and forming secondary particles was added to 1000.0 0 g of the
obtained FePt alloy atomized powder, and they were mixed in a
ball mill (at 462 rpm for 24 hours, cumulative numb er of
revolutions: 665280) to thereby obtain a powder mix ture for
pressure sintering. The above mixing was performed to the
extent that mechanical alloying occurred, and there fore the
FePt alloy atomized powder having a large initial a verage
particle diameter (median diameter) of 45 pm was sufficiently
reduced in particle diameter as compared to that be fore mixing.
[0135]

The obtained powder mixture for pressure sintering was
subjected to hot pressing under the conditions of s intering

temperature: 1460 °C, pressure: 26.2 MPa, time: 60 min, and

atmosphere: 5 x 10 2 Pa or lower to prepare a sintered body.

[0136]

The relative density of the produced sintered body was
measured in the same manner as in Example 1 and was found to
be 96.12%.

[0137]

The structure of the obtained sintered body was ob served
under a metallurgical microscope. FIG. 6 shows a m etallurgical
microscope photograph of the sintered body in Compa rative
Example 1 (the magnification of the photograph when it was
taken: 1000X, the scale in the photograph: 50 pm). As can be
seen from FIG. 6, the structure of the sintered bod y in
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Comparative Example 1 is much denser than the struc tures of
the sintered bodies in Examples 1 to 3 (FIGs. 1, 4, and 5). In
the high-magnification metallurgical microscope pho tograph
(the magnification of the photograph when it was ta ken:
1000X,) in FIG. 6, C regions are only observed as s mall dark
gray spots. Judging from the scale of the photogra ph, the size

of the small dark gray spots is considered to be eq ual to or
larger than about 0.5 pum.  However, the average particle
diameter (median diameter) of the primary particles of the
carbon black used as the raw material powder is abo ut 20 to
about 50 nm. Therefore, it is conceivable that the C dispersed

in the FePt alloy phase formed secondary particles.

[0138]

In Examples 1 to 3, some voids which are black por tions
(portions indicated by arrows in FIGs. 1, 4, and 5) are
present between circular C phases. However, in the structure
of the sintered body in Comparative Example 1, such voids are
not observed. This may be because, as a result of the mixing
performed in the ball mill for a long time, also th e FePt
alloy atomized powder having a large average partic le diameter
(median diameter) of 45 pum was sufficiently reduced in size.

[0139]

Next, the obtained sintered body was used to produ ce a
sputtering target in the same manner as in Examples 1 to 3,
and the number of particles generated during sputte ring was
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evaluated in the same manner as in Examples 1 to 3.
[0140]

The numbers of particles at the cumulative sputter
times of 15 minutes, 30 minutes, 1 hour, and 2 hour
3587, 5803, and 4807, respectively. FIG. 2 is a gr
plots of these values. FIG. 2 also shows the resul
Examples, a Comparative Example, and a Reference Ex
[0141]

As is clear from FIG. 2, the number of particles
generated when the sputtering target in Comparative
was used to perform sputtering was much larger than
Examples 1 to 3. In Comparative Example 1, the car
material powder used was carbon black composed of p
particles having a very small average particle diam
(median diameter) of about 20 to about 50 nm and fo
secondary particles. Therefore, it is conceivable
carbon black formed secondary particles also in the
phase. The C secondary particles are formed as com
clusters of primary particles of C, and primary par
present inside the secondary particles are not cove
the FePt alloy. Therefore, the primary particles o
inside the secondary particles may fall off the tar
clusters during sputtering to thereby form particle
be the reason that the number of particles generate

sputtering target in Comparative Example 1 was used
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sputtering was much larger than those in Examples 1 to 3.
[0142]

In Comparative Example 1, the carbon black used as the C
(carbon) raw material powder was mixed with the FeP t alloy
atomized powder in the ball mill for a long time. Therefore,
the carbon black is considered to be reduced in siz e. Actually,
in the high-magnification metallurgical microscope photograph
(the magnification of the photograph when it was ta ken:
1,000X) in FIG. 6, C regions are only observed as s mall dark
gray spots. Judging from the scale of the photogra ph, the size
of the small dark gray spots is considered to be eq ual to or
larger than about 0.5 pum.  However, the average particle
diameter of the primary particles of the carbon bla ck used as
the raw material powder is about 20 to about 50 nm. Therefore,
it is conceivable that the carbon black used as the raw
material powder formed secondary particles even aft er the
carbon black was mixed in the ball mill for a long time.

[0143]

(Reference Example 1)

In Reference Example 1, the targeted composition o fa
powder mixture, a sintered body, and a target is 50 Fe-50Pt.
Therefore, the powder mixture, the sintered body, a nd the
target contain no C (carbon) and are composed only of metal
components Fe and Pt. This is the difference from Examples 1
to 3 and Comparative Example 1 in which C (carbon) IS
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contained.
[0144]

178.05 g of an Fe powder having an average particl e
diameter of 10 pum and 621.95 g of a Pt powder having an average
particle diameter of 1 pm were mixed in a tumbler mixer using
balls for 15 minutes to thereby obtain a powder mix ture for
pressure sintering.
[0145]

The obtained powder mixture for pressure sintering was
subjected to hot pressing under the conditions of s intering
temperature: 1300 °C, pressure: 26.2 MPa, time: 60 min, and

atmosphere: 5 x 10 2 Pa or lower to prepare a sintered body.

