
FP03-0321-C DESCRIPTION  MAGNETIC RECORDING MEDIUM AND MAGNET IC RECORDING
DEVICE  Technical Field [0001] The present invention relates to a magnetic
5 recording medium on which data can be magnetically recorded,  and a
magnetic recording device employing the same.  Background Art [0002]
Perpendicular magnetic recording system, which  is capable of high density
recording in comparison with  10 conventional longitudinal magnetic
recording system, is known as a recording system of a magnetic recording
device such  as a hard disk. In a magnetic recording medium compatible
with the perpendicular magnetic recording, it has been  attempted to employ
magnetic recording layers such as Co/Pt 15 and Co/Pd having high coercive
force and a high squareness  ratio as well as high perpendicular magnetic
anisotropy. Use  of these materials gives a recording magnetic film
perpendicular magnetic anisotropy, which is high enough to  overcome an
increase in effects of thermal fluctuation. This 20 increase accompanies
finer recording bits caused by the shift  toward high density. [0003] For
example, a magnetic recording medium  achieving high coercive force and a
high squareness ratio  is known. In this magnetic recording medium,
thickness and 25 a thickness ratio of each layer are controlled in a
multilayer  film which is alternately formed by stacking magnetic layers 



1 FP03-0321-C such as Co and noble metal layers such as Pt. Alternatively,
this multilayer film is additionally laminated with  interposing
nonmagnetic layers such as Ag. [00041 Another magnetic recording medium is
known, in  5 which transition metal layers such as Co and noble metal
layers  such as Pt are alternately stacked on a foundation layer such  as
metal or oxide thin film and are heat-treated on the  predetermined
condition to achieve high coercive force and  a high squareness ratio. 10
[0005] Still another magnetic recording medium having  a multilayer is
known. This multilayer film is alternately  laminated with first layers and
second layers. The first  layers have platinum group layers such as Pt on
either side  of a transition metal layer such as Ag. A main ingredient  15
of the second layers is Co. [00061 Other magnetic recording media are also
known:  a magnetic recording medium in which a magnetic recording  layer is
formed by stacking a Co/Pd multilayer film on a single  crystal MgO
substrate; a magnetic recording medium in which 20 a Co/Pd multilayer film
is stacked on an approximately 30  nm-thick carbon foundation layer; and a
magnetic recording  medium in which a CoBO/PdBO multilayer film is stacked
on.  a metal foundation layer having a face-centered cubic structure.  25
Disclosure of the Invention 



[0007] To achieve a magnetic recording medium compatible 2 FP03-0321-0 with
further high density recording in the future, media noise  needs to be
reduced more than ever. Especially, reducing  transition noise between bits
is extremely effective for  reducing media noise of a perpendicular
magnetic recording 5 medium. In order to achieve this, it is mandatory to
fine  grain sizes of magnetic grains and reduce magnetic interaction
between magnetic grains. However, grain sizes are not fined  enough in
conventional magnetic recording media. In addition,  there is a problem
that trying to reduce magnetic interaction 10 results in extremely large
coercive force. Extremely large  coercive force will make a magnetic write
head difficult to  record data onto a magnetic recording medium. [0008] The
present invention has been devised to overcome  the foregoing difficulties.
An object of the present 15 invention is to provide a magnetic recording
medium capable  of reducing crystal grain size as well as magnetic
interaction  between magnetic grains without making coercive force
extremely large, and a magnetic recording device employing  the same. 20
[0009] The magnetic recording medium according to the  present invention
includes a seed layer containing at least  one metal selected from the
group consisting of Ag, Au, Pt,  Pd, Ru, and Cu; and a magnetic recording
layer formed on the  seed layer, the magnetic recording layer having a
plurality 



