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oppog&€gfietic disk unit has been used for home video
recording, and with its characteristics of high-

20 speed access, small size, and large capacity, has
been taking the place of the conventional home video
apparatus, so that its market scale has increased

remarkably. Videc has a large amount of information
in particular, which requires the magnetic disk unit

25 to be increased in capacity. Therefore, for a
further increase in recording density, which has
increased at an annual rate of 100%, it is necessary
to develop technologies for magnetic recording media
and magnetic heads for recording with higher

30 densities.

In order to improve recording density,
efforts have been made to increase the coercive
force of the recording layer of the magnetic
recording medium and reduce the product tBr of

35 remanent magnetic flux density Br and film thickness
t. Such efforts have been made in order to oppose a

demagnetizing field, which increases as a



demagneti zing field, which increases as a -2

magneti zation unit corresponding to one bit becones
extrenely smal|l because of an increase in recording
density. That is, a decrease in magnetization due to
t he denagnet|2|ng field is prevented by 5 increasing
the coercive force, and the strength of the
denagnet|2|ng field is reduced bé i.ncreasin
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However, in order to further increase the
recording density of the recording medium, it is
desired to increase the coercive force of the
recording layer, reduce the product tBr of remanent

25 magnetic flux density Br and film thickness t, and
further reduce medium noise. However, a mere
reduction in the film thickness t of the recording
layer reduces the coercive force, and increases
medium noise to cause the problem of degradation of

30 S/N ratio.

" In studying decreases in the film
thickness of the recording layer and increases in
the coercive force of the recording layer, the
inventor of the present invention has found that an

35 excessive reduction in the film thickness cf the
recording layer decreases the anisotropic magnetic
field and the saturation magnetizatiocn of the



35 excessive reduction in the filmthickness of the
recordi ng | ayer decreases the anisotropic nmagnetic

field and the saturation magnetization of the -3
recording | ayer. The anisotropic magnetic field

refers to magnetic field stren@@ﬁ required to reverse
magneti zati on by applying a magnetic field in the
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AMin th
characteristics indicated in FIG. 1 were cbtained

from magnetic recording media that were equally
configured except that the recording layer differed
in thickness. Further, the magnetic reccrding media
were substantially equal in configuration to that of

25 the comparative example of a first embocdiment
described below except that a single-layer CoCrPtBCu
film was employed as the recording layer.

FIG. 1 shows that the values of saturaticn

magnetization and anisotropic magnetic field are

30 substantially constant when the recording layer has
great thickness, that i1s, when the recording layer
is 20 nm and 28 nm in thickness. However, it was
found that as the recording layer is reduced in
thickness, the saturation magnetization gradually

35 decreases and the anisotropic magnetic field
decreases sharply at or below a thickness of 13 nm.
It is considered that the saturation magnetization



found that as the recording |ayer is reduced in

t hi ckness, the saturation nagnetization gradually 35
decreases and the ani sotropic magnetic field
decreases sharply at or below a thickness of 13 nm
It is considered that the saturtion magnetization -4
and the anisotropic magnetic field thus decrease
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Xhar aotigriisst igrofthhéayer, a reductlon 1n the film
thickness of the recording layer causes a sharp
degradation of its magnetic characteristics
(saturation magnetization and anisotropic magnetic
field). Even if the recording layer is not reduced

25 in film thickness, the recording layer is prevented
from having good magnetic characteristics. 1In such
a recording layer, there occurs a problem in that
the coercive force is reduced because the
anisotropic magnetic field is reduced. Further, the

30 heat-resisting fluctuation characteristic of the
recording layer, that is, the thermal stability of
magnetization recorded in the recording layer, 1is
degraded.

35 SUMMARY QF THE INVENTION
Accordingly, it is a general object of the

present invention to provide a magnetic recording



recording layer, that is, the thermal stability of

magneti zation recorded in the recording | ayer, is
degraded. 35 SUMVARY OF THE | NVENTI ON Accordingly, it

is a general object of the present invention to

provi de a magnetic recording -55medi umin which the
above-descri bed di sadvantages are elimnated. A nore
speci fi ¢ object of the present jnvention is to
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less Cr than the second magnetic layer on an atomic

20 percentage basis.

The above objects of the present invention
are also achieved by a magnetic recording medium
including a substrate, a base layer provided on the
substrate, and a recording layer provided on the

25 base layer, wherein the recording layer includes n
magnetic layers, the n magnetic layers being first
through n“‘magnetic layers provided successively
from a base layer side, each of the first through
nte magnetic layers includes a ferromagnetic

30 material composed mainly of a ColrPtB allcy, and
each of the first through (n-1)*" magnetic layers
contains more B and less Cr on an atomic percentage
basis than a corresponding one of the seccend through
n*® magnetic layers immediately thereabove.

35 Bccording to one aspect of the present
inventicn, the recording layer of a magnetic

recording medium is formed by providing'a first



30 material conposed mainly of a CoCrPtB all oy, and
each of the first through ( n_ I ) th nagnetic |ayers
contains nore B and I ess Cr on an atom c percentage
basis than a correspondi ng one of the second through

n th magnetic |ayers inmediatet$§-thereabove. 35
According to one aspect of the present invention, the
recording | ayer of a gnetic recordin iumis
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Further, in the first magnetic layer, by

thus setting the B content, Cr and B, which are
nonmagnetic elements, are diffused in the grain
boundary part separating adjacent crystal grains, so

25 that so-called segregation of Cr and B is promoted.
Accordingly, the thickness of the grain boundary
part increases so as to enlarge the gap between the
adijacent crystal grains. ' This is also inherited by
the second magnetic layer. Accordingly, the crystal

30 grains of the flrst magnetic layer and the second
magnetic layer are formed in isclation from each
other, so that the magnetic or exchange interaction
between the crystal grains is reduced. The medium
noise is also reduced in this aspect.

35 On the other hand, the first magnetic
layer is set to a composition such that its Cr
centent is less than that of the second magnetic



adj acent crystal grains. This is also inherited by

the second nmagnetic | ayer. Accordingly, the crystal 30
grains of the first nmagnetic |ayer and the second
magnetic |ayer are forned in isolation fromeach
other, so that the magnetic or ~dxchange interaction
between the crystal grains is reduced. The medi um
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medlum noise and has an excellent S/N ratio, thus
being employable with higher recording densities.

The above objects of the present invention
are also achieved by a magnetic storage unit
including a magnetic recording medium according to

25 the present inventicn, and a recording and
reproduction part including a recording element and
a magnetoresistive reproduction element.

