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WD 2005/ 031713 PCT/ JP2004/ 014300 1 DESCRI PTI ON

PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM AND MAGNETI C
WOREGOREI7NG REPRODUCI NG APPARATUS 5 TECHNI CAL FPEi/ADP206M014300

present invention relates toja magnetic recording

mediumused in a hard disk apparatus and the Iike

usi ng a magneti c recor dDESQREPIIONOgY, and to

preferable technology used in the nagnetic

recordi ng/ reproduci ng nedi um usi ng the magnetic 10

recordi ng/ reproduci ng apparatus. Priority is clained

0 ' ' : i

PP BRI R e A R Bk DByo SR Bop ARE MidciBimc
i ncorporated herein by reference. [ appljcation is
an appl 1 cat 1 AECORINGHBEPREBUCHEAPRARERISI S g
pursuant to 35 U S.C.  119(e) of the filing date of
Provi si onal Application 60/507,124 on Cctober 1, 2003,
15 pursuant to 35 U . S.C. 111(b). BACKGROUND ART In the
conventional art, a mMAPEGHNICAEFHFHODNg nedi um using a

| ongi tudi nal rmagnetic recording systemis well known.

On the Bidiek: iRadfionirBlalk €8k nla@nétesiRendidzonédi®m vé6d in a hard

demands for future increases in the recording density

dis?%%ﬂ(;ﬁ?zgpgtahﬁ tﬂeel‘:'fl?erlgsii{%arl I héic @cé’rﬁ:}&eﬁ&q{ gw T arldt8 %‘?éfin%ble

I ng systemis ng attention a
ernative stemto a.longitudi.nal net.i ¢ .
et By8¢ BrebeirdepRrisBRaretiipE medet Fung thegpaicye
mediumis mainly conposed of a magnetic recording
recprsing/ TeREpdUFingGSatPaet i zed in the nearly perpendicul ar
di rection, an under |ayer which orients the nmagnetic
r ecoPuprity isaleéme 5n JapamesedPatent dxpplicationt Nor200213¢3480, filed
protective |ayer which protects the surface of the
Sepftagb&atd 3, 2003 200 26&8Ad3vIEH {sliR2fPé/atlidR0hin bY referwacdi ribhis
| ayer. In addition, a soft magnetic undercoat film
app1RARSH & DPaplieAidn ARARGHESSS U.S.C. 111(a) claiming pursuant to 35 U.S.C.

119(e) of the filing date of Provisional Application 60/507,124 on October 1, 2003,

pursuant to 35 U.S.C. 111(b).

BACKGROUND ART

In the conventional art, a magnetic recording medium using a longitudinal
magnetic recording system is well known. On the other hand, in order to respond to the
demands for future increases in the recording density of magnetic recording media, a
perpendicular magnetic recording system is drawing attention as an alternative system to
a longitudinal magnetic recording system. The perpendicular magnetic recording
medium is mainly composed of a magnetic recording layer which is magnetized in the
nearly perpendicular direction, an under layer which orients the magnetic recording layer

perpendicular direction, and a protective layer which protects the surface of the magnetic
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material which has a role in concentrating the
magnetic flux generated by a magnetic head used for

W b@sozces ding in a magnetic recordi ng | ayer iBCT/JP2004/014300
optionally additionally provided. 5 Increase in the
recording density is required in perpendi cul ar

recHRIGELY&. I BCAIdtidig a soR Hiagnétic wRletcoasfiion compisidg/disotamagnetic
magneti ¢ recordi ng nmedi a. These are essential to be

ma Eﬂ%ﬁicﬁlfhlgs W10 i AR cERERE R MAEnMRITR& Jthdrited 'bgt& magnetic

erma uctuation resistance Tn order  to achieve

v T R IS ol 15 OPRRLIS g

size of the nmagnetic recording |ayer should be reduced
proyglededuce noise 10 and the nmagnetic interaction
bet ween the nmagnetic grains should be reduced while
i ncr bemasyinttherecordingdensitigisacquiredrin porpeagigulimagnetic koo ding
to increase the thermal fluctuation resistance. In
mediade fwdllais ¢ idhighedihdlengieetie esordifig medime Thebehrgdssential to be
thermal fluctuation resistance, various conponents,

corpdtibid WitR the 18BERIoh BF ﬁoﬁ@@itﬁtﬂgﬁf thSRhMUfiRARt6H reBistance in order
magneti c | ayer and an 15 under |ayer were proposed

to &ﬂ%‘(f@?ﬁ&@d@@“ %801Jdﬁlg%élgibpéﬂ e maig'Hetfcel%&ﬁlhi P dfum 3. That is, the

magneti ¢ recorail ng ne m usi ng-a granul ar magneti c

. layer.surroun by a .grain.boundar iqn ch as .
fng, Sl 80 LA e B Pt B YRR o BtelBechllS et mose
for exanple, Japanese Unexam ned Patent_ Application,
and-he spagpefiy intesaGtign brisveepdhe pagupiic @pynyshouldPeggdnced while
Unexam ned Patent Application, First Publication No.
incpRSiRg IBAaryytal RaEnElie amisejraptyi u imerdeniotinerpash dhe/fbermal Hlyctuation
magnetic grains is reduced by segregation of Cr to
resist@cgr ai n boundary by produci ng the conventional Cr
segregation type CoCr based alloy magnetic film at

hi ghn LRI &S &dkiBe tHEQIMBNESe of! ﬂois‘i@ah%d il themhal flubtuh@drRedis tance,

grain boundary region of C alone by segregating C
fici 9~ . : : . ,

v R e B o BB Gt
$a$$, in the caie of a Ziygr nul ar .na neti% Ia%er q
unqay dayer Werepopased ARNGAteHIYh A PATHCY R ALICSY™ ¥Eghet Tagnetic

| ayer easily WO 2005/031713 PCT/JP2004/ 014300 3
recg@ép&@lﬁ@@@ Hingmgaaelpemagnabis daer mireunded by pgraie peyndary
with Co nore than the conventional filmof CoCr based
regior syyh awgorenagnefic bxiddoeitivds aleepropmkd (efsnto fortexemple,
Japanese Unexamined Patent Application, First Publication No. Hei 07-311929 and
Japanese Unexamined Patent Application, First Publication No. 2002-15417).

The magnetic interaction between the magnetic grains is reduced by segregation
of Cr to the grain boundary by producing the conventional Cr segregation type CoCx
based alloy magnetic film at high temperature. However, it was difficult to form a grain
boundary region of Cr alone by segregating Cr sufficiently from inside magnetic grains

since Cr is partially solidly dispersed with Co. On the other hand, in the case of a

granular magnetic layer, there is an advantage in that the granular magnetic layer easily
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magnetic grains is accel erated conparatively easily

since a nonnmagnetic conmpound which is
wmoevsesl7idl- di spersible with Co is used as a grBCTIIP2004/014300

boundary region. 5 DI SCLOSURE OF I NVENTION I n the case

of a nonmagnetic conpound added to a granular film
segrogmesafonitagnetgormpopoudd ivshidf & énmdscitpewstadCo moreagmethec

grai ns by degradation and the deterioration of

coffenfibAdl fhi ot iASdAIOFREREHE R QB dnt €8 RblatibSof the
magnetic recording |ayer frequently 10 occurs. Because

e e O R, BRI TR

f.ine crystal.qgrain si of the magneti c recording

which 38 SRS iAol B Tl pht s R Lo ioeY SRt
between the grains is necessary to allow future
density increase of magnetic recording nmedia, and in
order to do this, it has been necessary to increase
the additi on anmuPISCLOSUREQRENVENIIOPOUNd W t hout 15
deteriorating crystal orientation or nagnetic
pr op#f thie@ase dffienoRh@aetic doivihd aiddedas aGeaRILTRE, kdine of the
vi ew of the above circunstances, and the objects

coRBb Roeh Qis?&s@cpﬂli R¥&tic gl%?nsfﬂyr Rlori&E indfhe WBRrioration of

present invention is to provide~ a Stable crystal grain
j . t rain,. ndary, of the
or B8 8 e ton MR BRpEleS Pl A QU RUREI gl iienery
. . . he i .
oogist nhiPeb e RGnE PAGPE Frotn el SOTBBIE IS mRouAA S commonly
per pendi cul ar magnetic recordi ng medi um which can )
keptsastly  &in the gther hands futher fige el grpin sizreoidbe Bragneisiree@rding
of the present invention is to provide a stable
layer gsfugthepdesiaase bibmagietie integcidon bawedrhthe eadumseit inecessary to allow
recordi ng layer, to reduce noise by reducing the 25

futifet Rhsief inoftated e hetib @ecﬂﬁﬁﬂ%hieﬁiagilﬂi ilSrdedfsldé thi® Bt ilsNbeen
t he magnetic WO 2005/ 031713 PCT/ JP2004/ 014300 4

neﬁg%gg; e Rfch&PHO %%ihﬂﬂ aaleaﬁ@glgﬁm et c&?lﬁoﬁMftﬁmﬁt

er recording density. present vent |l on
and nea That is, (1) a

r.ovi.de er.ial.s S _bel ow.
b sbRG PrRL kRl o PBRHF i85t um compri st ng at
Ieas& a _nonmagnet.i c under . )
he present ivention was completed in view of the above circumstances, and
the objects below are to be achieved.

The first object of the present invention is to provide a stable crystal grain phase
by forming the crystal grain boundary of the magnetic recording layer with at least two
kinds of oxide, to reduce noise by reducing the interaction between the magnetic grains,
and to obtain a perpendicular magnetic recording medium which can record at higher
recording density.

The second object of the present invention is to provide a stable crystal grain

boundary region for the magnetic recording layer, to reduce noise by reducing the

interaction between the magnetic grains, and to obtain the magnetic
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| ayer, a magnetic |ayer, and a protective |ayer, which
are stacked on a nonmagnetic 5 substrate, wherein said
wora@sesi7e3 | ayer includes a ferromagnetic crysteCT/gra04014300
and a nonmagnetic crystal gfain boundary region, and
said crystal grain boundary region conprises at |east

rechiin dtepelsdueingpbataius Ghict &@ rB&rd ﬁﬂl@igﬁé&' 8Eorfg AL,
recording medi um according to the above (1), wherein

sai dmg@g&tmeﬁm Pofea! degfayssatna'm%m%gpu“ﬂam

regi on are at | east of oxl selected
(1)%{8%8%%1&%}& Mgggtéc reﬁ:(i)r?ig% r%%igumégm&ﬁsalgé) i(egft aogg%net&under

oxi des, N _oxides, and Ta_ oxides,
laygh p eaeaFtelaxer Audhpiotective yey wbgclwu F@ﬁk%‘d&b% BoHRAgnetic
t he above (2), wherein said oxides which formsaid
subistrgist whexgmasaﬁd wognetiadayer ewlwles e ferprmagnetic clystab gragrand a
oxi de selected fromgroup A of Y oxides, Woxides, M
no@xagRfic cAstabxtatieboundaryastidasandaatdl difstdipraxibdasdarargiat
| east one oxide selected fromgroup B of Ti oxides, Ce

coﬂﬁliﬂ'lg:@%tle§étt%'k‘i‘1ﬁﬁ’ofogdeox' des, Ni oxides, and Ta
oxi d (4) the perpendicul ar magnetic recordlng

el %&P&ﬁ‘ﬁ?‘ﬁ%ﬁ*@%‘ ofif oADMY BinfrPdoco Wi 0l Wike (PF Wdrcin
Salﬁé%%%%e i 2 i ST e ouioRty emnafe gk b‘{(hbin%of oxide

one of the above (3) and (4), wherein the oxid
seledpdrpmdY prigss, 4 ogi %«Mg opidesh Yl Quiles. a4 qxadest HB%d%dfb@ﬂdes

selected from Si oxides, C oxides, and Ta oxi des,
Ce(0Bjdes H8i quidepcOouddsaNi meigeﬁeahcl:Ta exidegi ng medi um
according to one of the above (3) to (5), wherein the

