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DESCRIPTION 

FERROMAGNETIC SPUTTERING TARGET WITH 
LESS PARTICLE GENERATION 

5 

TECHNICAL FIELD 

[0001] The present invention relates to a ferromagnetic sputtering target that 
is used for forming a magnetic thin film of a magnetic recording medium, in 

10 particular, for forming a magnetic recording layer of a hard disk employing 
a perpendicular magnetic recording system. The sputtering target has 
less particle generation and a large leakage magnetic flux and can thereby 
achieve stable electrical discharge during sputtering with a magnetron 
sputtering apparatus. 

15 

BACKGROUND ART 

[0002] In the field of magnetic recording represented by hard disk drives, 
ferromagnetic metal-based materials, such as Co, Fe, or Ni-based 

20 materials, are used for magnetic thin films that carry out recording. For 
example, in recording layers of hard disks employing a longitudinal 
magnetic recording system, Co-Cr based or Co-Cr-Pt based ferromagnetic 
alloys mainly containing Co have been used. 

Further, in recording layers of hard disks employing a perpendicular 
25 magnetic recording system, which has been applied to practical use 

recently, composite materials composed of Co-Cr-Pt based ferromagnetic 
alloys mainly containing Co and nonmagnetic inorganic materials are 
widely used. 

[0003] Many of magnetic thin films of magnetic recording media such as hard 
30 disks are produced by sputtering a ferromagnetic sputtering target 

composed of the above-mentioned materials, because of the high 
productivity. 

[0004] As methods of producing these ferromagnetic sputtering targets, a 
melting method and a powder metallurgy method are proposed. Though 

35 which method is used for producing a target depends on the required 



2 

characteristics, the sputtering target composed of a ferromagnetic alloy and 
nonmagnetic inorganic grains to be used for forming a recording layer of a 
hard disk in a perpendicular magnetic recording system is usually produced 
by the powder metallurgy method. This is because though the inorganic 

5 grains in such a target are required to be uniformly dispersed in the alloy 
base material, and it is difficult to produce the target by the melting method. 

[0005] For example, a method of producing a sputtering target for a magnetic 
recording medium by: mixing a powder mixture prepared by mixing a Co 
powder, a Cr powder, a TiC>2 powder and a S1O2 powder, with a Co 

10 spherical powder using a planetary-screw mixer; and molding the resulting 
powder mixture by hot pressing, has been proposed (Patent Document 1). 

[0006] In the structure of such a target, spherical metal phases (B) having a 
higher magnetic permeability than that of the surrounding composition are 
observed in a phase (A), as a basis metal, in which inorganic grains are 

15 dispersed (Fig. 1 in Patent Document 1). Such a structure is 
advantageous for improving the leakage magnetic flux, but it is not a 
suitable sputtering target for a magnetic recording medium from the 
viewpoint of suppressing particle generation during sputtering. 

[0007] Furthermore, a method of producing a sputtering target for a magnetic 
20 recording medium by: pulverizing and mixing a powder mixture prepared by 

mixing a Co powder, a Cr powder and a SiC>2 powder, with a Co atomized 
powder in an attritor; and molding the resulting powder mixture by hot 
pressing, has been proposed (Patent Document 2). 

[0008] In the structure of such a target, wedge-shaped metal phases (B) 
25 having a higher magnetic permeability than that of the surrounding 

composition are observed in a phase (A) as a basis metal (Fig. 1 in Patent 
Document 2). Such a structure is advantageous for suppressing particle 
generation during sputtering, but it is not a suitable sputtering target for a 
magnetic recording medium from the viewpoint of improving the leakage 

30 magnetic flux. 
[0009] Furthermore, a method of producing a sputtering target for a Co-based 

alloy magnetic film by: mixing a Si02 powder with a Co-Cr-Ta alloy powder 
produced by an atomizing method; mechanically alloying the resulting 
mixture with a ball mill to disperse an oxide in the Co-Cr-Ta alloy powder; 

35 and molding the powder mixture by hot pressing, has been proposed 
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(Patent Document 3). 
0010] In the structure of such a target, though the diagram is unclear, a black 

portion (Si02) surrounds a large white spherical composition (Co-Cr-Ta 
alloy). Such a structure is also not a suitable sputtering target for a 

5 magnetic recording medium, 
[0011] Furthermore, a method of producing a sputtering target for forming a 

magnetic recording medium thin film by mixing a Co-Cr binary system alloy 
powder, a Pt powder and a Si02 powder, and subjecting the resulting 
powder mixture to hot pressing, has been proposed (Patent Document 4). 

10 [0012] In the structure of such a target, though it is not shown by any 
diagram, it is described that there are a Pt phase, a Si02 phase and a Co-
Cr binary system alloy phase, and a diffusion layer surrounding the Co-Cr 
binary system alloy layer is observed. Such a structure is also not a 
suitable sputtering target for a magnetic recording medium. 

15 [0013] Though various systems are known as sputtering apparatuses, in 
formation of magnetic recording films, magnetron sputtering apparatuses 
equipped with DC power sources are widely used because of the high 
productivity. Sputtering is a method of generating an electric field by 
applying a high voltage between a substrate serving as a positive electrode 

20 and a target serving as a negative electrode disposed so as to face each 
other under an inert gas atmosphere. 

[0014] On this occasion, the inert gas is ionized into plasma composed of 
electrons and cations. The cations in the plasma collide with the surface 
of the target (negative electrode) to make the target constituent atoms fly 

25 out from the target, and the flying out atoms adhere to the facing substrate 
surface to form a film. Sputtering is based on the principle that a film of 
the material constituting a target is formed on a substrate by such series of 
actions. 

[0015] Patent Document 1; Japanese Patent Application No. 2010-011326 
30 Patent Document 2: Japanese Patent Application No. 2011-502582 

Patent Document 3: Japanese Patent Laid-Open No. H10-088333 
Patent Document 4: Japanese Patent Laid-Open No. 2009-1860 

SUMMARY OF INVENTION 
35 
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[Technical Problem] 
[0016] In general, in sputtering of a ferromagnetic sputtering target with a 

magnetron sputtering apparatus, most of the magnetic flux from a magnet 
passes through the target made of a ferromagnetic material to reduce the 

5 leakage magnetic flux, resulting in a big problem of no discharge or 
unstable discharge in sputtering. 

[0017] In order to solve this problem, it is known to improve the leakage 
magnetic flux by incorporating coarse metal grains of about 30 to 150 pm 
during the process of producing a sputtering target. The leakage 

10 magnetic flux tends to increase with the incorporated amount of the coarse 
metal grains, but the content of oxide dispersed in the basis metal also 
increases, and thereby increases the agglomeration of oxides. As a 
result, the oxides agglomerated in the target are desorbed during 
sputtering and thereby cause a problem of particle generation. 

15 [0018] Thus, conventionally, though stable discharge can be achieved, even 
in magnetron sputtering, by reducing the relative magnetic permeability of a 
sputtering target and thereby increasing the leakage magnetic flux, 
particles tend to increase because that oxide agglomerates are detached 
(desorbed) during sputtering. 

20 It is an object of the present invention in view of the above-mentioned 
problems to provide a ferromagnetic sputtering target, by using which 
stable electrical discharge can be achieved in a magnetron sputtering 
apparatus, particle generation is reduced during sputtering, and leakage 
magnetic flux is improved. 

25 

[Solution to Problem] 
[0019] In order to solve the above-described problems, the present inventors 

have diligently studied and, as a result, have found that a target having a 
large leakage magnetic flux and less generation of particles can be 

30 obtained by adjusting the composition structure of the target. 
[0020] Based on these findings, the present invention provides: 

1) a nonmagnetic-material-dispersed sputtering target having a metal 
composition comprising 20 mol% or less of Cr and the balance of Co, 
wherein the target structure includes a phase (A) in which a nonmagnetic 

35 oxide material is dispersed in a basis metal, and a metal phase (B) 



containing 40 mol% or more of Co; the area proportion of grains of the 
nonmagnetic oxide material in the phase (A) is 50% or less; and when a 
minimum-area rectangle circumscribed to the phase (B) is assumed, the 
proportion of the circumscribed rectangle having a short side of 2 to 300 
(jm is 90% or more of all of the phases (B). 

[0021] The present invention also provides: 
2) a nonmagnetic-material-dispersed sputtering target having a metal 
composition comprising 20 mol% or less of Cr, 5 mol% or more and 30 
mol% or less of Pt, and the balance of Co, wherein the target structure 
includes a phase (A) in which a nonmagnetic oxide material is dispersed in 
a basis metal, and a metal phase (B) containing 40 mol% or more of Co; 
the area proportion of grains of the nonmagnetic oxide material in the 
phase (A) is 50% or less; and when a minimum-area rectangle 
circumscribed to the metal phase (B) is assumed, the proportion of the 
circumscribed rectangle having a short side of 2 to 300 pm is 90% or more 
of all of the phases (B). 

[0022] The present invention also provides: 
3) a nonmagnetic-material-dispersed sputtering target having a metal 
composition comprising 5 mol% or more and 30 mol% or less of Pt and the 
balance of Co, wherein the target structure includes a phase (A) in which a 
nonmagnetic oxide material is dispersed in a basis metal, and a metal 
phase (B) containing 40 mol% or more of Co; the area proportion of grains 
of the nonmagnetic oxide material in the phase (A) is 50% or less; and 
when a minimum-area rectangle circumscribed to the metal phase (B) is 
assumed, the proportion of the circumscribed rectangle having a short side 
of 2 to 300 pm is 90% or more of all of the phases (B). 

[0023] The present invention further provides: 
4) the nonmagnetic-material-dispersed ferromagnetic sputtering target 
according to any one of 1) to 3), wherein when a minimum-area rectangle 
circumscribed to the metal phase (B) is assumed, the aspect ratio of the 
circumscribed rectangle is 1:1 to 1:15; and 
5) the ferromagnetic sputtering target according to any one of 1) to 4), 
wherein the basis metal further contains at least one additional element 
selected from B, Ti, V, Mn, Zr, Nb, Ru, Mo, Ta and W in an amount of 0.5 
mol% or more and 10 mol% or less, and the balance is Co. 
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ADVANTAGEOUS EFFECTS OF INVENTION 

[0024] The thus-prepared target has a large leakage magnetic flux to 
5 efficiently accelerate ionization of an inert gas to give stable discharge 

when used in a magnetron sputtering apparatus. It is possible to increase 
the thickness of the target to enable a reduction in frequency of 
replacement of the target with a new one, resulting in an advantage of 
reducing the manufacturing cost of magnetic thin films. In addition, since 

10 the particle generation is low, production of defective magnetic recording 
films by sputtering decreases, which also results in an advantage of 
reducing the cost. 

BRIEF DESCRIPTION OF DRAWINGS 

[Fig. 1] This is a structural image of a target in Example 1 observed with 
an optical microscope. 
[Fig. 2] This is a structural image of a target in Comparative Example 1 
observed with an optical microscope. 
[Fig. 3] This is a structural image of a target in Example 2 observed with 
an optical microscope. 
[Fig. 4] This is a structural image of a target in Comparative Example 2 
observed with an optical microscope. 
[Fig. 5] This is a structural image of the phase (A) in Example 2 observed 
with an optical microscope. 

DESCRIPTION OF EMBODIMENTS 

[0026] As the metal components constituting the ferromagnetic sputtering 
30 target of the present invention, proposed are a metal comprising 20 mol% 

or less of Cr and the balance of Co, or a metal comprising 20 mol% or less 
of Cr, 5 mol% or more and 30 mol% or less of Pt, and the balance of Co. 
The content of Cr is higher than 0 mol%; that is, the Cr content is higher 
than the analyzable lower limit. Furthermore, as long as the Cr content is 

35 20 mol% or less, the effects can be obtained even if the amount of Cr is 

15 

[0025] 

20 
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small. The present invention encompasses such cases, 
[0027] Alternatively, as the metal components constituting the ferromagnetic 

sputtering target of the present invention, proposed is a metal comprising 5 
mol% or more and 30 mol% or less of Pt and the balance of Co. The 

5 blending ratios can be varied within the above-mentioned ranges, while the 
characteristics as an effective magnetic recording medium being 
maintained. 

In the present invention, the composition of the target forms a 
structure in which metal phases (B) having a higher magnetic 

io permeability than that of the surrounding composition are isolated from 
each other by the phase (A) composed of a basis metal and nonmagnetic 
oxide grains dispersed in the basis metal. 

[0028] In the present invention, it is important to control the area proportion of 
grains of the nonmagnetic oxide material to the area of the phase (A) in an 

15 arbitrary cross section of the sputtering target (hereinafter, similarly, the 
area proportion, the phase shape, and the size mean those in an arbitrary 
cross section, throughout the specification). 

The area proportion of grains of the nonmagnetic oxide material is 
desirably 50% or less. An area proportion higher than 50% forms a 

20 structure in which a metal component in island forms are dispersed in the 
oxide to readily cause agglomeration of the oxide. Accordingly, the area 
proportion is desirably 50% or less, 

[0029] The area proportion of grains of the nonmagnetic oxide material can 
be adjusted by changing the relative amounts of the Co powder and Co 

25 atomized powder (or Co coarse powder). That is, when the relative 
amount of the Co powder is increased and when the relative amount of the 
Co atomized powder (or Co coarse powder) is decreased, the amount of 
Co in the phase (A) relatively increases to reduce the area proportion of 
grains of the nonmagnetic oxide material. 

