DESCRIPTION TITLE OF INVENTION 5FePt-C-BASED SPUTTERING TARGET AND PROCESS
FOR PRODUCING THE SAME TECHNICAL FIELD [0001] 10The present invention relates to a
FePt-C-based sputtering target and to a process for producing the same. BACKGROUND ART [0002]
15A FePt alloy can be provided with the fct (Ordered Face Centered Tetragonal) structure which has
high crystal magnetic anisotropy by heat-treating at an elevated temperature (for example, at 600C or
higher), and therefore a FePt alloy has beephighlighted,as a magnetic recording medium. To make
FePt 20 particles smaller and more uniform in the thin film of the FePt alloy, it is proposed that a
predetermined quantity of carbon (C) be included into the thin film of the FePt alloy (for example,
Patent Literature 1). [0003] 25However, the formation method of the FePtC thin film, described in the
Patent Literature 1, is the method of vapofrgepssitingfeeRtoand C simultaneously on a MgO (100)
board by using the Fe target of a 2-inch diameter, C target of a 2- inch diameter, and the Pt target of 5
mm in height and width. 5 In this method, it is difficult to obtain the film whose composition is controlled
strictly. Additionally, three targets are required and each target needs a cathode, a power supply, etc,

and;so the-sest of eguipmenbbecamesbighwhite AND PROCESS FOR PRODUCING THE

SAME
TECENICAL FIELD
[0go1]
10 The present invention relates to a FePt-C-based

sputtering target and to a process for producing the same.

BACKGROUND ART
[0002]

15 A FePt alloy can be provided with the fct (Ordered Face
Centered Tetragonal) structure which has high crystal magnetic
anisotropy by heat-treating at an elevated temperature (for
example, at 600°C or higher)}, and therefcre a FePt alloy has
been highlighted as a magnetic recording medium. To make FePt

20 particles smaller and more uniform in the thin f£iim of the
FePt allcy, it is proposed that a predetermined guantity of
carbon (C) be included into the thin film of the FePt alloy
(for example, Patent Literature 1).

{0003]

25 However, the formation method of the FePtC thin film,



the preparatory work of sputtering takes time and effort. 10[0004] On the other hand, the
technology for producing the sputtering target consisting of a PtFe system alloy according to a casting
process is described in the Patent Literature 2. And in Claim 2, 3 and the paragraph 0017 of a Patent
15 Literature 2, C is raised as one choice in the many choice of the element added into a PtFe-based
alloy. [0005] However, C is only raised as one of the many choices of the element added into a

PiFe-baged alloy,.and the specfic. 20, working example in whigh,G, s agtually:added into the

PtFebased alloy is not shown. Even if C can be added into a PtFebased alloy in the téchnology

describeqkinthe Patentiteraiure 2, the-cantent otcarbon (G) in,a FaRIC SRuttaring farget is 20at% at

the maximum as described in Claim 2, 3 and 25 the paragraph 0017 of a Patent Literature 2.

CITATIQN LIST,Rateptliterature Ja006]5 Ratent Literaturens Japangse Patent Ng: 3950838 Patent
Literature 2: Japanese Patent Application Laid-Open No. 2006-161082 SUMMARY OF INVENTION 10

Technica},Rioblem80QH, andhemresantinventionhashegn madedn yew gf.the,afgrementioned
problems. It is an object of the present invention to provide an FePt-C-based sputtering target which

15 gnabtes am FePiehased thin film containing & large ameint of carbomtp ke formed from a single
target without using a plurality of targets, and to provide a process for producing the FePt-C-based
sputteringf@tg@tition is controlled strictly. Additicnally, three
targets are required and each target needs a cathode, a power
supply, etc, and so the cost of equipment becomes high while
the preparatory work of sputtering takes time and effort.
10 [0004]
On the other hand, the technology for producing the
sputtering target consisting of a PtFe system allcoy according
to a casting procesgss is described in the Patent Literature 2.
And in Claim 2, 3 and the paragraph 0017 of a Patent
15 Literature 2, C is raised as one choice in the many choilce of
the element added into a PtFe-based alloy.
[00C5]
However, C is only raised as one of the many choices of
the element added into a PtFe-based alloy, and the gpecific
20 working example in which C is actually added into the PtFe-
based alloy is not shown. Even if C can be added intc a PtFe-
based alloy in the technology described in the Patent
Literature 2, the content of carbon (C) in a FePt-C sputtering

target is 20at% at the maximum as described in Claim 2, 3 and

25  the paragraph €017 of a Patent Literature 2.
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20 Solution to Problem [0008] As a result of intensive research to solve the aforementioned
problem, the present inventors found out that the aforementioned problem is solvable with the
following 25 FePt-C-based sputtering targets and solvable with the following processes for producing
the FePt-C-based sputtering target, and the present inventors created the present invention. [0009]
5Namely, a first aspect of an FePt-C-based sputtering target according to the present invention is an
FePt-C-based sputtering target containing Fe, Pt, and C, wherein the FePtC-based sputtering target
has a structure in which an FePtbased alloy phase and a C phase containing unavoidable 10
impuritiesratepgivally gispersed, the FePt-based alloy phase containing Pt in an amount of 40 at% or
more and 60 at% or less with the balance being Fe and unavoidable impurities, and wherein C is
containgsl a1 ampupt-gf 21-at% or more and 70 at% or less based on the total amount of the target.
15[0010] The phrase "an FePt-based alloy phase and a C phase containing unavoidable
impurities are mydly dispersed” is a concept including a state in which the FePt-based alloy phase is
a dispersion medium and the C phase is a dispersoid and a 20 state in which the C phase is a

dispersieq feedium:and-the FePtbased.alipy-phaseds e digpersoitband further including a state in
which the FePt-based alloy phase and the C phase are mutually mixed but it is not possible to

determing whigh phasedswa,dispersion padiyn angruhichpbase ds 8 disparsqid - 2pl00 1) . In the
present description, the term "FePt-based alloy" means an alloy containing Fe and Pt as main
compongptssand; ispaeant to include not only binary alloys containing only Fe and Pt but also ternary
and higher alloys containing Fe and Pt as 5 main components and further containing a metal element
other
SUMMARY OF INVENTICHN
10 Technical Problem
[0007]
The present invention has been made in view of the
aforementioned problemg. It is an object of the present
invention to provide an FePt-C-based sputtering target which
15 enables an FebPtC-based thin film containing a large amount of
carbon to be formed from a single target without using a

plurality of targets, and to provide a process for producing

the FePt-C-baged sputtering target.

20 Solution to Problem
[0008]
As a result of intensive research to solve the
aforementioned problem, the pregent inventors found out that
the aforementioned problem ig solvable with the following

25 FePt-C-based sputtering targets and solvable with the
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than Fe and Pt. The term "FePt-C-based sputtering target" means a sputtering target containing Fe,
Pt, and C as main components. The term "FePtC-based thin film" means a thin film containing Fe, Pt,
and C as main components. 10[0012] A second aspect of an FePt-C-based sputtering target
according to the present invention is an FePt-C-based sputtering target containing Fe, Pt, and C and
further containing one or more kinds of metal elements other than Fe 15 and Pt, wherein the

FePt'Cf?éﬁ%éﬁ&‘ﬁéer#&%@é%%‘_é?%é”ﬂ%%%H&YYQiC@haen FeBibased alloy phase apd a.C phase

containing unavoidabfe impurities are mutually dispérsed, the FePt-based alloy phase containing Pt in

an amoynt,of 40 atgh, ar more apddess than 60, apaand.the ong grypors kinds of metal 20 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 unaygigiable; impurities and with the 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 21 at% or more and 70 at
or less 25 based;gg ghg total amount of the target. [0013] In the second aspect of the FePt-C-based
sputtering target according to the present invention, the one or more metal elements other than Fe and

PL may be one QiRekins 501 G AR, Ny Gon Pk £1. . 834 B The.ne.0s mpre melal

elements other than Fe and Pt may include Cu, or the one or more metal elements other than Fe and

Pt may he ogly:CudO84ling to Rraterablysthe-Cnhasshasan averaroe Hhase sizesel0.6 10 pm or
less as determined by an intercept method. [0015] A method for determining the average size of
the C p@@t@é@ﬁiﬁte&&%éﬂe@@ﬂﬂ@jﬂ@ﬁ@e%pegﬁa}teémﬂ C, wherein the FePt-
C-based sputtering target has a structure in which an FePf-
based sllioy phase and a C phase containing unavoidable
10 impurities are mutually dispersed, the FePt-based alloy phase
containing Pt in an amount of 40 at% or more and 60 at% or
legs with the balance being Fe and unavoidable impurities, and
wherein C is contained in an amcunt of 21 at% or more and 70
at% or less based on the total amount of the target.
15 {oo1c]
The phrase “an FePt-based alloy phase and a C phase
containing unavoidable impurities are mutually disgpersed” is a
concept including a state in which the FePt-based alloy phase
ig a digpersgion medium and the C phase isgs a digpersoid and a
20 state in which the C phase iz a dispersion medium and the
FePt-bagsed alloy phase is a dispersoid and further including a
state in which the FePt-based alloy phase and the C phase are
mutually mixed but it is not possible to determine which phase
is a dispersicn medium and which phase is a dispersoid.

25 [0C11]



"DESCRIPTION OF EMBODIMENTS". 15[0016] Preferably, the FePt-C-based sputtering target
has a relative density of 90% or higher. [0017] Preferably, the content of oxygen is 100 mass ppm or
less 20 based on the total mass of the target. Preferably, the content of nitrogen is 30 mass ppm or
less based on the total mass of the target. [0018] Some of the above-described FePt-C-based
sputtering 25 targets can be preferably used for a magnetic recording medium. [0019] A first

aspect of a process for.producing anseeht-¢zhased sputtering faraet agcording. [p the present

invention is a process for producing an FePt-C-based sputtering target, 5 including: adding C powder

containing upavaidable imputities 1o feft-hased,alloy povder containing B1 1 a0 amauntof 40 at% or
more and 60 at% or less with the balancé being Fe and unavoidable impurities; mixing the C powder

and the figBy:based Aoy pawdesin aa pimesaeie contapIng.AYEEng poduee 40 poder

mixture; and then molding the produced powder mixture while the powder mixture is heated unpler
pressure: {0020 azsénge%ﬁggw%apﬁg?@@rp@f@é%or&yﬁ%cﬂﬂgﬁ@ FePtC;haged sputtering
|

target according to the present invention 15 is a process for producing an FePt-C-based sputtering
target, ingluding-adding{x Rowder egntaining upavaidabledmputities o EeBkbased allay powder

containing Pt in an amount of 40 at% or more and less than 60 at and one or more kinds of metal
elementgothersthagfze ard Ptipanameuntfppore haBeq sputtering target”
means a sputtering target containing Fe, Pt, and C as main
components. The term “FePtC-based thin film” means a thin film
containing Fe, Pt, and C as waln components.
10 [0012]

A second aspect of an FePt-C-based sputtering target
according to the present invention is an FePt-C-based
sputtering target containing Fe, Pt, and C and further
containing cone cor more kinds of metal elementg other than Fe

15 and Pt, wherein the FePt-C-based sputtering target hasg a
structure in which an FePt-based alloy phase and a C phase
conteining unaveidable 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

20 elements other than Fe and Pt in an amount cof 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 the one or more
kinds of metal elements being 60 at% or legsg, and wherein C is

contained in an amocunt of 21 at% or more and 70 at% or less

25 based on the total amount of the target.



20 0 at% and 20 at% or less with the balance being Fe and unavoidable impurities and with the total
amount of Pt and the one or more kinds of metal elements being 60 at% or less; mixing the C powder
and the FePt-based alloy powder in an atmosphere containing oxygen to produce a powder mixture;
and 25 then molding the produced powder mixture while the powder mixture is heated under
pressure. [0021] In the second aspect of the process for producing an FePt-C-based sputtering
target according[tgotlfg]present 5 invention, the one or more 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 @ﬁ%@fé“@%%h&ré Qng oL Parg mela) '?H‘-%};E%Q@eéé&ﬁ%’%gﬂ Pt may be only
Cu. 10[0022] The C powder may be added such that the content of C Is, for example, 21 at% or

more and_70,a1% or lessshased.on the total amauntiof the powder mixture, 10023] 15Preferably,

oxygen is supplied to the atmosphere from outside of the atmosphere. This can prevent a shortage of

oxygen {p.the-atmpsphere.and cap spppressdoniign,of the & powder. [0024} s0The gyygen may be
supplied by supplying air. The use of air as the supply source of oxygen can reduce cost. [0025]
5 ef Cu, Ag, Mn, Ni, Co, Pd, Cr, V, and B. The cne 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.
[0014]
Preferably, the C phase has an average phase sgize of 0.6
10 um or less as determined by an intercept method.

[6015]

A method for determining the average size cof the C phase
by the intercept method will be described later in
“DESCRIPTION OF EMBODIMENTS” .

15 [0016]

Preferably, the FePt-C-based sputtering target has a
relative density of 920% or higher.

[0017]

Preferably, the content of oxygen is 100 mass ppm or less

20 based on the total mass of the target. Preferably, the content
of nitrogen is 30 mass ppm or less based on the total mass of
the target.

[0018]

Some of the above-described FePt-C-based sputtering

25 targets can be preferably used for & magnetic recording medium.



The atmosphere may be air. When the atmosphere is air, the cost can be reduced. 25[0026] The
atmosphere may not be air but may be an atmosphere composed substantially of an inert gas and
oxygen. In this case, incorporation of impurities other than oxygen into the powder mixture during the
mixing can be suppressed. [0027] The concentration of oxygen in the atmosphere may be, for
example, 10 vol% or higher and 30 vol% or lower. [0028] The atmosphere may be released into the air
during the 10 mi éﬂ%éﬁ‘ this case, even when the atmosphere is short of oxygen during the mixing,
oxygen can be introduced from the air by releasing the atmosphere into the air, so that the shortage of

oxygen can be mitigajerl. (00231 15PTeferably, the.C phasein.the,abiainer FeRLC-hasec sputtering

target has an average phase size of 0.6 im™or less as determined by an intercept method. [0030]

Preferably,.an aimaspherequhen, the-poyyder mixtureds 20malded whils heatpd pnder pressure is a

vacuum Or an inert gas atmosphere. In this'manner, the amount of impurities such as oxygen in the

Obuﬂne%§g@5§gF%BQ“QEEHU@%E§M5§dFePt—C—based sputtering target,

5 including: adding C powder containing unavoidable impurities
to FePt-based alloy powder containing Pt in an amount of 40
at% or more and 60 at% or less with the balance being Fe and
unavoidakle impuritieg; mixing the C powder and the FePt-based
alloy powder in an atmosphere containing oxygen to produce a

10 powder mixture; and then molding the produced powder mixture
while the powder mixture is heated under pressure.
[0020]
And, a second aspect of a process for producing an FePt-
C-based sputtering target according to the present invention
15 ig a process for producing an FePt-C-based sputtering target,
including: adding C powder containing unavoidable impurities
to FePt-based zlloy powder containing Pt in an amount of 40
at% or more and less than 60 at% and one or more kinds of
metal elements other than Fe and Pt in an amount of more than
20 0 at% and 20 at% or less with the balance being Fe and
unavoidable impurities and with the total amount of Pt and the
one or more kinds of metal elements being 6C at% or less;
mixing the C powder and the FePt-based alloy powder in an
atmosphere containing oxygen to produce a powder mixture; and

25  then molding the produced powder mixture while the powder



[0031] Preferably, the content of oxygen in the obtained FePt-C25 based sputtering target is
100 mass ppm or less. Preferably, the content of nitrogen in the obtained FePt-C-based sputtering
target is 30 mass ppm or less. [0032] Preferably, the FePt-based alloy powder is produced by
an 5 atomizing method, in terms of a reduction in the amount of impurities mixed. Preferably, the
atomizing method is performed using argon gas or nitrogen gas, in terms of a further reduction in the

amo“”tzﬁ@gg'“eﬂ“ﬁ(ggt@@%ﬂ &Q§ggr%e%gf5§51§eobtained FePt-C-based sputtering targets can be

preferably used for a magnetic recordin dium. J0034] A third aspect of the FePt-C-based
sputtering target gy qing to the present invention is an FePt-C-based 15 sputtering target produced
by any one of the above production processes. Advantageous Effects of Invention [0035] 20An

Feppc>basedﬂﬂﬁﬁkﬂgng%ggﬁ]gypggﬁqggygﬁ@npzocess for producing an

FePt-C-based sputtering target according to the present

5 invention, the one or more 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 one or more metal elements other than Fe
and Pt may be only Cu.

10 [0022]

The C powder may be added such that the content of C isg,
for example, 21 at% or more and 70 at% or less based on the
total amount of the powder mixture.

[0023]

15 Preferably, coxygen is supplied to the atmosphere from
outgide of the atmosphere. This can prevent a shortage of
oxygen in the atmosphere and can suppress ignition of the C
powder.

[0G24]

20 The oxygen may be supplied by supplying air. The use of
alr as the supply source of oxygen can reduce cost.

[0025]

The atmosphere may be air. When the atmosphere is air,
the cost can be reduced.

25 fcozse]



be formed by using the FePt-C-based sputtering target according to the present invention alone, i.e.,
by using only this target without using a plurality of targets. [0036] 25In the process for producing an
FePt-C-based sputtering target according to the present invention, the FePt-based alloy powder and
the C powder are mixed in an atmosphere containing oxygen to produce a powder mixture. Therefore,
the FePt-C-based sputtering target can be produced stably with 5 ignition of the C powder being

suppressed. Si Fe and Pt are alloyed, ignition of Fe déjri g mixing with the C powder can also be
suppressed. BR Dﬁ&?ﬁ ON DIEQAR/V%&Gglﬁ)[ H%]may r}—gipG. is‘% ow%ﬁ%%%ﬁication
scanning, electron.micrograph.(an jmage taken at a magnification of 3,000x) of the structure of a
sintered%p?ggﬁgtﬁﬁ.{n&%%%pﬁég 11t(taei rg m%ftatﬁlré nlunr%ggr %I%Sallarﬁfﬁ revolttions: 113% sintering 15

temperatiy é,11439§81(§é$§%§%%@ inghe photagraph; JoE’H‘fér .thgl'}es-o%é?&%ﬂgf%f%i%@'@ﬁ@”iﬁcaﬁon

scanning electron micr an image taken at a magnification o e Structure of a

sintered}i%%ggg in e &u@l%%u@klﬂ!aati?{fﬁ %ragf | @@é{g&/ggggg& 4,136,400, sintering 20

temperature: 1,460C) (a bar scale in the photograph: 1 pm). isa high-magnification
scagning electro[b@léc; graph (an image taken at a magnification of 10,000x) of the structure of a
sintered product in Example 1 (the cumulative number of ball mill revolutions: 4,136,400, 25 sintering

temperature: 1.480C) a-ha;scale:inhe phologsgal LProk<FiG-bisshlovsmagpiigation spanning
electron
example, 10 vol% or higher and 320 vol% or lower.
[ooza]
The atmosphere may be released into the air during the

10 mixing. In this case, even when the atmosphere is short of
oxygen during the mixing, oxygen can be introduced from the
air by releasing the atmesphere into the air, so that the
shortage of oxygen can be mitigated.

[0029]

15 Preferably, the C phase in the obtained FePt-C-bhased
sputtering target has an average phase size of 0.6 pm or less
as determined by an intercept method.

[G030]
Preferably, an atmosphere when the powder mixture is

20 molded while heated under pressure is a vacuum Or an inert gas
atmosphere. In this manner, the amount of impurities such as
oxygen in the obtained sintered product can be reduced.

{0031]
Preferably, the content of oxygen in the obtained FePt-C-

25 based sputtering target is 100 mass ppm or less. Preferably,

9



micrograph (an image taken at a magnification of 3,000x) of the structure of a sintered product in
Example 2 (the cumulative 5 number of ball mill revolutions: 4,073,760, sintering temperature: 1,340C)
(a bar scale in the photograph: 1 pm). FIG. 5 is a medium-magnification scanning electron micrograph
(an image taken at a magnification of 5,000x) of the structure of a sintered product in Example 2 (the
cumulative 10 number of ball mill revolutions: 4,073,760, sintering temperature: 1,340C) (a bar scale in

the phowgeapl .. F16- 015 All-masniieaion seamningelsetren migiggraph (an image taken at

a magnification of 10, the structure of a sintered product in Example 2 (the 15 cumulative

number %Q@g gygﬁg\l/q%@%r& 4&7%%6%%@;&&9}9 tg@pféa%grg: 1,340C) (a bar scale in the

photograph: 1 pm). FIG. 7 i5 a low-magnification 'scanning electron micrograph (an image taken at a
magnification of 3,0Q0x) of the 20 structure of a sintered product in Example 3 (the cumulative number
of ball mill revolutions: 3,181,680, sintering temperature: 1,300C) (a bar scale in the photograph: 1

pm). FIG. 8 is a pediumsmagnification.seanning glectron,, '%88@%(3191'8@9&@‘(55} alf

magnification of 5,000x) of the 25 structure of a sintered product in Example 3 (the cumulative number

of ball n&%w%@g%é%%mi@@m terpperatre; 1+300C) (@ hat scalg-indhe photograph: 1

pm). FIG. 9 is a high-magnification scanning electron micrograph (an image taken at a magnification

of 10,000x),05 the strigturesof arsiatered prduct inExample3 fhecumative,number of ball mil
revolutions: 3,181,680,

performed using argon gas or nitrogen gas, in terms of a
further reducticon in the amount of impurities mixed.
foco33]
10 Some of the obtained FePt-C-based sputtering targets can
be preferably used for a magnetic recording medium.
[0034]
A third aspect of the FePt-C-based sputtering target
according to the present invention i1is an FePt-C-based
15 sgputtering target produced by any one of the above production

processes.

