DESCRI PTI ON  MAGNETI C RECORDI NG MEDI UM SUBSTRATE AND
PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM  Techni ca
Field [0001] This invention relates to a magnetic
recordi ng nmedi um substrate for formng a

per pendi cul ar magnetic recordi ng nedi um adapted to be
mounted in a perpendicul ar magnetic recording type
HDD (hard di sk drive) or the like. [0002] Further,
this invention relates to a perpendi cul ar magnetic
recordi ng nedi um adapt eDESCHIRTI@®YNted in a

per pendi cul ar magnetic recording type HDD (hard disk
drive) or the |ike. Background Art [0003] In recent
years, there hsve been g&ﬁﬁosed various informtion
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those information processing systens. In such
information recordi ng devices, there have been
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hi gher information recording densities for the purpose
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Further, this invention relates to a perpendicular magnetic recording
medium adapted to be mounted in a perpendicular magnetic recording type
HDD (hard disk drive) or the like.

Background Art

[0003]

In recent years, there have been proposed various information
processing systems following the advancement of information-oriented society
and there have been proposed information recording devices for use in those
information processing systems. In such information recording devices, there
have been required larger information recording capacities and higher
information recording densities for the purpose of miniaturization and higher
performances of the information processing systems.

[0004]

In magnetic recording devices, as such information recording devices,

represented by HDDs (hard disk drives) using magnetic recording media as

recording media, the information recording capacity exceeding 30GB
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(gigabytes) has been required per 2.5-inch magnetic disk.
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[0005] In order to inprove the information recording
capacity of a magnetic recording nedium it is
necessary to i nprove the perfornmances of both the
magnetic recordi ng medi um and a magnetic head that
records/reproduces an inforn&tion signal wth respect
to this nmagnetic recording medium In order to
satisfy such a requirenent with a magnetic recording
medi um[0005])i s necessary to realize an area
information recording density exceeding 60 gigabits
per i ndh@rde(rao@sptcy/enhenﬂyrmqt@megtordmc@ap@ﬁmapt @zmagrmetlc
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type). In this in-plane magnetic recording type, the

NBegiet $ucht 4 eayuitierranit dth d maghetioregorelingcmedition, di isgecessary to
| ayer becones a direction approximtely parallel to
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medi um 07] In the in-plane magnetic recording

t @%'tﬁﬂéﬁ?g ‘is a possibility that even if attenpting

to perf | nformati on recordi ng at hi gh areal

recordlng Jensity such as 60 gigabits per inch2 by
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recording | ayer, the influence of denmagnetization
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becomes a direction approximately parallel to the main surface portion of the

magnetic recording medium.

[0007]

In the in-plane magnetic recording type, there is a possibility that even if
attempting to perform information recording at high areal recording density such
as 60 gigabits per inch? by decreasing the size of crystal grains in a magnetic
recording layer, the influence of demagnetization fields between the adjacent
crystal grains increases so that satisfactory recording cannot be carried out.
Further, since it is necessary to reduce the thickness of a magnetic recording
layer for decreasing the size of crystal grains in the magnetic recording layer,
there is a problem that thermal fluctuation failure tends to occur due to thermal
magnetic aftereffect. If the thermal fluctuation failure becomes significant,
recording magnetization is attenuated with the lapse of time and, finally,

recorded information cannot be normally reproduced.



magnetic aftereffect. If the thermal fluctuation
failure becones significant, recording nmagnetization
is attenuated with the lapse of tinme and, finally,
recorded i nformation cannot be normally reproduced. 3
[0008] In view of this, in recent years, it has been
proposed to enpl oy the perpeddicul ar magnetic
recording type, instead of the in-plane magnetic
recording type, in magnetic recording nedia. In the

per pengpgedjar nmagnetic recording type, even if the
areal recording density is increased, the resistance
to thdnwviw b thég, iratdcent Jexir Lt leas sedn pglopodécdteé¢mploy the
t he perpendi cul ar magnetic recordin% type is a ,
deaypea@icela; BEENalin lrcoElre SRS Hgtaadrl 1he iN-Blane aRaghgtic
informatjon recording at high areal recordin ensity...
| BsBEIRe RRorRbte gt heder bl e g Babtiete
r y ' = t ;
BRG] by Bler AT aPlecoldiy WMy ASTGTERRA, I esistance to
neeasaductdRiohasid ek Ys BlaBNgEhédators! theeupendidul& magnetic
magnetic recording layer. That is, in a perpendicul ar
neegneting typed® adiesgalbre decordmgpepsadagingigpeptar gehigiviogl ar
magneti c recording type, it is necessary to orient an
e'&%”\@ﬁ@ﬁé@?%gwgcﬁ% hight aregkrecardipgy@@RS¥ recor di ng | ayer
bei ng q ﬁ d magnetic layer in a perpendicul ar

directi8 8§%ornal direction) with respect to the main

sur f acqnq)frdérhﬁ erﬁ?rgaﬂﬂecp%rbéﬁcﬂmbg&a hiciBcofefifg type instead of

exanpl e, in the case of form ng gnetic recording

| ;ygan-plision@agnembelbrdidgiypbas athghetic maglieg ntedia, it is
material, the easy magnetization axis of the magnetic

r eeasdarygollagely dhangaele shiectareafismiagnetierelcesdiam@yer.  That
cl osest packed (hcp) crystal structure of cobalt. _
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ndigestiondno eedl rdifieotion) with respect to the main surface of the magnetic
recording medium. For example, in the case of forming a magnetic recording
layer using a cobalt (Co)-based ferromagnetic material, the easy magnetization
axis of the magnetic recording layer becomes the c-axis in the hexagona
closest packed (hcp) crystal structure of cobalt. Therefore, in this case, it is
necessary to orient the c-axis of the cobalt crystal structure in a perpendicular
direction with respect to the main surface of the magnetic recording medium.
[0010]
There has been proposed, as such a perpendicular magnetic recording
medium, a so-called two-layer type perpendicular magnetic recording medium
having a soft magnetic layer made of a soft magnetic substance or

ferromagnetic microcrystal on a nonmagnetic substrate and further having a

magnetic recording layer made of a hard magnetic substance on the soft



medi um a so-called two-layer type perpendicul ar
magneti ¢ recordi ng nedi um having a soft magnetic

| ayer made of a soft magnetic substance or
ferromagnetic mcrocrystal on a nonmagnetic substrate
and further having a magnetic recording |ayer nmade of
a hard magnetic substance on fhe soft 4 nagnetic

| ayer. This soft magnetic | ayer serves to conduct
magnetic flux emtted froma nmagnetic head and
pevageeil ayear IThid seinseighétialayér sergds toendrepmeyhetic flux
recording |ayer or magnetic flux perpendicularly
eefnittesifram enmageetionigascancperpeadidulagy trapemittedghepugh the
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per pendi cul ar magnetic recording nmedia and is

easeid mhgadttorecordilgelaypeispendidetddto beagdesirable structure as a
recordi ng nedi um having the soft magnetic |ayer
beemédlout%mﬂgﬁ\eﬁgm@qqrgmg@b@wrate and the magnetic

recor di g {ayer This noise is generated from both

t he magjﬁ {1l recor di ng layer and the soft nagnetic
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proposal s have conventionally been nade for
r pependigulas ntdgnedc secorfiog neediupl keyvingahe soft Doagretintayer
descri bes a perpendi cul ar , _ _
between the nonmagnetic substrate and the magnetic recording layer. This
noise is generated from both the magnetic recording layer and the soft magnetic
layer and, particularly, spike-like noise (spike noise) generated from the soft
magnetic layer and medium noise have been a problem.

[0012]

In view of this, proposals have conventionally been made for reducing
such noise. For example, Patent Document 1 describes a perpendicular
magnetic recording medium having a backing magnetic layer between a
nonmagnetic substrate and a magnetic recording layer, wherein the backing
magnetic layer comprises a pair of ferromagnetic films having the same

thickness and laminated through a nonmagnetic layer therebetween.

[0013]



magneti c recordi ng nmedi um havi ng a backi ng nmagnetic

| ayer between a nonmagnetic substrate and a magnetic
recordi ng |ayer, wherein the backing nmagnetic |ayer
conprises a pair of ferromagnetic filns having the
same thickness and | am nated through a nonmagnetic

| ayer therebetween. [0013] 5 5In this perpendicul ar
magneti ¢ recordi ng medium the pair of ferronmagnetic
films of the backing magnetic |ayer are

ant i paralhielpeggahdicfartfagaicheodrariy madiumaesopsir g to
Pat ent Docunent 1, it is described that |eakage

niegroetdgnetic ﬂknsgehtdaed:taebimgmagrrﬂg tapter @arel antiparaleicosplied to
t he backing magnetic |ayer is prevented fromentering
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nonmagneti c substrate and a nagnetic recording | ayer.

