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DESCRIPTION PERPENDICULAR MAGNETIC RECORDING MEDIUM
AND METHOD OF MANUFACTURING THE SAME 5 Technical Field
[0001] This invention relates to a perpendicular magnetic recording
medium adapted to be mounted in a HDD (hard disk drive) or the like of
the 10 perpendicular magnetic recording system and to a method of
manufacturing the perpendicular magnetic recording medium.
Background Art [0002] 15 Various information recording techniques have
been developed following the indPEeMRBIEWe of information
processing in recent years. Particularly, the areal recording density of a
HDD (hard disk drive) using the magnetic recording technique has been

increasing BRIFENDIGUIAR M ABNE TEOKE BereniNGheEIRIMARD
recording capacity exceeding 160GB has 20 been required per 2.5-inch

magnetic disk adi{tddifoPugE iMANMBAGTIHRING. TIHBI3AME satisfy
such a requirement, it is necessary to realize an information recording
density exceeding 250Gbit/inch2. [0003] In order to achieve the high
ReRsig drigity in @ magnetic disk for use 25 in a HDD or the like, a
magnetic disk of the perpendicular magnetic recording system
(perpenfdO@al magnetic recording disk) has been proposed in recent
years. As a perpendicular magnetic recording medium for use in the

perpendTéUFaW?f%f&i%ﬁEerléE%?' h Qﬁé&_erﬂg'tﬁ'élr%r I%%%\?é‘ﬁ b‘?SBBgBS grgdium
RELRSEA LY e RBUREA ST RS MY RBAETS: PEkE oD
peepvaticular magnetic recording system and to a method of manufacturing the

perpendicular magnetic recording medium.

Background Art

[0002]

Various information recording techniques have been developed
following the increase in volume of information processing in recent years.
Particularly, the areal recording density of a HDD (hard disk drive) using the
magnetic recording technique has been increasing at an annual rate of about
100%. Recently, the information recording capacity exceeding 160GB has
been required per 2.5-inch magnetic disk adapted for use in a HDD or the like.
In order to satisfy such a requirement, it is necessary to realize an information
recording density exceeding 250Gbit/inch?.

[0003]

In order to achieve the high recording density in a magnetic disk for use
in a HDD or the like, a magnetic disk of the perpendicular magnetic recording
system (perpendicular magnetic recording disk) has been proposed in recent
years. As a perpendicular magnetic recording medium for use in the

perpendicular magnetic recording system, there has been proposed a
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stability and excellent recording characteristics. [0004] 5 As a first
background art, in order to improve the recording density in such a
perpendicular magnetic recording medium, it is necessary to reduce the
noise in a magnetization transition region of the magnetic recording layer
(improve the S/N ratio). For that, it is ne%essary to improve grain
separation and miniaturization of magnetic crystal grains of the magnetic
recording layer. 10 [0005] As a method for improving the grain separation

BREPRITAISHIAL S1RAN6HAHEGAEYABTERMHAIRYBIRSHT tREHMB RS
{%GFQV-‘%BX%}% %Sg[ﬁf%ft% g%é%@ﬂlé}@&@?ﬂé%%ﬁ%&'ﬁae%ﬁ’ﬁﬁﬂéﬁ‘ﬁ‘ Hermal

compositon or a targ Ss of Torming the magngetic

segiongriaysdey enspotieringgeekederisbdecreasing the pressure of a
gas (film forming gas pressure) for use in the film formation. However, in

terms of @®4¢cording density required in recent years, it is difficult to
sufficienfly miniaturize the magnetic crystal grains only by adjusting,the. .
compocttA o hEEETSRe LTy LARIE G TR BVRING Geeo Oa Ry i
NIRESEEIBRECSIIPHRGHBRER BRARD IR IR e ShuerEEH) Yrréluce the
magnetic recording layer is affected so that sufficient reliability as a

nasméatia neegneincatitediten siionoegoardured njagaétidtecsirdingdager
conventionally made of a structure in which an underlayer adapted to

BBV BB riNdRYRIof hah e EipbacsetAs/drdDB R4y RENE Separation

A T ARl S R e ever.
used as[tgopenderlayer (see, e.g. Patent Documents 1 and 2). In this
structure, the miniaturization of the magnetic crystal grains of the

magnetib st BrathgdapsiB poTREItaR @ I meeRaaiaA PO SN igibimgagpn of
%HS r%%%%rtleat%eé'rygqg%;ains of the magnetic recording layer, there is, for
example, a method such as adjusting the composition of a target for use in a
process of forming the magnetic recording layer by a sputtering method or
increasing the pressure of a gas (film forming gas pressure) for use in the film
formation. However, in terms of the recording density required in recent years,
it is difficult to sufficiently miniaturize the magnetic crystal grains only by
adjusting the composition of the target. Further, when the film forming gas
pressure is increased, there is, for example, a possibility that the structure of the
magnetic recording layer is affected so that sufficient reliability as a magnetic
recording medium cannot be ensured.

[0006]

Herein, use is conventionally made of a structure in which an
underlayer adapted to control the orientation of magnetic crystal grains of a
magnetic recording layer is formed under the magnetic recording layer. There
is conventionally known a structure in which a layer of Ru-SiO; or the like is

used as the underlayer (see, e.g. Patent Documents 1 and 2). In this structure,

the miniaturization of the magnetic crystal grains of the magnetic recording layer
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As a second background art, the easy magnetization axis of a magnetic
recording layer is oriented in a plane direction of the surface of a substrate
in 5 the conventional in-plane magnetic recording system (also called the
longitudinal magnetic recording system or the horizontal magnetic
recording system), while the easy magHetization axis is adjusted to be
oriented in a direction perpendicular to the surface of a substrate in the
perpendicular magnetic recording system. As compared with the in-plane
1% iR biaterb e Aoy g0 o YEie! AR At a hEgHRYE recording
system rﬁ?&ﬁﬁre suppress a thermal fluctuation phenomenon during
high-density recording and thus is suitable for increasing the recording

density. QO 8k dopaveaticnabn CaE he88\oraghatiation ipawidel magnetic
used as a 15 magnetic recording layer, wherein Co forms crystals with a

FREPEHDBtiAeheRIiRNECIDSeplane Riie dipstaf e ) tane Of arryisstate in
TiO2 ted to form.grain bqundaries. By usi

e D R B PR B g HEk SYaURE 16 R EE o

e oL e o

systertgyevhigtbridadyfonagpedizaipihn exdsy s a dpretadbtiobeobiiented in a
magnetic recording layer. Ti, V, Zr, Hf, or the like is known as the

diraerRYACTHRNUCHRIIA IRPaKERB Rl ARSI ak irdlifeRRIRGRdicular

i S ISyhe it t
e e o Rt e R AR
RAY (NAYBeERANOhaXiR rpEHRoNRAYMeHGHEtOIOgr tANEI5ePPsed more
mainly of Co (cobalt) to enhance the coercive force Hc, thereby achieving

svnnEees Sethierawy tisiLasinsh ee B ane siwingraasmenaity eepedling and

redetermtl%zd resolution ensiﬁed. 4 E)Olo It is known that even if the

Ut LR QRN Clir e ING ANy ECRFHRg ensity.
[0008]

Conventionally, CoCrPt-SiO, or CoCrPt-TiO; is widely used as a
magnetic recording layer, wherein Co forms crystals with a hcp structure
(hexagonal closest packed crystal lattice) and Cr and SiO, (or TiO,) are
segregated to form grain boundaries. By using such a material, since SiO, (or
TiO,) is segregated around ferromagnetic Co, physically independent fine Co
grains tend to be formed so that high recording density tends to be achieved.

[0009]

In general, an underlayer is provided for improving the crystal
orientation of the magnetic recording layer. Ti, V, Zr, Hf, or the like is known as
the underlayer, but as shown in Patent Document 3, Ru (ruthenium) is currently
predominant. This is because it is known that Ru takes a hcp structure and
effectively improves the perpendicular orientation of the easy magnetization axis
of the magnetic recording layer composed mainly of Co (cobalt) to enhance the
coercive force Hc, thereby achieving an increase in recording density with a

predetermined S/N ratio and a predetermined resolution ensured.
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in film function depending on an atmospheric gas pressure in a film
forming process. Patent Document 4 proposes a structure having, as an
undercoat 5 film of a perpendicular magnetic layer, a layer containing
ruthenium and formed in a high-pressure argon atmosphere and a layer
containing ruthenium and formed in a Iéw-pressure argon atmosphere. In
Patent Document 4, itis described that the layer containing ruthenium
and formed in the low-pressure argon atmosphere (around 1 Pa) exhibits
an effec[qgm}gher orientation of the 10 magnetic layer, while the layer

aini ; ) oo
(avout el BT R R LR 0 e AR L AURAER B thanges
iy [RtLbrAGcirsiingbakavatioelsiRiie gabignssthgdnaradss iforming

recording 15 density, it is effective to miniaturize the magnetic grains.
Ploges®r, iPaienh Rt eihhdRosReca SRt uhaving e Mnsiemoat

f atoms forming. each magnetic grain becomes toa small, so that the
it RSERR R AR 1 YRteg TR OBl B i formed
maoRRicgRGIBh RSt oLhAer dARXAiL HYis ShRsiRld HSibalRm and
problem, the following 20 method has been employed so far. [0012]
fopectically,|dvispresstmechajdurtdierqapiveding drpRatend iayementdr dns
underlayer and optimizing a material or a film structure of the

BraciiRRdEi RS fRKRRSRTRNUIG FMRERIIMRNGHORRESA NG JapyPressure
QF@W&M%@M@?YS&@&%%%IBRH %ﬂ'&f\%‘&rfb‘f”ﬁ%% %'%(é?ﬁhtion of the
or a magn ce.

ntation o etic recording layer to iImprove the coercive for
gy nedie i)t teilerenangpsioyerneaning reelestech fsom fanmtsimaierials
such as, for example, Ni (nickel), Pt (platinum), and Pd (palladium). 5

[ooh FyrassaipiRIaCRETOARNErE (AkAUEPRAdeNORAhgKNIBEE@MmEffect for finer

gFarllﬁgyoﬂhe magnetic layer.

[0011]

As described above, in order to achieve the increase in recording
density, it is effective to miniaturize the magnetic grains. However, if the
magnetic grains are excessively miniaturized, the number of atoms forming
each magnetic grain becomes too small, so that the thermal fluctuation
phenomenon arises as a problem like in the in-plane magnetic recording
medium. In order to avoid this thermal fluctuation problem, the following
method has been employed so far.

[0012]

Specifically, it is a method of further providing a pre-underlayer under an
underlayer and optimizing a material or a film structure of the pre-underlayer to
facilitate the alignment of the orientation of crystal grains of the underlayer,
thereby indirectly improving the crystal orientation of a magnetic recording layer
to improve the coercive force. The material of the pre-underlayer can be
selected from various materials such as, for example, Ni (nickel), Pt (platinum),

and Pd (palladium).
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a magnetic disk for use in a HDD or the like, it is necessary to miniaturize
magnetic crystal grains forming a magnetic recording layer serving to
record an 5 information signal, and further, to reduce the thickness of the
layer. However, in the case of a conventionally commercialized magnetic
disk of the in-plane magnetic recording%ystem, as a result of the advance
in miniaturization of magnetic crystal grains, there has arisen the
so-called thermal fluctuation phenomenon where the thermal stability of a
recorde&ogéﬁlal is degraded due to 10 superparamagnetism so that the

recorded Signalyis #\‘%%‘5%5}?@0{)‘@%%”8rBS??H‘%@_BYig‘g%CPeﬂ%%?@% QidRSity in

increase In record e magnetic r to solvetthis

npegingitagiok. farugenatis id Db drtheprdandicidee Svagnetisiseaiting
system has been proposed. [0014] 15 In the case of the perpendicular
magnetic esrsialiorpéystanmingis rp@netic frepotdivelayensendgadacecord an

IR S AT et o SAhar 1 e Boprever
PRIk /5t BOFBRIETH YR EoRIERSa iR ed MRHE HBGEGHEI SHHETh-Higne

perpendicular magnetic recording system can 20 suppress the thermal

fhagnatiorgetwdmygayste iRy b er reassoftoinégnatdedagerinsypniaidedatica of
perpendicular magnetic recording medium to enable convergence of the

maghetie AR sTainactiarsd Re BB sR Arlifsbie iz fIuAtiAtien
. i |
Ren eﬁ‘?o%%ﬂ@r&ﬂesﬂ?écﬂﬁgﬁfnsleﬁgﬁm g ?é&l‘ﬁl—ffid?ﬁgggqggféé\@gﬁ Sue to

n In-plane magnetic recor e mirror m

HipreioaeathegpetisndioLiat TRy RetiorseePsiting Sygtsen isHsolatde thi's become

increasing the recording density. [0015] When the magnetic recording

aiy#npedincthigsardefuie insxagenan 6eerRiskRy sieciely Sirdeeureganetie disk.
e e e S
magnetic recording system has been proposed.

[0014]

In the case of the perpendicular magnetic recording system, as is
different from the in-plane magnetic recording system, the easy magnetization
axis of a main recording layer is adjusted to be oriented in a direction
perpendicular to the surface of a substrate. As compared with the in-plane
magnetic recording system, the perpendicular magnetic recording system can
suppress the thermal fluctuation phenomenon. Further, a soft magnetic layer
is provided in a perpendicular magnetic recording medium to enable
convergence of the magnetic flux from a recording head by the soft magnetic
layer and it is possible to generate a sharp and large magnetic field as
compared with an in-plane magnetic recording medium by the mirror image
effect, and therefore, the perpendicular magnetic recording system is suitable
for increasing the recording density.

[0015]

When the magnetic recording layer has a hcp structure (hexagonal
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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 hcp
structure 5 under the magnetic recording layer. A CoCr alloy, Ti, V, Zr, Hf,
or the like is known as a material forming the underlayer, but it is known
that particularly Ru (ruthenium) can eff@’ctively improve the crystal
orientation of the magnetic recording layer to enhance the coercive force
Hc. [0016] 10 In the perpendicular magnetic recording system, the S/N

FAARS YIGITAPA SEE G4i0) A oS RS iGe I ps R BRelfe RABFE RSy tem, the

[ - tic recordi [ r red icha. . :
e AR e et A LS B B o
srgrrgaiardpdetion aralicbauiaaibe POMOHRIBE ty AR IHAG et © EXRRION of the
the magnetic recording 15 layer, thereby isolating and miniaturizing the

enayisetioyeiiastiveitherorids depoiomagnetic tiatlavenmittiarheptagucture

magnetic grains, jt is important to minjaturize grains.o underlayer,. .
L el A e LMoot Gt eLe i
W%%%Q@?iéﬁ@rﬁiﬂ%ﬁ%%% E® R B isHAENhRRsHpeRE Ghrly Ru
20 [0017] Patent Document 1: JP-A-2002-334424 Patent Document 2:
(Bthep006)3EMEfeetteatyDoguoent® IRstaHIHBBEdRh Phileatmagnetic
Document 4: JP-A-2002-197630 25 Patent Document 5:

REN NP IRYELDENPARGS IHEGRREHYS IS 06-085742 Disclosure of
the Inve?#iref Problem to be Solved by the Invention [0018] This

invention hasbeen made in view of the above-mentioned various

In the perpendicular magnetic recording system, the S/N ratio
(Signal/Noise Ratio) and the coercive force Hc are improved by forming the
magnetic recording layer into a granular structure in which a nonmagnetic
substance or an oxide (see, e.g. Patent Document 5) is segregated to form
grain boundary portions between magnetic grains of the magnetic recording
layer, thereby isolating and miniaturizing the magnetic grains. Further, in order
to facilitate the miniaturization of the magnetic grains, it is important to
miniaturize grains of the underlayer formed under the magnetic layer, and thus,
a nonmagnetic substance or an oxide is added also to the underlayer (see, e.g.
Patent Document 6).

[0017]

Patent Document 1: JP-A-2002-334424

Patent Document 2: JP-A-2006-85742

Patent Document 3: JP-A-H7-334832

Patent Document 4: JP-A-2002-197630

Patent Document 5: JP-A-2003-036525

Patent Document 6: JP-A-2006-085742

Disclosure of the Invention
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problems of the prior arts and its main object is to provide a perpendicular
5 magnetic recording medium capable of achieving an improvement in
recording density. [0019] Specifically, with respect to the first background
art, following the increasing demand for the improvement in recording
density in recent years, 10 there is requTred a structure of a perpendicular
magnetic recording medium that can more miniaturize magnetic crystal
grains of a magnetic recording layer. Further, it is required to realize such

rORIRTLE B§ 2 ANRAJRYH2R HBEHBD largely increase the cost.

TherefoLS itds an object of a first invention to provide a perpendicular
magnetic recarding medium that can solve the 15 above-mentioned

subject. TING2RVeWMihrRaBesidn ageaonibhackaioubachnieatideet®various
improve the recording density, it is necessary to enhance the

plebigimfght pielers @GNt ramairisaisct i teinsedasbperresdigylar
"electro-characteristics”,.e.g. SN 20 ratio) while enhancing the . .
magns?&&sﬁef %9&&?&@%@?&% Sr%{t?rﬁ%\?i\élfé%%% IRREEPSRL fdgcording
g&wrcive force Hc). This is because even if the recording density is
increased by an improvement in coercive force Hc, this does not lead to

an impr¢@e@i®dnt in performance as a recording medium if the SN ratio is
reduced. 25 [0021] Therefore, it is an object of a second invention to

provide aRAalRalY PAHLFARREAILAILA Hat PARkAINE a1 FalieuIBehEIR
EHJ%%%HQ%%%?{HGBQHFO%H%%%%ﬁPﬂ ?S’&F%Fﬁgh!ﬁ%w%gg R years,

Increase ratio. th respect to the kground art,

tiesently replurtbaipeIRAS R BT A iospRtiticidan rdngnesin e ofding ageeiien that
disk has been required so that the

can more miniaturize magnetic crystal grains of a magnetic recording layer.
Further, it is required to realize such a structure by a method that does not
largely increase the cost. Therefore, it is an object of a first invention to
provide a perpendicular magnetic recording medium that can solve the
above-mentioned subject.

