1 PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM Thi s application is based
upon and clains the benefit of priority from Japanese Patent
Appl i cati on No. 2009-081885, filed oh March 30, 2009, and Japanese
Pat ent Application 2010-067388, filed on March 24, 2010, the

di scl osures of which are incorporated herein in their entirety by
reference. Technical Field The present invention relates to a

per pendi cul ar magnetic recording nedium nmounted on a magnetic di sk

device such as a PRERFENDIBARMAGNETIC RECORDIMG!MESIORM d di sk dri ve
n

(HDD) . Background Art Various information recor g techniques have been
devel oped along wth recent increase of capacity in information
processing. Particularly, the areal recording density of hard disk

drives (HDDs) Uhisappiicatgnistiasedapondindcciaimacthe ibenefit ¢ pries frBMed to
I ncrease at an annual rate of about 100 % Recently, a 2.5-inch

magnet i ¢ dapanasedtiateot Application dlo. £A894081 885, Hiledon Marck §0| 2009 tanchave an
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to meet sdapanssediatatt Applicaion 2058667388 diied hn March24, 28 rthet | on
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it is necessary to reduce the size of magnetic crystal grains that
constitute a nagnetic recording |layer, which is used to record

i nf ormat i onal féiﬁ?‘l-’f”"@@d to reduce the thickness of the magnetic

recordi ng |ay It of developnent in reduction of the size of
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been commerci ali zed. Ther ef or e, recorded si S are and a

ther mal fjagotding type drgrdisiedave mmm.s.

Background Art
Various information recording techniques have been deveioped along

with recent increase of capacity in information processing. Particularly, the
areal recording density of hard disk drives (HDDs} using a magnetic recording
technique has continued fo increase at an annual rate of about 100 %.
Recently, a 2.5-inch magnetic disk used for an HDD or the like has been
required to have an information storage capacity greater than 250 Gbytes per
disk. In order to meet such a demand, it is necessary to achieve an
information recording density greater than 400 Gbitsfinch?. In order to achieve
a high recording density of a magnetic disk used for an HDD or the like, it is
necessary to reduce the size of magnetic crystal grains that constitute a
magnetic recording layer, which is used to record informational signals, and to
reduce the thickness of the magnetic recording layer. As a result of
dévelopment in reduction of the size of magnetic crystal grains, however, the

thermal stability of recorded signals is deteriorated due to the



Those problens inhibit an increase of the recording density of a
magneti c disk. The in-plane nmagnetic recording type is also referred to
as a longitudinal nmagnetic recording 2ype or a horizontal magnetic
recording type. In order to elimnate those inhibitors, a perpendicul ar
magneti c recording type magnetic di sk has been proposed in recent
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has a soft magnetic |layer. A magnetic flux froma recordi ng head can

conver ge ihehn{phenesmbignetigreebrding typeris aldchefdrastbtol 36 a Pongiadieal ¢ fiel d
| arger and steeper than that of a | ongitudinal nagnetic recording type

can be gemagnedid resordingeype or athorizental mafieetic retordingltypgl y, t he

per pendi cul ar magnetic recording type is suitable to increase the
recor di ng densin grder fo glimingtethose irfiibitars ng peapesdicolartmagnelicrenonding ar
magneti c recording, t, has a hexagonal cl ose-packed (hcp) structure,
the c- axi &p@é@aﬁ@%lcaéaggﬁﬁ%esszipgqpaﬁ%dgn r?wt&ea%stg%élaa%@lm ented in
the normal_direction of a substrate. . In_ordet to inprqve the,
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(He). 3 In ordér'to inprove the signal-to-noise ratio (S/Nratio) of a

per pendi ctiesin-plage aidgnetie esxaiding t*pe)bemxibmec&nnmpaiy@r ganhase@f a
magnetic recording layer are isolated and reduced in size by formng a
granul ar targeilnithicknesshi Ebrthermore, the perpendicular magnetic recording .,
medium has a soft magnetic layer. A magnetic flux from a recording head can
converge with the soft magnetic layer. Additionally, a magnetic field larger and
steeper than that of a longitudinal magnetic recording type can be generated by
the mirror image effect, Accordingly, the perpendicular magnetic recording
type is suitable to increase the recording density.

If a magnetic recording layer of the perpendicular magnetic recording
type has a hexagonal close-packed (hcp) structure, the c-axis bacomes an easy
axis. Thus, the c-axis should be oriented in the normal direction of a substrate,
In order to improve the orientation of the c-axis, it is effective to provide a
nonmagnetic underlayer having an hep structure undermeath the magnetic
recerding layer. It has been known that such an underlayer can employ CoCr
alloy, Ti, V, Zr, Hf, and the like. Ameong other things, it has been known that
ruthenium {Ru) can effectively improve the crystal orientation of a magnetic

recording layer and can increase the magnetic coercive force (Hc).



nonmagneti ¢ substance (e.g., chromum or oxide is segregated between
the nagnetic grains so as to formgrain boundaries (see, e.g.,

JP- A- 2003- 36525). Furthernore, a magr@etic layer is nultilayered in
order to pronote segregation of the nonmagnetic substance or oxide at
the grain boundaries and to pronote reduction of the size of the
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magneti c recording nediumw th conventional configuration, while a
magnet i ¢ Fagtbermaerepalmagneticdayer is multdayesed iroonder tf prommotegegtegatienladt ance
(e.g., chromum is added to reduce the saturation nmagnetization (Ms)
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Summary o “I'nvention 4 t , erefore, an exenplary 0Object of the
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capabl e of inproving signal outputs of electronmagnetic characteristics

and nagneisi necelssagydb@chievean infarmation recddingidensity gidatenttian400f a

ragnetic lG?nll/tglririchz. In order to achieve a high recording density of a magnetic disk
used for an HDD or the like, it is necessary to reduce the size of magnetic
grains and to improve the S/N ratio. In a perpendicular magnetic recording
medium with conventional configuration, while a magnetic layer is multilayered,
a large amount of nonmagnetic substance (e.g..'chromium) is added to reduce
the saturation magnetization (Ms) for thereby reducing noise. See, JP-A-2006-
351055, With this method, the crystal magnetic anisotropy (Ku) of the
magnetic layer is lowered so that the magnetic energy of the magnetic layer
becomes unable to overcome the demagnetizing field and the thermal energy,
Therefore, a thermal fluctuation phenomenon becomes problematic.
Additionally, with this configuration, the film thickness of the magnetic layer
should be increased in order to output signals, Therefore, an extra material is

needed to produce a medium, resuiting in an increase of material cost.

