DESCRIPTION

PERPENDICULAR MAGNETIC RECORDING MEDIUM

Technical Field
[0001]

The invention described in the present specificati
relates to a perpendicular magnetic recording mediu
particular,theinventionrelatestoaperpendicula
recordingmediumusedinaharddiscmagneticrecor
(HDD). More specifically, the invention described
present specification relates to a perpendicular ma
recording medium used for energy-assisted magnetic
system.

Background Art
[0002]

Perpendicular magnetic recording systemis adopted
technique for increasing the magnetic recording den
perpendicular magnetic recording medium at least co
substrate, and a magnetic recording layer formed of
hard-magnetic material. Optionally, the perpendic
magneticrecordingmediummayfurthercomprise:as
backing layer formed of a soft magnetic material an
a role in concentrating the magnetic flux generated
magnetic head onto the magnetic recording layer; a
for orienting the hard-magnetic material in the mag
recordinglayerinanintendeddirection;aprotect
protectingthesurfaceofthemagneticrecordingla
like.

[0003]

Japanese Patent Laid-Open No. 2001-291230 disclose

granular magnetic material as a material for formin
magnetic recording layer in the perpendicular magne
recording medium (see PTL1). The granularmagneti
comprises magnetic crystal grains and non-magnetic
segregatedtosurroundthemagneticcrystalgrains.
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[0004]

For the purpose of further increasing the recordin g
density of perpendicular magnetic recording media, an urgent
need for reduction in the grain diameters of the ma gnetic
crystal grains arises in recent years. On the oth er hand,
reductioninthegraindiametersofthemagneticcr ystalgrains
leads to a decrease in thermal stability of the rec orded
magnetization (signals). In order to compensate f or the
declineinthermalstability duetothereductioni nthegrain
diametersofthemagneticcrystalgrains,themagne ticcrystal
grainsinthe granular magnetic material needto be formed of
materials with higher magnetocrystalline anisotropi es.

[0005]

One of proposed materials having the required high er
magnetocrystalline anisotropies is L1 o ordered alloys.
JapanesePatentLaid-OpenNo0.2004-178753describes L1 cordered
alloys containing at least one type of element sele cted from
the group consisting of Fe, Co and Ni, and at least one type
ofelementselectedfromthegroup consisting of Pt ,Pd,Auand
Ir, and the method for preparing the L1 o ordered alloys (see
PTL2). Typical L1 o ordered alloys include FePt, CoPt, FePd,

CoPd, and the like.
[0006]

Theuseoforderedalloysasamagneticmaterialh asbeen
proposed in various fields. Japanese Patent Laid- Open No.
2003-296901 describes a spin memory type magnetic r ecording
medium comprising a base layer, a magnetic recordin g layer
including Co-based alloy or an ordered alloy, anin termediate
layer,andahighlypolarizedspincontrollinglaye r(seePTL3).
Here,theorderedalloymayincludeFe s0Pt 50,Fe s50Pdsp,andCo 3Pt ;.
Further, there is a description that the magnetic p roperties
may be improved by adding an additive element such asCu, Cr,
or Tito the Co-based alloy or the ordered alloy wh ich forms
the magnetic recording layer. In addition, there is a
description that the gaps between magnetic crystal grains



formedofthe Co-basedalloyortheorderedalloym
withanon-magneticsubstanceconsistingofCr, Ta,

or nitrides. Further, there is a description that

canbe usedasthe baselayerforthe magneticreco
consisting of FePt. However, Japanese Patent Laid
2003-296901 does not suggest solutions of various p
which are needed to overcome when adopting the orde
in HDD's, since the above patent literature relates
memory type magnetic recording. Further, the abov
literature does not teach or suggest the use of Ti
non-magnetic substance for filling the gaps between
magnetic crystal grains formed of the ordered alloy
[0007]

Ontheotherhand, reductioninthesizesofthem
crystalgrainsmeansreductioninthecross-section
thecrystalmagneticgrainshavingacertainheight
thicknessofthemagneticrecordinglayerisbasica
Therefore
diamagnetic field acting on the magnetic crystal gr

in an in-plane direction of the medium.

themselves decreases whereas a magnetic field requi
reversing the magnetization of the magnetic crystal
(magneticswitchingfield)increases. Asdescribe
improvement of the recording density implies that a
magnetic field is required for recording signals, i

the shape of the magnetic crystal grains,

[0008]

In regard to the problem of increase in magnetic f
strength required for signal recording, there is pr
methodforreversingthemagnetizationwithweakma
withthe helpofmagneticdomainwalldisplacement.

Patent Laid-Open No. 2005-285207 describes a proces
producing a magnetic thin film comprising forming a
magneticthinfilmbysputteringontoasubstratew

temperature is 650-850°C, wherein the magnetic thin
acoercive force of 40 kOe (3200 A/mm), and magneti

be reversed with a magnetic field of 4-10 kOe (320-
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(seePTL4). Theabovepatentliteraturediscloses
layerconsistingofMgO,ZnO,CrorPtmaybedispo

is used as the substrate. In order to utilize the
domainwalldisplacement,itisnecessarythatthe

film in this method is a discontiguous layer consis
isolated island-like FePt particles. That is, the
thinfilmdoesnothaveastructureinwhichanon-

is filled within gaps between the FePt particles.

