DESCRI PTI ON PERPENDI CULAR MAGNETI C RECORDI NG DI SK AND METHOD OF
MANUFACTURI NG THE SAME Technical Field [0001] This invention relates to a
per pendi cul ar magnetic recordi ng medium adapted to be nmounted in a

per pendi cul ar magnetic recording type HDD (hard disk drive) or the like.
Background Art [0002) Various information recording techni ques have been
devel oped followi ng the increase in volunme of information processing in
recent years. Particularly, the areal recording density of HDDs (hard disk
drives) using the magnetic recording technique has been increasing at an
annual rate of about 100% Recentl §?§ %Egﬁrnation recordi ng capacity
exceedi ng 60GB has been required Hﬁ?s Pl magneti ¢ di sk adapted for use
in a HOD or the like. In order to satisfy such a requirenment, it is
necessary to realize an information recording density exceeding
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magnetic disk for use in a 't ke I's necessary to reduce the

size of magnetic crystal grai RANUFACTURNGEHESAME ecordi ng | ayer serving
to record information signals, and further, to reduce the thickness of the

| ayer. However, in the case of conventionally comercialized nmagnetic di sks
of the in- plane magneti c recording type (also called the I ongitudinal

magnet i c reﬁﬁﬁmkﬁ@FEWbe or the horizontal magnetic recording type), as a
result of the ggc ion in S|ze of magnetic crystal grains, there has
arisen a so- caIIe ¢ Hrnal fluctuati on phenonenon where the thernal

stahil ity of 1ecorged g@gﬂp@fgié@s SRS h S RHRSEEGEATRABALIS™ SO that

t he recorded signal
adapted to be mounted in a perpendicular magnstic recording type HDD (hard

disk drive) or the like.

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 HDDs (hard disk drives) using the
magnetic recording technique has been increasing at an annual rate of about
100%. Recently, the information recording capacity exceeding 60GB 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 100Gbits/inch®.  In order to achieve the high
recording density in a magnetic disk for use in a HDD or the like, it is necessary
to reduce the size of magnetic crystal grains forming a magnetic recording layer
serving to record information signals, and further, to reduce the thickness of the
layer. However, in the case of conventionally commercialized magnetic disks
of the in-piane magnetic recording type (also called the longitudinal magnetic
recording type or the horizontal magnetic recording type), as a result of the

reduction in size of magnetic crystal grains, there has arisen a so-called thermai



whi ch has thus beconme an inpeding factor for the increase in recording
density of the magnetic disks. [0003] 1In order to solve this inpeding
factor, magnetic disks of the perpendicular nagnetic recording type have
been proposed in recent years. In the case of the perpendicular magnetic
recording type, as different fromthe case of the in-plane nagnetic
recordi ng type, the easy magnetization axis of a magnetic recording |ayer
is adjusted so as to be oriented in a direction perpendicular to the
surface of a substrate. As conpared with the in-plane nagnetic recording

type, the perpendj.cul ar magnetic recording. t .. C suppress the thernal
fluctuation Hﬁ%tHB{ﬁ%Bﬁemg@%‘é’ﬁ?@ tgﬁi“?%[ S%gﬁ'“f ﬁﬂfﬁs%ﬁﬁgs'g'i%'sr ecor di ng
density. For i.ne t i i i cation
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per pendi cul ag, RS ihes bRESHE! HOnfBRAiy TabBY I Gh By h ¥&Hrding gefanpased
per pendi cul ar magnetic recording layer, and a protective [ayer "that " are
fornmed on a gupgimagestioditiee order named. Further, United States Patent No.
6468670 Specification (Patent Docunent 2) discloses a perpendicul ar

magneti ¢ recordi ng[0®8] um having a configuration in which an
exchange-coupled artificial lattice filmcontinuous |ayer (exchange-coupled

| ayer) is adhered loordegiosslyaathis Emadindigeiosyeagnadigtdishs thdbement 1: Japanese
Unexam ned Pat ent |ication Publicatipn (JP-A) No. 2002-92865 Patent
bocunent 2 RGOS Bl EaeaE sreoRigo B R besbbiopSiad IoeooR ardafe. of
D e R AT SRR AP BURE  gg0Rkofl g 10 e
case of the in-plane magnetic recording type, the easy magnetization axis of a
magnetic recording layer is adjusted so as to be oriented in a direction
perpendicular to the surface of a substrate. As compared with the in-plane
magnetic recording type, the perpendicular magnetic recording type can
suppress the thermal fluctuation phenomenon and thus is suitable for increasing
the recording density. For example, Japanese Unexamined Patent Application
Publication (JP-A} No. 2002-92865 (Patent Document 1) discloses a technique
about a perpendicular magnetic recording medium having an underlayer, a
Co-based perpendicular magnetic recording layer, and a protective layer that
are formed on a substrate in the order named. Further, United States Patent
No. 6468670 Specification (Patent Document 2) discloses a perpendicular
magnetic recording medium having a configuration in which an
exchange-coupled artificial lattice film continuous layer (exchange-coupled
layer} is adhered to a granular recording layer.
Patent Document 1:  Japanese Unexamined Patent Application
Publication (JP-A) No. 2002-92865
Patent Document 2:  United States Patent No. 6468670 Specification

Disclosure of the Invention

Problem to be Solved by the Invention



in the case of the in-plane magnetic recording nedium the recording density
of the magnetic disk is inproved nmainly by reducing noise in a

magneti zation transition region of a magnetic recording |ayer. For the

noi se reduction, it is necessary to inprove the crystal orientation of the
magnetic recording layer and to reduce the crystal grain size and the
magni t ude of magnetic interaction. That |s, in order to increase the
recording density of the medium it is desirable to equalize and reduce the
crystal grain size in the magnetic recording |ayer and, further, to provide
a segregated state where individual magnetic crystal grains are

magnetical |y separ@ﬂ@@ [0005] In the neantine, the Co-based perpendicul ar
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which is thus preferable. Further, by  causing an el enent such as Cr to be

cont ai ned | ntrausit’mwa@crme@nmghat’c revaating layer. e prdh@goisayreduction, tan be
segregated at grain boundary portions of the nagnetic crystal grains to
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are magnetically separated.

[0005]

In the meantime, the Co-based perpendicular magnetic recording layer
disclosed in Patent Document 1, particularly a CoPt-based perpendicular
magnetic recording 'ayer, has a high coercive force {(Hc) and can cause a
reversed domain nucleation magnetic field (Hn) to be a smali value less than
zero and, thereifore, the resistance against thermal fiuctuation can be improved
and a high S/N ratio can be achieved, which is thus preferable. Further, by
causing an element such as Cr to be contained in such a perpendicular
magnetic recording layer, Cr can be segregated at grain boundary portions of
the magnetic crystal grains to biock the exchange interaction between the
magnetic crystal grains, thereby contributing to increasing the recording density.

[0006]

Further, by adding an oxide such as SiO; to the CoPt-based
perpendicular magnetic recording layer, it is possible to form an excellent
segregated structure without impeding the epitaxial growth of CoPt. That s, by
segregating the oxide such as SiO; at the grain boundaries to reduce the crystal

grain size and further to reduce the magnetic interaction between the magnetic



[0007] However, if the size of the magnetic grains is excessively reduced,
the thermal fluctuation phenonenon arises as a problemlike in the case of
the in-plane magnetic recording medium In order to avoid this thernmal
fluctuation problem the follow ng nmethods have been enployed so far. One
is a nethod that increases an anisotropy constant (Ku) of a magnetic |ayer
by optim zing the conposition of the magnetic |ayer, thereby inproving the
coercive force of a nedium The other is a method that inproves the crystal
orientation of a magnetic layer by optimzing nmaterials of a seed | ayer and
an underlayer or optimzing the filmstructures of them thereby inproving
the coerci ve dfaispdhe IqvoDeise ITAchigeDbt her hand, al t hough the inprovenent in
coercive force nakﬁ® ZL possi bl e t hat recor ded signals do not easily suffer
the influence of tIEPRRI fluctuation, but it sinultaneously makes mmiting
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medium. The other is a method that improves the crystal orientation of a
magnetic layer by optimizing materials of a seed layer and an underlayer or
optimizing the fifm structures of them, thereby improving the coercive force.

