
;kle3eTZQ4(6TZ>D$DESCRIPTION MAGNETIC RECORDING MEDIUM AND MANUFACTURING
METHOD THEREFOR Technical Field The present invention relates to a magnetic
recording medium suitable for high-density recording and also to a
manufacturing method for such a magnetic recording medium. Background Art
With the development of the information processing technology, the demand
for higher-density recording is increasing to a magnetic disk drive for use
as an external storage for a computer. The characteristics required for a
magnetic recording medium to meet the above demand include higher S/Nm
(signal-to-medium noise ratio) of the magnetic recording medium and an
improvement in thermal stability. For a reduction in medium noise, it is
necessary to reduce the size of magnetic grains forming a magnetic layer
and to weaken the magnetic interaction between the magnetic grains. There
has been reported a method of adding Ta, Nb, 1   B, P, etc. to CoCr alloy
forming a magnetic recording layer as a method of reducing the grain size
of the magnetic grains. Further, it is general to add Pt to the CoCr alloy
of the magnetic recording layer, so as to obtain a high coercivity (Hc). It
is also possible to form a magnetic recording layer having a low tMr (Mr:
remanent magnetization) and a high coercivity (Hc) by adding Cu to the CoCr
alloy. It is known that it is effective in weakening the magnetic
interaction between the magnetic grains to increase the Cr content in the
CoCr alloy forming the magnetic recording layer and to also increase the
boron (B) content in the CoCr alloy, thereby forming grain boundaries to
isolate the magnetic grains from each other. An improvement in the in-plane
orientation of the C-axis as the axis of easy magnetization in the magnetic
recording layer also contributes to a reduction in the medium noise.
Further, there have already been reported a 



technique of using an underlayer made of a suitable Cr alloy having a
crystal lattice size near that of the CoCr alloy forming the magnetic
recording layer, and a technique of forming an intermediate layer between
the magnetic recording layer and the underlayer wherein the intermediate
layer is made of a Co-based alloy having 2   better in-plane orientation
characteristics than those of the magnetic recording layer (S. Ohkijima et
al., Digest of IEEE - Inter - Mag., AB - 03, l997). It is known that in an
in-plane magnetic recording medium the pulse width Pw50 of a regenerated
waveform and the static magnetic characteristics of the medium, i.e., the
coercivity Hc, the residual magnetization Mr, and the magnetic layer
thickness t, are related to each other as follows: a oc (t x Mr l Hc)"2
Pw50 = (2(a+d)2 +(a/2)2 )'~2 where d represents a magnetic spacing.
Basically, the smaller the pulse width, the more the resolution of a
regenerated signal is improved. Accordingly, a highdensity recording medium
is desired to have a larger coercivity force with a thinner magnetic film
thickness. However, when the grain size reduction and isolation of the
magnetic grains are advanced, there arises a problem of signal degradation
due to demagnetizing field and thermal activation increasing according to
the linear density of a recorded signal. As a general method for improving
the thermal stability, a method of increasing an anisotropic magnetic field
(Hk) has been adopted. However, if the anisotropic magnetic 3   field (Hk)
is excessively increased, the intensity of a write magnetic field of a
magnetic head required for magnetization reversal of the magnetic grains
becomes large, so that the write performance of the magnetic head may
become lacking. As another method for improving the thermal stability, a
keeper magnetic recording medium has now been proposed. This medium
includes a keeper layer, which is a soft magnetic layer whose magnetization
direction is parallel to that of a magnetic layer (magnetic recording 



