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DESCRIPTION
MAGNETRON SPUTTERING TARGET AND METHCD FOR MANUFACTURING THE

SAME

TECHNICAL FIELD
{oooi]

The present invention relates to a magnetron sputtering
target containing a ferromagnetic metal element and to a

method for manufacturing the same.

BACKGROUND ART

(00021

In magnetron sputtering, magnets are disgposed on the rear

side of a target, and leakage magnetic flux flowing toward the
front side of the target causes plasma to be concentrated at
high density. This allows stable high-rate sputtering.
[0003]

Therefore, the target used for magnetron sputtering is
regquired to allow a large amount of leakage magnetic flux to
flow toward the front side of the target.

{0004}

For example, Patent Literature 1 discloses a magnetron
sputtering target containing Co. More specifically, this
magnetron sputtering target includes a magnetic phase
containing Co, a non-magnetic phase containing Co, and an
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oxide phase, and the magnetic phase, the non-magnetic phase,
and the oxide phase are dispersed in each other. The magnetic
phase contains Co and Cr as main compenents, and the ratic of
the amount of Co contained in the magnetic phase is not less
than 76 at% and not mors than 80 at%. Patent Literature 1
discloses another magnetron sputtering target containing Co.
More specifically, this magnetron sputtering target includes a
magnetic phase containing Co and a non-magnetic phase
containing Co, and the magnetic phase and the non-magnetic
phage are dispersed in each other. The non-magnetic phase is a
Pt-Co alloy phase containing Pt as a main component, and the
ratio of the amount of Co contained in the Pt-Co alloy phase
ig more than 0 at% and not more than 13 at¥%.

{o005]

These magnetron sputtering targets allow an increased
amount of leskage magnetic flux to flow from the surfaces of
the targets during magnetron sputtering without reducing the
amount of Co, or a ferromagnetic metal element, contained in
the targets, so that magnetron sputtering can be performed

favorably.

CITATION LIST
PATENT LITERATURE
[ooose]

Patent Literatures 1: Japanese Patent No. 4422203
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SUMMARY OF INVENTICN
TECHNICAL PROBLEM
{0007}

Howeveyr, there is a need to further increase the amount
of leakage magnetic flux during magnetron sputtering without
reducing the amount of the ferromagnetic metal element
contained in the target.

[oo0s8]

The present invention has been made in view of the
foregoing circumstances, and it is an object to provide a
magnetron sputtering target that allows an increased amount of
leakage magnetic flux to flow during wmagnetron sputtering as
compared to that in conventicnal targets, without reducing the
amount of the ferromagnetic wmetal element contained in the
target, as well as to provide a method for manufacturing the

magnetron sputtering target.

SOLUTION TO PROBLEM
[0005]

The above object of the present invention is achieved by
providing a magnetron sputtering target having a ferromagnetic
metal element, the magnetron sputtering target comprising: a
magnetic phase containing the ferromagnetic metal element; a

plurality of non-magnetic phases that each contain the
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ferromagnetic metal element and that are different in
constituent elements or a content ratio of constituent
elements; and an oxide phase, wherein at ieast one of the
plurality of non-wmagnetic phases is more finely interdispersed
with the oxide phase than the magnetic phass.

[0010]

Herein, the “magnetic phase” 1s a phase with magnetism
{except for phases with magnetism sufficiently lower than the
magnetism of ordinary magnetic substamcesi, and the “non-
magnetilc phase” is a concept including not only phases with no
magnetism but also phases with magnetism sufficiently lower
than the magnetism of ordinary magnetic substances.
foox1l

In the present invention, there are disposed the
plurality of nomn-magnetic phases that each contain the
ferromagnetic metal element and that are different in
constituent elements or the content ratio of constituent
elements. Therefore, the volume fraction of the magnetic phase
containing the ferromagnetic metal element relative to the
whole target can be reduced compared with that of the
conventional target, while the amount of the ferromagnetic
metal element in the whole target is maintained at a certain
level. Thus, the magnetism of the whole target can be reduced
compared with that of the conventional target. Accordingly,

the amount of the leakage magnetic flux from the target
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surface during magnetron sputtering can be increased compared
with that of the conventicnal target, without reducing the
content of the ferromagnetic metal element contained in the
target. Thusg, magnetron sputtering can be favorably performed.
fooiz]

Here, "at least one of the plurality of non-magnetic
phases is more finely interdispersed with the oxide phase than
the magnetic phase" means that the average size of the at
least one non-magnetic phase, which is interdispersed with the
oxide phase, of the plurality of non-magnetic phases is
smaller than the average size of the magnetic phase.

[o013]

According to the present invention, at least one of the
plurality of non-magnetic phases is more finely interdispersed
with the oxide phase than the magnetic phase. Therefore, even
when the size of the magnetic phase is made relatively larger
{even when the average size of the magnetic phase is set to
fall in the range of, for example, 40 um or layxger and 80 um or
smaller), the oxides are inhibited from aggregating to
generate a large oxide phase. Accordingly, failure such as
nodules and particles during sputtering is unlikely to
generate.

[0014]
Furthermore, when one of the plurality of non-magnetic

phases is mors finely interdispersed with the oxide phase than
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other non-magnetic phases, the sizes of other non-magnetic
phases can be increased to some extent. Therefore, there is a
pogsibility that the amount of the leakage magnetic flux from
the target surface can be further increased. Here, "one of the
plurality of non-magnetic phases is more finely interdispersed
with the oxide phase than other non-magnetic phases" means
that the average size of the one non-magnetic phase of the
plurality of non-magnetic phases is smaller than the average
sizes of other non-magnetic phases.

[6015]

The average size of the magnetic phase is preferably 40
pm or larger and 80 um or smaller, from the viewpoint of
further increasing the amount of the leazkage magnetic flux
from the target surface.

(0016]

The plurality of non-magnetic phases may be, for example,
two non-magnetic phases.
[oo17]

The ferromagnetic metal element is, for example, Co. In
this case, when magnetron sputtering is performed using the
target, a magnetic recording medium having high magnetic
recording characteristics can be easily obtained.

[o018)

The magnetic phase may be, for example, a Co-Cr alloy

phase containing Co and Cr as main components. In this case,
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the ratio of the amount of Co contained in the wmagnetic phase
is preferably 85 at% or more, from the viewpoint of increasing
the amount of leakage magnetic flux from the surface of the
target by increasing the volume fraction of the non-magnetic
phases relative to the total volume of the target to reduce
the volume fraction of the magnetic phase. Moreover, from the
above-described point of view, the magnetic phase is more
preferably a phase composed only of Co.

(00198}

Preferably, at least one of the non-magnetic phases is a
Co-Cr alloy phase in which the ratic of the amount of Co is
more than 0 at% and 75 at% or less or a Co-Cr-PL alloy phase
in which the ratio of the amount of Co is more than 0 at% and
73 at% or less. Preferably, at least one of the non-magnetic
phases is a Co-Pt alloy phase in which the ratio of the amount
of Co is more than 0 at% and 12 at% oxr less.

[0020]

For example, the oxide phase may contain at least one of
$1i0,, TiQs, Tiz0z, Tas0s, CTry;0:, CoO, Cos0s, Bx0;, Fe,0;, Cud, Y30,
MgQ, Al.0;, Zr0;, Nbx0s, MoO;, Cel,, SmpCs;, Gd03, WO, WO:;, HEO;,
and Ni0..

[ooz21]

The target may be preferably used to form a magnetic

recording layex.

[oo22]
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The target can be manufactured by, for example, a
manufacturing method of a magnetron sputtering target, the
method including the steps of: mixing and dispersing a first
non-magnetic metal powder containing a ferromagnetic metal
element and an oxide powder to cbtain a non-magnetic powder
mixture; and mixing and dispersing the obtained non-magnetic
powder mixture, a magnetic metal powder containing the
ferromagnetic metal element, and a second non-magnetic wmetal
powder containing the ferromagnetic metal element and being
different in constituent elements or the content ratio of
constituent elements from the first non-magnetic metal powder
to obtain a powder mixture for pressure sintering.

[0023]

The target can be manufactured by, for example, a
manufacturing method of a magnetron sputtering target, the
method including the steps of: mixing and dispersing a first
non-magnetic metal powder containing a ferromagnetic metal
element and an oxide powder to cbtain a non-magnetic powder
mixtﬁre; and mixing and dispersing the obtained non-magnetic
powder mixture, a magnetic metal powder containing the
ferromagnetic metal element, a second non-magnetic metal
powder containing the ferromagnetic metal element and being
different in constituent elements or the content ratio of
constituent elemants from the first non-magnetic metal powder,

and an oxide powder to obtain a powder mixture for pressure
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sintering.
[00241]

Herein, the “magnetic metal powder” is a powder with
magnetism {except for powders with magnetism sufficiently
lower than the magnetism of ordinary magnetic substances), and
the “non-magnetic powders” are a concept including not only
powders with no magnetism but also powders with magnetism
sufficiently lower than the magnetism of ordinary magnetic
substances.

{025}

The number of types of the non-magnetic metal powders
used in the above-described manufacturing method may be, for
example, two.

[o026]

For example, the ferromagnetic metal element is Co. In
this case, when magnetron sputtering is performed using the
target manufactured by the above-described manufacturing
method, & magnetic recording medium having high magnetic
recording characteristics can be easily obtained.

[0027]

When the magnetic metal powder contains Co and Cr as maln
components, the ratio of the amount of Co contained in the
magnetic metal powder is preferably 85 at% or more from the
viewpoint of improving the leakage magnetic flux ratioc of a

target to be manufactured. The magnetic metal powder is more
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preferably composed only of Co.
[0028]

Preferably, at least one of the plurality of non-magnetic
metal powders is a Co-Cr alley in which the ratic of the
amount of Co iz more than 0 at% and 75 at% or less or & Co-Cr-
Pt alloy in which the ratic of the amount of Co 1s more than O
at% and 73 at% or less. Preferably, at least one of the
plurality of non-wmagnetic metal powders is a Co-Pt alloy in
which the ratioc of the amount of Co is more than 0 at% and 12

at% or less.

ADVANTAGEQUS EFFECTS OF INVENTION
foo2s]

According to the present invention, the amount of the
leakage magnetic flux from the target surface during magnetron
sputtering can be increased compared with that of the
conventional target, without reducing the content of the
ferromagnetic metal element contained in the target. Therefore,
magnetron sputtering can be favorably performed, and failure
such as nodules and particles during sputtering is unlikely to

ouour.

- BRIEF DESCRIPTION OF DRAWINGS

[0030]
FIG. 1 is a metallurgical microscope photograph showing
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an example of the microstructure of a target according to an

‘embhodiment.

FIG. 2 is a graph showing the relationship between the
ratio of the amount of Co and magnetism of a Co-Cr alloy.

FIG. 3 is a graph showing the relationship between the
ratio of the émount of Co and magnetiswm of a Co-Pt alloy.

Fig. 4 is a metallurgical microscope photograph of the
cross section in the thickness direction of a test piece
according to Example 1 at low magnification (photographing
magnification: 100 times, photograph scale: 500 um).

Fig. 5 is & metallurgical microscope photograph of the
cross section in the thickness direction of a test piece
according to Example 1 at high magnification {(photographing
magnification: 400 times, photograph scale: 100 um).

Fig. 6 is a metallurgical microscope photograph of the
crogg section in the thickness dirvection of a test piece
according to Example 2 at low magnification (photographing
magnification: 100 times, photograph scale: 500 um).

Fig. 7 is a metallurgical microscope photograph of the
cross section in the thickness direction of a test piece
according teo Example 2 at high magnification (photographing
magnification: 400 times, photograph scale: 100 um}.

Fig. 8 is a metallurgical microscope photograph of the
cross section in the thickness direction of a test piece

according to Comparative Example 1 at low magnification
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{photographing magnification: 100 times, photeograph scale: 500
pm) .

Fig. 9 is a metallurgical microscope photograph of the
crogs section in the thickness direction of a test piece
according to Comparative Example 1 at high magnification
(photographing magnification: 400 times, photograph scale: 100
um) .

Fig. 10 is a metallurgical microscope photograph of the
cross section in the thickness direction of a test piece
according to Comparative Example 2 at low magnification
(photographing magnification: 100 times, photograph scale: 500
pn) .

Fig. 11 is a metallurgical microscope photograph of the
cross section in the thickness direction of a test piece
according to Comparative Example 2 at high magnification
{(photographing magnification: 400 times, photograph scale: 100
pm) .

Fig. 12 is a metallurgical microscope photograph of the
crogs section in the thickness direction of a test piece
according to Comparative Example 3 at low magnification
{(photographing magnification: 100 times, photograph scale: 500
pmj .

Fig. 13 is a metallurgical microscope photograph of the
cross section in the thickness direction of a test pilece
according to Comparative Example 3 at high magnification
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{photographing wmagnification: 400 times, photograph scale: 100
pm} .

Fig. 14 is a metallurgical microscope photograph of the
cross section in the thickness direction of a test pilece
according to Comparative Example 4 at low magnification
(photographing magnification: 100 times, photograph scale: 500
pm} .

Fig. 15 is a metallurgical microscope photograph of the
cross section in the thickness direction of a test piece
according to Comparative Example 4 at high magnification
(photographing magnification: 400 times, photograph scale: 100
um) .

Fig. 16 ig a metallurgical microscope photograph of the
cross section in the thickness directiom of a test piece
according to Reference Example 1 at low magnification
{photographing magnification: 100 times, photograph scale: 500
pm; .

Fig. 17 is a metallurgical microscope photograph of the
cross section in the thickness direction of a test pilece
according to Reference Example 1 at high magnification
(photographing magnification: 400 times, photograph scale: 100
pm) .

Fig. 18 is a metallurgical microscope photograph of the
cross section in the thickness direction of a test piece
according to Reference Example 2 at low magnification
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(photographing magnification: 100 times, photograph scale: 500
pmy .

Fig. 19 is a metallurgical microscope photograph of the
cross section in the thickness direction of a test piece
according to Reference Example 2 at high magnification
(photographing magnification: 400 times, photograph scale: 100
pm) .

Fig. 20 is a metallurgical microscope photograph of the
cross section in the thickness direction of & test piece
according to Example 3 at low magnification ({photographing
magnification: 100 times, photograph scale: 500 um).

Fig. 21 is a metallurgical microscope photograph of the
cross gection in the thickness direction of a test piece
according to Example 3 at high magnification (photographing
magnification: 400 times, photograph scale: 100 pm).

Fig. 22 is a metallurgical microscope photograph of the
crogs section in the thickness direction of a test piece
according to Comparative Example 5 at low magnification
(photographing magnification: 100 times, photograph scale: 500
pm) .

Pig. 23 is a metallurgical microscope photograph of the
crass section in the thickness direction of a test pilece
according to Comparative Example 5 at high magnification
{photographing magnification: 400 times, photograph scale: 100

pm} .
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Fig. 24 is a metallurgical microscope photograph of the
cross section in the thickness direction of a test piece
according to Comparative Example 6 at low magnification
{(photographing magnification: 100 times, photograph scale: 500
pm) .

Fig. 25 is a metallurgical microscope photograph of the
cross section in the thickness direction of a test pilece
according to Comparative Example 6 at high magnification
{photographing magnification: 400 times, photograph scale: 100
Wi .

Fig. 26 is a metallurgical microscope photograph of the
¢ross section in the thickness direction of a test piece
according to Comparative Example 7 at low magnification
{(photographing magnification: 100 times, photograph scale: 500
pm} .

Fig. 27 is a metallurgical microscope photograph of the
cross section in the thickness direction of a test piece
according to Comparative Example 7 at high magnification
(photographing magnification: 400 times, photograph scale: 100
um} .

Fig. 28 is a metallurgical microscope photograph of the
cross section in the thickness direction of a test piece
according to Comparative Example 8 at low magnification
{photographing magnification: 100 times, photograph scale: 5090
) .
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Fig. 29 is a metallurgical microscope photograph of the
crogs section in the thickness direction of a test pilece
according to Comparative Example 8 at high magnification
(photographing magnification: 400 times, photograph scale: 100
pm) .

Fig. 30 is a metallurgical microscope photograph of the
crogs section in the thickness direction of a test pilece
according to Example 4 at low magnification (photographing
magnification: 100 times, photograph scale: 500 um).

Fig. 31 is a metallurgical microscope photograph of the
cross section in the thickness direction of a test pilece
according to Example 4 at high magnification {photographing
magnification: 400 times, photograph scale: 100 pm).

Fig. 32 is a metallurgical microscops photograph of the
cross section in the thickness direction of a test pisce
according to Example 5 at low magnification (photographing
magnification: 100 times, photograph scale: 500 um).

Fig. 33 1s a metallurgical microscope photograph of the
cross section in the thickness direction of a test piece
according to Example 5 at high magnification (photographing
magnification: 400 times, photograph scale: 100 um).

Fig. 34 is a metallurgical microscope photograph of the
cross section in the thickness direction of a test piece
according to Example 6 at low magnification (photographing
magnification: 100 times, photograph scale: 500 um).
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Fig. 35 is a metallurgical microscope photograph of the
cross section in the thickness direction of a test piece
according to Example 6 at high magnification (photographing

magnificaction: 400 times, photograph scale: 100 um).

Description of Embodiments
[oo31]

The magnetron sputtering target according to the present
invention is a magnetron sputtering target having a
ferromagnetic metal element, the magnetron sputtering target
comprising: a magnetic phase containing the ferromagnetic
metal element; a plurality of non-magnetic phases that each
contain the ferromagnetic metal element and that are different
in constituent elements or a content ratio of comstituent
elements; and an oxide phase, wherein at least one of the
plurality of non-magnetic phases is more finely interdispersed
with the oxide phase than the magnetic phase.

{o032]

In the present invention, a plurality of non-magnetic
phages that each contain the ferromagnetic metal element and
that are different in conestituent elements or a content ratio
of constituent elewments, are provided. This allows the voluwme
fraction of the non-magnetic phases with respect to the total
volume of the target to increase while the ratio of the

amounts of the constituent elements including the
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ferromagnetic metal element in the entires target ig held
constant, and the volume fraction of the magnetic phase with
regpect to the total velume of the target can be reduced.
Therefcre, the magnetism of the target as a whole can be
reduced, and the amount of leakage magnetic f£lux from the
surface of the target during magnetron sputtering can be
increased, =0 that magnetron sputtering can bhe performed
favorably.

[0033]

For example, as described later, the magnetism of a Co-Cr
alloy is substantially zero when the ratio of the amount of Co
ig 785 at% or less. The magnetism of a Co-Pt alloy is
substantially zero when the ratio of the amount of Co is 12
at% or less. Therefore, when the target contains three metal
elements, that is, Co, Cr, and Pt, it is more preferable to
use two non-magnetic phases of a Co-Cr alloy phase containing
Co in an amount of 75 at% or less and a Co-Pt alloy phase
containing Co in an amount of 12 at% or less than one non-
magnetic phase of a Co-Cr alloy phase containing Co in an
amount of 75 at% or less or a Co-Pt alloy phase containing Co
in an amount of 12 at% or lessg. This is because the volums
fraction of the non-magnetic phases with respect to the total
volume of the target can be increased while the overall
compesition of the target is held constant, so that the veolume

f£raction of the magnetic phase with respect to the total
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volume ©f the target can be reduced.
[0034]

As described above, when a plurality of non-magnetic
phases that each contain the ferromagnetic metal element and
that are different in constituent elements or a content ratio
of constituent elements, are used instead of one non-magnetic
phase, the volume fraction of the non-magnetic phases with
regspect to the total wvolume of the target can be increased
while the overall composition of the target is held constant,
so that the volume fraction of the magnetic phase with respect
to the total volume of the target can be reduced. The

magnetism of the target as a whole can thereby be reduced.

When the volume fraction of the non-magnetic phases with
regspect to the total volume of the target is increased while
the overall composition of the target is held constant, the
volume fraction of the magnetic phase is reduced, and the
ratio of the amount of the ferromagnetic metal element
contained in the magnetic phase increases. However, as
described later, when, for example, the ratioc of the amount of
Co contained in the Co~Cr alloy is 85 at% or more, the
magnetism of such a Co-Cr alloy is substantially the same as
the magnetism of Co itself. Even when the ratio of the amount
of Co is increased further, the magnetism ig held
substantially constant. Therefore, it is conceivable that,

19



10

15

20

25

when the ratio of the amount of the ferromagnetic metal
element contained in the magnetic phase ig egual to or larger
than a certain value, the magnetism of the magnetic phase does
not increase significantly even when the ratio of the amount
of the ferromagnetic metal element contained in the wagnetic
phase is increased fuxther. For this reason, even when the
ratio of the amount of the ferromagnetic metal element
contained in the magnetic phase is high, the wmagnetism of the
target as a whole can be reduced by increasing the volume
fraction of the non-magnetic phases with respect to the total
volume of the target to reduce the volume fraction of the
magnetic phase with respect to the total volume of the target.
[0036]

Although the reason is not made clear at this stage, when
the size of the magnetic phase is made relatively large (when
the averages size of the magnetic phase is set to fall in the
range of, for example, 40 pm or larger and 80 um or smaller),
the amount of the leakage magnetic flux from the target
surface can be further increased. Thexefore, it is preferable
that the size of the wmagnetic phase be made relatively large
{the average size of the magnetic phase be set to fall in the
range of, for example, 40 pym or larger and 80 um or smaller).
Here, in the present invention, at least one of the plurality
of non-magnetic phases ig more finely interdispersed with the
oxide phase than the magnetic phase. Therefore, even when the
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size of the magnetic phase is made relatively larger {(even
when the averages size of the magnetic phase is set to fall in
the range of, for example, 40 pum or larger and 80 um or
smaller), the oxides are inhibited from aggregating to
generate a large oxide phase. Accordingly, failure such as
nodules and particles during sputtering is unlikely to occur.
[c037]

When the average gize of the magnetic phase fallg below
40 pm, the effect of increasing the amount of the leakage
magnetic flux from the target surface is reduced. When the
average size of the magnetic phase exceeds 80 um, the
uniformity of the structure of the target collapses to an
extremely large extent. Accordingly, failure during sputtering
can occour.
ioo38]

Heres, when calculating the size of the magnetic phase
herein, the wvalues of the major axis and the minor axis of a
white phase which is considered as the magnetic phase are
calculated in the metallurgical microscope photograph at a
photographing magnification of 400 times, and the average
value of these values is determined to be the size of an
individual magnetic phage. Then, the sizes of all white phases
which are considered as the magnetic phases in the
metallurgical microscope photograph at a photographing
magnification of 400 times are calculated, and the average

21



15

20

25

value of these calculated phase sizes is determined to be the
average size of the magnetic phase. However, it is considered
that a magnetic phase having a size of 10 pum or smaller has an
extraordinarily small effect on the amount of the leakage
magnetic flux of the target. Therefore, such a magnetic phase
is ignored when calculating the average size of the magnetic
phase.

[0039]

Since the wagnetron sputtering target according to the
present invention containg the ferromagnetic metal element,
the magnetron sputtering target can be used for the
preparation of a magnetic recording medium. The ferromagnetic
metal element which can be employed in the present invention
is not particularly limited, and Co, Fe and Ni, for example,
can be employed. When Co is employed as the Ierromagnetic
metal element, a recording layer {a magnetic layer) having a
large coercive force can be easily formed, and a target
suitable for the preparation of a hard disk is likely to be
obtained.

