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DESCRIPTION

SPUTTERING TARGET FOR FORMING MAGNETIC RECORDING FILM
AND PROCESS FOR PRODUCING SAME

TECHNICAL FIELD

The present invention relates to a ferromagnetic material sputtering target
that is used for the deposition of a magnetic thin film of a magnetic recording
media, particularly for the deposition of a magnetic recording layer of a
thermally-assisted magnetic recording media, and to an FePt-based
ferromagnetic material sputtering target capable of achieving a stable
discharge and reducing the generation of particles when sputtered with a
magnetron sputtering equipment.

BACKGROUND ART

In the field of magnetic recording media as represented with HDD (hard
disk drives), a material based on Co, Fe or Ni as ferromagnetic metals is used
as the material of the magnetic thin film which is used for the recording. For
example, Co-Cr-based or Co-Cr-Pt-based ferromagnetic alloys with Co as its
main component are used for the recording layer of hard disks adopting the
longitudinal magnetic recording system. Moreover, composite materials of
Co-Cr-Pt-based ferromagnetic alloys with Co as its main component and
nonmagnetic inorganic grains are often used for the recording layer of hard
disks adopting the vertical magnetic recording system which was recently put
into practical application. In addition, a magnetic thin film of a magnetic
recording medium such as a hard disk is often produced by sputtering a
ferromagnetic material sputtering target having the foregoing materials as its
components in light of its high productivity.

Meanwhile, the recording density of magnetic recording media is rapidly
increasing year by year, and the current surface density of 100 Gbit/in? is
expected to reach 1 Tbit/in? in the future. When the recording density reaches
1 Thit/in?, the size of the recording bit will fall below 10 nm and, in such a case,
it is anticipated that the superparamagnetization caused by thermal fluctuation
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will become a problem, and it is further anticipated that the currently used
magnetic recording medium; for instance, a material with higher magnetic
crystalline anisotropy obtained by adding Pt to a Co-Cr-based alloy, or a
medium in which B is further added to the foregoing material to attenuate the
maghnetic coupling between the magnetic grains, will no longer be sufficient.
This is because, for grains to stably behave ferromagnetically at a size of 10 nm
or less, the grains need to possess even higher magnetic crystalline anisotropy.

In light of the above, an FePt phase having an L1, structure is attracting
attention as a material for use in an ultrahigh density recording medium.
Moreover, since an FePt phase having a L1y structure yields superior corrosion
resistance and oxidation resistance, it is expected to become a material that
can be suitably applied as a recording medium. The FePt phase has an
order-disorder transformation point at 1573 K, and has a L1, structure even
when an alloy is hardened from a high temperature due to the rapid ordered
reaction. Furthermore, in connection with using the FePt phase as a material
for use in an ultrahigh density recording medium, demanded is the
development of technology for dispersing the ordered FePt grains, in a
magnetically separated state, while densely aligning the orientation thereof as
much as possible.

In light of the foregoing circumstances, a magnetic thin film having a
granular structure in which the FePt magnetic grains having an L1, structure
are magnetically separated from each other through the interposition of
nonmagnetic materials such as carbon is being proposed for use in a magnetic
recording medium of next-generation hard disks adopting the
thermally-assisted magnetic recording system. This magnetic thin film having
a granular structure has a structure in which the magnetic grains are
magnetically insulated through the interposition of nonmagnetic substances.
Documents related to granular-type magnetic recording media and other
related publications include, for example, Patent Document 1, Patent
Document 2, Patent Document 3, Patent Document 4, Patent Document 5,
Patent Document 6, and Patent Document 7 listed below.

The foregoing magnetic recording layer is configured from a magnetic
phase such as an Fe-Pt alloy and a nonmagnetic phase that separates the
magnetic phase, and carbon is effective as the nonmagnetic phase material.
While this kind of magnetic recording layer is normally formed via the sputter
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deposition method, a ferromagnetic material sputtering target containing
carbon entails the following problems; namely, carbon is prone to aggregate,
the target is difficult to be sintered and, when sputtered with a magnetron
sputtering equipment, causes an abnormal discharge during sputtering, and
thereby generates particles (contaminants that adhere to the substrate).

Patent Document 1: JP 2000-306228 A

Patent Document 2: JP 2000-311329 A

Patent Document 3: JP 2008-59733 A

Patent Document 4: JP 2008-169464 A

Patent Document 5: JP 2012-102387 A

Patent Document 6: JP 2011-208265 A

Patent Document 7: International Publication No. W0O/2012/086335

SUMMARY OF INVENTION

[Technical Problem]

The foregoing magnetic recording layer is configured from a magnetic
phase such as an FePt-based alloy and a nonmagnetic phase that separates
the magnetic phase, and an object of this invention is to provide is a
ferromagnetic material sputtering target in which carbon (C) is used as a
nonmagnetic phase material and, when sputtered, is effective in preventing the
generation of particles caused by an abnormal discharge originating from
carbon, which is prone to aggregate.

[Solution to Problem]

In order to achieve the foregoing object, as a result of intense study, the
present inventors discovered that stable sputtering is enabled and abnormal
discharge can be inhibited when a flat or tabular C phase is dispersed in a
manner of being aligned in a specified direction. In other words, the present
inventors discovered that the abnormal discharge that occurs during sputtering
can be inhibited and the generation of particles can be reduced by improving
the dispersion state of the C phase in the target.

Based on the foregoing discovery, the present invention provides:

1) A C-containing FePt-based sputtering target for forming a magnetic
recording film, wherein a ratio of an X-ray diffraction peak intensity of a graphite
(002) plane in a cross section perpendicular to a sputtering surface relative to
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an X-ray diffraction peak intensity of a graphite (002) plane in a plane horizontal
to a sputtering surface is 2 or more;

2) The sputtering target according to 1) above, wherein a ratio of an X-ray
diffraction peak intensity of an Fe-Pt alloy (100) plane in a cross section
perpendicular to a sputtering surface relative to an X-ray diffraction peak
intensity of an Fe-Pt alloy (001) plane in a cross section perpendicular to a
sputtering surface is 1.0 or less, and a ratio of an X-ray diffraction peak intensity
of an Fe-Pt alloy (100) plane in a plane horizontal to a sputtering surface
relative to an X-ray diffraction peak intensity of an Fe-Pt alloy (001) plane in a
plane horizontal to a sputtering surface is 1.0 or more;

3) The sputtering target according to 1) or 2) above, wherein an average
thickness of a C phase in a cross section perpendicular to a sputtering surface
is 10 um or less;

4) The sputtering target according to any one of 1) to 3) above, wherein a Pt
content is 5 mol% or more and 60 mol% or less;

5) The sputtering target according to any one of 1) to 4) above, wherein a C
content is 10 mol% or more and 70 mol% or less;

6) The sputtering target according to any one of 1) to 5) above, wherein the
sputtering target contains, as an additive element, one or more elements
selected from a group consisting of B, Ru, Ag, Au, and Cu in an amount of 0.5
mol% or more and 10 mol% or less; and

7) The sputtering target according to any one of 1) to 6) above, wherein the
sputtering target contains, as an additive element, one or more inorganic
substance materials selected from a group consisting of oxides, nitrides,
carbides, and carbonitrides.

The present invention additionally provides:

8) A method for manufacturing the sputtering target according to any one of 1)
to 7) above, wherein flat or tabular raw material powders are subject to
pulverization and mixing and thereafter compacted, and an obtained compact is
subject to uniaxial pressure sintering.

