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TITLE OF THE INVENTION
PERPENDICULAR MAGNETIC RECORDING MEDIUM
BACKGBOUND OF THE INVENTION

The present invention rélates to a perpendicular
magnetic récording medium, particularly, to a
perpendicular magnetic recordihg medium comprising
a ferromagnetic magnetic recording layer contéining
cobalt. |

In a perpendicular magnetic recording system,
information is recorded by magnetization in the
direction perpendicula; to the recording medium
surface. Compared with the areal magnetic recording
system, the perpendicular'magnetic recording system is
low in demagnetiziﬁg field within each bit in
performing a high density recording and, thus, is
adapted for the improvement in the areal recording
density.

Also, the perpendicular magnetic recording medium,
in which a soft magnetic layer is arraﬁged between the

substrate and the perpendicular magnetic recording

- layer, performs the function of a so-called

."perpendicular doublé layered medium". The soft

magnetic layer acts as the flux path to assist the
recording magnetic field in refluxing between the
magnetic head and the recording medium so as to improve
the recording-reproducing efficiency. A cobalt-based

material such as a CoCr alloy, a CoPt alloy or CoCrPt
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alloy is used in the perpendicular magnetic'recording
layer. Cobalt has a hexagonal close-packed structure
(hcp structure). When a thin film of Co is formed, the
easy magnetization axis of cobélt tends to be.oriented
in a direction perpendicular to the film surface.
Therefore, Co is adapted for.use in the preparation of
a perpendicular magnetic recording layer.

In order to improve the magnetic recording
characteristics, it is necessary to improve the
perpendicular magnetic anisotropy of the Co-based
recording layer and to promote the fineness.of the
crystal grainé in the Co-based recording 1ayer, thereby
improving the coercive force and magnetostatic
characteristics such as a perpendicular squareness
ratio. To this end, known is a method that a
nonmagnetic under layer such as a Ti layer is formed
between a CoCr-based recording layer and a nonmagnetic
substraté. This method isleffective for improving the
perpendicular orientation of the perpendicular magnetié
recording layer. As described above, in the case of
arranging a soft magnetic layer, the perpendicular
orientation of the Co-based magnetic'recording layer'is

rendered poorer than in the case whete the Co-based

‘magnetic recording layer is formed in direct contact

with the nonmagnetic substrate. It is possible to
improve the perpendicular orientation of the magnetic

recording layer by arranging an under layer such as
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a Ti layer between_the soft magnetic layer and the
magnetic recording layer in this case, too. However,
for further improving the recording density, required
is a nonmagnetic under layer that permit obtainiﬁg

a higher orientation.

Oon the other hand, it was most popﬁlar in'the.
past to use a metefial containing Co and Cr as main
cemponents for forﬁing the perpendicular magnetic
recording layer. It should be noted in this connection
that Cr is segregeted in the crystal grain boundary in
the material containing Co and Cr as main components,
making it possible to obtain a magnetic recording
medium having a high coercive force and a high signal
to noise ratio. However, it was impossible to obtain
a sufficient perpendicular magnetic anisotropy by
simply adding, for example, traces of Ta to the CoCr
recording layer. On the other'hand, a CoPt alloy
recording layer exhibits a magnetic anisotropy larger
than that exhibited by the elemental Ce, though it is
difficult to obtain a large coercive force and a.high
S/N ratio because Pt is not segregated in the grain
boundary in the case of the CoPt alloy'recording layer.
Such being the situation, it has been clarified that,

in the recording layer prepared by adding Pt to the

CoCr alloy, it is possible to obtain magnetic recording

characteristics more excellent than those of the CoCr

recording layer. A CoPtO recording layer prepared by
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- adding oxygen to a CoPt magnetic layer is proposed in,

for example, Japanese Patent Disclosure (Kbkai)

No. 7-235034, which corresponds to U.S. Patent

No. 5,792,564, as a means for improving the magnetic
recording characteristics of the magnetic recording
layer. It is taught in the prior art that it is
possible-to prepare a magnetic recording medium
exhibiting high perpendicular anisotropy and coercive
force and satisfadtory in the S/N ratio by forming a
grain boundary layer rich in oxygen. A quite different
method utilizing a multi-layered film consisting of a
combination of Co and, for example, Pd has also been
found. To be more specific, it has been found that a
very high perpendicular anisotropy can be obtained by
utilizing the interfacial magnetic anisotropy generated
at the interface between Co and Pd. It has also been
found that the S/N ratio can be improved to some extent
by forming a segregation structure by, for example, an
oxygen addition. However, since the matching of

the lattice constant between Co and Pd or Pt is
insufficient, the crystallinity of the multi-layered
film was not sufficiently high.

As described. above, various combinations between
the Co-based alloy and the materials of the under layer
have been found in respect of the perpendicular
magnetic recording medium using a Co-based alloy

magnetic recording layer. However, further
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improvements are required for obtaining a perpendicular
magnetic recording medium capable of exhibiting a
satisfactory perpendicular anisotropy and a good S/N
ratio and also capable of realiziné a higher coercive
force and a higher reproducing output. |

The crystal orientation and the crystal grain
diameter of the magnetic recording layer are greatly.
dependent on the surface state of the substréte.
Therefore, even where ahnonmagnetic under layer
is applied, it is necessary to control the surface
state of the substrate for further improving the
perpendicular orientation the recording layer. Wwhere,
for example, Ti is used for forming the under layer, it
is taught in, for example, Japanese Patent Disclosure
No. 6-58734 that it is possiblé to obtain a surface
state of the undef layer, which can be perpendicularly
oriented easily, by further forming a nonmagnetic layer
made of Si, Ge or Sn between the substrate and the Ti
under layer. It is described in the prior art quoted
above that it is effective to form the nonmagnetic
under layer of the.double-layered structure between
a soft magnetic layer and a Co-based recdrding layer in
a perpendicular double layered film. However, for
further improving the recording density, it is required
to develop a nonmagnetic under layer capable of
obtaining a further improved orientation. Under

the circumstances, various studies are being made in
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an attempt to arrive at new materials of the under
layer and the combination of laminations of the under
layers in each of the cases where a soft magnetic layer
is arranged and not arranged between the under layer
and the substrate. However, sufficient magnetic
recording characteristics-capable of fully coping with
the demands for the further improvement of the
recording density. in the future have not yet been
obtained when it comes to the nonmagnetic under layers
published to date.
BRIEF SUMMARY OF THE INVENTION

An object of the present invention, which has been
achieved in view of the situation described above, is
to provide a magnetié recording medium cépable of
exhibiting a high coercive force and obtaining a high
reproducing output by improving the perpendicular
orientation of the Co-based magnetic recérding layef.

According to a first aspect of the present |
invention, there is provided a perpendicular magnetic
recording medium, comprising a nonmagnetic substrate,
a first under layer formed on the nonmagnetic substrate
and containing iron, a second under layer formed on the
first under layer and containing mainly ruthenium, and
a magnetic recording layer formed on the second under
layer and containing mainly cqbalt.

According to a second aspect of the present

invention, there is provided a perpendicular magnetic
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recording medium, comprising a nonmagnetié'substrate,

a first under layer formed on the nonmagnetic substrate
and containing cobalt, a second under layer formed on
the first under layer and containing mainly ruthenium,
and a magnetic recording layer formed on the second
under layer and containing mainly cobalt.

According to a third aspect of the present
invention, there is provided a perpendicular magnetic
recording medium, comprising a nonmagnetic substrate,

a first under layer formed on the nonmagnetic substrate
and conﬁaining mainly ruthenium, a second underllayer
formed on the first under layer and containing mainly
cobalt, and a magnetic recording layer formed on the
second under layer and containing main;y cobalt.

Accérding to a fourth aspect of the present
invention, there is provided a perpendicular magnetic
recording medium, comprising a nonmagnetic suﬁétrate,"
a first under'layer.formed on the nonmagnetic substrate
and containing titanium, a second under layer formed on
the first under layer and containing mainly ruthenium,
and a magnetic recording layer formed on the second
under layer and containing mainly cobalt.