The above objects of the present invention
are also achieved by a magnetic disk unit including

30 a magnetic disk including a disk substrate, a base
layer provided on the substrate, and a recording
layer provided on the base layer; and a recording
and reproduction part including a recording element
and a magnetoresistive reproduction element, wherein

35 the recording layer includes a first magnetic layer
and a second magnetic layer from a base layer side:
each of the first magnetic layer and the second
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reproduction part including a recording elenment and a
magnet oresi stive reproducti on el enent. The above

obj ects of the present invention are also achieved by

a magnetic disk unit including 30 a magnetic disk

i ncluding a disk substrate, a bfse layer provided on

the substrate, and a recording |ayer provided on the
base | ayer:. and _a recordi and. reproduction part _.
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first variatign@f 4hesfirgt-cenhodi oe0bngh tHew of a

present invention; FIG 4 is a cross-secticnal view

of gthdgnetic recording medium according to a first
embodiment of the present invention;

FIG. 3 is a cross-sectional view of a

20 magnetic recording medium according to a first

variation of the first embodiment of the present
invention;

FIG. 4 is a cross-sectional view of a
magnetic recording medium according to a second

25 wvarilation of the first embodiment of the present
invention;

FIG. 5 1s a cross-sectional view of a
magnetic recording medium according to a third
variation of the first embodiment of the present

30  invention;

FIG. 6A shows a TEM photograph of a second
magnetic layer of an example magnetic disk according
to the first embodiment of the present invention:

FIG. 6B shows a TEM photograph of a second

35 magnetic layer of a comparative magnetic disk to be
compared with the example magnetic disk;

FIG. 7 is a table showing the



magnetic recordi ng medi um according to a second 25
variation of the first enbodi nent of the present
invention; FIG 5 is a cross-sectional view of a

magneti ¢ recordi ng medi um according to a third

variation of the first enbodi neft of the present 30
invention; FIG 6A shows a TEM phot ograph of a second
magneti c | ayer, of an exanpl e magnetic di sk accordi ng
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di ske@Bddt RRntCUPAFIRE | YecmRgRetiit, L skonand FIG 8 is
a plan view of part of a nmagnetic storage unit
according to a second 5 enbodi nent of the present
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a protecticn film 20, and a lubrication layer 21.

20 The first seed layer 12, the second seed layer 13,
the base layer 14, the intermediate layer 15, the
recording layer 16, the protection film 20, and the
lubrication layer 21 are formed successively on the
substrate 11. The recording layer 16 has a two-

25 layer structure of a first magnetic layer 14 and a
second magnetic layer 19 provided successively from
the base layer 14 side.

There is no particular limitation to the
material of the substrate 11. For instance, a glass

30 substrate, a NiP-plated aluminum alloy substrate, a
silicon substrate, a plastic substrate, a ceramic
substrate, and a carbon substrate may be employed as
the substrate 11.

A so-called texture {(not graphically

35 illustrated) formed of multiple grooves extending
along a predetermined directicn may be provided on
the surface of the substrate 11. Preferably, the
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2I? materials suitable for the first seed layer 12
include CoW, CrTi, NiP, CoCrZr, and metals including
these metals as their main components. Preferably,
the first seed layer 12 is set to be 5 nm to 30 nm
in thickness. The surface of the first seed layer

25 12 is amorphous and crystallographically uniform.
Accordingly, the first seed layer 12 1is prevented
from exerting the effect of crystallographic
anisotropy on the second seed layer 13 formed
thereon. This makes it easy for the second seed

30 layer 13 to form its own crystal structure.
Accordingly, the crystallinity and the crystal
orientation of the second seed layer 13 improve.
This effect improves the crystallinity and the
crystal orientation of the recording layer 16

35 through the base layer 14 on the second seed layer
13. If the second seed layer 13 is not provided,
the first seed layer 12 produces the same effect on
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Zﬂn|abphﬁﬁdﬁﬁﬁﬁlbednmat@&uaka1n terms of controlling the
size increase cof the crystal grains in their cross
sections parallel to the substrate surface. This
makes it possible to control the enlargement of the
crystal grains while maintaining the crystallinity

25 of the second seed layer 13 itself. BAs a result, it
is also possible to control the eniargement of the
crystal grains of each of the first magnetic layer
18 and the second magnetic layer 19 through the base

layer 14.

30 Preferably, the magnetic recording medium
10 includes both the first seed layer 12 and the
second seed layer 13. However, it is also possible

to omit one or both of the first seed layer 12 and
the second seed layer 13.

35 The base layer 14 is formed of Cr cor a Cr
alloy having the bcc crystal structure. The Cr
alloy suitable for the base layer 14 is a Cr-Xj
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Further, the base layer 14 may be
configured by stacking thin films (for instance, 2
nm in thickness) formed of the above-described
25 material. This makes it possible to control the
enlargement of the crystal grains of the base layer
14 while maintaining its crystallinity. As a result,
it i1s possible to control the enlargement of the
crystal grains of the first magnetic layer 18 and
30 the second magnetic layer 19.
The intermediate layer 15 is formed of a
Co-X; alloy having the hcp (hexagonal close packing)
structure, where X; is selected from Cr, Ta, Mo, Mn,
Re, Ru, Hf, and their alloys. Preferably, the
35 intermediate layer 15 is set to 0.5 nm to 3.0 nm in
thickness. The intermediate layer 15 grows
epitaxially on the surface of the base layer 14 so
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20 recordlng layer 16 has a magnetic characteristic
suitable for high-density recording. Like the base
layer 14, the intermediate layer 15 may include
multiple thin films formed of the above-described
material. It is preferable, but is not necessary,

25 to provide the intermediate layer 15.

Each of the first magnetic layer 18 and

the second magnetic layer 19 is formed of a
ferromagnetic material whose main component is
CoCrPtB. The ferromagnetic material suitable for

30 the first magnetic layer 18 and the second magnetic
layer 19 is CoCrPtB or a CoCrPtB-M alloy, where the
additional component M is formed of at least one of
Cu, Ag, Nb, Ru, Ni, VvV, Ta, Au, Fe, Mn, Ir, Si, and
Pb.

35 " The first magnetic layer 18 is composed so
as to contain more B and less Cr than the second
magnetic layer 1% on an atomic percentage basis. By



This pronotes orientation of the c-axis of the first
magnetic layer 18 in the in-plane direction. As a
result, the coercive force of the recording |ayer 16
in the in-plane direction increases so that the 20
recording | ayer 16 has a magnetild—characteristic

sui table for high-density recording. Like the base

| ayer 14, the internediate |ayer 15 may inclu
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20 adjacent crystal grains. The crystal grains are
formed in isolation from each other so that the
magnetic or exchange interaction between the crystal
grains is reduced. The medium noise is also reduced
in this aspect. Accordingly, the medium noise is

25 further reduced.