[0020]

With respect to the second background art, in order to improve the
recording density, it is necessary to enhance the electromagnetic conversion
characteristics (hereinafter abbreviated as "electro-characteristics", e.g. SN
ratio) while enhancing the magnetostatic properties (hereinafter abbreviated as
"static properties”, e.g. coercive force Hc). This is because even if the
recording density is increased by an improvement in coercive force Hc, this
does not lead to an improvement in performance as a recording medium if the
SN ratio is reduced.

[0021]

Therefore, it is an object of a second invention to provide a magnetic

recording medium that can achieve an improvement in recording density by

improving the coercive force Hc and can also increase the SN ratio.
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information recording capacity exceeding 160GB is required per 2.5-inch 5
magnetic disk adapted for use in a HDD or the like. In order to satisfy such
a requirement, it is necessary to realize an information recording density
exceeding 250Gbit/inch2. For enabling such a high recording density, it is
necessary to further miniaturize magnetrc grains to improve the S/N ratio
(Signal/Noise Ratio). It is known to increase the addition amount of an
oxide to 10 a magnetic recording layer for miniaturization of magnetic
grains a@%a]ng to a conventional method. However, as the addition

amount gfiifig ¢ Q&%"tﬁ%ﬁ?@rd‘@&%%%%s "R BPINBRS e in

portions so that the distance between magne%l?é’ grains iricreases to

nefdverition depsitity tenBIBoORAGHHgINGIhdRK Masanadls regandiodwirelt the

When increasing the density of information 15 recording, a recorded bit
ifearpaicemeeseraiie capiey exaaatincif@B insemeiiedhrang Srénch
required for ensuring the output of a signal, and.therefore, there is a Jimit
SRS et BRD RO f ool i ) b i GYRb LSRR Such a
FBEURBANSHC 186 e 4aYE 1ol POZ e Zh A GRRIIRITELRPdiAg density
miniaturization of magnetic grains, it is also known that the miniaturiZation
exeaabied P§GELitinent oxiBertersablindeslayea trigmsiatuding gramsstyfit is
the underlayer. However, according to this method, since the crystal

BRERT2ACH Br G RINSRY Ry RE Rl el AR IRFeVEdiRcHNrafie
R BT A A S R A A o S Pace o

abaxgranit hasordingirsidpforaviaetu Aesuendit utaignate elisirecatdiding to a
medium that can, by 9 miniaturizing grains of a pre-underlayer laminated

ceiaeeniipnateeined. mitpatares as/tiel aidinenRMeuNdihpcpxiag lcreases,
adhede Rxeriaminaied et (06 M- SBIRSE WBTRH! ARORN L Beween
magnetic grains increases to reduce the density of the magnetic grains in the
magnetic recording layer. When increasing the density of information
recording, a recorded bit area becomes smaller while a certain number of
magnetic grains are required for ensuring the output of a signal, and therefore,
there is a limit to the miniaturization of magnetic grains by the addition of the
oxide to the magnetic recording layer.

[0023]

As another method for miniaturization of magnetic grains, it is also
known that the miniaturization is enabled by adding an oxide to an underlayer to
miniaturize grains of the underlayer. However, according to this method, since
the crystal orientation of the underlayer may be degraded due to the addition of
the oxide to degrade the crystal orientation of a magnetic layer, the control
becomes difficult.

[0024]

A third invention has been made in view of the above and has an object

to provide a perpendicular magnetic recording medium that can, by
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density of the crystal grains and to provide a method of manufacturing
such a 5 perpendicular magnetic recording medium. Means for Solving
the Problem [0025] (First Invention) 10 As a perpendicular recording
medium, use is widely made of a structure in which a soft magnetic layer
is formed over a substrate. This soft ma%netic layer is made of, for
example, an amorphous soft magnetic material. Over the soft magnetic
layer, a pre-underlayer (seed layer) is formed as a first crystalline layer.

IR ALEEING SF dNS Il BiRat SERMERYSE IaEiRRIed BRERSseA YRHBHAYR of

R D L L BIRITIEIS A W over
tReapnagneielaraoidinglavegriamynaerayeratbe sneansiianec@dingg the

layer, and so on are formed in sequence over the seed layer. For
dxanipof the eryriahgerinsmnslotheoyithemeirot ehegruifasizeing such a

magnetic crystal grains in the magnetic 20 recording layer. [0026] In
RS SH AR O AT B BRI pplcation have found that, in

order to realize the recording density required in recent years, it is
necessary to control not only the structure of the underlayer but also the
Mastar@oStiein2btisedtt ddyemunder it. Further, the inventors have found
that, by adding to crystal grains of the seed layer an addition substance in
the form @& element having a smaller atomic radius than a material of

the crys ' (}% seed layer, the crystal grains of the seed layer
can be %L%ﬁ}ﬁ%eﬂl rther, the inventors 10 have found that, by

miniaturxéng Peepmaialigreiassring sessidayensk is wieRsipladde of a structure
miniaturize crystal grains of the underlayer and, as a result, to also

¥miniaiehi 2esafhgrrarRedis LEg i8Iy BRM O Yea gnatlkSteatsdinbhigeeftTRagnetic
rziar?(terilrévrerlrz]at(i:?enoiﬁsotrheexg)rlrll% ei,ngnsgum%lrjpr) %’us soft magnetic material. Over the
soft magnetic layer, a pre-underlayer (seed layer) is formed as a first crystalline
layer. The seed layer is a layer that serves as a species of crystal structures of
respective layers to be formed over the soft magnetic layer and, for example, is
a layer that serves as a base for an underlayer with respect to a magnetic
recording layer. The underlayer, the magnetic recording layer, and so on are
formed in sequence over the seed layer. For example, the underlayer controls
the orientation and the grain size of magnetic crystal grains in the magnetic
recording layer.

[0026]

In connection with this, the inventors of this application have found that,
in order to realize the recording density required in recent years, it is necessary
to control not only the structure of the underlayer but also the structure of the
seed layer under it. Further, the inventors have found that, by adding to crystal
grains of the seed layer an addition substance in the form of an element having

a smaller atomic radius than a material of the crystal grains of the seed layer,

the crystal grains of the seed layer can be miniaturized. Further, the inventors
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5 [0027] (Structure 1) A perpendicular magnetic recording medium
adapted to record information by a perpendicular magnetic recording
system, wherein the perpendicular magnetic recording medium
comprises: a substrate; 10 a soft magnetic layer formed over the
substrate; a pre-underlayer (seed Iayer:}q’ormed over the soft magnetic
layer and containing seed crystal grains as crystal grains that serve as a
base for crystal grains of an upper layer; an un_derg}/er formed over the
I

PR FRISHARR LM R TBR SHIAIN RS R o RRAA R RIntidp
@85%5518‘ AN ALEDSERLATEY F‘g‘?&%%ﬁ’@f& L'J%"erﬂ%z%]%ﬁ'&?%%e Yesult, to also

ecor |ng?cfayer con{alnln% mga netic crystal grains a crystal structure
HinliagLetreieliash Bidheywrslaiiaies, of ieseiadieclteroogieiiay dayeredT he first
layer) contains 20 the seed crystal grains that serve as the base for the
EyemiaAias tie i eitngrisijuetaies an addition substance that is added
betweeryﬁgﬁeed crystal grains and composed of an element having an
atomic r smaller than an atomic radius of an element forming the

seed Cr)é%*@b@f@ﬂ@%)%AT B@E@ﬁﬂ%ﬂ%@ﬂ%ﬁ@?@%éﬁ%@%%&ﬂ%i%‘d&ed to

mounted in, for example, a HDD of the perpendicular magnetic recording
scdedhinfod2Bit dini by @enperpettibatcamelg ettt reitbralisg aly stemmioviadtieis the
like such an 11 addition substance enters the crystal structure of the seed
REfeERiaL RN Rc At AL MAE YL AURRIHEF S ains. Therefore,
accordir%gggbtg‘zfsat%tructure, it is possible to properly miniaturize the seed
crystal grains, for éxample. By properly miniaturizing the seed crystal

grains, ihis¢roasjadac layer formed over the substrate;

a pre-underlayer (seed layer) formed over the soft magnetic layer and
containing seed crystal grains as crystal grains that serve as a base for crystal
grains of an upper layer;

an underlayer formed over the pre-underlayer (seed layer) and
containing crystal grains that control an orientation of crystal grains of an upper
layer; and

a magnetic recording layer containing magnetic crystal grains with a
crystal structure that is controlled by the underlayer,

wherein the pre-underlayer (seed layer) contains

the seed crystal grains that serve as the base for the crystal grains of
the underlayer, and

an addition substance that is added between the seed crystal grains
and composed of an element having an atomic radius smaller than an atomic
radius of an element forming the seed crystal grains.

This perpendicular magnetic recording medium is mounted in, for
example, a HDD of the perpendicular magnetic recording system.

[0028]

It is considered that an element with a small atomic radius like such an
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5 properly separate the seed crystal grains therebetween, for example.
Further, by this, for example, it is possible to properly miniaturize the
crystal grains of the underlayer and the magnetic crystal grains of the
magnetic recording layer that are formed over the seed layer, and further
to properly separate the grains therebétveen. Further, by the
miniaturization of the magnetic crystal grains of 10 the magnetic recording
layer and the separation of the grains therebetween, it is possible to

HRNRRRIARCR SHEFELBrERETR PieHease Rbthe sraAARdRyacilitate
ﬂ@ﬁﬁgg{?&?? %8%8%?%@8&&%%‘2”9 %%%%Fb“&&%%ﬂ?grgﬁe@ggg

grains of the magnetfic recording layer by the structure o

Aayestuke, hew paiseasne teerepaednfitidngizthehinBeeacegitthe sers, lRyer

on the grain size of the magnetic crystal grains of the magnetic recording

RATARS nBYbREPaEbNBINEASIT0TBT)etserI; IRl Eftainty idaagaibls, to

f le, a | ith an 20 h . The soft i
BRI ISREs oTa] Qohn ) LAt e ghaal e Further
Y8 A eUAmABN RIS HYs SKEh agrspRp S AR ZNHE EPy3ta0RtIRS of the

exchange coupling) to each other through & nonmagnetic layer

umdeplzsent tratdbetmagnefinBijistab grhensaddierysiad getin scoattengeleger that

layer are, for example, crystal grains of an alloy containing Ni. The seed

BRSPS VY RI)DEIGIRNYr AN HEREEIRPTOPRISRENM A BSIBIRES
Mb%&ﬂ'e%ﬁeéwe SRy %?'tﬂléa}ﬂﬁm&{ ﬁﬁﬁﬁgfn RN éhét{:‘ﬂ%fﬂé?d%hs of

tends to grow on a magnetic Iayer with an amorphou structu

theeneigitetibecradinty Righyw@iasieaydpavat Arystak gisieisitasidiesanten, it is
from that of the magnetic crystal grains of the magnetic recording layer.
Possikianiplecdness el npisdPdReRe M A IRAIY dNsceasgdiae magtiRg slensity.
a bcc cry&&lgﬁtructure close to amorphous.

Hitherto, the necessity of controlling the grain size of the magnetic
crystal grains of the magnetic recording layer by the structure of the seed layer
has not been recognized. Further, the influence of the seed layer on the grain
size of the magnetic crystal grains of the magnetic recording layer has not been
considered.

[0030]

Herein, the soft magnetic layer is, for example, a layer with an
amorphous structure. The soft magnetic layer may be a laminated film of a
plurality of soft magnetic material layers antiferromagnetically
exchange-coupled (AFC Antiferro-magnetic exchange coupling) to each other
through a nonmagnetic layer interposed therebetween.

[0031]

The seed crystal grains in the seed layer are, for example, crystal grains
of an alloy containing Ni. The seed crystal grains may be crystal grains of an

alloy of Ni and W or an alloy of Ni and Co. The seed crystal grains preferably

have a crystal structure that tends to grow on a magnetic layer with an
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5 [0032] As the addition substance in the seed layer, use can be suitably
made of, for example, boron (B). Alternatively, it is considered to use, for
example, carbon (C) or the like. Other than that, it is considered to use,
for example, one of various interstitial elements. 10 [0033] The underlayer
is, for example, a Ru layer containing Iﬂ@crystal grains. The crystal grains
in the underlayer preferably have the same crystal structure as that of the
magnetic crystal grains of the magnetic recordin%}ayer. With this

SARRIRUEBIBIEH o BPIRIOFRaliRAERA/SRAGHFRIBE eV R RACIS
%mﬁ'@d%?éﬁ?ﬂ% PﬁgPﬁf'Yh%%té%'r'm%‘ﬂr T@%ﬁﬁiiﬁ‘mﬁ% mgt%netic

ayer have, for example, a hcp structu e magne

recording layer. hasofenexapislehe seagnatcailajitlas AteychaeeR Whbichrgstal
nonmagnetic substance (mainly an oxide) is segregated to 20 form grain

BouedEey Qs s aFESiRt SH MGHYIecTIO 38t AN pRTOUWRagnetic grains).
The ma(i]&%i crystal grains of the magnetic recording layer are, for
example, gbnetic crystal grains of CoCrPt with a hcp structure and are

orientedAg thd4aaItRIhCRIFRERNE AR iscarajal AN BHPBOSiably made

crystal grains of the underlayer. The nonmagnetic substance at the grain

bh dodarappitomisnféBR5 éxtenpdtiyeip 2. iT lvemsideragreticssyistanaample,
may be another oxide such as SiO2. [0035] (Structure 2) The seed

E%ngé{l‘

§aié Hie WrgstalYPaniandhadl/ s erngielessd w uggtiahrrample,
Hg%p(@ﬂ&ﬁsqﬁwgﬁépﬁ%%%% miniaturize the seed crystal grains of

the seed layer, for example ] (Structure 3) The addition substance
is a subgaree that does not

The underlayer is, for example, a Ru layer containing Ru crystal grains.
The crystal grains in the underlayer preferably have the same crystal structure
as that of the magnetic crystal grains of the magnetic recording layer. With this
structure, the orientation of the magnetic crystal grains of the magnetic
recording layer can be properly controlled. The crystal grains in the underlayer
have, for example, a hcp structure.

[0034]

The magnetic recording layer has, for example, a magnetic granular
structure in which a nonmagnetic substance (mainly an oxide) is segregated to
form grain boundary portions between magnetic crystal grains (magnetic grains).
The magnetic crystal grains of the magnetic recording layer are, for example,
magnetic crystal grains of CoCrPt with a hcp structure and are oriented in a
direction corresponding to the crystal orientation of the crystal grains of the
underlayer. The nonmagnetic substance at the grain boundary portions is, for
example, TiO,. The nonmagnetic substance may be another oxide such as
SiO..

[0035]

(Structure 2) The seed crystal grains are crystal grains of an alloy of Ni
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5 chemically react with a material of the soft magnetic layer and the seed
crystal grains. With this structure, it is possible to properly add the
addition substance. Herein, "that does not chemically react with a
material of the soft magnetic layer and the seed crystal grains” means
that, for example, that does not substaljrt?’ally chemically react under the
conditions in manufacturing processes of the 10 perpendicular magnetic
recordir{&imedium or in an environment during use thereof. [0037

u

PO HriSeSHUEIER, JLiSseaRSS 5%6!@9&_5&%@%.%%%866(1 crystal
étg#ﬁgug?,tﬁé?%%%aﬁ%%rth&rg&gwg?éﬂd the addition substance. It is

Iclent the addition substance is solid, for example, under the
conditiofgoBemanufacturing processes of the perpendicular magnetic
recording medium or in an environment during use thereof. [0038]

(StructutetB)ctke s ditierasiiseasebist@criis ahssbstaneedhaisiors not
ossible to properly miniaturize the seed crystal grains of the seed layer
B O AR S RS R Rl e ced ervsta
gHansive RidiRSIRn SRIMNG 18%,85sAhavs-piapliepestisie Gl Yifbstance.
Second background art and have paid attention to the fact that, in order to
epedve that agswahotieh@tiarally semetgnighica reatedal gfaher seithnasigoetic layer
structure, a nonmaqnetic underlayer with a hcp structure serving as a

BAddNBrPRAFOIRA'HHE AR NrlolBnG RN % DRtARRS ARK Stfstantially
B AR SRR B N aggﬁtlﬁ Mﬂi@m ﬂﬁf%?ﬁ%ﬁ%%%%%y

an intermediate Iayer serving as ase for the crysta
peryeadreiigrundgrayerebs @iy uicefiduitbeirstusliesvitod myanthrsiipuse

completed the second invention.
thereof.

[0037]

(Structure 4) The addition substance is a solid substance. With this
structure, it is possible to properly add the addition substance. It is sufficient
that the addition substance is solid, for example, under the conditions in
manufacturing processes of the perpendicular magnetic recording medium or in
an environment during use thereof.

[0038]

(Structure 5) The addition substance is B. With this structure, it is
possible to properly miniaturize the seed crystal grains of the seed layer, for
example.