Summary of the Invention



The inventors have diligently studied the solution of the above
problenms. The inventors have attracted attention to a nagnetic |ayer as
part of a recording layer in a currenjly avail abl e magnetic recording
medium (e.g., an upper nagnetic |layer or a | ower nmagnetic layer in a
case where a recording |ayer includes two nagnetic |ayers). The
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Ms and Ku were used in a currently aval e nagne ayer.

resul t, tlagdidiyR oF MsSaktPNE of a4RsgrdiiiafetPt magnetic grains contai ning
oxide are optimum materials. Thus, the inventors have conpleted the

present i nvenTheinveftsrehdve diligenthystdiRitntha s ABRYT the AboEpRbRTROL
i nvention, there is provided a perpendi cul ar nmagnetic recordi ng medi um

used for Thédnventershaveativacted gttenticn foca magdeticilayer anpartiof @ reesmiindy ng
type, the perpendicular magnetic recording nmedi um conprising a

subst r at e jayar K03 cumaotheavailableymagnetic regoring mediunt (e.gedn uppdra nagnetic
| ayer having a _nmultilayered structure including a plurali t}/ of magnetic
| ayers, afmagagtic laygeopa lewer maghrtic layerd) &-easeiwhered egorting layggnet i ¢
grai ns contai ni oxi de,. the soft_magnetic |ayer, the . upderl.ayer, and
t he nagne{ricﬁ"q%éigp agnRlicHaYarsl grﬁ'et'ﬂ‘ée%teﬁs'ﬁ‘ét@"s&r%q' EESBE@F‘P tion of
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characteristics and electromagnetic characteristics when materials having
various values of Ms and Ku were used in a currently available magnetic layer.
As a result, the inventors have found that CoPt magnetic grains containing
oxide are optimum materials. Thus, the inventors have completed the present
invention.

According to an exemplary aspect of the present invention, there is
provided a perpendicular magnetic recarding medium used for information
recording of a perpendicular magnetic recording type, the perpendicular
magnetic recording medium comprising a substrate, a soft magnetic layer, an
underlayer formed, and a magnetic layer having a multilayered structure
including a plurality of magnetic layers, at least one of the magnetic layers
including CoPt magnetic grains containing oxide, the soft magnetic layer, the

underlayer, and the magnetic layer being formed on the substrate.

Brief Description of the Drawings
Fig. 1 is a diagram showing a layered structure of a perpendicular



Fig. 2Cis a table showi ng evaluation results of Exanples 1-24 and
Conparative Exanples 1-2. Description of the Enbodi nent An enbodi nent of
the present invention will be describ in detail below. Fig. 1is a
cross-sectional view show ng a |ayered structure of a perpendicul ar
magneti c recording nmedi um 100 according to an enbodi nent of the present
i nvention. The ,perpendi cul ar nagnet.i c reco;r‘dpi@ng medi um 100 can i ncl ude
a subst r afMAgNER @&E@@am@*ﬁymlq oreing Iniar smpodimentof thepresedbi t nagneti c
| ayer 114, an..orientation control |ayer 116, an underlayer 118, an onset
| ayer 125‘,V39t'?"i"rst magnetic | ayer 122, a second magnetic |ayer 124, an
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9

t hereby produce a snooth nonmagnetic ass substrate 110 of a

chem cally st Ffgnachsaagble! shewinl etaluatorciesulis BEEgampleser-24 ahgrred to as
a disk substrate. Al umnosilicate glass can stably reduce magnetic

spaci ng, QanipacativerExamplesyiig hei ght of a magnetic head because it
provi des snmoot hness and high stiffness. For exanple, the dianeter of
the disk is 65 mmin a case of a 2.5-inch disk, It is.preferable for
t he gl ass substrate to have a smpoth surface such that Rmax is 3 nmor
| ess and Ra i sDescriptiencf the-Embesimenthe surface roughness of a prinary 6
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formed byiyg dedEbm@hktdion "Fhe pPaPpendicular magnetic recording medium 100 can
include a substrate (disk substrate) 110, an adhesive layer 112, a soft magnetic
layer 114, an orientation control layer 116, an underlayer 118, an onset layer
120, a ﬁfst magnetic layer 122, a second magnetic layer 124, an interlayer
coupling layer 125, a continuous layer 126, a medium protective layer 128, and
a lubricating layer 130.

First, amorphous aluminosilicate glass is formed into a circular plate by
direct pressing, thereby producing a glass disk. Grinding, polishing, and
chemical strengthening are sequentially carried out on the glass disk to fhereby
produce a smooth nonmagnetic glass substrate 110 of a chemically
strengthened glass disk, which is hereinafter referred to as a disk substrate.
Aluminosilicate glass can stably reduce maghetic spacing, particularly a flying
height of a magnetic head because it provides smoothness and high stiffness.
For example, the diameter of the disk is 65 mm in a case of a 2.5-inch disk, It
is preferable for the glass substrate to have a smooth surface such that Rmax is

3 nm or less and Ra is 0.2 nm or less when the surface roughness of a primary



| ubricating layer 130 is formed by, for exanple, a dip coating nethod.
It is preferable to use a single-substrate deposition. nethod because
| ayers can be deposited uniformy. Agtructure of each |ayer and a

met hod of formng each |ayer will be described below. Mterials
described here are nere exanples unless otherw se described. The
present inventiop,i ot Iinit?ﬂato t hose exanpl es. Ihe adhesi ve | ayer
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114 i's COR{ddilih proteetiitageP2a fsireferaBig ferhid X8 VD tethdiP| THh heFC) by
provi di ng the nonmagneti ¢ spacer |ayer  114b between the first soft

magnet i c lubyieatidglibgennsl igterrned bpdos ekdmplegaalip coatingemethbdic. ItTiBus,
magneti zation directions of the soft magnetic |ayer 114 can be arranged

along a pederablectopzseha imglprsubisiraté depngitjorwinethda bgcanse layecy cambese
produced fromthe soft magnetic |ayer 114 can be reduced because
vertical dep@tedrinifosnly. mAgteicturacf each fayeernd afaethod&f ferming epsh
exanple, the first sof netic 7, | r 114a,and the second soft
magneti c lﬂ?é\”’"rltl@,ée% egigq'w-nehﬂawa%ﬂﬁﬁh%@fﬁf&ﬁ%@*&fw'@sspacer
| ayer 114
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magneti c éﬂ*ﬁémgl4, a function of pronoting alignment of the orientation
of cryst grains of the underlayer 118, and a function of reducing the

size of the  The adhesive layer 112 is deposited as a 10-nm Ti alloy layer by using a
Ti alloy target. The adhesive layer 112 can improve adhesiveness between the
disk substrate 110 and the soft magnetic layer 114. Therefore, the soft
magnetic layer 114 is prevented from being peeled off. For example, a
material containing Ti may be used for the adhesive layer 112. From the
practical viewpoint, the film thickness of the adhesive layer 112 is preferably in a
range of 1 nm to 50 nm.

