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BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention
relates to perpendicular magnetic recording media, and 5 more particularly,
to a perpendicular magnetic recording medium with a high thermal stability
and a high recording density.  2. Description of the Related Art  A
perpendicular magnetic recording method is used in hard disk driver (HDD),
10 which are widely used as data storage devices, to increase the recording
density and capacity thereof. In a perpendicular magnetic recording method,
a magnetization is oriented perpendicularly to the film plane of a
recording medium to increase the recording density of the recording medium.
In addition, in order to increase the thermal stability and recording
density of perpendicular magnetic recording media, several key features of
media should be satisfied such as strong perpendicular magnetic anisotropy
energy over 10e6 erg/cc, small average grain size, narrow distribution of
grain size and small magnetic domains. 15 In conventional perpendicular
magnetic recording media, as perpendicular magnetic recording anisotropic
energy increases, crystal grains or magnetic domains 20 enlarge. Likewise,
as crystal grains or magnetic domains diminish, perpendicular magnetic
recording anisotropic energy decreases. FIG. 1 shows the layer structure of
a conventional perpendicular magnetic recording medium. FIG. 2 shows the
layer structure of a conventional perpendicular magnetic recording medium
having a double magnetic layer. Referring to FIGS. 1 and 2, the two
conventional perpendicular magnetic recording media have a perpendicular
orientation underlayer 102 and a soft magnetic layer 202 that are placed
below perpendicular magnetic recording layers 103 and 203, respectively. 25
To be more specific, as shown in FIG. 1, the perpendicular orientation 30
underlayer 102 is placed on the upper surface of a substrate 101, and the
perpendicular magnetic recording layer 103 is placed on the perpendicular
orientation underlayer 102. A protection layer 104 is placed on the
perpendicular magnetic recording layer 103 to protect the perpendicular
magnetic recording layer 1   ,, 103. Thereafter, a lubricating layer 105 is
placed on the protection layer 104 to protect the perpendicular magnetic
recording layer 103 and the protection layer 104 against collisions with a
data writing/reading head slider and to induce a smooth sliding of the head
slider. s Referring to FIG. 2, the conventional perpendicular magnetic
recording medium with a double magnetic recording layer has the soft
magnetic layer 202 instead of the perpendicular orientation underlayer 102
of FIG. 1. The soft magnetic layer 202 is formed on a substrate 201. The
perpendicular magnetic recording layer 203 is placed on the soft magnetic
layer 202. A protection layer 204 and a lubricating layer 205 are
sequentially formed on the perpendicular magnetic recording layer 203. Each
of the two conventional recording media has a perpendicular magnetic
recording layer. The perpendicular magnetic recording layer is formed of a
material with a large perpendicular anisotropy energy (Ku) to secure a high
thermal stability 



~s required upon high-density recording. However, the material with a large
perpendicular anisotropy energy provides large crystal grains and large
magnetic domains and generates large noise and accordingly is not
adequately helpful to achieve high-density recording. Meanwhile, if a
material with small crystal grains and small magnetic domains is used,
high-density recording can be achieved with an 2o excellent signal-to-noise
ratio (SNR), but thermal stability cannot be secured because of its small
perpendicular magnetic anisotropic energy (Ku). SUMMARY OF THE INVENTION
The present invention provides a perpendicular magnetic recording medium 2s
which has an increased recording density by increasing perpendicular
magnetic anisotropic energy and reducing the sizes of crystal grains and
magnetic domains. According to an aspect of the present invention, there is
provided a perpendicular magnetic recording medium including: at least two
perpendicular magnetic recording layers and a substrate which supports the
perpendicular so magnetic recording layers. Each of the perpendicular
magnetic recording layers has different physical/magnetic properties and is
formed of materials of the other layer such that the layer compensates
compensate the different physical/magnetic properties.  2   p j oora~ In
the perpendicular magnetic recording medium, the perpendicular magnetic
recording layers are selected from the group consisting of a layer for
improving perpendicular magnetic anisotropic energy (Ku), a layer for
reducing the size of crystal grains, a layer for reducing the size of
magnetic domains, a layer for s increasing an SNR, a layer for improving
signal output, a layer for reducing noise, a layer for improving the
uniformity of crystal grain sizes, and a layer for improving the uniformity
of magnetic domain sizes. According to an embodiment of the perpendicular
magnetic recording medium, first and second perpendicular magnetic
recording layers are included. The first perpendicular magnetic recording
layer has smaller crystal grains than the crystal grains of the second
perpendicular magnetic recording layer, and the second perpendicular
magnetic recording layer has greater perpendicular magnetic anisotropic
energy (Ku) than the first perpendicular magnetic recording layer.
According to another embodiment of the perpendicular magnetic recording ~s
medium, first and second perpendicular magnetic recording layers are
included. The first perpendicular magnetic recording layer has greater
perpendicular magnetic anisotropic energy (Ku) than the second
perpendicular magnetic recording layer, and the second perpendicular
magnetic recording layer is used to reduce noise. According to still
another embodiment of the perpendicular magnetic 2o recording medium, a
perpendicular magnetic recording layer is used to improve perpendicular
magnetic anisotropic energy (Ku), and another perpendicular magnetic
recording layer is used to reduce the size of crystal grains.
