DESCRIPTION

METHOD FOR MANUFACTURING MAGNETIC RECORDING MEDIUM

Technical Field

[0001] Theinventionsomeconstitutionalexampleso fwhich
are described in the specification relates to a met hod for
manufacturing a magnetic recording medium. Particu larly, it
relates to a method for manufacturing a magnetic re cording
medium whichis used in a hard disc magnetic record ing device
(HDD). More particularly, it relates to a method f or
manufacturing a magnetic recording medium suitable tousein

a heat-assisted magnetic recording system.

Background Art

[0002] Perpendicularmagneticrecordingsystemisa dopted
asatechnique forincreasing the magneticrecordin gdensity.

A perpendicular magnetic recording medium at least comprises
anon-magneticsubstrate,andamagneticrecording layerformed
of a hard-magnetic material. Optionally, the perpe ndicular
magneticrecordingmediummayfurthercomprise:as oft-magnetic
backing layer formed of a soft magnetic material an d playing
a role in concentrating the magnetic flux generated by a
magnetic head onto the magnetic recording layer; a base layer
for orienting the hard-magnetic material in the mag netic
recording layer in an intended direction; a protect ive layer



forprotectingthesurfaceofthemagneticrecordin glayer;and

the like.

[0003] Itis proposed to use a granular magnetic ma terial
toformthemagneticrecordinglayerinthe magneti crecording
medium,inordertoobtainfavorablemagneticprope rties. The
granular magnetic material comprises magnetic cryst al grains
and a non-magnetic body segregated to surround the magnetic
crystal grains. Magnetic crystal grains within the granular
magnetic material are magnetically separated from e ach other

by the non-magnetic body.

[0004] Forthepurposeoffurtherincreasingthere cording
density of perpendicular magnetic recording medium, anurgent
needforreductioninthegraindiameterofthemag neticcrystal
grainsinthegranularmagneticmaterialarisesin recentyears.
On the other hand, reduction in the grain diameter of the
magneticcrystalgrainsleadstoadecreaseinther malstability

of the recorded magnetization (signals). In order to
compensate for the decrease in thermal stability du e to the
reductioninthegraindiametersofthemagneticcr ystalgrains,
the magnetic crystal grainsinthe granular magneti c material
needtobeformedofamaterialwithhighermagneto crystalline
anisotropy. One of proposed materials having the r equired
highermagnetocrystallineanisotropyisL1 otypeorderedalloys.

TypicalLl otypeorderedalloysincludeFePt,CoPt,FePd,CoPd ,
and the like.
[0005] Excellent crystalline orientation of the L1 o type

ordered alloys is necessary to achieve the higher



magnetocrystallineanisotropywiththelL1 otypeorderedalloys.

AsamethodforformingathinfilmoftheL1 otypeorderedalloy
having excellent crystalline orientation at a low s ubstrate
temperature, Japanese Patent Laid-Open No. 2010-503 139
describesthemethodcomprisingthestepsof.depos itingalower
layerconsistingofaCr-basedalloyof(002) orien tationonto
asubstrate;depositingabufferlayerof(002)ori entationonto
thelowerlayer,anddepositinganFePtmagneticre cordinglayer
onto the buffer layer at a substrate temperature lo wer than
400°C, wherein the buffer layer comprises MgO or Sr TiO 3, the
thicknessofthebufferlayerisfrom2nmto8nm, andthelattice
misfitbetweenthelowerlayerandthemagneticrec ordinglayer
isfrom3%t010%(seePTL1). Here,thebufferlay ercomprising
MgO is deposited at room temperature or at a substr ate
temperature from 30°C to 300°C. However, there is no
description about the relationship between the subs trate
temperature when depositing the buffer layer and th e crystal
axis orientation dispersion of the magnetic recordi ng layer,

at all.

[0006] Besides, International Patent Publication No . WO
2011/021652proposesamethodforformingamagneti crecording
layerconsistingofanL1 otypeorderedalloyontoabaselayer
whichconsistsofafirstlayerconsistingofanam orphousalloy,
asecondlayerconsistingofaCralloyhavingabo dy-centered
cubic(bcc)structure,andathirdlayerconsisting ofMgO(see
PTL2). Thepurposeofthisproposalistodecrease theparticle
diameter of the magnetic crystal grains in the magn etic



recording layer consisting of the L1

reducingthecrystalline particlediameterofthes
consistingofthe Cralloy. Thethirdlayerconsis
preventstheatomsconstitutingtheCralloyofthe

frommigratingintothemagneticrecordinglayerco

the L1 o type ordered alloy in the case where the substrate

temperaturewhenformingthemagneticrecordinglay
than 350°C. There is no description about the rela
betweenthesubstratetemperaturewhenformingthe
consisting of MgO and the crystal axis orientation

of the magnetic recording layer formed thereon, at
[0007] On the other hand, reduction in the sizes of
magneticcrystalgrainsmeansreductioninthecros

areas of the crystal magnetic grains having a certa
sincethethicknessofthemagneticrecordinglayer

uniformin in-plane directions of the medium. Asa
diamagnetic field acting on the magnetic crystal gr
themselves decreases, whereas a magnetic field requ
reversing the magnetization of the magnetic crystal
(magneticswitchingfield)increases. Asdescribed
improvement of the recording density implies that a
magnetic field is required for recording signals, i

the shape of the magnetic crystal grains.