[0009]

heat-assisted

Energy-assisted magnetic recording systems such as
recording system or a microwave-assis

recordingsystemhavebeenproposedastheotherme
theproblemofincreaseinthemagneticfieldstren
forsignalrecording(seeNPL1). Theheat-assiste
system utilizes the temperature dependence of the m
anisotropy constant (Ku) of a magnetic material, wh
characteristicwherethehigherthetemperature,th

Ku. Thissystemusesaheadhavingfunctionstoh
recordinglayer. Inotherwords,thissystemexec

while reducing a magnetic switching field by raisin
temperature of the magnetic recording layer to temp
reduce the Ku. The recorded signals (magnetizatio
maintainedstably,sincetheKureturnsitsorigina

after the temperature of the magnetic recording lay

In the application of the heat-assisted system, a m
recording layer needs to be designed taking its tem

characteristics

into consideration, in addition to

conventional design guidelines.
Citation List
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[0010]

PTL1: Japanese Patent Laid-Open No. 2001-291230
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[0011]

NPL1l: Inaba et al., "New High Density Recording
Technology: Energy Assisted Recording Media", Fuiji Electric
Journal,R&DHeadquartersofFujiElectricCo., Ltd .,July 10,
2010, Vol. 83, Issue 4, pp. 257-260
Summary of Invention
Technical Problem

[0012]

The problem to be solved by the invention describe din
the present specification is to provide a magnetic recording
medium comprising a magnetic recording layer having a large
coercive force and a granular structure in which ma gnetic

crystal grains are well separated from each other.
Solution to Problem

[0013]

One example of the magnetic recording medium descr ibed
inthepresentspecificationcomprisesanon-magnet icsubstrate,
afirstseedlayer,andafirstmagneticrecording layerformed
onthefirstseedlayer,whereinthefirstseedlay ercomprises
Pt, the first magnetic recording layer comprises on e or more
magnetic layers, the magnetic layer in contact with the first
seedlayercomprisesFe,PtandTi,andhasagranu larstructure
consistingofmagneticcrystalgrainsofal. 1 otypeorderedalloy
comprising Fe and Pt, and a non-magnetic grain boun dary
comprising Ti. Here, the magnetic layerin contac twith the
firstseed layer may comprise 4 at% or more and 12 at%orless
of Ti, based on the total number of atoms. Beside s,theLl
type ordered alloy may further comprise at least on e element
selected from the group consisting of Ni, Mn, Ag, A uandCr.
Thefirstmagneticrecordinglayermayconsistofo nemagnetic
layer. Further, the magnetic recording medium may further
compriseoneormorelayersselectedfromthegroup consisting
ofaheatsinklayer,anadhesivelayer,asoftmag neticbacking
layer,andabaselayer,betweenthenon-magnetics ubstrateand
thefirstseedlayer. Besides,themagneticrecor dingmedium
may furthercompriseasecondseedlayerandaseco ndmagnetic



recording layer, between the non-magnetic substrate and the
firstseedlayer. Inthiscase,thesecondmagnet icrecording
layer is in contact with the first seed layer.

Advantageous Effects of Invention

[0014]

By adopting the above-described configuration, it
becomes possible to obtain the first magneticrecor dinglayer
havingalargecoerciveforceinwhichthelL1 otypeFePtmagnetic
crystal grains are well separated from each other w ith the
non-magnetic grain boundary comprising Tiunder the action of
the first seed layer comprising Pt. The magnetic recording
medium comprising the first magnetic recording laye r thus
obtained is appropriate to be used in the energy-as sisted

magnetic recording system.
Brief Description of Drawings

[0015]

[Fig. 1] Fig. lisacross-sectional diagram showi ng
aconfigurationexampleofthemagneticrecordingm ediumofthe
first embodiment;

[Fig. 2] Fig. 2isacross-sectional diagram showi ng
aconfigurationexampleofthemagneticrecordingm ediumofthe
second embodiment;

[Fig. 3A] Fig.3Aisagraphicalrepresentationsh owing
therelationshipbetweenthecontentofTiinthef irstmagnetic
recording layer and a coercive force of the first m agnetic
recording layer, in the magnetic recording medium o f Example
1 having the Pt first seed layer;

[Fig. 3B] Fig.3Bisagraphicalrepresentationsh owing
therelationshipbetweenthecontentofTiinthef irstmagnetic
recording layer and a coercive force of the first m agnetic
recording layer, in the magnetic recording medium o f
Comparative Example 1 not having the Pt first seed layer;

[Fig. 4] Fig.disdiagramsshowingtheresultsof EELS
analysis ofthe firstmagneticrecordinglayer (Ti =8at%) of
the magnetic recording medium of Example 1, diagram (a) shows
the distribution of Fe, diagram (b) shows the distr ibution of



Pt, and diagram (c) shows the distribution of Ti;

[Fig. 5A] Fig.5Aisagraphicalrepresentationsh
an M-H hysteresis loop of the magnetic recording me
Example 1 having the FePt-Ti first magnetic recordi

[Fig. 5B] Fig.5Bisagraphicalrepresentationsh
an M-H hysteresis loop of the magnetic recording me
Comparative Example 2havingthe FePtfirstmagneti
layer;

[Fig. 6] Fig.6isdiagramsshowingtheresultsof
analysis ofthe firstmagneticrecordinglayer (Ti
the magnetic recording medium of Comparative Exampl
having the Pt first seed layer, diagram (a) shows t
distribution of Fe, diagram (b) shows the distribut
and diagram (c) shows the distribution of Ti;

[Fig. 7A] Fig.7Aisagraphicalrepresentationsh
an M-H hysteresis loop of the magnetic recording me
Comparative Example 1 having the FePt-Ti first magn
recording layer but not the Pt first seed layer;

[Fig. 7B] Fig.7Bisagraphicalrepresentationsh
an M-H hysteresis loop of the magnetic recording me
Comparative Example 3havingthe FePtfirstmagneti
layer but not the Pt first seed layer; and

[Fig. 8] Fig.8isagraphicalrepresentationshow
therelationshipbetweenthecontentofCuinthef
recording layer and a coercive force of the first m

recording layer, in the magnetic recording medium o

Comparative Example 4 in which the FePtCu first mag
recording layer is formed onto the Pt first seed la
Description of Embodiments

[0016]

Aconfigurationexampleofthemagneticrecording
ofthe firstembodiment comprises anon-magnetic su
firstseed layer, and afirstmagnetic recording la
onthefirstseedlayer,whereinthefirstseedlay
Pt, the first magnetic recording layer comprises on
magnetic layers, the magnetic layer in contact with
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seed layer comprises Fe, Ptand Ti, and the magneti clayerin

contact with the first seed layer has a granular st ructure
consistingofmagneticcrystalgrainsofal. 1 otypeorderedalloy
comprising Fe and Pt, and a non-magnetic grain boun dary
comprising Ti.

