DESCRIPTION MAGNETIC RECORDING MEDIUM SUBSTRATE AND
PERPENDICULAR MAGNETIC RECORDING MEDIUM Technical Field
[0001] This invention relates to a magnetic recording medium substrate
for forming a perpendicular magnetic recording medium adapted to be
mounted in a perpendicular magnetic recording type HDD (hard disk
drive) or the like. [0002] Further, this invention relates to a perpendicular
magnetic recording medium adapted to be mounted in a perpendicular
magnetic recording type HDD (r@?@@@%‘:@or the like. Background Art
[0003] In recent years, there have been proposed various information
processing systems following the advancement of information-oriented

SON@(E% NETH (D ETE barRDINER IMPDAIRH NISTTRAT FSRDiPE ROENS IDULAR
use in those information processing systems. In such information
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capacities and higher information recording densities for the purpose of
miniaturization and higher performances of the information processing
sustams [PRM] In magnetic recording devices, as such information

recording devices, represented by HDDs (hard disk drives) using
magneti®88idrding media as recording media, the information recording
capacity exceeding 30GB (gigabytes) has been required per 2.5-inch
magnetin%I{.“@r[%@GS?'ateS t0 a magnetic recording medium substrate for
forming a perpendicular magnetic recording medium adapted to be mounted in
a perpendicular magnetic recording type HDD (hard disk drive) or the like.

[0002]

Further, this invention relates to a perpendicular magnetic recording
medium adapted to be mounted in a perpendicular magnetic recording type
HDD (hard disk drive) or the like.

Background Art

[0003]

In recent years, there have been proposed various information
processing systems following the advancement of information-oriented society
and there have been proposed information recording devices for use in those
information processing systems. In such information recording devices, there
have been required larger information recording capacities and higher
information recording densities for the purpose of miniaturization and higher
performances of the information processing systems.

[0004]

In magnetic recording devices, as such information recording devices,
represented by HDDs (hard disk drives) using magnetic recording media as

recording media, the information recording capacity exceeding 30GB

(gigabytes) has been required per 2.5-inch magnetic disk.



In order to improve the information recording capacity of a magnetic
recording medium, it is necessary to improve the performances of both the
magnetic recording medium and a magnetic head that records/reproduces
an information signal with respect to this magnetic recording medium. In
order to satisfy such a requirement witla magnetic recording medium, it
IS necessary to realize an areal information recording density exceeding
60 gigabit%‘ggr inch2 (60Gbits/inch2). [0006] Incidentally, in magnetic
recordi ces currently widely used, use is made of a magnetic
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the magnetic recording medium. [0007] In the in-plane magnetic
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crystal grains,increases so that satisfactory recording cannot be carried
G'ﬁ'ﬁﬁfﬁ@h dince it is necessary to reduce the thickness of a magnetic
recordih@gagjr for decreasing the size of crystal grains in the magnetic
recording layer, there is a problem that thermal fluctuation failure tends to
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becomes significant, recording magnetization is attenuated with the lapse
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t:?we so-called in-plane magnetic recording type (longitudinal magnetic recording
type or horizontal magnetic recording type). In this in-plane magnetic
recording type, the magnetization direction in the magnetic recording layer
becomes a direction approximately parallel to the main surface portion of the
magnetic recording medium.

[0007]

In the in-plane magnetic recording type, there is a possibility that even if
attempting to perform information recording at high areal recording density such
as 60 gigabits per inch? by decreasing the size of crystal grains in a magnetic
recording layer, the influence of demagnetization fields between the adjacent
crystal grains increases so that satisfactory recording cannot be carried out.
Further, since it is necessary to reduce the thickness of a magnetic recording
layer for decreasing the size of crystal grains in the magnetic recording layer,
there is a problem that thermal fluctuation failure tends to occur due to thermal
magnetic aftereffect. If the thermal fluctuation failure becomes significant,
recording magnetization is attenuated with the lapse of time and, finally,

recorded information cannot be normally reproduced.



[0008] In view of this, in recent years, it has been proposed to employ the
perpendicular magnetic recording type, instead of the in-plane magnetic
recording type, in magnetic recording media. In the perpendicular
magnetic recording type, even if the areal recording density is increased,
the resistance to thermal fluctuation faiftire is high. Therefore, the
perpendicular magnetic recording type is a desirable
recording/reproducing type for achieving information recording at high
areal re 99% density. [0009] In order to employ the perpendicular
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magnetic recording medium employing the perpendicular magnetic
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becomes the c-axis in the hexagonal closest packed (hcp) crystal
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c-axis OtdBﬁSﬁObalt crystal structure in a perpendicular direction with
respect to the' main surface of the magnetic recording medium. [0010]
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medium, a so-called two-layer type perpendicular magnetic recording
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or ferromagnetic microcrystal on g nopmagnetic substrate and further
PSRRI GBI LT I SV HRAIE Of £ {PH Rk SIRUNEL or
%‘,Eir%fberpendicular magnetic recording medium employing the perpendicular
magnetic recording type, it is necessary to orient an easy magnetization axis of
a magnetic recording layer being a hard magnetic layer in a perpendicular
direction (normal direction) with respect to the main surface of the magnetic
recording medium. For example, in the case of forming a magnetic recording
layer using a cobalt (Co)-based ferromagnetic material, the easy magnetization
axis of the magnetic recording layer becomes the c-axis in the hexagonal
closest packed (hcp) crystal structure of cobalt. Therefore, in this case, it is
necessary to orient the c-axis of the cobalt crystal structure in a perpendicular
direction with respect to the main surface of the magnetic recording medium.

[0010]

There has been proposed, as such a perpendicular magnetic recording
medium, a so-called two-layer type perpendicular magnetic recording medium
having a soft magnetic layer made of a soft magnetic substance or
ferromagnetic microcrystal on a nonmagnetic substrate and further having a

magnetic recording layer made of a hard magnetic substance on the soft



4 magnetic layer. This soft magnetic layer serves to conduct magnetic
flux emitted from a magnetic head and perpendicularly transmitted
through the magnetic recording layer or magnetic flux perpendicularly
emitted from the magnetic recording layer, to a magnetic path leading to
the magnetic head. That is, in such a two-layer type perpendicular
magnetic recording medium, a suitable magnetic circuit can be formed
among the magnetic head, the magnetic recording layer, and the soft
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nonmagnetic substrate and the magnetic recording layer. This noise is
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[0011]

In the meantime, a reduction in noise has conventionally been an aim in
perpendicular magnetic recording media and is essential also in the
perpendicular magnetic recording medium having the soft magnetic layer
between the nonmagnetic substrate and the magnetic recording layer. This
noise is generated from both the magnetic recording layer and the soft magnetic
layer and, particularly, spike-like noise (spike noise) generated from the soft
magnetic layer and medium noise have been a problem.

[0012]

In view of this, proposals have conventionally been made for reducing
such noise. For example, Patent Document 1 describes a perpendicular
magnetic recording medium having a backing magnetic layer between a
nonmagnetic substrate and a magnetic recording layer, wherein the backing
magnetic layer comprises a pair of ferromagnetic films having the same
thickness and laminated through a nonmagnetic layer therebetween.

