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Ni/(Co+Fe+Ni): 0.01 to 0.25.
[0010] According to another aspect of the present invention,
there is provided a method for producing a sputtering target
material for a soft-magnetic film layer in a perpendicular
5 magnetic recording medium, the method comprising the steps
of:
(a) providing two or more raw-material powders having
different compositions so as to constitute the alloy for a
soft-magnetic film according to claim 1 in total composition,
10 wherein at least one powder of the two or more powders
comprises in at.%:
Ni: 20 to 34%:;
Co: 0 to 6%;
‘One or more of Zr, Hf, Nb, Ta and B: 3 to 12% in total
15 of Zr+Hf+Nb+Ta+B/2, wherein B is in an amount of from 0 to
7%; and
One or more of Al and Cr: 0 to 5% in total of Al+Cr;
and
the balance Fe and unavoidable impurities, and
20 satisfies in atomic ratio: _
Ni/{Fe+Ni): 0.27 to 0.35;
(b) mixing the two or more powders to provide a
mixture; and
(c) consolidating the mixture to form a sputtering
25 target material.
[0011] According to another aspect of the present invention,
there is provided a sputtering target material which is produced
by the above method.
DESCRIPTION OF EMBODIMENTS
30 Alloy for Soft-Magnetic Film Layer in Perpendicular Magnetic
Recording Medium
[0012] The alloy for a soft-magnetic film layer in a
perpendicular magnetic recording medium according to the
present invention comprises in at.%: Fe: 10 to 45%; Ni: 1 to
35 25%; one or more of Zr, Hf, Nb, Ta and B: 5 to 10% in total of
Zr+Hf+Nb+Ta+B/2, wherein B is in an amount of from 0 to 7%;




TTO Lit Fe/(Co+ Fe+Ni) TO 6V0 2170 EZ' O TZ' O ZZ' O 172' 0 EEO 172' 0 17EO
620 60'0 ZS0 17.0 Er TZ'O zro 17E 0 6Z 'O Conposition (at.% 03
Bal ance Bal ance Bal ance Bal ance Bal ance Bal ance Bal ance Bal ance Bal ance
Bal ance Bal ance Bal ance Bal ance Bal angge Bal ance Bal ance Bal ance Bal ance
Bal ance [ 0 T Y N IR (N B z |

and one or more of Al and Cr: 0 to 5% in total of Al+Cr; and the
balance Co and unavoidable impurities: 37% or more,
preferably consists of these components. This alloy satisfies in
atomic ratio: Fe/(Co+Fe+Ni): 0.10 to 0.50; and Ni/(Co+Fe+Ni):
5 0.01 to 0.25. The reasons for these compositional limitations
of the alloy for a soft-magnetic film layer in a perpendicular
magnetic recording medium are described below.
[0013] Fe is an element which has a ferromagnetic property as
well as Co and Ni. On the other hand, Fe is an element which

10 deteriorates corrosion resistance as compared to Co and Ni.
However, an Fe content of less than 10% results in a low
saturation magnetic flux density, while an Fe content of more
than 45% deteriorates corrosion resistance. Therefore, the Fe
content in the alloy is 10 to 45%, preferably 20 to 40%.

15 [0014] Ni is an element which has a ferromagnetic property as
well as Co and Fe, while having a low saturation magnetic flux
density as compared to Co and Fe. On the other hand, Ni has a
corrosion resistance that is considerably higher than that of Fe
and is slightly better than that of Co. However, an Ni content

20 of less than 1% results in a poor corrosion resistance while an
Ni content of more than 25%. results in a low saturation
magnetic flux density. Accordingly, the Ni content in the alloy
is 1 to 25 %, preferably 10 to 22%.

[0015] Zr, Hf, Nb, Ta and B are elements which respectively

25 have a eutectic phase diagram in relation to Co and Fe and form
amorphous phases. In addition, the concentrations of these
elements in the eutectic composition are 8 to 13% except that
the concentration of B is 20% or slightly lower. This is almost
similarly applicable to Ni. Therefore, these elements can be

30 dealt with in the total amount of Zr, Hf, Nb, Ta, and B/2.
However, the amount of Zr+Hf+Nb+Ta+B/2 of less than 5%
results in insufficient amorphousness, while the amount of more
than 10% leads to saturation of amorphousness to reduce
saturation magnetic flux density. Therefore, the total amount

35 of Zr+Hf+Nb+Ta+B/2 is 5 to 10%, preferably 7.0 to 9.5%. In
addition, the B content in the alloy is 7% or less because B
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content of more than 7% results in poor corrosion resistance.
[0016] Al and Cr are added in an amount of 5% in terms of
total amount of Al+Cr since both are elements which improve
corrosion resistance. However, the upper limit of the total
amount is 5% because the total amount of more than 5% leads
to a large decrease in saturation magnetic flux density.

