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TITLE OF THE INVENTION

SPUTTERING TARGET, MANUFACTURING METHOD THEREFOR, AND
MANUFACTURING METHOD FOR MAGNETIC RECORDING MEDIUM

FIELD OF THE INVENTION

[0001] The present invention relates to a sputtering target and a method
for manufacturing the same. The present invention also relates to a method for

manufacturing a magnetic recording medium.

BACKGROUND OF THE INVENTION

[0002] Thin films containing silicon nitride (SisN4) are used as temperature
control layers (or thermally conductive layers), protective layers and sealing
layers of magnetic recording media, as well as protective films of thermal print

heads, and the like.

[0003] In Japanese Patent Application Publication No. 2006-196151
(Patent Literature 1), it is disclosed that low thermal conductivity regions
arranged in a pattern corresponding to a bit pattern of a magnetic recording
medium typified by an HAMR (heat-assisted magnetic recording) medium
comprises oxides selected from SiO2, ZrO», NiO, Al203, MgO, Taz0s, and TiO;

borides selected from HfB2 and TaB2; nitrides selected from ZrN, TiN, AIN, and
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SisN4; carbides selected from ZrC and SiC; and metals selected from Ti and Sc.
The literature discloses that the low thermal conductivity regions form part of
the temperature control layer and the temperature control layer is adjacent to a

magnetic recording layer.

[0004] Japanese Patent Application Publication No. 2010-165404 (Patent
Literature 2) discloses an invention related to a magnetic recording medium for
HDD using a heat-assisted recording method. Specifically, there is disclosed
magnetic recording medium, the magnetic recording medium having a
substrate and an underlayer thereon, and a recording layer on the underlayer,
characterized in that, a thermally conductive layer formed of a thin film made of
a plurality of materials having different thermal conductivities is disposed on the
recording layer; a first thin film made of a material having the highest thermal
conductivity among the plurality of materials is disposed on a part of the track of
the recording layer; and a second thin film (low thermal conductivity thin film)
made of a material having relatively lower thermal conductivity than the first thin
film is disposed between the first thin films in the thermally conductive layer.
This literature discloses that the second thin film is made of a material
containing silicon nitride. Further, this literature also discloses that the

protective film formed on the thermally conductive layer is made of a material



3

containing silicon nitride. Further, this literature also discloses that the low

thermal conductivity thin film can be formed by a sputtering method.

[0005] Japanese Patent Application Publication No. 2013-077370 (Patent
Literature 3) discloses a method for manufacturing a patterned perpendicular
magnetic recording medium, the method comprising a step of providing a
substrate; a step of depositing on the substrate a recording layer comprising Pt
and an element selected from Fe and Co; a step of depositing on the recording
layer a sealing layer having substantially no chemical reactivity with the
recording layer; a step of annealing the recording layer to form a substantially
chemically ordered alloy recording layer having perpendicular magnetic
anisotropy; a step of removing the sealing layer after the annealing; and a step
of patterning the recording medium into discrete islands. This literature
discloses that the sealing layer has the effect of preventing the surface of the
FePt layer from becoming rough, that the sealing layer contains silicon nitride,

and that the sealing layer is formed by a sputtering method.

[0006] In Japanese Patent Application Publication No. 2018-188714
(Patent Literature 4), it is disclosed that, a sputtered film formed using a

sputtering target consisting of a sintered body of SizN4 (silicon nitride), SiO>
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(silicon dioxide) and MgO (magnesium oxide) is chemically stable against heat,
has high hardness and excellent abrasion resistance, and can be applied as a

protective film for thermal print heads.

