WD 2007/ 018131 PCT/JP2006/ 315439 1 DESCRI PTI ON

MAGNETI C RECORDI NG MEDI UM PRODUCTI ON PROCESS THERECF,
WOAND7/0MAGINETI C RECORDI NG AND REPRODUCI NG APPARATIUBP2006/315439

CROSS- REFERENCE TO RELATED APPLI CATI ON The present

application is filed under 35 U. S.C. 111(a), and

clains benefit, pursuant to 35 U.S.C. 119(e)(1), of

the filing dates of Provisional Application No.

60/ 709, 101 fil ed August 18, 2005, pursuant to 35

U S C 111(b). PrioritpESCRIPEIORdD to Japanese

application No. 2005-233009, filed August 11, 2005,

which is incorporated herein by reference. TECHN CAL

FIELD [0001] The present invention relates to a

MAGNETIC RECORDING MEDIUN, FRODUCTIONIPROSESSIFHERESF, AND

-and the |ike, a production process of the magnetic

r ecor MAGNETIGQRECARDING AN BHEPR OTRCOTNIG APRARATUS

reproduci ng apparatus. BACKGROUND ART [0002] The

recording density of a hard di sk device (HDD), which

is a magnetic recording and reproduci ng apparatus,

has reachqoR®88-KEFEBENCE T@QREIAEED QPPIACATIONNSI ty

is expected to continuously increase at a rate of 30%

per ear. Ther fore et rdin eags, and ,
Eheeseatamierip s Bl wiees HE LSl Hah G aptms benesis
attar ni ng high WO 2007/ 018131 PCT/JP2006/ 315439 2

purse@otodisg. SUENS 1 19(e)i )¢ of thw filingelated oF BroviNisnil AphHenivhiNo.
recording medi a enployed in hard di sk devices are

o0 B g P 0 b LSS 3R G Sy o anbriergs clmmea t

coercive force and reduction of nmedi um noi se. Most
Japamge epplicatioreNor 2005233009 Ailedplugyed 1j 200Samdiiahi is kncorporated
devi ces have a structure including a nagnetic
di um substrate on which a netallic filmis
mﬂ&ﬁ%&g 3H%ﬁ€§ugh sputtering. Al um num substrates and
gl ass substrates are wi dely enpl oyed for producing
- magnetic recording nedia. An alum num substrate is
produced t hrough the ss: an N -P-based
al | oy f|In1(thrckness&gg%ﬁﬁkQ%OPrﬁ“ s -formed through
eleghbﬁgess plating on an Al-My alloy substrate base
S undergone mrror poI i shing, and the surface -

of - P- bj d
oo + feptlenCidERRd lel o bbb RUSIFR B Py

devices and the like, a production process of the magnctlc recording medium, and a

d 1noﬁard disk
magnetic recording and reproducing apparatus.

| BACKGROUND ART
[0002]
The recording densny of a hard disk device (HDD), which is a magnetlc recordmg
and reproducing apparatus, has reached 100 Gbits/in?, and the recording density is
expected to continuously increase at a rate of 30% per year. Therefore, magnetic

recording heads and magnetic recording media which are suitable for attaining high



two types; i.e., anorphous gl ass substrates and gl ass
ceram c substrates. \Wen either of these two types of
w@tmzsisasbstrate i s enpl oyed to produce a. magnBtT/aP2006/315439
recordi ng nmedium the substzate is subjected to
mrror polishing. [0003] |In general, a magnetic
recordi ng medi um enpl oyed to produce a hard di sk - _
recotin godensity eteusdesuralen devehopgment.i cMagheticrra¢arding media employed in
non- magneti ¢ base | ayer (forned of, for exanmple, Cr,
hard d{3k-dsaweslamirbquiredde have Ngh Atcobding demmitly oand; aceordingly, demand has
non-magnetic internedi ate |ayer (fornmed of, for o
arisgr dompimgproeen@mt Of cdeacivel faard and roductiofwf Greditun baised Most magnetic
alloy); a magnetic layer (forned of, for exanple, a :
rec@ging media Emp%&@édn hard@ljskodevicechaGra srucBirp inchuiling 2 magnetic
"a protective film (forned of, for exanple, .carbon),
recoiding mydinm suhstrate pawihishraymetalisciilm isistackedihnughspuitdrng.
substrate; and a lubrication filmcontaining a liquid
Alymyjppmcsabstraiescantdglass qulsirates argvisiebrempleyed for prodypiag mpgnetic
- alloy enployed in such a magnetic |ayer (e.g., a - =
reoquging mpdiaT 2 A AERInAM Spsirasp iprogced Hpugh hadellpwing gyacess: an
contains Co as a primary conponent. Such a Co all oy

Nickpsedl e GO ABOBLLKE) (HEFRe b el HREple sy Hpting on an
AL M gl ARSI aRe T BB PRSI T808C Pk BolsBing: SRICHR A Tace of the
Ni-piord 2y :{.,%gﬁéﬁﬁjgct?gyﬁgﬁr?&d@gg gy | §faf%%?¢pggatt5¥ Ree’ qlgssified into

WD 2007/018131 PCT/ JP2006/ 315439 3 al.loy. In- . :
twq GRER Gt RATDIPUS I T RIES ] S1pis orammi PUbstiptep ne Wagn either of
poall [ bented in . |lel with th - 1 i .
theg i tyReseot sl suinuralé fs Emplaved soyplotiicn 2 Paghslig eprding inedium,
thmsl'glitu . thgtc-iaxis of ﬁ.'r.hliaCoalloyis oriented .

PRI S’(‘l@ ?Fﬁ% %@H—r%?& &8VP8 subst rate. Therefore, in
alo 'gﬁdi nal recordi ng nedium the (10.0) plane or
t he I?)% ) plane of the Co alloy preferably serves as

| , : g P fi _

a Ofi‘.ggeh&%i %%%gnﬁge %%g@igg@%g@gh&gg@gld to n‘g8 e% 2 l{%gd &k device

‘magnetT Cc r&cor rdi

: ' T [ f dj [ .
i R b T M kB I TR RT3t gt opgromele
. | . ‘ : .- f 0 1 . | -
 CrbgfuIof, S RNPAL Paeq P Bop A SN E B er (fogmied of,
f € Bse@A1fdy orHl E6-CHTRpAsed @hdy)Ya AAGndiRAayer (formed
o LA, CNCURLGBURYTS] 8 TR s BBt (oo,
for REARY B ObLQUBCTNGAH2116Y br PO6UTEPH B DastSAlol R arbetveilm
magnetic recordi ng nedi'um which has reduced medi um
(foSd6Y, RRtxhBpRUErBE)etht Myl A FIISdiAY sequERANIY fHAn&dfh the
be produced by reducing t'he average crystal grain size
subirat8; 45 AubAYatRdAGili @ntingh 1RMiCIuYE ¢k aft Firied b ehe protective
~distribution. Thus, a critrcal point for medi um noise
filmeduction is to reduce the average crystal grain size
of a Co alloy and the Co-alloy crystal grain size.

* The Co alloy employed in such a magnetic layer (e.g., a Co-Cr-Pt-Ta-based alloy

or a Co-Cr-Pt-B-based alloy) contains Co as a primary component. Such a Co alloy has a
hexagonal close-packed (hcp) structure in which the C-axis is an easy-magnetization axis.
Magnetic recording media are classified into a longitudinal recording type and a

perpendicular recording type, in which the magnetic layer is generally formed of a Co



distribution. Since a Co alloy layer is epitaxially
growmn on a C alloy layer, one can easily conceive
wa tat/orsesiuct i on of the average crystal grain sRERIR2006/315439
the Cr alloy and the Cr-all®dy crystal grain size
di stribution would contribute to reduction of the
average crystal grain size of the Co alloy and the
allagn- dh ladyngitudiahtecondiigmedinm, thedE-akisof ithenCo p)0IS riented in
has been reported, addition of various elenments-to Cr
parake] (Withsthe monmpagnoheubstrae, whereasdn i pespendisalar recording medium,
bel ow nenti oned Pat ent Docunent 1 discl oses that _
the£¢taxis ob thedfo Flloy ip odented vergicslde themon-mpgnetic substrate. Therefore, in
bel ow- menti oned -Pat ent Docunent 2 discl oses that :
a loggitndinglreegrdipgraedinm; the (10-Qerlane/@r thy gl Yenlae-afhn Co aley
Pat ent Docunent 3 discloses that addition of Mo or W
prefezatly seryeeas aloppifudinat fecopding plagent i oned Pat ent
- Docunents 4 and 5 disclose that - formation of a base
| ayel00P4bm two | ayers containing C as a primary ;
- conponent .and. containing different additive el enents
‘i s efrodugtiopot magpetieresordingmedia of highresardipg density requires
2007/ 018131 PCT/ JP2006/ 315439, 4 cunment 6 di scl oses .
redpeign of RF 4P ROSE- 018@ FoyrmeRtignsg ﬁnr%ataﬂ Hﬂwwa@weﬁc’qsenbes, by

s Y SR ity o S e BT, S OPINEN - e oy
o BB S S PR b R o g BN e
ol B R g D735 DRl S8  pognci
ol 53R OByl BT BRI ansty
e G ao S AR ERENGNE el B AR R G0 e
Cog8t Pl rai e M aiohr TR PRRETPY R Fh e iymapigpgeducton
5 R 8B BB Bl A R Bl T e R e iz
distBRtion.P¥ce ¥0l-allBy 1ayRPis cpixiay &Rwn on a Cralloy layer, one can
easily conceive that reduction of the aVerﬁge §ry5t31 grain size of the Cr alloy and the
~ Cr-alloy crystal grain size distr_ibution would contribute to reduction of the average crystal
gfain size of the Co allc.)y and the Co-a'llo.y crystal grain size distribution.
| '[_0005]

As has been reported, addifion of varioﬂs elements to Cr results in improvement of
pfoperties. The below-mentioned Patent Document 1 discibses that addition of Tito Cris
effective. The below-meﬁtioned Patenf Document 2 discloses that addition éf VtoCris .
effective. The below-mentioned Patent Document 3 discloses that addition of Mo or W |
to Cris effecﬁve. The below-mentioned Patent Documents 4 and 5 disclose that
formation of a base layef from two layers containing Cr as a primary component and

containing different additive elements is effective. The below-mentioned Patent



[ Non- Pat ent Docunent 2] J. Appl. Phys. Vol. 87, pp.
5407-5409 [0006] DI SCLOSURE OF THE | NVENTI ON
wQ Roobisass to be Sol ved by the Invention] WO PCT/JP2006/315439
2007/ 018131 PCT/ JP2006/ 315439 5 As descri bed above, a
non-magnetic base layer contains a G alloy as a
primary conponent. Techni ques whi ch have been .
Doewmpérm patisdases thatadditiorodfexygeul ocnitrogert foraonmlkmagnetic base layer
i mprovenent of a non-magnetic base |ayer include
contgoingtGras agirinidrg campomape iscaffestivd. grain  size of a O
al l oy, inprovenent of crystal orientation of a Cr
[Patdnt Bpcument U]atti ce matching of a O alloy with a Co
alloy. The G- alloy enployed in a non-nmagnetic base
| ay elaparnse Ratent Applicationm Lpid-@peny(kokripDaectd-194HE
therefore properties of the & alloy depend nmainly on
[Paténe Dogvmpwtrd]i es i nherent in C. This results in narrow
range of freedom in designing a non-magnetic base
I aye$PerfICatlﬁlhgﬁES|P@tﬁrnéH@r #¥%edi um ‘Sever al «
t echni ques have been proposed to enploy a C alloy in
[Pateny Bocwmeelli ¢ base | ayer. Patent Document 7 proposes
a techni que for enplqying an al havi n
2 r CpaASEE Patent APPRIIon NHEGOPG (alaEbo; pEAE7410
non- rmgnet (j base film thereby reducing the size of
- [Paggny Do 'Fmﬁﬂfél ns contained in a magnetic film and

RS R R SR

coercive f and enpl oynent of .an Al -Co all oy _
[Paéfi%bﬁﬁ'ﬁ@?@ di ff| cuI ty in attaini ng high coercive force

ol A PAGHTapelsalie Lo ot NaREILRE ™

p g? ens |t hi gh- denS|ty recordi ng. Patent Docunent 8
[“g‘?‘ 8§'ér§e%l echni que for forming a filmof M, W an

g/lbl-ngﬁ"ﬁ:ﬁet%ijrgtlgeldﬁoxwhcm ayer ($ n@g&iﬁxaﬁp%@lb&g such as

[PaEQlPROE gtﬁattal ning noi se reduction. However, this
ni que fails to attain a.recording density in

exc ‘n’;‘l} SINIE ntal Mo or W an
e§lgease %{l%géa Iibagg%h% oy I nposes a
Pa#énm)to@ﬁﬂlgrﬁ n noi se reductl on.. [0007] In view of the-
oregoing, an object of the present invention is to

pr ovyy §n£ PIRANE 1fcaﬁs&95ﬂ'@ d@&IHNGBRR- 1384891 gher

coerc orce a&lb | ower n0| and whi (ﬁﬁ can attai-n

NJH gn@ﬁtﬁ&gg{eqtm denS|ty Anot her obj ect of the
present invention is to provide a process for:

pr oduappg Fhys. Va8 Pp. $849-53mnot her obj ect of . the
present invéntion is'to provide a magnetic recording .
[NGHPate RO #ennP] appar at us.