[0017] With regard to Fe/(Co+Fe+Ni), as described above, Fe
is an element which has which has a ferromagnetic property as
well as Co and Ni. On the other hand, Fe is an element which
deteriorates corrosion resistance as compared to Co and Ni.
However, the atomic ratio of Fe/(Co+Fe+Ni) of less than 0.10
results in a small saturation magnetic flux density, while the
atomic ratio of more than 0.50 results in poor corrosion
resistance. Therefore, the atomic ratio of Fe/(Co+Fe-+Ni) is

'0.10 to 0.50, preferably 0.23 to 0.43.

[0018] With regard to Ni/(Co+Fe+Ni), as described above, Ni
is an element which has a ferromagnetic property as well as Co
and Fe, while having a low saturation magnetic flux density as
compared to Co and Fe. On the other hand, Ni has a corrosion
resistance that is considerably higher than that of Fe and is
slightly better than that of Co. However, the atomic ratio of
Ni/{Co+Fe+Ni) of less than 0.01 results in poor corrosion
resistance, while the atomic ratio of more than 0.25 results in a
low saturation magnetic flux density. Therefore, the atomic
ratio of Ni/(Co+Fe+Ni) is 0.01 to 0.25, preferably 0.11 to 0.17.
However, the balance Co is necessary in an amount of 37% or
more, as the amount of 37% or less results in deterioration of
corrosion resistance.

Sputtering Target Material and Production Method Therefor

[0019] The method for producing a sputtering target material
for a soft-magnetic film layer in a perpendicular magnetic
recording medium according to the present invention comprises
the steps of: (a) providing two or more raw-material powders
having different compositions so as to constitute the alloy for a
soft-magnetic film in total composition; (b) mixing the two or

more powders to provide a mixture; and (c) consolidating the
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mixture to form a sputtering target material.

[0020] Thus, in the production process of the present
invention, two or more raw-material powders having different
compositions are prepared as raw-material powders for the
target material, so as to constitute the alloy for a soft-magnetic
film in total composition. The reason for this is as follows.
That is, the above alloy for a soft-magnetic film is an excellent
alloy having a high saturation magnetic flux density, high
amorphousness, and high corrosion resistance. However, since
this alloy has a high saturation magnetic flux density, the simple
use of this alloy as a sputtering target material for magnetron
sputtering leads to a low PTF value, which results in a low
sputtering rate and low sputtering stability.

[0021] In order to improve this point, by mixing powders
having relatively low saturation magnetic flux densities in .a
certain ratio and consolidating the mixture, instead of
consolidating a raw-material powder of a single.compésition, it
is possible to obtain a material which has, as a whole in uniform
composition, an alloy composition for a soft-magnetic film layer
having a high saturation magnetic flux density but exhibits a
relatively low saturation magnetic flux density as a sputtering
target material, resulting in a sputtering target having a high
PTF value.

[0022] At this time, when the entire composition of the
sputtering target material is prepared from raw-material
co'mpositions with at least two compositions, at least one
powder composition is prepared to comprise in at.%: Ni: 20 to
34%; Co: 0 to 6%; one or more of Zr, Hf, Nb, Ta and B: 3 to
12% in total of Zr+Hf+Nb+Ta+B/2, wherein B is in an amount
of from 0 to 7%; and one or more of Al and Cr: 0 to 5% In total
of Al+Cr; and the balance Fe and unavoidable impurities, and
satisfies in atomic ratio: Ni/(Fe+Ni): 0.27 to 0.35. This can
extremely lower the saturation magnetic flux density.

[0023] An alloy which falls within the above ranges of Ni and
Fe/(Fe+Ni) leads to an extremely low saturation magnetic flux
density, making it possible to significantly improve the PTF

JR
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value as compared to sputtering targets uniformly having the
same composition, by using this alloy powder as at least part of
the raw-material powder and consolidating the mixture to obtain
a sputtering target. To the contrary, when the Ni content and
the ratio of Ni/(Fe+Ni) fall outside the above ranges, the
saturation magnetic flux density of the alloy powder becomes
high, resulting in a decrease in PTF-value improvement effect.
Therefore, the Ni content is 20 to 34%, while the ratio of
Ni/(Fe+Ni) is 0.27 to 0.35.

