DESCRIPTION

METHOD FOR MANUFACTURING PERPENDICULAR MAGNETIC RIRDING

MEDIUM

Technical Field

[0001]

The present invention having several configuration

examples disclosed in this Description relates to
manufacturing method of a perpendicular magnetic re

medium.

Background Art
[0002]

Recently, higher density magnetic recording is in
demand. As a technology for realizing high density
magneticrecording,aperpendicularmagneticrecord
is employed. The perpendicular magnetic recording
basedonthismethodincludesatleastanon-magnet
and a magnetic recording layer including a hard mag
material. The perpendicular magnetic recording med
furtheroptionallyinclude,inadditiontotheelem
magnetic underlayer which is formed from a soft mag
material and plays a role for concentrating a magne
generated by amagnetic head to the magnetic record
an underlayer for orienting the hard magnetic mater

magneticrecordinglayerinanintendeddirection,
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film for protecting a surface of the magnetic recor
and the like.
[0003]

As a material for forming a magnetic recording lay

the perpendicular magnetic recording medium, a gran

magneticmaterialisused. Thisgranularmagnetic
composed of a magnetic material and a non-magnetic

and results in a granular structure composed of a m

crystal grain and precipitated non-magnetic materia

surrounding the periphery of the magnetic crystal g

the magnetic material, an ordered alloy, for exampl
attractedattentioninrecentyears,whileinthen

material, carbon system, oxide system, nitride syst

like are known (see PTL 1 and the like, for example
[0004]

Inthe perpendicularmagneticrecording medium, va
materialsareproposedforthegranularmagneticma
dependingonacombinationoftheorderedalloyas
crystal grains and the non-magnetic material, if a
thickness of the magnetic recording layer increases
phenomenonthatthenon-magneticmaterialprecipita
on the grain boundary of the magnetic crystal grain
on the surface of the magnetic crystal grains and i
withgrowthofthemagneticcrystalgrainsoccursi
(see NPL 1). Ifthe film thickness of the magnetic
layerfurtherincreasesaftersuchprecipitationon

occurs, so-called secondary growth occurs that the
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crystal grains grow on the non-magnetic material ha
precipitated to the surface of the magnetic crystal

Such secondary growth results in lowering of magnet
anisotropy of the perpendicular magnetic recording

[0005]

Thus, various materials are examined also for the
non-magnetic material contained in the granular mag
material. For example, PTL 2 discloses a perpendic
magneticrecordingmediumcontainingamagneticrec
usingB 4Casthenon-magneticmaterial. PTL2reportsthat
thermal stability, high magneticanisotropy constan
thelikecanberealizedandaDC sputteringmethod
film formation. However, PTL 2 does not refer to u
in combination with an ordered alloy.

[0006]

PTL 3 discloses a thermal assist magnetic recordin
medium having a magnetic layer with a double struct
the granular magnetic material in which an oxide su
isaddedasanon-magnetic materialtoanordereda
anLl o-typecrystallinestructureasafirstmagneticlay
a continuous layer (CAP layer) not containing such
secondmagneticlayer. TheinventionofPTL3isc
in that a content of the non-magnetic material in t
magnetic layer decreases from the substrate side to
second magnetic layer side, and this constitution p
precipitation of excessive non-magnetic material on

part of the crystal grains of the ordered alloy so
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interrupt the growth of the crystal grainsinaper
direction. Moreover,asaresult,crystalgrainso
alloy having a fine grain size and continuously gro

direction perpendicular to a substrate surface are
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Technical Problem

[0009]

In a perpendicular magnetic recording medium, high

magnetic anisotropy needs to be maintained. Moreov
perpendicularmagneticrecording medium, the ordere
the granular structure is desired to be fine-graine
3). Moreover,inrecentyears,anenergy-assistty
recording medium such as a thermal assist type, am
assist type and the like attracts attention as the
aforementionedmagneticrecordingmediumwithhigh
NPL2). Intheseenergy-assisttypemagneticrecor
the study by the present inventors has revealed tha
advantageousthatamagneticrecordinglayerhasan
filmthickness. Asdescribedabove,thereisadem
magnetic recording layer of the perpendicular magne
recording medium, including a fine ordered alloy, p
predetermined film thickness while maintaining high
anisotropy.
[0010]

It has not been possible, however, to realize a fi
thickness sufficientas asingle layer by conventio
combination of an ordered alloy with a non-magnetic
[0011]

Moreover, regarding the recent perpendicular magne
recording medium, a study is keenly conducted on co

themagneticrecordinglayerbytheorderedalloy-

material forming the granular structure composed of
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magnetic crystal grains made of the ordered alloy a nd the

non-magneticgrainboundarysurroundingthem,butt hemagnetic
recordingmediumwhichrealizesapredeterminedfil mthickness
while maintaining a sufficiently high magnetic anis otropy has
not been obtained. For example, ina L1 o-type ordered alloy
—non-magneticmaterialsuchasFePt-CandFePt-SiO 2,thestudy
by the presentinventors hasrevealed some problems including
a problem of a so-called secondary growth of the ma gnetic
crystalgrainsassociatedwithanincreaseinafil mthickness
ofthemagneticrecordinglayer,andaproblemthat thegranular

structure cannot be formed on a specific seed layer

[0012]

Forexample,ifanL1 o-type FePt-C materialisdeposited
on seed layer 210 made of MgO or the like in a perp endicular
direction by the sputtering method (Figs. 3A and 3B ), a
structure(230,250)inwhichaFeatomlayeranda Ptatomlayer
are alternately laminated asillustrated inacryst allattice

viewofanL1 o-type FePtalloyinFig.2isformed[axisofeasy
magnetization 290, Fig. 3A].
[0013]

However, if the deposition of FePt-C further makes

progress to further thicken the film, carbon enters onto a
surfaceofthemagneticcrystalgrains,andisdepo sitedonthe
surfaceofthemagneticcrystalgrains(dinFig.3 B)toresult
inpreventingthegrowthofthemagneticcrystalgr ains200(Fig.
3B). Ifthedepositionof FePt-Cmuchfurthermake sprogress,
thesecondarygrowthofthemagneticcrystalgrains occurs|(Fig.
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3C), magnetic crystal grains 200’, 200"”], to resul
decrease of magnetic anisotropy as the entire magne
recording layer.

[0014]

Therefore,itwasfoundtobedifficulttoincreas
thickness withthe FePt-C single layer while mainta
magnetic anisotropy.

[0015]

Meanwhile,amagneticrecordingmediumwiththegr
structure, beingmade of amagnetic material contai
the non-magnetic material, is known (PTL 2). Howev
magnetic recording medium actually madeinthis doc
not use an ordered alloy.