(3)aRep&pénditulith@a@xiid ecchrliBcnediuty AFoidigs 19rthel pbokvei(D), MhkRin
percentage is smaller 25 than the content of the

salﬁ%kfﬁ%s ai@chad sfnﬂ%@s&a‘?%ra@ﬁ Bitthd %{X‘ 61'69'06 ?i%@gtrltaﬁggné dkide
he oxi des WO 2005/°031713 PCT/JP2004/ 014300 5 whi ch

sele&cr:cm”rglgml %jrml% ; Sotf%{l oyg e%l W &P ﬁ'&d@fr%ogl&%r Rf‘c)m(i@ Ztr B)?ldest, and Hf

er pen nmag ne it record um accordin

oxid eﬁ& et eﬁ»tgﬁgé?ld% AbetsRd tiahiapti bal Pﬁﬁgf’oréy%l@%ps@mde&

is smaller than the ratio of concentration cal cul ated
Crprisies,thhicoxddes; & Tarxidesc ratio in the oxi de which
(4) the perpendicular magnetic recording medium according to the above (3), wherein the
oxide selected from said group A includes at least one oxide selected from Y oxides and
W oxides,
(5) the perpendicular magnetic recording medium according to one of the above (3) and
(4), wherein the oxide selected from said group B includes at least one oxide selected
from Si oxides, Cr oxides, and Ta oxides,
(6) the perpendicular magnetic recording medium according to one of the above (3) to (5),

wherein the content of the oxide selected from the group A in mole percentage is smaller

than the content of the oxide selected from the group B in mole percentage in the oxides
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5 forns said crystal grain boundary region, (8) the

per pendi cul ar magneti c recordi ng nmedi um according to
woee@sons17the above (1) to (7), wherein the oXyPERJIP2004/014300

concentration of all oxidizaple elenents in the

crystal grain boundary region is smaller than the
whidhrtegnkdidtckl gfait baindasy egloat ed from the sum of the

stoichionetric ratio of all oxides, 10 (9) the

|G A mABRSRE tBrAiE AL i '
O PP B B R H AP TR T2 BE RO 10 6),

| aver includes a al cof Q.1 ¢t nol % of the.oxi des
whlEhe pRast Eefuiafofos e shick ol iR fr &g hB ifuilRR man

t he perpendi cul ar netic recording pmedi um accoydi ng
thetraﬂ%ﬂ%cwelttlﬂ?éwaﬁamgﬁ?qdﬂfyom fhe ophiopetiicdatio fhige exis sfteh

| ayer includes a total of | to 20 nol % of the oxides
forsisaid ckyptahgrais bewndaryregion, boundary region. (11) the

per pendi cul ar magnetic recordi ng medi um according to
(8)ahepaperdienlahname(id yecoaling hediumnieogiing @ one p$ tiel abgva(1) to (7),

i ncluded in said magnetic | ayer conprises CoPt all oy

whefirPthe BRY 8dn ©RORRAEBA of 4ll SxidiAABIcREIRSRMINGH étryswﬁtﬂ&mdary
recordi ng” medi um according to one of the above (1) to

regg(% i LbhneMAS ﬁlieQoﬁ@einﬁ'a&&pmgteéah&lléfﬁ@?mltﬁ%ﬁfm of the

conprises Ru as a mmj or conponent,
r pendi cul ar netic recordi ng nedi um according to

ﬁo%ﬁg%g%n? Zmégggg’( *to (12), which has at |east one

soft magnetic | ayer between said nonpagnetic substrate
(9)dhererpendicuky ipagRte recotsmerigypaccording toongf therabeve (1) to (3),

recordi ng/ reproduci ng appar atus conpri sing the
whershptdn diagottie lagergineluiles a &I pé0drtdi3Agnat&difuhe exides whinly form

to one of the above (1) to (13), a supporting and

saitl oiystal gral boifRdat0s£03,1713 PCT/ JP2004/ 014300 6 driving
nmechani sm of the perpendi cul ar nagnetic recording

(LOYREH BHIbendi TR RSt HRAGdithAU EBBmPacBSifeSo LRE of BEABSHA ) to

i'nformation in said perpendi cul ar magneti c recordi ng

ORI 58 ASISSALAEHEL 1020 B E e s gacs o

. nefic head js supported freely novable relative to
Salgggaﬂi“b%‘}“ﬂé‘Wd’ieglﬂnar 5 magnetic recordi ng medi um

(11) the perpendicular magnetic recording medium according to one of the above (1) to
(10), wherein a crystal grain included in said magnetic layer comprises CoPt alloy as a
major component,

(12) the perpendicular magnetic recording medium according to one of the above (1) to
(11), wherein said nonmagnetic under layer comprises Ru as a major component,

(13) the perpendicular magnetic recording medium according to one of the above (1) to
(12), which has at least one soft magnetic layer between said nonmagnetic substrate and
said nonmagnetic under layer,

(14) a magnetic recording/reproducing apparatus comprising the perpendicular magnetic

recording medium according to one of the above (1) to (13), a supporting and rotational
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(15) a magnetic recording/reproduci ng appar at us

according to the above (14), wherein said read/wite
whemd/0s1a si ngl e nagneti c pol e recordi ng headPCTie2004/014300

present invention first provgdes a perpendicul ar

magneti c recordi ng medi um having a nonmagneti c

driSthbshéchbismalf thepsperdivaldr ayaghetdd redordtipvaedien & nugtetic head
| ayer fornmed 10 on said nonmagnetic substrate and a

‘flﬁ 9 %E{/i%e k@ EEoriE SRRt fon! iR SaidpRARhiku P RAEM R ecording
er) aV|ng a crystal grain and a crystal "grain

megfugﬁ] das & gl & éﬂg%)cgﬂur %S/tg% ?ﬁtcgrc{egqnf?)glgﬁlt% gﬁ&/ 3 E%na%e -assembly

ereln rarn oun

in Ylvﬂfplg %gﬁ%gﬂgé@&ls %E{(&,lts \é\ﬁmrtag gre%‘lyﬁ%&ggfei rela;wg topsrale Sgrgendlcular

recordlng/reprodu0|ng 15 apparatus conprising the
magheficrependperigédivimar nagnetic recordi ng nedium a
mechani sm which supports and rotationally drives said
(15 armandtic wcardingeapedducing appardiug gceveding o thantovea(14), wherein
magneti ¢ head which has a device for recording

saitl RéQWBLe A A SAdld nR@hARVHICHCafdingR@net i ¢ recordi ng
medi um and a device for reprodu0|ng the recor ded

info

the nE bl i 6 £EE P“V%%%%%@ﬁat Ct o o 4R meditum

ma netlc rec endlcu

ha%@ﬁ@?l@a%e@&ﬁa%%@} ¢ S FRae e ngfc yrfgr layer formed

present invention has a nonnma netlc substrate,

on ﬁ"’(‘)‘ﬁ rpﬁ@ﬁ)@g]pqglcd;ﬁ Hratg %Wleq,ma@ﬁ:ac égyﬁa@?éﬁqn 1cp]§§; g}agnet?c recording
stacked on the nonmagnetic substrate. The magnetic

layenhavingrictrystelsgrainyasd alcrystadigraén boundarsipgioalwhjelnisalate the above
boundary regi ons which isolate the above crystal

crygtabprasns, svhereiheid crystabgraidboghddri réigomthaludes stideayntwo kinds of
includes at |east two kinds of oxide. The

oxfaer pendi cul ar WO 2005/ 031713 PCT/ JP2004/ 014300 7
recordi ng/ reproduci ng apparatus of the present

I nveqhl gi ? ]%rﬁ ifNEnROR ¢ ?ér Gﬁéﬁg gg(rﬁgﬂl% atlﬂe%ﬁﬂg Yeecorddng/{eproducmg

per pendi c magne I'um - an

i ncl udes e endi cu net i recordi ng nedi
g R
(per pendi cul ar magnetic recordlng | ayer) in the
whighysyppeftcandiptabigpHbt drévep sue peipsadigear @ﬁg@ﬁwtr%)r@pé Fegdfum
i nvention includes many crystal grains and crystal
andyaghagnstio het yhich daondevigd fohrdconling mferimatipn bn saidegerpendicul ar
present invention,
magnetic recording medium and a device for reproducing the recorded information, and a

carriage-assembly which supports the magnetic head freely movably at the perpendicular

“ magnetic recording medium.

The perpendicular magnetic recording/reproducing apparatus of the present
invention has a nonmagnetic substrate, a nonmagnetic under layer, and a magnetic layer,
stacked on the nonmagnetic substrate. The magnetic layer includes crystal grains and
crystal grain boundary regions which isolate the above crystal grains, and the crystal

grain boundary region includes at least two kinds of oxide. The perpendicular
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at least two kinds of oxide are used as a grain
boundary region. Commonly, when a thin filmis
walepesst7esl on a substrate froma target mnateriBCT/@#2004/014300
t he conpound by the depositiyon nmethod such as by a
sputtering nethod, the target 10 material arrives at
recériBigiufsiidiigappardtineofahepiesers imteatiomiscntapparatub @sing the above
conmpound is formed via reconbination. In this
per]?ffn‘a?c%?ﬁ mabh&t @B& dltigAedthmOxidie irichudes € Repeadizalae iraghetic
o forma~ crystal grain boundary region in a magnetic
| gyer Lgde i s vaporized as oxygen by
“”@@ﬁ%?%?ﬁﬁg%%§§géﬁ%gﬁﬁngﬂateria| bef ore oxi di zi ng
during the formng of the film.or the oxide
docovRelip L smenitpnEae i reaite Dl (o
oxygen defects 15 to occur in the coppound.. By the
perpéridicwdar rrgnétic teordinconplisapidhopigsent H@eafe%dg}ﬂes many crystal
taken into the crystal grains and cause the disruption_
gralis ahl eryeray giaitl baamidenytragivuswhichdendate fean.  dn thegpregany fvgpt1on,
magneti ¢ ani sotropy energy. On the other hand, when at
at 1LRABo kinds & 4% At used da @ue bosadargsegomat erial to
forma crystal grain boundary region in a magnetic

| aye o?xintg}lgf%vﬁgr? bilth €i1:h 8 ddgasitdli PR EsREke frdfeh 4 FR88t material of

crysta undary regions to crystal grains to

har dl b ' ] i
the S Ep LRt dotor T pp9g SRy o QIO RO hordhik
ke i vl 1 WG it ‘GG atS PRI sprufud L Bkd via

of formng a grain boundary region by at |east t
reckinbitmtiof. obuithie proresss Hikan B kind®fRideis Wdﬁéﬁmfﬁg\l’@% form a
one kind. Fromthese phenonena, it is possible to
crysRilpem bdwedas regiopasa tagnetartayes a pirt oftde oxidd & vaperized as
crystal grain boundary region is forned by at WO

oxf Ry O3k A PV dPRAD4 1ed 066 fofe dxidisingtdoring irdbrming of the
oxi dé in conparison to when it is fornmed by one kind

fihﬁf ot dide ﬁydegéﬁlggsgﬁ)%tged%lﬁkaﬂli RS fisth f frArieR east BRERYf&n defects
t nergy or oxide

ee e ormation of netals (AG as the
at | east two ki.nds, o L de h i '

to Socgh o e R B ar iR drdfe SRUHPRAUARE e fs are
AG occurs. At this tine, so oxygen, defects.5 occur

taion intpabecsey el SFBIDF AR PP D LAY Sy RkoricnialiBR O decrease
segregation of the oxide frominside of grains to the

of greairystdd onagniatic/anispteppy éheligsit ed by the re-diffusion in

the magnetic |ayer by the energy generated fromthe
r eduQinl the otheslednidpwhen at least two kinds of oxide are used as a material to

form a crystal grain boundary region in a magnetic layer, it is possible for the dispersion
from crystal grain boundary regions to crystal grains to hardly occur by donating oxy gen
from one oxide to the other oxide even if the oxygen defects occur by vaporization or
other reason. It is possible to form a firm and stable grain boundary region in the case
of forming a grain boundary region by at least two kinds of oxide in comparison to that
of forming by one kind. From these phenomena, it is possible to reduce the

composition amount of the oxide when a crystal grain boundary region is formed by at



10

15

20

25

According to the present invention, there are effects
that a sufficient crystal grain boundary region in the
wore@sesi7e3 | ayer by formng the crystal grain bPCT@044/014300
region 10 of the magnetic |gyer (the perpendicul ar
magneti c recording layer) with at |least two kinds of
leasuivetekindsiotecidoimnmehpatiben @iviiendt @fodfeddyyHealindbBdide.
boundary nmaterial to the magnetic grain hardly
OC CUIBY, usHoYoxidds }ﬁ&in%miﬁ&ﬂemtaﬁgrm&%%@ FRRR i of
the magnetic | ayer Can be inproved, t magneti c
i NS0 ' . de fi.ne. a . .
mRLRE" s A 2 BRIR kgt B S A BT % ot g vine
noi is reduced b edugtion of , interaction 15
largeh A0 R e S@%%feﬁgg SRES p%trtﬁléﬁa% §PEE OFRgeiefects
recordi ng nmedi um which can record at higher density
ocpuy i Hheaxadehavir lerepASCRIGWavEN tTerepRaMI MG the gride froni side
a schematic sectional view showing a first enbodi nent
of gfainsite the2grajmerquadatiydsihauclenatexhie the re-diftusibnig thegiagietic layer by
according to the present invention. Figure 2 is a

the&ReTBEenErasiClrd @ i rodh@WnS6ANoAg @ second enbodi ment
of the perpendi cul ar magneti c recordi ng nedi um

accomnd : t i ' ) [ '
o horSeiingdo tep Bl BlontigH B A9 oftels B & sitichonferysit

. ndi cular _magnetic recordi ng nedi um accordin .
s BB RBH A mBRIE v DERGE the FEMIA BtE Pty hgion
xpl oded perspective yiew showi.ng an_exanple of the WO _
of %88?&?3&% gae!e B@E@tﬂﬂ@amweﬂ@?eﬁ@wﬁm%rm With at least two kinds
magneti ¢ recordi ng/ reproduci ng apparatus according to

of Pﬁge grrebeformedthe gtfﬁxsmn dficgusted gBun boundgryhieatatialdo the magnetic
sectional view show ng the perpendicul ar magnetic

graiehandbi oxgursediystial avdenatibinreg dtooa ghxtéajpopéatiod of the nfpgas@iThyer can
invention. 5 Figure 6 is a graph showi ng the

be iftpRk b @ NBRgRRicWR SRs bi'Be GRPh e léaj?efr @h Bk hadP %ﬁ@,d@ﬁ%}e crystal

region formng materials of CoPtCr-x nol % W3-y nol %

gragh Q&m&gg%%gh BE prdlELe hbﬁ? Ls%a{cgg B (r)énc@%ﬁ%n g@ﬁﬁm

Fi gure raph showng the're Ween

bel R St L e e o s g s g lium which can

per pen icylar .
record at higher density is obtained.

