1 DESCRIPTION METHOD OF MANUFACTURING A PERPENDICULAR MAGNETIC RECORDING
MEDIUM 5 Technical Field [0001] This invention relates to a method of manufacturing a
perpendicular magnetic recording medium adapted to be mounted in a HDD (hard disk drive) 10 of the
perpendicular magnetic recording type or the like. Background Art [0002] Various information
recording techniques have been developed with 15increase in volume of information processing in
recent years. Particularly, the areal recording density of HDDs (hard disk drives) using the magnetic
recording technique has been increasing at an annual rate of about 100%. [0003] In order to achieve

the high recording density in a magnetic disk forpyge2RipadipD or the like, it is necessary to reduce
the size of magnetic crystal grains forming a magnetic recording layer serving to record information
signals, and further, to reduce the thickness of the layer. However, in the case of conventionally

commercialized magnetic dis in-pl ' i the longitudinal
magnetic recording type or th@fﬁ%g’rﬁﬁm&]ﬁ&ﬁg@%‘é%%F%@%‘gg t%jf the reduction in

size of MAGNETIC RECORDING MEDIUM

Technical Field

[0001]

This invention relates to a method of manufacturing a perpendicutar
magnetic recording medium adapted to be mounted in a HDD (hard disk drive)

10  of the perpendicular magnetic recording type or the like.

Background Art
[0002]
Various information recording technigues have been developed with
15  increase in volume of information processing in recent years. Particularly, the
areal recording density of HDDs (hard disk drives) using the magnetic recording
technique has been increasing at an annual rate of about 100%.
j0003]
in order to achieve the high recording density in a magnetic disk for use
20 in a HDD or the like, it is necessary to reduce the size of magnetic crystai grains
forming a magnetic recording layer serving to record information signals, and
further, to reduce the thickness of the layer. However, in the case of
conventionatly commercialized magnetic disks of the in-plane magnetic
recording type (also called the longitudinal magnetic recording type or the
25  horizontal magnetic recording type), as a result of the reduction in size of
magnetic crystal grains, there has arisen a so-called thermat fluctuation
phenomenon where the thermal stability of recorded signals is degraded due to

superparamagnetism so that the recorded signals are lost. This has thus



magnetic crystal grains, there has arisen a so-called thermal fluctuation phenomenon where the
thermal stability of recorded signals is degraded due to superparamagnetism so that the recorded
signals are lost. This has thus 2 become an impeding factor for the increase in recording density of
the magnetic disks. In order to solve this impeding factor, magnetic disks of the perpendicular
magnetic recording type have been proposed in receht years. [0004] 5In the case of the perpendicular
magnetic recording type, differing from the case of the in-plane magnetic recording type, the easy
magnetization axis of a magnetic recording layer is adjusted so as to be oriented in a direction
perpendicular meamndmeimbacﬁubém fAstbemmeadmmrmnwrmmmgﬁétie reaoreity) type, the

perpendicular netic rec rdln an 10s ss the therm ua henomenon and thus
is suitable for |F|‘b'?‘%%$|ﬂa ?ﬁé)efet@ &gﬂ?eﬁ?&) Wﬁ%’?‘u C5@1ﬁ%%ae?ecordlng layer has a
hep structure (B@@&%%@Pﬁ%mmm%‘émg BRENEPRIpEiEIRaRalit reepsding type, the

15easy magnetization axis is in a c-axis direction so that it is necessary to orient the c-axis in the
normal direction of the[8(B4irate. In order to improve the orientation of the c-axis, it is effective to

provide a nonmagneti erla er ith a hcp uc ure under.the mag netc re yer as shown in
Patent Document 1 (Jﬁ’oﬁibfoﬁg pf&f(?@ér uiar mégrtﬁtte? r%ct?]r ng Hgndf?:ﬁj agr‘ﬁ‘etlc

recording type,tﬁé%@%%biﬁéwmw%@&w reindiB i\ eirecBelion antiiaatraessieforce Ho by

forming the magnetic recording layer into a granular structure in which a nonmagnetic substance

(mainly an oxide)Tg@rejie getetinaryen imagihetrapains te R prizsiRdiin SodirREi9 portions, thereby
isolating and mﬁ@%&rﬁ@@&éb%@%@%&% %Eaénssﬂbstrate. As compared with the in-plane

magnetic recording type, the perpendicular magnetic recording type can
10 suppress the thermal fluctuation phenomenon and thus is suitable for increasing
the recording density.

[0005]

When the magnetic recording layer has a hep structure (hexagonal
closest packed structure).in the perpendicular magnetic recording type, the

15 easy magnetization axis is in a ¢-axis direction so that it is necessary to orient
the c-axis in the normal direction of the substrate. In order to improve the
orientation of the c-axis, it is effective to provide a nonmagnetic underlayer with
a hep structure under the magnetic recording layer as shown in Patent
Document 1 (JP-A-2003-77122}.

20 [0006]

Further, in the perpendicular magnetic recording type, it is possible to
improve the S/N ratio {Signal/Noise Ratio) and the coercive force He by forming
the magnetic recording layer into a granular structure in which a nonmagnetic
substance (mainly an oxide) is segregated between magnetic grains to form

25  grain boundary portions, thereby isolating and miniaturizing the magnetic grains.
Patent Document 2 (JP-A-2003-217107) describes a structure in which
magnetic grains are epitaxially grown to form a columnar granular structure.

[0007]



Patent Document 2 (JP-A-2003-217107) describes a structure in which magnetic grains are epitaxially
grown to form a columnar granular structure. [0007] 3 In the perpendicular magnetic recording
type, an underlayer called an orientation control layer is provided for improving the crystal orientation
of the magnetic recording layer. Ti, V, Zr, Hf, or the like is known as the orientation control layer, but as
shown in Patent Document 3 (JP-A-H07-334832), it & Sknown that particularly Ru (ruthenium) can
effectively improve the crystal orientation of the magnetic recording layer to enhance the coercive
force Hc. In the present where the increase in recording density is proceeding, Ru that can easily
enhance the coercive torieipgransherantipgsetcaaceding &YRscan 0008 a0E Galed afs known that

even if a material is,the same, the function of a film changes dependin .an ic gas
oressure i a ORI O e e S B S R R B e e
having, as an ynggresiet BB iy Reyeendicularmagnetit ks i layaicastaisivganiesium and
formed in a high-pressure argon atmosphere and a layer 15 containig%oiuthenium and formed in a

low-pressure a?@@ﬁ@thb@pﬁéﬁéﬂﬁhpwbm DjenhiderumRRE Ad<Erid ﬁm%?ygri%ontaining ‘
e BB B AT IR i gn et o e
argon atmosphereriahiont GRactonkgRalRedhibits myefteckiviaficertgatneofubéonsadnetic layer.
ratent Documehrqlti%é %I?eéer%’? \%%eiélt%g iﬁggggég i?\crlgggr%% density is proceeding, Ru that
can easily enhance the coercive force is predominantly used as the underlayer.
[0008]
10 Further, it is known that even if a material is the same, the function of a
film changes depending on an atmospheric gas pressure in a film forming
process. Patent Document 4 (JP-A-2002-197630) proposes a structure having,
as an undercoat film of a perpendicular magnetic layer, a layer containing
_ruthenium and formed in a high-pressure argon atmosphere and a layer
15  containing ruthenium and formed in a low-pressure argon atmosphere. in
Patent Document 4, it is described that the layer containing ruthenium and
formed in the low-pressure argon atmosphere (around 1Pa) exhibits an effect
for higher orientation of the magnetic layer and the layer containing ruthenium
and formed in the high-pressure argon aimosphere (about 6Pa to 10Pa}
20  exhibits an effect for finer grains of the magnetic layer.
Patent Document 1:  JP-A-2003-77122
Patent Document 2:  JP-A-2003-217107
Patent Document 3:  JP-A-HQ7-334832
Patent Document 4:  JP-A-2002-187630
25
Disclosure of the Invention
Problem to be Solved by the Invention

[0009]



JP-A-2003-217107 Patent Document 3: JP-A-H07-334832 Patent Document 4: JP-A-2002-197630 25
Disclosure of the Invention Problem to be Solved by the Invention [0009] 4 In the meantime,
recently, a further increase in areal information recording density of magnetic disks has been required
so that the information recording capacity exceeding 160GB is required per 2.5-inch magnetic disk
adapted for use in a HDD or the like. In order to satiéfy such a requirement, it 5is necessary to realize
an information recording density exceeding 2500bit/inch2. For enabling such a high recording density,
it is necessary to improve the coercive force Hc and, for ensuring a predetermined S/N ratio and a

predetermined resolutlBril® BeREEEEar9IR W pPOWEDRE IKisaREaiFuRIEBHEMRETBHYT magnetic grains.
10[0010 With the | i j ' i 8] i b
[0010] rec &%éﬁ%ﬁ%@gé@ r@@é%@gd(%%%% H&ﬁﬁgg@%@%%ﬁﬁ%%&%nﬁ%ms een

extremely reduced an magnetic been increasing more and more.
Therefore, a meagbaiiadeackistiadiedodregbro0GiR intequintalperith &inwometin eliskdikie to

HneVenness Oramg?e% for use in a HDD or the like. In order to satisfy such a requirement, it
5 is necessary to realize an information recording density exceeding

250Ghit/inch?.  For enabling such a high recording density, it is necessary to
improve the coercive force He and, for ensuring a predetermined S/N ratio and
a predetermined resolution, it is necessary to improve the perpendicular
orientation of magnetic grains.

10 [0010]

With the increase in recording density, the ftying height of magnetic

heads has been extremely reduced and the rotational speed of magnetic disks
has been increasing more and more. Therefore, a magnetic head is liable 10
be brought into contact with a magnetic disk due to unevenness or impact

15 thereof. In view of this, the magnetic disk is generally provided with a hard
protective layer and a lubricating layer with a low sliding resistance so as to be
protected from the contact. However, it is necessary to improve the impact
resistance of the magnetic disk itself.