25 of laminated layers and a noble metal layer placed between  the
laminated layers, wherein the laminated layers includes 3 FP03-0321-00 a
transition metal element layer containing at least one metal  selected from
the group consisting of Co, Ni, and Fe and a  platinum group element layer
containing at least one metal  selected from the group consisting of Pt and
Pd, wherein the 5 noble metal layer contains at least one metal selected
from  the group consisting of Ag, Au, Ru, and Cu, and wherein a  relational
expression 0<Y/X<1.0 is satisfied, where X is  thickness of the seed layer,
and Y is a sum total of thickness  of the noble metal layer in the magnetic
recording layer. 10 [00101 According to the magnetic recording medium of
the  present invention, it is possible to reduce the crystal grain  size as
well as maintain coercive force of the magnetic  recording layer in a
preferred range while magnetic  interaction between magnetic grains in the
magnetic recording 15 layers is sufficiently reduced. [00111 Herein, it is
preferred that the magnetic  recording layer has a plurality of the noble
metal layers.  [00121 According to this, the plurality of noble metal
layers are interposed in the magnetic recording layer. 20 Accordingly, each
noble metal layer can be thinned in the  range satisfying the
aforementioned relational expression.  Thus, magnetic coupling between the
laminated layers, which  sandwich the noble metal layer, is hard to be
decoupled, and  



the magnetic recording layer is likely to have a single domain  25
structure in a thickness direction. [0013] An example of a specific
structure of the magnetic 4 FP03-0321-00 recording medium is as follows:
the laminated layers and the  noble metal layers are alternately stacked
for a plurality  of times. [ 00141 An example of a specific structure of
the laminated  5 layers in the magnetic recording medium is as follows: the
transition metal element layers and platinum group element  layers are
alternately stacked for a plurality of times.  [0015] Furthermore, the
thickness of each noble metal  layer is preferably at most 1 nm. 10 [00161
When the thickness of each noble metal layer is  at most 1 nm., magnetic
coupling between the laminated layers,  which sandwich the noble metal
layer, is hard to be decoupled,  and the magnetic recording layer is likely
to have a single  domain structure in the thickness direction. is [0017]
The thickness X of the seed layer is preferably  at least 1 nm. [00181
According to this, the seed layer plays a role  as a seed f or the crystal
grain growth of the magnetic recording  layer. 20 [0019] The magnetic
recording device according to the  present invention consists of any one of
the foregoing magnetic  recording media and a magnetic head for writing and
reading  



data onto and from the magnetic recording medium. Brief Description of the
Drawings 25 [00201 FIG. 1 is a sectional view showing a magnetic  recording
medium according to a first embodiment of the present 5 FP03--0321-C
invention.  [0021] FIG. 2 is a sectional view showing a magnetic  recording
medium according to a second embodiment of the  present invention. 5 [0022]
FIG. 3 is a table showing the structures and  characteristics of magnetic
recording media of Examples 1  to 5 and Comparative Examples 1 to 4. [00231
FIG. 4 is a view for explaining a method of deriving  cx from a
magnetization curve. 10 [0024] FIG. 5 is a perspective view showing a
magnetic  recording device according to an embodiment of the present
invention. Best Modes for Carrying Out the Invention [0025] Hereinafter,
preferred embodiments of a magnetic  15 recording medium according to the
present invention are  detailed with reference to the accompanying
drawings. Note  that the same reference numerals are given to the same or
equivalent elements in the descriptions of the drawings, and  redundant
descriptions are omitted. 20 [0026] (First Embodiment) FIG. 1 is a
sectional view of a magnetic recording medium  



100 of a first embodiment. The magnetic recording medium 100  comprises a
substrate 10, an under layer 6, a seed layer 20,  and a magnetic recording
layer 25. The substrate 10 is formed 25 of glass or the like. The under
layer 6 is formed on the  substrate 10 and contains a soft magnetic
material. The seed FP03-0321-0 layer 20 is formed on the under layer 6. The
magnetic recording  layer 25 is formed on the seed layer 20 and serves as a
perpendicular magnetic recording material. [00271 The under layer 6 forms a
magnetic circuit together  5 with a recording head when data is written
onto the magnetic  recording layer 25 (details will be described later).
[00281 The magnetic recording layer 2S is formed by  stacking laminated
layers 5 and noble metal layers 50  alternately for a plurality of times.
Herein, either the noble 10 metal layer SO or the laminated layer S may be
in contact  with the seed layer 20. Alternatively, the noble metal layer
50 or the laminated layer 5 may he in contact with the seed  layer 20
through other layer. [0029] The laminated layer 5 consists of a transition
15 metal element layer 30 and a platinum group element layer  40 stacked on
the transition metal element layer 30. Herein,  the order of stacking the
laminated layer 5 is not limited  to this. The transition metal element
layer 30 maybe stacked  on the platinum group element layer 40. 20 [00301
The platinum group element layer 40 contains at  least one metal selected
from the group consisting of Pt and  