Alternatively, a 



perpendicular magnetic recording layers is used to improve perpendicular
magnetic anisotropic energy (Ku), and another perpendicular magnetic
recording layer is used 25 to reduce the size of magnetic domains.
Alternatively, a perpendicular magnetic recording layers is used to improve
perpendicular magnetic anisotropic energy (Ku), and another perpendicular
magnetic recording layer is used to increase the uniformity of crystal
grain sizes. Alternatively, a perpendicular magnetic recording layers is
used to improve signal output, and another perpendicular magnetic so
recording layer is used to reduce noise. Alternatively) the first
perpendicular magnetic recording layer has higher perpendicular magnetic
anisotropic energy (Ku) than the second perpendicular magnetic recording
layer. In the perpendicular magnetic recording medium, the perpendicular
magnetic recording layers have either crystalline structures or amorphous
structures. 3    Alternatively, one of the first and second perpendicular
magnetic recording layers has a crystalline structure, and the other
perpendicular magnetic recording layer has an amorphous structure. Both the
perpendicular magnetic recording layers have magnetic domains that are
either physically disconnected from one another or connected to one
another. Alternatively, one of the first and second perpendicular magnetic
recording layers has magnetic domains that are physically disconnected from
one another, and the other perpendicular magnetic recording layer has
magnetic domains that are physically connected to one another. ~o BRIEF
DESCRIPTION OF THE DRAWINGS The above and other features and advantages of
the present invention will become more apparent by describing in detail
exemplary embodiments thereof with reference to the attached drawings in
which: 15 FIG. 1 shows the layer structure of a conventional perpendicular
magnetic recording medium with a single magnetic layer; FIG. 2 shows the
layer structure of a conventional perpendicular magnetic recording medium
with a double magnetic layer; FIG. 3 shows the layer structure of a
perpendicular magnetic recording 2o medium with a single magnetic recording
layer according to a first embodiment of the present invention; FIG. 4
shows the layer structure of a perpendicular magnetic recording medium with
a double magnetic recording layer according to a first embodiment of the
present invention; 2s FIG. 5 shows the layer structure of a perpendicular
magnetic recording medium with a single magnetic recording layer according
to a second embodiment of the present invention; FIG. 6 shows the layer
structure of a perpendicular magnetic recording medium with a double
magnetic recording layer according to a second embodiment so of the present
invention; FIG. 7 shows the layer structure of the perpendicular magnetic
recording medium of FIG. 3 in which specific materials are applied to form
its component layers; 



4   r la~r~3 FIG. 8 shows the magnetic hysteresis loops of perpendicular
magnetic recording media 2 and 3 according to the present invention and a
conventional perpendicular magnetic recording medium 1; FIG. 9 is a graph
showing a perpendicular anisotropic energy (Ku) and a s coercive force (Hc)
between each of the perpendicular magnetic recording media 2 and 3
according to the present invention and the conventional perpendicular
magnetic recording medium 1; FIG. 10 is a graph showing the results of a
spectral analysis of the perpendicular magnetic recording medium 2
according to the present invention; FIG. 11 is a graph showing the results
of a spectral analysis of the perpendicular magnetic recording medium 3
according to the present invention; and FIG. 12 is a graph showing the
results of the measurement of the SNR of a perpendicular magnetic recording
medium according to the present invention. ~5 DETAILED DESCRIPTION OF THE
INVENTION A perpendicular magnetic recording medium with a single magnetic
recording layer according to a first embodiment of the present invention is
shown in FIG. 3. Referring to FIG. 3, a perpendicular orientation
underlayer 302 is deposited on a substrate 301. First and second
perpendicular magnetic recording layer 303 and 20 304 are sequentially
formed on the perpendicular orientation underlayer 302. The first
perpendicular magnetic recording layer 303 is formed by depositing a
material that reduces noise. The second perpendicular magnetic recording
layer 304 is formed by depositing a material with a high perpendicular
magnetic anisotropic energy to improve a thermal stability. A protection
layer 305 and a lubricating layer 25 306 are formed on the second
perpendicular magnetic recording layer 304. A perpendicular magnetic
recording medium with a double magnetic recording layer according to a
first embodiment of the present invention is shown in FIG. 4. Referring to