[Advantageous Effects of Invention]

The foregoing magnetic recording layer is configured from a magnetic
phase such as an Fe-Pt alloy and a nonmagnetic phase that separates the
magnetic phase, and the foregoing sputtering target is a ferromagnetic material
sputtering target in which carbon is used as a nonmagnetic phase material.
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The ferromagnetic material sputtering target of the present invention yields
superior effects in that, when sputtered, the ferromagnetic material sputtering
target is effective in preventing the generation of particles caused by an
abnormal discharge originating from carbon, which is prone to aggregate.

In addition, the present invention yields an effect of being able to efficiently
deposit a magnetic thin film, particularly a granular-type magnetic recording
layer, of a magnetic recording medium.

BRIEF DESCRIPTION OF DRAWINGS

[Fig. 1  This is an example of the manufacturing method of the sputtering
target according to the present invention.

[Fig. 2] This is an example of the manufacturing method of the sputtering
target according to the present invention.

[Fig. 3] This is an SEM micrograph of the Fe-Pt alloy powder that was
subject to flattening.

[Fig. 4]  This is an SEM micrograph of the flaked graphite as the raw material
powder.

[Fig. 8] This is a schematic diagram illustrating the plane horizontal to the
sputtering surface and the cross section perpendicular to the sputtering
surface.

[Fig. 6] This is a laser micrograph showing the target structure of Example 1
(plane horizontal to a sputtering surface: left micrograph; cross section
perpendicular to sputtering surface: right micrograph).

[Fig. 7]  This is a laser micrograph showing the target structure of Example 2
(plane horizontal to a sputtering surface: left micrograph; cross section
perpendicular to sputtering surface: right micrograph).

[Fig. 8] This is a laser micrograph showing the target structure of Example 3
(plane horizontal to a sputtering surface: left micrograph; cross section
perpendicular to sputtering surface: right micrograph).

[Fig. 9] This is a laser micrograph showing the target structure of
Comparative Example 1 (plane horizontal to a sputtering surface: left
micrograph; cross section perpendicular to sputtering surface: right
micrograph).

[Fig. 10] This shows the ratio of X-ray diffraction peak intensity of the target of
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Example 1 (plane horizontal to a sputtering surface: upper row; cross section
perpendicular to sputtering surface: lower row).

[Fig. 11] This shows the ratio of X-ray diffraction peak intensity of the target of
Example 2 (plane horizontal to a sputtering surface: upper row; cross section
perpendicular to sputtering surface: lower row).

[Fig. 12] This shows the ratio of X-ray diffraction peak intensity of the target of
Example 3 (plane horizontal to a sputtering surface: upper row; cross section
perpendicular to sputtering surface: lower row).

[Fig. 13] This shows the ratio of X-ray diffraction peak intensity of the target of
Comparative Example 1 (plane horizontal to a sputtering surface: upper row;
cross section perpendicular to sputtering surface: lower row).

DESCRIPTION OF EMBODIMENTS

The target of the present invention is able to perform stable sputtering,
inhibit abnormal discharge and reduce particle generation as a result of
dispersing a C phase of a flat or tabular nonmagnetic material, in a manner of
being aligned in a specified direction, in a ferromagnetic material made from an
FePt-based alloy.

The foregoing the dispersion state of the C phase can be prescribed as
follows; namely, in a C-containing FePt-based sputtering target for forming a
magnetic recording film, a ratio of an X-ray diffraction peak intensity of a
graphite (002) plane in a cross section perpendicular to a sputtering surface
relative to an X-ray diffraction peak intensity of a graphite (002) plane in a plane
horizontal to a sputtering surface, is 2 or more. Meanwhile, there is no
particular limitation regarding the upper limit of the intensity ratio, but preferably
the intensity ratio is 15 or less.

Note that Fig. 5 is a schematic diagram illustrating the plane horizontal to a
sputtering surface, and the cross section perpendicular to the sputtering
surface. The plane horizontal to a sputtering surface corresponds to the
surface that is pressed during the hot press.

With the target of the present invention, by using a flat or tabular
FePt-based alloy powder in addition to a flat or tabular C powder, the press is
performed so that the FePt-based alloy phase is aligned in a specified direction
upon pressing the compact that is configured from the foregoing raw material
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powders and, therefore, the C phase can consequently be dispersed in a
manner of being aligned in a specified direction. The foregoing state of the
FePt alloy phase can be prescribed as follows; namely, a ratio of an X-ray
diffraction peak intensity of an Fe-Pt alloy (100) plane in a cross section
perpendicular to a sputtering surface relative to an X-ray diffraction peak
intensity of an Fe-Pt alloy (001) plane in a cross section perpendicular to a
sputtering surface is 1.0 or less, and a ratio of an X-ray diffraction peak intensity
of an Fe-Pt alloy (100) plane in a plane horizontal to a sputtering surface
relative to an X-ray diffraction peak intensity of an Fe-Pt alloy (001) plane in a
plane horizontal to a sputtering surface is 1.0 or more.

The C phase is configured from a graphite prepared by laminating
graphene sheets, and has anisotropic electrical conductivity. Thus, when the
orientation of the C phase crystals in the sputtering target becomes random,
electrical conductivity is affected, and sputtering becomes unstable. This is
considered to become a cause of an abnormal discharge. Accordingly, by
dispersing a flat or tabular C phase aligned in a specified direction, it is possible
to inhibit the abnormal discharge during sputtering and reduce the generation of
particles. As the flat or tabular C phase, a flaked C powder may be used, and
the average thickness thereof is preferably 1 ym or less.

With the sputtering target of the present invention, preferably, the Pt
content is 5 mol% or more and 60 mol% or less, and the remainder is Fe and C.
This is because, when the Pt content is less than 5 mol% or exceeds 60 mol%,
there are cases where the intended magnetic properties cannot be obtained.

Moreover, with the sputtering target of the present invention, preferably, the
C content is 10 mol% or more and 70 mol% or iess, and the remainder Fe and
Pt. This is because, when the C content is less than 10 mol%, there are cases
where the intended magnetic properties cannot be obtained, and when the C
content exceeds 70 mol%, C will aggregate and cause the increase in the
generation of particles.

Moreover, in order to improve the magnetic properties, the sputtering target
of the present invention preferably contains, as an additive element, one or
more elements selected from a group consisting of B, Ru, Ag, Au, and Cu in an
amount of 0.5 mol% or more and 10 mol% or less. Moreover, by adding, as an
additive material, one or more inorganic substance materials selected from a
group consisting of oxides, nitrides, carbides, and carbonitrides to the
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sputtering target of the present invention, it is possible to further improve the
magnetic properties.

The sputtering target of the present invention is produced according to the
powder metallurgy process shown in Fig. 1 or Fig. 2.

Foremost, raw material powders (Fe powder, Pt powder, C powder, and, as
needed, powder of an additive metal element and powder of an additive
inorganic substance material) are prepared. Here, as the C powder, a flat or
tabular graphite or a flaked graphite (graphite with few laminated graphene
sheets) as shown in Fig. 4 is preferably used. In particular, since a flaked
graphite yields superior electrical conduction in comparison to a normal
graphite, a flaked graphite is especially effective in inhibiting an abnormal
discharge and reducing the generation of particles.

Moreover, as needed, the Fe powder and the Pt powder as metal
components may be processed using a ball mill or a medium agitation mill, and
preferably the flat or tabular raw material powders as shown in Fig. 3 are used.
It is thereby possible to further align the C phase in a specified direction.

