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Priority is clainmed to Japanese Application No.

2005- 050878, filed February 25, 2005, Japanese

Application No. 2005-082053, filed March 22, 2005, and

Japanese Application NDESQRIBIIM199, filed June 13,

2005, which are incorporated herein by reference.

This application also clainms the benefit pursuant to

35 U.S.C 119(e) (1) of U S Provisional Application

MAGNINTEHEEARDING PERUMBTEODHCTHOROMETHADHEREOF, AND

FI ELD The present invention relates to a nagnetic

recor

e, A R R ING A REERGRIEING AR ST

medium and a nmagnetic recording and reproduci ng

appar atus. BACKGROUND ART Hard di sk drive (HDD) which

are _one type of magnetic recording and reproducing

apparigrigpsis clpimed m}%p@mse YppheativadNa 208566 08 18y fitkdribtuary 25,

of 100 Gohits/in2, and it 1is said that the inprovenent
2005 JapaesdApplicdos Noy2003-082068] filsd 8/1drch 22008} dndgapdnedd

annual rate of 30% Consequently, the devel opnent of
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magneti c recordi ng nmediums suitable for recordi ng
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rel R Tt FfRith HSEWERECRe shhct Db SR G L ger @ of
kngrease the .recordin ' to j ove coercive

U5 e G iericr o AR odmdiedh 3i8net 1
recordi ng nmedi unms used for hard disk drive, a
structure where netal WO 2006/ 090510 PCT/ JP2005/ 020159
2 filmse are lam nated on a substrate for a nagnetic
recordi ng nedi um by tRBCERPUCAErFIEGD net hod i s
mai nstream For a substrate used for a magnetic
r ec dthd pregertaaventivn 8d1ate3 oUinagneis récdkdfg afedieth 889 in hard disk
substrates are widely used. An al um num substrate is a
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filmfornmed on the substrate to a thickne

LR el | ess deposition, with a
magﬁfcgch’ég&@\}htnl%caﬁd %%r%ﬁ%%p%%a&%m fi n!oshed. For the two
types of glass substrates, there are anorphous gl ass
and crystallized glass. For either glass substrate,
one which is mrror finished is used. Currently, in
magnetic recordi ng nBUREREAMPARY used in hard disk

drive, a
Hard disk drive (HDD) which are one type of magnetic recording and

reproducing apparatus, have currently reached a recording density of 100 Gbits/in?, and it
is said that the improvement in recording density will continue in the future at an annual
rate of 30%. Consequently, the development of magnetic recording heads, and the
development of magnetic recording mediums suitable for high recording density is being
advanced. It is required for magnetic recording mediums used for hard disk drive

to increase the recording density, to improve coercive force, and to reduce a medium

noise. For magnetic recording mediums used for hard disk drive, a structure where metal



nonmagneti ¢ undercoat layer (Cr, C type alloy or the
like, Ni-A type alloy), a nonmagnetic internediate

WO 2006/090500- Cr, Co-Cr-Ta type alloy or the |ikepCT/aP2005/020159
magnetic layer (Co-Cr-Pt-Ta, Co-Cr-Pt-B type alloy or
the like), and a protective Fayer (carbon or the
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substrate, whereupon a lubricating [layer conprising
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sulf AR plas s maRs o ideipysdf 1 &5 fRBum ol favmpmor
¢l ose-packed structure (hcp structure) which has an
pokished AdfMg aHgy wilgrdVi-2 Axnecbloyifim; foxmed exx the subwjrateto a thickness
recordi ng nethod of the nmagnetic recordi ng nedi um
of gpprexinmialy il O punpbyaelectraessdgpomition dvifiea pefude ewlictr is further mirror
recording, and a Co alloy is generally used for the
fintsheh eFdrahé twontypsof flasseabgrads, iHerdire At &k @lRYand he
C-axis of the Co alloy is oriented parallel to the
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density of magnetic recording nediuns, it iS necessary

nofrgagnetie dxeEnadide layendioser, %&r-ﬁattmﬂ alloyoutleslike), Hwkgretic
descri bes a theoretical WO 2006/ 090510

layBQ7a3C2063 2020 L5Pt-Btype nttuy ar thieilike),iand agastestivellageri(éarbon or
is effective to make the average crystalline particle

thedil@yBletbq@ntall Seisitdos h ABnthgdtic RUbdualk, WhefddBoiLR lubricating

alloy smaller 1n order to decrease the nedi um noi se.

- : : descri bes that by naking
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ine particle dianmeter and the

gr ai,n-~Ssi L Stri buti he all.oy smaller, the .
et Ry ot 3 oo Eh-etad oo ofm e WFRAEg i the agneti
recorﬂi ng nedium suitable for high recording density

laygGiare gloxs. adech qompsisenCa apihedaincinal compenesbr ThmEo plley takes a
decreasi ng nedium noise to reduce the average

hexaggual gldsepecisdrstiuctuee @icprroanredmidhitmsgnakis cfiezsy magnetization
di stribution of the Co alloy smaller. Since the Co

in itd C-ayisc &or becpdihgxictiddyofFhomagiictrBeor@ngahddym, thereGadin-
be easily considered that formation of Co alloy film
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particle dianmeter and the grain size distri on

. I I . n, xeport ha ..
maliificfing oithe SR B plad regPRIBEEL CEREOH ER Bl fncgionted
erties. Patent Docunent bel ow. descri pes t hat,
parBfR Mirchmaghedirubmaic 2of e the Gres OF ogravid e gumsthe C-
.bel ow descri bes that addition of Vto O is effective.
axipgf daCo ghsyiserientsd papewiewadpitke nomapagadis subshatef Avbordingly,
and Wto Cr is effective. Patent
in the case of in-plane recording, it is preferable that the Co alloy is oriented in the (10-0)

plane or the (11-0) plane.
To increase the recording density of magnetic recording mediums, it is necessary

to decrease medium noise. Non-Patent Document 1 below describes a theoretical



Docunment 4 and Patent Docunent 5 below report that it
is effective to construct an undercoat |ayer by two

wo aye/n305mhi ch have Cr as their principal conmpoP€niPA00t/020159
a different additional elemgnt. In Patent Docunment 6
below, it is described that addition of oxygen and

foruld RERA ihAcdtEhRan FRgRetiVEtounsles theaterhgy afystalling pafite
Cr as its principal conmponent, is effective. [Patent
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Unexam ned Patent Application, First Publication No.

meldaim Tioi8 #xiecieRsade and et umagnet] regergingasediunsuiiable & high
Patent Application, First Publication No. 2000-322732

redoR#th€ Aéns9 +aBiRdviddd. Japacies mabnery iris inegbriaat fontdecreasing medium
Application, First Publication No. Hei 11-283235
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menti oned above, a C_alloy.is mainly used as fhe
crystratingypraticle dipmeserapd the grajfevize digtrifution Abfde o alloy smaller.
decreasi ng the nedi um noise by inproving the )
nonrelpsdtees reported thmo additiary ef ¢ variaty ohélgrienig o 6 improves its
average crystalline particle dianeter and inprovenent

préffer@dsi Patent DoBuBéntt1NtR1&w daddribys thanatiditidr ofH toWlrdbefibertive.
with the Co all oy have been used. Since the Cr alloy

Pa’té?l?f‘)of:&ﬁfﬁt@eoew H@&ﬁ%&%ﬁlaym&{)@ft\/ k@ els dretite. Paedtt S

principal conponent, the characteristics thereof
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attenpts using a & alloy in the nonmagneti c under coat
unfdergeat lager by two layers which have Cr as their principal component but a different

additional element. In Patent Document 6 below, it is described that addition of oxygen
and nitrogen to the nonmagnetic undercoat layer which has Cr as its principal component,
is effective.

[Patent Document 1] Japanese Unexamined Patent Application, First Publication
No. Sho 63-197018

[Patent Document 2] United States Patent No. 4652499

[Patent Document 3] Japanese Unexamined Patent Application, First Publication

No. Sho 63-187416



been proposed. In Patent Docunent 7, it has been

proposed that the noise can be inproved by using an
wW@Pbdoopoosind ch has a B2 structure (AIN, Al Co, APEEJP2a61H020159

the like) as WD 2006/090510 RCT/JP2005/020159 5 the

nonmagneti ¢ undercoat |ayer, thus making the grain

Si ze [PfteritMociB@Aed] fapahésd (SHRhingied Pa@PlicatRinBRstl t
is difficult to make the coercive force [arge by use

PuBficARdnNo Mejaljzayy and it is difficult to nmake
rectangularity ratio of the coercive force |arge by

use - I t [ epto [ out put _.
bec oﬁéaggﬂs{r%% qrgent %s £ Pes Bf‘%exaﬂ%é‘%f\%ﬁ%“g %@BH&%@D’( Best
eal i ze_ a_high ording density. In Patent Docunent
Pu;w#¥m§ﬁ§2BQ@ﬁ2%f§bosed that the noise can be inproved
by depositing Mo, W or MTi alloy, or Wi alloy on
an ORatert Ideduarentb] dapapesstUmsaxaminach Raterth Applicaity®, First Publication
However, el enmental substance of Mo or W or alloys
NosHehl B8832856 and WIi have a linmit to the decrease in
noi se, and are unable to cope with a recording density
eXC ERAbMDRAnieRt ?F*Ehlfb%eaﬂ_ijﬁeﬁ’tﬁ@@ﬁﬁb%@’em' on has been
carried out to solve the above-nentioned problens
Wi t ' L di G Al i_ng. _—
et e ienP, PR e R AR CRS Bl yplicaton
d j magneti ¢ recordi ng medi um whi ch has a
th?g éizx%%ercive force and a | ower noise, a production
netﬁﬁd %hereof, and a magneti c recordin% and
r eptderéeicshDagpaentiillid: Apal Bhgevol 8752868138 7@bove
probl ens, the present inventor, as a result of earnest
i nvESen-FatenbRoeumens 2] dr ApphRbys owh 881 el SURE-5802sent
invention by identifying that the characteristics of
the magnetic recordi ng and reproduci ng apparatus can
be inmproved by wutilizing a W type alloy, or a MV
type alloy as the nonmagneti c undercoat |ayer. That
is to say, the present invention relates to the

followng. (1) A ﬁﬁgﬁ@ [ ol fgwwunwconprising

at | east a nonnagne |cb§@g%ﬁéggﬁwﬁgg , a nonmagnetic

i nternediate. layer, a neti.c |ayer, and a protective

| ay ,meﬁﬂgﬁ?%%h%va» 3 GF ey lééleaé%lai%‘f #t e nopmagnetic undercoat

nonmagnetic substrate, wherein at |east one |ayer of
layeryj A nB1sHhegdtdeereasing theangdinmypeiseiby inprosting teednimgraetic

mul ti conponent body-centered cubic crystal all oy,

undein¢azhlayenmicmeszation biths aivemge edystatiinie pastiobkediashefer and t he
A group WD 2006/ 090510 PCT/ JP2005/ 020159 6 consisting

immbvénerand oMentation 68GE (RAROE | RTBMicSRaRAIRAVEE AR EIAINR have
group consisting of M and W and at |east one
bee?latﬁgg Egm%g At edidlyR M o %e%&ﬁﬂéﬂeﬁ@&‘?de%da?ﬁy&f s as its
principal component, the characteristics thereof mainly originate from the inherent
characteristics of Cr. As a result, the scope for design of the nonmagnetic undercoat
layer of the magnetic recording medium becomes consequently narrowed.
A number of attempts using a Cr alloy in the nonmagnetic undercoat layer have

been proposed. In Patent Document 7, it has been proposed that the noise can be

improved by using an alloy which has a B2 structure (AINi, AlCo, AlFe, and the like) as



(2) A magnetic recording nedium having at |east a

nonmagneti ¢ undercoat |ayer, a stabilizing |ayer, a
worvamgsed i ¢ i nternedi ate | ayer, a nonmagneti CPCDIR0OFR0159

| ayer, a magnetic |ayer, a a protective |ayer,

| am nated in the ascending order on a nonnmagnetic

the eRSbpRdtR undBdoSah rsﬂlﬁ@iﬂakﬁl HBe b@%LSizd B the magnetic film smaller.
antiferromagnetically coupled to said magnetic |ayer,