According to a fifth aspect of the present
invention, there is provided a perpendicular magnetic
recording medium, comprising a nonmagnetic substrate,

a soft magnetic layer formed on the nonmagnetic

substrate, a first under layer formed on the soft
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magnétic layer and contéining as a main component at
least one of vanadium and chromium, a second under
layer formed on the first under layer and containing
ﬁainly ruthenium, and a magnefic recording layer formed
on the second under layer and containing mainly cobalt.
Accordiﬁg to a sixth aspect of the presen£ |
invention, there is provided a perpendicular magnetic
recording medium, comprising a nonmagnetic substrate,
and a magnetic recording layer formed on the
nonmagnetic substrate and having a multi-layered'
structure prepared by alternateiy lamiﬁating.a
ferromagnetic layer containing mainly cobalt and
a nonmagnetic layer containing mainly ruthenium.
According ﬁo the present invention,
a perpendicular magnetic recordihg medium having a high
coercive force and a high reproducing output can be
obtained by disposing a nonmagnetic layer containing
mainly ruthenium somewhere in the perpendicular
magnetic recording medium. Such a non'magnetic
layer containing mainly ruthenium can be formed as a
first under layer, and a layer containing another
suitable elemenf is formed as a sécond under 1ayer.'
Alternatively, a layer containing another suitable
element is formed as a first under layer, and such
a nonmagnetic layer containing mainly ruthenium
is formed as a second under layer in the perpendicular

magnetic recording medium of the present invention.
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Further, it is also possible to form a multi-layered

‘-magnetic recording layer by alternately laminating

a Co-based magnetic layer and such Ru-based nonmagnetic
layer so as to enable the perpendicular magnetic
recording medium of the present invention to exhibit

a high coercive force and a high reproducing output.

Additional objects and advantages of the invention
will be set forth in the_desdription which follows, and’
iﬁ part will be obvious from the description, or may
be learned by_practice of the invention. The objects
énd advantages.of the invention may be realized and
obtained by means of the instrumentalities and combinaj
tions particularly pointed out hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated
in and constitute a part of the specification, illust-
rate presently preferred embodiments of the invention,
and together with the genefal description given above
and the detailed description of the preferred embodi-
ments given below, serve to explain the principles of
the invention.

FIG. 1 schematically shows the construction of an
example of a magnetic recording medium of the present
invention;

FIG. 2 schematically shows the construction of

another example of a magnetic recording medium of the

present invention;
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FIG. 3 schematically shoﬁs the construction of
still anbther example of a magnetic recording medium of
the present invention; and

FIG. 4 is a view showing the construction of an
example of the magnetic recording apparatus in which
the magnetic recording medium of the present invention
can be applied.

DETAILED DESCRIPTION OF THE INVENTION
The perpendicular magnetic recording medium of the

present. invention comprises a nonmagnetic substrate and

"a Co-based perpendicular magnetic recording layer, and

the present invention can be roughly classified into

some types on the basis of the five view points

: deséribed below.

In the perpendicular magnetic recording medium
according to the first to fourth view points of the

present invention, a first underlying and a second

under layer are formed in the order mentioned between

the nonmagnetic substrate and a Co-based perpendicular

magnetic recording layer. Any one of the first, second

‘under layers, contains ruthenium. The perpendicular

magnetic recording medium according to the first to
fourth view points of the present invention is
characterized as follows by the laminate structure
consisting of a nonmagnetic layer containing ruthenium,
a layer containing another element, and a Co-based

perpendicular magnetic recording layer.
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The first type of the present invention provides
a perpendicular magnetic recording medium, comprising
a nonmagnetic substrate, a first under layer formed on
the nonmagnetic éubstrate and containing iron, a second
under layer formed on the first under layer and
containing mainly ruthenium, and a magﬁetic recording
layer formed on the second under layer and containing
mainly cobalt.

According to a preferred embodiment of the first
type 6f the present invention, the first under layer
consists essentially of iron. Alternatively, the firs£
under layer contains iron as a main component and at
least one element selected from the group consisting of
aluminum, silicon, tantalum, carbon, zirconium,
nitrogen and cobalt as an auxiliary component.

According to the first type of the present
invention, it is possible to improve the'perpendiculaf
orienting properties and magnetic characteristics of
a perpendicular magnetic recording medium having
a Co-baséd, such as a CoPtO-based alloy by using an

under layér of a laminate structure comprising a first

under layer consisting essentially of iron or

containing iron as a main component and, preferably,

a body-centered cubic crystal material described above,
as an auxiliary component, and a second under layer.
containing ruthenium of a hexagonal close-éacked

structure. This construction is effective for ensuring
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a fineness and an uniformity of a crystal diameter in

addition to an improvement of a crystal orientation in

| regard to the second under layer, therefore a fineness

and an uniformity of a crystal diameter is promoted in
addition to an improvement of a perpendicular crystal
orientation in regard to the Co-based magnetic |
recording layer so as to decrease a transition'noisé

and improve a recording resolution of the recording

medium.

Preferred combinations of the main component and
the auxiliary component include the combination of
iron, tantalum and carbon, the combination of iron,
zirconium and nitrbgen, the combination of iron and
cobalt, and the combination iron, aluminum and silicon.
The iron alloy containing not higher than 10 atomic %
of at least one of aluminum and silicon is called,
for example, Sendust.

These preferred combinations are soft magnetic
alloys having a high magnetic permeability.

Conventional Sendust, which is an iron alloy
containing 5% of aluminum, 10% of silicon and the
remaining part 85% of iron, has a basic crystal
structure equal to that of iron. A soft magnetic
material having a high permeability can be obtained by
adding Al and Si to an iron alloy. Evén if the
characteristics as a soft magnetic material are éhanged

by the change of the addition amount within a range
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within which the basic crystal structure is not
changed, the resultant medium can be expected to
produce the similar effect.

In the'second type of the present invention, the
first under layer contains cobalt as a main component,
and the second under layer contains ruthenium as a main
component.

According to the second type of the present
invention, the under layer is formed 6f é material of a
hexagonal close-packed structure or an amorphous
material containing cobalt as a main component. Also,
the second under layer, which is laminated on the firsp
under layer, is formed of ruthenium of a hexagonal
close-packed structure. The particular construction of
the under layers permits improving the perpendicular
orienting properties and the magnetic properties of
the perpendicular magnetic recording medium comprising
a Co-based magnetic layer, particularly, a CoPto—based
magnetic layer. This construction is effective for
ensuring a fineness and an uniformity of a crystal
diameter in addition to an.improvement of a crystal
orientation in regard té the second under layer,
therefore a fineness and an uniformity of a crystal
diameter is promoted in addition to an improvement of
a perpendicular crystal orientation in regard to
the Co-based magnetic recording layer so as to decrease

a transition noise and improve a recording resolution
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of the recording medium.

In the preferred embodiment of the second type of
the present invention, it is desirable for the first
under layer to contain at least one auxiliary component
selected from the group consisting of zirconium,

niobium and chromium. Also, the preferred combinations

" of the main component and the auxiliary component

includes a combination of cobalt, zirconium and niobiﬁm
and a combination of cobalt and chromium. It is
desirable for the alloy containing cobalt and chromium
not to exhibit ferromagnetism. Also, the combination
of cobalt, zirconium and niobium forms a soft'magnetic_
alloy having a high magnetic permeability.

It is possible to use a soft magnetic alléy having

a high permeability such as a CoZr-based alloy like

' CoZrNb, an FeCo-based alloy, an FeSi-based alloy,

an FeTaC, FeZrN and NiFe-based alloy like Permalloy

for forming a soft magnetic layer that is interposed
between the nonmagnetic substrate and the perpendicular
magnetic recording layer like the first under layer
used in each of the first and second types of

the present invention.

