
DESCRIPTION 

TITLE OF INVENTION 

FePt-BASED SPUTTERING TARGET AND PROCESS FOR PRODUCING THE 

SAME 

TECHNICAL FIELD 

[0001] 

The present invention relates to an FePt-based sputtering 

target and to a process for prod-ucing the same. 

BACKGROUND ART 

10002} 

An FePt alloy can be provided with the fct (Ordered Face 

Centered Tetragonal) structure which has high crystal magnetic 

anisotropy by heat-treating at an elevated temperature (for 

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

been highlighted as a magnetic recording medium. To make FePt 

particles smaller and more uniform in the thin film of the 

FePt alloy/ it is proposed that a predetermined quantity of 

carbon (C) be included into the thin film of the FePt alloy 

(for example, Patent Literature 1). 

[0003] 

However, the formation method of the FePtC thin film, 
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described in the Patent Literature 1, is the method of vapor-

depositing Fe, Pt, and C simultaneously on an MgO (100) 

substrate by using the Fe target of a 2-inch diameter, C 

target of a 2~inch diameter, and the Pt target of 5 mm in 

5 height and width. In this method, it is difficult to obtain 

the film whose composition is controlled strictly. 

Additionally/ three targets are required and each target needs 

a cathode, a power supply, etc, and so the cost of equipment 

becomes high while the preparatory work of sputtering takes 

10 time and effort. 

[00041 

It is thought that an FePtC thin film formed by the 

process for forming an FePtC thin film described in Patent 

Literature i has a granular structure in which FePt alloy 

15 particles are separated by partitions of C, thereby allowing 

the FePtC thin film to exhibit magnetic recording 

characteristics. However, when the partitions of the granular 

structure were formed only of C (carbon), a carbon phase 14 

grew to surround FePt alloy particles 12 growing on a 

20 substrate surface 10A of a substrate 10, for example, as 

illustrated in FIG- 1. This sometimes prevented the FePt alloy 

particles 12 from growing vertically onto the substrate 

surface 1GA so that a plurality of the FePt alloy particles 12 

were deposited vertically onto the substrate surface 10A (for 

25 example, Non-Patent Literature 1), When a plurality of the 



FePt alloy particles 12 are deposited vertically onto the 

substrate surface 10A, the obtained thin film may have 

deteriorated characteristics as a magnetic recording medium, 

or may be useless as a magnetic recording medium. 

5 [0005] 

In order to suppress the phenomenon that a plurality of 

the FePt alloy particles 12 are deposited vertically onto the 

substrate surface 10A, metal oxides such as TazOs and TiC>2 may 

be effectively used instead of C to form the partitions of the 

10 granular structure, which is disclosed in Non-Patent 

Literature 1. 

CITATION LIST 

Patent Literature 

15 [0006] 

Patent Literature 1: Japanese Patent No. 3950838 

Non-Patent Literature 

[0007] 

Non-Patent Literature 1: J. S. Chen et al., Granular L10 

20 FePt~X (X=C, TI02, Ta205) {001) nanocomposite films with small 

grain size for high density magnetic recording, Journal of 

Applied Physics, American Institute of Physics, 2009, Volume: 

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

25 SUMMARY OF INVENTION 
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Technical Problem 

[0008] 

However, to' form the partitions of the granular structure 

with a metal oxide instead of Cr the process for forming an 

5 FePtC thin film described in Patent Literature 1 requires 

installation of a metal oxide target, instead of a C target, 

into a sputtering device. This process takes time and effort 

for preparation of sputtering and also increases the cost of 

the device. 

10 [0009] 

The present inventors have believed that C and a metal 

oxide are effectively used to form the partitions of the 

granular structure. To form the partitions of the granular 

structure not with only C but with C and a metal oxide, the 

15 process for forming an FePtC thin film described in Patent 

Literature 1 not only requires installation of three targets, 

Fe, Pt, and C into a sputtering device, but also requires 

installation of a metal oxide target into a sputtering device. 

This process takes more time and effort for preparation of 

20 sputtering and also increases the cost of the device. 

[00101 

The present inventors have studied about inclusion of a 

third metal element in FePt-alloy particles to improve the 

performance of a FePt-based thin film as a magnetic recording 

25 medium and to improve the ease of production. In order to 



include the third metal element in the FePt-alloy particles, 

the process for forming an FePtC thin film described in Patent 

Literature 1 further requires installation of a target of the 

third metal element into a sputtering device. This process 

5 takes more time and effort for preparation of sputtering and 

also increases the cost of the device. 

[0011] 

The present invention has been made in view of the 

aforementioned problems. It is an object of the present 

10 invention to provide an FePt-based sputtering target which 

alone can form a thin film containing an FePt-based alloy and 

being usable as a magnetic recording medium without using a 

plurality of targets, and a process for producing the same. 

15 Solution to Problem 

[0012] 

As a result of intensive research ro solve the 

aforementioned problem, the present inventors found out that 

the aforementioned problem is solvable with the following 

20 FePt-based sputtering targets and solvable with the following 

processes for producing the FePt-based sputtering target, and 

the present inventors created the present invention. 

[0013] 

Namely, a first aspect of an FePt-based sputtering target 

25 according to the present invention is an FePt-based sputtering 



target containing Fe, Pt, a metal oxide, and further 

containing one or more kinds of metal elements other than Fe 

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

structure in which an FePt-based alloy phase and a metal oxide 

5 phase containing unavoidable impurities are mutually dispersed, 

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

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

.metal elements other than Fe and Pt in an amount of more than 

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

10 unavoidable impurities and with a total amount of Pt and the 

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

wherein the metal oxide is contained in an amount of 20 vol% 

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

target. 

15 [0014] 

The phrase "an FePt-based alloy phase and a metal oxide 

phase containing unavoidable impurities are mutually 

dispersed" is a concept including a state in which the FePt-

based alloy phase is a dispersion medium and the metal oxide 

20 phase is a dispersoid and a state in which the metal oxide 

phase is a dispersion medium and the FePt-based alley phase is 

a dispersoid and further including a state in which the FePt-

based alloy phase and the metal oxide phase are mixed with 

each other but it is not possible to determine which phase is 

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

In the present description, the FePt-based alloy means an 

alley containing Fe and Pt as main components and includes not 

only a binary alloy containing only 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 and Pt. As used 

herein, the FePt-based sputtering target means a sputtering 

target containing Fe and Pt as main components and also 

includes sputtering targets containing, in addition to Fe and 

Pt, other metal component(s), an oxide, C, and the like. 

[0016] 

In the present description, the phrase "a or more and p 

or less" may be described as "from a to 8." 

[0017] 

A second aspect of an FePt-based sputtering target 

according to the present invention is an FePt-based sputtering 

target containing Fe, Pt, C, a metal oxide, and further 

containing one or more kinds of metal elements other than Fe 

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

structure in which an FePt-based alloy phase, a C phase 

containing unavoidable impurities, and a metal oxide phase 

containing unavoidable impurities are mutually dispersed, the 

FePt-based alloy phase containing Pt in an amount of 40 at% or 

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

elements other than Fe and Pt in an amount of more than 0 at% 



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

impurities and with a total amount of Pt and the one or more 

kinds of metal elements being 60 at% or less, and wherein. C is 

contained in an amount of more than 0 voi% and 20 vol% -or less 

5 based on a total amount of the target, the metal oxide is 

contained in an amount of 10 vol% or more and less than 40 

vol% based on the total amount of the target, and a total 

content of C aria the metal oxide is 20 vol% or more and 40 

vol% or less based on the total amount of the target. 

10 {0018] 

The phrase "an FePt-based alloy phase, a C phase 

containing unavoidable impurities, and a metal oxide phase 

containing unavoidable impurities are mutually dispersed" 

means a state in which any of the FePt-based alloy phase, the 

15 C phase, and the metal oxide phase can be a dispersoid(s) and 

any of the phases can be a dispersion medium/media, i.e., in 

any case, the FePt-based alloy phase, the C phase, and the 

metal oxide phase are mutually mixed, and moreover the above 

phrase is a concept including a state in which the FePt-based 

20 alloy phase, the C phase, and the metal oxide phase are mixed 

with each other but it is not possible to determine which 

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

[0019] 

In the first aspect, the metal oxide phase preferably has 

25 an average size of 0.4 JJIJI or less as determined by an intercept 



method. 

[0020] 

In the second aspect, the phase consisting of the C phase 

and the metal oxide phase preferably has an average size of 

5 0.4 jim or less as determined by an intercept method. 

[0021] 

A process for determining the average size of the metal 

oxide phase by the intercept method, and a process for 

determining the average size of the phase consisting of the C 

10 phase and the metal oxide phase will be described below in the 

section of "DESCRIPTION OF EMBODIMENTS." 

[00221 

In the first and second aspects, the one or more kinds of 

metal elements other than Fe and Pt may be one or more kinds 

15 of Cu, Ag, Mn, Ni, Co, Pd, Cr, V, and B. The one or more metal 

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

more metal elements other than Fe and Pt may be only Cu. 

[0023] 

In the first and second aspects, the metal oxide may 

20 contain, for example, at least one of SiOz, Ti02, Ti?03, Ta.205, 

Cr203, CoO, Co304P B2O3, Fe203, CuO, Cu20, Y2O3, MgO, Ai203, ZrOz, 

MhsOsr M0O3, Ce02, SmQz, GdzOs, W02, WOs, HfOz, and NxOs-

[0024] 

Preferably, the FePt-based sputtering target has a 

25 relative density of 90% or higher. 



[0025] 

Some of the above-described FePt-based sputtering targets 

can be preferably used for a magnetic recording medium. 

[0026] 

5 A first' aspect of a process for producing an FePt-based 

sputtering target: according to the present invention is a 

process for producing an FePt-based sputtering target, 

including: adding metal oxide powder containing unavoidable 

impurities to FePt-based alloy powder containing Pt in an 

10 amount of 40 at% or more and less than 60 at% and the one or 

more kinds of metal elements other than Fe and Pt in an amount 

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

Fe and unavoidable impurities and with a total amount of Pt 

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

15 less so that the metal oxide powder accounts for 20 vol% or 

more and 40 vol% or less of a total amount of the FePt-based 

alloy powder and the metal oxide powder, followed by mixing 

the FePt-based alloy powder and the metal oxide powder to 

produce a powder mixture; and molding the produced powder 

20 mixture while the powder mixture is heated under pressure. 

[0027] 

A second aspect of a process for producing an FePt-based 

sputtering target according to the present invention is a 

process for producing an FePt-based sputtering target, 

25 including: adding C powder containing unavoidable impurities 

10 



and metal oxide powder containing unavoidable impurities to 

FePt-based alloy powder containing Pt in an amount of 4 0 at% 

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

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

5 0 at% and 20 at% or less with the balance being Fe and 

unavoidable impurities and with a total amount of Pt and the 

one or more kinds of metal elements being 60 at% or less so 

that the C powder and the metal oxide powder are added to 

satisfy: 

10 0 < a < 20; 

10 < (3 < 40; and 

20 < a + P < 40, 

where a and £ represent contents of the C powder and the 

metal oxide powder by vol%, respectively, based on a total 

15 amount of the FePt-based alloy powder, the C powder, and the 

metal oxide powder, followed by mixing the FePt-based alloy 

powder, the C powder, and the metal oxide powder to produce a 

powder mixture; and molding the produced powder mixture while 

the powder mixture is heated under pressure. 

20 [0028] 

In a first aspect of the production process, the metal 

oxide phase in the obtained FePt-based sputtering target has 

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

intercept method. 

25 [0029] 



In a. second aspect of the production process, the phase 

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

obtained FePt-based sputtering target has an average size of 

0.4 Mia or less as determined by the intercept method. 

[0030] 

In the first and second aspects of the production process 

the one ox: more kinds of metal elements other than Fe and Pt 

may be on$ or more kinds of Cu, Ag, Mn, Ni, Co, Pd, Cr, V, and 

B. The one or more metal elements other than Fe and Pt may 

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

and Pt may be only Cu. 

[0031] 

In the first and second aspects of the production process 

the metal oxide may contain, for example, at least one of SiOs, 

TiC>2r TisQs, Ta2G5, CrgC^, CoG, C03O4, 32O3, FeaOs, CuO, CU20, Y2O3, 

MgQ, A1203, ZrC>2t Nb205, M0O3, Ce02, Srn203, Gd203, WQ2f W03, Hf02, 

and Ni02. 

[0032] 

Some of the obtained FePt-based sputtering targets can be 

preferably used for a magnetic recording medium. 

[0033] 

A third aspect of the FePt-based sputtering target 

according to the present invention is an FePt-based sputtering 

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

[0034] 

The use of the FePt-based sputtering target according to 

the present invention allows formation of a thin film 

containing an FePt-based alloy and being usable as a magnetic 

recording medium with 'the single target alone, i.e., without 

using a plurality of targets. 

[0035] 

Moreover, the FePt-based sputtering target according to 

the present invention contains a predetermined amount of the 

metal oxide, so that a thin film obtained by sputtering and 

containing the FePt-based alloy is likely to have a favorable 

granular structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

1 0036] 

FIG. 1 is an example of a problematic magnetic recording 

medium having a granular structure with partitions formed only 

of C (carbon). 

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

Reference Example 1 (an image taken at a magnification of 

l,000x; a bar scale in the photograph represents 10 pn). 

FIG. 3 is a SEM photograph of a sintered product in 

Reference Example 1 (an image taken at a magnification of 

3/OOOx; a bar scale in the photograph represents 1 pm) . 
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FIG- 4 is a SEM photograph of a sintered product in 

Reference Example 1 (an image taken at a magnification of 

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

FIG- 5 is a SEM photograph of a. sintered product in 

5 Reference Example 1 {an image taken at a magnification of 

lQ, 000x; a bar scale in the photograph represents 1 jim) . 

FIG. 6 is a SEM photograph of a sintered product in 

Reference Example 2 (an image taken at a magnification of 

l, 000x; a bar scale in the photograph represents 10 jim) . 

10 FIG. 7 is a SEM photograph of a sintered product in 

Reference Example 2 (an image taken at a magnification of 

3,OOOx; a bar scale in the photograph represents 1 fim) , 

FIG. 8 is a SEM photograph of a sintered product in 

Reference Example 2 (an image taken at a magnification of 

15 5,OOOx; a bar scale in the photograph represents 1 j-tm) . 

FIG. 9 is a SEM photograph of a sintered product in 

Reference Example 2 (an image taken at a magnification of 

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

FIG- 10 is a SEM photograph of a sintered product in 

20 Reference Example 3 (an image taken at a magnification of 

l/ 000x; a bar scale in the photograph represents 10 jam) . 

FIG. 11 is a SEM photograph of a sintered product in 

Reference Example 3 (an image taken at a magnification of 

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

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



Reference Example 3 (an image taken at a magnification of 

5r000x; a bar scale in the photograph represents 1 pm) . 

FIG. 13 is a SEM photograph of a sintered product in 

Reference Example 3 (an image taken at a magnification of 

5 I0,000x; a bar scale in the photograph represents 1 (am) . 

FIG. 14 is a SEM photograph of a sintered product in 

Reference Example 4 (an image taken at a magnification of 

lr000x; a bar scale in the photograph represents 10 urn). 

FIG. 15 is a SEM photograph of a sintered product in 

10 Reference Example 4 (an image taken at a magnification of 

3,Q00x; a bar scale in the photograph represents I pm). 

FIG. 16 is a SEM photograph of a sintered product in 

Reference Example 4 (an image taken at a magnification of 

5f000x; a bar scale in the photograph represents 1 ^m) . 

15 FIG. 17 is a SEM photograph of a sintered product in 

Reference Example 4 (an image taken at a magnification of 

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

FIG. 18 is a SEM photograph of a sintered product in 

Reference Example 5 {an image taken at a magnification of 

20 l,Q00x; a bar scale in the photograph represents 10 ;urrt) . 

FIG. 19 is a SEM photograph of a sintered product in 

Reference Example 5 (an image taken at a magnification of 

3,Q00x; a bar scale in the photograph represents 1 ^im) . 

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

25 Reference Example 5 (an image taken at a magnification of 



5f000x; a bar scale in the photograph represents 1 jim) . 

FIG. 21 is a SEM photograph of a sintered product in 

Reference Example 5 (an image taken at a. magnification of 

10,000x; a bar scale in the photograph represents I }j.m) . 

5 FIG. 22 is a SEM photograph of a sintered product in 

Reference Example 6 (an image taken at a magnification of 

l,QQQx; a bar scale in the photograph represents 10 urn) . 

FIG. 23 is a SEM photograph of a sintered product in 

Reference Example 6 (an image taken at a magnification of 

10 3, 000x; a bar scale in the photograph represents 1 fim) . 

FIG. 24 is a SEM photograph of a sintered product in 

Reference Example 6 (an image taken at a magnification of 

5,0Q0x; a bar scale in the photograph represents 1 jim). 

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

15 Reference Example 6 (an image taken at a magnification of 

10, 000x; a bar scale in the photograph represents I jim) . 

FIG. 26 is a SEM photograph of a sintered product in 

Reference Example 7 (an image taken at a magnification of 

l,000x; a bar scale in the photograph represents 10 fjiti) . 

20 FIG. 27 is a SEM photograph of a sintered product in 

Reference Example 7 (an image taken at a magnification of 

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

FIG. 28 is a SEM photograph of a sintered product in 

Reference Example 7 (an image taken at a magnification of 

25 5/000x; a bar scale in the photograph represents 1 jim) . 



FIG. 29 is a SSM photograph of a sintered product in 

Reference Example 7 (an image taken at a magnification of 

10,0G0x; a bar scale in the photograph represents 1 jim). 