HO%%% eélﬂc@ltt sj cﬁﬁ?ctultqg %1211(@81?4 ({O%E‘Cl @%OQCJW 'of an AL-Ni alloy,

f coat a er Is con conponent

red.cubic ¢ tal. al si ng at. | east
and P G %ﬁ&fa@@#ﬂ?@mﬁwfjﬁ@ NG TR ey e of an AL
consisting of & and V, at |east one elenent selected
Co pileyn theveepp dyc o owtphishespmay sepllevpasaiesull, leavingproplemstto
one elenent selected fromthe C group consisting of
realif; a Migh recoadifg defsdly. The magnetic recordi ng nmedi um
according to either one of claim1 and claim 2,

wheTePdtent Ddcitet'S it BRAHReR BffpoRaiNa B h6ise dart bdintproved by
crystal all oy used i n said nonmagneti ¢ under coat

depodi¥BE M4,RF, & 191‘25?5‘516(?}’3 'o?g%ﬂgatufgp%ﬁlahfb%ﬂd% SHeattio Q:%nt‘?o film such

tota Cont ent t he e][rent sel ect e
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3, Wherein the multiconmponent body-centered cubic
excepding A0 GHitSEY - used in said nonmagnetic under coat

| ayer has a body-centered cubic structure, and the

| at Thepresan sthantion has BeenraBicddut v DIRXhdabgve)mEittoned

magneti c recordi ng nmedi um according to any one of

problegisiith &D6BIEEIDE pedAdiRL 4 mAMRTi € tdtofBhE mRANIREARNII§ able to cope
internedi ate | ayer conprises at |east one el enental

wid]3 gg P eﬁidlﬂ%p%ﬁggcg ﬁqgﬁ&mkéd}&ng&%&mﬁ &ﬂﬁ%gﬁeg

2006/09051 PCT/ JP2005/ 02 The
coefuh LTI L IStk OB P hofg ey ol 3&1@21 o fetirding
claiml through claim4, wherein said nonmagnetic
m“@@ﬂﬁﬂ#ﬁﬁﬂl%wﬁﬁi%%nprlses at |least one elenmental neta
or alloy selected fromthe group consisting of Ru, Rh,
| r, InQyrderRe soRg the dlmye pradieras, |thy/presdnt invghtoyas,a 1Gsult of earnest
all oys, and Re alloys, and said nonmagnetic coupling

investipatiohasd effdrt)ihak barapletld thOplesdrm idvehtioi by (dehtifiigs that the
magneti ¢ recordi ng nedi um according to any one of

chafdc¥ri¥tids b4vhe ﬂ%netfd Rbodthg Mﬁ%@?x‘oﬂuﬁﬁ% Qp&%[@%%e fmproved by

internedi ate | ayer conprises a one al
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d CoCrPtR
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(1) A magnetic recording medium comprising at least a nonmagnetic undercoat
layer, a nonmagnetic intermediate layer, a magnetic layer, and a protective layer,
laminated in the ascending order on a nonmagnetic substrate, wherein at least one layer
of said nonmaénetic undercoat layer is constituted by a multicomponent body-centered

cubic crystal alloy, which comprises at least one element selected from the A group



alloys. (8) The magnetic recordi ng medi um according to
any one of claiml1 through claim7, wherein said
woorvamgsed i ¢ undercoat | ayer has a nultil ayer BCT/iRAY©0159
including a layer conprising G or a Cr alloy
- conprising Cr and at | east one el enent selected from

corls{36n8 6O TP ak®ONS hSlkash n®élerhient Jelectodl front dhe B\grdNip, coBsis@hg of Mo
Mh and V, and a layer conprising a multiconponent

andR9¥nd SR %ge Clshieht Slaaldtord Itlllé)@-gr&.g? cohBRiARSRbI Ta, and Ti.
reédordi ng medi um according to any oné of claim1
t hr olg claj.m?7 er ej 6 n net | r
| oy R e R L AP B b B 0ot ayer,
conprising Nl Al allqys, RuUAl | oys, and a . .
a stliZingd Ay nd APLIBREF e gﬁ?f&}eétﬁt%?% a nppagngtic goppling layer, a
(10) The magnetic recordi ng medi um according to any
magmeicdfiyer) aidna frotdetiveilphier, &nainated in thisesedndinggrderfaet i c
| ayer conprises at |east one alloy selected fromthe
noh&hRtic SatRsdatt hibsaid si@lilrihg lafelr dymtifG@o@nadnetcallyl ayspled to said
CoCrPtB all oys, and CoCrPtBM (where Mis one or nore
maSh&BAS, VRERET Rdedst OB Afor FPdaid aREAmAGIetR! drid¥oat(ldger is
he magnetic recordi ng nedi um according to any one of
clai . L2 Cai . .
consstlﬁlstgﬁr ’é{ égl{tfs?‘ff(g)%gqo%eﬁt' ﬂgd%-Q:’en‘E@,fb%l Gublt cckg%t?ll %%R'Egg@)g{sirng at least

ass substrate or a te.
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t hrough claim 10, wherein said nonmagnetjc substreite
elemengseleniest Femdhg R ereupcomsisting shylo %lidn‘g’ » |t legst gne\glgment
alloy is forned on the surface of a substrate sel ected

seléctedrfrbhethg Cogrpup fonklistinglof Ndo, Teygndgliiass, and si | i con.
(13) A nethod of producing a magnetic recordi ng nmedi um
havi3g atTheeahetic reoordiromnedius dcooeligomteithay@te ofalaim 1 and
nonmagnetic internedi ate | ayer, a magnetic |ayer, and

clafin 2PWAERE] iBe hAX&o éﬁ)ﬂ%ﬁ%ﬁ?-&ﬂtek{@ﬂ cubRy dil%talcéfmo? used in said

nonfmagneti ¢ substrate, wherein at east one ayer of

sai d _nan neti.c ungercoa | tj
o 1B ABOrEnR: sty e Sefens B dndR drpOt S Ahiaf content
14) A net hod of produci ng netic recordin '
of b4 it theslstent SRSHREE A1 Gt 5 20 RLGREHERL AT 10 6 80 at%
stabilizing |layer, a nonmagnetic coupling |ayer, a
ancﬂrﬁgt A reé@ments_alyetﬁgl ﬁgmjtha Gogrorp bes W@tid_zﬂbé?ent %ﬂﬂt 0y t@oﬁt 7o
e ascendi ng order on a nonmagnetic substrate,
wher(4) The aiagneticdeididirigngediamerccording to any one of claim 1 through
antiferromagnetically bonded to said magnetic |ayer,
cla®d, dhhelepiite Iﬁlﬁlﬁcdnﬁ%(ﬁ{en@f)ocﬁﬂééﬂteﬂ@dm@@@ Bilysal ssieiseoad said

| ayer is constituted by a nulticonmponent
no%ggﬁegﬁ%ﬁér%gatqyﬁr falh }53&}@&1{%&&’ ¥ubic structure, and the lattice constant
is from 3.05 to 3.20 A.
(5) The magnetic recording medium according to an& one of claim 1 through
claim 4, wherein said nonmagnetic intermediate layer comprises at least one elemental

metal or alloy selected from the group consisting of CoCr alloys, CoCrPt alloys, Ru, a Ru

alloys, Re, and Re alloys.



(15) A magnetic recording and reproduci ng appar at us
conprising a magnetic recording nmedi umaccording to
waeyeons1of claim 1l through claim14, and a neRCEIR2005/020159
head whi ch records and reprgduces i nformati on on said
magneti c recordi ng medium BRI EF DESCRI PTI ON OF THE

DRAYY NS nflofetid recSrdchedisimSRebidaizal any one sholeimg through
first enbodi nment of a perpendicular nmagnetic

clai%lre dgvgl%ll’é}g tsaqﬁ di, agﬁetfctﬁﬁlé%fr%;lﬁgér Joﬁ%)‘?i@&é: ANeastdita elgm%ﬁaﬁnetal

-sectional vrew s second enbodi nent of a

or s Etied Hodiihe BRI e S0 Odpb 10" BorJboue S by I

FIG 3 is a block diagram show ng one ex | e of
allows Gireliogs,aad Becillnys. 40 Sif SEPEAERSHS GONPRTE 4V iehag e thigness of

present invention. [Brief Description of the Reference
0.5fyhbBains] 1 Nonmagnetic substrate, 2 Nonmagnetic

undercoat layer, 3 Nonnmagnetic intermediate |ayer, 4

MagnetTHe thayRtic réolling Betiuieadcayting totaryidmeiof aktiml latherugh

7 Stabilizing layer, 8 Nonnagnetic coupling layer, 10
clailVPPNRdr Gin gﬁq{o%}.gnéfﬁthéml_eéﬂtew 8binprisRGR [kt ¢he alloy

nedi um 12 ll\/tagnet

c recording and reproducing

13 di. dr.i ' '
GRS Ay i MR o

W G e T .

according to a first enbodi nent of the present
allayaventi on. The magnetic recordi ng medi um 10 shown in

FIG 1 is one in which a nonmagnetic undercoat |ayer

2, @)Dinragaeticeedondiap medivm ecdosdiag t@anyaonregfredaincl through

| ayer 4, a protective layer 5, and a lubricant film®6
clafif §, WSS b PhdnmdeBlidaiReoaNlager e ATRgLiRyeLstRuchat indwding a

1. FIG 2 shows a magnetic recordi ng nedi um accor di ng

Lo a seeq ' isi bV aht ledfe@ from
oy R e SR TR e il G BT R pR b Belcdien

whi ch a ngnmagneti c ungder. il d.ZI ‘o
thea g consPATR B RRNEA L ROy o Wy apdg): 28 LIk oifprising o

| ayer 4, protective layer 5, and a |ubricant |ayer 6
mulifcompegerirhodiicerterad bt EHAANO% nonmagneti c substrate

1. The filmconfiguration shown in FIG 2 is a .

t ec(@)oThgagesticgrentding mediwa pccarfivgiany pagelieleinn b thipugh

the magnetic layer. In a magnetic recording nmedi um
clabthi7] vhEReh $Md BodBedheat agdercat uyer hasgnatititater siucture containing

directions of two nagnetic |ayers are nutually

' i ' V6] Rtd MAlticOmPBARE bbdy-centered cubic
alér@ég?‘é’?n%“%%%ﬁ%@é?&é&%gyg’dﬁ% i on subgta ant i aﬁ’y

bgtfolrires thi nner than the thickness of the whole
crystal alloy.

(10) The magnetic recording medium according to any one of claim 1 through
claim 9, wherein said magnetic layer comprises at least one alloy selected from the group
consisting of CoCrTa alloys, CoCrPtTa alloys, CoCrPtB alloys, and CoCrPtBM (where
M is one or more elements selected from Ta , Cu, and Ag) alloys.

(11) The magnetic recording medium according to any one of claim 1 through

claim 10, wherein said nonmagnetic substrate is a glass substrate or a silicon substrate.



WD 2006/ 090510 PCT/ JP2005/ 020159 10 recording film
Therefore, it is possible for the SNR to be inproved.
w@eooblogosos her hand, it is possible to inprovePCh@r2005/020159
thermal instability, becausegtotal volune of crystal
grains of the whole recording |ayer becones |large. A

nedi nC) Ut o Bk £e06:8lirtgo@ B ordingde ey aht ¥f 6t @dhrough
an AFC nedium (Antiferronmagnetically-Coupled Media),

cl@ﬁe@g \&V%M%ﬁn{ E%@ Bgﬁhh@eﬁe %ﬁﬁs@%{lggisﬁl&%ﬁ?%gﬁere a"ﬂﬁﬁ{ecorwoerising NiP

genertcal l'y ca Tuns. As t

n netic substrate in.th resent i.nvenkion, a
or faVIRTHHCS it e 2 4% Gt B 4 ARG R el REB Incihoufor AL A
as Al, and Al alloy is used, on which a fil mnade of
allﬂb’;’glé?saa‘?dﬁﬂl%ﬂfl-oy formed is provided. As the
nonmagneti c substrate 1, nonnetallic materials such
as dll3s A method wif peadusingiagnagnetic kécovhng medivdehaving dideast a
and resin may be used, or one in which an NNP or NP
noahlagyetid unlefvast lagana honmBghedn irtenbdidte Riyer, amakepnetic layer, and a
nonnetallic material may be used. As the nonnetallic

pr%&ﬁxfei 18Ver AmRRddNg 1R bfder 8h a%klfn_fn@gﬁet_&@%tfh?& Svhereiff BFleast one
type selected fromglass or silicon is desirable. In

r el oyl ) i i [
1o o a0 e B er o Ehuted Ul AL Bl toby-
as t amorphous glass may be used. As anor phous
ceg{eﬁgic,u%bceﬂg?tﬁli aq%éfr pose soda-line gl ass,
al um no-borosilicate  glass, aor alumno-silicate gl ass
may B4 vswgthodof produgingn magnstic grearding megdiyy hgving at least a
crystallized glass nmay be used. As a ceramc
noguiaghetat wderost layer @ dtabididingdayes, 4 ndrenagneiintaupdiag layer, a
material thereof of general purpose al um num oxi de,
magrleti€ Qiyef)iahdl h@eote@tii@ 16118 larhitated 36 thel ScdtidinpCoridad on a nonmagnetic
conmponent can be adopted. Since |lowering of the flying
supﬁdfﬂatwlgrcgh Qﬁdgga%ﬂfz‘iﬁg:lapflqg ahﬁfen?%‘raglge{tEQIH BoAdedt6 338 magnetic

€ recorail ng sity, IS pre e to 1 ncrease

-

t he surfac noot hness of the. nonma tic.subst.rat
to ot el 1R s B0 oS hofina ki HRARAR Ty 1 LR Rl
verage roughness of, the nonmagnetic substrate 1 to
m C%Poﬁnég?‘g?‘c?lﬁ%rggﬁblﬁﬁfysﬁlhalk’}br eferably not greater
than 1 nm It is preferable to formtexture mark by
t ext(fk Apmegratisiraeprdingtand renredusinig arfparahes commisiigremagnetic
substrate 1. In texture processing, it is desirable
reé@ding heedivea nagedingug hny sse MR1ZAGO B OO €laim 14, and a magnetic
PCT/ JP2005/ 020159 11 of the substrate surface to be
hed@&@idhXecdrES nd Rpfodiicds ABraRtoNeh stitl @oRbtid RABBrdhg/mbitum.
(nmore preferably not less than 0.1 nm and not greater
than 0.5 nm and still nore preferably not |ess than
0.1 nmand not greater than 0.35 nn). Fromthe point

ci rcunt or ant ARG PERGTBRT RO GUETHEGhR BRI G "

FIG. 1 is a cross-sectional view showing a first embodiment of a perpendicular

magnetic recording medium of the present invention.
FIG. 2 is a cross-sectional view showing a second embodiment of a perpendicular

magnetic recording medium of the present invention.



recording medium it is preferable for the texture

mark to be fornmed approximately in the
w@eooeomdser enti al direction. It is preferabl e fRCT/1#2005/020159

m cro-wavi ness (Wa) of the syrface nonnagnetic

substrate 1 to be not greater than 0.3 urn (nore

pr efliGabliya blotk diagedne shdwiag oné edmplapf a hisghétiy 1o61ding and

for the flight stability of the magnetic head, it is
relﬁb&ﬁ&ﬁ%a%@xdtﬁb of K Brekbift isHtntishe average roughness Ra

of at Teast one of either the chanfered surface of

chanfer portion of the end face or the side face, to

be not greater than 10 run (nore preferably not

reater. t.han.9. . The m.cro-wavi ness (W) can, for
[Bgfgﬁ'ﬁffcélpaﬁ%d%@g?g{%’&cea%r%b@érf ace average roughness

at a nmeasuring range of 80 gm by utilizing a surface
1 Noygrgnets suhshaigr 2 rl‘gorﬁpmea@ yadepedag lgyst, 3d Dopmggnetic intermediate