Pd. The transition metal element layer 30 contains at least  one metal
selected from the group consisting of Co, Ni, and Fe.  25 [ 00311 Herein,
it is particularly preferred that Pd be used for the platinum group element
layer 40 and Co be used 7 FP03-0321-C for the transition metal element
layer 30. Accordingly,  magnetic anisotropy is increased. [0032] Moreover,
the noble metal layer 50 contains at  least one metal selected from the
group consisting of Ag,  5 Au, Pt, Pd, Ru, and Cu. [0033] The thicknesses
of the platinum group element  layer 40 and the transition metal element
layer 30 are set  so that the magnetic recording layer 25 to be formed may
exhibit  perpendicular magnetic anisotropy. For example, when Pd is 10 used
for the platinum group element layer 40 and Co is used  for the transition
metal element layer 30, the thickness of  the Pd layer can be set to 0.8
nm. The thickness of the Co  layer can be set to 0.1 nm. [0034] The seed
layer 20 contains at least one metal  15 selected from the group consisting
of Ag, Au., Pt, Pd, Ru,  and Cu. The seed layer 20 functions as a seed for
crystal  grain growth of the magnetic recording layer 25 and reduces  the
grain size. Reducing the grain size can reduce the media  noise. 20 [0035]
This magnetic recording layer 25 can be formed  



by stacking the transition metal layer 30, the platinum group  element
layer 40, and the noble metal layer 50 in order on  the seed layer 20 for a
plurality of times. [0036] Herein, the platinum group element layer 40, the
25 transition metal element layer 30, the noble metal layer 50  and the
seed layer 20 can be formed by thin film formation 8 FP03--0321-C process
such as sputtering. [0037] In the magnetic recording medium 100 of the
present embodiment, the thickness of the seed layer 20, the  thickness of
each noble metal layer 50, and the number of 5 times that the noble metal
layer is stacked are set to satisfy  the relational expression 0<Y/X<1.0
(1) where X is the thickness of the seed layer 20, and Y is the  sum total
of the thickness of each noble metal layer 50 in  10 the magnetic recording
layer 25. [0038] Herein, the number of times that the laminated  layer 5
and the noble metal layer 50 are stacked in the magnetic  recording layer
25 is not particularly limited as long as  the above relational expression
is satisfied. However, it 15 is preferred that the magnetic recording layer
25 have a  plurality of noble metal layers 50 in the range satisfying  the
relational expression. According to this, since the  plurality of noble
metal layers 50 are interposed in the  magnetic recording layer 25, each
noble metal layer 50 can 



20 be thinned in the range satisfying the relational expression  (1). Thus,
magnetic coupling between the laminated layers  5, which sandwich the noble
metal layer 50, becomes hard to  be decoupled, and the magnetic recording
layer is likely to  have a single domain structure in a thickness
direction. 25 [0039] According to this magnetic recording medium, the
thickness of the seed layer 20, the thickness of each noble 9 FP03-0321-0
metal layer 50, and the number of times that the noble metal  layer 50 is
stacked is set to satisfy the relational expression  (1). Accordingly, it
is possible to reduce the magnetic  interaction between the magnetic grains
in the magnetic 5 recording layer 25 sufficiently. Moreover, coercive force
of the magnetic recording layer 25 will not be extremely large.  Herein,
the magnetic interaction includes interaction by  exchange coupling. [0040]
Therefore, transition noise between bits during  10 writing and reading can
be reduced to improve recording density.  Simultaneously, it is possible to
record data suitably with  a magnetic write head. [0041] In a range
satisfying the relational expression  (1) , when Y/X is small, the magnetic
interaction between the  15 magnetic grains becomes small. Meanwhile, the
coercive force tends to increase. In the same range, when Y/X is large, the
magnetic interactionbetween the magnetic grains becomes large.  Meanwhile,
the coercive force tends to decrease. Thus, by  



