DESCRIPTION MAGNETIC RECORDING MEDIUM Technical Field
[0001] The present invention relates to a magnetic recording medium that
is loaded on, for example, an HDD (hard disk drive) of a magnetic
recording system. Background Art [0002] In accordance with the recent
increasing storage capacity in information processing, various types of
information recording technologies have been developed. In particular,
the surface recording density of an HDD &hard disk drive) using a
magnetic recording technology Ha5 BEEH ﬂd@%lsing at an annual rate of
about 100%. Recently, 2.5-inch-diameter magnetic disks used in HDDs
and the like also have been required to have an information recording

capacity of larger thaMEONGS I RESIO ROUNIEr WESisY such a
requirement, it is necessary to achieve an information recording density

of higher than 150 Gbits per square inch. [0003] In order to achieve a
ﬁi%%h reé:qcirﬁlig%density in a magnetic disk used in an HDD or the like, it
W)‘ ssary to reduce the size of crystalline magnetic particles
'ﬂtuting a magnetic recording layer for recording information signals
and simultaneously to decrease the thickness of the layer. However, in a
case of kenpagsetitididntda coatentomaathagoetinestalidied imethme that is
magnetic recording system (also called a longitudinal magnetic recording
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Background Art
[0002]

In accordance with the recent increasing storage capacity in information
processing, various types of information recording technologies have been
developed. In particular, the surface recording density of an HDD (hard disk
drive) using a magnetic recording technology has been increasing at an annual
rate of about 100%. Recently, 2.5-inch-diameter magnetic disks used in HDDs
and the like also have been required to have an information recording capacity
of larger than 100 GB per disk. In order to satisfy such a requirement, it is
necessary to achieve an information recording density of higher than 150 Gbits
per square inch.

[0003]

In order to achieve a high recording density in a magnetic disk used in an
HDD or the like, it has been necessary to reduce the size of crystalline magnetic
particles constituting a magnetic recording layer for recording information
signals and simultaneously to decrease the thickness of the layer. However, in
a case of a magnetic disk of a conventionally commercialized in-plane magnetic

recording system (also called a longitudinal magnetic recording system or a



reduction of crystalline magnetic particles, thermal stability of recorded
signals is deteriorated by the superparamagnetic phenomenon. This
causes a so- called thermal fluctuation phenomenon in which the recorded
signals are erased. Thus, the reduction_in size of crystalline magnetic
particles has been a factor that inhibits@n increase in recording density of
the magnetic disk. In order to solve the inhibitory factor problem, recently,
a magnetic disk of a perpendicular magnetic recordi% system has been
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ignliseothe srsenyf the dopelerednre MRl reeerdneaystenTtHieauses a so-
perpendicular magnetic recording system can suppress the thermal

fatesaiieripaEheeheaismdenepareanontie mhishtieereecrdies Sjgtas ane erased.

is therefore suitable for increasing the recoding,.densjty. [0005] In the
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easy magnetization is the C-axis direction, and the C-axis is required to
belvritradhibiteynfzonad dicdton of cestipstategneticidisio @daeceaheicular
orientation of the C-axis, as shown in Patent Document 1 (Japanese
DAEREHTEG PR SABINBRR PRASNGAABAINE: 2003-77122), it is
fﬁ{ﬁﬂ've to provide a non-magnetic under layer of an hcp structure below

e magnetic recording layer. [0006] Furthermore, in the perpendicular

magndtiatieqesehac systemniagratid rediordxigneykteise resiekandstbgsy
coercivity He can be improved by forming the

magnetization of a magnetic recording layer is adjusted so as to be oriented in
the direction perpendicular to a surface of a substrate, unlike the case of the in-
plane magnetic recording system. The perpendicular magnetic recording
system can suppress the thermal fluctuation phenomenon compared to the in-
plane recording system and is therefore suitable for increasing the recoding
density.

[0005]

In the perpendicular magnetic recording system, when the magnetic
recording layer has an hcp structure (hexagonal close-packed structure), the
axis of easy magnetization is the C-axis direction, and the C-axis is required to
be oriented in the normal direction of a substrate. In order to enhance the
orientation of the C-axis, as shown in Patent Document 1 (Japanese
Unexamined Patent Application Publication No. 2003-77122), it is effective to
provide a non-magnetic under layer of an hcp structure below the magnetic
recording layer.

[0006]
Furthermore, in the perpendicular magnetic recording system, the S/N

ratio (signal/noise ratio) and the coercivity Hc can be improved by forming the



3 magnetic recording layer so as to have a granular structure in which
grain boundaries are formed by segregating a non-magnetic material
(mainly an oxide) among magnetic particles (magnetic grains) for
isolating the magnetic particles and reducing the size of the magnetic
particles. Patent Document 2 (Japanes% Unexamined Patent Application
Publication No. 2003-217107) discloses a constitution in which a
columnar granular structure is formed by allowing epitaxial growth of the

magnetie [REAKE (8507 PRASHErRDBIR JrERE WarsEHERIRIMAGItEtRrain
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which a soft magnetic layer is provided under the magnetic recording
ReyEElgvignthiedneingdeetizgioldhaensapetiopadisig) cBateet Document 2

increased hy concentrating the flux orming magnetic circui n
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the formation of the soft magnetic layer disrupts the orientation and the
shovaotignepgafithe moviimaghetio agoetidayaticdesl affects the

erpendicular orientation of the magnetic recording layer. Regarding this
&Q&ém, Patent Document 4 (Japanese Unexamined Patent Application
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first non-magnetic under eing amorphous and made of ‘a meta
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itself alone, a second non-magnetic under layer having an hcp structure,

BHBligabierp ltdidQRe riteeridt reduiefipiagyier Yatag rigtieated itNag dpeiy pe
;taré%gﬁ%icular magnetism in which a soft magnetic layer is provided under the
magnetic recording layer. With this, the magnetic field intensity (flux density)
can be increased by concentrating the flux by forming magnetic circuits among
the magnetic head, the magnetic recording layer, and the soft magnetic layer
during magnetic recording.