FIG. 30 is a SEM photograph of a sintered product in 

5 Reference Example 8 (an image taken at a magnification of 

l,000x; a bar scale in the photograph represents 10 )im) . 

FIG. 31 is a SEM photograph of a sintered product in 

Reference Example 8 (an image taken at a magnification of 

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

10 FIG. 32 is a SEM photograph of a sintered product in 

Reference Example 8 (an image taken at a magnification of 

5rQ00x; a bar scale in the photograph represents 1 pin). 

FIG. 33 is a SSM photograph of a sintered product in 

Reference Example 8 (an image taken at a magnification of 

15 10, 000x; a bar scale in the photograph represents 1 pm). 

FIG. 34 is a SEM photograph of a sintered product in 

Reference Example 9 (an image taken at a magnification of 

1/OOOx; a bar scale in the photograph represents 10 pm) . 

FIG. 35 is a SEM photograph of a sintered product in 

20 Reference Example 9 (an image taken at a magnification of 

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

FIG. 36 is a SSM photograph of a sintered product in 

Reference Example 9 (an image taken at a magnification of 

5,0Q0x; a bar scale in the photograph represents 1 urn). 

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



Reference Example 9 (an image taken at a magnification of 

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

FIG. 38 is a SEM photograph of a sintered product in 

Example 1 (an image taken at a magnification of lrG0Ox; a bar 

5 scale in the photograph represents 10 |am) . 

FIG. 39 is a SEM photograph of a sintered product in 

Example 1 (an image taken at a magnification of 3,000x; a bar 

scale in the photograph represents 1 fim) . 

FIG. 40 is a SEM photograph of a sintered product in 

10 Example 1 (an image taken at a magnification of 5,000x; a bar 

scale in the photograph represents 1 pm). 

FIG. 41 is a SEM photograph of a sintered product in 

Example 1 (an image taken at a magnification of 10,000x? a bar 

scale in the photograph represents 1 ^m). 

15 FIG. 42 is a SEM photograph of a sintered product in 

Example 2 (an image taken at a magnification of 3,Q00x; a bar 

scale in the photograph represents 1 jim) . 

FIG. 43 is s SEM photograph of a sintered product in 

Example 2 fan image taken at a magnification of 5,000x; a bar 

20 scale in the photograph represents 1 p.m) . 

FIG, 44 is a SEM photograph of a sintered product, in 

Example 2 (an image taken at a magnification of 10,000x; a bar 

scale in the photograph represents 1 urn) . 

2 5 DESCRIPTION OF EMBODIMENTS 
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[0037] 

Embodiments of the present invention will next be 

described in detail. 

[0038] 

5 1. First Embodiment 

1-1. Components and Structure of Sputtering Target 

An FePt-based sputtering target according to a first 

embodiment of the present invention contains Fe, Pt, and a 

metal oxide and further contains Cu, which is a metal element 

10 other than Fe and Pt. The FePt-C-based sputtering target is 

characterized in that it has a structure in which an FePt-

based alloy phase and a metal oxide phase containing 

unavoidable impurities are mutually dispersed, the FePt-based 

alloy phase containing Pt in an amount of 40 at% or more and 

15 less than 60 at% and Cu in an amount of more than 0 at% and. 20 

at% or less with the balance being Fe and unavoidable 

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

or less, and that the content of the metal oxide is 20 vol% or 

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

20 target, 

[0039] 

1-1-1. FePtCu alloy 

The FePt alloy can have an fct structure with high 

magnetocrystalline anisotropy when subjected to heat treatment 

25 at high temperature (e.g., 600°C or higher). Therefore, the 
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FePt alloy has a role in serving as a recording layer of a 

magnetic recording medium and is a main component of the FePt-

based sputtering target according to the first embodiment of 

the present invention. In the FePt-based sputtering target 

5 according to the first embodiment, Cu is contained in an FePt 

alloy to form an FePtCu alloy. 

[00403 

When Cu is contained, the temperature of the heat 

treatment for converting the crystal structure of the FePt-

10 based alloy to the fct structure can be reduced (to, for 

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

FePtCu-metal oxide layer obtained by sputtering can be reduced. 

In addition, the addition of Cu may allow the crystal 

structure of the obtained FePtCu-metal oxide layer to be 

15 converted to the fct structure by heat generated during 

sputtering without additional heat treatment. 

[004.1] 

A metal other than Cu can be added to the FePt alloy, and 

examples thereof include Ag, Mn, Nif Co, Pd, Cr, V, and B. 

20 [0042] 

In the first embodiment, the reason that the content of 

Pt in the FePtCu alloy phase is defined to be 40 at% or more 

and less than 60 at% in this embodiment is that, when the 

content of Pt in the FePtCu alloy phase is outside the range 

25 of 4 0 at% or more and less than 60 at%, the fct (ordered face 



centered tetragonal) structure may not appear. The content of 

Pt in the FePtCu alloy phase is preferably 4 5 at% or more and 

55 at% or less,, more preferably 49 at% or more and 51 at% or 

less, and particularly preferably 50 a.t%, from the viewpoint 

that the fct (ordered face centered tetragonal) structure 

appears reliably in the FePtCu alloy phase. 

[0043] 

The reason that the content of Cu in the FePtCu alloy 

phase is defined to more than 0 at% and 20 at% or less is that 

the above-mentioned effect of decreasing the temperature of 

the heat treatment (to, for example, 600°C) may not be obtained 

unless the FePtCu alloy phase contains Cu, and that the 

proportion of Fe or Pt in the FePtCu alloy phase decreases if 

the FePtCu alloy phase contains more than 20 at% of Cu, so 

that the fct (ordered face centered tetragonal) structure may 

not appear. 

[0044] 

The reason that the total amount of Pt and Cu in the 

FePtCu alloy phase is defined to 60 at% or less is that the 

proportion of Fe in the FePtCu alloy phase decreases if the 

total amount of Pt and Cu is more than 60 at%, so that the fct 

(ordered face centered tetragonal) structure may not appear. 

[0045J 

1-1-2. Metal Oxide 

The metal oxide can form the partitions for separating 



the FePtCu alloy particles, which are magnetic particles, from 

each other in a layer containing the FePtCu alloy and the 

metal oxide {hereinafter, may be referred to as an FePtCu-

metal oxide layer) obtained by sputtering, and has a role in 

reducing and uniformizing the size of the FePtCu alloy 

particles in the FePtCu-metal oxide layer. The metal oxide is 

a main component in the FePtCu-based sputtering target 

according to the first embodiment. 

[0046] 

When only C is used instead of the metal oxide, C grows 

to surround the FePt-alloy particles during sputtering, as 

described above using FIG. 1. This may prevent the FePt-alloy 

particles from growing vertically onto the substrate surface, 

so that the FePt-alloy particles may be deposited vertically 

onto the substrate surface to deteriorate the characteristics 

as a magnetic recording medium. However, this can be avoided 

by using the metal oxide to obtain a. favorable magnetic 

recording medium. 

[0047] 

In the first embodiment, the reason that the content of 

the metal oxide is defined to 20 vol% or more and 40 voI% or 

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

oxide serves as partitions for separating the FePt-alloy 

particles, which are magnetic particles, from each other in 

the FePtCu-metal oxide layer obtained by sputtering to achieve 



the effect of reducing and uniformizing the size of the FePt 

alloy particles. If the content of the metal oxide is less 

than 20 vol%, this effect may not be sufficiently achieved. If 

the content of the metal oxide exceeds 40 vol%, the number of 

5 the FePt alloy particles per unit volume of the FePt-metal 

oxide layer obtained by sputtering decreasesr and this is 

disadvantageous for storage capacity. The content of the metal 

oxide is preferably from 25 to 35 vol% based on the total 

amount of the target, more preferably from 28 to 32 vol%, from 

10 the viewpoint of achieving the effect of reducing and 

uniformizing the size of the FePtCu particles in the FePtCu-

metal oxide layer and from the viewpoint of the storage 

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

[0048] 

15 In the first embodiment, the metal oxide may contain, for 

example, at least one of Si02, TiOs, TisOa, Tast^, CrsOs, CoO, 

C03O4, B2O3, Fe203/ CuO, Cu20, Y2O3, MgO, AI2O3, Zr02, Nb205, M0O3, 

CeQ2, SmaOs, Gd203, WOa, WOs, HfO;>, and Ni02. 

[0049] 

20 1-1-3. Structure of Target 

The FePt-based sputtering target according to the first 

embodiment has a structure in which an FePtCu alloy phase and 

a metal oxide phase containing unavoidable impurities are 

mutually dispersed, the FePtCu alloy phase containing Pt in an 

25 amount of 40 at% or more and less than 60 at% and Cu in an 
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amount of more than 0 at% and 2 0 at% or less with the balance 

being Fe and unavoidable impurities and with the total amount 

of Pt and Cu being 60 at% or less, wherein the content of the 

metal oxide is 20 vol% or more and 40 vol% or less based on 

the total amount of the target. 

[0050] 

The reason for having the structure in which the FePtCu 

alloy phase and the metal oxide phase are mutually dispersed 

is to prevent certain regions from being sputtered at an 

excessive high rate during sputtering to improve the 

sputtering. 

[0051] 

It is preferable to reduce the size of the metal oxide 

phase in the target as much, as possible, in order to reduce 

the difference in sputtering rate at different positions. 

Therefore, the average size of the metal oxide phase in the 

target is preferably 0.4 (m or less as determined by the 

intercept method, more preferably 0.35 urn or less, and 

particularly preferably 0.3 j-im or less. 

[0052] 

in order to reduce the average size of the metal oxide 

phase in the target, the current size reduction technique 

requires extension of the time for mixing FePtCu alloy powder 

and metal oxide powder. Therefore, it is unpractical to 

significantly reduce the average size of the metal oxide phase 



in the target with the current size reduction technique in 

terms of production efficiency- When the average size of the 

metal oxide phase in the target is smaller to a certain extent, 

the problem, associated with the difference in sputtering rate 

5 at different positions does not particularly occur. Therefore, 

the lower limit may be set on the average size of the metal 

oxide phase in the target. When the lower limit is set, in 

consideration of the cost of the current size reduction 

technique, the average size of the metal oxide phase in the 

10 target, as determined by the intercept method, is preferably 

from 0.1 to 0.4 jam, more preferably from 0.15 to 0.35 um, ana 

particularly preferably from 0.2 to 0.3 jim. 

[0053] 

In the present description, the average size of the metal 

15 oxide phase is determined by the intercept method in the 

following manner. 

[0054] 

First, two horizontal lines are drawn in a left-right 

direction on a SEM photograph of the cross section of the 

20 target taken at a magnification of 10,OOOx so that the image 

is divided vertically into three parts, and three vertical 

lines are drawn in a vertical direction so that the image is 

divided horizontally into four parts. As a result, a total of 

five lines are drawn on the SSM photograph of the cross 

25 section of the target taken at a magnification of 10,0C0x. 



[0055] 

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

segments intersecting the metal oxide phase and the number of 

the mstal oxide phase intersected by the line are determined. 

5 Then the average of the lengths of the segments of the five 

lines that intersect the metal oxide phase is determined (by 

dividing the total length of the line segments intersecting 

the m^tal oxide phase by the number of the metal oxide phases 

intersected by the lines), and the obtained value is used as 

10 the average size of the metal oxide phase determined by the 

intercept method. 

[0056] 

In order to perform sputtering favorably, it is 

preferable that the relative density of the target be large 

15 because the larger the value of the relative density, the 

smaller the volume of voids in the target. More specifically, 

the relative density of the target is preferably 90% or higher. 

To increase the relative density of the target, it is 

preferable to mix the FePtCu alloy powder and the metal oxide 

20 powder sufficiently to reduce the particle size of the metal 

oxide powder, as described later. The size of the metal oxide 

phase in the target is thereby reduced, and the voids in the 

target can be filled by the plastic flow of the FePtCu alloy 

during sintering, so that the relative density increases. 

25 [0057] 



The content of nitrogen is preferably 30 ppm by mass or 

less based on the total amount of the target. As the content 

of nitrogen in the target decreases, the content of nitrogen 

in the FePtCu-metal oxide layer to be obtained by sputtering 

5 also decreases, so that the FePtCu-metal oxide layer obtained 

is favorable. 

[0058] 

1-2. Production Process 

The FePt-based sputtering target according to the first 

10 embodiment can be produced by: adding metal oxide powder 

containing unavoidable impurities to FePtCu alloy powder 

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

at% and Cu in an amount of more than 0 at% and 20 at% or less 

with the balance being Fe and unavoidable impurities and with 

15 the total amount of Pt and Cu being 60 at% or less, followed 

by mixing the FePtCu alloy powder and the metal oxide powder 

to produce a powder mixture; and molding the produced powder 

mixture while the powder mixture is heated under pressure. 

[0059] 

20 In this production process, Fe, Pt and Cu are supplied as 

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

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

A single powder of Fe has high activity and may ignite in the 

air. However, when Fe is alloyed with Pt and Cu to form an 

25 FePtCu alloy powder, the activity of Fe can be reduced even in 
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the form of powder. For this reason, this production process 

can suppress oxidation and ignition of Fe during mixing with 

the metal oxide powder, and/or oxidation and ignition of Fe 

when a mixing container is open to the sir after mixing. 

[0060] 

When the atmosphere contains oxygen during the production 

of the powder mixture, it can prevent the metal oxide powder 

from being reduced during mixing and thus can prevent 

incorporation of metal originated from the metal oxide powder 

into the FePtCu alloy powder during mixing. Therefore, an 

FePt-based thin film produced by using the obtained FePt-based 

sputtering target is likely to exhibit stable magnetic 

recording characteristics. 

[0061] 

1-2-1. Production of FePtCu Alloy Powder 

No particular limitation is imposed on the process for 

producing the FePtCu alloy powder. However, in the third 

embodiment, an atomizing method is performed using a molten-

FePtCu alloy containing Pt in an amount of 4 0 at% or more ana 

less than 60 at% and Cu in an amount of more than 0 at% and 20 

at% or less with the balance being Fe and unavoidable 

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

or less to produce FePtCu alloy powder having the same 

composition as the molten FePtCu alloy. 

[0062] 



When the FePtCu alloy powder has the above composition, 

the FePtCu alloy phase in the target obtained by sintering of 

the FePtCu alloy powder has the above composition/ so that the 

fct structure is likely to appear in an FePtCu phase in an 

5 FePtCu-metal oxide layer obtained by sputtering using the 

above target, 

[00631 

Preferably, the FePtCu alloy powder is produced by an 

atomizing method. This is because of the following reason. In 

10 an atomizing method, raw metals (Fe and Pt) are first heated 

to high temperature to form molten metals. In this stage, 

alkali metals such as Na and K, alkaline-earth metals such as 

Ca, and gaseous impurities such as oxygen and nitrogen are 

volatilized and removed to the outside, so that the amount of 

15 impurities in the FePtCu alloy powder can be reduced. When a 

gas atomizing method is used, the amount of impurities in the 

FePtCu alloy powder can be further reduced by performing 

atomizing using argon gas or nitrogen gas. 

[0064] 

20 The target obtained using the FePtCu alloy powder 

obtained by an atomizing method contains a reduced amount of 

impurities, so that the content of nitrogen can be suppressed 

to 30 mass ppm or less„ 

[0065] 

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

also favorable. 

[0066] 

Examples of an applicable atomizing method include, for 

example, a gas atomizing method and a centrifugal atomizing 

method. 

[0067] 

1-2-2. Mixing 

The powder mixture is produced by mixing metal oxide 

powder having an average particle diameter of, for example, 

from 20 to 100 nm with the FePtCu alloy powder obtained by the 

atomizing method described above so that the content of the 

metal oxide powder is 20 vol% or more and 40 vol% or less 

based on the total amount of the powder mixture-. 

[0068] 

When the atmosphere contains oxygen during the production 

of the- powder mixture, it can prevent the metal oxide powder 

from being reduced during mixing and thus can prevent 

incorporation of metal originated from the metal oxide powder 

into the FePtCu alloy powder during mixing. An FePt-based thin 

film produced by using the obtained FePt-based sputtering 

target is likely to exhibit stable magnetic recording 

characteristics. 

[0063] 

From the viewpoint of preventing the metal oxide powder 

30 



from being reduced during mixing, it is preferable that oxygen 

be continuously supplied from the outside of the mixing 

container to the atmosphere during mixing. Continuous supply 

of oxygen hardly causes a shortage of oxygen in the atmosphere 

and easily prevents the metal oxide powder from being reduced, 

during mixing. 

[OG703 

However, if the amount of oxygen in the atmosphere during 

mixing of the FePtCu alloy powder and the metal oxide powder 

is too large, the powder mixture may contain an excess amount 

of oxygen during mixing. 

[0071] 

From the viewpoint of preventing the metal oxide powder 

from being reduced during mixing, and from the viewpoint that 

the powder mixture may contain an excess amount of oxygen 

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

large, the concentration of oxygen in the atmosphere during 

mixing is preferably from 10 to 30 vol%, more preferably from 

15 to 25 vol%, particularly preferably from 19 to 22 vol%. 

[0072] 

Oxygen may be supplied to the atmosphere during mixing by 

supplying air. This can reduce cost. 

[0073] 

The atmosphere during mixing may be composed 

substantially of an inert gas and oxygen. In this case, 

n i, 



incorporation of impurities from the atmosphere into the 

powder mixture can be suppressed. For example, argon, nitrogen, 

etc. may be used as the inert gas. 

[0074] 

The atmosphere during mixing may be released to the air 

at some point in the mixing step. Even when the atmosphere is 

short of oxygen at some point in the mixing step, oxygen can 

be introduced from the air by releasing the atmosphere into 

the air, so that the shortage of oxygen can be mitigated. 