[0013]



[0013] 5 In this perpendicular magnetic recording medium, the pair of
ferromagnetic films of the backing magnetic layer are antiparallel-coupled
to each other and, according to Patent Document 1, it is described that
leakage magnetic flux generated from magnetic domain walls in the
backing magnetic layer is prevented from entering a magnetic head and
the magnetic domain walls in the backing magnetic layer are fixed so as
not to move easily, so that medium noise caused by the backing
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recording medium, in the case of being formed as a perpendicular
meadiueticoese ching atisiy ifre hagkiaticnfiagghetiapaliedisedrandidl direction
of the nonmagnetic substrate, since the soft magnetic underlayer has the
magneti@@éfﬁain control layer including the antiferromagnetic layer, a
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magnetic field (shift amount) Hex, the magnetization does not take a

3R Vadeahcareeesdinggay et fieldnisHeafisneenejiserdesiayeicomprises a
first soft magnetic layer, a magnetic domain control layer including at least an
antiferromagnetic layer, and a second soft magnetic layer. In this
perpendicular magnetic recording medium, the ratio (d1/d2) between a
thickness d1 of the first soft magnetic layer and a thickness d2 of the second
soft magnetic layer is set to 0.3 or more and 1.5 or less.

[0015]

In this perpendicular magnetic recording medium, in the case of being
formed as a perpendicular magnetic recording disk, if a magnetic field is applied
in a radial direction of the nonmagnetic substrate, since the soft magnetic
underlayer has the magnetic domain control layer including the
antiferromagnetic layer, a magnetization curve of the soft magnetic underlayer
shifts in the magnetic field direction. Since a coercive force Hc of the soft
magnetic underlayer derived from this magnetization curve is smaller than an
exchange bias magnetic field (shift amount) Hex, the magnetization does not
take a single value in a zero magnetic field, that is, the hysteresis of the
magnetization curve does not cross the zero magnetic field.

[0016]



magnetization curve does not cross the zero magnetic field. [0016] 6
According to Patent Document 2, it is described that because of the fact
that the hysteresis of the magnetization curve does not cross the zero
magnetic field, a uniaxial magnetic anisotropy with its easy magnetization
axis in the radial direction of the nonmeﬁgnetic substrate and a
unidirectional magnetic anisotropy with its easy magnetization direction
being the direction of the magnetic field are produced in the soft magnetic
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spike noise is generated when a difference in thickness between the soft
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Publicatjgo{#P-A) No. 2004-348849 Non-Patent Document 1: The 28th

Magnetics Society of Japan
Further, Non-Patent Document 1 describes a perpendicular magnetic

recording medium having a pair of soft magnetic layers, laminated through a
nonmagnetic layer therebetween, between a nonmagnetic substrate and a
magnetic recording layer. In this perpendicular magnetic recording medium,
the pair of soft magnetic layers are antiparallel-coupled to each other.
According to Non-Patent Document 1, it is described that spike noise is
suppressed when the thicknesses of the soft magnetic layers are equal to each
other, while, spike noise is generated when a difference in thickness between
the soft magnetic layers increases.
[0018]
Patent Document 1:  Japanese Unexamined Patent Application
Publication (JP-A) No. 2001-331920
Patent Document 2:  Japanese Unexamined Patent Application
Publication (JP-A) No. 2004-348849
Non-Patent Document 1: The 28th Magnetics Society of Japan
Scientific Conference Summaries (2004)
pp. 612 to 613

Disclosure of the Invention



Scientific Conference Summaries (2004) pp. 612 to 613 Disclosure of the
Invention 7 Problem to be Solved by the Invention [0019] In the
meantime, an areal information recording density of 100Gbits per inch2
(100Ghits/inch2) or more is becoming required in recent recording media.
In order to realize a perpendicular magr?etic recording medium capable of
satisfactorily carrying out information recording and reproduction at such a
high areal recording density, it becomes necessary to further suppress

Bpaklemite Peneoiedibin thEidevendon] in the case where, as described in

the foregoj i\lon-Patent Document 1, the pair of soft magnetic layers
laminated through the nonmagnetic layer therebetween and
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substrate and the magnetic recording layer and the thicknesses of the
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magnetic layers and, therefore, it is considered that medium noise
areadasesr{ig te Wit descgne s utdoéssaayitnm fretoedisigpgamess spike noise
reproduction at a high areal recording density of 100Gbits per inch2 or

At ENBAUEhP[S&rpendicular magnetic recording medium, if the magnetic
domainp %Ere formed in the soft magnetic layers, there is a possibility
that these magnetic domain walls cause noise generation.

In the case where, as described in the foregoing Non-Patent Document
1, the pair of soft magnetic layers laminated through the nonmagnetic layer
therebetween and antiparallel-coupled to each other are provided between the
nonmagnetic substrate and the magnetic recording layer and the thicknesses of
the soft magnetic layers are set equal to each other in the perpendicular
magnetic recording medium, spike noise is certainly reduced. However, in this
case, it is confirmed from optical observation that magnetic domains are
discontinuous and thus magnetic domain walls are formed in the soft magnetic
layers and, therefore, it is considered that medium noise increases.

[0021]

When carrying out information recording and reproduction at a high
areal recording density of 100Gbits per inch® or more in such a perpendicular
magnetic recording medium, if the magnetic domain walls are formed in the soft
magnetic layers, there is a possibility that these magnetic domain walls cause
noise generation.

[0022]

Therefore, this invention is proposed in view of the foregoing
circumstances and has an object to provide a perpendicular magnetic recording

medium having, between a nonmagnetic substrate and a magnetic recording



[0022] Therefore, this invention is proposed in view of the foregoing
circumstances and has an object to provide a perpendicular magnetic
recording medium having, between a nonmagnetic substrate and a
magnetic recording 8 layer, a pair of soft magnetic layers laminated
through a nonmagnetic layer therebetv&en, which can reliably suppress
medium noise even when carrying out information recording and
reproduction at high areal recording density, and further to provide a
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recording medium having, between a nonmagnetic substrate and a
fuebaete prevideiagTagneticosietieg Medinalisubpiistenaiaan tarougHch a
a nonmﬂa netic_layer therebea(veen it Is possible to remove a cause of
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magnetic domain wall. [0024] Normally, spike noise in a perpendicular
magneti®BR3jrding medium is noise caused by a soft magnetic layer and
is observed in a low-frequency region. This is caused by movement of

magnetitRROBIEFAIEIVERIPIS HRYE adianeesisidienirbraIVod ihe frrgoing
B%Heg?g%m ROISE 3 (1PI$R\BYRRIAGH AR ﬂwhégé‘gt ehifibtilal Haghatle

caused by a distribution of radii or sizes of magd C grains. soft
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observed by an OSA. In Non-Patent Document 1, spike noise is
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layer therebetween, it is possible to remove a cause of generation of medium
noise by setting a difference in thickness between the soft magnetic layers to a
proper value to prevent formation of a magnetic domain wall.

