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DESCRIPTICN

TLTLE OF INVENTION

PePt~BASED SPUTTERING TARGET AND PROCESS FOR PRODUCING THE

SAME

TRCENICAL FIEZLD
[000L]
The present invention relates to an FePt-based sputtering

target and to a process for producing the same.

BACKGROUND ART

[oooz2]

An FePt glloy can be provided with the fct {Ordered Face
Centered Tetrageonal) structure which has high crystal magnetic
anisoctropy by heat-treating at an elevatsd temperature {(for
example, at 600° or higher), and therefore an FePt alloy has
been highlighted as a magnetic recording medium. To make FePt
particies smaller and more uniform in the thin £ilm of the
PePr alloy, it is proposed thet a predetermined guantity of
carbon (C) be included into the thin f£ilm of the FePt alloy
(for example, Patent Literature 1).

(00031

However, the formation method of the PePtC thin film,
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described in the Patent Literature 1, is the method of vaepor-
depositing Fe, PL, and C simultaneously on an MgO (100}
substrate by using the Pe target of a 2-inch diameter, C
target of a 2~inch diameter, and the Pt target of 5 mm in
height énd width. In this method, it is difficult to obtain
the film whose compeosition is contrelled strictly.
Additionally, three targets are required and each target neseds
a cathode, a power supply, etc, and so the cost of eguipment

-

becomes high while the preparatory work of sputtering takes

(00041

It is thought that an FePtl thin £ilm formed by the
process for forming an FePtC thin film described in Patent
Literature 1 has a granular structure in which FePT alloy
particles are separated by partitions of C, thereby allowing
the FePtC thin film to exhibit magnetic recording
characteristics. However, when the partitions ¢f the granular
structure were formed only of C (carbon), a carbon phass 14
grew to surround FePL alloy particles 12 growing on a
substrate surface 10A of a substrate 10, for example, as
illustrated in FIG. 1. This sometimes prevented the FePt alloy
particles 12 from growing vertically onto the substrate
surface 10A so that a plurality of the FePt alloy particles 12
were deposited vertically onto the substrate surface 102 (for
example, Non-Patent Literature 1). When a plurality of the
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FePt alloy particles 12 are deposited vertically onto the
substrate surface 102, the obtained thin film may have
deteriorated characteristics as a magnetic recording medium,
or may be usaless as a magnetic recording mediumn.

100051

In order to suppress the phenomenon that a plurality of

loy particles 12 are deposited wertically onto the

pomat

the FePt a

e

substrate surface 10A, metal oxides such as Taz0; and Ti0z may
be effectively used instead of C to form the partitions of the
granular structure, which is disclosed in Non-Patent

Literature 1.

CITATION LIST
Patent Literature
[0006]
Patent Literature 1l: Japanese Patent No. 3950838

Non-Patent Litersture

Non—-Patent Literature 1: J. $. Chen et al., Granular L10
FPePt~X (¥=C, TiC2, Ta203) {(00l) nanocomposite films with small
grain size for high density magnetic recording, Journal of
Applied Physics, American Institute of Physics, 2008, Volunme:

105, Pages: 07B702-1 to 07B702-3.

SUMMARY OF INVENTION



ot
o=

15

20

25

Technical Problem

[06008]

However, to form the partitions of the granular structure
with a metal oxide instead of €, the process for férming an
FePtC thin film described in Patent Literature 1 reguires
installation of a metal oxide target, instead of a C target,
into & sputtering device. This process takes time and seffort
for preparation of sputtering and also increases the cost of
the device.

[ooes;

The present invgntors heave believed that C and a metal
oxide are effectively used to form the partitions of the
granular structure. To form the partitions of the granular
structure not with only C but with C and & metal oxide, the
process for forming an FePtC thin film described in Patent
Literature 1 not only reguires installation of three targets,
Fe, Pt, and C into a sputtering device, but alsc reguires
installation of a metal oxide target into a sputtering device.
This process takes more time and effort for preparation of
sputtering and also increases the cost of the device.

{00107

The present inventors have studied about inclusion of a
third metal element in FebPt-alloy particles to improve the
performance of a FePt-based thin film as a magnetic recording
medium and to improve the ease of production. In order to

4



in the Pt-alloy particles,
cribed in Patent

include the third metal slement
a target of the

the process for forming an FePtC thin film des
further requires installation of
. This process

Literature 1
third metal element into a sputtering devics
sputtering and

takes more time and effort for preparation of

o

also increases the cost cf the device.
(60111

The present invention has been made in view of the
aforementioned problenms. It is an object of the present

10 invention to provide an FePt-based sputtering target which
alone can form a thin film containing an FePt-based alloy and

as a magnetic recording medium without using a

and a process for producing the same.

eing usable

g

plurality of targets,

15 Solution to Problem

following

[0012]
s a result of intensive research to sclve the
aforementioned problem, the present inventors found out that

the aforementioned problem is solvable with the
1 the following

FePt-based sputtering targets and solvable with
processes for producing the FePt-based sputtering target, and

20
the present inventors created the present invention.

b
- de
uttsy

(00133
first aspect of an FePt-based sputtering target
ring

-
=

Namely,
according to the present invention is an FePt-based sp
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target containing Fe, Pt, a metal oxide, and further

containing one or more kinds of metal elements other than Fe

and Pt, wherein the FePt-based sputtering target has a

structure in which an FePt-based alloy phase and a metal oxide
5 phase containing unavoidable impurities are mutually dispersed,

the FePt-based alloy phase containing Pt in an amount of 40

at% or more and less than 60 at% and the one or more kinds of

metal slements other than Fe and Pt in an amount of more than

e

C at% and 20 at% or less with the balance being Fe and

10  unavoidable impurities and with a total amount of Pt and the
one or more kinds of metal elements being 60 at% or less, and
wherein the metal oxide is contained in an amount of 20 volk
or more and 40 veol% or less based on & total amount of the
target.

15 [0014]

The phrase "an FePt-based alloy phase and a metal oxide
phase containing unavoidable impurities are mutually
dispersed" is a concept including & state in which the FePt-

based alloy phase is a dispersion medium and the metal oxide

]

20 phase is a dispersoid and a state in which the metal oxide
phase is a dispersion medium and the FePt-based allcoy phase is
a dispersoid and further including a state in which the FepPt-
based alloy phase and the metal oxide phase are mixed with
sach other but it is not possible to determine which phase is

2 a dispersion medium and which phase is a dispersoid.
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[0015]

In the present description, the FePt-based alloy means an
alloy containing Fe and Pt as main components and includes not
only a binary alleoy containing only Fe and Pt but alsc ternary
and higher alloys containing Fe and Pt as main components and
an additional metal element(s) other than Fe and Pt. As used
herein, the FePit-based sputtering target means a sputtering
target containing Fe and Pt as main components and also
includes sputtering targets containing, in addition to Fe and
Pt, other metal component(s), an oxide, £, and the like.

{00161

In the present description, the phrase "o or more and §
or less" may be described as "from o to $.7

[0017)

R second aspect of an FePi-based sputtering target
according to the present invention is an FePt-based sputtering
target containing Fe, Pt, C, a metal oxide, and further
containing one or more kinds of metal elements other than Fe
and PL, wherein the FePt-based sputtering target has a
structure in which an FePt-based alloy phase, a C phase
containing unavoidable impurities, and a metal oxide phase
containing unavoidable impurities are mutually dispersed, the
FePt~based alloy phase containing Pt in an amount of 40 at% or
more and less than 60 at% and the one or mere kinds of metal
elements other than Fe and Pt in an amount of more than 0 at%

-
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and 20 at% or less with the balance being Fe and unavoidable
impurities and with a total amount of Pt and the one or more
kinds of metal elements being 60 at% or less, and wherein C is
contained in an amount of more than 0 vol% and 20 vol% or less
based on a total amount of the target, the metal oxide is
contained in an amount of 10 vol% or more and less than 40

vol% based on the total amount ©
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content of C and the metal oxide is 20 wvol% or more and 40
vol% or less based on the total amount of the target.

[0018]

The phrase "an FePt-based alloy phase, a C phase
containing unavoidable impurities, and a metal oxide phase
containing utnavoidable impurities are mutually dispersed”
means a state in which any of the FePt-based alloy phase, the
C phase, and the metal oxide phase can be a disperscid{s) and
any of the phases can be a dispersion medium/media, i.&., in
any case, the FePt-based alloy phase, the C phase, and the
metal oxide phase are mutually mixed, and moreover the above
phrase is a concept including a state in which the FePt-based
alloy phase, the C phase, and the metal oxide phase are mixed
with each other but it is not possible to determine which

phase is a dispersion medium and which phase is a dispersoid.

et

(00193
In the first aspect, the metal oxide phase preferably has
an average size of 0.4 um or less as determined by an intercept

8
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method.

[0020]

In the second aspect, the phase consisting of the C phase
and the metal oxide phase preferably has an average size cf
C.4 pm or less as determined by an intercept method.

[0021]

it

A process for determining the average size of the metal
oxide phase by the intercept nethod, and a process for

determining the average size of the phase consisting of th

[
@

phase and the metal oxide phase will be described below in the
section of "DESCRIPTION OF EMBODIMENTS."

{0022}

In the first and second aspects, the one or more kinds of
metal elements other than Fe and Pt may be one or more kinds
of Cu, Ag, Mn, Ni, Co, P4, Cr, V, and B. The one or more metal
elements other than Fe and Pt may include Cu, or the one or
more metal elements other than Fe and Pt may be only Cu.

[0023]

In the first and second aspects, the metal oxide may
contain, for ezample, at least one of S1i0z, TiOz, Tiz0:, Ta::0s,
Crz03, Col, Co0z0s, B20s3, Feedsz, Cul, Cu:0, Y203, MgO, AlyQa, Zr0lg,
Nbz0s5, MoOz, CeQz, SmpQz:, Gd20s, WOz, W0z, HIOz, and NiQs.

{00247

Preferably, the FePt-based sputtering targst has a

relative density of %0% or higher.

o
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[0025]

Some of the above-described FePt-based sputtering targets
can be preferably used for z magnetic recording medium.

[0028]

A first aspect of a process for producing an FePt-based
sputtering target according to the present invention is a
process for preducing an FePt-based sputtering target,
including: adding metal cxide powder containing unavoidable
impurities to FePt-based alloy powder containing Pt in an
amount of 40 at% or more and less fThan 60 at% and the one or
more kinds of metal elemsnts other than Fe and Pt in an amount

of more than 0 at% and 20 at% or less with the balance being

Fe and unevoidable impurities and with a total amount of Pt

v

and the one or more kinds of metal elements being 60 at% or

less so that the metal oxide powder accounts for 20 vol% or
more and 40 vol% or less of a total amount ¢f the FePt-based
alloy powder and the metal oxide powder, followed by mixing
the FePt-based alloy powder and the metal oxide powder to
produce a powder mixture; and molding the produced powder
mixture while the powder mixture is heated under pressure.

[0027}

A second aspect ¢f a process for producing an FePt-based
sputtering target according to the present invention is a
process for producing an FePt-based sputtering target,

including: adding € powder containing unavoidable impurities

10
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and metal oxide powder containing unavoidable impurities to
FePi~-based alloy powder containing Pt in an amount of 40 at%
or more and less than 60 at% and the one or more kinds of
metal elements other than Fe and Pt in an amount of more than
C at% and 20 at% or less with the balance being Fe and
unavoldable ilmpurities and with & total amount of Pt and the
one or more kinds of metal elements being 60 at% or less so
that the C powder and the metal oxide powder are added to
satisfy:

0 < as 205

10 £ B < 40; and

20 £ o + B £ 40,

where ¢ and P represent contents of the C powder and the
metal oxide powder by vol%, respectively, based on a total
amount of the FePt-based alloy powder, the C powder, and the

metal oxide powder, followed by mixing the FePt-bhased al

ot

o

oy
powder, the C powder, and the metal oxide powder to produce a
powder mixture; and molding the produced powder mixture whilie
the powder nmixture is heated under pressure.

(00287

In a first aspect of the production process, the metal
oxide phase in the obtained FePt-based sputtering target has
an average size of 0.4 um or less as determined by the
intercept method.

100291
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In a second aspect of the production process, the phase
consisting of the C phase and the metal oxide phase in the
obtained FePt-based sputtering target has an average size of

0.4 um or less as determined by the intercept method.

00

[
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03

In the first and second aspects of the production process,
the one or more kinds of metal elements other than Fe and Pt
may be one or more kinds of Cu, Ag, Mn, Ni, Co, Pd, Cr, V, and
B, The one or more metal elements other than Fe and Pt may
include Cu, or the ones or mors metal elements other than Fe
and Pt may be only Cu.

00337

In the first and second aspects of the production process,
the metal oxide may contain, for example, at least cone of $5i0z,
TiOz, Ti203, Tas0s5, Crz03, CToQ, Co0ils, B203, Fex0:, Cul, Cu20, Y203,
MgQ, AlzQ3, Zr0z, NbeGs, MoOsz, Celz, Sm203;, Gd203, WOz, WOz, HIfOz,
and NiOa.

[00323

Some of the obtained FePi-based sputtering targets can be
preferably used for a magnetic recording medium.

[0033)

A third aspect of the FePt-based sputtering taxget
acegording to the present invention is an FePt-based sputtering

target produced by any one of the above production processes.
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Advantageous Effects of Invention

(00341

The use of the FePt-based sputtering target according to
the present invention allows formation of a2 thin £ilm
containing an FePt-based alloy and being usable as a magnetic
recording medium with the single target alone, i.e., without
using a plurality of targets.

[0035]

Moreover, the FePi-based sputtering target according to
the present invention contains a predetermined amoun£ of the
metal oxide, so that a thin film obtained by sputtering and
containing the FePt-based alloy 1s likely to have a favorable

granular structure.

BRIEF DESCRIPTION OF THE DRAWINGS

{0036}

FIG. 1 is an example of & problematic magnetic recording
medium having a granular structure with partitions formed only
of C {carbon).

FIG. 2 is a SEM photograph of a sintered product in
Reference Example 1 (an image taken at a magnification of
1,000x%; a bar scale in the photograph represents 10 umj.

FIG. 3 is & SEM photograph of a sintered product in
Reference Ezxample 1 (an image taken at a magnification of
3,000x; a bar scale in the photograph represents 1 um).

i3
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FIG. 4 1s a SEM photograph of a sintered product in
Reference Bxample 1 (an image taken at a magnification of
5,000x; a bar scale in the photograph represents 1 um).

FIG. 5 is a SEM photograph of a sintered product in
Reference Example 1 (an image taken at a magnification of
10,000%x; & bar scale in the photograph represents 1 um).

FIG. € is a SEM photograph of & sintered product in
Reference Example 2 (an image taken at a magnification of
1,000x%; a bar scale in the phgtogxaph represents 10 pm) .

FIG. 7 is a SEM photograph of a sintered preduct in
Reference Example 2 (an image taken at a magnification of
3,000x; a bar scale in the photograph represents 1 um).

FIG. 8 is a SEM photograph of a sintered product in
Reference Example 2 {an image taken at a magnification of
5,000x; a bar scale in the photograph represents 1 pm).

FiG. 9 1s a SEM photograph of a sintered product in
Reference Example 2 (an image taken at a magnification of
10, 000x; a bar scale in the photograph represents 1 um).

FIG. 10 is a 3EM photograph of a sintered product in
Reference Example 3 (an image taken at a magnification of
1,000x: a bar scale in the photograph represents 10 pm).

FI¢. 11 is a SEM photograph of a sintered product in
Reference Example 3 {an image taken at a magnification of
3,000x; a bar scale in the photograph represents 1 pm).

FIG. 12 is 2 SEM photograph of a sintered product in

14
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Reference Example 3 (an image taken at a magnification of
5,000%; a bar scale in the photograph represents 1 um) .
FIG. 13 is a SEM photograph of a sintered product in
Reference Example 3 {an image taken at a magnification of
10,000x; a bar scale in the photograph represents 1 um}.
FIG. 14 is a SEM photograph of a sintered product in
Reference Example 4 (an image taken at a magnification of
1,000%; a bar scale in the photograph repressnts 10 um).
FIG. 15 is a SEM photograph of a sintered produvct in

Reference Example 4 {an image taken at a magnification o

]

3,000x;: a bar scale in the photograph represents 1 um).
FIG. 16 is a SEM pﬁotograph of a sintered product in
Reference Example 4 (an image taken at a magnification of
5,000x; a bar scale in the photograph represents 1 pm).
FIG. 17 is a SEM photograph of a sintered product in
Refexence‘Example 4 {an image taken at a magnificationAof
10,000x; a bar scale in the photograph represents 1 um).
FIG. 18 is a SEM photograph of a sintered product in
Reference Example 5 (an image taken at a magnification of
1,000%; & bar scale in the photograph represents 10 um).

FIG. 19 is a SEM photograph of a sintered product in
Reference Example © {an image taken at a magnification of
3,000x; a bar scale in the photograph represents 1 gm).

FIG. 20 is a SEM photograph of a sintered product in

Reference Ezample 2 {an image taken at & magnification of

15
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5,000x; a2 bar scale in the photograph represents 1 pm).
FIG. 21 is a SBEM photograph of a sintered product in
Reference Example 5 (an image taken at a magnification of
1G,000%x; a bar scale in the photograph represents 1 um),
FIG. 22 is a SEM photograph of a sintered product in
Reference Example 6 (an image taken at a magnification of
1,000x; a bar scale in the photograph represents 10 um).
FIG. 23 is a SEM photograph of a sintered product in
Reference Example 6 (an image taken at & magnification of
3,000x; a bar scale in the photograph represents 1 um).
FIG. 24 is z SEM photograph of a sintered product in
Reference Example 6 (an image taken at & magnification of
5,000x; & bar scale in the photograph represents 1 um).

