
DESCRIPTION PERPENDICULAR MAGNETIC RECORDING MEDIUM
Technical Field [0001]       This invention relates to a perpendicular
magnetic recording medium to be mounted to an HDD (hard disk drive)
using a perpendicular magnetic recording system. Background Art [0002]
With the recent increase in information processing capacity, various types
of information recording technologies have been developed. In particular,
the surface recording density of an HDD using a magnetic recording
technology has been continuously increasing at an annual rate of about
100%. Recently, 2.5- inch-diameter magnetic disks used in HDDs and the
like are required to have an information recording capacity higher than
160 GB per disk, In order to meet such a demand, it is necessary to
achieve an information recoding density higher than 250 GBits per square
inch. [0003]        In order to achieve a high recording density in a magnetic
disk used in an HDD or the like, a magnetic disk using a perpendicular
magnetic recording system (perpendicular magnetic recording disk) is
recently proposed. In a conventional in-plane magnetic recording system,
an axis of easy magnetization in a magnetic recording layer is oriented
along a plane of a substrate surface. In the perpendicular magnetic
recording system, it is arranged that the axis of easy magnetization is
oriented to be perpendicular to the substrate surface. 



2 As compared with the in-plane magnetic recording system, the
perpendicular magnetic recording system is capable of more effectively
suppressing a thermal fluctuation phenomenon during high-density
recording. Therefore, the perpendicular magnetic recording system is
suitable for an increase in recording density. [0004.)        Heretofore,
CoCrPt-Si02 or CoCrPa-Ti02 is widely used as the magnetic recording
layer. In such layer, Co crystals of an hcp (hexagonal closest packed
crystal lattice) structure grow in a columnar shape and Cr and Si02 (or
TiO2) segregate to form a nonmagnetic grain boundary. By the use of
such a granular structure, fine magnetic grains physically independent
from one another are easily formed so that a high recording density is
easily achieved. [0005]        In the above-mentioned perpendicular
magnetic recording system, a single pole perpendicular head is used to
generate a magnetic field perpendicular to the magnetic recording layer.
However, if the single pole perpendicular head is merely used, magnetic
flux from a single pole end directly returns to a return pole on an opposite
side so that a magnetic field of a sufficient intensity can not be applied to
the magnetic recording layer. In view of the above, the perpendicular
magnetic recording disk is provided with a soft magnetic layer under the
magnetic recording layer and a path of the magnetic flux (magnetic path)
is formed in the soft magnetic layer. With this structure, it is possible to
apply an intense perpendicular magnetic field to the magnetic recording
layer. Specifically, the soft magnetic layer is a layer in which a
magnetization direction is aligned in response to a magnetic field during
writing and a magnetic path is dynamically formed. 10006) However, an
intense magnetic field applied to the magnetic recording  3 



layer results in an increase in leakage magnetic field to an adjacent track.
This results in a problem of WATE (Wide Area Track Erasure), i.e., a
phenomenon of erasure of recorded information over an area within
several micrometers from a track to be subjected to writing. As a
technique for reducing WATE, it is important that a reverse magnetic
domain nucleation field Hn of the magnetic recording layer has a negative
value and its absolute value is large. In order to obtain high Hn (having a
large absolute value), proposal is made of a CGC (Coupled Granular
Continuous) medium comprising a magnetic recording layer having a
granular structure and a thin film (continuous layer) which is formed above
or below the magnetic recording layer and which exhibits high
perpendicular magnetic anisotropy (Patent Document 1). [00073        If a
coercive force Hc of the magnetic recording layer is increased, an
increase in recording density can be achieved but writing by the magnetic
head tends to become difficult. In view of the above, the continuous layer
also serves to improve writabiliy, i.e., overwrite characteristic by improving
saturation magnetization Ms. [00081.       In other words, the purpose of
forming the continuous layer on the magnetic recording layer is to reduce
noise by improving the reverse magnetic domain nucleating field Hn and
to improve the overwrite characteristic by improving the saturation
magnetization Ms. The continuous layer may be called an auxiliary
magnetic layer or a cap layer. In this application, the term "continuous
layer" is used unless specifically indicated otherwise. Patent Document 1:
JP-A-2003-346315 Disclosure of the Invention Problem to be Solved by
the Invention  4 [00091 