Advantageous Effects of Invention
[0035]

20 An FePt-C-based thin film with a high carbon content can
be formed by using the FePt-C-based sputtering target
according to the present invention alone, i.e., by using only
this target without using a plurality of targets.

[0C36]

25 In the process for producing an FePt-C-based sputtering

10



sintering temperature: 1,300C) (a bar scale in the photograph: 1 pm). FIG. 10 is a low-magnification
scanning electron 10 micrograph (an image taken at a magnification of 3,000x) of the structure of a
sintered product in Example 4 (the cumulative number of ball mill revolutions: 3,181,680, sintering
temperature: 1,300C) (a bar scale in the photograph: 1 pm). FIG. 11 is a medium-magnification
scanning electron 15 micrograph (an image taken at a magnification of 5,000x) of the structure of a

sinteredtpe{gg%% (i)%g&%ngglg 4 @i}e gﬁgg%gﬁie\/ge@wng%%gl aiIIIQ_rfr%i;ll e vglu%iog 13,181,680, sintering

temperaturer: arscaleint otograph: 1 pm). .12'1s aﬁlg :magnl ication scanning

electronazlolggcnr‘%%@ (aepnigp eta}fe%m gerpa%%iﬁicrﬁﬁ]%gf Ji%oggx)aoe‘r&gggﬁé@%ure of a sintered

product in E e 4 (the cumulative n er of revolutions: 3,181,680, sintering temperature:

1,300C) (g har seale,inthe photagraphi Lpmy). 25,BESCRIBTION, QF EMBORIMEN TS [0038]

Embodiments of the present invention will next be described in detail. 5[0039] 1. First embodiment 1-1.
Componenis apd;siuclyreaf spulletig ApeLAn EaPlafe-hased sputied argel aggording fo afirs
embodiment of the present invention ¢ontains Fe, Pt, and C 10(carbon). The FePt-C-based sputtering
target is:CTaGI8HZ8¢ the ¢ powder being suppressed. Since Fe and Pt are

alloyed, ignition of Fe during mixing with the C powder can

also be suppressged.

BRIEF DESCRIPTION OF DRAWINGS
10 100371
FIG. 1 is a low-magnification scanning electron
micrograph {an image taken at a magnification of 3,000x}) of the
structure of a sintered product in Example.i {the cumulative
number of ball mill revolutions: 4,136,400, sintering
15 temperature: 1,460°C) (a bar scale in the photograph: 1 um).
FIG. 2 is a medium-magnification scanning electron
micrograph (an image taken at a magnification of 5,000x) of the
structure of a sgintered product in Example 1 (the cumulative
number of ball mill revclutions: 4,136,400, sintering
20 temperature: 1,460°C) (a bar scale in the photograph: 1 um).
FIG. 3 ig a high-magnification gcanning electron
micrograph (an image taken at a magnification of 1G,000x) of
the gtructure of a sintered product in Example 1 {the
cumulative number of ball mill reveolutions: 4,136,400,
25 sintering temperature: 1,460°C) (a bar scale in the photograph:

11



in that it has a structure in which an FePt alloy phase and a C phase containing unavoidable impurities
are mutually dispersed, the FePt alloy phase containing Pt in an amount of 40 at% or more and 60 at%
or less with the balance being Fe 15 and unavoidable impurities, and that the content of C is 21 at% or
more and 70 at% or less based on the total amount of the target. [0040] 1-1-1. FePt alloy 20The FePt
alloy can have an fct structure with high magnetocrystalline anisotropy when subjected to heat
treatment at high temperature (e.g., 600C or higher). Therefore, the FePt alloy has a role in serving as
a record}néj”in yer of a magnetic recording medium and is a main component of the FePt- 25 C-based

sputtering targe ording_to tth embaodi pts ft@g present inventign., 69041 The reason that the
content of Pt in E%%(Ii—‘egt a%?oyapha(t)s% ?g%%ﬁge cf%%e 4b gt°§ %Irl%n e%%%c[ 0 gtrJ or less is that, 5 when
the content of Pt in the FePt allo§£h§§% is o%ttsldae that? @ngcoégo at% aqr more, 8‘919 60fa 0/}glor less,

the fct _(énr%i%%c??a%% cehtéred te agona?rsltructure nrﬁna%/ not appezé?.nﬂ?e corftent of PEin the FePt alloy
phase ispiclerablyc 3% maieand 85 Al g8 dROIERISTerabiyAd Athor maigand 51 10
rably 5 rdere

at% or less, and particularly prefe at%, from the viewpoint that the fct (o face centered

tetragonal) stiuctye appears, reliabhy in the Febialloy phase., {09421, 1:1-2, G, (garbon) 15C (carbon)

has a role in serving as partitions separating FePt alloy particles, which are magnetic particles, from

each ot B 20.FERIC, layes 1o be oblaingd by.spuitering $0.8° 19 fsduge and unjfopize the size of
the FePt alloy partlcres in the FePtC layer and Is one of the mai comp§ne soft é FePt-
FIG. 5 is a medium-magnification scanning electron
micrograph (an image taken at a magnification of 5,000x) of the
structure of a sintered product in Example 2 (the cumulative
10 number of ball mill revolutions: 4,073,760, sintering
temperature: 1,340°C) (a bar scale in the photograph: 1 um}.
FIG. 6 is a high-magnification scanning electron
micrograph (an image taken at a magnificaticon of 10,000x) of
the structure of a sintered product in Example 2 (the
15 cumulative number of ball mill revolutions: 4,073,760,
gsintering temperature: 1,340°C) (a bar scale in the photograph:
1 pm) .
FIG. 7 is a low-magnification scanning electron
micrograph (an image taken at a magnification of 3,000x) of the
20 structure of a sintered product in Example 3 (the cumulative
number of ball mill revolutions: 2,181,680, sintering
temperature: 1,300°C) {(a bar scale in the photograph: 1 um).
FIG. 8 ig a medium-magnification scanning electron
micrograph (an image taken at a magnification of 5,000x) of the

25 structure of a sintered product in Example 3 (the cumulative

12



20 C-based sputtering target according to the first embodiment. [00431 The reason that the
content of C is set to be 21 at% or more and 70 at% or less based on the total amount of the target is
that C can form the partitions separating the FePt 25 alloy particles, which are magnetic particles, from
each other in the FePtC layer to be obtained by sputtering so that the effect of reducing and
uniformizing the size of the FePt alloy particles is achieved. If the content of C is less than 21 at%, this

effect may, (oL be spfficigntly achieved, If the.cantent5 otG exggeds, /9ty [pe number of FePt alloy

particles per unit volume of the FePtC layer to be obtained by sputtering becomes small in the FePtC

ayer, and s s daduaniagequs for storage capaelly. T ganient of s prefetabiy 0 a% o more

r less based on the total amount o 0 target and mor erab at% or more and

62 at% or less, fyam the v'ieémpjloiﬂti%frla_%%\fi@gt the, effect cgégglqu—ig% apd yniformizing the size of the

FePt particles in the FePtC layer and from the viewpoint of the storage capacity of the FePtC layer to

be forme 15(0044)1- 1.3, Stpysture.ofarget dn the, stryatyre atthe, Feft-C pagsd spuftering target

according to the first embodimenit of the present invention, the FePt alloy phase containing Pt in an

ameunt o, 40 & pr, 20 mare-and, 69 atte-ardgss, withhihe balangeheing Fe and,unavoidable impurities
and the C (carbon) phase containing unavoidable impurities are mutually dispersed. [0045] The reason

that the FeRt-{Gsbased spufteringtargeti 1 mill revolutions: 3,181,680,

gintering temperature: 1,300°C) (a bar scale in the photograph:
1 pm).
FIG. 10 is a low-magnification scanning electron
10 micrograph (an image taken at a magnification of 3,000x) of the
structure of a gintered product in Example 4 (the cumulative
number of ball mill revolutions: 3,181,680, sintering
temperature: 1,300°C) (a bar scale in the photograph: 1 um).
FIG. 11 is a medium-magnification scanning electron
15 micrograph (an image taken at a magnification of 5,000x) of the
structure of a sintered product in Example 4 (the cumuliative
number of ball mill revolutions: 3,181,680, sintering
temperature: 1,300°C) (a bar scale in the photograph: 1 pm).
FIG. 12 is a high-magnification scanning electron
20 micrograph {an image taken at a magnification of 10,000x) of
the structure of a sintered product in Example 4 (the
cumulative number of ball mill revolutions: 3,181,680,
sintering temperature: 1,300°C) {(a bar scale in the photograph:
1 pm).
25
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25 according to the first embodiment has the structure in which the FePt alloy phase and the C phase
are mutually dispersed is to prevent certain regions from being sputtered at an excessive high rate
during sputtering to improve the sputtering. 5[0046] It is preferable to reduce the size of the C
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 C phase in the target is preferably 0.6 p.m 10 or less as

determined. [%%%?%%rcspt %@%%%preferably 0.53 pm or less, and particularly preferably 0.45

pm or less. With the present size reduction technique, it is necessary to increase the mixing
time of the FePt gllgy powder 15 and the C powder, in order to reduce the average size of the C phase
in the target. Therefore, it is not realistic to reduce the average size to a large extent with the present

size reduction teﬁhﬁ%&%@%ﬂ Hle @yl%ralggégzeq&f_t@g\gﬁggg%iqﬂ%taﬁ%gggs ﬁ@all to a certain

extent, the problem with the 20 difference’in sputtering rate at different positions does not particularly
occur. Thegefore, adower imit may be set on the average size of the C phase in the target. When the
lower limit is set, the average size of the C phase in the target, i.e., the average phase size determined
by the intercept 25 method, is preferably 0.2 pm or more and 0.6 pm or less, more preferably 0.25 rim
or more and 0.53 pit or less, and particularly preferably 0.33 pl or more and 0.45 Rm or less, also in
considerationof the castwith the present size reduction technique. 5[0048] In the present
description, the average size of the C phase is determined by the intercept method in the following

manneri[0949tomponents and structure of sputtering target
An FePt-C-based sputtering target according to a first
embodiment of the present invention containg Fe, Pt, and C
10 (carbon) . The FePt-C-based sputtering target is characterized
in that it has a structure in which an FePt alloy phase and a
C phage containing unavoidable impurities are mutually
digpersed, the FePt alloy phase containing Pt in an amount of
40 at% or more and 60 at% or less with the balance being Fe
15 and unavoidable impurities, and that the content of C ig 21
at®% ox more and 70 at% or less based on the total amount of
the target.
[0040]
1-1-1. FePt alloy
20 The FePt alloy can have an fcot structure with high
magnetocrystalline anisotropy when subjected to heat treatment
at high temperature (e.g., 600°C or higher). Therefore, the
FePt alloy has a role in serving as a recording layer of a
magnetic recording medium and is a main component of the FePt-

25 (C-based sputtering target according to the embodiments of the
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10First, a total of five lines are drawn on an SEM photograph of a cross section of a target (an image
taken at a magnification of 10,000x). More specifically, two horizontal lines are drawn on the
cross-section of the target in a left-right direction such that the image is divided vertically into 15 thirds,
and three vertical lines are drawn in a vertical direction such that the image is divided horizontally into
quarters. [0050] For each of the five lines, the total length of line 20 segments intersecting the
C phas @g%fé %”ngﬁgﬁg%?,c phase intersected by the line are determined. Then the average of
the lengths of the segments of the five lines that intersect the C phase is determined (by dividing the
total length o& Hbe4li e segments intersecting the C phase by the 25 number of the C phases
intersected by the lines), and the obtained value is used as the average size of the C phase

determined by the intercept methad. [0Q3111g, prdar toperfqrm; Spytipring favorably, it is,5 preferable

that the relative density of the target be large because the larger the value of the relative density, the

smaller the volume.of voids,in the target More specifically s therelasive,density of the, target is

preferably 90% or higher. To increase the relative density of the target, it is 10 preferab’le to mix the

FeRt allgy, pgwder and the Grpoyydey:sufficiently ta.reduce ﬂa% pgHicle size of the Cypowsler, as

described later. The size of the C phase in the target is thereby reduced, and the voids in the target

can be filled by the plasticcfiow of the EeBhallgyduring sinterings So dhat 15.therelativedensity
increases. [0052] The content of oxygen is preferably 100 mass ppm or less based on the total

mass of ¢he éarggﬁ@épe@e@@ﬁgcg{ Aitrogendisdygiesably30/Hass pparner lesshased on the total
content of Pt in the FePt alloy phase is preferably 45 at% or
more and 55 at% or less, more preferably 49 at% or more and 51

10 at% or lesgs, and particularly preferably 50 at%, from the
viewpoint that the fct {ordered face centered tetragonal)
structure appears reliably in the FePt alloy phase.

[0042]
1-1-2. C {carbon)

15 C {carbon) has a role in serving as partitions separating
FePt alloy particles, which are magnetic particles, from each
other in an FePtl layer to be cbtained by sputtering so as to
reduce and uniformize the size of the FePt allcy particles in
the FePtC layer and is one of the main components of the FePt-

20 C-based sputtering target according to the first embodiment.

(00431

The reason that the content of C is set to be 21 at% or
more and 79 at®% or less based on the total amount of the
target is that C can form the partitions separating the FePt

25 alloy particles, which are magnetic particles, from each other

i5



20 mass of the target. When the content of oxygen and the content of nitrogen in the target are small
as described above, the content of oxygen and the content of nitrogen in the FePtC layer to be
obtained by sputtering are also small, so that the FePtC layer obtained is favorable. 25[0053] 1-2.
Production process The FePt-C-based sputtering target according to the first embodiment can be
produced by: adding C powder containing unavoidable impurities to FePt alloy powder containing Pt in

5 an amoynt pL40. a6 or i ANd. 60 % orless wit g bejace being Fegnd ungoidable
impurities; mixing the powdeér and the Fepr aﬁoy powder fA-an atmogphere containing oxygen to

produce & pawrler iluee; i ihen mlding. e produoed poydsL mbguts.while he powder mixture i

heated 10 under pressure. 4] In this production process, since the FePt alloy pov%/er and the

C powder.are;mixed in ihe afmasphere cantaiging.axyaen to produce;the nawder mixtyre, oxygen is

adsorbed on newly 15 formed fresh C surfaces to some extent during mixing. Therefore, when a

mixing coptaingtzis gRen fo the air during orzafter mixing, oxygen is;unlikely 10, be expopgntially

adsorbed on the surfaces of the C particles, so that ighition of the C powder Is suppressed. Therefore,

the £ePL;E-based 20 sputigring target canbe produced:stably , [0055] In. this productign process, Fe

and Pt are supplied in the form of FePt alloy powder and are not supplied as a single powder of Fe

and a singlepoydenof Rl Asingle povwder of Ee 25,has high adtiyity ang may ignite;ipghe air.
However, when Fe
becomes small in the FePtC layer, and this is disadvantageous
for storage capacity. The content of C is preferably 30 at% or
more and 65 at% or less based on the total amount of the
10 target and more preferably 38 at% or more and 62 at% or less,
from the viewpoint of achieving the effect of reducing and
uniformizing the size of the FePt particles in the FePiC laver
and from the viewpecint of the storage capacity of the FePtC
layer to be formed.
15 [0044]
1-1-3. Structure of target
In the structure of the FePt-C-based sputtering target
according to the first embodiment of the present invention,
the FePt alloy phase containing Pt in an amount of 40 at% or
20 more and 60 at% or less with the balance being Fe and
unavceildable impurities and the C (carbon) phase containing
unavoidable impurities are mutually dispersed.
[0045]
The reason that the FePt-C-based sputtering target

25 according to the first embodiment has the structure in which
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and Pt are alloyed to form FePt alloy powder, the activity of Fe can be reduced although it is in the
form of powder. Thus, with this production process, ignition of Fe during mixing with the C powder and
ignition of Fe when the mixing container 5 is open to the air after completion of mixing can be
suppressed. [0056] 1-2-1. Production of FePt alloy powder No particular limitation is imposed on the
process for 10 producing the FePt alloy powder. However, in this embodiment, an atomizing method is

f | Iten FePt all taini [ f.40 at% 6Q at% or |
i the BArioe By 8 b Srav B abre ThpirEis 18 prades EAbt ity powics RavineEthe Same.

compos O&é);gﬁsegp&tlg%oggtag g@gcl)@ggli%%'[Fal@%gp%gll\(ghe%{%g&lze%%toilg)g %quder contains Pt in an

amount at% or more an at% or less, the FePt allo ase in the target obtained by sintering

of the FeBt allay, pawdler.alsp 20.cantaing Ptin,an.amount of 40;3194 grmarg and 60 at% or less, so

that the fct structure is niore likely to appear in an FePt phase in an FePtC layer obtained by sputtering
using thg e, target. [0058] 25Preferably, the FePt alloy powder is produced by an atomizing
method. This is because of the following reason. In an atomizing method, raw metals (Fe and Pt) are
firstheated to higgotggqperature to form molten metals. In this stage, alkali metals such as Na and K,
alkaline-earth metals such as 5 Ca, and gaseous impurities such as oxygen and nitrogen are

volatilized and remoygd o ihe pyiside, 59 thaktheanauntaf Jmpypties i hedreRlallgy pgyuder can

be reduced. When a gas atomizing method is used, the amount of impurities in the FePt alloy powder
can be fugthge reduced RynPEIEONNRG BOMIZING, order to reduce the difference

in sputtering rate at different positions. Therefore, the
average size of the C phase in the target is preferably 0.6 um
10 or less as determined by the intercept method, more preferably
0.53 um or less, and particularly preferably 0.45 um or less.
[0047]
With the present size reduction technique, it is
necegsgary to ilncrease the mixing time of the FePt alloy powder
15 and the C powder, in oxder to reduce the average size of the C
phase in the target. Therefore, it 1s not realistic to reduce
the average gize to a large extent with the pregent gize
reduction technigue. When the average gize of the C phase in
the target is small to a certain extent, the problem with the
20 difference in gputtering rate at different positionsg does not
particularly occcur. Therefore, a lower limit may be set on the
average size of the C phasgse in the target. When the lower
limit ig get, the average gize of the C phase in the target,
i.e., the average phase gize determined by the intercept
25 method, is preferably 0.2 pm or more and 0.6 um or less, more
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10 using argon gas or nitrogen gas. [0059] The target obtained using the FePt alloy powder
obtained by an atomizing method contains a reduced amount of impurities, so that the content of
oxygen in the target can be suppressed 15 to 100 mass ppm or less. In addition, the content of
nitrogen can be suppressed to 30 mass ppm or less. [0060] Therefore, sputtering performed
using the target is favorable, and an FePtC film to be obtained is also favorable. 20[0061] Examples of
an applicable atomjzing method include, for example, a gas atomizing methqd and a centrifugal
atomiziff FERTSP F0821225 ¥ SIMKIHG THE D wagr Hitire i556duéati'by mixing C powder
having an average particle diameter of, for example, 20 nm or mgre and 100 nm or less with the FePt
alloy poRifer b6 ﬁ%&gy%ﬁedc‘[%ﬁ%%é’ nYetRdd *ﬂi‘gsgﬁbéﬂ& abovéSo ?hé;lt%h%néo%f:enﬁl%?% is 5 21 at% or

more anad17s% at% or Iess_ﬁL g%sedt% ﬁh% Eot%l{ﬁmounttof [he,powder mixture. [O%g% When the FePt

. nt!
alloy powder and the 1a?gpowﬁglr are mixed, e Sgr%cle diameter of the ECepow er decreases as the

mixing 10 8f thg FePt all rpowder and the C powder proceeds, and fresh C surfaces newly appear.
reductLlor teéﬁ %ﬁye. . .. .

However, by perJformlng the mixing in an atmosphere containing oxygen, the oxygen is adsorbed also

on g1e newly aprf%%glfresh C surfaces. Therefore, at least a certain amount of oxygen has already

been adsorbed on the 15 surfaces of the C particles at the point of time of completion of mixing. Even

when the mixing;gontainer js gpgRedyiainfroguce fhe ajr.the. amaunt of axygeR adsarhed on the
phase isg determined by the intercept method in the following
manner.
fo049]

10 First, a total of five linss are drawn on an SEM
photograph of a cross section of a target (an image taken at a
magnification of 10,000x). More specifically, two horizontal
lines are drawn on the cross-section of the target in a left-
right directicn sguch that the image is divided vertically into

15 thirds, and three vertical lines are drawn in a vertical
directicn such that the image is divided horizontally into
quarters.

