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TECHNICAL FIELD
The present invention relates to a magnetic recording medium used in hard disk
drive and the like, a production method of the magnetic recording medium, and a

magnetic recording and reproducing apparatus.

- BACKGROUND ART
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%. Conseguently, 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



crystallized glass. For either glass substrate, one which is mrror finished
is used. Currently, in magnetic recording nmediuns generally used in hard

di sk drive, a nonmagnetic undercoat layer (Cr, C type alloy or the |ike,
Ni-Al type alloy), a nonmagnetic internediate |ayer (Co: -Cr-Ta type
all oy or th‘é(olzl”%)é’??ﬂ%l magnetic |ayer (Co-Cr-Pt-Ta, Co- CS’C(% 3@?%53 al l oy or
the like), and a protective |ayer (carb@n or the |like) are sequentially
deposited on a nonmagnetic substrate, whereupon a lubricating |ayer

conpri si ng fimsarelaminatedem subsirate faradnagnetiorecgrding medivin by the spaitatingpt - B
alloy, and the like are used as the magnetic |layer are alloys, which

conpri ses Ovethed isteaipsticami Far 2 sdwpanasrd fomhmageetigirtasydingedium, aloxagonal

cl ose-packed structure (hcp structure) which has an axis of easy

magnet i zat i substrdtes antl glaSs aubissatedae wadelheused diAmgplursinhmdubdiratehie ameagmet | ¢
recording medium there are in- plane recording and perpendi cul ar recording,
and a Co al pélishddsSANPRENRY WithtSeEP fy@e allbefiimBgmed be tHeishBatratdtoaliicia@se of

i n-plane recording, the Caxis of the Co alloy is oriented parallel to the

nonmagnet i cq Eﬁ)}xlfrﬁétay 1806h belthifbl&e a8pcRftion, WK RSEce Whivh iR mitde C

axis of the oy is oriented perpendicular to the nonmagnetic substrate.
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the recordin nsj t,y o netd ¢ recordin I if.lS.necessary to
decr ease nedh Sl}%ﬁﬁ%il %%;S tﬁgﬂgg‘ae? gﬁ%’ sﬂgsgr@rféﬁ?g‘fﬁgf%ﬁfég%ﬁh%%??%e " heoreti cal
WO 2006/ 090510 PCT/ JP2005/ 020159 3. fornula whic ingi.c tes.that it is
effective to makefRlY-paaggeicieoatingm PFREHE UG i’%ﬁ@ﬁélﬂs Y°t%he grain
syze distribution of the alloy smaller in order to decrease the medium
ng se. Non-%&?etﬁdﬁ’éﬁ’é’ﬁgq%y% ol H@s ?%%%ﬂlfﬁg:}ﬁyt\lr'?ﬂ?ﬁar\JQ%He aver age
crystalline particle dianeter and the grain size distribution of the Co

al | oy smal | Bqnmagpetic %@Wtﬁ&Y%(Q%Cﬁégr@aE%ﬁpe akey eribe like) pgrgdetie r ecor di ng
medi um suitable for high recording density was provided. In such a nmanner,
it is inporlasert(Codir-Ricks Easiniy-Brvwpe alloy erdhs Bke)oandedurotectivedaye &adye or
crystalline particle dianeter and the grain size distribution of the Co

al | oy snal | the lik& ane seqibratially dapdsityd cramndyenagabtiasubstkdty, wreceampowa lubkieatisy al | oy,
it can be easily considered that formation of Co alloy filmcontributes to
reduce the Ry&icagerisiaYighidllbbrienpardrineie di ameter and the grain size

distribution of the Co alloy smaller.

A Co-Cr-Pt-Ta alloy, Co-Cr-Pi-B alloy, and the like are used as the magnetic
layer are alloys, which comprises Co as the principal component. The Co alloy takes a
hexagonal close-packed structure (hcp structure) which has an axis of easy magnetization
in its C-axis. For a recording method of the magnetic recording medium, there are in-
plane recording and perpendicular recording, and a Co alloy is generally used for the
magnetic film. In the case of in-plane recording, the C-axis of the Co alloy is oriented
parallel to the nonmagnetic substrate, and in the case of a perpendicular medium, the C-
axis of the Co alloy is oriented perpendicular to the nonmagnetic subsirate. Accordingly,
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



It has been reported that addition of a variety of elenents to Cr inproves
its properties. Patent Docunent 1 bel ow describes that addition of Ti to C
is effective. Patent Docunment 2 bel ow describes that addition of Vto Cr is

effective. RajankosoPacument 3 bel ow reports that additiopcphpdb@pdo Wto O
is effective. Patent Docunent 4 and Patent Docunent 5 below report that it

is effective to construct an undercoat Tayer by two |ayers which have C as

their pri nC'og@guﬁ%tw{hg e@‘tﬁatgiéjéf?gcﬁ{}%tnéalé% P leryRla B8R Phrticlen Pat ent
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Unexani ned Pgdism ngigpis deareased andfhet p mapygticirecerding medivnppabls farpegh | pat ent
Docurment 6] Japanese Unexami ned Patent Application, First Publication No.
Hei 11- 28328%ofdiRag dansitiDeesprenided.] InBuclop manndpzit isritphidant §Rolessifgaednnm
Docunent 8] Japanese Unexam ned Patent Application, First Publication No.
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[ Non- Pat ent Docunent 2] J. Appl. Phys. vol. 87, pp. 5407-5409 DI SCLOSURE OF

| NVENTI ON  Aghen®ialloyrafhilah Bifce the Cb aRby et Heepit@iidllyyerowe dn ds: Criatlondoemgnet i ¢
undercoat |ayer. As a nethod of decreasing the medi um noise by inproving

t he nonmagngt k4sily CBASAEQPthal B} RAtion B CoQNby &lth @6ntAbutt S réMRE aBQvEhmyst al | i ne
particle dianeter and
crystalline particle diameter and the grain size distribution of the Co alloy smaller.

It has been reported that addition of a variety of elements to Cr improves its
properties. Patent Document 1 below describes that addition of Ti to Cr is effective.
Patent Document 2 below describes that addition of V to Cr is effective. Patent
Document 3 below reports that addition of Mo and W to Cr is effective. Patent
Document 4 and Patent Document 5 below report that it is effective to construct an
undercoat layer 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



i nprovenent of orientation of the C alloy, and lattice matching with the Co
all oy have been used. Since the O alloy used for the nonnagneti c undercoat
| ayer has O as its principal conponent, the characteristics thereof mainly
originate fr t i nherent characteristics of Cr. As de scope
for desi gnv& z?oﬁg%ﬁb magneti c undercoat |ayer of the rrg’g?lg?#(l):gﬂ?g%gr di ng
medi um becones consequently narrowed. A*nhunmber of attenpts using a C alloy
in the nonmagneti ¢ u rcoat e e bee Q d...ln t ent Documnent
7, it has been pr[]g?fﬁ‘ggjca?cf‘wslft 4|t] ﬁ%p{nng?c?‘\efn%xgﬁmﬁg P%{e%g @@é"&‘:‘%’& Fgrgtl ng an all oy
whi ch has a"d‘%ﬁ strl{‘gghl_%e %AI |, AlCo, AWFe, and the |ike) as WO 2006/ 090510
PCT/ JP2005/ qaiton No. g1 713 gnetic undercoat |ayer, thus nmaking the grain
size in the magnetic filmsnmaller. However, since it_is difficult to make
the coercive for dRateridipcument pd JJapgnessUngxangined Hatspt Applirgtion, Fisst gi fficult to
make rectangularity ratio of the coercive force |large by use of an Al- Co

al | oy, the Rublicotbnd¥e.@A0GG2PH3E becones smaller, as a result, |eaving
problens to realize a high recording density. In Patent Docunment 8, it has
been proposed t HRhatehtiBoounienes]ciapalese Unpaminadl Bwent dpplsitivnifrshByblidatior MTi
alloy, or WIi alloy on an oxide orientation control filmsuch as MO
However, elwsanial->3gbst ance of Mo or W or alloys such as MdTi and Wi

have a limt to the decrease in noise, and are unable to cope with a

recordi ng densi tpateRpI06REHRS7PPmGhidnFatent No liv@4psesent invention has been
carried out to solve the above-nentioned problens with an object of

e \ : . , Prob ems W - i gh
provi ding a mag {[;,;Lt'eﬁt D& gcgg:}ag%gursyml d Barélp ia&?ﬁhﬁaggﬁ%qﬁt Wﬁlﬁli&a@onhl gher

recording density, a magnetl di ng nmedi um wh I gher coercive

force and . e, a production nethod thereof, and a nagnetic
recor di ng @%‘?ﬁ%érﬂ%ﬁcn on apparatus. In order to solve the above problens,

the present inv Qr, .as..a result -o nest . J-nvesti ion and effort, has
conpl eted the p(re@té) F‘Ftatel P&ﬁ‘i’?%“xlw ‘il?)pgfllgl?yf‘y‘foﬁ'géplt%%Bbﬁ'gghghar acteristics of
the magnetic re di d repr cin aratus c i mproved by
utilizing a W f@{?@'%gqng&“c gnagf/g\)‘?@p%% ‘f"iﬁ a@‘gaggﬁgm%eti c under coat
| ayer. That 1is to say, the present invention relates to the follow ng. (1)
A magnetic recordi ng nedium conprising at |east a nonmagneti c under coat

DISCLOSURE OF INVENTION

As mentioned above, a Cr alloy is mainly used as the nonmagnetic undercoat
layer. As amethod of decreasing the medium noise by improving the nonmagnetic
undercoat layer, micronization of the average crystalline particle diameter and
improvement of orientation of the Cr alloy, and lattice matching with the Co alloy have
been used. Since the Cr alloy used for the nonmagnetic undercoat layer has Cr as its
principal component, the characteristics thereof mainly originate from the inherent
characteristics of Cr. As a resuit, 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



| ayer, a nonmagnetic internedi ate |ayer, a nmagnetic |layer, and a protective
|l ayer, lamnated in the ascending order on a nonmagnetic substrate, wherein
at | east one layer of said nonmagnetic undercoat |ayer is constituted by a
mul ti conpongnt. b -centered cubic crystal alloy, whic i At | east
one el errent% o%ﬁz‘gésdgfromthe A group WO 2006/ 090510 P&%@Eﬁgﬁﬁlw 6
consisting of Cr and V, at |east one el énent selected fromthe B group
consisting of Mo and W_and at | east one_el enent selected fromthe C group
consi st i ng tBF 2qgEnagtefic udgrogyt Jayep SJusmaking, be grain SeuirdPh FRERc (PR Fg at

| east a nonmagnetic undercoat |ayer, a stabilizing |ayer, a nonmagnetic

i nt er medi atl0oWerys sinceit iodinieyide make hesprraiye ferpelargedy ysgghar ALNI ale . and a
protective layer, lamnated in the ascending order on a nonmagnetic
substrat e, amddt is difficudttamadke réctepgrlayityrratie ofithe coarrive faremlatdedyusy ofudl-ed to
said magnetic |ayer, wherein at |east one |ayer of said nonmagnetic

under coat |Gysitoyl the reppoduictibnidwputbecanen dntallen rp o reonlt, lexyihe meblems &d cubi c
crystal alloy conprising at |least one elenment selected fromthe followi ng A
group consix‘éﬁlizagt@%m@soramgdmitgt | east one elenent selected fromthe B
group consisting of Mo and W and at |east one elenent selected fromthe C

group consi sti nqn%teh{%ocﬁ?nenﬁmtlﬁs-be&garoﬂ&@gi RO hbise CACKY SiipRdvediy UM
n

according to either one of claim1 a claim2, wherein in'the
mul i compongRbbauCRNLERR: Y 6 1 OV ad5ishudeidn Sy RARGGONEL | C
undercoat |a esrl, 8’ el enent ' s?a{ﬁ}éclf e(}x%g};rﬁl?#e A gr ouf)dnhgs a total content
of 10 to 60 0 e e tpe . .cont ent
of 10 to s0°26p e dBMudBBRkEE of MW or il Oty A HuiCr)
content of 10 to 60 at% (4) .The. magnetic cordi ng .nedi um accor.ding to any
ond of - of ai Hi¥E A PRE A gHe desteis i oish R A e E o B BRI A Ay Dcont er eq
cubic crystal all O%) @fs_e 4n said nonmagnetic undercoat |ayer has a
body- cent er%‘ﬂe%t‘ﬁﬁ 108t ure, and the iattice constant is from3.05 to
3.20 A. (5) The magnetic recordi ng medi um according to any one _of claiml
through cl ai m 4Theprses;ipventipy hasheen garded eutito selverhgiahove-magtioned onpr i ses at
| east one elenental netal or alloy selected fromthe group consisting of
CoCr al | oysproliems pithan objest offpaovidinRe maghttiprecorfing medihnRehich|inghle towgpe
2006/ 090510 PCT/ JP2005/ 020159

with a higher recording density, a magnetic recording medium which has a higher

coercive force and a lower noise, a production method thereof, and a magnetic recording

and reproduction apparatus.

In order to solve the above problems, the present inventor, as a result of earnest
investigation and effort, has completed the present invention by identifying that the
characteristics of the magnetic recording and reproducing apparatus can be improved by
utilizing a WV type alloy, or a MoV type alloy as the nonmagnetic undercoat layer. That
is to say, the present invention relates to the following.