FIG. 4, a soft magnetic layer 402 is deposited on a substrate 401, and a
perpendicular orientation underlayer 403 is formed on the soft magnetic
layer 402. 3o First and second perpendicular magnetic recording layers 404
and 405 are sequentially formed on the perpendicular orientation underlayer
403. The first perpendicular magnetic recording layer 404 is formed by
depositing a material that reduces noise. The second perpendicular magnetic
recording layer 405 is formed by depositing a material with a high
perpendicular magnetic anisotropic energy to   Pr~~U~ improve a thermal
stability. A protection layer 406 and a lubricating layer 407 are
sequentially formed on the second perpendicular magnetic recording layer
405. A perpendicular magnetic recording medium with a single magnetic
recording layer according to a second embodiment of the present invention
is shown in FIG. 5. s Referring to FIG. 5, a perpendicular orientation
underlayer 502 is placed on a 



substrate 501. First and second perpendicular magnetic recording layer 503
and 505 are positioned on the perpendicular orientation underlayer 502. An
intermediate layer 504 for improving the characteristics of the second
perpendicular magnetic recording layer 505 is placed between the first and
second perpendicular ~o magnetic recording layers 503 and 505. A protection
layer 305 and a lubricating layer 306 are formed on the second
perpendicular magnetic recording layer 505. A perpendicular magnetic
recording medium with a double magnetic recording layer according to a
second embodiment of the present invention is shown in FIG. 6. Referring to
FIG. 6, a soft magnetic layer 602 is deposited on a substrate 601, and a 15
perpendicular orientation underlayer 603 is formed on the soft magnetic
layer 602. A first perpendicular magnetic recording layer 604, an
intermediate layer 605, and a second perpendicular magnetic recording layer
606 are sequentially formed on the perpendicular orientation underlayer
603. The intermediate layer 605 is formed by depositing a material that can
improve the physical/magnetic characteristics of the 2o second
perpendicular magnetic recording layer 606. A protection layer 607 and a
lubricating layer 608 are sequentially formed on the second perpendicular
magnetic recording layer 606. FIG. 7 shows the perpendicular magnetic
recording medium of FIG. 3 in which its component layers are formed of
specific materials. Referring to FIG. 7, a Ti 25 perpendicular orientation
underlayer 702 is formed on a substrate 701 to improve the orientation of
first and second perpendicular magnetic recording layers 703 and 704. The
first perpendicular magnetic recording layer 703 is formed by depositing
CoCrNbPt, and the second perpendicular magnetic recording layer 704 is
formed by depositing CoCrBPt. A protection layer 705 is formed on the
second CoCrBPt 3o perpendicular magnetic recording layer 704 by depositing
diamond like carbon (DLC). A lubricating layer 706 is formed on the DLC
protection layer 705. FIG. 8 shows the magnetic hysteresis loops of
perpendicular magnetic recording media manufactured according to the
embodiment of FIG. 7 and of a conventional perpendicular magnetic recording
medium. 6   ~~~ol~ i Referring to FIG. 8, reference numeral 1 denotes the
magnetic hysteresis loops of conventional perpendicular magnetic recording
media having a layer structure of "DLC/CoCrNbPt/Ti/substrate". Reference
numerals 2 and 3 denote the magnetic hysteresis loops of perpendicular
magnetic recording media having a layer s structure of
"DLC/CoCrBPtICoCrNbPtITi/substrate". In contrast with the conventional
recording medium 1, the recording media 2 and 3 according to the present
invention each has a CoCrBPt layer between the DLC protection layer and the
CoCrNbPt perpendicular magnetic recording layer. The recording media 2 and
3 according to the present invention have a difference in that the ratio of
the thickness of the second CoCrBPt perpendicular magnetic recording layer
to that of the first CoCrNbPt perpendicular magnetic recording layer is
different from each other. As shown in FIG. 8, the perpendicular magnetic
recording media according to the present invention having the CoCrBPt
perpendicular magnetic recording layer ~ s with a high perpendicular
magnetic anisotropic energy deposited on the CoCrNbPt perpendicular
magnetic recording layer has a significantly increased coercivity (Hc) and
a significantly increased squarenes. FIG. 9 is a graph showing the
perpendicular anisotropic energy (Ku) and the coercivity (Hc) of the
conventional perpendicular magnetic recording medium 1 with 



2o a layer structure of "DLC/CoCrNbPt/Tilsubstrate" and the perpendicular
magnetic recording media 2 and 3 according to the present invention with a
layer structure of "DLC/CoCrBPt/CoCrNbPtJTi/substrate". Referring to FIG.