FIG. 25 is a SEM photograph of a sintered product in

Fh

Reference Example 6 (an image taken at a magnification o
10,000x; a bar scale in the photograph represents 1 um).
FIG. 26 is a SEM photograph of a sintered product in
Reference Example 7 (an image taken at a magnification of
1,000x; & bar scale in the photograph represents 10 wm).
FIG. 27 is a SEM photograph of a sintered product in

Reference Example 7 (an image taken at a magnification of

3,000x; a bar scale in the photograph represents 1 pm).
FIG. 28 is a SEM photograph of a sintersd product in

Reference Example 7 {an image taken at a magnification of

5,000x%; a bar scale in the photograph represents 1 pm).

18
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FIG. 28 is &

Reference Example 7

10,000x; a bar scale in

FIG. 30 is a SEM photograph of a

Reference Example 8
1,000%; a bar scale

FIG.
Reference Exampls 8

3,000x; a bar scale

FIG. 32 is a 8

Reference Example 8

5,000x%; a bar scale

¥x3

Reference Example 8

SEM photograph of a

31 is a SEM photograph of a sintered

'IG. 33 is a 8

sintered product in

{an image taken at a magnification of

the photograph represents 1 um).

{an image taken at a

in the photograph represents 10 um).

{an image taken at & magnification of
in the photograph rIepresents 1 um).

EM photograph of a sintered product in
{arn image taken at a magnification of
in the photograph represents 1 um}.

EM vhotograph of a sintered product in

{an image taken at a magnification of

10,000%; a bar scale in the photograph represents 1 um).

FIG.

Reference Example 9

1,000x; a bar

(S}

FIG. 3

Reference Example ©

34 is a SEM photograph of a

sinteraed product in

{an image taken at a magnification of

scale in the photograph represents 10 um).

is & SEM photograph of & sintered product in

(an image taken at a megnification of

3,000x; a bar scale in the photograph represents 1 um).

FIG.

Reference Example 9

5,000x; a bar scale in the photograph represents 1

36 is a SEM photograph of a sintered product in

{an image taken at a magnification of

um;j .

FIG., 37 is a SEM photograph of a sintered product in

17
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Reference Example 2 (an image taken at a magnification of

10,000x; a bar scale in the photograph represents 1 um).

FIG. 38 is a SEM photograph ¢f a sintered
Example 1 (an image taken at a magnification of
scale in the photograph represents 10 pm).

FIG. 38 is a2 SEM photograph of a sintered
Example 1 (an image taken at a magnification of
scale in the photograph represents 1 umj).

FIG. 40 is a SEM photograph of a sintered
Example 1 {an image taken at a magnification of
scale in the photograph represents 1 um).

FIG. 41 is a SEM photograph of a sintered
Example 1 {an image taken at a2 magnification of
scale in the photograph represents 1 um).

FIG. 42 is & SEM photograph of a sintered
Example 2 (an image taken at a magnification of
scale in the photograph represents 1 um).

FIG. 43 is a SEM photograph ¢f & sintered
Example Z {an image taken at a magnification of

“

scale in the photograph represents 1 um).

1]

IG. 44 is a SEM photograph of a sintered
Example 2 (an image taken at a magnification of

scaie in the photograph represents 1 um}.

DESCRIPTION OF EMBODIMENTS
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Embodiments of the present invention will next be

described in detamil.
100381

1. First Embodimgnt
1-1. Components and Structure of Sputt@ring>Taxget

An FePt-based sputtering target according to a first
embodiment of the present invention contains Fe, Pt, and a
metal oxide and further contains Cu, which is a metal element
cther than Fe and Pt. The FePt~C-based sputtering target is
characterized in that it has a structure in which an FePif-

based alloy phase and a metal oxide phase conta

1=

ning
unavoidable impurities are mutuvally dispersed, the FePt-based
alloy phase containing Pt in an amount of 40 at% or more and
less than 60 at% and Cu in an amount of more than 0 at$% and 20
at% or less with the balance being Fe and unavoidable
impurities and with the total amcunt of Pt and Cu being 60 at}%
or less, and that the content of the metal oxide is 20 vol% or
more and 40 vol% or less based on the total amount of the
target.

[0035]
1-1-1., FePtlu alloy

The FePt alloy can have an fct structure with high
magnetocrystaliine anisotropy when subjected to heat treatment

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

19
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Fert alloy has & role in serving as a recording laver of a
magnetic recording medium and 1s a main component ¢f the FePt-
based sputtering target according to the first embodiment of
the present invention. In the FePt-based sputtering target
according to the first embodiment, Cu is contained in an FePt
alleoy to form an FePtCu alloy.

{0040]

When Cu 1s contained, the temperature of the heat
treatment for converiing the crystal structure of the Feli-
based alloy to the fct structure can be reduced {to, for
example, 600°C), so that the cost of the heat treatment on an
FePtlu-metal oxide layer obtained by sputtering can be reduced.
In addition, the addition of Cu may allow the crystal
structure of the cobtained FePtCu-metal cxide layer to be
converted to the fct structure by heat generated during
sputtering without additional heat treatment.

[0041]

A metal other than Cu can be added to the FePt alloy, and
examples therecf include Ag, Mn, Ni, Co, ®?d, Cr, V, and RB.

[GC42]

In the first embodiment, the reason that the content of
Pt in the PePtCu alloy phase is defined to be 40 at% or more
and less than 60 at% in this embodiment is that, when the
content of Pt in the FePtCu alloy phase is outside the range

of 40 at% or more and less than 60 at%, the fcot {ordered face

20
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centered tetragonal) structure may not appear. The content of
Pt in the FePtCu alloy phase is preferably 45 at% or more and
55 at% or less, more preferably 49 at% or more and 51 at% or
less, and particularly preferably 50 at%, from the viewpoint
that the fet (ordered face centered tetragonal) structure
appears reliably in the FePtCu alloy phase.

{00433

The reason that the content of Cu in the FePtCu alloy
phase ieg defined to more than 0 at% and 20 at% or less is that
the above-~mentioned effect of decreasing the temperature of
the heat treatment (to, for example, 600°C) may not be obtained
unless the FePtlu alloy phasé contains Cu, and thait the
proportion of Fe or Pt in the FePtCu alloy phase decreases if
the FebPtCu alloy phase contains more than 20 at% of Cu, s¢
that the fct (ovrdered face centered tetragonal) structure may
not appear.

{00443

The reason that the total amount of Pt and Cu in the
FePtlu alloy phase is defined to 60 at% or less is that the
proportion of Fe in the FePtCu alloy phase decreases 1f the
total amount of Pt and Cu is more than 60 at%, so that the fct
{ordered face centered tetragonal} structure may not appear.

[0045]
i-1-2. Metal Oxide

The metal oxide can form the partitions for separating

Z
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the FePtCu alloy particles, which are magnetic particles, from
gach other in a layer containing the FePtlu alloy and the
metal oxide {hereinafter, may be referred to as an FePtlu-
netal oxide layer) obtalned by sputtering, and hes & role in
reducing and uniformizing the size of the FsPtlu alloy
particles in the FePtCu-metal oxide layer. The metal oxide is
a maln component in the FePtCu-based sputtering target
according to the first embodiment.

(0046}

When only C is used instead of the metal oxide, { grows
to surround the FePt-alloy particles during sputtering, as
described above using FIG. 1. This may prevent the FePt-alloy
particles from growing vertically onto the substrate surfacs,
so that the FePt-alloy particles may be deposited vertically
onto the substrate surface to deteriorate the characterisrtics
as a magnetic recording medium. However, this can be avoided

by using the metal oxide to obtain a favorable magnetic

In the first embodiment, the reason thait the content of

s defined

L

de

e

the metal ox o 20 vol% or more and 40 wol% or

cf

less based on the total amcunt cf the target is that the metal

O
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s partitions for separating the FePt-allioy
particles, which are magnetic particles, from gach other in
the FePtCu-metal oxide layer obtained by sputtering to achieve

22
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the effect 0f reducing and uniformizing the size of the FePt
alloy particles. If the content of the metal oxide is less
than 20 vol%, this effect may not be sufficiently achieved. If
the content of the metal oxide exceeds 40 vol%, the number of
the FePt alloy particles per unit vclume of the FePt-metal

oxide layer obtained by sputtering decreases, and this is
disadvantageous for storage capacity. The content of the metal
oxide is preferably from 25 to 35 vol% based on the total
amount of the target, mors preferably from 28 to 32 vol%, from
the viewpoint of achieving the effect of reducing and
uniformizing the size of the FePtCu particles in the FePiCu-

metal oxide laver and from the viewpoint of the storage

capacity of the FePtCu-metal oxide layer to be formad.

In the first embodiment, tThe metal oxide may contain, for
axample, at least one of $i0z, TiOz, Tiz0s, Taxls, Crp03, CoO,
Cos04, B0z, Fez0i, Cul, Cuz0, Y203, MgC, AlzO:x, Zr0z, Nbx0s, Mols,
Celz, Sma0Cs, Gda03, WOz, WOs, HEfOz, and NiO:.

[0049]
1-1-3, Structure of Target

The FePt-based sputtering target according to the first
embodiment has a structure in which an FePtCu allcy phase and
a metal oxide phase containing unaveidable impurities are

mutually dispersed, the FePtCu alloy phase containing Pt in a

o

3

amount of 40 at% or more and less than 60 at% and Cu in an

~
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amount of more than 0 at% and 20 at% or less with the balance
being Fe and unavoidable impurities and with the total amount
of Pt and Cu being 60 at% or lsss, wherein the content of the
metal oxide is 20 veol% or more and 40 vol% or less based on
the total amount of the target.

[0050]

The reason for having the structure in which the FePtCu
alloy phase and the metal oxide phase are mutually dispersed
is to prevent certain regions from baing sputtered at an
excessive high rate during sputtering to lmprove the
sputtering.

[0051]

It is preferable to reduce the size of the metal oxide
phase in the target as much as possible, in order to reduce
the difference in sputtering rate at different positions.
Therefore, the average size of the metal oxide phase in the
target is preferably 0.4 pm or less as determined by the
intercept method, more preferably 0.35 um or less, and

particularly preferably 0.3 pm or less.

In order to reduce the average size of the metal oxide
rhase in the target, the current size reduction technique
requires extension of the time for mixing FePtCu alloy powder
and metal oxide powder. Therefore, it is unpracticel to

significantly reduce the average size of the metal oxide phase

24



in the target with the current size reduction technigue in
terms of production sfficiency. When the average size of the
metal oxide phase in the target is smaller to & certain extent,

the preblem associated with the difference in sputtering rate

at different positions dees not particularly occur. Therefore,

the lower iimit may be set on the average size of the metal
cride phase in the target. When the lower limit is sat, in

considexation of the cost of the current size reduction

oxide phase in the

fros

technique, the average size of the meta
target, as determined by the intercept method, is preferably

-

from 0.1 to 0.4 um, more preferably

h

rom 0.15 £o 0.35 pm, and
particularly preferably from 0.2 to 0.3 um.
(0053}

in the present description, the average size of the metal

[N
s
t
j=y
©

oxide phase is determined by the intercept method

fellowing manner,

First, two horizontal lines are drawn in a left-right
direction on a SEM photograph of the cross section of the
target taken at a magnification of 10,000x sc that the image

nd three vertical
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lines are drawn in a vertical direction so that the image is
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orizontally into four parts. As a result, a tota
five lines are drawn on the SEM photograph of the cross

section of the target taken at a magnification of 10,000x.
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[0055]

For =sach of the five lines, the

otal length of line
segments intersecting the metal oxide phase and the number of
the metal oxide phase intersected by the line are determined.
5

Then the average of the lengths ¢f the segments o

Hh

the five
lines that intersect the metal oxide phase is determined {by

h

the metal oxide phase

dividing the total length of the line segments intersecting

by the number of the metal oxid
inters

= phases
ersected by the lines}, and the obtained value 1s used as
10 the average size of the metal oxide phase determined by the
intercept method.
{00567
In order to perform sputtering favorably, it is
preferable that the relative densit

15 Dbecause

v of the target be large
larger the value of the relative density, the
smaller the volume of voids in the target.

More specifically,
the relative density of the target is preferably 90% or higher.
To increase the relative density of the target, 1t is
preferable to mix the FePtCu alloy powder
20

and the metal oxide
powder sufficiently to reduce the particle size of the metal
oxide powder, asg described later. The size of the metal oxide
in the % ¢t is thereby reduced,

and the voids in the
filled by the plastic flow of the FePtCu alloy

uring sintering, $o that the relative density increases.
25
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[#1]

The content of nitrogen is preferably 30 ppm by mass ox
lass based on the total amount of the target. As the content
of nitrogen in the target decreases, the content of nitrogen
in the FePtCu~metal oxide layer to be obtained by sputtering
also decreases, so that the FePtlu-metal oxide layer obtained
is favorable.

(00587
1~2. Production Process
The FePt-based sputtering target according to the first
embodiment can be produced by: adding metal oxide powder
containing unavoidable impurities to FePtCu alloy powder
containing Pt in an amount of 40 at% or more and less than 60
at% and Cu in an amount of more than 0 at% and 20 at% or less

with the balance being Fe and unavoidable impurities and with

0 at% or less, followed

[S)

the total amount of Pt and Cu being
by mixing the FePtCu alloy powder and the metal oxide powder
to produce a powder mixture; and molding the produced powder
mixture while the powder mixture is heated under pressure.
[0059]
Iin this production process, Fe, PL and Cu are supplied as

the FePtlu alloy powder, and are not supplied as a single

powder of Fe, a single powder of Pt, and a single powder of Cu.

A single powder of Fe has high activity and may ignite in the
air. Howsver, when Fe i1s alloyed with Pt and Cu to form an
FePtCu alloy powder, the activity of Fe can be reduced even in
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the form of powder. For this reason, this production process
can suppress oxidation and ignition of Fe during mixing with
the metal oxide powder, and/cr oxidation and igniticn of Fe
when a mixing container is open to the air after mixing.

[0060}]

When the atmosphere contains oxygen during the production

G
h
ot

he powder mixture, 1t can prevent the metal oxide powder
from being reduced during mixing and thus can prevent
incorporation of metal originated from the metal oxide powder

e

into the FePtCu all;y powder during\mixing. Therefcore, an
FePt-based thin film produced by using the cbtained FePt-based
sputtering target is iikely to exhibit stable magnetic
recording characteristics.

(0061}

~2~-1. Production of FePtCu Alloy Powder

foast

No particular limitation is imposed on the process for
producing the FebPtCu alloy powder. However, in the third
embodiment, an atomizing method is performed using a molten.
FePtCu alloy containing Pt in an amount of 40 at% or more and
less than 60 at% and Cu in an amount of more than 0 at% and 2C
at% or less with the balance being Fe and unavoidable

impurities and with the total amount of Pt and Cu being 60

Al
o+
o

or less to produce FePtCu alloy powder having the same
composition as the molten FePtCu alloy.

{0062}

28



When the FePiCu alloy powder has the above composition,
the FePtCu alloy phase in the target obtained by sintering of
the FePtCu alloy powder has the above composition, so that the
fct structure is likely to appear in an FePtCu phase in an

5 FePtCu-metal oxide layer obtained by sputtering using the
above target.

[00€3]

Preferably, the FePtCu alloy powder is produced by an
atomizing method. This is because of the following reason. In

10 an atomizing method, raw metals (Fe and Pt) are first heated
to high temperatures to form molten metals. In this stage,
alkall metals such as Na and K, alkaline-esrth metals such as
Ca, and gaseous impurities such as oxygen and nitrogen are
volatilized and removed to the outside, s0 that the amount of

15 impurities in the FePtCu alloy powder can be reduced. When a
gas atomizing method is used, the amount of impurities in the
FepPt.Cu alloy powder can be further reduced by performing
atomizing using axgon‘gas or nitrogen gas.

100647

20 The target obtained using the FePtCu alloy powder
obtained by an atomizing method contains a reduced amount of
impurities, so that the content of nitrogen can be suppressed
te 30 mass ppm or less.

[0065]

25 Therefore, sputtering performed using the target is
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favorable, and an FePtCu-metal oxide layer to be obtained is
also favorable.

[CO66]

Examples of an applicable atomizing method include, for
example, a gas atomizing method and a centrifugal atomizing
nethod.

[0087]

1-2-2. Mizing

The powder mixture is produced by mixing metal oxide
powder having an average particle diameter of, for example,
from 20 to 100 nm‘with the FePtCu alloy powder cbtained by the
atomizing method described above sc that the content of the
metal oxide powder is 20 vol% or more and 40 vol% or less
based on the total amount of the powder mixture.

{0068}

When the atmosphere contains oxygen during the production
of the powder mixture, it can prevent the metal oxide powder
from being reduced during mixing and thus can prevent
incorporation of metal originated from the metal oxide powder
into the FePtCu alloy powder during mizxing. An FePt-based thin

film produced by using the obtained FePt~based sputtering

i

target is

-
[l
7
@
&
b4

to exhibit stable magnetic recording
characteristics.
[0069]

From the viewpoint of preventing the metal oxide powder
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from being reduced during mixing, it is preferable that ozxygsen
be continucusly supplied from the outside of the mixing
container to the atmosphere during mixing. Coantinucus supply
cf oxygen hardly causes a shortage of oxygen in the atmosphere
and easily prevents the metal oxide powder from being reduced
during mixing.

[GG70]

However, if the amount of oxvgen in the atmosphere during
mixing of the FePuCu alloy powder and the metal oxide powder
is too large, the powder mixture may contain an excess amount
of oxygen during mizxing.

[6671]

From the viewpoint of preventing the metal oxide powder
from being reduced during mixing, and from the viewpcint that

the powder mixture may contain an excess amount of oxygen

during mixing if the amount of oxygen in the atmesphers is too

=

large, the concentration of ozygen in the atmosphere during
mixing is preferably from 10 to 30 vol%, more preferably from
13 to 25 vol%, particularly preferably from 19 to 22 volk.
100723
Uxygen may be supplied to the atmosphere during mixing by
supplying air. This can raduce cost.
[0073]

The atmosphere during mizing may be composed

substantially ¢f an inert gas and oxygen. In this case,
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incorporation of impurities from the atmesphere into the
powder mixture can be suppressed. For example, argon, nitrogen,
etc, may be used as the inert gas.