On the other hand, as described above, the
first magnetic layer 18 is set to a compesitiocn such
that its Cr content is less than that of the second
magnetic layer 19. This makes it possible to

30 increase the Co content of the crystal grains of the
first magnetic layer 18, thereby improving the
crystallinity of the crystal grains. The crystal
grains are composed mainly of CoCrPtB, of which Co
atoms form the skeleton of the hcp structure.

35 Accordingly, the more the Co content the better the
crystallinity is kept.

Further, the crystal grains of the second



by thus setting the B content, Cr and B, which are 15
nonmagnetic elenents, are diffused in the grain
boundary part separating adjacent crystal grains, so
that so-called segregation of C& and B is pronoted.
Accordingly, the thickness of tHé-yrain boundary part
increases so as to enlarge the gap between the 20

adj acent crystal grains. The crystal ,grains are
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20 18 becomes thicker, its surface condition becomes
better. Specifically, the degree of separation
between and the crystallinity of the crystal grains
of the surface of the first magnetic layer 18 become
better. This results in good crystallinity and

25 crystal orientation of the second magnetic layer 13,
thus increasing the coercive force.

In terms of reducing the medium noise, it
is preferable that the second magnetic layer 19
contain more of the additional component M than the

30 first magnetic layer 18 on an atomic percentage
basis.

The protection film 20, which is selected
from well known protection film materials, is formed
of, for instance, diamecnd-like carbon, carbon

35 nitride, or amorphous carbon. The protection film
20 is set to be C.5 nm to 10 nm (preferably 0.5 nm
to 5 nm) in thickness.



first magnetic |ayer 18 be thicker than the second
magnetic layer 19. The thickness of the entire
recording layer 16 fornmed of the first magnetic 15
| ayer 18 and the second nagnetic layer 19 is limted
to a predetermned val ue by resdifition and the
overwite characteristics in the el ectronagnetic
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20 while supplying slurry including abrasive on the
surface of the substrate 1ll1. In the case of forming
a texture on the surface of the first seed layer 12
or the second seed layer 13, the texture is formed
in the same manner.

25 Next, after cleaning the surface of the
substrate 11, the substrate 11 is placed on a
sputtering device such as a DC magnetron sputtering
device, and the substrate 11 is heated at, for
instance, approximately 180°C. It is preferable to

30 evacuate the chamber of the DC magnetron sputtering
device in advance until the degree of vacuum becomes
lower than or equal to 1 X 107° Pa, before supplying
an inert gas such as Ar gas or a process gas into
the chamber.

35 Next, an inert gas such as Ar gas 1is
supplied into the chamber, and the first seed layer
12 through the second magnetic layer 12 are formed



10 the magnetic recording medium 10 according to the
first enbodinent. First, in the case of formng a
texture on the surface of the substrate 11, texture
processing is perfornmed before placing the substrate
11 on a sputtering device. The-tléxture processing 15
is perforned using a texture form ng device.

Specifically, pad is pressed against the surface of
the'%%b@gréP@tEPr%ﬁ@ beFPshien@ & rdtRs T ar & SP&SHEd ® on
t he satéacalef. t MEhsubsbeatratkl hy mayi bg tfherther heated

subsérate 1% and, ¢ he pgg Eﬂiﬁffg%%)sgéﬁhl hﬂﬁ%i@@ through

whi |'& sﬁpglwqﬁ?% h??y I'nC udlng abrasive o
surfabe efcoesl oubzrerie 12yedm khe case of fornming a

texture on the M‘I aC@h@f trrc‘ﬁefdﬂfﬁénsﬁﬁgm' @)Oerlsl-Zfo@rﬁed on
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t he S@@@mﬁhﬁﬁﬁm@déumaﬁérQﬁ)tﬁﬂ$b§$bO@HQQR?ﬁectlon

film20 is forngd QBsctheSsecsyapgnakl ad@yetid9recording

zfgy DUttSyﬁngﬂgorQing to(¥%(Flgﬁgr qﬁgg$qgécreduced in

20 medium noise and has an excellent S/N ratio, thus
being employable with higher recording densities.
Further, since the crystal grains of the first
magnetic layer 18 and the second magnetic layer 18
have excellent crystallinity, the anisotropic

25 magnetic field is increased. As a result, the
coercive force in the in-plane direction increases.
In this aspect, the magnetic recording medium 10 can
also have high recording density.

FIG. 3 is a cross-sectional view of a

30 magnetic recording medium 30 according tc a first
variation of the first embodiment. In FIG. 3, the
same elements as those described above are referred
to by the same numerals, and a description thereof
is cmitted.

35 Referring to FIG. 3, the magnetic
recording medium 30 includes the substrate 11, the
first seed layer 12, the second seed layer 13, the



| ubrication layer 21 is fornmed on the protection film
20. Specifically, the lubrication layer 21 is 10
formed by applying a dilute |ubricant solution on the
protection film 20 by dipping or. spin coating.

Ther eby, the magnetic recordlng]&%dlun110 accordi ng

to the first embodinent is forned. Magnetic recording
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nonmagnetic coupling layer 33. That is, the
magnetization of the lower magnetic layer 32 and the
magnetization of the first magnetic layer 18 are
directed antiparallel to each other without
application cof an external magnetid field. Since

25 the first magnetic layer 18 and the second magnetic
layer 19 are ferromagnetically exchange—coupled, the
lower magnetic layer 32 and the second magnetic
layer 19 are antiferromagnetically exchange-coupled
indirectly.