10011}

20 Corrosion is one of problems conventionally present in magnetic
recording media. The corrosion is typically a phenomenon in which a metal
such as cobalt (Co) is precipitated from a lower layer and forms an oxide on a
surface of a magnetic recording medium. If the corrasion occurs, unevenness
is formed on the surface of the magnetic recording medium and thus there is a

25  case where the flying of a head becomes unstable to make it difficult to
read/write data. The mechanism of the occurrence of corrosion is not yet
elucidated and thus a preventive measure is also not yet established.

However, it is known that the corrosion is liabie 1o occur at high temperature



15thereof. In view of this, the magnetic disk is generally provided with a hard protective layer and a
lubricating layer with a low sliding resistance so as to be protected from the contact. However, it is
necessary to improve the impact resistance of the magnetic disk itself. [0011] 20Corrosion is one of
problems conventionally present in magnetic recording media. The corrosion is typically a
phenomenon in which a metal such as cobalt (Co) is%recipitated from a lower layer and forms an
oxide on a surface of a magnetic recording medium. If the corrosion occurs, unevenness is formed on
the surface of the magnetic recording medium and thus there is a 25 case where the flying of a head
becomes unstatiid toimiaky, iaoifficistraposad/ihitd eacarmisomeshdristnaifieic stirence of corrosion

is not yet eluci%at%d and. thusggﬁéefv'entive me urfiis ﬁlso not yet established. However, it is known
that the corrosio iéq?e{bﬁgytSO éphfﬂhatgﬂ??)%pa% %%‘8 rﬂﬁﬁ%\;,e hd it is reported that the
corrosion can be avoidg@sing a high-density coating film or a coating film hard to be oxidized. [0012]
Herein, if ruthenium is used as an underlayer as described in Patent 5Document 3 or Patent

Document 4, there is _a"!ﬂfﬂﬂbﬁﬁ ftlh%ﬂ@mw@h IEeSRIFES %(H@Prﬁﬁaﬁbﬁsﬂ%m@daﬁn%ﬁﬂﬁrg of about
3Pa orless, the densiy. o heriy & Kpraved ke lncrense L sgarcing dpsiy s dfcu

because the coercive Torce Hc Is reduce ntheo ere is a problem that when the film is

formed in a high-pressire RiMpaphaIe elitbephértoot GBautEPEAsOeLRvihireadity s imgroved, but
the impact resistance decreases and the occurrence of corrosion increases because the crystal

structure becorfi&s isdERE VD 1B111the iRBRASFIAFESBIEMS AR Ve silaLH Prepese Benethod of
coercive force He is reduced.  On the other hand, there is a problem that when

the film is formed in a high-pressure atmosphere of about 6 to 10Pa, the
10 coercive force Hc is improved, but the impact resistance decreases and the
occurrence of corrosion increases because the crystal structure becomes
coarse.
[0013]
it is therefore an object of this invention to propose a method of
15 manufacturing a magnetic recording medium that can simultaneously realize an
increase in recording density, high impact resistance, and prevention of
corrosion, by proposing an underlayer that exhibits a high coercive force even if

formed at a iow gas pressure.

20  Means for Solving the Problem

[0014]

As a result of conducting intensive studies for solving the
above-mentioned probiems, the present inventors have paid attention to the fact
that although, in the case of Ru, the coercive force Hc is reduced when formed

25 into a film at a low pressure while the impact resistance is reduced when formed
into a film at a high pressure, this tendency changes if a material changes.
Then, the present inventors have made a study on other materials that exhibit

desired properties as an underiayer and, through further studies, have



15manufacturing a magnetic recording medium that can simultaneously realize an increase in
recording density, high impact resistance, and prevention of corrosion, by proposing an underlayer that
exhibits a high coercive force even if formed at a low gas pressure. 20 Means for Solving the Problem
[0014] As a result of conducting intensive studies for solving the above-mentioned problems, the
present inventors have paid attention to the fact thatélthough, in the case of Ru, the coercive force Hc
is reduced when formed 25 into a film at a low pressure while the impact resistance is reduced when
formed into a film at a high pressure, this tendency changes if a material changes. Then, the present
inventors haveamageegtiniy ioveotiwer. materials that exhibit desired properties as an underlayer and,
through further studies, have 6 completed this invention. [0015] A method of manufacturing a
perpendicular magneti@%é&rding medium according to this invention is characterized by forming, over

a substrate, a SnonMagReLiH MISEHAKRIARNIRAPOSBRUARINAI YR HRSRIFCERAFY BraiNFrare grown

in a columnar shape, and a magnetic recording layer having a granular structure in which magnetic
grains are grovaséordiogltmthisrisheniéswhakanegierizeddphajeimie gn e\ GoUpst 8eCGX (X is a

nonmagnetic substance), CoCr-oxide, and CoCrX-oxide, and a film formin s, pressure for the
10underlayer ié’gﬂﬁe‘tﬂj'\été%.u?ﬂgr%ﬁ??cﬁwma 8:%%}%%&?@%&“{ énuw(bgé:?agré%?girﬁéar@spraéﬁerably 0.5
Pa to 2Pa. [001wn irfEeaidingaiosigabang-Meateead rurting lhyenessineatgiimdhe underlayer

that exhibits a high coercive force even if formed at a low gas 15 pressure and thus it is possible to
manufacture a stiaghagdTadtrinuagReYIQareng 850 HIAVONAN ActHNTBAN SEaRPIVRELEI8 ii%®ecording

density, high im&%%tﬂréeyseiﬂg%cneé & 8&?\6?%@(9&]‘(9&@%%0&magnetic substance),
CoCr-oxide, and CoCrX-oxide, and a film forming gas pressure for the
10 underiayer is 4Pa or less. The film forming gas pressure for the underlayer is
more preferably 0.5Pa to 2Pa.
[0016]
According to the above-mentioned structure, it is possibie to form the
underlayer that exhibiis a high coercive force even if formed at a low gas
15 pressure and thus it is possible to manufacture a magnetic recording medium
that can simultaneously realize an increase in recording density, high impact
resistance, and prevention of corrosion.
[0017]
The content of Cr is preferably more than 35at% and not more than
20  B5at%. If Cris 35a% or less, the content of Cr between Co becomes small so
that the crystal spacing between Co grains containing Cr is narrowed.
Therefore, the magnetic crystal grain spacing of the magnetic recording layer
epitaxially formed on such an underlayer is also narrowed. Thus, the
interaction between the magnetic crystal grains of the magnetic recording layer
25  increases to degrade the magnetic properties. On the other hand, if more than
55at%, the crystal orientation of CoCr becomes tetragonal to degrade the
crystal orientation of the magnetic recording layer so that the orientation of the

magnetic recording layer cannot be improved.



[0017] The content of Cr is preferably more than 35at% and not more than 20 55at%. If Cr is 35at% or
less, the content of Cr between Co becomes small so that the crystal spacing between Co grains
containing Cr is narrowed. Therefore, the magnetic crystal grain spacing of the magnetic recording
layer epitaxially formed on such an underlayer is also narrowed. Thus, the interaction between the
magnetic crystal grains of the magnetic recording layer 25increases to degrade the magnetic
properties. On the other hand, if more than 55ar/o, the crystal orientation of CoCr becomes tetragonal
to degrade the crystal orientation of the magnetic recording layer so that the orientation of the
magnetic recording lay@d t8innot be improved. 7 [0018] When the underlayer is CoCrX, X may

contain at least one of B, Ru, Ti, V,.Cr, Zr, N Ta, and W. If such a material is cantained in the
underlayer, B can facilﬁﬁgﬁﬂ%%ﬁ%g%ﬁé%bgéég{)%:&i@r%y 7 %\ggﬁni%%glﬁg\?e? ?ﬁeg §£§/s@l"§ﬁéntation,

and the other rpagsyigls gBNVRCiHEtESepargionoé e Mmagnetial gsaibataliBdespest to the magnetic
recording layer. [0019] An orientation control layer may be formed on the side closer to the substrate

than the underliygar@naraieesrfadiiainanbiatoimrioagsidmararioanisREUBBIRYGIRE containing

at least ong of G, Mo, Nb. 20,8, and 1. 1iax s ormed betvesi the arieniatian eopurol laver and the

underlayer. Thig orientation control layer wi e amorphous structure functions as a lattice
spacing adjusting daeet igrasig iy, biagidagtintiearspaino ehaindidigtwaen the orientation control layer

and the underlayer an?O%?g]improve the crystal 15orientation of the underlayer.
An orientation controt layer may be formed on the side closer to the
substrate than the underlayer and a second orientation control layer with an
10  amorphous structure containing at least one of C, Mo, Nb, Zr, B, and Ta may be
formed between the orientation control layer and the underiayer. This second
orientation controf layer with the amorphous structure functions as a lattice
spacing adjusting layer for slightly blocking lattice spacing chains between the
orientation control fayer and the undertayer and can improve the crystal
15  orientation of the underiayer.
{0020]
The orientation control layer is preferably Niw, NiCr, CuW, or Ti.
These materials each have a hardness higher than Pd often used in
conventional orientation control layers and thus improve the impact resistance
20  and, since the textiure is dense and the corrosion resistance is high, the
corrosion can be easily prevented and, further, since the magnetic properties
are not degraded even if heated, a heat treatment can be performed in a
manufacturing process.
[0021]
25 An alternative method of manufacturing a perpendicular magnetic
recording medium according to this invention is characterized by comprising
fbrming, over a substrate, an orientation control layer made of Ti and having a

hep structure, a second orientation control layer having an amorphous structure,



[0020] The orientation control layer is preferably MW, NiCr, CuW, or Ti. These materials each
have a hardness higher than Pd often used in conventional orientation control layers and thus improve
the impact resistance 20and, since the texture is dense and the corrosion resistance is high, the
corrosion can be easily prevented and, further, since the magnetic properties are not degraded even if
heated, a heat treatment can be performed in a man@facturing process. [0021] 25An alternative
method of manufacturing a perpendicular magnetic recording medium according to this invention is
characterized by comprising forming, over a substrate, an orientation control layer made of Ti and
having a hcp saumum@eécm@ﬂmamﬁemﬁmaa:yéﬁcbﬁvmg@%eﬁﬁﬁ@usomﬁmﬁic 8a