[0G74]

The atmosphere.dufing mixing may be released to the air
at some point in the mixing step. Even when the atmosphere is
short of oxygen at some point in the mixing step, oxygen can
be introduced from the alr by releasing the atmosphere inito
the air, so that the shortage of oxygen can be mitigated.

[0075]
1~2-3. Molding method

No particular limitation is imposed on the method for
molding the powder mixture produced as described above while
the powder mixture is heated under pressure. For example, &
hot pressing method, a hot isostatic pressing method (HIP
method), & spark plasma sintering method ({SPS method}, etc.
may be used. Preferably, when implementing the present
invention, such a molding method is performed in a vacuum oOr
an inert gas atmeosphere. In this case, even when the powder
mixture contains a certain amount of oxygen (other than oxygen
of the metal oxide), the amount of oxygen (other than cxzygen
of the metal oxide) in the obtained sintered product decreasss,
The amount of ilmpurities such as nitregen in the obtained
sintered product alsco decreases.

[0076]
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1-3. Effects

When the target is produced by casting, it is difficult

to increase the contents of the metal oxide because o

[ 3
{1
o)
{4

stiid solution limit of the metal oxide in the alloy,
separation of the metal oxide from the alloy due to the
difference in specific gravity, and the like.

100771

Whereas, the production process in the first embodiment
uses a sintering method, and thus can increase the content of
the metal oxide based on the total amount of the target. More
specifically, an FePt-based sputtering target containing a
large amount of the metal oxide, for example, 20 vol% or more
and 40 vol% or less, can be produced. Therefore, the use of
the rePt-based sputtering target according to the first
embodiment for spattering allows formation of a thin film
containing an FePt alloy and being usable as a magnetic
recording medium with the single target alone, i.e., without
using a plurality of targets.

[0078)

In the production process in the first embodiment, Fe is
alloyed with Pt and Cu to form an FePtCu alloy powder, and
thus the activity of Fe can be reduced evan in the form of
powder, thereby suppressing ignition and oxidaticon of Fe
during mixing with the metal oxide powder.

[(G6079]



When the atmosphere contains oxygen during the production
of the powder mixture, it can prevent the metal oxide powder
from being reduced during mixing and thus can prevent
incorporation of metal originated from the metal oxide powder
into the FePt alloy powder during mixing. Therefore, an FePt-
based thin film produced by using the obtained FePt-based
sputtering target is likely to exhibit stable magnetic
recording characteristics.

(0080
2. Second Embodiment

An FePt~based sputtering target according to a second
embodiment will bhe described below, but the description of the
same content ag in the FePt-based sputtering target according
to the first embodiment will be appropriately omitted.

{00811
2-1. Components and Structure of Sputtering Target

The FePt~based sputtering target according to the first
embodiment contains & metal oxide in addition to alloy
components (Fe, Pt, Cu); whereas the FePt-based sputtering
target according to the second embodiment contains C {carbon)
and & metal oxide in addition to alloy components (Fe, Pt, Cu).

(60827

Specifically, the FePi-based sputtering target accoxding
to the second embodiment of the present invention contains Fe,

“Pt, €, and a metal oxide, and further contains one oxr more

34
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kinds of metal elements other than Fe and P, wherein the
FePt-based sputtering target has a structure in which an
FePtCu alloy phase, a C phase containing unavoidable
impurities, and a metal oxide phase containing unavoidable
impurities are mutually dispersed, the FePiCu alloy phase
containing Pt in an amount of 40 at% or more and less than 60
at% and Cu in an amount of more than 0 at% and 20 at% or less
with the bslance being Fe and unaveidable impurities and with a
total amount of Pt and Cu being 60 at% or less, and wherein
the velume fraction of C to the total amount of the target is

more than 0 vol% and 20 vol% or less, the volume fraction of

P

the metal oxide to the total amount of the target is 10 vol
or more and less than 40 vol%, and the total volume fraction
of C and the metal oxide to the total amount of the target is
20 vol% or more and 40 vol% or less.

{0083}
2-1-1. FePtlu Alloy

In the FePi-based sputﬁaring target according to the
second embodiment of the present invention, Cu is contained in
an FePt alloy to form an FePtCu alloy. The description of the
FePtCu alloy in the FePt-based sputtering target according to
the second embodiment to be mentioned here‘is overlapped with
the content described in "1-1-1. FePtlu Alloy" in the first
embodiment, and accordingly the description thereof will be
omitted.
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(6084}
2-1-2. C and Metal Oxids

C and the metal oxide can form the partitions for
separating the FePt alloy particles, which are magnetic
particles, from each other in a layer containing the FePt
alloy, C, and the metal oxide (hereinafter, may be referrad to
as an FePt~C-metal oxide layer) cbtained by sputiering, and
has a role in reducing and uniformizing the size of the FePt
alloy particles in the FePt—-C-metal oxide layer. C and the
metal oxide are main components in theyFePt~based sputtering
target acceording to the second embodiment.

o085

In the second embodiment, the content of C is mere than 0

\

vol% and 20 vel% or less based on the total amount of the

O

target, the content of the metal oxide is 10 vol% or more and
Jess than 40 vol% based on the total amount ¢f the target, and
the total content of C and the metal oxide is 20 vol% or more
and 40 vol% or less based on the total amount of the target.

i0086]

The reason that the content of € is set to more than C
vel% and 20 vol% or less based on the total amount cf the
target, the content of the metal oxide is set to 10 wvol% or

more and less than 40 vol% based on the total amount of the

2

target, and the totsl content of C and the metal oxide is sst

to 20 vol% or more and 40 vol% or less based on the total
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amount of the target is that C and the metal coxide can form
the partitions for separating the FePt alloy particles, which
are magnetric particles, from each other in the FePt-C-metal
oxide layer obtained by sputtering to achieve the effect of

If the total content of C and the metal oxide is less than 2

(=4

vol%, this effect may not be sufficiently achieved. If the
total content of C and the metal ouide is more than 40 vol%,
the number of FePt alloy particles per unit volume of the
Fept-C-metal oxide layer obtained by sputtering decreases, and
this is disadvantageocus for storage capacity.

[6087]

The reason that the lower limit of the content of the
metal oxide is set to 10 vol% based on the total amount of the

4

target and the upper limit of the content of C is set to 20

j
of

vo based on the teotal amount of the target is that, when the
target contains & large amount of C and an insufficient amount
of the metal oxide, C grows fo surround the FePt alloy
particles during sputtering. This may prevent the FePt alloy
particles from growing vertically onto the substrate surface
st that a plurality of the FePt alloy particles may be

deposited vertically onto the substrate surface to deteriorate

the characteristics as a magnetic recording medium. This can

[

be avoided by containing 10 vol% or more (less than 40 vol

}

of the metal oxide bhased on the total amount of the target and
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setting the upper limit of the content of C to 20 vol% based
on the total amount of the target, making it possible to
provide a favorable magnetic recording medium.

(0088}

From the viewpoint of exhibkiting the effect of reducing
and uniformizing the size 0f the FePt particles in the FePt-C-
metal oxide layver, from the viewpoint of the storage capacity
of the FePt-metal oxide layer to bs formed, and from the
viewpoint of providing favorable characteristics as a magnetic
recording medium, the content of C is preferably more than 0
vel% and 17 vel% or less based on the total amount of the
target, the content of the metal oxide is preferably 13 vol%

or more and less than 35 voli% hased the total amount of the

Q
s}

target, and the total content of C and the metal oxide is
preferably 25 vol% or mors and 35 vol% or less based on the
total amount of the target.

[0089]

In the second embodiment, the metal oxide may contain,
for example, at least one of Si0z, TiOz, Ti:03, Taxlds, Crx0s, Col,
Cos0y, B203, Fer0s, Cul, Cuz0, Y0z, MgC, Al:Cs, Zrxr0z, Nbz0s, MoOs,
CeDz, Smp0s, G4y05, WOz, WOz, BFfC;, and Ni0;.

{0090}
2~1-3. Structure of Target

The FePt-~based sputtering target according to the second

x

embodimant has a structure in which an FePtlu alloy phase, a C
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phase containing unavoidable impurities, and a metal oxide
phase containing unavoidable impurities are mutually dispersed,
the FePtlu alloy phase containing Pt in an amount of 40 at% or
more and less than 60 at% and Cu in an amount cof more than O
at% and 20 at% or less with the balance being Fe and
unavoidable impurities and with the total amount of Pt and Cu
being 60 at% or less, wherein the content of C is more than 0
vol% and 20 vol% cr less based on the total amount of the

target, the content of the metal oxide is 10 vol% or more and

less than 40 vol% based on the total amount of the target, an

§

the total content of C and the metal oxide is 20 vol% or more
and 40 vol% or lesss based on the total amount of the target.

{00911

The reason that the FePt-based sputtering target
according to the second embodiment has the structure in which
the FePtCu alloy phase, the C phase, and the metal oxide phase
are mutually dispersed 1s to prevent certain regions from
being sputtered at an excessive high rate during sputtering to
improve the sputtering.

(60823

It is preferable to reduce the size of the C phase and

the metal oxide phase in the target as much as possikle, in

+h

order to reduce the difference in sputtering rate at different

positions, Therefore, the average size of the phase consisting

Q

of the C phase and the metal oxide phase in the target is

3¢
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preferably 0.4 pm or less as determined by the intercept method,
more preferably 0.35 um or less, and particularly preferably
0.3 pm or less.

[0083]

In order to reduce the average size of the phase
conglsting of the C phase and the metal oxide phase In the
rarget, the current size reduction technique reguires

]

©owasr,

iy

extansion of the time for mixing FePtlu alloy powder, C
and metal oxide powder. Therefore, it is unpractical ?o
significantly reduce the average size of the phase consisting
cf the C phase and the metal oxide phase in the target with
the current size reduction technigque in terms of producticn
efficiency. When the average size of the C phase and the metal
oxide phase in the target is smaller to a certain extent, the
problem associated with the difference in sputiering rate at
different positions does not particularly occur. Therefore,
the lower limit may be set on the average size of the C phase
and the metal oxide phase in the target. When the lower limit

s set, in consideration of the cost of the current size

‘_!.

reduction technique, the average size of the phase consisting
of the C phase and the metal oxide phase in the target; as
determined by the intercept method, is preferably from 0.1 to
0.4 um, more preferably from 0.15 to .35 um, and particularly
preferably‘frcm 0.2 to 0.3 pm.

[00%4;
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A process for determining the average size 0L the phase

consisting of the C phase and the metal oxide phase by the

[N

ntercept method is the same as that described in the first
embodimaent except that the average size of the metal oxide
phase is changed to the average size of the phase consisting

of the C phase and the metal oxide phase, and accordingly the

Py

description of the process will be omitted. As used herein,
the phase consisting of the C phase and the metal oxide phase
refers to & phase picked out as the C phase and the metal
oxide phase, not distinguishing between the C phase and the
metal oxide phase and regarding them as a same phase.

{0095]

In order to perform sputtering faveorably, 1t

gt
n

preferable that the relative density of the target be large

o

ecause the larger the value of the relative density, the
smaller the volume of voids in the target. More specifically,
the relative density of the target is preferably 90% or higher.

To increase the relative density of the target, it is

0]

preferable to mix the FePt alloy powder, the C powder, and the

ef

metal oxide powder sufficiently to reduce the particle size of
the C powder and the metal oxide powder, as described later,

The size of the C phase and the metal oxide phase in the

t

arget is thereby reduced, and the voids in the target can be
filled by the plastic flow of the FePt alloy during sintering,
80 that the relative density increases.
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The content of nitrogen is preferably 30 ppm by mass or
less based on the total amount of the target. As the content
of nitrogen in the target decreases, the content of nitrogen
in the FePtCu-C-metal oxide layer to be obtained by sputtering
also decreases, so that the FePtCu-C-metal oxide layer
cbhbtained is favorakle.

[0097]

2-2, Production Frocess

The FePt-based sputtering target according to the second
embodiment can be produced by: adding C powder containing
unavoidable impurities and metal oxide powder containing
unaveoidable impurities to FePtCu alloy powder containing Pt in
an amcunt of 40 at% or more and less than 60 at% and Cu in an
amount of more than 0 at% and 20 at% or less with the balance
being Fe and unaveidable impurities and with the total amount
of Pt and Cu being 60 at% or less, followed by mixing the
FePtCu—alloy powder, the C powder, and the metal oxide powder
Lo produce a powder mixture; and molding the produced powder
mixture while the powder mixture 1s heated under pressure.

[6098]

In this production process, Fe, Pt, and Cu are supplied
as the FePtlu alloy powder in the same manner as in the
production process in the first embodiment, and are not
supplied as a single powder of Fe, a single powder of Pt, and

42



a single powder of Cu. A single powder of Fe has high activity
and may ignite in the air. However, when Pe is alloyed with Pt
and Cu to form an FePtCu alloy powder, the activity of Fe can
be reduced even in the form of powder. For this reason, this
production process can suppress oxidation and ignition of Fe
during mixing with the C powder and metal oxide powder, and/or
oxidation and ignition of Fe when a mixing container is cpen

to the air after mixing.

When the atmosphere contains oxygen during the production
cf the powder mixture, it can prevent the metal oxide powder
from being reduced during mixing and thus can prevent
incorporation of metal originated from the metal oxide powder
into the FePtCu alloy powder during mixing. Therefore, an
FePt-based thin film produced by using the obtained FePt-based
sputtering target is likely to exhibit stable magnetic
recording characteristics.

10100

In the second embodiment, the powder mixture contains C
powder. When the atmosphere contains oxygen during the
production of the powder mizture, a certain amount of oxygen
is adsorbed to the surface of the C powder during mizxing.
Because a certain amcunt of oxygen has already been adscrbed
to the surface of C particles, rapid adsorption of oxygen to

the surface of the C particles and subseguent ignition of the

>
[#8]
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articles hardly occur even when a mixing container is

cpened to introduce the air after mixing, thereby allowing

stable productien even of the FePt-based sputtering target

containing not oniy the metal oxide but also C.

[0101]

2-2-1. Production of FePtCu Alloy Powder

No particular limitation is imposed on the process for

producing the FePtCu alloy powder. Howaver, in this embodiment,

an atomizing method is performed using a molten FePtlu alloy

$

1.‘!,
3
o

containing Pt
at% and Cu in an
with the balance

the totral amount

an amcunt ¢f 40 at% or more and less than 60
amount of more tran 0 at% and 20 at% cr less
being Fe and unavoidable impurities and with

of Pt and Cu being 60 at% or less to produce

PePtCu alloy powder having the same composition as the molten

alloy.

[0102]

When the FePtCu alloy powder has the above composition,

the FePtCu alloy
the FePtCu alloy

foct structure is

phase in the target obtained by sintering of
powder has the above composition, so that the

likely to appear in an FePiCu phase in an

FePtCu-metal oxide layer obtained by sputtering using the

above target.

10103}

In the second embodiment, the FePtCu alloy powder is

produced by an atomizing method. This atomizing method is the

44
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same as the atomizing method in the producticon procesgs in the
first embodiment except that the molten alloy contains a
predetermined amount of Cu, and accordingly the description of
the atomizing method in the second embodiment will be omitted.

(01041
Z-2-2. Mixing

The powder mixture is produced by mixing the FePt aliloy
powder obtained by the atomizing method with the C powder
having an average particle diameter of, for example, from 20
to 100 nm so £hat the content of C is more than 0 vol% and 20
vol% or less bhased on the total amount of the powder mixture,
and further with the metal oxide powder having an average
particle diameter of, for example, from 20 to 100 nm so that
the content of the metal oxide 1s 10 vol% or more and less
than 40 vol% based on the total amount of the powder mixture.
The total content of C and the metal oxide is 20 vol% or more
and 40 vol% or less based on the total amount of the powder
mixture.

{61057

When the atmosphere contains oxygen during the production
of the powder mixture, it can prevent the metal oxide powder
from being reduced during mixing and thus can prevent
incorporation of metal originated from the metal oxide powder
into the FePt alloy powder. An FePt-based thin film produced
by using the obtained FePt-based sputtering target 1s likely
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to sxhibit stable magnetic recording characteristics.

[0106)

From the wlewpoint of preventing the metal oxide powder
from being reduced during mixing, it is preferable that omygen
be continuously supplied from the outside ¢f the mizing
container to the atmosphere during mixing. Continuous supply

of oxygen hardly causes a shortage of cxygen in the atmosphere

ily prevents the metal oxide powder from being reduced

e

and ea

142

during mixing.
{01073
Also, from the viewpoint of aveiding ignition of the C

particles even when the mixing container 1s opened to

introduce the air after mixing, it is preferable that oxygen

ot

be continuouvsly supplied from the outside of the mizin
container t©o the atmosphere during mixing. When the atmosphere
contains oxyvgen during the production of the powder mixture, a
certain amount of oxygen has already been adsorbed to the
surface of the C particles at the end of mixing. Therefore,
rapid adsorption of oxygen to the surface of the C particles
and subsequent ignition of the C particles hardly cccur even
when a nixing container is opened to introduce the air after
mixing, thereby allowing stable production even of the FaPt-~
based sputtering target according to the seceond embodiment

3 3

containing not only the metal oxide but also C.

[0108]
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However, if the amount of oxygen in the stmosphere during
mixing of the ¥FePt alloy powder and the metal oxide powder is
too large, the powder mixture may contain an excess amount of
oxygen during mixing and the € particles may ignite during
mixing.