[0050]
For each of the five lines, the total length of line

20 gsegments intersecting the C phase and the number of the C
phase intersected by the line are determined. Then the average
of the lengths of the segments of the five lines that
intersect the C phase is determined (by dividing the total
length of the line segments intersecting the C phase by the

25 number of the C phases intersected by the lines), and the
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surfaces of the C particles does not increase exponentially, and ignition of the C particles by heat of
adsorption is 20 unlikely to occur. As described in a Comparative Example later, when the FePt alloy
powder and the C powder are mixed in an atmosphere containing no oxygen, no oxygen is adsorbed
on newly appearing fresh C surfaces. Therefore, when the mixing container is open to the air after
completion of mixing, a 25 large amount of oxygen is immediately adsorbed on the surfaces of the C

particleso heat of adsarption is expaonentially generated. This increases rilj'ne ossibility of ignition of
the C parﬁéﬁglﬁgéd( fom %eusi%%évp%lsntn%s?%llf)%ﬁqrgag Sufficient 3%10%%1?0 o] ygaesneto be adsorbed

on the SHQ@%%?HQ& %gﬁ%(:éeslf%&g\gﬁ%%rt}t %f time of completion of mixing, it is preferable that

oxygen be continuously Supplied fromt oUtside of the mixing container to the atmosphere used
during mixing. B){él@s%pplying oxygen continuously, a shortage of oxygen in the atmosphere is
unlikely to occur, so that a sufficient amount of oxygen is easily adsorbed on the surfaces of the C

particles during ﬂ?‘@ﬁd@%@;%%‘é?‘f(?)éﬁ{’ gﬁﬂ% @g}({tﬁg of gé&ggﬂj' theiactmjg phere during mixing of
the FePt alloy powder and the C powder is 00 large, the C powder ntay ignite during mixing. [0066]

Fro the visynoi of allpwing.p suffient apmou.of 20,01/5eno ke gdsarbed on g surfaces o the

C patrticles at the point of time of completion of mixing and from the viewpoint that t particles may

ignite dysing-mixing i the gmount pf,axygen;in the afmosphareds §ao large.,;the cangentration of
oxygen in the atmosphere during mixing is 25 preferably 10 von, or higher and 30 vol% or lower, more
smaller the volume of voids in the target. More specifically,
the relative density of the target is preferably 920% or higher.
To increase the relative density of the target, it is
10 preferable to mix the FePt alloy powder and the C powder
sufficiently to reduce the particle size of the ¢ powder, as
described later. The size of the C phase in the target is
thereby reduced, and the voids in the target can be filled by
the plastic flow of the FePt alloy during sintering, so that
15 the relative density increasesg.

[0052]

The content of oxygen is preferably 100 mass ppm or less
based on the total mass of the target, and the content of
nitregen is preferably 30 mass ppm or less based on the total

20 mass of the target. When the content of oxygen and the content
of nitrogen in the target are small as described above, the
content of oxygen and the content of nitrogen in the FePtlC
layer to be cbtained by sputtering are also small, sc that the

FePtC layer obtained ig favorakle.

25 10053]
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preferably 15 vol.% or higher and 25 vol% or lower, and particularly preferably 19 vol% or higher and
22 volrt or lower. [0067] Oxygen may be supplied to the atmosphere during mixing by 5 supplying air.
This can reduce cost. [0068] The atmosphere during mixing may be composed substantially of an inert
gas and oxygen. In this case, incorporation of impurities from the atmosphere into the 10 mixture
particles can be suppressed. For example, argon, nitrogen, etc. may be used as the inert gas. [0069]
The atmospherg du&ingtmixin}%maé( be released to the air  at some point in the mixing step. Even
B YOOU 19 rocess . . ..
when the atmosphere is 15"sHort of oxygen at some point in the mixing step, oxygen can be

introduced from the air by releasing the atmosphere into, ir, so that.the shortage of.axygen can be
mitigated. [0070 123, Moldlle}lg methoéaéONo par%gular uﬁi%tioahgi%gllﬁl%é%gdr%% ?ﬁéeméﬁﬁ%%gfor

molding the pawder, mixtyre produced as.dessibed Aboys whils g Rowdler mixjurg js heated under

pressure. For example, a

unavoidable impurities to FePt alloy powder containing Pt in
5 an amount of 40 at% or more and 60 at% or less with the

balance being Fe and unavoidable impurities; mixing the C

powder and the FePt alloy powder in an atmosphere containing

oxygen to produce a powder mixture; and then molding the

produced powder mixture while the powder mixture is heated
10 under pressure.

[0054]

In this production process, since the FePt alloy powder
and the C powder are mixed in the atmosphere containing oxygen
to produce the powder mixture, oxygen is adsorbed on newly

15 formed fresh C surfaces to some extent during mixing.
Therefore, when a mixing container is open to the air during
or after mixing, oxygen is unlikely to be exponentially
adsorbed on the surfaces of the C particles, so that ignition
of the C powder is suppressed. Therefore, the FePt-C-based

20 sputtering target can be produced stably.

f0055]

In this production process, Fe and Pt are supplied in the
form of FePt alloy powder and are not supplied as a single
powder of Fe and a single powder of Pt. A single powder of Fe

25 has high activity and may ignite in the air. However, when Fe

20



hot pressing method, a hot isostatic pressing method (HIP method), a spark plasma sintering method
(SPS method), etc. 25 may be used. Preferably, when implementing the present invention, such a
molding method is performed in a vacuum or an inert gas atmosphere. In this case; even when the
powder mixture contains a certain amount of oxygen, the amount of oxygen in the sintered product
obtained is reduced. 5[0071] 1-3. Effects Patent Literature 2 (Japanese Patent Application

Laid-Opgépl é\l;ﬁtzoé)gélgjl%g% (ilscil__%se X lgr%ce(caﬁf% fgﬁg@ﬁlﬁé&g &S ut%glrin té;\[fgg.fgrme of a

PtFe-bas oy by casting.”10 However, 1t is cult to asethé content o carbon by using

casting, becgyse pLthe.solublity. it f.Gin fhe alloy. seppration e o e diflerence . specific

gravity between C and the alloy, etc. In ctaims 2 and 3 and paragraph 00 Patent Literature 2

(Japanese RatentApplication Laid; 15 Open No..2006:161082), G is g choif jm@@gga plurality of

choices for the element added to the PtFe-based alloy, but the content of the element’is 20 at% at the

meximurp {9072l dtonesrale piodustion progess in e L ambpdmentaquses 2 sinjerng

method, and therefore the content of C based on the total amount of the tar can be increased. More

snegifically, apeRiE-based spulierlng (gt sanlaing.a lyge Amouat,e.g, 21 at% or more and 70

at% or less, of C can be produced. Therefore, when sputtering is pefformed using 25 the
FePt-C-hased-spuitefing target according to the first

0056}
1-2-1. Production of FePt alloy powder
No particular limitation is imposed on the process for
10 producing the FePt alloy powder. However, in this embodiment,
an atomizing method is performed using a molten FePt alloy
containing Pt in an amount of 40 at% or more and 60 at% or
less with the balance being Fe and unavoidable impurities to
produce FePt alloy powder having the same composition as that
15  of the molten FePt allov.

[0057]

When the Febt alloy powder ceontains Pt in an amount of 40
at¥ or more and &0 at% or less, the FePt alloy phase in the
target obtained by sintering of the FePt alloy powder also

20 contains Pt in an amount of 40 at% or meore and 60 at% or less,
so that the fct structure is more likely to appear in an FePt
phase in an FePtC layer obtained by sputtering using the above
target.

i0058]

25 Preferably, the FePt alloy powder is produced by an

21



embodiment, the content of carbon in an FePtC thin film obtained can be increased. [0073] In the
production process in the first embodiment, the 5 FePt alloy powder and the C powder are mixed in an
atmosphere containing oxygen. Therefore, at least a certain amount of oxygen has already been
adsorbed on the surfaces of the C particles at the point of time of completion of mixing. Thus, even
when the mixing container is opened after completion of 10 mixing to introduce the air, oxygen is

uniiely 19 b expagenially pdsorbed on.the G paicles, sodhigt igniien.ofshe Catgles i

suppressed. Accordingly, although the content of C is large, I.e., 21 at% or more and 70 at;(l) or less

pased op.ihe toiak ameynhatihsdargel, e Jeall:C-hased iy sulteling laigal cap e sgoly produced.

[0074] In the production process in the first embodiment, Fe and Pt are alloyed to form an FePt

alloy powder, j hiednpniel theagtyity of e gan. be reducedaalthough it i nghe Jam 20 of powder,

and ignition of Fe during mixing with the C powder can be suppressed. [0075] 2. Second embodiment

2-1. Corgpeaents.andsstructyre of spuiigring darget 25T he HePtCrbased,spytiering, (argetaccording to

the first embodiment contains Fe and Pt as the alloy components. However, an FePt-C-based

spudtering, targelaceording o apacend ermbadiment of g, &%eahigﬁ!\/ﬁ%% thercontains, as an
alloy component, a metal element other than Fe and Pt,e., 5 Cu. This is the difference from the

FePt-C-hased sputiering.lasgelacsording £0 the first embadiment. NamelypibefeRi¢based

sputtering target according to the second embodiment of the present invention contains Fe, Pt, and C

and furthefrantains Cu,which isa metahelsprentather than FeandBl diThelheRi-G-hased
sputtering target is characterized in that it has a structure in which an FePt-based alloy phase and a C
phase cgrtaining dpaveidable impurities are meuttaty:dispgisetdnpurities in the FePt
alloy powder can be further reduced by performing atomizing
10 using argon gas or nitrogen gas.

[0059]

The target obtained using the FePt alloy powder obtained
by an atomizing method contains a reduced amount of impurities,
so that the content of oxygen in the target can be suppressed

15 to 100 mass ppm or less. In addition, the content of nitrogen
can be suppressed to 3C mass ppm or less.

t0060]

Therefore, sputtering performed using the target is
faverable, and an FePtC film to be obtained is also favorable.

20 iooe1]

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

[0062]

25  1-2-2. Mixing
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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 15 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 less, and that the content of C is 21
at% or more and 70 at% or less based on the total amount of the target. 20[0076] 2-1-1. FePtCu alloy
In the FePt-C-based sputtering target according to the second embodiment of the present invention,
Cu is added to aﬂEFePgD %Igaé/rto n}‘grrg lS'fIrneF%PtCur%I Ve h%n CrH'iS cont i edd “t??% 2 temperature of
the heat treatmen ?orpconverting fhe crysta? Jructire of the FePt-base aﬁ)oy o the Tet strdcture can

%iéamﬂ%f&o%%?% 1,tﬁt(l:aﬁt élile cgs't %fog?e eh}{eg}éér%%tmg ton an FePtC layer obtained

be reducgd (to, fo e : oL EQre
by sputtering can be reduced. In addition, the addition of Cum ow the crystal 5 structure of the

obtained EGPIG e, 10 be-conyeriog {0 e foh et by heatgeneraled diying sputering without

additional heat treatment. [0077] The reason that the con In the FeP y 10 phase in the

second embdime iﬁé’@ﬂB%@&%QSg‘"&%@ %Hl?éesaé‘dt'ﬁé%thﬂ{‘eG‘?:%}?ﬁ?é%H‘%fWEefjéhe content of

Pt in the FePtCu alloy phase is outside the range of 40 at% or more and less than 60 at%, the fct

(ordered,face.centereg tetragonal), giructyre may nat appeap The conteptqfRtin the FePteu 15 alloy

phase is preferably 45 at% or more and 55 at% or less and more preferably 49 at% or more and 51
at% or less. f@%g&vﬁméhm the fct (ordered face centered tetragonal) structure appears
reliably in the FePtCu alloy phase. However, it is premised that the total content of Fe and Pt is less 20
than 100 at%, that ghe gontent of Cu is more than 0 at% and 20 at% or less, and that the total content
of Pt and Cu is 60 at% or less. [0078]

When the FePt alloy powder and the C powder are mixed,

the particle diameter of the C powder decreases as the mixing

10 of the FebPt alloy powder and the C powder proceeds, and fresh
C surfaces newly appear. Howeaver, by performing the mixing in
an atmosphere containing oxygen, the oxygen is adsorbed also
on the newly appearing fresh C surfaces. Therefore, at least a
certain amount of oxygen has already been adsorbed on the

15 surfaces of the C particles at the point of time of completion
of mixing. Even when the mixing container is opened to
introcduce the air, the amount of oxygen adsorbed on the
surfaces of the C particles does not increase exponentially,
and igniticn of the C particles by heat of adsorption is

20 unlikely to occur. As described in a Comparative Example later,
when the FePt alloy powder and the C powder are mixed in an
atmosphere containing no oxygen, nc oxyden is adsorbed on
newly appearing fresh C surfaces. Therefore, when the mixing
container ie open to the air aiter completion cof mixing, a

25 large amount of oxygen is immediately adsorbed on the surfaces
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A metal other than Cu can be added to the FePt alloy, and 25 examples thereof include Ag, Mn, Ni,
Co, Pd, Cr, V, and B. [0079] 2-1-2. C (carbon) The role of C (carbon) is the same as that
described above in the first embodiment. More specifically, C (carbon) 5 has a role in serving as
partitions separating FePtCu alloy particles, which are magnetic particles, from each other in an
FePtCuC layer to be obtained by sputtering to reduce and uniformize the size of the FePtCu patrticles

in the FePtCUC layer and is one of the g?éré]%orggongnts of the FePt-C-based 1 sgﬁtering target

according to the second em oedcfrhe%?.ci TRe %gggo%lt%gt fhe Comtent of C s set to be 21 at%

or more 70.at%. or | a n the total am of the target is the same as that described
above ingt e%%%té&émb%%s?r%e?t?} go?é%%%cﬁ#&?gllﬁgt%Jr%&s%#if tﬁrﬁ &%%f?%r%l tk?}e%agl)gr ﬁioﬁs
separatigg]p,ygL EePtCu alloy particles, which are magnetic particles, from each other in the FePtCuC
layer to be obtained by sputtering so that the effect of reducing and uniform zing the size of the
FePtCu alloy par[tg:b%%iﬁ 20 achieved. If the content of C is less than 21 at%, this effect may not be

sufficiently achieved. If the content of C exceeds 70 at%, the number of FePtCu alloy particles per unit

volyme of the FeRIGHIC laver,ta.be obtaineg by spyliering becames smallinthe LePIGHC layer, and

this is disadvantageous for 25 storage capacity. The content of C is preferably 30 at% or more and 65

at% or '%sa@«%#%n fhe tofal. amauntof the larget-and morg preferably, 38,319 gL mate and 62 at% or

less, from the viewpoint of achieving the effect of reducing and uniformizing the size of the FePtCu

particlesindhg FERICYE 3 layer and digm he viewngintpfihe storage capagity:Qfthe fePtCuC layer
to be formed.

that oxygen be continuously supplied from the outside of the

mixing container to the atmosphere used during mixing. By

10  supplying oxygen continuously, a shortage of oxygen in the
atmosphere is unlikely to occur, so that a sufficient amount
of oxygen is easily adsorbed on the surfaces of the C
particles during mixing.

{0065]

15 However, 1if the amount of oxygen in the atmosphere during
mixing of the FebPt alloy powder and the C powder is too large,
the C powder may ignite during mixing.

[006s]
From the viewpoint of allowing a sufficient amount of

20 oxygen to be adsorbed on the surfaces of the C particles at
the point of time of completion of mixing and from the
viewpoint that the C particles may ignite during mixing if the
amount of oxygen in the atmosphere is too large, the

concentration of oxygen in the atmosphere during mixing is

25 preferably 10 vol% or higher and 30 vol% or lower, more
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[0081] 2-1-3. Structure of target In the structure of the FePt-C-based sputtering target 10 according to
the second embodiment of the present invention, the FePt-based alloy phase and the C phase
containing unavoidable impurities are mutually dispersed. The FePt-based alloy phase contains 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
15 at% or less with the balance being Fe and unavoidable impurities and with the total amount of Pt

and Cu e'{%g QGPa%ti/%oﬁogs %g:%e ggnﬁelg#ﬁ%g %%L 31;%96 ﬁor%gol%g%gt Iegﬁ Cpased on the total

amount of e target: [0082 he reas at the FePt-C-based sputtering target according to the

second gmbpdimentfias e sfuture n ydiich the FePteualoy phiase 20d tho & phase gre mutually

dispers at described above in the first embodiment. More spec , the reason is
to prevent certai?d@glgps 25 from being sputtered at an excessive high rate during sputtering to
improve the sputtering. [0083] The size of the C phase in the target, i.e., the average size of the

phase determinedby the nisrcept methad. Js Sselokably (i Bah et g mors Prefeiaply 853 pm or

less, and particularly preferably 0.45 pm or less, for the same reason as that for the FeP ased

spuitering,targef;aceording tofhe first embadiment. A3 in the FePt-C-based sputtering target according

to the first embodiment, a lower limit may be set on 10 the size of the C phase in the target. When the
lower limit is set, hegverage size of the C phase in the target, i.e., the average phase size determined
by the intercept method, is preferably 0.2 pm or more and 0.6 pm or less, more preferably 0.25 pm or

more and 0.53 pgp, Qr %O@Eg@%ﬂ%@%y @g@{g@lmgﬁ%@nﬁ gre-and 0.45 pm or less, also in
consideration of the cost with the present size reduction technique. [0084]

gubgtantially of an inert gas and oxygen. In this case,
incorpeoration of impurities from the atmesphere into the
19 mixture particles can be suppressed. For example, argon,
nitrcgen, etc. may be used as the inert gas.
[6069]
The atmogphere during mixing may be released to the air
at some point in the mixing step. Even when the atmosphere is
15 sghort of oxygen at some point in the mixing step, oxygen can
be introduced from the air by releasing the atmosphére into
the air, so that the shortage of oxygen can be mitigated.
[0070]
1-2-3. Molding method
20 No particular limitation is imposed on the method for
molding the powder mixture produced as described above while
the powder mixture 1s heated under pressure. For example, a
hot pressing method, a hot iscstatic pressing method (HIP
method), a gpark plasma sintering method (SPS methcod}, etc.

25 may be used. Preferably, when implementing the present
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As in the FePt-C-based sputtering target according to the 20 first embodiment, in order to perform
sputtering favorably, it is preferable that the relative density of the target be large because 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. 25 To increase the relative density of the
target, it is preferable to mix the FePtCu alloy powder and the C powder sufficiently to reduce the

particle sizeqf the.© pauider, as,desgribed later, Jhe;size of the,C: phase in the farget is thereby

reduced, and the voids in the target can be filled by 5 the plastic flow of the FePtCu alloy during

sintering, $ojthatthegelatve gonsity jacreasges [0P85k ; s« ASdR dhe FRELCG-hased spultering target

according to the first embodiment, the content of oxygen is preferably 100 mass 10 ppm or less based

on the tgfal.mass of the farget, én@éfﬁ%&9@%@&&6@9@@%p@@ﬁtabdyléoa[}aa%ep@ﬁor less based on
the total mass of the target. When the content of oxygen and the content of nitrogen in the target are

small asdescribedaboye, thegantent ofAxyaen andkhecontent of airegen in 15 the FePtCuC layer
to be obtained by sputtering are also small, so that the FePtCuC layer obtained is favorable. [0086]

2-25Production peaeess The FePt-C-based sputtering target according to the 20 second embodiment
can be produced by: adding C powder containing unavoidable impurities to FePtCu alloy powder
containing £t izapamaeunt 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 25 the total

amount of Pt andLeheing 60-at6 @F dess; Mixivg:tbe C movuler angihe fePtcy allgy powder in an
atmosphere containing oxygen to produce a powder mixture; and molding the produced powder
mixture pudig the mixtone isiheated UNdeE pIesSete.a process for producing a
sputtering target formed of a PtFe-based allcoy by casting.
10 However, it i1s difficult to increase the content of ¢ (carbdn)
by using casting, because of the sclubility limit of C in the
alloy, separation due to the difference in specific gravity
between C and the alloy, etc. In claims 2 and 3 and paragraph
0017 in Patent Literature 2 (Japanese Patent Applicaticn Laid-
15 Open No. 2006-161082), C is a cholce among a plurality of
choices for the element added to the PtFe-based alloy, but the
content of the element is 20 at% at the maximum.
[(c072]
However, the production procegs in the first embodiment
20 usgeg a sintering method, and therefore the content of C baged
on the total amcunt of the target can be increased. More
specifically, an FePt-C-based sputtering target containing a
large amount, e.g., 21 at% or more and 70 at% or lesgs, of C

can be produced. Therefore, when sputtering is performed using

25 the FePt-C-based sputtering target according to the first
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5[0087] In this production process, since the FePtCu alloy powder and the C powder are mixed in
the atmosphere containing oxygen to produce the powder mixture, oxygen is adsorbed on newly
formed fresh C surfaces to some extent during mixing. 10 Therefore, when a mixing container is open
to the air during or after mixing, oxygen is unlikely to be exponentially adsorbed on the surfaces of the
C patrticles, so that ignition of the C powder is suppressed. Therefore, the FePt-C-based sputtering

target can,pg produced stably. 1pl00881, - Indhig,pradugtion-prgcessyag ingig process for

producing the target in the first embodiment, Fe Is not supplied as a single powder. Fe, Pt, and Cu are

suppliedog%gkqlggPE%qlag%y powder.and are not supplied as a single 20 powder of Fe, a single

powder of Pt, and a single powder of Cu. A single powder of Fe has high activity and may be ignite in
the air. However; yyhen Fe, Pt, and Cu are alloyed to form an FePtCu alloy powder, the activity of Fe
can be reduced although it is in the form of powder. Therefore, with this 25 production process, as with

the process for produging the aemetdn thefest smhodiment, gnition of Fe duing:mixing-with the C

powder and ignition of Fe when the mixing container is open to the air after completion of mixing can

be suppresseds DA%} 223 Praguction of ReRiGu-allgy powdery 1 N@ padicplarlimitation is

imposed on the process for producing the FePtCu alloy powder. However, in this production process,

an atomgﬁﬂ&ﬂ%@_%%i%&‘%@med 'Pﬁ@ﬁe%@l@t,enajeo freRtGu gllgyecentaiing, Bt in-ag, 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 balapee-beinthEe and:1naypidablsminpwiiessandwith the taialramedntef Rtandthe one or more
kinds of metal elements being 60 at% or less to produce FePtCu 15 alloy powder having the same
compositigntas-that ofthecneltgdb FEPtGY alloe of completion of mixing. Thus,
even when the mixing container ig opened after completion of
10 wmixing to introduce the alr, oxygen is uniikely to be
exponentially adsorbed on the C particles, so that ignition of
the C particles is suppressed. Accordingly, although the
content of C is large, 1.e., 21 at% cor more and 70 atk% or less
kbaged on the total amcunt of the target, the FePt-C-bhased
15 sputtering target can be stably produced.
[0074]
In the production prcocess in the first embodiment, Fe and
Pt are alloyed to form an FePt alloy powder. In this manner,
the activity of Fe can be reduced although it is in the form
20 of powder, and ignition of Fe during mixing with the C powder
can be suppressead.
[0075]
2. Second embodiment
2-1. Components and structure of sputtering target

