PERPENDICULAR MAGNETIC RECORDING MEDIUM AND METHOD
OF MANUFACTURING THE MEDIUM BACKGROUND OF THE
INVENTION FIELD OF THE INVENTION [0001] The present invention
relates to a perpendicular magnetic recording medium and a method of
manufacturing the medium, and particularly relates to a perpendicular
magnetic recording medium used for various magnetic recording devices
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a technique for achiel\\ﬁmlj'gg\rceﬁéﬁ_méecﬂ_r' 'nﬂEBqn ity in magnetic

recording, a perpendicular magnetic recording method is attracting
attention as an alternative of a usual longitudinal magnetic recording
method. This is because, compared with the usual longitudinal magnetic

recording method, HrcreReotisud: magnejiqyesargig method has
advantages of high density, high thermal stability, and sufficient writing

F 1 Eapalmity BVEN EN\ERTQENNg medium having high coercive force, making
it possible to exceed a limit of recording density of the longitudinal
[O6@Ghhetic recording method. 1 0003]

The present 1i1nvention relates to a perpendicular
magnetic recording medium and a method of manufacturing the
medium, and particularly relates to a perpendicular magnetic
recording medium used for various magnetic recording devices
including an external storage device for a computer, and a
method of manufacturing the medium.

DESCRIPTION OF RELATED ART
[0002]

As a technique for achieving iIncrease iIn recording
density in magnetic recording, a perpendicular magnetic
recording method is attracting attention as an alternative of
a usual longitudinal magnetic recording method. This 1is
because, compared with the usual Jlongitudinal magnetic
recording method, the perpendicular magnetic recording method
has advantages of high density, high thermal stability, and
sufficientwriting capability even to arecording medium having
high coercive force, making it possible to exceed a limit of
recording density of the longitudinal magnetic recording

method.



In a perpendicular magnetic recording medium, since information is
recorded with a direction of magnetization being perpendicular to a film
plane of a magnetic recording layer, magnetization needs to be stably
kept in the direction perpendicular to the film plane. Therefore, a
magnetic recording layer used for the perpendicular magnetic recording
medium is required to have a high perpendicular magnetic anisotropy
[OQQ flicient (K" value). The K. value of a magnetic recording layer of a
ndicular magnetic recording medium being currently studied is
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uniaxial mag anisotropy, magnitude of a magnetic necessary for

infORRA P HTIRIPEIZAREIS AR A YNNI Ha GRE €l SERIIFIRMN ng

expressed as Hk=2K"/Ms in terms of saturation magnefization M. and the
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Hk or more is required, and a value of the magnetic field is proportional
matihibeilzatieh Ineguagnetc nesordingmediuceprhertkihexcassivelyion

high, reversal of magnetization becomes insufficient during writing by a
pemzagneichéad, abd thtsenofmadhoppiiioe is diJdided Fowesgfor@ amagnetic

moderate Hk value is needed. [0005] In a magnetic recording medium
repeind krgadgieratess d2 Foaghbec peainsnal evdrayganaggegiat@cording

reversal field, of
medium s required to have a high perpendicular magnetic
anisotropy coefficient (K, value). The K, value of a magnetic
recording layer of a perpendicular magnetic recording medium
being currently studied is approximately 1x10° erg/Zcm® or more.
[0004]

In magnetic grains having uniaxial magnetic anisotropy,
magnitude of a magnetic fTield necessary for reversal of
magnetization is called anisotropy field Hyx, and H¢ is generally
expressed as Hg=2K,/Ms In terms of saturation magnetization Ms
and the K, value. Therefore, to 1induce reversal of
magnetization, a magnetic field of Hx or more is required, and
a value of the magnetic Tield is proportional to the K, value.
In a magnetic recording medium, when Hyx Is excessively high,
reversal of magnetization becomes insufficient during writing
by a magnetic head, and thus normal operation is disabled,
therefore a moderate Hyx value 1s needed.

[0005]

In a magnetic recording medium being an aggregate of



which the value is called coercive force H,, is determined by distribution
of the Hk values and axes of easy magnetization of individual magnetic
grains, and strength of magnetic interactions between the magnetic
grains and the like. When the magnetic interactions between the
magnetic grains are small, the H, value approaches the Hk value. 0006]
Moreover, an energy barrier E necessary for magnetization reversal is
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energy. This is called thermal fluctuation (or thermal distirbance) of
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medium, therefore the k"V value, which determines the energy barrier E,
i neefds il Kap telativelyighagyeidi heyreal Muctuationref like. When
magnetization does not lead to loss of information, it surfaces as a
therdignetaisa odlEvaet e mesniranede ndmainagsetduedoagardare smal l,
reversal of a recorded bit. 0007] Typically, K'"V/KBT is used as an index of
thehdthermhlies tpuaksthesviderHin Widltese, an external magnetic

[0006]

Moreover, an energy barrier E necessary for
magnetization reversal is expressed as E=k,V(1-H/H\)?, where
H 1s a magnetic field applied in a direction of the axis of
easy magnetization, andV is volume of agrain. When the energy
barrier E is not sufficiently high compared with thermal energy
ksT (ks 1s Boltzmann constant, and T 1i1s the absolute
temperature), magnetization is reversed due to an effect of
the thermal energy. This is called thermal fluctuation (or
thermal disturbance) of magnetization, and implies loss of
information In the magnetic recording medium, therefore the
kuyV value, which determines the energy barrier E, needs to be
kept relatively high. Even if thermal Tfluctuation of
magnetization does not lead to loss of information, 1t surfaces
as a medium noise called reverse magnetic domain noise due to
partial reversal of a recorded bit.

[0007]

Typically, K\W/kgT is used as an index of the thermal



field is assumed to be not being applied, and when a magnetic field H is

being applied, the index is expressed as k"V(1-H/HK)2/kBT using the

energy barrier E. [0008] Furthermore, to reduce medium noises and thus

improve quality of a recorded information signal, that is, improve a

signal-to-noise ratio (SNR) , it is necessary to reduce a value of activation

grain size D=V/S (here, S is thickness of a magnetic recording layer), that
e a unit sf reversal of mﬁetlzatlon When the
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of the magnetic recording layer, and reduce the magnetic interactions

ko \PELMEOMERYHRL DI )83+ nléogﬂ% Fepra iy abayeiwfersthe D value is
reduced to improve SNR, the V value IS reduced therefore a high k"

[Ovalgg is needed to keep a value of the energy barrier E necessary for

stably keeping magnetization. On the other hand, when the high k" value

is keptuthehdirmaloe js ttwreashd; ¢hatad iaimagnese sfieddaethssaryiprove

magnetization reversal is increased, leading to difficulty in writing of
qumlcirt_ayamf\_ by cemaydedt nifeamatieens i gnahadgieat résardimprove a
sigﬁgiu—n%bliﬁoise ratio (SNR), It Is necessary to reduce a value
of activation grain size D=V/d (here, & i1s thickness of a
magnetic recording layer), that is, reduce a unit of reversal
of magnetization. When the unit of magnetization reversal is
small, a minute recording bit can be properly written,
consequently SNR is Improved. Therefore, many studies have
been made to reduce the D value iIn the perpendicular magnetic
recording medium. To reduce the D value, it is effective to
reduce crystal grain size of the magnetic recording layer, and
reduce the magnetic iInteractions between crystal grains.
[0009]

From the above, when the D value i1s reduced to improve

SNR, the V value is reduced, therefore a high k, value is needed
to keep a value of the energy barrier E necessary for stably
keeping magnetization. On the other hand, when the high k,
value i1s kept, the H¢ value is iIncreased, that is, a magnetic

field necessary for magnetization reversal is IiIncreased,

leading to difficulty in writing of information by a magnetic



extremely difficult to satisfy all of three factors of 1) improvement in SNR,
2) thermal stabilization of magnetization (decrease in reverse magnetic
domain noise), and 3) ease of writing by the magnetic head, which are in
a relationship of tradeoff to one another. [0010] As a perpendicular
magnetic recording medium aiming to compatibly achieve improvement in
SNR and thermal stabilization of magnetization among the three factors,
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426,157 as U.S. counterpart patent). [0011] In JP-A-11-296833 (USP
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which is high in thermal stability of magnetization and excellent in SNR,
wrédiing brodueediagsiaciiogrelayer Whaceg@ndaving artighti vakeip of

so that thermal stability of magnetization is high (upper layer), and a layer
tratieoddiothavimg asortbehat low K. value so that magnetic interactions

between crystal grains are small 5 and therefore SNR is high (lower

[ORdRD). In an aspect, it is

As a perpendicular magnetic recording medium aiming to
compatibly achieve 1Improvement iIn SNR and thermal
stabilization of magnetization among the three factors, a
perpendicular magnetic recording medium has been proposed, the
medium having a magnetic recording layer of a so-called
functionally separated type in which a plurality of magnetic
recording layers having different K, values are stacked (see,
for example, JP-A-11-296833 (USP 6,183,893 as U.S. counterpart
patent), and JP-A-2000-76636 (USP 6,426,157 as U.S.
counterpart patent).

