DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM AND MAGNETI C
RECORDI NG AND REPRODUCI NG DEVI CE Cross Reference to

woedcanedeAppl i cati ons: This application is an PCT/JP2005/014876

10

15

20

25

30

application filed under 35 U.S.C. |ll(a) claimng the
benefit pursuant to 35 U . S.C. 119(e)(l) of the filing
dates of Provisional Applicatipon No. 60/604,489 filed
August 26, 2004 and Japanese Application No.

2004- 236454 filed August 16, 2004 pursuant to 35 U. S.C
111 (b). Technical Fiel d:DESCRIRTI@®Mti on relates to a
magneti ¢ recordi ng nedi um havi ng an orientation
adjusting | ayer, a nonmagnetic under |ayer, a

NGRS CRECORIIBG; 2 @D RNET AND NANTNETIC WECORMING AND
protective |ayer sequentially stacked on a magnetic

SREBRONUECIHYGWEMIEHN the first surface thereof with a
texture streak and used for a nagnetic disc and to a
magneti ¢ recordi ng and reproduci ng device for

I ey ReR@erddo ReREUAFpIGtiengragneti ¢ signal in the
magneti c recordi ng nedium Background Art:

di sc dihiseppligationyip |a§wpp§caéhﬁ>é flé?fh&n@ﬁr 32 Hey eg iﬂ‘?a) claiming the
r I t
 BERAEPAGu A 55T 8 NI bERe HrinR GRAT PSS Application
oNob 6%6014 48H sﬁlscauﬂdzguha% t200g amalcTapamdse chpplichiiorc Dot i2004-236454
in the future, In conseq 0 s inclination, the
dEiled) Angwshio. 3P0%4 PHSHAE {9 ggﬁ]gg&gﬁilhgt)nead and t he

devel opnent of a magnetic recording nedi um suitable

for the high recording density have been bei ng

pTectmicatiFielhe nmagnetic recor di ng nmedi um whi ch i s used

it Ei ghlea"gasrldﬁggqt%ﬁ rgg\;\%feta "Hnﬁﬁ% ic rrgg g}lrgﬁrgeégn&at‘)mgaan orientation

Comaffise tykd £Hdanaendtheus@er Bise o abfBagRdc cnttamediate layer, a
the signal/noise ratio (SNR) as wel|. Concerning the

megseeticclayer srdiRriyorpsHy QL FYeD semenddly stackedeot arBegnetie substrate
Sﬁfo‘(z?dedtc{?l the tﬁ(‘éﬂ H’%@e tﬂé\'\ébp&ﬁﬁtt {e' T g &P Qs°€ fja mﬁgnetlc disc
e sputterrng

nique on a substratea apte or a
magdh ed h@nergﬁemr fhcﬁghm@ aidirepraducing deviwedot revgrdids andheeproducing a
substrate uitable for the_ magnetic recordi ng nmedi um
tﬂ@gg?téﬁﬁl e Spaegetc ’éﬁ‘fﬂrdﬂl?%‘%ﬁﬂ? Y& substrate are
being wi dely used. The al um num substrate is what is
obt ai ned by
Background Art:

The hard disc drive (HDD) which is one kind of a magnetic recording and
reproducing device at present has the recording density thereof increase at an annual
rate of 60%. It is said that this inclination will continue in the future. In consequence
of this inclination, the development of a magnetic recording head and the development
of a magnetic recording medium suitable for the high recording density have been
being promoted.

The magnetic recording medium which is used in the hard disc drive has been
required to follow this inclination toward higher recording density and consequently
enhance the coercive force and enhance the signal/noise ratio (SNR) as well.

Concerning the magnetic recording medjum to be used in the hard disc drive,

the structure having metal films deposited by the sputtering technique on a substrate



formng a N -P-based alloy layer in a thickness of
about 10 mm by el ectrol ess plating on a substrate of

w@r00slo19k3 al | oy ground to specul ar finish and PCrT/gPe05/014876
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grinding the surface of this layer to specular finish.

The gl ass substrate is known in different kinds, such

as an anor phous glass and a crystallized glass. The

gl ass substrates of both kinds are ground to specul ar

finish prior to-use. The magnetic recordi ng nedia

whidaptedrfor genagadticy racoading tmepiiws eist ndvorproeailihgli s&s the substrates
drlv e in a structure havi.ng a, no neti der
| syieble e @%@a@et{caree?ﬂégg%eaﬂeéﬁu he' gliRNAP. ybsiipe and the glass
als'u@é’craté @fe Séﬁ@bﬁ)e}ry ﬁ‘se@on‘i‘ﬁg "bﬁﬂnﬁufnnhﬁfsffﬁt‘é' @t\@hitai){ &btained by
(made of Ta- based alloy, fo

efanplmg)a NaP{bagedeallocy lamren a(tlmlsmesefof aba@s- mumthmect@ﬂess plating

R0 SRS B Al Y P B SO i

StsaeieroORisdayed foBetaalal EinBHDThe glags aitdtriRvd Khﬂw@h 1n different kinds,
lubricating filmmade of a liquid |ubricant forne

t ek o anSEyaphrusnalasroerd Ar%y%hzqdaglla@s f d e tghrss ﬁubﬁ@é@ of both
of f a magnetic

rekcngr gh?@gh‘ﬁ%gwgqe%ﬁﬁf ? h\éﬁgglgé&g‘% gt he magnet: c

recor diTig nRghdit) REordingaikedy whisk atmgemalf;‘pumi at prasemt for hard
conrponent for, the nagnetic | ayer, for ex

h
OB RSP iR AgStTUST R dayiaaia Rywiagrets up olager (mde of Cr, 2 Cr-
t{)?&f MGy, NITEALKRed Q@Qgt ?orhﬁ)&%&%e% RbdeRM¥tic intermediate layer

|she ‘concerning t the use of a
Cr(Madb af e Coalt-ay CasCaTadasmmptloy; or am:heple) ayeagnhiic layer(made of a

%g?%?%t ! e%ﬁa (Lért-o%tg? é)tg?qtfi agliogp teigargplge} ﬁlélg) é@%{;t[lve film (made of

re&l%cﬂl' H&r SREMPIEN scghiént BBy hetked ohrdasihiiGhetid QubBGRLEAd having a
ani sotropy having an axi s of easy magnetization in the

ci lpbriertiag divmni aadecdfradiquid lbaigent feinaae therealy t hi s 3
proper tge\)efarl] %eft}? dts'a¥<,g 1a}9fé' flor ﬂl% eﬁlﬁg JLe)e Q:ﬂﬂarﬁi the coercwe force

enhanci'ng the coerC|ve orce nci ng FeCort
prefeembgresic aewbrdiogagdiini hgtlieh:asecdf&haﬂtagnetﬁi necordlng medlum of an

erties of the nmediuym At presen t her ef
. s«'ﬁ REsaNRYIng fSnps # AN pﬂ@pﬁ&gﬁ é?fi@l e BRTIHF 1Ry T &mmple the
8o r&%pcﬁ{%\‘@ttﬁe LESiHbA o F?t gf&% Bfradiveg I‘@tﬂn&bﬂﬂéﬁ)@ﬂ‘s have been

oy Wt - P- based |'ayer (otherw se cal
amlmladmpnbimhsdl betgeating this netlaisl. e.éllsob‘gheund of gcﬁrﬂ\@l—bmd alloy as a

TSR REIEE 1 B e DrAaosat e g TS B o . 989 556).

Ni - Pbasggl ré%gkd%Ythé WoA6Bstali® propRIty @Fkhd MBgheRi@NBEdrding medium, the
ani sotropy having an axis of easymagnetization in the

c i meﬁhnﬁ of emparting ther magnesis apisetrepy havingEEazis Hf sagynmpagngtization in

Aptrgl[‘3 |cga‘9rf{}§ r?{“{éﬁ) g}neggg%lgg%) hel%z[?nlgg ghlSJ %%ﬁ?:ﬂkr 9L @RAMNs well as the

method of enhancing the coercive force in enhancing recording properties and

homogenizing the characteristic properties of the medium. At present, therefore, .it is
generally known that the magnetic recording medium using a substrate resulting from
plating an aluminum alloy with a Ni-P-based alloy layer (otherwise called an
aluminum substrate) is enabled, by undergoing the texture processing for
mechanically inscribing a fine groove in the circumferential direction on the Ni-P-

based alloy surface, to manifest the magnetic anisotropy having an axis of easy



No. 5 (1993) 784). As a nonmagnetic substrate, the
gl ass substrate, for exanple, possesses rigidity

we@elohdosy) i n i npact resistance and possesses BPXU@PA0EIi14876

flatness as well and, therefore, may well be rated as

a nonmagneti c substrate appropriate for high recording
density. When the magnetic ani-gatropy in the

circunferential direction can be inparted to the

magneti c recordi ng medi um using glass for the

nanaggtiedtion subiet ciedumfeientigladirdtioe x(pefet ¢éxl [EBEatmus oe Mag. Vol

Sk 2R B RE L nd downebiiae S bidoinet 85 fosiey. Vol 17

. suhsts @besPygsgubj ecting this substrate to the texture
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processi ng have been known. For the purpose of formng
fine andis amphrgnetic subntiates theegliss substietd, d@apxamplm ppgpesses rigidity

DRl O TR A0 SIS0 gt

griaap wallbeplagtds 1ﬁ¢1ﬁ@fg&eﬂ‘taalﬂs&eﬁe e@pﬁd‘p@ﬁ%dfof m@ﬂrecmmg densrcy
Japanese Patent No. 3117438). Further, for the purpose
ofl e Hhengagnete 2a19Qtrapy ﬂbﬁhmqré&mfﬁr@nt@il daggtion ctaﬁéeu la@arted to the

B8 Ak d %Qirugrg hgﬁgg%@ iy at'?x]g &%gﬁ%@%uﬁ’s@rate it can be

gra s toget osed oweve
di éxpected to aaqulrﬁpallstanmng wedoydingtand f@mdlrcmgrmgpmtws:

ani sotr in the, circunferential rectl nto,t

o oe SRl TPt SRy Rt et SF e gt iR g subjecting
t htﬁfse.duﬁstréf@ttﬁtheft&&ultet}ﬁ‘o&%lﬁg%@Vé)f)ee'nmwn' b ¥Repurpose of forming
rra netic anisotropy in the Circunferential direction

nm@dgura@mstgﬁgrer siraak$ 4be tdga af using arwe‘eem fabric tape rpenhprising an

or it bt JHebRGR olBlRRE o, WRHOT SBaeeitd bR, grouw and
J FbwstidEibeﬁs%%a;ﬁbmpbm (refetoQhpdnesdPaigntalo. armvm;q
| ayer cont ai n| n least NN and P (refer to JP-A

2001- 2_()@9#} of, Etﬁeoseo%fafoaﬂmgoﬁnﬁ 3y wHtosm; teptuey steseks, the idea
a . .

1 oShpR SRES Bl BealhP 30T o601 Ml afelis RRARE has boen
Asprdpmedi bed above, several methods for inparting the '
Foxt ur ités PaBiResrs Bl (iBPESA b, BH5BErPrAFTEARp anisotropy in the
Pr GRO&FE entR BIdliby to ﬁfé ¥ rsub§tfh@e gﬁ %e‘?&y %rﬁﬂg%ﬁé f&Bfe streaks
is small as conpared t he case of using

althedeinum st faat the mtpoeenl of vihpartingethg| a@gn@wbgmsatrepy in the

aI u subst r.at e
it R B R B e PR YRR Bl Sl e on the
i W@nﬁurfane ttasedy) e%e id¥aqirgseting A pré-evuted layBebysthatsputedring technique
affairs nenti
(refer to JP-A HEI 4-205916), the idea of formmg an amorphous layer containing at
least Ni and P (refer to JP-A 2001-209927), and the idea of forming an orientation

adjusting layer of a Co-W-based alloy or a Co-Mo-based alloy (refer to JP-A 2004-

86936) have been proposed.