1. Appl. Phys. Vol. 87, pp. 5407-5409

[0006]
DISCLOSURE OF THE INVENTION

[Problems to be Solved by the Invention]



WO 2007/ 018131 PCT/JP2006/ 315439 6 [Means for
Solving the Problens] [0008] 1In order to solve the
w@tooremsast i oned probl ens, the present invent orBCTHER2806/315439
conduct ed extensive studies,g and as a result have
found that when a non-magnetic base Ilayer is forned
of a WK-based all oy or an MX-based alloy (X = Zr, Nb,
H , A% ddsjibed VDS hdiMaietit bABGRGE contae0d Ci ﬂg)yadsd: primary
reprodum ng apparatus can be inproved. The present
conpbhent. i arechigudetiiclaboatekeh shpibyed fohaediamimisefredttion through
finding. Also, the present - inventors have found that
impyoedinent 0O B noRGREhetic baze Mymeﬂicmde r¢dugtion bftht average afysttligrain
or an RuY-based alloy (Y = Ti, No, Mo, Rh, Ta, W Re,
sizd of a Of alRly) improogaeitiof sryetal ariematiet ofca Cr allcg(; andilalftg:ealmichmg of
-reproduci ng apparatus can be |rrproved The present
a Cr a@nwithia Cealldyee The &ratiop kmploydd ana hére ntagsatic mise tdyelscontams
finding. Accordingly, the present invention is
Cr ali a pdimery cotmponbmt, éral thessiforg prdpe@dx8]of (e) Craalloggiependmainly on the
recordi ng nmedi um conpri sing a non-magnetic substrate; -
propertics wherenhim Guib dthisaesyltsan nawawtrangerdireedgmen desigrasga
| ayer, a non-magnetic internediate |ayer, a nmagnetic
nori-gjgneticanse ypraftaguagnetic reppeding mieditimyer s bei ng
provided.in this sequence, characterized in that at
| easSeverak tachyigneschavs beenpiopgsediie empipyrraghalidycingame-magnetic
layer is formed of a WK-based alloy or an MX-based -
basg l3ysy: (Batent Bocumggt 7 poposss a-rgghmc{uz opemplgiagian alloy having a B2
" recording _nedium conprising a non-magnetic substrate; ‘
- struggie (og> Al Asl%sqrrf’dng@) ingnongrgagnetic Hass- fh‘ﬁg HesreRy tsducdng the size
| ayer, a non-magnetic internmedi ate | ayer,
of féy%l. gralfa'e%ﬁmp y@ma&n%’sﬁllmmw%ﬂ@s apise rrgiuptaefer Hoyever,
magnetic | aye and a protective |ayer, the layers
emb'eywamqu@v. 3y ipyeReQunter eéf?fe%lty m&taf%% wiehisppEiaderss and

bei n ntjiferronmagn

empiRment S oyel shacineoraer Zhtrealy fn SiGns Pishobehe Torce and
SqubSphess a0 Stﬁﬁg@fs 0 0 PSRy s A EaRGErigs oytgut.leading
AR L e

: 2). i h .
toring € Yim AEF1os W1 oo ETase Mo, P XU TEERRLATEE S0 br Can

' ﬂj&?l%}%ng-\lrelﬁg%gaﬁlgelgil%y%r -trorinegl %’f all}/%XlgCngUCh ér"s lg\ébc Beba a’ttaﬁnnr%:/;{()iSe

recor um as

redﬁé}gongf ev%:p rtlﬁy gelfghzélgh? fallgg(? 5(?4%? aggcg)rc\%g 91‘?5 t ) n{{%? of 50 -

'beté%n since elemental Mo or W an MoTl-based alloy, or a WT1-based alloy imposes a
limitation on noise reduction.

[0007]
*In view of the foregoing, an oiject of the present invention is to prm{\idé a
magnetic recording medium which has higher coercive force and lower noise, and which
can attain higher recording density. Another object of the present invention is to provide

a process for producing the medium. Still another object of the present invention is to

provide a magnetic recording and reproducing apparatus.



at% (5) Amagnetic recording nedium as described in

any one of (1) through (3), wherein the MX-based
watdooyishais an Mb content of 50 to 99 at% and BIT/H2006/315439

content of 1 to 50 at% (6)g A magnetic recording

medi um as described in (3), wherein the RuY-based

al loy has an Ru content of 20 to 99 at% and an X
[MeatferSolofgthé ProBlna % (7) A magnetic recording

medi um as described in any one of (2).through (6),

wher @008} he non-nmagnetic coupling |ayer is forned of

any one species, selected from anong Ru, Rh, Ir, Cr,

Re, horr-tbaskd thad dforemeationdd-fraklechs athk: pyesentamvdntorb haed

alloy, a Cr-based alloy, and an Re-based-alloy; and
condneted extensigngtuilics,and ps 2 nepultdyes fdvad that wheh akwessaguktic base

0.5to 1.5 nm (8) A magnetic recordi ng nedi um as
layerdis forimed dbf iarWXnbaset allayf or(a2) MoKrmsgrhallah) (X =wWineNbj Hf, ph#a),
- stabilization layer is formed of one or nore species
propeities obal maguneticamentding andoepraducingsappardtysogan bg improved.  The

CoCr Ta- based al | oy, a CoRu-based all oy, a CoCrRu-based
preggnt nventon Iiasrepn Zecoppdishedadn by basis cbthiPfindingasalgo, the present

all oy, a CoPtRu-based alloy, and a CoCrPtRu-based -
mvamtp@;have found thatgyhenjacionamagnstia gntpmerdigie tayeris Jermageaf Rupr an
' one of‘é])érthrough (é‘) wher ei n_t he non-nmagnetic .
Ru?éd@éed Hoyr(Yha J1.dNbnivie, R, dpe W, Res e oUPY, Rrapsrties ofp magnetic,

| ayer fornmed of. C or an Cr aIon containing Cr, and
recerﬁl@goqndrfepr@dwee aeearw e e Qypda md g Prgsentyjgventiap has been
: and V, and_ a- Ia¥ler formed of a :
aCCWQPB%F%‘d’“a‘PF B@Sl%?f taﬁ finging. pAAceqrdingly,the rresent/invengjon fgdirected

.. WD 2007/ 018131 PCT/ JP2006/ 315439 8 (10) A

tOtE‘E\SﬂE’W‘E &recordi ng medi um as described in any one of-

éﬁ through (9), wherein the magnetic | ayer is fornmed
[008%] one or more speci es selected fromanong a -

Coo ) B BB artyne gﬁ@l%?%@?%ﬁ%%ﬁ%ﬁ@&% pstrgps and, on
the&ﬁ‘ystm{ﬁ Polegot At serefie B ﬁewg’r%‘%qﬁ'é?‘i%wd@&w%%a Tayer, 2
f i
ma%%lgﬁgy%tr gand( %{ﬂ{ec%%el'll%g%'( élleé%yegweengggrdwf& se&ggnegel c
cha%c?srﬁzted ?I‘PB]% £talgaeSt gﬁ]éjla donktftgg eé*ﬁ%%%haﬁg%le&&gdseﬁger fs formed

IC recor

ord DR G R 8 T aﬁ?e%l?i‘*)ig?if e

' zle: | g%%gér%@ggg%?%p@gedﬁ{ﬁb rrl?ﬁénq a [ngh Qx?%?%tgdaglgrs]trat and on
the%%gtﬁfe? aPleadt RGoRURSIEAL SasjBEIac'fer, a non-magnetic intermediate layer, a
stabilization layer, a non-magnetic coupling layee, a magnetic layer, and a protective layer,
the layers being provided in this sequence and the stabilization layer being
antiferromagnetically coupled with the magnetic layer, characterized in that at least one

layer constituting the non-magnetic base layer is formed of a WX-based alloy or an

MoX-based alloy (X = Zr, Nb, Hf, or Ta).



(13) A magnetic recordi ng nedi um as described in any
one of (1) through (12), wherein the layer fornmed of
wazMKetsasied al | oy or an MoX-based al |l oy. (X = ZAGCT/N2006/315439
Hf , or Ta) has a thickness pf 0.5 to 12 nm [0010] V
(14) A process for producing a magnetic recording
medi um conpfi sing a non-magnetic substrate; and,.
t he Qyshigietic rédordiag aiediunn andovedbel ing1pase), Ivetoesin ataleast one
non-magnetic internedi ate | ayer, a magnetic |ayer, "and
layér donstitetiig she noayteagnetibintérayediate lagérrig forpted \if Racbrian RuY alloy (Y
sequence, characterized in:that the process conprises
= Ti,aNb1iMg, Rii, Tag®stRep e or PQyer constituti-ng the
non- magneti c baseJayer froma WX-based alloy or an
Mo X-@adedagretic ogcofding médjuniNas ddsEribeal inBay on¢ a6(1) ghrough (3),
process for producing a magnetic recordi ng nmedi um
whereimphe VXidased ailwy-han g Ve icontestdf SOrta 98 ;at Zanahd amnX chetent of 1 to 50
substrate, at |east a non-magnetic base |ayer, a '
at%t abi |l i zati on | ayer, a non-magnetic coupling |layer, a
magnetic | ayer, and a protective |ayer, the |ayers .
bei @) prosgretid réqording medog andescribaddntang one ab(l] %uth:raugh)@)
| ayer being antiferromagnetically coupled wth_ the
wheraiprtbe MoX-basedralloy has arc Merdonteat pHhoQ 1919 atfre apd e Esoonigat of 1 to
2007/ 018131 PCT/ JP2006/ 315439 9 conprises form ng at
50 at¥ast one | ayer constituting the .non-magnetic base
Iayer froma  .WK-based all oy or an MyX-based allo
6) Rynagipetic gpcording medaym 2§ desgilead ia (3 vdermE eel’ﬁéi’ ased
' reprodu0|ng apparatus characterized by conprising a
allayghgn ap iRyt Goateat af HYtontinttrred anEswontoptaf 1 W%W«bne of
(1) through (13), and a nagne c. head for rdin
of o(g?éla?&fl.‘%s‘t:ﬁ@ B8 medaas dnscrbag, IB&BXPPE:HF & trpggh ©.

daxatherefro ts of the; Inventlo
wheggin the a%ma&l?t&; LH% %HHSGW ooy ﬁP@é@‘]ﬁfe[s ﬁ%‘%@ figm

amdieR UG A iRy AR il ol B alloy. apat-Bsed atoy, a
Cr-PRpR BRG] of - Saeh K, %@ggl'ﬁﬁ t ittt a@g{,fngg;yer fas a
OVI en the non-nmagnetic internediate |ayer

thl Ssse? gtr?gt%\gml ayer), a magnet! ¢ layer, and a
P Otu@ﬁAl 1¥1§ et COI‘(@IDF e (?e%l ngecpﬁl?i\rll%% of Qattlpoggh ),

Seq IStIC ure 0]

whérgﬁl !19 %t'ﬁ?ﬂf‘%?t‘f'%“ﬂ‘y&% koqﬁl%d lof Ph@@l{)ag}g %pg@}% setetied 2" gmopg a

non- magne ayer 1s rorne

&ﬁ_ﬁ%y@#d@br 5 Pgsrédl\éﬁéy bAG&Rly @nge(a)ﬁll()gas e rRu-l')\lRﬁd alloy, a

herefo e’’non- nagnetlc ayer

'Coéﬁitﬁf Bseli atiby GeCEERTEABL d%ﬂ&'y té@tﬁh'b‘ﬂe rfrﬁ i ng

non- mag nétic I nterne |ate Iayer I'S S

Coeﬁikgyaggda)ﬁ rown on the base |ayer, vvhereby noi se
- éuctl on can be attained, and the resultant magnetic

(9) A magnetic recording medium as described in any one of (1) through (8),
wherein the non-magnetic base layer haé a multi-layer structure including a lj;lyer formed
~ofCroran C,r alloy containing Cr and one or more species selected from among Ti, Mo,
Al, Ta, W, Ni, ‘B, Si, Mn, and V, and a layer formed of a WX-based alloy or an

MoX-based alloy (X = Zr, Nb, Hf, or Ta).