adjusting Y/X in a range of the relational expression (1), 20 it is
possible to set the magnetic interaction between the  magnetic grains and
the coercive force to preferred values.  For example, a magnetic recording
medium can be obtained,  having coercive force suitable for the capability
of the  employing recording head and sufficiently reducing the 25 magnetic
interaction. [0042] Moreover, since the magnetic recording layer 25 10
FP03-0321-C has the noble, metal layer 50 inside, the crystal grain size
of the laminated layer 5 in the magnetic recording layer 25  is reduced.
Accordingly, it is possible to reduce transition  noise between bits during
writing and reading and increase  5 the recording density further. [0043]
Herein, the thickness of the seed layer 20 is  preferably at least 1 =, in
addition to satisfying the  relational expression (1) When the seed layer
20 is extremely  thin, the seed layer 20 has a tendency to play a role as a
10 seed for the crystal grain growth of the magnetic recording  layer 25
insufficiently. On the other hand, when the seed  layer 20 is extremely
thick, an effective recording magnetic  field is reduced between the under
layer 6 and the recording  head disposed on the other side of the under
layer 6 through 15 magnetic recording layer 25 during writing. Hence, an
SIN  ratio tends to be degraded. [00441 The thickness of the noble metal
layer 50 is  



preferably at most 1 nm, in addition to satisfying the  relational
expression (1) . When the noble metal layer 50 is 20 extremely thick,
especially, magnetic coupling between the  laminated layers 5, which are in
contact with either side  of the noble metal layer 50, is easily decoupled.
Therefore,  the magnetic recording layer 25 tends to have a multidomain
structure in the thickness direction. 25 [00451 The entire thickness of the
magnetic recording  layer 25 is preferably at most 40 nm, and more
preferably 11 FP03-0321-C at most 30 nm, in addition to satisfying the
relational  expression (1). When the magnetic recording layer 25 is
extremely thick, the effective recording field is reduced  between the
magnetic recording head and the under layer 6, 5 and thereby there is a
tendency that stable recording  magnetization is hard to be obtained.
[0046] (Second Embodiment) Next, a magnetic recording medium 200 according
to a  second embodiment will be described with reference to FIG.  10 2.
[0047] Unlike the magnetic recording medium 100 in the  first embodiment,
the magnetic recording medium 200 according  to the present embodiment has
laminated layers 9 and noble  metal layers 50 alternately stacked on a seed
layer 20 for 15 a plurality of times. Herein, either the noble metal layer
50 or the laminated layer 9 may be in contact with the seed  



layer 20. In addition, the noble metal layer 50 or the  laminated layer 9
may be in contact with the seed layer 20  through other layer. 20 [0048]
The laminated layer 9 is formed by stacking a  platinum group element layer
40 and a transition metal element  layer 30 alternately for a plurality of
times. The number  of times that the platinum group element layer 40 and
the  transition metal element layer 30 are stacked is not 25 particularly
limited as long as the number is plural.  [0049] The platinum group element
layer 40, the 12 FP03-0321-OC transition metal element layer 30, the noble
metal layer 50,  the seed layer 20, the under layer 6, and the substrate 10
are the same as those in the first embodiment. The order of  stacking the
platinum group element layer 40 and the transition 5 metal element layer 30
of the laminated layer 9 is not limited.  [0050] Also in the present
embodiment, the thickness of  the seed layer 20, the number of times that
the noble metal  layers 50 are stacked, and the thickness of each noble
metal  layer 50 are set to satisfy the relational expression (1), 10 where
X is the thickness of the seed layer 20, and Y is the  sum total of the
thickness of the noble metal layers 50 in  the magnetic recording layer 25.
[0051] Also in this magnetic recording medium 200, by  setting the
thickness X of the seed layer 20 and the sum total  15 Y of the thickness
of the noble metal layers 50 to satisfy 