[0075] 

1-2-3. Molding method 

No particular limitation is imposed on the method for 

molding the powder mixture produced as described above while 

the powder mixture is heated under pressure. For example, a 

hot pressing method, a hot isostatic pressing method {HIP 

method), a spark plasma sintering method (SPS method), etc. 

may be used. Preferably, when implementing the present 

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

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

mixture contains a certain amount of oxygen (other than oxygen 

of the metal oxide), the amount of oxygen (other than oxygen 

of the metal oxide) in the obtained sintered product decreases. 

The amount of impurities such as nitrogen in the obtained 

sintered product also decreases. 

[0076] 
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1-3. Effects 

When the target is produced by casting, it is difficult 

to increase the contents of the metal oxide because of the 

solid solution limit of the metal oxide in the alloy, 

separation of the metal oxide from the alloy due to the 

difference in specific gravity, and the like. 

[0077] 

Whereas, the production process in the first embodiment 

uses a sintering method, and thus can increase the content of 

the metal oxide based on the total amount of the target. More 

specifically, an FePt-based sputtering target containing a 

large amount of the metal oxide, for example, 20 vol% or more 

arid 40 vol% or less, can be produced. Therefore, the use of 

the FePt-based sputtering target according to the first 

embodiment for spattering allows formation of a thin film 

containing an FePt alloy and being usable as a magnetic 

recording medium with the single target alone, i.e., without 

using a plurality of targets. 

[0078] 

In the production process in the first embodiment, Fe i 

alloyed with Pt and Cu to form an FePtCu alloy powder, and 

thus the activity of Fe can be reduced even in the form of 

powder, thereby suppressing ignition and oxidation of Fe 

during mixing with the metal oxide powder. 

[0079] 
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When the atmosphere contains oxygen during the production 

of the powder mixture, it can prevent the metal oxide powder 

from being reduced during mixing and thus can prevent 

incorporation of metal originated from the metal oxide powder 

5 into the FePt alloy powder during mixing. Therefore, an FePt-

based thin film produced by using the obtained FePt-based 

sputtering target is likely to exhibit stable magnetic 

recording characteristics. 

[0080] 

10 2. Second Embodiment 

An FePt-based sputtering target according to a second 

embodiment will be described below, but the description of the 

same content as in the FePt-based sputtering target according 

to the first embodiment will be appropriately omitted. 

15 [0081] 

2-1. Components and Structure of Sputtering Target 

The FePt-based sputtering target according to the first 

embodiment contains a metal oxide in addition to alloy 

components (Fe, Pt, Cu); whereas the FePt-based sputtering 

20 target according to the second embodiment contains C (carbon) 

and £ metal oxide in addition to alloy components (Fe, Pt, Cu}. 

[0082] 

Specifically, the FePt-based sputtering target according 

to the second embodiment of the present invention contains Fe, 

25 --Pt, C, and a metal oxi«pte, and further contains one or more 
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kinds of metal elements other than Fe and Pt, wherein the 

FePt-based sputtering target has a structure in which an 

FePtCu alloy phase, a C phase containing unavoidable 

impurities, and a metal oxide phase containing unavoidable 

5 impurities are mutually dispersed, the FePtCu alloy phase 

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

at% and Cu in an amount of more than 0 at% and 20 at% or less 

with the balance being Fe and unavoidable impurities arid with a 

total amount of Pt and Cu being 60 at% or less, and wherein 

10 the volume fraction of C to the total amount of the target is 

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

the metal oxide to the total amount of the target is 10 vol% 

or more and less than 40 vol%, and the total volume fraction 

of C and the metal oxide to the total amount of the target is 

15 20 vol% or more and 40 vol% or less. 

[0083] 

2-1-1, FePtCu Alloy 

In the FePt-based sputtering target according to the 

second embodiment of the present invention, Cu is contained in 

20 an FePt alloy to form an FePtCu alloy. The description of the 

FePtCu alloy in the FePt-based sputtering target according to 

the second embodiment to be mentioned here is overlapped with 

the content described in "1-1-1. FePtCu Alloy" in the first 

embodiment, and accordingly the description thereof will be 

25 omitted. 



[0084] 

2-1-2. C and Metal Oxide 

C and the metal oxide can form the partitions for 

separating the FePt alloy particles, which are magnetic 

5 particles, from each other in a layer containing the FePt 

alloy, C, and the metal oxide (hereinafter, may be referred to 

as an FePt~C-metal oxide layer) obtained by sputtering, and 

has a role in reducing and uniformizing the size of the FePt 

alloy particles in the FePt-C-metal oxide layer. C and the 

10 metal oxide are main components in the FePt-based sputtering 

target according to the second embodiment. 

[0085] 

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

vol% ana 20 vol% or less based on the total amount of the 

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

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

the total content of C and the metal oxide is 20 vol% or more 

and 40 vol% or less based on the total amount of the target. 

[0086] 

20 The reason that the content of C is set to more than 0 

vcl% and 20 voi% or less based on the total amount of the 

target, the content of the metal oxide is set to 10 vol% or 

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

target, and the total content of C and the metal oxide is set 

25 to 20 vol% or more and 40 vol% or less based on the total 



amount of the target is that C. and the metal oxide can form 

the partitions for separating the FePt alloy particles, which 

are magnetic particles, from each other in the FePt-C-metal 

oxide layer obtained by sputtering to achieve the effect of 

5 reducing and uniformizing the size of the FePt alloy particles. 

If the total content of C and the metal oxide is less than 20 

vol%, this effect may not be sufficiently achieved. If the 

total content of C and the metal oxide is more than 40 vol%, 

the number of FePt alloy particles per unit volume of the 

10 FePt-C-metal oxide layer obtained by sputtering decreases, and 

this is disadvantageous for storage capacity. 

[0087] 

The reason that the lower limit of the content of the-

metal oxide is sst to 10 vol% based on the total amount of the 

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

vol% based on th§ total amount of the target is that, when the 

target contains a large amount of C and an insufficient amount 

of the metal oxide, C grows to surround the FePt alloy 

particles during sputtering. This may prevent the FePt alloy 

20 particles from growing vertically onto the substrate surface 

so that a plurality of the FePt alloy particles may be 

deposited vertically onto the substrate surface to deteriorate 

the characteristics as a magnetic recording medium. This can 

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

25 of the metal oxide based on the total amount of the target ana 
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setting the upper limit of the content of C to 20 vol% based 

on the total amount of the target, making it possible to 

provide a favorable magnetic recording medium. 

[0088] 

5 From the viewpoint of exhibiting the effect of reducing 

and uniformizing the size of the FePt particles in the FePt-C-

metai oxide layer, from the viewpoint of the storage capacity 

of the FePt-metal oxide layer to be formed, and from the 

viewpoint of providing favorable characteristics as a magnetic 

10 recording medium, the content of C is preferably more than 0 

vol% and 17 vcl% or less based on the total amount of the 

target, the content of the metal oxide is preferably 13 vol% 

or more and less than 35 vol% based on the total amount of the 

target, and the total content of C and the metal oxide is 

15 preferably 25 vol% or more and 35 vol% or less based on the 

total amount of the target. 

[0089] 

In the second embodiment, the metal oxide may contain, 

for example, at least one of SiOs, Ti02, TisOs, Ta20&r Cr203, CoOr 

20 CoaQfl, B2O3, Pe203; CuO, Cu20, Y203, MgO, Al203f Zr02, Nb205f M0Q3, 

CeQz, SmsO3, GG203, W02f WG3, Hf02, and Ni02. 

[0090] 

2-1-3. Structure of Target 

The FePt-based sputtering target according to the second 

25 embodiment has a structure in which an FePtCu alloy phase, a C 
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phase containing unavoidable impurities, and a metal oxide 

phase containing unavoidable impurities are mutually dispersed, 

the FePtCu alloy phase containing Pt in an amount of 40 at% or 

more and less than 60 at% and Cu in an amount of more than 0 

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

unavoidable impurities and with the total amount of Pt and Cu 

being 60 at% or less, wherein the content of C is more than 0 

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

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

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

the total content of C and the metal oxide is 20 vol% or more 

ana 40 voi% or less based on the total amount of the target. 

[0091] 

The reason that the FePt-based sputtering target 

15 according to the second embodiment has the structure in which 

the FePtCu alloy phase, the C phase, and the metal oxide phase 

are mutually dispersed is to prevent certain regions from 

being sputtered at an excessive high rate during sputtering to 

improve the sputtering. 

20 [0092] 

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

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

order to reduce the difference in sputtering rate at different 

positions. Therefore, the average size of the phase consisting 

2 5 of the C phase and the metal oxide phase in the target is 



preferably 0.4 pm or less as determined by the intercept method, 

more preferably 0.35 jam or less, and particularly preferably 

0.3 fim or less, 

[0093] 

5 In order to reduce the average size of the phase 

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

target, the current size reduction technique requires 

extension of the time for mixing FePtCu alloy powder, C powder, 

and metal oxide powder. Therefore, it is unpractical to 

10 significantly reduce the average size of the phase consisting 

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

the current size reduction technique in terms of production 

efficiency. When the average size of the C phase and the metal 

oxide phase in the target is smaller to a certain extent, the 

15 problem associated with the difference in sputtering rate at 

different positions does not particularly occur. Therefore, 

the lower limit may be set on the average size of the C phase 

and the metal oxide phase in the target. When the lower limit 

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

20 reduction technique, the average size of the phase consisting 

of the C phase and the metal oxide phase in the target, as 

determined by the intercept method, is preferably from 0.1 to 

0.4 jim, more preferably from 0.15 to 0.35 pro, and particularly 

preferably from 0.2 to 0.3 (im. 

25 [0094] 



A process for determining the average size of the phase 

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

intercept method is the same as that described in the first 

embodiment except' that the average size of the metal oxide 

5 phase is changed to the average size of the phase consisting 

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

description of the process will be omitted. As used herein, 

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

refers to a phase picked out as the C phase and the metal 

10 oxide phase, not distinguishing between the C phase and the 

metal oxide phase and regarding them as a same phase. 

{0095] 

In order to perform sputtering favorably, it is 

preferable that the relative density of the target be large 

15 because the larger the value of the relative density, the 

smaller the volume of voids in the target. More specifically, 

the relative density of the target is preferably 90% or higher. 

To increase the relative density of the target, it is 

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

20 metal oxide powder sufficiently to reduce the particle size of 

the C powder and the metal oxide powder, as described later. 

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

target is thereby reduced, and the voids in the target can be 

filled by the plastic flow of the FePt alloy during sintering, 

25 so that the relative density increases. 



[0096] 

The content of nitrogen is preferably 30 ppm by mass or 

less based on the total amount of the target. As the content 

of nitrogen in the target decreases, the content of nitrogen 

in the FePtCu-C-metal oxide layer to be obtained by sputtering 

also decreases, so that the FePtCu-C-metal oxide layer 

obtained is favorable. 

[0097] 

2-2, Production Process 

The FePt-based sputtering target according to the second 

embodiment can be produced by: adding C powder containing 

unavoidable impurities and metal oxide powder containing 

unavoidable impurities to FePtCu alloy powder containing Pt in 

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

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

being Fe and unavoidable impurities and with the total amount 

of Pt and Cu being 60 at% or less, followed by mixing the 

FePtCu alloy powder, the C powder, and the metal oxide powder 

to produce a powder mixture; and molding the produced powder 

mixture while the powder mixture is heated under pressure. 

[0098] 

In this production process, Fe, Pt, and Cu are supplied 

as the FePtCu alloy powder in the same manner as in the 

production process in the first embodiment, and are not 

supplied as a single powder of Fe, a single powder of Pt, and 
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a single powder of Cu. A single powder of Fe has high activity 

and may ignite in the air. However, when Fe is alloyed with Pt 

and Cu to form an FePtCu alloy powder, the activity of Fe can 

be reduced even in the form of powder. For this reason, this 

production process can suppress oxidation and ignition of Fe 

during mixing with the C powder and metal oxide powder, and/or 

oxidation and ignition of Fe when a mixing container is open 

to the air aft^r mixing. 

[0099] 

When the atmosphere contains oxygen during the production 

of the powder mixture, it can prevent the metal oxide powder 

from being reduced during mixing and thus can prevent 

incorporation of metal originated from the metal oxide powder 

into the FePtCu alloy powder during mixing. Therefore, an 

FePt-based thin film produced by using the obtained FePt-based 

sputtering target is likely to exhibit stable magnetic 

recording characteristics. 

[0100] 

In the second embodiment, the powder mixture contains C 

powder. When the atmosphere contains oxygen during the 

production of the powder mixture, a certain amount of oxygen 

is adsorbed to the surface of the C powder during mixing. 

Because a certain amount of oxygen has already been adsorbed 

to the surface of C particles, rapid adsorption of oxygen to 

the surface of the C particles and subsequent ignition of the 
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C particles hardly occur even when a mixing container Is 

opened to introduce the air after mixing, thereby allowing 

stable production even of the FePt-based sputtering target 

containing not only the metal oxide but also C. 

5 [0101] 

2-2-1. Production of FePtCu Alloy Powder 

No particular limitation is imposed on the process for 

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

an atomizing method is performed, using a molten FePtCu alloy 

10 containing Pt in an amount of 40 at% or more and less than 60 

at% and Cu in an amount of more than 0 at% and 20 at% or less 

with the balance being Fe and unavoidable impurities and with 

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

FePtCu alloy powder having the same composition as the molten 

15 alloy. 

[0102] 

When the FePtCu alloy powder has the above composition, 

the FePtCu alloy phase in the target obtained by sintering of 

the FePtCu alloy powder has the above composition, so that the 

20 fct structure is likely to appear in an FePtCu phase in an 

FePtCu-metal oxide layer obtained by sputtering using the 

above target. 

[0103] 

In the second embodiment, the FePtCu alloy powder is 

25 produced by an atomizing method. This atomizing method is the 
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same as the atomizing method in the production process in the 

first embodiment except that the molten alloy contains a 

predetermined amount of Cu, and accordingly the description of 

the atomizing method "in the second embodiment will be omitted. 

[0104] 

2-2-2. Mixing 

The powder mixture is produced by mixing the FePt alloy 

powder obtained by the atomizing method with the C powder 

having an average particle diameter of, for example, from 20 

to 100 nm so that the content of C is more than 0 vol% and 20 

vol% or less based on the total amount of the powder mixture, 

and further with the metal oxide powder having an average 

particle diameter of, for example, from 20 to 100 nm so that 

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

than 40 vol% based on the total amount of the powder mixture. 

The total content of C and the metal oxide is 20 vol% or more 

and 4 0 vol% or less based on the total amount of the powder 

mixture. 

[0105] 

When the atmosphere contains oxygen during the production 

of the powder mixture, it can prevent the metal oxide powder 

from being reduced during mixing and thus can prevent 

incorporation of metal originated from the metal oxide powder 

into the FePt alloy powder. An FePt-based thin film produced 

by using the obtained FePt-based sputtering target is likely 
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to exhibit stable magnetic recording characteristics. 

[0106] 

From the viewpoint of preventing the metal oxide powder 

from being reduced during mixing, it is preferable that oxygen 

5 be continuously supplied from the outside of the mixing 

container to the atmosphere during mixing. Continuous supply 

of oxygen hardly causes a shortage of oxygen in the atmosphere 

and easily prevents the metal oxide powder from being reduced 

during mixing. 

10 [0107] 

Also, from the viewpoint of avoiding ignition of the C 

particles even when the mixing container is opened to 

introduce the air after mixing, it is preferable that oxygen 

be continuously supplied from the outside of the mixing 

15 container to the atmosphere during mixing. When the atmosphere 

contains oxygen during the production of the powder mixture, a 

certain amount of oxygen has already been adsorbed to the 

surface of the C particles at the end of mixing. Therefore, 

rapid adsorption of oxygen to the surface of the C particles 

20 and subsequent ignition of the C particles hardly occur even 

when a mixing container is opened to introduce the air after 

mixing, thereby allowing stable production even of the FePt-

based sputtering target according to the second embodiment 

containing not only the metal oxide but also C. 

25 [01081 



However, if the amount of oxygen in the atmosphere during 

mixing of the FePt alloy powder and the metal oxide powder is 

too large, the powder mixture may contain an excess amount of 

oxygen during mixing and the C particles may ignite during 

5 mixing. 

[0109] 

From the viewpoint of preventing the metal oxide powder 

from being reduced during mixing, from the viewpoint of 

avoiding ignition of the C particles even when the mixing 

10 container is opened to introduce the air after mixing, ana 

from the viewpoint that the powder mixture may contain an 

excess amount of oxygen during mixing and the C particles may 

ignite during mixing if the amount of oxygen in the atmosphere 

is too large, the concentration of oxygen, in the atmosphere 

15 during mixing is preferably from 10 tc 30 vol%, more 

preferably from 15 to 25 vol%, particularly preferably 19 to 

22 vol%, 

[0110] 

Oxygen may be supplied to the atmosphere during mixing by 

20 supplying air. This can reduce cost. 

[0111] 

The atmosphere during mixing may be composed 

substantially of an inert gas and oxygen. In this case, 

incorporation of impurities from the atmosphere into the 

25 powder mixture can be suppressed. For example, argon, nitrogen, 
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etc. may be used as the inert gas. 

[0112] 

The atmosphere during mixing may be released to the air 

at some point in the mixing step. Even when the atmosphere is 

5 short of oxygen at some point in the mixing step, oxygen can 

be introduced from the air by releasing the atmosphere into 

the air, so that the shortage of oxygen can be mitigated. 

[0113] 

2-2-3. Molding Method 

10 A molding method in the second embodiment where the 

powder mixture produced as described above is molded, while the 

powder mixture is heated under pressure is the same as the 

molding method in the production process in the first 

embodiment, and accordingly the description of the molding 

15 method will be omitted. 