25 The FePt-C~based sputtering target according to the first
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[0090] When the FePtCu alloy powder contains Pt in an amount of 40 at% or more and less than 60
at% and Cu in an amount of 20 more than 0 at% and 20 at% or less (provided that the total amount of
Pt and Cu is 60 at% or less), the FePtCu alloy phase in the target obtained by sintering the FePtCu
alloy powder also contains Pt in an amount of 40 at% or more and less than 60 at% and Fe in an
amount of 40 at% or more and less than 60 25 at%. Therefore, the fct structure is more likely to

appear i BAFSRICH Rhse o dhe FEPIGUC Ryer otianed by spugfng usina.he (iget, [9091] As i

the process for producing the target in the first 5 embodiment, the FePtCu alloy powder is preferably

produced by-ap atomizing methord. J1ys j5pecause,of fe fqllowing reasons In.ap gtomizing method,

raw metals (Fe, Pt, and Cu) aré first heated to high temperature to form molten metals. In this stage,

alkali metals such.as Na:and, K, glkaline-earth rgtals, 10 sychas.Ca.gnd.gaseousdmprities such as

oxygen and nitrogen are volatilized and removed to the outside, so that the amount of impurities in the

FePtCu ajloypowder sanhe reduged Whena.gas atomizing methosds tisgdpthe amount of impurities

in the FePtCu alloy powder can be further reduced by performing 15 atomizing using argon gas or

nitrggencgas. [092] ;s The target obtained psing the FeRiGu aloy powser obtained by an atomizing

method contains a reduced amount of impurities, so that the content of oxygen in the target can be 20

suppresggé 4@ 1094passiPpH Adessdn addition, ihe.aenientof nﬁrg__gg@pﬁant%syg@r@%ed to 30
mass ppm or less. [0093]

based sputtering target according to the second embodiment of
the present invention contains Fe, Pt, and C and further
containg Cu, which 1s a metal element other than Fe and PL.

10 The FePt-C-based sputtering target is characterized in that it
has a structure in which an FePt-based alloy phase and a C
rhase 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 Cu in an amcount of more

15 than 0 at% and 20 at% or less with the balance being Fe and
unaveidable impurities and with the totsal amount of Pt and Cu
being 60 at% or less, and that the content of C 1s 21 at% or
more and 70 at% or less based on the total amount of the
target.

20 [c076]

2-1-1. FePtCu alloy

In the FePt-C-based sputtering target according to the
second embodiment of the present invention, Cu is added to an
FePt alloy to form an FePtCu alloy. When Cu is contained, the

25 temperature of the heat treatment for converting the crystal
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Therefore, sputtering performed using the target is favorable, and an FePtCuC film to be obtained is
also 25 favorable. [0094] Examples of an applicable atomizing method include, for example, a gas
atomizing method and a centrifugal atomizing method. 5[0095] 2-2-2. Mixing In this production
process, as in the process for producing the target in the first embodiment, the powder mixture is
produced by mixing C powder having an average 10 particle diameter of, for example, 20 nm or more

and 100.am, orless wish the Fepi alloy, powger obtained,by an afomizing mathod deserihed above

such that the content of C is 21 at% or more and 70 at% or less based on the total amount of the

powder ggé%%dw[%%%]for d\%‘%@éﬁg ,Fe&t%hfsﬂloysgowﬂ%f a’%%g‘ec%é’é’%d@rﬂg mixed, the

particle diameter of the' C pow reases as the mixing of the FePtCu alloy powder and the C

powder praceedsnand fresh Geprfaces newly anpeatHoweven, byRerfarming the 20 mixing in an

atmosphere containing oxygen, as with the process for producing the target in the first embodiment,
the oxygeisisadsorbed alseson the newly-appearingdrestkCsyriages sTherglargcatleast 3 certain

amount of oxygen has already been adsorbed on the surfaces of the C particles at the point 25 of time
of epmplationof mixings Even when the-amixiag confaiperisiopenedlerineduce the aihthe amount of

oxygen adsorbed on the surfaces of the C particles does not increase exponentially, and ignition of the
C particles:bysheatafadsomtiands winjkely ta 066U o189 1 sput tering without
additional heat treatment.
[0077]
The reascn that the content of Pt in the FePtlu alloy
1¢ phase in the second embodiment is defined to be 40 at%¥ oxr more
and less than 60 at% i1s that, when the content of Pt in ths
FePtCu alloy phase is outside the range of 40 at% or more and
less than 60 at%, the fct (ordered face centered Letragonal)
structure may not appear. The content of Pt in the FePtCu
15 alloy phase is preferably 45 at% or more and 55 at% or less
and more preferably 49 at% or more and 51 at% or less, from
the viewpoint that the fct (ordered face centered tetragonal)
structure appears reliably in the FePtCu alloy phase. However,
it is premised that the total content of Fe and Pt ig less
20 than 100 at%, that the content of Cu is more than 0 at% and 20
at% or lessg, and that the total content of Pt and Cu is 50 at%
or less.
[0078]
A metal other than Cu can be added to the FePt alloy, and

25 examples thereof include Ag, Mn, Ni, Co, Pd, Cr, V, and B.
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From the viewpoint of allowing a sufficient amount of oxygen to be adsorbed on the surfaces of the C
particles at the point of time of completion of mixing, in this production process, as in the process for
producing the target in the 10 first embodiment, it is preferable that oxygen be continuously supplied
from the outside of the mixing container to the atmosphere used during mixing. By supplying oxygen
continuously, a shortage of oxygen in the atmosphere is unlikely to occur, so that a sufficient amount
of oxygen is 15 %%'Iysaa}dsorbed on the surfaces of the C particles during mixing. [0098] However,
if the amount of oxygen in the atmosphere during mixing of the FePtCu alloy powder and the C powder
is too 20;layge, the C pawdsy, may ignite during mixing. [0099] From the viewpoint of allowing a
sufficient amount of oxygen to be adsorbed on the surfaces of the C particles at the point of time of

completion of mixing apd frogxthe 25 viewpointthatthe ¢ padicles maydgnite dyripg fmixing if the

amount of oxygen in the atmosphere is too large, in this production process, as in the process for

producing,thedargetin the-first embadiment the canseatraion-ekexgen n the almesphgre during

mixing is preferably 10 vol% or higher and 5 30 vol% or lower, more preferably 15 vol% or higher and

25 wol%ydower, and pafticwady preferally 19 Mol%:or higharand 22 vel%erjower.J0100]
Oxygen may be supplied to the atmosphere during mixing by 10 supplying air. This can reduce cost.
[0101] particles, which are magnetic particles, from each other in an
FePtCul layer to be obtained by sputtering to reduce and
uniformize the size of the FePtCu particles in the FePtCuC
layer and is one of the main components of the FePt-C-based
10 sputtering target according to the second embodiment.

[0080]

The reagon that the content of € iz set to be 21 at% or
more and 70 at% or less based on the total amount of the
target ig the same as that described above in the first

15 embodiment. More specifically, the reason is that C can form
the partitions sgeparating the FePtCu alloy particles, which
are magnetic particles, from each other in the FePtCuC layer
to be obtained by sputtering so that the effect of reducing
and uniformizing the size of the FePtCu alloy particles is

20 achieved. If the content of C is less than 21 at%, this effect
may not be sufficiently achieved. If the content of C exceeds
70 at%, the number of FePtCu alloy particles per unit volume
of the FePtCuC laver to be obtained by sputtering becomesg
small in the FePtCuC layer, and this is disadvantageous for

25 storage capacity. The content of C is preferably 30 at% or
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The atmosphere during mixing may be composed substantially of an inert gas and oxygen. In this
case, incorporation of impurities from the atmosphere into the 15 mixture particles can be suppressed.
For example, argon, nitrogen, etc. may be used as the inert gas. [0102] The atmosphere during
mixing may be released to the air at some point in the mixing step. Even when the atmosphere is 20
short of oxygen at some point in the mixing step, oxygen can be introduced from the air by releasing

the atmasphers {pio e air, sq thatdhg spotage of, oxygen gan be mitiggted, 01931 2-2-3. Molding

method 25In this production process, no particular limitation is imposed on the method for molding the

powder mixtyre prodyced as ibed:apoveavhilesthg,payuler mixtyurg 4s hegted.undeg pressure. In

this production process, as in'the process for producing the target in the first embodiment, for

example; a5 hetaressingJnethod, & hotrisestatic; prassingemethodyHIRJsathod), agpark plasma

sintering method (SPS method), etc. may be used. Preferably, when implementing the present
inventionrsuch & melding methed s pseopmed i ayvaguREL QRN Nertgas aimesphere.dn this case,

even when the powder 10 mixture contains a certain amount of oxygen, the amount of oxygen in the
fgn@red]%?@@taﬁmaiﬁﬁgﬂﬁ reduced: {Q104] Thepreduction-process iy He: sgeand ambodiment, as

e
FePtCul layer to be formed.

[cos1]
2-1-3. Structure of target
In the structure of the FePt-C-based sputtering target

16 according to the second embodiment of the present invention,
the FePt-based alloy phage and the C phage containing
unavoidable impurities are mutually dispersed. The FePt-based
alloy phase contains 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

15 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. The content of C is 21 at% or more 70 at% or lesgs
based on the total amount of the target.

[ccez]

20 The reason that the FePt-C-based sputtering target
according to the second embodiment has the gstructure in which
the FePtCu alloy phase and the ¢ phase are mutually dispersed
is the same as that described above in the first embodiment.
More specifically, the reason is to prevent certain regions

25 from being sputtered at an excessive high rate during
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production process in the first embodiment, uses a sintering 15 method, and therefore the content of C
based on the total amount of the target can be increased. More specifically, an FePt-C-based
sputtering target containing a large amount, e.g., 21 at% or more and 70 at% or less, of C can be
produced. Therefore, when sputtering is performed using the FePt-C-based 20 sputtering target
according to the second embodiment, the content of carbon in an FePtC thin film obtained can be

increase%%E}L}C%]r(l:(()ae%.Llé1 8{/\/5 grlgr%%g(pedu&ggn ggetsesrigr}gg second embodiment, the 25 FePtCu alloy

powder a are'mixed in an atmospherecontaining oxygen. Therefore, at least a
certain amount foq@/g;?n has already been adsorbed on the surfaces of the C particles at the point of
time of completion of mixing. Thus, even when the mixing container is opened after 5 completion of

mixing to introdugge the Aif, oxyoen,is unlikely.to be,expanentially adserhed on the G.paptigles, so that

ignition of the C particles is suppressed. Accordingly, althoughhe content of C is large, i.e., 21 at% or

more angd; 7). atje OEE%SZ&%% on thedetalameuntgfhe farget the 19F4R1-C-based sputtering

target can be stably produced. [0106] In the production process in the second embodiment, Fe,

Pt, and H%EP#BX_ tp formyan, FePiGu allgy powder. dn this 1 a%n%rgt@%@vity of Fe can,be
although it

reduce ou in 15 the form of powder, and ignition of Fe during mixing with the C powder can

:’aer ;;tppﬁ%ﬁ?@?aﬁ%ﬂﬂ@'-E?J%@Qﬁ%%@%'?ﬁ) dhe farget cemposiions gf 2 pawdermixiure and a
that for the FePt-C-based sputtering target according to the
first embodiment. As in the FePt-C-based sputtering target
according to the first embodiment, a lower limit may be set on

19 the size of the C phase in the target. When the lower limit is
set, the average size of the C phase in the target, i.e., the
average phase gize determined by the intercept wmethod, is
preferably 0.2 pm or more and 0.6 um or less, more preferably
0.25 um or more and 0.53 um or less, and particularly

15 preferably 0.33 pm or more and (.45 um or less, also in
consideration of the cost with the present size reduction
technique.

[0084]
Ags in the FePt-C-based sputtering target accerding to the

20 first embodiment, in order to perform sputtering favorably, it
is preferable that the relative density of the target be large
because 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.

25 To increase the relative density of the target, it is
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in Example 1 are 40(50Fe-50Pt)-60C. More specifically, the target composition of the metal
components is 50 at% Fe-50 at% Pt, and the target compositional ratios of the FePt alloy and 25 C
(carbon) are 40 at% for the FePt alloy and 60 at% for C. However, as described later, since part of C
(carbon) is volatilized during production of the powder mixture and during sintering of the target, the
compositional ratios of the FePt alloy and C (carbon) in the powder mixture and target obtained 5

slightly deviate from the target values en the_content o:}% carban).is represented not by at% but
by vol%,pﬁ1ee%t%txr‘gcﬂ%{T ceonggoél? |(5){ns% 0 th%?a\é\p%;twél erarrlwcl‘g? retand grgea%lll%nEg(}Z?npe Ofﬁ(é?e(EOFe-SOPt)AQ.G

vol% C. [0108] 1.0The metals in %ulkfor were weighed such that the composition_of the alloy was Fe:
50 219 S8 B0 Aok o e Kb B T e e s o e A e ally at

1,800C. qthen 4. gas atomizing method ;@éﬂ%%@@@ﬁg&gggrfgﬂn%ﬂéo pradpice 30 at% Fe-50 at%

Pt alloy powder. The 15 average particle diameter of tained alloy powder was measured using

Microtrac, MT3000 mapyfagtureby NISKISQ -, id god faynd. 1o he 500199)89,03,g,of C powder

having an average particle diameter 20 of 35 jim and a bulk density of 0.25 g/cm was added to 620.00

g otthe ppiaingd PesBt aliqy poyder suchthatihe canientof,G was 60, ath hased on the fptal amount

of the powder, and then these components were mixed using a ball mill until the cumulative number of

revolutiqns.reached 4,136,400 R@gﬁl&@égg@uce a powder mixture. Hereinafter, the cumulative

number of revolutions of the ball mill may be referred to as the cumulative number of ball mill
revolutions or sir[qj:g)é 3$ the number of revolutions. [0110] 5A mixing container was covered with a lid
during mixing. However, an introduction port for introducing outside air and a discharge port for

discharging werg proyided dn fie-mixing, cantaingr, and fresh airwas alwayscirculaied dn thg.mixing
container, so that the amount of oxygen in the mixing
first embodiment, the content of oxyvgen is preferably 100 mass
10 ppm or less based on the total mass of the target, and the
content of nitrogen is preferably 30 mass ppm or less based on
the total mass of the target. When the content of oxygen and
the content of nitrogen in the target are small as described
above, the content of oxygen and the content of nitrcgen in
15 the FePtCuC layer to be obtained by sputtering are also small,
so that the FePtCuC layer obtained is favorable.
foo8s]
2-2. Productiocon process
The FebPt-C-based sputtering target according to the
20 second embodiment can be produced by: adding C powder
containing unavoidable impurities to FePtCu aliloy 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 unavoidable impurities and with

25 the total amount of Pt and Cu being 60 at% or less; mixing the

33



10 container was always the same as that in the air. [0111] When the cumulative number of ball
mill revolutions reached 935,280, 2,535,840, and 4,136,400, the lid of the mixing container was
opened, and the powder mixture was taken 15 out. Then the contents of oxygen and nitrogen in the
powder mixture 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 hy HORI Adli_td.ygnpatdgitionl,:\{\éheth%rw ar | Q:ot.ZO ignitiog had occurred was visually
checkedwREH A& 11§ 8 the renixire19 container vya§>opened. e rashitsEreshown in TABLE 1 below.

25 [0L1ZL[ABLE 3| Cumulatve nupber of all il eyoluions, (umbep), Oxygen (essg) Nivogen

produced powder mixture while the mixture is heated under
pressure.
5 [co87}

In this production process, since the FePtlCu alloy powder
and the C powder are mixed in the atmosphere containing oxygen
to produce the powder mixture, oxygen is adsorbed on newly
formed fresh C surfaces to some extent during mixing.

10 Therefore, when a mixing container is open to the air during
or after mixing, oxygen is unlikely to be exponentially
adsorbed on the surfaces of the C particles, go that ignition
of the C powder is suppressed. Therefore, the FePt-C-based
gputtering target can be produced stably.

15 [0088]

In this production process, as in the process for
producing the target in the first embodiment, Fe is not
supplied as a single powder. Fe, Pt, and Cu are supplied as
the FePtCu alloy powder and are not supplied as a single

20 powder of Fe, a single powder of Pt, and a single powder of Cu.
A single powder of Fe has high activity and may be ignite in
the air. However, when Fe, Pt, and Cu are alloyed to form an
FePtCu alloy powder, the activity of Fe can be reduced
although it is in the form of powder. Therefore, with this

25 preoduction process, as with the preocess for producing the
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Carbon (mass%) Ignition 0 0.2 130 12.55 No 935,280 1.37 1,300 12.33 No 2,535,840 1.85 1,293
12.12 No 4,136,400

target in the first embodiment, ignition of Fe during mixing
with the C powder and ignition of Fe when the mixing container
is open to the alr after completicn of mixing can be
suppressed.
5 [0082]
2-2-1. Prcoduction cof FePtlu alloy powder
No particular limitation is imposed on the process for
producing the FePtCu alloy powder. However, in this production
process, an atomizing method is performed using a molten
10 FePtCu allcoy 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 amount of Pt and the one or more
kinds of metal elements being 60 at% or less to produce FePtlCu
15 alloy powder having the same composifion as that of the molten
FePtCu alloy.
[0090]
When the FePtCu alloy powder containg Pt in an amount of
40 at% or more and legs than 60 at% and Cu in an amount of
20 more than 0 at% and 20 at% or less (provided that the total
amount of Pt and Cu is &0 at% or less), the FePtCu alloy phase
in the target cobtained by sintering the FePtCu alloy powder
also contains Pt in an amount of 40 at% or more and less than
60 at% and Fe in an amount of 40 at% or more and less than &0

25 at%. Therefore, the fct structure is more likely to appear in
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2.30 1,293 11.78 No [0113] 5When the cumulative number of ball mill revolutions reached 935,280,
2,535,840, and 4,136,400, the mixing container was opened, and whether or not ignition had occurred
was visually checked. However, no ignition was found at each point. 10[0114] As the cumulative
number of ball mill revolutions increases, the content of oxygen in the powder mixture increases, but
the content of carbon decreases. This may be because, as the mixing proceeds, the adsorption of

oxygen to 15 the C powder proceeds, but part of carbon reacts with en and volatilizes as CO and
CO2. THH cOntent rﬁ%gﬁg?l i the ol mikuredwas s s’iﬁﬁﬁ’aﬁ@? PRt BfRT 1R cumulative

number of ball mtiEIlrevqutions reached 935,280. [0115] 20The powder mixture mixed until the
cumulatiVe Htinbeéiof 5aiidRin revolutions reached 4,136,400 was subjected to hot pressing under the

conditions of tenl%%rﬁﬁre: 1,460C, pressure: 25 MPa, time: 45 min., atmosphere: a vacuum of 5 x
10-2 Pa or lower‘to théreby produce a sintered product. [0116] 5The density of the produced sintered

mnductwasrneggﬂ?g the process for producing the target in the first

5 embodiment, the FePtCu alloy powder is preferably produced by
an atomizing methed. This 1s because of the following reason.
In an atomizing method, raw metals (Fe, PL, and Cu) are first
heated tc high temperature to form molten metals. In this
stage, alkali metals such as Na and K, alkaline;earth metals

10 such ag Ca, and gaseousg impurities such as oxygen and nitrogen
are volatilized and removed to the outside, so that the amount
of impurities in the FePtCu alloy powder can be reduced. When
a gas atomizing method is used, the amount éf impurities in
the FePtCu alloy powder can be further reduced by performing

15 atomizing using argon gas or nitrogen gas.

j0092]

The target obtained using the FePiCu alloy powder
obtained by an atomizing method contains a reduced amount of
impurities, sc that the content of oxygen in the target can be

20 suppressed to 100 mass ppm or less. In addition, the content
of nitrogen can be suppressed to 30 mass ppm or legs.

