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DESCRIPTION 

 

TITLE OF INVENTION 

 

FePt-C-BASED SPUTTERING TARGET 5 

 

TECHNICAL FIELD 

[0001] 

 The present invention relates to a FePt-C-based sp uttering 

target.  Hereinafter, the FePt-C-based sputtering t arget may be 10 

referred to simply as a "sputtering target" or a "t arget". 

 

BACKGROUND ART 

[0002] 

 An FePt alloy can be provided with the fct (Ordere d Face Centered 15 

Tetragonal) structure which has high crystal magnet ic anisotropy 

by heat-treating at an elevated temperature (for ex ample, at 600 °C 

or higher), and therefore an FePt alloy has been hi ghlighted as 

a magnetic recording medium.  To make FePt particle s smaller and 

more uniform in the thin film of the FePt alloy, it  is proposed 20 

that a predetermined quantity of carbon (C) be incl uded into the 

thin film of the FePt alloy (for example, Patent Li terature 1). 

[0003] 

 However, the formation method of the FePtC thin fi lm, described 

in the Patent Literature 1, is the method of vapor- depositing Fe, 25 
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Pt, and C simultaneously on an MgO (100) substrate by using the 

Fe target of a 2-inch diameter, C target of a 2-inc h diameter, and 

the Pt target of 5 mm in height and width.  In this  method, it is 

difficult to obtain the film whose composition is c ontrolled 

strictly.  Additionally, three targets are required  and each target 5 

needs a cathode, a power supply, etc, and so the co st of equipment 

becomes high while the preparatory work of sputteri ng takes time 

and effort. 

[0004] 

 In contrast, Patent Literature 2 discloses an  spu ttering 10 

target for forming a magnetic recording medium film  that alone can 

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

targets and also discloses a method for manufacturi ng the 

FePt-C-based sputtering target.  Patent Literature 3 discloses an 

FePt-C-based sputtering target that alone can be us ed to form an 15 

FePtC-based thin film containing a large amount of carbon without 

using a plurality of targets and also discloses a m ethod for 

manufacturing the sputtering target.  Some sputteri ng targets have 

been proposed, each of which alone can be used to f orm an FePtC-based 

thin film that is receiving attention as a novel ma gnetic recording 20 

medium. 

[0005] 

 However, it is generally required for a sputtering  target to 

cause a reduced amount of particles during sputteri ng.  This is also 

required for a sputtering target that alone may be used to form 25 
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an FePtC-based thin film. 

[0006] 

 As an FePt-C-based sputtering target with a reduce d amount 

of particles generated during sputtering, there has  been proposed 

in Patent Literature 4 an FePt-C-based sputtering t arget having 5 

a structure in which C primary particles in the tar get are dispersed 

so as not to be in contact with each other. 

 

CITATION LIST 

Patent Literature 10 

[0007] 

Patent Literature 1: Japanese Patent No. 3950838 

Patent Literature 2: Japanese Patent Application La id-Open 

Publication No. 2012-102387 

Patent Literature 3: Japanese Patent Application La id-Open 15 

Publication No. 2012-214874 

Patent Literature 4: PCT International Publication No. WO 

2014/132746 

 

SUMMARY OF INVENTION 20 

Technical Problem 

[0008] 

 In the FePt-C-based sputtering target, however, th e particles 

generated during sputtering are demanded to be clos e to zero as 

much as possible.  Thus, there is still a demand th at the generation 25 
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of particles is further suppressed. 

[0009] 

 The present invention has been made in view of the  foregoing 

circumstances, and it is an object to provide an Fe Pt-C-based 

sputtering target that alone can be used to form a thin film containing 5 

an FePt-based alloy and carbon, the thin film being  capable of being 

used as a magnetic recording medium, without using a plurality of 

targets, and that causes a reduced amount of partic les during 

sputtering. 

 10 

Solution to Problem 

[0010] 

 As a result of intensive research to achieve the a forementioned 

object, the present inventors found out that the af orementioned 

object is achievable by the following FePt-C-based sputtering 15 

targets, and the present inventors created the pres ent invention. 

[0011] 

 Namely, a first aspect of an FePt-C-based sputterin g target 

according to the present invention is an FePt-C-bas ed sputtering 

target containing Fe, Pt, and C, wherein the FePt-C -based sputtering 20 

target has a structure in which a C phase substanti ally being C 

is dispersed in an FePt-based alloy phase containin g 33 mol% or 

more and 60 mol% or less of Pt with the balance sub stantially being 

Fe, and when in each of 10 images taken at 10 locat ions in a cross 

section of the FePt-C-based sputtering target in a thickness 25 



   
 

 5 

direction thereof with a field of view having a siz e of 121 µm × 

97 µm taken with 1,000x magnification, an average value  of diameters 

of five inscribed circles from a largest diameter t o a fifth largest 

diameter of inscribed circles of the C phase is reg arded as a size 

index a of the C phase, and a value L/R for each C phase from the 5 

largest diameter to the fifth largest diameter of t he inscribed 

circles is determined by dividing a maximum length L of a straight 

line among straight lines connecting a center of ea ch of the five 

inscribed circles of the C phase from the largest d iameter to the 

fifth largest diameter to an interface of the C pha se by a radius 10 

R of the inscribed circle associated with the maxim um length L, 

and an average value of the resulting five values L /R is regarded 

as a nonspherical index b of the C phase, an averag e value of the 

size indices a of the C phase obtained for the resp ective 10 images 

is 4.0 µm or more and 9.0 µm or less, and an average value of the 15 

nonspherical indices b of the C phase determined fo r the respective 

10 images is 3.0 or more. 

[0012] 

 The “balance substantially being Fe” used herein i ncludes not 

only a case where the balance is only Fe but also a  case where the 20 

balance includes unavoidable impurities in addition  to Fe.  The “C 

phase substantially being C” used herein includes n ot only a C phase 

being only C but also a C phase having unavoidable impurities in 

addition to C. 

[0013] 25 



   
 

 6 

 The “size index a of a C phase” and “nonspherical index b of 

a C phase” used herein are calculated in accordance  with procedures 

(1) to (6) described later (Example 1). 

[0014] 

 The “10 images taken at 10 locations” used herein means 10 5 

binarized images obtained by the procedure (2) desc ribed later 

(Example 1). 

[0015] 

 In the present application, the term “FePt-based a lloy" means 

an alloy containing Fe and Pt as main components an d is intended 10 

to encompass not only a binary alloy containing onl y Fe and Pt but 

also ternary and higher alloys containing Fe and Pt  as main components 

and an additional metal element(s) other than Fe an d Pt.  The term 

“FePt-C-based sputtering target” means a sputtering  target 

containing Fe, Pt, and C as main components and is intended to 15 

encompass a sputtering target further containing an  element other 

than the main components Fe, Pt, and C.  The term “ FePtC-based thin 

film” means a thin film containing Fe, Pt, and C as  main components 

and is intended to encompass a thin film further co ntaining an element 

other than the main components Fe, Pt, and C.  The term “FePtC-based 20 

layer” means a layer containing Fe, Pt, and C as ma in components 

and is intended to encompass a layer further contai ning an element 

other than the main components Fe, Pt, and C. 

[0016] 

 A second aspect of an FePt-C-based sputtering targ et containing 25 
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Fe, Pt, and C and further containing at least one e lement other 

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

structure in which a C phase substantially being C is dispersed 

in an FePt-based alloy phase containing 33 mol% or more and less 

than 60 mol% of Pt and more than 0 mol% and 20 mol%  or less of the 5 

at least one element other than Fe and Pt with the balance being 

Fe and unavoidable impurities and with the total am ount of Pt and 

the at least one element being 60 mol% or less, and  when in each 

of 10 images taken at 10 locations in a cross secti on of the 

FePt-C-based sputtering target in a thickness direc tion thereof 10 

with a field of view having a size of 121 µm × 97 µm taken with 1,000x 

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 is regarded as a s ize index a of 

the C phase, and a value L/R for each C phase from the largest diameter 15 

to the fifth largest diameter of the inscribed circ les is determined 

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 

of the C phase from the largest diameter to the fif th largest diameter 

to an interface of the C phase by a radius R of the  inscribed circle 20 

associated with the maximum length L, and an averag e value of the 

resulting five values L/R is regarded as a nonspher ical index b 

of the C phase, an average value of the size indice s a of the C 

phase obtained for the respective 10 images is 4.0 µm or more and 

9.0 µm or less, and an average value of the nonspherical  indices 25 
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b of the C phase determined for the respective 10 i mages is 3.0 

or more. 

[0017] 

 In the second aspect of an FePt-C-based sputtering  target 

according to the present invention, the one or more  kinds of elements 5 

other than Fe and Pt may be one or more kinds of Cu , Ag, Rh, Au, 

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

[0018] 

 In the first and second aspects of an FePt-C-based  sputtering 

target according to the present invention, a conten t percentage 10 

of C in the C phase relative to the entire target i s preferably 

10 mol% or more and 60 mol% or less. 

[0019] 

 A third aspect of an FePt-C-based sputtering targe t containing 

Fe, Pt, C, and oxide, whereinthe FePt-C-based sputt ering target 15 

has a structure in which a C phase substantially be ing C and an 

oxide phase substantially being oxide are dispersed  in an FePt-based 

alloy phase containing 33 mol% or more and 60 mol% or less of Pt 

with the balance substantially being Fe, and when i n each of 10 

images taken at 10 locations in a cross section of the FePt-C-based 20 

sputtering target in a thickness direction thereof with a field 

of view having a size of 121 µm × 97 µm taken with 1,000x magnification, 

an average value of diameters of five inscribed cir cles from a largest 

diameter to a fifth largest diameter of inscribed c ircles of the 

C phase is regarded as a size index a of the C phas e, and a value 25 
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L/R for each C phase from the largest diameter to t he fifth largest 

diameter of the inscribed circles is determined by dividing a maximum 

length L of a straight line among straight lines co nnecting a center 

of each of the five inscribed circles of the C phas e from the largest 

diameter to the fifth largest diameter to an interf ace of the C 5 

phase by a radius R of the inscribed circle associa ted with the 

maximum length L, and an average value of the resul ting five values 

L/R is regarded as a nonspherical index b of the C phase, an average 

value of the size indices a of the C phase obtained  for the respective 

10 images is 4.0 µm or more and 9.0 µm or less, and an average value 10 

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

respective 10 images is 3.0 or more 

[0020] 

 The “oxide phase substantially being an oxide” use d herein 

includes not only an oxide phase being only an oxid e but also an 15 

oxide phase having unavoidable impurities in additi on to the oxide. 