KLM Tencor). The nonmagnetic undercoat |layer 2 is
layfeordridMiagmatic lyen Snhegeutive taysr)lés Loubtieant layef,§ Stabiizergdhye, §

to use a pluralistic body-centered cubic crystal alloy
Naishgheti€eotiplihg &ryat, 10eRBEnet R cAIRIFANEIiGR] eT IMalsfefie Rcording

the A group consisting of C and V, at |east one

. 0 Jof | . -
mEhGTT MAFEE|SaE M PrRuh B Bpaahs & MEith Vg unit, 14

ONSk St f.  Nb, and, Ti . Moreover,. it is

MELEHE RERPT TRl b 16 TRAPE b MBS HELY pldest g system

el ements selected fromthe A group is in total 10 to

60at % the content of at |east one el enent sel ected

fromthe B group is in total 10 to 80at % and the

cont ent oBngM REIFORLCARBYENG QUG dNVENIFOMNe C

group is in total 10 to 60at % It is further

desiHiGbl ehdvrea maphétmaspatdmgtmdliom-acentigad aditki enbodiment of

crystal alloy has a lattice constant within a range

th®preSer® avettich. e MagnMc28R4188 AR EH/sHERRBPFRZD 1OShe in
12 Addition of elements such as W M, and Vto C has

B0l SRR TR Pl P P et
. . Ho [ ,
o RRIP s TRV A S Bhe HERS REGEH M e g

the increased addition of Pt to Co alloys, and the use
nogmaggetigsubsfeatehi ch have a larger lattice constant

than Co alloys, a need to further expand the lattice

condtl@n? shaves a smengicrigeor@ing mydit aceordinyg talalse¢adenttodiment of

same bcc structure, and their lattice constants are
thpB8enfifventids. , Tk thBgrtit @6covding niedlivin f10shdon irBlPIE. 3 idéheAn

for V. For optimal matching wth Co alloys or Ru

wigth QMM&%@%‘&@ uhderEOHR qa%%ft') 29§ stgbﬂiﬁn% oyt % g fo%nrﬁ’ék‘ig]et\{c 8upling

too sna and W and are too large. resol ve
S, Pr ity iLs.ef. tive t diust .the Lattice ..
ol 855 BB T, A E Gl S bl eog 05 & lseifpmgiphey
the present inveptors in_Japanese Patent plication,
loxpggated g RS el RybRate 4 3@@3&@1 configurgiiop G FIG. 3 is a

opti mal matching.
technology designed to prevent thermal fluctuation of the magnetic layer. In a magnetic

recording medium utilizing this technology, since magnetization directions of two
magnetic layers are mutually inverted, the section participating in magnetic recording

and magnetic reproduction substantially becomes thinner than the thickness of the whole



In the present invention, this way of thinking was
progressed, and a nulticonponent body-centered cubic
waeegshasi@l |l oy with a lattice constant of 3. 05P€DIB005020159
A was nade by conbining the barge | atti ce constant Nb
(3.30 A, Ta (3.30 A, Ti (313 A, the internedi ate
redoﬁiiié% £i8n C IR&lefitt, iMR poWibR M8 thE SNTOR] be ndirbidde GOS8 ¥ hand,
V, , So that the optinmum match coul d "be reached.
" . ' l.eq i .
RO B Pho infiTo R YRt D7 Rk S8 R gk Bl gains of
h b\gﬁ(ﬁ-centﬁfre cubpi ¢ cr¥st al alloy of the present
G MVERITGHDE (3Y R 8CCBIF 1A% %d that the characteristic
| attice constant were inproved up to 3.20 A To the
nul ¥4 BedyehelHizingds teehnologyds eensirelleealistl ap A4 G gipdium
utilized in the nonmagnetic undercoat |ayer 2 of the
(Aptifesremagnetically-iCompled Mediggensn SEMc(Syhthstia Rerrapgnkii@aMedia).
effect may be added. Exanples of such additiona

Hegd, €811 be gbrtdRallBealled AFC mediumdh, Cu, Ru, Hf, Re,
and the like. It is desirable for the total content of

the A"%q;gé %%ﬁﬁ?éneti@ LGSRt ih%@greg&ft '%Jegtﬂ%irat rﬁgﬁﬂifc?sgbstrate made

at% | e total content exc ed_s _ ef fect
of § neriiE nBRTEP LR AR RTAED SR of St d b B BEap or

i / JP2005/.020159 13 content is 0.1 at% At a content
i llpi R g viieds éos thepormngeagtic bsirale Lanermsialligmaterials
element is |ost. The effect of adding B is especially
sugheasgiass egrgicaailicpnegheqn ¢aubide, qagbome prdbresingdapced ased, orrpne in
a situation where the nonnagnetic undercoat |ayer 2 of
whildheangNi#s@ritliP allogriilindms ibsen foomsd oh atsabistizye made bBssnidtallic
two | ayers, a multiconponent body-centered cubic

mabdried iy bealsk@Y Ak $heddnnletGHc Amt@RE Y Me SIS sufface smoothness,
position to the nonmagnetic internedi ate | ayer 3.

onE BB o s RIcoh O B, 8o, B it fcos
oSS RS0 100 e Do e e b s

containing a Ni Al type alloy, or a RuAl type alloy may .
may| begisedheAf gwgrrhous plasy ggngraluepess 4pda-Hmerglass alwminerogasilicate
of the nonmagnetic undercoat |ayer 2 of the present
glaiss) we alunuino-sicafet gkass nmyrtentyed.ofs 2@rystallizegiGass, litihem crystallized
t hi ckness of the nonmagnetic undercoat layer 2 film

glasSmia® $8 ubdthNAJ A chamidubstiits  dihtertd tody @f b dibep feidbrdel @naterial
nonmagneti ¢ undercoat |ayer 2 becones insufficient,

¢ i i1t LGl 3 o . i . o« .
b RF Eo A EROLR RS, slicod RIS SRTREIRK & princvel

corgﬁ%%trtnic& @@%(fo%ﬁerd? %ch%flowgll?xg%mg ?lé/ﬁrf: }lwgghgrog ﬁl-éel l’?l%%{églc ihgad is

rcunt eren directron Creases. |

ody-centered guhic crystal all

NEAETEAE o S TR ARE TN

smoothness of the nonmagnetic substrate 1. That is to say, it is preferable for the surface
average roughness Ra of the nonmagnetic substrate 1 to be not greater than 2 nm, and
preferably not greater than 1 nm.

It is preferable to form texture mark by texture processing on the surface of the

nonmagnetic substrate 1. In texture processing, it is desirable for the average roughness



of 5 Ato 100 A A C layer or a Cr alloy layer, or a
Ni Al type alloy, a RuAl type alloy or the like with a
WO pdoaoedsickness in the range of 5 A to 100 A PGI/JP2005/020159
desirable for inproving thg coercive force and

rectangul arity of the nmagnetic layer 4. It is

of e SibARteSul ke {1 made/sdi sk @ T hedndtrodBreafer i@ 0.7 nm
nmul ti1 conponent body-centered cubic crystal alloy of

(m%ﬁgj)ﬁef&%i}% %Ifas'rs l%eftlﬂgf" g.&oaﬁltd ﬂo@gf‘e%te% e IOUR, Asw%tﬁﬂ&g}e

€ as eferred orrentation plane.
he_.cr

result, talline orientati of al . f
prefiabliighlsty e 8y 04 Sp s e B 3ot danmiing b of

undercoat layer 2 is nore strongly (11, expressed, .
strengeheningrth B1oENTAS TGP I5HG eSS st%ﬁmf themagnetic

i nprovenents in the magnetic properties, for exanple
reconBng nediufig litce pfefiepbledonithe itexturevaark e be foxmed @ppigximately in the

reproducti on performance, for exanple SNR can be
cir@hRidhEd! dirde@ibn! ft€s prfieralgs €1 the ntitrerwmdhat €Manpethe3urfhce

the present invention, it is desirable to use a

no%%%@{eitie Lukite Bt oPhe R gRdafed @il (B3 ﬁilchld(nlﬂﬁ‘é‘ bRGerdblyadot 'Fféﬁter than

ant matching sufficiently we to, for exanp

053k B PSP ARG R a8} 1 BB o
S350 et B 8 R 007 oL b SELSTAGHLLf W o

type alloy, Ru, an Ru alloy, Re, an Re alloy. It is
chatater peision of et endrface o1 the siHF Eaegetobegiot grrates el (@ore

internediate layer 3 is in the range of 10 Ato 100 A
préférablyanok gleatet iankn® am)oThe mscrorgaimays €Wial cim ferexeuiple, be

layer 3 is less than 10 A, the crystal orientation
me@bl8€ bs fburkdte avoabeRaAAhEsS at/f HRAGRRE rhiggeadf 8D (ir8, by utilizing a

insufficient and Its coercive force is reduced. |If the
] ' 5 | i i | ayer 3
Sul]:afiég gé%@n%g%ﬁigsu?h%% a?@g becghdedﬁct g]ftrlg%@ggl?g?)hg Zm
i ncr.ease in noise., For,.the -magneti,c | er. 4 of.. .
pre tnopli’?\%l?@icdw,deﬁcf) atlaye] adp ?Ogg}eg Otnﬁg nérﬁléa %etgl% g@? Sfrate. Itis

layer 4 is selected fromth glr),oup cqn isticp% of a.
prefprable-ty s ?Bbl,rallﬁ’ﬂe@@}"ﬁmteliegﬁé, icgrysial abpy prd tLopypsise aleast

Co-Cr-Pt-B-Ta type, a Co-Cr-Pt-B-Cu type alloy, or a
on€elerenPicl@taibfromythe Aadrbay corBisting R& Fp ped Vi at leasd opaglement

a Co-Cr-Pt type alloy, fromthe point of view of SNR
seletipd GoaIMBBIR giotip icengiaigrofdlle and W) aué atileadt one teerent salected

the range of 10 at%to 27 at% and a Pt content in

f % 16, a%i. For exanple, in the case

fr(%)n?%g %g%%%%l;ﬁs%{gt%ﬂggo’al | oy, fromthe point of view of

SNR.i DA .
n YERPRE T Isq g R BRfuchPopEsPold clefibhy fkoted
R S it 103 B09er P Coefl 201 o g s
a Co-Cr-Pt- B-Ta t%pe all oy, fromthe point of SNR
framygiredd eramiptis in total 40 g 83t 3] andithe ernjent o1 af leay ppe glemeptselected

the range of 10 at%to 27 at% a Pt content in the
fromigeC gfoup iaidtotad 1060 408%.a B

It is further desirable the multicomponent body-centered cubic crystal alloy has a

lattice constant within a range of 3.02 to 3. 14 A.



content in the range of 1 at%to 20 at% and a Ta

content in the range of 1 at%to 4 at% WD 2006/ 090510
wWEANARBOOS5/ 020159 15 For exanple, in the casrCDiP205/020159

Co-Cr-Pt-B-Cu type alloy, fremthe point of view of

SNR inprovenent, it is desirable to have a Cr content

i N ABEitioARE eleRfenkGuet 46 WO M0, adltl\Dto @r Its anGPRtEs exbinding the
the range of 8 at%to 16 at% a B content in the range

0 . 0. . |

et bt 481 2P NoflioR N wiely berRRhETfor diubitfis 1A% Aoy

Co-Cr-Pt-B- Ag type al . from.the vjewpoi nt  of . SN
HoyRisroparest Yot HeBaa of iipaeRs ih Bt pn i b e iovs

the range of 10 at%to 27 at% a Pt content in th
fromghgmergasel additiqnotiRy to Copallgys. and Han wstof iRt aliows pargehaye 2

2 at%to 20 at% and a Cu content in the range of 1
larger Yéttice dobstaat tan Co allogs, faiead tcfucthrespand therattive gorstangs is

| ayer 4 is greater or equal to 10 nm there is no
em@piiyl T v Vil did Wk wikeithd sapde bdeastmilurd, lané thedd lattiee constants

however it is desirable that .the filmlthi ckness is.
are DSRSA For @%1‘3?1'6 A oA, BV &R N1b Hhdr £EPRALPY . dRRShtiMal Batching
desired. ihis is bécause if the filmthickness

witfi )fﬁ)eeﬁ% S 69 ngoﬁw&'gﬂ L @orf‘t%ﬁteqbf%f totl%%tdé)aﬁp Ghd & Ar@%xg)rsmélall, and
I NCreases, an econes unable to obfain desirable
record reproductjon perfor ce.. .Th neti.c | r,.4
W i Moo G Ty Moy e & iF BTt Ras Ao it flict
t hereof may be conbined by selecting a plurality of
constant by additien efVtth &V rnd Mh gs disclesedhy Bedresspiinveniersdn Japanese
In the case when the magnetic layer 4 is forned by a
Patemil ApplaptoreNos2005e®8208, arfdrioim gossiblevd evpievarsomimal ecaieling.
reproduction performance and SNR characteristic
| MPIOIHE Rdtent inbention, MBSWARSH Bidkihd WadHoRRsFEAgARE 4 C
| ayer directly on t he nonmagneti c i nternedi ate | ayer
: f Phr I
mficop RRERhofY. SN ANEpR or IOl s el iUl o058 314

From t he vi o] f record reprqducti rtarnance

A e s BRedhs Bred RS P ERUAL B Rua PPy 8P 13
for the top layer to cqnprise Co-C-Pt-B-Cu t