[0039]

(Second Invention)

The inventors have made intensive studies for solving the
above-mentioned subject about the second background art and have paid
attention to the fact that, in order to improve the crystal orientation of a magnetic

recording layer with a hcp structure, a nonmagnetic underlayer with a hcp

structure serving as a base for the growth of the magnetic recording layer is



10

15

20

25

5 [0040] Specifically, according to a typical structure of the second
invention, there is provided a perpendicular magnetic recording medium
adapted to record information by a perpendicular magnetic recording
system, the perpendicular magnetic recording medium comprising a
substrate and, over the substrate, at 1dbast a soft magnetic layer, a
pre-underlayer (intermediate layer), an underlayer made of Ru, and a
magnetic recording layer adapted to record a signal, wherein the

IREQIRE B R ATRa 4 RgE PERSRRBaUISHBreNdRdaNSY & largely

i ate laver -u
R e, S A B SR i St e
HearmeMatr laaeeaied asthedqpessidens Edies s phedaterd inadk
metal), the coercive force He is improved, while when the second
qeerpiRigd b eageeenlinyeiidosN ratio is improved. The order of the first
and sect)d;ﬂ intermediate layers may be changed. This is because even if
20 eithe tance is located on the upper side, both the coercive force

He and dig St ARYORG IREPKSE B aYSRIRIEHE Bifesk 3R E0RPRREhtion,

with the case of a”single layer. [0042] The Cu alloy may be selected from

et pppadetiraparpeatioy) |a? B ayvet{copperdinggsied uiogdlsated to record
CuTi (capper-titanium alloy). This is because as long as it is an alloy

EERTBRIRNAUAIP RSt Iaf 1pBASHE S5 CEIRR RV 2R Tn G RRFRRRHCUlar
i e BN L R
[Bhistia ffcaismhaticaypaseskwilin deriajemniedirtadaiaeimiie)iamuiderliayer
single CuX layer, the intermediate layer comprising the two layers of CuX
Aadevl/Ranand a magnetic recording layer adapted to record a signal, wherein
the pre-underlayer (intermediate layer) comprises a first pre-underlayer
(intermediate layer) made of a Cu alloy and a second pre-underlayer
(intermediate layer) made of NiW.

[0041]

When the second intermediate layer located on the upper side is CuX
(X is a predetermined metal), the coercive force Hc is improved, while when the
second intermediate layer is NiW, the SN ratio is improved. The order of the
first and second intermediate layers may be changed. This is because even if
either substance is located on the upper side, both the coercive force Hc and
the SN ratio are improved by a synergistic effect as compared with the case of a
single layer.

[0042]

The Cu alloy may be selected from CuCr (copper-chromium alloy),
CuW (copper-tungsten alloy), and CuTi (copper-titanium alloy). This is
because as long as it is an alloy composed mainly of copper, it is possible to

achieve an improvement in recording density without increasing the thickness of

the underlayer.



10

15

20

25

5 achieve a patrticularly large coercive force in this total thickness range.
The upper limit of 12nm also has a meaning of preventing that the space
between a recording/reproducing head and the soft magnetic layer 14
that enables smooth recording by forming a magnetic path during
recording becomes too large. [0044] 16°The underlayer preferably
comprises a first underlayer and a second underlayer for which the gas
pressures differ from each other in ruthenium film formation by sputtering.
[0045] 19043 because when the first or second intermediate layer is

made Oﬁﬁbﬁﬁﬁlﬁéée%‘ée&%%ﬁ% §9ﬁ9%§éﬁ‘o gf& ft’)‘éeﬁ?g?ri‘é?{?ﬁ.d This is

two-layer sfructure, there is ex an e hancing

peeatREoRSTHIR pRANGlit ERTINENY dayRieVidiaUn iGEeRBIDINE single CuX
thickness of each underlayer and, further, the layer containing ruthenium

layeidhadatriaeMifie rakel RO BgBSIRArHTS BNeryeIsaft G4 &nd Bivgran

exhibits an effect of miniaturizing.grajns of.the magnetic. 20 recordin

TPV RGORE AP UG CH G 1R G g Ko A o 78 i
cReiRNiNg 15 AR0YS MRS ARNEST pADeriG iREHIOARRE MR een a

found that, by adding an 25 oxide to a pre-underlayer (orientation control

tageriigs eosxibieing heaid tand ¢her it geagnetaf thgepréduhde dapdies smooth

(orientation control layer) and crystal grains of an underlayer and a

[ReBFHNe RYCIHEMGIy B HIIGIMA BYEPhEEGHElINRFERBER IRt

control | I’;lnd thus to improve the S/N ratio. 16 Then, the inventors

have studied various oxide materials and, as a result of further studies,

have competedénayeirisiaaboncifgiscEheite-undernayer fodentadiesnd
control layer) is preferably formed of at

underlayer for which the gas pressures differ from each other in ruthenium film
formation by sputtering.

[0045]

This is because when the first or second intermediate layer is made of a
Cu alloy, even if the underlayer has the above-mentioned two-layer structure,
there is exhibited an effect of enhancing the orientation of the magnetic
recording layer without increasing the thickness of each underlayer and, further,
the layer containing ruthenium and formed in a high-pressure argon atmosphere
(about 6Pa to 10Pa) exhibits an effect of miniaturizing grains of the magnetic
recording layer.

[0046]

(Third Invention)

The inventors have made intensive studies for achieving the
above-mentioned object of the third invention and have found that, by adding an
oxide to a pre-underlayer (orientation control layer), it is possible to miniaturize
crystal grains of the pre-underlayer (orientation control layer) and crystal grains

of an underlayer and a magnetic recording layer to be grown over the

pre-underlayer (orientation control layer) and thus to improve the S/N ratio.
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5 least one substance selected from a group comprising alloys of NiW,
NiPd, NiCr, NiMo, NiTa, NiV, NiNb, NiZr, NiHf, and NiCu. [0048] The
oxide added to the pre-underlayer (orientation control layer) is preferably
formed of one substance selected from a group comprising materials 10
Of Si02, SiO, Ti02, TiO, Cr203, Zr203, 376c1205, A1203, W205, M0205,
V205, and Nb205. [0049] The thickness of the pre-underlayer
orientation control layer) is 1 nm or more, preferably 3nm or more and

BRM Bladaxenie PRV ST P IS RASRI SIS 13Rfe AR CERESO!

R EIPRRE A e
e e S R L Camot b controlea

ayer, the crysta
If the pregoadegrlayer (orientation control layer) becomes 20nm or more,
since the distance between a write head and a soft magnetic layer
become$hgrgec-andadayag irnialdis costic e iseretarabiiidormed of at

nvention [0050] Accordin this invention, it is possible to provi . .
- RGeS TR TN Al AaUEBTB L s G, RiPa, Nicr,
NIRREPME e NI FRERISIRGZ2 Ndlensityd QRS Specifically, according to
the first invention, for example, it is possible to properly miniaturize crystal
grains ifG048¢d layer. By this, for example, itis 17 possible to properly
miniaturize magnetic crystalﬁgrains in a magnetic recording layer and thus

to im_pro@l@etr%%%é\‘éﬁ’ﬁ&é% RyPE-AdepaNEIcNEPRaHRBFOTERb RISy 1S
H?gfjépéﬁh;%ﬁ%bd of one substance selected from a group comprising materials

of SiO,, SIO, TiOy, TiO, Cr03, Zr;03, Tax0s, Al,O3, W,0s, M0,0s, V205, and
Nb2Os.

[0049]

The thickness of the pre-underlayer (orientation control layer) is 1nm or
more, preferably 3nm or more and 20nm or less. If the pre-underlayer
(orientation control layer) becomes 1nm or less, since it is difficult to control the
crystal orientation of an initial layer, the crystal orientation of the underlayer
cannot be controlled. If the pre-underlayer (orientation control layer) becomes
20nm or more, since the distance between a write head and a soft magnetic

layer becomes large, a write magnetic field is weakened.

Effect of the Invention

[0050]

According to this invention, it is possible to provide a perpendicular
magnetic recording medium capable of achieving an improvement in recording
density.

[0051]

Specifically, according to the first invention, for example, it is possible to

properly miniaturize crystal grains in a seed layer. By this, for example, it is
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5 According to the second invention, it is possible to provide a magnetic
recording medium with a high recording density increased in both the
coercive force He and the SN ratio as compared with a perpendicular
magnetic recording medium having a single-layer intermediate layer.
[0053] 10 According to a perpendicular magnetic recording medium and a
perpendicular magnetic recording medium manufacturing method of the
third _invention, it is possible to miniaturize the size of magnetic grains

DASRIBIE SWRIRG HETHIMB RS gRAANRISSRY 1ol BraliSocady8eRg iksiRg ding
R T R e R

esintatigmaddhgnmagnetic grains and thus it is possible to improve the
recording/reproducing characteristics of the perpendicular recording
medium[08&& Description of the Drawings 20 [0054] Fig. 1 is a

cross-sectional. view showing one example of the structure of a .
perpendiL AL e SESRA A GRS f0b BRSBIh A8 g de a magnetic
FéEQRﬂH%‘?HEd?ﬁFH%W?QW@I‘W@BOEjgwgzdﬁr?sﬁﬁﬂtir%'&%\é’ﬂ% h6th the coercive
relationship between the track width and 25 the bit error rate in

foorepdcativeg EreaBiplsaiio Rig.conspmmrd phithhowergehdiceliaionalipetic recording
between the track width and the bit error rate in Example 1 of the first
ReditBmavuasnalagrer ItRediary 8€structure of a magnetic

recordinﬁ)@]medium according to an embodiment of the second
invention. Fig. 5 is a graph showing the relationship between the thickness

of an inpereaedintetrasdsiealddayar haaghtt ceetrivia doredilen Higd &is
a graph showing the relationship between the thickness of an 5 _
RREPATHRAEIADa0SHG EcREisHNafaeH s sy Raasdacturing method of the third

invention, it is possible to miniaturize the size of magnetic grains without
lowering the magnetic grain density in a magnetic layer by using a material
added with an oxide as an orientation control layer. Further, the magnetic layer
can be laminated with almost no degradation in crystal orientation of the
magnetic grains and thus it is possible to improve the recording/reproducing

characteristics of the perpendicular recording medium.

Brief Description of the Drawings

[0054]

Fig. 1 is a cross-sectional view showing one example of the structure of
a perpendicular magnetic recording medium 100 according to an embodiment
of the first invention.

Fig. 2 is a graph showing the relationship between the track width and
the bit error rate in Comparative Example 1.

Fig. 3 is a graph showing the relationship between the track width and
the bit error rate in Example 1 of the first invention.

Fig. 4 is a diagram for explaining the structure of a magnetic recording
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Fig. 7 is a graph showing the relationship between the total thickness of
an intermediate layer comprising two layers of CuTi and NiW and the
coercive force He in comparison with an intermediate layer in the form of
a CuTi single layer. 10 Fig. 8 is a cross-sectional structural view of a
magnetic recording medium accordingji% an embodiment of the third
invention. Fig. 9 is a diagram showing the evaluation results of Examples
1to 16 of the third invention and Comparative Examples 1 to 3. 15 Best

MBHE B AEERFHRG ELAHRMRAHRSLBOES BerePhiBMRIBINHereinbelow,
retorendato e ralpenBdpHE IGHOREE bEREER TR Mess of an

preraxaiRe | af g sitigleligwl amethensiertaiafaasetinrecording
medium 100 according to the embodiment of the first invention. The

perpendii@idr ihaguiéihreevdiy thetlatiatihip hehugaedbelisiclorasseof an
in a HDD of the perpendicular magnetic recording system and comprises
MESHIRE 130 i B VG LGN 105 S SR HRgnetic yer 114, & seed
layer 25¢34 67 30 MAASHRYHOIARY A SERARFIIANEh AR SrserRORA MRkness of
layer 122,"a main recording layer 124, a continuous layer 126, a medium
proieetivedipgte (2928; aooh prisintcatio dpleger Af30uithrsdokdér. 400568 Tdercive
The substrate 110 is a substrate gdisk substrate) of the perpendicular_
(AEE B MR IRRRHIABANEM 2D Ot HBSBLE Laxel 18 Ihpiefd g S YiHsngle
%i made of, for example, amorphous aluminosilicate glass or the like.

ince smoothness and high rigidity are obtained, the aluminosilicate

glass mekgsgtis pessstenond stalyuraturatios sagigiicispacthiding
particularly the flying height of a magnetic head such as a recording

megiumuagasrding gpasisieipdiment of the third invention.

Fig. 9 is a diagram showing the evaluation results of Examples 1 to 16

of the third invention and Comparative Examples 1 to 3.

Best Mode for Carrying Out the Invention

[0055]

(First Invention)

Hereinbelow, an embodiment according to the first invention will be
described with reference to the drawings. Fig. 1 is a cross-sectional view
showing one example of the structure of a perpendicular magnetic recording
medium 100 according to the embodiment of the first invention. The
perpendicular magnetic recording medium 100 is a magnetic disk for use in a
HDD of the perpendicular magnetic recording system and comprises a
substrate 110, an adhesive layer 112, a soft magnetic layer 114, a seed layer
116, an underlayer 118, a first onset layer 120, a second onset layer 122, a
main recording layer 124, a continuous layer 126, a medium protective layer
128, and a lubricating layer 130 in this order.

[0056]
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obtain high rigidity and strength by chemically strengthening the
aluminosilicate glass. [0057] 10 Using, for example, an evacuated film
forming apparatus, the respective layers from the adhesive layer 112 to
the continuous layer 126 are formed in_sequence on the substrate 110 in
an Ar atmosphere by a DC magnetron “sputtering method. The medium
protective layer 128 is formed on the continuous layer 126 by, for
example, a CVD method. The lubricating layer 15 130 is formed on the

medium i18teeRsEaks dr 078 By alppalsdfik hubsdRiehel ibsegtRendicular

I rnativel ' -
@%a%ﬁ%ﬂeg,sragné?ﬁ?r@ %gﬁgﬁ orminaétpﬁe%/gg%{%ﬁg gr@%ﬂ orr£1 Oé%%ﬂlg?s disk
it ot fifr loxanapn). drieseimeriowIUhRresIREE 3 RRY BramefARBIINgince
methods of the respective layers will be described in further detail. 20
f00s8lMes idndNgh Aigidityl ar ebtajee o theeloming sitigaienglassHaalss it
magnetic layer 114 by improving the adhesion between the substrate 110
B HIE S BB IS Hhen G RO S a7 . RAFLA Vg T
HERREDT B TEAAEHRI HOLEXARIP!Ss 8 TRl ngAnatatiakHB S B 8Esible to
practical use, Z5 the thickness of the adhesive layer 112 is preferably set
b thimnhighS@oidityl mntistexagiipley treadbabyvstiapgtteifing thereddrby tsdicate
use of, for example, a Ti alloy target so as to be a Ti alloy layer of 1 Onm.

] 20 The soft magnetic layer 114 is a layer for forming a magnetic

circuit bggwg itself and a magnetic head and is made of, for example, an
amorphous soft magnetic material. As the amorphous soft magnetic

materialUgfgycooy kamats ah toraxantelgilneomingrappartiicknessrepective
the soft magnetic layer 114 5 is, for example, 40nm to 60nm. The soft

lnrysciienailee adhenive hayedhniadaeirasinupus dMreol 26raredgrass in

material layer .
sequence Xn ﬁ1e substrate 110 in an Ar atmosphere by a DC magnetron

sputtering method. The medium protective layer 128 is formed on the
continuous layer 126 by, for example, a CVD method. The lubricating layer
130 is formed on the medium protective layer 128 by a dip coating method.

The respective layers described above may alternatively be formed by using, for
example, an in-line type film forming method. This enables, for example,
uniform film formation. Hereinbelow, the structures and manufacturing
methods of the respective layers will be described in further detail.

[0058]

The adhesive layer 112 is a layer for preventing stripping of the soft
magnetic layer 114 by improving the adhesion between the substrate 110 and
the soft magnetic layer 114. As a material of the adhesive layer 112, use can
be made of, for example, a Ti-containing material. In terms of practical use,
the thickness of the adhesive layer 112 is preferably set to 1nm to 50nm. In
this example, the adhesive layer 112 is formed by the use of, for example, a Ti
alloy target so as to be a Ti alloy layer of 10nm.

[0059]
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antiferromagnetically exchange-coupled (AFC Antiferro-magnetic
exchange coupling) to each other through a nonmagnetic layer
interposed therebetween. [0060] 10 The seed layer 116 is a first
crystalline layer formed over the soft magnetic layer 114. In this example,
the seed layer 116 is formed in contactz(vgith and just above the soft
magnetic layer 114. The seed layer 116 contains seed crystal grains
being crystal grains that serve as a base for crystal grains of the

underlaydie1 38 HBRGNRIG KR IdJérIaIAYPAGRR TGN MISRagaate g ey
BSEW%SH H%%lf%%% AWK r%ﬁ‘é“ﬁedgﬁ"ér?cfj gﬁ%qo%‘B?t O§>$%r+§?¥@ea{ﬂrgh%frphous

an element having an atomic radius sma an tha ement

somninggheti s eestengstal gsaine 4R pholkessrem styRiat gnairgidl, thee can be
seed layer 116 may be crystal grains 20 having, for example, a fcc

siadg 0k fasakenspled tafselagtaind hssthisimeessoitiisysafhmaendte layer 114
| | grai I ining Ni. F h

BT B okl e B o Oy I RSB Uy B GALSY & Aoy

Riharch\WikNoY\a praaiRliox Qéﬁ'h?a%gﬁb(m&ehawag\grgsing, for

example, the seed crystal grains of the alloy of Ni and this alloy is
antiferabiy 2 aticallyyecch@angeg dlipled YR FCAaifioon M taretanepiehange
8-12:1 in terms of the ratio of the numbers of atoms. [0062] As the

SRR ISR O BLIHEIQMEHN 18R TMBINSEC Y BeiBiGtRBRES RIS WYeen.

for exa oron (B) or the like. It is considered that such an element
having a small atomic radius enters the crystal structure of the seed layer

116 to faviitaecainipturiz@tignadirdiesradlnesia) ¢ fonmeheteiones Byt
adding such an addition substance, it is possible, for example, to properly

magnriionarehldeed R it RraINCatle ReA(EIRYS PIOPdRaIaIRAdRRapRIact
grains, dnereheeel By R R LRI 1O TR R I S ntains
seed crystal grains being crystal grains that serve as a base for crystal grains of
the underlayer 118 being its upper layer and an addition substance added
between the seed crystal grains. This addition substance is in the form of an
element having an atomic radius smaller than that of an element forming the
seed crystal grains.