30 [0030] In the metal phase (B), when a minimum-area rectangle circumscribed 
to the metal phase (B) is assumed, the short side of the rectangle is 
desirably 2 to 300 pm. As shown in Fig. 1, the phase (A) includes fine 
lorganic oxide grains (in Fig. 1, the finely dispersed black portion is the 

inorganic grains). When a minimum-area rectangle circumscribed to the 
35 metal phase (B) is assumed, if the short side of the circumscribed rectangle 
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is smaller than 2 (jm, the difference in size between the inorganic grains 
and the coexisting metal grains is small. In sintering of such a target 
material, diffusion of the metal phase (B) proceeds to make the presence of 
the metal phase (B) unclear, resulting in loss of the effect of increasing the 

5 leakage magnetic flux density. 
[0031] Accordingly, in the phase (B), it is better that rectangles having a short 

side of less than 2 pm is as less as possible. The length of the short side 
required to be a certain length or more is a determinant of the action/effect 
of the metal phase (B) on the leakage magnetic flux density, and the short 

10 side is therefore required to be restricted. From this meaning, it would be 
understood that the restriction of the long side, which is longer than the 
short side, is unnecessary excluding the case of restricting a better range 
as described below. 

[0032] In contrast, when the length of the short side is longer than 300 pm, 
15 the smoothness of the target surface decreases with the progress of 

sputtering. This may readily cause a problem of particles. Accordingly, 
when a minimum-area rectangle circumscribed to the metal phase (B) is 
assumed, the short side of the circumscribed rectangle is preferably 2 to 
300 pm, and the proportion of such metal phases (B) is preferably 90% or 

20 more and more preferably 95% or more of all of the phases (B). 
[0033] In particular, it is preferred not to contain a metal phase of which 

circumscribed rectangle has a short side of longer than 300 pm. Even if 
the phase (B) of which circumscribed rectangle has a short side of shorter 
than 2 pm is present in an amount of about 10%, it is substantially 

25 negligible. That is, the presence of the phase (B) of which rectangle has a 
short side of 2 to 300 pm is important and meaningful. From the above, 
the proportion of the phase (B) of which rectangle has a short side of 2 to 
300 pm can be defined to be 90% or more and more preferably 95% or 
more of all of the phases (B). 

30 [0034] In addition, in the present invention, when a minimum-area rectangle 
circumscribed to the metal phase (B) is assumed, the aspect ratio of the 
rectangle is desirably 1:1 to 1:15. The aspect ratio of the rectangle is the 
ratio of the short side length to the long side length. When the short side 
is 2 pm, the long side in an aspect ratio of 1:15 is in a range of 2 to 30 pm. 

35 If the short side is longer than the above, the long side also lengthens, but 



a larger aspect ratio of the rectangle may form a string-shaped atypical 
metal phase (B). Accordingly, it is desirable that the aspect ratio of the 
rectangle circumscribed the phase (B) is 1:1 to 1:15. 

However, this is not an absolute requirement, and the string-shaped 
atypical metal phase (B) is also an acceptable condition in the present 
invention. Thus, in the present invention, detachment of the metal phase 
can be prevented, and thereby the amount of generated particles, which 
causes a reduction in yield, can be reduced. 

[0035] In addition, in the present invention, the metal phase (B) is desirably a 
Co alloy phase containing 40 mol% or more of Co. In such a case, the 
target has a large leakage magnetic flux to provide stable discharge and 
thereby has characteristics suitable as a ferromagnetic sputtering target. 
In order to maintain a high maximum magnetic permeability of the metal 
phase (B), a higher concentration of Co is desirable. The Co content in 
the metal phase (B) can be measured with an EPMA, but the method is not 
limited thereto, and any analytical method that can measure the Co amount 
in the phase (B) can be similarly employed. 

[0036] In addition, in the present invention, the basis metal can further 
contain at least one additional element selected from B, Ti, V, Mn, Zr, Nb, 
Ru, Mo, Ta and W in an amount of 0.5 mol% or more and 10 mol% or less. 
Accordingly, when these elements are contained, the balance is Co. 
These elements are contained as needed for improving the characteristics 
as a magnetic recording medium. 

[0037] The thus-prepared target has a large leakage magnetic flux to 
efficiently accelerate ionization of an inert gas to give stable discharge 
when used in a magnetron sputtering apparatus. It is possible to increase 
the thickness of the target to enable a reduction in frequency of 
replacement of the target with a new one, resulting in an advantage of 
redcuing the manufacturing cost of magnetic thin films. 

Furthermore, variation in erosion rate can be reduced, and detachment 
of the metal phase can be prevented. As a result, an advantage of 
reducing the amount of generated particles, which causes a reduction in 
yield, can be provided. 

[0038] The ferromagnetic sputtering target of the present invention can be 
produced by a powder metallurgy method. First, powders of the 
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respective metal elements and, as needed, a powder of additional metal 
element are prepared. These powders desirably each have a maximum 
grain diameter of 20 pm or less. Instead of the powders of each metal 
element, an alloy powder of these metals may be prepared. In also such 

5 a case, the maximum grain diameter is desirably 20 pm or less. 
[0039J However, a too small grain diameter accelerates oxidation to cause 

problems such that the component composition changes to the outside of 
the necessary range. Accordingly, the diameter is also desirably 0.1 pm 
or more. 

10 Subsequently, the metal powders are weighed to give a desirable 
composition and are mixed and pulverized with a known procedure using, 
for example, a ball mill. When an inorganic material powder is added, the 
powder may be mixed with the metal powders on this occasion. 

As the inorganic material powder, an oxide powder is prepared. The 
15 inorganic material powder desirably has a maximum grain diameter of 5 pm 

or less. Since a too small grain diameter tends to agglomerate, the 
diameter is also desirably 0.1 pm or more. 

[0040] As a part of the Co raw material, a Co coarse powder or a Co 
atomized powder is used. On this occasion, the blending ratio of the Co 

20 coarse powder or the Co atomized powder is appropriately controlled such 
that the area proportion of the oxide does not exceed 50%. A Co 
atomized powder having a diameter in a range of 50 to 150 pm is prepared, 
and the Co atomized powder and the powder mixture described above are 
pulverized and mixed with an attritor. 

25 Herein, as the mixer, for example, a ball mill or a mortar can be used, 
but it is desirable to use a strong mixing method such as a ball mill. 

[0041] In addition, the prepared Co atomized powder is separately pulverized 
into a Co coarse powder having a diameter in a range of 50 to 300 pm, and 
the coarse powder may be mixed with the powder mixture. The mixer is 

30 preferably, a ball mill, a Pneugra-machine (agitator), a mixer, or a mortar. 
In light of the problem of oxidation during mixing, mixing is preferably 
performed in an inert gas atmosphere or in vacuum. 

[0042] The thus-prepared powder is molded and sintered with a vacuum hot-
pressing apparatus, followed by cutting into a desired shape to produce a 

35 ferromagnetic sputtering target of the present invention. The Co powder 
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having a broken shape due to pulverization has become a flat or spherical 
metal phase (B), which is observed in the structure of the target, in many 
cases. 

[0043] In addition, the molding and sintering is not limited to hot pressing and 
5 may be performed by plasma arc sintering or hot isostatic pressure 

sintering. The retention temperature for the sintering is preferably set to 
the lowest temperature in the temperature range in which the target is 
sufficiently densified. Though it depends on the composition of a target, in 
many cases, the temperature is in a range of 800 to 1200°C. Crystal 

io growth of the sintered compact can be suppressed by performing the 
sintering at a lower temperature. The pressure in the sintering is 
preferably 300 to 500 kg/cm2. 

[Examples] 
15 [0044] The present invention will now be described by Examples and 

Comparative Examples. The Examples are merely exemplary and are not 
intended to limit the scope of the present invention. That is, the present 
invention is defined by the following claims only and encompasses various 
modifications in addition to the Examples contained in the specification. 

20 (Example 1 and Comparative Example 1) 
[0045] In Example 1, a Co powder having an average grain diameter of 3 (jm, 

a Cr powder having an average grain diameter of 5 pm, a Pt powder having 
an average grain diameter of 1 pm, a Si02 powder having an average grain 
diameter of 1 pm, and a Co coarse powder having a diameter in a range of 

25 50 to 300 pm were prepared as raw material powders. These powders, 
the Co powder, the Cr powder, the Pt powder, the SiC>2 powder, and the Co 
coarse powder, were weighed to give a target composition of Co-12Cr-
14Pt-8Si02 (mol%). 

[0046] Subsequently, the Co powder, the Cr powder, the Pt powder, and the 
30 SiC>2 powder were charged into a 10-liter ball mill pot together with zirconia 

balls as the pulverizing medium, and the ball mill pot was sealed and 
rotated for 20 hours for mixing. The resulting powder mixture and the Co 
coarse powder were charged into an attritor and were pulverized and 
mixed. 

35 The resulting powder mixture was loaded in a carbon mold and was 



hot-pressed in a vacuum atmosphere under conditions of a temperature of 
1100°C, a retention time of 2 hours, and a pressure of 30 MPa to give a 
sintered compact. The sintered compact was cut with a lathe to give a 
disk-shaped target having a diameter of 180 mm and a thickness of 5 mm. 
(Evaluation of the number of particles) 

[0047] In a film having a thickness that is usually employed in a product (the 
thickness of a recording layer is 5 to 10 nm), the difference in the number 
of particles is hardly observed. Accordingly, the number of particles was 
evaluated by increasing the absolute number of particles using a film 
having a thickness (1000 nm) about 200 times that of a usual film. The 
results are shown in Table 1. 
(Measurement of leakage magnetic flux) 

[0048] The leakage magnetic flux was measured in accordance with ASTM 
F2086-01 (Standard Test Method for Pass Through Flux of Circular 
Magnetic Sputtering Targets, Method 2). The target was fixed at the 
center thereof and was turned by 0, 30, 60, 90, and 120 degrees, and the 
leakage magnetic flux density of the target was measured at each angle 
and was divided by the reference field value defined in ASTM and 
multiplied by 100 to give a percentage value. The average of values at 
the five points is shown in Table 1 as the average leakage magnetic flux 
density (%). 
(Measurement of size of metal phase (B) and aspect ratio) 

[0049] The size of a metal phase (B) was measured using a cross section of 
a sintered compact (including a sputtering target) by assuming a rectangle 
(having a minimum area) circumscribed to each metal phase (B) existing in 
a viewing field of 220-magnification and measuring the short side and the 
long side of the rectangle. 

The results demonstrate that when a minimum-area rectangle 
circumscribed to the metal phase (B) was assumed, most of the 
circumscribed rectangles had short side of 2 to 300 pm, that the proportion 
of rectangles having a short side shorter than 2 pm was less than 5%, and 
that no rectangles had a short side longer than 300 pm. The maximum 
aspect ratio and the minimum aspect ratio in one viewing field were 
determined for arbitrary five viewing fields, and the maximum value and the 
minimum value of the resulting aspect ratios were obtained. The metal 



phase (B) partially included in a viewing field was neglected. The results 
demonstrate that the aspect ratio of the circumscribed rectangle was in a 
range of 1:1 to 1:15. The results are shown in Table 1. 
(Measurement of area proportion of oxide) 

[0050] The proportion of the area occupied by an oxide can be determined by 
observing a cross section of a sintered compact (including a sputtering 
target) with a microscope. The area of the oxide existing in a viewing field 
of 220-magnification is measured and is divided by the total area of the 
viewing field. Specifically, since the metal phase looks white and the 
oxide looks black in a microscopic photograph, the respective areas can be 
calculated by binarizing the image using image processing software. In 
order to increase the accuracy, the measurement may be performed for 
arbitrary five viewing fields to calculate the average thereof. As in the 
measurement of aspect ratio, the oxide partially included in a viewing field 
was neglected. The results are shown in Table 1. 

[0051] In Comparative Example 1, a Co powder having an average grain 
diameter of 3 pm, a Cr powder having an average grain diameter of 5 |jm, 
a Pt powder having an average grain diameter of 1 pm, and a Si02 powder 
having an average grain diameter of 1 pm were prepared as raw material 
powders. These powders, the Co powder, the Cr powder, the Pt powder, 
and the Si02 powder, were weighed to give a target composition of Co-
12Cr-14Pt-8Si02 (mol%). Neither Co coarse powder nor Co atomized 
powder was used. 

[0052] These powders were charged into a 10-liter ball mill pot together with 
zirconia balls as the pulverizing medium, and the ball mill pot was sealed 
and rotated for 20 hours for mixing. Subsequently, the resulting powder 
mixture was loaded in a carbon mold and was hot-pressed in a vacuum 
atmosphere under conditions of a temperature of 1100°C, a retention time 
of 2 hours, and a pressure of 30 MPa to give a sintered compact. The 
sintered compact was cut with a lathe to give a disk-shaped target having a 
diameter of 180 mm and a thickness of 5 mm, followed by counting the 
number of particles and measuring the average leakage magnetic flux 
density. The results are shown in Table 1. 

[0053] As shown in Table 1, it was confirmed that the number of particles in 
the steady state in Example 1 was 10,2 and was smaller than 10.4 in 
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Comparative Example 1. It was also confirmed that the average leakage 
magnetic flux density in Example 1 was 61.3% and was notably improved 
compared to 47.1% in Comparative Example 1. 

The results of observation with an optical microscope as described 
5 above demonstrate that the length of the short side of each rectangle 

circumscribed to the metal phase (B) was 2 to 300 pm, that the aspect ratio 
ranged from 1:1 to 1:15, and that spherical and flat phases existed in a 
mixed state. The area proportion of the oxide in the phase (A) was 
38.00% and was confirmed to be 50% or less. 