[0146]

The relative density of the produced sintered body was
measured in the same manner as in Example 1 and was found to
be 91.10%.

[0147]

Next, the obtained sintered body was used to produ ce a
sputtering target in the same manner as in Examples 1to 3 and
Comparative Example 1, and the number of particles generated
during sputtering was evaluated in the same manner as in

Examples 1 to 3 and Comparative Example 1.
[0148]
The numbers of particles at the cumulative sputter ing

times of 15 minutes, 30 minutes, 1 hour, and 2 hour s were 23,
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7, 1, and 8, respectively. FIGs. 2 and 3 are graph s showing
plots of these values. FIG. 2 and 3 also show the results in
other Examples, a Comparative Example, and a Refere nce Example.
[0149]

As can be seen from FIGs. 2 and 3, the number of

particles generated when the target in Reference Ex ample 1 was
used to perform sputtering was very small. This ma y be because
the raw material powder includes only metal powders (the Fe

powder and the Pt powder) and no C powder is used.

[0150]
(Example 4)

The targeted composition of a powder mixture, a si ntered
body and a target in Example 4 is (50Fe-50Pt)-16.71 mol%C-

6.51mol%SiO ,. Specifically, the targeted composition of the

metal components is 50at%Fe-50at%Pt, and the target ed
composition ratio of the Fe, Pt, C (carbon), and Si O, are 38.39
mol% of Fe, 38.39 mol% of Pt, 16.71 mol% of C, and 6.51 mol%
of SIO ,. When the contents of C (carbon) and SiO o are
represented not by mol% but by vol%, the targeted c omposition
of the powder mixture and the target in Example 4 i s (50Fe-

50Pt)-10vol%C-20vol%SiO 2.

[0151]

First, an FePt alloy atomized powder was produced by a
gas atomizing method. The average particle diamete r (median
diameter) of the obtained FePt alloy atomized powde rwas45  um.
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[0152]

1020.00 g of the obtained FePt alloy atomized powd er and
41.42 g of an SiO 2 powder having an average particle diameter
of 0.7 um were mixed in a ball mill (at 462 rpm for 48 hour S,
cumulative number of revolutions: 1330560) to there by produce
a first powder mixture. When the first powder mixt ure was
produced, mixing was performed in the ball mill for a long
time. Therefore, it is conceivable that the FePt a lloy
atomized powder and the SiO 2 powder in the first powder mixture

were sufficiently reduced in size.

[0153]

20.63 g of amorphous carbon having an average part icle
diameter of 8 um was added to 990.00 g of the produced first
powder mixture, and they were weakly mixed in a tum bler mixer
such that the particle diameter of the amorphous ca rbon was
not essentially reduced (mixed in the tumbler mixer using
balls for 15 minutes) to thereby obtain a powder mi xture for
pressure sintering. The amorphous carbon used was the same as
that used in Examples 1 to 3 and did not form secon dary
particles.
[0154]

The obtained powder mixture for pressure sintering was
subjected to hot pressing under the conditions of s intering

temperature: 1300 °C, pressure: 26.2 MPa, time: 60 min, and
atmosphere: 5 x 10 2 Pa or lower to prepare a sintered body.
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[0155]

The relative density of the produced sintered body
measured in the same manner as in Example 1 and was
be 96.55%.

[0156]

The structure of the obtained sintered body was ob
under a metallurgical microscope. FIG. 7 shows a m
microscope photograph of the sintered body in Examp
magnification of the photograph when it was taken:
scale in the photograph: 50
portions are amorphous carbon, and light gray porti
FePt alloy phase. A very small number of black por
(portions indicated by arrows in FIG. 7) are presen
circular C phases. These black portions are voids.
conceivable that, as a result of the mixing perform
ball mill for a long time, also the FePt alloy atom
having a large average particle diameter (median di
45 um was sufficiently reduced in size. It is conceiva
the amorphous carbon having a large average particl
of 8 pm is easily surrounded by the FePt alloy atomized p
sufficiently reduced in size, but regions not surro
the FePt alloy atomized powder may be rarely formed
clear from FIG. 7, the C phase portions have an app
spherical shape in which the value obtained by divi

major axis by its minor axis is 2 or less.
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[0157]

Next, the obtained sintered body was used to produ
sputtering target in the same manner as in Examples
Comparative Example 1, and a Reference Example 1, a
number of particles generated during sputtering was
in the same manner as in Examples 1 to 3, a Compara
Example 1, and a Reference Example 1.

[0158]

The numbers of particles at the cumulative sputter
times of 15 minutes, 30 minutes, 1 hour, and 2 hour
110, 60, and 38, respectively. FIGs. 8 and 9 are ¢
FIGs. 8 and 9 also

showing plots of these values.

results in other Examples, a Comparative Example, a
Reference Example. The horizontal axis in each of
9 represents the cumulative sputtering time (h), an
vertical axis represents the number of particles.
on the vertical axes in FIGs. 8 and 9 are different
other. The scale on the vertical axis in FIG. 8 is
the scale on the vertical axis in FIG. 9 is small.
[0159]
(Comparative Example 2)

The targeted composition of a powder mixture, a si
body and a target in Comparative Example 2 is (50Fe
16.71mol%C-6.51mol%SiO

2, as in Example 4.

