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1. Field of the Invention: [01] The present invention relates to a magnetic
recording mediumwhich is enployed in, for exanple, hard di sk devices, to
a process for producing the magnetic recording nedium and to a magnetic
recordi ng and reproduci ng apparatus. 2. Background Art: [02] The recording
density of a hard disk device (HDD), which is a nagnetic recording and

repr oduci ng a%ﬁtﬁﬁ%ﬂc @@COR@IW Eflflﬁi PREDBCTIBN PREOICY, and this

tendency i s expected to conti nue. erefore, magnetic recor ng heads and

magneti c recof d recordi ng
density are nolaﬁgﬂ:éfef @gﬁ@mﬁ&mamﬁgﬁﬁ @Wﬁ&%a enpl oyed
in hard disk devices are required _to _have high recording density, and

t herefore demand has arisen for '4%%@B@§‘ t of coercive force and
reducti on of nmedium noise. [04] Most magnetic recording nedia enployed in
hard di sk devices have a structure including a nmagnetic recordi ng nmedi um

substrate on which a megalkigRGUND bF TiamQekRd1ORr ough sputtering.
Al um num substrates and glass subsirates are w dely enpl oyed for producing
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[01] The present invention relates to a magnetic recording medium which is

employed in, for example, hard disk devices, to a process for producing the
magnetic recording medium, and to a magnetic recording and reproducing
apparatus.

2. Background Art:

[02] The recording density of a hard disk device (HDD), which is a
magnetic recording and reproducing apparatus, has increased at a rate of 60%
per year, and this tendency is expected to continue. Therefore, magnetic
recording heads and magnetic recording media which are suitable for attaining
high recording density are now under development.

[03] Magnetic recording media employed in hard disk devices are required
to have high reéording density, and therefore demand has arisen for
improvement of coercive force and reduction of medium noise.

[04] Most magnetic recording media employed in hard disk devices have a
structure including a magnetic recording medium substrate on which a
metallic film is laminated through sputtering. Aluminum substrates and glass

substrates are widely employed for producing magnetic recording media. An
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*@00002* 3 1 OCT 2006 alumnum substrate is produced through the

« follow ng process: an N -P-based alloy film (thickness: about 10 n§1ig”'2m6
formed through electroless plating on an Al -My alloy substrate which has
undergone mrror polishing, and the surface of the N -P-based alloy film
is subjected to mrror polishing. dass substrates are classified into two
types; i.e., anorphous glass substrates and glass ceram c substrates. Wen
either of these two types of glass substrate is enployed to produce a

magnetic regRLGha sUBdiaNs Cptrmcé&”&ﬁgﬁgq{ fhe !féllocvbﬁﬁ%?)%c% : ah NiP-p5eA Pol i shing.

[05] In general, a magnetic recordi ng nmediume oyed to produce a hard

ayer (1 or ALGY BF CRisfnGR BRI biny i oRned Reier R TER RS Sa 4y oo

alloy); a non- magnetic internediate |ayer (formed of, for exanple, a

Co- Cr - based AdiM@plley substrats-vrhichrhapurdeseane| mignor palishing end dhe syréace(f or med of |
for exanple, a Co-Cr-Pt- Ta-based alloy or a Co-Cr-Pt-B-based alloy); a
protective bfthaNiERbawd abby fiimris sebjestid ® moeoripohidhing.h&ldsapatsssragend fi | m
bei ng successively formed on the substrate; and a lubrication film

cont ai ni ng arel cRAsifled Ultoi BANttyRRd ifQr MMepABus ghes RBiREss ¥ed fdldsy [06] In
accordance with an increase in recording density of, for exanple, a

magnetic di gkafQYisGRrafleTMheNaStHRf 103 &Rede Ot A t)ﬂﬂég g t %str SRR%AE nig . medi um

exhi biting magnetic anisotropy 1n a circuntferenti Irection (hereinafter
may be referred imply as "circunf.erenti.al netic anisotropy"), and
thus exhi beePhgee Bt Pheadli et ubbattdidn, RGNS BRaeed!
Therefore, circunferential nagnetic anisotropy is inparted to a nagnetic
recordi ng & mirror polishing.

[05] In general, a magnetic recording medium employed to produce a hard
disk device includes a non-magnetic substrate; a non-magnetic undercoat layer
(formed of, for example, an Ni-Al-based alloy, Cr, or a Cr-based alloy); a non-
magnetic intermediate layer (formed of, for example, a Co-Cr-based alloy or a
Co-Cr-Ta-based alloy); a magnetic layer (formed of, for example, a Co-Cr-Pt-
Ta-based alloy or a Co-Cr-Pt-B-based alloy); a protective film (formed of, for
example, carbon), the layers and film being successively formed on the
substrate; and a lubrication film containing a liquid lubricant and formed on
the protective film.

[06] In accordance with an increase in recording density of, for example, a
magnetic disk device, demand has arisen for a magnetic recording medium
exhibiting magnetic anisotropy in a circumferential direction (hereinafter may
be referred to simply as “circumferential magnetic anisotropy”), and thus
exhibiting excellent read-write conversion characteristics. Therefore,

circumferential magnetic anisotropy is imparted to a magnetic recording



31 0CT 2006 nediumincluding an alum num all oy substrate coated 'tdbfaﬁms
«+ NP filmthrough plating (hereinafter the substrate nay be referred To as

an "alum num substrate"), by nmeans of nmechanically form ng grooves on the
surface of the NP filmin a circunferential direction (hereinafter the
procedure will be referred to as "nechanical texturing"). [07]

Non- magnetic substrates; for exanple, glass substrates, are suitable for
attaining high recording density, since they exhibit excellent inpact

resistance, éﬁlg'h qh&lﬁdm@nﬂl QU ERS llc;ghgﬁ@sftr?{e coa r\lzvign' TRIGH 'ﬁ‘I:IBr ecor di ng

medi um inclu |ng non-magneti c su strate or e ass can be provided

with circu i e p. t he . resul tant .recardi ng nedi um
is envisagt P ?ﬁ?%ﬂ? Q%%?ﬁ@%?*F%ﬁ%’%@%?efqﬁﬂﬁﬁ%Péﬁ&H éﬁﬁ?ﬁwPerlstlcs
[08] Several nethgds have been proposed for subjecting a glass substrate to
mechani cal SeS&@IE hgy meartsr@rw@amsw fosming grogysovethermereoefl theor exanpl e,
there has been proposed a nethod for formng mnute, uniformtexture
grooves, whiNoR felaplimyes ciacunisatisi dineaiont @emlm@eabhasxrwdgneawdt band a

sol ution of a hydroxyl -group-containi ng conpound, and a woven tape forned
of plastic féfbeed toSae'mbahaned extairgfly. No. 3117438. [09] There has al so been
proposed a nethod for formng mnute, uniform texture grooves, which

enpl oygoi anond mna{ﬁa%r@ua@@bsﬂﬁtets%%mpw %1&5%6&31@%@%%1&(@ ns. See
U. S. Patent No. 248 10] However ficulty is encountered in

t
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ooves on the.substrate.
ar rigidify, and évenness. 3l"here(?ore when a magnetic recording medium

n

including a non-magnetic substrate formed of glass can be provided with
circumferential magnetic anisotropy, the resultant recording medium is
envisaged to exhibit excellent read-write conversion characteristics.

[08] Several methods have been proposed for subjecting a glass substrate to
mechanical texturing, to thereby form texture grooves thereon. For example,
there has been proposed a method for forming minute, uniform texture
grooves, which employs a suspension containing abrasive grains and a
solution of a hydroxyl-group-containing compound, and a woven tape formed
of plastic fiber. See Japanese Patent No. 3117438.

[09] There has also been proposed a method for forming minute, uniform
texture grooves, which employs diamond abrasive grains together with CeO,
abrasive grains. See U.S. Patent No. 6,248,395,

[10] However, difficulty is encountered in imparting sufficient
circumferential magnetic anisotropy to a magnetic recording medium

including a glass substrate by merely forming texture grooves on the substrate.



In view of the foregoing, there has been proposed a nethod in whi §h gE

< anor phous | ayer containing at least NN and P is fornmed through sp th Tnzaﬂﬁ
on a glass substrate having linear texture grooves on the surface thereof,
to thereby inpart circunferential magnetic anisotropy to the resultant
magnetic recording nedium See Japanese Patent Application Laid-Open
(kokai) No. 2001- 209927. [11] The above-proposed nethod for form ng an
anor phous | ayer containing at least Ni and P on a gl ass substrate having

texture groqy&few ©PNAé ifBﬂéF_@i%g,aﬂle?é_ h&dMBted BrapBid B AEKS& fifGhhish Bh! ar to that
obt ai ned by the aforenentioned N P-plated al um num substrate having

t ext A2 . fil. Co- based
magnet i ¢ 1 aygy PobgleytAdkiting BB i tha b3S ISR G0 Bk ofn (o

anor phous | ayer formed through the above nethod, the resul tant nagnetic
recordi ng nﬁéﬁﬁmbég{ﬁﬁeg’f’f‘élg LDsEEXtuE SfRPYS: 9?““%?\%6%?9&9%&‘? Ke anor phous
| ayer containing at |least N and P is enployed, difficulty is encountered
in attai ni ngMPAGRreHREEnte magnete anigefranygh theyigarl e mggreticirecording
satisfactory read-wite conversion characteristics fail to be obtained.
[12] SUMVAR¥Me@RnT HES¢eNVaEme@NPated] Alpplicdtiow biidiOwenf GloégdiMg, 2@01-obj ect of
the present invention is to provide a magnetic recording nmedi umi ncl udi ng
a gl ass subg09s¥7e having grooves on the surface thereof, which nedium
exhibits circunferential nagnetic anisotropy, high coercive force, high

squar epegs rati oThangdhSXCshh&RE iR Wol t [ a istics. 43
10C EFQOOG [ 14] Anot hgfr %bj ect of t\#g p%é@girﬁle%ﬁv%r?gﬁki ggﬁ_provi de a

process for containing at least Ni and P on a glass substrate having texture grooves

constitutes an attempt to obtain an effect similar to that obtained by the
aforementioned NiP-plated aluminum substrate having texture grooves. In
reality, when a Cr-based undercoat film, a Co-based magnetic layer, and a
protective film are successively formed on the amorphous layer formed
through the above method, the resultant magnetic recording medium exhibits
magnetic anisotropy. However, when the amorphous layer containing at least
Ni and P is employed, difficulty is encountered in attaining high coercive
force and high squareness ratio, and satisfactory read-write conversion
characteristics fail to be obtained.

[12] SUMMARY OF THE INVENTION

[13] In view of the foregoing, an object of the present invention is to
provide a magnetic recording medium including a glass substrate having
grooves on the surface thereof, which medium exhibits circumferential
magnetic anisotropy, high coercive force, high squareness ratio, and excellent

read-write conversion characteristics.



produci ng the medium [15] Still another object of the present invantigon 8
. to provide a magnetic recording and reproduci ng apparatus containing the
medium [16] In order to solve the aforenentioned probl ens, the present
inventors have perfornmed extensive studies, and have found that, when an
orientation- determning |ayer of a magnetic recording nediumis fornmed of
an alloy layer <containing at |east one el enent selected fromanong Co, N,
and Fe and at |east one elenent selected fromanmong W M, Ta, and Nb,
characgq)i stics QfpotiRr HREHRELE Ghd PRAES MYeARMR fseRr %@u_ﬁi'erw pARB& RfrUS

i ncorporating the magnetic recording nmediumcan be inproved. The present

i nvention h%ﬁxﬁ@ﬁ théGE@aRl i shed on the basis of this finding. Accordingly,
t he present "I nvention provides a nagnetic recording nmediumas clained in
any on f clai d, to,11. . [17) BRI EF DESCRLPTI ON OF THE DRAW .NGS [ 18]

1y, 1T a° e honll a0HES SbictEet 16 itpoepl SeBron eloRIgHEE FomPE¥HR di ng
medi um of the present invention. [19] Fig, 2 shows a magnetic recordi ng and
r epr oduci ng 'EPFHRRARKTEPIOdEEINE 3PRATAINE CoHainiigdhe Miediupbcor di ng medi um of the
present invention. 5 3 1 OCT 2006 DETAILED DESCRI PTI ON OF THE | NVENTI ON

[ 20] ThEdSlmagnet i én oedeontdisokye rtbelaforernéntioned prabdems, thepesseintonvémalsudes a

gl ass substrate having grooves on its surface, an orientation-determ ning

| ayer, a naavepghatied exteaeive @aldidsayes have fsagd eidtCwhéy &f oriadittiéh-pr ot ecti ve
film the layers and film being successively formed on the substrate. A

charact eri sybermnGRt Hy& d¥fa hiheMB oSt difg MRARLI|sBrARALUR LIRS 198RS | n t hat
the orientation- determning Tayer contains at |east one el énent sel ected

fromthe gr Q&Raining at least one element selected from among Co, Ni, and Fe and at
least one element selected from among W, Mo, Ta, and Nb, characteristics of

a magnetic recording and reproducing apparatus incorporating the magnetic

recording medium can be improved. The present invention has been
accomplished on the basis of this finding. Accordingly, the present invention

provides a magnetic recording medium as claimed in any one of claims 1 to 11.

[17] BRIEF DESCRIPTION OF THE DRAWINGS

[18] Fig. 1 is a schematic cross-sectional view of the magnetic recording
medium of the present invention.
[19] Fig. 2 shows a magnetic recording and reproducing apparatus

incorporating the magnetic recording medium of the present invention.



consisting of Co, Ni, and Fe and at |east one el ement selected fromthe

. group consisting of W M, Ta, and Nb. [21] Fig. | schematically Zho& a¥6
enbodi ment of the magnetic recording nediumof the present invention.

Ref erence nuneral 1 denotes a glass substrate, 2 an
orientation-determning film 3 a non-nmagnetic undercoat |layer, 4 a
magnetic layer, and 5 a protective film [22] The glass substrate 1 may be
formed of anorphous glass or glass ceramc. Anorphous gl ass nay be
gener al - purpose gl ass such as soda-linme glass, alum noborosilicate gl ass,
or alumnosilicate glass. dass ceramic may be lithiumbased gl ass

ceramc. Particularl ETEAHEE@' SCRHPSbREHE T'P?E H\WE Iﬁg@}\ly formed of

anor phous gl ass exh|%rrrng—uéﬁiornﬁghysrcakjmﬁnnﬂji?ﬁrie.g., har dness),
si nce iﬁgturing n be perforned unkfornuy on the surface.oﬁ%the
substratd. [23] THE TIEREUC Los{ipg mredium Of e PEeseriginysntiqnoncudes g e
mechani cal texturing by use of a |apping tape containing fixed abrasive
grai ns or byglagsgubstrate haeing grapves gn s yurfgygean eignaajopedetgrainag laysr.t her eby
form grooves on the surface of the substrate. The grooves fornmed on the
surface of nhenghagetis ubd¢rcadtdayerpa efagnetid layeniandlaogprgteativec fitoutiiter ent i al
direction of the substrate. The average surface roughness (Ra) of the

gl ass subst l@ks dndnfivi Beink Rec@EaI¢Todied 615 tHeWubaege Pretieradidnstical | s
within a range of 0.1 nmto 1 nm(1 Ato 10 A), nore preferably 0.2 rimto

0.8 nnm(2At 98MAkre 26k Y tiEhx%c@Mﬁfgan%dﬁH{ FasRs" RUARN RS ofiBRAMide | €ss than

0.1 nm the glass substfate 1 becones excessively snoboth, and thus the
FL&:?L d?f | ﬁﬂgtgc‘rg frngr%[ ?a@z\%,' ecml%@ﬁlgt ziitc le%&i (S)r?et re?eDnYen?fsefeQ{‘aéd nﬁ%ehliecgrlo% er 4is
consisting of Co, Ni, and Fe and at least one element selected from the group
consisting of W, Mo, Ta, and Nb.
[21] Fig. 1 schematically shows an embodiment of the magnetic recording
medium of the present invention. Reference numeral 1 denotes a glass
substrate, 2 an orientation-determining film, 3 a non-magnetic undercoat layer,
4 a magnetic layer, and 5 a protective film.
[22] The glass substrate 1 may be formed of amorphous glass or glass
ceramic. Amorphous glass may be general-purpose glass such as soda-lime
glass, aluminoborosilicate glass, or aluminosilicate glass. Glass ceramic may
be lithium-based glass ceramic. Particularly, the glass substrate is preferably
formed of amorphous glass exhibiting uniform physical properties (e.g.,
hardness), since texturing can be performed uniformly on the surface of the
substrate.