[0016]
Forexample,ifaseedlayer210 made of MgO orth

isused, asillustratedinFig. 4, FePtmagneticcr

tina

tic
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anular
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200 is formed from FePt-B 4C (Fig. 4A). However, the study by

the present inventors has revealed that non-magneti
boundary 320 surrounding this magnetic crystal grai
formed or if formed, very negligible (Fig. 4B). Thu
magneticcrystalgrainsarenotseparatedcompletel
other but are brought into a mixed state (400).
[0017]

Thoughnotboundbyatheory,thisisconsideredt
asanon-magneticmaterialisnotprecipitatedread
FePt magnetic crystal grains, and even if the FePt

crystalgrainsgrow,theyremaininthecrystals.
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above, if the non-magnetic material remains in the
crystal grains, with the progress of deposition of

B4C also grows in the magnetic crystal grains and lea
gradualbreakageofthemagneticcrystalgrains. S

lowers the magnetic anisotropy.

[0018]

As described above, the study of the present inven
has revealed that the FePt-B
thick film formation with a single layer.

[0019]

Insuch circumstances, the presentinventors found
byformingontheseedlayerinadvanceanordered
(FePt-C, for example) layer having a granular struc
template layer, an ordered alloy-carbide (FePt-B
example)layercangrowonthisorderedalloy-carbo
ordered alloy-carbide forms the granular structure
informationofamagneticrecordinglayerwithad
thickness.

[0020]

However, the present inventors found that even if
heating temperature increases during film formation
magneticrecordinglayer, noimprovementinhomogen
magnetic characteristics is observed. Thus, it is f
demanded that fluctuation of an magnetic anisotropy
(Ku)ofeachmagneticgraincontainedinthemagnet
layerwithadesiredfilmthicknessobtainedasabo

to further homogenize the magnetic characteristics.
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[0021]

Therefore, the invention having several configurat
examplesdisclosedinthisDescriptionhasanobjec
a manufacturing method of a perpendicular magnetic
medium including a magnetic recording layer having
film thickness and reduced fluctuation in an magnet
anisotropy constant (Ku) of each magnetic grain and
homogenized magnetic characteristics while maintain

magnetic anisotropy.

Solution to Problem

[0022]

A method for manufacturing a perpendicular magneti

recordingmediumaccordingtooneconfigurationexa
presentinventionisamanufacturingmethodofape
magnetic recording medium including the steps of:

(A) preparing a non-magnetic substrate;

(B) laminating magnetic recording layer including
least a first and a second magnetic recording layer
non-magnetic substrate; and

(C) heating the non-magnetic substrate on which th
magnetic recording layer is laminated to a temperat
to 600°C, wherein

thestep(B)includesatleastastepofformingt
magnetic recording layer and a step of laminating t
magneticrecordinglayeronthefirstmagneticreco

the first magnetic recording layer has a granular
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structureincludingafirstmagneticcrystalgrain
non-magnetic grain boundary surrounding the first m
crystalgrain,thefirstmagneticcrystalgrainis
byanorderedalloy,andthefirstnon-magneticgra

is constituted by carbon; and

the second magnetic recording layer has a granular

structureincludingasecondmagneticcrystalgrain
non-magnetic grain boundary surrounding the second
crystalgrain,thesecondmagneticcrystalgrainis
byanorderedalloy,andthesecondnon-magneticgr
iIsconstitutedbyanon-magneticmaterialconstitut
and carbon.
[0023]

In the aforementioned manufacturing method, the fi
magnetic recording layer having the granular struct
ordered alloy-carbon (FePt-C, for example) is preli
formed, and this first magnetic recording layer wor
template layer. Then, asthe second magneticrecor
on this template layer, the granular structure of t
non-magnetic material constituted by the ordered al
and carbon can be formed / grown. The obtained magn
recording layer can have a desired film thickness a
magnetic anisotropy.
[0024]

Moreover, in the aforementioned manufacturing meth
after formation of the magnetic recording layer, it

to the predetermined temperature in the step (c). T
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enablestoreduce fluctuation of magnetic anisotrop yconstant
(Ku) ofeachmagneticgraininthe magneticrecordi nglayerto

further homogenize the magnetic characteristics.

Advantageous Effects of Invention
[0025]

The aforementioned manufacturing method enables to

thicken the magnetic layer while maintaining high m agnetic
anisotropy, and to manufacture a perpendicular magn etic
recording medium with magnetic characteristics furt her
homogenized by reducing fluctuation in magnetic ani sotropy

constant (Ku) of each magnetic grain.

Brief Description of Drawings

[0026]

Fig. 1 is a schematic sectional view illustrating an
embodiment of a perpendicular magnetic recording me dium that
can be manufactured by a manufacturing method of on e

configuration example of the present invention;
Fig. 2 is a schematic view illustrating a crystal
structureofanLl1 o-type ordered alloy that can be usedinone
configuration example of the present invention;
Fig.3Aisaschematicviewforexplainingaprobl empoint
inacourse ofgrowth ofagranularmagnetic materi al(FePt-C)
of the magnetic recording layer;
Fig.3Bisaschematicviewforexplainingaprobl empoint

inacourse ofgrowth ofagranular magnetic materi al(FePt-C)
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of the magnetic recording layer;

Fig.3Cisaschematicviewforexplainingaprobl empoint
inacourse ofgrowth ofagranularmagnetic materi al(FePt-C)
of the magnetic recording layer;

Fig. 4A is a schematic view for explaining a cours e of
growth of a granular magnetic material (FePt-B 4C) of the
magnetic recording layer;

Fig. 4B is a schematic view for explaining a cours e of
growth of a granular magnetic material (FePt-B 4C) of the

magnetic recording layer;

Fig. 5 is a magnetic hysteresis curve [vertical ax ¥
magnetization M (emu/cm %), lateral axis: external magnetic
fieldH (Oe)] of each of magnetic recording mediums ofalayer
constitution A manufactured by a manufacturing proc esses of
Example 1, Example 2, Comparative Example 1, and Co mparative
Example 2;

Fig. 6A is a planar TEM observation photograph of a
magnetic recording medium with a layer constitution B
manufacturedbyamanufacturingprocessofComparat iveExample
3; and reference characters <D> and o in the figure indicate
anaveragegrainsizeandstandarddeviationobtain edbygrain

size analysis of the planar TEM observation image,

respectively;

Fig. 6B is a planar TEM observation photograph of the
magnetic recording medium with the layer constituti on B
manufactured by a manufacturing process of Example 4; and
referencecharacters<D>and ointhefigureindicateanaverage
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grain size and standard deviation obtained by grain
analysis of the planar TEM observation image, respe

Fig. 7A is a magnetic hysteresis curve [vertical a

size
ctively;

XiSs:

magnetization M (emu/cm %), lateral axis: external magnetic

field H (Oe)] of the magnetic recording medium of t
constitution B manufactured by a manufacturing proc
Comparative Example 3; and

Fig. 7B is a magnetic hysteresis curve [vertical a

he layer

ess of

XiSs:

magnetization M (emu/cm %), lateral axis: external magnetic

field H (Oe)] of the magnetic recording medium of t
constitution B manufactured by a manufacturing proc

Example 4.

Description of Embodiments
[0027]
A manufacturing method of one configuration exampl
thepresentinventionwillbedescribedbelowbyus
numerals described in Fig. 1.
[0028]
[Step (A)]

This is a step of preparing a non-magnetic substra

[0029]

he layer

ess of

e of

ingreference

te.