[0040]

No particular limitation is imposed on metal elements
other than the ferromagnetic metal element contained in the
magnetic phase and the non-magnetic phases in the magnetron
sputtering target according to the present invention. For

example, the magnetic phase and/or the non-magnetic phases can
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contain any of metal elementis such as Cr, Pt, Au, Ag, Ru, Rh,
P4, Ir, W, Ta, Cu, B, and Mo,
fo041]

A non-magnetic phase without containing the ferromagnetic
metal element may also be provided. That is, a non-magnetic
phase without containing the ferromagnetic metal element may
be provided, other than the magnetic phase containing the
ferromagnetic metal element and the plurality of non-magnetic
phases that esach contain the ferromagnetic metal element and
that are different in constituent elements or the content
ratio of comstituent elements. As the non-magnetic phase
without containing the ferromagnetic metal element, a phase
containing & metal element such as Cr, Pt, Au, Ag, Ru, Rh, P4,
Ir, W, Ta, Cy, B, and Mo may be provided.

[0042]

Hereinafter, a Co~Cr-~Pt-8i0,;-Ti0,-Cr,0; target which can
be suitably employed for the preparation of a magnetic
recording layer will be specifically described as one
embodiment of the present invention. In the present embodiment,
a metal phase has a three-phase structure including one
magnetic phagse and two non-magnetic phases. However, two or
more magnetic phases that are different in constituent
elements or the content ratio of constituent elements may be
included as the magnetic phase; and the three or more non-

magnetic phases that are different in constituent elements or
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the content ratio of constituent elements may be included as
the non-magnetic phase. Furthermore, the target may have a
multiple-phase structure with four or more phases.

[0043]

1. Constituent components of targst

The constituent components of the target according to
thig embodiment are Co~Cr-Pt~Si0,~Ti0,~-Crs0s. Co, Cr, and Pt
are the constituent components forming magnetic particles
{(fine magnets) in a granular structure in a magnetic recording
layer formed by sputtering. The oxides (8i0,, TiOz, and Cry;0;}
form a non-magnetic matrix that separates the magnetic
particles {fine wagnets} in the granular structure from each
other.

{0044}

The ratioc of the amounts of the metals (Co, Cxr, and Pt)
and the ratio of the amounts of the oxides (810,, TiO;, and
Cx,0;) with respect to the total amount of the targest are
determined according to the intended composition of the
magnetic recording layer. The ratioc of the amounts cof the
metals with respect to the total amount of the target is 88
mol% or more and 94 mol% or less, and the ratio of the amounts
of the oxides (810:, Ti0:, and Cr:0;) with regpect to the total
amount of the target is 6 mol% or more and 12 mol% or less.
[0045]

Co is a ferromagnetic metal element and plays a central
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role in the- formation of the magnetic particles (fine magnets)
in the granular structure of the magnetic recording layer. The
ratio of the amount of Co with respect to the total amount of
the metals (Co, Cr, and Pt) is 50 at% or more and 80 at% or
less,

[0046]

Cr has a function of reducing the magnetic moment of Co
when alloyed with Co within a prescribed composition range and
plays a role in controlling the strength of the magnetism of
the magnetic particles. The ratio of the amount of Cr with
respect to the total amount of the metals (Co, Cr, and Pt) is
4 at% or more and 24 at% or less.

[0047]

Pt has a function of increasing the magnetic moment of Co
when alloyed with Co within a prescribed composition range and
plays a rele in controlling the strength of the magnetism of
the magnetic particles. The ratioc of the amount of Pt with
respect to the total amount of the metals (Co, Cr, and Pt) is
1 at% or more and 22 at% or less.

[0048]

In this embodiment, S$i0,, TiO., and Cr.0: are used as the
oxides, but the cxides used are not limited to 8i0,, Ti0,, and
Cr;0;. For example, at least one oxide selected from 510,, TiOg,
Ti,03, Tauls, Cr,0s, CoO, Co30., Bx0:, Fes0;, Cud, Y.0:, Mg0, AL,0:,
Zr0,, NbyOs, Mo®;, CeD,;, Sms0;, Gd0;, WO,, W03, HEO;, and NiO; may
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be used.
{6049}
2. Microstructure of target

As shown in FIG. 1 {a SEM photograph of the cross section
in the thickness direction of a target according to Example 1)
as an example, in a microstructure of a target 10 according to
the present embodiment, a magnetic phase 12 (a Co-Cr alloy
phase wherein the content ratio of Co is 85 at% or more), a
first non-magnetic phase 14 (a Co-Cr-Pt alloy phase wherein
the content ratio of Co is more than 0 at% and 73 at% or less),
and a second non-magnetic phase 16 (a Co-Pt alloy phase
wherein the content ratio of Co is more than 0 at% and 12 at%
or less) are interdispsersed with each other; and the first
non-magnetic phase 14 (the Co-Cr-Pt alloy phase wherein the
content ratio of Co is more than 0 at% and 73 at% or less) and
an oxide phase 18 (a 8$1i0,-Ti0,-Cr,0; phase) are more finely
interdispersed with the oxide phase 18 than the magnetic phase
12 and the second non-magnetic phase 16. In this embodiment,
thé magnetic phase 12 (the Co-Cr alloy phase containing Co in
an amount of 85 at% or more) may be a Co single-element phase
containing 100 at% of Co, and the Co-Cr alloy phase containing
Co in an amount of 85 at% or more includes a Co single-element
phase containing 100 at% of Co.
[0050]

In FIG. 1, the magnetic phase 12 is a large white phase
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having an approximately circular shape; the first non-magnetic-
phase 14 is a white fine elongated phase which is finely
interdispersed with the oxide phase 18; the second non-
magnetic phase 16 is a small white phase having an
approximately circular shape; and the oxide phase 18 is a dark
gray phase.

[0051]

FIG. 1 is a metallurgical microscope photograph of the
cross section of thé sintered body prepared in Example 1, and
is conveniently presented here merely for explaining the
structure of the target 10 according to the present embodiment.
The target according to the present embodiment is not limited
to Example 1. The composition described here may not
correspond to an actual composition of the phases indicated by
the reference sign in Example 1.

[o0521

In this embodimént, the three-phase structure including
one magnetic phase (the Co-Cr alloy phase containing Co in an
amount of 85 at% or more) and two non-magnetic phases (the Co-
Cr-Pt alloy phase containing Co in an amount of more than 0
at% and 73 at% or less and the Co-Pt alloy phase containing Co
in an amount of more than 0 at% and 12 at% or less) is used
instead of a single Co-Cr-Pt alloy phase. This allows the
volume fraction of the magnetic phase with respect to the

total volume of the target to be reduced while the ratio of
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the amounts of the constituent elements including the
ferromagnetic metal element contained in the entire target is
held constant. With this configuration, the magnetism of the
target as a whole can be reduced while the ratic of the
amounts of the constituent elements contained in the target is
held constant., Therefore, the amount of leakage magnetic flux
from the surface of the target during magnetron sputtering can
be increased, and magnetron sputtering can thereby be
performed favorably.

[0053]

The reason why the ratio of the amount of Co contained in
the Co-Cr alloy phase (magnetic phase) is set to 85 at% or
more in this embodiment will be described.

[0054]

TABLE 1 kelow shows the experimental results of the
measurement of the tensile stresses of Co-Cr alloys with
different ratios of amounts of Co. The tensile stress is used
ag a measure for evaluation of magnetism (the larger the value
of the tensile stress, the larger the magnetism, as described
later). FIG. 2 is a graph based on TABLE 1 below and showing
the relationship between the ratio of the amount of Coc in the
Co-Cr alloy and its magnetism. The horizontal axis represents
the ratio of the amount of Co, and the vertical axis
represents the tensile stress used as the measure of

evaluation of magnetism.
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[c055]

fTaBLE 1]
Ratio of amount of Co Tensile stress

(at%) (Pa)

o 0.0
50 0.0
70 Q.0
75 : 1.1
76 11. 2
77 26. 2
78 44.6
78 54. 86
80 78. 5
81 110. 4
82 147. 4
83 165, 3
85 168. 8
87 164, 1
80 172. 4
100 172. 8

[0056]

Ags shown in TABLE 1 and FIG. 2, the magnetism of a Co-Cr
alloy is substantially zero when the ratioc of the amount of Co
is 75 at% or less. When the ratio of the amount of Co exceeds
75 @t%, the magnetism increases steeply. When the ratioc of the
amount of Co is 83 at% or more, the gradient of the increase
in magnetism decreases, and the magnetism becomes
substantially constant. Therefore, in the Co-Cr alloy which ig

the magnetic phase, even when the ratioc of the amount of Co is
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increasad from 83 at%, almost no increase in the magnetism
from that when the ratio of the amount of Co is 83 at% or more
occurs.

[0057]

Therefore, in this embodiment, the ratio of the amount of
Co contained in the Co-Cr alloy phase is set to 85 at% or more.
More specifically, the ratio of the amount of Co contained in
the Co-Cr alloy phase which iz the magnetic phase is increased
with almost no increase in the magnetism £rom that when the
ratio of the amount of Co is 83 at%. The larger the ratio of
the amount of Co contained in the Co-Cr alloy phase, the
smaller the volume fraction of the Co-Cr alloy phase which is
the magnetic phase can be while the ratic of the amount of Co
with respect to the total amount of the target is held
constant, and the larger the volume fraction of the non-
magnetic phases (the Co-Cr-Pt alloy phase containing Co in an
amount of more than 0 at% and 73 at% or less and the Co-Pt
alloy phase containing Co in an amount of more than 0 at% and
12 at% or less) can be. The magnetism of the target as a whele
can thereby be reduced.

[0058]

Next, the reason why the ratioc of the amount of Co
contained in the Co-Cr-Pt alloy phase is get to be more than 0
at% and 73 at% or less will be described.

[00589]
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As shown in TABLE 1 and FIG. 2, in the Co-Cr alloy, when
the ratio of the amount of Co to the total amount of Co and Cr
ig 7% at% or iess, the Co-Cr alloy can contain Co with the
magnetism of the Co-Cr alloy being substantially zero. It is
conceivable that a Co-Cr-Pt alloy prepared by adding Pt to the
Co-Cr alloy shows a similar tendency. Therefove, it is
conceivable that, when the ratio of the amount of Co to the
total amount of Co, Cr, and Pt is 75 at% or less, the Co-Cr
alloy can contain Co with the magnetism of the alloy being
gubstantially zero. However, as described above, Pt has a
function of increasing the magnetic moment of Co when alloved
with Co within a prescribed composition range. Therefore, in
this embodiment, the ratioc of the amount of Co to the total
amount of Co, Cr, and Pt is set to 73 at% or less. In Examples
described later, a large leakage magnetic flux ratio was
actually obtained when the first non-magnetic phase was a
68C0o-22Cr~10Pt alloy phase (the ratio of the amount of Co was
&8at% and was not more than 73 at%). However, when the ratio
of the amount of Co is zero, the Co-Cr-Pt alloy phase which is
the non-magnetic phase does not contain Co, and this does not
contribute to a reduction in the volume fraction of the Co-Cr
alloy phase (magnetic phase} while the ratio of the amounts of
the constituent elements including Co contained in the entire
target 10 is held constant. Therefore, in this embodiment, the

ratio of the amount of Co contained in the Co-Cr-Pt alloy
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phase is set to be more than 0 at% and 73 at% or less. This
allows the volume fraction of the Co-Cr alloy phase {magnetic
phase) to be reduced while the ratio of the amounts of the
constituent elements including Co contained in the target 10
igs held constant. The magnetism of the target as a whole is
thereby reduced, and magnetron sputtering can be performed
favorably.

[0060]

Next, the reason why the ratic of the amount of Co
contained in the Co-Pt alloy phase i1s set to be more than 0
at% and 12 at% or less will be described.

[0061)

TABLE 2 below shows the experimental results of the
measurement of the tengile stresses of Co-Pt alloys with
different amounts of Co. The tensile stress was used as a
measure for evaluation of magnetism (the larger the value of
the tensile stress, the larger the magnetism, as described
later). FIG. 3 is a graph based on TABLE 2 below and showing
the relationship between the ratio of the amount of Co
contained in the Co-Pt alloy and its magnetism. The horizontal
axis represents the ratio of the amount of Co, and the
vertical axis repreésents the tensile stress used as the
measure of evaluation of magnetism.

[0062]
[TABLE 2]
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Ratio of amount of Co Tensile stress

(at9%) {(Pa)
0 0.0
10 0.2
11 0.5
12 0.8
13 8.5
14 66. 6
15 179, 1
20 212. 4
25 220.7
50 220.7
80 187. 4

100 172. 8

[0063]

2s shown in TABLE 2 and FIG. 3, in the Co-Pt alloy, when
the ratio of the amount of Co to the total amount of Co and Pt
is 12 at% or less, the Co-Pt alloy can contain Co with the
magnetism of the Co-Pt alloy being substantially zero. However,
when the ratio of the amount ¢f Co is zero, there is no
contribution to a reduction in the magnetism of the target as
a whole by reducing the volume fraction of the Co-Cr allioy
phase (magnetic phase) while the ratic of the amounts of the
constituent elements including Co contained in the target 10
is held constant. Therefore, in this emboediment, the ratio of
the amount of Co contained in the Co-Pt alloy phase is set to
be more than 0 at% and 12 at% or less. This allows the volume

fraction of the Co-Cr alloy phase (magnetic phase) to be
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reduced while the ratic of the amounts of the constituent
elements including Co contained in the target 10 is held
constant. The magnetism of the target as a whole is thereby
reduced, and magnetron sputtering can be performed preferably.
[0064]

The data in TABLEs 1 and 2 and FIGs. 2 and 3 were
measured by the present inventors and more specifically were
measured as follows. The data in TABLE 1 and FIG. 2 was
neasured as follows. ¢Co and Cr were mixed to obtalin mixtures
with a volume of 1 cw’ and different compositions. These
mixtures were arc-melted to produce digk-shaped samples having
a2 bottom area of 0.785 cm’. The bottom surface of one of the
disk-shaped samples was attached to & magnet {(formed of
ferrite) having a residual magnetic flux density of 500 Gauss.
Then the sample was pulled in a direction perpendicular to the
bottom surface, and a force when the sample was detached from
the magnet wasg measured. Since a tensile stress determined by
dividing the measured force by the bottom surface area 0.785
e’ is positively correlated with the magnetism of the sample,
the tensile stress was used as the measure for evaluation of
magnetism, and the value of the tensile stresz was shown in
TABLE 1 and plotted on the vertical axis in FIG. 2. The data
in TABLE 2 and FIG. 3 were obtained as in the data in TABLE 1
and FIG. 2 except that Pt and Co were mixed to obtain mixtures

having a volume of 1 cm®.
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[0065]

As described above, in the tavget 10 iﬁ this embodiment,
the non-magnetic phases containing Co, or the Co-Cr-Pt alloy
phase (containing Co in an amount of more than 0 at% and 73
at% or less) and the Co~Pt alloy phase (containing Co in an
amount of more than 0 at% and 12 at% or less), are provided.
Therefore, the volume fraction of the Co-Cr alloy phase which
is the magnetic phase can be reduced while the ratio of the
amounts of the constituent elements including Co contained in
the target 10 can be held constant, and the magnetism of the
target 10 as a whole can thereby be reduced. In the Co-Cr
alloy phase which is the magnetic phase, the ratio of the
amount 5f Co is B85 at% or more. Therefore, the ratio of the
amount of Co contained in the Co-Cr alloy phase which ig the
magnetic phase can be increased with almeost no increase in the
magnetism £rom that when the ratio of the amount of Co is 83
at%, and the volume fraction of the Co-Cr alloy phase which is
the magnetic phase can be reduced while the ratic of the
amount of Co with respect to the total amount of the target is
held congstant. The magnetism of the targst as a whole can
thereby be reduced.

[0066]

Therefore, in this embodiment, the amount of leakage

magnetic flux from the surface of the target during magnetron

sputtering can be increased while the ratio of the amount of
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the ferromagnetic metal element contained in the target is not
reduced (the ratio of the amcounts of the constituent elements
contained in the target is not changed), and magnetron
sputtering can thereby be performed favorably.

[0067]

Although the reason is not made clear at this stage, when
the size of the magnetic phase (the Co-Cr alloy phase wherein
the content ratioc of Co is 85 at% or more) is made relatively
large {when the average size of the phase is in the range of,
for example, 40 um or larger and 80 um or smaller), the amount
of the leakage wagnetic flux from the target surface can be
further increased. Therefore, it is preferable that the size
cf the magnetic phase (the Co-Cr alloy phase wherein the
content ratio of Co iz 85 at% or more) be made relatively
large (the average size of the phase be in the range of, for
example, 40 pm or larger and 80 um or smaller).

[0068]

Although the reason is not made clear at thisg stage, when
the size of the second non-magnetic phase is made larger than
the first non-magnetic phage, the amount of the leakage
magnetic flux from the target surface tends to be furthexr
increased. Therefore, the second non-magnetic metal powder
(the 5Co-95Pt alloy powder) may not be mixed with the oxide
powder by a ball mill, and the size of the second non-magnetic

phase (the 5C0-95Pt alloy phase) may be made larger than that
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of the first non-magnetic phase (the 68Co-22Cr-10Pt alloy
phase) .
[0068]

According to the present embodiment, at least one of the

Ul

plurality of non-magnetic phases is more finely interdispersed
with the oxide phase than the magnetic phase and other non-
magnetic phases. Therefore, even when the zize of the magnetic
phase is made relatively large {even when the average size of
the magnetlc phase is set to fall in the range of, for example,
10 40 pm or larger and 80 um or smaller), and furthermore, even
whaen the sizes of other non-wmagnetic phaseg are wmade
relatively large, the oxides are inhibited from aggregating to
generate a large oxide phase. Accordingly, failurs such as
nodules and particles during sputtering is unlikely to
15 generate.
[o670]
3. Manufacturing method of target
The target 10 according to the present embodiment can be
produced as follows.
2G {60711
{1} Production of magnetic metal powder
Co and Cr are weighed such that a prescribed composition
{the ratio of the amount of Co is 85 at% or wmore) is obtained.
Then a molten alloy ig produced and gas-atomized to produce an

25 atomized Co-Cr alloy magnetic powder having the prescribed
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composition (the ratio of the amount of Co is 85 at% or more).
The pfoduc&d atomized Co-Cr alloy magnetic powder is
classified so that the particle size becomes not_lérger than a
predetermined particle size (for example, 106 pm or smaller).
Iﬁ this case, Cr may not be added, and an atomized magnetic
powder composed only of Co may be produced. In this embodiment,
the atomized Co-Cr alloy magnetic powder having a prescribed
composition (the ratic of the amount of Co 1s 85 at% or more)
includes the atomized magnetic powder composed only of Co.
[0072]
(2) Production of first non-magnetic metal powder and non-
magnetic powder mixture

Co, Cr, and Pt are weighed such that a prescribed
composition (the ratio of the amount of Co is more than 0 at%
and 73 at% or less) is obtained. Then a molten alloy is
produced and gasg-atomized to produce first non-magnetic metal
powder (atomized Co-Cr~Pt alloy non-magnetic powder) having
the prescribed composgition (the ratioc of the amount of Co is
more than 0 at% and 73 at% or less). The produced first nomn-
magnetic metal powder (atomized Co-Cr-Pt alloy non-magnetic
powder) is clasgified so that the particle size becomes not
larger than a predetermined particle size (for example, 106 um
or smaller).
[00731]

The produced claszified atomized Co-Cr-Pt alloy non-
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magnetic powder and the oxide pqwder (a 8i0; powder, a Ti0;
powder and a Cr0; powder) are mixed and dispersed to produce a
non-magnetic powder mixture. In the oxide powder (a 8iC;
powder, a TiC; powder and a Cr;0, powder), fine primary
particles aggregate to form a secondary particle. Mixing and
dispersing are performed so that the atomized Co-Cr-Pt alloy
non-magnetic powder and the oxide powder (a Si0, powder, a TiO,
powder and a Cr;0; powder) are sufficiently finely
interdispersed. {For example, mixing and dispersing are
performed until the cumulative rotatiocn number for the
atomized Co-Cr-Pt alloy non-magnetic powder and the oxide
powder by a ball mill reaches 1,000,000 or more.)
[0074]
{3) Production of second non-magnetic metal powder

Co and Pt are weighed such that a prescribed composition
{the ratio of the amount of Co is more than 0 at% and 12 at%
or legs) is cobtained. Then a molten alloy is produced and gas-
atomized to produce second non-magnetic metal powder (atomized
Co~Pt alloy non-magnetic powder) having the prescribed
composition (the ratio of the amount of Co is more than 0 at%
and 12 at% or less). The produced second non-magnetic metal
powder 1s classified so that the particle size becomes not
larger than a predetermined particle size (for example, 106‘um
or smaller).

[0075]

38



(o1}

10

20

{4) Producticn of powder mixture for pressure sintering

The non-magnetic powder mixture produced in (2), the
magnetic metal powder produced in (1}, and the second non-
magnetic metal powder produced in (3) are mixed and dispersed
until they are generally uniform, to produce a powder mixture
for pressure sintering. When producing this powder mixture for
pressure sintering, the oxide powder may be added as necessary
to the nom-magnetic powder mixture produced in (2}, the
magnetic metal powder produced in (1), and the second non-
magnetic metal powder produced in {3}, before mixing and
dispersing. The mixing and dispersing in this step are
terminated before each particle size decreases. When the
mixing and dispersing are performed to such a degree that each
particle size decreases, the leakage magnetic flux of the
obtained targst can be reduced.
[0076]
(5) Molding

The powder mixture for pressure sintering produced in (4]
is pressure-sintered and molded using, for example, a vacuum
hot press method to produce a target.
[0077]
(6) Characteristic of manufacturing method

The characteristic of the manufacturing method according
to the present embodiment is that the first non-magnetic metal

powder produced in (2) and the oxide powder are mixed and
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dispersed until they are sufficiently finely interdispersed to
obtain the non-magnetic powder mixture as described in (2).
[0078]

In the pon-magnetic powder mixture produced in (2}, the
Co-Cr-Pt alloy powder and the oxide powder are sufficiently
finely interdispersed with each other. Therefore, even when
the mixing is terminated before each particle size decreases
during mixing and dispersing the non-magnetic powder mixture
produced in (2}, the magnetic metal powder produced in (1},
and the second non-magnetic metal powder produced in (3} to
produce the powder mixture for pressure sintering, the oxides
are inhibited from aggregating to generate a large oxide phase
in the obtained target. Accordingly, failure such as nodules
and particles during sputtering is unlikely to generate,
(0072}

Thus, according to the manufacturing method of the
present embodiment, the sizea of the magnetic metal powder (a
Co-Cr alloy powder wherein the content ratio of Co is 85 at¥%
or more) and the second non-magnetic metal powder (a Co-Pt
alloy powder wherein the content ratic of Co is more than 0
at% and 12 at% or less) in the powder mixture for pressure
sintering can be increased, while generation of nodules,
particles and the like during sputtering is inhibited.
Accordingly, the leakage magnetic f£lux of the obtained target

can be increased.
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[Examples]
fooso)
(Example 1)

The overall composition of a target produced in Example 1
was 90(71Co~10Cr-14Pt-5RuU) ~7810,-23Cr:03, and the target was
produced and evaluated as follows.

{0o81]

Co, Cr, and Pt were weighed such that an alloy to be
produced had an alloy composition of Co: 68 at%, Cr: 22 at¥%,
and Pt: 10 at% and were heated to 1,700°C to form a molten
68Co-22Cr~-10Pt alloy. The molten allcy was gas-atomized to
produce a 68Co-22Cr-10Pt alloy powder {(first non-magnetic
metal powder).

[0082]

Co and Pt were weighed such that an alloy to be produced
had an alloy composition of Co: 5 at% and Pt: 95 at% and wers
heated to 2,000° to form a molten 5Co-95Pt alloy. The molten
alloy was gas-atomized to produce a 5Co-95Pt alloy powder
{gsecond non-magnetic metal powder).

[0083]

Co alone was heated to 1,700°C to obtain molten Co, and
the molten Co was gas-atomized to produce a Co powder
(magnetic metal powder).