[23] The glass substrate 1 is subjected to, for example, mechanical texturing

by use of a lapping tape containing fixed abrasive grains or by use of free



average surface roughness (Ra) exceeds 1 nm the evenness of the surface of
. the mediumis lowered, |eading to poor glide height characteristicks! &006
result, difficulty is encountered in reducing the flying height of a
magnetic head during the course of recording and reproduction of data.

[ 25] The surface of the glass substrate 1 preferably has grooves having a
line density of 7,500 (lines/mm) or nore. The line density is neasured
along a radial direction of the glass substrate. The reason why the |ine
density is : i e | ctig.of the
grooves are§§%?$gé¥%%§?£ﬂ&#ﬂgf%@gg%%gkg ﬁ%@ﬁgﬁﬁgqﬁﬁ§$§%§%%§sﬂﬁgs (e.qg.

enhancenent of co§rcige
TOOVES 10rme

force a i npr ov t .of read-wite conversion
characteri sl ¢s e.g.,Ogﬁﬁ%ﬁgéﬁﬁﬁQQh%gB§Nﬁﬁ%§%§Aéﬂeﬁﬁﬁﬁ%f%édngFo) or PWs0
(hal f power width of. jsolated_read pulse)). The |ine density is nore
pref erably 2596@%“¥V?L%§¢Hﬁ?OBﬂWﬁHP%V“&Vﬁ%ﬁmﬁﬁ§e@Pﬁﬁﬁﬁ§uQ§V§sQhﬂine densi ty

of 20,000 (lines/mm or nore, the aforenentioned effects of the grooves
becorme nor e of dimgleabisebstrate3 1 haying the2groeves] o ]its Thvefagp peefetablyi fallsf the 1ine
density is 200,000 (lines/m). When the line density exceeds 200, 000

(l'i nes/ nm), withén araigant 6. 1bheh weénmadj Acend A)gnomvesfehbtyo@sn es6.8t han 50 A,
which is smaller than the size of individual grains in the non-nmagnetic
under coat | auep, A angl Ahhus the magnetic ani sotropy of the nagnetic
recording nediumis |owered. [27] Preferably, the grooves run generally

al ong,,gg@ i 1 curieR it fleral {865kE Allacd IRaSURRL AR, 1 A, HRGEr el . the

term oves" refers to 1Tfregulari e surface, I Ich the
G 120 DeLBRA DR B, AR BB R PRI O 0
0.02 nmto %noaggéntlc( gl?sro%rog; %]cf?}{eargllgne?ic rl%re]:? 2 is lowered. In contrast, when the

average surface roughness (Ra) exceeds 1 nm, the evenness of the surface of

the medium is lowered, leading to poor glide height characteristics. As a

result, difficulty is encountered in reducing the flying height of a magnetic

head during the course of recording and reproduction of data.

[25] The surface of the glass substrate 1 preferably has grooves having a

line density of 7,500 (lines/mm) or more. The line density is measured along a

radial direction of the glass substrate. The reason why the line density is set to

7,500 (lines/mm) or more is that the effects of the grooves are reflected in

improvement of magnetic characteristics (e.g., enhancement of coercive force)

and improvement of read-write conversion characteristics (e.g., enhancement

of SNR (signal to noise ratio) or PW50 (half power width of isolated read

pulse)). The line density is more preferably 20,000 (lines/mm) or more.

When the grooves have a line density of 20,000 (lines/mm) or more, the

aforementioned effects of the grooves become more remarkable.



of 0.05 nmto 10 rim. Wen the distance falls within the above ra}{lg%m 2006
magneti c ani sotropy attributed to the surface irregularities effectively
enhances read-wite conversion characteristics. G ooves having the

af orenenti oned di stance in excess of 20 nm(i.e., excessively |large
irregularities) may adversely affect uniformty of neighboring grooves.

[ 28] The grooves are preferably formed through, for exanple, nmechanical
texturing nmaking use of a | apping tape containing fixed abrasive grains or

making spe of 11 ateahbastinl Al Mo doastly ign%gmﬁgnﬁé‘sﬂﬁ}n&y Wherd fig 9rooves

can be neasured by u or exanpl e, atom c’force mcroscope,

product of DBDigital.lnstru Y. [30] .The.line nsity.,s asured
under the f(?ﬁn?og\;ﬁnﬁﬁy C%ﬁaﬁgfg{)@()@iﬁﬁes/ '%ﬂ“g’t III}.le %lﬁﬁncgcgﬁwf%ﬁ e@.djafe , hunber
of sanpl es: 256, de: tappjng de. . A probe is radially npved for

scanni ng thgr(@vﬁ%gg‘?ﬁﬁétl?ﬁt@af&éﬁ’Hﬂ“%{klsas kep than th‘B“@i%@ﬁ”ﬂé% to
thereby obtain a scan image of AFM A flatten order is determned at 2, and
pl ane-fit agranpingbeseonmepgneid urdarepag layppandfthys the meaghelic prisdepsi ng, s
carried out with respect to the X-axis and Y-axis of the scan imge, to

t hereby f| afttermidretic negelingmbdixneis éawvatd.about 0.5 pm x about 0.5 mis
defined on the flattened inmage, and the line density within the box is

cal cul appd. The IprgrerabHengiet ¥rdovePual BEErAY GoMLrthé NArduftffeleRfift! nunber of
crossings on the X-axis centerline of the groove top and the bottom and

the Y-axis GfBlRI bPOhubdite diA 308 nBEHIGRY t&#fi“gg%%s,@ lagsagd the

bottomto the correspondi ng nunber per nm Speci e line density
is.the nunber o re arities.of

7L, T e NSRS i b HIE st SO nP B B, P, 2
surface of %gﬁom of each irregularity shown in a radial cross section of the substrate
preferably falls within a range of 0.02 nm to 20 nm (more preferably a range
of 0.05 nm to 10 nm). When the distance falls within the above range,
magnetic anisotropy attributed to the surface irregularities -effectively
enhances read-write conversion characteristics. Grooves having the
aforementioned distance in excess of 20 nm (i.e., excessively large
irregularities) may adversely affect uniformity of neighboring grooves.

[28] The grooves are preferably formed through, for example, mechanical
texturing making use of a lapping tape containing fixed abrasive grains or
making use of free abrasive grains.

[29] The line density of the grooves can be measured by use of, for example,
an AFM (atomic force microscope, product of Digital Instruments (US)).

[30] The line density is measured under the following conditions: scan

width: 1 pm, scan rate: 1 Hz, number of samples: 256, mode: tapping mode.

A probe is radially moved for scanning the glass substrate serving as a sample,



sanple (i.e., the glass substrate),. and the average val ue and stagﬁarg 2006
. deviation of the neasured densities are obtained. The average val L
regarded as the I|ine density of the grooves of the glass substrate. The
nunber of points at which the Iine density is neasured is determ ned such
that the average value and the standard deviation can be obtained. For
exanpl e, the nunber of points at which the line density is neasured can be
determ ned to be 10. Wen the average and the standard deviation are

obt ai ned at t&&freﬂyfm% ainaHtlﬁ’la%@-Bf' AFNVEX A AditdifofdBe isPRitdHmiAdd Wy ch the [ine
density is maxi num and the poin whi ch the l'ine density is mninmum

abnor mal _megsynegR, H3ha d&&[@%w%hmﬂa&& Lafl oARGRLINS AERULAEY;cI N

measur ement -can. e orl £1 on- mnng=frim2is
rovi ded for de m n st al rlentatlon of .the no netic

5nder coat |§%]Ie ?mth’ég‘spﬁ?t tSélEq%ac}hs ar@ -axisef dherscap fgage, fut frz'l% 2 and for
determ ning the crystal orientation of the nmagnetic layer 4 formed on the
layer 3, toflatier Bisyimagparicbox ea of eboautey ent k abowehhem & defimedonr opy of the
magnetic |layer 4. The orientation-determning film2 serves not only as a
filmfor detlerflatenedirhdie, sid/sit dine densityt aithin theoboxt idRalcameds Thedind 4, but
also as a filmfor mcronizing crystal grains in the non-magneti c under coat

layer 3 anddbhg rm%@ﬁdea Hyaéb%rx/erﬂm 3 {otal Bt 6ﬁ&1%5§19g1; &Pih%rmsafsng film2
may be forned ofy an all oyl ayer cont ai ning at | east one el enent sel ected

fromthe gr g&ﬁ?&gg%ﬁﬂé Q[%o% t%anci\"the bc\wﬂwgﬁad ﬁ’{%dY-%g(ls eﬁgetrlu?egﬁﬁ ﬁ,ﬁorrem

sel ected fromthe group conS| Ing O a, an
parti cul ar Ilmtaijlons sed e Cco sition of . the abloy | ayer

enpl oyed i ndisHncg Strw€ﬁ’é 9%598 Q? gB‘ﬁ"’Hé erﬁ"fﬁ"ﬁ%‘)qdf‘?grﬁ‘%n

per mm. Specifically, the line density is the number of irregularities of the
texture grooves per mm in a radial direction.

[31] Line densities are measured at different points on the surface of the
sample (i.e., the glass substrate), and the average value and standard deviation
of the measured densities are obtained. The average value is regarded as the
line density of the grooves of the glass substrate. The number of points at
which the line density is measured is determined such that the average value
and the standard deviation can be obtained. For example, the number of
points at which the line density is measured can be determined to be 10
When the average and the standard deviation are obtainéd at 8 of the 10 points
after excluding the point at which the line density is maximum and the point at
which the line density is minimum, abnormal measurement .data can be
eliminated, and thus accuracy in measurement can be enhanced.

[32] The orientation-determining film 2 is provided for determining the

crystal orientation of the non-magnetic undercoat layer 3 formed directly on



However, preferably, the total amount of Co, Ni, and Fe falls mnthln g
range of 25 at%to 70 at% and the total anmount of W M, Ta, and3 fp0§
within a range of 30'at%to 75 at% Wen the total amount of Co, N, and
~Fe is less than 25 at% the crystal orientation of the non-nmagnetic
undercoat |ayer becones insufficient, and thus coercive force is |owered,
whereas when the total anmount of Co, N, and Fe exceeds 70 at% the
orientation-determning filmis magnetized, which is not preferable.

whi | h 30 %
Meanwhi | e, yaefin] b%nﬁ%@hetefﬁﬁﬁ :%tthQEr}MYal W?n&ﬁon 80 GeNRadnd 1&3&2@ r ghan at %

the circunferential nagnetic a |sotropy o} e nagnetlc is | owered,

wher eas V\/nel?o {rn: 519 ttl’%% 1?)%”09 méo ?herc'e\g) enl%incésl (r} [\ét%rcex%g‘rgrcljﬁal 7r?1a§r¥e(% the

crystal orien ion o € Hon- nag et|c Ghder coat’ bec

insufficient,. and t coercive forc 10. 3 0 C T | ower ed. [ 35]
e ipgi

The af or emeARPSHEY Aeghstnayster en?rhed’taftiqn "’Eerinén ¥Fesabl y
formed of a | ayer containing at Ieast one alloy selected fromthe group
consi sting &pt enlres wibaderdepingpingghoerymtel pagsationl ¢fdhe layersa argl hased al | oy,
a Co- Nb-based all oy, an N -Ta-based all oy, an N -Nb-based alloy, an Fe-W
based al | oy butalsdas dilb dsradicadriziyg cana! graifsen e raswdgaltic aydertte pr esent

i nventors have performed extensive studies, and have found that when an

al l oy havi weamaﬁ@ﬂ]\éﬁn@n@ﬁgtalyéml s enpl oyed in the orientation-determ ning
film the circunferential magnetic anisotropy of the nagnetic |ayer is

furthersyienhancedy, Wr'f%ﬂta# BF d@ﬁehﬁﬁﬁu{ﬁaﬁgﬁ %&EZ;H%%%QQ of R alloK layer

ori ent t| on-det erm ni ng m cont structure anount of

2 e L P R S AL B epome e e
within ar angg Fe an t ea;?otng e??ne%% (;,/glect hde from the group consisting of W, Mo,
Ta, and Nb.
[34] No particular limitations are imposed on the composition of the alloy
layer employed in the aforementioned orientation-determining film 2.
However, preferably, the total amount of Co, Ni, and Fe falls within a range of
25 at% to 70 at%, and the total amount of W, Mo, Ta, and Nb falls within a
range of 307at% to 75 at%. When the total amount of Co, Ni, and Fe is less
than 25 at%, the crystal orientation of the non-magnetic undercoat layer
becomes insufficient, and thus coercive force is lowered, whereas when the
total amount of Co, Ni, and Fe exceeds 70 at%, the orientation-determining
film is magnetized, which is not preferable. Meanwhile, when the total
amount of W, Mo, Ta, and Nb is less than 30 at%, the circumferential
magnetic anisotropy of the magnetic layer is lowered, whereas when the total

amount of Mo, Ta, and Nb exceeds 75 at%, the crystal orientation of the non-

magnetic undercoat layer becomes insufficient, and thus coercive force is
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Mo content of a CoMo-based alloy preferably falls within a range of 30 at%
to 85 at% The Ta content of a CoTa-based alloy preferably falls3 Qi 2006
range of 38 at%to 65 at% The Nb content of a CoNb-based all oy preferably
falls wthin a range of 37 at%to 86 at% The Ta content of an N Ta-based
alloy preferably falls within. a range of 38 at%to 63 at% The Nb content
of an N Nb-based alloy preferably falls within a range of 31 at%to 86
at% The W content of an Fe-Whbased alloy preferably falls within a range
of 37 at %t ¢, B3feqat % The M content of an Fe-M-based alloy preferably
falls within a range of 35 at%to 85 at% The Nb content of an Fe-Nb-based
al | oy ferably S ithin a.r e.of 40.at%1t9.86 at% -11..3 1 0 CT
2006 158 “Each de efdenthiehsd sPeh@8f ettt ti 2Rt Btesdery