[0017]

Fig. 1 shows a configuration example of the magnet ic
recording medium of the first embodiment, in which the first
magnetic recording layer consists of one magnetic | ayer. In
this configuration example, the magneticrecording mediumhas
non-magnetic substrate 10, adhesive layer 20, base layer 30,
first seed layer 40, first magnetic recording layer 50, and
protective layer 60. The adhesive layer 20, the b ase layer
30, and the protective layer 60 in the configuratio n example
showninFig.larelayerswhichmaybeformedopti onally. The
magnetic recording medium described in the present
specification may further comprise a heat sink laye r, a
soft-magneticbackinglayer,anintermediatelayer orthelike
between the non-magnetic substrate 10 and the first magnetic
recording layer 50.

[0018]

The non-magnetic substrate 10 may be various subst rates
having a flat surface. @ For example, the non-magne tic
substratel0maybeformedofmaterialcommonlyuse dinmagnetic
recording media. Useful material includes, NiP-pl ated Al
alloy, monocrystalline MgO, MgAl 2Oy, SITIO 3, tempered glass,
crystallized glass, and the like.

[0019]

The adhesive layer 20 that may be formed optionall yis
usedforenhancingthe adhesionbetweenthelayerf ormedonit
and the layer formed under it. The layer formed u nder the
adhesive layer includes the non-magnetic substrate 10. The
materialusedforformingtheadhesivelayer20inc ludesametal
suchasNi,W,Ta,CrorRu,oranalloycontaining thesemetals.
The adhesive layer may have a single-layered struct ure or a

laminated structure with plural layers.



[0020]

The soft-magnetic backing layer (not shown) that m
formed optionally controls the magnetic flux emitte
magnetichead,toimprovetheread-writecharacteri
magneticrecordingmedium. Thematerialusedfor
soft-magnetic backing layer include: a crystalline
such as NiFe alloy, sendust (FeSiAl) alloy, or CoFe
microcrystalline material suchas FeTaC, CoFeNior
an amorphous material including Co alloy such as Co
CoTaZr. The optimum thickness of the soft-magneti
layer depends on the structure and characteristics
magnetic head used in magnetic recording. Whenf
soft-magneticbackinglayercontinuouslywithother
soft-magnetic backing layer preferably has a thickn
range from 10 nm to 500 nm (both inclusive), in vie
productivity.

[0021]

When using the magnetic recording medium
heat-assistedmagneticrecordingsystem,aheatsin
shown) may be provided. The heat sink layer is a
effectively absorbing excess heat of the first magn
recording layer 50 that is generated during heat-as
magnetic recording. The heat sink layer can be fo
materialhavingahighthermalconductivityandah
heatcapacity. SuchmaterialincludesaCusimple
an Ag simple substance, an Au simple substance, or
materialcomposedmainlyofthesesubstances. As
the expression "composed mainly of* means that the
the material concerned is 50 wt% or more. In cons
ofits strength or the like, the heat sink layer ca
of an Al-Si alloy, a Cu-B alloy or the like. Furt
function of concentrating a perpendicular magnetic

generated by the head, which is the function of the

soft-magnetic backing layer can be imparted to the
layerbyformingtheheatsinklayerofsendust(Fe
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of the heat sink layer depends on the amount and di stribution

of heatgenerated during heat-assisted magneticrec ording,as
wellasthelayerconfigurationofthemagneticrec ordingmedium
andthethicknessofeachconstituentlayer. When formingthe
heatsinklayercontinuouslywithotherconstituent layers,the
heatsinklayerpreferablyhasathicknessof10nm ormoreand
100nmorless. Theheatsinklayercanbeformed byanyprocess
known in the art, such as a sputtering method (incl udingaDC
magnetron sputtering method), a vacuum deposition m ethod, or
the like. Normally, the heat sink layer is formed by the
sputteringmethod. Theheatsinklayercanbefor medbetween
thenon-magneticsubstratelOandtheadhesivelaye r20,between
the adhesive layer 20 and the base layer 30, or the like, in
viewofpropertiesrequiredforthemagneticrecord ingmedium.
[0022]

Thebaselayer30isalayerprovidedforthe purp ose of
preventingthecrystallinestructure ofthelayerf ormedbelow
fromaffectingthecrystalline orientationandthe sizeofthe
magnetic crystal grainsinthe firstmagneticrecor dinglayer
50. In the case where the soft-magnetic backing | ayer is
provided, the base layer 30 needsto be non-magneti c,inorder
topreventthemagneticinfluenceonthesoft-magne ticbacking
layer. The material for forming the base layer 30 includes
oxidessuchasMgOorSrTiO 3, NitridessuchasTiN, metalssuch
asCrorTa,aNiWalloy,andCr-basedalloyssuch asCrTi,CrZr,
CrTa, CrW and the like. The base layer 30 can be formed by
any processes known in the art, such as sputtering
[0023]