As described above, several methods for imparting the magnetic anisotropy to
a glass substrate having texture streaks formed thereon have been alreﬁdy proposed.
Generally, however, the degree of anisotroby is small as compared with the case of
using an aluminum substrate. Not only when the glass substrate is used but also when

the aluminum substrate is used, the anisotropy is required to be further enhanced.



above and has for an object thereof the provision of a
magneti c recordi ng nedi um and a magneti c recordi ng and

w0 eeothees ng devi ce whi ch abound in nagnetic aPCEmMR2003014876
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suitable for high density recording and excel in

recordi ng properties. Disclosure of the Invention: For

t he purpose of acconplishing t-he- object nentioned

above, the first aspect of the invention provides a

magneti ¢ recordi ng medi um conpri sing an orientation )

adj ust i Hs |linyention chas drermgriendsed dmaéaw [ofhe state of affairs mentioned

nonmagneti c Lnterpedi ate er, .a net | . :
oroeagano b5 &) af obEg BhBeb M oroR 3R S el SRl inium and
Subsidoabitc RIcoMiiste dnd Fepoducirg! deled abicht duadfin \mdghetic anisotropy
texture streak and used. for a magnetic_disc, wherein

t hwitablerfaphish densiygesorfingand exeal i1 resording FQBEIUISS. | ayer

formed of a Cr-WMibased all oy and possesses nagnetic

ani sotropy having an axis of easy magnetization in a

ci Disgloberearftthealnvemtionct i on t hereof. In the second

aspect that includeg the first aspect of the
i nvent i BAF '&‘Fl?é‘rﬁﬁi@ﬁ peqomplishigg tﬁ%%@ﬁt MEOtNSH aboyss the first aspect

r esf tialnyBRENEDIA Riel A nlABSetRNrdc Sediund cBMpABIE an orientation
that 1s an anount of resrdual magnetization in a .
ci adjustingr bayei, ad nohmegndtionumtievilaged, 18y nermagnstiptinisfmediate layer, a

resi dual .magnet.izatjion in a radial ..di j .
e R P AR et el SR B b b iic subsrate
of pidRRiedrnentiisdBurfidaahérayewithla textuMstivakadd akddofor tahmdgnetic disc,
forns at | east part of the nonmagnetic und

: , r |ayer hafs
anwbﬁfeébﬁteemnmafgngth HAR l@yerlcqn@)almata{e%t 3 fgyph 2‘”\“}9&& ha Cr-Mn-
"B AP B ol bR AR HREEH 8 hlrtsion,

at in eeaisdunifarentiolf ditdottomtirrmgnet i ¢ under | ayer has anMh

content _in a range of 5 to 40 at% In the_.fifth aspect .
that i n&P E)@égt.: Wsmt}gfl des ﬁ?e.ﬁrstt aspect of the 1gg?5)élgg,st%e magnetic
Of o8& rdgPVia Hh! Hbunt BErRRATPHRSI EatitHIRs dnfiM8Ex 8 1.8@2%hore that is

possesses a stacked structure consisting of a .
Cr avranimase @f aksidyal | mgmnetizatibnainCe - sitsunderential| dirggtippyddyided by an

formed thereon. In the.sixth aspect .that includes any
on8m8¥‘ntt°:$§eﬁa‘?"ra},fna§8ﬂfzgﬂ??Hl %\‘rsagéa@?gecotiont he i nventi on, .
t he nonpReRehirg abpudethat aichidesthd RaShr REHEEGREE ¢ the invention, the
stacked structure consisting o Cr - Mh- based al l.o

f a y
| ajaser afhdr-Mrehased 2w that Ermeypt [eagterari ofrthe Bormwgnetm upder layer has
t hgniffvﬁ&tt&tﬁg?&éfto?fi‘tto khGlowdes any one of the first
to SiX aspects he

In the fourth aspect that includes the first or second aspect of the invention, the
layer of Cr-Mn-based alloy that forms at least part of the nonmagnetic under layer has
an Mn content in a range of 5 to 40 at%.

In the fifth aspect that includes any one of the first to fourth aspects of the
invention, the nonmagnetic under layer at least possesses a stacked structure
consisting of a Cr-Mn-based alloy layer and a Cr-Mo-based alloy layer formed
thereon. ‘

In the sixth aspect that includes any one of the first to fourth aspects of the
invention, the nonmagnetic under layer at least possesses a stacked structure

consisting of a Cr-Mn-based alloy layer and a Cr-Ti-based alloy layer formed thereon.



i nvention, the nonmagnetic substrate is fornmed of
anor phous glass or crystallized glass. In the eighth

wasweoivoshat i ncludes any one of the first to BCRIPR005/014876
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aspects of the invention, the nonmagnetic substrate is
formed of a single crystal Si or a polycrystal Si. In
the ninth aspect that includessany one of the first to
ei ght h aspects of the invention, the texture streak on
t he nonmagnetic substrate for the magnetic disc has a
| | near Idehs s¢venibf asped thaten@ladmrxyronmfeche Ifinsttth esixtle msprects of the

ect. that includes a irst to ni.nth

aé ectiah.ofhe, METTAR0E POIaEns TorRER kAPl Ry ervstallized
2k is formed of at |east one layer of alloy

se ected fromthe group consisting of Co-Wbased

al | oy, Indheveightisaweed theyincloges amnone ofthofirst to sixth aspects of the

Co- Nb- bas dallo

allﬁwe)r/ltlo& Wl%rém%%ietl %bs"f‘ra%qg' f?g’n%g gg a@? owa%a%‘i‘ a polycrystal Si.
Fe- TSf Inhhas athtialabpagt tHaﬂ indelee laay ek fofake €iest tb leighth aspects of the
i ncludes any one of the first to tenth aspects of th

i AYRtiPBrthe tierduigSHeey %ihecnqtmagpﬁ%wﬁféaqeaf9fe§he|1§agneﬂc disc has a
f f all lected f
angﬁdde%ltfgf &W%%egﬂﬁw o%o%ﬁfé@ of alloy selected Trom

he "group consi based al | oy,
Co Cr - Ta-thasedh ablbemy thaConcl@ies Ruybarsedf tiel fn}st to ninth aspects of the

Cq-Cr-Zr-hased allo nd. Co- Cr bas

BTG e SRerE AT PACHGoeS8nir BHESG1Of Helopit afe [s§r of alloy
elgnentras @ﬁé:él%uﬁfcoﬁﬁﬁldgm P Basdd HopO0EREEBased alloy, Co-Ta-
internmedi ate | ayer possesses a stacked Structure

cchasercmlilo}g Gef-Na-t alleyf, NitTd-based adlaw, Ni-Noybased edewde-W-based

LA BB SRR R oo

Co- Cr - Zh-th@sRdergh |a§;|)écﬁﬂﬁt ehides Bhpasedf ﬁie| ﬁrﬂt '@rldntih aspects of the
| ayer of Ru or Ru alloy fornmed thereon. th

t Hpyanéien: heaopaegnaticantermediaigdayaiys fﬁfgleéfoftah ieagt onglaye of alloy
t
V@lec{ela AR &fd gro?rl%rcteolﬂgrs %gﬁggﬁggefgg@ ?mﬁﬂ -Ta838&d alloy, Co-

contali ns one o e group
c dhsRebisegl ab]by@e@r—Z?t—bdsakaibbwddd@q O@cP{&BaselétallﬂSy.— based
al | oy, B- bas

d al|] -B-Ta-
a1 oy dRdhiehh prese Bt Bl anvicuy ofFis FHER AP LetpRFs of the
aspeShioh Nk doffnh ﬁ 1%Ym9ﬂ§ce yek B@ssfebsre§5 staked structure consisting

thirteenth aspec the 1 nvention, the first surface
ofoftaHeyesraf ehteasstlamn alaldy a@lmtc@frbmythc gl’fatp aongletingoefeCer Cr-based alloy,

tr fo osur, a onta| N
< G PR CH G SEARg R o PR BB Ry co-crpr
of pak&tBalidVaiata [@VerRTRY ¢ty dloyaanaéd thefepaor di ng and

In the thirteenth aspect that include any one of the first to twelfth aspects of the

invention, the magnetic layer contains one or more alloys selected from the group
consisting of Co-Cr-Pt-based alloy, Co-Cr-Pt-Ta-based alloy, Co-Cr-Pt-B-based alloy,
Co-Cr-Pt-B-Ta-based alloy and Co-Cr-Pt-B-Cu-based alloy.
In the fourteenth aspect that includes any one of the first to thirteenth aspects
of the invention, the first surface of the orientation adjusting layer has undergone a
treatment for exposure to an ambient gas containing 5 x 10 Pa or more of oxygen gas.
The fifieenth aspect of the invention provides a magnetic recording and

reproducing device, comprising the magnetic recording medium of any one of the first



reproduci ng devi ce, conprising the magnetic recording
nmedi um of any one of the firstto fourteenth aspects of

wo b@eiompent i on and a magneti c head for enabl i NnBCT/JP2005/014876
information to be recorded in and reproduced fromthe
magnetic recordi ng nedium The magnetic recordi ng
medi um of this invention conprgses an orientation
adjusting | ayer, a nonmagnetic under |ayer, a
nonmagnetic internedi ate | ayer, a magnetic |layer and a

ptmfoeldleénth abm@rofshqhwanﬁcai dnd ssmagtetid head forreanblagiaformation to

bst i ded he t f thergof with
¢ B Ry Bled i ot BRL O uhe Fosmioer v omede s R o n

t he nommBAARetc Y8ckREin %ié‘dlul'nsoff ﬂﬁi@ﬁ/ehﬁo@ c§ﬁl'i)H§ésu£1? orientation

at | east containing a layer forned

aRdjstingTiaysr, sp aonfriagnesisn ﬂn@urlawrom nesmagrmtlp rnntemm:d:tmg layer, a

5 TR B g ol RSDSHl eRLLRY I s

Mp@vided atthe fir b Bk RRRBGEHMGitE El@ex@\h@ lsBedleridSised for a magnetic disc,

properties of the magnetjic recording nedium As a

r Bhigrein thet nemnagnghc yader leyer isdfopnedin acstivatreet teast containing a

(g gﬂ CI Ng gew Cqu% &bghFEQRé géxgi?%:l %gon %ults in 1nduc1ng

ahmmfebtatmnrrﬁ'g;ﬂehg magneimmﬁmmpﬁrhdvmg@lﬁ citdumfezatigli d’h@ctlon as an

pro erties. The above and ot her objects,
10 PRABEE basy Tusgneiramnngng snn

' RO theMunh  PECOTELAP REE Gl det shlﬂfbs%e?llﬁhllnl £haeBetid Bcording

art fromthe description given herein

HICHES & Qrg@tggstg:fprph@'tles of the magnetic

r sledivenad @ maghetiareconi@natidngprixdaving glevige ivdfich beﬁt high recording

the Dr h t
CRaBirtonfa 8 madien el el it ReRToNsT e he

rmgnet The 2660¢ Ahd QJtH@déBjEGthcHach&:risﬁé’ GB4th A8  anBesdvabfages of the

for carrying out the Invention: The magnetic recordi hg
15 ningeuimnotvill ge
0 t n a _non neti c under
Bérg&,b%gd‘ﬁgvﬁ%a%%g Q?L “ér %%“8?"‘5‘? &8 r%g‘é’F‘ & a magneti c
Iayer and a protective layer sequentially stacked on a
nﬁ n@netlc su strate provi ded on the first surface
HPEedPsSaRiptiAn § fh@@rﬁ}"’éngstreak and used for a magnetl C
di sc a 11S:<C [ [
ander [ yer 5ot R ale GatRL IR B, pFROr ERARGIf: of the
20 |wgnetfccremdmgﬁnahmolf/thlbaﬁrenticai.I oy and posseSS| ng
magneti ¢ ani sotropy having the circunferenti al
direction as an axis of easy magnetization.Fig. 1 is a