[0011]

In JP-A-11-296833 (USP 6,183,893 as U.S. counterpart
patent), it is disclosed that a medium, which is high in thermal
stability of magnetization and excellent iIn SNR, can be
produced by stacking a layer of a region having a high K, value
so that thermal stability of magnetization is high (upper
layer), and a layer of a region having a somewhat low K, value

so that magnetic interactions between crystal grains are small



disclosed that the K. value of the upper layer is adjusted to be 2. 5x106
erg/cm3 to 5x106 erg/cm3, and the K. value of the lower layer is adjusted
to be 1x106 erg/cm3 to 2.5x106 erg/cm3. [0012] Moreover, in
JP-A-2000-76636 (USP 6,426,157 as U.S. counterpart patent), a similar
technical idea is disclosed, that is, it is disclosed that similar effects are
obtained by stacking magnetic recording layers having different K. values
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increased more and more in order to stably keeping a small recording bit.
[0ob1s]ch a medium, it is extremely important to secure ease of writing by

the magnetic head. [0015] In view of the above, the inventors applied an

inventiomre®described inPRA-2000-228635 (({SBFOSAARITBL agd)I) . S.
counterpart patent), a similar technical i1dea is disclosed,
that is, i1t is disclosed that similar effects are obtained by
stacking magnetic recording layers having different K, values
and crystal orientations.
[0013]

However, while the JP-A-11-296833 (USP 6,183,893 as U.S.
counterpart patent) and JP-A-2000-76636 (USP 6,426,157 as U.S.
counterpart patent) disclose the contents on compatibly
achieving iImprovement in SNR and thermal stabilization of
magnetization, they make no consideration on ease of writing
by the magnetic head.

[0014]

With increase in recording density, demand for reducing
the D value and keeping the high K, value inamedium is increased
more and more in order to stably keeping a small recording bit.
In such a medium, i1t is extremely important to secure ease of
writing by the magnetic head.

[0015]

In view of the above, the inventors applied an invention



counterpart laid-open patent) aiming to provide a perpendicular magnetic
recording medium in which thermal stabilization of magnetization and
ease of writing by the magnetic head were compatibly achieved, and
furthermore SNR was improved. [0016] Summary of the invention
described in JP-A-2005-222675 (US2005/0181237A1 as US counterpart
laid-open patent) is as follows. That is, a perpendicular magnetic
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1x106 erg/cm3 or more. [0017] According to such a configuration,
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head can be compatibly achieved. Such operation is described below. In
matjitetRgnpbatbenstiagdaygidn R -layai siteiyreariet | Hding leg iy K. SNR

layer and the high K. layer, it is assumed that magnetic coupling of
wasagnptipatenh.occurs in a thickness direction, and simultaneous

magnetization reversal is thus induced. When a K. value of the low K.
[ORdel is approximatively 7 ignored, the total K. value of the stacked films

is decreased i i i i
Summary of the invention described in JP-A-2005-222675

(US2005/0181237A1 as US counterpart laid-open patent) i1s as
follows. That is, a perpendicular magnetic recording medium
includes at least a nonmagnetic underlayer, a magnetic
recording layer, and a protective layer formed in this order
on a nonmagnetic substance, wherein the magnetic recording
layer includes a low K, layer having a perpendicular magnetic
anisotropy constant (K, value) of 1x10° erg/cm® or less, and
a high K, layer having the K, value of 1x10° erg/cm® or more.
[0017]

According to such a configuration, thermal stabilization
of magnetization and ease of writing by the magnetic head can
be compatibly achieved. Such operation is described below.
In the magnetic recording layer in a two-layer structure
including the low K, layer and the high K, layer, it is assumed
that magnetic coupling of magnetization occurs in a thickness
direction, and simultaneous magnetization reversal i1s thus

induced. When a K, value of the low K, layer is approximatively



in accordance with increase in thickness, however, since the M. value is
kept even in the low K. region, the total M. value of the films is not
significantly changed, and consequently as clear from the above
Hk=2K"/Ms, the Hk value is effectively decreased, consequently reversal
of magnetization is easily induced. [0018] On the other hand, when the
energy barrier E=k"V (1-H/HkK) z is taken into consideration, since the V
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produced, in which thermal stabilization of magnetization and ease o
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characteristic described later, are improved, and furthermore 8 SNR is

Infleeded. Meaning of the above overwrite is writing

[0018]

On the other hand, when the energy barrier E=k,V(1-H/Hy)?
Is taken into consideration, since the V value can be regarded
as the total volume of the films, the total K,V value of the
stacked films i1s larger than a K,V value in the case of only
the high K, region. Here, since the Hx value i1s decreased as
above, decrease in energy barrier can be controlled at a small
level, provided the externally applied magnetic field H is
relatively low. That is, amedium is easily produced, in which
thermal stabilization of magnetization and ease of writing by
the magnetic head are compatibly achieved.

[0019]

According to the invention described in JP-A-2005-222675
(US2005/0181237A1 as US counterpart laid-open patent), a
perpendicular magnetic recording medium can be provided, in
which thermal stabilization of magnetization, and ease of

writing by the magnetic head, particularly an overwrite

characteristic described later, are improved, and furthermore



a new signal over an originally recorded signal without erasing the
originally recorded signal. In a magnetic recording device, when data are
overwritten, if the original data are not fully replaced by new data, an error
may occur. The overwrite characteristic generally means a ratio of decay
of an original signal when the original signal is overwritten with a
subsequent signal, which represents overwrite performance. 0020]
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(US2005/0181237A1 as US countérpart laid-open patent) is that the
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property values (perpendicular magnetic anisotropy K. and saturation
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layer, the physical property values can be appropriately adjusted using a
oveosmpotitiocra aleyerdaitfiporgiore d he otrendaadrat Boasbfdecay of
magnetic layer used as the low K. layer, since a soft magnetic property of
anthe iginad sigigficchiheinahbedowdiginal signal is overwritten with
a subsequent signal, which represents overwrite performance.
[0020]
Among patent documents, JP-A-2003-132532 and
JP-A-2003-178416 are described while being compared with an
embodiment of the invention in the section of SUMMARY OF THE

INVENTION.

SUMMARY OF THE INVENTION
[0021]

An 1Important point iIn the perpendicular magnetic
recording medium as described iIn the JP-A-2005-222675
(US2005/0181237A1 as US counterpart laid-open patent) is that
the stacked, two recording layers are accurately controlled
in physical property values (perpendicular magnetic
anisotropy K, and saturation magnetization Ms) of the high K,
layer and the low K, layer. In the high K, layer, the physical
property values can be appropriately adjusted using a

composition or a layer configuration. On the other hand, iIn



only by the composition or the layer configuration, but also crystal grain
size or distortion in crystal, which is considered to be changed depending
on a deposition process, the physical property values are hard to be
controlled. Moreover, it is an important issue to reduce a value of the
activation grain size D in order to obtain a sufficient medium
characteristic 0022] The invention was made in the light of the above
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medidm. 0023] The object is attained according to the following. (1)

cr?%rf&l‘d'@tﬂ&”rﬁ‘ag@i?ﬂé regerding SIRAMTIRCIURSS dGa%ad, which is
nonmagnetic underlayer, a magnetic recording layer, and a protectlve

colaykdéarawdto this adanged niupeagivig shbsiralepvbeEioiherocess,
magnetic recording layer includes a low K. layer having a relatively small
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layer of which 10 the K. value is relatively large, and the low K. layer
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activation grain size D in order to obtain a sufficient medium

characteristic.

[0022]

The invention was made in the light of the above points,
and an object of the i1nvention is to provide a perpendicular
magnetic recording medium in which the soft magnetic layer used
as the low K, layer can be stably produced with high performance,
and thermal stabilization of magnetization, ease of writing
by the magnetic head, and SNR are further improved, and provide
a method of manufacturing the medium.

[0023]

The object i1s attained according to the following. (1)
A perpendicular magnetic recording medium includes at least
a nonmagnetic underlayer, a magnetic recording layer, and a
protective layer formed iIn this order on a nonmagnetic
substrate; wherein the magnetic recording layer includes a low

Ku layer having a relatively small perpendicular magnetic

anisotropy constant (K, value), and a high K, layer of which

10



microcrystal structure, in which a nitrogen element is added to a
ferromagnetic material mainly containing one of metals of Co, Ni and Fe
or an alloy of the metal, the thin film having a crystal structure of a
face-centered cubic lattice or hexagonal close package, and a preferred
crystal orientation plane parallel to a plane of the film is made to be a
(111) plane in the face-centered cubic lattice structure, and a (002) plane
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perpendicular magnetic recording medium according to (1) or (2) , the low
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nonmagnetic grain boundaries for magnetically separating the crystal
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nonmagnetic oxide as a main component. [0025] (4) In the perpendicular

a nagsdiclrestrduingtuediumfaaorfiacetocytaredt (tuloi@) ,katbigie or
K. layer includes 11 an alloy thin film that contains Co as a main
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plgﬁg parallel to a plane of the film is made to be a (111)

plane in the face-centered cubic lattice structure, and a (002)

plane In the hexagonal close package structure.

[0024]

As aspects of (1), the following (2) to (6) are preferably
given. (2) In the perpendicular magnetic recording medium
according to (1), the magnetic recording layer includes the
low K, layer having the K, value of 1x10° erg/cm® or less, and
the high K, layer having the K, value of 1x10° erg/Zcm® or more.
(3) In the perpendicular magnetic recording medium according
to (1) or (2), the lowK, layer includes crystal grains including
ferromagnetic metal, and nonmagnetic grain boundaries for
magnetically separating the crystal grains from one another,
and the nonmagnetic grain boundaries contain a nonmagnetic
oxide as a main component.