The perpendicular magnetic recording medium using
the particular soft magnetic material having a high
ﬁagnetic permeability, which performs the function of
a so-called "double layered perpendicular medium",

performs a part of the function of the magnetic head
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that the recording magnetic field from the magnetic
head is refluxed and is expected to produce exqellent
recording/reading characteristics interaction. Even in
the case 6f-using such a soft magnetic layer, the
perpendicular orienting effect is considered to be
substantially the same by applying an under layer of

a laminate structure to the perpendicular magnetic
recording layer.

In the third type of the present invention,
the first under layer contains ruthenium as a main
component, and the second under layer confains cobalt
as a main component.

In the third type of the present invention, it is
desirable for the second under layer to contain
chromium as an'auxiliary component. In this case, it
is desirable for the cobalt-chromium alloy not to
exhibit ferromagnetism.

Also, it is desirable for the first under layer to
consist essentially of ruthenium.

According to the third type of the present
invention, the first under iayer is formed of
a material containing ruthenium of a hexagonal
close-packed structure as a main component. Also, the
second under layer, which is laminated on the first
under la&er, is formed of a material of a hexagonal
close-packed structure containing cobalt as a main

component. The particular construction makes it
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possible to improve the perpendicular orienting

. properties and the magnetic properties of the.

perpendicular magnetic recording medium comprising a
Co-based magnetic layer, particularly, a CoPtO-based

magnetic layer. This construction is effective for

~ensuring a fineness and an uniformity of a crystal

diameter in addition to an improvement of a crystal
orientation in regard to the second under layer,
therefore a fineness and an uniformity of a crystal
diameter is promoted in addition to an impfovement of
a perpendicular crystal orientation in regard to the
Co-based magnetic recording layer so as to decrease
a transition noise and improve a recording resolqtion
of the recording medium.

According to the fourth type of the present
invention, employed is a laminate structure formed on

the substrate and comprising a first under layer

containing titanium as a main component, a second under

layer containing ruthenium as a main component and
a perpendicular magnetic recording layer containing
cobalt.

The nonmagnetic layer containing titanium, which

is a material of a hexagonal close-packed structure and

used as a first under layer, is formed of, for example,
titanium or a compound selected from the group
consisting of a nitride, a carbide and an oxide of

titanium. It is also possible to use a titanium
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chromium alloy.

It is possible to form, for example, TiN having
a NaCl structure by the sputtering of a TiN target
uﬁder an argon gas atmosphere. Titanium and nitrogen'
are not necessarily bonded to each other at a ratio
of 1:1 on'the substrate, and it is considered that
a nitride having a partially different ratio is formed.
Further; substantially the same effect can be obtained
in the case of forming an under layer formed of
titanium alone. The similar effect on an improvement
of a perpendicular.orientation can be obtained in the

cases where the under layer is formed of not only TiN

‘but also a nitride having a_different ratio and where a

nitride and titanium are present together in the under
layer. Further, the similar effect can be expected in
respect of the carbide and oxide of titanium.

The chromium addition amount in TiCr suitable for
the first under layer is not higher than 10 atomic %.
Since titanium and chromium do not form a so;id
solution under room temperature, the basic crystal
structure is simiiar to that of Ti and, thus, the
similar effect can be obtained sufficiently.

A layer containing ruthenium is used as the second
under layer.

According to the present invention, a first under
layer consisting of a specified nonmagnetic or soft

magnetic material, a second under layer consisting



10

15

20

25

- 18 =

of a specified nonmagnetic material, and a layer
consisting of a ferromagnetic Co-based alloy material
are formed on the substrate, thereby making the Co-
based alloy layer, particularly, a CoPtO ferromagnetic
layer having an excellent perpendicular orientation.
As a result, it.is possible to obtain a magnetic
recording medium exhibiting a high coercive force and
a high reproducing output.

Also, according to the present invention, it is
possible.to arrange a soft magnetic layer between the

perpendicular magnetic recording medium relating to the

 first to fourth view points and the first under layer.

It should be noted in respect of the effects

produced by the soft.magnetic layer that the presence

of the soft magnetic layer permits the resultant

magnetic recording medium to perform the function of

a perpendicular double layered.medium and that the
magnetic recording layer is enabled to produce
excellent recordingéreproducing characteristics by the
interactive between the head and the soft magnetic
layer.

Examples of thé materials forming the soft
magnetic layer include Sendust, Permalloy, ferrite,
FeGaGe, FeGeSi, FeAlGa, FeRuGaSi, FeSi, FeCoNi, FeSiB,
FeNiPb, FeSiC, FeCuNbSiB, FéZrB, FleBCu, CoFeSiB,
CoZrTa, and CoTi.

According to the fourth type of the present
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invention, the presence of the soft magnetic'laYer with

the Co-based alloy magnetic recording layer permits the

resultant magnetic recording medium to produce the

effect of a double layered medium, and it is possible
to obtain the Co-based alloy maghetic recording layer,
particularly, a CoPtO alloy layer, exhibiting excellent
perpendicular orientation. As a result, it is possible
to obtain a magnetic recording medium exhibiting a high
coercive force and a high reproducing output.

According to the fifth type of the present
invention, there is provided a perpendicular magnetic
fecording medium, comprising a nonmagnetic substfate,

a soft magnetic layer formed on the nonmagnetic
substrate, a first under layer formed on the soft
magnetic layer, a second under layer formed on

the first under layer and containing ruthenium, and a
magnetic recording layer formed on the second upder
layer and containing mainly cobalt, wherein the first

under layer contains mainly at least one of the

‘vanadium and chromium and is capable of optionally

containing iron.
The produced effect and the preferred examples of -

the soft magnetic layer used are similar to those

"described previously.

According to the fifth type of the present
invention, the presence of the soft magnetic layer with

the Co-based alloy magnetic recording layer permits
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the resultant magnetic recording medium to produce the
effect of a_double layered medium, and it is possible
to obtain the Co-based alloy magnetic recording layer,
particularly, a chtO alloy.layer, exhibiting excellent
perpehdicular'orientation._ As a result, it is poSsible
to obtain a magnetic recording medium exhibiting a high
coercive force and a high reproducing output.

It is desirable to use vanadium or chromium for
forming the first under layer.

In the perpendicular magnetic recording medium
according to the first to fifth types of the present
invention, the material of the magnetic'recording layer
is not limited to the CoPtO alloy system. It is also
possible for the magnetic recofding layer to be formed
of a CoCrPt-based alloy, or a multi—iayered film system
consisting of a Co film and a Pt film, consisting of
a Co film and a Pd film or consisting of a Co film ahd
a Ru film. The similar effect can be obtained even in
the case where the f£ilm also contains oxygen. Also,
the film containing ruthenium, which is ﬁsed in the
perpendicular magnetic recording medium accordiqg to
the first to fifth types.of the present invention,
consists essentially of ruthenium. However, it is
possible to add another element such as Cr or Co to
the film containing ruthenium.

According to the first to fifth types of the

present invention, an appropriate combination of
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a layer containing'ruthenium and another layer
containing another element is used as the first and
second undef layers, and the particular combination is
laminated below the perpendicular magnetic recording
layer. As a result, the crystal orientation of the
second under layer is improved by the first under
layer. 1In addition, the crystal grains are made finer
and uniform in.the-second under layer. Also, since the
perpendicular magnetic recording layer is formed on
the second under layer, the perpendicular orientation
of the recording layer is improved by the presence of
the second under layer. In addition, the crystal
grains are,micrécrystallized and made uﬁiform in the
perpendicular maénetic recording layer. It follows.
that it is possible to suppress the transition noise of
the recording medium and to improve the recording
resolution of the recording medium.

Further, in order to prevent the under layer
formed on the soft magnetic layer from being affected
by the crystal orientation and the crystal grain
diameter ih the soft magnetic layer, it is possible to
form an amorphous material layer made of, for example,
carbon on the soft magnetic layer.