SBB&M&d&fo@bﬁ%ﬂﬁbhﬂthaé‘?ﬁxfeﬁﬁ«'fn{‘g one embodi ment of the
magneti ¢ recordihg mediumof this invention, in which

epmengRparans o those skilled in e dry floay thegleseription given

r ef er ehbe magneticatecarditgnmedismaof this invention is conﬁgured by having an

orientation adjusting layer, a nonmagnetic under layer, a nonmagnetic intermediate

25  layer, a magnetic layer and a protective layer sequentially stacked on a nonmagnetic

substrate provided on the first surface thereof with a texture streak and used for a

magnetic disc and is characterized by providing the nonmagnetic under layer with a

structure which at least contains a layer formed of a Cr-Mn-based alloy and possessing

magnetic anisotropy having the circumferential direction as an axis of easy

30  magnetization.



nonmagneti ¢ substrate, 2 an orientation adjusting
| ayer, 3 a nonmagnetic under |ayer, 4 a nonnagnetic

w0 ndcefonm®as ate | ayer, 5 a magnetic |ayer and 6 BCT/JP2005/014876
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protective layer. The individual layers 1 to 6 do not

need to be restricted to a single-layer constitution

but may be optionally in a stagked structure fornmed of

a plurality of layers. As the nonmagnetic substrate 1,
substrates fornmed of nonmagnetic netal s obtai ned by

pl ati ngFigl urs auschainhiy iagtdoh iBudiatife loas ednbaldimynt| fythe , magnetic
such as the aforenentioned alymn strate, an

sUBYdigg emedignpe HHS [{BYSAIgRC R CWthrréet gPpgec numeral 1 denotes a

m?foﬁfn'agﬁe?rc ststateS2 1B 9&%’1’&1 i @s?ﬁ gQhydr! Y§trr%hhia§§§1c under layer,

gl ass, “or single crysta or " pol ycrysta Si are

aviai haﬂlrh@netm inthenmalige layer, fnonphois lgyersamd 6 a protectlve layer The
i cate

oG AR o ke b BRres it A SR e Btution e
asnéw@e @ﬁthbi&ﬂﬂr td @ @cﬂcl&u%ﬁﬁcmkd fobhedbhapReRIgy ¥STagbds] Z ed

gl ass may be used. Anobng ot her gl asses enunerated
above, Ahshesenmagretior hstate g, asybstvel’q¢Sc fbrgy@dsgfsg@ynagnetlc metals

ST S S BRRLEE P SO P A0 Pl g e e

haifeigaiRaAGEed! elMimRnPr adREsten gandT heibktrstes fasmkdc ef oﬁlonmagnetlc
t he nonmagneti c substrate 1 allows a text ure st reak t
beongierbic matsrialn sugt 3 anPhp slssaseystaliseg glpsser single crystal
a [ n t »
ol Y ES: e UL 1 TnLRE TR APHOL el Boheral-purpose
f i god-ligner ghe@ aiumfrmbatdsmchueeglasl omy atuneinosilicate glass are available.
circunferential directi of .the .subst :
oG e Barerssetli ol otre B bapeck rustalied plEb THR be hged. Amons
t r]cﬁh&t %53@53 %xﬁﬁﬁ@f'&’te@ BbéRE e Js% bof %Hﬁfﬁﬁ'ﬁs 618 GAlchl fosbdises uniform
he range o . nmand preferably in the range
ofsoﬁd State ptopsrties such asmarchwex ayet auad\ao@gcomgumg@mgmglven first

\f || t of the short | 't
St R mEeatidtriie iEsitfyely ot and
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d' m ni sihdFrst Berfadel Sche dbningéibhit S0bdiatd heallowgneckkiure streak to be
ani sot orgy of the magnetic layer 5. Conversely, if the

avf@rlaqb thereemouth GuBRPIRG IRpeeNtBe dixed MRsYH&TYIR iy texture
Wi | | r n

o SOy R BAGPRrE, LT S5R. It MR o v o
heiugfate Qrefeindlymiign efldmg ﬁ&adrdimﬂef@tmlh direaions of afie lshhstrate The
recording and re oducin I|n ar, de sity. o g
t eRterAgE SFiREs koY ?ﬁseR"eP gl? ST %P(Si“@ on the first
The a0 fffed ??{1@' thy rd %?()GUS% r1 E)H:?erﬁlﬂg iRkhe range of 0.1 t0 0.5

direction o non gnetlc su stra e 1. T 't near
demajty is specified to be 7500 pi eces/ mmor nore
because : Eee asérfageg tsur gcetroughness Ra falls short of 0.05 nm, the shortage will
result in rendering the substrate excessively flat and diminishing the effect of
heightening the magnetic anisotorpy of the magnetic layer 5. Conversely, if the
average surface roughness Ra exceeds 1 nm, the overage will result in degrading the
flatness of the medium surface and rendering it difficult to lower the flying height of
the magnetic head during the course of the recording and reproducing.
The linear density of the texture streak is preferably 7500 pieces/mm or more.

The linear density is determined in the radial direction of the nonmagnetic substrate 1.



streak is reflected by the nmagnetic properties (such
as the effect of enhancing the coercive force, for

wex@ipl®sd and the recording and reproduci ng pPOPEPAIFE4876
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(such as the effect of enhancing the SNR). The effect
menti oned above further gains in prom nence when the
linear density is increased to.g0000 pieces/nm or

nore. The streak is preferably formed, for exanple,
with a wapping tape using fixed abrasive grains or by

meThalinealdehstytin spedpficictodsi 1500 pidcbgnint 6L MBS Beéhali® the effect of the
gr ai ' tion adjusting layer 2 is intended

ns.. The orjent .
O S0 08, 2 E0LELon 201 et ng Tayer 2 s ponded e
no i r I : ' :
ORI o Rk Y 5ERAARD IS0k IR s
notheagffest iof énhbacing dharSNR)ay dihedeffect! mdntionedyabove further gains in

| ayer .5 forned further thereon and e e th
radnencs WREG R Hetsly S P ehirds QD Pieth L qrdRore

of the THOREAKGs pAFSELIS forkhl, &ri RBnplel %haad‘bv%binggﬁ;%e using fixed
l'ayer 2 not only adjusts the crystal orientationb

al dyasiyqgminsor bandohaaicildextufe froeessipg neihg fiien gbtabize grains.

crystal . kN the. nonmagneti.c u r lLayer the. . .
nonmag nrg?ﬁ! ghighﬁ%téornn%déﬁl%{ngq?% grls ﬁ%‘%gﬁﬂ egeﬁ‘n@ﬁég‘% grystal orientation
| ayfethe nonmhBgneio unbier 1BPEres foathed On B fSE6hrT20E the6OF, adjust the crystal
orientation adjusting |ayer 2 does not need to be

paPH§Eations of theqranmagnatic infesmsdiagy/lyerd andthetingengtie dayar 5 formed
| | t , . LSt o
RS 4, SRS B AL B 98 el i

al d)ibt%le élﬁgngihrv lka|§(eleﬁl dhe @yientht'i((ajﬁl' alijfmﬁ'@da‘jaérlmmg onlydadj}JTts the crystal
Ni - Nb- based al | oy,._Fe-Wbased al | oy, Fe-M-based alloy .
anP9RLAtIQR. B sse %lf’gytheT ctierp obffingly rafining Ehsnerstal gFns in the
a fshhYoRb SYay & i Net) i
o R N )& b o Eh D G RedinE NP RLF the magneric
melghentS.c film The orientation adjusting |ayer 2 may
i'ncorpotrate.therein. | ene I ch possesses.an

auxi | i .gf@ou&hrtgggpat%afi\ggﬁ)&ugf@f%rggmgtag?n ff stifpglaup 2 does hot
whinell tb %ﬁ?ﬁﬁiduﬁﬂgereﬁt@ibteﬁhﬁﬁd RG&T eferdblPlses bt lea¥s ofd alloy selected
M, Zr, , Ru, B, A, SI and" P may be cited. The

t offein heraravp cepsisting okl fodWebasedk ntloy,s Cordo-dasdd) 3llgyp Co-Ta-based

0 . d 0
oS0 oy U5, LR SESERE B o o
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ef FeMo-bdsed htop ahé Fedlb-bised dillog! i TH@ hsadTan altg doavdling a Fe; W,
limt of the total content is 0.1 at% If the total. )
coVifushtre rig) theughtotq eghanse1thg: magneilc anispirerye iithp circumferential

" egitlotion Bf Hd!thddn¥li0g1h he effect of the added

el ement. The orrentation adjusting |ayer 2 preferably

has a tHheknedstiomadjhstingalager Efmaiy in@orporate therein an element which
possesses an auxiliary effect. As concrete examples of the element which is -available
for the incorporation, Ti, V, Cr, Mn, Zr, Hf, Ru, B, Al, Si and P may be cited. The
total content of the added element is preferably 20 at% or less. If the total content
exceeds 20 at%, the overage will result in degrading the aforeﬁentioned effect of the
orientation adjusting layer. The lower limit of the total content is 0.1 at%. If the total
content falls short of 0.1 at%, the shortage will result in nullifying the effect of the

added element.



30 nm If the thickness of the orientation adjusting
| ayer falls short of 1 nm the shortage will result in

w@e@eemoshg t he nonmagneti c under |ayer 3 fronPCT/JP2005/014876
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acquiring sufficient crystal orientation and degrading

the coercive force thereof. If the thickness of the
orientation adjusting |ayer exaeeds 30 nm the overage

will result in degrading the magnetic anisotropy in

the circunferential direction of the magnetic film

For t heThuiorpasaionf adqubiag tiye2 phederdbly ek iaGhidRh&E ik R)ange of 1 to

hec entl direction of the magnetic film
f’fﬁ c%ﬁ@ni‘@?‘n?ﬁ othe émeataru@ﬁ agiysting |1%@?ffﬁ]|19frﬁh(§t of 1 nm, the
”%%rtﬁ%@f\ﬁfl afalle iR &%nﬁﬂgq ngla%{?et Ou % dlh%lsl $ from acquiring

favorable to form tvveent e orie i on adiusti ng
| as}aéﬁmgntamystal lgientation gni tegrading sher aercive ﬁrde&%éﬂ’eoﬂ aIf ithgthickness

n conpon for-the purpos
en%f ‘% Pﬁamf“iﬁ%l %\%ﬁ%&&)@y%re&ﬁ%"%f}o gRVveTRge éffsphun degrading
f othe @ nétay £fisci® Wiﬁ ﬁ[@&ﬁ:ﬁﬁlf&@%l NecGEE the npfglnetic film. For the
parti cul arlé res r|cted Ti, , Cr-Ti-based oy,
CrRurpgserf<a amng)ghean@gr@tlc Eamb’asmd lratlieayrcaméerentlal direction of the

aval | t ent f t he Seco dele in su

A RAL B 2 1EORAGD o Bl 51 AR B by e el in the
at1%1gd¢f21$> 1f0a1mr abI e to oxidize the first surface of

the orientation adj ustln | ayer 2 by exposing this

| ayer tlh 1% a%&rﬁl?ﬁpd‘? etb)é@?@ dhe ®rieatatipn &dazstlbgelayer 2 and the
f QlonBA e -t use for t h

exposu Iéélzps Slg;rsggt% e‘{ ?/d ygf; hg?ln% e(?ré e?co nta qq&o%pgpefﬁ for the

4 tRapwe afombanding Xy edhegias : pra'llswtyat WhﬁliglﬁﬂieCm@t@ﬁal for the layer so -
i nt ended. for this gég sure y. be used as it is

| EBIAEL 155 Bt ket b be RAGICHA bt FSEGHS. dhi 6. epBosed alloy, Cr-
| viBLRERr ARy ahd CilEy-pARY AI%E/SQB ax;dﬁ l?lg SPHhE %ggtentF gf the second

exanpl e, the orientation a mis prefe
wielangrnawnsuchamailhy sy:sl’uan‘msapre&mbl}empms eshge®ftlbao 8012i% nt

o P rarel? e PRl TR R R ot W e teribig s layer 2 by

) k%ﬁp@sﬂ@ tihie [hye@st ¥n fe@ﬁlﬂﬁﬂxef‘e' bMops&maed itf ﬁé&”béé?leforﬁled The
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chanber, |ntrodu0|ng an anbient ait or oxygen into t
exgngl expessi ﬁ?g bteh'eseﬂl fomthiseexposuraey frefefably raabhtynosphere