[0024] The addition of Co in an amount of more than 6% leads

to a high saturation magnetic flux density of the alloy powder to
reduce the PTF-value improvement effect, and the upper limit of
the Co amount is 6%.

[0025] The amount of Zr+Hf+Nb+Ta+B/2 is 3 to 12% because
the use of the raw-material powder in an amount of less than
3% or more than 12% leads to an increase of particle formation.
That is, Zr, Hf, Nb, Ta, and B have different sputtering rates
from Fe, Co, and Ni. Therefore, when the amounts of the
raw-material powders are largely different, irregularities occur
on the surface of the sputtering target material to cause a
failure such as particles, as the sputtering proceeds. Such
problems, however, can be reduced within the above range.
[0026] In the meantime, the powder having Ni: 20 to 34%;
Ni/(Fe+Ni): 0.27 to 0.35; Co: 0 to 6%; Zr+Hf+Nb+Ta+B/2: 3 to
12% comprises the balance Fe, while the composition of the
other raw-material powder (hereinafter, balance composition)
becomes rich in Co. This leads to consolidation of the
raw-material powder having the balance Fe (low corrosion
resistance) and the Co-rich raw-material powder (high corrosion
resistance) in mixture, creating a kind of local battery between
the two powders to provide a material which relatively tends to
rust for the sputtering target. In view of this, by adding Al+Cr
in an amount of 5% or less into the powder having at least Ni:
20 to 34%; Ni/(Fe+Ni): 0.27 to 0.35; Co: 0 to 6%;
Zr+Hf+Nb+Ta+B/2: 3 to 12% and comprising the balance Fe, it
is possible to improve the corrosion resistance of this powder to

0 IN 1 0r 1Or T | zz |1ST 1Si
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[ 0032] The saturation nmagnetic flux density of the quenched ribbon was
measured using a VSM apparatus (vibratigg sanple nmagnetoneter) with an
applied magnetic field of 15 kOe. The 5 wei ght of the specinen was about 15
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having the elements of the both powder compositions. In
particular, in the technique that a raw-material powder having a
20 low saturation magnetic flux density is used to achieve a high
PTF as in the present invention, a diffusion layer thus formed
has a high saturation magnetic flux density to inhibit sufficient
PTF improvement effect. This problem can be alleviated by
upset method. The temperature in the upset method is
25 preferably 900 to 1200 °C, more preferably 930 to 1070 °C,
while the pressure is preferably 400 to 1400 MPa, more
preferably 500 to 900 MPa. The period for pressing is not
limited to, but is preferred to be 1 to 10 seconds.

30 EXAMPLES
[0028] The present invention is explained in detail below with
reference to Examples.
[0029] Normally, a soft-magnetic film layer for a perpendicular
magnetic recording medium is formed by sputtering a sputtering
35 target having the same composition as the film layer to form
the film layer on a glass substrate or the like. At this time, the



Half width (0) Corrosion resistance Note 1 1.15 2.8 Good Exanples 2 1.61
0.9 Good 3 1.63 0.7 Good 4 1.11 3.1 Good 5 1.46 0.5 Good 6 1.10 2.7
Good 7 1.38 0.7 Good 8 1.41 0.7 Good 9 1.26 1.0 Good 10 1.33 0.8 Good
11 1.12 10

sputtered film has been quenched. In contrast, in the
examples and comparative examples with regard to the present
invention, a quenched ribbon produced in a single-roll-type
liquid quenchihg device is used as a specimen. This is to
5 evaluate influence of an actually sputtered, quenched film in
various properties in terms of components, in a simple way by
use of a liquid quenched ribbon.
Example 1
[0030] A raw-material of 30g weighed by constituents in Table
10 1 was arc-melted under reduced pressure of Ar in a
water-cooled copper hearth having a diameter of 10 x 40 mm to
prepare a molten base material for a quenched ribbon. The
quenched ribbon was produced in single roll system, by setting
this molten base material in a silica tube with a diameter of 15
15 mm and tapping the molten base material under an atmosphere
pressure of 61 kPa, at an atomizing pressure difference of 69
kPa, at a rotational number of 3000 rpm of a copper roll
(diameter of 300 mm), and with a gap between the copper roll
and the tap nozzle of 0.3 mm. The tap temperature was set to
20 a temperature right after the melting of each molten base
material. With use of the quenched ribbon thus produced as a
specimen, the following evaluations were conducted.
[0031]