[0024]

Normally, spike noise in a perpendicular magnetic recording medium is
noise caused by a soft magnetic layer and is observed in a low-frequency
region. This is caused by movement of magnetic domain walls and is also
called Barkhausen noise. On the other hand, medium noise is noise
generated in a high-frequency region and is caused by a distribution of radii or
sizes of magnetic grains. In AFC soft magnetic layers having the same
thickness, magnetic domain walls are observed by an OSA. In Non-Patent
Document 1, spike noise is suppressed by fixing magnetic domain walls with
the structure of AFC+AFM (antiferromagnetic coupling) soft magnetic layers.
On the other hand, soft magnetic layers in this invention form no magnetic
domain wall even without an AMF layer and thus can reduce spike noise. That
is, although, normally, spike noise cannot be completely removed only with the

AFC structure, if a pair of soft magnetic layers laminated through a nonmagnetic



the structure of AFC+AFM (antiferromagnetic coupling) soft magnetic
layers. On the other hand, soft magnetic layers in this invention form no
magnetic domain wall even without an AMF layer and thus can reduce
spike noise. That is, although, normally, spike noise cannot be completely
removed only with the AFC structure, i19a pair of soft magnetic layers
laminated through a nonmagnetic 9 layer therebetween has a magnetic
hysteresis as in this invention, no magnetic domain wall is formed and
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Therefore, since it is sufficient that the pair of soft magnetic layers
femiméaed through the nonmagnetic layer therebetween have the
magnetifgaﬁeresis, the magnetic properties of the pair of soft magnetic
layers a necessarily the same as each other. It is also possible to
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thicknesses of a pair of soft magnetic layers having different magnetic
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formed by a plurality of layers, not limited to a pair of layers. Further, in
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such that the lower soft magnetic layer is increased in Ms and reduced in
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increaseg, in thi kne{%s. [90%6 That is, this inventign has apg ne of the.
ASNURN S Qﬁf&&ﬁl’é@,_ e thicknesses of'a pair of soit magnetic layers having

different magnetic properties to be equal to each other. Further, soft magnetic
layers may be formed by a plurality of layers, not limited to a pair of layers.
Further, in the AFC structure of the soft magnetic layers, in order to cancel
magnetizations of the upper and lower soft magnetic layers, it is important that
the products of Ms and the thickness (=Ms-t) be equal to each other in the
upper and lower soft magnetic layers. That is, it may be configured such that
the lower soft magnetic layer is increased in Ms and reduced in thickness, while,
the upper soft magnetic layer is reduced in Ms and increased in thickness.

[0026]

That is, this invention has any one of the following structures.

[0027]

(Sturcture 1)

A magnetic recording medium substrate having an underlayer on a
substrate made of a nonmagnetic material is characterized in that the
underlayer includes at least a pair of soft magnetic layers laminated through a

nonmagnetic layer therebetween and has a magnetic hysteresis.



[0027] (Sturcture 1) A magnetic recording medium substrate having an
underlayer on a substrate made of a nonmagnetic material is
characterized in that the underlayer includes at least a pair of soft
magnetic layers laminated through a nonmagnetic layer therebetween
and has a magnetic hysteresis. 10 [0019] (Sturcture 2) A magnetic
recording medium substrate having Sturcture 1 is characterized in that
the pair of soft magnetic layers are formed to have magnetic properties
substantfi qual to each other and one of the layers has a thickness
diﬁeren%sgmm%g the other layer, wherein a difference between the
thicknesses is nm or less. [0029] (Sturcture 3) A magnetic recording

mediumskisggirierdoedfrigusiseRnos b israfeanadiagzed ibtiat the soft
magnetic layers are magnetically antiparallel-coupled to each other.
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layer therebetween and has a magnetic hysteresis. [0031] (Sturcture 5)

the thicknesses is 10nm or less.

[0029]

(Sturcture 3)

A magnetic recording medium substrate having Structure 1 or 2 is
characterized in that the soft magnetic layers are magnetically
antiparallel-coupled to each other.

[0030]

(Sturcture 4)

A perpendicular magnetic recording medium having an underlayer and
a recording layer on a substrate made of a nonmagnetic material is
characterized in that the underlayer includes at least a pair of soft magnetic
layers laminated through a nonmagnetic layer therebetween and has a
magnetic hysteresis.

[0031]

(Sturcture 5)

A perpendicular magnetic recording medium having Sturcture 4 is
characterized in that the pair of soft magnetic layers are formed to have
magnetic properties substantially equal to each other and thicknesses thereof
are different from each other.

[0032]

(Sturcture 6)

A perpendicular magnetic recording medium having Sturcture 5 is



A perpendicular magnetic recording medium having Sturcture 4 is
characterized in that the pair of soft magnetic layers are formed to have
magnetic properties substantially equal to each other and thicknesses
thereof are different from each other. [0032] (Sturcture 6) A
perpendicular magnetic recording medili having Sturcture 5 is 11
characterized in that a difference between the thicknesses of the pair of
soft magnetic layers is 10nm or less. [0033] (Sturcture 7) A perpendicular
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ct of the Invention he magnetic recording medium substrate
or the pggpggylicular magnetic recording medium according to this
invention has, on the substrate made of the nonmagnetic material, the
underlayStwekdfRidihg at least the pair of soft magnetic layers which are
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of medium noise. [0035] Further, in the magnetic recording medium

aotmpratausr the perpendicular magnetic recording medium according to
this invention, the pair of soft magnetic layers are formed to have the
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[0034]

The magnetic recording medium substrate or the perpendicular
magnetic recording medium according to this invention has, on the substrate
made of the nonmagnetic material, the underlayer comprising at least the pair of
soft magnetic layers which are laminated through the nonmagnetic layer
therebetween and having the magnetic hysteresis. Therefore, it is possible to
prevent formation of a magnetic domain wall in the underlayer and thus to
suppress generation of medium noise.

[0035]

Further, in the magnetic recording medium substrate or the
perpendicular magnetic recording medium according to this invention, the pair
of soft magnetic layers are formed to have the magnetic properties substantially
equal to each other and the thicknesses thereof are different from each other.
Therefore, it is possible to satisfactorily prevent formation of a magnetic domain
wall in the soft magnetic layers and thus to suppress generation of medium
noise.

[0036]

Further, in the magnetic recording medium substrate or the
perpendicular magnetic recording medium according to this invention, the

difference between the thicknesses of the pair of soft magnetic layers is 10nm



equal to each other and the thicknesses thereof are different from each
other. Therefore, it is possible to satisfactorily prevent formation of a
magnetic domain wall in the soft magnetic layers and thus to suppress
generation of medium noise. [0036] Further, in the magnetic recording
medium substrate or the perpendiculalj agnetic recording medium
according to this invention, the difference between the thicknesses of the
pair of soft magnetic layers is 10nm 12 or less. Therefore, it is possible to
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mggq]eergfgrréﬂ}gpéar magnetic recording medium according to this invention,
a stitable magnetic circuit is formed among a magnetic head, the

magnetipogrding layer, and the soft magnetic layers, so that it is
possible to carry out information recording and reproduction at high areal
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which can reliably suppress medium noise even when carrying out
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and further provide a magnetic recording medium substrate that can form
such a Bé% hdicular magnetic recording medium, thereby contributing to

o LS R AR BBy corang
srejionfhaews ssringetne sishatanetia peeeaticaidl a magnetic recording
layer, a pair of soft magnetic layers laminated through a nonmagnetic layer
therebetween, which can reliably suppress medium noise even when carrying
out information recording and reproduction at high areal recording density, and
further provide a magnetic recording medium substrate that can form such a
perpendicular magnetic recording medium, thereby contributing to an increase
in areal recording density in perpendicular magnetic recording media.

Brief Description of the Drawings

[0039]

[Fig. 1] is a sectional view showing the structure of a perpendicular
magnetic recording medium according to this invention.