C
a e erforns exposure i.n
o8B T3 LB oS A Th B s e or i
olypasues nidyebd @s&b ak tiyy i BEldainCESHvAdt GRfiE Giwa"-‘h‘érep T®E duration of this
renoving, the filmfromthe vacuum chanber and enabl es

{ REPIYFTRfRTablY ihe rnge 9f 0cb el 3 wsomerﬁowxamplm the @rientation
CahREN LS SR By et
matynespherel aryterth® atrhasphere of oxygen as soon as it is formed. Otherwise, the
method which consists in keeping the freshly formed film unremoved from the
chamber, introducing an ambient air or oxygen into the chamber and exposing the film
thereto may be favorably adopted. The method which performs the exposure in the
chamber proves particularly advantageous because it obviates the necessity for a
complicated step of removing the film from the vacuum chamber and enables the
formation of this film to be implemented within a continuous series of film formation

including the formation of the nonmagnetic under layer 3 and the magnetic layer 5. In

this case, the atmosphere preferably contains 5 x 10 Pa or more of oxygen gas at an



this case, the atnosphere preferably contains 5 x 10 4
Pa or nore of oxygen gas at anultimte degree of

woamenmoed 1 x 10 6 Pa or less. Incidentally, PEEIROEI14876
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limt of the oxygen gas pressure during the exposure

to oxygen is preferably 5 x 10 2 Pa or |ess though the
exposure may be perforned undernothe atnospheric

pressure. The nonmagnetic under layer 3 is in a

structure containing at |east a Cr-Mbased all oy

| aylimateT ﬂ;@r&ﬂwoﬁtﬂﬂ:ﬂ&mt ofi hxt10& FarerNbssb daeideathllp)the &pper limit of the

preferablélnt e géﬁ of 1 to 60 at% acquir.i n%
bodEER AR PEGSEE Segng S EXRASWEe IR CEYEEN {RcRTGFEIP LR S ABY da or less

pr ﬁhﬁ)ﬁglﬁﬂﬂe)éxb&u?é‘ﬁla? 88 ggrf&fmera Uridele %{n{? sphfrid Pl‘aeséh?é‘t ent

falls short of % the shortage wll ‘resu
bri ngi nghéraowpagnstie uoder lejéret is infa mmramlqmgtanmeg at least a Cr-Mn-

TS 30 SHBAER T b8 T Sy i e

t hef T ab i60 % 4dagirBeG Bbdlyl@éﬂﬂéréd 0Bhc AeubmRM (IQCCrB@ructure) and more
coercive force as well. For the purpose of adding t

t hRrefesaRly inbthe saneaatts o740 att. OF tocinbent &HaISholgt off Ayath, the shortage

C
e n g?gegﬁftﬂ he Fﬁ?m%clgor Q%EIS {c‘ﬁo Vétlt e@Paq\%n% %‘s,ee a%ﬁ‘q%S Anisotropy.
andomeadelye iff the combiti axeeql r69ta¢ﬂm th@fovblfagé vall k@Mt ti@ 16Wdrizg the ratio

TR FeE Sticiog Fikitearading i coPrsin fote avmeplbt Fer the purpose of
| %’ingg tH QY elﬁttﬁg Vasage Qifsthe T?f" l\%fgéstea 0%]103; 185eP" S Sheasure to

favorable fromthe viewpol nt ect ua
r ehiorporate Mof W rV) sEiaéts. sonab te ehlargei the lattiee ﬁhiEtaptr affthé Cy-Mn-based

B3P e G5! BT TE SR B e consas o

NODERUBE tih Ghe! HQﬁha%rféﬁ@ rlnt%rlﬁécﬁﬁt%rlﬁﬁrﬂ Eﬁ‘c‘ﬁ tﬁé“ﬁlAgﬁ&Q) layer 5 proves
face as a preferential face of orilentation

r exshypatageays.s Thp @ﬂd:léwb of Bgerovéscfagdrabletfrarh tmviawpping of eﬁectuatmg
h i
gk YRS B SHERAT AL SIRES SIS, B8had e reorig

pragduinl es, such as the SNR for exanple, because the
crystal_orientatioon of the Co alloy of the magnetic

- layer 5heofiysi! Qﬁeﬁtﬁﬁom@ﬁﬁb‘@@ﬂ\’l@ bamleallmwpr 3fitke nonmagnetic
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%ext ﬁxérnﬁ bf@érﬁ?l&'ﬂa@tl&c{r@r Pk ?%lpﬁefe}e %g]?%?é ?ggéentatlon Asa

R e cr
r erpmi’s elmt shoibe bﬁbgsr thei efifeetoff @hancihg tiem IhdtﬁrperétMéE Such as the

I ndex.expressin crystal face. SpeC| ically,
DRILE T B ab{ea ind S0ncig b EseRGUNE RO jask dbicng properties,
?%Bh as t1ef SR, fd}ee@(ﬁ lé Yelhse theh&Plgtgl:Srlégﬂ?&ﬁ?ﬁeéf tﬂ% Co %lloy of the

kil). Anong ot her ndexes I's de
agnagnetic (dyer-S fprmddnort the rwmmagmtwn&uﬂef tayer 3 isyimad@ar indlcate (11-0)

" 'nlrllore stroxélr essed as (hk I)

173%1]

Incidentally, the sign in the indication of the crystal face represents the
abbreviated form of the Miller Bravais index expressing the crystal face. Specifically,
in expressing the crystal face, the hexagonal system, such as of Co, generally uses the
four indexes of (hkil). Among other indexes, the index “i” is defined as i = -(h + k).
In the abbreviated form, this part “i” is expressed as (hk-1).

The nonmagnetic under layer 3 is preferably adapted to acquire a stacked

structure which at least comprises a Cr-Mn-based alloy layer and a Cr-Mo-based alloy



The nonmagnetic under layer 3 is preferably adapted to
acquire a stacked structure which at | east conprises a

w@rootiidesed al l oy | ayer and a Cr”Mb- based al | byi/aBre05/014876
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formed thereon. A Cr-Ti-based alloy layer, a

Cr-Wbased alloy |layer or a Cr-Vbased alloy |ayer may

take the place of the Cr-M-haged alloy |layer in the
stacked structure. It is preferable to format | east

one | ayer selected fromthe group consisting of the
Ciaybbformsé theatdmoyA IGayErbasedalldyrlafér; b&s-SH-bmbédoalldydgyar,or a Cr-V-

t he -Whased all gy |ayer and. t -V-based al | o
| hyeed alloy faest m%ta%aﬁha@f?@?i tbﬁggﬂ\%ﬁ’%‘i% alogfayerni the stacked
neppagRetic internmediate layer 4 for the purpose of

enhancing the state of matching of the lattice o
const aiffit is piefetablertorfomyaeteas dnatlaremseleeted filoay e gtoemepnsisting of

it %Ggw-ﬂ%?@ﬂﬂg 2{3’:"{’ lﬁﬁé %{’ﬁlg-'bgifé?ie%{orygﬁyegq L@r:aﬁlgb%s% alloy layer

MRANahE TIOVRSE bBSy 15048 Nbedfednh heC AEKiBARMRLIE Qindes 14y@f 3 and the
exanpl e, and enhancing the recording and reproducin

an ) g .
pmopagietic interraediate layes 4SRRthe prrpeseapfpinbaniyeg thesdate [ matching

' tal..ori ' f .al .of ' .
kP S0 Py Sl R sk BT OEl g
Oflayleh &. NQTRGBAIH, GhidNigirolaly afatcBings bringke theo efiféwd i afatrthancing the
(H O nore strongl Though the materjal to pe used

, y. [ .
f GRaghpléc REReEisetreh phtthe roichteefares clor £xaBRY, 19 Fhbhapcing the
t .narti:c . io it e
B e T Sl
hexaeg nalentatios of phe Kedalktyr oft the reonfddgRetst intrrinediaje laybe4 and the

material preferably contains one menber selected fraom
t W@g@ﬁ@%}g@%ﬁ Eq)rgfqd)r/@l @Bg@g%lgéﬁeraﬁyg 3 18 made to indicate (11-0)
OQﬁ&E'st]:@ﬁ%ﬁsed al | oy, Co-Cr-Ru-based all oy,

Co- Cr-Zr-based all oy and Co-Cr-Pt-based alloy, for

exanpl| &howgle thet hetetal- 10rbebessd dorathe apninggnssic determedigta dayer 4 does

Cr tent, | f bly i h f ~25 9
g ARG, b Rpeety rotino i A§ pIAE IR Chrattd gieR gt Co as o
ofmddn RlofipRfertanndr ahBed bHBxhEhaV icRSEPatitedOdtructure (HCP structure).
ef fectuating refinenment of crystals and enhancing the

SKihepnagealt greforably sontans exiecnprabesy wiastedrsemuhe STPRp consisting of
t hi fyth ' i nt pbat 4 A
ot EPERRI IO RO RATREBEH Guloh), BTk Ry, COSCr-Zr-based

Via#iop ahd Cocfr-Prbaed hitgy, thee:ahple. | Whees tHeuCd-Devbased alloy is selected,
favorable to . forma nonmagnetic alloy |aye onsi,sti.n .
ofthRETofonkRny iih Preferahly 0 Fsi FIgS el 431t gom the viewpoint of

g%ﬁg%% ltlgeh gﬁgglelr]g?évée tg(?r%: eofl'ﬁ Sr&VR L ALbICRYN! fhel ﬂewpoint of
effectuating refinement of crystals and enhancing the SNR property of the magnetic
recording medium. The thickness of the nonmagnetic intermediate layer 4 is
preferably in the range of 0.5 to 3 nm from the viewpoint of enhancing the SNR.

It is further favorable to form a nonmagnetic alloy layer consisting of Ru or
having Ru as a main component on the nonmagnetic Co alloy layer. This stacking
results in enhancing the coercive force.