The soft magnetic layer 114 includes a first soft magnetic layer 114a, a
nonmagnetic spacer layer 114b, and a second soft magnetic layer 114¢. The
soft magnetic layer 114 is configured to have antiferro-magnetic exchange
coupling {AFC) by providing the nonmagnetic spacer layer 114b between the
first soft magnetic layer 114a and the second soft magnetic layer 114c. Thus,
magnetization directions of the soft magnetic layer 114 can be arranged along a
magnetic path {(magnetic circuit) with high accuracy. Noise produced from the
soft magnetic layer 114 can be reduced because vertical components of

magnetization are extremely lessened. For example, the first soft magnetic



crystal grains. The orientation control layer 116 can be forned by using
Ni W having an fcc structure. The underlayer 118 has a double | ayer
structure of Ru, for exanple. The uagerlayer 118 includes a first
constituent underlayer 11 Ba on a |ower side of the underlayer 118 and
a second constituent underlayer 11 8b on an upper side of the
under | ayer 118. \Wen the second underlayer 118b is to be fornmed, a gas
pressur e layeAl14aana thecsatoad softmpagredictiayeriid4gasaybefosmed dfor f or mi ng
the first _underlayer 118a. Wth this configuration, crystal orientation
can be ihgCoVad, The r@nyagnehqepa@z(tammgbmawncludeoﬂtheewmmg) ase
size of magnetic  crystal grains of the first nmagnetic |ayer 122. The
onset | ay@enmegnetigmaterial.or ned by using CoCr Ru- T102 having an hcp
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second mEgARRd &n Feysttucivd, exami ned magnetic characteristics and
el ectromagnetic characteristics of the second nmagnetic |layer. As a

result, the inftentndertayee 11®haslatdoabledaifer stagtaeiof Ry, fomexatnpleont ai ni ng
oxide is the nost suitable material. An hcp crystal structure is forned
by usi ng Ehe undenayendds grcludesas firshoonssituent waderaver 138a oora lowenisideni ng
one or ones of silicon oxide (SF02), titaniumoxide (TMX2), chrom um
oxi de (@it undefiayeriidf and asecandRonstitiest vndﬁ(laaera&wn apdipRef oxi de .

(Co30n) S ot SR \WRER Tt TR 0 B Toasdoe
boundar 8 ga? %rés@ﬁ}e of Ar is reduced as compared to the gas pressure for forming
the first underlayer 118a. With this configuration, crystal orientation can be
improved.

The onset layer 120 has a function of reducing the size of magnetic
crystal grains of the first magnetic layer 122, The onset layer 120 can be
formed by using CoCrRu-TiOz having an hcp structure.

The first magnetic layer 122 is a magnetic granular layer for forming an
initial layer of the second magnetic layer 124. For example, it is preferable to
use (Co-12Cr-18Pt)-5TiO5, (Co-12Cr-18Pt)-3.5Cr;03-3.58i0;, or (Co-12Cr-
18Pt)-4.5Ti02-4,58i0,-1C0304 having an hep crystal structure for the first
magnetic layer 122.

In the present embodiment, the second magnetic layer 124 includes
CoPt magnetic grains containing oxide. The inventors used materials having
various values of Ms and Ku for the second magnetic layer and examined

magnetic characteristics and electromagnetic characteristics of the second

magnetic layer. As a result, the inventor have found that CoPt magnetic grains



magnetic grains forma granul ar structure having a columar shape. Those
magnetic grains epitaxially grow continuously from granul ar structures
of the onset |ayer 120 and the first gmagnetic |ayer 122. The inventors
exam ned various types of CoPt magnetic grains containing oxide while
" varying the anmount of Pt added, the kind of oxide, and the anount of
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atomc %to atom c % The second nmagnetic 1 ayer

filmthiclumsiamobxide (ragag). which &8 ndrireagriciiel subsfanceaist TRostBxidds hiee film
on

t hi ckness of the sec magnetic layer 124 is less than 1 nm then only

an initi abegregated arofind megnetic shbstaneg freform graindbaridaries tsoctbatray be
deteriorated. Therefore, the filmthickness of the second nagnetic

| ayer 124magnetiopgrains fommes grapelas structuse haviagd enlumnaeshapege Tdfose3 nmto
10 nm In the present enbodi ment, the second magnetic |ayer as an upper
layer i nd\agaetc grins epitaxially arow soptinuausinfremaranuiatstructieesmfdhent

I nvention is not _|imt to this exanple.,.,.The first magnetic | ayer may
i ncl ude @'Pﬁar@(fﬁé%o@“dégﬁirﬁ? ’E%Qﬂé\ﬁcﬂ?ﬁd '#& de. Furthernore, in a case
of a magnetic | . | ti | ayered cture of three or nore

| ayers, at | eatﬁgg{‘(gnﬁ?égﬁg?r%w a ugMasﬁég 9?’9&5@?5"8 grains
containin ' : I I | . t ai ni ng
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magnetic |ayer 124 and the continuous |ayer 126 by using, for exanple,
( Co- 300 ) magnefi@lager § 20 ofadeastlohe édtnpound selected from the alloy group
consisting of (Co-xPt)-13TiO2 (x = 20, 22, or 25), (Co-22Pt)-yTiO2 (¥ = 9, 10, 11,
12, 13, or 14), and (Co-22Pt)-12(oxide) (oxide = at least one material selected
from T10s, SiO3, Cr203, Taa0s W03, Co0, or Co3z04). The oxide content of
the CoPt magnetic grains is preferably in a range of from 8 atomic % to 15
atomic %, more preferably from 9 atomic % to 14 atomic %.
The second magnetic layer 124 preferably has a film thickness of at least
1 nm, preferably at least 3 nm. If the film thickness of the second magnetic
layer 124 is less than 1 nm, then only an initial layer is formed so that magnetic
characteristics may be deteriorated. Therefore, the film thickness of the
second magnetic layer 124 may appropriately be set, for example, in a range of
3 nm to 10 nm.
In the present embodiment, the second magnetic layer as an upper layer
includes CoPt magnetic grains containing oxide. The present invention is not
limited to this example. The first magnetic layer may include CoPt magnetic

grains containing oxide. Furthermore, in a case of a magnetic layer having



For exanple, the continuous layer 126 is forned of a CoCrPtB fil m by
using a low Ar gas. Continuous nmagnetismis fornmed along a direction of
a surface of the continuous |ayer 12@. The filmthickness of the
continuous layer 126 is preferably equal to or less than 10 rim nore
preferably equal to or less than 5 nm It is preferable to deposit

carbon under vacuum by a CVD nethod so as to formthe nedi um protective
| ayer 128MuitiiRyesed slustyretidbreeor matpdayarsgat least ong magaetic/@yeayer for

Eggé?cgﬁg@}}éﬁ%ﬁwﬁg%& ggxﬁniész%x}%gﬁéfﬁ%aithqﬁ;f%;)&&gﬁﬂa o ¢
Ther ef _ifefgwﬁgrﬁ’@(df’gﬁ?ﬁ?ﬁ‘?’fﬁ%&ﬂ%%@}@eﬁ%“v%@ﬂ?%ﬁ%{ﬂ?ﬁ{aﬂﬁ%ggfgegn;j .
gL o B Y AR B LA 15
a dip Coaﬁé@@eggiﬁé‘ﬁgconmﬁgg@[g 159%1‘ 54 AR fle mﬂnaﬁs %iyEI' 11?% ?)g'u%n ss of
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Per f I uor opol yet her "can exhibit™ high adhesi veness to a carbon-based

medi um pr ot ectiarexafpie, thé thntinubuenayeror2eus ferned dhalCoRyPiEdfilavipy (OH) .
The enbodi nent of the present invention will be described in greater

detai | wiuding aflew Angast oCeptimidusamagretisireis farmed alongradireatioaxafrap! es.
(Exanpl e 1) Anorphous alum nosilicate glass was fornmed into a circular
pl at e by siffacdiof the contintioundayerigs, Ihe il thigknass\of she contindieys layarndi ng,
pol i shing, and chem cal strengtheni qg wer e ésﬂe)&u nt 'éalqlgy farri ed out on
the gl assi2fi isipreferably eauahto or ipssdhan 19msa O ﬁgﬁjﬂ liedual 1ordgsst r at e
of a chem cal | strengt hened gl ass di sk. The gl ass di sk had a di aneter
of 65 mmt ﬁﬂsi(ﬁgi de diameter of 20 mm and a di sk thickness of 0.635

5D 25 1B tetiBhie 1 BB PearBoR URBLF MctuhPby 8 CYD By B! ©

di sk. The sur
to form the medium protective layer 128. The medium protective layer 128 is a

protective layer for protecting the second magnetic layer 126 against impact
from a magnetic head. Generally, carbon deposited by a CVD method is
improved in film hardness as compared to carbon deposited by a sputtering
method. Therefore, the medium protective layer 128 can protect the second
magnetic layer 126 more effectively against impact from a magnetic head.

