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DESCRIPTION

TITLE OF INVENTION

FePt-C-BASED SPUTTERING TARGET

TECHNICAL FIELD

[0001]

The presentinvention relates to a FePt-C-based sp

target. Hereinafter, the FePt-C-based sputtering t

referred to simply as a "sputtering target” or a "t

BACKGROUND ART
[0002]

AnFePialloycanbeprovidedwiththefc{ Ordere
Tetragonal) structure which has high crystal magnet
by heat-treatingatan elevatedtemperature (forex
or higher), and therefore an FePt alloy has been hi
a magnetic recording medium. To make FePt particle
more uniform in the thin film of the FePt alloy, it
that a predetermined quantity of carbon (C) be incl
thin film of the FePt alloy (for example, Patent Li
[0003]

However theformationmethodoftheFePtCthinfi

inthe Patent Literature 1, is the method of vapor-

uttering
arget may be

arget".
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Pt, and C simultaneously on an MgO (100) substrate
Fetargetofa2-inchdiameter, Ctargetofa2-inc

the Pttarget of 5 mm in height and width. In this
difficult to obtain the film whose composition is ¢
strictly. Additionally,threetargetsarerequired

needs acathode, apower supply, etc,and sothe co
becomes high while the preparatory work of sputteri
and effort.

[0004]

In contrast, Patent Literature 2 discloses an spu

targetforformingamagneticrecording mediumfilm

be used to form an FePt-C thin film without using a

targets and also discloses a method for manufacturi

FePt-C-based sputteringtarget. PatentLiterature
FePt-C-based sputtering target that alone can be us
FePtC-based thin film containing alarge amount of
using a plurality of targets and also discloses a m
manufacturingthesputteringtarget. Somesputteri
beenproposed,eachofwhichalonecanbeusedtof
thinfilmthatisreceivingattentionasanovelma
medium.
[0005]

However,itisgenerallyrequiredforasputtering
causeareducedamountofparticlesduringsputteri

required for a sputtering target that alone may be

by using the
hdiameter, and
method, itis
ontrolled
andeachtarget
stofequipment

ng takes time

ttering
thatalonecan
plurality of
ng the
3disclosesan
ed to form an
carbon without
ethod for
ngtargetshave
ormanFePtC-based

gneticrecording

targetto
ng. Thisisalso

used to form
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an FePtC-based thin film.
[0006]

As an FePt-C-based sputtering target with a reduce
of particles generated during sputtering, there has
in Patent Literature 4 an FePt-C-based sputtering t
astructureinwhichCprimaryparticlesinthetar

S0 as not to be in contact with each other.

CITATION LIST

Patent Literature

[0007]

Patent Literature 1: Japanese Patent No. 3950838
Patent Literature 2: Japanese Patent Application La
Publication No. 2012-102387

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

Patent Literature 4: PCT International Publication

2014/132746

SUMMARY OF INVENTION
Technical Problem
[0008]
IntheFePt-C-basedsputteringtarget,however th
generated during sputtering are demanded to be clos

muchaspossible. Thus,thereisstillademandth

d amount
been proposed
arget having

getaredispersed

id-Open

id-Open
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eparticles
e to zero as

atthegeneration
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of particles is further suppressed.
[0009]

The presentinventionhasbeenmadeinview ofthe
circumstances, and it is an object to provide an Fe
sputteringtargethatalonecanbeusedioforma
anFePt-basedalloyandcarbon,thethinfilmbeing
used as a magnetic recording medium, without using
targets, and that causes a reduced amount of partic

sputtering.

Solution to Problem
[0010]

Asaresultofintensiveresearchtoachievethea
object, the present inventors found out that the af
object is achievable by the following FePt-C-based
targets, and the presentinventors created the pres
[0011]

Namely, afirstaspect of an FePt-C-based sputterin
according to the present invention is an FePt-C-bas
targetcontainingFe,Pt,andC,whereintheFePt-C
target has a structure in which a C phase substanti
is dispersed in an FePt-based alloy phase containin
moreand60mol%orlessof Ptwiththe balance sub
Fe,andwhenineach of 10imagestaken at 10 locat

section of the FePt-C-based sputtering target in a

foregoing

Pt-C-based

thinfilmcontaining

capableofbeing
aplurality of

les during

forementioned
orementioned
sputtering

entinvention.

gtarget
ed sputtering
-basedsputtering
ally being C
g 33 mol% or
stantiallybeing
ionsinacross

thickness
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direction thereof with a field of view having a siz

97 umtakenwith1l,000xmagnification,anaveragevalue
offiveinscribedcirclesfromalargestdiametert

diameter ofinscribed circles ofthe C phaseisreg

index a of the C phase, and a value L/R foreach C
largest diameter to the fifth largest diameter of t
circlesis determined by dividingamaximumlength

line among straight lines connecting a center of ea
inscribed circles of the C phase from the largest d

fifth largest diameter to an interface of the C pha

R of the inscribed circle associated with the maxim
and an average value of the resulting five values L

as a nonspherical index b of the C phase, an averag
sizeindicesaofthe Cphaseobtainedfortheresp

is4.0 pmormore and9.0
nonsphericalindicesboftheCphasedeterminedfo

10 images is 3.0 or more.

[0012]

The"balancesubstantiallybeingFe”usedhereini
only a case where the balanceisonly Fe butalsoa
balanceincludesunavoidableimpuritiesinaddition
phasesubstantiallybeingC”usedhereinincludesn
being only C but also a C phase having unavoidable
addition to C.

[0013]

eof121  pm %

ofdiameters
oafifthlargest
ardedasasize
phase from the
he inscribed
L ofastraight
ch ofthe five
iameter to the
se by aradius
um length L,
/Risregarded
e value of the

ectivel0images

pm or less, and an average value of the

rtherespective

ncludesnot
case wherethe
toFe. The“C
otonlyaCphase

impurities in
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The “sizeindexaofaC phase”and “nonspherical
aCphase”usedhereinarecalculatedinaccordance
(1) to (6) described later (Example 1).

[0014]

The “10 images taken at 10 locations” used herein
binarized images obtained by the procedure (2) desc
(Example 1).

[0015]

Inthepresentapplication,theterm“FePt-baseda
an alloy containing Fe and Pt as main components an
to encompass notonly a binary alloy containing onl
alsoternaryandhigheralloyscontainingFeandPt
and anadditional metal element(s) otherthan Fe an
“FePt-C-based sputtering target” means a sputtering
containing Fe, Pt, and C as main components and is
encompass asputtering target further containing an
thanthemaincomponentsFe,Pt,andC. Theterm*
film”meansathinfilmcontainingFe, Pt,andCas
andisintendedtoencompassathinfilmfurtherco
otherthanthemaincomponentsFe,Pt,andC. The
layer” means a layer containing Fe, Pt, and C as ma
andisintendedtoencompassalayerfurthercontai
other than the main components Fe, Pt, and C.

[0016]

AsecondaspecibfanFePt-C-basedsputteringarg

index b of

withprocedures

means 10

ribed later

lloy"means
disintended
y Feand Ptbut
asmaincomponents
dPt. Theterm
target
intended to
elementother
FePtC-basedthin
maincomponents
ntaininganelement
term“FePtC-based
in components

ninganelement

etcontaining
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Fe, Pt, and C and further containing at least one e
than Fe and Pt, wherein the FePt-C-based sputtering
structure in which a C phase substantially being C

in an FePt-based alloy phase containing 33 mol% or
than 60 mol% of Pt and more than 0 mol% and 20 mol%
at least one element other than Fe and Pt with the
Fe and unavoidable impurities and with the total am
the at least one element being 60 mol% or less, and
of 10 images taken at 10 locations in a cross secti
FePt-C-based sputtering target in a thickness direc
withafieldofviewhavingasizeof121

magnification, an average value of diameters of fiv
circles from a largest diameter to a fifth largest
inscribed circles of the C phase isregarded as as
theCphase,andavaluel/RforeachCphasefrom
tothefifthlargestdiameteroftheinscribedcirc

by dividing a maximum length L of a straight line a
lines connecting a center of each of the five inscr
oftheCphasefromthelargestdiametertothefif
toaninterfaceofthe CphasebyaradiusRofthe
associated with the maximum length L, and an averag
resulting five values L/R is regarded as a nonspher
of the C phase, an average value of the size indice
phase obtained for the respective 10 imagesis 4.0

9.0 umorless, and an average value of the nonspherical

lement other
target has a
is dispersed
more and less
orless ofthe
balance being
ountof Ptand
when in each
on of the

tion thereof

MM x97 umtakenwith1,000x

e inscribed
diameter of
ize index a of
thelargestdiameter
lesisdetermined
mong straight
ibed circles
thlargestdiameter
inscribedcircle
e value of the
ical index b
saoftheC
pUm or more and

indices
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b of the C phase determined for the respective 10 i
or more.
[0017]

In the second aspect of an FePt-C-based sputtering
accordingtothepresentinvention,theoneormore
other than Fe and Pt may be one or more kinds of Cu
Mn, Ni, Co, Pd, Cr, V, and B.
[0018]

InthefirstandsecondaspectsofanFePt-C-based
target according to the present invention, a conten
of C in the C phase relative to the entire target i
10 mol% or more and 60 mol% or less.
[0019]

AthirdaspectofanFePt-C-basedsputteringtarge
Fe, Pt, C, and oxide, whereinthe FePt-C-based sputt
has a structure in which a C phase substantially be
oxidephasesubstantiallybeingoxidearedispersed
alloy phase containing 33 mol% or more and 60 mol%
with the balance substantially being Fe, and when i

imagestakenatl1Olocationsinacrosssectionof

mages is 3.0

target
kindsofelements

, Ag, Rh, Au,

sputtering
t percentage

s preferably

tcontaining
ering target

ing C and an
inanFePt-based
or less of Pt

n each of 10

theFePt-C-based

sputtering target in a thickness direction thereof with a field
ofviewhavingasizeofl21 umx97 umtakenwithl,000xmagnification,
anaveragevalueofdiametersoffiveinscribedcir clesfromalargest
diameter to a fifth largest diameter of inscribed c ircles of the

C phase isregarded as a size index a of the C phas

e, and avalue
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L/RforeachCphasefromthelargestdiametertot
diameteroftheinscribedcirclesisdeterminedby
lengthLofastraightlineamongstraightlinesco
ofeachofthefiveinscribedcirclesoftheCphas
diameter to the fifth largest diameter to an interf
phase by a radius R of the inscribed circle associa
maximumlengthL,andanaveragevalueoftheresul
L/RisregardedasanonsphericalindexboftheC
valueofthesizeindicesaoftheCphaseobtained

10imagesis4.0 pmormoreand9.0

of the nonspherical indices b of the C phase determ
respective 10 images is 3.0 or more

[0020]

The “oxide phase substantially being an oxide” use

includes not only an oxide phase being only an oxid
oxidephasehavingunavoidableimpuritiesinadditi
[0021]

AfourthaspecbobfinFePt-C-basedsputteringarg
Fe, Pt, C, and oxide and further containing at leas
other than Fe and Pt, wherein the FePt-C-based sput
has a structure in which a C phase substantially be
oxidephasesubstantiallybeingoxidearedispersed
alloy phase containing 33 mol% or more and less tha
Pt and more than 0 mol% and 20 mol% or less of the

elementotherthanFeandPtwiththebalancebeing

hefifthlargest
dividingamaximum
nnectingacenter
efromthelargest
ace of the C
ted with the
tingfivevalues

phase, anaverage

fortherespective

pmorless,andanaveragevalue

ined for the

d herein
e but also an

ontotheoxide.

etcontaining
t one element
tering target
ing C and an
inanFePt-based
n 60 mol% of
at least one

Feandunavoidable
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impurities and with the total amount of Pt and the at least one

elementbeing 60 mol% or less, and whenin each of 10imagestaken
at 10locationsin a cross section of the FePt-C-ba sed sputtering
targetinathicknessdirectionthereofwithafiel dofviewhaving
asizeof121 pmx97 pumtakenwith1,000xmagnification,anaverage
valueofdiametersoffiveinscribedcirclesfroma largestdiameter

to a fifth largest diameter of inscribed circles of the C phase
isregarded as a size index a of the C phase, and a value L/R for
eachCphasefromthelargestdiametertothefifth largestdiameter
oftheinscribedcirclesisdeterminedbydividing amaximumlength
L of a straight line among straight lines connectin g a center of
each ofthefiveinscribed circles ofthe C phase f romthe largest
diameter to the fifth largest diameter to an interf ace of the C
phase by a radius R of the inscribed circle associa ted with the
maximumlengthL,andanaveragevalueoftheresul tingfivevalues
L/RisregardedasanonsphericalindexboftheC phase,anaverage
valueofthesizeindicesaoftheCphaseobtained fortherespective
10imagesis4.0 pmormoreand9.0 pmorless,andanaveragevalue

of the nonspherical indices b of the C phase determ ined for the

respective 10 images is 3.0 or more.