It is also possible to form én'antiferromagnetic
layer such as an FeMn layer or an antimagnetic layer
such as a CoSm layer between the non magnetic substrate

and the soft magnetic layer to form an axis of a soft
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magnetic layer be uniform in fhe direction of
circumference or radius. |

According to the sixth type of the present
inventioh, used is a multi-layered perpendicular
magnetic recording layer having a multi-layered
structure consisting of a Co-based magnetic layer and
a Ru-based nonmagnetic layer that are alternately
laminated one upon the other.. The recording layer
having the particular multi-layered structure permits
further improving the perpendicular orientation and
the perpendicular coercive force.

Aléo; according to the present invention, the
multi-layered perpendicular magnetic recording layer
can be used as the perpendicular magnetic recording
layer according to the first to fifth view points of
the present invention.

FIG. 1 shows an example of the construction of
a magnetic recording medium 10 of the present
invention. As shown in the drawing, the magnetic
recordiné medium 10 comprises a substrate 1, a first
under layer 2 formed on the substrate 1, a second under
layer 3 formed on the first under layer 2, a Co—based
ferromagnetic layer 4 made of, for example, a CoPtO
alloy and formed on the second under layer 3,
and a protective layer 5 formed on the ferromagnetic
layer 4.

Each of the layers laminate on the substrate 1 can
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be formed by a sputtering method with the materials of
these layers used as targets. |

| FIG. 2 shows the construction of another example
of a mégnetic recording medium of the present

invention. As shown in the drawing, the magnetic

recording medium 20 shown in FIG. 2 is substantially

equal in construction to the magnetic recording medium
10 shown in FIG. 1, except that a laminate structure
comprising a magnetic layer 4a, another magnetic layer
4b and a nonmagnetic layer 6 made of ruthenium and
interposed betweeh the magnetic layers 4a and 4b is
formed.in place of the magnetic layer 4 shown in
FIG. 1. Prefgrably, the nonmagnetic layer 6 should
consist essentially of ruthenium. Where the magnetic
layer is of a multi-layer structure constructed such
that a nonmagnetic layer containing ruthenium as a main
coﬁponent, which is a nonmagnetic intermediate layer,
is sandwiched between two adjacent ferromagnetic
layers, it is possible to further improve the
perpendicular orienting properties and the maghetic
properties of the magnetic layer. |

FIG. 3 is a cross sectional view showing still
another example of the construction of a magnetic
recording medium 30 of the present invention. As shown

in the drawing, the magnetic recording medium 30 shown

~in FIG. 3 is substantially equal in construction to the

magnetic recording medium 10 shown in FIG. 1, except
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that a soft magnetic layer 7 is interposed between
the substrate 1 and the first under layer 2 in

the magnetic recording medium 30 shown in FIG. 3.
The.presence of the soft magnetic layer 7 permits

the resultant magnetic recording medium 30 to perform
the function of a double layered perpendicular film,
and the magnetic recording medium 30 is expected to
produce excellent recording/reading characteristics
because of the interact between the head and the soft
magnetic layer.

The present invention will now be described more
in detail with reference the Examples which follow.
Example 1:

A glass substrate meeting the standard
specification of a 2.5 inch magnetic'disc was prepared
as a nonmagnetic substrate. Each of the unger.layers,u‘
the magnetic layer, etc. was formed as desciibed belbﬁ t
on the glass'substrate by means of DC magnetron
sputtering.

In the first step, a iron layer was formed on
the glass substrate as a first under layer in
a thickness of about 50 nm. Then, a ruthenium layer
was formed as a second under layer on the iron layer in
a thickness of about 37 nm.

In the next step, a CoPtCr0 magnetic layer was
formed on the second under layer by means of

a sputtering of a CoPtCr alloy target under an argon
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atmosphere containing traces of 0j. .Incidentally,

the CoPtCr alloy target contained 20 atomic é of Pt,

16 atomic % of Cr and the balance of Co. In this case,
used was a CoPtCr target having a relatively high Cr
concentration. However, if the Cr concentration is not
higher than 16 atomic %; an essential change in thé
construction of the magnetic layer is scarcely brouéht
about by the Cr addition, making it possible to obtain
the similar effect as the.characteristics of the
medium.

Finally, a carbon layer having 10 nm of thickness
was laminated as a protective layer on the magnetic
layer so as to obtain a desired.magnetic recording
medium.

The magnetic characteristics of the resultant
magnetic recording medium were measured by a vibrating
sample type magnetometer (VSM), with the results |
as shown in Table 1. The mark "Hc.l" in Table 1
represents a coercive force in the case where a
magnetic field.is applied in a direction perpendicular
to the film surface. Also, the mark "Hc//" in Table 1
represents.a coerciﬁe force in the case where
a magnetic field is applied to in a areal direction of
the film surface. Further, the perpendicular
squareness ratio represents a ratio of the residual
magnetization td the saturated magnetization in the

case of applying a magnetic field in a perpendicular
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Example 2:

A magnetic recording medium was prepared as in
Example 1, except that a FeTaC layer having a thickness
of about 100 nm was formed in place of the Fe layer.
The FeTaC layer was formed by sputtering a FeTaC tdrget
containing 16 atomic % of Ta, 10 atomic % of C and
£he'balancé of Fe under an argon atmosphere. The

magnetic properties of the magnetic recording medium

_ thus obtained were measured as in Example 1, with

the results as shown in Table 1.
Example 3:

A magnetic recording medium was prepared as in
Example 1, except that a FeZrN layer having a thickness
of about 100 nm was formed in place of the Fe layer.
The FeZrN layer was formed by sputtering a FeZrN target
containing 10 atomic % of Z2r, 10.atomic % of N and thé
balance of Fe under an argon atmosphere. The magnetic
properties of the magnetic recording medium thus
obtained were measured as in Example 1, with the
results as shown in Tablé 1.

Example 4:

A magnetic recording medium was prepared as in
Example 1, except that a FeCo layer having a thickness
of about 50 nm was formed in place of the Fe layer.

The Fqu layer wés formed by sputtering a FeCo target

containing 50 atomic % of Fe and the balance of Co
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under an argon atmosphere. The magnetic properties of
the magnetic recording medium thus obtained were
measured as in Exémple 1, with the results as shown in
Table 1.

Example 5:

A magnetic recording medium was prepared as
in Example 1, except that a CoZrNb layer having
a thickness of about 100 nm was formed in place of
the Fe layer. The CoZrNb layer was forméd by
sputtering a CoZrNb target containing 5 atomic % of Zr,
10 atomic % of Nb and the balance of Co under
an argon atmosphere. The magnetic properties of
the magnetic recording medium thus.obtained were
measured as in Example 1, with the results as shown
in Table 1.

Example 6:

A magnetic recording medium was prepared as in
Example 1, except that a Co layer having a thickness
of about 75 nm was formed in place of the Fe layer.
The magnetic properties of the magnetic recording
medium thus obtained were measured as in Example 1,
with the results as shown in Table 1.

EXémple 7:
A magnetic recording medium was prepared as in

Example 1, except that a CoCr layer having a thickness

-of about 40 nm was formed in place of the Fe layer.

