1 PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM This application is based
upon and cl ains the benefit of priority from Japanese Patent Application
No. 2009-081885, filed on March 30, 2009, and Japanese Patent Application
2010-067388, filed on March 24, 2010, the disclosures of which are
incorporated herein in their entirety by reference. Technical Field

Enbodi nents of the present invention relate to a perpendi cul ar nagnetic
recordi ng medi um nounted on a magnetic di sk device such as a perpendi cul ar
magneti c recording type hard disk drive (HDD). Background Art Vari ous
i nformation recordi ng techni qgues have been devel oped along with recent

i ncrease of capaci tyejhkhed td r } i e areal
recordi ng density ﬁﬁﬁgﬁqéﬁm@wgmwﬁ?ﬁ%ﬁ lﬁa%ﬁﬁel%pézmrw;cordi ng
techni que has continued to increase at an annual rate of about 100 %

Recently, a 2.5-inch magnetic disk used for an HDD or the |ike has been

required to hawe,; It r i r ' J BFint 250 Ghytes
e ok o or uEpIERATELLA SAATC AR Lhall Spken hae

IS necessary to achieve an
I nf or mat i QpERSRY PhiBe: AlPNSitoy N @608 081 SEENTIRAQnENrtis 80, R, ahdr or der to
achieve a high recording density of a magnetic disk used for an HOD or the
like, it imparcesBaeyt Applicatidn01010673388; dledfornvancb2idc2@i0y Steadisqpsairess t hat
constitute a magnetic recording |layer, which is used to record
i nf or mat i cofathich ayeanwypaaidd hereireiddbeir etisety by c&fa@dseof the magnetic
recording layer. As a result of devel opnent in reduction of the size of
magnetic crystal grains, however, the thernmal stability of recorded signals

is deteriorated_ due t .t‘he 2 super par anmagnefi sm phenonmenon in an in-plane
magneti ¢ recor aiSg" Shagnetic disk, which has heretofore been
comer ci al | zed ¢ Tner ol gt s uLNec LA 08 SLANA,S: AlrbolAdlar AL er ml

fluctuation pheErP&?T% ose problems in It an inctease of the

recording Sgﬁingymgéiurﬁ nﬁ@lﬁw&rpa ﬂ’iaﬁgftic-r&% b&udY QR ARG RdRFOr di Nng type

is also referred to as a longitu magneti c recording type or a

hori zont al \\gBEIRECOrdiRE Vpdinaey &i¥P8rve (HDD) N order to elininate those
i nhi bitors, a perpendi cular nmagnetic recordi ng type nagnetic di sk has been

proposed in recent years. Unlike an in-plane magnetic recording type
magneti c di sk, a perpendicul ar magnetic recordi ng type nmagnetic disk has a
princi pal recorBagkgrduadéyt with an easy axis oriented perpendicular to a
surface of a substrate. The perpendi cul ar magneti c recordj ng?é%rt)e can

reduce a t her maYarPLE&REAIBA PREHTIERBAHARS hDRPEFBISYBORTTE? Bne _
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steeper t han thahuQf tofndr@Rd 4t 4dinalial TBENR bt 1900k dR&t@ntiy, RE2 Saktnbe
generated by the mrror 1 nmage effect, Accordingly, the perpendicul ar
magneti ¢ r@eghdlictisklusRe fbransHDD 3Bk ke Hab GeeasRLirbe to Rperali infpreetsi ty.

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 Gbits/inch?. In order to achieve a high recording density of a magnetic disk

used for an HDD or the fike, 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 development in reduction of the size of magnetic crystal grains,

however, the thermal stability of recorded signals is deteriorated due to the



If & magnetic recording |ayer of the perpendi cul ar nagnetic recording type
has a hexagonal cl ose-packed (hap) structure, the c-axis becones an easy
axis. Thus, the c-axis should be oriented in the normal direction of a
substrate. In order to inprove the oriedtation of the c-axis, it is
effective to provide a nonmagneti c underlayer having an hcp structure
underneath the magnetic recording layer. It has been known that such an
under | ayer supiparamiagetbhehbmsacd  arvin-glans hiagnatlrédatcing ifpe ATong ot her
things, it has been known that ruthenium (Ru) can effectively inprove the
crystal or imageetiotisk fwhichrhgnberietofordmedi cgninesoiaiizadd Therefore thase t he
magnetic coercive force (Hc). 3 In order to inprove the

si gnal - t o- fererdedsignalg sreNostaand p thermal Suctvetion pheromenametduss.r ecor di ng
type nediuqb?nagnetic grains of a nmagnetic recordinaﬁlayer are isol ated and

reduced in 5has8 mpblemsinhigtandrerasept seracarding dansity pth magneligdisk ¢
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i ncrease t hond R4YnERE URR HaSWReA IpAehdtalsh recett y@ardR I IRlike afliffslanBecent |y, a
2.5-inch ngg%eﬂégfﬂsk used for an HOD or theylike has been Fequired to

have an i nfraagmeéticorecstdingiype craumetit isi( & peareridivaiar2bdyr@igtresordig di sk. In
order to nmeet such a demand, it is necessary to achieve an information
recordi ng dgms ragngtie diskrbasieeprintipe! Grcrding teyie? withrarozafyraxivodentedve a hi gh
recordi ng density of a magnetic disk used _for an HDD or the |like, it is
necessary tRsrpenficwar ioca surfaceqtl asubsiate Jig pespenrdicylar magrelie the S/N

ratio. In a perpendi cul ar na neh%p recordin di umw th conventi onal

con i gur at EROENG VeS £aNieihi el YeitonRheapIEaAN 23 EMRARA Bunt of
magnet | zat 10m R e ape e e ol vt hetdhsR it Eialiind BhsREsh B 351055, "W e
this met hodardtimthicRhals, MarRbhfioR Al mBNdiEtiE) mabnblicrdtBaRg  © | aver 1

| owered so t "the nagnetic energy magneti c | ayer b S unable to
over cone t NRaSRAPRALS isbft Mhdriett thyeRd A ReghBee gt fremel Btordihg heh@ican a _
thermal fluctuati on phenonenon becones problematic. Additionally, with this
conf i gur at | qamvetdeewith the ddfi mkgmetic layert hAddiignally, @ rhagreticSiedd ladgdrarnidncr eased
in order to output Signals. Therefore, an extra material is needed to
produce a mateepantharthatiof ndongitudinal meppelitresdrding pediandysgencsateddy of the
I nvention 4 Enbodi nents of the present |nvention provi

d
per penc e Wagnitaas Pt oot esamAy ragrelh Bolfide output
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| ayer or a magne | ayer in a case where a recording |layer includes
two nmagnet i gid ayEgs) thel@axisiiheniddiesotented (rothei rbemardisddtion it sudstrbteoni um
conponent s, which have heretof ore been added as nonmagnetic substance, from
a magneti c lhayéer Usiprovisthenientation d thesc-asiedit fsoeffestive typtavate at grai n
boundaries. For this purpose, the inventors exam ned nmagnetic

char act er i shoresagmticelnderiayerdaving an btiastiesture whderreath&e mageetial s havi ng
various values of Ms and Ku were used in a currently avail abl e nagnetic
layer. As aecewding layee i'hbambesnsknpwetiebaneh amyndeiier sagsetRleY §PH ns
cont ai ni ng oxi de ar ntors haye .conpl eted

opti terials. Thus,.the, inv
t he enbodi ndlieysTioM Ehé‘%p?'gzg‘}%' gnvémqngrgtﬁerthlngsp\l&bg? gPﬁ% kpﬁwﬁtﬁh%txerrpl ary
aspect of the presepnt.inveption .there | rqy, ded,a. per.pendi cul ar nmagneti c
recordi ng gt 'E?s‘gé‘) £ap e&ﬁ?"B'Pdep&‘ﬁver@%ﬁﬁq%@r@%@'oﬁg%eﬂ%éﬁ %r magnetic
recording type,..th | olpe | jymM conprising a
substrat e, %IFP"?B’F%Q f?é’%ﬁéﬁ?gg{‘ g@gé ,Seﬁggﬁ%%%ﬂ%%rg@o%%maﬁd a magnetic
| ayer having a nmultilayered structure including a plurality of magnetic
| ayers, at |east one of the magnetic |layers including CoPt magnetic grains

cont ai ni ng oxi de, the soft magnetic |ayer, the underlayer, and the nagnetic
| ayer being forned on the substrate.