[0114} 

2-3. Effects 

When the target is produced by casting, it is difficult 

to increase the contents of C and the metal oxide because of 

20 the solid solution limit of C and the metal oxide in the alloy, 

separation of C and the metal oxide from the alloy due to the 

difference in specific gravity, and the like. 

[0115] 

Whereas, the production process in the second embodiment 

25 uses a sintering method and thus can increase the contents of 
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C and the metal oxide based on the total amount of the target, 

making it possible to produce an FePt-based sputtering target 

in which the content of C is more than 0 vol% and 20 vol% or 

less based on the total amount of the target, the content of 

the metal oxide is 10 vol% or more and less than 4 0 vol% based 

on the total amount of the target, and the total content of C 

and the metal oxide is 20 vol% or more and 40 vol% or less 

based on the total amount of the target. Therefore, the use of 

the FePt-based sputtering target according to the second 

embodiment for spattering allows formation of a thin film 

containing an FePt-based alloy and being usable as a magnetic 

recording medium with the single target alone, i.e., without 

using a plurality of targets. 

[0116] 

In the production process in the second embodiment, Fe is 

alloyed with Pt and Cu to form an FePtCu alloy powder in the 

same manner as in the production process of the first, 

embodiment, and thus the activity of Fe can be reduced even in 

the form of powder, thereby suppressing ignition and oxidation 

of Fe during mixing with the C powder the metal oxide powder. 

[0117] 

When the atmosphere contains oxygen during the production 

of the powder mixture, it can prevent the metal oxide powder 

from being reduced during mixing and thus can prevent 

incorporation of metal originated from the metal oxide powder 



into the FePtCu alloy powder during mixing. Therefore, an 

FePt-based thin film produced by using the obtained FePt-based 

sputtering target is likely to exhibit stable magnetic 

recording characteristics. 

5 [0118] 

In the production process in the second embodimentr C 

powder is also used, and when the atmosphere contains oxygen 

during the production of the powder mixture, a certain amount 

of oxygen is adsorbed to the surface of the C powder during 

10 mixing. Because a certain amount of oxygen has already been 

adsorbed to the surface of the C particles, rapid adsorption 

of oxygen to the surface of the C particles and subsequent 

ignition of the C particles hardly occur even when the mixing 

container is opened to introduce the air after mixing, thereby 

15 allowing stable production even of the FePt-based sputtering 

target according to the second embodiment containing not only 

the metal oxide but also C. 

EXAMPLES 

20 [0119] 

{Reference Example 1} 

The targeted composition of a powder mixture ana a target 

in Reference Example 1 is (50Fe~50Pt)-30voI%Si02- More 

specifically, the targeted composition of the metal components 

25 is 50at%Fe~50at%Pt, and the targeted content of the metal 



oxide {SiC>2} is 30 vol% based on the total amount of the target. 

When the content of the metal oxide (SiC>2) is represented not 

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

mixture and the target in Reference Example 1 is (50Fe-50Pt)~ 

5 11.27mol%Si02-

[0120] 

The metals in bulk form were weighed such that the 

composition of the alloy was Fe: 50 at% and Pt: 50 at% and 

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

10 alloy at ir800°C. Then a gas atomizing method using argon gas 

was performed to produce 50 at% Fe-50 at% Pt alloy powder. The 

average particle diameter of the obtained alloy powder was 

measured using Microtrac MT30Q0 manufactured by NIKKISO Co., 

Ltd. and found to be 50 jim. 

15 [0121] 

66.91 g of Si02 powder having an average particle 

diameter of 0.7 and a bulk density of 2.20 g/cm3 was added 

to 1100.00 g of the obtained 50 at% Fe-50 at% Pt alloy powder 

such that the content of SiOa was 30 vol% based on the total 

20 amount of the powders, and then these components were mixed 

using a. ball mill until the cumulative number of revolutions 

reached 3,741,120 to thereby produce a powder mixture. 

Hereinafter, the cumulative number of revolutions of the ball 

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

25 -revolutions or simply as the number of revolutions. 



During mixing, the mixing container was hermetically 

closed with a lid and filled with a gas mixture (Ar + O2) , and 

under the atmosphere in the mixing container, the 50at%Fe-

5Qat%Pt alloy powder and Si02 powder were mixed. 

[0123] 

When the cumulative number of bail mill revolutions 

reached 935,280, 1,870,560, 2,805,840 and 3,741,120, the 

mixing container was opened, and whether or not ignition had 

occurred was visually checked. However, no ignition was found 

at each point. 

[01243 

When the cumulative number of bail mill revolutions 

reached 1,870,560, 2,805,840, and 3,741,120, 30.00 g of the 

powder mixtures were subjected to hot pressing in a vacuum 

atmosphere at less than 20 Pa to produce disc-like sintered 

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

conditions (sintering temperature, sintering pressure, and 

sintering time) and the relative densities of the obtained 

sintered products are shown in TABLE 1 below. The theoretical 

density of the sintered product is 11.51 g/cm3. 



012; 

[TABLE 1} 

Cumulative 
number of 
ball mill 
revolutions 
(Number) 

Hot-pressing conditions 

Sintering 
temperature 

(°C) 

Sintering 
pressure 
(MPa) 

Sintering 
time 
(min) 

Relative 
density 

of 
sintered 
product 

» ; 

Ignition 

935,280 
1, 870,560 1070 26.2 45 96. 96 NO 
2, 805, 
3,741,120 I 

1070 
1050 

26.2 
26.2 

97.03 
98.61 

NO 
m 

[0126] 

The relative densities of the sintered products exceed 

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

was small. 

[0127] 

The contents of oxygen and nitrogen in the powder mixture 

taken at a cumulative number of bail mill revolutions of 

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

Determinator manufactured by LECO Corporation. The contents of 

oxygen and nitrogen in the sintered product made using the 

powder mixture taken at a cumulative number of ball mill 

revolutions of 3,741,120 were measured using a TC-600 Series 

Nitrogen/Oxygen Determinator manufactured by LECO Corporation, 

The measurement results are shown in TABLE 2 below. 
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[0128] 

[TABLE 2] 

Cumulative number i 
] 

of ball mill Oxygen Nitrogen ! 
revolutions (mass%) (mass ppm) ! 
of 3,741,120 i 

i 
Powder mixture 3.36 42 | 

Sintered product 3.21 19 | 

[0129] 

The content of oxygen and the content of nitrogen in the 

sintered product both decrease compared to those in the powder 

mixture, while the degree of reduction in the content of 

oxygen is smaller than the degree of reduction in the content 

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

mixture and the sintered product both contain metal oxide SiC>2. 

[0130] 

The structure of the sintered product made using the 

powder mixture taken at a cumulative number of bail mill 

revolutions of 3,741,120 was observed under a scanning 

electron microscope {SSM}. FIGS. 2 to 5 show SEM photographs 

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

a magnification of 1,-Q00x (a bar scale in the photograph 

represents 10 fim) . FIG. 3 is a SSM photograph taken at a 

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

represents 1 |i.m) . FIG. 4 is a SEM photograph taken at a 

magnification of 5,D00x (a bar scale in the photograph 

represents 1 pm). FIG. 5 is a SEM photograph taken at a 
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magnification of 10,000x (a bar scale in the photograph 

represents 1 \m) . In FIGS. 2 to 5, black portions correspond 

to the Si02 phase, and white portions correspond to the FePt 

alloy phase. As can be seen from FIGS. 2 to 5, fine regions of 

5 the Si02 phase are dispersed in the entire area of the 

structure. 

[0131] 

The average size of the Si02 phase was determined by the 

intercept method based on the SEM photograph of FIG. 5 taken 

10 at a magnification of 10,0GGx. 

[0132] 

Specifically, two horizontal lines were drawn in a left-

right direction on the SEM photograph of FIG. 5 so that the 

image was divided vertically into three parts, and three 

15 vertical lines were drawn in a vertical direction so that the 

image was divided horizontally into four parts. Thus, a total 

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

[0133] 

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

20 segments intersecting the SiOs phase and the number of the Si02 

phase intersected by the line were determined. Then the 

average of the lengths of the segments of the five lines that 

intersected the Si02 phase was determined (by dividing the 

total length of the line segments intersecting the Si02 phase 

25 by the number of the SiOs phases intersected by the lines) f and 



the obtained value was used as the average size of the SiC>2 

phase determined by the intercept method. The results showed 

that the a^'rerage size of the SiOz phase determined by the 

intercept method was 0.34 \m. 

5 [0134] 

(Reference Example 2) 

The targeted composition of a powder mixture and a target 

in Reference Example 2 is (50Fe-50Pt) -30vol%TiC>2- More 

specifically, the.targeted composition of the metal components 

10 is 50at%Fe-5Gat%Pt, and the targeted content of the metal 

oxide (Ti02) is 30 vol% based on the total amount of the target. 

When the content of the metal oxide (TiG2} is represented not 

by vol% but by mo1%, the targeted composition of the powder 

mixture and the target in Reference Example 2 is (50Fe~50Pt}~ 

15 15.34mol%Ti02. 

[0135] 

To 1100.00 g of 50at%Fe-50at%Pt alloy powder produced in 

the same manner as in Reference Example 1, 126.85 g of Ti02 

powder having an average particle diameter of 0.07 um and a 

20 bulk density of 4.11 g/cm3 was added so that the content of 

TiC>2 was 30 vol% based on the total amount of the powders. 

These components were then mixed with a ball mill until the 

cumulative number of revolutions reached 3,741,120 to produce 

a powder mixture. 

25 [0136] 



During mixing, the mixing container was hermetically 

closed with a lid and filled with a gas mixture (Ar + O2) , and 

under the atmosphere in the mixing container, the 50at%Fe~ 

50at%Pt alloy powder and Ti02 powder were mixed. 

[0137] 

When the cumulative number of ball mill revolutions 

reached 935,280, 1,870,560, 2,805,840 and 3,741,120, the 

mixing container was opened, and whether or not ignition had 

occurred was visually checked. However, no ignition was found 

at each point. 

[0138] 

when the cumulative number of ball mill revolutions 

reached 1,870,560, 2,805,840, and 3,741,120, 30.00 g of the 

powder mixtures were subjected to hot pressing in a vacuum 

atmosphere at less than 20 Pa to produce disc-like sintered 

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

conditions (sintering temperature, sintering pressure, and 

sintering time) and the relative densities of the obtained 

sintered products are shown in TABLE 3 below. The theoretical 

density of the sintered product is 12.10 g/cm3. 
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[0139] 

TABLE 3] 

Cumulative 
number of 
ball mill 
revolutions 
(Number) 

Hot-pressing conditions 
Relative 
density 

of 
sintered 
product 
(%) 

Ignition 

Cumulative 
number of 
ball mill 
revolutions 
(Number) 

Sintering 
temperature 

(°C) 

Sintering 
pressure 
(MPa) 

Sintering 
time 
(min) 

Relative 
density 

of 
sintered 
product 
(%) 

Ignition 

335,280 — — — — 

1,870,560 1000 26.2 45 97.54 NO 
2,$05,840 960 26.2 45 96. 97 NO 
3,741,120 950 26.2 45 96, 69 £30 

[0140] 

5 The relative densities of the sintered products exceed 

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

was small. 

[0141] 

The contents of oxygen and nitrogen in the powder mixture 

10 taken at a cumulative number of ball mill revolutions of 

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

Deterrninator manufactured by LECO Corporation. The contents of 

oxygen and nitrogen in the sintered product made using the 

powder mixture taken at a cumulative number of ball mill 

15 revolutions of 3r74ir120 were measured using a TC-600 Series 

Nitrogen/Oxygen Deterrninator manufactured by LECO Corporation. 

The measurement results are shown in TABLE 4 below. 

20 
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[0142] 

[TABLE 4] 

Cumulative number 
of ball mill 
revolutions 
of 3,741,120 

Oxygen 
(mass%) 

Nitrogen 
(mass ppm) 

Powder mixture 4.52 46 
Sintered product 3. 96 31 

[0143] 

The content of oxygen and. the content of nitrogen in the 

sintered product both decrease compared to those in the powder 

mixture, while the degree of reduction in the content of 

oxygen is smaller than the degree of reduction in the content 

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

mixture and the sintered product both contain metal oxide TiOs-

[0144] 

The structure of the sintered product made using the 

powder mixture taken at a cumulative number of ball mill 

revolutions of 3,741,120 was observed under a scanning 

electron microscope (SEM). FIGS. 6 to 9 show SEM photographs 

of the sintered products. FIG. 6 is a SEM photograph taken at 

a magnification of 1,OOOx (a bar scale in the photograph 

represents 10 jim) . FIG. 7 is a SEM photograph taken at a 

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

represents 1 p.m) . FIG. 8 is a SEM photograph taken at a 

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

represents 1 um) . FIG. 9 is a SEM photograph taken at a 
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magnification cf 10,OOOx (a bar scale in the photograph 

represents 1 am) . In FIGS. 6 to 9, black portions correspond 

to the TiG? phase, and white portions correspond to the FePt 

alloy phase. As can be seen from FIGS. 6 to 9, fine regions of 

the Ti02 phase are dispersed in the entire area, of the 

structure. 

[0145] 

The average size of the TiC>2 phase was determined by the 

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

at a magnification of 10,OOOx. A specific method is the same 

as the method of Reference Example 1. 

[0146] 

The results showed that the average size of the Ti02 

phase determined by the intercept method was 0.28 jim. 

[0147] 

(Reference Example 3) 

The targeted composition of a powder mixture and a target 

in Reference Example 3 is (5GFe-50Pt)-36.€3vol%B203- More 

specifically, the targeted composition of the metal components 

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

oxide (B2O3} is 36.63 vol% based on the total amount of the 

target. When the content of the metal oxide (B2O3) is 

represented not by vol% but by mol%r the targeted composition 

of the powder mixture and the target in Reference Example 3 is 

(50Fe-50Pt)-llmol% B2O3. 
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[0148] 

To 1100.00 g of 50at%Fe-50at%Pt alloy powder produced in 

the same manner as in Reference Example 1, 75.44 g of B2O3 

powder was added so that the content of B2O3 was 36.63 vcl% 

based on the total amount of the powders. These components 

were then mixed v?ith a ball mill until the cumulative number 

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

[0149] 

During mixing, the mixing container was hermetically 

closed with a lid. and filled with a gas mixture (Ar + O2), and 

under the atmosphere in the mixing container, the 50at%Fe-

50at%Pt alloy powder and B2O3 powder were mixed. 

[0150] 

When the cumulative number of ball mill revolutions 

reached 935,280, 2,535,840/ 4,136,400 and 5,736,960, the 

mixing container was opened, and whether or not ignition had 

occurred was visually checked. However, no ignition was found 

at each point. 

r Qi5i1 

When the cumulative number of ball mill revolutions 

reached 4,136,400 and 5,736,960, 30.00 g of the powder 

mixtures were subjected to hot pressing in a vacuum atmosphere 

at less than 20 Pa to produce disc-like sintered products 

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

(sintering temperature, sintering pressure, and sintering 
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time) and the relative densities of the obtained sintered 

products are shown in TABLE 5 below. The theoretical density 

of the sintered product is 10.50 g/cm3. According to 

calculation based on the theoretical density of this sintered 

5 product of 10.50 g/cm3, the relative densities of the sintered 

products were 103.95% (cumulative number of ball mill 

revolutions: 4,136,400) and 105.22% (cumulative number of ball 

mill revolutions; 5,736,960) as shown in TABLE 5 below. 

[0152] 

10 [TABLE 5] 

Cumulative 
number of 
ball mill 

revolutions 
(Number) 

Hot-pressing conditions Relative 
density 

of 
sintered 
product 

I 9- \ \ ̂  1 

Ignition 

Cumulative 
number of 
ball mill 

revolutions 
(Number) 

Sintering 
temperature 

(°C) 

Sintering 
pressure 
(MPa) 

Sintering 
time 
(min) 

Relative 
density 

of 
sintered 
product 

I 9- \ \ ̂  1 

Ignition 

935,280 __ — — NO 

2,535,840 — — — — NO 
4,136,400 810 26.2 45 103.95 NO 
5,736,960 840 26.2 45 105.22 NO 

[0153] 

The relative density of the sintered product is 105.22%, 

or over 100%, and the amount of voids in the obtained sintered 

15 products was small. 

[0154] 

The contents of oxygen ana nitrogen in the sintered 

product made using the powder mixture taken at a cumulative 

number of ball mill revolutions of 5,736,960 were measured 

20 using a TC-600 Series Nitrogen/Oxygen Deterrninator 
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manufactured by LECO Corporation. The measurement results are 

shown in TABLE 6 below. 

[0155] 

[TABLE-6] 

Cumulative number 
of ball mill 
revolutions 
of 5,136,960 

Oxygen 
(mass%) 

Nitrogen 
(mass ppm) 

Sintered product 4.83 | 35 

[0156] 

The contents of Fer Pt, and B in. the sintered product 

made of the powder mixture taken at a cumulative number of 

ball mill revolutions of 5,736, 960 were analyzed by ICP. TABLE 

10 7 below shows the analysis results as well as the contents of 

Fe, Pt, and B in the powder mixture before sintering. The 

contents of Fe, Pt, and B in the powder mixture before 

sintering are not the analysis results by ICP but the 

calculated values (theoretical values) based on the amounts of 

15 raw material powders blended for producing the powder mixture. 