PRIOR ART

[0007] Patent Literature

[Patent Literature 1] Japanese Patent Application Publication No. 2006-196151

[Patent Literature 2] Japanese Patent Application Publication No. 2010-165404

[Patent Literature 3] Japanese Patent Application Publication No. 2013-077370

[Patent Literature 4] Japanese Patent Application Publication No. 2018-188714

SUMMARY OF THE INVENTION

[0008] As one method for forming a thin film containing silicon nitride
(SisN4), it is conceivable to use a sputtering method. When a sputtering method
Is used, it is desirable to perform DC sputtering which has high sputtering
efficiency and high productivity in order to produce a thin film. However, since
silicon nitride has high electrical insulation, there is a problem that it is difficult

to adopt the DC magnetron sputtering method.
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[0009] The present invention has been made in view of the above
circumstances, and in one embodiment, one object of the present invention is
to reduce the specific resistance of a sputtering target containing silicon nitride
(SisNa). In another embodiment, an object of the present invention is to provide
a method for manufacturing such a sputtering target. In yet another
embodiment, an object of the present invention is to provide a method for

manufacturing a magnetic recording medium using such a sputtering target.

[0010] As a result of intensive studies aimed at solving the above
problems, the inventors of the present invention have found that a sputtering
target comprising SisN4, SiC, MgO and TiCN exhibits a remarkable decrease in
specific resistance. The present invention has been completed based on the

above findings, and is exemplified below.

[0011]

[1] A sputtering target, comprising SizNs, SiC, MgO and TiCN, wherein
a specific resistance of the sputtering target is 10 mQ-cm or less.

[2] The sputtering target according to [1], wherein assuming lticn is an
intensity of a diffraction peak representing a crystal phase of TiCN present at

an incident angle (20) of 41.8° to 42.8° in X-ray diffraction, and Isi is an
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intensity of a diffraction peak representing a crystal phase of SisN4 present at
an incident angle (20) of 26.5° to 27.5° in X-ray diffraction, 1.0 < Iticn / Isin IS
satisfied.

[3] The sputtering target according to [1] or [2], wherein assuming lticn
Is the intensity of the diffraction peak representing the crystal phase of TiCN
present at the incident angle (208) of 41.8° to 42.8° in X-ray diffraction, and Isic is
an intensity of a diffraction peak representing a crystal phase of SiC present at
an incident angle (20) of 37.6° to 38.6° in X-ray diffraction, 10.0 < Iyicn / Isic is
satisfied.

[4] The sputtering target according to [2], wherein assuming Iticn is the
intensity of the diffraction peak representing the crystal phase of TiCN present
at the incident angle (20) of 41.8° to 42.8° in X-ray diffraction, and Isic is an
intensity of a diffraction peak representing a crystal phase of SiC present at an
incident angle (20) of 37.6° to 38.6° in X-ray diffraction, 5.0 < Iticn / Isic is
satisfied.

[5] The sputtering target according to any of the [1] to [3], wherein the
diffraction peak representing the crystal phase of TiCN at the incident angle
(20) of 41.8° to 42.8° shows the maximum intensity among diffraction peaks

present at an incident angle (20) of 20° to 80° in X-ray diffraction.
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[6] The sputtering target according to any one of [1] to [5], wherein an
element concentration of Mg is 0.5 to 2.0% by mass.
[7] The sputtering target according to any one of [1] to [6], wherein a
relative density of the sputtering target is 90% or more.
[8] The sputtering target according to any one of [1] to [7], wherein the
specific resistance of the sputtering target is 2 mQ-cm or less.
[9] A method of manufacturing a magnetic recording medium,
comprising performing sputtering using the sputtering target according to any
one of [1] to 8].
[10] The method of manufacturing a magnetic recording medium
according to [9], wherein the sputtering is DC sputtering.
[11] A method of manufacturing a sputtering target, comprising:

a step of mixing SisN4 powder, SiC powder, MgO powder, and TiN
powder to prepare a mixed powder; and

a step of sintering the mixed powder by a pressure sintering
method in a vacuum atmosphere or an inert atmosphere to prepare a sintered
body.
[12] The method for manufacturing a sputtering target according to [11],

wherein a median diameter (D50) of the mixed powder is 0.5t0 5 pymin a
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volume-based cumulative particle size distribution measured based on a laser
diffraction / scattering method.

[13] The method for manufacturing a sputtering target according to [11]
or [12], wherein a holding temperature when sintering the mixed powder is
1700 °C or higher.