BRIEF DESCRIPTION OF DRAWINGS
Figure 1 is a schematic sectional view showing a first embodiment of the
perpendicular magnetic recording medium according to the present invention;
Figure 2 is a schematic sectional view showing a second embodiment of the
perpendicular magnetic recording medium according to the present invention.
Figure 3 is a schematic sectional View showing a third embodiment of the
perpendicular magnetic recording medium according to the present invention.

Figure 4 is a partially exploded perspective view showing an example of the
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10 magnetic recording layer and SNRm Figure 8 is a

graph show ng the rel ationshi p between the content of
w@e@sm317bdundary region formng materials of Ce®U/Or2004/014300

mol % WO3-y nol % Ta205 per pengdi cul ar magnetic

recording |layer and SNRm Figure 9 is a graph show ng
pergaﬁiiélﬂitrahhgﬁéﬁb lr&ohﬁﬁg)(&@fb(hbi@lgca@]fﬁlﬁmk abor@ingit® thtJpresent

oundary region formng materials of CoPtCr-x nol %
invégi Y ol % Si 02 perpendi cul ar  magnetic recording

['ayer and SNRm Figure 10 is a graph show ng the

rel at.i onshi p bet ween the conte of grain Qundar .
Fegi BRORG! AT AL B s PO Bbudts S BrionBBUR0Ridhec
Cr 203 perpendi gul ar_ magneti_c recordjng | ayer and
recaydizy modium grgplingtoExamplss Qb FhedHERFhEVEMES el at i onshi p
bet ween the content of grain boundary region formng
mat eligatesd isfa goajpt mowing%b y613tk@Bhip hebyeenthe ogntent of grain
per pendi cul ar magnetic recording |ayer and SNRm
boundgtirregiba fosniag sl sfcCeeCl-k amdds Witsvy sibigiSiQ, pdigendicular
per pendi cul ar magnetic recordi ng nedi um according to

mabhSicE&srain q%}g,fr ahdSNRRESent invention. 25 WO
005/ 03171 CT/ JP2004/ 014300 10 BEST MODE FOR

CARRY! - : i I ' .

acoot B T h SPWER ORI A bl et BENREL RO of g,

based on the fiqures. Fi 1 henmat | .
bou R Bl e BT PP sk e RIS s egpegticutar

5 magnetic recording nmedi um according to the present
magpgtisdepersAing layer epbSNRure, the reference nuneral 10

i ndi cates a perpendi cul ar magnetic recordi ng nedi um

The Bignpehisiacgraplr showimethe celatéenshigi hegw ermdhe notontof gtaive

present enbodi nent has a structure in which a

bowdarvagpidhi forming efatdrRyest CoPtar-R efidd e WiGsL @bl B ags@tpependicular
| ayer (a perpendicular magnetic recording |ayer) 3,

magﬁgicggggrgﬁ?ilyferIaﬁygNR{hare stacked 10 successively on
a nonmagnetli Cc substrate 1 as shown in Figure 1.

Figure 9 is a graph showing the relationship between the content of grain
boundary region forming materials of CoPtCr-x mol% Y,03-y mol% SiO; perpendicular
magnetic recording layer and SNRm.

Figure 10 is a graph showing the relationship between the content of grain
boundary region forming materials of CoPtCr-x mol% Y,03-y mol% Cr,0;
perpendicular magnetic recording layer and SNRm.

Figure 11 is a graph showing the relationship between the content of grain
boundary region forming materials of CoPtCr-x mol% Y»03-y mol% Ta,Os perpendicular
magnetic recording layer and SNRm.

Figure 12isa schematic sectional view showing the perpendicular magnetic

recording medium according to the Examples of the present invention.
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A nonmagnetic substrate 1 nay be a gl ass substrate, an
all oy substrate of the alum numsystem a silicon

W@ gzl 7e¥ yst al substrate having an oxi di zed seeT/aR2004/014300
and a substrate nade of cergmc, plastic and other
materials. Furthernore, the above nonmagnetic

subst r at eBESEWMODEROR @R YNNG U DYHN IRVENDIONN t he
like may al so be 15 applied since the sane effects are

eXPeGHE first Bbbi f 2B rHRERS thb PY&Ent!ifentibh Relcribed below
nonnagnetlc under | ayer between a nonnmagnetic
bae tpahe 1 and a perpendi cul ar magnetic |ayer 3. For
ahpre RS RuCr Hf, CoCrPt, and CoCrPtB may be
used as an und Iayer |nclud|ng a nonnm under
| ayeFigure bi puRtbrestipRl e aRE %@Xf\%aﬁﬁa the pripendicular
under layer 2 used in the present enbodinent is equa
maggetiy regprdinganedipmracgording te dheapresent embodiment hdm tie(figwg, the
and nore preferably equal to or greater than 1 and
refepued nimeral 10 @dRateh apei@ndiculayigndtic recordiag snedidian 1
nm the crystallinity of the nonmagnetic under |ayer 2

i s i mhepbPeadibilaCb cﬁ’é&!’rdm% éatudh 10 Bf thY prddeAtt®nbodiment
per pendi cul ar magnetic | ayer (perpendicul ar nmagnetic

ha §SPicti2 %Mchlra) ot énetmvﬁe ?Qldf %?él&{/ 91[110&%9 Bﬁgﬁ&% layer (a

noirse to serve

el R B GIENB e P et oo 980&%@?&? Ry El cone

| arge and the tendency for increased noise is
Su‘asgsmlfiéan a PHHIBP%F?PCtSEbSF@Fet hey shopmip Fegure, &

crystallinity of the above nonmagnetic under |ayer 2,

an addionpwgastiosubisirat¢ dyeny Hesegldss| sabsirale, ankllghsubstratoof the

shown in the figure, may be 5 used between the
alunoinamgystitinca silibei siagle clysadd dulishatedoing an@xitggdaduirface, and a

under | ayer 2. For exanple, Ti, TiCr, Hf, Pt, Pd,

subltfag mMeFMerantit sstic abll Hlher Ma?éi‘:alsan@uﬂ‘hé\ﬂﬁloré'@l’{e zﬁfe‘)ve

used as the seed layer. The perpendicul ar magnetic

no*u%}{% dl(:Pr S {%g 'hﬁ{/!ih E%H?C%E %ét‘e:d %gﬁ‘i)lg gﬂ nd%fee fﬂl&f I%Fl%élgo be

e Cr raln undary regrion
nds of oxide and 10 the magneti c

t t
ap Wsﬁ“éﬁe% : W@F{S\ﬂﬁ?‘&’f??ﬁ maj or component is CoPt

all oy. The perpendlcular magnetic | ayer 3 may

st acRédpaptpnsruneriayerinelpding 3 nopmagratietnden laXFé ﬁé)etween a

nonmagnetic substrate 1 and a perpendicular magnetic layer 3. For example, Ru, RuCr,
Hf, CoCrPt, and CoCrPtB may be used as an under layer including a nonmagnetic under
layer 2.

Preferable thickness of the nonmagnetic under layer 2 used in the present
embodiment is equal to or greater than 1 and equal to or less than 50 nm, and more
preferably equal to or greater than 1 and equal to or less than 30 nm. When it is less
than 1 nm, the crystallinity of the nonmagnetic under layer 2 is inferior, it causes poor
crystallinity in the perpendicular magnetic layer (perpendicular magnetic recording layer)

3, and a tendency for increased noise to be observed, and when it is over 50 nm, the
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havi ng di fferent conponents. The material conprising a

crystal grain of the perpendicular magnetic |ayer 3
woreapsioz17a3 CoPt based al l oy, CoCr based al | oy, EOIZIIR004/014300

based all oy, CoCrPtB based g}l oy, CoCrPtTa based

all oy, and the like. These alloys 15 have advant ages

maphetX galdser theCpey sdndiculd neighedd oordirgrlgper BaEaSHE targe and the
ani sotropy, and excellent thermal fluctuation

terjd@h&/ R RreASd AREEIBGv&RMPri sing a crystal grain
boundary region of the perpendlcular magneti c Iayer

3, a fromY. ox
W oxi Fha él?%? bgﬁ%e#ﬁa@ggve% 83)?3’[9 ﬁm?t? ?‘f’l%exa%ggg noxﬁfla%n)?ha élgder
oxi des Cr oxi des,
laysy Pdaé’sadedgﬁalcﬁyl% faaers@s?delapﬁr Pl Fhiinethe ignieemay be
of the standard free energ oxi de formation of
userbbeiwaenniBe sormagnetig éub%ratq%andeta@ Aboveaninagnesier wadenlay ere?.
oxi des, the dispersion is accelerated by the
genefFat exhngie Ty TiCr, 1, Ot et NiFep NalRM o) Noils Cr, ANid 1,tNifa, and NiNb
magnetic interaction between nagnetic grains (crystal)

ma#t d3ed hethdeesh 1addar e preferably, the materials
conprising the crystal grain boundary region of

é'x‘.edg‘ﬁé BPEh LRt mﬁ?‘%ﬂ%’%@ﬁ%ﬁ%?ﬁﬁ?ﬁ%@ﬁfg 18580 315
forme &-‘éoel% 4c/rg§]§413 Ogin]bg)ﬁg a')faz (rjee S(?ndtw me%ﬁ% afa]{: I\%tg é\ggk( nglﬁ 8f ox1de and

OXIde, sel ected from up B of Ti oxi.des oxi des,
(hegagetig S5y RhErigRs gw%emgre%ommn%%s&ﬁvey Thad
the difference of the standard free ener gy of oxide
perpspdigelapmagictiedayer 3 nom bepacka in atdeage? hayerssifmopgnhc layers
conbi nati on of oxides, the redox reaction between
having diferént@onippseeasi Tl)e, mitbdal dbspeisiparcryssal geair lo€ tirt ed
by the generated energy, the crystal grain boundary

pefp@ﬁdl@ﬁlaﬂh@@i@eﬁc%}teﬁ* 8'may26tth CHB BIBANAIdyCChOF BAsag hiley) CoCrPt
bet ween magnetic grains (between crystal grains) can

ba&% aﬁlﬁg Us&ep §H§:§§H %[llﬂg '&cCrp Ta'bﬁsera[)éélﬁpl PLfRe ﬁﬁlbou nl%@é alloys

terlas graln

on of endi u ar netic
el BBt BedlinP faslon %éaﬂfa%;&ed’éa@s? A8 niSog i pdercellent
oxi des and Woxides fromgroup A and at |east one
thegmalfluctwtioadelgraneé.om Si oxi des, Cr oxi des, and Ta

oxi des fromgroup B. The AG of Y and Ware snall
As materials comprising a crystal grain boundary region of the perpendicular

magnetic layer 3, at least two kinds of oxide selected from Y oxides, W oxides, Mg
oxides, Al oxides, Zr oxides, Hf oxides, Ti oxides, Ce oxides, Si oxides, Cr oxides, Ni
oxides, and Ta oxides are preferable. The difference of the standard free energy of
oxide formation of metals AG® occurs due to the redox reaction between the oxides, the
dispersion is accelerated by the generated energy, the crystal phase grows, and the
magnetic interaction between magnetic grains (crystal) can be reduced.

More preferably, the materials comprising the crystal grain boundary region of

the perpendicular magnetic layer 3 may be at least one oxide selected from group A of Y
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and the reduction action of these are strong, the

greater energy generated in the redox reaction is
wezpsnssds On the other hand, Si, C, and Ta he@EJR004/014300

characteristic that these fpardly degrade the magnetic

properties even if they are perneate into the magnetic
oxidis aWnsxidesbMipyoxitiegy AblatidenZr @yideshend b veidesdost at least one oxide

reaction, the oxides of group B are deoxidi zed by the
seleeﬁzqu{%ﬁn gl‘bﬁp @ SUR oRide8Ne btifles] 8 btiley) Cf oRideXVigRites and Ta

the oxides of group B occurs. As a result, the oxides

OXi(?JFo mrdﬁﬁg dl?fte%n%ﬁ L OWR stdnda ﬁ&%n@@ggﬁl_lgﬁkﬁcbﬁﬁﬁ%rﬂﬁ hkdIOAG®

olchionetric ratio. ese redox

reaciions are re accel erate n .
becgBrebIE ottt P coPRESgaT Beet s iE e R e Y S fueg ovides
grain boundary region at the tine of grain houndary .
occmsgisly, fherdipersinn Ficecieratsd Py dhgoarated srebe the Erysty gpain
3. That is, the redox reaction is accelerated and the,
boudlidsiyaegibm prosvsefnghercam the maghetid integiackion petvrsn aggelic graims
concentration ratio to all oxidizable elenents in the

(beﬁﬁééﬁfc%lstalgﬁiﬂuaémb@wdnehﬁty region is smaller than that
cal culated by total of the stoichionmetric ratio WO

200%&&&%@8,@1}18&%@{6%%& thé abdriadd éong?ﬂsﬁ%&he tgktal grain

t he ‘st ol metric ratio of a conpound indicates the
o PRaPE i oE e srrfaful g ARERICIAAR AR 1 38 lenst one
oxigh e LG HE W a5t: BaLBiyp & AR aTTeeT B B selccied
o i o 45 S EATERL5 o rgsman
of the elenment. As the content (nole percentage) of

and fhe redictesadtonmif thpst hee stioyg.tthe gatgr anerpp genszated indhe mdox
in the perpendicular magnetic layer 3, it is

realliG Bleapdcedt N@n thBetiee RieNSi, (rn@ideTierve arhagetpristic thighese
oxi des selected fromthe above group Abe snmaller than

' b A @it tic grai
haf?gf%%?ae(%qﬁlgg te&}lg‘ﬁg(r?pggtgés%.%%\mﬁgﬁéyt éﬁé pEeeaXinftPthe maguetic grains

xi des. of group Ais too large, the oxides of group B
bya%fa #Pced too nuch, the materials of group B are

Slr ;FS) g%ﬁfqdq;ﬁo?% ?qgt@g gﬁaé;ngigrrl],et (Ia 8Xi «rasa (I)f1 g’roglg] g atrfr:] deoxidized by the oxides

of group A, and the deficiency of oxygen in the oxides of group B occurs. As aresult,
the oxides of group B are lower than the calculated concentration from the stoichiometric
ratio.