recordi ng medi um exhi bits excellent properties and is
sui table for high-density recording. In addition,
wotenoesi3l east one | ayer constituting the non-REGIRDIGE315439
intermediate layer is formegl-of Ru or an RuY-based
alloy (Y =T, Nb, Mo, Rh, Ta, W Re, Ir, or Pt),
properties ‘of the nedium can be further inproved.
BRI EROPASi¥netit @Noting med DRAW dd63ibdddf aRy ofe of (1) threugh (9),
cross-sectional view show ng a first enbodi nent:  of the
whereimtbe diagnétir layeres fremied of euoetiinary spedeuselated fiem among 4
present invention. WO 2007/018131 PCT/JP2006/ 315439
CoColFaged alloy aLCafirBtRa-based alboral GoGrRiBshansil afjoy awd@ond
enbodi ment of - the perpendi cul ar magnetic recordi ng
bCOGelﬁBMrb@ﬁedtaHey (Meg@m@r mosgespetionselecteg, fram among Tah€u, and Ag).
configuration of an'exanple of the magnetic recording
and (13)36@@&;@9 secaphing medivnpis daseribaddn @ny ong10fkd) ﬂtmugh (10),
Brief Description of Reference Nunerals [0083] 1
whegsin the gere-magnetihsibsizate is myNwe-spegiescielested {xam pmpeg 2 glass
Non-magnetic internediate |ayer, 4 Magnetic |layer, 5
substraje apd p glicppyelstrag. Lubri cation |ayer, 7 Stabil | zatl on
| ayer, 8 Non-nmagnetic coupling |ayer, 10 Magnet
r ecdild) Agnagetic fﬁcor@qg msdhet acdeseralsddn agy mptﬁ) tfmugh (10),
Magneti c recordi ng and reproduci ng apparatus, 13
whegeth tﬂ?r#’ﬁi‘?‘l“ﬁgﬁ@“%%’g’ﬁtir%ﬁ mci‘lijeﬁ/ﬁﬁﬁ‘éi‘ﬁa? base fprmed of any one species
Head- dri vi ng sect

sel B @rmon r"eldm:f'éﬁgéqyg gLass: pd silicen.7gd ap NiB oy NiBalgy film -
THE | NVENTION [0012] Fig. 1
forg Eﬁgﬂ}f Sf“&gg? oéﬁgémfﬁbaé? t he rragneE| c r!ecolrgl ng
ecdld) Rgntabaif Feonite B rhes-feeribEdin ARy QRS OL() through 12,

whgeh H%%afh%éwsﬁ ES MiRumnet Dod PR Feocd AR50 T8 o, o

Ta)ém grtwgk?egsgfggggl %ve | ayer 5, and a lubrication |ayer

Sequentl ally formed on the .
subs[pb%e 1 [0013] Fig. 2 shows..a second enbodi nent
cof t gnetl ¢ recording nedium of the present’

0 RO SR W Sl

no{&@gﬁ@ﬁ%ﬁﬁét&t@%@& dnat}ﬂg Eul?st é: 51%‘ PRABE M aGn bt @Jsg‘fg}eptae‘

a stabi’lization ai/er a non-magnetic

nmpﬂllzlglllétﬁgnﬂeﬂﬂ@(ﬁatg lay3r, TRARG EHE 1dy2Y, %Bd % préte@ivauES:] e layers belng

provided in this sequence, characterlzed in that the pr(_)cess comprises forming at least one
layef coristituting the non-magnetic base layer from a WX-based élloy or an MoX-based
alloy (X = Zr, Nb, Hf, or Ta). ‘

(15) A process for producing a magnetic recording fnedium comprising a
non-magnetic substrate; and, on the subétrate, at least a non-magnetic base la}\rer; a
stabilization layér, a non-magnetic coupling layer, a magnetic layer, and a protective layer,

the layers being provided in this sequence, and the stabilization layer being

antiferromagnetically coupled with the magnetic layer, characterized in that the process



| ayer 5, and a lubrication |layer 6, the | ayers being.
sequentially formed on the substrate 1. The |ayer
waronotsuse shown in Fig. 2 is a techni que deviBeErIH2006/315439
preventing thermal decay of 8O 2007/018131
PCT/ JP2006/ 315439 11 the magnetic layer. In the
magneti c recordi ng medi um enpl oyi ng this technique,
cothpudses didratingrenitass oaellayencamsituting thel rmpansgnétiabase layer from a
‘ magneti zed in oppOS|te di rections, and thus the:
WX fbasddratleg oo fin M@dibasedralloh i(Xh= ]baﬂ\th tifpat®. i n nagnetic
recordi ng and reproducti on becones substantially
smal (16) Atthagnetibatconding hed epradueing apparatue chaactedzeucby comprising
| ayer. Therefore, SNR can be inproved. Meanwhile, the
a maghcticereqtirdmgyaecahmg:s destgibed imt aniyna of rﬁl)ttthght(l?r)em;d ofmagnetic
~the recording |ayer becones |arge, and thus thernal
heagltfapieicondyn atreonterphreonedium| 2pd faq reprodugtéorcofthe date @heaefrom
enpl oyi ng the af orenenti oned technique are called "AFC
media (Antiferromagnetically-coupled nedia)" or "SFM.
&m@ nt hetic ferrlnagnetlc nmedia)." Herein, these nedia
[Effqcts ofdhe Buventjenly cal |l ed "AFC nedia.” [0015] . In the
present invention, the non-magnetic substrate 1 may be
a sub9ithte including a substrate base formed of a
netal ic.material such as or an Al al]oy, and an
p Ghe mpgneticiregprding qu&rmeti the girese Pl N¥eRsionTingludes aion-magnetic
The non- magnet i ¢ subs’rate 1 may be. a substrate
subsigptfedndp pn g‘erﬁS‘HS‘FPét af l5adt apansmpgnetic base laucrg as%-magnetlc .
cer g $|I con car bi de, carbo r reS|
m“‘dP‘eﬁﬂ’éff lﬂéefe(a §8§§Fﬁ‘é‘t‘b ayeranddineg- ’Ba%"tﬁ"ﬂg FP E‘gaaiéfé may

non:- et al teri and. i P or

Prowégiﬁw%%niﬁqcﬁrgwmcawe lideiger e paditicier), a agnetic
laygre F%(ge Bla)tffqllgﬁq hgeaiﬂy 131%&?@\?18?({1613{}1\/8 S(F)(?%H?c{) CRaracteristic
fealfs 8P HaeRei bRty #P8 %pf?@a%@ o eGSR Wisr b iRtating the
non-m%pgeq 3) PayBrCi8§ﬁS%nSe§ Cer asl’riialg&slgr a Tgeou %Sl? @alli)oplh(g( = ZI'
SPPTaYS H55 LT 15 AR RO o HBER AL,

soda ass IroSi

the%hlUW%dtinggﬁgpgA-% nett@]ﬁtenﬁ%ﬁﬁﬁ%l [ 4Vt Ppegﬂlta%ually grown

ass ceram¢c am Cc ITH

"~ on Iﬂéﬁba%iﬂ?&f greb XlsP CedbcHGDEdle ﬁtﬁf&ﬂ%dﬁh@ }C%Bﬁgﬂt magnetlc

- conpact ° pf edo y contal ning al uni num oxi

recéfdlldgcrﬂgﬁllmnt Jx’hﬂﬁtfs eQEelfclflfe%lloPgﬁes Nd &isbdo1é Br 'ﬁﬁ@f &&gity recording.

mat er | t hereo In or to I ncrease reco

In Qﬂ'ﬂ?dnt Wheh Blehdt ¥ho gly@leé(ﬁﬁﬁtuﬁﬁ% theTRANRAetiB ‘ﬁﬁgmfe&%tte RSeris

reducéd. Therefore preferab t he non-magnetic

forulB! RAR i RAASLABHANGEE SUT KB VBIRALANSESRe, I, o ), propertis
R e PR 3% 3y dr of 2O prgperties

of the RrcdRGH €4r Be fivdhet nadrével, Pr ef erably has an average
surface roughness (Ra) of. 2 nm or. .
. o~

BRIEF DESCRIPTION OF THE DRAWINGS
[0082]
Fig. 1 is a cross-sectional view showing a first embodiment of the perpendicular

magnetic recording medium of the present invention.



| ess, nore preferably 1 nmor |ess. [0016] The
non- magnetic substrate 1 preferably has texture |ines
wo zomesisn t he surface thereof through texturP@mIP2006/315439
Texturing is carried out sugl that the average surface
roughness- of the substrate is preferably 0.1 nm or
more and 0.7 nmor less (nore preferably 0.1 nmor
mor eFign2listh &ossReRfioh# Ffew shotling'® Eezopd embbaidlent Of the nm
or more and 0.35 nmor less). Texture lines are
perpéri@lalthapnkec rxdrding Ardium ofithe pesarg imtentish. a
tangential direction of the substrate, fromthe .
Vi evipigi Mishosi's the kemfGgiratiin affanfeagmplei of theunagadticaggordihg and
the magnetic recording mediumin a tangentia
reptbdueinp iapparatue oé dfe. prddeat invertiamagnet i ¢ substrate 1
~preferably has, on its surface, a mcro-wavi ness (W)
Brieff Désciption obRefeense Nuoregalpr ef erably 0. 25 nm or | ess).
Fromthe viewoint of flying stability of a magnetic
head008%e average surface roughness (Ra) of at |east
" one of an edge portion and a side portion of a "
1 d¥mrhegnetiesubsrata t Nen-ormgnetia fasc ayef, 3t hHomm-gnatgnmtqrmedlate
substrate 1 is preferably regulated to 10 nmor |ess
lay¢nrér Mpgnstielaysryb 9 PEotegtivedayenss).. 6Thleubrigatdorolayervi ness
(Wa) may.be determ ned as an average surface roughness
7 Sahilizationdayer.i t Non-magnstis gpuntingtlayeante daggetigueggrdingemedium,
of , for exa a surface roughness neasurln
11 o MrgngtigEecor r@@g metivaude JYlagackic Tegeedipg and {ewzzirl}:mgwaneamtus 13
~ non-magnetic base layer 2 is formed on the
Mediym-Aeymespetion: bdt Magnetipheddeast = one | ayer |
onstltutlng t he non-magneti c base layer 2 is forned
15 ofegd-rvingseation. 18y Recokded/ riprdyrsdesigna]-prapessingsystem.
No, Hf, or Ta). In the present invention, the WK-based
~al | oy enployed in the non-nagnetic base Ilayer 2 has a

a5 wnorBERE Mok ROut ke tile R AR EPEingk '© °0

' effeﬁb f addltlon of X fails to be obtained, whereas
when%®kal X content exceeds. 50 at% crystal grains in.

b | .| eadi
27 S Bl PR R o Moot dg pesfn e present
2007/ 018131 PCT/ JP2006/ 31 439 3
BB 0 PASTEU RS0 B oY By €4 R FREEY  non-magnetc

* sl TR Ok U 2 A Bl 60 Gl DS Bnene
layggolp taﬁ%te{:t?veblg%i o Hﬁ]&]a glb?fcv\éﬁorl llager% ft}?ecl%}']é}g b%qg ciu%ﬂttleﬁfy formed

obt al ne erea
~0nﬁéggg% S0P at% crystal grains in an MoX- based al | oy
econe large in size, leading to an increase-in

| no'Sﬁm1§P'Ch i s not preferred [0018]

Fig. 2 shows a second embodifnent of the magnetic' recording medium of the
presentinvention. The mégnetic recording medium 11 shown in Fig. 2 inclg;dés a
non-magnétig substrate 1, a non-magnetic base layer 2, a non-magnetic intermediate layer
3, a stabilization layer 7, a non-magnetic coupling layer 8, a magnetic layer 4, a protective

layer 5, and a lubrication layer 6, the layers being.sequentially formed on the substrate 1.