[ooB4]

The produced three atomized metal powders (68Co-22Cr~10Pt
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alloy powder, 5Co-%5Pt alloy powder, and Co powder) were
separately classified through 150 mesh sieves to obtain three
atomized metal powders (68Co-22Cr-10Pt alloy powder, 5Co-95Pt
alloy powdef, and Co powder} having a particle diameter of
@106 um or smaller.

fooss]

The Co powder was further classified through a 325 mesh
sieve to obtain an atomized metal powder having a particle
size of 45 pm or larger and 106 um or smaller.

[0086]

To 735.70 g of the classified 68Co-22Cr-10Pt alloy powder,
106.53 g of a Si0, powder, 115.46 g of a Cr;0; powder and
115.26 g of a Ru powder (having a particle size of 106 um or
smaller) were addsd. Then, the mixture was mixed and dispersed
by & ball mill to obtain a non-magnetic powder mixture. The
cumulative rotation number of a ball mill was 4,126,400.

[oog7]

Next, 493.14 g of the obtained non-magnetic powder
mixture, 197.68 g of the clasgified 5Co-95Pt alloy powder (the
second non-magnetic wmetal powder), and 246.18 g of the
clagsified Co powdsr (the magnetic metal powder} wers mixed by
a Turbula shaker under conditions of 67 rpm and 30 min to
obtain a pressure sintering powder mixture.

[oosel

30 g of the produced powder mixture for pressure

43



10

15

20

25

sintering was subjected to a hot press under the conditions of
a sintering temperature of 1,200°C and a pressure of 31 MPa for
30 minutes in an atmosphere of 5 x 107 Pa or lower to produce
a test piece (30 mm). The thickness of the obtained test
piece was about 4.8 mm. The relative density of the produced
tesgt piece wag 98.65%.

[oogel

FIG. 4 and FIG. 5 are metallurgical microscope photograph
of the cross section in the thickness direction of the
obtained test piece. FIG. 4 is a photograph at a photographing
magnification of 100 times (with a photograph scale of 500 um),
and FIG. 5 is a photograph at a photographing magnification of
400 times (with a photograph scale of 100 pm).

[0620]

In FIG. 4 and FIG. 5, it is considered that a dark grey
phase is the oxide phase; a white small elongated phase which
igs intermingled and interdispersed with the oxide phase is the
68Co-22Cr-10Pt alloy; and an approximately circular white
phase is the Co phase and the 5Co-95Pt phase. It is considered
that, since the 68Co-22Cr-10Pt alloy powder is mixed with the
cxide powder by a ball mill with a cumulative rotation number
of up to 4,136,400, the 68Co-22Cr-10Pt alloy phase and the
oxide phase are finely intermingled, and the 68Co-22Cr-10Pt
alloy phase is deformed to be elongated. On the other hand, it
is considered that, since the Co powder and the 5Co-95Pt

44



10

15

20

25

powder are not subjected to mixing by a ball wmill, the
approximately spherical shape is maintained.
[oos1]

Here, in the present Example 1, the Co powder and the
5C0o~95Pt powder are not subjected to mixing by a ball wmill.
Thus, it is considered that both of the Co phase and the 5Co-
95Pt alloy phase in the target have an approximately circular
shape in FIG. 4 and FIG. 5. Accordingly, it is &iffiéult to
make a distinction between both the phases. For this reason,
the size of the Co phase in the target is not calculated in
the present Example 1. However, while the Co powder is
claggified twice, so that the particle size thereof falls in
the range of 45 pum or larger and 106 pm or smaller and the Co
powder having a particle size of smaller than 45 um is excluded,
the 5Co-95Pt powder is classified only once, so that the
particle size thereof falls in the range of 106 um or smaller.
Therefore, it is considered that in FIG. 4 and FIG. 5, the
approximately circular large white phase is mainly the Co
phage, and the approximately circular small white phase is
mainly the 5Co-95Pt phase.

[0092]

Next, the produced powder mixture for pressure sintering
was subjected to a hot press under the conditions of a
gintering temperature of 1,200°C and a pressure of 31 MPa for
60 minutes in an atmosphere of 5 x 10° Pa or lower to produce
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two targets with ¢1l52.4 mm and a thickness of 5.0 mm. The
relative densities of the produced two targets were 99.85% and
99.86%, and the average relative density was 92.86%.

[o0e3]

The leakage magnetic f£lux from each of the two produced
targets was evaluated according to ASTM F2088-01. A horseshoe-
shaped magnet (formed of alnico) was used to generate the
magnetic £lux. This magnet was attached to an apparatus for
measuring the lsakage magnetic flux, and a gauss meter was
connected to a hole probe. The hole probe was disposed 80 as
to be positioned directly above the center between the
magnetic poles of the horseshoe-shaped magnst.

(00941

First, a magnetic flux density of the horizontal
direction on the surface of a table of the measuring apparatus
was measured with no target placed on the surface of the table
to measure a source field defined by ASTM. The source fields
were 897 (G} and 897 (G).

[ooes]

Next, the tip of the hole prcobe was raised to the
position at which the leakage magnetic flux from a target was
measured (& position at a height of (the thickness of the
target + 2 mm) frow the surface of the table), and a leakage
magnetic flux density in a direction horizontal to the surface
of the table was measured with no target placed on the surface
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of the table t§ measure a reference field defined by ASTM. The
reference fields were 616 (G) aﬁd 614 (G).
[oooe]

Then a target was placed on the surface of the table such
that the distance betwsen the center of the surface of the
target and a point on the target surface directly below the
hole probe was 43.7 mm. The target was rotated 5 turns in an
anticlockwise direction without moving its central position
and then rotated by 0°, 30°, 60°, 90°, and 120° without moving
the central position to measure the leakage magnetic flux
density in a direction horizontal to the table surface at each
of these rotated positions. The obtained five leakage magnetic
flux density values were divided by the value of the reference
field and multiplied by 100 to obtain leakage magnetic f£lux
ratios (%). The five leakage magnetic flux ratios (%) were
averaged, and the average value was used ag the average
leakage magnetic flux ratio (%) of the target. As shown in
TABLEs 3 and 4 below, the average leakage wagnetic flux ratios
of the two produced targets were 72.2% and 73.3%, respectively,
and the average of these two average leakage magnetic £lux
ratios was 72.8%.

[0097]

[TABLE 3]
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\ . Leakage magnetic L.eakage magnetic
‘ Solal;rce Field(G) | Reference Field () flux density (G) Bl ratio (%)
o 897 616 445 72.2
30° 857 616 445 72.2
80° 897 616 445 72.2
80° 8387 616 445 72.2
120° 897 616 445 72.2
Average leakage magnetic flux ratio (%) 72.2
[0088]
[TABLE 4]
) " L.eakage magnetic {eakage magnetic
Source Field (G) | Reference Field (&) fux density (G) fiux ratio (%)
0° 897 614 451 73.5
30° 887 614 450 73.3
60° 897 614 450 73.3
20° 897 614 450 73.3
120° 897 614 450 73.3
Average leakage magnetic flux ratio (%) 73.3
[0098]

(Example 2)

is 90(71Co-~10Cr-14Pt~5Ru) ~7810,-3Cx,0;5,

of BExample 1.

The composition of the whole target produced as Example 2

and ig the same as that

Furthermore, the composition of the three

atomized metal powders produced (the 68Co-22Cr-10Pt alloy

powder,

same as that of Example 1.

the 5C0o-9%5Pt alloy powder, and the Co powder)

is the

However, although a metal powder

mixed and dispersed with the oxide by a ball mill was only the

first non-magnetic metal powder (the 68Co-22Cr-10Pt alloy

powder)

in Example 1,

the second non-magnetic metal powder
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(the 5Co-95Pt alloy powder) and the magnetic metal powder (the
Co powder) are alsco mixed and dispersed with the oxide by a
ball mill in addition to the first non-magnetic metal powder
(the 68Co-22Cr-10Pt alloy powder) in the present Example 2.
This is the difference between Example 1 and Example 2.
[0100]

The target in the present Example 2 was produced and
evaluated as follows.
[0101)

tomization and classification were performed in the same
manner as in Example 1 to obtain a 68Co-22Cr-10Pt alloy powder
{having a particle gize of 106 um or smaller}, a 5Co-95Pt zlloy
powder (having a particle size of 106 um or smaller) and a Co
powder {(having a particle size of 45 um or larger and 106 um oOr

smaller).

To 742.38 g of the cobtained 68Co-22Cr-10Pt alloy powder,
76.55 g of a 810, powder, 80.81 g of a Cr;0; powder, and 116.31
g of a Ru powder (having a particle size of 106 pum or smallexr)
were added. Then, the mixture was mixed and dispersed by a
ball mill {with the cumulative rotation number of a ball mill
of 4,136,400) to obtain a first non-magnetic powder mixture.
(01031

Tc 8%91.43 g of the obtained 5C0-95Pt alloy powder, 26.92

g of a 810, powder and 31.07 g of a Cry0; powder were added.
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Then, the mixtufe was mixed and dispersed by a ball mill {(with
the cumulative rotation numbey of a ball mill of 1,308,960) to
obtain a second non-magnetic powder mixture.
101041

To 78¢.00 g of the obtained (o powder, 26.35 g of a 8i0;
powder and 30.3%2 g of a Cr,0; powder were added. Then, the
mixture was mixed and dispersed by a ball mill (with the
cumulative rotation number of a ball wmill of 493,560) to
obtain a magnetic powder mixture.
[0105]

Next, 465.60 g of the first non-magnetic powder mixture
{a powder in which the 68Co-22Cr-10Pt alloy powder and the
oxide powder are mixed and dispersed), 210.54 g of the gecond
non-magnetic powder mixture (a powder in which the 5Co-95Pt
alloy powder and the oxide powder are mixed and dispersed),
and 263.86 g of the magnetic powder mixture {(a powder in which
the Co powder and the oxide powder are mixed and dispersed)
were mixed and dispersed by a Turbula shaker in the same
manner as in Example 1 to obtain a powder mixture for pressure
sintering.
[0106]

30 g of the produced powder mixture for pressure
sintering was subjected to a hot press under the conditions of
a sintering temperature of 1,210°C and a pressure of 31 MPa for

30 minutes in an atmosphere of 5 x 107° Pa or lowsr to produce
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a test piece (930 mm). The thickness of the obtained test
piece was about 4.8 mm. The relative density of the produced
test pilece was 99.12%.

[06107]

FIG. § and FIG. 7 are metallurgical microscope photograph
of the cross section in the thickness direction ©of the
obtained test piece. PFIG. 6 i1s a photograph at a photographing
magnification of 100 times (with a photograph scale of 500 um),
and FIG. 7 is a photograph at a photographing magnification of
400 times (with a photograph scale of 100 pmj).

[o1o8l

In FIG. 6 and FIG. 7, a white phase is a metal phase. An
approximately circular white phase hardly exits, and the white
phase has an elliptical shape or a more elongated shape. It is
considered that this is because each of the three atomized
metal powders produced was mixed and dispersed with the oxide
by a ball mill in the present Example 2. However, the
cumulative rotation number during mixing of the Co powder by a
ball mill is 493,560, which is not more than 1/8 of 4,136,400
that is the cumulative rotation number for the 68Co-22Cr-10PL
powder, and not more than 2/5 of 1,308,960 that is the
cumulative rotation number for the 5Co-98Pt powder. Thus it is
considered that the Co powder is less elongated than the &8Co-
22Cr-10Pt powder and the 5Co0-85Pt powder. Therefore, it can

also be considered that a large white phase having an aspect
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ratio of 3 or less is the Co phase in FIG. 6 and FIG. 7.
folrael

When it was assumed that the white phase having an aspect
ratio of 3 or less is the Co phase in FIG. 7, the average size
of the Co phasze was 45 um. When calculating the size of an
individual phase, the average value between a major axis and a
minor axis was determined as the gize of the phase.
Furthermore, when calculating the average value of the size of
the Co phase in FIG. 7, a phase having a size of 10 pm or
smaller was ilgnored.

[o110]

The white zmall elongated phase which ig intermingled and
interdispersed with the oxide phase that is a dark grey phase
in FIG. 6 and FIG. 7 ig considered to be the 68Co-22Cr-10Pt
alloy phase and the 5Co~95Pt alloy phase.

[o0111]

When FIG. 6 and FIG. 7 of the present Example 2 are
compared with FIG. 4 and FIG. 5 of Example 1, it is observed
that the maximum value of the size of the white phase
indicating a metal phase and the ratic of the white phase to
the whole photograph are larger in FIG. 4 and FIG. 5 of
Example 1. (While the maximum value of the size of the white
phasge in FIG. 4 of Example 1 is 92 pum, the maximum value of the
size of the white phase in FIG. 7 of the present Example 2 is
71 um. It is also clear at a glance that the ratio of the
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white phase to the whole photograph is larger in FIG. 4 and
FIG. 5 of Example 1 than in FIG. 6 and FIG. 7 of the present
Example 2.) Therefore, it is considered that the sizes of the
Co phase and the 5Co-953Pt alloy phase in the target of Example
1 are larger than the sizes of the Co phase and the 5Co-35PL
alloy phase in the target of the present Example 2. In the
present Example 2, esach of the three atomized metal powders
produced was mixed and dispersed with the oxide by a ball mill.
Therefore, it is comsidered that the size of the white metal
phase is decreased, and the metal phase is finely
interdispersed with the oxide phase, whereby the proportion of
the region observed as the white phase is reduced.
{6112}

Wext, the produced powder mixture for pressure sintering
was subjected to a hot press under the conditions of a
sintering temperature of 1,210° and a pressure of 31 MPa for
60 minutes in an atmosphere of 5 x 10™? Pa or lower to produce
two targets with ¢l152.4 mm and a thicknesg of 5.0 mm. The
relative densities of the produced two targets were $9.73% and
99.82%, and the average relative density was 29.78%.
[0113]

The leakage magnetic flux from sach of the two produced
targets was evaluated as in Example 1. Az shown in TABLEs 5
and 6 below, the average leakage magnetic flux ratios were

65.0% and 65.3%, and the average of the average leakage
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magnetic flux ratiocs of the two produced targets was 65.2%.

[0114]
[TARLE 5]
" . Leakage magnetic leakage magnetic
Source Field(G) | Reference Field{G) flux density (G) fiux ratio (%)

0° 894 604 384 65.2
30° 884 804 383 65.1
60° 884 804 383 6851
a0° 894 604 392 64.9
120° 804 604 382 64.9
Average leakage magnstic flux ratio (%) §5.0

5 [o115]

[TABLE 6]
, , Leakage magnetic i eakage magnetic
Source Field{G) | Reference Fleld (&) flux density (G) flux ratio (%)

o° 854 619 404 65.3
30° 894 618 404 65.3
60° 894 619 405 65.4
80° 894 619 404 65.3
120° 884 818 404 65,3
Average leakage magnetic flux ratio (%) 65.3

folise]

(Comparative Example 1}

10 The composition of
Comparative Example 1 is

and is the same as those

of BExamples 1 and 2.

The

the whole target produced as

90 (71Co~10Cr~14PL~5Ru) - 7810,-3Cr,0;,

three

atomized metal powders produced are a 68Co-22Cr-10Pt alloy

powder {a non-magnetic metal powdexr),

a 50Co-~-50Pt alloy powdser

15 {a first magnetic metal powder), and a Co powder {a second
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magnetic metal powder). The 50Co-50Pt alloy powder (the
magnetic metal powder) is produced instead of the 5Co-95PRC
alloy powder {(the non-magnetic metal powder) in Examples 1 and
2. Furthermore, in the present Comparative Example 1, the
metal powder mixed and dispersed with the oxide by a ball mill
is the 68Co-22Cr-10Pt alloy powder (the non-magnetic metal
powder) and the 30Co-50Pt alloy powder (the first magnetic
metal powder). The Co powder (the second magnetic metal
powder} is not mixed and dispersed with the oxide by a ball
mill.

[6117]

The target in the present Comparative Example 1 was
produced and evaluated as follows.
[0118]

Atomization and clagsification were performed in the same
mannar as in Example 1 to obtain a §8Co-22Cxr-10Pt alloy powder
(having a particle size of 106 pm or smaller).

[0119]

To 775.53 g of the obtained 68Co-22Cr-10Pt alloy powder,
68.30 g of a 8i0, powder, 74.04 g of a Cr0; powder, and 121.51
g of a Ru powder (having a particle size of 106 pm or smallerx)
were added. Then, the mixture was mixed and dispersed by a
ball mill {with the cumulative rotation number of a ball mill
of 4,136,400) to obtain a non-magnetic powder mixture.

[0120]
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Atomization and classifiéation were performed as in
Ekample 1 except that the alloy composition was changed to
thereby obtain the 50C0o-50Pt alloy powder (having a particle
size of 106 um or smaller). During atomization performed to
obtain the 50Ce-50Pt alloy powder, the heating temperature and
the injection temperature were 1,800°C.

[or21]

Té 1121.25 g of the obtained 50Co-50Pt alloy powder,
85.41 g of a 810, powder and $2.54 g of a Cr;0; powder were
added. Then, the mixture was mixed and dispersed by a ball
mill {(with the cumulative rotation number of a ball mill of
2,805,840) to obtain a magnetic powder mixture.

[0122]

Atomization was performed in the same manner as in
Example 1 to obtain a Co powder. The obtained Co powder was
classified only through a 150 mesh sleve into a Co powder
having a particle gize of 106 pum or smaller. The obtained Co
powder was not mixed and dispersed with the oxide by a ball
mill.

[0123]

Next, 455.93 g of the non-magnetic powder mixture (a
powder in which the 68Co-22Cr-10Pf alloy powder and the oxide
powder are mixed and dispersed), 293.57 g of the magnetic
powder mixture (a powder in which the 50Co-50Pt alloy powder

and the oxide powder are mixed and dispersed), and 190.51 g of
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the magnetic metal powder (a Co powder] were mixzed and
dispersed by a Turbula shaker in the same manner as in Example
1 to cbtain a powder mixture for pressure sintering.

(0124}

30 g of the produced powder mixture for pressure
sintering was subjected to a hot press under the conditions of
a sintering temperature of 1,200°C and a pressure of 31 MPa for
30 minutes in an atmosphere of 5 x 107° Pa or lower to produce
a test piece (@30 mm}. The thickness of the cbktained test
pilece was about 4.8 mm. The relative density of the produced
test piece was 98.14%.

[o12s]

FIG. 8 and FIG. 2 are metallurgical microscope photograph
of the cross section in the thickness direction of the
obtained test pilece. FIG. 8 is a photograph at a photographing
magnification of 100 times (with a photograph scale of 500 um),
and FIG. ¢ is a photogkaph at a photographing magnification of
400 times {(with a photograph scale of 100 um).

[c1ze]

It is considered that the approximately circular white
phase in FIG., 8 and FIG, ¢ is the Co phase which is not
subjected to mixing by a ball mill. It is cconsidered that,
since the mixing by a ball mill is not performed, the Co phase
maintains an approximately circular shape.

[0127]
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On the other hand, thes cumulative rotation number for the
68C0O-22Cr-10Pt alloy powder and the oxide powder by a ball
mill is 4,136,400, and the cumulative rotation number for the
50Co-50Pt alloy powder and the oxide powder by a ball mill is
2,805,840. Thus, both of the cumulative rotation numbers are
high. Therefore, in FIG. & and FIG. 9, the white small
elongated phase which is intermingled and interdispersed with
the oxide phase that is a dark grey phase is considered to be
the 68Cco-22Cr-10Pt alloy phase and the 50Co-530Pt alloy phase.
[0128]

When it was assumed that all of the white phases each
having an approximately circular shape (here, a shape having
an agpect ratio of 1.5 or less is considered as an
approximately circular shape) are the Co phases in FIG. 9, the
average size of the Co phase was 40 pum. When calculating the
size of an individual phase, the average value between the
value ¢f a major axis that ig the longest diameter and the
value of a minor axisg that is the shortest diameter was
determined as the size of the phase. Furthermore, when
calculating the average value of the size of the Co phase in
FIG. 9, a phase having a size of 10 um or smaller was ignored.
[0128]

Next, the produced powder mixture for pressure sintering
wag subjected fo a hot press under the conditiocns of a
sintering temperature of 1,200°C and a pressure of 31 MPa for

58



60 minutes in an atmosphere of 5 x 107 Pa or lower to produce
two targets with 9152.4 mm and & thickness of 5.0 mm. The
relative densities of the produced two targets were 99.87% and
59.68%, and the average relative density was 99.78%.

[0130]

The leakage magnetic flux from each of the two produced
targets was evaluated as in Example 1. As shown in TABLEs 7
and & below, the average leakage magnetic flux ratios were
§1.0% and 60.8%, and the average of the average leakage

magnetic flux ratics of the two produced targets was 60.8%,.

{0131}
ITARLE 7]
Soree ) | Ftaes P2 e e | Lo o
0° 891 601 367 61.1
30° 881 501 367 61.1
80° 891 : 601 367 81.1
20° 891 601 366 60.8
120° 891 601 366 60.9
Average leakage magnetic flux ratio (%) 61.0
[o132]
[TABLE &]
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Source Field(3) | Reference Field(G) Lg:ia dg:ng::f?é?c Le;tanga:;: (g"f?)&ﬁc
g’ 841 628 382 50.8
30° 891 628 382 60.8
60° 891 628 382 60.8
80° 891 628 382 60.8
120° 891 628 382 60.8
Average leakage magnetic flux ratio (%) 80.8

{0133}
{Comparative Example 2)

The composition of the whole target produced as
Comparative Example 2 is 90(71Co-10Cr-14FPt-5Ru) -7810,~3Cr20;,
and is the same as those of Examples 1 and 2 and Comparative
Example 1. The three atomized metal powders produced are a
68Co-22Cr-10Pt alloy powder (a non-magnetic metal powder), a
50Co-50Pt alloy powder {(a first magnetic metal powder), and a
Co powder {(a second magnetic metal powder). Similarly to
Comparative Example 1, the 50Co-50Pt alloy powder {(the
magnetic metal powder) wag produced instead of the 5Co-95Pt
alloy powder (the non-magnetic metal powder) in Examples 1 and
2. However, the present Comparative Example 2 differs from
Comparative Example 1, in that each of &lil of the three
atomized metal powders produced is mixed and dispersed with
the oxide by a ball mill, and the magnetic metal powder (the
Co powder) is also mixed and dispsrsed with the oxide by a
ball mill.

{0134}
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Comparative Example 2 also differs from Comparative
Example 1 in that the magnetic metal powder (the Co powder) is
classified twice so that the range of the particles size
becomes 45 pum or larger and 106 um or smaller in the same
manner as in Examples 1 and 2.

[01358]

The target in the present Comparative Example 2 was
produced and evaluated as follows.
[0136]

Atomization and classification were performed in the same
manner as in Example 1 to obtain a 68Co-22Cr-10Pt alloy powder
{having a particle size of 106 pm or smaller).

[0137]

To 721.72 g of the obtained 68Co-22Cr-10Pt alloy powder,
62.58 g of a Si0, powder, 68.%1 g of a Crp,0; powder, and 113.08
g of a Ru powderA(having a particle gilze of 106 um or smaller)
were added. Then, the mixture was mixed and dispersed by a
ball mill {with the cumulative rotation number of a ball mill
of 4,136,400) to obtain a neon-magnetic powder mixture.

[0138]

Atomization and classification were performed as in
Example 1 except that the alloy composition was changed to
thereby obtain the 50C0-50Pt alloy powder (having a particle
size of 106 um or smallexr). During atomization performed to
obtain the 50Co-50Pt alloy powder, the heating temperature and
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the injection temperature were 1,800°C.
[0139]

To 1123.33 g of the obtained classified 50Co-50Pt alloy
powder, 54.49 g of a 810, powder and 59.9%9 g of a Cry0y powdex
were added. Then, the mixture was mixed and dispersed by a
ball mill (with the cumulative rotation number of a ball mill
of 2,805,840} to obtain a first magnetic powder mixture.