[0025]

(4) In the perpendicular magnetic recording medium

according to any one of (1) to (3), the high K, layer includes

11



hexagonal close package, and a preferred crystal orientation plane
parallel to a plane of the film is made to be the (002) plane. (5) In the
perpendicular magnetic recording medium according to any one of (1) to
(4) , the high K. layer includes crystal grains including ferromagnetic
metal, and nonmagnetic grain boundaries for magnetically separating the
crystal grains from one another, and the nonmagnetic grain boundaries
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perpendicular magnetic recording medium, the following (7) is preferably

p 1 8iYeNp & ¥ Feetipd oh ImABUBELHIRY A ReRenticidatBagseife (002)
recording medium according to any one of (1) to (6), the low K. layer is

pléieed O3sputerttga peatpealdbiiting feagneadinetisecdiad agsmetei um
gas containing a gas material including a nitrogen compound. 0027] Next,
acopeciing aral affgctsna e vt ALY ()(7) tne  ha gle skyibialy Exffarentases
from inventions described in JP-A-2003-132532 and JP-A-2003-178416,
crygichldgciosas 1ncluding ferromagnetic metal, and nonmagnetic
grain boundaries for magnetically separating the crystal
grains from one another, and the nonmagnetic grain boundaries
contains a nonmagnetic oxide as a main component. (6) In the
perpendicular magnetic recording medium according to any one
of (1) to (5), a ratio of a saturation magnetization value (Ms
value) of the low K, layer to an Ms value of the high K, layer
Is adjusted to be 0.8 to 1.2.
[0026]

As an embodiment of the invention of a method of
manufacturing a perpendicular magnetic recording medium, the
following (7) 1is preferably given. (7) In a method of
manufacturing the perpendicular magnetic recording medium
according to any one of (1) to (6), the low K, layer is formed
by sputtering a material exhibiting ferromagnetism using a
sputter gas containing a gas material including a nitrogen
compound.

[0027]

Next, operation and effects of the above (1) to (7) are

12



techniques comparatively similar to the technique of an embodiment of
the invention, are described together. According to (1), as described in
detail later, physical property values such as K. and M. of a soft magnetic
layer used as the low K. layer can be controlled by the amount of nitrogen
to be added, in addition, crystal grain size (activation grain size) can be
reduced with respect to the amount of nitrogen to be added. Such

tion is d ibed below. [0028] | ti di di _
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substrate and the magnetic recording film to efficiently perform receding
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materials are described. [1] FeNi based alloy formed by vacuum
Acdepoitien aoeléatygoplaiingdsEeidéiibaned @den iarmpdtyrvacpiysical

deposition. [3] A soft magnetic film including iron-group-element 13
propsattnivetbnesatsicictase Ky whithva fefremsgfittinagretalc (fayer used
nickel, or cobalt) is added with a metalloid element
as the low K, layer can be controlled by the amount of nitrogen
to be added, in addition, crystal grain size (activation grain
size) can be reduced with respect to the amount of nitrogen
to be added. Such operation is described below.
[0028]

In a magnetic recording medium, a soft magnetic film
including an FeNi based alloy (permalloy) or FeAlSi based alloy
(sendust) 1s usually used for a material for a magnetic
recording head, and recently, In the perpendicular magnetic
recording medium, a soft magnetic film as a backing layer is
used between the substrate and the magnetic recording film to
efficiently perform recoding and reproduction at high density.
[0029]

Hereinafter, typical soft magnetic materials are
described.

[1] FeNi based alloy formed by vacuum deposition or
electroplating.

[2] FeAlSi based alloy formed by vacuum deposition.

[3] A soft magnetic film including iron-group-element

13



represented by carbon (C), silicon (Si), boron (B), nitrogen (N), and
phosphorous (P) (see JP-A-2003-132532). [4] A soft magnetic film
including a soft magnetic material (CoZr based alloy) added with nitrogen
(N) (see JP-A-2003-178416). [5] A soft magnetic film including a granular
structure such as FeA10. [6] A soft magnetic film including a stacked
structure such as Fe/C or Fe/Si02. 0030] The JP-A-2003-132532

disgl h fil f b '
02 ERTT RA o ot & APl Ghe R G g g 2!

(.ggwd'%%gklg] gvn%gaaﬂrtggﬁg angdia Meeros ?AS‘F&N Jitf element

discloses that a low-noise perpendicular magnetic

re[fROSUNESE DY NI ARIAINEENDY dFRGRHRD d@s U BRFHHIGIBYE! nitrogen

containing nitrogen between & Substrate an fhagnetic recording layer

Y adR/ac EFHGI (§éé} Jropesqrs afzrgep pnd nitrogen.
™ ?0031] As%@%ﬁged later, the material used for the soft mag%etlc film for

the lopuf. layesofen rathodinient pi the inventioni hgloagssofite abeirfetic
[3], which is formed by 14 sputtering a ferromagnetic material mainly
matentaaing(@uZof betsads ob@doh)aradeedr an ttoyrof tiregestal (Shg Esee
sputter
JP-A-2003-178416) .

[5] A soft magnetic film including a granular structure
such as FeAlO.

[6] A soft magnetic Film including a stacked structure
such as Fe/C or Fe/Si0,.

[0030]

The JP-A-2003-132532 discloses that a soft magnetic Film
iIs formed by sputtering a material exhibiting ferromagnetism
using a sputter gas containing a gas material including a
compound of hydrogen and the metalloid element. The
JP-A-2003-178416 discloses that a low-noise perpendicular
magnetic recording medium is obtained by depositing a soft
magnetic layer containing nitrogen between a substrate and a
magnetic recording layer by a reactive sputtering method using
a mixed gas of argon and nitrogen.

[0031]
As described later, the material used for the soft

magnetic film for the low K, layer of an embodiment of the

invention belongs to the above [3], which is formed by
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gas containing a gas material including a nitrogen compound. While the
ferromagnetic material used in an embodiment of the invention is similar
to that of the invention of JP-A-2003-132532, since an embodiment of the
invention is considered to be apparently most similar to
JP-A-2003-178416 in that the soft magnetic layer added with nitrogen is
deposited, differences between an embodiment of the invention and the

i i f JP-A- - ibed bel d |
spRERLIRG A TRt o T E A bt o EA R e e o

e R (kO S R SR B 1o g puter
gad IR 1M QT LORdraeLl PRUNRIFRG & R3vFaleiTemBdind .

a point of having a crystal structure. In an embodiment of the invention,

whineethe Ipert-davgist ikepaiteraenetisiayei alshiamsRrheht of the

magnetization reversal as a magnetic recording layer, the layer has a
i nvBistEl gsirucise (faderbeateredreubicesiacture pr haxrgonahslesetion of

package structure) as a precondition. In the amorphous structure in
JPIR-AQ063133838,, sushruoatrahofendigobiizetidn odvetba canvetitaon 1s

performed. 0033] 15 The basic difference is essentially due to a fact that
copbjedevetlinnidne aronaiétyy difstesibdthaentibe¥bfA-2003-178416
in that the soft magnetic layer added with nitrogen is deposited,
differences between an embodiment of the iInvention and the
invention of JP-A-2003-178416 are described below, and
consequently operation and effects of an embodiment of the
invention are described in detail.
[0032]

While a structure of the layer i1s intentionally made
amorphous in the soft magnetic layer of JP-A-2003-178416, the
soft magnetic layer of an embodiment of the iInvention 1is
basically different in a point of having a crystal structure.
In an embodiment of the invention, since the low K, layer as
the soft magnetic layer also takes part of magnetization
reversal as a magnetic recording layer, the layer has a crystal
structure (face-centered cubic structure or hexagonal close
package structure) as a precondition. In the amorphous
structure in JP-A-2003-178416, such control of magnetization

reversal cannot be performed.

[0033]
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magnetic layer (low K. layer) of an embodiment of the invention and the
soft magnetic layer (soft magnetic backing layer) of JP-A-2003-178416. A
function required for the soft magnetic backing layer used in
JP-A-2003-178416 is to effectively concentrate recording fluxes from a
recording section of a head in a direction of the recording layer during
recording. Moreover, a direction of magnetization in the soft magnetic

backing | IS | in-pl directi f b . theref
ey D RS BT S BE  BTES P
ob 'é%’é‘iéé’cﬂxﬁW&"?@%@%ﬁi‘ﬂéﬁf&ﬁ?&ﬂ%WB.@EDQ&CH' he soft
agnetic recording medium So as to také roles of improving recording

ma%ﬁm apd rirlei%@k?i’@dg ISR)/OPY P LPH M SR AN SHE R tia Y i on

layer’of an'embodiment of” the invention is completely different

anoththeseaft mMasielie iPaqidye layesoFrd HANees @SoteePrgnydgnar) of

that actually records information in conjunction with the high K. layer.
JPMoreo(s-a T 2cHan of nfaghsetiration&fjtharlew Kolayete vdiditisnagnetic

important for the perpendicular magnetic recording medium, is in a
badkdctmpn beyeandicséad td a fildP plen20asd 1inddit6egesd, the lefficctyee ly

is significantly different from that of the soft magnetic backing layer. 16
copossitnetcasecadifidiagd bexeschzomnembediataht ngtsection of a head
in a direction of the recording layer during recording.
Moreover, a direction of magnetization in the soft magnetic
backing layer is in an in-plane direction of a substrate,
therefore the head and the soft magnetic backing layer are made
to be 1n a kind of magnetic circuit. Such a magnetic backing
layer is provided in a perpendicular magnetic recording medium
so as to take roles of improving recording resolution and
increasing reproduction output.
[0034]