The magnetic layer 5 is preferably made of a material which constitutes a Co

alloy having as a main component thereof Co possessing a lattice fully satisfactorily

matching with the (100) face, for example, of the nonmagnetic intermediate layer 4



The magnetic layer 5 is preferably nmade of a materi al
whi ch constitutes a Co alloy having as a nmain

weowpomess t hereof Co possessing a lattice ful Pgr/JP2005/014876
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satisfactorily matching with the (100) face, for

exanpl e, of the nonmagnetic internedi ate | ayer 4lying
directly bel ow and assunes anibiCP structure. |t

preferably contains any one nenber selected fromthe

group ‘consi sting of Co-Cr-Ta-based, Co-Cr-Pt-based,
QyingCiirddily Treldaad assiindsr anPHCB sti@tas édp@fadably contains any one
Co-Cr-Pt-B-Cu-based all oys, . for exanple. In the ca

se
ofemher gshectsd Hpmhs gaoun Paspisting of Seahisila-basade CorCr-Pt-based, Co-
CORPER,-baSedP Bl E&LBLB Y4 bh: ROl R X0
CERPRIL hSLEIGrBRAITL iRy SIR LRI, i damol
vi ewpolmtheofcasenhfirtbd rGp-Chdt-Bdded dlioyt Her casmplef théieCr content is

Co-Cr-Pt-B-b d f , the.Cr t [ 0
oPiEfSTLl i e OF B 28 oD BT Lomgtin G pengE A Brp 18 a%
| frofnltBe TRAPBIN®Lf SnHaBcih tid RN the B content in the
range of 1 to 20 at% fromthe vi ewoint of enhancing

t he SNR thencasheofcths eCofCrtid3-tasedralloy, BorTexamepledthel Coyontent is

f | g h ' f bl.y i h o
offegr B e il it B0 2R ERb B A SSoRRIR A el o8 st s and
athB tditterd i thatretde df11 tolP® A% Tesm Bife \ﬂiextzgoiﬂﬂofadn%mﬁg tHRESNR.

r

Ta content in the range of 1 to 4 at%fromthe .
vi ewpolhthegse ah tecC o riiiB-Srdasedhaliaye foragmmide, tthe Cr content is

T T = - has | r ,
el R 8500, Uyt Door 0186 e
coottantin the mhge ofahtgpe2®it?Batdthb& aaddifent hethB remyet cefiit toi 4at% from
tfgﬁ range of 1 to, 20 at% and the Cu content in the
r D geevomt qunlgngfng)tpf, ﬁﬁRt he vi ewpoi nt of enhanci ng
the SNR 1hfh&sd BF fIENES-ErP-H-08-UIRa ﬁltldﬁ f!lna%é?agnﬁe,pcﬁ_é@r content is

no problemfromthe viewpoint of therna dat 1 on
sprefeseiy asthietrange of® tor@8oatYuxtirecPt contensinghefamgabf § (308 atth, the B
or lLess, .however,. jn,view of .t request .for hi

ot i geqaRaeras ! b3 oy ot she i EERE R s Ghnast o 8 % from
t e Vst Nehhdncir@stb SNR) enl arging the crystal

particle dianeter_ of the magnetic |layer 5 and ) )

pr evenThathieksess ofhe magpetin lapeful poses ng arebi¢m dias fhe viewpoint of
r [ repr i e

A Ak By PRGRE AR REBRCEE bR 1005 RRABY, 30 o or fess
t hewewrt, einivadw toffl efiecifequestiyr igh aecdudihgldbmsitgoMbihinthickness exceeds

nbers sel ected fromthe group nentioned above. The -
E?%t%t theeovesgas vl rsgulhdn ralpasioe e crpsiak Rartigleodigmeter of the

MRhLehdiR! [ByerSH! EdihoStnitPl LRDERRe QhtiGRG: ding and
B! o Rt Byl R e Rg i RR recording an
stephpducing properties. The magnetic layer 5 may be formed in a multilayer structure

and the material therefor may be a suitable combination of members selected from the
group mentioned above.

The protective layer 6 may be made of any of the known materials, such as the
simple substances of carbon, SiC and SiN, for example, and the materials having such
simple substances as main components thereof. The thickness of the protective layer
is preferably in the range of 1 to 10 nm from the viewpoint of decreasing the magnetic
spacing when the magnetic recording medium is used in the state of high recording

density and ensuring durability. The magnetic spacing refers to the distance between



si npl e substances as mai n conponents thereof. The
t hi ckness of the protective layer is preferably in the

WO 200819963 1 to 10 nm fromthe vi ewpoi nt of decPEEHII2005/014876
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t he magneti c spaci ng when the nmagnetic recording

mediumis used in the state of high recording density

and ensuring durability. The npgnetic spacing refers

to the distance betweenthe read-wite device of the

magneti ¢ head and the nagnetic |ayer 5. The

elthe treadvaginetdevice 0By &hé | Mgt PREAdY ahé WBh@agedici Tayer 5. The
accordance as the magnetic spaci ng i s narrowed. )

| r?iﬁcgemaam’fg?, COINSTSRIb tPERRI eS| gylanced s tdccordascey as the magnetic
f f.or i I NG L [ ' e It

| pARte 1S ot R0, DS IR, ProRBBEt A QB o factor for
megdeting tHeaaakmetid spdvingrbgaedd ic intayetiesetwdea the edadewiitealevice of

| ayer 6 may be optionally overlaid by a |ubricating
I %"e‘?‘aﬁﬁlﬁﬂeﬁ’eﬁ‘ga’? ’&'ﬁé‘bagSFt\{%la’VFru%ri ne- based | ubricati ng

agent, e - . . .
et |y Bl Arich g ayer which

t ¢ Soimede of | @ fluovineibasdde hibnidatingo fagerte snelgnst perfluoropolyether, for

ani sot{opy of the residual anmount of magnetization

(_gﬁ%‘Bﬂ ® of resi dual magnetization in the

cir CUWfTQfeel!ﬁhgrﬁﬂtiGsz&CS 0P th& iiebti® bedofdihgl Waddium of this invention,

rrawglnetl zation in the radial direction) is 1.3 or nore

arveheprthe dnder) of the mnagnetie prisotrepyeelathle aesidunl aswpuint of nagnetization

ef ] ' : t I Lties...sych a .

© G SR BR300 TR BT ERpuQY o IR of residua

e mivgneiizagion lie theealisli ditbcaon) isen3 @dudrd hndrBeREAbIES.5 or more, is

such a(i the SNR and the half power w dth (PWO0) of an _

i $Brbleddo;araureithe efieghaf enbencing shemagnqtite progatiesopuch as the

¢ o : ' . _

VB SRR R S e DR (FEARNE Y (ot e roducing

nprépedtiesf syshed disd SWNR andrnthehgdf power Width (W50 nofeait iseiated inversion

Wi | | descri bed, bel ow. t he nonmagneti c sybstrate )

1,Slg3a§ ToS SRt dhmaReyiofdhe SRS EOURRY e hesTPASFeg using a

f sipR!vibrafien ﬁﬁgﬁét&ﬂ'btrék'(s\a{{/l?.oy wi th an Ni - P-Dbased

all oy layer or a substrate fornmed of a nonmagnetic ‘

nonnet AYdw,coneeranplelof temwithiold of pufduatioy gintensplglied dy this invention

a clﬁ)()st aIcI ibz§g) 1%I ass, or a single crystal Si or a

pc‘))Y ycF)flgf AP R i s used. In the case of the

anor phousthgl fuagl@Residstrite NASubSQMS foii® 6f 8Snmagnetic metal

al um noborosiljcate glass and alum nosilicate glass
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crystallized glass, or a single crystal Si or a polycrystalline Si is used. In the case of

the amorphous glass, general-purpose soda lime glass, aluminoborosilicate glass and
aluminosilicate glass are available. As the crystallized glass, lithium-based
crystallized glass may be used. Among other glasses enumerated above, the
amorphous glass which possesses uniform solid state properties including hardness is
used particularly advantageously because it is capable of subjecting a given first
surface to homogeneous texture processing.

The average surface roughness Ra of the nonmagnetic substrate 1 is 2 nm or

less and preferably 1 nm or less.
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given first surface to honbgeneous texture processing.

The average surface roughness Rﬂ of the nonmagnetic

substrate 1 is 2 nmor |ess and preferably 1 nm or

| ess. The minute wave (Wa) of the first surface is
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usj.ng .fi xed abr.asive grains and/or free abrasiyve X )
gr gendr H?&fggﬁl%lnérwog Ve A rigehapical Pragets Wping fjxed abrasive grains
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having.a linear density of 7500°pieces/nmor nore on
t hpropesshx sosair tbforn aThautesstieak hayng mduoessdénsity of 7500 pieces/mm or

I npl tede for exanmple, . Db ressing.an rasjve.tape
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15 copilessiig ah BeHsR@ RAPE aghinst the Uirkl sie@iteadfNh GuBffas itiefast contact,

‘grains to the interface. hetween the substrate and the

abfesdingealiragee shiey conigining abrrsiveyBEainsate thedntesiage fgtween the
th ' I - at 1] ' f .
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25 depSFdib1Plo §08 to ensure formation of a texture streak of a linear density of 7500

pieces/mm or more (more preferably 20000 pieces/mm or more).
The average surface roughness Ra of the glass substrate 1 which has the
texture stream formed on the first surface thereof is in the range of 0.05 to 1 nm (0.5
to 10 A) and preferably in the range of 0.1 to 0.5 nm (1 to 5 A).
30 The texturing process may be carried out in the presence of oscillation. The

term “oscillation” as used herein refers to an operation of keeping the tape in motion



pi eces/mmor nore (nore preferably 20000 pieces/ mm or
nore). The average surface roughness Ra of the gl ass

we st 1 whi ch has the texture stream f or neCT/ar2003084876

10

15

20

25

first surface thereof is in the range of 0.05 to 1 nm

(0.5 to 10 A) and preferably in the range of 0.1 to

0.5 nm( 1to 5 A). The textwifhg process nay be

carri ed out in the presence of oscillation. The term
“oscillation" as used herein refers to an operation of

kee plumgrqumdeteapd directron bbthiersub$tmte and atnthe seme itiale shaking the tape
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sgmgbgéﬂfd,gmg@chnl gue using a sputtering target which

is made of the material of the
On the nonmagnetic substrate 1, the orientation adjusting layer 2 is formed by

the sputtering technique using a sputtering target which is made of the material of the
orientation adjusting layer 2. As the sputtering target, it is favorable to use the layer
of at least one alloy selected from the group consisting of a Co-W-based alloy, a Co-
Mo-based alloy, a Co-Ta-based alloy, a Co-Nb-based alloy, a Ni-Ta-based alloy, a Ni-
Nb-based alloy, a Fe-W-based alloy, a Fe-Mo-based alloy and a Fe-Nb-based alloy.
The orientation adjusting layer 2 may add an element possessing an auxiliary effect.
As concrete examples of the element suitable for this addition, Ti,‘ V, Cr, Mn, Zr, Hf,
Ru, B, Al, Si and P may be cited. The total content of the added element is preferably
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Co- Wbased all oy, a Co- Mbd-based all oy, a Co-Ta-based

all oy, a Co-Nb-based alloy, a N -Ta-based alloy, a N -

Nb- based al |l oy, a Fe-Wbased al$oy, a Fe-Md-based

all oy and a Fe- Nb-based all oy. The orientation

adjusting layer 2 nmay add an el enent possessing an
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Cht cknagss BSHED: P RuGbb R RE AT iralf Bf adtRrink Mer 2 and the
r aregemaghett substigte rim lalyer haviigaVormbCe, foo ekarhpglepassmain components

bet ween. t orientaliaon adjusti | ayer and, t he .
nahHaghst e Sire aF aniink 5 pdfksp A, Tinigh e matgral for the
eXaRdted Rye®idd n6PHRANE BE %aﬁiwraﬁgfreitﬁaea, g, EHLRGSE-Bsed alloy,
enhanci ng the adhesi veness. Though the material for

t eCr-Ma=bgsed atloy aydr Gokabased allepdre prefyeredwainples of fthe material.
' e Cr-Ti-b | Cr - Mp: based
sy St e sesd Qg S8R Tl R e BARE range of

of1ottbegsneieri al . The content of the second el enent in

these all oy systens is preferably in the range of 10
to 75 df 9§ commendablgniontgprrerate in nikerpeihad eofi produetion a step of

e BOGn O Fhe | AQs ' ion adjusti
T P AU 8 Ry SHPERITIL A aion i
orfilenttat amntmekphetei 6 okyden) The asxpasurodIphpecferably performed in an
oxa¥1%en. The exposure i,S prefer a?l y perfor mﬁd in an .
osphere containing 5 x10™ Pa or more of oXygen gas. The atmospheric gas for the
exposure may be used as held in contact with water. The duration of the exposure is
preferably in the range of 0.5 to 15 seconds. For example, the produced orientation
adjusting film is preferably exposed to the ambient atmosphere or the atmosphere of
oxygen after it has been withdrawn from the chamber. Othéerwise, the method which
performs the exposure of the produced film by leaving the film behind in the chamber
and introducing the ambient air or oxygen into the chamber proves favorable.