[14] The method for manufacturing a sputtering target according to any
one of [12] to [13], wherein the mixed powder comprises 10 to 45 mol% of SizN4
powder, 10 to 40 mol% of SiC powder, 2 to 6 mol% of MgO powder, and 40 to

70 mol% of TiN powder.

[0012] According to one embodiment of the present invention, it is
possible to reduce the specific resistance of a sputtering target containing
silicon nitride (SisN4), preferably to reduce the specific resistance to 10 mQ-cm
or less. Therefore, the sputtering target according to one embodiment of the

present invention can also be DC-sputtered.

DETAILED DESCRIPTION OF THE INVENTION

[0013] <1. Sputtering Target>

In one embodiment of the present invention, the sputtering target

comprises silicon nitride (SisNa), silicon carbide (SiC), magnesium oxide (MgO),
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and titanium carbonitride (TICN). These compounds play a role in adjusting
various properties of the sputtered film, such as conductivity. Among them,
TiCN greatly contributes to lowering the specific resistance of the sputtering
target itself containing SisN4. Since Ti, C and N have been used as elements
constituting non-magnetic layers of magnetic recording media, it is presumed
that they do not cause unexpected side effects. Although the present invention
Is not intended to be limited by theory, the reason why the specific resistance of
the sputtering target is lowered by containing TiCN is presumed as follows.
Since TIiCN is a conductive material, its presence in the target is considered to

form conductive paths and lower the specific resistance.

[0014] In one embodiment of the present invention, the sputtering target
may have a specific resistance of 10 mQ-cm or less, preferably 5 mQ-cm or
less, more preferably 2 mQ-cm or less, even more preferably 1 mQ-cm or less,
even more preferably 0.5 mQ cm or less, and for example, it may have a
specific resistance of 0.1 to 10 mQ-cm. In this specification, the specific
resistance of the sputtering target is the value obtained by measuring the
sputtering surface of the sputtering target with the four-probe method based on

JIS K7194: 1994 (when the electrical resistance is 1.0 x 10° Q or less) or with
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the double ring electrode method based on JIS K6271-1: 2015 (when the

electrical resistance exceeds 1.0x10° Q).

[0015] In one embodiment of the sputtering target according to the
present invention, assuming Iricn iS an intensity of a diffraction peak
representing a crystal phase of TiCN present at an incident angle (20) of 41.8°
to 42.8° in X-ray diffraction, and Isin is an intensity of a diffraction peak
representing a crystal phase of SizN4 present at an incident angle (20) of 26.5°
to 27.5° in X-ray diffraction, 1.0 < Iricn / Isin is satisfied. A larger lticn / Isin iS
advantageous for lowering the specific resistance of the sputtering target, so it
is preferable that 1.5 < Iticn / Isin be satisfied, more preferable that 2.0 < Iticn /
Isin be satisfied, and even more preferable that 2.5 < Iticn / Isin be satisfied.
There is no particular upper limit for Iricn / Isin, but if it is too high, the proportion
of SizN4 will decrease excessively, so it is preferable that Iticn / Isin < 10 be
satisfied, more preferable that Iticn / Isin < 7 be satisfied, and even more

preferable that Iticn / Isin < 5 be satisfied.

[0016] In one embodiment of the sputtering target according to the
present invention, assuming lricn is an intensity of a diffraction peak

representing a crystal phase of TiCN present at an incident angle (20) of 41.8°
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to 42.8° in X-ray diffraction, and Isic is an intensity of a diffraction peak
representing a crystal phase of SiC present at an incident angle (20) of 37.6° to
38.6° in X-ray diffraction, 5.0 < Iticn / Isic Is satisfied. A larger Iticn / Isic is
advantageous for lowering the specific resistance of the sputtering target, so it
Is preferable that 10.0 < Iticn / Isic be satisfied, more preferable that 15.0 < Iyien /
Isic be satisfied, and even more preferable that 20.0 < Iticn / Isic be satisfied.
There is no particular upper limit for Iticn / Isic, but if it is too high, the proportion
of SiC will decrease excessively, so it is preferable that Iticn / Isic < 50 be
satisfied, more preferable that Iticn / Isic < 40 be satisfied, and even more

preferable that Iticn / Isic < 30 be satisfied.