The obtained flat or tabular raw material powders to be used preferably
have an average thickness of 0.01 um or more and 20 pm or less.

While a powder of a simple metal material may be used as the Fe powder
or the Pt powder, an alloyed powder (Fe-Pt powder) that is alloyed in advance
via heat treatment or with an atomizing device may also be used. Moreover,
depending on the intended composition, the alloyed Fe-Pt alloy powder may be
used by being combined with the Fe powder and/or the Pt powder.

In particular, since an Fe powder as a simple metal material is prone to
oxidize, the inclusion of oxygen can be reduced by using an Fe-Pt alloy powder
or an Fe-Pt atomized powder, and it is effective to use the foregoing alloy
powder or atomized powder in order to increase the conductivity and purity of
the target.

In addition, the foregoing powders are weighed to achieve the intended
composition, and mixed and simultaneously pulverized by using a medium
agitation mill, a ball mill, a mortar and the like. However, if the powders are
excessively pulverized, the C powder will become fine and prone to aggregate
and, therefore, the grain size of the C powder should be, at minimum, 0.1 pm.
When metal powders such of B, Ru, Ag, Au, and Cu or inorganic substance
materials such as oxides, nitrides, carbides, and carbonitrides are to be added,
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they may be mixed at this stage.

Subsequently, the obtained mixed powder is filled in a carbon mold, and
subject to molding and sintering via hot press performed at a uniaxial pressure.
The C phase becomes aligned in a specified direction during this hot press
performed at a uniaxial pressure. While the holding temperature during the
sintering will depend on the composition of the sputtering target, in many cases
it is in a range of 1000 to 1600°C. Moreover, as needed, hot isostatic pressing
may be performed to the sintered compact removed from the hot press mold.
Hot isostatic pressing is effective for increasing the density of the sintered
compact. While the holding temperature during hot isostatic pressing will
depend on the composition of the sintered compact, in many cases it is in a
range of 1000 to 1600°C. Moreover, the pressure is set to 100 MPa or more.

The thus obtained sintered compact is processed into an intended shape
using a lathe in order to prepare the sputtering target of the present invention.

As described above, by mixing flat or tabular raw material powders and
performing thereto hot press at a uniaxial pressure, it is possible to produce a
sputtering target in which the C phase is dispersed in a manner of being aligned
in a specified direction. In addition, the obtained target yields the effect of
generating few particles since an abnormal discharge during sputtering can be
inhibited.

[Examples]

The present invention is now explained in detail with reference to the
Examples and Comparative Examples. Note that these Examples are merely
illustrative, and the present invention shall in no way be limited thereby. In
other words, various modifications and other embodiments are covered by the
present invention, and the present invention is limited only by the scope of its
claims.

(Example 1)

As the raw material powders, prepared were an Fe powder having an
average grain size of 3 um, a Pt powder having an average grain size of 3 ym,
and a C powder having average grain size of 6 um. As the C powder, a flaked
graphite powder was used.

Subsequently, an alloyed powder having a composition ratio of Fe-50Pt
(at.%) was prepared from the Fe powder and the Pt powder, and the obtained
Fe-Pt alloy powder was filled in a medium agitation mill having a capacity of 5




10

15

20

26

30

35

10 PCT/JP2013/068867

liters together with zirconia balls having a diameter of 5 mm as the grinding
medium to be subject to pulverization at 300 rpm for 4 hours to obtain a flat
alloy powder.

Thereafter, the obtained alloy powder and the C powder were mixed with a
mortar to achieve a composition ratio of (Fe-50Pt)-40C (at.%), and the obtained
mixed powder was filled in a carbon mold, and subject to hot pressing. The
hot press conditions were as follows; namely, vacuum atmosphere, rate of
temperature increase of 300°C/hour, holding temperature of 1400°C, and
holding time of 2 hours, and a pressure of 30 MPa was applied from the start of
temperature increase to the end of holding. After the end of holding, the
resultant product was naturally cooled as is in the chamber.

Subsequently, the sintered compact removed from the hot press mold was
subject to hot isostatic pressing. The hot isostatic pressing conditions were as
follows; namely, rate of temperature increase of 300°C/hour, holding
temperature of 1100°C, and holding time of 2 hours, and the Ar gas pressure
was gradually increased from the start of temperature increase, and a pressure
of 160 MPa was applied during the holding at 1100°C. After the end of holding,
the resultant product was naturally cooled as is in the furnace.

Edges of the obtained sintered compact were cut, the plane horizontal to
the sputtering surface and the cross section perpendicular to the sputtering
surface were polished to observe the structure thereof under an optical
microscope. And, an arbitrarily selected location on the structure surface was
photographed to obtain structure micrographs having a visual field size of 108
pm x 80 um. The micrographs are shown in Fig. 6 (blackish portion in the
structure observation image corresponds to the C phase). In addition, the
average thickness of the C phase in the cross section perpendicular to the
sputtering surface was measured, and the result was 0.6 pm.

Moreover, an X-ray diffraction device was used to measure the X-ray
diffraction intensity of the horizontal plane and the cross section perpendicular
to the sputtering surface of the sintered compact. The measurement
conditions of the X-ray diffraction device were as follows; namely, device used:
UltimalV protectus manufactured by Rigaku Corporation, tube: Cu, tube
voltage: 40kV, tube current: 30 mA, scanning field (26): 10° to 90°,
measurement step (28): 0.01°, scan speed (26): 1°/min., and scan mode: 26/6.
Note that the diffraction peak of the graphite (002) plane appeared near 26.38°,
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the diffraction peak of the Fe-Pt alloy (001) plane appeared near 23.93°, and
the diffraction peak of the Fe-Pt alloy (100) plane appeared near 32.98°.

The results are shown in Fig. 10. The X-ray diffraction intensity ratio of
the graphite (002) plane (plane horizontal to sputtering surface/cross section
perpendicular to sputtering surface) shown in Fig. 10 was 6.45. Moreover, the
X-ray diffraction intensity ratio [(001) plane/(100) plane] of the Fe-Pt alloy in the
plane horizontal to the sputtering surface was 2.49, and the X-ray diffraction
intensity ratio [(001) plane/(100) plane] of the Fe-Pt alloy in the cross section
perpendicular to the sputtering surface was 0.50.

Subsequently, the obtained sintered compact was machined with a lathe
into a shape having a diameter of 180.0 mm and a thickness of 5.0 mm,
thereafter mounted on a magnetron sputtering equipment (C-3010 sputtering
system manufactured by Canon Anelva), and subject to sputtering.

The sputtering conditions were as follows; namely, input power of 1 kW and
Ar gas pressure of 1.7 Pa, and after performing pre-sputtering at 2 kWhr, film
deposition was performed onto a silicon substrate having a 4-inch diameter for
20 seconds. Subsequently, the number of particles having a size of 0.25 ym
or more that adhered onto the substrate was measured with a particle counter.
The number of particles in this case was 120 particles.