Timesiwohoiseagnetd by thedeadkinygemagoetir lagerss sedddedst sof t
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i ncl udi ﬁ@ ‘b]t I east an antiferromagnetic | ayer and a
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per pendi cul ar magnetic recording medium in the case

ofirsbeofh nagheticriegens: mageetisetuimaiolcantrodgyrstindudisg at tiasgan
disk, if a magnetic field is aﬁ plied in a radal
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soft magnetic layer is set to 0.3 or more and 1.5 or less.

[0015]

In this perpendicular magnetic recording medium, in the case of being
formed as a perpendicular magnetic recording disk, if a magnetic field is applied
in a radial direction of the nonmagnetic substrate, since the soft magnetic
underlayer has the magnetic domain control layer including the
antiferromagnetic layer, a magnetization curve of the soft magnetic underlayer
shifts in the magnetic field direction. Since a coercive force Hc of the soft
magnetic underlayer derived from this magnetization curve is smaller than an
exchange bias magnetic field (shift amount) Hex, the magnetization does not
take a single value in a zero magnetic field, that is, the hysteresis of the
magnetization curve does not cross the zero magnetic field.

[0016]



shifts in the magnetic field direction. Since a
coercive force He of the soft nmgnetic underl ayer
derived fromthis nagnetization curve is snaller than
an exchange bias nmagnetic field (shift anmount) Hex,
t he magneti zation does not take a single value in a
zero magnetic field, that is,6the hysteresis of the
magneti zati on curve does not cross the zero nagnetic
field. [0016] 6 According to Patent Document 2, it is
descri brestordiag tdPatns ©oelimehe? fitistdelsbatbed that bysdueastitise fact
of the nmagneti zation curve does not cross the zero
ndghthte ystdresis f the magasiizationeyrvetdaesant soassdpg zaia magnetic
iés easy. magneti zation axis jn the radial direction
offelg R UNGKRRBIRENFEC 3RiBQPRy Wit 3 easy magneizatiog ax(s in the
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magneti ¢ domain wall's Iin the soft magnetic underl ayer
ameagdetio/igid aee prodeindd prothel soift reagiesticaindehayerpsordgin etdgnetic
substrate to provide a pseudo-singl e-donmai n state,
t hemaipywallsuppresefi maggetievader@yeoaresgivies taginsend poriion side
data area. [0017 Furt her, . Non- Pat ent. cunent 1
dgfstgﬁin@a@a& BBt 5&%"?&!73&%%Pfoﬁ%r?e%eé’d°rsé’& PO INa Qi heredy
havi j - - efic | aye | am nat ed
st EhE Beler ot Bl smRT S ' a BB Reen, Dot ween a
nonmegngpig substrate and a nagnetic recording |ayer.
In this perpendi cul ar magnetic recordi ng nedium the
pai r ofFsthielr, NmgRatdnt Doaymiest ddesaitaspapaipeaticalavplagdetic
to each other. According to Non-Patent Docunent 1, it
i kecaeking Mediin having @i pair eigioflenagnetispyareslsadinatpe through a
t hi cknes

R0 S oS Bl BART s EOYSh et %
ChERRERTEoldnd ek a0 PSR T A B B e
Umexriif dTedfthad gidticARdrs @fd Adtiparallel-coupled to each other.
According to Non-Patent Document 1, it is described that spike noise is
suppressed when the thicknesses of the soft magnetic layers are equal to each
other, while, spike noise is generated when a difference in thickness between
the soft magnetic layers increases.
[0018]
Patent Document 1:  Japanese Unexamined Patent Application
Publication (JP-A) No. 2001-331920
Patent Document 2:  Japanese Unexamined Patent Application
Publication (JP-A) No. 2004-348849
Non-Patent Document 1: The 28th Magnetics Society of Japan
Scientific Conference Summaries (2004)
pp. 61210 613

Disclosure of the Invention



Publication (JP-A) No. 2001-331920 Patent Docunent 2:
Japanese Unexam ned Patent Application Publication
(JP-A) No. 2004-348849 Non-Patent Document 1: The
28t h Magnetics Society of Japan Scientific Conference
Summaries (2004) pp. 612 to 613 Disclosure of the
Invention 7 Problemto be Sofved by the Invention
[0019] In the neantinme, an areal information

recordi ng density of 100Ghits per inch2

(RRDEM tebe Sondd W theDReetidnbecon ng required in
recent recording nedia. |In order to realize a

per pendd@lfjar magnetic recording medi um capabl e of
satlsfactorl ly carrying out information recordin

and
r epr oddefh omepiRgcAn ATad grormatiog) re?@@mgoq%@'tu@ﬁgwgsblts per
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pair c layers Iam nated ™t hrough

NIRRT} Carr@kigout inferhrelieh Weendiagénd reproduction at such a high
anti parallel-coupled to each other are provided

bareakeaotdieg densitypiy hecdroes nesassatyetodndhersrppeggsespile noise
recordlng | ayer and the thicknesses of the soft

nh@ed @”PH9@PS are set equal to each other in the
perpenqg§é¢] magneti c recordi ng medi um spi ke noise
is certalnl'y reduced. However, in this case, it is

conf i 1 NRehd E9B ARGIECES RbERINAR Itrwfdrggammwétsm Document

domai ns are di scontinuous and thus neti c donai n
wh|the pair @f ot rednietic idyerskahiinaragitebugh tHeary@Trﬁa@nﬂl,c layer

therefore, it is considered that nedi um noi se

i therabmiween 00 2nliparatelicoupledyd egcio ather afe prayvidesibetween the

rr?o(:norrr]ggl;nrza |casrL]1 strrgt%ra%%l{ﬁéingar]gnaettic ?echoirgirr]]g layer and the thicknesses of
the soft magnetic layers are set equal to each other in the perpendicular
magnetic recording medium, spike noise is certainly reduced. However, in this
case, it is confirmed from optical observation that magnetic domains are
discontinuous and thus magnetic domain walls are formed in the soft magnetic
layers and, therefore, it is considered that medium noise increases.

[0021]

When carrying out information recording and reproduction at a high
areal recording density of 100Gbits per inch? or more in such a perpendicular
magnetic recording medium, if the magnetic domain walls are formed in the soft
magnetic layers, there is a possibility that these magnetic domain walls cause
noise generation.

[0022]

Therefore, this invention is proposed in view of the foregoing

circumstances and has an object to provide a perpendicular magnetic recording

medium having, between a nonmagnetic substrate and a magnetic recording



areal recording density of 100CGhits per inch2 or nore
in such a perpendicular nmagnetic recording nmedium if
the magnetic domain walls are forned in the soft
magnetic |ayers, there is a possibility that these
magnetic domain walls cause noise generation. [0022]
Therefore, this invention is Proposed in view of the
foregoing circunmstances and has an object to provide
a perpendi cul ar nagnetic recordi ng nedi um havi ng,
blatyae arpadr wfcsmnfterga@'iét'm Iaydys taraineteaintrougiregnenimagnetic layer
recording 8 a pair of soft magnetic |ayers

| therebatween rwrcugé saa reitabimwﬁs magiem neipe e¥eRMRER FAITYiINg
cagicRg R e Rt R PeR o Ru A MidtonRe B5oguto BRasit. and
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I\gér'ﬂ?eﬁéi‘éhla@md{ﬁ'élﬂ@?éhd?@nh@rméﬂi@ﬁet' ¢ recording medium
ans for Solving the Problem [0023] The present

I Meant dorsSdiang tleelPeotded st udi es for sol ving the
foregoin probl enms and, as a result, have found that,
in a pdP 88%| cul ar magnetic recording nmedi um havi ng,
bet ween_a nonmagnetic substr

Fecor di He PAFERCNSeBArS Ve ABnofl shaietast SykRg the foregoing
'@ oiEth&9nd ﬁ&g%guﬂ ARG th & .noeggswgﬁha%mab%%%nc

I'S poOssSI e to rénbve a cause er at

MeshovdThg A dRem Maveet beided ainérfrﬁa@m@ JuBsfritefiies Magnetic
betvveen the soft magnetic layers to a proper value to

prexoeding fayenedt painobdofamaggetet (agerd darainatesathroudhtd adhmagnetic
Normal |y, spi ke noise in a perpendi cul ar nmagnetic
r wyer tierepatwaeint isPosaibieste rempyed dRysg of generligRef medium
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[0024]