nonmagnetic un erm of ane of X a nonma bst nce), CoCr-oxide,
and CoCrX-oxige’% Fﬁf\; ﬁ&g ﬁﬁra?rﬁ()ﬁc&é) ﬁ@%‘érs%}’én%laa% li QS Lolumnar
shape, the ”O“W}ﬂgﬁ%%%%‘?ﬁ%%@ﬂmﬂw%%fﬂﬁkﬁﬂﬁ“ﬁmﬁﬂ@é QF@ﬁdmfgﬁBﬁcOf less, and a
magnetic 5recording layer having a granular structure in which magnetic grains are grown in a

columnar shapen{izozypr fOFﬂTQﬁ@fﬁi By faimting @ TompspiderRlyEr & iediréddco Masn@ith each
o R N R SR A AP B ™
above-mentlongdar@gtbgmabghape_
[0022]
If the Ti layer and the CoCr underlayer are in direct contact with each
other, there is a possibility that the hop structure of Co crystals is disturbed by
10 the hep structure of Ti so that the crystal orientation is degraded to reduce the
coercive force. However, according to the above-mentioned method, by
slightly interposing the second orientation control layer with the amorphous
structure therebetween, the second orientation control layer slightly blocks
lattice spacing chains between the orientation control layer and the underlayer
15  and thus functions as a lattice spacing adjusting layer so that it is possible 10
prevent degradation in crystal orientation. Therefore, it is possible to form the
underiayer that exhibits a high coercive force even if formed at a low gas
pressure and thus it is possible 1o simuitaneously realize an increase in
recording density, high impact resistance, and prevention of corrosion.
20 [0023]
An alternative method of manufacturing a perpendicular magnetic
recording medium according to this invention is characterized by forming, over a
substrate, an orientation control layer made of NiW and having a fcc structure,
a nonmagnetic underlayer made of one of CoCr or CoCrX (X is a nonmagnetic
25  substance), CoCr-oxide, and CoCrX-oxide and having a granular siructure in
which crystal grains are grown in a columnar shape, the nonmagnetic
underfayer formed at a film forming gas pressure of 4Pa or less, and a magnetic

recording iayer having a granular structure in which magnetic grains are grown



slightly interposing the second orientation control layer with the amorphous structure therebetween,
the second orientation control layer slightly blocks lattice spacing chains between the orientation
control layer and the underlayer 15and thus functions as a lattice spacing adjusting layer so that it is
possible to prevent degradation in crystal orientation. Therefore, it is possible to form the underlayer
that exhibits a high coercive force even if formed at #low gas pressure and thus it is possible to
simultaneously realize an increase in recording density, high impact resistance, and prevention of
corrosion. 20[0023] An alternative method of manufacturing a perpendicular magnetic recording
medium accordfhg &8tH¥ &\V&HaRsh is characterized by forming, over a substrate, an orientation control
layer made of MW and@?‘é@l g a fcc structure, a nonmagnetic underlayer made of one of CoCr or
CoCrX (X is a nonmagnetic 25 substance), CoCr-oxide, and CoCrX-oxide and having a granular

structure in which crysiakigsaistaeei gty s paceptransriseanriiecnonmeagneticonmderiayer formed at
a film forming gas pressure of 4Pa or less, and a magnetic recording layer having a granular structure

in which magn@iddh&ineeedaynimndm RIRdamAuPERARIN GORAPANHD FhaMeTRRR S spacing chains
b : . _ iy o~
cteen i OrIERIGHRE SENEETARA IBHREHRY L aL e BiEGieLhuueYdRgiadayer with an

amorphous 5structure between the orientation cont ere Is a possibility
that the crystal psisitétipthdetieasgstaiotimnthidmassrofties layehsviticresesfripfeolagsstructure
increases and, following this, the coercive force decreases. However, if NiW is used as the orientation

control layer, NWATHAS BREIGHEUHS W 'HRISRRASANG: iR G s ANGRREIFY B ¥eCerystals.
L0Thercfore, ageardingelo aROKE-NRANCRSLEINARe TPl An oty BHRQW fRHEning the

second orientation control layer with the amorphous structure, the underlayer that exhibits a high
coercive force éveiicd fhroctdataddhugappsessidshnd theditdsposkibteotdsimuylstaieously realize an
S e Tk Sa, 2Ckortg 10708 Abovaamentioned methot & & pocsbie T form,

without forming the second orientation control layer with the amorphous

structure, the underiayer that exhibits a high coercive force even if formed at a

iow gas pressure and thus it is possibie {o simultaneously realize an increase in

recording density, high impact resistance, and prevention of corrosion.

15 [0025]

A specific perpendicular magnetic recording medium according to this
invention is characterized by comprising, over a substrate, an orientation control
layer with a hcp structure, a second orientation controf fayer with an amorphous
structure, an underlayer having a granular structure in which nonmagnetic

20 crystal grains are grown in a columnar shape, and a magnetic recording layer
having a granular structure in which magnetic grains are grown in a columnar
shape, wherein the orientation control layer is Ti, and the underiayer is one of
CoCr or CoCrX (X is a nonmagnetic substance), CoCr-oxide, and CoCrX-oxide.
The second orientation control iayer preferably has the amorphous structure

25  containing at least one of C, Mo, Nb, Zr, B, and Ta.

[0026]

According to the above-mentioned structure, since the underlayer can

be formed at a low gas pressure, it is possible to form the underiayer having a



15[0025] A specific perpendicular magnetic recording medium according to this invention is
characterized by comprising, over a substrate, an orientation control layer with a hcp structure, a
second orientation control layer with an amorphous structure, an underlayer having a granular
structure in which nonmagnetic 20crystal grains are grown in a columnar shape, and a magnetic
recording layer having a granular structure in which ifagnetic grains are grown in a columnar shape,
wherein the orientation control layer is Ti, and the underlayer is one of CoCr or CoCrX (X is a
nonmagnetic substance), CoCr-oxide, and CoCrX-oxide. The second orientation control layer

preferably has ghdibgansily aidateetedderRxhitrabidagosrevs erago, RartizhigiaMeTa. [0026]

According to the - jone. re. si 0 %ig)é/‘\(sgas
pressure, it is Sggﬁﬁé%}'ggf%{r%{n%&g %ﬁr&ﬁﬁ% %rrﬂga%ﬁrégqg&ggﬁgﬂxﬁ[ﬁ%%%ﬁégy%@g@jgggpted to exhibit a
high coercive fRteeRprisipdyaitetzeaer thieottatcotrohiay)éaeang the anuemidnars structure
slightly blocks lattice spacing chains between the orientation control layer and the underlayer and thus

functions as a RGP HERHONS ESRPIHGRSEEHNG RIVSHREIRKESMBRBVE BHPERREB B rientation of
the underigyer iy s IS RRASIDIRIM BN ERREOURMEIRRYZE aBYIFiEaReBdeaaigling density, high
impact resistance, and prevention of corrosion. [0027] Another specific perpendicular magnetic
recording medisimtznording teathisinverdiseischacadieg oEth Byycoipprivipastoesistasubstrate, an
orientation control layer with a fcc structure, an underlayer having a granular structure in which
nonmagnetic cAREPGEREHESHBURBIAT columnar shape, and a magnetic recording layer having a
granular structure in W%-@/agnetic grains are grown in a columnar shape, wherein the orientation
control layer is one of {5 NiW, NiCr, and CuW, and the underlayer is CoCr, CoCrX (X is a
nonmagnetic substanc&y v spaitit; pe@eCicWrideaBAE] recordiagardifiy 1o anecadivgdmentioned

structure,jsince the_undq{rla er %an b(te form g at a Iows%as B\rl%srsaugebgtirsé eo%%il%lg etr?té Igﬂ the
underlayeranavmbsénven 101718 cnaracterized by comp g u ,

control layer with a fcc structure, an underiayer having a granutar structure in

1

which nonmagnetic crystal grains are grown in a columnar shape, and a
magnetic recording layer having a granular structure in which magnetic grains
are grown in a columnar shape, wherein the orientation control layer is one of
15 NiW, NiCr, and CuW, and the underlayer is CoCr, CoCrX (X is a nonmagnetic
substance), CoCr-oxide, or CoCrX-oxide.
[0028]
According to the above-mentioned structure, since the underlayer can
be formed at a low gas pressure, it is possible to form the underlayer having a
20  high film density and adapted to exhibit a high coercive force. By this, itis
possible to simultaneously realize an increase in recording density, high impact
resistance, and prevention of corrosion.
[0029]
When the underlayer is CoCr-oxide or CoCrX-oxide, the oxide
25 preferably contains at least one of SiOp TiOz, and Cro03. By this, the lattice
spacing of the underlayer can be properly adjusted and thus it is possible 1o
improve the crystal orientation of the magnetic recording layer.

[0030]



20high film density and adapted to exhibit a high coercive force. By this, it is possible to
simultaneously realize an increase in recording density, high impact resistance, and prevention of
corrosion. [0029] When the underlayer is CoCr-oxide or CoCrX-oxide, the oxide 25preferably contains
at least one of Si02, Ti02, and Cr203. By this, the lattice spacing of the underlayer can be properly
adjusted and thus it is possible to improve the crystal brientation of the magnetic recording layer.
[0030] 11 When the underlayer is CoCr-oxide or CoCrX-oxide, the content of the oxide is preferably
6mor/0 or less. In other words, since the content of an oxide in the magnetic recording layer can be set
to 8 to 15mol%, it is pré¥éeabibehumderapride Cotteoxigktios Gudedayddectencdiviemizof that of the

tic 5 ding.| Si h derl tai Cr.than.th t ding |
S0 56 t0 be oA BRI R EB CHAGT 5 TorcBEC EX5e0 8 dea G 1 ing the xde.

content. [0031]khesthickeess éﬁ@ﬂé@@@“ﬂﬁg%gérpﬁfﬂs@bgéﬂm@ﬁmﬁmmi%i&éﬁm@wse if the

thickness of the underlayer is less than 15nm, the coercive force Hc as a whole is extremely reduced.
It is to be notedhhbtrietddrickitas of the undeiryerie senadezchan drahofdhalthaginiiithe coercive

force Hc is_not reduced furtheé.im roveme tlis not ob§erved o) rEucf‘R Therefore t?e thickness of
the underiayer [§FRS %‘%f@!’eerfauy'% ﬁSdJn“ erlayer contdins more Lr than the magnetic

recording layer so as {o be nonmagnetic, the lattice spacing therebetween can
be decreased by reducing the oxide content.