[Table 1]




X-ray diffraction intensity X-ray diffraction X-ray diffraction intensity | Average thickness
ratio of graphite (002) intensity ratio of Fe-Pt | ratio of Fe-Pt alloy in of C phase in Number of
Composition ratio Metal raw material Carbon raw mgzterial Mixing plane (plane horizontal to |alley in plane horizontal cross section cross section fiios
f powder powder sputtering surface/cross | to sputtering surface perpendicular to perpendicular to (pa rticles)
section perpendicular to ((001) plane/(100)  |sputtering surface ((001)| sputtering surface pa
sputtering surface) plane) plane/(100) plane) (um)
Example 1 |(Fe-50P1)-40C (at.%) Fe-Plalioy powder [Flaked praphie, everage | 4, 6.45 2.49 0.50 0.6 120
(flattening) grain size 6 um
. Fe-Pt alloy powder |Flaked graphite, average
0,
Example 2 (Fe-50Pf)40C (at.%) (fattening) i sl (Bt Mortar 6.53 2.04 0:75 11 90
. Fe-Pt alloy powder |Graphite, average grain
0,
Example 3 (Fe-50P1)-40C (at.%) (fattening) gy Mortar 13.77 1.09 0.89 15.0 250
Example4  |(Fe-10P-10C (at%) Fo-Pialloy powdar [Flatiod praptis, average. | o0 6.38 217 0.62 1.2 15
(flattening) grain size 15 pm
Example 5  |(Fe42.5Pt-5B)-40C (at.%) Fo-Plakoy powder [Flaked graphile, sverage ||y, 6.49 236 0.71 1.0 82
(flattening) grain size 15 ym
Fe-Pt alloy powder |Flaked graphite, average
z - 9 . 2.1 . 5
Example 6 (Fe-45Pt-10Ag)-60C (at %) (fattening) e Mortar 6.28 3 0.55 1.1 56
Example7  |(Fe-49Pt2Au)-40C (at%) Fe-Ptaloy powder [Flaked graphlls, sverage | gy, 40 6.43 2.09 0.73 11 49
(flattening) grain size 15 ym
Example 8  |(Fe-45Pt-10Cu)-40C (at.%) Fa-F*tshoy powder [iiakes arpive, avsrge Mortar 6.52 238 0.69 12 78
(fiattening) grain size 15 ym
Fe-Pt alloy powder |Flaked graphite, average
5 9 . 5 0.65 %
Example 9 (Fe-60Pt-10Ru)-40C (at.%) (fattening) by ik 15 o Mortar 6.28 228 12 78
& Fe-Pt alloy powder |Flaked graphite, average
w o, 0
Example 10 |(Fe-50P1)-5Si0,-25C (mol.%) Satiening) e 5 15 1 Mortar 6.50 2.07 0.70 11 14
Example 11 |(Fe-50P{-5TIC-25C (mol%) | o talloy powder |Flaked graphite, average |y, 6.39 223 0.74 14 38
(flattening) grain size 15 pm
. Fe-Pt alloy powder |Flaked graphite, average
0 * 9 i 2.0 g g
Example 12 |[{Fe-50P1)-5Si3Ns-25C (mol.%) tstiening) LTI Mortar 6.13 7 0.62 1.2 89
Medium
Comparative 0 Fe powder, Pt Acetylene black, average o 8
Example 1 (Fe-50Pt)-40C (at.%) i grain size 48 nm agrta;lcrilr: mill 1.07 0.99 0.79 0.2 1300
Comparative | . 10PY-10C (at % Fapowde Bt giections Hack, sviage itati(i):nr‘nill 1.04 0.96 0.77 02 510
Example 2 (REAPG10C (M%) powder grain size 48 nm 29 iy ’ ; : :
Comparative | o 15pt 10Ag)-60C (t % E B puaier, Y setyione bicck, average |, itaﬁc:Lr]\Tnill 113 0.97 0.76 0.2 824
Example 3 ( H10A0) 0) powder grain size 48 nm 9 e : : ; :
Comparative | . & 0p)-55i0,-25C (at.% (0 B, Acstylene black, zverage | e T, 1.04 0.76 0.69 03 303
Example 4 55102260 (&%) powder grain size 48 nm 9 . : . : :
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(Example 2)

A sintered compact was prepared under the same conditions as Example 1
other than that, as the C powder, a flaked graphite powder having an average
grain size of 15 ym was used. The micrographs of this sintered compact
photographed with an optical microscope are shown in Fig. 7 (blackish portion
in the structure observation image corresponds to the C phase). In addition,
the average thickness of the C phase in the cross section perpendicular to the
sputtering surface was measured, and the result was 1.1 um. Subsequently,
as a result of measuring the X-ray diffraction intensity of the horizontal plane
and the cross section perpendicular to the sputtering surface of the sintered
compact, the X-ray diffraction intensity ratio of the graphite (002) plane (plane
horizontal to sputtering surface/cross section perpendicular to sputtering
surface) shown in Fig. 11 was 6.53. Moreover, the X-ray diffraction intensity
ratio [(001) plane/(100) plane] of the Fe-Pt alloy in the plane horizontal to the
sputtering surface was 2.04, and the X-ray diffraction intensity ratio [(001)
plane/(100) plane] of the Fe-Pt alloy in the cross section perpendicular to the
sputtering surface was 0.75. This sintered compact was processed into a
predetermined shape, and thereafter subject to sputtering under the same
conditions as Example 1, and the number of particles that adhered onto the
substrate was measured. Consequently, the number of particles was 90
particles.

(Example 3)

A sintered compact was prepared under the same conditions as Example 1
other than that, as the C powder, a graphite powder having an average grain
size of 20 ym was used. The micrographs of this sintered compact
photographed with an optical microscope are shown in Fig. 8 (blackish portion
in the structure observation image corresponds to the C phase). In addition,
the average thickness of the C phase in the cross section perpendicular to the
sputtering surface was measured, and the result was 15 ym. Subsequently,
as a result of measuring the X-ray diffraction intensity of the horizontal plane
and the cross section perpendicular to the sputtering surface of the sintered
compact, the X-ray diffraction intensity ratio of the graphite (002) plane (plane
horizontal to sputtering surface/cross section perpendicular to sputtering
surface) shown in Fig. 12 was 13.77. Moreover, the X-ray diffraction intensity
ratio [(001) plane/(100) plane] of the Fe-Pt alloy in the horizontal plane was
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1.09, and the X-ray diffraction intensity ratio [(001) ptane/(100) plane] of the
Fe-Pt alloy in the cross section perpendicular to the sputtering surface was 0.89.
This sintered compact was processed into a predetermined shape, and
thereafter subject to sputtering under the same conditions as Example 1, and
the number of particles that adhered onto the substrate was measured.
Consequently, the number of particles was 250 particles.

(Example 4)

As the raw material powders, prepared were an Fe powder having an
average grain size of 3 ym, a Pt powder having an average grain size of 3 um,
and a C powder having average grain size of 15 yum. As the C powder, a
flaked graphite powder was used.

Subsequently, an alloyed powder having a composition ratio of Fe-10Pt
(at.%) was prepared from the Fe powder and the Pt powder, and the obtained
Fe-Pt alloy powder was filled in a medium agitation mill having a capacity of 5
liters together with zirconia balls having a diameter of 5 mm as the grinding
medium to be subject to pulverization at 300 rpm for 4 hours to obtain a flat
alloy powder.