(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 nonmagnetic undercoat layer is constituted by a multicomponent body-centered

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



7 (6) The magnetic recordi ng nedium according to any one of claim1 through
claim4, wherein said nonnmagnetic coupling |ayer conprises at |east one

el enental netal or alloy selected fromthe group consisting of Ru, Rh, Ir,
Cr, Re, Ru alloys, Ir alloys, C alloys, and _Re alloys, and said
nonmagnet i c%%g&é "Pgr?gnﬂ ayer has a thickness of 0.5 to 1. gcpmpos(%gﬁs\-he
magnetic recording medi um according to gy one of claim!| through claim 4,

wherein said nopmagpetic intermediate | ayer ri.s at least o al | oy
sel oot 6d 1 GHBHEE G GUBObrS RETIERE ClsmeBEosied ST 6 0t SRR a0 corn

al l oys, CoCr al | oys, CoCrPtZr alloys, C Pt Ta al |l oys, Ru al | oys, and
CoCr Pt Ru t ypd aP‘PC{)Qté‘?ast e eﬁ?%e'\‘rﬁ%‘?f‘é’?qy%omgg& &Ny Cﬂ%%ﬁﬂﬂ&oggrgﬁ%iaﬂ‘gﬂc-o any
one of claiml through claim?7, wherein said nonmagnetic_undercoat |ayer
has a nul til ayer(23t4 magnetis reerading medivm havingeat leagirpprangiageeticrunderceat &ven| | oy
comprising Cr and at | east one elenent selected from the group consisting
of Ti, M, Abtabiliaing\ldyeNia noBmaSietic isterarediaté layarda porinzageeticownplitgsiayay, &

mul ti conponent body-centered cubic crystal alloy. (9) The magnetic recording

medi um accokfpigictiayeind apeotedtive B ildmihitedliohe askerding drdemétes ei n sai d
nonmagneti ¢ undercoat |ayer has a nultilayer structure containing a |ayer

conpri sing bbdhaphkli@¥bstrattlAnd 84ill ¥BilizAB taydr mhﬁfeﬁ@ﬂagmamwﬁwleama@i ed
Iu

cubic crystal alloy. (10) The magnetic recordi ng ne m accordi ng to any
one of cl ai § Al [ ' ' ri ses at
oast one. ol By RO R e R IR oo AR Ll Y AT e
CoCr Pt Ta all i re
Srgement S sefg%?té%e g&%%@éd% L‘!‘l%éﬁ&“éﬁd@gﬁgg t%ﬁltc@{lsc g%@‘#@%‘%ﬁ@?%“%cor di ng
di um accor di t n e Q laim 1, through. .clai.m 10 rein said
nonmmonet | o R HarraeEeyed Bomthe ihien ktabsirs bedr B A b HE 2e"lo
20061090510 PCT/JP2005/.02015 8 (12). The neti.¢c recaordin di um
accor di ng t 8L 5 tegfﬁ'oé'}éf'% oW pEgHe %t{@gﬁ{‘égﬁ a&iﬁ@ﬁﬁ?shmgea‘ir{%“%nnagneti c
substrate is a substrate where a filmconprising NP or aNiP alloy is
formed on t Fdecesd from dheot gEpupepatisting ot Mot Ea e8¢ Ttr om t he group of A, Al

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
of 10 to 60 at%, the element selected from the B group has a total content of 10 to 80 at%,
and the element selected from the C group has a total content of 10 to 60 at%.

(4) The magnetic recording medium according to any one of claim 1 through
claim 3, wherein the multicomponent body-centered cubic crystal alloy used in said
nonmagnetic undercoat layer has a body-centered cubic structure, and the lattice constant
is from 3.05 to 3.20 A.

(5) The magnetic recording medium according to an}'r 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.



all oy, glass, and silicon. (13) A nethod of producing a nmagnetic recording
medi um having at |east a nonmagnetic undercoat |ayer, a nonmagnetic
internediate | ayer, a nmagnetic layer, and a protective layer lanmnated in

this order owoanékappRENeti c substrate, wherein at |east %m%o%yfﬁ,-{ Qf said
nonmagneti ¢ undercoat |ayer is constituted by a nulticonponent body-

centered cubic crystal alloy. (14) A nmethod of produci ng a nmagnetic

recordi ng mediu ' . . net:j )

tabi 11 2ing I ayel) et £B5kind maRBRRNRRbCto Y ShE B Bhoud g 4
protective layer lam.nated in the ascendjng order on,a non netic
substrate, é’i‘?ﬁﬁ%gf‘am glgwﬁgnfﬁﬁ&oqu%',ay O TS }e%odlﬁgfe?%egfa:l Pebnded to
said magnetic _ layer, and at |east one | ayer_o ai_ d nonmagneti ¢ under coat

| ayer is coﬁ"s’*tli%’&?]@ﬁf%ﬁoaltﬁﬁﬂ?@?&%‘ﬁﬁ&ﬁ%ﬂ%ﬁéﬂﬁ‘eéﬁ%ﬁ’g&‘ ab‘-i@@ﬁ%w al | oy.
(15) A magnetic recordi ng and reproduci ng apparatus conprising a magnetic
recor di ng nmelysnfaaloys.anA Rerboym gndyaid nrnmegagtin couplingdaygs has athipkness odnd a
magneti ¢ head which records and reproduces information on said nagnetic
recordi ng nméditain5 nnBRI EF DESCRI PTI ON OF THE DRAWNGS FIG | is a

cross-sectional view showing a first enbodi nent of a perpendicul ar nmagnetic

recordi ng nmedi unfAfTHelBaghetsS RRb6rding\Rslinmg Becoldifig todny dnaof tlainst deeighonal vi ew
showi ng a second enbodi nent of a perpendi cul ar magnetic recordi ng nedi um of

the present clafy #NiheRéin sOndBRRERAO HlmEiTAie I B2P 0SNPRRE aPleas? ofd 4Boy3 15 a bl ock

di agram show ng one exanple of a magnetic recording and reproducing

appar at Us ofeiddies 6 WY rob RISk of ddRizPANE U h bfiBysOboRRENGRS e ence

E%-nbol s] | Nonmagnetic Substrate, Nonmagnéti ¢ under coat | ayer,

magneti c A I |Gl r } r, 6
Luir oot | SyCHEl gRG Tl eRbys, ColhATFhlGs Gty allold SLECIGHRUNET
Magneti c re%@‘;y%i ng nedium 11 Magnetic recording nedium 12 Magnetic

recording a eproduci ng apparatus, 13 Mediumdrive unit, 14 Magnetic
head, |S Head drjyeuunit, 16 Record reproduction sianal procpgsing system
claim 7, wherein said nonmagnetic undercoat layer has a multilayer structure including a
layer comprising Cr or a Cr ailoy comprising Cr and at least one element selected from
the group consisting of Ti, Mo, Al, Ta, W, Ni, B, Si, Mn and V, and a layer comprising a
multicomponent body-centered cubic crystal alloy.

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

( claim 7, wherein said nonmagnetic undercoat layer has a multilayer structure containing
a layer comprising NiAl alloys, RuAl alloys, and a multicomponent body-centered cubic
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 nontmagnetic substrate is a glass substrate or a silicon substrate,



FIG 1 shows a magnetic recording nedium according to a first enbodi nent of
the present invention. The magnetic recording nmedium 10 shown in FIG1 is
one in which a nonmagnetic undercoat |ayer 2, a nonmagnetic internediate
| ayer 3, a RpgnRbhdesiol ayer 4, a protective layer 5, and get/wbbdsiaske fil m 6
are sequentially lamnated on a nonmagngti c substrate 1. FIG 2 shows a
magneti ¢ recordi ng nmedi um accordi ng to a®second enbodi nent of the present

| vention.  The MNethefSEAL b PLUE0 AN o dHEGe Rk Audn T o

a nonmagnetic u coat layer a stabrlizing 7, a nonmagnetic

coupling | et 1%’ ﬁerﬁﬁy& tx:{gﬁ{ﬂ'ﬁ%?-e 1% sébshg{e% g g&ﬂs&ﬁ% L@x&%rabs r% 4 r%inlgﬂf'i cant

| ayer 6 are sequentra ed on a nonmagneti c su 1.°The film

configuration in FIG. 2 1s a. technolo esighed to prevent .t hernal
FPuct dat on B NiRemu irmed g ritoeh SEa Y s 000 timgReiAnabi 11 1 21 ng
this technol oggy, since nagnetization directions of two magnetic |ayers are
mutual ly i mallpYcass tand stiger.i on participating in nagnetic recording and
magneti c reproduction substantially becomes thinner than the thickness of

t he whol e WO 20061)9431h@ai/nIEhgoR/a00enstc resgrdinggenddim ga¥ing phleasher ef ore, it
is possible for the SNRto be inproved. On the other hand, it is possible
to inprove tivemkpetivmhdérost kyed, anpnmbgetcitermediale layek,ameagrietic fayed, ad gr ai ns
of the whole recording |ayer becones large. A nediumutilizing this

t echnol ogy ipotgethenaler Jandadtédioh this oAfeCon® donmagneiniubhiedts ontrgein ti leask biye Coupl ed
Media), or an SFM (Synthetic Ferrinmagnetic Media). Here, these will be
generi cal |y |ep beshid¥iéaniditit Endedat 1Rr RUIAREANEE bE a MildSdohdiofent bbdy-t he
present invention, a netallic substrate nade of a netallic material such as
Aﬁ v and Al aloh@yedicinil tRRial AMbyhi ch a filmmade of NP or N P alloy formed

i s 'provided. As the norimagnetic substrate 1, nonnetallic materials such as

gl ass, ceram cs,  giil i id. e i - , %gﬂ I e used, or
one in which an (E%)Pkg]?%@flﬁr?oymﬁﬁr% gtéc %géﬁ&gé?ne _ (E)lﬁagggu_ s%gr‘)at e made
poi nt o urimePEiE s Rre il tovet adh Bt el e R A R SR P RETFER  con s
desirabl e. In@g{iticulard, frorréthleé;)rin.t O%‘C st apd durability, it.is
desirabl e td™ YegLandgprgiegye lay 3%’?‘31"?3 Jeige giequiing, praghon HRIAgEftits s  nay
b d. As h I , I da- i I :

a|e u lrJn-S ﬁ o- bor Oglg?t{ ?Nies:rm% saalsdsstab%?zqgé laayerpi.lsJ Qﬁ%ggogggngﬁcaﬁlﬁogde%%g 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.

BRIEF DESCRIPTION OF THE DRAWINGS
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.



glass, or alumno-silicate glass may be used. As a crystallized gl ass,
lithiumcrystallized glass my be used. As a ceram c substrate, a sintered
body or a fiber-reinforced material thereof of general purpose al um num
oxi de, sili Lid.kde, and the like, as its principal CPR2 n be
adopted. Si S\’@gmplg%ﬂ?ﬂng of the flying he'%ght of the magngtl C P\\Eyab%m?f
required to increase the recording densify, it is preferable to increase the
surface snoot hn f. At D&tf : i , 1t is
preferable for tﬁ\gé's%rs?g?%kraa erage ro%éﬁ%%én%@fépﬁg&cnﬁgﬁg%ﬁaﬁ?c
substrate | to be.not dreat ha [ and preferably not greater than |
run. It is %pé?‘sehrca er 8%$8ﬁrj111e gf?’ﬁr%‘reﬁgzr’rk by texture processing on the
surface of the nonmagnetic substrate 1. In texture processing, it is
desirable for the average roughness WO 20116/ 090510 PCT/JP20051020159 11 of
the substrate surface to be nmade not |less than 0.1 nm and not greater than
0.7 nm ( norlBripilaeseriptin of ey Reterence $yappodsly nm and not greater than 0.5 run,
and still nore preferably not less than 0.1 nn and not greater than 0.35
nm . From t HeNeronagnetisf subgitate Agilpamagngtic tiedenanghleydrc3 Afinsweneisyintermedige
circunferential direction of the magnetic recording nedium it is

pr ef er abl e flayer,t4hdageeticlayer,faPkotéaivb taybn bnbubriprlayerr. o Stbjlizing layes, 8
circunferential direction. It is preferable for the m cro-wavi ness (W) of

t he surface NémpuphgiaouslingUbsh.r @ Maindtiz rocordiap ngdiat, @1 Nhgietio retofding nor e
preferably not greater than 0.25 nm. Furthernore, for the flight stability

of the nmagnehdédurh e@dMabheticTeddhdhg htDleBrodfein B Ardnie 1 5 WIEHaR dAvetmga 4

rgughness Ra of at |east one of either the chanfered surface of chanfer
portion of e, eRdhIACE Plead RvSUAE 16 36Rord BpiB8udiBh sPhAPGesdiflitystbh, NM (MOr e
pre(f erably notggngreatag’r t%ﬁ 9.5 r1m. Thgrm'‘%ro-Wavis%fels?tr(\‘7\2\%l carsl,g?or
exanpl e, be neasured as a surface average roughness at a neasuring range of
80 .Lm by utilizing a surface roughness neasuring apparatus P-12 (product

nonmagnet o subst r at o g MOLEFARARRE G HEE TEE NV <" hody.- cent er ed

cubic crystal all d to conprise gf |east one elenent selected fromthe
A group consi sti rfgéofs S ZARpEpCLCieceragm BFQFfng 10 %@F%‘?e@gﬂf‘% the B

group consisting of Mo and W and at |east one el enent selected fromthe C
group consi $h¢ pi§sest innpntiong The magneticyprosdips medjum ] &shgpgdn BIa{ ésensiia that t he

content of at |east one elenents selected
which a nonmagnetic undercoat layer 2, a nonmagnetic intermediate layer 3, a magnetic

layer 4, a protective layer 5, and a lubricant film 6 are sequentially laminated on a
nonmagnetic substrate 1.