[0061]

The seed crystal grains in the seed layer 116 may be crystal grains
having, for example, a fcc structure. As the seed crystal grains, use can be
suitably made of, for example, crystal grains of an alloy containing Ni. For
example, as the seed crystal grains, use can be suitably made of crystal grains
of an alloy of Ni and W (NiW) or an alloy of Ni and Co (NiCo). When using, for
example, the seed crystal grains of the alloy of Ni and W, this alloy is preferably
an alloy containing Ni and W in the ratio of, for example, 8-12:1 in terms of the
ratio of the numbers of atoms.

[0062]

As the addition substance of the seed layer 116, use can be suitably
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grains of the underlayer 118 formed on the seed layer 116 and magnetic
crystal grains of the main recording layer 124 serving as a magnetic
recording layer and, further, to properly separate the grains
therebetween. Further, by the 10 miniaturization of the magnetic crystal
grains of the main recording layer 124 Zhd the separation of the grains
therebetween, it is possible to reduce the noise to thereby increase the
recording density. When the seed crystal grains are, for example, the

RIRAEA NI RIAMRIR: BOFOR (B) Rribedike: thé itiarIBHIIEER! Rugh an

T e
Ry INDEO fhel raditiamidtisipeeierodieHb dedoechgstiian surstamee legare, by

solid and be a substance that does not chemically react with the material
afl hiedssiich agnadiditipyesultanre tieis dossib)sidbg @xas pie otheonssty

B e AL S Sl 2R e v
ﬁ%?%igé{\ﬁgéﬁ.USB;PHﬁs‘?“iN@&%?sQﬁ@fd%@@%ﬁ&%ﬁiﬁaﬁ%@@tﬁé‘@rystal
underlayer 118 is a layer for improving the crystal oriéntation of 25

gnagrsetittbey stad griaiyer ih1t&¢amaedrendrerse &y éayE2 4 A6 icdnteigeetic crystal
crystal grains that control the orientation of crystal grains of its upp

HPHS, MAB FRLGHEMS (RYStal g UNthehain3eesHs ﬁaqa@rngiay er
IR 68 S S AT 5 98 o

magnetization

migeiic steordng syatejnetidcnrrasgadintodtirNbihmh ¢evdsdingiayer 124
normal direction of the substrate 110. In order to improve the orientation

anththe-akpanpivemidhiecidipoihecahedertis imisimosaibleiityrrireelthe noise
S R R D S Y e
fecerdinplayael oy b &1aropIgntnediBAqEINELLE] aQnieladifion
element, it is preferable to add B in the ratio of 8-10:0.5-3 in terms of the ratio of
the numbers of W atoms and B atoms.

[0063]

Herein, in terms of properly carrying out the addition, it is preferable that
the addition substance be a solid and be a substance that does not chemically
react with the material of the soft magnetic layer 114 and the seed crystal grains
of the seed layer 116. Other than boron (B), it is considered to use, for
example, carbon (C) or the like as the addition substance. Alternatively, it is
considered to use one of various other interstitial elements.

[0064]

The underlayer 118 is a layer for improving the crystal orientation of
magnetic crystal grains in the main recording layer 124 and contains crystal
grains that control the orientation of crystal grains of its upper layers. When
the magnetic crystal grains of the main recording layer 124 have a hcp structure

(hexagonal closest packed structure), the easy magnetization axis is a c-axis.
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crystal orientation of the main recording layer 124 through the first onset
layer 120 and the second onset layer 122. [0065] 10 As the underlayer
118, use can be suitably made of, for example, a Ru layer containing Ru
crystal grains with a hcp structure. In this case, it is possible to effectively
improve the crystal orientation of the mafn recording layer 124 and thus to
enhance the coercive force Hc. In this example, the underlayer 118 has a
structure comprising two Ru layers. In this case, it is 15 preferable that the

6Q§r§|fe§§u% t@feaoﬁﬂﬁﬁﬁ'ﬁ@' lga8vRe W@Ffﬁifﬁfﬂf@ IRQ A5 BnitiseGEpERATY 1O
B}’eeﬁﬁ\ng ?ﬁ)ﬁgtiﬁ'ﬂ@ﬁmﬁw. ef8ﬁéﬂf8?'ﬂ9e;§‘adéﬂ ?é(%%%‘? ﬂ]ﬁ P40
ayer side. This makes it possible to more enhance the effect of improving

iR eiysttobaeiauanNAS the undeslayes dfiSctiae oapralield atdrly the main
made of, for example, a layer of Ti, V, Zr, Hf, or the like. 20 [0066] The

rRsputivetiRyeIr 12b thrgivraoeicamneeniayer 118 saviagead i structure

SR R O R SR BEAE R v

YR Pecdralfgd RYBIREILNC B i ulaL SHRLR LY RERFRIVBS D 18 KH R the

on the hcp 25 structure of the underlayer 118. By forming the main

cegstaling dayatidri? dfahetheafivseandisey tangk oA 24t thymrgH ftedindt 1236t layer
ossible to separate the magnetic crystal grains therebetween from an

Eﬁ@aﬁ‘%?aﬁl@(ﬁ%ﬁﬂ%ﬂ?ﬁﬂé%ﬁfnlggcording layer 124 being a magnetic

granular[g(gégc ure layer. In this example, 23 as the first onset layer 120,

use can be made of, for example, a nonmagnetic CoCr-Si02 layer. As the

second prstielayrielRycvda gandeccaradie shiifablexamielaf afoperzagpelia Ru
CoCrPt-Cr203 layer. [0067] 5 The main recording layer 124 is one

lByanhp G RIRgAg HaTy Tt Qg Vil pditP ik IatHiggndadhparragy it is
Sgggi%ﬁreetg] e eigﬁv%hr}?rwgra&/%et.Cesgr?/ggpgﬁentation of the main recording layer
124 and thus to enhance the coercive force Hc. In this example, the
underlayer 118 has a structure comprising two Ru layers. In this case, it is
preferable that the gas pressure of a sputtering gas for forming the Ru layer on
the upper layer side be set higher than that for forming the Ru layer on the
lower layer side. This makes it possible to more enhance the effect of
improving the crystal orientation. As the underlayer 118, use can alternatively
be made of, for example, a layer of Ti, V, Zr, Hf, or the like.

[0066]

The first onset layer 120 and the second onset layer 122 are layers for
facilitating miniaturization of magnetic crystal grains in the main recording layer
124. In this example, the first onset layer 120 and the second onset layer 122
are nonmagnetic granular structure layers formed in this order on the hcp
structure of the underlayer 118. By forming the main recording layer 124 on
the first and second onset layers 120 and 122, it is possible to separate the

magnetic crystal grains therebetween from an initial stage (buildup) in the main

recording layer 124 being a magnetic granular structure layer. In this example,
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(mainly an oxide) is segregated to form grain boundary portions between
magnetic crystal grains (magnetic grains). These magnetic crystal grains
have a crystal structure controlled by the underlayer 118 through the first
and second 10 onset layers 120 and 122. In the perpendicular magnetic
recording system, for example, by forng'no’lg a magnetic recording layer as
a granular structure layer to isolate and miniaturize magnetic crystal
grains, it is possible to im&rove the S/N ratio (Si%naI/Noise Ratio) and the

eDdRaVETbRASRIdaNPEIS dxRfraI YRS MARE edriRgAEYP 12 4R DRABEIC
Endiesies %@Pargg‘[ﬁ%@é@o%ﬁiégﬁ%%ﬁ }Ezcﬁgé%tagfygﬁ ;&@Hf%r

silicon oxide {S102) or titanium 0x as ari exam

eramplenelisoihapnas By drist-bemauyecording layer 124 becomes a

granular structure layer containing magnetic crystal grains of CoCrPt with
a hcp stldefifk. These magnetic crystal grains reflect the crystal

T 1 S
GIyStaliiaRHN a8 hER Gratal ol B SHRARIAYSohRa g iR siBStance

thickness of the main recording layer 124 can be properly set in a range

ohdoneranopide) sy ddgate drteeftang eréon oozt ¢ onaom scoeindewn
25 layer 124 has a composition containing, for example, CoCrPt and TiO2

[BRE1E Gy AR RIS SrERANY'E BTN, BYNRRS IHREREHHIEYERRI grains have
%@Q%%%Fﬁc@vg%aﬂﬁ8|lér§§gfﬁ%a%% & 9;%”&#8 ARHEHALHRG second

the magnetic substance. , magnetic crystal grains become columnar

M ERRgIRNRRARRY IStCtURaehBYstpeitiR SaMAGRETRIC St GiiRiNSy8tem, for

epitaxially grown continuously from the granular structure in the first and
sxabiexmetapéry aJnagngtior@yding, laye nas mrecstdiag Stkyeturgdayer to

S T S PSR SIS0 v e s
ratio (Signal/Noise Ratio) and the coercive force Hc. In this example, the main
recording layer 124 is formed by the use of a hard magnetic target made of
CoCrPt and containing silicon oxide (SiO) or titanium oxide (TiO;) as an
example of the nonmagnetic substance. By this, the main recording layer 124
becomes a granular structure layer containing magnetic crystal grains of CoCrPt
with a hcp structure. These magnetic crystal grains reflect the crystal
orientation of the underlayer 118 through the first and second onset layers 120
and 122 and are oriented in a direction corresponding to the crystal orientation
of the crystal grains of the underlayer 118.

[0068]

The thickness of the main recording layer 124 can be properly set in a
range of, for example, 7nm to 15nm. The target for forming the main recording
layer 124 has a composition containing, for example, CoCrPt and TiO; (or SiOy)
in the ratio of about 9:1 (mol%). By this, for example, the nonmagnetic
substance is segregated to form grain boundaries around the magnetic

substance. Then, magnetic crystal grains become columnar to form a granular
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the plane direction. The continuous layer 126, for example, enhances the
thermal stability of magnetic recording by the main recording layer 124
through exchange coupling with the main recording layer 124. In this
example, the 10 continuous layer 126 is a CoCrPtB film. The thickness of
the continuous layer 126 is preferably 4%nm or less and more preferably
5nm or less. [0070] The medium protective layer 128 is a layer for
protecting the main recording layer 124 from an impact of a magnetic

PldeiUfRie rhedilRn 1BESIPAURCHS ErYEHY &bt eteasP e @i rappyn

i r fi \ ile. maintai
RS e R . A U P A G Tegrs 120
filma bp2he BY himatmoehisiinmecoyamilaler harmnasstiae ganpRIEstvitiure can
that by the sputtering method. Accordingly, this makes it possible to
beopsepeidy iimedcording layer 124 more effectively 20 against the

impact f[ e magnetic head. [0071] The carbon film forming the
medium ﬁ tive layer 128 is, for example, a film of hydrocarbon

(hydrogemied sRBen: a9 PEHOgeRAe G CRINER tHdSmBeRBSTRontinues in

properly improve the film Strength. Accordingly, it is possible to 25 more

e pdalyepdoiectidhe nidie eoundiny falggrel 22 againskdreptepanhiooe thihe
magnetic head. [0072] The lubricating layer 130 is a layer for in(:reasintg?1 h
roug

the'mBtisiPityel MBaGNeleEe6PIRNgY SRR FRAGHERE la¥sFdtrg

: ) : lubricali
T R CEL R
CoerihiasopodyeineDs RFR E besrastimght Thaithiskvety eftehetsihuous layer
exhibit proper lubrication performance necessary for a 5 magnetic disk.

Fetireproteiabbe HImavehdesgarogymaicupreieral sbend ogleaps, it can
exhibit t}%%ﬁihesion performance with respect to the medium

The medium protective layer 128 is a layer for protecting the main
recording layer 124 from an impact of a magnetic head. The medium
protective layer 128 is formed by, for example, forming a carbon film by the
CVD method while maintaining a vacuum after forming the continuous layer 126.
In general, carbon formed into a film by the CVD method is improved in film
hardness as compared with that by the sputtering method. Accordingly, this
makes it possible to protect the main recording layer 124 more effectively
against the impact from the magnetic head.

[0071]

The carbon film forming the medium protective layer 128 is, for example,
a film of hydrocarbon (hydrogenated carbon). Using hydrogenated carbon, it is
possible to properly improve the film strength. Accordingly, it is possible to
more properly protect the main recording layer 124 against the impact from the
magnetic head.

[0072]

The lubricating layer 130 is a layer for increasing the lubricity of the
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protective layer 128 in the form of a carbon film. The thickness of the
lubricating layer 130 is preferably set to, for example, about 1 nm (e.g.
0.5nm to 2nm). 10 [0073] In the perpendicular magnetic recording
medium 100, for example, the respective layers other than the seed layer
116 may be formed by, for example, p?&cesses that are the same as or
similar to those for known layers corresponding to such respective layers.
Even the seed layer 116 may be 15 formed by, for example, processes

taiase thdsprerendickiRi aanRBs sa6P Wi SRR AR WHhtHRspect to the

R A SR 2o o AR Mg metnoc
4Sing0 7ol elaramel PEPE! gheruampEIDetfeR)UNHIBHIGRIS alagaiy@schain

molded into a disk shape by direct press, thereby producing a glass disk.

Theeiungidqthesalgiewibitpupry, [pblisiaéionaprrichHarares yneaesspne fid

in sequence, thereby obtaining 25 the substrate 110 being a oth

AR kctisk LB RESAURE RRERS IHE AR QRS k) eyend

ﬁr‘%ﬁ%é’,i%éﬁﬁ‘%ﬁ%laﬁt LHh g8 R e RN R Fedisk S YosH Wedium
aving a diameter of 65mm, an inner diameter of 20mm, and a disk

fhinieotise tdye6326hm.thbdsurfata carbbnddmof theeothtmikees2®f the
substrate 110 was observed E?% an AFM (atomic force microscope) and it

WA CRERfAKE thIkis RIAESAPYSRICO WRR R 2RaKH BRU(RE-di-5nm to
g m. Rmax an_d Ra follow Japanese Industri_al Standard (JIS). [0076]

en, the adhesive layer 112, the soft magnetic layer 114, the seed
layer 11@ahejunderlayer 118, the first onset layer 120, the second onset
ayer In the perpendicular magnetic recording medium 100, for example, the
respective layers other than the seed layer 116 may be formed by, for example,
processes that are the same as or similar to those for known layers
corresponding to such respective layers. Even the seed layer 116 may be
formed by, for example, processes that are the same as or similar to those for a
known layer except the above-mentioned point.

[0074]

Hereinbelow, the first invention will be described in further detail by an
Example and a Comparative Example.

[0075]

(Example 1)

First, an amorphous aluminosilicate glass was molded into a disk shape
by direct press, thereby producing a glass disk. Then, this glass disk was
ground, polished, and chemically strengthened in sequence, thereby obtaining
the substrate 110 being a smooth nonmagnetic disk substrate in the form of a
chemically strengthened glass disk. The substrate 110 was a 2.5-inch

magnetic disk substrate having a diameter of 65mm, an inner diameter of 20mm,

and a disk thickness of 0.635mm. The surface roughness of the obtained
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122, the main recording layer 124, and the continuous layer 126 were
formed in sequence on the substrate 110 by DC magnetron sputtering.
[0077] 10 First, as the adhesive layer 112, a CrTi layer of 10nm was
formed. Then, as the soft magnetic layer 114, there was formed a
laminated film of two soft magnetic mat&rial layers antiferromagnetically
exchange-coupled to each other through a nonmagnetic layer interposed
therebetween. In the formation of the soft magnetic layer 114, an

BRSIHEUS ARPralPIaYRA BY hAFVREHRSR P QbrrBUCARSHRARS NG dwas
88?&%98‘1&&@3‘8%&%%&%@%#% 80P &W&ﬁé%@%ﬁﬁé%

nonmagne ayer. en, as second-layer soft magnetic ma eria

Riyeix an@IRAariIovs JfanEad iryRied 2Samuwas (mened in the same

manner as the first-layer soft magnetic material layer. [0078] 20
SubseqlR®i§] on the soft magnetic layer 114, the seed layer 116 of

10 f d by th fat t (Ni-8W-3B ini I, d

R g S e R
e rIRTPE UhGtRER 1PYES, 1A6 ﬁ%itéﬁk%f:wj@’! PPRINGESECHAY DRket layer
grains) of an_alloy of Ni and W and B as an addition substance. 25 [0079]

TP2nthevonRin legenslingriayemied ssnthehenclemtayeo sl BiyEnd 26iclaredsmhed in
each Ru layer was set to 1 Onm. The gas pressure of a sputtering gas

BRMMGNFR ForFarIPSHAHE REARYPEnIRINSNEN 2PLfisiiRdvas set

smallerofcyo-}ggn that during the formation of the Ru layer on the upper
layer side. [0080] Then, as the first onset layer 120, a CoCr-Si02 layer of

1.0nm vwasstfaigesd adidsveasyee sezoadenisel/ayef 182mavas formed.
CoCrPt-Cr203 layer of 3nm 5 was formed. [0081]

Then, as the soft magnetic layer 114, there was formed a laminated film of two
soft magnetic material layers antiferromagnetically exchange-coupled to each
other through a nonmagnetic layer interposed therebetween. In the formation
of the soft magnetic layer 114, an amorphous FeCoTaZr layer of 25nm was first
formed as the first-layer soft magnetic material layer. Then, a Ru layer of 2nm
was formed as the nonmagnetic layer. Then, as the second-layer soft
magnetic material layer, an amorphous FeCoTaZr layer of 25nm was formed in
the same manner as the first-layer soft magnetic material layer.