[0021] 

 A fourth aspect of an FePt-C-based sputtering targ et containing 

Fe, Pt, C, and oxide and further containing at leas t one element 

other than Fe and Pt, wherein the FePt-C-based sput tering target 20 

has a structure in which a C phase substantially be ing C and an 

oxide phase substantially being oxide are dispersed  in an FePt-based 

alloy phase containing 33 mol% or more and less tha n 60 mol% of 

Pt and more than 0 mol% and 20 mol% or less of the at least one 

element other than Fe and Pt with the balance being  Fe and unavoidable 25 



   
 

 10 

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

element being 60 mol% or less, and when in each of 10 images taken 

at 10 locations in a cross section of the FePt-C-ba sed sputtering 

target in a thickness direction thereof with a fiel d of view having 

a size of 121 µm × 97 µm taken with 1,000x magnification, an average 5 

value of diameters of five inscribed circles from a  largest diameter 

to a fifth largest diameter of inscribed circles of  the C phase 

is regarded as a size index a of the C phase, and a  value L/R for 

each C phase from the largest diameter to the fifth  largest diameter 

of the inscribed circles is determined by dividing a maximum length 10 

L of a straight line among straight lines connectin g a center of 

each of the five inscribed circles of the C phase f rom the 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 

maximum length L, and an average value of the resul ting five values 15 

L/R is regarded as a nonspherical index b of the C phase, an average 

value of the size indices a of the C phase obtained  for the respective 

10 images is 4.0 µm or more and 9.0 µm or less, and an average value 

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

respective 10 images is 3.0 or more. 20 

[0022] 

 In the fourth aspect of an FePt-C-based sputtering  target 

according to the present invention, the one or more  kinds of elements 

other than Fe and Pt may be one or more kinds of Cu , Ag, Rh, Au, 

Mn, Ni, Co, Pd, Cr, V, and B. 25 
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[0023] 

 In the third and fourth aspects of an FePt-C-based  sputtering 

target according to the present invention, it is pr eferable that 

a content percentage of a total sum of C in the C p hase and the 

oxide in the oxide phase relative to the entire tar get is 10 mol% 5 

or more and 60 mol% or less, a content percentage o f C in the C 

phase relative to the entire target is 5 mol% or mo re and 50 mol% 

or less, and a content percentage of the oxide in t he oxide phase 

relative to the entire target is 1 mol% or more and  25 mol% or less. 

[0024] 10 

 In the third and fourth aspects of an FePt-C-based  sputtering 

target according to the present invention, the oxid e may contain 

at least one of SiO 2, TiO 2, Ti 2O3, Ta 2O5, Cr 2O3, CoO, Co 3O4, B 2O3, Fe 2O3, 

Fe3O4, CuO, Cu 2O, Y 2O3, MgO, Al 2O3, ZrO 2, Nb 2O5, MoO 3, CeO 2, Sm 2O3, Gd 2O3, 

WO2, WO 3, HfO 2, and NiO 2. 15 

[0025] 

 In the first to fourth aspects of an FePt-C-based sputtering 

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

sputtering target preferably has a relative density  of 90% or larger. 

 20 

Advantageous Effects of Invention 

[0026] 

 An FePt-C-based sputtering target according to the  present 

invention alone can be used to form a thin film con taining an 

FePt-based alloy and carbon, the thin film being ca pable of being 25 
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used as a magnetic recording medium, without using a plurality 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. 

 5 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] 

 FIG. 1 is a SEM photograph (a SEM photograph in wh ich a field 

of view of 121 µm × 97 µm was taken with 1,000x magnification, and 

the scale in this photograph is 10 µm) showing a cross section in 10 

a thickness direction of a sintered body of Example  1 (a cross section 

of the sintered body in a direction in which a pres sure was applied 

during hot pressing). 

 FIG. 2 is an image obtained by subjecting the SEM photograph 

of FIG. 1 to a binarization process. 15 

 FIG. 3 is a binarized image showing an enlarged ar ea including 

one inscribed circle described in FIG. 2. 

 FIG. 4 is a diagram for describing a definition of  the “inscribed 

circle of C phase” used in the present application.  

 FIG. 5 is a graph showing the relation between cum ulative 20 

sputtering time and the number of particles generat ed for each 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 25 
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sputtering targets in Examples 1 to 4 and Comparati ve Examples 1 

to 3. 

 FIG. 7 is a SEM photograph (a SEM photograph in wh ich a field 

of view of 121 µm × 97 µm was taken with 1,000x magnification, and 

the scale in this photograph is 10 µm) showing a cross section in 5 

a thickness direction of a sintered body of Compara tive Example 

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

a pressure was applied during hot pressing). 

 FIG. 8 is an image obtained by subjecting the SEM photograph 

of FIG. 7 to a binarization process. 10 

 FIG. 9 is a binarized image showing an enlarged ar ea including 

one inscribed circle described in FIG. 8. 

 

DESCRIPTION OF EMBODIMENTS 

[0028] 15 

 Embodiments of the present invention will next be described 

in detail. 

[0029] 

1. First embodiment 

1-1. Components and structure of sputtering target 20 

 An FePt-C-based sputtering target according to a f irst 

embodiment of the present invention contains Fe, Pt , and C.  The 

FePt-C-based sputtering target is characterized in that it has a 

structure in which a C phase substantially being C is dispersed 

in an FePt-based alloy phase containing 33 mol% or more and 60 mol% 25 
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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 

the FePt-C-based sputtering target in a thickness d irection thereof 

with a field of view having a size of 121 µm × 97 µm taken with 1,000x 

magnification, an average value of diameters of fiv e inscribed 5 

circles from a largest diameter to a fifth largest diameter of 

inscribed circles of the C phase is regarded as a s ize index a of 

the C phase, and a value L/R for each C phase from the largest diameter 

to the fifth largest diameter of the inscribed circ les is determined 

by dividing a maximum length L of a straight line a mong straight 10 

lines connecting a center of each of the five inscr ibed circles 

of the C phase from the largest diameter to the fif th largest diameter 

to an interface of the C phase by a radius R of the  inscribed circle 

associated with the maximum length L, and an averag e value of the 

resulting five values L/R is regarded as a nonspher ical index b 15 

of the C phase, an average value of the size indice s a of the C 

phase obtained for the respective 10 images is 4.0 µm or more and 

9.0 µm or less, 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.  In the present description, the phrase " α or more and β 20 

or less" may be described as " α to β." 

[0030] 

1-1-1. FePt-based alloy 

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

magnetocrystalline anisotropy when subjected to hea t treatment at 25 
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high temperature (e.g., 600 °C or higher).  Therefore, the FePt-based 

alloy has a role in serving as a recording layer of  a magnetic recording 

medium and is a main component of the FePt-C-based sputtering target 

according to the embodiment of the present inventio n. 

[0031] 5 

 The reason that the content of Pt in the FePt-base d alloy phase 

is specified as 33 to 60 mol% is that, if the conte nt of Pt in the 

FePt-based alloy phase is not 33 to 60 mol%, an fct  (face centered 

tetragonal) structure may not appear.  From the vie wpoint of allowing 

the fct (face centered tetragonal) structure to app ear reliably 10 

in the FePt-based alloy phase, the content of Pt in  the FePt-based 

alloy phase is preferably 45 to 55 mol%, more prefe rably 49 to 51 

mol%, and particularly preferably 50 mol%. 

[0032] 

1-1-2. C (carbon) 15 

 C (carbon) can form the partitions for separating the 

FePt-based alloy grains, which are magnetic grains,  from each other 

in a FePtC-based layer obtained by sputtering, and has a role in 

reducing and uniformizing the size of the FePt-base d alloy grains 

in the FePtC-based layer.  C (carbon) is one of mai n components in 20 

the FePt-C-based sputtering target according to the  first 

embodiment. 

[0033] 

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

the entire target is preferably 10 to 60 mol%.  Whe n the content 25 
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percentage of C in 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 5 

reducing the grains of the FePt-based alloy in size  uniformly can 

be increased.  If the content percentage of C in C (carbon) phase 

relative to the entire target is less than 10 mol%,  this effect 

may not be achieved sufficiently.  If the content p ercentage of C 

in C (carbon) phase relative to the entire target e xceeds 60 mol%, 10 

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 

viewpoint of increasing the certainty of achievemen t of the effect 

of reducing the grains of the FePt-based alloy in s ize uniformly 15 

in the FePtC-based layer and from the viewpoint of the storage capacity 

of the FePtC-based layer to be formed, the content percentage of 

C in C (carbon) phase relative to the entire target  is more preferably 

20 to 55 mol%, further preferably 30 to 55 mol%, an d particularly 

preferably 35 to 50 mol%. 20 

[0034] 

 The C (carbon) phase in a target may be identified  using EPMA. 

[0035] 

1-1-3. Structure of target 

 The FePt-C-based sputtering target according to th e first 25 
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embodiment has a structure in which a C phase subst antially being 

C is dispersed in an FePt-based alloy phase contain ing 33 mol% or 

more and 60 mol% or less of Pt with the balance sub stantially being 

Fe.  When in each of 10 images taken at 10 location s in a cross section 

of the FePt-C-based sputtering target in a thicknes s direction 5 

thereof with a field of view having a size of 121 µm × 97 µm taken 

with 1,000x magnification, an average value of diam eters of five 

inscribed circles from a largest diameter to a fift h largest diameter 

of inscribed circles of the C phase is regarded as a size index 

a of the C phase, and a value L/R for each C phase from the largest 10 

diameter to the fifth largest diameter of the inscr ibed circles 

is determined by dividing a maximum length L of a s traight line 

among straight lines connecting a center of each of  the five inscribed 

circles of the C phase from the largest diameter to  the fifth largest 

diameter to an interface of the C phase by a radius  R of the inscribed 15 

circle associated with the maximum length L, and an  average value 

of the resulting five values L/R is regarded as a n onspherical index 

b of the C phase, an average value of the size indi ces a of the 

C phase obtained for the respective 10 images is 4. 0 µm or more and 

9.0 µm or less, and an average value of the nonspherical  indices 20 

b of the C phase determined for the respective 10 i mages is 3.0 

or more. 

[0036] 

 Note that the average value of the nonspherical in dices b of 

the C phase in a target generally obtained is usual ly 10.0 or less, 25 
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15.0 or less in most cases, and 20.0 at a maximum. 

[0037] 

 In the FePt-C-based sputtering target according to  the first 

embodiment, the average value of the size indices a  of the C phase 

is 4.0 µm or more and 9.0 µm or less, and the C phase has an appropriate 5 

size that facilitates covering of the periphery of the C phase with 

the FePt-based alloy that is a matrix metal.  Since  the average value 

of the nonspherical indices b of the C phase is 3.0  or more, the 

C phase in the target has a long, thin shape as com pared to a spherical 

shape.  Thus, the surface area per unit volume of t he C phase is 10 

larger than that of the spherical shape.  According ly, the C phase 

in the target is likely to be favorably bonded to t he FePt-based 

alloy, which is the matrix metal. 

[0038] 

 Therefore, the number of particles generated durin g sputtering 15 

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] 

 As for the relative density of the target, the lar ger the value 20 

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, the relative density of the target is  preferably 90% 

or larger and more preferably 95% or larger. 25 
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[0040] 

 From the viewpoint that the periphery of the C pha se is more 

easily covered with the FePt-based alloy, which is the matrix metal, 

the average value of the size indices a of the C ph ase is preferably 

5.0 µm or more and 8.0 µm or less.  From the viewpoint of increasing 5 

the surface area per unit volume of the C phase, th e average 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 10 

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

embodiment contains only Fe and Pt as metal element s.  However, the 

FePt-based alloy phase may contain an element other  than Fe and 

Pt (modification of the first embodiment). 

[0042] 15 

 In this case, from the viewpoint of allowing the f ct (face 

centered tetragonal) structure to appear reliably i n the FePt-based 

alloy phase, the FePt-based alloy phase may contain  33 mol% or more 

and less than 60 mol% of Pt, more than 0 mol% and 2 0 mol% or less 

of the at least one element other than Fe and Pt wi th the balance 20 

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 25 
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allowing the fct (face centered tetragonal) structu re to appear 

more reliably in the FePt-based alloy phase, the co ntent of Pt in 

the FePt-based alloy phase is preferably 45 to 55 m ol% and more 

preferably 49 to 51 mol%.  However, it is premised that the total 

content of Fe and Pt is less than 100 mol%, the tot al content of 5 

the at least one element other than Fe and Pt is mo re than 0 mol% 

and 20 mol% or less, and the sum of the content of Pt and the total 

content of the at least one element other than Fe a nd Pt is 60 mol% 

or less. 

[0044] 10 

 In the first embodiment, examples of the element o ther than 

Fe and Pt that can be contained in the FePt-based a lloy phase are 

Cu, Ag, Rh, Au, Mn, Ni, Co, Pd, Cr, V, and B.  One or more of these 

elements may be contained in the target. 