(0008]

On the other hand, although the improvement in coercive force makes it
possible that recorded signals do not easily suffer the influence of thermal
fluctuation, but it simuitaneously makes writing by a magnetic head difficult. In
future, the magnetic grain size will be reduced more and more with an increase
in recording density, so that there will be no alternative but to further increase
the coercive force of a medium. There is a possibility that the increase in
coercive force uitimately makes writing impossible.

[0009]

This invention aims to solve such problems and has an object to
provide a perpendicular magnetic recording disk having a film structure that
improves overwrite characteristics (O/W) whiie maintaining a coercive force
(He) high enough not to affect heat fluctuation resistance, and a manufacturing

method thereof.

Means for Solving the Problem

[0010)



structure of a perpendi cul ar magnetic recordi ng disk according to this
invention, there is provided a perpendicul ar magnetic recordi ng disk for
use in perpendi cul ar magnetic recording, conprising at |east an underl ayer,
a first magnetic recording |layer, and a second nmagnetic recording | ayer on
a substrate in the order naned, wherein the first magnetic recording |ayer
and the second nagnetic recordlng | ayer .are each a ferronagnetic |ayer of a
granul ar structure containing a nonnagnétlc substance form ng a grain
boundary portion between crystal grains containing at |east cobalt (Co),

and given that the content of the nonmagnetic substance in the first
magneti c recor di ng/N &efto %‘3"@ he1 aRoyRUNeHONed PeRIRM. 8B Wﬁ@"%@ﬁ?&ﬁﬁetl c

bst h d di A<B,
The  nonmagneSiCY ISt AREBAREF UK g ec%@ak%&éﬂ'eé%rg asc&a@d R i Bt bt ance
that can for g al BroRiacbor eﬂa LEPTheete & 16f @l SO as 1o
suppress or block @he exc g 5% |n eracti on etmee e magneti c grains and

that is a nor@@?&h@tdm‘ar&#@@meqecmrngse&)mgr@ﬁ@ labie@stém o8& dyet, @irst For
exanple, chromum (Cr), oxygen (0), and oxi des such as silicon oxide

(Si Ox), chromagnetioxeéstedihGn&ydr, artd 4 sotand waEgNetio receRiing ayecome wubsixatde
(Zr@2), and tantalum oxide (Ta205) can be cited as exanples. [0012 The
content of tlretheordegn@ned, whdreirdhedirstrmagnetitirecardimgdayariand thesecenithg | ayer
is preferably 8nol %to 20nol % and nore preferably 8nol %to 12nmol % The
content of tAKSHAERAMKENS laHBrasae) arﬁerf%a@@@day%@e@raeular gkgitbieng | ayer
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nonmagnenc substance in the first magnetic recording layer is A mol% and the
content of the nonmagnetic substance in the second magnetic recording layer is
B mol%, A<B.

[0011]

The nonmagnetic substance may be any substance aslong as itis a
substance that can form grain boundary portions around magnetic grains so as
to suppress or block the exchange interaction between the magnetic grains and
that is a nonmagnetic substance not solid-soluble to cobalt (Co). For example,
chromium (Cr), oxygen (O}, and oxides such as silicon oxide {SiOx), chromium
oxide {CrOy), titanium oxide {TiOy), zirconium oxide (ZrO,), and tantalum oxide
(Tax0s) can be cited as examples.

[0012]

The content of the nonmagnetic substance in the first magnetic
recording layer is preferably 8mol% to 20mol% and more preferably 8mol% to
12mol%. The content of the nonmagnetic substance in the second magnetic
recording layer is preferably 8moi% to 20mol% and more preferably 10mol% to
14mol%. This is because if it is 8mol% or less, a sufficient compositional
separation (segregation) structure cannot be formed and thus a high S/N ratio

cannot be obtained. Further, this is because if it is 20mol% or mors, it is



difficult for Co to formhcp crystals, so that sufficient perpendicular
magneti c ani sotropy cannot be obtained and thus high Hn cannot be obt ai ned.
The magnetic recording |layers are preferably formed by a sputtering mnethod.
A DC nmagnetron sputtering nmethod is particularly preferable because uniform
film formation is enabled. [0013] In order to obtain high Hn, the total

t hi ckness of the first nagnetic recordi@Q | ayer and the second nagnetic
recording layer is preferably 15nmor [|ess. [0014] An orientation control

| ayer having a bcc-structure-containing anorphous or fcc structure is
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preferably phnadréednkpunesty methodis paiticalelygndictdiste badgudeayigformlfimt hi s
invention, the soft magnetic layer is not particularly limted as |ong as

it is fornedfamaiomageetbledbody that exhibits the soft magnetic properties
and, for exanple, use can be nmade of an Fe-based soft nagnetic nateri al
such as FeTaC basetP0dPf] oy, FeTaN-based alloy, FeN -based alloy, FeCoB-based
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[0014]

An orientation control layer having a bee-structure-containing
amorphous or fcc structure is preferably provided between the substrate and
the underlayer. The orientation contro! layer is a layer having a function of
controlling the orientation of crystal grains of the underiayer. The orientation
control layer can be formed of a material such as, for example, Ta, Nb, a
Ni-based alioy such as NiP, a Co-based alloy such as CoCr, a nonmagnetic
layer containing Ta or Ti, Pd, or Pt.

[0015]

An amorphous soft magnetic layer is preferably provided between the
substrate and the underlayer. In this invention, the soft magnetic layer is not
particularly limited as long as it is formed of a magnetic body that exhibits the
soft magnetic properties and, for example, use can be made of an Fe-based
soft magnetic material such as FeTaC-based alloy, FeTaN-based alloy,
FeNi-based alloy, FeCoB-based alloy, or FeCo-based alloy, a Co-based soft
magnetic material such as CoTaZr-based alloy or CoNbZr-based alioy, an
FeCo-based alloy soft magnetic material, or the like.

[0016]

Further, the soft magnetic layer preferably has as its magnetic property



7 a coercive force (Hc) of 0.01 to 80 oersteds (Ce) and nore preferably
0.01 to 50 oersteds. Further, it preferably has as its nagnetic property a
saturation nagnetic flux density (Bs) of 500enu/cc to 1920enu/cc. The

t hi ckness of the soft magnetic layer is preferably 10nmto 1000nm and nore
preferably 20nmto 150nm Wen it is less than 10nm there is a case where
it becones difficult to forma suitable-magnetic circuit between magnetic
head - perpendicular nagnetic recording |ayer - soft magnetic |ayer, while,
when it exceeds 1000nm there is a case where the surface roughness

i ncreases. Further, en it eeds_. 1000n there is a cas e the
Isput tering f :é‘icfﬁef"iﬂ’?rg}?%lﬁh@e@gﬁékm %Q peisians(Og) @@%ﬁoreﬁf@%éﬁﬂgﬁﬁgtte 465
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glass for the bstrate, a r phous ass or a crystallized glass can be

used and, forlso@xaditetic I4ReIE€pRMYably 1@nhed FD0NA BNl AESe brefatadyP@Es 1o an
al um noborosilicate glass, a soda Iine glass, or the |ike. Among them the
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anor phous, the substrate is preferably the anorphous glass. Wen a

chem cal |y sti® &gt devwéablgmagetie ciiediddetwren magnetie iepd - RegReNdi@iath i s t hus
preferable. [0018]. The surface rgughness of the main surfac he
lbstrate | s M EGEHIG T SOLLdo e abtiso MR b regs PRORE, ey
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difficult.