[0008]

However, there is a problem that the formation of the soft magnetic layer
disrupts the orientation and the smoothness of the non-magnetic under layer
and affects the perpendicular orientation of the magnetic recording layer.
Regarding this problem, Patent Document 4 (Japanese Unexamined Patent
Application Publication No. 2005-044464) discloses a configuration composed
of a first non-magnetic under layer being amorphous and made of a metal
element forming an fcc structure (face-centered cubic crystal structure) by itself
alone, a second non-magnetic under layer having an hcp structure, and a
perpendicular magnetic recording layer (magnetic recording layer) that are
formed so as to be in contact with one another. According to Patent Document

3, by the above-mentioned configuration, the perpendicular orientation of the



formed so as to be in contact with one another. According to Patent
Document 3, by the above-mentioned configuration, the perpendicular
orientation of the 4 perpendicular magnetic recording layer can be strictly
controlled. [Patent Document 1] JP-A-2003-77122 [Patent Document 2]
JP-A-2002-74648 [Patent Document 3]4JP-A-2002-74648 [Patent
Document 4] JP-A-2005-044464 Disclosure of Invention Problems to be
Solved by the Invention [0009] Incidentally, recently, the information
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magnetic recording medium that can satistactorily conduct information
recordjpg@nt DRRGHeeINg]iDFBUCREoRighgegording density, the
perpendicular orientation of the axis of easy magnetization of the

recordifglieyeProenainedltdhé\farfarathédy controlled for ensuring
prede ined-S/N ratio and resolutj That is, as described
abovet,[elztﬁgi% 8&8'3{]&{]%%19%(&%&29 139%@% esis effective for

increasing the recording density. However, an excessive reduction in the
size of magnetic particles causes an excessive reduction in the number of
Bisolsstoastitiniventimmagnetic particles, which raises a problem of a
thermal fluctuation phenomenon, as in the in-plane magnetic recording
RTeBIEMSIEPREe? WY 8IS the BréBianos thermal fluctuation, the following
f;ﬁ ds have been previously employed. One is a method in which the
oercivity of a medium is enhanced by increasing the anisotropy constant

(Ku) Incidentally, recently, the information recording surface density of the
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magnetic disk is required to be further increased in the recording density. In
order to realize a perpendicular magnetic recording medium that can
satisfactorily conduct information recording and reproducing in such a high
recording density, the perpendicular orientation of the axis of easy
magnetization of the recording layer is required to be further strictly controlled
for ensuring predetermined S/N ratio and resolution.

[0010]

That is, as described above, the reduction in size of magnetic particles is
effective for increasing the recording density. However, an excessive
reduction in the size of magnetic particles causes an excessive reduction in the
number of atoms constituting the magnetic particles, which raises a problem of
a thermal fluctuation phenomenon, as in the in-plane magnetic recording
medium. In order to avoid the problem of thermal fluctuation, the following
methods have been previously employed. One is a method in which the
coercivity of a medium is enhanced by increasing the anisotropy constant (Ku)
by optimizing the composition of the magnetic recording layer. Another is a
method in which the coercivity is enhanced by improving the crystalline

orientation of the magnetic recording layer by optimizing the material of a seed



by optimizing the composition of the magnetic recording layer. Another is
a method in which the coercivity is enhanced by improving the crystalline
orientation of the magnetic recording layer by optimizing the material of a
seed 5 layer, the material of an under layer, or the film configuration
thereof. [0011] Accordingly, itis an objéct of the present invention to
provide a magnetic recording medium that can maintain a high S/N ratio
and high coercivity He even if the size of magnetic particles is reduced
lv8'cAhariBrigEatRb R AtERIdaUeh Sty IR flirtrHedrdichEALRy trreof.
fgéﬁ lline orientation of the magnetic recording layer. Means for Solving
e Problems [0012] The present inventors have conducted intensive

investigaionifagsoINirta thembave-enierednrarRiaithaobravadecysgshetic

on that in order to enhance the crystalline orientation of a magnetic
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layer funcCtioning as a base of the non-magnetic under layer. Furthermore,
rebasdibegaj@ind that the affection greatly depends on the relationship

between the lattice spacing (distance between nearest-neighbor atoms,
that is, lattice constant) of the non-magnetic under layer and the atomic

f{ﬂggﬁlscgogdégwg fetwean nearest-neighbor atoms) of the (111) plane of
) '

e orientation control layer, and by conducting further research, the
jpesgnt invention has been accomplished. [0013]

The present inventors have conducted intensive investigation for solving
the above-mentioned problems and have focused on that in order to enhance
the crystalline orientation of a magnetic recording layer having an hcp structure,
a non-magnetic under layer having an hcp structure, which functions as a base
of the growth of the magnetic recording layer, is important and that the
crystalline condition of the non-magnetic under layer is highly affected by an
orientation control layer functioning as a base of the non-magnetic under layer.
Furthermore, it has been found that the affection greatly depends on the
relationship between the lattice spacing (distance between nearest-neighbor
atoms, that is, lattice constant) of the non-magnetic under layer and the atomic
distance (distance between nearest-neighbor atoms) of the (111) plane of the
orientation control layer, and by conducting further research, the present
invention has been accomplished.