the relational expression (1) similar to the first embodiment,  the
magnetic recording medium 200 exhibits the same operation  and effects as
that in the first embodiment. [0052] Moreover, preferred conditions for the
thickness  20 of the seed layer 20, the thickness of the noble metal layer
50, and the entire thickness of the magnetic recording layer  25 are the
same as those in the first embodiment. [0053] Next, the magnetic recording
media according to  the foregoing embodiments were prepared, and various 25
characteristics thereof were examined. [0054] First, the magnetic recording
media, which are 13 FP03-0321-00 the same as those in the first embodiment,
were prepared in  Examples 1 and 2. [00551 (Example 1) Under the reduced
pressure atmosphere, firstly, a 3.0  5 nm-thick Ag seed layer was formed on
a glass substrate.  Secondly, 0.1 nm-thick Co, 0. 8 nm-thick Pd, 0. 1
nn.-thick Co,  0.1 nm-thick Ag, 0.8 nm-thick Pd, 0. 1 nm-thick Co, 0. 1
nm-thick  Ag, and 0.8 nm--thick Pd were stacked. Thirdly, the stacking  was
repeated for eight times with this order 10 (Co/Pd/Co/Ag/Pd/Co/Ag/Pd) and
the same thickness of each layer.  Finally, 0.1 nm-thick Co and 0.6
nm-thick Pd were stacked.  The entire thickness of the magnetic recording
layer stacked  on the Ag seed layer was approximately 26.8 nm. The sum
total  of the thickness of the Ag layers in the magnetic recording 



15 layer was 1. 8 nm. At this time, the result of (Y/X) obtained  by (sum
total of the thickness of the Ag layers in the magnetic  recording
layer/the thickness of Ag seed layer) was 0.60.  [O0561 Herein, the Ag seed
layer and the Co, Pd, and Ag  layer were formed by employing DC sputtering
and setting a 20 vacuum reaching degree to 9x10-6 Pa before sputtering.
When  the Ag seed layer was formed, power was set to 150 W, and  the
atmosphere was set to Ar gas of 2 Pa. When the Co layer  was formed, power
was set to 140 W, and the atmosphere was  set to Ar gas of 0.3 Pa. When the
Pd layer was formed, power 25 was set to 36 W, and the atmosphere was set
to Ar gas of 2Pa.  When the Ag layer was formed, power was set to 150 W,
and 14 FP03-0321-OC the atmosphere was set to Ar gas of 2 Pa. [0057]
(Example 2 and Comparative Example 1) A magnetic recording medium of
Example 2 was prepared.  The magnetic recording medium of Example 2 was the
same as  5 that of Example 1, except that the thickness of the Ag seed
layer was set to 4.2 nm. In this case, Y/X was 0.43. Additionally, a
magnetic recording medium of Comparative  Example 1 was prepared. The
magnetic recording medium of  Comparative Example 1 was the same as that of
Example 1, except 10 that the thickness of the Ag layer in the magnetic
recording  layer was set to 0. 2 nm. The entire thickness of the magnetic
recording layer was 28. 6 nm, and the sum total of the thickness  of the Ag
layers in the magnetic recording layer was 3.6 nm  



so that Y/X was 1.2. is [0058] Moreover, a magnetic recording medium was
prepared in each of Examples 3 to 5, which was the same as  that of the
second embodiment. [0059] (Example 3) Under the reduced pressure
atmosphere, a 3 nm-thick  20 Ag seed layer was formed on the glass
substrate. A magnetic  recording layer was formed on the Ag seed layer with
the  following steps. Firstly, seven laminated layers, in which  Co (0. 1
nm) /Pd (0. 8 nm) were stacked in order from the Ag seed  layer side, were
stacked to form a laminated structure. 25 Secondly, a 0. 5 nm-thick Ag
noble metal layer was formed on  the laminated structure. Moreover, the
same laminated is FP03-0321--( structure and the same noble metal layer
were stacked twice  alternately. Furthermore, on the top, six laminated
layers,  in which Co (0.1 nm)/Pd(0.8 nm) were stacked in order from  theAg
seed layer side, were stacked. On the top, one laminated 5 layer, in which
Co (0.1 nm) /Pd (0.6 nm) were stacked in order  from theAg seed layer side,
was stacked. The entire thickness  of the magnetic recording layer stacked
on the Ag seed layer  was approximately 26.5 nm. In addition, the sum total
of the  thickness of the Ag layer in the magnetic recording layer 10 was
1.5 nm. Y/X was 0.5. The sputtering conditions and the  like were the same
as those in Example 1. [0060] (Examples 4 and 5) 