[0157] 

[TABLE 7] 

Cumulative number 
cf ball mill Fe Pt B 
revolutions (mass%) (mass%) (mass%) 
of 5,736,960 

Powder mixture 20.83 72,75 1. 99 
Sintered product 19.76 72.99 2. 02 

[0158] 
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The structure of the sintered product made using the 

powder mixture taken at a cumulative number of ball mill 

revolutions of 5r736,9vQ was observed under a scanning 

electron microscope (SEM) . FIGS- 10 to 13 show SEM photographs 

5 of the sintered products. FIG. 10 is a SEM photograph taken at 

a magnification of I,OOOx (a bar scale in the photograph 

represents 10 jam) . FIG. 11 is a SEM photograph taken at a 

magnification of 3,OOOx (a bar scale in the photograph 

represents 1 jim) - FIG. 12 is a SEM photograph taken at a 

10 magnification of 5,OOOx (a bar scale in the photograph 

represents 1 jim) . FIG. 13 is a SEM photograph taken at a 

magnification of 10,OOOx (a bar scale in the photograph 

represents 1 pirn) . in FIGS. 10 to 13, black portions correspond 

to the B2O3 phase, and gray portions correspond to the FePt 

15 alloy phase. As can be seen from FIGS. 10 to 13r fine regions 

of the B2O3 phase are dispersed in the entire area of the 

structure. 

[0159] 

The average size of the B2O3 phase was determined by the 

2 0 intercept method based on the SEM photograph of FIG. 13 taken 

at a magnification of 10,OOOx. A specific method is the same 

as the method of Reference Example I. 

[0160] 

The results showed that the average size of the B2O3 

25 Phase determined by the intercept method was 0.22 fim. 



[0161] 

(Reference Example 4} 

The targeted composition of a powder mixture and a target 

in Reference Example 4 is (5QFe-50Pt)-12.07vol%B203™ 

24.68voi%SiO§. That is, the targeted composition of metal 

components is 50at%Fe-50at%Pt; the targeted content of metal 

oxide B2O3 is 12.07 voI% based on the total amount of the 

target; ana the targeted content of metal oxide Si02 is 24.68 

vol% based on the total amount of the target. When the 

contents of B2O3 and Si02 are represented not by vol% but by 

mol%, the targeted composition of the powder mixture and the 

target in Reference Example 4 is (50Fe~5GPt)-3.53mol%B203-

10moi%SiG2. 

[0162] 

To 970.00 g of 50at%Fe-50at%Pt alloy powder produced in 

the same manner as in Reference Example 1, 21.97 g of B2Q3 

powder was added so that the content of B2O3 is 12.07 voll 

based on the total amount of the powders, and 53.72 g of SiC>2 

powder having an average particle diameter of 0.7 pirt and a bulk 

density of 2.20 g/cms was added so that the content of SiC>2 was 

24.68 vol% based on the total amount of the powders. These 

components were then mixed with a ball mill until the 

cumulative number of revolutions reached 3,852,360 to produce 

a powder mixture. 

[0163] 
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During mixing, the mixing container was hermetically 

closed with a lid and filled with a gas mixture (Ar + O2) ; arid 

under the atmosphere in the mixing container/ the 50at%Fe~ 

50at%Pt alloy powder, the B2Q3 powder, and the Si02 powder were 

5 mixed. 

[0164} 

When the cumulative number of ball mill revolutions 

reached 1,046,520, 1,981,800, 2,917,080 and 3,852,360, the 

mixing container was opened, and whether or not ignition had 

10 occurred was visually checked. However, no ignition was found 

at each point. 

[0165J 

When the cumulative number of ball mill revolution 

reached 3,852,360, 30.00 g of the powder mixture was subjected 

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

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

mm. The hot-pressing conditions (sintering temperature, 

sintering pressure, and sintering time) and the relative 

density of the obtained sintered product are shown in TABLE 8 

20 below. If there is no difference between the amounts of 3 and. 

Si contained in the powder mixture before sintering and those 

contained in the sintered product after sintering, the 

theoretical density of the sintered product is 10.57 g/cm3. As 

a result of the analysis of the sintered product by ICP, the 

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



powder mixture before sintering, and the content of Si 

decreased by 0.04 % by mass compared to the powder mixture 

before sintering (see, TABLE 10). Considering this and 

assuming that all B in the sintered product was B2O3 and all Si 

in the sintered product was S1O2, the theoretical density of 

the sintered product was calculated and found to be 10.59 g/cm3. 

Based on the theoretical density of this sintered product of 

10.59 g/cm3, the relative density of the sintered product was 

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

[0166] 

[TABLE 8] 

Cumulative 
number of 
ball mill 
revolutions 
(Number) 

Hot-pressing conditions 
B.elative S 
density j 

f f 0±. I _ ... , Iqnirxon srnterea j " 
product | 

1 %. \ ' \ Q } ; 

Cumulative 
number of 
ball mill 
revolutions 
(Number) 

Sintering 
temperature 

re) 

Sintering 
pressure 
(MPa) 

Sintering 
time 
(min) 

B.elative S 
density j 

f f 0±. I _ ... , Iqnirxon srnterea j " 
product | 

1 %. \ ' \ Q } ; 

1,046,520 — 1 — — - 1 NO 
1,981,800 — 1 — — - j no 
2, 917, 080 | ~ j — — NO 
3,852,360! 830 j 26,2 45 100.38 NO 

[0167] 

The relative density of the sintered product was about 

100%, and the amount of voids in the obtained sintered product 

was small. The relative density of the sintered product shown 

in TABLE 8 above is 100.38%, or over 100%, This is regarded as 

measurement error. 

[016B] 
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The contents of oxygen and nitrogen in the sintered 

product made using the powder mixture taken at a cumulative 

number of ball mill revolutions of 3,852,360 were measured 

using a TC-600 Series Nitrogen/Oxygen Deterrninator 

5 manufactured by LECO Corporation. The measurement results are 

shown in TABLE 9 below. 

[0169] 

[TABLE; 9] 

Cumulative number 
of ball mill 
devolutions 

of 3,852,360 
Sintered produ< 

Oxygen 
(mass%) 

Nitrogen 
(mass ppm) 

4.19 25 

10 [0170] 

The contents of Fe, Pt, S, ana Si in the sintered product 

made of the powder mixture taken at a cumulative number of 

ball mill revolutions of 3,852,360 were analyzed by ICP. TABLE 

10 below shows the analysis results as well as the contents of 

15 Fe, Pt, B, and Si in the powder mixture before sintering. 

[0171] 

[TABLE 10] 

Cumulative 
number of ball 
mill revolutions 

of 3,852,360 

Fe 
(mass%) 

Pt 
(mass%) 

S 
{mass%) 

Si 
(mass%) 

Powder mixture 20.64 72.12 0. 65 2.40 
Sintered product 21.24 71.67 0. 64 2.36 

[0172] 
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The structure of the sintered product made using the 

powder mixture taken at a cumulative number of ball mill 

revolutions of 3,852,360 was observed under a scanning 

electron microscope (SEM). FIGS. 14 to 17 show SEM photographs 

of the sintered products. FIG. 14 is a SEM photograph taken at 

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

represents 10 pm) . FIG. 15 is a SEM photograph taken at a 

magnification of 3,OOOx (a bar scale in the photograph 

represents 1 pra) . FIG. 16 is a SSM photograph taken at a 

magnification of 5, OOOx (a bar scale in the photograph 

represents 1 pm) . FIG. 17 is a SEM photograph taken at a 

magnification of 10,OOOx (a bar scale in the photograph 

represents 1 pin] . In FIGS. 14 to 17, black portions correspond 

to the metal oxide phase (the B2G3 phase and the SiOs phase) , 

and gray portions correspond to the FePt alloy phase„ As can 

be seen from FIGS. 14 to 17, fine regions of the metal oxide 

Phase (the B2O3 phase and the Si02 phase) are dispersed in the 

entire area of the structure. 

[0173] 

The average size of the metal oxide phase (the phase 

Consisting of the B2O3 phase and the Si02 phase) was determined 

by the intercept method based on the SEM photograph of FIG. 17 

taken at a magnification of 10,OOOx. A specific method is the 

Same as the method of Reference Example 1. 

[01741 



The results shewed that the average size of the metal 

oxide phase (the phase consisting of the B2O3 phase and the 

Si02 phase) determined by the intercept method was 0.27 pm. 

[0175] 

{Reference Example 5) 

The targeted composition of a powder mixture ana a target 

in Reference Example 5 is {5GFe~50Pt)-6vol%C-24vol%Si02. That 

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

50at%Pt; the targeted content of C is 6 vol% based on the 

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

oxide (Si02) is 24 vol% based on the total amount: of the target. 

When the contents of C and metal oxide (SiCte) are represented 

not by voI% but by 11101%, the targeted composition of the 

powder mixture and. the target in Reference Example 5 is (5QFe-

50Pt)-10.60mol%C-8.25moI%Si02. 

[0176] 

To 1100.00 g of 50at%Fe~50at%Pt alloy powder produced in 

the same manner as in Reference Example 1, 13.72 g of C powder 

having an average particle diameter of 35 jim and a bulk density 

of 0.25 g/cm2 was added so that the content of C is 5.7 voI% 

baseci on the total amount of the powders, and 53.44 g of SiC>2 

powder having an average particle diameter of 0.7 ji.m and a bulk 

density of 2.20 g/cm3 was added so that the content of SiOz was 

23.4 vol% based on the total amount of the powders. These 

components were then mixed with a ball mill until the 



cumulative number of revolutions reached 3,741,120 to produce 

a powder mixture. 

[0177] 

During mixing, the mixing container was hermetically 

closed with a lid and filled with a gas mixture (Ar + O2) ; and 

under the atmosphere in the mixing container, the 50at%Fe~ 

50at%Pt alloy powder, the C powder, and the SLO2 powder were 

mixed. 

[0173] 

when the cumulative number of ball mill revolutions 

reached 335,280, 1,870,560, 2,805,840 and 3,741,120, the 

mixing container was opened, and whether or not ignition had 

occurred was visually checked. However, no ignition was found 

at each point. 

[0179] 

When the cumulative number of ball mill revolution 

reached 3,741,120, 30.00 g of the powder mixture was subjected 

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

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

mm. The hot-pressing conditions (sintering temperature, 

sintering pressure, and sintering time) and the relative 

density of the obtained sintered product are shown in TABLE 11 

below. The theoretical density of the sintered product is 

11.51 g/cm3, which is calculated in consideration of a 

reduction in the amount of carbon during mixing and sintering 
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(i.e., calculated using the content of carbon in the sintered 

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

the relative density of the sintered product was calculated. 

[0180] 

5 [TABLE 11j 

Cumulative 
number of 
ball mill 
revolutions 
(Number) 

Hot-pressing conditions 
Relative 
density 

. Cumulative 
number of 
ball mill 
revolutions 
(Number) 

Sintering 
temperature 

(°C) 

Sintering 
pressure 
(MPa) 

Sintering 
time 
(min) 

o f I . , .;Ignition sinteredi 
product | 
(%) 

935,280 - — — — ! NO 
• Ir 370,560 ! - — i NO 

2,805,840 - — — - j NO 
3,741,120! 1270 24-5 45 97.31 | NO 

[0181] 

The relative density of the sintered product exceeds 97%, 

and the amount of voids in the obtained sintered product was 

10 small, 

[0182] 

The contents of oxygen and nitrogen in the powder mixture 

taken at a cumulative number of ball mill revolutions of 

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

15 Deterrninator manufactured by LECO Corporation, and the content 

of carbon was measured using a Carbon/Sulfur Analyzer 

manufactured by HORIBAr Ltd. The contents of oxygen and 

nitrogen in the sintered product made using the powder mixture 

taken at a cumulative number of ball mill revolutions of 



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

Deterrninator manufactured by LECO Corporation, and the content 

of carbon was measured using a Carbon/Sulfur Analyzer 

manufactured by HORIBA, Ltd. The measurement results are shown 

in TABLE 12 below. 

[0183] 

{TABLE 12] 

Cumulative number 
of bail mill 
revolutions 
of 3,741,120 

Oxygen 
(mass%) 

Nitrogen 
(mass ppm) 

Carbon 
(mass%) 

Powder mixture 1.56 130 3.27 
Sintered product 1.06 10 2.18 

[0184] 

The content of oxygen and the content of nitrogen in the 

sintered product both decrease compared to those in the powder 

mixture, while the degree of reduction in the content of 

oxygen is smaller than the degree of reduction in the content 

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

mixture and the sintered product both contain metal oxide SiOz. 

f0185] 

As comparing the content of oxygen and the content of 

nitrogen in the sintered product with those in the powder 

mixture, the degree of reduction in the content of oxygen and 

the content of nitrogen due to sintering in Reference Example 

5 is larger than that in Reference Examples I and 2. This may 

be because the powder mixture of Preference Example 5 contains 
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the C powder and thus oxygen and nitrogen have been adsorbed 

to the surface of the C powder. 

[0186] 

The structure of the sintered product made using the 

5 powder mixture taken at a cumulative number of ball mill 

revolutions of 3,741,120 was observed under a scanning 

electron microscope (SEM). FIGS. 18 to 21 show SEM photographs 

of the sintered products. FIG. 18 is a SEM photograph taken at 

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

10 represents 10 pm) . FIG. 19 is a SEM photograph taken at a 

magnification of 3,OOOx (a bar scale in the photograph 

represents 1 ̂ m) . FIG. 20 is a SEM photograph taken at a 

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

represents 1 jjm) . FIG. 21 is a SEM photograph taken at a 

15 magnification of 10,OOOx (a bar scale in the photograph 

represents 1 urn). In FIGS. 18 to 21, black portions correspond 

to the C phase and the SiOz phase, and white portions 

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

18 to 21, fine regions of the C phase and. the Si02 phase are 

20 dispersed, in the entire area of the structure. 

[0187] 

The average size of the phase consisting of the C phase 

and the Si02 phase was determined by the intercept method based 

on the SEM photograph of FIG. 21 taken at a magnification of 

25 10, OOOx. A specific method is the same as the method of 



Reference Example 1. As used herein, the phase consisting of 

the C phase and the SiO?. phase refers to a phase picked out as 

the C phase and the SiCb phase, not distinguishing between the 

C phase and the SiC>2 phase and regarding them as a same phase, 

[0188] 

The results showed that"the average size of the phase 

consisting of the C phase and the Si02 phase determined by the 

intercept method was 0.28 ptm. 

[0189] 

(Reference Example 6) 

The targeted composition of a powder mixture and a target 

in Reference Example 6 is (5GFe-50Pt)-9vol%C-21vol%Si<02- That 

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

50at%Pt; the targeted content of C is 9 vcl% based on the 

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

oxide (SiCH) is 21 vol% based on the total amount of the target. 

When the contents of C and metal oxide (SiC>2) are represented 

not by vol% but by mol%, the targeted composition of the 

powder mixture and the target in Reference Example 6 is (50Fe-

5GPt)-15.24mol%C-6.92mol%Si02. 

[0190] 

To 1100.00 g of 50at%Fe-5Gat%Pt alloy powder produced in 

the same manner as in Reference Example 1, 20.57 g of C powder 

having an average particle diameter of 35 ̂ m and a bulk density 

of 0.25 g/cm3 was added so that the content cf C is 8.8 vol! 



based on the total amount of the powders, ana 47.73 g of SIG2 

powder having an average particle diameter of 0.7 jim and a bulk 

density of 2.20 g/cm3 was added so that the content of S1O2 was 

21.2 vol% based on the total amount of the powders. These 

components were then mixed with a ball mill until the 

cumulative number of revolutions reached 3,741,120 to produce 

a powder mixture. 

[0191] 

During mixing, the mixing container was hermetically 

closed with a lid and filled with a gas mixture (Ar + O2} ; and 

under the atmosphere in the mixing container, the 50at%Fe-

50at%Pt alloy powder, the C powder, and the SiC>2 powder were 

mixed. 

[0192] 

When the cumulative number of ball mill revolutions 

reached 935,280, 1,870,560, 2,805,840 and 3,741,120, the 

mixing container was opened, and whether or not ignition had 

occurred was visually checked. However, no ignition was found 

at each point. 

[0193] 

When the cumulative number of ball mill revolution 

reached 3,741,120, 30.00 g of the powder mixture was subjected 

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

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

mm. The hot-pressing conditions (sintering temperature, 
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sintering pressure/ and sintering time) and the relative 

density of the obtained sintered product are shown in TABLE 13 

below. The theoretical density of the sintered product is 

11.51 g/cm3, which is calculated in consideration of a 

reduction in the amount of carbon during mixing and sintering 

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

product shown in TABLE 14). Based on this theoretical density, 

the relative density of the sintered product was calculated. 

[0194] 

[TABLE 13] 

Cumulative 
number of 
bail mill 
revolutions 
(Number) 

Hot-pressing conditions Relative 
density 

of 
sintered 
product 

(%) 

Ignition 

Cumulative 
number of 
bail mill 
revolutions 
(Number) 

Sintering 
temperature 

TO 

Sintering 
pressure 
(MPa) 

Sintering 
time 
(min) 

Relative 
density 

of 
sintered 
product 

(%) 

Ignition 

935,280 — — — — NO 
1,870,560 — — — — ' NO 
2,B05,840 — — — NO 
3,741,120 1280 2 4.5 i 45 97.50 NO 

[0195] 

The relative density of the sintered product exceeds 97%, 

and the amount of voids in the obtained sintered product was 

small. 

[0196] 

The contents of oxygen and nitrogen in the powder mixture 

taken at a cumulative number of ball mill revolutions of 

3,741,120 were measured using a TC-600 Series Nitrogen/Oxygen 
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Deterrninator manufactured by LECO Corporation, and the content 

of carbon was measured using a Carbon/Sulfur Analyzer 

manufactured by HORIBA, Ltd. The contents of oxygen and 

nitrogen in the sintered product made using the powder mixture 

5 taken at a cumulative number of ball mill revolutions of 

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

Deterrninator manufactured by LECO Corporation, and the content 

of carbon was measured using a Carbon/Sulfur Analyzer 

manufactured by HORIBA, Ltd. The measurement results are shown 

10 in TABLE 14 below. 