[0093]

Therefore, sputtering performed using the target is
favorable, and an FePtlCulC film to be cbtained is also

25 favorable.
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by the Archimedes method, and the measured value was divided by a theoretical density to determine
the relative density. The results are shown in TABLE 2 below. The content of carbon in the sintered
product actually measured (see TABLE 3) was 10 used as the amount of carbon used to compute the
theoretical density, that is to say, the theoretical density was computed in consideration of a reduction
in the amount of carbon during mixing and sintering. [0117] 15[TABLE 2] Measured density Theoretical
Relative density Eg/&gﬁ) density(g/m3) (%) 8.91 9.24 96.4 [0118] The relative density was high, i.e.,
96.4%, so that the amount of voids in the obtained sintered product was small.

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

5 {00985]
2-2-2. Mixing

In this production process, as in the process for
producing the target in the first embodiment, the powder
mixture is produced by mixing C powder having an average

10 particle diameter of, for example, 20 nm or more and 100 nm or
less with tThe FePt alloy powder obtained by an atomizing
method described above such that the content of C is 21 at% or
more and 70 at% or less based on the total amocunt of the
powder mixture.

ik [0096]

When the FePtCu alloy powder and the C powder are mixed,
the particle diameter of the C powder decreases as the mixing
of the FePtCu alloy powder and the C powder proceeds, and
fresh C surfaces newly appear. However, by performing the

20 mixing in an atmosphere containing oxygen, as with the process
for producing the target in the first embodiment, the oxygen
is adsorbed also on the newly appearing fresh C surfaces.
Therefore, at least a certain amount of oxygen has already
been adsorbed on the surfaces of the € particles at the point

25 of time of completion of mixing. Even when the mixing
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20[0119] The contents of oxygen and nitrogen in the sintered product 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 NORMA, Ltd. The measurement
results are shown in TABLE 3 below. In the below TABLE 3, the measurement results for the
non-sintered powder mixture (the cumulative 5 number of ball mill revolutions: 4,136,400) are also

shown for comparison. [0120] [TABLE 3] Oxggen (mass% ,Nitro%en (mass ]Egmg Carbon (mass%)
Powder ffiRfcte Before SiBfing2. 3¢ *ntroduce the dir, The amount of oxyge

adsorbed on the surfaces of the C particles does not increase
exponentially, and ignition of the C particles by heat of
adsorption is unlikely to occur.

5 [06097]

From the viewpoint of allowing a sufficient amount of
oxygen to be adsorbed on the surfaces of the C particles at
the point of time of completion of mixing, in this production
procesg, as in the process for producing the target in the

10 first embodiment, it is preferable that oxygen be continuously
supplied from the outside of the mixing container to the
atmosphere used during mixing. By supplying oxygen
continuously, a shortage of oxygen in the atmosphere is
unlikely to occur, so that a sufficient amount of oxygen is

i5 easily adsorbed on the surfaces of the C particles during
mixing.

[00s8]

However, if the amount of oxygen in the atmosphere during
mixing of the FePtCu alloy powder and the C powder is too

20 large, the C powder may ignite during mixing.

[0099]

From the viewpoint of allowing a sufficient amount of
oxygen to be adsorbed on the surfaces of the C particles at
the point of time of completion cf mixing and from the

25 viewpoint that the C particles may ignite during mixing if the
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1293 11.78 Sintered product (Sintering temperature:1,460C) 0.0045 2 11.56 10[0121] The
content of oxygen in the powder mixture mixed until the cumulative number of ball mill revolutions
reached 4,136,400 was 2.30 mass%. However, the content of oxygen in the sintered product obtained
by hot pressing of the powder 15 mixture in a vacuum was 0.0045 mass% (45 mass ppm), i.e., was
reduced to about 1/511, and a significant reduction was found. Therefore, it was found that, even when
mixing was performed in an atmosphere containing oxygen and a large amount of oxygen was
adsorbe?j"b[#fhfe ElpdaF diring rﬁ&‘fhg‘?’fﬁ]@ﬁ@&h%%%r & 53Ren &S vorbtliZéd Suring sintering, and
almost no oxygen,was introduced into the sintered product. .[0122 The co%%nttof nitrogen in the

sinteredpﬁ'?g u&tébqgir%ﬁcbci/eﬁ&’prggsiﬁa vitfa{}sere%ﬂcgg 6 agoﬁt P 2%15%51 El s%gnlficaa‘rﬁg@auction was

found. 5[01 .The content.of carbon was slightly reduced by hat pressing. This may be because
catbon 1EBor ith bigger DRSS HA b the B e i B e SR o b e O and

coz. atmogphere during mixing is preferably 10 vol% or higher and

5 30 vol% or lower, more preferably 15 vol% or higher and 25
vol% or lower, and particularly preferably 1% vel% or higher
and 22 vol% or lower.

[0100]

Oxygen may be supplied to the atmosphere during mixing by

10 supplving air. This can reduce cost.

[0101]

The atmogphere during mixing may be composed
substantially of an inert gas and oxygen. In this case,
incorporation of impurities from the atmosphere into the

15 mixture particles can be suppressed. For example, argon,
nitrocgen, etc. may be used as the inert gas.

[0102]

The atmosphere during mixing may be released to the air
at some point in the mixing step. Even when the atmosphere is

20 short cof oxygen at some point in the mixing step, oxygen can
be introduced from the air by releasing the atmosphere into
the air, so that the shortage of oxvgen can be mitigated.

[0103]

2-2-3. Molding methed

25 In this production process, no particular limitation is
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10[0124] The structure of the obtained sintered product (the cumulative number of ball mill
revolutions: 4,136,400, sintering temperature: 1,460C) was observed under a scanning electron
microscope (SEM). FIGs. 1, 2, and 3 show SEM 15 photographs of the sintered product. FIG. 1 is an
SEM photograph at a low magnification (an image taken at a magnification of 3,000x) (a bar scale in
the photograph represents 1 um). FIG. 2 is an SEM photograph at a medium magnification (an image
taken at a magnification of 5,000x) (a 20 bar scale in the photograph represents 1 um), and FIG. 3 is
an SEMPRtSGEph At B high fhagidation@hdiiag e ke AV S Friaghification &FU866%) (a bar
scale in the photograph_represents 1 pm). In FIGs. 1, 2, and 3, dark gray regions are_the C phase, and
white re@ionaa7é 1o FRPT BTGy pHide- A2 R I dedh RIS 155 3uTRE Tegions of the C
phase are dispersed in_the entire area of the structure.a%0125 . Next, the size of the phase in the
obtainechiﬁFegga%rodE&& é%u%ﬁ?{?ﬁ\]}%tﬁﬁﬁbgF&cbe FrnilftEvofdtions 523958300 Sntering
temperature:.1,460C) was determined by the intercept method. [0126] Specifically, a total of five lines
i e T et i

wore drRi SRAB L oG OF (e 6roRE SoRtisAS T GS%TIR L2 inPhge taken at &

ma nifi?ggn of 1g90100x)th(:)£eoapecifi aclvl?v{ Evg%ggg (?Lrgal I;Tnes's were drat non the %EM photograph
of FIG. 3'm a?elftgirlghfl&rec%on Suththatthe image was dﬁ/ldeedgverﬁcglﬁ/ iRto thir S, and three vertical
lines werrn%%?w ina vertlca]!{dlrﬁctlon such that the |maF%%\ggsn§i§\% ed 1§krllgr|§onta”¥c|nto quarters.

[0127] or eathof The five mgs?,n%ﬁe tota %%bﬂ%o?‘ Iné segments intersec ing tﬁ% phase and the

number of the,C Rlasg intersecled by the ling were determined, Thep the cent
invention, such a wmolding method is performed in a vacuum or
an inert gas atmosphere. In this case, even when the powder
10 mixture contains a certain amount of oxygen, the amount of
oxygen in the sintered product obtained is reduced.
[0104]
The production procegs in the gsecond embodiment, as the
production process in the first embodiment, uses a sintering
15 method, and therefore the content of C based on the total
amount of the target can be increased. More specifically, an
FePt-C-based sputtering target containing a large amount, e.g.,
21 at% or more and 70 at% or less, of C can be produced.
Therefore, when sputtering is performed using the FePt-C-based
20 sputtering target according to the second embodiment, the
content of carbon in an FePtC thin f£ilm cobtained can be
increased.
[C105]
In the production procegs in the gecond embodiment, the

25 FePtCu alloy powder and the C powder are mixed in an
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20 average of the lengths of the segments of the five lines that intersected the C phase was
determined (by dividing the total length of the line segments intersecting the C phase by the number of
the C phases intersected by the lines), and the obtained value was used as the average size of the C
phase 25 determined by the intercept method. The results showed that the average size of the C
phase determined by the intercept method was 0.52 w. [0128] (Example 2) 5A powder mixture and a
sintered {%d%ctlg\éerre pcrgdl.éceldn in the same manner as [ O%)gaamglg Jlgé%eé)t thact tg% Erlriixing container
was filled With 4ir and sealed and the lgé%flgpov(/der and powder were mixed'in the sealed mixing
containeg, ihag he uulave number.of bal mil revolutians was changgd 10, thal the, number of
times ancint e timing of introduction oalufresﬁ r by opening the mixing container uring mixing were

h d that the sinteri e during peoduci intered hanged
i, ;g‘ggdacﬁlg 4%%2@%’1@%‘”%‘9%&99 tBE%‘E”%’Eg BE?P&’CJJ%”_%&%%'QE%S PEO ‘Jé%tg’g‘figleag%?e ttﬁe

The target compositions of the powder mixture and target in

same ashose i%’v:éﬁnl%e_eﬁ ang.e g@g%foc(gglégﬁ,p&t)-@gc%%)%geé“ d% : Qen the cumulative

number of ball mill revolutions reachéd 2,805,840, and 4,073,7 e mixing 20 container

was;0pens(,and ing pawdgr mixiyre was fakensqut, Then the contents ot oxygenand nittogen in the

powder mixture were measured using a TC-600 Series Nitrogen/Oxygen Determinator manufactured

by LECQ Caporatign.,and the eontent,ef garkop was measiyedusing @ Cargopiulfur Analyzer 25
manufactured by HORIBA, Ltd. In addition, whether or not

ignition of the C particles is suppressed. Accordingly,
although the content of C is large, i.e., 21 at% or more and
70 at% or less based on the total amount of the target, the
10 FePt-C-based sputtering target can be gtably produced.
[0108]
In the production process in the second embodiment, Fe,
Pt, and Cu are alloyed to form an FePtCu alloy powder. In this
manner, the activity of Fe can be reduced although it is in
15 the form of powder, and ignition of Fe during mixing with the

C powder can be suppressed.

EXAMPLES

[0107]

20 (Example 1)

The target compositions of a powder mixture and a target
in Example 1 are 40 (5CFe-50Pt)-60C. More specifically, the
target composition of the metal components iz 50 at% Fe-50 at%
Pt, and the target compositicnal ratios of the FePt alloy and

25 C (carbon} are 40 at% for the FePt alloy and 60 at% for C.
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ignition had occurred was visually checked when the lid of the mixing container was opened. These
results are shown in TABLE 4 below. [0130] 5[TABLE 4] Cumulative number of ball mill revolutions
(Number) Oxygen (mass%) Nitrogen (mass PPm) Carbon (mass%) Ignition 0 0.2 130 12.55

10

15

26

25

However, as described later, since part of C (carbon) is
volatilized during production of the powder mixture and during
sintering of the target, the compositicnal ratios of the FePt
alloy and C {carbon) in the powder mixture and target obtained
glightly deviate from the target values. When the content of C
(carbon) is represented not by at% but by vol%, the target
compositions of the powder mixture and target in Example 1 are
(50Fe-50Pt)-49.6 vol% C.

[0108]

The metals in bulk form were weighed such that the
composition of the alloy was Fe: 50 at% and Pt: 50 at% and
then heated by high frequency heating to form a molten Fe-Pt
alloy at 1,800°C. 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 cobtained alloy powder was
measured using Microtrac MT3000 manufactured by NIKKISO Co.,
Ltd. and found to be 50 upm.

[0109]

89.02 g of C powder having an average particle diameter
of 35 um and a bulk density of 0.25 g/cm’ was added to 620.00 g
of the obtained Fe-Pt alloy powder such that the content of C
was 60 at% based on the total amount of the powder, and then
thegse components were mixed using a ball mill until the
cumulative number of revolutions reached 4,136,400 to thereby

produce a powder mixture. Hereinafter, the cumulative number
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No 2,805,840 2.28 3,200 12.31 No 4,073,760 1.98 2,870 12.08 No [0131] When the cumulative
number of ball mill revolutions reached 935,280,1,870,560,2,805,840,and 4,073,760,the 10 mixing
container was opened, and whether or not ignition had occurred was visually checked. However, no
ignition was found at each point. [0132] At the point of time when the cumulative number of ball 15 mill
revolutions was 2,805,840, the content of oxygen in the powder mixture increased 114 times as

compareg:tq.(nat before mixing was sfarted (e pumber of revopitions; 0}, but the gantent of carbon

decreased. This may be because, as the mixing proceeds, the adsorption of oxygen to the C powder

cumulative number of ball mill revolutions or simply as the
number of revolutions.

[0110]

5 A mixing container was covered with a lid during mixing.
However, an introduction port for introducing cutside air and
a discharge port for discharging were provided in the mixing
container, and fresgsh air was always circulated in the mixing
container, so that the amount of oxygen in the mixing

10 container was always the same as that in the air.

[0111]

When the cumulative number of ball mill revolutions
reached $35,280, 2,535,840, and 4,136,400, the 1lid of the
mixing container was opened, and the powder mixture was taken

15 out. Then the ceontents of oxygen and nitrogen in the powder
mixture 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. In addition, whether or not

20 ignition had occurred was visually checked when the 1id of the
mixing container wag opened. These results are shown in TABLE

1 below.

25
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20 proceeds, but part of carbon reacts with oxygen and volatilizes as CO and CO2. At the point of time
when the cumulative number of ball mill revolutions was 2,805,840, the content of nitrogen in the
powder mixture also increased about 25 times as compared to that before mixing was started (the
Next, the powder mixture mixed until the cumulative number of
ball mill revolutions reached 2,805,840 was subjected to hot pressing under the conditions of

number of revolutions: 0). 5[0133]

temperature: 1,380C,
lower to thereby [r%a

apressure: 25 MPa, time: 45 min., atmosphere: a vacuum 10 of 5 x 10-2 Pa or
de a sintered product. In addition, the powder mixture mixed until the cumulative

number of ball mill revolutions reached 4,073,760 was subjected to hot pressing under the conditions
of tempe[rgﬁﬁE:El,%hOC, pressure: 25 MPa, time: 45 min., atmosphere: a vacuum 15 of 5 x 10-2 Pa or

lower tp thareby-Rroduce angihaiere
producﬁs wag measuredby the Arg
theoretical density, 16 getermine th
content of carbgmrifmeaeh sintered

d product. [013
chi meth
e relative 20 d
product showt

~The de
g e e
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[0113]

reached $35,280,

container wag opened,

wag visgsually checked.

point.

i0 o114}

2,535,840,

Howeverw,

and 4,136,400,

When the cumulative number of ball mill revolutions

the mixing

no ignition was found at each

As the cumulative number of ball mill revclutions

increases,
increases,
because,

i5

as the mixing proceeds,

and volatilizes ag CO and CO,.

but the content of carbon decreases.

Thi

the content of oxygen in the powder mixture

5 may be

the adsorption of oxygen to

the C powder proceeds, but part of carbon reacts with oxygen

and whether or not ignition had cccurred

The content of nitrogen in the

powder mixture wag substantially constant after the cumulative

number of ball mill revolutions reached 935,2890.

[0115]

20

The powder mixture mixed until the cumulative number of

ball mill revolutions reached 4,136,400 was subjected to hot
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Sintering e perature (C) Density (g/cm3) Theoretical density (g/cm3) Relative density (%) Powder
mixture when number of revolution was 2,805,840 1,380 8.49 9.09 93.4

pressing under the conditions of temperature: 1,460°C,

pressure: 25 MPa, time: 45 min., atmosphere: a vacuum of 5 x

107* Pa or lower to thereby produce a sintered product.
f0l16]

5 The density of the produced sintered product was measured
by the Archimedes method, and the measured value wag divided
by a theoretical density to determine the relative density.
The results are shown in TABLE 2 below. The content of carbon
in the sintered product actually measured {see TABLE 3) was

16 used as the amount of carbon used to compute the theoretical
density, that is to say, the thecretical density was computed
in congideration of a reduction in the amount of carbon during
mixing and sintering.

[0117]

15 [TABLE 2}

Measured density Theoretical Relative density
(g/cm’) density {(g/m’) (%)
8.91 9.24 96.4
inl118]

The relative density was high, i.e., 96.4%, sgo that the
amount of wvoids in the obtained sintered product was small.
20 [0119]
The contents of oxygen and nitrogen in the sintered
product were measured using a TC-600 Serieg Nitrogen/Oxygen

Determinator manufactured by LECO Corporation, and the content
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Powder mixture when number of revolution was 4,073,760 1,340 8.41 9.14 92.0 [0136] 5The relative
densities of the two sintered products were high, i.e., 93.4% and 92.0%, so that the amount of voids in
each of the obtained sintered products was small. [0137] The contents of oxygen and nitrogen in the
sintered 10 product 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 3 below. In

the belo® TABLER? thé hdierethert 15 18R (ORI R et d/ibivdét Mixture (the cumulative

number of ball mill revolutjons:; 2,805,840, 4,073,760) are also shown for comparison. [0138]
[TABLE® nufactured by HORTIBA, Itd. The measurement results are shown

in TABLE 2 below. In the below TABLE 3, the measurement
results for the non-sintered powder mixture (the cumulative

5 number of ball mill revelutions: 4,136,400) are alsc shown for

comparison.
[0120]
[TABLE 3]
Oxygen Nitrogen Carbon
(mass%) (mass ppm) (mass%)
Powder §1xtu¥e before 5 10 1293 11.78
sintering
Sintered product
(Sintering 0.0045 2 131.56
temperature: 1,460°C)

10 [0121]

The content of oxygen in the powder mixture mixed until
the cumulative number of ball mill revolutions reached
4,136,400 was 2.30 mass%. However, the content of oxygen in
the sintered product obtained by hot pressing of the powder

15 mixture in a vacuum was 0.0045 mass% (45 mass ppm), i.e., was
reduced to about 1/511, and a significant reducticn wag found.
Therefore, it was found that, even when mixing was performed
in an atmosphere containing oxygen and a large amount of
oxygen was adsorbed on the C powder during mixing, the

20 adsorbed oxygen was volatilized during sintering, and almost

no oxygen was introduced into the sintered product.
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Oxygen (mass%) Nitrogen (mass ppm) Carbon (mass%) Powder mixture (Cumulative number of ball
mill revolutions:2,805,840) 2.28 3,200 12.31 Sintered product(Sintering temperature:1,380C) 0.0048
17 12.04 Powder mixture (Cumulative

fo122]

The content of nitrogen in the sintered product cbtained
by hot pressing was reduced to about 1/647, and a significant
reduction was found.

5 [0123]

The content of carbon was slightly reduced by hot
pressing. This may be because carbon reacts with oxygen
adsorbed on the surface during hot pressing and volatilizes as
CO and C0,.