{0140]

Furthermore, atomization and clagsification were
performed in the game manner asg in Examples 1 and 2 to obtain
a Co powder (having a particle size of 45 pm or larger and 106
pm or smaller).

{01413

To 927.40 g of the obtained classified Co powder, 36.36 g
of a 8i0, powder and 35.97 g of a Cr;0; powder were added. Then,
the mixture was mixed and dispersed by a ball mill (with the
cumulative rotation number of a ball mill of 483,560} to
obtazin a second magnetic powder mixture.

[0142]

Next, 455.47 g of the non-magnetic powder mixture (a
powder in which the 68Co-22Cr-10Pt alloy powder and the oxide
powder are mixed and dispersed), 279.18 g of the first
magnetic powder mixture {a powder in which the 50Co-50Pt alloy
powder and the oxide powder are mixed and dispersed), and

205.37 g of the second magnetic powder mixture (a powder in
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which the Co powder and the oxide powder are mixed and
dispersed) were mixed and digpersed by a Turbula shaker in the
same manner as in Example 1 to cobtain a powder mixture for
pressure sintering.

[0143]

30 g of the produced powder mixture for pressure

intering was subjected to a hot press under the conditions of
a sintering temperature of 1,200°C and a pressure of 31 MPa for
30 minutes in an atmosphere of 5 x 107° Pa or lower to produce
a test piece {30 mm). The thickness of the obtained test
plece was about 4.8 mm. The relative density of the produced
test piece was 99.08%.

[0144]

FIG. 10 and FIG. 11 are metallurgical microscops
photegraph of the cross section in the thickness direction of
the obtained test pilece. FIG. 10 is a photegraph at a
photographing magnification of 100 times (with a photograph
scale of 500 um), and FIG. 11 is a photograph at a
photographing magnification of 400 times {(with a photograph
scale of 100 um).

[0145]

In FIG. 10 and FIG. 11, a white phase is the metal phase.
An approximately circular white phase hardly exits, and the
white phase has an elliptical shape or a more elongated shape.

It is considered that this is because sach of the three
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atomized metal powders produced was mixed and dispersed with
the oxide by a ball mill in the present Comparative Example 2.
However, the cumulative rotation number during mixing of the
Co powder by a ball mill is 493,560, which is not more than
1/8 of 4,136,400 that is the cumulative rotation number for
the 6§8Co-22Cr-10Pt powder, and not more than 1/5 of 2,805,840
that is the cumulative rotation number for the 50Co-50Pt
powder. Thus, it is considered that the Co powder 1s less
elongated than the 68Co-22Cr-10Pt powder and the 50Co-50Pt
powder. Therefore, it can also be considered that a large
white phase having an aspect ratio of 3 or less is the Co
phase in ¥FIG. 10 and FIG. 11.

[01456]

When it was assumed that the white phase having an aspect

i_!

ratio of 2 or less is the Co phase in FIG. 11, the average

size of the Co phase was 38 uym. When calculating the size of
an individual phase, the average value between a major axis
and a minor axis wasg determined as the size of the phasse.
Furthermore, when calculating the average value of the size of
the Co phase in FIG. 11, a phase having a size of 10 um or
smaller was ignored.
[0147]

In FIG. 8 and FIG. 8, the white small elongated phase
which is intermingled and interdispersed with the oxide phase

that iz a dark grey phase is considered to be the 68Co-22Cr-
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10kt alloy phase and the 50Co-50Pt alloy phase.
[o14a8]

Next, the produced powder mixture for pressure sintering
was subjected to a hot press under the conditions of a
sintering temperature of 1,200°C and a pressure of 31 MPa for
60 minutes in an atmosphere of 5 x 1072 Pa or lower to produce
two targets with ¢152.4 mm and a thickness of 5.0 mm. The
relative densities of the produced two targets were 98.9%0% and
99.06%, and the average relative density was 98.98%.

[0148]

The leakage magnetic £lux from each of the two produced
targets was evaluated as in Example 1. As shown in TABLEs 9
and 10 below, the average leakage magnetic flux ratios were
59.9% and 59.8%, and the average of the average leakage
magnetic flux ratios of the two produced targets was 59.9%.
fois0]

[TABLE 3]

Source Field(G) | Reference Fisld(G) ngiadg:ngsf Fg;t};c Le?ltangart?: g{fﬁc
0* 894 12 367 60.0
30° 894 612 367 60.0
60° 854 612 367 60.0
80° 894 612 366 59.8
120° 884 612 365 59.6
Average leakage magnetic fhux ratio (%) 508

[0151]}
[TABLE 10}
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Source Field(G) | Reference Field (G) Lﬁeii;af:n:;:yg&e%‘%ic Lezﬁ:‘ig;:?j?;}eﬁc
0° 894 613 366 59,7
30° 894 813 366 59.7
B80° 894 613 367 58.9
80" 894 613 367 598.9
120° 894 813 367 59.9
Average leakage magnetic flux ratio (%) 59.8

fo1s2]
{Comparative Example 3)

The composition of the whole target produced as
Comparative Example 3 is 20(71Co-10Cr-14Pt-5Ru) -7810;-3Cr0;,
and is the same as those of Examples 1 and 2 and Comparative
Examples 1 and 2. The three atomized metal powders produced
are a 68Co-22Cr-10Pt alloy powder (a non-magnetic metal
powder), a 50Co-50Pt alloy powder (a first magnetic metal
powder), and a Co powder {a second magnetic metal powder).
Similarly to Comparative Examples 1 and 2, the 50Co-50Pt alloy
powder {(the magnetic metal powder) was produced instead of the
5Co-25PL alloy powder (the non-magnetic metal powder) in
Examples 1 and 2. Similarly to Comparative Example 2, the
present Comparative Example 3 differs from Comparative Example
1, in that each of all of the three atomized metal powders
produced is mixed and dispersed with the oxide by a ball mill,
and the magnetic metal powder (the Co powder) is also mixed
and dispersed with the oxide by a ball mill. The cumulative

rotation number of a ball mill for the magnetic metal powder
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{the Co powder} is the same as that in Comparative Example 2
{452,560) .
[0153]

However, while the magnetic metal powder {the Co powder]
igs clasgified twice so that the range of the particle size
becomes 45 um oy larger and 106 um or smaller in Comparative
Example 2, c¢lassification ls performed only once s0 that the
range of the particle size of the magnetic metal powder (the
Co powder) is 106 pum or smaller in the present Comparative
Example 3. In this respect, the present Comparative Example 3
differs from Comparative Example 2.

[0154]

The target in the present Comparative Example 3 was
produced and evaluated as follows.
[0155]

Atomization and clasgification were performed in the same
manner as in Example 1 to obtain a 68Co-22Cr-10Pt alloy powder
(having a particle size of 106 um or smaller).

{01586}

To 721.72 g of the obtained 68Co-22Cr-10Pt alloy powder,
£2.58 g of 8 310, powder, 68.8%1 g of a Cr,0; powder, and 113.08
g of a Ru powder (having a particle size of 106 pym or smaller)
were added. Then, the mixture was mixed and disgpersed by a
ball mill (with the cumulative rotation number of a ball mill

of 4,136,400) to obtain a non-magnetic powder mixture.
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[0157]

Atomization and classification were performed as in
Example 1 except that the alloy compesition was changed to
thereby obtain the 50Co-50Pt alloy powder (having a particle
size of 106 pm or smaller). During atomization perfcormed to
obtain the 50Co-50Pt alloy powder, the heating temperature and
the injection temperature were 1,800°C.

[0158]

To 1123.33 g of the obtained 50Co-50Pt alloy powder,
54.49 ¢ of a S10; powder and 59.9% g of a Cr,0; powder were
added. Then, the mixture was mixed and dispersed by a ball
mill (with the cumulative rotation number of a ball mill of
2,805,840) to cobtain a first magnetic powder mixture.

[0159]

Atomization was performed in the same manner asg in
Examples 1 and 2 to cbtain a Co powder. Then, similarly to
Comparative Example 1, the obtained Co powder was classified
only through a 150 mesh sieve into a Co powder having a
particle gize of 106 um or smaller.

[0160]

To 927.40 g of the obtained classified Co powder, 36.36 g
of a 510, powder and 25.97 g of a Cr;0; powder were added. Then,
the mixture was mixed and dispersed by a ball mill (with the
cumulative rotation number of a ball mill of 493,560) to

obtain a second magnetic powder mixmture.
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[0161]

Next, 455.47 g of the non-magnetic powder mixture (a
powder in which the 68Co-22Cr-10Pt alloy powda? and the oxide
powder are mixed and dispersed), 27%.18 g of the first
magnetic powder mixture {a powder in which the 50Co-30Pt alloy
powder and the cxide powder are mixed and dispersed), and
205.37 g of the second magnetic powder mixture (a powder in
which the Co powder and the oxide powder are mixed and
dispersed) were mixed and dispersed by a Turbula shaker in the
same manner as in Example 1 to obtain a powder mixture for
pressure sintering.

[0162]

30 g of the produced powder mixture for pressure
sintering was subjected to a hot press under the conditions of
a8 sintering temperature of 1,190°C and a pressure of 31 MPa for
30 minutes in an atmosphere of 5 x 10™° Pa or lower to produce
a test pilece (@30 mm). The thickness of the obtained test
piece was about 4.8 mm. The relative density of the produced
test piece was 98.25%.

[0163]

FIG. 12 and FIG. 13 are metallurgical microgcops
photograph of the cross section in the thickness direction of
the obtained test pilece. FIGC. 12 is a photograph at a
photographing magnification of 100 times (with a photograph
scale of 500 um}, and FIG. 13 is a photograph at a
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photographing magnification of 400 times (with a photograph
scale of 100 pm).
{o164]

In FIG. 12 and FIG. 13, a white phase is the metal phase.
An approximately circular white phase hardly exits, and the
white phase has an elliptical shape or a more elongated shape.
It is considered that this is because each of the three
atomized metal powders produced was mixed and dispersed with
the oxide by a ball mill in the present Comparative Example 3.
However, the cumulative rotation number during mixing of the
Co powder by a ball mill is 483,560, which is not more than
1/8 of 4,136,400 that is the cumulative rotation number for
the 68C0-22Cr-10Pt powder, and not more than 1/5 of 2,805,840
that is the cumulative rotation number for the 50Co-50Pt
powder. Thug, it ig considered that the Co powder is less
elongated than the 68Co-22Cr-10Pt powder and the 50Co-50Pt
powder. Therefore, it can alsco be considered that a large
white phase having an aspect ratio of 3 or less is the Co
phase in FIG. 12 and FIG. 13.

[0165]

When it was assumed that the white phase having an agpect
ratioc ¢f 3 or less is the Co phase in FIG. 13, the average
size of the Co phase was 35 pum. When calculating the size of
an individual phase, the average value between a major axis
and a minor axis was determined as the size of the phase.
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Furthermore, when calculating the average value of the size of
the Co phage in FIG. 13, a phase having a size of 10 um or
smaller was ignored.

(0166]

When FIG. 12 and FIG. 13 of the present Comparative
Example 3 are compared with FIG. 10 and FIG. 11 of Comparativs
Example 2, the proportion of the large white phase in the
target is smaller in the present Comparative Example 3 than in
Comparative Example 2. It is considered that this is because
the particle size of the Co particle used in the production of
the target is 45 um or larger and 106 um or smaller in
Comparative Example 2, while the particle size of the Co
particle used in the production of the target is 106 um or
smaller in the present Comparative Example 3.

[0167]

Next, the produced powder mixture for pressure sintering
was subjected tec a hot press under the conditions of a
sintering temperature of 1,19%0°C and a pressure of 31 MPa for
60 minutes in an atmosphere of 5 x 10 Pa or lower to produce
two targets with ¢1l52.4 mm and a thickness of 5.0 mm. The
relative densities of the produced two targets were 98.92% and
99.04%, and the average relative density was 98.98%.

[0168]
The leakage magnetic flux from each of the two produced

targets was evaluated as in Example 1. As shown in TABLEs 11
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and 12 below, the average leakage magnetic flux ratios were

56.6%

and 56.7%,

and the average of the average leakage

magnetic flux ratios of the two produced targets was 56.7%.

[0169]
[{TABLE 11}
Source Field{G) | Reference Field(G) Lg:)f:adgeenzﬁ;fég‘t}ic Legiigfa;?: (g;f )e: tie

0’ 883 §28 356 56.7
30° 893 628 357 56.8
60° 883 628 355 56.5
90° 8893 628 355 56.5
120° 893 628 355 56.5
Average leakage magnetic flux ratio (%) 56.6

[0170]

[TARLE 12]
. Leakage magnetic Leakage magnetic
Source Field(@) | Reforence Field(G) | "5 "o () flux ratio (%)

o° 893 617 350 56.7
30° 883 617 350 586.7
60° 893 617 351 56.9
90" 883 617 350 56.7
120° 883 817 350 58.7
Bverage leakage magnetic flux ratio (%) 58.7

fox71]

{Comparative Example 4}

Ths composition of the wheole target produced as

Comparative Example 4 is 30(71Co-10Cr-14Pt-5Ru)-781i0;-3Cx,0:,

and is the same as those of Examples 1 and 2 and Comparative

Examples 1, 2,

and 3.

The three atomized metal powders
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produced are a 68Co-22Cr-10Pt alloy powder {a non-magnetic
metal powder), a 50Co-50Pt alloy powder (a first magnetic
metal powder), and a Co powder {a second magnetic metal
powder). Similarly to Comparative Examples 1, 2, and 3, the
50Co-50Pt alloy powder {the magnetic metal powder) was
produced instead of the 5Co-95Pt alloy powder (the non-
magnetic metal powder) in Examples 1 and 2. Similarly to
Comparative Examples 2 and 3, the present Comparative Example
4 differs from Comparative Example 1, in that each of all of
the three atomized metal powders produced ig mixed and
dispersed with the oxide by a ball mill, and the magnetic
metal powder (the Co powder) is also mixed and dispersed with
the oxide by a ball mill. However, in the present Comparative
Example 4, the cumulative rotation number of & ball mill for
the magnetic metal powder (the Co powder) is 817,560, which is
larger by 66% than 493,560 that is the cumulative rotation
number of a ball mill for the magnetic mstal powder (the Co
powder} in Comparative Example 3. It is noted that, in the
present Comparative Example 4, the magnetic metal powder (the
Co powder) ig classified only once, and the range of the
particle size of the magnetic wmetal powder (the Co powder) is
106 um or smwaller. In this respect, the present Comparative
Example 4 iz the same as Comparative Example 3.

[01721

The target in the present Comparative Example 4 was
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produced and evaluated as follows.
[0173]

Atomization and clasgification were performed in the same
manner as in Example 1 to obtain a 68C0o-22Cr-10Pt alloy powder
(having a particle gize of 106 pm or smaller).

[0174]

To 721.72 g of the obtained 68Co-22Cr-10Pt alloy powder,
£2.58 g of a 810, powder, 68.91 g of a Cr,0; powder, and 113,08
g of a Ru powder (having a particle size of 106 um or smallex)
wereé added. Then, the mixture was mixed and dispersed by a
ball mill {with the cumulative rotation number of a ball mill
of 4,136,400) to c¢btain a non-magnetic powder mixture.

{0175]

Atomization and classification were performed as in
Example 1 except that the alloy composition was changed to
thereby obtain the 50Co-50Pt alloy powder (having a particle
size of 106 um or smaller). During atomization performed to
obtain the 50Co-50Pt alloy powder, the heating temperature and
the injection temperature were 1,800°C,

[o176]

To 1123.32 g of the obtained 50Co-50Pt alloy powder,
54.49 g of a S5i0, powder and 59.99% g of a Cr,0; powder were
added. Then, the mixture was mixed and dispersed by a ball
mill (with the cumulative rotation number of a ball mill of
2,805,840) to obtain a first magnetic powder mixture.
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(0177}

Atomization was performed in the same manner as in
Bxamples 1 and 2 to obtain a Co powder. Then, similarly to
Comparative Example 1, the obtained Co powder was classified
only through a 150 mesgh sieve into a Co powder having a
particle gize of 106 um or smaller.

[0178]

To 927.40 g of the obtained Co powder, 36.36 g of a 510,
powder and 35.97 g of a Cry0; powder were added. Then, the
mixture was mixed and dispersed by a ball wmill (with the
cumulative rotation number of a ball mill of 817,560} to
cbtain a non-magnetic powder mixture.

{0179}

Next, 455.47 g of the non-magnstic powder mixture (a
powder in which the 68Co-22Cr-10Pt alloy powder and the oxide
powder are mixed and dispervrsed), 279.18 g of the first
magnetic powder mixture {a powder in which thes 50Co-50Pt alloy
powder and the oxide powder are mixed and dispersed), and
205.37 g of the second magnetic powder mixture (a powder in
which the Co powder and the oxide powder are mixed and
dispersed) were mixed and dispersed by a Turbula shaker in the
same manner as in Example 1 to obtain a powdsr mixture for
pressure sintering.

[0180]
30 g of the produced powder mixture for pressure
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sintering was subjected to a hot press under the conditions of
a sintering temperature of 1,190°C and a pressure of 31 MPa for
30 minutes in an atmosphere of 5 x 1077 Pa or lower to produce
a test piece {(¢30 mm). The thickness of the obtained test
piece was gbout 4.8 mm. The relative density of the produced
test plece was 98.25%.

[0181]

FIG. 14 and PFIG. 15 are metallurgical microscope
photograph of the cross section in the thickness direction of
the obtained test piece. FIG. 14 is a photograph at a
photographing magnification of 100 times (with a photograph
scale of 500 pm), and FIG. 15 is a photograph at a
photographing magnification of 400 times (with a photograph
scale of 100 um).

{oig2]

In FIG. 14 and FIG. 15, a white phase is the metal phase,
and an approximately circular white phase does not exist. The
white phase present has an elliptical shape or a more
elongated shape. Furthermore, the size of the white phase
having an elliptical shape or a more elongated shape itself is
smaller compared with those in Comparative Examples 1 to 3. It
is considered that this is because, in the present Comparative
Example 4, each of all of the three atomized metal powders
produced is mixed and dispersed with the oxide by a ball mill,

and the cumulative rotation number during mixing of the Co
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powder by a ball mill is 817,360, which is larger by 66% than
493,560 that is the cumulative rotation number of a ball mill
for the magnetic metal powder (the Co powder) in Comparative
Examples 2 and 3.

{0183]

However, the cumulative rotation number during mixing of
the Co powder by a ball mill is 817,560, which is not more
than 1/5 of 4,136,400 that is the cumulative rotation number
for the 68Co-22Cr-10Pt powder, and not more than 1/3 of
2,805,840 that is the cumulative rotation number for the 50Co-
50Pt powder. Thus, it is considered that the Co powder is less
elongated than the 68Ce-22Cr-10Pt powder and the 50Ce-50Pt
powder. Therefore, it can also be considered that a large
white phase having an aspect ratio of 3 or less is the Co
phase in FIG. 14 and FIG. 15.

[o184]

When it was assumed that the white phage having an aspect
ratio of 3 or less isz the Co phase in FIG. 15, the average
gize of the Co phase was 23 um. When calculating the size of
an individual phase, the average value between a wajor axis
and a wminor axls was determined as the size of the phase.
Furthermore, when calculating the average value of the size of
the Co phase in FIG. 15, a phase having a size of 10 um or
smaller was ignored.

[0185]
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Next, the produced powder mixture for pressure sintering
wag subjected to a hot press under the conditions of a
sintering temperature of 1,19%0°C and a pressure of 31 Mpa for
60 minutes in an atmosphere of 5 x 107° Pa or lower to produce
two targets with ¢152.4 mm and a thickness of 5.0 mm. The
relative densities of the produced two targets were 99.22% and
99.24%, and the average relative density was 29.23%.

[0184]

The leakage magnetic f£lux from each of the two produced
targets was evaluated as in Example 1. As shown in TABLEg 13
and 14 below, the average leakage magnetic flux ratios were
55.5% and 55.3%, and the average of the average leakage

magnetic £lux ratiocs of the two produced targets was 55.4%.

[0187]
[TARLE 1231
) L.eakage magnetic Leakage magnetic
Souree Field(G) | Reference Field(G) flux density (G) flux ratio(%)

0’ 894 613 338 55.3
30° 884 613 340 55.5
80° - B84 6813 340 555
20° 894 613 340 55.5
120° 854 613 340 555
Average leakage magnetic flux ratio (%) 555

{o188g]

[TABLE 14]
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Source Field(G) | Reference Field(G) L; j: Zg;::;g{négic Le;iig:a;?: (g ;2 )\e tie
o° 894 642 355 583
30° 894 642 354 551
B80O° 894 642 355 55.3
90" 894 642 355 55.3
120° 854 642 355 55.3
Average leakage magnetic flux ratio (%) 583

[01889]
(Reference Example 1)

The composition of the whole target produced as Reference
Example 1 is 91{71.5C0-11Cr-17.5Pt}) -3810,-2T10,~4Cr20;. The
three atomized metal powders produced are a 68Co-22Cr-10PL
alloy powder (a non-magnetic metal powder), a 50Co-50Pt alloy
powder {a first magnetic metal powder), and a Co powder (a
second magnetic metal powder). The 50Co-50Pt alloy powder (the
magnetic metal powder) is produced instead of the 5Co-95PC
alloy powder (the non-magnetic metal powder) in Examples 1 and
2. Furthermore, in the pregent Reference Example 1, the metal
powder mixed and dispersed with the oxide by a ball mill is
the 68Cp-22Cr-10Pt alloy powder (the non-magnetic metal
powder] and the 50Co-50Pt alloy powder (the first magnetic
metal powder). The Co.pawder (the second magnetic metal
powder) is not mixed and dispersed with the oxide by a ball
mill.

{0190])

The target in the present Reference Example 1 was
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produced and evaluated as follows.
[0191]

Atomization and classification were performed in the same
manner ag in Example 1 to cbtain a 68Co-22Cr-10Pt alloy powder
{(having a particle gize of 106 um or smaller).

{01921

To 1074.21 g of the obtained 68Co-~22Cr-10Pt alloy powder,
31.60 g of a 810, powdex, 28.04 g of a TiO; powder, and 106.73
g of a Cr;0; powder were added. Then, the mixture was wmixed
and dispersed by a ball mill (with the cumulative rotation
mumber of a ball mill of 1,308,960} to obtain a non-magnetic
powdeyr mixture.

{01931

Atomization and classzification were performed as in
Example 1 except that the alloy composition was changed to
thereby obtain the 50C0-50Pt alloy powder. During atomization
performed to obtain the 50Co-50Pt alloy powder, the heating
temperature and the injection temperature were 1,800°C,

{0194]

To 278.92 g of the obtained 50Co-50Pt alloy powder, 28.78
g of a 810, powder, 25.56 g of a TiO, powder, and 97.23 g of a
Cr,0; powder were added. Then, the mixture was mixed and
dispersed by a ball mill {(with the cumulative rotation number
of a ball mill of 1,802,160) to obtain a wmagnetic powder

mixture.
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[0195]

Atomization was performed in the same manner as in
Example 1 to obtain a Co powder. The obtained Co powder was
clageified only through a 150 mesh sieve into a Co powder
having a particle gsize of 106 um or smaller. The obtained Co
powder was not mixed and dispersed with the oxide by a ball
mill,

[0196]

Next, 572.48 g of the non-magnetic powder mixture {(a
powder in which the 68Co-22Cr-10Pt alloy powder and the oxide
powder are mixed and dispersed), 511.81 g of the magnetic
powder mixture (a powder in which the 50Co-30Pt alloy powder
and the cxide powder are mixed and dispersed), and 205.72 g of
Co powder were mixed and dispersed by a Turbula shaker in the
same manner as in Example 1 to obtain a powder mixture for
pressure sintering.