In order to increase a recording density of a recording medium, it is a
primary problem to improve the coercive force Hc. In order to achieve this,
it is necessary to improve crystal orientation of magnetic grains and to
achieve isolation, uniformity, and miniaturization of the magnetic grains.
However, limitation is imposed upon improvement of the coercive force Hc
only by improvement of the magnetic layer. [0010i       On the other hand,
the present inventor already found out that the coercive force Hc is
increased also by increasing the content of chromium in the continuous
layer. In this event, however, the saturation magnetization Ms is
decreased and, therefore, the original purpose of the continuous layer
may not be achieved. [00111       In view of the above-mentioned problem
caused in the perpendicular magnetic recording medium, this invention
has been made. It is an object of this invention to provide, by improving a
structure and a composition of a continuous layer on a magnetic layer, a
perpendicular magnetic recording medium which is improved in coercive
force Hc to increase a recording density of the recording medium without
losing original functions of the continuous layer, i.e., noise reduction and
maintenance of overwrite characteristic. Means to Solve the Problem
[0012;       In order to resolve the above-mentioned problem, according to
a representative structure of this invention, in a perpendicular magnetic
recording medium comprising a magnetic recording layer having a
granular structure composed of crystal grains containing cobalt (Co) and
grown in a columnar  5 shape and a grain boundary portion comprising a
nonmagnetic substance and formed between the crystal grains, and a
continuous layer formed adjacently on the magnetic recording layer and
comprising a thin film magnetically continuous in a film plane direction, the
continuous layer contains cobalt, chromium (Cr), and platinum (Pt), and
the continuous layer has a chromium content increased towards the
magnetic recording layer. 



[0013]      In the continuous layer formed adjacently on the magnetic
recording layer, a lower part nearer to the magnetic recording layer has a
greater content of chromium so as to effectively improve the coercive
force Hc while an upper part has a smaller content of chromium to achieve
noise reduction and maintenance of overwrite characteristic. [00141
The above-mentioned continuous layer may comprise two layers including
a lower layer and an upper layer. The lower layer may have a chromium
content of 18 to 20 at%. The upper layer may have a chromium content of
15 to 18 at%. [0015]       If a layer has a higher content of chromium, the
coercive force Hc can remarkably be increased as the thickness of the
layer is increased. Such increase in coercive force Hc is assured by the
lower layer formed adjacently on the magnetic recording layer. [0016]
The above-mentioned nonmagnetic substance may be one or more
materials selected from a group consisting of chromium oxide, chromium,
titanium oxide, silicon oxide, zirconium oxide, and tantalum oxide.
Presumably, chromium of the continuous layer inherits the nature of the
above-mentioned nonmagnetic substance and has a nature of
segregating around a magnetic  S substance (Co). It is conceivable that
chromium promotes columnar epitaxial growth of Co. 



[001T       The above-mentioned lower layer may have a thickness greater
than 0 and substantially not greater than 3 nm, and the upper layer may
have a thickness substantially between 3 and 7 nm. If the thickness of the
lower layer is excessively large, an S/N ratio is decreased. If the thickness
of the upper layer falls within the above-mentioned range, the coercive
force Ho practically usable is obtained. [0018]       Further, the
above-mentioned continuous layer may have a composition of
cobalt-chromium-platinum-boron (CoCrPtB) containing boron (B). Boron
has an effect of reducing noise. With this structure, less noise is
generated as compared with the case where the continuous layer has the
above-mentioned thickness without containing boron. [0019]       The
content of boron may be preferably 5 at% or less. It the content of boron is
greater, a sufficient reverse magnetic domain nucleating field (Hn) can not
be obtained. Effect of the Invention [0020]       According to this invention,
it is possible to provide, by improving a structure and a composition of a
continuous layer, a perpendicular magnetic recording medium which is
improved in coercive force Hc to increase a recording density of the
recording medium without losing original functions of the continuous layer,
i.e., noise reduction and maintenance of overwrite characteristic.  7 