[0045] 15 

When Cu is contained, the temperature of the heat t reatment 

for converting the crystal structure of the FePt-ba sed alloy to 

the fct structure can be reduced (to, for example, 600 °C), so that 

the cost of the heat treatment on an FePtC-based la yer obtained 

by sputtering can be reduced.  In addition, the add ition of Cu may 20 

allow the crystal structure of the obtained FePtC-b ased layer to 

be converted to the fct structure by heat generated  during sputtering 

without additional heat treatment. 

[0046] 

1-2. Manufacturing method 25 
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 The FePt-C-based sputtering target according to th e first 

embodiment can be manufactured by: mixing a C powde r containing 

C particles, of which an average particle diameter is 8 µm or more 

and 60 µm or less and of which shape is nonspherical, to an  FePt-based 

alloy powder having an average particle diameter of  60 µm or less 5 

and containing 33 mol% or more and 60 mol% or less of Pt with the 

balance substantially being Fe to thereby produce a  powder mixture 

for pressure sintering; and then molding the produc ed powder mixture 

for pressure sintering while the powder mixture is heated under 

application of pressure. 10 

[0047] 

 If the average particle diameter of the FePt-based  alloy powder 

exceeds 60 µm, the relative density of the resulting target may  not 

be sufficiently increased, so that the periphery of  the C particles 

may not be sufficiently covered with the FePt-based  alloy.  Thus 15 

the number of particles generated when sputtering i s performed using 

the resulting sputtering target may increase.  From  the viewpoint 

of sufficiently increasing the relative density of the resulting 

target, so as to sufficiently cover the periphery o f the C particles 

with the FePt-based alloy, the average particle dia meter of the 20 

FePt-based alloy powder to be used in the manufactu re of the 

FePt-C-based sputtering target according to the fir st embodiment 

is preferably 55 µm or less, and more preferably 50 µm or less. 

[0048] 

 The C powder used contains C particles of which an  average 25 
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particle diameter is 8 µm or more and 60 µm or less and of which 

shape is nonspherical.  When the C powder containin g such C particles 

is used, the C phase in the resulting target has an  appropriate 

size and shape.  As demonstrated in Examples descri bed later, the 

number of particles generated during sputtering is reduced.  From 5 

the viewpoint of allowing the C phase to have an ap propriate size 

and shape in the resulting target to reduce the num ber of particles 

generated during sputtering, the average particle d iameter of the 

C powder to be used in the manufacture of the FePt- C-based sputtering 

target according to the first embodiment is prefera bly 10 µm or more 10 

and 55 µm or less, and more preferably 12 µm or more and 52 µm or 

less.  The same is applied to the other examples of  the manufacturing 

method to be described later. 

[0049] 

 In the present application, the average particle d iameter of 15 

powder is a median diameter (a particle diameter at  which a cumulative 

frequency curve of a particle diameter distribution  reaches 50%) 

in a particle diameter distribution.  The particle diameter 

distribution is obtained by measuring the powder by  a laser 

diffraction/scattering method to obtain a volume di stribution of 20 

the particles contained in the powder, and converti ng the volume 

distribution to a particle diameter distribution as suming that the 

shape of the particles is spherical. 

[0050] 

 In the present application, the average particle d iameter of 25 
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particles is a median diameter (a particle diameter  at which a 

cumulative frequency curve of a particle diameter d istribution 

reaches 50%) in a particle diameter distribution.  The particle 

diameter distribution is obtained by measuring a cl uster of the 

particles (i.e., powder) by a laser diffraction/sca ttering method 5 

to obtain a volume distribution of the particles co ntained in the 

cluster of the particles (i.e., powder), and conver ting the volume 

distribution to a particle diameter distribution as suming that the 

shape of the particles is spherical. 

[0051] 10 

 In the present application, “C particles of which shape is 

nonspherical” means that the C particles have not o nly a surface 

formed from a smooth spherical surface but also a s urface having 

local irregularities, projections, and the like so that these shapes 

may exert an anchoring effect to the matrix metal. 15 

[0052] 

 No particular limitation is imposed on the atmosph ere when 

the FePt-based alloy powder and the C powder are mi xed to produce 

the powder mixture for pressure sintering, and the FePt-based alloy 

powder and the C powder may be mixed in air. 20 

[0053] 

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

with an average particle diameter of 20 µm or less and a single Pt 

powder with an average particle diameter of 5 µm or less may be used.  

In this case, the single Fe powder and the single P t powder are 25 
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weighed such that the ratio of the amount of Pt to the total amount 

of Fe and Pt is 33 mol% or more and 60 mol% or less .  Then the weighed 

single Fe powder, the weighed single Pt powder, and  a C powder 

containing C particles, of which an average particl e diameter is 

8 µm or more and 60 µm or less and of which shape is nonspherical 5 

are mixed to thereby produce a powder mixture for p ressure sintering.  

Then the produced powder mixture for pressure sinte ring is molded 

while the powder mixture is heated under applicatio n of pressure. 

[0054] 

 From the viewpoint of sufficiently increasing the relative 10 

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 in the manufacture of 

the FePt-C-based sputtering target according to the  first embodiment 

is preferably 15 µm or less, and more preferably 10 µm or less.  From 15 

the similar viewpoint, the average particle diamete r of the single 

Pt powder to be used in the manufacture of the FePt -C-based sputtering 

target according to the first embodiment is prefera bly 4 µm or less, 

and more preferably 3 µm or less. 

[0055] 20 

 However, since the activity of the single Fe powde r is high, 

it may ignite in air and therefore must be 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 though i t is in powder 

form.  The use of the FePt-based alloy powder is mo re preferred from 25 
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this point of view. 

[0056] 

 No particular limitation is imposed on the method for molding 

the powder mixture for pressure sintering produced as described 

above while the powder mixture is heated under appl ication of 5 

pressure.  For example, a hot pressing method, a ho t isostatic 

pressing method (HIP method), a spark plasma sinter ing method (SPS 

method), etc. may be used.  Preferably, when implem enting the present 

invention, such a molding method is performed in a vacuum or an 

inert gas atmosphere.  In this case, even when the powder mixture 10 

contains a certain amount of oxygen, the amount of oxygen in the 

obtained sintered product decreases.  

[0057] 

 When the FePt-based alloy phase contains an elemen t other than 

Fe and Pt as in the modification of the first embod iment, an FePt-based 15 

alloy powder having an average particle diameter of  60 µm or less 

and containing 33 mol% or more and less than 60 mol % of Pt and more 

than 0 mol% and 20 mol% or less of at least one met al element other 

than Fe and Pt with the balance substantially being  Fe and with 

the total amount of Pt and the at least one element  being 60 mol% 20 

or less may be used instead of the FePt-based alloy  powder, having 

an average particle diameter of 60 µm or less, and containing 33 

mol% or more and 60 mol% or less of Pt with the bal ance substantially 

being Fe.  The subsequent steps are the same as tho se when the 

FePt-based alloy phase does not contain an element other than Fe 25 
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and Pt (as in the first embodiment). 

[0058] 

 Also in manufacturing the target of modification o f the first 

embodiment, from the viewpoint of sufficiently incr easing the 

relative density of the resulting target, so as to sufficiently 5 

cover the periphery of the C particles with the FeP t-based alloy, 

the average particle diameter of the FePt-based all oy powder to 

be used is preferably 55 µm or less, and more preferably 50 µm or 

less. 

[0059] 10 

 In manufacturing the target of modification of the  first 

embodiment, an FePt-based alloy powder having an av erage particle 

diameter of 60 µm or less and containing Pt with the balance 

substantially being Fe, and a powder containing at least one element 

other than Fe and Pt with the balance being unavoid able impurities 15 

and having an average particle diameter of 30 µm or less may be used. 

[0060] 

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

particle diameter of 60 µm or less and containing Pt with the balance 

substantially being Fe, and a powder containing at least one element 20 

other than Fe and Pt with the balance being unavoid able impurities 

and having an average particle diameter of 30 µm or less are weighed 

such that the ratio of the amount of the Pt with re spect to the 

total amounts of the Pt, the Fe, and the at least o ne metal element 

is 33 mol% or more and less than 60 mol%, the ratio  of the amount 25 
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of the at least one metal element with respect to t he total amount 

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-based alloy powder, the weighed powder contain ing the at least 5 

one metal element, and a C powder containing C part icles, of which 

an average particle diameter is 8 µm or more and 60 µm or less and 

of which shape is nonspherical are mixed to thereby  produce a powder 

mixture for pressure sintering.  Then the produced powder mixture 

for pressure sintering is molded while the powder m ixture is heated 10 

under application of pressure. 

[0061] 

 Also in this case, from the viewpoint of sufficien tly 

increasing the relative density of the resulting ta rget, so as to 

sufficiently cover the periphery of the C particles  with the 15 

FePt-based alloy and the powder containing at least  one element 

other than Fe and Pt, the average particle diameter  of the FePt-based 

alloy powder to be used is preferably 55 µm or less, and more preferably 

50 µm or less, and the average particle diameter of the  powder 

containing at least one element other than Fe and P t is preferably 20 

25 µm or less, and more preferably 20 µm 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 µm or less, a single 25 
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Fe powder containing unavoidable impurities and hav ing an average 

particle diameter of 20 µm or less, and a powder containing at least 

one element other than Fe and Pt with the balance b eing unavoidable 

impurities and having an average particle diameter of 30 µm or less 

may be used. 5 

[0063] 

 In this case, the single Pt powder having an avera ge particle 

diameter of 5 µm or less, the single Fe powder having an average 

particle diameter of 20 µm or less, and the powder containing at 

least one element other than Fe and Pt and having a n average particle 10 

diameter of 30 µm 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 element is 33 mol% or more  and less than 

60 mol%, the ratio of the amount of the at least on e element with 

respect to the total amount is more than 0 mol% and  20 mol% or less, 15 

and the ratio of the sum of the amounts of the Pt a nd the at least 

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 

C powder containing C particles, of which an averag e particle diameter 20 

is 8 µm or more and 60 µm or less and of which shape is nonspherical 

are mixed to thereby produce a powder mixture for p ressure sintering.  

Then the produced powder mixture for pressure sinte ring is molded 

while the powder mixture is heated under applicatio n of pressure. 

[0064] 25 
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 Also in this case, from the viewpoint of sufficien tly 

increasing the relative density of the resulting ta rget, so as to 

sufficiently cover the periphery of the C particles  with the single 

Pt powder, the single Fe powder and the powder cont aining at least 

one element other than Fe and Pt, the average parti cle diameter 5 

of the single Pt powder to be used is preferably 4 µm or less, and 

more preferably 3 µm or less, the average particle diameter of the 

single Fe powder to be used is preferably 15 µm or less, and more 

preferably 10 µm or less, and the average particle diameter of the  

powder containing at least one element other than F e and Pt is 10 

preferably 25 µm or less, and more preferably 20 µm or less. 

[0065] 

1-3. Effects 

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

embodiment has a structure in which a C phase subst antially being 15 

C is dispersed in an FePt-based alloy phase contain ing 33 mol% or 

more and 60 mol% or less of Pt with the balance sub stantially being 

Fe.  When in each of 10 images taken at 10 location s in a cross section 

of the FePt-C-based sputtering target in a thicknes s direction 

thereof with a field of view having a size of 121 µm × 97 µm taken 20 

with 1,000x magnification, an average value of diam eters of five 

inscribed circles from a largest diameter to a fift h largest diameter 

of inscribed circles of the C phase is regarded as a size index 

a of the C phase, and a value L/R for each C phase from the largest 

diameter to the fifth largest diameter of the inscr ibed circles 25 
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is determined by dividing a maximum length L of a s traight line 

among straight lines connecting a center of each of  the five inscribed 

circles of the C phase from the largest diameter to  the fifth largest 

diameter to an interface of the C phase by a radius  R of the inscribed 

circle associated with the maximum length L, and an  average value 5 

of the resulting five values L/R is regarded as a n onspherical index 

b of the C phase, an average value of the size indi ces a of the 

C phase obtained for the respective 10 images is 4. 0 µm or more and 

9.0 µm or less, and an average value of the nonspherical  indices 

b of the C phase determined for the respective 10 i mages is 3.0 10 

or more. 