[0017] In a preferred embodiment of the present invention, the sputtering
target satisfies both the preferred ranges defined above for Iticn/Isiv and the

preferred ranges defined above for Iticn/Isic.

[0018] In one embodiment of the sputtering target according to the
present invention, a diffraction peak representing a crystal phase of TICN at an
incident angle (20) of 41.8° to 42.8° shows the maximum intensity among
diffraction peaks present at an incident angle (26) of 20° to 80° in X-ray

diffraction.
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[0019] The measurement method for analyzing the sputtering target using
an X-ray diffraction device can be performed in accordance with JIS
K0131:1996, and the measurement conditions can be as follows.
Location for sputtering target analysis: a cut plane perpendicular to the
sputtering surface
X-ray source: Cu-Ka
Tube voltage: 40 kV
Tube current: 30 mA
Goniometer: sample horizontal type
Scan speed: 10 °/min
Scan step: 0.01°
Measurement range: 26 = 20° to 80°
Background removal: fitting method (method of performing a simple peak
search, removing the peak part, and then fitting a polynomial to the remaining
data)

In addition, the analysis portion is polished using a polishing agent

finer than #2000 at least, and a flat surface with less unevenness is measured.

[0020] In a sputtering target according to an embodiment of the present

invention, an element concentration of Mg is 0.5 to 2.0% by mass. The element
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concentration of Mg can be analyzed by ICP optical emission spectrometry. Mg
can be present in the form of MgO. In the sputtering target according to one
embodiment of the present invention, substantially all Mg exists in the form of

MgO.

[0021] In the sputtering target according to one embodiment of the
present invention, the total element concentration of Si, N, C, Mg, O, and Ti is
90% by mass or more, and may be 95% by mass or more, or may be 99% by
mass or more. Moreover, the sputtering target according to one embodiment of
the present invention can also consist of Si, N, C, Mg, O, and Ti except for

inevitable impurities.

[0022] Since SisN4 and SiC are difficult to sinter, the relative density of the
sintered body obtained by sintering them tends to be low. However, in one
embodiment, the sputtering target according to the present invention has a
relative density of 90% or more, preferably 92% or more, more preferably 94%
or more, and for example, 90 to 96%. Increasing the relative density contributes
to reducing the number of particles generated during sputtering. The relative
density is determined by the ratio of the measured density to the theoretical

density determined by the composition. The measured density is measured
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based on the geometric measurement of JIS Z8807:2012, and the theoretical
density determined by the composition cannot take into account the density of
the compounds that actually exist, so the relative density may exceed 100%.
The theoretical density is the density when it is assumed that the raw materials
of the sputtering target member exist as a mixture without diffusing or reacting
with each other, and it is expressed by theoretical density (g/cc) = Z (molecular
weight of raw material composition x molar ratio of raw material composition) /
2 (molecular weight of raw material composition x molar ratio of raw material
composition / literature value for density of raw material composition), based on
the raw material composition. Also, inevitable impurities shall not be included in

the calculation of relative density.

[0023] <2. Method for Manufacturing Sputtering Target>

A sputtering target according to an embodiment of the present
invention can be manufactured, for example, using a powder sintering method,

and specific examples thereof are as follows.

[0024] SisNs powder, SiC powder, MgO powder, and TiN powder are
prepared as raw material powders. It is believed that TiN deprives SiC of

carbon by sintering under appropriate sintering conditions to form TiCN. In
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addition, by using TiN as a raw material, the sinterability of SisN4 and SiC,
which are materials difficult to sinter, is improved, and the relative density can
be increased. In addition, TiN has a high melting point of 2930 °C and does not
melt during sintering, so it has the advantage of preventing coarsening of
crystal grains. Although it is possible to use TIiCN as a raw material, TiN is

generally more readily available and contributes to reduction in material costs.