Brief Description of the Drawings Fig. 1 is a diagramshowing a |ayered
structure of a perpendicular 5 nmagnetic recordi ng nmedium according to an
enbodi ment of the present invention; Figs. 2A and 2B are tables
showing materials of a first magnetic I3ayer and a second magnetic layer in
per pendi cul ar magnetic recordi ng nmedi a of Exanples 1-24 and Conparative
Exanpl es 1-2; and Fig. 2Cis a table show ng evaluation results of

Exanpl es 1-24 anl ofdemmairapriove tHexsignalas-nbise rabB SN Pﬁtﬂagaf betiadigiipedi nent

An enbodi nent of the present invention will be described in detail bel ow.

Fig. 1 is anagredic-reswtingrtype miediurs,moagmeficgrampgef adnagratictrecerdirfy layer

per pendi cul ar magnetic recordi ng medi um 100 according to an enbodi nent of

t he presentare ispéated snd ratliceddn peadiydormaing regrmauiac strecturadinnwhiol®di um 100 can

include a substrate (disk supstrate) 110, an adhesive Ia)éer 112, a soft

magnet i ¢ | Jpamapnatic subsaneentea.i oD} o oXide isrsepregated batwren Wger 118, an
er
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strengt hened gl ass di sk, which is hereinafter referred to as a di sk
substrate. A ummesihileatherghassesradernbnddd/to fedheeinomese the irfpaation,
particularly a flying height of a magnetic head because It provides
snmoot hness ratmdingglersty bf 2 esagnetiodiskx aRptently . BHirmenagnadic disleuskdk is 65
mmin a case of a 2.5-inch disk. It is preferable for the glass substrate
to have a doman HDRLex thedike her berareqyied todayeam ipformatian aivFaG® is 0.2 rim

or less ‘m%%ptaf:}% gsrgra{eer‘%ﬁar{ 8&’(9&%&%‘% p(gr diaskpr ilnng{c?ér {o meet such a demand, it
is necessary to achieve an information recording density greater than 400
Gbits/inch?. In order to achieve a high recording density of a magnetic disk
used for an HDD or the iike, 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, white a magnetic layer is multilayered,
a large amount of nonmagnetic substance (e-.g,._chromium) is added o 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 exira material is

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

Summary of the Invention



6 surface of the disk substrate 110 is neasured with an atom c force

m croscope (AFM. Here, Rmax and Ra conformto Japanese | ndustri al

St andards (JIS), Layers fromthe adhesive layer 112 to the continuous
| ayer 126 are deposited on the disk substrate 110 under an Ar gas

at nosphere by a DC magnetron sputtering nethod using an evacuated

deposi tion apparatus. The nedium protective |ayer 128 is preferably forned
by a CVD nethod. Then the lubricating |ayer 130 is formed by, for exanple,

di ti thod. It i f ble.t i ngl.e-substrate d iti
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| nvention éf%ré@ériski&%ﬁ@%apQetwm%c%@m Without reductid 6y Mdheskyerbayer 112 is
deposited as a 10-nm Ti alloy layer by using a Ti alloy target. The

adhesi ve I@y@ﬁetga;l@ee_an i nprove adhesi veness between the di sk substrate 110
and the soft magnetic |ayer 114. Therefore, the soft magnetic layer 114 is
prevent ed fromTheiimgnpeehad dfidentieiudexanpbdytion sfabhesbale womie@sThey Ti may
be used for the adhesive |ayer 112. Fromthe practical viewpoint, the film
t hi ckness infentdre hadhaliagied atigealionlit 2 magnstiefayenbs pait nf arecardieg eferinnm t o 50
nm The soft magnetic |ayer 114 includes a first soft magnetic |ayer
114a, a mﬁw%@aﬁléya&m@g@d@?gn%wé@coﬂ%meéw(&-%e@bﬁ@f?ew%gnﬁﬁ@ﬁé?w&"1 ayer

sxchange. U TRRRVP b e RS el U B o T ©
bet the fi ic. _ ; S anet]
PR T e A
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accuracy. I se produced fromthe so magnetic | ayer 1I4 can be reduced

because Vejuch &t 0RO LSedor BEFBSItcARE hRIN BEthdxEs. eFel thid eseqned. For
exanple, the first soft magnetic 7 |ayer 114a and the second soft nagnetic

| ayer 1l4chamyeberd eamicedihabedothiractefistcsnominsesteinmagnsidacer | ayer 114b may
i ncl ude ruthenium (Ru) as nonmagnetic material, The orientation
control | aheracterBlitmshen fmatisiaisdevist veriotewliespftMrearsbiRy weeggveadiic al ayer 114,
a function of pronoting alignment of the orientation of cr?/stal rains of

t he under | @&y&p Mm*ia@ﬁdn%gnegﬁay%ﬁ\wf repdbiieiinugniane haysfeupd nahQOE? yst al
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completed the embodiments of the present invention.

According to an exemplary aspect of the present invention, there is provided
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.

Brief Description of the Drawings

Fig. 1 is a diagram showing a layered structure of a perpendicular



The 'under| ayer 118 has a doubl e layer structure of Ru, for exanple. The
underl ayer 118 includes a first constituent underlayer 118a on a | ower side
of the underlayer 118 and a second constituent underlayer 118b on an upper
side of the underlayer 118. Wen the sécond underlayer 118b is to be
fornmed, a gas pressure of Ar is reduced as conpared to the gas pressure for
formng the first underlayer 118a, Wth this configuration, crystal
orientatio i ; unction of
reduci ng tEreuéiflszﬁg?%?&H%S‘é@??zgmﬁ%g{dﬁ@%:f&a}?ﬁ?snbgg Mﬁnetjagﬁés‘@rs%a{]e“ c layer
122, The onggintbayer 120 can be forned by using CoCrRu-Ti 02 having an hcp
structure. he first nmagnetic |ayer 122 is a nmagnetic granul ar | ayer
for form ng an iFiyst RAlandBE sreofablelsashaning e aterigisedfi fisbyragné@dlaygor exanpl e,
it is preferable to use (Co-12Cr-18Pt)-51102,