[Fig. 2] is a graph (hysteresis curve) showing the magnetic properties of
soft magnetic layers of the perpendicular magnetic recording medium according
to this invention.

[Fig. 3] is a plan view showing magnetic domain wall states in soft
magnetic layers of perpendicular magnetic recording media according to this
invention.

Description of Symbols

[0040]



magnetic recording medium according to this invention. [Fig. 2] is a graph
(hysteresis curve) showing the magnetic properties of soft magnetic
layers of the perpendicular magnetic recording medium according to this
invention. [Fig. 3] is a plan view showing magnetic domain wall states in
soft magnetic layers of perpendicular magnetic recording media
according to this invention. Description of Symbols [0040] 13 1 substrate
2 first soft magnetic layer 3 second soft magnetic layer 4 perpendicular
magnetit recHBRERIRyer 5 nonmagnetic layer Best Mode for Carrying

Out the Qﬁveﬂg'&rg&;ﬂ% %Hgﬁgi%%lpw, the best mode for carrying out this
e

invention will escribed with reterence to the drawings. [0042] A

perpendiculasgpagaeittreryydie rgeium according to this invention is
formed, for example, as a magnetic disk adapted to be mounted in an

HDD (MArd diSko@MEigWRtHBalREAAd eSoredtdlayR medium of the

perpendicular magnetic, recording type capable of carrying out
high-de(#sity %m%@&r recording and reproduction. [0043] The

BegaNngisd IRy @g%ﬁ{?@ﬁq@qg\y@ﬁggﬂn according to this invention, in
the form of the magneiic disk, is manufactured to have a

[0041]

Hereinbelow, the best mode for carrying out this invention will be
described with reference to the drawings.

[0042]

A perpendicular magnetic recording medium according to this invention
is formed, for example, as a magnetic disk adapted to be mounted in an HDD
(hard disk drive) or the like and is a recording medium of the perpendicular
magnetic recording type capable of carrying out high-density information signal
recording and reproduction.

[0043]

The perpendicular magnetic recording medium according to this
invention, in the form of the magnetic disk, is manufactured to have a
predetermined diameter such as, for example, 0.85 inches, 1.0 inches, 1.8
inches, 2.5 inches, or 3.5 inches.

[0044]

Fig. 1 is a sectional view showing the structure of a perpendicular
magnetic recording medium according to this invention.

[0045]

As shown in Fig. 1, the perpendicular magnetic recording medium is
configured such that an underlayer is formed on a substrate 1 made of a
nonmagnetic material and a perpendicular magnetic recording layer 4 is formed

as an upper layer with respect to the underlayer. The underlayer is formed so



predetermined diameter such as, for example, 0.85 inches, 1.0 inches, 1.8
inches, 2.5 inches, or 3.5 inches. [0044] Fig. 1 is a sectional view
showing the structure of a perpendicular magnetic recording medium
according to this invention. [0045] As shown in Fig. 1, the perpendicular
magnetic recording medium is configuﬂedbl such that an underlayer is
formed on a substrate 1 made of a nonmagnetic material and a
perpendicular magnetic recording layer 4 is formed as an upper layer with

I
Assipeidlydreatirpsidyel arheSeRaBHARIE IBagRAEE 'dyas 287 ifs1 Ring 2

A maonoimagens B e FRe e e SRR ygrs 2 and
Fhatrisathe, fiie! med segerd ool Soaanelnbaers, 3l Snars laminaindated

together through the nonmagnetic layer 5 therebetween. Further, a

ingethayibreughdhieayen B agnetisdayritndeeranetygri-sideisdeing soft
magnetic layer 3 and the perpendicular magnetic recording layer 4. Thi
FHEGHELE UPHGEYE! & 1§ UJED for Bl LonpOPEHE ERSLItllar
MEgREHIE IR ARG PHRS feBBARICIMI Y RFTEFEAIRIAPRIRYIY.  This
recording medium, the first soft magnetic layer 2, the nonmagnetic layer
Boanthgrete co daftenéds etia ey o B dorstaiheo nindlesfaper panoktidscular
underlayer, the nonmagnetic underlayer 6, and the substrate 1 form a
magnetic reeerding [R¥%Hidm substrate. Then, the perpendicular magnetic

recordig?)@%ﬁr 4 and films as upper layers with respect to the
perpendicular magnetic recording layer 4 are formed on the magnetic

recording el penpitientialte., ihegebY dogobigifte raeenditidairsiagnetitignetic
recording medium.

layer 2, the nonmagnetic layer 5, and the second soft magnetic layer 3 form the
underlayer, and this underlayer, the nonmagnetic underlayer 6, and the
substrate 1 form a magnetic recording medium substrate. Then, the
perpendicular magnetic recording layer 4 and films as upper layers with respect
to the perpendicular magnetic recording layer 4 are formed on the magnetic
recording medium substrate, thereby forming the perpendicular magnetic
recording medium.

[0047]

In the underlayer of the magnetic recording medium substrate, soft
magnetic layers are not limited to the first and second soft magnetic layers 2
and 3, but may further include third and subsequent soft magnetic layers.

[0048]

As the substrate 1, use can be made of a glass substrate comprised of
a glass such as an amorphous glass. As the glass material forming the
substrate 1, a chemically strengthened glass obtained by chemically
strengthening an aluminosilicate glass is preferable.

[0049]

The first soft magnetic layer 2 is formed on the substrate 1 through an



[0047] In the underlayer of the magnetic recording medium substrate, soft
magnetic layers are not limited to the first and second soft magnetic layers
2 and 3, but may further include third and subsequent soft magnetic
layers. [0048] As the substrate 1, use can be made of a glass substrate
comprised of a glass such as an amorﬂ)ﬁous glass. As the glass material
forming the substrate 1, a chemically strengthened glass obtained by
chemicalls}/a strengthening an aluminosilicate glass is preferable. [0049
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respect to the substrate 1 and, therefore, if the adhesive force of the first

3ol iheyeteie|dl treadhieivedioseef thie Biatispihtyeansiietayiersher the
necessarily provided. [0050] The thickness of each.soft magnetic layer
Rt S S 5 P BTRY E <EINLR B SR Y BV e
when sqg@g@pg the soft magnetic layer. [0051] In order to ensure the
adhesive force to the substrate 1 made of the glass such as the

amorphoi$gltisskties it sathnsatmatgfeter 1ayspeafeaihangdd bfan
amorphous material. Further, the first soft magnetic layer 2 is desirably
AR B e AHEGIRG Wt 1diseharag HEtR Whepkspediariag e soft
WB[\% iég%g_sirably made of a cobalt (Co)-based soft magnetic material.
mong cobalt (Co)-based soft magnetic materials, a material such as a

[0051]

In order to ensure the adhesive force to the substrate 1 made of the
glass such as the amorphous glass, the first soft magnetic layer 2 is preferably
made of an amorphous material. Further, the first soft magnetic layer 2 is
desirably made of a material having suitable soft magnetic properties and, for
example, is desirably made of a cobalt (Co)-based soft magnetic material.
Among cobalt (Co)-based soft magnetic materials, a material such as a
cobalt-zirconium (Co-Zr)-based alloy, a cobalt-tantalum-zirconium
(Co-Ta-Zr)-based alloy, or a cobalt-niobium-zirconium (Co-Nb-Zr)-based alloy is
particularly preferable as a material that forms the first soft magnetic layer 2.

