
DESCRIPTION PERPENDICULAR MAGNETIC RECORDING MEDIUM
AND METHOD OF MANUFACTURING THE SAME 5 Technical
Field [0001]         This invention relates to a
perpendicular magnetic recording medium adapted to be
mounted in a HDD (hard disk drive) or the like of the
10 perpendicular magnetic recording system and to a
method of manufacturing the perpendicular magnetic
recording medium. Background Art [0002] 15Various
information recording techniques have been developed
following the increase in volume of information
processing in recent years. Particularly, the areal
recording density of a HDD (hard disk drive) using
the magnetic recording technique has been increasing
at an annual rate of about 100%. Recently, the
information recording capacity exceeding 160GB has 20
been required per 2.5-inch magnetic disk adapted for
use in a HDD or the like. In order to satisfy such a
requirement, it is necessary to realize an
information recording density exceeding
250Gbit/inch2. [0003] In order to achieve the high
recording density in a magnetic disk for use 25in a
HDD or the like, a magnetic disk of the perpendicular
magnetic recording system (perpendicular magnetic
recording disk) has been proposed in recent years. As
a perpendicular magnetic recording medium for use in
the perpendicular magnetic recording system, there
has been proposed a 



2 perpendicular magnetic recording medium or a CGC
medium using CoCrPt-Si02 as a magnetic recording
layer because it exhibits high thermal stability and
excellent recording characteristics. [0004] 5As a
first background art, in order to improve the
recording density in such a perpendicular magnetic
recording medium, it is necessary to reduce the noise
in a magnetization transition region of the magnetic
recording layer (improve the SIN ratio). For that, it
is necessary to improve grain separation and
miniaturization of magnetic crystal grains of the
magnetic recording layer. 10[0005]         As a
method for improving the grain separation and
miniaturization of the magnetic crystal grains of the
magnetic recording layer, there is, for example, a
method such as adjusting the composition of a target
for use in a process of forming the magnetic
recording layer by a sputtering method or
15increasing the pressure of a gas (film forming gas
pressure) for use in the film formation. However, in
terms of the recording density required in recent
years, it is difficult to sufficiently miniaturize
the magnetic crystal grains only by adjusting the
composition of the target. Further, when the film
forming gas pressure is increased, there is, for
example, a possibility that the structure of the
20magnetic recording layer is affected so that
sufficient reliability as a magnetic recording medium
cannot be ensured. [0006] Herein, use is
conventionally made of a structure in which an 



underlayer adapted to control the orientation of
magnetic crystal grains of a 25 magnetic recording
layer is formed under the magnetic recording layer.
There is conventionally known a structure in which a
layer of Ru-Si02 or the like is used as the
underlayer (see, e.g. Patent Documents 1 and 2). In
this structure, the miniaturization of the magnetic
crystal grains of the magnetic recording layer  3 is
facilitated by miniaturizing crystal grains of the
underlayer. [0007]         As a second background
art, the easy magnetization axis of a magnetic
recording layer is oriented in a plane direction of
the surface of a substrate in 5 the conventional
in-plane magnetic recording system (also called the
longitudinal magnetic recording system or the
horizontal magnetic recording system), while the easy
magnetization axis is adjusted to be oriented in a
direction perpendicular to the surface of a substrate
in the perpendicular magnetic recording system. As
compared with the in-plane magnetic 10 recording
system, the perpendicular magnetic recording system
can more suppress a thermal fluctuation phenomenon
during high-density recording and thus is suitable
for increasing the recording density. [0008]
Conventionally, CoCrPt-Si02 or CoCrPt-TiO2 is widely
used as a 15 magnetic recording layer, wherein Co
forms crystals with a hcp structure (hexagonal
closest packed crystal lattice) and Cr and Si02 (or
Ti02) are segregated to form grain boundaries. By
using such a material, since Si02 (or Ti02) is
segregated around ferromagnetic Co, physically
independent fine Co grains tend to be formed so that
high recording density tends to be achieved. 20[0009]
In general, an underlayer is provided for improving
the crystal orientation of the magnetic recording
layer. Ti, V, Zr, Hf, or the like is known as the
underlayer, but as shown in Patent Document 3, Ru
(ruthenium) is currently predominant. This is because
it is known that Ru takes a hcp structure and
25effectively improves the perpendicular orientation
of the easy magnetization axis 



of the magnetic recording layer composed mainly of Co
(cobalt) to enhance the coercive force Hc, thereby
achieving an increase in recording density with a
predetermined SIN ratio and a predetermined
resolution ensured.  4 [0010] It is known that even
if the material is the same, the underlayer changes
in film function depending on an atmospheric gas
pressure in a film forming process. Patent Document 4
proposes a structure having, as an undercoat 5 film
of a perpendicular magnetic layer, a layer containing
ruthenium and formed in a high-pressure argon
atmosphere and a layer containing ruthenium and
formed in a low-pressure argon atmosphere. In Patent
Document 4, it is described that the layer containing
ruthenium and formed in the low-pressure argon
atmosphere (around 1Pa) exhibits an effect for higher
orientation of the 10magnetic layer, while the layer
containing ruthenium and formed in the high-pressure
argon atmosphere (about 6Pa to 10Pa) exhibits an
effect for finer grains of the magnetic layer. [0011]
As described above, in order to achieve the increase
in recording 15density, it is effective to
miniaturize the magnetic grains. However, if the
magnetic grains are excessively miniaturized, the
number of atoms forming each magnetic grain becomes
too small, so that the thermal fluctuation phenomenon
arises as a problem like in the in-plane magnetic
recording medium. In order to avoid this thermal
fluctuation problem, the following 20 method has been
employed so far. [0012] 



Specifically, it is a method of further providing a
pre-underlayer under an underlayer and optimizing a
material or a film structure of the pre-underlayer to
facilitate the alignment of the orientation of
crystal grains of the underlayer, 25thereby
indirectly improving the crystal orientation of a
magnetic recording layer to improve the coercive
force. The material of the pre-underlayer can be
selected from various materials such as, for example,
Ni (nickel), Pt (platinum), and Pd (palladium).  5
[0013] As a third background art, in order to achieve
high recording density in a magnetic disk for use in
a HDD or the like, it is necessary to miniaturize
magnetic crystal grains forming a magnetic recording
layer serving to record an 5information signal, and
further, to reduce the thickness of the layer.
However, in the case of a conventionally
commercialized magnetic disk of the in-plane magnetic
recording system, as a result of the advance in
miniaturization of magnetic crystal grains, there has
arisen the so-called thermal fluctuation phenomenon
where the thermal stability of a recorded signal is
degraded due to 10 superparamagnetism so that the
recorded signal is lost, which has thus become an
impeding factor for the increase in recording density
of the magnetic disk. In order to solve this impeding
factor, a magnetic disk of the perpendicular magnetic
recording system has been proposed. [0014] 15In the
case of the perpendicular magnetic recording system,
as is different from the in-plane magnetic recording
system, the easy magnetization axis of a main
recording layer is adjusted to be oriented in a
direction perpendicular to the surface of a
substrate. As compared with the in-plane magnetic
recording system, the perpendicular magnetic
recording system can 20 suppress the thermal
fluctuation phenomenon. Further, a soft magnetic
layer is provided in a.perpendicular magnetic
recording medium to enable convergence of the
magnetic flux from a recording head by the soft
magnetic layer and it is possible to generate a sharp
and large magnetic field as 



compared with an in-plane magnetic recording medium
by the mirror image 25effect, and therefore, the
perpendicular magnetic recording system is suitable
for increasing the recording density. [0015] When the
magnetic recording layer has a hcp structure
(hexagonal  6 closest packed structure) in the
perpendicular magnetic recording system, the easy
magnetization axis is a c-axis so that it is
necessary to orient the c-axis in the normal
direction of the substrate. In order to improve the
orientation of the t-axis, it is effective to provide
a nonmagnetic underlayer with a hcp structure 5under
the magnetic recording layer. A CoCr alloy, Ti, V,
Zr, Hf, or the like is known as a material forming
the underlayer, but it is known that particularly Ru
(ruthenium) can effectively improve the crystal
orientation of the magnetic recording layer to
enhance the coercive force Hc. [0016] 10In the
perpendicular magnetic recording system, the S/N
ratio (Signal/Noise Ratio) and the coercive force Hc
are improved by forming the magnetic recording layer
into a granular structure in which a nonmagnetic
substance or an oxide (see, e.g. Patent Document 5)
is segregated to form grain boundary portions between
magnetic grains of the magnetic recording 15layer,
thereby isolating and miniaturizing the magnetic
grains. Further, in order to facilitate the
miniaturization of the magnetic grains, it is
important to miniaturize grains of the underlayer
formed under the magnetic layer, and thus, a
nonmagnetic substance or an oxide is added also to
the underlayer (see, e.g. Patent Document 6). 