10 [0124]

The structure of the obtained sintered product (the
cumulative number of ball mill revcoclutions: 4,136,4C0,
sintering temperature: 1,460°C) was observed under a scanning
electron microscope {8EM). FIGs. 1, 2, and 3 show SEM

15 photographs of the sintered prceduct. FIG. 1 is an SEM
photograph at a low magnification (an image taken at a
magnification of 3,000x) {a bar scale in the photograph
represents 1 um). FIG. 2 1s an SEM photograph at a medium
magnification (an image taken at a magnification of 5,000x) (a

20 Dbar scale in the photograph represents 1 pm}, and FIG. 3 is an
SEM photograph at a high magnification (an image taken at a
magnification of 1¢,000x}) {(a bar scale in the photograph
represents 1 um}. In FIGs. 1, 2, and 3, dark gray regions are
the C phase, and white regicns are the FePt alloy phase. As

25 can be geen from FIGs. 1, 2, and 3, fine regions of the C
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number of ball mill revolutions:4,073,760) 1.98 2,870 12.08 Sintered product(Sintering
temperature:1,340C) 0.0053 21 11.89 [0139] 5The content of oxygen in the powder mixture mixed
until the cumulative number of ball mill revolutions reached 2,805,840 was 2.28 mass%. However, the
content of oxygen in the sintered product obtained by hot pressing of the above powder mixture in a
vacuum was 0.0048 mass% (48 mass ppm), 10 i.e., was reduced to about 1/475. The content of
oxygen i}rﬁ%\e owder(gnixture mixed un%ikthe to%al number of r%voh}%tions reaclged 4,073,760 was 1.98
mass%. Howevet, the comtent ox%/%en i tiye’ siln%eerearper%dt?c 0 %nga%%%éfrpereéssing of the above
powder mixture i[] aﬁ/g?uum was 0.0053 mass% (53 mass 15 ppm), i.e., was reduced to about 1/374.
Therefore, it was fotnd that, even when mixing was performed in an atmosphere containing oxygen
and a large amoynt | gf‘ oxygen was ad§occq$d orhthe C r(;Jv\{:dlclar d rigg .mixicrpgé th adscgbed oxygen

Was S s1zZe O e phasge e o ine intere
product (the cumulative number of ball mill revolutions:
5 4,136,400, gintering temperature: 1,460°C) was defermined by
the intercept method.
[0126]
Specifically, a total of five lines were drawn on the SEM
photograph of the cross section of the target in FIG. 3 (an
10 image taken at a magnification of 10,000x). More specifically,
two horizontal lines were drawn on the SEM photograph of FIG.
3 in a left-right direction such that the image was divided
vertically into thirds, and three vertical lines were drawn in
a vertical direction such that the image was divided
15 horizontally into guarters.
[0127]
For each of the five lines, the total length of line
segments intersecting the C phase and the number of the C
phase intersected by the line were determined. Then the
20 average of the lengths of the segments of the five lines that
intersected the C phase was determined {(by dividing the total
length of the line segments intersecting the C phase by the
number of the C phases intersected by the lines), and the
obtained value was used as the average size of the C phase

25 determined by the intercept method. The results showed that
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volatilized during sintering, and only a little oxygen remained in the sintered product. [0140] The
contents of nitrogen in the sintered products were 5 significantly smaller than those in the powder
mixtures. [0141] The contents of carbon were slightly reduced by sintering. This may be because
carbon reacts with oxygen adsorbed on the surface during hot pressing and volatilizes as CO and
CO2. 10[0142] The structure of the obtained sintered product (the cumulative number of ball mill

revolutiqng: 4,073,260, sintering femperaturg, 1.3400) wag, oRserved under g scapping electron
microscope (SEM). FIGs. 4, 5, and 6 show SEM 15 photographs of the sintered product. FIG. 4 is an

SEM p h law magnification (an image taken at a magnification of 3,000x) (a bar scale in
the pho%%%&are‘%%egsgﬁtﬁ I%[?An). FIG. 5 is an SEM photograph at a medium magnification (an image
taken at a magnificatigh of 5,000x) (a 20 bar scale in the photograph represents 1 Rm), and FIG. 6 is
an SEM photograph at a high magnification (an image taken at a magnification of 10,000x) (a bar
scale in the phetograph represents 1 Rm). In FIGs. 4, 5, and 6, black regions are the  C phase, and
white regions are the FePt alloy phase. As can be 25 seen from FIGs. 4, 5, and 6, fine regions of the C

phase are dispersgdimthe gntirearea of the stueiues-d8143)oguNed the sizefhthgiphase in the
obtained sintered product (the cumulative number of ball mill revolutions:

the same manner as in Example 1 except that the mixing
container was filled with air and sealed and the FePt powder
and C powder were mixed in fhe sealed mixing container, that
the cumulative number of ball mill reveolutions was changed,

1¢  that the number of times and the timing of introduction of
fresh air by opening the mixing container during mixing were
changed, and that the gintering temperature during production
of the sintered product was changed to 1,380°C and 1,340°C.
The target compositions of the powder mixture and target in

15 Example 2 are the same as those in Example 1 and each are
40 {50Fe-50PL} ~-60C.

[0129]
When the cumulative number of ball mill revolutions

reached 2,805,840, and 4,073,760, the lid of the mixing

20 container was opened, and the powder mixture was taken out.
Then the contents of oxygen and nitrogen in the powder mixture
were measgured using a TC-600 Series Nitrogen/Oxygen
Determinator manufactured by LECC Corporation, and the content

of carbon was measured using a Carbon/Sulfur Analyzer

25 manufactured by HORIBA, Ltd. In addition, whether or not
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54,073,760, sintering temperature: 1,340C) was determined by the intercept method. [0144]
Specifically, a total of five lines were drawn on the SEM photograph of the cross section of the target in
FIG. 6 (an 10 image taken at a magnification of 10,000x). More specifically, two horizontal lines were
drawn on the SEM photograph of FIG. 6 in a left-right direction such that the image was divided
vertically into thirds, and three vertical lines were drawn in a vertical direction such that the image was
divided 15 horizontally into quarters [01451V, Fgrleac of tg]%gve lines %[he chf}ile thr?f line
segmentlsgilﬁ%etr%g&i e€ %%EES%n‘ﬁatﬁe numiser of the ¢ ewilﬁ%irsgc fed by thd line Were
determined. Then the 20, avera(ge of the lengths qf the S(%%meqtts of the fiv?LIineS thaté'gt%%ected the C
phase Wr%llsxdléfgrrﬁﬁléaa(ﬁill i |ﬁ8 the ota eng of the |nseusegsmgr3§t'as if e?%venctff% the'Cphase by
the numﬁ)e oflthﬁ C phases intersected by the lines), and the obtained value was used as the average
size of the pﬁas‘e 25 determined by the intercept method. The results showed that the average size
of the C phase dg&ﬁ%i ed by the intercept method was 0.50 pm. [0146] (Example 3) 5The target
compositions of a'powder mixture and a target in Example 3 are 60(50Fe-50Pt)-40C. More specifically,

the éarge&%&\1 osqcit*ion of the metal components is 50 at% Fe-50 at% Pt, and the target compositional
ratios of the FePt alloy and C (carbon) are 60 at% for the FePt alloy and 40 at% for C. In
Cumulative number Nitrogen
of ball mill Oxygen g Carbon s
. . (mass N Ignition
revelutions (mass%) ) (mass%)
(Numbexr) PP
0 0.2 130 12.55 No
2,805,840 2.28 3,200 12.31 No
4,073,760 1.98 2,870 12.08 No
[0131]
When the cumulative number of ball mill revolutions
reached 935,280, 1,870,560, 2,805,840, and 4,073,760, the

1¢ mixing contailner was opened, and whether or not ignition had

occurred was visually checked. However, no ignition was £found
at each point.
[0132]
At the point of time when the cumulative number of ball
15 mill revolutions was 2,805,840, the content of oxygen in the
powder mixture increased 114 times as compared to that before
but the

mixing was started {the number of revolutions: €},

content of carbon decreased. This may be because, ag the

mixing proceeds, the adsorption of oxygen to the C powder
20 proceeds, but part of carbon reacts with oxygen and

volatilizes as CO and CO,. At the point of time when the

50



10 Examples 1 and 2, the target compositional ratio of C with respect to the total amount is 60 at%.
Whereas, in Example 3, the target compositional ratio of C is 40 at%, and the content of C is smaller
than that in Examples 1 and 2. However, as described later, since part of C (carbon) is volatilized 15
during production of the powder mixture and during sintering of the target, the compositional ratios of
the FePt alloy and C (carbon) in the powder mixture and target obtained slightly deviate from the target

values. When. the content cg C (c&gb%@éi r%prllefented not bj}/ at% but b V%W/o, the target compositions

20 of thé:%g% %F s ulfleugngﬁrget in xam:r.L) e3are e-881§t)i’“'§8.4 Vo 5%5(’:.5;(30(1’47 xample 3 is

different frorg(?li{%]%rréﬁge 2. in that the.mleré%contal er was filled Wltr_lL a gas rrcnxturse ({g\réL 0 /0%2) and was

25 sealed an Pflf)hovl\'ﬂlggf9 And the p&jv? erev%er%lr}ﬁFx%laE?n e Sedlied anéi‘xﬁg container, that the

cumulati umber of ball mill revalutions was changed, that the number pf times and the timing of
roductin b ISeh i 3 B5er oa (ARG CoLimaer S ARG e Chemgutt-nd hat the

sinterinq15t mperature during production of the sintered product was changed to 1,250C and 1,300C.
[0148] ur%f)ow%aér %”n%ﬁrié%ﬁé’ 1;'iss'ln;%ar}r(-:-'d product were produced in the same manner as in
Exasmple 2 exce%gobr% e above 10differences. [0149] When the cumulative number of ball mill
revolutions reached 290,520, 905,040, 1,195,560, 1,810,080, 2,246,400, and 3,181,680, the mixing

container was orgg%!, %‘i’e""%%@&éQr]ﬂﬁﬁﬁi@i%@cgéd&ﬁ@iﬁeqM’@Sc‘ﬂﬁq%aﬂﬁ’t%"l?é:ked- However, no

ignition was found at each point. [0150

number of ball mill revolutions reached 2,805,840 was
subjected to hot presgsing under the conditions of temperaturs:
1,380°C, pressure: 25 MPa, time: 45 min., atmosphere: a vacuum
10 of 5 x 107 Pa or lower to thereby produce a sintered product.
In addition, the powder mixture mixed until the cumulative
number of ball mill revoluticong reached 4,073,760 was
subjected to hot pressing under the conditions of temperature:
1,340°C, pressure: 25 MPa, time: 45 min., atmosphere: a vacuum
15 of 5 x 107 Pa or lower to thereby produce a sintered product.

[0134]

The density of each of the produced sintered products was
measured by the Archimedes method, and the measured value was
divided by a theoretical density to determine the relative

20 dengity. The results are ghown in TABLE 5 below. The content
of carbon in each sgintered product shown in TABLE 6 was used
as the amount of carbon used to compute the theorstical
density, that is to say, the theoretical density was computed
in consideration of a reduction in the amount of carbon during

25 mwixing and sintering.
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The powder mixture mixed until the cumulative number of ball mill revolutions reached 1,810,080 was
subjected to hot 20 pressing under the conditions of temperature: 1,300C, pressure: 25 MPa, time: 45
min., atmosphere: a vacuum of 5 x 10-2 Pa or lower to thereby produce a sintered product. In addition,
the powder mixture mixed until the cumulative number of ball mill revolutions reached 3,181,680 was
subjected to 25 hot pressing under the conditions of temperature: 1,250C, 1,300C, pressure: 25 MPa,
time: 45 min., at here: a vacuum of 5 x 10-2 Pa or lower to thereby produce a sintered
[0151] The density of each of the produced sintered products was 5 measured by the Archimedes
method, qﬂ%% asured value was divided by a theoretical density to determine the relative density.
The results are shown in TABLE 7 below. The content of carbon in each sintered product shown in
TABLE 8 was used as thg apourﬁhﬁtattimgus 10.Gf org uteThe tregrétiedl 1Rdensityy¢hat is to say,

the theoreiLca d%nglt% was cornﬁ@t@l@lﬁﬁ@*@hgﬁlera \% r¢ductien i tiie amouistaf Kaybc
mixing and sintering. der mix

(g/cm2) Theaieticalixture

10

15

5152] [TABLE 7{Sintered p

when number of

. 1,380 8.49 S.09 93.4
revolution was
2,805,840
Powder mixture
when number of 1,340 8.41 9.14 92.0

revoliution was
4,073,760

[0136]

The relative densities of the two sintered products were
high, i.e., 93.4% and 92.0%, so that the amount of voids in
each of the cbtained sintered products was small.

[c137]

The contents of oxygen and nitrogen in the sintered
product 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

product.

n during

ture $Sfering temperattiré (C) Pensity

manufactured by HORIBA, Ltd. The measurement results are shown

in TABLE 3 below. In the below TABLE 6, the measurement
results for the non-sintered powder mixture (the cumulative
number of ball mill revolutions: 2,805,840, 4,073,7680) are

also shown for comparison.
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density (g/cm2) -7 Relative density (%) Powder mixture when cumulative number of ball mill
revolutions was1,810,080 1,300 11.83 11.83 100.0 Powder mixture when cumulative number of ball
mill revolutions was3,181,680

fo13sg]

[TABLE 6]

Oxygen Nitrogen Carbon
{mass%) (mass ppm) (mass%)

Powder mixture {Cumulative
number cof ball mill 2.28 3,200 12.31
revolutions: 2,805,840}
Sintered product (Sintering
temperature: 1,380°C)
Powder mixture {Cumulative
number of ball mill 1.58 2,870 12.08
revolutions: 4,073,760)
Sintered product (Sintering

0.0048 17 12.04

o 0.0053 21 11.8¢9
Cemperature: 1,34C°C)
[0139]
5 The content of oxygen in the powder mixture mixed until

the cumulative number of ball mill revolutions reached
2,805,840 was 2.28 mass%. However, the content of oxygen in
the sintered product obtained by hot pressing of the above
powder mixture in a vacuum was 0.0048 mass% (48 mass ppm),

10 i.e., was reduced tc about 1/475. The content of oxygen in the
powder mixture mixed until the total number of revolutions
reached 4,073,760 was 1.98 mass%. However, the content of
oxygen in the sintered product obtained by hot pressing of the
above powder mixture 1n a vacuum was 0.0053 mass% (53 mass

15 ppm), 1.e., was reduced to about 1/374. Therefore, it was
found that, even when mixing was performed in an atmosphere
contalning oxygen and a large amount of oxygen was adsorbed on

the C powder during mixing, the adsorbed oxygen was
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1,250 11.44 11.80 96.9 Powder mixture when cumulative number of ball mill revolutions was3,181,680
1,300 11.42 12.00 95.2 15 [0153] The relative densities of the three sintered products were high, i.e.,
100.0%, 96.9% and 95.2%, so that the amount

10

i5

26

25

volatilized during sintering, and only a little oxygen
remained in the sintered product.

[0140]

The contents of nitrcocgen in the sintered productg were
significantly smaller than those in the powder mixtures.

[0141]

The contents of carbon were slightly reduced by sintering.
This may be because carbon reacts with oxygen adsorbed on the
surface during hot pressing and volatilizes as CO and CO;.

[0142]

The structure of the obtained sintered product (the
cumulative number of ball mill revolutions: 4,073,760,
gsintering temperature: 1,340°C) was cbserved under a scanning
electron microscope (SEM). FIGs. 4, 5, and 6 show SEM
photographs of the sintered product. FIG. 4 is an SEM
photograph at a low magnification (an image taken at a
magnification of 3,000x) (& bar scale in the photograph
represents 1 um). FIG. 5 is an SEM photograph at a medium
magnification (an image taken at a magnification of 5,000x) (a
bar scale in the photograph represents 1 um), and FIG. 6 is an
SEM photograph at a high magnification (an image taken at a
magnification of 190,000x) (& bar scale in the photograph
represents 1 um;. In FIGs. 4, 5, and &, black regions are the
C phase, and white regicns are the FePt alloy phase. 2Ag can be

seen from FIGs. 4, 5, and 6, fine regions of the C phase are
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of voids in each of the obtained sintered products was small. 5[0154] The contents of oxygen and
nitrogen in each of the sintered products molded by sintering of the powder mixtures shown in TABLE
7 at a sintering temperature of 1,250C or 1,300C were measured using a TC-600 Series
Nitrogen/Oxygen 10 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 8 below. . 0153]?15 ABLE 8]. Oxygen (mass%) Nitrogen (mass ppm)
CarbonV%["‘rﬁgtg:é?a%fegSllﬁlte]%()i-:-’ltﬁE pt@ondtu:b]fé(lcar%u atlc\% n%qrﬁbértd?bé%urﬁl revolutions:181,080, Sintering
temperature: [0143]

Next, the size of the phase in the obtained sintered
product (the cumulative number of ball mill reveolutions:
5 4,073,760, sintering temperature: 1,340°C) was determined by
the intercept method.
[0144]
Specifically, a total of five lines were drawn on the SEM
photograph of the crogs section of the target in FIG. 6 (an
10 image taken at a magnification of 10,000x). More gpecifically,
two horizontal lines were drawn on the SEM photograph of FIG.
6 in a left-right direction such that the image was divided
vertically into thirds, and three vertical lines were drawn in
a vertical direction such that the image was divided
15  horizontally into guarters.
[0145]
For each of the five lines, the total length of line
segments intersecting the C phase and the number of the C
phase intersected by the line were determined. Then the
20 average of the lengths of fhe gegments of the five lineg that
intersected the C phase was determined (by dividing the total
length of the line segments intersecting the C phase by the
number of the C phaseg intersected by the lineg), and the
obtained value was used as the average size of the C phase

25 determined by the intercept method. The results showed that
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1,300C) 17 05.29 Sintered product (Cumulative number of ball mill revolutions: 3,181,680,Sintering
temperature:1,250C) - 5.38 Sintered product (Cumulative number of ball mill revolutions:
3,181,680,Sintering temperature:1,300C) 9 1

10

15

20

25

the average size of the C phase determined by the intercept
method was 0.50 um.

f0146]

{Example 3)

The target compositions of a powder mixture and a target
in Example 3 are 60(50Fe-50Pt)-40C. More specifically, the
target composition of the metal components ig 50 at% Fe-50 ath
Pt, and the target compositional ratios of the FePt alley and
C {carbon) are 60 at% for the FePt alloy and 40 at% for C. In
Examplegs 1 and 2, the target compeositional ratio of C with
respect to the total amount is 60 at%. Whereas, in Example 3,
the target compositional ratio of C is 40 at%, and the content
of C ig smaller than that in Examples I and 2. However, as
degeribed later, since part of C {carbon} is volatilized
during production of the powder mixture and during sintering
of the target, the compositicnal ratios of the FePt alloy and
C (carbon) in the powder mixture and target obtained slightly
deviate from the target values. When the content of C (carbon)
is represented not by at% but by vol%, the target compositions
of the powder mixture and target in Example 3 are (50Fe-50Pt)-
30.4 vols C.

[0147]

Example 3 is different from Example 2 in that the mixing
container was filled with a gag mixture (Ar-20%0;) and was

gealed and the FePt powder and the C powder were mixed in the
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4.97 [0156] As shown in TABLE 8, the contents of oxygen and nitrogen in the sintered products
were very small. [0157] 5The structure of the obtained sintered product was observed under a
scanning electron microscope (SEM). FIGs. 7, 8, and 9 show SEM photographs of the sintered
product. FIG. 7 is an SEM photograph at a low magnification (an image taken at a magnification of
3,000x) (a bar scale in the photograph 10 represents 1 pm). FIG. 8 is an SEM photograph at a medium

magnificatio é n image taken at a magnification,of 5,000x) {a bar scale in the photograph represents
1 pm), a%%alg : 9*"%%%“%5%/?;‘?}?&%8%%11 altt(tilaa ﬁigﬁ]r%a%ﬁ}ﬁ%;t?otnl an irr%ua%%etgkgg a%cg{r%agnification of

10'00(”%819""&%%\/%:}?&%5@%8“9}89 L] é%oret?ﬁ%‘é ]tﬁ@)-n'ﬁrﬁég:?- £¢8,-20d.2. blagk regions are

the C phase, an ite regions are the FePt alloy phase. As can be seen from FIGs. 7, 8,and 9, fine

regions QEFh‘len% p@?%ﬁ%gﬂ&{i%%in?@eﬁggﬁ ateg of the stiycture. [Q158) 2ZONext, the size of the

phase in the obtained sintered product (the cumulative number of balrmill revolutions: 3,181,680,

sintering {emperalire;11,300C) wias.delermined by, ine atercaps meibod 10159} 25Specifically, a tota

of five lines were drawn on the SEM photograph of the cross section of the target in FIG. 9 (an image

takgn at@emggygk@aﬁgn@&%&9&2&3\4&@&%”&?@"&@%@9{%@ lines yygre drawn on the SEM

photograph of FIG. 9 in a left-right direction such that the image was divided 5 vertically into thirds, and

three veg}ggﬁggﬁs were gﬁ%eén Qn\@rgc’ag firection such that the image was divided horizontally into
quarters.

[0148]

A powder mixture and a sintered product were produced in
the same manner as in Example 2 except for the above

10 differences.

[0149]

When the cumulative number of ball mill revolutions
reached 290,520, 905,040, 1,155,560, 1,810,080, 2,246,400, and
3,181,680, the mixing container was opened, and whether or not

15 ignition had occurred was visually checked. However, no
ignition was found at each point.

[0150]

The powder mixture mixed until the cumulative number of
ball mill revolutions reached 1,810,080 was gsubjected to hot

20 pressing under the conditions of temperature: 1,300°C,
pregsure: 25 MPa, time: 45 min., atmosphere: a vacuum of 5 X
10 Pa or lower to thereby produce a sintered product. In

addition, the powder mixture mixed until the cumulative number

of ball mill revolutions reached 3,181,680 was subjected to
25 hot presging under the conditions of temperature: 1,250°C,
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[0160] For each of the five lines, the total length of line 10 segments intersecting the C phase and the
number of the C phase intersected by the line were determined. Then the average of the lengths of the
segments of the five lines that intersected the C phase was determined (by dividing the total length of
the line segments intersecting the C phase by the 15 number of the C phases intersected by the lines),
and the obtained value was used as the average size of the C phase determined by the intercept
method. The results showed that the average size of the C phase determined by the intercept method
was 0.33 p3020[0 1519 F€bkparativeBRample™e): 45 ATgdwderahiRarBlartcs sintéfedyprdduct were
produced in the same manner as in Example 3 except that the mixing container was filled with argon
(Ar) andedled ahd theFRePE23 PEREEF andise EPpowaerNER: MmiEHIRTHESehkeMiing container,
that the cumulative number of ball mill revolutions was changed, that the number of times and the
timing of introdudfidir &t fresh air by opening the mixing container during mixing were changed, and
that the sintering_ temperature 5 during production of the sintered product was changed to 1,100C. In
Comparative E)%Hﬁ)léiﬁ?ﬁfett%ré’& Moo 6F REPBWRT nfixiiré BRd tRE P Jet Sré@e same as
those in Example 3 and are 60(50Fe-50Pt)-40C. In Examples 1 and 2, the target compositional ratio of
C with rE§pEEt IS the a1 AmbBUATE 4 ale: Wherdd s in-E5nParaiie ExaRpitsL A8 target
compoiié%cgnal ratio,of C is 40 at-96, an th?? content of C is smaller than that in Examples 1 and 2.
[0162] VW& e cdiuatvB Fohie: GF bafl iff révolliffors t5/65EREd 268,590 8681020, 1,006,560,
1,405,080, 1,803,600, 2,202,120, and 2,816,640, the mixing cont inelr was opened, and whether or
not ignit%%nr?afuthCUQ & was i &ﬁlyaéﬁeecﬁgﬁ)f"?}nﬁﬂhyp%%ﬁ of tiffe"WHhen tﬁg%u?ﬁﬁigﬁ?\%: number of

ball : . .
of carbon in each sintered product shown in TABLE 8 wag used

as the amount of carbon used to compute the theoretical
10 density, that is to say, the theoretical density was computed
in consideration of a reduction in the amount of carbon during
mixing and sintering.