[0197]

30 g of the produced powder mixture for pressure
sintering was subjected to a hot press under the conditions of
a sintering temperature of 1,170°C and a pressure of 24.5 MPa
for 30 minutes in an atmosphere of 5 x 10° Pa or lower to
produce a test plece (@30 mm). The thickness of the obtained
test piece was about 4.5 mm. The relative density of the
produced test pisce was 98.65%.

{0198}
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FIG. 16 and FIG. 17 are metallurgical microscope
photograph of the cross section in the thickness direction of
the obtained test piece. FIG. 16 is a photograph at a
photographing magnification of 100 times (with a photograph
scale of 500 um), and FIG. 17 is a photograph at a
photographing magnification of 400 times (with a photograph
scale of 100 um) .,

[0199]

It is considered that the approximately circular white
phase in FIG. 16 and FIG. 17 is the Co phase which is not
subjected to mixing by a ball mill. It isg considered that,
since the Co powder was not subjected to mixing by a ball will,
the Co phase maintained an approximately circular shape.

[0200]

On the other hand, the cumulative rotation number for the
68Co~-22Cr-10Pt alloy powder and the oxide powder by a ball
mill is 1,308,960, which is almost at the same level as
1,082,160 that is the cumulative rotation number for the 50Co-
50Pt a2lloy powder and the oxide powder by a ball mill.
Therefore, in FIG. 16 and FIG. 17, a white small elongated
phase which 1s intermingled with the oxide phase that is a
dark grey portion is considered to be the 68Co-22Cr-10Pt alloy
phase and the 50Co-50Pt alloy phase.
f0201]

When it was assumed that all of the white phases each
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having an approximately cilrcular shape (here, a shape having
an aspect ratic of 1.5 or less is conzidered as an
approximately circular shape) are the Co phases in FIG. 17,

the average size of the Coc phase was 29 pm. When calculating
the size of an individual phase, the average value between a
major axis and a minor axis was determined as the size of the
phase, PFurthermore, when calculating the average valus of the
size of the Co phase in FIG. 17, a phase having a size of 10 um
or smaller was ignored.

[o202]

Next, the produced powder mixture for pressure sintering
was subjected to a hot press under the conditions of a
sintering temperature of 1,170°C and a pressure of 24.5 MPa for
60 minutes in an atmosphere of 5 x 10°® Pa or lower to produce
two targets with 9152.4 mm and g thickness of 6.5 mm. The
relative densities of the produced two targets were 98.56% and
98.52%, and the average relative density was 98.54%.

[0203]

The lsakage magnetic flux from each of the two produced
targets was evaluated as in Example 1. 2s shown in TABLEs 15
and 16 below, the average leakage magnetic flux ratios were
46.9% and 47.1%, and the average of the average leakage
magnetic flux ratios of the two producsed targets was 47.0%.
Here, 1t should be noted that the thickness of the target of
the present Reference Example 1 is 6.5 mm, which is thicker by
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1.5 mm than 5.0 mm that is the thickness of the target of

Examples 1

leakage magnetic flux is measured rather low.

and 2 and Comparative Examples 1 to 4, and thus the

102041
[TABLE 18]
. . l.eakage magnetic leakage magnetic
Source Field{G) [ Reference Field(G) fux density (G) flux ratio <%>e

o° 883 580 277 46.8
30° 883 5580 2717 45.9
60° 883 580 277 46,9
ao® 893 590 277 48.9
120° 883 a0 276 48,8
Average teakage magnetic flux ratio (%) 489

fp2058]

[TABLE 16]
\ - t.eakage magnetic L.eakage magnetic
Source Field{G) | Reference Field ((3) flux density (G) flux ratio (%)

0° 883 569 287 46.8
30° 883 568 268 471
80° 883 569 268 47.1
20° 883 569 268 471
120" 883 569 268 47.1
Average leakage magnetic Bux ratio (%) 471

{0206}

{(Reference Example 2)

The composition of the whole target produced as Reference
Example 2 is 8%1{71.5Co~-11Cr-17.5Pt)-3810,-2T10,-4Cr0;, and is
the same asg those of Reference Example 1. Similarly to
Reference Example 1, the three atomized metal powders produced
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are a 68Co-22Cr-10Pt alloy powder (a non-magnetic metal
powdexr), a 50Co-50Pt alloy powder (& first magnetic metal
powder), and a Co powder {(a second magnetic metal powder). The
50Co-50Pt alloy powder (the magnetic metal powder) is produced
instead of the 5C0-25Pt alloy powder (the non-magnetic metal
powdey) in Examples 1 and 2. However, in Reference Example 1,
a metal powder mixed and dispersed with the oxide by a ball
mill is the 68Co-22Cr-10Pt alloy powder {(the non-magnetic
metal powder) and the 50Co-50Pt alloy powder (the first
magnetic metal powder), and the Co powder (the second magnetic
metal powder) is not mixzed and dispersed with the oxide by a
ball mill. On the other hand, in the present Reference Example
2, each of all of the three metal powders is mixed with the
oxide by & ball mill, and the Co powder (the second magnetic
netal powder) is also mixed and dispersed with the oxide by a
pall mill.
[0207]

The target in the present Reference Example 2 was
produced and evaluated as follows.
[oz08)

scomization and classification were performed in the same
manner as in Reference Example 1 to obtain a 68Co-22Cr-10Pt
alloy powder, a 50C0o-50Pt alloy powder, and a Co powder.
[0209]

To 1020.20 g of the cobhtained 68Co-22Cr-10Pt alloy powder,
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28.42 g of a Si0, powder, 25.21 g of a TiO, powder, and 95.95 ¢
of a Cr,0; powder were added. Then, the mixture was mixed and
dispersed by a ball mill (with the cumulative rotation number
of a ball mill of 1,308,960} to obtain a non-magnetic powder
mixture.

[0210]

To 1840.00 g of the cbtained 50Co-30Pt alloy powder,
28.6% g of a $i0; powder, 25.43 g of a TiQ, powder, and 96.79 g
of a Cr;0; powder were added. Then, the mixture was mixed and
dispersed by a ball mill (with the cumulative rotation number
of a ball mill of 1,802,160) to obtain a first magnetic powder
mixture.

[0211]

To 870.00 g of the obtained Co powder, 29.18 g of a 8i0;
powder, 25.81 g of a TiC, powdexr, and 928.63 g of a Cr,0; powder
were added. Then, the mixture was mixed and dispersed by a
ball mill (with the cumulative rotation number of a ball mill
of 1,069,560} to obtain a second magnetic powder mixture.
[0212]

Next, 568.40 g of the non-magnetic powder mixture (a
powder in which the €8Co-22Cr-10Pt alloy powder and the oxide
powder are mixed and dispersed), 4795.53 g of the first
magnetic powder mixture (a powder in which the 50Co-50Pt alloy
powder and the oxide powder are mixed and dispersed), and

242.07 g of the second magnetic powder mixture (a powder in
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which the Co powder and the oxide powder are mixed and
dispersed) were mixed and disgpersed by a Turbula shaker in the

same manner ag in Example 1 to obtain & powder mixture for

‘pressure sintering.

[0213]

30 g of the produced powder mixture for pressure
sintering was subjected to a hot press under the conditions of
a gintering temperature of 1,170°C and a pressure of 24.5 MPa
for 30 minutes in an atmosphere of 5 x 107° Pa or lower to
produce a test piece (930 mm). The thickness of the cobtained
test piece was about 4.5 mm. The relative density of the
produced test piece was 98.38%.

[0214]

FIG. 18 and FIG. 19 are metallurgical microscope
photograph of the cross section in the thickness direction of
the obtained test piece., FIG. 18 is a photograph at a
photographing magnification of 100 times (with a photograph
scale of 500 um}, and FIG. 19 is a photograph at a
photographing magnification of 400 times {(with a photograph
scale ofF 100 pm).

[0215]

In FIG. 18 and FIG. 19, an approximately circular white
phase hardly exits, and a white phase predominately has an
elongated shape. It is considered that this is because each of

all of the three metal powders is mixed with the oxide by a

87



10

20

25

ball mill in the present Reference Example 2. Even in Example
2, each of all of the three metal powders is mixed with the
oxide by a ball mill. However, in Example 2, the cumulative

rotation number of a ball wmill during mixing and dispersing of

‘the Co powder with the oxide powder was 492,560, which is not

more than half of 1,069,560 that is the cumulative rotation
number for the Co powder in the present Reference Example 2.
Thus, 1t is considered that the Co phase having an
approximately circular to elliptical shape exists in FIG. 6
and FIG. 7 of Example 2.

[0216]

In the present Reference Example 2, the size of each of
the 68Co-22Cr-10Pt alloy powder, the 30Co-50Pt alloy powder,
and the Co powder is 106 pm or smaller, and thus similar to
each other. The cumulative rotatlon number of a ball mill
during mixing and dispersing with the oxide powder isg
1,308,960 for the 68Co-22Cr-10Pt alloy powder, 1,082,160 for
the 50Co-50Pt alloy powder, and 1,069,560 for the Co powder.
Since these numbers are at the same level, it cannot be
estimated which phase is the Co phase in FIG. 18%. For this
reason, the average size of the Co phase is not calculated iﬁ
the present Reference Example 2.

[0217]
Next, the produced powder mixture for pressure sintering

was subjected to a hot press under the conditions of a
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sintering temperature of 1,170°C and a pressure of 24.5 MPa for
60 minutes in an atmosphere of 5 x 107° Pa or lower to produce
four targets with @l52.4 mm and a thickness of 6.5 mm. The
relative densitieg of the preoduced four targets were 98.6%,
98.8%, 98.8%, and 928.7%, and the average relative density was
88B.7%.

fo218}

The leskage magnetic f£lux from each of the four produced
targets was evaluated as in Example 1. As shown in TABLEs 17
to 20 below, the average leakage magnetic flux ratios were
44.3%, 44.2%, 44.5%, and 44.7%, and the average of the average

leakage magnetic flux ratios of the four produced targets was

44 .4%
{o219]
[TABLE 17]
., . Laakage magnetic Leakage magnetic
Source Field (G) [ Reference Field (G) flux density (G) A ratio (%)
0° 891 576 255 44.3
30° 891 576 255 443
60° 891 576 256 , 44 4
8a° 891 576 256 44 4
120° 891 576 255 44.3
Average leakage magnetic flux ratio (%) 443
[0220]

[TZBLE 18]
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Leakage magnetic Leakage magnetic
Source Field(G) 1§ Referencs Field(G) flux density (G) flux ratio (%)
0° 891 580 256 441
30° 891 580 256 44 1
80° 891 580 257 44.3
a0’ 891 580 257 443
120° 891 580 258 44 1
Average leakage magnstic fux ratio (%) 442
[0221]
[TARLE 18]
Source Field(G) | Reference Field (G) L;jtajj n‘;:ff{‘éﬁ"’ L";ﬁgﬁaﬂ:ﬁfﬁ“
0° 891 576 255 443
30° 891 576 256 44 4
B80° 891 576 256 44 4
90° 891 576 258 448
120° 891 576 257 44.6
Average laakage magnetic flux ratio (%) 445
[0222]
[TABLE 20}
Source Field(G) | Reference Field (G) Lg:izg:n:‘;f?;?" ‘-@;ﬁgja;‘;':f;fﬁc
0° 891 581 259 446
30° 891 581 259 44.6
60° 891 581 260 44 .8
90° 891 581 260 44.8
120° 891 581 259 446
Average leakage magnetic flux ratio (%) 447
[0223]

{Example 3)

S0

The composition of the whole target produced as Example 3
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is 91(73Co-11Cr-16Pt) -4810,-2Ti0,-3Cr,03. The three atomized
metal powders produced are a 68Co-22Cr-10Pt alloy powder (a
first non-magnetic metal powder), a 5Co-95Pt alloy powder (a
second non-magnetic metal powder), and a Co powder {a magnetic
metal powder), which are the same as in Examples 1 and 2.
Similarly to Example 2, in the present Bxample 3, each of all
of the three atomized metal powders produced is mixed and
dispersed with the oxide powder by a ball mill; the cumulative
rotation number of a ball mill for the f£irst non-magnetic
metal powder {the 68Co-22Cr-10Pt alloy powder) is 1,082,160;
the cumulative rotation number of a ball mill for the second
non-magnetic metal powder (the 5Co-95Pt alloy powdexr) is
385,560; and the cumulative rotation number of a ball mill for
the magnetic metal powder (the Co powder) is 871,560.

[0224]

However, while the magnetic metal powder (the Co powder)
ig classified twice so that the range of the particle gize is
45 um or-larger and 106 um or smaller in Examples 1 and 2,
clagsification ig performed only once in the present example 3,
80 that the range of the particle size of the magnetic metal
powder (the Co powder) is 106 um or smaller in the present
Example 3. In this respect, the present Example 3 is different
from Examples 1 and 2.

[0225]
The target in the present Example 3 was produced and
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evaluated as fcllows.
[0226]

Atomization and classification were performed in the same
manner as in Examples 1 and 2 to obtain a 68Co-22Cr-10Pt alloy
powder (having a particle size of 106 pm or smaller).

{0227]

To 1155.56 g of the obtained 68Cc-22Cr-10Pt alloy powder,
42.51 g of a 8i0, powder, 28.29 g of a Ti0, powder, and 80.57 g
of a Cr,0; powder were added. Then, the mixture was mixed and
digpersed by a ball mill {(with the cumulative rotation number
of a ball mill of 1,082,160) to obtain a first non-magnetic
powder mixture.

[0228]

Atomization and classification were performed in the same
manner as in Examples 1 and 2 to obtain a 5Co-95Pt alloy
powder (having a particle gize of 106 um or smaller).

[0228]

To 1410.60 g of the obtained 5Co-95Pt alloy powder, 25.08
g of a 810, powder, 16.68 g of a TiO, powder, and 47.52 g of a
Cr,0; powder were added. Then, the mixture was mixed and
dispersed by a ball mill (with the cumulative rotation number
of a ball mill of 385,560} to obtain a second non-magnetic
powder mixture.

[0230]
Atomization was performed in the same manner as in
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Examples 1 and 2 to obtain a Co powder. Then, similarly to
Comparative Example 1, the obtained Co powder was classified
only through a 150 mesh sieve inte a Co powder having a
particle size of 106 pm or smaller.
[0231]

To 1478.28 g of the obtained classified Co powder, 61.96
g of a §i0; powder, 41.24 g of a Ti0, powder, and 117.44 g of a
Cr,0; powder were added. Then, the mixture was mixed and
dispersed by a ball mill (with the cumu?ative rotation number
of a bal¥*will of é?l,SGQ) to obtain«;%ﬁagngtic powder mixture.
[0232]

Next, 602.13 g of the first non-magnetic powder mixture
{a powder in which the 68Co-22Cr-10Pt alloy powder and the
oxide powder ars mixed and dispersed), 347.66 g of the second
non-magnetic powder mixture (a powder in which the 5Co-95Pt
alioy powder and the oxide powder are mixed and dispersed},
and 390.23 g of the magnetic powder mixture (a powder in which
the Co powder and the oxide powder are mixed and dispersed)
were mixed and dispersed by a Turbula shaker in the same
manner as in Example 1 to obtain a powder mixture for pressure
sintering.
[0233]

30 g of the produced powder mixture for pressure
gintering was subjected to a hot press under the conditions of
a sintering temperature of 1,120°C and a pregsure of 31 MPa for
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30 minutes in an atmosphere of 5 x 107° Pa or lower to produce
a test piece (930 mm). The thickness of the obtained test
plece wag about 4.6 mm. The relative density of the produced
test pisce was 99.33%.

[0234]

FIG. 20 and FIG. 21 are metallurgical microscope
photograph of the crogs section in the thickness direction of
the obtained test piece. FIG. 20 is a photograph at a
photographing magnification of 100 times (with a photograph
scale of 500 pm), and FIG. 21 is a photograph at a
photographing magnification of 400 times (with a photograph
scale of 100 pm).

[o23s]

In FIG. 20 and FIG. 21, a white phase is the metal phase.
An approximately circular white phase hardly exits, and the
white phase has an elliptical shape or a wmore elongated shape.
It is congidered that this is because each of the three
atomized metal powders produced was mixed and dispersed with
the oxide powder by & ball mill in the present Example 3. In
the present Example 3, it is observed that the proporticn of
the white phase is larger compared with Comparative Examples 6
to 8 and the like which will be described later. It is
considered that this is because the cumulative rotation number
of a ball wmill when producing the second non-magnetic powder

mixture (a powder in which the 5Co-%5Pt alloy powder and the
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oxide powder are mixed and dispersed) and the magnetic powder
mixture {a powder in which the Co powder and the oxide powder
are mixed and digpersed) was smaller compared with theose in
Comparative Examples 6 to 8 and the like, sc that the particle
sizeg of the 5Co0-95Pt alloy powder and the Co powder were not
congiderably decreased, and the 5C0-95Pt alloy powder and the
Co powder were not congiderably finely intermingled with the
oxide powder.

[02361

Next, the produced powder mixture for pressure sintering
was subjected to a hot press under the conditions of a
sintering temperature of 1,120° and a pressure of 31 Mpa for
60 minutes in an atmosphere of 5 x 107° Pa or lower to produce
a target with ¢152.4 mm and a thickness of 7.0 mm. The
relative density of the produced target was 98.96%.

[0237]

The leakage magnetic flux from the produced target was
evaluated as in Example 1. Ag shown in TABLE 21 below, the
average leakage magnetic flux ratios was 48.1%.

{02381

[TABLE 21)
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Seurce Field {@G) | Reference Field{G) L;:tﬁf :n;ngf ? ét; © Le;ﬁg;g : (gnz)e tic
0° 896 573 275 48.0
30° 8586 573 275 48.0
60° 896 573 278 48.2
ao’ 896 573 275 48.0
120° 896 573 276 48,2
Average leakage magnetic flux ratio (%) 481

[0229]
(Comparative Example 5)

The composition of the whole target produced asg
Comparative Example 5 1g 21({73Co-11Cr-16Pt)-4810,~2T1i0,-3Cr,0;,
and 18 the same as that of Example 3. The three atomized metal
powders produced are a 68Co-22Cr-10Pt alloy powder (a first
non-magnetic metal powder), a 5C0-925Pt alloy powder (a second
non-magnetic metal powder), and a Co powder (a magnetic metal
powder), and are the game as those of Examples 1 to 3. In the
present Comparative Example 5, similarly to Examples 2 and 3,
each of all of the three atomized metal powders produced is
mixed and dispersed with the oxide powder by a ball mill; the
cumulative rotation number of a ball mill for the first non-
magnetic metal powder (the 68Co-22Cr-10Pt alloy powder) is
1,082,1€60; the cumulative rotation number of a ball mill for
the second non-magnetic metal powder {the 5Co-95Pt alloy
powder) is 385,560; and the cumulative rotation number of a
ball mill for the magnetic metal powder (the Co powder) is
3,300,840.
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[0240]

Howaver, while the magnetic metal powder (the Co powder)
ig classified twice so that the range of the particle gize is
45 um or larger and 106 um or smaller in Examples 1 and 2,
classification is performed only once similarly to Example 3
so that the range of the particle size of the magnetic metal
powder {(the Co powder) is 106 pm or smaller in the present
Comparative Example 5. In this respect, the present
Comparative Example 5 is different from Examples 1 and 2.
Furthermore, in the present Comparative Example 5, the
cumulative rotation number of a ball mill for the magnetic
metal powder (the Co powder) is 2,300,840, which is more than
the cumulative rotation number (1,082,160} of a ball mill for
the first non-magnetic metal powder {the 6BCo~22Cr-10Pt alloy
powder) and the cumulative rotation number (285,560} of a ball
mill for the second non-magnetic metal powder (the 5Co-95Pt
alloy powder). Thus, it is considered that in the obtained
target, the magnetic phase (the Co phase) is more finely
interdispersed with the oxide phase than all of the non-
magnetic phases (the 68Co-22Cr-10Pt alloy phase and the 5Co-
952t alloy phase). Accordingly, the present Comparative
Example 5 is not within the scope of the present invention.
[0241]

The target in the present Comparative Example 5 was

produced and evaluated as follows.
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[0242]

Atomization and classification were performed in the same
marner as in Examples 1 to 3 to obtain a 68C0o-22Cr-10PL alloy
powder (having a particle size of 106 um or smaller).

[0243]

To 1155%.56 g of the obtained 68Co-22Cr-10Pt alloy powder,
42.51 g of a 810, powder, 28.29 g of a TiO, powder, and 80.57 g
of a Cr;0z powder were added, Then, the mixture was mixed and
dispersed by a ball mill (with the cumulative rotation number
of a ball mill of 1,082,160) to obtain a first non-magnetic
powder mixture.

[0244]

Atomization and classification were performed in the same
manner as in Examples 1 to 3 to obtain a 5Co-95Pt alloy powder
(having a particle size of 106 um or smaller).

[0245]

To 1410.60 g of the obtained 3Co-95Pt alloy powder, 25.06
g cf a 8i0; powder, 16.68 g of a TiO, powder, and 47.52 g of a
Cr:0; powder were added. Then, the nmixture was mixed and
dispersed by a ball mill (with the cumulative rotation number
of a kall mill of 385,560) to cobtain a second non-magnetic
powder mixture.

{0246
Acomization was performed in the same manner as in

Examples 1 to 3 to obtain a Co powder. Then, similarly to
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Example 3, the obtained Co powder was classified only through
a 150 mesh sieve into a Co powder having a particle size of
106 pm or smaller.
[0247]

To 1478.28 g of the obtained classified Co powder, 61.96
g of a 3i0; powder, 41.24 g of a TiO, powder, and 117.44 g of a
Cr,0; powder were added. Then, the mixture was mixed and
dispersed by a ball mill (with the cumulative rotation number
ef a ball mill of 3,300,840) to obtain a magnetic powder
mixture.
[0248]

Next, 602.13 g of the first non-magnetic powder mixture
{a powder in which the 68C0-22Cr-10Pt alloy powder and the
oxide powder are mixed and dispersed), 347.66 g of the sacond
non~magnetic powder mixture (a powder in which the 5Co-95Pt
alloy powder and the oxide powder are mixed and dispersed),
and 2390.23 g of the magnetic powder mixture (a powder in which
the Co powder and the oxide powder are mixed and dispersed)
were mixed and dispersed by a Turbula shaker in the same
manner as in Example 1 to obtain a powder mixture for pressure
gintering.
[0249]

30 g of the produced powder mixture for pressure
sintering was gubjected to a hot press under the conditicns of
a sintering temperature of 1,120°C and a pressure of 31 MPa for
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30 minutes in an atmosphere of 5 x 1072 Pa or lower to produce
a test piece (930 mm). The thickness of the cbtained test
piece was about 4.6 mm. The relative density of the produced
test pliece was 98.42%.

{0250}

FIG. 22 and FIG. 23 are metallurgilcal microscope
photograph of the cross section in the thickness direction of
the obtained test piece. FIG. 22 is a photograph at a
photographing magnification of 100 times {with a photograph
scale of 500 um), and FIG. 23 is a photogreph at a
photographing magnification of 400 times (with a photograph
scale of 100 um).