Co- Ta- based,. Co-Nb:based, Ni -Ta-based, N -Nb-based, Fe-Whased,
Fo- M- based O Pea RBSTHSQUANEE a 155 opf o8 elrsted 7 BEsiRd
characteristics, and an alloy containing a conbination of sonme of these
al | oys exhi pasistisigif|adro-Woirased@lleyi & Epddo-brnd adlesng Ce; Taabased Wiem- based

all oy, a Co-Ni-Nb-based alloy, or a Co-WM-Ta-based alloy exhibits

sim | ar chamdcs-dibitsised slloy], 3@ |Nit Fa-bised mtleg.cat Ni-Noemtsedalloy, e KehiWekness of
the orientation-determning filmpreferably falls within a range of 10 A
to 300 A VhegdtdiRy! bh FersHagdd alldye afd iag MtealibasededlRfyM Thélgresédtm i s | ess
than 10 A, the crystal orientation of the non-magnetic undercoat |ayer

becones i nsyffehrEive RAGrhIHSHERFSH YR es, YEBavie Foud MR §hbn é/g\if‘h‘?fo as when the

t hi ckness of the ori er?t%atl on-determning film exceeds 300 A the

ci rcunferential i ni.sot.ro of .t.he,magneti.c l,aver. .is-lowered. In
orter o enhafing TS ARG MSed ST BRBT G- n S inine e oot | o

| ayer, nore preferaply,. the thickness of the orientatjon-determnin
y the cIrcumR:rcyntlaI magnetic an?sotropy of t?w magnetic 1ayer ?s further g

enhanced. When the alloy layer constituting the orientation-determining film
contains an Fe7W6 structure in an amount of 25% or more, the circumferential
magnetic anisotropy of the magnetic layer is further enhanced. The W content
of a CoW-based alloy preferably falls within a range of 30 at% to 85 at%. The
Mo content of a CoMo-based alloy preferably falls within a range of 30 at% to
85 at%. The Ta content of a CoTa-based alloy preferably falls within a range
of 38 at% to 65 at%. The Nb content of a CoNb-based alloy preferably falls
within a range of 37 at% to 86 at%. The Ta content of an NiTa-based alloy
preferably falls within a range of 38 at% to 63 at%. The Nb content of an
NiNb-based alloy preferably falls within a range of 31 at% to 86 at%. The W
content of an Fe-W-based alloy preferably falls within a range of 37 at% to 86
at%. The Mo content of an Fe-Mo-based alloy preferably falls within a range
of 35 at% to 85 at%. The Nb content of an Fe-Nb-based alloy preferably falls

within a range of 40 at% to 86 at%.
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filmfalls within a range of 20 A to 100 A [38] In the present inveﬁﬁggﬂs
. the orientation-determning filmmy contain additive el enents.

of the additive elenents include Ti, V, C, M, Zr, H, Ru, B, A, Si, and
P. The total anmount of the additive elements is preferably 20 at% or | ess.
When the total anmount exceeds 20 at% the aforenentioned effects of the
orientation-determning filmare lowered. The lower |limt of the total
anount of additive elenments is 0.1 at% Wen the total anmount is |ess than

0.1 atz/()(]t he ef f gGtn of hdie At Ué’eCQIW%QédS é@MOSbésed b€o- T%béa%‘éd‘ed 12 31
0CT 20 [ 39] The non- magnetl c undercoat | ayer I's preferabl'y formed of

a G layer - %%seﬁl }\I?-)f a- b%géacf %\; %és{éh,rr}ﬁe %%%gi PQ % ngngl\?nd I§em;|nt S

sel ected fromt foup consr s S and V.
40] From t e rov nt of SN haracterlstlcs o t he
Erag]neti c relor ﬁ‘gpﬁﬁmsu‘?ﬁh“fl ethfo?o WH&HHP?"? & %“rt‘érb%‘f’s’l apdepn jalloyr ef er abl y
formed of a Iayer of a Cr alloy contalnlng M, W V, or Ti (e.g., a C-M-,
- W, Cr-vontaigingora Teanghigaipna) afoyppmes @k h theser alioysoexhibits a simifari ce
constant | arger than that of Cr), so as to establish lattice matching

bet ween t he clpractétdistigs.anloraexaBipla| dt(@o-WfMdabasadtgzhbyj a CapaiNb-pastfl Addition
of Bto the aforenentioned C layer or C alloy layer is preferred, since

the effect afloyliog@v-Wi-Np-T4-YadedlaHoy extabitLdimeles crardtep¥ics. char act eri stics of
the magnetic recording nedium are enhanced. [42] Preferably, crystals of

the O \j;i Ayer or ¢t gl é}x@é’enlt ff%%uSﬁ%E'tﬁMkﬁé%B{ﬁigl% oHQFatm:h rhﬁmH der coat

| ayer are predom nantly oriented along a ane sul t,
crystals of fifin prefgralbpyyfails w1{}111n ar r!g%tolf(iolﬁ)(o 506 ar ent rhe ttﬁlckness of

the orientation-determining film is less than 10 A, the crystal orientation of the
non-magnetic undercoat layer becomes insufficient, and thus coercive force is
lowered, whereas when the thickness of the orientation-determining film
exceeds 300 A, the circumferential magnetic anisotropy of the magnetic layer
is lowered. In order to enhance the circumferential magnetic anisotropy of the
magnetic layer, more preferably, the thickness of the orientation-determining
film falls within a range of 20 A to 100 A. -

[38] In the present invention, tfle orientation-determining film may contain
additive elements. Examples of the additive elements include Ti, V, Cr, Mn,
Zr, Hf, Ru, B, Al, Si, and P. 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 orientation-determining film are lowered. The
lower limit of the total amount of additive elements is 0.1 at%. When the total
amount is less than 0.1 at%, the effect of the additive elements fails to be

obtained.
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S

non- magneti ¢ undercoat |layer are strongly oriented along a (11.0) pl ane,

| eadi ng to inprovenent of nmagnetic characteristics (e.g., coercivedflod&k 2006
(Hc)) and recording and reproduction characteristics (e.g., SNR). [43] As
used herein, the synbol "" of the crystal plane notation refers to the
abbreviation of a MIller-Bravais index. In general, crystal planes of Co
(hexagonal systen) are represented by four indices (hkil). O these
indices, the index "i" is defined as follows: i = -(h + k). Therefore, the

i ndi cegzqihkil) qg@p Qﬁ-n?a%% L8288 vE K] A3 [ 44] The
magnet i?tc ]I ayer 4 1is npr ef er aﬁ/yﬁeor r?e%yofi(és)%g gﬁ ?%;"‘@??é’ﬁap@g 6m nant | y
cont ai ns Co, ich has an hcp.structure, and ich establishes, excellent
lattice mat 85:5\‘#5 a\}r:lno?' ﬁ?yefr S?rﬂgglé%{:é?nd;o?élwoﬁvgﬁge?tﬁ S?‘F.‘gfe‘%ifﬁm P&gneti c
undercoat |ayer praovided directly belqQw the magnetic layer. "Predom nantly
Conat i ons CS¥°“H§8H§StE4gan 05 Aprids NG B, 3landiMpunt of nore than 50% The
magnetic |ayer preferably contains any one species selected from anong,
for exdMll e, a Chram-tie-whewpaintapf opproaement- o SHR Isharectensticoyof the
Co-Cr-Pt-Ta-based alloy, a Co-Cr-Pt-B based alloy, a Co-Cr-Pt-B-Ta-based
al l oy, and magoetier reldrdiigCrnebimae dhalnboynaghdttd uitetvan |3er @& préferblbiged al l oy is
enpl oyed, preferably, the Cr content falls within a range of 10 at%to 25

at% and theoﬁli@dwatw&ofakjrang tdtitdinmg Man@e vob: 8 gg/;)at@r-ﬂ«ﬁ)-,aér% fromthe
vi ewpoi nt of inprovenment of SNR [46] \%\hen a Co-Cr-Pt-based alloy is

enpl oyed, prgf %rr_a\b_l, Ir C}h?-g%egca\?\lﬁ%ﬁ'ﬁﬁhc}égﬁrla?loWh%?Lgatg%{ fcp‘%&fgfaé%c&) at%to 25

at% and the Pt content range fromthe
\ellrgr\gglezf g}@gﬁé&\f T ,,[]sheagfé? %\tla%lisilé}Z&icm%{chlahgcé)e-tv%én%c-E% aPlg? %gd g.l oy i's
Co alloy in the magnetic layer.

[41] Addition of B to the aforementioned Cr layer or Cr alloy layer is
preferred, since the effect of micrqnizing crystals is obtained, and SNR
characteristics of the magnetic recording medium are enhanced.

[42] Preferably, crystals of the Cr layer or Cr alloy layer constituting the
non-magnetic undercoat layer ’3 are predominantly oriented along a (100)
plane. Asa fesult, crystals of a Co alloy in the magnetic layer formed on the
non-magnetic undercoat layer are strongly oriented along a (11-0) plane,
leading to improvement of magnetic characteristics (e.g., coercive force (Hc))
and recording and reproduction characteristics (e.g., SNR).

[43] As used herein, the symbol “” of the crystal plane notation refers to
the abbreviation of a Miller-Bravais index. In general, crystal planes of Co
(hexagonal system) are represented by four indices (hkil). Of these indices,

the index “1” is defined as follows: i = -(h + k). Therefore, the indices (hkil)

can be abbreviated as (hk-]).
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content falls within a range of 10 at%to 25 at% the Pt content all bE 06
.wWthin a range of 8 at%to 25% the Pt content falls within a range o¥ Zg
at%to 16 at% and the Ta content falls within a range of 1 at%to 4 at%
fromthe view point of inprovenent of SNR [48] Wen a Co-Cr-Pt-B-based
alloy is enployed, preferably, the & ~content falls within a range of 10
at%to 25 at% the Pt content falls within a range of 8 at%to 16 at% and
the B content falls within a range of 1 at%to 20 14 3 1 0 C T 2006 at%

from thgq)vi ewpoi Nhe GhapddAt OMGEEAL isoge%ly[fﬂ)%emna aCLullby - Which- Ta- based

all oy is enployed, preferably, the content falls wthinh a range of 10

at%to 25 at? g f al. it hi . 0. 16 at% the
B cont ent f%l/dg%nﬁ&ﬁggﬁing%oé “g.{“élﬁhégtaﬁ%n‘lcg s%BCtglfet%ggd %&%%&aéﬁfg%éont ent
falls within a ,range.of | at%ta 4 at% fromt i ewpoi.nt . of inprovenent
of SNR [ 50F*SAHER gaefl?ﬁ? éfa-t%t‘r-‘%-“ﬁ]’—’ bfZ’Eeed‘aﬁ‘lpfeoya REO(énBll\gg?éH,thﬁr%‘?"ér ably, the
Cr content falls within a range of 10 at%to 25 at% the Pt content falls
within a r&Kgectst wdarcopt dayes provided hdirgstlyobelomt the magngtichiayem range of 2
at%to 20 at% and the Cu content falls within a range of 1 at%to 4 at%
fromthe vi éRppdominanty iGromatemsned” ofmeBhR. thas 1 CcSoisl oprgsems tilne ahhi ckness of
the magnetic layer 4 is 15 nmor nore, no problemarises in terns of

t hermal st abinbuhty. oflowRYer thanr 050%he Theeiaghdic @fer Mefhablgeondindg density,
the thickness of the nmagnetic layer is preferably 40 nm or less. This is

because, wheghy bhesddieskpigsied B6aeaHSNS GoNRantle St @d-carmalnged RAloyt Be Magnetic
| ayer beconme large in size, and preferred recording and reproduction
characteri 560(-: r-f’faf.)elseé 911&?, a@é-@r-@ﬁ-q‘a-bgpgd 55?09,{‘ gtdogCl-ﬁxgrbag&yalpoay\,/g
Co-Cr-Pt-B-Ta-based alloy, and a Co-Cr-Pt-B-Cu-based alloy.
[45] When a Co-Cr-Ta based alloy is employed, preferably, the Cr content
falls within a range of 10 at% to 25 at%, and the Ta content falls within a
range of 8 at% to 16 at%, from the viewpoint of improvement of SNR.
[46] When a Co-Cr-Pt-based alloy is employed, preferably, the Cr content
falls within a range of 10 at% to 25 at%, and the Pt content falls within a range
of 8 at% to 16 at%, from the viewpoint of improvement of SNR.
[47] When a Co-Cr-Pt-Ta based alloy is employed, preferably, the Cr
content falls within a range of 10 at% to 25 at%, the Pt content falls within a
range of 8 at% to 25%, the Pt content falls within a range of 8 at% to 16 at%,
and the Ta content falls within a range of 1 at% to 4 at%, from the view point
of improvement of SNR.
[48] When a Co-Cr-Pt-B-based alloy is employed, preferably, the Cr

content falls within a range of 10 at% to 25 at%, the Pt content falls within a

range of 8 at% to 16 at%, and the B content falls within a range of 1 at% to 20
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a nulti-layer structure, and a plurality of layers constituting tgg 0CT 2006
magnetic | ayer may be formed of conbinations of the aforenention
materials. When the magnetic |layer has a nulti-layer structure, a |layer of
the magnetic layer that is provided directly atop the non-magnetic
undercoat layer 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, fromthe vi ewpoi nt
of inmprovenent of SNR characteristics 15 3 1 OCT 2006 anong recordi ng and

reproducti Oﬁt%h%rﬁ%eeﬁE%%&iﬁﬁofiyb%%%f PSR! ayer of the magnetic |ayer is
preferably forned of a Co-Cr-Pt-B-Cu-based alloy or a Co- Cr-Pt-B-based

al | oy, .[ii}om t he \(ﬂ/l?eg{pg '&-CWPHB@&?XS%H%{TI}O(\’/?FS %ﬁ\@?%e@g%?eifg}agf}j, %ﬁé p amng

recordi-ng and reproduction characterrs non-Ttragneti c
internedi ate | ayer. is.provided n the pon-magneti c_. . undercoat |ayer 3
and the magﬁ%‘ftF%t flr“%%?tgﬁ‘?fﬁng? Hg?b\éﬁgégﬁ&ﬁ%ﬂ@%@ﬁ&m Bllsghine growth of
a Co alloy. Through provision of the internediate |layer, nagnetic

char act eri sf31e§ O(ga@%,toééé%i the Br eongeay faélﬁd“l?hé@:élf@gﬁg’fér@éf/ortéﬁgé%ct i on
characteristics (e.g., SNR) are inproved. The non-nmagnetic internediate

| ayer may cend gienl<Ogondend {Qts. witliera iahge ofbhatvagmétai%, fromethewdivatomt! ayer i s
formed of a Co-Cr-based alloy, the Cr content preferably falls within a

range of 25%fghfotéemdh oS8R .from the viewpoint of inprovenent of SNR Wen
the non-magnetic internediate layer is forned of a Co-Cr-Ru-based all oy,

the t | anmoun e I WMoY ge of 25
at%to?él at % W}lgéncé IL(E:‘OO% gﬁtB deLrRE? %Pa%ﬁya?aﬁégﬁﬁﬁﬁﬁgb&éﬁgé@gf 5 at%to

30 % and - f A (A it hi .5 % 30
S0% 1o om ¢ RaRen BN AN rRlaE PG Aok 1) Bs;aallne Rk pRBRE shthiZate s
internediate |a

of the O affiess rat‘%sfo fl(c)) rat o,d thg fB &n%)ﬁ %fs&%fh?r? g ?gngglolf 3%&%&2 SOtag’}),a | amount
and the Cu content falls within a range of 1 at% to 4 at%, from the vieWpoint
of improvement of SNR.