Normally, spike noise in a perpendicular magnetic recording medium is
noise caused by a soft magnetic layer and is observed in a low-frequency
region. This is caused by movement of magnetic domain walls and is also
called Barkhausen noise. On the other hand, medium noise is noise
generated in a high-frequency region and is caused by a distribution of radii or
sizes of magnetic grains. In AFC soft magnetic layers having the same
thickness, magnetic domain walls are observed by an OSA. In Non-Patent
Document 1, spike noise is suppressed by fixing magnetic domain walls with
the structure of AFC+AFM (antiferromagnetic coupling) soft magnetic layers.
On the other hand, soft magnetic layers in this invention form no magnetic
domain wall even without an AMF layer and thus can reduce spike noise. That
is, although, normally, spike noise cannot be completely removed only with the

AFC structure, if a pair of soft magnetic layers laminated through a nonmagnetic



generated in a high-frequency region and is caused by
a distribution of radii or sizes of nagnetic grains.
In AFC soft magnetic | ayers having the sane
t hi ckness, magnetic domain walls are observed by an
OSA. In Non-Patent Docunent 1, spike noise is
suppressed by fixing magnetic9domain walls with the
structure of AFC+AFM (antiferromagnetic coupling) soft
magnetic lLayers. On the other hand, soft nagnetic
| layer therebetdéén ha 8 Mhagetit OF SlerssisTag fetistinvelaion, Roweddnetic
even without an AMF | ayer and thus can reduce spike
nddrmain Walkis foimed and thasdghs possibiel tbycompiétrly raoioye spike noise.
cannot be conpletely reaned only with the AFC
skyntharusiace ne maggtic dgmainyal iﬁa@ﬁ@?@ CPEHBY BOIBR FRM Btsde
throQ%g a nonmagnetic 9 |ayer therebetween has a

I't hysteresis as in this invention, no magnetic
donain bdy is formed and thus it is p055|ble to
conpl et'ely renove spi ke noise. Further, since no
magnet ilq tiiemientiva/ it isiconbidersthatedybetinensrgy aad neaghetic
be renoved. [0025] In this invention, it is
caomiaidevalls arhsupptegaed by thehemagpetimbystergsist i d herkiongi aince it is
wal | s are suppressed by the nagnetic hysteres

Tﬂéﬁ%‘f?@rtﬁat OP 3y qf§oﬁ§Xagg1ﬁlp|Qﬁeé$]{arq1ﬁ% dttWé’UﬁhsﬂPe of

n éﬁm%&rgeﬁ%tléfer )}ﬂ%r%@%te e%ﬁeﬁhﬁ}kggﬂe hgﬁ'\ggllégg h&%géensg the magnetic

hySpekRSIot thd Bﬁ’rj1 Bﬁ%fﬁh'agnetﬁtr I%Z@Fstdré%of’ﬁeéé&aﬁ@'tﬁe Qhme as

sof rmgnetl C yers ar ecessari | Yy the Sane as

eeadh Gthber .It istaldspadsite posGIfiYute that aonddriticeysteassiais
magneti c hysteresis is achieved by setting the
t achikveskyesetting thephiaknessesaifta paige e&qftdnagry@wslay@reurwgmg
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t he upper and | ower soft magnetic layers, it is

I magnétidtionb at thet ippepaad lower suift rivegreatid [ayerst ihisdkpestant that
(=Mst) be equal to each other in the upper and | ower

s@ﬁtpfﬁﬁwﬁiépf Ms| angethe thitkeassi (sMsit) benggualdo @ashioghirde the
SHp(fper an% lower soft magnetic layers. That is, it may be configured such that
the lower soft magnetic layer is increased in Ms and reduced in thickness, while,
the upper soft magnetic layer is reduced in Ms and increased in thickness.

[0026]

That is, this invention has any one of the following structures.

[0027]

(Sturcture 1)

A magnetic recording medium substrate having an underlayer on a
substrate made of a nonmagnetic material is characterized in that the
underlayer includes at least a pair of soft magnetic layers laminated through a

nonmagnetic layer therebetween and has a magnetic hysteresis.



the | ower soft magnetic layer is increased in Ms and
reduced in thickness, while, the upper soft magnetic
| ayer is reduced in Ms and increased in thickness.
[0026] That is, this invention has any one of the
follow ng structures. [0027] (Sturcture 1) A magnetic
recordi ng medi um substrate ha\d ng an underl ayer on a
substrate nade of a nonnagnetic material is
characterized in that the underlayer includes at

| east go0p2g)r of soft magnetic |ayers |am nated through
a nonmagnetic | ayer therebetween and has a magnetic
hyst er dStwctut®2) [ 0028] (Sturcture 2) A magnetic

recordi nedi,um substrate having Sturcture 1 is .
char actaHIAE08UF FQORARS MesTyA SUbSate SAVINGaRIHERTY 1 iy er s
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oY arpOleBEe KR, A Bl TR I B bt e

t RiaghB&S propeftiedr eimktantiany) éqall tPbadH6theF B ohaYethe Iagrs has
wherein a difference between the thicknesses is 1 m
oa thielesess[dis2 8t frdrbtthataf theoBer Ryspgihetrein a differeticadetween
medi um substrate having Structure 1 or 2 is
chgrthickeessesds ilAnmraitlesshe soft nagnetic layers are
magnet i 8 g%y anti parall el -coupl ed to each ot her.

[ 0030] [ ? lrcture 4) A perpendi cul ar magnetic

recor di(%%r%qégin havi ng an underlayer and a recording

| ayer on a substrate nmade of a nonmagnetic material is

char act £ hagpatié Feddfdihg MM debs @B haviig StelRsuratt beast
a pair of soft magnetic
characterized in that the soft magnetic layers are magnetically
antiparallel-coupled to each other.

[0030]

(Sturcture 4)

A perpendicular magnetic recording medium having an underlayer and
a recording layer on a substrate made of a nonmagnetic material is
characterized in that the underlayer includes at least a pair of soft magnetic
layers laminated through a nonmagnetic layer therebetween and has a
magnetic hysteresis.

[0031]

(Sturcture 5)

A perpendicular magnetic recording medium having Sturcture 4 is
characterized in that the pair of soft magnetic layers are formed to have
magnetic properties substantially equal to each other and thicknesses thereof
are different from each other.

[0032]

(Sturcture 6)

A perpendicular magnetic recording medium having Sturcture 5 is



| ayers | am nated through a nonmagnetic | ayer
t herebetween and has a nmagnetic hysteresis. [0031]
(Sturcture 5) A perpendicul ar magnetic recording
medi um having Sturcture 4 is characterized in that
the pair of soft nmagnetic |ayers are fornmed to have
magnetic properties substantildlly equal to each other
and thicknesses thereof are different from each
other. [0032] (Sturcture 6) A perpendicular magnetic
r epactengediadhain iferergeHetwesnithe thicksedsks of the pair of soft
characterized in that a difference between the
tNRgRelisarersas 10n® qidess. of soft magnetic layers is 1
Onm or égffé [0033] (Sturcture 7) A perpendicul ar
magnet il cordi ng nmedi um havi ng any one of
St ruct 6 is characterized in that the pair of
soft nggﬁfz?tlﬂfzé?)ayers are anorphous. Effect of the
| nvent i operpbAGi3diar mHyReli@ Rt difg h%ﬂ!rﬁ'hﬁginﬁféﬁg_tﬁﬁe of
substrate or the perpendi cul ar magnetic recording
n$taiciunescictor@lisrapatactérdives intivatibhe pair basoft omaghbtic layers are
substrate made of the nonmagnetic material, the
uarterhayer conprising at |east the pair of soft

netic |layers which are | am nated through the
E%MQE&@ '@X?'&%} t her ebet ween and havi ng t he
magnet i[5 &%ster esis. Therefore, it is possible to
pr event ?o mation of a magnetic domain wall in the

under | Ry mageetidvésolidihg MEBRMESTosHAREDAthePerpéndiBdaum

nr?wlagsétic recording medium according to this invention has, on the substrate
made of the nonmagnetic material, the underlayer comprising at least the pair of
soft magnetic layers which are laminated through the nonmagnetic layer
therebetween and having the magnetic hysteresis. Therefore, it is possible to
prevent formation of a magnetic domain wall in the underlayer and thus to
suppress generation of medium noise. |

[0035]

Further, in the magnetic recording medium substrate or the
perpendicular magnetic recording medium according to this invention, the pair
of soft magnetic layers are formed to have the magnetic properties substantially
equal to each other and the thicknesses thereof are different from each other.
Therefore, it is possible to satisfactorily prevent formation of a magnetic domain
wall in the soft magnetic layers and thus to suppress generation of medium
noise.