[0108]

From the viewpoint of preventing the metal oxide powder
from being reduced during mixing, from the viewpocint of
avoiding ignition of the C particles even when the mixing
container is opened to introduce the alr after mixing, and
from the viewpoint that the powder mixture may contain an

excess amount of coxygen during mixing and the € particles may

[N

gnite during mixing if the amount of oxygen in the atmosphere
is too large, the concentration of oxygen in the atmosphere
during mixing is preferably from 10 te 30 vol%, more

preferably from 15 to 25 vol%, particularly preferably 19 to
F y Y ¥

{01101

Oxygen may be supplied to the atmosphere during mixing by
suppliyving air. This can reduce cost,

(01111}

The atmesphere during mixing may be composed
substantially of an inert gas and oxygen. In this case,
inceorporation of impurities from the atmosphere into the
powder mixture can be suppressed. For example, argon, nitrogen,
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etc, may be used as the inert gas.

[0112]

The atmosphere during mixing may be released to the air
at some point in the mixing step. Even when the atmosphere is
short of oxygen at some point in the mixing step, oxygen can
be introduced from the ailr by releasing the atmosphere into
the air, so that the shortage of oxygen can be mitigated.

(0113}
2-2~3, Molding Method

A molding method in the second embodiment wherse

ot

he
powder mixture produced as described above is molded while the
powder mixture is heated under pressure i1s the same as the
melding method in the production process in the first
embodiment, and accordingly the description of the molding

method will e omitted.

2-3. Effects

When the target ig produced by casting, it is difficult
to increase the contents of C and the metal oxide because of
the solid spolution limit of € and the metal oxide in the alloy,
separation of C and the metal oxide from the alloy due to the
difference in specific gravity, and the like.

{0113]

Whereas, the vroduction process in the second embodiment
uses a sintering method and thus can increase the copntents of
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C and the metal oxide based on the total amount of the target,
making it pessible to produce an FePt-based sputtering target
in which the content of C is more than 0 vol% and 20 ﬁol% or
less based on the total amount of the farget, the content of
the metal oxide is 10 vol% cr more and less than 40 vol% based
on the total amount of the target, and the total content of C
and the metal oxide ig 20 vol% or more and 40 vol% or lass
based on the total amount of the target. Therefore, the use of
the FePt-based sputiering target according to the second

thin film

empodiment for spattering allows formation of

0

Y

containing an FePt-based alloy and being usable as a magnetic
recording medium with the single target alone, i.e,, without
using a plurality of targets.

{011¢6]

In the production process in the second embodiment, Fe is
alloyed with Pt and Cu to form an FePiCu alloy powder in the
same manner as in the production process of the first
embodiment, and thus the activity of Fe can be reduced even in
the form of powder, thereby suppressing ignition and oxidation
cf Fe during mixing with the C powder the metal oxide powder.

[0317)

When the atmosphere contains oxygen during the production

of the powder mixture, i

a3

can prevent the metal oxide powder
from beling reduced during mizing and thus can prevent
incorporation of metal originated from the metal oxide powder
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into the FePtCu alloy powder during mizing. Therefors, an
FePt-based thin film produced by using the obtained FePt-based
sputtering target is likely to exhibit stable magnetic
recording characteristics.

(01183

In the production process in the second embodiment, C

powder is also used, and when the atmosphere contains oxygen

during the production of the powder mixture, a certain amount

Hy

e zwygen is adsorbed to the surface of the C powder during
mixing. Because a certain amount of oxygen has already been
adsorbed to the surface of the C particles, rapid adsorptlor
of oxygen to the surface of the C particles and subseguent
ignition of the C particles hardly occur even when the mixing
container is opened to introduce the air after mixing, thereby
allowing stable production even of the FePt-based sputtering

target according te the second embodiment containing not only

the metal oxide but also C.

EXAMPLES

ey
<
pd
B
e
[

{Reference Example 1)

The targeted composition of a powder mixture and a target
in Reference Example 1 is (50Fe-50Pt)~30v0l%5i0;. More
specifically, the targeted composition of the metal components
is 50at%Fe~50at%Pt, and the targeted content of the metal
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oxide (8102} is 30 vol% based on the total amount of the target.
When the content of the metal oxide (Si0z) is represented not
by vol% but by mol%, the targeted composition of the powder
mixture and the target in Reference Example 1 is (50Fe-30Pg) -
11.27mol1%510;.

(o120}

The metals in bulk form were weighed such that the

corposition of the alloy was Pe: 30 at% and Pt: 50 at% an

)

then heated by high freguency heating to form a molten Fe-Pt

et

alloy at 1,800°. Then a gas atomizing method using argon gas
was performed to produce 50 at% Fe-50 at% Pt alloy powder. The
average particle diameter of the obtained alloy powder was
measured using Microtrac MT3000 manufactured by NIKKISO Co.,
Ltd. and found to be 530 pm.

101211

66.91 g of Si0; powder having an average particle
diameter of 0.7 um and a bulk density of 2.20 g/om’® was added
to 1100.00 g of the obtained 50 at% Fe-50 at% Pt alloy powder
such that the content of $i0:; was 30 vol% based on the total
amount of the powders, and then these components were mized

il the cumulative number cf revolutions

+

using a ball mill un
reached 2,741,120 to thereby produce a powder mixture.
Hereinafter, the cumulative number of revolutions of the ball

mill may be referred to as the cumulative number of ball mill

‘revolutionsg or simply as the number cof revolutions.
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During mixing, the mixing container was hermeticall

closed with a lid and filled with 2 gas mixture {(Ar + 02), and

under the atmosphere in the mixing container, the bH0at%Pe-
50at%Pt alloy powder and 510; powder were mixed.

(61237

Whan the cumulative number of ball mill revelutions

reached 935,280, 1,870,560, 2,805,840 and 3,74%1,120, the

mixing container was opened, and whether or not ignition had

L

occurred was visually checked. However, no ignition was found

at each point.

10124}

When the cumulative number of ball mill revelutions
reached 1,870,560, 2,805,840, and 3,741,120, 30.00 g of the
powder mixtures were subjected to hot pressing in a vacuum
atmosphere at less than 20 Pz to produce disc-like sintered

products having a diameter of 30 mm. The hot-pressing

o}

conditions (sintering temperature, sintering pressure, an

[
bR

sintering time) and the relative densities o ainat

cf

the ob

C

sintered products are shown in TABLE 1 below. The theoretical

density of the sintered product is 11.51 g/cm’.
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[C125]

{TABLE 1]
, i . Relative |
| Cumulative Hot~pressing conditions de;jjf?!
_number of ﬁof LY ,
ball mill ¢ Sintering |Sintering: Sintering Q’:ntcredglgnitlon
revolutions | temperature | pressure time “gkoé;"t |
{(Number) (°C (MPa) (min) g W“ j
21 ]
935,280 | - — -~ —
1,870,560 1074 26.2 45 96.56 NO
2,805,840 1070 26.2 45 97.03 NO
3,741,120 1050 26.2 | 45 . 98.61 |  NO
[0126]

The relative densities of the sintered products exceed

96%, and the amount of voids in the obtained sintered products

[6127]

The contents of oxvgen and nitregen in the powder mixture
taken at a cumulative number of ball mill revelutions of
3,741,120 were measured using a TC-600 Series Witrogen/Oxygen
Determinator manufactured by LECO Corporation. The contents of
oxvgen and nitrogen in the sintered product made using the
powder mixture taken at a cumulative number of ball mill
revolutions of 3,741,120 were measured using a TC-600 Series
Nitrogen/Oxvgen Determinstor manufactured by LECO Corporation.

The measurement results are shown in TABLE 2 below.

n
{ad
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[0128)

[TABLE 2]

| Cumulative number 3
| of ball mill Oxygen .\ Nitrogen

| revolutions (mass%) | {mass ppm)

| of 3,741,120 :

| Powder mixture 3.36 42

| Sintered product 3.21 19

(0129]

The content of oxygen and the content of nitrogen in the

e

sintered product both decrease compared to those in the powder
mixture, while the degree of reducticon in the content of
oxygen 1s smaller than the degree of reduction in the content
of nitrogen. This may be caused by the fact that the powder
mixture and the sintered product both contain metal oxide Si0:.

[6130]

The structure of the sintered product made using the
powder mixture taken at a cumulative number of ball mill
revolutions of 3,741,120 was cobserved under & scanning
electron microscope (SEM). FIGS. 2 to 5 show SEM photographs

of the sintered products. FIG. 2 is a SEM photograph taken at

&

magnification of 1,000x (a bar scale in the photograph
represents 10 wm). FIG. 3 is a SEM photograph taken at a
magnification of 3,000x (a bar scale in the photograph
represents 1 pm). FIG. 4 is a SEM photograph taken at a

magnification of 5,000x (a bar scale in the photograph

represents 1 um). FIG. 5 ig a SEM photograph taken at a

ot
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magnification of 106,000x (a bar scale in the photograph
represents 1 um). In FIGS. 2 to 5, black portions correspond
tc the S8i0; phase, and white porticns correspond to the FePt
alloy phase. 28 can be =z=zen from FIGS. 2 to 5, fine regions of
the $i0; phase are dispersed in the entire area of the
structure.

[06131]

The average size c¢f the 51i0; phase was determined by the
intercept method based on the SEM photograph of FIG. 5 taken
at a magnification of 10,000x.

{01323

Specifically, two horizontal lines were drawn in a left-
right direction on the SEM photograph of FIG. 5 so that the
image was divided vertically into three parts, and three
vertical lines were drawn in a wvertical direction so that the
image was divided horizontally into four parts. Thus, & total

of five lines are drawn on the SEM photograph of FIG, 5.

—

[6133)]

For each of the five lines, the total length of line
segments intersecting the $i0; phase and the number of the Sid:
phase intersected by the line were determined. Then the
average of the lengths of the segments of the five lines that
intersected the $§i0; phase was determined (by dividing the
total length of the line segments intersecting the S1i0: phase

by the number of the $i0:; phases intersected by the lines), and

in
w
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the obtained value was used as the average size of the 3510;
phase determined by the intercept method. The results showed
that the average size of the 510; phase determined by the
intercept method was 0.34 um.

{0134]
(Reference Example 2)

The targeted composition of a powder mizture and a target
in Reference Example 2 is (50Fe~50Pt)-30vol%Ti02. More

specifically, the targeted composition of the metal components

g‘)v

o

Fa

5 50at ~50at%Pt, and the targeted content of the metal

oxide (Ti02) is 30 vol% based con the total amount of the target.
When the content of the metal oxide (Ti0;} is represented not

by vol% but by mol%, the targeted composition of the powder

nixture and the target in Reference Example 2 is (50Fe-50Pt) -

To 1100.0C g of 50at%Fe-50at%Pt alloy powder produced in
the same manner as in Reference BExample 1, 126.85 g of TiO:
powder having an average particle diameter of 0.07 um and a
bulk density of 4.11 g/com® was added so that the content of
Ti0z was 30 vol% based on the total amount of the powders
These components were then mixed with a ball mill until the
cumulative number of revolutions reached 3,741,120 to produce

a powder mixture.

{0136]
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During mixing, the mizing container was hsrmetically
closed with a 1id and filled with a gas mixture (Ar + 02), and
under the atmosphere in the mixing container, the 30at%Fe~
50at%Pt alioy powder and Ti0:; powder were mixed,

[0137]

When the cumulative number of ball mill revolutions
reached 935,280, 1,87C,560, 2,805,840 and 3,741,120, the
mixing container was opened, and whether or not ignition had
occurred was visually checkad. However, no ignitiocn was found
at each point.

[0138]

When the cumulative number of ball mill revolutions
reached 1,870,560, 2,805,840, and 3,741,120, 30.00 g of the
powder mixtures were subjected to hot pressing in a vacuum
atmosphere at less than 20 Pa to produce disc-like sintered
products having a diameter of 30 mm. The hot-pressing
conditions (sintering temperature, sintering pressure, and
gsintering time) and the relative densities of the obtained
sintered products are shown in TABLE 3 below. The theoretical

density of the sintered product is 12.10 g/cmd.
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(0139

[TABLE 3]
~ . . , , CL Relative
Cumulative Hot-pressing conditions ‘ o
N = density
number of of
ball mill Sintering | Sinteringi Sintering s‘ﬂt;*ed Ignition
revolutions | temperature | pressure time p;oé;ét
(Number) (°C) (MPa) (min) : "“(g\
S/

835,280 — - - - -
1,870,560 1000 26.2 i 45 97.54 NO
2,805,840 960 26,2 45 96,97 NO |

L 3,741,120 950 26.2 45 | 96,69 NO |

[0140]

The relative densities of the sintered products exceed

96%, and the amount of voids in the obtained sintered products

was small.

[0141])

The contents of oxygen and nitrogen in
taken at a cumulative number of ball mill revolutions of
3,741,120 were measured using a TC-600 Series HNitrogen/Oxygen
Determinator manufactured by LECO Corporation. The contents of
oxygen and nitrogen in the sinterad product made using the
powder mixture taken at a cumulative number of ball mill
revolutions of 3,741,120 were mgasured using a TC-5600

Series

e

Nitrogen/Oxvgen Determinator manufactured by LECC Corporatiocn.

The measurement results are shown in TABLE 4 below.

58
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[TABLE 41
Cumulative number
of ball mill Oxygen Nitrogen
revelutions (mass%) (mass ppm)
of 3,741,120
Powder mixturse 4,52 46
Sintered product 3.86 31
[0143]

The content of oxvgen and the content ¢f nitrogen in the
sintered product both decrease compared tce those in the powder
mixture, while the degres of reduction in the content of
oxygen is smaller than the degree of redugtion in the content

of nitrogen. This may be caused by the fact that the powder

[0144]

The structure of the sintered product made using the
powder mixture taken at a cumulative number of ball mill
revolutions of 3,741,120 was observed under a scanning
electron microscope (SEM). FIGS. 6 to 9 show SEM photographs
of the sintered products. FIG. 6 is a SEM photograph taken at
a magnification of 1,000z (a bar scale in the photograph
represents 10 pm). FIG. 7 is a SEM photograph taken at a
magnification of 3,000x {(a bar scale in the photograph
represents I pm). FIG. 8 is a SEM photograph taken at a
magnification of 5,000x (a bar scale in the photograph
represents 1 um). FIG. 9 is & SEM photograph taken at a
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nagnification of 10,000x (a bar scale in the photograph

represents 1 um). In FIGS. 6 to 9, black portions correspond
to the Ti0; phase, and white portions correspond to the FePt

alloy phase. As can be sesen from FIGS. 6 o 8, fine regions of
the Ti0z phase are dispersed in the entire ares of the

structure,

Lo

01453
The average size of the Ti0; phase was determined by the

intercept method based on the SEM photograph of FIG. 9 taken

s
fs

B
“

Qi

magnification of 106,000x. A& specific method is the same
as the method of Reference Example 1.

[0146]

The results showed that the average size of Tthe Tild:
phase determined by the intercept method was 0.28 um.

G147
{Reference Example 3}

The targeted composition of a powder mixture and a target

in Reference Bxample 3 is (50Fe-50Pt)~36.63v0ol%B203;. More

16)]
G
O
9]
f-
h

ically, the targeted composition of the metal components
is 50at%Fe~50at%Pt, and the targeted content of the metal
oxide (B:03) is 36.63 vol% based on the total amount ¢©f the

target. When the content of the metal oxide (B0:3) is

2]

represented not by vol% but by mol%, the targeted composition
of the powder mixture and the target in Reference Example 3 is

[50Fe~50Pty ~11imol% B20:z.
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[0L48]

To 1100.00 g of 50at%Fe-50a2t%Pt alloy powder produced in
the same manner as in Reference Example 1, 75.44 g of B20s3
powder was added go that the content of B0z was 36.63 volk
based on the total amount of the powders. These components
were then mixed with a ball mill until the cumulative number
of revolutions reached 5,736,960 to produce a powder mixture.

[C140]

During mixing, the mixing container was hermetically

3

losed with a 1lid and filled with & gas mixture (Ar + O}, and

u

@

under the atmosphere in the mixing container, the 50atiFe-
S50at%PL alloy powder and B:03; powder were mixed.

{0150]

When the cumulative number of ball mill revolutions
reached 935,280, 2,535,840, 4,136,400 and 5,736, 960, the
mixing container was opened, and whether or not ignition had
occurred was visually checked. However, no ignition was found
at each point.

[G151]

When the cumulative number of ball mill revolutions
reached 4,136,400 and 5,736,960, 30.00 g of the powder
mixtures were subjected to hot pressing in a vacuum atmosphere
at less than 20 Pa to produce disc-like sintered preduct
having a diameter of 30 mm. The hot-pressing conditions

{sintering temperature, sintering pressure, and sintering

€l
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products are snown in TABLE 5 below.

of the sintered product is 10.30 g/cm?.

and the relative densities of the obtained sintered

The theoretical density

According to

calculation based on the theoretical density of this sintered

product of 10.50 g/om?,

products were 103.95%

revolutions:

mill revolutions:

10152}

[TABLE 5]

4,136,400) and 105.22%

the

relative densities

of the

{cumulative number 0f ball mill

sintered

(cumulative number of ball

5,736,9%60) as shown in TRBLE 5 below.

. N . s Relative
Cum3lat1ve Hot-pressing conditions density
number of of
ball mill Sintering | Sintering | Sintering sintered Ignition
reveolutions | temperature | pressure time N
. - . product
(Number) (°Cy (MPay {min) = (%)
10
935,280 - - - — NO
2,535,840 - - - - NC
4,136,400 g10 26.2 45 183.85 NO
I 5,736,960 840 26.2 45 105,22 NO

[0

E o]

53]

The relative density of the sintered product is 105.22%,

or over 100%

r

products was small.

(01541

and the amount of voids in the obrained gintered

The contents of oxvgen and nitrogen in the sintered

product made using the powder mixture taken at a cumulative

number of ball mill

using a PC-600 Series Nitrogen/Oxygen Determinator

62

revolutions of 5,736, 860 were measured




manufactured by LECO Corporation. The measurement results are
shown in TABLE 6 below.