[0031]

The thickness of the underlayer is preferably 15nm or more. This is

10  because if the thickness of the underlayer is less than 15nm, the coercive force
Hc as a whole is extremely reduced. It is to be noted that if the thickness of
the underlayer is set to 20nm or more, although the coercive force Hc is not
reduced, a further improvement is not observed so much. Therefore, the
thickness of the underlayer is more preferably 15 to 20nm.

15 [0032]

The thickness of the second orientation control layer is preferably
0.5nm or more and tnm orless. This is because if the thickness is less than
0.5nm, it is extremely difficuit to form the film. On the other hand, this is
because if the second orientation control layer having the amorphous structure

20 is thicker than 1nm, the second orientation control layer blocks the crystal
orientation of the orientation control layer with the fcc structure and thus the

crystal orientation of the underlayer decreases to reduce the coercive force Hc.

Effect of the invention
25 [0033]
According to this invention, it is possible to form an underlayer that
exhibits a high coercive force even if formed at a low gas pressure, and thus

can manufacture a magnetic recording medium that can simultaneously realize



15[0032] The thickness of the second orientation control layer is preferably 0.5nm or more and
inm or less. This is because if the thickness is less than 0.5nm, it is extremely difficult to form the film.
On the other hand, this is because if the second orientation control layer having the amorphous
structure 20is thicker than inm, the second orientation control layer blocks the crystal orientation of the
orientation control layer with the fcc structure and thig the crystal orientation of the underlayer
decreases to reduce the coercive force Hc. Effect of the Invention 25[0033] According to this
invention, it is possible to form an underlayer that exhibits a high coercive force even if formed at a low
gas pressure, andnhteasairmecritioaersityafigtitneach dasistaaciu@ntharewnipnianeously realize
12 an increase in recording density, high impact resistance, and prevention of corrosion. Brief
Description of fH¥"BP8Wings 5[0034] Fig. 1 is a diagram for explaining the structure of a
perpendicular magnetic recording medium according to this embodiment. Fig. 2 is a diagram for
explaining Examples and Comparative Examples. 10Fig. 3 is graphs for explaining the test results of
the Examples &ibtieesunporaiEERSMINGS Fig. 4 is a diagram showing changes in coercive force

Hc when tl'ée (0034]

Fig. 1 is a diagram for explaining the structure of a perpendicular
magnetic recording medium according to this embodiment.

Fig. 2 is a diagram for explaining Examples and Comparative
Examples.

10 Fig. 3 is graphs for explaining the test results of the Examples and the

Comparative Examples.

Fig. 4 is a diagram showing changes in coercive force Hc when the
compositions of an underlayer and an orientation control layer are changed.

Fig. 5 is diagrams for expiaining cases where an underlayer contains an

15  oxide.

Description of Symbols
[0035)
10 disk base
20 12 adhesive layer
14 soft magnetic layer
14a  first soft magnetic layer
14b  spacer layer
14c second soft magnetic layer
25 16a  orientation control layer
i6b  second orientation control layer
18 underlayer

20 magnetic recording layer



compositions of an underlayer and an orientation control layer are changed. Fig. 5 is diagrams for
explaining cases where an underlayer contains an 15oxide. Description of Symbols [0035] 10disk base
2012adhesive layer 14soft magnetic layer 14afirst soft magnetic layer 14bspacer layer 14csecond soft
magnetic layer 2516aorientation control layer 16bsecond orientation control layer 18underlayer
20magnetic recording layer 13 22auxiliary recordind 3ayer

22 auxiliary recording layer
24 medium protective layer
26 jubricating layer

5 Best Mode for Carrying Out the invention

[0036]

A description will be given of an embodiment of a method of
manufacturing a perpendicular magnetic recording medium according to this
invention. Fig. 1 is a diagram for explaining the structure of a perpendicular

10 magnetic recording medium according to this embodiment.  Sizes, materials,
specific numerical values, and so on shown in the following embodiment are
only iliustrative for facilitating understanding of the invention and are not
intended to limit this invention unless otherwise specified.

[0037]

15 The perpendicular magnetic recording medium shown in Fig. 1
comprises a disk base 10, an adhesive layer 12, a first soft magnetic layer 14a,
a spacer layer 14b, a second soft magnetic layer 14c, an orientation confroi
layer 18a, a second orientation control iayer 16b, an underlayer 18, a magnetic
recording layer 20, an auxiliary recording layer 22, a medium protective layer 24,

20 and a lubricating layer 26. The first soft magnetic layer 14a, the spacer layer
14b, and the second soft magnetic iayer 14c¢ jointly form a soft magnetic layer
14.

[0038]

First, an amorphous aluminosilicate glass was molded into a disk shape

25 by direct press, thereby producing a glass disk. This glass disk was ground,
polished, and chemically strengthened in sequence, thereby obtaining the
smooth nonmagnetic disk base 10 in the form of a chemically strengthened

glass disk.



24medium protective layer 26lubricating layer 5Best Mode for Carrying Out the Invention [0036] A
description will be given of an embodiment of a method of manufacturing a perpendicular magnetic
recording medium according to this invention. Fig. 1 is a diagram for explaining the structure of a
perpendicular 10magnetic recording medium according to this embodiment. Sizes, materials, specific
numerical values, and so on shown in the following édbodiment are only illustrative for facilitating
understanding of the invention and are not intended to limit this invention unless otherwise specified.
[0037] 15The perpendicular magnetic recording medium shown in Fig. 1 comprises a disk base 10, an
adhesive layer 12, a fil€088% magnetic layer 14a, a spacer layer 14b, a second soft magnetic layer

14c, an orientation conrol layer 16a, d orientation control layer 16b derlayer 18,
magnetic recorcing 12y UP 28 Ah HARHAI B 4y P33 ke AORF LB yer 24, 20 and a

lubricating layeg A% shhefijah seftaanatisiayectbrie apaces ages idhant kysesesad soft

magnetic layer 14c jointly form a soft magnetic layer 14. [0038] First, an amorphous aluminosilicate

glass was molduttiraebiainkdstiasdash | direat fresinassresie froduefndagnab®disk. This glass disk

was 9“’”“8’ sputtering method and then the medium protective tayer 24 was formed by a

CVD method. Thereafter, the iubricating layer 26 was formed by a dip coating
method. In terms of capability of uniform film formation, it is also preferable to
use a film forming apparatus of a singie sheet feed type. Hereinbelow, the
structures and the method of manufacturing the respective layers will be

10 described.

[0040]

A Ti-alloy layer of 10nm was formed as the adhesive layer 12. By
forming the adhesive layer 12, the adhesion between the disk base 10 and the
soft magnetic layer 14 can be improved and, therefore, it is possible to prevent

15  stripping of the soft magnetic layer 14. As a material of the adhesive layer 12,
use may be made of, for example, a CrTi alloy. In terms of practical use, the
thickness of the adhesive layer is preferably set to 1nm to 50nm.

[0041]

The soft magnetic layer 14 was formed by interposing the nonmagnetic

20 spacer layer 14b between the first soft magnetic layer 14a and the second soft
magnetic layer 14c so as to have AFC (antiferro-magnetic exchange coupling).
By this, magnetization directions of the soft magnetic layer 14 can be aligned
along a magnetic path (magnetic circuit) with high accuracy so that it is possible
to reduce noise generated from the soft magnetic layer 14 because the

25  perpendicular component in a magnetization direction is extremely reduced.
Specifically, each composition of the first soft magnetic layer 14a and the
second soft magnetic layer 14¢ was set to CoTaZr and the thickness thereof

was set to 40nm. The composition of the spacer layer 14b was set to Ru



polished, and chemically strengthened in sequence, thereby obtaining the smooth nonmagnetic disk
base 10 in the form of a chemically strengthened glass disk. 14 [0039] Using an evacuated film
forming apparatus, the layers from the adhesive layer 12 to the auxiliary recording layer 22 were
formed in sequence on the obtained disk base 10 in an Ar atmosphere by a DC magnetron 5
sputtering method and then the medium protective 1&$er 24 was formed by a CVD method. Thereafter,
the lubricating layer 26 was formed by a dip coating method. In terms of capability of uniform film
formation, it is also preferable to use a film forming apparatus of a single sheet feed type.
Hereinbelow, tiretb@oitoresnshiteridigkaersitoeipainuascsding i respective layers will be
10described. [0040] g%z'ii-alloy layer of IOnm was formed as the adhesive layer 12. By forming the
adhesive layer 12, the[g esion between the disk base 10 and the soft magnetic layer 14 can be

improved and, thereforgndt dyipopsibledonpsvensrltestnapiadeidhersofiprosanriictiayssis. As a
material of the adhesive layer 12, use may be made of, for example, a CrTi alloy. In terms of practical
use, the thicknEaopetisdaididhaRpdHRCHRsTef {BFkaine MianBe0nPh e ENHLEH magnetic

e e o AR Al Bl e g agn 4 Z 0 RERGROITYERTANARIAENAAR B ~o

magnetic Iayercﬁf he Secon agnetic layer 14c so as to have erro-magnetic
exchange couplingledBysinis NivigNEliz afiatutliréetions ofdsbesaftunagn it dasey 44can be aligned
along a magnetic path (magnetic circuit) with high accuracy so that it is possible to reduce noise
generated fronPtRERBR magnetic layer 14 because the 25perpendicular component in a magnetization
direction is extremely rw%?d. Specifically, each composition of the first soft magnetic layer 14a and
the second soft magnetic layer 14c was set to CoTaZr and the thickness thereof was set to 40nm. The
composition of the spaTee|agesrid brieatatientodRtrol layer 16b is formed between the

10 orientation control layer and the undertayer and is provided by a layer of an
amorphous structure containing at least one of C, Mo, Nb, Zr, B, and Ta. This
second orientation control layer with the amorphous structure functions as a
lattice spacing adjusting layer for slightly blocking lattice spacing chains
between the orientation control iayer and the underiayer and can improve the

15  crystal orientation of the underlayer.

