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)pa&s freem jngreasing 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 10 }j&% lgg rt tisfy such a
requirement, it is necé@ggﬁgg I gﬁﬁ ﬁ%‘uﬁ%ﬁ; rding 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
Teachibeenh IRe@@ssary to reduce the size of crystalline magnetic particles

constituting- a magnetic recording layer for recording infdrmation signals
[Qﬂggimultaneously to decrease the thickness of the layer. However, in a

case G qj jopall rcialized in-plane .
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ISYEEINAY for example, an HDD (hard disk drive) of a magnetic recording

system.

Background Ari
[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 farger 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 censtituting- a magnetic recording layer for recording informatien
signais and simuitaneously 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 calied a longitudinal maghe’{ic recording system or a



2 horizontal magnetic recording system), as a result of the progress in the
size 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 Zeduction in size of crystalline
magnetic particles has been a factor that inhibits an increase in recording
density of the magnetic disk. In order to solve the inhibitory factor

hyabtevsi recentitiarargoeiic disteod | perpendioubanineagnetie secortingize
system has been proposed. [0004] In the perpendicular magnetic
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thermal fluctuation phenomenon compared to the in-plane recording
Bystethanddsehereiozsuithbie Saliner casimg thepmdiotiadderisign a factor

0005] .. .. In the perpendicular magnetic recording system, when the
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rosdgreticesbandieghs, siientatiomof therEpaxisdas shown in Patent
Document 1 (Japanese Unexamined Patent Application Publication No.

[96%177122), it is effective to provide a non-magnetic under layer of an
R e R
risignatipaiseratia)aagdibeccerisivitHs eandedmpraved by foreingtbsied in
the direction perpendicular to a surface of a substrate, uniike 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 hep structure (hexagonal close-packed structure), the
axis of easy magneltization 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 effeciive to
provide a non-magnetic under layer of an hcp structure below the magnetic
recording layer. '

[00086]

Furthermore, in the perpendicular magnetic recording system, the S/N

ratio (signal/noise ratio) and the coercivity He 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 (Japanese Unexangned Patent Application Publication
No. 2003-217107) discloses a constitution in which a columnar granular
structure is formed by allowing epitaxial growth of the magnetic particles.
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discloses a configuration composed of a first non-magnetic under layer
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face-centered cubic crystal structure) by itself alone, a secaond o
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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 perpendicufar orientation of the



Disclosure of Invention Problems to be Solved by the Invention [0009]
Incidentally, recently, the information recording surface density of the
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

EERTNEG 6t ERSGARY precRiEiaINBPSAY T4t St somfisiietoo10]
That Iifﬁ‘ﬁé?ﬁ%ggﬁg‘gﬁﬁwﬁﬁé?}%@%@flze of magnetic particles is

effective for increasing the'recor ensity. However, an excessive

reductigripithp sizerfirmapietic-padicizsapgises an excessive reduction
in the number of atoms constituting the magnetic particles, which raises a

probleth @athertan ot Rlatorpheddménda, as in the in-plane magnetic
recordjpg medium. In ord Y i&the roblem of thermal fluctuation, the
foIIowithg?ﬁ@E agLHQ@th%é‘sr% p??b% 19%%) yed. One is a method in
which the coercivity. of a medium is enhanced by increasing the
anisoiropy constant (Ku) by optimizing the composition of the magnetic

EBsolalingelayénvantititer is a method in which the coercivity is enhanced

by improving the crystalline orientation of the magnetic recording layer by
%B?Wﬁﬁﬁg@ﬂé@@é?@ﬁéﬁ By 'ecksyesigyer, the material of an under layer,

ﬁrow film configuration thereof. [0011]

Incidentally, recently, the information recording surface density of the
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
tor 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 anisoiropy 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