FIG. 2 shows a magnetic recording medium according to a second embodiment of
the present invention. The magnetic recording medium 10 shown in FIG.2 is one in
which a nonmagnetic undercoat layer 2, a stabilizing layer 7, a nonmagnetic coupling
layer 8, a magnetic layer 4, protective layer 5, and a lubricant layer 6 are sequentially
laminated on a nonmagnetic substrate 1. The film configwation shown in FIG. 2 isa
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



fromthe A group is in total 10 to 60at % the content of at |east one

el ement selected fromthe B group is in total 10 to 80at % and the content
of at |least one elenent selected fromthe C group is in total 10 to 60at %
It is furth ' | e the multiconponent body-centeredy&pihtspiofgt al all oy
has a Iattlﬁ@eﬁlg%dr?g’[ﬁgnt within a range of 3.02 to 3. 14 A WO 20%61090510
PCT/ JP2005/ 020159 12 Addition of el emeA®s such as W M, and V to O has an

ef fect of expandi t l.at t.i ce const.ant i s. conventl onal wi dely
per f ormed 9" "r‘fgﬂi“ngﬁ‘\ﬂ"f?{ed&“ﬂ’?% g%orrﬁ%%@gg?ﬁemr?‘ée?en n@%%&é{haﬁlgtause of
the increasg.in the lattice constants Qqf allgys. from the increased

addi ti on of tEPosgdiede gnpigye the %Stﬂéwtggecﬂﬁﬁeé%ﬁ]o‘ﬂ%? HYHahERS of) ar ger

| attice constant than Co alloys, a need to further expand the lattice

const ant s i e vawiergeordingdgyer bicomss lagged v al | take the same bcc structure,
and their lattice constants are 2.88 Afor C, 3.16 Afor W 3.14 A for M,
and 3.02 A for \A nidiunpptilizing thistecdtmology isgentrally callddep ARG mediuml | oys with a
Pt content of 8 to 16 at% C and V are too small, and f' ( Wand M are too
| arge. To r ¢eifereordpnstigallghleplediMedis), @fdhaFM (SynitetiaFemsiaghéie Medib). ce
constant by addition of Vto Wand M, as disclosed by the present inventors

in JapaneseHellB,aﬂ@@twiﬁnﬁléeﬁ@idagﬁcmd A0be@885, and it is possible to
achieve an optimal matching. In the present invention, this way of thinking

was progressed, R0hehoniHbdetic QERAMN in BRPeRRNh LRI CHREGIIR sHae rfddeOy W th
a lattice constant of 3.05 to 3.14 A was nmade by conbining the | arge

latti C T . ; i . j di at

51125 coratanbol RS o ) b i bl g o
ti t ld be, . hed, i L | e,

opL, Tum g G b R ANOF R SRR | JapEaR BRI

crystal alloy.of the resent. invention,,it s confirned that the .

Char act er i stick o EEY, GO TG HAPQR SoFHio Hom i rmatbeuscd r pgin

mul ti conponent . body-centered cubic crystal_ alloy utilized in the,

nonmagnet i ¢ “isap 6B er Nk alfoyofilgy has heen foaacdan 3 sitbatsgte g13de ginoams whi ch has
an auxiliary effect maybe added. Exanples of such additional elenents

i ncl udes B, material mayshe uggd, Asithe mepmetyilic materiglnfromtbe poirtof sprfagegsmwedinessbl e f or
the total content of the additional elenents to be not greater than 20 at%
| f the totabneiypt seitctalivee ghsQor silicvp it desiraiflé. elntpagicular, from the point of cost

and durability, it is desirable 1o use glass. As glass, crystallized glass or amorphous glass
may be used. As amorphous glass, general purpose soda-lime glass, alumino-borosilicate
glass, or alumino-silicate glass may be used. As a crystallized glass, lithium crystallized
glass may be used. As a ceramic substrate, a sintered body or a fiber-reinforced material
thereof of general purpose aluminum oxide, silicon nitride, and the like, as its principal
component can be adopted. Since lowering of the flying height of the magnetic head is
required to increase the recording density, it is preferable to increase the surface
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



t he above-nentioned orientation adjustnment |ayer decreases. The lower limt
of the total WD 2006/ 090510 PCT/JP20051020159 13 content is 0.1 at% At a
content of less than 0.1 at% the effect of the additional elenent is |ost.
The effect o is especially large, and greatly s to noise
reduction. Iq?\ ZHSJI %aﬁ on where the nonmagnetic under coa?gﬁlé%sy'%gbf’ t he
present invention |s constl tuted by notllless than two Iayers

nul ti conpone body- red cubi,c_cr i S ut|I| s_one | ayer
close in po& ?hedﬂb ‘?‘?&H#ﬁ&l’?@?f‘%ﬂ ‘%“r{eg%aédln%% t%’ @Bf\?er for the
ot her | ayers, al l oy | ayer ni n Ieast one type
sel ect ed fr&ﬁf”ﬁ%“*fﬁﬁa%ﬁmé@ﬁ%‘ihé?& otgw&terﬁaan&)% ﬁi‘ mere i Mh and V

may be wused. Alternatively, a |ayer cont aining a Ni Al pe alloy, or a RuAl
type all oy mmferabls'@otlb@tbee@lnmmdsnoaggﬁ%tbpeﬂgﬁam){ ﬁ@mﬁvqemnhpf:kness of the
nonmagneti ¢ undercoat |ayer 2 of the present inventionis within a range of
10 A t o 300 séengiffeeingdhd mhgretie esisotfopyhe thercomumisratinbditegtion oftthe magyetic 2 il m
is less-than 10 A, the crystalline orientation of the nonmagnetic undercoat
| ayer 2 becegteadihgi@edifungit enprefetablefor tg té}ttﬁre@;mkniheefofmmprdxﬁmithl@inthe
nonmagnetic undercoat layer 2 filmthickness exceeds 300 A, the magnetic

ani sot ropy QfrcurhfefeniRdMREidh. [T1BMPrefdrablR foNBe flidr6 WilvRieS (Wl of el s@ffhdeON
decreases. Mre desirable is a nulticonmponent body-centered cubic crystal

alloy fil m Eu{ﬂ %1 efib Lx[’ﬂs&&b‘i:i@ﬁéﬁot' gi]ez&ft}%z{nqquﬁm (Qlforespréfc}ég yl&Qgéa | ayer

or a C alloy ype al oy,aRu tealoy the |ike

with afil motiyrﬁ@n%ﬁhélﬂlf Eé‘?oxftﬁ‘é‘gf‘grh%t tﬁhtg of t IJ!?% if‘ ddi‘?% dJré’fQJaBle 18"

|gprOV|ng t he ‘coercive torce an I'c layer 4. It
i s desirable for th crystalli e tion of.t

body- cent or SR Bz AR kel SRe BRatekt e bR B i ERE SRR o &
have t he (10 | ane as.the eferred orientation Ian result, the
crystal line® %T%ﬁ?%%ﬂf@? cﬁiﬁr@FFWf@F tP% @'P" an h@%‘%&m@or med on

t he nonmagneti c undercoat |ayer 2 is nore strong I 11.0 expressed and
therefore W@%@N@b@i@eﬁwaﬁ%@w GQH&‘EQ'W%’H]BF%%V@ P amples Be nagnetic

properties, for exanple coercive force (He), and inprovenents in record
r epr oduct i omqssedaymvciace Iusrage xerabness SNRmeamnng rangh pE$ i, by utilizing a

surface roughness measuring apparatus P-12 (product of KLM-Tencor).

The nonmagnetic undercoat layer 2 is formed on the nonmagnetic substrate. It is
preferable to use a pluralistic body-centered cubic crystal alloy and to comprise at least
one element selected from the A group consisting 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.

Moreover, it is also preferable that the content of at least one elements selected
from the A group is in total 10 to 60at %, the content of at least one element selected
from the B group is in total 10 to 80at %, and the content of at least one element selected
from the C group is in total 10 to &0at %.

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.



For the nonmagnetic internediate |ayer 3 of the present invention, it is
desirable to use a material having a hcp structure and having a lattice
constant matching sufficiently well to, for exanple, the (100) plane of the
nonmagneti ¢ undercoat |ayer 2 therebeneath. For exanple, it is desirable to
use a mater %Y %% ng more than one al loy selected fPSRPHEGPHHp
consisting of a CoCr type alloy, a CoCrR2 type alloy, Ru, an Ru alloy, Re,
an Re alloy. It is. desirable that the filmthickness of t h nonyragneti c

i nt er medi at e | ay@fdigon §fi’1ﬁmf’lﬁés‘¥chﬁg&?c}f1°f9 d X toSrhepanpetieghetopandingdheni ckness
of the nonmagnetic internediate |ayer 3 is less than 10 A the crystal

ori ent at i onlatticesonstayt, andds canyentiegallt Witelyrresforoed for aptshing with Cogllaysi ci ent and
its coercive force is reduced. If the filmthickness of the nonnagnetic

i nt er redi at HolvayeeyinJe@ntpeds bddalseAf thehacigasaiin thelat on@nsthats gECo@Bowi ng an
increase in noise. For the magnetic |layer 4 of the present invention, it is

desirabl e th@mth@ﬁcfsagamﬁﬁionloweﬂbebmyﬁ@h@meaﬂe bf RAMNAIS vHichimveansi sti ng
of a Co-Cr-Ta type, a Co-Cr-Pt type, a Co- Cr-Pt-Ta type, a Co-C-Pt-B-Ta

type, a Co-{g &ﬂ&e@én&ﬁﬁqhﬂ (il&Mlonra l?ce@% ﬁthgte ?arﬁﬂhe i2¥Re cBhdtays isFor

exanpl e, in the case of Pt type all oy, om the point of view of

SNR i nprove @%l QPE f 10 at%
to 27 at% Bl gltg“f > con én aﬁttftﬁl{eétrﬂgﬁag%é%&gﬁ /’%Hd %’%BEP Elq@&ésganple
in the case_0 B, t fro oi.pt of . SNR

i npr ovenent " %@&%&‘r ﬁélﬁbfafﬁpﬁa@e‘kggf 0 n’tdén%?‘?ﬂp DIPéﬂ’ﬁjg ¥R at 96 t o
27at%aPto i ranef8at0/ % daB tept in
t he range of"ltﬁé{’t Oﬁ’%"r U W aﬂtﬁPté’ l%ﬁéﬁ arat%sr@:fp d B- Ta
type alloy, fromthe oint of SNR i rrproverrent it is deswable to have a Cr
content inW Mertogflarge B wselye s moblew, itis efectivmtoadiust e {atécer ange of 8
at%to 16 at% a B content in the range of 1 at%to 20 at/o, and a Ta
content in cénstantbyyaddfioniofaf ¢ Woand Me,%s distiosRinsy/ the pEsadt PETNIRIDHHR036159 15
For exanple, in the case of a Co-Cr-Pt-B-Cu type alloy, fromthe point of

vi ew of SNRPatentpkpplieatiort No.i 2005-6821E5 aundaip ispoisgible dw echdevEan optimmelnhatching.he r ange
of 10 at"/o to 27 at"/o, a Pt content in the range of 8 at%to 16 at% a B

content in the rBnge pkent inleftid tAOway 6f thalkehy Wes@logenédahdan the range of 1
at%to 10 at"/o. For exanple, in the case of a Co-Cr-Pt-B- Ag type all oy,

fromthe vi ewdRioRipoRint BHE -béHPér@d’&Iﬁ‘cﬂé sthitallo§ wiBS 1580 Sorb@nf DA G14 cont ent
in the range of 1(5) at%to 27 at% content in the range of 8 at%to 16
at %, a A was made by combining the Iarge lattice constant Nb (3.30 A), Ta (3.30 A), Ti (3.13

A), the intermediate lattice constant Mo, W, and the small lattice constant V, Cr, so that

the optimum match could be reached. Moreover, as shown in the present example, in the

case of a ternary or higher multicomponent body-centered cubic crystal alloy of the

present invention, it was confirmed that the characteristic lattice constant were improved

up to 3.20 A.

To the multicomponent body-centered cubic crystal alloy utilized in the

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



B content in the range of 2 at%to 20 at% and a Cu content in the range of
1 at%to 10 at% If the filmthickness of the magnetic layer 4 is greater
or equal to 10 nm there is no problemfromthe viewpoint of thermnal
fluctuation, wooneYREsht 1S desirable that the filmthickpness is |ess or
equal to 40 runwg\%en“ igh recording density is desired. 'F’IﬁTZ‘%?@S’"Wé%’ause i f

the filmthickness exceeds 40 nm the grldin size of the nmagnetic |ayer 4

i ncreases, and it Cc unabl e opt ai sira r.ecor.d. regroducti on

per f or nance.cm%ﬁés ﬁgﬁ%‘??ﬁaf’%@t c’tﬁ.c?% aﬁg\ri@?us ":E‘EFBIF&%@P@&Q@PPQSFW@ and
the materials thereof may be conbined by selecting a plurality of materials
fromthe |idt ]Pﬁg%'@F etfeqt of pdiing Bavoinedsbniaree, and areatly cqu@ibyise e 29% nagneti c
layer 4 is formed by a nultilayered structure, fromthe viewpoints of
record repr eelicti¢ron performance and SNR characteristic inmprovenment, it is
desirable to formthe magnetic |ayer directly on the nonmagnetic

i ntermedi at e | ay&ra Stuatibowhed thynmmagoatie wnfleracatinyer 2 Bf thBpf@ettypentidd By, a
Co-Cr-Pt-B-Cu type alloy, or a Co- Cr-Pt-B type alloy. Fromthe viewpoint of
record repr egdisihited byt l6E fRAGRo dyerspiNRulticbRapathtbddt detiterddndubioiml, it is
desirable for the top layer to conprise a Co-Cr-Pt-B-Cu type alloy or a

Co- Cr - Pt - B 11P@is@kiliohd asfoRk 1dyBLcI8icAR pbdiféd @ théy@inabn&ic ihRBmBdifS Gi¥Er 3.nVenNt i on,
it is desirable to use an al'loy selected fromthe group consisting of a

CoCr Zr type I , 991%5 : type
alloy, a Cogdlg%c%r’ %-0361%0 %%gﬁggggé)%?ragtc ype alla%%%%n%h{'?@/aﬂ%g%g 0