(0155

-
p—

[TABLE -6}

Cumulative number
of ball mill Oxygen Nitrogen
revolutions (mass%) {(mass ppm)
of 5,736,960

Sintered product 4,83 35

[0156]

The contents of Fe, Pt, and B in. the sintered product
made of the powder mixture taken st a cumulative number of
Pall mill revolutions of 5,736,960 were analyzed by ICP. TARLE

I8 7 below shows the analvsis results as well as the contents of

o

x4]

e, Pt, and B in the powder mixture before sintering. The
contents of Fe, Pt, and B in the powder mixture before
sintering are not the analysis results by ICP but the

calculated values (theoretical wvalues} based on the amounts of

15 raw material powders blended for produclng the powder mixture.

[0157]
[TABLE 7]

Cumulative number |

of ball mill | Fe | Pt 5
i revoiutions (mass%) E (mass%) fmassk%)
i of 5,736,960 !
Powder mixture 20.83 E 72,75 1.99
Sintered product 19.76 } 72.99 2.02

{01587
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The structure of the sintered product made using the
powder mixture taken at a cumulative number of ball mill
revolutionsg of 5,736,960 was observed under a scanning
electron microscope {(SEM), FIGS. 10 to 13 show SEM photographs
of the sintered products. FIG. 10 is a SEM photograph taken at
a magnification of 1,000x {(a bar scale in the photograph
represents 10 pm). FIG. 11 is a SEM photograph taken at a
magnification of 3,000x (& bar scale in the photograph
represents 1 um). FIG. 12 is a SEM photograph taken at a
magnification of 5,000z (a bar scale in the photograph
represents 1 um). FIG. 13 is a SEM photograph taken at a
magnification of 10,000x {(a bar scale in the photograph
represents 1 um). In FIGS. 10 to 13, black portions correspend
teo the Bx0s phase, and gray portions corvespond to the FePt
alloy phase. As can be seen from FIGS. 10 to 13, fine regions
of the Bz0: phase are dispersed in the entire area of the
structure.

[0158]

The average szize of the B0z phase was determined by the
intercept method based on the SEM photograph of FIG. 13 taken
at a magnification of i0,000x. A specific method is the same
as the method cf Reference Example 1.

[0160

L

The results showed that the average size of the Bz03
phase determined by the intercept method was .22 wm.

64



f0161]
(Reference Example 4)
The targeted compoesition of a powder mixture and a target
in Reference Example 4 is (50Fe-350Pt)-12.07vol%B203~
5 24.68v01%810;. That is, the targeted composition of metal
components 1ls 50at%Fe~50at%Pt; the targeted content of metal
oxide BpO3 is 12.07 vel% based on the total amount of the
target; and the targeted content cf metal oxide Si0; is 24.68
vol% based on the total amount of the target. When the
10 contents of B:0: and S5i0; are represented not by vol% but by
mol%, the targeted composition of the powder mixture and the
target in Reference Example 4 is (50Fe-50Pt)~3.53mol%RB20:~
10mol%51i0;.
[01627
15 To 270.00 g of 50at%¥e~50at%Pt alloy powder produced in
the same manner as in Reference Example 1, 21.87 g of Bz0;
powder was added so that the content of B0z is 12.07 veol%
based on the total amount of the powders, and 53.72 g of Si0:
powdexr having an average particle diameter of 0.7 pm and a bulk
20 density of Z.20 g/cm® was added so that the content of 3SiDz was
24.68 vol% based on the total amount of the powders. These
components were then mixed with a ball mill until the
cumulative number of revolutions reached 3,832,360 to produce
a powder mizture.
25 [0163)

&5



During mixing, the mixing container was hermetically

zlosed with a 1id and filled with a gas mixture (Ar + 0z}; and
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here in the mixing container, the 50at&%Fe-
502t%Pt alloy powder, the B03 powder, and the Si0; powder wers
mixed,

(0164}

When the cumulative numbsr of ball mill revolutions
reached 1,046,520, 1,%81,800, 2,917,080 and 3,852,360, the
mixing container was opened, and whether or not ignition had
occurred was visually checked. However, no ignition was foun
at each point.

[0165]

When the cumulative number of ball mill revolution
reached 3,852,360, 30.00 g of the powder mixture was subjected
to hot pressing in a2 vacuum atmosphere at less than 20 Pa to
produce a disc-like sintered product having a diametexr of 30
mm. The hot-pressing conditions (sintering temperature,
sintering pressure, and sintering time) and the relative

ntered product are shown in TABLE 8

e
[N

density of the obtained
below. I1If there is no difference between the amounts of 3 and
51 contained in the powder mixture before sintering and those
contained in the sintersd product after sintering, the
theoretical density of the sintered product is 10.357 g/cm®. As
a result of the analysis of the sintered product by ICP, the

content of B decreased by 0.01 % by mass compared to the

66



powder mixture before sintering, and the content of 81
decreased by 0.04 % by mass compared to the powder mixture
before gintering (see, TABLE 10). Considering this and
assuming that all B in the sintered product was Bx02 and all 5i
in the sintered product was 8i0z, the theoretical density of

the sintered product was calculated and found to be 10.59 g/cmd.
Based on the theoretical density of this sintered product of
10.59 g/cm®, the relative density of the sintered product was

calculated and found to be 100.38% as shown in TABLE 8 below.

[Grlee]
{TABLE 8]
. o Relative
Comulative Hot-pressing conditions e
- ~ density
number of of
ball mill Sintering | Sintering | Sintering Qinkérédgignition
revolutions | Lemperature ressure time T
. . product
{(Number) °C) (MPa) (min} (%)
10
1,046,520 — i - — - NO
1,981,800 - | ~ - - NO
2,917,080 - - — - NO
3,852,360 830 26.2 45 100.38 WO
{0167]
The relative density of the sinterad product was about

100%, and the amount of voids in the obtained sintered pro
was small. The relative density of the sintered product shown
in TABLE 8 above is 100.38%, oxr over 100%. This is regarded as
neasurament €rror.

[0168]
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fhe contents of oxygen and nitrogen in the sintered
product made using the powder mixture taken at a cumulative
number of ball mill reveoluticns of 3,852,360 were measure
using a TC~-600 Series Nitrogen/Oxygen Determinator
manufactured by LECO Corporation. The measurement results are

shown in TARLE 9 below.

(it
[#2%

[0169]

[TABLE O]

Cumulative number

of ball mill Uxygen Nitrogen

{ revolutions (mass%) (mass
| of 3,852,380

| Sintered product 4.19 2

{01701

The contents of Fe, Pt, B, and Si in the sintere

(83
o
i“-;
&
ol
Q
&

made of the powder mixture taken at a cumulative number of

ball mill revelutions of 3,852,360 were analyzed by ICP. TABLE
10 below shows the analysis results as well as the contents of
Fe, Pt, B, and 5i in the powder mixture before sintering.

[0171]

[TABLE 10]

Cumulative |
number of ball Fe Pt B Si
mill revolutions {mass%) (mass%) (mass%) (mass%)
of 3,852,360
Powder mixture 20.64 72.12 0.65 2.40
Sintered product 21.24 71.67 .64 Z2.36
[0172]

68




[y
[83]

o

The structure of the sintered product made using the

Pawder mixture taken at a cumulative number of bkall mill

by
()

revolutions o 852,360 was observed under a scanning

electron microscope (SEM). FIGS. 14 to 17 show SEM photographs
oF the sintered products. FIG. 14 is a SEM photograph taken at

a magnification of 1,000x (a bar scale in the photograph

L}
D

presents 10 pm). FIG. 15 is a SEM photograph taken at a
magnification of 3,000z {a kar scale in the photograph

represents 1 um). FIG. 16 is a SEM photograph taken at a
P IR grap
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bar scale in the photograph

ot
~J

represents 1 um). FIG. is a SEM photograph taken at a
magnification of 10,000x (a bar scale in the photograph
represents 1 pm). In FIGS, 14 to 17, black portions correspond
to the metal oxide phase (the B:O3 phase and the $i0; phase},
and gray portions correspond to the FePt alloy phase. As can
be seen from FIGS. 14 to 17, fine regions of the metal oxide
Phase (the B203 phase and the Si0: phase) are dispersed in the
entire area ¢f the structure.

[01737

The average size of the metal cxide phase (the phase
consisting of the B20: phase and the S$i0; phase) was determined
by the intercept method based on the SEM photograph of FIG. 17
taken at a magnification of 10,000x2. A specific method is the

same as the method of Reference Example 1.

69



20

25

The results showed that the average size of the metal
oxide phase {the phass consisting of the B;0: phase and the
$i0z phase) determined by the intercept method was 0.27 pm.

[0175)

(Reference Example 5)

The targeted compositicn of & powder mixture and a target
in Reference Example 5 is (50Fe~50Pt)-6vol%C~24vcl%8i02. That
is, the targeted composition of metal components iz S50at%Fe-
50at%pPt; the targeted content of C is & vol% based on the
total amount of the target; and the targeted content of metal
oxide (8i0y) is 24 vol% based on the total amount of the target.
When the contents of ¢ and metal oxide (8i0z) are represented
not by vol% but by mol%, the targeted composition of the
powder mixture and the target in Reference Example 5 is (50Fe~-
50Pt)-10.60m0l%C-8.25m0l1%510;.

[0176]

To 1100.00 g of 50at*Fe~502t%Pt alloy powder produced in
the same manner as in Reference Example 1, 13.72 g of C powder
having an average particle diameter of 35 pm and a bulk density
of 0.25 g/cm® was added so that the content of C is 5.7 vol%
bpaseqd on the total amount of the powders, and 53.44 g of 8il:
powder having an average particle diameter of 0.7 um and a bulk
density of 2.20 g/cm’® was added so that the content of $i0:z was
23.4 vol% based on the total amcunt of the powdars. These
components were then mixed with a ball mill until the
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cumulative number of revolutions reached 3,741,120 to produce
a powder mixture.

(0

[

777

During mixing, the mixing container was hermetically
closed with & 1id and filled with a gas mixture {(Ar + 0p); and
under the atmosphere in the mixing containexr, the 50at%Fe-

50at%Pt alloy powder, the C powder, and the $i0; powder were

10178]

When the cumulative number of ball mill revelutions
reached 935,280, 1,870,560, 2,805,840 and 3,742,120, the
mixing container was opened, and whether or not lgnition had
occurred was visually checked. Heowever, no ignition was found
at each point.

01791

When the cumulative number of ball mill revelution
reached 3,741,120, 30.00 g of the powder mixture was subjected
to hot pressing in a vacuum atmosphere at less than 20 Pa to
produce & disc-like sintered product having & diametexr of 30
mm. The hot-pressing conditions (sintering temperature,
gintering pressure, and sintering time) and the relative
density of the obtained sintered product are shown in TABLE 11
below. The theoretical density cof the sintered product is
11.51 g/cm®, which is calculated in consideration of a
reduction in the amount of carbon during mixing and sintering
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{(i.e., calculated using the content of carbon in the sintered

product shown in TARBLE 12). Based on this theoretical density,

n

the relative density cf the sinteresd product was calculated.

[0180)
[TABLE 11]
N | Relative
Curmulative Hot-pressing conditions 3 density
number of ' g{* |
ball mill Sintering | Sintering | Sintering “*n“eredézgniiion
5 o B 3
revolutions | temperature | pressure time -
Nuthe ) o N proauct
(Number) (°CH (MPa} (min) (%)

935,280 — ! - — : — NG
1,870,560 | . — - — NO
3,742,120 1270 24.5 45 97.31 NC

(01813

The relative density of the sintered product exceeds 97%,
and the amount of woids in the obtained sintered product was
small.

[0182]

The contents of oxygen and nitrogen in the powder nixmture

taken at a cumulative number of ball mill revolutions of

(0%

741,120 were measured using a TC~600 Series Nitrogen/Oxygen
Determinator manufactured by LECO Corporation, and the content
of carbon was measured using a Carbon/$ulfur Analyzer
manufactured by HORIBA, Ltd. The contents of oxygen and
nitrogen in the sintered product made using the powder mixture

taken at a cumulative number of ball mill revolutions of

~J
fres
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3,741,120 were measured using a TC-600 Series Nitrogen/Oxygen
Determinator manufactured by LECO Corporation, and the content
of carbon was measured using a Carbon/Sulfur Analyzer
manufactured by HORIBA, Ltd. The measurement results are shown
in TABLE 12 below.

16183}

{TABLE 121

Cumulative number

of ball mill Oxygen Nitrogen | Caxrbon
revolutions (mags%) {mass ppm) | {mass%)

of 3,741,120

Powder mixture 1.58 130 3.27
Sintered product 1.06 10 2.18
{01847

The content of oxygen and the content of nitrogen in the
sintered product both decrease compared to these in the powder
mixture, while the degree of reduction in the content of
oxygen is smaller than the degree of reduction in the content
of nitrogen. This may be caused by the fact that the powder
mixture and the sintered product both contain metal oxide Si0:.

{0185}

Rz comparing the content of oxygen and the content of
nitrogen in the sintered product with theose in the powder
mixture, the degree of reduction in the content of oxygen an
the content ¢f nitrogen due to sintering in Reference Example
5 is larger than that in Reference Examplss 1 and 2. This may
be because the powder mixture of Reference Example 5 contains
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the C powder and thus oxygen and nitrogen have been adsorbed
to the surface of the C powder,

01867

pey

The structure of the sintered product made using the
powder mixture taken at a cumulative number of ball mil
revolutions of 3,741,120 was observed under a scanning
electron microscope (SEM). FIGS. 18 to 21 show SEM photographs
of the sintered products. FIG. 18 is a SEM photograph taken at
a magnification of 1,000x (& bar scale in the photograph
represents 10 um). FIG. 19 is a SEM photograph taken at a
magnification of 3,000x (& bar scale in the photograph
represents 1 pm). FIG. 20 is a SEM photograph taken at &
magnification of 5,000x (a bar scale in the photograph
represents 1 um). FIG. 21 is & SEM photograph taken at a
magnification of 10,000x (a bar scale in the photograph
represents 1 pm). In FIGCS. 18 to 21, klack portions correspond
to the C phase and the $i0:; phase, and white portions
correspond to ﬁhg FePt alloy phase. As can be sesn from FIGS.
18 to 21, fine regicons of the C phase and the 5i0; phase are
dispersed in the entire area of the structure.

{01871

The average size of the phase consisting of the C phase
and the 8i0; phase was determined by the intercept method based
on the SEM photograph of FIG. 21 taken at a magnification of
10,000x. A specific method is the same as the method of
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Raeference Example 1. As used herein, the phase consisting of
the C phase and the S$i0; phase refers to a phase picked out as
the C phase and the S$i0; phase, not distinguishing between the
C phase and the Si0; phase and regarding them as a same phase.

{80188}

The results showed that the average size of the phase
consisting of the C phase and the Si0; phase determined by the
intercept method was 0.28 um.

101897

3

{Referen:

{

e Example 6)

The targeted composition of a powder mixture and a target
in Reference Example 6 is (50Fe-50Pt)-S9vol%C-21vol%S8i0z. That
is, the targeted composition of metal components is Slat$Fe-

50at%Pt; the targeted content of C is 92 vel% based on the

o

total amount of the target; and the targeted content of metal
oxide (5102} is 21 wol% based on the total amount of the target.
When the contents of C and metal oxide (S51iC;) are represented
not by vol% but by mol%, the targeted composition of the
powder mixture and the target in Reference Example 6 is {50Fe-
S0Pt)-15.24mol%C-6. 92mo1%810z.

(01907

To 1100.00 g of 50at%Fe~50at%Pr alloy powder produced in
the same manner as in Reference Example 1, 20.57 g of C powdsr
having an average particlie diameter of 35 um and a bulk density

of 0.25 g/om® was added so that the content of C is 8.8 vol%
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based on the tctal amount of the powders, and 47.73 g of SilC:
powder having an average particle diameter of 0.7 um and a bulk
density of 2.20 g/cm® was added so that the content of $iDz was
21.2 vol% based on the total amount of the powders. These
components were then mixed with a ball mill until the
cumulative number of revolutions reached 3,741,120 to produce

a powder mixture.

{01917

During mixing, the mixing container was hermetically
closed with & 1id and filled with a gas mixturs {(Ar + Oz}; and
under the atmosphere in the mixing container, the 50at%Fe-
5Cat3Pt alloy powder, the C powdexr, and the 510; powder were
mixed.

ro1ez;

When the cumulative number of ball mill revolutions
reached 835,280, 1,870,560, 2,805,840 and 3,741,120, the
mixing container was opened, and whether or nct ignition had
cecurred was visually checked. However, no ignition was found
at each point.

G183}

[t

-

b

When the cumulative number of ball mill revolution
reached 3,741,120, 30.00 g of the powder mixture was subjected
to hot pressing in a vacuum atmosphere at less than 20 Pa to
produce a disc-like sintered product having a diameter of 30
mm. The hot-pressing conditions {(sintering temperature,
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sintering pressure, and sintering time) and the relative

density of the obtained sintered product are shown in TABLE 13

below.

11.51 g/cm®, which is calculated in consideration of a

The theoretical density of the sintered product is

reduction in the amount of carbon during mixing and sintering

(i.e., calculated using the content of carbon in the sintered

product shown in TABLE 14).

Based on

thig thecretical density,

the relative density of the sintered product was calculated.

(01094

FTABLE 13]

]

Cumulative Hot-pressing conditions R?la?i?e
number of Qen%f;y
ball mill Sintering |Sintering|Sintering| , . Ignition
revelutions | temperature | pressure time 81nt§red
(Number) (°C) {MPa) (min) pxﬁz?ct
835,280 - - — = NG
1,870,560 — e — — NO
2,805,840 - - - ~ NO
3,741,120 1280 24.3 45 97.50 NO
[0185]

The relative density

of

the sintered product exceeds 87%,

and the amount of voids in the obtained sintered product was

smalil.