Accordingly, embodiments of the present invention seek to provide a
magnetic recording medium that can maintain a high S/N ratio and high
coercivity Hc even if the size of magnetic particles is reduced and can
increase the recording density by further enhancing the crystalline
orientation of the magnetic recording layer. Means for Solving the
Problems [0012]  The present inventors have conducted intensive
layQM&ﬁmﬁmfarmmet‘dbmmémdH@UQﬂBM'%"P%‘\?@?ocused
on that in order to enhance the crystalline orientation of a magnetic
[0Gétbrding layer having an hcp structure, a non-magnetic under layer

havi “hcp structure, which functi b fth : i
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layer functioning as a base of the non-magnetic under layer. Furthermore
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between the lattice spacing (distance, between restznei S,
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di%%r‘jc?%%ji?tance between nearest-neighbor atoms) of the (111) plane of
rERE Olertation control layer, and by conducting further research, the
present invention has been accomplished. [0013] Specifically, according
to an aspect of the present invention, there is provided a magnetic
Meeoaritin§ehsaiuine sthpFisiitPan orientation control layer, a non-magnetic
under layer, a magnetic recording layer on a substrate, wherein 6  the
[0Qentation control layer has an fcc structure and a (111) plane being .

parafigl tothe SHhsiieors have conducted intensive investigation for solving
the above-mentioned problems and have focused on that in orcler to enhance
the crystalline orientation of a magnetic recording layer having an hep structure,
a non-magnetic under layer having an hcp stri.xc;ture, which functions as a base
of the growth of the magﬁeﬁc recording layer, is important and that the
crystalliine condition of the non-magnetic under layer is highly affecied by an
orientation control layer functioning as a base of the rion-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, latlice Constant) of the non-magnetic under layer and the atomic
distance (distance beiween nearest-neighbor atoms) of the (111) plane of the
orientation control layer, and by conducting further research, the present
inventtion has been accomplished.
[0013]

Specifically, according o an aspect of the present invention, there is
provided a magnetic recording medium comprising an orientation conirol layer,

a non-magnetic under layer, a magnetic recording layer on a substrate, wherein



the under layer has an hcp structure and a (0001) plane being parallel to
the substrate;  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. [0014]  According to the
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increased. In addition, an increase in the difference between the atomic
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the magnetic layer to reduce the coercivity Hc and the reproduction -
ibetpulysirieherefore the above-mentioned range was determined.
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e orientation control’ layer can be selected from Ni (nickel), Cu
(exres),

According to the above-described configuration, the crystalline orientation
of the under layer and the magnetic recording layer can be enhanced, the
coercivity He 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 He 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 S5/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 (rutheniumy), RuCr (ruthenium-
chromium alloy), and RuCo (ruthenium-cobalt alloy). Ru forms an hcp
structure and can sati'sfactorily 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 component and one or more addition
elements selected from Ti (titanium), V (vanadium), Ta (tantalum), Cr, Mo
(molybdenum), and W (tungsten). The concentration of the addition
element can be 3 to 20 at% (atomic 0/0). The atomic distance can be
controlled by the type and the concentration of the addition element.

In particular, the orientation control Ia:ger is preferably an alloy
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crystalline orientation of Co. The concentration is determined to be 5 to 20
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haracterjstics_as a ferromagnetic material, and a concentration of greater
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tamemhats, 0A8la4qiline magnstic recording layer is preferably a
ferromagnetic layer of a granular structure formed by segregating a

fintifjagnetic material among magnetic particles containing at least Co.
This is because a magnetic layer having a granular structure shows
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charac sually, a film formed at low substrate temperature

teoReterionare its cryriaking wopeanigsitdhrrefRienthe otnyrialing) plane of a Ni
orientation of a film having a granular thructure tends to be affected by the

anddel sgeenrdesrdin enetbopitibeat-enystaliine oried thgopoigdiiiere of a Ru
R PR R A R O e BRI 2 R RS 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 {ayer of a
granular struciure formed by segregalting a non-magnetic material among
magnetic particles containing at least Co. This is because a magnetic fayer
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
subsirate 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



According to embodiments of the present invention, the crystalline
orientation of a magnetic recording layer can be enhanced by setting an
optimum range regarding the relationship between the lattice spacing of a
non-magnetic under layer with respect to the magnetic recording layer and .
the atomic distance of an orientation -corfirol layer lying under the
non-magnetic under layer. Therefore, the thermal fluctuation can be
prevented by enhancing the coercivity Hc, and the S/N ratio can be

agced by reducing noise. Thus, a further increase in recording density
is possible. Brief Description of Drawings [0020] Fig. 1 is a diagram
illustratiogpadBtovictensbotianeagrdtivaeresdingmvettiom hecoidiagite arentation of a
embodiment. Fig. 2 includes diagrams ”IUSt%:tﬂ%gan fcc structure and
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layer with respect to the magnetic recording layer and the atomic distance of an
orientation control layer lying under the non-magnetic under layer. Therefore,
the thermal fluctuation can be prevented by enhancing the coercivity He, and
the S/N ratio can be enhanced by reducing noise. Thus, a further increase in

recording density is possible.