[0017]

The substrate is preferably an amorphous glass. When magnetic field
annealing is necessary for controlling magnetic domains of the soft magnetic
layer, the substrate is preferably a glass because it is excellent in heat
resistance. As the glass for the substrate, an amorphous glass or a
crystallized glass can be used and, for example, there can be cited an
aluminosilicate glass, an aluminoborosilicate glass, a soda lime glass, or the
like. Among them, the aluminosilicate glass is preferable. When the soft
magnetic layer is amorphous, the substrate is preferably the amorphous glass.
When a chemically strengthened glass is used, the rigidity is high, which is thus
preferable.

[0018]

The surface roughness of the main surface of the substrate is
preferably 6nm or less in Rmax and 0.6nm or less in Ra. By providing such a
smooth surface, a gap between perpendicular magnetic recording layer - soft
magnetic layer can be set constant so that it is possible to form a suitable
magnetic circuit between magnetic head - perpendicular magnetic recording

layer - soft magnetic layer.



| ayer - soft magnetic layer. 8 [00191 As a representative structure of a
nmet hod of manufacturing a perpendicular magnetic recordi ng di sk accordi ng
to this invention, there is provided a nethod of nmanufacturing a

per pendi cul ar magnetic recording disk for use in perpendicul ar nagnetic
recording, the disk conprising at |least an wunderlayer, a first nmagnetic
recording layer, and a second magnetic regcording layer on a substrate in
the order nanmed, the nethod conprising formng, as the first magnetic
recording layer, a ferromagnetic |ayer of a granular structure in which a
nonmagneti ¢ substance Hs segregat ed between magnetic grains containing at
| east cobalt (Cb),“&?@ formng, as the second nagnetic recording |ayer, a

ferromagneti c | ayenal b AR ALLE A oW Bl FRoBrRRTREnet  ©

substance is segregate n-nagne rains”contarning | east cobalt
(Co), wherei hergbifidLIANRARghOR féeasoﬁ;ejd@vz ab8SdMYNEREEAlVentisHDREARNGE N the
first magnetic recording | ayer is nol % and the content of the nonmagnetic
substance i n grb@deeaanethoa @ atantfaceingt parpeayieular sndgnetit YecobdiBy disk
sputtering nmethod, particularly a DC magnetron sputtering nethod, can be

sui t abl y usedof gse ingrarpengicilar magnetid recoeling, diardisk apeysisingfdtéeast ah t he

I nvention [0020] According to this invention, it is possible to inprove
the overwrit &MEEHARRS @firs magnefipireeoraiaghayarANha SReONLBRENGLS BSPKINGf

ti di I . - W, thoyt addi I h t h
manuf act ur | ng T GeeR SUosHale I BTy Bed.ang Ml el eSTRRT BaLETIRG. A lF Ly, |
. bl e Lo . 9 . h, Ny bl
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which a nonmagnetic substance is segregated between magnetic grains

containing at least cobalt (Co), and forming, as the second magnetic recording
layer, a ferromagnetic layer of a granular structure in which a nonmagnetic
substance is segregated between magnetic grains containing at least cobalt
(Co), wherein, given that the content of the nonmagnetic substance in the first
magnetic recording layer is A mol% and the content of the nonmagnetic
substance in the second magnetic recording layer is B mol%, A<B. A
sputtering method, particularly a DC magnetron sputtering method, can be

suitably used for forming the magnetic recording layers.

Eifect of the Invention

[0020]

According to this invention, it is possible to improve the overwrite
characteristics while maintaining the coercive force of magnetic recording layers,
without adding a large change to the manufacturing process. Therefore, even
in a future increase in density, it is possible to improve the write characteristics

while avoiding the problem of thermal fluctuation.

Brief Description of the Drawings
[0021]



9 Fig. 1is a diagramfor explaining the configuration of a perpendicul ar
magneti c recordi ng nmedium according to a first enbodinent. Fig. 2 is an
exenpl ary diagram for explaining the vicinity of nagnetic recording |ayers.
Fig. 3 is a diagramshowi ng the relationship between overwite
characteristics and coercive force when the thicknesses of the first and
second nmagnetic recording |layers are chgpged Fig. 4 is a diagramfor
expl ai ning the configuration of a perpendicular nagnetic recording nmedi um
according to a second enbodinment. Fig. 5is a dlagranlshomjng t he

rel ati onshi p bet wegn iver ite fcha cteri Etl CS andt coe{?m ve g r: when t he
t hi cknesses of fir6&# ﬁ%a%%ﬂﬁ‘ OR YNNG ¢ 8(98%99{6 P06 DCREOGIYIRg to the
second errbodl r 0, ﬁ%%ﬁ [00221 1 disk
substrate éﬁteeg?\;%c nggﬁ%d'um%%m'ﬁ éln aye oF 1 ent ation control
| ayer 5a, 5b underjqaygs an@xbinphdry dRGRSHIT6r é)&ﬁ&ﬁlﬂgﬁﬂe LRWRY of Bfagragnet i c
grain 6b silicon oxi'de 7 second magnetic recording layer "7a megnetic grain
7b silicon oxectedidgdanaesi ng control |ayer 9 exchange energy control |ayer
Fig. 3 is a diagram showing the relationship between overwrite
characteristics and coercive force when the thicknesses of the first and second
magnetic recording layers are changed.
Fig. 4 is a diagram for explaining the configuration of a perpendicular
magnetic recording medium according to a second embodiment.
Fig. 5 is a diagram showing the relationship between overwrite

characteristics and coercive force when the thicknesses of first and second

magnetic recording layers according to the second embodiment are changed.

Description of Symbols

[0022]
1 disk substrate
2 adhesive layer
3 soft magnetic layer
4 orientation control layer
5a, 5b underlayers
6 first magnetic recording layer
6a magnetic grain
6b silicon oxide
7 second magnetic recording layer
7a magnetic grain

7b silicon oxide
8 coupling control layer

9 exchange energy control layer



10 10 nedium protective layer 11 lubricating |ayer 10 nedium protective

| ayer 11 lubricating |layer 23 soft nmagnetic layer 23a first soft nmagnetic
| ayer 23b spacer |ayer 23c second soft magnetic layer 24 orientation
control layer 26 onset layer 27 first magnetic recording |ayer 28 second
magnetic recording layer 29 auxiliary recording |ayer Best Mde for
Carrying Qut the Invention [0022] [Fi rsfn Enbodi nent] A first enbodi nent of
a perpendi cul ar nagnetic recordi ng nmedi um according to this invention wll
be described with reference to the drawnings. Fig. | is a diagramfor

expl aining the configuration of the perpendicular magnetic recording nmedium
according tol'fhe f'i”@gtl’“éﬁ%%ﬁ“’@ﬁﬂerﬁ g. 2 is an exenplary diagram for

expl ai ni ng tqﬁ Vi Cli Bl.t . of| magnetic recording layers, and Fig. 3 is a

di agr am showi'ng t h&PFe U '8HEhi p bet ween overwite characteristics and
coercive for whe ' of the first and second nmagnetic
recording | aggrs aﬁ‘ghgﬁqah@é%mﬁﬁ%&?i cal values given in the follow ng
enbodi ment are onl ypgxAMe 18ferf or facilitating the understanding of this
invention and are not intended to limt this invention unless otherw se
stated. [0028] soft magnetic layer