[0008] Energy-assistedmagneticrecordingsystemss
a heat-assisted recording system or a microwave-ass

recordingsystemhavebeenproposedastheotherme

theproblemofincreaseinthemagneticfieldstren
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forrecording (see NPL1). The heat-assistedrecord ing system

utilizesthetemperaturedependenceofthemagnetic anisotropy
constant(Ku)ofamagneticmaterial,whichisach aracteristic
wherethehigherthetemperature,thelowertheKu. Thissystem
usesaheadhavingafunctiontoheatamagneticre cordinglayer.
That is, writing is conducted while the temperature of the
magnetic recording layer is raised to temporarily r educe the
Ku and thereby reducing the magnetic switching fiel d. The
recorded signals (magnetization) can be maintained stably,
since the Ku returns its original high value after the
temperature of the magnetic recording layer drops. In the
application of the heat-assisted system, it is nece ssary to
design a magnetic recording layer, taking its tempe rature
characteristics into consideration in addition to t he

conventional design guidelines.
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Summary of Invention
Technical Problem
[0011] The problem to be solved by the invention so
constitutional examples of which are described in t
specification is to provide a method for manufactur
magneticrecordingmediumcomprisingamagneticrec

having a larger magnetic anisotropy constant Ku.

Solution to Problem

[0012]
Themethodformanufacturingamagneticrecording

according to one constitutional example of the pres

invention comprises the steps of: (a) preparinga s

(b) heatingthe substratetoatemperature of 350°C

anddepositinganon-magneticmaterialcomprisingM

component to form a base layer; and (c) forming a m

recording layer onto the base layer. Here, the met

furthercomprisethestepof(b')depositingCrmet

having a bcc structure and comprising Cras amain

to form a second base layer, prior to the step (b).

itis preferable to deposit a material for forming
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alloy, inthe step (c). Further, itis preferable
amagnetic material for forming magnetic crystal gr
non-magneticmaterialforforminganon-magneticgr

which surrounds the magnetic crystal grains, inthe

Advantageous Effects of Invention

[0013] By adopting the above-described configuratio
becomes possible to decrease the crystal axis orien
dispersion,arithmeticaverageroughnessRa,andma

Rz of the base layer onto which the magnetic record
isformed,andtherebydecreasingthecrystalaxis

dispersion ofthe magneticrecordinglayerandincr
magneticanisotropyconstantKuofthemagneticrec

The magnetic recording medium manufactured by
above-described manufacturing methodis suitable to

energy-assisted recording systems.

Brief Description of Drawings
[0014]

[Fig. 1] Fig. 1 is a cross-sectional diagram showi
a configuration example of the magnetic recording m
obtained by the manufacturing method according to o
constitutional example of the present invention;

[Fig. 2] Fig. 2 is a cross-sectional diagram showi
anotherconfigurationexampleofthemagneticrecor
obtained by the manufacturing method according to a

constitutional example of the present invention;
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[Fig. 3] Fig. 3isagraphical representation show
the relationship between the crystal axis orientati
dispersion ofthe base layer obtainedin Experiment
A and the substrate temperature when forming the ba

[Fig. 4A] Fig. 4Ais an atomic force microscopic (
imageofthebaselayerformedatasurfacetempera
in Experimental Example A;

[Fig. 4B] Fig.4BisanAFMimageofthebaselaye
atasurface temperature of 300°C, in Experimental

[Fig. 4C] Fig.4CisanAFMimageofthebaselaye
atasurface temperature of 350°C, in Experimental

[Fig. 4D] Fig.4DisanAFMimageofthebaselaye
atasurface temperature of 400°C, in Experimental

[Fig. 5] Fig.5isagraphical representation show
the relationship between the crystal axis orientati
dispersionofthemagneticrecordinglayerobtained
1 and 2 and the substrate temperature when forming
layer; and

[Fig. 6] Fig. 6isagraphical representation show
the relationship between the magnetic anisotropy co
the magnetic recording layer obtained in Examples 1

the substrate temperature when forming the base lay

Description of Embodiments
[0015] The method for manufacturing a magnetic reco
medium according to one constitutional example of t

invention comprises the steps of: (a) preparinga s
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(b) heatingthe substratetoatemperature of 350°C orhigher,
anddepositinganon-magneticmaterialcomprisingM gOasamain
component to form a base layer; and (c) forming a m agnetic
recording layer onto the base layer. Fig. 1 shows a
cross-sectional diagram of the magnetic recording m edium
obtained by the above-described method, the medium comprising
non-magnetic substrate 10, base layer 40, and magne tic
recording layer 50.