0.6 Good 12 1.08 2.5 Good Conp. Exanples 13 1.62 0.9 Poor 14 1.65 0.8
~Poor 15 1.05 2.9 Good 16 1.53 0.1 Good 17 1.02 3.3 Good 18 1.41 0.7
Poor 19 1.07 0.6 Good 5 As shown in Table 2, Nos. 1 to 11 are exanpl es
of the present invention, while Nos. 12 to 19 are conparative exanples.
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Evaluation 1: Saturation Magnetic Flux Density

[0032] The saturation magnetic flux density of the guenched
ribbon was measured using a VSM apparatus (vibrating sample
magnetometer) with an applied magnetic field of 15 kQOe. The

5 weight of the specimen was about 15 mg.

‘Evaluation 2: Amorphousness

[0033] Usually, when an X-ray diffraction pattern of an
amorphous material is measured, a diffraction peak is not
observed and a halo pattern specific to amorphousness is

10 observed. In addition, if the material is not completely
amorphous, although a diffraction peak islobserved, the peak
height is lower and the half width (width at the half height of
the diffraction peak) is broader as compared with a crystalline
material. The half width correlates with the amorphousness of

15 the material and there is a feature that the diffraction peak
becomes broader and the half width becomes greater as the
amorphousness becomes higher. Accordingly, the
amorphousness of the quenched ribbon was evaluated in the
following manner.

20 [0034] A specimen was adhered on a glass plate with a
double-faced adhesive tape, and a diffraction pattern was
obtained with an X-ray diffraction apparatus. At this time, the
specimen was adhered on the glass plate so that the surface to
be measured could be the surface of the quenched ribbon in

25 contact with the copper roll. The X-ray source was Cu-ka ray
and the measurement was performed at a scan speed of 4°/min.
The width at the half height of the main peak in the diffraction
pattern was image-analyzed to determine the half width for
evaluating amorphousness. |

30 Evaluation 3: Corrosion Resistance
[0035] In order to evaluate corrosion resistance of the
quenched ribbon, a specimen was adhered on a glass plate with
a double-faced adhesive tape, and the salt spray test was
performed using 5% NacCl at 35°C for 16 hours to evaluate the

35 specimen according to the criteria of "Poor" for those rusted on
the whole surface and "Good" for those rusted in part. The
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evaluation results are shown in Table 2

[0036]
[Table 2]
Table 2
No. | Saturation | Half Corrosion | Note
magnetic | width | resistance
flux (®)
density
(T)
1 1.15 2.8 Good Examples
2 1.61 0.9 Good
3 1.63 0.7 Good
4 1.11 3.1 Good
5 1.46 0.5 Good
6 1.10 2.7 Good
7 1.38 0.7 Good
8 1.41 0.7 Good
9 1.26 1.0 Good
10 11.33 0.8 Good
11 |1.12 0.6 Good
12 |1.08 2.5 Good Comp.
13 |1.62 0.9 Poor Examples
14 |11.65 0.8 Poor
15 | 1.05 2.9 Good
16 |1.53 0.1 Good
17 |1.02 3.3 Good
18 |1.41 0.7 Poor
19 |1.07 0.6 Good

As shown in Table 2, Nos. 1 to 11 are examples of the present
invention, while Nos. 12 to 19 are comparative examples.

[0037] In comparative example No. 12, - the saturation
magnetic flux density is low due to the low Fe content in the
composition and the low Fe/(Co+Fe+Ni) value. In comparative
example No. 13, corrosion resistance is poor due to the high Fe
content in the composition, the high Fe/(Co+Fe+Ni) value, and
the low Co amount. In comparative example No. 14, corrosion
resistance is poor due to the [ow Ni content in the composition
and the low Ni/(Co+Fe+Ni) value. In comparative example No.