A magnetic recording medium of Example 4 was prepared.  The magnetic
recording medium of Example 4 was the same as  15 that of Example 3, except
that the thickness of the noble metal layer was set to 0.8 nm. A magnetic
recording medium  of Example 5 was prepared. The magnetic recording medium
of  Example 5 was the same as that of Example 3, except that the  thickness
of the noble metal layer was set to 1.0 rim. The  20 entire thickness of
the magnetic recording layer was approximately 27.4 nm in the magnetic
recording medium of  Example 4. The sum total of the thickness of the Ag
layers  in the magnetic recording layer of Example 4 was 2.4 nm, and  Y/X
was 0. B. The entire thickness of the magnetic recording 25 layer was
approximately 28.0 nm in the magnetic recording  medium of Example 5. The
sum total of the thickness of the 16 FP03-0321-( Ag layers in the magnetic
recording layer of Example 5 was  3.0 nm. Thus, Y/X became 1.0. [00611
(Comparative Examples 2 and 3) A magnetic recording medium of Comparative
Example 2  5 was prepared. The magnetic recording medium of Comparative
Example 2 was the same as that of Example 3, except that the  thickness of
the noble metal layer was set to 1. 5 ran. A magnetic  recording medium of
Comparative Example 3 was prepared. The  magnetic recording medium of
Comparative Example 3 was the 10 same as that of Example 5, except that the
thickness of the  Ag seed layer was set to 2. 0 nm. The entire thickness of
the  



magnetic recording layer was approximately 29.5 nm in the  magnetic
recording medium of Comparative Example 2. The sum  total of the thickness
of the Ag layer was 4.5 nm in the magnetic 15 recording layer of
Comparative Example 2, and Y/X was 1.5.  The entire thickness of the
magnetic recording layer was  approximately 28.0 nm in the magnetic
recording medium of  Comparative Example 3. The sum total of the
thicknesses of  the Ag layers was 3.0 nm in the magnetic recording layer of
20 Comparative Example 3, and Y/X was 1.5. [00621 (Comparative Example 4)
On a 3 nm-thick Ag seed layer, 0. 1 nm-thick Co and 0. 8  nm-thick Pd were
stacked for 27 times as a total. Moreover,  on the top, 0. 1 nm-thick Co
and 0. 6 nm-thick Pd were stacked 25 to create a magnetic recording medium
of Comparative Example  4. The sputtering conditions for the stacking were
the same 17 FP03-0321-C as those in the aforementioned Example 1. The sum
total of  the thickness of the Ag layer in the magnetic recording layers
was 0.0 nm in the magnetic recording medium of Comparative  Example 4, and
Y/X was 0.0. 5 [00631 The total thickness of the Co layers and the Pd
layers in Examples I to S and Comparative Example 1 to 4 were  all 25nm.
Conditions and the like for each magnetic recording  medium are listed in
table in Fig. 3. [0064] A magnetization curve of each magnetic recording
10 medium thus obtained was measured by VSM (Vibrating Sample  



Magnetometer), and coercive force Hc was derived. At the same  time, the
crystal grain size was measured by AFM, and the  each average crystal grain
size was obtained. In addition,  interaction parameter cx was derived based
on the magnetization is curve in a direction perpendicular to the magnetic
recording  layer of the magnetic recording medium. The interaction
parameter indicates the degree of intensity of magnetic  interaction
between the magnetic grains in the magnetic  recording layer. Specifically,
as shown in FIG. 4, 20 inclination of the magnetization curve in the
perpendicular  direction, in other words, dM/dH was derived and set as the
interaction parameter o~. Herein, "a=l" indicates that there  is no
magnetic interaction between the magnetic grains. In  the case where u is
larger than 1, the larger cx is, the stronger 25 the magnetic interaction
between the magnetic grains is.  These results are listed in Fig .3. 18
FP03-0321-C [0065] In Comparative Example 4 withoutAg layers in the
magnetic recording layer, coercive force He became 601kA/m,  which was
extremely large, although a was sufficiently low.  In addition, the crystal
grain size was 30 nm, thus grains  5 were not sufficiently fined. [0066] In
Comparative Examples 1 to 3 incorporating Ag  layers in the magnetic
recording layer under the condition  of Y/X>1, the coercive force He was
reduced by incorporating  the Ag layers. However, a exceeds 1.5. Thus, it
is not  