20[0017] Patent Document 1: JP-A-2002-334424 Patent
Document 2: JP-A-2006-85742 Patent Document 3:
JP-A-H7-334832 Patent Document 4: JP-A-2002-197630
25Patent Document 5: JP-A-2003-036525 Patent Document
6: JP-A-2006-085742 Disclosure of the Invention  7
Problem to be Solved by the Invention [0018]
Embodiments of the present invention provide a
perpendicular magnetic recording medium capable of
achieving an improvement in recording density. [0019]
Specifically, with respect to the first background
art, following the increasing demand for the
improvement in recording density in recent years,
there is required a structure of a perpendicular
magnetic recording medium that can more miniaturize
magnetic crystal grains of a magnetic recording
layer. Further, it is required to realize such a
structure by a method that does not largely increase
the cost. Embodiments of the present invention
provide a perpendicular magnetic recording medium
that can miniaturize magnetic crystal grains of a
recording layer without increasing cost. [0020]
With respect to the second background art, in order
to improve the recording density, it is necessary to
enhance the electromagnetic conversion
characteristics {hereinafter abbreviated as
"electro-characteristics", e.g. SN ratio) while
enhancing the magnetostatic properties (hereinafter
abbreviated as "static properties", e.g. coercive
force He). This is because even if the recording
density is increased by an improvement in coercive
force He, this does not lead to an improvement in
performance as a recording medium if the SN ratio is
reduced. [0021] 



Embodiments of the present invention provide a
magnetic recording medium that can achieve an
improvement in recording density by improving the
coercive force He and can also increase the SN ratio.
8 [0022]          With respect to the third
background art, recently, a further increase in
information recording density of a magnetic disk has
been required so that the information recording
capacity exceeding 160GB is required per 2.5-inch
magnetic disk adapted for use in a HDD or the like,
in order to satisfy such a requirement, it is
necessary to realize an information recording density
exceeding 250Gbit/inch2. For enabling such a high
recording density, it is necessary to further
miniaturize magnetic grains to improve the S/N ratio
(Signal/Noise Ratio). It is known to increase the
addition amount of an oxide to a magnetic recording
layer for miniaturization of magnetic grains
according to a conventional method. However, as the
addition amount of the oxide increases, the oxide is
segregated at grain boundary portions so that the
distance between magnetic grains increases to reduce
the density of the magnetic grains in the magnetic
recording layer. When increasing the density of
information recording, a recorded bit area becomes
smaller while a certain number of magnetic grains are
required for ensuring the output of a signal, and
therefore, there is a limit to the miniaturization of
magnetic grains by the addition of the oxide to the
magnetic recording layer. [0023]         As another
method for miniaturization of magnetic grains, it is
also known that the miniaturization is enabled by
adding an oxide to an underlayer to miniaturize
grains of the underlayer. However, according to this
method, since the crystal orientation of the
underlayer may be degraded due to the addition of the
oxide to degrade the crystal orientation of a
magnetic layer, the control becomes difficult. [0024]
Embodiments of the present invention provide a
perpendicular magnetic recording medium that can, by
9 miniaturizing grains of a pre-underiayer laminated
under an underlayer, miniaturize crystal grains of
the underlayer and a magnetic layer laminated over
the pre-underlayer without degrading the crystal
orientation and reducing the density of the crystal
grains and to provide a method of manufacturing such
a perpendicular magnetic recording medium. Means for
Solving the Problem [0025] (First aspect of the
present invention)        As a perpendicular
recording medium, use is widely made of a structure
in which a soft magnetic layer is formed over a
substrate. This soft magnetic layer is made of, for
example, an amorphous soft magnetic material. Over
the soft magnetic layer, a pre-underlayer (seed
layer) is formed as a first crystalline layer. The
seed layer is a layer that serves as a species of
crystal structures of respective layers to be formed
over the soft magnetic layer and, for example, is a
layer that serves as a base for an underlayer with
respect to a magnetic recording layer. The
underlayer, the magnetic recording layer, and so on
are formed in sequence over the seed layer. For
example, the underlayer controls the orientation and
the grain size of magnetic crystal grains in the
magnetic recording layer. [0026] 



In connection with this, the inventors of this
application have found that, in order to realize the
recording density required in recent years, it is
necessary to control not only the structure of the
underlayer but also the structure of the seed layer
under it. Further, the inventors have found that, by
adding to crystal grains of the seed layer an
addition substance in the form of an element having a
smaller atomic radius than a material of the crystal
grains of the seed layer, the crystal grains of the
seed layer can be miniaturized. Further, the
inventors  10 have found that, by miniaturizing the
crystal grains of the seed layer, it is possible to
miniaturize crystal grains of the underlayer and, as
a result, to also miniaturize magnetic crystal grains
of the magnetic recording layer. The first aspect of
the present invention has the following structures.
[0027]        (Structure 1) According to a first
aspect, there is provided a perpendicular magnetic
recording medium adapted to record information by a
perpendicular magnetic recording system, wherein the
perpendicular magnetic recording medium comprises: a
substrate; a soft magnetic layer formed over the
substrate;        a pre-underlayer (seed layer)
formed over the soft magnetic layer and containing
seed crystal grains as crystal grains that serve as a
base for crystal grains of an upper layer;        an
underlayer formed over the pre-underlayer (seed
layer) and containing crystal grains that control an
orientation of crystal grains of an upper layer; and
a magnetic recording layer containing magnetic
crystal grains with a crystal structure that is
controlled by the underlayer, wherein the
pre-underlayer (seed layer) contains        the seed
crystal grains that serve as the base for the crystal
grains of the underlayer, and        an addition
substance that is added between the seed crystal
grains and composed of an element having an atomic
radius smaller than an atomic radius of an element
forming the seed crystal grains.        This
perpendicular magnetic recording medium is mounted
in, for example, a HDD of the perpendicular magnetic
recording system. [0028] It is considered that an
element with a small atomic radius like such an 



11 addition substance enters the crystal structure of
the seed layer to facilitate miniaturization of the
seed crystal grains. Therefore, according to this
structure, it is possible to properly miniaturize the
seed crystal grains, for example. By properly
miniaturizing the seed crystal grains, it is possible
to properly separate the seed crystal grains
therebetween, for example. Further, by this, for
example, it is possible to properly miniaturize the
crystal grains of the "underlayer and the magnetic
crystal grains of the magnetic recording layer that
are formed over the seed layer, and further to
properly separate the grains therebetween. Further,
by the miniaturization of the magnetic crystal grains
of 10 the magnetic recording layer and the separation
of the grains therebetween, it is possible to reduce
the noise to thereby properly increase the recording
density. [0029]         Hitherto, the necessity of
controlling the grain size of the magnetic crystal
grains of the magnetic recording layer by the
structure of the seed layer 15 has not been
recognized Further, the influence of the seed layer
on the grain size of the magnetic crystal grains of
the magnetic recording layer has not been considered.
[0030] Herein, the soft magnetic layer is, for
example, a layer with an 20 amorphous structure. The
soft magnetic layer may be a laminated film of a
plurality of soft magnetic material layers
antiferromagnetically exchange-coupled (AFC
Antiferro-magnetic exchange coupling) to each other
through a nonmagnetic layer interposed therebetween.
[0031] 25The seed crystal grains in the seed layer
are, for example, crystal grains of an alloy
containing Ni. The seed crystal grains may be crystal
grains of an alloy of Ni and W or an alloy of Ni and
Co. The seed crystal grains preferably have a crystal
structure that tends to grow on a magnetic layer with
an  



12 amorphous structure. Therefore, the seed crystal
grains may have a crystal structure different from
that of the magnetic crystal grains of the magnetic
recording layer. For example, the seed crystal grains
may have a bcc crystal structure or a bcc crystal
structure close to amorphous. [0032]         As the
addition substance in the seed layer, use can be
suitably made of, for example, boron (B).
Alternatively, it is considered to use, for example,
carbon (C) or the like. Other than that, it is
considered to use, for example, one of various
interstitial elements. 10[0033] _         The
underlayer is, for example, a Ru layer containing Ru
crystal grains. The crystal grains in the underlayer
preferably have the same crystal structure as that of
the magnetic crystal grains of the magnetic recording
layer. With this structure, the orientation of the
magnetic crystal grains of the magnetic 15recording
layer can be properly controlled. The crystal grains
in the underlayer have, for example, a hcp structure.
[0034]         The magnetic recording layer has, for
example, a magnetic granular structure in which a
nonmagnetic substance (mainly an oxide) is segregated
to 20 form grain boundary portions between magnetic
crystal grains (magnetic grains). The magnetic
crystal grains of the magnetic recording layer are,
for example, magnetic crystal grains of CoCrPt with a
hcp structure and are oriented in a direction
corresponding to the crystal orientation of the
crystal grains of the underlayer. The nonmagnetic
substance at the grain boundary portions is, for 25
example, TiO2. The nonmagnetic substance may be
another oxide such as Si02. [0035] (Structure 2) The
seed crystal grains are crystal grains of an alloy of
Ni  



13 and W. With this structure, it is possible to
properly miniaturize the seed crystal grains of the
seed layer, for example. [0036]        (Structure 3)
The addition substance is a substance that does not
chemically react with a material of the soft magnetic
layer and the seed crystal grains. With this
structure, it is possible to properly add the
addition substance. Herein, "that does not chemically
react with a material of the soft magnetic layer and
the seed crystal grains" means that, for example,
that does not substantially chemically react under
the conditions in manufacturing processes of the
perpendicular magnetic recording medium or in an
environment during use thereof. [0037]
(Structure 4) The addition substance is a solid
substance. With this structure, it is possible to
properly add the addition substance. It is sufficient
that the addition substance is solid, for example,
under the conditions in manufacturing processes of
the perpendicular magnetic recording medium or in an
environment during use thereof. [0038]
(Structure 5) The addition substance is B. With this
structure, it is possible to properly miniaturize the
seed crystal grains of the seed layer, for example.
[0039] (Second aspect of the present invention)
The inventors have made intensive studies for solving
the above-mentioned subject about the second
background art and have paid attention to the fact
that, in order to improve the crystal orientation of
a magnetic recording layer with a hep structure, a
nonmagnetic underlayer with a hep structure serving
as a base for the growth of the magnetic recording
layer is  14 important and the state of crystals of
the nonmagnetic underlayer is largely affected by an
intermediate layer serving as a base for the crystals
of the nonmagnetic underlayer. As a result of further
studies, the inventors have completed the second
aspect of the present invention. [0040]
According to a second aspect, there is provided a
perpendicular magnetic recording medium adapted to
record information by a perpendicular magnetic
recording system, the perpendicular magnetic
recording medium comprising a substrate and, over the
substrate, at least a soft magnetic layer, a
pre-underlayer (intermediate layer), an underlayer
made of Ru, and a magnetic recording layer adapted to
record a signal, wherein the pre-underlayer
(intermediate layer) comprises a first pre-underlayer
(intermediate layer) made of a Cu alloy and a second
pre-underlayer (intermediate layer) made of MW. 