[0251]

In FIG. 22 and FIG. 23, a white phase is the metal phase.
An approximately circular white phase hardly exits, and the
white phase has an elliptical shape or a more elongated shape.
It is considered that this is because each of the three
atomized metal powders produced was mixed and dispersed with
the oxide powder by a ball mill in the present Comparative
Example 5. In the present Comparative Example 5, it is
observed that the proportion of the white phase is a little
smaller compared with Example 3. It is considered that this is
because the cumulative rotation number of a ball mill when
producing the magnetic powder mixture (8 powder in which the

Co powder and the oxide powder are mixed and dispersed) was

100



larger compared with that in Example 3, so that the particle
size of the Co powder was decreased and the Co powder was
finely intermingled with the oxide powder.
[6252]

Next, the produced powder mixture for pressurs sintering
was subjected to a hot press under the conditions of a
sintering temperature of 1,120°C and a pressure of 31 MPa for
60 minutes in an atmosphere of 5 x 10™® Pa or lower to produce
a target with ¢152.4 mm and a thickness of 7.0 mm. The
relative density of the produced target was 98.65%.
[0253]

The leakage magnetic flux from the produced target was
evaluated ag in Example 1. As shown in TABLE 22 below, the

average leakage magnetic flux ratics was 39.9%.

{02547
[TABLE 22]
Source Field(G) [ Reference Field (G) Lﬁej:adg:n::yg?gt;c Le;iigfag\ j ?g)etic

o° 885 575 228 38.7
30° 895 575 230 40.0
60° 885 575 229 39.8
80° 895 575 2259 38.8
120° 895 575 230 40.0
Average leakage magnetic flux ratio (%) 390.9

[oz5s5)]

{(Comparative Example 6)
The composition of the whole target produced as
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Comparative Example & is 91{73Co-11Cr-16Pt) -4810,-2TiC,-3Cr,0;,
and is the same ag that of Examples 3 and 4. The three
atomized metal powders produced are a 68Co-22Cr-10Pt alloy
powder {a first non-magnetic metal powdex), a 5Ce-95Pt alloy
powder {a second non-magnetic metal powder), and a Co powder
{a magnetic metal powder), and ave the same as those of
Examples 1 to 3 and Comparative BExample 5. 1In the present
Comparative Example 6, similarly to Examples 2 and 3 and
Comparative Example 5, each of all of the three atomized metal
powders produced is mixed and dispersed with the oxide powder
by a ball mill; the cumulative rotation number of a ball mill
for the first non-magnetic metal powder (the €8Co-22Cr-10Pt
alloy powder} is 1,082,160; the cumulative rotation number of
a ball mill for the second non-magnetic metal powder (the 5Co-
95pt alloy powder) is 547,560; and the cumulative rotation
number of a ball mill for the magnetic metal powder (the Co
powder) is 3,300,840.
(02561

However, while the magnetic metal powder (the Co powder)
is claseified twice so that the range of the particle size is
45 pm or larger and 106 pm or smaller in Examples 1 and 2,
classification is performed only once similarly to Examples 3
and 4 so that the range of the particle size of the magnetic
metal powder (the Co powder) is 106 um or smaller in the

pregent Comparative Example 6. In this respect, the present
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Comparative Example 6 is different from Examples 1 and 2.
Furthermore, in the present Comparative Example 6, the
cumulative rotation number of a ball mill for the magnetic
metal powder (the Co powder) is 3,300,840, which is more than
the cumulative rotation number (1,082,160) of a2 ball mill for
the first non-magnetic metal powder (the 68Co-22Cr-10Pt alloy
powder} and the cumulative rotation number (547,560) of a ball
mill for the second non-magnetic metal powder (the 5Co-95Pt
alloy powder). Thusg, it is congidered that in the obtained
target, the magnetic phase (the Co phase} is more finely
interdispersed with the oxide phase than all of the non-
magnetic phases (the 68Co-22Cr-10Pt alloy phase and the 5Co-
95Pt alloy phase). Accordingly, the present Comparative
Example 6 is not within the scope of the present invention.
[0257]

The target in the present Comparative Example 6 was
produced and evaluated as follows.

[0258]

Atomizatlion and classification were performed in the same
manner as in Examples 1 to 3 and Comparative Example 5 to
obtain a 68Co-22Cr-10Pt alloy powder (having a particle size
of 106 um or smaller).

[o288]
To 1155.56 g of the obtained 68Ce-22Cr-10Pt alloy powder,

42.51 g of a 8i0, powder, 28.29 g of a TiO, powder, and B0.57 g
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of a Cr:0; powder were added. Then, the mixture was mixed and
dispersed by a ball mill (with the cumulative rotation number
of & ball mill of 1,082,160) to obtain a first non-magnetic
powder mixture.

[0260]

Atomization and classification were performed in the same
manner as in Examples 1 to 3 and Comparative Example 5 to
obtain a 5Co-35Pt alloy powder (having a particle gize of 106
pm ox smaller).

[0261]

To 1410.60 g of the obtained 5Co-95Pt alloy powder, 25.06
g of a 510, powder, 16.68 g of a Ti0O, powder, and 47.52 g of a
Cr;0; powder were added. Then, the mixture was mixed and
dispersed by a ball mill (with the cumulative rotation number
of a ball mill of 547,560) to obtain a second non-magnetic
powder mixture.
fo282]

Atomization was performed in the same manner as in
Examples 1 to 3 and Comparative Example 5 to obtain a Co
powder. Then, similarly to Examples 3 and 4, the obtained Co
powder was classified only through a 150 mesh gieve into a Co
powder having a particle size of 106 um or smaller.

[0263]
To 1478.28 g of the obtained classified Co powder, 61.96

g of a Si0; powder, 41.24 g of a TiO, powder, and 117.44 g of a
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Cr,0z powder were added. Then, the mixture was mixed and
dispersed by a ball mill (with the cumulative rotation number
of a ball mill of 3,300,840) to obtain a magnetic powder
mixture.

{0264]

Next, 602.13 g of the first non-magnetic powder mixture
{(a powder in which the 68Co-22Cr-10Pt alloy powder and the
oxide powder are mixed and dispersed), 347.66 g of the second
non-magnetic powder mixture (a2 powder in which the 5Co-95Pt
alloy powder and the oxide powder are mixed and dispersed),
and 390.23 g of the magnetic powder mixture {(a powder in which
the Co powder and the oxide powder are mixed and dispersed)
were mixed and dispersed by a Turbula shaker in the same
manner as in Example 1 to obtain a powder mixture for pressure
sintering.

[0265]

30 g of the produced powder mixture for pressure
gintering was subjected to a hot press under the conditions of
a sintering temperature of 1,120°C and a pressure of 31 MPa for
30 minutes in an atmosphere of 5 x 107° Pa or lower to produce
a test piece (¢30 mm). The thickness of the obtained tést
piece was sbout 4.6 wm. The relative density of the produced
test piece was 98.79%.

[0266]

FIG. 24 and FIG. 25 are metallurgical microscope
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photograph of the cross section in the thickness direction of
the obtained test piece. FIG. 24 is a photograph at a
photographing magnification of 100 times (with a photograph
scale of 500 um), and FIG. 25 is a photograph at a
photographing magnification of 400 times {with a photograph
scale of 100 um).
[0267]

In FIG. 24 and FIG. 25, a white phase iz the metal phase.
An approximately circular white phase hardly exits, and the
white phase has an elliptical shape or a more elongated shape.
It is considered that this is because each of the three
atomized metal powders produced was mixed and dispersed with
the oxide powder by a ball mill in the present Comparative
Example 6. In the present Comparative Example 6, it is
observed that the proportion of the white phase ig a little
smaller compared with Comparative Example 5. It is considered
that this i because the cumulative rotation number of a ball
mill when producing the second non-magnetic powder mixture (a
powder in which the 5Co-95Pt alloy powder and the oxide powder
are mixed and dispersed) was larger compared with that in
Comparative Example 3, so that the particle size of the 5Co-
95Pt alloy powder was decreased, and the 5Co-95Pt alloy powder
was finely intermingled with the oxide powder.
[0268]

Next, the produced powder mixture for pressure sintering
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was subjected to a hot press under the conditions of a
sintering temperature of 1,120°C and a pressure of 31 MPa for
60 minutes in an atmosphere of 5 x 1077 Pa or lower to produce
a target with ¢i52.4 mm and a thickness of 7.0 mm. The
relative density of the produced target was 98.34%.
[0269]

The leakage magnetic £lux from the produced target was
evaluated as in Example 1. As shown in TABLE 23 below, the

average leakage magnetic flux ratios was 38.6%.

[0270]
[TABLE 23]
Source Field(G) Reference Field{G) Leakage magnetic Leakage magnetic
flux density (G) flux ratio (%)

o* BG2 558 215 387
30° 882 556 218 388
60° 892 558 215 38.7
20° 892 556 214 38.5
120° 892 556 212 38.1
Average leakage magnetic fux ratio (%) 38.6

[0271]

{Comparative Example 7)

The composition of the whole target produced as
Comparative Example 7 is 91{73C0o-11Cr-16PL) ~481i0,~2T10,~-3Cr,0;,
and is the same as that of Example 3 and Comparative Examples
1 and 2. The three atomized metal powders produced are a 68Co-
22Cr-10Pt alloy powder {(a first non-magnetic metal powder), a
5Co-95Pt alloy powder (a second non-magnetic metal powder),
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and a Co powder {(a magnetic metal powder), and are the same as
theose of Examples 1 to 3 and Comparative Examples 1 and 2. In
the present Comparative Example 7, similarly to Examples 2 and
3 and Comparative Examples 1 and 2, each of all of the three
atcmized metal powders produced is mixed and dispersed with
the coxide powder by a ball mill; the cumulative rotation
number of a ball mill for the first non-magnetic metal powder
{the 68Cu~-22Cr-10Pt alloy powder) is 1,082,160; the cumulative
rotation number of a ball mill for the second non-magnetic
metal powder (the 5Co-95Pt alloy powder) is 1,573,560; and the
cumulative rotation number of a ball mill for the magnetic
metal powder (the Co powder) is 3,300,840.

[o272]

However, while the wagnetic metal powder {(the Co powder)
is classified twice go that the range of the particle size is
45 um or larger and 106 pum or smaller in Examples 1 and 2,
classification is performed only once similarly to Example 3
and Comparative Examples 5 and 6 so that the range of the
particle size of the magnetic metal powder (the Co powder) is
106 um or smaller in the present Comparative Example 7. In
this respect, the present Comparative Example 7 is different
from Examples 1 and 2. Furthermore, in the present Comparative
Example 7, the cumulative rotation number of a ball mill for
the magnetic metal powder (the Co powder} is 3,300,840, which
is more than the cumulative rotation number (1,082,160} of a
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ball mill for the first non-magnetic metal powder (the 68Co-
22Cr-10Pt alloy powder) and the cumulative rotation number
(1,573,560} of a ball mill for the second non-magnetic metal
powder (the 5C0-25Pt alloy powder). Thus, it is considered
that in the obtained térget, the magnetic phase (the Co phase)
igs more finely interdispersed with the oxide phase than all of
the non-magnetic phases (the 68Co-22Cr-10Pt allecy phase and
the 5Co0-95Pt alloy phase). Accordingly, the present
Comparative Example 7 is not within the scope of the present
invention.
[0273]

The target in the present Comparative Example 7 was
produced and evaluated as follows.
102741

Atomization and classification were performed in the same
mannery as in Examples 1 to 3 and Comparative Examples 3 and 6
to obtain a 68Co-22Cr-10Pt alloy powder (having a particle
size of 106 um or swaller).
[0275]

To 1185.56 g of the obtained 68Co-22Cr-10Pt alloy powder,
42.51 g of a Si0; powder, 28.2% g of a TiO, powder, and 80.57 g
of a Cr;0; powder were added. Then, the mixture was mixed and
dispersed by a ball mill (with the cumulative rotation number
of a ball mill of 1,082,160} to obtain a first non-magnetic

powder mixture.
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[027¢6]

Atomization and classification were performed in the same
manner ag in Examples 1 to 3 and Comparative Examples 5 and 6
to obtain a 5Co-325Pt alloy powder (having a particle size of
106 um or smaller).

{0277}

To 1410.60 g of the obtained 5Co-25Pt alloy powder, 25.06
g of a 810, powder, 16.68 g of a TiO, powder, and 47.52 g of a
Cr.0; powder were added. Then, the mixture was mixed and
dispersed by a ball mill {with the cumulative rotation number
of a ball mill of 1,572,560} to obtain a second non-magnetic
powder mixture.

[0278]

tomization was performed in the same manner as in
Bramples 1 to 3 and Comparative Examples 5 and 6 to cobtain a
Co powder. Then, similarly to Exaﬁples 3 to 5, the obtained Co
powder was classified only through a 150 mesh sieve into a Co
powder having a particle size of 106 um or smaller.
[e279]

To 1478.28 g of the obtained clagsified Co powder, 61.96
g of a 810, powder, 41.2¢4 g of a TiO, powder, and 117.44 g of a
Cr,05 powder were added. Then, the mixture was mixed and
Gispersed by a ball mill (with the cumulative rotation number
of a ball mill of 3,300,840) to obtain a magnetic powder
mixture,
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[0280]

Next, €602.13 g of the first non-magnetic powder mixture
(a powder in which the 68C0o-22Cr-10Pt alloy powder and the
oxide powder are mixed and dispersed), 347.66 g of the second
non-magnetic powder mixzture {a powder in which the 5Co-95Pt
alloy powder and the oxide powder are mixed and dispersed),
and 390.23 g of the magnetic powder mixture {(a powder in which
the Co powder and the oxide powder are mixed and dispersed)
were mixed and dispersed by a Turbula shaker in the same
manner ag in Example 1 to cobtain a powder mixture for pressure
sintering.

{0281}

30 g of the produced powder mixturg for pressure
sintering wag subjected to a hot press under the conditions of
a sintering temperature of 1,120°C and a pressure of 31 MPa for
30 minutes in an atmosphere of 5 x 107 Pa ox lower to produce
a test piece (@30 mm). The thickness of the obtained test
piece was about 4.6 mm. The relative density of the produced
test plece was 28.39%.
fozg2]

FIG. 26 and FIG. 27 are metallurgical microscope
photograph of the cross section in the thickness direction of
the obtained test pilece. FIG. 26 is a photograph at a
photographing magnification of 100 times (with a photograph
scale of 500 pm), and FIG. 27 is a photograph at a
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photographing magnification of 400 times (with a photograph
scale of 100 um).
{0283}

In FIG. 26 and FIG. 27, a white phase is the metal phase.
An approximately circular white phase hardly exits, and the
white phase has an elliptical shape or a more elongated shape.
It is considered that this is because each of the threse
atomized metal powders produced was mixed and dispersed with
the oxide powder by a ball mill in the present Example 6. In
the present Comparative Example 7, the size of the white phase
is smaller compared with those of Example 3 and Comparative
Examples 5 and 6. It 1lsg considered that this ig because the
cumulative rotation number of a ball mill for each of the
68Co-22Cr-10Pt alloy powder {(the first non-magnetic metal
powder), the 5Co-95Pt alloy powder (the second non-magneti
metal powder) and the Co powder (the magnetic metal powder)
exceeded 1,000,000 when producing the powder mixture with the
oxide powder, so that the size of each metal powder was
considerably decreased during wmixing with the oxide powder by
a ball mill.
ro284]

Next, the produced powder mixture for pressure gintering
was subjected to a hot press under the conditions of a
sintering temperature of 1,120°C and a pressure of 31 MPa for

60 minutes in an atmosphere of 5 x 1077 Pa or lower to produce
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a target with ¢1352.4 mm and a thickness of 7.0 mm. The
relative density of the produced target was 98.23%.
[0285]

The leakage magnetic flux from the produced target was
evaluated as in Example 1. As shown in TABLE 24 below, the

average leszkage magnetic f£lux ratios was 35.5%.

[o286]
[TABLE 24]
Source Field(G} [ Reference Field (&) L;j‘;af :nrg:f ? ggic Le;tigtag: %2? tie

0’ 883 580 200 35.7
30° 893 560 188 355
60" 803 560 189 355
Q0° 883 560 189 355
120° 883 560 199 355
Average leakage magnetic flux ratio (%) 355

foz287]

(Comparative Example 8)

The composition of the whole target produced as
Comparative Example 8 is 91(73Co-11Cr-16Pt) -4510:~2T10;-3Cr:0;,
and is the same as that of Examples 3 and Comparative Examples
5 to 7. The three atomized metal powders produced are a 68Co-
22Cr-10Pt alloy powder (a first non-magnetic metal powder), a
5Co-95Pt alloy powder (a second non-magnetic metal powder),
and a Co powder (a magnetic metal powder), and are the same as
those of BExamples 1 to 3 and Comparative Examples 5 to 7. In
the present Comparative Example 8, similarly to Examples 2 and
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3 and Comparative Examples 5 to 7, each of all of the three
atomized metal powders produced is mixed and dispersed with
the oxide powder by a ball mill; the cumulative rotation
number of a ball mill for the first non-magnetic metal powder
{the 68Co-22Cr-10Pt alloy powder) is 2,390,040; the cumulative
rotation number of & ball mill for the éecond non-magnetic
metal powder (the 5Co-95Pt alloy powder) is 1,573,560; and the
cumulative rotation number of a ball mill for the magnetic
metal powder {the Co powder) is 3,300,840.

fo2sg]

However, while the magnetic metal powder (the Co powder)
is clasgified twice 8o that the range of the particle size is
45 pm or larger and 106 um or smaller in Examples 1 and 2,
classification is performed only once similarly to Examples 3
£o 6 so that the range of the particle size of the magnetic
metal powder (the Co powder) is 106 um or smaller in the
present Example 7. In this respect, the present Example 7 is
different from Examples 1 and 2. Furthermore, in the present
Comparative Example 8, the cumulative rotation number of a
ball mill for the magnetic metal powder (the Co powder) is
3,300,840, which is more than the cumulative rotation number
{2,390,040) of a ball mill for the first non-magnetic metal
powder (the §8Co-22Cr-10Pt alloy powder) and the cumulative
rotation number {1,573,560) of a ball mill for the second non-
magnetic metal powder {the 5Co-55Pt alloy powder). Thus, it is
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considered that in the obtained target, the magnetic phase
(the Co phase) is more finely interdispersed with the oxide
phase than all of the non-magnetic phases (the 68Co-22Cr-10Pt
alloy phase and the 5Co-95Pt alloy phase). Accordingly, the
present Comparative Example 8 is not within the scope of the
present invention.

[0289]

The target in the present Comparative Example 8 was
produced and evaluated as follows.
{0250}

Atomization and clagsification were performed in the same
manner as in Examples 1 to 3 and Comparative Examples 5 to 7
to obtain a 68Co~22Cr-10Pt alloy powder (having a particle
size of 106 pym or smaller).

[o291]

To 1155.56 g of the obtained 68Co-22Cr-10Pt alloy powder,
42.51 g of a 8i0, powder, 28.28 g of a TiO, powder, and 80.57 ¢
of a Cr.,0; powder were added. Then, the mixture was mixed and
dispersed by a ball mill (with the cumulative rotation number
of a ball mill of 2,390,040) to obtain a first non-magnetic
powder mixture.

[0292]

Atomization and classification were performed in the same

manner as in Examples 1 to 3 and Comparative Examples 5 to 7

to obtain a 5C0-25Pt alloy powder (having a particle size of
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106 um or smaller).
[0293]

To 1410.60 g of the cobtained 5Co-95Pt alloy powder, 25.06
g of a $1i0; powder, 16.68 g of a TiO, powder, and 47.52 g of a
Cr,Cy powder were added. Then, the mixture was mixed and
dispersed by a ball mill ({(with the cumulative rotation number
of a ball mill of 1,572,560} to obtain a second non-magnetic
powder mixture.

[0294)

Atomization was performed in the zame manner ag in
Examples 1 to 3 and Comparative Examples 5 to 7 to obtain a Co
powder. Then, similarly to Example 3 and Comparative Examples
5 to 7, the obtained Co powder was classified only through a
15¢ mesh sieve into a Co powder having a particle size of 106
um oy smaller.

[0295]

To 1478.28 g of the obtained classified Co powder, 61.96
g of a 51i0; powder, 41.24 g of a Tiqg powder, and 117.44 g of a
Cr,0, powder were added. Then, the mixture was mixed and
dispersed by a ball mill (with the cumulative rotation number
of a ball mill of 3,300,840) to obtain a magnetic powdexr
mixture.

[o296]

Next, 602.13 g of the first non-magnetic powder mixture

{a powder in which the 68C0o-22Cr-10Pt alloy powder and the
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oxide powder are mixed and dispersed), 347.66 g of the second
non-magnetic powder mixture (a powder in which the 5Co-95Pt
alloy powder and the oxide powder ave mixed and dispersed),
and 3920.23 g of the magnetic powder mixture (a powder in which
the Co powder and the oxide powder are mixed and dispersed)
were mixed and dispersed by a Turbula shaker in the same
manner as in Example 1 to obtain a powder mixture for pressure
sintering.

[0297)

30 g of the produced powder mixture for pressure
gintering was subjected to a hot press under the conditionsg of
a sintering temperature of 1,120°C and a pressure of 31 MPa for
30 minutes in an atmosphere of 5 x 10°° Pa or lower to produce
a test piece (930 mm). The thickness of the obtained test
piece was about 4.6 mm. The relative density of the produced
test piece was 97.88%.

{0298]

FIG. 28 and FIG, 29 are metallurgical microscope
photograph of the cross section in the thickness direction of
the obtained test pilece. FIG. 28 is a photograph at a
rhotographing magnification of 100 times (with a photograph
scale of 500 pm), and FIG. 29 is a photograph at a
photographing magnification of 400 times {with a photograph
scale of 100 pm).

[0299]
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In FIG, 28 and FIG. 29, a white phase is the metal phase.
An approximately circular white phase hardly exits, and the
white phase has an elliptical shape or a more elongated shape.
It is considered that this is because each of the three
atomized metal powders produced was mixed and dispersed with
the oxide powder by a ball will in the present Comparative
Example 8. In the present Comparative Example 8, the size of
the white phase is further smaller even when compared with
Comparative Example 7. It is considered that thisg is because
the cumulative rotation number of a ball mill for the 68Co-
22Cr-10Pt alloy powder {(the first non-magnetic metal powder)
when producing the powder mixture with the oxide powder was
about twice the cumulative rotation number of a ball mill for
the €8Co-22Cr-10Pt alloy powder {the first non-magnetic metal
powder) in Comparative Example 7, so that the size of the
68Co-22Cr-10Pt alloy powder {(the first non-magnetic metal
powder) was considerably smaller in the present Comparative
Example 8 compared with that of Comparative Example 7.
[0300]

Next, the produced powder mixture for pressure sintering
was subjected to a hot press under the conditions of a
sintering temperature of 1,120° and a pressure of 31 MPa for
60 minutes in an atmosphere of 5 x 1077 Pa or lower to produce
a target with ¢1l52.4 mm and a thickness of 7.0 mm. The

relative density of the produced target was $8.17%.
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The leskage magnetic flux from the produced target was
evaluated as in Bxample 1. As shown in TABLE 25 below, the

average leakags magnetic flux ratios was 34.5%.