The first seed layer 40 is a layer for controlling the
graindiameterandthecrystallineorientationoft hemagnetic
crystalgrainsinamagneticlayerwhichisincont actwiththe
first seed layer 40, while ensuring adhesion betwee nthe base
layer 30 and the first magnetic recording layer 50.
Specifically,thefirstseedlayer40hasafunctio ntopromote
separation between the magnetic crystal grains comp risingLl o
type ordered alloy and the non-magnetic grain bound ary

-10 -



comprisingTiinthemagneticlayerformedthereon,

the coerciveforce Hcofthefirstmagneticrecordi
includingtheabove-describedmagneticlayer. The
layer 40 comprises Pt, and preferably consists of P
first seed layer 40 can be formed by any process kn
art such as a sputtering method (including RF magne
sputtering method), a vacuum deposition method, or
Thefirstseedlayer40canbeformedunderthesta
non-magnetic substrate 10 is heated at a temperatur
from250°Cto 700°C. Thefirstseedlayer40has

of 0.1 nm or more, preferably from 0.5 nm to 50 nm,
preferably from 1 nm to 20 nm.

[0024]

The protective layer 60 canbe formed ofamateria
isconventionallyusedinthefieldofmagneticrec
Specifically, the protective layer 60 can be formed
non-magneticmetalsuchasPt,acarbon-basedmater
diamond-likecarbon,orsilicon-basedmaterialsuch
nitride. The protective layer 60 may have a sing|
structure oralaminated structure. Thelaminated
ofthe protective layer 60 may be alaminated struc
types of carbon-based material  having
characteristicsfromeachother,alaminatedstruct
and a carbon-based material, or a laminated structu
metallic oxide film and a carbon-based material, fo
The protective layer 60 can be formed by any proces
the art such as a sputtering method (includingaDC
sputtering method), a vacuum deposition method, or
[0025]

Optionally, the magnetic recording medium may furt
comprise aliquid lubricant layer (not shown) dispo
protectivelayer60. Theliquidlubricantlayerc
of a material conventionally used in the field of m
recording media, such as perfluoropolyether-based |
or the like. The liquid lubricant layer can be fo
coating method such as a dip-coating method, a spin

-11 -
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method, or the like, for example.
[0026]

The first magnetic recording layer 50 comprises on
more magnetic layers. Hereinafter, the magnetic |
contactwiththe firstseedlayer40isreferredto
magneticlayer. Thefirstmagneticlayercomprise
Ti. The first magnetic layer has a granular struc
consisting of: magnetic crystal grains comprising a
ordered alloy comprising Fe and Pt; and a non-magne
boundary comprising Ti.

[0027]

TheLl otypeorderedalloyfromwhichthemagneticcrystal

grains are composed may further comprise atleasto
selected from the group consisting of Ni, Mn, Ag, A

for the purpose of modification of properties of th

crystal grains. Desirable modification of propert
includesloweringthetemperaturerequiredfororde

L1, type ordered alloy.

[0028]

All atoms in the magnetic crystal grains may not

necessarily have an ordered structure. Rather, it
necessarythatadegree of order Sindicatingthe d
orderedstructureisnotlessthanapredetermined
degreeoforderSisdeterminedbytheratioofam
obtainedbyX-raydiffractometry (XRD)ofamagneti
medium and a theoretical value in the case where th
crystal grains are completely ordered. Inthe cas

type ordered alloy, the degree of order S is calcul
anintegrated intensity of (001) and (002) peaks de

the ordered alloy. The degree of order S canbe o
dividing a ratio of the measured integrated intensi
(002) peak to that of the (001) peak, by a theoreti
calculatedratiooftheintegratedintensity ofthe

to that of the (001) peak in the case where the ord
iscompletely ordered. Ifthusobtaineddegree of
notlessthan0.5,the magneticcrystalgrains have

-12 -
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anisotropy constant Ku practical for the magnetic r
medium.
[0029]

ecording

The non-magnetic grain boundary comprises Ti, and

preferablyconsistsofTi. Thefirstmagneticlay

4 at% or more and 12 at% or less, preferably 5 at%
10at%orlessofTi,based onthetotalnumber of

layer. The term "at%" means a percentage by atoms
present specification. By comprising Tiinanamo

the above-described range, it become possible to pr
separation between the magnetic crystal grains and
non-magneticgrainboundary,andtosignificantlyi

coercive force Hc of the magnetic layer.

[0030]

In another embodiment of the first magnetic record
layer 50, a second magnetic layer is further dispos
addition to the above-described first magnetic laye
becomes possible to further improve the performance
magnetic recording medium, by disposing the second
layer.

[0031]

One of constitution examplesis a constitutionin
asecondmagneticlayerisfurtherdisposed,these
layerhavingaCurietemperature Tcdifferentfrom
first magnetic layer and a purpose of controlling T
Hereinafter, such second magnetic layer is referred
controlmagneticlayer”. Themagneticswitchingf
entiremagneticrecordingmedium,whichisrequired
of recording, can be reduced by setting the recordi
temperatureinaccordancewiththeTc'sofbothof
layers. Forexample,the Curietemperature ofthe
magnetic layer is set below that of the first magne
Then, if the recording temperature is set between t
temperaturesofbothofthemagneticlayers,thema
requiredtoreverse arecordisreduced, duetodis
of the magnetization of the Tc control magnetic lay

-13 -
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time of recording. As described above, it becomes possible
to exhibit a favorable magnetic recording performan ce by
reducing the magnetic field generated during record ing which
is required to a magnetic recording head.