[51] So long as the thickness of the magnetic layer 4 is 15 nm or more, no
problem arises in terms of thermal stability. However, from the viewpoint of
high recording density, the thickness of the magnetic layer is preferably 40 nm
or less. This is because, when the thickness exceeds 40 nm, crystal grains in
the magnetic layer become large in size, and preferred recording and
reproduction characteristics fail to be obtained. The magnetic layer may have
a multi-layer structure, and a plurality of layers constituting the magnetic layer
may be formed of combinations of the aforementioned materials. When the
magnetic layer has a multi-layer structure, a layer of the magnetic layer that is
provided directly atop the non-magnetic undercoat layer 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
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preferably falls within a range of 25 at%to 45 at% the Cr content
preferably falls within a range of 15 at%to 45 at% and the Ta cdnt 8RT 2006
preferably falls wthin a range of 1 at%to 10 at% fromthe vi ewpoi nt of
i nprovenent of SNR.  The non-nagnetic internediate | ayer preferably has a
t hi ckness falling within a range of 0.5 nmto 3 nm fromthe vi ewpoint of
inprovenent of SNR 16 3 1 0 C T 2006 [52] In order to inprove thermal
decay of the magnetic recording nedium an antiferromagnetic coupling |ayer

may be provigeds RRbWERDaltd R pRAct SRR sHOT ef1Afpe hAYE ?‘2”3? gfglet he

magnetic | ayer 4. The antiferromagnetic coupling layer ornmed of a
stabilizati r nef | | § | ayer. .,The stabilization

| ayer may bge}{} lééﬁ}r?g‘&y%p 9 pfe g%%&a%r%? %} oga g(;)%k%ﬁi-)tgg'sceudg%g? I38§)1>,' °52C8~ ¢ - based
alloy, a Co-Cr-Pt-based . alloy, a Co-C-Pt-B-based alloy, or

Co- O - Ta- baS&d tﬁpébsffg RHPYh TEXRi B s ViITREAE i G?p#‘BB@W?W?mTHEf rﬁﬁR magnet i c
coupling layer is preferably formed of Ru. The thickness of the Ru |ayer

i s pref er abFRarecteistigs among eqcerdberiend reprosluptionehesasiasistio Brefetablyra | ayer  has
such a thickness, the antiferromagnetic coupling intensity becones a | ocal
maxi num [ 58pn-Wagnetichenteengetkate clayayes provided dbetsedd, the aefearabgnetict he Cr
content of a region in the vicinity of the boundary between the

non- magnet i andudetRk do@k 3 lhay ahe AMEnEME 14VRH AT Cthe oseldf plohffinghe B
content is at least 1 at% is 40 at%or | ess. en the content is 40

at% or |ess m&q%igmﬂm @&o%og\ngh&% prm/i?{%nctgr{ﬁg ggérﬁ{eid&?e e be

prevent ed, ereby the amunt of : ent ond conpoun ormed from
O an 5 B RS R Bk S RKEBES T T,
formation O];hasrelljc%er]ris%cg C%e.rrg.c,)ué}gR) are improved. The non-magnetic intermediate

layer may contain Co and Cr. When the non-magnetic intermediate layer is

formed of a Co-Cr-based alloy, the Cr content preferably falls within a range

of 25 at% to 45 at%, from the viewpoint of improvement of SNR. When the

non-magnetic intermediate layer is formed of a Co-Cr-Ru-based alloy, the

total amount of the Cr and Ru preferably falls within a range of 25 at% to 45

at%, the Cr content preferably falls within a range of 5 at% to 30 at% and the

Ru content preferably falls within a range of 5 at% to 30 at%, from the

viewpoint of improvement of SNR. When the non-magnetic intermediate

layer is formed of a Co-Cr-Ta-based alloy, the total amount of the Cr and Ta

preferably falls within a range of 25 at% to 45 at%, the Cr content preferably

falls within a range of 15 at% to 45 at% and the Ta content preferably falls

within a range of 1 at% to 10 at%, from the viewpoint of improvement of SNR.

The non-magnetic intermediate layer preferably has a thickness falling within

arange of 0.5 nm to 3 nm, from the viewpoint of improvement of SNR.
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[54] The protective film5 may be forned of a conventionally knOﬁq C 6
material; for exanple, a single-conponent material such as carbo op 5.280

or a material predom nantly containing such a conponent. The thickness of
the protective filmpreferably falls within a range of 1 nmto 10 nm from
the 17 3 1 0 CT 2006 viewpoint of magnetic spacing |oss or durability
when enpl oyed at high recording density. The term "nagnetic spacing" refers
to the distance between a read/wite elenent of a magnetic head and the

magnet )l ayer. WeRlet REImpIBEN@kfalRES) SOtk Bl flordifPFedfubd € _
conversi on characteristics are nore erihanced. The protective film which

|5 present betuRelHBLECLILE 1ok SIR) hOld AR SRR BN NG ragnet

| ayer, plays a ro I ncreasi e I'C spaci ng. S?OHI'f desi red,

a lubrication |ayer fornmed of_a fluorine-based lubricant (e.qg.,.

per f | uor opoWgP% r")ndﬁﬁﬁ‘?atbg‘yﬁrr%\%‘%gt? @ﬁgqelt}éeiﬂeét“ec li‘e\/%“t{'}i:rlrﬁgﬂ"%g%ef%6] The
magnetic | ayer of the magnetic recording nmedi umof the present invention
preferably RRMPUREAdNsAat farmseiof atstabplizatipe dayey o) a gpn-magsetis couptiag (nor e
preferably 1.1 or nore). The nagnetic anisotropy index is represented by
(coercive ftawee The stailizationfleyermhayabe Girmed toif oot exenpleveCbdtwbased a radi al
direction). [57] Wen the nagnetic anisotropy index is 1.05 or nore,

magnetic chiddygat@s-Csbhsd dlleyga CodDrePichaed A10uys @)CRACE PE-Balshs¥d hll®y, conver si on
characteristics (e.g., SNR and PWh0) are further enhanced. Wen the

coer i ve f05Eq eb-GilPa-biRANAoYS vitfaPlehiBls TRAMUR ifoleiGT eqRethd: 2 hi gh

| evel, in sone cases, the naghetic anisotropy In wni ch is defined by
e LR, AnaB BRI BIAL 18 s iibrabl) forfiel SHRLE AR hRkns PG RD 1O Fe 10 2
layer is preferably 0.8 nm or thereabout. This is because, when the Ru layer
has such a thickness, the antiferromagnetic coupling intensity becomes a local
maximum.
[53] -When the magnetic layer 4 contains B, preferably, the Cr content of a
region in the vicinity of the boundary between the non-magnetic undercoat
layer and the magnetic layer, in which the B content is at least 1 at%, is 40
at% or less. When the Cr content is 40 at% or less, coexistence of Cr and B of
high concentration can be prevented, whereby the amount of a covalently
bonded compound formed from Cr and B can be reduced to a possibly
minimum level, thereby preventing deterioration of crystal orientation of the
magnetic layer resulting from formation of such a compound.
[54] The protective film 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 film preferably falls within a range of 1 nm to 10 nm, from the
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be lower than the actual value. [58] In the present invention, in order to

. correct such an error, the nmagnetic anisotropy index of residua1 0CT 2006

magneti zation is enployed in conbination. The 18 3 1 O C T 2006 nmgnetic
ani sotropy i ndex of residual magnetization (MtOR) is defined by the ratio
of residual magnetization (Mt) in a circunferential direction to residual
magneti zation (Mt) in a radial direction (i.e., MtOR = Mt in a
circunferential direction/Mt in a radial direction). Wen the magnetic

i sot [ - Of [ I ' [ i , bly 1.1
ani sot r opy 'vﬂ‘%ﬁ{&nﬁ %ﬂﬁfc'gg% sﬁ@?@?dg%%'&ﬂaﬂxﬁ%wﬂgn ]Eégnr;j(’:fgsge% atpfﬂ%ilera y

or nore, nmag iC cterist ., coerciv and read-wite

conversion _characteristics (e.. 0., SNR and P ar,e f.urther enhanced. [59]
Vnen i |t hERRURERFE o ar e Rrdeneli el ctrhy R s entRa | a
circunferential direction (which is the ideal case), the denom nator of the
formul a for acgrdurii elsprenhel Adppraetic heas auk thegpagnstietaysec oieen ther o, and
thus OR or MtOR becones infinity. [60] The magnetic ani sotropy index (OR)
or the nmagnerdgoetanspasingopysaltesxreadfwrite siodverbionmharacicristiGsoare (WIEOR) i s
measured by use of a vibrating sanple nmagnetoneter (VSM. [61] Fig. 2
shows an emeohlineedit Dhe tphaedtagnfin,c whshoisd pregeranisktweerp thed veadngrigppar at us

i ncorporating the aforenenti oned magnetic recording nedium The magnetic

recordi ng arRmAP PN héd ARPeahisheiBAMYer] Plafd 8-roRk fok NRdrbslasy themagnetic
recordi ng medi um 20 having the structure shown in Fig. 1; a nmediumdriving
section 21 o5 By tes the nmedium 20; a magnetic head 22 which is

enpl oyed fo\rml gg%gr%%glégbf data onto the nedium 20 and for reproduction of

the dat[§15]t her ef r?pgles?re&%aﬂf)gcraiti\(l)in rl]a%/e§ ?oCrHe8rc])f g u\cmilg- as%Ei ill\llbei‘lsca;[lth(%.g.,

perfluoropolyether) may be provided on the protective film 5.

[56] The magnetic layer of the magnetic recording medium of the present
invention preferably has a magnetic anisotropy index (OR) of 1.05 or more
(more preferably 1.1 or more). The magnetic anisotropy index is represented
by (coercive force in a circumferential direction/coercive force in a radial
direction).

[57] When the magnetic anisotropy index is 1.05. or more, magnetic
characteristics (e.g., coercive force) and read-write conversion characteristics
(e.g., SNR and PW50) are further enhanced. When the coercive force of the
magnetic recording @edium is increased to a high level, in some cases, the
magnetic anisotropy index, which is defined by the ratio of coercive force
(Hc) in a circumferential direction to Hc in a radial direction, is measured to
be lower than the actual value.

[58] In the present invention, in order to correct such an error, the magnetic

anisotropy index of residual magnetization is employed in combination. The

18



magneti c head 22 relative to the nmedium 20; and a recorded/repr 2@2

si gnal - processing system24. In the recorded/reproduced-signal -pro swﬁb
19 310 CT 2006 system 24, input data are processed and recordi ng
signals are sent to the magnetic head 22, or reproduction signals fromthe
head 22 are processed and the resultant data are output. The magnetic
recordi ng and reproducing apparatus of the present invention may enpl oy,
as the magnetic head 22, a head suitable for higher recording density

cont ai ni ng ?nargﬁ@cfco%%tfdﬁs} iRHSIB N tesi®RHC hapSetBAHAN (I@I?MR;Q% GefRAN®L Or esi st ance
(AMR) el enent or a giant  magnetoresistive (GVWR) elenent. [62] The magnetic

recor ding ag epr SEIOG) %pa%ﬁaﬁgaﬂgn&h@ By B ARG rch M A 3

i nexpensi ve and sul eal1za reco ensl ty, since
t he appar at us | oys the tic re medi u duc VP t hrough a
production P BﬁggglgﬂaﬁﬁPB% ﬂl%§§ g VgﬁPéngthb%c Sbfected to
texturing. [63] The gg%g etic recordi ng_and reproduci ng apparatus of the

y

present | nyBERMigFENE etiqoMrtriy e faddalr dieestionhg  Wien uthe | Magibitieh aver age
roughness and m cro-wavi ness are small, and thus read-wite conversion

characterisahbsuqn@nﬂﬂpoﬁuEEMwhmagﬁmhmmnnﬁ'b&%anMen;tﬁémbhghéuhc head is
used at a low flying height in order to reduce spacing | oss, the apparatus

exhi bits exefhé,efdgnefi¢ Oiarsdidistics &4 sédetsive fhdd) anlieeaaf wriRBALErGBAD NMBgNeEt i C
recordi ng and reproduci ng apparatus is suitable for attaining high

recor ding defighiiistkORl e AONRIAHIOYarOhuritBPeHaRdUet | On process of the

present invention wl hext be describ

[59] When all the magnetic domains in the magnetic layer are oriented in a
circumferential direction (which is the ideal case), the denominator of the
formula for calculating the magnetic anisotropy index becomes zero, and thus
OR or MrtOR becomes infinity.

[60] The magnetic anisotropy index (OR) or the magnetic anisotropy index
of residual magnetization (MrtOR) is measured by use of a vibrating sample
magnetometer (VSM).

[61] Fig. 2 shows an embodiment of the magnetic recording and
reproducing apparatus incorporating the aforementioned magnetic recording
medium. The magnetic recording and reproducing apparatus shown in Fig. 2
includes a magnetic recording medium 20 having the structure shown. in Fig.
1; a medium-driving section 21 which rotates the medium 20; a magnetic head
22 which is employed fdr recording of data onto the medium 20 and for
reproduction of the data therefrom; a head-driving section 23 which drives the
magnetic head 22 relative to the medium 20; and a recorded/reproduced-

signal-processing system 24. In the recorded/reproduced-signal-processing
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[66] The gl ass substrate may be forned of anorphous glass or glass 20 3 1
.0 CT 2006 ceramc. However, the glass substrate is preferably fjor ged s

anor phous gl ass, since, when the anorphous gl ass substrate is subjected to
for exanple texturing, grooves are nore uniformy fornmed on the substrate
as conpared wth the case of the glass ceramc substrate. [67] The average
surface roughness (Ra) of the glass substrate is preferably 2 nm (20 A) or
| ess, nore preferably 1 nmor |ess. [68] The mcro-wavi ness (Wa) of the

surface of (g QlASIHHHLSHS %Il':ere B{r%%ﬁfg& &har RRodiry Qgﬁkp% Qe k&RSo HRr €

preferably 0.25 nmor |ess. VI ewpoi nt” o ying stability of a

magneti c head, the a age surface r.oughpess Ra. f at | east _gne of an
edge porti orrpagﬂ%nc:heglg?g’ %rorre {och(lﬁn B Safr]??rélrth%e% dl)zoérzaregfro%eﬁseea 8 surface of
the substrate is preferably 10 nm | ess, nore preferably 9.5 nmor |ess.
The chant er tecEtRRNt S Hiib cOUPHl rlffeomaghoficy Eﬁcer.drznwin@paqﬁiwaam e of 20
to 40 degrees. The m cro-wavi ness (Wa) can be obtained as an average
surface rougbpfsaiys af theepresens dnvintinh inay ereployr ayrtiet magnegie hspd 8. 1 by use
of, for exanple, a surface roughness neasuring apparatus P-12 (product of
KLM Tencor , h&Al suitshle. fof G8jhefracotdiyg dedsety sonfandirg afreprodudioasdesethstrate i s
subjected to texturing, so as to form on the surface thereof, grooves

having a IiB&:mea@sbﬁyaxﬂéotiopﬁoqnagfﬂe'tdiwétm& PAMPOY Rlenk@f &XaMlist I n order
to form on the surface of the glass substrate, texture grooves having a

l'ine density OfctdreaRivd (GRS e8P’ Nore, the surface is subjected to
nmechani cal teal t%rl;eng Yn&a g?recur%pérenti al direction of the substrate by

G YO SR R N L
invention is inexpensive and suitable for realization of high recording density,
since the apparatus employs the magnetic recording medium produced through
a production process in which the glass substrate is directly subjected to
texturing.