Thereafter, the obtained alloy powder and the C powder were mixed with a
mortar to achieve a composition ratio of (Fe-10Pt)-10C (at.%), and the obtained
mixed powder was filled in a carbon mold, and subject to hot pressing. Other
than the foregoing points, a sintered compact was prepared under the same
conditions as Example 1. Then, the average thickness of the C phase in the
cross section perpendicular to the sputtering surface was measured, and the
result was 1.2 ym. Subsequently, as a result of measuring the X-ray
diffraction intensity of the horizontal plane and the cross section perpendicular
to the sputtering surface of the sintered compact, the X-ray diffraction intensity
ratio of the graphite (002) plane (plane horizontal to sputtering surface/cross
section perpendicular to sputtering surface) was 6.38. Moreover, the X-ray
diffraction intensity ratio [(001) plane/(100) plane] of the Fe-Pt alloy in the plane
horizontal to the sputtering surface was 2.17, and the X-ray diffraction intensity
ratio [(001) plane/(100) plane] of the Fe-Pt alloy in the cross section
perpendicular to the sputtering surface was 0.62. This sintered compact was
processed into a predetermined shape, and thereafter subject to sputtering
under the same conditions as Example 1, and the number of particles that
adhered onto the substrate was measured. Consequently, the number of
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particles was 15 particles.
(Example 5)

As the raw material powders, prepared were an Fe powder having an
average grain size of 3 um, a Pt powder having an average grain size of 3 um,
an Fe;B powder having an average grain size of 10 um, and a C powder having
average grain size of 15 um. As the C powder, a flaked graphite powder was
used.

Subsequently, an alloyed powder having a composition ratio of Fe-50Pt
(at.%) was prepared from the Fe powder and the Pt powder, and the obtained
Fe-Pt alloy powder was filled in a medium agitation mill having a capacity of 5
liters together with zirconia balls having a diameter of 5 mm as the grinding
medium to be subject to pulverization at 300 rpm for 4 hours to obtain a flat
alloy powder.

Thereafter, the obtained alloy powder, the Fe;B powder and the C powder
were mixed with a mortar to achieve a composition ratio of (Fe-42.5Pt-5B)-40C
(at.%), and the obtained mixed powder was filled in a carbon mold, and subject
to hot pressing. The holding temperature of the hot press was 1300°C, and
the holding temperature of the hot isostatic pressing was 1100°C. Other than
the foregoing points, a sintered compact was prepared under the same
conditions as Example 1. Then, the average thickness of the C phase in the
cross section perpendicular to the sputtering surface was measured, and the
result was 1.0 uym. Subsequently, as a result of measuring the X-ray
diffraction intensity of the horizontal plane and the cross section perpendicular
to the sputtering surface of the sintered compact, the X-ray diffraction intensity
ratio of the graphite (002) plane (plane horizontal to sputtering surface/cross
section perpendicular to sputtering surface) was 6.49. Moreover, the X-ray
diffraction intensity ratio [(001) plane/(100) plane] of the Fe-Pt alloy in the plane
horizontal to the sputtering surface was 2.36, and the X-ray diffraction intensity
ratio [(001) plane/(100) plane] of the Fe-Pt alloy in the cross section
perpendicular to the sputtering surface was 0.71. This sintered compact was
processed into a predetermined shape, and thereafter subject to sputtering
under the same conditions as Example 1, and the number of particles that
adhered onto the substrate was measured. Consequently, the number of
particles was 82 particles.

(Example 6)
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As the raw material powders, prepared were an Fe powder having an
average grain size of 3 um, a Pt powder having an average grain size of 3 um,
a Ag powder having an average grain size of 5 um, and a C powder having
average grain size of 15 ym. As the C powder, a flaked graphite powder was
used.

Subsequently, an alloyed powder having a composition ratio of Fe-50Pt
(at.%) was prepared from the Fe powder and the Pt powder, and the obtained
Fe-Pt alloy powder was filled in a medium agitation mill having a capacity of 5
liters together with zirconia balls having a diameter of 5 mm as the grinding
medium to be subject to pulverization at 300 rpm for 4 hours to obtain a flat
alloy powder.

Thereafter, the obtained alloy powder, the Ag powder and the C powder
were mixed with a mortar to achieve a composition ratio of (Fe-45Pt-10Ag)-60C
(at.%), and the obtained mixed powder was filled in a carbon moid, and subject
to hot pressing. The holding temperature of the hot press was 950°C, and the
holding temperature of the hot isostatic pressing was 950°C. Other than the
foregoing points, a sintered compact was prepared under the same conditions
as Example 1. Then, the average thickness of the C phase in the cross
section perpendicular to the sputtering surface was measured, and the result
was 1.1 um. Subsequently, as a result of measuring the X-ray diffraction
intensity of the horizontal plane and the cross section perpendicular to the
sputtering surface of the sintered compact, the X-ray diffraction intensity ratio of
the graphite (002) plane (plane horizontal to sputtering surface/cross section
perpendicular to sputtering surface) was 6.28. Moreover, the X-ray diffraction
intensity ratio [(001) plane/(100) plane] of the Fe-Pt alloy in the plane horizontal
to the sputtering surface was 2.13, and the X-ray diffraction intensity ratio [(001)
plane/(100) plane] of the Fe-Pt alloy in the cross section perpendicular to the
sputtering surface was 0.55. This sintered compact was processed into a
predetermined shape, and thereafter subject to sputtering under the same
conditions as Example 1, and the number of particles that adhered onto the
substrate was measured. Consequently, the number of particles was 56
particies.

(Example 7)

As the raw material powders, prepared were an Fe powder having an

average grain size of 3 um, a Pt powder having an average grain size of 3 ym,
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a Au powder having an average grain size of 5 ym, and a C powder having
average grain size of 15 um. As the C powder, a flaked graphite powder was
used.

Subsequently, an alloyed powder having a composition ratio of Fe-50Pt
(at.%) was prepared from the Fe powder and the Pt powder, and the obtained
Fe-Pt alloy powder was filled in a medium agitation mill having a capacity of 5
liters together with zirconia balls having a diameter of 5 mm as the grinding
medium to be subject to pulverization at 300 rpm for 4 hours to obtain a flat
alloy powder.

Thereafter, the obtained alloy powder, the Au powder and the C powder
were mixed with a mortar to achieve a composition ratio of (Fe-49Pt-2Au)-40C
(at.%), and the obtained mixed powder was filled in a carbon mold, and subject
to hot pressing. The holding temperature of the hot press was 1050°C, and
the holding temperature of the hot isostatic pressing was 950°C. Other than
the foregoing points, a sintered compact was prepared under the same
conditions as Example 1. Then, the average thickness of the C phase in the
cross section perpendicular to the sputtering surface was measured, and the
result was 1.1 uym. Subsequently, as a result of measuring the X-ray
diffraction intensity of the horizontal plane and the cross section perpendicular
to the sputtering surface of the sintered compact, the X-ray diffraction intensity
ratio of the graphite (002) plane (plane horizontal to sputtering surface/cross
section perpendicular to sputtering surface) was 6.43. Moreover, the X-ray
diffraction intensity ratio [(001) plane/(100) plane] of the Fe-Pt alloy in the plane
horizontal to the sputtering surface was 2.09, and the X-ray diffraction intensity
ratio [(001) plane/(100) plane] of the Fe-Pt alloy in the cross section
perpendicular to the sputtering surface was 0.73. This sintered compact was
processed into a predetermined shape, and thereafter subject to sputtering
under the same conditions as Example 1, and the number of particles that
adhered onto the substrate was measured. Consequently, the number of
particles was 49 particles.

(Example 8)

As the raw material powders, prepared were an Fe powder having an
average grain size of 3 ym, a Pt powder having an average grain size of 3 um,
a Cu powder having an average grain size of 5 um, and a C powder having
average grain size of 15 ym. As the C powder, a flaked graphite powder was
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used.

Subsequently, an alloyed powder having a composition ratio of Fe-50Pt
(at.%) was prepared from the Fe powder and the Pt powder, and the obtained
Fe-Pt alloy powder was filled in a medium agitation mill having a capacity of 5
liters together with zirconia balls having a diameter of 5 mm as the grinding
medium to be subject to pulverization at 300 rpm for 4 hours to obtain a flat
alloy powder.