9, the perpendicular magnetic recording media 2 and 3 according to the
present invention have higher perpendicular anisotropic energy (Ku) 2s and
higher coercivity (Hc) than those of the conventional perpendicular
magnetic recording medium 1. This indicates a great increase in the thermal
stability. FIGS. 10 and 11 are graphs showing the results of spectral
analyses about the perpendicular magnetic recording media 2 and 3 according
to the present invention, respectively, with respect to the recording
density (kFCI) of the recording 3o media 2 and 3. It can be known from
FIGS. 10 and 11 that at a recording density of 900kFCl or greater,
recording can be achieved and an excellent output can be obtained. FIG. 12
is a graph showing the SNR values of perpendicular magnetic recording media
1 and 2 according to the present invention and a conventional    ~tdvt73
perpendicular magnetic recording medium 3 that has a high SNR. As shown in
FIG. 12, all of the three recording media 1, 2, and 3 have positive SNR
values at a recording density of 500 kFCI or greater, and the recording
media 1 and 2 according to the present invention have the same SNR as that
of the conventional recording 5 medium 3 that generates low noise. In the
perpendicular magnetic recording media according to the present invention,
both first and second perpendicular magnetic recording layers may be formed
of at least one alloy selected from the group of a CoCr alloy, a NiFe
alloy, a Feet alloy, an Fe alloy, a Co alloy, a Ni alloy, a Pd alloy, a Pt
alloy, and an alloy containing at least one material among Nd, Pd, Ru, B,
and Nb. At least one underlayer is placed between the substrate and a pair
of first and second perpendicular magnetic recording layers. The underlayer
is formed of an alloy containing either one material or at least two
materials selected from Pt, Au, Ag, Pd, Ti, Ta, B, Nb, Co, Fe, Ni, Cu, Mo,
Ru, Ta, C, Oxide, and Si. 15 Alternatively, both first and second
perpendicular magnetic recording layers may be formed of either a CoCrPt
alloy or CoCrPtX (X = B, Nb, Ta, O, or C) alloy. However, the first
perpendicular magnetic recording layer contains Pt by 10% or greater, while
the second perpendicular magnetic recording layer contains Pt by 10% or
less. 2o As another alternative, first and second perpendicular magnetic
recording layers may be formed of a CoCrPt alloy and a CoCrPtX (X = B) Nb,
Ta, O) or C) alloy, respectively. As still another alternative, the first
and second perpendicular magnetic recording layers may be formed of a
CoCrNbPt alloy and a CoCrBPt alloy, respectively. 2s As still yet another
alternative, first and second perpendicular magnetic recording layers may
be formed of a CoCrPt alloy and a CoCrBPt alloy, respectively.
Alternatively, the first and second perpendicular magnetic recording layers
may be formed of a CoCrPt alloy and a CoCrNbPt alloy, respectively. The
first and second perpendicular magnetic recording layers can be formed so
of an alloy containing Co, Cr, and Pt. Alternatively, one of the first and
second perpendicular magnetic recording layers can be formed of an alloy
containing CoCrPtX (X = B, Nb, Ta, O, and C). Preferably, each of the first
and second perpendicular magnetic recording layers has a thickness of 50nm
or less, and the s   first and second perpendicular magnetic recording
layers make a thickness of 200nm or less. Both the first and second
perpendicular magnetic recording layers have lattice matching structures.
Alternatively, one of the first and second perpendicular s magnetic
recording layers has a lattice matching structure, and the other one has a
lattice mismatching structure. In the above-described embodiments, the
second perpendicular magnetic recording layer is placed on the first
perpendicular magnetic recording layer. However, the first perpendicular
magnetic recording layer may be placed on the 



second perpendicular magnetic recording layer. As long as a provisory
clause is not mentioned in the accompanying claims, the stacking order of
the first and second perpendicular magnetic recording layers may also be
construed as the second and first perpendicular magnetic recording layers
are sequentially stacked. Perpendicular magnetic recording media according
to the present invention still have a good thermal stability and a high
SNR, which are the advantages of conventional perpendicular magnetic
recording media, and are additionally suitable for ultra-high density
recording. While the present invention has been particularly shown and
described with reference to exemplary embodiments thereof, it will be
understood by those of 20 ordinary skill in the art that various changes in
form and details may be made therein without departing from the spirit and
scope of the present invention as defined by the following claims. s
prn~r~3 What is claimed is: 1. A perpendicular magnetic recording medium
comprising: at least a first and a second perpendicular magnetic recording
layer; and a substrate supporting the first and the second perpendicular
magnetic s recording layers, wherein the first and the second perpendicular
magnetic recording layers have different physical/magnetic properties and
are formed of materials that compensate the different physical/magnetic
properties. 2. The perpendicular magnetic recording medium of claim 1,
wherein the first and the second perpendicular magnetic recording layers
are selected from the group consisting of a layer for improving
perpendicular magnetic anisotropic energy (Ku), a layer for reducing the
size of crystal grains, a layer for reducing the size of magnetic domains,
a layer for increasing SNR, a layer for improving signal output, a 15 layer
for reducing noise, a layer for improving the uniformity of crystal grain
sizes, and a layer for improving the uniformity of magnetic domain sizes.