10 preferred. (00671 By contrast, in Examples 1 to 5 incorporating Ag
layers in the magnetic recording layers under the condition  of 0<Y/X<1, a
was maintained at most 1.5 while the coercive  force He was suppressed to
at most 520 kA/m. Thus, it was 15 confirmed that the magnetic recording
media in Examples 1  to 5 were preferred as perpendicular magnetic
recording media.  Note that a is preferably set to at most 1.5 to perform
high  density perpendicular recording of 200 Gbpsi. [0068] As apparent from
the tendencies of Examples I and  20 2, or 3 to 5, there are following
tendencies. That is, the  smaller Y/X is, the smaller a is and the larger
the coercive  force He is. In addition, the larger Y/X is, the larger a  is
and the smaller the coercive force He is. Accordingly,  by adjusting Y/X, a
and He can be set in a preferred ratio. 25 [0069] As shown in Examples 1 to
5 and Comparative  Examples 1 to 3, the crystal grain size became 20 nm in
the 19 FP03-0321-C structure having an Ag layer interposed between a pair
of  laminated layers in the magnetic recording layers. The  structure has
effects on reducing the crystal grain size  compared with the case where
the Ag layer interposed between 5 a pair of laminated layers is not
included in the magnetic  recording layer as in Comparative Example 4.
[0070] Note that, in Examples 1 to 5, the coercive force  He is sufficient
since the coercive force exceeds 280 kA/m  



(3.5kOe), which is required for a magnetic recording medium.  10 [0071]
Note that, the magnetic recording medium according to the present invention
is not limited to the  foregoing embodiments and can take various
modification forms.  [0072] For example, although the magnetic recording
medium has the plurality of noble metal layers 50 in the 15 aforementioned
embodiments, the magnetic recording medium  is not limited to this. That
is, it is necessary for the  magnetic recording medium only to have the
plurality of  laminated layers 5 and a noble metal layer 50 between at
least  a pair of laminated layers 5 and 5. 20 [0073] (Third Embodiment)
Next, a magnetic recording device 300 according to the  present invention
will be described with reference to FIG.  5. The magnetic recording device
300 according to the present  invention comprises the aforementioned
magnetic recording 25 medium 100 and a magnetic head 400 for writing and
reading  data onto and from the magnetic recording medium 100. Herein, 20
FP03-0321-( the magnetic recording medium 200 of the second embodiment  may
be employed as the magnetic recording medium, instead  of the magnetic
recording medium 100 of the first embodiment.  [0074] The magnetic head 400
comprises a recording head 5 401 which is a single-pole type, a reading
element 402, and  a shield 403. The magnetic head 400 is disposed to face
the  magnetic recording layer 25 of the magnetic recording medium  



100. [0075] The recording head 401 is constituted by a first  10 magnetic
pole 401a, a second magnetic pole 401b, a connecting  part 401c, and an
exciting coil 404. The second magnetic  pole 401b is separated from the
first magnetic pole 401a with  a predetermined space along the surface of
the magnetic  recording medium 100. The connecting part 401c connects the
15 first and second magnetic poles 401a and 401b at a position  separated
from the magnetic recoding medium 100 in a  predetermined space. The
exciting coil 404 is wound around  the connecting part 401c. [0076] A
sectional area of a portion facing the magnetic  20 recording medium 100 in
the first magnetic pole 401a, which  is taken along the magnetic recording
medium 100, is smaller  than a sectional area of a portion of the second
magnetic  pole 401b facing the magnetic recording medium 100. Magnetic
flux generated by the exciting coil 404 passes through the 25 connecting
part 401c and is converged at the first magnetic  pole 401a. The magnetic
flux further passes through the 21 FP03-0321-( magnetic recording layer 25
and goes back in a direction toward  the second magnetic pole 401b (left
direction in the drawing)  along the under layer 6. While the magnetic flux
is spread,  the magnetic flux passes through the magnetic recording layer 5
25 again and goes back to the second magnetic pole 401b. In  other words,
the under layer 6 forms a magnetic circuit together  