[0016] The "substrate" prepared in the step (a) inc ludes
the non-magnetic substrate 10. Alternatively, lami nated
article in which layers commonly known in the art, suchasan
adhesivelayer,asoft-magneticbackinglayer,ahe atsinklayer,

a seed layer, and the like, are formed on the non-m agnetic
substrate 10 can be used as the "substrate" in the step (a).
Fig.2showsacross-sectionaldiagramofthemagne ticrecording
medium comprising the non-magnetic substrate 10, th eadhesive
layer 20, the seed layer 30, second base layer 40b, the base
layer40,themagneticrecordinglayer50,andprot ectivelayer
60. IntheconstitutionshowninFig.2,theparti alstructure
consistingofthenon-magneticsubstrate10,thead hesivelayer
20, and the seed layer 30 is considered as the "sub strate"in
thestep(a). Thesecondbaselayer40bwillbeex plainedlater.
[0017] The non-magnetic substrate 10 may be various

substrates having a flat surface. For example, the

non-magnetic substrate 10 may be formed of material commonly
usedinmagneticrecordingmedia. Theusefulmater ialincludes



NiP-plated Al alloy, monocrystalline MgO, MgAl

tempered glass, crystallized glass, and the like.

[0018] Theadhesivelayer20thatmaybeformedopt

isusedforenhancingthe adhesion betweenthelaye
the adhesive layer 20 and the layer formed under th
layer20. Thelayerformedundertheadhesivelaye

the non-magnetic substrate 10. The material for fo
adhesivelayer20includesametalsuchasNi,W, T
oranalloycontainingtheabove-describedmetal.

layer may be asingle layer orhave alaminated str

a plurality of layers.

[0019] Thesoft-magneticbackinglayer(notshown)
be formed optionally controls the magnetic flux emi
amagnetic head, toimprove the read-write characte
the magnetic recording medium. The material for fo
soft-magnetic backing layer includes: a crystalline
suchasanNiFealloy,asendust(FeSiAl)alloy,or
amicrocrystallinematerialsuchasFeTaC,CoFeNio

an amorphous material including a Co alloy such as
CoTaZr. The optimum thickness of the soft-magnetic
layer depends on the structure and characteristics
magnetic head used in magnetic recording. When for
soft-magneticbackinglayercontinuouslywithother

soft-magnetic backing layer preferably has a thickn

range from 10 nm to 500 nm (both inclusive), in vie

productivity.
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[0020] When using the magnetic recording medium in
heat-assistedmagneticrecordingsystem,aheatsin

shown) may be provided. The heat sink layer is a |

effectively absorbing excess heat of the magnetic r

layer 50 that is generated during heat-assisted mag
recording. The heat sink layer can be formed of a

having a high thermal conductivity and a high speci

capacity. SuchmaterialincludesaCusimplesubst
simplesubstance,an Ausimple substance,oranall

composed mainly of these substances. As used herei

expression "composed mainly of" means that the cont

concernedmaterialis50%byweightormore. Inc

klayer(not
ayer for
ecording
netic
material
fic heat
ance,anAg
oy material
n, the
entofthe

onsideration

ofits strength or the like, the heat sink layer ca nbeformed
of an Al-Si alloy, a Cu-B alloy or the like. Furth er, the
function of concentrating the perpendicular magneti c field
generated by the head, which is the function of the

soft-magnetic backing layer, can be imparted to the heat sink
layerbyformingtheheatsinklayerofasendust( FeSiAl)alloy,

asoft-magneticCoFealloy,orthelike. Theoptim

of the heat sink layer depends on the amountand di
of heatgenerated during heat-assisted magneticrec
wellasthelayerconfigurationofthemagneticrec
andthethicknessofeachconstituentlayer. When
heatsinklayercontinuouslywithotherconstituent
heatsinklayerpreferablyhasathicknessof10nm
100nmorless,inviewoftheproductivity. Theh

can be formed by any process known in the art, such
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sputteringmethodoravacuumdepositionmethod. |
specification, the term "sputtering method" include
technique known in the art, such as a DC magnetron
methodand RFmagnetronsputteringmethod. Normall
sink layer is formed by the sputtering method. The
layer can be formed directly under the adhesive lay
soft-magnetic backing layer, the seed layer 30, or

in view of properties required for the magnetic rec
medium.

[0021] Theseedlayer30isalayerprovidedforth

of preventing the crystalline structure of the laye
below from affecting the crystalline orientation an
ofthemagneticcrystalgrainsinthe magneticreco

50. In the case where the soft-magnetic backing la
provided,the seedlayer 30 needstobe non-magneti
topreventthemagneticinfluenceonthesoft-magne
layer. The material for forming the seed layer 30
oxidessuchasMgOorSrTiO
asCrorTa,aNiWalloy,andCr-basedalloyssuch
CrTa,and CrW. The seed layer 30 can be formed by

known in the art, such as a sputtering method.