[0013]

Specifically, according to a typical configuration of a magnetic recording
medium of the present invention, there is provided a magnetic recording
medium comprising an orientation control layer, a non-magnetic under layer, a

magnetic recording layer on a substrate, wherein



Specifically, according to a typical configuration of a magnetic recording
medium of the present invention, there is provided a magnetic recording
medium comprising an orientation control layer, a non-magnetic under
layer, a magnetic recording layer on a substrate, wherein 6 the
orientation control layer has an fcc stru@ure and a (111) plane being
parallel to the substrate; the under layer has an hcp structure and a (0001)
plane being parallel to the substrate; the magnetic recording Ieger has an

hep stiiEQFCAIIATEOTIPIANET B G piralRH6HHE ansktrald; dmiane being

gEFSFF‘eﬁ‘?S t(P]fetlgta '%Itg{éce between nearest-neighbor atoms of the
rientation control layer’from the distance between nearest-neighbor

atomstpg en03y plang efiheprteictayerasdraned 2) Adlkgntlbding parallel to

[0014] According to the above-described configuration, the crystalline
Difeptdsdiater the under layer and the magnetic recording layer can be

enhanced, the coercivity He and the S/N ratio can be enhance the
rocoralis ARG G A AL i A0 S FoA0E D ) plane
HiTREEPSRNSTYEER BGRIPANS Aligtance b and the lattice spacing
deteriorates the crystalline orientation of the magnetic layer to reduce the
coerciatgitie emoetbé trep distactienbeite e nareb dwrefmgh bue atoms of the
above-mentioned range was determined. Furthermore, since the
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ementioned range causes reductions in the coercivity He and the

S/N ratio. [0015]
According to the above-described configuration, the crystalline orientation

of the under layer and the magnetic recording layer can be enhanced, the
coercivity Hc and the S/N ratio can be enhanced, and the recording density can
be increased. In addition, an increase in the difference between the atomic
distance b and the lattice spacing deteriorates the crystalline orientation of the
magnetic layer to reduce the coercivity Hc and the reproduction output, and
therefore the above-mentioned range was determined. Furthermore, since the
crystalline orientation is deteriorated, lattice defects of the magnetic layer are
increased. Therefore, noise is increased to deteriorate the S/N ratio. That is,
a level exceeding the upper limit or the lower limit of the above-mentioned
range causes reductions in the coercivity Hc and the S/N ratio.

[0015]

The under layer can be selected from Ru (ruthenium), RuCr (ruthenium-
chromium alloy), and RuCo (ruthenium-cobalt alloy). Ru forms an hcp
structure and can satisfactorily orient the magnetic recording layer whose main
component is Co (cobalt).

[0016]

The orientation control layer can be selected from Ni (nickel), Cu (copper),



The under layer can be selected from Ru (ruthenium), RuCr (ruthenium-
chromium alloy), and RuCo (ruthenium-cobalt alloy). Ru forms an hcp
structure and can satisfactorily orient the magnetic recording layer whose
main component is Co (cobalt). [0016] _The orientation control layer can
be selected from Ni (nickel), Cu (copper), 7 Pt (platinum), and Pd
(palladium) and also may be an alloy composed of any of these metals as
a main com[i)onent and one or more addition elements selected from Ti
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control layer is preferably an alloy including a main component of Ni and
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. and W. The atgmic. distance of the (111) plapne of a Ni crystal
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sbrriahatesicdiandNLganishragse the crystalline orientation of Co. The
concentration is determined to be 5 to 20 at% because a concentration

1664 7ihan 5% allows Ni to exhibit its intrinsic characteristics as a
ferromagnetic material, and a concentration of greater than 20 at% does
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magnetic layer

crystal resembles to the length of the a-axis of Co, and the condition of a Ru
crystal affected by Ni can enhance the crystalline orientation of Co. The
concentration is determined to be 5 to 20 at% because a concentration less
than 5% allows Ni to exhibit its intrinsic characteristics as a ferromagnetic
material, and a concentration of greater than 20 at% does not allow Ni to
maintain the crystal structure and makes it amorphous.

[0018]

The magnetic recording layer is preferably a ferromagnetic layer of a
granular structure formed by segregating a non-magnetic material among
magnetic particles containing at least Co. This is because a magnetic layer
having a granular structure shows relatively fine S/N characteristics. The
granular structure can obtain satisfactory characteristics at low substrate
temperature because of its characteristics. Usually, a film formed at low
substrate temperature tends to deteriorate its crystalline properties. Therefore,
the crystalline orientation of a film having a granular structure tends to be
affected by the under layer. Accordingly, the control of crystalline orientation is

more important than a longitudinal medium.