30 The lower magnetic layer 32 is formed of a
ferromagnetic material of Colr or a CoCr-X; alloy,
where the additional element ¥; is at least a
selected one of Pt, B, Ta, Ni, Cu, Ag, Fe, Nb, Au,
Mn, Ir, S8i, and Pd. The CoCr-X; alloy is preferable

. 35 because it provides good control over the grain size

of the lower magnetic layer 32. The lower magnetic

layer 32 may include more than one layer. The lower




protection film20, and the lubrication |ayer 21 are

formed successively on the substrate 11. The magnetic
recording medium 30 is equal in configuration to the
magneti ¢ recordi ng medi um 10 of 10 the first

enbodi ment except for the recorditig layer 31, which

is different fromthe recording |ayer 16. The

recordi ng.l.ayer 31 includes .a Iomer netic |ayer 32,
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20 first magnetic layer 18 are antiferromagnetically

exchange-coupled through the nonmagnetic coupling
layver 33.
The lower magnetic layer 32 and each of

the first magnetic layer 18 and the second magnetic

25 layer 19 are thus antiferromagnetically exchange-
coupled. Accordingly, the total volume occupied by
the exchange~coupled magnetizatidn increases. As a
result, the thermal stability of recorded
magnetization increases. In high-density recording,

30 the total volume cccupied by this magnetization
decreases. However, this decrease can be contrelled
by the lower magnetic layer 32. Accordingly, it is
pcssible to prevent degradation of the thermal
stability of recorded magnetization.

35 In terms of stronger exchange-coupling
with the lower magnetic layer 32, 1t is preferable
that the first magnetic layer 18 cocntain more Co



The nonmagnetic coupling layer 33 is 5 selected from
for instance, Ru, Rh, Ir, Ru alloys, Rh alloys, and
Ir alloys. Preferably, the nonmagnetic coupling |ayer
33 is fornmed of Ru or a Ru all%hawngthe hcp
structure, which has good cryst coherency with the
first magnetic layer 18. 10 This is because the first

magne |c lLayer 18 has the truct re and has a
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20 magnetic recordlng medium 40 accerding to a second

variation of the first embodiment. In FIG. 4, the
same elements as those described above are referred
to by the same numerals, and a description thereof
is omitted.

25 Referring to FIG. 4, the magnetic
recording medium 40 includes the substrate 11, the
first seed layer 12, the second seed layer 13, the
base layer 14, the intermediate layer 15, a
recording layer 41, the protection film 20, and the

30 lubrication layer 21. The first seed layer 12, the
second seed layer 13, the base layer 14, the
intermediate layer 15, the recording layer 41, the
protection film 20, and the lubricaticn layer 21 are
formed successively on the substrate 11. The

35 magnetic recording medium 40 is egual in
configuration to the magnetic recording medium 10 of
the first emboediment except for the recording layer



per cent age basis. The magnetic recordi ng nmedi um 30
according to the first variation produces the sane
effects as 5 the nagnetic recording medi um 10 of the
first enbodiment. Further, the thermal stability of
magneti zati on recorded in the Fé@ﬁ?ding layer 31 is
excellent. As a result, the nmagnetic recording nedium

30 is,enplayabl e with_higher recording 10 depnsities,
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20 magnetic layer thereon (immediately thereabove) on
an atomic percentage basis. This promotes
miniaturization of the crystal grains of the lower
magnetic layer, and the grain size of the cfystal
grains is inherited by the upper magnetic layer, so

25 that the crystal grains of the upper magnetic layer
are also miniaturized. As a result, the crystal
grains of the first magnetic layer 42; through the
n*™™ magnetic layer 42, are miniaturized, so that the
medium noise is reduced.

30 The magnetic recording medium 40 according
o the second variation produces the same effects as
the magnetic recording medium 10 of the first
embodiment, and further reduces medium noise.
Accordingly, the magnetic recording medium 40 has an

35 excellent S/N ratio and is emplcyable with higher
recording densities.

FIG. 5 is a cross-sectional view of a



-21 41, which is different fromthe recording | ayer
16. The recording |l ayer 41 includes n nmagnetic

| ayers of a first nagnetic |ayer 421, a second
magnetic |ayer 422, ..., an (n-1) th magnetic |ayer
42~ ,, 5 and an n th magnetic 1%&rer 42~ provi ded
successively fromthe substrate 11 side, where nis

an integer , greater than or _equal to 3. In the ,
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The recording layer 51 includes the lower
magnetic layer 32, the nonmagnetic coupling layer 33,
the first magnetic layer 42, the second magnetic
layer 422, .., the (n-1)™ magnetic layer 42n.;, and
" the n*° magnetic layer 42, provided successively from
25 the substrate 11 side. That is, the recording layer
51 is a combination of the exchange coupling
structure of the recording laver 31 of the magnetic
recording medium 30 according to the first variation
illustrated in FIG. 3 and the n magnetic layers of
30 the recording layer 41 of the magnetic recording
medium 40 according to the second variation
illustrated in FIG. 4.
Accordingly, the magnetic recording medium
50 according to the third variation produces the
35 effects cf the magnetic recording medium 10
according to the first embodiment, and further

reduces medium noise. Further, the thermal



recording densities. FIG 5 is a cross-sectional view
of a -22 magnetic recordi ng nedium 50 according to a
third wvariation of the first enbodinment. In FIG 5,
the sane elements as those descri bed above are
referred to by the same nunerakls; and a description
thereof 5 is onmtted. Referring to FIG 5, the

nagne cordi Q |ncludes t Sid a
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illustrated in FIG. i and the n gnf i gye of 30
s tlped

the recording I3 Y& t e rkigast
medi um 40 accorﬁmﬂgrmedhbﬁxsébnmdrvaCbaﬂLnﬁ fllm (1 nm);

illustrated in ﬁlggt maé%%QEQEnﬂéyerth%ogagP Eﬁﬁ1813 film
recordi ng medi u
20 (10 nm);
Second magnetic layer: CogCrigPti11BsCus
film (5 nm);
Protection film: amorphous carbon film (5
nm) ; and

25 Lubrication layer: AM3001 (1.5 nmj},

where the parenthesized numeric values represent
thickness, and the numeric values of composition are
expressed by atomic %.

30 The example magnetié disk was prepared as
follows. First, a texture extending along a
circumferential direction was formed on the surface
0of a glass substrate. Next, the surface of the
glass substrate was cleaned, and the glass substrate

35 was heated to 200°C in a vacuum using a heating
device.

Next, of the above~-described film




50 according to the third variation produces the 35
effects of the magnetic recordi ng nedium 10 according
to the first enbodinent, and further reduces nmedi um
noi se. Further, the thermal -23 stability of

magneti zati on recorded in the F@@Grding | ayer 51 of
the magnetic recording nedium50 is excellent.
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par ent hesi zed, nuneric_val ues represent thickness, and
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15 (hereinafter “comparative magnetic disk”) was equal
in configuration to the example magnetic disk except
that a ferromagnetic material having the same
composition as the second magnetic layer of the
example magnetic disk was used for each of the first

20 magnetic layer and the second magnetic layer. The
comparative magnetic disk was prepared in
substantially the same manner as the example
magnetic disk. The first magnetic layer and the
second magnetic layer of the comparative magnetic

25 disk were formed in different vacuum chambers, and
the film formation was temporarily stopped between
the first magnetic layer and the second magnetic
layer. The layers of the comparative magnetic disk
different from those of the example magnetic disk

30 are shown as follows:

First magnetic layer: CogCrigPtiiBeCusz film
(10 nm); and
Second magnetic layer: CogoCrigPti11BsCus
35 film (5 nm).