[0022]

In the fourth aspect of an FePt-C-based sputtering target
accordingtothepresentinvention,theoneormore kindsofelements
other than Fe and Pt may be one or more kinds of Cu , Ag, Rh, Au,

Mn, Ni, Co, Pd, Cr, V, and B.

10
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[0023]

InthethirdandfourthaspectsofanFePt-C-based
target according to the present invention, itis pr
a content percentage of a total sum of C inthe C p
oxide in the oxide phase relative to the entire tar
or more and 60 mol% or less, a content percentage o
phase relative to the entire targetis 5 mol% or mo
or less, and a content percentage of the oxide int
relativetotheentiretargetis1 mol%ormoreand
[0024]

InthethirdandfourthaspectsofanFePt-C-based

target according to the present invention, the oxid

atleastoneofSiO >, TIO »,Ti O3, Ta 2G5,Cr ,0;,C00,Co

sputtering
eferable that
hase and the
getis 10 mol%
fCintheC
re and 50 mol%
he oxide phase

25mol%orless.

sputtering
e may contain

3O;,B 205,Fe 20;,

Fes(;,Cu0,Cu 20)Y 2G3,MgO.Al  2(;,ZrO ,,Nb 2G5,M00 3,Ce0 2,Sm 03,Gd ,G;,

WGQ, WO 3, HfO 5, and NiO .
[0025]

Inthefirsttofourthaspectsofan FePt-C-based
target according to the present invention, the FePt

sputteringtargetpreferablyhasarelativedensity

Advantageous Effects of Invention

[0026]

An FePt-C-based sputtering target according to the

invention alone can be used to form a thin film con

FePt-based alloy and carbon, the thin film being ca

11

sputtering
-C-based

of90%orlarger.

present
taining an

pable of being
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used as a magnetic recording medium, without using aplurality of

targets, and an FePt-C-based sputtering target acco rding to the
present invention can cause a reduced amount of par ticles during
sputtering.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027]

FIG.1lisaSEMphotograph(aSEMphotographinwh ichafield
ofviewof121 um x97 pmwas taken with 1,000x magnification, and
the scale in this photographis 10 pum) showing a cross section in
athicknessdirectionofasinteredbodyofExample 1(acrosssection
ofthesinteredbodyinadirectioninwhichapres surewasapplied
during hot pressing).

FIG.2isanimage obtained by subjectingthe SEM photograph
of FIG. 1 to a binarization process.

FIG.3isabinarizedimageshowinganenlargedar eaincluding
one inscribed circle described in FIG. 2.

FIG 4disadiagranfordescribingadefinitionof the‘inscribed

circle of C phase” used in the present application.

FIG. 5 is a graph showing the relation between cum ulative
sputtering time and the number of particles generat ed foreach of
sputtering targets in Examples 1 to 4 and Comparati ve Examples 1
to 4.

FIG. 6 is a graph showing the relation between cum ulative
sputtering time and the number of particles generat ed for each of

12
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sputtering targets in Examples 1 to 4 and Comparati
to 3.

FIG.7isaSEMphotograph(aSEM photographinwh

ve Examples 1

ichafield

ofviewof121 um x 97 pmwas taken with 1,000x magnification, and

the scale in this photographis 10

a thickness direction of a sintered body of Compara

1 (a cross section of the sintered body in a direct

a pressure was applied during hot pressing).
FIG.8isanimage obtained by subjectingthe SEM

of FIG. 7 to a binarization process.
FIG.9isabinarizedimageshowinganenlargedar

one inscribed circle described in FIG. 8.

DESCRIPTION OF EMBODIMENTS
[0028]

Embodiments of the presentinvention will nextbe
in detail.
[0029]
1. First embodiment
1-1. Components and structure of sputtering target

An FePt-C-based sputtering target according to a f
embodiment of the present invention contains Fe, Pt
FePt-C-based sputtering target is characterized in
structure in which a C phase substantially being C

inanFePt-basedalloy phase containing 33mol%or

13

pm) showing a cross section in

tive Example

ion in which

photograph

eaincluding

described

irst
,and C. The
thatithas a
is dispersed

moreand60mol%
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or less of Pt with the balance substantially being Fe, and when

in each of 10 images taken at 10 locations in a cro Ss section of
theFePt-C-basedsputteringtargetinathicknessd irectionthereof
withafieldofviewhavingasizeof121 umx97 umtakenwith1,000x
magnification, an average value of diameters of fiv e inscribed
circles from a largest diameter to a fifth largest diameter of
inscribed circles of the C phase isregardedas as ize index a of
theCphase,andavaluelL/RforeachCphasefrom thelargestdiameter
tothefifthlargestdiameteroftheinscribedcirc lesisdetermined
by dividing a maximum length L of a straight line a mong straight
lines connecting a center of each of the five inscr ibed circles
oftheCphasefromthelargestdiametertothefif thlargestdiameter
toaninterfaceofthe CphasebyaradiusRofthe inscribedcircle
associated with the maximum length L, and an averag e value ofthe
resulting five values L/R is regarded as a nonspher ical index b
of the C phase, an average value of the size indice saoftheC
phase obtained for the respective 10 imagesis 4.0 pUm or more and
9.0 pmorless, and an average value of the nonspherical indices
b of the C phase determined for the respective 10 i mages is 3.0
or more. Inthe present description, the phrase " o or more and
or less" may be described as " ato B."

[0030]

1-1-1. FePt-based alloy
The FePt-based alloy can have an fct structure wit h high

magnetocrystalline anisotropy when subjectedtohea ttreatmentat

14
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hightemperature(e.g.,600
alloyhasaroleinservingasarecordingayerof
mediumandisamaincomponentoftheFePt-C-based
according to the embodiment of the present inventio
[0031]

ThereasonthatthecontentofPtintheFePt-base
is specified as 33 to 60 mol% is that, if the conte
FePt-based alloy phaseis not 33to 60 mol%, an fct
tetragonal)structuremaynotappear. Fromhevie
the fct (face centered tetragonal) structure to app
inthe FePt-basedalloy phase, the contentof Ptin
alloy phase is preferably 45 to 55 mol%, more prefe
mol%, and particularly preferably 50 mol%.
[0032]
1-1-2. C (carbon)

C (carbon) can form the partitions for separating
FePt-basedalloygrains,whicharemagneticgrains,
in a FePtC-based layer obtained by sputtering, and
reducing and uniformizing the size of the FePt-base
inthe FePtC-basedlayer. C(carbon)isone of mai
the FePt-C-based sputtering target according to the
embodiment.
[0033]

The content percentage of C in C (carbon) phase re

the entire target is preferably 10 to 60 mol%. Whe

15

°Corhigher). Therefore theFePt-based

amagnetiaecording

sputteringtarget

n.

dalloyphase
ntof Ptinthe
(face centered
wpoinbofallowing
ear reliably
the FePt-based

rably 49to 51

the
fromeachother
has arolein
dalloy grains
ncomponentsin

first

lative to

n the content
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percentage of Cin C (carbon) phase relative to the entire target

is 10 to 60 mol%, the C (carbon) serves as partitio n walls that
separate the grains of the FePt-based alloy, which are magnetic
grains, from each other in the FePtC-based layer ob tained by
sputtering, so that the certainty of achievement of the effect of
reducing the grains of the FePt-based alloy in size uniformly can
be increased. Ifthe content percentage of CinC (carbon) phase
relative to the entire target is less than 10 mol%, this effect
may not be achieved sufficiently. Ifthe contentp ercentage of C
in C (carbon) phaserelative tothe entire targete xceeds 60 mol%,
the number of grains of the FePt-based alloy per un it volume in
the FePtC-based layer obtained by sputtering become s small, and
this is disadvantageous in terms of storage capacit y. From the
viewpointofincreasingthe certainty ofachievemen tofthe effect

of reducing the grains of the FePt-based alloy in s ize uniformly
intheFePtC-basedayemandromtheviewpoinof thestoragecapacity

of the FePtC-based layer to be formed, the content percentage of
CinC(carbon)phaserelativetotheentiretarget ismorepreferably
20to 55 mol%, further preferably 30 to 55 mol%, an d particularly

preferably 35 to 50 mol%.
[0034]
TheC(carbon)phaseinatargetmaybeidentified usingePMA.
[0035]
1-1-3. Structure of target

The FePt-C-based sputtering target according to th e first

16
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embodiment has a structure inwhich a C phase subst
Cisdispersed in an FePt-based alloy phase contain
moreand60mol%orlessof Ptwiththe balancesub
Fe. WhenineachoflOimagestakenatlOlocation
of the FePt-C-based sputtering target in a thicknes
thereof with a field of view having a size of 121
with 1,000x magnification, an average value of diam
inscribedcirclesfromalargestdiametertoafift
of inscribed circles of the C phase is regarded as
aofthe Cphase,andavalueL/Rforeach Cphase
diameter to the fifth largest diameter of the inscr
is determined by dividing a maximum length L of a s
amongstraightlinesconnectingacenterofeachof
circlesoftheCphasefromthelargestdiameterto
diametertoaninterfaceoftheCphasebyaradius
circle associated with the maximum length L, and an
oftheresultingfivevaluesL/Risregardedasan
b of the C phase, an average value of the size indi
Cphaseobtainedfortherespective 10imagesis4.
9.0 umorless, and an average value of the nonspherical
b of the C phase determined for the respective 10 i
or more.
[0036]

Notethatthe average value ofthe nonsphericalin

theCphaseinatargetgenerallyobtainedisusual

17

antially being
ing 33 mol% or
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s direction
MM x 97 pmtaken
eters of five
hlargestdiameter
a size index
fromthe largest
ibed circles
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thefiveinscribed
thefifthlargest
Roftheinscribed
average value
onsphericalindex
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mages is 3.0
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15.0 or less in most cases, and 20.0 at a maximum.

[0037]

Inthe FePt-C-basedsputteringtargetaccordingto thefirst
embodiment, the average value ofthe size indices a ofthe C phase
is4.0  pmormoreand9.0 pmorless,andtheCphasehasanappropriate
sizethatfacilitatescoveringofthe periphery of theCphasewith
theFePt-basedalloythatisamatrixmetal. Since theaveragevalue
of the nonspherical indices b of the C phase is 3.0 or more, the
Cphaseinthetargethasalong thinshapeascom paredtoaspherical
shape. Thus, the surface area per unit volume of t he C phase is
largerthanthatofthe sphericalshape. According ly,the Cphase
in the target is likely to be favorably bonded to t he FePt-based

alloy, which is the matrix metal.

[0038]

Therefore thenumberofparticlesgenerateddurin gsputtering
using the FePt-C-based sputtering target according to the first
embodiment is reduced. This has been demonstrated as shown in

Examples described later.