Brief Description of the Drawing [0021]       Fig. 1 is a view for describing a
magnetic recording medium according to an exemplary embodiment of
this invention.       Fig. 2 shows (c) a view for describing a structure of a
continuous layer in the exemplary embodiment in Fig. 1 and (a) and (b)
views for describing structures of continuous layers to be compared with
the exemplary embodiment.       Fig. 3 is a graph showing a relationship
between a thickness of a continuous layer of a single-layer structure
having a single monolithic composition and a coercive force.       Fig. 4 is a
graph showing a relationship of a recording track width of a magnetic
recording medium and a bit error rate in case where a continuous layer
comprises two layers different in composition from each other and when
the second continuous layer has a fixed thickness while the thickness of
the first continuous layer is variously changed.        Fig. 5 is a graph,
similar to Fig. 3, for use in determining the thickness of the second
continuous layer. Description of Reference Numerals 10022] 1disk
substrate 12 ... adhesion layer 14soft magnetic layer 



14a ... first soft magnetic layer 14b ... spacer layer 14c ... second soft
magnetic layer 16 ... orientation control layer  8 18 ... underlayer 18afirst
underlayer 18b ... second underlayer 22 ... magnetic recording layer 22a
... first magnetic recording layer 22b second magnetic recording layer 24
... continuous layer 



24a ... first continuous layer 24b ... second continuous layer 28 ... medium
protection layer 30 ... lubrication layer Best Mode for Embodying the
Invention [0023]       Referring now to the accompanied drawings, an
exemplary embodiment of a perpendicular magnetic recording medium
according to this invention will be described in detail. In the figures, those
elements which do not directly relate to this invention are not illustrated.
Similar elements are designated by the same reference numerals. It is
noted here that sizes, materials, and other specific numerical values
shown in the following exemplary embodiment are no more than examples
provided in order to facilitate understanding of the invention and do riot
limit the present invention unless specifically indicated otherwise. [00241
Fig. 1 is a view for describing a structure of a perpendicular magnetic
recording medium according to the exemplary embodiment of this
invention. The perpendicular magnetic recording medium illustrated in Fig.
1 comprises a disk substrate 1, an adhesion layer 12, a first soft magnetic
layer 14a, a spacer  9 



layer 14b, a second soft magnetic layer 14c, an orientation control layer
16, a first underlayer 18a, a second underlayer 18b, a first magnetic
recording layer 22a, a second magnetic recording layer 22b, a continuous
layer 24, a medium protection layer 28, and a lubrication layer 30. A
combination of the first soft magnetic layer 14a, the spacer layer 14b, and
the second soft magnetic layer 14c forms a soft magnetic layer 14. A
combination of the first underlayer 18a and the second underlayer 18b
forms an underlayer 18. A combination of the first magnetic recording
layer 22a and the second magnetic recording layer 22b forms a magnetic
recording layer 22. [0025]       First, amorphous aluminosilicate glass was
formed into a disk-like shape by direct press to produce a glass disk. The
glass disk was successively subjected to grinding, polishing, and chemical
strengthening to obtain the smooth nonmagnetic disk substrate 1
comprising a chemically strengthened glass disk. 0026]       On the disk
substrate 1 thus obtained, those layers from the adhesion layer 12 to the
continuous layer 24 were successively formed by DC magnetron
sputtering in an Ar atmosphere using a vacuumed film-forming apparatus.
The medium protection layer 28 was formed by CVD. Thereafter, the
lubrication layer 30 was formed by dip coating. In view of high productivity,
it is also preferable to use in-line type deposition. [0027]       The
exemplary embodiment is characterized by a structure of the continuous
layer 24, which will later be described. At first, structures and
manufacturing methods of the respective layers will be described. [0028]
The adhesion layer 12 was formed using a Ti-alloy target so as to be a  10