( Co- 12Cr - 1%ird-Bse@nd 0BagheiiSildgr inperpeoditaiar teRdetc Bakoding nxsiiDoi Co304

havi ng an hap crystal structure for the first nmagnetic |ayer 122. I n
t he presentExempdes n2dtand: Gempawabve Exampiesi t21 agkr 124 | ncl udes CoF' t
magneti c grains _contai ning oxide, The ipventors ed naterjal s, havi ng
various val ues &9 'ér?oﬁa&l?ﬁ eV B@!ﬂ?&eﬁﬁ%#@m@%ﬁ“ﬁﬁn%xam ned
magneti c characteristic n | ectromagnetic characteristics of the second
magneti c | Qariéveaéfﬁﬁéﬁﬁ'fi'he i nventor have found that CoPt magnetic
grains 8 containing oxide is the nost suitable material. An hcp crystal
structure is formed by using a target nade of a hard nagnetic naterial of
CoPt cont ai ni NgpRRErHenYT88e Ehmtdirhemn oxide ($i02), titanium oxide (Ti02),
chrom um oxi de ,rungsten e (W3), cobalt oxide (Co0), cobalt
oxi de (Co304), antkrhissifkntbiie geedeht #lentiomicte deseribed imdatilibelow.

subst ances, Those oxi des are segregated around nagnetic substance to form
grai n boundari efig. 4ds alabssseptivhabview ahowirfgox layaragr strudtane oftar uct ur e havi ng
a columar shape. Those magnetic grains e%i)taxi ally grow continuously from

or gnul ar sﬁaﬁ]mnsﬁiowardnamwéicaﬁ_@@ﬁzlgav@ﬂium Chwqiifegftq) ;atemwu@m:oﬂ ayer
. t . t
cont a i ng EPSSTIRVRE 1 Reves ottt oechs rRECR? 1005H o e,
! e S
Secona o A # agiideia A8E Supdtiud T et R VBT B riBeffc ol | oy

group consi St Fon = 3 )-/T102
(y=9, 10, ‘%’q?ﬁ%ﬁé@‘éﬁfﬂ?&ﬁﬁﬁe g@fﬁ%”“ﬁ‘? g%r fiﬁ%s)a? ocg{lggte%%%t | east
ORESIEt e a'zasslﬁ%ﬁh%qﬁe'ﬁenaymaz, 2sBondFhagreticlagdr 24/84. infeflaygr  Co304) .
The oxide content of the CoPt magnetic grains is preferably in a range of
from 8 at oncophnd laydis1 28, @dantihucuiagept 28, armbliynt patedivatayerd 28 and 14
atomc % The second nagnetic |ayer 124 preferably has a film

t hi ckness aflubticdtingdeyer 138, preferably at least 3 nm If the filmthickness
of the second magnetic layer 124 is less than 1 nm then only an initial

y ¢ D, X [
| ayer is formedFgst emarphausiuminosiispiegiass slorredino seiradaepials by ed.
Therefore, fhe f

ilmthickness of .the seco nefic layer 124 may

appr opr i at &IFGCHRIESIRG, SFebé(ﬁﬂ%'l'%?g P@? sr‘ﬁﬁbg‘%‘fnc@"%rﬁqﬁ%h'%' e I'n
t he present i ' net ¢ 4l ‘
el dos. GSBEMTE sEmept 36 SaReTRAD Chirga 3Bk 36 gl MRD HANE |
not Lim t eorbflddh SmBXMWirtnaciticldldssleulROARI 110 diay AlerfiRuly, nCl ude COPt
magnetl Cc g al ns contal ni ng o e. urthernore, I1n a case of a magnetl Cc
l'ayer havi grengthened glass disk, which is hereinafter referred to as a disk substrate.

Aluminosilicate glass can stably reduce magnetic spacing, particularly a flying

height of a magnetic head because it provides smoothness and high stiffness.

For example, the diameter of the disk is 85 mm in a case of a 2.5-inch disk. it

is preferable for the glass substrate to have a smooth surfaca such that Rmax is

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



mul til ayered structure of three or nore |ayers, at |east one magnetic |ayer
I ncl udes CoPt magnetic grains containing oxide. The other |ayers preferably
i nclude CoCrPt containing oxide or CoCr magnetic grains containing oxide.
The interlayer coupling |ayer 125 servds to control nmagnetic coupling

bet ween the second magnetic |ayer 124 and the continuous |ayer 126 by
using, for exanple, (Co-30C0-12Ti 2 or (Co40Cr)-123i02. For exanpl e,

Lhe conti nydiacs BY e didPsiistlats TRSisAheds rBEWith Brl abMiOHre iodedp@l A gas.

Cont i nuous nagnetismis forne ng a direction o rrace

continuous (hRKRI Ak, RS bhd Ral dinfereBUzphnb L ineRBlriaD BRinsaldR)(g1S)126 iS

preferably ‘equal to or less than 10 nm nore preferably equal to or |ess

than 5 m. Labérsifeom tef sdtadsihe lperdeigasithe cantiruous talesr 128@mim by a CVD
met hod so as to formthe nmedium protective |layer 128. The nedi um protective
| ayer 128 Idepasiprdodreths digk bulysdraté 310 pnderaart Angps #mospberecbyadietic | ayer
126 against inpact froma magnetic head. Cenerally, carbon deposited by a
CVD et hod rhagriefiendpatteiing ma%hﬁmwmasgva@,uai@wap@ﬂﬂ@mammﬁ- ddpesi ted by

[ hod. Th f h di [ |
e’ second MeAMBIEIChyRYRDESY b retar Rk HarTiac v S e c T PendRp 2.
tic head, T l, ' ' | 130,. be f d pf
BE?P Ful)(r:opg‘I'Wﬁ’éQ la(yppggg 's‘g ?'Igggithlb'*n%BQggrﬁé'en@tdllﬂig‘t[’]aﬂﬂ%emg{t}g’?i cgﬁ ng | ayer
130 h fli i f [
chai n st rudeTPack 5T shaiERiiats AlRasi e ARG BheftarTbe o7,
magnet i d'a%b%%i{(?b&mzfgg@iwow‘ﬁdaﬁfre%@aﬂ%Lﬁy,l%rén@bqnemsawdt psadio a

car bon- base t'ective layer wwth'its end group of a hydroxyl group

(OH). Théyes WPBE BeBéritRid Bdiew.nr Mafitiald deseribed hewd die rheredeampiéed i n
greater detail with reference to specific exanples and conparative

exanpl es. (Unicaspitiserijse’descpbeds Fhe prasest invention iginet imited td thosed into a
circular plate by 10 direct pressing. Thus, a glass disk was produced.
Gindi ng, mxbimpldsng, and chemical strengthening were sequentially carried

gﬂhsi’?a% 26??' Zsi“néiﬁ%@a%ﬁ?%%%gﬁéﬁsﬁé%g%%féﬁ%%”’éé%%ﬂ%ﬁhg?&@%bﬁa%&%%ad 2
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0. 635 mm Thele Beast; TRE aberh@IRYaF 112 bad inlitvs AR OveNsS dethETER e
di sk, The kf %tré%“gﬂmth%fs ( %@%Q@S?@g”;te ges neasur ed

with an atomc T0rce nicroscope gl ass su ad a snooth

oy ace, SoTe A VRGN ol MRfedonC P e, e and F
material containing T may be used for the adhesive layer 112, From the
practical viewpoint, the film thickness of the adhesive Jayer 112 is preferably in a
range of 1 nm to 56 nm.