[63] The magnetic recording and reproducing apparatus of the present
invention employs the magnetic recording medium in which average
roughness and micro-waviness are small, and thus read-write conversion
characteristics are improved. In addition, even when the magnetic head is
used at a low flying height in order to reduce spacing loss, the apparatus
exhibits excellent error characteristics.

[64] The aforementioned magnetic recording and reproducing apparatus is
suitable for attaining high recording density.

[65] An embodiment of the production process of the present invention will
next be described.

[66] The glass substrate may be formed of amorphous glass or glass
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21 31 0 CT 2006 polishing tape is pressed onto the surface of the

. substrate to thereby bring the tape into contact with the surfac8, 8CT 2006
polishing slurry containing abrasive grains is supplied between the tape
and the substrate, and the polishing tape is noved in a tape-w nding
direction while the substrate is rotated. The substrate nmay be rotated at
200 rpmto 1,000 rpm The polishing slurry nmay be supplied at a rate of 10
m/mnute to 100 mM /m nute. The polishing tape may be noved at a rate of

1.5 mimn 1 1t i ; ral tained in
Ub&ahi. iﬁ)mm btgy &?aosg -Egﬁstlsdtg?s Bfef&?&%;fg}’r?fcg g?,a%g%}%?l?

the polishing slurry may to 0.3’ ma ative mass%

is 90 nmass? The polishing ta may_be pressed Qnto the. substrate at a
force of 1 BsrochRevhd MR R b Ham SPo IR Fu s o S¥atpe
appropriately determ ned so as to_formtexture grooves having a _line

densi ty of t%ﬁlgfr& &H9yes assomora iHES Mk orgied Rl e swBtEaty apcamaE) 20, 000
(lines/mMm or nore. %70] The average surface roughness (Ra) of the glass
substrate | “iheepsepéheglass gergavesubshiatet s surface preferably falls within
arange of 0.1 nmto 1 nm (1 Ato 10 A), nore preferably 0.2 nmto 0.8 nm
(2 At@8 A). [7Thediagd sisface uhaphness ¢Rapyf the ghsbpdstre i§ preferatilyr i ng
including oscillation. The term"oscillation"” refers to a process in which

a tape is cauwse@oth) dlassemotdpreferably Cuif @lest i al direction of the substrate
while the tape is reciprocated in a radial direction of the substrate.

Pr ef , i td i f i Lhyte to 1,200
referabliy, oscihat{,pn, Lavidgsd ?Wg?%fgt?l? ?Sélgﬁ%cﬁ of gti;e g@asts' ﬁﬁ?(rz% My

times/mnute. [72] Texturing may be ¢ ~out ans of a nethod for
formng text remgrggv%% QQYlng a line g%ﬂ?b&% gﬂlgfqoo (%hggségn) or nore.

In additionPredga €ss,” more prefe €sS.

viewpoint of flying stability of a magnetic head, the average surface roughness
(Ra) of at least one of an edge portion and a side portion of a chamfer section
of the end surface of the substrate is preferably 10 nm or less, more preferably
9.5 nm or less. The chamfer section can have a width of 0.1 to 0.2 mm and an
angle of 20 to 40 degrees. The micro-waviness (Wa) can be obtained as an
average surface roughness as measured within a measurement range of 80 um
by use of, for example, a surface roughness measuring apparatus P-12
(product of KLM-Tencor, CA, USA).

[69] Firstly, the surface of the glass substrate is subjected to texturing, 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 surface is subjected to mechanical texturing in a circumferential direction

of the substrate by use of fixed abrasive grains and/or free abrasive grains.

For example, texturing is carried out through the following procedure: a
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31 0CT 2006 to the aforenentioned nechanical texturing nethod, a nethod
in which fixed abrasive grains are used, a nmethod in which fixed abrag7veyg
stones are used, or a nethod enploying | aser abrasion may be carried out.

[ 73] Sputtering for formng the respective layers is carried out under, for
exanple, the follow ng conditions. The chanber enployed for formng the

| ayers is evacuated to 10-4 Pa to 10"7 Pa. The gl ass substrate having
texture grooves on its surface is placed in the chanber, a sputtering gas

(e.g., Ar 0gp8lishihgtaBt gREsel P hEQualadrahe satiitali 8 GRAELY) P9nd Hecarried

out, to thereby formthe |layers through sputtering. Duri'’ng the course of

sputtering, . lJ | S t : . kKW Wien t he
dischargingtﬁgﬁg%éﬁgw?ﬁgnﬂggﬁgfgf%%ﬁéﬁgghgg@gyéﬁggyégg¥%%§85ggIg | ayers
havi ng desired thicknesses can be  fornmed. [74] After formation of the

o entat on pEP RS e kARt ot oinibs B Bine et BovoYidgnet | ¢
undercoat | ayer, preferably, a step of exposing the surface of the

ori ent at i oniRj@d@enyindig dirdcHrr ovhals th yehstatgtisnelpieds L hesubgteate may out . The
oxygen atnmosphere to which the filmis exposed preferably contains, for
exanpl e, anboxgtged ahy2Q0 rim B k,00Qrpm PAhe polnshireg sliing neyposupeliedgas may be
brought into contact with noisture. The exposure tinme is preferably 0.5

seconds to iie 9€CORARInLR tb 160 axpoiautee TiceplisHing tapX A R, mé¥ed atgubstrate on
which the orientation-determning filmhas been formed nay be renoved from

the chanber ryf alfl P¥eFMiSHPASUT® HmihBudi | Tht QiR bf Wbrlfe &éﬁgenchanber

at nosphere. Alternatively, air or oxygen may be brought intot
Lo thereby e¥Re%ea il e PofithifE SRy Rhs ST 0b5%m 10 0.3 I &t Hoolitiout 23 3 1
cumulative mass% is 90 mass%). The polishing tape may be pressed onto the
substrate at a force of 1 kgf to 15 kgt (9.8 N to 147 N). These conditions are
appropriately determined so as to form texture grooves having a line density of
preferably 7,500 (lines/mm) or more, more preferably 20,000 (lines/mm) or
more.
[70] _ The average surface roughness (Ra) of the glass substrate 1 having
texture grooves on its surface preferably falls within a range of 0.1 nm to 1 nm
(1 A to 10 A), more preferably 0.2 nm to 0.8 nm (2 A to 8 A).
[71] The glass 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 circumferential direction of the substrate while the tape is reciprocated in a
radial direction of the substrate. Preferably, oscillation is performed at a rate
of 60 times/minute to 1,200 times/minute.

172] Texturing may be carried out by means of a method for forming

texture grooves having a line density of 7,500 (lines/mm) or more. In addition
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renmoval of the substrate fromthe chanber. The |l atter exposure process is
preferred, since, when the orientation-determning filmis exposedl1tggrampg
oxygen atnmosphere in the chanber, an intricate step for renoving the
substrate fromthe vacuum chanber is not required, and the exposure step
and the film formation step (including formation of the non-nmagnetic
undercoat |ayer and the nmagnetic |ayer) can be successively perforned in
the chanber. In the case where the exposure step is perforned in the

chamber, wheneNgochRIRG ed! rﬁecéﬁfﬁ%&l%h%ﬂné ?rlxetl{&lr, AN & winGidea or | ess,

preferably, the orientation- determning I'mis exposed to an at nosphere

cont ai ni ng en gas.of ;5 x . 10-4 Pa e.. Al though th

orientati on-ggrél?l g%( %Irarllri1 n%;re fu Fffdmannﬁglth%ée)me‘%gl }slceH e{f%ﬁragw © 3&??5%%69}135&&’5

at nospheric pressure, the upper limt of the oxygen gas pressure is
preferably 3“9?%(5#@2“1?183“8% lffséggel?ras’[‘%Tla & farrigg Olgj{ass substrate is heated,
the cr¥stal orientation of the non- nmagnetic undercoat |ayer and the
magnet LBl ayer c&puttrsingnfeademeing The resheciitve dayere ifpeardedioat ohderhfrgl ass
substrate preferably falls within a range of 100C to 400C. More

pref erabl y, esdieplg) ths SoBoesigr @nditions.h ddkeatambteemployad foroformifg thee
orientation-determning film [76] After formation of the non-nmagnetic

under coat | ai@fs, isteRgcudRAn®ticc' P4 8y 807 PhhiTenass subfratdhiAngd Gexti: is forned
t hrough sputtering by use of a sputtering target containing a material of

the magnet| 6dod¥eon ird BEERRUL RELS: thl Bhdifber P @RS Ay (5 Ar R M erial,

any one specCles selecte anong a
Co-cr- - baped bl b e Maneckaged ion 8\ Al G000
based al | Oylay\é\ry]c,ealrgug%o_s;%tt_egtné.bal%%ging ltlhg ycoiursseeo ls;?u%t%(rjihg,pggjveerr ?oblb%:/’ the &

applied is regulated to 0.2 kW to 2.0 kW. When the discharging time and the

power to be applied are regulated, the layers having desired thicknesses can be

formed.

[74] After formation of the orientation-determining film and before

formation of the non-magnetic undercoat layer, preferably, a step of exposing

the surface of the orientation-determining film to an oxygen atmosphere is

carried out. The oxygen atmosphere to which the film is exposed preferably

contains, for example, an oxygen gas of 5 x 10™ Pa or more. The exposure

gas may be brought into contact with moisture. The exposure time is

preferably 0.5 seconds to 15 seconds. In the exposure step, for example, the

substrate on which the orientation-determining film has been formed may be

removed from the chamber, followed by exposure of the film to air or an

oxygen atmosphere. Alternatively, air or oxygen may be brought into the

chamber to thereby expose the orientation-determining film thereto, without
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. L 0 0
content falls within a range of 10 at%to 25 at% and the Pt contﬁrbtsmf%és

. Wwthin a range of 8 at%to 16 at% Wen a Co-Cr - Pt-B-based aII

enpl oyed, preferably, the Cr content falls within a range of 10 at%to 25
at% the Pt content falls with a range of 8 at%to 16 at% and the B
content falls within a range of 1 at%to 20 at% fromthe viewpoint of

i nprovenent of SNR. When a Co-Cr-Pt-B-Ta-based alloy is enpl oyed,
preferably, the Cr content falls wthin a range of 16 at%to 24 at% the

Pt content fghbval Withé Bulktra@NE#6mOthe &haf¥er. t Thd Garith %x &shu?e geqtgnt falls
within a range of 2 at%to 8 at% and the Ta contenP S within a range
c

of 1 at%to a y: I

pref erabl vy, pehfgltrg’ ont e‘éltlg? %g%t&%d&&?@ﬁm th? lé e%(tpg/ggzi W %g at% the
Pt content falls within ar %f 8 at%to 16 coqntent falls
within a raSf§&EBraBosResss tge glaé? L PHEAEIRIR rtré’fﬂovf%l §SYSHRA®n a range
of 1 at%to 4 at% [ 77] The non-magnetic undercoat |ayer is preferably
formed such fioputhe yaeywh ghamper igmopfeqyired, agd thg, exposurssiporndribadily ori ent ed
along a (100) plane. [78] Wwen a non-nmagnetic internediate |ayer is

provi ded betfowwtion seepnnc]lwdigg &rimatiom o€ theowin-nagreaticamdetchat lapegreedi ¢ | ayer,
preferably, the internediate layer is fornmed by use of a sputtering target

contai ni ng, tlksmagiiehie/ laRt)RIah de,successboel Chelforned ialthoyhatiBer.Chthebise 25 at % to
45 at9% . When the magnetic |layer contains B, preferably, the non-magnetic

i nt er medi at gyHeaY ffe é@o&% HEbrméd 6 ﬁfe%ﬁaﬁfbbﬂgv&%nmbtdh%ﬁeﬁgch that the
Cr content of a region in e vicinity of 1 e CT 2006 the boundary

bet ween t he e?é)&l {é?gﬂ)et}g éﬂq{fprleco -6 Ilaay%r é;goerr ggitl ??6‘?‘%‘{ el n whi ch

the B conten ato ecorres

formati on of, the nagpetic r ot ctlve i.Im(e.
determlnlnggfj Im }s exp g/ dto an atmosphere conta];mng arg oxyggen gas of 5 x

10™* Pa or more. Although the orientation-determining film may be exposed to
an oxygen gas at atmospheric pressure, the upper limit of the oxygen gas
pressure is preferably 5 x 107 Pa or less.

[75] When the glass substrate is heated, the crystal orientation of the non-
magnetic undercoat layer and the magnetic layer can be enhanced. The
heating temperature of the glass substrate preferably falls within a range of
100°C to 400°C. More preferably, the glass substrate is heated after formation
of the orientation-determining film.