These redox reactions are more accelerated when some oxygen defects occur to
the oxides comprising the crystal grain boundary region at the time of grain boundary
region formation in the perpendicular magnetic layer 3.

That is, the redox reaction is accelerated and the dispersion energy can be
obtained when the oxygen concentration ratio to all oxidizable elements in the crystal

grain boundary region is smaller than that calculated by total of the stoichiometric ratio
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wor se. The content of the oxides formng the crystal
grai n boundary region of the 15 perpendi cul ar nagnetic
wo 20081031313 s preferably equal to or greater thaPrCDIP20eH4300
requal to or |ess than 30 noj3% and nore preferably
equal to greater than 1 and equal to or less than 20
of pbo%ideddhen the content of the oxides fornming the
crystal grain boundary region of the perpendicul ar

Magnefekd; theadtichBnietrid RS of BabmPovnd REKatct N HRipBha ré}io of a
t he crystal grain boundary region is |nsuff|C|ent and

coanS&ﬁoﬁ éorﬁ%ﬁsq]?éi ﬁﬁqyrgfeﬂnht@g{ﬂ%?&n e d{;ﬁcﬂﬂﬁ)&ﬁ ﬁetﬁgd spchas |

teractl erpendi cu

spff§ERanr VadhSireRacmmdbih B5bpeaad i ﬁwwkﬁﬁv@? ie Rt by

graiin and there is a tendency to decrease the crystal
Vamrizm thejogklizable mateals d AR PEYZen caneginsphese,|ibipdicates the
(perpendi cul ar magnetic recording layer) 3. \Wen the
chemicalénmost statile comparenttagio (b diecdshentf or m ng t he cryst al
grain boundary region is within the range of 0.1 to 30
ol Y%Asah@onseiit (in6icqiticentags) ¢ th@oLides PeMBgany civedi @ain S
obt ai ned, the dispersion of the crystal grain WO

bodfapy R3onlid tf@érﬂ&%@&ﬂﬁ%@%@c }Téér DU ‘ig?\{f&af)ﬁghzﬁ%e c9 n>tent

material to the 1nside of gnetlc graln (crysta

(mgl% l’éénfé%? fsthe 3Rfes LG &I EGh ltl‘ie gbogg q;'lgAp r| eeﬂge& gpe

exc magneti C propertles o

fi& ob a| ur t her nor
CO%B 08l %%%ﬁ%&?i a5 gxidsB s b S aupdhi ORbp g pntent of
own 5 in the figures, rray be formed by coating a
thq qa%ﬁqu%ﬂfO@u% I tae 13589, fthe @vdesaif gequpds arsrredunsd tonmitelt ghe
of the obtained perpendicul ar magnetic recordi ng
mapaihisuoh gtoyp Bare disperpddeintocthe ntapeetigriiacandothe crystallinity becomes
per pendi cul ar magnetic layer 3 which is a nagnetic
woisgcordi ng layer, or on the surface of the protective
| ayer 4 by, for exanple, a dipping nethod. At |east
one 1Ry &sntét otflﬂfe PGS ihin tﬁeaéf al%rﬁ?%ogﬁda@% Pf%géjcﬁle& B¢

the perpendicular 10 magnétic per pen

rg?%cp %ncmr Sifed 1c%y%%3 iy E%%bgiy 8‘&‘%&%@ gr}%gggrrtg?rbgﬂ aPE)E@}aI to or
I fied
1esi>rhaa 896?9% %ﬂ%\' s Pﬁ%ﬁ%&gﬂmq&l@ fgrgrs?%e %II} %gg%waﬂtorfg less than

medi um 10 of the.
20 mol%. When the content of the oxides forming the crystal grain boundary region of

the perpendicular magnetic layer 3 is less than 0.1 mol%, the forming of the crystal grain
boundary region is insufficient and there is a tendency to increase the magnetic
interaction of the perpendicular magnetic layer 3, and when it is over 30 mol%, a part of
the crystal grain boundary region material disperses into the crystal grain and there is a
tendency to decrease the crystal orientation of the perpendicular magnetic layer
(perpendicular magnetic recording layer) 3. 'When the content of the materials (oxides)
forming the crystal grain boundary region is within the range of 0.1 to 30 mol%, a

sufficient crystal grain boundary region is obtained, the dispersion of the crystal grain
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present enbodi nent, a depositing nethod such as a

sputtering nethod as the production 15 nethod of
wG@r@sksrige each | ayer is applied, and in parti CBCEIR2064/014300

single sputtering nmethod usijag a conposite target may

be used. A nultiple sinultaneous sputtering nethod
bourdany regienyenteriof todbeinsidabéthicahagmesic glato(dpstalpRadlyScoes, and

t he perpendi cul ar magnetic recordi ng nedium 10 of the
thexesketit crysead ofiemtetidn ddSxtilRneRAYRtTRAbHRNES the perpendjcular

constitution and the crystal grain boundary reqgi orR 20

m@ﬁeﬁmyaeg%r@,@{a%dar magneti c | ayer (perpendicul ar
magnetic recording layer) 3 is formed by at |east two

ki nd i a sufficient crystal, grain boupdar
r egi %‘rlllqiﬁer{ %q%tehreé)é?? ?tccl?f‘bé)gnﬁ'ﬁfan%h%@c% y‘?rswglﬁﬁ h%‘ﬂ”,t shown
. ﬁ’g? di spers'boE of the crystal grain boundary region
In [pgenTas Bay e doraeddy cartite yfubrigant sueh 35 resudrapolzeibertnghe
excel |l ent crystal orientation of the perpendicular
surficg 9é thecohitaiped pgpensticnddrineapnetiagetding medipar 10, ésr cxn@ple, on
obt ai ned. For 25 these reasons, the stable crystal
theguelace ditpenpadjcule giagneticslaper@avies is 4 PRgAAicSBcor8ing layer, or on
reduced WO 2005/ 031713 PCT/ JP2004/ 014300 15 by
thersefied ofhie Pfotédive Idyee4 BEbOtkRRHNRSpIiRE nibRGACT | C
grains, and the perpendicul ar “nagneti c recordi ng
medi [ hi r sity..is ohtained..
The. Amican e BRR0f BEBidedve A A bYigkd f Be Befenicutr
' [ I.s described bel ow . based gn the figures. 5
map 1L S R G R s PO TUNERS ) &0 s mgese of
Xa lﬂe of the pg,rpendi_cul ar magnetic recording
pmﬁ%&% Yot faEongiagondiierrarhond » 2iboRiQreaN;, and Gtheare
present enbodi ment, the difference fromthe above
exepmplifiedenbodi ment is that a soft magnetic layer 5 is
formed between the nonmagnetic substrate 1 and the
nonniaghepioductivtest thayependicuddnidnetiOFdRBfdisOme SRR MEe
constituent elenents are marked 10 with the sane
re§edl ©mBodith et ARIcBbSHi HESE Phids s .
P omtted. By pr ogéi)%tinﬁ%qgﬂlg%fs t rragandgﬂtgﬂfga%}g@ 6§g%1g1\%ip ﬁ%ducuon
' ' ity Ltself.. . the.perpendicul a
e R L Y Bl ol 3 ol A SR Srif mhod
.enpbodi ment , at i,s called g. perpendi cul ar .
ST %%?‘%P‘?Si}ﬁ&fgﬁémyu'?ﬁ EY ngﬂﬁ@'il@@ S iAngeus SRy feringamethod
per pendi cul ar magneti c recording layer) 3 on

layer (
us‘%&w%rg:?@qu eaelymeterial mayelso Be psedt or ned. I n

Since the perpendicular magnetic recording medium 10 of the present
embodiment has the above-mentioned constitution and the crystal grain boundary region
of the perpendicular magnetic layer (perpendicular magnetic recording layer) 3 is formed
by at least two kinds of oxide, a sufficient crystal grain boundary region in the
perpendicular magnetic layer is formed, the dispersion of the crystal grain boundary
region materials to the magnetic grain hardly occurs, and the excellent crystal orientation
of the perpendicular magnetic layer 3, excellent magnetic properties are obtained. For

these reasons, the stable crystal grain boundary region is provided, the noise is reduced



15 the perpendicul ar doubl e-l ayer nedium the soft
magnetic layer 5 has a part of the function of a
wore@aesi7e3 head t o nagneti ze the perpendi cul ar PEQIRD4014300
recording |layer 3, for examgde, a magnetic head to
reflux the recording magnetic field froma single
byngdunsion of thel intetastidn betviche thragagtetic ghedssganditht Iperpendicular
hori zontal direction, and the soft magnetic |layer 5
magmetic esorlisgihtdioirenhicheeh fdeardat heshee ddistyissbtamanet i ¢
field to the 20 perpendi cul ar nmagnetic | ayer
(per peBdéomb RmbIBIRNGE 'a&;o‘iflﬁg Edgihg%réséﬂt‘%fl‘)enﬁom ({l:éécrlithed below

records the nmagnetic field; and'can play a ro

' ' e recordi ng/reproducing efficiency. As a
ba?%?%ﬂﬁgg E%Ec material in the soft magnetic |layer 5
Congb, TaZr, FeCoB, FeCoN, FeTaC, FeTaN, FeN , ‘
FeAl 318%h{ 15 hechemplc seejiopal vigye shawing An peareple pE e perpendicular
saturation magnetic flux density, and excellent soft
magggietecerdiiepedinmel) aceerditgetotthd prgsentbmbodiment. accor di ng
to the present invention is described bel ow WO
2005108:% piSeRCHbdADom, hi 430G encedrdia stechbove filt€ embodiment is
figures. Figure 3 is a schematic sectional view
that hGwit AgheABEKHEHD B fOfimddRPEMAED dbhHhdetic SBBRSE1Cnd the
recordi ng nmedium 30 according to the present
RRFROERAder 1h7br DDy &R0 iNEnfl N8
nof r o%ﬁtlhe a%ov};ebrs ec o%g ?E}Eggl meﬁtg h@s?g E%nsklﬂlgfl{j%&%%tg are marked
. ' I s fornmed between the ponmagnpetic
10 ngﬁ@é%qrng?rg 6:%Xar‘? cals 8?{'51%9%%%1]0@ h’ﬁVQFa@ 0 tt%‘Lown in
Figﬁée 3,,@&@ t he ot her correspondi ng constituent
el enEMPLOVIGNE avgteagnglic kyehehavdng high masaelicepammaehititysiself,
and the descriptions thereof are omtted. In the
theeerpradisulay magnetigiceerdingrmedinni 0 fithelprasans Gmbéditiest, what is
present enbodi nent, a bias applying |ayer 6 such as
caldadl 4 perprindiveldn dodbledgyee niedivind having perpbRticudaragaLeti€ layer
| ayer 10 may be provided between the soft magnetic
(pdrpaticubur agnéfiereBHATRARRI) S off %Mf%@g&ti@ﬁy?h?%ohﬂed. In
Figure 3. The soft magnetic layer 5 easily torns
15 th bcfilaf QORI i | &8t 4 0gf fromd
AElcE1a A0y llifim, WY S TR RLE 8 B B
inoon direction radially of the bias applying |ayer
furgllog i pRphcHE et ARy~ e netrapdiryfre maehol pqrding Tayer 3,
revented by applying the bias magnetic field to the
for S pp et AERICi LEga.fo 15l Chedgcordipednagnetic fild from a single

magnetic pole head to the magnetic head in the horizontal direction, and the soft
magnetic layer 5 applies a sufficient and sharp perpendicular magnetic field to the
20 perpendicular magnetic layer (perpendicular magnetic recording layer) 3 which records
the magnetic field, and can play a role in improving the recording/reproducing efficiency.
As a soft magnetic material in the soft magnetic layer 5 CoZrNb, CoTaZr,
FeCoB, FeCoN, FeTaC, FeTaN, FeNi, FeAlSi and the like may be used which have high
saturation magnetic flux density, and excellent soft magnetic properties.