[0066] 

 In the FePt-C-based sputtering target according to  the first 

embodiment, the average value of the size indices a  of the C phase 

is 4.0 µm or more and 9.0 µm or less, and the C phase has an appropriate 15 

size that facilitates covering of the periphery of the C phase with 

the FePt-based alloy that is a matrix metal.  Since  the average value 

of the nonspherical indices b of the C phase is 3.0  or more, the 

C phase in the target has a long, thin shape as com pared to a spherical 

shape.  Thus, the surface area per unit volume of t he C phase is 20 

larger than that of the spherical shape.  According ly, the C phase 

in the target is likely to be favorably bonded to t he FePt-based 

alloy, which is the matrix metal. 

[0067] 

 Therefore, the number of particles generated durin g sputtering 25 
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using the FePt-C-based sputtering target according to the first 

embodiment is reduced.  This has been demonstrated as shown in 

Examples described later. 

[0068] 

 In the manufacturing method according to the first  embodiment, 5 

since a sintering process is used instead of a cast ing process, 

the content of C relative to the total amount of th e target can 

be increased, so that an FePt-C-based sputtering ta rget in which 

a content percentage of C relative to the entire ta rget is 10 mol% 

or more and 60 mol% or less can be produced.  There fore, by performing 10 

sputtering using the FePt-C-based sputtering target  according to 

the first embodiment, a thin film containing an FeP t-based alloy 

and much carbon as to be capable of being used as a  magnetic recording 

medium can be formed using only the above target al one, i.e., without 

using a plurality of targets. 15 

[0069] 

2. Second embodiment 

 An FePt-C-based sputtering target according to a s econd 

embodiment will be described below, but the descrip tion of the same 

content as in the FePt-C-based sputtering target ac cording to the 20 

first embodiment will be appropriately omitted. 

[0070] 

2-1. Components and structure of sputtering target 

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

embodiment contains C (carbon) in addition to the a lloy components 25 
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(Fe and Pt).  However, an FePt-C-based sputtering t arget according 

to a second embodiment contains C (carbon) and a me tal oxide in 

addition to the alloy components (Fe and Pt). 

[0071] 

 Namely, an FePt-C-based sputtering target accordin g to a second 5 

embodiment of the present invention contains Fe, Pt , C, and oxide.  

The FePt-C-based sputtering target is characterized  in that it has 

a structure in which a C phase substantially being C and an oxide 

phase substantially being oxide are dispersed in an  FePt-based alloy 

phase containing 33 mol% or more and 60 mol% or les s of Pt with 10 

the balance substantially being Fe, and when in eac h of 10 images 

taken at 10 locations in a cross section of the FeP t-C-based sputtering 

target in a thickness direction thereof with a fiel d of view having 

a size of 121 µm × 97 µm taken with 1,000x magnification, an average 

value of diameters of five inscribed circles from a  largest diameter 15 

to a fifth largest diameter of inscribed circles of  the C phase 

is regarded as a size index a of the C phase, and a  value L/R for 

each C phase from the largest diameter to the fifth  largest diameter 

of the inscribed circles is determined by dividing a maximum length 

L of a straight line among straight lines connectin g a center of 20 

each of the five inscribed circles of the C phase f rom the 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 

maximum length L, and an average value of the resul ting five values 

L/R is regarded as a nonspherical index b of the C phase, an average 25 
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value of the size indices a of the C phase obtained  for the respective 

10 images is 4.0 µm or more and 9.0 µm or less, and an average value 

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

respective 10 images is 3.0 or more. 

[0072] 5 

2-1-1. FePt-based Alloy 

 The description of the FePt-based alloy in the FeP t-C-based 

sputtering target according to the second embodimen t to be mentioned 

here is overlapped with the content described in "1 -1-1. FePt-based 

Alloy" in the first embodiment, and accordingly the  description 10 

thereof will be omitted. 

[0073] 

2-1-2. C and oxide 

 C (carbon) and the oxide can form the partitions f or separating 

the FePt-based alloy grains, which are magnetic gra ins, from each 15 

other in an FePtC-based layer obtained by sputterin g, and have a 

role in reducing and uniformizing the size of the F ePt-based alloy 

grains in the FePtC-based layer.  C and the oxide a re parts of main 

components in the FePt-C-based sputtering target ac cording to the 

second embodiment. 20 

[0074] 

 The content percentage of a total sum of C in the C (carbon) 

phase and the oxide in the oxide phase relative to the entire target 

is preferably 10 to 60 mol%.  When the content perc entage of a total 

sum of C in the C (carbon) phase and the oxide in t he oxide phase 25 
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relative to the entire target is 10 to 60 mol%, the  C (carbon) and 

the oxide serve as partition walls that separate th e grains of the 

FePt-based alloy, which are magnetic grains, from e ach other in 

the FePtC-based layer obtained by sputtering, so th at the certainty 

of achievement of the effect of reducing the grains  of the FePt-based 5 

alloy in size uniformly can be increased.  If the c ontent percentage 

of a total sum of C in the C (carbon) phase and the  oxide in the 

oxide phase relative to the entire target is less t han 10 mol%, 

this effect may not be achieved sufficiently.  If t he content 

percentage of a total sum of C in the C (carbon) ph ase and the oxide 10 

in the oxide phase relative to the entire target ex ceeds 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 

viewpoint of increasing the certainty of achievemen t of the effect 15 

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

in the FePtC-based layer and from the viewpoint of the storage capacity 

of the FePtC-based layer to be formed, the content percentage of 

a total sum of C in the C (carbon) phase and the ox ide in the oxide 

phase relative to the entire target is more prefera bly 15 to 55 20 

mol%, further preferably 20 to 50 mol%, and particu larly preferably 

25 to 45 mol%. 

[0075] 

 From the viewpoint of the balance between C and th e oxide 

contained in the target, however, the content perce ntage of C relative 25 
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to the entire target is preferably 5 to 50 mol%, mo re preferably 

10 to 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 5 

particularly preferably 7 to 16 mol%. 

[0076] 

 In the second embodiment, the oxide may contain, fo r example, 

at least one of SiO 2, TiO 2, Ti 2O3, Ta 2O5, Cr 2O3, CoO, Co 3O4, B 2O3, Fe 2O3, 

Fe3O4, CuO, Cu 2O, Y 2O3, MgO, Al 2O3, ZrO 2, Nb 2O5, MoO 3, CeO 2, Sm 2O3, Gd 2O3, 10 

WO2, WO 3, HfO 2, and NiO 2. 

[0077] 

 The C (carbon) phase and the oxide phase in a targ et may be 

identified using EPMA. 

[0078] 15 

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  in which a C 

phase substantially being C and an oxide phase subs tantially being 

oxide are dispersed in the FePt-based alloy phase c ontaining 33 20 

to 60 mol% of Pt with the balance substantially bei ng Fe.  When in 

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 

with a field of view having a size of 121 µm × 97 µm taken with 1,000x 

magnification, an average value of diameters of fiv e inscribed 25 
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circles from a largest diameter to a fifth largest diameter of 

inscribed circles of the C phase is regarded as a s ize index a of 

the C phase, and a value L/R for each C phase from the largest diameter 

to the fifth largest diameter of the inscribed circ les is determined 

by dividing a maximum length L of a straight line a mong straight 5 

lines connecting a center of each of the five inscr ibed circles 

of the C phase from the largest diameter to the fif th largest diameter 

to an interface of the C phase by a radius R of the  inscribed circle 

associated with the maximum length L, and an averag e value of the 

resulting five values L/R is regarded as a nonspher ical index b 10 

of the C phase, an average value of the size indice s a of the C 

phase obtained for the respective 10 images is 4.0 µm or more and 

9.0 µm or less, 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. 15 

[0079] 

 Note that the average value of the nonspherical in dices b of 

the C phase in a target generally obtained is usual ly 10.0 or less, 

15.0 or less in most cases, and 20.0 at a maximum. 

[0080] 20 

 In the FePt-C-based sputtering target according to  the second 

embodiment, the average value of the size indices a  of the C phase 

is 4.0 µm or more and 9.0 µm or less, and the C phase has an appropriate 

size that facilitates covering of the periphery of the C phase with 

the FePt-based alloy that is a matrix metal.  Since  the average value 25 
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of the nonspherical indices b of the C phase is 3.0  or more, the 

C phase in the target has a long, thin shape as com pared to a spherical 

shape.  Thus, the surface area per unit volume of t he C phase is 

larger than that of the spherical shape.  According ly, the C phase 

and the oxide phase in the target is likely to be f avorably bonded 5 

to the FePt-based alloy, which is the matrix metal.  

[0081] 

 Therefore, the number of particles generated durin g sputtering 

using the FePt-C-based sputtering target according to the second 

embodiment is reduced.  This has been demonstrated as shown in 10 

Examples described later. 

[0082] 

 Since the oxide phase is finely dispersed in the F ePt-based 

alloy phase to have a size of about 1 µm or smaller, it scarcely 

becomes a cause of generating particles. 15 

[0083] 

 As for the relative density of the target, the lar ger the value 

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.  20 

Specifically, the relative density of the target is  preferably 90% 

or larger and more preferably 95% or larger. 

[0084] 

 From the viewpoint that the periphery of the C pha se is more 

easily covered with the FePt-based alloy, which is the matrix metal, 25 
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the average value of the size indices a of the C ph ase is preferably 

5.0 µm or more and 8.0 µm or less.  From the viewpoint of increasing 

the surface area per unit volume of the C phase, th e average value 

of the nonspherical indices b of the C phase is pre ferably 5.0 or 

more. 5 

[0085] 

2-1-4. Element other than Fe and Pt 

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

embodiment contains only Fe and Pt as metal element s.  However, the 

FePt-based alloy phase may contain an element other  than Fe and 10 

Pt (modification of the second embodiment). 

[0086] 

 The details of the element other than Fe and Pt th at are to 

be contained in the FePt-based alloy phase in the F ePt-C-based 

sputtering target according to the second embodimen t are the same 15 

as the details described in “1-1-4. Element other t han Fe and Pt” 

in the first embodiment, and the description thereo f will be omitted 

here. 

[0087] 

2-2. Manufacturing method 20 

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

embodiment can be manufactured by: mixing a C powde r containing 

C particles, of which an average particle diameter is 8 µm or more 

and 60 µm or less and of which shape is nonspherical, and a n oxide 

powder, to an FePt-based alloy powder having an ave rage particle 25 
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diameter of 60 µm or less and containing 33 mol% or more and 60 mol % 

or less of Pt with the balance substantially being Fe to thereby 

produce a powder mixture for pressure sintering; an d then molding 

the produced powder mixture for pressure sintering while the powder 

mixture is heated under application of pressure. 5 

[0088] 

 If the average particle diameter of the FePt-based  alloy powder 

exceeds 60 µm, the relative density of the resulting target may  not 

be sufficiently increased, so that the periphery of  the C particles 

may not be sufficiently covered with the FePt-based  alloy.  Thus 10 

the number of particles generated when sputtering i s performed using 

the resulting sputtering target may increase.  From  the viewpoint 

of sufficiently increasing the relative density of the resulting 

target, so as to sufficiently cover the periphery o f the C particles 

with the FePt-based alloy, the average particle dia meter of the 15 

FePt-based alloy powder to be used in the manufactu re of the 

FePt-C-based sputtering target according to the sec ond embodiment 

is preferably 55 µm or less, and more preferably 50 µm or less. 