Brief Description of Drawings
[0020] |

- Fig. 1 is a diagram il!uétra’ting a structure of a magnetic recording medium
according to an embodiment.

Fig. 2 includes diagrams illustrating an fcc structure and an hep 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  underlayer



14soft magnetic layer 14a first soft magnetic layer 14b spacer layer 14c
second soft magnetic layer 16orientation control layer 18under layer 9
18a first under layer 18b second under layer

9

18a first under layer

18b  second under fayer

20 onsetlayer

22 magnetic recording layer

22a  first magnetic recording layer
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 hep 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
foliowing 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



20onset layer 22magnetic recording layer 22a first magnetic recording
layer 22b second magnetic recording layer 24capped layer
26medium-protecting layer 28lubrication 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

Iayrecttireaanddnihcpistisiciucel of sryEdalsnand Higicaineludes disgrams first
illustrating examples and comparative examples.

soft magnelic layer 14, the spacer layer 14b, and the second soft magnetic
layer 14c¢ collectively constitute a soft magﬂgé'{ic fayer 14. The first under layer
18a and the second under layer 18b coilecii#ely constitute an under layer 18,
The first magnetic recording layer 22a and the second magnetic recording layer
22b collectively constitute a magnetic recording layer 22.

[0024]

First, amorphous aluminosilicate glass was formed into a disk-like shape
by direct press to produce a glass disk. The glass disk was successively
subjected to grinding, polishing, and chemical strengthening to obtain a smooth
non-magnetic disk substrate 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 subsirate 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



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 pérpendicular 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
daykrcd4c, 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
ednd magnetic recording layer 22b, a capped layer or an auxiliary
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layer 14. The first under layer 18a and the second under layer 18b
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lubrication layer 28 was formed by a dip-coating method. In addition, from
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film forming method. The configuration of each layer and a production
96%8&@%%%%%?% be described below. [0026]
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[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 set to 1 to 50 nm.

[0029]

The sofi 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



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.functjon of reducing
and homogenizing the size of crystallin€Zgrains 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
disd ldnfarfhrgusgldssa ddr surfaterd®027] be LEhe adhegierclayerdli2ean the
be selected from, for example, a CrTi-based amorphous layer, a
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metal filanrenfaining microcrystals and is therefore particularly preferred.
The adhesion layer 12 may be a single layer made of a single material or
(&5 be formed by laminating a plurality of layers. For example, a Cow

layer qr,a CrW layer may be . formed on a CrTi layer. In addition, it is
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or that the Surface layer thereof be exposed to any of these gases. [0028]
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CrTialloy target as the adhesion layer 12. From a practical viewpoint, the
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contained in the under layer 18, which is formed on the orieniation layer 16, in
the direction 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 paralle!
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 hep 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 iwo-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



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
Roiseygenesaied Ry hgssafianagnets ayer ddsHs e compositians pidhe
first soft ngnetic layer 14a and the second soft magnetic layer 14c,

Cobaleti sl Alifoyssuthr a8¥eo TAL CoFEhasded pysasinttdsy reducing the
CoCrFeB and FeCoTaZr, and Ni-Fe-based alloys such 12 as [Ni-Fe/Sn]n
Chri\ﬁcila“%%lrcgtr c% e%%&%gﬂ?&&f%ﬁ theﬁl %%ﬁ%@i@iﬁ ecﬁ%%éﬁ%?‘fsca” be
Kihedistaalmegngliciayes Lfarp Hieieesand seftmrangliaRyer J46re
were each CoCrFeB, and the composition of the spacer layer 14b was Ru
ruthemiwa)s{eoB0lly oriehe ibeentagioaticortrol taygr A\fehagas effedhof
(g{otecting the soft magnetic layer 14, an effect of enhancing the