[0022] Next, the base layer 40 is formed by deposit

non-magnetic material comprising MgO as a main comp

thestep(b). Thebaselayer4Qisalayerforcon
crystalline orientation ofthe magneticrecording|
is in contact with the base layer 40, while ensurin

betweenthe seedlayer30andthe magneticrecordin
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As used herein, the "non-magnetic material comprisi ng MgO as

amaincomponent”meansamaterial comprising50%b yweightor
moreofMgO. Thenon-magneticmaterialcanbedepo sitedbyany
process known in the art, such as a sputtering meth od.
[0023] The substrate is heated to a temperature of 350°C
orhigher,whenformingthebaselayer. Theheatin gtemperature
ofthe substrate is preferablyinarange from 350° Cto450°C,
inviewofthefactorssuchasthermalstabilityof thesubstrate
andthelayerswhichhavebeenformed,variationin crystalline
structuresofthelayerswhichhavebeenformed,an dinhibition

of thermomigration. By forming the base layer 40 a t the
temperatureinthe above-describedrange, itbecome spossible
toreduce the crystal axis orientation dispersion o fthe base
layer40,andtoreducethearithmeticaverageroug hnessRaand
the maximum height Rz of the surface of the base la yer 40.
Besides, inthe presentspecification, the arithmet icaverage
roughnessRaandmaximumheightRzaredeterminedb yobservation
of measurement area of 1 pmby 1 pm by AFM.

[0024] Reduction in the crystal axis orientation

dispersion of the base layer 40 means that the depo sited
non-magnetic material has a high crystal axis orien tation.
Reductioninthecrystalaxisorientationdispersio nofthebase
layer 40 and reduction in the arithmetic average ro ughness Ra
of the surface of the base layer 40 are effective t o improve
crystalaxisorientationofthemagneticrecording layer50that

is formed on the base layer 40. Especially in the case where
themagneticrecordinglayer50comprisesanordere dalloy,the

-13 -



reductioninthecrystalaxisorientationdispersio nofthebase

layer40andthereductioninthearithmeticaverag eroughness
Raofthesurfaceofthebaselayer40contributet oimprovement
inthedegreeoforderoftheorderedalloy. Furth er,reduction
inthe maximum height Rz of the surface ofthe base layer make
itpossibletodecreasetheflying heightofthema gnetichead
toimprove the magnetic recording density, when uti lizingthe

finally obtained magnetic recording medium.
[0025] Next,themagneticrecordinglayer50isfor medonto

the base layer 40, in the step (c).

[0026] The magnetic recording layer 50 may comprise an
ordered alloy. The ordered alloy may be alloys com prising at
leastone elementselected fromthe group consistin gofFeand
Co,andatleastoneelementselectedfromthegrou pconsisting

of Pt, Pd, Au and Ir. Preferable ordered alloy inc ludesL1l o
typeorderedalloysselectedfromthegroupconsist ingofFePt,
CoPt, FePd and CoPd. The ordered alloy may further comprise
atleastoneelementselectedfromthegroup consis ting of N,

Mn, Cr, Cu, Ag, Au and Cr, for modification of prop erties.
Desirablemodificationofpropertiesincludesreduc tioninthe
temperaturerequiredfororderingofthelL 1 otypeorderedalloy.

[0027] Alternatively, the magneticrecordinglayer 50 may
haveagranularstructureconsistingofmagneticcr ystalgrains
andanon-magneticgrainboundarywhichsurroundst hemagnetic
crystal grains. The magnetic crystal grains may co mprise the
above-described ordered alloy. The non-magnetic gr ain
boundary may comprise oxides such as SiO 2, TIO 5, and ZnO,

-14 -



nitrides such as SiN and TiN, carbon (C), boron (B)
like.
[0028]
compriseapluralityofmagneticlayers. Eachoft

layers may have a non-granular structure or the gra
structure. The magnetic recording layer 50 may hav
exchange-coupled composite (ECC) structure, in whic
layer such as Ru is deposited so as to be sandwiche

the magnetic layers. Further, a second magnetic la
continuouslayernotincludingagranularstructure
isformedoveramagneticlayerhavingthegranular

[0029] The magnetic recording layer 50 can be forme
depositing given materials by a sputtering method.
forming the magnetic recording layer comprising the

alloy, targets comprising a material for constituti
ordered ally can be used. More particularly, a tar
comprising the elementsfor constituting the ordere
apredeterminedratiocanbeused. Alternatively,
recordinglayer50maybeformedbyusingaplurali
eachofwhichcomprisesasingleelement,andadjus

powers applied to the respective targets to control
amongtheelements. Whenformingthemagneticreco

50 havingagranular structure, itis possibletou

comprising a material for constituting the magnetic
grains and amaterial for constituting the non-magn
boundary at a predetermined ratio.