Ti-alloy layer of 10 nm. By forming the adhesion layer 12, the adhesion
between the disk substrate 1 and the soft magnetic layer 14 can be
enhanced and, therefore, it is possible to prevent the soft magnetic layer
14 from peeling. As a material of the adhesion layer 12, for example, a
CrTi alloy may be used. [0029]      The soft magnetic layer 14 was
configured to have AFC (antiferromagnetic exchange coupling) by
interposing the nonmagnetic spacer layer 14b between the first soft
magnetic layer 14a and the second soft magnetic layer 14c. With this
structure, the soft magnetic layer 14 has a magnetization direction which
is aligned along a magnetic path (magnetic circuit) with high accuracy and
a vertical component in the magnetization direction is significantly
decreased. Therefore, it is possible to reduce noise generated from the
soft magnetic layer 14. Specifically, each of the first soft magnetic layer
14a and the second soft magnetic layer 14c has a composition of
CoFeTaZr. The spacer layer 14b has a composition of Ru (ruthenium).
[0030]       The orientation control layer 16 has an effect of protecting the
soft magnetic layer 14 and an effect of promoting alignment of orientation
of crystal grains of the underlayer 18. The orientation control layer may be
made of a material selected from Ni, Cu, Pt, Pd, Zr, Hf, and Nb.
Furthermore, the orientation control layer may be made of an alloy
containing the above-mentioned metal as a main component and one or
more additional elements selected from Ti, V, Ta, Cr, Mo, and W. For
example, NiW, CuW, or CuCr may be preferably selected. [0031_       The
underlayer 18 has an hcp structure and serves to grow hcp-structure
crystals of the magnetic recording layer 22 as a granular structure.
Therefore, as the underlayer 18 has higher crystal orientation, orientation
of the magnetic  11 recording layer 22 can be improved more. A material
of the underlayer may be selected from Ru, RuCr, and RuCo. Ru has a
hcp structure and can achieve excellent orientation of the magnetic
recording layer containing Co as a main component. [0032] 



The underlayer 18 has a two-layer structure made of Ru. The second
underlayer 18b as an upper layer is formed under an Ar gas pressure
higher than that when the first underlayer 18a as a lower layer is formed.
When the gas pressure is high, a mean free path of sputtered particles is
shortened. Therefore, a deposition rate is decreased so that crystal
orientation is improved. In addition, a high pressure causes the size of a
crystal lattice to be reduced. The size of the crystal lattice of Ru is greater
than that of the crystal lattice of Co. Therefore, if the size of the crystal
lattice of Ru is reduced, the size approaches to that of Co so as to further
improve crystal orientation of a granular layer of Co. [00331       The
magnetic recording layer 22 comprises the first magnetic recording layer
22a having a thin thickness and the second magnetic recording layer 22b
having a heavy thickness. [0034]       The first magnetic recording layer
22a was formed to have a 2 nm CoCrPt-Cr203 hcp crystal structure by
using a hard magnetic target made of CoCrPt containing chromium oxide
(0r203) as an example of a nonmagnetic substance. The nonmagnetic
substance segregated around a magnetic substance to form a grain
boundary. The magnetic grains formed a granular structure comprising
crystal grains grown in a columnar shape and a grain boundary portion of
the nonmagnetic substance formed between the crystal grains. The
magnetic grains epitaxially grew continuously from the granular structure
of the underlayer.  12 [0035]       The second magnetic recording layer 22b
was formed to have a 10 nm CoCrPt-Ti02 hcp crystal structure by using a
hard magnetic target made of CoCrPt containing titanium oxide (Ti02) as
an example of the nonmagnetic substance. In the second magnetic
recording layer 22b also, the magnetic grains formed a granular structure.
[0036]       In this exemplary embodiment, the first magnetic recording
layer 22a and the second magnetic recording layer 22b are formed by
using different materials (targets). Without being limited thereto, the
materials of these layers may be same in composition or kind. As the
nonmagnetic substance for forming a nonmagnetic domain, for example,
silicon oxide (SiO4, chromium (Cr), chromium oxide (Cr04, titanium oxide
(Ti02), zirconium oxide (Zr0 ), or tantalum oxide (Ta205) may be used. 