TBREMRSH SERgement of crystalline particles of the under layer 18, and

{ggggftion of orienting the axis of easy magnetization of a hexagonal
close-packed structure (hcp structure) contained in the under layer 18,

whichTséormesbenithe sirieatationtiayendtain the disecsiondereendisdi@ne
to the disk. The orientation control layer 16 has an fcc structure, such as

dracdRed M rRierEraiRdrigndhe fE13)PraniniSisariiel 1o the Hisistructure
trate 10. J[0031 der | 181 iredto h h
R ol TR B S B R e s

ayallBLito/ B auhsHAER Exnhdaingsaer e epyis phiheepsiumeesiibeut.
magnetic recording layer 22 can be perpendicularly oriented with respect

Sinteetbabdir@ecd hetefers, albighendsstainerprigniati o bbdrecyrider

I %er 18 can enha rientation of the magnetic recording layer 22.

h
1ORRT"Y B bSHTRE R ARE (nEPISFE M AR e dayer.
THaAehRcHhe A 0B) BIRRRURIMBIMGS secandanaarifverd Bhpadne

upper layer side is fornmied is set to be higher than'that for forming the first
nauttedipjand 8a partieldwérdayet sideohe iticleasbdtrdhe gas gregsdréase, a
shortens the mean free path of sputtered plasma ions. Consequently, the

Ng56818h 280 G heab apiy eski HYpRiosn s riimeosrepitiandghe atoms
rgaeMeetlonaien e Bl aviie iR eR ardYRe nderienete
[0034]

That is, when the surface of the orientation control layer 16 is the (111)
plane of the fcc structure, the crystals of the hep structure of the under layer can
be suitably oriented, and the c-axis can be arranged in the normal direction to
the disk subsirate 10. Therefore, the granular structure of the magnetic
recording layer 22 is also enhanced in the crystalline orientation io accelerate
the isolation and reduction in size. in addition, in order to make the {111)
piane 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 fce structure means



13 Ru crystal lattice is larger than that of a Co crystal lattice, the
crystalline orientation of the granular layer of Co can be further enhanced
by reducing the crystal lattice of Ru close to that of CO. 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. [0033] The cooperation
of the fcc structure and the hcp structure will now be described with

trefesieiace tgifigr 2. Adshaw ihdrigo{ia)disithefce sineluie the distance
(face-centered cubic crystal structure), the crystal unit can be recognized

e wekibBEB R SarRINs e Barn b edddrierlaya aiyiir) ergstalisiamssirol
be.cut, Singe the distance bet t i ing the cu

e i o L T e e o e e

by Ehe R lgyeerdhens afivse formealiendy srutiering farme aillyRlanes ihe

which is a close-packed plane, in parallel to the surface of the dis
®ihgatitsn 1@ nirahisycast; amediagdadicenapecean deshisentadindhdetween
atomic arr?ggement, and the atoms face the atoms in the (0001) plane of

g Fich LRSIkl Ry P18 6048 VnerhHisWRET 'S riHYR 2
ieptation. . is. ) f
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roigefitptnantitheaséXisicambh ariangedinthemaimal dikeetion taithe sliske

substrate 10. Therefore, the granular structure of the magnetic recording

ladijee 5pasiaGo entrinseliiltheBlRimABloimiatise rastetkrae! fie of the
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plane p Substrate itis preferable €s
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[0035] Usually, the lattice spacing a (lattice constant) in an fcc structure

cariaastety
[0036]

in addition, when the difference of the atornic 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 &' of the under layer by -0.2 A or more, and the /N ratio
decreases when the atomic distance b is larger than the lattice spacing a' of the
under fayer 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 foc 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



the side length of a cube, and the atomic distance b, which is the distance
between nearest-neighbor atoms of the (111) plane of the orientation
control layer 16, is 1/V2 times the lattice spacing a. It is believed that even
ill" a difference is generated between the atomic distance b of the (111)
plane of the orientation control layer 16i&nd the lattice spacing a' as the
distance between nearest-neighbor atoms of the hcp structure, when the
difference is within a certain range, each other's crystal lattices do not
gradusdhyiincredse tesmisaligameotthareof Teutimateh, with gach viher
due to the fluctuation of the lattice spacing. That is, in the embodiment,