23a first soft magnetic layer
23b  spacer layer

23¢c  second soft magnetic layer

24 orientation control layer

26 onset layer

27 first magnetic recording layer

28 second magnetic recording layer
29 auxiliary recording layer

Best Mode for Carrying Out the Invention

[0022]

[First Embodiment]

A first embodiment of a perpendicular magnetic recording medium
according to this invention will be described with reference to the drawings.
Fig. 1 is a diagram for explaining the configuration of the perpendicular
magnetic recording medium according te the first embodiment, Fig. 2 is an
exemplary diagram for explaining the vicinity of magnetic recording layers, and
Fig. 3 is a diagram showing the relationship between overwrite characteristics
and coercive force when the thicknesses of the first and second magnetic
recording layers are changed. Numerical values given in the following
embodiment are only examples for facilitating the understanding of this
invention and are not intended to limit this invention unless otherwise stated.

[0024]



11 The perpendi cul ar magnetic recordi ng nmedi um shown in Fig. 1 conprises a
di sk substrate 1, an adhesive |layer 2, a soft magnetic layer 3, an
orientation control |ayer 4, an underlayer 5a, an underlayer 5b, a first
magnetic recording |layer 6, a second magnetic recording |layer 7, a coupling
control layer 8, an exchange energy control |ayer 9 (continuous |ayer), a
medi um protective layer 10, and a Iubrhgfting | ayer 11. [0025] At first,
an anor phous al um nosilicate gl ass was ded into a disk shape by direct
press, thereby producing a glass disk. This glass disk was ground,

pol i shed, and chemi cally strengthened in sequence, thereby obtaining the
smoot h nonnagnet i cTig BRIPSHPisHIas Meadnetip reepsding Mmedigmashomenn &g

t t hened gl di sk. The, dj di t 65 Th f h
of  the mai n SHTPHses 8RS BR Sl CAATEe B 1AL ACRPRID B ARRN (ot om ¢
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| ayer 2 to the excharige energy control |ayer were fornmed in sequence on

t he obt ai ned8das kexshdigieratetgyl comtra faydr 9atomspbes éayiey), a rédiumagotction
sputtering nethod and then the nmedi um protective layer 10 was fornmed by a
CVD net hod. Teyer é6fargd a lubivieatinglayeaii.ng | ayer 11 was forned by a dip
coating nethod. In ternms of high productivity, it is also preferable to use
an in-line type fi%08Pforning method. Hereinbel ow, the structures and

f [ h f th ive | i1l b ib
The adhesi ve- | ayer AbTRLE BrHEHONS AMGH BosHICAL Blgyo taegBeoed T4 Adhe o

shape by direct press, thereby producing a glass disk. This glass disk was
ground, polished, and chemically strengthened in sequence, thereby obtaining
the smooth nonmagnetic disk substrate 1 in the form of a chemically
strengthened glass disk. The disk diameter was 65mm. The surface
roughness of the main surface of the disk substrate 1 was measured by an AFM
(atomic force microscope) and it was a smooth surface shape with Rmax of
4.8nm and Ra of 0.42nm. Rmax and Ra follow Japanese Industrial Standard
(JIS).

[0026]

Using an evacuated film forming apparatus, the fayers from the
adhesive layer 2 to the exchange energy control layer 9 were formed in
sequence on the obtained disk substrate 1 in an Ar atimosphere by a DC
magnetron sputtering method and then the medium protective layer 10 was
formed by a CVD method. Thereafter, the lubricating layer 11 was formed by a
dip coating method. In terms of high productivity, it is also preferable to use an
in-line type film forming method. Hereinbelow, the structures and
manufacturing methods of the respective layers will be described.

[0027]

The adhesive layer 2 was formed using a Ti-alloy target so as to be a

Ti-alloy layer of 10nm. By forming the adhesive layer 2, the adhesion between



Ti-alloy layer of 10nm By form ng the adhesive |ayer 2, the adhesion
between 12 the disk substrate 1 and the soft nagnetic |ayer 3 can be

i nproved and, therefore, it is possible to prevent stripping of the soft
magnetic layer 3. As a material of the adhesive |ayer 2, use can be nade
of, for exanple, a Ti-containing material. In ternms of practical use, the
thickness of the adhesive |ayer is prefegrably set to 1 nmto 50nm [0028]
The soft magnetic layer 3 was formed using a CoTaZr target so as to be an
anor phous CoTazr |ayer of 50nm [0029] The orientation control | ayer 4 has

a function of rotecting the s nmagne a and a on of
faciul i tiati ng! L&?‘ﬂﬁs;tﬁag? |1d?dege(§P§}§’f ne é?iﬁyﬁé‘ya Bf{en@qm 17“?;1 Ier 5a As t he

Chi ckness of ﬁ%ﬁ%@us. 1§ HG5sthe By RBB e o alibrg B Ry B A B0 o1 m
two- | ayer st gt & (FRASIRIVRayéd, S0ToEh M fRiOBY, Iicolupiag, 4 ayer side at an

Ar gas pressure |gher t han tha when formng Ru on the |ower |ayer

side, the cr Yst@itaiamgenariiabn 16 dynicofigractivvbdse, t1d03dhesbaf the @dtesive
magnetic target made of CoCrPt and silicon oxide (Si2) as an exanple of a

nonmagnet i ¢ Kybsisgnetsrabiheef for btm tmbdeni ¢ recording layer 6 wth an hcp
crystal structure of 9nmwas formed. The first magnetic recording layer can
be suitably set in0828khnge of 7nmto 15nm The conposition of the t ar get

o formng e {1585 TRANEH Ao L5505 ok ATy ol Tl sSR01Ee 1 ¢

an amorphous CoTaZr layer of 50nm.

[0029]

The orientation control layer 4 has a function of protecting the soft
magnetic layer 3 and a function of facilitating miniaturization of crystal grains of
the underlayer 5a. As the orientation control layer 4, an amorphous layer of Ta
was formed to a thickness of 3nm using a Ta target.

[0030]

The underlayers 5a and 5b form a two-layer structure made of Ru. By
forming Ru on the upper layer side at an Ar gas pressure higher than that used
when forming Ru on the lower layer side, the crystal orientation can be
improved.

[0031]

Using a hard magnetic target made of CoCrPt and silicon oxide (SiO»)
as an example of a nonmagnetic substance, the first magnetic recording layer 6
with an hcp crystal structure of 9nm was formed. The first magnetic recording
layer can be suitably set in a range of 7nm to 15nm. The composition of the
target for forming the first magnetic recording layer 6 is 91(mol%) CoCrPt and 9
{mol%) Si0,.