Non-magnetic substrate 20 may be any of various

substrates having smooth surfaces. For example,
non-magnetic substrate 20 may be formed by using a
generally used foramagnetic recording medium. Fo

materials such as an Alalloytowhich NiP plating

-13 -
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strengthened glass, and crystallized glass may be u sedasthe

non-magnetic substrate.

[0030]
[Step (B)]

This is a step of laminating magnetic recording la yer
including at least a first and a second magnetic re cording

layers on the non-magnetic substrate.
[0031]

(Magnetic recording layer 60)

Magneticrecordinglayer60includesatleasttwo layers,
thatis, firstmagneticrecordinglayer62andseco ndmagnetic
recording layer 64. The second magnetic recording layer is

laminated on the first magnetic recording layer.
[0032]

First magnetic recording layer 62 has a granular

structureincludingafirstmagneticcrystalgrain constituted
by an ordered alloy and a first non-magnetic grain boundary
constituted by carbon, the first non-magnetic grain boundary

surrounding the first magnetic crystal grain, and

Second magnetic recording layer 64 has a granular

structureincludingasecondmagneticcrystalgrain constituted
by an ordered alloy and a second non-magnetic grain boundary
constitutedbyanon-magneticmaterialconstituted byboronand
carbon,thesecondnon-magneticgrainboundarysurr oundingthe

second magnetic crystal grain.
[0033]

Theorderedalloyconstitutingthefirstmagnetic crystal
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grain and the second magnetic crystal grain in the firstand

second magnetic recording layers may be the same ki nd or
differentkindsfromeachother,butanL1 o-type orderedalloy
is preferable. Particularly, an L1 o-type ordered alloy
containing at least one kind of an element selected from Fe,
Co,Ni,andthelikeandatleastonekindofanel ementselected
from Pt, Pd, Au, Cu, Ir and the like is preferable. More
preferably, itis an L1 o-type ordered alloy constituted by a
material selectedfromagroupconsistingof FePt, CoPt,FePd,
and CoPd and most preferably, itis an L1 o-type FePt ordered
alloy.
[0034]

As the non-magnetic material constituted by boron and
carbon,varioustwo-componentmaterialsofboronan dcarboncan
be exemplified, and more specifically, various boro ncarbides

such as BCto B C can be contained.

[0035]

A carbon content in the first magnetic recording | ayer
is preferably 20 to 50 vol.%, more preferably 20 to 40vol.%,
in view of the magnetic characteristics and grain s ize.
[0036]

A content of the non-magnetic material constituted by
boron and carbon in the second magnetic recording | ayer is
preferably 20 to 50 vol.%, more preferably 20 to 30 vol.%, in

view of the magnetic characteristics and grain size
[0037]

Moreover,aratio[B(at.%)/C(at.%)]basedonth eatomic
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percentratioofboronandcarboninthenon-magnet
constituted by boron and carbon constituting the se
non-magnetic grain boundary is preferably 0.3 or mo
preferably 0.4 or more, preferably 10 or less and m
preferably5orless,inviewofthemagneticchara
[0038]

Magneticrecordinglayer60mayhaveastructureo
by laminating more than two magnetic recording laye
example, magnetic recording layer 60 may have a str
obtainedbylaminatingpluralsets, eachsetbeing
the first and the second magnetic recording layers.
Alternatively,magneticrecordinglayer60mayhave
including additional magnetic recording layer made
material different from the first and the second ma
recording layers in terms of a composition or a con
element, the additional magnetic recording layer be
laminatedonthefirstandthesecondmagneticreco
Moreover, magnetic recording layer 60 may have a st
whichthe firstmagneticrecording layer, the secon
recording layer, and the first magnetic recording |
laminated in this order.
[0039]

(Film formation of magnetic recording layer 60)

First magnetic recording layer 62 is formed on

non-magneticsubstrate 20 orpreferablyonseedlay
willbe described later, by asputteringmethodusi

suchasanalloytargethavingamixtureofmetals
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anorderedalloyandcarbon,avacuumdepositionme thodorthe

like.
[0040]

Subsequently, second magnetic recording layer 64 i S
formed onfirstmagnetic recording layer 62. Secon d magnetic
recordinglayer64canbeformedbythesputtering methodusing
a target such as an alloy target having a mixture o f metals
constitutinganorderedalloyanddesiredcarbonan dboron,or

the vacuum deposition method.

[0041]

Inthemanufacturingmethodofoneconfiguratione xample
of the present invention, non-magnetic substrate 20 on which
a film is to be formed or non-magnetic substrate 20 on which
anappropriateconstituentlayerhasbeenformedis preferably
heatedtoatemperatureof300to500°C ,whenafi Imofamagnetic
recordinglayerisformed,inviewofpromotingord eringofthe
ordered alloy, preferably L1 o-type ordered alloy.

[0042]
Inthemanufacturingmethodofoneconfiguratione xample

of the present invention, a co-sputtering method of

individuallysputteringorderedalloy(Fe,Pt,for example)and
C ortheir alloy can be also employed for a method of forming
firstmagneticrecordinglayer62andsecondmagnet icrecording
layer64otherthanthesputteringmethodusingthe alloytarget
as above.
[0043]

Inthemanufacturingmethodofoneconfiguratione xample
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of the present invention, second magnetic recording
is formed on first magnetic recording layer 62, by
granularmagnetic materialcontainingthe secondno
material constituted bythe non-magneticmaterialc
byboronandcarbon,thefirstmagneticrecordingl
agranularstructurecontainingthefirstnon-magne
constituted by carbon. As a result, the second magn
recording layer 64 having a granular structure foll
granular structure of the first magnetic recording
be formed efficiently, and maintenance of high magn
anisotropy and increased film thickness of entire m
recording layer 60 can be realized.
[0044]

A film thickness of the first magnetic recording |
is preferably 4 nm orless, more preferably 2to 4
ofsuppressionofgrowthinhibitionandsecondaryg
ordered alloy. Moreover, in view of maintenance of
magnetic anisotropy, a film thickness of the second
recording layer is preferably 3 to 7 nm.
[0045]

In view of achieving both high productivity and hi
recording density, magneticrecordinglayer 60 pref
a film thickness of at least 5 nm or more, preferab
more. The preferable film thickness as magnetic re
layer60is6tol6nm,morepreferably8tollnm.
the magnetic recording medium of one configuration

the present invention preferably has a value of the
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anisotropy constant (Ku) ofatleast1.0 x10 " erg/lcm 3ormore,

more preferably 1.2 x 10 7 erg/cm 2 or more.
[0046]
[Step (C)]

Thisis a step of heating the non-magnetic substra te on
which the magnetic recording layer including the fi rst and
second magnetic recording layers is formed, to a te mperature
of 400 to 600°C. In order to discriminate it from the heat
processing of film formation of the magnetic record ing layer
inthestep(B),itmaybealsocalledpost-heating processing.
[0047]

Bymeansofthisstep,fluctuationinmagneticani sotropy
constant(Ku)ofeachmagneticgraininthemagneti crecording
layer can be reduced, and the magnetic characterist icscanbe

further homogenized.
[0048]

By means of this step, movement of the non-magneti

material constituted by boron and carbon in the mag netic
recording layer or particularly in the second magne tic
recording layer into the non-magnetic grain boundar y is
accomplishedfurthercompletely. Thus,adegreeof orderofthe
ordered alloy in the magnetic recording layer is fu rther
improved, and homogeneity of the magnetic character istics is

considered to be also improved.
[0049]
This step is performed at least after formation of

magnetic recording layer 60 in the step (B).
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[0050]

Thisstepcanbe performedbyusingathermalproc essing
furnace capable of decompression to vacuum, and a d egree of
vacuum is preferably 10 “ Paorless in view of prevention of
characteristic deterioration caused by oxidation of the

magnetic layer.