PCTI1 JP2005/ 02015 16, CoPt Ru type all.o . pe | o It is
?esi rable t ﬁ%lF gf?‘ﬁgo?liqﬁmnw}%}? 8?5%95?’; 8#%]1' %!59 ’ R@t@bﬁﬁ%ﬁ’?{f %’%‘e@dy If%ypeh t he
tange of 10 Ao 50 A. Win the fil mthjckness of th abilizing lLayer 7 is
| 0o6°t han 10 Aenaivel § lPrigntas - N TG SRl GaeplSi RS and
the stabilizing | ayer 7 does not antiferromagnetically couple to the
magneti c Ia)bélus‘i‘sl; t hrough t he nonmagnetic coupling |ayer 8 between the
stabilizing layer 7 and the magnetic layer 4. If the filmthickness of the
stabi | i zi ng | ayeftiydesigbledkat d& fAm thisknegs af the nonyergsstic Medegmat larari didghean

i ncrease in noise. For the nonmagnetic coupling |ayer 8 of the present

i nvention, ipreses inkestiomis|vethima raek o£10 A torB@RAi AVhdnrathickhessgf thep consi sti ng

of Ru, Rh, Ir, C, Re, an Ru type alloy, an Rh type alloy, an Ir alloy, a
Cr all oy, omofamagietia@hdeycoat hygel filn€isllas thahtl 0ids thadrisitindedintabhef the

nonmagnetic undercoat layer 2 becomes insufficient, lowering its coercive force. 1fthe
nonmagnetic undercoat layer 2 film thickness exceeds 300 A, the magnetic anisotropy of
the magnetic layer 4 in the circumferential direction decreases. More desirable is a
multicomponent body-centered cubic crystal alloy film with a film thickness in the range
of 5 A t0 100 A. A Crlayer or a Cr alloy layer, or a NiAl type alloy, a RuAl type alloy
or the like with a film thickness in the range of 5 A to 100 A, is desirable for improving
the coercive force and rectangularity of the magnetic layer 4. It is desirable for the
crystalline orientation of the multicomponent body-centered cubic crystal alloy of the
nonmagnetic 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



utilize Ru. If the filmthickness of Ruis approximately 0.8 nm the
antiferromagnetic binding increases to the maxi num which is desirable. For
t he above-described protective layer 5, it is possible to use a

convent i onal {4 ksiREg Mt erial, for exanple, a sinple SUQQ#%@%ﬁ_?%Igarbon or
SiC, or a material containing those as their principal co M9or the
protective layer 5, it is desirable that4 the filmthickness is in the range

f 1 nmto 10 ma fromthe viewoint for, d ing. t ti i d
ncr easi ng BPEBFRFY 1 W aieris ARST0 Py Byt v B R P8 e i gh ©

density recaqardi ng medium Magne(#i&q spaci ng exPresses the di stance between
the read/ wibPBVERghsH reedrd fepsodHsHAPSEOTRARES, 105 farmiMe SHEy it hecobtaigede 4. The
narrower the nmagnetic spacing becones, the nore the electromagnetic
transfer charact &pf theinesmpgnstieintermedjatedayer B of frequessns ineentigy.dt isSlesisablt s
between the read/wite element of the head, and the nagnetic |ayer 4, the
fi | m t hi cknds sseof mategaljreing athcy striciyre and bodmeslattick actstant imatchingeni ng  t he
magneti c spacing. A lubricating |layer 6 includes, for exanple, a fluorine
cont ai ni ng  suffleidnaf Mellseidby e")@m?lﬁ, fHe | DO0) Pliny &F e mofimagietio anddidiat Bgat2 may be
provi ded on the protective filmwhen necessary. WO 2006/ 090510

PCT/ JP2005/ GgQdRReatth. FérlexhPpRER if @BirabId Rfust B enfRANflcluBirp3XGE thnQhe by
magneti c recordi ng nmedi um o? the present invention to have a magnetization

orientation LALLE(IRe goppg&shsﬁﬁ%ofQégcwgﬂéwﬁ%@%tw&%&yRa% RyeSs than

1.1). The magnetization~ortentation rati presse oercive force

inthe circugfergntial directionl/coercive-force in the radial direction). If
t he magneti Zail%y,&ﬁe,%?lﬁgﬁﬁ %{’f‘ﬁgf‘? egltrelﬁjge tlﬁ'%ttﬁ%{l["il l"gm[e?lsaorﬁf%fmglﬁeqcnprovenent in
magneti c

e istics, ' ,
itPnﬂ ovenent lptﬁg’?%ia%’gfag‘gcgtf%:‘r‘g é%}ucgf ?ﬁ?éﬁgﬁgﬁ eL‘&}‘e\ﬁ? éﬁ‘ir‘ ﬁ?‘?ﬁ%r&ﬁnexaml e

SNR, PWh0, can be gbtai ned, The magnetizatiqQn_ orientation ratio is defined
as the rati qOB®egRsER wipcdisislaysyd 1§ st bap Mé% the crypéal eripntafimeisnt ot dhe

direction and the coercive force (He) in the radial direction. However,
because t he nosEpgietie updareqat lsyen his ipagfindant and dcencdiivrjorreds wavdeds itbeone hi gh,
the nagnetization orientation ratio is neasured to be lowin sone cases. In
t he present filmtbickiconof the neupqgnetiemtermbdiatabayee 3 priaatds 100k thegpais bzatneon
orientation ratio of the residual nagnetization amount is used together. The
magnet i zat i dargercaavihgin meoressatih acigdt t OR) of the residual magnetizati on anount
is defined

For the magnetic layer 4 of the present invention, it is desirable that the magnetic
layer 4 is selected from the group consisting of a Co-Cr-Ta type, a Co-Cr-Pt type, a Co-
Cr-Pt-Ta type, a Co-Cr-Pt-B-Ta type, a Co-Cr-Pt-B-Cu type alloy, or a Co-Cr-Pt-B-Ag
type alloy. For example, in the case of a Co-Cr-Pt type alloy, from the point of view of
SNR improvement, it is desirable to have a Cr content in the range of 10 at% to 27 at%,
and a Pt content in the range of 8 at% to 16 at%. For example, in the case of a Co-Cr-Pt-
B type alloy, from the point of view 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%,
and a B content in the range of 1 at% to 20 at%. 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%.



as the ratio between the residual nmagnetization anount in the
circunferential direction (Mt) and the residual nmagnetization anount in
the radial direction (Mt) (MtOR = Mt in the circunferenti al
direction/ Mt in the radial direction). If the magnetization i | orientation
rati o of theVPetIs@dENo magneti zati on anount is not |ess tPEAIR00502088d nor e
preferably not less than 1.1, an inprovepgent in the nmagnetic
characteristics, for exanple the coercive force, and an inprovenent in the
el ect r omagnéidr exdmpinsih ee cbastrCer$4-BeCy typk allow Xminpthe psldRpf W¥EOf SEIRN be
obtai ned. The upper Iimt of the value of ORand MtORis in an ideal

si tuation whgipeovaiden®it i§ B&iraBle iehdve adltBhtast 10 thd ALz A0 o DT htM, arre
directed in the circunferential direction, and in this situation the

denoni nat or Qhychfif m&ﬁﬂg@&f@m 1 Q4ith2 APl [rfthE PanBEEOIRS, %l Sehd hat it
becomes infinite. For the WD 2006/ 090510 PCI/JP2005/ 620159 18 neasur enent

of the nagnejg ivQ0 : ORI t icQn,of At | n LZ %g'&p atisom ratio
of the resie%gé dﬁ%ﬁ%ﬁegﬁ 5’%93%3%??&%&&%%%?%%’2@%9 aéri;ﬂe(gé i\@/ggp(relgtoneter)
is used. FI 3 shows. an.,exanpl e o magnetic recordi d._reproduci ng
apparatus | Uek PP RI SE 08 SHnE B SRR ARG hefre S B b B The
magnetic recordin nd reproduci ng_apparatus 12 shown in, Fl 3, copprises a
magneti c rec@rlmlhgltﬁ%{ﬂn&ﬁ?éw #r218 23 2borf t@ﬁp@?ﬁl&@%’ﬁ%ﬁ% t6 1638 5
magnetic recording medium 1l with a configuration shown in FIG 2, a nedium
drive unit 1Bcementin therrangeoi2adofieghatlh, and @ Cyrcantent ipdhn ange1ef ! at% to 40 mgnet i ¢
head 14 that records and reproduces the information in the nmagnetic

recordi ng medtYsam 10, 11, a head drive unit 15 that relatively noves the
magpeti c head 14 with respect to the magnetic recording nedium 10, 11, and
a‘record reprodudf therfilsi thickhespohthe smgngicdayst ¢1is gréaterldrequad ¢oi @inmy thpredduct | on
signal processing system 16 is able to process the data input fromthe

out si de and megrdblefefrdre Gerdevipaaitalf tHetmil TRictiBGHNE hoGetd &tds debirablBthaptiecess t he
reproduction signal fromthe magnetic head 14 and send the data to the

out si de. Forfilah@idkB&N3 8 feSs d@aaal 10 40 5 heh RighNBcorBAR Qbnsity iLdedfrél. NChidRd
repr oduci ng apparatus 12 of the present invention, not only an M

(magnet or esi &Eme%@hﬁﬂﬁﬁa?fesé éxkzédgao amg{h@rg;aiﬁ@a@sfﬁe ?rﬁgﬁ Rigfer 8f f ect

(GWR) as the reproduction elenent, but also a magnetic nore suitable

o 9 o SeleR G SV e 158 YRR SR ket P dt iAo

magnet or esi st anc

The magnetic layer 4 may have a muitilayered structure, and the materials thereof may Ee
combined by selecting a plurality of materials from the listing of materials shown above.
In the case when the magnetic layer 4 is formed by a multilayered structure, from the
viewpoints of record reproduction performance and SNR characteristic improvement, it
is desirable to form the magnetic layer directly on the nonmagnetic intermediate layer 3,
formed by any one of a Co-Cr-Pt-B-Ta type alloy, a Co-Cr-Pt-B-Cu type alloy, or a Co-
Cr-Pt-B type alloy. From the viewpoint of record reproduction performance and SNR
characteristic improvement, it is desirable for the top layer to comprise a Co-Cr-Pt-B-Cu
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 CoCsTa type alloy, a CoRu

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



effect, and the like, may be used. Furthernore, the nmagnetic recording and
repr oduci ng apparatus 12 of the present invention uses a magnetic recording
medi um 10, 11, which has a snmall average roughness and snall

m cr o-wavi n%§[§ gherefore in addition to the inproved electromagnetic
transfer chalacl®™ & cs, the magnetic recording and repP&aBIMYO20EYpar at us
is one with good error characteristics WwWhen the magnetic head is used at a
low floati ei ght .in order decrease .t he s [ | 0ss.  Accordi to the
above- nent i @ﬁ%@""\}%’eﬁlﬁ’é’f @%QEM@%SIIE‘?gﬁggﬁfggﬁ]ﬁﬁ& ‘ht‘:C?‘P%"'E Sf%ng and
reproduci ng apparatus 12, it becones ,possible to nuf acture a magnetic
recordi ng rrsablﬁﬁmséﬁ%%r%nﬁ@rwmegﬁIPé’\:@ngg“a@ﬁb@n? gss obHe exanpl e of a
manuf acturi ng method of the magnetic recording medium according to the
present i nvenbilisinglayerk i lessithan. 107 the stebilizinglayect Relosgiydoldsmenssetizatign,of  t he
substrate materials nmentioned above nmay be used as substrate for the

magneti ¢ r exbihdistabilizingilayer 7 869s,nof drkiferrdisagnetcaliy anmglleto the sabsdticddyer #s used,
in which a 12 pm N p plating has been applied to an Al substrate (hereafter
cal l ed an NiuFouphahesoragaeisdoupli)laydrisitwechedd stabiliinOreasi 4@ thé applied to
the surface of the NNP plated Al substrate, such that texture marks having

striations afendtRnagelal o the find @i ABESIoE heQbatPhind 1898 7teRBds 55Q0 Helgrflfs/ NUN)

on the surface of t'he substrate. For exanple, a texture is applied in the

circunferengial,qirk E%h&?%?igﬁgﬁiigﬁoﬂé.ocesg ng (al so known as "nechani cal

texture processi ng") us I xed abrasive grain and/or a free abrasive

grain o Form oK HbCeo Bl ld Al d % S50Rh I Blilok i RERafIRN 7500

(l'ines/nm on the surtace Substr rexahple, a grinding

G i ng. <1 S5 2R Hal PG BEG FRATRG S LbCh o Chrlt A8 P S APl Kt veen

the substrate anpd the i nding. tape, and, texture processing |s, performed by
both rot at &R 269Y-@RAr oot PrillovadienFraliogedn B@“‘Eﬂﬁ”’e Hés éﬂhﬁovleﬁlﬁ%ﬁge. In the
above-descri bed processing, it is possible to rotate the substrate in the
range of 200tikgeiy. olf tpddny thigknass of Bu seppiosinately Offcmn, theantferroraasmgtis| urry at
a feeding rate in the range of 10 nl/mn to 100 m./mn. It is possible to
f eed the gr bindinggniregses tthemaspwed whichtindesirablge of 1.5 min/nmn to 150
mmimn., It is possible to select grain size of the abrasive grain contained
in the abrasive Bbiuthe ybdve-desribed protective laperes, @tfis foseiblefttubea SonSentionally

known material, for example, a simple substance of carbon or SiC, or a material

containing those as their principal components. For the protective layer 5, it is desirable

that the film thickness is in the range of 1 nm to 10 nm from the viewpoint for decreasing

the magnetic spacing and increasing durability, when the protective layer is applied to a

high density recording medium. Magnetic spacing expresses the distance between the

read/write element of the magnetic head, and the magnetic layer 4. The narrower the

magnetic spacing becomes, the more the electromagnetic transfer characteristics improve.