3. The perpendicular magnetic recording medium of claim 1, wherein the
first perpendicular magnetic recording layer has smaller crystal grains
than the 2o crystal grains of the second perpendicular magnetic recording
layer, and the second perpendicular magnetic recording layer has higher
perpendicular magnetic anisotropic energy (Ku) than the first perpendicular
magnetic recording layer. 4. The perpendicular magnetic recording medium of
claim 1, wherein the 25 first perpendicular magnetic recording layer has
higher perpendicular magnetic anisotropic energy (Ku) than the second
perpendicular magnetic recording layer, and the second perpendicular
magnetic recording layer is used to reduce noise. 5. The perpendicular
magnetic recording medium of claim 1, wherein one 30 of the first and
second perpendicular magnetic recording layer is used to improve
perpendicular magnetic anisotropic energy (Ku), and the other perpendicular



magnetic recording layer is used to reduce the size of crystal grains. ~o
p~ vv~~~l 6. The perpendicular magnetic recording medium of claim 1,
wherein one of the first and second perpendicular magnetic recording layers
is used to improve perpendicular magnetic anisotropic energy (Ku), and the
other perpendicular magnetic recording layer is used to reduce the size of
magnetic domains. 5 7. The perpendicular magnetic recording medium of claim
1, wherein one of the first and second perpendicular magnetic recording
layers is used to improve perpendicular magnetic anisotropic energy (Ku),
and the other perpendicular magnetic recording layer is used to increase
the uniformity of crystal grain sizes. 10 8. The perpendicular magnetic
recording medium of claim 1, wherein one of the first and second
perpendicular magnetic recording layers is used to improve signal output,
and the other perpendicular magnetic recording layer is used to reduce the
medium noise. 15 9. The perpendicular magnetic recording medium of claim 1,
wherein the first perpendicular magnetic recording layer has higher
perpendicular magnetic anisotropic energy (Ku) than the second
perpendicular magnetic recording layer. 20 10. The perpendicular magnetic
recording medium of any of claims 1 through 9, wherein the perpendicular
magnetic recording layers have crystalline structures. 11. The
perpendicular magnetic recording medium of any of claims 1 25 through 9,
wherein the perpendicular magnetic recording layers have amorphous
structures. 12. The perpendicular magnetic recording medium of any of
claims 1 through 9, wherein one of the first and second perpendicular
magnetic recording 30 layers has a crystalline structure, and the other
perpendicular magnetic recording layer has an amorphous structure. 11   p'
uu I ~'~ 13. The perpendicular magnetic recording medium of any of claims 1
through 9, wherein the perpendicular magnetic recording layers have
magnetic domains that are physically disconnected from one another. 5 14.
The perpendicular magnetic recording medium of any of claims 1 through 9,
wherein the perpendicular magnetic recording layers have magnetic domains
that are physically connected to one another. 15. The perpendicular
magnetic recording medium of any of claims 1 1o through 9, wherein one of
the first and second perpendicular magnetic recording layers has magnetic
domains that are physically disconnected from one another, and 



the other perpendicular magnetic recording layer has magnetic domains that
are physically connected to one another. 15 16. The perpendicular magnetic
recording medium of any of claims 1 through 9, wherein both the first and
second perpendicular magnetic recording layers have a weak exchange
coupling between magnetic particles. 17. The perpendicular magnetic
recording medium of any of claims 1 2o through 9, wherein one of the first
and second perpendicular magnetic recording layers has a weak exchange
coupling between magnetic particles, and the other one has a strong
exchanging coupling between magnetic particles. 18. The perpendicular
magnetic recording medium of any of claims 1 2s through 9, wherein both the
first and second perpendicular magnetic recording layers are formed of at
least one alloy selected from the group of a CoCr alloy, a NiFe alloy, a
Feet alloy, an Fe alloy, a Co alloy, a Ni alloy, a Pd alloy, a Pt alloy,
and an alloy containing at least one material selected from Nd, Pd, Ru, B,