[0041]        When the second intermediate layer
located on the upper side is CuX (X is a
predetermined metal), the coercive force He is
improved, while when the second intermediate layer is
NiW, the SN ratio is improved. The order of the first
and second intermediate layers may be changed. This
is because even if either substance is located on the
upper side, both the coercive force Hc and the SN
ratio are improved by a synergistic effect as
compared with the case of a single layer. [0042]
The Cu alloy may be selected from CuCr
(copper-chromium alloy), CuW (copper-tungsten alloy),
and CuTi (copper-titanium alloy). This is because as
long as it is an alloy composed mainly of copper, it
is possible to achieve an improvement in recording
density without increasing the thickness of the
underlayer.  15 [0043] The total thickness of the
intermediate layer may be 5 to 12nm. This is because,
as compared with an intermediate layer in the form of
a single CuX layer, the intermediate layer comprising
the two layers of CuX and NW can achieve a
particularly large coercive force in this total
thickness range. The upper limit of 12nm also has a
meaning of preventing that the space between a
recording/reproducing head and the soft magnetic
layer 14 that enables smooth recording by forming a
magnetic path during recording becomes too large.
[0044] The underlayer preferably comprises a first
underlayer and a second underlayer for which the gas
pressures differ from each other in ruthenium film
formation by sputtering. [0045] This is because when
the first or second intermediate layer is made of a
Cu alloy, even if the underlayer has the
above-mentioned two-layer structure, there is
exhibited an effect of enhancing the orientation of
the magnetic recording layer without increasing the
thickness of each underlayer and, further, the layer
containing ruthenium and formed in a high-pressure
argon atmosphere (about 6Pa to 10Pa) exhibits an
effect of miniaturizing grains of the magnetic 



recording layer. [0046] (Third aspect of the present
invention) The inventors have made intensive studies
for achieving the above-mentioned object of the third
invention and have found that, by adding an oxide to
a pre-underlayer (orientation control layer), it is
possible to miniaturize crystal grains of the
pre-underlayer (orientation control layer) and
crystal grains of an underlayer and a magnetic
recording layer to be grown over the preunderlayer
(orientation control layer) and thus to improve the
S/N ratio.  16 Then, the inventors have studied
various oxide materials and, as a result of further
studies, have completed the third aspect of the
present invention. [0047]        The pre-underlayer
(orientation control layer) is preferably formed of
at least one substance selected from a group
comprising alloys of NiW, NiPd, NiCr, NiMo, NiTa, MV,
NiNb, NiZr, NiHf, and NiCu. [0048]        The oxide
added to the pre-underlayer (orientation control
layer) is preferably formed of one substance selected
from a group comprising materials of Si02, SiO, Ti02,
TiO, Cr203, 1r203, Ta205, Al203, W205, Mo205, V205,
and Nb205. [0049]        The thickness of the
pre-underiayer (orientation control layer) is 1 nm or
more, preferably 3nm or more and 20nm or less. If the
pre-underlayer (orientation control layer) becomes
lnm or less, since it is difficult to control the
crystal orientation of an initial layer, the crystal
orientation of the underlayer cannot be controlled,
if the pre-underlayer (orientation control layer)
becomes 20nm or more, since the distance between a
write head and a soft magnetic layer becomes large, a
write magnetic field is weakened. Effect of the
Invention [0050] 



According to embodiments of this invention, it is
possible to provide a perpendicular magnetic
recording medium capable of achieving an improvement
in recording density. [0051]        Specifically,
according to the first aspect, for example, it is
possible to properly miniaturize crystal grains in a
seed layer. By this, for example, it is  17 possible
to properly miniaturize magnetic crystal grains in a
magnetic recording layer and thus to improve the
recording density of a perpendicular magnetic
recording medium. [0052]        According to the
second aspect, it is possible to provide a magnetic
recording medium with a high recording density
increased in both the coercive force Hc and the SN
ratio as compared with a perpendicular magnetic
recording medium having a single-layer intermediate
layer. [0053]        According to a perpendicular
magnetic recording medium and a perpendicular
magnetic recording medium manufacturing method of the
third aspect, it is possible to miniaturize the size
of magnetic grains without lowering the magnetic
grain density in a magnetic layer by using a material
added with an oxide as an orientation control layer.
Further, the magnetic layer can be laminated with
almost no degradation in crystal orientation of the
magnetic grains and thus it is possible to improve
the recording/reproducing characteristics of the
perpendicular recording medium. Brief Description of
the Drawings [0054]         Fig. 1 is a
cross-sectional view showing one example of the
structure of a perpendicular magnetic recording
medium 100 according to an embodiment of the first
invention.         Fig. 2 is a graph showing the
relationship between the track width and the bit
error rate in Comparative Example 1.         Fig. 3
is a graph showing the relationship between the track
width and the bit error rate in Example 1 of the
first invention. Fig. 4 is a diagram for explaining
the structure of a magnetic recording  



18 medium according to an embodiment of the second
invention.         Fig. 5 is a graph showing the
relationship between the thickness of an intermediate
layer (single layer) and the coercive force Hc.
Fig. 6 is a graph showing the relationship between
the thickness of an 5intermediate layer (single
layer) and the S/N ratio.         Fig. 7 is a graph
showing the relationship between the total thickness
of an intermediate layer comprising two layers of
CuTi and NiW and the coercive force Hc in comparison
with an intermediate layer in the form of a CuTi
single layer. 10Fig. 8 is a cross-sectional
structural view of a magnetic recording medium
according to an embodiment of the third invention.
Fig. 9 is a diagram showing the evaluation results of
Examples Ito 16 of the third invention and
Comparative Examples 1 to 3. 15 Best Mode for
Carrying Out the Invention [0055] (First Invention)
Hereinbelow, an embodiment according to the first
invention will be described with reference to the
drawings. Fig. 1 is a cross-sectional view 20 showing
one example of the structure of a perpendicular
magnetic recording medium 100 according to the
embodiment of the first invention. The perpendicular
magnetic recording medium 100 is a magnetic disk for
use in a HDD of the perpendicular magnetic recording
system and comprises a substrate 110, an adhesive
layer 112, a soft magnetic layer 114, a seed layer
25116, an underlayer 118, a first onset layer 120, a
second onset layer 122, a main recording layer 124, a
continuous layer 126, a medium protective layer 128,
and a lubricating layer 130 in this order. 



[0056]  19        The substrate 110 is a substrate
(disk substrate) of the perpendicular magnetic
recording medium 100. The substrate 110 is preferably
a glass disk made of, for example, amorphous
aluminosilicate glass or the like. Since smoothness
and high rigidity are obtained, the aluminosilicate
glass makes it 5possible to more stably reduce the
magnetic spacing, particularly the flying height of a
magnetic head such as a recording head. Further, it
is possible to obtain high rigidity and strength by
chemically strengthening the aluminosilicate glass.
[0057] 10Using, for example, an evacuated film
forming apparatus, the respective layers from the
adhesive layer 112 to the continuous layer 126 are
formed in sequence on the substrate 110 in an Ar
atmosphere by a DC magnetron sputtering method. The
medium protective layer 128 is formed on the
continuous layer 126 by, for example, a CVD method.
The lubricating layer 15130 is formed on the medium
protective layer 128 by a dip coating method. The
respective layers described above may alternatively
be formed by using, for  example, an in-line type
film forming method. This enables, for example,
uniform film formation. Hereinbelow, the structures
and manufacturing methods of the respective layers
will be described in further detail. 20[0058]
The adhesive layer 112 is a layer for preventing
stripping of the soft magnetic layer 114 by improving
the adhesion between the substrate 110 and the soft
magnetic layer 114.  Asa material of the adhesive
layer 112, use can be made of, for example, a
Ti-containing material. In terms of practical use,
25the thickness of the adhesive layer 112 is
preferably set to mm to 50nm. In this example, the
adhesive layer 112 is formed by the use of, for
example, a Ti alloy target so as to be a Ti alloy
layer of lOnm. 



[0059]  20         The soft magnetic layer 114 is a
layer for forming a magnetic circuit between itself
and a magnetic head and is made of, for example, an
amorphous soft magnetic material. As the amorphous
soft magnetic material, use can be made of, for
example, FeCoTaZr. The thickness of the soft magnetic
layer 114 5 is, for example, 40nm to 60nm. The soft
magnetic layer 114 may be a laminated film of a
plurality of soft magnetic material layers
antiferromagnetically exchange-coupled (AFC
Antiferro-magnetic exchange coupling) to each other
through a nonmagnetic layer interposed therebetween.
[0060] 10The seed layer 116 is a first crystalline
layer formed over the soft magnetic layer 114. In
this example, the seed layer 116 is formed in contact
with and just above the soft magnetic layer 114. The
seed layer 116 contains seed crystal grains being
crystal grains that serve as a base for crystal
grains of the underlayer 118 being its upper layer
and an addition substance added 15 between the seed
crystal grains. This addition substance is in the
form of an element having an atomic radius smaller
than that of an element forming the seed crystal
grains. [0061] The seed crystal grains in the seed
layer 116 may be crystal grains 20having, for
example, a fcc structure. As the seed crystal grains,
use can be suitably made of, for example, crystal
grains of an alloy containing Ni. For example, as the
seed crystal grains, use can be suitably made of
crystal grains of an alloy of Ni and W (NiW) or an
alloy of Ni and Co (NiCo). When using, for example,
the seed crystal grains of the alloy of Ni and W,
this alloy is preferably 25an alloy containing Ni and
Win the ratio of, for example, 8-12:1 in terms of the
ratio of the numbers of atoms. [0062] 