[0032]

The Tc control magnetic layer preferably has agra nular
structure. Particularly preferably, the magnetic crystal
grainsofthefirstmagneticlayerandthe Tccontr olmagnetic
layer are disposed approximately at the same positi on. It
becomes possible to improve performances such as
signal-to-noise ratio (SNR) when the magnetic cryst al grains
are approximately at the same position.

[0033]

Themagneticcrystalgrainsforcomposingthe Tcc ontrol
magnetic layer is preferably formed of a material ¢ omprising
at least one element of Co and Fe, and preferably f urther
comprising atleast one elementamong Pt, Pd, Ni, M n, Cr, Cu,
Ag and Au. For example, CoCr-based alloys, CoCrPt -based
alloys, FePt-based alloys, FePd-based alloys and th elikecan
be used. The crystalline structure of the magneti c crystal
grainsmaybeanorderedstructuresuchasL1 0,L1 jandLl stypes,
a hexagonal closest packing (hcp) structure, a face -centered
cubic(fcc)structure,orthelike. Oxidessucha sZnO,Si0 »,
orTiO ,, nitridessuchas SiNor TiN, C, or B and the like can
be usedasthe material ofthe non-magneticbodyth atcomposes
the Tc control magnetic layer.

[0034]

Alayerformedofthesamematerialasthefirstm agnetic
layer but having adifferentcomposition may be use dastheTc
controlmagneticlayer. Forexample,theTccontr olmagnetic
layer may be a layer in which the content of Ti in the first
magnetic layer is altered, a layer in which the ele ment such
as Ni which is added to the ordered alloy is change d, or the
like.

[0035]
Itispreferabletodisposeanexchangecouplingc ontrol

-14 -



layer between the first magnetic layer and the Tc ¢
magnetic layer, in order to adjust magnetic exchang
between these layers. The magnetic switching fiel
adjusted by controlling the magnetic exchange coupl
recording temperature. The exchange coupling cont
may be amagnetic layeroranon-magneticlayer,in

with desired exchange coupling. The non-magnetic
preferable for enhancing the effect of reducing the
switching field at the recording temperature.

[0036]

A capping layer may be disposed as the second magn
layerformedontothefirstmagneticlayer. Thec
maybeamagneticlayerwhichismagneticallyconti
the magnetic layer. Magnetization reversal of the
recording medium can be adjusted by disposing this
magnetic layer.

[0037]

Thematerialforcomposingthecontinuousmagnetic
ispreferably amaterial comprising atleastone el
andFe,andpreferablyfurthercomprisingatleast
among Pt, Pd, Ni, Mn, Cr, Cu, Ag, Au and rare-earth
For example, CoCr-based alloys,
FePt-basedalloys,FePd-basedalloys,CoSm-basedal
like can be used. The continuous magnetic layer m
polycrystallinestructureoranamorphousstructure
continuousmagneticlayerhasapolycrystallinestr
crystalline structure may be anordered structure s
L1;andLl ,types,ahexagonalclosestpacking(hcp)structure
a face-centered cubic (fcc) structure, or the like.

[0038]

The second magnetic layer has a function to mainta
magnetization corresponding to intended information
recorded (for example, information of 0 or 1) in co
withthefirstmagneticrecordinglayeratatemper
the information is stored, and/or a function of fac
recording in cooperation with the first magnetic re

- 15 -
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layeratatemperaturewheretheinformationisrec

order to attain this purpose, other type of a secon

layer can be added, instead of the above-described
magneticlayerand/orcontinuousmagneticlayer,or

to the above-described Tc control magnetic layer an
continuousmagneticlayer. Forexample,itispos

a second magnetic layer for modifying magnetic prop
secondmagneticlayerforcontrollingferromagnetic
frequency for microwave assisted magnetic recording
the magnetic properties to be modified includes an
constant Ku, amagnetic switching field, a coercive

a saturation magnetization Ms, and the like. The
magnetic layer to be added may be a single layer, o

a laminated structure of different layers which may
differentcomposition. Alternatively, aplurality
magnetic layers having different constitutions may
[0039]

Thesecondmagneticlayer,theexchangecouplingc
layer,andthelikecanbeformedbyasputteringm
deposition method, or the like. Further, the subs
be optionally heated during formation of the second
layer, the exchange coupling control layer, and the
[0040]

Another constitutional example of the first embodi
may include a constitution in which the laminated b
first seed layer 40 and the first magnetic recordin
repeatedly laminated.

[0041]

Oneexampleofthemagneticrecordingmediumofth
embodiment further comprises a second seed layer an
magneticrecordinglayerbetweenthenon-magnetics
the first seed layer of the magnetic recording medi
firstembodiment,inwhichthesecondmagneticreco
is in contact with the first seed layer.

[0042]
Fig. 2 shows a constitutional example of the magne
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recording medium of the second embodiment in which the first

magnetic recording layer 50 consists of a single la yer. In
this constitutional example, the magnetic recording medium
comprises non-magnetic substrate 10, adhesive layer 20, base
layer30,secondseedlayer70,secondmagneticrec ordinglayer
80, firstseedlayer40,firstmagneticrecordingl ayer50,and
protective layer 60. The adhesive layer 20, the b ase layer
30andtheprotectivelayer60shownintheconstit utionexample
offFig.2arelayerswhichmaybeoptionallydispos ed. Further,
themagneticrecordingmediummayfurthercomprise aheatsink
layer, a soft-magnetic backing layer, an intermedia te layer,
and the like, between the non-magnetic substrate 10 and the
second magnetic recording layer 80. The non-magne tic
substrate10,theadhesivelayer20,thebaselayer 30,thefirst
seed layer 40, the first magnetic recording layer 5 0, the
protective layer 60, the heat sink layer, the soft- magnetic
backing layer, and the intermediate layer may have similar
constitutionstothose ofthefirstembodiment, res pectively.
[0043]