[0152]

[TABLE 7]

15

Sintered powder
mixture

Sintering
temperature
(°c)

Dengity
(g/cm’)

Theoretical
density

(g/cm’)

Relative
density
(%)

Powder mixture

when cumulative
number of ball
mill revolutions

was 1,810,080

1,300

11.83

11.83

180.0

Powder mixture

when cumulative
number of bhall
mill revolutionsg

was 3,181,680

1,250

11.44

11.80

96.29

Powder mixture

when cumulative
number of ball
mill revolutions

was 3,181,680

1,300

11.42

12.00

95.2
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mill revolutions was 2,202,120, no ignition was found. However, 20 at the point of time when the
cumulative number of ball mill revolutions was 2,816,640, ignition was found. [0163] To be
precise, the atmosphere in the mixing container during mixing was the sealed gas mixture (Ar-20%02)
atmosphere 25 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 nfggltgg](Ar-ZO%OZ) atmosphere only in the initial stage of mixing (until the cumulative
number of 5 ball mill revolutions reached 209,520). This cumulative number of ball mill revolutions is

only 7.4% of iherifial cumiialye pumbet oo LFILRY LIRS, 1482800040, 584agtihe amount of

oxygen adsorbed on the surface of the C powder in the initial stage of mixing(until the cumulative

number,of 10 bajl.mill revalutions reagned209,520) /s CQQ?@?;%EP be, small, Iheretore, Comparative

Example 1 is thought to be an experimental example in which the FePt powder and the C particles

having g,gedfain amquntar less,ef axygen adsorbed thereaq are mixed, 2,816,640 409,520 =

2,607,120 times in the 15 argon (Ar) atmosphere. [0164] The powder mixture mixed until the
curgulative num%rlgf,ﬁall mill revolutions reached 1,405,080 was subjected to hot pressing under the
conditions of temperature: 1,100C, 20 pressure: 25 MPa, time: 45 min., atmosphere: a vacuum of 5 x

10-2 Pa or lowekig.therehy. produce aeggﬁgdtﬁﬁ%q%t@g ah in Shedensity:pf each of the
y the Arc

produced sintered products was measure imedes method, and the measured value was

25 divided by & theopstical,deasify-todetering the zelative densify. The.sesulis:are shown in TABLE
9 below. In Comparative Example 1, the theoretical density was not computed in consideration of a
reductiogyip fhe amopakekCarbop during siatering, agwas-18 EXAMRIes 1 98yec or

1,300°C were measured using a TC-600 Series Nitrogen/Oxygen

10 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 8 below.

[0155]

15 [TABLE 8]

Oxygen Nitrogen Carbon
{mass%) (mass ppm) {mass¥%)
Sintered product
(Cumulative number of ball
mill revolutions: 181,080, 17 0 5.29
Sintering temperature:
1,300°C)

Sintered product
(Cumulative number of ball
mill revolutions: - - 5 .28
3,181,680, Sintering
temperature: 1,250°C)
Sintered product
(Cumulative number of ball
mill revoluticns: 9 1 4.97
3,181,680, Sintering
temperature: 1,300°C)
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5[0166] [TABLE 9] Sintered powder mixture Sintering temperature (C) Density (g/cms) Theoretical
density (g/cm3) Relative density (%) Powder mixture when cumulative number of ball mill revolutions
as1,80,080

[0156]
Ag shown in TABLE 8, the contents of oxygen and nitrogen

in the sintered products were very small.

[0157]
5 The structure of the obtained sintered product was
cbserved under a scanning electron microscope (SEM). FIGs. 7,

&, and 9 show SEM photographs of the sintered product. FIG. 7
is an SEM photograph at a low magnification {(an image taken at
a magnification of 3,000x) {a bar scale in the photograph

1¢ represents 1 um). FIG. 8 is an SEM photograph at a medium
magnification (an image taken at a magnification of 5,000x) {a
bar scale in the photograph represents 1 pm), and FIG. 9 is an
SEM photograph at a high magnification (an image taken at a
magnification of 10,000x) (a bar scale in the photograph

15 repregentg 1 pm}. In FIGs. 7, 8, and 9, black regions are the
C phase, and white regions are the FePt alloy phase. As can be
seen from FIGs. 7, 8, and 9, fine regions of the C phase are
dispersed in the entire area of the structure.

[0158]

20 Next, the size of the phase in the obtained sintered
product (the cumulative number of ball mill revolutions:
3,181,680, sintering temperature: 1,300°C) was determined by
the intercept method.

[0159]
25 Specifically, a total of five lines were drawn on the SEM
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1,100 8.16 11.47 71.1 [0167] The relative density of the sintered product was low, 10i.e., 71.1%, so
that the sintered product contained a large amount of voids. If the relative density is 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%. 15[0168]
(Example 4) In Examples 1 to 3 and Comparative Example 1, the metal components are Fe and
Pt forming a binary system. Whereas, in Example 4, the metal components are Fe, Pt, and Cu forming
a 20 terﬁg@/‘%ﬁ@ﬁh [GfedRe HRS Bar§&tEamBositiondBf & pb@cler MixtiFE and al@Fget in Example
4 are 66.6(45Fe-45Pt-10Cu)-33.4C. More specifically, the target composition of the metal components
is 45 at¥%"Pea5 BEGh P 0%tV 6 - ARG ihe Barget campBsitional rdfiesofsRe Febica hligy and C
(carbon) are 66.6 at% for the FePtCu alloy and 33.4 at% for C. In Example 4, the content of C is
smaller f4h tR3F P EREAples 53 YRECOMpEFatvR BmpiE™. Risw&aEr 288 dedcribdd 1ater, since
part of C (carbon) is 10 volatilized during production of the powder mixture and duri,r;zgﬁjsintering of the

target, the tBnfhosfiohaf ratios ot thé BEPTEU BNGY ahd s (GtBorfiRdRe oW det Mikkive and target

obtained slightl e_Lviate from the target values. When the content of C (carbon) is represented not by
a&ébuﬁﬁ?&ﬂé% v into thirds, and three vertical lines weré drawn in

a vertical direction such that the image was divided
horizontally into guarters.

[0160]

For each of the five lines, the total length of line

10 segments intersecting the C phase and the number of the C
phase intersected by the line were determined. Then the
average of the lengths of the segments of the five linss that
intersected the C phase was determined (by dividing the total
length of the line segments intersecting the C phase by the

15 number of the C phases intersected by the lines), and the
obtained value was used as the average sgize of the C phase
determined by the intercept method. The results showed that
the average size of the C phase determined by the intercept
method was 0.33 um.

20 {0161]

(Comparative Example 1)

A powder mixture and a sintered product were produced in
the same manner ag in Example 3 except that the mixing
container was filled with argon (Ar) and sealed and the FePt

25 powder and the C powder were mixed in the sealed mixing
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15 the target compositions of the powder mixture and target in Example 4 are (45Fe-45Pt-10Cu)-25
vol% C. [0170] In Example 4, as in Example 3, the mixing container was filled with a gas mixture
(Ar-20%02) and then sealed, and 20 FePtCu powder and the C powder were mixed in the sealed
mixing container. However, the cumulative number of ball mill revolutions was different from that in
Example 3, and the number of times and the timing of introduction of fresh air by opening the mixing
container during mixing were different from 25 those in Example 3. Another difference from Example 3
was thatCte-8intéiing terfperhfiife AeMRd ProdGetiiérthe Sinteret prdddict WY 3 1350e216171] A
powder mixture and a sintered product were produced in 5 the same manner as in Example 3 except
for the abdve AiféteRtes. JoE2- e WHERThe Tuntdi3five ABMbERST bdiliiErevblutions reached
935,280, 1,870,560, 2,805,840, 4,073,760, and 10 5,674,320, the mixing container was opened, and
whether 0t it ftfifiorP Rad bclaf el wisviSualRRGEREd FHEWBYET- 19 iGATbA WisFound at each
point. [0173]. . Powder mixtures mixed until the cumulative number of ball 15 mill revolutions
reached H673.968°3d5,672 32 0HEr%ihie &R 5Pt pFesSing alider tRE chbRlikiBhE bftémperature:
1,350C, pressure: 26.2 MPa, time;_ 45 min., atmosphere: a vacuum of 5 x 10-2 Pa or lower to thereby
proauce‘%ffﬂé?edd Brodtidts: Yofo 74 T ¢ TH'GERSIYy SFEEPATT tHE ProdlicddsintePed products was

measured by the Archimedes method, and the measured value was o
1,100°C. In Comparative Example 1, the target compositions of

the powder mixture and the target are the same as those in
Example 3 and are 60 (50Fe-50Pt)~4CC. In Examples 1 and 2, the
target compositional ratio of C with respect to the total
10 amount is 60 at%. Whereasg, in Comparative Example 1, the
target compositional ratio of C is 4¢ at%, and the content of
C is smaller than that in Examples 1 and 2.
[0162]
When the cumulative number of ball mill revolutions
15 reached 209,520, 68,040, 1,006,560, 1,405,080, 1,803,600,
2,202,120, and 2,816,640, the mixing container was opened, and
whether or not ignition had occurred was visually checked.
Until the poinft of tLime when the cumulative number cf ball
mill revolutions was 2,202,120, no ignition was found. However,
20 at the point of time when the cumulative number of ball mill
revelutions was 2,816,640, ignition was found.
[0163]
To be precise, the atmosphere in the mixing container
during mixing was the sealed gas mixture (Ar-20%0:) atmosphere

25 only in the initial stage of mixing (until the cumulative
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divided by a theoretical density to determine the relative density. The results are shown in TABLE 10
below. The content 25 of carbon in each sintered product shown in TABLE 11 was used as the
amount of carbon used to compute the theoretical density, that is to say, the theoretical density was
computed in consideration of a reduction in the amount of carbon during mixing and sintering. 5[0175]
[TABLE 10] Sintered powder mixture Sintering temperature (C) Density (g/cm3) Theoretical density

(g/cm3) Relatlve densﬂg (%) Powder mixture, when cumulatlve number of ball mill revolutions was
40737§6m er ol 11 mill revolutions reached 209,520) and was a

sealed argon (Ar) atmosphere thereafter. The mixing was
performed in the sealed gas mixture {(Ar-20%0;) atmosphere only
in the initial stage of mixing {until the cumulative number of

5 ball mill revolutions reached 209,520). This cumulative number
of ball mill revolutions is only 7.4% of the final cumulative
number of ball mill revolutions, i.e., 2,816,640, so that the
amount of oxygen adscrbed on the surface of the C powder in
the initial stage of mixing {until the cumulative number of

10 Dball mill revolutions reached 209,520) is considered to be
small. Therefore, Comparative Example 1 1g thought to be an
experimental example in which the FePt powder and the C
particles having a certain amount or less of oxygen adscrbed
thereon are mixed 2,816,640 - 209,520 = 2,607,120 times in the

15 argon {Ar) atmosphere.

[0164]

The powder mixture mixed until the cumulative number of
ball mill revolutions reached 1,405,080 was subjected to hot
pressing under the conditions of temperature: 1,100°C,

20 pressure: 25 MPa, time: 45 min., atmosphere: a vacuum of 5 x
10°% Pa or lower to thereby produce a sintered product.

[0165]

The density of each cof the produced sintered products was
measured by the Archimedes method, and the measured value was

25 divided by a theoretical density to determine the relative
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1,350 10.82 11.75 92.1 Powder mixture when cumulative number of ball mill revolutions as5,674,320
1,350 11.33 11.75 96.4 [0176] The relative densities of the two sintered products were  high, i.e.,
92.1% and 96.4%, so that the amount of voids in 10 each of the obtained sintered products was small.
[0177] The contents of oxygen and nitrogen in each of the sintered products molded by sintering
of the powder mixtures shown in TABLE 11 at a sintering temperature of 1,350C were 15 measured
using a TC-6Q0 Series, Nitrogen/Oxygen Determinator ctured py LECO Corporation, and the
contgnt %?Iclasrjb% 'W:§h rﬁears%srgé%%g%rg C%&Fggﬁ}sﬁﬁu?gﬁg?zér r%%#g?\é'ctug% by HORIBA, Ltd. The

MeasureignLiesults are.s0oWndn TABLE M eoretical density was not

computed in consideration of a reduction in the amount of

carben during sintering, as was in Examples 1 to 3.

5 [016¢6]
[TARLE 9]
Sinterin ) - :
Sintered powder 9 Density Theore?acal Relaplve
mixture temperature (g/cm®) density dengity
(°c) {g/cm®) {%)

Powder mixture
when cumulative
number of ball 1,100 8.1¢6 11.47 71.1
mill revolutions
was 1,810,080

[0167]
The relative dengity of the sintered product was low,

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

15 [0168]

{Example 4)

In Examples 1 to 3 and Comparative Example 1, the metal
components are Fe and Pt forming a binary system. Whereas, in
Example 4, the metal components are Fe, Pt, and Cu forming a

20 ternary system.
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below. [0178] [TABLE 11] Sintered powder mixture Oxygen (mass%) Nitrogen (mass ppm) 1Carbon
(mass%) Powder mixture when cumulative number of ball mill revolutions was 4,073,760 536 4.00
Powder mixture when cumulative number of ball

[016%]

The target compositicns of a powder mixture and a target
in Example 4 are €6.6(45Fe-45Pt-10Cu)-33.4C. More specifically,
the target composition of the metal components is 45 at% Fe-45

5 at% Pt-1C at% Cu, and the target compositional ratics of the
FePtCu alloy and C (carbon) are 66.6 at% for the FePtCu alloy
and 33.4 at% for C. 1In Example 4, the content of C ig smaller
than that in Examples 1 to 3 and Comparative Example 1.
However, as described later, gince part of C (carbon) is

10 volatilized during production of the powder mixture and during
gintering of the target, the compositional ratios of the
FePtCu alloy and C {(carbon) in the powder mixture and target
obtained slightly deviate from the target values. When the
content of C (carbon) is represented not by at% but by vols,

15 the target compositions of the powder mixture and target in
Example 4 are (45Fe-45Pt-10Cu)~-25 vol% C.

[0170]

In Example 4, as in Example 3, the mixing container was
filled with a gas mixture (Ar-20%0,;) and then sealed, and

20 FePtCu powder and the C powder were mixed in the sealed mixing
container. However, the cumulative number of ball mill
revolutions was different from that in Exampie 2, and the
number of times and the timing of introduction of fresh air by
opening the mixing container during mixing were different from

25 those in Example 3. Another difference from Example 3 was that
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mill revolutions was 5,674,320 293 3.83 5[0179] As shown in TABLE 11, the contents of oxygen
in the sintered products were very small. [0180] The structure of the obtained sintered product was 10
observed under a scanning electron microscope (SEM). FIGs. 10, 11, and 12 show SEM photographs
of the sintered product. FIG. 10 is an SEM photograph at a low magnification (an image taken at a
magnification of 3,000x) (a bar scale in the photograph represents 1 pm). FIG. 11 is an SEM
photogr%%ré at itnr@%drijgqu 1 ma nj[ﬂf(iiqcation %n ig}g e take lata @nag?rl%ficca},tlion ojf I?t%gpxa (a bar scale in
the photogra& represents 1 pm), and FIG. 17 is &in 8E photograph at a%ig% magnﬁcation (an
image taken.at a magnification of 10,000x) (a bar scale in the photograph represents 1 ilm). In FIGs.
10, 11, gg&’%&?ﬁla‘gﬁgsr"eggi()ég %ré‘jZO the C phase, and white regions are the FePt alloy phase. As can
be seen from F'%?l :}9] 11, and 12, fine regions of the C phase are dispersed in the entire area of the
structure. [0181]

A powder mixture and a sintered product were produced in
5 the game manner as in Example 3 except for the above
differences.

[0172]

When the cumulative number of ball mill revolutions
reached 935,280, 1,870,560, 2,805,840, 4,073,760, and

10 5,674,320, the mixing container was opened, and whether oxr not
ignition had occurred was visually checked. However, no
ignition was found at each point.

[0173]

Powder mixtures mixed until the cumulative number of ball

15 mill revolutions reached 4,072,760 and 5,674,320 were
subjected to hot pressing under the conditions of temperature:
1,350°C, pressure: 26.2 MPa, time: 45 min., atmosphere: a
vacuum of 5 x 107 Pa or lower to thereby produce sintered
preducts.

20 10174}

The density of each of the produced sintered preducts was
measured by the Archimedes method, and the measured value was
divided by a theoretical density toc determine the relative
density. The regults are shown in TABLE 10 below. The content

25 of carbon in each sintered product shown in TABLE 11 was used
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Next, the size of the phase in the obtained sintered 5 product (the cumulative number of ball mill
revolutions: 5,674,320, sintering temperature: 1,350C) was determined by the intercept method. [0182]
Specifically, a total of five lines were drawn on the SEM 10 photograph of the cross section of the
target in FIG. 12 (an image taken at a magnification of 10,000x). More specifically, two horizontal lines
were drawn on the SEM photograph of FIG. 12 in a left-right direction such that the image was divided
vertically into thirds, and three vertical lines were drawn in 15 a vertical direction such that the image
was divid&d HofizBRE nt8 QuarEhre Tot8SIF e &LHBIThE five insSSRE %5t fehgth of line
segments intersecting the C phase and the humber of the C 20 phase intersected by the line were
determifE ek thE R erage GRHEAdNgMHEHF thE SRGMLNEs of B T EHinee In&ETHEEHSEted the C
phase was determined (by dividing the total length of the line segments intersecting gwe C phase by

S

the numbBr PR EpHaseS Tht&rsedted ﬁwtel%ﬁbsflar%lﬁw BBtaited VAR WasUsed'ds the

average size of thaan phase determined by the intercept method. The results showed that the
h

averagen%]rfelggt p%lalgiéedlé{’é}%ﬁ'ined by the intercept method was 0.25 pm. [0184] 5(Discussion)
Thegprlnupal ex%rirpg?tal data in Examples 1 to 4 and
[TABLE 10]
Sint 4 powder Sintering Dencit Theoretical | Relative
1nb§f§tu§2 ¥ | temperature (e/iméf density density
(°C) J (g/cn’) (%)

Powder mixture
when cumulative
number of ball 1,380 10.82 11.75 g2.1
mill revolutions
was 4,073,760
Powder mixture
when cumulative
number of ball 1,350 11.33 11.75 96.4
mill revolutions
was 5,674,320

{0176]

The relative densitieg of the two gintered precducts were
high, i.e., 92.1% and 96.4%, =o that the amount of wvoids in

10 each of the obtained sintered products was small.

[0177]

The contentg of oxygen and nitrogen in each of the
gsintered products molded by sintering of the powder mixtures
shown in TABLE 11 at a sintering temperature of 1,350°C were

15 measured using a TC-600 Series Nitrogen/Oxyuen Determinator
manufactured by LECO Corporation, and the content of carbon
was measured using a Carbon/Sulfur Analyzer manufactured by

HORIBA, Ltd. The measurement resultg are shown in TABLE 11
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Comparative Example 1 is summarized in TABLE 12 below. [0185] [TABLE 12] Type of alloy Target C
content (at%) Atmosphere during mixing Cumulative number of ball mill revolutions (Number) Sintering
temperature (‘'c) Relative density (1)

below.
fc178]

[TARLE 11]

Oxvygen Nitrogen Carbon

Sintered powder mixture . O
(mass%) {mass ppm) (mass%)

Powder mixture when
cumulative number of ball
mill revolutions was
4,073,760
Powder mixture when
cumulative number of ball
mill revolutions wasg
5,674,320

536 - 4.00

293 - 3.83

5 f0179]
As shown in TABLE 11, the contents of oxygen in the
sintered precducts were very small.
i0180]
The structure of the obtained sintered product wasg
10 observed under a scanning electron microscope (SEM}. FIGs. 10,
11, and 12 show SEM photographs of the sintered preoduct. FIG.
10 1s an SEM photograph at a low magnification (an image taken
at a magnification of 3,000x} (a bar scale in the photograph
represents 1 pum). FIG. 11 is an SEM photograph at a medium
15 magnification (an image taken at a magnification of 5,000x) (a
bar scale in the photograph represents 1 pm), and FIG. 12 is an
SEM photograph at a high magnification {(an image taken at a
magnification of 10,000x) (a bar scale in the photograph
represents 1 pm). In FIGs. 10, 11, and 12, black regions are
20 the C phase, and white regions are the FePt alloy phase. As
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(gm) Ignition Average size of C phase Example 1 FePt 60 Circulating air 4,136,400 1,460 96.4 NO
0.52 Example 2 FePt 60 Sealed air

10

i5

20

25

can be geen from FIGs. 10, 11, and 12, fine regions of the C
prhase are dispersed in the entire area of the structure.