Since the protective layer 5 exists between the read/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.



mat D90 (the grain size is determ ned when the cunul ati ve mass% corresponds
to 90 mass% . It is possible to press the tape at a pressing force in a
range from 1l kgf to 15 kgf (9.8 Nto 147 N (relative pressure)). In order
to formthe 5650(3 rk at a line density of WD 2006/ 090510

PCT/ JP2005/ 0201 not |ess than 7500 (lines/mm (rmor & GFERYFEIS not

| ess than 20000 (lines/m)), it is desik¥able to set these conditions. It is

desirabl e for the .syrface .average roughness.Ra of .the N P plated.Al

Subst rate with ¢ s HFERE Rt SRR o 8T LRrpReic BPRRE Rt Bhge of
0.1 nmto | nm(1 Ato 10 A), or preferably 0.2 nm .8 [ri 2 Ato 8 A.
It is possi mrﬁe‘?tdn%m"ﬂrto[@% 6?’@%&@&@%‘?’@¥W9ﬁa@d&%8iogﬂﬁq Ieﬁgféf?(“‘l 193 i on.
Gscillation is an_operation where at the sane tine as the tape is being put
in notion i imorrpreleradbungt dase fhan d11).dTheregnstizgionasisniglipn fatigisexpreseed iype i s
swng in the radial direction of the substrate. It is desirable for the
osci | | ati on (cemdie fome in thepdrcadfarentiabdindction/ooeri® fored imshy railial disgstian)df hod of
texture processing, it is possible to use a nethod where texture mark is
forned at a thé megradpaioh\rieftatiat ratie $ssnot hanthah AM5( 4d ingsdvement ithemagdesio t he
af orenenti oned nechani cal texturing nethod, a nethod using a fixed abrasive

grain, a nmehRQetedistichGuéh id e eoendid ﬁ)&&ﬂ%ﬂd@ﬂﬂﬂ%x’@%ﬁﬁﬁﬂ&Bb&S@ém@gfﬁﬁ@SSi ng,
can be used. For neasuring the line density of the texture striations, for

exanpl e, s {niEASHFERRER oY e fnple BNROFWSONATOHERAC TH: Gl2860RF0n Pr 0JUCt

of Digital Instrunents Co. (US)), can be wused. The neasurenent conditions

of the line i . e D d e scan rate is
SRRl e & Gl o VST ML A ity

in, t he num Is ta node. An AFM
can i mage i s_obtained..by.scanning the probe . in the radial. direction of the
o o Taob st Prafiat e o AR ek Ve REREFie) o ot o’ EESNE!

di mrensi ons, ,and plane fjt auto rocessing, .which.is a.type af f] attening
processi ng, '?ega“égp’f"icgﬂ'c’d’ﬁfmﬁ? ?ﬁ"lthgg’saﬁ%%‘tc e r‘?’ﬂ%mfgmﬁk]i‘@ b&#@“ﬁ“ﬁ&’i%" of the
scan imge to perfarmthe flattening correction on the inmage. Wth respect
to a flatterMEBelizeEpp aricnighon ratip BapcagiredioledQViaEUPsc°S pnxO.5 inn is set,
and the line density within the region of the box is calculated. The line
density is cal cdhteauesent ipnmionttp Aepplaecnt Breaboyapaiels the magestiyzaligrossover
poi nts along both the X axis WD 2006/ 090510 PCT/JP2005/020159 21

orientation ratio of the residual magnetization amount is used together. The

magnetization orientation ratio (MrtOR) of the residual magnetization amount is defined
as the ratio between the residual magnetization amount in the circumferential direction
(Mrt) and the residual magnetization amount in the radial direction (Mrt) (MrtOR = Mrt
in the circumferential direction/Mrt in the radial direction). If the magnetization
orientation ratio of the residual magnetization amount is not less than 1.05, and more
preferably not less than 1.1, an improvement in the magnetic characteristics, for example
the coercive force, and an improvement int the electromagnetic transfer characteristics,
for example SNR, PW50, can be obtained. The upper limit of the value of OR and
MrtOR is in an ideal situation where all of the magnetic domains of the magnetic film are
directed in the circumferential direction, and in this situation the denominator of the

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



centerline and the Y axis centerline to a 1 mmscale. That is to say, the
line density is the nunber of peaks and troughs of the texture marks in the
radial direction on a 1 nmscale. Each section in the sanple plane is
measur ed, anq,fotﬂﬁﬁ@%gl%age val ues and standard devi ati ons of the measurenent
val ues theredf ~&f6 ©al cul ated. The aver age value is det B¢TFRMSOHY5% he |ine
density of the texture striations of the8glass substrate. The nunber of
measurenent are set at the nunpber of sections fromwhich the average val ue
and st andar dReaBYSREN S heanagaeizatign adentation raiosnd reaguptizating auentainp et einber

can be nade to be 10 points. Furthernore, when the average value and
standard devheaesidupl aagnetization dmeuadl of Y Yvh (¥ ilpatingeowlpMageeiometgd lisiiedg t he

maxi mum val ue and the m ni num val ue, abnormal neasurenent val ues can be
excl uded, and it FIG. Ysimwislah example nPa magnetin eecondims andenpotucegaypacius After t he
Ni P plated Al substrate has been washed, it is installed inside the chanber
of a deposi tutiifing el above-maatiddePnizigpdtRdedrdisghliuai e i s heated to 100 to 400C
as required. The nonnagnetic undercoat |ayer 2, the nonnagnetic

internmedi ate | ayghe haghité reddddin, bioBuéiRY Sfpathtdy B sheWABAIFRR 3t ddgprises
nonmagneti ¢ substrate by a sputter nethod (for exanple a DC or magnet r on

sputtering m%ﬂgﬂc rel&ﬂ%mg%gém g vﬁﬂ%%&ﬁ@ﬁ%ﬂdcfn 8?51% fda Blt]@magnetic

above- nmenti one ayers sputtering ne exanpl &, are as follows.
The sputterin ondi Lions for forymng each fildp.on the N P pl
substrate, 5 %&%ﬁ%ﬁ“& ﬁc‘gﬁh 8“%%“%8% %qvfrbl\]/\l/s. e Iﬂ%dﬁ%gidﬂ 8?‘&?%%%& used
for deposition i evacuated .until.the vgacuum | evel | eached in the range
of 10-0Pa t UM legaeRfiy FeEoramg S Brd 1t BRSSP aEEEH Nt i g a
gl ass substrate, hayi rill%the_ texture mark fornmed on its surface, in the
chahber, andertpdicraibgiingreationdn femagneie rerriiae medier Ah Ay 2 hepadiriye vait syt t er
gas. At this tine, a electric power supplied for discharging is controlled
in a range df tmtpelptiveiomevey thagnagnstic byadald) wigh esppct eahemagnciic greording  and
supplied power, the desired filmthickness can be obtai ned. WO 2006/ 090510
PCT/ JP2005/ 2gi6® 10,24, st 2ienordireproductinm sighal pofcessitfigorystaimi 1on Thetrdrodl of t he
magneti c recordi ng nmedium is shown bel ow. The nonmagneti c undercoat | ayer
of a thi ckneggodictidn tigndl prodessingsybtomnigds alily tasocgs thesiatat ihputifrogn thar get
conprising a multiconponent body-centered cubic crystal alloy, C, a C
type all oy, oatsidela@d séddathe fRoid AP TR Iretic BedASL4; aliEprocess the reproduction
signal from the magnetic head 14 and send the data to the outside. For the magnetic head
14 used in the magnetic recording and reproducing apparatus 12 of the present invention,
not only an MR (magnetoresistance) element utilizing a giant magnetoresistance effect
{GMR) as the reproduction element, but also a magnetic head more suitable for high
recording density which has a GMR element using a tunnel magnetoresistance (TMR)
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
clectromagnetic 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



Next, the nonmagnetic internediate |ayer 3 at a thickness of 1 to 10 nmis
formed by using a sputtering target conprising Ru alloy. Next, the nmagnetic
| ayer 4 of a thickness of 10 to 40 nmis formed by using a sputtering
target conprising a CoCrTa type alloy, a CoCrPt type alloy, a CoCrPtTa type
alloy, a Cod"ﬁt”@#%(“;?ﬁ)%“al loy, a CoCrPtBTa type alloy, a (ﬁ%ﬁf‘ﬁ‘@@ﬁmﬂif’pe

all oy, a CoRuTa type alloy, or the like. iNext, the protective layer 5 of a
thickness of 1 to 5 nmis formed by a conventjonally known sputtering

met hod or pl Bagreticwsorfinghayl repeducing apparagisi i el beqomss possitle orngyiachier 6 i s
formed by a conventionally known spin nethod or dip nethod. The

above- nent i omeghetinggnerding medivor sitekje fedighre¢osdibg densiflied with a nonmagneti c
undercoat |layer 2 nade of a nulticonponent body-centered cubic crystal

al | oy. Ther ef or e, Néxteommatampiendiassanofiniuiieg netdod @f dednaghibis redordingusedium

exanpl e of a magnetic recording and reproduci ng apparatus using the

above- ment i ORRGrdFRN0ekd PrescBt RivEhtvE iBldHed. Toe hragiabietit egRirete NJadiet
reproduci ng apparatus 12 shown in FIG3 is furnished wth a nagnetic

recordi ng megicWibsirhit ited IS meRRA Bﬁd%in‘ihg% 5aDAd sibdtild @Pthe@nddRid/m dri ve

unit 13 that rotates the magnetic recording nedium 10, a magnetic head 14

that recor dsfﬁﬁ@g}ifggﬁéﬂ‘gﬂﬁﬁﬁt Elflfg ﬁg@eogrxg?,g{e%s\}ﬂau&@% JIBENE Whfeh 80914 &‘ﬁg ad 14

medi um 10, a Ive ively noves 'the nagnetic

wi th respect the.magnet.i ¢.recoy di di um 10 n recqrd.reproduction
si gnal proc eg%?%haﬁpg ?’g?ﬁpilg.g t°ﬁ'fé‘gjl: sé%’ %n&gﬁﬁgucﬂl?%ﬂld%ﬁgqﬁtﬁ%F@S‘Zg@' ng
system 16 is able_to process the data.input fromthe tsid ng send the WO
2006/ 090510 PCT/ JSBISF U TtysIHes apRisdgd g}eg*H&%et?ﬂ'i‘e‘rﬁ&rﬂ@fﬁ‘g{*? Euq’ﬁ‘é’%& 14, and
process the reproduction signal fromthe magneti¢ head 14 and send the data
to the outsi &h thattextug merkshaying giriatonsase farmed e Mrggrasibcofmetiseothay and
reproduci ng apparatus 12 of the present invention not only uses an M

( magnet or esi $@Hbings/mmg o the Wrfaed oftheysulstraig. alfnr enemple: diestesis apidied ¢ thect

(GWR) as the reproduction el enent, but also uses a GWR elenment using a

t unnel magnetiomedeshigal diredtiuR)y reddhaetpramskingh@lsb khewd ey “rheshanics) textureragnet i ¢
head nore suitable for high recording density. The using a TMR el enent nakes
it possible p@céssingtarsingcfi:eds®asive gfacaiddiradree®fsive grain to form texture

striations to a line density of not less than 7500 (lines/mim) on the surface of a glass
substrate. For example, a grinding tape is pressed into contact with the surface of the

- substrate, and a grinding slhurry containing the grinding abrasive grain is supplied
between the substrate and the grinding tape, and texture processing is performed by both

rotation of the substrate and the feeding of the grinding tape.

,._L

In the above-described processing, it is possible to rotate the substrate in the
range of 200 rpm to 1000 rpm. It is possible to feed the grinding shury at a feeding rate
in the range of 10 mL/min to 100 mL/min. Itis 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 0 0.05 pm to 0.3
pm at D90 (the grain size is determined when the cumulative mass% corresponds to 90
mass%o). It is possible to press the tape at a pressing force in a range from 1 kgfto 15 kgf

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



Si nce the above-nentioned magnetic recording and reproduci ng apparatus 12 is
furnished wwth the magnetic recordi ng nedium 10 using a nulticonponent body-
centered cubic crystal alloy in the nonmagneti c undercoat |ayer 2, nedium
noi se can be decreased. Hereunder, specific exanples are shown to clarify

t he operati oWQI2'¥PEY s of the present invention. [ExanfC@IR0R0M6¥magnetic
substrate 1 was used, in which an NiP fitzom (thickness 12 m formed by

el ectrol ess deposition on the surface of the substrate nade of Al (outside
di anet er 95 natdess tha 7Y (nesrame fmors praferablyingkleastben 20098 (Hegs/mmhditishe surface
average roughness Ra of the substrate was finished to be 0.5 nm by

perform ng tdextablectopetohess sbmdjtionsn Titik destnablstforthe swince avazageTheghnbs\Ra afescr i bed
nonmagneti c substrate 1 was acconmodated in the chanber of a DC magnetron
sputter devitheN{pAslerEd Al Godspate WihGdthire makgdfoanhtdon itharfabanbbe invhs ravygacfiat ed
to a vacuumlevel of 2 x 10"7 Torr (2.7 x 10-5 Pa), the nonmagnetic
substrate 1 gMBsmhe2hef(1tR 2R, ofpilReRERE 0Ointto N 8mARH tol BiRr 2 was

provi ded on this substrate. The nonmagnetic undercoat |ayer 2 was provided
to have a WD 200 200R/ : -1 SEr et by
provi ding a secog{dgt%i%}%é:ﬁ%g’aq& ﬁ’gyer F?ﬁ?c%ge‘g%ﬁgaﬂ# ﬂa!:gﬁaing?.ngg&ge&%m Nb
alloy (Cr: 50 at%. V: % . % . _Nb;. . t.9 0N . i rst under coat
| ayer (thi ckné: gra%o%ﬁv%]gr(r%aag%e%?m'\%@g%%%te,t/ﬁpae lgr:%er%&réﬁ'%e’{{ (li%m?ﬁ%lﬁtrh%edi ate layer 3
(thickness 4.rim de..of .Ru s formed. Next, magngtic.l.ayvers 4 were

br ovi ded. - A dieterRRaE SReE0Y sbyBF P Eihe BE Koy I Db ksl SiREon Se pr g
alloy (Co: 60 at% C: 25 at% Pt: 14 at% B: 6 at% . was forned. Then, on
the first meyprdiale It igglesirable fopthy ﬁamﬁaé@ﬁéfm@h?nag?&c ﬁ@%ﬁéﬁﬂ@é& o m
conprising a CoCrPtB alloy (Co. 60 at% Cr: 10 at% Pt: 15 at% B: 15 at%
vias' f or med. tpRsfning Aiatpethehef teftuieRECCE WG itHEPASSIBIrdE upey Bicthod Athergas used as
the sputtering gas, and the pressure thereof was naintained at 6 mlorr (0.8
Pa). Next, dexustmeark is/formedeaf@ding d¢nsity ok netdesszhan 730 danepmm). ¥fherghdsothe was
formed by CVD. Next, a lubricating layer 6 (thickness 2 nnm was fornmed by
spreadi ng a dferbmemtamed oeohrnics] tegturing method, a method using a fixed abrasive grain, a

method using a fixed whetstone, a method using laser processing, can be used. For
measuring the line density of the texture striations, for example, as a measurement device,
an AFM (Atomic Force Microscope, product of Digital Instruments Co. (US)), can be
used.