The layer structure shown in Fig. 2 is a technique devised for preventing thermal decay of



Addition of an elenment such as W M, or Vto O
exhibits the effect of increasing the lattice
waznsbesislt of Cr, and this techni que has been PCT/JP2006/315439
conventionally wi dely enployed for |attice matching
of & with a Co alloy. However, in recent years,
demand has ari'sen for further increasing the Cr .
the Infdghtticelagen s tlatite, magnede rédoedih@trediven emplolyanpithisftechnigue, the
al l oy has been increased through addition of an
afofenmmeiasettwanmagtetiofayets 4 aretrhaznenzeal ih @pposite darectiuns, and thus the
alloy, which has a lattice constant |arger.than that
thickhesSof alpastidrewhich ppiticipatks ih magnelér retardingeind regroduction becomes
demand, the present inventors proposed, in Japanese
subE!anmity stypgiler thenitioat oRithe endigd$ ofl 2 Té@rdiegd yey.nERerefbreaSNR can
al l oy of body-centered cubic crystal structure having
be imp@oveat t iMeanwhilss the tvobisnd afragystal granO&ntaing] PGhaentifbty of the
present-inventors have further extended this idea,
recerdthgHayes becemes latgst ansbihbs HeralrstabiilitReanbe émpravdd.al | oy
(Y= Nb, M, Rh, Ta, W Re, Ir, or Pt) with a, = .
VK- k{QQé‘H or MoX-based alloy (X = Zr, Nb, Hf, or Ta)
whi ch resgectlvel y increases the lattice const ant of
W orlnigsnerah madisgmplopingthmaforamantienerhicelmiaeg. are palbeidAFC media
In the present invention, the WK-based or- MOX- based
.(Axﬁqfq:rgyn@peuczg}y cq\mledppedlé}" or "|"§lf I\/Ie(lslgptgyté@femmagqﬁélc media)."
non-magneti c base layer 2 mmy contain additive
Herging Hhepe sleémrspslissgvelaﬁa% @mpdiet ect . Exanpl es of
" the addltlve el enments include B, C, A, Si, C, M,
cu, [ORP] and Re. The total amount. of t he additive

ele S is preferabl 20 at % or VWhen t he total
o IR RS B dhe T BRAs PR o bERag e UBS GRS

ke’ b SE Bt e e P oS b Bhor e 15 and an

lea"wt oS NG Rt el b SHhS FipBnghdlf substrate 1 may be
PCT/ JP20 15439 ) P r.ti | l ddit
offiy B e i TRk £ BRIl HERD SO carbide,

carbodl » OF rersg% Sg {rnag ﬁe g[%%%ité &?élﬁ%ilfggat slﬁ%atgﬁe Eaase&ult’enﬁ(f’d %f?isuch a
non QI B, FRPICKIE RISl AR BohPa OGS EpRlucbase The

one ayer

' noniéﬂgf?xll or rrtgg{al 1¥‘”p£eq“%1§1§ gg ggﬁ%}oy'sglfcfgﬂwgbﬁgass%ﬁ silicon,

froxﬁ'tﬁé’%&wﬁﬂﬁf Bf‘%r&‘c@ ShoothA¥%R ( Flrti'&‘ﬁ‘%rlg ORE AbR-nfbidilic hid¥esial is -

ayer contalnlng one nore Specl es

pre&%&ﬁ%&ﬁgs[ (f){)o%ﬁ; uTts of Mt afd durkBitityV e %%S t§bc ell}{Bloyed

e present I nventl on,

may Béogiﬁﬁ’se@e?arﬁfc &rﬁ%&ﬂbuﬁ%@d@? ti ’Phéoﬁﬁ@rph&)é%las% n?ef}ﬁgeege%@al/-purpose

glass such as soda-lime glass, aluminoborosilicate glass, or alummosﬂlcate glass The
glass ceramic may be lithium-based glass ceramic. The ceramic material fo; the substrate
may be a gcnsral-purpose sintered compact predominantly containing aluminum oxide, |
silicon nitride, 6r the like; or fiber-reinforced material thereof. In order to increase
recording density, the flying height of a magnetic head must be reduced. Therefore,

preferably, the non-magnetic substrate 1 has enhanced surface smoothness. Specifically,



falls within a range of 10 Ato 300 A (1 to 30 nnm.
When the thickness of the non-magnetic base |ayer 2
WO 3ob/esa3t han 10 A, the crystal orientation ofPtHEP2006/315439
non- magneti ¢ base layer 2 heconmes insufficient, and
thus coercive force is | owered, whereas when the
t hi ckness of the non-magnetic base | ayer 2 exceeds 300
the Apningneangdstratall prefgrably bas ardvsoige smyacefroighdessa@agdf 2 nm or
layer 4 is lowered. In order to enhance the coercive
lesd, mare peefictablgduan enkess rati o of the magnetic |ayer 4,
preferably, the thickness of the WK-based or
MoX-[08%&]d al l oy | ayer is regulated to fall within a
range of 5 Ato 120 A (0.5 to 12 nm (nore preferably
2 t o'l momymagmetiictshiestiate t kreéerablythas teaturotihesrfoimagdeor the surface
constituting the non-nagnetic base layer 2 (e.g., O
thefeaf through t€xtuting.oyTé¢xdymng isicarriedput suchdhatdhe aperagg sutfacre a
range of 5 Ato 100 A (0.5 to 10 nm. Preferably,
roughrsse pEthe isubstiatesis praferably). \nix draserd and 0.7\bxob lpge(:tnore
alloy (X =2r, Nb, H, or Ta) contained in the -
pref@@?blyrﬁglm joe nmezsand G am czr lpss, much mEwg prsfesatly OV mm or maze and
crystal orientation, the hég pl ane of the Co all oy
0.35 pim ordlesshgnbextere lingg ate mefmb raed e e rapalong gheest a
base |ayer 2 is nore preferential, |eading to
tangepiabdissetinn Oéfhcrﬁﬂﬁﬁéﬁt“?’éf% theadewpaint @hwe@lent of magnetic
coercive force (Hc)).and recordi ng and  reproduction
anisEOPy Of B BIFREHC [eeogfling medyum ropadgeniie) SigsHieD lmzf The
PCT/JP2006/315439 15 I.n the present invention,
non-gagetis ubstale} p@éﬁg?llythef,mgtst HEafio A-THGE R RY 1gess W) o 0.3 nm

or 1'(>th(§{0¥$ grleﬁﬁeblk/@/f%'é}p? olii- sg)g\; d ?l];er\lr:lggwgqglnp?f)tjl:gﬂ]\l(% stpl:gi&ly ofa |
o B s R Nl s
sia§ Rartn SR BRI SoqiB8 é’%( f*%gﬁ%fﬂg?% ofth e Papeligsubhiate s

pre %D&%f%?f 5l o ey E%?Ofgr%ty%f%ﬁpyg% %mer. Ay The '€

IIllCI' agﬁl a(s, aj I%X%f)é dépem\?ﬁ&? ggsarl Aledst ge su (':e r%u%llmee%g {¥edsBred

an 1acre o1 se 'S no refrerre

thg{) nflgé Rl'e¥ne£g a{ % RSSO lu% b éﬁ{fhfor %(%Hg@ﬁ,t aes %ﬁg r%ﬂﬁess
P N b m b T b
me%?mﬂ% égpitgtu% g ﬁlﬁé@?&uﬁ@%t 0 glbc-ga?t' % and th eaX ::Acl) n? (ra nt

' 1L‘ra?750 at% [0023] The thickness of the
non n]etic internediate |ayer 3 preferably falls

Wi t hl"lﬂa fn-maRaRicBhseldyé 4 8 fél%%d%n HO86n 'irﬂ)%n&tﬂ! &Jﬁ@l‘?ﬁg; At least

of the non-nagnetic |nterned|ate | ayer IS | ess

oné lQ?é“r c%Qstﬁutlﬁ e ﬁﬁﬂﬁﬁz@neﬁ’é bRBUASK Ol fbfrmEJF 6f QWK%@&MHO@! oran -
base | ayer beconmes ~ i nsuffi cient, and thus coercive
hﬁﬁ@5&£dhﬁo§g@qudwaggQ@qg)mhen t he thickness of the
+In the present mventlon, the WX-based alloy employed in the non-m§agnetic base
layer 2 has a W content of 50 to 99 at%, and an X content of 1 to 50 at%. When the X
content is less than 1 at%, the effect of addition of X faiis to be obtained, whereas when the

X content exceeds 50 at%, crystal grains in a WX-based alloy film become large in size,

leading to an increase in noise, which is not preferred.



C non-magnetic internediate | ayer 3 exceeds 100 A,
crystal grains becone |arge, leading to an increase
wo monoissel [ 0024] I n the present invention, PCT/JP2006/315439
preferably, the magnetic |aygr 4 contains any one
species selected fromanong a Co-Cr-Ta-based alloy, a
Co-Cr-Pt-based alloy; a Co-Cr-Pt-Ta-based alloy, . a ‘
Co- (n-the pBséiet-iivcestidn,ahé¢ Mo V-hased-alloy PinpByeu ibthe @dn-magnetic base
alloy, and a Co-Cr-Pt-B-Ag-based alloy. For exanple,
layerizhasaanQdo Content dfziftd 98alt By andsaneXwbuoigaihf Iptoei0aat%bl When the X
the & content falls within a range of 10 at%to 27
cond¢riygs lasrithainé af%, tho nffeettof addition wf XHfails o heanhyainad, wiewtasovhen the
to 16 at% fromthe viewpoint of inprovenment of SNR
X ophtent exoeedsQi0 b, Bryistad graing| in @y MeX-basndl atlpydilm become large in size,
preferably, the Cr content falls within a range of 10
leadingga an inpreasedn naise, mhichdnnetprefesred.s wit hin a range of
8 at%to 16 at% and the B content falls within a
rang®0&$] 1 WO 2007/ 018131 PCT/ JP2006/ 315439 16 at%to
- 20 at%_ fromthe viewoint of inprovenent of SNR ‘Wen
a Cddditioppf g gigmespksigh a5 Wo\Mo.orerin G exhibifsthe effegsof increasing
the O content falls within a range of 10 at%to 27
the Jattige ¢qnstapt of -G padhthis teehriqyg hasibsen conyiegdonsily gvidelyemployed for
16 at%. the B content falls wthin a range of 1 at%. '
attjcg matching pf GRS oralleyon Hiavreven iR Ecqpt yFaR, derpafifias gfisen for

furéﬁgn(g%giﬂg t;h% lépicrp?:g%sft%?,_q\i%‘gé g | ?fﬁqg?p];pigta tré}%\éffgiggﬂyolfas been
nce i e e Lo b af YL R gt
whih s Raees s Fck e St £ e eeh SPPIOYGRY i PHGer 1o mee
i B e heneesEh ko pBipokecit Heape B RAT RhBisop gy

2003 213 S5ilon R £ 2y of O e BRI el St hlbing o
P B8 Shth S0 3 0 3y B3804 g evence
T L et L
R LS DRSR ol DSXCRABEAG beer ot Wpnaryffn

e i R L TR RS fin Do iy ching
i's pipgigyably regulated to 40 rimor less. This is ‘
because,” when the thickness exceeds 40 nm crystal

gr ai ;AShé Prebdift iMRANOA ithe WRYBIedbr MEECRIMRsddIBDG (XM= i, 2, HE, or

and preferred recordlng and reproduction :
Taﬂﬁ%}@ﬁdﬁh'tlﬁé héiSmhghdtic base layer 2 may contain additive elements exhibiting
an auxiliary effect. Examples of the additive elements inclﬁde B, C, Al, Si, Cr, Mn, Cu, |
Ru, and:Re.  The total amount of the additive elements is preferably 20 at% or less.
When the total amount exceeds 20 at%, the aforementioned effects of the

alignment-regulating film are lowered. ~The lower limit of the total amount is 0.1 at%.

When the total amount is less than 0.1 at%, the effect of the additive elements fails to be



to be obtained. The magnetic |ayer 4 may have a
mul ti-layer structure, and each of the |ayers may be
wo zomesisf any conbi nati on of material s sel ectBUr/iR200m/315439
anong the aforenentioned mayerials. When the magnetic
| ayer 4 has a multi-layer structure, a layer of the -
magnetic layer that is provided directly atop the.
obtaimad.mePartitularly,ridditivadif 8 exhilzseignificant effeats, and binployment of a
formed of a Co-Cr-Pt-B-Ta-based alloy, a
WXB-allpy 6t arBM@XEbalkadgrahtll)ogqntlmbutes to@oiserediictiBa.based
all oy, fromthe viewpoint of inprovenent of SNR
char@2@y i stics anong recording and reproduction
characteristics. The uppernost |ayer of the nmagnetic
| ayeln the preperd fimveatiby, Wienthel nof-mag@etichasPlaysr Zis-foasediof at least
“alloy or a Co-Cr-Pt-B-based alloy, fromthe WO
_twczb@mmﬂaﬂer pEWeIrgPothati®ass into romaetwpmh the nop-magnetic
_ inprovenent of SNR characteristi-cs anong recording and ‘
intermsristhigysrchis fermadaftaeWiXsbased allppovs) Mopnbashd alieyw gedthe other -
~invention, preferably, the stabilization |layer 7
laye§ntaayreongie a &ir laysr er a Gyalpy lnyseeantainiag ope Af meBTpesies selected
CoCr Zr - based aI I 0 CoCr Ta-based al |l oy, a CoRu-based
fropy qmegpg H g@elﬂl & SpMn.anddy pt 7r - based al l oy, a
CoCrPtTa based aI | oy, a CoPtRu-based, alloy, and a
CoCr IB0RLL based aI | oy. The t hi ckness of the

E]E a%léll g S%Is%g npyen = h@ ﬁgﬁgﬁgs?q%héggg%lfn%g#é}chgage I%ygraanr%ferably '
fal§ pihin § Saber § 1@@[30;424 foiimyba Whem e thigfness afhe e
nmiﬁ’??#%’ i et P TrasmbiD ke i e orentation ef e npugragneti
base&wﬁr ??f@%%%é?w%ﬂ%?ﬁt : i?\ugvgm?gf% g?ftC? OB BhfstCvin the
thigkAEss s AR 0 lﬁebag? e 2SBS0 R et mpgrte

amLOQrOo%ﬂof tﬁenmg heetlc I?:{y%? i3 lowlalee t O% deEJ Eoeén% g«?e t¥1e C&CI(Q,IVC force and
gnetl couplrng ‘Tayer. cORE ai nsany N

eq ue%g%sggt G 8# @%%acéggﬁ%ﬁyg{%y tg%bgﬂhe th{c egg Bg ?g dWirlra‘sed or

0 M4 P 0
(Y TBLBR' fo EhP Bira hd ANkhed o IAIRLALARLSY obhsfindiftg tnd

- nm noré€ preferd nm or theéereab

nor> ﬁ{agh&i& 73k y e, % h?g B SFRE ol Gaye PR kd dihted BUEH w?’thm a-

ormed of "Ru, ny, the l'ayer thickness 1s

ran@@ ges @tt%CionX . §td"m Rfn). PRESAAP, %r@fereﬂ?ﬂalspllaﬁe @ﬁﬁ@Wﬁ based or
when the Ru | ayer has such a thickness,

Mo@ngg?steng %H@%ng Betd NbCHER)ITAY cdnﬂ!uﬁ@& i the Hﬁﬁmeﬁ’c bREBlyer2isa -
- (100) plane. With this crystal orientation, the (11-0) plane of the Co alloy in the magnetic
layer 4 formed atop the non-magnetic base layer 2 is more preferential, leadipg to

improvement of. magnetic characteristics (e.g., coercive force (Hc)) and recording and

reproduction characteristics (e.g., SNR).