[0039]

Asfortherelativedensityofthetarget,thelar gerthevalue
of the relative density, the smaller the amount of voids in the
target. Therefore, the larger value of the relativ e density is
preferable in terms of performing sputtering favora bly.
Specifically, therelative density ofthetargetis preferably 90%

or larger and more preferably 95% or larger.

18
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[0040]

Fromthe viewpointthatthe periphery ofthe C pha seismore
easilycoveredwiththeFePt-basedalloy,whichis thematrixmetal,
theaveragevalueofthesizeindicesaofthe Cph aseispreferably
5.0 pmormoreand8.0 pmorless. Fromtheviewpointofincreasing
the surface area per unitvolume ofthe C phase, th eaverage value
of the nonspherical indices b of the C phase is pre ferably 5.0 or
more.

[0041]

1-1-4. Element other than Fe and Pt

The FePt-C-based sputtering target according to th e first
embodimentcontainsonlyFeandPtasmetalelement s. However,the
FePt-based alloy phase may contain an element other than Fe and

Pt (modification of the first embodiment).

[0042]

In this case, from the viewpoint of allowing the f ct (face
centeredtetragonal)structuretoappearreliablyi ntheFePt-based
alloyphase,the FePt-basedalloyphasemaycontain 33mol%ormore
and less than 60 mol% of Pt, more than 0 mol% and 2 0 mol% or less
of the atleast one element other than Fe and Ptwi th the balance
being Fe and unavoidable impurities and with the to tal amount of
Pt and the at least one element being 60 mol% or le Ss.

[0043]

In this modification (in which the FePt-based allo y phase

contains an element other than Fe and Pt), from the viewpoint of

19
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allowing the fct (face centered tetragonal) structu
more reliably in the FePt-based alloy phase, the co
the FePt-based alloy phase is preferably 45 to 55 m
preferably 49 to 51 mol%. However, itis premised
content of Fe and Pt is less than 100 mol%, the tot
the at least one element other than Fe and Ptis mo
and 20mol% orless, andthe sum ofthe content of
contentofthe atleastone elementotherthanFea
or less.
[0044]

Inthe firstembodiment, examples of the element o
Fe and Ptthat can be contained in the FePt-based a
Cu,Ag,Rh,Au,Mn, Ni, Co,Pd, Cr,V,andB. One
elements may be contained in the target.
[0045]

When Cu s contained, the temperature of the heatt
for converting the crystal structure of the FePt-ba
the fctstructure can bereduced (to, forexample,
the cost of the heat treatment on an FePtC-based la
by sputtering can bereduced. Inaddition, the add
allow the crystal structure of the obtained FePtC-b
beconvertedtothefctstructurebyheatgenerated
without additional heat treatment.

[0046]

1-2. Manufacturing method

20

re to appear
ntent of Ptin
0l% and more
that the total
al content of
re than 0 mol%
Ptandthetotal

ndPtis60 mol%

therthan
lloy phase are

or more ofthese
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sed alloy to
600°C), sothat
yer obtained
ition of Cumay
ased layer to
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The FePt-C-based sputtering target according to th
embodiment can be manufactured by: mixing a C powde
Cparticles, of which an average particle diameter
and60 pmorlessandofwhichshapeisnonspherical,toan

alloy powder having an average particle diameter of

and containing 33 mol% or more and 60 mol% or less
balance substantiallybeing Fetotherebyproducea
forpressuresintering;andthenmoldingtheproduc

for pressure sintering while the powder mixture is
application of pressure.

[0047]

ItheaverageparticlediameterotheFePt-based
exceeds60 um,therelativedensityoftheresultingtargetmay
besufficientlyincreased,sothattheperipheryof
may not be sufficiently covered with the FePt-based
thenumberofparticlesgeneratedwhensputteringi
the resulting sputtering target may increase. From
of sufficiently increasing the relative density of
target,soastosufficientlycovertheperipheryo
with the FePt-based alloy, the average particle dia
FePt-based alloy powder to be used in the manufactu
FePt-C-based sputtering target according to the fir

is preferably 55 pum or less, and more preferably 50

[0048]

The C powder used contains C particles of which an
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particle diameter is 8 pHm or more and 60

shapeisnonspherical. WhentheCpowdercontainin

is used, the C phase in the resulting target has an
size and shape. Asdemonstrated in Examples descri
number of particles generated during sputtering is

the viewpoint of allowing the C phase to have an ap
andshapeintheresultingtargettoreducethenum
generated during sputtering, the average particle d
CpowdertobeusedinthemanufactureoftheFePt-
targetaccordingtothefirstembodimentisprefera

and 55 pm orless, and more preferably 12
less. Thesameisappliedtotheotherexamplesof
method to be described later.

[0049]

Inthe presentapplication,theaverageparticled
powderisamediandiameter(aparticlediameterat
frequency curve of a particle diameter distribution
in a particle diameter distribution. The particle
distribution is obtained by measuring the powder by
diffraction/scattering method to obtain a volume di
the particles contained in the powder, and converti
distributiontoaparticlediameterdistributionas
shape of the particles is spherical.

[0050]

Inthepresentapplication,theaverageparticled
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particles is a median diameter (a particle diameter
cumulative frequency curve of a particle diameter d
reaches 50%) in a particle diameter distribution.
diameter distribution is obtained by measuring a cl
particles(i.e.,powder) by alaser diffraction/sca

to obtain a volume distribution of the particles co
clusterofthe particles(i.e.,powder),andconver
distributiontoaparticlediameterdistributionas

shape of the patrticles is spherical.

[0051]

In the present application, “C particles of which
nonspherical” means that the C particles have not o
formed from a smooth spherical surface butalso a s
localirregularities,projections,andthelikeso
may exert an anchoring effect to the matrix metal.
[0052]

No particular limitation is imposed on the atmosph
the FePt-based alloy powder and the C powder are mi
thepowdermixtureforpressuresintering,andthe
powder and the C powder may be mixed in air.

[0053]

Instead of the FePt-based alloy powder, a single F
withan average particle diameter of 20
powderwithanaverageparticlediameterofs

In this case, the single Fe powder and the single P
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weighedsuchthattheratiooftheamountofPtto
ofFeandPtis33mol%ormoreand60mol%orless

single Fe powder, the weighed single Pt powder, and
containing C particles, of which an average particl

8 pm or more and 60
aremixedtotherebyproduceapowdemixtureforp
Thenthe produced powder mixture for pressure sinte
while the powder mixture is heated under applicatio
[0054]

From the viewpoint of sufficiently increasing the
density of the resulting target, so as to sufficien
periphery of the C particles with Fe and Pt, the av
diameter of the single Fe powder to be used inthe
theFePt-C-basedsputteringtargetaccordingtothe
ispreferably15 pmorless,andmorepreferably10
the similarviewpoint,theaverage particlediamete
PtpowdertobeusedinthemanufactureoftheFePt
targetaccordingtothefirstembodimentisprefera

and more preferably 3 pum or less.

[0055]
However, sincethe activity ofthe single Fe powde
itmay igniteinairandtherefore mustbe handled
care. By alloying Fe and Pt to form an FePt-based
the activity of the Fe can be lowered even thoughii

form. TheuseoftheFePt-basedalloypowderismo
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this point of view.
[0056]

Noparticularlimitationisimposedonthemethod
the powder mixture for pressure sintering produced
above while the powder mixture is heated under appl
pressure. For example, a hot pressing method, a ho
pressingmethod (HIP method),asparkplasmasinter
method) etcmaybeused. Preferablywhenmplem
invention, such a molding method is performed in a
inert gas atmosphere. Inthis case, even whenthe
contains a certain amount of oxygen, the amount of
obtained sintered product decreases.
[0057]

WhentheFePt-basedalloyphasecontainsanelemen
FeandPtasinthemodificationothefirsembod
alloy powder having an average particle diameter of
and containing 33 mol% ormore andlessthan 60 mol
than0mol%and 20 mol%orlessofatleastone met
than Fe and Pt with the balance substantially being
the total amount of Pt and the at least one element
orless may be usedinstead of the FePt-based alloy
an average particle diameter of 60
mol%ormoreand60mol%orlessofPtwiththebal
being Fe. The subsequent steps are the same as tho

FePt-based alloy phase does not contain an element
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and Pt (as in the first embodiment).
[0058]

Alsoinmanufacturingthetargetofmodificationo
embodiment, from the viewpoint of sufficiently incr
relative density of the resulting target, so as to
cover the periphery of the C particles with the FeP

the average particle diameter of the FePt-based all

fthefirst
easing the
sufficiently
t-based alloy,

oy powder to

be used is preferably 55 pm or less, and more preferably 50
less.
[0059]
In manufacturing the target of modification of the first

embodiment, an FePt-based alloy powder havinganav
diameter of 60 pum or less and containing Pt with
substantiallybeingFe,andapowdercontainingat

otherthan Feand Ptwiththe balance beingunavoid

andhavinganaverageparticlediameterof30

[0060]

In this case, an FePt-based alloy powder having an

erage particle
the balance
leastoneelement

ableimpurities

pmorlessmaybeused.

average

particlediameterof60 pumorlessandcontainingPtwiththebalance

substantiallybeingFe,andapowdercontainingat
otherthan Feand Ptwiththe balance beingunavoid
andhavinganaverageparticlediameterof30

such that the ratio of the amount of the Pt with re
totalamountsofthe Pt,the Fe,andthe atleasto

is 33 mol% or more and less than 60 mol%, the ratio
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ofthe atleastone metal elementwithrespecttot he totalamount

is more than 0 mol% and 20 mol% or less, and the ra tio of the sum
of the amounts of the Pt and the at least one metal element with
respect to the total amount is 60 mol% or less. Th en the weighed
FePt-basedalloypowder,theweighedpowdercontain ingtheatleast
one metal element, and a C powder containing C part icles, of which
an average particle diameteris 8 pum or more and 60 pumorless and
ofwhichshapeisnonsphericalaremixedtothereby produceapowder
mixture for pressure sintering. Thenthe produced powder mixture
forpressuresinteringismoldedwhilethepowderm ixtureisheated

under application of pressure.

[0061]

Also in this case, from the viewpoint of sufficien tly
increasing the relative density of the resulting ta rget,soasto
sufficiently cover the periphery of the C particles with the
FePt-based alloy and the powder containing at least one element
otherthanFeandPt,theaverageparticlediameter oftheFePt-based
alloypowdertabeusedispreferably55 pmoress.andmorepreferably
50 pm or less, and the average particle diameter of the powder
containing atleastone elementotherthan Feand P tis preferably
25 pm or less, and more preferably 20 pm or less.