Alternatively,

magnetic recording layer 50 may be formed by using

-15 -
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comprising a material for constituting the magnetic
grainsandatargetcomprisingamaterialforconst
non-magnetic grain boundary, and adjusting electric
appliedtotherespectivetargetstocontroltheco
ratiobetweenthemagneticcrystalgrainsandthen
grainboundary. Here, when constituting the magnet
grains of the ordered alloy, a plurality of targets

which separately comprises an element for constitut
ordered alloy, may be used.

[0030] If the magnetic recording layer 50 comprises
ordered alloy, heating of the substrate is involved
formation of the magnetic recording layer 50. Int

the substrate temperature is in a range from 350°C

By adopting the substrate temperature within this r
becomespossibletoimprovethedegree of order of

alloy in the magnetic recording layer 50.

[0031] Optionally, the protective layer 60 may be f
ontothemagneticrecordinglayer50. Theprotecti

can be formed ofamaterial thatis conventionally

field of magnetic recording media. Specifically, t
protective layer 60 can be formed of non-magnetic m

as Pt and Ta, a carbon-based material such as diamo
carbon,orsilicon-basedmaterialsuchassiliconn
protective layer 60 may be a single layer or have a
structure. Theprotectivelayer60ofthelaminate

may have a laminated structure of two types of carb

material having different characteristics from each

-16 -
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laminated structure of metal and a carbon-based mat
laminated structure of two types of metals having d
characteristics from each other, or a laminated str
metallic oxide film and acarbon-based material, fo

The protective layer 60 can be formed by any proces

the art such as a sputtering method or a vacuum dep
method.
[0032] Further, optionally, aliquid lubricantlaye
shown) may be formed ontothe protective layer 60.
lubricantlayercanbeformedofamaterialconvent

in the field of magnetic recording media, for examp
perfluoropolyether-based lubricants or the like. T
lubricantlayercanbeformedbyacoatingmethod,

a dip-coating method, a spin-coating method, or the
[0033] The method for manufacturing a magnetic reco
medium according to the other constitutional exampl
present invention may further comprise the step of
depositing Cr metal or an alloy having a bcc struct
comprising Crasamaincomponent, toformasecond

40b, prior to the step (b). The alloy having abcc
andcomprisingCrasamaincomponentincludesCrTi

CrW, andthelike. The secondbaselayer40bcanb

any process known in the art such as a sputtering m

vacuum deposition method. The second base layer 40
effectivetoreducethecrystalaxisorientationdi

the base layer 40, and thereby reducing the crystal

orientation dispersion of the magnetic recording la
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Deposition of Cr metal or the alloys comprising Cr
componentcanbeachievedbyanyprocessknownint
as sputtering.

[0034] It is found that the crystal axis orientatio
dispersionofthesecondbaselayer40bformedint

is reduced by heating of the substrate in the subse

(b). Here,thehighertheheatingtemperatureoft

in the step (b), the lower the crystal axis orienta
dispersion of the second base layer 40b. Decrease
crystal axis orientation dispersion of the second b

40b attributes to decrease in the crystal axis orie
dispersion of the magnetic recording layer 50 and t
inthemagneticanisotropyconstantKuofthemagne

layer.

[Examples]
[0035]

(Experimental Example A)

A chemically strengthened glass substrate having a

surface(N-10glasssubstratemanufacturedbyHOYA
was washed to prepare non-magnetic substrate 10. T
non-magnetic substrate 10 was brought into an inlin
sputtering device. Then, Taadhesive layer 20 ofa
of 5 nm was formed by an RF magnetron sputtering me
a pure Ta target in Ar gas at a pressure of 0.20 Pa

substratetemperaturewasroomtemperature(25°C)w
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the Taadhesive layer20. The sputtering powerwas
forming the Ta adhesive layer 20.

[0036] Next, MgO seed layer 30 of a thickness of 1
formedbyanRFmagnetronsputteringmethodusinga
inArgasatapressureof0.20Pa. Thesubstrate
wasroomtemperature(25°C)whenformingtheMgOse
The sputtering powerwas 600 W when forming the MgO
30.
[0037] Next, Crsecondbaselayer40bofathicknes
nmwasformedbyanRFmagnetronsputteringmethod

Cr target in Ar gas at a pressure of 0.20 Pa. The
temperature was room temperature (25°C) when formin
second base layer 40b. The sputtering power was 60
forming the Cr second base layer 40b.

[0038] Next, MgO base layer 40 of athickness of 10
formedbyanRFmagnetronsputteringmethodusinga
inArgasatapressureof0.18 Pa. Thesubstrate

was setto 25°C, 250°C, 300°C, 350°C, and 400°C, wh
the MgO base layer 40. The sputtering power was 50
forming the MgO base layer 40.