FIG. 6A shows a TEM (transmission electron




of a glass substrate. Next, the surface of the glass
substrate was cl eaned, and the gl ass substrate 35 was
heated to 200" C in a vacuumusing a heating device.

Next, of the above-described film-24 configuration,

the Cr50Ti 50 filmthrough the 'gﬁﬁTphous carbon film

were successively forned in an Ar gas atnosphere (at

pressure of 0.67 their res ectlv Macu
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are ﬁ%@%&é%%ff%§8¥§i FIG. 7 shows that the average grain

20 size of the crystal grains of the example magnetic
disk is reduced by 26% compared with that of the
comparative magnetic disk. That is, FIG. 7 shows
that the miniaturization of the crystal grains of
the second magnetic layer is more promoted in the

25 example magnetic disk than in the comparative
magnetic disk.

The distance between adjacent crystal
grains of the second magnetic layer, that is, the
thickness of the grain boundary part, is greater in

30 the example magnetic disk than in the comparative
magnetic disk. FIG. 7 shows that the average
thickness of the grain boundary part cf the example
magnetic disk 1s increased by 35% compared with that
cf the comparative magnetic disk. This shows that

35 more Cr and B have moved to the grain boundary part
and sc-called segregation of Cr and B is more

promoted in the example magnetic disk than in the




First magnetic | ayer: Co60Cr18Pt11B8Cu3 film (10 nm;
and Second magnetic |layer: Co60Cr18Pt11B9Cu3 35 film
(5 nm. FIG 6A shows a TEM (transm ssion electron -25
m croscope) phot ograph of the second magnetic | ayer

of the exanple magnetic disk acedrdi ng to the present
invention. FIG 6B shows a TEM phot ograph of the

second_nmagnetic |ayer of thge conparati.ve neti
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shape was defined as the area of the crystal grain.

20 Next, the diameter of a complete circle equal in
area to the elliptic shape was defined as the grain
size of the crystal grain. Thus, the grain size was
obtained with respect to approximately 100 to 200
crystal grains, and the obtained (grain size) values

25 were averaged. As a result, the average grain size
of the crystal grains was obtained.

In obtaining the average thickness of the
grain boundary part, first, the total area of the
grain boundary part in a predetermined region was

30 obtained using the image analyzer. Further, the
total perimeter cof crystal grains in the
predetermined region was obtained, letting the
perimeter of the above-described ccmplete circle be
the perimeter of the crystal grain. A numeric value

35 obtained by dividing the previously cbtained total
area of the grain boundary part by the total
perimeter of the crystal grains was defined as the



magnetic disk. FIG 7 shows that the average

t hi ckness of the grain boundary part of the exanple
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thickness of the grain boundary part of the second
magnetic layer increased. As a result, a magnetic
disk of high coercive force and high S/N ratio was
obtained.

25 The coercive force was measured using a
vibrating sample magnetometer.  The S/Nm was
measured using a commercially available spin stand
and a composite magnetic head having an induction-
type recording element and a GMR reproduction

30 element. The S/Nm was obtained as 10 X log(Siso/Nm)
(dB) from average output Siso (89 kFCI) and medium
noise Nm. '

[Second Embodiment]
FIG. 8 is a plan view of part of a

35 magnetic storage unit 60 according to a second
embodiment c¢f the present invention.

Referring to FIG. 8, the magnetic storage




grain boundary part in a predeterm ned region was 30
obt ai ned using the i mage anal yzer. Further, the total
perinmeter of crystal grains in the predetermn ned
region was obtained, letting the perineter of the
above-described conplete circl 8266 the perineter of
the crystal grain. A nuneric value 35 obtained by

di vidin e .previ ousl bt ai.ned t al a
ot o b BuRday ShifeE, ¥, REVEIRE OfLr RRRit,fhd,dteusing
crysthl graivs adasddefeénebyvas tSIBanJZea\f{epagQraPhlcally

t hi Cfﬂ@ﬁét‘ifattehﬁ ,9'@' zﬂaBHEE‘i@ )ﬂsé@éﬁdln arwWhidre, 6?Sf1xed
shown in FI G the coéercive force of fhe exanp

magne®i ED&i éwh 2 i Mt e5988 YR ragih ok hBRERY GRLt 64, an
conpared6di tmd hatswépehstber cdmetasciedmagnettie actuator

di skyndt b9 LT Sdt bat t‘h'% Sraid;?' gfca!ﬂ%%ctt'l%r% YsEalne

gr ai ns” of thé exanp magnet
cr yshagnetiioy n&m}rrﬂh@@emedﬂ%é%on@aﬁaﬁu V& gregfiet i kead 68

di Sksuﬁb@rt@cﬁ'lﬁo shewsukh @hstﬂ&ﬁasfb‘é\'naﬁé bhevliled. The
exa | rov
PRAECIE iR obal Bt FOR TR et 12 APEROSIHS Hgad of a

1@ecansproﬂumhmqnLbeadtoﬁnam Mihez beyshll (graimstangsistive
an 1 DeLease i n &*@Mﬁ‘véié&%ntth' ness Rhg h@ﬁ‘:ogjéélns%lve

boundary part (pronotion se re?atlon of Cr and .
15 A_lgBsat) beooﬂab%vEMRasé@m PipRel BegRRteresistive

nagnaleaeﬂltsk die ihrShdiﬁ&gﬁeiri-otjrla&ef:eCQQIailaig’ledead The

d d I
an SPOREE SO e ab. BAEI & CSUeor b POry. TP LYy Srorage
1gr ai weisf 6thhel secowhd ROowWagneric aa@r@tawéﬁ@l description

M ni g Wkieg@d,; ANchibeeavenhage i 4 higkness cak itdie grain

boundary part of the second nma n ic lay i ncrease
e A rerut | a b ERPES Lo K TR GRo c DE e By bes for

and hhghaﬂd&ﬂ%ﬁmp ®ds thebtredgreslt 1 25r&he redergivedia 10, 30,
forc@ wag 'EP%%#Q?P #&é”%i%stv'e%@éafﬁeﬁ%m'n% the first
SI'Nm was
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20  through third wvariations thereof. The magnetic

recording medium 63 is reduced in medium noise and
has an excellent S/N ratio. Accordingly, it is
possible to employ the magnetic recording medium 63
with high recording densities.