Advantages



having a granular structure shows relatively fine S/N characteristics. The
granular structure can obtain satisfactory characteristics at low substrate
temperature because of its characteristics. Usually, a film formed at low
substrate temperature tends to deteriorate its crystalline properties.
Therefore, the crystalline orientation of% film having a granular structure
tends to be affected by the under layer. Accordingly, the control of
crystalline orientation is more important than a longitudinal medium.
tages 8 [0019] According to the present invention, the crystalline
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ARiRAGNEele it dg e cwiibEcspraht theyRaaneiie resonedinenayagand
the atomic distance of an orientation control layer lying under the .
rRgardighitr refrimahir beheestorée taditreppacingeaiioarcarageetic under

B B e S s R B o

siiepssiRs- BrebPesSeRieg ehBErWRAS HREHY febe %riﬂérq%@m Therefore,

illustrating a structure of a magnetic recording medium according to an
tmahbdmant|Ueig.a2i omchztebalagraaneil st ratingreninig cretroctrcevapdHan and
hcp structure of crystals. Fig. 3 includes diagrams iIIustratinP examples

u

HitaOMBHPEY8 BRAAPRRCCA S IEICRA MRS (0§, a further increase in

recording density is possible.

Brief Description of Drawings
[0020]

Fig. 1 is a diagram illustrating a structure of a magnetic recording medium
according to an embodiment.

Fig. 2 includes diagrams illustrating an fcc structure and an hcp structure
of crystals.

Fig. 3 includes diagrams illustrating examples and comparative examples.

Reference Numerals
[0021]
10  disk substrate
12  adhesion layer
14 soft magnetic layer
14a first soft magnetic layer
14b spacer layer
14c second soft magnetic layer
16  orientation control layer

18  under layer



10 disk substrate 12 adhesion layer 14 soft magnetic layer 14a first soft
magnetic layer 14b spacer layer 14c second soft magnetic layer 16
orientation control layer 18 under layer 9 18a first under layer 18b second
under layer 20 onset layer 22 magnetic recording layer 22a first magnetic
recording layer 22b second magnetic r@cording layer 24 capped layer 26
medium-protecting layer 28 lubrication layer Best Modes for Carrying Out
the Invention [0022] An embodiment of the magnetic recording medium
accordif§ to e WrE8EMYRUention will be described. Fig. 1 is a diagram

illustratipg a gnetic recording medium according to the
ajing §§%§Fg{%n%fe‘.h%9§?

embodiment, includes “diagrams illustrating an fcc structure and an
hcp strEtureppkertyiaiads, and Fig. 3 includes diagrams illustrating
examples and comparative examples. Incidentally, the sizes, materials,
and otB&r spetin At @@ EFR6WN in the following embodiments
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22b second magnetic recording layer

24  capped layer

26  medium-protecting layer

28  lubrication layer

Best Modes for Carrying Out the Invention
[0022]

An embodiment of the magnetic recording medium according to the
present invention will be described. Fig. 1 is a diagram illustrating a structure
of the magnetic recording medium according to the embodiment, Fig. 2 includes
diagrams illustrating an fcc structure and an hcp structure of crystals, and Fig. 3
includes diagrams illustrating examples and comparative examples.

Incidentally, the sizes, materials, and other specific numeric values shown in the
following embodiments are only examples provided for better understanding of
the invention, and the present invention is not limited thereto unless otherwise
specifically indicated.

[0023]

The magnetic recording medium shown in Fig. 1 is a perpendicular
magnetic recording medium that is configured of a disk substrate 10, an
adhesion layer 12, a first soft magnetic layer 14a, a spacer layer 14b, a second
soft magnetic layer 14c, an orientation control layer 16, a first under layer 18a, a
second under layer 18b, an onset layer 20, a first magnetic recording layer 22a,

a second magnetic recording layer 22b, a capped layer or an auxiliary recording



the invention, and the present invention is not limited thereto unless
otherwise specifically indicated. [0023] The magnetic recording medium
shown in Fig. 1 is a perpendicular magnetic recording medium that is
configured of a disk substrate 10, an adhesion layer 12, a first soft
magnetic layer 14a, a spacer layer 14b1, A second soft magnetic layer
14c, an orientation control layer 16, a first under layer 18a, a second
under layer 18b, an onset layer 20, a first magnetic recording layer 22a, a

&S rief niaBIRAIETERAREREY 18y8Y 9D B Oa 22 BelRAElIBN ARVEL GRary The first

SRR [AYRr 34, T COUBET A0 N e AR R et
BEeeNdisQfb Neagnetjcc it lidccodrativeliarniiiivie a softheagsetiader layer

layer 14. The first under layer 18a and the second under layer 18b

t8eafivefiecerruingtelanenaxedysr agleThectirsianaintiarecordingyer 18.
DR A dE LR RYb g e OB SR ABRU £otorcing layer
ahHTIBRSHicALE YGsSiiAs IoHMRshBYe Audisiilipisfapsaby direct press to
produce a glass disk. The glass disk was successively subjected to

o&dihg, polishing, and chemical strengthening to obtain a smooth
non-magnetic disk substrate 10 made of a chemically stren%téhened lass
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uttering process in an Ar atmosphere using a vacuume rming
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method. Then, the lubrication layer 28 was formed by a dip-coating
AestBagnetddissrsyhsitiaire 10 made of a chemically strengthened glass disk.

[0025]

On the resulting disk substrate 10, from the adhesion layer 12 to the
capped layer 24 were successively formed by a DC magnetron sputtering
process in an Ar atmosphere using a vacuumed film-forming apparatus, and the
medium-protecting layer 26 was formed by a CVD method. Then, the
lubrication layer 28 was formed by a dip-coating method. In addition, from the
standpoint of high productivity, it is also preferred to use an in-line type film
forming method. The configuration of each layer and a production process
thereof will be described below.