As the addition substance of the seed layer 116, use
can be suitably  21 made of, for example, boron (B)
or the like. It is considered that such an element
having a small atomic radius enters the crystal
structure of the seed layer 116 to facilitate
miniaturization of the seed crystal grains.
Therefore, by adding such an addition substance, it
is possible, for example, to properly 5miniaturize
the seed crystal grains and, further, to properly
separate the grains therebetween. By this, it is
possible to more properly miniaturize the crystal
grains of the underlayer 118 formed on the seed layer
116 and magnetic crystal grains of the main recording
layer 124 serving as a magnetic recording layer and,
further, to properly separate the grains
therebetween. Further, by the 10miniaturization of
the magnetic crystal grains of the main recording
layer 124 and the separation of the grains
therebetween, it is possible to reduce the noise to
thereby increase the recording density. When the seed
crystal grains are, for example, the alloy of Ni and
W and boron (B) is used as the addition element, it
is preferable to add B in the ratio of 8-10:0.5-3 in
terms of the ratio of 15 the numbers of W atoms and B
atoms. [0063]         Herein, in terms of properly
carrying out the addition, it is preferable that the
addition substance be a solid and be a substance that
does not chemically react with the material of the
soft magnetic layer 114 and the seed crystal grains
20of the seed layer 116. Other than boron (B), it is
considered to use, for example, carbon (C) or the
like as the addition substance. Alternatively, it is
considered to use one of various other interstitial
elements. [0064] The underlayer 118 is a layer for
improving the crystal orientation of 



25magnetic crystal grains in the main recording layer
124 and contains crystal grains that control the
orientation of crystal grains of its upper layers.
When 'the magnetic crystal grains of the main
recording layer 124 have a hcp structure (hexagonal
closest packed structure), the easy magnetization
axis is a c-axis.  22 Therefore, in the perpendicular
magnetic recording system, it is necessary to orient
the c-axis in the normal direction of the substrate
110. In order to improve the orientation of the
c-axis, it is effective to provide under the main
recording layer 124 the nonmagnetic underlayer 118
having a hcp structure 5 which is the same crystal
structure as that of the magnetic crystal grains of
the main recording layer 124. In this example, the
underlayer 118 controls the crystal orientation of
the main recording layer 124 through the first onset
layer 120 and the second onset layer 122. [0065] 10As
the underlayer 118, use can be suitably made of, for
example, a Ru layer containing Ru crystal grains with
a hcp structure. In this case, it is possible to
effectively improve the crystal orientation of the
main recording layer 124 and thus to enhance the
coercive force Hc. In this example, the underlayer
118 has a structure comprising two Ru layers. In this
case, it is 15 preferable that the gas pressure of a
sputtering gas for forming the Ru layer on the upper
layer side be set higher than that for forming the Ru
layer on the lower layer side. This makes it possible
to more enhance the effect of improving the crystal
orientation. As the underlayer 118, use can
alternatively be made of, for example, a layer of Ti,
V, Zr, Hf, or the like. 20[0066]         The first
onset layer 120 and the second onset layer 122 are
layers for facilitating miniaturization of magnetic
crystal grains in the main recording layer 124. In
this example, the first onset layer 120 and the
second onset layer 122 are nonmagnetic granular
structure layers formed in this order on the hcp 25
structure of the underlayer 118. By forming the main
recording layer 124 on the first and second onset
layers 120 and 122, it is possible to separate the
magnetic crystal grains therebetween from an initial
stage (buildup) in the main recording layer 124 being
a magnetic granular structure layer. In this example,



23 as the first onset layer 120, use can be made of,
for example, a nonmagnetic CoCr-Si02 layer. As the
second onset layer 122, use can be made of, for
example, a nonmagnetic CoCrPt-Cr203 layer. [0067]
5The main recording layer 124 is one example of a
magnetic recording layer and has a magnetic granular
structure in which a nonmagnetic substance (mainly an
oxide) is segregated to form grain boundary portions
between magnetic crystal grains (magnetic grains).
These magnetic crystal grains have a crystal
structure controlled by the underlayer 118 through
the first and second 10 onset layers 120 and 122. In
the perpendicular magnetic recording system, for
example, by forming a magnetic recording layer as a
granular structure layer to isolate and miniaturize
magnetic crystal grains, it is possible to improve
the S/N ratio (Signal/Noise Ratio) and the coercive
force Hc. In this example, the main recording layer
124 is formed by the use of a hard magnetic target
made of 15CoCrPt and containing silicon oxide (Si02)
or titanium oxide (Ti02) as an example of the
nonmagnetic substance. By this, the main recording
layer 124 becomes a granular structure layer
containing magnetic crystal grains of CoCrPt with a
hcp structure. These magnetic crystal grains reflect
the crystal orientation of the underlayer 118 through
the first and second onset layers 120 20and 122 and
are oriented in a direction corresponding to the
crystal orientation of the crystal grains of the
underlayer 118. [0068]        The thickness of the
main recording layer 124 can be properly set in a
range of, for example, 7nm to 15nm. The target for
forming the main recording 25 layer 124 has a
composition containing, for example, CoCrPt and TiO2
(or Si02) in the ratio of about 9:1 (mol%). By this,
for example, the nonmagnetic substance is segregated
to form grain boundaries around the magnetic
substance. Then, magnetic crystal grains become
columnar to form a granular  24 structure. Further,
these magnetic crystal grains are epitaxially grown
continuously from the granular structure in the first
and second onset layers 120 and 122. By this, the
main recording layer 124 with the granular structure
can be properly formed. 



[0069] The continuous layer 126 is a layer in which
the magnetism continues in the plane direction. The
continuous layer 126, for example, enhances the
thermal stability of magnetic recording by the main
recording layer 124 through exchange coupling with
the main recording layer 124. In this example, the 10
continuous layer 126 is a CoCrPtB film. The thickness
of the continuous layer 126 is preferably lOnm or
less and more preferably 5nm or less. [0070]
The medium protective layer 128 is a layer for
protecting the main -recording layer 124 from an
impact of a magnetic head. The medium 15protective
layer 128 is formed by, for example, forming a carbon
film by the CVD method while maintaining a vacuum
after forming the continuous layer 126. In general,
carbon formed into a film by the CVD method is
improved in film hardness as compared with that by
the sputtering method. Accordingly, this makes it
possible to protect the main recording layer 124 more
effectively 20 against the impact from the magnetic
head. [0071]        The carbon film forming the
medium protective layer 128 is, for example, a film
of hydrocarbon (hydrogenated carbon). Using
hydrogenated carbon, it is possible to properly
improve the film strength. Accordingly, it is
possible to 25 more properly protect the main
recording layer 124 against the impact from the
magnetic head. [0072] The lubricating layer 130 is a
layer for increasing the lubricity of the  



25 surface of the perpendicular magnetic recording
medium 100 with respect to the magnetic head. The
lubricating layer 130 is formed by the dip coating
method using, for example, PFPE (perfluoropolyether).
PFPE has a straight chain structure to thereby
exhibit proper lubrication performance necessary for
a 5 magnetic disk. Further, because of having
hydroxyl groups (OH) as end groups, it can exhibit
high adhesion performance with respect to the medium
protective layer 128 in the form of a carbon film.
The thickness of the lubricating layer 130 is
preferably set to, for example, about 1nm (e.g. 0.5nm
to 2nm). 10[0073]         In the perpendicular
magnetic recording medium 100, for example, the
respective layers other than the seed layer 116 may
be formed by, for example, processes that are the
same as or similar to those for known layers
corresponding to such respective layers. Even the
seed layer 116 may be 15 formed by, for example,
processes that are the same as or similar to those
for a known layer except the above-mentioned point.
[0074]        Hereinbelow, the first invention will
be described in further detail by an Example and a
Comparative Example. 20[0075] (Example 1) First, an
amorphous aluminosilicate glass was molded into a
disk shape by direct press, thereby producing a glass
disk. Then, this glass disk was ground, polished, and
chemically strengthened in sequence, thereby
obtaining 25 the substrate 110 being a smooth
nonmagnetic disk substrate in the form of a
chemically strengthened glass disk. The substrate 110
was a 2.5-inch magnetic disk substrate having a
diameter of 65mm, an inner diameter of 20mm, 



and a disk thickness of 0.635mm. The surface
roughness of the obtained  26 substrate 110 was
observed by an AFM (atomic force microscope) and it
was confirmed to be a smooth surface with Rmax of
2.18nm and Ra of 0.18nm. Rmax and Ra follow Japanese
Industrial Standard (WS). [0076] 5Then, the adhesive
layer 112, the soft magnetic layer 114, the seed
layer 116, the underlayer 118, the first onset layer
120, the second onset layer 122, the main recording
layer 124, and the continuous layer 126 were formed
in sequence on the substrate 110 by DC magnetron
sputtering. [0077] 10First, as the adhesive layer
112, a CrTi layer of lOnm was formed. Then, as the
soft magnetic layer 114, there was formed a laminated
film of two soft magnetic material layers
antiferromagnetically exchange-coupled to each other
through a nonmagnetic layer interposed therebetween.
In the formation of the soft magnetic layer 114, an
amorphous FeCoTaZr layer of 25nm was first 15 formed
as the first-layer soft magnetic material layer.
Then, a Ru layer of 2nm was formed as the nonmagnetic
layer. Then, as the second-layer soft magnetic
material layer, an amorphous FeCoTaZr layer of 25nm
was formed in the same manner as the first-layer soft
magnetic material layer. [0078] 20Subsequently, on
the soft magnetic layer 114, the seed layer 116 of
lOnm was formed by the use of a target (Ni-8W-3B)
containing Ni, W, and B in the ratio of 89:8:3 in
terms of the ratio of the numbers of atoms. In this
Example, the seed layer 116 contains crystal grains
(seed crystal grains) of an alloy of Ni and W and B
as an addition substance. 25[0079] Then, two Ru
layers were formed as the underlayer 118. The 