[0037]        As the continuous layer 24 as a characteristic of this
exemplary embodiment, a thin film (continuous layer) exhibiting high
perpendicular magnetic anisotropy and magnetically continuous in a film
plane direction is formed on the granular magnetic layer to form a CGC
(coupled granular continuous) structure. With this structure, high thermal
resistance of the continuous film is obtained in addition to a high-density
recording characteristic and a low-noise characteristic of the granular
layer. [0038]        The continuous layer 24 has a composition of CoCrPtB
and comprises a first continuous layer 24a as a lower layer and a second
continuous layer 24b as an upper layer. Boron (B) is contained because
boron has a noise reducing effect. [0039]  13       The medium protection
layer 28 was formed by depositing carbon by CVD while maintaining
vacuum and contains diamond-like carbon. The medium protection layer
28 is a protection layer for protecting the perpendicular magnetic
recording layer from impact of a magnetic head. Generally, carbon
deposited by CVD is improved in film hardness as compared with carbon
deposited by sputtering and is therefore capable of more effectively
protecting the perpendicular magnetic recording layer from the impact of
the magnetic head. If a bias voltage is increased in CVD, the film
hardness can be improved. [0040]       The lubrication layer 30 was formed
by depositing PFPE (perfluoropolyether) by dip coating. The lubrication
layer 30 has a thickness of about 1 nrn. 



[0041]       The continuous layer in the perpendicular magnetic recording
medium of the above-mentioned structure will be described further in
detail. Fig. 2 shows views for describing the structure of the continuous
layer, (c) being a view for describing the structure of the continuous layer
in this exemplary embodiment in Fig. 1, (a) and (b) being views for
describing structures of continuous layers to be compared with this
exemplary embodiment. Fig. 3 is a graph showing the relationship
between the thickness of a continuous layer of a single-layer structure
having a single monolithic composition and a coercive force. [0042]       At
first referring to Fig. 3, when the thickness of the continuous layer is
gradually increased starting from the case when no continuous film is
formed (the thickness is 0 nm), the coercive force Hc is increased and
then decreased. The present inventor diligently studied the
above-mentioned phenomenon and observed the following. In a lower part
of the continuous layer that is formed adjacently on the magnetic
recording layer (i.e., a part nearer to the magnetic  14 layer), Co epitaxialiy
grows in a columnar shape inheriting the granular structure of the
magnetic layer and Cr assumed to have a nature of segregating around
the magnetic substance (Co), like the nonrnagnetic substance contained
in the magnetic layer, actually segregates at a grain boundary to promote
the epitaxial growth. Towards an upper part of the continuous layer,
crystal growth along a film plane becomes predominant to shift into the
original nature of the continuous layer. [0043]       In the comparative
examples in (a) and (b) in Fig. 2, each of continuous layers 124 and 224 is
a single layer having a single monolithic composition with a constant
content ratio of CoCrPIB. Herein, the continuous layer 124 in Fig. 2 (a)
has a thin thickness thinner than 4 nm. On the other hand, the continuous
layer in Fig. 2 (b) has a heavy thickness within a range between 4 nm and
12 nm. In case of the continuous layer having the monolithic composition,
if the thickness is thicker, the coercive force Hc is increased and then
decreased as already described. This is presumably because a part 226
including the magnetic recording layer 22 and a lower part of the
continuous layer 224 that is formed adjacently on the magnetic recording
layer 22 and that inherits the nature of the magnetic recording layer 22
serves as a granular structure. [0044]       Fig. 2 (c) is a view for describing
the structure of the continuous layer according to the exemplary
embodiment in Fig. 1. The continuous layer 24 comprises two layers, i.e.,
the first continuous layer 24a and the second continuous layer 24b which
are different in composition from each other. The above-mentioned
structure is adopted so that the content of chromium in the first continuous
layer 24a is increased to increase the coercive force Hc and the content of
chromium in the second continuous layer 24b is decreased to improve the
overwrite characteristic and the S/N ratio. 