The lubricating layer 130 can be formed of perfluoropolyether (PFPE) by
a dip coating method. The lubricating layer 130 has a film thickness of about 1
nm. Perfluoropolyether has a linear chain structure and can exhibit adequate
jubrication characteristics for a magnetic disk. Perfluoropolyether can exhibit
high adhesiveness to a carbon-based medium protective layer with its end
group of a hydroxyl group (OH).

The embodiment of the present invention will be described in greater
detail with reference to specific examples and comparative examples.

(Example 1)

Amarphous aluminasilicate glass was formed into a circular plate by



t he obtai ned gl ass substrate was neasured with an atomc force

m croscope (AFM . The gl ass substrate had a snmooth surface such that
Rrax was 2.18 nmand Ra was 0. 18 nn11§Ere, Rmax and Ra conformto
Japanese I ndustrial Standards (JIS). xt, an adhesive layer 112, a
soft magnetic |ayer 114, an orientation control |ayer 116, an
under | ayer 118, an onset |ayer 120, a first magnetic layer 122, a

second nagiteetipressipgr Thus, aglassdisk magqrodeessl. i (3rinding: molishingaant a
continuous, | ayer 126 re sequential|y deposited on the disk substrate
110 by a chﬁ“%ﬁ@?mﬁ eﬁ'ﬂﬂt‘“{%ﬁﬁﬁEUWH)ﬁM&aU@WtQ"GQQW%ﬂﬁK@ri ng

d iti d Ca .Anel tion., First, th
adhesi ve. ThesehY BIORULE & FOPoiB poREraghEse Ak GLPSHar ChALFhRrEiraS ot om o 96
Ti: 45 atouic .2 ' ti

Ty e oo Sbfothod alShahe, Shebudy Ak nad B50nb BB APPIF iod 25
Tomic o _ s ; : R D 5 = o .
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0. 5- Ru i idlich [ ' I
ayer 116 ATER T SPiEAte or R 2 T Af inaghEhE ik N TRe SEREEL ARSI

atom ¢ % the diftameE Ylads ubstrafeORas MestredlWith an Atdrhitforle midrogtdp havi ng
a filmthickness of 10 nm the onset |layer 120 of CoCrRu-Ti Q2 having a

t hi ckness(AfFM). SThngla€e substrate bada $Mmoéth:suPfacatsaoh thatRriax was& o8 ¢ %
TIO2: 12 atomc %, the first magnetic |ayer 122 of CoCrPt-Si 2- CrzO3
havi ng a oim anchBasvasf 0.9 8nm.( ddereasmmmdz\é%coofo.rnnto Japanese ndustrial 17 11
atomc % Si2: 3.5 atomic % C203: 3.5 atomic %9, the second magnetic
|l ayer 128tapdatIShop, the interlayer coupling |ayer 125, and the
formed,on t sof t. netic

Cayer 114, A dupdsADisieaNe oyl a2 SOk gratneucigyer oy prieRiaton
Comet i B e R 18, Aol oac PR AR 08 o
Pa. 122, a second magnetic layer 124, an interlayer coupling layer 125, and a
continuous layer 126 were sequentially deposited on the disk substrate 110 by a
DC magnetron sputtering method using a C3040 sputtering deposition |
apparatus made by Cannon Anelva Corporation.
First, the adhesive layer 112 was formed as a 10-nm CrTi45 layer (Cr: 55
atomic %, Ti: 45 atomic %) by using a CrTi target.
Then the soft magnetic layers 114a and 114c were formed as a 20-nm
amorphous FeCoTaZr layer (Fe: 37 atomic %, Co: 55 atomic %, Ta: 3 atomic %,
Zr: 5 atomic %) by using a FeCoTaZr target. The nonmagnetic spacer layer
114b was formed as a 0.5-nm Ru layer by using a Ru target.
Next, the orientation control layer 116 of NiW having a thickness of 6 nm
(Ni: 95 atomic %, W: 5 atomic %), the constituent underlayers 118a and 118b of
Ru each having a film thickness of 10 nm, the onset layer 120 of CoCrRu-TiO;
having a thickness of 1.5 nm (Co: 52 atomic %, Cr; 27 atomic %, Ru: 9
atomic %, TiO2: 12 atomic %), the first magnetic layer 122 of CoCrPt-SiO5-
Cr,04 having a thickness of 5 nm (Co: 65 atomic %, Cr: 11 atomic %, Pt: 17



The second magnetic |ayer 124 was forned with a thickness of 5 nm by
using a target nmade of a hard magnetic material of CoPt-Ti 2 (Co: 69
atomc % Pt: 19 atomi c % 1102: 12 agpmc % having an hcp crystal
structure. The interlayer coupling |ayer 125 was fornmed with a

t hi ckness of 0.6 nmby using a target of Co-27Cr-12Ti Q2 having an hcp
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( PFPE) bywhgce.tlaisna §&p8sitih ga pradsuré'ter dhultnd Fa%} agthb%&m%%gt had a film

t hi ckness o rim Thus, a perpendicul ar gheti1c recordi ng nmedi um of

Exanpl e lyndstiaver 0B @ds 6(@opgpar at i ve Exanpl e 1) A perpendi cul ar
magneti c recordi ng nmedi um of Conparative Exanple 1 was produced with

the same fil mBhe segeembgretid bper 184 Was formedivithka ¢hitkridsatof 5 dm ksecond
magnetic | ayer 124 was forned of CoCrPt-T102 (Co: 62 atomic %9 Cr: 7
at omi ¢ % ushg aidrget mede ofa Fardmmagretistroatedabyf CgRleNPar(Goi 62 amicghe 2) A
per pendi cul ar magnetic recordi ng medi um of Conparative Exanple 2 12 was

produced R 10 ate@ics¥nd Q4 (1 alemieed having 28 hapLrywal siiatynee Thexcept t hat
o G IMETBYPECOUPISG ey 2R Toreqd PO Yyknesiol gy OMERSRG 8 2) A
PeTPen ol IR AR TR OO SRS, o "
continuous layer 126 was formed with a thickness of 7.0 nm by using a target of
CoCrPtB (Co: 66 atomic %, Cr: 18 atomic %, Pt 11 atomic %, B: 5 atomic %}.
Next, a medium protective layer 128 was formed of hydrogenated carbon
on the continuous layer 126 by a CVD method. Since hydrogenated carbon
can improve the film hardness, the medium protective layer 128 can protect a
primary perpendicular recording layer against impact from a magnetic head.
Then a lubricating layer 130 was formed of perfluoropolyether (PFPE) by
a dip coating method. The lubricating layer 130 had a film thickness of 1 nm.
Thus, a perpendicular magnetic recording medium of Example 1 was
produced.
{Comparative Example 1)
A perpendicular magnetic recording medium of Comparative Example 1
was produced with the same film arrangement as that of Example 1 except that
the second magnetic layer 124 was formed of CoCrPt-TiO; (Co: 62 atomic %,
Cr: 7 atomic %, Pt: 19 atomic %, TiO5: 12 atomic %).
(Comparative Example 2)