[0022]



The protective layer-5 nmay be forned of a

conventionally known material; for exanple, a
watmgbsisionponent material such as carbon or St/IPA0068315439

material predom nantly cont&i ning such a conponent.

The thickness of the protective |ayer 5 preferably

falls wthi'n a range of 1 nmto 10 nm fromthe

Vi eWRothe pre3éntThesigibh Cat SR CoHEda Y@ @ofdtitatingdthe Weh-magnetic

2007/ 018131 PCT/ JP2006/ 315439 18 durability when
intafediyerdyeat 3 RifghnedsfAong ReYialloy (Y HH, Ney Mo, RagTgtWeRe, Ir,

spaci ng" refers . to the distance between a read/wite
or Bf).emhnthe pfesentriaggeioh cth BacdrRu slhey emmgopdd ia thay@r-mAgnetic

The smal |l er the magnetic spacing, the nore inproved
intererediate layer leas au Ruscontene bH2Amt ¥ 4t%, and an XTdoatent of kot 8V & %.
" -layer 5, which is present between the read-wite
WiehaheNtconfent fsdedsabah hatdo,theeffevh ghadditgor afy¥ifail, to bk @aptired,

role for increasing the nmagnetic spacing. If desired,
-whtieaes whenb thec comtent| exgerds 80 fatfh nargstalf grains in an RuY-based alloy film
-~ fluorine-containing lubricant (e.g., N
beqoaref largerin pizkyleading Yo anaipcrebse ipmoisedebiichis ndierefemwed ctMore

| ayer . '[.OO.FZHS:J]@ The magnetic |ayer 4 of the magnetic
prefasallydY ngyRegldi arRinf Inisechpa easesthe Ruvoontenbis 2030 gf) @t%mang the X

has a nmagneti c ani sotropy index. (OR) of 1.05 or nore
contersie2(h raed@atgh| yin(the ease vihgreeY is ThNbaddmdei W, anPt she Bpygontent
_index is represented by (coercive force in a -
is 304 P8rat oapnd de Poeantent ichir 2Q #&.f orce in a radi al
“direction). Wien the nmagnetic anisotropy index.is

1. 05[@923hor e, magneti c characteristics (e.g., coercive
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anre;e%néi Vriloti A and a | ower noise, a production process
PIFEPS " MUy a magneti ¢ recordi ng and reproduci ng
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. characterized in that at |east a 'non-nmagnetic base.
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* For example, when a Co-Cr-Pt-based alloy is employed, preferably, _\the Cr content
falls within a range of 10 at% to 27 at%, and the Pt content falls within-a range of 8 at% tb
16 at%, from the viewpoint of improvement of SNR. When a Co-Cr-Pt-B-based alloy is
employed, preferably, the Cr content falls within a range of 10 at% to 27 at%, the Pt

content falls within a range of 8 at% to 16 at%, and the B content falls within a range of 1



is neasured to be | ower than the actual value. [0030]
In the present invention, in order to correct such an
weeroonisisthe nagneti c ani sotropy index of resimImEIP2006/315439
magneti zation is enployed i ngconbi nati on. The nmagnetic
ani sotropy index of residual magnetization (MtOR) is
defined by the ratio of residual magnetization .(Mt)
at% to 20 ités) deond thelvidvponttofamptayemesi el BNRmaWhehiazat i on
(Mt) in aradial direction (i.e., MtOR = Mt-ina
CotGriRfeBTiazthased alémyt is emphdyed) preerabdylithd Cdcomeattifalis)witMhamange of
the magnetic anisotropy index of residual .
10 at¥h el at&s,ithaPi coniend falls ovithima egngp oé Bat%hd ¥6 4t%, the B content falls
nore, nmagnetic characteristics (e.g., coercive force)
'w1thmja rasgelofit at% ta 2hatd,sind the Facenders falis witlsn a(rengg. of 1SN to 4 at%,
and PWs0) are further enhanced. Wen all the nmagnetic :
frongtheiviespoint o gnprosigmentiof SNR:er Waee a §io-@nPleB-Curbased alloy is
tangential direction (which is the ideal case), the
emplloyedripreterablys thet Grecomtsmirflls Widhin @ aangeloftl0 atfb ting7 at%, the Pt
- magnetic anlsotro%y i ndex. becones zero, and thus OR
cordent iglisCoritlvia @oargs ofr 3t toyl6 atfre thedd)pentent falls wishin@ggnge of 2 at%
i ndex (OR) or the nmgnetic anisotropy index of
to 2Qsa§fad and thee(gh eqnttzratfaltfrmtmta@m)gei of ]tﬁ%s@ﬂ@d“%yf@%’éh%f’le&momt
vi brating | e_magnet oneter (VSM-. [0031] Next wil '
of iepreneeges BEANK. pFEELE Coriee- B Bricbanad ey el prferaby,

recordi ng_nmedi um of the present invention. .
therfér@ﬁ‘&@hg‘tl Is wituma fange of 10 ﬁta?e t9ye7 piGe: rt%l’monémg/ faétﬁ "t‘ﬂ’é“ a range

materials described ove. in
of §at% kst ?‘g‘edh?)P&Bﬁth‘ﬁ fgﬁs EYFtht”n‘e aﬂﬁ%ﬂ@? ?té?g %Qe%.aﬁéﬂ the Cu
medi_um takin n e case, mh te th
corh fHigHidhin  egaat i o 103 fom S yiippint 6t sRpAREEN of
n NP, film(12 m is forned t hrough  pl ating
S erelnafter the substrate may be referred to as an
Pkﬁbgged Al substrate"). Firstly, the surface of
the lated Al substrate is subjected to texturing,
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sty iﬁﬁé‘S?%&?‘Iset%%gﬁléﬁfﬁ%%y‘:ﬁ%%?‘b%f%5‘%%58?@39% e magnetc

laybf £6e S} \éq g8l eﬂlﬁ tprc’:'—f@fre 1gg < ogfégh&ﬂ)n' alaracterlstlcs fail

carri-e out t roug he f ure:

to tpeoéutéhwg THiRARadrRtiP tﬁéﬁ@%@r}taoe b RguRRE Et?ﬁ&ul% Uz[rfd%@h of the

thereby bring the tape “into contact wth

layéférnfuﬁ% foRmBPbt A1y dthbihdtionYof SISt G| 'ai»h%ng kg NS
I's supplied between the tape and the substrate, and

afokdiferitihé S MaftdialsaD&Vheh 1B ¥REnétit [aydraners Wrsltingyer structure, a layer
direction while the substrate is rotated.

of the magnetic layer that is provided directly atop the non-magnetic 1ntermed1ate layer 3 is

preferably formed of a Co-Cr-Pt-B-Ta-based alloy, a Co-Cr-Pt-B-Cu-based alloy, or a
Co-Cr-Pt-B-based alloy, from the viewpoint of improvement of SNR characteristics among
recording and reproduction characteristics. The uppermost layer of the magnetic layer is

preferably formed of a Co-Cr-Pt-B-Cu-based alloy or a Co-Cr-Pt-B-based alloy, from the



[0032] In this case, the substrate may be rotated at
200 rpmto 1,000 rpm. The polishing slurry may be
wappbisesth at a rate of 10 nmL/minute to 100 ni/KGTAIR2@06/315439
The polishing tape may be papved at a rate of 1.5
m mnute to 150 mm m nute. The size of abrasive
grains’ contained in the polishing slurry may be 0.05
vieWpbint Of nfroverhern?d0 SNR eharactnistitsadmorey reodd i dnd r&froduction
mass% . The polishing tape may be pressed onto the”
chassadbaistias.e at a force of 1 kgf to 15 kgf (9.8 Nto 147
N (relative pressure)). These conditions are
appri@peélately determned so as to formtexture
grooves having a line density of preferably 7,500
(1'i niagherpesanrt imenéon,rpeferabiy ther shadliliza2ion 0H@r 7 Iconteins [N Or more
~or nore. The average surface roughness (Ra) of the
spekiePsgltcted fioml amorgst CaCelrimsédglayex CoCeTagbassdalopra C@Bu-based
- surface preferably falls within a range of 0.1 nmto
allay, rﬁopxRucbtaSﬁdlalloso 2 CobrRtZpbesedratiby,ya CoCrRtTarbassd allog am
' (2 Ato 8 A. 033 The substrate nay be subjected
COPtRUt ased) alulcng ap @I rRdRuokased pliayi. oThethicknasg of the stabilization
"oscillation" refers to a prgpcess.in which a tape is
layeriliprsteretly fallpyeithing rangerofi§enta 20 Agi Méhen tha thighnessef the
~ substrate while the tape is reciprocated i-n a radi al ‘
. stabjlization;layer Jfis 195& thag d 6t aﬁé{)@stablpgfgf%\rlmry fails to be magnetlzed and
oscillation.is performed at a rate of 60 tines/ m nut :
thetseiballzzn@n laypsed fatls i be antifpromagnetigalipgoupledowith rh@dn%ay@tlc layer 4,
t hrough a nmethad for form ng texture grooves_having ,
theﬂ%ﬁ%ﬂ achd pandwgehing ﬁ@owelrm%@g}lﬁﬁ?ur&wgﬁw% -1 fp %Hﬁaﬁ'i &ﬁen the

o the above-.descr.i be nechagloal t xturln

thickBEHG (B BR OGP PIPYR] HErAsD doristal ras Rbderae,Teating to
| oyi a fixed grinding wheel, or-a nethod
B’% B%V’H%SI Caser abrasion may be carried out. The line
@8%17 18131 PCT/ JP2006/ 315439 21 density of
t ext

rooves may be determ ned by means of, for
e mcro ope
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theg:-aﬁoﬁﬁ. M 14i@ ROBHcatsedwlin 82 RuBydr RS s&1e inidRER; the
Specifically, the [1ne denS|ty is calculated by

antﬁ@ﬁ&ﬁﬁ {efi6 cbtiflidgdhRhsiHPdREme®h lochEmaxinfMe! " Crossi ngs
along the X-axis

/[0028]