[0078]

Subsequently, on the soft magnetic layer 114, the seed layer 116 of
10nm was formed by the use of a target (Ni-8W-3B) containing Ni, W, and B in
the ratio of 89:8:3 in terms of the ratio of the numbers of atoms. In this
Example, the seed layer 116 contains crystal grains (seed crystal grains) of an
alloy of Ni and W and B as an addition substance.

[0079]

Then, two Ru layers were formed as the underlayer 118. The

thickness of each Ru layer was set to 10nm. The gas pressure of a sputtering

gas during the formation of the Ru layer on the lower layer side was set smaller
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Then, using a hard magnetic target made of CoCrPt-Ti02 with a hcp
structure, a CoCrPt-TiO2 layer of 8nm was formed as the main recording
layer 124. Then, as the continuous layer 126, a CoCrPtB film of 7.5nm
was formed. 10 [0082] Then, subsequently to the formation of the
continuous layer 126, the medium prol%%tive layer 128 made of
hydrocarbon (hydrogenated carbon) was formed by the CVD method.
The thickness of the medium protective layer 128 was set to 5nm. Then,

therehyet dure QL IecIRTAPR/ O SR RatRR PP BRPEHIAYES Siffether)

was for the dip coating method. The thickness of the lubricating
layer 130 was set to 1 nm. In the manner as described above, the

perpendigidar Bragreticstenydingy@etionsleo eesiolingyer bxanmpit vas
was manufactured. [0083] 20 (Comparative Example 1) A perpendicular
faapAdtic FRRothehgsibaiserabecPart) 18Yeohparative rRinfRpe 1 aues of 3nm
manuyfactured in the same manner as in Example 1 except that B was not
\5’83;8r{5‘%dtarget when forming a seed layer 116. In Comparative
Exampleghghe seed layer was composed of crystal grains (seed crystal
grains) 25 of‘an alloy (Ni-8W) of Ni and W. [0084] (Evaluation) With

respect Thdre psipgadieuthnmaggettcarirdingeredizn GcPord i@ 2&itto a hcp
Example 1 and Comparative Example 1, the recording/reproducing

%HHF&%E_@ri@t@@W@’rE '%I_i%)f@ﬂ%ﬁ@rb%ﬁgﬁﬁﬁﬂﬁg fa RW trﬁ‘é&%@;ﬁg layer
J’F%%E‘S“Fﬁgéhﬁsr @'88&9%%&%%28# gé,r%‘:&ij\d‘?gté'?ﬂﬁh& B Gormed.
uation Ing

e eva of the recor producing characteristics was
performggbgging a 5 R/W analyzer and a magnetic head of the
perpendicular magnetic recording system. As the magnetic head, use

was mad@en sshiaffsiRNH¥4e e fegnaation of the continuous layer 126, the

medium protective layer 128 made of hydrocarbon (hydrogenated carbon) was
formed by the CVD method. The thickness of the medium protective layer 128
was set to 5nm. Then, thereatfter, the lubricating layer 130 made of PFPE
(perfluoropolyether) was formed by the dip coating method. The thickness of
the lubricating layer 130 was set to 1nm. In the manner as described above,
the perpendicular magnetic recording medium 100 according to Example 1 was
manufactured.

[0083]

(Comparative Example 1)

A perpendicular magnetic recording medium according to Comparative
Example 1 was manufactured in the same manner as in Example 1 except that
B was not added to a target when forming a seed layer 116. In Comparative
Example 1, the seed layer was composed of crystal grains (seed crystal grains)
of an alloy (Ni-8W) of Ni and W.

[0084]

(Evaluation)

With respect to the perpendicular magnetic recording media according
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SPT element on the recording side and a GMR element on the
reproducing side. The flying height of the magnetic head was set to 1
Onm. [0085] 10 Fig. 2 is a graph showing the relationship between the
track width and the bit error rate in Comparative Example 1. Fig. 3 is a
graph showing the relationship betweertthe track width and the bit error
rate in Example 1. In each graph, the abscissa axis (McwLF nm)
represents the track width and the ordinate axis (bER 1200.251265 kBPI)
fefreaemie thapit EPBRARIYS FGEBPEnk BieiePrdtBERMRVSgIer

ror rage. Jis \ lue incr e
O BB B B e R,
mhedjuengthiates aidrshmpie dvaenhptiarask atpared Wi Cemparaiée The
Example 1. Accordingly, it is confirmed that the 20 recording density of the

peaiaiinouhthedgeeridingdsraing waing whadantbEstiop mae derfeiarmegUsing a

e seed layer 116. This |s considered to be because miniatyrization .
WSRO e G g e e QUBbelieqBraing
Hereasd laemblBagreRNgedsENaL InrIdVbNs thedietinMerHalRY a
been described with reference to the embodiment, the téchnical scope of
gieTiedemeanhbort e met bnalitegl $altharst@pé MR thke ohestrgptidmeofepducing side.
above-mentioned embodiment. It is obvious to a person skilled in the art

1§ neRsiaBheESMMARRRIEIERS VaS SEHAEH 29 the

above-n@jlg ed embodiment. It is clear from the description of claims
that the modes added with such changes or improvements can also be

includedri thestaciraichl sseapie @tteisenuesrisiip[008%h (Beaassk width and
Invention) Next, referring to the accompanying drawings, an embodiment
thegbit error rate in Comparative Example 1. Fig. 3 is a graph showing the
relationship between the track width and the bit error rate in Example 1. In
each graph, the abscissa axis (McwLF nm) represents the track width and the
ordinate axis (bER 1200.251265 kBPI) represents the bit error rate.

[0086]

The bit error rate shows a smaller error rate as the absolute value of its
negative value increases to move upward in the graph. Therefore, from Figs. 2
and 3, it is confirmed that the bit error rates of Example 1 are better as
compared with Comparative Example 1. Accordingly, it is confirmed that the
recording density of the perpendicular magnetic recording medium can be
improved by adding B to the seed layer 116. This is considered to be because
miniaturization and separation of crystal grains of the respective layers
subsequent to the seed layer 116 were advanced.

[0087]

While the first invention has been described with reference to the
embodiment, the technical scope of the first invention is not limited to the scope

of the description of the above-mentioned embodiment. It is obvious to a

person skilled in the art that various changes or improvements can be added to
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perpendicular magnetic recording medium according to the second
invention will be described in detail. In the figure, illustration of
components not directly related to the second invention is omitted. Similar
components are denoted by 10 the same reference symbols. Sizes,
materials, specific numerical values, arf® so on shown in the following
embodiment are only illustrative for facilitating understanding of the
invention and are not intended to limit the second invention unless

&ﬁé}b\ﬁé’@%ﬁ%@m&fqmwdﬁ‘%: 4_'itsi% @%ﬁrﬁ%ﬁ@%ﬁ%i%f clgims
e e B (L

mighé cempidaescogislostistiaientioan adhesive layer 12, a first soft
magnetic layer 14a, a spacer layer 14b, a second soft magnetic layer

14c, an [ARF8)ediate layer 16, a first underlayer 18a, 20 a second
underlayer 18b, g first Enz?ﬁnetic recording layer 22a, a second magnetic
recordin %%?“z Y "t8Htinuous layer 24, a medium protective layer 28,

and a luRsatingdayey P edishanihPiag MeiGiRYS! dd_nitRERRSRT of a

layer 14b, and the second soft magnetic layer 14c jointly form a soft
peagaptcuaremagnétie fesobrdidgnagdiubdacout dirgdecivedsecdadagpeention
18b jointly form 25 an underlayer 18. The first magnetic recording layer

WY kbR Bechifd faihnetit RS BRMIRY 1EYEH 298 Ghag IRANETHRgRAkSEeCtly
fef g {HX%@Q%%%@@%%%’&Ph%@ﬂ%@&ﬂgﬁﬁ%ﬁ@?@d@ﬂ&ed by

ed into a y direct press, thereby producing a glass

theksais i@rse tisksyamoroungizpslishe@rians speoiiieatyvissaogtengss, and

in sequence, thereby obtaining the smooth nonmagnetic disk substrate 1

fPtAe shewsfia Biefaltaninstrmpabmant gesoaigilsS[oUY/E sifaglating
SX 8?&?&??@5 EWénlﬂvaeDrﬁ%rr? tgﬁdtgreel%ﬂﬁtg%?eg]?o limit the second
invention unless otherwise specified.

[0089]

Fig. 4 is a diagram for explaining the structure of a perpendicular
magnetic recording medium according to this embodiment. A perpendicular
magnetic recording medium 100 shown in Fig. 4 comprises a disk substrate 1,
an adhesive layer 12, a first soft magnetic layer 14a, a spacer layer 14b, a
second soft magnetic layer 14c, an intermediate layer 16, a first underlayer 18a,
a second underlayer 18Db, a first magnetic recording layer 22a, a second
magnetic recording layer 22b, a continuous layer 24, a medium protective layer
28, and a lubricating layer 30. The first soft magnetic layer 14a, the spacer
layer 14b, and the second soft magnetic layer 14c jointly form a soft magnetic
layer 14. The first underlayer 18a and the second underlayer 18b jointly form
an underlayer 18. The first magnetic recording layer 22a and the second
magnetic recording layer 22b jointly form a magnetic recording layer 22.

[0090]

First, an amorphous aluminosilicate glass was molded into a disk shape
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adhesive layer 12 to the continuous layer 24 were formed in sequence on
the obtained disk substrate 1 in an Ar atmosphere by a DC magnetron
sputtering method, then the medium protective layer 28 was formed by a
CVD method. 10 Thereafter, the lubricating layer 30 was formed by a dip
coating method. In terms of high prodlftinity, it is also preferable to use
an in-line type film forming method. [0092] The adhesive layer 12 was
formed by the use of a Ti-alloy target so as 15 to be a Ti-alloy layer of

R SR E\PIERRIG AHRPY HESNENY B 313551 HSKdheLibh HagRchakiM@aiground,

n . i r. i ..
Aisa R A e SRR, Bing e
£ Gotatemnah af Hegi adhesiibh Rygie 1R ingeedainh @ Madecphidane xeemighened
a CrTi alloy. 20 [0093] By interposing the nonmagnetic spacer layer 14b

glasgediskhe first soft magnetic layer 14a and the second soft magnetic
layer 14@&{5 soft magnetic layer 14 was configured to have AFC
(Antiferro- ;émetic exchange coupling). By this, magnetization directions

of the SQis[RgaeEGARYB I MANBRAANY PoRlRNGHR BYERSHORARe

(magnetic circuit) with high accuracy and thus the perpendicular
adhgsivedyeitie todtpectzationodisdelyen 231 exéenietynedi ucedgsenteadit the

is possible to reduce noise generated from the soft magnetic layer 14.
@?%Hﬂ‘?é%ﬁ@ﬁ‘ﬂ%’@6%?665%?8@81‘%@%%&?Fﬁé@h@tl%%ﬂ}@gi@éraﬂé%te“”g

T oo N B sl n e
Thdreurten teatuwiBrifdig eayeedineaishasmecd bynatdp edbitciltaimadae In
alignment of the orientation of crystal grains of the underlayer 18. This will
ssrgedribel preguctivity, it is also preferable to use an in-line type film forming
method.

[0092]

The adhesive layer 12 was formed by the use of a Ti-alloy target so as
to be a Ti-alloy layer of 10nm. By forming the adhesive layer 12, the adhesion
between the disk substrate 1 and the soft magnetic layer 14 can be improved
and, therefore, it is possible to prevent stripping of the soft magnetic layer 14.
As a material of the adhesive layer 12, use can be made of, for example, a CrTi
alloy.

[0093]

By interposing the nonmagnetic spacer layer 14b between the first soft
magnetic layer 14a and the second soft magnetic layer 14c, the soft magnetic
layer 14 was configured 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 and thus the
perpendicular component in the magnetization direction is extremely reduced,

so that it is possible to reduce noise generated from the soft magnetic layer 14.

Specifically, the composition of the first soft magnetic layer 14a and the second
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[0095] The underlayer 18 has a hcp structure and can grow crystals with a
hcp structure of the magnetic recording layer 22 into a granular structure.
10 Therefore, as the crystal orientation of the underlayer 18 is enhanced,
it is possible to improve the orientation of the magnetic recording layer
22. A material of the underlayer can béLelected from RuCr and RuCo,
other than Ru. Ru takes a hcp structure and can well orient the magnetic

recording layer composed mainly of Co. 15%%(;96] The_underl?%ger 18 has
SOl BIRERS UGG RITd 4R MR SF RECVRKE R iRfnePIRE QULBRPL Hif ARPERT layer

%gp\,%%d‘ﬁgﬁﬁ{éﬂ-‘(éﬁ#jide’ the Ar gas pressure was set higher than that

en forming t st underlayer 18a on the lower layer side. As the
gas pregsggmjncreases, the mean free path of sputtered 20 grains
decreases and thus the film forming rate decreases to make it possible to

improveTthe drigimesirietiaye’. FuhREg desiy el bigstarhatiteent has a
ecreases .as.the pressure.increases. Since the size of a Ru crystal
AURTEIOT, L GEHARCTTR BVt AT R OHE G b BnS SLale
(R{Hepds Epddcedr ifisARmrBaescHise Pidhg, Co crystal lattice so that it is
possiblé to further improve 25 the crystal orientation of the Co granular

layer. [Q0O95As the first magnetic recording layer 22a, a CoCrPt-Cr203
hcp crystal structure of 2nm was formed by the use of a hard magnetic

target mER WFSTRYGE St BRS RAMBIRHFRHAANO RIS HCTROHI2WHR a hep
siacale ot ?né‘%HB?\QHS%é&@éﬁ‘&%ﬂ%ﬁgﬂ%ﬁ%ﬁ%%ﬂﬁ% was

segregated to form™ grain bou es‘aroun gnetic substance.

Mageaiie gsaitsd oyt rianiion S tetuig de ndyeh DBaK dhataY, it is
portions made of the nonmagnetic 5 substance were formed between

pBasHIg QY provtit P HedRIRAR Jhapradnriserate At lgyehdaverd
%‘%{%ﬁ?\"Xf%%‘%”nﬁ%ﬂ%%?‘é%'.’{ lf:)rg %‘e‘iggt%"" Hglr%rRuCr and RuCo, other than Ru.
Ru takes a hcp structure and can well orient the magnetic recording layer
composed mainly of Co.

[0096]

The underlayer 18 has a two-layer structure made of Ru. When
forming the second underlayer 18b on the upper layer side, the Ar gas pressure
was set higher than that set when forming the first underlayer 18a on the lower
layer side. As the gas pressure increases, the mean free path of sputtered
grains decreases and thus the film forming rate decreases to make it possible to
improve the crystal orientation. Further, the size of a crystal lattice decreases
as the pressure increases. Since the size of a Ru crystal lattice is larger than
that of a Co crystal lattice, if the size of the Ru crystal lattice is reduced, it
approaches that of the Co crystal lattice so that it is possible to further improve
the crystal orientation of the Co granular layer.

[0097]

As the first magnetic recording layer 22a, a CoCrPt-Cr,O3 hcp crystal

structure of 2nm was formed by the use of a hard magnetic target made of
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structure of the underlayer. [0098] As the second magnetic recording
layer 22b, a CoCrPt-Ti02 hcp crystal 10 structure of 10nm was formed by
the use of a hard magnetic target made of CoCrPt and containing titanium
oxide (TiO2) as an example of a nonmagnetic substance. Also in the
second magnetic recording layer 22b, magnetic grains formed a granular
structure. [0099] 15 In this embodiment, the first magnetic recording layer
22a and the second magnetic recording layer 22b are made of the

CrfferEl A ePRIR I RAGE) MUY fiRitedRer 8t A XABIIRAY Be made
@é&@ﬁg@é%ﬁ@&aﬁ% € %W@ﬁ?ﬂ%@eﬁ@%\.@%&%@ Wt eas?&%%g?ted to form

r rorming the nonmagnetic region, silicon o

§hRTHB O afle Shiyuiminxige ghetier stitaoiim Oxigadiidé@Rains formed a

zirconium oxide (Zr02), and tantalum oxide (Ta205) can be given as .
ghaifae stfeetexamipid)ifn 0GlinARamedesyiRIbassapedenfdhrinenmagnetic

[ I ticall i .in the pl directi d
R R R S
PRbE Hfé‘gh‘@fcrﬁ?‘éiﬂgt{&é?é( %rpiﬁi@alﬁpamﬁ%ﬁmﬁcﬁfs@aﬁ&%@dgranular
(Coupled Granular Continuous) structure. By this, it is poSsible to add
sigicheatoktistance ddyiee continuous film in addition to high-density

recordabilit§ and low noise of the granular layer. 33 [0101] The medium
protecti\li@q %r 28 was formed by film formation of carbon by the CVD

method Wb A AR GRSt P crysta

The medium protective S a protective layer for protecting the
peeendiaflaomagresicoenetingtiay esé onahdrapaaypbidnagnatinade of

head. Since, in general, carbon formed into a film by the CVD method is
fp@Srtveand containing titanium oxide (TiO2) as an example of a nonmagnetic
substance. Also in the second magnetic recording layer 22b, magnetic grains
formed a granular structure.