[0032]

Likewise, using a hard magnetic target made of CoCrPt and silicon

oxide (SiOy) as an example of a nonmagnetic substance, the second magnetic



Li kew se, using a hard magnetic target made of CoCrPt and silicon oxide
(Si @) as an exanple of a nonmagnetic substance, the second magnetic 13
recording layer 7 with an hcp crystal structure of 3nmwas forned. The
second magnetic recording layer 7 can be suitably set in a range of 0.5nm
to 5nm The conposition of the target for formng the second nagnetic
recording layer 7 is 90(nmol% CoCrPt angk10(nol % Si02. [0033] That is,
given that the content of Si in the first magnetic recording layer 6 is A
nmol % and the content of Si in the second nmagnetic recording layer 7 is B

The counl i ng e PaIfEL e bS58 BhRAIauk U pfp R ETO Pl becorfle
coupling Comrﬁéﬂnelti@}’&ron?ln@ﬁ@e@? Jﬁ‘?{ﬁﬂa&ﬁﬂﬁse{ﬁﬁl hﬁ‘é(r%e8bf‘@.5ﬁﬁ‘1‘jtoc§nrﬁ.he Pd

| ayer. The thickness o coupling contro ayer Is preferably 2nm or

| ess and nor &hepiodipisahbi hdtdrgetfobidmmingh8 sbcorieagretargerdng lagyr zont r ol
layer 9 is in the formof alternately layered filnms of CoB and Pd and was

formed in a lio%AmolgpasoCTReandil Bloma%s SHD.t he exchange energy control |ayer
9 is preferably 1 to 8nmand nore preferably 3 to 6nm [0036] The nmedi um
protective |ayer 10085 fornmed by filmfornation of carbon by the CVD

T e g ot P o S T B SE LS inalRr ) oy
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the sputteri peEhBRAthd first HaBRER RIcBrdiy RYEE 6ebnialt® MBFPSAHI cul ar magneti ¢
[0034)
The coupling control layer 8 was formed by a Pd (palladium) layer.
The coupling control layer 8 can be formed by a Pt layer instead of the Pd layer.
The thickness of the coupling control layer 8 is preferably 2nm or less and more
preferably 0.5 t¢ 1.5nm,
[0035]
The exchange energy control layer 9 is in the form of alternately iayered
films of CoB and Pd and was formed in a low Ar gas. The thickness of the
exchange energy control layer 9 is preferably 1 to 8nm and more preferably 3 to
6nm.
[0036]
The medium protective layer 10 was formed by film formation of carbon
by the CVD method while maintaining a vacuum. The medium protective layer
10 is a protective layer for protecting the perpendicular magnetic recording layer
from an impact of a magnetic head. Since, in general, carbon formed into a
film by the CVD method is improved in film hardness as compared with that by
the sputtering method, it is possible to protect the perpendicular magnetic
recording layer more effectively against the impact from the magnetic head.
[0037)
The lubricating layer 11 was formed of PFPE (perfluoropolyether) by the



recording layer nore effectively against the inpact fromthe nmagnetic head.
[0037] The lubricating | ayer 11 was forned of PFPE (perfl uoropol yether) by
the 14 dip coating nmethod. The thickness of the lubricating |ayer 11 is
about 1 nm [0038] Through the manufacturing process descri bed above, the
per pendi cul ar magnetic recordi ng nedi um was obtai ned. The first magnetic
recording |ayer 6 and the second nagnetjic recording layer 7 in the obtained
per pendi cul ar magnetic recording disk were analyzed in detail by the use of
a transm ssion electron mcroscope (TEM and they each had a granul ar

structure. Specifi.call it s,confir that grain boundar rtions made
of i1 1con oapceatigmetoed eolhlen ey dieathd g7t I BREt yor o
structure containigga&o. [0039] Herein, as shown in Fig. 2, magnetic grains
6a (Co-based all 03}) of" the first nmagnetic recording |layer 6 and nagnetic

grains 7a (Co- basethrali§ioe dhantfaeturing¢pocbstrBRekibed 48R, theBeloaN@Euldr ar e
crystall ographically connected to Ru of the underlayer 5b. This is because

t he magnet i cmawaeticregarding méaian dvasi dataioed. okhalist Blagastc Mrodding leyef i r st and
second magnetic recording layers 6 and 7 continuously grow, respectively.

[0040] For Ba&ngdhe serondharpeelifl eepwlingayeiet incthecthizinehgerasarisulasr e
6 't om 0 ¢ oTEIRARNSIEETR R BenaNESd 1] SRALEYAE L Dhe verFERESRgnet i c
So0rol 1| 8ol A0St CRAPTARDEeAS RS I8, OBl 5 o7, €
L L el i i b L b
(O'W when t#ere formed between crystal grains of the hep crystal structure containing Co.
[0039]
Herein, as shown in Fig. 2, magnetic grains 6a (Co-based alloy) of the
first magnetic recording layer 6 and magnetic grains 7a {Co-based ailoy) of the
second magnetic recording layer 7 are crystallographically connected to Ru of
the underlayer 5b. This is because the magnetic grains 6a and 7a and silicon
oxides 6b and 7b of the first and second magnetic recording layers 6 and 7
continuously grow, respectively.
[0040)
For comparison, perpendicular magnetic recording media were
manufactured by changing the thickness of the first magnetic recording layer 6
from O to 12nm while the sum of the thicknesses of the first magnetic recording
layer 6 and the second magnetic recording layer 7 was set to 12nm, and the
magnetostatic properties of the obtained perpendicuiar magnetic recording
disks were measured and evaluated using the Kerr effect.  Fig. 3 shows
changes in coercive force (Hc) and overwrite characteristics (O/W) when the
ratio between the thicknesses of the first magnetic recording layer 6 and the
second magnetic recording layer 7 is changed. When the first magnetic
recording layer 6 is Onm, the second magnetic recording layer 7 is 12nm and

thus it is shown that substantially only the second magnetic recording layer 7 is



rati o between the thicknesses of the first magnetic recording |ayer 6 and
the second magnetic recording layer 7 is changed. Wen the first nmagnetic
recording layer 6 is Ohm the second nagnetic recording layer 7 is 12nm and
thus it is shown that substantially only the second nagnetic recording |ayer
7 is 15 forned. Likew se, when the first nmagnetic recording layer 6 is
12nm the second magnetic recording layer 7 is Owmand thus it is shown
that substantially only the first magnetic recording |ayer 6 is forned.
[0041] As shown in Fig. 3, it is seen that when the ratio between the

recor ding 1 pEred ShEisagRAST M st aRany Rerachidhia BuBrBis I e coor ci ve
recordin EfiglH il RIS oer ¢
overwri te niaBRp ey ket daRERR ar b oni o FRETLS hobl o REREnT | "

force. For expiid frst dagREPRICBEHING lyef B% foRRedof only the first magnetic
recording layer 6 (when the thickness of the first magnetic recording | ayer

6 is 12nm plot g0041]e right end in the figure), there is observed an

i nprovenent in overwite characteristics of about 9[dB] at naxi num when the
t hi ckness of the |Ayshowrsin Fignd, il 9G4 thatwhianethe saka betweeindhe in t he

per pendi cul ar  magnetic recording nmedium_ according to the first enbodi nent,

since the sel®rBeHEgiihe listomaieHe recRyding jayer §rngi the speP RBERSkhet i c
ST, 145 ah 3Pl B, SRS B RS T 0 ©
I ncreasing tig.d {Heé?f@@es%uﬂﬁert s §§%€f£l§t,m?{§§5bﬁicrtﬁﬁl?ﬁ%sr}gnééﬁﬁé 7, the

overwite characterrstics are inp \ the coercive Torce is reduced.
However, it birarRstERE@ER8loane inRlrbVeDwhikemaligikmg3Fe ebeldie BRRON