[0039]

X-ray diffraction method. Asaresult,a(002)Cr

Laminated bodies thus obtained were analyzed

the Cr second base layer 40b and a (002) MgO peak d
MgO base layer 40 were observed. Then, the (002) C
the (002) MgO peakwere analyzed by arocking curve

obtain the crystal axis orientation dispersions

second base layer 40b and the MgO base layer40. T
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curving method is one of measuring techniques for X -ray

diffraction, which determine angle of dispersion of a
predetermined crystalline face. The measurement wa s carried
out by altering anincident angle ( 0) while a detection angle

(2 B) wasfixed. The ABso was obtained as a full width at half

maximum of the obtained peak. The measurement resu Its were

shown in Fig. 3 and Table 1.

[0040] ThearithmeticaverageroughnessRaandthe maximum
height Rz of the MgO base layer40, which was a topm ost layer
ofthe obtainedlaminated bodies, were measured by anAFM. In
themeasurement, thedimensionsofameasurementar eawereset

tol pmbyl pm. Further,twomeasurementareaspersamplewere

measured, and the arithmetic average roughness Ra a nd the
maximum height Rz were determined as averages ofth e measured
value, respectively. The measurement results were shown in
Table 1. In addition, the AFM images of the MgO ba se layers
40 which were formed at the substrate temperatures of 250°C,
300°C,350°C,and400°CwereshowninFigs.4A-4D, respectively.
[0041]
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[Table 1]

Table 1: Properties of the laminated bodies of Expe rimental
Example A
sample substrate crystal axis arithmetic maximum
temperature orientation average height
when dispersion ABs roughness Rz
forming (degree) (nm)
base layer base second (nm)
(°C) layer base
layer
Al 25 6.27 4.51 2.47 20.12
A2 250 4.85 3.51 1.345 16.573
A3 300 4.56 3.34 0.428 9.360
A4 350 3.64 3.17 0.499 8.301
A5 400 3.50 2.97 0.463 7.234
[0042] Fromthe resultsshownin Table 1and Fig. 3 itis
understood that the crystal axis orientation disper sions ABs
of the MgO base layer 40 and the Cr second base lay er40b are
decreasedwiththeriseinthesubstratetemperatur eduringthe
formation of the MgO base layer 40. This feature m eans
improvement in the crystalline orientations of the MgO base
layer 40 and the Cr second base layer 40b. Inaddi tion, itis
understoodfromtheresultsshowninTablelthatt hearithmetic
average roughness Ra of the surface of the MgO base layer 40
decreases when the substrate temperature during for mation of
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the MgO base layer 40 is 300°C or higher. Further,
understoodfromtheresultsshowninFigs.4A-4Dth
of irregular protrusions on the surface of the MgO
40canbesuppressed,whenthesubstratetemperatur
formationoftheMgObaselayer40is350°Corhigh
4A-4D,regionswithwhiteappearancecorrespondto
having a remarkably great height in comparison with
regions. Many irregular protrusions are observed o
surface of the MgO base layer 40 shown in Fig. 4A,
been formed at the substrate temperature of 250°C.
irregular protrusions are observed on the surface o
base layer 40 shown in Fig. 4B, which has been form
substrate temperature of 300°C, although the freque
occurrence is decreased. On the contrary, no irreg
protrusionsareobservedontheMgObaselayers40
4Cand4D,whichhavebeenformedatthesubstrate
of 350°C and 400°C, respectively. This result is a
corroborated by the measurementresults of the maxi
Rz shown in Table 1.
[0043]
(Experimental Example B)

A chemically strengthened glass substrate having a
surface(N-10glasssubstratemanufacturedbyHOYA
was washed to prepare non-magnetic substrate 10. T
non-magnetic substrate 10 was brought into an inlin
sputtering device. Then, Taadhesive layer 20 ofa

of 5 nm was formed by an RF magnetron sputtering me
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a pure Ta target in Ar gas at a pressure of 0.20 Pa . The
substratetemperaturewasroomtemperature(25°C)w henforming
the Taadhesive layer 20. The sputtering powerwas 200Wwhen
forming the Ta adhesive layer 20.

[0044] Next, MgO seed layer 30 of a thickness of 1 nmwas
formedbyanRFmagnetronsputteringmethodusinga nMgOtarget
inArgasatapressure of0.20Pa. Thesubstrate temperature
wasroomtemperature(25°C)whenformingtheMgOse edlayer30.
The sputtering powerwas 600 W when forming the MgO seedlayer
30.

[0045] Next, Crsecondbaselayer40bofathicknes sof20
nmwasformedbyanRFmagnetronsputteringmethod usingapure
Cr target in Ar gas at a pressure of 0.20 Pa. The substrate
temperature was room temperature (25°C) when formin g the Cr
second base layer 40b. The sputtering power was 60 0 W when
forming the Cr second base layer 40b.