10 [0054] Fig. 1 shows a structural image of the polished surface of the target in 
Example 1 observed with an optical microscope, and Fig. 2 shows the 
image in Comparative Example 1. In Fig. 1, the blackish portion is the 
phase (A) in which the oxide is uniformly dispersed in a basis metal, and 
the white portion is the metal phase (B). 

15 (Example 2 and Comparative Example 2-1) 
[0055] In Example 2, a Co powder having an average grain diameter of 3 pm, 

a Cr powder having an average grain diameter of 5 pm, a Pt powder having 
an average grain diameter of 1 pm, a Si02 powder having an average grain 
diameter of 1 pm, a Cr203 powder having an average grain diameter of 3 

20 pm, and a Co atomized powder having a diameter in a range of 50 to 150 
pm were prepared as raw material powders. These powders, the Co 
powder, the Cr powder, the Pt powder, the Ru powder, the Si02 powder, the 
Cr203 powder, and the Co atomized powder, were weighed to give a target 
composition of Co-9Cr-13Pt-4Ru-7Si02-3Cr203 (mol%). 

25 [0056] Subsequently, the Co powder, the Cr powder, the Pt powder, the Ru 
powder, the Si02 powder, and the Cr203 powder were charged into a 10-
liter ball mill pot together with zirconia balls as the pulverizing medium, and 
the ball mill pot was sealed and rotated for 20 hours for mixing. The 
resulting powder mixture was mixed with the Co atomized powder with a 

30 planetary-screw mixer having a ball capacity of about 7 liters for 10 
minutes. 

The resulting powder mixture was loaded in a carbon mold and was 
hot-pressed in a vacuum atmosphere under conditions of a temperature of 
1050°C, a retention time of 2 hours, and a pressure of 30 MPa to give a 

35 sintered compact. The sintered compact was cut with a lathe to give a 



disk-shaped target having a diameter of 180 mm and a thickness of 5 mm, 
followed by counting the number of particles and measuring the average 
leakage magnetic flux density. The results are shown in Table 1. 

[0057] In Comparative Example 2-1, a Co powder having an average grain 
diameter of 3 pm, a Cr powder having an average grain diameter of 5 (jm, 
a Pt powder having an average grain diameter of 1 pm, a Ru powder 
having an average diameter of 8 pm, a Si02 powder having an average 
grain diameter of 1 pm, and a Cr203 powder having an average grain 
diameter of 3 pm were prepared as raw material powders. Neither Co 
coarse powder nor Co atomized powder was used. The powders, the Co 
powder, the Cr powder, the Pt powder, the Ru powder, the Si02 powder, 
and the Cr203 powder, were weighed to give a target composition of Co-
9Cr-13Pt-4Ru-7Si02-3Cr203 (mol%). 

[0058] These powders were charged into a 10-liter ball mill pot together with 
zirconia balls as the pulverizing medium, and the ball mill pot was sealed 
and rotated for 20 hours for mixing. 

[0059] Subsequently, the resulting powder mixture was loaded in a carbon 
mold and was hot-pressed in a vacuum atmosphere under conditions of a 
temperature of 1100°C, a retention time of 2 hours, and a pressure of 30 
MPa to give a sintered compact. The sintered compact was cut with a 
lathe to give a disk-shaped target having a diameter of 180 mm and a 
thickness of 5 mm, followed by counting the number of particles and 
measuring the average leakage magnetic flux density. The results are 
shown in Table 1. 

[0060] As shown in Table 1, the number of particles in the steady state in 
Example 2 was 11.1 and was slightly higher than 10.5 in Comparative 
Example 2-1, but a target still with less particles compared to those in 
conventional targets was obtained. The average leakage magnetic flux 
density in Example 2 was 65.7% to give a target having a higher leakage 
magnetic flux density than 40.1% in Comparative Example 2-1. 

The results of observation with an optical microscope demonstrate that 
the length of the short side of each rectangle circumscribed to the metal 
phase (B) was 5 to 300 pm, that the proportion of rectangles having a short 
side shorter than 2 pm was less than 5%, and that no rectangles had a 
short side longer than 300 pm. It was confirmed that the aspect ratio 



ranged from 1:1 to 1:8 and that spherical and flat phases existed in a mixed 
state. The area proportion of the oxide in the phase (A) was 50.00% and 
was confirmed to be 50% or less. 

[0061] Fig. 3 shows a structural image of the polished surface of the target in 
Example 2 observed with an optical microscope, and Fig. 4 shows the 
image in Comparative Example 2-1. In Fig. 3, the blackish portion is the 
phase (A) in which the oxide is uniformly dispersed in a basis metal, and 
the white portion is the metal phase (B). Fig. 5 shows the structural image 
of a viewing field in which only the phase (A) of the target in Example 2 can 
be observed with an optical microscope. 

In Fig. 5, the blackish portion corresponds to nonmagnetic oxide 
grains. The white portion corresponds to the basis metal. As shown in 
the structural image of Fig. 5, the distinctive feature in Example 2 is that no 
strong agglomeration of the oxide was observed. 
(Comparative Example 2-2) 

[0062] In Comparative Example 2-2, a Co powder having an average grain 
diameter of 3 pm, a Cr powder having an average grain diameter of 5 pm, 
a Pt powder having an average grain diameter of 1 pm, a Ru powder 
having an average diameter of 8 pm, a Si02 powder having an average 
grain diameter of 1 pm, a Cr203 powder having an average grain diameter 
of 3 pm, and a Co atomized powder were prepared as raw material 
powders. These powders, the Co powder, the Cr powder, the Pt powder, 
the Ru powder, the Si02 powder, the Cr203 powder, and the Co atomized 
powder, were weighed to give a target composition of Co-9Cr-13Pt-4Ru-
7Si02-3Cr203 (rnol%). On this occasion, the amount of the Co powder 
was relatively decreased, and the amount of the Co atomized powder was 
increased. 

[0063] These powders were charged into a 10-liter ball mill pot together with 
zirconia balls as the pulverizing medium, and the ball mill pot was sealed 
and rotated for 20 hours for mixing. 

Subsequently, the resulting powder mixture was loaded in a carbon 
mold and was hot-pressed in a vacuum atmosphere under conditions of a 
temperature of 1100°C, a retention time of 2 hours, and a pressure of 30 
MPa to give a sintered compact. The sintered compact was cut with a 
lathe to give a disk-shaped target having a diameter of 180 mm and a 
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thickness of 5 mm, followed by counting the number of particles and 
measuring the average leakage magnetic flux density. The results are 
shown in Table 1. 

[0064] As shown in Table 1, the area proportion of the oxide in the phase (A) 
5 of Comparative Example 2-2 was 58.00% and was higher than 50%. The 

average leakage magnetic flux density was 70.8% to give a target having a 
large leakage magnetic flux density, but the number of particles in the 
steady state was 48.1, which was significantly increased compared to that 
in Example 2. 

10 (Example 3 and Comparative Example 3) 
[0065] In Example 3, a Co powder having an average grain diameter of 3 pm, 

a Cr powder having an average grain diameter of 5 pm, a Pt powder having 
an average grain diameter of 1 pm, a Co-B powder having an average 
grain diameter of 6 pm, a SiC>2 powder having an average grain diameter of 

15 1 pm, and a Co atomized powder having a diameter in a range of 50 to 150 
pm were prepared as raw material powders. These powders, the Co 
powder, the Cr powder, the Pt powder, the Co-B powder, the Si02 powder, 
and the Co atomized powder, were weighed to give a target composition of 
Co-13Cr-13Pt-3B-7Si02 (mol%). 

20 [0066] Subsequently, the Co powder, the Cr powder, the Pt powder, the Co-B 
powder, and the Si02 powder were charged into a 10-liter ball mill pot 
together with zirconia balls as the pulverizing medium, and the ball mill pot 
was sealed and rotated for 20 hours for mixing. The resulting powder 
mixture was mixed with the Co atomized powder with a planetary-screw 

25 mixer having a ball capacity of about 7 liters for 10 minutes. 
The resulting powder mixture was loaded in a carbon mold and was 

hot-pressed in a vacuum atmosphere under conditions of a temperature of 
900°C, a retention time of 2 hours, and a pressure of 30 MPa to give a 
sintered compact. The sintered compact was cut with a lathe to give a 

30 disk-shaped target having a diameter of 180 mm and a thickness of 5 mm, 
followed by counting the number of particles and measuring the average 
leakage magnetic flux density. The results are shown in Table 1. 

[0067] In Comparative Example 3, a Co powder having an average grain 
diameter of 3 pm, a Cr powder having an average grain diameter of 5 pm, 

35 a Pt powder having an average grain diameter of 3 pm, a Co-B powder 



having an average diameter of 6 pm, and a Si02 powder having an average 
grain diameter of 1 pm were prepared as raw material powders. Neither 
Co coarse powder nor Co atomized powder was used. The powders, the 
Co powder, the Cr powder, the Pt powder, the Co-Bu powder, and the Si02 

powder, were weighed to give a target composition of Co-13Cr-13Pt-3B-
7Si02 (moi%). 

[0068] These powders were charged into a 10-liter ball mill pot together with 
zirconia balls as the pulverizing medium, and the ball mill pot was sealed 
and rotated for 20 hours for mixing. 

Subsequently, the resulting powder mixture was loaded in a carbon 
mold and was hot-pressed in a vacuum atmosphere under conditions of a 
temperature of 900°C, a retention time of 2 hours, and a pressure of 30 
MPa to give a sintered compact. The sintered compact was cut with a 
athe to give a disk-shaped target having a diameter of 180 mm and a 
thickness of 5 mm, followed by counting the number of particles and 
measuring the average leakage magnetic flux density. The results are 
shown in Table 1. 

[0069] As shown in Table 1, the number of particles in the steady state in 
Example 3 was 9.1 and was slightly higher than 8.8 in Comparative 
Example 3, but a target still with less particles compared to those in 
conventional targets was obtained. The average leakage magnetic flux 
density in Example 3 was 64.0% to give a target having a higher leakage 
magnetic flux density than 45.0% in Comparative Example 3. 

The results of observation with an optical microscope demonstrate that 
the length of the short side of each rectangle circumscribed to the metal 
phase (B) was 5 to 200 pm, that the proportion of rectangles having a short 
side shorter than 2 pm was less than 5%, and that no rectangles had a 
short side longer than 300 pm. It was confirmed that the aspect ratio 
ranged from 1:1 to 1:8 and that spherical and flat phases existed in a mixed 
state. The area proportion of the oxide in the phase (A) was 28.00% and 
was confirmed to be 50% or less. 
(Example 4 and Comparative Example 4) 

[0070] In Example 4, a Co powder having an average grain diameter of 3 pm, 
a Cr powder having an average grain diameter of 5 pm, a Pt powder having 
an average grain diameter of 1 pm, a TiOz powder having an average grain 



diameter of 1 pm, a Si02 powder having an average grain diameter of 1 
pm, a Cr203 powder having an average grain diameter of 3 pm, and a Co 
atomized powder having a diameter in a range of 50 to 150 pm were 
prepared as raw material powders. These powders, the Co powder, the 
Cr powder, the Pt powder, the TiC>2 powder, the Si02 powder, the Cr203 

powder, and the Co atomized powder, were weighed to give a target 
composition of Co-8Cr-10Pt-3Ti02-2Si02-4Cr203 (mol%). 

[0071] Subsequently, the Co powder, the Cr powder, the Pt powder, the Ti02 

powder, the Si02 powder, and the Cr203 powder were charged into a 10-
liter ball mill pot together with zirconia balls as the pulverizing medium, and 
the ball mill pot was sealed and rotated for 20 hours for mixing. The 
resulting powder mixture was mixed with the Co atomized powder with a 
planetary-screw mixer having a ball capacity of about 7 liters for 10 
minutes. 

The resulting powder mixture was loaded in a carbon mold and was 
hot-pressed in a vacuum atmosphere under conditions of a temperature of 
1050°C, a retention time of 2 hours, and a pressure of 30 MPa to give a 
sintered compact. The sintered compact was cut with a lathe to give a 
disk-shaped target having a diameter of 180 mm and a thickness of 5 mm, 
followed by counting the number of particles and measuring the average 
leakage magnetic flux density. The results are shown in Table 1. 

[0072] In Comparative Example 4, a Co powder having an average grain 
diameter of 3 pm, a Cr powder having an average grain diameter of 5 pm, 
a Pt powder having an average grain diameter of 1 pm, a Ti02 powder 
having an average grain diameter of 1 pm, a Si02 powder having an 
average grain diameter of 1 pm, and a Cr203 powder having an average 
grain diameter of 3 pm were prepared as raw material powders. Neither 
Co coarse powder nor Co atomized powder was used. The powders, the 
Co powder, the Cr powder, the Pt powder, the Ti02 powder, the Si02 

powder, and the Cr203 powder, were weighed to give a target composition 
of Co-8Cr-10Pt-3Ti02-7Si02-4Cr203 (mof%). 

[0073] These powders were charged into a 10-liter ball mill pot together with 
zirconia balls as the pulverizing medium, and the ball mill pot was sealed 
and rotated for 20 hours for mixing. 

Subsequently, the resulting powder mixture was loaded in a carbon 
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mold and was hot-pressed in a vacuum atmosphere under conditions of a 
temperature of 1050°C, a retention time of 2 hours, and a pressure of 30 
MPa to give a sintered compact. The sintered compact was cut with a 
lathe to give a disk-shaped target having a diameter of 180 mm and a 

5 thickness of 5 mm, followed by counting the number of particles and 
measuring the average leakage magnetic flux density. The results are 
shown in Table 1. 