[0062]

In manufacturing the target of modification of the first
embodiment, a single Pt powder containing unavoidab le impurities
and having an average particle diameter of 5 pumorless, asingle

27
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Fe powder containing unavoidable impurities and hav inganaverage

particlediameterof20 pmorless,andapowdercontainingatleast
oneelementotherthanFeandPtwiththebalanceb eingunavoidable
impuritiesandhavinganaverageparticlediameter of30 pmorless
may be used.
[0063]

Inthiscase,thesinglePtpowderhavinganavera geparticle
diameter of 5 pm or less, the single Fe powder having an average
particle diameter of 20 pm or less, and the powder containing at
leastoneelementotherthanFeandPtandhavinga naverageparticle
diameter of 30 pm or less are weighed such that the ratio of the
amount of the Pt with respect to the total amounts of the Pt, the
Fe, and the at least one elementis 33 mol% or more and less than
60 mol%, the ratio of the amount of the at least on e element with
respecttothetotalamountismorethanOmol%and 20mol%orless,
and the ratio of the sum of the amounts of the Pta nd the atleast
one element with respect to the total amount is 60 mol% or less.
Then the weighed single Pt powder, the weighed sing le Fe powder,
the weighed powder containing at least one metal el ement, and a
CpowdercontainingCparticles ofwhichanaverag gparticlediameter
is8 pmormoreand60 pmorlessandofwhichshapeisnonspherical
aremixedtotherebyproduceapowdemixtureforp ressuresintering.
Thenthe produced powder mixture for pressure sinte ringis molded
while the powder mixture is heated under applicatio nofpressure.
[0064]

28
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Also in this case, from the viewpoint of sufficien
increasing the relative density of the resulting ta
sufficientlycovertheperipheryofthe Cparticles
Ptpowder, the single Fe powder and the powder cont
one element other than Fe and Pt, the average parti
ofthe single Ptpowder to be used is preferably 4
more preferably 3
single Fe powder to be used is preferably 15
preferably 10
powder containing at least one element other than F
preferably 25 pm or less, and more preferably 20
[0065]

1-3. Effects

The FePt-C-based sputtering target according to th
embodiment has a structure in which a C phase subst
Cisdispersed in an FePt-based alloy phase contain
moreand60mol%orlessof Ptwiththe balance sub
Fe. WhenineachoflOimagestakenatlOlocation
of the FePt-C-based sputtering target in a thicknes
thereof with a field of view having a size of 121
with 1,000x magnification, an average value of diam
inscribedcirclesfromalargestdiametertoafift
of inscribed circles of the C phase is regarded as
aofthe Cphase,andavalueL/RforeachCphase

diameter to the fifth largest diameter of the inscr

29

tly
rget, soasto
withthesingle
aining atleast
cle diameter

pmorless, and

umorless, the average particle diameter ofthe
pum or less, and more

pmorless, andthe average particle diameter ofthe

e and Pt is

pm or less.

e first
antially being
ing 33 mol% or

stantiallybeing
sinacrosssection
s direction
um x 97 umtaken
eters of five
hlargestdiameter
a size index
fromthe largest

ibed circles



10

15

20

25

is determined by dividing a maximum length L of a s
amongstraightlinesconnectingacenterofeachof
circlesoftheCphasefromthelargestdiameterto
diametertoaninterfaceoftheCphasebyaradius
circle associated with the maximum length L, and an
oftheresultingfivevaluesL/Risregardedasan
b of the C phase, an average value of the size indi
Cphaseobtainedfortherespective 10imagesis4.
9.0 pmorless, and an average value of the nonspherical
b of the C phase determined for the respective 10 i
or more.
[0066]

Inthe FePt-C-basedsputteringtargetaccordingto

embodiment, the average value ofthe size indices a

traight line
thefiveinscribed
thefifthlargest
Roftheinscribed
average value
onsphericalindex
ces a of the
0 pmormoreand
indices

mages is 3.0

thefirst

ofthe Cphase

is4.0  pmormoreand9.0 pmorless,andtheCphasehasanappropriate

sizethatfacilitatescoveringofthe peripheryof
theFePt-basedalloythatisamatrixmetal. Since

of the nonspherical indices b of the C phase is 3.0
Cphaseinthetargethasalong,thinshapeascom
shape. Thus, the surface area per unit volume of t
largerthanthatofthe sphericalshape. According

in the target is likely to be favorably bonded to t
alloy, which is the matrix metal.

[0067]

Therefore thenumberofparticlesgenerateddurin
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using the FePt-C-based sputtering target according
embodiment is reduced. This has been demonstrated
Examples described later.

[0068]

Inthemanufacturingmethodaccordingtothefirst
since a sintering process is used instead of a cast
the content of C relative to the total amount of th
be increased, so that an FePt-C-based sputtering ta
acontentpercentage of Crelative tothe entire ta
omoreand60mol%oresscanbeproduced. There
sputtering using the FePt-C-based sputtering target
the first embodiment, a thin film containing an FeP
andmuchcarbonastobecapableofbeingusedasa
mediumcanbeformedusingonlytheabovetargetal
using a plurality of targets.

[0069]
2. Second embodiment

An FePt-C-based sputtering target according to a s
embodimentwillbedescribedbelow,butthedescrip
contentas inthe FePt-C-based sputtering targetac
first embodiment will be appropriately omitted.

[0070]
2-1. Components and structure of sputtering target

The FePt-C-based sputtering target according to th

embodimentcontains C(carbon)inadditiontothea
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(FeandPt). However,anFePt-C-basedsputteringt

to a second embodiment contains C (carbon) and a me
addition to the alloy components (Fe and Pt).

[0071]

Namely anFePt-C-basedsputteringargetccordin
embodimentofthe presentinventioncontainsFe, Pt
TheFePt-C-basedsputteringtargetischaracterized
a structure in which a C phase substantially being
phasesubstantiallybeingoxidearedispersedinan
phase containing 33 mol% or more and 60 mol% or les
the balance substantially being Fe, and whenin eac
takenatldocationsnecrosssectionotheFeP

targetinathicknessdirectionthereofwithafiel

argetaccording

tal oxide in

goesecond

,C,andoxide.
inthatithas

C and an oxide
FePt-basedalloy
s of Pt with

h of 10 images

t-C-basedsputtering

dofviewhaving

asizeof121 umx97 pumtakenwith1,000xmagnification,anaverage

valueofdiametersoffiveinscribedcirclesfroma

to a fifth largest diameter of inscribed circles of
isregarded as a size index a of the C phase, and a
eachCphasefromthelargestdiametertothefifth
oftheinscribedcirclesisdeterminedbydividing

L of a straight line among straight lines connectin
eachofthefiveinscribed circles ofthe Cphase f
diameter to the fifth largest diameter to an interf
phase by a radius R of the inscribed circle associa
maximumlengthL,andanaveragevalueoftheresul

L/RisregardedasanonsphericalindexboftheC

32
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valueofthesizeindicesaoftheCphaseobtained
10imagesis4.0 pmormoreand9.0
of the nonspherical indices b of the C phase determ
respective 10 images is 3.0 or more.
[0072]
2-1-1. FePt-based Alloy
The description of the FePt-based alloy inthe FeP
sputteringtargetaccordingtothesecondembodimen
hereisoverlappedwiththecontentdescribedin"1
Alloy" in the first embodiment, and accordingly the
thereof will be omitted.
[0073]
2-1-2. C and oxide
C(carbon)andtheoxidecanformthepartitionsf
the FePt-based alloy grains, which are magnetic gra
other in an FePtC-based layer obtained by sputterin
roleinreducinganduniformizingthe size ofthe F
grainsinthe FePtC-basedlayer. Candtheoxidea
componentsinthe FePt-C-based sputtering targetac
second embodiment.
[0074]
The content percentage ofatotalsumof Cinthe
phaseandtheoxideintheoxidephaserelativeto
ispreferably10to60mol%. Whenthecontentperc

sum of C in the C (carbon) phase and the oxide in t
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relative to the entire targetis 10 to 60 mol%, the

the oxide serve as partition wallsthatseparate th
FePt-based alloy, which are magnetic grains, from e
theFePtC-basedlayerobtainedbysputtering,soth
ofachievementoftheeffectofreducingthegrains
alloyinsizeuniformlycanbeincreased. Ifthec

of a total sum of C in the C (carbon) phase and the
oxide phase relative to the entire target is less t
this effect may not be achieved sufficiently. If t
percentageofatotalsumofCinthe C(carbon)ph

in the oxide phase relative to the entire target ex

the number of grains of the FePt-based alloy per un

the FePtC-based layer obtained by sputtering become

this is disadvantageous in terms of storage capacit
viewpointofincreasingthe certainty ofachievemen

of reducing the grains of the FePt-based alloy in s
intheFePtC-basedayemandromtheviewpoinof

of the FePtC-based layer to be formed, the content
atotalsumofCinthe C(carbon) phase andthe ox
phase relative to the entire target is more prefera
mol%,furtherpreferably20to50mol%,andparticu

25 to 45 mol%.

[0075]

From the viewpoint of the balance between C and th

containedrthetarget however thecontentperce
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to the entire target is preferably 5 to 50 mol%, mo re preferably

10to 45 mol%, further preferably 15 to 40 mol%, an d particularly
preferably 20 to 35 mol%. The content percentage o f the oxide
relative to the entire target is preferably 1 to 25 mol%, more
preferably 3 to 22 mol%, further preferably 5 to 19 mol%, and

particularly preferably 7 to 16 mol%.
[0076]

Inthesecondembodiment,theoxidemaycontain,fo rexample,
atleastoneofSiO 2, TIO 2, Ti 205, Ta 2G,Cr 20;,C00,Co0 3O,B 205,Fe ,0;,
Fe;,,CuO,Cu ,0,Y ,03,MgOAl  ,05,Z2rO ,Nb ,05,M00 3,Ce0 ,,Sm ,0;,Gd ,0;,
WGQ, WO 3, HfO 5, and NiO .

[0077]

The C (carbon) phase and the oxide phase in atarg et may be
identified using EPMA.
[0078]

2-1-3. Structure of target

The FePt-C-based sputtering target according to th e second
embodiment of the present invention has a structure inwhicha C
phase substantiallybeing Candanoxide phasesubs tantiallybeing
oxide are dispersed in the FePt-based alloy phase c ontaining 33
to 60 mol% of Ptwith the balance substantially bei ngFe. Whenin
each of 10 images taken at 10 locations in a cross section of the
FePt-C-based sputtering target in a thickness direc tion thereof
withafieldofviewhavingasizeof121 umx97 umtakenwith1,000x
magnification, an average value of diameters of fiv e inscribed

35



10

15

20

25

circles from a largest diameter to a fifth largest
inscribed circles of the C phase isregarded as as
theCphase,andavaluel/RforeachCphasefrom
tothefifthlargestdiameteroftheinscribedcirc

by dividing a maximum length L of a straight line a
lines connecting a center of each of the five inscr
oftheCphasefromthelargestdiametertothefif
toaninterfaceofthe CphasebyaradiusRofthe
associated with the maximum length L, and an averag
resulting five values L/R is regarded as a nonspher
of the C phase, an average value of the size indice
phase obtained for the respective 10 imagesis 4.0

9.0 umorless, and an average value of the nonspherical
b of the C phase determined for the respective 10 i
or more.
[0079]

Notethatthe average value ofthe nonsphericalin
theCphaseinatargetgenerallyobtainedisusual
15.0 or less in most cases, and 20.0 at a maximum.
[0080]

IntheFePt-C-basedsputteringtargetaccordingto
embodiment, the average value ofthe size indices a
is4.0 pmormoreand9.0

sizethatfacilitatescoveringofthe peripheryof

theFePt-basedalloythatisamatrixmetal. Since
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of the nonspherical indices b of the C phase is 3.0 or more, the
Cphaseinthetargethasalong,thinshapeascom paredtoaspherical
shape. Thus, the surface area per unit volume of t he C phase is

largerthanthatofthe sphericalshape. According

andthe oxide phase inthe targetislikelytobef avorably bonded
to the FePt-based alloy, which is the matrix metal.
[0081]

Therefore thenumberofparticlesgenerateddurin gsputtering
using the FePt-C-based sputtering target according to the second
embodiment is reduced. This has been demonstrated as shown in
Examples described later.

[0082]

Since the oxide phase isfinely dispersedinthe F ePt-based
alloy phase to have a size of about 1 um or smaller, it scarcely
becomes a cause of generating particles.

[0083]

Asfortherelativedensityofthetarget,thelar gerthevalue
of the relative density, the smaller the amount of voids in the
target. Therefore, the larger value of the relativ e density is
preferable in terms of performing sputtering favora bly.
Specifically, therelative density ofthetargetis preferably 90%
or larger and more preferably 95% or larger.