[0302]
[TABLE 25)
- R ! leakage magnelic l.eakage magnetic
Source Field(G) Reference Field(G) flux density (G) flux ratio (%)

0° 893 566 195 345
30° 883 566 195 345
60° 883 566 186 34.6
80° 893 566 194 34.3
120° 893 566 185 34.5
Average leakage magnetic flux ratio (%) 345

{03031

(Example 4)

The cowposition of the whole target produced as Example 4
ig 91(73Co-11Cr-16PL) -4810,-2T10,-3Cr0,, and is the same as
that of'Example 3 and Comparative Exampleg 5 to 8. The three
atomized metal powders produced are a 68Co-22Cr-10Pt alloy
powder (a first non-magnetic metal powder), a 5Co-25Pt alloy
powder {a second non-magnetic metal powder), and a Co powder
(a magnetic metal powder), and are the same as those of
Examples 1 to 3 and Comparative Examples 5 to 8. In the
pregent Hxample 4, similarly to Examples 2 and 3 and
Comparative Examples 5 to 8, each of all of the three atomized

metal powders produced is mixed and dispersed with the oxide
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powder by a ball mill; the cumulative rotation number of a
ball mill for the first non-magnetic metal powder (the 68Co-
22Cr-10Pt alloy powder) is 1,082,160; the cumulative rotation
number of a ball mill for the second non-magnetic metal powder
{the 5Co-95Pt alloy powder} is 1,627,560; and the cumulative
rotation number of a ball mill for the magnetic metal powder
{the Co powder) is 871,560. In the present Example 4, the
cumulative rotation number of a ball mill for each of the
first non-magnetic metal powder (the 68Co-22Cr-10Pt alloy
powder) and the magnetic metal powder (the Co powder) i1s the
same &g in Example 3, but the cumulative rotation number of a
ball mill for the second non-magnetic metal powder (the 5Co-
85kt alloy powder) is about 4.2 times that in Example 3.
[0304]

Additionally, while the wagnetic metal powder (the Co
powder) is classified twice so that the range of the particle
size is 45 um or larger and 106 pm or smaller in Examples 1 and
2, clasgification is performed only once similarly to Example
3 and Comparative Examples 5 to 8 so that the range of the
particle gize of the magnetic metal powder {(the Co powder) is
106 um or smaller in the present Example 4. In this respect,
the present Example 4 is different from Examples 1 and 2.
[0305]

The target in the present Example 4 was produced and
evaluated as follows.
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{03061

Atomization and classification were performed in the same
manner as in Examples 1 to 3 and Comparative Examples 5 to 8
to obtain a 68Co-22Cr-10Pt alloy powder (having a particle
size of 106 um or smaller).
[0307]

To 1155.56 g of the cbtained 68Ce-22Cr-10PtL alloy powder,
42.51 g of a 8i0; powder, 28,29 g of a TiO, powder, and 80.57 g
of a Cr0; powder were added. Then, the wmixture was mixed and
dispersed by a ball mill {with the cumulative rotation numbexr
of a ball mill of 1,082,160) to obtain a first non-magnetic
powder mixture.
[0308]

Atomization and classification were performed in the same
manner as in Examples 1 to 3 and Comparative Examples 5 to 8
to obtain a 5Co~-95Pt alloy powder (having a particle size of
106 um or smaller).
[0308]

To 1410.60 g of the obtained 5Co-95Pr alloy powder, 25.06-
g of a 810, powder, 16.68 g of a TiO; powder, and 47.52 g of a
Cro0; powder were added. Then, the mixture was mixed and
dispersed by a ball mill (with the cumulative rotation number
of a ball mill of 1,627,560) to obtain a second non-magnetic
powder mixture.
{oz10]}
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Atomization was performed in the same manner as in
Examples 1 to 3 and Comparative Examples 5 to 8 to obtain a Co
powder. Then, similarly to Example 3 and Comparative Examples
5 to 8, the obtained Co powder was classified only through a
150 mesh gieve into a Co powder having a particle size of 106
pm oxr smaller.

[0311]

To 1478.28 g of the cbtained classified Co powder, €1.96
g of a 810, powder, 41.24 g of a TiO; powder, and 117.44 g of a
Cr.0: powder were added. Then, the mixture was mixed and
dispersed by a ball mill (with the cumulative rotation number
of a ball mill of 871,560) to obtain a magnetic powder mixture.
f0312]

Next, 602.13 g of the first non-magnetic powder mixture
{a powder in which the 68Co-22Cr-10Pt alloy powder and the
oxide powder are mixed and dispersed), 347.66 g of the second
non-magnetic powder mixture (a powder in which the 5Co-95Pt
alloy powder and the oxide powder are mixed and dispersed),
and 39%90.23 gﬁof the magnetic powder mixture {a powder in which
the Co powder and the oxide powder are mixed and dispersed)
were mixed and dispersed by a Turbula shaker in the same
manner as in Example 1 to obtain a powder mixture for pressure

sintering.

30 g of the produced powder mixture for pressure
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sintering was subjected to a hot press under the conditions of
a sintering temperature of 1,120°C and a pressure of 31 MPa for
30 minﬁtes in an atmosphere of 5 x 1077 Pa or lower to produce
a test piece (@30 mm). The thickness of the obtained test
piece was about 4.6 mm. The relative density of the produced
test piece was 9B.02%.

[0314]

FIG. 30 and FIG. 31 are metallurgical microscope
photograph of the cross sectlion in the thickness direction of
the obtained test piece. FIG. 30 is a photograph at a
photographing magnification of 100 times (with a photograph
scale of 500 pm), and FIG. 31 is a photograph at a
photographing magnification of 400 times (with a photograph
scale of 100 um).

[0315]

In FIG. 30 and FIG. 31, a white phase is the metal phase.
An approximately circular white phase hardly exits, and the
white phase has an elliptical shape or a more elcongated shape.
It is considered that this is because sach of the three
atomized metal powders produced was mixed and dispersed with
the oxide powder by a ball mill in the present Example 8.
[o316]

In the present Example 4, the cumulative rotation number
of a ball mill for each of the first non-magnetic metal powderx
(the 68Co-22Cr-10Pt alloy powder) and the magnetic metal
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powder (the Co powder) is the same as in Example 3, but the
cumulative rotation number of a ball mill for the second non-
magnetic wmetal powder {(the 5Co-95Pt alloy powder) is about 4.2
imes that in Example 3. It is consgidered that this ig the
reason why the size of the metal phase in the present Example
4 was somewhat smaller compared with the size of the metal
phase in Example 3.
[03171

Next, the produced powder mixture for pressure sintering
was subjected to a hot press under the conditions of a
sintering temperature of 1,120°C and a pressure of 31 MPa for
60 minutes in an atmosphere of 5 x 107? Pa or lower to produce
a target with ¢152.4 mm and a thickness of 7.0 mm. The
relative density of the produced target was 98.35%.

[0318]

The leakage magnetic flux from the produced target was
evaluated as in Example 1. 2As shown in TABLE 2é‘bélow, the
average leakage magnetic flux ratios was 43.4%.

{0319]

[TABLE 26]
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Source Field (&) | Reference Fisld (G) Lg::ac;g :nsz? gc}ic Le;l;a;gfa: : %;;‘? tic
0° 893 569 248 43.6
30° 893 589 247 43.4
60" 893 568 248 43.6
ao’ 833 565 245 43.1
120° 893 569 246 43.2
Average leakage magnetic flux ratio (%) 434

[0320]
{Exanple 5)

The composition of the whole target produced as Example 5
is 51{73Cc~11Cr~-16Pt) -481i0,-2Ti0,~-3Cr;0:, and is the same ag
that of Examples 3 and 4 and Comparative Examples 5 to 8. The
three atowmized metal powdsrs produced are a 68Cco-22Cr-10Pt
alloy powder (a first non-magnetic metal powder), a 5Co-95Pt
alloy powder {a second non-magnetic metal powder), and a Co
powder (a magnetic metal powder}, and are the same as those of
Examples 1 to 4 and Comparative Examples 5 to 8. In the
present Example 5, similarly to Examples 2 to 4 and
Comparative Examples 5 to 8, each of all of the three atomized
metal powders produced is mixed and dispersed with the oxide
powder by a ball mill; the cumulative rotation number of a
ball mill for the first non-magnetic metal powder (the 68Co-
22Cr-10Pt alloy powder} is 2,473,200; the cumulative rotation
number of a ball mill for the second non-magnetic metal powder
(the 5Co-85Pt alloy powder} 1z 385,560; and the cumulative

rotation number of a ball mill for the magnetic metal powder
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(the Co powder) is 871,560. In the present Example 5, the
cumulative rotation number of a ball mill for each of the
second non-magnetic metal powder {the 5Ce-95Pt alloy powder)
and the magnetic metal powder (the Co powder) is the same as
in Bxample 3, but the cumulative rotation number of a ball
mill for the first non-magnetic metal powder (the 68Co-22Cr-
10Pt alloy powder) is about 2.3 times that in Example 3.
[0321]

additionally, while the magnetic metal powder (the Co
powder) is classified twice so that the range of the particle
size ig 45 um or larger and 106 pm or smaller in Examples 1 and
2, clasgification is performed only orce similarly to Examples
2 and 4 and Comparative Examples 5 to 8 8o that the range of
the particle size of the magnetic metal powder (the Co powder)
ig 106 pm or smalley in the present Example 5. In this respect,
the present Example 5 is different from Examples 1 and 2.
[0222]

The target in the present Example 5 wag preduced and
evaluated as follows.
{0323}

Atomization and clasgification were performed in the same
manner as in Examples 1 to ¢4 and Comparative Examples 5 to 8
to obtain a 68Co-22Cr-10Pt alloy powder (having a particle
size of 106 um or smaller).

[0324]
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To 1155.56 g of the obtained 68Co-22Cr-10Pt alloy powder,
42.51 g of a 8i0, powder, 28.29 g of a TiO; powder, and 80.57 g
of a Cr,0: powder were added. Then, the mixture was mixed and
dispersed by a ball mill (with the cumulative rotation number
of a ball mill of 2,473,200) to obtain a first non-magnetic
powder mixture.

{o325]

Atomization and classification were performed in the same
manner as in Examples 1 to 4 and Comparative Examples 5 to 8
to obtain a 5Co-95Pt alloy powder (having a particle size of
106 pm or smaller).

[0326]

To 1410.60 g of the obtained 5Co-35Pt alloy powder, 25.06
g ¢f a 8i0; powder, 16.68 g of a TiO; powder, and 47.52 g of a
Cr;0; powder were added. Then, the mixture was mixed and
dispersed by a ball mill (with the cumulative rotation number
of a ball mill of 385,560) to obtain a second non-magnetic
powder mixture.

[0327]

Atomization was performed in the same manner as in
Examples 1 to 4 and Comparative Examples 5 to 8 Lo cobtain a Co
powder, Then, similarly to Exampleg 3 and 4 and Comparative
Examples 5 to 8, the obtained Co powder was classified only
through a 150 mesh sieve into a Co powder having a particle
size of 106 pm or smaller.
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[0328]

To 1478.28 g of the obtained classified Co powder, 61.36
g of a 5i0; powder, 41.24 g of a Ti0, powder, and 117.44 g of a
Cr,C; powder were added. Then, the mixture was mixed and
dispersed by a ball mill {(with the cumulative rotation number
of a ball mill of 871,560} to obtain a magnetic powder mixture.
[03239)

Next, 602.13 g of the first non-magnetic powder mixture
{a powder in which the 68Co-22Cr-10Pt alloy powder and the
oxide powder are mixed and dispersed), 347.66 g of the second
non-magnetic powder mixture {(a powder in which the 5Co-25Pt
alloy powder and the oxide powder are mixed and dispersed),
and 390.23 g of the magnetic powder mixture (a powder in which
the Co powder and the oxide powder are mixed and dispersed)
were mixed and digpersed by a Turbula shaker in the same
manner as in Example 1 to obtain a powder mixture for pressure
sintering.

[0330]

30 g of the produced powder mixture for §fessure
sintering was subjected to a hot press under the conditions of
a sintering temperature of 1,120°C and a pressure of 21 MPa for
20 minutes in an atmosphere of 5 x 107 Pa or lower to produce
a test piece (930 mm). The thickness of the obtained test
piece was about 4.6 mm. The relative density of the produced

test piece was 98.42%.
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[0331]

FIG, 32 and FIG. 33 are metallurgical microscope
photograph of the cross section in the thickness direction of
the obtained test piece. PFIG. 32 is a photograph at a
photographing magnification of 100 times {(with a photograph
scale of 500 um), and FIG. 33 is a photograph at a
photographing magnification of 400 times {(with a photograph
scale of 100 pm).

[0332]

In FIG. 32 and FIG. 23, a white phase iz the metal phase.
An approximately circular white phase hardly exits, and the
white phase has an elliptical shape or a more elongated shape.
It is consgsidered that thig is because each of the three
atomized metal powders produced was mixed and dispersed with
the oxide powder by a ball mill in the present Example 9.
[03331

In the present Example 5, the cumulative rotation mumber
of a ball mill for each of the second non-magnetic metal
powder {[the 3Co-95Pt alloy powder) and the magnetic metal
powder {the Co powder) ig the same as in Example 3, but the
cumulative rotation nurber of a ball mill for the first non-
magnetic metal powder (the 68Co-22Cr-10PL alloy powder) is
about 2.3 times that in Example 3. It is considered that this
is the reason why the size of the metal phase in the present
Example 5 was somewhat smaller compared with the size of the
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metal phase in Example 3.
[0334]

Next, the produced powder mixture for pressure sintering
was subjected to a hot press under the conditions of a
sintering temperature of 1,120°C and a pressure of 31 MPa for
60 minutes in an atmosphere of 5 x 10°° Pa or lower to prodﬁce
a target with ©152.4 mm and a thickness of 7.0 wm. The
relative density ©f the produced target was 98.76%.
[0335]

The leakage magnetic flux from the produced target was
evaluated as in BExample 1. As shown in TABLE 27 below, the

average leakage magnetic flux ratiocs was 45.7%.

[0336]
[TABLE 271}
Source Field(G) | Reference Field{(G) Leakage magnetic | Leakage magnetic
_ ‘1 flux density (G) flux ratio (%)

o° 885 574 263 458
30° 895 574 263 45.8
60" 895 574 263 458
90° 895 574 262 456
120° 895 574 262 456
Average leskage magnetic fux ratio (%) 457

[0337]

(Example €)

The composition of the whole target produced as Example 6
ig 91(73C0o-11Cr~16PL} ~4810,~2T10,-3Cr20;, and is the same as
that of Examples 3 to 5 and Comparative Examples 5 to 8. The
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three atomized metal powders produced are a 68C0-22Cr-10Pt
alloy powder (a first non-magnetic metal powder), a 5Co-95Pt
alloy powder (a second non-magnetic metal powder), and a Co
powder (a magnetic metal powder), and are the same as those of
Examples 1 to 5 and Comparative Examples 5 to 8. In the
prezent Example 6, similarly to Examples 2 to 5 and
Comparative Examples 5 to 8, each of all of the three atomized
metal powders produced is mixed and dispersed with the oxide
powder by a ball mill; the cumulative rotation number of a
ball mill for the first non-magnetic metal powder (the g8Co-
22Cr-10Pt alloy powder) is 2,390,040; the cumulative rotation
number of a ball mill for the second non-magnetic metal powder
{the 5Co-95Pt alloy powder) is 1,573,560; and the cumulative
rotation number of a ball mill for the magnetic metal powder
{the Co powder) is 871,560. In the present Example 6, the
cumulative rotation number of a ball mill for the magnetic
metal powder (the Co powder) is the same as that in BExample 3,
but the cumulative votation numbers of a ball mill for the
first non-magnetic metal powder (the €8Coc-22Cr-10Pt alloy
powder) and the second non-magnetic metal powder (the 5Co-95PC
alloy powder) are about 2.2 times and about 4.1 times those in
Example 3, respectively.
[0338]

Additionally, while the magnetic metal powder {the Co

powder) is classified twice so that the range of the particle
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gize is 45 um or larger and 106 um or smaller in Examples 1 and
2, classification is performed only once similarly to Examples
3 to 5 and Comparative Examples 5 to 8 so that the range of
the particle size of the magnetic metal powder (the Co powder)
ig 106 pm or smaller in the present Example 6. In this respect,
the present Example 6 is different from Examples 1 and 2.
[0339]

The target in the present Example 6 was produced and
evaluated as follows.
[0340]

Atomization and classification were performed in the same
manner as in Examples 1 to 5 and Comparative Examples 5 to 8
to obtain a 68Co-22Cr-10Pt alloy powder (having a particle
size of 106 um or smaller).
[0341]

To 1155.56 g of the obtained 68Co-22Cr-10Pt alloy powdsr,
42.51 g of a 3i0, powder, 28.29 g of a TiO, powder, and 80.57 g
of a Cr,0; powder were added. Then, the mixture was mixed and
dispersed by a ball mill (with the cumulative rotation number
of a bail mill of 2,390,040) to obtain a first non-magnetic
powder mixture.
{0342]

Atomization and classification were performed in the same
menner as in Examples 1 to 5 and Comparative Examples 5 to 8
to obtain a 5Co-85Pt alloy powder (having a particle size of
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106 wm or smaller) ..
[0343]

To 1410.60 g of the obtained 5Co-35Pt alloy powder, 25,06
g of a 510, powder, 16.68 g of a Ti0, powder, and 47.52 g of a
Cr:0; powder were added. Then, the mixture was mixed and
dispersed by a ball mill (with the cumulative rotation number
of a ball mill of 1,573,560} to obtain a second non-magnetic
powder mixture.

[0344]

Atomization was performed in the same manner as in
Examples 1 to 5 and Comparative Examples 5 to 8 to obtain a Co
powder. Then, similarly to Examples 3 to 5 and Comparative
Examples 5 to 8, the obtained Co powder was classified only
through a 150 mesh gieve into a Co powder having a particle
size of 106 pm or smaller.

[0345]

To 1478.28 g of the obtained classified Co powder, €1.96
g of a 810, powder, 41.24 g of a Ti0, powder, and 117.44 g of a
Cr,0; powder were added. Then, the mixture was mixed and
dispersed by a ball mill {(with the cumulative rotation number
of a ball mill of 871,560) to obtain a magnetic powder mixture.
10346]

Next, 602.13 g of the first non-magnetic powder mixture
{a powder in which the 68Co-22Cr-10Pt alloy powder and the

oxide powder are mixed and dispersed), 347.66 g of the second
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non-magnetic powder mixture (a powder in which the 5Co-385Pt
alloy powder and the oxide powder are mixed and dispersed),
and 390.23 g of the magnetic powder mixture (a powder in which
the (o powder and the oxide powder are mixed and dispersed)
were mixed and dispersed by a Turbula shaker in the same
manner as in Example 1 to obtain a powder mixture for pressure
sintering.

[0347]

30 g of the produced powder mixture for pressure
sintering was subjected to a hot press under the conditions of
a sintering temperature of 1,120°C and a pressure of 31 MPa for
30 minutes in an atmosphere of 5 = 10°? Pa or lower to produce
a test piece (030 mm). The thickness of the obtained test
piece was about 4.6 mm. The relative density of the produced
test plece was 98.55%.

[0348]

FIG, 34 and FIG. 35 are metallurgical microscope
photograph of the cross section in the thickness direction of
the obtained test piece. FIG. 34 is a photograph at &
photographing magnification of 100 times (with a photograph

cale of 500 pm), and FIG. 35 is a photograph at\a
photographing magnification of 400 times (with a photograph
scale of 100 um).
[0349]
In FIG. 34 and FIG. 35, a white phase is the metal phase.
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An approximately circular white phase -hardly exits, and the
white phase has an elliptical shape or a more elongated shape.
It is considered that this is because each of the three
atomized metal powders produced was mixed and dispersed with
the oxide powder by a ball mill in the present Example 6.
[0350]

In the present Example 6, the cumulative rotation number
of a ball mill for the magnetic metal powder (the Co powder)
is the same as in Example 3, but the cumulative rotation
numbers of a ball mill for the first non-magnetic metal powder
{the 68Co-22Cr-10Pt alloy powder) and the second non-magnetic
metal powder (the 5Co-95Pt alloy powder) are about 2.2 times
and about 4.1 times those in Example 3, respectively. It is
considered that this is the reason why the size of the metal
phase jin the present Example 6 was somewhat smaller compared
with the size of the metal phase in Example 3.

[0351]

Next, the produced powder mixture for pressure sintering
was subjected to a hot press under the conditions of a
sintering temperature of 1,120°C and a pressure of 31 MPa for
60 minutes in an atmosphere of 5 x 1077 Pa or lower to produce
a target with ¢152.4 mm and a thickness of 7.0 mm. The
relative density of the produced target was 98.47%.

[0352]
The leakage magnetic £lux from the produced target was
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evaluated ag in Example 1. As shown in TABRLE 28 below, the

average leakage magnetic flux ratios was 40.8%.

[0353]
[TABLE 28]
Source Fiald(G) | Reference Field(G) iniag;zif?g?c La%iig;::: (g;:}e: tie

o* 894 569 232 40.8
30° 894 569 233 40.9
60Q° 894 568 232 40.8
90° 894 568 231 406
120° 864 568 232 40.8
Average leakage magnetic flux ratio (%) 40.8

[0354]

{Discussion)

The average leskage magnetic flux ratio was measured for
Examples 1 to &, Comparative Examples 1 to 8, and Reference
Examples 1 and 2. The measurement results are collectively
shown in Table 29 below. However, the thicker the thickness of
the target is, the lower the measured average leakage magnetic
flux ratio iz likely to be. The thickness of the target
measured on the average lesakage magnetic flux ratio was 5.0 mm
in Exanples 1 and 2 and Comparative Examples 1 to 4; the
thickness of the target measured on the average leakage
magnetic flux ratioc in Reference Examples 1 and 2 was 6.5 mm;
and the thickness of the target measured on the average
leakage magnetic flux ratio was 7.0 mm in Examples 3 to 6 and

Comparative Examples 5 to 8. Thus, it should be noted that

136



v

there is a difference in the thickness of

the target.

[0255]
{Table 23]
particle | avarage ., Tverage
- . I sizs of Colsize of Coj "olEtVE oakage
Oornpositian and shape af target metal powder powder phase density | smagnetic
(%) flux ratio
(am) {pm) %
e N G8Co-22Cr-10PE (4,136,400),
Exarmple | 30(710c~100r-14Pt~5Ruw)~7810,~3Cr, 0, G057 (0), 45-106 " 48,86 78
61524 x50 oo (0)
P N B8BCo~220r-10Pt (4,135.400),
Examplo 2 | 007100100 ‘ff" iagz-?s.oz 3Cr:0y 5Co-05Pt (1,308,360, 45-108 | 45 9878 | 652
$ 1524 ¥ 54 Co (493,560)
) A B8Co-220r~10PL {4,136,400),
(}gmparatwe 80{71C0~10Cr~14PY 5?2!1) 73202 30)‘203 5000-508t (2,8‘05,840). 2106 40 38.78 605
Exarnple 1 P1524 %50 Go (©)
, iR BBGo-22Cr-10Pt {4,136,400),
Gomparative | 9007100100 14Pt~5Ru)-75i0,~3Cr,04 50Co-50Pt (2,805,840), | 45-108 | 38 | sees | 50
Example 2 P 1824%50 Co (493,580) E :
_ AR i - E8C0~22Cr10PL (4,136,400,
Comparative | 8071001007 ~14Pe~5Ru)-75i0,~30r, Oy 5000-50P¢ (2,805,840, | <106 3 | gses | 567
Exampie 3 1524 X80 Co (483 560)
Gompsrative | B0(71C0~10C=14P~5Rui=7$10,-30r,0y saiag:“g;gfzégggggwm cos | 23 | osens | ssa
Exampie 4 $1524 X 5.0 Co (81:! 560 h ' .
) B i 68C0-22Cr-10Pt (1,308,960}, |
Reference | 91(71.5Co=11Cr17.5PU~38i0,-2TI0~4Cr,05 ©0 G0 2P0 P IR <106 o | sess | 47
Example 1 $1824%x85 Co (0)
./ o]
Refersnce | 91(71.500~110r17.5PE-38I0,-2Ti0,~4Cr;0, asc;;czj_t;r;&‘té;gggésox <106 U R
Example 2 1526 %65 Co {1.089'560‘} ! - ’ '
_ e e B8C0-22Cr~10Pt (1,082,160,
Exormple 3 | 107300~ T10r16P0)-48i0,-2Ti0;-30r, 0, 5Co-05Pt (385,560), 106 ~ | esse | 4s1
¢ 1524 X170 Co (871,560)
- . f
Gomparative | 91(7300~11Cr-16PL=4510;-2Ti0,-30,0, | POOTHICEINEL SRR | ol ] g
Example § G 1524 X 7.0 Co (3.300.840) - ' ’
Comparative | 91(7300~110r18PO~4510,-2Ti0;-30r,0; | FBOTZZCEINN D §§{f5‘ﬁ°)' a0 |~ | oase | sas
Example & $1624%70 Co (3.300.840) - ' ’
" -’ ?