Thereafter, the obtained alloy powder, the Cu powder and the C powder
were mixed with a mortar to achieve a composition ratio of (Fe-45Pt-10Cu)-40C
(at.%), and the obtained mixed powder was filled in a carbon mold, and subject
to hot pressing. The holding temperature of the hot press was 1060°C, and
the holding temperature of the hot isostatic pressing was 1100°C. Other than
the foregoing points, a sintered compact was prepared under the same
conditions as Example 1. Then, the average thickness of the C phase in the
cross section perpendicular to the sputtering surface was measured, and the
result was 1.2 ym. Subsequently, as a result of measuring the X-ray
diffraction intensity of the horizontal plane and the cross section perpendicular
to the sputtering surface of the sintered compact, the X-ray diffraction intensity
ratio of the graphite (002) plane (plane horizontal to sputtering surface/cross
section perpendicular to sputtering surface) was 6.52. Moreover, the X-ray
diffraction intensity ratio [(001) plane/(100) plane] of the Fe-Pt alloy in the plane
horizontal to the sputtering surface was 2.38, and the X-ray diffraction intensity
ratio [(001) plane/(100) plane] of the Fe-Pt alloy in the cross section
perpendicular to the sputtering surface was 0.69. This sintered compact was
processed into a predetermined shape, and thereafter subject to sputtering
under the same conditions as Example 1, and the number of particles that
adhered onto the substrate was measured. Consequently, the number of
particles was 78 particles.

(Example 9)

As the raw material powders, prepared were an Fe powder having an
average grain size of 3 ym, a Pt powder having an average grain size of 3 ym,
a Ru powder having an average grain size of 5 pm, and a C powder having
average grain size of 15 ym. As the C powder, a flaked graphite powder was
used.

Subsequently, an alloyed powder having a composition ratio of Fe-66.7Pt
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(at.%) was prepared from the Fe powder and the Pt powder, and the obtained
Fe-Pt alloy powder was filled in a medium agitation mill having a capacity of 5
liters together with zirconia balls having a diameter of 5 mm as the grinding
medium to be subject to pulverization at 300 rpm for 4 hours to obtain a flat
alloy powder.

Thereafter, the obtained alloy powder, the Ru powder and the C powder
were mixed with a mortar to achieve a composition ratio of (Fe-60Pt-10Ru)-40C
(at.%), and the obtained mixed powder was filled in a carbon mold, and subject
to hot pressing. The holding temperature of the hot press was 1400°C, and
the holding temperature of the hot isostatic pressing was 1100°C. Other than
the foregoing points, a sintered compact was prepared under the same
conditions as Example 1. Then, the average thickness of the C phase in the
cross section perpendicular to the sputtering surface was measured, and the
result was 1.2 um. Subsequently, as a result of measuring the X-ray
diffraction intensity of the horizontal plane and the cross section perpendicular
to the sputtering surface of the sintered compact, the X-ray diffraction intensity
ratio of the graphite (002) plane (plane horizontal to sputtering surface/cross
section perpendicular to sputtering surface) was 6.28. Moreover, the X-ray
diffraction intensity ratio [(001) plane/(100) plane] of the Fe-Pt alloy in the plane
horizontal to the sputtering surface was 2.28, and the X-ray diffraction intensity
ratio [(001) plane/(100) plane] of the Fe-Pt alloy in the cross section
perpendicular to the sputtering surface was 0.65. This sintered compact was
processed into a predetermined shape, and thereafter subject to sputtering
under the same conditions as Example 1, and the number of particles that
adhered onto the substrate was measured. Consequently, the number of
particles was 78 particles.

(Example 10)

As the raw material powders, prepared were an Fe powder having an
average grain size of 3 um, a Pt powder having an average grain size of 3 um,
a SiO; powder having an average grain size of 1 ym, and a C powder having
average grain size of 15 um. As the C powder, a flaked graphite powder was
used.

Subsequently, an alloyed powder having a composition ratio of Fe-50Pt
(at.%) was prepared from the Fe powder and the Pt powder, and the obtained
Fe-Pt alloy powder was filled in a medium agitation mill having a capacity of 5
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liters together with zirconia balls having a diameter of 5 mm as the grinding
medium to be subject to pulverization at 300 rpm for 4 hours to obtain a flat
alloy powder.

Thereafter, the obtained alloy powder, the Fe-B powder, the SiO, powder
and the C powder were mixed with a mortar to achieve a composition ratio of
(Fe-50Pt)-5Si0,-25C (at.%), and the obtained mixed powder was filled in a
carbon mold, and subject to hot pressing. The holding temperature of the hot
press was 1100°C, and the holding temperature of the hot isostatic pressing
was 1100°C. Other than the foregoing points, a sintered compact was
prepared under the same conditions as Example 1. Then, the average
thickness of the C phase in the cross section perpendicular to the sputtering
surface was measured, and the result was 1.1 ym. Subsequently, as a result
of measuring the X-ray diffraction intensity of the horizontal plane and the cross
section perpendicular to the sputtering surface of the sintered compact, the
X-ray diffraction intensity ratio of the graphite (002) plane (plane horizontal to
sputtering surface/cross section perpendicular to sputtering surface) was 6.50.
Moreover, the X-ray diffraction intensity ratio [(001) plane/(100) plane] of the
Fe-Pt alloy in the plane horizontal to the sputtering surface was 2.07, and the
X-ray diffraction intensity ratio [(001) plane/(100) plane] of the Fe-Pt alioy in the
cross section perpendicular to the sputtering surface was 0.70. This sintered
compact was processed into a predetermined shape, and thereafter subject to
sputtering under the same conditions as Example 1, and the number of
particles that adhered onto the substrate was measured. Consequently, the
number of particles was 14 particles.

(Example 11)

As the raw material powders, prepared were an Fe powder having an
average grain size of 3 um, a Pt powder having an average grain size of 3 um,
a TiC powder having an average grain size of 50 ym, and a C powder having
average grain size of 15 ym. As the C powder, a flaked graphite powder was
used.

Subsequently, an alloyed powder having a composition ratio of Fe-50Pt
(at.%) was prepared from the Fe powder and the Pt powder, and the obtained
Fe-Pt alloy powder was filled in a medium agitation mill having a capacity of 5
liters together with zirconia balls having a diameter of 5 mm as the grinding
medium to be subject to pulverization at 300 rpm for 4 hours to obtain a flat
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alloy powder.

Thereafter, the obtained alloy powder, the TiC powder and the C powder
were mixed with a mortar to achieve a composition ratio of (Fe-50Pt)-5TiC-25C
(at.%), and the obtained mixed powder was filled in a carbon mold, and subject
to hot pressing. The holding temperature of the hot press was 1400°C, and
the holding temperature of the hot isostatic pressing was 1100°C. Other than
the foregoing points, a sintered compact was prepared under the same
conditions as Example 1. Then, the average thickness of the C phase in the
cross section perpendicular to the sputtering surface was measured, and the
result was 1.1 um. Subsequently, as a result of measuring the X-ray
diffraction intensity of the horizontal plane and the cross section perpendicular
to the sputtering surface of the sintered compact, the X-ray diffraction intensity
ratio of the graphite (002) plane (plane horizontal to sputtering surface/cross
section perpendicular to sputtering surface) was 6.39. Moreover, the X-ray
diffraction intensity ratio [(001) plane/(100) plane] of the Fe-Pt alloy in the plane
horizontal to the sputtering surface was 2.23, and the X-ray diffraction intensity
ratio [(001) plane/(100) plane] of the Fe-Pt alloy in the cross section
perpendicular to the sputtering surface was 0.74. This sintered compact was
processed into a predetermined shape, and thereafter subject to sputtering
under the same conditions as Example 1, and the number of particles that
adhered onto the substrate was measured. Consequently, the number of
particles was 38 particles.