[76] After formation of the non-magnetic undercoat layer, the magnetic
layer (thickness: 15 nm to 40 nm) is formed through sputtering by use of a
sputtering target containing a material of the magnetic layer. The sputtering
target may contain, as a raw material, any one species selected from among a

Co-Cr-Ta-based alloy, a Co-Cr-Pt-based alloy, a Co-Cr-Pt-Ta-based alloy, a
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protective filmpredom nantly containing carbon) is formed through a known

. techni que, such as sputtering, plasma CVD, or a conbination t her eofd. 1 [080] 2006
|f desired, a lubrication layer is formed on the protective filmthrough
application of a fluorine-based lubricant (e.g., perfluoropolyether) by
means of, for exanple, dipping or spin coating. EXAMPLES Exanple 1 [81]
Anmor phous d ass GD- 7 (product of N ppon Sheet dass Co., Ltd.), ., which is
65 mMmin outer dianeter, 20 mmin inner dianmeter, and 0.635 nmin

thi ckness, ‘@%SCIEITPBQM%H ﬁﬁ)ya a@@@?—P%—'Bb?é bade8- allB?ﬂnd@@oQ‘l@ﬁﬁB-%{pSt rate was
subj ected to nechanical texfuring. Mechanical exturing was performed

under t he fBLAeavghfzsgl oQightd €% eld ANG Shibiv HALANRE i arond

abr asi ve gralns a size of ed.” The slurry

was added dropw he substrate at e 0 n1/ te for two
Seconds.bef GrEeR NS WihBr Breswiia ek e Moot B it ape  or med
of polyester woven fabric was enpl oyed. The pollshln? tape was noved at a
rate of 75 afeRghot 8. aththio é@@wrg\(feen(a Co-Cr-Bi-Bibasednalloy: ist empleyed. 600 rpm
and reciprocated at a rate of 120 tlnes/nlnute The tape was pressed onto
t he subst r apefanbly, ther Ce cofite. fallk gfithid @. @nd of MR Gitfantiocl at%.ethe Uiti ng was
performed for 10 seconds. The surface of the resultant substrate 26 3 1 0

C T 2006 wasntemtbthis vl at rangeas8I RN 6 bio Usd thé BAoMehpfodugthieh Di git al
Instrument), and the substrate was found to have an average surface

roughness ( BaeQf 14at% to@@dat%pfrb&qhy@re it OF n fBlogHER IR OWheh! Ne density
of 25,000 linées/mm [83] ter the substrate s thoroughly washed and
dried, the %uég-tdr?};t-%-"f@%ased alloy is employed, preferably, the Cr content falls
within a range of 16 at% to 24 at%, the Pt content falls within a range of 8 at%
to 16 at%, the B content falls within a range of 2 at% to 8 at%, and the Ta
content falls within a range of 1 at% to 4 at%. When a Co-Cr-Pt-B-Cu-based
alloy is employed, preferably, the Cr content falls within a range of 16 at% to
24 at%, the Pt content falls within a range of 8 at% to 16 at%, the B content
falls within a range of 2 at% to 8 at%, and the Cu content falls within a range
of 1 at% to 4 at%.
[77] The non-magnetic undercoat layer is preferably formed such that
crystals of Cr or a Cr alloy are predominantly oriented along a (100) plane.
[78] When a non-magnetic intermediate layer is provided between the non-
magnetic undercoat layer and the magnetic layer, preferably, the intermediate
layer is formed by use of a sputtering target containing, as a raw material, a
Co-Cr-based alloy (Cr content: 25 at% to 45 at%). When the magnetic layer

contains B, preferably, the non-magnetic intermediate layer is formed under

the sputtering conditions such that the Cr content of a region in the vicinity of

25



pl'aced in a DC magnetron sputtering apparatus (nodel: C3010, product of
ANELVA (Japan)). Subsequently, the apparatus was evacuated to 2 » L®CT 2006
Torr (2.7 x 10-5 Pa), and then an orientation-determning film (thickness:
1 nm was fornmed on the substrate at anbient tenperature by use of a
target containing a Co-Walloy (Co: 45 at% W 55 at% . [84] Thereafter,
the substrate was heated to 250C, and then exposed to oxygen at 0.05 Pa
for five seconds. Subsequently, a non-magnetic undercoat |ayer (thickness:
8 nm was f efeMBglidddryBE&wREN hd AbAGaghORt Bhiirfiht Qafdr-atd fe AhdR¥ic(Cr: 83
at% Ti: 15 at% B: "2 at% . A non-nagnetic 1 nternediate |ayer (thickness:
2 run) was r enof r cont aini ng . a 2 |loy (Co: 65 at%
Cr: 35 at% ia@gﬂ%ﬂg@ﬁhgﬁ%ﬁc&épg{éé%% rinclch{ﬁ’ebseg :'%%4(%%)%%%/% ng as a

magneti ¢ | ayer fornmed. by use of a t.arget containjng Co-Cr-Pt-B alloy
( Co: 66/% o5 Cr: BT clpppatian of Fhe maengtic [Byer, gy Propidvg flip B6®-pPot ect i ve
film (thickness: 5 nm was forned. During the course of formation of the

| ayers andPradieetive [fin predominarily eentypingreaiies) isfpumad diyovgh 3 kphorr (0.4 Pa).
Through application of a |ubricant containing perfluoropolyether by means
of di ppi ng, techniquéyrsuclass sputternye plasmhiCKDess: cofbimtjonhsedfor med. [ 85]
Thereafter, the thus-produced magnetic recording nedia were 27 31 OCT

2006 $gdyj ect ed (dedired, dRbtieglondhye igFdrARd Al tHEbrAéct@e 4ilnafoudl use of a
glide tester, and recording and reproduction characteristics of the

magnetic re L [ Am Wy : e i eval uat ed
by use of rgg@%\?\ﬁ% gﬁ?gl%%;%e%ssg{}&%g%@%?grgeuct&%@%pﬁ%ﬁﬁq n order to
evaluate re (g)rdi ngle g.ndi redoroductti.on characteristics, read-wite conversion
char act eri st1 ¢S MPIhEIPHEETS SPRSP 8t i on signal output (TAA), half power

w dth of isolated read

EXAMPLES
Example 1
[81] Amorphous Glass GD-7 (product of Nippon Sheet Glass Co., Ltd.),

which is 65 mm in outer diameter, 20 mm in inner diameter, and 0.635 mm in
thickness, was employed as a glass substrate.

[82] The glass substrate was subjected to mechanical texturing. Mechanical
texturing was performed under the following conditions. A polishing slurry
containing diamond abrasive grains having a size of 0.15 um at D90 was
employed._ The slurry was added dropwise to the substrate at a rate of 50
ml/minute for two seconds before initiation of mechanical texturing.~ A
polishing tape formed of polyester woven fabric was employed. The polishing
tape was moved at a rate of 75 mm/minute. The substrate (i.e., disk) was
rotated at 600 rpm, and reciprocated at a rate of 120 times/minute. The tape
was pressed onto the substrate at a force of 2.0 kgf (19.6 N). Mechanical

texturing was performed for 10 seconds. The surface of the resultant substrate
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pul se (PW0), SNR, and overwite (ON were neasured. Recording and

. reproduction characteristics were evaluated by use of a conpl ex-3ypgct hsge

film nmagnetic recording head containing a giant magnetoresistive (GWR)
el ement at the reproduction section. Recording of pattern signals was
performed at 500 kFCl, and integration noise was neasured at a frequency
falling within a range of 1 MHz to a frequency corresponding to 375 kFCl .
Reproduction output was nmeasured at 250 kFCI, and SNR was cal cul ated by

use of the f0 lsb@%t@cgtoeﬂ%ueﬂ%nt §EIBSC=Of21QFM (}pﬂ%‘&?ﬁ @%?lgﬁt ]ilngt'?ument

output/integration nolse as neasured at a frequency ing within a range
of 1 MHz to_a,fre n corr nding to 375 kKFECl).. Coercive feorce (Hc)
and squarengggh}eas?‘}g%m?%w)as ?‘{A}é‘(ﬁggﬁ%‘éesﬂ?%‘ﬁrﬁ? YE8Y 5}"?33? Eﬁ@fﬁe‘l&g-type
magneti c characterjstic neasuring . apparatus, (npdel: R01900, product of

i tachi El edbd EnineRdetesiie gFqoNgs @d}l}gahleedéene%ggmoo m‘gﬁm c ani sot ropy
index”éCR) and magnetic ani sotropy index of residual magnetization (MtOR)
were nedXur ed byAg?étf@fsuéSWW@ﬁﬂmughl}Bi%f@ﬁ,an@ﬂU@mdheSﬁ smitkayasDenshi  Co. ,
Ltd. (Japan)). Exanples 2 through 33 [86] The procedure of Exanple | was

repeat ed, eytepd in haDCt megomwposputteriny a@gBiradud (WofelTC3006 profuarvfal | oy for
formng an orientation-determning filmand the thickness of the filmwere

changed as shewvAngdahhe éubse@%ﬁ?,l fhehphBitds Jﬁkﬁeﬁcﬁ&g&'%é ofjpxanpl e 1

was repeated, except that an orientation- determning film(thickness: 5

T e o e Bl ST L, LSRRL AL o DY oS oL B! LBk GonLel v o o Co- W
provided in n?nl)asz?s f%frmfec? %nr]t(})ler:] -sgk?s%rra]l?et ;tcambient temperature by use of a target
containing a Co-W alloy (Co: 45 at%, W: 55 at%).

[84] Thereafter, the substrate was heated to 250°C, and then exposed to
oxygen at 0.05 Pa for five seconds. Subsequently, a non-magnetic undercoat
layer (thickness: 8 nm) was formed by use of a target containing a Cr-Ti-B
alloy (Cr: 83 at%, Ti: 15 at%, B: 2 at%). A non-magnetic intermediate layer
(th.ickness: 2 nm) was formed by use of a target containing a Co-Cr alloy (Co:
65 at%, Cr: 35 at%). A CoCrPtB alloy layer (thickness: 20 nm) serving as a
magnetic layer was formed by use of a target containing a Co-Cr-Pt-B alloy
(Co: 60 at%, Cr: 22 at%, Pt: 12 at%, B: 6 at%), and a carbon protective film
(thickness: 5 nm) was formed. During the course of formation of the layers
and the film, the pressure of Ar was regulated to 3 mTorr (0.4 Pa). Through
application of a lubricant containing perfluoropolyether by means of dipping,

a lubrication layer (thickness: 20 nm) was formed.

[85] Thereafter, the thus-produced magnetic recording media were
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intermedi ate layer, a stabilization layer (thickness: 2 nm was forned by
. use of a target containing a Co-Ru alloy (Co: 80 at% Ru: 20 at39 0Cxs 2006
formed, and a non-nagnetic coupling |ayer (thickness: 0.8 nm was forned
by use of a target containing Ru. Conparative Exanples 1 through 33 [88]
The procedure of Exanple 1 was repeated, except that the glass substrate
was not subjected to nechanical texturing, and the conposition of an alloy
for formng an orientation-determning filmand the-thickness of the film

were changedgsusaignnghd Fa0ke didGRIBRLAD LGN Sliddtqugh 36 [89]
JdEnH O RS

The procedureof Exa epeated, e conposi'tion of an
alloy for for norlentat on deternmnin and the thickness of the
fil myvvere cﬁ%‘ﬂbg% (iggsm\ﬁeqr UEHBR ¢ ethﬁracfegét]'gTatltggs MAZRRYC TCROREL he resul ts
of eval uations, of coer CI ve for Ce@&,l,d squar eness ratl o] netic

ani sot ropy Mediun phigh hadnpasead the ghids dest aysye praleated by use Sl!f(? Writ9006  of
resi dual nagnetization (MtOR), and read-wite conversion characteristics
of the nmagnenalgzer BAAFIY(redichobGURIKMPIs Ih arierdughaldateaecbrdogpar at i ve
Exanples | through 36. The results of Exanples 1 through 7 show the effects

of the thi chkinessepddductien ochendtadistion- deadmritdi denversion f eharmteriticq Co- W based
alloy (Co: 45 at% W 55 at%. As shown in Table 1, the magnetic recording

medi um i ncl yghigngd %rd?lﬁlbt%}{ ﬁ hfd r@ugﬁ eI AR R HAG JvaeM@mldwso@at&Jue%&ness
falling wthin a range of 00 A eXhi bi'ts exce | ent circunferenti al

magnet e apLROYpARE Aad s bR RIS R GOALRC BB Sng N ¢ e

magneti c m1nc orten erm |ngf|Im

having a . . .
9 reproduction characteristics were evaluated by use of a complex-type thin film

magnetic recording head containing a giant magnetoresistive (GMR) element
at the reproduction section. Recording of pattern signals was performed at
500 kFCI, and integration 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/integration noise as
measured at a frequency falling within a range of 1 MHz to a freduency
corresponding to 375 kFCI). Coercive force (Hc) and squareness ratio (S*)
were measured by use of a Kerr-effect-type magnetic characteristic measuring
apparatus (model: RO1900, product of Hitachi Electronics Engineering Co.,
Ltd. (Japan)). Magnetic anisotropy index (OR) and magnetic anisotropy index
of residual magnetization (MrtOR) were measured by use of a VSM (model:
BHV-35, product of Riken Denshi Co., Ltd. (Japan)).

Examples 2 through 33

[86] The procedure of Example 1 was repeated, except that the composition
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t hi ckness falling within a range of 25 to 100 A exhibits nore excell ent

. circunferential magnetic anisotropy and read-wite conversion 31 0CT 2006
characteristics. |In Exanples 8 through 30, the conposition of an alloy for
formng the orientation-determning filmwas varied. The results show t hat
the magnetic recording nediumincluding the orientation-determining film
formed of a Co- Whbased all oy, a Co-M-based alloy, a Co-Ta-based alloy, a
Co- Nb- based alloy, an N -Ta-based all oy, an N -Nb-based all oy, an

Fe- Wbased gfLR¥ilofRor Fo?rl'nm' Q@%ﬁgntgtli(lrpﬂ'etexﬂ{iniﬁg Ak Ner Pféstﬁgzkﬁégsq}f exhibits

excellent circunferentia magneti c ani sotropy, as we as excell ent
recordi ng a r i 0 charactenistics. In Exanples 31 through 33, the
orientati on&%eélgf%gr%%ﬁéngeglaﬁfg%%mfgarbrlr%gj' of aternary alloy. The results
show t hat the nmagnetic recording nediumincluding the
orientation-determning filmforned of a Co-W M- based alloy, a
Co- W Ta-based alloy, or a Co-N -Wbased alloy exhibits excellent
ci rcunf eren@@ﬂ@?éneti c anisotropy and read-wite conversion 30 31 0CT
2006 characteristics. [91] In Conparative Exanples 1 through 33, the gl ass
substr §ds havi nghagrodedwe ofdxgmpbe &svasrefidateidr exsaepf thaesn vaemattorpl oyed, and
the orientation- determning filns were forned of alloys enployed for .
forni ng thedetefrhi@itigafilndOthidRAGENS AinGvak ifdrifed el alBRniBaNRtGrengoaedi ng nedi a
of Exanples 1 through 33. The results show that each of the nmagnetic
recordi ng mpfia Qfset NSnERAP2L At NP 51%}”%8.5,45 togh Wwic thg ol ass
substrat e having r% tthaurgE grooves on its su\r,\?ac’e, éxi?ga??%’ no magnetic
ani sot r opy, atnrlf@rrexhi beitit S. o e@{lj- vv%i te C(r)nvvgrdf]i 0 chaf &%t eristi cs inferior to
those of t h8 NagRaE FIUFSEBP R Y imddF £ orIthie Riggnpi dig non-magnetic

intermediate layer, a stabilization layer (thickness: 2 nm) was formed by use

of a target containing a Co-Ru alloy (Co: 80 at%, Ru: 20 at%) was formed,

and a non-magnetic coupling layer (thickness: 0.8 nm) was formed by use of a

target containing Ru.

Comparative Examples 1 through 33

[88] The procedure of Example 1 was repeated, except that the glass
substrate was not subjected to mechanical texturing, and the composition of an
allo.y for forming an orientation-determining film and the thickness of the film
were changed as shown in Table 2.

Comparative Examples 34 through 36

[89] The procedure of Example 1 was repeated, except that the composition
of an alloy for forming an orientation-determining film and the thickness of
the film were changed as shown in Table 2.