[0197] 

[TABLE 14] 

Cumulative number 
of ball mill Oxygen Nitrogen Carbon 
revolutions (mass%) (mass ppm) (mass%) 
of 3,741,120 
Powder mixture 3. 50 164 2.31 

Sintered product 1.95 c. 1.7 6 

[0198] 

15 The content of oxygen and the content of nitrogen in the 

sintered product both decrease compared to those in the powder 

mixture, while the degree of reduction in the content of 

oxygen is smaller than the degree of reduction in the content 

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

20 mixture and the sintered product both contain metal oxide Si02. 

[0199] 

As comparing the content of oxygen and the content of 
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nitrogen in the sintered product with those in the powder 

mixture, the degree of reduction in the content of oxygen and 

the content of nitrogen due to sintering in Reference Example 

6 is larger than that'in Reference Examples 2 and 2. This may 

5 he because the powder mixture of Reference Example 6 contains 

the C powder and thus oxygen and nitrogen have been adsorbed 

to the surface of the C powder, 

[0200] 

The structure of the sintered product made using the 

10 powder mixture taken at a cumulative number of ball mill 

revolutions of 3,741,120 was observed under a scanning 

electron microscope (SEM). FIGS. 22 to 25 show SEM photographs 

of the sintered products. FIG. 22 is a SEM photograph taken at 

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

15 represents 10 nm) . FIG. 23 is a SEM photograph taken at a 

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

represents 1 jim) . FIG. 24 is a SEM photograph taken at a 

magnification of 5,OOOx (a bar scale in the photograph 

represents 1 jim) . FIG. 25 is a SEM photograph taken at a 

20 magnification of 10,OOOx (a bar scale in the photograph 

represents 1 jim). In FIGS. 22 to 25, black portions correspond 

to the C phase and the Si02 phase, and white portions 

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

22 to 25, fine regions of the C phase and the S1O2 phase are 

25 dispersed in the entire area of the structure. 



[0201] 

The average size of the phase consisting of the C phase 

and the SiCb phase was determined by the intercept method based 

on the SEM photograph of FIG. 25 taken at a magnification of 

5 10, OOOx. A specific method is the same as the method of 

Reference Example 1, As used herein, the phase consisting of 

the C phase and the SiOs phase refers to a phase picked out as 

the C phase and the SiC>2 phase, not distinguishing between the 

C phase and the Si02 phase and regarding them as a same phase. 

10 [0202] 

The results showed that the average size of the phase 

consisting of the C phase and the SiC>2 phase determined by the 

intercept method was 0.23 pm. 

[0203] 

15 (Reference Example 7) 

The targeted composition of a powder mixture and a target 

in Reference Example 7 is (50Fe~50Pt)-12vol%C-18vcl%SiQ2. That 

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

50at%Pt; the targeted content of C is 12 vol% based on the 

20 total amount of the target; and the targeted content, of metal 

oxide (Si02) is 18 vol% based on the total amount of the target. 

When the contents of C and metal oxide (SiCte) are represented 

not by vol% but by mol%, the targeted composition of the 

powder mixture and the target in Reference Example 7 is (50Fe-

25 50Pt)-19.53mol%C-5.7 0mcl%Si02. 



[0204] 

To 1100.00 g of 50at%Fe-50at%Pt alloy powder produced in 

the same manner as in Reference Example !r 27.44 g of C powder 

having an average particle diameter of 35 fim and a bulk density 

5 of 0.25 g/cm3 was added so that the content of C is 8.8 vol% 

based on the total amount of the powders, and 40.07 g of SiC>2 

powder having an average particle diameter of 0.7 jjm and a bulk 

density of 2.20 g/cm3 was added so that the content of S1O2 was 

21.2 vol% based on the total amount of the powders. These 

10 components were then mixed with a ball mill until ..-the 

cumulative number of revolutions reached 3,741,120 to produce 

a powder mixture. 

[0205] 

During mixing, the mixing container was hermetically 

15 closed with a lid and filled with a gas mixture (Ar + O2} ; and 

under the atmosphere in the mixing container, the 50at%Fe-

50at%?t alloy powder, the C powder, and the S.1O2 powder were 

mixed. 

[0206] 

2 0 'When the cumulative number of ball mill revolutions 

reached 935,280, 1,870,560, 2,805,840 and 3,741,120, the 

mixing container was opened, and whether or not ignition had 

occurred was visually checked. However, no ignition was found 

at each point. 

25 [0207] 



When the cumulative number of ball mill revolution 

reached 3/741,120, 30.00 g of the powder mixture was subjected 

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

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

5 mm. The hot-pressing conditions {sintering temperature, 

sintering pressure, and sintering time) and the relative 

density of the obtained sintered product are shown in TABLE 15 

below. The theoretical density of the sintered product is 

11.52 g/cm3, which is calculated in consideration of a 

10 reduction in the amount of carbon during mixing and. sintering 

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

product shown in TABLE 16). Based on this theoretical density, 

the relative density of the sintered product was calculated. 

[0208] 

15 [TABLE 15] 

Cumulative 
number of 
bail mill 

revolutions 
(Number) 

Hot-pressing conditions 
Relative 
density . 

Ignition 

Cumulative 
number of 
bail mill 

revolutions 
(Number) 

Sintering 
temperature 

ro 
Sintering 
pressure 

fMPa) 

Sintering 
time 
(rain) 

of 
sintered 
product 

(%) 

. 

Ignition 

935,280 j - — — — NO 
1,870,560! - - - — NO 
2,805,840 — ( i 

! 1 NO 
3,741^120 j 1300 24.5 j 45 | 96.68 j NO 

[0209] 

The relative density of the sintered product exceeds 96%, 

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

[0210] 

The contents cf oxygen and nitrogen in the powder mixture 

taken at a cumulative number of ball mill revolutions of 

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

Deterrninator manufactured by LECO Corporationr and the content 

of carbon was measured using a Carbon/Sulfur Analyzer 

manufactured by HORIBA, Ltd. The contents of oxygen, and 

nitrogen in the sintered product made using the powder mixture 

taken at a cumulative number of ball mill revolutions of 

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

Deterrninator manufactured by LECO Corporation, and the content 

of carbon was measured using a Carbon/Sulfur Analyzer 

manufactured by HORIBA, Ltd. The measurement results are shown 

in TABLE 16 below. 

[0211] 

[TABLE 16] 

Cumulative number [ 
of ball mill j Oxygen Nitrogen Carbon 
revolutions j (mass%) (mass ppm) (mass%} 
of 3/741,120 1 
Powder mixture \ 3.26 209 3,12 

Sintered product \ 1,79 10 2.47 

[0212] 

The content of oxygen and the content of nitrogen in the 

sintered product both decrease compared to those in the powder 

mixture, while the degree of reduction in the content of 
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oxygen is smaller than the degree of reduction in the content 

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

mixture and the sintered product both contain metal oxide SiO?. 

[0213] 

5 as comparing the content of oxygen and the content of 

nitrogen in the sintered product with those in the powder 

mixture, the degree of reduction in the content of oxygen and 

the content of nitrogen due to sintering in Reference Example 

7 is larger than that in Reference Examples 1 and 2. This may 

10 be because the powder mixture of Reference Example 7 contains 

the C powder and thus oxygen and nitrogen have been adsorbed 

to the surface of the C powder. 

[0214] 

The structure of the sintered product made using the 

15 powder mixture taken at a cumulative number of bail mill 

revolutions of 3,741,120 was observed under a scanning 

electron microscope (SEM). FIGS. 26 to 29 show SEM photographs 

of the sintered products. FIG. 26 is a SEM photograph taken at 

a magnification of l,Q00x (a bar scale in the photograph 

20 represents 10 ^m) . FIG. 27 is a SEM photograph taken at a 

magnification of 3fOOOx (a bar scale in the photograph 

represents 1 jmn) . FIG. 28 is a SEI^ photograph taken at a 

magnification of 5,OOOx (a bar scale in the photograph 

represents 1 \m) . FIG. 29 is a SEM photograph taken at a 

25 magnification of 10,OOOx (a bar scale in the photograph 



represents 1 jim) . In FIGS. 26 to 29, black portions correspond 

to the C phase and the SiOz phase, and white portions 

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

2 6 to 29, fine regions of the C phase and the Si02 phase are 

dispersed in the entire area of the structure. 

[0215] 

The average size of the phase consisting of the C phase 

and the Si02 phase was determined by the intercept method based 

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

10,OOOx. A specific method is the same as the method of 

Reference Example 1. As used herein, the phase consisting of 

the C phase and the SiC>2 phase refers to a phase picked out as 

the C phase and the Si02 phase, not distinguishing between the 

C phase and the SiC>2 phase and regarding them as a same phase. 

[0216] 

The results showed that the average size of the phase 

consisting of the C phase and the Si02 phase determined by the 

intercept method was 0,30 pm. 

[0217] 

(Reference Example 8) 

The targeted composition of a powder mixture and a target 

in Reference Example 8 is (50Fe~50Pt)~15vol%C-15vol%3i02. That 

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

50at%Pt; the targeted content of C is 15 vol% based on the 

total amount of the target; and the targeted content of metal 
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oxide (Si02) is 15 voI% based on the total amount of the target. 

When the contents of C and metal oxide (SiOz) are represented 

not by vol% but by mcl%, the targeted composition of the 

powder mixture and the target in Reference Example 8 is (50Fe-

50Pt)-2 3.<S8mol%C-4.57mol%Si02. 

[0218] 

To 1100.00 g of 50at%Fe-50at%Pt alloy powder produced in 

the same manner as in Reference Example 1, 34.37 g of C powder 

having an average particle diameter of 35 jxm and a bulk density 

of 0.25 g/cm5 was added so that the content of C is 15 voI% 

based on the total amount of the powders, and 33.46 g of Si02 

powder having an average particle diameter of 0.7 jim and a bulk 

density of 2.20 g/cm3 was added so that the content of SiC>2 was 

15 vol% based on the total amount of the powders. These 

components were then mixed with a ball mill until the 

cumulative number of revolutions reached 3,741,120 to produce 

a powder mixture. 

[0219] 

During mixing, the mixing container was hermetically 

closed with a lid and filled with a gas mixture (Ar 4- O2) ; and 

under the atmosphere in the mixing container, the 50at%Fe-

50at%Pt alloy powder, the C powder, and the SiC>2 powder were 

mixed. 

[ 0220] 

When the cumulative number of ball mill revolutions 



reached 935,280, 1,870,560, 2,805/840 and 3,741,120, the 

mixing container was opened, and whether or not ignition had 

occurred was visually checked. However,, no ignition was found 

at each point. 

5 10221] 

When the cumulative number of ball mill revolution 

reached lfS7G,560, 2,805,840 and 3,741,120, 30.00 g of the 

powder mixture was subjected to hot pressing in a vacuum 

atmosphere at less than 20 Pa to produce a disc-like sintered 

10 product having a diameter of 30 ram. The hot-pressing 

conditions {sintering temperature, sintering pressure, and 

sintering time) and the relative density of the obtained 

sintered product are shown in TABLE 17 below. The theoretical 

density of the sintered product is 11.51 g/cm3, which is 

15 calculated in consideration of a reduction in the amount of 

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

content of carbon in the sintered product shown in TABLE 18). 

Based on this theoretical density, the relative density of the 

sintered product (sintered product made using the powder 

2 0 mixture taken at a cumulative number of ball mill revolutions 

of 3,741,120) was calculated. 

25 
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[0222j 

[TABLE 17] 

Cumulative 
number of 
ball mill 
revolutions 
(Number) 

Hot-pressing conditions 
Relative 
density 

of 
sintered 
product 
(%) 

Ignition 

Cumulative 
number of 
ball mill 
revolutions 
(Number) 

Sintering 
temperature 

(°C) 

Sintering 
pressure 
(MPa) 

Sintering 
time 
(min) 

Relative 
density 

of 
sintered 
product 
(%) 

Ignition 

935, 280 | - — _ — | NO 
1,870,560 | 1370 \ 26.2 45 — i HO 
2,805,840 1300 j 26.2 45 f - | NO 
3,741,120 | 12S0 ; 26.2 45 | 95.81 NO 

[0223] 

5 The relative density of the sintered product exceeds 95%, 

and the amount of voids in the obtained sintered product was 

small. 

[0224] 

The contents of oxygen and nitrogen in the powder mixture 

10 taken at a cumulative number of ball mill revolutions of 

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

Deterrninator manufactured by LECO Corporation, and the content 

of carbon was measured using a Carbon/Sulfur Analyzer 

manufactured by HORIBA, Ltd. The contents of oxygen and 

15 nitrogen in the sintered product made using the powder mixture 

taken at a cumulative number of ball mill revolutions of 

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

Deterrninator manufactured by LECO Corporation, and the content 

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

in TABLE 18 below. 

[0225] 

[TABLE 18] 

Cumulative number 
of ball mill 
revolutions 
of 3,741,120 

Oxygen. 
(mass%) 

Nitrogen 
(mass ppm) 

Carbon 
(mass%) 

Powder mixture 3,22 186 2.87 
Sintered product 1. 39 6 2 .24 

[0226] 

The content of oxygen and the content of nitrogen in the 

sintered product both decrease compared to those in the powder 

mixture, while the degree of reduction in the content of 

oxygen is smaller than the degree of reduction in the content 

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

mixture and the sintered product both contain metal oxide SiO^. 

10227] 

As comparing the content of oxygen and the content of 

nitrogen in the sintered product, with those in the powder 

mixture, the degree of reduction in the content of oxygen and 

the content of nitrogen due to sintering in Reference Example 

8 is larger than that in Reference Examples 1 and 2. This may 

be because the powder mixture of Reference Example 8 contains 

the C powder and thus oxygen and nitrogen have been adsorbed 

to the surface of the C powder. 

[0228] 
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The structure of the sintered product made using the 

powder mixture taken at a cumulative number of ball mill 

revolutions of 3,741,120 was observed under a scanning 

electron microscope {SEM} . FIGS. 30 to 33 show SEM photographs 

5 of the sintered products. FIG. 30 is a SEM photograph taken at 

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

represents 10 pm) . FIG. 31 is a SEM photograph taken at a 

magnification of 3,OOOx (a bar scale in the photograph 

represents 1 jim) . FIG. 32 is a SEM photograph taken at a 

10 magnification of 5,OOOx {a bar scale in the photograph 

represents 1 fim) . FIG. 33 is a SEM photograph taken at a 

magnification of 10,OOOx (a bar scale in the photograph 

represents 1 pm). In FIGS. 30 to 33, black portions correspond 

to ths C phase and the Si02 phase, and white portions 

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

30 to 33, fine regions of the C phase and the Si02 phase are 

dispersed in the entire area of the structure. 

[0229] 

The average size of the phase consisting of the C phase 

20 and the Si02 phase was determined by the intercept method based 

on the SEM photograph of FIG. 33 taken at a magnification of 

10,OOOx. A specific method is the same as the method of 

Reference Example 1. As used herein, the phase consisting of 

the C phase and the SiOz phase refers to a phase picked out as 

25 the C phase and the SiO? phase, not distinguishing between the 



C phase and the SiGs. phase and regarding them as a same phase. 

[0230] 

The results showed that the average size of the phase 

consisting of the C phase and the SiOz phase determined toy the 

5 intercept method was 0.20 urn. 

[0231] 

(Reference Example 9) 

The targeted composition of a powder mixture and a target 

in Reference Example 9 is (50Fe-50Pt)-15vol%C-15vol%Ti02. That 

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

50at%Pt; the targeted content of C is 15 vol% based on the 

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

oxide (TiOs) is 15 vol% based on the total amount of the target. 

When the contents of C and metal oxide (TiCte) are represented 

15 not by vol% but by mol%, the targeted composition of the 

powder mixture and the target in Reference Example 9 is (50Fe-

50Pt)-23.04mol%C~6.39mol%Ti02. 

[0232] 

To 1100.00 g of 50at%Fe-50at%Pt alloy powder produced in 

20 the same manner as in Reference Example 1, 34.38 g of C powder 

having an average particle diameter of 35 jam and a bulk density 

of 0.25 g/cm3 was added so that the content of C is 15 voI% 

based on the total amount of the powders, and 63.41 g of TiOa 

powder having an average particle diameter of 0.07 ura and a 

25 bulk density of 4.11 g/cm3 was added so that the content of 



TiOs was 15 vol% based on the total amount of the powders. 

These components were then mixed with a ball mill until the 

cumulative number of revolutions reached 3,741,120 to produce 

5 powder mixture. 

5 [0233] 

During mixing, the mixing container was hermetically-

closed with a lid. and filled with a gas mixture (Ar + O2} ; and 

under the atmosphere in the mixing container, the 50at%Fe-

50at%Pt alloy powder, the C powder, and the Si02 powder were 

10 mixed. 

[0234] 

When the cumulative number of ball mill revolutions 

reached 935,280, 1,870,560, 2,805,840 and 3,741,120, the 

mixing container was opened, and. whether or not ignition had 

15 occurred was visually checked. However, no ignition was found 

at each point. 

[0235] 

When the cumulative number of ball mill revolution 

reached 1,870,560, 2,805,840 and 3,741,120, 30.00 g of the 

20 powder mixture was subjected to hot pressing in a vacuum 

atmosphere at less than 20 Pa to produce a disc-like sintered 

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

conditions (sintering temperature, sintering pressure, and 

sintering time) and the relative density of the obtained 

25 sintered product are shown in TABLE 19 below. The theoretical 



density of the sintered product is 12.45 g/cm3, which is 

calculated in consideration of a reduction in the amount of 

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

content of carbon in the sintered product shown in TABLE 20}. 