(Example 12)

As the raw material powders, prepared were an Fe powder having an
average grain size of 3 ym, a Pt powder having an average grain size of 3 ym,
a SizsN4 powder having an average grain size of 50 uym, and a C powder having
average grain size of 15 um. As the C powder, a flaked graphite powder was
used.

Subsequently, an alloyed powder having a composition ratio of Fe-50Pt
(at.%) was prepared from the Fe powder and the Pt powder, and the obtained
Fe-Pt alloy powder was filled in a medium agitation mill having a capacity of 5
liters together with zirconia balls having a diameter of 5 mm as the grinding
medium to be subject to pulverization at 300 rpm for 4 hours to obtain a flat
alloy powder.

Thereafter, the obtained alloy powder, the SiN powder and the C powder
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were mixed with a mortar to achieve a composition ratio of
(Fe-50Pt)-5SisN4-25C (at.%), and the obtained mixed powder was filled in a
carbon mold, and subject to hot pressing. The holding temperature of the hot
press was 1400°C, and the holding temperature of the hot isostatic pressing
was 1100°C. Other than the foregoing points, a sintered compact was
prepared under the same conditions as Example 1. Then, the average
thickness of the C phase in the cross section perpendicular to the sputtering
surface was measured, and the result was 1.2 um. Subsequently, as a result
of measuring the X-ray diffraction intensity of the horizontal plane and the cross
section perpendicular to the sputtering surface of the sintered compact, the
X-ray diffraction intensity ratio of the graphite (002) plane (plane horizontal to
sputtering surface/cross section perpendicular to sputtering surface) was 6.13.
Moreover, the X-ray diffraction intensity ratio [(001) plane/(100) plane] of the
Fe-Pt alloy in the plane horizontal to the sputtering surface was 2.07, and the
X-ray diffraction intensity ratio [(001) plane/(100) plane] of the Fe-Pt alloy in the
cross section perpendicular to the sputtering surface was 0.62. This sintered
compact was processed into a predetermined shape, and thereafter subject to
sputtering under the same conditions as Example 1, and the number of
particles that adhered onto the substrate was measured. Consequently, the
number of particles was 89 particles.

(Comparative Example 1)

As the raw material powders, prepared were an Fe powder having an
average grain size of 3 um, a Pt powder having an average grain size of 3 um,
and a C powder having average grain size of 48 nm. As the C powder, an
acetylene black powder was used.

Subsequently, in order to achieve a composition ratio of (Fe-50Pt)-40C
(at.%), the Fe powder, the Pt powder and the C powder were filled in a medium
agitation mill having a capacity of 5 liters together with zirconia balls having a
diameter of 5 mm as the grinding medium to be subject to pulverization for 2
hours, and the obtained mixed powder was filled in a carbon mold, and subject
to hot pressing. The hot press conditions were as follows; namely, vacuum
atmosphere, rate of temperature increase of 300°C/hour, holding temperature
of 1400°C, and holding time of 2 hours, and a pressure of 30 MPa was applied
from the start of temperature increase to the end of holding. After the end of
holding, the resultant product was naturally cooled as is in the chamber.
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Subsequently, the sintered compact removed from the hot press mold was
subject to hot isostatic pressing. The hot isostatic pressing conditions were as
follows;, namely, rate of temperature increase of 300°C/hour, holding
temperature of 1100°C, and holding time of 2 hours, and the Ar gas pressure
was gradually increased from the start of temperature increase, and a pressure
of 150 MPa was applied during the holding at 1100°C. After the end of holding,
the resultant product was naturally cooled as is in the furnace.

Edges of the obtained sintered compact were cut, the plane horizontal to
the sputtering surface and the cross section perpendicular to the sputtering
surface were polished to observe the structure thereof under an optical
microscope. And, an arbitrarily selected location on the structure surface was
photographed to obtain structure micrographs having a visual field size of 108
Mm x 80 ym. The micrographs are shown in Fig. 9 (blackish portion in the
structure observation image corresponds to the C phase). In addition, the
average thickness of the C phase in the cross section perpendicular to the
sputtering surface was measured, and the result was 0.2 um.

Moreover, under the same conditions as Example 1, an X-ray diffraction
device was used to measure the X-ray diffraction intensity of the horizontal
plane and the cross section perpendicular to the sputtering surface of the
sintered compact. The results are shown in Fig. 13. The X-ray diffraction
intensity ratio of the graphite (002) plane (plane horizontal to sputtering
surface/cross section perpendicular to sputtering surface) shown in Fig. 13 was
1.07. Moreover, the X-ray diffraction intensity ratio [(001) plane/(100) plane] of
the Fe-Pt alloy in the plane horizontal to the sputtering surface was 0.99, and
the X-ray diffraction intensity ratio [(001) plane/(100) plane] of the Fe-Pt alloy in
the cross section perpendicular to the sputtering surface was 0.79.

Subsequently, the obtained sintered compact was machined with a lathe
into a shape having a diameter of 180.0 mm and a thickness of 5.0 mm,
thereafter mounted on a magnetron sputtering equipment (C-3010 sputtering
system manufactured by Canon Anelva), and subject to sputtering.

The sputtering conditions were as follows; namely, input power of 1 kW and
Ar gas pressure of 1.7 Pa, and after performing pre-sputtering at 2 kWhr, film
deposition was performed onto an aluminum substrate having a 3.5-inch
diameter for 20 seconds. Subsequently, the number of particles that adhered
onto the substrate was measured with a particle counter. The number of
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particles in this case was 1300 particles.
(Comparative Example 2)

As the raw material powders, prepared were an Fe powder having an
average grain size of 3 um, a Pt powder having an average grain size of 3 um,
and a C powder having average grain size of 48 nm. As the C powder, an
acetylene black powder was used.

Subsequently, in order to achieve a composition ratio of (Fe-10Pt)-10C
(at.%), the Fe powder, the Pt powder and the C powder were filled in a medium
agitation mill having a capacity of 5 liters together with zirconia balls having a
diameter of 5 mm as the grinding medium to be subject to pulverization for 2
hours, and the obtained mixed powder was filled in a carbon mold, and subject
to hot pressing. Other than the foregoing points, a sintered compact was
prepared under the same conditions as Comparative Example 1. Then, the
average thickness of the C phase in the cross section perpendicular to the
sputtering surface was measured, and the result was 0.2 ym. Subsequently,
as a result of measuring the X-ray diffraction intensity of the horizontal plane
and the cross section perpendicular to the sputtering surface of the sintered
compact, the X-ray diffraction intensity ratio of the graphite (002) plane (plane
horizontal to sputtering surface/cross section perpendicular to sputtering
surface) was 1.04. Moreover, the X-ray diffraction intensity ratio [(001)
plane/(100) plane] of the Fe-Pt alloy in the plane horizontal to the sputtering
surface was 0.96, and the X-ray diffraction intensity ratio [(001) plane/(100)
plane] of the Fe-Pt alloy in the cross section perpendicular to the sputtering
surface was 0.77. The obtained sintered compact was processed into a
predetermined shape, and thereafter subject to sputtering under the same
conditions as Comparative Example 1, and the number of particles that
adhered onto the substrate was measured. Consequently, the number of
particles was 510 particles.