thickness of each Ru layer was set to 10nm. The gas
pressure of a sputtering gas during the formation of
the Ru layer on the lower layer side was set smaller
27 than that during the formation of the Ru layer on
the upper layer side. [0080]        Then, as the
first onset layer 120, a CoCr-Si02 layer of 1.0nm was
formed. Further, as the second onset layer 122, a
CoCrPt-Cr203 layer of 3nm 5 was formed. [0081]
Then, using a hard magnetic target made of
CoCrPt-Ti02 with a hcp structure, a CoCrPt-Ti02 layer
of 8nm was formed as the main recording layer 124.
Then, as the continuous layer 126, a CoCrPtB film of
7.5nm was formed. 10[0082]         Then, subsequently
to the formation of the continuous layer 126, the
medium protective layer 128 made of hydrocarbon
(hydrogenated carbon) was formed by the CVD method.
The thickness of the medium protective layer 128 was
set to 5nm. Then, thereafter, the lubricating layer
130 made of PEPE 15 (perfluoropolyether) was formed
by the dip coating method. The thickness of the
lubricating layer 130 was set to mm. In the manner as
described above, the perpendicular magnetic recording
medium 100 according to Example 1 was manufactured.
[0083] 20(Comparative Example 1)         A
perpendicular magnetic recording medium according to
Comparative Example 1 was manufactured in the same
manner as in Example 1 except that B was not added to
a target when forming a seed layer 116. In
Comparative Example 1, the seed layer was composed of
crystal grains (seed crystal grains) 



25 of an alloy (Ni-8W) of Ni and W. [0084]
(Evaluation) With respect to the perpendicular
magnetic recording media according  28 to Example 1
and Comparative Example 1, the recording/reproducing
characteristics were evaluated while changing the
track width, thereby measuring the relationship
between the track width and the bit error rate. The
evaluation of the recording/reproducing
characteristics was performed using a 5 R/W analyzer
and a magnetic head of the perpendicular magnetic
recording system. As the magnetic head, use was made
of a magnetic head having a SPT element on the
recording side and a GMR element on the reproducing
side. The flying height of the magnetic head was set
to 10nm. [0085] 10Fig. 2 is a graph showing the
relationship between the track width and the bit
error rate in Comparative Example 1. Fig. 3 is a
graph showing the relationship between the track
width and the bit error rate in Example 1. In each
graph, the abscissa axis (McwLF nm) represents the
track width and the ordinate axis (bER 1200.251265
kBPI) represents the bit error rate. 15[0086]
The bit error rate shows a smaller error rate as the
absolute value of its negative value increases to
move upward in the graph. Therefore, from Figs. 2 and
3, it is confirmed that the bit error rates of
Example 1 are better as compared with Comparative
Example 1. Accordingly, it is confirmed that the 20
recording density of the perpendicular magnetic
recording medium can be improved by adding B to the
seed layer 116. This is considered to be because
miniaturization and separation of crystal grains of
the respective layers subsequent to the seed layer
116 were advanced. [0087] 25While the first invention
has been described with reference to the embodiment,
the technical scope of the first invention is not
limited to the scope of the description of the
above-mentioned embodiment. It is obvious to a person
skilled in the art that various changes or
improvements can be added to 



29 the above-mentioned embodiment. It is clear from
the description of claims that the modes added with
such changes or improvements can also be included in
the technical scope of this invention. [0088]
5(Second Invention)        Next, referring to the
accompanying drawings, an embodiment of a
perpendicular magnetic recording medium according to
the second invention will be described in detail. In
the figure, illustration of components not directly
related to the second invention is omitted. Similar
components are denoted by 10 the same reference
symbols. Sizes, materials, specific numerical values,
and so on shown in the following embodiment are only
illustrative for facilitating understanding of the
invention and are not intended to limit the second
invention unless otherwise specified. [0089] 15Fig. 4
is a diagram for explaining the structure of a
perpendicular magnetic recording medium according to
this embodiment. A perpendicular magnetic recording
medium 100 shown in Fig. 4 comprises a disk substrate
1, an adhesive layer 12, a first soft magnetic layer
14a, a spacer layer 14b, a second soft magnetic layer
14c, an intermediate layer 16, a first underlayer
18a, 20 a second underlayer 18b, a first magnetic
recording layer 22a, a second magnetic recording
layer 22b, a continuous layer 24, a medium protective
layer 28, and a lubricating layer 30. The first soft
magnetic layer 14a, the spacer layer 14b, and the
second soft magnetic layer 14c jointly form a soft
magnetic layer 14. The first underlayer 18a and the
second underlayer 18b jointly form 25 an underlayer
18. The first magnetic recording layer 22a and the
second magnetic recording layer 22b jointly form a
magnetic recording layer 22. [0090] First, an
amorphous aluminosilicate glass was molded into a
disk shape  



30 by direct press, thereby producing a glass disk.
This glass disk was ground, polished, and chemically
strengthened in sequence, thereby obtaining the
smooth nonmagnetic disk substrate 1 in the form of a
chemically strengthened glass disk. 5[0091]
Using an evacuated film forming apparatus, the layers
from the adhesive layer 12 to the continuous layer 24
were formed in sequence on the obtained disk
substrate 1 in an Ar atmosphere by a DC magnetron
sputtering method, then the medium protective layer
28 was formed by a CVD method. 10 Thereafter, the
lubricating layer 30 was formed by a dip coating
method. In terms of high productivity, it is also
preferable to use an in-line type film forming
method. [0092] The adhesive layer 12 was formed by
the use of a Ti-alloy target so as 15 to be a
Ti-alloy layer of 10nm. By forming the adhesive layer
12, the adhesion between the disk substrate 1 and the
soft magnetic layer 14 can be improved and,
therefore, it is possible to prevent stripping of the
soft magnetic layer 14. As a material of the adhesive
layer 12, use can be made of, for example, a CrTi
alloy. 20[0093]        By interposing the nonmagnetic
spacer layer 14b between the first soft magnetic
layer 14a and the second soft magnetic layer 14c, the
soft magnetic layer 14 was configured to have AFC
(Antiferro-magnetic exchange coupling). By this,
magnetization directions of the soft magnetic layer
14 can be aligned 25 along a magnetic path (magnetic
circuit) with high accuracy and thus the
perpendicular component in the magnetization
direction is extremely reduced, so that it is
possible to reduce noise generated from the soft
magnetic layer 14. Specifically, the composition of
the first soft magnetic layer 14a and the second  31
soft magnetic layer 14c was CoFeTaZr and the
composition of the spacer layer 14b was Ru
(ruthenium). 



[0094]          The intermediate layer 16 being a
feature of this embodiment has a 5function of
facilitating the alignment of the orientation of
crystal grains of the underlayer 18. This will be
described later. [0095]        The underlayer 18 has
a hcp structure and can grow crystals with a hcp
structure of the magnetic recording layer 22 into a
granular structure. 10Therefore, as the crystal
orientation of the underlayer 18 is enhanced, it is
possible to improve the orientation of the magnetic
recording layer 22. A material of the underlayer can
be selected from RuCr and RuCo, other than Ru. Ru
takes a hcp structure and can well orient the
magnetic recording layer composed mainly of Co.
15[0096]        The underlayer 18 has a two-layer
structure made of Ru. When forming the second
underlayer 18b on the upper layer side, the Ar gas
pressure was set higher than that set when forming
the first underlayer 18a on the lower layer side. As
the gas pressure increases, the mean free path of
sputtered 20 grains decreases and thus the film
forming rate decreases to make it possible to improve
the crystal orientation. Further, the size of a
crystal lattice decreases as the pressure increases.
Since the size of a Ru crystal lattice is larger than
that of a Co crystal lattice, if the size of the Ru
crystal lattice is reduced, it approaches that of the
Co crystal lattice so that it is possible to further
improve 25the crystal orientation of the Co granular
layer. [0097] As the first magnetic recording layer
22a, a CoCrPt-Cr203 hcp crystal structure of 2nm was
formed by the use of a hard magnetic target made of 



32 CoCrPt and containing chromium oxide (Cr203) as an
example of a nonmagnetic substance. The nonmagnetic
substance was segregated to form grain boundaries
around the magnetic substance. Magnetic grains formed
a granular structure in which grain boundary portions
made of the nonmagnetic 5 substance were formed
between crystal grains grown into a columnar shape.
These magnetic grains were epitaxially grown
continuously from the granular structure of the
underlayer. [0098] As the second magnetic recording
layer 22b, a CoCrPt-Ti02 hcp crystal 10 structure of
10nm was formed by the use of a hard magnetic target
made of CoCrPt and containing titanium oxide (Ti02)
as an example of a nonmagnetic substance. Also in the
second magnetic recording layer 22b, magnetic grains
formed a granular structure. [0099] 15In this
embodiment, the first magnetic recording layer 22a
and the second magnetic recording layer 22b are made
of the different materials (targets), but not limited
thereto, i.e. they may be made of a material of the
same composition or kind. As the nonmagnetic
substance for forming the nonmagnetic region, silicon
oxide (SiOx), chromium (Cr), chromium oxide 20(CrOx),
titanium oxide (Ti02), zirconium oxide (Zr02), and
tantalum oxide (Ta205) can be given as examples, for
example. [0100]         As the continuous layer 24, a
thin film (continuous layer) magnetically continuous
in the plane direction and adapted to exhibit high
perpendicular 25 magnetic anisotropy was formed on
the granular magnetic layer. The continuous layer 24
has a CGC (Coupled Granular Continuous) structure. By
this, it is possible to add high heat resistance of
the continuous film in addition to high-density
recordability and low noise of the granular layer.  