[0044]

The underlayer 18 has a hep structure and is a nonmagnetic layer
having a granular structure in which crystal grains are grown in a columnar
shape. Each crystal of the underiayer 18 is such that the (0001) piane is

20 paraliel to a surface of the disk base 10. This makes it possible to grow hcp
crystals of the magnetic recording layer 20 in a granular structure.  Therefore,
as the crystal orientation of the underiayer 18 is enhanced, the orientation of the
magnetic recording layer 22 can be improved.

[0045]

25 The underlayer 18 can be any one of CoCr or CoCrX (Xis a
nonmagnetic substance), CoCr-oxide, and CoCrX-oxide. The content of Cr in
the underlayer 18 can be more than 35ai% and not more than 55at%. If Cris

35at% or less, the content of Cr relative to the content of Co becomes small so



15 (ruthenium) and the thickness thereof was set to inm. [0042] The orientation control layer 16a has a
function of protecting the soft magnetic layer 14 and a function of facilitating alignment of the
orientation of 5crystal grains of the underlayer 18. The orientation control layer 16a can be formed
using NiW, NiCr, or CuW having a fcc structure or Ti having a hcp structure. [0043] The second
orientation control layer 16b is formed between the A@orientation control layer and the underlayer and
is provided by a layer of an amorphous structure containing at least one of C, Mo, Nb, Zr, B, and Ta.
This second orientation control layer with the amorphous structure functions as a lattice spacing
adjusting layer et dhgratysiad shing nathedssicpe GiRnsCostRisEdthe Sr@itawss control layer and the

underlayer and.can imprave the 15c¢rystal orientation of. the underlayer..[00 T nderlayer 18
a5 a hep sruc PR 4 AL O g e el S s O e ave

grown in a coluspRakisippaierrbresystiakel thadirger ayalstBrisreswbdhatrthes (@091) plane is
20parallel to a surface of the disk base 10. This makes it possible to grow hcp crystals of the magnetic

recording Iayerimﬁﬁcﬁf\mmmr@@ﬂﬁéﬁq ﬁéf@@r@{aé@stﬁ’é %ﬁ’eﬂ%ﬁtéﬁﬁ%@?%@mderlayer 18 is
enhanced dthe prealonof 16 AMIFIELE SRETRS RS probRMEBS. MBIPHRALIARAN, if

more than 55at%, the crystal orientation of CoCr becomes tetragenal to
degrade the crystal orientation of the magnetic recording layer so that the
orientation of the magnetic recording layer cannot be improved. in this
embodiment, CoCrag or CoCraoRuqg is used.

10 [0046]

At least one of B, Ru, Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, and W can be
contained as the nonmagnetic substance X. If such a material is contained in
the underlayer, B can facilitate miniaturization and separation, Ru can improve
the crystal orientation, and the other materials can facilitate separation of

15  magnetic grains with respect to the magnetic recording layer.

[0047]

Si0Os, TiOs, or Cr205 can be suitably used as an oxide. For example,
SiO» can achieve miniaturization of CoCr, TiO» can achieve isolation/separation,
and so on. In this manner, it is possible to improve the crystal orientation of

20  the magnetic recording fayer 20. Further, by adjusting the content of the oxide,
it is possible to properly adjust the lattice spacing of the underlayer and thus to
improve the crystal orientation of the magnetic recording layer.

[0048]

Particularly, the content of the oxide is preferably 6mol% or less. In

25 other words, since the content of an oxide in the magnetic recording layer 20
can be set to 8 to 15mol%, it is preferable that the oxide content of the
underlayer 18 be smaller than that of the magnetic recording layer 20.  Since

the underlayer 18 contains more Cr than the magnetic recording layer 20 so as



25The underlayer 18 can be any one of CoCr or CoCrX (X is a nonmagnetic substance), CoCr-oxide,
and CoCrX-oxide. The content of Cr in the underlayer 18 can be more than 35aV/0 and not more than
55at%. If Cr is 35at% or less, the content of Cr relative to the content of Co becomes small so 16 that
the crystal spacing between Co grains containing Cr is narrowed. Therefore, the magnetic crystal grain
spacing of the magnetic recording layer epitaxially fd¥med on such an underlayer is also narrowed.
Thus, the interaction between magnetic crystal grains of the magnetic recording layer 5 becomes
strong and degrades the magnetic properties. On the other hand, if more than 55ar/o, the crystal
orientation of GoBe bevoragsetitrabe taitite dpgeine e wppiweonicamberdet®esahlhetic recording
layer so that the orientation of the magnetic recording layer cannot be improved. In this embodiment,
CoCr40 or Co(ﬁ‘?gﬁﬂﬂqéﬁ%%ga%ﬁ%hﬂ At least one of B, Ru, Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, and
W can be contained agfnonmagnetic substance X. If such a material is contained in the underlayer,
B can facilitate miniaturization and separation, Ru can improve the crystal orientation, and the other

materials can facilitateTéwpdntakioessiof Sheagndeiayriing withreéeistey (PR pidaP&ic re¥srging layer.
0047 SiQ2, Ti02 Cr20 b itabl d ' F , SN2 hi
00T T TGS i Sl e enev

% ation/separation, an IS manner, it is possible

to improve the gpseld|O5ie AtatiReat 2R emeIpgasticsgcordisgdayendedrughiethbytackusting the
content of the oxide, it is possible to properly adjust the lattice spacing of the underlayer and thus to

improve the cr@étﬁl%@@ﬁéﬂbﬁfdﬂ%ﬁﬂb@%@iﬁ%ﬁ@ Iﬁ@@?ﬁ@@mqﬁﬁfﬁaﬂéﬂ%ﬁ ¢dntent of the
oxide is preferab| rgmo%é o Hgﬁ@elqrﬁ§%@g&]g&rgsﬂ éﬁ%%e%%ﬁﬁ%ﬁggﬁlh%an ﬂ){écligfméhﬁlg]agnetlc

recording Iayer@ can be set to 15mor/o, 1t Is prefera e oxide content of the underlayer
18 be smaller thackieisaftite magneiieresondingdayerably $thue2bamnderlayer 18 contains more Cr

than the magnetic recording layer 20 so as
10 [0058]

There is a case where a nonmagnetic granular layer called an onset
layer or a miniaturization facilitating layer is provided as an initial growth layer
with a granular structure of a magnetic recording layer. However, the onset
layer is formed on a Ru underlayer and is formed to a thickness of about 1nm

15  because it has a role as the initial growth layer. In contrast, the underlayer
according 1o this embodiment is rather a substitute for the Ru underiayer and
has a role of improving the crystal orientation, thus requiring a thickness of 15 to
20nm as described above because of its role.  In the case of Ru, it aims to
align the c-axes of hcp crystals in a perpendicular direction and to allow such

20 crystal orientation to be inherited or continued by the c-axes (easy
magnetization axes) of Co crystals of the magnetic recording iayer. On the
other hand, in the case of the CoCr nonmagnetic underiayer with the granular
structure according to this embodiment, the underlayer itself has both Co
crystals and the granular structure and thus can allow the magnetic recording

25  layer to inherit or continue not only the c-axis orientation, but aiso granutar
separation or isolation. In terms of this point, it can be said that the
controliability by the underlayer is higher than that by the Ru underiayer.

[0C51]



17 to be nonmagnetic, the lattice spacing therebetween can be decreased by reducing the oxide
content. [0049] The thickness of the underlayer 18 is preferably 15nm or more. This is 5because if the
thickness of the underlayer 18 is less than 15nm, the coercive force Hc as a whole is extremely
reduced. It is to be noted that if the thickness of the underlayer 18 is set to 20nm or more, although the
coercive force Hc is not reduced, a further improvemeént is not observed so much. Therefore, the
thickness of the underlayer is more preferably 15 to 20nm. 10[0050] There is a case where a
nonmagnetic granular layer called an onset layer or a miniaturization facilitating layer is provided as an
initial growth layer witlTaegremunatistrectudingflayeragh bas e oorditgralectereewdicthe onset layer is

f d R derl dis f d to a thickness of about inm 15b it I th
initial growth 12JATTACG ACHRPGR AEHA), BB SIHERHTLARN 1S90 2 substiute for

the Ru underlaygyagrBas fralesidmaranagdhtsrysiaistiantagan boisn@smasng adiigkness of 15
to 20nm as described above because of its role. In the case of Ru, it aims to align the c-axes of hcp

crystals in a petpehtisgrastidgitatginmandeof Mot Buehrass it aristadvedTifedndeated or continued
by the c-axes (easy magnetizati xes) of rystals o magnetic recording | . On the other
’tﬁgg{%@é%%@ﬁ a%é{ys%? gt chre o; nm was ¥%rrm o adF*%Hea}XSér%%ﬁc

hand, in th cadd ¢ underfayer with the granular structure accarding to this

embodiment, thecdrgiagaxpsitsell Masshotiié e ssysdale pnedhaaiagulay stagelstie auskthnsecan allow

the magnetic recording 25layer to inherit or continue not only the c-axis orientation, but also granular
separation or i$6IEHBhOTAIRPMABRHIRE ABHINRANAIHE'SHE IRETA L ERAkENIRYIIAAPY e underlayer is

higher than thaétPLch?eRu%%%rﬁgya%éﬁg %ﬂir@w&re epitaxially grown continuously from the

granular structure of the underlayer 18. As the oxide, use can be suitably

10 made of oxygen (Oy), silicon oxide (SiOjp), aluminum oxide (Al,O3), titanium
oxide (TiOs), zirconium oxide (Zr,O3), chromium oxide (Cro03), tantalum oxide
(TaoOs), or the like. The composition ratio of the oxide in the target for forming
the magnetic recording layer can be set to a range of 8 to 15mol%.

[0052]

15 A thin film {continuous layer) adapted to exhibit high perpendicular
magnetic anisotropy was formed on the granular magnetic layer as the auxiliary
recording layer 22. The auxiliary recording layer 22 has a CGC (Coupled
Granular Continuous) structure. This makes it possible to add high heat
resistance of the continuous film in addition to high-density recordability and low

20 noise of the granutar layer. The composition of the auxiliary recording layer 22
was set to CoCrPiB.