On the contrary, the low K, layer of an embodiment of
the invention is completely different from the soft magnetic
backing layer, and functions as a recording layer that actually
records information in conjunction with the high K, layer.
Moreover, a direction of magnetization of the low K, layer,
which is important for the perpendicular magnetic recording
medium, is in a direction perpendicular to a film plane, and

in this regard, the low K, layer i1s significantly different

from that of the soft magnetic backing layer.
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invention and the invention of JP-A-2003-178416, difference in the
reason why nitrogen addition is effective is described. The reason why
nitrogen addition is effective in the invention of JP-A-2003-178416 is, to
guote description of the paragraph [0012] of the specification of
JP-A-2003-178416, that nitrogen is introduced into the soft magnetic
layer, exchange coupling force between grains in the soft magnetic layer

[Ogggiuced, resulting in stabilization of a Neel wall, that is, control of the

nge coupling force is achieved. On the contrary, a purpose of

addi“ﬁgﬂ‘fogeé‘si“ & SWP%PH%'&teO.f BECINERIOD, IS R BENFRHTOToF the

magnetc p’roperty ue to reduction Iin crystal grain size In accordance

inVEREITIRAEAY RAOUILOLAHRAFLIP b addegoaneciicaliy, WasFfdiEhce

is formed by a sputter method, N is added to a sputter gas such as Ar,

i nthere e S8EHRIBRAIA Bideodfeh A de PRdArne dipreeeeem GR36LSBHIBed .

other hand, when crystal grain size (D) of a ferromagnetic material is
Theradualtyrerizath epetfive deide thonitibdydfifeasedd Faverse invention

proportion to D, however, when D is decreased to a certain size (about 40
ofni-A-a206)3 ol K34 1 Goescjvd topeat e awsrseiypttdceasEdtia ypdy aig raph

proportion to D6. The reason for this phenomenon is considered to be
[O0i2 trodidihnagpedd Rhicatrbpy io Bvitafe@ @084 7BA&RKchEhgd nitrogen
_ interactions exerted between nanocrystalline ?rains, and thereby the
I sahiteriepysedppatehithe ol monatdc layer, exchange coupling
force between grains in the soft magnetic layer i1s reduced,
resulting in stabilization of a Neel wall, that is, control
of the exchange coupling force is achieved. On the contrary,
a purpose of adding nitrogen in an embodiment of the invention
Is to induce a soft magnetic property due to reduction in
crystal grain size in accordance with increase in amount of
nitrogen to be added. Specifically, when a film is formed by
a sputter method, N is added to a sputter gas such as Ar, thereby
crystal grain size of a film to be formed is reduced.
[0036]

On the other hand, when crystal grain size (D) of a
ferromagnetic material is gradually reduced, coercive force
i1s initially iIncreased iIn reverse proportion to D, however,
when D is decreased to a certain size (about 40 nm in o-Fe)
or less, coercive force is conversely decreased abruptly iIn

proportion to D°. The reason for this phenomenon is considered

to be that crystal magnetic anisotropy iIs averaged due to
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this operation, even if a material having a comparatively large crystal
magnetic anisotropy such as a-Fe is given, an excellent soft magnetic
property can be achieved. Moreover, since a perpendicular magnetic
anisotropy constant (ku value) and a saturation magnetization M. value
are decreased approximately linearly to the amount of nitrogen to be
added, each of the values can be controlled by optimizing the amount of

nitrogen 1o pe added. 0037] In JP-A-2003-178416, "control qf . - .
xR DR R S s e SR HBgstiefalane orains,
anGORARIREH ARG YRl SUHGLTE: DPElSHAR/CFERAERCrHEN B ing

perpendicular magnetic anisotropy. However, in arr embodiment of the

thiVPOPat6R NeRAT MedRiedPRl 1akes i’i@(ﬁt STcBIR9APEEGIA Ty 1arge

reversal as a recording layer, the layer essentially has a crystal structure,

crifSia rRgHEGC RETFSBYFUIBY BaABREHS JURPEYIY 8AdING e ent

refers to performing control such that the layer always has perpendicular
soffegnatinetisotrppy et tprtaiarilgstieihibeidd. thevenrdwléricrssde a

nitrogen addition is not for suppressing generation of perpendicular
pe magneicahsotroagn ¢AR8] duitbetmory asatestabdd Qkforeathee) and a
purpose of 18 providing the soft magnetic layer is essentially different
sabuwakhohanagosiozeitiom Rova Luesa e aneasiestiammnroximate ly
linearly to the amount of nitrogen to be added, each of the
values can be controlled by optimizing the amount of nitrogen
to be added.
[0037]

In JP-A-2003-178416, “control of perpendicular magnetic
anisotropy by adding nitrogen” refers to controlling a magnetic
wall structure, namely, suppressing generation of
perpendicular magnetic anisotropy. However, In an embodiment
of the invention, since the soft magnetic layer takes part of
magnetization reversal as a recording layer, the layer
essentially has a crystal structure, that is, “control of
perpendicular magnetic anisotropy by adding nitrogen” refers
to performing control such that the layer always has
perpendicular magnetic anisotropy iIn a certain direction.
That is, the control in terms of nitrogen addition is not for
suppressing generation of perpendicular magnetic anisotropy.

[0038]

Furthermore, as described before, the purpose of
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of the invention. That is, since the former uses the soft magnetic layer as
the soft magnetic backing layer, and the latter uses the layer as a part of
the recording layer (low K. layer), desired thickness is different between
them. The soft magnetic backing layer used in JP-A-2003-178416 needs
to have a somewhat large thickness, because it is provided to take part
of improving recording resolution, and increasing reproduction output as

PR S 8455 T I8 b e EYE ackmel s REAF A bYar ) Erent
, f -
L e n T R

oF N¥RBUIGH e ARTBH 1At I fhiGiness ph the PRANGUGHRSP I LYERE soft

30 nm or more is not appropriate, because simultaneous magnetization

magfr‘/é*ﬁ?é bpsgeesdare kebe dEkcad gmatiickissr IECIRy @S, and the
esc

ribed later. Furthermore, the total thickness of the magnetic

1 ateeordingdayeartie deajalnty asmall pkremod lehs inecdardPreifiidaniér (low
apply a magnetic field generated from a magnetic head to the layer. That

Ky idatreednesdes iredot madoetisdayer @davfKe taret) bedaveeanthem. The
embodiment of the invention is 30 nm or less, and preferably 19 less than

soft magnetd mbaok i gviliaied niaebliiyndeedsatPOBickri84d oingeds to
soft magnetic backing layer.

have a somewhat large thickness, because it is provided to take

part of improving recording resolution, and 1iIncreasing

reproduction output as described before. Specifically, as

described 1i1n the paragraph [0017] i1n JP-A-2003-178416,

thickness of the soft magnetic layer i1s preferably 50 nm or

more, more preferably 80 nm or more, and particularly

preferably 100 nm or more.

[0039]

On the contrary, In an embodiment of the invention, a
case that total thickness of the magnetic recording layer is
30 nm or more 1is not appropriate, because simultaneous
magnetization reversal becomes hard to be induced In a
thickness direction, as described later. Furthermore, the
total thickness of the magnetic recording layer is desirably
small, 15 nm or less, in order to efficiently apply a magnetic
field generated from a magnetic head to the layer. That is,

thickness of the soft magnetic layer (low K, layer) used in

an embodiment of the invention is 30 nm or less, and preferably
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0040] As described above, according to (1), since physical property
values such as K. and M. of the soft magnetic layer used as the low K.
layer can be controlled by the amount of nitrogen to be added, in addition,
crystal grain size (activation grain size) can be reduced with respect to
the amount of nitrogen to be added, further improvement in medium
characteristic can be achieved, and the soft magnetic layer used as the

I N b I duced with high f . hil
S A R R PR AT hisary
- - / laid-
enlENEEEE PSRRI gl anupn o oo

[O&m‘jng the nonmagnetic grain boundaries according to the above (3) or
(5) i5 preferable in the light of improving SNR. The configuration of the

abOV%§4HEﬁ&?ﬁﬁé@eéﬁbW@?ﬂﬁﬁbé#HWh&-Eweg% ¢e §Ehde” physical

obtained by appropriately adjusting a composition of the configuration or
prapayercorfigusiosutrrtherrgreria ans esfoatienass pttheagvertian, layer

while a plurality of magnetic recording layers having different K. values
useack stacitée td omduGe $mydtaneans beagratitatd ezl eosalthbeamount of

saturation 20 magnetization M. values of respective magnetic recording
nityegeare Entrebeely aiftiednt frdm oaddnbiwn . a leasfal grain size

(activation grain size) can be reduced with respect to the
amount of nitrogen to be added, further improvement in medium
characteristic can be achieved, and the soft magnetic layer
used as the low K, layer can be stably produced with high
performance.