A).ghe gyermediptedstitse cppstentNIpeWa ppd ihe smal laftige enstant %%’Eagso that
| ayer 7 of the present invention, it is desirable to

theugptimamn aiatahycoubehacachdf Moreoves, agrshapnde thei pesentexgtupde, in the
CoCrzr type alloy, a CoCrTa type alloy, a CoRu type

cas@lolf aYernary@e Gighiér inudcomponynt vdGaentetedr cubjpaysthl ablpy of the
CoCrPt Ta type alloy, a WO 2006/ 090510

presént idvAReR! iP3Ad eshfirkld @i itRcHayReeritit QitticetondtakiofERlilRdroved
type alloy. It is desirable that the filmthickness o

tabilizing layer 7 is in the range of 10 Ato 50
upk??%\ﬂn%t he filmthickness of the stabilizing |ayer 7

nonmagnetic undercoat layer 2 of the present invention, an element which has an

auxiliary effect may be added. Examples of such additional elements includes B, C, Al,
Si, Mn, Cu, Ru, Hf, Re, and the like. It is desirable for the total content of the additional
elements to be not greater than 20 at%. If the total content exceeds 20 at%, the effect of

the above-mentioned orientation adjustment layer decreases. The lower limit of the total



and the stabilizing layer 7 does not
antiferromagnetically couple to the magnetic | ayer 4,

wo koverogis1a he nonmagneti c coupling | ayer 8 betwe@nJIr20€5/020159
stabilizing layer 7 and the;,magnetic layer 4. If the
filmthickness of the stabiﬂlzing | ayer 7 exceeds 50

confent IsTE1 G081 RS a cBRCANEY 1bR1EM 0.Ca15] MR8 effbctioTgliceaRitidnal element
noi se. For the nonmagnetic coupling |layer 8 of the

. DPLesent . i nveni. it d.s: ' IvBh&futed to noi
is Ik AT S S RAAAEE b el ef S e it fo nlse
Re, an Ru type alloy, an Rh type alloy, an Ir all oy,
redyetion. g | oy, or an Re alloy. In particular, it is
further desirable to wutilize Ru. If the film . ..
t hi nkentietion wierd the appneagietia tagsioent @Yﬁﬁ? of the present invention 1s
antiferromagnetic binding increases to the maxi mum
conétiiucdd Bysnad dess tladal tevo 1Byars,tahreultibompentss bedybeentered pehie ictystal
layer 5, it is possible to use a conventionally known
andgi& filizdd asfoe 1862 RRIs€ in Posiidib ehsndithapnetc iferardintnlaper 3.
iC, or a material containing those as their
L4ci t¢ b08 CPLRS PRI EVSnkANAE aPleastione type
Ho%b%éi;o??g%@g&ﬁtﬁg%?, atsgfeﬁ?iérl’ m t hi ckn%sg isin t%e range P
of nmio 10 rim.fromdthe vi i 0 ' b
sel et G BEOVR SREHR L MO B & AU By SF M AR Pnay be
the protective layer js appljed tqg.a high nsi
usalo ket elved aisr Lanigioats LUl TEpe By ot & 80ATRiR aliby may also
di stance between the read/wite elenent of the
be mmginet i ¢ head, and the magnetic | ayer 4. The narrower
the magnetic spaci ng becones, the nore the
el elitis denebhd that the fihaftkickwsaofiht aphsrgugiciumdersoat layer 2 of the
Since the protective layer 5 exists between the
pr%s@ﬁqﬂ%'tﬁ)ﬁ i EWRARM rafife 6B Re@d00 AndVhbea thifeigiss ofthe
ayer 4, the filmthrckness of the protective |ayer
beco . . | D thant10€A "BE B stafliRRAfenBMion Af the
nOPIBB‘OTI}%Elgtulg %%r%&atggeyrelrg %ﬁ?umégg}anfﬂgr&exa I éa, 1a fluor ioﬁe
contai.nin | ubri cant such. as..perfl uoropol yet
nonma%fﬁtlﬁémgﬂmtgwaﬁwow R 1%‘?4“%‘%&'%‘%"8 TV foree. If the
filmwhen necessary. WO 2006/ 090510 _PCT/ JP2005/ 020159 ¢
nonmagneticamderspatdnyes 2rfim thipkness greseds 3PA e themagnefif gnisotropy o
magnetic recording mediumof the present invention to
thdvaugnetic imen dtin fiat ¢cimmmderentin] alireetion dacrans¢soRylowstdegisable is a
less than 1.05 (nore preferably not less than 1.1).
mulRSoBERAt B ieplered bt atybtahalloytfilen with exffimethidkdedsyn the range
(coercive force in the circunferenti al

of;%ih,&é &E10PR! 90ef Iﬂg&emf HEERIdyNafdieor AR Al tyPé amlgt, a WAL tife alloy

magnet | zat n orientation ratio 1s not ess than

.05, an inpraovepent .ip.t netl ¢nn Ghar L 84 GSravi

or Gisekeait p o glERT O it BeadfeTRd S foo ARG, R ifigroving

el ectronagnetjc transfer. characteristics,. for. appl.e
thepgRIcipR e SreEanaREaMREde FAGASHSJRET i, 2t is gRsirablEHOR e

orientation ratio is defined as the ratio between_the
crystalling emerftatianeof{thie multirontpenensibodynserterediubic q@ysid@lloyRf the

and the coercive force (Hc) in the radial direction.
nof@ei&lc undercoat layer 2 to have the (100) plane as the preferred orientation plane.

As a result, the crystalline orientation of the Co alloy of the magnetic layer 4 formed on

the nonmagnetic undercoat layer 2 is more strongly (11-0) expressed, and therefore



because the coercive force of the magnetic recording
medi um has becone high, the nmagnetization orientation
WO 2106090580 measured to be |ow in sonme cases. | nPCTI&2005/020159
present invention, to suppligent t he above point, the
magnetization orientation i o of the residual

1mﬂf8*9§§édts7'ﬁ1tthé)ﬁl gﬂawﬁro SHibS 6k dxaBld &ercivdorce (Hc) and

magneti zati on ent |on ratlo MtOR) of the
. dual t
i AT a0 (ot

circunferential directi t he, resi.dua
maghet the Apnmanets aﬁ%‘milﬁﬁ‘o 131¢, éa(YF%é Pgﬁwdﬁf?%&? ‘1“8?1““(% {")‘S desirable
(MtOR = Mt in the circunferential_ direction/Mt in
to ushe maidiizlhavingedtcpstycture andravinggriattics sepgint matching
orientation ratio of the residual nagnetization anpount
suffisieA0¥ weHss, fohamandpl@3he 6190) plane of theabemaghsticnoticiceatdayer 2
than 1.1, an inprovenment in the magnetic

thefdBRAERA. eFérSéxhﬁlile 18 destaBR! 6 usé A eataRl FicURliiOmoes thamdne alloy
an 1 nprovenent i n the electromgnetic transfer

LA A R P o
all% ge &Eﬂgl Hés ?Slr?ﬁlfgttﬁ%éfﬁ oﬁ n@% r% S!aéfétﬁé | r e%%negc.
inté&;&;%ié{ﬁﬂ%ﬁ;@%ﬁ fha o8 B When it Fﬁ“ oPthe

rati o beconmes zero, so that it hecones infinite.
notrhagnAfic 2006006 kyePER 19s2bas] 020 tsorystd areattips ﬁﬁfﬁ‘ft of the
of the nmagnetization orientation ratio and
noRMeRekic zatirosut Myee dtiainsofficicat o f cocrdive farse Bueduced. If the
magneti zati on anmount, a VSM (Vi brating Sanple
AlLNRERRALEBE ﬁfe)nohﬁlagﬁ'&ﬁ 1nteﬁh5éhat@ 1520 Wex8éeds 160, eheOdraids become
magneti ¢ recordi ng and reproduci'ng apparat us

utilizing the s nti oned magnetic recording
large, GAESHE 8“%1?3368’[1?0 &Eecor di ng and reproduci ng

apparatus 12 shown | ses | .
r ec &g thsgnagugte %yffﬁ of fhr‘? pgeﬁg Wg’m"é& i 6?18?9{(8%? %Eﬁ%ﬁ magnetic
1, or a magnetic recording nedium1l with a
laysoAfis splecied Bemdhogioup ﬁOlFﬂlfGngsz aLore i larvRfs oGPt typs, a Co-
that rotates the magnetic recording nedium 10, 11, a
Crimdnetype, IeadrP4-B-Tatypees ClodGr-BRB-Cu typeatioy.ex atGreCr-Pt-B-Ag
information in the magnetic recordi ng nmedium 10, 11, a

ty ety Hoy Bxd#ble, in Hie &3 0f & €loati-Pelype Ao Sronbthenmdintef iview of
head"14 with respect to the magnetic recording medium

Sl\illg nPé%’vil@Q&rﬁ i§ &LA501 'i@ RARALOE Etlertif AR ralS Qa0 27 at%,

& Fecord reproductlon si gnal ~ processing

m 16 | abI e t

anaaﬁ%.cagte via tedriats Es REAPABAnd) ?‘%MQEL*%&%J 96{%5*“500 Gt
head 14, and praqcess t he r e%eloduct i on rﬂ t he C

B g alloy.drem e nointafaien o SNRempreverReat, tlh’é fo haygp Cr
the magnetic head 14 used in the magnetic record| n

coaterit incthe caige iofi 40 atdp 4o AT at¥s, EPihontenbinghe sange of fwtht ﬁogw t%,
not only an MR (magnetoresi stance) elenent utilizing a

andiad® bortBgNe iRy reags s BN, &f 1atte. For example, in the case of a Co-Cr-Pt-

B-Ta type alloy, from the point of SNR improvement, it is desirable to have a Cr content
in the range of 10 at% to 27 at%, a Pt content in the range of 8 at% to 16 at%, a B

content in the range of 1 at% to 20 at%, and a Ta content in the range of 1 at% to 4 at%.



(GWR) as the reproduction el enent, but also a nmagnetic
head nore suitable for high recording density which
wha®emddGR el enent using a tunnel magnet or esi SPENER2005/020159
(TMR) effect, and the Iikeqﬁway be used. Furthernore,
the nagnetic recording and reéproducing apparatus 12 of

Fol Esgpmgalsslﬁrﬂﬁe s Y£R Cottt- OB AyBBAINSY | Fork RRAIMANG view of SNR

10, 11, |ch has a aver age roughness

A SRR S A

t he magnetic recordl epr oduci

coBiat i g5 8! BAb10dRA Act BIPERPLE Bh EHEERE 2 AkgHReD A%, and
head is used at a | ow floatln hei ght in order to

a Gleomterd én thegangraefi Inaj%d todld). at%Ae d?qw gxkamplecintthecase of a Co-Cr-Pt-B-
above- nenti oned WO 2006/ 090510 PCT/ JP2005/020159 19

Aggealloy, ffees diediiegpantcbffSNR ddpioivamenipjtas desirable2o have a Cr
beconmes possible to nmanufacture a nagnetic recording

coffefH M"fhé wntge bk €0 b0k td 2 DA, adacBhieft FARS tdnge ofB%i% 10115 at%, a
exanpl e of "a manufacturing nethod of the magnetic

[
B (gl BB 40 o PRE ISR, (RRORLRPAThe HEEREN A0 0 10
the substrate materials nentioned above may be used as
ubstrate for the magnetic recording nedium (10),
(11). As_one_exanple, a substrate. s used, in whjch a .
5" W N biskna o6 i BRBIUS FPISF A Sisasropec gl ol Faipathere i

(hereafter called an NiP plated Al substrate). First,
notpeablemefiom doewisvpoint of thpmidl Suctuetiondosererit is dssiratie that the

Ni P plated Al substrate, such that texture marks
fillahickgesstis le3§ bOgimabioetOfon Mden hipharetordmgdiensityt ig defiredotThis is

| ess than 7500 (lines/mm on the surface of the
beSRe iff nt?% %lm'%ﬁfck&?&@ BRleBds 40 fuBXihd %alh%lz%%ﬁltﬂeqﬁagﬂétlb er 4

C|rcu erentla directi on by machine processing (al'so
n
1n?reasga. agé rﬂé I%ec\(c‘/&ren%g Plgiﬁ)rlle to ;t%ifl %gm?efrb?ecl%ﬁéﬂrdgg %dﬂ&ioﬂq}e?formance
formtexture striationg.to a. ljne dens
Theﬁa%gn?ee@)ayer f* /vy 2 lfilggered, siragtureo o thé %Ua‘fs tiefedF may be
substrate. For exanple, a grinding tape is pressed
combireddunelastingiamhiralife of meteriss Homithe listingnfimagerdals ghppmabove.
grinding slurry containing the grinding abrasive grain
Inithe sasp pihicadhe inagivatie tasten é isfonmed by @ rawltlaybeed gtrircidia) from the
tape, and texture processing is performed by both
viéWRpAhisOF rédord RprediREéd pérforaatcd Al SINRGhagcRfistid@nprovement, it

grinding tape. I n the above-descri bed processing, it

is ggsdﬂ?%ﬁ]t'o?’éﬁi g%dﬁﬁ)%n%{l@ Hy@tedﬁ td'nglfl@ nbfnbdiRtic Erﬁ&gﬁed?efte layer 3,