[0026]

The adhesion layer 12 is an amorphous under layer and is formed so as
to be in contact with the disk substrate 10. The adhesion layer 12 has a
function of enhancing peeling resistance between the soft magnetic layer 14
and the disk substrate 10 formed thereon and a function of reducing and
homogenizing the size of crystalline grains of each layer formed thereon.

When the disk substrate 10 is made of amorphous glass, the adhesion layer 12

is preferably an amorphous alloy film for conforming to the amorphous glass



standpoint of high productivity, it is also preferred to use an in-line type
film forming method. The configuration of each layer and a production
process thereof will be described below. [0026] The adhesion layer 12 is
an amorphous under layer and is formed so as to be in contact with the
disk substrate 10. The adhesion layer 19 has a function of enhancing
peeling resistance between the soft magnetic layer 14 and the disk
substrate 10 formed thereon and a function of reducing and
ﬁ%ﬁ?@&enizing the size of crystalline grains of each layer formed thereon.
tﬁ( the disk substrate 10 is made of amorphous glass, the adhesion
ayer 12 is preferably an amorphous alloy film for conforming to the

amorpiipgsaalassidd | spsfare cHIPBE] senectstnesinn fayeximpas BECTi-based

selected from, for example, a CrTi-based amorphous layer, a CoW-based

amerphous layer, a Coly- M@@ﬁi amershous layer, a Cifihksssstamorphous
orph layer, d aCr sed amorph r. Amon m, the
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12 may be a single layer made of a single material or may be formed by
tamiaating anphualitytallayet ss Fuerekammplatta @ally [aedeoed. Critidagahesion
may be formed on a CrTi layer. In addition, it is preferable that the
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12 be subjected to sputtering with a material containing carbon dioxide, carbon
monoxide, nitrogen, or oxygen or that the surface layer thereof be exposed to
any of these gases.

[0028]

In the embodiment, a Ti-alloy layer of a 10 nm was formed using a CrTi-
alloy target as the adhesion layer 12. From a practical viewpoint, the thickness
of the adhesion layer is preferably setto 1 to 50 nm.

[0029]

The soft magnetic layer 14 was configured so as to have an AFC
(antiferromagnetic exchange coupling) by disposing a non-magnetic spacer
layer 14b between the first soft magnetic layer 14a and the second soft
magnetic layer 14c. By doing so, the magnetization direction of the soft
magnetic layer 14 can be arranged along the magnetic path (magnetic circuit)
with high precision, and the vertical component in the magnetization direction is
significantly decreased, which can reduce the noise generated by the soft
magnetic layer 14. As the compositions of the first soft magnetic layer 14a and
the second soft magnetic layer 14c, cobalt-based alloys such as CoTaZr, Co-

Fe-based alloys such as CoCrFeB and FeCoTaZr, and Ni-Fe-based alloys such



alloy target as the adhesion layer 12. From a practical viewpoint, the
thickness of the adhesion layer is preferably set to 1 to 50 nm. [0029] The
soft magnetic layer 14 was configured so as to have an AFC
(antiferromagnetic exchange coupling) by disposing a non-magnetic
spacer layer 14b between the first soft'hagnetic layer 14a and the
second soft magnetic layer 14c. By doing so, the magnetization direction
of the soft_magnetic layer 14 can be arranged along the magnetic path

a A hERCHBURM NI RIRIEES CathRasGerticH) EsiBRedtieiethe
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firpé sofanagRessdpyeo CApeBdhribaras eonthoeftiornanetic dpreed fer 14b was
cobalt-based alloys such as CoTaZr, Co- Fe-based alloys such as

BoOirbBana FeCoTaZr, and Ni-Fe-based alloys such 12 as [Ni-Fe/Sn]n
m%’@ayer structures can be used. In the embodiment, the compositions
first soft magnetic layer 14a and the second soft magnetic layer

14c wetkLEBrE o EEh AOA D8 CAMPASHAR AL IS SPRABEIMEIHE Soft

was Ru (ruthenium). [0030] The orientation control layer 16 has an effect
ofggotdicting ¢hd 408N midgrieticd ajian tihgaih e itectros tohancng ¢heent of
orientation arrangement of crystalline particles of the under layer 18, and
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on the orientation layer 16, In t Irection perpen ula

toitheitiskinlihe eieiiakye costrahiayes ¥6rhasdosh fee Srlesititosueeas 6, in
that shown in Fig. 2(a), wherein the (111) plane is parallel to the disk
tgdiragsia perpendicular to the disk. The orientation control layer 16 has an
fce structure, such as that shown in Fig. 2(a), wherein the (111) plane is parallel
to the disk substrate 10.

[0031]

The under layer 18 is required to have an hcp structure, such as that
shown in Fig. 2(b), wherein the (0001) plane is parallel to the substrate. By
doing so, the c-axis of the hcp structure of the magnetic recording layer 22 can
be perpendicularly oriented with respect to the substrate. Therefore, a higher
crystalline orientation of the under layer 18 can enhance the orientation of the
magnetic recording layer 22.