[0041]

While operation and effects of the aspects of (2) to (6)
are as described in JP-A-2005-222675 (US2005/0181237A1 as US
counterpart laid-open patent), the points made by them are as
follows. The configuration for forming the nonmagnetic grain
boundaries according to the above (3) or (5) is preferable in
the light of improving SNR. The configuration of the above
(4) is preferable for forming the high K, layer since high K,
Is obtained by appropriately adjusting a composition of the
configuration or a layer configuration. Furthermore, in an
embodiment of the invention, while a plurality of magnetic
recording layers having different K, values are stacked to

induce simultaneous magnetization reversal, when saturation
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field is generated at an interface and acts as a demagnetizing field,
thereby magnetization reversal tends to be induced more than necessary.
From a viewpoint of preventing this, the above (6) is preferable. 0042]
According to an embodiment of the invention, a perpendicular magnetic
recording medium can be provided, in which the soft magnetic layer used
as the low K. layer can be stably produced with high performance, and

e RS e IR hec SRS R o R IRs HGcrd g i ng
|aggefg'§r°8“w8%'&'?§:5%%&%‘?&%‘8@%@ WIN®Sakage
Ig. 1 IS a schematic section diagram of a perpendicular’ magnetic

i QY BIRA AR AFCOEILN 1 32 PRRASIEISHT L HE A8 Ve RO Fife €113 ing

a diagram showing results of obtaining K. values and crystal grain size of

£i VK - angetRy s st 2RTHies edlarsamhatins e oTibsinvari more

and comparative examples; and Fig. 3 is a diagram showing an
thaviaiatiosgasyit of RnoRlaelactigpeagnedrqeng st eitpracieristtmabove

examples of an embodiment of the invention and comparative examples.
(6DEECRIRATOROFETHE PREFERRED EMBODIMENT
[0042]

According to an embodiment of the invention, a
perpendicular magnetic recording medium can be provided, iIn
which the soft magnetic layer used as the low K, layer can be
stably produced with high performance, and thermal
stabilization of magnetization, ease of writing by the magnetic

head, and SNR are Tfurther 1improved, and a method of

manufacturing the medium can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS
[0076]

Fig. 1 is a schematic section diagram of a perpendicular
magnetic recording medium according to an embodiment of the
invention;

Fig. 2 i1sadiagram showing results of obtaining K, values
and crystal grain size of low K, single-layer films in examples
of an embodiment of the iInvention and comparative examples;
and

Fig. 3 is a diagram showing an evaluation result of an
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0043] Next, an embodiment of the invention is described according to Fig.
1. Fig. 1 is a schematic section diagram of a perpendicular magnetic
recording medium according to an embodiment of the invention. 0044]
The perpendicular magnetic recording medium of an embodiment of the
invention as shown in Fig. 1 has a structure where at least a nonmagnetic
underlayer 2, a magnetic recording layer 3, and a protective film 4 as a

rotective Ia% r.are formed in this qrder on a nonmagnetic substrate 1.
Q2 gl eI A T i S
enHBEGHRYEE DRNEARE PROTAPREHC a%%t%ﬁd}é%%%}éo'%%&gf%_

orientation or crystal grain size of the nhonmagnetic underlayer
advantage of an embodiment of the invention is similarly exhibited. In
addition, even if a comparatively thick (about several hundred

manometeps) SORIPRIORIORY §H W REISE Rl \pabed hesking layer,

is added between the nonmagnetic underlayer 2 and the nonmagnetic
[osulzgrate 1 for improving recording/reproduction sensitivity, the

advantage is similarly exhibited. Furthermore, a liquid lubricant such 22

as pexiinarg palyetieeroody bercbate® orthee proteetita bim 4 s{0@KEd Eorbed

the nonmagnetic substrate 1, materials used for a
according to Fig. 1. Fig. 1 1s a schematic section diagram
of a perpendicular magnetic recording medium according to an
embodiment of the invention.
[0044]

The perpendicular magnetic recording medium of an
embodiment of the invention as shown In Fig. 1 has a structure
where at least a nonmagnetic underlayer 2, a magnetic recording
layer 3, and a protective film4 as a protective layer are formed
in this order on a nonmagnetic substrate 1. Even if a seed
layer or the like is added between the nonmagnetic underlayer
2 and the nonmagnetic substrate 1 for controlling crystal
orientation or crystal grain size of the nonmagnetic underlayer
2, an advantage of an embodiment of the invention i1s similarly
exhibited. 1In addition, even if a comparatively thick (about
several hundred nanometers) soft magnetic layer, which 1is
typically called backing layer, 1is added between the
nonmagnetic underlayer 2 and the nonmagnetic substrate 1 for

improving recording/reproduction sensitivity, the advantage

iIs similarly exhibited. Furthermore, a liquid lubricant such
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typical magnetic recording medium can be used, such as Al alloy applied
with NiP plating, chemical strengthening glass, and glass ceramics. 0046]
The nonmagnetic underlayer 2 is used for appropriately controlling crystal
grain size, a grain boundary segregation structure, and crystal orientation
of the magnetic recording layer 3 formed thereon, and not particularly

restricted in material or thickness. For example a thin film about 3 mm to

oo TP BT R A0 SR B SO B SRR

containing the metal. 0047] As the protective film 4, for example, a thln
“film mainly containing carbon is used. [0048] Next, the magnetic
0 ding layer 3 is described. As described before, the magnetic
recording layer 3 includes a layer of a low K. region 31 having a small

Derqu@fCl{WénﬁGHﬁ%ﬁé‘ﬁ%r OPYISOEPEREE (K" valdek rindrslayseaf #or a
high K. region 32 of which the K. value is large. "While a stacking order of

ty 3 dd lmadhaedion-dtand ihe igh Kurmegiom B issed Jiiteth algsAl al loy
desirable to stack the low K. region 31 and the high K" region 32 in this

appibezdnthemanhnFagrisit inglgriegema cadrdst riengftitientingpplyass, and
magnetic field generated from a magnetic

glass ceramics.

[0046]

The nonmagnetic underlayer 2 is used for appropriately
controlling crystal grain size, a grain boundary segregation
structure, and crystal orientation of the magnetic recording
layer 3 formed thereon, and not particularly restricted in
material or thickness. For example, a thin film about 3 nm
to 30 nm In thickness can be used, which includes a Co alloy
containing Cr of about 30 at% or more, or a metal such as Ti,
Ru or Pt, or an alloy containing the metal.

[0047]

As the protective film 4, for example, a thin film mainly
containing carbon i1s used.
[0048]

Next, the magnetic recording layer 3 is described. As
described before, the magnetic recording layer 3 includes a
layer of a low K, region 31 having a small perpendicular magnetic

anisotropy constant (K, value), and a layer of a high K, region

32 of which the K, value is large. While a stacking order of
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head to the high K. region 32, as shown in Fig. I. Moreover, to obtain an
excellent medium characteristic, it is particularly desirable that a K. value
of the low K. layer is adjusted to be 1x105 erg/cm3 or less, and a K. value
of the high K. layer is adjusted to be 1x106 erg/cm3 or more. [0049] While
thickness of each region is not particularly limited, a case that total
thickness of the magnetic recording layer is 30 mm or more is not

B RRER Loy S Bt RS, Cad Pt dso ik 1im ted.,
bl Il,
”p;jsg,emy InaR Ao Rl 1R r?réisﬁﬂb"?ﬁ igh K,

the magnetic fie generatéd fr e magneti

refFoAYss: RER ?@%ﬁf@%’ﬁ%%@%%ﬂﬁ%@'% ARHSARRIMEM3 rder

Stability of magnetization can be controlled by changing a thickness ratio

tok@ﬁfeeméa&iwhprﬂglamna%@eﬂ iberigh & @m%%diﬁm&nﬁagnenc

ratio between them is desirably determined ependlng on a magnetic

heheatdo tiecuserhor tempetpiuie. 32056)sT g kbiain BrperpgndiculaMoreover,
magnetic recording medium 24 suitable for increase in recording density

toby obitgnlayan coekgerhients abedeunis ddsaphietibai sthio fimo€E  i1s
an alloy is used for the high K. region 32, which mainly contains Co as

patgdaibbardeforts shoab bededatitiaakilexe ican® Helze low Ky layer is

adjusted to be 1x10° ergZcm® or less, and a K, value of the high

K, layer is adjusted to be 1x10° erg/Zcm® or more.

[0049]

Whille thickness of each region is not particularly
limited, a case that total thickness of the magnetic recording
layer is 30 nm or more is not appropriate, because simultaneous
magnetization reversal is hard to be iInduced in a vertical
direction. Furthermore, total thickness of the magnetic
recording layer is desirably small, 15 nm or less in order to
efficiently apply the magnetic field generated from the
magnetic head to the layer. Since ease of reversal of
magnetization and a level of thermal stability of magnetization
can be controlled by changing a thickness ratio between the
low K, region 31 and the high K, region 32, the thickness ratio
between them is desirably determined depending on a magnetic
head to be used or temperature.

[0050]

To obtain a perpendicular magnetic recording medium
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a crystal structure of the hexagonal close packing (hcp) , and a preferred
crystal orientation plane parallel to a plane of the film is made to be a
(002) plane. [0051] Moreover, to improve SNR, there is a method of
adding a nonmagnetic metal such as Cr, Ta, B or the like to accelerate
formation of nonmagnetic grain boundaries in a CoPt based magnetic
recording layer having the hcp structure. However, as described before, it

s desirable 1o f . b . ol O
SRS ol (b ey et €6 At e bW B e
ol B85 M08 a T EoT B S FAREE, £ i e of
anH199) UYL PIEHR FNEHIPGHRD REPEMeD PN RHISING ALY contaiins

ferromagnetic material mainly “containing one of metals of Co, Ni and Fe,

Co%AanalkrGiiba Beflnsing ARYIIdERTICHITHEHIAE 3 8aS '@€li3hnd has
including a nitrogen compound. While the ferromagnetic material to be

a cpgdtanospalictlary linfitedSaiexagmie b oladssapiacRrBieyaticpyedand
which is an alloy including Co, Ni and Fe being 25 added with Cr and Pt

a préfarbédrdeystesbantivelytartd dib, pNareenp@uak L8 bttooalgskane of
respectively. [0053] On the other hand, as the sputter gas used in

thepifiidingis made to be a (002) plane.

[0051]

Moreover, to improve SNR, there is a method of adding
a nonmagnetic metal such as Cr, Ta, B or the like to accelerate
formation of nonmagnetic grain boundaries in a CoPt based
magnetic recording layer having the hcp structure. However,
as described before, it is desirable to form nonmagnetic grain
boundaries mainly containing an oxide in order to effectively
reduce magnetic interactions between crystal grains to improve
SNR. As the nonmagnetic oxide, known SiO,, or Cry03, MgO, ZrO,
or the like can be used.