IS po SI e to feed the

ol O S Y AR AR L e Bt e o
grinding tape at a speed in the range of 1.
Ci-Bt-Baypenaton dromythe gleweger Bf tecerdl tepio E%tw@r%rﬁngﬁlz@ ¢ SNR

the abrasive grain contained in the abrasive slurry to
chbmcteiristic improvemge, Bfs desiablmforghe t@ layer to comprise a Co-Cr-Pt-B-Cu

ot

type alloy or a Co-Cr-Pt-B type alloy.
For the stabilizing layer 7 of the present invention, it is desirable to use an alloy
selected from the group consisting of a CoCrZr type alloy, a CoCrTa type alloy, a CoRu

type alloy, a CoCrRu type alloy, a CoCrPtZr type alloy, a CoCrPtTa type alloy, a



mat D90 (the grain size is determ ned when the
cunul ati ve mass% corresponds to 90 mass%. It is
wpomsiowiseo t 0 press the tape at a pressing forceCT/aP2005/020159
range from1 kgf to 15 kgf 1£9.8 Nto 147 N (relative
pressure)). In order to formthe texture mark at a
CoFtRa Ryl o DEoWPIROGIQI0H 1 0 iPATiHBROMSY tB2 filh IhicRikss of the
not less than 7500 (lines/m) (nore preferably not
staﬂtilﬁz;ilz Iag/gﬂ7 #OA0R fahbdesT 0 501A. Wahn 86 Silh IkEndsO oSE

ditions. Tt is desirable for the surface

ver age roughn 0 - N ot
satfifERE Bt §FORERL AT e BRib 1Bt BE e MRS ifbtgation
range, of . .1 nmto 1 n 1 Ato.10 A, or preferabl
andghodabicigedir fiopondt AbTrosghenpicaly chSiie e TagiBpyer 4
texture processing with additional oscillation,
throogbithd menneagnetic caupling davar B batwisartee debilipiag dayee 7 epdéheas
the tape is being put in notion in the
magietic layfee v e if thalfildithiekddse nf the stabdiznbkyers? exceedseSh Aptbe grains
Is swing in the radial direction of the substrate. It

becbme 388k AbBLiRg bR inckdi8e ASkdikd. at i on condition to be 60
times/imn to 1200 tines/mn. As a nethod of texture

pr Ogﬁstﬁé H&H}éé-ﬂgh?g %gg%}?er BQf sdt iVRALYIGS 8 desirable to

texture na r a line density of not |ess

t han 750 | i pes/ .t her an,.t afor j
seligha afgreL fomL B ar i onet Hoko! REmRbB SR Fafl T g . a R
abrasive grain, a_ nethod usjng.a fixed whetstone, .a
typeratlon, é‘nl]%glif{:}’» P&é@llobr%@ag%ﬁ 3 ,Y?q da ﬁa%]@u@&éﬂl.s fiagghet desifable to
measuring the line density of the texture striations,
utilizerRwe xEthp Blm thickaessefRur ismpproxiteatelyd).8 nam thermtiforramagaetic
Force M croscope, product of Digital Instrunments Co.
bindidP)idcregRNtdmde musatum Wwhicheadesirablent condi tions of the
line density are as follows. The scan width is 1 m

t heRSC@RB ab&elddssridedotebie AYEIR it i9 boSMIP tE8sel aScodPéntionally
and the node 1s tapping node. An "AFM scan i mage is

obt ai ned scanmni ng. [ ical directhon
ol B, B SRR Fshil® s of i bESIFor SAREH 2T
order js set at 2 dipensions, d plane fit,auto.. . .
congaipirg b tha miipcrRal SompeRnly o4 %fﬁfeﬁé"?;}aéf Bodd ffgesireble
is carried out wth respect to the X axis and Y axis
thapthetHim thiskness nsigehe tnge of b tonld 1 droms Hierde wRnintder flepgeasing
on the image. Wth respect to a flatten corrected
theimapmetic spdoimg afl inqpasing dotleility, vhsn theOprbtestivelayert is appliad to a
the line density within the region of the box is
highdefuitydetstdinEBeditiie Mastit Ypdcing eprasdsahedistiice between the
converting the total nunber of zero crossover points

reaf}/yAftd e?%Hﬁlr bPfhe %ﬁ?h@c @d?&&%@ %9%&%@@4?2@@@%%% %he

1 cen ne an axis centerline’to a

scale.. That is to_.say, the |ine densi '
magf e diE bt G gt etk BTl s 4P B mprove.
di al di ti 1 I
Sinrcgl tllleaprotelctri‘?ec lalygrnS gxr}stg betwrgenn %ﬁ:earegd/write element of the head, and the

magnetic layer 4, the film thickness of the protective layer becomes a factor in widening
the magnetic spacing. A lubricating layer 6 includes, for example, a fluorine containing
lubricant such as perfluoropolyether fluorine lubricant may be provided on the protective

film when necessary.



Each section in the sanple plane is neasured, and the

aver age val ues and standard devi ati ons of the
wore@sivesnent val ues thereof, are cal cul ated. TPET/JP2005/020159

average value is determ negyas the |line density of

the texture striations of the glass substrate. The

nunB ey dfrable dsithe ARghetiy layaet ofthe iisgneticndeeordifg medium of the

secti ons from which the average value and standard

pre Reh@h iosha‘%@ 'a‘iﬁ’e{gﬁéﬁ‘éittloﬁ QhieBMAIR o oTRasKELRA .05
er can made to be 10 points. Furthernore, when

<m%rsmaeffﬁrg¥@31qﬂegmﬂ@n B HeBd %gﬂ?ﬁ%@idgﬁﬁgaﬁ £l fg expressed by
maxi mum val ue .and .t he. m ni mum, val ue

(copE RSB IR I HEE R HeC Y rative S Prine B Eﬂdb%géfe%tﬂ"é‘) it
to inprove the nmeasurenent accuracy After the N P

thephagnetizationuisatetion eatieds npklers thaw hAd; a1 YINreveTRR 41 hednagnetic
i nside the chanber of a deposition device. The NP

chapdcdriticdlsushuiisthe abercive fireat el 4roiniOvernent 00 theadectromagnetic
requi red. The nonmagneti c undercoat |ayer 2, the

traﬂb?mgfh%iehﬁtlésnf&reﬂﬁﬁb@twﬂlaB'W'SO%an&ﬁd)btdlﬁal NElgnesdretization
layer 4 are formed on the nonmagnetic substrate by a

(% et T gnbg?:hglgg fhefﬁt’f@ﬂalv\%eﬁﬂgccogfcn%:fo%Q%? {rPihe

ering operating conditions

. fo bove: pent i one
cumﬁ%”se@%a# Sechignipd BE r @M o BTt edﬁf@p%u{e?ﬁw g ever
condi tions, for formn eachf|I on the N P pl at
beasuithe sp@rciveripioe of Hirghagncts feopediag fegdinn B %1%%
deposi ti on chanber used for deposition is evacuat ed
magnetidativh erietetionmatie vemeassirgdtadieddwiin sene casghge of
10-4Pa to 10-7 Pa. Sputter deposition is perfornmed by
acc ontRgRédeAgingegions ® sipplehteat the abave pgnt, ke hagtetizaion
mark forned on its surface, in the chanmber, and

orl%éﬁ&?fﬁbWt}?é 1%%1 Jél‘%hé@ﬁeﬁi'atioﬁtahﬂﬂﬂﬁisﬁﬁecﬁﬂ)gé!her OBl as a
Sputter gas. this tinme, a electric power supplied

ma%%%t z%l\}‘?)ﬁ gﬁ%ﬁ%{]«% %ﬁ g&ﬂ{éﬁi {)]ietﬂe rés rel| ﬁﬁglge%z%mp%tﬁow& &efined

ISC arge-tine an

LR AR A t?@ﬁ%@%@wﬁmﬁa
Her eunder, an exanple of a formation nethod o H\E _
(Wagtnéthmres@u@ﬂmgmgtlmn@moupgmsth@m%éiilré%mr%ﬂ) rtOR = Mrt
nonmagnetic undercoat |ayer of a thickness of 3 to 15
in the disufoderamibl dbgctiosi/ Mgt ia tepratliabdiregfionhr Hahe megpstizetiony
a nul ti conponent body-centered cubic crystal all oy,

orichtatidn fdtiol ofABe Rk1daN], m&¥netibgtidn defouno ik idyéesh dmpEgdts tihd more
substrate. Next, the nonmagnetic internediate |ayer 3

pr&%ra%%;l Ut GRS lof ah ihPrhenl¥m {Sthé ﬁ{a'gﬁalc l\(,gl))éfdé%rﬁﬁc@ for example

sputtering target’ conprising Ru al

thef Bcgeﬁg&e E(VL% %ﬁﬂ an g%érﬁng?mg?t if lfﬂ]c? é:léctpc ettié) tré&f%hbﬁactensﬁcs,
fo%ﬁc SH&D %g%l@l@ %/rp@%ol%ggggt aﬁ‘% ggpeglhltr? {of tﬁe COlue Ig% 6?{ and

MrtOR is in an ideal situation where all of the magnetic domains of the magnetic film are

Ol'lgfr
S

Ur—U

directed in the circumferential direction, and in this situation the denominator of the

magnetization orientation ratio becomes zero, so that it becomes infinite. For the



CoCr Pt BTa type alloy, a CoCrPtBCu type alloy, a CoRuTa

type alloy, or the like. Next, the protective layer 5
wototaopdsickness of 1 to 5 nmis fornmed by a  PCT/JP2005/020159

conventional ly known sputteging nmethod or plasma CVD

met hod. Next, if required, e lubricating layer 6 is

meafsﬁfeﬁ%gt BYth8 nFRA¥SAkibR DAL KRND 288 nihofefiza6idn oFicalation ratio of
net hod. The above-nentioned nagnetic recordi ng nmedi um

e i sh 1 s
the fpidgl Ryl Gy D ORNL O fatd SRR BB B Ao
Therefore, the.medi um noi

allo se.can {b
71 it 3 hovs a8 eisyifgF B et g o AR B tans
_reproduci ng apparatus using the above-nentioned
utilizingrtbe aboveewentingd masaptifiecadingyagHem: ¢ recor di ng and
reproduci ng apparatus 12 shown in FIG3 is furnished .
wi t Themapgietre@rdieg andiepgodreitig appathusol? shpem in FIG. 3 comprises
above-nmentioned configuration, a nmediumdrive unit 13
a mhPAdtic RIS théBum TOGHE & CorfR@@itibnngomrdi BHG.11) or a magnetic
magneti ¢ head 14 that records and reproduces the
' b2 1 B @%ﬁ&ﬁérp HoSHAh 41092 Jedbditinl@iveAmit 13 that
rec%@gng[gfgﬂﬁl\ll}@nluln\?}?ﬁ?got t relsétoi vely noves the magnetic
head 14 with respect t.0 t L G ' fisWima
rotas theginefets ettt pg G A0 1 TP RS T SRR Bl
system 16. The record repr.oducti.on signal roGessi .
repyEenhe G1panAisman Lo WREICaSqorling aediy 10, T AdERd filPe unit
outsi de and send the WO 2006/ 090510 PCT/ JP2005/ 020159,
15 3t redatirety moyesdthe magnetic hrad ddiwith feapest tsthe magngliieeading
the reproduction signal fromthe magnetic head 14 and
medRIAg 10,19, aidd ardeord feproduttsoniegnal peocssmesyistenh 6,dThejrecord
used in the magnetic recordi ng and reproduci ng

repgcﬁcﬁ%gél% UnalloQssihH SystdB 361 aBloveplotaRn thodatoitpyt fromsthe

nmagnet or esi Stance) elenent utilizing a giant

netor esi ' ( iBheddF4, LBQ RIS he Reproduction
R e A
. magnet or esi st ance ef f.ect ,an he |ike :
SRS L0811 SENSRL A, BASpIE T mosncic s
recording density. The using a TMR el ene tn;gkes it . "
14 pogsrkinithe npgnétipebrding sad aepraduging ¢ ﬂ?tgo & ﬁgqs§x§}_ invention,
Since the above-nentioned magnetic recordi ng and
not @fly ad BER fmagpperesistasce) 2lenent fiilizing h gifnivinenetpresistance effect
magnetic recording nedium 10 using a nul ticonponent
(GIAEYas R Ppps Rtien! blefett, Yt dbo @lragyetiohenti enave muitefptrefor bigh
under coat | ayer 2, nedium noi se can be decreased.

reéz!?&iﬁg AR WRES hid £CRIRERLRS Wifs & eWel hagiatiibinds(@MR)
oper at | e

Ion ects of the present invention.
effect, and the like, may be used.