and Nb. so 19. The perpendicular magnetic recording medium of any of claims
1 through 9, wherein at least one underlayer is placed between the
substrate and one layer of the first and second perpendicular magnetic
recording layer. 12   nl ~d1~3 20. The perpendicular magnetic recording
medium of claim 14, wherein the underlayer is formed of an alloy containing
either one material or at least two materials selected from Pt, Au, Ag, Pd,
Ti, Ta, B, Nb, Co, Fe, Ni, Cu, Mo, Ru, Ta, C, Oxide, and Si. 5 21. The
perpendicular magnetic recording medium of any of claims 1 through 4,
wherein both the first and second perpendicular magnetic recording layers
are formed of either a CoCrPt alloy or CoCrPtX (X = B, Nb, Ta, O, or C)
alloy) and the first perpendicular magnetic recording layer contains 10% or
more Pt, while the 1o second perpendicular magnetic recording layer
contains 10% or less Pt. 22. The perpendicular magnetic recording medium of
any of claims 1 through 4, wherein the first perpendicular magnetic
recording layer is formed of a CoCrPt alloy, and the second perpendicular
magnetic recording layer is formed of 15 CoCrPtX (X = B, Nb, Ta, O, or C)
alloy. 23. The perpendicular magnetic recording medium of any of claims 1
through 4, wherein the first perpendicular magnetic recording layer is
formed of a CoCrNbPt alloy, and the second perpendicular magnetic recording
layer is formed of 2o a CoCrBPt alloy. 24. The perpendicular magnetic
recording medium of any of claims 1 through 4, wherein the first
perpendicular magnetic recording layer is formed of a CoCrPt alloy, and the
second perpendicular magnetic recording layer is formed of 25 CoCrBPt
alloy. 25. The perpendicular magnetic recording medium of any of claims 1
through 4, wherein the first perpendicular magnetic recording layer is
formed of a CoCrPt alloy, and the second perpendicular magnetic recording
layer is formed of a 3o CoCrNbPt alloy. 26. The perpendicular magnetic
recording medium of any of claims 1 through 4, wherein both the first and
second perpendicular magnetic recording layers are formed of an CoCrPt
alloy, but the composition of a CoCrPt alloy for the first 13   ~i v~l ~~
perpendicular magnetic recording layer is different from the composition of
a CoCrPt 



alloy for the second perpendicular magnetic recording layer. 27. The
perpendicular magnetic recording medium of any of claims 1 5 through 4,
wherein both the first and second perpendicular magnetic recording layers
are formed of an alloy containing Co, Cr, and Pt. 28. The perpendicular
magnetic recording medium of any of claims 1 through 4, wherein one of the
first and second perpendicular magnetic recording 10 layers is formed of an
alloy containing CoCrPtX (X = B, Nb, Ta, O, and C). 29. The perpendicular
magnetic recording medium of any of claims 1 through 4, wherein each of the
first and second perpendicular magnetic recording layers has a thickness of
50nm or less. 15 30. The perpendicular magnetic recording medium of any of
claims 1 through 4, wherein total thickness of the first and second
perpendicular magnetic recording layer is less than 200nm. 20 31. The
perpendicular magnetic recording medium of any of claims 1 through 4,
wherein both the first and second perpendicular magnetic recording layers
have lattice matching structures. 32. The perpendicular magnetic recording
medium of any of claims 1 25 through 4, wherein one of the first and second
perpendicular magnetic recording layers has a lattice matching structure,
and the other perpendicular magnetic recording layer has a lattice
mismatching structure. 14 .A .A.A[.A.A.A.A.A.A.A.A!.A5.A.A*F`+,NO\5  U X
1~ytoje`[V]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]
ca]c<a]ca]ca]ca]ca]ca]c^aU]ca]caV]ca]ca!16ogL<E=Wzupkfa\W]]ca]ca]ca]ca]ca]c
a]ca]ca]caV]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]c
a]ca]ca]ca!W@)}`SL2j[
y!|!!!8"e"}xsnhc^Y]]]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]c"a]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!e"""+#Z###$S$$$%W%n%%&!&j&&&
&'b'''((t((($)i))*Q*}xsnid_Z]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Q*T*z**++a,,,S---=.
../#0x000!1l112N33344;
553666{vqlgb]X]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca!6-7B77788u99:T:::::-;
y;
;<e<==L>>><???@Y@@A&AnA|wrmhc^Y]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!nAABeBBBRCCCCCD
DDDDG\JLLNNrN{NNOnOOO"PqPPQfQQ|wrmhc^Y]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!QQHRRRSV