[0099]

In this embodiment, the first magnetic recording layer 22a and the
second magnetic recording layer 22b are made of the different materials
(targets), but not limited thereto, i.e. they may be made of a material of the
same composition or kind. As the nonmagnetic substance for forming the
nonmagnetic region, silicon oxide (SiOx), chromium (Cr), chromium oxide
(CrOy), titanium oxide (TiOy), zirconium oxide (ZrO,), and tantalum oxide
(Ta,0s) can be given as examples, for example.

[0100]

As the continuous layer 24, a thin film (continuous layer) magnetically
continuous in the plane direction and adapted to exhibit high perpendicular
magnetic anisotropy was formed on the granular magnetic layer. The
continuous layer 24 has a CGC (Coupled Granular Continuous) structure. By

this, it is possible to add high heat resistance of the continuous film in addition

to high-density recordability and low noise of the granular layer.
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film hardness as compared with that by the sputtering method, it is
possible to protect the perpendicular magnetic recording layer more
effectively against the impact from the magnetic head. In the CVD
method, it is possible to improve 10 the film hardness by raising the bias
voltage. [0102] The lubricating layer 3¢ Was formed of PFPE
(perfluoropolyether) by the dip coating method. The thickness of the
lubricatin er 30 was about 1 nm. [0103] 15 (Intermediate Layer) The
above- nﬂ&a ed intermediate layer being the feature of this embodiment

Wil e Iy sy P B ARy S RSBy ARt o carbon

described, the perpe dlcular magnetic recording me nw |ch at

tgametm/aafhmﬁaawm|I@Yﬁa|hﬂauﬂnﬁgrﬁara¢e@ﬁt%iﬂ1/ebﬁ@|ﬁw ngledaelike

18 made of 20 ruthenium, and the magnetic recording layer 22 adapted to
eatbe a sTdﬂﬁamﬁ@l%Yﬁfékﬂqﬂwﬁsl@YGéBSnaﬁem@ﬁ@kﬁsiw forigrotecting the

R R e R A PR R

§1HEBW%Q’&%F&%&%%SH%G%R%"mﬁ?gb’ tHIERISRANOES R oged in
[0104] The intermediate layer 16 is characterized by comprising a first

filibe tmaedireetes @pec drpanedl evith dhau [ dyessplid ewcg midtitednie dsgpessible to
layer 16b made of NiW. 34 [0105] When the second intermediate layer
RBHSGEREPSHPERAGBHRT Tggistie iscerdng [erlcirrsisiierively against the

e R e e A B i rove
intefime diateriaye syl Gasangl thelbmawbkageanged. This is because even

if either substance is located on the upper side, both the
[0102]

ead

The lubricating layer 30 was formed of PFPE (perfluoropolyether) by the
dip coating method. The thickness of the lubricating layer 30 was about 1nm.

[0103]

(Intermediate Layer)

The above-mentioned intermediate layer being the feature of this
embodiment will be further described in detail. This embodiment is, as already
described, the perpendicular magnetic recording medium 100 in which at least
the soft magnetic layer 14, the intermediate layer 16, the underlayer 18 made of
ruthenium, and the magnetic recording layer 22 adapted to record a signal are
formed in this order on the disk substrate. The intermediate layer 16 may also
be called an orientation control layer or a seed layer and, as long as it is located
under the underlayer 18, its function or composition should not be limitedly
interpreted by its name.

[0104]

The intermediate layer 16 is characterized by comprising a first
intermediate layer 16a made of a Cu alloy and a second intermediate layer 16b

made of NiW.
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coercive force He and the SN ratio are improved as compared with the
case of a single layer. [0106] 10 The Cu alloy may be selected from
CuCr (copper-chromium alloy), CuW (copper-tungsten alloy), and CuTi
(copper-titanium alloy). This is because as long as it is an alloy composed
mainly of copper, it is possible to achiet/e an improvement in recording
density without increasing the thickness of the underlayer. 15 [0107] The
total thickness of the intermediate layer 16 (the sum of the thickness of
the first IR Alediate layer 16a and the thickness of the second

:”terme%ﬂﬁgﬁg}’g rIH%QﬁT?eEgajtéﬁ‘ J.'i‘édﬁ&gﬁéﬂspen Ae11954} Ll is
ater-described Fig. 7, as compared with an intermediate layer in the form
cUX 2R singlerédetdpyaieamiatannetiaiedpyioe ibtbe faems anprovaveisilke

CuX and NiW can achieve a particularly large coercive force in this total

whekhtss sapged joeogiertiate i@ |ikeie i3 NmtasSNaabonfemnigudd. The

reventing that the space hetween a recarding/reproducing head and the
BT et PRIk S8 Y 1S G X SO D B SIAN o hanged.
RSB PAREUIBH IESRAENSUPSEARE IR REICo PHOUpDRR side, both the
underlayer preferably comprises a first underlayer and a second 35
coeailay éorice hiah dHb e Si\Npratss @resi chfferviednas aomptredinvitit ieaicase of
film formation by sputtering. [0110] This is because when the first
hidneiedm¥Elayer 16a or the second 5 intermediate layer 16b is made of
aCu allg(y 8(\)/I]en if the underlayer has the above-mentioned two-layer
structur ,%he e is exhibited an effect of enhancing

The Cu alloy may be selected from CuCr (copper-chromium alloy),
CuW (copper-tungsten alloy), and CuTi (copper-titanium alloy). This is
because as long as it is an alloy composed mainly of copper, it is possible to
achieve an improvement in recording density without increasing the thickness of
the underlayer.

[0107]

The total thickness of the intermediate layer 16 (the sum of the
thickness of the first intermediate layer 16a and the thickness of the second
intermediate layer 16b) may be 5 to 12nm. This is because, as shown in
later-described Fig. 7, as compared with an intermediate layer in the form of a
single CuX layer, an intermediate layer in the form of two layers of CuX and
NiW can achieve a particularly large coercive force in this total thickness range.

[0108]

The upper limit of 12nm also has a meaning of preventing that the
space between a recording/reproducing head and the soft magnetic layer 14
that enables smooth recording by forming a magnetic path during recording
becomes too large.

[0109]

The underlayer preferably comprises a first underlayer and a second
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the orientation of the magnetic recording layer without increasing the
thickness of each underlayer and, further, the layer containing ruthenium
and formed in a high-pressure argon atmosphere (about 3Pa to 1 OPa)
exhibits an effect of 10 miniaturizing the grains of the magnetic recording
layer. [0111] (Evaluation) Fig. 5 is a graph showing the relationship
between the thickness of an intermediate layer (single layer) and the
coercive force Hc. According to Fig. 5, 15 each of a NiW intermediate

VST ave COMoa B AN omedprreaiRs YRS TR eaes BRI BinpRIuMm film

Foc}ﬁ{giygnfg & u(f‘t%?ni thickness increases. Although Fig. 5 shows the
coercive forces in the Tase of the single-layer intermediate layers,

respectif@lyoit is considered that the total thickness of the intermediate
layer 16 comprising the first and second intermediate layers 16a 20 and

16b madéisfiNvecaise Coapahsdiabintassirdatie layieraléa picfeeaspgand

to 12nm. [0112] Fjq, 6 is a graph showing the relationship between the
CHRBOLELR 0 S e ALy BYF A A e he
ASEPENREHRNEM BnBD AR INSEHBRHEIENE (S R KR IR HT 8rfdtotiRBlRancing
layer achieves the peak of the S/N ratio at 8nm, while each of
iheeonediat®ragéthe awdginettie fecording |&ebasthd allmceagiadayer thickness
achieves the peak of the S/N ratio at 3nm. Although Fig. 6 shows the S/N

PhFESCThURESIRECH S é‘iHHl@-rlaﬂ?@r|ﬁ‘¥@Frﬁ%HF§tBi%%r BRIURRHKEIREME in a

R i R ARCRIERL OB e ER ARl o St o
migranadiaig layressaliea et d Bhagastic abbbvdiagdsa éu-based alloy,

respectively, is also set to about 3 to 12nm. 5 [0113] Fig. 7 is a graph
showind®éXklationship between the total thickness of

(Evaluation)

Fig. 5 is a graph showing the relationship between the thickness of an
intermediate layer (single layer) and the coercive force Hc. According to Fig. 5,
each of a NiW intermediate layer and Cu-based alloy intermediate layers
achieves the peak of the coercive force Hc as its thickness increases.

Although Fig. 5 shows the coercive forces in the case of the single-layer
intermediate layers, respectively, it is considered that the total thickness of the
intermediate layer 16 comprising the first and second intermediate layers 16a
and 16b made of NiW and a Cu-based alloy, respectively, is also preferably 3 to
12nm.

[0112]

Fig. 6 is a graph showing the relationship between the thickness of an
intermediate layer (single layer) and the S/N ratio. According to Fig. 6, an
intermediate layer in the form of a NiW single layer achieves the peak of the
S/N ratio at 8nm, while each of intermediate layers each in the form of a
Cu-based alloy single layer achieves the peak of the S/N ratio at 3nm.

Although Fig. 6 shows the S/N ratios in the case of the single-layer intermediate
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an intermediate layer comprising two layers of CuTi and NiW and the
coercive force He in comparison with an intermediate layer in the form of
a CuTi single layer. In this graph, the total thickness of the intermediate
layer comprising the 10 two layers is changed by changing the thickness
of CuTi while maintaining the thicknesS®f Niw constant at 5.5nm. As
compared with the CuTi single layer, the intermediate layer comprising
the two layers of CuTi and NiW can obtain a clearly higher coercive force

iRes 1B DRRIVRhAItTcRABSEIBReshial A sceliplt 4/ alirRbhepbtained
#3nd 16?51 meﬁﬁggyto?ftﬁgﬁ‘ﬁ?qﬁﬁeeﬁ@'&%Pf&%ﬁﬁ&ikﬁ@%@%ﬁrgf‘i@ econd

reversal of the coercive force He starts to‘occur as shown

miteady dlasciinrds it slsamad sumeaniner dlipvexetting thieited smage
between a recording/reproducing head and the soft magnetic layer 14 that

IrIseivalyoiirisesalily Aoidrhiegldmagnetic path during recording 20
becomegs9 arge. [0115] In conclusion, taking into account also Fig. 7,
it is con d that the total thickness of the intermediate layer 16

comprisis .W%‘%(Cgt%?{%ﬂfo\m?d%@hé%ﬁeﬂsﬁﬂﬁbgw&% AHeelopANHiddess of

presumed from Figs. 5 and 6, it 25 may be set to 3 to 12nm. With the
artemesdiathdtey&yEs bawipgsnghveat teciane s, @dnBratice S&Ucenad the coercive
intermediate layer 16b located on the upper side is CuX (X is a

ReAR SRRSO MMM St Ve TRYAIR KRR PRoRSIIARIE! QT tisingle
S RS SN A0 B R i
thengsts Bhingecaseruegingeieehickiniances SUTcaiRleonaalpRRy the
side, both the coercive force He and the SN ratio are improved by a
Hyakngiss ©bNEMt eansmnbalScbnh thATaSEBREESNYIE et WT[GINGE layer,
t g iilr(?t(tekr‘r%gtrfgl?ér a%/eerrnc%cr)ﬁjgﬁgi%otwg?vfc? atl)yne(%sinalfe 839‘?5{%&5 lQl%ncan obtain a
clearly higher coercive force Hc at the same total thickness of 5nm or more.

[0114]

On the other hand, the upper limit of 12nm is determined because it is a
point where a reversal of the coercive force Hc starts to occur as shown in Fig.
7. As already described, it also has a meaning of preventing that the space
between a recording/reproducing head and the soft magnetic layer 14 that
enables smooth recording by forming a magnetic path during recording
becomes too large.

[0115]

In conclusion, taking into account also Fig. 7, it is considered that the
total thickness of the intermediate layer 16 comprising the two layers is
preferably 5 to 12nm. On the other hand, as presumed from Figs. 5 and 6, it
may be set to 3to 12nm. With the intermediate layer 16 having such a
thickness, when the second intermediate layer 16b located on the upper side is

CuX (X is a predetermined metal), the coercive force Hc is improved, while

when the second intermediate layer 16b is NiW, the SN ratio is improved. The
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described with reference to the accompanying drawings, it is needless to
say that the second invention is not limited thereto. It is apparent that a
person skilled in the art can think of various changes and modifications in
the category 10 described in claims and it is understood that those also
naturally belong to the technical scopesgf this invention. [0117] (Third
Invention) Hereinbelow, an embodiment of the third invention will be
described 15 with reference to the drawings. [0118] Fig. 8 is a

erges AeittfolettAss SREWHJRIBRdIaiRdes AR MR shanged.
f¥G0iding MadLm 40 ﬁ‘&?ﬁ{&‘lﬁb%&h%%ﬂ%ﬁ{be@w it Bgr[ﬁ%%"%th the

magnetic recording medium 10 IS a magnetic recording me oruse

dotheinerpensliqelah M agnsic ree Hha aiip P H ahythsyyrientisiitLafbdines

perpendicular magnetic recording medium 10 shown in Fig. 8 is formed
egeRaea yiise aassiele sINgla RYessive layer 12, a first soft
magneti@)lglqeg 13a, a nonmagnetic spacer layer 13b, a second soft
magneti yer 13c, an orientation control layer 14, a first underlayer

153, a spaqndiiFrsRYRIGLeMId HiislePR e Y SEd6Rd TveFRdA PRESbeen

layer 16b, a main recording layer 17, a continuous layer 18, a medium
desiadbied Vayierdferandestdube catouyripgay @ idrévisngsldt.iJ he ddsesofo say
magnetic layer 13a, the 38 nonmagnetic spacer layer 13b, and the

haldhe seRANGdRKERYADES 1198 [HRF 1BRTPL SOt rivRPRACTBAL 3. PRTEON
USROS S AR ST APAIBRE i oo
iistyidedmrasi ainsehiay & id Qi 03P dhendisk aldestiatarafly bstoeato the
be made of, for example, a glass

technical scope of this invention.

[0117]

(Third Invention)

Hereinbelow, an embodiment of the third invention will be described
with reference to the drawings.

[0118]

Fig. 8 is a cross-sectional view showing the structure of a perpendicular
magnetic recording medium 10 according to this embodiment. The
perpendicular magnetic recording medium 10 is a magnetic recording medium
for use in the perpendicular magnetic recording/reproducing system.

[0119]

The perpendicular magnetic recording medium 10 shown in Fig. 8 is
formed by stacking a disk substrate 11, an adhesive layer 12, a first soft
magnetic layer 13a, a nonmagnetic spacer layer 13b, a second soft magnetic
layer 13c, an orientation control layer 14, a first underlayer 15a, a second
underlayer 15b, a first onset layer 16a, a second onset layer 16b, a main

recording layer 17, a continuous layer 18, a medium protective layer 19, and a

lubricating layer 20 in this order. The first soft magnetic layer 13a, the
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substrate, an aluminum substrate, a silicon substrate, a plastic substrate,
or the like. When using the glass substrate as the disk substrate 10, it can
be produced by, for example, molding an amorphous aluminosilicate
glass into a 10 disk shape by direct press to produce a glass disk, then
grounding, polishing, and chemically sﬁ%ngthening this glass disk in
sequence. Since smoothness and high rigidity are obtained, the
aluminosilicate glass makes it possible to more stably reduce the

AABRRERQAERRE G dRYGII AR 1RO Ay FRGGAE SO magnetie kwss 13c jointly

B e ! (BT S IS,
iayesifayanpeY pihiheraahesiamtre ke disks sulisieafiest @ et 1hyercBea and the

prevent stripping of the soft magnetic layer 13. As a material of the
seieeRi/enagtlayEr Js el tydonadenod BrtdRuAIpIe; a 20 Ti-containing
materiam terms of practical use, the thickness of the adhesive layer 12
is prefe §85{et to 1 nm to 50nm. [0122] As each of the first soft

magnetig dayer didp amesihareaqoni s mroneiie By sol exahihe So8lass

magnetic layer 13, use can be made of, for 25 example, a FeCoTaZr film
sulise dites . alvsathentonmp esitistraiéthe siccon ayrsticatep acelaktye s U3ty ate, or the

nonmggnetic material Ru film or the like can be cited. By interposing the

HshmIGRERUS AR 8hea9i85e 1 BekipE ARHBSIAIBK S ARGHR O Ihyan By
@%%E%ggﬁg@gr%%\@gﬂgmglﬂ%ﬁ%r?&n‘iﬂ?pﬁ%’ﬁj%gHﬁHBéﬂ%%%&é}li&tﬁgnto a

have erro-magnetic exchange coupling

theiBRtipation diestions otiherealicnaggeiss lawk Treagrdenaisgegolishing,
along a magnetic path (magnetic circuit) with high accuracy and thus the
pehehemigralty strapeHaitiog thusiafrtistionsedienapelySEgecam oathness
o ﬁ@}%?gsl A St R T s S B R s DN
more stably reduce the magnetic spacing, particularly the flying height of a
magnetic head. Further, it is possible to obtain high rigidity and strength by
chemically strengthening the aluminosilicate glass.

[0121]

The adhesive layer 12 is a layer for improving the adhesion to the disk
substrate 10 and thus can prevent stripping of the soft magnetic layer 13. As a
material of the adhesive layer 12, use may be made of, for example, a
Ti-containing material. In terms of practical use, the thickness of the adhesive
layer 12 is preferably set to 1nm to 50nm.