Qﬁ@qgﬁ%@?%@fﬁaw&fﬂﬁ@%ﬁdﬁ@@ﬁ@éﬁ@%miaﬁ R Torimleuriadk)is The
Afipried Buihe omedeionce f 1% GHD Rere dlhe allenBlon ine

control Tayer 16 and is'thiereby éenl _

additiancwhenthe 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
[98381n 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. Thisis
pecaUSeHREIRHIAS 1 ERAHakHEVHE St screplRERDt 8 e RAing 2

heattire,shacingrae H&%%dfé(;%&%ﬁ R Rl Re RN selected
ratio decreases when the atomic distance b is larger than the lattice
fepacing\a' of (e ubideralay et by FRELatdnoc e a7 ihe (The mialesial a Ni
of the orientation control layer can be selected from Ni, Cu, Pt, and Pd. In

CRipresamibles i e dansd sithibeiy seliscRid Trask thecanrditine of a Ru

I tals h fce structures, and the differenee hetween
S S e e M i T e
cePRENGAidRUdSTRMANASHISHE D @ Cortain, reBes. S8 HRYMQRRr i8N less

material may be an alloy including a main component of any of these

ihsstaeamithviseNiito omibieiisdditivsislshmcissiiced Srarfe o vagacily,
nal\é% and W. The concentration of the adggtion element.can be 3 to 20 at%

i 965 PREUIHC HiSGREEE5h BCBHPARS 5 AR Bt Spghiban 20
#oneanratiandl eeIHiliRm RIsAe Rl 9938 ct 12 PAGFH AN 8K amorphous.

orientation control layer is preferably an alloy including a main component
[oBB8land 3 to 20 at% one or more addition elements selected from Ti, V,
Ta, Cr, Mo, and W. The atomic distance of the (111) plane of a Ni crystal
resembBiSHBITY IERGIRITFTEPAGING BOEHI2RH NALORRRGH OF @yai can be

estaafsst NI t ine,arienptatj f.Cp. The

o e 1o aEs 5 S R R oS e o

siessdhiag. 3% atlewsnitiltg exhibitisdnbimsicehaiBeroristiesatc® spacing a can
ferromagnetic material and become a noise source, and a concentration

bgrigrsansanp iy 90020 baahedneaNias afARiN the crystal structure
[&%iowakes Ni amorphous. [0039]

In addition, the material of the under layer can be selected from RuCr and
RuCo, in addition to Ru.  Ru forms an hep 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 hep crystal structure of the under layer 18, and
then a granular tayer as the first magnetic recording layer 22a is made to grow

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



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 layér 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]
Mhgrartseytayel 204y e nomenaghretid gramlardayefinieyeadeagnetioing
éranular layer is formed on an hcp crystal structure of the under layer 18,

Hlthen- a gramarRinegeiias fdrsmabiry REsriyayeraapridssinciure
N e S A o esp v e e
isiaeg afigyowingdstachir) - Jherogmpesition af e anest dayes<Q GahReused.

a granular structure containing a non-magnetic material among crystalline
partigigemadie(diedTohaBed paidydimpartioulsity @CPS{02randn), Ir (iridium),
can In addition, Rh (rhodium), Pd

%@ig‘y@? A%a&?i%e?g%g%ﬁ%}%ﬁwiriéfﬂﬂﬂ% PRI oIk g Eposition
Msed @%%@%%RQ@ Iﬁé@%%mﬂ%ﬁ@ﬁﬁz’ %ﬁ'i' ABosition of the onset layer

20 was non-magnetic CoCr-S102.7[004 e rzhagnetic recording layer
[@@4&]configured of a first magnetic recording layer 22a having a small
thickness and a second magnetic recording layer 22b having a large

thicknEE@.VB%QW_HE?ﬁM@ﬁéﬂW&%r@iﬁ@ﬁW@Q@bﬁdiftﬁfer@éaaﬁtjc
e e T T T

ating a non-ma IC materia

|ayegneticHasiegal selgsteniessso-basedllays: madrsed aleysirPfyer 22a

Ni-based alloys. As the non-magnetic material, oxides such as SiO2,

appeths, sHOM Bregnatid reRodNaitases 2BbHavBal cahurrabigtes siach
suita%éy used. In addition, a composite of two or more

Sﬁ%&ﬁ%&ﬁgﬁ%ﬁgﬁ’eﬁ% %gﬂﬁgg gdagn-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 Si0Os, Cr0s,
1102, B20Og3, and Fex0s, nitrides such as BN, and carbides such as BsCs 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-Cr203 hep crystal structure using a hard magnetic target composed of
CoCrPt containing chromium oxide (Cr.Og) 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 particies
(magnetic grains) formed a columnar granular structure. The magnetic
particles epitaxially grew continuously from the granular siruciure of the onset
layer 20.