[0053]
The medium protective layer 24 was formed by film formation of carbon
by the CVD method while maintaining a vacuum. The thickness of the medium

25  protective layer 24 was about 5nm. The medium protective layer 24 is a
protective layer for protecting the perpendicular magnetic recording layer from
an impact of a magnetic head. Since, in general, carbon formed into a film by

the CVD method is improved in film hardness as compared with that by the



The magnetic recording layer 20 has a granular structure in which a nonmagnetic substance (mainly
an oxide) is segregated around magnetic grains grown in a columnar shape, thereby forming grain
boundaries. Using a hard magnetic target made of CoCrPt containing titanium oxide (Ti02) as an 5
oxide, a CoCrPt-Ti0O2 hcp crystal structure of 15nm was formed as the magnetic recording layer 20.
The oxide was segregated around the magnetic subsgance to form grain boundaries and magnetic
grains formed a columnar granular structure. These magnetic grains were epitaxially grown
continuously from the granular structure of the underlayer 18. As the oxide, use can be suitably

10made of oxygeutiEdiR)y silthod)Xide fSe8Rieatin priotect thedesfpt2@R}utdamagneXide¢tioR)g zirconium
oxide (Zr203), chromium oxide (Cr203), tantalum oxide (Ta205), or the like. The composition ratio of
the oxide in théX¥PGEI9E: FHRRING thRIAASh IR FARBFHIFR NG CRIRRICASE% range of 8 to 15mol/o.
[0052] 15A thin film (c agggﬂous layer) adapted to exhibit high perpendicular magnetic anisotropy was
formed on the granular magnetic layer as the auxiliary recording layer 22. The auxiliary recording layer
22 has a CGC (Couplethe tahtitatip fetimu@isvass dotored THIB ik &zeitf vossiisiy edhadddigfteheat

resistance of the continuous film in addition to high-density recardapilit d low 20nopise of the
granular I&¥er. FRELBINGIBRIORDf ¢ @%E&'fﬁ'é??‘7%(95JE%EJE%?%@?}Wgsggt‘g%oaéﬁ{%ﬁ%53] The
medium protective Iay%gg::;\f{vas formed by film formation of carbon by the CVD method while

maintaining a vacuum. The thickness of the medium 25 protective layer 24 was about 5nm. The

medium protective layen 24eisibopeotaetitieniagetfociproténtihg taspaipaisdicalaremdzfifttic recording
layer from an imsact ﬁf a m?
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it is preferable to form the second orientation controt layer 16b having the

10 amorphous structure. If the Ti layer and the CoCr underlayer are in direct
contact with each other, there is a possibility that the hep structure of the Co
crystals is disturbed by the hep structure of Ti so that the crystal orientation is
degraded to reduce the coercive force. However, by slightly interposing the
second orientation control layer 16b with the amorphous structure therebetween,

15  the second orientation control layer 16b slightly blocks lattice spacing chains
between the orientation control layer 16a and the underiayer 18 and thus
functions as a lattice spacing adjusting layer so that it is possible to prevent
degradation in crystal orientation. Therefore, it is possible to form the
underlayer that exhibits a high coercive force even if desposition is made at a

20 ow gas pressure and thus it is possible to simultaneously realize an increase in
recording density, high impact resistance, and prevention of corrosion.

[0056]
Although the lattice spacing chains can be blocked by providing the

second orientation control layer 16b with the amorphous structure between ihe

25  orientation control layer 16a and the underlayer 18, there is a possibility that the
crystal orientation decreases as the thickness of the second orientation control
layer 16b increases and, following this, the coercive force decreases.

Therefore, the thickness of the second orientation control tayer 16b with the



19 sputtering method, it is possible to protect the perpendicular magnetic recording layer more
effectively against the impact from the magnetic head. [0054] The lubricating layer 26 was formed
of PFPE (perfluoropolyether) by the 5dip coating method. The thickness of the lubricating layer 26 was
about Inm. [0055] In the above-mentioned structure, in the case where the orientation control layer
16a made of particularly Ti and having the fcc struct@® is formed, it is preferable to form the second
orientation control layer 16b having the 10amorphous structure. If the Ti layer and the CoCr underlayer
are in direct contact with each other, there is a possibility that the hcp structure of the Co crystals is
disturbed by therhoppbtustsirecifi sootlefethis\cagital Ofetuation. is degraded to reduce the coercive
force. However, by sli?ful interposing the second orientation control layer 16b with the amorphous
structure therebetwee Oﬁ?é?llle second orientation control layer 16b slightly blocks lattice spacing

chains between the oriepiaoRkePKahRYAMAE 2 AN NG e IR GEhtdBornebitG Tjstiops as a lattice

spacing adjusting layer so that it is possible to prevent degradation in crystal orientation. Therefore, it
is possible to fdravitrptnadeslaiyectivat iethibigda siftfie doe rotresouciucw oh el €sporisiah is made at a
20low gas ressuga.a d thys it is E))]

ssible to_simultangously, real increase. in recording density,
nigh Impack res LG AR FHFEQ SABOUBRT O AN AGHEAie TR e chain
can be blocked\awniow i G Ehe S eFRRELABE RIHIGN GaalFol dayainbeNW e BERIPBRUSSiEUCture

between the 25orientation control layer 16a and the underlayer 18, there is a possibility that the crystal
orientation decrkigse@saibipéoticrnaythotiiersuneibosrRerRatoMiesRioN Spatrobiaistrébizes and,

following this, the ¢qerciye RIS JeFGaRFe: HEIRIRIRJRS 1¥GkRPER NN FRgR g R aton control
yer 16b with the |
force even if despostion is made at a low gas pressure and thus it is possible to
10 simultaneously realize an increase in recording density, high impact resistance,
and prevention of corrosion.
j0058]
Through the manufacturing processes described above, the
perpendicular magnetic recording medium was obtained. Hereinbelow, the
15 effectiveness of this invention will be described using Examples and
Comparaiive Examples.
[0059]
Fig. 2 is a diagram for explaining Examples and Comparative Examples,
wherein there is shown the relationship between the underlayer forming gas
20 pressure and the coercive force He in Examples using CoCryg as an underlayer
and Comparative Examples using Ru as an undertayer. In Fig. 2, an
orientation control layer 16a is NiW, Ti, or CuW and a second orientation contro!
layer 16b is in the form of a coating film made of C. In Comparative Examples
6 and 7, the compositions are the same as those in the Examples, but the
25 underlayer forming gas pressure is greater than 4Pa, and therefore,
Comparative Examples 6 and 7 are shown as Comparative Examples.
[0060]

Fig. 3 shows graphs for explaining the test results of the Examples and



20 amorphous structure is preferably set to 0.5 to Inm. [0057] On the other hand, in the case
where the orientation control layer 16a having the fcc structure is formed, since the hcp structure of the
Co crystal is 5not disturbed, the underlayer 18 can be formed directly thereon. Therefore, if NiW is
used as the orientation control layer 16a, since MW has the fcc structure, it is possible to form, without
forming the second orientation control layer 16b wittethe amorphous structure, the underlayer 18 that
exhibits a high coercive force even if despostion is made at a low gas pressure and thus it is possible
to 10simultaneously realize an increase in recording density, high impact resistance, and prevention of
corrosion. [0058kEThoouynArdtieentxanipisrwhqredcdsges (dessiibbw abseafthé pipendicular magnetic

recording medium was obtained. Hereinbelow, the 15effectiveness of this invention wil] be described
sing Example W R eI PR Hide HRAmHIeRS G888 R, S A0RIRNEM o SURTR amples and

Comparative Examplemavhaieis theredeshaueriprelsicainearesnithasnierayesdegming gas

20 pressure and the coercive force Hc in Examples using CoCr40 as an underlayer and Comparative
Examples usingtRuwagesrptetinrayeednieig apeak @ientattdrooaritenl YAy ePesans Niew, Ti, or Cuw and
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at a position of 4Pa, equal to that at a position of 0Pa and then decreases
further. That is, the coercive force He can be improved by the gas pressure at
0Pa to 4Pa.

[0061]

10 The impact property tends 1o decrease on the whole as the gas
pressure increases, and falls below 400 counts as a criterion at 4.2Pa.  This
shows that a denser film is formed as the gas pressure decreases, while the
texture becomes coarser as the gas pressure increases.

[0062]

15 On the other hand, as shown in Fig. 3(b), in the case of the Ru
underiayer, the coercive force He tends to gradually increase as the gas
pressure increases, and tends to continually increase in a measured range up
to 8Pa. The impact property tends to decrease on the whole as in the case of
the CoCr underlayer and falls below 400 counts as a criterion at 4.8Pa.

20 [0063]

Herein, comparison is made between Fig. 3(a) and Fig. 3(b). Asa
result, in the dependence of the coercive force Hc on the gas pressure, the
coercive force Hc tends to rapidly increase and then decrease in the case of the
CoCr underiayer, while it tends 1o increase on the whole in the case of the Ru

25 underlayer. This can be said to be a significant difference. Currently, Ru
underlayers are widely employed in perpendicular magnetic recording media
and, as shown in JP-A-2002-187630 (Patent Document 4) described above, the

behavior of Ru with respect 1o the film forming gas pressure is known.



25underlayer forming gas pressure is greater than 4Pa, and therefore, Comparative Examples 6 and 7
are shown as Comparative Examples. [0060] Fig. 3 shows graphs for explaining the test results of the
Examples and 21 the Comparative Examples, wherein Fig. 3(a) is in the case of a CoCr underlayer
and Fig. 3(b) is in the case of a Ru underlayer. As shown in Fig. 3(a), in the case of the CoCr
underlayer, the coercive force Hc rapidly increases &plow gas pressures, reaches a peak at a position
of only 0.7Pa, and then 5 gradually decreases as the gas pressure increases. The coercive force Hc
is, at a position of 4Pa, equal to that at a position of OPa and then decreases further. That is, the
coercive force Hoveavehét iim potaligd:biyritvergts pressu e Go ORatondigasfROaye 4 BTieechysact property
tends to decrease on the whole as the %as ressure increases, and falls below 4Q0 counts as a

criterion at 4.2188 YRS aYSh A SRS AP ARRSUGHRRN NOPRSIE (3 H2_1PE Ykteases, while the
texture becomes, G0RLSEF 88 HiSRRaRssVEe INCreases G2t eaPIbesBang ias shown in Fig.