[0052]

In the case where the adhesive layer 7 is provided, it is also preferably
made of an amorphous material such as, for example, a chromium-titanium
(Cr-Ti)-based alloy in order to ensure adhesive forces with respect to the
substrate 1 made of the glass such as the amorphous glass and the first soft
magnetic layer 2 made of the amorphous material. The thickness of the
adhesive layer 7 is about 20nm.

[0053]

On the first soft magnetic layer 2 is formed the nonmagnetic layer 5.



cobalt-zirconium (Co-Zr)-based alloy, a cobalt-tantalum-zirconium
(Co-Ta-Zr) -based alloy, or a cobalt-niobium-zirconium (Co-Nb-Zr)-based
alloy is particularly preferable as a material that forms the first soft
magnetic layer 2. [0052] In the case where the adhesive layer 7 is
provided, it is also preferably made of 18 amorphous material such as, for
example, a chromium-titanium (Cr-Ti)-based alloy in order to ensure
adhesive forces with respect to the substrate 1 made of the glass such as

THUSATPRENS i3y Amel thEAASe ShR MRARRAREHGAP2!RiR S\thrRs ruthenium
i ' ive layer 7 is ab
B A e D L e the nonmagnetc

layer 5. @ 5Hpis nonmagnetic layer 5 is made of a nonmagnetic material
such as ruthenium (Ru) and has a thickness of about 0.7nm to 0.9nm.

[0054] G tihe monmaginetic layer S is forimed dhe second soft maginetic layer 3.
ER G e e AT N S
MeossHHaYyREBdSapEsierabiy made it 8B INAESPHEAGREGEah R,

the second soft magnetic layer 3 is desirably made of a material having

prefaindd jofh adegoiedc proprtiessandidaakxdmptbers thestadiy dsaft mbgnetic
cobalt (Ccaégﬂased soft mall(gfnetic material._Amonigﬂ(};aobalt Co)-based soft
lRegne iR Aesierkls made @ areaistialdaipg sy te9n8jipRERReIeS
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second soft magnetic layer 3 and the first soft magnetic layer 2 are

as a cobalt-zirconium (Co-Zr)-based alloy, a cobalt-tantalum-zirconium
(Co-Ta-Zr)-based alloy, or a cobalt-niobium-zirconium (Co-Nb-Zr)-based alloy is
particularly preferable as a material that forms the second soft magnetic layer 3.

[0055]

This second soft magnetic layer 3 and the first soft magnetic layer 2 are
magnetically antiparallel-coupled to each other due to the presence of the
nonmagnetic layer 5 therebetween. The thickness of the second soft magnetic
layer 3 is, like the first soft magnetic layer 2, about 40nm to 50nm. However,
as will be described later, in order to cause the combined magnetic properties of
the soft magnetic layers 2 and 3 to have a magnetic hysteresis, the thicknesses
of the first and second soft magnetic layers 2 and 3 are different from each
other and a difference in thickness therebetween is set to 10nm or less.

[0056]

On the second soft magnetic layer 3 is formed the perpendicular
magnetic recording layer 4 through the nonmagnetic underlayer 6 therebetween.
The nonmagnetic underlayer 6 is formed of tantalum (Ta) or the like and has a

thickness of about 2nm. The perpendicular magnetic recording layer 4 is

made of a hard magnetic material having a hexagonal closest packed (hcp)



magnetically antiparallel-coupled to each other due to the presence of the
nonmagnetic layer 5 therebetween. The thickness of the second soft
magnetic layer 3 is, like the first soft magnetic layer 2, about 40nm to
50nm. However, as will be described later, in order to cause the
combined magnetic properties of the sbft magnetic layers 2 and 3 to have
a magnetic hysteresis, the thicknesses of the first and second soft
magnetic layers 2 and 3 are different from each_other and a difference in
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about 2nm. The perpendicular magnetic recording layer 4 is made of a
madneke reeer diagiaxen dvitte nperagnirlicvedetiabaued asc)remium (Cr) or
crystal structure such.as a cobalt-platinum (Co-Pt)-based alloy and is

R e R AL B SR AT s0 26 (b suppress
BPBIBERRSHR MRE Lo ADEWRBIHRL G GrstlicgrfigXideHSibendicular
That is, in this péerpendicular magnetic recording layer 4, the nonmagnetic
maggriicstertoediru tapauh {8s)aothisikneasdadate (516 2)risapek s ghateed by
between magnetic grains so as to suppress or block exchange interaction
%@ﬁﬁé@ﬁ@ﬁ%%g?éﬁé%ﬁ%@rﬂ!% ndicular magnetic recording layer

4 has aew' ss of about 15nm and is formed by epitaxial growth
(heteroepitaxial growth). [0057] In this invention, the magnetic material

forming henps ipeadiatheagnetiticesridingl Ryeiidgsmopeaséeidiaiyar
limited as long as it is a hard magnetic material, but, as described above,

Magnsie reralitineniayaetcisraeb RARICIAGEY 4iiindrResdBRgagrinsiRhard
e S
recording layer 4 is preferably a granular magnetic layer, particularly a granular
magnetic layer containing a cobalt (Co)-based ferromagnetic material. Since
the cobalt (Co)-based ferromagnetic material has a magnetic anisotropy in the
c-axis direction of the hexagonal closest packed (hcp) crystal structure, control
is performed in the perpendicular magnetic recording layer 4 so that the c-axis
is perpendicularly oriented with respect to the substrate plane. On the other
hand, there is a problem that, in a material having a hexagonal closest packed
(hcp) crystal structure, as the c-axis perpendicular orientation is promoted more,
formation of nonmagnetic grain boundary portions for blocking or suppressing
exchange interaction between magnetic grains is impeded more. Since it is
possible to relax such an impeding factor and positively form nonmagnetic grain
boundary portions in the granular magnetic layer containing the cobalt
(Co)-based ferromagnetic material, it is suitable as a magnetic material for
forming the perpendicular magnetic recording layer 4.

[0058]

On the perpendicular magnetic recording layer 4 is formed a protective



the cobalt (Co)-based ferromagnetic material has a magnetic anisotropy in
the c-axis direction of the hexagonal closest packed (hcp) crystal
structure, control is performed in the perpendicular magnetic recording
layer 4 so that the c-axis is perpendicularly oriented with respect to the
substrate plane. On the other hand, thifeis a problem that, in a material
having a hexagonal closest packed (hcp) crystal structure, as the c-axis
erpendicular orientation is promoted more, formation of nonmagnetic
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such an impeding or and positively form non
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ferromagnetic material, it is suitable as a magnetic material for forming
e plvptratReuaaanedicdiza@cording layer 4. [0058] On the
perpen(:[ji@ﬂéa% magnetic recording layer 4 is formed a protective 18 layer
8. This live layer 8 is made of hydrogenated carbon or the like and

has a thigrss afiaBALARAY 1a)BF PISRFIVEIRYFIHE SrBtEMRIdPyer 8. This

protecting the perpendicular magnetic recording medium from an’impact
oy acatimgiliaperadeild mageeaticoeetico {069k tRert(leFRB)britatihigdagmd Bas a
formed on the protective layer 8. This lubricating layer 9 is made of
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second pygbolagnetic layers 2 and 3 are formed so as to be located
between the substrate 1 and the perpendicular magnetic recording layer
4. By thénphsvigieansiieedbsstifshagheaeqagessfbmagnetic layers 2 and 3 are

formed so as to be located between the substrate 1 and the perpendicular
magnetic recording layer 4. By the provision of these soft magnetic layers 2
and 3, this perpendicular magnetic recording medium is formed as a so-called
two-layer type perpendicular magnetic recording medium. Therefore, in this
perpendicular magnetic recording medium, a suitable magnetic circuit can be
formed among the non-illustrated magnetic head, the perpendicular magnetic
recording layer 4, and the soft magnetic layers 2 and 3 at the time of magnetic
recording, so that it is possible to obtain an action wherein the soft magnetic
layers 2 and 3 assist the magnetic recording based on the mirror image effect.