The soft magnetic layer 114 includes a first soft magnetic layer 114a, a
nonmagnetic spacer layer 114b, and a second soft magnetic layer 114c. The
soft magnetic layer 114 is configured to have antiferro-ragnetic exchange
coupling (AFC) by providing the nonmagnetic spacer layer 114b between the
first soft magnetic layer 114a and the second soft magnetic layer 114¢.  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 bacause vertical components of

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



Next, an adhesive |ayer 112, a soft magnetic |layer 114, an orientation
control |ayer 116, an underlayer 118, an onset |ayer 120, a first magnetic
| ayer 122, a second nagnetic |ayer 124, an interlayer coupling |ayer 125,
and a continuous |ayer 126 were sequenti ally deposited on the disk
substrate 110 by a DC magnetron sputtering nethod using a C3040 sputtering
deposi ti on apparatus nmade by Cannon Anel va Corporation. First, the

35 at o c. 0% & AHE e EFoRRd SR goranets Ryerpids ma b Pt ot i ¢ | ayers

atoni o o CRCEZE, JedEuBiS SaRd IR 9 T RURE BNl (RiBag ™,

FeCoTaZr tar pmgnetic spacer layer 114b was forned as a 0.5-nm Ru
| ayer by uzﬁoﬁg&gg%ﬁgr get’, Next, the orientation control |ayer 116

of NI Whaving athBisikpgssn @Bntﬁoméyi@lrglgb ha8'a fah@BrCofProtéttiy BeosBfc %, the

constituent underl ayers 118a and of Ru each having a filmthickness of
10 nm therﬁmicl%gem@wuﬂéti@o@mm&jﬁgamM of thdodbmatisnof 1.5 rim
(Ca: 52 atomic % 27 atomic % Ru: 9 atomc % T102,: 12 atomc %, the
first magnetystallgesies o2 wideGo@rP18Samd aduddidn i veduping thei sieeftheof 5 rim
(Co: 65 atomc % C. 11 atomc % Pt: 17 11 atomc % Si02: 3.5 atomc %
Cr203: 3. 5castatioezing., Theeosesdalion eanjieblaysr [ H5ean be forareddypusing BN t he
interlayer coupling |layer 125, and the continuous |ayer 126 were
sequent i al NgvingARdac sHUGtHE. sof t- magnetic | ayer 114. A deposition gas

i tuent. under| s 1.5 Pa,

hhereas a deposihe URogiSes a8 bas 2 RR's RUETidlg o B o @BelS hen
B N e

with a thickness o usi ng a magneti c materi al

of CoPt-Ti gt?g\(e%deﬁayéﬁ 08 dnd’s sEéontodtisiticnt dhdeti=pdr 1168b a6 arRippe) havi ng

an hcp cry structure. The interlayer coupling’layer 125 was forned with

a t hi cknesgidefof@hé underyet $1819 WheatigesendUmd2asyerABE0R tdba farmedn hcp
crystal structure. Furthernore, the continuous |ayer 126 was fornmed with a

t hi ckness afgas. fressurbwf Asistgdacachag compéreGdCiifg gag musse@ for formin®e Cr: 18
atomic % Pt 11 atomic % B: 5 atomc Yo). | Next, a  medi um protective
| ayer 128 thssfimsbundariayer il o y¥itnthisi cenfiavmatiosnciveiel soenteRoDEan PEyer 126 by
a CVO nethod. Since hydrogenated carbon can inprove the film hardness, the
nediunlproFEEFWGS'layer 128 can protect a primary perpendicul ar recording

2 EREGhedr A A, el ceyong o She byt 00 | oyt
L ubri cati ngn)cy Qraids Bf (ha%irst shhhrBtichhyereSS The bnkkiTayer 120 can be
formed by using CoCrRu-TiO7 having an hep structure.

The first magnetic layer 122 is a magnetic granular layer for forming an
initial layer of the second magnefic layer 124. For example, it is preferable to
use (Co-12Cr-18PY-5TiO,, (Co-12Cr-18P1)-3.5Cr03-3.58i0,, or (Co-12Cr-
18P1)4.5Ti02-4.55i0,-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



Thus, a perpendi cul ar magnetic recordi ng nedi um of Exanple 1 was produced.
(Conpar ative Exanple 1) A per pendi cul ar magneti c recordi ng nedi um of
Conparative Exanple 1 was produced with the same fil marrangenent as that
of Exanple 1 except that the second madhetic |ayer 124 was formed of
CoCrPt-1102 (Co: 62 atomc % C 7 atomic % Pt: 19 atomc % T102: 12
atomc % . (Conparative Exanple 2) A perpendicul ar magnetic recording

medi um of Gempsniag lokﬁeﬁ%m@st?suitéﬁfeWﬂéteﬁépdmmp;\brthal SpudarBisi i1 m

arrangenment as that of Exanple 1 except that the ond magnetic |ayer 124

was _f or med fofméd By Bsingiz08rdebmadétofad leard endgnefic: mAedaiatiCoPcontainiAg at omi ¢
% Ti02: 12 atomc % . (Exanple 2) A per pendi cul ar magneti c recordi ng

medi um of D&y anes ofaiicon oxfdeéazam) tiitanie m(?rohmammngmm as that of
Exanpl e 1 except that the second nmagnetic | ayer 124 was forned of CoPt-T102
(Co: 72 at d@rzé) o tupgsten oxideriNO), cabedtoxide i), cobglt oxide (Coz04), and

tantalum oxide {Taz0s), which are nonmagnetic substances, Those oxides are

segregated around magnetic substance fo form grain boundaries, so that

magnetic grains form a granular structure having a columnar shape. Those

magnetic grains epitaxially grow continuocusly from granular structures of the

onset layer 120 and the first magnetic layer 122,

The inventors exarnined various types of CoPt magnetic grains
containing oxide while vatying the amount of Pt added, the kind of oxide, and
the amount of oxide added, As a result, it is preferable to form the second
magnetic layer 124 of at least one compound selected from the alioy group
consisting of (Co-xPt)-13TiO; (x = 20, 22, or 25), (Co-22Pt)-yTiOz (¥ = 8, 10, 11,
12, 18, or 14}, and (Co-22P1)-12{cxide) (oxide = at ieast one mafterial seiected
from TiOg, Si03, Cra03, Taa0s, WO3, Co0, or Coz04).  The oxide content of
the CoPt magnetic grains is preferably in a range of from 8 atomic % to 15
atomic %, more praferably from & 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
laver 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 fayer 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. Furthemmore, in a case of a magnetic layer having



(Exanpl e 3) A perpendi cul ar magnetic recordi ng nmedi um of Exanple 3
was produced with the sane filmarrangenent as that of Exanple 1 except
that the second magnetic |ayer 124 was fornmed of CoPt-T102 (Co: 71 atom c

% Pt: 19 atomic % 1102: 10 atomc % & (Exanple 4)
magneti c recordi ng nmedi um of Exanple 4 was produced with t

A per pendi cul ar
he sanme film

arrangenent as that of Exanple 1 except that the second nmagnetic |ayer 124

% ( Examplihdgered HAGuIERE ek & B el oot RMRinele BRI o1 Evarm o
ple 55" ,_
Cnat the s RS SRS R, SHRCIEAPERRE, The BURM bre ety Jiom

gnet |

% Pt: 19 aQMecCOCrPtERRtinify aliggic? CACr e aifis containi

magneti c recordi ng medi um of " Exanpl e 6 was produced with t

02" (Co: 68 atom c

Bgigeendi cul ar
e sane film

arrangenment as Thatntefayex aoppliinglagerca® sdrbed tol dobtrobeagdetmomaiing | ayer 124

was fornmed of CoPt-1102 (Co: 67 atomc % Pt 19

between the second magnetic layer 124 and the continuous layer 126 by using,

far example, (Co-30Cr)-12TiO, or (Co-30Cr)-125i0,.