[0051]

Suchhomogenization ofthe magneticcharacteristic scan
be estimated from o value of a magnetic hysteresis curve of
the magnetic recording medium obtained with magneti zation M
(emu/cm 2) as the vertical axis and external magnetic field H
(Oe) as the lateral axis. Here, the a value is a gradient of
themagnetichysteresiscurveinthevicinityofco erciveforce
Hc, and it is defined by a =4 1t(dM/dH) ppe. In view of the
homogenization of the magnetic characteristics, the o value
ispreferably 0.8 ormore, more preferably 1.0orm ore,andin
view ofisolation ofthe grains, the avalueispreferably 2.0

or less, more preferably 1.4 or less.
[0052]
Inthecaseofanidealgranularmedium,itiskno wnthat

the avalueis 1.

[0053]

AccordingtoNPL7 itisassumedthat,inaperpe ndicular
magnetized film, a demagnetizing factor in a film-s urface
perpendicular direction is N fim and the demagnetizing factor
in the film-surface perpendicular direction in a mi cro
inversionregioncorrespondingtoonegraininthe caseofthe
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granular structureis N . Then, the magnetic hysteresis curve
isinclinedwith 1/(N fim —N g),whenamagneticfieldisapplied
in the perpendicular direction of this film. There fore, the

a value is 4 TW(N fim —N g).

[0054]

Here, the aforementioned N fim 1S approximately 4 Tt
[0055]

Then, the aforementioned N sis determined by arelation
between a micro inversion region and the film thick ness ( 9),
and assuming that a diameter of the micro inversion region
corresponding to the grain size in the granular str ucture is
D, the larger o/D is, the closer N g gets to O.

[0056]

Therefore,ifthegraininthegranularstructure isfully

isolated and has a film thickness larger than the g rain size,

the a value gets closer to 1.
[0057]

Alternatively, if the grain is not fully isolated, Npg

takes a larger value since o/D becomes smaller. Thus, the a

value also takes a larger value.

[0058]

Asdescribedabove,assumingastateinwhichthe magnetic
characteristics are uniform in the entire film, the a value
becomes 1 or more, and if it is an isolated grain a nd o/Dis
smaller,the avaluegetsclosertol. Ifthe avalueissmaller
thanl,itcanbeconsideredtobeastateinwhich themagnetic

characteristics are non-uniform in the film.
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[0059]

Moreover, aheatprocessingis preferably included
inthefilmformingstepofthemagneticrecording
step (B). However, the magnetic graintendsto be e
the heat processing of the film forming step. Thus,
advantageous from the view point of micronizing of
grains. Moreover, even if a temperature of the magn
recordinglayerinthefilmformingstepincreases,
isnotimproved. By contrast, with the heat proces
the film formation of magnetic recording layer as i
of the present invention, the magnetic grains in th
magnetic recording layer are not enlarged as long a
within the predetermined temperature range, and the
can be improved.

[0060]

Theheatingtemperature ofthe substrateinthiss
from 400 to 600 °C. In view of homogenization of th
characteristics, it is 400 °C or more, while in vie
prevention of enlargement of the grains caused by h
IS 600°C or less.

[0061]

Moreover, the heat processing time of this step is

preferably 10secondsormore, more preferably 1000
more,inviewofhomogenizationofthemagneticcha
while it is preferably 2 hours or less, more prefer
seconds or less, in view of mass productivity.

[0062]
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By the way, PTL 4 discloses a technology of deposi ting

amagneticbodyfromaplatingsolution,themagnet icbodybeing
CoPtorFePtalloymagneticbodycontainingatleas toneormore
elementsofCu,Ni,andBinlat.%to40at.%,and transforming
itintothe L1 oordered alloy by anneal processing at 500°C or
less(Claim8inPTL4,forexample). However,wha tisactually

prepared is Fe 28Ni 22Pt 45B5 to which Ni and B are added using

co-depositof Bwith Niinordertoinclude B effec tively (the
paragraphs0055to0056andthelikeinPTL4),and thusitdoes
not contain a part constituted by a non-magnetic ma terial
comprising boron and carbon. Moreover, it is not a product
obtained by working the first magnetic recording la yer which
isthe ordered alloy—carbon as atemplate layer, andonthis
template layer, forming/growing a granular structur e of
non-magnetic material constituted by an ordered all oy—boron
and carbon as the second magnetic recording layer, according

to the present invention.

[0063]

Moreover, PTL 5 discloses that the magnetic record ing
layer having a CuAu-type ordered structure made of F1x Mk
composition and containing a ferromagnetic body wit h aB
presencerateinF 1-x M0f0.01t00.30inanon-magnetic matrix
is formed and then, it is subjected to heat treatme nt at 200
to600°C(Claimsl10andl6andthelikeinPTL5). IntheExample
of PTL 5, an FePt alloy film with the B presence ra teofOto
0.35 obtained by sputtering using a target of Fe - 50 at.% Pt
witha B chip arrangedisfabricated as F 1x M, and after that,
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itis heated at 350°C for 0.5 hours in the vacuum a
Torrorless(theparagraph0032inPTL5). Howeve

aproductobtainedbyworkingthefirstmagneticre

t1x10
r,itisnot

cordinglayer

which is the ordered alloy — carbon as a template | ayer, and
on this template layer, forming/growing a granular structure
ofnon-magneticmaterialconstitutedbyanordered alloy-boron
and carbon as the second magnetic recording sub-lay er,
according to the present invention. Moreover, it do es not
disclose whether the FePtalloy film with the B pre sence rate
of0to0.35containsthenon-magneticmaterialcon stituted by
boron and carbon or not and even if it contains som e, itdoes
not disclose what a content of C is.

[0064]

Moreover,neitherofPTLs4and5hasexplicitdes cription
onimprovementofthe avalue ofthe magneticrecording medium
to be obtained and further homogenization of the ma gnetic
characteristics.

[0065]
[Other arbitrary steps]

In a manufacturing method of a perpendicular magne tic
recording medium of one configuration example of th e present
invention, astep offorminganarbitrarylayeroth erthanthe
aforementionedsteps(A)to(C)maybefurtherincl uded,aswill
be enumerated below.