[0025] The raw material powder preferably has a median diameter in the
range of 0.5 to 5 ym. As a result, the composition of the sputtering target
obtained after sintering becomes uniform, and the quality of the sputtered film is
easily stabilized. When the median diameter of the raw material powder is 5 ym
or less, preferably 3 uym or less, coarse particles are less likely to generate in
the sputtering target. On the other hand, when the median diameter of the raw
material powder is 0.5 ym or more, preferably 1 um or more, it is possible to
suppress the occurrence of agglomeration among particles constituting the raw

material powder.

[0026] Next, the plurality of raw material powders is weighed so as to
have a desired composition, mixed and pulverized using a known technique.

Thereby, a mixed powder in which the plurality of raw material powders is
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uniformly mixed can be obtained. The mixing is preferably carried out by a dry
method using a ball mill or the like. This is because MgO can be prevented
from changing to Mg(OH). The median diameter of the mixed powder is

preferably 0.5 to 5 um, more preferably 0.7 to 3 ym.

[0027] The composition of the mixed powder must be appropriately
selected because it affects the diffraction peak intensity of the compound in the
sputtering target (for example, lticn / Isin, Itien / Isic). In one embodiment, the
mixed powder comprises 10 to 45 mol % of SizsN4 powder, 10 to 40 mol % of
SiC powder, 2 to 6 mol % of MgO powder, and 40 to 70 mol % of TiN powder.
In a preferred embodiment, the mixed powder comprises 15 to 40 mol% SizNa4
powder, 12.5 to 37.5 mol% SiC powder, 2.3 to 5.7 mol% MgO powder, and 45
to 65 mol% TiN powder. In a more preferred embodiment, the mixed powder
comprises 20 to 35 mol% of SisN4 powder, 15 to 35 mol% of SiC powder, 2.6 to
5.4 mol% of MgO powder, and 47 to 60 mol% of TiN powder. Other
components may or may not be added to the mixed powder as appropriate. In
one embodiment, the mixed powder consists of SisN4, SIC, MgO, TiN, and

inevitable impurities.



17

[0028] In addition, the median diameter of the raw material powder and
mixed powder can be adjusted by pulverization or sieving. The median
diameter of each powder described above means a particle diameter at an
integrated value of 50% (D50) in a volume-based cumulative particle size

distribution measured based on a laser diffraction / scattering method.

[0029] After that, the obtained mixed powder is pressurized and sintered
in a vacuum atmosphere or an inert atmosphere such as Ar, and formed into a
predetermined shape such as a disk shape. As the sintering method, various
pressure sintering methods such as hot press sintering, hot isostatic pressing
sintering, and plasma discharge sintering can be used. Among them, the hot
Isostatic pressing sintering method is effective from the viewpoint of improving

the density of the sintered body.

[0030] The holding temperature during sintering is preferably 1700 °C or
higher, more preferably 1750 °C or higher, and a temperature range of 1750 °C
to 1755 °C is particularly preferred, in order to obtain a sufficient density and
secure the conductive paths by TiCN. The holding time at the holding
temperature is preferably two hours or longer. The holding time is preferably 4

hours or less, more preferably 3 hours or less, in order to prevent crystal grains
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from coarsening and prevent loss of uniform resistivity in the sintered body. As
to the applied pressure during sintering, higher pressure is advantageous for
improving the density, but if it is too high, there is a risk of cracking, so it is
preferably from 250 kgf/cm? to 350 kgf/cm?, more preferably from 280 kgf/cm?

to 320 kgf/cm?.

[0031] A sputtering target according to an embodiment of the present
invention can be prepared by forming the obtained sintered body into a desired
shape using a lathe or the like. The shape of the target is not particularly
limited, but examples thereof include a flat plate shape (including a disk shape
and a rectangular plate shape) and a cylindrical shape. A sputtering target
according to an embodiment of the invention can also be bonded to a backing

plate to construct a sputtering target assembly.