The second seed layer 70 is a layer for controllin gthe
graindiameterandthecrystallineorientationoft hemagnetic
crystalgrainsinamagneticlayerwhichisincont actwiththe
secondseedlayer 70, whileensuringadhesionbetwe enthebase
layer 30 and the second magnetic recording layer 80
Specifically,thesecondseedlayer70hasafuncti ontopromote
separation between the magnetic crystal grains and the
non-magnetic grain boundary in the magnetic layer f ormed
thereon, to increase the coercive force Hc of the s econd
magnetic recording layer 80 including the above-des cribed
magneticlayer. Thesecondseedlayer70isprefe rablyformed
of oxides such as MgO or SrTiO 3, Or nitrides such as TiN.
Particularly preferably,the secondseedlayer70i sformed of
compoundsofNaCl-typecrystallinestructure. The secondseed
layer 70 can be formed by any process knownin the artsuchas
asputteringmethod(includingRFmagnetronsputter ingmethod),
avacuumdepositionmethod,orthelike. Theseco ndseedlayer
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70 can be formed under the state where the non-magn
substrate 10 is heated at a temperature ranging fro
700°C. Thesecondseed layer 70 has athicknesso
more, preferablyfrom0.5nmto50nm,andmorepre
1 nmto 20 nm.
[0044]

The second magnetic recording layer 80 has a granu
structure. Thesecondmagneticrecordinglayer80
of asingle magneticlayer or plural magnetic layer
case where the second magnetic recording layer 80 ¢
plural magnetic layers, each of the magnetic layers
ofagranularstructure. Further,inthecasewhe
magneticrecordinglayer80consistsofpluralmagn
itispreferabletodisposeanexchange couplingco
between the adjacent magnetic layers, in order to a
magneticexchangecouplingbetweentheadjacentmag
It is possible to adjust magnetic switching field,
controlling the magnetic exchange coupling at the r
temperature. The exchange coupling control layer
magnetic layer or a non-magnetic layer in accordanc
desired exchange coupling. It is preferable to us
non-magnetic layerin order to enhance the effect o
the magnetic switching field at the recording tempe
[0045]

The magnetic crystal grains in the magnetic layer
composingthesecondmagneticrecordinglayer80is
formed of amaterial comprising atleastone elemen
Fe,andpreferablyfurthercomprisingatleastone
Pt, Pd, Ni, Mn, Cr, Cu, Ag and Au. For example, C
alloys, CoCrPt-based alloys, FePt-based alloys, FeP
alloys and the like can be used. The crystalline
ofthemagneticcrystalgrainsmaybeanorderedst
asLl o,L1 ;andlLl
structure,aface-centeredcubic(fcc)structure,o
OxidessuchaszZnO, SiO 2,0rTiO
C, or B and the like can be used as the material of
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non-magneticbodyinthemagneticlayerforcomposi

magnetic recording layer 80

[0046]
Thepreferablesecondmagneticrecordinglayercom

butis notlimited to, a single layer consisting of

magnetic layer, a laminated structure of an FePt-C

layer and an FePt-BC magnetic layer, and the like.

[0047]

The second magnetic recording layer 80 may be a la
havinga Curietemperature Tcdifferentfromthato
magnetic recording layer 50, the purpose of which i
of Tc. The magnetic switching field of the entire
recording medium, whichis required at the time of
can be reduced by setting the recording temperature
accordancewiththe Tc's of both ofthe magneticla
example,theCurietemperatureofthesecondmagnet
layer80issetbelowthatofthefirstmagneticre
50. Then, if the recording temperature is set bet
Curietemperaturesofbothofthemagneticlayers,
field required to reverse a record is reduced, due
disappearance of the magnetization of the second ma
recording layer 80 at the time of recording. As d
above, it becomes possible to exhibit a favorable m
recordingperformancebyreducingthemagneticfiel
duringrecordingwhichisrequiredtoamagneticre
[0048]

Alternatively thesecondmagneticrecordinglayer
afunctiontomaintainmagnetizationcorresponding
information to be recorded (for example, informatio
1) in cooperation with the first magnetic recording
at a temperature where the information is stored, a
function of facilitating recording in cooperation w
first magnetic recording layer 50 at a temperature
informationisrecorded. Inordertoattainthis
secondmagneticrecordinglayer80mayhaveafunct
magnetic properties, a function to control ferromag
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resonancefrequencyformicrowave assisted magnetic recording

may be added. Here, the magnetic properties to be modified
includesananisotropyconstantKu,amagneticswit chingfield,

a coercive force Hc, a saturation magnetization Ms, and the
like.

[0049]

The magnetic layer(s), the exchange coupling contr ol
layer, and the like for forming the second magnetic recording
layer 80 can be formed by a sputtering method, a va cuum
deposition method, or the like. Further, the subs trate may
beoptionallyheatedduringformationofthemagnet iclayer(s),
the exchange coupling control layer, and the like.

Examples
[0050]

(Example 1) FePt-Ti/Pt/MgO

AmonocrystallineMgOsubstratehavingaflatsurf aceand
a (100) crystal face orientation (manufactured by T ateho
Chemical Industries Co., Ltd.)) was washed to prepar e
non-magneticsubstrate10. Thewashednon-magneti csubstrate
10 was brought into a sputtering device. Then, th e
non-magneticsubstrate10washeatedtoatemperatu reof350°C,
and Ptfirst seed layer 40 of a thickness of 20 nm was formed
by an RF magnetron sputtering method usingapure P ttargetin
Ar gas at a pressure of 0.4 Pa.