FePt alloy atomized powder and the SiO
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to produce the first powder mixture. Then the amor phous carbon
was added to the produced first powder mixture, and they were
mixed to produce the powder mixture for pressure si ntering.
However, as described later, Comparative Example 2 is largely
different from Example 4 in that the FePt alloy ato mized
powder, the carbon black, and the SiO 2 powder were mixed at
once to produce a powder mixture for pressure sinte ring.
[0160]

In Comparative Example 2, as in Examples 4, first, an
FePt alloy atomized powder was produced by a gas at omizing
method. The average particle diameter (median diam eter) of the
obtained FePt alloy atomized powder was 45 pm.
[0161]

1020.00 g of the obtained FePt alloy atomized powd er,
21.25 g of carbon black forming secondary particles composed
of primary particles having an average particle dia meter of 20
to 50 nm, and 41.42g of SiO 2 powder having an average particle
diameter of 0.7 pm were mixed in a ball mill (at 462 rpm for 48
hours, cumulative number of revolutions: 1330560) t o thereby
obtain a powder mixture for pressure sintering. Wh en the
powder mixture for pressure sintering was produced, the mixing
was performed in the ball mill for a long time, and it is
conceivable that the FePt alloy atomized powder in the powder
mixture for pressure sintering was sufficiently red uced in
size.
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[0162]

The obtained powder mixture for pressure sintering was
subjected to hot pressing under the conditions of s intering
temperature: 1320 °C, pressure: 26.2 MPa, time: 60 min, and
atmosphere: 5 x 10 2 Pa or lower to prepare a sintered body.

[0163]

The relative density of the produced sintered body was

measured in the same manner as in Example 1 and was found to

be 100.08%.

[0164]

The structure of the obtained sintered body was ob served
under a metallurgical microscope. FIG. 10 shows a
metallurgical microscope photograph of the sintered body in
Comparative Example 2 (the magnification of the pho tograph
when it was taken: 1000X, the scale in the photogra ph: 50  pm).
As can be seen from FIG. 10, the structure of the s intered
body in Comparative Example 2 is much denser than t he
structures of the sintered body in Example 4 (FIG. 7). In the
high-magnification metallurgical microscope photogr aph (the
magnification of the photograph when it was taken: 1000X,) in
FIG. 10, C regions are only observed as small dark gray spots.
Judging from the scale of the photograph, the size of the
small dark gray spots is considered to be equal to or larger
than about 1 pum. However, the average particle diameter of the
primary particles of the carbon black used as the r aw material
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powder is about 20 to about 50 nm. Therefore, it
conceivable that the C dispersed in the FePt alloy
formed secondary particles.

[0165]

In Examples 4, a very small number of voids which
black portions (portions indicated by arrows in FIG
present between circular C phases. However, in the
of the sintered body in Comparative Example 2, such
not observed.

[0166]

Next, the obtained sintered body was used to produ
sputtering target in the same manner as in Examples
Comparative Example 1, and Reference Example 1, and
of particles generated during sputtering was evalua
same manner as in Examples 1 to 4, Comparative Exam
Reference Example 1.

[0167]

The numbers of particles at the cumulative sputter
times of 15 minutes, 30 minutes, 1 hour, and 2 hour
17584, 14466, 13377, and 14167, respectively. FIG.
graph showing plots of these values. FIG. 8 also s
results in other Examples, a Comparative Example, a
Reference Example.

[0168]

In Comparative Example 2, the number of particles
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generated was significantly larger than that in Exa

[0169]

As is clear from FIG. 8,

the number

GTFO012PCTSG

of particles

generated when the sputtering target in Comparative

was used to perform sputtering was much larger than

Example 4. In Comparative Example 2, the carbon ra

powder used was carbon black composed of primary pa

having a very small

average particle diameter

(medi

diameter) of about 20 to about 50 nm and forming se

particles. Therefore, it is conceivable that the c

formed secondary particles also in the FePt alloy p

secondary particles are formed as compressed cluste

primary particles of C, and primary particles of C

inside the secondary particles are not covered with
alloy. Therefore, the primary particles of C prese

the secondary particles may fall off the target as

during sputtering to thereby form particles. This

reason that the number

of particles generated when

sputtering target in Comparative Example 2 was used

sputtering was much larger than those in Examples 4

[0170]

(Comparative Example 3)

In  Comparative Example 3,

a sintered body and

sputtering target were produced in the same manner

Comparative Example 2 except that the carbon raw ma
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in Comparative Example 2, i.e., 21.25 g of carbon b lack, was

changed to 21.25 g of amorphous carbon and that the

temperature when the sintered body was produced was changed to
1,340 °C. The amorphous carbon used was the same as that used
in Examples 1 to 4 and did not form secondary patrti cles.

[0171]

The relative density of the produced sintered body was
measured in the same manner as in Example 1 and was found to
be 98.25%.