25 The third embodiment according to the present invention is described below
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It is difficult to formlarge magnetic domai ns by
di spersing the anisotropy finely of the bias applying
WO 2008/03618s a stacked structure. As a nateri al POF/Jr20et/014300
bi as applying layer 6, CoCfg, CoCrPtB, CoCrPtTa,
CoCrPtC, CoCrPtCuB, CoCr RuB, CoCr PtWC, CoCrPtWB,
bas&PSH ik Ffleks. CoSm CoPt, 20 CoPt O, CoCrPt O, CoPt- Si 2,
and CoCrPtO-Si2 are exenplified. Figure 4 shows a
par tﬁig&rl% i€% e&%ﬂ%c%&ﬁﬁﬁpﬁw 8ho/ B a8 ReWINPE oithepapaidécular
of th per pendi cul ar magnetic recordi ng/ reproduci ng
apparat us accqr di . | Lpn. As
magfrarctorFing AL 36 pi@rbE LORE PR SnbeahoR?
recordj ng/ reproducgj ng, 2 par at us the pres . .
| v dnhonrs caRodE b RERranorare B eBrER Embodiment i
chassis 61 and WO 2005/ 031713 PCT/ JP2004/ 014300 1% a
that opias spdyingliyeh 6 d$ fpsmed berweeih HigNETEENTticSUPYRIG | 2 he soft
chassis and which is screwed to the chassis 61 by
magigdtidJayed btas phews or Bigsrevh iandtharothen corresponshing gongtisuent elements
igure. In the chassis 61 are housed a magnetic
are TEERE G tHRdiné Fe f2erides nb@cals, PRI theddiciptians thagoé tiemitted.
recordi ng nmedium 10 of the above-nentioned present 5

e Ogl 1B Blrpeti SN EncfR 1 ordifly A dRAES0 YF 8 pRBAMSEnBdimen,
suppor nd rotate the nmagnetic recordi ng nedi um 62,
a magnetic head 64 whic D5 Off R&ic1
« Dt gRBR T 1 ke o b ey Rl SEREArkEg by ayer
a head actuator 65 ich has a sus Sion__ noun
g PTG HEANS T D EOR ABEBIE 12k SATEARE L pigededd as
magneti c head 64 freely novably_at the magneéi C K
shavercrRigwrg 3me dibasof magaetiolenerns easHy forps WagnEC SIppgs1s81ke
the head 10 actuator 65 freely rotatable, a voice coil
nof¥Bistfenbratadiiiah thioomagesicanmappsid thems magsetietield is applied in one
actuator 65 via the rotational shaft 66, and a head _
dirBRIni thiligly 6f he Wids a@?lyiﬁlaw@ tengdeatioy of the meagnetic domain
per pendi cul ar magnetic recordi ng nmedium 10 accordi ng
q the Rr . tna@feticife1PIARE Bbft hidyReHd 1aferfdrmed
Wads Bgeggﬁggﬁggé%gﬁgﬁﬁ%gﬁgeggre&%cng medi um 62 gf t heyb
per pendi cul ar magneti c recordi ng/ reproduci ng appar at us
ongy. 15 According to the perpendicul ar magnetic
recordi ng/reproduci ng apparatus of th r.esent . .
errbodiidificulbip RS REEATGATHRSIRT IR B8 Dirgisetppy finely
recordi ng nmedi um 10, a
of the bias applying layer 6 as a stacked structure.

-

As a material of the bias applying layer 6, CoCrPt, CoCrPtB, CoCrPtTa,
CoCrPtC, CoCrPtCuB, CoCr RuB, CoCr PtWC, CoCrPtWB, CoCrPtTaNd, CoSm, CoPt,
CoPtO, CoCrPtO, CoPt-SiO;, and CoCrPtO-SiO; are exemplified.

Figure 4 shows a partially exploded perspective view showing an example of the
perpendicular magnetic recording/reproducing apparatus according to the present
invention.

As shown in Figure 4, the perpendicular magnetic recording/reproducing

apparatus of the present invention has an open top rectangular box shaped chassis 61 and
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stabl e crystal grain boundary region is provided in
t he perpendi cul ar magnetic recording |ayer 3, the
wWoei08031783 r educed by reducing the interacti on PEL/IRE6H/014300
the magnetic grains, and the magnetic
recordi ng/ reproduci ng apparatus can record at higher
a toe never whicOclésea i apenifigef phiectop of thierohassis ol whikh iskerewed to the
described in detail by giving exanpl es bel ow. Exanple

chdssR% 1y \SMEBE TRTpl CscEewdSk high GroMbt SHowa i e HofRS
substrate forﬁgES i nch nagnefic di scs V[f2§05/031713

PCT/ JPAANAAIAAD, ndftasnReReLelaid DB AORBONSHL £

substrate was placed In a vacuumc

Pa ..degree of. vacuu. s heat to 250 C,. and was

et e S e St 0f the by o piertinfod present
at nosphere at a gas pressure of 0.6 Pa. 5 First, the

embg ALt Spandlc metar §8 @ AlsivENL BePs do spporsnd dotaterthemagnetic
the electromagnetic radiation of DC 500 W was

readiding aredisun 62, atthagnetic head 64wliich regoeds amisrepfoduces dheahagtic
nmthick as an undercoat nonmagnetic film A CoCrPt

sighelr ihal@gagidtic redoadiap mudsunh 62,MEElkad taciatod 5 WHicKIG 9 Su§pension
t he undercoat nonmagnetic filmas a bias applying

dudk@the Maghicizhd Bit GkinERAd N1 S t
nlfornedeoﬁgthg 10 obt;ined Coéﬁgfmﬁe on§8§3%3%§F§§%?§4ﬁEﬂY

r .te r r reduced to
i g U B8P B B LB e
degr of . vac A N Ta. | ayer .formed 10 nm, thick
2339565 R REEDE o Batte 3 afolds | RBicbsotien a8bpeiiions the head
magnetic | ayer by discharging the electromagnetic
actuai@r 83 visrfhefotatongbehafl/abs prrha head apaplifier giseuit 6xt , a Ru
| ayer was 15 forned as a nonmagnetic under |ayer on
t he Asmmangioetd abosedtle baypenditylardnsgiesic geéqogding medium 10
el ectromagnetic radiation at DC 500 Wusing a Ru

acdoadigg to the praBht@mb6dBerdiofihe @.‘feﬁﬁﬁﬁhﬂﬁﬂlﬁhaﬂw&‘@ﬂiﬁ a magnetic
recording layer is formed 12 nmthick on the Ru under

recofRE nddiunt'8) §6thE pEQRRAEHELHh M IR reQrdinERepkfaning dpbi
o )-3 ol % Y363°5 BE b b SR reraiep Sating dpbarkfhs 0.
According to the perpendicular magnetic recording/reproducing apparatus of the
present embodiment, by using the above perpendicular magnetic recording medium 10, a
stable crystal grain boundary region is provided in the perpendicular magnetic recording

layer 3, the noise is reduced by reducing the interaction between the magnetic grains, and

the magnetic recording/reproducing apparatus can record at higher density.

Examples

The present invention will be described in detail by giving examples below.

Example 1

A nonmagnetic substrate which was a glass substrate for 2.5 inch magnetic discs
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Finally, a carbon protective |ayer was fornmed which
was 7 nmthick. 20 After the substrate fornmed in the
wo 2oaosm7echanber was taken out into the at nDspPEr/a20e4/014300
perfl uoropol yether series lufgicant |ayer was forned
1.5 nmthick by a dipping nethod to obtain a
wasergperadi cul ar magnetic recording medium Figure 5
i ndicates a schematic sectional view show ng a

consrht ubh@Bgekictsiestra®dl &) feckdAR h REAHINE BhAbRBONS 165 pa
recording medium 25 As shown in the figure, the

R AT R T .

. a non nefic |layer (undercoat nonmagnetic film
n i‘ég 3tnt9<§$%[3 ag?g?srgﬁ'ﬁﬂf?e?%cgﬁ)ﬁyer (bi as appl yi ng
layer) 16, a CoZrNb soft magnetic layer 15, a N Ta
seedFirsly Bie npymagnetic syhsieate vay aranged againw ettirgetu theer
| ayer) 12, a CoPtCr-Y203-Si Q2 perpendicul ar magnetic
clecaoopglictig radigtéon ¢fJ2C HEO N vk dischmgettithe tasgegra) AiSlayd was
carbon 5 protective |layer 14, and a |ubricant | ayer,
fornfeid@h40 samnthickesb anniércdh @ohngpctic B! © ASCSCHR Srromagnetic
successively on the nonnagnetic substrate 1. First,

layePRaPRirRed di S5hAthicREQS oh Atk ﬁlﬁ%%atji?bgﬁ}%hgtgc f\;i’\lg{s A Ieds

per pendi cul ar nagnetic recordi ng ne

b 1 SS) ectra i Croscope TEM
wpilfAR RS X200 LHEARE OB B3 cple o E5riaRRes & el
i n endi cul ar, 10 magnetic recording |ayer 13
Obmagﬁggﬁ{%ﬁq’n’l@%‘?ﬂqlﬁ%ﬁr’r esults, fine Co magnetic
grains having a grain size range of 4 to 6 nmand a
crysOHPT Bahithy swbstre fonnesaiiisivasppdussd tmtoshytemperatnre in the
thick were observed. The distribution of the |ocal

vaiugnaambepaickent 1Git Podegte sthexcpen pe AdNITU Bkr waRakd 30 nm
recordi ng layer 13 was eval uated by using energy

thi€ki BREAGHNHENYd SEd IBres BE He! QSLMBYsob Shapdefl | Stk @rei
1eI ectrolgmr%incr osco%)aéle( TEM EDP, ang th &%6%2§§fﬁg&%gmgthe

e S DR Bhod DL LG TN, FTOBEPS

rain boundary. regi qn of i ch the major conponents .
forfie aya negmagheliqupder]Pyss n e gmagnrliciced fayeE by deaarging

rain can be observed. The magnetic field of 1185 A/m
ele%&%@%%}ﬁ%@né’ﬁaq AW Vopsingea BptaaggiedA CoPtCr-Y,03-Si0,

perpendicular magnetic recording layer is formed 12 nm thick on the Ru under layer by
using a composite target of (Co-16 at% Pt-10 at% Cr)-3 mol% Y205-5 mol% SiO».

Finally, a carbon protective layer was formed which was 7 nm thick.

After the substrate formed in the vacuum chamber was taken out into the
atmosphere, a perfluoropolyether series lubricant layer was formed 1.5 nm thick by a
dipping method to obtain a perpendicular magnetic recording medium.

Figure 5 indicates a schematic sectional view showing a constitution of the
obtained perpendicular magnetic recording medium.

As shown in the figure, the perpendicular magnetic recording medium 40 has a
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20 perpendi cul ar magnetic recording nedium40 radially
outside direction of the disk-like substrate by using
w0 b@sosugnet | zi ng devi ce havi ng an el ect r omagnePCHIMRLO041EH4300
ferromagnetic layer of theqhias applying layer 16 was

magnetized radially in-plane. The magneti zed

coRAfRRAGH G a PSR dghieticla Pérdundero®Re nbih4&he¥iB Film) 18, a CoCrPt
eval uated for the read and wite properties by the

ferte R BT TO Ry MR RS P B R SR D AN

ited, States. 2005/ 031713 CTAJR2004 The

secfl et A9t (i PR ied CHOBH R Moo R AP ot DOBR T Abfr-SI05

recording track width and 0.15 mreproducing track
perppnstieplarmagnetis reqeeding layeprmghdicnlar magesticdaysidd, 2 egrbon

the recording part and the magnetoresi stance effect
protestive tayef t4, antl@ lnleanidayirghidhvs ve shdhie in the digure mend stacked

rotational speed of the disk was 4200 rpm and at 22.2
sudd®Bsbiely @flihdhohmapaddicishisstarnt.er of the given position.

Fromthese results, an excellent nedi um SNRm (out puts

of T ER&OMY g)'gﬁ)gnéi'bﬁl@laileéord%g 194HrRYlor oe @tftaihé:c?ﬁébendicular

recordi ng ity 119 kF m rnms value (root nean

o P e A o il o
R TR G AR T —

according to the same procedure as that for the i

magedtisaaenrdingdayerdd wes measwed it the gesyks.4medfo mpgnetic grains
above Exanple 1 except for formng the CoPtCr-Si 02

havligy e grairs siae prgp ©hd it 6 harandegmestalgraie donodany ré ggreappi@imately
15 nmthick by using a conposite target of (Co-16 at%

1 nff thidk vadr¥oobkervél. nol % Si 02.  The obt ai ned per pendi cul ar
magneti ¢ recordi ng medi um of the Conparative Exanple

1 hagpd fQuHRaNEn bA%E ﬁoc%P&é&EﬁthLHoheéhtﬁﬁoﬁ BEtnR %%H)%Héicﬁfd{ ar

magneti c recording mediumshown in Figure except
t the cul ar_r layer .is different.

h [ di
gl b SRR I U Bl e hLhRa AT ableSioh kS

per pendi cul ar magnetic 20 recordi ng medi um obt ai ned as
Spepﬁespceeﬁﬂélpaﬁawn IR pliegiron %&%0%83%8@4-%@% 0 based

magnetic crystal grains, of which the major component is Co, and the constitution
existing at the crystal grain boundary region of which the major components are Y, Si,
and O, around each Co magnetic crystal grain can be observed.

The magnetic field of 1185 A/m (15000 Oe) was applied to the obtained
perpc?ndicular magnetic recording medium 40 radially outside direction of the disk-like
substrate by using the magnetizing device having an electromagnet and the ferromagnetic
layer of the bias applying layer 16 was magnetized radially in-plane.