[0181]

Next, the gsize of the phase in the obtained sintered
product (the cumulative number of ball mill revolutions:
5,674,320, gintering temperature: 1,350°C) was determined hy
the intercept method.

[0182]

Specifically, a teotal of five lines were drawn on the SEM
photograph of the cross section of the target in FIG. 12 {an
image taken at a magnification of 10,000x). More specifically,
two horizontal lines were drawn on the SEM photograph of FIG.
12 in a left-right direction such that the image was divided
vertically into thirds, and three vertical lines were drawn in
a vertical direction such that the image was divided
horizontally into guarters.

[0183]

For each of the five lines, the total length of line
gsegments Intersecting the C phase and the number of the C
phase intersected by the line were determined. Then the
average of the lengths of the segments of the five lines that
intersected the ¢ phase was determined (by dividing the total
length of the line segments intersecting the C phase by the
number of the C phases intersected by the lines), and the

obtained value was used as the average gize of the ¢ phase
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2,805,840 1,380 93.4 NO

determined by the intercept method.

The resgults showed that

the average size of the C phase determined by the intercept

method was 0.25 um.

[0184

]

5 {Discussion)

Comparative Example 1 i1s summarized in TABLE 12 below.

The principal experimental data in Examples 1 to 4 and

4,073,760 1,340 92.0 NO 0.50 Example 3 FePt 40 Ar+02 1,810,080

[0185]
[TABLE 12]
Cumulative Average
Target C rtmosphere number of Sintering Relative [erad
Type of n i 111 temperature d it niti slze of
lloy content dl.lr_ng ball ms._ sl c ensivy Ignition ¢ phase
2 {at%) mixineg revolutions (°c) (%)
(Number) )
Example 1 FePt 60 Cirenlasing | 4,136,400 1,460 96 .4 NO 0.52
2,805,840 ’ . -
Example 2 FebPi 60 Sealed aivr 1,280 53.4 NO
4,073,760 1,340 892.0 NO 0.50
1,810,080 1,300 100 NO -
Example 3 Febt 40 Ar+0, 3,181,680 1,250 %6.9 NGO -
3,181,680 1,300 95.2 NO 0.33
ati 1,405,080 . . N
Comparative FeDr 40 ar 1,100 71,1 NO
example 1 2,816,640 - - YES -
Example 4 FePt(u 313 .4 Ar+Q, 5,674,320 1,350 86 .4 NO 0.25
10
[0186]
In Examples 1 tc 3, the entire process for mixing the

FePt powder and the C powder was performed in an atmosphere

containing oxygen. In Example 4, the entire process for mixing

15 the FePtCu powder and the C powder was performed in an

atmosphere containing oxygen. In Example 1, no ignition was

found even after the cumulative number of ball mill

revolutions reached 4,136,400. In Example 2, no ignition was

found even after the cumulative number of ball mill
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1,300 100 NO 3,181,680 1,250 96.9 NO 3,181,680 1,300

10

15

20

25

revolutions reached 4,073,760. In Example 3, no ignition was
found even after the cumulative number of ball mill
revolutions reached 3,181,680. In Example 4, no ignition was
found even after the cumulative number of ball mill
revolutions reached 5,574,320,

10187]

Whereas, in Comparative Example 1 in which the FePt
powder and the C powder were mixed in an argon atmosphere
containing no oxygen during a period from when the cumulative
number of ball miil revolutions was 209,521 to when it reached
2,816,640, ignition was found when the mixing container wasg
opened at the point of time when the cumulative number of ball
mill revolutions was 2,816,640.

[0188]

In Examples 1 to 4, the sintered products were produced
using powder mixtures mixed until the cumulative number of
ball mill reveolutions exceeded 2,800,000, and the relative
dengity of each of the prcduced sintered products was 92% or
higher. Whereas, in Comparative IExample 1, the sintered
product was produced using the powder mixture mixed until the
cumulative number of ball mill revolutions reached 1,405,080,
and the relative density of the produced sintered product was
small, i.e., 71.1%. One reason for this may be the influence
of low sintering temperature, 1,100°C, in Comparative Example

Another reason may be that, since the cumulative number of
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95.2 NO 0.33 Comparative example 1 FePt 40 Ar 1,405,080 1,100 71.1 NO 2,816,640

10

15

20

25

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, so that veids in the
sintered product became large and the relative density of the
gintered product became small.

[0189]

In Examples 1, 2, 3, and 4, the sizes of the C phase in
the obtained targets were measured by the intercept method.
The sizes of the C phase were smaller than 0.6 um, i.e., 0.52

pm, 0.50 pum, 0.33 pum, and 0.25 pm, respectively, and were found

to be sufficiently reduced.

[c190]

The size of the C phase in the obtained target was 0.52
pm and 0.50 pum in Examples 1 and 2 in which the content of C in
the target was 60 at%, 0.33 um in Example 3 in which the

content of C in the target was 40 at%, and 0.25 pum in Example 4

in which the content of C in the target was 33.4 at%. The size
of the C phase decreases as the content of C decreases. This
may be because, when the content of C ig large, regions of the
C phase are easlly connected, so that the size of the C phase

is less likely to decrease.

INDUSTRIAL APPLICABILITY
[0191]
The target according to the present invention can be
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YES - Example 4 FePtCu 33.4 Ar+02 5,674,320 1,350 96.4 NO 0.25 10 [0186] In Examples 1 to
3, the entire process for mixing the FePt powder and the C powder was performed in an atmosphere
containing oxygen. In Example 4, the entire process for mixing 15 the FePtCu powder and the C
powder was performed in an atmosphere containing oxygen. In Example 1, no ignition was found even
after the cumulative number of ball mill revolutions reached 4,136,400. In Example 2, no ignition was
found even after the cumulative number of ball mill revolutions reached 4,073,760, In Example 3, no
onition WS KA et fier 16 ClARE RCHET of B THFASIHS Ehcheli 2181 680, I

Example 4, no icgcnjtion was found even ager the cumﬁlative number of ball mill
production process according to the present invention can be

preferably used as a process for producing an FePt-C-based

sputtering target.
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5 revolutions reached 5,674,320. [0187] Whereas, in Comparative Example 1 in which the FePt
powder and the C powder were mixed in an argon atmosphere containing no oxygen during a period
from when the cumulative 10 number of ball mill revolutions was 209,521 to when it reached
2,816,640, ignition was found when the mixing container was opened at the point of time when the
cumulative number of ball mill revolutions was 2,816,640. [0188] 15In Examples 1 to 4, the sintered
products were produced using powder mixtures mixed until the cumulative number of ball mill
revolutions exceeded 2,800,000, and the relati%%éﬂgity of each of the produced sintered products
was 92% or higher. Whereas, in Comparative Example 1, the sintered 20 product was produced using
the powder mixtdre mix&d Gftl thE chrtfdtivERitinmber GFodiPhAisevEIaTioAs Fedthed®r, 465,080, and
the relative density of the produced sintered product was small, i.e., 71.1%. One reason for this may
be the ifffi@nte of low sintering temperature, 1,100C, in Comparative Example 1. 25 Another reason
may be that, since the cumulative number of ball mill revolutions was small, the particle diameter of
the C powder in ‘fﬁjg hEwdek HiixtFeE iséd 15 Brstude the Sl disrbaatt WaS ndt sufficiently reduced,

so that voids in_the sinterecll% duct became Iarz%g nadﬁle relalft;ve density of the 5 sintered product
, 1 ' t

became Sl TOT80] 1R EXARTBledt, 553 5antia Sfhesized ofthaTE phiaSe th theFoltaied targets were

measureciC):tr)l)é the inlzlercg t @et}é%quhei%zes{:gf t:ILﬂeeSCE?rhgse were ﬁnallgr than O.6dpmt}.le., 0.5210
pm, 0.50 pm,?féélpﬁn Ana'072 pm,erespgéflveﬁ/, andWeére tound to Be s:lu?f%?ernsfﬁl reduced.

FePt-based alloy phase containing Pt in an amount of 40 at% or
more and &0 at% or less with the balance being Fe and
unavoidable impurities, and

10 wherein C is contained in an amount of 21 at% or more and

70 at% or less based on the total amount of the target.

2. An FePt-C-based sputtering target containing Fe, Pt,
and C and further containing one or more kinds of metal
15 elements other than Fe and PL,
wherein the FePt-C-based sputtering target has a
structure in which an FePt-based alloy phase and a C phase
containing unavoidable impurities are mutually dispersed, the
FePt-based alloy phase containing Pt in an amount of 40 at% or
20 more and less than 60 at% and the one or more kindg 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 the total amount of Pt and the one or more
kinds of metal elements being 60 at% or less, and

25 wherein C is contained in an amount of 21 athq% or more and
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[0190] The size of the C phase in the obtained target was 0.52 pm and 0.50 pm in Examples 1
and 2 in which the content of C in 15 the target was 60 at%, 0.33 pm in Example 3 in which the
content of C in the target was 40 at%, and 0.25 pm in Example 4 in which the content of C in the target
was 33.4 at%. The size of the C phase decreases as the content of C decreases. This may be
because, when the content of C is large, regions of the 20 C phase are easily connected, so that the

size of tg% C i;lasoerls]!%ss5 |Il§3€|)§ é%dggret%sg. %NOI%%??,TEI?T%éICI&PPOI_],JEg BILITY [0191] 25The target

according to the presen SRvérition can be preferably used asan -%-l%gsr E’puttering target. The

production process according to the present invention can be preferably used as a process for
producing an FePt-C-based sputtering target. CLAIMS 1. An FePt-C-based sputtering target

containing Fe, P, and C whereip.the FePt-Crbased ggutt%rlngctar%%tth%s,c% 3,structure in which an

. TO,.
FePt-based alloy phase and a C phase contamu?g Unavoidable Tmpurities are mupt%lly%lspersed, the
FePt-baggQﬁHO)é phase containing Pt in an amount of 40 at% or more and 60 at% or less with the
balance being Fe ‘and unavoidable impurities, and 10wherein C is contained in an amount of 21 at% or

mote and 70 at¥pljesbased anthe lolglamountafdng farget .y o1 dndtiiellieiased sputtering

target containing Fe, Pt, and C and further containing one or more metal 15 elements other

than Fe and Ptzwherein fe EeRt-Grhased spujiering fargethas.g styygture,in wiich an,FeBlbased

alloy phase and a C phase containing unavoidable impurities are mutually dispersed, the FePt-based
alloy ph@§q cgr;tag]{rag Ptin an amount of 40 at% or

4. The FePt~C-based sputtering target according to
10 claim 2,
wherein the one or more kinds of metal elements obther

than Fe and Pt include Cu.

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

than Fe and Pt are only Cu.

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

wherein the C phase has an average phase size of 0.6 um

or less ag determined by an intercept method.

7. The FePt-C-based sputtering target according to any
25 one of claims 1 to §,
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20 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 the total amount of Pt and the one or more kinds of metal elements being 60 at% or less, and
25wherein C is contained in an amount of 21 at% or more and 70 at% or less based on the total
amount of the target. 3. The FePt-C-based sputtering target according to claim 2, 5wherein the
one or more kinds of metal elements other than Fe and Pt are one or more kinds of Cu, Ag, Mn, Ni,

Co, Pd, Cr, V, atiiiB-e1n thy FRBIEpretRetputtthing tarbet 46dorbity B HFdidint %°

wherein the one or more kinds of metal elements other than Fe and Pt include Cu. 5. The
FePt-C-B5560 sPuttdring’tar g8t det8hfifg to 15 claim 2, wherein the one or more kinds of metal
elements other than Fe and Pt are only Cu. 6. The FePt-C-based sputtering target according
to any 20 one of claims 1 to 5, wherein the C phase has an average phase size of 0.6 !Am or less

as determined by an interﬁept method. 7. T@g FePt-C-based sputterin%;jﬁ{a%et according to any
25 one of claims™1 to 6, The' FRéfeit ﬂ%aﬁsgt-&%se%rﬁﬁteﬁ%qg}:ge?%%?5 iv‘éodear{&y of 90%

or higher. 8. The FePt-C-bgsed sputtering target according to any 5 one of claims 1 to 7,
whésreinodf}(?/gglg isf%@ﬁt%ﬁle%l ifin’dmount of 100 mass ppm or less based on the total amount of the

target. 9, The FePt:Cibased sputtering farget gcoording fo any 1 opg g loims 10 8

or less based on the total amount of the target.

9. The FePt-C-based sputtering target according to any
1¢ one of claims 1 to 8,
wherein nitrogen is contained in an amcunt of 30 mass ppm

cr legs based on the total amount of the target.

10. The FePt-C-based sputtering target according to any
15 one of claims 1 to 9,
wherein the FePt-C-based sputtering target is used for a

magnetic recording medium.

11. A process for producing an FePt-C-based sputtering
20 target, comprising:
adding C powder containing unavoidable impurities to
FePt-baged alloy powder containing Pt in an amcunt cf 40 at%
or more and 60 at% or less with the bkalance being Fe and
unavoidable impurities;
25 mixing the C powder and the FePt-based alloy powder in an
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wherein nitrogen is contained in an amount of 30 mass ppm or less based on the total amount of the
target. 10. The FePt-C-based sputtering target according to any 15 one of claims 1 to 9,
wherein the FePt-C-based sputtering target is used for a magnetic recording medium. 11. A
process for producing an FePt-C-based sputtering 20 target, comprising: adding C powder
containing unavoidable impurities to FePt-based alloy powder containing Pt in an amount of 40 at% or
more and 60 at% or less with the balance bein%Fe and unavoidable impurities; 25mixing the C

powder Anl3RE EEPT-baRBE HHBy POWHSY 7 8n CARISPHErE cBnBMHG bxge W Frodited a powder

mixture; and then molding the produced powder mixture while the powder mixture is heated under
pressur&h§rl 12. A process for producing an FePt-C-based sputtering target, comprising: adding C

powder containing u avoidalale impurities to FePt-based alloy powder containing Pt in an amount of 40
D196 10 or more ARG han o ¢ AR AR RSP Py S RIKIS O AL BeHeP S BH Than Fo and Pt in
an amount of more thaﬂ 0 ato/%and 0 at% or less with the balance being Fe and unavoidable

impuritié%lgllf&lﬁﬁthjtﬁe Stk SholHE 6T PPARE 18 Sne or more kinds of metal elements being 60 at% or

less; 15mixing the C powder and the FePt-based alloy powder in an atmosphere containing oxygen to
produce a powder mixture; and then molding the produced powder mixture while the powder

mixture is heateg2u.nder}gr%srsc%%szso for producing an FePt-C-based sputtering

target, comprising:
adding C powder containing unavoidable impurities to
FePt-based alloy powder containing Pt in an amount of 40 at%

10 or more and less than 60 at% and one or more kinds of metal
elements other than Fe and Pt in an amount of more than 0 at¥
and 20 at% or lesgs with the balance being Fe and unavoidable
impurities and with the tetal amount of Pt and the one or more
kinds of metal elements being 60 at% or less;

15 mixing the ¢ powder and the FePt-based alloy powder in an
atmosphere containing oxygen to produce a powder mixture; and
then

molding the produced powder mixture while the powder
mixture is heated under pressure.

20

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

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

25 Cr, V, and B.
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13. The process for producing an FePt-C-based sputtering target according to claim 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, Pd, 25 Cr, V, and B. 14. The process for producing an FePt-C-based sputtering target
according to claim 12, wherein the one or more kinds of metal elements other 5 than Fe and Pt
include Cu. 15. The process for producing an FePt-C-based sputtering target according to claim
12, wherein the one or more kinds of metal elements other 10 than Fe and Pt are only Cu.

16. The process for producing an FePt-C-based sputtering target according to any one of claims 11 to
15, wherein the C powder is added such that C is contained in 15 an amount of 21 at% or more and 70
at% or less based on thé t5taPAMGGRtorTAE PO ThkEurd™ ¥ 57, THa515less for producing an

FePt-C-based s?cutter:]r‘%_g target accordi%‘ghto ané one of claims 11 to 16, 20wherein oxygen is supplied
to the atfifosphete ftdnt8atéile 6f1HE Stmdgph&re™ -2 "

re: 18>The process for producing an

FePt-C-based spyterng targe! agcerding fo deip 47, 25uherei the Qyygen is suphlied by supiing

5 than Fe and Pt include Cu.

15. The process for producing an FePt-C-baged
gputtering target according to claim 12,
wherein the one or more kinds of metal elements other

10 than Fe and Pt are only Cu.

16. The procegg for producing an FePt-C-based
sputtering target according to any one of claims 11 to 15,
wherein the C powder 1g added such that C is contained in
15 an amount of 21 at% or more and 70 at% or lessg based on the

total amount of the powder mixture.

17. The process for producing an FePt-C-based
gputtering target according to any one of claims 11 to 16,
20 wherein oxygen is supplied to the atmosphere from outside

of the atmosphere.

18. The process for producing an FePt-C-based
gputtering target according to claim 17,
25 wherein the oxygen is supplied by supplying air.
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19. The process for producing an FePt-C-based sputtering target according to any one of claims 11 to
18, wherein the atmosphere is air. 20. The process for producing an FePt-C-based
sputtering target according to any one of claims 11 to 17, wherein the atmosphere is composed
substantially of an inert gas and oxygen. 21. The process for producing an FePt-C-based sputtering
target according to any one of claims 11 to 20, wherein a concentration of oxygen in the atmosphere is
10 vol% or higher and 30 vol% or lower. 22. The process for producing an FePt-C-based
sputtering target according to any one of claims 11 to 21, wherein the atmosphere is released to
air during the mixing. 20 23. The process for producing an_FePt-C-based sputtering target
according to any 8ne of%ﬁaﬁn@lﬁcﬁ%,for \ﬁﬁgﬁgi]r?ér@ phBsé fi the oBtaifed FePt-C-based
sputterin%tar et has an average phase size of 0.6 Em or less Sﬁﬁ determined by an intercept

method.® utgfif.l“}gﬁe bFIcESs X Totieing arPFeBY.CohSsedt sputferiig thryet Ackdrding to any one

of claims 11 to 2?1,1 wherein an atmoscphe][le when the powder mixture is molded 5 while heated under
. whnerelll the th %%]er 18 alir .
pressure is a vacuum or an’'inert gas atmosphere. 25. The process for producing an

FePt-C-based sputtering target according to any one of claims 11 to 24, 10wherein oxygen in the
obtained FePt-C-based sputtering

20. The process for producing an FePt-{C-based
sputtering target according to any one of claimg 11 to 17,
wherein the atmosphere is composed substantially of an
inert gag and oxvygen.
10
21. The process for producing an FePt-C-based
gputtering target according to any one of ¢laims 11 to 20,
wherein a concentration of oxygen in the atmosphere is 10
vol% or higher and 30 vel% or lower.
15
22, The procegs for producing an FePt-C-based
sputtering target according to any one of claims 11 to 21,
wherein the atmosphere is released to air during the
mixing.
20
23. The process for producing an FePt-C-baged
sputtering target according to any one of claims 11 to 22,
wherein a C phage in the cbtained FePt-C-baged sputtering
target has an average phase size of 0.6 um or less as

25 determined by an intercept method.
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target is contained in an amount of 100 mass ppm or less. 26. The process for producing an
FePt-C-based sputtering target according to any one of claims 11 to 25, 15wherein nitrogen in the
obtained FePt-C-based sputtering target is contained in an amount of 30 mass ppm or less. 27.
The process for producing an FePt-C-based sputtering target according to any one of claims 11 to 26,
20wherein the FePt-based alloy powder is produced by an atomizing method. 28. The process for
producing an FePt-C-based sputtering target according to claim 27, 25wherein the atomizing method
is performed using argon gas 80 or nitrogen gas. 29. The process for producing an
FePt-C-based sgutteringﬁtarget according to any one of claims 11 to 28, Swherein the obtained

FePt-C-based spittering (4 gBEiRURRT fOPA RAGTET Te8offing M P25€%0. An FePt-C-based

sputterins%tar%et Ip,roduced by the process for @roducing according to ang one of claims 11 to 29.
uttering targét according to any one of ¢laimg 11 to 23,

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

atmosphere.

25. The process for producing an FePt-C-based
sputtering target according to any one of claims 11 to 24,
i0 wherein oxygen in the obtained FePt-C-based sputtering

target is contained in an amount of 100 mass ppm or less.

26. The process for producing an FePt-C-based
sputtering target according to any one of c¢laims 11 to 25,
15 wherein nitrogen in the obtained FePt-C-based sputtering

target is contained in an amcunt of 3C mass ppm or less.

27. The process for producing an FePt-C-based
sputtering target according to any one of claims 11 to 26,
20 wherein the FePt-based alloy powder is produced by an

atomizing method.

28. The process for producing an FePt-C-based
sputtering target according to c¢laim 27,

25 wherein the atomizing method is performed using argon gas
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or nitrogen gas.

29. The process for producing an FePL-C-based
sputtering target according to any one of claims 11 to 28,
wherein the obtalned FePt-C-based sputtering target is

used for a magnetic recording medium.

30. An FePt-C-based sputtering target produced by the

process for producing according to any one of claims 11 to 29.
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