33 [0101]        The medium protective layer 28 was
formed by film formation of carbon by the CVD method
while maintaining a vacuum and contained diamond-like
carbon. The medium protective layer 28 is a
protective layer for protecting the 5 perpendicular
magnetic recording layer from an impact of a magnetic
head. Since, in general, carbon formed into a film by
the CVD method is improved in film hardness as
compared with that by the sputtering method, it is
possible to protect the perpendicular magnetic
recording layer more effectively against the impact
from the magnetic head. In the CVD method, it is
possible to improve 10the film hardness by raising
the bias voltage. [0102] The lubricating layer 30 was
formed of PFPE (perfluoropolyether) by the dip
coating method. The thickness of the lubricating
layer 30 was about lnm. [0103] 15(Intermediate Layer)
The above-mentioned intermediate layer being the
feature of this embodiment will be further described
in detail. This embodiment is, as already described,
the perpendicular magnetic recording medium 100 in
which at least the soft magnetic layer 14, the
intermediate layer 16, the underlayer 18 Made of 20
ruthenium, and the magnetic recording layer 22
adapted to record a signal are formed in this order
on the disk substrate. The intermediate layer 16 may
also be called an orientation control layer or a seed
layer and, as long as it is located under the
underlayer 18, its function or composition should not
be limitedly interpreted by its name. 25[0104]
The intermediate layer 16 is characterized by
comprising a first intermediate layer 16a made of a
Cu alloy and a second intermediate layer 16b made of
NiVV.  34 [0105] 



When the second intermediate layer 16b located on the
upper side is CuX (X is a predetermined metal), the
coercive force Hc is improved, while when the second
intermediate layer 16b is NiW, the SN ratio is
improved. The 5 order of the first and second
intermediate layers 16a and 16b may be changed. This
is because even if either substance is located on the
upper side, both the coercive force Hc and the SN
ratio are improved as compared with the case of a
single layer [0106] 10The Cu alloy may be selected
from CuCr (copper-chromium alloy), CuW
(copper-tungsten alloy), and CuTi (copper-titanium
alloy). This is because as long as it is an alloy
composed mainly of copper, it is possible to achieve
an improvement in recording density without
increasing the thickness of the underlayer. 15[0107]
The total thickness of the intermediate layer 16 (the
sum of the thickness of the first intermediate layer
16a and the thickness of the second intermediate
layer 16b) may be 5 to 12nm. This is because, as
shown in later-described Fig. 7, as compared with an
intermediate layer in the form of a 20 single CuX
layer, an intermediate layer in the form of two
layers of CuX and NiW can achieve a particularly
large coercive force in this total thickness range.
[0108]         The upper limit of 12nm also has a
meaning of preventing that the space between a
recording/reproducing head and the soft magnetic
layer 14 25 that enables smooth recording by forming
a magnetic path during recording becomes too large.
[0109] The underlayer preferably comprises a first
underlayer and a second  35 



underlayer for which the gas pressures differ from
each other in ruthenium film formation by sputtering.
[0110] This is because when the first intermediate
layer 16a or the second 5 intermediate layer 16b is
made of a Cu alloy, even if the underlayer has the
above-mentioned two-layer structure, there is
exhibited an effect of enhancing the orientation of
the magnetic recording layer without increasing the
thickness of each underlayer and, further, the layer
containing ruthenium and formed in a high-pressure
argon atmosphere (about 3F'a to 10Pa) exhibits an
effect of 10miniaturizing the grains of the magnetic
recording layer. [0111] (Evaluation)        Fig. 5 is
a graph showing the relationship between the
thickness of an intermediate layer (single layer) and
the coercive force Hc. According to Fig. 5, 15 each
of a NiW intermediate layer and Cu-based alloy
intermediate layers achieves the peak of the coercive
force Hc as its thickness increases. Although Fig. 5
shows the coercive forces in the case of the
single-layer intermediate layers, respectively, it is
considered that the total thickness of the
intermediate layer 16 comprising the first and second
intermediate layers 16a 20 and 16b made of NiW and a
Cu-based alloy, respectively, is also preferably 3 to
12nm. [0112] Fig. 6 is a graph showing the
relationship between the thickness of an intermediate
layer (single layer) and the S/N ratio. According to
Fig. 6, an 25 intermediate layer in the form of a NiW
single layer achieves the peak of the S/N ratio at
8nm, while each of intermediate layers each in the
form of a Cu-based alloy single layer achieves the
peak of the S/N ratio at 3nm. Although Fig. 6 shows
the S/N ratios in the case of the single-layer
intermediate  



36 layers, respectively, it is considered that an
excellent S/N ratio can be obtained if the total
thickness of the intermediate layer 16 comprising the
first and second intermediate layers 16a and 16b made
of NiW and a Cu-based alloy, respectively, is also
set to about 3 to 12nm. 5[0113]         Fig. 7 is a
graph showing the relationship between the total
thickness of an intermediate layer comprising two
layers of CuTi and NiW and the coercive force Hc in
comparison with an intermediate layer in the form of
a CuTi single layer. In this graph, the total
thickness of the intermediate layer comprising the 10
two layers is changed by changing the thickness of
CuTi while maintaining the thickness of NiW constant
at 5.5nm. As compared with the CuTi single layer, the
intermediate layer comprising the two layers of Cu]]
and NiW can obtain a clearly higher coercive force Hc
at the same total thickness of 5nm or more. [0114]
15On the other hand, the upper limit of 12nm is
determined because it is a point where a reversal of
the coercive force Hc starts to occur as shown in
Fig. 7. As already described, it also has a meaning
of preventing that the space between a
recording/reproducing head and the soft magnetic
layer 14 that enables smooth recording by forming a
magnetic path during recording 20 becomes too large.
[0115]         In conclusion, taking into account
also Fig. 7, it is considered that the total
thickness of the intermediate layer 16 comprising the
two layers is preferably 5 to 12nm. On the other
hand, as presumed from Figs. 5 and 6, it 25 may be
set to 3 to 12nm. With the intermediate layer 16
having such a thickness, when the second intermediate
layer 16b located on the upper side is CuX (X is a
predetermined metal), the coercive force Hc is
improved, while when the second intermediate layer
16b is NiW, the SN ratio is improved. The  37 order
of the first and second intermediate layers 16a and
16b may be changed. This is because even if either
substance is located on the upper side, both the 



coercive force Hc and the SN ratio are improved by a
synergistic effect as compared with the case of a
single layer. 5[0116]        While, the preferred
embodiment of the second invention has been described
with reference to the accompanying drawings, it is
needless to say that the second invention is not
limited thereto. It is apparent that a person skilled
in the art can think of various changes and
modifications in the category 10described in claims
and it is understood that those also naturally belong
to the technical scope of this invention. [0117]
(Third Invention) Hereinbelow, an embodiment of the
third invention will be described 15 with reference
to the drawings. [0118]         Fig. 8 is a
cross-sectional view showing the structure of a
perpendicular magnetic recording medium 10 according
to this embodiment. The perpendicular magnetic
recording medium 10 is a magnetic recording medium 20
for use in the perpendicular magnetic
recording/reproducing system. [0119]        The
perpendicular magnetic recording medium 10 shown in
Fig. 8 is formed by stacking a disk substrate 11, an
adhesive layer 12, a first soft magnetic layer 13a, a
nonmagnetic spacer layer 13b, a second soft magnetic
25layer 13c, an orientation control layer 14, a first
underlayer 15a, a second underlayer 15b, a first
onset layer 16a, a second onset layer 16b, a main
recording layer 17, a continuous layer 18, a medium
protective layer 19, and a lubricating layer 20 in
this order. The first soft magnetic layer 13a, the  



38 nonmagnetic spacer layer 13b, and the second soft
magnetic layer 13c jointly form a soft magnetic layer
13. The first underlayer 15a and the second
underlayer 15b jointly form an underlayer 15. The
first onset layer 16a and the second onset layer 16b
jointly form an onset layer 16. 5[0120]         As
the disk substrate 11, use can be made of, for
example, a glass substrate, an aluminum substrate, a
silicon substrate, a plastic substrate, or the like.
When using the glass substrate as the disk substrate
10, it can be produced by, for example, molding an
amorphous aluminosilicate glass into a 10disk shape
by direct press to produce a glass disk, then
grounding, polishing, and chemically strengthening
this glass disk in sequence. Since smoothness and
high rigidity are obtained, the aluminosilicate glass
makes it possible to more stably reduce the magnetic
spacing, particularly the flying height of a magnetic
head. Further, it is possible to obtain high rigidity
and strength by 15chemically strengthening the
aluminosilicate glass. [0121]         The adhesive
layer 12 is a layer for improving the adhesion to the
disk substrate 10 and thus can prevent stripping of
the soft magnetic layer 13. As a material of the
adhesive layer 12, use may be made of, for example, a
20Ti-containing material. In terms of practical use,
the thickness of the adhesive layer 12 is preferably
set to 1nm to 50nm. [0122] As each of the first soft
magnetic layer 13a and the second soft magnetic layer
13c of the soft magnetic layer 13, use can be made
of, for 25 examPle, a FeCoTaZr film or the like. As
the composition of the nonmagnetic spacer layer 13b,
a nonmagnetic material Ru film or the like can be
cited. By interposing the nonmagnetic spacer layer
13b between the first soft magnetic layer 13a and the
second soft magnetic layer 13c, the soft magnetic
layer 13 is  



39 configured to have AFC (Antiferro-magnetic
exchange coupling). By this, magnetization directions
of the soft magnetic layer 13 can be aligned along a
magnetic path (magnetic circuit) with high accuracy
and thus the perpendicular component of the
magnetization is extremely reduced, so that it is
possible to 5 reduce noise generated from the soft
magnetic layer 13. [0123]        The orientation
control layer 14 has a function of protecting the
soft magnetic layer 13, a function of facilitating
the alignment of the orientation of crystal grains of
the underlayer 15, and further a function of
miniaturizing the 10crystal grains. In this
embodiment, the orientation control layer 14 contains
Ni as a main material and an oxide material. The
material of the orientation control layer 14 is
preferably selected from alloys of NiW, NiPd, NiCr,
NiMo, NiTa, NW, NiNb, NiZr, NiHf, and NiCu having a
fcc structure composed mainly of Ni. The oxide
material added to the orientation control layer 14 is
preferably 15 selected from Si02, SiO, Ti02, TiO,
Cr203, Zr203, Ta205, Al203, W205, MO205, V205, and
Nb205. By adding the oxide material to the
orientation control layer 14 as described above,
particularly the function of miniaturizing the
crystal grains is enhanced. [0124] 20A material
forming the underlayer 15 has a hcp structure and can
grow crystals with a hcp structure of a material
forming the main recording layer 17 into a granular
structure. Therefore, as the crystal orientation of
the underlayer 15 is enhanced, it is possible to
improve the orientation of the main recording layer
17. As the material of the underlayer 15, RuCr or
RuCo can be cited 25 other than Ru. Ru takes a hcp
structure and can well orient the main recording
layer composed mainly of Co. [0125] The underlayer 15
is in the form of a Ru film with a two-layer
structure. 