[0089] 

 The C powder used contains C particles of which an  average 20 

particle diameter is 8 µm or more and 60 µm or less and of which 

shape is nonspherical.  An oxide powder having, for  example, an 

average particle diameter of 0.01 to 20 µm may be used.  When the 

C powder containing such C powder and an oxide powd er are used, 

the C phase in the resulting target has an appropri ate size and 25 
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shape.  As demonstrated in Examples described later , the number of 

particles generated during sputtering is reduced.  From the 

viewpoint of allowing the C phase to have an approp riate size and 

shape in the resulting target to reduce the number of particles 

generated during sputtering, the average particle d iameter of the 5 

C powder to be used in the manufacture of the FePt- C-based sputtering 

target according to the second embodiment is more p referably 10 

µm or more and 55 µm or less, and particularly preferably 12 µm or 

more and 52 µm or less.  The same is applied to the other exampl es 

of the manufacturing method to be described later. 10 

[0090] 

 No particular limitation is imposed on the atmosph ere when 

the FePt-based alloy powder, the C powder, and the oxide powder 

are mixed to produce the powder mixture for pressur e sintering, 

and the FePt-based alloy powder, the C powder, and the oxide powder 15 

may be mixed in air. 

[0091] 

 When the atmosphere contains oxygen during the pro duction of 

the powder mixture for pressure sintering, it can p revent the oxide 

powder from being reduced during mixing and thus ca n prevent 20 

incorporation of metal originated from the oxide po wder into the 

FePt-based alloy powder during mixing.  Therefore, an FePtC based 

thin film produced by using the obtained FePt-C-bas ed sputtering 

target is likely to exhibit stable magnetic recordi ng 

characteristics. 25 
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[0092] 

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

with an average particle diameter of 20 µm or less and a single Pt 

powder with an average particle diameter of 5 µm or less may be used.  

In this case, the single Fe powder and the single P t powder are 5 

weighed such that the ratio of the amount of Pt to the total amount 

of Fe and Pt is 33 mol% or more and 60 mol% or less .  Then the weighed 

single Fe powder, the weighed single Pt powder, and  a C powder 

containing C particles, of which an average particl e diameter is 

8 µm or more and 60 µm or less and of which shape is nonspherical, 10 

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] 15 

 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 in the manufacture of 

the FePt-C-based sputtering target according to the  second 20 

embodiment is preferably 15 µm or less, and more preferably 10 µm 

or less.  From the similar viewpoint, the average p article diameter 

of the single Pt powder to be used in the manufactu re of the 

FePt-C-based sputtering target according to the sec ond embodiment 

is preferably 4 µm or less, and more preferably 3 µm or less. 25 
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[0094] 

 However, since the activity of the single Fe powde r is high, 

it may ignite in air and therefore must be 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 though i t is in powder 5 

form.  The use of the FePt-based alloy powder is mo re preferred from 

this point of view. 

[0095] 

 In the second embodiment, the oxide may contain, fo r example, 

at least one of SiO 2, TiO 2, Ti 2O3, Ta 2O5, Cr 2O3, CoO, Co 3O4, B 2O3, Fe 2O3, 10 

Fe3O4, CuO, Cu 2O, Y 2O3, MgO, Al 2O3, ZrO 2, Nb 2O5, MoO 3, CeO 2, Sm 2O3, Gd 2O3, 

WO2, WO 3, HfO 2, and NiO 2. 

[0096] 

 No particular limitation is imposed on the method for molding 

the powder mixture for pressure sintering produced as described 15 

above while the powder mixture is heated under appl ication of 

pressure.  For example, a hot pressing method, a ho t isostatic 

pressing method (HIP method), a spark plasma sinter ing method (SPS 

method), etc. may be used.  Preferably, when implem enting the present 

invention, such a molding method is performed in a vacuum or an 20 

inert gas atmosphere.  In this case, even when the powder mixture 

contains a certain amount of oxygen, the amount of oxygen in the 

obtained sintered product decreases.  

[0097] 

 When the FePt-based alloy phase contains an elemen t other than 25 
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Fe and Pt as in the modification of the second embo diment, an 

FePt-based alloy powder having an average particle diameter of 60 

µm or less and containing 33 mol% or more and less t han 60 mol% of 

Pt and more than 0 mol% and 20 mol% or less of at l east one metal 

element other than Fe and Pt with the balance subst antially being 5 

Fe and with the total amount of Pt and the at least  one element 

being 60 mol% or less may be used instead of the Fe Pt-based alloy 

powder, having an average particle diameter of 60 µm or less, and 

containing 33 mol% or more and 60 mol% or less of P t with the balance 

substantially being Fe.  The subsequent steps are t he same as those 10 

when the FePt-based alloy phase does not contain an  element other 

than Fe and Pt (as in the second embodiment). 

[0098] 

 Also in manufacturing the target of modification o f the second 

embodiment, from the viewpoint of sufficiently incr easing the 15 

relative density of the resulting target, so as to sufficiently 

cover the periphery of the C particles with the FeP t-based alloy, 

the average particle diameter of the FePt-based all oy powder to 

be used is preferably 55 µm or less, and more preferably 50 µm or 

less. 20 

[0099] 

 In manufacturing the target of modification of the  second 

embodiment, an FePt-based alloy powder having an av erage particle 

diameter of 60 µm or less and containing Pt with the balance 

substantially being Fe, and a powder containing at least one element 25 
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other than Fe and Pt with the balance being unavoid able impurities 

and having an average particle diameter of 30 µm or less may be used. 

[0100] 

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

particle diameter of 60 µm or less and containing Pt with the balance 5 

substantially being Fe, and a powder containing at least one element 

other than Fe and Pt with the balance being unavoid able impurities 

and having an average particle diameter of 30 µm or less are weighed 

such that the ratio of the amount of the Pt with re spect to the 

total amounts of the Pt, the Fe, and the at least o ne metal element 10 

is 33 mol% or more and less than 60 mol%, the ratio  of the amount 

of the at least one metal element with respect to t he total amount 

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 15 

FePt-based alloy powder, the weighed powder contain ing at least 

one metal element, a C powder containing C particle s, of which an 

average particle diameter is 8 µm or more and 60 µm or less and of 

which shape is nonspherical, and an oxide powder ar e mixed to thereby 

produce a powder mixture for pressure sintering.  T hen the produced 20 

powder mixture for pressure sintering is molded whi le the powder 

mixture is heated under application of pressure. 

[0101] 

 Also in this case, from the viewpoint of sufficien tly 

increasing the relative density of the resulting ta rget, so as to 25 
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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 

other than Fe and Pt, the average particle diameter  of the FePt-based 

alloy powder to be used is preferably 55 µm or less, and more preferably 

50 µm or less, and the average particle diameter of the  powder 5 

containing at least one element other than Fe and P t is preferably 

25 µm or less, and more preferably 20 µm or less. 

[0102] 

 In manufacturing the target of modification of the  second 

embodiment, a single Pt powder containing unavoidab le impurities 10 

and having an average particle diameter of 5 µm or less, a single 

Fe powder containing unavoidable impurities and hav ing an average 

particle diameter of 20 µm or less, and a powder containing at least 

one element other than Fe and Pt with the balance b eing unavoidable 

impurities and having an average particle diameter of 30 µm or less 15 

may be used. 

[0103] 

 In this case, the single Pt powder having an avera ge particle 

diameter of 5 µm or less, the single Fe powder having an average 

particle diameter of 20 µm or less, and the powder containing at 20 

least one element other than Fe and Pt and having a n average particle 

diameter of 30 µm 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 element is 33 mol% or more  and less than 

60 mol%, the ratio of the amount of the at least on e element with 25 
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respect to the total amount is more than 0 mol% and  20 mol% or less, 

and the ratio of the sum of the amounts of the Pt a nd the at least 

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, a C powder 5 

containing C particles, of which an average particl e diameter is 

8 µm or more and 60 µm 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 10 

under application of pressure. 

[0104] 

 Also in this case, from the viewpoint of sufficien tly 

increasing the relative density of the resulting ta rget, so as to 

sufficiently cover the periphery of the C particles  with the single 15 

Pt powder, the single Fe powder and the powder cont aining at least 

one element other than Fe and Pt, the average parti cle diameter 

of the single Pt powder to be used is preferably 4 µm or less, and 

more preferably 3 µm or less, the average particle diameter of the 

single Fe powder to be used is preferably 15 µm or less, and more 20 

preferably 10 µm or less, and the average particle diameter of the  

powder containing at least one element other than F e and Pt is 

preferably 25 µm or less, and more preferably 20 µm or less. 

[0105] 

2-3. Effects 25 
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 The FePt-C-based sputtering target according to th e second 

embodiment has a structure in which a C phase subst antially being 

C and an oxide phase substantially being oxide are dispersed in 

an FePt-based alloy phase containing 33 mol% or mor e and 60 mol% 

or less of Pt with the balance substantially being Fe.  When in each 5 

of 10 images taken at 10 locations in a cross secti on of the 

FePt-C-based sputtering target in a thickness direc tion thereof 

with a field of view having a size of 121 µm × 97 µm taken with 1,000x 

magnification, an average value of diameters of fiv e inscribed 

circles from a largest diameter to a fifth largest diameter of 10 

inscribed circles of the C phase is regarded as a s ize index a of 

the C phase, and a value L/R for each C phase from the largest diameter 

to the fifth largest diameter of the inscribed circ les is determined 

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 15 

of the C phase from the largest diameter to the fif th largest diameter 

to an interface of the C phase by a radius R of the  inscribed circle 

associated with the maximum length L, and an averag e value of the 

resulting five values L/R is regarded as a nonspher ical index b 

of the C phase, an average value of the size indice s a of the C 20 

phase obtained for the respective 10 images is 4.0 µm or more and 

9.0 µm or less, 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. 

[0106] 25 
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 In the FePt-C-based sputtering target according to  the second 

embodiment, the average value of the size indices a  of the C phase 

is 4.0 µm or more and 9.0 µm or less, and the C phase has an appropriate 

size that facilitates covering of the periphery of the C phase with 

the FePt-based alloy that is a matrix metal.  Since  the average value 5 

of the nonspherical indices b of the C phase is 3.0  or more, the 

C phase in the target has a long, thin shape as com pared to a spherical 

shape.  Thus, the surface area per unit volume of t he C phase is 

larger than that of the spherical shape.  According ly, the C phase 

in the target is likely to be favorably bonded to t he FePt-based 10 

alloy, which is the matrix metal. 

[0107] 

 Therefore, the number of particles generated durin g sputtering 

using the FePt-C-based sputtering target according to the second 

embodiment is reduced.  This has been demonstrated as shown in 15 

Examples described later. 

[0108] 

 In the manufacturing method according to the secon d embodiment, 

since a sintering process is used instead of a cast ing process, 

the content of the sum of C and oxide relative to t he total amount 20 

of the target can be increased, so that an FePt-C-b ased sputtering 

target in which a content percentage of the sum of C and oxide relative 

to the entire target is 10 mol% or more and 60 mol%  or less can 

be produced.  Therefore, by performing sputtering u sing the 

FePt-C-based sputtering target according to the sec ond embodiment, 25 
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a thin film containing an FePt-based alloy and much  carbon and oxide 

as to be capable of being used as a magnetic record ing medium can 

be formed using only the above target alone, i.e., without using 

a plurality of targets. 