[0044)



[0043] The first magnetic recording layer 22a was formed so as to

have a 2 nm CoCrPt-Cr203 hcp crystal structure using a hard magnetic

target composed of CoCrPt containing chromium oxide (Cr203) as an

example of the non-magnetic material. The non-magnetic material was
segregated at the surroundings of a mdghetic material to form grain
boundaries, and the magnetic particles (magnetic grains) formed a

columnar granular structure. The magnetic particles epitaxially grew
continlibasigdomd the@rativlarcstrdctyre pitlieonset layers2Ds§0844) Have a 10
The second magnetic recording layer 22b was formed so as to have a 10

Hih e hifg2 hep eryaial stiveture using a Rard magnetie target composed
d CrPt.containing titanium oxide (1102) as a ample of .
e e e R aRa s L oot

the' hon-magnetic materia SO

@2ks the MagaRticRatislemormeshaiar AnuABEUstEe JIB04BL maghetic

capped layer 24 is a magnetically continuing layer (also called continuous
paybeian theriegragedivdtisiifolnied on the granular magnetic layer and
@@0\# a strong perpendicular magnetic anisotropy. With this layer, in

é n to the high-density recording properties and the low-noise

P LSSt P TR TR A el
donpnoveds dnethénovenvritgactmcicetistidsare duprovedyrimtier magnetic layer
aenrg bs%cg)iwg rellt ’stspg ﬂ(éo&‘?ggrtaic? ig uoifaltfhrg e;:ga r? ept(iecd A%}llse(;trzsp\{/\{as v%%?@tsBia?gf?%
addition to the high-density recording properties and the low-noise properties of
the granular layer, the reverse magnetic domain nucleation field Hn is enhanced,
the thermal fiuctuaﬁon resistance characteristics are improved, and the
overwrite characteristics are improved. In the embodiment, the composition of
the capped layer 24 was CoCrPtB.

[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 medidm—protec’zing 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



Furthermore, the capped layer 24 may not be a single layer and may have
a COG (coupled granular continuous) structure that forms a thin film
(continuous layer) showing a strong perpendicular magnetic anisotropy
and high saturation magnetization Ms. The COG structure can be
configured of a magnetic recording lay&Bhaving 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
fateipately-aminaed Hlmdhwbichan Gaithincfinmanseifd thin filmrare by a
laminated. [0047] ~ The mediUm-protecting layer 26 was formed from
SAHBANSY TREEVIY rHtHoRr Rt e (ne g8 MBintaAEd N THayer can be more
jum-protecting layer 26 is protection layer for.protecting the
eg?e%%%n% cgfé}?gfﬁgegjni%@ ré@&%%é@a@e%ﬁ(gﬁ? %ngt%‘%ﬁe magnetic head.
itgeneral, since the film hardness of a carbon 18 film formed by the CVD
method is enhanced compared to a film formed by a sputtering method,
the perperidivitatioragetiCfevading ek byatibecabng éffedtivigg fiucro
p{)rote%te erPf)bim act from the magnetic head. [0048] The lubrication
Q098 was' 1T HUE B B SRBHEIBERE (BRI poRRmr. e
{gfdg@?ess of the lubrication layer 28 is about 1 nm. [0049] According to
the production process above, a perpendicular magnetic recording
mediuvkewwagioptainkd.prbe effectivenesssaiitheqragasniione ion with §eetic
described by referring to examples and comparative examples below.

rRSES8Ng WQ@I’?&W@W@E@EQ), g:&ﬁ:ﬁﬁ@qii‘é%sm tageweast invention
R D R R P R R g Boow.

[@pplitation), 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
crystahstaliciareintadatics. sipasieigity dictanttE Sitviatireyehe nagtiseired by

R e ST SRR B RL Sy e it 4 1 o

NEApsioRafipeihe ¢aereivity dupnd /SN Satinuith 4 gﬂesh&hgh@d, Pd (400 V

difference between the atomic distance of the orientation control layer
braade bégachppivapiositidhit anactid Aatficesspacing 242l 10 @) opRiati¢he
Elf(%%agr)lleag efr'and 2, Niand Ag were used. The crystal structure, the lattice
spacing a of the fcc structure, the lattice spacing a’ of the hep 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 He that is required varies according to the

’ recerding density of the magnetic recording medium. .That s, a higher
coercivity He is required in accordance with a reduction in the size of magnetic

pariicles (magnetic grains) due to an increase in the recording density.