[0036]

Further, in the magnetic recording medium substrate or the
perpendicular magnetic recording medium according to this invention, the

difference between the thicknesses of the pair of soft magnetic layers is 10nm



[0035] Further, in the magnetic recordi ng nmedi um
substrate or the perpendicul ar nagnetic recording
medi um according to this invention, the pair of soft
magnetic |ayers are forned to have the magnetic
properties substantially equal to each other and the
t hi cknesses thereof are diffd2ent from each ot her.
Therefore, it is possible to satisfactorily prevent
formati on of a magnetic domain wall in the soft

NBJIBES.i CTHR¥RFS, iEiBPokhibR tbPrevnhensrationof apikemork in the soft
medi um noi se. [0036] Further, in the magnetic

rdagnelinlgyensdi um substrate or t he per pendi cul ar
magnetl ¢ _recording nedium according to this invention,
the di 9@@]ence bet ween the thicknesses of the pal r of
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M@eﬁtﬂfnt a s”ﬁSBI%tmégr{é’lDé%rr%unt [sofgﬁﬁéd ahf?on%;quema nefic head, the

per pendi cul ar magnetic recordi ng nedi um acc rdlng

t iiagnetidneedidimdlayar, auditadbeft magnetid ayeis, edithati |tS|sfp©G§iB@ to

anong a magnetic head, the magnetic recording |ayer,

a¢airyt oig infofmatieyresording apd reprodectionaat high areapreserdingdensity.
carry qut information recording and reproduction

at hlgH %@@al recording density. [0038] That is, this

- ccorai 15 Fed ifbénln R BIBRIES Rl RRER Hiddhetc ecoring
SHBBIATHSVIARbehEBARE]drFnd HeRE Shibirate AKE ' magRRd rebrding

soft nagnet ayers ed through a NONTR gnetic

| layer; a paliresf e trigfTetic Wes lapdinateeth@dlght asngrmagstic layer
medi um noi se even when carrying out information
r betatgitweemnwhick pao delieblysvparessi gedidmezdise even whﬁg carrying
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perpendicular magnetic recording medium, thereby contributing to an increase
in areal recording density in perpendicular magnetic recording media.
Brief Description of the Drawings

[0039]

[Fig. 1] is a sectional view showing the structure of a perpendicular
magnetic recording medium according to this invention.

[Fig. 2] is a graph (hysteresis curve) showing the magnetic properties of
soft magnetic layers of the perpendicular magnetic recording medium according
to this invention.

[Fig. 3] is a plan view showing magnetic domain wall states in soft
magnetic layers of perpendicular magnetic recording media according to this
invention.

Description of Symbols

[0040]



in areal recording density in perpendicul ar magnetic
recordi ng nedia. Brief Description of the Draw ngs
[0039] [Fig. 1] is a sectional view show ng the
structure of a perpendicular magnetic recording

medi um according to this invention. [Fig. 2] is a
graph (hysteresis curve) showWdng the magnetic
properties of soft nagnetic |ayers of the

per pendi cul ar magnetic recordi ng medi um according to
this imvensubdtratd Fig. 3] is a plan view show ng

magneti c domain wall states in soft nagnetic |ayers
of per pg&ndiirstiseft maggats Iauelr ecordi ng nedia according to
this inventi oE. scri on of Synmbols [0040] 13 1
substrat e $299ESONIBAGN dﬁéﬁl c layer 3 second soft

magneti ¢ | r. 4 c recor di ng

| ayer ngg@gn@gp%@%b%@o{&ﬁg@% or Carrying Qut
the | nuent {@RmafMtlhydier ei nbel ow, the best node for
carrying out this |nvent|on will be described with

r Bésiriode fdr CdrhyinglOanihegaverjtdd42] A per pendi cul ar
magneti ¢ recordi ng medi um according to this invention
is for rf@@41]for exanpl e, as a magnetic disk adapt ed to
be mounted. in an or th
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TRADSHES Wi GYdbAG LY &Q\Hﬂgge of carrying out
gnh-density 1n

orndti on Si

[0042]

A perpendicular magnetic recording medium according to this invention
is formed, for example, as a magnetic disk adapted to be mounted in an HDD
(hard disk drive) or the like and is a recording medium of the perpendicular
magnetic recording type capable of carrying out high-density information signal
recording and reproduction.

[0043]

The perpendicular magnetic recording medium according to this
invention, in the form of the magnetic disk, is manufactured to have a
predetermined diameter such as, for example, 0.85 inches, 1.0 inches, 1.8
inches, 2.5 inches, or 3.5 inches.

[0044]

Fig. 1 is a sectional view showing the structure of a perpendicular
magnetic recording medium according to this invention.

[0045]

As shown in Fig. 1, the perpendicular magnetic recording medium is
configured such that an underlayer is formed on a substrate 1 made of a
nonmagnetic material and a perpendicular magnetic recording layer 4 is formed

as an upper layer with respect to the underlayer. The underlayer is formed so



recordi ng and reproduction. [0043] The perpendicul ar
magneti ¢ recordi ng nedi um according to this

invention, in the formof the magnetic disk, is
manufactured to have a predeterm ned di ameter such
as, for exanple, 0.85 inches, 1.0 inches, 1.8 inches,
2.5 inches, or 3.5 inches. [0@44] Fig. 1is a
sectional view showi ng the structure of a

per pendi cul ar rmagnetic recordi ng nmedi um according to

tdd ® inoludetat wast {iBO4hd sedshdsduivnaginetld Igyers.2 &3 forming a

per pendi cul ar magnetic recording nediumis configured

spaih tAhaenmagnaiddayerbeis fOSned)betweeomheassfm begnatielayers 2 and
etic material and a ndi cul ar
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nonmagnetic | ayer I's formed between t

nmgyesticlaley®aad &eap@kpeadmmhatnagaemt hetotdinglayend. This
second soft magnetic layers 2 and 3 are |am nated
t w&na@retrpWanyerrfelsmlamargfnecniystal ageirol ®f theepependieelar

Furt her, cﬁ(ggngggn%ti c underlayer 6 is forned between
t'ﬁégﬂ?)tﬁ:errecgf bfid soft magnetic layer 3 and the

per penﬂb&% ar magnetic recording layer 4. This
nonmagneée é underlayer 6 is a layer for crystal

controljy %ISF)E BB EGH AT rebBREMYIrhEdiLRLC HefiRBsditd@bnetic

4. [0046] n this perpendi cul ar magnetic recordi ng

niagenanthé henmagattiskalér Sregkthe Gecb@y eoft haghbtic layer 3 form the
nonmagneti c layer 5, and the second soft nagnetic
| @rydsrlager, anehtihib eindanayar] the eopmagaetih uederayer Bagrred thet he
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perpendicular magnetic recording layer 4 and films as upper layers with respect
to the perpendicular magnetic recording layer 4 are formed on the magnetic
recording medium substrate, thereby forming the perpendicular magnetic
recording medium.

[0047]

In the underlayer of the magnetic recording medium substrate, soft
magnetic layers are not limited to the first and second soft magnetic layers 2
and 3, but may further include third and subsequent soft magnetic layers.

[0048]

As the substrate 1, use can be made of a glass substrate comprised of
a glass such as an amorphous glass. Asthe glass material forming the
substrate 1, a chemically strengthened glass obtained by chemically
strengthening an aluminosilicate glass is preferable.

[0049]

The first soft magnetic layer 2 is formed on the substrate 1 through an



per pendi cul ar magnetic recording layer 4 and filns as
upper layers with respect to the perpendicular

magneti c recording |layer 4 are formed on the magnetic
recordi ng nmedi um substrate, thereby formng the

per pendi cul ar magnetic recording nmedium [0047] In

t he underl ayer of the magnetil® recordi ng medi um
substrate, soft nmagnetic layers are not limted to

the first and second soft nmagnetic |layers 2 and 3,
badhesbie layert hthrerebetvaede. t Tie thickndss obthedirstrdofisnagnetic layer 2
magnetic | ayers. [0048] As the substrate 1, use can

big abaute4Qﬂméo §0ams Jhpadhasive tayepriis adaysr fomstgangdhening an

riTTRei Bike OTahB i 3ol roneti vkt oty cprargUHR Akpirate 1
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Sﬁfﬂstrﬁﬁgﬂ@é éLﬁflélé‘W erdsuréd, fids MBEnedbskhfly prbsbéat e 1
through an 15 adhesive l'ayer 7 therebétween. The

t hi ckng8@5@f the first soft magnetic layer 2 is about

40nmto 50nm The adhesive layer 7 is a |layer for
strengt H@ﬁ.th@k%@ss efRshispl magnedic dhayer igan fierahanged by

netic,layer 2 with res to,.the substrate ,
rne Ycheras boer s RS arei e e s Bping e 591
gﬁéﬁ bPder 2 to the substrate 1 is sufficiently
ens "is not necessarily provided. [0050] The
t hi ckngggsgf each soft magnetic |ayer can be changed
by changi ng the di scharge power or discharge tine
when spobrdaritognshre thefadhesiag fate to theysubstra®@0b hjadelai the
order to ensure the adhesive force to the substrate 1
nglaes sich aethearaaphaye glags, thedirsdmoftpheanetigllagss 2 ispseferably

fljngagtta o?gﬁtam%ar HoelESI mal FUE" gur*h%r,% eFlresrt %o#t¥nagnetlc layer 2 is
desirably made of a material having suitable soft magnetic properties and, for
example, is desirably made of a cobalt (Co)-based soft magnetic material.
Among cobalt (Co)-based soft magnetic materials, a material such as a
cobalt-zirconium (Co-Zr)-based alloy, a cobalt-tantalum-zirconium
(Co-Ta-Zr)-based alloy, or a cobalt-niobium-zirconium (Co-Nb-Zr)-based alloy is
particularly preferable as a material that forms the first soft magnetic layer 2.