5 Based on this theoretical density, the relative density of the 

sintered product (sintered product made using the powder 

mixture taken at a cumulative number of ball mill revolutions 

of 3,741,. 120) was calculated. 

[0236] 

10 f TABLE 19 ] 

Cumulative 
number of 
ball mill 

revolutions 
(Number) 

Hot-pressing conditions 
Relative 
density 

Ignition 

Cumulative 
number of 
ball mill 

revolutions 
(Number) 

Sintering 
temperature 

(°C) 

Sintering 
pressure 
(MPa) 

Sintering 
time 
(min) 

of 
sintered 
product 
(%) 

Ignition 

935,280 — — — - j no 
1,870, 560 t 1350 26.2 45 _ NO 
2f 805,840 ! 1290 26.2 45 — HO 
3,741,120 1280 26-2 45 95.00 NO 

[0237] 

The relative density of the sintered product is 95%, and 

the amount of voids in the obtained sintered product was small. 

15 [0238] 

The contents of oxygen and nitrogen in the powder mixture 

taken at a cumulative number of ball mill revolutions of 

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

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

manufactured by HORIBA, Ltd. The contents of oxygen and 

nitrogen in the sintered product made using the powder mixture 

taken at a cumulative number of ball mill revolutions of 

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

Deterrninator manufactured by LECO Corporation, and the content 

of carbon was measured using a Carbon/Sulfur Analyzer 

manufactured by H0RI3A, Ltd. The measurement results are shown 

in TABLE 20 below. 

[0239] 

ITABLE 20] 

Cumulative number 
of ball mill 
revolutions 
of 3,74If120 

Oxygen 
(ma s s %) 

Nitrogen 
(mass ppm} 

Carbon 
(mass%) 

Powder mixture 4.55 117 2.72 
Sintered product 

<X
> C
O
 (—

! 

5 

C
O
 . i—

1 

[0240] 

The content of oxygen arid the content of nitrogen in the 

sintered product both decrease compared to those in the powder 

mixture, while the degree of reduction in the content of 

oxygen is smaller than the degree of reduction in the content 

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

mixture ana the sintered product both contain metal oxide TiOz-

[0241] 

As comparing the content of oxygen and the content of 

nitrogen in the sintered product with those in the powder 
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mixture, the degree of reduction in the content of oxygen and 

the content of nitrogen due to sintering in Reference Example 

9 is larger than that in Reference Examples 1 and 2. This may 

he because the powder mixture of Reference Example 9 contains 

the C powder and thus oxygen and nitrogen have been adsorbed 

to the surface of the C powder. 

[0242] 

The structure of the sintered product made using the 

powder mixture taken at a cumulative number of ball mill 

revolutions of 3,741,120 was observed under a scanning 

electron microscope (SEM) . FIGS. 34 to 37 show SEM photographs 

of the sintered products. FIG. 34 is a SEM photograph taken at 

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

represents 10 fim) . FIG. 35 is a SEM photograph taken at a 

magnification of 3,OOOx (a bar scale in the photograph 

represents 1 jim) . FIG. 36 is a SEM photograph taken at a 

magnification of 5,OOOx (a bar scale in the photograph 

represents 1 fim) . FIG. 37 is a SEM photograph taken at a 

magnification of 10,OOOx (a bar scale in the photograph 

represents 1 fim) . In FIGS. 34 to 37, black portions correspond 

to the C phase and the 1iC>2 phase, and white portions 

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

34 to 37, fine regions of the C phase and the Ti02 phase are 

dispersed in the entire area of the structure. 

[0243] 



The average size of the phase consisting of the C phase 

and the, SiCh phase was determined by the intercept method based 

on the SEM photograph of FIG. 37 taken at a magnification of 

10r OOOx. A specific method is the same as the method of 

5 Reference Example 1. As used herein, the phase consisting of 

the C phase and the TiC>2 phase refers to a phase picked out as 

the C phase and the TiC>2 phase, not distinguishing between the 

C phase and the TiOs phase and regarding them as a same phase. 

[0244] 

10 The results showed that the average size of the phase 

consisting of the C phase and the TiCh. phase determined by the 

intercept method was 0.29 jim. 

[0245] 

(Example 1) 

15 The targeted composition of a powder mixture and a target 

in Example 1 is (50Fe-45Pt-5Cu)-20.3vol%B203. That is, the 

targeted composition of metal components is 50at%Fe-45at%Pt~ 

5at%Cu? and the targeted content of metal oxide (B2O3} is 20.3 

vol% based on the total amount of the target. When the content 

20 of metal oxide (B2O3) is represented not by voi% but by mo2%, 

the targeted composition of the powder mixture and the target 

in Example 1 is (50Fe-45Pt-5Cu)-5.11mol% B2O3. 

[0246] 

The metals in bulk form were weighed such that the 

25 composition of the alloy was Fe: 50 at%, Pt: 45 at%, and Pt: 5 



at% and then heated by high frequency heating to form a molten 

Fe-Pt-Cu alloy at 1,800°C. Then a gas atomizing method using 

argon gas was performed to produce 5Gat%Fe-45at%Pt-5at%Cu 

alloy powder. The average particle diameter of the obtained 

alloy powder was measured using Microtrac MT3000 manufactured 

by NIKKISO Co., Ltd. and found to be 50 pin. 

[0247] 

To 1030.00 g of the obtained 5Qat%Fe~45at%Pt~5at%Cu alloy 

powder, 32.49 g of B2O3 powder was added so that the content of 

B2O3 is 20.3 vol% based on the total amount of the powders. 

These components were then mixed with a bail mill until the 

cumulative number of revolutions reached 3,852,360 to produce 

a powder mixture. 

[0248] 

During mixing, the mixing container was hermetically 

closed with a lid and filled with a gas mixture (Ar -f- O2} ; a.nd 

under the atmosphere in the mixing container, the 50at%Fe-

45at%?t-5at%Cu alloy powder and the B2Q3 powder were mixed. 

[0249] 

When the cumulative number of ball mill revolutions 

reached 1,046,520, 1,981,800, 2,917,080 and 3,852,360, the 

mixing container was opened, and whether or not ignition had 

occurred was visually checked. However, no ignition was found 

at each point. 

[0250] 
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When the cumulative number of ball mill revolution 

reached 3,852,360, 30.00 g of the powder mixture was subjected 

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

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

5 mrti. The hot-pressing conditions (sintering temperature, 

sintering pressure, and sintering time) and the relative 

density of the obtained sintered product are shown in TABLE 21 

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

only by 0.04% by mass compared to the state of the powder 

10 mixture before sintering in the ICP analysis results. Since 

there was no step involving direct incorporation of B2O3 in a 

series of steps including ICP analysis, the theoretical 

density of the sintered product was calculated without 

consideration of an increase in the content of B and found to 

15 be 12.22 g/cm3. The relative density of the sintered product 

(sintered product made using the powder mixture taken at a 

cumulative number of ball mill revolutions of 3,852,360) was 

calculated based on the theoretical density of 12.22 g/cm3 and 

found to be 100.09%. 

25 
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[025' 

'TABLE 21] 

Cumulative 
number of 
ball mill 
revolutions 
(Number) 

Hot-pressing conditions 
Relative 
density Cumulative 

number of 
ball mill 
revolutions 
(Number) 

Sintering 
temperature 

f°C) 

Sintering 
pressure 
(MPa) 

• 
Sintering 

time 
(min) 

of 
sintered 
product 
(%) 

Ignition 

1,046,520 j - | ~ — — | NO 
1, 981, 800 | - j - i NO 
2,917,080 - — NO 
3,852,360 770 26.2 45 100.09 NO 

[0252 

5 The relative density of the sintered product exceeds 100%, 

and the amount of voids in the obtained sintered product was 

small. 

[0253] 

The contents of oxygen ana nitrogen in the sintered 

10 product made using the powder mixture taken at a cumulative 

number of ball mill revolutions of 3,852,360 were measured 

using a TC-600 Series Nitrogen/Oxygen Deterrninator 

manufactured by LECO Corporation. The measurement results are 

shown in TABLE 22 below, 

15 [0254] 

[TABLE 22] 

Cumulative number j 
of bail mill j 
revolutions ] 
of 3,852,360 

Oxygen 
(mass%) 

Sintered producl 2.70 

Nitrogen 
(mass ppm) 
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10 2 5 5 ] 

Ths contents of Fe, Pt, Cu, and B in the sintered product 

made of the powder mixture taken at a cumulative number of 

hall mill revolutions of 3,852,3 60 were analyzed by ICP. TABLE 

5 25 below shows the analysis results as well as the contents of 

Fe, Pt, Cu, and 3 in the powder mixture before sintering. The 

contents of Fe, Pt, Cu, and B in the powder mixture before 

sintering are not the analysis results by ICP but the 

calculated values (theoretical values) based on the amounts of 

10 raw material powders blended for producing the powder mixture. 

[0256] 

[TABLE 23) 

Cumulative 
number of bail 

mill revolutions 
of 3,852,360 

Fe 
(ma.ss%) 

Pt 
(mass%) 

Cu 
(mas5%) 

B 
(mass%) 

Powder mixture 22.77 71.58 2,59 0. 95 
Sintered product | 22.95 72.73 2.38 0. 99 

[0257] 

15 The structure of the sintered product made using the 

powder mixture taken at a cumulative number of ball mill 

revolutions of 3,852,360 was observed under a scanning 

electron microscope (SEM). FIGS. 41 to 44 show SEM photographs 

of the sintered products. FIG. 41 is a SEM photograph taken at 

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

represents 10 nm). FIG. 42 is a SEM photograph taken at a 

magnification of 3,OOOx (a bar scale in the photograph 

100 



represents 1 pm> . FIG. 4 3 is a SEM photograph taken at a. 

magnification of 5,OOOx (a bar scale in the photograph 

represents 1 {im} . FIG. 44 is a SEM photograph taken at a 

magnification of 10,OOOx (a bar scale in the photograph 

5 represents 1 urn). In FIGS. 41 to 44, black portions correspond 

to the B2O3 phase, and white portions correspond to the FePtCu 

alloy phase. As can be seen from FIGS. 41 to 44, fine regions 

of the B2O3 phase are dispersed in the entire area of the 

structure. 

10 [0258] 

The average size of the B2O2 phase was determined by the 

intercept method based on the SEM photograph of FIG. 44 taken 

at a magnification of 10,OOOx. A specific method is the same 

as the method of Reference Example I. 

15 [0259] 

The results showed that the average size of the B2O3 

phase determined by the intercept method was 0,14 urn. 

[0260] 

(Example 2} 

20 The targeted composition of a powder mixture and a target 

in Example 2 is (45Fe-45Pt-l"0Cu)-15vol%C-15vol%Si02. That is, 

the targeted composition of metal components is 45at%Fe-

45at%Pt-~10at%Cu; the targeted content of C,is 15 vol% based on 

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

25 metal oxide (Si02) is 15 vol% based on the total amount of the 



target. When the contents of C and metal oxide (SiOa) are 

represented not by vol% but by moll, the targeted composition 

of the powder mixture and the target in Example 2 is (4 5Fe-

45Pt~10Cu)-24mol%C-5mol%Si02. 

[0261] 

The metals in bulk form were weighed such that the 

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

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

molten Fe-Pt-Cu alloy at 1,800°C. Then a gas atomizing method 

using argon gas was performed to produce 45at%Fe~45at%Pt-

lOatlCu alloy powder. The average particle diameter of the 

obtained alloy powder was measured using Microtrac MT3000 

manufactured by NIKKISO Co., Ltd. and found to be 50 jim. 

[0262] 

To 1020.00 g of the obtained 45at%Fe-45at%Pt~10at%Cu 

alloy powder, 44.63 g of C. powder having an average particle 

diameter of 35 fim and a bulk density of 0.25 g/cm3 was added so 

that the content of C is 15 vol% based on the total amount of 

the powders, and 32.56 g of SiC>2 powder having an average 

particle diameter of 0.7 jim and s bulk density of 2.20 g/cm3 

was added so that the content of SiC>2 was 15 vol% based on the 

total amount of the powders. These components were then mixed 

with a bail mill until the cumulative number of revolutions 

reached 5,736,360 to produce a powder mixture. 

[0263] 
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During mixing, the mixing container was hermetically 

closed with a lid and filled with a gas mixture (Ar + O2} ; and 

under the atmosphere in the mixing container, the 45at%Fe-

45at%Pt-10at%Cu alloy powder., the C powder, and the SiC>2 powder 

5 were mixed. 

[0264] 

When the cumulative number of ball mill revolutions 

reached 935,280, 2,535,840, 4,136,400 and 5,736,960, the 

mixing container was opened, and whether or not ignition had 

10 occurred was visually checked. However, no ignition was found 

at each point. 

10265] 

When the cumulative number of bail mill revolution 

reached 5,736,960, 30.00 g of the powder mixture was subjected 

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

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

mm. The hot-pressing conditions (sintering temperature, 

sintering pressure, and sintering time) and the relative 

density of the obtained sintered product are shown in TABLE 24 

20 below. The theoretical density of the sintered product is 

11.11 g/cm3, which is calculated in consideration of a 

reduction in the amount of carbon during mixing and sintering 

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

product shown in TABLE 25). Based on this theoretical density, 

25 the relative density of the sintered product (sintered product 
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made using the powder mixture taken at a cumulative number of 

ball mill revolutions of 5,736,960} was calculated. 

[0266] 

[TABLE 24] 
/ 

Cumulative | Hot-pressing conditions 
Relative 
density 

of 
sintered 
product 

•(%> 

Ignition ball mill | Sintering 
revolutions | temperature 
(Number) j (°c) 

Sintering 
pressure 
(MPa) 

Sintering 
time 
(min) 

Relative 
density 

of 
sintered 
product 

•(%> 

Ignition 

935, 280 | — — — MO 
2,535,840 - — — j — NO 
4,136,400 - __ — — NO 
5,736,960j 1420 24.5 45 93.36 NO 

5 

[0267] 

The relative density of the sintered product exceeds 93%, 

and the amount of voids in the obtained sintered product was 

small. 

10 [0268] 

The contents of oxygen and nitrogen in the sintered 

product made using the powder mixture taken at a cumulative 

number of ball mill revolutions of 5,736,960 were measured 

using a TC-600 Series Nitrogen/Oxygen Deterrninator 

15 manufactured by LECO Corporation, and the content of carbon 

was measured using a Carbon/Sulfur Analyzer manufactured by 

HORIBA, Ltd. The measurement results are shown in TABLE 25 

below. 

[0269] 
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[TABLE 25] 

Cumulative number 
of ball mill 
revolutions 
of 5, 736,960 

Oxygen 
(mass%) 

Nitrogen 
(mass ppm) 

Carbon 
(mass%) 

Sintered product 1.4 6 1 "5 
Z. 3.30 

[0270] 

The structure of the sintered product made using the 

5 powder mixture taken at a cumulative number of bail mill 

revolutions of 5,736,960 was observed under a scanning 

electron microscope (SEM), FIGS. 38 to 40 show SSM photographs 

of the sintered products. FIG. 38 is a SEM photograph taken at 

•a magnification of 3,OOOx (a bar scale in the photograph 

10 represents 1 fim) . FIG. 39 is a SEM photograph taken at a 

magnification of 5,OOOx (a bar scale in the photograph 

represents 1 pm) . FIG. 40 is a SEM photograph taken at a 

magnification of 10,OOOx (a bar scale in the photograph 

represents 1 jim) . In FIGS. 38 to 40, black portions correspond 

15 to the C phase and the TiOz phase, and white portions 

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

38 to 40, fine regions of the C phase and the Si02 phase are 

dispersed in the entire area of the structure. 

[0271] 

20 The average size of the phase consisting of the C phase 

and the S.102 phase was determined by the intercept method based 

on the SEM photograph of FIG. 40 taken at a magnification of 



10, OOOx. A specific method is the same as the method of 

Reference Example 1. As used herein, the phase consisting of 

the C phase and the SiO^ phase refers to a phase picked out as 

the C phase and the SiCh phase, not distinguishing between the 

5 C phase and the Si02 phase and regarding them as a same phase. 

[0272] 

The results showed that the average size of the phase 

consisting of the C phase and the Si02 phase determined by the 

intercept method was 0.27 

10 [02731 

(Comparative example 1) 

The targeted composition of a powder mixture and a target 

in Comparative example 1 is (50Fe-50Pt)-3QVQ1%C* More 

specifically, the targeted composition of the metal components 

15 is 50at%Fe-50at%Pt, and the targeted content of C is 30 vol% 

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

is represented not by voi% but by at%, the targeted 

composition of the powder mixture and the target in 

Comparative example 1 is (50Fe-50Pt)-4 0at%C. 

20 [0274J 

A powder mixture and a sintered product were produced in 

the same manner as in Reference Example 1 except that C powder 

was us^d instead of SiC>2 powder, that a mixing container was 

filled with argon (Ar) and hermetically sealed, and FePt 

25 powder and C powder were mixed in the sealed mixing container, 
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that the cumulative number of ball mill revolutions was 

changed, that the number of times and the timing of 

introduction of fresh air by opening the mixing container 

during mixing were changed,, and that the sintering temperature 

5 during the production of the sintered product was changed to 

1,10Q°C. 

[0275] 

When the cumulative number of ball mill revolutions 

reached 209,520, 608,040, 1,006,560, 1,405,080, 1,803,600, 

10 2,202,120, and 2,816,640, the mixing container was opened, and 

whether or not ignition had occurred was visually checked. 