[0032] <3. Use>

A sputtered film can be obtained by forming a film on a
predetermined substrate or other films by sputtering the sputtering target
according to one embodiment of the present invention, ordinary in a magnetron

sputtering apparatus. Since the sputtering target according to one embodiment
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of the present invention has a low specific resistance, DC sputtering using a

direct current is possible.

[0033] A sputtering target according to an embodiment of the invention
can be used, for example, to form a non-magnetic layer of a magnetic recording
medium, in particular, a HAMR medium, and a protective film of a thermal print
head. As the non-magnetic layer of a magnetic recording medium, a
temperature control layer (or thermally conductive layer), a protective layer, and
a sealing layer, which are laminated adjacent to a magnetic recording layer, as
described in the prior art literatures mentioned above can be mentioned.
Therefore, according to one embodiment of the present invention, there is
provided a method for manufacturing a magnetic recording medium, comprising
sputtering using the sputtering target according to one embodiment of the

present invention described above.

[0034] In one embodiment, the magnetic recording medium comprises an
underlayer, a temperature control layer, a magnetic recording layer, and a

protective layer in this order on a substrate such as aluminum or glass.
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[0035] In one embodiment, a magnetic recording medium comprises an
underlayer, a magnetic recording layer, a thermally conductive layer, and a

protective layer in this order on a substrate such as aluminum or glass.

EXAMPLES

[0036] Examples of the present invention are presented below along with
Comparative Examples. These examples are provided for a better
understanding of the present invention and its advantages, and are not

intended to limit the present invention.

[0037] <Examples 1 to 2, Comparative Examples 1 to 6>

(1. Preparation of sputtering target)

As raw material powders, SisN4 powder (median diameter: 0.5 pum),
SiC powder (median diameter: 3 um), MgO powder (median diameter: 1 um),
and TiN powder (median diameter: 1.5 um) were prepared. The median
diameter of these raw material powders was measured by a wet method using
a particle size distribution analysis device Model LA-920 available from by
Horiba, Ltd., by dispersing the powders in an ethanol solvent. In the case of a

single powder, the refractive index used was the value that matches the
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component, and in the case of a mixed powder, the value of the component

having the largest volume fraction was used.

[0038] Using the above raw material powders, the raw material powders
were weighed so as to have the molar ratios shown in Table 2 according to the
test number, and the powders were sealed in a ball mill pot with a capacity of
10 liters together with zirconia balls as grinding media, and mixed by rotating
under Ar atmosphere for 8 hours. When the median diameter of the obtained
mixed powders was measured by the wet method described above, each of

them was 0.8 to 1.2 pm.

[0039] The mixed powder taken out from the ball mill pot was filled in a
carbon mold with a diameter of 180 mm and sintered by hot pressing. The
conditions of the hot pressing were a holding temperature of 1750 °C, a
vacuum atmosphere, a heating rate of 300 °C/hour, and a holding time of 2
hours. After the end of the holding, it was allowed to cool naturally in the
chamber. The sintered body after the hot pressing was ground using a general-
purpose lathe and a surface grinder, and cut with a lathe so as to have a disk
shape with a diameter of 165.1 mm and a thickness of 5 mm to prepare the

sputtering targets of Example 1 to 2 and Comparative Examples 1 to 6.
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[0040] (2. XRD analysis)

For each sputtering target prepared under the above
manufacturing conditions, a cut surface perpendicular to a sputtering surface
was mirror-polished. XRD analysis was performed on the resulting polished
surface using an X-ray diffractometer (Ultima IV available from Rigaku
Corporation) under the measurement conditions described above. For
background removal, the “background removal by fitting” of integrated powder
X-ray analysis software PDXL2 available from Rigaku Corporation was
adopted. In this manner, the intensity of the diffraction peak representing the
crystalline phase of TiCN (lticn) present at an incident angle (26) of 41.8° to
42.8°, the intensity of the diffraction peak representing the crystal phase of
SisN4 (Isin) present at an incident angle (26) of 26.5° to 27.5°, and the intensity
of the diffraction peak representing the crystal phase of SiC (Isic) present at an
incident angle (20) of 37.6° to 38.6° were measured. Further, among the
diffraction peaks present at an incident angle (20) of 20° to 80°, the position of
the peak exhibiting the maximum intensity was identified, and the compound

exhibiting the peak was identified. The results are shown in Table 3.