Particularly, the method which executes the exposure in the chamber proves
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exposure is preferably in the range of 0.5 to 15

seconds. For exanple, the produced orientation

adjusting filmis preferably exposed to the anbi ent

at nrosphere or the atnosphere of oxygen after it has

been wit hdrawn fromthe chanber. O herw se, the nethod
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¢ HEMaTABEGHE L TR ChiAGHH SPOBDPh A CFMSBIENLY Sobles the formation
f %&Qhﬁ 18, to%rﬁ“dp%ﬁlél{téd/ withih€ Q&Rﬁﬁguél‘%'rfe? o? X6 YbfisatioASncluding

Eosure in the chamber provespartic
aﬁmgeom Qf ﬂ‘@mmgnatlcamdmalag@ 3 el the amemcyla\yaﬁ aln this case,

i_cat dste vin 4+f11mfromthe vacuum
gﬁ@é Sxpher %ﬁ?@%@%&%ﬁ% o 2@ li?emr BHoFetAf V8PN 8AF when the
f idlfiinbee degrdermhvasRIn: BAI0M PDbMeds. CYbA9 HR uﬁﬁ%f B®itQF the oxygen

filmformation including the formation of th
ncﬁ@ﬁrﬂ’@?ﬁé‘ﬂfecduﬁmgeﬁhelcﬁytsﬁ o the @Xpdfs@ren'agﬁet <nygblaydapu§1 thenexposure

t hj refera cont ai ns

Pty SERRe bes THERRRAEAS R i ok B bigroule Bypreteraby s
vacloiPa er 186! 6 Pa or Iess As regards the upper limt

of the o ygen gas pressure during the course of the
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C GRdpingfié rec&'fueﬁg mefigmaddi tion of B and Si is effective
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It is advantageous to form between the nonmagnetic under layer 3 and the
nonmagnetic intermediate layer 4 at least one layer selected from the group consisting
of a Cr-Mo-based alloy layer, a Cr-Ti-based alloy layer, a Cr-W-based alloy layer and

‘a Cr-V-based alloy layer for the purpose of enhancing the condition of matching of the
lattice constant between the nonmagnetic intermediate layer 4 and the magnetic layer
5. The interposed layer brings the effect of enhancing the magnetic properties, such as

the coercive force, for example, and enhancing the recording properties, such as SNR,
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nonmagnetic internmediate | ayer 4 at |east one | ayer
selected fromthe group consisting of a Cr-M-based
alloy layer, a C-Ti-based allwy. | ayer, a Cr-Wbased

all oy layer and a Cr-V-based alloy |ayer for the

pur pose of enhancing the condition of matching of the

| @1t éxamplgetant itaiabrenhd 06 allon i gireionendgatitr tsdinetiate layer 4
| ayer. 4 and the magnetic |ayer 5. The interposed |aye

bR mpgneliedaer Soprasthamiticngninanstisginder Ryer 3 to mafifest crystal

gﬁ?g‘e@taﬁ&?ﬁmré%@f@éo coercive force, for exanple,

nhanci ng "ding properties, such as
SNEI , f dftextheph@mapneticismdert layentd das theen Gormed, othei morimagnetic
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MR EEeRimEd BB HRl mRAehsNfat Iﬁﬁlrﬂigﬁ&icst‘g %glgﬁya}[eﬁh@ing Co as a main

After the nonmagnetic under |ayer 3 een forned,
t lsemponmeni.g Tde inoninagestivadieamnedibtaylayer 4 prefefahlynedntains any one alloy

PR bl G P 0 B PSS ERE 1000 .«

aldgr-Rayked@Awyng CPCAZr-Haddliallo§ QAW ATENCr-PHBSsed alloy. When the
nonmagneti c i ntermedi ate | ayer 4 preferably contains

afp-eibasg a9y sesetesteddther(grhopteat igimaefprabbnigithe range of 23 to 45 at%

- - - - ba | V. . . .
e BB 8 s G SOPR S, b o v i
Coefiringtrybratethdaldvantagadhe frobthe Gievigoimtasedhaicingythe SNR property

selected, the Cr content is Bref.erably in the range.of .
205t the EB2Agin, reodinehmedivanp Sha thigknesh RA RS ﬁ@mwe%wmtermedwte

C r- A B . o i -
P i BN OBt oPpisiee Rkl Bk P Sataning e
erNhci ng the SNR property of the magnetic recording

medi um,. The t hi.ckness of the non etic jnternedi at .
ayer 4t BSRIERABTR o FoiHEnR BT ar o SinggCae T Frpgively o -

t he a\ﬁila(?ﬂ\’@&hﬁ&ne% oft Bl gnétfc‘:%osm_ﬁ)y lla%eri. s favorable to
forma nonnagnetic alloy layer using Ru either

excl usiAftdrythe moamagnetixi mtesmepiotee lyen A hasebesorfosmgedtthe magnetic
al | | ayer. (After. the nonmagnetic. i.nternedi ate, . :
| par 5 Pawir s bisk s et YN FRgEes Sl T ek 3hfiyeging method
t Risials ReHuttBfingdtak et AhdOBf tife MANeABICLheaghétic Iayert N1€The sputtering
sputtering nmethod using a sputtering target nmade of )

t hereptatdvientaBeqymslyt pentping say jone [allge selscted HEom he gequprgpnsisting of

]E %oqét-g?-ﬂé(s%&t RYSOUBLN tHODE ﬁ@@r—@?—ﬁf@-@a&hl M 85!9S Cu-based
fromthe g StIng o ‘

roup consi
alloys. In the case of the Co-Cr-Pt-based alloy, for example, it is advantageous to fix

the Cr content in the range of 8 to 28 at% and the Pt content in the range of 8 to 18
at% from the viewpoint of enhancing the SNR. In the case of the Co-Cr-Pt-B-based
alloy, for example, it is advantageous to fix the Cr content in the range of 8 to 18 at%,
the Pt content in the range of 8 to 18 at% and the B content in the range of 1 to 20 at%
from the viewpoint of enhancing the SNR. In the case of the Co-Cr-Pt-B-Ta-based
alloy, for example, it is advantageous to fix the Cr content in the range of 8 to 25 at%,
the Pt content in the range of 8 to 18 at%, the B content in the range of 1 to 20 at%

and the Ta content in the range of 1 to 4 at% from the viewpoint of enhancing the
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and Co-Cr-Pt-B-Cu-based alloys. In the case of the
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to fix the O content in the range of 8 to 28 at % and

the Pt content in the range of 8 to 18 at% fromthe

vi ewpoi nt of enhancing the SNRgJn the case of the

Co-Cr-Pt-B-based alloy, for exanple, it is

advant ageous to fix the O content in the range of 8

t SN & the dabe€ oPtheCOMMTRIPE-B-Cutbased alhge f&f ex@niple, iBisaidvantageous

and the B content jn the range of 1 to 20 at% fromthe

vite fsdhe Cr gententia ihs rmgee RES NRS al'f, the Bt serigntdn theyange of 8 to 18
= Ta- | OM, .~ ToRr [ ST

v PR Rl BRIl to S A BARAECY chntel in th ragec of 1 to 8

t at%5rcat the vidvepdint efenhanting thetSINR.r ange of 8 to 18 at%

the B gontent in t range.of 1 to 20 at% and the Ta

cont ontHeriiikess it GTeeRetc laySiat g5 PregetFEiel L BuToR e fom the
Ofyi MR CdMBerkA® BB uatidh. LR S SrRFERaHY 30 B8 or less in view of the request
Co-Cr- Pt-B-Cu-based alloy, for exanple, it is . .
adonahighgewuding defsity. tli¢heThickoessencedds 30man,rthe guerege Hill result in

to 28 at% .t.he Pt .conte in:the.range of ,8 to 18. at%

t Mol adin " 10 ChSRL Saflicd GHRGET sRond inleRiicCdptr § and
C Qbkiutitink thé BEqui GE oD SatibfacdrP réodihg and koM iopérties. The
of enhalr?%i ng ﬁu; SNR.0 Tahe thirgliness‘,1 %f théelﬁ(r)m (ﬁgﬁcﬁ

| ayagnetic jlayepriemayas Yorawdnih rmulbleger piowtie Vhegpseripl for this
?%trbptg\f/\e/ﬁgl%y E)%] Hgttaﬂlgh 'bg?oplgirni# %IEJy? E’g‘?}%gl %’sal%gteﬁ 'ﬁo%tcﬂefg‘?éup of the

e reque ensit

 t hiloyheminnested eakowe dWhah themukiteycovignia@age ivsélected I honmagnetic

in inevitably adding to the crystal partjcle dj aneter
ofunfiﬁelan%rg%@tynref%ra&}sgpvesl% dresiipie f?i%r%r-?fh%-Ta-basgg alloy or a Co-

ALk [ . sy . . _
e tduol.r)hs;gl_ gﬁ%blsé eoiE:-B %Qgédﬁd&l‘)i}gk@%? t}{eeﬂéﬂﬁérr]iﬁg Simproving

properties. ghetic fayer or med '
mith¢ ENRywopaty mchel reeordliigpamiateproidating propefties. Jthe wppemmst layer is

{ FIRERD T e 968 GO BTG & bamoAats o G Heard alloy from
t hBe RikvipdiRY 8f _iﬁbfdazﬁffg; kiR SNRS@t&fett9din {HRerdtoRiRIRRY i reproducing

under |ayer 3 is preferably overlaid directly by a
Corgpert®s. B- Ta- based alloy or a Co- Cr-Pt-B-Cu-based

o | wpr SV e TR s e b TR e G, s as &

I gpstectii@ filgh RAVIRE Carbes as 1 eaibl RERPORSGE, fod¥edmpls, is formed by using
preferably fornmed of a Co-Cr-Pt-B-Cu-based alloy or a

canpof the. lnopasmethads, sycls asahe spstering wpsshost, ther plasia 6YiGhgethod or
t OFb; ' ordi ng and reproduci ng

plrhg%ert |lgét?&i¢1%%9tgﬁégﬁg{ﬁegt ic layer 5 has been

f or med,Further, pmahe proteaiveifllm, tisulobriesing fdoomayg thevaptibndllp formed

P g‘\grlnag) lyg&g g Zl;?lﬁglrsle-%asrgﬁlllgbr?c%n , %Hc natts’ pgrﬁlrlor%)lggl%tlhgf, t0 the first surface
of the protective film in accordance with the dip method or the spin coat method.
The magnetic recording medium of this invention is enabled, by being
combined with a magnetic head for recording and reproducing information in the
magnetic recording medium, to produce a magnetic recording and reproducing device

of prominent performance.