25 The basic configuration of the magnetic
storagé unit 60 is not limited to the one
illustrated in FIG. 8. The magnetic head 68 is not
limited to the above-described configuration. A
well know magnetic head may be employed as the

30 magnetic head 68.

According to one aspect of the present
invention, the recording layer of a magnetic
reccrding medium is formed by providing a first
magnetic layer and a second magnetic layer

35 successively from the base layer side. Each of the
first magnetic layer and the second magnetic layer
is formed of a ferromagnetic material composed




nmeasured using a commercially avail able spin stand
and a conposite nmagnetic head having an induction-
type recording element and a GVR reproduction 30

el enent. The S/ Nm was obtained as 10 x | og(Si so/ Nm
(dB) from average output Siso C@@“kFCI) and medi um

noi se Nm [ Second Enbodinent] FIG 8 is a plan view of

t_of 3 j t t 60 di
DGR a0 0 OIS B he [BPagei ot nOBAL oS FETEFFi g
to R:Gnp8setthes aragmet dccondiadige m@Be uRi &ne0 ligrsd udesthan
housi g é%{hégfhﬂfgﬁgﬁigoﬁ§ 5§-aﬁ H@%d@%cgéﬂ@QnQXge

a spl ndl e I cal ustrat ed ghetic
reco?@?ﬁ@ ne@%nﬁ%%sfﬁﬁéalqﬁJqW% %uﬁoéﬁeéﬁd rotated
an agitabenrinidt bdn afl bLhar v val gradspensi oth&6first

attalgligsg’ett% thlan%e ug%h%m%ge?“bgngh@v%dc'&té‘% adding B.

radi a I'rec nagneti ¢’ recording mned
63, Ahdtaimegriers CChEaﬁaGSerp'p%rdlé@I pgdeed in size in

?UspﬁgéhQnd?%éﬁes@§9¥Eﬂ%d %HE&%%PQB@ttgéfﬁﬁbéﬁkéﬁe

or ne a conposite hea a eproductio

o AR RRCE oo TSt FhE Fet SrEs Y VER L cPEramS Oh i second
1@Iemnagne@ﬂnnlawgnegooasmn|uhﬁleleuemeﬁpandrngmétystal

el engal LLUnel « JROBELQLel- e c el EURIL) . AKb Aingly,

i nductron-type recor I ng
conf FH8r &Y 3} serfiBf O ShfaghREPRdsMGLaR: 1% Layer are
60 iglwel miknewur apdda delsaid ek glesel i RhicOridaBOGrains

t t hi f t Th t,i
 ecoPbi RG Hibdiitn 5ZFE- RPgRet {5 LALEr ARy d'g raecond
Ifagnetpoetdecoridiygr nedeami®is80iri46d, and 3hatf the medium
f'fSBoﬁg%OQfﬁﬁﬁeaﬂQ%hQ%ld'facé¥hiﬁgoﬁg@ﬂdmffk reduced.

vari ations thereof he magnetic_, recordi ng ne dlun163
i s reduced |nrﬁw¥ﬁﬁ?50|§@-£ﬂf hheshnmegeaiEntlayRe . by
r at i ehuAceertdth ingd ythiet Bi sonposst bl @rt anempl ,owhiheh are

MRONEL 6 IRAar il ng DRLUT, 63 - M dDe Pl 990" H PG rain
20 beoundary part separating adjacent crystal grains, so
that so-called segregation of Cr and B is promoted.
Accordingly, the thickness of the grain boundary
part increases so as to enlarge the gap between the
adjacent crystal grains. This is also inherited by
25 the second magnetic layer. Accordingly, the crystal
grains of the first magnetic layer and the second
magnetic layer are formed in isolation from each
other, so that the magnetic or exchange interaction
between the crystal grains is reduced. The medium
30 noise is also reduced in this aspect.

On the other hand, the first magnetic
layer 1s set tc a compesition such that its Cr
content is less than that of the second magnetic
layer. This makes it possible to increase the Co

35 content of the crystal grains of the first magnetic
layer, théreby improving the crystallinity of the
crystal grains. The crystal grains are composed



25 The basic configuration of the magnetic storage
unit 60 is not limted to the one illustrated in FIG
8. The nmagnetic head 68 is not limted to the
above-descri bed configuration. A well know nmagnetic
head may be enpl oyed as the 30 #&gnetic head 68.
According to one aspect of the present |nvent|on t he
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%%undapertlng from the scope of the present 1nventlon
For instance, a magnetic disk is taken as
an example of the magnetic recording medium &3 in
the above description of the second embodiment, but
the magnetic recording medium 63 may be a magnetic
25 tape. For the magnetic tape, a tape-like substrate
" such as a tape-like plastic film of PET, PEN, or a
polyimide is employed instead of a disk-like
substrate.
The present application is based on
30 Japanese Priority Patent Application No. 2005-073983,
filed on March 15, 2005, the entire contents of
which are hereby incorporated by reference.



part increases so as to enlarge the gap between the
adj acent crystal grains. This is also inherited by 25
the second magnetic |ayer. Accordingly, the crystal
grains of the first magnetic Iaéer and the second
magnetic |ayer are forned in isélation from each
other, so that the nagnetic or exchange interaction
bet ween_t he crﬁstal grg[ns is reduced. The nedi um 30
Noi i1 L this aspect. On the other
hand, the first magnetic layer is set to a
conposition such that its G content is |less than
that of the second nagnetic layer. This nakes it
possible to increase the Co 35 content of the crystal
grains of the first magnetic |ayer, thereby inproving

the crystallinity t he rystal grains. _The crystal
grai ns are conpose -Bo%Hai ﬁlcy roPTC(%)%’LB?BPeolu ich Co
at onsofmprmstimg : skel et on of the hcp structure.
Accordingly, the pserbhg;Co content the better the

crystallinity. Further, the crystal grains of the .
second magneti & 33§ et AYGA é’rFCi‘fﬂfg?’Flt oph&hex it ehtate:
lorysamlilinity of the crystal grains of the first

magnetic | ayer '3 hJ?VSOIS%(Lﬁ%lHll%gerCr%?&@gh!eﬁi to\f‘r ’ﬁ‘?‘e Fase
result, the anlsé%roplc gnetic Treld increases to
i ncreagerthe coercive force. Further, the saturation

10 magneti zati gfh&Fsonk ncreases for the sane reason.
Accordingly, t magneti ¢ .recardi ng medium has .
characteristicgﬁgﬁigﬁﬁPﬁgﬂgﬁ’ﬁfﬁ%%geﬁgngdfﬁkd?dEhﬁst
1lAccaomdpngltyi,c d apgneand eecedaing madhemicadegrsli nfren a
t he e j LOn is reduced in 15 nmedi um noi se
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28r esent invent itome first magnetic layer contains more B
and less Cr than the second magnetic layer on an

atomic percentage basis.