 5 

EXAMPLES 

[0109] 

(Example 1) 

 The targeted composition of a powder mixture, a si ntered body 

and a target in Example 1 is 60.5(50Fe-50Pt)-39.5C.   Specifically, 10 

the targeted composition of the metal components is  

50mol%Fe-50mol%Pt, and the targeted composition rat io of the FePt 

alloy to C (carbon) is 60.5 mol% of the FePt alloy and 39.5 mol% 

of C. 

[0110] 15 

 451.73 g of a Pt powder having an average particle  diameter 

of 1.17 µm and 36.31 g of a nonspherical C powder having an average 

particle diameter of 12.17 µm were added to 129.32 g of the Fe powder 

having an average particle diameter of 6.75 µm.  Then, they were 

mixed in the mixer using balls at 300 rpm for 30 mi nutes to thereby 20 

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 

temperature: 1150 °C, pressure: 30.6 MPa, time: 60 min, and atmosphere : 25 
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5 × 10 -2  Pa or lower to prepare a sintered body.   

[0112] 

 The density of the produced sintered body was meas ured by the 

Archimedes method, and the measured value was divid ed by the 

theoretical density to determine a relative density .  The relative 5 

density was 95.82%. 

[0113] 

 The content of carbon in the produced sintered bod y was measured 

with a carbon/sulfur analyzer manufactured by HORIB A, Ltd.  The 

contents of oxygen and nitrogen in the sintered bod y were measured 10 

with a TC-600 Series oxygen/nitrogen determinator m anufactured by 

LECO Corporation.  The contents of carbon, oxygen, and nitrogen in 

the sintered body were 5.98 mass%, 298 mass ppm, an d 8 mass ppm, 

respectively. 

[0114] 15 

 When the powder mixture for pressure sintering is subjected 

to pressure sintering to produce a target, part of the C (carbon) 

reacts with oxygen, so that the composition ratio o f the FePt alloy 

to the C (carbon) in the target obtained slightly d eviates from 

the targeted value.  Therefore, the relative densit y of the resulting 20 

sintered body was computed in consideration of the change in the 

amount of C (carbon) (on the basis of the content o f carbon measured 

by the carbon/sulfur analyzer manufactured by HORIB A, Ltd.) in this 

Example 1.  The aforementioned relative density of 95.82% was also 

computed in the same manner.  Also in other Example s and Comparative 25 
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Examples in the present specification, the relative  density was 

computed in consideration of the change in the amou nt of C (carbon) 

(on the basis of the content of carbon measured by the carbon/sulfur 

analyzer manufactured by HORIBA, Ltd.). 

[0115] 5 

 The structure of the obtained sintered body of Exa mple 1 was 

observed under a scanning electron microscope (SEM) .  Specifically, 

images at 10 locations in a cross section of the si ntered body of 

Example 1 in its thickness direction (cross section  of the sintered 

body in a direction in which a pressure was applied  thereto during 10 

hot pressing) were taken with the scanning electron  microscope (SEM) 

to obtain 10 SEM photographs.  The 10 SEM photograp hs are SEM 

photographs showing the field of view with a size o f 121 µm × 97 

µm taken with 1,000x magnification.  FIG. 1 shows on e of the 10 SEM 

photographs taken.  The scale in the photograph sho wn in FIG. 1 is 15 

10 µm. 

[0116] 

 In FIG. 1, gray phase is the FePt alloy phase and black phase 

is C (carbon) phase. 

[0117] 20 

 In order to facilitate the evaluation of the size and shape 

of the C (carbon) phase, 10 SEM photographs taken w ere each subjected 

to a binarization process to obtain 10 binarized im ages.  FIG. 2 

is an image after the SEM photograph shown in FIG. 1 was subjected 

to a binarization process.  In the image, the white  phase corresponds 25 
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to the FePt alloy phase while the black phase corre sponds to the 

C (carbon) phase. 

[0118] 

 The size and shape of the C (carbon) phase were ev aluated using 

10 binarized images taken at 10 locations in the cr oss section of 5 

the sintered body.  A description will be given of the evaluation 

procedures (1) to (6) as follows. 

[0119] 

(1) First, images at 10 locations in a cross sectio n of the obtained 

sintered body in its thickness direction (cross sec tion of the 10 

sintered body in a direction in which a pressure wa s applied thereto 

during hot pressing) are taken with the scanning el ectron microscope 

(SEM) to obtain 10 scanning electron microscope ima ges (10 SEM 

photographs).  These 10 SEM photographs are SEM pho tographs showing 

the field of view with a size of 121 µm × 97 µm taken with 1,000x 15 

magnification. 

[0120] 

(2) The obtained 10 SEM photographs are subjected t o a binarization 

process to obtain 10 binarized images that facilita te the 

determination of interface of the C phase.  More sp ecifically, the 20 

binarization process is performed using an image pr ocessing software 

ImageJ 1.44o.  The binarization is performed by the  command “Make 

Binary” with the binarization condition (Threshold)  set to 

“Default.”  At that time, noise bright points in th e C phase are 

removed (Remove Outliers (Radius: 3.0 pixels, Thres hold: 50)).  25 
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These processing can provide 10 binarized images. 

[0121] 

(3) Five “inscribed circles of the C phase” from th e largest 

diameter in each of the 10 binarized images are sel ected, where 

the “inscribed circle” does not include the FePt al loy phase 5 

thereinside but includes only the C (carbon) phase thereinside and 

is inscribed at the interface of the C (carbon) pha se.  Then, the 

average value of the diameters of the five inscribe d circles selected 

in each of the 10 binarized images is obtained and regarded as the 

size index a of the C phase.  FIG. 2 shows an examp le where five 10 

inscribed circles from the largest diameter that is  inscribed at 

the interface of the C (carbon) phase are described  in the binarized 

image, with the inscribed circles hatched.  FIG. 3 shows a binarized 

image with an area including one inscribed circle d escribed in FIG. 

2 in an enlarged manner. 15 

[0122] 

 The “inscribed circle of the C phase” used herein will now 

be defined.  FIG. 4 is a diagram illustrating the d efinition of the 

“inscribed circle of the C phase” used herein.  The  “inscribed circle 

of the C phase” used herein refers to an inscribed circle that is 20 

circumscribed at the interface in the binarized ima ge.  Here, a 

plurality of inscribed circles may be drawn in one C phase.  In this 

case, it is necessary to draw these inscribed circl es in the one 

C phase so that they are not in contact with one an other or they 

are circumscribed to one another (see FIG. 4A).  Th ey cannot be drawn 25 
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so that they are inscribed in one another (see FIG.  4B), so that 

they cross one another (see FIG. 4C), and so that o ne encompasses 

another (see FIG. 4D). 

[0123] 

(4) A maximum length L of a straight line among str aight lines 5 

connecting the center of each of five inscribed cir cles of the C 

phase from the largest diameter to the fifth larges t diameter to 

the interface of the C phase is obtained in each of  the 10 binarized 

images.  FIG. 2 shows an example describing the str aight line having 

the maximum length L stretching from the center of each inscribed 10 

circle to the interface of the C (carbon) phase. 

[0124] 

(5) The maximum length L is divided by the radius R  of the inscribed 

circle to obtain the value of L/R for each of the C  phases from 

the largest diameter to the fifth largest diameter of the inscribed 15 

circle.  Then, the average value of the five values  L/R obtained 

is regarded as a nonspherical index b of the C phas e. 

[0125] 

(6) The size indices a of the C phase obtained in t he aforementioned 

(3) for each of the 10 binarized images are average d to obtain an 20 

average value.  The nonspherical indices b of the C  phase obtained 

in the aforementioned (5) for each of the 10 binari zed images are 

averaged to obtain an average value. 

[0126] 

 As to the sintered body of Example 1, the average value of 25 
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the size indices a of the C phase obtained by the p rocedures (1) 

to (6) was 5.3 µm.  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 a 5 

sputtering target having a diameter of 153 mm and a  thickness of 

2 mm, and the sputtering target was joined to a Cu backing plate 

having a diameter of 161 mm and a thickness of 4 mm .  The sputtering 

target after joining was set in a sputtering appara tus.  Then 

sputtering was performed at an output of 500 W and an Ar gas pressure 10 

in a chamber of 1 Pa, and the number of particles g enerated was 

evaluated.  Specifically, the sputtering was interr upted at 

cumulative sputtering times of 15 minutes, 30 minut es, 1 hour, and 

2 hours.  A circular glass substrate having a diame ter of 2.5 inches 

was set in the sputtering apparatus at each time po int, and sputtering 15 

was performed for 20 seconds.  The cumulative sputt ering time is 

the cumulative time during which the sputtering was  performed. 

[0128] 

 The circular glass substrate with a diameter of 2. 5 inches 

having been subjected to sputtering for 20 seconds at each time 20 

point was removed from the sputtering apparatus and  set in an optical 

surface analyzer to count the number of particles g enerated.  The 

number of particles counted before sputtering at ea ch time point 

was subtracted from the number of particles after t he sputtering 

at this time point.  Then, the obtained number was divided by 10, 25 
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and the resultant was regarded as the number of par ticles generated 

at this time point.  That is, the number of particl es generated by 

performing sputtering for 20 seconds was divided by  10, and the 

resultant was regarded as the number of particles g enerated at this 

time point.  This condition was set in conformity w ith about 2 seconds 5 

which is the sputtering time when a magnetic phase of a hard disk 

is formed. 

[0129] 

 The numbers of particles generated at the cumulati ve sputtering 

times of 15 minutes, 30 minutes, 1 hour, and 2 hour s were 33, 49, 10 

62, and 80, respectively.  FIGs. 5 and 6 are graphs  showing a plot 

of these values, together with the results in other  Examples and 

Comparative Examples.  The horizontal axis in each of FIGs. 5 and 

6 represents the cumulative sputtering time (h), an d the vertical 

axis represents the number of particles generated ( particles).  The 15 

scales on the vertical axes in FIGs. 5 and 6 are di fferent from 

each other.  The scale on the vertical axis in FIG.  5 is large, and 

the scale on the vertical axis in FIG. 6 is small. 

[0130] 

 The cross section in the thickness direction of th e sintered 20 

body (cross section of the sintered body in a direc tion in which 

a pressure was applied thereto during hot pressing)  refers to a 

cross section in the thickness direction of the spu ttering target 

in terms of the sputtering target.  The same is app lied to Examples 

2 to 4 and Comparative Examples 1 to 3 to be descri bed later. 25 
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[0131] 

(Example 2) 

 In Example 2, a sintered body and a sputtering tar get were 

produced in the same manner as in Example 1 except that 36.31 g 

of a nonspherical C powder having an average partic le diameter of 5 

19.93 µm was used instead of 36.31 g of the nonspherical C  powder 

having an average particle diameter of 12.17 µm used in Example 1.  

The targeted composition of the sintered body and s puttering target 

is 60.5(50Fe-50Pt)-39.5C which is the same as that in Example 1. 

[0132] 10 

 The relative density of the produced sintered body  was measured 

in the same manner as in Example 1 and was found to  be 95.20%. 

[0133] 

 The contents of carbon, oxygen, and nitrogen in th e produced 

sintered body were measured in the same manner as t hat in Example 15 

1, and found to be 6.01 mass%, 199 mass ppm, and 14  mass ppm, 

respectively. 

[0134] 

 In the sintered body of Example 2, the average val ue of the 

size indices a of the C phase as determined in the same manner as 20 

that in Example 1 was 6.3 µm.  The average value of the nonspherical 

indices b of the C phase as determined in the same manner as that 

in Example 1 was 5.2. 

[0135] 

 In Example 2, as in Example 1, the sputtering targ et was produced 25 
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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 152, 62, 48, and 48, 

respectively.  FIGs. 5 and 6 are graphs showing a p lot of these values, 5 

together with the results in other Examples and Com parative Examples. 