A perpendicular magnetic recording medium of Comparative Example 2



magnetic | ayer 124 was fornmed of CON-7102 (Co: 72 atomc % Pt: 19
atomc % 1-102: 9 atomc %. (Exanple 3) A perpendicul ar nmagnetic
recordi ng medi um of Exanple 3 was progyiced with the sane film
arrangenment as that of Exanple | excepl that the second nmagnetic |ayer
124 was formed of CoPt-T102 (Co: 71 atomc % Pt: 19 atomc % T102: 10
atomc %9. (Exanple 4). A perpendicular nagnetic pecordi ng nmedi um of
Exanpl e 4WREPMGETUY the {ame filn sEAROOTERS %ﬁﬁhahe%ﬁ%amplss? EXRapt Hhat

G o3 EBng Bl ol ARt L oRIPLO S B T

Ex I . . j InC. ' di f Ex le 5

br oduced Clat RETHE B 1P AOE pagarip Aot of “Exanpl o | excopt
that the secon amgg@ii c layer 124 was formed of CoPt-T102 (Co: 68
atomc % Pt: attom ¢ % T102:13 atomic % . (Exanple 6) A

di cul : . . i th
Phe same 11| m AP el GRBonAR, RENHE MepkhTOTE oMok wBs Blethites
magneti c ith e ke drRindefhedt aSaEtof EXAmpld] eRéeptithal the Yecbhd 19
atomc % M2:14 atomic %. 13 (Exanple 7) A perpendicul ar nagnetic

r ecor di ngmageeticriayer EX4wasdormamisl QoPETIORACon/72 atdrhiz %aRt 19 | m
arrangenent as that of Exanple 1 except that the first nagnetic |ayer
122 was f atomicl % fTiQeF8 atiinGR %)Co: 69 atomic % Pt: 19 atonmic % TiQ2: 12
atomc 9% and the second nmagnetic |ayer 124 was formnmed of
CoCr Pt - Ti O2- Si (Examd®d) (Co: 64 atonmic % Cr: 9 atonmic % Pt: 16 atonic
" A perpendicular magnetic recording medium of Example 3 was produced
with the same film arrangement as that of Example 1 except that the second
magnetic layer 124 was formed of CoPt-TiO» (Co: 71 atomic %, Pt: 19
atomic %, TiO2: 10 atomic %).
(Example 4)
A perpendicular magnetic recording medium of Example 4 was produced
with the same film arrangement as that of Example 1 except that the second
magnetic layer 124 was formed of CoPt-TiOz (Ca: 70 atomic %, Pt: 19
atomic %, TiO2: 11 atomic %).
(Example 5)
A perpendicular magnetic recording medium of Example 5 was produced
with the same film arrangement as that of Example 1 except that the second
magnetic layer 124 was formed of CoPt-TiO2 (Co: 68 atomic %, Pt. 19
atomic %, TiO7: 13 atomic %).
(Example 6)
A perpendicular magnetic recording medium of Example 6 was produced
with the same film arrangement as that 6f Example 1 except that the second
magnetic layer 124 was formed of CoPt-TiO2 (Co: 67 atomic %, Pt: 19

atomic %, TiO2: 14 atomic %).



7-102: 5 atomc % S102:5 atomic % Co3O4: | atomic %9. (Exanple 8) A
per pendi cul ar magnetic recordi ng nmedi um of Exanple 8 was produced wth
the sane filmarrangenent as that of anple | except that the first
magnetic | ayer 122 was fornmed of CoPt-T12-Si2 (Co: 69 atomc % Pt: 19
atomc % TiO2: 9 atomic % S102: 3 atomic % and the second nmagnetic

| ayer 124 was forned of CoCrPt-Ti Q2-Si Q2-Co3X4 (Co: 64 atomc % C: 9
atonic % Pt:(Ev@mplefc % Tbe: 5 atomic % Si02: 5 atonic % C0304: 1

atomc % . (Exanple 9) A perpendi cul ar magneti c_recordi ng nedi um of
Exanpl e 9 was ibpggqmia?ul%mﬁg qiic reaerding medium ehgxarple Awas predused

Copy 50088 85 iy g o BB Bl aveipefoL b6 5o
% SiQ2: M G, X A Ca 2 [
Ol e L el T
o (ExardPn s 0p IR dume B3 ingkerd i madnBlit BySr 1o MRS somei Y ¢ 1
was - pr odeseﬁbtmw-sib@-@g@a@g; 64 iR ERo Abmlie o4, B! ﬁg{@l&g@,' _except

that the second fagnéti was Torrre 0
atom ¢ %TiBh: 5 hfomRtRNEI0YE atdwik %h3Catog Tafmicéfxanpl e 11) 14 A

per pendi cul ar magnetic recordi ng nedi um of Exanpl’e 11 was produced with
the sanme fil m(&Exampiesdepnt as that of Exanple 1 except that the second
magnetic | ayer 124 was fornmed of CoPt-TiQ2 (Co: 65 atomc % Pt: 22
atom ¢ % TO02:A peteodictiayymagretiametarding) madipar efdadinple & wasigrasticed
record ngwi?l??l'zéusn;n?; ﬁIIEnX %%'nserﬁgnxff that of Example 1 except that the first

magnetic layer 122 was formed of CoPt-TiO,-8i0; (Co: 69 atomic %, Pt: 19

atomic %, TiO2: 9 atomic %, SiOz: 3 atomic %) and the second magnetic layer

124 was formed of CoCrPt-TiO2-8i02-C0304 (Co: 64 atomic %, Cr: 9 atomic %,

Pt: 16 atomic %, TiO2: 5 atomic %, SiO3: 5 atomic %, Co304: 1 atomic %).

(Example 9)

A perpendicular magnetic recording medium of Exampie 9 was produced
with the same film arrangement as that of Example 1 except that the first
magnetic layer 122 was formed of CoPt-TiO2-Si02-C0a04 (Co: 68 atomic %, Pt:
19 atomic %, TiO2: 8 atomic %, SiO,: 3 atomic %, Co304: 1 atomic %) and the
second magnetic layer 124 was farmed of CoCrPt-TiO2-Si02-C0304 (Co: 64
atomic %, Cr: 9 atomic %, Pt 16 atomic %, TiO2: 5 atomic %, SiO2: 5 atomic %,
C0304: 1 atomic %).

(Example 10)

A perpendicular magnetic recording medium of Example 10 was
produced with the same film arrangement as that of Example 1 except that the
second magnetic layer 124 was formed of CoPt-TiO; (Co: 70 atomic %, Pt. 17
atomic %, TiOy: 13 atomic %).