40 When forming the second underlayer 15b on the
upper layer side, the Ar gas pressure is set higher
than that set when forming the first underlayer 15a
on the lower layer side. As the gas pressure
increases, the mean free path of sputtering plasma
ions decreases and thus the film forming rate
decreases to 5make it possible to improve the crystal
orientation. Further, the size of a crystal lattice
decreases as the pressure increases. Since the size
of a Ru crystal lattice is larger than that of a Co
crystal lattice, if the size of the Ru crystal
lattice is reduced, it approaches that of the Co
crystal lattice so that it is possible to further
improve the crystal orientation of the Co granular
layer. 10[0126]         By forming a nonmagnetic
granular layer on the hcp crystal structure of the
underlayer 15 and growing a granular layer of the
main recording layer 17 thereon, the nonmagnetic
granular layer has a function of separating the
magnetic granular layer from an initial stage
(buildup). The compositions of 15 the first onset
layer 16a and the second onset layer 16b are
nonmagnetic CoCr-Si02 and magnetic CoCrPt-Cr203,
respectively. [0127]         The main recording layer
17 is a magnetic layer having a hcp crystal
structure. As the main recording layer 17, use can be
made of CoCrPt-Cr203, 20 CoCrPt-5i02, CoCrPt-Ti02, or
the like. Using a hard magnetic target made of CoCrPt
and containing silicon oxide (Si02) or titanium oxide
(Ti02) as a nonmagnetic substance, a hcp crystal
structure is formed. The main recording layer 17 can
be suitably set in a range of 7nm to 15nm. The
composition of the target for forming the main
recording layer 17 contains CoCrPt and Si02 (or 25
h02) in the ratio of about 9:1 (mol%). The
nonmagnetic substance is segregated to form grain
boundaries around the magnetic substance and magnetic
grains form a columnar granular structure. These
magnetic grains are epitaxially grown continuously
from the granular structure of the onset layer  41
16. [0128] 



The continuous layer 18 is in the form of a CoCrPtB
film in which the magnetism continues in the plane
direction. The continuous layer 18 is formed 5 by a
low Ar gas and its thickness is preferably 10nm or
less and more preferably 5nm or less. [0129] Using an
evacuated film forming apparatus, the layers from the
adhesive layer 12 to the continuous layer 18 are
formed in sequence on the 10 disk substrate 11 in an
Ar atmosphere by a DC magnetron sputtering method. In
terms of the productivity, it is preferable to form
these layers and films by in-line type film
formation. [0130] The medium protective layer 19 is a
protective layer for protecting the 15 main recording
layer 17 from an impact of a magnetic head. As a
material forming the medium protective layer 19, use
can be made of, for example, Cr, a Cr alloy, carbon,
zirconia, silica, or the like. The medium protective
layer 19 is formed by film formation of, for example,
carbon by a CVD method while maintaining a vacuum. In
general, carbon formed into a film by the CVD 20
method is improved in film hardness as compared with
that by the sputtering method. Thus, it is possible
to protect the perpendicular magnetic recording layer
more effectively against the impact from the magnetic
head. [0131]          The lubricating layer 20 is
formed by, for example, diluting 25perfluoropolyether
(PFPE) being a liquid lubricant with a Freon-based
solvent or the like, coating it on the medium surface
by a dip coating method, a spin coating method, or a
spray method, and, if necessary, carrying out a heat 



treatment. The thickness of the lubricating layer 20
is about 1nm. This  42 perfluoropolyether has a
straight chain structure to thereby exhibit proper
lubrication performance for a magnetic disk and,
because of having hydroxyl groups (OH) as end groups,
it can exhibit high adhesion performance with respect
to a carbon medium protective layer. 5[0132] Next, a
description will be given of Examples 1 to 7 in which
a material of an orientation control layer 14 was
changed in the same structure as the perpendicular
magnetic recording medium 10 shown in Fig. 8 and of
Comparative Examples 1 to 3 in which materials of an
orientation control layer 10 14 and an underlayer 15
were changed in the same structure as the
perpendicular magnetic recording medium 10 shown in
Fig. 8. [0133] (Example 1) An amorphous
aluminosilicate glass was molded into a disk shape by
15direct press, thereby producing a glass disk. This
glass disk was ground, polished, and chemically
strengthened in sequence, thereby obtaining a smooth
nonmagnetic disk substrate 11 in the form of a
chemically strengthened glass disk. The disk
substrate 11 was a 2.5-inch magnetic disk substrate
having a diameter of 65mm, an inner diameter of 20mm,
and a disk thickness of 20 0.635mm. The surface
roughness of the obtained disk substrate 11 was
observed by an AFM (atomic force microscope) and it
was confirmed to be a smooth surface with Rmax of
2.18nm and Ra of 0.18nm. Rmax and Ra follow Japanese
Industrial Standard (WS). [0134] 



25Then, using a C3040 sputtering film forming
apparatus manufactured by Canon ANELVA Corporation,
an adhesive layer 12, a soft magnetic layer 13, an
orientation control layer 14, an underlayer 15, a
first onset layer 16a, a second onset layer 16b, and
a main recording layer 17 were formed in sequence on
the  43 disk substrate 110 by DC magnetron
sputtering. [0135]         First, the adhesive layer
112 was formed by the use of a CrTi target so as to
be a CrTi45 (Cr:55at%, Ti:45at%) layer of lOnm.
5[0136] Then, using a FeCoTaZr target, first and
second soft magnetic layers 13a and 13c were each
formed so as to be an amorphous FeCoTaZr (Fe: 37at%,
Co:55at%, Ta: 3at%, Zr: 5at%) layer of 25nm. As a
nonmagnetic spacer layer 13b, a Ru layer of 0.5nm was
formed by the use of a Ru target. 10[0137]
Then, the orientation control layer 14 in the form of
a NiW-Ti02 (Ni: 86at%, W: 8at%, Ti02: 6at%) film of
lOnm was formed on the soft magnetic layer 13. [0138]
15Then, on the orientation control layer 14, a first
underlayer 15a made of Ru and having a thickness of
10nm was formed at a film forming gas pressure of
1.5Pa and, further, a second underlayer 15b made of
Ru and having a thickness of lOnm was formed at a
film forming gas pressure of 6.0Pa. [0139] 



20Then, on the underlayer 15, the first onset layer
16a in the form of a CoCr-Si02 (Co: 53at%, Cr: 35at%,
Si02: 12at%) film of 1.0nm was formed and, further,
the second onset layer 16b in the form of a
CoCrPt-Cr203 (Co: 67at%, Cr: llat%, Pt: 17at%, Cr203:
5at%) film of 3nm was formed. [0140] 25Then, using a
hard magnetic target made of CoCrPt-Ti02 (Co: 64at%,
Cr: 11.5at%, Pt: 14.5at%, Ti02: lOat%) with a hcp
crystal structure of 8nm, the main recording layer 17
was formed on the onset layer 16. Further, a
continuous layer 18 was formed by the use of a target
of CoCrPtB (Co: 60at%,  44 Cr: 20at%, Pt: 15at%, B:
5at%) of 7.5nm. [0141]        Then, a medium
protective layer 19 made of hydrogenated carbon was
formed by the CVD method. Since the film hardness is
improved by the use of 5hydrogenated carbon, it is
possible to protect the perpendicular main recording
layer against an impact from a magnetic head. [0142]
After this, a lubricating layer 20 made of PFPE
(perfluoropolyether) was formed by the dip coating
method. The thickness of the lubricating layer 20 is
10mm. [0143] The recording/reproducing
characteristics of the medium obtained by the
above-mentioned processes were evaluated. The
measurement was performed using a RNV analyzer and a
magnetic head of the perpendicular 



15 magnetic recording system having a SPT element on
the recording side and a GMR element on the
reproducing side, wherein the recording density was
set to 1200kfci. In this event, the flying height of
the magnetic head was lOnm. [0144] (Comparative
Example 1) 20In the same film structure as in Example
1 described above, NiW (Ni: 92at%, W: 8at%) was used
as an orientation control layer 14. [0145]
(Comparative Example 2)           In the same film
structure as in Example 1 described above, Ru-Si02 25
(Ru: 95at%,5at%) was used as each of a first
underlayer 15a and a second underlayer 15b. [0146]
(Comparative Example 3)  45        In the same film
structure as in Example 1 described above, NiW (Ni:
92at%, W: 8at%) was used as an orientation control
layer 14 and Ru-Si02 (Ru: 95at%, Si02: 5at%) was used
as a second underlayer 15b. [0147] (Example 2) In the
same film structure as in Example 1 described above,
NiW-Ti02 