For example, the continuous layer 126 is formed of a CoCrPiB film by

using a low Ar gas. Continuous magnetism is formed along a direction of a

surface of the continuous fayer 126. The film thickness of the continuous layer

126 is preferably equal to or less than 10 nm, more preferably equal to or less

than 5 nm,

It is preferable to deposit carbon under vacuum by a CVD method so as

to form the medium protective layer 128. The medium protective layer 128 is a

protective [ayer 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

mathod. Therefore, the medium protective layer 128 can protect the second

magnetic layer 126 more effectively against impact from & magnetic head.

The lubricating fayer 130 can be formed of perflucropolyether (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

fubrication characteristics for a magnetic disk. Perfluoropolyether can exhibit

high adhesiveness to a carbon-based medium pratective fayer with its end

group of a hydroxy! group (OH).

The embodiment of the present invention will be described in greater

detail with reference 1o specific examples and comparative examples.

(Example 1)

Amarphous aluminosilicate glass was formed into a circular plate by



atomc % 1102: 14 atomc %, 13 (Exanple 7) A per pendi cul ar
magneti c recordi ng nedi um of Exanple 7 was produced with the sanme film
arrangenent as that of Exanple 1 except that the first magnetic |ayer 122
was formed of CoPt-T102 (Co: 69 atomic4fg Pt: 19 atomic % Ti02: 12 atom c
% and the second magnetic |ayer 124 was fornmed of CoCrPt-T102-Si O Co304
(Co: 64 atomic % Cr: 9 atomic % Pt: 16 atomc % 1102: 5 atomc % Si02:

5 atomc %.,00304: 1 atqm [0 le. 8 A, di cul ti

Cecor i ng BCLASENEADPE SOk ISR, GRS A ngerent
t hat of ' t] f d of

Rl e o e U L

atomc 9 ] ;

ohor bt - 1) 0 Eehy Rraffens FREBidrina etk disk bytSaleXBeheblicall, 1 oni ¢ %

1102: 5 at oiefigtienst Qlissisn. omihe glasPAisRAad b dbPBI c¥BS nirkXansiid) A

per pendi cul ar rmagnetic recordi ng nmedi um of Exanple 9 was produced wth the
same film alidrasigestd0 nera, aths dik thickmesscof D &% rmt. tTiw gihkedksknats magneti c

i ayer 122 was formed of CoPt-Ti 02-Si 02- Co304 (Co: 69 atomic % Pt: 19
atom c % Taoded 8s atsubbtrai¥rfocd A5-ingh magnetic %isk00Tbe sufface crdghness ahd t he
second magnetic |ayer 124 was formed of CoCrPt-T102-5i 02- Co304 (Co: 64
atom c % @he cbtainashelesssulmtrate wasMmaasyres with ep atemigfefredninossene: 5 at omic
% Co304: ](A?hﬁm %hg@glasg%}%g@étg hjé%)a smooth surface such that Rmax was 2.18
nm and Ra was (.18 nm. Here, Rmax and Ra conform to Japanese Industrial
Standards (JIS).
Next, an adhesive layar 112, a soft magnetic layer 114, an orientation
control layer 116, an underlayer 118, an onset layer 120, a first magnetic layer
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 CrTi4S 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: 85 atornic %, W: 5 atomic %), the constituent underiayers 118a and 118b of
Ru each having a film thickness of 10 nm, the onset layer 120 of CoCrRu-TiG,
having a thickness of 1.5 nm (Ca: 52 atomic %, Cr; 27 atomic %, Ru: 8
atomic %, TiO2: 12 atomic %), the first magnetic fayer 122 of CoCrPt-Si0,-

Cry03 having a thickness of 5 nm {Co: 65 atomic %, Cr: 11 atomic %, Pt: 17



A perpendi cul ar magnetic recordi ng nedi um of Exanple 10 was produced with
the sanme fil marrangenent as that of Exanple 1 except that the second
magnetic | ayer 124 was fornmed of CoPt-TiQ2 (Co: 70 atomic % Pt: 17 atomc
% 1102: 13 atomic % . (Exanple 11) 1419 A perpendi cul ar magnetic
recordi ng medi um of Exanple 11 was produced with the sane film arrangenent
as that of Exanple 1 except that the second nmagnetic |ayer 124 was forned

2 PTG, S e o O XA ), Wb g g

roduced w f t4pat éd@* t that
ltOhe second 1?&9%%%3?’%?(;} %@%g%ﬁgéﬁr ?(I%gptaﬁt%i@ ( mi@a%%%gf[égﬁj c % Pt:
19 atomc %Qsﬁé}arseaaemﬂ?mn?@d- orf fheayon! Radrtic layer A4be sRighaasmagneti c

recordi ng nmedi um of Exanple 13 was produced with the same fil m arrangenent
as that of precsnrs for theRadpjertditie ¢dmstiteapoddertayeetii8a wagd(s 224 was forned
of CoPt-Cr203 (Cc): 74 atomic % Pt: 19 atomc % C203; 7 atomc 9.
(Exanpl e 1ahereas a2 depesifiemghspleasuredgnibei Ru layeootiheconstifilent of Exanpl e 14
was produced with the sane film arrangenent as that of Exanple 1 except
that the sébepdayaidiBemasi&y&a. 124 was forned of CoPt-Ta205 (Co: 76 atomic

) 1 0 . 1 [
% Pt 19 atom CTK% sgggr(!)c? Magngécofgygr ‘@4 was formed with a thickness of § nm by

using a target made of a hard magnetic materiaf of CoPt-TiO2 (Co: 68 atomic %,
Pt: 18 atomic %, TiOa: 12 atomic %) having an hep crystal strueture.  The
Enterlayer coupling layer 128 was formed with a thickness of 0.6 nm by using a
target of Ca-27Cr-12TiO; having an hep crystal structure.  Furthermore, the
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: § atomic %).

Next, a medium protective layer 128 was formed of hydrogenated carbon
on the continuous layer 128 by a CVD method. Since hydrogenated carbon
can improve the film hardness, the medium protective layer 128 can protect 2
primary perpendicular recording layer against impact from a magnetic head.

Then a jubricating 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 Exampie 1
was produced with the same film arrangement as that of Exampie 1 except that
the second magnetic layer 124 was formed of CoCrPi-TiO, (Co: 62 atomic %,
Cr: 7 atomic %, Pt 19 atomic %, TiO,: 12 atomic %).

{Comparative Example 2}

A perpendicular magnetic recording medium of Comparative Example 2



(Exanpl e 15) A perpendicul ar nmagnetic recordi ng nmedi um of Exanple 15 was
produced with the sane fil marrangenent as that of Exanple 1 except that
the second magnetic |ayer 124 was forned of CoPt-W3 (Co: 76 atomic % Pt
19 atomic % W3: 5 atomic 5/0). (Exanffe 16) A perpendi cul ar magnetic
recordi ng medi um of Exanple 16 was produced with the sane film arrangenent
as that of Exanple 1 except that the second nmagnetic |ayer 124 was forned

of  CoPt - CoQeRoddc WY $4méhim fandeient as that of Example 1 except that
the second magnetic fayer 124 was formed of CoCrPt-TiO; {Co: 66 atorie %,
Cr: 3 atomic %, Pt 19 atomic %, TiOs: 12 atomic %).