15, the saturation magnetic flux density is low due to the high

Ni content in the composition and the high Ni/(Co+Fe+Ni)
value. ' '

E
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[0038] In comparative example No. 16, the half width is small
due to the low content of Zr+Hf+Nb+Ta+B/2, leading to low
amorphousness. In comparative example No. 17, the
saturation magnetic flux density is low due to the high. content
5 of Zr+Hf+Nb+Ta+B/2. In comparative example No. 18,
corrosion resistance is poor due to the low B content in the
composition. In comparative example No. 19, the saturation
magnetic flux density is low due to the high Al4+Cr content.
Example 2
10 [0039] Next, there are described .examples with regard to
influence of the raw-material powder in PTF value of the
sputtering target material. First, an alloy powder to be used as
a raw-material was prepared by gas atomizing method, and the
saturation magnetic flux density was measured to investigate
15 the raw-material powder composition having a low saturation
magnetic flux density. The results are shown in Table 3. This
raw-material powder was then mixed with a raw-material
powder of a balance composition shown in Table 4 so as to
reach the composition of a target material shown in Table 5.
20 The mixture was consolidated and then machined to produce a
sputtering target material, the PTF value of which was measured
to investigate the influence of the raw-material powder
composition in PTF value. The results are shown in Table 5.
At the same time, corrosion resistance was also evaluated for
25 the sputtering target material. '
[0040]
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resi stance Gbecorawcanaterieb epd3stioe sputtering target material were

prepared as explained below.

(1) Preparation of Raw-Material Powder

[0043] First, a raw-material powder of each composition
5 shown in Tables 3 and 4 was prepared by gas atomizing

technique. The gas atomizing was conducted under conditions

of the gas type of Ar, the nozzle diameter of 6 mm, and the gas

pressure of 5 MPa. The powder of Nos. 1 to 11 shown in Table

3 was mixed with the alloy powder of the corresponding balance
10 composition shown in Table 4 in the powder mixing ratio shown

in Table 4. The mixing of the raw-material powders was

conducted by mixing the mixture in a V-type mixer.

- (2) Classification _

[0044] The powder mixture thus prepared was classified
15 through a sieve having an opening of 500 um to obtain a

powder having particle sizes of 500 pm or less.

(3) Vacuum Sealing

[0045] The classified powder mixture was charged into a

sealed container, which is made of SC material and has a
20 diameter of 200 mm and a height of 100 mm. The sealed

container was then vacuum-sealed at an ultimate pressure of

lower than 1.3 x 107! Pa (1073 torr).

(4) Consolidating Process

[0046] The vacuum-sealed powder mixture was consolidated
25 by upset method. The upset method was conducted under

conditions of the heating temperature of 950 °C, the pressure of

- 540 MPa, and the processing time of 5 seconds. Upset method

is @ method comprising heating a billet having an external

cylinder can made of metal, which is charged with a
30 raw-material powder, evacuated and sealed, to a certain

temperature; inserting the billet into a container; and

press-forming the billet with a puncher, and is characterized by

being able to heighten the consolidation pressure and to

conduct consolidation for a short period of time, as compared to
35 HIP method or hot press method.

(5) Machining Process
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[0047] The consolidated body was machined by wire cutting,
lathe processing and surface polishing to produce a sputtering
target material having a final shape with a diameter of 180 mm

- and a thickness of 7 mm.

[0048] The following evaluations were made for the
raw-material powders and sputtering target materials.
Evaluation 1: Saturation Magnetic Flux Density
[0049] The saturation magnetic flux density of the
raw-material powder was measured using a VSM apparatus
(vibrating sample magnetometer) with an applied magnetic field
of 15 kOe. The weight of the specimen was about 15 mg.
Evaluation 2: PTF Value
[0050] The PTF value of the target material was measured
according to ASTM F1761-00. For comparisoh, a target
material having the same composition was produced by
consolidating a single powder under the same conditions, and
the PTF value was measured. Evaluation was made in terms of
the difference in PTF value obtained by subtracting [PTF value
(unit:%) of the sputtering target material made from the single
powder] from [PTF value (unit:%) of the sputtering target
material made from the powder mixture]. '
Evaluation 3: Corrosionh Resistance
[0051] For evaluation of corrosion resistance of the sputtering
target material, the target material was subjected to a salt
spray test in accordance with 3IS Z 2371, in which the target
material after exposure to spraying of a NaCl solution of 5 wt.%
for 24 hours was observed to visually confirm presence/absence
of rust on the target material. The evaluation was made
according to the following criteria: '

A: No rust generated

B: Generation of rust on part of the target material

C: Generation of rust over the entire surface of the
target material '
[0052] The compositions (at.%) of the sputtering target
materials, the raw-material powders, and the differences in PTF
value (%), and corrosion resistance are shown in Table 5.