any of the known nethods, such as the sputtering
nmet hod, the plasma CVC nethod or the conbi nation

wo b@seofos3 f or exanpl e. Further, on the protectPUBIF2003014876
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the lubricating filmmay be optionally fornmed by

appl ying a fluorine-based |ubricant, such as

perfluoropoly ether, to the figpst surface of the

protective filmin accordance with the dip method or

the spin coat nmethod. The nmagnetic recordi ng nmedi um of

t lExsmpvention is enabl ed, by being combined with a
magneti c head for recording and reproducing

i nf or ettt @morphoul eglagsg esirater mede diynyYedCarn. ang sold under the

L T

S yhisstiaed Medser] 6 iY@ cofsile dindeten |20 mnd@rinkide diameter and 0.635
tr adema@k tglesi gnation of MEL-3 was used as a

nSMAAYRBES WIkn$t rate. The gl ass substrate measured 65

mm i n ' [ e : 0, i NS j

0. 635 ke Rty SHATEClps ShhiBHA o e dR R T Bl focoss.  The
s ebpditibe cbft the ameeizhanl cexdturicex prvdessy was csefdlowkshe The sturry used

conditiqgn.of the nmechanical texturin rocess_was as
f aPPfam.g %ﬁf%onﬂ APy ERSIHIIG hPG0 AT 4G ETapFAR Y Wes added
QIR FIRisdI B b Reke SR n?/fmslg . fgﬁ? /2%0@33 ErIr 46 "the gfs?lf‘t S0gs Chrgcess. A

dropwi se at a rate o or 2 seconds prior
t veoven fabricahadehel plyastes svas Asebaethe fabtasive taped €l'lef abrasive tape was

| yest er sed, as e abrasive tape. .The.abrasjve
P S St Sord B 7Y R o A r OBt R R R RS VBT B rom. The
f daguencyibted ft8 MAtS6f VESsWiREs/mHN ThEBrddinie eWeded on the tape was
vibrated at a rate of 120 swngs/m n. The pressure

exet kefd(18:6 NheThepeoogssingoduyatiqrf wes 90 eaN) Whiphéhe first surface of the

' ' ... \V\h the first A
T X T
| 1Crp. Uarndoldraél@erbthe Dragieinatk HéxsdratioR R “GaND,” Ao ¢l40Isobstrate was

under_the trademark designatigon of "AFM" t he@gl ass )

s dpndrtghavear avesiged opshneayRa gho.3vier arfboqniaip Aiedurepired having a
0.4; hio: ure streak having a |inear
déﬁgﬁnfﬁggg%gbgfegggs mnm This substrate was

t hor oudlisy sobstiatee dvaanthodnighly alednddhend sdriedi andh th¥n set in a DC

magnet ron sputterin evj ce de by Anelv
HSFIT SRiieng &ﬁYlg%\ﬂ\aé AR ﬁb%mat&% Jenan. argtieolg,pnder the
" GG kodd\bE 30 1®) dexhee iiageR&ena £ vaGH 8bfdafel | 41l HRCultimate
ul'ti mate degree of vacuum reached 2 X 10 7 Torr (2.7 x
1degrepaf vacuunpreacheda? ixol) aBpm€2.7rxyld7 Pa), an orientation adjusting film
was deposited by using a target formed of Cr at normal room temperature to a
thickness of 1 nm and subsequently a Co-W alloy (Co: 45 at% and W: 55 at%) was
deposited by using a target formed of the alloy at normal room temperature to a
thickness of 1 nm.

Thereafter, the substrate was heated to 250°C. After this heating, it was
exposed to oxygen at 0.05 Pa for 5 seconds. As a nonmagnetic under layer, a Cr-Mn
alloy (Cr: 70 at%, Mn: 30 at%) was deposited by using a target made of the alloy to a
thickness of 6 nm. As a nonmagnetic intermediate layer, a Co-Cr alloy (Co: 65 at%,

Cr: 35 at%) was deposited by using a target made of the alloy to a thickness of 2 nm.

As a magnetic layer, a magnetic Co-Cr-Pt-B alloy layer was deposited by using a



was deposited by using a target forned of C at nornal
roomtenperature to a thickness of 1 nm and

waaseguent |y a Co-Walloy (Co: 45 at% and W BGI/ar295/014876
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was deposited by using a target fornmed of the alloy at
normal roomtenperature to a thickness of 1 nm

Thereafter, the substrate wassoheated to 2500C. After

this heating, it was exposed to oxygen at 0.05 Pa for

5 seconds. As a nonmagnetic under |ayer, a C-M alloy
(farget MhdaloPa OANCr-POBadIlY (Gas60liePs it ed atyy, AsilBgted, B: 7 at%) to a
target made of the alloy to a thickness of 6, nm__As a

n shedfi 17 amt &k pEripcive filmy(eprbon) was depositechip ¢ thickngss of 3 nm

S P YEEACEASELS St G v
| fiyed at A mrignet0i.4 PAo- ArluBticdBingllhyy wayformed by applysig #dubricant
b [ t t f Co-Cr.-Pt-B all Co: 60

aihogl of BerBuSiapolyemer bvie dibvipeod 0 ahgitiess 3 4 Ffckness

of 17 fRredhidd MeCide \Est fhdsPetBANEPHY u¥iBs 208RIRS b &Card Fixing the
a thickness of 3 nmon the magnetic layeéer. The Ar

pelidss beightdatr 0. Aiguin hae actesty sandigiont WEhd megneticorecording medium which
ﬁéss%%ﬁ%gtaatvgsa{?&gg {tﬁbl(egbf'dé}g? %ItdaPAﬁplr T é@%gérbpngticlasa%? qlsing a read-
Poid URAIPRP! (hads g GhYiktdepdi BB NAMcE ehertrbdingdiR aiSignation of
of 2 nm” Thereaftér, the glide test was performed b

uSRWEA 2580") d T hearseardingrandfieriodycing drepertins this @ﬁftedéﬁc%uded TAA
0 3ndl] i k| T i ing. .
O e e afBLEky D B K5eTBAPEY s PEBELEion s,

angt SBI ilkieil/AgisOrRS! t F@Sthdevilbiatieh af tigabsoidiy and reproducing

anal yzer (made by Quzik Corp. and sol d under the )
t PERPETgFKA BRmPlgK dkindHmomagirepia roepsdmg heat providad ig; they reproducing

a r.o i ' [ u

P e N o S0, R P o for he

ofest has ianointeged rioiseeresomad detyreseh) 1 Mz aBMR frequency equivalent to
I gnal [ noi se rati o). .For t e ation of the .

5?&%?3@%3 %ﬁw ﬁé&'ﬁsép&lgw& ﬁf o ?%Cﬁswééawgétﬁﬁﬂaih‘f fggium.  The

Fid dTRABE dufpul B78Y fisfad fend Pipvl 484 dalbuli&l as SNR = 20 x log

reproduci ng part with a giant magnetoresistance (GWR)

e(repmdtcticas outmidintdgrel molsseragontedf betwepie 1 Miznwand an frequency

o TAIP P Y S HECR' Rt R npet B el SR o), o e

3dfed thhe n¥BSCtY bfdp@ft%ité‘stérhgnd&(HWHEtaaﬂi@lé&&hﬂcﬂ Bapinesring K.K.

out put "was tested at 343.5 kFA and cal cul ated as SNR

=apdsold pader(the pragycicedde of SBOPBO0") mas gsed. Fryithe measurement of the
t . )
SRR Gy £ SR R IEHEBDAALT  Or, s

f @sldeur(delc dhe Radéatarledbgghationnd BIIVISSIY. Thepest trysulte ateshown in

(made by Hitachi El ectronic Engineering K K
Table 1 below.
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and sold under the product code of

"ROL900") was used.

For the nmeasurenent of the index of nagnetic

Japan,

" BHV- 35") .

a VSM (nade by R ken Denshi sha K. KCT/JP2005/014876

and sol d under the trademark designation of

The t est

results are shown in Table 1
bel ow. Tabl e 1 Recordi ng and Nepmagneti c under

| ayer

Magneti c properties reproduci ng properties Coercive

I ndex of Repro First

| ayer Second | ayer force

ani sotropy output PWh0 SNR ERabléCbnp. Thi ckness Conp.

TFhickness ai_/e-r_un_af Y%nm-Os M\, nsec—dB-1 Cr- Qm\/h 5
None 4070 h70d4 20 17. z‘\ﬁ Cr-5Mh 5 §oping and
3870 1. 0‘3‘5‘%9? SWdRIS 3 o "@mE?t-‘eic ﬁ;l’g, gg
L. o ..IOL|-J.U 17 O'—I-u-LUIVI e' d 11 .
77 4. 15 5 0 <30MR O 100D Do | b #wk8 s
5D 1 othp OrnfeknedOVTomp, Phicigdy) L 4240 l.b6 1769 4. 16
18. 0 Taf®% - 60M1 fm CarrOMd 1n383Q 1.47 1.62 4,21 Lé.1 &
J'1~5U'"¢*r-46£\_/h5 O s20M INAO00 1367 L. 74 15014 158- 1490 172
Cr-30Vigy 28, O Chk- £0MoMo 4030 [BgAY 1. 74 8. 20 6b7. $240174
Cr-330MieyddMin © C6 - Z8NboMo 4030 (1353 1. 73 14419 114. 8419 178
-28Vtr200m 5 Cs- 20MonMo 4120 (ko500 1. /9644, 16 748. 9142179
Cr -25MerB0in 5 Cs- 20MboMo 4120 |15 1. 64.74. 15.788. @.1€onq1
EX.6 1| Cr<4@@b 65NoRe2d2B80 1. 24240, 71 4.128 16.60 2405 58.0
Cr -20MEr60890 3. 17r-20Mod 4.129388. 9 3 Qr47SOMIB25 €21 20WD
L 480 Ci-304n-2B43 4CAQOM®b. 3 IExdng es 2 t58 12A:74 418 181
9 Cr-30Mn-2Si 5 | Cr-20Mo 1 | 4030 149 | 171 420 178
10 | Cr-30Mn-2Ta 5 | Cr-20Mo 1 | 4030 153 [ 173 419 178
11 | Cr-28Mn-2Mo 5 | Cr-20Mo 1 | 4120 170 | 179 416 18.0
12 | Cr25Mn-5Mo 5 | Cr-20Mo 1 | 4120 155 | 1.67 415 180
| Comp.
Ex.
1 Cr-20Mo 6 None 4280 124 171 420 167
2 Cr 5 | Cr-20Mo 1 |3990 117 | 164 429 169
3 Cr-80Mn 5 | Cr-20Mo 1 | 2480 106 |141 440 153

Examples 2 to 12:
The relevant treatments were performed by following the procedure of
Example 1 while changing the compositiori of the nonmagnetic under layer to various

compositions shown in Table 1.

Comparative Examples 1 to 3:

The relevant treatments were performed by following the procedure of
Example 1 while changing the composition of the nonmagnetic under layer to various
compositions shown in Table 1.

The results of the tests for magnetic properties (coercive force and index of
magnetic anisotropy) and recording and reproducing properties performed in
Examples 1 to 12 and Comparative Examples 1 to 3 are shown in Table 1.