Comparative | 81{73C0~11Cr=18P1)=45i0,~2Ti0,~3Cr, 0, sacgcffggnirl(‘:‘5‘715%%%;Gm‘ <106 - - a5
Example 7 P I524 X 7.0 Co ('3 30(.)'846) ) - ' )
Comparative | 91(73Com11Cr16PE-4S810,~2Ti0,3Cr,0, chéﬁfgg;‘&?sgzéf’ﬁ%?‘m 108 - e | ms
Exampte 8 - $152.4%78 Co (3‘306 8 46) ' - ' ’

~ e o BBCo-220+~10Pt (1,082,160),
Exemple 4 | 0 V509 “G"““‘"’;? 4“:’70; 2T0,~3Cr,04 5Ga~85Pt (1,627 560), 106 ~ | o835 | 424
prezaxy. Go (871,560)
A i T o BBCE~22Cr—10Pt (2,473,200),
Exampie 5 | ©103Ce ”C";?:;)&S;% 2Ti0,~80r,0; 5Co-85Pt (385,560}, <106 - 88.76 | 45
A%, Ce (871.580)
B i T 6850-22Cr10Pt (2.360.040),
Exampie 8 | © 500 "5"’59? 4:"0(; 271030, 05 5Co-95Pt (1,573,560), <106 - | os47 | 408
$ 1524 X7. Co (871,560)

Note 1) Values in parentheses of metal powders are bafi mill cumuiative rotation numbers.

[0356]
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Examples 1 and 2 {(the composition of the whole target is
20 (71Co-10Cr~14Pt-5Ru) -7810,-3Cr;0; in both) each include the
magnetic phase (the Co phase) containing Co (the ferromagnetic
metal element), and the plurality of non-magnetic phases that
each contain Co {the ferromagnetic metal element) and that are
different in constituent elements or the content ratio of
constituent elements (the first non-magnetic phase (the 68Co-
22Cr-10Pt alloy phase) and the second non-magnetic phase (the
5Co-95Pt alloy phase}). Furthermore, the first non-magnetic
phase (the £8Co-22Cr-10Pt alloy phase) is more finely
interdispersed with the oxide phase than the magnetic phase
(the Co phase). (See FIG. 4 to FIG. 7.) Therefore, Examples 1
and 2 are within the scope of the present invention. In
Examples 1 and 2, since Co ig contained in both of the first
non-magnetic phase and the second non-magnetic phase, Co is
contained in two non-magnetic phases. Therefore, the volume
fraction of the magnetic phase (the Co phase) can be reduced
while maintaining the Co amount in the whole target at a
certain level, to increase the average leakage magnetic £lux
ratioc of the target. Examples 1 and 2 have a larger average
leakage magnetic flux ratio of 72.8% and 65.2% respectively.
[0357]

When comparing the average leakage magnetic flux ratio
between Examples 1 and 2, the average leakage magnetic flux

ratio is smaller by about 8% in Example 2 than Example 1. IL
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is considered that this is becauss, in Example 2, the magnetic
metal powder (the Co powder) and the second non-magnetic metal
powder (the 5Co-~95Pt powder) ars mixed and dispersed with the
oxide by & ball mill, so that the sizes of the Co phase and
the 5Co-95pt phase in the target are decreaged, and thus the
leakage magnetic flux ratio of Example 2 becomes smaller than
that of Example 1. Therefore, it is considered that the larger
magnetic phase (the larger Co phase) in the target, and the
larger second non-magnetic phase (the larger 5Co-85Pt phase)
other than the first non-magnetic phase {the 68Co-~22Cr-10Pt
alloy phase) that is finely interdigpersed with the oxide
rhase are preferred in terms of increasing the leakage
magnetic flux ratio of the target.

{0358}

The composition of the whole target in each of
Comparative Examples 1 to 4 is 90({71Co-10Cr-~14Pt-5Ry) -7810,-
3Cry0;, which is the same as those of Examples 1 apd 2.
However, the Co-Pt alloy phase has a large content ratio of Co
of 50 at%, and thus the Co-Pt alloy phase becomes the magnetic
phase. The non-magnetic phase iz only the 68Co-22Cr-10Pt alloy
phase (one non-magnetic phase). Therefore, Comparative
Examples 1 to 4 are not within the scope of the present
invention., For this reéson, the volume fraction of the
magnetic phase to the whole target is larger than Examples 1
and 2, and the average value among the average leakagse
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magnetic flux ratios of Comparative Examples 1 to 4 is smaller-
by about 10% than the average value between the average
leakage magnetic flux ratioa of Examples 1 and 2. Therefore,
it is considered that the provision of the plurality of non-
magnetic phaseg each containing the ferromagnetic metal
element Iis effective in improving the leakage magnetic flux
ratio of the target.

{0359]

In Comparative Examples 1 to 4, the compositions of the
whole target and the compositions of each metal phase are the
same as each other, but the average sgizes of the second
magnetic phase (the Co phase) are different from each other.
Comparison of the average size of the Co phase and the average
leakage magnetic flux ratio among Comparative Examples 1 to 4
demonstrates that the larger the average size of the Co phase
is, the higher the average leakage magnetic flux ratio is.
Therefore, it is considered that the larger aﬁerage gize of
the Co phase is effective in improving the leakage magnetic
flux ratio of the target.

[0360]

The compogition of the whole target in esach of Reference
Bxamples 1 and 2 ig 91{(71.5Co-11Cxr-17.5Pt) -381C-~2T1i045-4C1r30,
Similarly to Comparative Examples 1 to 4, the Co-Pt alloy
rhase has a large content ratioc of Co of 50 at%, and thus the

Co-Pt alloy phase becomes the magnetic phase. A non-magnetic
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phase is only the 68Co-22Cr-10Pt alloy phage (one non-magnetic
phase) . Therefore, Reference Examples 1 and 2 are not within
the scope of the present invention. For this reason, the
volume fraction of the magnetic phase to the whole target is
larger than Examples 1 and 2, and the average value between
the average leakage magnetic flux ratios of Reference Examples
1 and 2 is smaller by aboubt 23% than the average value bestween
the average leakage magnetic flux ratics of Examples 1 and 2.
Therefore, it is considered that the provision of the
plurality of non-magnetic phases each containing the
ferromagnetic metal element is effective in improving the
leakage magnetic flux ratio of the target.
[0361]

The average leakage magnetic flux ratios of the targets
in Reference Examples 1 and 2 are 47.0% and 44.4%,
regpectively. These values ave considerably smaller when
compared not only to Examples 1 and 2 but also to Comparative
Examples 1 to 4, It is considered that this is caused by the
fact that the thickness of the target in Reference Examples 1
and 2 is 6.5 mm, which ig thicker by 1.5 mm than the thickness
(5.0 mm) of the target in Ekampl&s 1 and 2 and Comparative
Examples 1 to 4. The content ratic of Co in the target in
Examples 1 and 2 and Comparative Examples 1 to 4 is about 64
mol%, while the content ratic of Co in the target in Reference

Examples 1 and 2 is about 65 mol%. Thus, the target in
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Reference Examples 1 and 2 has a larger content ratio of Co
that is a ferromagnetic metal element. However, since the
difference in the content ratioc of Co is slight, it is
congidered that the difference in the thickness of the target
has a larger effect on the leakage magnetic flux ratio.

[0362]

In Reference Bxamples 1 and 2, the compositions of the
whole target and the cowmpositions of each metal phase are the
game as each other, but the fact of whether or not the second
magnetic metal powder {(the Co powder) and the oxide powder are
mixed by a ball mill varies. That is, the Co powder and the
oxide powder are not mixed by a ball mill in Reference Example
1, while the Co powder and the oxide powder are mixed by a
ball mill (cumulative rotation number: 1,069,560) in Reference
Example 2. Thus, it is considered that the average size of the
Co phase in the target of Reference Example 2 1s smaller than
the average size of the Co phase in the target of Reference
BExample 1. On the other hand, the average leakage magnetic
flux ratio of Reference Example 2 is 44.4%, which is lower by
about 3% than the average leakage magnetic flux ratio (47.0%)
of Reference Example 1. Therefore, it is considered that the
larger average size of the Co phase is effective in improving
the leakage magnetic flux ratio of the target.

[0363]

Examples 3 to 6 {the composition of the whole target is
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91{(73C0~11Cr-16PL) -4810,~2T10,~3Cr,03 in each of Examples 3 to
§) each include the magnetic phase (the Co phase) containing
Co (the ferromagnetic metal element), and the plurality of
non-magnetic phages that each contain Co (the ferromagnetic
metal element) and that are different in constituent elements
or the content ratio of constituent elements (the first non-
magnetic phase (the 68Co-22Cr-10Pt alloy phase] and the second
non-magnetic phase (the 5Co-95Pt alloy phase)). Furthermore,
the first non-magnetic phase (the 68C0-22Cr-10Pt alloy phase)
is more finely interdispersed with the oxide phase than the
magnetic phase (the Co phase). Therefore, Examples 3 to 6 are
within the scope of the present invention.
[0364]

The average leakage magnetic flux ratiocs of Examples 3 to
& are within the range of 40% or more and 48% or less. The
average value of these average leakage magnetic flux ratics i
smaller by about 25% than the average value between the
average leakage magnetic flux ratios of Examples 1 and 2, and
is the value at the same level as those in Reference Examples
1 and 2. It is congidered that this is because the thickness
of the target in Examples 3 to 6 is 7.0 mm, which is thicker
by 2.0 mm than the thickness (5.0 mm) of the target in
Examples 1 and 2, and is thicker by 0.5 mm than the thicknessg
(6.5 mm) of the target in Reference Examples 1 and 2.
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In Comparative Examples $ to &, the cumuiative rotation
numbers ©f a ball mill for the magnetic metal powder (the Co
powder) are about 3.8 times that in Example 3. Accordingly, it
is considered that the sizes of the Co phases are decreased.

On the othexr hand, the average leakage magnetic flux ratios of
Comparative Examples 5 to 8 fall within the range of 34% or
more and 40% or less, and the average value of these flux
ratios is smaller by about 10% than the average leakage
magnetic flux ratio (48.1%) of Example 3. Therefore, it is
considered that the larger magnetic metal phase (the larger Co
phase) is effective in improving the leakage magnetic flux
ratio of the target.

[G366]

In Comparative Examples 6 and 7, the cumulative rotation
numpbers of a ball mill for each of the first non-magnetic
metal powder (the 68Co-22Cxr-10Pt alloy powder) and the
magnetic metal powder (the Co powder) are the same as that in
Comparative Example 5, but the cumulative rotation numbers of
a ball mill for the second non-magnetic metal powder (the 5Co-
85kt alloy powder) are about 1.4 times and about 4.1 times
that in Comparative Example 5, respectively. On the other hand,
the average leakage magnetic flux ratios of Comparative
Examples 6 and 7 are 38.6% and 35.5%, respectively, which are
lower by about 1% and about 4% respectively than the average

leakage magnetic flux ratio (239.9%) of Cowparative Example 5.
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Therefore, it is considered that the larger size of the seccnd
non-magnetic metal phase (the 5Co-95Pt alloy phase) is
effective in improving the leakage magnetic flux ratio of the
target.
{02673

In Example 4, the cumulative rotation number of a ball
mill for each of the first non-magnetic metal powder (the
§8C0o-22Cr-10Pt alloy powder) and the magnetic metal powder
(the Co powder) is the same as that in'Example 3, but the
cumulative rotation number of a ball mill for the second non-
magnietic metal powder {the 5Co-95Pt alloy powder) ig 4.2 times
that in Example 3. Thus, it is considered that the second non-
magnetic metal phase {(the 5Co-95Pt alloy phase) is more finely
interdispersed with the oxide phase in Example 4 than in
Example 3. On the cother hand, the average leakage magnetic
flux ratio of Example 4 is 43.4%, which is lower by about 5%
than the average leakage magnetic flux ratio {(48.1%) of
Example 3. Therefore, it is considered that the larger size of
the second non-wagnetic wmetal phase (the 5Co-25Pt alloy phase)
ig effective in improving the leakage magnetic flux ratio of
the target.
i0368]

However, the reduction amount in the average leakage
magnetic filux ratioc when the second non-magnetic metal phase

{the 5Co-95Pt alloy phase) is decreased in size is smaller

1458



vt

10

15

20

than the reduction amount in the average leakagé magnetic flux
ratio when the magnetic metal phase (the Co phase) is
decreased in size. Therefore, it is considered that the larger
magnetic metal phase (the larger Co phase) is more effective
than the larger second non-magnetic metal phase (the larger
5Co-95Pt alloy phase) in improving the average leakage
magnatic flux ratio.
[0369]

In Example 5, the cumulative rotation number of a ball
mill for each of the second non-magnetic metal powder (the
5Co-95Pt alloy powder) and the magnetic metal powder (the Co
powder) ig the same asg that in Example 3, but the cumulative
rotation number of a ball wmill for the first non-magnetic
metal powder (the 6BCo-22Cr-10Pt alloy powder) is about 2.3
times that in Example 3. On the other hand, the average
leakage magnetic flux ratio of Example 5 is 45.7%, which is
lower by about 2% than the average leakage magnetic flux ratio
(48.1%) of Example 3. Therefore, it ig congidered that the
larger size of the first non-magnetic metal phase (the §8Co-
22Cr-10Pt alloy phase) is also effe;tive in improving the
leakage magnetic flux ratio of the target.
[0370]

In Comparative Example 8, the cumulative rotation number
cf a ball mill for each of the second non-magnetic metal
powder (the 5Co-95Pt alloy powder) and the magnetic metal
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powder {the Co powder} is the same as that in Comparative
Example 7, but the cumulative rotation number of a ball mill
for the first non-magnetic metal powder (the 68Co-22Cr-10Pt
alloy powder) is about 2.2 times that in Comparative Example 7.
On the other hand, the average leakage magnetic flux ratio of
Comparative Example 8 is 34.5%, which is lower by about 1%
than the average leakage magnetic flux ratio (35.5%) of
Comparative Example 7. Therefore, it is considered that the
larger size of the first non-magnetic metal phase {(the &8Co-
22Cr-10Pt alloy phase) is also effective in improving the
leakage magnetic flux ratio of the target.

[6371]

However, the reduction amount in the average leskage
magnetic flux ratio when the first non-magnetic metal phase
(the 68Co-220r-10Pt alloy phasge) is decreased in size is
smaller than the reduction amount in the average leakage
magnetic flux ratio when the second magnetic metal phase (the
5Co-95Pt phase) is decreased in size. Therefore, it is
considered that the larger second non-magnetic metal phase
(the lavger 5Co-25Pt phase) iz more effective than the larger
first non-magnetic metal phase (the larger 68Co-22Cr-10Pt
alloy phase] in improving the average leakage magnetic flux
ratio.

(63721
In Example 6, the cumulative rotation number of a ball
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mill for the magnetic metal powder (the Co powder} is the same
as that in Example 3, but the cumulative rotation number of a
ball mill for the first non-magnetic metal powder (the 68Co-
22Cr-10Pt alloy powder) ig about 2.2 times that in Example 3,
and the cumulative rotation number of a ball mill for the
second non-magnetic metal powder (the 5Co-95Pt alloy powder)
is about 4.1 times that in Example 3. On the other hand, the
average leakage magnetic flux ratio of Example 6 is 40.8%,
which is lower by about 7% than the average leakage magnebic
flux ratio (48.1%) of Example 3. It is considered that this is
because the sizes of the first non-magnetic metal phase (the
68Co-22Cr-10Pt alloy phase) and the second non-magnetic metal
phase (the 5Co-95Pt alloy phase) were decreased compared with
Example 3.

[0373]

Finally, the dispersion state between the 8Co-22Cr-10pt
allcoy phase and the oxide phase in the tarééﬁ will be also
mentioned.

[0374]

In Examples 1 and 2 and Comparative Examples 1 to 4, the
68C0-22Cr-10Pt alloy powder, that is the non-magnetic metal
powder, and the oxide powder are mixed by a ball mill with a
cumulative rotation number of up to 4,136,400, Accordingly, it
is considered that the 68Co-22Cr-10Pt alloy phase and the

oxide phase are finely interdispersed with each other in the
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obtained target. Furthermore, the results from actual
cbeservations of the obtained sintered body with a
metallurgical microscope (FIG. 4 to FIG. 15} also show that
the 68Cc-22Cr-10Pt alloy phase and the oxide phase are finely
interdispersed with each other. In Reference Examples 1 and 2,
the 68Co-22Cr-10Pt alloy powder, that is the non-magnetic
metal powder, and the oxide powder are mixed by a ball mill
with a cumulative rotation number of up to 1,308,560,
Accordingly, it is considered that the 68Co-22Cr-10Pt alloy
phase and the oxide phase are finely interdispersed with each
other in the obtained target. Furthermore, the results from
actual observations of the obtained sintered bedy with a
metallurgical microgscope (FIG. 16 to FIG. 19) also show that
the 68C0-22Cr-10Pt alloy phase and the oxide phase are finely
interdigpersed with each other. In Examples 3 to 6 and
Comparative Examples 5 to 8, the 68C0o-22Cr-10Pt alloy powder,
that is the non-magnetic metal powder, and the oxide powder
are mixed by a ball mill with a cumulative rotation number of
1,082,160 or more. Accordingly, it is considered that the
68Co-22Cr-10Pt alloy phase and the oxide phase are finely
interdispersed with each other in the obtained target.
Furthermore, the results from actusl observations of the
cbtained gintered body with a metallurgical microscope (FIG.
20 to FIG. 25) also show that the 68Co-22Cr-10Pt alloy phasge
and the oxide phase are finely interdispersed with each other.
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[0375]

Thug, the 68Co-22Cr-10Pt alloy phase and the oxide phase
are finely interdispersed with esach other, not only in
Examples 1 to 6 which are within the scope of the present
invention, but alsc in Comparative Examples 1 to 8 and
Reference Examples 1 and 2 which are not within the scope of
the present invention. Therefore, it is considered that actusl
sputtering with the target of any of Examples 1 to 6,
Comparative Examples 1 to & and Reference Examples 1 and 2 is

unlikely to cause failure such as nodules and particles.

Industrial Applicability
{0376]

The target according to the present invention can be
sultably used as a magnetron sputtering target. The
manufacturing method according to the present invention can be
suitably used as a method for wanufacturing a magnetron

sputtering target.

Reference Signs List

[0377]

10 target

12 magnetic phase

14 firgt non-magnetic phase
16 second non-magnetic phase
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18 oxide phase
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CLAIMS
i. A magnetron gputtering target having a ferromagnetic
metal element, the magnetron sputtering target comprising:

a magnetic phase containing the ferromagnetic metal
element;

a plurality of non-magnetic phases that each contain the
ferromagnetic metal element and that are different in
constituent elements or a content ratio of constituent
elements; and

an oxide phase,

wherein at least one of the plurality of non-magnetic
phases is more finely interdispersed with the oxide phase than

the magnetic phase.

2. The magnetron gputtering target according to claim 1,
wherein one of the plurality of non-magnetic phases is more
finely interdispersed with the oxide phase than other non-

magnetic phases.

3. The magnetron sputtering target according to claim 1 or 2,
wherein the magnetic phase has an average phase size of 40 um

or larger and 80 um or smaller.

4. The magnetron sputtering target accoxrding to any one of

claims 1 to 3, wherein the plurality of non-magnetic phases
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are twe non-magnetic phases.

5. The magnetron sputtering target according to any one cof

claimg 1 to 4, wherein the ferromagnetic metal element iz Co.

6. The magnetron sputtering target according to claim 5,
wherein the magnestic phase is a Co-Cr alloy phase in which the

ratbio of an amount of Co is 85 at% or nmore.

7. The magnetron sputtering target according to claim 5,

wherein the magnetic phase is composed only of Co.

8. The magnetron sputtering target according to any one of
claimsg 5 to 7, wherein at least one of the non-magnetic phases
is a Co-Cr alloy phase in which the ratio of an amount of Co
is more than 0 at% and 75 at% or less or a Co-Cr-Pt alloy
phage in which the ratio of an amount of Co is wmore than 0 at%

and 73 at% or less.

9. The magnetron sputtering target according to any one of
claimg 5 to 8, wherein at least one of the non-magnetic phases
is a Co-Pt alloy phase in which the ratioc of an amount ©of Co

i8 more than 0 at% and 12 at% or less.

10. The magnetron sputtering target according to any one of
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claims 1 to 9, wherein the oxide phase contains at least one
of 510,, Ti{}z . TigOg, ; Tasls, CraDs, Co0, Co030;, Bz0:, Pe,0z, Cuo,
oGy, MgO ’ A1203 , Zr0q, Nb205 , MoOs, CeOz . S0z, Gngg, , WO., WOs,

HEC,, and NiOg-

11, The magnetron sputtering target according to any one of
claims 1 to 10, wherein the target is used te form a magnetic

recording layer.

12. A manufacturing method of a magnetron sputtering target,
the method comprising the steps of:
mixing and dispersing a first non-magnetic metal powder
containing a ferromagnetic metal element and an oxide powder
to obtain a non-magnetic powder mixture; and
mixing and dispersing
the obtained non-magnetic powder mixture,
a magnetic metal powder containing the
ferromagnetic metal element, and
a second non-magnetic metal powder containing the
fervomagnetic metal element and being different in constituent
elements or a content ratio of constituent elements from the
first non-magnetic wmetal powder

to obtain z powder mixture for pressure sintering.

13. A manpufacturing method of a magnetron sputtering target,
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the method comprising the steps of:

mixing and dispersing a f£irst non-magnetic metal powder
containing a ferromagnetic metal element and an oxide powder
to obtain a non-magnetic powder mixture; and

mixing and dispersing

the obtained non-magnetic powder mixture,

a magnetic metal powder containing the
ferromagnetic metal element,

a second non-magnetic metal powder containing the
ferromagnetic metal element and being different in constituent
elements or a content ratio of constituent elements from the
first non-magnetic metal powder, and

an oxide powder

to cobtain a powder mixture for pressure sintering.

14. The manufacturing method of a magnetron sputtering tavget
according to cliaim 12 or 13, wherein two types of non-magnetic

metal powders are used.

15. The manufacturing method of a magnetron sputtering target
according to any one of claims 12 to 14, wherein the

ferromagnetic metal element is Co.

16, The manufacturing method of a magnetron sputtering target

according to claim 15, wherein the magnetic metal powder
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contains Co and Cr as nmi nh conponents, and the ratio of an
amount of Co contained in the magnetic netal powder is 85 at%

or nore.

17. The manufacturing nmethod of a nmagnetron sputtering target
according to claim15, wherein the magnetic nmetal powder is

conposed only of Co.

18. The manufacturing nmethod of a magnetron sputtering target
according to any one of clainms 12 to 17, wherein at |east one
of the plurality of non-magnetic netal powders is a Co-Cr

alloy in which the ratio of an anmount of Co is nore than 0 at%
and 75 at%or less or a Co-Cr-Pt alloy in which the ratio of

an anmount of Co is nore than O at% and 73 at% or | ess.

19. The manufacturing nmethod of a nmagnetron sputtering target
according to any one of clains 12 to 18, wherein at |east one
of the plurality of non-magnetic nmetal powders is a Co-Pt

alloy in which the ratio of an anmount of Co is nore than 0 at%

and 12 at% or | ess.
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