layer). This soft magnetic layer is formed above or below the magnetic
layer. In many cases, a Cr magnetic insulating layer is provided between
the soft magnetic layer and the magnetic layer. The soft magnetic layer
decreases the demagnetizing field of bits written in the magnetic layer.
However, the purpose of decoupling of grains in the magnetic layer is not
attained because of the soft magnetic layer continuously exchange-coupled
to the magnetic recording layer As a result, the medium noise is increased.
In Japanese Patent Laid-Open No. 2001-56924, there has been proposed a
magnetic recording medium including at least one exchange layer structure
and a magnetic recording layer provided on the exchange layer structure, 9
wherein the exchange layer structure includes a ferromagnetic layer and a
nonmagnetic coupling layer formed on the ferromagnetic layer, and the
magnetization direction in the ferromagnetic layer is antiparallel to that
in the magnetic recording layer. When a recording magnetic field is
externally applied to this magnetic recording medium, the magnetization
direction in the magnetic recording layer and the magnetization direction
in the ferromagnetic layer become parallel to each other. Thereafter, in a
residual magnetized condition where the recording magnetic field is not
applied, the magnetization direction in the ferromagnetic layer is inverted
to become antiparallel to the magnetization direction in the magnetic
recording layer. By the inversion of the magnetization direction in the
ferromagnetic layer, the apparent film thickness can be increased as a
whole. Accordingly) the thermal stability of recorded bits can be improved
and the medium noise can be reduced without any adverse effects on the
performance of the magnetic recording medium, thus realizing a magnetic
recording medium which can perform reliable high-density recording. As a
method for improving the thermal stability and reducing the medium noise,
the use of the above-mentioned 5   exchange layer structure is effective.
To improve the thermal stability in the magnetic recording medium having
the exchange layer structure, it is desirable that an exchange coupling
field for making the magnetization direction in the magnetic recording
layer and the magnetization direction in the ferromagnetic layer
antiparallel to each other is produced with a sufficient intensity. 



[Patent Document 1] Japanese Patent Laid-Open No. 2001-56922 [Patent
Document 2] Japanese Patent Laid-Open No. 2001-56924 Disclosure of the
Invention It is therefore an object of the present invention to provide a
magnetic recording medium which can increase an exchange coupling force
between a magnetic recording layer and a ferromagnetic layer to further
improve the thermal stability of recorded bits, thereby realizing reliable
high-density recording. In accordance with an aspect of the present
invention, there is provided a magnetic recording medium including a
ferromagnetic layer made of a Co-based alloy material; a nonmagnetic
coupling layer formed on the 6   ferromagnetic layer and made of Ru or a
Ru-based alloy material; and a magnetic recording layer formed on the
nonmagnetic coupling layer and made of a Co-based alloy material; the
nonmagnetic coupling layer containing nitrogen. The nonmagnetic coupling
layer is formed by  sputtering in an atmosphere of Ar-N~ mixed gas, and the
partial pressure of nitrogen gas during the sputtering is set in the range
of 6.7 X 10-j to 3.7 X 10-2 Pa. Preferably, the magnetic recording layer
includes at least one Co-based alloy layer containing Co as a principal
component and at least one element selected from the group consisting of
Cr, Pt, B, and Cu. Preferably, the ferromagnetic layer contains Co as a
principal component and at least one element selected from the group
consisting of Cr, Pt, and B. In accordance with another aspect of the
present invention, there is provided a magnetic recording medium including
a nonmagnetic substrate; an underlayer formed on the nonmagnetic substrate;
a nonmagnetic intermediate layer formed on the underlayer; a ferromagnetic
layer formed on the nonmagnetic intermediate layer and made of a Co-based
alloy material; a nonmagnetic coupling layer formed on the ferromagnetic
layer and made of Ru or a Ru 7   