[0084]

Fromthe viewpointthatthe periphery ofthe C pha seismore

easilycoveredwiththeFePt-basedalloy,whichis thematrixmetal,
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theaveragevalueofthesizeindicesaofthe Cph
5.0 pmormoreand8.0
the surface area per unitvolume ofthe C phase, th
of the nonspherical indices b of the C phase is pre
more.
[0085]
2-1-4. Element other than Fe and Pt

The FePt-C-based sputtering target according to th
embodimentcontainsonlyFeandPtasmetalelement
FePt-based alloy phase may contain an element other
Pt (modification of the second embodiment).
[0086]

The details of the element other than Fe and Pt th
be contained in the FePt-based alloy phase in the F
sputtering target according to the second embodimen
asthe details described in “1-1-4. Element other t
inthefirstembodiment,andthedescriptionthereo
here.
[0087]
2-2. Manufacturing method

The FePt-C-based sputtering target according to th
embodiment can be manufactured by: mixing a C powde
C particles, of which an average particle diameter
and60 pmorlessandofwhich shapeisnonspherical,anda

powder, to an FePt-based alloy powder having an ave
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diameterof60
or less of Pt with the balance substantially being

produce a powder mixture for pressure sintering; an
theproducedpowdermixtureforpressuresintering

mixture is heated under application of pressure.

[0088]

ItheaverageparticlediameteroftheFePt-based
exceeds60 pm,therelativedensityoftheresultingtargetmay
besufficientlyincreased,sothattheperipheryof
may not be sufficiently covered with the FePt-based
thenumberofparticlesgeneratedwhensputteringi
the resulting sputtering target may increase. From
of sufficiently increasing the relative density of
target,soastosufficientlycovertheperipheryo
with the FePt-based alloy, the average patrticle dia
FePt-based alloy powder to be used in the manufactu
FePt-C-based sputteringtargetaccordingtothe sec
is preferably 55 pm or less, and more preferably 50
[0089]

The C powder used contains C particles of which an
particle diameter is 8 pm or more and 60
shape is nonspherical. An oxide powder having, for
average particle diameter of 0.01 to 20

C powder containing such C powder and an oxide powd

the C phase in the resulting target has an appropri
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shape. AsdemonstratedinExamplesdescribedlater
particles generated during sputtering is reduced.
viewpoint of allowing the C phase to have an approp
shape in the resulting target to reduce the number
generated during sputtering, the average particle d
CpowdertobeusedinthemanufactureoftheFePt-

target according to the second embodiment is more p

pmor more and 55 pm or less, and particularly preferably 12

moreand52 pmorless. The same s applied to the other exampl

of the manufacturing method to be described later.
[0090]

No particular limitation is imposed on the atmosph
the FePt-based alloy powder, the C powder, and the
are mixed to produce the powder mixture for pressur
andtheFePt-basedalloypowder,theCpowder,and
may be mixed in air.

[0091]

Whentheatmospherecontainsoxygenduringthepro
thepowdermixtureforpressuresintering,itcanp
powder from being reduced during mixing and thus ca
incorporation of metal originated from the oxide po
FePt-based alloy powder during mixing. Therefore,
thin film produced by using the obtained FePt-C-bas
target is likely to exhibit stable magnetic recordi

characteristics.
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[0092]

Instead of the FePt-based alloy powder, a single F e powder
with an average particle diameter of 20 pmorlessand asingle Pt
powderwithanaverageparticlediameterofs pmorlessmaybeused.

In this case, the single Fe powder and the single P t powder are
weighedsuchthattheratiooftheamountofPtto thetotalamount
ofFeandPtis33mol%ormoreand60mol%orless . Thentheweighed
single Fe powder, the weighed single Pt powder, and a C powder
containing C patrticles, of which an average patrticl e diameter is

8 pmormore and 60 pum or less and of which shape is nonspherical,

and an oxide powder are mixed to thereby produce a powder mixture
for pressure sintering. Then the produced powder m ixture for
pressure sintering is molded while the powder mixtu re is heated

under application of pressure.

[0093]

From the viewpoint of sufficiently increasing the relative
density of the resulting target, so as to sufficien tly cover the
periphery of the C particles with Fe and Pt, the av erage particle
diameter of the single Fe powder to be used inthe manufacture of
the FePt-C-based sputtering target according to the second
embodiment is preferably 15 pum or less, and more preferably 10 pHm
orless. Fromthesimilarviewpoint,theaveragep articlediameter
of the single Pt powder to be used in the manufactu re of the
FePt-C-based sputteringtargetaccordingtothe sec ondembodiment
is preferably 4 pum or less, and more preferably 3 pum or less.
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[0094]

However, sincetheactivity ofthe single Fe powde rishigh,
itmay igniteinairandtherefore mustbe handled with sufficient
care. By alloying Fe and Pt to form an FePt-based alloy powder,
the activity of the Fe can be lowered even thoughii tis in powder
form. TheuseoftheFePt-basedalloypowderismo repreferredfrom

this point of view.
[0095]

Inthesecondembodiment,theoxidemaycontain,fo rexample,
atleastoneofSiO 2, TIO 2, Ti 2G5, Ta 2G,Cr 20;5,C00,Co 3Oy,B ,05,Fe 120,
Fes,,CuO,Cu 20,Y ,03,MgO.Al  205,ZrO 2,Nb ,0;,M00 3,Ce0 ,,Sm ,0;,Gd ,0;,

WQ, WOg, HfO 2, and NiO 2.

[0096]

Noparticularlimitationisimposedonthemethod formolding
the powder mixture for pressure sintering produced as described
above while the powder mixture is heated under appl ication of
pressure. For example, a hot pressing method, a ho t isostatic
pressingmethod (HIP method),asparkplasmasinter ingmethod (SPS
method) etcmaybeused. Preferablywhenmplem entinghepresent
invention, such a molding method is performed in a vacuum or an
inert gas atmosphere. Inthis case, even whenthe powder mixture
contains a certain amount of oxygen, the amount of oxygen in the

obtained sintered product decreases.
[0097]

WhentheFePt-basedalloyphasecontainsanelemen totherthan
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Fe and Pt as in the modification of the second embo
FePt-based alloy powder having an average particle
pm or less and containing 33 mol% or more and less t
Ptand more than 0 mol% and 20 mol% or less of at|
element other than Fe and Pt with the balance subst
Fe and with the total amount of Pt and the at least
being 60 mol% or less may be used instead of the Fe
powder, having an average particle diameter of 60
containing33mol%ormoreand60mol%orlessofP
substantiallybeingFe. Thesubsequentstepsaret
when the FePt-based alloy phase does not contain an
than Fe and Pt (as in the second embodiment).
[0098]

Alsoinmanufacturingthetargetofmodificationo
embodiment, from the viewpoint of sufficiently incr
relative density of the resulting target, so as to
cover the periphery of the C particles with the FeP
the average particle diameter of the FePt-based all
be used is preferably 55
less.

[0099]

In manufacturing the target of modification of the

embodiment, an FePt-based alloy powder havinganav

diameter of 60

substantiallybeingFe,andapowdercontainingat
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otherthan Feand Ptwiththe balance beingunavoid
andhavinganaverageparticlediameterof30
[0100]

In this case, an FePt-based alloy powder having an
particlediameterof60
substantiallybeingFe,andapowdercontainingat
otherthan Feand Ptwiththe balance beingunavoid
andhavinganaverageparticlediameterof30
such that the ratio of the amount of the Pt with re
totalamountsofthe Pt,the Fe,andtheatleasto
is 33 mol% or more and less than 60 mol%, the ratio
ofthe atleastone metal elementwithrespecttot
is more than 0 mol% and 20 mol% or less, and the ra
of the amounts of the Pt and the at least one metal
respect to the total amountis 60 mol% orless. Th
FePt-based alloy powder, the weighed powder contain
one metal element, a C powder containing C particle
average particle diameteris 8 pm or more and 60
whichshapeisnonspherical,andanoxidepowderar
produceapowdermixtureforpressuresintering. T
powder mixture for pressure sintering is molded whi
mixture is heated under application of pressure.

[0101]
Also in this case, from the viewpoint of sufficien

increasing the relative density of the resulting ta
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sufficiently cover the periphery of the C particles with the

FePt-based alloy and the powder containing at least one element
otherthanFeandPt theaverageparticlediameter oftheFePt-based
alloypowdertabeusedispreferablys5 pumoressandmorepreferably

50 pm or less, and the average particle diameter of the powder
containing atleastone elementotherthan Feand P tis preferably

25 pm or less, and more preferably 20 um or less.

[0102]

In manufacturing the target of modification of the second
embodiment, a single Pt powder containing unavoidab le impurities
and having an average particle diameter of 5 pum or less, asingle
Fe powder containing unavoidable impurities and hav inganaverage
particlediameterof20 umorless,andapowdercontainingatleast
oneelementotherthanFeandPtwiththebalanceb eingunavoidable
impuritiesandhavinganaverageparticlediameter of30 pmorless
may be used.

[0103]

Inthiscase,thesinglePtpowderhavinganavera geparticle
diameter of 5 um or less, the single Fe powder having an average
particle diameter of 20 um or less, and the powder containing at
leastoneelementotherthanFeandPtandhavinga naverageparticle
diameter of 30 um or less are weighed such that the ratio of the
amount of the Pt with respect to the total amounts of the Pt, the
Fe, and the at least one elementis 33 mol% or more and less than
60 mol%, the ratio of the amount of the at least on e element with
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respecttothetotalamountismorethanOmol%and 20mol%orless,

and the ratio of the sum of the amounts of the Pta ndthe atleast
one element with respect to the total amount is 60 mol% or less.
Then the weighed single Pt powder, the weighed sing le Fe powder,
theweighedpowdercontainingatleastonemetalel ement,aCpowder
containing C patrticles, of which an average patrticl e diameter is

8 pumormore and 60 pum or less and of which shape is nonspherical,

and an oxide powder are mixed to thereby produce a powder mixture
for pressure sintering. Then the produced powder m ixture for
pressure sintering is molded while the powder mixtu re is heated

under application of pressure.

[0104]

Also in this case, from the viewpoint of sufficien tly
increasing the relative density of the resulting ta rget,soasto
sufficientlycovertheperipheryofthe Cparticles withthesingle
Ptpowder, the single Fe powder and the powder cont aining atleast
one element other than Fe and Pt, the average parti cle diameter
ofthe single Ptpowder to be used is preferably 4 pmorless, and
more preferably 3 pumorless, the average particle diameter ofthe
single Fe powder to be used is preferably 15 pum or less, and more
preferably 10 pumorless, andthe average particle diameter ofthe
powder containing at least one element other than F e and Ptis
preferably 25 um or less, and more preferably 20 um or less.
[0105]

2-3. Effects
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The FePt-C-based sputtering target according to th
embodiment has a structure inwhich a C phase subst
C and an oxide phase substantially being oxide are
an FePt-based alloy phase containing 33 mol% or mor
orlessofPtwiththebalancesubstantiallybeing
of 10 images taken at 10 locations in a cross secti
FePt-C-based sputtering target in a thickness direc
withafieldofviewhavingasizeof121
magnification, an average value of diameters of fiv
circles from a largest diameter to a fifth largest
inscribed circles of the C phase isregarded as as
theCphase,andavaluel/RforeachCphasefrom
tothefifthlargestdiameteroftheinscribedcirc
by dividing a maximum length L of a straight line a
lines connecting a center of each of the five inscr
oftheCphasefromthelargestdiametertothefif
toaninterfaceofthe CphasebyaradiusRofthe
associated with the maximum length L, and an averag
resulting five values L/R is regarded as a nonspher
of the C phase, an average value of the size indice
phase obtained for the respective 10 imagesis 4.0
9.0 umorless, and an average value of the nonspherical
b of the C phase determined for the respective 10 i
or more.