[0052]

In the case where the adhesive layer 7 is provided, it is also preferably
made of an amorphous material such as, for example, a chromium-titanium
(Cr-Ti)-based alloy in order to ensure adhesive forces with respect to the
substrate 1 made of the glass such as the amorphous glass and the first soft
magnetic layer 2 made of the amorphous material. The thickness of the
adhesive layer 7 is about 20nm.

[0053]

On the first soft magnetic layer 2 is formed the nonmagnetic layer 5.



made of an anorphous material. Further, the first soft
magnetic layer 2 is desirably nmade of a materi al
havi ng suitable soft magnetic properties and, for
exanple, is desirably made of a cobalt (Co)-based soft
magnetic material. Anong cobalt (Co)-based soft
magnetic materials, a materidlé such as a

cobal t-zirconium (Co-Zr)-based all oy, a
cobalt-tantal um zirconium (Co-Ta-Zr)-based all oy, or

aTkie Mehimagnetit 1ayer & i< mady df 6 Genigéelic hraedh aLUERYs irgthenium

particularly preferable as a material that forns the

f (Rutansldfas artigkeress of ageut 27nm f@OBPM.I n t he case where
the adhesive layer 7 is provided, it is also

pr ef er 489341 made of an amorphous material such as, for
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gl ass and the first t magnetic layer 2

afiret sdromagheticrayal 2. Thieattid)ith& 88SshdSoft ﬂh@gn@dﬂ@?dzr\/@is

| ayer 7 is about 20nm [0053] On the first soft

nergfarably mageof an amofghousdnatedalnofrodberthesécondrsof. magnetic
Thi s nonmagnetic |layer 5 is made of .a nonmagnetic ,
nayer 3 i desiiaRlyaeade phamalasial (*'ﬁMWQa‘WHaWSsSOQ agnaliggyqperties

a0t xatnd BTk K< Padl) Bac ol Hdgetl ki BaPel R Bhrc
Thiafer@C OA‘rqoﬁgchme?ﬁIGBa%eb%ﬁrm%qr%e rﬁ’&iefi&%,"?%a@éﬁaﬁ such

| ayer equivalent to first soft magnetic layer 2.

Taah cobalt-zheorsenq0d-Zpbasedanst acobaleintdlurszirconium
preferably made of an anorphous material. Further, the
séimhat Zs)othasedea)iopt orca cokafenioBiumszithesiuraiCe-Nrdo-bsised alloy is
mat eri al havi ng, suitable soft nmagnetic prqgperties
SpaToylgfly BRRlFPle a9 & Mpletialdbat Oriibectecand Sat magnetic layer 3.
(Co) - bgég soft magnetic material. Anbng cobalt

(Co) - based 'soft magnetic materials, a material such

as a Cofad EeddddCeM MBYRER 14)er PasE theirsO3oft Magnetic layer 2 are
cobal t-tantal um zi rconi um
magnetically antiparallel-coupled to each other due to the presence of the
nonmagnetic layer 5 therebetween. The thickness of the second soft magnetic
layer 3 is, like the first soft magnetic layer 2, about 40nm to 50nm. However,
as will be described later, in order to cause the combined magnetic properties of
the soft magnetic layers 2 and 3 to have a magnetic hysteresis, the thicknesses
of the first and second soft magnetic layers 2 and 3 are different from each
other and a difference in thickness therebetween is set to 10nm or less.
[0056]
On the second soft magnetic layer 3 is formed the perpendicular
magnetic recording layer 4 through the nonmagnetic underlayer 6 therebetween.
The nonmagnetic underlayer 6 is formed of tantalum (Ta) or the like and has a

thickness of about 2nm. The perpendicular magnetic recording layer 4 is

made of a hard magnetic material having a hexagonal closest packed (hcp)



(Co-Ta-Zr)-based all oy, or a cobalt-niobiumzirconium
(Co-Nb-Zr)-based alloy is particularly preferable as
a material that fornms the second soft nagnetic | ayer

3. [0055] This second soft magnetic |ayer 3 and the
first soft magnetic layer 2 are magnetically
antiparallel-coupled to each1dt her due to the presence
of the nonmagnetic |ayer 5 therebetween. The

t hi ckness of the second soft magnetic |ayer 3 is,

| ¢rigstat steudtiiresduchclsta oatgatgdlatnimy@o-PZ)-badealdliofGmal it dormed as
50nm However, as will be described later, in order
t @ granudar rnagnatioriayaidecaugmel ¢antainiop ér norwsagfeticirhztegalfguch
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formed the perpendicular nagnetic recording |ayer 4

t o wogkhekdrange nmegittbh betwatar thayedgrztit lyeainbet Wee perpendicular
The nonmagnetic underlayer 6 is fornmed of tantal um
(Mmaynetic reicerding lyand haag thickoesscrabost dPnmsmgtis fermed by
The, perpendjcul ar magnetic recording |layer 4 is nade
o?p'?XWéQEPVYfEdH%HeFQ?ng“@tQerIW”P})avi ng a hexagonal cl osest
packed [éﬁgﬂ) 17 «crystal structure such as a

cobal t -*prat!i num (Co-Pt)-based alloy and is formed as

a gr anqhfl‘lﬁisWﬁ%h,cthb%ﬁneﬂ@%éﬁal%mﬂﬁ?tﬂ% pém@ndicular
nonmagneti c material suc as chromum (Cr) or silicon

dinagheltc (eSdRANg lalbat is sot pantidutaryy [eitgrbasiionglaarit is a hard
magnetic recording |ayer 4, the nonmagnetic materi al
sumegnelkc matesial, it (ax Jessribed abpyaihel pesbeadicukir apagriedic

DRk e A e e s S kD AA 558
Sigolons, U ASHARPY ELll, CTASAELS r FEAUUBIABIET Since
el dpaft(CoT-BHbdY fhehtigpent riatérmdl has @whignet(cQthsdtropyin the

this invention, the magnetic material form ng the

perpsdiiectibaof the hexagonal closest packed (hcp) crystal structure, control
is performed in the perpendicular magnetic recording layer 4 so that the c-axis
is perpendicularly oriented with respect to the substrate plane. On the other
hand, there is a problem that, in a material having a hexagonal closest packed
(hep) crystal structure, as the c-axis perpendicular orientation is promoted more,
formation of nonmagnetic grain boundary portions for blocking or suppressing
exchange interaction between magnetic grains is impeded more. Since it is
possible to relax such an impeding factor and positively form nonmagnetic grain
boundary portions in the granular magnetic layer containing the cobait
(Co)-based ferromagnetic material, it is suitable as a magnetic material for
forming the perpendicular magnetic recording layer 4.