based alloy material; and a magnetic recording layer formed on the
nonmagnetic coupling layer and made of a Co-based alloy material; the
nonmagnetic coupling layer containing nitrogen. The nonmagnetic coupling
layer is formed by sputtering in an atmosphere of Ar-N~ mixed gas, and the
partial pressure of nitrogen gas during the sputtering is set in the range
of 6.7 X 10-3 to 3.7 X 10-Z Pa. Preferably, the underlayer includes a first
underlayer formed of Cr and a second underlayer provided on the first base
layer and formed of a Cr-based alloy material containing Cr as a principal
component and at least one element selected from the group consisting of
Mo, Ta, Ti, W, and V. In accordance with a further aspect of the present
invention, there is provided a manufacturing method for a magnetic
recording medium, including the steps of forming an underlayer on a
substrate by sputtering; forming a nonmagnetic intermediate layer on the
underlayer by sputtering; forming a ferromagnetic layer of a Co-based alloy
material on the nonmagnetic intermediate layer by sputtering; forming a
nonmagnetic coupling layer of Ru or a Ru-based alloy material on the
ferromagnetic layer by sputtering in an atmosphere of Ar-N~ mixed gas; and
8   forming a magnetic recording layer of a Co-based alloy material on the
nonmagnetic coupling layer by sputtering. Preferably, the partial pressure
of nitrogen gas during the sputtering in forming the nonmagnetic coupling
layer is set in the range of 6.7 X 10-3 to 3.7 X 10-2 Pa. Brief Description
of the Drawings FIG. 1 is a schematic sectional diagram showing the
configuration of a magnetic recording medium according to a preferred
embodiment of the present invention; FIG. 2 is a flowchart showing a
manufacturing 



method for a magnetic recording medium according to the present invention;
FIG. 3 is a graph showing the dependence of exchange coupling field upon
the partial pressure of nitrogen gas in forming the exchange coupling
layer; FIG. 9 is a graph showing the dependence of coercivity of the
magnetic recording layer upon the partial pressure of nitrogen gas in
forming the exchange coupling layer; and FIG. 5 is a graph showing the
dependence of S/Nm at a recording density of 307 kFCI upon the partial
pressure of nitrogen gas in forming the exchange coupling layer. 9   Best
Mode for Carrying out the Invention Referring to FIG. 1, there is shown a
schematic sectional diagram showing the configuration of a magnetic
recording medium according to a preferred embodiment of the present
invention. The magnetic recording medium has a sectional structure obtained
by laminating a nonmagnetic substrate 2, Cr adhesive layer 4, NiP seed
layer 6, first underlayer 8, second underlayer 10, nonmagnetic intermediate
layer 12, ferromagnetic layer 14, Ru nonmagnetic coupling layer 16
containing N, magnetic recording layer 18, protective layer 20, and
lubrication 



layer 22 in this order. The nonmagnetic substrate 2 is formed of A1, Al
alloy, or glass, for example. The nonmagnetic substrate 2 may be textured
or untextured. The Cr adhesive layer 4 having a thickness of 25 nm is
formed on the nonmagnetic substrate 2. The NiP seed layer 6 having a
thickness of 25 nm is formed on the Cr adhesive layer 4. The first
underlayer 8 having a thickness of 9 nm is formed on the NiP seed layer 6.
The first underlayer 8 is made of Cr. The second underlayer 10 having a
thickness of 3 nm is formed on the first underlayer 8. The second
underlayer 10 is formed of CrMO. The material of the second underlayer 10
is not limited to CrMo, but may be a Cr 10   based alloy containing Cr as a
principal component and at least one element selected from the group
consisting of Mo, Ta, Ti, W, and V. The nonmagnetic intermediate layer 12
having a thickness of 1 nm is formed on the second base layer 10. The
nonmagnetic intermediate layer 12 is formed of CoCrTa. The nonmagnetic
intermediate layer 12 is provided to promote the epitaxial growth of the
magnetic recording layer 18, the decrease in range of grain size
distribution in the magnetic recording layer 18, and the orientation of the
axis of easy magnetization in the magnetic recording layer 18 parallel to
the surface of the magnetic recording medium. The ferromagnetic layer 14
having a thickness of 3 nm is formed on the nonmagnetic intermediate layer
12. The ferromagnetic layer 14 is made of CoCrPtB. The material of the
ferromagnetic layer 14 is not limited to CoCrPtB, but may be a Co-based
alloy containing Co as a principal component and at least one element
selected from the group consisting of Cr, Pt, and B. The nonmagnetic
exchange coupling layer 16 having a thickness of 0.8 nm is formed on the
ferromagnetic layer 14. The nonmagnetic exchange coupling layer 16 is
formed of Ru. The Ru nonmagnetic exchange coupling layer 16 is 11  