[0172]

The structure of the obtained sintered body was ob served
under a metallurgical microscope. FIG. 11 shows a
metallurgical microscope photograph of the sintered body in
Comparative Example 3 (the magnification of the pho tograph
when it was taken: 1000X, the scale in the photogra ph: 50  pm).
As can be seen from FIG. 11, the structure of the s intered
body in Comparative Example 3 is much denser, as th e sintered
body in Comparative Example 2, than the structures of the
sintered body in Example 4 (FIG. 7). In the high-m agnification
metallurgical microscope photograph (the magnificat ion of the
photograph when it was taken: 1000X,) in FIG. 11, C regions
are only observed as small dark gray spots. In Exa mple 4, a
very small number of voids which are black portions (portions
indicated by an arrow in FIG. 7) are present betwee n circular
C phases. However, in the structure of the sintere d body in
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Comparative Example 3, no such voids are observed.

[0173]

The structure of the sintered body in Comparative Example
3 (FIG. 11) is similar to the structure of the sint ered body
in Comparative Example 2 (FIG. 10). It was therefo re found
that, even when the carbon black composed of primar y particles
having an average particle diameter (median diamete r) of 20 to
50 nm was used as the carbon raw material or even w hen the
amorphous carbon having an average particle diamete r of 8 pum
was used as the carbon raw material, the obtained s intered
body had a similar structure. This may be because, even when
the amorphous carbon having an average particle dia meter of 8
um was used, the amorphous carbon was mixed with the FePt alloy
atomized powder and the SiO » particles in the ball mill for a

long time and was pulverized sufficiently.

[0174]

Next, the obtained sintered body was used to produ ce a
sputtering target in the same manner as in Examples 1 to 4,
Comparative Examples 1 and 2, and Reference Example 1, and the
number of particles generated during sputtering was evaluated
in the same manner as in Examples 1 to 4, Comparati ve Examples

1 and 2, and Reference Example 1.
[0175]
The numbers of particles at the cumulative sputter ing

times of 15 minutes, 30 minutes, 1 hour, and 2 hour S were

76



10

15

20

25

GTFO012PCTSG

14266, 14562, 13681, and 13404, respectively. FIG. 8 is a
graph showing plots of these values. FIG. 8 also s hows the
results in other Examples, a Comparative Example, a nd a

Reference Example.

[0176]

As is clear from FIG. 8, in Comparative Example 3 in
which the carbon raw material was sufficiently mixe d in the
ball mill, the number of particle generated during sputtering
was significantly larger than that in Example 4 in which the
amorphous carbon was mixed such that the particle d iameter of
the amorphous carbon was not essentially reduced. The carbon
raw material used in Comparative Example 3 was the same as the
carbon raw material (the amorphous carbon having an average
particle diameter of 8 pm) used in Example 4 in which the
number of particles generated during sputtering was small.
However, when the carbon raw material is mixed suff iciently in
the ball mill, it is pulverized, and the average pa rticle
diameter of the carbon raw material becomes compara ble to the
average particle diameter of the carbon black origi nally
having a small average particle diameter (the avera ge particle
diameter (median diameter) of the primary particles . about 20
to 50 nm), so that secondary particles are formed. This may be
the reason that the number of particles generated d uring

sputtering was large.

[0177]
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(Reference Example 2)
In Reference Example 2, the targeted composition o fa
powder mixture, a sintered body, and a target is (5 OFe-50Pt)-

8.99mol%SiO ,. Specifically, the targeted composition of the

metal components is 50at%Fe-50at%Pt. This is the s ame as in
Example 4 and Comparative Examples 2 and 3. Howeve r, C is not
contained, and only SiO 2 Is contained as a component other than

the metals. When the content of SiO 2 IS represented not by

mol% but by vol%, the targeted composition of the p owder
mixture and the target in Reference Example 2 is (5 OFe-50Pt)-

25vol%SiO ».

[0178]

First, an FePt alloy atomized powder was produced by a
gas atomizing method. The average particle diamete r (median
diameter) of the obtained FePt alloy atomized powde rwas45  um.
[0179]

1170.00 g of the obtained FePt alloy atomized powd er and

55.36g of SIO , powder having an average particle diameter of

0.7 pm were mixed in a ball mill (at 462 rpm for 36 hour S,
cumulative number of revolutions: 997920) to thereb y obtain a
powder mixture for pressure sintering. When the po wder mixture
for pressure sintering was produced, the mixing was performed
in the ball mill for a long time. Therefore, itis conceivable
that the FePt alloy atomized powder and the SiO 2 powder in the
powder mixture for pressure sintering were sufficie ntly
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reduced in size.
[0180]

The obtained powder mixture for pressure sintering was
subjected to hot pressing under the conditions of s intering
temperature: 1000 °C, pressure: 26.2 MPa, time: 60 min, and

atmosphere: 5 x 10 2 Pa or lower to prepare a sintered body.

[0181]

The relative density of the produced sintered body was
measured in the same manner as in Example 1 and was found to
be 98.44%.