Furthermore, the magnetic recording and reproducing apparatus 12 of the present
invention uses a magnetic recording medium 10, 11, which has a small average
roughness and small micro-waviness. Therefore in addition to the improved
electromagnetic transfer characteristics, the magnetic recording and reproducing
apparatus is one with good error characteristics when the magnetic head is used at a low

floating height in order to decrease the spacing loss. According to the above-mentioned



[ Exanpl e 1] A nonmagnetic substrate 1 was used, in

which an NNP film (thickness 12 n) forned by
webk®@enywshess deposition on the surface of the BC$R206H@0159

made of Al (outside dianet 95 mm inside dianeter

25 mm thickness 1.270 nm, and the surface average

mdgRbgdeesslifgtard repfodusiub appitas MRSt béddhh @dssible e ndndfacture a
nm by perform ng texture processing on the substrate

m%%%%@%?%fgd%g?@*ﬁ‘ﬁﬁ?ﬁ e ape B et ron
chaih %E!e%%%g%‘\ﬁfééawu?sﬂ%aaﬁlﬁ é&%}ea”%n%xlé fisoblifle medium

Torr ég_ 7 x 10"5 Pa nonmagneti c substrate 1 S
acepzdingdo the pretset ey gﬁ@@m@duﬁ% ganmpagaetic sybsfgate 1, any of
provided on this substrate. The nonmagneti ¢ under coat
the supetrate mederighy mentiiewdiaboveamey he WedB3GebTBOS Y the magnetic
PCT/ JP2005/ 020159 24 nultil ayer structure, by
reqoidivig eiedguma (EBCANY. AR daE exumiiple.ayibstithichsedsia vdhich) 12 pm NiP
conprising a COCVMNb alloy (C: 50 at% V. 20 at%
pl&(ﬁlﬁlh%.@b@éno/ ENQ& tot&h ?ﬂ %ﬂstrﬁt@ (Herfaéﬁe?tcaﬂéﬂjﬁ{ RifeplatedMBhubstrate).

ckness made of . Next, a nonmagnetic

e bt st o e
e N

was for med Then, on_the flrst magnetic | ayer,
7568 flinss/mmy pre thecsurtageef the Enkskiates For exmlec%t%mr% isr?@Ph%Fl in the
CoCrPtB alloy (Co: 60 at% Cr: 10 at% Pt: 15 at% B:
cittbmfdrégtiahdgedtmmgtmasiienprborsmingdaleakhowih as frmechanical texture
above-nentioned layers, Ar was used as the sputtering
pré@Ssing! ?Q’lsin@% fedsbedsevel digiheall/ova Sreabrisie @@ﬁn@é fdrm texture
mrorr (0.8 Pa). Next, a protective layer 5 (thickness

ugat@m tLOTRE a&| ﬁg &ﬁ&h gg 75@@%/%)%\4% Hﬁ%‘atce o@a glass

ubricating HESS nm for med

oAb ORS00 LS L o

magnet i record| ng nedi,um 10 was_.obt ai n

 sutpitate and 8 ringing ey FRNAITREE ep%ferfda?maw Beinis gPpRfied
tester, with a glide height of 0.4 . inch, which was

betweentthe substyatdiand dlre grinding wperand tepwisduessssng is performed by both
performance of the accepted magnetic recording

rotiEich offthe kUbstaase axchilie fiedlingsofithe grindiagitapei t e anal yzer
RWA 1632 (product of GUMIK Co. (US)). For the record

I epIIRGRCAHRB- d@@éﬂ&arﬁwessmg,@d 18 pbEHIB ENRItat6 the ABSERE in the
characteristics such as the reproduction signal output

8,00 ) D T AELAN i

in the range of 10 mL/min to 100 mL/min. It is possible to feed the grinding tape at a
speed in the range of 1.5 mm/min to 150 mm/min. It is possible to select grain size of
the abrasive grain contained in the abrasive slurry to be within a range of 0.05 pm to 0.3
pwm at D90 (the grain size is determined when the cumulative mass% corresponds to 90
mass%). It is possible to press the tape at a pressing force in a range from 1 kgf to 15 kgf

(9.8 N to 147 N (relative pressure)). In order to form the texture mark at a line density of



(ON were neasured. For the evaluation of the record
reproduction performance, a conplex type thin-film
wOora@eeiseo r ecor di ng head, which had a gi ant neRECEIR2005/020159
resistance (GWR) element ingits reproduction section,
was used. The neasurenent of noise was neasured by
nott18& thad BW0Alin fnbesrefdviily het BIHthkdr@)00E0linestned)), it is
frequency en a 2006/ 090510 PCT/ JP2005/ 020159 25
- (ShBESHINRls PREME S B surfde oV EREOHHIGHhAR Ra of
desgi3Bistp SRRk sEhhBh e 1Pls ABEME b/ BY aur k8 2 BREORERAGR Ra o
SNR = 20 x | og .(.reproducti on output./ i ral ,Se
g piaeq,Ad Syttt EERAE R RRH Bl HERES) & nedf Wiffanes of
measur enent,. of the coercive force (Hc) and.th
0.1ms taah g Grd t9/10 495 P(fﬁeﬁ%bfyaﬁ)rzé‘%tf’tq}tg%‘p@i‘%&? gl@r r
effect type magnetic property neasurenent device .
( ROKI Possihle thuapiplyofextire prsieessEligewith pdditionsh ghe¢iBatigm (Oscilation is
(Japan)) was used. For the nmeasurenent of the
an Gp&BEsN @htle@b tHelsh@Btidid &the &ipeds Hédhy patrid nhdifon in the
magneti zation orientation ratio (MtOR) of the
bRt pansh loZ BHel sAPStAID YRY tap@is\ivng (BN 138ial @i QABE Of the
cu%ﬁ%%hl Electrical Co. (iapar%) 5 i

ctrical Co. ) was used. [Exanples
2-120 t] . :

s BB ot GRS s AR AP IR RY S0

GG B0B; APGe PR AEE PIRES SUBoide BRI E SRe P agepodihere

CrVMONb al I oy of the nonmagnetic undercoat |a ermﬁ olf1
texia sk isifopmedhat slinesdeasity) ofipefdess dhan 7599&111%#\‘8&75- er than the

Tables 1 to 5 having different alloy conpositions,
afaadentimedagckirical tedoing mgthod i methofl using mfieed 2btasivexain, a

exhi bit magnetic recording and reproduction properties

melSo S a fiRedWhtStoRe, ol Methbe utiap ler prbcéseingpeanasnmads For
to approximately 79 A/ m WD 2006/ 090510
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substrate which is the sample. A flatten order is set at 2 dimensions, and plane fit auto

processing, which is a type of flattening processing, is carried out with respect to the X
axis and Y axis of the scan image to perform the flattening correction on the image.
With respect to a flatten corrected image, a box of approximately 0.5 pmx0.5 pm is set,
and the line density within the region of the box is calculated. The line density is

calculated by converting the total number of zero crossover points along both the X axis
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abnormal measurement values can be excluded, and it is possible to improve the

measurement accuracy.

After the NiP plated Al substrate has been washed, it is installed inside the
chamber of a deposition device. The NiP plated Al substrate is heated to 100 to 400°C as
required. The nonmagnetic undercoat layer 2, the nonmagnetic intermediate layer 3, and
the magnetic layer 4 are formed on the nonmagnetic substrate by a sputter method (for
example a DC or RF magnetron sputtering method). The operating conditions for
forming the above-mentioned layers by a sputtering method, for example, are as follows.

The sputtering conditions for forming each film on the NiP plated Al substrate,
for example, can be set as follows. The deposition chamber used for deposition is
evacuated until the vacuum level is reached in the range of 10*Pa to 107Pa. Sputter
deposition is performed by accommodating a glass substrate, having the texture mark
formed on its surface, in the chamber, and discharging electricity by introducing an Ar
gas as a sputter gas. At this time, a electric power supplied for discharging is controlled
in a range of 0.2 kW to 2.0 kW, and by adjusting the discharge time and supplied power,

the desired film thickness can be obtained.
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magnetic recording medium is furnished with a nonmagnetic undercoat layer 2 made of a
multicomponent body-centered cubic crystal alloy. Therefore, the medium noise can be
decreased.

FIG. 3 shows an example of a magnetic recording and reproducing apparatus
using the above-mentioned magnetic recording medium. The magnetic recording and
reproducing apparatus 12 shown in FIG.3 is furnished with a magnetic recording medium
10 of the above-mentioned configuration, a medium drive unit 13 that rotates the
magnetic recording medium 10, a magnetic head 14 that records and reproduces the
information in the magnetic recording medium 10, a head drive unit 15 that relatively
moves the magnetic head 14 with respect to the magnetic recording medium 10, and a
record reproduction signal processing system 16. The record reproduction signal

processing system 16 is able to process the data input from the outside and send the
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density.

Since the above-mentioned magnetic recording and reproducing apparatus 12 is
furnished with the magnetic recording medium 10 using a multicomponent body-
centered cubic crystal alloy in the nonmagnetic undercoat layer 2, medium noise can be
decreased.

Hereunder, specific examples are shown to clarify the operational effects of the
present invention.

[Example 1]

A nonmagnetic substrate 1 was used, in which an NiP film (thickness 12 pm)
formed by electroless deposition on the surface of the substrate made of Al (outside
diameter 95 mm, inside diameter 25 mm, thickness 1.270 mm), and the surface average
roughness Ra of the substrate was finished to be 0.5 nm by performing texture processing
on the substrate surface. The above-described nonmagnetic substrate 1 was
accommodated in the chamber of a DC magnetron sputter device (Anerva Corp., C3010),
and after the chamber was evacuated to a vacuum level of 2x107 Torr (2.7x1 07 Pa), the
nonmagnetic substrate 1 was heated to 250°C. A nonmagnetic undercoat layer 2 was

provided on this substrate. The nonmagnetic undercoat layer 2 was provided to have a
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gad, and tHY prkdsure thereof was maintained at 6 mTorr (0.8 Pa). Next, a protective
layer 5 (thickness 3 nm) comprising carbon was formed by CVD. Next, a lubricating
layer 6 (thickness 2 nm) was formed by spreading a lubricant comprising
perfluoropolyether on the surface of the protective layer 5, and the magnetic recording
medium 10 was obtained.

Thereafter, a glide test was performed using a glide tester, with a glide height of

0.4 p inch, which was the test condition. The record reproduction performance of the
accepted magnetic recording mediums 10 was examined using a read/write analyzer
RWA 1632 (product of GUZIK Co. (US)). For the record reproduction performance,
electromagnetic transfer characteristics such as the reproduction signal output (TAA), the
half-width (PW50) of the solitary wave reproduction output, the SNR, and the overwrite
(OW) were measured. For the evaluation of the record reproduction performance, a
complex type thin-film magnetic recording head, which had a giant magnetic resistance

(GMR) element in its reproduction section, was used. The measurement of noise was

measured by the integral noise from 1 MHz to 375 kFCI equivalent frequency when a
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and the same alloy composition as those of Example 1 shown in Table 1, except for
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replacing the second undercoat layer of CrVMoNb alloy of the nonmagnetic undercoat
layer 2 of Example 1 with the second undercoat layer shown in Tables 1 to 5 having
different alloy compositions, and the magnetic recording medium of Example 2 to 120
exhibit magnetic recording and reproduction properties as shown in Table 5. In the table,

10e corresponds to approximately 79 A/m.
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the sane alloy conposition as those of Exanple 1 shown

in Table 1, except for replacing the second undercoat
wO aye/0903i0 t he nonmagneti ¢ under coat | ayer of BERen20031020159

with the second undercoat Layer shown in Table 5,

havi ng the all oy conposition changed fromthe Ru

allgyontl Aivetxahidplegd 10y (Co: 70 at% Cr: 28 at% and
2 at% and having different filmthickness, and

t he [
09%99%‘%‘? BREGPleR 1 e 2R Bl R DR %é%]?o*e?‘ﬁc aifare and
roper,ti es as.shown 200 0
the'%ev? ki tgse qf%%arn@?% Vﬁwﬂh% G Lpppt for changing
NN 00 cococo r° L(") P-aMm 52 (r)
thecdnvﬁwseef the VYl psesgnd nnd@iccvat layepef the numggneticunderopat
O CODQ Uj WoN OLNLUOC) O r U
layer of Example 1 as shown in Table 5, so as to have a different thickness, and magnetic
recording mediums of Comparative Example 1 to 2 exhibit magnetic recording and

reproduction properties as shown in Table 5.

[Comparative Examples 3-6]

Comparative Examples 3 to 6 were prepared using the same layer structure and
the same alloy composition as those of Example 1 shown in Table 1, except for replacing
the second undercoat layer of the nonmagnetic undercoat layer of Example 1 with the
second undercoat layer shown in Table 5, having the alloy composition changed from the
Ru alloy to a CoCrTa alloy (Co: 70 at%, Cr: 28 at%, and Ta: 2 at%), and having different
film thickness, and the magnetic recording medium of Comparative Examples 3 to 6

exhibits magnetic recording and reproduction properties as shown in Table 5.
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WD 2006/ 090510 PCT/JP2005/ 020159 33 [Exanple 121] A
woorvamgsed i ¢ substrate 1 was used, where an N RCT/i2005/020159
(thickness 12 m) was fornmegsby el ectrol ess deposition
on the surface of an Al subs%rate (outside dianeter 95

anijaﬁlb&e]ziqaneter 25 mm and thickness 1.270 mm),
and the surface average roughness Ra was made to be

0.5 fsabdH i : f
A%?m%gfcgggg}_a@rh LR Ll wHRE S&‘fimg %1Q gtthfééiqleisgl;z i was

t her eof , e nonmegnetic substr

ac at.ed jn the chanber,. of etrgn.sputter
oG CPTRRRHER Dottt STREGEGF oftw ATeBRRR Lo R Biefer os

was, eyacuated to a _vacuum | evel of 2x 10"7_ Torr (2.7x
mmy gsisleshamete s> mhRad Heekmess L840 mink and thegurfaesaveipgeo

250C. A nonmagnetic undercoat |ayer 2 was provided on
roughness Bawas made to bafé mmwhyrpgrfemiiog textier poeesdiny en the sweface

made to have a multilayer structure, with a second
thereof]) fiag usal. | The dcyr@ignéticdubkinas 3 whasidorioapited ifie @hamber of a

CrVMONb alloy (Cr: 30 at% V. 10 at% Md: 30 at% Nb:

DC 3h0ab61 spifiteRd&ViESTA RO o ai300 0}, &Y §fter(thd LEAENSS Svad
nm- conprising C. Next, a stabilizing |ayer 7

ol BP0 L gl P
SRS B - AN T AR - SO N

was provided. A first configuration |ayer (thickness
Theppnggnetisderioatlagercowprmpdeto kaye anoylilayer grupjureyvitlps
at% Pt: 14 at% B: 6 at%9 was forned. Then, on top of
secarhui pfiguratien taydr Ghickngss B8 ami)aompaigarg o CHV ohbsdlog (CniBpP at%,
conprising a CoCrPtB alloy (Co: 60 at% Cr: 10 at%
V: R at%l Mat3hat®, Nbb3ahs,) vas ffrerdsadgurdienldyer @hidkheda e hm)
of the above- nentioned |ayers, Ar was used as the

T 98 RS S PH tory Locieto
3 i 5 . D, .
(CoP g S P BRI S S, VR, M

spreading a _|lubricant conprising perfluoropol yether,
couphg Ruer thisknsss 0-5 HB) ey §a Wag yermed. Nexg g pagnetic layer 4

magnetic recordi ng medium 11 was obtai ned. WO
waszo06ded 04 0stronfigmagos layeoibioknegs 10 By zopipeising 22K 38]B alloy

(Co: 60 at%, Cr: 25 at%, Pt: 14 at%, B: 6 at%) was formed. Then, on top of this, a

second configuration layer (thickness 10 nm) comprising a CoCrPtB alloy (Co: 60 at%,
Cr: 10 at%, Pt: 15 at%, B: 15 at%) was formed. When forming each of the above-
mentioned layers, Ar was used as the sputter gas, and the pressure thereof was made to
be 6 mTorr (0.8 Pa). Next, a protective layer 5 (thickness 3 nm) comprising carbon was
formed by CVD. Next, a lubricating layer 6 (thickness 2 nm) was formed by spreading a
lubricant comprising perfluoropolyether on the surface of the protective layer 5, and the

magnetic recording medium 11 was obtained.
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J-JJJ JJJJJaaaaasa a a a- a_ a. a-
laygr 2 @f Ezample lawith the secondNmdeicat laype\dh@wm in Table: EhavingXifferent
:E 0 OLUOLWOLU 0O
alloy compositions and different lattice parameters, and the magnetic recording medium
of Comparative Examples 7 and 8 exhibit magnetic recording and reproduction

properties as shown in Table 7.