3(b), in the case of the Ru underlayer, the coercive force Hc tends to gradually increase as the gas
pressure incregsssjtdadotehtsndighnthagakyidroeadids anigsghrischatgesigiancelastThe impact
property tends to decrease on the Wh.Ol(F as in the case of the CoCr underlayer and falls below 400
counts as a crif’(‘—.’\%‘%ﬁ i\%@?’gr 2610663) Hérein, comparison is made between Fig. 3(a) and Fig. 3(b).
As a result, in the depgpggice of the coercive force Hc on the gas pressure, the coercive force He
tends to rapidly increase and then decrease in the case of the CoCr underlayer, while it tends to
increase on the whole Thgiasciideasfagenrgnfirmed that, by applying the method according to

this embodiment using the underlayer with the above-mentioned composition, it
is possible to form the underlayer that exhibits a high coercive force even if

10  deposition is made at a low gas pressure. This makes it possible to
manufacture a magnetic recording medium that can simultaneously realize an
increase in recording density, high impact resistance, and prevention of
corrosion.

{0065]

15 Fig. 4 is a diagram showing changes in coercive force He when the
compositions of an undertayer and an orientation control layer are changed. in
this event, Examples are such that a CoCr underlayer contains Cr at more than
35at% and not more than 55at%, and a Comparative Example has a condition
other than that. The film forming gas pressure for the underlayers is constant.

20 [0066]

As shown in Fig. 4, when the content of Cr is changed, the coercive
force Hc tends to increase as the content of Cr increases. Particularly when Cr
is 35at% or less, the coercive force Hc extremely decreases to make it
impossible fo obtain a magnetic recording medium. When the content of Cr

25 becomes small, the content of Cr between Co becomes small so that the crystal
spacing between Co grains containing Cr is narrowed. Therefore, the
magnetic crystal grain spacing of a magnetic recording layer epitaxially formed

on such an underiayer is also narrowed. Thus, it is considered that the



25underlayer. This can be said to be a significant difference. Currently, Ru underlayers are widely
employed in perpendicular magnetic recording media and, as shown in JP-A-2002-197630 (Patent
Document 4) described above, the behavior of Ru with respect to the film forming gas pressure is
known. 22 However, it is totally unknown that when a CoCr nonmagnetic layer is used as an
underlayer, it exhibits the magnetic property oppositesto that of a Ru underlayer as described above. It
is seen that if this property is used, it is possible to obtain high magnetic properties and high impact
resistance just 5 when the gas pressure is low. [0064] That is, it has been confirmed that, by
applying the matbratticetretingdo thigeaibatysiehyusimgahthandaglesier eithrfiecalayes-mentioned
composition, it is possible to form the underlayer that exhibits a high coercive force evep if
10deposition ¥ 538 ¥ Fé%&‘é?ﬁ?@s%@@#ﬁ??ﬂﬁ%?ﬁpo@%ﬁ%ﬁ% j?&fé%ﬂfr@%r%& etic
recording medin thalcap sliviABROIRI srRBE MpiRGHRASR IR GRFRIdE A dlagNHRIgh impact
resistance, and prevention of corrosion. [0065] 15Fig. 4 is a diagram showing changes in coercive

force Hc whendhystebonjrosatorsabfamagrisitapsoatioglapecstatian tbernrsintalgmape tbBanged. In this

event, Examples are such th@ a ?oCr underlaé/er contain C:ﬁt more ﬂ;ﬁ 35 toé? and not more than
55ark, anda CORPELGVRRIARDIRVRASH ESh A SARE than TREE FReHNP ¥ hfing gas pressure for

the underlayers iseoRsiam R0 nowrAs SRPWNIIREIG oA pahenibe sorieekaRpldseleanged, the

coercive force Hc tends to increase as the content of Cr increases. Particularly when Cr is 35at% or

less, the coercibe oM obréhiabedtredssd Yo make it impossible to obtain a magnetic recording
medium. When the co 6@5[ f Cr 25 becomes small, the content of Cr between Co becomes small so
that the crystal spacing een Co grains containing Cr is narrowed. Therefore, the magnetic crystal

grain spacing of a magngtis eeavdintiRurisepitaxsitirogneson wheream underayer is also narrowed.
Thus, it is considered that the
10  contains an oxide, wherein Fig. 5(a} shows the cases where an underlayer is a
single layer, Fig. 5{b) show the cases where an underlayer comprises two
layers and the second underlayer contains an oxide, and Fig. 5{(c} is a graph
contrasting them. SiOz, TiOy, or CrpO3 was coniained at 8mol% as the oxide.
[0088]
15 When the oxide is contained in CoCr of the underiayer, the oxide is
segregated around CoCr crystal grains to form grain boundaries. By this,
separation of the CoCr crystal grains is facilitated so that it is possible to allow a
magnetic recording layer to inherit the granular separation or isolation.
Therefore, as seen from the figures, the coercive force Hc is improved in
20 Examples 15 to 20 in which the oxide is contained, as compared with Examples
110 5 (see Fig. 4).
[0069]
Further, as shown in Examples 18 to 20, by dividing an undertayer 18
into a first underiayer and a second underlayer and making the first underlayer
25  of CoCr and the second underlayer of CoCr-oxide, the coercive force He can be
further improved.
[0070]

With respect to the impact resistance, as a resuit of a comparison



23 interaction between magnetic crystal grains of the magnetic recording layer increases to degrade
the magnetic properties. On the other hand, if more than 55ark, the crystal orientation of CoCr
becomes tetragonal to degrade the crystal orientation of a magnetic recording layer so that the
orientation of the 5Smagnetic recording layer cannot be improved. Therefore, although a numerical
value is not shown in Fig. 4, it cannot be treated as ga Example when the content of Cr is more than
55at/0. [0067] Fig. 5 shows diagrams for explaining cases where an underlayer 10 contains an oxide,
wherein Fig. 5(a) shows the cases where an underlayer is a single layer, Fig. 5(b) show the cases

where an undefigygsccoRIineR NG layRisaaddtiergreih witdehayefizaritainatom evade, and Fig. 5(c)
is a graph contrasting them. SiO2, 702, or Cr203 was contained at 6mol% as the oxide. [0068]
15When the oR8E%6eeA@ifedRA s MR IarferidRoeiaar fsedigaied 33 d0Ab CoCr crystal

grains to form grain wm&@%@%ﬁ%ﬁ@wﬂﬁg Bétm%g%r%fgé‘é@i rgmtﬁef%ﬁi@éed so that it is

possible to allow a magnetic recording layer to inheri lar separation or isolation. Therefore,
as seen from thiefigity és affexizacbyivecfGiicefttorisgryprovezb fu2) ErgepesdbdoBémeehich the oxide

is contained, as compared with Examples 1 to 5 (see Fig. 4). [0069 Further, as shown in
Examples 28 t8"BFRram G AR iRtldHaySra 8antEst g&?"(ﬁ%éﬁé Bies e dacon@thderlayer and

making the firstynderlayqra5 06 CaruABKLHRE SeRABSKRSSUAVRIOE SBGHPXde. he coercive force Ho

can be further improved. [0070] With respect to the impact resistance, as a result of a comparison
considered that this is because the impact resistance is affected by the surface

hardness of the underiayer and thus, even if the underiayer comprises two
tayers, the same impact resistance can be exhibited as long as the conditions
10  on the substrate surface side are the same.

[0071]

Herein, when an underlayer is formed by two Ru layers, it is known that
even if the lower layer is formed at a low gas pressure (about 4Pa) and the
upper layer is formed at a high gas pressure (about 6 to 10Pa), the coercive

15  force can be improved as compared with a single Ru layer. |t is considered
that this is because gaps between crystal grains increase by the film formation
of Ru at the high gas pressure so that isolation/separation of crystal grains of a
magnetic recording layer as its upper [ayer proceeds. However, it is known
that, because of the increase in the gaps, the film strength is lowered due to the
20 film formation of Ru at the high gas pressure.

[0072]

in contrast, according to this embodiment, the isolation/separation of
the underlayer is achieved by mixing the oxide, i.e. not by the gas pressure, so
that the improvement in coercive force He can be realized. Therefore, a high

25 coercive force Hc can be obtained while the underlayer is formed at a low gas
pressure of 4Pa or less, and further, the texture can be made dense so that it is
possible to simultaneously realize high impact resistance and prevention of

corrosion.



24 between Examples 15 to 20 and Example 3 in which the film formation was performed at 0.7Pa
likewise, no large change is observed. This means that while the impact resistance is affected by the
texture density and the texture density is affected by the film forming gas pressure, the presence or
absence of 5 the oxide does not affect it. In a contrast between Examples 15 to 17 and Examples 18
to 20, no difference in impact resistance is observed2dt is considered that this is because the impact
resistance is affected by the surface hardness of the underlayer and thus, even if the underlayer
comprises two layers, the same impact resistance can be exhibited as long as the conditions 10on the
substrate surface side[@gy8)e same. [0071] Herein, when an underlayer is formed by two Ru layers, it
is known that even if the lower layer is formed at a low gas pressure (about 4Pa) and the upper layer is

formed at a high gas prégiebeaelared sropedmratJdhivd 8RR RamsehiisRReds compared
with a single Rb‘{iﬁyﬁa@e‘%ﬁc‘éﬁsﬂﬁg?&&%eﬁﬂﬁﬂ@ BRGRHSR JRRS RRIMIESD N ¥aIAlHIARS Increase by the

film formation of Flu at the high gas pressure’sothat isolation/separation of crystal grains of a
magnetic recordiventayeisasoitirajipe thayercprokteedppitewetiat # ksovskilat, ibétaase of the
increase in_the gaps, the film strength is lowered due to the 20film formation of Ru at the high gas
pressure. (207571 TN, GIOfRFRYS KBESRARGTS (RROUIABLRIT dhEtHEA A6 ARSSHREH B of the

underlayer is aghjgyed ty mXina e OXir Rt er oY BKERR3% R ERIURE BARBAEHMR ERProvement in

coercive force Hc can be realized. Therefore, a high 25 coercive force Hc can be obtained while the
underlayer is fazooed at thipingadipressure of 4Pa or less, and further, the texture can be made dense
so that it is possible to simultaneously realize high impact resistance and prevention of corrosion. 25
[0073]

industrial Applicability
10 [0074]
This invention can be used as a method of manufacturing a
perpendicular magnetic recording medium adapted to be mounted in a HDD

(hard disk drive) of the perpendicular magnetic recording type or the like.