[0122]

As each of the first soft magnetic layer 13a and the second soft
magnetic layer 13c of the soft magnetic layer 13, use can be made of, for
example, a FeCoTaZr film or the like. As the composition of the nonmagnetic
spacer layer 13b, a nonmagnetic material Ru film or the like can be cited. By

interposing the nonmagnetic spacer layer 13b between the first soft magnetic

layer 13a and the second soft magnetic layer 13c, the soft magnetic layer 13 is
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The orientation control layer 14 has a function of protecting the soft
magnetic layer 13, a function of facilitating the alignment of the orientation
of crystal grains of the underlayer 15, and further a function of
miniaturizing the 10 crystal grains. In this embodiment, the orientation
control layer 14 contains Ni as a main Haterial and an oxide material. The
material of the orientation control layer 14 is preferably selected from
alloys of Niw, NiPd, NiCr, NiMo, NiTa, NiV, NiNb, NiZr, NiHf, and NiCu

PRI LR EOSHRARUNE EMPHRSEONRAYDIC e gRiGe RS al AdEHS,

A e S A ik T e Mg igno o
MBgesBy=addinadhetxsie mgieiial iythacviratstigndanisoiiaysirdehatular

described above, particularly the function of miniaturizing the crystal

geaNpo REBh AR MIQDRIT AR imhardreinRiyhiath oes upa éhalyiéisL Bassdde to
hcp structure and canp grow_cr staI%With a hcp structure of a material
FSHER RS AL TS 9T R8s Shtcture. Therefore,

as the cpygidorientation of the underlayer 15 is enhanced, it is possible

to improve thé orientation of the main recording layer 17. As the material

of the ufiderlagienttiioR WONtp Raysr ddnhas atieoh tootoé ptiodeckRugy Be soft
takes a hcp structure and can well grient the main recordingt layer .
EepstedayRiidiy ¢ EHCiARs] frrbitaHneiag< e ReAYAE e ArHatgn of
j ith 2 two- 4 ' 0
e e e S OO R e

ssfsterepdivraningttadieshbodrrenertadanerieidowenirydapider Asdhtins Ni

gas pressure increases, the mean free path of sputtering plasma ions
ds @ daRiEsRAR RIS BkAMMsienMa Rl dedRisRaiesI 8l Pidke iPpBBEIbIRN

CllEN BRI T A N

NiTa, NiV, NiNb, NiZr, NiHf, and NiCu having a fcc structure composed mainly of

Ni. The oxide material added to the orientation control layer 14 is preferably
selected from SiO,, SiO, TiOy, TiO, Cr,03, Zr,03, Ta;0s, Al,03, W20s5, M0,0s,
V,0s, and Nb,Os. By adding the oxide material to the orientation control layer
14 as described above, particularly the function of miniaturizing the crystal
grains is enhanced.

[0124]

A material forming the underlayer 15 has a hcp structure and can grow
crystals with a hcp structure of a material forming the main recording layer 17
into a granular structure. Therefore, as the crystal orientation of the underlayer
15 is enhanced, it is possible to improve the orientation of the main recording
layer 17. As the material of the underlayer 15, RuCr or RuCo can be cited
other than Ru. Ru takes a hcp structure and can well orient the main recording
layer composed mainly of Co.

[0125]

The underlayer 15 is in the form of a Ru film with a two-layer structure.
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lattice is larger than that of a Co crystal lattice, if the size of the Ru crystal
lattice is reduced, it approaches that of the Co crystal lattice so that it is
possible to further improve the crystal orientation of the Co granular layer.
10 [0126] By forming a nonmagnetic granular layer on the hcp crystal
structure of the underlayer 15 and groﬁ/%g a granular layer of the main
recording layer 17 thereon, the nonmagnetic granular layer has a function
of separating the magnetic granular layer from an initial stage (buildupR.r gas

\WheBJRIBESESHE 5PeH &S S 1aPern BieaHPHRGRIHED B8
ﬁ%@%&?&i??ﬁ@ﬂ%@ﬂ%ﬁ ﬁ&%@@j@iﬁ%ﬁ?&m@%@fﬁ&% éﬁ%&i’ﬁa on the

espectively e main recording layer 17 is a magnetic

loRven gag diCHi ey Stals SHE GHEEp RS sheeMAdretenss diRg [A¥ehled!patasrbe
made of CoCrPt-Cr203, 20 CoCrPt-SiO2, CoCrPt-Ti02, or the like. Using
SPhiier NG HIRsD AR Aeudease Camhas theokimifnng KljoeicosrrFeases to

R S A S BRI b gy v
RRIER YERNEESRE HYMHE PrIvBuE R GURBSS oG Rf it RTS8 TCA IRIMERG al
the main recording layer 17 contains CoCrPt and SiO2 (or 25 TiO2) in the

latio e fsalaoge Othamtbigd o T € nanmysaginaticcsy fstas sz és o digedlatey stal lattice
form grain boundaries around the mz;gc)é1etic substance and magnetic

irErebiRSth b RARRAIeG RSl LR Gy PildaticagrR iR bR araible to
B B e b T i

film in wimebghe magnetism continues in the plane direction. The
continuous layer 18 is formed 5 by a low Ar gas and its thickness is
preferatdy fa0RNDHA 888 ARGMRYFeYipsTelRiblgyShem dheeBsp crystal structure of

the underlayer 15 and growing a granular layer of the main recording layer 17
thereon, the nonmagnetic granular layer has a function of separating the
magnetic granular layer from an initial stage (buildup). The compositions of
the first onset layer 16a and the second onset layer 16b are nonmagnetic
CoCr-SiO; and magnetic CoCrPt-Cr,Og3, respectively.

[0127]

The main recording layer 17 is a magnetic layer having a hcp crystal
structure. As the main recording layer 17, use can be made of CoCrPt-Cr,03,
CoCrPt-SiO,, CoCrPt-TiO,, or the like. Using a hard magnetic target made of
CoCrPt and containing silicon oxide (SiO) or titanium oxide (TiO3) as a
nonmagnetic substance, a hcp crystal structure is formed. The main recording
layer 17 can be suitably set in a range of 7nm to 15nm. The composition of
the target for forming the main recording layer 17 contains CoCrPt and SiO, (or
TiOy) in the ratio of about 9:1 (mol%). The nonmagnetic substance is
segregated to form grain boundaries around the magnetic substance and
magnetic grains form a columnar granular structure. These magnetic grains

are epitaxially grown continuously from the granular structure of the onset layer
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[0129] Using an evacuated film forming apparatus, the layers from the
adhesive layer 12 to the continuous layer 18 are formed in sequence on
the 10 disk substrate 11 in an Ar atmosphere by a DC magnetron
sputtering method. In terms of the productivity, it is preferable to form
these layers and films by in-line type fifth formation. [0130] The medium
protective layer 19 is a protective layer for protecting the 15 main
recording layer 17 from an impact of a magnetic head. As a material

ming the medium protective layer 19, use can be made of, for example,
Cr,a Cfﬁ% carbon, zirconia, silica, or the like. The medium protective
layer 19°is formed by film formation of, for example, carbon by a CVD

method yikgle ofdiaiingyavegusiin. tiedeneral sabonramed intakidinthe
by the CVD 20 method is improved in film hardness as compared with that

BAgREetpitePindnwestibtherplanatdy erifible ThperebntUsdayendiButgformed
agnetic recording, layer more effectivel ainst the impact from the

AR U B, SO TS Tenda g el a o ok ey i pgferably

gHuting Ragerfluoropolyether (PFPE) being a liquid lubricant with a

Freon-based solvent or the like, coating it on the medium surface by a dip

coating [@&#8jd, a spin coating method, or a spray method, and, if

necessary, carrying out a heat treatment. The thickness of the lubricating

layer 204518660 £YARUFIGE 45N SRrBRBRRAEHUP S PR FiPBRR
%HH&%(% %{A}QF iei%]ﬁﬁﬁ'% Hhﬂy%ﬁhéﬁﬁ%gﬁggs%%@gﬂ?gnﬁfé% GenagRthe

isk-an cause of having hydroxy groups, it can

axnibitbsphrdhesiparnarfatmesseanitihyraspeciiagh eatirspurdiiy method.
protective layer. 5 [0132] Next, a description will be given of Examples 1
e Eermwkicihe pratiseivity, it is preferable to form these layers and films by

in-line type film formation.

[0130]

The medium protective layer 19 is a protective layer for protecting the
main recording layer 17 from an impact of a magnetic head. As a material
forming the medium protective layer 19, use can be made of, for example, Cr, a
Cr alloy, carbon, zirconia, silica, or the like. The medium protective layer 19 is
formed by film formation of, for example, carbon by a CVD method while
maintaining a vacuum. In general, carbon formed into a film by the CVD
method is improved in film hardness as compared with that by the sputtering
method. Thus, it is possible to protect the perpendicular magnetic recording
layer more effectively against the impact from the magnetic head.

[0131]

The lubricating layer 20 is formed by, for example, diluting
perfluoropolyether (PFPE) being a liquid lubricant with a Freon-based solvent or
the like, coating it on the medium surface by a dip coating method, a spin
coating method, or a spray method, and, if necessary, carrying out a heat

treatment. The thickness of the lubricating layer 20 is about 1nm. This
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of an orientation control layer 14 was changed in the same structure as
the perpendicular magnetic recording medium 10 shown in Fig. 8 and of
Comparative Examples 1 to 3 in which materials of an orientation control
layer 10 14 and an underlayer 15 were changed in the same structure as
the perpendicular magnetic recording fredium 10 shown in Fig. 8. [0133]
(Example 1) An amorphous aluminosilicate glass was molded into a disk

shape by 15 direct press, thereby producing a glass disk. This glass disk
RRISPERRPRIYSIBRENSS Ay RISERID streR F%F%H‘ﬁ%@)ﬁ@éﬁb%,t tHeRsly

i L t ) )
o R T IR R SFIE, BB R byaron
gregpstoiplas ehrirgieupryingan drmisitetigh GRIMEsIGN Henridianteieviof
20mm, and a disk thickness of 20 0.635mm. The surface roughness of the
mapREdusRIBeRERAUMVEtestveiY®y an AFM (atomic force
microsc&g)%;énd it was confirmed to be a smooth surface with Rmax of
2.18nm H a of 0.18nm. Rmax and Ra follow Japanese Industrial
Standargi &Sy HEsibtton Vit §i0eRds B4R pRbEe e/ HNRIEN Pmaterial
apparatus manufactured by Canon ANELVA Corporation, an adhesive

tdyaam bleatattimemetiddggel 13yvas chaegedian thenserhiaptnutdy@nas the
underlayer 15, a first onset layer 16a, a second onset layer 16b, and a

RARPREHI NAPBE TS (REASTEINEE B Pl Wh ihE938A8ad of

S P e L R 100 S o e
{Grhhpthe.uhicedrRIe) By aiartldhingedQh 36 Bagne deinctarEeSanaZr

target, first and second soft magnetic layers
perpendicular magnetic recording medium 10 shown in Fig. 8.

[0133]

(Example 1)

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 sequence, thereby obtaining a smooth
nonmagnetic disk substrate 11 in the form of a chemically strengthened glass
disk. The disk substrate 11 was a 2.5-inch magnetic disk substrate having a
diameter of 65mm, an inner diameter of 20mm, and a disk thickness of
0.635mm. The surface roughness of the obtained disk substrate 11 was
observed by an AFM (atomic force microscope) and it was confirmed to be a
smooth surface with Rmax of 2.18nm and Ra of 0.18nm. Rmax and Ra follow
Japanese Industrial Standard (JIS).

[0134]

Then, using a C3040 sputtering film forming apparatus manufactured by
Canon ANELVA Corporation, an adhesive layer 12, a soft magnetic layer 13, an
orientation control layer 14, an underlayer 15, a first onset layer 16a, a second

onset layer 16b, and a main recording layer 17 were formed in sequence on the
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13a and 13c were each formed so as to be an amorphous FeCoTaZr (Fe:
37at%, Co:55at%, Ta: 3at%, Zr: 5at%) layer of 25nm. Asa nonmagnetic
spacer layer 13b, a Ru layer of 0.5nm was formed by the use of a Ru
target. 10 [0137] Then, the orientation control layer 14 in the form of a
NiW-Ti02 (Ni: 86at%, W: 8at%, TiO2: 82t%) film of 10nm was formed on
the soft magnetic layer 13. [0138] 15 Then, on the orientation control
layer 14, a first underlayer 15a made of Ru and having a thickness of

4GkAUPSE P48 BY D MRIRFHPESPHEE g of 1.5Pa and, further, a
second W ayer 15b made of Ru and having a thickness of 10nm was
formed at a film forming gas pressure of 6.0Pa. [0139] 20 Then, on the

underlaygrst Ho e dreisiseyayan 26ads tberfetnbplide GOE 602G Garget so
53at%, Cr: 35at%, SiO2: 12at%) film of 1.0nm was formed and, further,

gsetedrad-ohEeS (&F&rIBhoinTiORIFR dieCalCkemTr203 (Co: 67at%,
Cr: 11at£/m§§' 17at%, Cr203: 5at%) film of 3nm was formed. [0140] 25
Then, u ]hard magnetic target made of CoCrPt-Ti02 (Co: 64at%, Cr:

11.5at%r Rdnldsial a E&%T%Q"f‘tf)é’t)g‘@{mi?’sf‘ﬁﬂ&@é"é@hﬁtm@hgﬂﬂayers

the main recording layer 17 was formed on the onset layer 16. Further, a
tB8atamob (8 tayerd 8achsf éomeedsoyah ¢ouse ah ataogeh ob CbETRERAT (Fe:
60at%, 44 Cr: 20at%, Pt: 15at%, B: 5at%) of 7.5nm. [0141] Then, a

i 50080 12 3P 300 LI A Barob S BRAE
Y LY Rasther. SRERANEIIIISHHNGSS TR AR e 1o 0t Rarger.
possible the pe

rogenated carbon, it | to protect pendicular main
recording@1lgygr against an impact from a magnetic head.

Then, the orientation control layer 14 in the form of a NiW-TiO, (Ni:
86at%, W: 8at%, TiO,: 6at%) film of 10nm was formed on the soft magnetic
layer 13.

[0138]

Then, on the orientation control layer 14, a first underlayer 15a made of
Ru and having a thickness of 10nm was formed at a film forming gas pressure
of 1.5Pa and, further, a second underlayer 15b made of Ru and having a
thickness of 10nm was formed at a film forming gas pressure of 6.0Pa.

[0139]

Then, on the underlayer 15, the first onset layer 16a in the form of a
CoCr-SiO; (Co: 53at%, Cr: 35at%, SiO,: 12at%) film of 1.0nm was formed and,
further, the second onset layer 16b in the form of a CoCrPt-Cr,O3 (Co: 67at%,
Cr: 11at%, Pt: 17at%, Cr,03: 5at%) film of 3nm was formed.

[0140]

Then, using a hard magnetic target made of CoCrPt-TiO, (Co: 64at%,
Cr: 11.5at%, Pt: 14.5at%, TiO,: 10at%) with a hcp crystal structure of 8nm, the
main recording layer 17 was formed on the onset layer 16. Further, a

continuous layer 18 was formed by the use of a target of CoCrPtB (Co: 60at%,
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[0142] After this, a lubricating layer 20 made of PFPE (perfluoropolyether)
was formed by the dip coating method. The thickness of the lubricating
layer 20 is 10 1nm. [0143] The recording/reproducing characteristics of
the medium obtained by the above-mentioned processes were evaluated.
The measurement was performed usinAgA'a R/W analyzer and a magnetic
head of the perpendicular 15 magnetic recording system having a SPT
element on the recording side and a GMR element on the reproducing
G2 QA thaabloRiimg'dahsity wA'set to 1200kfci. In this event, the
flying hi\%& f the magnetic head was 10nm. [0144] (Comparative
Exampl In the same film structure as in Example 1 described

above, Niv¥riN& n9@aidm Wotaifior WareH IedmaRrN s aesdrehrbon was

layer 14. [0145] (Comparative Example 2) In the same film structure as in
oxaradibyltaedevbranathngk, FRirsiezhefiirhcodaess Siomsyed)hydse use of

R o e B A TSR A AR ecoran
ryemalRihieasiipa e MGG R2aL4 V- Ba1%6) was used as an
ofientation control l[ayer 14 and Ru-Si02 (Ru: 95at%, SiO2: 5at%) was

used as[@k&ond underlayer 15b. [0147] 5 (Example 2) In the same film
structuriﬁgri?h%%rqg Lericlza?ﬁsgclrgy)/ee? 58 ?%’Say i(\)/1\‘/ glé(l):’ZE (perfluoropolyether) was
formed by the dip coating method. The thickness of the lubricating layer 20 is
Inm.

[0143]

The recording/reproducing characteristics of the medium obtained by
the above-mentioned processes were evaluated. The measurement was
performed using a R/W analyzer and a magnetic head of the perpendicular
magnetic recording system having a SPT element on the recording side and a
GMR element on the reproducing side, wherein the recording density was set to
1200kfci. In this event, the flying height of the magnetic head was 10nm.

[0144]

(Comparative Example 1)

In the same film structure as in Example 1 described above, NiW (Ni:
92at%, W: 8at%) was used as an orientation control layer 14.

[0145]

(Comparative Example 2)

In the same film structure as in Example 1 described above, Ru-SiO,
(Ru: 95at%, SiO,: 5at%) was used as each of a first underlayer 15a and a
second underlayer 15b.