[0074] As shown in Table 1, it was confirmed that the number of particles in 
the steady state in Example 4 was 11.3 and was smaller than 12.2 in 

10 Comparative Example 4. The average leakage magnetic flux density in 
Example 4 was 38.4% to give a target having a higher leakage magnetic 
flux density than 33.5% in Comparative Example 4. The results of 
observation with an optical microscope demonstrate that the length of the 
short side of each rectangle circumscribed to the metal phase (B) was 2 to 

15 200 pm, that the proportion of rectangles having a short side shorter than 2 
pm was less than 5% and that no rectangles had a short side longer than 
300 pm. It was confirmed that the aspect ratio ranged from 1:1 to 1:10 
and that spherical and flat phases existed in a mixed state. The area 
proportion of the oxide in the phase (A) was 38.00% and was confirmed to 

20 be 50% or less. 
(Example 5 and Comparative Example 5) 

[0075] In Example 5, a Co powder having an average grain diameter of 3 pm, 
a Cr powder having an average grain diameter of 5 pm, a Pt powder having 
an average grain diameter of 1 pm, a Ru powder having an average grain 

25 diameter of 8 pm, a Si02 powder having an average grain diameter of 1 
pm, and a Co atomized powder having a diameter in a range of 50 to 150 
pm were prepared as raw material powders. These powders, the Co 
powder, the Cr powder, the Pt powder, the Ru powder, the Si02 powder, 
and the Co atomized powder, were weighed to give a target composition of 

30 Co-10Gr-12Pt-2Ru-5Si(>2 (mol%). 
[0076] Subsequently, the Co powder, the Cr powder, the Pt powder, the Ru 

powder, and the SiQ2 powder were charged into a 10-liter ball mill pot 
together with zirconia balls as the pulverizing medium, and the ball mill pot 
was sealed and rotated for 20 hours for mixing. The resulting powder 

35 mixture was mixed with the Co atomized powder with a planetary-screw 



mixer having a ball capacity of about 7 liters for 10 minutes. 
The resulting powder mixture was loaded in a carbon mold and was 

hot-pressed in a vacuum atmosphere under conditions of a temperature of 
1050°C, a retention time of 2 hours, and a pressure of 30 MPa to give a 
sintered compact. The sintered compact was cut with a lathe to give a 
disk-shaped target having a diameter of 180 mm and a thickness of 5 mm, 
followed by counting the number of particles and measuring the average 
eakage magnetic flux density. The results are shown in Table 1 

[0077] In Comparative Example 5, a Co powder having an average grain 
diameter of 3 pm, a Cr powder having an average grain diameter of 5 pm, 
a Pt powder having an average grain diameter of 1 pm, a Ru powder 
having an average grain diameter of 8 pm, and a Si02 powder having an 
average grain diameter of 1 pm were prepared as raw material powders. 
Neither Co coarse powder nor Co atomized powder was used. The 
powders, the Co powder, the Cr powder, the Pt powder, the Ru powder, 
and the SiC>2 powder, were weighed to give a target composition of Co-
10Cr-12Pt-2Ru-5Si02 (mol%). 

These powders were charged into a 10-liter ball mill pot together with 
zirconia balls as the pulverizing medium, and the ball mill pot was sealed 
and rotated for 20 hours for mixing. 

[0078] Subsequently, the resulting powder mixture was loaded in a carbon 
mold and was hot-pressed in a vacuum atmosphere under conditions of a 
temperature of 1050°C, a retention time of 2 hours, and a pressure of 30 
MPa to give a sintered compact. The sintered compact was cut with a 
lathe to give a disk-shaped target having a diameter of 180 mm and a 
thickness of 5 mm, followed by counting the number of particles and 
measuring the average leakage magnetic flux density. The results are 
shown in Table 1. 

[0079] As shown in Table 1, the number of particles in the steady state in 
Example 5 was 6.1 and was slightly higher than 5.8 in Comparative 
Example 5, but a target still with less particles compared to those in 
conventional targets was obtained. The average leakage magnetic flux 
density in Example 5 was 40.8% to give a target having a higher leakage 
magnetic flux density than 34.6% in Comparative Example 5. The results 
of observation with an optical microscope demonstrate that the length of 



the short side of each rectangle circumscribed to the metal phase (B) was 2 
to 200 pm, that the proportion of rectangles having a short side shorter 
than 2 pm was less than 5%, and that no rectangles had a short side 
longer than 300 pm. It was confirmed that the aspect ratio ranged from 
1:1 to 1:10 and that spherical and flat phases existed in a mixed state. 
The area proportion of the oxide in the phase (A) was 20.50% and was 
confirmed to be 50% or less. 
(Example 6 and Comparative Example 6) 

[0080] In Example 6, a Co powder having an average grain diameter of 3 pm, 
a Cr powder having an average grain diameter of 5 pm, a Pt powder having 
an average grain diameter of 1 pm, a Co-B powder having an average 
grain diameter of 6 pm, a Ti02 powder having an average grain diameter of 
1 pm, a CoO powder having an average grain diameter of 1 pm, and a Co 
atomized powder having a diameter in a range of 50 to 150 pm were 
prepared as raw material powders. These powders, the Co powder, the 
Cr powder, the Pt powder, the Co-B powder, the Ti02 powder, the CoO 
powder, and the Co atomized powder, were weighed to give a target 
composition of Co-18Cr-12Pt-3B-5Ti02-8CoO (mol%). 

[0081] Subsequently, the Co powder, the Cr powder, the Pt powder, the Co-B 
powder, the Ti02 powder, and the CoO powder were charged into a 10-liter 
ball mill pot together with zirconia balls as the pulverizing medium, and the 
ball mill pot was sealed and rotated for 20 hours for mixing. The resulting 
powder mixture was mixed with the Co atomized powder with a planetary-
screw mixer having a ball capacity of about 7 liters for 10 minutes. 

The resulting powder mixture w«s loaded in a carbon mold emu was 
hot-pressed in a vacuum atmosphere under conditions of a temperature of 
1050°C, a retention time of 2 hours, and a pressure of 30 MPa to give a 
sintered compact. The sintered compact was cut with a lathe to give a 
disk-shaped target having a diameter of 180 mm and a thickness of 5 mm, 
followed by counting the number of particles and measuring the average 
leakage magnetic flux density. The results are shown in Table 1. 

[0082] In Comparative Example 6, a Co powder having an average grain 
diameter of 3 pm, a Cr powder having an average grain diameter of 5 pm, 
a Pt powder having an average grain diameter of 1 pm, a Co-B powder 
having an average grain diameter of 6 pm, a Ti02 powder having an 



average grain diameter of 1 pm, and a CoO powder having an average 
grain diameter of 1 pm were prepared as raw material powders. Neither 
Co coarse powder nor Co atomized powder was used. The powders, the 
Co powder, the Cr powder, the Pt powder, the Co-B powder, the Ti02 

powder, and the CoO powder, were weighed to give a target composition of 
Co-18Cr-12Pt-3B-5Ti02-8CoO (mol%). 

[0083] These powders were charged into a 10-liter ball mill pot together with 
zirconia balls as the pulverizing medium, and the ball mill pot was sealed 
and rotated for 20 hours for mixing. 

The resulting powder mixture was loaded in a carbon mold and was 
hot-pressed in a vacuum atmosphere under conditions of a temperature of 
1050°C, a retention time of 2 hours, and a pressure of 30 MPa to give a 
sintered compact. The sintered compact was cut with a lathe to give a 
disk-shaped target having a diameter of 180 mm and a thickness of 5 mm, 
followed by counting the number of particles and measuring the average 
leakage magnetic flux density. The results are shown in Table 1. 

[0084] As shown in Table 1, the number of particles in the steady state in 
Example 6 was 17.5 and was slightly higher than 16.1 in Comparative 
Example 6, but a target still with less particles compared to those in 
conventional targets was obtained. The average leakage magnetic flux 
density in Example 6 was 73.2% to give a target having a higher leakage 
magnetic flux density than 61.6% in Comparative Example 6. The results 
of observation with an optical microscope demonstrate that the length of 
the short side of each rectangle circumscribed to the metal phase (B) was 5 
to 200 pm, that the proportion of rectangles having a short side shorter 
than 2 pm was less than 5%, and that no rectangles had a short side 
longer than 300 pm. It was confirmed that the aspect ratio ranged from 
1:1 to 1:8 and that spherical and flat phases existed in a mixed state. The 
area proportion of the oxide in the phase (A) was 42.80% and was 
confirmed to be 50% or less. 
(Example 7 and Comparative Example 7) 

[0085] In Example 7, a Co powder having an average grain diameter of 3 pm, 
a Cr powder having an average grain diameter of 5 pm, a Pt powder having 
an average grain diameter of 1 pm, a Ta205 powder having an average 
grain diameter of 1 pm, a Si02 powder having an average grain diameter of 



1 |jm, and a Co atomized powder having a diameter in a range of 50 to 150 
pm were prepared as raw material powders. These powders, the Co 
powder, the Cr powder, the Pt powder, the Ta205 powder, the Si02 powder, 
and the Co atomized powder, were weighed to give a target composition of 
Co-5Cr-15Pt-2Ta205-5Si02 (mol%). 

[0086] Subsequently, the Co powder, the Cr powder, the Pt powder, the Ta205 

powder, and the Si02 powder were charged into a 10-liter ball mill pot 
together with zirconia balls as the pulverizing medium, and the ball mill pot 
was sealed and rotated for 20 hours for mixing. The resulting powder 
mixture was mixed with the Co atomized powder with a planetary-screw 
mixer having a ball capacity of about 7 liters for 10 minutes. 

The resulting powder mixture was loaded in a carbon mold and was 
hot-pressed in a vacuum atmosphere under conditions of a temperature of 
1050°C, a retention time of 2 hours, and a pressure of 30 MPa to give a 
sintered compact. The sintered compact was cut with a lathe to give a 
disk-shaped target having a diameter of 180 mm and a thickness of 5 mm, 
followed by counting the number of particles and measuring the average 
leakage magnetic flux density. The results are shown in Table 1. 

[0087] In Comparative Example 7, a Co powder having an average grain 
diameter of 3 pm, a Cr powder having an average grain diameter of 5 pm, 
a Pt powder having an average grain diameter of 1 pm, a Ta205 powder 
having an average grain diameter of 1 pm, and a Si02 powder having an 
average grain diameter of 1 pm were prepared as raw material powders. 
Neither Co coarse powder nor Co atomized powder was used. The 
powders, the Co powder, the Cr powder, the Pt powder, the Ta2Qs powder, 
and the Si02 powder, were weighed to give a target composition of Co-5Cr-
15Pt-2Ta205-5Si02 (mol%). 

[0088] These powders were charged into a 10-liter ball mill pot together with 
zirconia balls as the pulverizing medium, and the ball mill pot was sealed 
and rotated for 20 hours for mixing. 

Subsequently, the resulting powder mixture was loaded in a carbon 
mold and was hot-pressed in a vacuum atmosphere under conditions of a 
temperature of 1050°C, a retention time of 2 hours, and a pressure of 30 
MPa to give a sintered compact. The sintered compact was cut with a 
lathe to give a disk-shaped target having a diameter of 180 mm and a 
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thickness of 5 mm, followed by counting the number of particles and 
measuring the average leakage magnetic flux density. The results are 
shown in Table 1. 

[0089] As shown in Table 1, the number of particles in the steady state in 
5 Example 7 was 13.2 and was slightly higher than 12.2 in Comparative 

Example 7, but a target still with less particles compared to those in 
conventional targets was obtained. The average leakage magnetic flux 
density in Example 7 was 35.1% to give a target having a higher leakage 
magnetic flux density than 30.3% in Comparative Example 7. 

10 The results of observation with an optical microscope demonstrate that 
the length of the short side of each rectangle circumscribed to the metal 
phase (B) was 2 to 200 pm, that the proportion of rectangles having a short 
side shorter than 2 pm was less than 5%, and that no rectangles had a 
short side longer than 300 pm. It was confirmed that the aspect ratio 

15 ranged from 1:1 to 1:10 and that spherical and flat phases existed in a 
mixed state. The area proportion of the oxide in the phase (A) was 
27.40% and was confirmed to be 50% or less. 
(Example 8 and Comparative Example 8) 

[0090] In Example 8, a Co powder having an average grain diameter of 3 pm, 
20 a Cr powder having an average grain diameter of 5 pm, a Pt powder having 

an average grain diameter of 1 pm, a Si02 powder having an average grain 
diameter of 1 pm, a B2O3 powder having an average grain diameter of 10 
pm, and a Co atomized powder having a diameter in a range of 50 to 150 
pm were prepared as raw material powders. These powders, the Co 

25 powder, the Cr powder, the Pt powder, the Si02 powder, the 2B2O3 powder, 
and the Co atomized powder, were weighed to give a target composition of 
Co-14Cr-14Pt-3Si02-2B203 (mol%). 

[0091] Subsequently, the Co powder, the Cr powder, the Pt powder, the Si02 

powder, and the 2B2O3 powder were charged into a 10-liter ball mill pot 
30 together with zirconia balls as the pulverizing medium, and the ball mill pot 

was sealed and rotated for 20 hours for mixing. The resulting powder 
mixture was mixed with the Co atomized powder with a planetary-screw 
mixer having a ball capacity of about 7 liters for 10 minutes. 

The resulting powder mixture was loaded in a carbon mold and was 
35 hot-pressed in a vacuum atmosphere under conditions of a temperature of 



900°C, a retention time of 2 hours, and a pressure of 30 MPa to give a 
sintered compact. The sintered compact was cut with a lathe to give a 
disk-shaped target having a diameter of 180 mm and a thickness of 5 mm, 
followed by counting the number of particles and measuring the average 
leakage magnetic flux density. The results are shown in Table 1. 