[0066]

Inthese arbitrary layers, a seed layer, anon-mag netic

underlayer,asecondunderlayer,anadhesionlayer andthelike
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are formed before the step (B) whichis aforming s
magnetic recording layer, while a protective layer,
lubricant layer and the like are formed after the s
[0067]

Among the layers formed after the step (B), the li
lubricant layer is formed after the step (C). The
layer or the like can be formed before or after the
butinviewofpreventionofdiffusionofthemagne
layer, it is preferably formed after the step (C).
[0068]

Soft magnetic underlayer

Thesoftmagneticunderlayerisalayerhavingaf
of concentrating a magnetic flux generated by amag
tothemagneticrecordinglayerduringrecordingin
recording layer. The soft magnetic underlayer can
onthe non-magnetic substrate by using a crystallin
such as FeTaC, a sendust (FeSiAl) alloy and the lik
amorphousmaterialcontainingaCoalloysuchasCo
CoFeZrTaandthelike. Inthiscase,thereisane
amaterialthatdoesnotgenerateachangeinsurfa
by crystallization ataformation temperature ofth
layer.

[0069]

Anoptimalvalueofafilmthicknessofthesoftm

underlayer changes depending on a structure

characteristicofthemagneticheadusedforthere

itispreferablyapproximatelylOnmormoreand50
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taking into consideration of productivity.

[0070]

Thesoftmagneticunderlayercanbeformedbyawe lI-known
andcommonfilmformingtechnologysuchasasputte ringmethod,
for example.

[0071]
Seed layer

A function of seed layer 40 is to control crystal
orientation and the like of the magnetic crystal gr ains in
magneticrecordinglayer60whichisanupperlayer . Moreover,

seed layer 40 is preferably a non-magnetic body.

[0072]

More specifically, seed layer 40 is a layer with t he
purpose of orienting the crystal of the ordered all oy in
magneticrecordinglayer60(inthecaseofL1 o-type FePtalloy
and the like, for example) to (001), for example. Such
orientation enables the perpendicular magnetic reco rding.
[0073]

In order to achieve the aforementioned function, t he
material of seed layer 40 is selected as appropriat e in
accordance with a material of magnetic crystal grai ns of
magnetic recording layer 60. For example, if the m agnetic
crystal grains of magnetic recording layer 60 are f ormed of
L1o,—type ordered alloy, it is preferably a cubical cry stal
material,particularlypreferablySrTiO 3,MgO,TiN,CrNandthe
like, most preferably MgO. Seed layer 40 can be a Iso formed
by using a mixture of the aforementioned oxides. S eed layer
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40 canbe alsoformed by laminating a plurality of

of the aforementioned materials. In view of improv
crystalline properties of the magnetic crystal grai
magnetic recording layer 60 and improvement of prod
seed layer 40 preferably has a film thickness of fr

60 nm, more preferably of from 1 to 20 nm.

[0074]

The aforementioned seed layer 40 can be formed by
arbitrarymethodknowninthetechnologysuchasth
method (including the DC magnetron sputtering metho
sputtering method and the like), vacuum deposition
the like.

[0075]

Non-magnetic underlayer

Anon-magnetic underlayer can be formed on non-mag
substrate 20, and then, seed layer 40 can be formed
[0076]

The non-magnetic underlayeris a layer with the pu
ofensuringclosecontactbetweenthesoftmagnetic
andseedlayer40,andofensuringthatseedlayer
desired orientation.

[0077]

Thenon-magneticunderlayercanbeformedbyusing
an alloy containing Cr. The non-magnetic underlaye
a lamination structure made of a plurality of layer
Ta, and Cr or an alloy containing Ta and/or Cr. Co

improvement of crystalline properties of seed layer
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magnetic recording layer 60, productivity improveme nt, and
optimizationtothemagneticfieldgeneratedbythe headduring
recording, the non-magnetic underlayer preferably h as afilm

thickness of 5 nm or more and 30 nm or less.

[0078]

Aforementioned non-magneticunderlayer20canbef ormed
by using an arbitrary method known in the technolog y such as
the sputtering method (including the DC magnetron s puttering
method, the RF sputtering method and the like), vac uum

deposition method and the like.
[0079]

Second underlayer

The second underlayer can be formed below the

non-magnetic underlayer. The second underlayer is a layer
provided to shut off an influence of the crystal st ructure of

a layer formed below the second under-layer, on cry stal
orientation and a size of the magnetic crystal grai n and the
like of magnetic recording layer 60. Moreover, if the soft
magneticunderlayerisprovided,thereisaneedth atthesecond
under-layer be non-magnetic in order to suppress a magnetic
influence on the soft magnetic underlayer. A mater ial for
forming the second underlayer includes oxides such asMgOand
SrTiO 3, nitrides such as TiN, metal such as Crand Ta, a Niw
alloy, and Cr-based alloys such as CrTi, CrZr, CrTa and CrWw.
Seedlayer 30 can beformed by usinganarbitrary m ethod known

in the technology such as the sputtering method.

[0080]
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Adhesion layer

An adhesion layer made of a material excellent in
adhesiveness such as metal including Taand Crort heir metal
alloyssuchasCrTi,canbeformedonthenon-magne ticsubstrate
represented by a glass substrate, as necessary.

[0081]

Protective layer

Protective layer 80 can be formed on magnetic reco rding
layer 60. The protective layer is a layer for prot ecting
magneticrecordinglayer60andeachofotherconst ituentlayers

below the protective layer.

[0082]

Protective layer 80 can be formed by using a mater ial
usually used in a field of magnetic recording mediu mssuch as
amaterialmainlycomposedofcarbonandnon-magnet icmetalsuch
asPtandTa,forexample. Protectivelayer80may beasingle
layerormay have alaminationstructure. Protecti velayer80
withthe lamination structure may have alamination structure
of two kinds of carbon-based materials with differe nt
characteristics, a lamination structure of metal an d a
carbon-basedmaterialoralaminationstructureof ametaloxide
filmandacarbon-basedmaterial forexample. Af iimthickness
ofthe protective layerispreferablyl0nmorless typically.
[0083]

Protective layer 80 can be formed by using an arbi trary
method known in the technology such as the sputteri ng method
(including the DC magnetron sputtering method and t he like),
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vacuum deposition method and the like with using th
aforementioned materials.
[0084]
Liquid lubricant layer

Moreover, a liquid lubricant layer can be optional ly
formed by usinga material (perfluoropolyetherlubr icant, for
example) usually used in a field of the magnetic re cording
medium. The liquid lubricant layer can be formed b yusingan
application method such as a dip coat method and a spin coat
method.
[0085]

A film thickness of the liquid lubricant layer is
preferably a film thickness that can exert a functi on of the
liquidlubricantlayer,consideringafilmproperty andthelike
of the protective layer.
[0086]
Others

Inthe aforementioned manufacturing method, inadd ition
totheaforementionedvariouslayers,othervarious layersfor
the perpendicular magnetic recording medium may be formed as
appropriate.  For example, in a thermal assist type
perpendicular magnetic recording medium, aheatsin klayeror
thelikecanbefurtherformedbeloworonthemagn eticrecording
layer. Moreover, an additional layer such as a CAP layer can

be laminated on magnetic recording layer 60.
Example

[0087]
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The manufacturing method of a configuration exampl e of
the present invention will be described below in mo re detail
by using Examples.