{Example 2)

A perpendicular magnetic recording medium of Example 2 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: 72 atomic %, Pt 18
atomic %, TiO2: 9 atomic %).

(Example 3)

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-TiOz (Co: 71 atomic %, Pt: 19
atomic %, TiOg: 10 atomic %).

(Exampie 4}

A perpendicular magnetic recording medium of Exampie 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 (Co: 70 atomic %, Pt 19
atomic %, TiOq: 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-TiO; (Co: 68 atomic %, Pt 18
atomic %, TiOa: 13 atomic %).

(Example 6)

A perpendicular magnetic recording medium of Example 6 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: 67 atomic %, Pt. 19

atomic %, TiO2: 14 atomic %),



‘atomic % CoO: 6 atonmic % . (Exanple 17) A perpendi cul ar magnetic
recordi ng medi um of Exanple 17 was produced with the sanme fil m arrangenent
as that of Exanple 1 except that the second magnetic |ayer 124 was fornmed
of CoPt-Co304 (Co: 75 atomic % Pt: 19smtomic % Co304: 6 atomc 9.
(Exanpl e 18) A perpendicul ar nmagnetic recording- medi um of Exanple 18 was
produced with the sane fil marrangenent as that of Exanple 1 except that
the first mgn%é&r\kﬁ%% 122 was forned of CoCrPt-Cr203 (Co: 65 atomc %
Cr: 11 atomc 9 . atomic % C203: 7 atomic % . (Exanple 19) A

DaneT i1 i ar  anBEepariC R iicTEEor Mo Hedi B ettt Pty I L 1"
layer 122 Wtﬁ%aﬁém&&%E%eﬁfagama&@fﬁxgé?@tpakeepl(%hﬁthéﬁr@tOm' c % Pt

17 atomc % C203: 5 atomcC 9 (Exanpl e perpendi cul ar
nmagnet i c rﬁ%ynéﬁﬁﬁyéﬁdﬁmmaaffo@@ﬂﬂ@o@%?ﬁ%@f@@'éﬁﬁﬁie%}ﬁ:396‘ sane film

arrangenent as that of Exanple 1 except at the first magnetic |ayer 122
was f or med atdmi€8er RO, Cr28Bntt 03) anadhe 6Zcaridomagnétic Byer 124 amefdrmed ofPt : 17

O SCTPLTIO S107-Go304 (C0: 64 atorc %6, Cr & atomic %, Pt 16 atomic %
TiOz: 5 atomic %, SiQq: 5 atomic %, Co304; 1 atomic %),

(Example 8)

‘A perpendicular magnetic recording medium of Example 8§ was produced
with the same film arrangement as that of Exampie 1 except that the first
magnetic layer 122 was formed of CoPt-Ti02-Si0; (Co: 69 atomic %, Pt: 19
atomic %, TiO: 9 atomic %, SiO2: 3 atomic %) and the second magnetic layer
124 was formed of CoCrPi-Ti0»-8i02-C0304 (Co: 64 atomic %, Cr: 9 atomic %,
Pt: 16 atomic %, TiOs: 5 atomic %, SiO2: 5 atomic %, CoaO4: 1 atomic %).

(Example 8)

A perpendicutar magnetic recording medium of Exampile 9 was produced
with the same film arrangement as that of Example 1 except that the first
magnetic layer 122 was formed of CoPt-TiO2-8i02-Co304 (Co: 68 atornic %, Pt
19 atomic %, TiO2: 8 atomic %, SiOx: 3 atomic %, Co304: 1 atomic %) and the
second magnetic layer 124 was formed of CoCrPtTi02-Si02-C0304 (Co: 64
atomic %, Cr: 9 atomic %, Pt 16 atomic %, TiO,: 5 atomic %, SiOz: 5 atomic %,
Co304: 1 atomic %).

{Example 10)

A perpendicular magnefic 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; {Ca: 70 atomic %, Pt 17

atomic %, TiOz: 13 atomic %).

(Example 11)



(Exanpl e 21) A perpendi cul ar magnetic recordi ng nmedi um of Exanple 21
was produced with the sane filmarrangenent as that of Exanple 1 except
that the first magnetic layer 122 was forned of CoCrPt-1102-S102- Co304 ( Co:
69 atomic % C: 7 atomc % Pt 14 atofdc % Ti02: 4.5 atomic % Si02: 4.5
atomc % Co304: 1 atomc %. (Exanple 22) 16 A per pendi cul ar
magneti ¢ recordi ng nmedi um of Exanple 22 was produced wth the sanme film

fas formed of @%&3%%‘?@%@%8‘3%&%@%@*5{@ arple HGL C e
14 atom c Qg?odidégawutﬂ tRe §hﬁ;@f§m%rra’ﬂg%enﬂa§tf?ét%FEﬁaﬁmeCPaQé’ept1ha%tﬁ%ﬂ cC9N.

(Exanpl e A per pendi cul ar “magneti ¢ recordi hg nedi um of Exanple 23

was pr Oducgdccmatrhagﬂiamsam 124 wasforaed NCoP1at04 {Cd: 85 atborintt, Bt 22 xcept
that the second magnetic | ayer 124 was fornmed of CoPt-1102-6102 (Co: 69

atom c % Blamid %,d00m 13 8tomid88). 8 atomic % 5102:4 atomic T). (Exanple 24)
A perpendi cul ar magnet i c recordi ng medi um of Exanple 24 was produced with
the sane film affampdeé®l as that of| Exanple 1 except that the second
magnetic | ayer 124 was forned of Co 7102ﬁ$l 02- Co304 é(‘@ 69 atomc % Pt:
19 atom c % 114 PerRengiciaramagneticapeordingrpadismogf %ﬁ'@@i WaSonic 9.

produced with the same film arrangeiment as that of Example 1 except that the
second magnetic layer 124 was fum%ed of CoPt-SiQ; {Co: 68 atomic %, Pt 19
atomic %, Si0Os: 12 atomic %). !

(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 %, Cra0g: 7 atomic %;.

(Example 14)

A perpendicular magnetic rec?rding medium of Example 14 was
produced with the same film arrangement as that of Example 1 except that the
second magnetic fayer 124 was formed of CaPt-Ta;z05 (Co: 75 atomic %, Pt 19
atomic %, Ta;0g: 5 atomic %).