[0092] In Comparative Example 8, a Co powder having an average grain 
diameter of 3 (jm, a Cr powder having an average grain diameter of 5 pm, 
a Pt powder having an average grain diameter of 1 pm, a Si02 powder 
having an average grain diameter of 1 pm, and a B2O3 powder having an 
average grain diameter of 10 pm were prepared as raw material powders. 
Neither Co coarse powder nor Co atomized powder was used. The 
powders, the Co powder, the Cr powder, the Pt powder, the SiC>2 powder, 
and the 2B2O3 powder, were weighed to give a target composition of Co-
14Cr-14Pt-3Si02-2B203 (mol%). 

[0093] These powders were charged into a 10-liter ball mill pot together with 
zirconia balls as the pulverizing medium, and the ball mill pot was sealed 
and rotated for 20 hours for mixing. 

Subsequently, the resulting powder mixture was loaded in a carbon 
mold and was hot-pressed in a vacuum atmosphere under conditions of a 
temperature of 900°C, a retention time of 2 hours, and a pressure of 30 
MPa to give a sintered compact. The sintered compact was cut with a 
lathe to give a disk-shaped target having a diameter of 180 mm and a 
thickness of 5 mm, followed by counting the number of particles and 
measuring the average leakage magnetic flux density. The results are 
shown in Table 1. 

[0094] As shown in Table 1, it was confirmed that the number of particles in 
the steady state in Example 8 was 11.5 and was smaller than 12.2 in 
Comparative Example 8. The average leakage magnetic flux density in 
Example 8 was 65.3% to give a target having a higher leakage magnetic 
flux density than 56.6% in Comparative Example 8. The results of 
observation with an optical microscope demonstrate that the length of the 
short side of each rectangle circumscribed to the metal phase (B) was 5 to 
200 pm, that the proportion of rectangles having a short side shorter than 2 
pm was less than 5%, and that no rectangles had a short side longer than 
300 pm. It was confirmed that the aspect ratio ranged from 1:1 to 1:9 and 



that spherical and flat phases existed in a mixed state. The area 
proportion of the oxide in the phase (A) was 39.00% and was confirmed to 
be 50% or less. 
(Example 9 and Comparative Example 9) 

[0095] In Example 9, a Co powder having an average grain diameter of 3 pm, 
a Cr powder having an average grain diameter of 5 pm, a Pt powder having 
an average grain diameter of 1 pm, a Ti02 powder having an average grain 
diameter of 1 pm, a Si02 powder having an average grain diameter of 1 
pm, a C03O4 powder having an average grain diameter of 1 pm, and a Co 
atomized powder having a diameter in a range of 50 to 150 pm were 
prepared as raw material powders. These powders, the Co powder, the 
Cr powder, the Pt powder, the Ti02 powder, the Si02 powder, the C03O4 
powder, and the Co atomized powder, were weighed to give a target 
composition of Co-12Cr-16Pt-3Ti02-3Si02-3Co304 (mol%). 

[0096] Subsequently, the Co powder, the Cr powder, the Pt powder, the Ti02 

powder, the Si02 powder, and the Co304 powder were charged into a 10-
liter ball mill pot together with zirconia balls as the pulverizing medium, and 
the ball mill pot was sealed and rotated for 20 hours for mixing. The 
resulting powder mixture was mixed with the Co atomized powder with a 
planetary-screw mixer having a ball capacity of about 7 liters for 10 
minutes. 

The resulting powder mixture was loaded in a carbon mold and was 
hot-pressed in a vacuum atmosphere under conditions of a temperature of 
1050°C, a retention time of 2 hours, and a pressure of 30 MPa to give a 
sintered compact. The sintered compact was cut with a lathe to give a 
disk-shaped target having a diameter of 180 mm and a thickness of 5 mm, 
followed by counting the number of particles and measuring the average 
leakage magnetic flux density. The results are shown in Table 1. 

[0097] In Comparative Example 9, a Co powder having an average grain 
diameter of 3 pm, a Cr powder having an average grain diameter of 5 pm, 
a Pt powder having an average grain diameter of 1 pm, a Ti02 powder 
having an average grain diameter of 1 pm, a Si02 powder having an 
average grain diameter of 1 pm, and a Co304 powder having an average 
grain diameter of 1 pm were prepared as raw material powders. Neither 
Co coarse powder nor Co atomized powder was used. The powders, the 
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Co powder, the Cr powder, the Pt powder, the Ti02 powder, the Si02 

powder, and the Co304 powder, were weighed to give a target composition 
of Co-12Cr-16Pt-3Ti02-3Si02-3Co304 (mol%). 

[0098] These powders were charged into a 10-liter ball mill pot together with 
5 zirconia balls as the pulverizing medium, and the ball mill pot was sealed 

and rotated for 20 hours for mixing. 
Subsequently, the resulting powder mixture was loaded in a carbon 

mold and was hot-pressed in a vacuum atmosphere under conditions of a 
temperature of 1050°C, a retention time of 2 hours, and a pressure of 30 

10 MPa to give a sintered compact. The sintered compact was cut with a 
lathe to give a disk-shaped target having a diameter of 180 mm and a 
thickness of 5 mm, followed by counting the number of particles and 
measuring the average leakage magnetic flux density. The results are 
shown in Table 1. 

15 [0099] As shown in Table 1, the number of particles in the steady state in 
Example 9 was 16.2 and was slightly higher than 14.3 in Comparative 
Example 9, but a target still with less particles compared to those in 
conventional targets was obtained. The average leakage magnetic flux 
density in Example 9 was 57.8% to give a target having a higher leakage 

20 magnetic flux density than 45.1% in Comparative Example 9. The results 
of observation with an optical microscope demonstrate that the length of 
the short side of each rectangle circumscribed to the metal phase (B) was 5 
to 200 pm, that the proportion of rectangles having a short side shorter 
than 2 pm was less than 5%, and that no rectangles had a short side 

25 longer than 300 pm. It was confirmed that the aspect ratio ranged from 
1:1 to 1:8 and that spherical and flat phases existed in a mixed state. The 
area proportion of the oxide in the phase (A) was 41.40% and was 
confirmed to be 50% or less. 
(Example 10 and Comparative Example 10) 

30 [0100] In Example 10, a Co powder having an average grain diameter of 3 
pm, a Cr powder having an average grain diameter of 5 pm, a Pt powder 
having an average grain diameter of 1 pm, a Mo powder having an average 
grain diameter of 3 pm, a Ti02 powder having an average grain diameter of 
1 pm, and a Co atomized powder having a diameter in a range of 50 to 150 

35 pm were prepared as raw material powders. These powders, the Co 



powder, the Cr powder, the Pt powder, the Mo powder, the Ti02 powder, 
and the Co atomized powder, were weighed to give a target composition of 
Co-6Cr-17Pt-2Mo-6Ti02 (mol%). 

[0101] Subsequently, the Co powder, the Cr powder, the Pt powder, the Mo 
powder, and the Ti02 powder were charged into a 10-liter ball mill pot 
together with zirconia balls as the pulverizing medium, and the ball mill pot 
was sealed and rotated for 20 hours for mixing. The resulting powder 
mixture was mixed with the Co atomized powder with a planetary-screw 
mixer having a ball capacity of about 7 liters for 10 minutes. 

The resulting powder mixture was loaded in a carbon mold and was 
hot-pressed in a vacuum atmosphere under conditions of a temperature of 
1050°C, a retention time of 2 hours, and a pressure of 30 MPa to give a 
sintered compact. The sintered compact was cut with a lathe to give a 
disk-shaped target having a diameter of 180 mm and a thickness of 5 mm, 
followed by counting the number of particles and measuring the average 
leakage magnetic flux density. The results are shown in Table 1. 

[0102] In Comparative Example 10, a Co powder having an average grain 
diameter of 3 pm, a Cr powder having an average grain diameter of 5 pm, 
a Pt powder having an average grain diameter of 1 pm, a Mo powder 
having an average grain diameter of 3 pm, and a Ti02 powder having an 
average grain diameter of 1 pm were prepared as raw material powders. 
Neither Co coarse powder nor Co atomized powder was used. The 
powders, the Co powder, the Cr powder, the Pt powder, the Mo powder, 
and the Ti02 powder, were weighed to give a target composition of Co-6Cr-
17Pt-2Mo-6Ti02 (mol%). 

[0103] These powders were charged into a 10-liter ball mill pot together with 
zirconia balls as the pulverizing medium, and the ball mill pot was sealed 
and rotated for 20 hours for mixing. 

Subsequently, the resulting powder mixture was loaded in a carbon 
mold and was hot-pressed in a vacuum atmosphere under conditions of a 
temperature of 1050°C, a retention time of 2 hours, and a pressure of 30 
MPa to give a sintered compact. The sintered compact was cut with a 
lathe to give a disk-shaped target having a diameter of 180 mm and a 
thickness of 5 mm, followed by counting the number of particles and 
measuring the average leakage magnetic flux density. The results are 
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shown in Table 1. 
[0104] As shown in Table 1, the number of particles in the steady state in 

Example 10 was 9.5 and was slightly higher than 8.7 in Comparative 
Example 10, but a target still with less particles compared to those in 

5 conventional targets was obtained. The average leakage magnetic flux 
density in Example 10 was 39.7% to give a target having a average 
leakage magnetic flux density than 31.2% in Comparative Example 10. 

The results of observation with an optical microscope demonstrate that 
the length of the short side of each rectangle circumscribed to the metal 

io phase (B) was 5 to 200 pm, that the proportion of rectangles having a short 
side shorter than 2 pm was less than 5%, and that no rectangles had a 
short side longer than 300 pm. It was confirmed that the aspect ratio 
ranged from 1:1 to 1:9 and that spherical and flat phases existed in a mixed 
state. The area proportion of the oxide in the phase (A) was 34.50% and 

15 was confirmed to be 50% or less. 
(Example 11 and Comparative Example 11) 

[0105] In Example 11, a Co powder having an average grain diameter of 3 
pm, a Cr powder having an average grain diameter of 5 pm, a Pt powder 
having an average grain diameter of 1 pm, a Mn powder having an average 

20 grain diameter of 3 pm, a Ti02 powder having an average grain diameter of 
1 pm, a CoO powder having an average grain diameter of 1 pm, and a Co 
atomized powder having a diameter in a range of 50 to 150 pm were 
prepared as raw material powders. These powders, the Co powder, the 
Cr powder, the Pt powder, the Mn powder, the Ti02 powder, the CoO 

25 powder, and the Co atomized powder, were weighed to give a target 
composition of Co-5Cr-20Pt-1Mn-8TiO2-3CoO (mol%). 

[0106] Subsequently, the Co powder, the Cr powder, the Pt powder, the Mn 
powder, the Ti02 powder, and the CoO powder were charged into a 10-liter 
ball mill pot together with zirconia balls as the pulverizing medium, and the 

30 ball mill pot was sealed and rotated for 20 hours for mixing. The resulting 
powder mixture was mixed with the Co atomized powder with a planetary-
screw mixer having a ball capacity of about 7 liters for 10 minutes. 

The resulting powder mixture was loaded in a carbon mold and was 
hot-pressed in a vacuum atmosphere under conditions of a temperature of 

35 1050°C, a retention time of 2 hours, and a pressure of 30 MPa to give a 



sintered compact. The sintered compact was cut with a lathe to give a 
disk-shaped target having a diameter of 180 mm and a thickness of 5 mm, 
followed by counting the number of particles and measuring the average 
leakage magnetic flux density. The results are shown in Table 1. 

[0107] In Comparative Example 11, a Co powder having an average grain 
diameter of 3 pm, a Cr powder having an average grain diameter of 5 pm, 
a Pt powder having an average grain diameter of 1 pm, a Mn powder 
having an average grain diameter of 3 pm, a Ti02 powder having an 
average grain diameter of 1 pm, and a CoO powder having an average 
grain diameter of 1 pm were prepared as raw material powders. Neither 
Co coarse powder nor Co atomized powder was used. The powders, the 
Co powder, the Cr powder, the Pt powder, the Mn powder, the Ti02 powder, 
and the CoO powder, were weighed to give a target composition of Co-5Cr-
20Pt-1Mn-8TiO2-3CoO (mol%). 

[0108] These powders were charged into a 10-liter ball mill pot together with 
zirconia balls as the pulverizing medium, and the ball mill pot was sealed 
and rotated for 20 hours for mixing. 

Subsequently, the resulting powder mixture was loaded in a carbon 
mold and was hot-pressed in a vacuum atmosphere under conditions of a 
temperature of 1050°C, a retention time of 2 hours, and a pressure of 30 
MPa to give a sintered compact. The sintered compact was cut with a 
lathe to give a disk-shaped target having a diameter of 180 mm and a 
thickness of 5 mm, followed by counting the number of particles and 
measuring the average leakage magnetic flux density. The results are 
shown in Table 1. 

[0109] As shown in Table 1, the number of particles in the steady state in 
Example 11 was 11.0 and was slightly higher than 10.5 in Comparative 
Example 10, but a target still with less particles compared to those in 
conventional targets was obtained. The average leakage magnetic flux 
density in Example 11 was 37.8% to give a target having a higher leakage 
magnetic flux density than 30.6% in Comparative Example 11. 