[0088]

(Examples 1 to 3, Comparative Examples 1 to 2)

In Examples 1, 2, 3 and Comparative Examples 1 to 2,
respective magnetic recording mediums were obtained by
performing lamination with a layer constitution A b elow.

[0089]

Layer constitution A

MgO substrate/
FePt-C (40 vol.%) (film thickness: 2 nm)/

FePt-B (20 vol.%) — C (5 vol.%) (film thickness: 5 nm)
[0090]

Inthelayerconstitution A,an MgO substrate (by Tateho
Chemical Industries Co., Ltd.) was used as a non-ma gnetic
substrate, and directly on the substrate, a first m agnetic
recording layer (FePt-C layer) and then, a second m agnetic
recording layer (FePt-B-C layer) were formed, and f iim
formation of each layer in the layer constitution A was
performed by introducing the non-magnetic substrate into a
sputtering device and in the order indicated in the layer
constitution A by anin-line type film forming devi ce without

release to the air.
[0091]
More specifically, first, the first magnetic recor ding

layer (FePt-C layer)wasformed by DC power40W (F ePttarget)
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and 232 W (Ctarget) respectivelyinan Argasatmo
adegreeofvacuumatl1.5Pa. Thatis, the substra

each of the aforementioned layers to be formed was

430°C and subjected to co-sputtering by the DC magn

sputtering method with using the FePttargetand th
so that a composition in film formation has a carbo
of 40 vol.% to result in the formation of the first
recording layer having a film thickness of 2 nm.
[0092]

Afterthefilmformationofthefirstmagneticrec
layer, the second magnetic recording layer (a layer
FePt-non-magnetic material, the non-magnetic materi
constituted by boron and carbon) was formed in the
atmosphere at the degree of vacuum of 1.5 Pawith D
W (FePttarget),47W (Ctarget)and RFpower220W
Thatis, in a state in which the substrate on which
magneticrecordinglayerwasformedwasheatedto4
the second magnetic recording layer with a film thi
5 nm was formed by the DC magnetron sputter (FePtt
Ctarget)andthe RFmagnetronsputtermethod (Bta
the FePttarget,the Ctarget,andthe Btargetso
content is 20 vol.% and the carbon content is 5 vol
[0093]

(Example 4, Comparative Example 3)

Respective magnetic recording mediums in Example 4

Comparative Example 3 were obtained by performing |

with the layer constitution B below.
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[0094]

Layer constitution B

Glass substrate/

Ta (film thickness: 5 nm)/

MgO (film thickness: 5 nm)/

Cr (film thickness: 20 nm)/

MgO (film thickness: 5 nm)/

FePt-C (40 vol.%) (film thickness: 2 nm)/

FePt-B (17 vol.%) — C (5 vol.%) (film thickness:

[0095]
InthelayerconstitutionB,aglasssubstrate[Ch

strengthened glass substrate (N-10 glass substrate

CORPORATION)]was used as anon-magnetic substrate,

aTaadhesionlayer,anMgOsecondunderlayer,aCr
and an MgO seed layer were laminated in this order,
magnetic recording layer (FePt-Clayer) and asecon
recording layer (FePt-B-C layer) were formed.
[0096]

Film formation of each layer in the layer constitu
Bwasperformedintheorderindicatedinthelayer
B by introducing the non-magnetic substrate into th
devicewiththein-linetypefilmformingdevicewi
to the air.
[0097]

More specifically, first, the Ta adhesion layer wi
film thickness of 5 nm was formed by the DC magnetr

method with a pure Ta target in an Ar atmosphere.
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[0098]

Regardingthe MgO secondunderlayer,theseedlaye
afilmthicknessof5nmwasformedbythe RF sputt
with MgO target ataroom temperature. More specif
the Argasatmospherewiththe degree ofvacuumof
formation was performed with RF power 200 W.

[0099]

The Cr under-layer with a film thickness of 20 nm
formedbythe DCmagnetronsputtermethodwithapu
in an Ar atmosphere.

[0100]

Regarding the MgO seed layer, the substrate was he
to300°C andthe seedlayerwiththefilmthickness
formed by the RF sputtering method with MgO target.
specifically, the film formation was performed with
200 Winan Argas atmosphere with the degree ofva
Pa.

[0101]

Regarding the first magnetic recording layer (FePt
layer),thesubstrateonwhicheachoftheaforemen
wasformedwasheatedto400°C,andthefirstmagne
layerwithfilmthicknessof2nmwasformedbythe
sputtermethodwithatargetcontainingFePtandC
that a composition has a carbon content of 40 vol.%
formation. More specifically, the film formation w
performed with DC power 100 Winan Argas atmosphe

degree of vacuum of 1.0 Pa.
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[0102]

After film formation of the first magnetic recordi ng
layer, the second magnetic recording layer (a layer of
FePt-non-magnetic material, the non-magnetic materi al being
constituted by boron and carbon) was formed. That is, while
the substrate on which the first magnetic recording layer was
formed was heated to 400 °C as above, the second ma gnetic
recording layer with film thickness of 5 nm was for med by the
DC magnetron sputter method with a target containin g a
non-magnetic material constituted by FePt, boron an d carbon
prepared so that the boron contentis 17 vol.% and the carbon
contentis5vol.%. Morespecifically, thefilmfo rmationwas
performed with DC power 100 Winan Argas atmosphe rewiththe

degree of vacuum of 1.0 Pa.

[0103]
(Heatprocessingofstep(C)ofExamplesl1to4and Comparative
Example 1)

For any of Examples 1 to 4 and Comparative Example 1l,a
non-magnetic substrate on which afirstand a secon d magnetic
recordinglayerswereformedwasheatedbyusinga lampheating
furnace(MILA-3000)byULVACRIcolnc.inavacuum atthedegree

of 5 x10 * Paor less under heating conditions indicated in

Table 1 below. The temperature was raised to a tar get
temperature in 30 seconds, and the temperature was dropped by
naturalcoolingtoobtainrespectivemagneticrecor dingmediums

in Examples 1 to 4 and Comparative Example 1.

[0104]
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By contrast, the heat processing in the step (C) a fter
the film formation of the magnetic recording layer was not

performed in Comparative Examples 2 and 3.