[0136] 

(Example 3) 

 In Example 3, a sintered body and a sputtering tar get were 

produced in the same manner as in Example 1 except that 36.31 g 10 

of a nonspherical C powder having an average partic le diameter of 

51.01 µm was used instead of 36.31 g of the nonspherical C  powder 

having an average particle diameter of 12.17 µm used in Example 1.  

The targeted composition of the sintered body and s puttering target 

is 60.5(50Fe-50Pt)-39.5C which is the same as that in Example 1. 15 

[0137] 

 The relative density of the produced sintered body  was measured 

in the same manner as in Example 1 and was found to  be 96.54%. 

[0138] 

 The contents of carbon, oxygen, and nitrogen in th e produced 20 

sintered body were measured in the same manner as t hat in Example 

1, and found to be 5.99 mass%, 264 mass ppm, and 10  mass ppm, 

respectively. 

[0139] 

 In the sintered body of Example 3, the average val ue of the 25 
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size indices a of the C phase as determined in the same manner as 

that in Example 1 was 7.6 µm.  The average value of the nonspherical 

indices b of the C phase as determined in the same manner as that 

in Example 1 was 6.0. 

[0140] 5 

 In Example 3, as in Example 1, the sputtering targ et was produced 

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, 10 

respectively.  FIGs. 5 and 6 are graphs showing a p lot of these values, 

together with the results in other Examples and Com parative Examples. 

[0141] 

(Example 4) 

 The targeted composition of a powder mixture, a si ntered body 15 

and a target in Example 4 is 60(50Fe-50Pt)-30C-10Si O2.  Specifically, 

the targeted composition of the metal components is  

50mol%Fe-50mol%Pt, and the targeted composition rat io of the FePt 

alloy, C (carbon), and SiO 2 are 60 mol% of FePt alloy, 30 mol% of 

C, and 10 mol% of SiO 2. 20 

[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 µm.  17.46 Grams of that C powder was 

used in Example 4. 25 
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[0143] 

 In Example 4, an SiO 2 powder having an average particle diameter 

of 0.7 µm was also used. 

[0144] 

 Before producing the sintered body and sputtering target 5 

according to Example 4, an FePt alloy powder was fi rst produced 

using a gas atomizing method. 

[0145] 

 To 740.00 g of the produced FePt alloy powder, 59. 07 g of the 

SiO 2 powder was added, and they were mixed for 57 hours  with a mixer 10 

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 

C powder was added, and they were mixed for 30 minu tes with a mixer 

using balls at 300 rpm, to thereby obtain a powder mixture for pressure 15 

sintering. 

[0147] 

 The obtained powder mixture for pressure sintering  was 

subjected to hot pressing under the conditions of s intering 

temperature: 1100 °C, pressure: 30.6 MPa, time: 60 min, and atmosphere : 20 

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

[0148] 

 The relative density of the produced sintered body  was measured 

in the same manner as in Example 1 and was found to  be 94.37%. 

[0149] 25 
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 The contents of carbon, oxygen, and nitrogen in th e produced 

sintered body were measured in the same manner as t hat in Example 

1, and found to be 3.88 mass%, 3.68 mass%, and 8 ma ss ppm, respectively. 

[0150] 

 In the sintered body of Example 4, the average val ue of the 5 

size indices a of the C phase was 5.4 µm.  The average value of the 

nonspherical indices b of the C phase was 5.6. 

[0151] 

 In Example 4, as in Example 1, the sputtering targ et was produced 

using the obtained sintered body and used to perfor m sputtering, 10 

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.  FIGs. 5 and 6 are graphs showing a p lot of these values, 

together with the results in other Examples and Com parative Examples. 15 

[0152] 

(Comparative Example 1) 

 In Comparative Example 1, a sintered body and a sp uttering 

target were produced in the same manner as in Examp le 1 except that 

36.31 g of a spherical C powder having an average p article diameter 20 

of 6.63 µm was used instead of 36.31 g of the nonspherical C  powder 

having an average particle diameter of 12.17 µm used 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-50Pt)-39.5C 25 
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which is the same as that in Example 1. 

[0153] 

 The relative density of the produced sintered body  was measured 

in the same manner as in Example 1 and was found to  be 96.07%. 

[0154] 5 

 The content of carbon in the produced sintered bod y was measured 

with a carbon/sulfur analyzer manufactured by HORIB A, Ltd.  The 

contents of oxygen and nitrogen in the sintered bod y were measured 

with a TC-600 Series oxygen/nitrogen determinator m anufactured by 

LECO Corporation.  The contents of carbon, oxygen, and nitrogen in 10 

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 1 was observed under a scanning electron mi croscope (SEM).  15 

Specifically, images at 10 locations in a cross sec tion of the sintered 

body of Comparative Example 1 in its thickness dire ction (cross 

section of the sintered body in a direction in whic h a pressure 

was applied thereto during hot pressing) were taken  with the scanning 

electron microscope (SEM) to obtain 10 SEM photogra phs.  The 10 SEM 20 

photographs are SEM photographs showing the field o f view with a 

size of 121 µm × 97 µm taken with 1,000x magnification.  FIG. 7 shows 

one of the 10 SEM photographs taken.  The scale in the photograph 

shown in FIG. 7 is 10 µm. 

[0156] 25 
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 In FIG. 7, gray phase is the FePt alloy phase and black phase 

is C (carbon) phase. 

[0157] 

 In order to facilitate the evaluation of the size and shape 

of the C (carbon) phase, 10 SEM photographs taken w ere each subjected 5 

to a binarization process to obtain 10 binarized im ages.  FIG. 8 

is an image after the SEM photograph shown in FIG. 7 was subjected 

to a binarization process.  In the image, the white  phase corresponds 

to the FePt alloy phase while the black phase corre sponds to the 

C (carbon) phase.  FIG. 8 shows an example where fi ve inscribed 10 

circles from the largest diameter that are inscribe d at the interface 

of the C (carbon) phase are described with the insc ribed circles 

hatched.  FIG. 9 shows a binarized image with an ar ea including one 

inscribed circle described in FIG. 8 in an enlarged  manner. 

[0158] 15 

 In the sintered body of Comparative Example 1, the  average 

value of the size indices a of the C phase as deter mined in the 

same manner as that in Example 1 was 6.6 µm.  The average value of 

the nonspherical indices b of the C phase as determ ined in the same 

manner as that in Example 1 was 2.0. 20 

[0159] 

 In Comparative Example 1, as in Example 1, the spu ttering target 

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 25 
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times of 15 minutes, 30 minutes, 1 hour, and 2 hour s were 340, 156, 

320, and 186, respectively.  FIGs. 5 and 6 are grap hs showing a plot 

of these values, together with the results in other  Examples and 

Comparative Examples. 

[0160] 5 

(Comparative Example 2) 

 In Comparative Example 2, a sintered body and a sp uttering 

target were produced in the same manner as in Examp le 1 except that 

36.31 g of a spherical C powder having an average p article diameter 

of 22.55 µm was used instead of 36.31 g of the nonspherical C  powder 10 

having an average particle diameter of 12.17 µm used in Example 1 

and that the obtained powder mixture for pressure s intering was 

subjected to hot pressing at 1050 °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. 15 

[0161] 

 The relative density of the produced sintered body  was measured 

in the same manner as in Example 1 and was found to  be 97.11%. 

[0162] 

 The contents of carbon, oxygen, and nitrogen in th e produced 20 

sintered body were measured in the same manner as t hat in Example 

1, and found to be 5.90 mass%, 264 mass ppm, and 28  mass ppm, 

respectively. 

[0163] 

 In the sintered body of Comparative Example 2, the  average 25 
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value of the size indices a of the C phase as deter mined in the 

same manner as that in Example 1 was 9.7 µm.  The average value of 

the nonspherical indices b of the C phase as determ ined in the same 

manner as that in Example 1 was 2.5. 

[0164] 5 

 In Comparative Example 2, as in Example 1, the spu ttering target 

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 

times of 15 minutes, 30 minutes, 1 hour, and 2 hour s were 842, 265, 10 

108, and 110, respectively.  FIGs. 5 and 6 are grap hs showing a plot 

of these values, together with the results in other  Examples and 

Comparative Examples. 

[0165] 

(Comparative Example 3) 15 

 In Comparative Example 3, a sintered body and a sp uttering 

target were produced in the same manner as in Examp le 1 except that 

36.31 g of a nonspherical C powder having an averag e particle diameter 

of 5.09 µm was used instead of 36.31 g of the nonspherical C  powder 

having an average particle diameter of 12.17 µm used in Example 1 20 

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] 25 
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 The relative density of the produced sintered body  was measured 

in the same manner as in Example 1 and was found to  be 94.37%. 

[0167] 

 The contents of carbon, oxygen, and nitrogen in th e produced 

sintered body were measured in the same manner as t hat in Example 5 

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 10 

same manner as that in Example 1 was 3.7 µm.  The average value of 

the nonspherical indices b of the C phase as determ ined in the same 

manner as that in Example 1 was 3.9. 

[0169] 

 In Comparative Example 3, as in Example 1, the spu ttering target 15 

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 

times of 15 minutes, 30 minutes, 1 hour, and 2 hour s were 165, 236, 

305, and 360, respectively.  FIGs. 5 and 6 are grap hs showing a plot 20 

of these values, together with the results in other  Examples and 

Comparative Examples. 

[0170] 

(Comparative Example 4) 

 In Comparative Example 4, the targeted composition  of the 25 
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sintered body and sputtering target is 60.5(50Fe-50 Pt)-39.5C which 

is the same as that in Example 1. 

[0171] 

 The C powder used in Comparative Example 4 is carb on black 

having an average primary particle diameter (median  diameter) of 5 

30 nm (catalogue value) and forming secondary parti cles.  Each shape 

of the individual C particles is nonspherical.  In Comparative 

Example 4, 62.50 g of the C powder was used. 

[0172] 

 Before producing the sintered body and sputtering target 10 

according to Comparative Example 4, an FePt alloy p owder was first 

produced using a gas atomizing method.  The average  particle diameter 

of the obtained FePt alloy powder was 45 µm. 

[0173] 

 To 1000.00 g of the produced FePt alloy powder, 62 .50 g of 15 

the C powder was added, and they were mixed for 24 hours with a 

mixer using balls at 462 rpm, to thereby obtain a p owder mixture 

for pressure sintering. 

[0174] 

 The obtained powder mixture for pressure sintering  was 20 

subjected to hot pressing under the conditions of s intering 

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

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

[0175] 

 The relative density of the produced sintered body  was measured 25 
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in the same manner as in Example 1 and was found to  be 96.12%. 

[0176] 

 The contents of carbon, oxygen, and nitrogen in th e produced 

sintered body were measured in the same manner as t hat in Example 

1, and found to be 5.72 mass%, 23 mass ppm, and 10 mass ppm, 5 

respectively. 

[0177] 

 In the sintered body of Comparative Example 4, the  average 

value of the size indices a of the C phase as deter mined in the 

same manner as that in Example 1 was 0.8 µm.  The average value of 10 

the nonspherical indices b of the C phase as determ ined in the same 

manner as that in Example 1 was 3.5. 

[0178] 

 In Comparative Example 4, as in Example 1, the spu ttering target 

was produced using the obtained sintered body and u sed to perform 15 

sputtering, and the number of particles generated w as evaluated.  

The numbers of particles generated at the cumulativ e sputtering 

times of 15 minutes, 30 minutes, 1 hour, and 2 hour s were 3019, 

3587, 5803, and 4807, respectively.  FIGs. 5 and 6 are graphs showing 

a plot of these values, together with the results i n other Examples 20 

and Comparative Examples. 