[Comparative Examples 9-10]

Comparative Examples 9 and 10 were prepared using the same layer structure and
the same alloy composition as those of Example 121 shown in Table 7, except for
replacing the second undercoat layer of CrVMoND alloy of the nonmagnetic undercoat
layer 2 of Example 121 with the second undercoat layer shown in Table 7 having
different alloy compositions and different lattice constants, and the magnetic recording
medium of Comparative Examples 9 and 19 exhibit magnetic recording and reproduction

properties as shown in Table 7.

[Example 136]

A nonmagnetic substrate 1, where texture processing was performed on a glass
substrate (outside diameter 65 mm, inside diameter 20 mm, thickness 0.635 mm) to make
the surface average roughness Ra 0.3 nm, was used. The nonmagnetic substrate 1 was
accommodated in the chamber of a DC magnetron sputter device (Anerva Corp., C3010),
and after the chamber was evacuated to a vacuum attainment level of 2x107 Torr

(2.7x107 Pa), the nonmagnetic substrate 1 was heated to 250°C. After an orientation



WD 2006/ 090510 PCT/JP2005/ 020159 36 [Conparative

Exanpl es 7-8] Conparative Exanples 7 and 8 were
wWEe@pasesd usi ng the sane | ayer structure and PCEIRANE020159

al l oy conposition as those af; Exanple 121 shown in

Table 7, except for replacing the second undercoat
adjustteht R erQehidialyes &hhi)y:omgritsihg arCyWadloe {Co: 10ads) Bad0at%) was

| ayer 2 of Exanple 1 with the second undercoat |ayer
foriiRE A thi3 s, ibiaul Rllugl kfigeqt  al I oy compositi ons

and different lattice paraneters, and the nmagnetic

recQs.di i f_.Conpar at.i ve

x5 MR B 8 o PAREE oo BAR R o8 B oxyeen gas.

properti as shown in Table 7. at i Exanpl es
The p@@fureeﬁﬁls%gwwe&w@ﬁa b apq ﬁﬁsnr%%qgs tme was

using the same |layer structure and the sane allo .
determined ta booh sepondh oElee ninnmgasti¢ wndepdoat Iy was pm%dpn this

except for replacing the second undercoat | ayer of
suléstrsiéd Nhealohmygndtictunderconrtagsret was madietodast a nhdtilayerXtmtture,

Exanpl e 121 with the second undercoat |ayer shown in
withaPdeBorld Metdddt 1adbd (HAEIBRES @M%oﬁ?mglat@molﬁﬁ dlloy (Cr: 10

different lattice constants, and the magnetic

at‘%,)e(ﬁzlo%(?{lt@ig MR 467 Rib: 56902 %g\fﬁs@&ﬂggl&%ﬁgﬁ 1638A(tHRkness 2 nm)

ragneti c fecording’and repro

rapertj es. as shown in Table 7. [EX e, 136], A . .
comBRgG st NeCeBunt dmets MGk BTFTT BhRkaEshaicoppgising Ru
performed on a glass substrate (outside dianefer 65
wagirmeds iNFt o TRAgReEF 1ayeT fhwas PR sk & Tinstanagngiig }atysr (tRiglgness
the surface average roughness Ra 0.3 nm was used. The
10moyreegipeising asUiSiPtR oy (Qwm$H0 adbhe Omiadorite &t:il4 attheB: 6 at%) was
chanber of a DC magnetron sputter device (Anerva

fore@dp . Thef3dhl@) of tianfitstinhgietic heyet hasebend magneticdayeathitkhess 10
a vacuum attai nment |evel of 2x 10"7 Torr (2.7x 10-5

i QB . Iof%E C: 9 At 20B2 %
mﬁ?%) er hgﬁlg% CPRg Rl %%}o&g SSh s é@?}%%%g?og%%@ was

fo37dadj ustment layer (thickness 5 nn) conprising a CoW
N oy (Co: 50at% W 50at% was fornmed on this

subgtrate, this was heated to,25QC. Next, the surface.
of  TYendpung Se51Rt he &wmﬂqn&@ E?Y%éfé‘f@ﬁdlés% 8 gpoliering ges,
oxygen gas. The pressure of the oxygen gas was

and éhearresshrecthergohwapmode tocbe Gd orh@. P e Sext.taj pratepfive layer 5
determined to be 5 seconds. The nonmagneti c under coat

(tHickyess Pnmpsorpprisingledbanwabfemed byt VIt &lext, BHebricating layer 6
nonmagneti ¢ undercoat |ayer 2 was nmade to have a

(tHidknbés PYAY was Foelelb§ spreading a lubricant comprising perfluoropolyether on

the surface of the protective layer 5, and the magnetic recording medium 10 was obtained.

[Examples 137-149]

Examples 137 to 149 were prepared using the same layer structure and the same
alloy composition as those of Example 136 shown in Table 8, except for replacing the
second undercoat layer of CrVMOoNDb alloy of the nonmagnetic undercoat layer of

Example 136 with the second undercoat layer shown in Table 7 having different alloy



with a second undercoat |ayer (thickness 3 nm

conprising a &CVMoNb alloy (Cr: 10 at% V. 30 at%
wovRe68Msat % Nb: 30 at% ) on a first configur apCDaP2005/020159

| 'ayer (thickness 2 nm conpg sing C. Next a

nonmagnetic internedi ate |ayer 3 (thickness 4 inn)

co®paRfibs, agl e mapastid ecomdthg MNedium of Cagpehtive Eeygples’9 and 19
was provided. A first magnetic |layer (thickness 10 nn

i o9 i ' % in 17/
B e R S
first magnetic |ayer, a second magnetic |ayer
(thickness 10 nn) conprising a CoCrPtB alloy (Co: 60
at% Cr: 10 at% Pt: 15 at% B: 15 at% was forned.
When form ng each of the above-nentioned |ayers, Ar
was used as sputtering gas, and the pressure thereof
was nmade to be 6 niforr (0.8 Pa). Next, a protective
|l ayer 5 (thickness 3 nm conprising carbon was forned
by CVD. Next, a lubricating |ayer 6 (thickness 2 nm
was formed by spreading a | ubricant conprising
per fl uoropol yether on the surface of the protective
| ayer 5, and the magnetic recording nedium 10 was
obt ai ned. [Exanples 137-149] Exanples 137 to 149 were
prepared using the sane |ayer structure and the sane
al l oy conposition as those of Exanple 136 shown in
Tabl e 8, except for replacing the second undercoat
| ayer of CrVMoNb al l oy of the nonmagnetic undercoat
| ayer of Exanple 136 with the second undercoat | ayer
shown in Table 7 having different alloy WO 2006/ 090510
PCT/ JP2005/ 020159 38 conpositions, and the magnetic
recordi ng nmedi um of Conparative Exanples 9 and 19
exhi bit magnetic recording and reproduction properties
as shown in Table 7. WO 2006/ 090510 PCT/ JP2005/ 020159
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layer of Example 136 with the second undercoat layer shown in Table 8 havmg different
alloy compositions and different lattice constant, and the magnetic recording medium of

Comparative Examples 11 and 12 exhibit magnetic recording and reproduction properties

as shown in Table 8.

[Comparative Examples 13-14]

Comparative Examples 13 and 14 were prepared using the same layer structure
and the same alloy composition as those of Example 136 shown in Table 8, except for
replaciﬁg the second undercoat layer of CtVMoNb alloy of the nonmagnetic undercoat
layer of 'Example 136 with the second undercoat layer shown in Table 8 having different
alloy compositions and a different lattice constant, and the magnetic recording medium
of Comparative Examples 11 and 12 exhibit magnetic recording and reproduction

properties as shown in Table 8.

[Example 150]

A nonmagnetic substrate 1, where texture processing was performed on a glass
substrate (outside diameter 65 mm, inside diameter 20 mm, thickness 0.635 mm) to make
the surface average roughness Ra 0.3 nm, was used. The nonmagnetic substrate 1 was
accommodated in the chamber of a DC magnetron sputter device (Anerva Corp., C3010),
and after the chamber was evacuated to a vacuum attainment level of 2x107 Torr

(2.7><10'5 Pa), the nonmagnetic substrate 1 was heated to 250°C. After an orientation
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al l oy conposition as those of Exanple 136 shown in
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layer of CrVMoNb al l oy of the nonmagnetic undercoat

h-4 he secon er e
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exhi bit magnetic recordi ng and rep roductlon properties
CryMeNb aHoy gCI’Té% pogY: 3 M@ti%/ﬂ@nﬁﬂ 66,1 8n a4jrst undercoat

Conpar ati ve Exanples 13 and 14 were prepared using the
layea fihidkager2 OstonuaimprsingaRaAL Hdexg amenalagnsticdatepasdibicdyer 3

as those of Exanple 136 shown in Table 8, except for

(tHEPkacs NE) thapSaseR mqsﬁﬁ&ptNé}ay@magﬁet@]M Nkw@s r8¥ided. A
of the nonmagneti c undercoat |ayer of Exanple

fir a%l?%{gehg Ilaf%?i: ?Hi@kﬂ@sg § P %ﬁﬁ%oh@)‘ﬁfn sheyE Pl aﬁ@;b {(?c%g 0 at%, Cr: 25

ent oy "conposi IOI’]S and

SR Pl TR éeﬁﬁﬁ?%’%%&aiﬁ’%gﬁ%
TR IR N T 8 R

mhere texture processing was performed on a gl ass
15ath3 waafermedut si de di aneter 65 nmm inside diameter 20
mm thickness 0.635 nm to make the surface average

r oughihess foridingleadh pifithevbs verardtiondielanas Maoned wsed as the sputtering
substrate 1 was accompdated in the chanber of a DC

gaSBE0 hd SRsSIRUhEROS daY hfzfe (' BEE YT dePI008 Pa)CI0LD)a pro%@ﬁve layer 5

after the chanber was evacuated to a vacuum att'ali nnen

oSl Db tor it Brblo D, Y054 MUTRGBRL e
RGNS TR0 0150 1 AL ) U e
Ta: 35at% was fornmed on th| S substrate, this was

theyafasel of Biezsofestivedryer 5 hed Permegnqte resotfiemediam 10 was obtained.

[Examples 151-163]

Examples 151 to 163 were prepared using the same layer structure and the same
alloy composition as those of Example 150 shown in Table 9, except for replacing the
second undercoat layer of CrVMOoNb alloy of the nonmagnetic undercoat layer of
Example 136 with the second undercoat layer shown in Table 9 having different alloy
compositions, and the magnetic recording medium of Examples 151 to 163 exhibit

magnetic recording and reproduction properties as shown in Table 9.
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of Comparative Examples 15 to 16 exhibit magnetic recording and reproduction

properties as shown in Table 9.

[Comparative Examples 17-18]

Comparative Examples 17 to 18 were prepared using the same layer structure and
the same alloy composition as those of Example 150 shown in Table 9, except for
replacing thé second undercoat layer of CrVMOoND alloy of the nonmagnetic undercoat
layer of Exafnple 136 with the second undercoat layer shown in Table 9 having different
alloy compositions and a different lattice constant, and the magnetic recording medium
of Comparative Examples 17 to 18 exhibit magnetic recording and reproduction

properties as shown in Table 9.