[0106]
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IntheFePt-C-basedsputteringtargetaccordingto thesecond
embodiment, the average value ofthe sizeindices a ofthe Cphase
is4.0  pmormoreand9.0 pmorless,andtheCphasehasanappropriate
sizethatfacilitatescoveringoftheperipheryof theCphasewith

theFePt-basedalloythatisamatrixmetal. Since

of the nonspherical indices b of the C phase is 3.0
Cphaseinthetargethasalong,thinshapeascom
shape. Thus, the surface area per unit volume of t
largerthanthatofthe sphericalshape. According

in the target is likely to be favorably bonded to t
alloy, which is the matrix metal.

[0107]

Therefore thenumberofparticlesgenerateddurin
using the FePt-C-based sputtering target according
embodiment is reduced. This has been demonstrated
Examples described later.

[0108]

Inthemanufacturingmethodaccordingahesecon
since a sintering process is used instead of a cast
the content of the sum of C and oxiderelative tot
ofthetargetcanbeincreased, sothatanFePt-C-b
targetinwhichacontentpercentageofthesumof
to the entire target is 10 mol% or more and 60 mol%
be produced. Therefore, by performing sputtering u

FePt-C-basedsputteringtargetaccordingtothesec
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athinfilmcontaininganFePt-basedalloyandmuch
asto be capable of being used as a magnetic record
be formed using only the above target alone, i.e.,

a plurality of targets.

EXAMPLES
[0109]
(Example 1)

Thetargetedcompositionofapowdermixture,asi
andatargetinExample 1is60.5(50Fe-50Pt)-39.5C.
the targeted composition of the metal components
50mol%Fe-50mol%Pt, and the targeted composition rat

alloy to C (carbon) is 60.5 mol% of the FePt alloy

carbonandoxide
ing medium can

without using

nteredbody
Specifically,
is
io ofthe FePt

and 39.5 mol%

of C.
[0110]

451.73 g of a Pt powder having an average particle diameter
of1.17 pmand36.31gofanonspherical C powderhavingan average
particlediameterof12.17 umwereaddedto129.32goftheFepowder
having an average particle diameter of 6.75 um. Then, they were
mixedinthemixerusingballsat300rpmfor30mi nutestothereby
obtain a powder mixture for pressure sintering.

[0111]

The obtained powder mixture for pressure sintering was

subjected to hot pressing under the conditions of s intering

temperature1150 °Cpressure30.6MPatime60minandatmosphere
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5 x 10 2 Pa or lower to prepare a sintered body.
[0112]

Thedensityofthe producedsinteredbodywasmeas

Archimedes method, and the measured value was divid

theoreticaldensitytodeterminearelativedensity
density was 95.82%.
[0113]

Thecontenfcarbonintheproducedsinteredbod
with a carbon/sulfur analyzer manufactured by HORIB
contents ofoxygenand nitrogeninthe sinteredbod
withaTC-600 Series oxygen/nitrogen determinatorm
LECOCorporation. Thecontentsofcarbon,oxygen,
the sintered body were 5.98 mass%, 298 mass ppm, an
respectively.

[0114]

When the powder mixture for pressure sintering is
to pressure sintering to produce atarget, part of
reactswithoxygen, sothatthecompositionratioo
to the C (carbon) in the target obtained slightly d
thetargetedvalue. Therefore therelativedensit
sintered body was computed in consideration of the
amountofC(carbon)(onthebasisofthecontento
bythecarbon/sulfuranalyzermanufacturedbyHORIB
Examplel. Theaforementionedrelative density of

computedinthesamemanner. AlsoinotherExample
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Examples in the present specification, the relative
computedinconsiderationofthechangeintheamou
(onthebasisofthecontentofcarbonmeasuredby
analyzer manufactured by HORIBA, Ltd.).

[0115]

Thestructure ofthe obtained sintered body of Exa
observedunderascanningelectronmicroscope(SEM)
images at 10 locations in a cross section of the si
Examplelinitsthicknessdirection(crosssection
bodyinadirectioninwhichapressure was applied
hotpressing)weretakenwiththescanningelectron
to obtain 10 SEM photographs. The 10 SEM photograp
photographs showing the field of view with a size o
umtakenwith 1,000xmagnification. FIG.1showson
photographstaken. Thescaleinthe photographsho
10 pm.

[0116]

InFIG.1,grayphaseisthe FePtalloyphaseand
is C (carbon) phase.
[0117]

In order to facilitate the evaluation of the size
oftheC(carbon)phase, 10SEMphotographstakenw
to a binarization process to obtain 10 binarized im
isanimage afterthe SEM photograph shownin FIG.

toabinarizationprocess. Intheimage thewhite
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to the FePt alloy phase while the black phase corre
C (carbon) phase.
[0118]

ThesizeandshapeoftheC(carbon)phasewereev
10 binarized images taken at 10 locations in the cr
the sintered body. A description will be given of
procedures (1) to (6) as follows.
[0119]
(1) FirstjmagesatlOlocationsinacrosssectio
sintered body in its thickness direction (cross sec
sinteredbodyinadirectioninwhichapressurewa
duringhotpressing)aretakenwiththescanningel
(SEM) to obtain 10 scanning electron microscope ima
photographs). Thesel0SEMphotographsareSEMpho
the field of view with a size of 121
magnification.
[0120]
(2) Theobtainedl0SEMphotographsaresubjectedt
process to obtain 10 binarized images that facilita
determinationofinterface ofthe Cphase. Moresp
binarizationprocessisperformedusinganimagepr
ImageJ 1.440. The binarization is performed by the
Binary” with the binarization condition (Threshold)
“Default.” At that time, noise bright points in th

removed (Remove Outliers (Radius: 3.0 pixels, Thres
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These processing can provide 10 binarized images.
[0121]

(3) Five “inscribed circles of the C phase” from th
diameter in each of the 10 binarized images are sel
the “inscribed circle” does not include the FePt al
thereinsidebutincludesonlythe C(carbon)phase

is inscribed at the interface of the C (carbon) pha
averagevalueofthediametersofthefiveinscribe

ineach ofthe 10 binarized imagesis obtained and
size index a of the C phase. FIG. 2 shows an examp
inscribed circles from the largest diameter that is
theinterfaceoftheC(carbon)phasearedescribed
image,withtheinscribedcircleshatched. FIG.3
imagewithanareaincludingoneinscribedcircled

2 in an enlarged manner.

[0122]

The “inscribed circle of the C phase” used herein
bedefined. FIG.4isadiagramillustratingthed
“inscribedcircleottheCphaseusedherein. The
of the C phase” used herein refers to an inscribed
circumscribed at the interface in the binarized ima
pluralityofinscribedcirclesmaybedrawninone
case, itis necessary to draw these inscribed circl
C phase so that they are not in contact with one an

arecircumscribedtooneanother(seeFIG.4A). Th
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so that they are inscribed in one another (see FIG.
they cross one another (see FIG. 4C), and so thato
another (see FIG. 4D).

[0123]

(4) A maximum length L of a straight line among str
connecting the center of each of five inscribed cir
phase from the largest diameter to the fifth larges
theinterfaceofthe Cphaseisobtainedineachof
images. FIG.2showsanexampledescribingthestr
the maximum length L stretching from the center of
circle to the interface of the C (carbon) phase.
[0124]

(5) ThemaximumlengthLisdividedbytheradiusR
circle to obtain the value of L/R for each of the C
thelargestdiametertothefifthlargestdiameter
circle. Then, the average value of the five values
is regarded as a nonspherical index b of the C phas
[0125]

(6) ThesizeindicesaottheCphaseobtainedint
(3) for each of the 10 binarized images are average
averagevalue. ThenonsphericalindicesboftheC
inthe aforementioned (5) for each of the 10 binari
averaged to obtain an average value.

[0126]

As to the sintered body of Example 1, the average
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the size indices a of the C phase obtained by the p

rocedures (1)

to (6) was 5.3 pum. The average value of the nonspherical indices
b of the C phase obtained by the procedures (1) to (6) was 4.5.
[0127]

Next, the obtained sintered body was used to produ ce

sputtering target having a diameter of 153 mm and a
2 mm, and the sputtering target was joined to a Cu
havingadiameterof161mmandathicknessof4mm
target after joining was set in a sputtering appara
sputteringwasperformedatanoutputof500Wand

in a chamber of 1 Pa, and the number of particles g
evaluated. Specifically, the sputtering was interr
cumulative sputteringtimes of 15minutes, 30 minut
2hours. Acircularglasssubstratehavingadiame
wassetinthesputteringapparatusateachtimepo

was performed for 20 seconds. The cumulative sputt
the cumulative time during which the sputtering was

[0128]

The circular glass substrate with a diameter of 2.

having been subjected to sputtering for 20 seconds
pointwasremovedfromthesputteringapparatusand
surface analyzer to countthe number of particles g
number of particles counted before sputtering at ea
was subtracted from the number of particles after t

atthis time point. Then, the obtained number was
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andtheresultantwasregardedasthenumberofpar
atthistime point. Thatis, the number of particl
performing sputtering for 20 seconds was divided by
resultantwasregardedasthenumberofparticlesg
timepoint. Thisconditionwassetnconformityw

which is the sputtering time when a magnetic phase

is formed.

[0129]

Thenumbersoparticlesgeneratedathecumulati
times of 15 minutes, 30 minutes, 1 hour, and 2 hour
62, and 80, respectively. FIGs.5and 6 are graphs
of these values, together with the results in other
Comparative Examples. The horizontal axisin each
6 represents the cumulative sputtering time (h), an
axisrepresentsthenumberofparticlesgenerated(
scales on the vertical axes in FIGs. 5 and 6 are di
eachother. ThescaleontheverticalaxisinFIG.
the scale on the vertical axis in FIG. 6 is small.
[0130]

Thecrosssectioninthethicknessdirectionofth
body (cross section of the sintered body in a direc
a pressure was applied thereto during hot pressing)
cross section in the thickness direction of the spu
intermsofthesputteringtarget. Thesameisapp

2 to 4 and Comparative Examples 1 to 3 to be descri
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[0131]
(Example 2)

In Example 2, a sintered body and a sputtering tar
produced in the same manner as in Example 1 except

of anonspherical C powder having an average partic

19.93 pmwas used instead of 36.31 g of the nonspherical C

havinganaverage particle diameterof12.17
Thetargetedcompositionofthesinteredbodyands
is 60.5(50Fe-50Pt)-39.5C which is the same as that
[0132]

Therelativedensityottheproducedsinteredoody
in the same manner as in Example 1 and was found to
[0133]

The contentsofcarbon, oxygen, andnitrogeninth
sintered body were measured in the same manner ast
1, and found to be 6.01 mass%, 199 mass ppm, and 14
respectively.
[0134]

In the sintered body of Example 2, the average val

size indices a of the C phase as determined in the

getwere
that 36.31 g
le diameter of
powder
pmusedin Example 1.
putteringtarget

in Example 1.

wasmeasured

be 95.20%.

eproduced
hatin Example

mass ppm,

ue of the

same manner as

thatinExamplelwas6.3 pm. Theaveragevalueofthenonspherical

indices b of the C phase as determined in the same
in Example 1 was 5.2.
[0135]

InExample2 asnExamplel thesputteringarg
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using the obtained sintered body and used to perfor
and the number of particles generated was evaluated
of particles generated at the cumulative sputtering
minutes, 30 minutes, 1 hour, and 2 hours were 152,
respectively. FIGs5andéaregraphsshowingap
togethemwiththeresultsinotherExamplesandCom
[0136]
(Example 3)

In Example 3, a sintered body and a sputtering tar
produced in the same manner as in Example 1 except

of anonspherical C powder having an average partic

m sputtering,
. The numbers
times of 15
62,48,and 48,
lobtthesevalues,

parativeExamples.

get were
that 36.31 g

le diameter of

51.01 pmwas used instead of 36.31 g of the nonspherical C powder

havinganaverage particle diameterof12.17
Thetargetedcompositionofthesinteredbodyands

is 60.5(50Fe-50Pt)-39.5C which is the same as that
[0137]

Therelativedensityottheproducedsinteredoody
in the same manner as in Example 1 and was found to
[0138]

The contentsofcarbon, oxygen, andnitrogeninth
sintered body were measured in the same manner ast
1, and found to be 5.99 mass%, 264 mass ppm, and 10
respectively.