 [0179] 

 As shown in FIGs. 5 and 6, the number of particles  generated 

when the sputtering target according to Comparative  Example 4 was 

used to perform sputtering was much larger than tho se in Examples 25 
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1 to 4 and Comparative Examples 1 to 3.  In Compara tive Example 4, 

the C powder used was carbon black having a very sm all average primary 

particle diameter (median diameter) of 20 to 50 nm (catalogue value 

30 nm) and forming secondary particles.  Therefore,  it is considered 

that the carbon black formed secondary particles al so in the FePt 5 

alloy phase.  The C in the form of secondary partic les is formed 

as compressed clusters of primary particles of C, a nd primary 

particles of C present inside the secondary particl es are not covered 

with the FePt alloy.  Therefore, it is considered t hat the primary 

particles of C present inside the secondary particl es may easily 10 

fall off the target as clusters during sputtering t o thereby 

facilitate the formation of particles.  This may be  the reason that 

the number of particles generated when the sputteri ng target of 

Comparative Example 4 was used to perform sputterin g was much larger 

than those in Examples 1 to 4 and Comparative Examp les 1 to 3. 15 

[0180] 

(Discussion) 

 The principal data in Examples 1 to 4 and Comparat ive Examples 

1 to 4 is summarized in TABLE 1 below.  The composi tion of the target 

in Examples 1 to 3 and Comparative Examples 1 to 4 is 20 

60.5(50Fe-50Pt)-39.5C while the composition only in  Example 4 is 

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

[0181] 

[TABLE 1]  
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[0182] 

 In Examples 1 to 4 which fall within the scope of the present 

invention, the average value of the size indices a of the C phase 

in the sintered body is 4.0 µm or more and 9.0 µm or less, and the 

average value of the nonspherical indices b of the C phase in the 5 

sintered body is 3.0 or more. 

[0183] 

 Since the average value of the size indices a of t he C phase 

in the sintered body of Examples 1 to 4 is 4.0 µm or more and 9.0 

µm or less, the periphery of the C phase may have an  appropriate 10 

size that is likely to be covered with the FePt-bas ed alloy, which 

is the matrix metal.  Since the average value of th e nonspherical 

indices b of the C phase in the sintered body is 3. 0 or more, the 

C phase in the target has a long thin shape compare d to the spherical 

shape, and thus the surface area per unit volume is  increased more 15 

than the spherical shape.  Accordingly, the C phase  in the target 

is likely to be favorably bonded to the FePt-based alloy, which 

is the matrix metal. 

[0184] 

 Thus, it is considered that the number of particle s generated 20 

in Examples 1 to 4 is reduced. 

[0185] 

 In contrast, the average values of the nonspherica l indices 

b of the C phase in the sintered bodies of Comparat ive Examples 

1 and 2 are 2.0 and 2.5, respectively, which are bo th below 3.0, 25 
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meaning that the shape of the C phase in the sinter ed body is close 

to a spherical shape.  Thus, the surface areas per unit volume of 

the C phase in the sintered bodies of Comparative E xamples 1 and 

2 are reduced, and the bonding of the C phase to th e FePt-based 

alloy, which is the matrix metal, is diminished.  A ccordingly, it 5 

is considered that the number of particles generate d is increased 

compared to Examples 1 to 4. 

[0186] 

 In Comparative Examples 3 and 4, the average value s of the 

size indices a of the C phase in the sintered bodie s are 3.7 µm and 10 

0.8 µm, respectively, which are below 4.0 µm, and thus, the size 

of the C phase is too small.  Accordingly, it is co nsidered that 

the periphery of the C phase is not sufficiently co vered with the 

FePt-based alloy, which is the matrix metal, and th e number of the 

particles generated is increased compared to Exampl es 1 to 4. 15 

[0187] 

 In Comparative Example 4, as described above, the primary 

particles of carbon form secondary particles in the  sintered body.  

The C in the form of secondary particles is formed as compressed 

clusters of primary particles of C, and primary par ticles of C present 20 

inside the secondary particles are not covered with  the FePt alloy.  

Therefore, it is considered that the primary partic les of C present 

inside the secondary particles may easily fall off the target as 

clusters during sputtering to thereby facilitate th e formation of 

particles.  This may be the reason that the number of particles 25 
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generated when the sputtering target of Comparative  Example 4 was 

used to perform sputtering was much larger than tho se in Examples 

1 to 4 and Comparative Examples 1 to 3. 

 

Industrial Applicability 5 

[0188] 

 The sputtering target according to the present inv ention is 

an FePt-C-based sputtering target that alone can be  used to form 

a thin film containing an FePt-based alloy and carb on, the thin 

film being capable of being used as a magnetic reco rding medium, 10 

without using a plurality of targets, and that caus es a reduced 

amount of particles during sputtering.  Thus, the s puttering target 

according to the present invention has industrial a pplicability. 

 

15 
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CLAIMS 

 

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

wherein 

 the FePt-C-based sputtering target has a structure  in which 5 

a C phase substantially being C is dispersed in an FePt-based alloy 

phase containing 33 mol% or more and 60 mol% or les s of Pt with 

the balance substantially being Fe, and 

 when in each of 10 images taken at 10 locations in  a cross 

section of the FePt-C-based sputtering target in a thickness 10 

direction thereof with a field of view having a siz e of 121 µm × 

97 µm taken with 1,000x magnification, an average value  of diameters 

of five inscribed circles from a largest diameter t o a fifth largest 

diameter of inscribed circles of the C phase is reg arded as a size 

index a of the C phase, and a value L/R for each C phase from the 15 

largest diameter to the fifth largest diameter of t he inscribed 

circles is determined by dividing a maximum length L of a straight 

line among straight lines connecting a center of ea ch of the five 

inscribed circles of the C phase from the largest d iameter to the 

fifth largest diameter to an interface of the C pha se by a radius 20 

R of the inscribed circle associated with the maxim um length L, 

and an average value of the resulting five values L /R is regarded 

as a nonspherical index b of the C phase, an averag e value of the 

size indices a of the C phase obtained for the resp ective 10 images 

is 4.0 µm or more and 9.0 µm or less, and an average value of the 25 
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nonspherical indices b of the C phase determined fo r the respective 

10 images is 3.0 or more. 

 

2. An FePt-C-based sputtering target containing Fe,  Pt, and C 

and further containing at least one element other t han Fe and Pt, 5 

wherein 

 the FePt-C-based sputtering target has a structure  in which 

a C phase substantially being C is dispersed in an FePt-based alloy 

phase containing 33 mol% or more and less than 60 m ol% of Pt and 

more than 0 mol% and 20 mol% or less of the at leas t one element 10 

other than Fe and Pt with the balance substantially  being Fe and 

with the total amount of Pt and the at least one el ement being 60 

mol% or less, and 

 when in each of 10 images taken at 10 locations in  a cross 

section of the FePt-C-based sputtering target in a thickness 15 

direction thereof with a field of view having a siz e of 121 µm × 

97 µm taken with 1,000x magnification, an average value  of diameters 

of five inscribed circles from a largest diameter t o a fifth largest 

diameter of inscribed circles of the C phase is reg arded as a size 

index a of the C phase, and a value L/R for each C phase from the 20 

largest diameter to the fifth largest diameter of t he inscribed 

circles is determined by dividing a maximum length L of a straight 

line among straight lines connecting a center of ea ch of the five 

inscribed circles of the C phase from the largest d iameter to the 

fifth largest diameter to an interface of the C pha se by a radius 25 
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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 /R is regarded 

as a nonspherical index b of the C phase, an averag e value of the 

size indices a of the C phase obtained for the resp ective 10 images 

is 4.0 µm or more and 9.0 µm or less, and an average value of the 5 

nonspherical indices b of the C phase determined fo r the respective 

10 images is 3.0 or more. 

 

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

wherein 10 

 the one or more kinds of elements other than Fe an d Pt are 

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 15 

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 20 

oxide, wherein 

 the FePt-C-based sputtering target has a structure  in which 

a C phase substantially being C and an oxide phase substantially 

being oxide are dispersed in an FePt-based alloy ph ase containing 

33 mol% or more and 60 mol% or less of Pt with the balance substantially 25 
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being Fe, and 

 when in each of 10 images taken at 10 locations in  a cross 

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

direction thereof with a field of view having a siz e of 121 µm × 

97 µm taken with 1,000x magnification, an average value  of diameters 5 

of five inscribed circles from a largest diameter t o a fifth largest 

diameter of inscribed circles of the C phase is reg arded as a size 

index a of the C phase, and a value L/R for each C phase from the 

largest diameter to the fifth largest diameter of t he inscribed 

circles is determined by dividing a maximum length L of a straight 10 

line among straight lines connecting a center of ea ch of the five 

inscribed circles of the C phase from the largest d iameter to the 

fifth largest diameter to an interface of the C pha se by a radius 

R of the inscribed circle associated with the maxim um length L, 

and an average value of the resulting five values L /R is regarded 15 

as a nonspherical index b of the C phase, an averag e value of the 

size indices a of the C phase obtained for the resp ective 10 images 

is 4.0 µm or more and 9.0 µm or less, and an average value of the 

nonspherical indices b of the C phase determined fo r the respective 

10 images is 3.0 or more. 20 

 

6. An FePt-C-based sputtering target containing Fe,  Pt, C, and 

oxide and further containing at least one element o ther than Fe 

and Pt, wherein 

 the FePt-C-based sputtering target has a structure  in which 25 
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a C phase substantially being C and an oxide phase substantially 

being oxide are dispersed in an FePt-based alloy ph ase containing 

33 mol% or more and less than 60 mol% of Pt and mor e than 0 mol% 

and 20 mol% or less of the at least one element oth er than Fe and 

Pt with the balance being Fe and unavoidable impuri ties and with 5 

the total amount of Pt and the at least one element  being 60 mol% 

or less, and 

 when in each of 10 images taken at 10 locations in  a cross 

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

direction thereof with a field of view having a siz e of 121 µm × 10 

97 µm taken with 1,000x magnification, an average value  of diameters 

of five inscribed circles from a largest diameter t o a fifth largest 

diameter of inscribed circles of the C phase is reg arded as a size 

index a of the C phase, and a value L/R for each C phase from the 

largest diameter to the fifth largest diameter of t he inscribed 15 

circles is determined by dividing a maximum length L of a straight 

line among straight lines connecting a center of ea ch of the five 

inscribed circles of the C phase from the largest d iameter to the 

fifth largest diameter to an interface of the C pha se by a radius 

R of the inscribed circle associated with the maxim um length L, 20 

and an average value of the resulting five values L /R is regarded 

as a nonspherical index b of the C phase, an averag e value of the 

size indices a of the C phase obtained for the resp ective 10 images 

is 4.0 µm or more and 9.0 µm or less, and an average value of the 

nonspherical indices b of the C phase determined fo r the respective 25 
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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 Pt are 5 

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 10 

 a content percentage of a total sum of C in the C phase and 

the oxide in the oxide phase relative to the entire  target is 10 

mol% or more and 60 mol% or less, 

 a content percentage of C in the C phase relative to the entire 

target is 5 mol% or more and 50 mol% or less, and 15 

 a content percentage of the oxide in the oxide pha se relative 

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 20 

 the oxide contains at least one of SiO 2, TiO 2, Ti 2O3, Ta 2O5, 

Cr 2O3, CoO, Co 3O4, B 2O3, Fe 2O3, Fe 3O4, CuO, Cu 2O, Y 2O3, MgO, Al 2O3, ZrO 2, 

Nb2O5, MoO 3, CeO 2, Sm 2O3, Gd 2O3, WO 2, WO 3, HfO 2, and NiO 2. 

 

10. The FePt-C-based sputtering target according to  any one of 25 
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claims 1 to 9, wherein 

 the FePt-based sputtering target has a relative de nsity of 

90% or larger. 