[0046] Finally, thus obtained laminated bodies were
post-heatedfor50 minutestoatemperature of 300° Cor400°C.
Thecrystalaxisorientationdispersion ABspandthearithmetic
average roughness Ra of the Cr second seed layer 40 b were
measured according to the methods similar to those of

ExperimentalExampleA,inregardtoanunheatedla

(B1), a 300°C-post-heated laminated body (B2), and
450°C-post-heated laminated body (B3). The measure
results were shown in Table 2.

[0047]
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[Table 2]
Table 2: Properties of the laminated bodies of

Experimental Example B

Sample Second Base Layer
Post- heating Crystal axis Arithmetic
temperature orientation average
°O) dispersion roughness
ABsp (deg.) Ra (nm)
Bl - 5.19 0.207
B2 300 4.18 0.222
B3 450 2.88 0.167
[0048] IncomparisonamongthesamplesB1toB3,it hasbeen
understood that the crystal axis orientation disper sion ABsg
ofthe Crsecondbase layer 40b canbereduced by p ost-heating
the Cr second base layer 40b which has been formed ataroom
temperature. BasedontheresultsofthesamplesA 1-A5,itis
understood that the effect of post-heating is obtai ned by
heating the substrate when forming the MgO base lay er40onto
theCrsecondbaselayer. Inviewoftheseresults ,ithasbeen
understoodthatheatingthesubstratewhenforming theMgObase
layer 40 is effective in not only reducing the crys tal axis
orientation dispersion ABso of the MgO base layer 40, butalso
reducing the crystal axis orientation dispersion ABsq of the
Cr second base layer 40b which has been already for med.

[0049]
(Example 1)
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Laminatedbodiesconsistingofthenon-magneticsu
10,theTaadhesivelayer20,theMgOseedlayer30
baselayer40b,andtheMgObaselayer40wasforme
the procedure of Experimental Example A, except tha
substrate temperature when forming the MgO base lay
set to 25°C, 300°C, 350°C, 400°C, and 450°C, respec
[0050] Next,FePtmagneticrecordinglayer50ofa
of 10 nm was formed by an RF sputtering method usin
target in Ar gas at a pressure of 1.00 Pa. The sub
temperature was set to 350°C, when forming the FePt
recordinglayer50. Thesputteringpowerwas300W
the FePt magnetic recording layer 50.

[0051] Finally,protectivelayer60,whichhadala
structure of a Ptfilm of athicknessof 5nmand a
athicknessof5nm,wasformedbyanRFsputtering
aPttargetandaTatargetin Argasatapressure
toobtainmagneticrecordingmedia. Thesubstrate

was set to a room temperature (25°C), when forming
protective layer 60. The sputtering power was 300
forming the Pt film and the Ta film.

[0052] Theobtainedmagneticrecordingmediawerea
byanX-raydiffractionmethod. Asaresult,a(00
anda(002) FePtpeak duetothe FePtmagneticreco

50 were observed. Subsequently, crystal axis orien
dispersion
bytherockingcurvemethod. Themeasurementresul

in Fig. 5 and Table 3.

-25 -

bstrate
,theCrsecond
dbyrepeating

t the

er 40 was
tively.

thickness

g an FePt

strate

magnetic

whenforming

minated
Tafilm of
methodusing
of0.18Pa,
temperature
the
W when

nalyzed
1)FePtpeak
rding layer

tation

ABso was obtained by analyzing the (002) FePt peak

tswereshown



[0053] Besides,themagneticanisotropyconstantsk
obtainedmagneticrecordingmediaweredeterminedb

the dependence of spontaneous magnetization on the
which the magnetic field is applied, with a PPMS ap
(PhysicalPropertyMeasurementSystem,manufactured
Design, Inc.). The determination of the magnetic a
constantKuwasinaccordance withthe methoddescr
publications of R. F. Penoyer, "Automatic Torque Ba
Magnetic Anisotropy Measurement”, The Review of Sci

Instruments,August1959,Vol.30,N0.8,pp.711-7

uofthe
yevaluating
angle at
paratus
byQuantum
nisotropy
ibedinthe
lance for
entific

14andSoshin

Chikazumi, "Physics of ferromagnetism Vol. lI", Sho kabo Co.,
Ltd., pp. 10-21 (see NPL2 and NPL3). The measureme ntresults
were shown in Fig. 6 and Table 3.
[0054]
[Table 3]
Table 3: Properties of the magnetic recording media of
Example 1
Sample Substrate Crystal axis Magnetic
temperature orientation Anisotropy
when forming dispersion Constant
base layer ABso (deg.) Ku
(°C) (x10 ‘erglcc,
Jiem 3)
1 25 8.65 1.93
2 300 6.58 2.25
3 350 6.10 2.74
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4 400 6.00 2.63

S 450 5.22 2.88
[0055] In comparison among the samples 1 to 5, it i S
understood that the crystal axis orientation disper sion ABsg
of the FePt magnetic recording layer, which is form ed on the
MgO base layer 40, is reduced by raising the substr ate
temperaturewhenformingtheMgObaselayer40to3 00°Corhigher.
Itisconsideredthatthisfeatureiscausedbydec reaseinthe
crystalaxisorientationdispersions ABsp ofthe Crsecondbase
layer40bandtheMgObaselayerd0anddecreasein thearithmetic
average roughness Ra and the maximum height Rz of t he surface
of the MgO base layer 40, due to the heating during formation

of the MgO base layer 40.