(Ni: 89at%, W: 8at%, 1102: 3at%) was used as an
orientation control layer 14. [0148] (Example 3) 10In
the same film structure as in Example 1 described
above, NiW-Si02 (Ni: 87at%, W: 8at%, Si02: 5at%) was
used as an orientation control layer 14. [0149]
(Example 4) In the same film structure as in Example
1 described above, N1W-Cr203 15(Ni: 82at%, W: 7at%,
Cr203: 11at%) was used as an orientation control
layer 14. [0150] (Example 5) In the same film
structure as in Example 1 described above, NiW-1a205
(Ni: 62at%, W: 5at%, Ta205: 33at%) was used as an
orientation control layer 14. 20[0151] (Example 6)
In the same film structure as in Example 1 described
above, NiW-Nb205 (Ni: 74at%, W: 6at%, Nb205: 20at%)
was used as an orientation control layer 14. 25[0152]
(Example 7) 



In the same film structure as in Example 1 described
above, NiW-Al203 (Ni: 85at%, W: 7at%, Al203: 8at%)
was used as an orientation control layer 14.  46
[0153] (Example 8)           In the same film
structure as in Example 1 described above, NiPd-Ti02
(Ni: 86at%, Pd: 8at%, 1902: 6at%) was used as an
orientation control layer 14. 5[0154] (Example 9)
In the same film structure as in Example 1 described
above, NiCr-Ti02 (Ni: 86at%, Cr: 8at%, Ti02: 6at%)
was used as an orientation control layer 14. [0155]
10(Example 10)     In the same film structure as in
Example 1 described above, NiMo-1102 (Ni: 86at%, Mo:
8at%, Ti02: 6ar/o) was used as an orientation control
layer 14. [0156] (Example 11) 15In the same film
structure as in Example 1 described above, NiTa-Ti02
(Ni: 86at%, Ta: 8at%, 1102: 6at%) was used as an
orientation control layer 14. [0157] (Example 12)
In the same film structure as in Example 1 described
above, N1V-1102 20 (Ni: 86at%, V: 8at%, h02: 6at%)
was used as an orientation control layer 14. [0158]
(Example 13) 



In the same film structure as in Example 1 described
above, NiNb-Ti02 (Ni: 86at%, Nb: 8at%, Ti02: 6at%)
was used as an orientation control layer 14. 25[0159]
(Example 14)        In the same film structure as in
Example 1 described above, NiZr-T102 (Ni: 86at%, Zr:
8at%, Ti02: 6at%) was used as an orientation control
layer 14.  47 [0160] (Example 15)         In the same
film structure as in Example 1 described above,
NiHf-Ti02 (Ni: 86at%, Hf: 8at%, Ti02: 6at%) was used
as an orientation control layer 14. 5[0161] (Example
16) In the same film structure as in Example 1
described above, NiCu-1i02 (Ni: 86at%, Cu: 8at%,
Ti02: 6at%) was used as an orientation control layer
14. [0162] 10As each of magnetic recording media 10
according to the Examples, the magnetic recording
medium 10 with the structure described using Fig. 8
is manufactured. In the manufacturing processes of
the magnetic recording medium 10, respective layers
are formed in sequence on a disk substrate 11 by, for
example, the soft magnetic layer forming process, the
magnetic recording 15 layer forming process, and so
on. The processes of forming the respective layers
may be the same as or similar to known processes
except the soft magnetic layer forming process. 



[0163] Fig. 9 shows the evaluation results of the
average crystal grain sizes 20 evaluated from
plan-view photographs of a transmission electron
microscope, 4050 evaluated by an X-ray diffraction
apparatus, and the recording/reproducing
characteristics S/N with respect to the magnetic
recording media manufactured in Examples Ito 16 and
Comparative Examples 1 to 3. The area of each crystal
grain derived from a plan-view photograph of 25the
transmission electron microscope is converted into a
circle and the radius of that circle is defined as a
crystal grain size. The average crystal grain size is
an average value derived from several hundreds of
crystal grains. 4050 represents the full width at
half maximum of Ru (002) crystal orientation peak in
48 a rocking curve. [0164] From Fig. 9, it can be
confirmed that, in Examples 1 to 7 in which an oxide
was added only to the orientation control layer 14
while no oxide was 5 added to the underlayer 15, the
magnetic grain size of the magnetic layer was reduced
and, further, as compared with Comparative Examples 2
and 3 in which an oxide was added to the underlayer,
degradation in crystal orientation of magnetic grains
was suppressed. [0165] 10The layer structures, the
materials of the members, the numbers, the sizes, the
processing sequences, and so on in the
above-mentioned embodiment are only examples and the
third invention can be carried out by changing them
in various ways within a range capable of exhibiting
the effect of the third invention. Other than that,
the third invention can be carried out with 



15 proper changes within a range not departing from
the object of the third invention. Industrial
Applicability [0166] 20This invention can be used,
for example, as a perpendicular magnetic recording
medium adapted to be mounted in a HDD (hard disk
drive) or the like of the perpendicular magnetic
recording system.  49 CLAIMS          1. A
perpendicular magnetic recording medium adapted to
record information by a perpendicular magnetic
recording system, wherein the perpendicular magnetic
recording medium comprises: a substrate; a soft
magnetic layer formed over the substrate;           a
pre-underlayer formed over the soft magnetic layer
and containing seed crystal grains as crystal grains
that serve as a base for crystal grains of an 10upper
layer;        an underlayer formed over the
pre-underlayer and containing crystal grains that
control an orientation of crystal grains of an upper
layer; and         a magnetic recording layer
containing magnetic crystal grains with a crystal
structure that is controlled by the underlayer,
15wherein the pre-underlayer contains        the seed
crystal grains that serve as the base for the crystal
grains of the underlayer, and           an addition
substance that is added between the seed crystal
grains and composed of an element having an atomic
radius smaller than an atomic 20radius of an element
forming the seed crystal grains. 



2. A perpendicular magnetic recording medium
according to claim 1, wherein the seed crystal grains
are crystal grains of an alloy of Ni and W.
3. A perpendicular magnetic recording medium
according to claim 1 or 2, wherein the addition
substance is a substance that does not chemically
react 25 with a material of the soft magnetic layer
and the seed crystal grains.          4. A
perpendicular magnetic recording medium according to
claim 3, wherein the addition substance is a solid
substance.          5. A perpendicular magnetic
recording medium according to claim 4,  50 wherein
the addition substance is B.          6. A
perpendicular magnetic recording medium adapted to
record information by a perpendicular magnetic
recording system, the perpendicular magnetic
recording medium comprising a substrate and, over the
substrate, at 5 least a soft magnetic layer, a
pre-underlayer, an underlayer made of Ru, and a
magnetic recording layer adapted to record a signal,
wherein the pre-underlayer comprises a first
pre-underlayer made of a Cu alloy and a second
pre-underlayer made of NiW.             7. A
perpendicular magnetic recording medium according to
claim 6, 10 wherein the Cu alloy is selected from a
CuCr alloy, a CuW alloy, and a CuTi alloy.
8. A perpendicular magnetic recording medium
according to claim 6 or 7, wherein a total thickness
of the pre-underlayer is 5 to 12nm.          9. A
perpendicular magnetic recording medium according to
any of 15 claims 6 to 8, wherein the underlayer
comprises a first underlayer and a second underlayer
for which gas pressures differ from each other in Ru
film formation by sputtering.             10. A
perpendicular magnetic recording medium adapted to
record information by a perpendicular magnetic
recording system, wherein the 20 perpendicular
magnetic recording medium comprises: a substrate; a
soft magnetic layer formed over the substrate; 



a pre-underlayer formed over the soft magnetic layer,
the pre-underlayer containing Ni as a main material
and added with an oxide; 25a nonmagnetic underlayer
formed over the pre-underlayer and having a hexagonal
closest packed structure; and         a magnetic
recording layer in which crystals with a hexagonal
closest packed structure are grown into a granular
structure, the magnetic recording  51 layer being
formed over the nonmagnetic underlayer.          11.
A perpendicular magnetic recording medium according
to claim 10, wherein the pre-underlayer contains as a
main material an alloy formed by adding the oxide to
at least one kind selected from a group comprising
NiW, NiPd, NiCr, NiMo, NiTa, NiV, NiNb, NiZr, NiHf,
and NiCu.          12. A perpendicular magnetic
recording medium according to claim 10 or 11, wherein
at least one kind of material selected from a group
comprising Si02, SiO, Ti02, TiO, Cr203, Zr203, Ta205,
Al203, W205, Mo205, V205, and Nb205 is added as the
oxide in the pre-underlayer. 1013. A perpendicular
magnetic recording medium according to any of claims
10 to 12, wherein the pre-underlayer has a thickness
of mm to 20nm.          14. A perpendicular magnetic
recording medium according to any of claims 10 to 13,
wherein the underlayer contains Ru or a Ru alloy.
15. A perpendicular magnetic recording medium
according to any Of 15 claims 10 to 14, wherein the
magnetic recording layer is made of CoCrPt-oxide.
16. A method of manufacturing a perpendicular
magnetic recording medium, comprising the steps of:
forming a soft magnetic layer over a substrate,
forming over the soft magnetic layer a pre-underlayer
in which an oxide 



20is added to a material containing Ni as a main
material,        forming over the pre-underlayer a
nonmagnetic underlayer having a hexagonal closest
packed structure, and           forming a magnetic
recording layer by growing crystals with a hexagonal
closest packed structure into a granular structure
over the 25 nonmagnetic underlayer. 