(Example 11)



produced with the sane filmarrangenent as that of Exanple 1 except that
the second magnetic |ayer 124 was forned of CoPt-Si2 (Co: 69 atomc %
Pt: 19 atomic % Si2: 12 atomc % .44 Exanple 13) A perpendicul ar
magneti ¢ recordi ng medi um of Exanpl e 11 was produced with the same film
arrangenment as that of Exanple | except that the second magnetic | ayer
124 Wasforrred of CoPt-Cr203 (Co: 74 atom c % 19 atomc % Cr203:

7 atomic 9. &Fﬂﬁ"@'%f masmtﬁe'ﬁmrémgdneﬁygheﬁ@mal@drwva@ medi um of
Exampl e 14 ced with the same filmarr epent as t

Exanpl o 19@36 Geen Bithdhe S B astRpcRRipaLan a2y EXRBIE dexCsomhating

CoPt - Ta205 9 .4 tQ

( Exanpl e %‘*ﬁ"cﬁrﬂ @Hﬁ?\éﬂﬂ?%@@ﬂ% oﬁ'gﬁﬁ&/ QQI%%%J%%UP Ié?a{ﬁ‘p?/% 15 was
pr oduced rangenent as that of Exanple | except that
t he seco#&hﬁraéﬂg; r@aé/tlglr'rmigg was formed of CoPt-WO3 (Co: 76 atomc %
Pt: 19 atom atomc % .| (Exanple 16) A perpendicul ar

magneti c recor ng rredl m of Exanplie 16 was produced with the same film

ar r angenent aSAbEﬁsen@fcuEf rfé’nbré mgrhaamnwﬁxa?ﬁﬁemimnetlc | ayer
124 was forned of CoPt-CoO (Co: S'atomc % Pt: 19 15 atomc % CoO 6

at om ¢ %) protibzedamith tHe sarhefirherathigerient astigitef Exarmpio dixogptthai the of
Exanpl e 17 was produced with the same film arrangenent as that of

Exanpl e lsexondphagrietic layer 12dasas fbrimed rof QoPHSiQe (Ca280 atomnit &,k 181
CoPt - COSO;to&%%,ZSSiOZt‘?Zmé&n:{Qc %F;F 1 atomc % Co304: 6 atomc 9.
(Example 13)
A perpendicular magnetic recording medium of Example 13 was
produced with the same film arrangement as that of Example 1 except that the
second magnetic layer 124 was formed of CoPt-Cr,03 {Co: 74 atomic %, Pt: 18
atomic %, Cr203: 7 atomic %).
(Example 14)
A perpendicular magnetic recording medium of Example 14 was
produced with the same film arrangement as that of Example 1 except that the
second magnetic layer 124 was formed of CoPt-Taz05 (Co: 76 atomic %, Pt 19
atomic %, Ta;0s: 5 atomic %).
(Example 15)
A perpendicular magnetic recording medium of Exarnple 15 was
produced with the same film arrangement as that of Example 1 except that the
second magnetic layer 124 was formed of CoPt-WQ; (Co: 76 atomic %, Pt: 19
atomic %, WOa3: 5 atomic %).
(Example 16)
A perpendicular magnetic recording medium of Example 16 was

produced with the same film arrangement as that of Example 1 except that the

second magnetic layer 124 was formed of CoPt-CoO (Co: 75 atomic %, Pt: 19



(Exanpl e 18) A perpendicul ar nmagnetic recordi ng nedi um of Exanple 18 was
produced with the sane fil marrangenent as that of Exanple 1 except that
the first magnetic |layer 122 was for{%j of CoCrPt-Cr203 (Co: 65 atomc
% Cr: 11 atomic % Pt: 17 atomc % 203: 7 atomic % . (Exanmple 19) A
per pendi cul ar magnetic recordi ng medi um of Exanple 19 was produced with
the same filmarrangement as that of Exanple 1 except that the first
magnet i ¢ &t@y&@"@ﬁo&a@amlﬁé@- of CoCrPt-Cr203 (Co: 67 atomic % Cr: 11
atomc % Pt: (#;%tp?ms; % Cr203: 5 atomic % . (Exanple 20) A

per pendi cul ar g 8 &7} ecor di ng nmedi um of Exanple 20 was produced with

et 1 | ayerA ROPASER FAANelE rechstpd e s e o ¢ 56
0. (excppao wihing okt Grghorkigtes it ol ERARlE hedba At et o
21 was RS AR (4 ATad (LB BIPRERID, B! PO TIPS 1

except th rst gnetic layer

CoCr Pt - Ti QJ2mit &2 @?45 @ftdmic®g). atomic % C: 7 atomic % Pt 14 atonmic
% Ti02: 4.5 atc')'rcﬁgé % Si02: 4).5 atomic % Co304: 1 atomic % . (Exanple

22) 16 A perpergmpld #8) magnetic recording medi um of Exanple 22 was
produced with the sane filmarrangenent as that of Exanple | except that
the first naghpéipentiyar Maihetie sedordimgdnediuGosd EXanmpl@A8Sva® - Co304 ( Co:
63 atomc % C: 13 atomc % Pt: 14 atomc % T102: 4.5 atomc %
Si 02: 4. produced wittheosaoa film asaogemend as that ofiExampid 1 except that the
first magnetic layer 122 was formed of CoCrPt-Cr203 (Co: 65 atomic %, Cr: 11
atomic %, Pt: 17 atomic %, Cr203: 7 atomic %).
(Example 19)
A perpendicular magnetic recording mediurn of Example 18 was
produced with the same film arrangement as that of Example 1 except that the
first magnetic layer 122 was formed of CoCrPt-Cr;03 (Co: 67 atomic %, Cr: 11
atomic %, Pt; 17 atomic %, Cr03: 5§ atomic %).
(Example 20)
A perpendicular magnetic recording medium of Example 20 was
produced with the same film arrangement as that of Example 1 except that the
first magnetic layer 122 was formed of CoCrPt-Crz03-SiO2 (Co: 67 atomic %,
Cr: 11 atomic %, Pt; 17 atomic %, CraO4: 2.5 atomic %, SiO3: 2.5 atomic %).
(Example 214)
A perpendicular magnetic recording medium of Example 21 was
produced with the same film arrangement as that of Example 1 except that the
first magnetic layer 122 was formed of CoCrPt-TiO,-8i02-Co304 {Co: 69
atomic %, Cr; 7 atomic %, Pt 14 atomic %, TiO,: 4.5 atomic %, SiOz: 4.5
atomic %, Coz04: 1 atomic %).