(Example 15}

A perpendicular magnetic recgrding medium of Example 15 was
produced with the same film arrangément as that of Example 1 except that the
second magnetic layer 124 was formed of CoPt-WO; (Co: 76 atomic %, Pt 19
atomic %, WO3: 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 fcm?ed of CoPt-Co0 {Co: 75 atomic %, Pt 18

|



(Exanpl e 25) A perpendi cul ar nmagnetic recordi ng nmedi um of Exanple 25
was produced with the sane filmarrangenent as that of Exanple 1 except
that the first magnetic layer 122 was forned of CoPt-Ti02 (Co: 69 atomc %
Pt: 19 atomic % Ti02: 12 atomc % . (Bxanple 26) A per pendi cul ar
magneti c recordi ng nmedi um of Exanple 26 was produced with the sane film
arrangenent as that of Exanple 1 except that the first magnetic |ayer 122
was fornmed ; KO 02,(Co: 69 atomic % Pt: 19 atomc A 1102: 9
atomc % E?%B‘gggt%gd%mgéf‘@‘g /f val uati on) The perpendi cul ar magnetic

recordi ng nedi ag{anf‘f]gﬁgove Exanpl es and 17 Conparative Exanples were
evaluated in th{a ol'l'ow hg manner. The saturation magnetization (M) of

magnetic char acﬁ?’eirﬁéddkﬁﬂ#ﬁﬁa@éklfé&ﬂdin\girh@di@mvéfl&@?ﬁmg‘ﬁ% e nmagnet onet er
(VSM having a maxi mum application magnetic field of 15 kOe. Sanples for

VSM neasur gradiicedii® the edrediimvdrtdngament asthat of Enamnplli hexeept tingttthat e (di sk
substrate) 110, an adhesive layer 112, an orientation control |ayer 116, an
under | ayer sédd magnetiodaydralfd wa trmed of &ofbdiagty (Cot éE atomic%yRe 1828. The
crystal nmagnetic anisotropy (Ku% was evaluated with a torque nmagnetoneter
havi ng an &fgicdatCenPaB@iemic™).i el d of 25 kOe. In Fig. 2C, Ms and Ku
represent the eyaluatign results regarding the second nagnetic | ayer.

Furt her nore, thé’ﬁﬂ@ﬁ\%f‘ﬁ coercive force (Hc) and the index of thernal

fluctuati Ky/ kKT I i f t
appar at us. havi nf PAMRRSaHRA HBRALE der OB B e S P E 1838 o Nor eover
ap | | . Nay! e
donsi £y of PRELERE WIFREEEHfe Han ZirElEt 24 MR of EXEmBIF, R0 it e 000
recording fygeey gﬂg}%: hepd,aRauiniel NCSEPITe0% (ol 68 atortersliatg1and a GVR

el ement for repro At that tine, the flying height of the magnetic
head was 1@idwit %, Pt: 17@@ﬁic_%ﬂei%oasm@mmibefoymteri als of the first magnetic

| ayer and the second magnetic |ayer in the perpendi cul ar nagnetic recording
medi a of Exanpl é&xatapd 18phd Conpar ati ve Exanples 1-2 and the eval uati on
results of ExarrRI pee?pelr;d%ébIgrnmdagcr?er;l%ar\regéljd%aeg rﬁégitrxrlpnl &s&%géle 18 was
produced with the same film arrangement as that of Exampie 1 except that the
first magnetic layer 122 was formed of CoCrPt-CrQ3 (Co: 67 atomic %, Cr: 11
atomic %, Pt 17 atomic %, Cr,03: 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-Cra02-8i0; (Co: 67 atomic %,
Cr: 11 atomic %, Pt 17 atomic %, CraOa: 2.5 atomic %, SiO,: 2.5 atomic %).
(Example 21‘)
A pempendicular magnetic recording medium of Example 21 was
produced with the same film arrangement as that of Exampie 1 except that the
first magnetic layer 122 was formed of CoCrPt-TiO2-8i03-Co30, (Co: 68
atomic %, Cr; 7 atomic %, Pt 14 atomic %, TiO: 4.5 atomic %, Si0: 4.5
atomic %, Co304: 1 atomic %).

(Example 22)



As can be seen from Figs. 2A-2C, according to a perpendicul ar magnetic
recordi ng nmedium of the present invention, the. second nagnetic |ayer or the
first magnetic |layer includes CoPt magnetic grains containing oxide so as
to elimnate G conponents but to incugase the amount of oxide. Therefore,
Ku of the entire recording |layer can be inproved so as to prevent a thermnal
fluctuation phenonenon. Furthernore, when the CoPt magnetic grains 18
containing oxide is used for the second nmagnetic |ayer or the first

magnetic | ayer , APREPANCICHA MAAORES secarding anqriighaliExampee2 ¥a§ be reduced,
making it possible. | nproye the recordin nger epr cin har,acteristics
and 1o redicauprs vithdne SRS i aBEnbSRRRER e B EkERPRAL S b AR S L

repr oduci rackeri st r | ngl.i di ng nmedi um
and prevent O AREC YS! Lrwet (R R R R S RO [ B V202 | ow
cost . atohle 9, ¢ 1934dific 129801 4labfinke %, NOPE 8GN AYSBL QS

el ectromagneti ¢ characteristi'cs can be inproved wthout' det®rioration of
magneti ¢ CHRFACYRIGHD,CP alimitder mal stability. Thus, a perpendicul ar
magneti c recordi ng nmedi um according to the present invention can cope with

further increag€xampld23y ecording density. - Various exenplary
embodi ments of this invention will be enunerated in the follow ng itens
(1)-(5). A pedpendiseiap enaginetit racondiog meadiumed Examplp A2wiasm used for

i nformati on recordi ng of a perpendi cul ar magnetic recording type, the
per pendi cupradueedwibithe same Ml ayanaemen aoingt PERXMPlE texapt Hiat they sof t
magnetic | sagc%rnéi rgggnuqu arwlre%% vja()srfrgermdéd a EGPt-ﬁoz-Sicg {Co: 89 atomic %,
Pt: 19 atomic %, TiOz: 8 atomic %, SiO,: 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-TiOz-8i02-Co304 {Co: 69
atomic %, Pt; 18 atomic %, TiO2: 8 atomic %, 820:2: 3 atomic %, Coa0y4: 1
atomic %;. !

(Example 25) ‘ ‘

A perpendicular magnetic recarding mediu:rn of Example 25 was
produced with the same film arrangement as thaf of Example 1 except that the
first magnetic fayer 122 was formed of CoPt-TiO; (Co: 68 atomic %, Pt: 18
atomic %, TiO2; 12 atomic %). :

(Example 26) '

A perpendicular magnetic recording mediu?m of Example 26 was
produced with the same film arrangement as that: of Example 1 except that the
first magnetic layer 122 was formed of CoPt-Ti05-5i0; (Co: 88 atomic %, Pt: 19
atomic %, TiO2: 9 atomic %, Si02: 3 atomic %). .

{Evaluation) ‘

The perpendicular magnetic recording média of the above Examples and



.a magnetic layer having a nmultilayered structure including a plurality of
magnetic | ayers, at |east one of the magnetic.layers including CoPt
magneti ¢ grains containing oxide, the ﬁ?ft magnetic | ayer, the underl ayer,
and the magnetic | ayer being fornmed on'the substrate. (2) The

per pendi cul ar nmagnetic recordi ng nmedium according to item (1), wherein the
oxi de conprises at |east one material selected fromthe group consisting of
5i 02, T102,Canpadtiva Exa6iplaadscre@vdluadertiinGis dellowing manqd). e per pendi cul ar
magnetic recording medi um according to Ltenl(é%-O( (2), wherein an oxide
content of sAwatppmaghghzation (Wshohmagneliceharacteristics was evajuatedavithiome of t he

is in,a range of f atomc %to 15 gtomc % (4)