[0052]

The low K, region of an embodiment of the Invention can
be formed by sputtering a ferromagnetic material mainly
containing one of metals of Co, NI and Fe, or an alloy of the
metal using a sputter gas containing a gas material including
a nitrogen compound. While the ferromagnetic material to be

used 1s not particularly limited, for example, a material is

preferably used, which is an alloy including Co, Ni and Fe being
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such materials, a gas is used, which includes a typically used gas of AT
(argon) , Xe (xenon) , or Kr (krypton) being added with an approximate
amount of nitrogen. Since the amount of nitrogen to be added differs
depending on ferromagnetic materials to be used, the amount is desirably
determined for each of the ferromagnetic materials. Moreover, while a
method of introducing the sputter gas is not particularly limited, it is

a8 A Ry TORe] FonhtoR N8 o HE TR R Rl -
M filgrl).laf etglforlﬁlog{a/av ?&Q@t‘}'e% g\%ih face-centered cubic
O\t E;F‘ y gﬂg Fﬁ%%}[ and f

lattice (fcc) or hexagonal close packing preferred crystal
[093@ tation plane parallel to a plane of the film is made to be preferably a
(1171) plane in the former, and a (002) plane in the latter. The (111) plane

is origiieghaasalifs fo b flim plaendn dhe farmerg s suelvin apdtbering

(002) plane is oriented in the latter, hcp structure, thereby crystal
suehentatonicalisue appuepiistelz e ntigh¢d hwiheo khe esagneio iecofddised

layer as the high K. region 32 is deposited on the low K. layer. 26 0055]
gasler€, Aincattgoio)v, KX ee Gioarizinfpy noad Kacofkaiyip tothe batiog adktbddwd th

added with nitrogen, crystal grain size (activation grain size) is reduced
ancomppared Wwititie ameunt of nitrogen. Since the amount of
nitrogen to be added differs depending on ferromagnetic
materials to be used, the amount is desirably determined for
each of the ferromagnetic materials. Moreover, while a method
of introducing the sputter gas is not particularly limited,
it Is desirable that the sputter gas is uniformly introduced
Iinto a vacuum deposition chamber.
[0054]

Furthermore, the low K, layer includes a thin film of
metal or alloy having a crystal structure of the face-centered
cubic lattice (fcc) or hexagonal close packing (hcp), and a
preferred crystal orientation plane parallel to a plane of the
film is made to be preferably a (111) plane in the former, and
a (002) plane in the latter. The (111) plane is oriented
parallel to the film plane in the former, fcc structure, and
the (002) plane is oriented in the latter, hcp structure,
thereby crystal orientation can be appropriately controlled

when the magnetic recording layer as the high K, region 32 is

deposited on the low K, layer.
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region of the invention described in the JP-A-2005-222675

(US2005/0181237A1 as US counterpart laid-open patent). Furthermore,

the interactions between crystal grains are desirably reduced to improve

SNR, and in this case, the nonmagnetic grain boundaries mainly

containing the oxide are desirably formed. [0056] In an embodiment of

the invention, a plurality of magnetic recording layers having different K.
[o§%€ s are stacked to induce simultaneous magnetization reversal.

ver, when values of saturation magnetization M. of respective

magnelie. Lecaing. IYeLS R Gr‘%‘”?%ﬁ%’gﬂ; ee‘% FRgY °é‘§c%1°&'i?{9 %o the

leakagé fluk is generated at an ifter refore, in order to prevent it,

abBVBINRIHAS M- YRUSH RN IFiHGIFEN 2ILRRIIIEYPTR 2size

range of 0.8 to 1.2. Examples [0057] Next, examples of the invention are

(aeSVHEIIR COPRINGTISH Y6t GRINpative 8XeBRIRSrRidies tahids1 dw K,
to 3. First, examples 1 to 4 and comparative examples 1 to 2 are 27

regéstiibed. labe daseiptiporhedeisalidhadien pragserelis-repPessied 1675
a unit of Torr, if the pressure is expressed in terms of Pa (Pascal) as the

(USkoob A0 8MRIANIDe agnveifed asingte ifpart 33 Ra therpeaftepdbdimt) .
units are substantially

Furthermore, the interactions between crystal grains are

desirably reduced to improve SNR, and iIn this case, the

nonmagnetic grain boundaries mainly containing the oxide are

desirably formed.

[0056]

In an embodiment of the invention, a plurality of
magnetic recording layers having different K, values are
stacked to induce simultaneous magnetization reversal.
However, when values of saturation magnetization Ms of
respective magnetic recording layers are extremely different
from one another, a leakage flux is generated at an interface.
Therefore, in order to prevent it, a ratio of the Ms values
of the layers i1s desirably adjusted to be within a range of
0.8 to 1.2.

Examples
[0057]
Next, examples of the invention are described 1iIn

conjunction with comparative examples according to Figs. 1 to

3. First, examples 1 to 4 and comparative examples 1 to 2 are
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written). Moreover, while a magnetic field is sometimes represented in a
unit of Oe (oersted) , when the magnetic field is expressed in terms of
A/m (ampere per meter) as the Sl unit, the unit can be converted using 1
0e=79.58 A/m. Furthermore, while the Ku value is represented in a unit
of erg/cm3, when the value is expressed in terms of J/m3 as the Sl unit,
the unit can be converted using 1 erg/cm3 (erg/cc)=0.1 J/m3. [0058]

I .5 nch disk-shaped chemicall hened gl _
AeSHABRE twad Dol e H AT el AR e QiRCnBksmayre is
reﬁ’@é%‘?}@% ReD Inyadyee F‘FP&;E“%%‘ %H@aﬁ{»‘%%‘e& fs expressed

onmagnetic underlayer including RU 20 mm in thickness was formed on

in (P8 SHEYRIELY P 1598 M FMUHTPCIRAL Yrfi bk LBiPESedRrted
2.66 Pa (20 mTorr) . Next, alow K. layer was formed by an RF

usTIRGNeeR pRYLE Meies BIWAIFRSP, MU LIRIReIa N2 w@sseadiend 1y

sputter gas, AT gas pressure during deposition was 0.67 Pa (5 mTorr),
wrandenargetid Beoveld (70Ea-kO Car | QRigrIdtneld FieA (figuees $ometimes

parentheses show ato, likewise hereinafter) was used. While thickness of
refheslsentedyen veas not paftiodaflydinsteel] )28 itheas thetmagriduin field
herein. [0059] Subsequently, the high K. region was formed by the RF

I sSagresseshiet aigtisod T A argers pemoleter) as the Sl unit,
the unit can be converted using 1 0e=79.58 A/m. Furthermore,
while the Ku value is represented in a unit of erg/Zcm®, when
the value is expressed in terms of J/m® as the SI unit, the
unit can be converted using 1 erg/cm® (erg/cc)=0.1 J/m3.
[0058]
Example 1

A 2.5 Inch disk-shaped chemically strengthened glass
substrate was used for the nonmagnetic substrate. The
substrate was washed and then introduced iInto a sputter
apparatus. Then, a nonmagnetic underlayer including Ru 20 nm
in thickness was formed on the substrate by a DC magnetron
sputter method at Ar gas pressure of 2.66 Pa (20 mTorr). Next,
a low K, layer was formed by an RF magnetron sputter method
in which 90 mol% Ar-10 mol% N, was used for a sputter gas, Ar
gas pressure during deposition was 0.67 Pa (5 mTorr), and a
target of 90 mol% (70Co-20Cr-10Pt)-10 mol% Si0, (Figures iIn

parentheses show at%, likewise hereinafter) was used. While

thickness of the low K, layer was not particularly limited,
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(85Co0-15Pt) -10 M010-0 Si02 at Ar gas pressure of 0.67 Pa (5 mTorr) .
While thickness of the high K. layer was not particularly limited, it was
fixed to 10 mm herein. Moreover, while thickness of each of other regions
is not particularly limited, a case that total thickness of the magnetic
recording layer is 30 mm or more is not appropriate, because
simultaneous magnetization reversal is hard to be induced in the

; thlckness d| wrefor the total thickness was set to be 30 mm or
|e"§'§‘ Fﬁﬁﬁer thitkned<di the magnetic recording layer is

[o 5 bly small 15 mm or less, in order to efficiently apply a magnetic

eld-generated from a magnetic head to the recording layer. 0060]

SubsegREluaFRINA" RIRCHI gHaKer FeqiBinigk wag, sl ehe RF

magnetic recording layer by the DC magnefron sputter method, and then

ma at%syaﬁfémovm@ﬂﬁaua V@@Wf? cans QI 2 BRINGEE mol %
recording medium in a configuration as shown in Flg 1 was produced.

(8HIS1] 3PEynale AdN pesiendiaular g matisgeaeksing OSBuPa@mTorr) .
produced 29 in the same way as in the example 1 except for using 70

Whinbdo #ri3tkmes66 OiP fohthelspgitte Kgad aylermingshe kv Karetiaularly
[0062] Example 3

limited, 1t was fixed to 10 nm herein. Moreover, while
thickness of each of other regions is not particularly limited,
a case that total thickness of the magnetic recording layer
iIs 30 nm or more is not appropriate, because simultaneous
magnetization reversal i1s hard to be induced in the thickness
direction, therefore the total thickness was set to be 30 nm
or less. Furthermore, total thickness of the magnetic
recording layer i1s desirably small, 15 nm or less, iIn order
to efficiently apply a magnetic field generated from a magnetic
head to the recording layer.