The magnetized perpendicular magnetic recording medium 40 was evaluated for
the read and write properties by the read/write analyzer 1632 and the spin stand

S1701MP manufactured by Guzik Technical Enterprises of the United States.
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grain size distribution of the magnetic grains of the

per pendi cul ar magnetic recording |ayer was exam ned.
WQ@A2008/08983l t, the grain size range was equal tPCDIP2004/014300

greater than 7 and equal tgpor |ess than 10 nm Wen

the recording/reproducing properties of the

per pRRGE sl AIwiR Red L16:d25hdad bavidi nd.2fedn uenooding track width and

Conparative Exanple 1 were evaluated in a nanner

013 pm’g;glrggpgngF}agh\g%tgﬂp@ﬁgﬁlﬂéﬁn@m@awwm@@mae

was 18.5 dB. "It may be seen that
the nmediu f the Exampl e ' . '
L B L T

than the conventional nedium Conpar.at i EX . e
meayraneend Frdatiapabspsed efdhaéhsi%waas ‘EZIDQimetf‘&S ﬁg%ﬁ 4y Pﬁ%n%“s flom
phase. 5 Exanple 2 As a perpendi cul ar magnetic
thercenter ofi the givay posiidn.Exanpl e 2, the perpendi cul ar
magneti ¢ recordi ng nmedi um was fornmed by the sane )
Pr oCEdH BesSrefudis, dxaxepllant meeivoe SNRuh (outpigs ofyepeaduoiag signals
oxides in conposite targets which were a Co-16 at%
s: Sltpdidrat Madat rdBflling GerRitF R PR Nvp! thsArafuen@dintan square) at
conposite target (wherein A represents at |east one

71$§J5¢§g@gtois,{ag,[gd\g¥9§,gd‘ﬂQS, MyO, A1203, Zr02, H02 and B

'east one selected from T102, Ce(Q2,
Si 02, Cr203, N O Ta205) having the conbination of
oxi des of various elenents shown in the follow ng
Table 1 instead of using a CoPtCr-3 nol % Y203-5 nol %
Cogipprtize Fgaapled t ar get. 15 The obtai ned per pendi cul ar
magneti c recordi ng nedi um has the sane |ayer
cons Ak hipeipendigslat megpsicresrdilingmgdivi §h a compHativg example, a
medi um shown in Figure 5 except that the
pe@@ﬁcﬂl@lﬂdﬂ BhiRtic IROAdihg Medampnes nbtainay eccording i theseme procedure
he obt ai ned perpendi cul ar nmagnetic recordi ng nmedi um

s P L R Ll o oty syl
excr:eep'? %‘cl)rtfgm?iglg thser@gﬂCr-%%zi l'ﬂyél;aalg la%ei'pen&@u%@ﬁéé@é’tﬂ%@@brding layer 12
nm thick by using a composite target of (Co-16 at% Pt-10 at% Cr)-8 mol% SiOs.

The obtained perpendicular magnetic recording medium of the Comparative
Example 1 had the same layer constitution as the perpendicular magnetic recording
medium shown in Figure 5 except that the perpendicular recording layer is different.

The perpendicular magnetic recording layer of the perpendicular magnetic
recording medium obtained as the Comparative Example 1 was measured by TEM and
grain size distribution of the magnetic grains of the perpendicular magnetic recording
layer was examined. As a result, the grain size range was equal to or greater than 7 and
equal to or less than 10 nm.

When the recording/reproducing properties of the perpendicular magnetic

recording medium of Comparative Example 1 were evaluated in a manner similar to that



10

15

20

PCT/ JP2004/ 014300 22 Table 1 G oup AG oup BSNRm dB

Y203Ti 0222. 5 Y203Ce0222. 0 Y203Si 0223. 7 Y203Cr 20323. 5
WO2038B122P. 6 Y203Ta20523. 6 W3Ti 0222. 1 W3Ce02P21/8P2004/014300

W)3Si 0223. 3 W3Cr20323.5 W3 O22. 8 W3Ta20523.2 M

OTi 0221. 4 MyOCe0221. 9 MYOSIi 0222. 6 MyOCr 20322. 7
of My@hdplelt, SNl s 2@52@B.3 Medi um of Conparative -18.5

Exanpl e

It may be seen that the medium of the Example 1 using two types of oxide in the

present invention showed better properties than the conventional medium of Comparative

Example 1 using one type of oxide as a grain boundary forming phase.

Example 2

As a perpendicular magnetic recording layer of Example 2, the perpendicular
magnetic recording medium was formed by the same procedure as for Example 1 except
for using various oxides in composite targets which were a Co-16 at% Pt-10 at% Cr and
a CoPtCr-4 mol% A-4 mol% B composite target (wherein A represents at least one
selected from Y203, W03, MgO, Al,03, ZrO,, HfO, and B represents at least one
selected from TiOz, CeOo, SiOs, Cr,03, NiO, Ta,0s) having the combination of oxides of
various elements shown in the following Table 1 instead of using a CoPtCr-3 mol%
Y>03-5 mol% SiO, composite target.

The obtained perpendicular magnetic recording medium has the same layer
constitution as the perpendicular magnetic recording medium shown in Figure 5 except
that the perpendicular magnetic recording layer is different.

The obtained perpendicular magnetic recording medium was evaluated for the
recording/reproducing properties in the same way as in Example 1. The results are shown

in Table 1.
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Si 02 Group AG oup BSNRm dB A1203Ti 0221. 6 A1203Ce0221. 3

A1203Si 0222. 2 A1203Cr20322.1 A1203N O21.9

WOI®88I2D522. 8 Zr 02Ti 0221. 8 Zr 02Ce0222. 0 Zr 028" 028045014300

Zr02Cr20322. 2 Zr02Ni Q21. 1 Zr§PTa205 22.1 H
Hf 02Ti 0221. 8 Hf 02Ce0221. 3 Hf 02Si 0222. 6 Hf 02Cr 20322. 7

Hf 02N Q21. 6 Hf 02Ta20522. 2 Medi um of

Conparative -18.5

Exanpl e
Table 1

Group A Group B SNRm(dB) Group A Group B SNRm(dB)
Y203 TiO; 22.5 AL, O3 TiO, 21.6
Y203 CeO, 22.0 Al O3 CeO, 21.3
Y,03 Si0, 23.7 ALO; SiO, 22.2
Y203 CI203 23.5 A1203 CI'203 22.1
Y203 NiO 22.6 Al O3 NiO 21.9
Y203 T21205 23.6 A1203 Ta205 22.8
WO; TiO, 22.1 Zr0, TiO, 21.8
WO; CeO, 22.5 710, CeO, 22.0
WO; Si0, 23.3 ZrO, Si0O; 22.5
WO3 Cl‘203 23.5 ZI'OQ CI’203 222
WO; NiO 22.8 ZrO, NiO 21.1
WO3 Ta205 23.2 ZI‘OZ Ta205 22.1
MgO TiO, 214 HfO, TiO, 21.8
MgO CeO, 21.9 HfO, CeO, 21.3
MgO S5i0, 22.6 HfO, Si0, 22.6
MgO Cr,04 22.7 HfO, Cr04 22.7
MgO NiO 21.8 HfO, NiO 21.6
MgO Tay0s 22.3 HfO, TayOs 22.2

Medium of Medium of
Comparative i 185 Comparative i 185

Example Example

Si0, Si0,

From the results of Table 1, it may be seen that the medium using at least one

oxide selected from Y oxides, W oxides, Mg oxides, Al oxides, Zr oxides, and Hf oxides

as group A and at least one oxide selected from Ti oxides, Ce oxides, Si oxides, Cr oxides,

Ni oxides, and Ta oxides as group B showed better properties than the conventional

medium of Comparative Example 1.

Example 3

As the perpendicular magnetic recording layer of Example 3, the perpendicular

magnetic recording medium was formed in the same way as in Example 1 except using

the oxides composite target having various composition ratios which were a CoPtCr-x
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Si02 Fromthe results of Table 1, it may be seen that
the medi umusing at | east one oxide selected fromY
wW®@2008031713V oxi des, My oxi des, Al oxides, Zr oxPCE$R20e414300
Hf oxides as group A and a3 | east one oxi de sel ected
fromTi oxides, Ce oxides, Si oxides, Cr oxides, 5 N
molgx Adempl % icohapsite treget whereimuprepreshatoatiichsitone selected from
properties than the conventional rmedi um of
Y,V eL e Bepraak@s At ledsk anPéetectedBorh 580N ETpOL dlsQy) Aaving
magneti c recording |ayer of Exanple 3, the

Varigﬁg gcﬁg%girgg%ﬁosl&o%% d faui;xg&%rﬂbregz Ly bt M@ﬁ%g eLIEC-3

way as in Exanp except using

oxides co Lte target, hayi ng various conposition
1o étﬁ@é‘iﬁ?@g% PR Vo 2005/ 031713

PCT/ JP2004/ 014300 _ 23 nol % A-y no| % B gonposite target

( whékhsi abtamnedapspeadinudar agnefisiecqfmnedpedpp thfo%ﬁne\‘gb%f

and W3, and B represents at |east one selected from
conSit0@on G the Perptadiodlpr magiatig recpading medonplesyn indrigwgts, egcept

shown in the following Table 2 instead of using a
that@a&péspediicI®l magnéaio Jedording MySi ©Aiffcoemosi te target. 5

The obt ai ned perpendi cul ar magnetic recordi ng nmedi um

has & beanE ﬁe?r@/&{dicu@aq_@@do&diﬁg RAiuAS of BearslE BeRdi v hluafed for
magneti ¢ recordi ng nedi um shown in Figure 5, except

the fr]f:? %dellrlgﬁeltppﬁﬂ%g%%?gélr?ésdl p Sr PESS‘Y%E{S;}? %rxggﬂ |'§g im?adi um
3 v .
o GRSy 5 Se Y R eisen thcqpip a ey i

Exanple 1. 10 Figures 6 to 11 are raphs}‘?ho&ng t he
boundaryiregian fermipematarial elihtePCrarmelfeAqgt meke Bgyrsgsgnts at

region formng material of a CoPtCr-x mol % A-y nmol % B
least Ane eglecsitom Y03 and 3¥0s,and Bsieprssendslatileastrongdecigsoffom SiO;,

W3, and B represents at | east one selected from Si 02,
Cr,05, 2014304 ptaeadiculae agndicatdoadingiqeeindSNRaor di ng

| ayer and gNRm Figures 6 to 8 are graphs show ng

CUr VGsurt4 1o 8 he grapk shékidLERRGUIOYE] M, WhET21 8pdcfiely when

grai nggound%ry r%g?lgsn fo}m ng materials wer er ip: V\Dg

B represents at . ct e r ' :
the g BaTREY e B READY a0 SR S W OL Hheb Gy (R pme

sele:cteAcrlofrom Si0;,, Cr,0s, and Tay0s, and the composition was x =y = Z/2 (0 =z =40

mol%).

Figures 6 to 8 are graphs showing curves 102, 112, and 122 respectively when
the grain boundary region forming materials was WOs only, that is, the composition was
x=2,y=0(0=2z=40 mol%).

Furthermore, Figures 6 to 8 are graphs showing curves 103, 113, and 123
respectively when the grain boundary region forming materials was SiO,, Cr203, or
Ta,0s only, that is, the composition was x = 0, y = z (0 = z = 40 mol%).

As is clear from comparison thereof, it may be seen that the case which two

types of oxide are used as shown in curves 101, 111, and 121 in Figures 6 to 8 was better
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nmol %9 . Figures 6 to 8 are graphs show ng curves 102,
112, and 122 respectively when the grain boundary
WO e@bos17idr m ng materials was W3 only, that iBCT/12604/014300
conposition was 20 x=z,y=0{£0=z=40nol % . Furt hernore,
Figures 6 to 8 are graphs showi ng curves 103, 113, and
in ShA8n KRSRAGKInk &Y 1y oikite agshdwn hocutdey 102 &1 and 122, and
formng materials was Si 02, Cr203, or Ta205 only,
cur\;elgalg}g,l f’l&&ﬂlﬁlﬁoslﬁg%" g = 0. Yy =z (0 =z =40
nol 9. I's clear from conparison thereof, it may be
see hat the case j.ch. two j e
used? 2 LMY KERveS qf(ﬂe gt%ﬁllst %g)ﬁénggﬁrglégn f%%lf gad el
to 8 was better WO 2005/031713 24 PCTLJPZOO4/Q;§%%OBLn
resygiRnalY MAwen theaaraigdoppdash s gporgmeRptgHals Wi gwnt 3y B 18
curves 102, 112 and 122, and curves 103, 113, and 123
selestedvirom at Bagyone ot $i028CT0n and E28a xad e CONFOFLOB 8739 Xty =
11 are graphs show ng curves 201, 211, and 221
z/2 (@specho ¥el%). Wwhen the grain boundary region formng
materials were A = Y203, Bis 5 selected from at | east
one f; ' Rewiha 2RPciaes 1028 2CDRASDE t3pestis]
X =:@é@%g§#g¥%%£2§§§§@4o n%l@@. Figures 9 to 11 a?% Y
r aphs .show : Yo :
w88 28R DO AR, e don kR o GRS o B caE Mhar i e
mat eri al was Y20 | one,, .t h is, the conposition was
CoTRPOsItiON Wasx EZ(X):i) @ =3 ﬁéor%qq%)‘. 10 Furthernore,
Figures 9 to 11 are graphs show ng. curves 3 13
and PuthermesspBigaios A1t9 LhaEngepls YPHing %&??dﬁ)gyz%»ﬁg%%”
formng materials was Si 02, Cr203 or Ta205 alone,
respdutitzelysvhenahe graipdsiunilany regien formigg matesials W& S0z GQgor Ta0s
mol %9 . As is clear fromconparisons thereof, the case
aloh®) thitii€ thelcaBpldinsis was x @0, ge- 20 € z =udleniolfs).shown i n
curves 201, 211, and 221 indicated in Figures 9 to 11

was Retd 8La il comPiREohd @Breb dhe &8¢ ROWARE thbRéhdelof oxide were

oxi de as shown In curves 202, 212, and 222, and

use%uars\éﬁgwg 9113 Cur\;els%m?fﬂ, %g&)’ beﬂlid‘fc%{eﬁqn 'F‘Pgu’%é@* £ Wadittddin
SNRm than that using one kind of oxide as shown in curves 202, 212, and 222, and
curves 203, 213, and 223 indicated in Figures 9 to 11.