[0061]

The soft magnetic layers 2 and 3 magnetically antiparallel-coupled to
each other are formed with the magnetic properties substantially equal to each
other and, due to the fact that both thicknesses differ from each other, the
combined magnetic properties of the soft magnetic layers 2 and 3 have a
magnetic hysteresis. In the case where third and subsequent soft magnetic
layers are present, the combined magnetic properties of all the soft magnetic

layers are configured to have a magnetic hysteresis.



and 3, this perpendicular magnetic recording medium is formed as a
so-called two-layer type perpendicular magnetic recording medium.
Therefore, in this perpendicular magnetic recording medium, a suitable
magnetic circuit can be formed among the non-illustrated magnetic head,
the perpendicular magnetic recording IB?/er 4, and the soft magnetic
layers 2 and 3 at the time of magnetic recording, so that it is possible to
obtain an action wherein the soft magnetic layers 2 and 3 assist the
magneti[pP&%rding based on the mirror image effect. [0061] The soft
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combined magnetic properties of the soft magnetic layers 2 and 3 have a
arsgneing hoshiscdsisemiite case where third and subsequent soft
magnetig;hé%ﬁrs are present, the combined magnetic properties of all the
soft ma layers are configured to have a magnetic hysteresis. 19

[0062] Figa 25 GhBIRMELIEYSIEERRHSLH e HLINSEIRYRES and 3 in a

properties of the soft magnetic layers of the perpendicular magnetic
peededergimedidire dmogrthegriaghistizeiont cory@86H] theasothgragitetielthigers 2
applied to the soft magnetic layers 2 and 3 in a predetermined direction,
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soft magnetic layers IS magnetization curves Is

soraderishan file enehaagechicisamgg beils elgristidtiiaqenit dexotne Hex, the

magnetization does not take a single value in a zero magnetic field, that
gagsesFalien fess. NotiRKEB BIRER A IiimhagesaZaagneisviclibdsaids, as
gfwc())sﬁntri]r(]a Fig. 2, the hysteresis of the magnetization curve does not cross the
zero magnetic field.

[0064]

Fig. 3 is a plan view showing magnetic domain wall states in soft
magnetic layers of perpendicular magnetic recording media according to this
invention.

[0065]

Fig. 3 shows the results of optically observing the soft magnetic layers
by a measuring device using the Kerr effect, for example, an OSA (Optical
Surface Analyzer). The OSA is a device using the fact that when the
magnetization angle is changing, the polarization angle of light changes, and
shows a magnetic domain wall portion to be a cause of spike noise and medium
noise as discontinuous contrast.

[0066]

Herein, distribution of magnetization directions at the medium surface

was observed by an OSA (Optical Surface Analyzer) adapted to examine

magnetization reversal using SMOKE (Surface Magnet Optical Kerr Effect).



zero magnetic field. [0064] Fig. 3 is a plan view showing magnetic domain
wall states in soft magnetic layers of perpendicular magnetic recording
media according to this invention. [0065] Fig. 3 shows the results of
optically observing the soft magnetic layers by a measuring device using
the Kerr effect, for example, an OSA (Gptical Surface Analyzer). The
OSA is a device using the fact that when the magnetization angle is
changing, the polarization angle of light changes, and shows a magnetic
domain &Q@%rtion to be a cause of spike noise and medium noise as

disconti@ﬁg&ﬁ ﬁ@gﬁfﬁggﬁ ISl Sishipy %Qg/@;%ﬂ]grg&?%gﬁ#fggproperties,

directions at the me rface was observe pii
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SMOKE (Surface Magnet Optical Kerr Effect). 20 [0067] Since the soft
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shows the state where magnetic domains are discontinuous and thus
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[0068]

The thicknesses of the soft magnetic layers 2 and 3 are preferably
about 40nm to 50nm, respectively, or smaller and a difference between these
thicknesses is preferably 10nm or less. Either of the soft magnetic layers 2
and 3 may be thicker than the other.

Examples

[0069]

Hereinbelow, Examples of this invention will be described in detail while
citing Comparative Examples.

[0070]

In each of the Examples, an amorphous aluminosilicate glass was
molded into a disk shape by direct press, thereby producing a glass disk. This
glass disk was ground, polished, and chemically strengthened in order, thereby
obtaining a smooth nonmagnetic substrate in the form of a chemically
strengthened glass disk.

[0071]

The surface roughness of the main surface portion of this substrate was
measured by an atomic force microscope (AFM) and it was a smooth surface

shape with Rmax being 4.8nm and Ra being 0.42nm. Notation of Rmax and



about 40nm to 50nm, respectively, or smaller and a difference between
these thicknesses is preferably 10nm or less. Either of the soft magnetic
layers 2 and 3 may be thicker than the other. Examples [0069]
Hereinbelow, Examples of this invention will be described in detail while
citing Comparative Examples. [0070] I each of the Examples, an
amorphous aluminosilicate glass was molded into a disk shape by direct
B@?SS thereby producing a glass disk. This ss disk was ground,

e JrnaResy & ﬁém%pd IBORDY- obtaining a

smooth gnetic substrate in the form of a chemically strengthened
glass disk. [0071] The surface roughness of the main surface portion of

this subsisatg WA VAEaSEdiBY farmaiied u® fRIcaUBI IASEERSS (Ad-Idy &nd i3 first
was a smooth surface shape with Rmax being 4.8nm and Ra being
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formed in order on the thus obtained disk substratein an argon gas (Ar)

simidsphg ne ettt dinghte pre d3@renaliet iy ospoés nivasraethodt. Simd orr.
pressure of the argon gas was set to 4.5mTorr. [0073] The adhesive layer

7 was fdfédlso as to be a chromium (Cr)-based amorphous layer

having arifickiRasiot TP 7SREs Tisal¥o 85 AGR6BESIR¥Emium (Cr)-based

amorphous layer having a thickness of 20nm. Specifically, the adhesive layer
7 was formed using an amorphous chromium-titanium (Cr-Ti) alloy target.

[0074]

The first soft magnetic layer 2 was formed using a
cobalt-zirconium-tantalum alloy target so as to be an amorphous
cobalt-tantalum-zirconium (Co-Ta-Zr) (Co:88at%, Ta:7at%, Zr:5at%) alloy layer.
This cobalt-zirconium-tantalum alloy is a soft magnetic substance exhibiting soft
magnetic properties.

[0075]

There were formed the first soft magnetic layers 2 with four kinds of
thickness, i.e. thickness 45nm (Example 1), thickness 50nm (Example 2),
thickness 50nm (Example 3), and thickness 55nm (Example 4).