(Example 22)



A perpendi cul ar magnetic recordi ng nmedi um of Exanple 23 was produced
with the sane filmarrangenent as that of Exanple 1 except that the
second magnetic |ayer 124 was formed of CoPt-TiQ2-Si02 (Co: 69 atomc %
Pt: 19 atomic % Ti2: 8 atonmic % Si'®2: 4 atonic %. (Exanple 24) A
per pendi cul ar magnetic recordi ng medi um of Exanple 24 was produced with
the sanme fil marrangenent as that of Exanple | except that the second

nmagneti c | ayerA pémendizufse mahetit réetling FRedismbt Easifle D8wad9 atonic %
Pt: 19 atomic % Ti02: 8 atonmic % Si0Z2: 3 atomc % Co304: 1 atomoc

% . (Examrbducs with tres saméd fitn lasrangement as that o EdampleTe ekeept thatinenpl e 25
was produced with the sane filmarrangenent as that of Exanple 1 except

t hat t he firs magnetmdagen 22 wge fom mﬁe&oer&tﬁiﬂz-&ommgxm &30: 69
atomc % Pt: atomc % Ti02: 12 atom.c % nple26)A

per pendi AipRIC %a@wﬁeﬁ atqlTé@(%‘d?tnMﬁimmﬁ%oToéxéﬁpﬂt oM onSiO02 - Bduced with
t he sane fllmgrran nt a,sa;hat of Exanple 1 except that the first
magnet i c ARG %1 593 Jof CoPt-Ti 2-SiC2 (Co: 69 atonmic % Pt: 19
atomc % 710% 9 ahoig % Si02: 3 atomic %. . (Evaluation) The

per pendi cul ar ﬁﬁ )r ecordi ng nedia of the above Exanples and 17

Sat ur ati LX%%%%%? 5P rRge reforite %%%@'%?%ﬁ%&???@%ﬁasTESa! uat ed
e OIS OGP WSS ol S S TBAH B ot
10,5, S Mt T g 08 TO S0 8 i,
118, an ®tstd atomyier% 1TiQ,: Buatbraic %, SiO4: 4 atomic %).
(Example 24}
A perpendicular magnetic recording medium of Example 24 was
produced with the same film arrangement as that of Example 1 except that the
second magnetic layer 124 was formed of CoPt-TiO32-Si02-Co304 (Co: 69
atomic %, Pt: 19 atomic %, TiO,: 8 atomic %, Siéz: 3 atomic %, C0304: 1
atomic %). :

(Example 25) . ‘

A perpendicular magnetic recording mediu:m of Example 25 was
produced with the same film arrangement as that: of Example 1 except that the
first magnetic layer 122 was formed of CoPt-TlOi (Co: 69 atomic %, Pt: 19
atomic %, TiO,: 12 atomic %). '

(Example 26) .

A perpendicular magnetic recording mediq’m of Example 26 was
produced with the same film arrangement as thatj of Example 1 except that the
first magnetic fayer 122 was formed of CoPt-TiO,-SiO; (Co: 69 atomic %, Pt: 19
atomic %, TiO4: 9 atomic %, SiO3: 3 atomic %).

(Evaluation)

The perpendicular magnetic recording media of the above Examples and



medi um protective |ayer 128. The crystal magnetic anisotropy (Ku) was
evaluated with a torque nmagnetoneter having an application nagnetic
field of 25 kCe. In Fig. 2C, Ms and Kéd représent the evaluation results
regarding the second nmagnetic |layer. Furthernore, the magnetic coercive
force (Hc) and the index of thermal fluctuation (vKu/ kT) wer e eval uated

W th a poleym 5fve?E§§ﬁ.g|e§®@§a ted f?ﬂﬁérféﬁddﬁné‘frﬁ @2 T | mum

application netic Oe Mor eover I ng and
repr oduci @ﬁtm@dram Rghéﬁidt@ﬁ (W) of Maaheid exkratteAsti@CRas bvSluafdNGiA ¥ Of
1550 kfci with an N anal yzer and a perpendicul ar magnetic recording
t ype nagneibratiritesamplavmagnetomSier (oSMyeavirfgoa nairpomi applieatibramalyRetic :
el enent for reproducing. At that tinme, the flying height of the magnetic
head wasfield ofriS KOgs . Sampies fohybM measeresdnt mere pradusetivitht amgnet i ¢

| ayer and the second magnetic |ayer in the perpendicul ar magnetic

r ecor di ngStruetute @pludﬂ)&aﬂrﬁubﬁrﬂeidlshﬁdbﬂtﬁfphi& iapcadhesivel layer1112, and t he
eval uation results of Exanples 1-24 and Conparative Exanples 1-2. As
can be se8fientatign FP@@C" |§¥@f2165 a%é‘BF’G"'%ft”&aaﬁfb@F%HWQﬁ'ﬂ?& aRd@net i c

t; h?t E?m%%ibﬁ%f@ ofivk; BVl T Ve”%f@?weghéﬁq %ﬁéf%’&gpgﬁnggﬁééazpl édd
Ther ef or ee%{hme@fwﬁhgt%rﬁﬁgﬁﬁgﬁﬁmaf 6@"&9 %ﬁnﬁ%ﬁg}f H‘&gé}?ﬁ‘aﬁﬁ’g qjs to
prevent a, B*R‘b’émi% Fﬁi%m‘aﬂ&‘ mh@gmme éc?ép}a?ﬁmegmts gﬂ:hﬁ%fh CoPt

rragnetlc gral ns ont'al ni ng oxiae IS use or the seco

llayer or &Bgrid magné®opRgel.c |ayer, the filmthickness of the magnet iC
| ayer can be reduCed, nmaking it possible to inprove the recording and

r epr oduci ng ChEnﬂI@érﬂidrEI fheamagrseticacoeteive forcé (ldc)caras theAsdex efthietmal
| mprovenent of the recording and reproducing characteristics of a
per pendi cfilictuationy (Mdu/kT)rweerereviahpted ditha polar ifer effact measdrement her nal

fluctuati on phenonenon can be achi eved at |ow cost.
apparatus having a maximum appllcanon magnetic fi 1" eld of 20 kOe. Moreover,

the recording and reproducing characteristics were evaluated at a recording
density of 1550 kfci with an RAW analyzer and a ﬁerpendicular magnetic
recording type magnetic head having an SPT elehent for recording and a GMR
element for reproducing. At that time, the flying :height of the magnetic head
was 10 nm, i

Figs. 2A-2C show the materials of the ﬁrst;magnetic layer and the
second magnetic layer in the perpendicular maghetic recording media of
Examples 1-24 and Comparative Examples 1-2 énd the evaluation results of
Examples 1-24 and Comparative Examples 1-2. :

As can be seen from Figs. 2A-2C, accordihg to a perpendicular magnetic
recording medium of the present invention, the second magnetic layer or the
first magnetic layer includes CoPt magnetic g'rainfs containing oxide so as to
eliminate Cr components but to increase the amdunt of oxide, Therefore, Ku

of the entire recording layer can be improved so as to prevent a thermal

fluctuation phenomenon. Furthermore, when th:e CoPt magnetic grains



In other words, according to the present invention, electromagnetic
characteristics can be inproved w thout deterioration of magnetic
characteristics or thermal stability.qdhus, a perpendicul ar magnetic
recording mnmediumaccording to the present invention can cope with
further increase of the recording density. Various exenplary

enbodi nents_of .this invenHL nwll be enunerﬁted I n he follow ng itens

( 1]2 -(5). FINBRINGPXER K E?ﬁ r ﬁ%ﬁ%?_"@ PagRRIR RYeTRIdh@ fifsl seagnede i
per pendi o HVEF rfﬁ%ﬁ@ﬂ@?%ﬁ&?&ﬁﬁﬁrﬁéan%_ e R Lokt 27 6 ' oot
mrti) yePYhe B RnRABIhE YCord AT reBRM B HAR G R BN\ b eE

| east onetf cddpe ﬂearregmg lid bt%?nérf@sftr@ r@amt@ﬁg’g' ﬂgge;;ﬁbaﬁcingfai ns

cont ai ni ng oxi de, the soft ﬁagnetlc ayer, ayer, and the
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magneti ¢ recordi ng medi um accordi ng item ( erein the oxide