The measurement conditions of the line density are as follows. The scan width is
1 pm, the scan rate is 1 Hz, the number of samples is 256, and the mode is tapping mode.
An AFM scan image is obtained by scanning the probe in the radial direction of the glass
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



per fl uoropol yether on the surface of the protective layer 5, and the
magneti c recording nedium 10 was obtained. Thereafter, a glide test was
performed using a glide tester, with a glide height of 0.4 g inch, which
was the test condition. The record reproduction performance of the accepted
magneti c recBPAMG?®HYi uns 10 was exami ned using a read/ REFIB08HEIF er  RWA
1632 (product of GUZIK Co. (US)). For thel record reproduction performance,
el ectromagnetic transfer characteristics such as the reproduction signal

out put ( TAA)centetiine and fie-Yvixis penteliBotp aof mnhisalso Thetds (P sasthe Hepdepsitseisition
output, the SNR and the overwite (ON were neasured. For the eval uation
of the recormhmbepohekaks dndriropehs efitheitesmye marks ombé eadial dipectionion-afli dum seelgnet i ¢
recordi ng head, which had a giant magnetic resistance (GVWR) elenent in its
reproducti on sectdaeh sectias inthe damplb plafie Rshidagired) tand theruverhge Waltes amgasur ed by
the integral noise froml1l Mz to 375 KkFCl equival ent frequency when a WO
2006/ 090510 RGELARRIRBAR2E HrSmeRBrenRBt YRk HRAE e Ab R, TSkt VaGe The

reproducti on out put was neasured at 250 kFCI, and was cal cul ated by SNR =

20 x log (r adugit,d fh&“r? k; ' StiFCl

equi val ent ﬁregquenc%)&t%r t ejgh%‘gghg{(%@% &g?t&{ilﬁg}-%’g%? %/lfe%s?%%ce (He) and

the rectangu] arit at i * el.ectro-optical Kerr effe t.ype

magneti c prgfﬁié%%(’%%léaéqﬂllre%ﬁéﬁ eééet\?? @g n}‘ﬁ%ﬁ@‘%@?&ﬁkg ﬁ%ltwe%‘f\hﬁefl ‘éeg%ﬁe v'\éPuéect rical

Engi neeri ng : apan).).. was .used or the mpasurenent of the neti zation

orientation %ﬁf%&?@f‘gléﬁ?ﬁ@mﬁﬁtﬁ‘&n 97 XaPI5nthE MICATHRS TS AUMART B2 PRr t OR) of

the residual nmagneti zation_ampunt, a VSM (BHV-35, product of Riken
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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 10”"Pa. 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
ina 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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thickness of 10 to 40 nm is formed by using a sputtering target comprising a CoCrTa
type alloy, a CoCrPt type alloy, a CoCrPtTa type alloy, a CoCrPtB type alloy, a

(- { CoCrPtBTa type alloy, a CoCrPtBCu type alloy, a CoRuTa type alloy, or the like. Next,
the protective layer 5 of a thickness of 1 to 5 nm is formed by a conventionally known
sputtering method or plasma CVD method. Next, if required, the lubricating layer 6 is
formed by a conventionally known spin method or dip method. The above—mentioned
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 fo the magnetic recording medinm 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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12 of the present invention not only uses an MR (magnetoresistance) element utilizing a
giant magnetoresistance effect (GMR) as the reproduction element, but also uses a GMR
element using a tunnel magnetoresistance (TMR) effect and the like for forming a
magnetic head more suitable for high recording density.
The using a TMR element makes it possible to funther increases in recording
{ ( 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 pum)
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 vacuoum level of 2x107 Torr (2.7x10° 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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Next, magnetic layers 4 were provided. A first magnetic layer (thickness 10 nm)

O(7Z<

I 083

comprising a CoCrPtB alloy (Co: 60 at%, Cr: 25 at%, Pt: 14 at%, B: 6 at%) was formed.
Then, on the first magnetic layer, a second magnetic 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 sputtering
gas, and the pressure 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. (IUS)). 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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rectangularity ratio (S*), an electro-optical Kerr effect type magnetic property

o

. O
o
O O
1

measurement device (RO1900, product of Hitachi Electrical Engineering Co. (Japan))
was used. For the measurement of the magnetization orientation ratio (OR) and the
magnetization orientation ratio (MrtOR) of the residual magnetization amount, a VSM
(BHV-35, product of Riken Electrical Co. (Japan)) was used.

oy [Examples 2-120]

Comparative Examples 2 and 120 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 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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magneti c recording and reproduction gor operties as_shown in Table 5.
[ Conpar at i vdayex ahfsxamplg ] @ shown in Table 5, so as to have a different thickness, and magnetic

O O0Owo

1
n

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 $, 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.



Conpar ative; Exanples 3 to 6 were prepared using the sanme | ayer structure
and the sane alloy conposition as those of Exanple 1 shown in Table 1,
except for replacing the second undercoat |ayer of the nonmagnetic
undercoat |ayer of Exanple | wth the second undercoat |ayer shown in Table
5, hayi ng t hO20 988 mposi ti on changed fromthe Ru al | ACTHIB205CHC9Ta al | oy
(Co: 70 at% Cr: 28 at% and Ta: 2 at%,, and having different film

t hi ckness, and the nagnetic recordi ng medi um of Conparative Exanples 3 to 6
exhi bi ts magnet [€ablleépr di ng and reproduction properties as shown in Table S
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[Example 121]

A nonmagnetic substrate 1 was used , where an NiP film (thickness 12 pm) was
formed by electroless deposition on the surface of an Al substrate (outside diameter 95
mm, inside diameter 25 mm, and thickness 1.270 mm), and the surface average
roughness Ra was made to be 0.5 nm by performing texture processing on the surface
thereof, 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 level of 2x10°7 Torr (2.7x107° 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 made to have a multilayer structure, with a
second configuration layer (thickness 3 nm) comprising a CrVMoNb alloy (Cr: 30 at%,
V: 10 at%, Mo: 30 at%, Nb: 30 at%,) on a first configuration layer (thickness 2 nm)
comprising Cr. Next, a stabilizing layer 7 (thickness 3 nm) comprising a CoCrPtTa alloy
{Co: 67 at%, Cr: 20 at%, Pt: 10 at%, Ta: 3 at%,) was formed. Next, a nonmagnetic
coupling layer 8§ (thickness 0.8 nm) comprising Ru was formed. Next, a magnetic layer 4
was provided. A first configuration layer (thickness 10 nm) comprising a CoCrPtB 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.



[ Exanpl e 121] A nonmegnetic substrate 1 was used, where an NNP film
(thickness 12 m was forned by el ectrol ess deposition on the surface of an
Al substrate (outside diameter 95 mm inside dianmeter 25 mm and thickness
1.270 mm, and the surface average roughness Ra was nade be_0.5 um by
per forning t¥R26@ %M bcessing on the surface thereof, mggtrﬁgéoﬁ?fgzpﬁsg
nonmagneti c substrate | was accommodat edqi n the chanber of a DC nagnetron
sputter device (Anerva Corp., C3010), and after the chanber was evacuated
to a vacuum | evelExefmplg102-2135orr (2.7)< 10-5 Pa), the nonmagnetic substrate
1 was heated to 250C. A nonmagnetic undercoat |ayer 2 was provided on this
substrate. The EoanglgnkElZto 18fdereqpetarddaystiig the wase lapdatricueame the samiet | | ayer
structure, with a second configuration |ayer (thickness 3 rim conprising a

Cr VVbNb  al | @ltoy dahipodition bdthosetf B@umiple’d stiiin i Xable N} exNopt f8Preplalbing RN a fir st
configuration layer (thickness 2 run) conprising C. Next, a stabilizing

layer 7 (t his@c%ﬁt?ﬁﬁic?bo%ﬂ er T TRVMONYhIRy GPHe oA aghchi® Yinddréddt 1a§dr 241% Cr: 20

at% Pt: 10 at% Ta: at% ) was formed. Next, a nonnmagnetic” coupling |ayer

8 (thicknes i ISl A It ayer 4
was provi de%:.xgzﬂ\glf3 ilrvgi%h @‘g%c’i&%?‘g%‘%# %@i‘%ﬁ%@“ﬁ ﬁrﬁ%é&g%ﬁ%? ising a
CoCrPtB allo - 60,at% Cr:.. 25 at% .14 at %, B: 9 s formed.
Then, on toﬁXrBPéS&??Pg’,mg%hesPé‘?ﬁ%]ﬁgc Eec?ﬂ%% l%r?%ﬁﬁ%i’le(%?‘% ?Ocﬁ?e%@\gito rim
conprising a CoCyPtB allo Co:, 60 at% .Cr: 10 at % > 15 at% B: 15 at%
was for nmed. HAgRTHC Wﬁ&ﬁ% é?ﬂr‘iﬁ‘f‘m‘ﬁ‘é’r%ﬁét&fé-asm&%ag%yer s, Ar was used as
the sputter gas, and the pressure thereof was nmade to be 6 mlorr (0.8 Pa).
Next, a protective layer 5 (thickness 3 rin) conprising carbon was forned
byl CVD. Next, a lubricating layer 6 (thickness 2 nnm) was formed by spreading
a |ubricant conprising perfluoropolyether on the surface of the protective
| ayer 5, and the nagnetic recording nmedium 11 was obtai ned. WO 2006/ 090510
PCT/ 3P2005/ 020159 34 [Exanples 122-135] Exanples 122 to 135 were prepared
using the sanme |l ayer structure and the sane alloy conposition as those of
Exanple 1 shown in Table 1, except for replacing the second undercoat |ayer

of CrVMoNb all oy of the nonmagnetic undercoat |ayer 2 of Exanple 1 with the
second undercoat |ayer shown in Table 7 having different alloy
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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
Iayer 2 of Example 1 with the second undercoat layer shown in Table 7 having different
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

(2.7%10° Pa), the nonmagnetic substrate 1 was heated to 250°C. After an orientation
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2006/ 090510 PCT/ JP20051020159 36 [Conpdrative Exanpl es 7-8] Conparative

Exanples 7 and 8 were prepared using the s | ayer. struct ur t he sane
al | oy conpo§ﬁJPFt8}?\nA§§y?ﬁ@éch8§S%§®rfﬁ i s a%ﬁﬂ%%{cﬁagp%/ WW'?)Q%Ge@thsor

repl acing the sgcond under coat Ia%)ﬁer of CrVMONb all oy of the nonmagnetic
under coat  [[fne op tiyp sybstptsy tais vagihedted R258eeond under coat | ayer shown in

Table 7 having different alloy conpositions and different lattice
parameters, and Negt, Hegadederf thecusicalation aditstmant layer ooapsrosed lpoXFremasses 7 and
8 exhibit magnetic recording and reproduction properties as shown in Table
7. [ Conpar atlihe preEsmerpd the 09ygta jgayapdatatined teka b &s, MddheiproCespime wrsepar ed
using the sane |l ayer structure and the sane alloy conposition as those of

Exanpl e 121 dsfeained to beaideeondls. ke amimdpnttic wirrlpicont 18 ger Cliveas pewidded anrthier coat
| ayer of CrVMoNb all oy of the nonmagnetic undercoat |ayer 2 of Exanple 121

W th the segeh@akndpE aedhadreti€indehl@dajdd 2 haddliBadé th e tmuidiabediRbiurea! | oy
conpositions and different lattice constants, and the magnetic recording

medi um of - CopmAr QbiNRRSRAER SR g%ﬁmsg@gﬁg@&%ﬂh{;séxﬁggg VENRGAGY 0o and

reproduction properties as sho In Ta e 136] A nonmagnetic

substrate 1, M@r g ZEXIH: So BoR GRS 30384 50%  Bedt cBhAEHaR 18yeP (ARRness 2 nm)
( { comprising Cr. Next a nonmagnetic intermediate layer 3 (thickness 4 nm) comprising Ru
was formed. Next, a magnetic layer 4 was provided. A first magnetic layer (thickness
10 nm) comprising a CoCrPtB alloy (Co: 60 at%, Cr: 25 at%, Pt: 14 at%, B: 6 at%) was
formed. Then, on top of the first magnetic layer, a second magnetic layer (thickness 10
nm) comprising a2 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 sputtering 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 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 uadercoat layer of CrVMoND alloy of the nonmagnetic undercoat layer of

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



substrate (outside dianmeter 65 mm inside dianeter 20 nm thickness 0.635
nmm to make the surface average roughness Ra 0.3 nm was used. The
nonmagneti c substrate | was acconmodated in the chanber of a DC magnetron
sputter devi L6 Corp., C3010), and after the chaqgﬁr S cuat ed
to a vacuunwgﬁi%$ ﬁn%ﬁ? | evel of 2x10'7 Ton (2.7x10'5 Pa), Fﬁgﬁﬁ%ﬁﬂagnetic
substrate | was heated to 250C. After an3®rientation WO 2006/ 090510

PCT/ JP2005/ 020159... 3 ' t hic I 9 CoW
21 oy (Co: sampigp Bl ROt £l Shg whidhit BEE pparile MBI 08 18, 2V
to 250C. Next,.the surface of the orientation adjustnent.l r was exposed
to oxygen ga?‘?“blﬁiﬂégnﬁgl‘ég%ﬁlrdé“goqnglr?ﬂpéo Wa%RYOQQ?%é&S%HE’Pé‘? ;Wﬂég to be 0.05 Pa,
and the process tinme was determned to be 5 seconds. The nonmagnetic
undercoat |ayer 2 was provided on this substrate.. The nonmagnetic
undercoat |ayer 2 was nade to have a multilayer structure, wth a second
undercoat | ayer (thickness 3 nm conprising a CVMoNb alloy (Cr: 10 at% V.
30 at% Mb: 30 at% Nb: 30 at%) on a first configuration |ayer (thickness 2
nm conprising Cr. Next a nonmagnetic internediate |layer 3 (thickness 4 nm
conprising Ru was formed. Next, a magnetic |layer 4 was provided. A first
magneti c | ayer (thickness 10 nn) conprising a CoCrPtB alloy (Co: 60 at% Cr:
25 at% Pt: 14 at% B: 6 at% was forned. Then, on top of the first
magnetic | ayer, a second magnetic |ayer (thickness 10 rim 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 made to be 6 mlorr (0.8 Pa). Next, a
pr,{ective | ayer 5 (thickness 3 nm conprising carbon was forned by CVD.
Next, a lubricating layer 6 (thickness 2 nm was forned by spreading a

| ubricant conprising perfluoropol yether on the surface of the protective

| ayer 5, and the magnetic recordi ng medium 10 was obtai ned. [Exanples
137-149] Exanples 137 to 149 were prepared using the sane |ayer structure
and the sane alloy conposition as those of Exanple 136 shown in Table 8,
except for replacing the second undercoat |ayer of CrVMoNb alloy of the
nonmagneti ¢ undercoat | ayer of Exanple 136 with the second undercoat | ayer
shown in Table 7 having different alloy



and the magnetic
exhi bit magnetic

recordi ng medi um of Conparative Exanples 9 and 19
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) [Comparative Examples 11-12]