[01%6

4
3

The contents of

raken at a

cumylative

oxygen and nitrogen in the powder mixture

number of ball mill revelutions of

3,741,120 were measured using a TC-600 Series Nitrogen/Oxygen
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Determinatoer manufactured by LECO Corporation, and the content
of carbon was measured using a Carbon/Sulfur Analyzer
manufactured by HORIBA, Ltd. The contents of oxygen and
nitrogen in the sintersd product made using the powder mixture
taken at a cumulative number of ball mill revolutions of
3,741,120 were measured using a TC~600 Series Nitrogen/Oxygen
Determinator manufactured by LECO Corporation, and the content

of carbon was measured using a Carbon/Sulfur Analyzer

manufactured by HORIBA, Litd. The measurement results ars shown

in TABLE 14 bel

o197}
[TABLE 14]
Cunulative number
of ball mill Oxygen Nitrogen Carbon
revolutions {mass%) {mass ppm) {mass%)
of 3,741,120
Powder mixture 3.50 164 2.31
Sintered product 1.85 5 1.76

[0128}

The content of oxygen and the content of nitrogen in the
sintered product both decrease compared to these in the powder
mixture, while the degree ¢f reduction in the content of
oxygen i3 smaller than the degree of reduction in the content

of nitrogen. This may be caused by the fact that the powder

mixture and the sintered product both contain metal oxide 3i0;.

As comparing the content of oxygen and the content of
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nitrogen in the sinte

I

ed product with thoss in the powder
mixture, the degree of reduction in the content of oxygen and
the content of nitrogen due to sintering in Reference Example
¢ is larger than that in Reference Examples 1 and 2. This may
ke because the powder mixture of Reference Example € contains
the C powder and thus oxygen and nitrogen have besen adsorbed
to the surface of the C powder.

[0206]

The structure of the sintered product made using the
powder mixturs taken at & cumulative nuwmber of ball mill

revoliutions of

L

, 741,120 was observed under a scanning

A

electroen microscope (SEM). FIGS. 22 to 25 show SEM photographs
of the sintered products. FIG. 22 is a SEM photograph taken at
a magnification of 1,000x {(a bar scale in the photograph
represents 10 um). FIG. 23 is a SEM photograph taken at a
magnification of 3,000x {a bar =scale in the photograph

represents 1 um}. FIG. 24 is a SEM photograph taken at

o

magnification of 5,000x (& bar scale in the photograph

]

o

repressnts 1 um) . IG. 25 is a SEM photograph taken at

magnification of 10,000x% (& bar scale in the photograph
represents 1 pm}. In FIGS. 22 to 25, black portions correspond
to the C phase and the S5i0; phase, and white portions

correspond to the FePt alloy phase. As can be seen from FIGS.

VA

et

0 25, fine regions of the C phasa and the S$1i0: phase are

dispersed in the entire area of the structure.

T,

79



[5;]

20

(0261

ey

The gverage size of the phase consisting of the C phase
and the Si0; phase was determined by the intercept method based
on the SEM photograph of FIG. 25 taken at a magnification of

10,000%. A specific method is the same as the method of

y

Reference Example 1. Bs5 used herein, the phase consisting o
the C phase and the Si0z phase refers to a phase picked cut as
the C phase and the 35i0; phase, not distinguishing between the
C phase and the S$5i0; phase and regarding them as a same phase.
[6242)
The results showed that the average size of the phase
consisting of the C phase and the S$10; phase determined by the

intercept method was ¢.23 pm.

et

[0203]

<.

(Referance Example 7)

The targeted composition of a powder mixture and a target
in Reference Example 7 is (50Fe~50Pt) ~12vol%C-18vecl%8i0z. That
ig, the targeted composition of metal components is S50at%Fe-
50at%Pt; the targeted content of C is 12 vol% based on the
total amount of the target; and the targeted content of metal
cxide (8102} is 1B vol% based on the total amcunt of the target.
When the contents of C and metal oxide (S10z) are represented
not by vol% but by mol%, the targeted composition of the
powder mixture and the target in Reference Example 7 is (50Fe-

50Pt)-19.53m0o1%C~-5.70mo1%510;z.

g0



[0204]

To 1100.00 g of B50at%Fe-50at%Pt alloy powder produced in
the same manner as in Reference Example 1, 27.44 g of C powder
having én average particle diameter cof 35 pm and a bulk density

5 of 0.25 g/cm® was added so that the content ¢f € is 8.8 vols
based on the total amount of the powders, and 40.07 g of 5i0»
powder having an average particle diameter of 0.7 pm and a bulk
density of 2.20 g/cm’® was added so that the content of $i0» was

2

[

.2 vol% based on the total amount of the powders. These
10 components were then mixed with a ball mill until .the
cumulative number of revolutions reached 3,741,120 to produce
a powder mixture.
f0205]
During mixing, the mixzing container was hermetically
15 closed with a 1lid and filled with a gas mixture (Br + 02); and
under the atmosphere in the mixing container, the 50atiFe~
50at%pt alloy powder, the C powder, and the $5i0; powder were
mixed.
[0z06}
20 When the cumulative number of ball mill revolutions
reached 935,280, 1,870,560, 2,805,840 and 3,741,120, the
mixing container was opened, and whether or not ignition had

occurred was visually checked. However, no ignition was found

25 [0207]
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When the cumulative number of ball mill revolution
reached 3,741,120, 30.00 g of the powder mixture was subjected

te hot pressing in a vacuum atmosphere at less than 20 Pa to

ot

produce a disc~1

ke sintered product having a diameter of 30
mm. The hot-pressing conditions (sintering temperature,
sintering pressure, and sintering time) and the relative
density of the obtained sintered product are shown in TABLE 15
below. The theoretical density of the sintered product is
11.52 g/cm®, which is calculated in consideration of a
reduction in the amount of carbon during mixing and sintering

(i.e., calculated using the content of carbon in the sintered

rt

product shown in TABLE 16). Based on this theoretical density,
the relative density of the sintered product was calculated.
[0208]

{TABRLE 15]

l Relati
Cumulative Hot-pressing conditions N ap%ve
3 density
number of of ;
all mill Sintering | Sintering| Sintering sintered Ignition
revolutions | temperature | prassure time rodué%
{Number) (°c) (MPa) {min)} P (%)
k4
935,280 - - — -~ NO
1,870,560 - — - - NO
2,805,840 | - -~ - ~ NO
3,741,120 1300 24.5 ] 45 896.68 | ND
[0209]

The relative density of the sintered product exceeds 86%,

and the amount of voids in the obtained sinterad product was
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small.

{0210]

The contents of oxygen and nitrogen in the powder mixture
taken at a cumulative number of ball mill revolutions of
3,741,120 were measured using a TC~-600 Series Nitrogen/Oxygen
Determinator manufactured by LECC Corporation, and the content
of rcarbon was measured using a Carbon/Sulfur Analyzer
manufactured by HORIBA, Ltd. The contents of oxygen and
nitrogen in the sintered product made using the powder mixture
taken at a cumulative number of ball mill revolutions of
3,741,120 were measured using a TC-60C Series Nitrogen/Oxygen
Determinator manufactured by LECC Corporation, and the content
of carbon was measured using a Carbon/Sulfur Analyzer
manufactured by HORIBA, Ltd. The measurement results sre shown

in TARBLE 16 below.

-2

[02

1]

[TABLE 18]

Cumulative number |
of ball mill % Oxygen Nitrogen Carbon
revolutions § (mass%) {mass ppmj {(mass%)
I of 3,741,120 i ;
. Powder mixture | 3.26 | 209 3.12
| Sintered product | 1.79 10 2.47
[oz12]

The content of oxygen and the content of nitrogen in the

sintered product both decrease compared to these in the powder

mixture, while the degree of reduction in the content of
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oxygen 1s smaller than the degree of reduction in the content
of nitrogen. This may be caused by the fact that the powder
mixture and the sintered product both contaln metal oxide 5i0;.
[0213]
As comparing the content of oxygen and the content of

nitrogen in the sintered product with those in the powder

{

nixture, the degree of reduction in the content o

h

oxygen and
the content of nitrogen due to sintering in Referencs Example
7 is larger than that in Reference Examples 1 and Z. This may
be because the powder mixture of Reference Example 7 contains
the C powder and thus oxygen and nitrogen have been adsorbed
to the surface of the ¢ powder.

[0214)

The structure of the sintered product made using the
powder mixture taken at a cumulative number of ball mill
revolutions of 3,741,120 was observed under a scanning
electron microscope (SEM). FIGS. 26 to 28 show SEM photographs
of the zintered products. FIG. 26 is a SEM photograph taken at
a magnification of 1,000z (a bar scale in the photograph
represents 10 um). FIG. 27 is a SEM photograph taken at a
magnification of 3,000x (& bar scale in the photograph
represents 1 pm). FIG. 28 is a SEM photograph taken at a
magnification of 5,000x (a bar scale in the photograph
represents 1 um). FIG. 29 is a SEM photograph taken at a
magnification of 10,000x (a bar scale in the photograph
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represents 1 pm). In FIGS. 26 to 2%, black portions correspond
to the C phase and the 3i0; phase, and white portions
correspond to the FePt alloy phase. As can be seen from FIGS.
26 to 2%, fine regions of the C phase and the $i0: phase are
dispersed in the entire area of the structure.

[0215]

The average size of the phase consisting of the C phase
and the $10; phase was determined by the intercept method based

on the SEM photograph of FIG. 29 taken at a magnification of

s the method of

A%

1G,000x. A specific method is the same
Reference Example 1. As used herein, the phase consisting of
the C phase and the S5i0; phase refers to a phase picked out as
the C phase and the $i0; phase, not distinguilshing between the
C phase and the 5i0; phase and regarding them as a same phase.

(02161

The results showed that the average size of the phase
consisting of the C phase and the $i0: phase determined by the
intercept method was 0.30 pm.

102173
{(Reference Example 8

The targeted composition of a powder mixture and a target
in Reference Example 8 is (50Fe-50Pt)-15vol%C-15vol%8iC,. That
is, the targeted composition of metal components is 50at%Fe-
50at%Pt; the targeted content of C is 15 vol% based on the
total amount of the target; and the targetad content of metal
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oxide (510} is 15 vel% based on the total amcunt of the target.
Wwhen the contents of C and metal oxide (3102} are represented
not by vol% but by mel®, the targeted compesition of the
powder migture énd the target in Reference Example 8 is (50Fe-
50Pt)~23.48mol%C~4.57mol%310:.

(02187

Te 1100.00 g of 50at%Fe~50at%Pt alloy powder produced in
the same manner as in Reference Example 1, 34.37 g of C powder
having an average particle diameter of 35 pm and a bulk density

= -~
o U

IR

5 g/om® was added so that the content of € is 15 vol$

Pt

based on the total amount of the powders, and 33,46 g of S5i0;
powder having an average particle diameter of 0.7 pm and a bulk
density of 2.20 g/cm?® was added so that the content of Si02 was
15 vol% based on the total amount of the powders. These
components were then mizxed with a ball mill until the
cumulative number of revelutions reached 3,741,120 to produce
a powder mixture.

[0219]

During mixing, the mixing container was hermetically
closed with a 1id and f£illed with a gas mixture (Ar + 0z); and

under the atmosphere in th

®

mixing container, the L0at%Fe-
50at%Pt alloy powder, the C powder, and the $i0; powder were
mixed.

[C220

o

When the cumulative number of ball mill revolutions

86



(8]

i0

20

25

reached 935,280, 1,870,560, 2,805,840 and 3,741,120, the
mixing contalner was opened, and whether or not ignition had
occurred was visually checked. Hewever, no ignition was found
at each point.

(02211

When the cumulative number of ball mill reveolution
reached 1,876,560, 2,805,840 and 3,741,120, 30.00 g of the
powder mixture was subiected to hot pressing in a vacuun
atmosphere at less than 20 Pa to produce a disc~like sintered
product having a diameter of 30 mm. The hot-pressing
cenditions {sintering temperature, sintering pressure, and
sintering time) and the relative density of the cbtained
sintered product are shown in TABLE 17 below. The theoretical
density of the sintered product is 11.51 g/cm®, which is
calculated in consideration of a reduction in the amount of
carbon during mixing and sintering {i.e., calculated using the
content of carbon in the sintered product shown in TABLE 18).
Based on this thecretical density, the relative density of the
sintered product {sintered product made using the powder
mixture taken at a cumulative number of ball mill revolutions

of 3,741,120} was calculated.
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[TABLE 17]

. | . . Relative
Cumulative ! Hot-pressing conditions o
density
number of _ of
ball mill ' Sintering |Sintering|Sintering sintered Ignition
revolutions | temperature | pressure time y
L , product
{(Numbex) (°C) (MPa) {min) (%)
(3
835,280 — - - NO
1,870,560 1370 26.2 4 - NO
Z2,805,840 1300 26.2 45 — NOC
3,741,120 1250 26.2 45 95.81 NO

(02231}

The relative density of the sintered product exceeds 95%,

and the amount of voids in the obtained sintered product was

small.

{02243

The contents of oxygen and nitrogen in the powder mixture

taken at a

cnmulative number of ball mill revolutions of

3,741,120 were measured using a TC-600 Series Nitrogen/Oxygen

Determinator manufactured by LECO Corporation, and the content

of carbon was measured

manufactured by HORIBA, Ltd.

u

sing a Carbon/Sulfur Analyzer

The contents of oxygen and

nitrogen in the sintered product made using the powder mixture

taken at &

cumulative number of ball mill revolutions of

3,741,120 were measured using a TC~600 Series Witrogen/Oxygen

Determinator manufactured by LECO Corporation, and the

of carbon was measured using a Carbon/Sulfur Analyzer
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manufactured by HORIBA, Ltd. The measurement results are shown
in TABLE 18 below.

[0225]
{TRRLE 18]

Cumulative number j |
of ball mill Oxygen % Nitrogen Carbon
revolutions (mass%) i (mass ppm) {(mass%)
of 3,741,120 i

Powder mixture 3,22 E 186 2.87

Sintered product 1.39 | 6 2,24

£02261

The content of oxygen and the content of nitrogen in the
sintered product both decrease compared Zo those in the powder
mixture, while the degree of reduction in the content of
oxygen 1s smaller than the degree of reduction in the content
of nitrogen. This may be caused by the fact that the powder
mixture and the sintered product both contain metal oxide Si0O;z.

[02273

As comparing the content of oxygen and the content of
nitrogen in the sintered product with those in the powder
mixture, the degree of reduction in the content of oxygen and
the content of nitrogen due to sintering in Reference Example
T oo

larger than that in Refersnce Examples 1 and 2. This may

g is
be because the powder mixture of Reference Example 8 contains

the C powder and thus oxygen and nitrogen have been adscrbed

to the surface of the C powder.
[0228)
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The structure of the sintered product made using the

N
4
ot

powder mixture taken at a2 cumulative number of ball mil
revolutions of 3,741,120 was observed under a scanning
electron microscope {(SEM). FIGS. 30 to 33 show SEM photographs
of the sintered products. FIG. 30 is a SEM photograph taken at
a magnification of 1,000x (a bar scals in the photograph
reprasents 10 pm). FIG. 31 is a SEM photograph taken at a
magnification of 3,000x (& bar scale in the photograph
represents 1 pm). FIG. 32 is a SEM photograph taken at a
magnification of 5,000x (a bar scale in the photograph
represents 1 um). FIG. 33 is a SEM photograph taken at a
magnification of 10,000z {(a bar scale in the photograph
represents 1 pm). In FIGS. 30 to 33, black portions correspond
to the C phase and the Si0; phase, and white portions
correspond te the FePt alloy phase. As can be seen from FIGS.
30 to 33, fine regions of the C phase and the 85i0z phase are
dispersed in the entire area of the structure.

[0229]

The average size of the phass consisting of the C phase
and the Si0; phase was determined by the intercept method based
on the SEM photograph of FIG. 33 taken at a magnification of
10,000x. A specific method is the same as the method of
Reference Example 1. As used herein, the phase consisting of
the C phase and the 5i10; phase refers to a phase picked out as
the C phase and the 510; phase, not distinguishing between the

20
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C phase and the S$i02 phase and regarding them as a same phase.

[0230]

The results showed that the average size of the phase
consisting of the T phase and the 5i0; phase determined by the
intercept method was 0.20 um.

[6231]

{(Reference Example &)

The targeted composition of a powder mixture and a target

in Reference Example 9 is (50Fe~-50Pt}-15v0ol%C~15vol%TiCs. That

is, the targeted composition of metal components is 50at%Fe-

L

50at%Pt; the targeted content of C is 15 vol% based on the
total amount of the target; and the targeted content of metal
oxide {(Ti0;) is 15 vol% based on the total amount of the targst.
When the contents of C and metal oxide (Ti0:z) are represented
not by vol% but by mol%, {he targeted compesition of the
powder mixture and the target in Reference Example 9 is (50Fe-
50Pt)-23.04mol%C~6.3%mol%Ti0;.

162321

To 1100.00 g of 50at%Fe-50at%Pt alloy powder produced in
the same manner as in Reference Example 1, 34.38 g of C powdser
having an average particle diametsr of 35 um and a bulk density

of 0.25 g/cm® was added so that the content of C is 1

ot

vol%
based on the total amount of the powders, and 63.41 g of TiOz
powder having an average particle diameter of 0.07 um and a
bulk density of 4.11 g/cm® was added sc that the content of
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Ti02 was 15 vol% based on the total amount of the powders.
These components were then mixed with a ball mill until the
cumulacive number of revoiutions reached 3,741,120 to producse
a powder mixturse.

{0233}

During mixing, the mixing container was hermetically
closed with a 1id and filled with a gas mixture (Ar + O2); and
undexr the atmosphers in the mixing container, the 50at%Fe-
50at%Pt alloy powder, the C powder, and the S5i0; powder were
mixed.