[0041] (3. Element concentration of Mg)
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For each sputtering target prepared under the above
manufacturing conditions, the element concentration of Mg was measured by
ICP optical emission spectrometry using model SPS5520 manufactured by
Hitachi High-Tech Corporation. In addition, since the Mg in the target originates
from the MgO powder in the raw material, it is considered that substantially all

of the Mg exists in the form of MgO. The results are shown in Table 4.

[0042] (4. Relative density)

The relative density of each sputtering target prepared under the
above manufacturing conditions was measured by the method described
above. For example, the relative density of Example 1 was determined by the
above-described calculation formula using the molecular weights and literature
values for density of SisN4, TiN, SiC and MgO as the values in Table 1. The

results are shown in Table 4.

[0043] (5. Specific resistance)

For each sputtering target prepared under the above
manufacturing conditions, the specific resistance of the sputtering surface was
measured with the four-probe method based on JIS K7194: 1994 (when the

electrical resistance is 1.0 x 10° Q or less) using a resistance measuring device
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model FEEL-TC-100-SB manufactured by NPS Inc., or with the double ring

electrode method based on JIS K6271-1: 2015 (when the electrical resistance
exceeds 1.0x10° Q) using a “Hiresta” model UX MCP-HT800 manufactured by

Nittoseiko Analytech Co., Ltd. The results are shown in Table 4.

[0044] (6. Availability of DC sputtering)

Each sputtering target prepared under the above manufacturing
conditions was bonded to a backing plate made of Cu having a diameter of 180
mm, attached to a DC sputtering apparatus (model C-3010 manufactured by
CANON ANELVA CORPORATION), and subjected to sputtering. The
sputtering conditions were a sputtering power of 1 kW and an Ar gas pressure
of 1.7 Pa. When it was possible to discharge, it was evaluated as “Available”,
and when it was not possible to discharge, it was evaluated as “Not available”.

The results are shown in Table 4.

[0045] From the above test results, it was found that the specific
resistance significantly decreased when the sputtering target contained TiCN in
addition to SisN4, SiC and MgO. It was also found that the higher Iticn / Isin and
Iticn / Isic are more effective in lowering the specific resistance and DC

sputtering becomes possible.
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[0046] <Examples 3 and 4>

Sputtering targets according to Examples 3 and 4 obtained based
on the above knowledge will be described. The sputtering targets of Examples
3 and 4 could be manufactured by the same manufacturing procedure as in
Example 1, except that the raw material mixed powder composition shown in
Table 2 is used. XRD analysis, Mg concentration, relative density, specific
resistance and availability of DC sputtering of the sputtering targets of

Examples 3 and 4 were estimated, and are shown in Tables 3 and 4.

[0047]

Table 1
Compositional components SisNg | TIN | SIC | MgO
Molecular weight of 140.28 | 61.89| 40.10| 40.30
compositional components (g/mol)
Literature value for density of
compositional components (g/cc)

3.200 | 5.430(3.218| 3.584




[0048]

Table 2
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Raw material mixed powder
composition mol%

SisNg | TIN | SiC | MgO
Comparative Example 1 66.0 | 00 | 293 | 4.7
Comparative Example 2 34.4 00 | 623 ] 3.3
Comparative Example 3 227 | 00 | 744 | 29
Comparative Example 4 6.4 00 | 915 2.2
Comparative Example 5 493 | 221 | 247 | 3.9
Comparative Example 6 370 | 383 | 213 | 3.4
Example 1 28.0 | 50.0 | 19.0 | 3.0
Example 2 20.3 | 60.2 | 16.8 | 2.7
Example 3 251 | 486 | 233 | 3.0
Example 4 229 | 473|269 | 2.9
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[0049]
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Mg concentration in