The results of observation with an optical microscope demonstrate that 
the length of the short side of each rectangle circumscribed to the met; 
phase (B) was 5 to 200 pm, that the proportion of rectangles having a short 
side shorter than 2 pm was less than 5%, and that no rectangles had a 
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short side longer than 300 pm. It was confirmed that the aspect ratio 
ranged from 1:1 to 1:8 and that spherical and flat phases existed in a mixed 
state. The area proportion of the oxide in the phase (A) was 37.30% and 
was confirmed to be 50% or less. 

5 (Example 12 and Comparative Example 12) 
[0110] In Example 12, a Co powder having an average grain diameter of 3 

pm, a Cr powder having an average grain diameter of 5 pm, a Pt powder 
having an average grain diameter of 1 pm, a Ti powder having an average 
grain diameter of 1 pm, a Si02 powder having an average grain diameter of 

10 1 pm, a CoO powder having an average grain diameter of 1 pm, and a Co 
atomized powder having a diameter in a range of 50 to 150 pm were 
prepared as raw material powders. These powders, the Co powder, the 
Cr powder, the Pt powder, the Ti powder, the Si02 powder, the CoO 
powder, and the Co atomized powder, were weighed to give a target 

15 composition of Co-6Cr-18Pt-2Ti-4Si02-2CoO (mol%) 
[0111] Subsequently, the Co powder, the Cr powder, the Pt powder, the Ti 

powder, the Si02 powder, and the CoO powder were charged into a 10-liter 
ball mill pot together with zirconia balls as the pulverizing medium, and the 
ball mill pot was sealed and rotated for 20 hours for mixing. The resulting 

20 powder mixture was mixed with the Co atomized powder with a planetary-
screw mixer having a ball capacity of about 7 liters for 10 minutes 

The resulting powder mixture was loaded in a carbon mold and was 
hot-pressed in a vacuum atmosphere under conditions of a temperature of 
1050°C, a retention time of 2 hours, and a pressure of 30 MPa to give a 

25 sintered compact. The sintered compaci was cut with a iathe to give a 
disk-shaped target having a diameter of 180 mm and a thickness of 5 mm, 
followed by counting the number of particles and measuring the average 
leakage magnetic flux density. The results are shown in Table 1. 

[0112] In Comparative Example 12, a Co powder having an average grain 
30 diameter of 3 pm, a Cr powder having an average grain diameter of 5 pm, 

a Pt powder having an average grain diameter of 1 pm, a Ti powder having 
an average grain diameter of 1 pm, a Si02 powder having an average grain 
diameter of 1 pm, and a CoO powder having an average grain diameter of 
1 pm were prepared as raw material powders. Neither Co coarse powder 

35 nor Co atomized powder was used. The powders, the Co powder, the Cr 



powder, the Pt powder, the Ti powder, the Si02 powder, and the CoO 
powder, were weighed to give a target composition of Co-6Cr-18Pt-2Ti-
4Si02-2CoO (mol%). 

[0113] These powders were charged into a 10-liter ball mill pot together with 
zirconia balls as the pulverizing medium, and the ball mill pot was sealed 
and rotated for 20 hours for mixing. 

Subsequently, the resulting powder mixture was loaded in a carbon 
mold and was hot-pressed in a vacuum atmosphere under conditions of a 
temperature of 1050°C, a retention time of 2 hours, and a pressure of 30 
MPa to give a sintered compact. The sintered compact was cut with a 
lathe to give a disk-shaped target having a diameter of 180 mm and a 
thickness of 5 mm, followed by counting the number of particles and 
measuring the average leakage magnetic flux density. The results are 
shown in Table 1. 

[0114] As shown in Table 1, it was confirmed that the number of particles in 
the steady state in Example 12 was 9.8 and was smaller than 10.0 in 
Comparative Example 12. The average leakage magnetic flux density in 
Example 12 was 36.2% to give a target having a higher leakage magnetic 
flux density than 31.0% in Comparative Example 12. The results of 
observation with an optical microscope demonstrate that the length of the 
short side of each rectangle circumscribed to the metal phase (B) was 2 to 
200 pm, that the proportion of rectangles having a short side shorter than 2 
pm was less than 5%, and that no rectangles had a short side longer than 
300 pm. It was confirmed that the aspect ratio ranged from 1:1 to 1:10 
and that spherical and flat phases existed in a mixed state. The area 
proportion of the oxide in the phase (A) was 36.80% and was confirmed to 
be 50% or less. 
(Example 13 and Comparative Example 13) 

[0115] In Example 13, a Co powder having an average grain diameter of 3 
pm, a Cr powder having an average grain diameter of 5 pm, a Ru powder 
having an average grain diameter of 8 pm, a Si02 powder having an 
average grain diameter of 1 pm, and a Co atomized powder having a 
diameter in a range of 50 to 150 pm were prepared as raw material 
powders. These powders, the Co powder, the Cr powder, the Ru powder, 
the Si02 powder, and the Co atomized powder, were weighed to give a 
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target composition of Co-8Cr-6Ru-8Si02 (mol%). 
[0116] Subsequently, the Co powder, the Cr powder, the Ru powder, and the 

SiC>2 powder were charged into a 10-liter ball mill pot together with zirconia 
balls as the pulverizing medium, and the ball mill pot was sealed and 

5 rotated for 20 hours for mixing. The resulting powder mixture was mixed 
with the Co atomized powder with a planetary-screw mixer having a ball 
capacity of about 7 liters for 10 minutes. 

The resulting powder mixture was loaded in a carbon mold and was 
hot-pressed in a vacuum atmosphere under conditions of a temperature of 

10 1050°C, a retention time of 2 hours, and a pressure of 30 MPa to give a 
sintered compact. The sintered compact was cut with a lathe to give a 
disk-shaped target having a diameter of 180 mm and a thickness of 5 mm, 
followed by counting the number of particles and measuring the average 
leakage magnetic flux density. The results are shown in Table 1. 

15 [0117] In Comparative Example 13, a Co powder having an average grain 
diameter of 3 pm, a Cr powder having an average grain diameter of 5 pm, 
a Ru powder having an average grain diameter of 8 pm, and a Si02 powder 
having an average grain diameter of 1 pm were prepared as raw material 
powders. Neither Co coarse powder nor Co atomized powder was used. 

20 The powders, the Co powder, the Cr powder, the Ru powder, and the Si02 

powder, were weighed to give a target composition of Co-8Cr-6Ru-8Si02 

(mol%). 
[0118] These powders were charged into a 10-liter ball mill pot together with 

zirconia balls as the pulverizing medium, and the ball mill pot was sealed 
25 and rotated for 20 hours for mixing. 

Subsequently, the resulting powder mixture was loaded in a carbon 
mold and was hot-pressed in a vacuum atmosphere under conditions of a 
temperature of 1050°C, a retention time of 2 hours, and a pressure of 30 
MPa to give a sintered compact. The sintered compact was cut with a 

30 lathe to give a disk-shaped target having a diameter of 180 mm and a 
thickness of 5 mm, followed by counting the number of particles and 
measuring the average leakage magnetic flux density. The results are 
shown in Table 1. 

[0119] As shown in Table 1, it was confirmed that the number of particles in 
35 the steady state in Example 13 was 10.6 and was smaller than 11.3 in 



Comparative Example 13. The average leakage magnetic flux density in 
Example 13 was 45.4% to give a target having a higher leakage magnetic 
flux density than 32.4% in Comparative Example 13. The results of 
observation with an optical microscope demonstrate that the length of the 
short side of each rectangle circumscribed to the metal phase (B) was 5 to 
200 pm, that the proportion of rectangles having a short side shorter than 2 
pm was less than 5%, and that no rectangles had a short side longer than 
300 pm. It was confirmed that the aspect ratio ranged from 1:1 to 1:8 and 
that spherical and flat phases existed in a mixed state. The area 
proportion of the oxide in the phase (A) was 41.50% and was confirmed to 
be 50% or less. 
(Example 14 and Comparative Example 14) 

[0120] In Example 14, a Co powder having an average grain diameter of 3 
pm, a Cr powder having an average grain diameter of 5 pm, a Ti02 powder 
having an average grain diameter of 1 pm, and a Co atomized powder 
having a diameter in a range of 50 to 150 pm were prepared as raw 
material powders. These powders, the Co powder, the Cr powder, the 
T1O2 powder, and the Co atomized powder, were weighed to give a target 
composition of Co-20Cr-10Ti02 (mol%). 

[0121] Subsequently, the Co powder, the Cr powder, and the Ti02 powder 
were charged into a 10-liter ball mill pot together with zirconia balls as the 
pulverizing medium, and the ball mill pot was sealed and rotated for 20 
hours for mixing. The resulting powder mixture was mixed with the Co 
atomized powder with a planetary-screw mixer having a ball capacity of 
about 7 liters for 10 minutes. 

The resulting powder mixture was loaded in a carbon mold and was 
hot-pressed in a vacuum atmosphere under conditions of a temperature of 
1050°C, a retention time of 2 hours, and a pressure of 30 MPa to give a 
sintered compact. The sintered compact was cut with a lathe to give a 
disk-shaped target having a diameter of 180 mm and a thickness of 5 mm, 
followed by counting the number of particles and measuring the average 
leakage magnetic flux density. The results are shown in Table 1. 

[0122] In Comparative Example 14, a Co powder having an average grain 
diameter of 3 pm, a Cr powder having an average grain diameter of 5 pm, 
and a TiC>2 powder having an average grain diameter of 1 pm were 



prepared as raw material powders. Neither Co coarse powder nor Co 
atomized powder was used. The powders, the Co powder, the Cr powder, 
and the Ti02 powder, were weighed to give a target composition of Co-
20Cr-10Ti02 (mol%). 

[0123] These powders were charged into a 10-liter ball mill pot together with 
zirconia balls as the pulverizing medium, and the ball mill pot was sealed 
and rotated for 20 hours for mixing. 

Subsequently, the resulting powder mixture was loaded in a carbon 
mold and was hot-pressed in a vacuum atmosphere under conditions of a 
temperature of 1050°C, a retention time of 2 hours, and a pressure of 30 
MPa to give a sintered compact. The sintered compact was cut with a 
lathe to give a disk-shaped target having a diameter of 180 mm and a 
thickness of 5 mm, followed by counting the number of particles and 
measuring the average leakage magnetic flux density. The results are 
shown in Table 1. 

[0124] As shown in Table 1, the number of particles in the steady state in 
Example 14 was 7.8 and was slightly higher than 7.6 in Comparative 
Example 14, but a target still with less particles compared to those in 
conventional targets was obtained. The average leakage magnetic flux 
density in Example 14 was 95.4% to give a target having a higher leakage 
magnetic flux density than 80.2% in Comparative Example 14. The results 
of observation with an optical microscope demonstrate that the length of 
the short side of each rectangle circumscribed to the metal phase (B) was 2 
to 200 pm, that the proportion of rectangles having a short side shorter 
than 2 pm was iess than 5%, and that no rectangles had a short side 
longer than 300 pm. It was confirmed that the aspect ratio ranged from 
1:1 to 1:10 and that spherical and flat phases existed in a mixed state. 
The area proportion of the oxide in the phase (A) was 40.00% and was 
confirmed to be 50% or less. 
(Example 15 and Comparative Example 15) 

[0125] In Example 15, a Co powder having an average grain diameter of 3 
pm, a Cr powder having an average grain diameter of 5 pm, a SiOa powder 
having an average grain diameter of 1 pm, and a Co atomized powder 
having a diameter in a range of 50 to 150 pm were prepared as raw 
material powders. These powders, the Co powder, the Cr powder, the 
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Si02 powder, arid the Co atomized powder, were weighed to give a target 
composition of Co-15Cr-12Si02 (mol%). 

[0126] Subsequently, the Co powder, the Cr powder, and the Si02 powder 
were charged into a 10-liter ball mill pot together with zirconia balls as the 

5 pulverizing medium, and the ball mill pot was sealed and rotated for 20 
hours for mixing. The resulting powder mixture was mixed with the Co 
atomized powder with a planetary-screw mixer having a ball capacity of 
about 7 liters for 10 minutes. 

The resulting powder mixture was loaded in a carbon mold and was 
io hot-pressed in a vacuum atmosphere under conditions of a temperature of 

1050°C, a retention time of 2 hours, and a pressure of 30 MPa to give a 
sintered compact. The sintered compact was cut with a lathe to give a 
disk-shaped target having a diameter of 180 mm and a thickness of 5 mm, 
followed by counting the number of particles and measuring the average 

15 leakage magnetic flux density. The results are shown in Table 1. 
[0127] In Comparative Example 15, a Co powder having an average grain 

diameter of 3 pm, a Cr powder having an average grain diameter of 5 pm, 
and a Si02 powder having an average grain diameter of 1 pm were 
prepared as raw material powders. Neither Co coarse powder nor Co 

20 atomized powder was used. The powders, the Co powder, the Cr powder, 
and the Si02 powder, were weighed to give a target composition of Co-
15Cr-12Si02 (mol%). 

[0128] These powders were charged into a 10-liter ball mill pot together with 
zirconia balls as the pulverizing medium, and the ball mill pot was sealed 

25 and rotated for 20 hours for mixing. 
Subsequently, the resulting powder mixture was loaded in a carbon 

mold and was hot-pressed in a vacuum atmosphere under conditions of a 
temperature of 1050°C, a retention time of 2 hours, and a pressure of 30 
MPa to give a sintered compact. The sintered compact was cut with a 

30 lathe to give a disk-shaped target having a diameter of 180 mm and a 
thickness of 5 mm, followed by counting the number of particles and 
measuring the average leakage magnetic flux density. The results are 
shown in Table 1. 