A

The protective layer-5 may be formed of a conventionally known material; for
example, a single-component material such as carbon or SiC, or a material predominantly
containing such a component. The thickness of the protective layer 5 preferably falls

within a range of 1 nm to 10 nm, from the viewpoint of magnetic spacing reduction or



centerline and the Y-axis centerline to the
correspondi ng nunber per mm In other words, the |line
walznshisy3i ndi cat es the nunber of peaks and val PEyIP2006/315439
the texture grooves per nmiug a radial direction.
[0035] Line densities are nmeasured in different areas
on the surface of the sanple, and the average val ue
durabidity when emgloged attighh recofdinghdensitys uFecitede (fsiaghetsc spaeing” refers-
obt ai ned. The average . value is regarded as the line.
to e distange bétwehe a geadoviits edgmertiof gmegsetiuivat aad ¢he Mhgnetic layer 4.
nunber -of areas in which the line density is to be .
Theremellardbe magndis spadingttheimore improvedaisadivite penversier elgeacteristics.
_ val ue and the standard deviation'. For exanple, the
~ The\pratiestivedayend which iypzesent betwaerthageadawrite dlement:of the head and the
devi ation are obtained at 8 of the 10 points after '
magneticdaysi . plags a sele foripcrapsingthe magnpticespaeingi t ¥ desired, the
- maximum and the area in which the |ine densit
- lubgicaion jayer ffopmedof #fluerineccantainiagepricant (s&- ,mer%mm@mpther) may .
t herehy enhanci ng_. neasurenent accuracy. [0036] The
be Rjopidsd ondbe protestik&layat e i s washed, and then placed in '
a Chﬁﬁgﬁ of afilm formation apparatus. I f desired,
the Llated Al substrate is heated to 100C to 400C.
7/.018131 PCT/JFég06/315439
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al n a vacuum o

te %%e&g rez:oP ;11—1%8 o g%ﬁcrefs 8% 4 ﬁltgﬁ l%ﬁy i EO%E &@ég qhe magnetic

es on sur ace Is aced
%hlsgﬁﬁgnﬁlﬁgi dlﬁg&lbg Iﬁgscr g? gfﬁbge’&a\{%fo?ﬁeg@cg 'u'i‘% gan%efltxal
~the layers. t'air@é{%ém@&%fﬂaii‘ﬂlc(lj&}éhbﬂ&ﬂ rse of
sputtering, power to be app regulated to 0.2

kWt azmg%lli%% YR finf; e dGling GIACHTS leettb E@p@@ﬁh b ﬁi?glﬁp%f)rdmg

to be applied are regulated, the layers. having

dexﬂﬁ? 1th&d i oG 1dRa 238 zneBO rdBrdity ABdium WARR has ﬁ\lﬁ?g'hexv‘fe&éntlvny and

be’ described an exanple of a process for formng t
a 10Wg MBisk,Ca pro@E@dai 18ci® tickddr, 470 adn AR PEBRIihE and regroducmg

substrate, a non- magneti c base | ayer (thickness:
apparatus. The magnetic recording medium is characterized in that at least a
non-magnetic base layer, a non-magnetic intermediate layer, a magnetic layer, and a
protective layer are laminated in this order on a non-magnetic  substrate, and at least one

of the layers of the non-magnetic base layer is configured by a WX-based alloy or a

MoX-based alloy (X=Zr, Nb, Hf, Ta).

[Elected Drawing] FIG. 1



to. 15 nn) is forned by use of a sputtering target
containing, for exanple, a WK-based alloy, an
wogsomaed alloy (X = Zr, No, H, or Ta), O, BIT/#2006/315439
Cr-based alloy. [0039] Subsequently, a non-nagnetic
internediate layer 3 (thickness: 1 to 10 nm is
formed by use''of a sputtering target containing Ru or
is meastRed-tdb bs bulverlthaythé ¥Yctaallvalueb, . Mo, Rh, Ta, W Re
Ir, or Pt). Subsequently, a nmagnetic Iayer 4
(thi (0B8ks: 10 to 40 nm) is formed by use of a
sputtering target containing, for exanple, a
CoCr Incthb psmsentahvemyipn gin o@ddCitétoroexs eukhadnl evsor, the magnetic anisotropy
CoCr Pt Ta- based al l oy, a CoCrPtB-based alloy, a
ind€p Of ftsidNal iagmedizatical is epplayeCaCedthBigetidya s dtheahdgngtic amis@tropy
-CoRuTa- based al |l oy. Subsequently, a protective |ayer
indgx 0f resislualmagnetizations Mm§R) & dedinpd Hy therretigbf residual magnetization
conventional |y known sputtering or WO 2007/018131 '
(Mprin 3Ragg8iaBdEadion to sespluabmagi@iizatiduéeinarradial dirdction (i.e.,
"~ desired, a lubrication layer 6 is formed through:
MrtQR weMrti i adangentislslivecien/Mrt inea 1adigl direatioppi \yherTthe magnetic
af orenmenti oned magnetic recordi ng medi um i ncl udes the
anipsrepdpea: efgeyidund magngtization isol. 0 6r wprea piferbiy dell off tesg,
or an MyX-based alloy (X = Zr, Nbo, Hf, or Ta), and
-magpAicrhATRIEEISkES (8- ﬁpechecfpapbanc\aveﬁ “smr eplweesl@r clmrac&ﬂnstlcs

an_RuY-hased alloy (Y = Ti
-(engNBranﬁtP) SGDr?é? @wéenlwaa%hﬁ’m Allshe mEp L depRtn the o

0040] 3 shows an enbqodi nent . of the magnetic
maRRdic M1 G TN S dARA A e iSSaR DEhich by oA Rgthene

af qr enen |ho ed etrc rec d| ng nedi.um The gnetic
denogypatar ?fgl &alep He Bistppyindex hecgmeszero,

o B 5 ﬁgpm&%weapgf%&f S R TR
j h h t t h ; ‘ ‘
ma e sGRPDY 1o ok iRl obiFadn WoRY uflasiod Bysq of
4 which I d f .
Vlbraelélgl’sa?lﬂlge%?g“ego eéerg(ﬁ& he Im(;dl qun igpo:)y(lel aﬁtrj for
repr ion of the data therefrom a head-driving
sect' 5 which drives the magnetic head 14 rel ative

.to tﬁg tgyﬂl Hérﬁeéglb%g i];p]r()ceg%]%r roducm the magliletlc ri%)rdllnﬁ medlem of

recor repro I gha ocessieng” §Y

| thetp?é%entr 1298&1‘3‘?10” NI Oﬁng?eglc%h e P&g?%%%ﬁ%dst%%%}t]h@’matenals |

ata are proces recor st gnal s’ ar

dessfibdd dHovE ﬂ'?glg?gﬂt? 1 hﬁ@@ wih beHesér gféﬁ%%h oﬂhg '?%léﬁetlc :

romt he r pr ocesse e resu t ant

recdfnOMERU ByPrakig, & ];Jne JEE&%E:‘thJ E&Phqgﬂ@1c§ﬁ$trate 1is

reproduci ng “apparat us 12 the present 1 nvent

an ATRIRKatedn willen BRERE kA (e 5k4fgensclf?€&%% Aﬁ erelnafter the

suitabl e for higher recordln

sub’sﬁﬁ&%ﬂity% referRH @B An "INiPCHlaRE A3 sURGARIRT esi st ance ( 'VR)
el enen

- Firstly, the surface of the N1P-plated Al substrate is subjected to text_urmg, SO as to

form, on the surface thereof, grooves having a line density of 7,500 (lines/mm) or more.
For example, in order to form, on the surface of the glass substrate, texture grooves having
a line density of 7,500 (lines/mm) or more, the substrate surface is subjected to mechanical

texturing in a tangential direction of the substrate by use of fixed abrasive grains and/or



utilizing giant magnetoresistive effect (GWR) or a GWR
el ement utilizing tunnel nmagnetoresistive effect
wd IvRp1s1Enpl oynment of a TMR el enent can f urt herCT/JP2006/315439
i ncrease recording densitypg[ 0041] WO 2007/018131
PCT/ JP2006/ 315439 24 The magnetic recordi ng and
reproduci ng' apparatus 12 of - the present invention
fre¢ alsrhsidegrailse Fegoimple, textorinyg sgarmizdi cuothtOugh thd following
medi um i ncl udi ng the non-magneti ¢ base |ayer 2 forned
_prooéduae:\Wpddiakiag tael id pressedamtdh¥-shbsteatk airfaoy to( terebZ brindthe tape
Hf, or Ta), and the non-magnetic internediate |ayer 3
intd conved with theiswafacaya polishipsshdratdmyining abrafive graibs isisbpplied
Rh, Ta, W Re, Ir, or Pt). Therefore, nmedium noise can
betiyeen thd tiapechnd Theesubptrats cantd thepelishingtapd tsanovedpn o thpetwinding
- of a magnetic recording and reproduci ng appar at us
dirention athlile thosubkirath isitated.y recor di ng. [ Exanpl es]
[0042] Operation and effects of the present invention
wi | 1[088%k be described in detail with' reference to
speci fic exanples. [Test Exanple 1] A magnetic
* r ecomghisgasee teuswbstoatoumay e sotated it BYO rpoe tat,000 ooy The pohshmg
| ayers having conpositions and thi cknesses. shown in
slurry p1ay be supplécd adpants of APl mingte to H¥hmbAnmate ¢ Thapelishing tape
| ayer 2 and a non-nagnetic internedi ate |ayer 3.
- may hpawyved ptrymteof }.5 wm/m@wecq 328 mopgiiputey 0By SizGafabrasps grains
ce 000-41~a-~NCRmOQO OO MtD CO 1~ 00 1- O Ln 00 0
conzalaﬂ?W%m@@)h WBY wm@ﬂd&mmw wy at DPO Ki-€.~qumulatiye

ma@%dg QQ @Eﬁ??@NNWPFI p@lshmg)t@pc Nay |b_e @F@ss?d Qi}to the subsirate at a force of

aioo ke g o B ool o fesbanp g, SRpigpRacl
dct?rﬁnssd 3 4535 S ISR EXIONFAIAIIN VRS TRRIEReT et R
(linleé/ml\éll)l\ér more, more preferably 20,000 (lines/mm) or more. The average surface
roughness (Ra) of the NiP-plated Al substrate having texture grooves on its surface
preferably falls within a range of 0.1 nm to 1 nm ¢! Ato 10 A), morc.prcferabl.y 0.2 nm to
0.8 nm (2 A to 8 A). | o

[0033]

The substrate may be subjected to texturing including oscillation. The term -
“oscillation” refers to a process in which'a tape is caused to travel in a tangential direction
of the substraté while the tape is -reciproéated in ;1 radial direction of the substrate.

- Preferably, oscillation is pcrformed at a rate of 60 times/miﬁute to 1,200 times/minute.
Texturing may be carried out through a fnethod for forming texture grooves h\aving a line
~ density of 7,500 (lines/mm) or more. In addition to the above-described mechanical

texturing method, a method employing fixed abrasive grains, a method employing a fixed

grinding wheel, or a method employing laser abrasion may be carried out. The line
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denSit Nk chrdplodvedvnay bé déterminéd by theahs &f] foriexamplel an AWM (atomic
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forﬂﬁnﬁﬁosﬁﬂptﬂ PréfacOHSF DEEiA0IEBuRen QU 12 0 00000O"
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O OFheNind dohsifl) isGneashided lunlerGhe following conditions: scan width: 1 um,

- OC~CI COCOoCOCLl "tYd ' OCClCCYy "')z2: E 7] + 0000O0O
scaf) rfie:0l HzOmEasOrefnedtsd 266 GmEs, thodel mppjngimoden LA probe iswatially
MNLnLh<n NNNNN OL->7777777777717

-moVedrfor cadnihglh®glasOsubbtrgie Ser@ing a8 aGam@iple) taltheredy Fidlda AFM image.
Ln. Ln Ln Ln Ln 111 Ln NMLn Ln Ln CO CO 00 CO CO C |

Theghugrobtaiped scad image lis subjected|to [planetfit jautgiprocessing] which id a type of
iC O Lo O NNNNN LNNNNN LINNNNNNN ‘L 0 0 0 00 NO O O -

flatenpgprocaysipg,at @ fintten order of 2 with respect to the X-axis and Y -axis of the

scan image, to thereby flatten the image. The line den51ty is calculated within a box area

(about 0.5 pm x about 0.5 pm) on the flattened image. = Specifically, tﬁe line density is

calculated by convefting the total number of "zero-level" crossings along the X-axis

centerline and the Y-axis centerliné to the éorresponding number per mm. In other words,
the line density indicates the number of peaks and valleys of the texture grooves per mm in

a radial direction.

[0035]

Line densities are meziSured in different areas on the surface of the sample, and the
é\}erage value and standard deviation of the measured densities are obtained. The average
value is regarded as the line density of the grobves of the glass substrate. The number of
areas in which the line density is to be measured may be selected so as to obtain the
‘average value and the standard deviation. FQI example, the number may be 10. When
the dverage and the standard deviation are obtained at 8 of the 10 points after excluding the
area in which the line density is maximum and the area in which the line density is |
minimum, abnormal measurement data can be eliminated, thereby enhancing measurement
accuracy.