[0060]

Subsequently, a carbon protective layer 10 nm thick was
stacked on the magnetic recording layer by the DC magnetron
sputter method, and then the substrate was removed from a vacuum,
consequently a magnetic recording medium In a configuration
as shown iIn Fig. 1 was produced.

[0061]

Example 2

A perpendicular magnetic recording medium was produced
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A perpendicular magnetic recording medium was produced in the same
way as in the example 1 except for using 50 molo Ar-50 mot-06 N2 for
the sputter gas in forming the low K. region. [0063] Example 4 A
perpendicular magnetic recording medium was produced in the same
way as in the example 1 except for using 30 molo Ar-70 mot-06 N2 for
the sputter gas in forming the low K. region. [0064] Comparative example

-1 erpendicular magnetic recording medijum was proguced in the same
10 e e i e e AT por &R SOE a1 iz e 1y MO
Ar‘i%‘B”HS_iQO%O‘%r“E%Usk?P@PérC§ ‘%rﬁ‘tFi‘Sﬁ%‘?ﬁﬁ'?ﬁe’ﬁ%ﬁﬂ@“%&'%n_
magnetic recording medium was produced in the same way as in the
[096@]‘9'3 1 except_for using pure-N2 for the sputter gas in forming the low
K. région. 0066] Fig. 2 shows a result of obtaining the K. values of single

EX%\(@-I@/er films being 10 mm in thickness respectively by 30 correcting
demagnetizing field energy using a magnetic torque meter, the films

having krarptenad abeerding e ticprastisiai ngetieerpudeseibesvdbeed
examples 1 to 4 and the comparative examples 1 to 2, and a result of

INnnEsusagerystyl geinsizéhe example 1 except for using 50 mol%
Ar-50 mol% N, for the sputter gas in forming the low K, region.
[0063]
Example 4

A perpendicular magnetic recording medium was produced
In the same way as in the example 1 except for using 30 mol%
Ar-70 mol% N, for the sputter gas in forming the low K, region.
[0064]
Comparative example 1

A perpendicular magnetic recording medium was produced
In the same way as iIn the example 1 except for using pure-Ar
for the sputter gas in forming the low K, region.
[0065]
Comparative example 2

A perpendicular magnetic recording medium was produced
In the same way as in the example 1 except for using pure-N;
for the sputter gas in forming the low K, region.
[0066]

Fig. 2 shows a result of obtaining the K, values of single

low-Ky,-layer films being 10 nm in thickness respectively by
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of the single-layer films. According to Fig. 2, in the comparative example
1 using pure-Ar to form the low K. layer, since a film formed as the low K"
layer is a ferromagnetic film, coercive force He of the single-layer medium
is extremely large, 7.2 kOe, in addition, a K. value of the medium is large,
3.2x106 erg/cm3. 0067] On the other hand, in the examples 1 to 4 and
the comparative examples 2, with increase in amount of nitrogen added

co AR TR TR O RE E B P
e VS, B SR PRy
me FIRRIN @SBRI AL Vs Soiraedibredersipgleriayisy Time hednpethitive

magnetic property. On the other hand, the perpendicular magnetic

examisPEary Ko/aluednalse pesigreed Vil ISIRaRe) "cr)eall O PHRIKY ze
to be added as shown in Fig. 2, and for example, in the example 3

ofsheméngsamgies!lbayeeft Magmnetic prapedy.dinegK. valug ig)6.62109in the
erg/cmg3, that is, a desired K. value can be obtained. 31 0068] However,
coimpheatdteeatxasgrl Orihedawd payersAnetzinfa sindtbdayendili, of ayer,
comparative example 2, which was formed using pure nitrogen, was an
siapp@ioubfiigrared as the low K, layer is a ferromagnetic film,
coercive force Hc of the single-layer medium is extremely large
7.2 kOe, in addition, a K, value of the medium is large, 3.2x10°
erg/cm3.
[0067]

On the other hand, i1n the examples 1 to 4 and the
comparative examples 2, with increase in amount of nitrogen
added to the sputter gas, significant decrease In coercive
force Hc was found in accordance with reduction in crystal grain
size In the formed low K, layers. In particular, in the
examples 2 to 4 and the comparative examples 2 using the sputter
gas added with nitrogen of 70 mol% Ar-30 mol% N, or more, it
was confirmed that the single-layer films had a soft magnetic
property. On the other hand, the perpendicular magnetic
anisotropy K, value is also decreased with increase In amount
of nitrogen to be added as shown in Fig. 2, and for example,
in the example 3 showing an excellent soft magnetic property,
the K, value is 6.6x10* erg/cm®, that is, a desired K, value

can be obtained.
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therefore orientation necessary for an embodiment of the invention was
not able to be obtained. Therefore, "-" was shown in a column of crystal
grain size of the comparative example 2 in Fig. 2. [0069] Regarding the

crystal grain size, the size is 7.2 nm in the comparative example 1 using

only AT gas as the sputter gas for film production. The crystal grain size

is decreased with increase in concentration of nitrogen to be added, and
[Oiﬁégjxample, a value of the crystal grain size is decreased to 3.8 nm in
xample 3 using 50 mot-06 Ar-50 mot-06 N2 for the sputter gas for

fim rasicyap: OGP] P lsesred ajavs, dhe gk AENTBgE 20eg e rs

to the sputter das is contro ed accor ing to an em odlmen

he FH?H“OQ JRREPYLS e VG AIFCLRY EolPsr SRMRE SOHIES SRS ch

the K. value is differently changed to the amount of nitrogen in the sputter

wagdasgepeeding P BRIPROSIT Y dhe faremagnesissppisakuserifal and

forming the Tow K" layer, the amount of nitrogen to be added is

thpieifably aptiidrachiol oeachatdesamnagrilic maier@ibtlimgatd. 3 the
0071] Next, evaluation of an electromagnetic conversion characteristic of

1 ntrenarpencheuter tredolle proche @b tsing ech. emibedisnEot ef, tHe Thwarstishown
was carried out. A result of the

in a column of crystal grain size of the comparative example

2 in Fig. 2.

[0069]

Regarding the crystal grain size, the size is 7.2 nm In
the comparative example 1 using only Ar gas as the sputter gas
for film production. The crystal grain size is decreased with
increase in concentration of nitrogen to be added, and for
example, a value of the crystal grain size i1s decreased to 3.8
nm In the example 3 using 50 mol% Ar-50 mol% N, for the sputter
gas for film production.

[0070]

As described above, the amount of nitrogen added to the
sputter gas i1s controlled according to an embodiment of the
invention, thereby the K, value of the low K, layer can be
controlled. Since the K, value is differently changed to the
amount of nitrogen in the sputter gas depending on a composition
of the ferromagnetic material used for forming the low K, layer,

the amount of nitrogen to be added i1s preferably optimized for

each of ferromagnetic materials to be used.
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evaluation is described according to Fig. 3. First, as a typical example of

an embodiment of the invention, the example 3 was subjected to

evaluation of the electromagnetic conversion characteristic. Moreover, an

example 5 and a comparative example 3 produced according to the

following methods were similarly subjected to evaluation of the

electromagnetic conversion characteristic. As the evaluation of the
[ngﬁomagnetic conversion characteristic, the overwrite characteristic

he ratio of signal to noise SNR were evaluated using a spin stand

testerang a single ole e N WM KRS WIBOART) Bbnyercon

perpendicular magnetic’ recording, and a result ation I1s shown

chiYEgtar RENVIEVAHES YErp SYBTEIAGI HEWNSH PHAVRRE NN ihg an
45 KFCI (kilo Flux Change per Inch) signal on a signal recorded at 336

emkbe et PAReatVRLIPEIIPNRs Values regasred ak 388 &F the

shown. For each of the media that were subjected to evaluation of the
evalbgiernagngtc canerdpecchasaveddtitg ato valig .of 3 singetayes file a

including only the low K. layer was also shown in Fig. 3. [0072] Example
typ B3A merpepdieuter anagemabiod @ cenaing Metien mxasdrodngethie theample

same way as in the example 3 except that 100 mot o (70Co-20Cr-IOPt),
3 taswbidhiSioeavht mevaddeall Wes afdde e baalgeomagosdliic fopmyeyrsion

the low K. region, in place of
characteristic. Moreover, an example 5 and a comparative
example 3 produced according to the following methods were
similarly subjected to evaluation of the electromagnetic
conversion characteristic. As the evaluation of the
electromagnetic conversion characteristic, the overwrite
characteristic and the ratio of signal to noise SNR were
evaluated using a spin stand tester and a single pole type head
(written track width 0.25 um) for perpendicular magnetic
recording, and a result of the evaluation is shown in Fig. 3.
Overwrite values were evaluated in a manner of overwriting a
45 KFCI (kilo Flux Change per Inch) signal on a signal recorded
at 336 kFCl. Furthermore, as values of SNR, values measured
at 336 kFCI are shown. For each of the media that were subjected
to evaluation of the electromagnetic conversion
characteristic, a K, value of a single-layer film including
only the low K, layer was also shown iIn Fig. 3.