[0076]

Then, the nonmagnetic layer 5 was formed using a ruthenium metal
target so as to be a nonmagnetic ruthenium (Ru) metal layer of a hexagonal
closest packed (hcp) crystal structure having a thickness of 0.7 to 0.9nm.

[0077]

The second soft magnetic layer 3 was formed, like the first soft

magnetic layer 2, using a cobalt-zirconium-tantalum alloy target so as to be an



7 was formed using an amorphous chromium-titanium (Cr-Ti) alloy target.
[0074] The first soft magnetic layer 2 was formed using a
cobalt-zirconium-tantalum alloy target so as to be an amorphous
cobalt-tantalum-zirconium (Co-Ta-Zr) (C0o:88at%, Ta:7at%, Zr:Sat%) alloy
layer. This cobalt-zirconium-tantalum & y is a soft magnetic substance
exhibiting soft magnetic properties. [0075] There were formed the first

soft magnetic layers 2 with four kinds of_thickness, i.e. thickness 45nm
Wﬁ'ﬁ%‘é’tmﬁfé‘ﬂ(ﬂ%@?%ﬂrﬁ'@{HH{BIé%:Tﬂi%QHQ%‘%W(@J@E% gy:5at%)
gﬁ@tﬁ%pess 55nm (Example 4). [0076] Then, the nonmagnetic layer 5

was formed using a ruthenium metal target so as to be a nonmagnetic

rutheniumo(FB]) metal layer of a hexagonal closest packed (hcp) crystal
structure having a thickness of 0.7 to 0.9nm. [0077] The second soft
magnetichgyeveigatororatthaikechadisnitoragnatjadayass Srwitudmy kinds of
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four kinds of thickness, i.e. thickness 50nm (Example 1), thickness 45nm
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4). Therefore, a difference (IT-1-T21) between the thickness (Ti) of the

ansl tacthisknese (dge0b hp geRenAisRicRaonslisrAvesa A% g)@;fgo 5nm in
Wml%ﬁp%%sﬁﬁ}@ 5nm in any of the Examples 1 to 4.

[0079]

Then, the nonmagnetic underlayer 6 was formed using a tantalum metal
target so as to be a nonmagnetic tantalum (Ta) metal layer having a thickness of
2nm.

[0080]

Part of each of the magnetic recording medium substrates each finished
with the film formation up to the nonmagnetic underlayer 6 as described above
was taken out and the surface roughness thereof was measured by the atomic
force microscope (AFM), then it was a smooth surface shape. Further, the
magnetic properties of the magnetic recording medium substrate of each of the
Examples were measured and it was confirmed that suitable soft magnetic
properties were exhibited. Further, a magnetic field was applied in a radial
direction with respect to the magnetic recording medium substrate of each of
the Examples to measure a hysteresis of a magnetization curve, and then the
hysteresis was observed. Further, it was also confirmed that remanent
magnetization remained when the applied magnetic field was removed. Then,
it was confirmed that, in the magnetic recording medium substrate of each of
the Examples, there was formed a magnetic domain continuous over

substantially the entire surface thereof and thus no magnetic domain wall was



[0079] Then, the nonmagnetic underlayer 6 was formed using a tantalum
metal target so as to be a nonmagnetic tantalum (Ta) metal layer having
a thickness of 2nm. [0080] Part of each of the magnetic recording
medium substrates each finished with the film formation up to the
nonmagnetic underlayer 6 as described3bove was taken out and the
surface roughness thereof was measured by the atomic force microscope
AFM), then it was a smooth surface shape. Further, the magnetic

Bfties of the magnetic recording medium substrate of each of the
Exampliéd/gcﬁe measured and it was confirmed that suitable soft magnetic
properties were exhibited. Further, a magnetic field was applied in a radial

directionmwiéh, 'g sreptinibelanaoagtietiecetdngyesyensubsraiereieaszach

of the Examples to measure a hysteresis of a magnetization curve, and

ghéhatmeagnetiossROEHROMRHET STbsHaie R wakhalkis chefifine tprzation was
remanent magnetization remained when the applied magnetic field was
CEMBEAU RO 7 (G R LALR SPEe SHEBIROE i) b
EYBSH AR BHRGN SAtRETXRBNESIJBS (ERSEPIFISN)RBASEE dABIAIN
continuous over substantially the entire surface thereof and thus no
((Ggrtetat Wo Daitbatlh W2s2D2t 961920008 §iTh8ma pEgueasitmufarm the
magnetic recording layer 4 was formed on each of the magnetic recordin

REEBRIAISHIK PRI SHEAESOtHINAIIAYB i ich NPXe ARA IRl s SiRgked (ﬂcp)

r i el or : .
R ORI RAdn & SRR ane T bnatss forminahe
OérpdiftitlaC mbopistic Pe2OaiMy: BRBPA%6 ahigRoyaeHinise emterfarm
the perpendicular magnetic recording layer 4 of a hexagonal closest

packed [B@B%]

At least in the formation of the perpendicular magnetic recording layer 4,
the pressure of an argon gas is preferably set to 10mTorr or more.

[0083]

Then, by sputtering a carbon target using a mixed gas containing 30%
hydrogen in argon (Ar), a protective layer 8 made of hydrogenated carbon and
having a thickness of 5nm was formed. Because of being made of
hydrogenated carbon, the protective layer 8 has sufficient film hardness and
thus can protect the perpendicular magnetic recording layer 4 from an impact by
a magnetic head.

[0084]

Then, on this protective layer 8, a lubricating layer 9 made of
perfluoropolyether (PFPE) was formed by the dip coating method. The
thickness of the lubricating layer 9 was 1nm.

[0085]

Through the manufacturing processes as described above,
perpendicular magnetic recording media as magnetic disks were fabricated.

[0086]



crystal structure having a thickness of 15nm. The material forming the
perpendicular magnetic recording layer 4 is an alloy granular material.
[0082] At least in the formation of the perpendicular magnetic recording
layer 4, the pressure of an argon gas is preferably set to 20mTorr or
more. [0083] Then, by sputtering a car%‘gn target using a mixed gas
containing 30% hydrogen in argon (Ar), a protective layer 8 made of
hydrogenated carbon and having a thickness of 5nm was formed.

Becausét &%ﬁeﬁ?ﬁ‘mw&hﬁpmﬁd@ﬁ%@&f@éﬁ?ﬁ%‘%ﬁ&tmiﬁ?é?‘@dium of
QS‘ér?Bfflﬁ'S’I‘élﬂéﬂ@%@&éﬁ%ﬁ|éﬂi‘iE@%fﬂé’é%‘a‘?&o”ﬁé?ﬁ%ﬂgf%g%gﬁjke noise

magnetic recor yer 4 y~ a magnetic

dherdiint i @ RRBYEJaN9ING GutipheatingdaveicBraiageadtl reproduction with
perfluoropolyether (PFPE) was formed by the dip coating method. The

(RRNERISO dheneapaniditH R apego&lies acondlingdaserrhrough the
manufaciuring processes as described above, perpendicular magnetic
recordir% ia as magnetic disks were fabricated. [0086] 24 It was

@@ﬁ{ﬁé@&ﬁ@@%@@@jndicular magnetic recording medium of each of
h el

e Examples had excellent properties that do not generate spike noise or
mediumindizenphentivarBxagplesnfoagatito recording arediiapredbstrates and
with respect to the perpendicular magnetic recording layer 4. [0087]
REBRRPAISHIAS %ﬂﬁt&[?ﬁ%‘ﬁ%é@ﬁ%‘% E&%ﬁﬂﬁ%‘?ﬁ%@%ﬂlﬁr%ﬁﬂﬂb@

H?EF&HHESSHH&&B%%QEQS as those in the foregoing Examples, wherein, however,
the thicknesses of first and second soft magnetic layers 2 and 3 were set equal
to each other. The thicknesses of these soft magnetic layers 2 and 3 were set
to 40nm (Comparative Example 1), 50nm (Comparative Example 2), 60nm
(Comparative Example 3), and 75nm (Comparative Example 4), respectively.