Example 1 covers the case of usiﬁg a single Cr-Mn alloy layer as a
nonmagnetic under layer. Examples 2 to 7 cover the cases of using stacked structures

formed of a Cr-Mn alloy layer and a Cr-Mo alloy layer. These examples invariably



The relevant treatnments were perfornmed by foll ow ng
the procedure of Exanple 1 while changing the

W@ 0vposios3 on of the nonmagnetic under | ayer toPUHIR200%014876
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conpositions shown in Table 1. Conparative Exanples 1

to 3: The relevant treatnents were perforned by

foll owm ng the procedure of Exggple 1 while changing

the conposition of the nonmagnetic under |ayer to

various conpositions shown in Table 1. The results of

t AEwhbE ShdBcds U BGRAE bfisPHaRtiEhash{rc dSranidvexcéltadcie reemding and
i ndex of magnetic anisotropy) and recordi ng and

rreproducing pEpPsFserti es performed in Exanples 1 to 12

and ' | d of a Cr-
e fo Y R he balel oF uBHE SRILRUE ity le il
alhaYloy ayes vatdciaaddedrmgindtalanemden 4 Gy-ddo alixatyeesThey showed

to 7 cover the cases of, using stack truct.ure .
figdigps of magnetic. mscgmpgymﬁ ?éq%ggﬁ)g cla§ % ?1\7/:) egﬂglﬁgg,c? Ft_g))/lgr r.nagnetlc
Teﬂf?s%‘?ro?g,aelml e%é?]lle'a\ﬁﬁ rré&'?&iﬂ% heyRgrd d%@in‘?ﬁﬁo@é‘rtié@g netic

ani sotropy higher than 1.3 and excell'ed i n recording .

and r ePomparating Bxamphest 1 esd 2Exaves| eemplasoof] thecponsmagngige under

cases of .usin tack tructures for -
AR, CQPIEEPE CHP b Sy Gl ot s case of o
alih Q¥ AV alloyN&yers Mhead C'bfh?hﬁlﬁiie PrafmPRNEcheers the case of using a
anisotropy in"the range of 1.5 to 1.7, exhigited

stuabsguotatgrforined ahi Eotasepgnd aka-Mg eley aer nCowegRtiysfxample 3

and reproduci .pr ' 14.€51 RY _ The
PO sE et ol By A Btey faRHdhle ENiA PR DrBOARY They
Cpigtdrtl NhdigeN Of Giaghtbti@ lahBytromy atvarifiiypiatagi shortEatih3l andl showed
covers the case of a single Cr.-gf).aésl.% | ayer. T.h%E Examples
Crswprding anderepsoduping PRORSERS iavariblydatesioh o those,gptaingg i Examp
Stl“c&‘fﬁﬂfé‘%déb%rvg‘ad of a O layer and a C-M all oy

| ayer. nparative Exanple 3 covers the case of using, .

a Cr- MThad, | thy thayretic hasordipgambfivgonf ¢his inyengion ghap, an orientation

They yi el ded i ndi ces of magnetic ani Sotropy .i.: [

f ARG Liht 2 Gonmagntify COH BT db DAY iR JHERBS tayer, 2
r gﬁ&ﬂ:glia?& é?fdoa%&é'cﬁ% la¥Rddgabinally RfRkédbn b @qohmagmetic substrate
obt ai ne les 1

n Exa to 12 cited above. Thus, the e
magvedddoon the Girstisntfaceetietenf withrreureseenk pad usegdorp magnetic disc

grdedeor e frsisngaecl _ _ a
g Buariilorit e 8 o g RoPRAPIR b der WG Epntains at loast
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| 34RF fRdd DFRICILOBLHAYE dlRyerOwmgLe ntiis spécific stamkered, ibis emabled to

nonmagneti ¢ substrate X ) P .
manifest strong magnetic anisotropy having the circumferential direction as an axis of
easy magnetization and enhance the characteristic properties of the magnetic
recording medium. This invention, therefore, is capable of producing a magnetic

recording medium which is suitable for high recording density.

Industrial Applicability:

According to the present invention, the magnetic recording and reproducing
device which is composed of the magnetic recording medium mentioned above and a
magnetic head for recording and reproducing information in the magnetic recording
medium enables the recording and reproducing of a magnetic signal in the magnetic

recording medium to be effected in high density with outstanding recording properties.



provided on the first surface thereof with a texture
streak and used for a magnetic disc and is
web@sactes i zed by the fact that the nonmagnet i BCTIRDOO5/014876
| ayer contains at |east a |ayer forned of a
Cr-MWn-based alloy. OMmng to this specific structure,
it is enabled to manifest strgag nagneti c ani sotropy
having the circunferential direction as an axis of
easy magneti zation and enhance the characteristic
properties of the magnetic €eANG ng nmedi um This
invention, therefore, is capable of producing a
magneti ¢ recordi ng medi um which is suitable for high
recording d@ngidoyetid PelidRding dhedPll! EsAMtiding Yon AG&RAHHINNBdjusting
to the present rnvention, the magnetic recording and
r yen duvnnggoeic welenkiyeh ai monppgpsiscdtesmedinte lepynemagnetic layer

5P SRR kAT R B e £ P R Sl vide on
NRER Slifsce @E6RLE Wi AR sGBabheb udddefor acahgherg ddtd wherein the
reproduci ng of a magnetic signal in the nmagnetic

r sownaginetic redérdayer sobleinsfat dessted layar firgied @éa<nghased alloy and

out st andi ng_recor.dijn [ Lties. e .
Bt iho Rt meRshBe P RS B R R Sl pfon in 2
| By@ImferenfiondiBgtion tierasider | ayer, a nonmagnetic

internedi ate | ayer, a nmagnetic |ayer and a protective

| ayer sequentially stacked on a nonmagnetic substrate

provi ded on a f,.r s Of, o W& L 8’ € wherein th
s?'r eak and lﬂs‘serﬁdd#%éc Zg%giﬁgtégagﬁs%?wr lggzﬁona:éhe > wheteln the
nengAgiteinisottupyein dnagmount arftrasidsal ahagnetizdtioa Haayearindex of 1.3 or
formed of a Cr-WMn-pased all oy.and possesses magneti c. ..
amog%ﬁ%wnwam%?gws ol dmignelizion ih g SUETB LS fpecon divided
ChlaH BLANf rdiadhl nBehb@RALbAS £Rldial diredidiRONEt i C

recordi ng medium according to claim1l, wherein the

magneti ¢ ani sotropy in an anount of residual

gnetizatign_has an index of.1.3 or . .nore [ .
arfount of r &m%tlcﬁg%g‘xpg Juedivm according 8%%? té L %{a?}g |2, wherein
difeERlé00r-Mnibsied allyy Mnt FOBNAt st 'pas SfUAb nonmagnetic under layer
magnetization in a radial direction. 3. A magnetic

r devariMmontent img megoelll 8%l aim 1 or claim 2,

wherein the | ayer Cr-WMh-based alloy that forns at

| east part of the nonmagnetic under |ayer has anWnh

cantent in & mARERIcIEcokding nfivirh Yecotdingd toralginetlios claim 2, wherein
recordi ng. medi um according to claim1 or,  claim 2,

witsr leyer aiifer-Mastasedopllagrthanfopns aideat pasf of e nquERagRetis under layer
| 88840 RAY donfnt IS AQ0BRYRLAG Goainder | ayer

5. A magnetic recording medium according to any one of claims 1 to 4,
wherein the nonmagnetic under layer at least possesses a stacked structure consisting

of a Cr-Mn-based alloy layer and a Cr-Mo-based alloy layer formed thereon.

6. A magnetic recording medium according to any one of claims 1 to 4,
wherein the nonmagnetic under layer at least possesses a stacked structure consisting

of a Cr-Mn-based alloy layer and a Cr-Ti-based alloy layer formed thereon.



has an Mh content in a range of 5 to 40 at% 5. A
magneti ¢ recordi ng nedi um according to any one of

W@ bk@bos083t o 4, wherein the nonnagneti c under PEI/&r2061/014876
| east possesses a stacked structure consisting of a
Cr-Mr-based all oy | ayer and a Cr-Mo-based alloy | ayer
formed thereon. 6. A magneticogecordi ng nmedi um
according to any one of clainms 1 to 4, wherein the
nonmagneti ¢ under | ayer at |east possesses a stacked
St.ructure cAnfidgiktitgeddtdiag GiedMin hacedingltb ayy loay ef chamds 1 to 6, -
a C-Ti-based alloy |ayer forned_ thereon.7. A na n%g%cd I
reloseiaithenonsengistiatubsiraienyiormed Al apawhars glpsy Grenitglized glass.

- wherei [ [ 1 ims 1 t0 6

Sror phous or4aaeie MBAIES nicdRRabEAle (B o ORE wf tlaims 1 to 6,
rehaeidithgnommignetia substraierigfarmed 0§ a smgleafrysthldiies a polysrystal Si.
6, wherein the nonnagnetic substrate is fornmed of a
single crystal Si or a polycrystal Si. 9. A magnetic
rgcor ding ”R%&%’Heﬁ& ¢EJoEdiRG nhcdiAR Y c&B18in@fto GindioFe of didims 1 to 8,
8, wherein the texture streak on the nonmagnetic
swhartinathe téxuret stesakrmgribe inonalhgnetinsubsirate fesathe geagaptis disc has a
of 75 Lec or nore. 10. A magnetic recording
n]é‘lﬁaﬁg‘?rgl:t&??%wﬁqef%m&%m&ﬂ ®of clains 1 to 9, wherein
the orientation adjusting layer is forned of at | east
one layer of alloy selected fromthe group consistin

010.Co- W basAdmagnetiy rewsding mrsdduen ageordipg oy gl ciths 110 9,
bR 58 P dRag Bl g AP o Db e of o et

afi6mFere Nrop 0 dsigidgoyf ChIW-Hasehgiley,i Cododastidnglaye Casife-based
according to any_ one_of clai 1to , ereint

it GireRboaeh Siavo afickiebasad alof N Bbheat bR HeeSpased alloy
ORE\} & Sl omthe group consisting
oE@&@g{eggg%ghg %;{B t%gé(%gk% based al | oy, Co-

Cr- Ru- based al |l oy, Co-Cr-Zr-based alloy and

Co-Cr-Pt-based alloy. 12. A netic . .recordin i ‘
attording t g lgﬁ%negﬁé’e‘if’lr‘%&g ﬂeﬁg“qﬂ a{;%or«ﬂl,g%maz gg%gfglgymng 1o 10,
NRABREANA fonnHeREteHhahRdlafy Ry ePRSBEHEESS At TastChRdlayer of alloy
structure consisting of a |ayer of at |east one alloy

sedlentedefrofr tngroep gorsisting ofi S1os€r-hasedfallop. Cp-(rakebrsed alloy, Co-
| Qy,. Co: Cr - Ta- based, al | Cos G - ,
b b sl CarF B htee Ao R PR bR, OV

| ayer of Ru or Ru alloy fornmed thereon. 13. A magnetic
recordi ng nmedi um accordi ng to_any one, of cl ains fgo 11
122. wher ei nA magraligrieeqrding Jyedium 3REQHING 1838y gRe pppleims 1 to 11,

alwlhg Lo %h%l fo%fa%ngficomtéxﬂx%dﬁ&eo Her possesses a stacked structure consisting
of a layer of at least one alloy selected from the group consisting of Co-Cr-based alloy,

Co-Cr-Ta-based alloy, Co-Cr-Ru-based alloy, Co-Cr-Zr-based alloy and Co-Cr-Pt-

based alloy and a layer of Ru or Ru alloy formed thereon.

13. - A magnetic recording medium according to any one of claims 1 to 12,
wherein the magnetic layer contains one or more alloys selected from the group
consisting of Co-Cr-Pt-based alloy, Co-Cr-Pt-Ta-based alloy, Co-Cr-Pt-B-based alloy,
Co-Cr-Pt-B-Ta-based alloy and Co-Cr-Pt-B-Cu-based alloy.



consi sting of Co-Cr-Pt-based alloy, Co-Cr-Pt-Ta-based
all oy, Co-Cr-Pt-B-based alloy, Co-Cr-Pt-B-Ta-based

w@bkdoeop1@nsl Co- Cr - Pt - B- Cu- based al | oy. 14. A nmagPer/ir2005/014876

recordi ng nmedi um according to any one of clainms 1 to

13, wherein the first surface of the orientation

adj usting |layer has undergone@. treatnent for exposure

to an anbient gas containing 5 x 10"4 Pa or nore of

oxygen gas. 15. A nmgnetic recording and reproducing

devi ce conpk infighéid Reoftagnekdiany feorfdind @ aBdénerof claims 1 to 13,
according to all_nfy one of clains 1 to 14 and a '

t
tehsaein dhe Ervaispitig frihe ontpien eduymer lergrhne dmggrgggg@'a%reatment
rfglpéﬂ)%%@ o b OfbRE TRk if 5 KUV DYt A5 iof Bkygen gas.

15. A magnetic recording and reproducing device comprising the magnetic
recording medium according to any one of claims 1 to 14 and a magnetic head for
enabling information to be recorded in and reproduced from the magnetic recording

medium.