[0234]

When the cumulative number of ball mill revolutions
reached 935,280, 1,876,560, 2,805,840 and 3,741,120, the
rixing container was opened, and whether or not ignition had
occurred was visually cﬁecked. However, nec ignition was found
at sach point.

{0235}

When the cuymulative number of ball mill revolution
reached 1,870,560, 2,805,840 and 3,741,120, 30.00 g of the
powder mixture was subjected to hot pressing in a vacuum
atmosphere at lesg than 20 Pa to produce a disc-like sintered
product having a diameter of 30 mm. The hot-pressing
conditions (sintering temperature, sintering pressure, and
sintering time} and the relative density of the obtained
sintered product are shown in TABLE 19 below. The theoretical
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density of the sintered product is 12.45 g/cm®, which is

Q
&)
frt

culated in consideration of a reduction in the amount of

carhon during mixing and sintering (i.e., calculated using the

content of carbon in the sintered preoduct shown in TABLE 20).
5 Based on this theoretical density, the relative density of the

sintered product (sintered product made using the powder

mixture teken at a cumulative number of ball mill revolutions

of 3,741,120} was calculated.

{0236]
10 [TABLE 19}
Cumulative Hot-pressing conditions nela?lve
- : daensity
number of of
ball mill ! Sintering | Sintering|Sintering sintered Ignition
revolutions | temperature | pressure time ﬁioduct
(Rumber) (°cy {MPa) (min) N %)

935,280 - - - - NO
1,870,560 1350 26.2 45 - NO
2,805,840 1280 26.2 45 - NO
3,741,120 1280 26.2 45 85.00 NO

[02371
The relative density of the sintered product is 95%, and
the amount of voids in the obtained sintered product was small.
15 10238)
The contents of ozxygen and nitrogen in the powder mixture

taken at a cumulative number of kal:

[

11 revolutions of

;_l .

m
3,741,120 were measured using a TC-600 Series Nitrogen/Oxygen

Determinator manuiactured by LECO Corporation, and the content
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of carbon was measured using a Carbon/Sulfur Analyzer

manufactured by HORIBA, Ltd. The contents of oxygen and

ot

nitrogen in the sintersd product made using the powder mixiture

taken at a2 cumulative number of ball mill revolutions o

-y

3,741,120 were measured using a TC-600 Series Nitrogen/Oxyvgen
Determinator manufactured by LECO Corporation, and the content
of carbon was measured using a Carbon/Sulfur Analyzer
manufactured by HORIBA, Ltd. The measurement results are shown
in TABLE 20 bhelow.

{0235

"

{TABLE 20]

Cumulative number l
of ball mill Onygen Nitrogen Carbon
revolutions {mass%k) [ {mass ppm) {mass%)
of 3,741,120 E

Powder mixture 4,55 117 2.72

Sintered product 1.88 5 1.86

{0240}

The content of oxygen and the content of nitrogen in the
sintered product both decrease compared to those in the powder
mixture, while the degree c¢f reduction in the content of
oxygen is smsller than the degres of reduction in the content
cf nitrogen. This may be caused by the fact that the powder
mixture and the sintered product both contain metal oxide Ti0:.

{02411

As comparing the content of oxygen and the coﬁtenﬁ of

nitrogen in the sintered product with those in the powder

24
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mizture, the degree of reduction in the content of oxygen and
the content of nitrogen due to sintering in Reference Example
$ is larger than that in Reference Examples 1 and 2. This may
pe because the powder mixture of Reference Example 9 contalns
the C powder and thus oxygen and nitrogen have been adsorbed
to the surface of the C powder.

{02427

The structure of the sintered product made using the
powder mizture taken at a cumulative number of ball mill
revolutions of 3,741,120 was observed under a scanning
electron microscope (SEM). FIGS. 34 te 37 show SEM photographs
of the sintered products. FIG. 34 is a SEM photograph taken at
a magnification of 1,000x {a bar scale in the photograph
represents 10 pm). FIG. 35 is a SEM photograph taken at a
magnification of 3,000x (a bar scale in the photograph
rezpresents 1 pm). FIG. 36 is a 3EM photograph taken at a
magnification of 5,000x (a bar scale in the photograph
represents 1 pm). FIG, 37 is a BSEM photograph taken at a
magnification of 10,000x {a bar scale in the photograph
represents 1 pm). In FIGS. 34 to 37, black portions correspond
to the C phase and the Ti0; phase, and white portions

correspond to the FePt alloy phase. As can be seen from FIGS.

]

34 to 37, fine regions of the C phase and the TiC; phase are
dispersed in the entire area of ths structure.
[0243]
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The average size of the phase consisting of the C phase
and the $i0: phase was determined by the intercept method based
on the SEM photograph of FIG. 37 taken at a magnification of
10,000z, A specific method is the same as the method of
Reference Example 1. As used herein, the phase consisting of
the C phase and the Ti0: phase refers to a phase pickad out as
the C phase and the Ti0: phase, not distinguishing between the
C phase and the TiC; phase and regarding them as a same phase.

[0244]

The results showed that the average size cf the phase
consisting of the C phase and the TiO:; phase determined by the
intercept method was 0.29 pm.

[0245]

{(Example 1}

The targeted composition of a powder mixture and a target
in Example 1 is (50FPe-45Pt~5Cu)-20.3v0ol%B203. That is, the
targeted composition of metal components is 50at%Fe-45at%Pt~
5at%Cu; and the targeted content of metal oxide (B203} is 20.3
vol% based on the total amount of the target. When the content
of metal oxide (B20s) i3 represented not by vol% but by mol%,
the targeted compositibn ¢f the powder mixture and the target
in Example 1 is (50Fe-45Pt-5Cu)~5.11lmcl% B2Os.

[062461]

The metals in bulk form wers weighed guch that the

o

composition of the alloy was Fe: 50 at%, Pr: 45 at%, and Pt: B

96



at% and then heated by high freguency heating to form a molten
Fe-Pt~Cu alloy at 1,800°. Then a gas atomizing method using
argon gas was performed to produce Z0at3Fe-45at%Pt~5at%Cu
alloy powder. The average particle diameter of the obtained

5 alloy powder was measured using Microtrac MT3000 manufactured
by NIKKISO Co., Ltd. and found to be 50 um.

10247}
To 1030.00 g of the obtained 50at%Fe-45at%Pt-5at%Cu alloy
powder, 32.49 g of B0z powder was added s¢ that the content of

10 Bz03 is 20.3 vol% based on the total amount of the powders.
These components were then mixed with & ball mill until the
cumulative number of revolutions reached 3,852,360 to produce
& powder mixture.

[0248)

15 During mixing, the mixing container was hermetically
closed with a 1id and filled with a gas mixture {(Ar + 0Oz): and
under the atmosphere in the mixing container, the 50at%Fe-
45at%Pt-5at%Cu alloy powder and the Bxl: powder were mixed.

(02491

20 When the cumulative number of ball mill reveolutions
reached 1,046,520, 1,%81,800, 2,917,080 and 3,852,360, the
mixing contsiner was opened, and whether or not ignition had
coccurred was visually checked. However, no ignition was found
at each point.

25 [0250)
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When the cumulative number of ball mill revolution
reached 3,852,360, 30.00 g of the powder mixture was subjected
to hot pressing in a vacuum atmosphere at less than 20 Pa to
produce a disc~like sintered product having a diameter of 30
ma. The hot-pressing conditions (sintering temperature,
sintering pressure, and sintering time) and the relative
density of the obtained sintered product are ghown in TABLE 21

below. As shown below in TABLE 23, the content of B increased

,wd

only by 0.04% by mass compared to the state of the powder
mixture before sintering in the ICP analysis results. Since
there was no step involving direct incorporation of B:0; in a
series of steps including ICP analysis, the theoretical
density of the sintered product was calculated without
consideration of an increase in the content of B and found to
be 12.22 g/cm’®. The relative density of the sintered product
(sintered product made using the p&wdar mixture taken at a
cumulative number of ball mill revolutions of 3,852,360) was
calculated based on the theoretical density of 12.22 g/cm® and

found to be 106.09%.
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[023511

[TARBLE 21]

) , . | Relative
Cumulative Hot~pressing conditions ; .
; density ;
number of l - oF -
ball mill Sintering ! Sintering Sinteringssin#;xed Ignition
revolutions | temperature | pressure time i . !
s o . product !
(Numbear) (°Cy (MPa) {rain} (%)
Q
1,046,520 — — - ! — NO
1,981,800 - — - | - NO
2,817,080 - - - — NO
3,852,360 770 26.2 45 100,08 NG
[0252]

The relative density of the sintered product exceeds 100%,
and the amount of voids in the cbtained sintered product was
small,

10253}

The contents of oxygen and nitrogen in the sintered
product made using the powder mixture taken at a cumulative
number of ball mill revelutions of 3,852,360 were measured
using a TC-600 Series Nitrogen/Oxygen Determinator
manufactured by LECO Corporation. The measurement results are
shown in TABLE 22 below.

0254)

%
)

{TARLE 223

[ow

Cumulative number |
of ball mill Oxygen Nitrogen |
revolutions (mass%) (mass ppm) ;
of 3,852,360

Sintered product 2.70 58
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The contents of Fe, Pt, Cu, and B in the sintered product
made of the powder mixture taken at a cumulative number of
ball mill revolutions of 3,852,360 were analyzed by ICP. TABLE
25 below shows the analysis results as well as the contents of
Fe, Pt, Cu, and B in the powder mixture before sintering. The
contents of Fe, Pt, Cu, and B in the powdsr mixture before
sintering are not the analysis results by ICP but the
calculated values (theorstical values) based on the amounts of

Hds

raw material powders blended for producing the powder mixture.

[0256)
{TABLE 23}
Cumulative

number of ball Fe : Pt ( Cu B
mill revolutions (mass%) | (mass%) | (mass$) {mass%)

of 3,852,360

Powder mixture 22.77 71.58 2.59 0.95
Sintered product 22.95 72.73 2.38 {1 0.99

The structure of the sintered product made using the
powder mixture taken at a cumulative number of ball mill
revolutions of 3,852,360 was observed under a scanning
electron microscope (SEM). FIGS. 41 to 44 show SEM photographs
of the sintered products. FIG. 41 is a SEM photograph taken at
a magnification of 1,000z {a bar scale in the photograph
represents 10 pm). FIG. 42 is a SEM photograph taken at a
magnificatrion of 3,000x (a bar scale in the photograph

100



w

20

25

-

represents 1 um). FIG. 43 is a SEM photograph taken at a
magnification of 5,000x (a bar scale in the photograph
represents I pm). FIG. 44 is a SEM vhotograph taken at a
magnification of 10,0002 (a bar scale in the photograph
represents 1 pm). In FIGS. 41 to 44, black portions correspond
to the E»0:; phase, and white portions correspond to the FePtlu
alloy phase. As can be seen from FIGS. 41 to 44, fine regions
of the B;02 phase are dispersed in the entire area of the
structure.

[0258]

The average size of the Bz0: phase was determined by the
intercept method based on the SEM photograph of FIG. 44 taken
at a magnification of 10,000x. A specific method is the same

as the method of Reference Example 1.

r—

0259]

The results showed that the average size of the B0
phase determined by the intercept method was G.14 pm.

[02860]
(Example 2)

The targeted composition of & powder mixture and & target

=
P

$-4-

in Exanple 2 1s {45Fe-45Pt-10Cu) ~15vol%C~15vol%Sits. That ,
the targeted composition of metal components 1s 45at%Fe-~
45at%Pt-10at%Cu; the targeted content of C isg 15 wvol% based on

the total amount of the target; and the targeted content of

metal oxide {(SiQz) is 1% wol% based on the total amount of the

Pt
]
[
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target. When the contents of C and metal oxide (8510z) are
represented not by vol% but by mol%, the targeted composition

of the powder mixture and the target in Example

(3%
foio
&)

(45Fe-
45Pt~10Cu) ~24mol%5C-3mol%S1i02.

[0261]

The metals in bulk form were weighed such that the
composition of the alloy was Fe: 45 at%, Pt: 45 atg%, and Pt:

10 at% and then heated by high frequency heating te form a

molten Fe-Pi-Cu al

l.‘.l

oy at 1,800°C. Then a gas atomizing method

using argon gas wasg performed to produce 45ati¥Fe~45at%Pt-

i0at%Cu alloy powder. The average particle diameter of the

obtained alloy powder was measured using Microtrac MT3000

manufactured by NIKKISO Co., Ltd. and found to be 50 pm.
16z62]

To 1020.00 g of the obtained 45at%Fe-45at%Pt~10at’kCu
alloy powder, 44.63 g of C powder having an average particle
diameter of 35 um and & bulk density of 0.25 g/cm® was added so
that the content of € is 15 vol% based on the total amount of
the powders, and 32.56 g of 3i0: powder having an average
particle diameter ¢f 0.7 pm and a bulk density of 2.20 g/cw?
was added so that the content of 510: was 15 vol% based on the
total amount of the powders. These components were then mixed

i

with ball mill until the cumulative number of revoliutions

put

3t}

reached 5,736, 960 to produce a powder mixture.

{02631
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During mixing, the mixing container was hermetically
closed with a 1id and filled with a gaé mizxture {Ar + 0z}; and
under the atmosphere in the mizing container, the 45at%Fe-
45at%Pt-10at%Cu alloy powder, the C powder, and the Si0; powder

were mixed.

When the cumulative number of ball mill revolutions
reached 935,280, 2,535,840, 4,13¢,400 and 5,736,860, the
nixing container was opened, and whether or nct ignition had
occurred was wvisually checked. However, no ignition was found
at each point.

[0z6

{n

1

When the cumulative number of ball mill revolution
reached 5,736,960, 30.00 g of the powder mixture was subjected
to hot pressing in & vacuum atmosphere at less than 20 Pa to

roduce a disc-like sintered product having a diameter of 30

his

mm. The hot-pressing conditions (sintering temperature,
sintering pressure, and sintering time} and the relative
density of the cbtained sintered product are shown in TABLE 24
helow. The theoretical density of the sintered product is
11.11 g/cem?, which is calculated in consideration of a
reduction in the amount of carbon during mixing and sintering
{i.e., caleculated using the content of carbon in the sintered
product shown in TABLE 25). Based on this theoretical density,
the relative density of the sintered product (sintered product
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made using the powder mixture taken at a cumulative number of
pall mill revolutions of 5,736,860} was calculated.
[(0266]

TABLE 24]

guny

Ot

Cumulative Hot~pressing conditions Rglat}ve
number of T density
ball mil ] Sintering | Sintering | Sintering| . of c i Ignition
revolutions | temperature | pressure time b%?ifred
{(Number) (°C) (MPa) (min) pfi%?Ct
935,280 - - - - NO
2,535,840 = = - — NO
4,136,400 - - - - NO
5,736,960 1420 24.5 | 45 93.36 NO
[0267]

The relative density of the sintered product exceeds 93%,
and the amcunt of voids in the obtained sintered product was
small.

[0268]

The contents of oxygen and nitrogen in the sintered
product made using the powder mixture taken at a cumulative
number of ball mill revolutions of 5,736,960 were measured
using a TC-600 Seriez Nitrogen/Oxygen Determinator
manufactured by LECC Corporation, and the content of caxbon
was measured using a Carbon/Sulfur Analyzer manufactured by
HORIBA, Ltd. The neasurement results are shown in TABLE 25

below.

ey
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[TABLE 25)

Cumulative number f
of ball mill Oxygen Nitrogen Carbon
revolutions (massy) (mass ppm) | (mass$t) |
) of 5,736,960 | j
i Sintered product 1.46 23 l 3.30
[0279)

The structure of the sintered product made using the
powder mixture taken at a cumulative number of ball mill
revolutions of 5,736,860 was observed under a scanning
gelectron microscope (SEM). FIGS. 38 to 40 show SEM photographs

of the sintered products. FIG. 3B is a SEM photograph taken at

ca magnification of 3,000x (a bar scale in the photograph

represents 1 um). FIG. 39 is a SEM photograph taken at a
magnification of 5,000x {(a bar scale in the photograph
represents 1 pm). FIG. 40 is a SEM photograph taken at a
magnification of 10,000x (a2 bar scale in the photograph
represents 1 upm). In FIGS. 38 to 40, black portions correspond
to the € phase and the Ti0O: phase, and white portions

correspond to the FePtCu alloy phase. As can be seen from ?IGS.
38 to 40, fine regions of the C phase and the 35i0; phase are

dispersed in the sntire area of the structure.

The average size of the phase consisting of the C phase

and the SiC» phase was determined by the intercept method based

on the SEM photcoraph of FIG. 40 ftaken at & magnification of
o] grap
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10,000x., A specific method is the same as the method of
Reference Example 1. As used herein, the phase consisting of
the C phase and the Si0, phase refers to a phase picked out as
the C phase and the S51i0» phase, not distinguishing betwsen the
C phase and the Si0; phase and regarding them as a same phase.

(02727

The results showed that the average size of the phase
consisting of the C phase and the Si02 phase determined by the
intercept method was (.27 um.

[6273]

(Comparative example 1)

The targeted composition of a powder mixture and a target
in Comparative example 1 is (50Fe-50Pt)-30vol%C. More
specifically, the targeted compasition of the metal components
is 50at%Fe-50at%Pt, and the tergeted content of C is 30 vol%

based on the total amount of the target. When the content of C

o

is represented not by vel% but by at%, the targeted
composition ¢f the powder mixture and the target in

Comparative example 1 1s (50Fe~30Pt)~-40athC.