[90] Tables 1 and 2 show the results of evaluations of coercive force (Hc),

squareness ratio, magnetic anisotropy index (OR), magnetic anisotropy index
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[92] In Conparative Exanples 34 through 36, the glass substrates
oves on their surfaces were enployed, and the orientaBiloBCT 2006
films were formed of an Ni-P-based alloy (Ni: 80 at% P: 20

at% . The results show that each of the magnetic recording nedia of

. texture gro

determ ni ng

Conmparative
ani sot r opy,

Conposi tion
orientation
| 45Co- 55W
45Co- 55W 5
20 4532 0.7
0.79 Exanp
Exanpl e 10
Exanpl e 12

Exanpl es 34 through 36 exhibits circunferential mag

havi ng

netic

but exhibits | ow coercive force and squareness ratio; i.e.,
poor read-wite conversion characteristics. 31 3 1 OCT 2006 Table 1-1

opf'esﬁiuhpbﬁaglimct)ﬁgw gxgabﬁpﬁ{ocie\égﬁ\ﬁﬁy%ﬁvr@m cggﬁﬁe{&%ﬁ tation-

- forcera determning fil eterm ni ng

3558 B2 s af AR e Coutogten! Ru34tg3d 9 Eompgi

Exanpl e
le 3
45Co- 55W

Example 6 4 -55W 30 4561 0.79 Exanple 7 45Cq-55W 50 4570
%éafspleg@éhr@e% gglﬁar%l%of xamRlesel Groughy/ shoy e ghfsqtsg. 78

60Co-40Mb 5 4458 0.76 Exanple i 1 45Co-55Mb 5 4465 0.81

of ths-thgkness of Alggoemation-determining film formed of a Co-W-based

alloy (Co: 45 at%, W: 55 at%). As shown in Table 1, the magnetic recording
medium including the orientation-determining film having a thickness falling
within a range of 25 to 300 A exhibits excellent circumferential magnetic
anisotropy and read-write conversion characteristics, and the magnetic
recording medium including the orientation-determining film having a
thickness falling within a range of 25 to 100 A exhibits more excellent
circumferential magnetic anisotropy and read-write conversion characteristics.
In Examples 8 through 30, the composition of an alloy for forming the
orientation-determining film was varied. The results show that the magnetic
recording medium including the orientation-determining film formed of a Co-
W-based alloy, a Co-Mo-based alloy, a Co-Ta-based alloy, a Co-Nb-based
alloy, an Ni-Ta-based alloy, an Ni-Nb-based alloy, an Fe-W-based alloy, an
Fe-Mo-based alloy, or an Fe-Nb-based alloy exhibits excellent circumferential
magnetic anisotropy, as well as excellent recording and reproduction
characteristics. In Examples 31 through 33, the orientation-determining film
was formed of a ternary alloy. The results show that the magnetic recording
medium including the orientation-determining film formed of a Co-W-Mo-
based alloy, a Co-W-Ta-based alloy, or a Co-Ni-W-based alloy exhibits

excellent circumferential magnetic anisotropy and read-write conversion
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ExXanpl e 13 55C0-45Ta 5 4485 0.76 Exanple 14 40Co-6C0Ta 5 4492 0. 8? Exan&}!ee
. 15 55C0-45Nb 5 4451 0.80 Exanple 16 40Co-60Nb 5 4496 0.77 Exanp é O 2
25C0- 75Nb 5 4493 0.78 Exanple 18 55N -45Ta 5 4451 0.79 Exanple 19

40N - 60Ta 5 4494 0.81 Exanple 20 60N -40Nb 5 4475 0.79 Exanple 21
45Co-55Nb 5 4456 0.76 Exanple 22 25Co-75Nb 5 4486 0.78 Exanple 23
40Fe-60W 5 4476 0.76 Exanple 24 25Fe-75W5 4474 0.76 Exanple 25 55Fe-45M
5 4463 0.80 Example 26 40Fe-60OWb 5 4455 0.78 Exanple 27 25Fe-75Mb 5 4488
0.78 Exanplgrd8erpeice- 45No 5 4469 0.78 Exanple 29 40Fe-60Nb 5 4462 0.79
Exanpl e 30 25Fe- 7/5Nb 5 4486 0.78 Exanple 31 45Co-25W20W 5 4474 0.78

exanpl 4 300 BEpETaRsEe SAabes] upbif Toofe VR RS b RK 0BR Tan O

PW50 SNR

[92]

texture grooves on their surfaces were employed, and the orientation-
determining films were formed of alloys employed for forming the
orientation-determining films of the magnetic recording media of Examples 1
through 33. The results show that each of the magnetic recording media of the
Comparative Examples, which includes the glass substrate having no texture
grooves on its surface, exhibits no magnetic aniso_tropy, and exhibits read-
write conversion characteristics inferior to those of the magnetic recording
media of the Examples.

In Comparative Examples 34 through 36, the glass substrates having

texture grooves on their surfaces were employed, and the orientation-

determining films were formed of an Ni-P-based alloy (Ni: 80 at%, P: 20 at%).

The results show that each of the magnetic recording media of Comparative
Examples 34 through 36 exhibits circumferential magnetic anisotropy, but
exhibits low coercive force and squareness ratio; i.e., poor read-write

conversion characteristics.

31



V'(dB) (ns) (dB) Exanple 1 1.07 1.15 1360 41.5 9.11 19.5 Exanpg§1é¥%ﬁéﬁ
1.32 1445 40.7 8.89 20.3 Exanple 3 1.21 1.37 1497 39.8 8.95 20. Anple

4 1.22 1.36 1468 39.4 8.94 20.5 Exanple 5 1.13 1.24 1422 38.9 9.05 19.8
Exanple 6 1.10 1.16 1370 38.5 9.11 19.5 Exanple 7 1.05 1.09 1317 38.7 9.15
19.1 Exanple 8 1.14 1.24 1353 40.1 9.02 20.2 Exanple 9 1.18 1.32 1411
39.5 8.99 20.4 Exanple 10 1.13 1.26 1373 38.7 9.03 20.2 Exanple 11 1.13
1.24 1331 38.8 9.06 20.1 Exanple 12 1.13 1.27 1372 38.9 9.03 20.1 Exanple
13 1.16 1.25 1320 38.8 9.07 20.0 FExgpp.¢ 14 1.14 1.27 1376 38.9 9.03 19.8
Exanpl e 15 1.15 1.28 1358 38.9 9.04 20.0 Exanple 16 1.14 1.21 1268 38.8

9.10 20.4 anmpie—17 1 191 26 416 3§99 90 196 —FExample 181 15 1. 26
1351 38.8 9| 05 19.9 Ex&plostiongfaloyd 1.8 ui 79 38.®e9ivd 0 | 2Bw8ene@xanpl e 20
1.14 1.23 1B62 38.6 9.4 oorignatiianl g 2dinke & 1. 23078859 | 38.17109, 04 20, 2
Exanpl e 22 .12 1.22 134§9Bingedlms 19, 8 nExanplle 29e1. I8 1. 23 1351 38.8
9.05 19.9 axphie P4 [1. 1545C029w1374 38.719. 03 20. liaoExXanpl eo. 5 114 1. 24
1348 38. 6 9 05Exiddpl62 45Co-55W 2.5 4461 0.77

Example 3 45Co-55W 5 4526 0.79

Example 4 45Co-55W 10 4521 0.79

Example 5 45Co-55W 20 4532 0.79

Example 6 45Co-55W 30 4561 0.79

Example 7 45Co-55W 50 4570 0.79

Example 8 60Co-40W S 4411 0.78

Example 9 25Co-75W 5 4521 0.78

Example 10 60Co0-40Mo 5 4458 0.76

Example 11 45Co-55Mo 5 4465 0.81

Example 12 25Co-75Mo 5 4468 0.77

Example 13 55Co0-45Ta 5 4485 0.76

Example 14 40Co0-60Ta 5 4492 0.80

Example 15 55Co0-45Nb 5 4451 0.80

Example 16 40Co-60Nb 5 4496 0.77

Example 17 25Co-75Nb 5 4493 0.78

Example 18 55Ni-45Ta 5 4451 0.79

Example 19 40Ni-60Ta 5 4494 0.81

Example 20 60Ni-40Nb S 4475 0.79

Example 21 45Co-55Nb 5 4456 0.76

Example 22 25Co0-75Nb 5 4486 0.78

Example 23 40Fe-60W 5 4476 0.76

Example 24 25Fe-75W 5 4474 0.76

Example 25 55Fe-45Mo 5 4463 0.80

Example 26 40Fe-60Mo 5 4455 0.78

Example 27 25Fe-75Mo 5 4488 0.78

Example 28 55Fe-45Nb 5 4469 0.78

Example 29 40Fe-60Nb 5 4462 0.79

Example 30 25Fe-75Nb 5 4486 0.78

Example 31 45Co0-25W-20Mo 5 4474 0.78

Example 32 45Co0-25W-20Ta 5 4470 0.78

Example 33 25Co-20Ni-55W 5 4469 0.78

Example 34 45Co-55W 5 4525 0.80
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EXanple 26 1.13 1.28 1394 38.8 9.02 20.2 Exanple 27 1.16 1.24 1302 38.6
9.08 20.0 Exanple 28 1.12 1.24 1359 38.8 9.04 20.0 Exanple 29 3.11@CT..2008
1358 38.8 9.04 20.1 Exanple 30 1.18 1.23 1332 38.7 9.06 20.0 Exanple 31
1.14 1.25 1374 38.8 9.03 19.9 Exanple 32 1.19 1.24 1330 38.8 9.06 19.9
Exanple 33 1.18 1.21 1319 38.8 9.07 20.3 Exanple 34 1.23 1.37 1311 38.5
8.91 20.6 33 310 CT 2006 Table 2-1 Conposition of alloy Thickness of
Coercive Squareness for orientation- orientation- force ratio determ ning
filmdetermmpprg-3il mNmC Conp. Ex. | 45C0-55W1 1892 0.43 Conp. Ex. 2
45Co-55W 2.5 2578 0.56 Conp. Ex. 3 45Co-55W5 3451 0.65 Conp. Ex. 4

45Co0- 55W 103895069 BR- EMrtOé 45%— 55WL3 042 bW E,SNRCUmD' Ex. 6
45Co- 55W 30| 4200 0. 71 P [EX. 7 42@1@)— CSWdEQ 42 )0 { /(dB)GUrT'p. Ex. 8
60Co- 40W 20 42§§an{]‘5|e§7 Congr [EXt 159 128565 1OW D 4219 0~ 11 9Conp. Ex. 10
60Co- 40Vb 2042268 1 119 | 132 | 1445 40.7 889 | 203
Example 3 121 137 | 1497 39.8 895 | 20.6
Example 4 122 | 136 | 1468 394 894 | 20.5
Example 5 .13 124 | 1422 38.9 9.05 19.8
Example 6 .10 | 1.16 | 1370 38.5 9.11 19.5
Example 7 105 | 1.09 | 1317 38.7 9.15 19.1
Example 8 .14 | 124 | 1353 40.1 9.02 | 202
Example 9 1.18 1.32 1411 39.5 8.99 204
Example 10 NE 126 | 1373 38.7 9.03_ | 202
Example 11 .13 124 | 1331 38.8 9.06 | 20.1
Example 12 1.13 127 | 13712 38.9 903 | 20.1
Example 13 .16 | 125 | 1320 38.8 9.07_ | 20.0
Example 14 114 | 127 | 1376 38.9 9.03 19.8
Example 15 .15 128 | 1358 389 | 9.04 | 20.0
Example 16 14 | 121 | 1268 38.8 9.10 | 204
Example 17 .19 | 126 | 1416 38.9 9.00 | 196
Example 18 115 126 | 1351 38.8 9.05 | 199
Example 19 1.13 121 | 1279 38.6 9.10 | 203
Example 20 1.14 1.23 1362 38.6 9.04 19.8
Example2] ~ | 1.16 | 123 | 1359 38.7 9.04_ | 202
Example 22 102 | 122 | 1349 38.9 905 | 19.8
Example 23 118 | 123 | 1351 38.8 905 | 199
Example 24 1.5 124 | 1374 38.7 9.03_ | 20.1
Example 25 114 | 124 | 1348 38.6 9.05 19.6
Example 26 1.13 128 | 1394 38.8 902 | 20.2
Example 27 116 | 124 | 1302 38.6 9.08_ | 20.0
Example 28 112 | 124 | 1359 38.8 9.04__ | 20.0
Example 29 .16 | 124 | 1358 38.8 9.04 | 20.1
Example 30 .18 | 123 | 1332 38.7 9.06 | 20.0
Example 31 114 | 125 | 1374 38.8 9.03 19.9
Example 32 .19 | 124 | 1330 38.8 9.06 | 19.9
Example 33 118 | 121 | 1319 38.8 9.07 | 203
Example 34 1.23 137 | 1311 38.5 891 | 206
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1 1 45Co-55Mb 20 4213 0.70 Conp. Ex. 12 25Co-75M> 20 4233 0. 67

13
15
17
19
21
23
25

55C0- 45Ta 20 4225 0.67 Conp. Ex. 14 40Co-60Ta 20 423800¥. 7006
55Co0- 45Nb 20 4211 0.71 Conp. Ex. 16 40Co-60ONb 20 4248 0. 68
25Co0- 75Nb 20 4218 0.72 Conp. Ex. 18 55N -45Ta 20 4242 0.71
40N i -60Ta 20 4221 0.69 Conp. Ex. 20 60N -40Nb 20 4236 0.71
45Co-55Nb 20 4239 0.70 Conp. Ex. 22 55Fe-45W 20 4239 0. 69

40Fe- 60W 20 4245 0.67 Conp. Ex. 24 25Fe-75W 20 4201 0. 70

55Fe-45Mb 20 4208 0. 7ir,pfe1p. Ex. 26 40Fe-60Vb 20 4231 0.71

27 25Fe-75Mb 20 4248 0.70 C6rrp Ex. 28 55Fe-45Nb 20 4470 0.71
2p—40Fe-6ONb—20—4469—0-6 e Ex 730 25Fe775Nb—26—4460 0. 68
3]l 45C0- 25y SQMeSiie AABS |0. GO oD, |EReerd® 45WuargBW POTa 20 4487