magnetic recording |ayer 7 at an appropriate ratio, a nmagnetization
transition frersdxasipetss compared with the case of only the first magnetic recording
layer 6 {(when the thickness of the first magnetic recording layer 6 is 12nm: plot
at the right end in the figure), there is cbserved an improvement in overwrite
characteristics of about 9{dB] at maximum when the thickness of the layer is
nm.
[0042]
In due consideration, in the perpendicular magnetic recording medium
according to the first embodiment, since the second magnetic recording layer 7
contains more nonmagnetic substance, the crystal grains of the hcp crystal
structure containing Co are smaller in the second magnetic recording layer 7.
Therefore, by increasing the thickness of the second magnetic recording layer 7,
the overwrite characteristics are improved while the coercive force is reduced.
However, it is considered that, by setting the thickness of the second magnetic
recording layer 7 at an appropriate ratio, a magnetization transition first starts in
the front-side second magnetic recording layer 7 due to a write magnetic field of
a magnetic head and, induced by this, a magnetization transition also occurs in
the first magnetic recording layer 6. It is considered that when the magnetic
field is not applied from the magnetic head, a high coercive force is exhibited by

the large magnetic grains of the first magnetic recording layer 6. That is, by



the front-side second magnetic recording |layer 7 due to a wite magnetic
field of a magnetic head and, induced by this, a nagnetization transition
al so occurs in the first magnetic recording layer 6. It is considered that
when the magnetic field is not applied fromthe magnetic head, a high
coercive force is exhibited by the |arge magnetic grains of the first
magnetic recording layer 6. That is, by configuring such that the
magneti c recording layers formthe two-layer structure and the second
magnetic recording |ayer on the surface |ayer side contains nore
nonmagneti ¢ substance and, further, setting the ap riate ratio of the

b
| ayer t hi ckne@¥igsring gachinat e maoeelis é@f’@r”i‘%'@ﬂ%@ TPUTN&)‘; B laygr srtePed whil e
i ntaini th i f He).. hi gh h t ffect the heat
T uct ari on PUSiErSHeond FraIesE roddiing. e SN Rplte RS UEFopil o a
t hi ck f i L d
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crystal grai pgeP@RABSSRA HRLoveatwrifBERAEASICRNONAY Bhh BB PR/ cBBFAIRES
non-si mul t aneous rotation. Therefore, it 1is necessary to also consider the

t hi ckness of mahgaisiegahe coaghet forcer {$1od hifhnenoubbyet talefeotdhengeatn t he t hi ckness
of the first magnetic recording layer and the total thickness of the first
magnet i ¢ r ecrdiaipnl repistarngad t he second nmagnetic recording |ayer is
preferably 15nm or |l ess. [0044] The nonnagneti c substance is described as
silicon oxide (Si @94$]n the first enbodi nent, but may be any substance as

o s o SRR o B VL R A HaBRR IR TS, e
0 o afeRoRa I rptesBaLOR Lo BRSO3t ) <
silicon oxi dgedr&h$de) . TORY @Me¢Blse since crystal grains become coarse, a
magnetization rotation mode becomes non-simultaneous rotation.  Therefore, it
is necessary to also consider the thickness of the second magnetic recording
layer depending on the thickness of the first magnetic recording layer and the
total thickness of the first magnetic recording layer and the second magnetic
recording layer is preferably 15nm or less.
[0044]
The nonmagnetic substance is described as silicon oxide (SiO,) in the
first embodiment, but may be any substance as long as it is a substance that
can form grain boundary portions around magnetic grains so as to suppress or
block the exchange interaction between the magnetic grains and that is a
nonmagnetic substance not solid-soluble to cobalt (Co). For example,
chromium (Cr), oxygen (O}, and oxides such as silicon oxide (SiOx), chromium
oxide (Cr203), titanium oxide (TiO), and zirconium oxide (ZrO;) can be cited as
examples.
[0045]
[Second Embodiment]
A second embodiment of a perpendicular magnetic recording medium

according to this invention will be described with reference to the drawings.



oxide (Cr2G3), titaniumoxide (TiO), and zirconium oxide (ZrQ2) can be
cited as exanples. [0045] [Second Enbodi nent] A second enbodi nent of a

per pendi cul ar magnetic recordi ng medium according to this invention will be
described with reference to the drawings. 17 Fig. 4 is a diagramfor

expl aining the configuration of the perpendicular magnetic recordi ng nmedi um
according to the second enbodi nent and Ri-g. 5 is a diagram show ng the

rel ati onshi p between overwite characteristics and coercive force when the
t hi cknesses of first and second nagnetic recording |ayers are changed. The

That of the Tl SéoR AFERdbT eriGanaRe cotpar et SOhE T clianar fon
h f. [00 T - [ [ ' [ iln Fig. 4
compr ses. a eaRel ReBRRERECU LodtBRRTE e SERM S dFEN BN PRI 0, 100

| ayer  23a, éld%gj%ﬁrshlbe«wthgf{ebaﬁan@ﬁﬁBaﬁve%%fdvetm%%ria?adté\?@rcs%%a, an

orientation control layer , an underl ayer 5a, an underlayer 5b, an onset

| ayer 26, a Eddréive foragMeianCthe esiokriisBgs bhlret ard secorrietagektagoeddirg r ecor di ng
| ayer 28, an auxiliary recording layer 29, a nedium protective |ayer 20,

and a | ubri clayemsgreapengel.. THeOSaTR spmbolstareagsigned td tipee postidnsrated by

i nterposing the nonmagneti c spacer |ayer 23b between the first soft

magnet i ¢ | ayWhichsigsarigtionvesiaps Hipt obthe forpagping first erpedimest, t98redy t o have AFC
(antiferro- nar%geti [0 qxr%é]anqﬁ COlflp| ing). Wth this configuration,

magnet i zat i oA INBEXRIBMRIVEIR sof t nagnetic layer can be aligned along a
magnetic path w tzo& h accuracy, so that it is possible to reduce noise
generated fromthe Sof't magnetic |ayer. Specifically, the

The perpendicular magnetic recording medium shown in Fig. 4
comprises a disk substrate 1, an adhesive layer 2, a first soft magnetic layer
23a, a spacer layer 23b, a second soft magnetic layer 23c, an orientation
control layer 24, an underlayer 5a, an underlayer 5b, an onset layer 26, a first
magnetic recording layer 27, a second magnetic recording layer 28, an auxiliary
recording layer 29, a medium protective tayer 20, and a lubricating layer 21.

[0047]

A soft magnetic layer is formed by interposing the nonmagnetic spacer
layer 23b between the first soft magnetic layer 23a and the second soft
magnetic layer 23¢ so as to have AFC (antiferro-magnetic exchange coupling).
With this configuration, magnetization directions of the soft magnetic layer can
be aligned along a magnetic path with high accuracy, so that it is possible to
reduce noise generated from the soft magnetic layer. Specifically, the
composition of the first soft magnetic layer 23a and the second soft magnetic
layer 23c is CoCrFeB and the composition of the spacer layer 23b is Ru.