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



[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 ihdwhich a high recording density is
not required, contrarily, 19 a suppressed coercivity Hc can enhance the
overwrite characteristics. Specifically, when the coercivity Hc is 3500 [Oe]
{oarstedposdighenithey caeteiviyriiaisdetermiaed iy balaneganihcs.
recording density. On the othe'r hand, a higher S/N ratio is preferred
oG5t qég@oWﬁ@"r%?@iﬁ@iH’é’fﬁﬁiﬂ(} gndBtherRictort sBpb aficagisantSIN

io of. 19 dB i f . [0052 As sh in Fig. 3 ¢
R o B B B R W oG T e Lottt
[omirol lnyert &frem e daticr srackg 4o O R Ritisathg AsBRSnd

the S/N ratio sharply decreases. Also when the difference of the atomic

allstarfsetbrronbhecifittidly spadiily aais0l 3 AR ovorey rsinsilariy ethed.
rcivity Hc and the S/N ratio sharply decrease. These reveal that Hc

[éﬁg /N are enhanced when the difference of the atomic distance b of the

orientati r erl ' j f Ruiswithin the
S e e SR SR SR ot
(aboyeldescribie chanactgistiesisroL plears ki cae lbeiassypaeththat (2.70 A)
hcp crystals pf Ru easily grow by controlling the difference between the

Atbie q%}%\ﬁc@rdwﬁé%ﬁéwtaﬁaﬂ eORMRY Kigeiaasethe fisicavbsacihg a
Cﬁﬁ& %%&h&%geﬁg'rﬂl&a%‘%?a%ocg@ r{r%(l’:}% ’[ﬁ!]]ee %E[ @?g?ﬁ?cﬁﬁe)%}%%ﬁi 5 A g\rsmor e,

resulting in increases inthe coercivity Hc an

givalbeveiitBepesterigdraxampies @ ANe RIe s BlyeigR have befie reveal

described referring to the accompanied drawings, but it is obvious that the
thedseneind sriibars etdintiestvibsndhesifapess vbtbeidémribatithasee b of
i killed in the art c%n F}:arive zit%'\%ariou%7 alterations and maodifications within
e LEDPE L EABEG iR it ToNG 1PFs BHIRE SRA% AR RbSY dRdfihinire
rapddnadiicagipns suraly belong to the technical scope of the present
invention.
[0053]

The mechanism of exhibiting above-described characteristics is not clear,
but it can be assumed that hep 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 fo 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 undersiood 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 recording system. 21 CLAIMS 1.A
magnetic recording medium comprising an orientation control layer, a
non-magnetic under layer, a magnetic #&cording layer on a substrate,
wherein  the orientation control layer has an fcc structure and a (111)
plane being parallel to the substrate;

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 rﬁagﬂetic recording

system.



the under layer has an hcp structure and a (0001) plane being parallel to
the substrate;  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 atgms of the orientation control layer
from the distance between nearest-ne%ﬂbor 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 congBIAIm,f%r is selected from Ni, Cu, Pt,
and Pd. 4. The magnetic recording medium according to claim 1,

wherein the grigiiatio nceentioldayetisimade pfisin@lioy dngutingranyrafol layer,
Ni, Cu, Pt, and Pd as a main component and one or more of Ti, V, Ta, Cr, .
Moo aritagnadan it elenvergnetics eThEd g dnetic 7B co FYiRg FAtRiwmerein

accordjng ta claim 4, wherein concentration of the addition el tisS5to .
20 AU O ATt T G B A SIS o b P2 e Being
yahereindheodgniatiga.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 taditraieelepweritas anhcphgmaEgneticicbadidifd npddenbaicgopdiregl et to
to claim 1, wherein the magnetic recording layer is a ferromagnetic layer

Be=SyREiAR structure formed

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 RuCeo.

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 allo{} 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



22 by segregating a non-magnetic material among magnetic particles
containing at least Co. t

22

by segregating a non-magnetic material among magnetic particles containing at

least Co.