powder No. 1+BCl | 2+BC2 | 3+BC3 | .1739+17 S39+S 939+9 7+BC7 |

129
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- [0053] As shown in Table 5, B to D, F and ] are examples of

the present invention, while A, E, G to I, and K are comparative
examples. In comparative examples A, E and G, the
improvement effect in PTF is small due to the high saturation
magnetic flux densities of raw-material powders No. 1, 5 and 7
used in these examples. When the sputtering target materials
of comparative examples H and I were sputtered under an Ar
pressure of 0.5 Pa at a DC power of 500W, many irregularities
occurred on the surface of the sputtering target materiai, while
the sputtered film had many particles, which was three times as
many as a sputtered film prepared by using the sputtering
target material of the same composition which had been
consolidated from the single powder under the same conditions.
This is assumed to be due to a large difference in Zr+Nb
amount between the mixed powders (No. 8 and Balance
Composition 8; and No. 9 and Balance Composition 9). (While
the sputtering rates of Zr, Hf, Nb, Ta, and B are known to be
lower than Co, Fe, and Ni, it is assumed- that this difference in
sputtering rate would grow irregularities on the surface.)

[0054] Powder No. 11 used for the preparation of the
sputtering target material of comparative example K has Al+Cr
in an amount of 6 at.%, which is only 1 at.% higher than the Cr
content of powder No. 10 used for the preparation of the
sputtering target material of present invention example J. As a
result, the evaluation results of the both sputtering target
materials of present invention example ] and comparative
example K were "A," which indicates that the improvement
effect in the corrosion resistance of the sputtering target
material by the addition of Al+Cr was saturated.

[0055] In addition, powder mixtures of No. 2 + Balance

‘Composition 2; No. 3 + Balance Composition 3; and No. 4 +

Balance Composition 4 were used and then subjected to HIP
consolidation at 950 °C under 147 MPa for 2 hours to obtain
sputtering targét materials having compositions B, C, and D, of
which the PTF differences from sputtering target materials made
from the corresponding single raw-material powders were 8, 11,
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and 9 %, respectively. This indicates that consolidation by
upset method leads to a higher improvement effect in PTF value
than consolidation by HIP method.
[0056] In view of the above, it is understood that an alloy
5 powder which falls within the range of Ni/(Fe+Ni) of 0.27 to
0.35 leaded to an extremely low saturation magnetic flux
density, making it possible to significantly improve the PTF
value as compared to sputtering targets uniformly having the
same composition, by using this alloy powder as at least part of
10 the raw-material powder and consolidating the mixture to obtain
a sputtering target. '



TC Sz Sz V Cl 18 The raw material and the sputtering target
‘material were prepared as expl ained below. (1) Preparation of Raw Materi al
‘Powder [0043] First, a raw material powder of each conposition 5 shown in
Tables 3 and 4 was prepared by gas atomging technique. The gas atomi zing
was conducted under conditions of the gas type of Ar, the nozzle dianeter
of 6 nmm and the gas pressure of 5 MPa. The powder of Nos. 1 to 11 shown in
Table 3 was mixed with the alloy powdetADMISt he correspondi ng bal ance 10
conposition shown in Table 4 in the powder m xing ratio shown in Table 4.
The m xing of the rawmaterial powders was conducted by m xing the m xture
in a V-typelni xer AN 2)lo9 &ekia sofit-npagnetjobiday Iayer povalgrenpendicalamhus
prepared wa i fi h =\ j : i ngopf 500 pn to
bt ai n & pornacnasls FECoHInE R, ThE B8P Cdtp P B3R F6RY. i

Seal i ng [0045] Théecl B3dof #b&powder mi xture was charged into a seal ed

cont ai ner, which i[\ﬁ.flljﬁgg ﬁOOSC mat eri al and has a 20 dianeter of 200 mm and
a height of 100 mm "Thée s€al€d contai ner was then vacuum seal ed at an

ul ti mate pressure Qe lownonehaf 4r, Hf MO, TaPandl 8- 35 ttor 1P % (M) total of

consol | dat e 280 TRt Reenaierant HoLS i ABROYAE it iBirim:

cogdi Li ons and he heati ngftenperature of 950 C, the pressure of 540 MPa,
e he BBSErEL "d T Rlerd, AT R o R TE R OTACEE PR 10
-charged with a 30thavbainee €o poddenaveidaiis jm:ipmitieﬁaB&% o? nao_oe,rt?ihg
; : . ; -formn
bi 17 ot i t h RGeSy Safistulngip AT E8BS' bei ™01 & to hei anten the
consol i dation prg§e¢(@0&ﬂﬁa+lﬂi)coﬂcﬂﬁttocﬁrﬁm iaahett i onhf gr a short hperi od of
i me, . | P i . (5) Machi ni