formed by sputtering in an atmosphere of Ar-Nz mixed gas. Accordingly, the
Ru film deposited by this sputtering contains a minute amount of nitrogen
(N). The magnetic recording layer 18 having a thickness of 17 nm is formed
on the Ru(N) nonmagnetic exchange coupling layer 16. The magnetic recording
layer 18 is made of CoCrPtBCu. The material of the magnetic recording layer
18 is not limited to CoCrPtBCu, but may be a Co-based alloy containing Co
as a principal component and at least one element selected from the group
consisting of Cr, Pt, B, and Cu. It is needless to say that the magnetic
recording layer 18 is not limited to a single layer, but may be composed of
multiple layers. The protective layer 20 having a thickness of 5 nm is
formed on the magnetic recording layer 18. The lubrication layer 22 is
formed on the protective layer 20, so as to lubricate the recording surface
of the magnetic recording medium. This lubrication layer 22 is formed of an
organic lubricant. FIG. 2 shows a manufacturing method for the above
mentioned magnetic recording medium. In step 510, a sputtering chamber is
vacuumed to 4 x 10-5 Pa or less. In step S11, the substrate 2 is heated to
220C. Thereafter, Ar gas is introduced into the sputtering chamber to hold
the pressure in the sputtering chamber at 0.67 Pa. In 12   this condition,
the Cr adhesive layer 4 is formed on the substrate 2 (step S12), and the
NiP seed layer 6 is next formed on the Cr adhesive layer 9 (step S13). In
step S19, the substrate 2 is heated to 260C. Thereafter, the first and
second base layers 8 and 10 are formed (step S15). The CoCrTa nonmagnetic
intermediate layer 12 is formed on the second base layer 10 (step S16)) and
the CoCrPtB ferromagnetic layer 19 is next formed on the nonmagnetic
intermediate layer 12 (step S17). In the next step, the Ar-NZ mixed gas is
introduced into the sputtering chamber to form the Ru(N) nonmagnetic
exchange coupling layer 16 having a thickness of 0.8 nm (step S18). Samples
were prepared with changing the partial pressure of the nitrogen gas at
step S18 to clarify the dependence of exchange coupling field (Hex),
coercivity (Hc), and S/Nm upon this partial pressure. In the next step, Ar
gas is introduced into the sputtering chamber to form the CoCrPtBCu
magnetic recording layer 16 having a thickness of 17 nm (step S19) and next
form the protective layer 20 having a thickness of 5 nm (step S20).
Finally, the substrate 2 is removed from the sputtering chamber) and an
organic lubricant is applied to the protective layer 20 to form the
lubrication layer 22 (step S21). 13  



FIG. 3 shows the dependence of exchange coupling field (Hex) upon the
partial pressure of nitrogen gas in forming the exchange coupling layer 16.
As apparent from FIG. 3, the exchange coupling field (Hex) in the case of
adding nitrogen to the exchange coupling layer is larger than that in the
case of not adding nitrogen to the exchange coupling layer) and the
exchange coupling field (Hex) increases with an increase in the partial
pressure of nitrogen gas. FIG. 4 shows the dependence of coercivity (Hc) of
the magnetic recording layer 18 upon the partial pressure of nitrogen gas
in forming the exchange coupling layer 16. As understood from FIG. 4, the
coercivity tends to decrease with an increase in the partial pressure of
nitrogen gas, and a desired coercivity of not less than 3000 oersteds (Oe)
or not less than 3000 x n/4 (kA/m) is obtained in the range of not more
than 3.7 x 10-2 Pa for the partial pressure of nitrogen gas. However, the
loss of coercivity due to the addition of nitrogen can be compensated by
optimizing the material of the magnetic recording layer 18. FIG. 5 shows
the dependence of signal-to-medium noise ratio (S/Nm) at a recording
density of 307 kFCI upon the partial pressure of nitrogen gas in forming
the 14   exchange coupling layer 16. As apparent from FIG. 5, the S/Nm is
more improved with an increase in the partial pressure of nitrogen gas as
compared with the case of not adding nitrogen to the exchange coupling
layer, and a desired S/Nm of not less than 14.5 dB can be obtained in the
range of not less than 6.7 x 10-3 Pa for the partial pressure of nitrogen
gas. As understood from the test results shown in FIGS. 9 and 5, the
partial pressure of nitrogen gas in forming the nonmagnetic exchange
coupling layer 16 is preferably set in the range of 6.7 x lO-3 to 3.7 x
10-z Pa. Industrial Applicability According to the present invention, it is
possible to provide a magnetic recording medium which can increase an
exchange coupling force between a magnetic recording layer and a
ferromagnetic layer to improve the thermal stability of recorded bits,
thereby obtaining a high S/Nm. 15   CLAIMS 1. A magnetic recording medium
comprising: 