SSTTT&T:TsTTUUaUUU,VWWXdXXYUYYY=ZZZ#[|wrmhc^Y]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]c"a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!
#[x[[\\\\b\\]J]L]]]2^^^^#_y____$`t``
aaYaaaaIbb|wrmhc^Y]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]c"a]ca]ca]ca!bbbccccReeeafff1ggQiii0j6j?
jjj.k=k?k*l~llmm
nsnnn}xsnid_Z]]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!noopppqqqr\r(sksstLtttt]uuuv>vvv"
wWwZw}xs}xsnid_Z]]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca*F`iK-`y 10%(&'()-
y10%(&'()-910%(&'()-L10%(&'()-&10%(&'()-@,)10%(&'()-3 @`10%(&'()-`+,NOiK-yy
10%(&'()-Y10%(&'()-:10%(&'()-@10%(&'()-t10%(&'()- #10%(&'()-
9s10%(&'()-\iK-&Z"10%(&'()-$10%(&'()-$S#10%(&'()-"
10%(&'()-10%(&'()-g#10%(&'()-:10%(&'()-5  U
cD-&Z"10%(&4-10%(&'()-,10%(&'()-!`*3"10%((&'()-*3"10%&'()-@)10%(&'()-'10%(&
'()-U X bC&Z"10%("10%'o&'()-L10%'o&'()-` 10( 10(
10(y>M10%(&'()-6"10%(&'()-410%(&'()-16aBbC&Z"10%(Y,#10%'o&'()-10%'o&'()-@10
%'o&'()-
!!y3%10%HoHo&'()-T#10%'&'()-9s"10%'o&'()-6odEbC&Z"10%(S)10%'o&'()-&10%'o&'(
)-$"10%'o&'()-&g#10%'&'()-!10%'o&'()-m"10%'o&'()-gLdEbC&Z"10%(210%'o&'()-Y1
10%'o&'()-/ 10%'o&'()-  .3"10%'o&'()-,M$10%'o&'()-*10%'o&'()- 



<dE:/ 10'o 10'oy,>s10%'o&'()-f)&10%'o&'()-
L9l10%'o&'()-7Y"10%'o&'()-&6!10%'o&'()-4$10%'o&'()-E=xY:/
10'o9sZ%10%'o&'()- m10%'o&'()- 9!10%'o&'()- 10%'o&'()-
10%'o&'()-)M10%'o&'()-  10'o=WaB:/ 10'o 10%'o&'()-
!&y$10%MoMo&'()-!10%'o&'()-y@ 10%'o&'()-:10%'o&'()- "10%'o&'()- @)}dE:/
10'oS#10%'o&'()-&#10%'o&'()-M$10%'o&'()- 10%'o&'()-F10%'o&'()-
Y10%'o&'()-`SaB:/
10'o*#10%'o&'()-S)"10%'o&'()-'l10%'o&'()-!4$&10%[[&'()-"10%'o&'()-`!Y10%'o&
'()-L2jdE:/ 10'o`9- 10%'o&'()-710%'o&'()-&6#10%'o&'()-4T#10%'o&'()-
."10%'o&'()-, %10%'o&'()-[bC 10'o#10%'o&'()-!10%'o&'()-9'10%'o&'()- 10'o
10'o 10'o,>t10%'o&'()-:310%'o&'()- y!|!!!dEbC 10'o
10%'o&'()-@10%'o&'()-10%'o&'()-`G"10%'o&'()-l  10%'o&'()-94
10%'o&'()-!8"e"""+#Z#dEbC
10'oL!10%'o&'()-10%'o&'()-10%'o&'()-$10%'o&'()-`10%'o&'()-F"10%'o&'()-Z###$
S$$$dEbC
10'o*10%'o&'()-@)F"10%'o&'()-'z10%'o&'()-&Y10%'o&'()-$&10%'o&'()-"z10%'o&'(
)-$%W%n%%&!&dEbC 10'o44 10%'o&'()-2"10%'o&'()-F1g10%'o&'()-/10%'o&'()-
.f#10%'o&'()-y,z#10%'o&'()- !&j&&&&&&&'bC 10'of10%'o&'()- `s's10%'o&'()-
10'o 10'o 10'o>t10%'o&'()-7 10%'o&'()-6:10%'o&'()-'b'''((t((dEbC
10'o10%'o&'()- 10%'o&'()- 9`G%10%'o&'()- 10%'o&'()-&10%'o&'()-
10%'o&'()-(($)i))*Q*aBbC 



10'o3@ 10%'o&'()- F10%'o&'()-
"10%'o&'()-!f!10%"o"o&'()-!10%'o&'()-,10%'o&'()- Q*z**++a,,aBbC
10'o'9!10%'o&'()-!&s$%10%MoMo&'()-9!"10%'o&'()-!10%'o&'()-- 10%'o&'()-
10%'o&'()-,,S---=..dEbC 10'oF1#10%'o&'()-/!10%'o&'()-.
10%'o&'()-y,m"10%'o&'()-*#10%'o&'()-@) 10%'o&'()-../#0u0v0w0x00uj_@
10'o3(10%:&'()-3 10'o 10'o
10'o:!10%'o&'()-7"10%'o&'()-!!l4$10%HJHJ&'()-23"10%'o&'()-00!1l112N3dEj_@
10'o "10%:&'()-9L"10%:&'()- -#10%:&'()-&@ 10%:&'()-!10%:&'()-G"10%:&'()-
N33344;55aBj_@
10'o"10%:&'()-lZ%10%:&'()-,#10%:&'()-!g#10%::&'()-!10%:&'()-f$10%:&'()-5366
6-7B77dEj_@ 10'o,) 10%:&'()-
'@10%:&'()-&"10%:&'()-`$%10%:&'()-"G"10%:&'()-9!"10%:&'()-7788u99:aBj_@
10'o6`10%:&'()-l4&10%:&'()-31-#10%:&'()-/10%:&'()-!4f,&10%nn&'()-*&!10%:&'(
)-:T::::::::xmbC 10'o(F10%'o&'()- 10: 10: 10:y>s10%:&'()-:f10%:&'()-99
10%:&'()-7g10%:&'()- :-;y;;<e<=dEmbC 10'o"10%'o&'()-9`!10%'o&'()-
-#10%'o&'()-9#10%'o&'()- 10%'o&'()- 10%'o&'()-==L>>><??aBmbC
10'o"10%'o&'()-%10%'o&'()-!10%'o&'()- Ff
10%'o&'()-M!10%'o&'()-g!f%10%?o?o&'()- ??@Y@@A&AdEmbC
10'o'l10%'o&'()-&"10%'o&'()-$$10%'o&'()-""10%'o&'()-L!10%'o&'()-,10%'o&'()-
&AnAABeBBBdEmbC 10'oY1S 10%'o&'()-/G10%'o&'()- .10%'o&'()-y,$10%'o&'()-
*S#10%'o&'()-S)'10%'o&'()-BRCCCCCDDdEmbC 10'o:
10%'o&'()-L9-10%'o&'()-710%'o&'()-6
10%'o&'()-4&10%'o&'()-2"10%'o&'()-DDDDDDEFG~_=
10'o!&10%MM&'()-t&10%:C&'()-t!&10%HH&'()-t0(10%:&'()- 10'o 10'o
10'o>t10%'o&'()-GHJ\J_KLLzX9~_= 10'o210%:&'()-
!+&&10%ee&'()-:!9&&10%ss&'()-:z&10%:k&'()-s!+z&10%ee&'()-s!+z&10%ee&'()-sLN
NNNNrN{NN~_@ 10'o&z 10%:&'()-10%:&'()-g#10%:&'()- 



10: 10: 10:f>s10%:&'()-!&l4 %10%`h`h&'()-NOnOOO"PqPdE~_@
10'o:!10%:&'()-,10%:&'()-10%:&'()-  '10%:&'()-9LG%10%:&'()- @
10%:&'()-qPPQfQQQHRa?~_@
10'o!l$10%VV&'()-Z10%:&'()-3-10%:&'()-l"10%:&'()-T#10%:&'()-!f
%10%VV&'()-HRRRSVSSTdE~_@ 10'o!&g#10%:&'()-s$f&10%:&'()-" 10%:&'()-
9!10%:&'()-10%:&'()- "10%:&'()-TTTTTT&T:TsTbC
10'o!S10%'o&'()-10%'o&'()-)10%'o&'()- 10: 10: 10:y>s10%:&'()-'10%:&'()-
sTTUUaUUUdEbC 10'o!,10%'o&'()-10%'o&'()- s10%'o&'()-9`10%'o&'()- 10%'o&'()-
&&10%'o&'()-U,VWWXdXXaBbC 10'o!" 10%'o&'()-9!