conpr i sesadherreA filicloatiompheficraénsretas bedchieosy abowoesstp consi sting of
Si 02, T102, Cr203, Ta205, W3, COO and C0304. (3) The perpendi cul ar

magneti c recor b sthenwdidspaecardinditaghe preseatinyéntiony eldclomagmetiei n an
oxi de content of the CoPt magnetic grains included in the at 19 | east
one of t heharaglesistics ¢arybe improved withouhdetederationof ragnetitc % to 15
oneof i ERABCIETS I RO AV o] i R eTBEn g AT MASELR caePindmgnet | c
upper - magRetiue® PEFAENESP o BroREinvBRipEeat Sl BRA i ad¥he phlbe ' °
magneti c r%rcgmﬁg ﬁgﬂéiﬂ}, ni ng oxi de.
Various exemplary embodiments of this invention will be enumerated in
the following items (1)-(5).
(1) A perpendicular magnetic recording medium used for information
recording of a perpendicular magnetic recording type, the perpendicular
magnetic recording medium comprising:
a substrate;
a soft magnetic layer;
an underlayer formed; and
a magnetic layer having a multilayered structure including a plurality of
magnetic layers, at least one of the magnetic layers including CoPt magnetic
grains containing oxide, the soft magnetic layer, the underlayer, and the
magnetic layer being formed on the substrate,
(2) The perpendicular magnetic recording medium according to item
(1), wherein the oxide comprises at least one material selected from the group
consisting of SiQ3, TiO3, Crz03, Tag0s, WO3, Co0, and C0a0a.
{3) The perpendicular magnetic recording medium according to item (1)

or (2), wherein an oxide content of the CoPt magnetic grains included in the at



(5) The perpendi cul ar magnetic recordi ng nmedi um according to one of

itens (1)-(4), wherein the underlayer is formed of a material containing
Ru or Ru alloy as a principle compone@t. In the perpendi cul ar magnetic
recordi ng nmedi um of each of the itenms 1- 5, the magnetic |ayer includes
CoPt magnetic grains containing oxide so as to elimnate C conponents

recor di ng Ty e g LA a5, o HEEE b & Yorfle 15T Lt uat i on

phenomenony, ,ﬁFr%_her nore, when such a material is used for a nagnetic
| ayer, the ?I m t hi ckness of the magnetic |ayer can be reduced, making

it possible to(4)rmrﬁ>e/gerﬁé@.drc@mrn%g}ﬁtiewécdrempqgg&mgacfdggigﬁg&&B'hétoifcs and

to reduce the cost. As a result, 1 nprovenen i ng and

reproduci itemsolp(3AC vetiarain the nedgrietip dayes iebigdEstivo TEgRéticClay €&V EnNY
medi um and prevention of a thermal fluctuation phenonenon can be

achi'eved appkomagnetic lagecand anower, magretic layagand the opperanagretiztlagsr can
be inmproved without deterioration of magnetic characteristics or

t her mal swoathe lower magnetic dayep inghedesi CoCeRt magnedicigraine contiining oridieum
according to t sent invention an cope with further, i ncrease of

t he rel:o?di ng ngr '%/Sema%upaﬁIé"?%?@ﬁf?%ﬁ@ﬂﬁvﬁﬁggﬁ‘u?ﬁﬁ”f@elﬁIt%PT'? °ghown
and descr i ' ' t he
vent: onBEe S wheld fl GnddheberERoRdd R R ERl ptaiEhE ot { oo by

those of AR s 5]5%&;?@};0%&,?”}_ that various changes in formand

details may be " nmade therein wthout departing fromthe spirit and scope

of e pr €SNt | AKCIUL8061aE6AE: Akohlfy g of 2 W o4 VED

IS: 1. A perpendicC magne um use nrormation
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| ayer; eliminate Cr components but to increase the amount of oxide. Therefore, Ku
of the entire recording layer can be improved so as to prevent a thermal
fluctuation phenomenon. Furthermaore, when such a material is used for a
magnetic layer, the film thickness of the magnetic layer can be reduced, making
it possible to improve the recording and reproducing characteristics and to
reduce the cost. As a resulf, improvement of the recording and reproducing
characteristics of a perpendicular magnetic recording medium and prevention of
a thermal fluctuation phenomenon can be achieved at low cost.

Accordingly, electromagnetic characteristics can be improved without

deterioration of magnetic characteristics or thermal stability. Thus, a

perpendicular magnetic recording medium according to the present invention

can cope with further increase of the recording density.
While the invention has been particularly shown and described with

reference to exemplary embodiments thereof, the invention is not limited to
these embodiments. It will be understood by those of ordinary skill in the art
that various changes in form and details may be made therein without departing

from the spirit and scope of the present invention as defined by the claims.



an underl ayer fornmed; and a magnetic |layer having a nmultil ayered
structure including a plurality of nmagnetic |ayers, at |east one of the
magneti c | ayers including CoPt nmagnet2¢e grains containing oxide, the
soft magnetic |ayer, the underlayer, and the magnetic |ayer being
formed on the substrate. 2. The perpendi cul ar magnetic recordi ng nmedi um
according to claiml1l, wherein the oxide conprises at |east one nateri al
selected fromthe group consisting of SiQ2, Ti2, C 203, T21205, W3,
CoO, and t pendi cul ar magneti c recordi ng nedi um accor di ng
to claim1l, m%seéléﬁirwggqgki de content of the CoPt magnetic grains

e o &6, A pb R bicu fyftinghi SodRANG hE LAY foP infGtofatiof9° O

from8 atom c om c ndi cu magneti c recording

medi um aceebbingof # petpindichlar MéHeticRebdf tthe [ple?ﬁ&ﬁfdiédl‘é'f' udes two

magnetic |ayers of an upper magnetic Iayer and a | ower magnetic |ayer,

and the upagneti;y@eoiding madRim @bmbhginbpwer magneti c | ayer incl udes
CoCr Pt nmagnetic grains containing oxide. 5. The perpendicul ar nagnetic

recordi ng nediasubstade:di ng to claim1, wherein the underlayer is forned
of a material containing Ru or Ru alloy as a principle conponent.

a soft magnetic layer;

an underlayer formed; and

a magnetic layer having a multilayered structure including a plurality of
magnetic layers, at least one of the magnetic layers including CoPt magnetic
grains containing oxide, the soft magnetic layer, the underlayer, and the
magnetic layer being formed on the substrate.

2. The perpendicular magnetic recording medium according to claim 1,
wherein the oxide comprises at least one material selected from the group
consisting of Si0y, TiO2, Cr203, Taz0s5, WO3, Co0, and Co304.

3. The perpendicular magnetic recording medium according to claim 1,
wherein an oxide content of the CoPt magnetic grains included in the at ieast
one of the magnetic layers is in a range of from 8 atomic % to 15 atomic %.

4. The perpendicular magnetic recording medium according to claim 1,
wherein the magnetic layer includes two magnetic layers of an upper magnetic
layer and a lower magnetic layer, and the upper magnetic layer or the iower
magnetic layer includes CoCrPt magnetic grains containing oxide.

5. The perpendicular magnetic recording medium according to claim 1,

wherein the underlayer is formed of a material containing Ru or Ru alloy as a

principle component.