The CoCr layer was formed by sputtering a CoCr target
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containing 33 atomic % of Cr and the balance of Co
under an argon atmosphere. -The-magnetic properties of
the magnetic recording medium thus obtained were
measured as in Example 1, with the results as shown in
Table 1.._ |

Example 8:

A magnetic recording medium was prepared as in
Example 1, except that a ruthenium layer having
a thickness of about 20 nm.was formed as the first
under layer in place of the Fe layer, and a.CoCr-layer
having a thickness of about 15 nm was formed as the
second under layer in place of the ruthenium layer.
The CoCr layer was formed By sputtering a Coér target
containing 33 atomic % of Cr énd the balance of Co
under an argon atmosphere. The magnetic properties of
the magnetic recording medium thus obtained were
measured as in Example 1, with the results as shown in
Table 1. |
Comparative Example 1:

A magnetic fecording medium was prepared as in
Example 1, except that a Cr layer having a thickness
of abouﬁ 40 nm was formed in place of the Fe layer,
and the second undef layer was not formed. The
magnetic properties of the magnetic recording medium
thus obtained were measured as in Example 1, with

the results as shown in Table 1.
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Comparativé Example 2:

A magnetic recording medium was prepared as in
Example 1, except that the second under layer was not
formed. The magnetic properties of the magnetic
recording ﬁedium thus obtained were measured as in
Example 1, with the results as shown in Table 1.
Comparative Example 3:

A magnetic recording medium was prepared as in

- Example 2, except that the second under layer was not

formed. The magnetic properties of the magnetic
recording medium thus-obtained were measured as in
Example 1, with the results as shown in Table 1.
Comparative Example 4:

A magnetic recording medium was prepared as in
Example 3, except that the second under layer was not
formed. The magnetic properties of the magnetic
recording medium thus obtained were measured as in
Example'l, with the results as shown in Table 1.
Comparative Example 5:

A magnetic recording medium was prepared as in
Example 4, except that the second under layer was not
formed. The magnetic properties of the magnetic
recording medium thus obtained were measured as in
Example 1, with the results as shown in Table 1.
Comparative Example 6:

A magnetic recording medium was prepared as in

Example 5; except that the second under layer was not
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formed. The.magnetic properties of the magnetic
recording medium thus obtained were measured as in
Example 1, with the results as shown in Table 1.
Comparative Example 7:

‘A magnetic recording medium was prepared as in
Example 6, except that the second under layer was not-
formed. The maghetic properties of the magnetic
recording medium thué obtained were measured as in
Example 1, with the results as shown in Table 1.
Comparative Example 8:

A magnetic recording medium was prepared as in
E#ample 7, except that the second under layer was not
fbrmed. " The magnetic properties of the magnetic
recording medium thus obtained were measured as in
Example 1, with the results as shown in Table 1.
Comparative Example 9:

A magnetic recording medium was prepared as in
Example 8, except that the second under layer was not
formed. The ﬁagnetic properties of the magnetic
recording medium thus obtained were measured as in
Example 1, with the results as shown in Table 1.

Where the magnetic recqfding medium including
a soft magnetic layer in addition to the recording
magnetic layer is measured by VSM, the resultant
characteristics includes both of two characteristics
relating to the soft mégnetic layer and the magnetic

recording layer. However since it is possible to
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‘interpret the characteristics separately in respect of

Examples 1 to 6, the values for the recording layer

approximately alone are shown.



‘Table 1

Underlying | .o | (a/m) | Hes/ (a/m) | mo L /moyy |FE¥PERdicular
layer squareness ratio
Exa@gle 1 Fe/Ru 222780 103490 2.15 | 0.97
Example 2 FeTaC/Ru 244110 106650 2.29 0.99
Example 3 FeZrN/Ru 240160 105860 2,27 0.98
Example 4 FeCo/Ru 249640 108230 2.31 1.00
Example 5 CoZrNb/Ru 209350 115340 1.82 0.97
Example 6 Co/Ru 263070 96380 2.73 1.00
Example 7 CoCr/Ru | 271760 97960 2.77 0.99
Example 8 Ru/CoCr 269390 94800 2.84 0.98
Comparative Example 1 Cr 83740 229100 0.37 0.15
Comparative Example 2 Fe 27650 18960 1.32 0.02
| Comparative Example 3 FeTaC 15010 15800 0.95 0.01
Comparative Example 4 FeZrN 14220 12640 1.13 0.01
Comparative Example 5 FeCo 16590 13430 1.24 0.02
Comparative Example 6 CoZrNb 13430 15800 0.85 0.01
Comparative Example 7 Co 33970 25280 1.34" 0.05
Comparative Example 8 CoCr 180120 117710 1.53 0.99
Comparative Example 9 Ru 199080 131930 1.51 - 0.85

(A%
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A perpendicular'orientation is improved with
increase in the ratio Hcl/Hc// shown in Table 1, and
an read output is increased in the case where the
perpendicular squareness ratio shown in Table 1 is as
tlose to 1 as possible so as to provide an excellent
perpendicﬁlar magnetic recording ﬁedium; In each of
Comparative Example 1, the ratio Hc.l/Hc// was smaller
than 1, and the perpendicular équareness ratio was
small, indicating that a areal orientation was formed
in each of these Comparative Examples._ Also, in each
of Comparative Examples 2 to 7, the Hcl, Hc// and
perpendicular squareness ratio were more smaller the
media have approximately complete areal orientation.
This is because the soft magnetic layer is not
partitioned magnetically with the recording layer so
that the properties of the soft magnetic layer having
high magnetic moment is piedominant. However the
properties of the reéording layer was not influenced to
the whole properties, therefore it is found that the
perpendicular orientation of the recording layer is
week, and the areal orientation thereof is strong.
Coﬁparative Examples 8 and 9, which were not sufficient
in terms of the perpendicular orientatioh, exhibited
the most satisfactory characteristics among the
Comparative Examples.

" on the other hand, any of the Hcl/Hc// ratio and

the perpendicular squareness ratio in any of Examples 1
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to 9 of the present invention was found to be higher

than that for any of Comparative Examples 8 and 9.

In addition, the squareness ratio was substantially 1

in any of the Examples of the present invention.
$hese clearly support that the characteristics of
the perpendicular magnetic recording medium are
markedly improved in the present invention. The
experimental data clearly support that, an under layer,
which fails to exhibit a sufficient perpendicular
orientation when used singly, produces the effect of
improving the crystallinity of ruthenium when the under
layer is used in combihation with another under layer
containing ruthenium as a main component. In this
fashion, the present invention permits obtaining
a Co-based magnetic layer exhibiting excellent
perpendicular orienting properties, making it possible
to obtain a perpendicular magnetic recording medium
exhibiting satisfactory characteristics including a
high coercive force and a high read output.
Example 9: |

A magnetic recording medium was obtained as in
Example 1, except that a Ti layer having a thickness of
about 40 nm was formed as the first.under layer in
place of the Eé layer. The magnetic charadteristics of
the magnetic recording medium thus obtained were

measured as in Example 1. Table 2 shows the results.
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Examplé'IO:

A magnetic recording medium was obtained as in
Example 1, except that a TiCr layer having a thickness
of about 40 nm was formed as the first under layer in
place of the Fe layer. The TiCr layer was formed
by the sputtering of a target having a composition of
Ti~-Cr (10 at%) under an Ar gas atmosphere. The
magnetic characteristics of the magnetic recording
medium thus obtained were measured.as in Example 1.
Table 2 shows the results.

Example 11:

A magnetic recording medium was obtained as in
Example 1, except that a TiN layer having a thickness
of about 35 nm was formed as the first under layer in
place of the Fe layer. The TiN layer was formed by the
sputtering of a target having a composition of Ti-N
50 at$ undér an Ar gas atmosphere. The maghetic
characteristics of the magnetic recording medium thus
obtained were measured as in Example 1. Table 2 shows
the results.

Example 12:

~ A magnetic recordiﬁg medium was obtained as in
Example 1, except that a Sendust'lqyer having a
thickness of about 30 nm was formed as the first under
layer in place of the Fe layer. The Sendust layer was
formed by the sputtering of a target having

a composition of Fe 85 at%-Al 5 at%-Si 10 at% under an
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Ar gas atmosphere.i The magnetic characteristics of the
magnetic recording medium thus obtained were measured
as in Example 1. Table 2 shows the results.
Comparative Example 10:

A magnetic recording medium was obtained as in.
Exampie 9, except tha£ a second under layer was no£
formed. The magnetic characteristics of the magnetic
fecording medium thus obtained were measured as in
Example 1. Table 2 shows the results.