10%'o&'()-s10%'o&'()-l$10%'o&'()-"10%'o&'()-!f%10%oo&'()-XYUYYY=ZZdEbC
10'o!.S#10%'o&'()-y,#10%'o&'()-* 10%'o&'()- '
10%'o&'()-&10%'o&'()-s$-&10%'o&'()-ZZ#[x[[\\\\dE:/ 10'o
10'of>10%'o&'()-7Y10%'o&'()-610%'o&'()-4$10%'o&'()-2@
10%'o&'()-/l10%'o&'()-\\\b\\]J]L]xY:/ 10'o9`s10%'o&'()-
s10%'o&'()-10%'o&'()-lZ"10%'o&'()- S 10%'o&'()-)10%'o&'()-F
10'oL]]]2^^^^dE:/ 10'o9S
10%'o&'()-f10%'o&'()-`!10%'o&'()-10%'o&'()-sG"10%'o&'()-  S
10%'o&'()-^#_y____$`dE:/ 10'o9 10%'o&'()- 10%'o&'()- l10%'o&'()-10%'o&'()-
g#10%'o&'()-yZ"10%'o&'()- $`t`` aaYaadE:/ 10'o9S,$10%'o&'()-
*10%'o&'()-'F10%'o&'()-%:!10%'o&'()-L$#10%'o&'()-
&!!10%'o&'()-aaaIbbbbbbaVK@ 



10'o 10'o 10'o 10'o@>10%'o&'()-!&Y4$10%MoMo&'()-2!10%'o&'()-
110%'o&'()--Y10%'o&'()-bbccccfdRea?VK@ 10'o!`z&10%'o'o&'()-
!V`z&10%?o?o&'()- &10%'o&'()- 10%'o&'()-10%'o&'()-
`S)10%'o&'()-Reeeafff1gaBVK@ 10'o!s$z&10%'o&'()-"g
10%'o&'()-F10%'o&'()-!lg&10%:o:o&'()-3910%'o&'()-g#10%'o&'()-1gghQiii0j}^?V
K@
10'o7Y10%'o&'()-6"10%'o&'()-l4#10%'o&'()-!4*&10%[o[o&'()-Y!*&10%:5:5&'()-Y&
f#10%'o&'()-0j3j4j5j6j?jjj.kbC 10'o&"10%<&'()-10%<&'()-
10%<&'()-`S)10%<&'()- 10'o 10'o 10'oS>10%'o&'()-.k=k?k*l~llmaBbC 10'of
10%<&'()-f!10%<&'()-"10%<&'()-! g#10%<<&'()-39s10%<&'()- 10%<&'()-mm
nsnnnoa?bC 10'o!'z#10%<<&'()-Gs$
10%<&'()-"@#10%<&'()-9!!10%<&'()-10%<&'()-!F&10%<<&'()- oopppqqqaB7C 10'
10<S>10%<&'()-!7f#10%<<&'()-3l410%<&'()-31"10%\&'()-/10%<&'()-y,:10%<&'()-q
qqqr\rr(sjHC 10' 10<!M9 &10%oo&'()- !9 &10%00&'()- 10%'o&'()-g#10%'o&'()-
f) 10%'o&'()- 10< 10<(sksstLtttdEHC 10' 10<310%'o&'()-
!10%'o&'()-10%'o&'()-S!10%'o&'()-g#10%'o&'()-f 10%'o&'()-tt]uuuv>vaBHC 10'
10<'m
10%'o&'()-%f#10%'o&'()-`$g&10%'o&'()-9!10%'o&'()-!f#10%'o'o&'()-10%'o&'()->
vvv"wWwZwdBHC 10' 10<'m
10%'o&'()-f>10%'o&'()-/&10%'o&'()--S#10%'o&'()-f,&10%'o&'()-*g 10%'o&'()-
Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"
"Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph Font#w-7AKQY_5gnZtxz|~1We"Q*6nAQ#[bnZwJKLMNOPQRSTU
6=!Z#$!&'(Q*,.0N357::=?&ABDGLNqPHRTsTUXZ\L]^$`abRe1g0j.kmoq(st>vZwUVWXYZ[\]
^_`abcdefghijklmnopqrstuvwxyz{|}~6Times New RomanArialCourier New"h Root
EntryWordDocument*   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