While the preferred embodiment of this invention has been described with reference to the
accompanying drawings, it is needless to say that this invention is not limited thereto. It is apparent
that a person skilled in the art 5 can think of various changes and modifications in the category
described in claims and it is understood that those also naturally belong to the technical scope of this
invention. Industrial Applicability 10[0074] This invegon can be used as a method of manufacturing a
perpendicular magnetic recording medium adapted to be mounted in a HDD (hard disk drive) of the
perpendicular magnetic recording type or the like. 26 CLAIMS 1. A method of manufacturing a
perpendicular magnetic recording medium, said mgegkidtscomprising: 5forming, over a substrate, a
nonmagnetic underlayer having a granular structure in which crystal grains are grown in a columnar
shape, and a magnetic recording layer having a granular structure in which magnetic grains are

RS L T L G A
or less. medium, said method comprising:
5 forming, over a substrate,
a nonmagnetic underlayer having a granuiar structure in which crystal
grains are grown in a columnar shape, and
a magnetic recording layer having a granular structure in which
magnetic grains are grown in a columnar shape, wherein:
10 said underlayer is one of CoCr or CoCrX (X is a nonmagnetic
substance), CoCr-oxide, and CoCrX-oxide, and
a film forming gas pressure for said underlayer is 4Pa or less.
2. A method of manufacturing a perpendicular magnetic recording
medium according to claim 1, wherein the content of said Cr is more than
15 35at% and not more than 55at%.
3. A method of manufacturing a perpendicular magnetic recording
medium according to claim 1, wherein, when said underiayer is said CoCrX,
said X contains at least one of B, Ru, Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, and W.
4. A method of manufacturing a perpendicular magnetic recording
20 medium according 1o claim 1, said method comprising:
forming an orientation control layer on a side closer to said substrate
than said underlayer, and
forming, between said orientation control layer and said underiayer, a
second orientation control tayer with an amorphous structure containing at ieast
25 one of C, Mo, Nb, Zr, B, and Ta.
5. A method of manufacturing a perpendicular magnetic recording
medium according to claim 1, wherein said orientation control layer is NiW, NiCr,

CuW, or Ti.



2. A method of manufacturing a perpendicular magnetic recording medium according to claim 1,
wherein the content of said Cr is more than 15 35at% and not more than 55ar/o. 3. A method of
manufacturing a perpendicular magnetic recording medium according to claim 1, wherein, when said
underlayer is said CoCrX, said X contains at least one of B, Ru, Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, and W.
4. A method of manufacturing a perpendicular magnetic recording 20medium according to claim 1,
said method comprising: forming an orientation control layer on a side closer to said substrate
than said underlayer, and forming, between said orientation control layer and said underlayer, a

second orientation corgrol fayRingtha inam@EIotSEy nelrenemirining@ideast2sroing of C, Mo, Nb,
Zr, B, and Ta. 5. A method of manufacturing a perpendicular magnetic recording medium
according to claeAiLryviseigimetiachaemiiRA%tontrol layer is Niw, NiCr, CuW, or Ti. 27 6. A

method of manufacturi r cular netic recording medium, said method comprising:
forming, over a substrf?gﬁ%ebﬁgﬁfaﬁi%%%gontrgdl layer made of Ti and having a hcp structure, 5a

second orientation congipbleyeahaviogranidayerminads striicture having adgmagoeticeinderlayer made
of one of CoCr or CoCrX (X is a nonmagnetic substance), CoCr-oxide, and CoCrX-oxide and having a

granular sBucture in wRiSRGYRII RIS ROGHANVRYR Iyl AR PR XS §HeriHEgnetic underlayer
formed at a film forming Qﬁrﬁégﬁﬁﬂ@uwd%ﬁﬁy%? IesRiclO A o CAMIAINGHEFRqY N layer having a
ich ma

granular structure in w etic grains dre grown in a columnar shape. 7. A method of
manufacturing agrenagndicutabsiageeti CeEtording medifnCsdid nvetod taripgsirgatsfarming, over
a substrate, an orientation control layer made of NiW and having a fcc structure,
structure in which crystal grains are grown in a columnar shape, said
nonmagnetic underlayer formed at a film forming gas pressure of 4Pa or less,
10 and

a magnetic recording layer having a granular structure in which
magnetic grains are grown in a columnar shape.

7. A method of manufacturing a perpendicular magnetic recording
medium, said method comprising:

15 forming, over a substrate,

an orientation control layer made of NiW and having a fcc structure,

a nonmagnetic underlayer made of one of CoCr or CoCrX (X is a
nonmagnetic substance), CoCr-oxide, and CoCrX-oxide and having a granular
structure in which crystal grains are grown in a columnar shape, said

20 nonmagnetic undertayer formed at a film forming gas pressure of 4Pa or less,
and

a magnetic recording layer having a granular structure in which
magnetic grains are grown in a columnar shape.

8. A perpendicular magnetic recording medium comprising, over a

25 substrate:
an orientation control layer with a hep structure,
a second orientation control layer with an amorphous structure,

an underiayer having a granular structure in which nonmagnetic crystal



a nonmagnetic underlayer made of one of CoCr or CoCrX (X is a nonmagnetic substance),
CoCr-oxide, and CoCrX-oxide and having a granular structure in which crystal grains are grown in a
columnar shape, said 20nonmagnetic underlayer formed at a film forming gas pressure of 4Pa or less,
and a magnetic recording layer having a granular structure in which magnetic grains are grown in
a columnar shape. 8. A perpendicular magn@#gc recording medium comprising, over a
25substrate: an orientation control layer with a hcp structure, a second orientation control layer with an
amorphous structure, an underlayer having a granular structure in which nonmagnetic crystal 28
grains are grovgreingatelgronariszapsiuantar shapaaguetic recording layer having a granular structure
in which magnetic grains are grown in a columnar shape, wherein said orientation control layer is Ti,

and 5said underlayer i8 BIRSFEIEFYBEGFREDO AV BrihAHEHI S LUBEHEY 8 r-oxide, and
CoCrX-oxide. %%H%B?‘%iﬁé"ﬁe@?&ﬂﬁqﬁ ?EBW“%F‘%H@] according to claim 8, wherein said
ion control

second orientatio ayer has the amorphous structure containing at least one of C, Mo, Nb, Zr,
B, and Ta. 1010. A perpeamicusaidragmesitore cordinglayedismicantprising, over a
5 said underlayer is one of CoCr or CoCrX (X is a nonmagnetic
substance), CoCr-oxide, and CoCrX-oxide.

9. A perpendicular magnetic recording medium according fo claim 8,
wherein said second orientation control layer has the amorphous structure
containing at least one of C, Mo, Nb, Zr, B, and Ta.

10 10. A perpendicular magnetic recording medium comprising, over a
substrate:

an orientation control layer with a fcc structure,

an underlayer having a granular structure in which nonmagnetic crystal
grains are grown in a columnar shape, and

15 a magnetic recording layer having a granular structure in which
magnetic grains are grown in a columnar shape,

wherein said orientation control layer is one of NiW, NiCr, and CuW, and

said underiayer is CoCr, CoCrX (X is a honmagnetic substance),
CoCr-oxide, or CoCrX-oxide.

20 11. A perpendicular magnetic recording medium according to claim 8
or 10, wherein the content of said Cr in said underlayer is 35at% or more and
55at% or less.

12. A perpendicular magnetic recording medium according to claim 8
or 10, wherein, when said underlayer is said CoCrX, said X contains at least

25 one of B, Ru, Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, and W.

13. A perpendicular magnetic recording medium according 1o claim 8
or 10, wherein, when said underlayer is CoCr-oxide or CoCrX-oxide, said oxide

contains at least one of SiOs, TiO2, and CrpOs.



substrate: an orientation control layer with a fcc structure, an underlayer having a granular
structure in which nonmagnetic crystal grains are grown in a columnar shape, and 15a magnetic
recording layer having a granular structure in which magnetic grains are grown in a columnar shape,
wherein said orientation control layer is one of NiW, NiCr, and CuW, and said underlayer is CoCr,
CoCrX (X is a nonmagnetic substance), CoCr-oxide pgr CoCrX-oxide. 2011. A perpendicular magnetic
recording medium according to claim 8 or 10, wherein the content of said Cr in said underlayer is

35ark or more and 55at% or less. 12. A perpendicular magnetic recording medium according to
claim 8 or 10, wherein,when spisbangelryenippait celomiirRpldbicantains-alrigastdaene f B, Ru,
Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, and W. 13. A perpendicular magnetic recording medium according

to claim 8 or 10yhereiihehaashitdenrirtierio Codidsite(ar T OnTexide, sitPokrfe contains at
least one of SiOZ,.JiOZ and CrZ%. 219 14. A perpendicular magnetic recording medium
according to cI& 1%9(,'9\%@%‘9? 8h'e&% underlayer is CoCr-oxide or CoCrX-oxide, the content of
said oxide is 6mor/0 or{gss.A perpenticaPFBEREiRIaEdRaBREHEdRIAISRS ALttt RGREING to
claim 8 Sor 10, wherein said underlayer has a thickness of 15nm or more. 16. A perpendicular
magnetic récorgintPmebRininaatiordnsiptae4iRed @ Wekrarssalid se@oPidBeiéEntation control layer has a
thickness of 0.5nm or gre ﬁnggerlppemnc%tlfé‘:’rsmagnetic recording medium according to claim 10,

wherein said second orientation control layer has a thickness of 0.5nm or more

and tnm or iess.