[0036]

The NiP-plated Al substrate is washed, and then placed in a chamber of a film

formation apparatus. If desired, the NiP-plated Al substrate is heated to 100°C to 400°C.
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recording medium. Ona noh#magnetic substrate, a non-magnetic base layer (thickness: 3
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tlo,v15 nm) is formed by use of a sputteriﬁg target containing, for exémi)le, a WX-baséd
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Subsequently, a non-magnetic intermediate layer 3 (thiékness: 1 to IQ nm) is
formed by use of a sputtering target containing Ru or an RuY-based alloy (Y = Ti, Nb, Mo,
Rh, Ta, W, Re, Ir, or Pt). Subsequentlly, a magnetic layer 4 (thickness: 10 to 40 nm) is |
formed by use of a sputtering target containing, for example, a CoCrTa—basedj alloy, a
CoCrPt-based alloy, a CoCrPtTa-based alloy, a CoCrPtB-based alloy, a CoCrPtBTa-based.
alloy, a CoCrPtBCu-based alloy, or a CoRuTa-based alloy. Subsequently, a protective

layer 5 (thickness: 1 to 5 nm) is formed through conventionally known sputtering or
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A magnetic recording ‘medium 10 was produced by use of alloy layers having
corﬁpositions and thicknesses shown in Table 1, the layers sér,vi_ng as a non-magnetic base
layer 2 and a non-magnetic intermediate layer 3. | |

[0043]

[Table 1]
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Subsequently, a non-magnetic intermediate layer 3 (thickness: 4 nm) was formed
from an RuRe alloy (Ru: 50 at%, Re: 50 at%). |

| [0045]

Subs'eq'uently,. a magnétic layer 4 was provided. Si)ecifically, a first component
l'ayer (thickness: 10 nm) was formed from a CoCrPtB alloy (Co: 60 at%, Cr: 25 at%, Pt: 14
at%, B: 6 at%), and directly thereon, a second component layer (thickn.ess:' 10 nm) was |
formed from a CoCrPtB alloy (Co: 60 at%, Cr: 10 at%, Pt: 15 at%, B: 15 at%).

| During the course of formation of fhe_aforementioned layers, Ar was employed as

a sputtering gas, and the gas pressure was regulated to 6 mTon (0.8 Pa). Subsequently, a
carbon protective layer 5 (thickness: 3 nm) was formed throﬁgh CVD. Subsequently, a
lubricant containing perﬂubropolyether Was applied onto the surface of the prjotective layer
-5, to thereby form a lubrication layer 6 (thickness: 2 nm). Thus, a magnetic recording

medium 10 was produced.

[0046]
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[0047]

Recording of pattern signals was performed at 500 kFCI, and integral noise was
measured at a frequency falling within a range of 1 MHZ to a frequency corresponding to
375 kFCI. Reproduction output was measured at 250 kFCI, and SNR was calculated by
use of the following equation: SNR = 20 x log(reproduction output/integral noise as
_ measurcd at a frequency falhng within'a range of 1 MHz to a frequency correspondmg to
375 kFCI). Coercive force (Hc) and squareness ratio (S*) were measured by use of a
Kcrr-effect-type magnetic charactenstlc measurlng apparatus (model: RO1900, product of
* Hitachi Electronics Engineering Co., Ltd. (J apan)). Magnetic anisotropyl index (OR) and
magnetic anisotropy index of résidual magnetization (MrtOR) were measured by use ofa
'VSM (model: BHV-35, product of Riken Denshi Co., Ltd. (J apari)).

'[0048]
. [Test Examples 2 through 83]
- The progedure of Test Example 1 was repeated, except that the WZr_\alloy layer
having the aforementioned composition and thickness, which serves as the second
component layer of the non-magnetic base layer 2, was replaced by an alloy layer having a

composition and thickness shown in Tables 1 through 4, and that the RuRe alloy layer

having the aforementioned composition and thickness, which serves as the non-magnetic
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Subsequently, a non-magnetic internedi ate | ayer 3 was
formed from” an RuRe alloy (Ru: 50 at% Re: 50 at%.
Ther@@b2pr, a stabilization layer 7 (thickness: 3 nm
was formed froma CoCrPtTa alloy (Co: 67 at% Cr: 20
[Teat Bianitle 84JL0 at % Ta: 3 at%. Subsequently, a
non-magnetic coupling layer 8 (thickness: 0.8 nm was
f or nddndgnetic ReordimbdiunSlibwes)prduded, byaiseafjakkey aytraheving
4 was provided. Specifically, a first conponent |ayer :
cor(xpdsutumn @84 thidihessep shwwen fnoFahdel S fthe layarsGe®iny 8 ahdmmagnetic base
‘(Co: 60 at% Cr: 25 at% Pt: 14 at% B: 6 at%, and
layeti 2, @gronymagnstie imermedinte biyer 3,0mp erstabilizatigetayer 7.
~ (thickness: 10 nn) was forned froma CoCrPtB all oy
( Co: S0ifigally, aprNiPiffimaéthickmss: 1215muwey foBmed Srraugh electroless
During the course of formation of the aforenentioned -
Plalﬂégf@li! e supfaceRfsanedubsizate hasef outgndipmetendSymm, inned diamster: 25
ressure was regulated to 6 niforr (0.8, Pa).
mnslylyg eri37P mal)c@udﬁb% susfase ©f theuflm wgeesubicledHp dautiering so as to
nm was forned through CVD. ‘Subsequently, a
attql%@ pyespge &96@%9%{%&%@685 éﬁﬂ o -ops1 ydhe &‘rsult%mw%lst Wagemployed
onto the surface of the protectjve |layer 5,.t0 theretcary
as 3 RngEnaHsSHRia O b T%fy@qn maghgticonpstite 1 wap placedrinaDCy

R el T gﬁzﬂc%ébq@m@zgsﬂésﬁwbgmwemw,
chafilgEpap a%%ﬂg‘%? A0 SE O G VAL fb&ﬁ%@i??w&‘?@hﬁ 2}/ and then
o R o OB a0, R TRIEN
proylﬁiga éBy"%ﬁ“ﬁ?&‘&% g‘gﬁﬁgg {IT gf?etltcl base Isélye:,r\@wlasn fo-rrr%gli %o as‘, to Have a

Ihulti-layer structure including a first component layer (thickness: 2 nm) formed of Cr, and

a second component layer (thickness: 3 nm) formed of a WZr alloy (W: 80 at%, Zr: 20
ét%) and provided on the first component layer. '

[0053]
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[ Test Exanple 101]

[ 0057]
3. Specifically,

havi ng conpositions and t hi cknemssSBE22006/315439
the | ayeB3 serving as a

iate | ayer

ekl

magneti ¢ recordi ng nedi um 10 was produced by use of

watdooyisiayer s

non- magnetic base |layer 2 and a non-magnetic

recordi ng medi um 11.
shown in Table 6,
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O Ruk: A6y @R@S@af%fR@ 50 @70@ OTherBafteN ﬂstﬁﬁhﬁiﬁm‘layer 7
1t OMco +-Lto f--L
v (igknesy) Mrebvatforwem frog NCEGC%‘I@ afioy. (% o at aL‘%Lgt ZOGC% Pt:
i

| Nl(Nlt?%JélQ Qa{\%p Su@s&!blggtl% aonotg Og%ngﬁgcgloplﬁlg l%r S(Ehuclgless
LnOanf)Wszth:d\fmmman mLn Ln 111 L) Ln 7>> 7 7>> 7
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. €D 00 lotnIntnlntnLlntnLn YVv) NCGV V
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oomm@@tl\lamdco&ness I‘J.IONIIN wasijornad fxpmy a:\CcL(Er)PtIB\laupNCM 60 at%,

Cr. 25 at%, Pt: 14 at%, B: 6 at%), and directly thereon, a second component layer
(thickness: 10 nm) was formed from a CoCrPtB alloy (Co: 60 at%, Cr: 10 at%, Pt:

15 at%, B: 15 at%). During the course of formation of the afofementioned layers,
Ar was employed as a sputtering gas, and the gas pressure was regulated to 6 |
mTorr (0.8 Pa) - Subsequently, a carbon protectlve layer 5 (thlckness 3 nm) was
formed through CVD. Subscquently, a lubricant containing perfluoropolyether
was applied onto the surface of the protectiVe layer 5, to thereby form a lubﬁcation
layer 6 (thickness: 2 nni). Thus, a magnetic recording medium 11 was produced.
- [0056]

[Test Examples 85‘through 100]

The procedure of Test Example 84 was repeated, except that the WZr,
alloy layer having the aforementioned composition and thickness, which serves as

. the second component layer of the non-magnetic Base layer 2, was replaced by an
alloy layer having a composition shown in Table 5, to thereby produce a magnetic
| recording medium 11. ’ | |

-10057]
[Tést Example 101]

A magnetic recording medium 10 was producéd by use of alloy layers
héving compositions and thicknesses shown in Table 6, the layers serving as a
non-magnetic base layer 2 and a non-magnetic intermediate layer 3.

Specifically, a glass substrate (outer diameter: 65 mm, inner diameter: 20
mm, thickness: 0.635 mm) was subjected to texturing so as to attain an average

surface roughness (Ra) of 0.3 nm. The resultant substrate was employed as a



~ - lubricant containing p
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00. 0000000000 OOO0O NN @ 0) . OENNNNNNNNN

woRo7/NSIN N NN z E Ora T a ¢ UUUUUUUUUUUURIRAI 0060815439

'mX .--LN M-Ln'ONCO)Ov_IBMg- Ln"DN 00000000
0 L-I -4 r1ri -4ri r-L L UMW 2007/018131

PCT/JP2006/315439 37 [0059] Subsequently,  a magnetic
| apen-magnetic subsivateldd. T@pe@m-magaﬁiq/substraftq’: i stas ptasapomePC

o Hgn ko PRS0 ey LT b RTBEARETVAL, o

»angub‘ﬂcﬁ@&{tl' ytheRBARBG wa eirﬁ&%éii $P¥NEARATh alva¥&im of 2 x 107 Torr
(thickness? 10 nm) was fornmed froma CoCrPtB all oy :

( 2.7 60L03tR, 8d thdb(lhan% -nfiignetid Sibsir #te mvasuaatam 250°C. On
Dur.i ng, t he cou {lse of formation of .the aforenent one

| affiesUbstigfe, gn alignmeptycajatng ]éy%‘;féh‘?la‘ﬁﬁﬁné vas from a

gagoW &t (f%) %%t% B@ta@/gz EQUEW Y fea 19% @ac 3 neubsequently,v

Subsequernt car bon protective layer
3 thejsurface dfahm]agruﬁdmmgﬂntﬁ‘gDayeSNbs eqplmaﬂ ItQIQX)Egen gas. The

r Iye er was apptied -
*onDEVeR EaS P Wa Toghat idr g efXPOspre frgatment was
t hs&%}meﬁ%ml@e dedbdsCaty fdh- mla Y&ic tisd fa Wgércmsss v?deﬂ‘ml’the
Thus, a magnetic recordi ng ium 10

[ Oﬂﬁ@itrepfﬁésubsiﬁ)am’rp [Tche nl)ﬁimagnetm bise-layer R desefopn@bsmchsrte have a
of Test EX le 10 S_[.epeat ed e at t

o) Py GERRRYGe Al i SR ROseaR B EE b e mbimed of
t hCe lan@ 9Ssecodd c@hlp%ﬁém@yea%thuuch@ssseq‘am)%ﬁfem%wr hIRYE(W: 80
of the non- magneti c base | ayer 2, was replaced by an

al 18y Zra3kat%heapd pgoddedomibs firstoampenent hayekn eBubseansatly, 2
nn(-)l-rif’lt’?'lI eehc i gm&ngtte latl){% éﬁg&}gl %ﬁ%ﬁg@é&g{%@gﬁ&g aLIiﬁlRe

af Or eNBAL T one conposi
alloy (Ru: 50 at%, Re: 50 at%).
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M Ba). ESubsequentlypp cagporprotectiveilayer 5 (thigkgess: 8 @mt)(was formed

through CVD.  Subsequently, a lubricant containing perfluoropolyether was

applied onto the surface of the protective layer 5, to thereby form a lubrication .
'laycr 6 (thicknéss: 2nm). Thus, a magnetic reéording medium 10 was produced.

[0060] ' |
[Test Examples 102 through 117]

The pfOcedure of Test Example 101 was repeated, except that the WZr
alloy layer having the aforementioned composition and thickness, which serves as
the second component léyer of the non-magnetic base layer 2, was replaced by an

* alloy layer having a composition and thickness shown in Table 6, and that the
RuRe a‘lioy layer héving the aforemenﬁoned composition and thickness, which
serves as the non-magnetic intermediate layer 3, was replaced by an alloy layer
having a composition and thickness shown in Table 6, to thereby.produce a

- magnetic recording medium 10. |

[0061]

| [Test Example 118]

‘A magnetic recordmg medlum 10 was produced by use of alloy layers
haQing compositions and thicknesses shown in Table 7, the layers serving as a
non-magnetic base layer 2 and a non-magnetic intermediate layer 3.

| Specifically, a glass substrate (outer diameter: 65 mm, inner diameter: 20
mm, thickness: 0.635 mm) was subjected to texturing so as to attain an average
surface roughness (Ra) of 0.3 nm. The resultant substrate was employed as a
non-magnetic substrate 1. The non-magnetic substrate 1 was placed in a DC

magnetron sputtering apparatus (model: C3010, product of ANELVA).
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[0064] [Test Exanples 119 through-

applied onto the surface of the protective |ayer 5,
procedure of Test Exanple 118 was repeated,
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LLJ’&)LA.&@ESqqucntly, a carbon protectlve layer 5 (thlckncss 3 nm) was formed
through CVD. Subsequently, a lubricant containing perfluoropolyether was
applied 6ﬁto the surface of the protective laiyer 5, to thereby form a lubrication .
layer 6 (thickness: 2 nm). Thus, a magnetic récording medium 10 was produced.