Comparative Examples 11 and 12 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 CrVMoNbD alloy of the nonmagnetic undercoat
layer of Example 136 with the second undercoat layer shown in Table 8 having 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 CrVMoNb alloy of the nonmagnetic undercoat
layer of jJ‘Elxan:\plc 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

(2.7x107® Pa), the nonmagnetic substrate 1 was heated to 250°C. After an orientation
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and 12 were prepared usjng the sa | ayer_structure and the sane all oy
conposi tion fg‘%“qd%glsé?‘bsﬁﬁ@nﬁsewﬁ?%a@&mq - Nept, thegronmagnetie updgreoat o) 3¢ ng
t he second undercoat |ayer of CrVMoNb _all oy of the nonmagnetic undercoat
| ayer of Exdpisr @ wes@raxided onikis sehsbalg. dhelnemmranetiayudercopdover 2ivasairide 18 havi ng
different alloy conpositions and different lattice constant, and the
magnet i ¢ r edavela meltieds simobdre, vOtnpsacand walefooanipyer<thickness @ nbd) conipriking a
magneti c recordi ng and reproduction properties as shown in Table 8.
[ Conpar at i veCriZMaH sifoyl(@r:114] atGoWpa0 apA, Wo: Boasrn] Mb: 303t%)) dnkiirgmdeompar ed
using the sane |l ayer structure and the sane alloy conposition as those of

Exanpl e 136 i ickAesd 2bhf) 8om RuADNext @RbRnbdotié Heermediardayspder coat
| ayer of Qvgwﬁgﬁal | oy of t)he ﬁ%ﬁ%gnetic underco'%fﬂ | ayer of anple 136

wi th the Sef(ﬁmﬁl:'é%%gﬁi? RSHArrh &, hdk: & rﬁa%l@%{é ferd AEHERkea. 84 | 0y

conpositions and a attice constant, and the” magnetic recording

;ngir (‘;g"ucﬂ Oﬁiﬂ%ﬁ%ﬂi&’ By EIRLES hhrdBmbaishE I ICPERHIG (S 05! €y and
{ at%, Pt: 14 at%, B: 6 at%) was formed. Then, on top of this, a second magnetic layer
(thickness 10 nm) comprising & 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 sputtering
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 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 CtrVMoNDb alloy of the nonmagnetic undercoat layer of
Exampie 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,



properties as shown in Table 8. [Exanple 150] A nonmagnetic substrate 1,
where texture processing was perfornmed on a glass substrate (outside

di aneter 65 nm inside dianmeter 20 mm thickness 0.635 mm) to nake the
surface average roughness Ra 0.3 nm was used. The nonrrq,g?g{,iﬁﬁw&u trate 1
was accombBat®@?3A0 t he chanber of a DC magnetron sputter “devi ce (Anerva
Corp., C3010), and after the chanber w2 evacuated to a vacuum attai nnent

| evel of 2x 10"7 Torr (2.7x 10-5 Pa), the nonmagnetic substrate | was heated
to 250C. After aifabki%ntation WD 2006/ 090510 PCT/ JP2005/ 020159 41
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conpositions, and the magnetic recordi ng nedi um of Exanples 151 to 163
exhi bit rmagnetic recording and reproduction properties as shown in Table 9.
WO 20061090510 PCT/JP2005/ 020159 42 [Table 9] mnL)M\N *W- t} O VMmN NO

zOmo0) O 0) 0) O 00) 0) c ~Nva- NNNN NODNIn .6 aC QJ
O ml0 mnMoH f‘?ﬂglﬁ - Ehh RSO 2 C
N

0O O~NMV I|I0Or i. prr (U mCO o ton s-
vnVIiICh Ol R'" - VCi M NMNNOM3MIO0 I-0) NL) t r NNNNNNN_"'
NOs rrrrr_JO1n 10 00 t tot Ifl L) M NutO OU NCO C <VYV
Qc V. V'V, V C,{é‘?an‘\?E%f‘mpﬁeﬁ(ig’s@ﬁ« rpep= ~lr~IptoreoWomnOOa
OO00000O00QO0 y00Q00Q0OQr-00NO0O)OOO0OO0)0) rN, 0) 1+ M< M J
|- CcOr 00 00) Eprwaratye Examplesd S to 1 vigse prepered paipg the sape layergmchreandyn m co
O 0000 0o co 00 oc 000000 w?W a00O NO r MNMCOLDNC<t ) NO
O N< N QO L'the sametablomcommsition@y those\of Exameple 1 #shepm igdable yexceptfom v v}
CnmmmmMMMmMmMmmMWmMMmMm SLLUw U p@ OFm Fra z WmM Z: } H

replacing the second undercoat layer of CrVMoNb alloy of the nonmagnetic undercoat

m

layer of Example 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 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 the second undercoat layer of CrVMoNb alloy of the nonmagnetic undercoat
layer of Exaﬁlple 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 8-20 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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PCT/ JP2005/ Goopsang sggond wxigisaptdeyepecomgiating efe G5 Mg} alloy (including CrMoNb

alloy and a VMoND alloy) exhibit excellent magnetic and recording-reproducing
characteristics compared to the comparative examples, providing that the lattice constant
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 1 to 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 CrVMoND 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 CrVMoND alloy is thin, the grain size is increased, which results in decreasing the

SNR.



Conparative Exanples 15 to 16 were prepared using the sane |ayer structure
and the sane alloy conposition as those of Exanple 150 shown in Table 9,
except for replacing the second undercoat |ayer of CrVMONb all oy of the
nonmagnetic undercoat |ayer of Exanple 136 with the second undercoat |ayer
shown i n TabV@2M3%ihg different alloy conpositions and®CATBIPTeEAENL
lattice constant, and the magnetic recording medium of Conparative Exanples
15 to 16 exhibit magnetic recordlng and reproduction erties as shown in
Tabl e 9. [ ConparAs Fheavrerdixgmples 169 agl 116 cmcif\BetOEheﬁ?pngwlwsm wer e
prepared using the sane | ayer structure and the sane alloy conposition as

t hose of Exaffpitize iGitpsdromtie SNRabl e 9, except for replacing the second
undercoat |ayer of CrVMoNb all oy of the nonmagnetic undercoat |ayer of
Exanpl e 136 w t hEkdweplesclidruid 20 elicomedtthdt aycalloghother thin CANIOND allay nagely
different alloy conpositions and a different lattice constant, and the

magnet i ¢ r e¢eVMoTd all®diGiTMoTh alfSTREY RN Al05XerPWES afld y tSverhiahoy Magnet i c
a

recordi ng and reproduction properties as shown in Table 9. The results of

lattice con hﬁ% excéa%%teha@cté&he&a(n'ﬁ&o el B Eal R0 WGEdVeY, sﬁﬁ?dr%ffectmnet' zation

orientation rat magneti zation orientation ratio (MtOR) of the

r esi dual na%ge%ea%,it%%ggﬂ%&- and the el ectronmagnetic transfer
S

characteristIcs 0 to 149 and Conparative Exanpl es | to 14

are shown in Tables | remen f the |at |ce t, a 0-20
net hod of an X-r 3@Yﬁ$’ﬁ’§u Ag&aﬁﬁo%&%@%ga{ é@b e lattice
constants we 0 in rom (200) sition of the body- cent ered
cupi c cryst IOYSWB&Mg@g‘Bﬁl@V s g m%eﬁi‘fﬁﬁﬁ’r%ﬁqu@é“ﬂ to 108,

i t{ was observed that the magnetic recordi ng medi uns ri sing second

under coat | A§erbgerniedi Howeyerpthe dattive nomptants pHyNIp ﬁ@ﬁéﬂﬁ? Rspys aig | oy and a
VMbNb al I oy) exhibit excel |l ent magnetic and recording-reproducing

char act eri sisingl (¥§m3aMeds 285 tAeomparsd taithe CeMeVathnlley ang thevike, ang h?!hfa?t t he

| attice constant is within the range of 3.05 to 3.20, that the total
content of @re Randbe¥ nbissuificiattBbapitaxivliyegrowdm thet (h &) diﬂeetitnnﬁft‘herﬁfore,fdslla refulto0 at %
or less. As shown in Tables 1 to 9, if the lattice constant is within the
range of 3. @ ohailabtedstid® ard, coh$idvably dbeaoed. Witk dCdaElbyehd a CtMoB alloy

are used, as shown in Comparative Examples 5 and 6, a CoCrTa alloy is generally used.
However, even if the CoCrTa alloy is used, it was observed that compared to Examples,
the SNR is inferior.

Examples 121 to 135 shown in Table 7 are samples, in which CrVMoNbD alloys,

( 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 CrMo alloys and CrMoB
alloys are small compared to the CrVMoNb 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



recordi ng medi uns exhi bit excellent nmagnetic and recordi ng-reproduci ng
characteristics conpared to the conparative exanple. Although there are
sone exanples, in which the lattice constants are near 3.05, while
characteristics are poor, it is noted that these sanples_have the_ total
content of WO XMMNIBf 60 at% or nore, or have the.cont et/ SHREPT 60 at %
or nore. FromTables 1 to 9, it can be 496en that if the total content of Cr
and V is 10 to 60 at% the magnetic recordi ng nediunms exhi bit excell ent
char act er i sEpEET2 aigiylingenerally useds | HRyvevem Praay 1B tingase; if canhe seghibefonparep i s 10
to 80 at% the magnetic recording nediuns exhibit excellent

char act er i std the exaraplese the SNRisdnfgrie i ndi cates that if the content of Nb is
10 to 60 at% this exhibits excellent characteristics. Although as shown in
Tabl es 2, 3 and Bxamhples E36and4e sy inTableiScire sdseswhdre Crilyfodibi atloys,
characteristics are poor even if the Nd content is in the abovenenti oned
regi ons, theseMpTaanbes CreMoTeEaRyRCIVIVNEaRd R SCHAWITagllbysealdCiVWEi const ant

of 3.05 or less or 3.20 or nore, or to exanples which contain the total

content of GNoAMEvebhéth afPlicaltdhRAIUMRChitH udeRg1 A9 BliRhte ffthdNRomRhaghfiat % or
nore. Conparative Exanple 1 in Table 5 showed that if the film™ thickness of

the G VMbNo s@t%s ¥ 11 St &R si?éhdthﬁ%ia.ggastep%e a?%sn&%ﬁéﬁ@lth&o%ﬁg@ g:%m%l%s. ¢ hat

sufficient, e coercive force reduces. arati ve Exa

if the filmdhick f ot NoNb al Loy st hi i By s ze |
| nor eased, WP e rputrd 2180 o ke R U AT BB ' °
PCT/ JP2005/ 020159 45 hown in Exanpl.es 109 110, addi tJ f.Bto th
CrVNoND al | DY gibegie S ndeRg o R g e e e Bt HS i 100 |

showed that _the alloys other than CrVMoNo _alloy, nanely CrVMTa all oy,

Cr NbTi  al | dyfticesonsis a1 ‘%%\90 aliwm&m%ﬂlow EPAA/GEEFSddy the Vo

excel |l ent characteristics can also be obtained. Mreover, simlar effects
are obser vaHoysyandhenegiRy doesmopsufBcientlyrapitesially gromaaihs @50)3liesaions shown i n
Table 6 are exanples, in which M alloys and CrMoB al l oys, which were
gener al | y uJéckefore,magmesultcthe erpaatiéristcnare consslerablyadeteripenter. Uvadasehameer , t he
| attice constants of CrM alloys and CrMoB alloys are small (80Cr-20M is
2.95 A) comgaMedillby abdErMbB/aNNbisakéd)ys shodmtit EomplativaBixhniydexcks andd4Ru does
not sufficiently epitaxially growin the (110) direction. Therefore, as a
result, CoCrTa alloy is generally used. However, even in this case, it can be seen that compared

“to the examples, the SNR is inferior.