[0182]

The structure of the obtained sintered body was ob served
under a metallurgical microscope. FIG. 12 shows a
metallurgical microscope photograph of the sintered body in
Reference Example 2 (the magnification of the photo graph when
it was taken: 1000X, the scale in the photograph: 5 0 pm). As
can be seen from FIG. 12, the structure of the sint ered body
in Reference Example 2 is much denser than the stru ctures of
the sintered body in Example 4 (FIG. 7). In the hi gh-
magnification  metallurgical  microscope  photograph  ( the
magnification of the photograph when it was taken: 1000X,) in

FIG. 12, SIO , regions are only observed as small dark gray

spots. In Examples 4, a very small number of voids which are
black portions (portions indicated by arrows in FIG . 7) are
present between circular C phases. However, in the structure
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of the sintered body in Reference Example 2, such v
not observed.
[0183]

Next, the obtained sintered body was used to produ
sputtering target in the same manner as in Examples
Comparative Example 1 to 3, and Reference Example 1
number of particles generated during sputtering was
in the same manner as in Examples 1 to 4, Comparati
1 to 3, and Reference Example 1.

[0184]

The numbers of particles at the cumulative sputter
times of 15 minutes, 30 minutes, 1 hour, and 2 hour
51, 27, and 35, respectively. FIGs. 8 and 9 are gr
plots of these values. FIGs. 8 and 9 also show the
other Examples, a Comparative Example, and a Refere
[0185]

As is clear from FIGs. 8 and 9, in Reference Examp
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which no C was contained and only SiO 2 was contained as a

component other than the metal components, the numb

particle generated during sputtering was very small

er of

. This may

be because the fixing strength of SiO 2 to the metals is larger

than that of C and atomic bonds in SiO o are stronger than

atomic bonds in C.
[0186]

(Discussion)
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The principal data in Examples 1 to 4, Comparative
Examples 1 to 3, and Reference Examples 1 and 2 is
in TABLE 1 below.
[0187]

[TABLE 1]
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[0188]

In Examples 1 to 3, Comparative Example 1, and Ref
Example 1, the metal oxide (SiO
4, Comparative Examples 2 and 3, and Reference Exam
metal oxide (SiO 2) IS contained.

[0189]

In each of Examples 1 to 3, the composition of the
is 60.50(50Fe-50P1)-39.50C, and the target has the
in which the primary particles of C dispersed in th
alloy phase do not form secondary particles and are
contact with each other. Therefore, Examples 1 to
within the scope of the present invention.

[0190]

In Comparative Example 1, the composition of the t
is 60.50(50Fe-50Pt)-39.50C, as in Examples 1 to 3.
the primary particles of C dispersed in the FePt al
form secondary particles and are in contact with ea
Therefore, Comparative Example 1 does not fall with

scope of the present invention.

[0191]

As can be seen from TABLE 1 and FIGs. 2 and 3, in

Examples 1 to 3 that fall within the scope of the p
invention, the number of particles generated at a ¢
sputtering time of 2 hours is small, i.e., 113 to 8

is about 1/40 to about 1/6 of the number (4807) of
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generated at the same time point in Comparative Exa mple 1 that
does not fall within the scope of the present inven tion.
[0192]

In the structures in Examples 1 to 3 that fall wit hin the
scope of the present invention, the primary particl es of C
dispersed in the FePt alloy phase do not form secon dary
particles and are not in contact with each other. Therefore,
it is conceivable that almost the entire circumfere nce of each
of the primary particles of C dispersed in the FePt alloy
phase is covered with the FePt alloy. This may be the reason
that the primary particles of C are less likely to fall off
the FePt alloy phase during sputtering and particle s are less
likely to be formed.

[0193]

However, in Comparative Example 1 that does not fa I
within the scope of the present invention, the carb on raw
material powder used is carbon black composed of pr imary
particles that have a very small average particle d iameter
(median diameter) of about 20 to about 50 nm and fo rm
secondary particles. It is conceivable that second ary
particles are formed also in the FePt alloy phase. The C
secondary particles are formed as compressed cluste rs of
primary particles of C, and primary particles of C present
inside the secondary particles are unlikely to be ¢ overed with
the FePt alloy. Therefore, these primary particles of C easily
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fall off the target as clusters during sputtering t
form particles.
[0194]

In Example 4 in which the metal oxide (SiO
the composition of the target is 76.78mol%(50Fe-50P
16.71mol%C-6.51mol%SiO
which the primary particles of C dispersed in the F
phase do not form secondary particles and are not i
with each other. Therefore, Example 4 falls within
of the present invention. In Example 4, the FePt a
atomized powder having a large average particle dia
pum is used. However, it is conceivable that the FeP
atomized powder is sufficiently reduced in size dur
first mixing in which the FePt alloy atomized powde
with the SiO > added thereto in the ball mill for a long time
(mixing before addition of the C powder). Therefor
conceivable that the primary particles of C are suf
surrounded by the FePt alloy atomized powder during
mixing after addition of the C powder. Therefore,

conceivable that, in the target obtained, the prima
particles of C are not in contact with each other a
dispersed in the FePt alloy phase. This may be the

the number of particles generated at a cumulative s

time of 2 hours in Example 4 was very small, i.e.,

[0195]
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In Comparative Examples 2 and 3 in which the metal
(SiO ,) is contained, the composition of the target is 76
mol%(50Fe-50Pt)-16.71mol%C-6.51mol%SiO 2, as in
However, the primary particles dispersed in the FeP
phase form secondary particles and are in contact w
other. Therefore, Comparative Examples 2 and 3 do
within the scope of the present invention. In Comp

Example 3, the amorphous carbon having an average p

GTFO012PCTSG

oxide
.78
Example 4.
t alloy
ith each
not fall
arative

article

diameter of 8 pMm is used as the carbon raw material powder, as

in Example 4. However, since the amorphous carbon
sufficiently with the FePt atomized powder and the

in the ball mill, the amorphous carbon is pulverize

average particle diameter of the amorphous carbon b
comparable to the average particle diameter of the
black originally having a small average particle di

average particle diameter (median diameter) of the
particles: about 20 to about 50 nm), so that second
particles are formed. Therefore, it is conceivable

primary particles of C are not sufficiently surroun

FePt alloy atomized powder and the primary particle

in contact with each other in the target obtained.

the reason that the number of particles generated d
sputtering was large.