[0139]

Inthe sintered body of Example 3, the average val
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size indices a of the C phase as determined in the same manner as
thatinExamplelwas7.6 pm. Theaveragevalueofthenonspherical
indices b of the C phase as determined in the same manner as that

in Example 1 was 6.0.

[0140]

InExample3 asnExamplel thesputteringarg etwvasproduced
using the obtained sintered body and used to perfor m sputtering,
and the number of particles generated was evaluated . The numbers
of particles generated at the cumulative sputtering times of 15
minutes, 30 minutes, 1 hour, and 2 hours were 68, 6 7,52, and 55,
respectively. FIGs5andéaregraphsshowingap lobthesevalues,
togetherwiththeresultsinotherExamplesandCom parativeExamples.
[0141]

(Example 4)

Thetargetedcompositionofapowdermixture,asi nteredbody

andatargetinExampledis60(50Fe-50Pt)-30C-10Si 0. Specifically,

the targeted composition of the metal components s
50mol%Fe-50mol%Pt, and the targeted composition rat io ofthe FePt
alloy, C (carbon), and SiO 2 are 60 mol% of FePt alloy, 30 mol% of

C, and 10 mol% of SiO 2.

[0142]

The C powder used in Example 4 is the same C powde r as that
used in Example 2, and a nonspherical C powder havi ng an average
particle diameter of 19.93 um. 17.46 Grams of that C powder was

used in Example 4.
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[0143]
InExample4,anSiO Jpowderhavinganaverageparticlediameter
of 0.7  pm was also used.
[0144]
Before producing the sintered body and sputtering target
according to Example 4, an FePt alloy powder was fi rst produced

using a gas atomizing method.

[0145]

To740.00gofthe produced FePtalloypowder,59. 07gofthe
SiO ;powderwasadded,andtheyweremixedfor57hours withamixer
using balls at 462 rpm, to thereby obtain a first m ixed powder.
[0146]

To 394.00 g of the obtained first mixed powder, 17 .46 g of
Cpowderwasadded,andtheywere mixedfor30minu teswithamixer
usingballsat300rpm totherebyobtainapowder mixtureforpressure
sintering.

[0147]

The obtained powder mixture for pressure sintering was

subjected to hot pressing under the conditions of s intering

temperature1100 °Cpressure30.6MPatime60minandatmosphere

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

[0148]

Therelativedensityottheproducedsinteredoody wasmeasured
in the same manner as in Example 1 and was found to be 94.37%.
[0149]
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The contentsofcarbon, oxygen, andnitrogeninth eproduced

sintered body were measured in the same manner ast hatin Example
1 andfoundtobe3.88mass% 3.68mass% and8ma ssppmrespectively.
[0150]

In the sintered body of Example 4, the average val ue of the
sizeindicesaofthe Cphasewas5.4 pm. Theaverage value ofthe

nonspherical indices b of the C phase was 5.6.

[0151]

InExample4 asrExamplel thesputteringarg etwvasproduced
using the obtained sintered body and used to perfor m sputtering,
and the number of particles generated was evaluated . The numbers
of particles generated at the cumulative sputtering times of 15
minutes, 30 minutes, 1 hour, and 2 hours were 13, 1 3,18,and 17,
respectively. FIGs5andéaregraphsshowingap lobthesevalues,
togetherwiththeresultsinotherExamplesandCom parativeExamples.
[0152]

(Comparative Example 1)

In Comparative Example 1, a sintered body and a sp uttering
targetwere producedinthesamemannerasin Examp le 1exceptthat
36.31gofasphericalCpowderhavinganaveragep articlediameter
0f6.63 pmwasusedinsteadof36.31gofthe nonspherical C powder
having an average particle diameter of 12.17 pmused in Example 1
and that the obtained powder mixture for pressure s intering was
subjected to hot pressing at 1100 °C. The targeted composition of
the sintered body and sputtering target is 60.5(50F e-50P1)-39.5C
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which is the same as that in Example 1.

[0153]

Therelativedensityotheproducedsinteredbody wasmeasured
in the same manner as in Example 1 and was found to be 96.07%.
[0154]

Thecontentfcarbonintheproducedsinteredbod ywasmeasured
with a carbon/sulfur analyzer manufactured by HORIB A, Ltd. The
contents of oxygenand nitrogeninthe sinteredbod yweremeasured
withaTC-600 Series oxygen/nitrogendeterminatorm anufactured by
LECOCorporation. Thecontentsofcarbon,oxygen, andnitrogenin
the sintered body were 6.07 mass%, 377 mass ppm, an d 14 mass ppm,

respectively.

[0155]

The structure of the obtained sintered body of Com parative
Example 1wasobservedunderascanningelectronmi croscope (SEM).
Specificallyjmagesatldocationsnecrosssec tionothesintered
body of Comparative Example 1 in its thickness dire ction (cross
section of the sintered body in a direction in whic h a pressure
wasappliedtheretoduringhotpressing)weretaken withthescanning
electronmicroscope (SEM)toobtain10SEMphotogra phs. Thel0SEM
photographs are SEM photographs showing the field o fview with a

sizeofl21 umx97 umtakenwithl,000xmagnification. FIG.7shows

one of the 10 SEM photographs taken. The scale in the photograph
shown in FIG. 7 is 10 pum.
[0156]

62



10

15

20

25

InFIG.7,grayphaseisthe FePtalloyphaseand
is C (carbon) phase.
[0157]

In order to facilitate the evaluation of the size
oftheC(carbon)phase,10SEMphotographstakenw
to a binarization process to obtain 10 binarized im
isanimage afterthe SEM photograph shownin FIG.
toabinarizationprocess. Intheimage thewhite

to the FePt alloy phase while the black phase corre

C (carbon) phase. FIG. 8 shows an example where fi

circlesfromthelargestdiameterthatareinscribe

of the C (carbon) phase are described with the insc
hatched. FIG.9showsabinarizedimagewithanar
inscribed circle described in FIG. 8 in an enlarged

[0158]

In the sintered body of Comparative Example 1, the

value of the size indices a of the C phase as deter
same manner as thatin Example 1 was 6.6
thenonsphericalindicesbofthe Cphaseasdeterm
manner as that in Example 1 was 2.0.
[0159]

InComparativeExamplel asnExamplel thespu
was produced using the obtained sintered body and u
sputtering, and the number of particles generated w

The numbers of particles generated at the cumulativ
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timesof15minutes, 30 minutes, 1 hour,and 2 hour
320,and186,respectively. FIGs.5and6aregrap
of these values, together with the results in other
Comparative Examples.

[0160]

(Comparative Example 2)

In Comparative Example 2, a sintered body and a sp

targetwere producedinthe samemannerasin Examp

36.31gofaspherical Cpowderhavinganaveragep

of22.55 pmwasusedinsteadof36.31gofthenonsphericalC

having an average particle diameter of 12.17

and that the obtained powder mixture for pressure s

swere 340,156,
hsshowingaplot

Examples and

uttering
le 1exceptthat

articlediameter

powder

pmused in Example 1

intering was

subjected to hot pressing at 1050 °C. The targeted composition of

the sintered body and sputtering target is 60.5(50F
which is the same as that in Example 1.
[0161]

Therelativedensityottheproducedsinteredoody
in the same manner as in Example 1 and was found to
[0162]

The contentsofcarbon, oxygen,andnitrogeninth
sintered body were measured in the same manner ast
1, and found to be 5.90 mass%, 264 mass ppm, and 28
respectively.

[0163]

In the sintered body of Comparative Example 2, the
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value of the size indices a of the C phase as deter mined in the

same manner as thatin Example 1 was 9.7 pm. The average value of
thenonsphericalindicesbofthe Cphaseasdeterm inedinthesame

manner as that in Example 1 was 2.5.

[0164]

InNComparativeExample2 asnExamplel thespu tteringtarget
was produced using the obtained sintered body and u sed to perform
sputtering, and the number of particles generated w as evaluated.
The numbers of particles generated at the cumulativ e sputtering
timesof15minutes, 30 minutes, 1 hour,and 2 hour swere842,265,
108,and110,respectively. FIGs.5and6aregrap hsshowingaplot
of these values, together with the results in other Examples and

Comparative Examples.
[0165]

(Comparative Example 3)

In Comparative Example 3, a sintered body and a sp uttering
targetwere producedinthesamemannerasin Examp le 1exceptthat
36.31gofanonsphericalCpowderhavinganaverag eparticlediameter
of5.09 pmwasusedinsteadof36.31gofthe nonspherical C powder
having an average particle diameter of 12.17 pm used in Example 1
and that the obtained powder mixture for pressure s intering was
subjected to hot pressing at 1300 °C. The targeted composition of
the sintered body and sputtering target is 60.5(50F e-50Pt)-39.5C

which is the same as that in Example 1.

[0166]
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Therelativedensityottheproducedsinteredoody
in the same manner as in Example 1 and was found to
[0167]

The contentsofcarbon, oxygen, andnitrogeninth

sintered body were measured in the same manner ast

wasmeasured

be 94.37%.

eproduced

hatin Example

1, and found to be 5.91 mass%, 211 mass ppm, and 18 mass ppm,
respectively.
[0168]

In the sintered body of Comparative Example 3, the average
value of the size indices a of the C phase as deter mined in the
same manner as thatin Example 1 was 3.7 pm. The average value of

thenonsphericalindicesbofthe Cphaseasdeterm
manner as that in Example 1 was 3.9.
[0169]

InComparativeExample3 asnExamplel thespu
was produced using the obtained sintered body and u
sputtering, and the number of particles generated w
The numbers of particles generated at the cumulativ
timesof15minutes, 30 minutes, 1 hour,and 2 hour
305,and360,respectively. FIGs.5and6aregrap
of these values, together with the results in other
Comparative Examples.
[0170]
(Comparative Example 4)

In Comparative Example 4, the targeted composition
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sinteredbodyandsputteringtargetis60.5(50Fe-50
is the same as that in Example 1.

[0171]

The C powder used in Comparative Example 4 is carb

having an average primary particle diameter (median
30nm(cataloguevalue)andformingsecondaryparti
of the individual C particles is nonspherical. In
Example 4, 62.50 g of the C powder was used.
[0172]

Before producing the sintered body and sputtering
accordingto Comparative Example 4,an FePtalloy p

produceadusingagasatomizingmethod. Theaverage

of the obtained FePt alloy powder was 45 pum.

[0173]

To 1000.00 g of the produced FePt alloy powder, 62
the C powder was added, and they were mixed for 24
mixer using balls at 462 rpm, to thereby obtain ap
for pressure sintering.
[0174]

The obtained powder mixture for pressure sintering

subjected to hot pressing under the conditions of s

P1t)-39.5Cwhich

on black
diameter) of
cles. Eachshape

Comparative

target
owderwasfirst

particlediameter

.50 g of
hours with a

owder mixture

was

intering

temperature1460 °Cpressure26.2MPatime60minandatmosphere

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

[0175]

Therelativedensityotheproducedsinteredbody
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in the same manner as in Example 1 and was found to
[0176]

Thecontentsofcarbon, oxygen,andnitrogeninth
sintered body were measured in the same manner ast
1, and found to be 5.72 mass%, 23 mass ppm, and 10
respectively.