Process. 16 00a7 RGOt E el 580 25 “rmoni ned by wi re cutti ng.

| at he per(r:]estinngaaP_d surface pol itshi ngi to produce a sputtﬁri ng t?::Eﬁtess o
T ooy ol P 8 edleind SRt eRlnd odB A% heptr

p?)vvder s and sswmmagrmng fitgetlayeremn @ perpeaddiaulam niagﬁet'm? ae%ordiho@neti c
Fl ux Densit 9],...T turation i C ensity of the
raw mat eri a%nﬁb\?\‘g’éﬂ Wfsﬁ??é@ﬁﬂ ggrﬁgr@qﬁ%/ﬁg‘%%érogt us 10 (vibrating sanple
magnet omet er) wi t liadnpepyldirg twmgneti mdreelrdwoinatedike pothdeveilgdvingf t he
speci nen was;;aho 15 . al uation 2: PTF Val 0Q50] The PTE val ue of
the target ﬁéﬁg;"géfz ﬁ&gqﬁggém@ §§co?2%i Eﬁ tcgnﬁgfmtél%fj- 0@“9¥r fg5n€ari son,
a tarlg_eEI 15smﬁtenaghemm/ifnmtaec%miﬂgcwmaﬁatmorldmstotaidmd pESitiPoTrllz, |
consol idatin i.ngl.e er.un the s condi tions, and the val ue
was neasur ea&'%épu%q dﬁgﬁsoﬁédegéwcié& rfﬁ:mj:lhet %‘ai PfeMBRER PﬁW%/al ue
obt ai ned by cemprizesiimgat.Pbk val ue (unit:% of the sputtering target
material nmade fro .t,t@%i r@%@ 20 powder] from [PTF value (unit:% of the

tet il

sputtering target ¥e fromthe powder mixture]. Evaluation 3:
Corrosi on Resi staque Q[t@06%; For eval uation of corrosion resistance of the

sputtering target terial ., th ar get teri_al 1S, SUbj ed to salt 25
spray test in acc %%%emﬁ%oglér'ﬂq 35'5? & 3 ﬁ %fﬁ? h?r?}@e'tn h‘é‘azr?gl
after expos@re- b+ Bib-ETa-rB/2f vahdegin 8olgiin @n amoumt .¢h from 23 thopws; was

observed to _visually confirm presence/ absence of rust on the target
material . TR&%val uati on was nade according to the following criteria: 30A:

No rust | gener at ed One or moreBof ErmidtCan0dio FOstinctpdrdf Af+CRhe ahar get
materi a

C. neration of rust oyver, the entire surface, qf the
target material  thEoBSHNGH Sifealiae! Hriiues S Salisties ar ger
35 materi al $n dteni@vatieteri al powders, and the differences in PTF val ue
(%, and corrosion,.resistanc shoyn in Table 5. 20 [0053] As shown in
Table 5, B to D &'éﬁeﬁhﬁeﬁeZZ&ﬂ bsi"\gf the present invention, while A E,
Gtol, and K are(bqnnﬂmhgvetmavﬁwceswl mopEPIRVdERs exenpreyide B and G
the i nprovenent, effect ,in PTF is small due to the high saturation

mixture; and
(c) consolidating the mixture to form a sputtering target
material.



5 magnetic flux densities of rawmaterial powders No. 1, 5 and 7 used in

t hese exanpl es. When the sputtering target materials of conparative
exanples H and | were sputtered under an Ar pressure of 0.5 Pa at a DC
power of 500W many irregularities occusged on the surface of the
sputtering target material, while 10 the sputtered filmhad many particles,
which was three tinmes as many as a sputtered film prepared by using the
sputtering Barget Arliethad astordingdeeclaimdsi wheneihitbe eansekdating

consol i dat e oS qnﬁﬁé Hte{od he same conditions. This is
assuned to ggégﬁgﬁ%ﬂ E’?Jgtgbﬁi ertence |ond'Zr +Nb 15 anmount between the