3

[02

i
und

A powder mixture and a sintered product were produced in

T

the same manner as in Reference Example 1 except that C powder
was used instead of S10: powder, that a mixing container was
filled with argon (Ar) and hermetically sealed, and FeP:

powder and C powder were mixed in the sealed mixing container,
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that the cumulative number of ball mill revolutilons was
changed, that the number of times and the timing of

introduction of fresh air by opening the mixing containe

[

during mizing were changed, and that the sintering temperature
during the production of the sintered product was changed to

1,100°C,

When the cumulative number of ball mill revolutions
reached 208,520, 608,040, 1,006,560, 1,405,080, 1,803,600,
2,202,120, and 2,816,640, the mixing container was cpened, and
whether or not ignition had occurred was visually checked.
Until the point of time when the cumulative number of ball
mill revolutions was 2,202,120, no ignition was found. However,
at the point ¢f time when the cumulative number of ball mill

revolutions was 2,816,640, ignition was found.

To be precise, the atmosphere in the mixing container
during mixing was the sealed gas mixture {Arxr-0z) atmosphere
only in the initial stage of mixing {until the cumulative
number of ball mill revolutions reached 209,520) and was a
sealed argon (Ar) atmosphere thereafter. The mixing was
performed in the sealed gas mixture (Ar—0z) atmosphere only in
the initial stage of mixing {until the cumulative number of
ball mill revolutions reached 209,520). This cumulative number
of ball mill revolutions is only 7.4% of the final cumulative
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number of ball mill revolutions, i.e., 2,816,640, sc that the
amount of oxygen adsorbed on the surface of the C powder in

the initial stage of mixing {until the cumulative number of

ball mill revolutions reached 20%,520) is considered to be

small, Therefore, Comparative Example 1 is thought to be an
experimental example in which the FePt powder and the C
or less of oxygen adsorbed

particles having a certain amount

= 2,607,120 times in the

thereon are mixed 2,816,640 - 209,520
argon {(Ar) atmosphere.

2771

<«

iz
30.00 g of the powder mixture mized until the cumulative

number of ball mill revolutions reached 1,405,080 was
ns of temperature:

subjected to hot pressing under the conditions
1,100°C, pressure: 25 MPa, time: 45 min., atmosphere: a vacuum
£f 5 % 1072 Pa or lower to thereby produce a disc-like sintered

en

product having a diameter of 30 mm.

0278
The density of each of the produced sintered producitis was

measured by the Archimedes method, and the measured value was

divided by a theoretical density to determine the relative

20

in TARLE 26 below. In

density. The results are shown

Comparative Example 1, the theoretical density was not

computed in consideration of a reduction in the amount of
carbon during sintering, as was in Reference Examples 5 to 9

25 and Zxample 2.
108



[0279]

[TABLE 26)
intered powdey | Cintering | Theoretical | Relative |
srnterec b temperature A density | density
mixture ] o {g/cm3) P ; :
| (°C) (g/cm?) {%)

Powder mixture
when cumulative
number of ball 1,100 8.16 11.47 71.
mill revolutions
was 1,810,080 ]

83

32

$ad

&

(8%
[a]

[0280]

The relative dengity of the sintered product was low,
i.e., 71.1%, so that the sintered product contained a large
amount of voids. If the relative density 1s computed using the
theoretical density computed in consideration of a reduction
in the amount of carbon during sintering, the relative density
in Comparative Example 1 may be much smaller than 71.1%.

[6281)]
{Discussion)

-

The principal experimental data in Reference Examples 1

[ 5%

to 9 and Examples 1 to 2, and Comparative Example 1 is

pa

gsummarized in TABLE 27 below. In TABLE 27, the average siza of
the phase means the average size ¢of the metal oxide phase in
Reference Examples 1 to 4 and Example 1, or means the average
gize of the phase consisting of the C phase and the metal

oxide phase in Reference Examples 5 to 9 and Example 2.

[0z82]
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Cumplativa

) Avera
Atmosphere nambar of Sintering | Ralative yerage
fes A < gize of
Compogition of target Guring ball will temperature | density phase Iguition
mixing revolutions °cy (%1
{Number) ()
Reference :
example 1 {50Fe-50Pt) - 30voliSi0, Ar+0, 3,741,120 1050 98.61 09,34 8O
Reference y
example 2 {50Pe~50P) -38vol$T10, AX+0, 3,743,120 950 96.69 Q.28 NO
Reference | . oo 50PL)-36.63v01%R,0, Br+0, 5,736,960 840 105.22 6.22 KO
example 3 ’
reference
example 4 {50Fe~50PC) - 12, 07vDi%5,0,-24.69v0l3510, Ar+O, 3,852,360 830 ipp.38 0.27 NO
Reference
example & {50Fe-50PL) -6voliC-24vol35810, x40, 3,741,120 1270 97.31 0.28 NO
Reference
- o B8 L% C- 8 3, , 8 . .

example § {50Fe~S50PN} ~I9voliC-21volEsi0, Ar+0, 3,741,120 1280 §7.50 G.23 NQ
reference {50Fe-5DPt) - 12vol¥C-18volE81i0, Ax+0, 3,741,120 1300 26 .68 6.3 RO
exampie 7
Reference N Y
example 8 (80Fe~60PEL) -15vo1%C-15valisio, Ax+(y 3,744,120 128¢ §5.81 0.2 NO
Refexence | icipe. 50PL)-15vol$C-15v0l ¥T10, BY40, 3,741,120 1280 95,00 0.29 NO
sxample $
example 1 {E0F@-45PL-SCU) ~20. 3vol¥RB,0, AY+0, 3,832,360 770 109.09 0.14 juio]
exampis 2 {45Fe~45PL~20Cu} ~15vol%C-15velE8i0, AX+0O, 5,736,960 1420 93.28 0.27 NC

1,405,080 1100 71,10 - NO

Comparative .

example 1 {50Fe-50Pt) -30volsC 8ol

2,816,640 - - - Yes
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[02833

In Reference Examples 1 to 9 and Examples 1 to 2, no
ignition was found even after the cumulative number of ball
mill revelutions reached 3,000,000,

[0284]

In Reference Examples 1 to 9 and Examples 1 to 2, Fe is
alloyed with Pt to form FePt alloy powder; in Reference
Examples 5 and 6, Fe is alloyed with Pt and Cu to form FePtCu
allay powder. This can reduce the activity of Fe even in the
form of powder, thereby suppressing oxidation and ignition of
Fe during mixing with the metal oxide powder or during mixing
with the metal oxide powder and the C powder.

{6285}

In Reference Examples 5 to 8 and Example Z, the powder
mixture contains C powder. Since the atmosphere during the
production of the powder mixture is a gas mixture (Ar + 0O2),
i.e., the atmosphere contains oxygen, a certain amount of
oxygen is adsorbed to the surface of the C powder during
mixing. Therefore, a certain amount of oxygen has already been
adsorbed to the surface of C particles, and accordingly rapid
adsorption of oxygen to the surface of the C particles and
subsegquent ignition of the C particles hardly occur even when
the mixing container is opened to introduce the air after .
mixing, thereby allowing stable production even of the FePt-
based sputtering target containing not only the metal oxide
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but also C.

[0286]

However, in Reference Example 1 in which the FePt powder
and the C powder were mixed in an argon atmosphere containing
no oxygen during & period from when the cunulative number of
ball mill revolutions was 208,521 to when 1t reached 2,816,540,
ignition was found when the mixing container was opened at the
point of time when the cumulative number of ball mill
revolutions was 2,816,040, In Reference Example 1, this may be
caused by mixing ¢f the FPePt powder and the C powdsy in an
argon atmosphere containing no oxygen during a peried from
when the cumulative number of ball mill revolutions was
208,521 to when it reached 2,816,640, and by the content of
the C powder as large as 30 vol%.

[0287]

In Reference Examples 1 to & and Examples 1 to 2, the
cumulative number of kall mill revolutions was 3,000,000 or
more, i.e., in Reference Examples 1 to 5 and Examples 1 to 2,
the powder mixtures were produced by sufficient mixing.
Therefore, in Reference Ezxamples 1 to 9 and Examples 1 to 2,
the metal oxide powder and the C powder in the powder mixtures

low, in the

Fond

becamsz small enough. Accordingly, this may a

sintered products produced in Reference Examples 1 to 9 and
Examples 1 to 2, the size of the metal oxide phase, or the

average size of the phase consisting of the C phase and the

fot
N>
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Si0; phase, as measured by the intercept method, tc be as small
as 0.14 to 0.34 um. Also this may allow the obtained sintered
products to have a relative density as large as %0% or more.

1028873

In Comparative Example 1, the sintered product was
produced using the powder mixture mixed until the cumulative
number of ball mill revolutions reached 1,405,080, but the
ralative density of the produced sintered product was as small
as 71.1%. One reason for this may be the influence of low
sintering temperature, 1,100°C, in Reference Example 1.
Another reason may be that, since the cumulative number of
ball mill revolutions was small, the particle diameter of the
C powder in the powder mixture used to produce the sintered

product was not sufficiently reduced, s that voids in th

®

+

sintered product became large and the relative density of the

sintered product became small.

INDUSTRIAL APPLICABILITY

[0289]

The target according to the present invention can be
preferaply used as an FePt-based sputtering target. The
production process accaording to the present invention can be
preferably used as a process for producing an FePt-based

sputiering target.
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Substrate
Substrate surface
FePt alloy particles
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CLAIMS

1. An FePt-based sputtering target comprising Fe, Pt,
a metal oxide, and further comprising one or more kinds of
metal elements other than Fe and Pt,

wherein the FePt-based sputtering target has a structure
in which an FePt-based alloy phase and a metal oxide phase
containing unavoidable impurities are mutually dispersed, the
FebPt-based alloy phase containing Pt in an amount of 40 at% or
more and less than 60 at% and the one or more kinds of metal
elements other than Fe and Pt in an amount of more than 0 at%
and 20 at% or less with the balance being Fe and unavoidable
impurities and with a total amount of Pt and the one or more
kinds of metal elements being 60 at% or less,

wherein the metal oxide is contained in an amount of 20
vol% or more and 40 vol% or less based on a total amount of
the target, and

wherein the metal oxide phase has an average size of 0.4

um or less as determined by an intercept method.

2. An FePt-based sputtering target comprising Fe, Pt,
C, a metal oxide, and further comprising one or more kinds of
metal elements other than Fe and Pt,

wherein the FePt-based sputtering target has a structure
in which an FePt-based alloy phase, a C phase containing
unavoidable impurities, and a metal oxide phase containing

unavoidable impurities are mutually dispersed, the FePt-based
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alloy phase containing Pt in an amount of 40 at% or more and
less than 60 at% and the one or more kinds of metal elements
other than Fe and Pt in an amount of more than 0 at% and 20
at% or less with the balance being Fe and unavoidable
impurities and with a total amount of Pt and the one or more
kinds of metal elements being 60 at% or less,

wherein C is contained in an amount of more than 0 vol%
and 20 vol% or less based on a total amount of the target, the
metal oxide is contained in an amount of 10 vol% or more and
less than 40 vol% based on the total amount of the target, and
a total content of C and the metal oxide is 20 vol% or more
and 40 vol% or less based on the total amount of the target,
and

wherein a phase consisting of the C phase and the metal
oxide phase has an average size of 0.4 um or less as determined

by an intercept method.

3. The FePt-based sputtering target according to
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claim 1 or 2,

wherein the one or more kinds of metal elements other
than Fe and Pt are one or more kinds of Cu, Ag, Mn, Ni, Co, P4,

Cr, V, and B.

4. The FePt-based gputtering target according to claim
1l or 2,
wherein the one or more kinds of metal elements other

than Fe and Pt include Cu.

5. The FePt-based sputtering target according to claim
1 or 2,
wherein the one or more kinds of metal elements other

than Fe and Pt are only Cu.

6. The FePt-based sputtering target according to any
cne of claims 1 to 5,

wherein the metal oxide contains at least one of SiO0;,
Ti0,, Ti,0;, Tas0s, Cr.0;, CoO, Co30s4, B03;, Fep0;, CuO, Cup0, Y,0:,
MgO, Al;0;, ZrO,, Nb,Os, MoO;, CeO,, Smy03;, Gdy0;, WO;, WOs;, HEO,,

and NiO;.

7. The FePt-based sputtering target according to any
one of claims 1 to 6,

wherein the FePt-based sputtering target has a relative
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density of 90% or higher.

8. The FePt-based sputtering target according to any
one of claims 1 to 7,
wherein the FePt-based sgputtering target is used for a

magnetic recording medium.

9. A process for producing an FePt-based sputtering
target, comprising:

adding metal oxide powder containing unavoidable
impurities to FePt-based alloy powder containing Pt in an
amount of 40 at% or more and less than 60 at% and the one or
more kinds of metal elements other than Fe and Pt in an amount
of more than 0 at% and 20 at% or less with the balance being
Fe and unavoidable impurities and with a total amount of Pt
and the one or more kinds of metal elements being 60 at% or
less so that the metal oxide powder aqcounts for 20 vol% or
more and 40 vol% or less of a total amount of the FePt-based
alloy powder and the metal oxide powder, followed by mixing
the FePt-based alloy powder and the metal oxide powder to
produce a powder mixture; and

molding the produced powder mixture while the powder

mixture is heated under pressure.

10. A process for producing an FePt-based sputtering
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target, comprising:

adding C powder containing unavoidable impurities and
metal oxide powder containing unavoidable impurities to FePt-
based alloy powder containing Pt in an amount of 40 at¥% or
more and less than 60 at% and the one or more kinds of metal
elements other than Fe and Pt in an amount of more than 0 at%
and 20 at% or less with the balance being Fe and unavoidable
impurities and with a total amount of Pt and the one or more
kinds of metal elements being 60 at% or less so that the C
powder and the metal oxide powder are added to satisfy:

0 < a =< 20;

10 £ f < 40; and

20 £ a + B < 40,

where o and B represent contents of the C powder and the
metal oxide powder by vol%, regpectively, based on a total
amount of the FePt-based alloy powder, the C powder, and the
metal oxide powder, followed by mixing the FePt-based alloy
powder, the C powder, and the metal oxide powder to produce a
powder mixture; and

molding the produced powder mixture while the powder

mixture is heated under pressure.

11. The process for producing an FePt-based sputtering
target according to claim 9,

wherein a metal oxide phase in the obtained FePt-based
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sputtering target has an average phase size of 0.4 um or less

as determined by an intercept method.

12. The process for producing an FePt-based sputtering
target according to claim 10,

wherein a phase consisting of the C phase and the metal
oxide phase in the obtained FePt-based sputtering target has

an average size of 0.4 um or less as determined by an intercept

method.

13. The process for producing an FePt-based sputtering
target according to any one of claims 9 to 12,

wherein the one or more kinds of metal elements other
than Fe and Pt are one or more kinds of Cu, Ag, Mn, Ni, Co, P4,

Cr, VvV, and B.

14. The process for producing an FePt-based sputtering
target according to any one of claims 92 to 12,
wherein the one or more kinds of metal elements other

than Fe and Pt include Cu.

15. The process for producing an FePt-based sputtering
target according to any one of claims 9 to 12,
wherein the one or more kinds of metal elements other

than Fe and Pt are only Cu.

120



10

15

25

1l6. The process for producing an FePt-based sputtering
target according to any one of claims 9 to 15,

wherein the metal oxide contains at least one of 8$10,,
Ti0,, Tiz03, Ta,0s5, Cry0;, CoO, Co0304, B,03, Fey03, Culd, Cu,0, Y303,
MgO, Al,0s;, 2Zr0,, Nb,Os, MoO;, CeO,, Smy0;, Gd,0;, WO,, WO;, HEO,,

and Nio,. .

17. The process for producing an FePt-based sputtering
target according to any one of claims 9 to 16,
wherein the mixing to produce the powder mixture ig

performed in an atmosphere in the presence of oxygen.

18. The process for producing an FePt-based sputtering
target according to claim 17,
wherein oxygen is supplied to the atmosphere from outside

of the atmosphere.

19. The process for producing an FePt-based sputtering
target according to claim 18,

wherein the oxygen is supplied by supplying air.

20. The process for producing an FePt-based sputtering
target according to any one of claims 17 to 19,

wherein the atmosphere is air.
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21. The process for producing an FePt-based sputtering
target according to claim 17 or 18,
wherein the atmosphere is composed substantially of an

inert gas and oxygen.

22. The process for producing an FePt-based sputtering
target according to any one of claims 17 to 21,
wherein a concentration of oxygen in the atmosphere is 10

vol% or higher and 30 vol% or lower.

23, The process for producing an FePt-based sputtering
target according to any one of claims 17 to 22,

wherein the atmosphere is released to air during the

mixing.

24? The process for producing an FePt-based sputtering
target according to any one of claims 9 to 23,

wherein an atmosphere when the powder mixture is molded
while heated under pressure is a vacuum or an inert gas

atmosphere.

25. The process for producing an FePt-based sputtering
target according to any one of claims 9 to 24,

wherein the FePt-based alloy powder is produced by an
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atomizing method.

26 . The process for producing an FePt-based sputtering
target according to claim 25,
wherein the atomizing method is performed using argon gas

or nitrogen gas.

27. The process for producing an FePt-based sputtering
target according to any one of claims 9 to 26,
wherein the obtained FePt-based sputtering target is used

for a wagnetic recording wmedium.
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ABSTRACT
Provided are an FePt-based sputtering target which alone

“

can form an FePt-based alloy-containing thin £ilm usable

jAn

&

o

magnetic recording medium without using a plurality of targets,
and a process for producing the same.

The FePt-based sputtering target contains Fe, Pt, and a
metal oxide, and further contains one or more kinds of metal
elements other than Fe and Pt, whereln the FePt-based
sputtering target has a structure in which an FePt-based alloy
rhase and a2 metal oxide phase containing unavaoidable
impurities are mutually dispersed, the FePt-based alloy phase
containing Pt in an amount of 40 at% or more and less than 60

at% and the one or moxe kinds of metal elements cother than Fe

oo

and Pt in an amount of more than 0 at% and 20 at% or less with
the balance being Fe and unavoidable impurities and with the

total amcunt of Pt and the one or more kinds of matal elements

)

being 60 at% or less, and wherein the metal oxide is contained
in an amount of 20 vol% or more and 40 vol% or less based on

the total amount of the target.
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