[0056] In particular, it has been understood that t he
magneticanisotropyconstantKuofthe FePtmagneti crecording
layer50becomes2.5 x10 “erg/cc(2.5J/cm ®)orlargerbyraising

the substrate temperature when forming the MgO base layer to
350°C or higher. This phenomenon corresponds to th e absence
of irregular protrusions on the surface of the MgO base layer
40 shown in Figs. 4C and 4D. This feature makes it possible
toreducethe particlediameterofthemagneticcry stalgrains
intheFePtmagneticrecordinglayer50,andthereb yattributing
improvementintherecording density of the obtaine d magnetic

recording media. Further, the absence of irregular

protrusionsonthe surface ofthe MgO base layer 40 attributes
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a further effect that the obtained magnetic recordi
exhibit superior flying properties of the magnetic
[0057]

(Example 2)

Laminatedbodiesconsistingofthenon-magneticsu
10,theTaadhesivelayer20,theMgOseedlayer30
baselayer40b,andtheMgObaselayer40wasforme
the procedure of Experimental Example A. The subst
temperaturewhenformingtheMgObaselayer40was
300°C, 350°C, and 400°C, respectively.

[0058]

Next, FePt-C magnetic recording layer 50 of a thic
of4AnmwasformedontotheMgObaselayer40bya
methodusinganFePttargetandaCtargetinArga
of1.00Pa. ThevolumepercentageofCwassetto
The substrate temperature was set to 450°C, when fo
FePt-C magnetic recording layer 50. The sputtering
the FePttargetwas 150 W, and the sputtering power
target was 200 W, when forming the FePt-C magnetic
layer 50.
[0059] Finally,protectivelayer60,whichhadala
structure of a Ptfilm of athicknessof 5nmand a
athicknessof5nm,wasformedbyanRFsputtering
aPttargetandaTatargetin Argasatapressure
toobtainmagneticrecordingmedia. Thesubstrate

was set to a room temperature (25°C), when forming
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protective layer 60. The sputtering power was 300 W when

forming the Pt film and the Ta film.

[0060] The crystal axis orientation dispersion ABsp ofthe
magnetic recording layer 50 and the magnetic anisot ropy
constant Ku of the magnetic recording mediawere ev aluated by
thesamemethodsasthoseinExamplel. Themeasur ementresults

were shown in Figs. 5 and 6, and Table 4.

[0061]
[Table 4]
Table 4: Properties of the magnetic recording media of
Example 2
Sample Substrate Crystal axis Magnetic
temperature orientation Anisotropy
when forming dispersion Constant
base layer ABso (deg.) Ku
(°C) (x10 ‘erglcc,
Jiem 3)
6 25 9.38 1.84
7 300 8.35 1.90
8 350 8.11 2.08
9 400 7.46 2.10
[0062] In comparison among the samples 6 to 9, it i S
understood that, by raising the substrate temperatu re when
forming the MgO base layer 40 to 350°C or higher, t he crystal
axisorientationdispersion ABspoftheFePtmagneticrecording
layer,whichisformedonthe MgObaselayer40,is reducedand
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themagneticanisotropyconstantKuisincreased,e venwhenthe

magnetic recording layer has a granular structure.

[Reference Signs List]

[0063]

10  Non-magnetic substrate
20  Adhesive layer

30 Seed layer

40 Base layer

40b  Second base layer

50 Magnetic recording layer

60  Protective layer
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CLAIMS

[Claim 1] A method for manufacturing a magnetic rec
medium comprising the steps of:

(a) preparing a substrate;

(b) heatingthesubstratetoatemperatureof350°C
anddepositinganon-magneticmaterialcomprisingM
component, to form a base layer; and

(c) forming a magnetic recording layer onto the bas

[Claim 2] The method for manufacturing a magnetic r
medium according to Claim 1, further comprising the
(b") depositing Cr metal or an alloy having a bcc s
and comprising Cr as a main component, to form a se
layer,

prior to the step (b).

[Claim 3] The method for manufacturing a magnetic r
mediumaccordingto Claim 1, whereinamaterial for

ordered alloy is deposited in the step (c).

[Claim 4] The method for manufacturing a magnetic r
medium according to Claim 1, wherein a magnetic mat

formingmagneticcrystalgrainsandanon-magnetic

forming a non-magnetic grain boundary which surroun

magnetic crystal grains are deposited in the step (
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[Claim 5] The method for manufacturing a magnetic r ecording
medium according to Claim 4, wherein the magnetic m aterial

comprises a material for forming an ordered alloy.
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