(Comparative Example 3)

As the raw material powders, prepared were an Fe powder having an
average grain size of 3 um, a Pt powder having an average grain size of 3 ym,
a Ag powder having an average grain size of 5 ym, and a C powder having
average grain size of 48 nm. As the C powder, an acetylene black powder
was used.

Subsequently, in order to achieve a composition ratio of
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(Fe-45P1-10Ag)-60C (at.%), the Fe powder, the Pt powder, the Ag powder and
the C powder were filled in a medium agitation mill having a capacity of 5 liters
together with zirconia balls having a diameter of 5 mm as the grinding medium
to be subject to pulverization for 2 hours, and the obtained mixed powder was
filled in a carbon mold, and subject to hot pressing. The holding temperature
of the hot press was 950°C, and the holding temperature of the hot isostatic
pressing was 950°C. Other than the foregoing points, a sintered compact was
prepared under the same conditions as Comparative Example 1. Then, the
average thickness of the C phase in the cross section perpendicular to the
sputtering surface was measured, and the result was 0.2 um. Subsequently,
as a result of measuring the X-ray diffraction intensity of the horizontal plane
and the cross section perpendicular to the sputtering surface of the sintered
compact, the X-ray diffraction intensity ratio of the graphite (002) plane (plane
horizontal to sputtering surface/cross section perpendicular to sputtering
surface) was 1.13. Moreover, the X-ray diffraction intensity ratio [(001)
plane/(100) plane] of the Fe-Pt alloy in the plane horizontal to the sputtering
surface was 0.97, and the X-ray diffraction intensity ratio [(001) plane/(100)
plane] of the Fe-Pt alloy in the cross section perpendicular to the sputtering
surface was 0.76. The obtained sintered compact was processed into a
predetermined shape, and thereafter subject to sputtering under the same
conditions as Comparative Example 1, and the number of particles that
adhered onto the substrate was measured. Consequently, the number of
particles was 824 particles.

(Comparative Example 4)

As the raw material powders, prepared were an Fe powder having an
average grain size of 3 um, a Pt powder having an average grain size of 3 ym,
a SiO; powder having an average grain size of 1 ym, and a C powder having
average grain size of 48 nm. As the C powder, an acetylene black powder
was used.

Subsequently, in order to achieve a composition ratio of
(Fe-50Pt)-5Si0,-25C (at.%), the Fe powder, the Pt powder, the SiO; powder
and the C powder were filled in a medium agitation mill having a capacity of 5
liters together with zirconia balls having a diameter of 5 mm as the grinding
medium to be subject to pulverization for 2 hours, and the obtained mixed
powder was filled in a carbon mold, and subject to hot pressing. The holding
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temperature of the hot press was 1100°C, and the holding temperature of the
hot isostatic pressing was 1100°C. Other than the foregoing points, a sintered
compact was prepared under the same conditions as Comparative Example 1.
Then, the average thickness of the C phase in the cross section perpendicular
to the sputtering surface was measured, and the result was 0.3 pum.
Subsequently, as a result of measuring the X-ray diffraction intensity of the
horizontal plane and the cross section perpendicular to the sputtering surface of
the sintered compact, the X-ray diffraction intensity ratio of the graphite (002)
plane (plane horizontal to sputtering surface/cross section perpendicular to
sputtering surface) was 1.04. Moreover, the X-ray diffraction intensity ratio
[(001) plane/(100) plane] of the Fe-Pt alloy in the plane horizontal to the
sputtering surface was 0.76, and the X-ray diffraction intensity ratio [(001)
plane/(100) plane] of the Fe-Pt alloy in the cross section perpendicular to the
sputtering surface was 0.69. The obtained sintered compact was processed
into a predetermined shape, and thereafter subject to sputtering under the
same conditions as Comparative Example 1, and the number of particles that
adhered onto the substrate was measured. Consequently, the number of
particles was 303 particles.

The foregoing results are summarized in Table 1. As shown in Table 1, as
to the sputtering targets in any of the Examples of the present invention, the C
phase in a sputtering target is dispersed in a manner of being aligned in a
specified direction, and thereby the particles that are generated during
sputtering were constantly fewer in comparison to the Comparative Examples.
Moreover, Fig. 10 to Fig. 13 show the X-ray diffraction intensity profiles of
Example 1 to Example 3 and Comparative Exampie 1. As shown in Fig. 10 to
Fig. 12, based on the X-ray diffraction intensity ratio of the graphite (002) plane
(plane horizontal to sputtering surface/cross section perpendicular to sputtering
surface), it can be seen that the flat or tabular C phase is dispersed horizontally
relative to the horizontal plane.

INDUSTRIAL APPLICABILITY

The foregoing magnetic recording layer is configured from a magnetic
phase such as an Fe-Pt alloy, and a nonmagnetic phase that separates the
magnetic phase, and provided is a ferromagnetic material sputtering target in
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which carbon is used as a nonmagnetic phase material. The ferromagnetic
material sputtering target of the present invention yields superior effects in that,
when sputtered, the ferromagnetic material sputtering target is effective in
preventing the generation of particles caused by an abnormal discharge
originating from carbon, which is prone to aggregate. Accordingly, the present
invention is useful as a ferromagnetic material sputtering target for depositing a
magnetic thin film, particularly a granular-type magnetic recording layer, of a
magnetic recording medium.
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CLAIMS

A C-containing FePt-based sputtering target for forming a magnetic
recording film, wherein a ratio of an X-ray diffraction peak intensity of a
graphite (002) plane in a cross section perpendicular to a sputtering
surface relative to an X-ray diffraction peak intensity of a graphite (002)
plane in a plane horizontal to a sputtering surface is 2 or more.

The sputtering target according to claim 1, wherein a ratio of an
X-ray diffraction peak intensity of an Fe-Pt alloy (100) plane in a cross
section perpendicular to a sputtering surface relative to an X-ray
diffraction peak intensity of an Fe-Pt alloy (001) plane in a cross section
perpendicular to a sputtering surface is 1.0 or less, and a ratio of an X-ray
diffraction peak intensity of an Fe-Pt alloy (100) plane in a plane horizontal
to a sputtering surface relative to an X-ray diffraction peak intensity of an
Fe-Pt alloy (001) plane in a plane horizontal to a sputtering surface is 1.0
or more.

The sputtering target according to claim 1 or claim 2, wherein an
average thickness of a C phase in a cross section perpendicular to a
sputtering surface is 10 um or less.

The sputtering target according to any one of claims 1 to 3, wherein
a Pt content is 5 mol% or more and 60 mol% or less.

The sputtering target according to any one of claims 1 to 4, wherein
a C content is 10 mol% or more and 70 mol% or less.

The sputtering target according to any one of claims 1 to 5, wherein
the sputtering target contains, as an additive element, one or more
elements selected from a group consisting of B, Ru, Ag, Au, and Cu in an
amount of 0.5 mol% or more and 10 mol% or less.

The sputtering target according to any one of claims 1 to 6, wherein
the sputtering target contains, as an additive element, one or more
inorganic substance materials selected from a group consisting of oxides,
nitrides, carbides, and carbonitrides.

A method for manufacturing the sputtering target according to any
one of claims 1 to 7, wherein flat or tabular raw material powders are
subject to pulverization and mixing and thereafter compacted, and an
obtained compact is subject to uniaxial pressure sintering.