[0088]

In the Comparative Examples, the magnetic properties of the magnetic
recording medium substrates each finished with film formation up to a
nonmagnetic underlayer 6 were measured and it was confirmed that suitable
soft magnetic properties were exhibited. However, when a magnetic field was
applied in a radial direction with respect to each of the Comparative Examples
to measure a hysteresis of a magnetization curve, it was confirmed that a zero
magnetic field was resulted when the applied magnetic field was removed and
thus no hysteresis was achieved. Then, it was confirmed that, in each of the
Comparative Examples, magnetic domains were discontinuous and thus
magnetic domain walls were formed.

[0089]

On the magnetic recording medium substrate of each of the
Comparative Examples, a perpendicular magnetic recording layer 4 which was

the same as that of the foregoing Examples was formed and a protective layer 8



perpendicular magnetic recording media were fabricated using the same
materials and processes as those in the foregoing Examples, wherein,
however, the thicknesses of first and second soft magnetic layers 2 and 3
were set equal to each other. The thicknesses of these soft magnetic
layers 2 and 3 were set to 40nm (Con%%rative Example 1), 50nm
(Comparative Example 2), 60nm (Comparative Example 3), and 75nm
(Comparative Example 4), respectively. [0088] In the Comparative

76 R RS IGRIENG LRI RSB RIS the TRy }1%%0?&'&9& R rRRbdiGylar
ﬁHgﬁgr fini L with film formation up to a nonmagnetic

un erggéesl‘re%%v%@rﬁamﬁgg@%d and it was confirmed that suitable soft
magnetippgegerties were exhibited. However, when a magnetic field was
applied in a radial direction with respect to each of the Comparative .
Exampléswasraealuned Halithespeaiendiadias inagoatisureeordirgsmedium of

B RPN LRIt 8 10 P Ve A PR Roise
s canmBestnAtoleRe PoaRdIHGBRGTRIMB FICHIBRIGRHTHEEHEYC the

domains werée discontinuous and thus magnetic domain walls were
fempeddi©0asmagnibicmacpreliing tanoed h g matiusnvabstfatm oirepapefties to
the Comparative Examples, a perpendicular magnetic recording layer 4

WRiBF RS8Rk I3hMB WA AR FENE Al Ry KARINERIRIAY YRR SESd a
ﬁ{ &@fﬁ'gﬁ&g}sﬂ&%ﬁ _and a lubricating layer 9 were formed, thereby
a

ricating a perpendicular magnetic recording medium. [0090] It was
confirmgdgda} the perpendicular magnetic recording medium of each of
the Comparative Examples generated spike noise and medium noise
when cathimtnveniivoimaneiad iodimaangtie readinermatdivespeestiste for

Fgreming a perpendicular magnetic recording medium adapted to be mounted in
a perpendicular magnetic recording type HDD (hard disk drive) or the like.
[0092]
Further, this invention is applied to a perpendicular magnetic recording
medium adapted to be mounted in a perpendicular magnetic recording type

HDD (hard disk drive) or the like.



perpendicular magnetic recording layer 4 and thus was inferior in
properties to the perpendicular magnetic recording media of the foregoing
Examples. Industrial Applicability [0091] This invention is applied to a
magnetic recording medium substrate for forming a perpendicular
magnetic recording medium adapted t*Be mounted in a perpendicular
magnetic recording type HDD (hard disk drive) or the like. [0092] Further,
this invention is applied to a perpendicular magnetic recording medium
adapted to be mounted in a perpendi agnetic recording type HDD
(hard disk drive) or the like. 26 CLAIMS 1. A magnetic recording medium
substrate having an underlayer on a substrate made of a nonmagnetic

materialy saifl magnetie reeereing medium stilsteaterehanacterigaddnapat on a
said underlayer comprises at least a pair of soft magnetic layers

sathgieataiiadagh a Renmagnetie Materinbresddnmegnealie leas ginegredic M
hysteresis. 2. A magnetic recqording medium substrate according to claim
iﬁ,%é?&%l%c?&ff‘ié‘dq]ﬁ{%?éf gb‘%agair of soft magnetic layers are formed to

have magnetinaEpRGRieso sHfRies A s qupbiea bRt pRdions efs
said layers has a thiCkness different from that of the other layer, wherein

& chiferteic tnetgle amsaich dbinekticEses thd@batoeksa! Aasagnagoetic
recording medium substrate according to claim 1 or 2, characterized in

bY${e¥G8IS 0ft magnetic layers are magnetically antiparallel-coupled to

each o magnetic recording medium substrate according to claim 1,

characterized in that

said pair of soft magnetic layers are formed to have magnetic properties
substantially equal to each other and one of said layers has a thickness
different from that of the other layer, wherein a difference between said
thicknesses is 10nm or less.

3. A magnetic recording medium substrate according to claim 1 or 2,
characterized in that

said soft magnetic layers are magnetically antiparallel-coupled to each
other.

4. A perpendicular magnetic recording medium having an underlayer
and a recording layer on a substrate made of a nonmagnetic material, said
perpendicular magnetic recording medium characterized in that

said underlayer comprises at least a pair of soft magnetic layers
laminated through a nonmagnetic layer therebetween and has a magnetic
hysteresis.

5. A perpendicular magnetic recording medium according to claim 4,
characterized in that

said pair of soft magnetic layers are formed to have magnetic properties

substantially equal to each other and thicknesses thereof are different from



other. 4. A perpendicular magnetic recording medium having an

underlayer and a recording layer on a substrate made of a nonmagnetic
material, said perpendicular magnetic recording medium characterized in
that said underlayer comprises at least a pair of soft magnetic layers
laminated through a nonmagnetic Iaye%erebetween and has a magnetic
hysteresis. 5. A perpendicular magnetic recording medium according to

claim 4, characterized in that said pair of soft magnetic layers are formed
ﬁ?ﬁ'&\%hﬁ'&gnetic properties substantially equal to each other and
thicknesses ' =h o - icular .
magneﬁé’re(&ﬁéﬁ%}éﬁ%%gn?@gg%@;%%ﬁpﬁ %@1@20 gr&laég@ﬂg t(l)ja am >
ciffgepnesdeeliyerathe thicknesses of said pair of soft magnetic layers is

1 Onm or less. 7. A perpendicular magnetic recording medium according

to any oAdiitearadetves e dbiekizessesibhsaiddopiiobsesfmaggatiadayers

S AG AmagPhous:
7. A perpendicular magnetic recording medium according to any one
of claims 4 to 6, characterized in that

said pair of soft magnetic layers are amorphous.