[0058]

On the perpendicular magnetic recording layer 4 is formed a protective



magnetic recording layer 4 is not particularly Iimted
as long as it is a hard nagnetic material, but, as
descri bed above, the perpendi cul ar magnetic recording

| ayer 4 is preferably a granul ar nagnetic | ayer,
particularly a granul ar magnetic | ayer containing a
cobalt (Co)-based ferronmagnetli8c material. Since the
cobalt (Co)-based ferromagnetic material has a

magneti c anisotropy in the c-axis direction of the
hexeo®narhis pastestivenagdieglis(mada oCiydsdgdnatéd daibah@r the like and
control is perfornmed in the perpendi cul ar nagnetic

r eaoa thicknedsayod abduistn hathe hotectarilayeridsis a layer for protecting
perpendicularly oriented with respect to the substrate
pihgrRerpendigar Hageetic resaWing medm Bom 3 maskby Bat , in

a material having a h | cl t ked (h
CrJEER Sep a8 R 0 i < per penal cul ar

orientﬁbbg§ is pronoted nore, formation of
nonmagnet grai n boundary portions for blocking or

suppr essirth@r, £kbfiamgr) lajéred BAbined bethepioteigaddyce 8. This
grains is inpeded nore. Since it is possible to rel ax
slubticatingi laperd isgnéce vbperiinaropolyethiev PP Epomthe like and has a
nonmagnetic grain houndary portions in the granular

?ﬁ‘%@?%d B 198Nt aT,rrﬁ IHQriqq{@gd%ﬁtbils aleygr-tpRekaxing the
iRt BY N pSn-TEs ol pagrteishelli aul ar magnet e

recordi[@gsé]ayer 4. [0058] On the perpendicul ar
magnetic recording layer 4 is forned a protective 18

| ayer 8n tAdeaprtielegtd fitet drity sscoBdisdftmaignadic layers 2 and 3 are
hydr ogenated carbon or the like and has a thickness
oformedsb &BrimbeTheatpd bebredn/ibelsupeirate 1 anchthegyarpendieular
protectin he perpengicular ma netgc recordin

EAO0RNG FRRICG [4¥5R:  BY 11 PSSO §1BESSSRumAgh s layers 2

R e Ger il laonBy HAEHER) Wil Aiftonteh b fPled
fvdTRYEr §beRRIprREIRThY él%ﬁeécﬁﬁﬁﬁ@rp@ﬂiuhﬂe T‘He‘ﬁé‘ffaﬁé?% this

[
has a” thickness of abou@ﬁl nm The lubricating | ayer

Ipepeadicalne mdgoetic e2aoxding medium| apaitablédynagnetic circuit can be

n%rr]rhleldlal#nsgnrgatthgdnom lTset}altgd g%%ﬂétic head, the perpendicular magnetic
recording layer 4, and the soft magnetic layers 2 and 3 at the time of magnetic
recording, so that it is possible to obtain an action wherein the soft magnetic
layers 2 and 3 assist the magnetic recording based on the mirror image effect.

[0061]

The soft magnetic layers 2 and 3 magnetically antiparallel-coupled to
each other are formed with the magnetic properties substantially equal to each
other and, due to the fact that both thicknesses differ from each other, the
combined magnetic properties of the soft magnetic layers 2 and 3 have a
magnetic hysteresis. In the case where third and subsequent soft magnetic

layers are present, the combined magnetic properties of all the soft magnetic

layers are configured to have a magnetic hysteresis.



[0060] In the nmeantinme, the first and second soft
magnetic layers 2 and 3 are fornmed so as to be

| ocat ed between the substrate 1 and the perpendi cul ar
magnetic recording layer 4. By the provision of these
soft magnetic layers 2 and 3, this perpendicul ar
magneti ¢ recordi ng mediumis MBorned as a so-call ed
two- | ayer type perpendi cul ar magnetic recordi ng

medi um Therefore, in this perpendicul ar magnetic
recordijpge2redi um a suitable nmagnetic circuit can be
formed anong the non-illustrated nagnetic head, the
per pendiig. @ra g@@hdhysieraswm r@nomtheanagm&ilqmepemes of

soft magnetic | aye 2 and 3 at the tinme of netic
eSOl MRANalls 1RYETE Of the ReTRRAWREMAGN SR SORTIRE Bieg] 4

netic layers 2 and 3 assist the
\nAg g‘# P%wg.'c% &I n jased on the mrror imge effect.

[0061] 5@@3 soft magnetl c layers 2 and 3 magnetically
anti paral I eI coupled to each other are formed with

t he maghanmagnetiofieldtis appkaidttaatsbftiniagnetioddyero2@ad!t8 in a
other and, due to the fact that both thicknesses
dipretleerminge ditestiont the magnedizatinsngsirvesiohthg iseftingagnetic layers 2

RS BhiE R /8¢ E1a06R LS Il Gpeieh EasRBrDVEYs 1T e, Ginpe coercive
SRR AL et mABAAR afiors PR 3 Bfifed 67l mblifetzation

! é\)’r%sslsasrrﬁalre?'ﬁrﬁérgé'ﬁ @sﬂcmgw@s magBseidld mﬁtaﬁfo@mt)%x the
[0062] Fig. 2 is a graph (hySteresis curve)

snl‘megnel@amba doeg met take @ sipgletviake infa zdrb enayietic fivlgin etait ¢s, as
| ayers of the perpendicular magnetic recordi ng nmedi um
as:*wrdinrfﬁgt %, thaihysteraan of tbr. Magmdiaation gurye gagnapt eross the
field is d to the soft nagnetic layers 2 and 3

i /£'8 m?ﬁrée&'gt h ned direction, the magnetization

curves ]he soft magnetic layers 2 and 3 shift in

t he mag[ne?l c field direction, respectively. Then,

since cQgrgisV£plan view showing magnetic domain wall states in soft
magnetic layers of perpendicular magnetic recording media according to this
invention.

[0065]

Fig. 3 shows the results of optically observing the soft magnetic layers
by a measuring device using the Kerr effect, for example, an OSA (Optical
Surface Analyzer). The OSAis a device using the fact that when the
magnetization angle is changing, the polarization angle of light changes, and
shows a magnetic domain wall portion to be a cause of spike noise and medium
noise as discontinuous contrast.

[0066]

Herein, distribution of magnetization directions at the medium surface
was observed by an OSA (Optical Surface Analyzer) adapted to examine

magnetization reversal using SMOKE (Surface Magnet Optical Kerr Effect).



force He of the soft magnetic |layers 2 and 3 derived
fromthis magneti zation curves is smaller than an
exchange bias nmagnetic field (shift anmount) Hex, the
magneti zati on does not take a single value in a zero
magnetic field, that is, as shown in Fig. 2, the
hysteresis of the magnetizatiZ®n curve does not cross
the zero magnetic field. [0064] Fig. 3 is a plan
vi ew show ng magnetic domain wall states in soft
magnet i[ood@yers of perpendi cul ar nmagnetic recording
nmedi a according to this invention. [0065] Fig. 3
shows tSi@ce tegaftsmagnelistlayers 2yarshd bave algcft magseftia properties,

gt%gnet aqgger lggfg}ﬁg%tlcg%@%tkqﬁqqdrg)\éhgf 8 g%éttrﬂggr}feﬁlc layers
AR BhY 3T60onb B0l B B ST ERE A, P g e avers

PPLAG BZ#er O RRELE a%aéﬁé?ﬁétdo‘?ﬁ‘a?ﬁ‘%%mﬁ)%@ ov%h%‘ﬂ?st%tlally the

magnetl c domai n wal portion to be a cause of spik

néntise sarnacaeing marmo&@lmndg isatienecordmgsmedintt asd thus no
[0066] Herein, distribution of magneti zation

dgnageeticamain wallds fesdias Qnmduhervmdob@enf@ Joshaus the
RO 8T eANS o ABFEaNe B8 - UAMELY SOH iscr RRRAIG comain
QLS %Je fkﬁ%éd =} Bgcstghd“éqh tIEQ%Z;l. Since the soft

nmagnetic | ayers ave ’'suth nmagnetic properties,
the exgf e bias magnetic field (shift anount) Hex of
the soft magnetic layers 2 and 3 increases, so that,

as showheathickagsses dfitige s@t magnetielayefst2 angd Bedre préfayabiys

2 and 3, there is forned a nagnetic donain continuous
oalequt $0pEY tarkiOna Irgspansvelynari smeallen and eediitérenpe between these

TR TN SRR LT R
| Thd™s $hayb S THu& M the other.
Examples

[0069]

Hereinbelow, Examples of this invention will be described in detail while
citing Comparative Examples.

[0070]

In each of the Examples, an amorphous aluminosilicate glass was
molded into a disk shape by direct press, thereby producing a glass disk. This
glass disk was ground, polished, and chemically strengthened in order, thereby
obtaining a smooth nonmagnetic substrate in the form of a chemically
strengthened glass disk.