[0048]

The orientation control layer 24 has a function of protecting the soft
magnetic layer 23a to 23c and a function of facilitating alignment of the
orientation of crystal grains of the underlayer 5a. The orientation control layer

4 is a layer of NiW or NiCr having an fcc structure.



conposition of the first soft magnetic |ayer 23a and the second soft
magnetic |ayer 23c is CoCrFeB and the conposition of the spacer |ayer 23b
is Ru. [0048] The orientation control layer 24 has a function of protecting
the soft magnetic layer 23a to 23c and a function of facilitating alignment
of the orientation of crystal grains of the underlayer 5a. The orientation
control layer 4 is a layer of NNWor ngg havi ng an fcc structure. 18

[ 0049] The onset layer 26 is a nonnagnetlc granul ar layer. By formng the
nonmagneti c granul ar |ayer on an hcp crystal structure of the underlayer 5b
and growi ng a grgﬁ&¥ﬂ | ayer of the first magnetic recording | ayer 27

t hereon, the ons yer 26 has a function of separating the magnetic

oneer i"‘;y'e?y% & st Bvet 26 i A0 BHe Cofbpial Bero PRI G | 10
target made oy At raMiia Iﬁké‘rgo@én ABd cr na)%mgﬂh&m@& e &@éﬂ%@r FsarRranpl es

of a nonmagneti c Substtance, netic recording layer 27 with an

hcp crystal glowiref & grariardayerwishd mrsnﬁrégneﬂmmcbrd:ﬁg layegpRtharep®abe di ng | ayer
is preferably set in a range of 7nmto 15nm and nore preferably 1.5nmto

3nm The conpussi tdyen26thaseefunatiqyeo! depardtiogrine gragnietic granstanaygrétontanecor di ng
| ayer 27 is 92(mol %9 CoCr10Pt_and 8(mol %9 Cr203. Therefore, the anount of

t he nonmagneinitigl siape (RseP: ot raPestiael the peset IaygyrR Saonawenaliag | ayer
27 is 10x0. 6 8 7 2(mol % . [0051] Using a hard magnetic target made of
CoCr Pt cont arfirhig and titaniumoxide (Ti Q) as exanples of a nonmagnetic
subst ance, the se? @@0 magnetic recording |layer 28 with an hcp crystal
structure of 10nm'was 'f or ned.

Using a hard magnetic target made of CoCrPt containing Cr and
chromium oxide {(Cr203) as examples of a nonmagnetic substance, the first
magnetic recording layer 27 with an hcp crystal structure of 2nm was formed.
The first magnetic recording layer is preferably set in a range of 7nm to 15nm
and more preferably 1.5nm to 3nm. The composition of the target for forming
the first magnetic recording layer 27 is 92(mol%) CoCryoPt and 8{mol%) Cr,Os.
Therefore, the amount of the nonmagnetic substance contained in the first
magnetic recording layer 27 is 10x0.92+8=17.2(mol%).

[0051]

Using a hard magnetic target made of CoCrPt containing Cr and
titanium oxide (TiO3) as examples of a nonmagnetic substance, the second
magnetic recording layer 28 with an hcp crystal structure of 10nm was formed.
The second magnetic recording layer 28 can be suitably set in a range of 0.5nm
to 5nm.  The composition of the target for forming the second magnetic
recording layer 7 is 91(mol%) CoCry2Pt and 9(mol%) TiO.. Therefore, the
amount of the nonmagnetic substance contained in the second magnetic
recording layer 28 is 12x0.91+9=19.92(mol%).

[0052]

That is, given that the content of the nonmagnetic substance in the first

magnetic recording layer 27 is A mol% and the content of the nonmagnetic



The second magnetic recording | ayer 28 can be suitably set in a range of
0.5nm to 5nm The conposition of the target for formng the second nagnetic
recording layer 7 is 91(nol% CoCr12Pt and 9(nol % Ti Q2. Therefore, the
amount of the nonmagnetic substance contained in the second nagnetic
recording layer 28 is 12x0.91+9=19.92(nol % . [0052] That is, given that the
content of the nonmagnetic substance in,ihe first magnetic recording |ayer
27 is A ol % and the content of the nonmignetic 19 substance in the second
magnetic recording layer 28 is B nol% A<B (the second magneti c recording

| ayer 28 contains nopre nonmagneti c substance) The iliary

recordi ng | aSHstarge;ig the mqa\dfmasaﬁe(t@dﬁwrﬁlw@dqur %w#%ea?ﬁzwet he granul ar

magnetic | ayer and exhi.bitin endi cul ar net ot ropy,

ther eby f or n3Rg"d "RESH %‘PFE%CEFEP‘Q '%t%%@@‘@%ﬁlﬂ & fopd) %%f@&tgnwth this
configuration, i n[wtl on to the high-density recordl ng characteristics
and the | ow noi se'C r]acteri stics of the granular layers, it is possible to

add high heat resretangRr Fectohwn%owgemgw&tﬁmlnnm (ddmrinceDPRyel)iiemed t he
auxiliary recording layer 29 is [0054] Like in the foregoing

first enbodi sretie grahelamedignetiprayteand eehibidiyg highOperpadditblar malgnetiat i ng | ayer
11 were formed on the auxiliary recording |ayer 29. [0055] For conparison,
per pendi cul agniseipmat theretucioraingg B&d atrumur@ (%ﬁ@ﬁa@tﬁl@ﬁlb&! tisHews)i ng t he

t hi ckness of the first ma(rzjnetl c recordin fromO to l4dnmwhile the

sum of the tWibRHESIBEIYR Q'P‘ré” AApion i '9'& dPQE‘B'f WeRLINY SHAACEIANES  he
SeCond, MmO R et APt S R s A0 At g
heat resistance of the continuous film. The composition of the auxiliary
recording layer 29 is CoCrPtB.

[0054]

Like in the foregoing first embodiment, the medium protective layer 10
and the lubricating layer 11 were formed on the auxiliary recording layer 29,

[0055)

For comparison, perpendicular magnetic recording media were
manufactured by changing the thickness of the first magnetic recording layer 6
from 0 to 14nm while the sum of the thicknesses of the first magnetic recording
layer 6 and the second magnetic recording layer 7 was set to 14nm, and the
magnetostatic properties of the obtained perpendicular magnetic recording
disks were measured and evaluated using the Kerr effect.  Fig. 3 shows
changes in coercive force {(Hc) and overwrite characteristics (O/W) when the
ratio between the thicknesses of the first magnetic recording layer 6 and the
second magnetic recording layer is changed. When the first magnetic
recording layer 6 is 0nm, the second magnetic recording layer 7 is 14nm and
thus it is shown that substantially only the second magnetic recording layer 7 is
formed. Likewise, when the first magnetic recording layer 6 is 14nm, the
second magnetic recording layer 7 is Onm and thus it is shown that substantially

only the first magnetic recording layer 6 is formed.



di sks were neasured and eval uated using the Kerr effect. Fig. 3 shows
changes in coercive force (Hc) and overwite characteristics (OW when the
rati o between the thicknesses of the first magnetic recording | ayer 6 and
the second nmagnetic recording |layer is changed. Wen the first magnetic
recording layer 6 is Ohm the second magnetic recording layer 7 is 14nm and
thus it is shown that substantially onlﬁ%}he second magnetic recording | ayer
7 is forned. Likew se, when the first gnetic recording layer 6 is 14nm
the second nmagnetic recording layer 7 is Onmand thus it is shown that
substantially onI¥ the first magnetic recording layer 6 is forned. 20

[ 0056] As shown i @5@. 5, it is seen that when the ratio between the

t hi ck f the, first ' I t d ti
rocording. Tayer 7 A FE0 b ErRER it lale PReeAInEnG The coor ci ve
recording layer 7 | VRIS PYAESTS ci
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specific thikRRRgIayanges chdlfyedy Hevdicheriehiapadiendiet iahd th@Bodeivienpr oved
while maintaining the coercive force. [0057] For exanple, as conpared with

t he case of fante/chidmgel i ot sorgtiedtitioe ovaredtalcheyattayisticsGnénelied as ftkee t hi ckness
of the first magnetic recording layer 6 is 14nm plot at the right end in
the figure),thigkeees pktha firsignagnetisrrecedingtlaydr Gadenieases], #B}, inaspeciie t hi ckness
of the layer i Onm and thereafter, there is a further |nprovenent of

1 .
about 2[ dB] S fAHe: HISRIFEWEIEANARFHRIITHTS ©RB LS IRWIOYREhUNIe t he coerci ve

force He slo decr eas bout 10[ Ce] when the thickness of the |ayer
is 1 Omas %ﬁﬁ%{P@S%aﬁﬁeﬁ"e@a’Eﬁ?e where the thickness of the layer is

14nm and t her eaf t[ 557]it further decreases rapidly by about 300[ Ce] toward
the thickness of m- That is, according to Fig. 5, when the thickness of

the first For example, as compared with the case of only the first magnetic
recording layer 6 (when the thickness of the first magnetic recording layer 6 is
14nm: plot at the right end in the figure), there is a rapid improvement of about
3[dB] when the thickness of the layer is 10nm, and thereafter, there is a further
improvement of about 2[dB] toward the thickness of Onm. On the other hand,
the coercive force Hc slowly decreases by about 10[Oe] when the thickness of
the layer is 10nm as compared with the case where the thickness of the layer is
14nm, and thereafter, it further decreases rapidly by about 300[Oe] toward the
thickness of Onm. That is, according to Fig. 5, when the thickness of the first
magnetic recording layer 6 is around 10nm, the overwrite characteristics and
the coercive force are both high and thus it can be said that such a thickness is
the most balanced thickness.