[0196]

In Reference Example 2 in which no C is contained
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only SiO , is contained in addition to the metal components,
was found that the number of particles formed durin
sputtering was very small. This may be because the
strength of SiO 2 to the metals is larger than that of C and

atomic bonds in SiO 2 are stronger than atomic bonds in C.

INDUSTRIAL APPLICABILITY
[0197]

The target according to the present invention can
preferably used as an FePt-C-based sputtering targe
production process according to the present inventi
preferably used as a process for producing an FePt-

sputtering target.
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CLAIMS

1. An FePt-C-based sputtering target containing Fe,
C, wherein

the FePt-C-based sputtering target has a structure
unavoidab

which primary particles of C that contain

impurities are dispersed in an FePt-based alloy pha
containing 33 at% or more and 60 at% or less of Pt

balance being Fe and unavoidable impurities, the pr
particles of C being dispersed so as not to be in ¢

each other.

2. An FePt-C-based sputtering target containing Fe,
C and further containing at least one metal element
Fe and Pt, wherein
the FePt-C-based sputtering target has a structure
unavoidab

which primary particles of C that contain

impurities are dispersed in an FePt-based alloy pha
containing 33 at% or more and less than 60 at% of P

than 0 at% and 20 at% or less of the at least one m
element other than Fe and Pt with the balance being
unavoidable impurities and with the total amount of

at least one metal element being 60 at% or less, th

particles of C being dispersed so as not to be in ¢

each other.
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3. The FePt-C-based sputtering target according to
wherein

the one or more kinds of metal elements other than
Pt are one or more kinds of Cu, Ag, Mn, Ni, Co, Pd,

B.

4. The FePt-C-based sputtering target according to

claims 1 to 3, wherein

the primary particles have an average particle dia

of 1 um or more and 30 pum or less.

5. The FePt-C-based sputtering target according to
claims 1 to 4, wherein
the crystal structure of the C is an amorphous str

or a diamond structure.

6. The FePt-C-based sputtering target according to
claims 1 to 5, wherein
a volume fraction of the C relative to a total vol

the target is 5 vol% or more and 60 vol% or less.

7. The FePt-C-based sputtering target according to
claims 1 to 6, wherein

a ratio of a surface area of the C that is covered
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the FePt-based alloy phase to a total surface area

80% or more.

8. The FePt-C-based sputtering target according to
claims 1 to 7, wherein
an oxide phase is further dispersed in the FePt-ba

alloy phase.

9. The FePt-C-based sputtering target according to
wherein

a volume fraction of the C relative to a total vol
the target is 5 vol% or more and less than 60 vol%,
fraction of the oxide phase relative to the total v
the target is 3 vol% or more and less than 55 vol%,
of the volume fractions of the C and the oxide phas
to the total volume of the target is 8 vol% or more

vol% or less.

10. The FePt-C-based sputtering target according to
or 9, wherein
the oxide phase contains at least one of SiO

TaxGs;, Cr 2G5, CoO, Co 3Gy, B 205, Fe 205, CuO, Cu

,0, Y 205, MgO, Al

GTFO012PCTSG

of the C is

any of

sed

claim 8,

ume of
a volume
olume of
and a sum
e relative

and 60

claim 8

2y TIO 2y Tl 203,

20,

ZrOo,, Nb >G5, MoO 3, CeO 5, Sm ,0;, Gd 203, WO, WO 5, HfO 2, and NiO 2.

11. The FePt-C-based sputtering target according to
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claims 1 to 10, wherein

the C has an approximately spherical shape in whic h a
value obtained by dividing a major axis of the appr oximately
spherical shape by a minor axis thereof is 2 or les S.

12. The FePt-C-based sputtering target according to any of

claims 1 to 11, wherein
the FePt-based sputtering target has a relative de nsity

of 90% or larger.

13. A method for manufacturing an FePt-C-based sput tering
target, the method comprising:

adding a C powder composed of primary particles

containing unavoidable impurities and not forming s econdary
particles to an FePt-based alloy powder having an a verage
particle diameter of 20 pm or less and containing 33 at% or

more and 60 at% or less of Pt with the balance bein g Fe and

unavoidable impurities;

mixing the C powder and the FePt-based alloy powde r such
that a primary particle diameter of the C powder is not
essentially reduced to thereby produce a powder mix ture for

pressure sintering; and then
molding the produced powder mixture for pressure
sintering while the powder mixture is heated under application

of pressure.
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14. A method for manufacturing an FePt-C-based sput tering
target, the method comprising:

weighing a Pt powder containing unavoidable impuri ties
and having an average particle diameter of 20 pum or less and an
Fe powder containing unavoidable impurities and hav ing an
average particle diameter of 20 pum or less such that a ratio of
an amount of the Pt to a total amount of the Fe and the Pt is
33 at% or more and 60 at% or less;

mixing the weighed Pt powder, the weighed Fe powde r, and

a C powder composed of primary particles containing

unavoidable impurities and not forming secondary pa rticles
such that a primary particle diameter of the C powd er is not
essentially reduced to thereby produce a powder mix ture for

pressure sintering; and then
molding the produced powder mixture for pressure
sintering while the powder mixture is heated under application

of pressure.