15 [0045]      The chromium content in the first continuous layer 24a is 18
to 20 at% while the chromium content in the second continuous layer 24b
is 15 to 18 at%. As shown in Fig. 3, if a layer has a higher chromium
content, the coercive force Hc can remarkably be increased as the
thickness of the layer is increased. Such increase in coercive force Hc is
assured by the first continuous layer 24a. [0046]       For example, a curve
20-14-B5 represents the chromium content of 20 at%, the platinum
content of 14 at%, and the boron content of 5 at%. As shown in Fig. 3, in a
layer having a higher chromium content, the coercive force Hc is
remarkably increased as the thickness is increased as described above.
[0047]       In Fig. 3, an arbitrary unit (au.) is given where the coercive
force Hc when "no continuous layer is formed" is defined as 1, so as to
indicate how the coercive force Hc is increased by providing the
continuous layer 24. Specifically, the coercive force Hc is increased as
follows. When Cr > 15 at%, it has been confirmed that the coercive force
Hc is improved by about 20 % or more. When the content of Cr is 12 at%,
the coercive force Hc is increased only by about 10 % and, therefore, the
continuous layer does not sufficiently act as a layer intended to increase
the coercive force Hc. Accordingly, the lower limit of Cr is 15 at%. [00481
As a result of the present inventors study, a sufficient coercive force can
not be obtained with the composition of 21-15-5. Because a sufficient
effect of improving characteristics is not expected merely by adopting the
two-layer structure, the upper limit of Cr need not specifically be
considered. Preferably, the content of Cr in the continuous layer 24 falls
within a range between 15 at% and 20 at%.  



16 [0049]      The Cr content of the second continuous layer 24b may be
considered as follows. The second continuous layer 24b is originally
intended to improve the overwrite characteristic. Therefore, the second
continuous layer 24b must have high saturation magnetization Ms as
compared with the first continuous layer 24a. Accordingly, the chromium
content of the second continuous layer 24b is smaller than 20 at% and is
smaller than the chromium content of the first continuous layer 24a. [0050]
In this exemplary embodiment, the continuous layer 24 comprises the two
layers. However, as long as the chromium content is greater in a layer
nearer to the magnetic recording layer, the number of layers forming the
continuous layer 24 is not limited to two but may be any desired number.
Furthermore, the continuous layer 24 need not obviously be separated
into a plurality of layers but is required to have a chromium content
increased towards the magnetic recording layer. It is desired that, as
shown in (6) and (c) in Fig. 2, the lower part of the continuous layer 24
that is formed adjacently on the magnetic recording layer 22 has a higher
chromium content to effectively improve the coercive force Hc while the
upper pan has a smaller chromium content to achieve noise reduction and
maintenance of the overwrite characteristic. [0051]       Fig. 4 is a graph
showing the relationship between a recording track width of the magnetic
recording medium and a bit error rate in case where the continuous layer
24 comprises two layers different in composition from each other and
when the thickness of the second continuous layer 24b is fixed while the
thickness of the first continuous layer 24a is variously changed. [0052] In
Fig. 4, CoCrPt-TiO2 has a composition of 20-15-B4 in the first  17 