25

2. The magnetic recording medium as
claimed in claim 1, wherein:
the recording layer further includes a
30 lower magnetic layer and a nonmagnetic coupling
layer from the base layer side below the first
magnetic layer; and
the lower magnetic layer and the first
magnetic layer are exchange-coupled, and
35 magnetization of the lower magnetic layer and
magnetization of the first magnetic layer are
antiparallel to sach other without application cf an



For instance, a magnetic disk is taken as an exanple
of the nmagnetic recording nedium63 in the above
description of the second enbodi nent, but the
magneti ¢ recordi ng nmedi um 63 may be a magnetic 25
tape. For the magnetic tape, a~Bape-like substrate
such as a tape-like plastic filmof PET, PEN, or a

pol yi m de i | oyed i d of a disk-1ike
subst¥afena héggﬁgé%h? ation is based on 30

Japanese Priority Patent Application No. 2005-073983,
filed on March 15, 2005, the entire contents of which
are hereby incorporated by reference. -31 WHAT IS
CLAIMED I'S: 5 1. A magnetic recordi ng nmedi um

gonpri si ng: a substrate; a base | ayer provided on the

substrat e; d aTrecordln | ayer 5 vi ded og t he
base | ayer, mh ei nt €t IBIP& 6ﬁﬂ|5%c 5§épg| N
firs¢la5mm@yun|mi¢ameﬁ,aw@a;emnxﬁmen&gweml@aqnﬁwlc layer

fronaémpta@%%é WL SEd@oceaGhPfa tASCEHLKSt aMBGREL ithe X,
| ayer and second magnetic |ayer includes a

r
ferrbﬂﬁéﬁ@tllncg HatLF P AF QQﬁp&eéoe%?ﬁl yrem GogMwp °of Pt,
1and 2P trhe MNir,stcurpgmeti €el,ay®y, cont aMmns more B, asdd Pd.
less Cr than the second nagnetic | ayer on an atonic
percentage basis. 25 2. The nmagnetic recordi ng nmedi um
as clainmed in claiml1l, wherein: the recording | ayer
further includes a

15 4., The magnetic recording medium as
claimed in claim 1, wherein a Co content of the
first magnetic layer is greater than or
substantially equal to that of the second magnetic
layer on the atomic percentage basis.

20

5. The magnetic recording medium as
25 claimed in ¢laim 1, wherein each of the first
magnetic layer and the second magnetic layer
comprises a CoCrPtB-M alloy including the additicnal
component M, the additicnal component M including at
least one selected from a group of Cu, Ag, Nb, Ru,
30 Ni, V, Ta, Au, Fe, Mn, Ir, Si, and Pd.

35 6. The magnetic recording medium as
claimed in claim 5, wherein an M content of the
second magnetic layer is greater than that of the



30 | ower magnetic |ayer and a nonmagneti c coupling

| ayer fromthe base |ayer side below the first
magnetic | ayer; and the | ower magnetic | ayer and the
first magnetic |layer are exchange-coupl ed, and 35
magneti zation of the | ower magmétdi—t | ayer and

magneti zation of the first magnetic |ayer are

anti araIIeI to each_other w thout application of an

- 32 5LERLeMranSebnet F¥CEi &0 .the Fhendggrécentage basis.
recording nediumas clained in claim?2, wherein the

| ower magnetic |ayer conprises one of CoCr and a
CoCr-X1 alloy, the X1 including at |east one sel ected
froma group of Pt, 10 B, Ta, N, Cu, Ag, Fe, Nb, Au,
Eh, Ir, Si, and Pd. 15 20 4. The nagnetic recording
medi um as clanned % % cont ent of
the first magnetic P%y@?gp§ dV%aE%?OFﬂéﬁgoWe ium as
substhatingld yirequibdimolt hahecrfe:trhethecomdsmagme;n@tlc layer
Iayeisoeha*&eceartomgnpeﬁee%e% épa}&ég ePic hemgnetic
recording nediumas 25 clained in P erein
each of the first nmagnetic |ayer and the second
lagnetic layer conprises a CoCrPtB-M alloy including
the additional conponent M the additional conponent
Mincluding at |east one selected froma group of Cu,
Ag, Nbo, Ru, 30 Ni, V, Ta, Au, Fe, M1, Ir, Si, and Pd.

35 6. The magnefic T8&O0nd| netqedlfee@]%dlﬁt;a&n%%dmlﬁl as
clalnlsgm erein an M nt o second magneti c

| ayef{ dterc R haW%GF‘FHb @% PEESt Ligffetfomprises
1anemnenoﬁh€nnandcap@rcemﬂageﬂmnﬂﬁg 8 bcc crystal

structure.
20
9. The magnetic recording medium as
claimed in claim 8, wherein the Cr alloy comprises a
Cr-X3 alloy, the X3 being one selected from W, V, Mo,
Mn, and alloys thereof.
25

10. The magnetic recording medium as
30 claimed in claim 1, further comprising:
an intermediate layer between the base
layer and the reccrding layer, the intermediate
layer including a Co-X; alloy having an hep
structure, the X; including at least one selected
35 from a group of Cr, Ta, Mo, Mn, Re, Ru, and HE.