[0072]

Example 5
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90 mold (70Co-20Cr-IOPt)-10 mold Si02 used in the example 3. [0073]
Comparative example 3 A perpendicular magnetic recording medium was
produced in the same way as in the example 3 except that 90 molo
(78Ni-I8Fe-4Mo)-10 mold Si02, which was used for the material of the low
K. layer of the perpendicular magnetic recording medium described in the
above JP A-2005-222675 (US2005/0181237A1 as US counterpart

laid-o atenté,-wa used for a ta et mategjal in for m‘gnthe low

reglo '?R?R fpenk f1d'PYSthe KEVAILE LPhE'T ¥Yﬁ‘&e°|5§’/8}‘0ed

- f | 1 0
in, eswe%%lﬂhysm g%%i%%ﬁremé% n%d %oreovglé reg milé ob%
(79&‘3‘”26% FASHEYW) e dn (RfIRGHOB PHIMPL/EBYN LB S8 %%'“GQ@& For

feature of the layér configuration of an embodiment of the invention, the

a YAHgeTANAEPTRP S M FHFM g Rt 1oy Practieadly orffiganiadée of
is given. On the other hand, regarding the SNR value, it is known that

9owhevthe Tontpazatve-axmepleldisncdmimied tadbe ekanhe Sexdiiple 3.
both are added with SiO2 for 34 accelerating magnetic separation
[006&Been crystal grains to improve SNR, in the example 3 as an
embodiment of the invention, since the crystal grain size (activation grain
Cosizay atfimaeexedudetl 3y adding the nitrogen element, the SNR value is

A perpendicular magnetic recording medium was produced
in the same way as in the example 3 except that 90 mol%
(78Ni-18Fe-4M0)-10 mol% Si0,, which was used for the material
of the low K, layer of the perpendicular magnetic recording
med 1um described in the above JP-A-2005-222675
(US2005/0181237A1 as US counterpart laid-open patent), was
used for a target material in forming the low K, region.
[0074]

According to Fig. 3, the K, value of the low K,
single-layer film of each of the perpendicular media is 1x10°
erg/cm® or less, that is, a desired physical property value
Is obtained. Moreover, regarding the overwrite value (O/W),
in reflection of improvement in ease of writing as a feature
of the layer configuration of an embodiment of the invention,
the value is 40 dB or more in any media, that is, a practically
sufficient value i1s given. On the other hand, regarding the
SNR value, i1t is known that when the comparative example 3 is

compared to the example 3, while both are added with Si0O, for
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improved by 1.2 dB compared with the comparative example 3.

Moreover, in the example 5, while the ferromagnetic material used for the
low K. layer is not added with Si02, since the crystal grain size (activation
grain size) is similarly reduced by adding the nitrogen element, the SNR
value is improved by 0.3 dB compared with the comparative example 3.
[0075] As described hereinbefore, according to an embodiment of the

' ti dicula ti di di duced
oA R R r e e Lo S e o
] " ) . ’ ¢ : i
AR S b S A S N T
si AbanRRoAReRtof eiiResan ALeFOTRRNS iR BRtedq ) 89 2inStak dhe r

the iron group or an-alloy including the metal is uSed, which is"deposited

redL@atnyspaegioighapeutiel tyasyreded Mitfe AFOJHME0 BRI RAMRR s
soft magnetic property. Thus, the physical property values (MS and K.

impaoeRd the low? Kdkyeompa becaniretiedhy tbermpeatit bfaeddgample 3.
nitrogen gas, and the physical property values of the soft magnetic layer,

Movwbmhehrava heth el eteranipde by ,a tdrgdemeteridido bemzgpoe t¥ccaaberial
easily adjusted, and consequently a medium characteristic is easily

useadjumid. thgedwr, Kinckagductich notraddegain ktie @Gtlvatied geen the
size) can be concurrently achieved by adding_nitrogen to the layer,

crystal grain size (activationgrainsize) is similarly reduced

by adding the nitrogen element, the SNR value is improved by

0.3 dB compared with the comparative example 3.

[0075]

As described hereinbefore, according to an embodiment
of the invention, a perpendicular magnetic recording medium
can be produced, 1i1n which thermal stabilization of
magnetization and ease of writing by the magnetic head are
compatibly achieved, and furthermore SNR 1i1s 1Improved.
Moreover, for the soft magnetic layer used as the low K, layer
of an embodiment of the invention, a ferromagnetic material
of a metal of the iron group or an alloy including the metal
Is used, which is deposited in an atmosphere of the sputter
gas added with nitrogen so as to have a soft magnetic property.
Thus, the physical property values (Ms and K, value) of the low
Ky layer can be controlled by the amount of added nitrogen gas,

and the physical property values of the soft magnetic layer,

which have been determined by a target material to be used,
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improvement in SNR necessary for further increase in density can be
achieved. Furthermore, since a material used for the high K. layer can be
used for the low K. layer without any modification, productivity can be
improved. 36 What is claimed is: 1.A perpendicular magnetic recording
medium, comprising at least a nonmagnetic underlayer, a magnetic
recording layer, and a protective layer formed in this order on a

o B A T SRR s ion
i\ 3 i - f whyj is.relat -

coB PR T A e i Pl

inI"ORFQR FIe PG RSy DUCTOELSIGIHFBIS. dFMHYFh 8(UlEY9ean e

elemeént is added to a ferromagnetic material mainly containing one of

coMEliHP&h £y Niz@ili ¢ 8 ansgllon i ity Mefi HaR) EHN ftd havieg aayer,

crystal structure of a face-centered cubic lattice or hexagonal close

i mpRckagte atdinpsiRIed cuyiayridiuatin panarparetasepinalohsi ty
the film is made to be a (111) plane in the face-centered cubic lattice

castrbetuaeharel/e Q02f-platbaer tiearkexaomed cdosapackade esaectufar2. the
The perpendicular magnetic recording medium according to claim 1:

high K, layer can be used for the low K, layer without any

modification, productivity can be improved.
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wherein the magnetic recording layer includes the low K. layer having the
K. value of 1x105 erg/cm3 or less, and the high K. layer having the K.
value of 1x106 erg/cm3 or more. 37 3. The perpendicular magnetic
recording medium according to claim 1 or 2: wherein the low K. layer
includes crystal grains including ferromagnetic metal, and nonmagnetic
grain boundaries for magnetically separating the crystal grains from one
Whanother, apd-theéwonmagnetic grain boundaries contain a nonmagnetic
8%désasca el orh%bnent. 4. The perpendicular magnetic recording

e SR AT RS MRS
atFd Wi ARagn St ROYRGE AIZYEIR SHURYSR iﬂeﬂé%i?ﬁﬁ’i‘ﬁbcgép‘?e r,

package, and a preferred crystal orientation plane parallel to a plane

ant i srBeds Ve bPApe f0pakrlaaci p. tha pesrerdicear ﬁ“%@?ﬂﬁiﬁ%net ic
recording medium according to any one of claims 1 to 4: wherein the high
suBs&yatacludes crystal grains including ferromagnetic metal, and
nonmagnetic grain boundaries for magnetically separating the crystal
graing/frerein the magnetic recording layer includes a low K,
layer having a relatively small perpendicular magnetic
anisotropy constant (K, value), and a high K, layer of which
the K, value is relatively large,
the low K, layer includes a soft magnetic thin film
including an 1ron-group-element based microcrystal structure,
inwhich anitrogen element 1s added to a ferromagnetic material
mainly containing one of metals of Co, Ni and Fe or an alloy
of the metal, the thin film having a crystal structure of a
face-centered cubic lattice or hexagonal close package, and
a preferred crystal orientation plane parallel to aplane
of the film is made to be a (111) plane in the face-centered
cubic lattice structure, and a (002) plane in the hexagonal
close package structure.
2. The perpendicular magnetic recording medium according
to claim 1:
wherein the magnetic recording layer includes the low

K, layer having the K, value of 1x10° erg/cm® or less, and

the high K, layer having the K, value of 1x10° erg/cm?

or more.
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one another, and the nonmagnetic grain boundaries contains a
nonmagnetic oxide as a main component. 6. The perpendicular magnetic
recording medium according 38 to any one of claims 1 to 5: wherein a
ratio of a saturation magnetization value (Ms value) of the low K. layer to
an M. value of the high K. layer is adjusted to be 0.8 to 1.2. 7. A method
of manufacturing the perpendicular magnetic recording medium

accor, mg to an one %f' cl%yns 1to 6: hereln the Jow K. Iag/)er is_ formed

by splitter/ig kil Buﬁﬁ’baw%’?% Soheh UL AR AGEe T
Oc%ritgwgla@psir__}aterlal including a nitrogen compound. 39

wherein the Ilow K, layer includes crystal grains
including ferromagnetic metal, and nonmagnetic grain
boundaries for magnetically separating the crystal grains from
one another, and

the nonmagnetic grain boundaries contain a nonmagnetic
oxide as a main component.

4. The perpendicular magnetic recording medium according
to any one of claims 1 to 3:

wherein the high K, layer includes an alloy thin film
that contains Co as a main component, and 1s added with at least
Pt, and has a crystal structure of the hexagonal close package,
and

a preferred crystal orientation plane parallel to aplane
of the film is made to be the (002) plane.

5. The perpendicular magnetic recording medium according
to any one of claims 1 to 4:

wherein the high K, Blayer includes crystal grains
including ferromagnetic metal, and nonmagnetic grain
boundaries for magnetically separating the crystal grains from
one another, and

the nonmagnetic grain boundaries contains a nonmagnetic
oxide as a main component.

6. The perpendicular magnetic recording medium according
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to any one of claims 1 to 5:

whereiln a ratio of a saturation magnetization value (Mg
value) of the low K, layer to an Ms value of the high K, layer
Is adjusted to be 0.8 to 1.2.

7. A method of manufacturing the perpendicular magnetic
recording medium according to any one of claims 1 to 6:

wherein the low K, layer is formed by sputtering a
material exhibiting ferromagnetism using a sputter gas

containing a gas material including a nitrogen compound.
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