From Figures 6 to 11, it may be seen that when the contents of the grain
boundary region forming materials were equal to or greater than 0.1 and equal to or less
than 30 mol% in total, better properties were exhibited. When the content of the grain
boundary region forming materials were equal to or greater than 1 and equal to or less

than 20 mol%, even better properties were exhibited.

Example 4
For the perpendicular magnetic recording layer of Example 4, the perpendicular

magnetic recording medium was formed using the same procedure as in Example 1
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From Figures 6 to 11, it may be seen that when the

contents of the grain boundary region form ng
woraioen3 s were equal to or greater than 0.1 apdI/sepaed/014300

to or less than 30 nol % im4otal, better properties

were exhi bited. Wien the content of the grain 20
excdodaing the ghoousfaxidd cognpoatte targetswiieh eveegja oPt@-omol% A-y

greater than 1 and equal to or less than 20 nol %

mol%Y BLoRBobied taRfc® PRRdrbiaA WpFele¥ M 1BAst 66k sdieciiir@n4,B9and WO;
t he perpendi cul ar magnetic recording | ayer of Exanple

oy RS SRo O L SR Voo
ST ST S S0k 08

~ml % A-y nol%B conposite target (wherein A
SiOp epmpewisttargat | east one sel ected from Y203 and W3
and B represents at |east one selected fromSi 02,
Cr 20lhe ob&s) pempenidiaylar andgnetic recondprsiediom had thesansHayer
in Table 2 instead of using a CoPtCr-3 nol % Y203-5
conb@biboPasSihe PefRAmiesiat Mapmetidatcordifg nedivmh Slewvn in Figure 5 except
per pendi cul ar magnetic recordi ng nmedi um had the sane

that t8Y Eérge&ﬂ&ﬁﬁlj i ﬁ%eﬁe r&rdifg 136f WeO@erhar magnetic

rec I ng ned shown in Firgure 5 except that the

di . ti ' L
P ars it PBAE B L SRR AebMiRbn B usfle TERADX was
usi ng TEM 'E:!DX was 10 evaluated,.in

b h —
evalbied R AR RO 7 N P T B R B ki Fgpnp 4 the Co

Figure 4, the Co based magnetic crystal grains having
basedhinegnetisraspivd iraing havingimaior kempenest Pt 4o ﬁ@fgtherwflﬂéutwn in the
crystal grain boundary regi on having a major conponent
crysthl géain\houfillary @gion Bavdmgla 82jarcompdnad ofh YOV, Bhaskedla and O,
magneti c crystal grain was confirnmed. The peaks of

aro@d SRR CYBhsBPRsSndc drikeal @xaifl was bbifiriRter i al s
(el enental 15 substances) were neasured by X-ray

phot Gk{ OMo:3R& b St RGNS hifle htdrlags bl
r eco’@gi:lﬁeg rrgf(}l) um g‘%‘t g’iéne in E)garrpl e 4. As these
resul [ n ' . .
R et eSS S R0 e S Bon a0 v o
Si 02, Cr203, and Ta205. On the other hand, when
recording medium obtained in Example 4.

As these results, it may be seen that Y, W, Si, Cr, and Ta existed at the
stoichiometric ratio of Y203, WO3, SiO,, Cr,03, and Ta;0s.  On the other hand, when
the peaks of group B (Si, Cr, and Ta) were measured, it may be seen that the peak
integrated intensity of these oxides were weak in comparison to that of group A (Y, W,
and other materials) and the peak integrated intensity of oxidizable materials (elemental
substances) was strong. This indicates that some of the oxides of group B are reduced
by the oxides of group A. From the above description, it may be seen that the oxygen

concentration of the crystal grain boundary region was reduced from the ratio of

concentration calculated by the stoichiometric ratio of oxides.



the peaks of group B (Si, C, and Ta) were neasured,

it may be seen that the peak 20 integrated intensity
w@booshases oxi des were weak in conparison to thedT/a#2004/014300

group A (Y, W and other mg%eri al s) and the peak

integrated intensity of oxidizable materials

(el emhpiodtained\pagicadicslay resbelind medigm oftExtanlpidl Gak @ssaluated in
that some of the oxides of group B are reduced by the

th@?éb&%%lg?’ffeﬁﬂﬁﬁéiﬁg PropERREd 8 s3he A qg%?ﬁk@ﬁtﬂ%e c e ?&)ﬁlts are

be seen that the oxygen concentr At on o ry
dary region was reduced fromthe ratio of 25

Sm%gﬁégﬁﬁﬁg?lon cal cul ated by the stoichionmetric ratio

of oxides. WD 2005/031713 26 PCT/JP2004/ 014300 The

obt ai ned perpendi cul ar recording nedi um of Exanple 4

was evaluated in the recording/reproduci ng properties
Tablg 2 he same way as in Exanple 1. The results are

shown in Table 2. 5 Table 2 G oup Anol % oup Bnol

yGNRMA dB)| W3851%2723 1 \W35SB025P1. 3 3% Si 04326NEm (dB)
WBAGY 203722. 9 W35Cr 20352%i©2V‘037 20335]:9. 231
W$A3 2205 /233 W35Ta20552%;p, W37 Ta205320:%4 713
Yf A3 Eﬁ/f,f,,‘j ‘vfusﬁ“ "2522Si62‘r’203 7St 02339. 6 201
Tz 3u ZUJ1Z2Z2. 0O 3 Cr203 7 229
WO3 5 CI'203 5 22.2
WO3 7 Cr203 3 19.5
WO3 3 T21205 7 23.3
WO3 5 Ta205 5 22.5
WO; 7 Tas05 3 204
Y205 3 Si0; 7 23.3
Y-0;3 5 SiO, 5 22.8
Y03 7 Si0O, 3 19.6
Y203 3 Cry03 7 22.8
Y203 5 Cr203 5 21.3
Y203 7 CI'203 3 19.7
Y705 3 Tay05 7 23.3
Y203 5 Ta205 5 21.9
Y20; 7 Tay05 3 20.0
- - Si0, 10 18.2
- - Cr04 10 16.1
- - TayOs 10 16.9
WO;3 10 - - 17.5
Y.03 10 - - 16.5

As is clear from the results of Table 2, when oxides are used at various
composition ratios, and when the amount of oxides of group B is larger than that of group
A, better properties were exhibited. In particular, the reduction of oxygen concentration
in oxides of group B in comparison to that of group A can be seen when the crystal grain

boundary is formed in combination of group A and group B.
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Y2035Cr 203521. 3 Y2037Cr 203319. 7 Y2033Ta205723. 3
Y2035Ta205521. 9 Y2037Ta205320.0 --Si 021018. 2
WO 2@52831016. 1 --Ta2051016. 9 W310--17.5 Y203 1RCF1B064/014300
As is clear fromthe resultgyof Table 2, when oxides
are used at various conposition ratios, and when the
Exd4afaeipt of oxides of group B is larger than that of
group A, better properties were exhibited. In
ipﬁr E)%‘(%:dg}% ?Elgfﬁﬁg%lgpﬂégﬁétﬂ%&frdiﬁéﬁ&féf‘ oﬂgﬁﬁﬁ‘ﬂlé 'Saﬁxb @erpéfdicular

O ) In conparlson to that group A

e sgeen en the

magilic SRS PISHILB g5 gcﬁfg%i hs s ey “3%9%%‘&/ SR
27 PCT/ JP2004/ 014300 Exanp P fj%%u

usingiga e@n@uSrcé@éf:rQﬂm@S}ta%g%W Eiamﬁ élag‘l’ iggbro tol% B-c

per pendi cul ar nmagnetic recordi ng nediumwas forned in
mol% €-¢ ami7\idy el % B cBmpngifectamzcbeemin Agepresasityy) leastone
vari ous oxi de conposite targets which were a CoPtCr-a
sel B rdin Y, TB) Wi, Mg0, Bl 76C5; andHF04, BadBro$i@FC = Cr0s, D =
conposite target (wherein A represents at |east one

1@9 dﬁct@éb f LM ¥%03c =WRe1AE0: 043030017, QRd e &Tartd Dol %)

02 C = Cr203, D = Ta205, E—Ce02 and a =
hagpevificye S0 o sy o Op IO S A T S B0 o o

Co%%%:“a%”?@ﬂ%&bcgrwo%%@é‘?vﬁ@qsﬁs' et yp 0 O

Comparative Example 2

Next, for comparison, as the perpendicular magnetic recording medium of
Comparative Example 2, a perpendicular magnetic recording medium was formed in the
same way as that for the perpendicular magnetic recording medium of Example 1 except
that a 12 nm thick layer of CoPt Cr-SiO, was formed as a perpendicular magnetic
recording layer using the (Co-16 at% Pt-10 at% Cr)-x mol% SiO; (wherein x = 6, 8, and
10 mol%) composite target.

The perpendicular magnetic recording medium of Example 5 and the
perpendicular magnetic recording medium of Comparative Example 2 have the same
Jayer constitution as the perpendicular magnetic recording medium shown in Figure 5
except that the perpendicular magnetic recording layer is different.

The perpendicular magnetic recording medium obtained in Example 5 and the
perpendicular magnetic recording medium of Comparative Example 2 were evaluated the
recording/reproducing properties in the same way as in Example 1.  The results are

shown in Table 3.



Conpar ative Exanple 2 Next, for conparison, as the
per pendi cul ar magnetic recordi ng nedi um of
w@pasatd ve Exanpl e 2, a perpendi cul ar nmagnetPCT/JP2004/014300

recordi ng nediumwas fornecdhg n the sane way as that
for the perpendicul ar magnetic recordi ng nmedi um of
Exanpl e 1 except 15 that a 12 nmthick [ayer of CoPt
Cr-Si02 was formed as a perpendi cul ar nagnetic
Tabiee_ford' ng |l ayer using the (Co-16 at% Pt-10 at% Cr)-x

% Si 02 (wherein x =6, 8 and 10 rml% conposite
t+afrget ne—perpengtctul ﬁnu ety recording e
’Exéxpl_eﬁgam@f wper pEReH \,qil af—fragheti-e—recordt .ﬁ%}wﬁj (dB)
n¥dPum o (‘nﬁ%@ﬂ atilve (EI;QZPL_!_Q_ha% the saip 20— 218
| V@5 consti B2 on |as €8s ped pendrcul al nagnetic 21.9
r a0 di nd ne8i@um sHowCi@s Fi qure 5 except that the 21.7
paLPsNdi dul agi®Agnet i cCkO¢or di ng layer |is di-fferent. 21.4
Theoper pendi guhar magnet,0¢ r¢cordi-ng nedi um-obt aijned21.3
TS aTPIE SaRd The@gbpendi cul ar magnetic recordi ng.8
AR s A A O G T
EWBnl o 1 1802 ool sCaPs 28 o HBARS: nlTabl o 3. Wo 213
2065 031713 S8OTablle CwrOT/ 1F>m’)632ﬁ/z@14'2(n ABCDESNer n dB-3
YAQ®Gi 020r 208i021. § WESDe2Cr 20312201 9 - 20.9
MyeSi, 02Crj203S8iQ4. 7 |A120865 02Cr 20Bw021. 4 - 20.1
ZIdS 02Cr 2037621, 3 H 036;02Gr 20B»021. & - 21.1
uy%&gru 20r20%]8£05- 12T &, 3Si|02C2B3 1a405- édof 1.6
WO; Si0; Cr;03 Taz0s CeOs 21.5
MgO SiOz C1’203 TagOs CeOg 21.1
A1203 SiOz Cl'203 Ta:>_05 CCOz 20.7
ZI’OZ SiOz CI’203 T.’:1205 C602 20.2
HfO, SiO, Cr203 Taz0s CeOy 20.7
6 mol% SiO; - - - - 17.9
8 mol% SiO, - - - - 18.5
10 mol% SiO, - - - - 18.2

As is clear from the results of Table 3, the case in which at least three kinds of
oxide are used as a grain boundary forming phase in comparison to when only one kind

of oxide was used exhibited better properties.

- Example 6
As the perpendicular magnetic recording medium of Example 6, the
perpendicular magnetic recording medium was formed using the same procedure as
Example 1 except that the Cr nonmagnetic layer, the CoCrPt ferromagnetic layer, and
CoZrNb soft magnetic layer was not formed.