[0129] As shown in Table 1, the number of particles in the steady state in 
35 Example 15 was 11.1 and was slightly higher than 10.6 in Comparative 



Example 15, but a target still with less particles compared to those in 
conventional targets was obtained. The average leakage magnetic flux 
density in Example 15 was 64.5% to give a target having a higher leakage 
magnetic flux density than 51.1% in Comparative Example 15. The results 
of observation with an optical microscope demonstrate that the length of 
the short side of each rectangle circumscribed to the metal phase (B) was 2 
to 200 pm, that the proportion of rectangles having a short side shorter 
than 2 pm was less than 5%, and that no rectangles had a short side 
longer than 300 pm. It was confirmed that the aspect ratio ranged from 
1:1 to 1:10 and that spherical and flat phases existed in a mixed state. 
The area proportion of the oxide in the phase (A) was 39.60% and was 
confirmed to be 50% or less. 
(Example 16 and Comparative Example 16) 

[0130] In Example 16, a Co powder having an average grain diameter of 3 
pm, a Cr powder having an average grain diameter of 5 pm, a Ru powder 
having an average grain diameter of 8 pm, a Ti02 powder having an 
average grain diameter of 1 pm, a CoO powder having an average grain 
diameter of 1 pm, and a Co atomized powder having a diameter in a range 
of 50 to 150 pm were prepared as raw material powders. These powders, 
the Co powder, the Cr powder, the Ru powder, the Ti02 powder, the CoO 
powder, and the Co atomized powder, were weighed to give a target 
composition of Co-16Cr-3Ru-5Ti02-3CoO (mol%), 

[0131] Subsequently, the Co powder, the Cr powder, the Ru powder, the Ti02 

powder, and the CoO powder were charged into a 10-liter ball mill pot 
together with zirconia bails as the pulverizing medium, and the ball mill pot 
was sealed and rotated for 20 hours for mixing. The resulting powder 
mixture was mixed with the Co atomized powder with a planetary-screw 
mixer having a ball capacity of about 7 liters for 10 minutes. 

The resulting powder mixture was loaded in a carbon mold and was 
hot-pressed in a vacuum atmosphere under conditions of a temperature of 
1050°C, a retention time of 2 hours, and a pressure of 30 MPa to give a 
sintered compact. The sintered compact was cut with a lathe to give a 
disk-shaped target having a diameter of 180 mm and a thickness of 5 mm, 
followed by counting the number of particles and measuring the average 
leakage magnetic flux density. The results are shown in Table 1. 



[0132] In Comparative Example 16, a Co powder having an average grain 
diameter of 3 pm, a Cr powder having an average grain diameter of 5 pm, 
a Ru powder having an average grain diameter of 8 pm, a Ti02 powder 
having an average grain diameter of 1 pm, and a CoO powder having an 
average grain diameter of 1 pm were prepared as raw material powders. 
Neither Co coarse powder nor Co atomized powder was used. The 
powders, the Co powder, the Cr powder, the Ru powder, the Ti02 powder, 
the CoO powder, and the Co atomized powder, were weighed to give a 
target composition of Co-16Cr-3Ru-5Ti02-3CoO (mol%). 

[0133] These powders were charged into a 10-liter ball mill pot together with 
zirconia balls as the pulverizing medium, and the ball mill pot was sealed 
and rotated for 20 hours for mixing. 

Subsequently, the resulting powder mixture was loaded in a carbon 
mold and was hot-pressed in a vacuum atmosphere under conditions of a 
temperature of 1050°C, a retention time of 2 hours, and a pressure of 30 
MPa to give a sintered compact. The sintered compact was cut with a 
lathe to give a disk-shaped target having a diameter of 180 mm and a 
thickness of 5 mm, followed by counting the number of particles and 
measuring the average leakage magnetic flux density. The results are 
shown in Table 1. 

[0134] As shown in Table 1, the number of particles in the steady state in 
Example 16 was 12.4 and was slightly higher than 11.7 in Comparative 
Example 16, but a target still with less particles compared to those in 
conventional targets was obtained. The average leakage magnetic flux 
density in Example 16 was 70.1% to give a target having a higher leakage 
magnetic flux density than 58.0% in Comparative Example 16. The results 
of observation with an optical microscope demonstrate that the length of 
the short side of each rectangle circumscribed to the metal phase (B) was 5 
to 200 pm, that the proportion of rectangles having a short side shorter 
than 2 pm was less than 5%, and that no rectangles had a short side 
longer than 300 pm. It was confirmed that the aspect ratio ranged from 
1:1 to 1:8 and that spherical and flat phases existed in a mixed state. The 
area proportion of the oxide in the phase (A) was 42.10% and was 
confirmed to be 50% or less. 
(Example 17 and Comparative Example 17) 



40 

[0135] In Example 17, a Co powder having an average grain diameter of 3 
pm, a Cr powder having an average grain diameter of 5 pm, a Pt powder 
having an average grain diameter of 1 pm, a Ta powder having an average 
grain diameter of 30 pm, a Si02 powder having an average grain diameter 

5 of 1 pm, and Co atomized powder having a diameter in a range of 50 to 
150 pm were prepared as raw material powders. These powders, the Co 
powder, the Cr powder, the Pt powder, the Ta powder, the Si02 powder, and 
the Co atomized powder, were weighed to give a target composition of Co-
8Cr-20Pt-3Ta-3Si02 (mol%). 

10 [0136] Subsequently, the Co powder, the Cr powder, the Pt powder, the Ta 
powder, and the Si02 powder were charged into a 10-liter ball mill pot 
together with zirconia balls as the pulverizing medium, and the ball mill pot 
was sealed and rotated for 20 hours for mixing. The resulting powder 
mixture was mixed with the Co atomized powder with a planetary-screw 

15 mixer having a ball capacity of about 7 liters for 10 minutes. 
The resulting powder mixture was loaded in a carbon mold and was 

hot-pressed in a vacuum atmosphere under conditions of a temperature of 
1050°C, a retention time of 2 hours, and a pressure of 30 MPa to give a 
sintered compact. The sintered compact was cut with a lathe to give a 

20 disk-shaped target having a diameter of 180 mm and a thickness of 5 mm, 
followed by counting the number of particles and measuring the average 
leakage magnetic flux density. The results are shown in Table 1. 

[0137] In Comparative Example 17, a Co powder having an average grain 
diameter of 3 pm, a Cr powder having an average grain diameter of 5 pm, 

25 a Pi powder having an average grain diameter of 1 pm, a Ta powder having 
an average grain diameter of 30 pm, and a Si02 powder having an average 
grain diameter of 1 pm were prepared. Neither Co coarse powder nor Co 
atomized powder was used. The powders, the Co powder, the Cr powder, 
the Pt powder, the Ta powder, and the Si02 powder, were weighed to give a 

30 target composition of Co-8Cr-20Pt-3Ta-3Si02 (mol%). 
[0138] These powders were charged into a 10-liter ball mill pot together with 

zirconia balls as the pulverizing medium, and the ball mill pot was sealed 
and rotated for 20 hours for mixing. 

Subsequently, the resulting powder mixture was loaded in a carbon 
35 mold and was hot-pressed in a vacuum atmosphere under conditions of a 



temperature of 1050°C, a retention time of 2 hours, and a pressure of 30 
MPa to give a sintered compact. The sintered compact was cut with a 
lathe to give a disk-shaped target having a diameter of 180 mm and a 
thickness of 5 mm, followed by counting the number of particles and 
measuring the average leakage magnetic flux density. The results are 
shown in Table 1. 

[0139] As shown in Table 1, it was confirmed that the number of particles in 
the steady state in Example 17 was 6.8 and was smaller than 7.2 in 
Comparative Example 17. The average leakage magnetic flux density in 
Example 16 was 56.1% to give a target having a higher leakage magnetic 
flux density than 58.0% in Comparative Example 17. The results of 
observation with an optical microscope demonstrate that the length of the 
short side of each rectangle circumscribed to the metal phase (B) was 5 to 
200 pm, that the proportion of rectangles having a short side shorter than 2 
pm was less than 5%, and that no rectangles had a short side longer than 
300 pm. It was confirmed that the aspect ratio ranged from 1:1 to 1:8 and 
that spherical and flat phases existed in a mixed state. The area 
proportion of the oxide in the phase (A) was 17.00% and was confirmed to 
be 50% or less. 
(Example 18 and Comparative Example 18) 

[0140] In Example 18, a Co powder having an average grain diameter of 3 
pm, a Cr powder having an average grain diameter of 5 pm, a Pt powder 
having an average grain diameter of 1 pm, a W powder having an average 
grain diameter of 5 pm, a B203 powder having an average grain diameter 
of 10 pm, a Ta205 powder having an average grain diameter of 1 pm, a 
Cr203 powder having an average grain diameter of 3 pm, and a Co 
atomized powder having a diameter in a range of 50 to 150 pm were 
prepared as raw material powders. These powders, the Co powder, the 
Cr powder, the Pt powder, the W powder, the B203 powder, the Ta203 

powder, the Cr203 powder, and the Co atomized powder, were weighed to 
give a target composition of Co-8Cr-21Pt-0.7W-3B203-1Ta205-1Cr203 

(mol%). 
[0141] Subsequently, the Co powder, the Cr powder, the Pt powder, the W 

powder, the B203 powder, the Ta203 powder, and the Cr203 powder were 
charged into a 10-liter ball mill pot together with zirconia balls as the 



pulverizing medium, and the ball mill pot was sealed and rotated for 20 
hours for mixing. The resulting powder mixture was mixed with the Co 
atomized powder with a planetary-screw mixer having a ball capacity of 
about 7 liters for 10 minutes. 

The resulting powder mixture was loaded in a carbon mold and was 
hot-pressed in a vacuum atmosphere under conditions of a temperature of 
1000°C, a retention time of 2 hours, and a pressure of 30 MPa to give a 
sintered compact. The sintered compact was cut with a lathe to give a 
disk-shaped target having a diameter of 180 mm and a thickness of 5 mm, 
followed by counting the number of particles and measuring the average 
leakage magnetic flux density. The results are shown in Table 1. 

[0142] In Comparative Example 18, a Co powder having an average grain 
diameter of 3 pm, Cr powder having an average grain diameter of 5 pm, a 
Pt powder having an average grain diameter of 1 pm, a W powder having 
an average grain diameter of 5 pm, a B203 powder having an average grain 
diameter of 10 pm, a Ta205 powder having an average grain diameter of 1 
pm, and a Cr203 powder having an average grain diameter of 3 pm were 
prepared as raw material powders. Neither Co coarse powder nor Co 
atomized powder was used. The powders, the Co powder, the Cr powder, 
the Pt powder, the W powder, the B203 powder, the Ta203 powder, and the 
Cr203 powder, weighed to give a target composition of Co-8Cr-21Pt-0.7W-
3B203-1Ta205-1Cr203 (mol%). 

[0143] These powders were charged into a 10-liter ball mill pot together with 
zirconia balls as the pulverizing medium, and the ball mill pot was sealed 
and rotated for 20 hours for mixing. 

Subsequently, the resulting powder mixture was loaded in a carbon 
mold and was hot-pressed in a vacuum atmosphere under conditions of a 
temperature of 1000°C, a retention time of 2 hours, and a pressure of 30 
MPa to give a sintered compact. The sintered compact was cut with a 
lathe to give a disk-shaped target having a diameter of 180 mm and a 
thickness of 5 mm, followed by counting the number of particles and 
measuring the average leakage magnetic flux density. The results are 
shown in Table 1. 

[0144] As shown in Table 1, the number of particles in the steady state in 
Example 18 was 11.8 and was slightly higher than 11.6 in Comparative 



Example 18, but a target still with less particles compared to those in 
conventional targets was obtained. The average leakage magnetic flux 
density in Example 18 was 47.5% to give a target having a higher leakage 
magnetic flux density than 38.3% in Comparative Example 18. The results 
of observation with an optical microscope demonstrate that the length of 
the short side of each rectangle circumscribed to the metal phase (B) was 5 
to 200 pm, that the proportion of rectangles having a short side shorter 
than 2 pm was less than 5%, and that no rectangles had a short side 
onger than 300 pm. It was confirmed that the aspect ratio ranged from 
1:1 to 1:8 and that spherical and flat phases existed in a mixed state. The 
area proportion of the oxide in the phase (A) was 34.00% and was 
confirmed to be 50% or less. 
(Example 19 and Comparative Example 19) 

[0145] In Example 19, a Co powder having an average grain diameter of 3 
pm, a Pt powder having an average grain diameter of 1 pm, a Ti02 powder 
having an average grain diameter of 1 pm, a Si02 powder having an 
average grain diameter of 1 pm, and a Co atomized powder having a 
diameter in a range of 50 to 150 pm were prepared as raw material 
powders. These powders, the Co powder, the Pt powder, the Ti02 

powder, the Si02 powder, and the Co atomized powder, were weighed to 
give a target composition of Co-18Pt-8Ti02-2Si02 (mol%). 

[0146] Subsequently, the Co powder, the Pt powder, the Ti02 powder, and the 
Si02 powder were charged into a 10-liter ball mill pot together with zirconia 
balls as the pulverizing medium, and the ball mill pot was sealed and 
rotated for 20 hours for mixing. The resulting powder mixture was mixed 
with the Co atomized powder with a planetary-screw mixer having a ball 
capacity of about 7 liters for 10 minutes. 