[0105]
[Table 1]
(Table 1)
Example _ayer Heating Heating time

constitution temperature

(°C)

Example 1 A 450 1000 seconds
Example 2 A 600 1000 seconds
Example 3 A 500 2 hours
Comparative A 750 1000 seconds
Example 1
Comparative A -
Example 2
Example 4 B 400 2 hours
Comparative B -
Example 3
[0106]

(Comparative Examples 4 and 5)

In accordance with the fabricating method of the | ayer
constitution B, Comparative Example 4 and Comparati ve Example
5 (film thicknesses of the magnetic recording layer S are
differentfromeachother)whicharemagneticrecor dingmediums
with the layer constitution C below (the magnetic r ecording
layerhasonlyasinglemagneticrecordinglayerco rresponding

- 36 -




to the first magnetic recording layer) were fabrica ted.

[0107]

However,acarbonprotectivefilm(filmthickness: 3nm)
whichisnotpresentinthelayerconstitutionBis alsoformed
in the layer constitution C. The carbon protective film was
formed by the DC magnetron sputtering method with a carbon

target in an Ar gas atmosphere.
[0108]

Layer constitution C

Glass substrate/

Ta (film thickness: 5 nm)/

Cr (film thickness: 20 nm)/

MgO (film thickness: 5 nm)/

FePt-C (25 vol.%) [film thickness: 7.8 nm (Compara tive
Example 4) or 4.5 nm (Comparative Example 5)]/

C (film thickness: 3 nm)

Similarly to Comparative Examples 2 and 3, the hea t
processinginthestep(C)afterfilmformationof themagnetic
recording layer was not performed.

[0109]

(Comparative Example 6)

Comparative Example 6 which is a magnetic recordin g
medium with the layer constitution D below (the mag netic
recordinglayerhasasinglemagneticrecordinglay eronly,the
layercorrespondingtothesecondmagneticrecordin glayer)was
fabricated,inaccordancewithafabricatingmethod similarto

that of the layer constitution B.
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[0110]

However,acarbonprotectivefilm(filmthickness:
whichisnotinthe layer constitution Bisalsofo
layer constitution D. The carbon protective film w
by the DC magnetron sputtering method with a carbon
an Ar gas atmosphere.
[0111]

Layer constitution D

Glass substrate/
Ta (film thickness: 5 nm)/
Cr (film thickness: 20 nm)/
MgO (film thickness: 5 nm)/
FePt-B (20 vol.%) — C (5 vol.%) (film thickness:
C (film thickness: 3 nm)
[0112]
(Magnetic performance evaluation)
Evaluation of a magnetic recording medium was made
evaluatingthemagneticanisotropyconstant(Ku).S
Ku values were calculated on the basis of NPLs 3 an
dependence of spontaneous magnetization on applied
magnetic-field acquired by PPMS device (Physical Pr
Measurement System by Quantum Design Inc.) and satu
magnetization (Ms) acquired with a sample vibration
magnetometer (VSM).
[0113]
Inadditiontothemagneticanisotropyconstant,c

force (Hc), a value (gradient of the magnetization curve in
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the vicinity of the coercive force) of a magnetic h ysteresis

curve|[verticalaxis:magnetizationM(emu/cm 3),lateralaxis:
externalmagneticfieldH(Oe)]andgrainsize(Dn) ofamagnetic
grainwereestimated,thegrainsize(Dn)beingcal culatedwith
an activation volume V. The o value of a magnetic hysteresis
curveisknowntobe o =linthecaseofanidealgranularmedium.
[0114]

In a specific measuring method, a value was calculated
withagradient(dM/dH)inthevicinityofacoerci veforce(Hc)
afterevaluatingamagnetichysteresiscurvebythe PPMSdevice

and a saturation magnetization (Ms) obtained by VSM

[0115]

Moreover, the grain size (Dn) of a magnetic grain was
calculatedbyacquiringanactivationvolumeV act ,beingdivided
by a film thickness and then converting this divide dvalueto
a radius under an assumption that the magnetic grai n has a
columnar shape (see NPL 5). The activation volume V act Was
calculated from frequency dependence of acoercive force (see
NPL 6).
[0116]

The results are summarized in Table 2.

[0117]

[Table 2]

(Table 2)
Layer Step (C) Film c Magnetic a Magnet
constitutio heating thick Coerciv anisotrop valu ic
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n temperature ness e force y e grain
(single/plu (°C) (nm) Hc(kOe) constant sizeDn
ral of of Ku (10 © (nm)
magnetic magne erg/cm 3)
recording tic (10 ® J/m?®)
layer *1) recor
ding
layer
Example 1 A (plural) 450 7 14.93 14.3 091 6.25
Example 2 A (plural) 600 7 14.38 16.5 1.29 6.20
Example 3 A (plural) 500 7 15.2 099 6.1
Comparati A (plural) 750 7 20.59 32.3 31| 8.17
ve
Example 1
Comparati | A (plural) -2 7 14.95 1.4 0.67 6.35
ve
Example 2
Example 4 B (plural) 400 7 18.5 18.4 1.33 6.62
Comparati | B (plural) -2 7 15.7 0.79 7.60
ve
Example 3
Comparati | C (single) -2 7.8 9.3 6.35 04| -
ve
Example 4
Comparati | C (single) - "2 4.5 9.3 9.87 04 -
ve
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Example 5

Comparati | D (single) - "2 4 1.2 5111 7.4

ve

Example 6

[0118]

*1: Plural: Having the first magnetic recording lay erandthe

second magnetic recording layer.

Single: Having a single magnetic recording layer.
*2: Not including the heating step in the step (C).
[0119]

As is obvious from the aforementioned Table 2, all

Examples 1 to 4 in which the heat processing of the step (C)
atatemperatureof400to600°Cwasperformedsho wedfavorable
a values withinarange from 0.8t0 2.0, indicating favorable
homogeneity of the magnetic characteristics. The v alues of
magnetic anisotropy constant of these Examples also indicate
favorable values ranging from 14.3 to 18.4 x 10 ® erg/cm 3.
[0120]

Particularly when Example 2 and Comparative Exampl e?2
having the same layer constitution A are compared w ith each
other, Comparative Example 2 in which the heat proc essing of
the step (C)wasnotperformedshowedthe avalueof0.67which
is considerably lower than an ideal value 1, indica ting that
the magnetic characteristics are considered to be i n a
non-uniform state. Meanwhile, Example 2 in which th e heat
processing of the step (C) was performed particular ly at 600

°Cshowedthe avalueofl.29whichisavalue notsmallerthan
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1, indicating that the magnetic characteristics a re

consideredtobeinauniformstate.Moreover,the valueisclose
to an ideal value 1, indicating that and the magnet ic grains
in the formed magnetic recording layer are not enla rged.
[0121]

Similarly, when Example 4 and Comparative Example 3
having the same layer constitution B are compared w ith each
other, Comparative Example 3 in which the heat proc essing of
thestep (C)wasnotperformedshowedthe avalueof0.79which
is lower than an ideal value 1, indicating that the magnetic
characteristics are considered to be in a non-unifo rm state.
Meanwhile, Example 4 in which the heat processing o fthe step
(C) was performed (400 °C) shoed the a value of 1.33 whichis
a value not smaller than 1, indicating that the mag netic
characteristics are considered to be in a uniform s tate.
Moreover, the value is close to an ideal value 1, i ndicating
thatthemagneticgrainsintheformedmagneticrec ordinglayer

are not enlarged.