with the recording head 401 and has an effect to draw the  magnetic flux.
[00773 The reading element 402 is disposed between the  10 shield 403 and
the second magnetic pole 401b of the recording  head 401. The second
magnetic pole 401b also functions as  the other shield of the reading
element 402. The reading  element 4 02 is, for example, an magnetoresistive
element such  as GMR. 15 [0078] In the magnetic recording device 3 0 0, the
magnetic  head 400 and the magnetic recording medium 100 are in relative
motion at a predetermined speed. The reading element 402 reads  out data by
reading a magnetic leakage field from the magnetic  recording layer 25 of
the magnetic recording medium 100. In 20 addition, the recording head 401
records data on the magnetic  recording layer 25 of the magnetic recording
medium 100 by  the magnetic flux from the first magnetic pole 401a.  [00791
According to this magnetic recording device 300,  the aforementioned
magnetic recording medium is employed. 25 Thus, the magnetic head 4 0 0 can
suitably perform the recording,  and the transition noise between bits is
reduced. Therefore, 22 FP03-0321-( the preferable data can be read out and
written suitably.  Industrial Applicability [00801 The magnetic recording
medium and magnetic  recording device of the present invention can be
utilized  5 in a storage device such as a hard disk and the like. 



23 FP03-0321-( CLAIMS  1. A magnetic recording medium, comprising: a seed
layer containing at least one metal selected  from the group consisting of
Ag, Au, Pt, Pd, Ru, and Cu; and  5 a magnetic recording layer formed on
said seed layer, said magnetic recording layer having a plurality of
laminated  layers and a noble metal layer placed between said laminated
layers, wherein said laminated layers includes a transition  10 metal
element layer containing at least one metal selected  from the group
consisting of Co, Ni, and Fe and a platinum  group element layer containing
at least one metal selected  from the group consisting of Pt and Pd;
wherein said noble metal layer contains at least one  is metal selected
from the group consisting of Ag, Au, Ru, and  Cu; and wherein a relational
expression O<Y/X<1. 0 is satisfied,  where X is thickness of said seed
layer, and Y is a sum total  of thickness of said noble metal layer in said
magnetic  20 recording layer. 2. The magnetic recording medium according to
claim  1, wherein said magnetic recording layer has a plurality of  said
noble metal layers. 3. The magnetic recording medium according to claim  25
2, wherein said laminated layers and said noble metal layers  



are stacked alternately for a plurality of times. 24 FP03-0321-( 4. The
magnetic recording medium according to one of  claims 1 to 3, wherein said
laminated layers are formed by  stacking said transition metal element
layer and said platinum  group element layer alternately for a plurality of
times. 5 S. The magnetic recording medium according to one of  claims 1 to
4, wherein the thickness of each of said noble  metal layer is at most 1
nm. 6. The magnetic recording medium according to one of  claims 1 to 5,
wherein the thickness X of said seed layer  10 is at least 1 rim. 7. A
magnetic recording device, comprising:  saidmagnetic recording medium
according to one of claims  1 to 6; and a magnetic head for writing and
reading data onto and  15 from said magnetic recording medium. 25  ABSTRACT
The magnetic recording medium includes a seed layer 20 and a magnetic
recording layer 25 formed on the seed layer  20. The magnetic recording
layer 25 is provided with a  plurality of laminated layers 5 and a noble
metal layer 50.  The laminated layer 5 includes a transition metal element
layer 30 and a platinum group element layer 40. The noble  



metal layer 50 is interposed between the laminated layers  5. The magnetic
recording medium satisfies the relational expression 0[err]Y/X[err]1.0,
where X is the thickness of the seed  layer 20, and Y is the sum total of
the thickness of the noble  metal layer 50 in the magnetic recording layer
25.  