In Figure 12, a schematic sectional view showing a further alternative example
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MyOSi 02Cr 203Ta205-20. 5 A1203Si 02Cr 203Ta205- 20. 9

Zr @2Si 02Cr 203Ta205- 20. 1 Hf O2Si 02Cr 203Ta205 - 21.1 -4-
WO20383102Cr 203Ta205C5C221. 6 WI3Si 02Cr 203T4205CC2P2084/014300

MyOSi 02Cr 203Ta205Ce0221. 1 3Si 02Cr 203T4205Ce220. 7

Zr 02Si 02Cr 203Ta205Ce0220. 2 02Si 02Cr 203Ta205Ce0220. 7

of Ghenpdrfeniditar maghtiGreBordtl gdm &P accorlithghio 12 predel® invention.
Si02----18.2 As is clear fromthe results of Table 3,

the gas@olvh iﬂ\@igﬁt’b Al A enldiluBf ngzigggﬁc Rbordm écﬁlgrg?OeOf

used as a grain boundary formng se In Cg bar| :
0 | . Of | de was ed,exhibi.t e
0 B b P BeN iR 1 Eh SRS 3F bBRAFG e 2.
netic_recordi di um of Exanple 6, the 1 )

CRCRSar slfrramag et meguebrartg et SESORbPRisgtive layer 4,

using the same procedure as Exanple 1 except that the .
angp lylyinenigarar which yeernot shewiChghpfighes; arsrstaghet éca hayeagnetic

and CoZrNo soft magnetic layer was not formed. In
substgter ® 12, a schematic sectional view showi ng a

further alternative exanple WO 2005/031713 29

PCT/ Jhe gerpertlididiOmagnetic recording medium obtained in Example 6 was
measured by TEM in the same way as in Example 1. As a result, it may be seen that the
perpendicular magnetic recording layer had a grain size range equal to or greater than 5
and equal to or less than 7 nm.

The perpendicular magnetic recording medium was evaluated the

recording/reproducing properties by using a ring type head of 0.25 um recording track

width and 0.15 um reproducing track width using the magnetoresistance effect, and the

SNRm was 21.5 dB.

Comparative Example 3

As the perpendicular magnetic layer of Comparative Example 3, a comparative
perpendicular magnetic recording medium was obtained in the same way in Example 5
except that a CoPtCr-SiO- perpendicular magnetic layer was formed 12 nm thick by
using a CoPtCr-SiO; target.

The obtained perpendicular magnetic recording medium has the same layer
constitution as in Figure 12 except that the perpendicular magnetic layer is different.

The obtained perpendicular magnetic recording medium was measured by TEM
as the same way as in Example 6. As a result, it may be seen that the perpendicular

magnetic recording layer had a grain size range of equal to or greater than 9 and equal to
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15

of the perpendi cul ar magnetic recordi ng nedi um
according to the present invention. As shown in
wo-e@anz 712, the perpendi cul ar magneti c recor di PQI/ARRA04AM300
50 of Exanple 6 has a const3gution in which a N Ta
seed layer 29, a Ru under layer 2, a CoPtCr-Y203-Si Q2
or lgssrithentf mul ar nmagnetic recording |ayer 3, a carbon
protective layer 4, 5 and a |ubricant |ayer, which
ar e THetpegfraeulan nidgBetid @odrdingai@lith &0k @dalahted the
nonmagneti ¢ substrate 1. The perpendi cul ar nmagnetic

rec{)r)ﬁ/&%rﬁj)ﬁguﬂﬁgbf@kﬂﬁg Bynstgla Ii‘ingi(a | &dBroas mﬁ@&%ﬂﬁg@ track

in the sane way as in e 1. As a resu

. ot seen .t hat .t . i gul net.i ¢
widL ¥ v G bl a0y bE ROk P BhenRARR e sptect, ana
reater tg%n 5 10 and equal to or less than 7 nm The
the%&@%@ﬁ@?é £4B-nagneti ¢ recordi ng medi um was eval uat ed
the recording/reproducing properties by using a ring
t y peWhie prefirreg. epshodimente of te inycptieichavedicon Hesgribled and
0. 15, um reproduci ng track wi dth using the
illustegetdtoresit stoattee eideestdod thntdhéshare SRplavgof k. ibvaBion and
15 Conparative Exanple 3 As the perpendi cul ar nagnetic

are hat/©beRbnBTOR htiin¥tehoEX AWkt BNS, ondisE6AE) SitRtihM@Ns, and other
per pendi cul ar magnetic recordi ng nedi um was obt ai ned

m""?%giﬁ%t%’?‘?%?lgge e SR Fnp o BERpick BFkc Sof G
. ' . 2 i . CoPt Cr - Si 02 L Jihe. .
inv oy ot APt B sl PiEy trdtTimisskby the

the sane |l ayer constitutjon as in Figure 12 except
foragqine cfeﬁ%nm@flp@rﬁldﬁ culydimitetgietbe scqpaypé e @pavézeﬂéal%w- The
obt ai ned per pendi cul ar magnetic recordi ng nmedi um was
neasured by TEM as the sane way as in Exanple 6. As a
result, it nmay be seen that the perpendicular 25
magneti c recor di IyDUSERIAMAPRLIGABILIEYze range of
equal to or greater than 9 and equal to WO 2005/031713

PCT/ AP #{ith (o3 Qehpl S6F BE ptedsit ifeaflod & dilin which the

perpendicular magnetic recording medium of the present invention can apply to a
magnetic recording/reproducing apparatus having excellent outputs of reproducing
signals and linear recording density on some level of 0.25 ym and 0.15 um magnetic

track width.
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The perpendi cul ar nmagnetic recordi ng nedi um was

eval uated the recording/reproducing properties by
wWa@g00893E713 i ng type head of 0.25 ,um recordi ng PCEHIK004/014300

wi dth and 0. 15, um reproducigig track width by using the

magnet or esi stance effect, and 5 the SNRmwas 16.8 dB.

Wil e preferred enbodi nenfIsAIMSt he i nventi on have been

described and illustrated above, it should be

understood that these are exenplary of the invention

and are not to be considered as limting. Additions,

0 : fot ations can
L b oA g L b D 2 cope o
therf’g{ esent 10 | nv]gnti on. Accordingly, the invention
i s rotOlIREBHC ST §¥Ped as being Iinited by the
foregoing description, and is only limted by the
scopemagnetipdayghgbtded cl ai ns. | NDUSTRI AL APPLI CABI LI TY
An application exanple of the present invention is one
i n viprotectiveelag& per pendi cul ar nagneti c recording
medi um of the present invention can apply to a
stadked 08 tal nonfa gt idisabstfag) Madtedn Ng appar at us havi ng
excel I ent out puts of reproducing signals and |inear

rec ol 9o fER Hyey inRMhde® MertdY e ci¥stdPgid @Atk Adbnkfaghdtic
magneti ¢ “trackK wi dth. WO 2005/031713

R RMTRARATS, 31N b T A perponc oo

I'ng nmedi um conprising at |east a
rwmmngClmﬂr

| ayer, .5 a magnetic | aye and .
or ot B8] cryase) g pbounditg steigh ey Ay NS kingSPF e
wherein said magnetic |ayer includes a ferromagnetic
crystal grain and a nonmagnetic grain boundary
region; and 10 said crystal grain boundary region
2. cOhppérpasliatar npgattic wooidingineditmacierdingto ciiim 1, wherein said
per pendi cul ar magneti c recordi ng nedi um according to
oxi@éawhich forth&lieimstsPgrdin boundary region includes at least two kinds of oxide
selected from those of Y oxides, W oxides, Mg oxides, Al oxides, Zr oxides, Hf oxides,

Ti oxides, Ce oxides, Si oxides, Cr oxides, Ni oxides, and Ta oxides.

3. The perpendicular magnetic recording medium according to claim 2, wherein said
oxides which form said crystal grain boundary region comprises:

at least one oxide selected from group A of Y oxides, W oxides, Mg oxides, Al
oxides, Zr oxides, and Hf oxides; and

at least one oxide selected from group B of Ti oxides, Ce oxides, Si oxides, Cr

oxides, Ni oxides, and Ta oxides.

4. The perpendicular magnetic recording medium according to claim 3, wherein the

oxide selected from said group A includes at least one oxide selected from Y oxides and
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oxi des which formsaid crystal grain boundary region
i ncludes at |east two kinds of oxide selected from

w0 bws®310i3 Y oxi des, W oxides, M) oxides, A oxPCEIR2004014300
oxi des, Hf oxides, 15 Ti oxiqles, Ce oxides, Si oxides,
Cr oxides, N oxides, and Ta oxides. 3. The

Wpeideendi cul ar magnetic recordi ng nedi um according to
claim2, wherein said oxides which formsaid crystal
grain boundary region conprises: at |east one oxide
sel ected fromgroup A of Y oxides, Woxides, M

. d,.Hf i des; d.
> o Shoe oA o BT P o
§§ S ; Si.SXIde ) oxi.des, N _oxi des,
o lete Hommral BB SRR R ARG 0% saksiis e S s, Cr

according to claim3, wherein the 25 oxide selected
oxidepnddp@xXiflesup A i ncl udes at |east one oxide sel ected

fromY oxides and WO 2005/ 031713 PCT/JP2004/ 014300 32

W oxides. 5. The perpendi cul ar magnetic recording

medi um according to claim3, wherein the oxide

6. seheptpendicalnr magrbtig rr@éb@dlﬁg @l & oftding ﬁﬁﬁﬁmpﬁ‘ QyiReffthe
sel ected from Si oxi des, 5 oxi des, and Ta oxI des.

coftent JFehd&i @5@?&&& ﬁémrfgﬁ %%h]b A heAE g ?nt%'?e is #mtalner than the

according to clalm n the

t roup, Al n nole percenta
cof it ARG ekl PR 008 B Rt PereLarcBba SRy nicn
the.group B | nDIe percentage in the oxides which 10
forppsaif Grystal gRiphoundyy apgoBoundary region. 7. The
per pendi cul ar magneti c recordi ng nedi um according to
claim 3, wherein oxygen concentration of the oxide
selected fromthe group Bis smaller than ratio of
7. cdhe parpemticudar magretit atoudihg ordivieacbriish oI 3,GvHedtinO
in the oxides which formsaid 15 crystal grain

ox R4 ReAENta8E 6MNthe BxidERelepRl @l%ﬂijﬂhe %L(ﬁff BERABEH I than ratio of
recordi ng medi um according to claim wherein oxygen

cor&@ﬂt‘feﬁ%r(ﬁféuﬂ?ect flof (}Lc %icﬂioi?el?ﬁ@raﬁl) %E’E{é oxxcie? H&%allﬁcﬁ} form said

crystal grain Ion'1s I"ér
cent ati.on of. t hat cal cuI ated fromthe sum of the

erySRhEa Py Soigh; o

8. The perpendicular magnetic recording medium according to claim 1, wherein
oxygen concentration to all oxidizable elements in the crystal grain boundary region is
smaller than the concentration of that calculated from the sum of the stoichiometric ratio

of all oxides.

9. The perpendicular magnetic recording medium according to claim 1, wherein the
magnetic layer includes a total of 0.1 to 30 mol% of the oxides which form said crystal

grain boundary region.
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20 of all oxides. 9. The perpendi cul ar magnetic
recordi ng nedi um according to claim1, wherein the
wore@aesi7e3 | ayer includes a total of 0.1 to 30 Pwi/382064/014300
t he oxi des which formsaid gyystal grain boundary
regi on. 25 WO 2005/ 031713 PCT/JP2004/ 014300 33 10.
10. Thheperpeadidiian nagnatiegeetdiog meciamd eaprdieg tuiohabe ¢ ovblEregn the
to claim1l1, wherein the magnetic |ayer includes a

magrRtiglayef inklvides £ Bt Yor@ D0 ke ozotithesxivby which 861 sad drystal
crystal grain boundary region. 5 11. The

r ' . magneti ¢ recordi ng nedi um according to
gﬁ%ﬁ%ﬁﬁ@%?ga%géein a crystal grain included in said
magnetic | ayer conprises CoPt alloy as a mmjor
conponent. 12. The perpendi cul ar magnetic recording
medi um according to claim 1, wherein said nopmagneti ¢
11. uddemerpepdiculen maenaticgeerding medipp gpcog ﬁ%&hg’ﬁtm lyghewin a
The perpendi cul ar magnetic recording medi um accordi ng
crystal grhiaiinclddedwhiseid nirgmctit layérecpstpriseeCalif alloyeg nandjer component.
| ayer between sai d nonmagnetic substrate and said
nonmagneti c under layer. 15 14. A nagnetic
recordi ng/ reproduci ng appar atus conprising; the
12.P efl{%em&gﬁe‘?ﬂkﬂfar RRGRGId e cdr8mg ek didn ABE$ikk 46 61afA 1 Ngh Efin said
claim 1, a supporting and rotating driving nechani sm
of the pe ' LG Lng nmedium a
norfashelf; BRGEERCH GihAl-CREACh sy Baflofluns, 1o
i nformation on said perpendicular 20 magnetic
recordi ng medi um and a device for reproducing the
recorded information, and a carriage-assenbly in ﬂbicﬁ
13.5 aFhe nespgadicular megneticrecerfingrmeskium peeqrging 1o glap|lewhich has at
rel ative to said perpendicul ar magnetic recordi ng
leastede wofit mhEnetit lagegy between seid modinagiatispnbsits angl sapbronanagnetic
according to claim 14, wherein said 25 read/ wite head
unde$ 1aefi Ngl € magnetic pol e recording head.

14. A magnetic recording/reproducing apparatus comprising;

the perpendicular magnetic recording medium according to claim 1,

a supporting and rotating driving mechanism of the perpendicular magnetic
recording medium,

a magnetic head having a device for recording information on said perpendicular
magnetic recording medium and a device for reproducing the recorded information, and

a carriage-assembly in which said magnetic head is supported freely movable

relative to said perpendicular magnetic recording medium.

15. A magnetic recording/reproducing apparatus according to claim 14, wherein said

read/write head is a single magnetic pole recording head.