m xed powders (No. 8 and Bal ance Conposition 8; and No. 9 and Bal ance
Compositiong9). (Wi %éyﬁ1 i ; f i . T are
known to be_4l'ower )&Pﬁéﬁt ), @gdétrggg rﬁlgtéﬁ{a??g?aas?@rfr%d%?ﬁglgtﬁﬁlsmgl fe_g‘r ence
in sputteri by reaat pawp@ndigutaw | magoetici tregorainghemaditate. WHFCHh[ 0i354]
Powder No. f ﬁﬂ@ §§5H i e ering target material of
conparative%iggﬁggg Qphas ﬁﬁé |%kgﬁmgﬂ3%%? %@ﬁ%{gf.Wb which is only 1

at. % hi gher than the Cr content of powder No. 10 used for the preparation
of the sputigering,t gﬁ% i i i e J a 25
result, t heusgval ug‘t ?éﬁa%eeéu %’r@%tﬁ’hgﬁ%ﬁ?ﬁ?@gﬁ%@ﬂf r?gggg’)régefq)hﬁl?t !aarl al s of
present i nvémtidn perpepdicdlamdnuagpeatiat i kecadangl emediene, " AHichhi ish

i ndi cates t i qpr f ' L ion resistance of the
Sputtering ?3?8@?%% rl\egeﬂﬁé%qcﬁ&e agggrpﬂqoéqgfa%l@%?'ms saturated. 30
[0055] In addition, powder m xtures of No. 2 + Balance Conposition 2; No. 3
+ Bal ance Conposition 3; and No. 4 + Bal ance Conposition 4 were used and

t hen subjected to H P consolidation at 950 C under 147 MPa for 2 hours to
obtain sputtering target materials having conpositions B, C, and D, of 35
whi ch the PTF differences fromsputtering target materials nmade fromthe
corresponding single rawnmaterial powders were 8, 11, 21 and 9 W,
respectively. This indicates that consolidation by upset nmethod | eads to a
hi gher inprovenent effect in PTF value than consolidation by H P nethod.

[ 0056] In view of the above, it is understood that an alloy 5 powder which
falls within the range of Ni/(Fe+Ni) of 0.27 to 0.35 leaded to an extrenely
| ow saturation magnetic flux density, nmaking it possible to significantly

i nprove the PTF val ue as conpared to sputtering targets unifornmy having
the sanme conposition, by using this alloy powder as at |east part of 10 the
raw nmat eri al powder and consolidating the mixture to obtain a sputtering
target. 22 CLAIMS 1. An alloy for a soft-magnetic filmlayer in a

per pendi cul ar magnetic recording medium the alloy conprising in at.% Fe:

10 to 45% N : 1 to 25% One or nore of Zr, H, Nb, Ta and B: 5 to
10% in total of Zr+Hf +Nb+Ta+B/ 2, wherein Bis in an amount of fromO to 7%
and One or nore of Al and Cr: 0 to 5%in total of Al +Cr; and the bal ance

Co and unavoi dable inmpurities: 37%or nore, and the alloy satisfying in
atomc ratio: Fe/(Cot+tFe+Ni): 0.10 to 0.50; and Ni/(Cot+Fe+Ni): 0.01 to 0. 25.
2. A nmethod for producing a sputtering target material for a soft-magnetic
filmlayer in a perpendi cular magnetic recordi ng nmedium the nethod
conprising the steps of: ' (a) providing two or nore raw nmateri al
powders having different conpositions so as to constitute the alloy for a
soft-magnetic filmaccording to claiml in total conposition, wherein at

| east one powder of the two or nore powders conprises inat.% N: 20 to
34% Co: O to 6% One or nore of Zr, Hf, Nb, Ta and B: 3 to 12%in
total of Zr+Hf +Nb+Ta+B/ 2, wherein Bis in an amunt of fromO to 7% and
One or nore of Al and Cr: O to 5%in total of Al +Cr; and the bal ance Fe and
unavoi dabl e inmpurities, and satisfies in atomc ratio: Ni/(Fe+N): 0.27 to
0. 35; (b) mxing the two or nore powders to provide a m xture; and
(c) consolidating the mxture to forma sputtering target material. 23 3.
A met hod according to claim?2, wherein the consolidating step is carried
out by upset nethod. 4. A sputtering target material for a soft-magnetic
filmlayer in a perpendi cular magnetic recordi ng nmedium which is produced
by the nethod according to claim2. 5. A sputtering target material for a
soft-magnetic filmlayer in a perpendicular magnetic recordi ng nmedi um

whi ch is produced by the nethod according to claim 3.