[0032]

In the embodiment, the under layer 18 has a two-layer structure made of
Ru. The Ar gas pressure when the second under layer 18b on the upper layer
side is formed is set to be higher than that for forming the first under layer 18a
on the lower layer side. The increase in the gas pressure shortens the mean
free path of sputtered plasma ions. Consequently, the deposition rate is
reduced, and thereby the crystalline orientation is enhanced. In addition, the

size of crystal lattice is reduced by increasing the pressure. Since the size of a



[0031] The under layer 18 is required to have an hcp structure, such as
that shown in Fig. 2(b), wherein the (0001) plane is parallel to the
substrate. By doing so, the c-axis of the hcp structure of the magnetic
recording layer 22 can be perpendicularly oriented with respect to the
substrate. Therefore, a higher crystallifll orientation of the under layer 18
can enhance the orientation of the magnetic recording layer 22. [0032] In
the embodiment, the under layer 18 has a two-layer structure made of
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the pressure. Since the size pof a 13 Ru crystal |attice is larger than that of
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g@ﬁggr{gﬁpgr@@hanced by reducing the crystal lattice of Ru close to that

of Co. The material of the under layer can be selected from RuCr and

IR0OGB) in addition to Ru. Ru forms an hcp structure and can satisfactorily

orient the magnetic recording layer whose main component is CO'tLOOBB]De
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crystal planes to be cut.

cube, but various planes can be observed by varying crystal planes to be cut.
Since the distance between atoms varies by varying the cut plane, it is
necessary to consider which plane is exposed to the interface with the Ru layer.
Then, a film formation by sputtering forms a (111) plane, which is a close-
packed plane, in parallel to the surface of the disk substrate 10. In this case, a
hexagonal shape can be observed in the atomic arrangement, and the atoms
face the atoms in the (0001) plane of the hcp crystal of the under layer 18.
[0034]

That is, when the surface of the orientation control layer 16 is the (111)
plane of the fcc structure, the crystals of the hcp structure of the under layer can
be suitably oriented, and the c-axis can be arranged in the normal direction to
the disk substrate 10. Therefore, the granular structure of the magnetic
recording layer 22 is also enhanced in the crystalline orientation to accelerate
the isolation and reduction in size. In addition, in order to make the (111)
plane parallel to the disk substrate 10, it is preferable that the adhesion layer 12
as the lower layer be amorphous not having a crystal structure.

[0035]

Usually, the lattice spacing a (lattice constant) in an fcc structure means



Since the distance between atoms varies by varying the cut plane, it is
necessary to consider which plane is exposed to the interface with the Ru
layer. Then, a film formation by sputtering forms a (111) plane, which is a
close- packed plane, in parallel to the surface of the disk substrate 10. In
this case, a hexagonal shape can be observed in the atomic
arrangement, and the atoms face the atoms in the (0001) plane of the
hcp crystal of the under layer 18. [0034] That is, when the surface of the
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in the e{ngodiment, the lattice spacing a' of Ru of the
contracted.

[0036]

In addition, when the difference of the atomic distance b of the (111)
plane of the orientation control layer 16 from the lattice spacing a' of the under
layer 18 is in the range of -0.2 to +0.15 A, the crystalline orientation of the under
layer 18 and the magnetic recording layer 22 can be enhanced. This is
because Hc tends to decrease when the atomic distance b is smaller than the
lattice spacing a' of the under layer by -0.2 A or more, and the S/N ratio
decreases when the atomic distance b is larger than the lattice spacing a' of the
under layer by +0.15 A or more.

[0037]

The material of the orientation control layer can be selected from Ni, Cu,
Pt, and Pd. In addition, Zr, Hf, or Nb can be similarly selected. This is
because the crystals of these metals have fcc structures, and the difference
between the atomic distance of the (111) plane of each crystal and the lattice
spacing of Ru is small and is within a certain range. Furthermore, the material

may be an alloy including a main component of any of these metals and one or



under layer, which is formed later, is affected by the atomic distance b of
the (111) plane of the orientation control layer 16 and is thereby enlarged
or contracted. [0036] In addition, when the difference of the atomic
distance b of the (111) plane of the orientation control layer 16 from the
lattice spacing a' of the under layer 1812in the range of -0.2 to +0.15 A,
the crystalline orientation of the under layer 18 and the magnetic
recording layer 22 can be enhanced. This is because He tends to
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layer can be selected from Ni, Cu, Pt, and Pd. In addition, Zr, Hf, or Nb

additlensgifimgyiselected. This is because the crystals of these metals
ngv cc structures, and the difference between the atomic distance of
3(% 1) plane of each crystal and the lattice spacing of Ru is small and
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including a main component of any of these metals and one or 15 more
acdditioorepEmentos &leatat] SramPTial, Taelr Moreaaddiiohhelements selected
concentration of the addition element can be 3 to 20 at% (atomic %). The
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orygrareagdeisanglRmeniseseliantesihe crystalline orientation of Co. The
concentration is determined to be 3 to 20 at% because a concentration less
than 3% allows Ni to exhibit its intrinsic characteristics as a ferromagnetic
material and become a noise source, and a concentration of greater than 20
at% cannot allow Ni to maintain the crystal structure and makes Ni amorphous.
[0039]

Incidentally, the lattice spacing a of the orientation control layer can be
controlled by applying a bias voltage to the disk when the layer is formed by
sputtering. For example, in the case of Pd or NiCr10, the lattice spacing a can
be increased by 0.02 A by applying a bias of 400 V.

[0040]

In addition, the material of the under layer can be selected from RuCr and
RuCo, in addition to Ru. Ru forms an hcp structure and can satisfactorily
orient the magnetic recording layer whose main component is Co.