[0051]

Then, the laminated body in which the first seed | ayer
hadbeenformedwasheatedtoatemperatureof350° C,andFePt-Ti
first magnetic recording layer 50 of a thickness of 10 nmwas
formedbyanRFmagnetronsputteringmethodusinga Fe 45Pt ssalloy
targetand apure Titargetin Argas atapressure of 0.6 Pa.
Here, the "Fe 45Pt 55 alloy target” means a target formed of an
alloy consisting of 45 at% of Fe and 55 at% of Pt. Further,
composition of the FePt-Ti first magnetic recording layer 50
was altered by fixing a power supplied to the Fe 45Pt 55 alloy
target at 300 W and changing a power supplied to th e pure Ti
targetinarangefrom100Wto550W. Thecompos itionofthe
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FePt-Ti first magnetic recording layer 50 was analy
Rutherfordbackscatteringspectrometry(RBS). The
magnetic recording media comprise the non-magnetic
10, the Ptfirstseedlayer40, andthe FePt-Tifir
recording layer 50, in this order. Note thatthe
"FePt-Ti"meansamaterialinwhichamajorityof T
distributedin crystalboundaries of FePt, and the
"FePtTi" means a material in which the uneven distr
Ti in the crystal boundaries of FePt is not observe
significantly.
[0052]

Theresultant FePt-Tifirstmagneticrecording lay
was analyzed by an X-ray diffractometry (XRD), so t
presence of magnetic crystal grains consisting of L
orderedalloywasconfirmed. Further,distributio
andTiintheFePt-Tifirstmagneticrecordinglaye
the content of Tiwas 8 at% was analyzed by anelec
loss spectrometry (EELS). The results are shown i
Fig. 4(a) shows the distribution of Fe, Fig. 4(b) s
distributionofPt,andFig.4(c)showsthedistrib
Besides,theFePt-Tifirstmagneticrecordinglayer
the content of Tiwas 8 at% had a composition of 42
50 at% of Pt,and 8 at% of Ti. Further, M-H hyste
of the resultant magnetic recording media were meas
vibrating sample Magnetometer (VSM) ataroomtempe
obtain a coercive force Hc. The relationship of t
of Tiinthe FePt-Tifirstmagneticrecording layer
coercive force Hc is shown in Fig. 3A. Further, t
hysteresis loop of the magnetic recording mediumin
contentofTiinthe FePt-Tifirstmagneticrecordi
is 8 at% is shown in Fig. 5A.
[0053]

(Comparative Example 1) FePtTi/MgO

The procedure of Example 1 was repeated except tha
Pt first seed layer 40 was not formed, to obtain ma
recording media.
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[0054]

Thepresenceofmagneticcrystalgrainsconsisting ofL1 o
type ordered alloy was confirmed by the XRD analysi S.
Distributions of Fe, Pt and Ti in the FePtTi first magnetic
recording layerinwhichthe contentof Tiwas 4 at % are shown
inFig.6. Fig.6(a)showsthedistributionofFe , Fig. 6(b)
shows the distribution of Pt, and Fig. 6(c) shows t he
distributionof Ti. Therelationship ofthe conte ntof Tiin
theFePtTifirstmagneticrecordinglayerandthec oerciveforce
HcisshowninFig.3B. SincethecontentofTiw ascontrolled
bythepowerappliedtothepureTitarget,thehor izontalaxis
in Fig. 3B shows the power appliedto the pure Tit arget. In
the case where the sputtering power of the Ti targe t was 200
W, the contentof Tiwas 4 at%. Further, the M-H hysteresis
loop of the magnetic recording medium in which the content of
TiintheFePtTifirstmagneticrecordinglayeris dat%isshown
in Fig. 7A.

[0055]

(Comparative Example 2) FePt/Pt/MgO

The procedure of Example 1 was repeated except tha tan
FePt first magnetic recording layer was formed by a n RF
magnetron sputtering method using the Fe 45Pt 55 targetonly, to
obtain a magnetic recording medium.

[0056]

Thepresenceofmagneticcrystalgrainsconsisting ofL1 o
typeorderedalloywasconfirmedbythe XRDanalysi s. TheM-H
hysteresis loop of the resultantmagnetic recording mediumis
shown in Fig. 5B.

[0057]

(Comparative Example 3) FePt/MgO

The procedure of Example 1 was repeated except tha tthe
Pt first seed layer 40 was not formed and that an F ePt first
magnetic recording layer was formed by an RF magnet ron
sputtering method using the Fe 45Pt 55 target only, to obtain a
magnetic recording medium.

[0058]
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Thepresenceofmagneticcrystalgrainsconsisting
typeorderedalloywasconfirmedbythe XRDanalysi
hysteresis loop of the resultantmagnetic recording
shown in Fig. 7B.

[0059]
(Comparative Example 4) FePtCu/Pt/MgO

The procedure of Example 1 was repeated except tha

FePtCu first magnetic recording layer was formed by
magnetronsputteringmethodusingtheFe
Cu target, to obtain magnetic recording media.
[0060]
Thepresenceofmagneticcrystalgrainsconsisting
type ordered alloy was confirmed by the XRD analysi
relationship between the content of Cu in the FePtC
magneticrecordinglayerandthe coerciveforce Hc
Fig. 8.
[0061]
(Evaluation)
AsshowninFig.3A,asteepincreaseofthecoerc
HcwasobservedinthecontentrangeofTiinthef
recording layer of 4 at% or more and 12 at% or less
magneticrecordingmediaofExamplelinwhichthe
magneticrecordinglayer50wasformedonthePtfi
Especially, the maximum value of 14.6 kOe (1160 A/m
coercive force Hc was observed in the case where th
ofTiwas8at%. Ontheotherhand,asshowninF
ofthe coercive force Hcwithincreasing the conten
observedinthemagneticrecordingmediaofCompara
linwhichthefirstmagneticrecordinglayerwasf
non-magnetic substrate 10, but the variation of the
forcewasverygentleincomparisonwiththemagnet
media of Example 1. In view of the above result,
understood that remarkably high coercive force Hci
by the interaction between the Pt first seed layer
FePt-Ti first magnetic recording layer 50.
[0062]
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Further, good phase-separation between Fe and Ti w as