Ex. 33 25Co-PONISBY 20 ddbdinile B | CoFFe Ex. J@ioBON| - 20P 5 3316

Ex. 35 80N 88PN %610, 6 Am CoNp.| EXos 36 80N -20P] 20 3811

Comp. Ex. 1 45Co-55W 1 1892 0.43

Comp. Ex. 2 45Co-55W 2.5 2578 0.56

Comp. Ex. 3 45Co-55W 5 : 3451 0.65

Comp. Ex. 4 45Co-55W 10 3895 0.69

Comp. Ex. 5 45Co-55W 20 4215 0.71

Comp. Ex. 6 45Co-55W 30 4200 0.71

Comp. Ex. 7 45Co-55W 50 4212 0.67

Comp. Ex. 8 60Co-40W 20 4233 0.67

Comp. Ex. 9 25Co-75W 20 4216 0.71

Comp. Ex. 10 60Co-40Mo 20 4204 0.68

Comp. Ex. 11 45Co-55Mo 20 4213 0.70

Comp. Ex. 12 25Co-75Mo 20 4233 0.67

Comp. Ex. 13 55C0-45Ta 20 4225 0.67

Comp. Ex. 14 40Co-60Ta 20 4238 0.71

Comp. Ex. 15 55C0-45Nb 20 4211 0.71

Comp. Ex. 16 40Co-60Nb 20 4248 0.68

Comp. Ex. 17 25Co0-75Nb 20 4218 0.72

Comp. Ex. 18 55Ni-45Ta 20 4242 0.71

Comp. Ex. 19 40Ni-60Ta 20 4221 0.69

Comp. Ex. 20 60Ni-40Nb 20 4236 0.71

Comp. Ex. 21 45Co0-55Nb 20 4239 0.70

Comp. Ex. 22 55Fe-45W 20 4239 0.69

Comp. Ex. 23 40Fe-60W 20 4245 0.67

Comp. Ex. 24 25Fe-75W 20 4201 0.70

Comp. Ex. 25 55Fe-45Mo 20 4208 0.71

Comp. Ex. 26 40Fe-60Mo 20 4231 0.71

Comp. Ex. 27 25Fe-75Mo 20 4248 0.70

Comp. Ex. 28 55Fe-45Nb 20 4470 0.71

Comp. Ex. 29 40Fe-60Nb 20 4469 0.69

Comp. Ex. 30 25Fe-75Nb 20 4460 0.68

Comp. Ex. 31 45Co0-25W-20Mo 20 4455 0.69

Comp. Ex. 32 45C0-25W-20Ta 20 4487 0.67

Comp. Ex. 33 25C0-20Ni-55W 20 4461 0.69

Comp. Ex. 34 80Ni-20P 5 3316 0.64

Comp. Ex. 35 80Ni-20P 10 3561 0.67

Comp. Ex. 36 80Ni-20P 20 3811 0.68
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34 310CT2006 Table 2-2 OR MtOR TAA ONPWS0 SNR (V (dB) (ns) (dB) Cﬁﬂg
Ex. 1 1.00 1.00 926 45.6 10.51 10.2 Conp. Ex. 2 1.00 1.00 1021 4495718061
12.5 Conp. Ex. 3 1.00 1.00 1178 43.5 9.77 16.6 Conp. Ex. 4 1.00 1.00 1267
42.5 9.45 18.1 Conp. Ex. 5 1.00 1.00 1290 41.3 9.32 18.7 Conp. Ex. 6 1.00
1.00 1300 41.5 9.35 18.6 Conp. Ex. 7 1.00 1.00 1287 41.1 9.34 18.7 Conp.
Ex. 8 1.00 1.00 1282 41.1 9.25 18.7 Conp. Ex. 9 1.00 1.00 1276 41.1 9.25
18.4 Conp. Ex. 10 1.00 1.00 1275 41.2 9.23 18.4 Conp. Ex. 11 1.00 1.00
1261 41.3 9.36 18.5 Conp. Ex. 12 In,@Q 5100 1241 41.1 9.26 18.4 Conp. Ex.
13 1.00 1.00 1294 41.3 9.35 18.7 Conp. Ex. 14 1.00 1.00 1292 41.0 9.31

18.6 Conp. (Ex— 15100400 {6t 2 haa 9 28y 18 $wsbomr—dog 16 1.00 1.00
1246 41.5 9,35 18.5 oTTp. Bx— 17 1.(,&‘@ - Q&)J.Ab‘l-(nfbl 2 9.(§§) 1876 Conp. EX.
18 1.00 1.0 ééﬁpEﬁlJl 25 w0 11803 [CO3R- E>&56lfo o9P ] 00,5269 41. 3 9. 38
18.5 Conp. [ Eomp®x.b- 00 1lo00 12785 [Ahoh 9. 48218 40, 00TP. 2% 21 1.00 1.00
1252 41. 3 9] 3Borl$3ER 3 1.00 1.00 1178 | 4355 9.77 16.6

Comp. Ex. 4 1.00 1.00 1267 | 425 9.45 18.1

Comp. Ex. 5 1.00 1.00 1290 | 413 9.32 18.7

Comp. Ex. 6 1.00 1.00 1300 | 415 935 18.6

Comp. Ex. 7 1.00 1.00 1287 | 411 934 18.7

Comp. Ex. 8 1.00 100 | 1282 | 411 9.25 18.7

Comp. Ex. 9 1.00 1.00 1276 | 41.1 9.25 184

Comp. Ex. 10 1.00 1.00 1275 | 412 9.23 18.4

Comp. Ex. 11 1.00 1.00 1261 | 413 9.36 18.5

Comp. Ex. 12 1.00 1.00 1241 | 41.1 9.26 18.4

Comp. Ex. 13 1.00 1.00 1294 | 413 935 18.7

Comp. Ex. 14 1.00 1.00 1292 | 41.0 931 18.6

Comp. Ex. 15 1.00 1.00 1261 | 412 928 18.4

Comp. Ex. 16 1.00 1.00 1246 | 415 935 18.5

Comp. Ex. 17 1.00 1.00 1284 | 412 9.35 18.6

Comp. Ex. 18 1.00 1.00 1266 | 412 930 18.3

Comp. Ex. 19 1.00 1.00 1269 | 413 938 185

Comp. Ex. 20 1.00 1.00 1285 | 415 928 184

Comp. Ex. 21 1.00 1.00 1252 | 413 9.35 18.6

Comp. Ex. 22 1.00 1.00 1252 | 412 941 18.6

Comp. Ex. 23 1.00 1.00 1298 | 414 923 18.7

Comp. Ex. 24 1.00 1.00 1288 | 41.1 925 18.4

Comp. Ex. 25 1.00 1.00 1265 | 414 9.23 18.4

Comp. Ex. 26 1.00 1.00 1262 | 413 9.35 18.6

Comp. Ex. 27 1.00 1.00 1285 | 4l1.1 933 185

Comp. Ex. 28 1.00 1.00 1256 | 414 9.40 18.6

Comp. Ex. 29 1.00 1.00 1267 | 411 9.24 18.6

Comp. Ex. 30 1.00 1.00 1263 | 414 9.40 185

Comp. Ex. 31 1.00 1.00 1245 | 413 9.35 18.5

Comp. Ex. 32 1.00 1.00 1242 | 413 931 18.7

Comp. Ex. 33 1.00 1.00 1288 | 4l.1 9.42 18.6

Comp. Ex. 34 1.04 1.15 1311 | 445 9.56 15.7

Comp. Ex. 35 1.06 1.18 1325 | 432 9.42 18.1

Comp. Ex. 36 1.08 121 1332 | 426 9.25 192
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Conp. Ex. 22 1.00 1.00 1252 41.2 9.41 18.6 Conp. Ex. 23 1.00 1.00 1298
41.4 9.23 18.7 Conp. Ex. 24 1.00 1.00 1288 41.1 9.25 18.4 Conp’ 1 B€T 286
1.00 1.00 1265 41.4 9.23 18.4 Conp. Ex. 26 1.00 1.00 1262 41.3 9.35 18.6
Conp. Ex. 27 1.00 1.00 1285 41.1 9.33 18.5 Conp. Ex. 28 1.00 1.00 1256
41.4 9.40 18.6 Conp. Ex. 29 1.00 1.00 1267 41.1 9.24 18.6 Conp. Ex. 30
1.00 1.00 1263 41.4 9.40 18.5 Conp. Ex. 31 1.00 1.00 1245 41.3 9.35 18.5
Conmp. Ex. 32 1.00 1.00 1242 41.3 9.31 18.7 Conp. Ex. 33 1.00 1.00 1288

41.1 9{ 18. 6 @ﬁ%reéﬁt 1r§/énéo@4s Jdlréée&?téja %gﬁet% 5&09&%% meG%H? Bx. 35
1.06 1325 43.2 9. 42 18. 8 1.21 13 9.25 19.2

35 3 1 0 CT ﬁpa%? nglltT;ue :%Eessu venthlglp |r§ v%lsréar%tg 8 rragnetl C
recordi ng et |um gl a gl ass SUDSTat 2on cfi & grooves are
formed in a . ci um‘er ntlal di rection, dgn orlentatlon determnlnglayer a

non- magnet i £iC éetnf:'ﬁla Irpciion, an ongntation;determining layes, 3 angnagteiGe fil m
wherein the layers and filmare successively formed on the substrate,
wher ei n_t heubddreast dayeone magnetiarianeingnd ayprotacve dilmewhereimthealayery | ayer
containing at |east one elenent selected fromthe group consisting of Co,
Ni, and Fe amdlfih dreastcessieclglfomet on skd edisadtef mdwrdim ¢hegodemattmasi sti ng of
W M, Ta, and Nb. Wth this constitution, the magnetic recording medium
exhi bits ci gedimhigi@hyélis formed of an alloy layer containing at least one element

selected from the group consisting of Co, Ni, and Fe and at least one element

selected from the group consisting of W, Mo, Ta, and Nb. With this

constitution, the magnetic recording medium exhibits circumferential

magnetic anisotropy and enhanced read-write conversion characteristics. Thus,

the magnetic recording medium is suitable for high-density recording.

[94] While the invention has been described in detail and with reference to

specific embodiments thereof, it will be apparent to one skilled in the art that

various changes and modifications can be made therein without departing

from the spirit and scope thereof.

[95] This application is based on Japanese Patent Application No. P2002-

242518 filed August 22, 2002, incorporated herein by reference in its entirety.
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magneti c ani sotropy and enhanced read-wite conversion characterissics.
Thus, the nagnetic recording nediumis suitable for high-density 1-0CT 2006
recording. [94] Wiile the invention has been described in detail and with
reference to specific enbodinents thereof, it will be apparent to one
skilled in the art that various changes and nodifications can be nade
therein without departing fromthe spirit and scope thereof. [95] This
application is based on Japanese Patent Application No. P2002- 242518 filed
August 22, R0QAT IsncoAspgrptied herein by reference inits entirety. 36 3 1
OCT 2006 WHAT IS CLAIMED IS: 1. A magnetic recordi ng nedi um conprising a

gl ass substrate ;having e . irfa eqf n

ori entati on-det erl'm' ni rr%‘g "P“‘réﬁ‘g‘:{c %ac(andﬁgqnne;d&l%%t?ogn%%g{egr go%ll?%l SatipeStrr?tea magneti c

| ayer, and protective filnh.thﬁ | ayers . and fil m hejng successively
formed on t H&VBRHEEIOVE} & NRHITRTSDPRRL P PHARIAYE PR YR RN My er
contains at |east one alloy selected fromthe group consisting of a

Co- W based #1agpstic undesronblqygs édmagnedy layerandyg peosediivalfiley thealagers

Fe- Mb- based alloy. 2. A nmagnetic recording nmedi umaccording to claim1,

wher ei n t hendfilrerbeatz weadsivelyformertjon theesubktage, avhdreickhessertaidd-ng within a
range of 10 A to 300 A. 3. A magnetic recording nedium according to claim

1, wherein delem@ings $ayetdhtatise ai Sedsoromed @ioyaREleabo Usorg! ﬁh%sﬁro‘ﬂlp A magnetic
recordi ng nmedi um according to claim1l1l, wherein the grooves have a |line

density of @&nslis‘%ﬁ%tofléQ-@Jv(daLéaeél{dWECo‘iMd%maﬁ&i,% FEMRbNA% I UM

according to claiml1, wherein
and a Fe-Mo-based alloy.

2. A magnetic recording medium according to claim 1, wherein

the orientation-determining layer has a thickness falling within a range of 10 A

to 300 A.

3. A magnetic recording medium according to claim 1, wherein

the glass substrate is formed of amorphous glass.

4, A magnetic recording medium according to claim 1, wherein

the grooves have a line density of at least 7,500 (lines/mm).

5. A magnetic recording medium according to claim 1, wherein
the magnetic anisotropy index of the magnetic layer (coercive force in a

circumferential direction/coercive force in a radial direction) is at least 1.05.

6. A magnetic recording medium according to claim 1, wherein
the magnetic anisotropy index of residual magnetization (residual

magnetization in a circumferential direction/residual magnetization in a radial
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t He magnetic ani sotropy index of the nagnetic |ayer (coercive for%g iE 2@@%
, circunferential direction/coercive force in a radial direction) is aP F
1.05. 6. A nmagnetic recording nmediumaccording to claim1, wherein the
magneti c ani sotropy i ndex of residual magnetization (residual

magnetization in a circunferential direction/residual magnetization in a
radial 37 31 0 CT 2006 direction) is at least 1.05. 7. A nmagnetic
recordi ng medi um according to claim1, wherein the non-magnetic undercoat

| ayer cont aidﬂ;gctgmgs Jiaygriopr a G alloy layer containing at |east one
el enment sel ecte rom tahe group consisting of Ti, M, A, Ta, W N, B,

Si, and V. 8. A magnetic recording nmediumaccording to claim1l, wherein
the magnetic |ayer contaij t_least one. allo el ected fromthe group
consi sting of a ‘éo Cr r‘1“1' gd-agggstgdreﬁ Iiad(')ri;, mécgl('fB’- E‘E%@P%a%ec A {’OVY/},‘ergn
Co-Cr- Pt -Ta-, based all oy, g.Cb-gr-Pt-B-basegga%qu, ang a
Co- Or - Pt - B- 1% A% Enagnetsy, indsyenat dayer onjauis dddnlayeryer ¢ Coplloy laernagnet i ¢
recordi ng and reproducing apparatus conprising a magnetic recordi ng medi um
as recited icantaingigngtileast ope e mnbsqwgf?dgg@@ the gepupsronsisénoeidindlaf data onto
t he medi um and for reproduction of the data therefrom 10. A nmagnetic
recordi ng add, TepVoNid, Sg aagparatus as clainmed in any one of the preceding
clainms, wherein the Wcontent of the Co-Whbased alloy falls within a range
of 30 at% to 85 at% the M content of a Co-M-based alloy falls within a
range of 30 at% 8t o 8RA afa¥metic recording medium according to claim 1, wherein

the magnetic layer contains at least one alloy selected from the group

consisting of a Co-Cr-Ta-based alloy, a Co-Cr-Pt-based alloy, a Co-Cr-Pt-Ta-

based alloy, a Co-Cr-Pt-B-based alloy, and a Co-Cr-Pt-B-Y-based alloy,

wherein Y represents Ta or Cu.

9. A magnetic recording and reproducing apparatus comprising a
magnetic recording medium as recited in claim 1 or 2, and a magnetic head for

recording of data onto the medium and for reproduction of the data therefrom.

10. A magnetic recording and reproducing apparatus as claimed in

any one of the preceding claims, wherein

the W content of the Co-W-based alloy falls within a range of 30 at%

to 85 at%;

the Mo content of a Co-Mo-based alloy falls within a range of 30 at%

to 85 at%

the W content of an Fe-W-based alloy falls within a range of 37 at% to
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the Wcontent of an Fe-Wbased alloy falls within a range of 37 ato/tﬂ\%I ?398
.31 0CT 2006 86 at% the Mo content of an Fe-Mo-based all oy falali il t #9306,
a range of 35 at% to 85 at% 11. A nagnetic recordi ng medi um conprising a
gl ass substrate having grooves on the surface thereof, an
orientation-determ ning |layer, a non- nmagnetic undercoat |ayer, a magnetic
| ayer and a protective film the layers and filmbeing successively forned
on the substrate, wherein the orientation- determ ning |ayer contains at

| east one akkQp,] ayer having an Fe7Ws structure in an anmpunt of at |east
25% 39

the Mo content of an Fe-Mo-based alloy falls within a range of 35 at%

to 85 at%;

11. A magnetic recording medium comprising a glass substrate
having grooves on the surface thereof, an orientation-determining layer, a non-
magnetic undercoat layer, a magnetic layer and a protective film, the layers
and film being successively formed on the substrate, wherein the orientation-
determining layer contains at least one alloy layer having an Fe7W6 structure

in an amount of at least 25%.
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