Subsequently, the resulting powder mixture was loaded in a carbon 
mold and was hot-pressed in a vacuum atmosphere under conditions of a 
temperature of 1000°C, a retention time of 2 hours, and a pressure of 30 
MPa to give a sintered compact. The sintered compact was cut with a 
lathe to give a disk-shaped target having a diameter of 180 mm and a 
thickness of 5 mm, followed by counting the number of particles and 
measuring the average leakage magnetic flux density. The results are 
shown in Table 1. 
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[0147] In Comparative Example 19, a Co powder having an average grain 
diameter of 3 pm, a Pt powder having an average grain diameter of 1 pm, a 
Ti02 powder having an average grain diameter of 1 pm, and a Si02 powder 
having an average grain diameter of 1 pm were prepared as raw material 

5 powders. Neither Co coarse powder nor Co atomized powder was used. 
The powders, the Co powder, the Pt powder, the Ti02 powder, and the Si02 

powder, were weighed to give a target composition of Co-18Pt-8Ti02-2Si02 

(mol%). 
[0148] These powders were charged into a 10-liter ball mill pot together with 

10 zirconia balls as the pulverizing medium, and the ball mill pot was sealed 
and rotated for 20 hours for mixing. 

Subsequently, the resulting powder mixture was loaded in a carbon 
mold and was hot-pressed in a vacuum atmosphere under conditions of a 
temperature of 1000°C, a retention time of 2 hours, and a pressure of 30 

15 MPa to give a sintered compact. The sintered compact was cut with a 
lathe to give a disk-shaped target having a diameter of 180 mm and a 
thickness of 5 mm, followed by counting the number of particles and 
measuring the average leakage magnetic flux density. The results are 
shown in Table 1. 

20 [0149] As shown in Table 1, it was confirmed that the number of particles in 
the steady state in Example 19 was 13.4 and was smaller than 13.7 in 
Comparative Example 19. The average leakage magnetic flux density in 
Example 19 was 40.5% to give a target having a higher leakage magnetic 
flux density than 33.2% in Comparative Example 19. The results of 

25 observation with an opticai microscope demonstrate that the length of the 
short side of each rectangle circumscribed to the metal phase (B) was 2 to 
200 pm, that the proportion of rectangles having a short side shorter than 2 
pm was less than 5%, and that no rectangles had a short side longer than 
300 pm. It was confirmed that the aspect ratio ranged from 1:1 to 1:10 

30 and that spherical and flat phases existed in a mixed state. The area 
proportion of the oxide in the phase (A) was 29.00% and was confirmed to 
be 50% or less. 
(Example 20 and Comparative Example 20) 

[0150] In Example 20, a Co powder having an average grain diameter of 3 
35 pm, a Pt powder having an average grain diameter of 1 pm, a Si02 powder 



having an average grain diameter of 1 pm, a Cr203 powder having an 
average grain diameter of 3 pm, and a Co atomized powder having a 
diameter in a range of 50 to 150 pm were prepared as raw material 
powders. These powders, the Co powder, the Pt powder, the Si02 

powder, the Cr203 powder, and the Co atomized powder, were weighed to 
give a target composition of Co-22Pt-6Si02-3Cr2C>3 (mol%). 

[0151] Subsequently, the Co powder, the Pt powder, the Si02 powder, and the 
Cr203 powder were charged into a 10-liter ball mill pot together with 
zirconia balls as the pulverizing medium, and the ball mill pot was sealed 
and rotated for 20 hours for mixing. The resulting powder mixture was 
mixed with the Co atomized powder with a planetary-screw mixer having a 
ball capacity of about 7 liters for 10 minutes. 

The resulting powder mixture was loaded in a carbon mold and was 
hot-pressed in a vacuum atmosphere under conditions of a temperature of 
1050°C, a retention time of 2 hours, and a pressure of 30 MPa to give a 
sintered compact. The sintered compact was cut with a lathe to give a 
disk-shaped target having a diameter of 180 mm and a thickness of 5 mm, 
followed by counting the number of particles and measuring the average 
leakage magnetic flux density. The results are shown in Table 1. 

[0152] In Comparative Example 20, a Co powder having an average grain 
diameter of 3 pm, a Pt powder having an average grain diameter of 1 pm, a 
Si02 powder having an average grain diameter of 1 pm, and a Cr203 

powder having an average grain diameter of 3 pm were prepared as raw 
material powders. Neither Co coarse powder nor Co atomized powder 
was used. The powders, the Co powder, the Pt powder, the Si02 powder, 
and the Cr203 powder, were weighed to give a target composition of Co-
22Pt-6Si02-3Cr203 (mol%). 

[0153] These powders were charged into a 10-liter ball mill pot together with 
zirconia balls as the pulverizing medium, and the ball mill pot was sealed 
and rotated for 20 hours for mixing. 

Subsequently, the resulting powder mixture was loaded in a carbon 
mold and was hot-pressed in a vacuum atmosphere under conditions of a 
temperature of 1050°C, a retention time of 2 hours, and a pressure of 30 
MPa to give a sintered compact. The sintered compact was cut with a 
lathe to give a disk-shaped target having a diameter of 180 mm and a 



thickness of 5 mm, followed by counting the number of particles and 
measuring the average leakage magnetic flux density. The results are 
shown in Table 1. 

[0154] As shown in Table 1, it was confirmed that the number of particles in 
the steady state in Example 20 was 11.8 and was smaller than 11.0 in 
Comparative Example 20. The average leakage magnetic flux density in 
Example 20 was 41.1% to give a target having a higher leakage magnetic 
flux density than 33.6% in Comparative Example 20. The results of 
observation with an optical microscope demonstrate that the length of the 
short side of each rectangle circumscribed to the metal phase (B) was 2 to 
200 pm, that the proportion of rectangles having a short side shorter than 2 
pm was less than 5%, and that no rectangles had a short side longer than 
300 pm. It was confirmed that the aspect ratio ranged from 1:1 to 1:10 
and that spherical and flat phases existed in a mixed state. The area 
proportion of the oxide in the phase (A) was 37.00% and was confirmed to 
be 50% or less. 
(Example 21 and Comparative Example 21) 

[0155] In Example 21, a Co powder having an average grain diameter of 3 
pm, a Pt powder having an average grain diameter of 1 pm, a Ru powder 
having an average grain diameter of 8 pm, a TiC>2 powder having an 
average grain diameter of 1 pm, a CoO powder having an average grain 
diameter of 1 pm, and a Co atomized powder having a diameter in a range 
of 50 to 150 pm were prepared as raw material powders. These powders, 
the Co powder, the Pt powder, the Ru powder, the Ti02 powder, the CoO 
powder, and ihe Co atomized powder, were weighed to give a target 
composition of Co-16Pt-4Ru-7Ti02-6CoO (mol%). 

[0156] Subsequently, the Co powder, the Pt powder, the Ru powder, the Ti02 

powder, and the CoO powder were charged into a 10-liter ball mill pot 
together with zirconia balls as the pulverizing medium, and the ball mill pot 
was sealed and rotated for 20 hours for mixing. The resulting powder 
mixture was mixed with the Co atomized powder with a planetary-screw 
mixer having a ball capacity of about 7 liters for 10 minutes. 

The resulting powder mixture was loaded in a carbon mold and was 
hot-pressed in a vacuum atmosphere under conditions of a temperature of 
1000°C, a retention time of 2 hours, and a pressure of 30 MPa to give a 



sintered compact. The sintered compact was cut with a lathe to give a 
disk-shaped target having a diameter of 180 mm and a thickness of 5 mm, 
followed by counting the number of particles and measuring the average 
leakage magnetic flux density. The results are shown in Table 1. 

[0157] In Comparative Example 21, a Co powder having an average grain 
diameter of 3 pm, a Pt powder having an average grain diameter of 1 pm, a 
Ru powder having an average grain diameter of 8 pm, a Ti02 powder 
having an average grain diameter of 1 pm, and a CoO powder having an 
average grain diameter of 1 pm were prepared as raw materia! powders 
Neither Co coarse powder nor Co atomized powder was used. The 
powders, the Co powder, the Pt powder, the Ru powder, the Ti02 powder, 
and the CoO powder, were weighed to give a target composition of Co-
16Pt-4Ru-7Ti02-6CoO (mol%). 

[0158] These powders were charged into a 10-liter ball mill pot together with 
zirconia balls as the pulverizing medium, and the ball mill pot was sealed 
and rotated for 20 hours for mixing. 

Subsequently, the resulting powder mixture was loaded in a carbon 
mold and was hot-pressed in a vacuum atmosphere under conditions of a 
temperature of 1000°C, a retention time of 2 hours, and a pressure of 30 
MPa to give a sintered compact. The sintered compact was cut with a 
lathe to give a disk-shaped target having a diameter of 180 mm and a 
thickness of 5 mm, followed by counting the number of particles and 
measuring the average leakage magnetic flux density. The results are 
shown in Table 1. 

[0159] As shown in Table 1, it was confirmed that the number of particles in 
the steady state in Example 21 was 12.4 and was smaller than 12.9 in 
Comparative Example 21. The average leakage magnetic flux density in 
Example 21 was 43.8% to give a target having a higher leakage magnetic 
flux density than 32.8% in Comparative Example 21. The results of 
observation with an optical microscope demonstrate that the length of the 
short side of each rectangle circumscribed to the metal phase (B) was 5 to 
200 pm, that the proportion of rectangles having a short side shorter than 2 
pm was less than 5%, and that no rectangles had a short side longer than 
300 pm. It was confirmed that the aspect ratio ranged from 1:1 to 1:9 and 
that spherical and flat phases existed in a mixed state. The area 
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proportion of the oxide in the phase (A) was 36.90% and was confirmed to 
be 50% or less. 

[0160] [Table 1] 
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[0161] In all Examples 1 to 21, the length of the short side of each rectangle 
circumscribed to the metal phase (B) was 2 to 300 pm; the proportion of 
rectangles having a short side shorter than 2 pm was less than 5%; and no 

5 rectangles had a short side longer than 300 pm. It was confirmed that the 
aspect ratio ranged from 1:1 to 1:15 and that the area proportion of oxide in 
the phase (A) was 50% or less. It is shown that such a composition 
structure suppresses particle generation, achieves uniform erosion, and 
has a very important role in improvement of the leakage magnetic flux. 

INDUSTRIAL APPLICABILITY 

[0162] The present invention can significantly suppress the particle 
generation and can improve the leakage magnetic flux by adjusting the 

15 composition structure of a ferromagnetic sputtering target. Accordingly, 
the use of the target of the present invention can provide stable discharge 
in sputtering with a magnetron sputtering apparatus. In addition, it is 
possible to increase the thickness of the target, which allows the target life 
to lengthen and allows to form a magnetic thin film at a low cost. 

20 Furthermore, it is possible to considerably improve the quality of a film 
formed by sputtering. The target is useful as the ferromagnetic sputtering 
target that is used for forming a magnetic thin film of a magnetic recording 
medium, in particular, for forming the recording layer of a hard disk drive. 
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CLAIMS 

[Claim 1] A nonmagnetic-material-dispersed sputtering target 
having a metal composition comprising 20 mol% or less of Cr and 
the balance of Co, wherein: 

the target structure includes a phase (A) in which a 
nonmagnetic oxide material is dispersed in a basis metal, and a 
metal phase (B) containing 40 mol% or more of Co; 

the area proportion of grains of the nonmagnetic oxide 
material in the phase (A) is 50% or less; and 

when a minimum-area rectangle circumscribed to the phase 
(B) is assumed, the aspect ratio of the circumscribed rectangle is in 
a range of 1:1 to 1:15 in all of the phases (B) and the proportion of 
the circumscribed rectangle having a short side of 2 to 300 pm is 
90% or more of all of the phases (B). 

[Claim 2] A nonmagnetic-material-dispersed sputtering target 
having a metal composition comprising 20 mol% or less of Cr, 5 
mol% or more and 30 mol% or less of Pt, and the balance of Co, 
wherein: 

the target structure includes a phase (A) in which a 
nonmagnetic oxide material is dispersed in a basis metal, and a 
metal phase (B) containing 40 mol% or more of Co; 

the area proportion of grains of the nonmagnetic oxide 
material in the phase (A) is 50% or less; and 

when a minimum-area rectangle circumscribed to the metal 
phase (B) is assumed, the aspect ratio of the circumscribed 
rectangle is in a range of 1:1 to 1:15 in all of the phases (B) and the 
proportion of the circumscribed rectangle having a short side of 2 to 
300 pm is 90% or more of all of the phases (B). 

[Claim 3] A nonmagnetic-material-dispersed sputtering target 
having a metal composition comprising 5 mol% or more and 30 mol% 
or less of Pt and the balance of Co, wherein: 

the target structure includes a phase (A) in which a 



51 

nonmagnetic oxide material is dispersed in a basis metal, and a 
metal phase (B) containing 40 mol% or more of Co; 

the area proportion of grains of the nonmagnetic oxide 
material in the phase (A) is 50% or less; and 

when a minimum-area rectangle circumscribed to the phase 
(B) is assumed, the aspect ratio of the circumscribed rectangle is in 
a range of 1:1 to 1:15 in all of the phases (B) and the proportion of 
the circumscribed rectangle having a short side of 2 to 300 pm is 
90% or more of all of the phases (B). 

[Claim 4] The nonmagnetic-material-dispersed ferromagnetic 
sputtering target according to any one of Claims 1 to 3, wherein the 
area proportion of grains of the nonmagnetic oxide material in the 
phase (A) is 17% or more and 50% or less. 

[Claim 5] The ferromagnetic sputtering target according to any one of 
Claims 1 to 4, wherein the basis metal further comprises at least one 
additional element selected from B, Ti, V, Mn, Zr, Nb, Ru, Mo, Ta and 
W in an amount of 0.5 mol% or more and 10 mol% or less, and the 
balance is Co. 