[0146]

(Comparative Example 3)
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(Ni: 89at%, W: 8at%, TiO2: 3at%) was used as an orientation control layer
14. [0148] (Example 3) 10 In the same film structure as in Example 1
described above, NiW-Si02 (Ni: 87at%, W: 8at%, SiO2: 5at%) was used
as an orientation control layer 14. [0149] (Example 4) In the same film
structure as in Example 1 described above, NiW-Cr203 15 (Ni: 82at%, W:
7at%, Cr203: 11at%) was used as an orientation control layer 14. [0150]
(Example 5) In the same film structure as in Example 1 described above,

NiW-Tad0HeNRBEidE Girushis aspoExasmin lilesedeathabaye, Niw (N

jentatior 0 | i o _
SPREEY ST ORI TR TR 0. o
6866 NHZ$I55208) bW as sg e asseaiie tadiongentigdayer 14. 25

[0152] (Example 7) In the same film structure as in Example 1 described
above, MWAI1203 (Ni: 85at%, W: 7at%, A1203: 8at%) was used as an
orientatigg;ggontrol yer 14. 46 [0153] (Example 8) In the same film
structur m@ ple 1 described above, NiPd-Ti02 (Ni: 86at%, Pd:

8at%, TiQ2h 63kl MAmUSRtas @A Sticeiation eon R asEd 4p SO 1RAY-TiO,
(Example 9)

(Ni: 89at%, W: 8at%, TiO,: 3at%) was used as an orientation control layer 14.

[0148]

(Example 3)

In the same film structure as in Example 1 described above, NiW-SiO,
(Ni: 87at%, W: 8at%, SiO,: 5at%) was used as an orientation control layer 14.

[0149]

(Example 4)

In the same film structure as in Example 1 described above, NiW-Cr,03
(Ni: 82at%, W: 7at%, Cr,03: 11at%) was used as an orientation control layer 14.

[0150]

(Example 5)

In the same film structure as in Example 1 described above, NiW-Ta,0s5
(Ni: 62at%, W: 5at%, Ta,0s: 33at%) was used as an orientation control layer 14.

[0151]

(Example 6)

In the same film structure as in Example 1 described above, NiW-Nb,Os
(Ni: 74at%, W: 6at%, Nb,Os: 20at%) was used as an orientation control layer
14.

[0152]

(Example 7)

In the same film structure as in Example 1 described above, NiW-Al,O3

(Ni: 85at%, W: 7at%, Al,O3: 8at%) was used as an orientation control layer 14.
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In the same film structure as in Example 1 described above, NiCr-Ti02
(Ni: 86at%, Cr: 8at%, TiO2: 6at%) was used as an orientation control layer
14. [0155] 10 (Example 10) In the same film structure as in Example 1
described above, NiMo-Ti02 (Ni: 86at%, Mo: 8at%, TiO2: 6at%) was used
as an orientation control layer 14. [015‘@ (Example 11) 15 In the same
film structure as in Example 1 described above, NiTa-Ti02 (Ni: 86at%, Ta:
8at%, TiO2: 6at%) was used as an orientation control layer 14. [0157]
(Examp[é)]l%]ln the same film structure as in Example 1 described above,
NiV-TiOiEggﬂiéaglat%, V: 8at%, TiO2: 6at%) was used as an orientation
control layer 14. [0158] (Example 13) In the same film structure as in
Examplenliiieserinediabevie,chlifdoasifr Efdimphatt ddderiBatlabd@2:NiPd-TiO,
6at%) was used as an orientation control layer 14. 25 [0159] (Example
iy FHatsosditle Tt thit ead¥inEtanssié asais Srisedadiosveo Nz ayer 14.
(Ni: 86aj%, Zr: 8at%, TiO2: 6at%) was used as an orientation control layer
14. 47 [&9/ (Example 15) In the same film structure as in Example 1
describge ghapfe BjHI-TIO2 (Ni: 86at%, Hf: 8at%, TiO2: 6at%) was used
as an orientation control layer 14. 5[0161] (Example 16)

In the same film structure as in Example 1 described above, NiCr-TiO,

(Ni: 86at%, Cr: 8at%, TiO,: 6at%) was used as an orientation control layer 14.

[0155]

(Example 10)

In the same film structure as in Example 1 described above, NiMo-TiO,
(Ni: 86at%, Mo: 8at%, TiO,: 6at%) was used as an orientation control layer 14.

[0156]

(Example 11)

In the same film structure as in Example 1 described above, NiTa-TiO,
(Ni: 86at%, Ta: 8at%, TiO,: 6at%) was used as an orientation control layer 14.

[0157]

(Example 12)

In the same film structure as in Example 1 described above, NiV-TiO,
(Ni: 86at%, V: 8at%, TiO,: 6at%) was used as an orientation control layer 14.

[0158]

(Example 13)

In the same film structure as in Example 1 described above, NiNb-TiO,
(Ni: 86at%, Nb: 8at%, TiO,: 6at%) was used as an orientation control layer 14.

[0159]

(Example 14)

In the same film structure as in Example 1 described above, NiZr-TiO,

(Ni: 86at%, Zr: 8at%, TiO,: 6at%) was used as an orientation control layer 14.
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In the same film structure as in Example 1 described above, NiCu-Ti02
(Ni: 86at%, Cu: 8at%, TiO2: 6at%) was used as an orientation control
layer 14. [0162] 10 As each of magnetic recording media 10 according to
the Examples, the magnetic recording medium 10 with the structure
described using Fig. 8 is manufacturedIn the manufacturing processes
of the magnetic recording medium 10, respective layers are formed in
sequence on a disk substrate 11 by, for example, the soft magnetic layer
forming @rje@%s, the magnetic recording 15 layer forming process, and so
on. The(ﬁg gslgiforming the respective layers may be the same as
or similar to known processes except the soft magnetic layer forming

process|riQheHame féhsRewstthe avah atiemigsultsesthe ey elisgeCNFRITIO,
grain sizes 20 evaluated from plan-view photographs of a transmission

bcBoatinidrivisBape, AGko eativlaasisad Xsrap areataiiensgpiratiayer 14.
and the @i%%rding/reproducing characteristics S/N with respect to the

magneti lnrding media manufactured in Examples 1 to 16 and
Comparﬁg\(gr#@q@rﬁgbes 1to 3. The area of each crystal grain derived

from a plan-view photograph of 25 the transmission electron microscope

is convdndtersaraeiiitie stnactbecradius Efathaleitoiescdeéidaabaseg NiCu-TiO,
crystal grain size. The average cr)ystal grain size is an average value

Ehgri /Bﬁge@é*%?hﬁﬁan'eg@% MRS HSRYIRS H0BEEEYIRESRERL IRYEr 14-
width at q E aximum of Ru (002) crystal orientation peak in 48 a rocking
curve. [(g % ?TFrom Fig. 9, it can be confirmed that, in Examples 1 to 7 in

which apsoxigish Wwhsnagaed ©rdy deding arisditationaeedifhigyetid miieples,
oxide was 5 added to the underlayer 15, the magnetic grain size of the

aghatoetigdenrislirganesivamd Orudiheth e Steaatipe sl sati exbrpagakiig 8 is
r%)é%w algt%rzeg.nd I% iPhe manufacturing processes of the magnetic recording
medium 10, respective layers are formed in sequence on a disk substrate 11 by,
for example, the soft magnetic layer forming process, the magnetic recording
layer forming process, and so on. The processes of forming the respective
layers may be the same as or similar to known processes except the soft
magnetic layer forming process.

[0163]

Fig. 9 shows the evaluation results of the average crystal grain sizes
evaluated from plan-view photographs of a transmission electron microscope,
AB50 evaluated by an X-ray diffraction apparatus, and the
recording/reproducing characteristics S/N with respect to the magnetic
recording media manufactured in Examples 1 to 16 and Comparative Examples
1to 3. The area of each crystal grain derived from a plan-view photograph of
the transmission electron microscope is converted into a circle and the radius of
that circle is defined as a crystal grain size. The average crystal grain size is

an average value derived from several hundreds of crystal grains. A850

represents the full width at half maximum of Ru (002) crystal orientation peak in
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which an oxide was added to the underlayer, degradation in crystal
orientation of magnetic grains was suppressed. [0165] 10 The layer
structures, the materials of the members, the numbers, the sizes, the
processing sequences, and so on in the above-mentioned embodiment
are only examples and the third inventiBf can be carried out by changing
them in various ways within a range capable of exhibiting the effect of the
third invention. Other than that, the third invention can be carried out with
359GHPEr UMRges within a range not departing from the object of the third
inventi?]l;b#%gf;strial Applicability [0166] 20 This invention can be used,
for example, as a perpendicular magnetic recording medium adapted to

be moumeshirFyHP R carbéiskiive b likexahibeeperpedigulaich an

magnetic recording system. 49 CLAIMS 1. A perpendicular magnetic

pxidedivas mddrehpabidde @ ettatomenniEaldaysy apudpémaraide was

magnetic recording system, wherein the 5 perpendicular magnetic.

PR R BRI L SR e R ot R T v wes
RIRIcBE sHBSHARER BecondsilaenmeahRvrLile o maeassic /s in
and containing seed crystal grains as crystal grains that serve as a base
vanichyatabgrdens/as auldEdl wppee layder @y en dedagdatiomiadostaltibeientation
pre-underlayer and containing crystal grains that control an orientation of
eHyERIPHM TSI WRDSHRRIESER a magnetic recording layer containing
magneti [;L@g]tal grains with a crystal structure that is controlled by the
underlayer,

The layer structures, the materials of the members, the numbers, the
sizes, the processing sequences, and so on in the above-mentioned
embodiment are only examples and the third invention can be carried out by
changing them in various ways within a range capable of exhibiting the effect of
the third invention. Other than that, the third invention can be carried out with
proper changes within a range not departing from the object of the third

invention.

Industrial Applicability

[0166]

This invention can be used, for example, as a perpendicular magnetic
recording medium adapted to be mounted in a HDD (hard disk drive) or the like

of the perpendicular magnetic recording system.
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15 wherein the pre-underlayer contains the seed crystal grains that serve
as the base for the crystal grains of the underlayer, and an addition
substance that is added between the seed crystal grains and composed
of an element having an atomic radius smaller than an atomic 20 radius
of an element forming the seed crystal ﬁains. 2. A perpendicular
magnetic recording medium according to claim 1, wherein the seed
crystal grains are crystal grains of an alloy of Ni and W. 3. A perpendicular
magnetic recording medium accordiﬁé%klé%im 1 or 2, wherein the
addition substance is a substance that does not chemically react 25 with
a material of the soft magnetic layer and the seed crystal grains. 4. A

perpendicula peagepticteeonimatirdivos aiagainditmrclaiapiedwbeeRiord
the addition substance is a solid substance. 5. A perpendicular magnetic
velesraniy iyl idiPespesimictosREMEIICTE CAGEngiSYBE B ditgiein the
substance is B. 6. A perpendicular magnetic recording medium adapted to

PECBRAItaRh SRANSY & e e MR P YEE S ding system, the

perpend&c%strpg@gpetic recording medium comprising a substrate and,
over the substrate, at 5 least a soft magnetic layer, a pre-underlayer, an
underlayesoftadegidlic, lagdrdomaeph etre rélcerslimgtiater adapted to record
a signal, wherein the pre-underlayer comprises a first pre-underlayer

made ofaPiECHRNISFa¥Er dBeR @Yre lNRRITENAIRSHE lBYRAANG cRNtaining

. i -y : i : _
B R S IS S T 0P of
Gppdr adlgat: 8. A perpendicular magnetic recording medium according to

claim 6 or 7, wherein a total thickness of the pre-underlayer is 5 to 12nm.

9. A perBrIGeRRYRE iPIERRd QUG AredinfeslexsuATsiteatigiong crystal

grains that control an orientation of crystal grains of an upper layer; and

a magnetic recording layer containing magnetic crystal grains with a
crystal structure that is controlled by the underlayer,

wherein the pre-underlayer contains

the seed crystal grains that serve as the base for the crystal grains of
the underlayer, and

an addition substance that is added between the seed crystal grains
and composed of an element having an atomic radius smaller than an atomic
radius of an element forming the seed crystal grains.

2. A perpendicular magnetic recording medium according to claim 1,
wherein the seed crystal grains are crystal grains of an alloy of Ni and W.

3. A perpendicular magnetic recording medium according to claim 1 or
2, wherein the addition substance is a substance that does not chemically react
with a material of the soft magnetic layer and the seed crystal grains.

4. A perpendicular magnetic recording medium according to claim 3,
wherein the addition substance is a solid substance.

5. A perpendicular magnetic recording medium according to claim 4,
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15 claims 6 to 8, wherein the underlayer comprises a first underlayer and
a second underlayer for which gas pressures differ from each other in Ru
film formation by sputtering. 10. A perpendicular magnetic recording
medium adapted to record information by a perpendicular magnetic
recording system, wherein the 20 perpé dicular magnetic recording
medium comprises: a substrate; a soft magnetic layer formed over the
substrate; a pre-underlayer formed over the soft magnetic layer, the

W@ﬁﬂéhﬁ;@@gﬂ&ﬁﬂﬁétﬂﬁ'%ﬁ Brain material and added with an oxide;
25a ”°@“%’ﬁé‘i@%ﬂg%@%ﬁﬁiﬁgﬁ‘&%?&%@gﬁ}ﬁrﬁfé'&iﬂ?r‘i'%rg?@&’ {3348Grq

a hexagonal t pac ructure; an agnetic recording layer in

wiemavsialy wige pbedrRUMMEhRIGRRSC PECHRIINY s\RitEmatReIpRN LIt ar
granular structure, the magnetic recording 51 layer being formed over the
WAL eBeQiH thermeHum CarpeFisétdia HupsiaiR enslremiting sdstiaie, at
ccording.to claim 10, wherein the pre-underlayer contains as a mai
et A 24 2 RIgr HR YRe 4B MRV S eand 2
R QR RGI TR HpRAIBebr 2\ AaNITa, NIV, NiND, NiZr,
NiHf, and NiCu. 1Z2. A’perpendicular magnetic recording medium
accordirvghterelaithel prexubt ewagee icoa pesstsoa & lshprefundeta)evateatilof a

from a group comprising Si02, SiO, Ti02, TiO, Cr203, Zr203, Ta205,
KYFONADER RRYSDS RS0endrriYsID896 2hdWas the oxide in the

el _ ol . ! . |
pre-under ayﬁhé@#fi?f}*n"gﬁf t %‘tﬁ@?éﬁﬂ%\ﬁ%ﬁ%gﬁﬂﬂggﬁmﬂm to_claim 6,

according to a 1 wherein't ayer has a

teiregsthel Cuinany 20s8tecldd Agreraend@uiaoy 20 Teliv ks ding a CuTi
medium according to any of claims 10 to 13, wherein the underlayer
ab@Yains Ru or a Ru alloy. 15. A perpendicular magnetic recording

medium_according to any,of . . . . .
86.l R perpen |cﬂ/|ar magnetic recording medium according to claim 6 or

7, wherein a total thickness of the pre-underlayer is 5 to 12nm.

9. A perpendicular magnetic recording medium according to any of
claims 6 to 8, wherein the underlayer comprises a first underlayer and a second
underlayer for which gas pressures differ from each other in Ru film formation
by sputtering.

10. A perpendicular magnetic recording medium adapted to record
information by a perpendicular magnetic recording system, wherein the
perpendicular magnetic recording medium comprises:

a substrate;

a soft magnetic layer formed over the substrate;

a pre-underlayer formed over the soft magnetic layer, the
pre-underlayer containing Ni as a main material and added with an oxide;

a nonmagnetic underlayer formed over the pre-underlayer and having a
hexagonal closest packed structure; and

a magnetic recording layer in which crystals with a hexagonal closest

packed structure are grown into a granular structure, the magnetic recording
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15 claims 10 to 14, wherein the magnetic recording layer is made of
CoCrPt-oxide. 16. A method of manufacturing a perpendicular magnetic
recording medium, comprising the steps of: forming a soft magnetic layer
over a substrate, forming over the soft magnetic layer a pre-underlayer in
which an oxide 20 is added to a materidt containing Ni as a main material,
forming over the pre-underlayer a nonmagnetic underlayer having a
hexagonal closest packed structure, and formiré%g magnetic recording

layer 9i@%§9fﬁée&%'i§%tﬂoé"ﬂégﬁegﬁéj’198 Ehacked structure into a
9“”‘”“'arﬁt.f“%ﬁSrB%%FQ&|a?%%J?{Bﬁ‘é’P&é‘&ram%%ae\é%m according to claim 10,

wherein the pre-underlayer contains as a main material an alloy formed by
adding the oxide to at least one kind selected from a group comprising NiW,
NiPd, NiCr, NiMo, NiTa, NiV, NiNb, NizZr, NiHf, and NiCu.

12. A perpendicular magnetic recording medium according to claim 10
or 11, wherein at least one kind of material selected from a group comprising
SiO,, SIO, TiOg, TiO, Cr,03, Zr,03, Taz0s, Al,03, W,0s5, M0,0s, V,0s, and
Nb,Os is added as the oxide in the pre-underlayer.

13. A perpendicular magnetic recording medium according to any of
claims 10 to 12, wherein the pre-underlayer has a thickness of 1nm to 20nm.

14. A perpendicular magnetic recording medium according to any of
claims 10 to 13, wherein the underlayer contains Ru or a Ru alloy.

15. A perpendicular magnetic recording medium according to any of
claims 10 to 14, wherein the magnetic recording layer is made of CoCrPt-oxide.

16. A method of manufacturing a perpendicular magnetic recording
medium, comprising the steps of:

forming a soft magnetic layer over a substrate,

forming over the soft magnetic layer a pre-underlayer in which an oxide
is added to a material containing Ni as a main material,

forming over the pre-underlayer a nonmagnetic underlayer having a
hexagonal closest packed structure, and

forming a magnetic recording layer by growing crystals with a
hexagonal closest packed structure into a granular structure over the

nonmagnetic underlayer.