[0071]

The surface roughness of the main surface portion of this substrate was
measured by an atomic force microscope (AFM) and it was a smooth surface

shape with Rmax being 4.8nm and Ra being 0.42nm. Notation of Rmax and



state where nmagnetic donains are discontinuous and
thus magnetic domain walls are forned in the soft
magnetic | ayers. [0068] The thicknesses of the soft
magnetic |ayers 2 and 3 are preferably about 40nmto
50nm respectively, or smaller and a difference

bet ween these thicknesses i2lpreferably 1 Onm or

| ess. Either of the soft magnetic layers 2 and 3 may
be thicker than the other. Exanples [0069]

Haa eblne) thw,Japaasay Beustial BiaRdaraMeI8sBoBO1W | | be
described in detail while citing Conparative

Exanpl €8072]0070] I n each of the Exanples, an
anor phous al um nosilicate gl ass was nolded into a

di sk sHésieg By eyaeeried hime iarming,aprasatusy aagehagjve layenésa first
dj i I ' . ; L , .
Hahraifels 'efrEac faTiadficdrat™ 2 fphd St sddie tayess
SRR DPOERUICLL e BRI il ooy abiained ik
ssiifsaate incurpanyesyasi(Al)hemosphereuictaciingr the @C afagnktrsn
substrate was neasured by an atom c force nicroscope
($HNMeriagdnéthodasThe prassute afuhé acgon gasawas aettth 4pmxorr.

being 4. 8nm and Ra being 0.42nm Notation of Rmax and
21 Ra [PB3lows the Japanese | ndustrial Standard

(J1 SBO 7 ' Vac i j

ppar ac e 2npRiiaker, EWady@e @At b b BBl ppge
| el S : f j

| BB Ious T RRRAGN o BHEE! 2o, SSSRcang, tho BRHEGLS fayer
| Pwasdermanusing ahtimsomhbas tedndimkitarsunsOrat)ealiop taiget.

argon gas (Ar) atnosphere according to the DC
magnet r[6074]

The first soft magnetic layer 2 was formed using a
cobalt-zirconium-tantalum alloy target so as to be an amorphous
cobalt-tantalum-zirconium (Co-Ta-Zr) (Co:88at%, Ta:7at%, Zr:5at%) alloy layer.
This cobalt-zirconium-tantalum alloy is a soft magnetic substance exhibiting soft
magnetic properties.

[0075]

There were formed the first soft magnetic layers 2 with four kinds of
thickness, i.e. thickness 45nm (Example 1), thickness 50nm (Example 2),
thickness 50nm (Example 3), and thickness 55nm (Example 4).

[0076]

Then, the nonmagnetic layer 5 was formed using a ruthenium metal
target so as to be a nonmagnetic ruthenium (Ru) metal layer of a hexagonal
closest packed (hcp) crystal structure having a thickness of 0.7 to 0.9nm.

[0077]

The second soft magnetic layer 3 was formed, like the first soft

magnetic layer 2, using a cobalt-zirconium-tantalum alloy target so as to be an



sputtering nmethod. The pressure of the argon gas was
set to 4.5nmlorr. [0073] The adhesive | ayer 7 was
formed so as to be a chromium (Cr)-based anorphous

| ayer having a thickness of 20nm Specifically, the
adhesive |layer 7 was formed using an anorphous
chromumtitanium (Cr-Ti) alldy target. [0074] The
first soft magnetic layer 2 was forned using a
cobalt-zirconiumtantalumall oy target so as to be an
aamodhous cobaliédritaluantiedominm (€ o-daidrm (88 dEs, @) 7at%, Zr:5at%)
(Co:88at% Ta:7at% Zr:5at% alloy layer. This
callylayefi rconiumtantalumal loy is a soft nagnetic
subst a\rlés &Xhl biting soft rmagnetic properties. [0075]
There €k ormed the first soft magnetic | ayers 2

wth f

(Excanp! o5 WIS idtimed W SEEER? sofl nfonblls RYBRES Wi Rl kinds of
5mn65§a'§3hﬁcmess%0ﬂni (Exakiphs $), HiokAdsExBmM €Exdmple 2),
[0076] Then, the nonmagnetic Iayer 5 was fornmed usi ng
athickiness b'EnnndEb(ataneI 3, get tmokmstS@nbe(ExamptemgneTherefore a
r ut heni um %Ib nmetal |ayer of a hexagonal close

pd@awceﬂbﬁﬂ 9§tvmensthe @@@lme@sﬁm wgtha flmsefzmeaﬁ layer 2

Th d sof
AR R RN N
ugh%gf t@%&ﬁl@eglﬁt gni um-t ant aI umalloy target so as

am)rp ous cobalt-tantal um zi rconi um
(Co- Ta-[@pyg( Co: 88at% Ta:7at% Zr:5at% alloy layer.
[ 0078] Ther e were formed the second soft magnetic
| ayer s Bhew, the honmagnetiatsuraferlayér & waedarmed esing hitaitakissmetal
50nm (Exanpl e 1), thickness 45nm ( Exanpl e ?]
target so as o be a nonmagnetic tantalum (Ta) metal layer having a thickness of
2nm.

[0080]

Part of each of the magnetic recording medium substrates each finished
with the film formation up to the nonmagnetic underlayer 6 as described above
was taken out and the surface roughness thereof was measured by the atomic
force microscope (AFM), then it was a smooth surface shape. Further, the
magnetic properties of the magnetic recording medium substrate of each of the
Examples were measured and it was confirmed that suitable soft magnetic
properties were exhibited. Further, a magnetic field was applied in a radial
direction with respect to the magnetic recording medium substrate of each of
the Examples to measure a hysteresis of a magnetization curve, and then the
hysteresis was observed. Further, it was also confirmed that remanent
magnetization remained when the applied magnetic field was removed. Then,
it was confirmed that, in the magnetic recording medium substrate of each of

the Examples, there was formed a magnetic domain continuous over

substantially the entire surface thereof and thus no magnetic domain wall was



t hi ckness 55nm (Exanpl e 3), and thickness 50nm
(Exanple 4). Therefore, a difference (I1T1-T21)

bet ween the thickness (T1l) of the first soft magnetic
| ayer 2 and the thickness (T2) of the second soft
magnetic |ayer 3 was set to 5nmin any of the
Exanples 1 to 4. [0079] TheR@3 the nonmagnetic

under| ayer 6 was forned using a tantalum nmetal target
so as to be a nonmagnetic tantalum (Ta) netal |ayer
hfauheg a thickness of 2nm [0080] Part of each of

t he magneti c recordi ng nedi um substrates each finished
with t he081]l m formati on up to the nonmagnetic

under | aye as descri bed above was taken ou% and t

surf acéyf\eauameé%eydﬂ%@réam%@ rREQIS (MOdAV ey VAR faImed Q.n  Sach

58 R My GBS S vas
”@egﬂ&? bt Lﬁﬁﬁg é%uggt 8?35" hHl‘H &H?ﬁétf@étﬁbs%‘nc@% thePforhitt a

npl es wer sur ed was confirmed that

Sedartdheors fuint-prarigo et $|Ecorm|0>ldde (CeTrvir(Si@y pbasdcalloy
Further, a magnetic field was applied in a radi al
diCeduath, Gi:l batle P edatobp92mel % Gifed: 8m0i°/e)c$£r as tegform the
medi um substrate of each of th % h@ rreas rg
MRIPePESyIar prrdaelinERterdng faven o A iexabennl clnsast pasked (Rop)

Rl Rl TR ek dhnafh, orhs e ming s,

, was
CAApPRACHS, EBeR, **ﬁé"'ﬁ%é%“é?? S SR rahORE machal
substrqoesalf each of the Exanples, there was forned a
magneti ¢ donai n continuous over subst anti al | y the
ent i r eAt leabhinghe Herimadionani dhe perpendickiay madnetid seedrding layer 4,

was 23. forned 0081 hen err?endl cul ar
rmﬁarpé??%ﬂ?e&a?ar%"qa TR i SR
magnet :ﬁcor di ng nedi um substrates. That is, the
film f i on was

Then, by sputtering a carbon target using a mixed gas containing 30%
hydrogen in argon (Ar), a protective layer 8 made of hydrogenated carbon and
having a thickness of 5nm was formed. Because of being made of
hydrogenated carbon, the protective layer 8 has sufficient film hardness and
thus can protect the perpendicular magnetic recording layer 4 from an impact by
a magnetic head.

[0084]

Then, on this protective layer 8, a lubricating layer 9 made of
perfluoropolyether (PFPE) was formed by the dip coating method. The
thickness of the lubricating layer 9 was 1nm.

[0085]

Through the manufacturing processes as described above,
perpendicular magnetic recording media as magnetic disks were fabricated.