[0058]

Accordingly, also in the second embodiment, it has been confirmed that,
by configuring such that the magnetic recording layers form the two-layer
structure and the second magnetic recording layer on the surface layer side
contains more nonmagnetic substance and, further, by setting the appropriate
ratio of the layer thicknesses, the overwrite characteristics (O/W) can be

improved while maintaining the coercive force (Hc) high enough not to affect the



magnetic recording layer 6 is around 1 Ohm the overwite characteristics
and the coercive force are both high and thus it can be said that such a
thickness is the nost bal anced thickness. [0058] Accordingly, also in the
second enbodi nent, it has been confirmed that, by configuring such that the
magnetic recording layers formthe two-layer structure and the second
magneti c recording |ayer on the surface:%fyer side contains nore
nonmagneti ¢ substance and, further, by setting the appropriate ratio of the
| ayer thicknesses, the overwite characteristics (0O/W can be inproved
whi l e mai ntai ning the coercive force (Hc) high enough not to affect the 21
heat fl uct uafPahluctuationireistanceos9] Wwhile the preferred enbodi ments of this
i nvention have bee@ ggfcrlbed with reference to the acconpanyi ng draw ngs,
it is needless to B8yt hat this invention is not limted thereto It is

apparent that a PENARE é’?éés diéffe Bmthg g@éntts of ik ) |§10érﬂ|‘on2§a\)éac§ée‘?l es and

nodi fications int ory I'ms an 'S un ers ood t hat

those al so ngftHiralerondieloans ab@ombﬁ?lnr@g?lﬂr@mﬁds nsgﬂeedieés fd%@ fhaven i on.
| ndustrial Applicability his invention can be used as a

per pendi cul ainveatioretsi rmtmenmddh@@tcrredt israppdegutt dehttagpdysomekiidath the ast
per pendi cul ar magnetic recording type HDD (hard disk drive) or the |like and
as a manuf actan gk peyarsdstananges and moddicalinms . tha cptageendesaiibad imagnet i ¢

recording disk,for use in perpendicular rmagnetic recording, conprising at
| east an und&rdiE§and itds pneaistqesifhat these also naturally belong to the fechnical

scope of this invention,

Industrial Applicability

[0060]

This invention can be used as a perpendicular magnetic recording
medium adapted to be mounted in a perpendicular magnetic recording type

HDD (hard disk drive) or the like and as a manufacturing method thereof.



recording |layer, and a second magnetic recording | ayer on a substrate in the
order naned, wherein: said first magnetic recording |ayer and said second
magnetic recording |ayer are each a ferronmagnetic |ayer of a granular
structure containing a nonnagnetic substance form ng a grain boundary
portion between crystal grains containing at |east cobalt (Co), and given
that the content of said nonmagnetic substance in said first nmagnetic
recording layer is A nol % and the content” of said nonnmagnetic substance in
sai d second nmagnetic recording layer is B nmol % A<B. 2. The perpendi cul ar
magnetic recording disk according to claim1, wherein the content of said
nonnmagneti ¢ substance in said first f recordi ng |l ayer or said second

ti di I [ | %.t Onol %. 3., di cul. ti
ecordi ng i sk acdor df AgPPROEVEY feshelQRRioting piek 6, 0 RiEMALt 002 o
recordi ng di sk acdor d _ _ 8s8%t said
e A e e e e M o A S

claimil, whegeidndizyer, iafbtddcdnd Geairedt récginghayer s aBusRidoms or fcc
structure is provided between said substrate and said underlayer. 5. The

per pendi cul aordeagamedcwherar.di ng di sk according to claim1, wherein an
anor phous soft magnetic |layer is provided between said substrate and said
under | ayer. 6. TheagkliistAgigeatliarecredin@tayer ped saidisegoad slagaetorenodngo cl ai m
Tagnet o r ecVe 5 LD BECBRANAL FYeEPaR AN aLE I CoaPE HbAmmgnet | c
B T o L el
grains containing at least cobalt (Co), and
given that the content of said honmagnetic substance in said first
magnetic recording layer is A mol% and the content of said nonmagnetic
substance in said second magnetic recording layer is B mol%, A<B.
2. The perpendicular magnetic recording disk according to claim 1,
wherein the content of said nonmagnetic substance in said first magnetic
recording layer or said second magnetic recording layer is 8mol% to 20mol%.
3. The perpendicular magnetic recording disk according to claim 1,
wherein the total thickness of said first magnetic recording layer and said
second magnetic recording layer is 15nm or less.
4. The perpendicular magnetic recording disk according to claim 1,
wherein an crientation control layer having an amorphous or fcc structure is
provided between said substrate and said underlayer.
5. The perpendicular magnetic recording disk according to claim 1,
wherein an amorphous soft magnetic layer is provided between said substrate
and said underlayer.
6. The perpendicular magnetic recording disk according to claim 1,
wherein said substrate is an amorphous glass.

7. The perpendicular magnetic recording disk according to claim 1,

wherein said nonmagnetic substance contains chromium (Cr), oxygen, or an



for use in perpendi cul ar magnetic recording, said disk conprising at |east
an underlayer, a first magnetic recording |ayer, and a second nmagnetic
recording |ayer on a substrate in the order nanmed, said nethod conprising:
formng, as said first magnetic recording |layer, a ferromagnetic |ayer of a
granul ar structure in which a nonmagneti c substance is segregated between
magneti c grains containing at | east cobqi (Co), and form ng, as said second
magneti c recording layer, a ferronmagneti’c | ayer of a granular structure in
whi ch a nonmagneti c substance is segregated between magnetic grains
containing at | east cobalt (Co), wherein, given that the content of said
nonmagneti c S48t ance in said first magnetic recording layer is A mol % and

the content of o2 8 RMBABE bl frandHRRIAG ol Ber@bda FEGRRATANS alskoor di no

for use in perpendicular magnetic recording, said disk comprising at least an
underlayer, a first magnetic recording layer, and a second magnetic recording
layer on a substrate in the order named, said method comprising:

forming, as said first magnetic recording iayer, a ferromagnetic layer of
a granular structure in which a nonmagnetic substance is segregated between
magnetic grains containing at least cobalt (Co), and

forming, as said secand magnetic recording layer, a ferromagnetic layer
of a granular structure in which a nonmagnetic substance is segregated
between magnetic grains containing at least cobalt (Co),

wherein, given that the content of said nonmagnetic substance in said

first magnetic recording layer is A mol% and the content of said nonmagnetic

substance in said second magnetic recording layer is B mol%, A<B.