7. The magnetic recording nmediumas clained in claim
1, wherein the first nmagnetic layer is thicker than
the second magnetic layer. 10 8. The magnetic
recording nediumas clainmed in claiml1l, wherein the
base | ayer conprises 15 one of G%-and a O all oy
having a bcc crystal structure. 20 9. The nagnetic
recordi ng nedi as Tﬁlaimed in claim§8, wherein, the
a

Cr alloy conprises Br PRYNF Ly, FERBIR N BRA LR 2
sel ecledrferdomWelVaikb]l, Nurthelr atbops itsHergof. 25

10. The magnet i£ £eeotdlng Ay asoyE0. HAlB | fne
claiml, further conprising: an i nt er fedi at e gyer

bet weBR StHe tsastnd| hher Pas® thfyeecoEBENGNYAtcrlline seed
isnt el Apeiratteaviyes BACktdiuRg wré&0- X2 al l oy having an
hcp structure, the X2 including at | east one sel ected
35 froma group of G, Ta, Mo, Mh, Re, Ru, and H . -34
11. The magnetic recording nediumas clained in claim
1, further conprising: a crystalline seed |ayer
between the substrate and the base |ayer, the
crystalline seed 5 layer having a B2 structure. 10
112. The magnetiX2r ecOhdi mggmedi i ascoeddingedna di @has B

11, : | { SkRNQg: [ r
L1, Lucsbe cares 5100 0 armgbeus. aeed Joye
anor phous seed 21 a3BPrEBAPE FHGRA oheYss| betta g ok

gr oupubk t@aWe 15n & fhe NE%e(1%?g¥, 8Rd ERiAghous seed
conposed mainly . thereof. 20 .13. The na%netlc
reco agﬁglﬁﬁﬂékﬁ%%ng one selected from a group of CoW,

15 CrTi, NiP, CoCrZr, and metals composed mainly
therecf.

20
13. The magnetic recording medium as
claimed in claim 12, wherein the amorphous seed
layer and the crystalline seed layer are provided in
order described from a substrate side between the
25 substrate and the base layer.

30 14. The magnetic recording medium as
claimed in claim 12, wherein:
the magnetic recording medium has a disk
shape; and
unevenness extending along a
35 circumferential direction of the magnetic recording
medium is formed on a surface of one of the
substrate, the crystalline seed layer, and the



claimed in claim12, wherein the anorphous seed | ayer
and the crystalline seed | ayer are provided in order
descri bed froma substrate side between the 25
substrate and the base layer. 30 14. The nmagnetic
recording mediumas claimed i m3d@aim 12, wherein: the
magneti ¢ recordi ng nedium has a di sk shape; and
unevenness extending.along a 35 circunferentia
direéppﬁﬁhﬁuﬁh%eﬁagﬁéﬁﬁé”recording medi umis forned
on a surface of one of the substrate, the crystalline
"~ seed | ayer, and the -35 anorphous seed layer. 5 15. A
magneti ¢ recordi ng medium conprising: a substrate; a
base | ayer pr-ovided on the substrate; 10 and a
recordi ng | ayer provided on the base |ayer, wherein:
the recording Iﬁger hnclude oo netb&_lSIAa ers, t
n magnetic | aye 'beln@%%%%; T ht ﬁaﬁ Atth gﬂ@?fc
| ayersmmrond dedl: successively froma base |ayer side;
each of the firgtgsthhseygh Nth magnetic |ayers
i ncl udes a ferronagnetic materi al . ogposed 20 mainly
of a CoCrPtB al ?o§2S8ndasch RECYHESH Pt i otghstrate;
An- 1pnthh magnetic |ayers contains nore B and less Or
on an atomc per i a respondi ng
one of the sec%n%sgé?ggﬁ%%%gﬁg?fgﬁegeﬁg th base
i mediately 25 thereabove. 30 16. The magnetic
recordi ng nmedi Upgha@%ein:

he

the rececrding layer includes n magnetic
15 layers, the n magnetic layers being first through
n“‘magnetic layers provided successively from a
base layer side;
each of the first through n*® magnetic
layers includes a ferromagnetic material composed
20 mainly of a CoCrPtB alloy; and
each of the first through (n-1)* magnetic
layers contains more B and less Cr on an atomic
percentage basis than a corresponding one of the

h

second through n*® magnetic layers immediately

25 thereabove.

30 ' 16. The magnetic recording medium as
' claimed in claim 15, wherein:
the recording layer further includes a
lower magnetic layer and a nonmagnetic ccupling
layer from the base lavyer side below the first
35 magnetic layer; and '
the lower magnetic layer and the first
magnetic layer are exchange-coupled, and



claimed in claim15, wherein: the recording |ayer

further includes a |ower nmagnetic |ayer and a
nonmagneti c coupling |ayer fromthe base | ayer side
bel ow the first 35 magnetic |layer; and the | ower
magnetic layer and the first ma@metic |ayer are
exchange-coupl ed, and -36 5 10 15 20 25 nmgneti zation

of the | ower magnetic | ayer and nmgnetization of the
firsPRABRGREEAE YUY Rt aF B IRMTFarif IRFLEG &01R otHed

Wi t hoaignapplziatatd-ono Hf tae éxtrartnatagBgneti dafiet dard?7.

A | t.Qr.ag nj c ri.sing. t.i .
ecoral e ed i as ot Porthen warar R R fdation of an
r ecordFA§Radd maprodlet £églgart i ncluding a recording

gl enent and a nagnetoresistive reproduction el enent.

18. A nmamgnetic storage unit, conprising: a magnetic
recordi ng medium as set forth in claim15; and a
recordi ng and reproduction part including a recording

el enent and a nagnetoresistive reproduction el enent.

19. A magnetic disk unit, conprising: 30 a magnetic .

di sk i nci udi ng &’ di sk BaBsetdie, St pE8eUndfer comprising:
1provided on the: subgheaie, randbadifg¢coeding laayedet forth
provigeg ggH{qQ Qﬁ§§ | ayer; and a recordi ng and

repro UC%IOH pdrt” "Tncluding a recording el enent and a
magnet or esi sti e r85oreéprodactd orerfeduation part

including a recording element and a magnetoresistive
reproduction element.

15
18. A magnetic storage unit, comprising:
20 a magnetic recording medium as set forth
in claim 15; and
a recording and reproduction part
including a recording element and a magnetoresistive
reproduction element.
25
18. A magnetic disk unit, comprising:
30 a magnetic disk including a disk substrate,

a base layer provided on the substrate, and a
- recording layer provided on the base layer; and
a recording and reproduction part
including a recording element and a magnetoresistive
35 reproduction element,
wherein:

the recording layer includes a first



wherein: the recording |layer includes a first -37
magnetic | ayer and a second magnetic |ayer froma
base | ayer side; each of the first nmagnetic |ayer and
the second magnetic layer includes a ferromagnetic 5
mat eri al conposed mainly of CoGrPtB; and the first
magnetic | ayer contains nore B and less C than the

second nmagnetic | ayer on an atonic percentage basis.
magnetic layer and a second magnetic Iayer from a

base layer side;
each of the first magnetic layer and the
second magnetic layer includes a ferromagnetic
5 material ccmposed mainly of CoCrPtB; and
the first magnetic layer contains more B
and less Cr than the second magnetic layer on an
atomic percentage basis.