Relative density

Specific resistance

target % ma-em DC sputtering
(mass%)

Comparative Example 1 1.02 93 6x10" Not available
Comparative Example 2 1.10 92 2x10° Not available
Comparative Example 3 1.14 80 1x10° Not available
Comparative Example 4 1.17 70 6x10° Not available
Comparative Example 5 0.98 94 2x10" Not available
Comparative Example 6 0.94 94 8 x10° Not available
Example 1 0.91 85 0.9 Available
Example 2 0.87 95 0.3 Available
Example 3 0.96 94 15 Available
Example 4 0.96 93 1.1 Available
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CLAIMS
1. A sputtering target, comprising SizNs, SiC, MgO and TiCN, wherein a

specific resistance of the sputtering target is 10 mQ-cm or less.

2. The sputtering target according to claim 1, wherein assuming lticn IS an
intensity of a diffraction peak representing a crystal phase of TICN present at
an incident angle (20) of 41.8° to 42.8° in X-ray diffraction, and Isin is an
intensity of a diffraction peak representing a crystal phase of SisN4 present at
an incident angle (20) of 26.5° to 27.5° in X-ray diffraction, 1.0 < Iticn / Isin IS

satisfied.

3. The sputtering target according to claim 1 or 2, wherein assuming Ivicn IS
the intensity of the diffraction peak representing the crystal phase of TICN
present at the incident angle (208) of 41.8° to 42.8° in X-ray diffraction, and Isic is
an intensity of a diffraction peak representing a crystal phase of SiC present at
an incident angle (208) of 37.6° to 38.6° in X-ray diffraction, 10.0 < Iyicn / Isic IS

satisfied.

4, The sputtering target according to claim 2, wherein assuming Iticn is the

intensity of the diffraction peak representing the crystal phase of TIiCN present
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at the incident angle (20) of 41.8° to 42.8° in X-ray diffraction, and Isic is an

intensity of a diffraction peak representing a crystal phase of SiC present at an
incident angle (20) of 37.6° to 38.6° in X-ray diffraction, 5.0 < Iicn / Isic is

satisfied.

5. The sputtering target according to any of the claims 1 to 3, wherein the
diffraction peak representing the crystal phase of TiCN at the incident angle
(20) of 41.8° to 42.8° shows the maximum intensity among diffraction peaks

present at an incident angle (20) of 20° to 80° in X-ray diffraction.

6. The sputtering target according to any one of claims 1 to 5, wherein an

element concentration of Mg is 0.5 to 2.0% by mass.

7. The sputtering target according to any one of claims 1 to 6, wherein a

relative density of the sputtering target is 90% or more.

8. The sputtering target according to any one of claims 1 to 7, wherein the

specific resistance of the sputtering target is 2 mQ-cm or less.
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9. A method of manufacturing a magnetic recording medium, comprising
performing sputtering using the sputtering target according to any one of claims

1 to 8.

10. The method of manufacturing a magnetic recording medium according to

claim 9, wherein the sputtering is DC sputtering.

11. A method of manufacturing a sputtering target, comprising:

a step of mixing SisN4 powder, SiC powder, MgO powder, and TiN
powder to prepare a mixed powder; and

a step of sintering the mixed powder by a pressure sintering method in a

vacuum atmosphere or an inert atmosphere to prepare a sintered body.

12. The method for manufacturing a sputtering target according to claim 11,
wherein a median diameter (D50) of the mixed powder is 0.5t0 5 um in a
volume-based cumulative particle size distribution measured based on a laser

diffraction / scattering method.

13. The method for manufacturing a sputtering target according to claim 11
or 12, wherein a holding temperature when sintering the mixed powder is 1700

°C or higher.
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14. The method for manufacturing a sputtering target according to any one of
claims 11 to 13, wherein the mixed powder comprises 10 to 45 mol% of SizN4
powder, 10 to 40 mol% of SiC powder, 2 to 6 mol% of MgO powder, and 40 to

70 mol% of TiN powder.