Comparatiﬁe Example 11:

A magnetic recording medium was obtained as in
Example 10, except that a second under layer was not
formed. The magnetic characteristics of the magnetic
recording medium thus obtained were measured as in
Example 1. Table 2 shows the results.

Comparétive Example 12:

A magnetic recording médium was obtained as in
Example 11, except that a second under layer was not
formed. The-magnetic characteristics of the magnetic
recording medium thus obtained were measured as in
Example 1. Table 2 shows the results.

Comparative Example 13:

A magnetic recording medium was obtained as in
Example 1, except that a vanadium layer having a
thickneés of 41 nm was formed as the first under layer
in place the Fe layer, and that a second under layer

was not formed. The magnetic characteristics of the
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magnetic recording medium thus pbtéined were measured
as in Example 1. Table 2 shows the results.
Comparative Example 14:

A magnetic recording medium was obtained as in
Example 12, except that a second under layer was not
formed. The magnetic characteristics of the magnetic
'recording medium thus obtained were measured as in

Example 1. Table 2 shows the results.



Table 2

Sendust

Under Hel (A/m) |Hc//(A/m) |HeLl/Hc// Perpendicular .
layer : squareness ratio
Example 9 Ti/Ru 270970 93220 2.91 0.99
Example 10 TiCr/Ru 282030 99540 2.83 1.0
Example 11 TiN/Ru_ 273340 96380 2.84 0.98
Example 12 Sendust/Ru | 203820 112970 1.80 0.96
, Comparative Example 10 Ti 200660 166690 1.20 0.73
Comparative Example 11 TiCr 186440 165110 1.13 0.62
Comparative Example 12 TiN 86110 145360 0.59 0.18
Comparative Example 13 \4 90850 226730 0.40 0.14
Comparative Example 14 18170 15010 1.21 0.01

8¢
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Where the‘magnetic recording medium including
a soft magnetic layer in addition.to'the recording
magnetic layer is measured by VSM, the resultant
characteristics includes both of two characteristics
relating to the soft magnetic layer and the magnetic
recording layer. However since it is possible to
inteipret the characteristics separately in respect of
Example 12, the values for the recording layer
approximately alone are shown.

As apparent from Table 2, the value of Hc.l/Hc//
for each of Compafative Examples 12 and 13 was not
larger than 1, and the perpendicular squareness ratio
was also small, supporting that a areal orientation was
formed in each of these Comparative Examples.- Also, in
Comparative Example 14, the Hcl, Hc// and
perpendicular squareness fatio were more smaller the
media have approximately complete areal orientation.
This is because the soft magnetic layer is not
parﬁitioned magnetica;ly with the recording layer so
that the properties of the soft magnetic laYer having
high magnetic moment is predominant. Hoﬁever the
properties of the recording layer was not influenced
to the whole properties, therefore it is found that
the perpendicular orientation of the recbrding layer
is week, and the areal orientation thereof is strong.
A areal orientation was not recognized in each of

Comparative Examples 10 and 11. However, the value of
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Hc// was large, i.e., not smaller than 2 kOe, aﬁd_the
perpendicular squareness ratio was 0.6 to 0.7 in each
of these Comparative Examples, supporting that the
perpendicular orientation'was insufficient.

As desc:ibed above, both of Examples 8 and 9 of
the present invention exhibited the values of HcJ_/Hc//
and the perpendicular squareness ratio larger than
thgse for Comparative Example 15, and the squareness
ratio was substantially 1 in each of Examples 9-12.of
the present invention. These clearly support that the
characteristics as the perpendicular magnetic recording
medium were markedly improved in- the present invention.
This indicates that, where an under layer is formed
under a Ru layer, it is possible to improve the |
crystallinity of Ru, though when such an under layer is
singly formed under the magnetic recording layer, the
perpendicular orientation 6f the magnetic recording.
layer is insufficient. Such being the situation, it
has been clarified that it is possible to obtain a
CoPtO-based magnetic layer exhibiting an excéllent
perpendicular orientation in the case where an under
léyer of a laminate sfructure is used és an under layer
of the CoPtO-series magnetic layer, said laminate
structure consisting of a first under layer made of Ti,
TiCr, TiN, V or Sendust and formed on the subétrate and
a second under layer formed on the first under layer

and made of Ru. As a result, it is possible to obtain
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a perpendicular magnetic recording medium having a high
coercive force and exhibiting a high reproducing
output. ' |

In each of the Examples described above, a glass
substrate was used as the nonmagnetic substrate. |
However, the similar effect can be obtained in the case
where an Al-based alloy substrate, a Si single crystal
substrate having an oxidized surface, or a substrate
having, for example, NiP plated on the surface is used
as the nonmagnetic substrate. Also, the film formation
was performed by a sputtering method in éach of the
Examples. described abové. However, it is also possible
to employ other film formation methods such as a vacuum
vapor deposition method, with substantially the same
effect.

Example 13:

A magnetic recording medium was obtained as in
Example 1, except-that a FeAlSi soft magnetic layer was
formed on a substrate by sputtering a target having.a
composition of Fe-5 at%-Al 10 at%-Si under an Ar gas
atmosphere, and that a V layer having é thickness of
41 nm was-iormed as the first under layer in place of
the Fe layer. The magnetic-characteristics of the
magnetic recording medium thus obtained were measured
as in Example‘ll The other mégnetic recording media
were obtained and the magnetic characteristics of

them were measured as the same way except that the
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compositions were Fe 10 at%-Ta 10 at%-C, Fe 10 at%$-Zr
10 at%-N, Fe 50 at%-Co, and.Co 5 ats zr 10 at$-Nb,
respectively. It has been found that the magnetic
recording media thus obtained were satisfactory in each
of the ratio of the perpendicular coercive force to the
areal coercive force and the perpendicular squareness
ratio.

Example 14:

A magnetic recording medium wés obtained as in
Example 1, except that a Cr layer having a thickpess of
about 40 nm was formed as the first under layer in
place of the Fe layer. The magnetic characteristics of
the magnetic recording medium thus obtained were
measured as in Example 1. It has been found that
the magnetic recording medium thus obtained was
satisfactory in each of the ratio of the perpendicular
coercive force to the areal coercive force and the-
perpendicular squareness ratio.

Additional experiments were conducted in line with
Examples 1 to 14, except £hat-a110y layers of RuCr and
RuCo were used in place of the Ru under layer, with
substantially the same improving effects. |

Further, additional experiments were conducted by
using each of alloy layers of CoPt, CoCr and CoCrPt as
the magnétic recording layer in place of the CoPtO |
recording layer, with substantially the same improving

effects.
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Still further, additional experiments were
conducted by using as a magnetic recording layer a
multi-layered film of Co/Pd, Co/Pt or Co/Ru in place of
the CoPtO recording layer, said multi-layered £ilm |
being prepared by alternately laminating 20 times a Co
layer having a thickness of.about 0.3 nm and a Pd
layer, a Pt layer or a Ru layer each having a thickness
of about l.nm, with substantially the same improving
effects. |
Example 15:

Perpendicular magnetic recording media were
preparea as in Examples 1 to 14, except that
perpendicular magnetic recording layers of a laminate
strﬁcture were formed in place of each one CoPtO
magnetic layer formed in Examples 1 to 14, said
laminate structure being prepared by forming a first
layer of a CoPtCrO magnetic layer having a thicknesé
of 13 nm, followed by forming a Ru layer having
a thickness of 4 nm as a nonmégnetic’intermediaﬁe
layer of the recording layer and subsequenfly forming
again a second layer of a CoPtCrO magnetic layer. |
The magnetié characteristics of each of the magnetic
recording media thus obtained were measured, with
the result that the recording layer of the laminate
structure was found to Be superior to the recording
iayer of a single layer structure in each of Hcl and

Hcl/Hec//. The experimental data clearly support that
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the perpendicular orientation and the perpendicular

coercive force of the perpendicular magnetic recording

" medium can be improved by employing a perpendicular

magnetic recording leyer of a laminate structure and by
using a Ru layer as a nonmagnetic intermediate layer of
the laminate structure. |
Example 16:

Perpendicular magnetic recording media were
prepared as in Examples 1 to 12 and 15, except that
a so-called "perpendicular double layered medium" was
formed by forming a FeAlSi soft magnetic layer between
the nonmagnetic substrate and the first under layer.
The magnetic characteristics of each of the resultant
perpendicular double layer media were evaluated, and
the characteristics of the recording laYer alone were.
evaluated by separating the FeAlSi soft magnetic layer,
so as to optain the results suBstantially equal to
those of Examples 1 to 12 and 15. In other words, the
characteristics as the perpendicular magnetic recording
medium were found to.have been improved, compared with
Comparative Examples 1 to 14. Such being the
situation, it has been clarified that the effect of the
FeAlSi soft magnetic_layer of the laminate structure
can be maintained even where:the.FeAlsi layer ie
formed to form a perpendicular double layer medium,
making it possible to improve the perpendicular

orientation, the perpendicular coercive force and the
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reproducing output of the perpendicular magnetic
recording medium.
Example 17:

Perpendicular magnetic recording media were

prepared as in Examples 1 to 12 and 15, except that a

so-called "perpendicular double layered medium" was
formed by forming a FeTaC soft magnetic layer between
the nonmagnetic substrate and the first under layer.
The magnetic characteristics of each of the resultant
perpendicular double layer media were evaluated, and

the characteristics of the recording layer alone were

-evaluated by separating the FeTaC soft magnetic layer,

so as to obtain the results substantially equal to
those of Examples 1 to 12 and 15. In other words, the
characteristics as the-perpendiculaf magnetic recording
medium were found to have been improved, compared
with Comparative Examples 1 to 14. Such being the
situation, it has been clarified that the effect of
the under layer of.the laminate structure can be
maintainéd even where the FeTaC layer is formed to
form a perpendicular double layer medium, making it
possible to_impro§e the perpendicular orientation,
the perpendicular coercive force and the reproducing
output of the perpendicular magnetic recording medium.
Exampie 18:

Perpendicular magnetic recording media were

prepared as in Examples 1 to 12 and 15, except that
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a so-called "perpendicular double layered medium” wac
formed by forming a FeZrN soft magnetic layer between
the nonmagnetic substrate and the first under layer.
The magnetic characteristics of each of the resultant
perpendicular double layer media were evaluated, énd
the characteristics of the recording layer alone were
evaluated by separating the FeZrN soft magnetic layer, .
so as to obtain the résults substantially equal to
those of Examples 1 to 12 and 15. In other words,
the characteristics as the perpendicular magnetic
recording medium were found to have been improved,

compared with Comparative Examples 1 to 14. Such being

‘the situation, it has been C1arified that the effect

of the under layer of the laminate structure can be
maintained even where the FeZrN layer is formed to form
a perpendicular double layer medium, making it possible
to improve the perpendicular orientation, the
perpendicular coercive force and the reproducing output
of the perpendicular magnetic recording medium.
Example 19:

Perpendicu;ar magnetic recording media were
prepared as in Examples 1 to 12 and 15, except that
a so-called "perpendicular double layered medium" was
formed by forming a FeCo soft magnetic layer between
the nonmagnetic substrate and the first under layer.
The magnetic characteristics of each of the resultant

perpendicular double layer media were evaluated, and
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the characteristics of the recording layér alone were
evaluated by separating the FeCo soft magnetic layer,
so as to obtain the results substantially equal to
those of Examples 1 to 12 and 15. 1In othér words, the
characteristics as the perpendicular magnetic recording
medium were found to have been improved, compared with
Comparative Examples 1 to 14. Such being the
situation, it has been clarified that the effect of the
under layer of the laminate structure can be maintained
even where the FeCo layer is formed to form a
perpendicular double layer medium, making it possible
to improve the perpendicﬁlar orientation, the
perpehdicular coercive force and the reproducing output
of the perpendicular magnetic recording medium.

Example 20:

| Perpendiéular magnetic recording media were
prepared as in Examples 1 to 15, except that

a so-called "perpendicular double layér medium”" was
formed by forming a CoZrNb soft magnetic layer between
the nonmégnetic substrate and thé first under layer.
The magnetic characteristics of each of the resultant
perpendicular double layer media were.evaluated, and
the characteristics of the recording layer alone were
evaluated by separating the CoZrNb soft magnetic layer,

so as to obtain the results substantially equal to

‘those of Examples 1 to 12 and 15. 1In other words, the

characteristics as the perpendicular magnetic recording
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medium were found to have been improved,lcompared with
Comparative Examples 1 to 14. Such being the
situation, it has been clarified that the effect of the
under layer of the 1éminate structure can be maintained
even where the CoZrNb layer is formed to form a |
perpendicular double layer medium, ﬁaking it possible
to improve the perpendicular orientation, the
perpendicular coercive force and the reproducing output
of the perpendicular magnetic recording medium.

It should be noted that the materials of the soft
magnetic layer are not limited to those used in the
Examples of the present invention described above.

Particularly, it was found possible to obtain the

"similar effect by using the other soft magnetic

materidls in the case of forming an amorphous layer
such as a cérbon layer on the soft magnetic layer.
Fin 4 shows an example of the magnetic recording
apparatus in which the perpendicular magnetic recording
media accofding to the first fo sixth aspects of the
present invention can be applied. As shown in the
drawing, a magnefic disc 121 of a hard structure for
recofding information is mounted to a Spindle 122
and is rotated at a predetermined speed by a spindle
motor (not shown). A slider 123 has a magnetic head
is provided on the tip of a suspension 124 formed
in a thin platé-like leaf spring which access to

the magnetic disc 121 to read and write signals.
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The suspension 124 is connected to one end portion of
an arm 125 having a bobbin etc. for holding a driving
coil (not shown).

A voice coil motor 126, which is a kind of a
linear motor, is mounted on the other end portion of
the arm 125. The voice coil motor 126 comprises a
driving coii (not shown) wound up to the bobbin portion
of the arm 125 and a magnetic circuit consisting of a
permanent magnet arrahged to have the driving coil held
therein and a yoke positioned to face the permanent
magnet.

The arm 125 is held by ball bearings mounted in
the upper and lower portions of a stationarf shaft 127
so as to be rotated and swung by the voice coil motor
126. In other words, the position of the slider 123 on
the magnetic disc 121 is controlled by the voice coil
motor 126. Incidentally, a reference numeral 128 in
FIG. 4 denotes a 1lid.

The perpendicular magnetic recording media
according to the first to sixth aspects of the present
invention have good perpendicular orientation and.
perpendicular coercive force in the recording layer
thereof. Therefore a hard disk device exhibiting high
density and high read output can be realized by using
one of such media. _

Additional advantages énd modifications will

readily occur to those skilled in the art. Therefore,
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the invention in its broader aspects is not limited to

'~ the specific details and representative embodiments

shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.



_

Ny L -

10

15

20

25

WHAT IS CLAIMED IS:

1. A perpendicular magneﬁic recording medium
comprising:

a nonmagnetic substrate;

a first under layer formed on the nonmagnetic
substrate aﬁd containing iron as a main component}

a second under layer fo:med on the first under
layer and cdntaining mainly rutheniuﬁ;.and

a magnetic recording layer formed on the second
under layer and'gontaining mainly cobalt.

2. The perpendicular magnetic recording medium
according to claim 1, wherein said first under layef
further contains an auxiliary component selected from
the group consisting of a combination of aluminum and
silicon, a combination of tantalum and carbon, a
combination of zirconium and nitrogen, and cobalt.

3. The perpehdicular magnetic recording medium
according to claim 1, wherein said magﬁetic recording
layer further contains at least one of platinum and
chromium.