a ferromagnetic layer made of a Co-based alloy material; a nonmagnetic
coupling layer formed on said ferromagnetic layer and made of Ru or a
Ru-based alloy material, said nonmagnetic coupling layer containing
nitrogen; and a magnetic recording layer formed on said nonmagnetic
coupling layer and made of a Co-based alloy material. 2. The magnetic
recording medium according to claim 1, wherein said nonmagnetic coupling
layer is formed by sputtering in an atmosphere of Ar-NZ mixed gas, and the
partial pressure of nitrogen gas during the sputtering is set in the range
of 6.7 x 10-3 to 3.7 x 10-z Pa. 3. The magnetic recording medium according
to claim 1, wherein said magnetic recording layer comprises at least one
Co-based alloy layer containing Co as a principal component and at least
one element selected from the group consisting of Cr, Pt, B, and Cu. 9. The
magnetic recording medium according to 



16   claim 1, wherein said ferromagnetic layer contains Co as a principal
component and at least one element selected from the group consisting of
Cr, Pt, and B. 5. A magnetic recording medium comprising: a nonmagnetic
substrate; an underlayer formed on said nonmagnetic substrate; a
nonmagnetic intermediate layer formed on said underlayer ; a ferromagnetic
layer formed on said nonmagnetic intermediate layer and made of a Co-based
alloy material; a nonmagnetic coupling layer formed on said ferromagnetic
layer and made of Ru or a Ru-based alloy material, said nonmagnetic
coupling layer containing nitrogen; and a magnetic recording layer formed
on said 



nonmagnetic coupling layer and made of a Co-based alloy material. 6. The
magnetic recording medium according to claim 5) wherein said nonmagnetic
coupling layer is formed by sputtering in an atmosphere of Ar-NZ mixed gas,
and the partial pressure of nitrogen gas during the sputtering is set in
the range of 6.7 x 10-3 to 3.7 x 10-` Pa. 7. The magnetic recording medium
according to 17   claim 5, wherein said underlayer comprises a first
underlayer made of Cr and a second underlayer formed on said first
underlayer and made of a Cr-based alloy material containing Cr as a
principal component and at least one element selected from the group
consisting of Mo, Ta, Ti, W, and V. 8. A manufacturing method for a
magnetic recording medium, comprising the steps of: forming an underlayer
on a substrate by sputtering; forming a nonmagnetic intermediate layer on
said underlayer by sputtering; forming a ferromagnetic layer of a Co-based
alloy material on said nonmagnetic intermediate layer by 



sputtering; forming a nonmagnetic coupling layer of Ru or a Ru based alloy
material on said ferromagnetic layer by sputtering in an atmosphere of
Ar-N7 mixed gasT and forming a magnetic recording layer of a Co-based alloy
material on said nonmagnetic coupling layer by sputtering. 9. The
manufacturing method for a magnetic recording medium according to claim 8,
wherein the partial pressure of nitrogen gas during the sputtering in
forming said nonmagnetic coupling layer is set in the 18   range of 6.7 x
10-3 to 3.7 x 10-` Pa. 19 /N /N6V/N9/N6 /N69/N6m/N6mp /N6P/N/N69/N
/N69/N9/N6/N6/N6V/NP9/N49/N*HXD{UD _N 
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