[0122]

In both the Example 2 and Comparative Example 2 ha ving
thesamelayerconstitution A, the heatprocessing ofthestep
(B) at430°Cwas similarly performedinfilmforma tionofthe
firstandsecondmagneticrecordinglayers.Inboth theExample
4and Comparative Example 3havingthesamelayerc onstitution
B, the heat processing of the step (B) at 400°C was similarly
performed as well in film formation of the first an d second
magnetic recording layers. These facts indicate th at
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improvementofhomogenizationofthe magneticchara cteristics

cannot be expected with the heat processing of the film
formation of the magnetic recording layer of the st ep (B),
instead ofthe heatprocessingafterthe filmforma tionofthe

magnetic recording layer of the step (C).

[0123]

Meanwhile, Comparative Example 1showedthatthe avalue
was larger than the preferable range, indicating th at the
magnetic particles were enlarged, although the magn etic
anisotropyconstantwasconsiderablyhigh. Thatis becausethe
heating temperature of the step (C) was considered to be too
high.

[0124]

Comparative Examples 4 and 5 are magnetic recordin g
mediumshavingamagneticrecordinglayercorrespon dingtothe
firstmagneticrecordinglayeronly,andalthoughi tcannotbe
simply compared with the layer constitution of Exam ples, the
a values of these comparable examples were lower tha n its
preferablerange. Moreover,ascomparedwithExamp les1to4,
they are also considered to be inferior to Examples 1to4in

terms of the magnetic anisotropy constant.

[0125]

Comparative Example 6 is a magnetic recording medi um
having amagnetic recording layer corresponding to thesecond
magnetic recording layer, and although it cannot be simply
compared with the layer constitution of Examples, t he avalue
ofthiscomparable examplewasmuchlargerthanthe preferable
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range of the
to 4, itis also considered to be inferior to Examp
in terms of the magnetic anisotropy constant.
[0126]

Fig. 5 illustrates magnetic hysteresis curves with
verticalaxisforthemagnetizationM(emu/cm
axis for the external magnetic field H (Oe) of Exam
2andComparativeExamplesland2havingthelayer
A. The avaluewhichisagradientofthe magnetizationcur
in the vicinity of the coercive force increases, as
processingtemperaturerises, asshownin Comparati
2 without the heat processing of the step (C), Exam
the heat processing temperature of the step (C) at
Example 2withthe heatprocessing temperature oft
at 600 °C and Comparative Example 1 with the heat p
temperature of the step (C) at 750 °C. This indicat
homogenization tendency of the magnetic characteris
However, Example 2ismostpreferable fromthe view
themagneticcharacteristicsarehomogenizedwithin
which the magnetic grains are not enlarged.
[0127]

Figs.6Aand6BandFigs.7Aand7Billustratepla
observationphotographsandthemagnetichysteresis
the vertical axis for the magnetization M (emu/cm
lateral axis for the external magnetic field H (Oe)
magnetic recording mediums obtained by the manufact

methodsin Comparative Example 3[Figs.6Aand 7A]
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4 [Figs. 6B and 7B], both having the layer constitu
Comparative Example 3 is a case in which the heat p
ofthestep(C)isomittedinExample4,butbotho
grainsizes<D>are substantiallythe same,judging

6A and 6B. Itindicates that enlargement of the gra

heat processing of the step (C) does not occur. Fi

7Bshowthatthe avaluewhichisagradientofthemagnetization

curve inthe vicinity of a coercive force increased
to1.33bytheheatprocessingofthestep(C),ind

homogenization of the magnetic characteristics occu

Industrial Applicability
[0128]

Themanufacturingmethodofthemagneticrecording
as one configuration example of the present inventi
provide a magnetic recording medium that can be use
magnetic recording device such as a perpendicular m
recording medium including energy assist type magne
recording medium such as a thermal assist type, am

assist type and the like.

Reference Signs List
[0129]
20 non-magnetic substrate
40, 210 seed layer
60 magnetic recording layer

62 first magnetic recording layer
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64 second magnetic recording layer

80 protective layer

100 magnetic recording medium

200 magnetic crystal grain

230 first component of ordered alloy

250 second component of ordered alloy

270 non-magnetic grain boundary

290, 292, 294 axis of easy magnetization

320 precipitated portion of added material
(non-magnetic material) of ordered alloy

400 mixed region of magnetic crystal grain (200) a

non-magnetic material (320)
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CLAIMS

1. A method for manufacturing a perpendicular magne tic
recording medium, comprising the steps of:

(A) preparing a non-magnetic substrate;

(B) laminating magnetic recording layer including at
least a first and a second magnetic recording layer s on the
non-magnetic substrate; and

(C) heating the non-magnetic substrate on which th e
magnetic recording layer is laminated to a temperat ure of 400

to 600°C, wherein

thestep(B)includesatleastastepofformingt hefirst
magnetic recording layer and a step of forming the second
magnetic recording layer on the first magnetic reco rding
sub-layer;

the first magnetic recording layer has a granular

structureincludingafirstmagneticcrystalgrain andafirst
non-magnetic grain boundary surrounding the first m agnetic
crystalgrain,thefirstmagneticcrystalgrainis constituted
byanorderedalloy,andthefirstnon-magneticgra inboundary

is constituted by carbon; and

the second magnetic recording layer has a granular

structureincludingasecondmagneticcrystalgrain andasecond
non-magnetic grain boundary surrounding the second crystal
grain, the second magnetic crystal grain is constit uted by an
ordered alloy, and the second non-magnetic grain bo undary is
constitutedbyanon-magneticmaterialconstituted byboronand
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carbon.

2. The method for manufacturing a perpendicular mag
recording medium according to claim 1, wherein

heatingtimeofthestep(C)isfrom10secondsto

3. The method for manufacturing a perpendicular mag
recording medium according to claim 1, wherein

aratio [B (at.%)/C (at.%)] based on the atomic pe
ratio of boron and carbon in the non-magnetic mater

constituted by boron and carbon is 0.3 to 10.

4. The method for manufacturing a perpendicular mag
recording medium according to claim 1, wherein

the ordered alloys contained in the first and seco

netic

2hours.

netic

rcent

ial

netic

nd

magnetic crystalgrainsare L1 o-type ordered alloys which are

the same with or different from each other.

5. The method for manufacturing a perpendicular mag
recording medium according to claim 4, wherein

the L1 o-type ordered alloys contain Fe and Pt.

6. The method for manufacturing a perpendicular mag
recording medium according to claim 1, wherein

thenon-magneticsubstrateofthestep(A)include
layer, and the step (B) includes a step of forming

magnetic recording sub-layer on the seed layer.
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7. The method for manufacturing a perpendicular mag netic
recording medium according to claim 1, wherein

an avalueofamagnetichysteresiscurve|[verticalaxi S:
magnetization(emu/cm %) lateralaxis:externalmagneticfield
(Oe)]oftheperpendicularrecordingmediumtobem anufactured

is 0.8t0 2.0.
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