continuous layer 24a having a greater chromium content and a
composition of 15-15-B5 in the second continuous layer 24b having a
smaller chromium content. [0053]      Fig. 4 plots the relationship between
the recording track width and the bit error rate when the thickness of the
second continuous layer 24b is fixed and the thickness of the first
continuous layer 24a is 0 nm, 1 nm, 2.5 nm, and 5 nm. [0054]      The bit
error rate as a horizontal axis in Fig. 4 is a value linked to the S/N ratio. A
smaller bit error rate (more minus) is desirable because noise is reduced
more. Referring to Fig. 4, noise is further reduced when the first
continuous layer 24a has a thickness of 1 nm and a thickness of 2.5 nm
as compared with the case where the first continuous layer 24a is not
formed (has a thickness of 0 nm). [0055]       However, if the first
continuous layer 24a is thickened to 5 nm, noise is increased on the
contrary. Accordingly, the first continuous layer 24a preferably has a
thickness greater than 0 and substantially not greater than 3 nm. [0056]
Fig. 5 is a graph, similar to Fig. 3, for determining the thickness of the
second continuous layer 24b. It is assumed here that the coercive force
Hc (1 on the horizontal axis in Fig. 5) of the magnetic recording layer 22
without the continuous layer 24 is 5000 oersted (Oe). According to Fig. 5,
the maximum coercive force obtained by providing the desired first
continuous layer 24a is 6000 oersted. The coercive force must be
decreased to the range of 4000 to 5000 oersted which is practically
useable. Specifically, the normalized coercive force in the graph of Fig. 5
must be decreased to about 0.8 to 1.  18 



From the tendency shown in the graph of Fig. 5, the thickness of the
second continuous layer 24b preferably falls within the range of
substantially 3 to 7 nm such that the coercive force Hc is 4000 to 5000
oersted (the normalized coercive force is about 0.8 to 1). [0057]
Although the preferred exemplary embodiment of this invention has been
described above with reference to the accompanied drawings, it is
needless to say that this invention is not limited to the above-described
embodiment. It is obvious that those skilled in the art can envisage various
alterations and modifications within the scope described in the claims, and
it will be understood that those alterations and modifications belong to the
technical scope of this invention. Industrial Applicability [0057]       This
invention is applicable to a perpendicular magnetic recording medium to
be mounted to an HDD (hard disk drive) or the like using a perpendicular
magnetic recording system.  19 CLAIMS        1. A perpendicular magnetic
recording medium comprising a magnetic recording layer haying a
granular structure composed of crystal grains containing cobalt (Co) and
grown in a columnar shape and a grain boundary portion comprising a
nonmagnetic substance and formed between the crystal grains, and a
continuous layer formed adjacently on the magnetic recording layer arid
comprising a thin film magnetically continuous in a film plane direction,
wherein: the continuous layer contains cobalt, chromium (Cr), and
platinum (Pt); 



the continuous layer has a chromium content increased towards the
magnetic recording layer.        2. The perpendicular magnetic recording
medium according to claim 1, wherein the continuous layer comprises two
layers including a lower layer and an upper layer, the lower layer having a
chromium content of 18 to 20 at%, the upper layer having a chromium
content of 15 to 18 at%.        3. The perpendicular magnetic recording
medium according to claim 1 or 2, wherein the nonmagnetic substance is
one or more materials selected from a group consisting of chromium
oxide, chromium, titanium oxide, silicon oxide, zirconium oxide, and
tantalum oxide.        4. The perpendicular magnetic recording medium
according to claim 2, wherein the lower layer has a thickness greater than
0 and substantially not greater than 3 nm, the upper layer having a
thickness substantially between 3 and 7 nm.        5. The perpendicular
magnetic recording medium according to any one of claims 1 to 4,
wherein the continuous layer further has a composition of
cobalt-chromium-platinum-boron (CoCrPtB) containing boron (B). 