?ﬁ)gngéi)r Eehgﬁﬁéﬁw-Sﬂg@%mﬂsn %*e’tﬁlt%néé lvma 3 FENTRIMARPYC | mpgnet'gim
1)-(3) , ?e' e %net‘lic % i n ru es.two eti,c ., avers o an
1 5f 15 k8., e aries for TREL mefrurtfing Wi ARstlgae
ope b9 B e e AR B o
"GR8 IncIRARS bl st BB LR SLEGRR(DAS, 2h JIBBURE 16y 320

cont ai ni ng er pendi cu netrcr hg nmedi um

according td?ieﬂfh%oﬂfcoggr‘égi‘réy%?ﬁ ??1 undBRaRIr 18NEn PHQ&W%?EQ% gnd gr med of a

mat eri al contal ning oy as & principle co . In the

per pendi culAsdilRastdctive RRRF 280 TRE bnyBladmagnetic Bhisbiispy e 5, the

magneti c | ayer includes CoPt nmagnetic grains containing oxide so as to

el i mi nat e Gvahtgbwithtastolmue magnetcmeterdaiving amapplicatidn meigdetic fidldroéf ore, Ku
of the entire recording |ayer can be inproved so as to prevent a thernal
f | uct uat i or2fpkReoniarfog. 2GuMe met lar eprageshtha svsluativatresults repgardingthef or a
magnetic |ayer, the filmthickness of the magnetic |ayer can be reduced,
making it FESIN®MAANGYEA¥ehve the recording and reproduci ng characteristics

d d . | i f,.th i d
oo oduet . chareheRnard the wpoaetid con it BEETN Ao bRTndECS BeRarnn, |,
d t f ' ' d at |
P Ve B PR Bhrd ARG R PASBPRER RReCOR R BEIRE VO 2L | O
wi t hout daa?gﬁ%t@% ngin fs ABGRRI spﬁmﬁaﬁ?ﬁgggﬁe HSIdf 2R3h@éml MStgRkt i LY.

Thus, a per gnetic recordi.ng nédi um-according to the present

i nventi on GRB ré@REinYidnd reprddicihgicharaeristiof wehe evaloatedi a1 rdeoriiny -

Wil e the invention has been particularly shown and described with

ref erence tdensiteopll 350 kfehwitl améti\Eanaiyzes@ind a perpengicnlar magnstimot linted to
t hese enbodi ments. It will be understood by those of ordinary skill in the

art that vdererdinactyee qragnefic headrhawing @il T slemsntiiyr maeingica BMRt hout
? ﬁga:ﬂt ;Pgsferlgrwe}\thf%r ?éapircr)ei:!&cir?gn.d ftctggtetirgé. thg ?Iy%%%sé?g% oif Vee%%igﬁgticaﬁegf fined by
was 10 nm, :
Figs. 2A-2C show the materials of the ﬁrst;magnetic layer and the
second magnetic layer in the perpendicular magheﬁc recording media of
Examples 1-24 and Comparative Examples 1-2 énd the evaiuation results of
Examples 1-24 and Comparative Examples 1-2, :
As can be seen from Figs. 2A-2C, accardir:xg to a perpendicular magnetic
racording medium of the present invention, the second magnetic layer or the
first magnetic layer includes CoPt magnetic g'rain:s containing oxide so as to
eliminate Cr components but to increasa the améunt of oxide. Therefore, Ku

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

fiuctuation phenomenon. Furthermore, when the CoPt magnetic grains



20 CLAI Ms: - 1. A perpendicul ar magnetic recordi ng medi um used for

I nformati on recordi ng of a perpendi cul ar magneti c recordi ng type, the

per pendi cul ar magnetic recordi ng nmedi um conprising: a substrate; a soft
magnetic |ayer; an underlayer forned; %hd a magnetic |ayer having a
mul tilayered structure including a plurality of magnetic |ayers, at |east
one of the magnetic |ayers including CoPt magnetic grains containing oxide,

the soft nRgRglidifg baie"s u&é@fdﬂ%ﬁi@éé@%ﬁrmaé’r{éiictl r%ﬁ%@s@da@}ﬁeﬁc bei ng

formed on the subStrate. 2. The perpendi cul ar magneti c recordi ng

nedi um acc gy the Fitm ¢higkmasé of remagnetidiay&t cdregs tedoieed | m¥Rihgiitncl udi ng CoPt
magneti c grains containing oxide is forned of at |east one conpound

sel ect ed f possiblecodiriboyveghe ecardingiestlireprodiicih@ahaRicterkdits @ad (o rfuce22, or
25), (Co-22PO-yTi02(y= 9, 10, 11, 12, 13, or 14), and (Co-22Pt)-12(oxide),
wher ei n t héhogoste &smperdibdmarovemest obine raaergingandepeedustng rom t he group
consisting of Si02, h02, Cr203, Ta205, W3, CoO and 00304. .

characteristics of a perpendicular magnetic recording medium and prevention of

a therma! fiuctuation phenomenon can be achieved at low cost.

In other words, according to the present invention, 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.
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
magnatic recording medium compsising:

a substrate;

a soft magnetic layer;

an underlayer formed,; and

a magnetic layer having & 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 Si0, TiOz, Cry03, TagOs, W03, Co0, and Co30a. '

(3) The perpendicular magnetic recording medium according to ftem (1)

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



3. The perpendi cul ar magnetic recordi ng nedi um according to claiml1,
wherein an oxide content of the CoPt magnetic grains included in the at

| east one of the magnetic layers is in a range of from8 atomc %to 15
atomc % 4. The perpendi cul ar ¥agnetic recordi ng medi um accordi ng
to claim1, wherein the magnetic |layer includes two magnetic |layers of an
upper magnetic layer and a | ower magnetic |ayer, and the upper nmagnetic

| ayer or t Heastamerofitg neignetit Riyers i bugege SPFEMIS MMEAEY © W ai ns
cont ai ni ng oxi de. 5. The perpendi cul ar magnetic recordi ng medi um

accordi ng tatomicaten 1, wherein the underlayer is formed of a nateri al
containing Ru or Ru_alloy as a principle conponent.
{4y The perpendicular magnetic recording medium according o one of
items (1)-(3) , 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 lower magnetic layer includes CoCrPt magnetic grains containing oxide.
(5) The pemendicular magnetic recording medium according to one of

iterns (1)-(4), wherein the underiayer is formed of 8 material containing Ru or

Ru alloy as a ptinciple component.

in the perpendicular magnetic recording medium of each of the items 1-
5, the magnetic layer includes CoPt magnetic grains containing oxide so as to
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. Furthermore, when such a material is used for a
magnetic layer, the film thickness of the magnetic laver can be reduced, making
it possible to improve the recording and reproducing characteristics and to
reduce the cost.  As a result, 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 stabiiity. Thus, a
perpendicular magnetic recording medium according fo the present invention

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

referance to exemplary embodiments thereof, the invention is not limited to
these embodiments. !t 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 prasent invention as defined by the claims.



20
CLAIMS:
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 inciuding 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 at least one layer including CoPt magnetic grains containing oxide is formed of at least
one compound selected from the alloy group consisting of (Co-xPt)-13TiO, (x=20, 22, or 25),
(Co-22Pt)yTiO, (y= 9, 10, 11, 12, 13, or 14), and {Co-22Pt}-12(oxide), wherein the oxide
comprises at least one material selected from the group consisting of SiO,, TiO,, Cr0s,
Ta,0s5, WO;, Co0, and Co;04.

3. The perpendicular magnetic recording medium according fo claim 1, wherein
an oxide content of the CoPt magnetic grains included in the at least 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 lower 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 coniaining Ru or Ru alloy as a principle component.