15. A method for manufacturing an FePt-C-based sput tering
target, the method comprising:

adding a C powder composed of primary particles

containing unavoidable impurities and not forming s econdary
particles to an FePt-based alloy powder having an a verage
particle diameter of 20 pm or less and containing 33 at% or
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more and less than 60 at% of Pt and more than 0 at% and 20 at%
or less of at least one metal element other than Fe and Pt
with the balance being Fe and unavoidable impuritie s and with

a total amount of Pt and the at least one metal ele ment being

60 at% or less;

mixing the C powder and the FePt-based alloy powde r such
that the primary particle diameter of the C powder IS not
essentially reduced to thereby produce a powder mix ture for

pressure sintering; and then
molding the produced powder mixture for pressure
sintering while the powder mixture is heated under application

of pressure.

16. A method for manufacturing an FePt-C-based sput tering

target, the method comprising:

weighing an FePt-based alloy powder composed of Pt , Fe,
and unavoidable impurities and having an average pa rticle
diameter of 20 um or less and a metal powder containing at
least one metal element other than Fe and Pt with t he balance
being unavoidable impurities and having an average particle
diameter of 20 pm or less such that a ratio of an amount of the
Pt to a total amount of the Pt, the Fe, and the at least one
metal element is 33 at% or more and less than 60 at %, a ratio
of an amount of the at least one metal element to t he total
amount is more than 0 at% and 20 at% or less, and a ratio of a
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sum of the amounts of the Pt and the at least one m etal

element to the total amount is 60 at% or less;

mixing the weighed FePt-based alloy powder, the we ighed
metal powder containing the at least one metal elem ent, and a
C powder composed of primary particles containing u navoidable
impurities and not forming secondary particles such that a
primary particle diameter of the C powder is not es sentially
reduced to thereby produce a powder mixture for pre ssure

sintering; and then
molding the produced powder mixture for pressure
sintering while the powder mixture is heated under application

of pressure.

17. A method for manufacturing an FePt-C-based sput tering

target, the method comprising:

weighing a Pt powder containing unavoidable impuri ties
and having an average particle diameter of 20 pum or less, an Fe
powder containing unavoidable impurities and having an average
particle diameter of 20 pm or less, and a metal powder
containing at least one metal element other than Fe and Pt
with the balance being unavoidable impurities and h aving an
average particle diameter of 20 pMm or less such that a ratio of
an amount of the Pt to a total amount of the Pt, th e Fe, and
the at least one metal element is 33 at% or more an d less than
60 at%, a ratio of an amount of the at least one me tal element
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to the total amount is more than 0 at% and 20 at% o
a ratio of a sum of the amounts of the Pt and the a
metal element to the total amount is 60 at% or less
mixing the weighed Pt powder, the weighed Fe powde

weighed metal powder containing the at least one me

and a C powder composed of primary particles contai

unavoidable impurities and not forming secondary pa
such that a primary particle diameter of the C powd
essentially reduced to thereby produce a powder mix

pressure sintering; and then
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r less, and

t least one
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tal element,
ning
rticles
er is not

ture for

molding the produced powder mixture for pressure

sintering while the powder mixture is heated under

of pressure.

18. The method for manufacturing an FePt-C-based sp
target according to any of claims 13 to 17, wherein

a volume fraction of the C powder relative to a to
volume of the powder mixture for pressure sintering

or more and 60 vol% or less.

19. A method for manufacturing an FePt-C-based sput
target, the method comprising:

adding an oxide powder containing unavoidable impu
to an FePt-based alloy powder containing 33 at% or

at% or less of Pt with the balance being Fe and una
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impurities;

mixing the oxide powder and the FePt-based alloy p owder
such that mechanical alloying occurs to thereby pro duce a
first powder mixture;

adding a C powder composed of primary particles
containing unavoidable impurities and not forming s econdary
particles to the produced first powder mixture;

mixing the C powder and the first powder mixture s uch
that a primary particle diameter of the C powder is not
essentially reduced to thereby produce a powder mix ture for
pressure sintering; and then

molding the produced powder mixture for pressure
sintering while the powder mixture is heated under application
of pressure.
20. A method for manufacturing an FePt-C-based sput tering
target, the method comprising:

weighing a Pt powder containing unavoidable impuri ties
and an Fe powder containing unavoidable impurities such that a
ratio of an amount of the Pt to a total amount of t he Fe and
the Pt is 33 at% or more and 60 at% or less;

mixing the weighed Pt powder, the weighed Fe powde r, and
an oxide powder containing unavoidable impurities s uch that
mechanical alloying occurs to thereby produce a fir st powder

mixture;
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adding a C powder composed of primary particles
containing unavoidable impurities and not forming s econdary

particles to the produced first powder mixture;

mixing the C powder and the first powder mixture s uch
that a primary particle diameter of the C powder is not
essentially reduced to thereby produce a powder mix ture for

pressure sintering; and then
molding the produced powder mixture for pressure
sintering while the powder mixture is heated under application

of pressure.