[0041]

The onset layer 20 is a non-magnetic granular layer. The non-magnetic
granular layer is formed on an hcp crystal structure of the under layer 18, and
then a granular layer as the first magnetic recording layer 22a is made to grow

on the non-magnetic granular layer. This has an effect of allowing the



from Ti, V, Ta, Cr, Mo, and W. The atomic distance of the (111) plane of a
Ni crystal resembles to the length of the a-axis of Co, and the condition of
a Ru crystal affected by Ni can enhance the crystalline orientation of Co.
The concentration is determined to be 3 to 20 at% because a
concentration less than 3% allows Ni td&xhibit its intrinsic characteristics
as a ferromagnetic material and become a noise source, and a
concentration of greater than 20 at% cannot allow Ni to maintain the
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layer is formed on an hcp crystal structure of the under layer 18, and then
af grenoiesciaipgea the ds stonagaetie ied0oingSi&yer 22a is made to grow
on the non-magnetic granular layer. This has an effect of allowing the 16
m%ﬁbtic granular layer to be isolated, from the beginning stage of
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CoCrRu-Si02 can be suitably used. In addition, Rh (rhodium), Pd

lpiearadrmangg SNaigedigsaficm) Bettiridiemst magnetic recording layer 22a
and the second magnetic recording layer 22b have a columnar granular
structure formed by segregating a non-magnetic material at the surroundings of
a hard magnetic material selected from Co-based alloys, Fe-based alloys, and
Ni-based alloys. As the non-magnetic material, oxides such as SiO5, Cr,Os3,
TiO2, B2O3, and Fe,0Os3, nitrides such as BN, and carbides such as B4C3 can be
suitably used. In addition, a composite of two or more non-magnetic materials
can be used.

[0043]

The first magnetic recording layer 22a was formed so as to have a 2 nm
CoCrPt-Cr20O3 hep crystal structure using a hard magnetic target composed of
CoCrPt containing chromium oxide (Cr.O3) as an example of the non-magnetic
material. The non-magnetic material was segregated at the surroundings of a
magnetic material to form grain boundaries, and the magnetic particles
(magnetic grains) formed a columnar granular structure. The magnetic
particles epitaxially grew continuously from the granular structure of the onset
layer 20.

[0044]



and Au (gold) can be used instead of Ru. In the embodiment, the
composition of the onset layer 20 was non-magnetic CoCr-SiO2. [0042]
The magnetic recording layer 22 is configured of a first magnetic
recording layer 22a having a small thickness and a second magnetic
recording layer 22b having a large thickhess. Both the first magnetic
recording layer 22a and the second magnetic recording layer 22b have a
columnar granular structure formed by segregating a non-magnetic
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the granular layer, the reverse magnetic domain nucleation field Hn is enhanced,
the thermal fluctuation resistance characteristics are improved, and the
overwrite characteristics are improved. In the embodiment, the composition of
the capped layer 24 was CoCrP1B.

[0046]

Furthermore, the capped layer 24 may not be a single layer and may
have a CGC (coupled granular continuous) structure that forms a thin film
(continuous layer) showing a strong perpendicular magnetic anisotropy and
high saturation magnetization Ms. The CGC structure can be configured of a
magnetic recording layer having a granular structure, a coupling control layer of
a thin film made of a non-magnetic material such as Pd or Pt, and an exchange
energy control layer made of an alternately-laminated film in which a CoB thin
film and a Pd thin film are laminated.

[0047]

The medium-protecting layer 26 was formed from carbon by a CVD
method while vacuum is maintained. The medium-protecting layer 26 is
protection layer for protecting the perpendicular magnetic recording layer from

impact of the magnetic head. In general, since the film hardness of a carbon



material. In also the second magnetic recording layer 22b, the magnetic
particles formed a granular structure. [0045] The capped layer 24 is a
magnetically continuing layer (also called continuous layer) in the in-plane
direction formed on the granular magnetic layer and shows a strong
perpendicular magnetic anisotropy. WitHthis layer, in addition to the
high-density recording properties and the low-noise properties of the
glranular layer, the reverse magnetic domain nucleation field Hn is
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the CVD method is enhanced compared to a film formed by a
[0050]

As shown in Fig. 3(a), coercivity Hc and S/N ratio were measured by
varying the composition of the orientation control layer. In Examples 1 to 8,
NiW5, NiW10, NiCr10, NiCr10 (400 V bias voltage application), Pd, Pd (400 V
bias voltage application), Pt, and NiAg5 were used, and in Comparative
Examples 1 and 2, Ni and Ag were used. The crystal structure, the lattice
spacing a of the fcc structure, the lattice spacing a' of the hcp structure, and
atomic distance b of the (111) plane of each material are shown in the diagram.
Fig. 3(b) is a graph showing a relationship of the coercivity Hc and S/N ratio
with respect to the difference between the atomic distance of the orientation
control layer made of each composition and the lattice spacing a' (2.70 A) of Ru
of the under layer.

[0051]

Here, the value of coercivity Hc that is required varies according to the
recording density of the magnetic recording medium. That is, a higher
coercivity Hc is required in accordance with a reduction in the size of magnetic
particles (magnetic grains) due to an increase in the recording density.

However, in a case in which a high recording density is not required, contrarily,



sputtering method, the perpendicular magnetic recording layer can be
more effectively protected from impact from the magnetic head. [0048]
The lubrication layer 28 was formed by dip-coating PFPE (perfluoro
polyether). The thickness of the lubrication layer 28 is about 1 nm. [0049]
According to the production process abb%e, a perpendicular magnetic
recording medium was obtained. The effectiveness of the present
invention will be described by referring to examples and comparative
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density is not required, contrarily,

similarly, the coercivity Hc and the S/N ratio sharply decrease. These reveal
that Hc and S/N are enhanced when the difference of the atomic distance b of
the orientation control layer 16 from the lattice spacing a' of Ru is within the
range of -0.2 to +0.15 A.