The results of lattice constant, coercive force (Hc), rectangularity ratio,
magnetization orientation ratio (OR), magnetization orientation ratio (MrtOR) of the
residual magnetization amount, and the electromagnetic transfer characteristics of
Embodiments 1 to 149 and Comparative Examples 1 to 14 are shown in Tables 1 to 9.
For measurement of the lattice constant, a 6-20 method of an X-ray measuring apparatus
was executed, and respective lattice constants were obtained from the (200) peak position

of the body-centered cubic crystal.
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is within the range of 3.05 to 3.20, that the total content of Cr and V is 60 at% or more,
and that the content of Nb of 60 at% or less. As shown in Tables 1 to 9, if the lattice
constant is within the range of 3.05 A to 3.20 A, it was observed that the magnetic
recording mediums exhibit excellent magnetic and recording-reproducing characteristics
compared to the comparative example. Although there are some examples, in which the
lattice constants are near 3.05, while characteristics are poor, it is noted that these
samples have the total content of Cr and V of 60 at% or more, or have the content of Nb
of 60 at% or more. From Tables 1 to 9, it can be seen that if the total content of Cr and V
is 10 to 60 at%, the magnetic recording mediums exhibit excellent characteristics.
Tables 1 to 9 also indicate that if the content of Mo is 10 to 80 at%, the magnetic
recording mediums exhibit excellent characteristics. Tables 1to 9 also indicates that if
the content of Nb is 10 to 60 at%, this exhibits excellent characteristics. Although as
shown in Tables 2, 3 and 4, there are examples which show the magnetic characteristics
are poor even if the Nd content is in the abovementioned regions, these examples
correspond to samples having the lattice constant of 3.05 or less or 3.20 or more, or to
examples which contain the total content of Cr and V of 60 at% or more or the content
of Nb of 60 at% or more. Comparative Example 1 in Table 5 showed that if the film
thickness of the CrVMOoNb alloy is thin indicating that the crystal growth is not sufficient,
the coercive force reduces. Comparative Example 2 showed that if the film thickness of
the CrVMOoND alloy is thin, the grain size is increased, which results in decreasing the

SNR.
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orientation ratio (MtOR) of the residual
tho T H6dsi s kifficicatty epitaxialhdgoheinghe Ct1 ) diaeptioni Theredprss asra result,
characteristics of Enbodinents 1 to 149 and

the%ﬂ%f@k{ia@argéme@m% deRridthtal, EVabOWTrMo dllllaed aLrMoB alloy
9. F measurenent of the lattice constant, a 0-20

or
are,} ﬁtgﬁ] od RbwRth ﬁbfng%ﬁxtaﬁ@@i%ﬁlg&s 3RRAAL D CrIRSIERGeh@lly used.

respective I ce conStants were obtained from

the (200). pea ition of the - '
Hgrayet &0 ope) GubisTos Bty so08rs ah s Lhr e Examples.
Exanples 1 to 108, it was observed that the nmagnetic
the SBriglitderioredi uns  conpri si ng second undercoat |ayers
consisting of a CrVMoN all oy ’ii ncl udi ng. Cr MoNb. _ al | gy
and BxaiibdNd 241to 95 sleovin in Tabdd ete sepmlasairiukick CaNYloNb alloys,
recor di ng-reproduci ng )
CrVMoTa alloys, CrVMoTi alloys, CrVWND alloys, CrVWTa alloys, and CrVWTi

alloys have been applied to ACF mediums. It can be seen that in all cases, they are
superior to the comparative examples. Comparative Examples 7 and 8 are cases where
CrMo alloys and CrMoB alloys, which are generally used in magnetic recording
mediums, have been used. However the lattice constants of CtMo alloys and CrMoB
alloys are small compared to the CrVMoNDb alloys and the like, and hence the stabilizing
layer of the CoCrPtTa alloy does not sufficiently epitaxially grow in the (110) direction.
Therefore, as a result, the characteristics are considerably deteriorated. In a case where a

CrMo alloy and CrMoB alloy are used, as shown in Comparative Examples 9 and 10, a
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un(ﬁerlﬂc%at layer of the magnetic recording mediums, have been used. However the lattice
constants of CtMo alloys and CrMoB alloys are small compared to the CrVMoNb alloys
and the like, and hence the Ru does not sufficiently epitaxially grow in the (110)

direction. Therefore, as a result, the magnetic and recording and reproducing

characteristics are considerably deteriorated. In a case where a CrMo alloy and CrMoB
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mABRAPSHenY BodX SR ES cublc @I@gtailgllc)}ﬁ v@ﬁ% C-B%?glesle? %fttlle%sg ang clement

generally wused. However, “even
C Q. 1 h xangl e the SNR is
sefR 8 oo AR E it AR 25 tesb e 3L Sos Beted from the
magnetic rec in di ym of the present invention
B ZR Sphdaiot N 8 V5 Shi i oione clemmtbrlented Frapahe Cogroup
nognmagnetic internmedi ate | ayer (a stabilizing |Iayer
copyistingiiMaditetidTcoupl i ng | ayer may be utilized
i nstead of a nonmagnetic internediate |ayer), a
magnetic | ayer, and a protective layer lamnated in
this order on a nonmagnetic substrate, wherein since

2.at |easpn@ltre@irdindend A haviRk ot RAsORIIRGHNEEE Cundercoat layer, a
undercoat layer is constituted by a nulticonmponent

= ' G . , net ] 201
R oo Y Mol B m D AR (ol B, o
the.prevent, invention are suitable for high recording
magBFiC RS B 2 OO SR ennAissgp st e G Al nS
1. A magnetic recording nediumconprising at |east a
NORASREHS SHPraim gad é%(&ﬁtaglé%}g, layey isanfifagpapgretically coupled to said
internediate |layer, a nmagnetic |layer, and a protective
magagie layétani nated in  the ascending order on a
nonmagneti ¢ substrate, wherein at |east one | ayer of
sai avheesinagiesdtione liyeesail ndriyhetis utdeiedat lagkeld cBistRuted by a
mul ti conponent body-centered cubic crystal all oy,

m%&é&ib&@ﬁ%ﬁdd%%n&?ed QB c%r9§ctr§1 %%ogzrf%ﬁ{péis |38 fa§hrle W Phent

group consisting o , at Feast one

selELtE BB BE Ifcﬁfc}\ﬁﬂg fA.r ;ﬁ%}g Iagnsisting of Cr and V, at least one element selected

from the B group consisting of Mo and W, and at least one element selected from the C

group consisting of Nb, Ta, and Ti.

3. The magnetic recording medium according to either one of claim 1 and claim 2,
wherein in the multicomponent body-centered cubic crystal alloy used in said

nonmagnetic undercoat layer, the element selected from the A group has a total content



B group consisting of Mo and W and at |east one

el ement selected fromthe C group consisting of Nb,
waagoeam$iori . 2. A magnetic recordi ng nmedi um haRCT@P2a05/020159

| east a nonmagnetic undercoajqlayer, a stabilizing

| ayer, a nonmagnetic inter rred9| ate | ayer, a nonmagnetic

of COUPEO BY6, tAY elemedt solatgit b thaBrouiid ol B6:REAHINA0 to 80 at%,
| ayer, lam nated in the ascendi ng order on a

gﬂﬂ$gﬂ [ : od S
angnti er?gﬁggﬁggﬁia P%‘%gﬁngﬁé?3ﬁ§§¥®k%ﬁgg%%%ﬁc %é%er,
wherein at | east one | ayer of said nonmagnetic
undercoat layer is constituted by a multiconponent
body-centered cubjc crystal al]oy conprising at |east
4. on ey@eéﬂﬁ%’tlc sepEtreaediughicprling o anyiong OAcgfm dpghrough claim 3,
consisting of O and V, at |east one el enent selected
whierednrthermgullicgmponment body-seritergd ofbivoryatad allgy ased imbtail @anmagnetic
one el enent selected fromthe C group consisting of
unidrcoatdayed s d bodyBcentdred GEHO efihctude AR e N@tidRenk Nt is from 3.05
according to either one of claim1l and claim 2,
towherein in the nmulti conponent body-centered cubic
crystal alloy used in said nonmagnetic undercoat
| ayer, the elenent selected fromthe A group has a
total content WO 2006/ 090510 PCT/JP2005/ 020159 49 of

10 60 at% the.element selected fromthe B group .
5. hais THeRBAIFOG Bi5P RIE BP0 HGORGMEIARY OB ! el 3| Bivasp claim 4,
sel ected fromthe C group has a total content of 10 to
whetein sajgl ngnmygretigdpieanediate daysr eomprises at leastone slementpl mestal or
any one of claim1 through claim3, wherein the
alloyibdleatedfromethe ghvogconsstiner eflCalizlloy s rGeinRt alidyispRuuskd alloys,
in said nonmagneti c undercoat |ayer has a
RebadyrReanéws ed cubic structure, and the lattice
constant is from3.05 to 3.20 AL 5. The magnetic
recordi ng nmedi um according to any one of claiml
t hrough claim4, wherein said nonmagnetic
intermedi ate | ayer conprises at |east one.ele al .
6. ot arearehiaf b Elin  RPBinr Eaing Sy ap° o6 o g ugh cleim 4,
CoCr alloys, CoCrPt alloys, Ru,, a Ru alloys, Re, and
whegein, p3id penimagnetis couplgday e compEises # deaskenc slemertial metabor alloy
to any one of claim1l through claim4, wherein said
seleedriignethe grapugonsisting iRy, Rivdp Crske, Rt allayaskh aelbeys, Ir alloys, .
el enental netal or alloy selected fromthe group
Cratlogd, ahd Rg atibyRand Rlid nbiimagdetic Beuplilg 1aydrops a tiRbkness of 0.5 to
alloys, Ir alloys, C alloys, and Re alloys, and said
1.5@pmagneti c coupling layer has a thickness of 0.5 to
1.5 nm 7. The magnetic recordi ng nmedi um according to
any one of claim1 through claim 4,

7. The magnetic recording medium according to any one of claim 1 through claim 4,
wherein said nonmagnetic intermediate layer comprises at least one alloy selected from
the group consisting of CoCrZr alloys, CoCrTa alloys, CoRu alloys, CoCrRu alloys,

CoCrPtZr alloys, CoCrPtTa alloys, CoPtRu alloys, and CoCrPtRu type alloys.



wherei n sai d nonmagnetic internedi ate | ayer conprises
at least one alloy selected from the group consisting
wo@Rooeowsr al |l oys, CoCrTa alloys, CoRu all oys, PQoOrms/020159
all oys, CoCrPtzr alloys, Pt Ta al |l oys, CoPtRu
all oys, and CoCrPtRu type alloys. WO 2006/ 090510
8. PCTIRARERLE 28bading afddfhm d&t@rdTAE RLityCoreasteidinMgthi@bhlbim 7,

according to any one of claim1 through claim?7,

Wh%ﬁ tsg | hodfaFn ARNIRGROL lﬁ?féfgﬁg b God 11a!y@1y &FuchA® i luding e&ayer

ayer tructure |nc ayer conpr|3|ng

o RSP 1S B SRS

W N, B Si, M and V and a_layer conprising
roRRPRTstSRBOR ShMBobly TaoWh Sl HyMicand Vi |alamr§9mp@smg a
The magnetic recordi ng nedi um according to any one of

mukticampodent bodyrgéntededicubi? crysighelley.n sai d nonmagneti c
undercoat |layer has a nultilayer structure containing
a layer conprising NNA alloys, RuAl alloys, and a
mul ti conponent body-centered cubic crystal alloy. 10.

9. Th el“l'i@&a%éﬁ% rE&?@i‘hQ iR gbédﬂ@hﬁg ¢ hAY 8193 &felany1 ﬂﬂ@ughf claim 7,
claim1 rough claim9, wherern said magnetic |ayer

%:éﬁlglrls 19y et?%‘@#?&%mgéﬂyas%o%ﬁaa?g (’t;%/ré Q@l&g) ol b layer
cOI’g@%Sg{ﬁs Hﬁnq‘f]a %]AI@M §7%lﬁg(r1 %éx}u {:(fsrﬁo e {i(.’ yT?-Fé‘t%ng‘gf{lﬁtJ grystal

recordi ng nmedi um according to any one of claiml
allayhr ough claim 10, wherein said nonmagnetic substrate
is a glass substrate or a silicon substrate. 12. The
magneti ¢ recordi ng medi um according to any one of
claim1l through claim 10, wherein said nonmagnetic

10.SUbghe ﬁfa%nétﬁ: r8cctg i \WBEIr€ing tb bhyoeoofulhisl Dehrdidh claim 9,
or a alloy is forned on the surface of a

oL L o R AU et i

cogbhent P AP RS B AR Py oner

a nonmagnetic intermedi ate_| ayer etic |ayer,
M igeie g morg elements seleglpd frony i p PéHldl“ﬁg?*ﬁ#g Sorder on a
nonmagneti ¢ substrate, wherein at |east one |[|ayer of
sai d nonmagneti c undercoat |ayer is constituted by a
mul ti conponent body- centered cubic crystal alloy. 14.
11.A n®hbargadtirecstdinghtedumagoating to anpnaé ofclaidi tinpugh claim
having at | east a nonmagnetic undercoat |ayer, a

10,Sh1RRihisZidHnhRYRstic ALALATRINALIGuBREHR bindsilidoBsubsRate.

12.  The magnetic recording medium according to any one of claim 1 through claim
10, wherein said nonmagnetic substrate is a substrate where a film comprising NiP or 2
NiP alloy is formed on the surface of a substrate selected from the group of Al, Al alloy,

glass, and silicon.



magnetic |ayer, and a protective layer lamnated in

the ascendi ng order on a nonmagneti c substrate,
wob@sevesicai d stabilizing |ayer is PCT/JP2005/020159

antiferromagnetically bondeg;to said magnetic [ayer,

and at | east one layer of sald nonmagnetic undercoat

13.| ay&imdtBodcemngbdiciigetmayndic etdrlingaifine Having at least a
body-centered cubic crystal alloy. 15. A magnetic

1o magir?]ét?d Tefdgt LG 24Uk acheaR %Eﬁ%é!ﬁat@ T’Jg@f,ia%&&eﬁc %ayer, and a

etic recording nedium according to any one o

laim1 through .cl.aim and a _nmagnet he [
profefRdTdord R 8 0k Btk s A B b S st e
recordi ng medi um . . .
layer of said nonmagnetic undercoat layer is constituted by a multicomponent body-

centered cubic crystal alloy.

14. A method of producing a magnetic recording medium having at least a
nonmagnetic undercoat layer, a stabilizing layer, a nonmagnetic coupling layer, a
magnetic layer, and a protective layer laminated in the ascending order on a nonmagnetic
substrate, wherein said stabilizing layer is antiferromagnetically bonded to said magnetic
layer, and at least one layer of said nonmagnetic undercoat layer is constituted by a

multicomponent body-centered cubic crystal alloy.

15. A magnetic recording and reproducing apparatus comprising a magnetic
recording medium according to any one of claim 1-through claim 14, and a magnetic

head which records and reproduces information on said magnetic recording medium.