21. A method for manufacturing an FePt-C-based sput tering

target, the method comprising:

adding an oxide powder containing unavoidable impu rities
to an FePt-based alloy powder containing 33 at% or more and
less than 60 at% of Pt and more than 0 at% and 20 a t% or less
of at least one metal element other than Fe and Pt with the
balance being Fe and unavoidable impurities and wit h a total
amount of Pt and the at least one metal element bei ng 60 at%
or less;

mixing the oxide powder and the FePt-based alloy p owder
such that mechanical alloying occurs to thereby pro duce a

first powder mixture;
adding a C powder composed of primary particles

containing unavoidable impurities and not forming s econdary
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particles to the produced first powder mixture;
mixing the C powder and the first powder mixture s
that a primary particle diameter of the C powder is
essentially reduced to thereby produce a powder mix
pressure sintering; and then
molding the produced powder mixture for

sintering while the powder mixture is heated under

of pressure.

22. A method for manufacturing an FePt-C-based sput
target, the method comprising:

weighing an FePt-based alloy powder composed of P
and unavoidable impurities and a metal powder conta
least one metal element other than Fe and Pt with t
being unavoidable impurities such that a ratio of a
the Pt to a total amount of the Pt, the Fe, and the
one metal element is 33 at% or more and less than 6
ratio of an amount of the at least one metal elemen
total amount is more than 0 at% and 20 at% or less,
ratio of a sum of the amounts of the Pt and the at
metal element to the total amount is 60 at% or less

mixing the weighed FePt-based alloy powder, the we
metal powder containing the at least one metal elem
oxide powder containing unavoidable impurities such

mechanical alloying occurs to thereby produce a fir
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mixture;

adding a C powder composed of
containing unavoidable impurities and not forming s
particles to the produced first powder mixture;

mixing the C powder and the first powder mixture s
that a primary particle diameter of the C powder is
essentially reduced to thereby produce a powder mix
pressure sintering; and then

molding the produced powder mixture for

sintering while the powder mixture is heated under

of pressure.

23. A method for manufacturing an FePt-C-based sput
target, the method comprising:

weighing a Pt powder containing unavoidable impur
an Fe powder containing unavoidable impurities, and
powder containing at least one metal element other
Pt with the balance being unavoidable impurities su
ratio of an amount of the Pt to a total amount of t
Fe, and the at least one metal element is 33 at% or
less than 60 at%, a ratio of an amount of the at le
metal element to the total amount is more than O at
at% or less, and a ratio of a sum of the amounts of
the at least one metal element to the total amount

or less;
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mixing the weighed Pt powder, the weighed Fe powde r, the
weighed metal powder containing the at least one me tal element,
and an oxide powder containing unavoidable impuriti es such
that mechanical alloying occurs to thereby produce a first

powder mixture;
adding a C powder composed of primary particles
containing unavoidable impurities and not forming s econdary

particles to the produced first powder mixture;

mixing the C powder and the first powder mixture s uch
that a primary particle diameter of the C powder is not
essentially reduced to thereby produce a powder mix ture for

pressure sintering; and then
molding the produced powder mixture for pressure
sintering while the powder mixture is heated under application

of pressure.

24. The method for manufacturing an FePt-C-based sp uttering

target according to any of claims 19 to 23, wherein

a volume fraction of the C powder relative to a to tal
volume of the powder mixture for pressure sintering is 5 vol%
or more and less than 60 vol%, a volume fraction of the oxide
powder relative to the total volume of the powder m ixture for
pressure sintering is 3 vol% or more and less than 55 vol%,
and a sum of the volume fractions of the C powder a nd the
oxide powder relative to the total volume of the po wder
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mixture for pressure sintering is 8 vol% or more an

or less.

25. The method for manufacturing an FePt-C-based sp
target according to any of claims 15, 16, 17, 21, 2
wherein

the at least one metal element other than Fe and Pt

one or more kinds of Cu, Ag, Mn, Ni, Co, Pd, Cr, V,

26. The method for manufacturing an FePt-C-based sp
target according to any of claims 19 to 24, wherein

the oxide powder contains at least one of SiO

Ti 205, Ta G, Cr 205, CoO, Co 3Oy, B 205, Fe 20;, CuO, Cu

GTFO012PCTSG

d 60 vol%

uttering

2, 23,

are

and B.

uttering

2, TIO 2,

20, Y 203, MgO,

Al 20;, ZrO 5, Nb >G5, MoO 3, CeO 5, Sm 1203, Gd 203, WO, WO 3, HfO 2, and

NiO>.

27. The method for manufacturing an FePt-C-based sp
target according to any of claims 13 to 26, wherein
the primary particles in the C powder have an aver

diameter of 1 pm or more and 30 pHm or less.

28. The method for manufacturing an FePt-C-based sp
target according to any of claims 13 to 27, wherein
the crystal structure of the C powder is an amorph

structure or a diamond structure.
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