[0053]

The mechanism of exhibiting above-described characteristics is not clear,
but it can be assumed that hcp crystals of Ru easily grow by controlling the
difference between the atomic distance b of the orientation control layer and the
lattice spacing a' of Ru within a certain range to enhance the crystalline
orientation, resulting in increases in the coercivity Hc and the S/N ratio.

[0054]

As in above, the preferred examples of the present invention have been
described referring to the accompanied drawings, but it is obvious that the
present invention is not limited to such examples. It is evident that those
skilled in the art can arrive at various alterations and modifications within the

scope described in Claims, and it is understood that those alterations and

modifications surely belong to the technical scope of the present invention.



19 a suppressed coercivity He can enhance the overwrite characteristics.
Specifically, when the coercivity He is 3500 [Oe] (oersted) or higher, the
coercivity He is determined by balance with recording density. On the
other hand, a higher S/N ratio is preferred regardless of the recording
density and other factors. Specifically,%g‘l S/N ratio of 19 dB or more is
preferred. [0052] As shown in Fig. 3, when the difference of the atomic
distance b of the (111) plane of the orientation control layer 16 from the
|BeirE ARG RIIY0 A) of Ruis -0.2 A or less, the S/N ratio sharply
ﬁ@%]ases. Also when the difference of the atomic distance b from the
attice spacing a' is 0.15 A or more, similarly, the coercivity He and the
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when the difference of the atomic distance b of the orientation control
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+0.15 A. [0053] The mechanism of exhibiting above-described

aralteristics is not clear, but it can be assumed that hcp crystals of Ru
easily grow by controlling the difference between the atomic distance b of
the orientation control layer and the lattice spacing a' of Ru within a
certain range to enhance the crystalline orientation, resulting in increases
in the coercivity He and the S/N ratio. [0054] As in above, the preferred
examples of the present invention have been described referring to the
accompanied drawings, but it is obvious that the present invention is not
limited to such examples. It is evident that those skilled in the art can
arrive at various alterations and modifications within the scope described
in Claims, and it is understood that those alterations and



modifications surely belong to the technical scope of the present
invention. 20 Industrial Applicability [0055] The present invention can be
used in a magnetic recording medium that is loaded on, for example, an
HDD (hard disk drive) of a magnetic recgrding system. 21 CLAIMS 1. A
magnetic recording medium comprisin 4n orientation control layer, a
non-magnetic under layer, a magnetic recording layer on a substrate,
wherein the orientation control layer has an fcc structure and a (111)
plane being parallel to the substrate; the under layer has an hcp structure
and a (0001) plane being parallel to%t[F Ifv@strate; the magnetic recording
layer has an hcp structure and a (00 ép ane being parallel to the

substrate; anflaydisterescerafrigerdisiancediapriesiynenerimeaiwiesntrol layer,
atoms of the orientation control layer from the distance between

agmesnagngiisoraemiayer, & (DeQreprrrcofdnglarer tiyarsslIesitey wherein
Ato +0.15 A. 2, The magnetic recording mediym gccording tg claim 1, .
ihere G U BT LSBT B o T ALY 3 pigine being
B@gm&ti@r@@g@i&g@@dium according to claim 1, wherein the orientation
control layer is selected from Ni, Cu, Pt, and Pd. 4. The magnetic
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layer is made of an alloy including any of Ni, Cu, Pt, and Pd as a main
iti8nd one or more of Ti, V, Ta, Cr, Mo, and W as an

the magnetic recording layer has an hcp structure and a (0001) plane
being parallel to the substrate; and

a difference of the distance between nearest-neighbor atoms of the
orientation control layer from the distance between nearest-neighbor atoms on
a (0001) plane of the under layer is from -0.2 A to +0.15 A.

2. The magnetic recording medium according to claim 1, wherein the
under layer is selected from Ru, RuCr, and RuCo.

3. The magnetic recording medium according to claim 1, wherein the
orientation control layer is selected from Ni, Cu, Pt, and Pd.

4. The magnetic recording medium according to claim 1, wherein the
orientation control layer is made of an alloy including any of Ni, Cu, Pt, and Pd
as a main component and one or more of Ti, V, Ta, Cr, Mo, and W as an
addition element.

5. The magnetic recording medium according to claim 4, wherein
concentration of the addition element is 5 to 20 at%.

6. The magnetic recording medium according to claim 1, wherein the
orientation control layer is made of an alloy including Ni as a main component
and 5 to 20 at% one or more of Ti, V, Ta, Cr, Mo, and W as an addition element.

7. The magnetic recording medium according to claim 1, wherein the

magnetic recording layer is a ferromagnetic layer of a granular structure formed



addition element. 5. The magnetic recording medium according to claim 4,
wherein concentration of the addition element is 5 to 20 at%. 6. The

magnetic recording medium according to claim 1, wherein the orientation
control layer is made of an alloy including Ni as a main component and 5

to 20 at% one or more of Ti, V, Ta, Cr, Mo, and W as an addition element.

7. The magnetic recording medium according to claim 1, wherein the

magnetic recording layer is a ferromagnetic layer of a granular structure
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