Until the point of time when the cumulative number of ball 

mill revolutions was 2,202,120, no ignition was found. However, 

at the point of time when the cumulative number of ball mill 

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

[0276] 

To be precise, the atmosphere in the mixing container 

during mixing was the sealed gas mixture (Ar-Oa) atmosphere 

only in the initial stage of mixing (until the cumulative 

20 number of ball mill revolutions reached 209,520) and was a 

sealed argon (Ar) atmosphere thereafter. The mixing was 

performed in the sealed gas mixture (Ar-Ch) atmosphere only in 

the initial stage of mixing (until the cumulative number of 

ball mill revolutions reached 209,520). This cumulative number 

25 of ball mill revolutions is only 7.4% of the final cumulative 
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number of ball mill revolutions, i.e., 2, 816,640, so that the 

amount of oxygen adsorbed on the surface of the C powder in 

the initial stage of mixing (until the cumulative number of 

ball mill revolutions reached 209,520) is considered to be 

5 small. Therefore, Comparative Example 1 is thought to be an 

experimental example in which the FePt powder and the C 

particles having a certain amount or less of oxygen adsorbed 

thereon are mixed 2,816,640 - 209,520 = 2,607,120 times in the 

argon (Ar) atmosphere. 

10 [0277) 

30.00 g of the powder mixture mixed until the cumulative 

number of ball mill revolutions reached 1,405,030 was 

subjected ro hot pressing under the conditions of temperature: 

1,100°C, pressure: 25 MPa, time: 45 min., atmosphere; a vacuum 

15 of 5 x 10"2 Pa or lower to thereby produce a disc-like sintered 

product having a diameter of 30 mm. 

[0278] 

The density of each of the produced sintered products was 

measured by the Archimedes method, and the measured value was 

20 divided by a theoretical density to determine the relative 

density. The results are shown in TABLE 26 below. In 

Comparative Example 1, the theoretical density was not 

computed in consideration of a reduction in the amount of 

carbon during sintering, as was in Reference Examples 5 to 9 

25 and Example 2. 



• [0279] 

[TABLE 26] 

I Sintering 
Sintered powaer .t erature 

mixture j 
] [ Uf \ ! \ ^) 

Density 
(g /cm3} 

Theoretical 
density 
(g/cm3) 

Relative 
density 

{%> 
Powder mixture 
when cumulative 
number of ball 
mill revolutions 
was 1,810,080 

1,100 8.16 11.47 71.1 

[0280] 

5 The relative density of the sintered product was low, 

i.e., 71.1%f so that the sintered product contained a large 

amount of voids. If the relative density is computed using the 

theoretical density computed in consideration of a reduction 

in the amount of carbon during sintering, the relative density 

10 in Comparative Example 1 may be much smaller than 71.1%. 

[0281] 

(Discussion) 

The principal experimental data in Reference Examples 1 

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

15 summarized in TABLE 27 below. In TABLE 27, the average size of 

the phase means the average size of the metal oxide phase in 

Reference Examples 1 to 4 and Example 1, or means the average 

size of the phase consisting of the C phase and the metal 

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

20 [0282] 

[TABLE 271 
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Composition of target 
Atmosphere 

daring 
mixing 

Cumulative 
number of 
ball mill 

revolutions 
(Number) 

Sintering 
temperature 

(°C) 

Relative 
density 

(%) 

Average 
size of 
phase 

(|jm) 

Ignition 

Reference 
example 1 (50Fe~5QPtJ-30vo2%Si0j Ar+02 3,741,120 1050 38.61 0.34 NO 

Reference 
example 2 (SOFe-SOPt) -30voHTiOa Ar+0? 3,741,120 950 96.69 0.28 NO 

Reference 
example 3 {5 0Fe-50Pt}-36.63VO1%BJ03 Ar+Oj S f 73 6,9S0 840 105.22 0.22 

0.27 

NO 

Reference 
example 4 f50Fe-50Pt)- 13 . 07voi%Ba0,-24.6Svol%Si02 Ar+O, 3,852,3S0 830 -100.38 

0.22 

0.27 WO 

NO Reference 
example 5 (S0Fe-50Pt)-6vol%C-24vol%Si03 Ar+Oa 3,741,120 1270 97.31 0.28 

WO 

NO 

Reference 
example s {SOFe-SOPt)-9vol%C-21vol%SiOa Ar+Oj 3,741,120 1280 97.50 0.23 NO 

Reference 
example 7 (50Fe-50Pt)-12vol%C-ievol%Si02 Ar+Oj 3,741,120 

3,741,120 

1300 36.68 0.3 NO 

Reference 
example 8 
Reference 
example 3 

(SOFe-50Pfc)-15vol%C-15vol%Si02 Ar+O, 

3,741,120 

3,741,120 1290 35.81 0.2 NO Reference 
example 8 
Reference 
example 3 i50Fe-50PC}-iSvol%C-lSvol%TiOj Ar40j 3,741,120 1280 9S.00 0.29 NO 

example 1 f50Fe-45Pt-SCU} -20.3vol%-Bj0} AiT+Oj 3,852,360 770 100.09 0.14 NO 

example 2 

Comparative 
example i 

(4SFe-45Ft-10Cu? -15vol%C-1.5vol%SiO? Ar+Oj S, 736,960 1420 93.36 0.27 NO 

NO 

example 2 

Comparative 
example i (SOFe-SOPt) -30VD1VC Ar 

I, 40S,080 1100 71.10 

0.27 NO 

NO 

example 2 

Comparative 
example i (SOFe-SOPt) -30VD1VC Ar 

2,816,640 - - - Yes 



[0283] 

In Reference Examples 1 to 9 and Examples 1 to 2, no 

ignition was found even after the cumulative number of ball 

mill revolutions reached 3,000,000. 

5 [0284] 

In Reference Examples 1 to 9 and Examples 1 to 2, Fe is 

alloyed with Pt tc form FePt alloy powder; in Reference 

Examples 5 and 6f Fe is alloyed with Pt and Cu to form FePtCu 

alloy powder. This can reduce the activity of Fe even in the 

10 form of powder, thereby suppressing oxidation and ignition of 

Fe during mixing with the metal oxide powder or during mixing 

with the m^tal oxide powder and the C powder. 

[0285] 

In Reference Examples 5 to 9 and Example 2, the powder 

15 mixture contains C powder. Since the atmosphere during the 

production of the powder mixture is a gas mixture (Ar + Oz) , 

i.e., the atmosphere contains oxygen, a certain amount of 

oxygen is adsorbed to the surface of the C powder during 

mixing. Therefore, a certain amount of oxygen has already been 

20 adsorbed to the surface of C particles, and accordingly rapid 

adsorption, of oxygen to the surface of the C particles and 

subsequent ignition of the C particles hardly occur even when 

the mixing container is opened to introduce the air after . 

mixing, thereby allowing stable production even of the FePt-

25 based sputtering target containing not only the metal oxide 
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but also C. 

[02S6] 

However, in Reference Example 1 in which the FePt powder 

and the C powder were mixed in an argon atmosphere containing 

5 no oxygen during a period from when the cumulative number of 

ball mill revolutions was 209,522 to when it reached 2,816,64.0, 

ignition was found when the mixing container was opened at the 

point of time when the cumulative number of ball mill 

revolutions was 2,816,640. In Reference Example 1, this may be 

10 caused by mixing of the FePt powder and the C powder in an 

argon atmosphere containing no oxygen during a period from 

when the cumulative number of ball mill revolutions was 

209,521 to when it reached 2,816,640, and by the content of 

the C powder as large as 30 vol%. 

15 [0287] 

In Reference Examples 1 to 9 and Examples 1 to 2, the 

cumulative number of ball mill revolutions was 3,000,000 or 

more, i.e., in Reference Examples 1 to S and Examples 1 to 2r 

the powder mixtures were produced by sufficient mixing. 

20 Therefore, in Reference Examples 1 to 9 ana Examples 1 to 2, 

the metal oxide powder and the C powder in the powder mixtures 

became small enough. Accordingly, this may allow, in the 

sintered products produced in Reference Examples 1 to 9 and 

Examples 1 to 2, the size of the metal oxide phase, or the 

25 average size of the phase consisting of the C phase and the 
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SiOs phase, as measured by the intercept method, tc be as small 

as 0.14 to 0.34 um. Also this may allow the obtained sintered 

products to have a relative density as large as 90% or more. 

[0288] 

In Comparative Example 1, the sintered product was 

produced using the powder mixture mixed until the cumulative 

number of ball mill revolutions reached 1,405,080, but the 

relative density of the produced sintered product was as small 

as 71.1%. One reason for this may be the influence of low 

sintering temperature, 1,100DC, in Reference Example 1. 

Another reason may be that, since the cumulative number of 

ball mill revolutions was small, the particle diameter of the 

C powder in the powder mixture used to produce the sintered 

product was not sufficiently reduced, so that voids in the 

sintered product became large and the relative density of the 

sintered product became small. 

INDUSTRIAL- APPLICABILITY 

[0289] 

The target according to the present invention can be 

preferably used as an FePt-based sputtering target. The 

production process according to the present invention can be 

preferably used as a process for producing an FePt-based 

sputtering target. 
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REFERENCE SIGNS LIST 

[0290] 

10 Substrate 

10A Substrate surface 

12 FePt alloy particles 

14 Carbon phase 
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CLAIMS 

1. An FePt-based sputtering target comprising Fe, Pt, 

a metal oxide, and further comprising one or more kinds of 

5 metal elements other than Fe and Pt, 

wherein the FePt-based sputtering target has a structure 

in which an FePt-based alloy phase and a metal oxide phase 

containing unavoidable impurities are mutually dispersed, the 

FePt-based alloy phase containing Pt in an amount of 40 at% or 

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

elements other than Fe and Pt in an amount of more than 0 at% 

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

impurities and with a total amount of Pt and the one or more 

kinds of metal elements being 60 at% or less, 

15 wherein the metal oxide is contained in an amount of 20 

vol% or more and 40 vol% or less based on a total amount of 

the target, and 

wherein the metal oxide phase has an average size of 0.4 

jam or less as determined by an intercept method. 

20 

2. An FePt-based sputtering target comprising Fe, Pt, 

C, a metal oxide, and further comprising one or more kinds of 

metal elements other than Fe and Pt, 

wherein the FePt-based sputtering target has a structure 

25 in which an FePt-based alloy phase, a C phase containing 

unavoidable impurities, and a metal oxide phase containing 

unavoidable impurities are mutually dispersed, the FePt-based 
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alloy phase containing Pt in an amount of 40 at% or more and 

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

other than Fe and Pt in an amount of more than 0 at% and 2 0 

at% or less with the balance being Fe and unavoidable 

impurities and with a total amount of Pt and the one or more 

kinds of metal elements being 60 at% or less, 

wherein C is contained in an amount of more than 0 vol% 

and 20 vol% or less based on a total amount of the target, the 

metal oxide is contained in an amount of 10 vol% or more and 

less than 4 0 vol% based on the total amount of the target, and 

a total content of C and the metal oxide is 20 vol% or more 

and 4 0 vol% or less based on the total amount of the target, 

and 

wherein a phase consisting of the C phase and the metal 

oxide phase has an average size of 0.4 or less as determined 

by an intercept method. 

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

wherein the one or more kinds of metal elements other 

than Fe and Pt are one or more kinds of Cu, Ag, Mn, Hi, Co, Pd, 

Cr, V, and B. 

5 

4. The FePt-based sputtering target according to claim 

1 or 2, 

wherein the one or more kinds of metal elements other 

than Fe and Pt include Cu. 

10 

5. The FePt-based sputtering target according to claim 

1 or 2, 

wherein the one or more kinds of metal elements other 

than Fe and Pt are only Cu. 

15 

6. The FePt-based sputtering target according to any 

one of claims 1 to 5, 

wherein the metal oxide contains at least one of Si02, 

Ti02, Ti203, Ta205, Cr203, CoO, Co304, B203, Fe203, CuO, Cu20, Y203, 

2 0 MgO, Al203, Zr02, Nb20s, Mo03, Ce02, Sm203, Gd203, W02, W03, Hf02, 

and Ni02. 

7. The FePt-based sputtering target according to any 

one of claims 1 to 6, 

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

8. The FePt-based sputtering target according to any 

one of claims 1 to 7, 

5 wherein the FePt-based sputtering target is used for a 

magnetic recording medium. 

9. A process for producing an FePt-based sputtering 

target, comprising: 

10 adding metal oxide powder containing unavoidable 

impurities to FePt-based alloy powder containing Pt in an 

amount of 40 at% or more and less than 60 at% and the one or 

more kinds of metal elements other than Fe and Pt in an amount 

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

15 Fe and unavoidable impurities and with a total amount of Pt 

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

less so that the metal oxide powder accounts for 20 vol% or 

more and 4 0 vol% or less of a total amount of the FePt-based 

alloy powder and the metal oxide powder, followed by mixing 

20 the FePt-based alloy powder and the metal oxide powder to 

produce a powder mixture; and 

molding the produced powder mixture while the powder 

mixture is heated under pressure. 

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

adding C powder containing unavoidable impurities and 

metal oxide powder containing unavoidable impurities to FePt-

based alloy powder containing Pt in an amount of 4 0 at% or 

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

elements other than Fe and Pt in an amount of more than 0 at% 

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

impurities and with a total amount of Pt and the one or more 

kinds of metal elements being 60 at% or less so that the C 

powder and the metal oxide powder are added to satisfy: 

0 < a < 20; 

10 < p < 4 0; and 

20 < a + P < 40, 

where a and p represent contents of the C powder and the 

metal oxide powder by vol%, respectively, based on a total 

amount of the FePt-based alloy powder, the C powder, and the 

metal oxide powder, followed by mixing the FePt-based alloy 

powder, the C powder, and the metal oxide powder to produce a 

powder mixture; and 

molding the produced powder mixture while the powder 

mixture is heated under pressure. 

11. The process for producing an FePt-based sputtering 

target according to claim 9, 

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

as determined by an intercept method. 

12. The process for producing an FePt-based sputtering 

5 target according to claim 10, 

wherein a phase consisting of the C phase and the metal 

oxide phase in the obtained FePt-based sputtering target has 

an average size of 0.4 p,m or less as determined by an intercept 

method. 

10 

13. The process for producing an FePt-based sputtering 

target according to any one of claims 9 to 12, 

wherein the one or more kinds of metal elements other 

than Fe and Pt are one or more kinds of Cu, Ag, Mn, Ni, Co, Pd, 

15 Cr, V, and B. 

14. The process for producing an FePt-based sputtering 

target according to any one of claims 9 to 12, 

wherein the one or more kinds of metal elements other 

2 0 than Fe and Pt include Cu. 

15. The process for producing an FePt-based sputtering 

target according to any one of claims 9 to 12, 

wherein the one or more kinds of metal elements other 

2 5 than Fe and Pt are only Cu. 
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16. The process for producing an FePt-based sputtering 

target according to any one of claims 9 to 15, 

wherein the metal oxide contains at least one of Si02, 

T1O2, Ti2C>3, Ta205, Cr203, CoO, CO3O4, B2O3, Fe203, CuO, CU2O, Y203, 

MgO, A1203, Zr02, Nb205, Mo03, Ce02, Sm203, Gd203, W02, W03, Hf02, 

and Ni02. 

17 . The process for producing an FePt-based sputtering 

target according to any one of claims 9 to 16, 

wherein the mixing to produce the powder mixture is 

performed in an atmosphere in the presence of oxygen. 

18. The process for producing an FePt-based sputtering 

target according to claim 17, 

wherein oxygen is supplied to the atmosphere from outside 

of the atmosphere. 

19. The process for producing an FePt-based. sputtering 

target according to claim 18, 

wherein the oxygen is supplied by supplying air. 

20. The process for producing an FePt-based sputtering 

target according to any one of claims 17 to 19, 

wherein the atmosphere is air. 
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21. The process for producing an FePt-based sputtering 

target according to claim 17 or 18, 

wherein the atmosphere is composed substantially of an 

inert gas and oxygen. 

22. The process for producing an FePt-based sputtering 

target according to any one of claims 17 to 21, 

wherein a concentration of oxygen in the atmosphere is 10 

vol% or higher and 3 0 vol% or lower. 

23. The process for producing an FePt-based sputtering 

target according to any one of claims 17 to 22, 

wherein the atmosphere is released to air during the 

mixing. 

24". The process for producing an FePt-based sputtering 

target according to any one of claims 9 to 23, 

wherein an atmosphere when the powder mixture is molded 

while heated under pressure is a vacuum or an inert gas 

atmosphere. 

25. The process for producing an FePt-based sputtering 

target according to any one of claims 9 to 24, 

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

26. The process for producing an FePt-based sputtering 

target according to claim 25, 

5 wherein the atomizing method is performed using argon gas 

or nitrogen gas. 

27 . The process for producing an FePt-based sputtering 

target according to any one of claims 9 to 26, 

10 wherein the obtained FePt-based sputtering target is used 

for a magnetic recording medium. 
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ABSTRACT 

Provided are an FePt-based sputtering target which alone 

can form an FePt-based alloy-containing thin film usable as a 

magnetic recording medium without using a plurality of targets, 

5 and a process for producing the same. 

The FePt-based sputtering target contains Fe, Pt, and a 

metal oxider and further contains one or more kinds of metal 

elements other than Fe and Pt, wherein the FePt-based 

sputtering target has a structure in which an FePt-based. alloy 

10 phase and a metal oxide phase containing unavoidable 

impurities are mutually dispersed, the FePt-based alloy phase 

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

at% and the one or more kinds of metal elements other than Fe 

and Pt in an amount of more than 0 at% and 20 at% or less with 

15 the balance being Fe and unavoidable impurities and with the 

total amount of Pt and the one or more kinds of metal elements 

being 60 at% or less, and wherein the metal oxide is contained 

in an amount of 20 vol% or more and 4 0 vol% or less based on 

the total amount of the target. 
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