[0064] ' S
[Test Examples 119 through-134] _

The pfocedure of Test Example 118 was repéated, except that the WZr
alloy layer having the aforementioned composition and thickness, which serves as
the second-corﬂponent layer of the non-magnetic base layer 2, was replaced by an
alloy layer having a compositioﬁ and thickness shown in Table 7, to thereby
produce a maghetié recording mcdiurh 10. |

[0065] |
[Test Examples 135 through 140] _

The procedure of Test Example 1 was‘rebeated, except that the WZr alloy
layer having the aforementioned composition and thickness, which serves as the i

| second component layer of the non-magnetic base layer 2, was rei)laced by an alloy

. layer having a composition and thickneés shown in Table 8, and that the.Ru_Re
alioy layer having the aforementioned composition and thickness, which serves as
the non-magnetic intermediate layer 3, was replaced by an alloy layer having a
cc;mposition and thickness shown in Table 8, to thereby produce a magnetic
recording medium 10. |

[0066]
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[0069] [Test Exanples 145 and 146] The procedure of

Test Exanple 101 was repeated, except that the WZr
“KBMMQynhmyer havi ng the af orenenti oned conposirdTOIP200%815439

t hi ckness, which serves as42the second conponent | ayer

of the non- nagnetlc base | ayer, was.replaced by an

al l oy l'ayer 'having a conposition shown in Table 8, and

that t helORS8r al l oy | ayer, which serves as the

PR LAY L2, 07, 00,

| ayer, tDhe ;hemhye wMUEﬁamplﬁagmstriepeatdde exdept gt the WZr alloy
medi um [0070] [ Test Exanples. 147 and 148] The
pr g¥ediavmedhe afogsmentioned @@n%lwwéb@m% W@szle éiwes as the

t Aot dieEinen el ot Y Rin- R AR thlealr STRNAIAIESy an alloy

conposi ti ckness; serv seco
c olaparhaning aagompositiohlskown in ’rli‘aiga 81 :md tlhatsthe RaRe ralloyvhryer which

| aced b an al | oy | aye |t|
| e as Sendume g e dur Bhagiats Beh SR Pl du oG Ta alloy
- "?betﬂ)‘it% ecPPliapg, TR zH 8 %]Qr QQWJr a-uce a ma%letlc recording -
/ JP2006] 315439 ~ 43 77T [Test les 14
150¢dimtne procedure of Test Exanpl e 118 mas repeat ed,’
except h@ﬁ% the WZr alloy | ayer. having the
af orene §kxiconposition and t hickness, .which serves

as[TegtrEx@qﬂgy\mmanqnpnt | ayer of. the non-magnetic
base |ayer, was replaced by an: alloy |ayer having

conposi t Thsrpreersiuee ofTephExample 19k avas ﬁ@eawﬁeememéhwa%wzf :

| V‘hzhﬁuSr lgfggl\é.{Qig?ﬁe Jf@@eélé} ﬁal&%?&)%ﬂo%]&) ﬂta% %?%}%E%wﬂl%&hes as
~ atfe sdnd 20mpbfent fager of the nbhenaphytipbasd loer,avasagplatddby an

recordlng medi um [ 0072 Test s. 151 an ]
Thaé oyrlaYed Jayiag greompasitipn aﬁ%[bécl%ﬁss\%@vvpéaéfatﬂ@& tey @ﬁ

I ving the aforenentioned
dhd&, %Qﬁgnaegg rzgcﬁlly%lb ¥R

co oSiti , ess, which serves as the second
conponen06@yer of the non-nmagnetic base layer, was

el Raidy oY oduce a magneti ¢ recording

medi UM The procedure of Test Example 101 was repeated, .except that the WZr
alloy layer having the aforementlo’ne_d composition and thickness, which serves as
the second compoﬁent layer of the non-magnetic base layer, was replaced by an

. alloy layer having a composition shown in Table 8, and that the RuCr alloy layer,
which serves as the non-magnetic intermediate layer, was replaced by a CoCrTa

alloy (Co: 70 at%, Cr: 28 at%, Ta: 2 at%) layer, to thereby produce a magnetic

recording medium.

- [0070]

" [Test Examples 147 and 148]

: The procedure of Test Example 118 was repeated, except that the WZr
alloy layer having the aforementioned composition and thickness, which serves as
the second component layer of the non-magnetic base layer, was replaced by an
alloy layer having a composition and thickness shown in Table 8, to thereby

produce a magnetic recording medium.



[ Test Exanpl es 153 and 154] The procedure of Test
Exanpl e 84 was repeated, except that the WZr al | oy

wO zpenishavi ng t he af orenenti oned conpositi on amr/JP2006/315439
t hi ckness, which serves as43the second conponent | ayer
of the non-magnetic base |ayer, was replaced by an :
alloy la havi ng a conposition shown in Table 9, and
t hat thelyO@ESHrPtTa alloy layer, which serves as t he

st l’.j@ﬁ gaéh% s replaced by a CoCrTa all oy
C@w a‘%lgpli Zgoila% Ta: 3 at% layer, to ;
ther eby, Tlgr proveduraofhiepn Ekamp redaenmanaeatmdexmpﬂihat the WZr
WD 2007/018 2006/ 31543 I '
y %)meea%avmg(the aér@wmlf o compossign an “PlﬁkILeﬁ£ ki‘e}? gaves as
- 06th@9eco'nﬁ c%yoné‘rl\tllay\ér o¥ thglagp nQ@etlc? bés@ lfyer Las\Bpla&ddPly an

0 C 1270000
) ﬂld)t(l@mm&mg awo@pmitdou«shwwmllcr MINBmmh th@'ﬁth:RhRle@eoWhlch

M:s—er;es as thl\c/le IMB -magnetic intermediate layer, was replaced by a CoCrTa alloy
(Co: 70 at%, Cr: 28 at%, Ta 2 at%) layer, to thereby produce a magnetlc recording -
medlum

[0072]

[Test Exarnples 151 and 152]

| The procedure of Test Example 84 was repeated, except that the WZr
alloy layer having the aforementioned composition and thickness, which serves as
the second component layer of the non-magnetic base layer, was replaced by an
alloy layer havrng a composition shown in Table 9, to thereby produce a magnetic
recording medium. |

[Test Examples 153 and 154]

- The procedure of Test Example 84 was repeated, except that the WZr
alloy layer having the aforementioned compos1t10n and thickness, which serves as
the second component layer of the non-magnetic base layer, was replaced by an
alloy layer having a composition shown in Table 9, and that the CoCrPtTa alloy

. layer, which serves as the stabilization layer, was -replaced by a CoCrTa alloy (Co:
77 at%, Cr: 20 at%, Ta: 3 at%) layer, to thereby.produce a magnetic recording

" medium 11. '

. [0073]
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squareness rati o, magnetic anisotropy index (OR),
magneti ¢ ani sotropy i ndex of residual nagnetization
wq Mot/0RBx31 and read-wite conversion charact eriBtT/IPR0@I315439
the magnetic recording nedsa of Exanples 1 through
154. [0075] As is clear fromthe results of Test
Exanpl es O]W%Er ough 83, 135, and 136, when the second
corrponen& er fornmed of a WZr, W\b, WHf, Wra, MoZr,
MONb;  MotiblesdT tHybdgh PEHORY tﬂeﬁeﬁﬂlﬁ'@f E‘@l’udﬂohb of &Rrcive force (Hc),
non-magnetic intermediate layer formed of Ru or an
Ru marqn@matlp;mgnemg msowlnp@m@RRmagnetmanmpppy 1ndex of
al r S
Tel&%’dﬁ){l%#%ﬂeﬁé{% @ﬁRg and ¢ r?éla\gg %o ogver 1&5%hgr%§t%f1§mé of the
f omapsktiefre€or@inlyhiedid bDExaxﬁplemr‘aw@gh 1@4:: h the
non-magnetic internedi ate | ayer fornmed of RuRe. In
Test EanBVé] 140; i.e.,. in the case of errpl oynent of
a Cr MoB \ I
pr oduci nir Setea #F e e BEAR TR Rl DB o83, 135, and 136,
' ar when gristeadtoimpodedtdaye fedned, of asWEe, W NbCKEBE VT4, d»onr

&{pﬁj%%qﬁ e}: I(\:/Io nstéﬁggwss?(rrgllj | gé \tavgﬁglgpt I&?}Fra?;r@lgmysxjmedlate
ang LhtdemEN RERS 6& h$ RURbORuSS iz‘uRheﬁﬁ’l“aY mtﬂké"ﬂlﬁr of RuPt

grovvn along a (110) direction. [0076] In Test Exanple
13djoyi, SAR isiimptdved ansempiree Wptﬂmdymt: oﬁifesa B3aivipleal 400y which

F ol o i Aenc ey SR e RIEARLO SR AR bifh vy

deh&[-hﬂgﬂétﬁ,cin@ﬁnédl%%}%@ fo¥nicld of IRRIREES BE TEt E}Eﬁﬁﬁ)la 140; i.e., in
. Exanples 1 through 83, since a CrM allo

 alhecs olomalesmeniothiCaMatiloy, waichcs gencrally creplayisl for
f a gu@gk g}e/ g‘xéi COrain%(rfléAﬂlg % 190%9%4?(25 ar@ { g%lfl&f%lxﬁ}yR&Jetenorated

ICIe aX|a

*( 14i8¢e sICrMoBialioy hb@é) Ya’t’ﬂwe consthﬂt dnfdlet ﬂﬁﬁ um ef Gfoi chﬁmple a WZr
second co% onent is fornmed of

a
al ARy (cforfe?bffgr Cé%@m and thus BVRP@lbrfa|b6>$eﬁlcg§ﬂ§ﬁamlaﬂy
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which is generally employed for producing magnetic recording media,

- characteristics are significantly deteriorated as compared with the cases of Test
Examples 1 through 83, since a CrMo alloy has a lattice constant smaller than thét
| of, for example, a WZr alloy (e.g., 2.94 A for Cr20Mo), and thus RuRe fails to be
. sufficiently epitaxially grown along a (1 10) direction. |
- [0077]
~ In the case where the second component layer is formed of a CrMo or
CrMoB alloy, generally, a CoCrTa alloy is employed as shown in Test Example
141 or 142. However, also in such a case, SNR is lowered as compared with the
cases of Test Examples 1 through 83.
[0078]
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Test Examples 101 through 117 are the cases where a medium including a
glass substrate serving as the non-magnetic substrate 1 employs a combination of a

WZr, WNb, WHI, WTa, MoZr, MoNb, MoHf, or MoTa alloy and Ru or an RuNb,
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. 11. A magnetic recording medium accofding to any one of claims 1 through 10,
wherein the non-magnetic substrate is any one species selected from among a glass

substrate and a Silico_n substrate.

12. A magnetic recording medium according to any one of claims 1 through 10,
wherein the non-magnetic substrate includes a substrate base formed of any one
species selected from among Al, an Al alloy, glass, and silicon, and an NiP or NiP

alloy film formed on the surface of the substrate base.
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13. A magnetic rccbrding medium according to any one of claims 1 thfough 12,
wherein the layer formed of a WX-based alloy or an MoX-baséd alloy (X = Zr, Nb,
H, or Ta) has a thickness of 0.5 to 12 nm. | ‘
14. A process for producing a magnetic recording medium comprising a
non-magnetic substrate; and, on the substrate, at least a non-magnetic base layer, a
_ non-magnetic iniermcdiate layer, a magnetic layer, and a protective layer, the
layers being provided‘in thiS sequence, characterized in that the process comprises
forming ét least one layer constituting the non-magﬁetic base layer frc')mb a

WX-based alloy or an MoX-based alloy (X = Zr, Nb, Hf, or Ta).

15. A process for producing a magnetic fecording medium comprising a
non-magnetic substrate; and, on the substrate, at least a non-magnetic base layer, a
stabilization layer, a non-magnetic coupling léyer, a magnetfc layer, and a
protective layer, the layers being provided in this sequence, and the stabilization
layer being antiferromagnetically coupled with the magnetic layer, characterized in
that the process compriées forming at least one layer constituting the non-magnetic

- base layer from a WX-based alloy or an MoX-based alloy (X = Zr, Nb, Hf, or Ta).

16. A magnetic recording and reproducing apparatus characterized by comprising
a magnetic recording medium according to any one of claims 1 through 13, and a
magnetic head for recording of data onto the medium and for reproduction of the

data therefrom.