[0177]

In the sintered body of Comparative Example 4, the

value of the size indices a of the C phase as deter
same manner as thatin Example 1was 0.8
thenonsphericalindicesbofthe Cphaseasdeterm
manner as that in Example 1 was 3.5.
[0178]

InComparativeExample4 asnExamplel thespu
was produced using the obtained sintered body and u
sputtering, and the number of particles generated w
The numbers of particles generated at the cumulativ
times of 15 minutes, 30 minutes, 1 hour, and 2 hour
3587,5803,and4807 respectively. FIGs.5and6
aplotofthesevalues,togetherwiththeresultsi
and Comparative Examples.
[0179]

AsshowninFIGs.5and 6, the number of particles
when the sputtering target according to Comparative

used to perform sputtering was much larger than tho
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1to4 and Comparative Examples1to3. InCompara

theCpowderusedwascarbonblackhavingaverysm

particlediameter(mediandiameter)of20to50nm

30nm)andformingsecondaryparticles. Therefore,

thatthe carbon black formed secondary particles al

alloy phase. The C in the form of secondary partic

as compressed clusters of primary particles of C, a

particlesofCpresentinsidethesecondaryparticl

withthe FePtalloy. Therefore,itisconsideredt

particles of C presentinside the secondary particl

fall off the target as clusters during sputtering t

facilitatetheformationofparticles. Thismaybe

the number of particles generated when the sputteri

ComparativeExample4wasusedtoperformsputterin

than those in Examples 1 to 4 and Comparative Examp

[0180]

(Discussion)
TheprincipaldatainExampleslto4andComparat

1todissummarizedinTABLE1below. Thecomposi

in Examples 1 to 3 and Comparative Examples 1 to 4

60.5(50Fe-50Pt)-39.5C while the composition only in

60(50Fe-50Pt)-30C-10SiO 2.

[0181]

[TABLE 1]
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[0182]
InExamples 1to4whichfallwithinthe scope of
invention, the average value of the size indices a

inthe sintered body is 4.0 pum or more and 9.0

average value of the nonspherical indices b of the
sintered body is 3.0 or more.
[0183]

Sincethe average value ofthe size indices a of t
in the sintered body of Examples 1to 4is 4.0
um or less, the periphery of the C phase may have an
sizethatislikelyto be coveredwiththe FePt-bas
is the matrix metal. Since the average value of th
indices b of the C phase in the sintered body is 3.
Cphaseinthetargethasalongthinshapecompare
shape, andthusthe surface areaperunitvolumeis
than the spherical shape. Accordingly, the C phase
is likely to be favorably bonded to the FePt-based
is the matrix metal.
[0184]

Thus,itisconsideredthatthenumberofparticle
in Examples 1 to 4 is reduced.
[0185]

Incontrast, the average values ofthe nonspherica
b of the C phase in the sintered bodies of Comparat

1 and 2 are 2.0 and 2.5, respectively, which are bo
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meaningthatthe shapeofthe C phaseinthesinter
to a spherical shape. Thus, the surface areas per
the C phase in the sintered bodies of Comparative E
2 are reduced, and the bonding of the C phase to th
alloy, whichis the matrix metal, is diminished. A
is considered that the number of particles generate
compared to Examples 1 to 4.
[0186]
In Comparative Examples 3 and 4, the average value

sizeindicesaofthe C phaseinthe sintered bodie

edbodyisclose
unit volume of
xamples 1 and
e FePt-based
ccordingly, it

disincreased

s of the

sare3.7 pmand

0.8 um, respectively, which are below 4.0 pum, and thus, the size

of the C phase is too small. Accordingly, itis co
the periphery of the C phase is not sufficiently co
FePt-basedalloy, whichisthe matrix metal,and th
particles generated is increased compared to Exampl
[0187]

In Comparative Example 4, as described above, the
particlesofcarbonformsecondary particlesinthe
The C in the form of secondary particles is formed
clustersofprimaryparticlesofC andprimarypar
insidethesecondaryparticlesarenotcoveredwith
Therefore,itisconsideredthatthe primarypartic
inside the secondary particles may easily fall off
clusters during sputtering to thereby facilitate th

particles. This may be the reason that the number
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generated when the sputtering target of Comparative
used to perform sputtering was much larger than tho

1 to 4 and Comparative Examples 1 to 3.

Industrial Applicability
[0188]

The sputtering targetaccording to the presentinv
an FePt-C-based sputtering target that alone can be
a thin film containing an FePt-based alloy and carb
film being capable of being used as a magnetic reco
without using a plurality of targets, and that caus
amountofparticlesduringsputtering. Thus,thes

according to the present invention has industrial a
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CLAIMS

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

the FePt-C-based sputtering target has a structure
aCphasesubstantiallybeingCisdispersedinan
phase containing 33 mol% or more and 60 mol% or les
the balance substantially being Fe, and

when in each of 10 images taken at 10 locations in
section of the FePt-C-based sputtering target in a
direction thereof with a field of view having a siz
97 umtakenwith1l,000xmagnification,anaveragevalue
offiveinscribedcirclesfromalargestdiametert
diameter of inscribed circles ofthe C phaseisreg
index a of the C phase, and a value L/R foreach C
largest diameter to the fifth largest diameter of t
circlesis determined by dividingamaximumlength
line among straight lines connecting a center of ea
inscribed circles of the C phase from the largestd
fifth largest diameter to an interface of the C pha
R of the inscribed circle associated with the maxim
and an average value of the resulting five values L
as a nonspherical index b of the C phase, an averag

sizeindicesaofthe Cphaseobtainedfortheresp

Pt,and C,

inwhich
FePt-basedalloy

s of Pt with

a cross
thickness
eof121  pm X%
ofdiameters
oafifthlargest
ardedasasize
phase from the
he inscribed
L ofastraight
ch ofthe five
iameter to the
se by aradius
um length L,
/Risregarded
e value of the

ectivel0images

is4.0 pmormore and 9.0 um or less, and an average value of the
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nonsphericalindicesboftheCphasedeterminedfo

10 images is 3.0 or more.

2. An FePt-C-based sputtering target containing Fe,
and further containing at least one element othert
wherein

the FePt-C-based sputtering target has a structure
aCphasesubstantiallybeingCisdispersedinan
phase containing 33 mol% or more and less than 60 m
more than 0 mol% and 20 mol% or less of the at leas
other than Fe and Pt with the balance substantially
with the total amount of Pt and the at least one el
mol% or less, and

when in each of 10 images taken at 10 locations in
section of the FePt-C-based sputtering target in a
direction thereof with a field of view having a siz

97 umtakenwithl,000xmagnification,anaveragevalue
offiveinscribedcirclesfromalargestdiametert

diameter of inscribed circles ofthe Cphaseisreg

index a of the C phase, and a value L/R foreach C
largest diameter to the fifth largest diameter of t
circlesis determined by dividinga maximum length

line among straight lines connecting a center of ea
inscribed circles of the C phase from the largestd

fifth largest diameter to an interface of the C pha
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R of the inscribed circle associated with the maxim um length L,

and an average value of the resulting five values L /Risregarded
as a nonspherical index b of the C phase, an averag evalue of the
sizeindicesaofthe Cphaseobtainedfortheresp ectivel0images
is4.0 pmormoreand9.0 pum or less, and an average value of the
nonsphericalindicesbofthe Cphasedeterminedfo rtherespective

10 images is 3.0 or more.

3. The FePt-C-based sputtering target according to claim 2,
wherein

the one or more kinds of elements other than Fe an d Ptare
one or more kinds of Cu, Ag, Rh, Au, Mn, Ni, Co, Pd , Cr, V, and
B.
4. The FePt-C-based sputtering target according to any one of
claims 1 to 3, wherein a content percentage of C in the C phase
relative to the entire target is 10 mol% or more an d 60 mol% or
less.
5. An FePt-C-based sputtering target containing Fe, Pt,C,and

oxide, wherein

the FePt-C-based sputtering target has a structure inwhich
a C phase substantially being C and an oxide phase substantially
being oxide are dispersed in an FePt-based alloy ph ase containing
33mol%omoreand60mol%onessofPiwiththe balancesubstantially
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being Fe, and

when in each of 10 images taken at 10 locations in
section of the FePt-C-based sputtering target in a
direction thereof with a field of view having a siz
97 umtakenwith1l,000xmagnification,anaveragevalue
offiveinscribedcirclesfromalargestdiametert
diameter of inscribed circles ofthe C phaseisreg
index a of the C phase, and a value L/R for each C
largest diameter to the fifth largest diameter of t
circlesis determined by dividingamaximumlength
line among straight lines connecting a center of ea
inscribed circles of the C phase from the largestd
fifth largest diameter to an interface of the C pha
R of the inscribed circle associated with the maxim
and an average value of the resulting five values L
as a nonspherical index b of the C phase, an averag

sizeindicesaofthe Cphaseobtainedfortheresp

a cross
thickness
eof121  pm x
ofdiameters
oafifthlargest
ardedasasize
phase from the
he inscribed
L ofastraight
ch ofthe five
iameter to the
se by aradius
um length L,
/Risregarded
e value of the

ectivel0images

is4.0 pmormoreand9.0 pum or less, and an average value of the

nonsphericalindicesboftheCphasedeterminedfo

10 images is 3.0 or more.

6. An FePt-C-based sputtering target containing Fe,
oxide and further containing at least one element o
and Pt, wherein

the FePt-C-based sputtering target has a structure
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a C phase substantially being C and an oxide phase
being oxide are dispersed in an FePt-based alloy ph
33 mol% or more and less than 60 mol% of Pt and mor
and 20 mol% or less of the at least one element oth
Pt with the balance being Fe and unavoidable impuri
the total amount of Pt and the at least one element
or less, and

when in each of 10 images taken at 10 locations in
section of the FePt-C-based sputtering target in a
direction thereof with a field of view having a siz

97 umtakenwith1l,000xmagnification,anaveragevalue
offiveinscribedcirclesfromalargestdiametert
diameter of inscribed circles ofthe Cphaseisreg
index a of the C phase, and a value L/R foreach C
largest diameter to the fifth largest diameter of t
circlesis determined by dividingamaximumlength
line among straight lines connecting a center of ea
inscribed circles of the C phase from the largestd
fifth largest diameter to an interface of the C pha

R of the inscribed circle associated with the maxim
and an average value of the resulting five values L
as a nonspherical index b of the C phase, an averag

sizeindicesaofthe Cphaseobtainedfortheresp

substantially
ase containing

e than 0 mol%
er than Fe and

ties and with

being 60 mol%

a cross
thickness
eof121  pm x

ofdiameters
oafifthlargest
ardedasasize
phase from the
he inscribed
L ofastraight
ch ofthe five
iameter to the
se by aradius
um length L,
/Risregarded
e value of the

ectivel0images

is4.0 pmormore and 9.0 um or less, and an average value of the

nonsphericalindicesbofthe Cphasedeterminedfo
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10 images is 3.0 or more.

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

the one or more kinds of elements other than Fe an d Ptare
one or more kinds of Cu, Ag, Rh, Au, Mn, Ni, Co, Pd , Cr, V, and
B.
8. The FePt-C-based sputtering target according to any one of

claims 5 to 7, wherein

a content percentage of atotal sumof Cinthe C phase and
the oxide in the oxide phase relative to the entire targetis 10
mol% or more and 60 mol% or less,

acontentpercentageofCintheCphaserelative totheentire

target is 5 mol% or more and 50 mol% or less, and

acontentpercentageoftheoxideintheoxidepha serelative
to the entire target is 1 mol% or more and 25 mol% or less.
9. The FePt-C-based sputtering target according to any one of

claims 5 to 8, wherein
the oxide contains at least one of SiO 2, TIO o, Ti 205, Ta 2G;,
Cr,(0;,Co0,Co 3O;,B 203,Fe 203,Fe 304, CuO,Cu ,0,Y 2,03,MgO,Al 205,210 »,

szQ-',, MoO 3, CeO 2, Sm ng, Gd 2@, WOz, WOs, HfO 2, and NiO 2.

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

79



claims 1 to 9, wherein
the FePt-based sputtering target has a relative de nsity of

90% or larger.
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