[0086]



carried out using a target of a hard magnetic

substance in the formof a

cobal t-chrom um plati numsilicon di oxide
(Co-Cr-Pt-(Si02))-based alloy ((Co:64at% Cr:1l6at%
Pt:20at % :92npl% - Si 02: 8rm|d{2 so as to formthe

per pendi cul ar magnetic recordéng |l ayer 4 of a

hexagonal cl osest packed (hcp) crystal structure

having a thickness of 1 5nm The material formng the

per pendt waé aonfiregauethattheqeopetidicularapegnetic recamlirg megium of
granul ar nmateri al . QAOOSZ At least in the formation
otachef the Examples e*ﬁ@djﬂ@ft@f@pﬁ?@@éﬂtﬁtﬁg ncwéneeate svlh@ noise
pressyre of, an ar as_i.s preferabl

G gt feisaen frauthcoap Syt igodr Bt aishrapsrdiaion wi
usj en in argon
(%rs?,gctgo @%?g?%?ggﬁ ayerdwgﬂ‘g r%%(&PB%%{?r ggenat ed carbon

and hagp a thickness of 5nmwas fornmed. Because of

bei ng made "'of hydrogenated carbon, the protective

| @BoempBativasEsarhpies] ent fil m hardness and thus can
protect t he per endi cul ar magnetic recording | ayer 4

f r om arniGRaRa Eéafﬁﬁ@ﬁemﬂénﬁ‘@af@co[@@m]ed'uﬂhéHbStEﬂ’ﬁeS and
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pih@Qﬁ%ﬁﬁ@s@% cﬁ“ﬁﬁsﬁ ahB L camPY6rt magRERSRYERU and tmér@@et:equal
recordi ng nedia as magnetic di sks were fabricated.

[ ©0&gh QGHer. | Theakickoedsies ok theskaofttrhageicjayedts Cudrar 3 were set
magneti c_recordi ng medi um of each of the Exanples had

et;oc%mné feopparsdive Fxampiat ) §enmoCogernsatitecExyNRIE F)of@EM
({.STE%I?.I’H vegﬁiagll’remg . ga@? ?éﬁrin&g:[oﬁ’nuptarétpvfeoéxamplgQl), respectively.

[0088]

In the Comparative Examples, the magnetic properties of the magnetic
recording medium substrates each finished with film formation up to a
nonmagnetic underlayer 6 were measured énd it was confirmed that suitable
soft magnetic properties were exhibited. However, when a magnetic field was
applied in a radial direction with respect to each of the Comparative Examples
to measure a hysteresis of a magnetization curve, it was confirmed that a zero
magnetic field was resulted when the applied magnetic field was removed and
thus no hysteresis was achieved. Then, it was confirmed that, in each of the
Comparative Examples, magnetic domains were discontinuous and thus
magnetic domain walls were formed.

[0089]

On the magnetic recording medium substrate of each of the
Comparative Examples, a perpendicular magnetic recording layer 4 which was

the same as that of the foregoing Examples was formed and a protective layer 8



respect to the perpendi cul ar magnetic recording |ayer
4. [0087] [Conparative Exanples] In Conparative
Exanpl es, magnetic recordi ng nedi um substrates and

per pendi cul ar magnetic recording nmedia were fabricated
using the sanme materials and processes as those in

t he foregoi ng Exanpl es, wher&dn, however, the

t hi cknesses of first and second soft magnetic |ayers 2
and 3 were set equal to each other. The thicknesses
Odnd & QARicatng |ayBO9 Sldré fdraldl; hefeBybAcaigea peipentiRular
40nm ( Conpar ati ve Exanpl e 1) 50nm ( Conparati ve
Exagpéte 2rorddthmed{uBonpar at i ve Exanple 3), and 75nm
(Conparative Exanple 4), respectively. [0088] In the
Conpar aP99 Exanpl es, the magnetic properties of the

magnet i recordin iu ubst at ch finish :

w the 1 it 8p A MR Rl R G B aiym o
WL & JTRRS WoRthAa6ld Exé’iﬁﬁle&% %rra'f%jsﬁ n@ho%b"atna%gdluﬁmélse
magnetic properties were e However, when a
nRa&etatyihg eLtintérmatioppet@dingrand repaidattich w&ntresnecmd the
respect to each of the Conparative Exanples to
neerpendicaslahyegeetsiecouding layagdend2bys was ifenes, iniproperties to
confirmed that a zero magnetic field was resulted

WREPerPRNCiGHIAT rBagliFEEPEING BEEARIINS IHBYRRT EXaMPIesus
h hi eved. Th t firmed
Iﬁgyéﬁ?%ﬁ&%@gabl s achi eve en, it was confirne

¥ t he Conpar ati ve Exanpl es, nagnetic
domai nae(g@fe di sconti nuous and thus nmagnetic domain
wal | s refornmed. [0089] On the magnetic recording

medi umTHibiveatien gfappied tod nidimetiCorquadiay invedibxaupktate for
a perpendicul ar nmagnetic recording |ayer 4 which was

t feemin@raeperpendisulapmagnetic mm@ng@@mde@taﬂd@ treonaeated in
and a protective | ayer atln
& PeeBP L e fStortinadurs AL nsed pish el on P ke
magnet |[6o§ﬂcor di ng nedi um
Further, this invention is applied to a perpendicular magnetic recording
medium adapted to be mounted in a perpendicular magnetic recording type

HDD (hard disk drive) or the like.



[0090] It was confirned that the perpendicul ar
magneti ¢ recordi ng nedi um of each of the Conparative
Exanpl es generated spi ke noi se and nedi um noi se when
carrying out information recording and reproduction
with respect to the perpendicular magnetic recording
| ayer 4 and thus was inferior6in properties to the
per pendi cul ar magnetic recordi ng nedia of the
foregoi ng Exanples. Industrial Applicability [0091]
This invention is applied tGLAMSagnetic recording
medi um substrate for formng a perpendicular magneti c
recordi ng nediun1adapted to be nounted in

per pend| cul ar netic recordin e HDD (hard di sk
drive) Tor Aﬁ'@QPP reco[dipg 51ed MP%HG% t?ﬁﬁg'”érﬂﬂe‘qu lqY¢rson a

A 8RR T O PR
rmrgt@g]grg%r,zg@m fhard disk drive) or the like.

CLAIMS 1. A magnetic recording nmedi um substrate haV| ng

an undegaidederEiyefcomphsds atieastadsaiodf softrnagmetivdhyars
material, said nmagnetic recordi ng medium substrate
claavinated throedh amanmagnetic tayen thereksteeee anghasasmagnetic
Ieast a pair of soft magnetic |layers |am nated
RIGAISa nonrmgnet| C Iayer t her ebet ween and has a

”Hgne“ gﬁéﬁéle%p g ﬁme‘?ﬁﬂ%ﬂ%hbﬁre{tg%{%% ﬁ%‘?én‘r‘.“?

substrate acc i hg aracterized in thdt

sehHabRlizedin thaft magnetic |ayers are fornmed to have
magneti c properties substantially equal to each other

and onesaid psiabfisdfayagyaetiviayarstdre ddmesito ivefreagdticfproperties

that of the other layer, wherein a difference between

ssulgtantially equal to each other and one of said layers has a thickness
different from that of the other layer, wherein a difference between said
thicknesses is 10nm or less.

3. A magnetic recording medium substrate according to claim 1 or 2,
characterized in that

said soft magnetic layers are magnetically antiparallel-coupled to each
other.

4. A perpendicular magnetic recording medium having an underlayer
and a recording layer on a substrate made of a nonmagnetic material, said
perpendicular magnetic recording medium characterized in that

said underlayer comprises at least a pair of soft magnetic layers
laminated through a nonmagnetic layer therebetween and has a magnetic
hysteresis.

5. A perpendicular magnetic recording medium according to claim 4,
characterized in that

said pair of soft magnetic layers are formed to have magnetic properties

substantially equal to each other and thicknesses thereof are different from



t hi cknesses is 10nmor less. 3. A magnetic recording
medi um substrate according to claim1l or 2,
characterized in that said soft magnetic |ayers are
magnetically antiparallel-coupled to each other. 4. A
per pendi cul ar magnetic recordi ng nmedi um havi ng an
underl ayer and a recording 2Zyer on a substrate nmade
of a nonmagnetic material, said perpendicular

magneti c recordi ng nmedi um characterized in that said
uskl@rdtayer conprises at least a pair of soft magnetic

| ayers |lam nated through a nonmagnetic | ayer

t her ebé wéeperpaddihalar enagmgticetacordiiny stealias iascordingfo claim 5,
per pendi cul ar magnetic recordi ng medi um according to
ctharastarizedciRdhalct eri zed in that said pair of soft

magneti c l.ayers are for . 1t 0 _have, nmagnet i operti.e
Subet a PP CR oRhred Bk GRShEY oL RS Fa el sB SBadetTayers
tigqbﬁmoﬂéﬁs_differen_t from27 each other. 6. A

perpendi cul'ar magnetic recordi ng medi um according to
claim, chapasdienliarfraghstid itbrding nfdofine aegolagigneeimy one
the thicknesses of said pair of soft nagnetic |ayers

i &f clai@sm tor6,lobasactéarized ipérgiendi cul ar magnetic

recordi ng nmedi um according to any one of clains 4 to

6, charsald RN 9kepli MagRelic 13¥ere FFRRMAPNAUS t nagneti c

| ayers are anorphous.