confirmed by comparisonamong Figs. 4(a)-(c), inth e magnetic
recordingmediaofExamplelinwhichtheFePt-Tif irstmagnetic
recording layer 50 was formed on the Pt first seed layer.
Besides, in the EELS analysis result shown in Figs. 4 and 6,
bright parts show the presence of the elementto be analyzed,
and dark parts showthe absence ofthe elementtob eanalyzed.
Onthe other hand, phase-separation between Fe and Tiwas not
clearly observed, asshowninsubfigures(a)-(c)in Fig.6,in
themagneticrecordingmediumofComparative Exampl elinwhich
the first magnetic recording layer was formed on th e
non-magnetic substrate 10. In view of these resul ts, itis
understoodthatthe Ptfirstseedlayer40greatly affectsthe
phase separation between the FePtmagnetic crystal grainsand
theTinon-magneticgrainboundaryintheFePt-Tif irstmagnetic
recordinglayer50. Notintendingtobeboundto anytheories,
it is estimated that the difference in the phase se paration
betweentheFePtmagneticcrystalgrainsandtheTi non-magnetic
grain boundary in the FePt-Ti first magnetic record ing layer
50is affected by the difference in surface energie softhe Pt
firstseedlayer40andthenon-magneticsubstrate 10whichare
formedunderthemagneticrecordinglayer. Here, thesurface
energy of monocrystalline MgO is 1.5 J/cm 2 and the surface
energy of Ptis 2.7 J/cm 2,

[0063]

Further, in comparison between Figs. 5A and 5B, it is
understood that the magnetic recording media of Exa mple 1in
whichtheFePt-Timagneticrecordinglayer50wasf ormedonthe
Pt first seed layer 40 had a residual magnetization
(magnetization M at H=0) similar to the magnetic re cording
medium of Comparative Example 2 in which the Fe 45Pt 55 first
magnetic recording layer is formed on the Pt first seed layer
40. On the other hand, as shown in the M-H hyster esis loop
of Fig. 5B, the recording medium of Comparative Exa mple 2 had
a coercive force Hc of 3.9 kOe (310 A/mm). Invie w of this
result,itisconfirmedthatthecoerciveforceHc wasincreased
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bydisposingthefirstmagneticrecordinglayercom

Ti non-magnetic grain boundary onto the Pt first se
Further,itisunderstoodthatthe magneticrecordi
Example 1 had a larger hysteresis area and a harder
properties, in comparison with the magnetic recordi
of Comparative Example 2.

[0064]

Further,incomparisonwiththemagneticrecording
of Comparative Example 3 comprising the FePt first
recording layer, a slight decrease in residual magn
was observed in the magnetic recording medium of Co
Example 1comprisingthe FePtTifirstmagneticreco
50, although the magnetic recording medium of Compa
Example 1 had a larger coercive force Hc, as unders
comparison between the M-H hysteresis loops showni
and7B. IncomprehensiveconsiderationofFigs.6
7A, and Fig. 7B, it is understood that (100) monocr
MgO does not greatly affect the phase separation of
non-magnetic grain boundary in the first magnetic r
layer.

[0065]

Further,asshowninFig.8,themagneticrecordin
of Comparative Example 4 comprising the first magne
recording layer in which Cu was added to FePt exhib
coercive force Hc which reduced with increase of th
amount of Cu. This result exhibits that the effec
promoting the phase separation by the Pt first seed
is not achieved by addition of Cu.

Reference Signs List
[0066]

10 Non-magnetic substrate

20 Adhesive layer

30 Base layer

40 First seed layer

50 First magnetic recording layer

60 Protective layer
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70 Second seed layer
80 Second magnetic recording layer
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CLAIMS

1. A magnetic recording medium comprising a hon-mag netic
substrate, afirst seed layer, and a first magnetic recording
layer formed on the first seed layer, wherein:

the first seed layer comprises Pt;

thefirstmagneticrecordinglayercomprisesoneo rmore
magnetic layers,

the magnetic layer in contact with the first seed layer
comprises Fe, Pt and Ti; and

the magnetic layer in contact with the first seed layer
hasagranularstructure consistingofmagneticcry stalgrains

of a L1 ¢ type ordered alloy comprising Fe and Pt, and a
non-magnetic grain boundary comprising Ti.

2. The magnetic recording medium according to Claim 1,
whereinthemagneticlayerincontactwiththefirs tseedlayer
comprises 4 at% ormore and 12 at% orlessof Ti, b asedonthe

total number of atoms.

3. The magnetic recording medium according to Claim 1,
whereinthe L1 o type ordered alloy further comprises at least

one element selected from the group consisting of N i, Mn, Ag,
Au and Cr.

4. The magnetic recording medium according to Claim 1,
wherein the first magnetic recording layer consists of one

magnetic layer.

5. The magnetic recording medium according to Claim 1,
further comprising a second seed layer and a second magnetic
recording layer between the non-magnetic substrate and the
firstseed layer, whereinthe second magneticrecor dinglayer

is in contact with the first seed layer.

6. The magnetic recording medium according to Claim 1,
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further comprising one or more layers selected from
consisting of a heat sink layer, an adhesive layer, a soft
magnetic backing layer, and a base layer, between t he
non-magnetic substrate and the first seed layer.

the group
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