Examples 150 to 163 (refer to Table 9) are cases where CrVMoND alloys,
CrVMoTa alloys, CrVMoTi alloys, CrVWNb alloys, CrVWTa alloys, or CrVWTi alloys
were used and applied as the second undercoat layer on the RuAl film instead of the Cr
film for covering the glass substrate as the nonmagnetic substrate. It was observed that
in all cases, they are superior to the comparative examples. Comparative Examples 15
and 16 are cases where CrMo alloys and CrMoB alloys, which are generally used in the
undercoat layer of the magnetic recording mediums, have been used. However the lattice
constants of CrMo alloys and CrMoB alloys are small compared to the CrVMoND 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



the characteristics are considerably deteriorated. Wen a CrM alloy and a
CrMoB alloy are used, as shown in Conparative Exanples 5 and 6, a CoCrTa
alloy is generally used. However, even if the CoCrTa alloy is used, it was
observed th to Exanples, the SNRis inferior. 21 to
135 shown i ﬁﬁ?gg@%/ﬁgre sanples, in which CrVMNb all oysP,C%%’/gﬁ’ﬁgal | oys,
CrVMoTi alloys, OVWWb all oys, CrVWa al4’ys, and CrW\Wi al |l oys have been
applied to AGF pediunms.. |t C be seen that | C t.hey are uperi or
to the conp SYFWe‘gfﬁ%qv@smW‘é{? %@%ﬁ%?@sigaﬁgﬁ? %}F’é’ ‘%ﬁ?@?l&here
CrM alloys and CrMoB al |l oys,, which are generally used in magnetjc._recording
medi uns, havschaeVerebEFYe &psey Jh gan %%%F%&aﬁ?ﬂﬁ%ﬁaé‘?ﬁtg ﬂi‘ﬁe"é"‘%{%&z}i‘?% and
CrMB alloys are small conpared to the CrVMoNb alloys and the |ike, and
hence the stiaisf¢riozi ng |ayer of the CoCrPtTa alloy does not sufficiently
epitaxially growin the (110) direction. Therefore, as a result, the
characteristics are considerably deteriorated. In a case where a C M all oy
and CrMoB all oy are used, as shown in Conparative Exanples 9 and 10, a WD
20061090510 PCTJJP2005/ 020159 INGGISIRIATARPRIICABIBITENer al | y used. However,
even in this case, it can be seen that conpared to the exanples, the SNRis

inferior. Exanpl ggchib tﬁ&né%@ﬁ@fé@&ﬁiﬂgﬂnéﬁﬁﬁh ef &e%&@eﬁ%@ﬁﬁwwﬁrgyﬂb Nob
all oys, CrVMTa alloys, CVMTi alloys, VWb alloys, CV Wa alloys, and

Cv Wi al '1%&%@%@@@%@@%&%&9& %%mggg@;ic\m&ﬁncmgl e,%@ﬁﬁnﬁiﬁgst rate for

t he nonmagnetic substrate 1. It can that 1n all cases, they are
superior to H{%QE i . rm\;\ﬂﬁ i BRI gﬁ .and 12 are
cages vvherel%#ﬁ/gpg oy@gﬂhﬁc%ﬁﬁ@aﬁ%%@ |§41{n\§%e1 geneC!ra 1;ke]nl(fsed in

ma

1etic recordin di ynms, have, been used., F ver. the .lattice constants
of “Br\al |yt e SErae S ShEs FolesRRLT b EPABRE 5 | oys.
and hence Ru does not bsuffi C| en,tlécepi t axi al(!)ﬁ/ g ow ig the (110). direction.
Theref ore, FONRAgRRLGsEbstpiseWasrEInsince pf legst pre of the layFisiof the BBegRstier i or at ed.
In a case where a CM alloy and CrMB alloy is used, as shown in
Conpar at i ve Undgiipatdayel I copgitdtad bya mulcopgorgnt hydy-eendiaedsubia gystd @loy.mowever
even in this case, it can be seen that conpared to the exanples, the SNRis
inferior. BExpagpebendigocande1@licgd: d¥legnetio reratsding Bydinme obtawed intheprevetVIVbNb
al | oys,

invention are suitable for high recording density.



CrVMoTa al l oys, CVMoTi alloys, VWb alloys, CVWWa alloys, or VW

all oys were used and applied as the second undercoat |ayer on the RUAl film
instead of the & filmfor covering the glass substrate as the nonmagnetic
substrate. It was observed that in all cases, they are superior to the
conparati ve exanples. Conparative Exanples 15 and 16 are cases where Cr M
all oys and CrMoB al |l oys, which are gené?ally used in the undercoat |ayer of
t he magnetic recordi ng nmedi uns, have been used. However the lattice
constants of CrM alloys and CrMoB alloys are snmall conpared to the CrVMONb
al l oys arfdlLARd51i ke, and hence the Ru does not sufficiently epitaxially
growin the (110) direction. Therefore, as a result, the magnetic and
recordi ng and reproduci ng characteristics are considerably deteriorated. In
a case where a M alloy and CrMoB WO 20061090510 PCTJP2005/ 020159 47

alloy is used, ARmaghaititeddiditgmRaia éottprki R liast diorait@ndife urdefcosd@ral | oy is
generally used. However, even in this case, it can be seen that conpared to

the ex a”plaeﬁonrﬁdﬁ@ﬁet§wﬁ‘>t§rrh§diﬁt@fl£/@£Qrmaggglr%“ig& Ad ﬁBEEWE%IMMQ§e the

magnetic recordi-ng nedi um of the pr nvention conprises at |east a

nonnagnetHﬁeg&gﬁgﬁ§$$%}&ygh?yﬁﬁﬁgﬁyagggaéc intermedi ate | ayer (a stabilizing

| ayer or a nonne coup ayer nmay be utilized instead of a

nonmagnetic internmediate |ayer),. a magnetic |layer, and a protectjve |ayer
o nated n t VTR depes ana St gonmeseloeiiarie Mime sPROLTHLS: | vast
one of the layers of the nonmagnetic undercoat |ayer is constituted by a
nul t i conponelicomprignthadyeseatgredipybie ceysiad by, srhidh comprispmagdeast enerpdanigat can be
reduced. Magnetic recording nmedi uns obtained in the prevent invention are
sui t abl e fselected ditony the @y gionp coleisting pf CAghd CLaAllddS, onk.elefnamb griedtédcfrore tor di ng
medi um conprising at |east a nonmagneti c undercoat |ayer, a nonnmagnetic

i nt er medi a8 grdupy:efisistitgEQNLAIICW], anbdt leadshed |dhicdt SelédtairdBYid C ghogl nated in
t he ascendi ng order on a nonnagnetic substrate, wherein at | east one |ayer

of said nqgﬁggm%%hqﬂgqq§&ﬁpgt | ayer is constituted by a nmnulticonponent
body-centered cubic crystal alloy, which conprises at |east one el enent
2. A magnetic recording medium having at least a nonmagnetic undercoat layer, a
stabilizing layer, a nonmagnetic intermediate layer, a nonmagnetic coupling layer, a
magnetic layer, and a protective layer, laminated in the ascending order on a nonmagnetic
substrate, and said stabilizing layer is antiferromagnetically coupled to said magnetic
layer,
wherein at least one layer of said nonmagnetic undercoat layer is constituted by a
multicomponent body-centered cubic crystal alloy comprising at least one element
selected from the following A group consisting 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.



selected fromthe A group consisting of C and V, at |east one el enent
selected fromthe B group consisting of Mo and W and at | east one el enent
selected fromthe C group consisting of Nb, Ta, and Ti. 2. A magnetic
recordi ng nmedi um having at | east a nonmagnetic undercoat |ayer, a
stabilizing |ayer, a nonmagnetic interngiate | ayer, a nonmagnetic coupling
| ayer, a magnetic |layer, and a protective layer, lamnated in the ascending
order on a nonnagnetic substrate, and said stabilizing |ayer is
antiferronagnetjcally coupled to said nagneti¢_ |ayer, wherein at Ieast one
layer of said ndWmRAsAEHS r@“‘t?ﬂﬂ‘ér‘ﬁ?ﬁi‘fmlaé‘if’é‘gng?%%‘ﬁ%‘?‘?et‘lftcéadlmt}yané claim 2

mul ti conponent body-centered cubic crystal alloy conprising at Ieast one

el ement  sehesein dthe mytticomeponent| body wentered eehip cvstabalyiused fsadr and Vv, at

| east one el enent selected fromthe B group consisting of Mo and W and at
| east one neineragmdticsiwtercoa dayker, o ¢lemeer® selgetedi fromahes Agroupghasfa tdla] cohigent and Ti .
49 3. The nagnetic recordi ng nmedium according to either one of claiml and
claim2, ofhieneb0aivh thdembhtisclzoe® Gogthe BagyurieRtaas@bcontddit 6f Do pogoal  al | oy
used in said nonmagnetic undercoat |ayer, the elenment selected fromthe A
group has gof m@the ERRef elecRl it tHR (B8roah Mas 4 B @&rﬁemmed §e4of fromthe B
group has a fotal content of 10 to 80  at% and the el enent selected from
the C group has a total content of 10 to 60 at% 4. The magnetic recording
medi um according to either one of clain1| and claim 2, mherein t he

I ti t t b t
Under coat 4 ayer! RateecRggo Bk B it AHBFang i FL I otaiim R oce

constant is 3.05 to 3.20 A 5. The rra netlc recor di rredl um according to
ei t her onevhsreipthg rnvltlcwap@nhbcrﬂyzcentwmcwr% all %vﬁ?ggrh@%lql ponmagagtifedi at e

| ayer conprises at |east one elenental netal or alloy selected fromthe
group congirsieicnaf layfer BasGr badytaepteredGubicRBtructuieo g thRlttice dostadtling.§5 to Re, and Re
all oys. 6. The magnetic recordi ng nedium according to either one of claiml
and cl ai m®220 Awherei n said nonnmagnetic coupling | ayer conprises at |east one
el emental netal or alloy selected fromthe group consisting of Ru, Rh, Ir,
Cr, Re, Ru alloys, Rh alloys, Ir alloys, C alloys, and Re alloys, and said
nonmagneti ¢ coupling |layer has a thickness of 0.5 to

5. The magnetic recording medium according to either one of claim | and claim 2,
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.

6. The magnetic recording medium according to either one of claim 1 and claim 2,
wherein said nonmagnetic coupling layer comprises at least one elemental metal or alloy
selected from the group consisting of Ru, Rh, Ir, Cr, Re, Ru alloys, Rh alloys, Ir alloys,
Cr alloys, and Re alloys, and said nonmagnetic coupling layer has a thickness of 0.5 to

1.5 nm.

7. The magnetic recording medium according to either one of claim 1 and claim 2,



1.5 nm 7. The magnetic recordi ng nmedi um according to either one of claim1l

and claim2, 50 wherein said nonmagnetic internediate |ayer conprises at

| east one alloy selected from the group consisting of CoCrZr alloys, CoCrTa

al l oys, CoRu alloys, CoCrRu alloys, CoCrPtZr alloys, CoCrPtTa alloys,

CoPt Ru al l oys, and CoCrPtRu type aIon% 8. The magnetic recordi ng nmedi um

according to either one of claim1 and (Q,I aim2, wherein said nonmagnetic

undercoat |ayer has a nmultilayer structure including a |layer conprising Cr

or a C alloy conprising Cr ,and at | east one el epent se ect?d fron1the

gr oup cons‘i“lé‘?rFlﬁéa’Sfm’FinangC intprmedipte lgyengomppisesgt leaghpng glloxselegted from ayer

conprising a nulticonponent body-centered cubic crystal allo 9. The

magnetic rth@@r@pwgnmmgm&:@rﬁ%mg GoS'rEa elinys, GeRu dloyel GeGrRY adlaws. cl ai m 2,

wherein said nonmagneti ¢ undercoat |ayer has a nmultilayer structure

cont ai ni ngCaCiPaZrealloyg digirPHiaragopd, SbPHRU adlpsgs, akliSoCeltRoyme adlogs. a

mul ti conponent body-centered cubic crystal alloy. 10. The magnetic

recordi ng medi um according to either one of claim1l and claim2, wherein

said magnetic |ayer conprises at |east one alloy selected fromthe group

consi stingg of Cr Pt BM

(where M I's oﬁg-gc’)r {rl%af%élg nt S&%@gﬁrggﬁﬁm%%ﬁﬁﬁi@%&g?ﬂ ‘oys. 11.
her one of claim.1l and claim

The magnetig_recordin aceo din

2. wher e.Vxﬁefs?*&a'ﬁalﬁn%g%%cenéef s el B G h o Fh T Con
substrate. he netic recordin rredl um accordin eit her one of
claim1 arﬁ?’%ﬂ"ﬁ}%czr or & ey ﬁ°’§8’ilﬂ“$1€hﬁ‘ﬁgaﬁé‘iaﬁtco‘?&g‘%‘ﬂ‘?“éﬁeée‘i?%dt fgorga*ﬁst rate
where a filmconpri si ngTNl Por a NP all?\K'IIS formed on the surface of a
subst r at e gerpeansisting b Mo, gr.olay VONIAB, SiAMngnddys and gllages comprésing 3 i con. 13.
A nmet hod of producing a magnetic recordi ng nedium having at | east a
nonmagnet i mulikdepoeat bédyyeenteral cubivnagatatalley.i nt er nedi at e | ayer, a magnetic

| ayer, and a protective layer lamnated in this order on a nonmagnetic

substrate, wherein at |east one |ayer of said nonmagnetic undercoat | ayer
is constituted by a nulticonponent body- centered cubic crystal alloy.

9. The magnetic recording medium according to either one of claim | and claim 2,
wherein said nonmagnetic undercoat layer has a multilayer structure containing a layer

comprising NiAl alloys, RuAl alloys, and a multicomponent body-centered cubic crystal

alloy.

10.  The magnetic recording medium according to either one of claim 1 and claim 2,
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 either one of claim 1 and claim 2,

wherein said nonmagnetic substrate is a glass substrate or a silicon substrate.



14. A method of producing a nmagnetic recordi ng nedi um having at |east a
nonnmagneti ¢ undercoat |ayer, a stabilizing |layer, a nonmagnetic coupling

| ayer, a magnetic layer, and a protective layer lamnated in the ascending
order on a nonmagnetic substrate, wherein said stabilizing |ayer is
antiferromagnetically bonded to said gnetic layer, and at |east one |ayer
of said nonmagnetic undercoat |layer is constituted by a nulticonponent
body-centered cubic crystal alloy. 15. A magnetic recording and reproduci ng

appar at us npri,sing a.magneti c recordi ng nmedi.um accondi ng tp either one of
Caim 1 antol ol Brag o rs e e R T Gl bR B P es
I nformation_ on sajd nmagnetjc 6econdin nediﬂr1 .. ) )

wherein said nonmagnetic substrate is a substrate where a film comprising NiP or a NiP

al loy is formed on the surface of a substrate selected from the group of Al, Al alloy,

glass, and silicon.

13. A method of producing a magnetic recording medium having at least a
nonmagnetic undercoat layer, a nonmagnetic intermediate layer, a magnetic layer, and a
protective layer laminated in this order on a nonmagnetic substrate, wherein at least one
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 either one of claim 1 and claim 2, and a magnetic head

which records and reproduces information on said magnetic recording medium.