4. The perpendicular magnetic recording medium
according to claim 1, wherein said magnetic recording
layer further contains platinum and oxygen. -

5. The perpendicular magnetic recording medium
according to claim 1, wherein said magnetic recording
layer has a multi-layered structure prepared by

alternately laminating a ferromagnetic layer containing
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cobalt and a nonmagnetic layer mainly containing one
element selected from the group consisting of
ruthenium, palladium and platinum.

6. The perpendicular magnetic recording medium
according to claim 1, furtheflcomprising a soft
magnetic layer formed between said nonmagnetic -
substrate and said first under layer.

7. The perpendicular magnetic recofding medium
according to claim 6, wherein said soft magnetic
layer contains an alloy selected from the grou§
consisting of an iron-aluminum-silicon series

alloy, an iron-tantalum-carbon series alloy,

~an iron-zirconium-nitrogen series alloy, cobalt-

zirconium-nitrogen series alloy, and an iron-cobalt
series alloy.

8. A perpendicular magnetic recording medium
comprising:

a nonmagnetic substraie;

a first under layer formed on the nonmagnetic
substrate and containing cobélt;_

a second under layer formed on the first under
layer and containing mainly ruthenium; and o

a magnetic recording layer formed on the second
under layer and containing cobalt as a main component.

9. The perpendicular magnetic recording medium
according to claim 8, wherein said first uhder layer

further contains at least one auxiliary component is
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one of a combination of zirconium and niobium and
chromiumn.

10. The perpendicular magnetic recording medium
according to claim 8, wherein said first under layer
does not exhibit ferromagnetism.

11. The perpendicular magnetic recording medium
according to claim 8, wherein said magﬁetic recording
layer further contains at least one of platinum and
chromium.

12. Thé perpendicular magnetic :écording medium
according to claim 8, wherein said magnetic recbrdihg
layer further contains platinum and oxygen.

13. The perpendicular magnetic recording medium
according to claim 8, wherein said magnetic recording
layer has a multi-layered structure prepared by
alterﬁately forming a ferromagnetic layer containing.
cobalt and a nonmagnetic layer containing mainly one of
ruthenium, palladium and platinum.

14. The perpendicular magnetic recording medium
according to claim 8, further comprising a soft
magnetic layer_interposed between said nonmagnetic
éubstrate and said first.layer.

15. The perpehdicular magnetic recording medium
according to claim 14, wherein said soft magnetic
layer confains an alloy selected from the group
consisting of an ifon-aluminum-silicon series

alloy, an iron-tantalum-carbon series alloy,
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an iron-zirconium-nitrogen series alloy and an

iron-cobalt series alloy.

16. A perpendicular magnetic recdrding medium

comprising:

a nonmagnetic substrate;

a first under layer formed on the nonmagnetic

substrate and containing mainly ruthenium;

a second under layer formed on the first under

layer and containing mainly cobalt;

and

~a magnetic recording layer formed on the second

under layer and containing mainly cobalt.

17. The pefpendicular magnetic
according to claim 16, wherein said
further contains chromium.

18. The perpendicular magnetic
according to claim 17, wherein said
does not exhibit a ferromagnetism.

19, The'perpendicular magnetic
according to claim 16, wherein said
layer further contains at least one
chromium,

20. The perpendicular magnetic
according to claim 19, wherein said
layer further contains platinum and

21. The perpendicular magnetic
according to claim 16, wherein said

layer has a multi-layered structure

reeording medium

second under layer

recording medium

second under layer

recording medium
magnetic recording

of platinum and

recording medium
magnetic recording
oxygen.

recording medium
magnetic recording

prepared by
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alternately forming a ferromagnetic layer containing

cobalt and a nonmagnetic layér containing mainly one of

ruthenium, palladium and platinum.

22. The perpehdiCular magnetic recording medium
according to claim 16, further comprising a soft
magnetic layer interposed between said nonmagnetic
substrate and said first under layer.

23. The perpendicular magnetic recording medium
according to claim 16, wherein said soft magnetic
layer contains én alloy selected from the group
consisting of an iron-aluminum—silicon series alloy,
an iron-tantalum-carbon series alloy, an iron-
zirconium-nitrogen series alloy, and an iron-cobalt
series alloy.

24, A perpendicular magnetic reéording medium
comprising;

a nonmagnetic substrate;

a first under layer formed on the nonmagnetic
substrate and containing titanium;

a second under layer formed on the first under
layer and containing mainly ruthenium; and

a magnetic recofding_layer formed on the second
under layer and containing mainly cobalt.

25. The perpendicular magnetic recording medium
according to claim 24, wherein said first under layer
is formed of a material selected from the group .

consisting of a nitride, a carbide and oxide of
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titanium, a titanium chromium alloy, and a
substantially elemental titanium.

26. The perpendicular magnetic recording ﬁedium
according to claim 25, wherein said first under layer
is formed of a material selected from the groupl-
consisting of a nitride of titanium a titanium chromium
alloy, and a substantially elemental titanium.

27. The perpendicular magnetic recording medium
according to claim 24, wherein said magnetic recording
layer further contains at least one element selected
from the groub consisting of platinum and chromium.

28. The perpendicular magnetic recording medium
according to claim 24, wherein said magnetic recording
layer further contains platinum and oxygen.

29. The perbendicular magnetic recording medium
according to claim 24, wherein said magnetic recording
layer has a multi-layered structure prepared by

alternately forming a ferromagnetic layer containing

- cobalt and a nonmagnetic layer containing one element

selected from the group consisting of ruthenium,
palladium and platinum.

30. The perpendicular magnetic recording medium
according to claim 24, further comprising a soft
magnetic layer interposed between said nonmagnetic
substrate and said first under layer.

31. The perpendicular magnetic recording medium

according to claim 30, wherein said soft magnetic
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layer contains an alloy selected from the group

consisting of an iron-aluminum-silicon series

alloy, an iron-tantalum-carbon series alloy,

an iron-zirconium-nitrogen series alloy, a cobalt-

zirconium-niobium series alloy, and

series alloy.

an iron-cobalt

32. A perpendicular magnetic recording medium

comprising:

a nonmagnetic substrate;

a soft magnetic layer formed on the nonmagnetic

substrate;

a first under layer formed on the soft magnetic

layer and containing as a main component at least one

of vanadium and chromium;

a second under layer formed on the first under

layer and containing mainly ruthenium; and

a magnetic recording layer formed on the second

under layer and containing mainly cobalt.

33. The perpendicular magnetic
according to claim 32, wherein said
layer.further contéins at least one
chromium.

34. The perpendicular magnetic
according to claim 32, wherein said
layer further contains platinum and

35. The perpendicular magnetic

according to claim 32, wherein said

recording medium
magnetic recording

of platinum and

recording medium
magnetic recording
oxygen..
recording medium

magnetic recording
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layer has a multi-layered structure prepared by
alternately forming a ferromagnetic iayer containing
cobalt and a nonmagnetic layer containing mainly one of
ruthenium, palladium and platinum.

5 36. The perpendicular magnetic récording medium
according to claim 32, wherein said soft magnetic
layer contains an alloy selected from the group
cbnsisting of an iron-aluminum-silicon series
alloy, an iron-tantalum-carbon series alloy,

10 an iron-zirconium-nitrogen series alloy cobalt
zirconium-niobium series alloy, and an iron-cobalt
series alloy. .
37. A perpendicular magnetic recording medium,
comprising:
15 a nonmagnetic substrate; and
a magnetic recording layer formed én the
nonmagnetic substrate and having a multi-layered
stfucture prepared by alternately laminating-
a £erromagnetic layer éontaining mainly cobalt and
20 a nonmagnetic layer containing mainly ruthenium.

38. The perpendicular magnetic recording medium
according.to claim 37, wherein said ferromagnetic
layer further contains at least one of chromium and
a combination-Of'platinum and chromium.

25 39. The perpendicular magnetic recording medium
according to claim 38, wherein said ferromagnetic layer

further contains platinum and oxygen.



